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Pulmonary metastasectomy for pulmonary metastasis of breast 
cancer has a limited prognostic impact: a multi-institutional 
retrospective analysis
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Background: Pulmonary metastasectomy (PM) for breast cancer-derived pulmonary metastasis is 
controversial. This study aimed to assess the prognostic factors and implication of PM for metastatic breast 
cancer using a multi-institutional database.
Methods: Clinical data of 253 females with pulmonary metastasis of breast cancer who underwent PM 
between 1982 and 2017 were analyzed retrospectively.
Results: The median patient age was 56 years. The median follow-up period was 5.4 years, and the median 
disease-free interval (DFI) was 4.8 years. The 5- and 10-year survival rates after PM were 64.9% and 50.4%, 
respectively, and the median overall survival was 10.1 years. Univariate analysis revealed that the period 
of PM before 2000, a DFI <36 months, lobectomy/pneumonectomy, large tumor size, and lymph node 
metastasis were predictive of a worse overall survival. In the multivariate analysis, a DFI <36 months, large 
tumor size, and lymph node metastasis remained significantly related to overall survival. The 5- and 10-year 
cancer-specific survival rates after PM were 66.9% and 54.7%, respectively, and the median cancer-specific 
survival was 13.1 years. Univariate analyses revealed that the period of PM before 2000, DFI <36 months, 
lobectomy/pneumonectomy, large tumor size, lymph node metastasis, and incomplete resection were 
predictive of a worse cancer-specific survival. Multivariate analysis confirmed that a DFI <36 months, large 
tumor size and incomplete resection were significantly related to cancer-specific survival. 
Conclusions: As PM has limited efficacy in breast cancer, it should be considered an optional treatment 
for pulmonary metastasis of breast cancer.
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Introduction

Breast cancer has the highest incidence rate among all 
female cancers (1). Distant metastasis of breast cancer occurs 
primarily in the bone, lung, and liver, with pulmonary 
metastasis constituting 15–25% of metastatic breast cancer 
cases (2). Metastatic breast cancer is treated primarily with 
systemic therapies. However, with the advent of treatments 
for various malignancies, the concept of oligometastasis (3), 
a type of distant metastasis for which local therapies might 
be curative, was proposed.

Pulmonary metastasectomy (PM) is a common treatment 
for selected patients with pulmonary metastasis. Patients 
with complete resection without residual lesions, a disease-
free interval (DFI) ≥36 months, and solitary pulmonary 
metastasis may have a better prognosis after PM (4,5). 
Because there are no randomized studies validating the 
survival benefit of PM, its efficacy is controversial (6,7), as 
is its role in the treatment of pulmonary metastasis of breast 
cancer. The National Comprehensive Cancer Network 
Guideline for Breast Cancer, version 3.2019, recommends 
systemic treatment for M1 or recurrent breast cancer (8). 

The 5-year survival rate of patients with pulmonary 
metastasis of breast cancer after PM is 35–60% (2,9-17). 
A few studies have reported that patients with pulmonary 
metastasis of breast cancer who underwent PM had a better 
survival than those who did not (11-13). A meta-analysis 
including 1,937 patients reported that the 5-year survival 
rate after PM was 46%, and that the factors predicting a 
worse prognosis were a shorter DFI (<3 years), incomplete 
resection, multiple pulmonary metastases (>1) and a negative 
hormone receptor status in the pulmonary metastasis (14). 
Conversely, in other studies, incomplete resection did not 
affect survival (13,15,17). If the prognosis after incomplete 
PM is similar to that after complete PM, then PM for 
pulmonary metastasis of breast cancer provides no benefit 
to the patient. This study aimed to assess the prognostic 
factors and implication of PM for pulmonary metastasis of 
breast cancer using a Japanese multi-institutional database.

We present the following article in accordance with “The 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) Statement” reporting checklist (18)  
(available at http://dx.doi.org/10.21037/jtd-20-1788).

Methods

Patients and study design

We retrospectively reviewed the database of the Metastatic 
Lung Tumor Study Group of Japan, which was established 
in 1980 and consists of prospectively collected data from 
patients undergoing PM for curative intent from 26 
institutions. The indication, procedure, and approach of 
surgical resection for PM were independently determined 
by each institution. As reported in a previous study (19), 
general indications for surgical resection of pulmonary 
metastasis followed the criteria of Thomford et al. (20): 
the primary lesion was under control or was planned to be 
under control; there were no metastases to other organs; 
and the patient’s general condition was good enough to 
withstand surgery. 

