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While local treatment of metastases is considered to be unrelated to prognosis, previous studies have suggested
that local treatment of isolated lung metastases may have positive prognostic impact. We designed this pro-
spective cohort study to investigate the clinical situation and its outcomes. We enrolled patients with fewer than
3 lung nodules suspected of being oligometastases after curative breast cancer surgery. Treatments, including
local and systemic therapy, were selected by the physician and patient in consultation. The primary outcome
was overall survival (OS); secondary outcomes were the efficacy and the safety of the surgery for lung oligome-
tastases. Between May 2015 and May 2019, 14 patients were enrolled. Resection of lung nodules (metastasec-
tomy) was performed in 11 (78.6%) of 14 patients, and one of these cases was diagnosed as primary lung cancer.
Metastasectomies were all performed employing video-assisted thoracic surgery (VATS) without perioperative
complications. Systemic therapies were administered to all patients except one. The respective 3-year and
5-year OS rates of patients with lung oligometastases were 91.6% and 81.5%, respectively. Progression occurred
in 6 patients: 3 of the 10 with metastasectomy and all 3 without this surgical procedure. Lung metastasectomy
was worthwhile as a diagnostic evaluation and may provide long-term benefit in some patients.
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R ecently, the continual emergence of new biologi-

cal anticancer agents has allowed long-term con-
trol of symptoms due to metastases and prolonging the
lives of patients with breast cancer. For patients diag-
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nosed with metastatic breast cancer between 2008 and
2017, the median overall survival (OS) was 38.8
months and the 5-year survival rate was 33.8% [1].
However, cure is not deemed possible for these patients
because the cancer cells have already spread systemi-
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cally. In fact, the mechanisms of cancer metastases may
be more heterogeneous than originally conceived.
Fisher first suggested the systemic hypothesis, i.e. that
clinically apparent cancer is a systemic disease [2].
Hellman advocated the spectrum hypothesis, which
involves some cancers remaining locoregionally con-
fined, while others are metastatic at presentation, and
some progress from locoregional confinement to meta-
static disease [3]. Then, Hellman and Weichselbaum
together proposed the term “oligometastatic” disease for
certain tumors that concentrate their metastases in a
single organ or a limited number of organs, such that
local therapy might actually be a curative treatment
when administered either alone or combined with sys-
temic therapy [4].

Previous study results have suggested that local
treatment, either surgical resection or ablative radio-
therapy of isolated lung metastases, may be beneficial
and increase OS in highly selective patients [5].
However, those were retrospective findings. As the
evidence obtained was insufficient, the Clinical Practice
Guidelines continue to recommend lung metastasec-
tomy only for diagnostic purposes, i.e., to distinguish
primary lung cancer from metastatic breast cancer [6].

We designed this prospective cohort study (SBP-06)
to investigate the therapeutic and diagnostic clinical
situation of oligometastatic breast cancer in the lung, as
well as the outcomes of patients with this disease.

Materials and Methods

SBP-06 was a prospective cohort study that enrolled
patients from 5 centers involved in the Setouchi Breast
Project Comprehensive Support Organization. The
inclusion criteria were age >18 years and <80 years,
first and only lung metastasis suspected after curative
breast cancer surgery, fewer than 3 lung nodules
detected by Positron Emission Tomography - Computed
Tomography (PET-CT) and/ or CT, and confirmed
estrogen receptor (ER), progesterone receptor (PgR)
and human epidermal growth factor receptor 2 (HER2)
expressions for the primary breast tumor. Postoperative
imaging and blood tests were not stipulated.

Treatments, including local and systemic therapy,
were selected by physicians in consultation with their
patients. The patients were followed for at least 5 years.
The primary outcome in this study of oligometastasis of
breast cancer detected in the lung was OS; secondary
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outcomes were the efficacy and safety of surgery for
these lesions in the lung.

Based on the methods of previous studies, the
expected 5-year OS rate was assumed to be 30% and the
threshold to be 50%, respectively. Based on an a value
of 0.05 and a { value of 0.2, the target sample size was
defined as 35 patients. Categorical variables were com-
pared using the chi-square test. All statistical analyses
were performed using JMP software (version 10, SAS
Institute, USA).

This study was approved by the Institutional Review
Board (IRB No. 960) of the Okayama University Hospital,
Okayama, Japan, and was registered in the clinical tri-
als database UMIN (UMINO000016999) on 31 March
2015. Written informed consent was obtained from all
enrolled patients.

Results

Between May 2015 and May 2019, 14 patients were
enrolled at 5 centers. Baseline characteristics are listed
in Table 1.

Eleven (78.6%) of 14 patients underwent resection of
lung nodules. Ten of these 11 patients were pathologi-
cally diagnosed as having metastases from breast cancer
while one was diagnosed with primary lung cancer.
One patient had already been diagnosed as having
metastases from breast cancer by biopsy before lung
metastasectomy. Two of three patients who did not
undergo metastasectomy of the lung were diagnosed by
biopsy. ER status had changed to positive for one
patient and PgR status had became negative for another,
such that the discordance rates between metastases and
the primary tumor were 8.3%, 10%, and 0% for ER,
PgR, and HER?2 expressions, respectively (Table 2).

Operations were all performed employing video-
assisted thoracic surgery (VATS) and achieved complete
resection. The mean operation time was 87 min (27-
186 min), the mean hospitalization period was 10.2
days (5-14 days), and the median blood loss amount
was 5 ml (0-160 ml). No perioperative complications
were reported.

