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Background: Lung is a common organ of metastases in patients with primary breast cancer. Pulmonary 
metastasis of primary breast cancer is usually considered as a systemic disease, however, the systemic 
approaches have achieved little progress in terms of prolonging survival time. In contrast, some studies 
revealed a probable survival benefit of pulmonary metastasectomy for such patients. However, the prognostic 
factor for pulmonary metastasectomy in breast cancer patients is still a controversial issue. The aim of this 
study was to conduct a systematic review and meta-analysis of cohort studies to assess the pooled 5-year 
overall survival (OS) rate and the prognostic factors for pulmonary metastasectomy from breast cancer.
Methods: An electronic search in MEDLINE (via PubMed), EMBASE (via OVID), CENTRAL (via 
Cochrane Library), and Chinese BioMedical Literature Database (CBM) complemented by manual searches 
in article references were conducted to identify eligible studies. All cohort studies in which survival and/
or prognostic factors for pulmonary metastasectomy from breast cancer were reported were included in 
the analysis. We calculated the pooled 5-year survival rates, identified the prognostic factors for OS and 
combined the hazard ratios (HRs) of the identified prognostic factors.
Results: Sixteen studies with a total of 1937 patients were included in this meta-analysis. The pooled 5-year 
survival rates after pulmonary metastasectomy was 46% [95% confidence interval (95% CI): 43-49%]. The 
poor prognostic factors were disease-free interval (DFI) (<3 years) with HR =1.70 (95% CI: 1.37-2.10), 
resection of metastases (incomplete) with HR =2.06 (95% CI: 1.63-2.62), No. of pulmonary metastases (>1) 
with HR =1.31 (95% CI: 1.13-1.50) and the hormone receptor status of metastases (negative) with HR =2.30 
(95% CI: 1.43-3.70).
Conclusions: Surgery with a relatively high 5-year OS rate after pulmonary metastasectomy (46%), may 
be a promising treatment for pulmonary metastases in the breast cancer patients with a good performance 
status and limited disease. The main poor prognostic factors were DFI (<3 years), resection of metastases 
(incomplete), No. of pulmonary metastasis (>1) and hormone receptor status of metastases (negative). And 
prospective randomized trials will be needed to address these issues in the future.
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Introduction

Breast cancer is the most frequently diagnosed cancer 
and the leading cause of cancer death among females, 
accounting for 23% of the total cancer cases and 14% of the 
cancer deaths (1). In Asia, one in every three women faces 
the risk of breast cancer in their lifetime as per report of 
WHO 2012. Distant metastases appear in 20% of women 
who have primary breast cancer (2). And lung is a common 
organ of metastases in patients with primary breast cancer, 
with approximately 12% of the breast cancer patients found 
to have metastatic lesions in the lung (3).

Pulmonary metastasis of primary breast cancer is 
usually considered as a systemic disease, so most medical 
oncologists disapprove of surgical procedures for metastatic 
breast cancer or consider them just as palliative strategies (4).  
Only systemic treatments are routinely considered for 
such patients. Yet recently, the systemic approaches even 
with taxanes and/or anthracycline have achieved little 
progress in terms of prolonging survival time (5,6). High-
dose chemotherapy with stem-cell transplantation has also 
failed to prolong life expectancy (7). The median survival 
after chemotherapy remains at about 24 months, and the 
cure rate is very low (8). Thus, metastatic breast cancer is 
still regarded as an incurable disease, and the treatment is 
usually just palliative (9). However, several studies revealed a 
probable survival benefit of pulmonary metastasectomy for 
such patients. In the study by Staren et al., which compared 
the medical and surgical management of pulmonary 
metastatic disease, the mean 5-year survival of the 
medically treated group was only 11% as comparing to the 
surgical group, whose mean 5-year survival was 36% (10).  
A significantly increased survival for the patients operated 
on comparing with the patients treated conservatively was 
also demonstrated by Meimarakis et al. (11) and Yhim  
et al. (12) in their respective studies. At the same time, with 
the technological advances in cardiothoracic surgery and 
anesthesia, the pulmonary metastasectomy is associated 
with a low perioperative morbidity and lethality now 
(11,13). Consequently, pulmonary metastasectomy may 
be a promising treatment for lung metastases of breast 
cancer. However, the prognostic factor of pulmonary 
metastasectomy in breast cancer patients is still  a 
controversial issue.

In the current study, we conducted a systematic review 
and meta-analysis of cohort studies to assess the pooled 
5-year overall survival (OS) rate and the prognostic factors 
for survival in pulmonary metastasectomy from breast 

cancer, which may help the clinicians to evaluate the 
potential surgical benefits of the patients with different 
prognostic factors and make clinical decisions.