Patients were followed up with chest CT scan twice a 
year to detect the recurrence of breast cancer including 
the pulmonary metastasis, and additional imaging studies 
were performed at the discretion of the treating physician. 
Survival outcome surveillance was subsequently conducted 
at 1-year intervals by the registration center. Data for the 
following parameters were collected: sex, age, primary 
tumor histology, primary tumor stage, primary tumor 
treatment, hormone receptor status, date of surgery for 
the primary tumor, type of surgery, resection status of 
PM, date of metastasis, DFI, laterality of the pulmonary 
metastasis, tumor size, number of resected metastases, date 
of PM, other treatments, and site and date of recurrence. 
The DFI was calculated from the initial treatment of the 
primary tumor to the diagnosis of pulmonary metastasis. 
Complete resection of the pulmonary lesion was based on 
the judgments of each institution. 

From the database, based on histopathological studies, we 
enrolled 387 patients diagnosed with pulmonary metastases 
originating from breast cancer between December 1982 
and March 2017. After excluding patients of incomplete 
resection of the primary breast cancer, patients of primary 
breast sarcoma, patients that underwent surgery for the 
purpose of biopsy, and males, 352 patients were eligible 
for analysis. Furthermore, after excluding patients with 
insufficient data, a total of 253 females diagnosed with 
breast cancer between the stipulated years constituted the 

Submitted Apr 28, 2020. Accepted for publication Sep 24, 2020.

doi: 10.21037/jtd-20-1788

View this article at: http://dx.doi.org/10.21037/jtd-20-1788

http://dx.doi.org/10.21037/jtd-20-555)


6554 Endoh et al. Pulmonary metastasis of breast cancer

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(11):6552-6562 | http://dx.doi.org/10.21037/jtd-20-1788

study population. Surgical outcomes and prognostic factors 
were analyzed retrospectively (Figure 1).

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the ethics committees of the affiliated 
institutions (No. 2018-94; 7 March 2018) and the need for 
individual consent for this retrospective analysis was waived 
as long as the patient data remain anonymous.

Statistical analysis

Categorical data are presented as numbers (%) and 
continuous variables as medians (range). The follow-up 
period was defined as the time from the date of PM to 
the last hospital visit or death from any cause. The overall 
survival and cancer-specific survival rates were estimated 
using the Kaplan–Meier method. Overall survival was 
measured from the date of PM to death from any cause or, 
if still alive, the last hospital visit. Cancer-specific survival 
was measured from the date of PM to the death from breast 
cancer. Censoring was performed at death for non-cancer-
related deaths or the last hospital visit for patients still alive 
at the end of the study. The diagnosis of cancer progression 
was judged by each institution. 

To identify the prognostic factors for overall survival 
and cancer-specific survival, univariate and multivariate 
analyses were performed using Cox proportional-hazards 

regression models. As the data for primary breast cancer 
stage, hormone receptor status, and preoperative treatment 
were insufficient, we did not explore the relationships of 
these factors with prognosis. Based on previous meta-
analyses (14), we used a cut-off DFI of 36 months in the 
regression analyses. The data were analyzed using the JMP 
software package, version 13.0.0 (SAS Institute, Inc., Cary, 
NC, USA). A P value <0.05 was considered statistically 
significant.

Results

Characteristics of the 253 study patients are summarized in 
Table 1. The median DFI was approximately 5 years. Of the 
patients, 215 (85%) had a solitary pulmonary nodule and 
38 (15%) had multiple pulmonary nodules. Regarding the 
PM procedure, lobectomy was performed in approximately 
half of the cases. The rate of lobectomy decreased over the 
years: between 1982 and 1999, it was 55% (48/88 patients), 
between 2000 and 2009, it was 49% (37/76 patients), 
and between 2010 to 2017, it was 36% (31/89 patients) 
(P<0.001). Lymph node dissection was performed in 122 
(48%) patients, and 55 patients had lymph node metastasis. 

