
415© Springer International Publishing AG 2017
U. Veronesi et al. (eds.), Breast Cancer, DOI 10.1007/978-3-319-48848-6_31

Surgery of Metastases in Stage IV 
Breast Cancer

Elisabetta Pennacchioli, Gianluca Varano, Franco Orsi, 
Pierpaolo Prestianni, Gianmarco Orsolini, 
and Angela Cioffi

31.1	 �Introduction

Breast cancer is the most common cancer among women 
worldwide.

Mortality rates have been decreasing since the 1990s, as a 
result of earlier detection through screening, increasing 
awareness, as well as advances in adjuvant therapies. 
Nonetheless, 3–4% of patients show synchronous metastasis 
at time of diagnosis [1–3].

As a result, over three million women in the United States 
live with a history of breast cancer, representing 41% of all 
female cancer survivors [4] and 3.6% of the whole American 
population [4, 5].

In Italy, about 50,800 new cases are recorded every year 
(AIRTUM, Italian Association of Tumor Registry, 2015).

The prognosis of stage IV breast cancer patients is poor 
with a median survival of 18–24 months, but has improved 
due to advances in systemic therapy. Surveillance, 
Epidemiology, and End Results (SEER) analysis data sup-
ports the concept that surgery may contribute to a better out-
come advantage by reducing the burden of disease [6].

Patients with a higher overall survival tend to be younger 
females with an excellent performance status and a limited 
metastatic disease, for whom an intensified multidisciplinary 

approach combining systemic therapies with local treatment 
may prevent local complications and prolong survival [7, 8].

Metastatic disease is normally treated with systemic ther-
apy, but sometimes surgery may play a role in symptom 
management, on a case-by-case basis. Recurrences, when 
they do occur, normally do so within the first 5 years, par-
ticularly in hormone receptor-negative or human epidermal 
growth factor 2 (HER-2)-positive disease, but sometimes 
they tend to be more indolent (hormone receptor-positive or 
HER-2-negative disease) [9].

31.2	 �Selection of Patients

The selection of candidates for surgery requires a careful 
assessment of medical conditions, extent and clinical behav-
ior of the disease, and feasibility of resecting the metastasis 
with a negative margin.

The relative risks and benefits of surgery must be weighed 
for each individual patient.

Predictive factors are described in Table 31.1, with identi-
fication of different determinants related to the patients and 
to the disease.

31.2.1	 �Clinical Determinants

•	 Static clinical determinants:
–– Performance status, comorbidity
–– Extent of disease (life-threatening organs, brain mets)
–– Tumor burden

•	 Dynamic determinants (before and during therapy):
–– Kinetics of the disease
–– Time to progression
–– Disease aggressivity
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31.2.2	 �Biological Determinants

•	 Receptors
•	 Mutations

31.2.3	 �Treatment Strategy

•	 In fast disease kinetics (i.e., immediate danger), the first 
objective is to preserve life and relieve symptoms in the 
short term:

–– Fast-acting treatment.
–– Long-term survival is only a secondary objective.

•	 In intermediate disease kinetics, the first objective is to 
prolong survival:
–– The ideal strategy is to start with the treatment that will 

give the highest chance of a prolonged survival 
(3–5 years).

•	 In slow disease kinetics, the first objective is to prolong 
survival with the best possible quality of life:
–– The current strategy is to start with treatments such as 

surgery, radiosurgery, low toxicity, low morbidity, and 
some potential to preserve long-term survival.

31.2.4	 �Performance Status and Comorbidity

Perhaps the most important issues in choosing patients for 
local treatment of metastatic disease are the performance 
status and the estimation of the relative risks of a planned 
operation. Patients with an Eastern Cooperative Oncology 
Group (ECOG) performance status of 2 or worse or those 
with significant medical comorbidity should be considered 
carefully for local treatment, especially surgery, as they are 
likely to have high rates of postoperative morbidity and 
mortality.

31.2.5	 �Extent of Disease

Overall indicated as oligometastatic disease, disease extent 
is an important parameter which considers not only the num-
ber of metastatic sites but also the location in a single or 
multiple organs.

Multivariate analysis of local treatment outcomes sug-
gests that those patients with limited metastatic disease, i.e., 
solitary or few detectable lesions, and limited to a single 
organ are more likely to benefit from local therapy than those 
with multiple metastases [10–14].