Materials and methods

This systematic review and meta-analysis was performed 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) Statement  
protocol (14).

Search strategy

We searched MEDLINE (via PubMed), EMBASE (via 
OVID), CENTRAL (via Cochrane Library), and Chinese 
BioMedical Literature Database (CBM) to October 2014 to 
identify studies relevant to this review. Our search strategy 
included the following subject headings and/or key words 
variably combined by ‘‘breast neoplasm’’, ‘‘lung metastasis’’, 
and ‘‘surgery’’. The detailed search strategy of PubMed is 
listed here: ((((“breast neoplasms”[MeSH Terms]) OR breast 
cancer*) OR breast tumor*) OR breast carcinoma*) AND 
(("lung neoplasms/secondary"[MeSH Terms]) OR lung 
metastas*) AND ((“surgical procedures, operative”[MeSH 
Terms]) OR resect*). In addition, reference lists of the 
articles initially detected were searched by hand to identify 
additional relevant reports. The eligibility of references 
retrieved by the search was assessed independently by two 
of the authors (Jun Fan and Dali Chen), and the review 
authors resolved differences of opinion by discussion or by 
appeal to a third review author (Heng Du) when necessary. 
The full text of the remaining articles, including the 
references, was examined to determine whether the articles 
contained relevant information.

Inclusion and exclusion criteria

Studies were considered eligible if they met all of the 
following inclusion criteria: (I) studies on surgery for 
pulmonary metastases from breast cancer; (II) enrolled 
patients whose primary breast tumors had been resected 
completely proven by histopathology and metastatic disease 
was limited to the lung proven by imaging techniques; (III) 
5-year survival rate and prognostic factors for patients after 
pulmonary metastasectomy were reported in the individual 
studies. Studies were excluded based on any of the following 
criteria: (I) the following article types were excluded: 
reviews, letters, laboratory researches, animal experiments; 
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(II) the language is not English or Chinese; (III) the articles 
studied on the lung nodules(not only the lung metastases) in 
breast cancer patients.

Quality assessment

Quality assessment of individual studies was performed 
independently by two of the authors (Jun Fan and Dali 
Chen), using the Newcastle-Ottawa Scale for cohort 
studies. The scale allocates stars (maximum of 9) for 
quality of selection, comparability and outcome of study  
participants (15). Any discrepancies were addressed by joint 
reevaluation of the Original Article.

Data extraction

Data were extracted from the selected studies independently 
by two of the authors (Jun Fan and Dali Chen), using a 
predefined standardized form and resolved disagreements 
by discussion between two review authors or by appeal to 
a third review author (Cheng Shen). We extracted data of 
the eligible articles’ basic characteristics, including first 
author (year), country, study period, type of study, No. of 
patients, No. of patients evaluated survival and prognostic 
factors after pulmonary resection, median follow-up, 
median/mean age at pulmonary metastasectomy, median 
disease-free interval (DFI) which is the interval between 
surgery for the primary breast cancer and the appearance 
of pulmonary metastases, median OS time after pulmonary 
metastasectomy, 5-year survival rate and prognostic factors. 
Moreover, the original data included the Kaplan-Meier (K-
M) survival curves or hazard ratio (HR) and 95% confidence 
interval (95% CI) of survival outcomes. The K-M survival 
curves’ data was extracted by Engauge Digitizer 4.1 (http://
sourceforge.net) and the HR, which couldn’t be gotten 
directly from the individual studies, was estimated by the 
methods of Tierney et al. (16).

Outcome assessment

The analysis focused on assessing the pooled 5-year survival 
and the prognostic factors for OS in the patients who 
underwent pulmonary metastasectomy from breast cancer.

Data analysis and statistical analysis

Prognostic factors associated with outcome were extracted 

from all cohorts. A prognostic association was considered 
significant if the reported P value was less than 0.05, if the 
article reported that an association was significant, or if the 
95% CI around a rate ratio or similar statistic did not cross 1.  
Only prognostic factors that were assessed via univariate 
analyses (log-rank test) are presented, this decision was 
taken due to the different statistical techniques and choice 
of covariates used in the individual multivariate models. We 
decided that the collective interpretation of factors drawn 
from different multivariate models may be potentially 
misleading.