Treatments and outcomes were evaluated in 13
patients excluding the one found to have primary lung
cancer. Systemic therapies such as chemotherapy, as
well as endocrine and HER2-directed therapies, were
administered to all patients except one who declined all
treatments offered, including metastasectomy (Table 1).
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Table 2  Changes of receptor status
Positive Negative Discordance
conversion conversion rates
ER (n=12) 1 0 8.3%
PgR (n=10) 0 1 10%
HER2 (n=10) 0 0 0%

ER, estrogen receptor; PgR, progesterone receptor; HER2, human
epidermal growth factor receptor 2.
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Fig. 1 Overall survival curve for patients with and without

metastasectomy.

that changes in the subtypes of metastases affected
treatment selection in 18% of their patients [9].
Furthermore, gene examination of biopsy tissue may
contribute to selecting the optimal approach among the
new biological treatments becoming available.
Pathological studies are on occasion performed
employing a bronchoscopic approach or CT-guided
transthoracic needle biopsy, but the accuracies of diag-
nosis for lung nodules less than 10 mm are reportedly
44% [10] and 70% [11], respectively. The size of the
largest lung nodule in the present study was <10 mm in
6 patients and 11-20 mm in 5 patients. In this trial, we
did not decide the modality of radiological examination
to diagnose the metastasis, and biopsy of metastasis
was not mandatory. Thus, the size of the metastatic
lesions in the 3 patients without metastasectomy was not
calculated. Lung metastasectomy is more invasive than
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Fig. 2  Progression-free survival curve for patients with and with-

out metastasectomy.

either the bronchoscopic approach or CT-guided trans-
thoracic needle biopsy; however, VATS has increas-
ingly been performed in recent years because it is less
invasive than thoracotomy with fewer intraoperative
complications, and in many cases complete resection of
parenchymal metastases can be achieved [12]. As com-
plete lung metastasectomy was performed employing
VATS all in cases and there were no perioperative com-
plications in this study, our experience indicates that
lung metastasectomy by VATS is a reasonable approach
to lung oligometastasis of breast cancer.

In general, the role of local management of meta-
static breast cancer is palliation of symptomatic sites.
However, some studies have raised the possibility of
prolonging survival in highly selective patients with
good performance status, a long disease-free interval,
and/or oligometastatic disease. Local therapy for lung
oligometastases from breast cancer has been shown to
result in long-term disease control in a retrospective
study and meta-analyses [13-15]. In the largest dataset
on lung metastasectomy in 467 breast cancer patients,
reported by Friedel et al, the median survival was
37 months (5-year OS was 38% and the 10-year OS was
22%) [13]. The present work, a prospective cohort
study, also suggested the survival benefit of lung metas-
tasectomy. The outcomes of patients with lung oligo-
metastasis in our study were much better than those
reported previously, possibly due to the development of
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more effective drug treatments in recent years. Indeed,
the lung metastasectomy procedures in the study
reported by Friedel were performed between 1960 and
1994 [13]. Another factor explaining improved survival
might be advancements in imaging studies allowing
early detection of metastasis. On the other hand, fol-
low-up CT scans to detect asymptomatic relapse are not
recommended in the Japanese Breast Cancer Society
Clinical Practice Guidelines for Breast Cancer. The fre-
quency of CT scans at each facility varies, which may be
the reason the number of the patients was only 14, far
smaller than the defined sample size of 35; this is an
important limitation of this study.

A randomized phase 3 trial might be required to
provide definitive evidence of the survival benefit of
metastasectomy for lung oligometastasis of breast can-
cer. NRG-BR002 (NCT 02364557) is an ongoing phase
3 trial designed to determine whether ablative radio-
therapy (through stereotactic body radiotherapy) and/
or surgical resection of all known metastases in oligo-
metastatic breast cancer patients improves OS.

Prognostic factors impacting local therapy include
the number of metastases, length of disease-free inter-
val, and the completeness of resection [13,16,17].
Progression events occurred in all 3 patients with a dis-
ease-free interval (DFI) <36 months in our study.

Whether local therapy for metastases with systemic
agents prolongs survival may depend on how extensive
the micrometastases are. At present, the number of
detectable metastases or the DFI can serve as prognos-
tic markers for the severity of micrometastases. New
biomarkers such as circulating tumor cells (CTCs) and
circulating tumor DNA have been shown to predict
poor outcomes [18,19]. CTCs will be evaluated as a
translational primary objective in NRG-BR002, and the
results obtained might contribute to the selection of
patients who would benefit from local therapy for
metastases.

Ablative radiotherapy is an alternative to surgical
resection as a local treatment strategy for metastasis and
reportedly improves OS [20]. However, surgical resec-
tion has the advantage of allowing histopathologic
examination; furthermore, ablative radiotherapy is
invasive with a treatment-related death rate of 4.5%
[20]. Nonetheless, ablative radiotherapy may be useful
for treating metastases that are difficult to resect such as
central lung metastases or metastatic lesions in unre-
sectable organs.
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In conclusion, this prospective cohort study showed
that lung metastasectomy by VATS was a reasonable
approach to determining the pathological diagnosis and
reevaluating receptor status with acceptable safety and
invasiveness. Some patients who underwent lung
metastasectomy survived 5 years or more without pro-
gression events, raising the possibility of achieving
long-term benefits of local therapy for metastases.
Phase 3 trials might be required to provide definitive
evidence and to provide criteria for selecting patients
most likely to benefit from this strategy as well as deter-
mining the optimal timing of local therapy.
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