Clinical determinants

Static

Performance status, 

comorbidity

Extent of disease

Tumor burden

Dynamic

Disease kinetic

Time to progression

Disease aggressivity

Biological

Mutations
Receptors

Treatment

Operative

Surgery

Ablation, RF

Medical

Chemotherapy

Radiotherapy

Palliative care

Table 31.1  Determinants which 
may help the selection of 
appropriate patients for surgical 
consideration
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A small number of studies have reported no difference in 
long-term outcomes in patients undergoing hepatic resection 
in the presence or absence of extrahepatic disease (predomi-
nantly the bone) [15–17].

Successful surgery for metastatic disease is limited to 
patients with a single-organ involvement, as reported in 
some studies, even though there is a lack of experience in 
multi-organ resected patients.

31.2.6	 �Disease-Free Interval

A long disease-free interval (DFI) is associated with a better 
outcome with local therapy [18–20].

The specific cutoff value of DFI that best discriminates 
between favorable and unfavorable outcomes is unclear.

31.2.7	 �Complete Resection

Breast cancer has the potential to metastasize to almost every 
organ in the body. The most common sites of metastases are 
the bone, liver, and lung, while 15–40% of recurrences 
involve the chest wall and axillary or supraclavicular lymph 
nodes.

Approximately 50–75% of patients relapse distantly in a 
single organ, while the rest develop diffuse metastatic 
disease.

Fewer than 5% of patients manifest central nervous sys-
tem (CNS) involvement as the first site of metastatic 
disease.

A careful preoperative evaluation is necessary to deter-
mine the feasibility of a complete resection of the metastatic 
deposit. The impact of positive margins is unclear, even 
though in some series they are associated with worse out-
comes [10, 18, 20–22].

Surgical resection should be proposed when can be 
margin-free, alone, or in association with other means of 
local therapy (such as radiation therapy, radiofrequency 
ablation, or cryotherapy).

Several small studies have shown that treatment of iso-
lated metastases is associated with a better progression-free 
survival and overall survival than oligometastatic cases.

However, with the exception of brain and spinal cord 
metastases, there are no prospective randomized clinical tri-
als to determine whether or not such approaches really 
improve palliation and/or survival.

31.2.8	 �Resection of the Primary Tumor 
in Stage IV Breast Cancer

Management of the intact primary tumor in women presenting 
a stage IV breast cancer has classically been determined by the 

presence or absence of symptoms. However, multiple retro-
spective reviews suggest a survival advantage with resection 
of the intact, asymptomatic primary tumor in these cases [23]. 
Recently completed randomized trials (NCT00193778 [India] 
and NCT00557986 [Turkey]) do not support a significant sur-
vival benefit, although local control benefits may exist. The 
biases of the retrospective data include the use of surgery in 
younger women with smaller tumors, single sites of metasta-
sis, and less visceral disease. Timing of surgery in relation to 
the diagnosis of metastases and use of systemic therapy has 
not always been specified in the published retrospective litera-
ture, although several authors have attempted to address this 
matter with varying conclusions [24–26].

Until additional unbiased data are available, surgery and/
or radiotherapy should not be routinely recommended for 
patients with stage IV breast cancer with an intact primary 
tumor.

In particular, there is no basis for recommending surgery 
to women with distant disease if:

•	 The distant disease is not well controlled, and survival 
will likely not be long enough for the primary site to 
become a problem.

•	 Both local and distant sites are well controlled, in which 
case the primary site is likely to remain well controlled 
for the patient’s life span.

The only possible exception to these general rules may be 
the patient with well-controlled or ablated oligometastatic 
distant disease, who would be rendered stage IV NED (no 
evidence of disease) through resection of the primary tumor.

For the patient whose distant disease is controlled but 
whose primary site is progressing, surgery provides a reason-
able approach, although whether radiotherapy following sur-
gery is beneficial is unproven; its use may be justified if the 
risk is high of early local recurrence and uncontrolled chest 
wall disease.

Locoregional therapy for the primary tumor should be 
offered to patients only with full disclosure of the lack of 
evidence of a survival benefit.

31.2.9	 �Lung Metastases

Isolated lung metastases occur in 10–25% of patients with 
metastatic breast cancer [11, 19] (Fig. 31.1). While pulmo-
nary metastasectomy is a commonly performed operation, 
belief in its effectiveness is based on tumor registry data and 
surgical follow-up studies.

