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Summary

A distinctive subset of metastatic breast cancer is repre-
sented by the so called ‘oligometastatic’ disease, character-
ized by single/few detectable metastatic lesions. A more ag-
gressive multidisciplinary approach can be considered in
this patient population: available data report favorable re-
sults of ‘radical’ local therapy for limited metastatic disease
at least in a subset of selected patients. Selection bias and
the retrospective nature of data do not allow for generaliza-
tion of the results: the use of such approaches must be indi-
vidualized and managed within a multidisciplinary team of
dedicated specialists. Improvement in surgical and radiation
techniques, development of new tools to deliver local che-
motherapy, and new procedures (i.e. cryosurgery, laser and
microwave ablation) mandate careful evaluation of such
single and combined modalities in controlled clinical trials.
A more accurate identification of patients with limited me-
tastases and better definition of treatment endpoints will
also allow correct patient selection for locally aggressive
therapies. This paper focusses on local treatment of the pri-
mary tumor and of the most frequent distant disease sites
in the presence of oligometastatic disease.

Introduction

Despite breast cancer (BC) being the most common cancer
in women in the developed world, only a minority of patients
(< 10%) has stage IV disease at diagnosis [1]. In addition, 20—
30% of patients with early BC will experience distant meta-
static relapse [2]. Due to advances in available multimodality
therapies and a better understanding of tumor biology, sur-
vival of stage IV patients is constantly improving [3-5]. The
oligometastatic (OM) state implies that a few metastases
(usually < 5) exist before tumor cells acquire widespread
metastatic potential [6]. Some tumor cell characteristics (al-
tered cell adhesion, intravasation, and bloodstream survival)

seem to favor the metastatic spread [7], while others such as
tumor dormancy could result in limited dissemination [§]. OM
phenotypes have also been recently identified from various
tumor types and metastatic sites, showing different genetic
signatures between patients with few or many metastases [9].
A current refinement is the concept of oligorecurrence, i.e.
patients with a limited number of metastases and controlled
primary tumors [10]. Clinically, OM BC is characterized by
solitary/few detectable lesions, usually limited to single or-
gans, in which local therapy with curative intent could impact
survival. This population of ‘potentially curable’ stage IV dis-
ease is estimated to be 1-10% of newly diagnosed patients
with metastatic BC (MBC) [5]. A multimodal approach is en-
dorsed for these selected patients [5, 11]. The identification of
patients with truly OM disease is challenging. Most published
series refer to an era before modern imaging (i.e. positron
emission tomography-computed tomography), and thus many
patients were probably under-staged, potentially leading to
underestimation of the global effect of an aggressive local
management. A recent series in stage I-IIT BC found 16% of
patients with OM disease (mean of 1.7 lesions/patient), with a
higher proportion in asymptomatic patients [12]. Improved
imaging may also prevent aggressive approaches to be em-
ployed in patients with only apparently limited disease [13].
Patients with OM disease can be divided into 3 cohorts [10,
14]: 1) those who present with oligometastases; ii) those with
residual oligometastases after systemic therapy (ST); and iii)
those with relapsed oligometastases after curative locore-
gional therapy. These different groups have possibly distinct
prognoses, and may need differential approaches. To this ex-
tent, a broader staging system encompassing solitary metasta-
ses and oligometastases could be of help [15]. Local treatment
of OM BC is distinct from common indications of radiother-
apy (RT) and surgery in MBC, applied as consolidation of ST
responses or debulking strategies. This review will summarize
the available therapeutic options possibly associated with cure
in OM BC, focusing on local management of the primary
tumor and multimodal local treatments of oligometastases to
the liver, lung, bone, and brain.
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Locoregional Treatment of the Primary

Retrospective series of thousands of patients consistently
show an overall survival (OS) advantage (pooled hazard ratio
(HR) 0.65-0.70) from ‘radical’ management of the primary
tumor, either by surgery [16, 17] or definitive RT [18, 19], in
patients presenting with MBC. Possible explanations include:
i) patient selection bias (i.e. lower disease burden, better gen-
eral condition, younger age); ii) restoration of immunocompe-
tence by removal of immunosuppressive factors [20]; iii) de-
creased tumor burden in the body; iv) removal of the ‘seed’
source of new metastases [21]; v) decrease in potentially re-
sistant cell lines [4]; and vi) increased chemosensitivity due to
angiogenesis in distant disease sites instigated by surgery. It is
not clear which patients most likely benefit from treatment of
the primary tumor: those with estrogen-responsive tumors,
bone metastases (BoM) only, low disease burden at diagnosis,
or those who respond to ST?