To assess the pooled 5-year survival rate, proportions 
were Log transformed to satisfy the normality. And then 
we calculated the pooled 5-year survival rate with 95% CI 
by the DerSimonian & Laird method. When the 5-year 
survival rate and/or 95% CI was not available, these values 
were estimated according to data obtained from the K-M 
curve, using an actuarial method. We also carried out meta-
analysis on the prognostic factors for OS using HR as a 
statistic. Heterogeneity was quantified using a chi-square 
heterogeneity statistic and by means of an I2 statistic for each 
analysis. Heterogeneity was defined as P<0.10 or I2>70%.
When homogeneity was fine (P≥0.10; I2≤70%), a fixed 
effect model was used to combine effective sizes or else, a 
random effect model was used. Meta-regression was used to 
assess the impact of publish year and the prognostic factors 
on the 5-year survival rate. The potential publication bias 
was evaluated by the symmetry of funnel and Egger’s test, 
with P>0.05 indicating no potential publication bias (17).  
All analyses were performed using R software and the 
metafor package (18). P values less than 0.05 were considered 
significant.

Results

Reference retrieval

After primary retrieval, a total of 2,207 potentially 
relevant studies were incorporated into our initial study, 
including 746 in Medline, 1,369 in Embase, 47 in CBM, 
40 in CENTRAL and 5 by reference list. A total of 403 
were excluded for duplicates and 1,756 were excluded by 
title/abstract screening. Full texts were retrieved for the 
remaining 48 studies, and 16 of them met all the criteria 
for inclusion in the analysis, which included 1,937 patients 
(Figure 1, Table 1). All of the patients were female except 
two, which were excluded from this analysis.
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Characteristics and qualities of the included studies

Basic characteristics of included studies were summarized 
in Table 1. All of the 16 studies were cohort studies, in 
which only one study (23) was prospective, and the other  
15 studies were retrospective. Eleven studies were published 
after 2000, and five studies were published in the 1990s. 
Nine studies analyzed survival and prognostic factors after 
pulmonary resection in only part of the enrolled patients, 
for the reasons of loss to follow-up or the patients with 
non-metastatic pulmonary nodules (benign pulmonary 
nodules or primary lung cancer). The median/mean age at 
pulmonary metastasectomy of included studies ranged from 
49 to 63 years old. Reported median survival in these series 
was 31-96.9 months. Most of the median follow-up of the 
involved studies were short, and only in three studies, the 
median follow-up was more than 5 years. And there were 
seven studies which were conducted with a sample size less 
than 50 patients.

Quality assessments of individual studies were shown in 
Table 2. We used the Newcastle-Ottawa Scale (NOS) for 
cohort studies to assess included studies, which included 
three aspects (selection, comparability and outcome) and 
eight items. Fifteen studies scored not less than 6.

Prognostic factors for OS

There were fifteen prognostic factors which were 
summarized in Table 3. The most frequently reported 
significant prognostic factors were DFI (nine studies), 
resection of metastases (four studies), No. of pulmonary 
metastases (three studies) and the hormone receptor 
status of metastases (three studies). And the number and 
proportion of the patients with the four main prognostic 
factors in respective studies were shown in Table 1. None 
of the involved studies reported there was a significant 
association between the OS and the following prognostic 
factors, which included additional adjuvant therapy, age at 
metastasectomy, type of surgical procedures, nodal status of 
primary tumor, other recurrence site before lung surgery, 
histologic grade of breast cancer. Among all of the fifteen 
prognostic factors, three prognostic factors (Stage of breast 
cancer at breast surgery, Nodal status of primary tumor, 
Histologic grade of breast cancer) were related to the primary 
breast cancer. However, there is only one study which 
reported that there was a significant association between the 
stage of breast cancer at breast surgery and survival.

The four main prognostic factors for OS and the pooled 
HRs were shown in Table 4 and Figure 2. All of the four 
main prognostic factors had significant associations with 
the OS and the pooled HR values ranged from 1.31 to 2.30. 
And there were no significant heterogeneities found in all of 
the four meta-analyses, so we choose the fixed effect model 
to do the meta-analyses.

5-year OS rate

The pooled 5-year survival rate was 46% (95% CI: 43-
49%) (Figure 3). And the test for heterogeneity revealed 
significant heterogeneity (I2=78.5%, P<0.001). Therefore, 
we assessed whether the study year and the four main 
prognostic factors could explain the heterogeneity by meta-
regression. We found that there was a significant association 
between the study year and the 5-year survival rate shown 
by univariable meta-regression analysis (P=0.0323). And no 
significant associations were found between the four main 
prognostic factors and 5-year survival rate (Table 5).

Assessment of publication bias

We assessed the publication bias of the meta-analysis in 
5-year survival rate. The funnel plot (Figure 4) was drawn 
with log of proportions along the horizontal axis and 

Figure 1 PRISMA Flow Chart of Reference Retrieval.

