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ABSTRACT

Background. One fourth of early-stage breast cancer

cases become metastatic during the follow-up period.

Limited metastasis is a metastatic disease condition in

which the number of metastatic sites and the extent of the

disease both are limited, and the disease is amenable to

metastatic intervention. This prospective study aimed to

evaluate intervention for limited metastases in the lung,

liver, or both.

Methods. The study enrolled luminal A/B and/or human

epidermal growth factor receptor 2 (HER2)-neu? patients

with operable lung and/or liver metastases in the follow-up

assessment after completion of primary breast cancer

treatment and patients with a diagnosis of metastasis after

2014. Demographic, clinical, tumor-specific, and metasta-

sis detection-free interval (MDFI) data were collected.

Bone metastasis in addition to lung and liver metastases

also was included in the analysis. The patients were divi-

ded into two groups according to the method of treatment

for metastases: systemic therapy alone (ST) group or

intervention (IT) group.

Results. Until June 2020, 200 patients were enrolled in the

study. The demographic data were similar between the two

groups. The median follow-up time was 77 months (range

55–107 months) in the IT group (n = 119; 59.5%) and

57 months (range 39–84) in the ST-only group (n = 81;

40.5%). The median MDFI was 40 months (range

23–70 months) in the IT group, and 35 months (range

13–61 months) in the ST-only group (p = 0.47). The

groups had similar surgeries for the primary tumor and

axilla. Most of the patients had liver metastases (49.5%,

n = 99), and 42% (n = 84) of the patients had lung

metastases. Both lung and liver metastases were found in

8.5% (n = 17) of the patients. The primary tumor was

estrogen receptor/progesterone receptor-positive in 75%

(n = 150) of the patients, and 32% (n = 64) of the patients
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had HER2-neu? tumors. Metastatic-site resection was

performed for 32% (n = 64) of the patients, and 27.5%

(n = 55) of the patients underwent metastatic ablative

interventions. In the Kaplan-Meier survival analysis, the

hazard of death (HoD) was 56% lower in the IT group than

in the ST-only group (hazard ratio [HR], 0.44; 95% con-

fidence interval [CI] 0.26–0.72; p = 0.001). The HoD was

lower in the IT group than in the ST-only group for the

patients younger than 55 years (HR, 0.32; 95% CI

0.17–0.62; p = 0.0007). In the multivariable Cox regres-

sion model, HoD was significantly lower for the patients

who underwent intervention for metastases and had an

MDFI longer than 24 months, but their liver metastases

doubled the risk of death compared with lung metastases.

Conclusion. Metastasis-directed interventions have

reduced the risk of death for patients with limited lung/liver

metastases who are amenable to interventions after com-

pletion of primary cancer treatment. For a select group of

patients, such as those with luminal A/B or HER2-neu?

breast cancer who are younger than 55 years with limited

metastases to the lung and liver or an MDFI longer than

24 months, surgical or ablative therapy for metastases

should be considered and discussed on tumor boards.

Breast cancer (BC), the most common type of cancer for

women worldwide, is responsible for one in four of all

female cancers.1 Distant organ metastases are responsible

for breast cancer-related deaths. Up to 10% of cases are

metastatic at the time of diagnosis (de novo), and

approximately 20–30% of women with breast cancer

diagnosed at an early stage become metastatic during the

follow-up period.2–4

Breast cancer most commonly metastasizes to the bones,

but bone metastases represent an entity different from other

types of metastases in terms of their biologic behavior and

occurrence mechanisms. For that reason, specific current

treatment strategies have been developed for patients with

bone metastases.5 Lungs and liver are the organs to which

breast cancer metastasizes most frequently, excluding bone

metastasis.

The conventional treatment methods for stage 4 patients

with organ metastases are chemotherapy, hormone therapy,

and targeted therapies, as well as their combinations.6

These treatments have been applied with palliative

expectations. However, developments in systemic therapy

(ST) are promising. It has been observed that the 5-year

survival rates for stage 4 patients receiving ST increases by

1–2% each year.7 These developments have excited clini-

cians and accelerated the search for more aggressive

treatments, including primary locoregional therapy for

metastatic disease.8, 9 The second reason for this acceler-

ation is that metastatic disease currently is detected at

stages with less tumor burden and operative morbidity is

decreased in this modern surgery era.10 The aim is to

redirect the intent of the treatment from palliative toward

curative.

Although interventions for metastatic lesions are at low

recommendation levels in guidelines,6 it should be

acknowledged that this topic is a promising field of

research. It has been stated that with an ‘‘adjuvant inter-

vention/surgery,’’ the resistant clones will be removed and

the systemic spread due to cancer heterogeneity will be

reduced by a reduction of the tumor burden. The number of

interventions performed for metastatic breast cancer has

dramatically increased during the past 2 decades. Several

case series on resection of lung and liver metastases in

oligometastatic breast cancer have been reported, and most

of the data are from small series of patients collected over

many years.11, 12

For single or oligometastatic disease, local treatment is

thought to increase survival, and for potentially curable

metastatic patients, different interventional treatment

methods can be applied.11, 13 This prospective, multi-center

registry study aimed to investigate the importance of

interventions for operable lung and/or liver metastasis for

breast cancer survival.