The necessity to rule out lung cancer in a breast cancer 
patient presenting with pulmonary nodes is clear; pulmonary 
resection may be diagnostic as well as therapeutic, since a 
significant number of solitary pulmonary nodules are primi-
tive lung cancer [27–30].

31  Surgery of Metastases in Stage IV Breast Cancer
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Fig. 31.1  (a) Monolateral lung metastases, amenable to surgical resection. (b) Identification and resection planning of a peripheral lung nodule. 
(c) Wedge resection using a surgical staple. (d) Result of lung resection. (e) Specimen with the evidence of a metastatic node
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Pulmonary resection or metastasectomy offers an oppor-
tunity for long-term survival in highly selected patients with 
metastatic breast cancer, with case series demonstrating 
5-year overall survival ranging from 30% to 80% and median 
survival duration ranging from 40 to 100 months [10, 19, 21, 
27]. Based upon these observations, aggressive resection of 
isolated pulmonary metastases has become a widely accepted 
treatment for appropriately selected patients. The decision to 
proceed with pulmonary metastasectomy requires a multi-
disciplinary approach (a medical oncologist and thoracic 
surgeon). The goal is to offer surgery only to those patients 
who are most likely to benefit, to optimize the timing of sur-
gical intervention. Patients who experience long-term sur-
vival after metastasectomy are those with solitary metastases 
and a disease-free interval greater than 36  months. In one 
report, the most important factor that influences survival is 
the positivity to HER-2; the 5-year survival moves from 
12.1%, HER-2 negative, to 76%, HER-2 positive. Other 
prognostic factors may include size of metastases, unilateral 
disease, completeness of resection, and use of anatomic 
resection (as opposed to wedge resection) [10, 12].

31.2.10  �Liver Metastases

Hepatic metastases occur in over half of patients with meta-
static breast cancer, are commonly associated with dissemi-
nated disease, and result in a poorer prognosis than bone or 
soft tissue metastases.

Only 5–12% of patients have isolated liver involvement 
[31–33].

Only appropriately selected patients with breast cancer 
metastases may have an advantage from hepatic resection.

In a systematic review of 19 studies involving 535 patients 
who underwent hepatectomy for metastatic breast cancer, 
median overall survival was 40 months (range, 23–77 months) 
with a 5-year survival following resection of 40% (range, 
21–80%) [34]. Postoperative mortality ranged from 0 to 6% 
and the complication rate ranged from 0 to 44%. Prognostic 
factors following hepatic resection were positive margins 
and hormone-refractory disease.

The ideal candidate has a solitary metastasis, no evidence 
of extrahepatic metastatic disease, normal liver function, a 
good performance status, and a long DFI [12, 14, 17].

An essential part of the diagnostic work-up in patients 
who are considered for hepatectomy is precise imaging of 
the liver (helical computed tomography scan or magnetic 
resonance imaging) to evaluate whether a complete resection 
can be achieved while retaining a sufficient volume of func-
tional liver.

It is not clear whether multiple metastases are a negative 
prognostic feature for resection of liver metastases, as long 
as they can be completely resected [14, 15, 20].

Initial laparoscopic exploration may spare unresectable 
patients the morbidity of a laparotomy, since up to half of the 
patients considered for resection are discovered to have dif-
fuse liver lesions or peritoneal dissemination at the time of 
laparotomy [35].

Hepatic resection is appropriate for highly selected 
patients, but alternative local therapies are being increasingly 
used to treat liver metastases.

Liver-directed therapy includes image-guided thermal 
ablation (radiofrequency ablation, microwave ablation, cryo-
ablation, interstitial laser therapy), stereotactic body RT 
(SBRT), and intra-arterial therapies (selective internal RT 
and transhepatic arterial chemoembolization).

None of these methods has been directly compared to sys-
temic chemotherapy in metastatic breast cancer, except in a 
recent paper addressing a cost-utility analysis of liver resec-
tion in breast cancer liver metastases. The authors compared 
postoperative conventional systemic therapy versus conven-
tional therapy alone versus newer targeted therapy alone. 
The implications of using different chemotherapeutic regi-
mens based on estrogen receptor and human epidermal 
growth factor receptor 2 status were also assessed. Liver 
resection in patients with breast cancer liver metastasis 
proved to be cost-effective when compared with systemic 
therapy alone, particularly in estrogen receptor-positive 
tumors or when newer agents were used [36].

