
Abstract. Background/Aim: The aim of this study was to
assess the appropriateness of pulmonary metastasectomy (MT),
with a focus on the primary organ. Patients and Methods: The
pathological status of the primary organ, outcome of the MT,
disease-free interval, and overall survival were assessed.
Results: The primary organ was the most significant prognostic
factor analyzed, with a relative risk of 4.6 (95% confidence
interval: 1.69-12.56, p=0.003). Patients with colorectal
carcinoma had a better survival than those with another
primary organ (p=0.003). The hazard ratios by primary organ
in comparison to colorectal carcinoma were 3.2 for head and
neck carcinoma, 3.5 for soft tissue sarcoma, 8.3 for
hepatocellular carcinoma, and 8.9 for urinary carcinoma.
Conclusion: Colorectal carcinoma is associated with a greater
survival benefit than cancer of other primary organs.
Colorectal carcinoma cases should be more aggressively
considered for MT than other primary organ cases. 

No randomized prospective trials have compared surgical
therapy to medical therapy or observation, and resection of
pulmonary metastases (PMs) has been considered in select
patients. Surgical resection of PMs may prolong the survival of
certain patients. However, while resection might be the better
survival option for some patients with PMs, the influential
factors and methods of patient selection remain controversial. 

Colorectal carcinoma is the most common primary organ
of malignant solid tumor (MST) for patients with potentially
resectable PMs. Many studies have suggested a survival

benefit in select patients if complete resection of PMs is
accomplished (1-4). Several retrospective studies have
shown that patients with isolated PMs from colorectal
carcinoma benefit from MT. The expected 5-year survival
after surgical resection of PMs is 30-68% (5, 6). Several
studies have analyzed the prognostic factors of MT, but the
criteria for PMs are unclear due to differences in various
study findings (7-9).

Also unclear is whether or not MT may play a role in the
multidisciplinary management of other MSTs, such as those
from primary gastric cancer, urinary tract cancer, breast cancer,
hepatocellular carcinoma, and gynecologic cancer. Several
studies have reported that MT should be considered in certain
patients with PMs from MST other than colorectal cancer (10-
12). However, MT has no role in the standard management of
MST patients and may actually be proposed only in certain
highly select cases. Furthermore, the efficacy of systemic
chemotherapy for several MSTs has improved, and various
molecular-targeted agents have been introduced. The treatment
options for MST with PMs are therefore increasing.

At present, patient selection for MT of various primary
organs is based mostly on empirical studies, which often
report the experience of a single institution. As such, the risk
factors for a prolonged survival are poorly defined, and the
actual benefits of surgery in this setting remain controversial
in the recent era of standard chemotherapy. Although, several
retrospective studies have shown that patients with PMs from
MST benefit from MT, there were few reports of comparing
the survival benefit of MT in same institution.

In the present study, we evaluated the survival after
resection for patients with PMs from MST and assessed the
appropriateness of MT, with a focus on the primary organ.

Patients and Methods

Patients. Between January 2000 and December 2015, 106 patients
underwent MT for MST at one institution. The inclusion criteria were
as follows: (1) control of the primary tumor or the ability to resect
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the primary tumor completely simultaneously with resection of
metastases; (2) the ability to resect the metastatic disease completely;
(3) extrathoracic metastases controlled or resected. There were no
limitations set for the tumor number or size, as long as the tumor was
considered to be resectable under the criteria above. Surgery was
performed as limited resection (i.e. wedge resection, segmentectomy)
for pulmonary nodules, but we performed lobectomy when the tumor
was centrally located, when the tumor was larger than 3 cm, or when
the tumor was indistinguishable from primary lung cancer. Lymph
node sampling was performed when the hilar or mediastinal lymph
nodes were swollen, but systematic lymph node dissection was
performed only when primary lung cancer could not be ruled out.

Statistical analyses. All patients were retrospectively analyzed for
age, gender, the primary organ and the information of PMs (i.e. size,
number and site of pulmonary lob). The event used for the assessment
of efficiency was death. The median follow-up period was 997 days
(range=7-2316 days). The disease-free interval (DFI) was considered
to be the period between surgery and the date of the recurrence, and
the overall survival (OS) was considered to be the period between
surgery and the date of the last follow-up or death. These rates were
estimated using the Kaplan-Meier method with the log-rank test. The
Cox model was used for the multivariate analysis of prognostic
factors for survival. The factors analyzed included the gender, size of
PMs, number of PMs, site of PMs, surgical procedure, primary organ,
the presence of chemotherapy after MT. All statistical analyses were
performed using the Stat View software program, version 5.0 (SAS
Institute, Cary, NC, USA). All results were considered statistically
significant for p<0.05. Follow-up concluded on November 30, 2016. 