METHODS

This study was a multicentric, prospective registry

study. Ethics committee approval was obtained. All the

patients were women, and 29 centers participated in the

study. The study enrolled luminal A/B and/or human epi-

dermal growth factor receptor 2 (HER2)-neu? patients

with operable lung and/or liver metastasis in the follow-up

evaluation after completion of primary breast cancer

treatment and patients with metastases diagnosed between

October 2014 and June 2020.

Limited metastasis is defined as a single

resectable metastasis or fewer than five total metastases

within surgical resection limits that can be resected with R0

resection of the lung and/or liver metastases. Although this

was not a randomized controlled trial, all breast cancer

subtypes with resectable lung and/or liver metastases were

prospectively collected. The attending clinicians and tumor

boards at the centers decided whether the metastases

should be treated with ST only or with intervention.

The statistical analysis did not include patients with

triple-negative metastatic breast tumors because of their

shorter overall survival. Due to the survival difference

between metachronous and de novo stage 4 breast cancer,

the latter group of patients was excluded from this analysis.
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The patients were divided into two groups according to

the treatment method used for metastases: the ST-only

group and the intervention (IT) group. Demographics,

clinical and tumor-specific data (patients’ age, menopause

status, tumor type and stage, receptor status [estrogen

{ER}, progesterone {PR}, HER2-neu] of the primary

tumor, and tumor load in the lung and/or liver metastases)

and metastasis detection-free interval (MDFI) data were

collected. Bone metastasis in addition to lung and liver

metastases also was included in the analysis. The study also

recorded treatment-related and follow-up data, intervention

method (surgical resection, radiofrequency [RF] ablation,

transcatheter arterial radioembolization [TARE], stereo-

tactic radiosurgery, radiation therapy), median follow-up

time, incidence of tumor recurrence, time to recurrence,

and overall survival (OS).

Overall survival was calculated from the date of breast

cancer diagnosis until death or last follow-up visit. Lung

and/or liver metastases were defined as metachronous if the

interval between resection of the primary tumor and the

first diagnosis of metastases was longer than 3 months.

Progression-free interval was defined as the duration from

diagnosis of metastasis to detection of disease progression.

Metastasis detection-free interval (MDFI) was defined as

the period between the date of primary breast cancer sur-

gery and the first distant metastasis. Post-distance

recurrence survival (PDRS) was defined as the time

between the date of the distant metastasis diagnosis and the

last follow-up visit or death.

Because numerous different chemotherapy regimens

(before and after the intervention) were administered to this

cohort of patients during their life span, chemotherapy

regimens in both the ST-alone and IT groups were not

included in this study. However, all ER?/PR? patients

received hormone therapy (premenopausal tamoxifen and

postmenopausal aromatase enzyme inhibitors), and all the

HER-2neu? patients received targeted therapy in addition

to chemotherapy.

After the primary breast cancer surgery, all the patients

were followed up every 3 months for the first 2 or 3 years,

then every 6 months for up to 5 years. The physical exam

of the patient determined the diagnostic tool used for

metastatic diagnosis. The patients with metastatic breast

cancer in the current study had positron emission tomog-

raphy (PET)-computed tomography (CT) scans 3 months

after the metastatic-site intervention, then 3- to 6-month

PET-CT follow-up evaluations. Additional scans such as

bone scans, brain magnetic resonance imaging (MRI)

scans, and other tests were administered if necessary.

Statistical Analysis

Student t tests were used to compare continuous vari-

ables with normal distribution between the IT and ST-only

groups. Violations of normal distribution were tested using

the Shapiro–Wilk test, and the Wilcoxon rank-sum test was

used for variables without normal distribution. Chi-square

tests were used to compare the distribution of categorical

variables. Survival rates for the IT and ST-only groups

were estimated using Kaplan–Meier log-rank tests. Uni-

and multivariable Cox models with clinical, tumor, and

metastasis characteristics were run to estimate the hazard

ratio (HR) and 95% confidence interval (CI) for survival

rate estimates. All p values lower than 0.05 were consid-

ered statistically significant. The statistical analyses were

performed with R version 3.6.1 (R Foundation for Statis-

tical Computing, Vienna, Austria; https://www.r-project.

org) software packages.

RESULTS

The study enrolled 200 women: 119 (59.5%) in the IT

group and 81 (40.5%) in the ST-only group. The mean age

of all the patients was 51.0 ± 12.2 years (range

23–88 years). Of the 200 women, 104 (52%) were

postmenopausal.

Segmental mastectomy was the primary breast cancer

surgery for 68 women (34%), and 51 women (25.5%) had

sentinel lymph node biopsies. The metastasis cases inclu-

ded 73 women (36.5%) with isolated lung metastases, 65

women (32.5%) with isolated liver metastases, 11 women

(5.5%) with both lung and bone metastases, 34 women

(17%) with both liver and bone metastases, and 17 women

(8.5%) with multiple metastases (lung, liver, and bone).