31.2.10.1	 �Interventional Oncology

•	 Image-guided thermal ablation:

This category of local treatment includes modalities hav-
ing the common aim of targeted tissue destruction by means 
of different forms of energy.

Those treatments can be used alone percutaneously, based 
on imaging guidance, or in combination with resection 
[31–34].

When radiofrequency energy is applied, an oscillating 
electrical current flows through the body inducing ionic agi-
tation in tissues around the interstitial electrode. Resistive 
heating is produced in the areas closest to the interstitial 
probe [37] (Figs. 31.2, 31.3, 31.4).

Microwave (MW) ablation is based on electromagnetic 
energy, with frequencies greater than or equal to 900 MHz, 
which induces a vigorous movement of water molecules. 
This movement produces heat and thus tissue destruction 
and cell death via coagulative necrosis [38–41].

Cryoablation is based on alternating temperature decrease 
(−40  °C) and thawing. Rapid expansion of pressured gas 
within the probe creates a very low temperature and the for-
mation of an iceball on the probe tip. Thawing of the iceball 
was achieved by insufflations of high-pressure gas. This sys-
tem induces cell death by osmotic shock [42].

31  Surgery of Metastases in Stage IV Breast Cancer
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Interstitial laser therapy (ILT) causes local tumor destruc-
tion by the application of laser light, delivered through quartz 
diffusing laser fibers which can be percutaneously placed 
within tumors [43–46].

•	 Intra-arterial therapies:

The rationale behind transarterial treatment is that liver 
tumors receive blood flow almost entirely from the artery, 
while normal liver tissue is supplied both by the portal blood 
flow and by arterial blood flow. Selective intravascular deliv-

ery of agents into arterial tumor-feeding vessels has the goal 
of inducing lethal damage to the pathologic tissue while 
reducing collateral injury to healthy liver tissue [47, 48].

Different materials have been used in past decades in the 
treatment of primary and secondary liver cancers.

Transarterial chemoembolization (TACE) is based on dif-
ferent drug carriers (Gelfoam, microparticles) that have a 
dual aim: to reach higher intrahepatic drug concentration 
than that in systemic therapy and occlude arterial vessel to 
induce tissue ischemia.

Selective internal RT (SIRT) is a procedure in which glass 
or resin microspheres incorporating the radioactive isotope 
90Y are directly infused into the hepatic arteries feeding the 
tumor. This will allow the delivery of doses of ionizing radia-
tion above 120 Gy to the tumor compartment without caus-
ing intolerable toxicity to the normal tissue [49].

•	 Stereotactic body radiation therapy (SBRT or fractionated 
radiosurgery) is a technique that delivers external beam 
radiation to the tumor.

31.2.11  �Brain Metastases

Breast cancer is the second most common cancer associated 
with brain metastases in the United States. In a subset of 
women, progression in the central nervous system (CNS) has 
become the major life-limiting problem. The risk of central 
nervous system (CNS) relapse among patients with breast 
cancer varies significantly by disease stage. Among women 
presenting with early-stage breast cancer, less than 3% will 

Fig. 31.3  CT scan the day after treatment showing complete 
treatment: hypodense ablation area without suspicious contrast 
enhancement

Fig. 31.4  CT scan 5 years after treatment showing shrinkage of 
ablation area. Patient is still disease-free

Fig. 31.2  CT scan portal venous phase: single metastatic lesion in 
segment II (pre)

E. Pennacchioli et al.
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go on to develop brain metastases [1, 2]. In contrast, symp-
tomatic brain metastases are diagnosed in 10–16% of patients 
with metastatic breast cancer [1, 3] (Fig. 31.5). Factors asso-
ciated with an increased likelihood of CNS relapse include 
age under 40  years, pulmonary metastases, and African-
American ancestry [1, 3–7].

In addition, the breast cancer subtype appears to be asso-
ciated with the incidence of brain metastases [2, 6, 8–19]. In 
a cohort study of 1434 women treated with breast-conserving 
therapy plus systemic chemotherapy, brain metastases devel-
oped in 36 (2.5%).