Results
Patient characteristics. Table I summarizes the background
characteristics of all patients who received MT in this study.
There were 58 males and 48 females, with a median age of 66
years (range=14-83 years). The Eastern Cooperative Oncology
Group performance status (PS) was 0 in 85 cases, 1 in 20
cases, and 2 in 1 case. The type of primary organ was
colorectal carcinoma in 43 cases, soft tissue sarcoma in 14
cases, urinary tract carcinoma in 12 cases, esophageal/gastric
carcinoma in 10 cases, head and neck carcinoma 10 cases,
gynecologic carcinoma in 8 cases, breast carcinoma in 6 cases,
and hepatocellular carcinoma in 3 cases. The number of PMs
was 1 in 78 cases, 2 in 14 cases, 3 in 7 cases, 4 in 2 cases, and
≥5 in 5 cases. The median time to metastasectomy from the
primary organ operation was 53 months (range=0-240
months). The site of pulmonary metastasis was unilateral in
87 cases and bilateral in 19 cases. The surgical procedure was
partial resection in 70 cases, segmentectomy in 13 cases, and
lobectomy in 23 cases. Of the 106 patients, 38 received post-
metastasectomy chemotherapy.

The DFI and OS. The median DFI and OS after the first MT
were 23.4 months and “not reached”, respectively (Figure 1).
A good prolonged OS was noted for colorectal carcinoma
(median OS: 63.0 months). In contrast, a poor prognosis was
noted for hepatocellular carcinoma (median OS: 10.3 months).  

Univariate and multivariate analyses of the prognostic
factors for the survival. Univariate and multivariate analyses
were performed to identify the independent factors predicting
the survival using a Cox proportional hazards model (Table
II). Among the factors analyzed, the primary organ was the
most significant prognostic factor, with a relative risk of 4.6
(95% confidence interval=1.69-12.56, p=0.003).

OS according to the primary organ. Patients with colorectal
carcinoma had a better survival than those with other primary
organs (p=0.003, Figure 2). The hazard ratio by primary organ
was 1.9 for esophageal/gastric carcinoma, 2.7 for gynecologic
carcinoma, 3.0 for breast carcinoma, 3.2 for head and neck
carcinoma, 3.5 for soft tissue sarcoma, 8.3 for hepatocellular
carcinoma, and 8.9 for urinary carcinoma (Table III).
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Table I. Patient characteristics.

Character                                                             Number of patients
                                                                                       n=106

Gender
   Male                                                                               58
   Female                                                                            48
Age
   Median (range, years)                                             66 (14-83)
ECOG performance status
   0/1/2                                                                           85/20/1
Smoking status
   Current/Former                                                              50
   Never                                                                              56
Primary organ
   Colorectal                                                                      43
   Soft tissue sarcoma                                                        14
   Urinary tract                                                                  12
   Esophageal/gastric                                                        10
   Head and neck                                                              10
   Gynecologic                                                                    8
   Breast                                                                              6
   Hepatocellular carcinoma                                              3
Number of PMs
   1/2/3/4/≥5                                                               78/14/7/2/5
Size of PM
   ≤3 cm                                                                             93
   >3 cm                                                                             13
Site of PM
   Unilateral/bilateral                                                      87/19
Time to MT from primary operation
   Median (range, months)                                         53 (0 -240)
Surgical procedure
   Partial resection                                                            70
   Segmentectomy                                                             13
   Lobectomy                                                                     23
Chemotherapy after MT
   Yes/No                                                                         38/68

ECOG: Eastern Cooperative Oncology Group; PM: pulmonary
metastasis; MT: metastasectomy.
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Figure 1. Survival curves in patients with pulmonary metastasis. A: Disease-free survival and B: overall survival after surgery.

Table II. Prognostic factors for survival.

                                                                                                                             Univariate                                                          Multivariate 

Factor (n)                                                                                       HR (95%CI)                       p-Value                        HR (95%CI)                    p-Value 

Gender
   Female (n=48)                                                                                     1                                                                               1                                    
   Male (n=58)                                                                             1.8 (0.40-2.20)                        0.13                         2.5 (1.05-6.01)                     0.04
Size of PM 
   ≤3 cm (n=93)                                                                                       1                                                                               1                                    
   >3 cm (n=13)                                                                           1.1 (0.30-3.26)                        0.97                         1.2 (0.33-4.54)                     0.75
Number of PMs
   Single (n=78)                                                                                       1                                                                               1                                    
   Multiple (n=28)                                                                        1.3 (0.58-2.43)                        0.54                         1.2 (0.42-4.63)                     0.59
Site of PM
   Unilateral (n=87)                                                                                 1                                                                               1                                    
   Bilateral (n=19)                                                                        1.4 (0.58-1.09)                        0.47                         1.3 (0.34-4.70)                     0.72
Surgical procedure
   Partial (n=70)                                                                                      1                                                                               1                                    
   Segmentectomy or Lobectomy (n=36)                                   0.9 (0.41-2.02)                        0.82                         1.4 (0.57-3.46)                     0.46
Primary organ
   Colorectal (n=43)                                                                                1                                                                               1                                    
   Except colorectal (n=63)                                                         3.8 (1.47-10.3)                     0.006 *                     4.6 (1.69-12.56)                 0.003 *
Time to MT from primary operation
   >36 months (n=49)                                                                             1                                                                               1                                    
   <36 months (n=57)                                                                  1.3 (0.61-2.78)                        0.48                         1.2 (0.54-2.53)                     0.70
Chemotherapy after MT
   Yes (n=38)                                                                                           1                                                                               1                                    
   No (n=68)                                                                                 1.2 (0.55-2.59)                        0.65                         1.2 (0.52-2.56)                     0.71

CI: Confidence interval; PM: pulmonary metastasis; MT: metastasectomy.