Records identified 
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•	 Not survival outcome (n=4)

Additional records 
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other sources (n=5)
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standard error along the vertical axis. We didn’t find a 
significant asymmetry in the funnel plot by Egger’s test 
(P=0.7879). So there is no publication bias for meta-analysis 
in 5-year survival rate.

Discussion

To our knowledge, it is the first time that a comprehensive 
and detailed systematic review and meta-analysis is 
performed to evaluate the survival and prognostic factors for 
resection of isolated pulmonary metastases in breast cancer 
patients. We discussed the prognostic factors and their 
associations with the OS. At the same time, we analyzed the 
pooled 5-year survival rate and the association between the 
prognostic factors and 5-year survival.

Pulmonary metastasectomy has become a standard 
therapy for various metastatic malignancies of the lungs. It 
has been reported that surgery of lung metastases of almost 
all solid tumors provided good long-term results (33). And 
the International Registry of Lung Metastases reports on 
a 5-year survival of 36% in 4,572 patients having resection 
of lung metastases (34). However, it is a controversial issue 
for lung resection in breast cancer. In the current analysis, 
the pooled 5-year OS rate after pulmonary metastasectomy 
in the breast cancer patients is 46%. In contrast, the 5-year 
survival was 16% in a case series of patients with breast 
cancer metastases limited to the lungs and treated with 
chemotherapy only (35). This result implies that surgery 
is a promising treatment for the pulmonary metastases in 
breast cancer patients. The potential survival benefit may 
be gotten from the reduction of the tumor burden and 
tumor heterogeneity by resection of pulmonary metastases. 
However, it should be emphasized that surgical candidates 
represented a highly selected population with a good 
performance status and limited disease. Furthermore, in 
addition to the primary surgical treatment, almost all of 
these patients in respective studies more or less received 
some chemotherapy or/and endocrine therapies. So the 
interpretation of the result should be prudent. In spite 
of that, at least this result could imply a trend that some 
selected breast cancer patients may get some survival 
benefits from the resection of pulmonary metastases.

Previous researches provided inconsistent findings 
as to the prognostic factors in the patients undergoing 
pulmonary metastasectomy from the breast cancer. In 
the present analysis, we extracted all of the prognostic 
factors from the sixteen involved studies, which univariate 
analyses were reported in at least two studies, and counted 
the number of times that a significant association was 
reported (Table 3). We found that DFI >3 years, complete 
resection of metastases, solitary pulmonary metastasis and 
positive hormone receptor status of metastases were most 
frequently reported as the significant good prognostic 

Table 3 Prognostic factors for which univariate analyses were 
reported in at least two cohorts

Prognostic factors Number/significant*

DFI 15/9 (12,19,21,22,26,27,29,30,32)

<5 years 1/0

<3 years 8/7 (19,21,26,27,29,30,32)

<2 years 5/1 (12)

<1 year 1/1 (22)

Resection of metastases 

(incomplete vs. complete)

8/4 (23,27,29,31)

No. of pulmonary 

metastases (multiple vs. 

solitary)

14/3 (19,23,25)

The HR status of 

metastases (negative vs. 

positive)

9/3 (12,23,24)

Size of the largest 

metastasis (≥2 vs. <2 cm)

6/2 (23,32)

Site of metastases 

(bilateral vs. unilateral)

6/2 (19,29)

Stage of breast cancer at 

breast surgery

5/1 (21)

No. of metastasectomies 

(redo vs. primary)

3/1 (29)

Pleural invasion (yes vs. no) 2/1 (23)

Additional adjuvant 

therapy

6/0

Age at metastasectomy 6/0

Type of surgical 

procedures

4/0

Nodal status of primary 

tumor

4/0

Other recurrence site 

before lung surgery

2/0

Histologic grade of breast 

cancer

2/0

*, number of cohorts in which the factor was reported/

number of cohorts in which a significant association with 

poor outcome was reported (log-rank test, α<0.05). DFI, 

disease-free interval.
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factors. So patients with these good prognostic factors may 
survive longer after pulmonary metastasectomy. And then 
we analyzed the magnitude of the association between the 
four main prognostic factors and survival by the pooled 
HRs (Table 4). We found that the hormone receptor status 

of metastases with the pooled HR 2.30 is the strongest 
prognostic factors among the four main factors. It may 
be because that the positive hormone receptor represents 
a slow-growing tumor biology with less aggressive 
clinical feature and these patients had a better response 

Figure 2 Evaluated hazard ratios summary for: (A) DFI (<3 years) for overall survival; (B) resection of metastases (incomplete) for overall 
survival; (C) No. of pulmonary metastases (>1) for overall survival; (D) hormone receptor status of metastases (negative) for overall survival. 
DFI, disease-free interval.