The metastases were confirmed by biopsy for 86 women

(72.3%) in the IT group and 51 women (62.9%) in the ST-

only group (p = 0.16). Most of the patients had ER/PR-

positive primary tumors (n = 150, 75%), and 64 patients

(32%) had HER2-neu? primary breast cancer. The patient

and tumor characteristics in the two groups were similar, as

shown in Table 1.

The metastasis-site receptors were compared with the

initial tumor receptors. Although 7.9% (10/127) of the

patients with ER? primary tumors became negative in

metastases, all received hormone therapy because the pri-

mary tumor was positive. Furthermore, one patient whose

primary tumor was ER- and 7 patients whose primary

tumor was PR- had metastatic sites that were respectively

ER? and PR?, and hormone therapy was initiated for

these patients. In addition, the metastatic-site biopsy

showed that 30.8% (12/ 39) of the HER2-neu? primary
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tumors became negative, whereas 11.8% (12/102) of the

HER2-neu- tumors became positive, and the HER2?

patients received targeted therapy.

In the IT group, 39 patients (32.8%) underwent lung

metastasectomy, and 14 patients (11.7%) were treated with

lung radiosurgery. Liver metastasectomy was performed

for 25 patients (21%), and other interventions for liver

metastases (RF, radiosurgery, TARE) were performed for

41 patients (34.5%) (Table 1).

The median follow-up time was 77 months (range

55–107 months) in the IT group and 57 months (range

39–84 months) in the ST-only group (p = 0.002). The

times from primary tumor surgery to metastasis in the two

groups were similar. The median MDFI was 40 months

(range 23–70 months) in the IT group and 35 months

(range 13–61 months) in the ST-only group (p = 0.47).

Disease progression occurred for 20 patients (17%) in the

IT group and 13 patients (16%) in the ST-only group.

During the follow-up period, 29 patients (24.4%) in the

IT group and 32 patients (39.5%) in the ST-only group

died. The OS was significantly longer for the IT group

(90%; 95% CI 85–96) than for the ST-only group (70%;

95% CI 60–82%) during the 5-year follow-up period

(p = 0.002).

The hazard of death (HoD) ratio was 56% lower in the

IT group than in the ST-only group (HR, 0.44; 95% CI

0.26–0.72; p = 0.001) during a median follow-up period of

70 months (range 45–101 months). The HoD was lower in

the IT group than in the ST-only group for the patients

younger than 55 years (HR, 0.32; 95% CI 0.17–0.62;

p = 0.0007), those with ER? and/or PR? tumors (HR,

0.51; 95% CI 0.29–0.88; p = 0.02), and those with HER2-

neu? tumors (HR, 0.25; 95% CI 0.09–0.69; p = 0.008)

(Fig. 1a–d). No significant difference in OS was detected

between the HR? HER2-neu? group and the HR– HER2-

neu? group (p = 0.14). Moreover, during a total of

80 months of post-distance follow-up evaluation, HoD was

61% lower in the IT group than in the ST-only group (HR,

0.39; 95% CI 0.23–0.64; p = 0.001; Fig. 2).

The median overall survival rate was 62 months for the

patients whose metastases developed less than 2 years after

diagnosis and 137 months for the patients whose metas-

tases developed more than 2 years later (p\ 0.001). In the

multivariable Cox regression model, HoD was significantly

lower for the patients who underwent intervention for

metastases and who had an MDFI longer than 24 months.

Having liver metastases doubled the HoD compared with

the HoD for the patients who had lung metastases

(Table 2).

DISCUSSION

Until the beginning of the 21st century, the number of

studies on liver and lung interventions for metastatic BC

were limited. Retrospective single-center case series with a

TABLE 1 Patient and tumor characteristics in the two groups

IT ST p value

(n = 119) (n = 81)

n (%) n (%)

Mean age (years) 50.4 ± 11.4 51.9 ± 13.4 0.39

Menopause 58 (49) 46 (57) 0.26

ER?/PR? 85 (71) 65 (80) 0.16

HER2-neu? 37 (31) 27 (33) 0.74

Breast surgery

Mastectomy 76 (64) 55 (68) 0.61

Segmental mastectomy 42 (36) 26 (32)

Axillary surgery 0.73

SLNB 31 (27) 20 (25)

ALND 83 (73) 60 (75)

Primary tumor histopathology 0.63

IDC 112 (95) 73 (91)

ILC 2 (2) 3 (4)

Mixture (IDC ? ILC) 2 (2) 3 (4)

Metaplastic 0 (0) 0 (0)

Others 2 (2) 1 (1)

Lymph node status 0.10

NX 12 (10) 2 (2)

N0 29 (24) 22 (27)

N1 40 (34) 27 (33)

N2 26 (22) 14 (17)

N3 12 (10) 16 (20)

Biopsy to metastasis 86 (72) 51 (63) 0.16

Metastasis site 0.01

Lung only 47 (39) 26 (32)

Liver only 46 (39) 19 (23)

Lung ? liver ? bone 5 (4) 12 (15)