We conducted a sensitivity analysis of the patient’s 
backgrounds between the following two periods: 1982–
1999 and 2000–2017. There were significant differences 
in age, DFI, number of tumors, tumor diameter, surgical 

Pulmonary metastasectomy for pulmonary metastasis from breast cancer with 

available data, n=387

Eligible for analyses, n=352

Study objective, n=253

Survival data not available, n=99

Incomplete resection of primary breast cancer, n=13

Sarcoma, n=13

Biopsy cases, n=6

Male breast cancer, n=3

Figure 1 Patient enrollment schema.
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procedure, lymph node dissection, and lymph node 
metastasis between the periods. However, resection margin 
of metastasectomy showed no difference in the ratio of 

preoperative and postoperative therapy outcomes (Table S1).  
Table 2 shows the characteristics of the primary breast 
cancers during breast surgery in the patients. Invasive ductal 
carcinoma was the predominant histology. We did not have 
information on hormone receptor statuses in approximately 
half of the patients.

One patient died of pulmonary embolism within  
30 days after PM and two patients died of acute exacerbation 
of interstitial pneumonia within 90 days. The 30- and  
90-day mortality rates were 0.4% and 0.8%, respectively. 
The Kaplan-Meier estimate of the median follow-up after 
PM was 5.4 (range, 0–24.0) years. At the time of analysis, 
171 (67.6%) patients were alive, 73 (28.9%) had died of 
breast cancer, and 9 (3.6%) had died of causes unrelated to 
breast cancer. Among the 171 surviving patients, 131 were 
recurrence free. 

Of the total 253 patients, recurrence developed after PM 
in 110 (43%) as follows: extrathoracic metastasis in 49 (45%) 
patients, intrathoracic lesion in 28 (25%) patients, and as 
both intra- and extrathoracic metastases in 4 (4%) patients. 
There was no information regarding the recurrence site in 
29 patients. 

The 5- and 10-year survival rates after PM were 64.9% 
and 50.4%, respectively, and the median overall survival 
was 10.1 years (Figure 2A). Univariate analysis revealed 
that the period of PM before 2000, a DFI <36 months, 
lobectomy or pneumonectomy, large tumor size, and lymph 
node metastasis were predictive factors of a worse overall 
survival (Table 3). Incomplete resection of the pulmonary 
metastasis was not related to overall survival. Multivariate 
analysis confirmed that a DFI <36 months, large tumor size, 
and lymph node metastasis were significantly related to 
overall survival. The 5- and 10-year cancer-specific survival 
rates after PM were 66.9% and 54.7%, respectively, and the 
median cancer-specific survival was 13.1 years (Figure 2B).

 Univariate analysis revealed that the period of 
PM before 2000, DFI <36 months,  lobectomy or 
pneumonectomy, large tumor size, lymph node metastasis, 
and incomplete resection were predictive factors of a worse 
cancer-specific survival (Table 4). A DFI <36 months, large 
tumor size, and incomplete resection remained significant 
in the multivariate analysis. Differing from overall survival, 
incomplete resection was found to be significantly related to 
cancer-specific survival in the multivariate analysis.

To explore the possible reasons for incomplete resection, 
the patient’s characteristics were evaluated according to 
the extent of resection of the pulmonary metastasis. The 
proportion of patients that had sublobar resection for 

Table 1 Characteristics of the patients who underwent pulmonary 
metastasectomy

Characteristics n [%] or median [range]a

Period of pulmonary metastasectomy

1982–1999 88 [35]

2000–2009 76 [30]

2010–2017 89 [35]

Age, years 56 [32–82]

Disease-free interval, years 4.8 [0–31]

Number of metastases 1 [1–7]

Tumor diameter, cm 1.5 [0.3–9.0]

Procedure

Wedge resection 113 [44]

Segmentectomy 22 [9]

Lobectomy 116 [46]

Pneumonectomy 2 [1]

Lymph node dissection

None 131 [52]

Hilar 44 [17]

Mediastinal 78 [31]

Lymph node metastasis

None 197 [78]

Hilum 34 [13]

Mediastinum 22 [9]

Resection status

Complete 229 [91]

Incomplete 24 [9]

Preoperative therapy

Yes 57 [21]

No 196 [79]

Postoperative therapy

Yes 142 [56]

No 111 [44]
a, categorical variables are shown as numbers (%) and 
continuous variables as medians (range). 
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multiple metastases was higher in incomplete resection 
cases (Table 5). Moreover, the proportion of patients who 
received postoperative treatment after PM was higher in 
incomplete resection cases. 