Discussion

The development and advancement of systemic
chemotherapy have improved the outcomes of many
metastatic MST patients. The median OS of patients who
received systemic chemotherapy was previously
determined to be 11.7 months in metastatic colorectal
carcinoma (13). Recently, however, that median OS has
been prolonged to about 30 months with advances in
systemic chemotherapy (14, 15). Furthermore, while not as
much as with colorectal carcinoma, the prolongation of OS
has also been observed in other MSTs with the progress of
chemotherapy.

Pulmonary metastasis is actually a hematogenous metastasis
(16). Therefore, the appropriate route of management is
generally systemic chemotherapy. However, several
retrospective studies have reported the effectiveness of
metastasectomy for PMs in certain MSTs (4, 11, 17-20).
Furthermore, the long-term results of lung metastasectomy have
shown it to be a safe and potentially curative procedure (4).
Indeed, several retrospective studies in patients with PMs from
colorectal carcinoma reported the effectiveness of
metastasectomy for PMs (5, 6, 8). The prognostic factors of MT
were found to include the tumor marker level (e.g.
carcinoembryonic antigen [CEA] levels in colorectal
carcinoma), the number of PMs, an extrathoracic metastatic
lesion, and the disease-free interval. However, the definitive
prognostic factors of MT are still unclear, and the most useful
factor may not be able to be evaluated until after MT and long-
term follow-up.

In this study, we evaluated the appropriateness of MT, with
a focus on the primary organ. The multivariate analysis showed
that colorectal carcinoma cases would benefit the most from
resection. Although several studies have reported a better
survival of patients with a long interval from primary therapy,
including operation, such patients showed no significant
improvement over those with a short interval in this study. 

A number of advances have been made in surgical
techniques in recent years. Most pulmonary metastasectomies
are performed by video-assisted thoracoscopic surgery (VATS),
as partial resection is performed in MT. Several studies have
reported that VATS is the preferable approach due to its
superior functional outcome over thoracotomy in MT (21).
Therefore, MT might be an even safer procedure than before. 

Importantly, pulmonary mastectomy may not only play a
role in improving the survival but may also be considered
for palliative reasons. Although the observed cases were not
colorectal carcinoma ones, a phase II study examined the
role of pulmonary mastectomy on the quality of life in
patients with diseases not amenable to chemotherapy (22).
That study showed that MT in patients with PMs favorably
influenced the quality of life in symptomatic patients,
although there was a risk of worsening the quality of life in
asymptomatic patients without any survival advantage.

Molecular-targeted drugs and immune-checkpoint
inhibitors are being developed at present, and they are
helping to improve the prognosis of several carcinomas. For
these therapies, the detection of driver mutations and
programmed cell-death ligand 1 (PD-L1) expression are
necessary. In cases in which MT cannot directly prolong the
survival of patients, the surgery may still facilitate the
selection of more effective therapies. With advances in
surgical technology (e.g. VATS), the patient burden should
ease even further. Although such discussion is considered to
fall outside the scope of this study, pathological diagnosis
and genetic testing (e.g. KRAS mutation of colorectal
carcinoma) becomes possible by performing MT.
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Table III. Hazard ratio by primary organ.

Factor (n)                                                       HR                     95%CI

Primary organ                                                                                
Colorectal carcinoma (n=43)                          1                     0.11-8.40
Esophageal/gastric (n=10)                             1.9                   0.17-20.6
Gynecologic (n=8)                                         2.7                   0.28-26.3
Breast (n=6)                                                   3.0                   0.26-33.8
Head and neck (n=10)                                   3.2                   0.32-40.0
Soft tissue sarcoma (n=14)                            3.5                   0.42-29.4
Hepatocellular carcinoma (n=3)                   8.3                   0.72-90.3
Urinary tract (n=12)                                       8.9                   1.10-72.9

HR: Hazard ratio; CI: confidential interval.

Figure 2. Overall survival curves in patients with pulmonary metastasis
from colorectal carcinoma and other sites.



Several limitations associated with the present study
warrant mentioning. First, the study was retrospective and
non-randomized in nature and was conducted at a single
institution. Second, the sample size was small. Finally, the
therapy after MT was not sufficiently considered.

In conclusion, we evaluated the appropriateness of MT, with
a focus on the primary organ. Although it could not simply be
compared because MST has a different survival, colorectal
carcinoma was associated with a more survival benefit than
caracinoma of other primary organs. Due to this survival
benefit, colorectal carcinoma cases should be more aggressively
considered for MT than other primary organ cases. 
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