Lung ? bone 5 (4) 6 (7)

Liver ? bone 16 (13) 18 (22)

Intervention type

Lung metastasectomy 39 (32.8) –

Liver metastasectomy 25 (21) –

Liver RF 17 (14.3) –

Lung radiosurgery 14 (11.7) –

Liver radiosurgery 17 (14.3) –

Liver TARE 7 (5.9) –

IT intervention, ST systemic therapy alone, ER estrogen receptor, PR
progesterone receptor, HER2 human epidermal growth factor receptor

2, SLNB sentinel lymph node biopsy, ALNB axillary lymph node

biopsy, IDC invasive ductal carcinoma, ILC ınvasive lobular carci-

noma, RF radiofrequency, TARE transcatheter arterial

radioembolization
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limited number of patients have been published during the

last 2 decades. Recently, prospective randomized studies

with a closer focus on radiation therapy as an intervention

for metastatic sites have been initiated.14 We believe that

while we are waiting for the results from randomized

controlled trials, our prospectively collected data will serve

as an additional source to inform clinicians making deci-

sions regarding interventions for metastasis.

The current results of our study show that surgical

resection or ablative interventions may contribute to the

survival of breast cancer patients with a limited number

and operable metachronous hepatic/pulmonary metastases.

It is understood that especially patients younger than

55 years with luminal A/B or HER2-neu? breast cancer or

an MDFI longer than 24 months can benefit more from

metastases interventions.
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Unlike colorectal cancers, breast cancer metastasizes to

the liver through the systemic circulation, not via the

splanchnic flow. The rate of isolated liver metastases is

10%. Breast cancer cells are present in the systemic cir-

culation a long time before they reach the liver.15 However,

half of the patients who experience metastases will have

liver metastases.16

Recently, the 5-year survival rates for patients with liver

metastases have increased slightly to above 20%, but these

rates are not satisfactory.17 Resistance to ST and deletion

of receptor positivity in metastatic sites are the greatest

obstacles to improving results.4 In the Institute of Marine

and Environmental Technology (IMET) study, 7.9% of

ER?, 29.6% of PR?, and 30.8% HER2-neu? tumors

became negative in their respective receptors in metastases.

Three case-matched analyses have increased interest in the

subject.4, 18, 19 In these studies, patients who had resection

were matched with those who did not and analyzed in

terms of age, time from diagnosis to metastasis, stage of

primary tumor, receptor status, and histologic features.

Although the results from the aforementioned studies

are conflicting, the study from Memorial Sloan Kettering

Cancer Center suggested that interventions for liver

metastases did not contribute to OS. However, patients had

a longer recurrence-free survival, so they incidentally

received less chemotherapy. In this study, local ablative

methods were included in interventions applied to the

liver.18

A French study showed that the risk of death was three

times higher for patients who did not undergo liver resec-

tion and were treated with chemotherapy alone.19

However, this study did not include patients who under-

went intervention with local ablative methods, patients who

progressed under chemotherapy, patients with more than

four lesions, or patients whose liver function would remain

less than 30% after resection.

A case series by Ruiz et al.4 also from France, showed a

72% reduction in the risk of death with liver resection (HR,

0.28; 95%, CI 0.15–0.52; p\ 0.001). The average survival

rate for patients with breast cancer liver metastases treated

with chemotherapy was 31 months, whereas this period

stretched to 81 months when liver resection was added to

the treatment. This study also excluded patients with multi-

organ metastases and patients with disease progression

under chemotherapy.

In our study, we observed that interventions for liver

and/or lung metastases provide an OS advantage over the

ST-only treatment (p = 0.001). The subgroup analysis

showed no significant survival difference between the ST

and IT groups for the patients with liver metastases

TABLE 2 Uni- and

multivariable Cox models for

overall survival

Parameter HR (95% CI) p value HRadj (95% CI) padj

Metastasis intervention 0.44 (0.26–0.72) 0.001 0.39 (0.23–0.67) 0.0007

MDFI[ 24 months 0.20 (0.10–0.37) \ 0.0001 0.17 (0.09–0.34) \ 0.0001

Age\ 55 years 0.92 (0.55–1.56) 0.77 – –

Pre-menopause 1.09 (0.64–1.77) 0.80 – –

ER?/PR? 1.46 (0.74–2.88) 0.28 – –

HER2-neu? 0.94 (0.54–1.65) 0.84 – –

Primary breast surgery

Segmental mastectomy Reference –

Mastectomy 0.98 (0.58–1.65) 0.94 – –

Metastasis site

Lung Reference – Ref –

Liver 1.98 (1.03–3.83) 0.04 2.07 (1.05–4.06) 0.03

Lung ? bone 1.11 (0.26–4.83) 0.89 1.16 (0.27–5.10) 0.84

Liver ? bone 2.14 (1.08–4.22) 0.03 2.26 (1.12–4.57) 0.02

Multiple 1.01 (0.40–2.55) 0.98 0.80 (0.31–2.07) 0.64

Lymph node status

N0 Reference –

N1 0.63 (0.31–1.28) 0.21 – –

N2 1.11 (0.54–2.33) 0.76 – –

N3 1.59 (0.76–3.32) 0.22 – –

HR hazard ratio, CI confidence interval, HRadj HR adjusted for variables significant in univariate models,

padj p Values adjusted for variables significant in univariate models, MDFI metastasis detection-free

interval, ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 2

6332 A. Soran et al.



(p = 0.08), but the IT group had a significant survival

advantage over the ST-only group (p = 0.001) for the

patients with lung metastases.