Discussion

As metastatic breast cancer is considered a systemic disease, 
chemotherapy and hormonal therapy are recognized as 
the mainstay therapies (8). However, PM may confer a 
survival benefit in selected patients with isolated pulmonary 
metastasis derived from breast cancer. A longer DFI  
(2,9,12-14,16), hormone receptor positivity (10,12,14,17), 
smaller number of pulmonary metastases (10,14), smaller 
tumor diameter (10,16), unilateral metastasis (9), and 
primary breast cancer stage (13) were reported as factors 
predicting a better prognosis.

In this study, the multivariate analysis revealed that a DFI 
<36 months, large tumor size, and lymph node metastasis 
were significantly associated with worse overall survival, 
and a DFI <36 months, the size of the pulmonary metastatic 
nodule, and incomplete resection of PM were significantly 
associated with worse cancer-specific survival. However, 
since the follow-up duration and modalities used for 
postoperative monitoring can influence the DFI, the role of 
the DFI as a prognostic factor might be controversial.

We revealed that the DFI and tumor diameter were 
predictive of both overall survival and cancer-specific 
survival. Incomplete resection was identified as a poor 
prognostic factor for cancer-specific survival in this study; 
however, it was not a significant prognostic factor for overall 
survival in both the univariate and multivariate analyses. 
Therefore, complete resection was not a significant 
prognostic factor contributing to survival, and the 
resection of breast cancer lung metastases was considered 
to be controversial, as reported in some previous studies; 
however, the number of incomplete resection cases (24/253, 
9%) was as small events in this study, therefore univariate 
and multivariate analyses could be underpower using Cox 
proportional-hazards regression models. 

As gathered from a large registry of 5206 patients who 
underwent PM, the 5-year survival rate was only 13% 
after incomplete PM, while it was 36% after complete 
PM (4). Similar to our findings, incomplete resection of 
pulmonary metastasis of breast cancer was reported not to 
be a significant prognostic factor (13,15-17). There are a 
several reasons that could explain why incomplete resection 
does not affect survival. First, patients who underwent 
incomplete resection more frequently had multiple 
pulmonary metastases, underwent sublobar resection, and 
received postoperative therapy after PM than the patients 
who underwent complete resection (Table 5). Given that 

Table 2 Characteristics of the primary breast cancer

Characteristics n [%]

Histology

Invasive ductal carcinoma 215 [85]

Other 31 [12]

NA 7 [3]

Stage at breast surgery

I 40 [16]

II 126 [50]

III 25 [10]

IV 6 [2]

NA 56 [22]

Estrogen receptor expression

Positive 75 [30]

Negative 69 [27]

NA 109 [43]

Progesterone receptor expression

Positive 62 [25]

Negative 77 [30]

NA 114 [45]

HER2 expression

Positive 55 [22]

Negative 44 [17]

NA 154 [61]

Preoperative treatment

Yes 26 [10]

No 129 [51]

NA 98 [39]

Postoperative treatment

Yes 216 [85]

No 29 [12]

NA 8 [3]

NA, data not available
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metastatic breast cancer is a systemic disease, chemotherapy 
or hormonal therapy might be effective.

Second, we defined incomplete resection as R1 
(microscopic incomplete resection) or R2 (macroscopic 
incomplete resection) in this study. Because of the small 
number of R1and R2 cases (n=24, 9%), statistical analysis 
could not be performed. It is possible that there is a 
prognostic difference between R1 and R2 resection cases. 
Planchard et al. revealed a significantly worse prognosis 
among patients with unresectable pulmonary metastasis of 
breast cancer than among those who underwent incomplete 
resection (16), suggesting that the definition of incomplete 
resection might have affected the current results. 

Regardless of this, the prognostic impact of PM for 
pulmonary metastasis derived from breast cancer does not 
appear to be strong compared to that of PM for pulmonary 
metastasis derived from other primary cancers. The 
recurrence rate after PM for pulmonary metastasis of breast 
cancer is reportedly high. In a previous study, even after 
complete resection of pulmonary metastasis derived from 
breast cancer, only 15% (19/125) of patients were alive 
without recurrence (16). In the current study, recurrence 
after PM developed in 110 of the total 253 (43%) patients 
and in 93 of the 229 (40.6%) patients with complete 
resection. This high recurrence rate after PM should not be 
ignored and suggests that local therapy alone cannot control 
metastatic breast cancer. 