Some potential disadvantages of surgery have arisen; with
the primary tumor being a source of antiangiogenic factors
and growth factor inhibitors, an accelerated relapse might fol-
low its removal [22]. The possible release of growth factors
related to surgical wounding [23] and the immunosuppression
caused by surgery and anesthesia [24] are also potential draw-
backs. At the same time, improvements in surgery and anes-
thesia have led to a significant reduction in morbidity, result-
ing in more patients being able to benefit from this approach.

The population-based databases [17, 25, 26] include large
numbers of patients but suffer from lack of details (i.e. hor-
mone receptor (HR) status, details of any RT, margin status)
which have shown to be significant in multivariate analyses.
Single institute series, in contrast, allow an in depth analysis
of various prognostic and confounding factors but are limited
by the small number of patients and institutional biases in pa-
tient selection. Unresolved locoregional questions from retro-
spective series include the timing (upfront or after response to
ST) and the extent of surgery (i.e. need of free margins and
benefit of axillary dissection (AD)) and the role of ‘adjuvant’
RT [27]. Large databases [17, 25] capture the first treatment,
and therefore patients who had surgery most likely had it up-
front. Regional RT data are limited to the study of Rapiti et
al. [26] who reported an increased hazard of death in women
who did not receive RT after breast-conserving surgery
(BCS).

A recent meta-analysis of 28,693 MBC patients from 10
studies (52.8% with surgery of the primary) showed a supe-
rior 3-year survival for resected patients (odds ratio (OR)
2.32,95% confidence interval (CI) 2.08-2.6; p < 0.01); of note,
22% of patients who received ST alone were alive compared
to 40% of those who underwent breast surgery [28]. Subgroup
analyses favored smaller tumors, less competing medical
comorbidities, and lower distant disease burden (p < 0.01).
Conversely, there was no statistical difference between the
2 groups according to metastatic sites, tumor grade, or HR
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status. Data for the type of surgery were available for 14,488
patients (61 % mastectomy, 39% BCS): 1 of the analyzed stud-
ies comparing the 2 procedures found no difference in out-
come [29]. With regard to the axilla (n = 486), 93% had AD
and 7% had sentinel node biopsy. 2 studies found no OS
improvement in patients undergoing AD [25, 29], while an-
other showed reduced risk of death with AD in patients with
negative margins, not achieving statistical significance [26].
Margins (n = 5,791) were positive in 43% of patients; 2 studies
demonstrated that patients with negative margins had the
longest survival [25, 26]. Main limitations of this analysis were
its retrospective nature and patient selection bias. In addition,
data on HER2+ patients are missing in most studies, limiting
the applicability of these results in all disease subgroups and
in the modern era of HER2-targeted therapies.

Five randomized, controlled trials in the US/India/Austria/
Netherlands/Turkey address the role of primary tumor exci-
sion in MBC. The results of the Indian and Turkish trials were
recently presented and showed no statistically significant dif-
ference in survival between patients undergoing surgery ver-
sus those receiving ST [30, 31]. In the Indian study (n = 350)
[30], patients were randomized after 6 months of anthracyline/
taxane-based chemotherapy and were stratified according to
site/number of distant metastases and HR status. Surgery con-
sisted of BCS or modified radical mastectomy + AD =+ supra-
clavicular clearance if indicated. All patients with HR-positive
disease received endocrine therapy. The lack of survival
benefit was mainly driven by a tradeoff between local and
distant control with an apparent growth advantage on distant
metastases in patients randomized to local treatment: no
difference in any subgroup was evident. In the Turkish trial
(n = 278) [31], patients were randomized upfront, no stratifi-
cation was planned. AD was performed only in patients with
positive nodes, free margins were mandatory, and RT was
given after BCS. Endocrine therapy and trastuzumab were
given in all patients if indicated, local therapy to distant me-
tastases and bisphosphonates according to the investigator’s
choice. A trend in improved survival was shown in patients
with bone-only disease, limited metastatic burden, and fa-
vorable histology.