For patients with a favorable prognosis (e.g., Karnofsky 
performance score [KPS] 70 or higher, age <65 years, con-
trolled primary tumor, and controlled or absent extracranial 
metastases), aggressive treatment is indicated. For women 
with brain metastases from human epidermal growth factor 
receptor 2 (HER-2)-positive disease, the administration of 
systemic therapy may delay the use of whole-brain radiation 
therapy (RT) and the associated risk of neurologic toxicity.

Following initial treatment for brain metastases due to 
breast cancer, both surgery and stereotactic radiosurgery 
can be used to retreat patients who develop recurrent, 
symptomatic central nervous system (CNS) disease and 
have stable extracranial disease following their initial treat-
ment for brain metastases. Careful selection of patients is 
critical in this setting. As with the initial evaluation, the 
absence of active systemic disease and a Karnofsky perfor-
mance score of at least 70 are important. Factors indicating 
a probable poor outcome include a short time to recurrence 
and age less than 40 years.

31.2.12  �Bone Metastases

The bone is the most common site of metastatic involvement 
in breast cancer and can be associated with significant mor-
bidity and mortality.

Surgery, RT, and RFA can provide effective pain relief 
and prevent fracture (Figs. 31.6 and 31.7). Surgery and RT 
are also used for the palliative treatment of epidural spinal 
cord or nerve compression.

Bisphosphonates and other osteoclast inhibitors have 
been shown to reduce the morbidity of metastatic bone dis-
ease, in particular skeletal-related events (SREs), which 
include fracture, need for surgery or radiation to the bone, 
spinal cord compression, and hypercalcemia of malignancy.

Bone-confined metastatic breast cancer is usually charac-
terized by an indolent course and good response to systemic 
therapy [50–52].

There is a limited role for resection as a curative option 
for the majority of bone metastases, except for selected 
patients with isolated spine or sternal involvement [53–57].

Sternal metastases may remain solitary for a long time, 
possibly because there is no communication with the para-
vertebral venous plexus through which cancer cells can 
spread to other bones [53, 55].

Fig. 31.5  Isolated brain metastasis

a b

Fig. 31.6  Pathologic fracture through a metastatic lesion of the distal 
femur (a). Resection of the metastatic lesion and distal femoral 
replacement (b)

31  Surgery of Metastases in Stage IV Breast Cancer
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In other cases, isolated sternal involvement represents 
locoregional recurrence (i.e., direct extension from an inter-
nal mammary nodal recurrence) rather than true metastatic 
disease. Surgical resection of breast cancer confined to the 
sternum may improve quality of life and prolong survival.

When spine metastases become symptomatic causing 
severe pain, neurological deficit, and biomechanical insta-
bility, this may require surgical resection. The ideal 
approach is multidisciplinary and includes medical treat-
ment (mostly for symptom control) radiotherapy, stereotac-
tic radiosurgery, and surgery. The aim of surgery is to 
preserve or restore a neurological function in tumors that 
progress despite undergoing maximal radiation dosages 
and medical intractable pain. The treatment improves 
patient’s quality of life; the indication for surgery should 
take into consideration anatomical location and the exten-
sion of disease [56, 58].

31.2.13  �Abdominal and Pelvic  
Metastases

Limited data suggest that ovarian breast cancer metastases 
can appear many years following the initial diagnosis of 
breast cancer and tend to be hormone receptor-positive 
[59–62].

Surgical evaluation of an adnexal mass may be required to 
discriminate metastatic breast cancer from a primary ovarian 
cancer.

31.3	 �Summary and Recommendations

Local therapy may offer therapeutic benefits and the poten-
tial for long-term survival for highly selected patients with 
metastatic breast cancer.

Although most evidence exists in support of surgical 
resection, alternative approaches, such as radiofrequency 
ablation and stereotactic body radiation therapy, are gaining 
popularity.

Patient selection is crucial when considering local ther-
apy. The best candidates are those with solitary metastases in 
a single metastatic site and a long disease-free interval.

Completeness of resection is a key factor when consider-
ing surgery.

Perhaps the main indication for resection of a new, iso-
lated pulmonary, hepatic, or abdominopelvic lesion in a 
patient with a prior history of breast cancer is diagnostic, 
since some patients may have a new primary malignancy or 
a change in tumor marker status.
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