PM for pulmonary metastasis derived from breast cancer 
has another crucial role for the differential diagnosis. In 
clinical practice, we frequently encounter patients with 
breast cancer who have developed isolated lung nodules. 
Therefore, the radiological and pathological differential 
diagnosis of primary lung cancer from pulmonary metastasis 

of breast cancer can be challenging. Rena et al. investigated 
solitary pulmonary nodules in 79 patients with breast cancer; 
of them, 27 (34.1%) developed pulmonary metastasis, and 38 
(48.1%) developed primary lung cancer (21).  

In patients who underwent surgery for pulmonary 
nodules after breast cancer, the frequency of multiple 
pulmonary nodules was significantly the highest among 
those with metastatic breast cancer (64.1%), primary lung 
cancer (33.3%) and other histologies (28.6%) (22). In 
our study, approximately half of the patients underwent 
lobectomy as the PM procedure, which might reflect the 
difficultly with differential diagnosis between primary lung 
cancer and pulmonary metastasis. Furthermore, surgical 
resection of nodules in patients with a history of breast 
cancer is a powerful diagnostic and treatment tool, and 
collecting samples of metastasized breast cancer might 
provide useful information for further treatment (17,21).

Compared with previous studies, we demonstrated 
better overall survival in our population, with 5- and  
10-year survival rates of 65% and 50%, respectively (Table 6)  
(2,9,10,12,13,16,17). Because this study population, 
including 89 patients who underwent PM between 2010 
and 2017, underwent surgery relatively recently, the survival 
rates might be higher than those reported in previous 
studies. However, approximately half of the patients who 
underwent PM were alive with recurrence at the end of the 
study. The advent of multimodal treatments might result in 
improved surgical outcomes. 

Limitations

The current study has a few fundamental limitations due to 
the retrospective analysis of multi-institutional registry data, 

Figure 2 Kaplan-Meier curve for overall survival (A) and for cancer-specific survival after pulmonary metastasectomy (B).

A BOverall survival after pulmonary metastasectomy

Time after pulmonary metastasectomy (years)

5-year survival rate 64 9% 5-year survival rate 66.9%
10-year survival rate 50.4% 10-year survival rate 54.7%
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which contain selection bias, high rate of incomplete data, 
and a long registry period. First, selection bias during data 
collection by the source registry weakens the significance 
of the information derived when such data is used to 
evaluate PM. Second, although 352 patients were eligible 
for analysis, 99 (28.1%) had no available survival data. Since 
our database was established by thoracic surgeons, it lacked 

sufficient information on breast cancer. We recognize this 
as the greatest limitation of our study. Third, our multi-
institutional database covers a period of 36 years, during 
which chemotherapy, hormone therapy, and supportive 
care had improved rapidly. Thus, the results of this study 
might not reflect real-world metastatic breast cancer 
patients. Nevertheless, our cohort included 89 patients 

Table 3 Prognostic factors for overall survival after pulmonary metastasectomya

Variables
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Period of metastasectomy

1982–1999 1.82 1.16–2.90 0.009 1.52 0.96–2.44 0.077

2000–2017 1.00

Age 0.99 0.96–1.00 0.209

Disease-free interval 

<36 months 2.09 1.34–3.24 0.001 2.17 1.39–3.37 <0.001

≥36 months 1.00

Surgical procedure

Lobectomy or pneumonectomy 1.79 1.15–2.85 0.010 1.05 0.60–1.85 0.864

Wedge resection or segmentectomy 1.00

Number of pulmonary metastases

Multiple 0.93 0.47–1.68 0.821

Solitary 1.00

Tumor diameter 1.22 1.06–1.37 0.006 1.21 1.02–1.41 0.031

Lymph node metastasis 

Positive 2.01 1.27–3.12 0.003 1.75 1.06–2.86 0.028

Negative 1.00

Resection status of pulmonary metastasectomy

Incomplete 1.90 0.88–3.65 0.097

Complete 1.00

Preoperative therapy before pulmonary metastasectomy

+ 1.18 0.66–1.98 0.568

− 1.00

Postoperative therapy after pulmonary metastasectomy

+ 1.09 0.70–1.75 0.705

− 1.00
a, Cox proportional-hazards model. CI, confidence interval; HR, hazard ratio. 
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who underwent surgery relatively recently (2010–2017). 
Although a meta-analysis of 16 studies demonstrated 
a 5-year survival rate of 46% after PM for pulmonary 
metastasis of breast cancer (14), those study periods ranged 
from 1972 to 2007. Thus, despite the limitation involved in 
covering a large period, we believe that the current study 
provides relatively recent outcomes of PM for pulmonary 
metastasis of breast cancer.