The American National Cancer Database had 9244

patients with breasts cancer liver metastases, and 28.5% of

these patients had isolated liver metastases. The median OS

was 46.4 months for the patients with isolated metastases

who received chemotherapy and 15.6 months for those

who did not. This period increased to 69.7 months when

liver resection was added to chemotherapy. The mean

survival was 27.9 months for the patients with multi-organ

metastases who received chemotherapy and 8.8 months for

those who did not (p\ 0.001). Therefore, the findings

showed that adding liver resection to treatment did not

contribute to survival for these multi-organ metastatic

patients.20

In our study, the rate of OS for the patients with single

organ-only metastases (lung only or liver only) was similar

to that for the other subgroups (liver ? bone, lung ? bone,

and multiple metastases) (HR, 1.18; 95% CI 0.70–1.97;

p = 0.53), and intervention for metastases showed

improved survival for the patients with operable liver and/

or lung metastases (p = 0.001). However, it is known that

liver resection may contribute to survival for patients with

limited extrahepatic metastases (e.g., bone and perihepatic

lymph nodes) because liver metastases play a more deci-

sive role in mortality than lung or bone metastases.21 In our

study, we also observed that liver metastases doubled the

HoD (HR, 2.07; 95% CI 1.05–4.06; p = 0.03) compared

with lung metastases.

In a meta-analysis of 43 articles, liver resection

increased OS (mean 5-year survival, 37%) for the patients

who had breast cancer, with low mortality (0.7%) and

morbidity (20%) rates.22 The mean time between breast

surgery and diagnosis of liver metastases is reported to be

35 months. A fundamental conceptual problem arose in

this meta-analysis: the patients with de novo metastases

were included in these studies, and de novo metastases

were treated with chemotherapy alone, whereas no inter-

vention was applied to the primary site. Considering the

survival effect of primary locoregional therapy on meta-

static patients, it is questionable to include de novo stage 4

breast cancer in an analysis. In our study, we included only

metachronous metastatic patients, and all the patients had

surgery for primary breast cancer.

The MDFI between diagnosis and metastasis is an

important prognostic factor,23 and in the IMET study, it

was 40 months (range 23–70 months) in the IT group and

35 months (range 13–61 months) in the ST-only group

(p = 0.47). The HoD was significantly lower in the IT

group than in the ST group for the patients who had an

MDFI longer than 24 months than for the patients who had

a shorter MDFI. However, a multivariable Cox analysis

that included the MDFI in the model showed that inter-

vention was independent from MDFI and that enhanced

survival still was evident.

A study reported from the MD Anderson Cancer Center

investigated prognostic factors for breast cancer metastases

to the liver. In this study, the 5-year survival rate was 56%

for the patients treated with chemotherapy and liver

resection, whereas it was 40% for the patients treated with

chemotherapy alone. The mean survival period for the

group treated with chemotherapy plus liver resection was

81 months for the HER2-neu? tumors, 75 months for the

luminal B tumors, 53 months for the luminal A tumors, and

17 months for the triple negative (TN) tumors. These fig-

ures were 30, 48, 30, and 15 months, respectively, for the

patients treated with chemotherapy alone.24

Although the shortest survival is seen with TN tumors,

we did not include the TN group in our study. The HER2-

neu? level appears to be an important prognostic factor for

prolonged survival due to the availability of anti-HER2

treatments.25 In addition to tumor biology, MDFI length,

the stage of the primary tumor at the time of diagnosis, and

complete surgical resection are other factors affecting

survival.26

The median survival rate is 42 months for patients who

experience metastases less than 2 years after diagnosis and

57.5 months for patients who experience metastases more

than 2 years later.27 A short MDFI is a parameter that

reflects the aggressive biology of the disease.

In our study, the median OS was 62 months for the

patients who experienced metastases less than 2 years after

diagnosis and 137 months for the patients who experienced

metastases more than 2 years later (p\ 0.001). We also

found that the HoD was lower in the IT group than in the

ST only-group for the patients younger than 55 years and

for those with ER? and/or PR? and HER2-neu? tumors.

In Kaplan–Meier survival analysis, the HoD ratio was 56%

lower in the IT group than in the ST-only group (HR, 044;

95% CI 0.26–0.72; p = 0.001).

Lung metastases are more common than liver metas-

tases. The rate of metastatic breast cancer with isolated

lung or pleural metastases is between 15 and 20%. The

median survival with ST is 18–22 months.28 Most lung

metastases are not suitable for resection. For that reason,

fewer studies on this subject have been published, and

patient series are more limited. In a study by Meimarakis

et al.29 66 (81.5%) of 81 patients with lung metastases had

the opportunity to have R0 resection performed. The mean

survival time for the R0 patients was 103 months,

decreasing to 23.6 months with R1 resections and to

20.2 months with R2 resections. Additional mediastinal

and hilar lymph node dissection did not contribute to the
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survival. The presence of hormone receptors and solitary

metastases appeared to be additional factors that increased

survival.