Table 4 Main prognostic factors for survival and the pooled hazard ratios

Prognostic factors N Patients Heterogeneity (I-squared, P) Model Hazard ratio (95% CI) P value

DFI (<3 years) 5 683 34.0%, 0.195 Fixed 1.70 (1.37-2.10) 0.000

Resection of metastases 

(incomplete)

4 670 25.1%, 0.261 Fixed 2.06 (1.63-2.62) 0.000

No. of pulmonary 

metastases (>1)

3 569 15.2%, 0.308 Fixed 1.31 (1.13-1.50) 0.000

The hormone receptor 

status of metastases (−)

6 302 0.0%, 0.623 Fixed 2.30 (1.43-3.70) 0.001

N, reference count; DFI, disease-free interval.
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to the endocrine treatment. It is interesting that the DFI  
(<3 years), which was reported as a significant prognostic 
factor in 7 of 8 studies, didn’t have a very strong association 
with survival (the pooled HR 1.70). Consequently, although 
there were so many cohorts reporting DFI (<3 years) as a 
significant factor, the cut-off of DFI, 3 years, maybe was 
not adequate, for there were some studies choosing 1 year, 
2 years or 5 years as their cut-offs. A further study would 
be needed to address this issue. Another interesting thing 
we found was that none of the four main prognostic factors 

Figure 3 Forest plots showing 5-year survival in each study. Each square represents an individual survival, with the size of the square being 
proportional to the weight given to the study. The dotted and dashed vertical lines represent combined survival for the whole population.

Figure 4 Funnel plot and Egger’s test for evaluation of the 
publication bias for 5-year survival rate.
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would significantly affect the 5-year survival rate. However, 
it should be noted that there were some missing values in 
this analysis, which maybe also led to this result. So we 
should interpret this result cautiously.

With the development of imaging techniques, such as 
multidetector-row computed tomography (MDCT) and 
positron emission tomography (PET), we can detect earlier 
and smaller lung nodules in the breast cancer patients. So 
more and more breast cancer patients were detected with a 
lung nodules after mastectomy. However, the histological 
types of the lung nodules may be pulmonary metastases, 
primary lung cancers or benign lesions (28,30). The 
diagnosis of the histological types of lung nodules is crucial 
to the following therapies. Imaging examinations may be 
sometimes only indicative but not diagnostic. Fine-needle 
aspiration biopsy using CT-guidance or trans-bronchial 
needle aspiration biopsy is available to diagnose the lung 
nodules. However, when the lung nodule is small or its 
location is not favourable for diagnostic sampling, the 
biopsy may fail to diagnose. In that case, surgery, especially 
video-assisted thoracic surgery, is a useful modality to 
confirm pathologic diagnosis of pulmonary nodules in 
breast cancer patients and guide the clinicians to choose the 
following therapies.

Our study has several limitations. The findings of a 
meta-analysis depend on the qualities of the individual 
studies, as their potential problems and biases may affect 
the pooled effects. According to the quality assessment by 
NOS, fourteen of the sixteen involved studies scored 6 or 7,  
which indicated the qualities of most of the studies were 
only moderate. And there were seven individual studies 
conducted with a sample less than 50 patients and fifteen of 
sixteen cohorts were retrospective studies. At the same time, 
most studies confirmed the diagnosis of lung metastasis only 
according to the inpatient medical records or the records in 
clinical cases database. Meanwhile, some prognostic factors 
were assessed in only a few studies, which may also weaken 
the role of meta-analysis. And we didn’t search unpublished 
and grey literature database, which may lead to a potential 
publication bias. Maybe there is also a language bias, for we 
only screened the literature in English and Chinese.

In conclusion, surgery with a relatively high 5-year 
OS rate after pulmonary metastasectomy (46%), may be 
a promising treatment for the breast cancer patients with 
a good performance status and limited disease, who were 
diagnosed as isolated pulmonary metastases. For the breast 
cancer patients with pulmonary nodules, who failed to 
be diagnosed by biopsy, surgery is an available method 

to confirm the pathologic diagnosis. At the same time, 
the main poor prognostic factors for resection of isolated 
pulmonary metastases in breast cancer patients were DFI 
(<3 years), resection of metastases (incomplete), No. of 
pulmonary metastasis (>1) and hormone receptor status of 
metastases (negative). And prospective randomized trials 
will be needed to address these issues in the future.
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