Conclusions

There was no significant difference in overall survival 
between complete and incomplete resection cases 
of pulmonary metastasis derived from breast cancer. 
Therefore, PM for pulmonary metastasis of breast cancer is 
considered an optional treatment, and it can provide useful 
information for definitive diagnosis and guiding future 
treatments. As recommended by a recent guideline (23), a 

Table 4 Prognostic factors for cancer-specific survival after pulmonary metastasectomya 

Variables
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Period of metastasectomy

1982–1999 1.86 1.15–3.07 0.011 1.61 0.99–2.66 0.055

2000–2017 1.00

Age 0.98 0.95–1.00 0.051

Disease-free interval 

<36 months 2.27 1.42–3.61 <0.001 2.36 1.47–3.77 <0.001

≥36 months 1.00 1.00

Surgical procedure

Lobectomy or pneumonectomy 1.57 0.98–2.55 0.059

Wedge resection or segmentectomy 1.00

Number of pulmonary metastases

Multiple 0.95 0.46–1.77 0.878

Solitary 1.00

Tumor diameter 1.24 1.08–1.41 0.004 1.27 1.08–1.45 0.004

Lymph node metastasis 

Positive 1.74 1.06–2.79 0.029 1.53 0.93–2.46 0.093

Negative 1.00 1.00

Resection status of pulmonary metastasectomy

Incomplete 2.21 1.02–4.26 0.046 2.33 1.07–4.51 0.035

Complete 1.00 1.00

Therapy before pulmonary metastasectomy

+ 1.28 0.70–2.19 0.415

− 1.00

Therapy after pulmonary metastasectomy

+ 1.57 0.95–2.70 0.080

− 1.00
a, Cox proportional-hazards model. CI, confidence interval; HR, hazard ratio.
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Table 6 Studies of pulmonary metastasectomy for pulmonary metastasis of breast cancer published since 2000

Author Study period N 
Median survival 

(months)
5-year OS (%)

10-year OS 
(%)

Prognostic factors

DFI Incomplete resection 

Friedel et al. (2) 1960–1994 467 35 35 20 Yes Yes

Planchard et al. (16) 1972–1998 162 50 45 30 Yes No

Yoshimoto et al. (13) 1960–2000 90 76 54 40 Yes No

Kycler et al. (9) 1997–2002 33 73.2 54.5 – Yes Yes

Yhim et al. (12) 1997–2007 45 41.7 – – Yes –

Welter et al. (17) 1998–2007 47 32 36 – No No

Meimarakis et al. (10) 1982–2007 81 82 60 – No Yes

Current study 1982–2017 253 122 65 50 Yes No

OS; overall survival, DFI, disease-free interval.

Table 5 Patient characteristics according to the extent of resectiona

Characteristics Complete resection Incomplete resection P value

Age, years 56 [32–82] 56 [35–74] 0.813

Disease-free interval, months 61 [0–372] 57 [0–240] 0.737

Surgical procedure

Lobectomy or pneumonectomy/wedge resection or 
segmentectomy

114 [50]/115 [50] 4 [17]/20 [83] 0.002

Number of pulmonary metastases: multiple/solitary 31 [14]/198 [86] 7 [29]/17 [71] 0.041

Tumor diameter 1.5 [0.4–9] 1.5 [0.3–4.8] 0.887

Lymph node metastasis: positive/negative 49 [21]/180 [79] 7 [29]/17 [71] 0.383

Preoperative therapy before pulmonary metastasectomy (+/−) 53 [23]/176 [77] 4 [17]/20 [83] 0.611

Postoperative therapy after pulmonary metastasectomy (+/−) 124 [54]/105 [46] 18 [75]/6 [25] 0.044
a, categorical variables are shown as numbers (%) and continuous variables as medians (range). The Chi-square test was used to compare 
categorical variables. Student’s t test or the Wilcoxon rank-sum test was used to compare continuous variables.

multidisciplinary approach is needed.
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