Other studies have reported isolated breast cancer lung

metastasis, MDFI, number of metastases, and complete

resection status as additional prognostic factors.30 A meta-

analysis of 1937 patients from 16 studies showed a 46%

5 year survival rate after lung metastasectomy. An MDFI

shorter than 3 years, incomplete resection, multiple

metastases, and HR- have emerged as unfavorable prog-

nostic factors.31

One of the largest and most recent series on this topic

has been reported from Japan. For 258 patients who

underwent lung resection, of whom 215 had solitary

metastases, the 5-year OS was 64.9%, and the 10-year OS

was 50.4%.32 These are the longest reported OS periods.

Prognostic factors reported to be unfavorable are an

MDFI shorter than 36 months, large tumor size, and lymph

node metastasis. In our study, the 5-year survival rate was

90% for the IT group and 70% for the ST-only group. The

HoD ratio was 56% lower in the IT group than in the ST-

only group, and the HoD was significantly lower when the

MDFI was longer than 24 months. We looked at PDRS and

found that IT had a 29% higher 3-year survival rate (76%;

95% CI 68–86%) than the ST-only group (47%; 95% CI

34–64%).

Although survival analyses focus on OS, when a clini-

cian consults a metastatic breast cancer patient, the

advantage of PDRS with IT should be discussed.

Notwithstanding, we require quality-of-life data for this

cohort of patients, especially in this modern era of

advanced technology interventions for the lungs and liver,

with acceptable morbidity when weighed against survival

gains. A summary of major series examining intervention

in hepatic and lung metastases is shown in Table 3.

Other treatment methods targeting metastasis (metasta-

sis-directed therapy) are ablative treatments. Ablative

treatments aim to remove or completely destroy the

metastatic tissue. Theoretically, it is not possible to remove

all tissue with these methods. They are used mostly in

cases of oligometastatic disease. Stereotactic body radio-

therapy, stereotactic ablative radiotherapy, and

hypofractioned image-guided radiotherapy are methods

frequently used and researched as ablative methods.33

Additionally, thermal ablation with RF, chemo-radioem-

bolization, and cryotherapy can be used as local ablative

interventions. These methods are safe and have low com-

plication rates. They are preferred mostly for isolated

metastases and for patients with lesions smaller than 3 cm

for whom surgical intervention cannot be performed.

Although the results are not as good as those with surgical

TABLE 3 Summary of major series examining intervention in hepatic and lung metastases

Study

period

No. of

patients

Median follow-

up

Site of

metastasis

Intervention Survival

Ruiz et al.4 2003–2013 ST: 523

IT: 139

80 months Hepatic Resection ? ST versus ST Median survival

IT: 81 months

ST: 31 months

Sadot et al.18 1991–2014 ST: 98

IT: 69

73 months Hepatic Surgery/ablation ? ST

versus ST

No significant difference in

OS

Mariani et al.19 1988–2007 ST: 51

IT: 51

36 months Hepatic Resection ? ST versus ST 3-Year OS in

IT: 80%

ST: 50%

(p\ 0.0001)

Chun et al.24 1997–2016 ST: 763

IT: 136

Hepatic Resection ? ST versus ST 5-Year OS in

IT: 56%

ST: 40%

(p = 0.01)

Meimarakis

et al.29
1982–2007 81 27.2 months Pulmonary Pulmonary resection Median OS

Resection: 103 months

No resection: 20 months

Friedel et al.30 1960–1994 467 15 years Pulmonary Pulmonary resection Median survival:

35 months

Endoh et al.32 1982–2017 253 65 months Pulmonary Pulmonary resection 10-Year OS: 50.4%

ST systemic treatment, IT intervention, OS overall survival
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interventions in terms of OS, similar results have been

reported with surgical interventions in terms of local pal-

liation and symptom relief.23, 34, 35

In our study, we performed radiosurgery for lung

metastases in 14 patients (11.7%), radiosurgery for liver

metastases in 17 patients (14.3%), RF for liver metastases

in 17 patients (14.3%), and TARE for liver metastases in 7

patients (5.9%). Due to the low patient numbers in many of

the groups, we did not perform subgroup analyses of dif-

ferent interventional methods. It will be more valuable to

study the effect of different local intervention methods on

OS and local recurrence after including more cases.

Although we could not analyze the subgroups in this study

by separating surgery and other interventional methods,

intervention for lung and/or liver metastases was shown to

reduce the risk of death by 56%. The 5-year survival rate

was 90% in the IT group and 70% in the ST only group.

This study showed that a subset of patients, including those

with Luminal A/B or Her 2 neu (?), younger than 55 years,

oligometastasis to the lung or liver, and MDFI longer than

24 months, interventions to metastasis had longer OS

compared to patients who only received ST.

This study had some strengths and weaknesses. The

strengths were that it was a multicentric study, data were

collected prospectively, and the number of patients in the

intervention group was high. The weaknesses were that

many different interventional methods were used (surgery

and ablative methods), some subgroups lacked a sufficient

number patients for a subgroup analysis, selection bias may

have contributed significantly to the survival differences

between the groups, and no quality-of-life survey was

conducted before and after the metastatic site interventions.

In conclusion, the IMET study did not have a prospec-

tive randomized design, and bias between the groups was

may have occurred, but it did provide important scientific

data on the subject due to its multicenter prospective reg-

istry design, homogeneous groups, and significant patient

numbers. Mestastatic-site interventions were associated

with improved outcomes. Ultimately, randomized studies

will determine whether intervention at lung and liver

metastatic sites should be performed. In the meantime,

such interventions can be considered for selected patients.

ACKNOWLEDGMENT The authors thank Ahmet Bilgehan

Sahin, Alper Toker, Arife Simsek, Ayfer Kamali Polat, Erkan Kaba,

Eyup Anil Balkan, Ferah Yıldız, Hale Caglar, Halil Ibrahim Yildiz,

Hande Koksal, Havva Belma Kocer, Ibrahim Ali Ozemir, Levent

Yeniay, Mehmet Velidedeoglu, Menekse Turna, Metin Altinkaya,

Merdan Fayda, Musa Baris Aykan, Mustafa Umit Ugurlu, Neslihan

Cabioglu, Niyazi Karaman, Nuran Bese, Osman Toktas, Sefa Ergun,

Semra Demirli Atici, Turkkan Evrensel for contributing to this study

by giving a case. They also thank Christine Burr, scientific writer

from the University of Pittsburgh, for her assistance with language

editing.

DISCLOSURE There are no conflict of interest.

REFERENCES

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,

Jemal A, Bray F. Global cancer statistics 2020: GLOBOCAN

estimates of incidence and mortality worldwide for 36 cancers in

185 countries. CA Cancer J Clin. 2021;71:209–49.

2. Howlader N, Noone AM, Krapcho M et al (eds). SEER cancer

statistics review. National Cancer Institute, Bethesda; 1975–2008.

https://seer.cancer.gov/csr/1975_2008/.

3. Early Breast Cancer Trialists’ Collaborative Group. Effects of

chemotherapy and hormonal therapy for early breast cancer on

recurrence and 15-year survival: an overview of the randomized

trials. Lancet. 2005;365:1687–717.

4. Ruiz A, van Hillegersberg R, Siesling S, et al. Surgical resection

versus systemic therapy for breast cancer liver metastases: results

of a European case-matched comparison. Eur J Cancer.
2018;95:1–10.

5. Soran A, Dogan L, Isık A, Ozbas et al. The effect of primary

surgery in patients with stage IV breast cancer with bone

metastasis only (protocol BOMET MF 14–01): a multi-center,

registry study. Ann Surg Oncol. 2021;28:5048–57.

6. National Comprehensive Cancer Network. Breast cancer;

National Comprehensive Cancer Network Version 3.2019; 2019.

7. Pagani O, Senkus E, Wood W, Colleoni M, Cufer T, Kyriakides

S, et al. International guidelines for management of metastatic

breast cancer: Can metastatic breast cancer be cured? J Natl
Cancer Inst. 2010;102:456–63.

8. Soran A, Ozmen V, Ozbas S, et al. Randomized trial comparing

resection of primary tumor with no surgery in stage IV breast

cancer at presentation: protocol MF07-01. Ann Surg Oncol.
2018;25:3141–9.

9. Lane W, Thomas S, Blitzblau R, et al. Surgical resection of the

primary tumor in women with de novo stage IV breast cancer:

contemporary practice patterns and survival analysis. Ann Surg.

2019;269:537–44.

10. Cheung T, Chok K, Chan A, et al. Survival analysis of breast

cancer liver metastasis treated by hepatectomy: a propensity

score analysis for Chinese women in Hong Kong. Hepatobiliary
Pancreat Dis Int. 2019;18:452–7.

11. McDonald ML, Deschamps C, Ilstrup DM, et al. Pulmonary

resection for metastatic breast cancer. Ann Thorac Surg.

1994;58:1599–602.

12. Orlandi A, Pontolillo L, Mele C, et al. Liver metastasectomy for

metastatic breast cancer patients; a single-institution retrospective

analysis. J Pers Med. 2021;11:187.

13. Cardoso F, Costa A, Norton L, et al. 1st International consensus

guidelines for advanced breast cancer (ABC 1). Breast.
2012;21:242–52.

14. Palma DA, Olson R, Harrow S, Gaede S, et al. Stereotactic

ablative radiotherapy for the comprehensive treatment of oligo-

metastatic cancers: long-term results of the SABR-COMET phase

II randomized trial. J Clin Oncol. 2020;38:2830–8.

15. Ruiz A, Sebagh M, WichertsD A, Castro-Benitez C, van Hil-

legersberg R, Paule B, et al. Long-term survival and cure model

following liver resection for breast cancer metastases. Breast
Cancer Res Treat. 2018;170:89–100.

16. Xie J, Xu Z. A population-based study on liver metastases in

women with newly diagnosed breast cancer. Cancer Epidemiol
Biomarkers Prev. 2018;28:283–92.

17. National Cancer Institute. SEER stat fact sheets: female breast

cancer. 2015.

18. Sadot E, Lee S, Sofocleous C, et al. Hepatic resection or ablation

for isolated breast cancer liver metastasis: a case-control study

Intervention for Hepatic and Pulmonary… 6335

https://seer.cancer.gov/csr/1975_2008/


with comparison to medically treated patients. Ann Surg.

2016;264:147–54.

19. Mariani P, Servois V, De Rycke Y, et al. Liver metastases from

breast cancer: surgical resection or not? A case-matched control

study in highly selected patients. Eur J Surg Oncol.
2013;39:1377–83.

20. Millen JA, Alana Hofmann A, Mesquita-Neto JW, Rose J,

Macedo FI. Evolving role of liver resection in selected patients

with metastatic breast cancer. J Surg Res. 2021;259:363–71.

21. Wyld L, Gutteridge E, Pinder SE, James JJ, Chan SY, Cheung

KL, et al. Prognostic factors for patients with hepatic metastases

from breast cancer. Br J Cancer. 2003;89:284–90.

22. Yoo TG, Cranshaw I, Broom R. Systematic review of early and

long-term outcome of liver resection for metastatic breast cancer:

Is there a survival benefit? Breast. 2017;32:162–72.

23. Wen J, Ye F, Xie F, Liu D, Huang L, Fang C, Zhong S, Ren L.

The role of surgical intervention for isolated breast cancer liver

metastasis: results of case-control study with comparison to

medical treatment. Cancer Med. 2020;9:4656–66.

24. Chun YS, Mizuno T, Cloyd JM, Ha MJ, Omichi K, Tzeng CD,

et al. Hepatic resection for breast cancer liver metastases: impact

of intrinsic subtypes. Eur J Surg Oncol. 2020;46:1588–95.

25. Ji L, Cheng L, Zhu X, Gao Y, Fan L, Wang Z. Risk and prog-

nostic factors of breast cancer with liver metastases. BMC
Cancer. 2021;21:238.

26. Orlandi A, Pontolillo L, Mele C, et al. Liver metastasectomy for

metastatic breast cancer patients: a single-institution retrospective

analysis. J Pers Med. 2021;11:187.

27. He X, Zhang Q, Feng Y, Li Z, Pan Q, Zhao Y, et al. Resection of

liver metastases from breast cancer: a multicentre analysis. Clin
Transl Oncol. 2020;22:512–21.

28. Pierga JY, Asselain B, Jouve M, et al. Effect of adjuvant

chemotherapy on outcome in patients with metastatic breast

carcinoma treated with first-line doxorubicin-containing

chemotherapy. Cancer. 2001;91:1079–89.

29. Meimarakis G, Rüttinger D, Stemmler J, Crispin A, Weidenhagen

R, Angele M, et al. Prolonged overall survival after pulmonary

metastasectomy in patients with breast cancer. Ann Thorac Surg.

2013;95:1170–80.

30. Friedel G, Pastorino U, Ginsberg RJ, et al. Results of lung

metastasectomy from breast cancer: prognostic criteria on the

basis of 467 cases of the International Registry of Lung Metas-

tases. Eur J Cardiothorac Surg. 2002;22:335–44.

31. Fan J, Chen D, Du H, et al. Prognostic factors for resection of

isolated pulmonary metastases in breast cancer patients: a sys-

tematic review and meta-analysis. J Thorac Dis. 2015;7:1441–51.

32. Endoh M, Shiono S, Yamauchi Y, Mun M, Ikeda N, Hashimoto

H, et al. Pulmonary metastasectomy for pulmonary metastasis of

breast cancer has a limited prognostic impact: a multi-institu-

tional retrospective analysis. J Thorac Dis. 2020;12:6552–62.

33. Barberi V, Pietragalla A, Franceschini G, Marazzi F, Paris I,

Cognetti F, et al. Oligometastatic breast cancer: How to manage

it? J Pers Med. 2021;11:532.

34. Xiao YB, Zhang B, Wu YL. Radiofrequency ablation versus

hepatic resection for breast cancer liver metastasis: a systematic

review and meta-analysis. J Zhejiang Univ Sci B.

2018;19:829–43.

35. Kent CL, McDuff SGR, Salama JK. Oligometastatic breast can-

cer: where are we now and where are we headed? A narrative

review. Ann Palliat Med. 2021;10:5954–68.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

6336 A. Soran et al.


	Intervention for Hepatic and Pulmonary Metastases in Breast Cancer Patients: Prospective, Multi-institutional Registry Study--IMET, Protocol MF 14-02
	Abstract
	Background
	Methods
	Results
	Conclusion

	Methods
	Statistical Analysis

	Results
	Discussion
	Acknowledgment
	References