Longer follow-up of these trials is needed as well as results
from the other randomized trials with different designs (i.e.
randomization only in patients responding to ST) to clarify
the role, if any, of breast treatment in MBC [32, 33]. In
summary, there is a bulk of retrospective data suggesting a
positive impact of local treatment of the primary tumor in
MBC. While waiting for definitive data from the randomized
studies, surgery for primary breast tumors can be considered
as a cheap and low-morbidity treatment which can offer rapid
local control and potentially a survival benefit, provided it is
performed optimally. As ST improve and survival time in-
creases, uncontrolled local disease will possibly become a con-
cern, increasing the number of patients potentially eligible for
breast surgery or exclusive locoregional RT.
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Stereotactic Body Radiotherapy

The role of RT in metastatic patients has recently evolved
from palliative to potentially curative for selected OM dis-
ease. A variety of retrospective data suggest the addition of
RT to metastatic sites may be associated with better survival
[34, 35]. Three-dimensional conformal RT is considered
standard in patients with OM disease: it allows an increase in
the tumor dose and a reduction in normal tissue toxicity by
limiting the RT field only to the metastatic lesions, potentially
allowing safe delivery of curative doses even concomitantly
to ST. In the last decade, different forms of highly conformal
RT (stereotactic body radiotherapy (SBRT), image-guided
RT (IGRT), radiosurgery) have emerged as potentially cura-
tive therapeutic strategies for localized lesions. The American
Society of Radiation Oncology defines SBRT as external
beam RT delivering with high precision a high dose of RT to
an extracranial target as a single dose or a small number of
fractions [36]. A wide range of techniques, doses, and dose
fractionation schedules can be delivered: as SBRT fractiona-
tion schemes have been developed empirically, the optimal
fraction size/number has still to be defined [35]. Most com-
monly, SBRT consists of 1-5 fractions of 10-20 Gy (as com-
pared to 2 Gy/day over 6-8 weeks), with a high dose in the
middle of the tumor and a sharp decrease at the edge, which
prevents effective dose delivery in tumors > 4-5 cm in diame-
ter. Given the impossibility to increase the target volume, it is
important to control target motility by either motion restric-
tion, target tracking, or gating. The biological effect of SBRT
may be different from conventional fractionated RT: in addi-
tion to the direct cell kill within the high-dose region, vascular
and stromal effects likely contribute to better tumor control
[37]. The higher dose (as much as 30% in the center of the
target volume) could also be more effective against hypoxic or
tumor stem cells and might deprive the rest of the tumor of
pro-growth and prosurvival factors [38]. Activation of innate
and adaptive immune responses have also been proposed as
important host factors for tumor control [39]. Published stud-
ies of SBRT for metastatic disease included: i) various types
of primary tumors and metastatic sites; ii) a single metastatic
site (i.e. lung or liver); or iii) a specific tumor type. These
different scenarios can be important determinants of out-
come, as some histological types or disease sites are possibly
more responsive to radical treatment than others [40]. Over-
all, SBRT of limited metastases has shown promising local
control rates ranging from 67 to 95% [34, 35, 39], and com-
pares favorably with surgery in terms of results and tolerabil-
ity. In addition, SBRT may be more broadly applicable to
greater numbers of sites in different organs. When results are
analyzed according to tumor type, patients with BC have a
much better survival as compared to other cancers (mainly
colorectal or lung) with 36 versus 13% progression-free sur-
vival (PFS) at 2 years and 47 versus 9% OS at 6 years. The
rate of local control is also higher (87 vs. 74%), suggesting
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that better local management might result in improved PFS
[40]. When specific disease sites are considered [34, 35], the
2-year local control rate is approximately 80% for lung metas-
tases (LuM), with a corresponding 2-year survival of 50%,
and a 5% rate of grade > 3 toxicities. The 2-year local control
rate varies between 57 and 92% for liver metastases (LiM),
and radiation-induced liver damage is exceptional. SBRT is
also particularly interesting for spinal and brain metastases
(BrM) and allows for re-irradiations. Most of the reported
data are retrospective, but at least 4 prospective phase II trials
and 2 randomized studies (none of them restricted to BC) are
ongoing [39]. In summary, association of ST and SBRT may
be used for optimized control of OM disease. A better defini-
tion of target volumes/doses, patient eligibility, and place of
SBRT in the global therapeutic strategy of OM BC is
warranted.

Local Treatment of Selected Disease Sites

When discussing local strategies for OM BC, the recent
therapeutic developments of ST (i.e. the introduction of new
cytotoxic, endocrine, and biologic therapies), which have re-
sulted in constant improvements in treatment efficacy and
MBC outcome, should always be taken into account [4]. The
long-term follow-up of a large population-based series from
British Columbia (n = 2,150) [41] and of 1,581 consecutive
first-line patients treated at the MD Anderson Cancer Center
(MDACC) [42] shows in both series a median survival of ap-
proximately 22 months, with 16.6% patients achieving a com-
plete response (CR) in the MDACC series which resulted in
an extended median survival of 41.8 months. These results
with modern ST have always to be considered and compared
to the outcome of local strategies in OM BC.

Liver

Along with bone and lung, liver is a common MBCsite, but
only 4-5% of patients have isolated liver involvement. Over-
all, patients with LiM have a median survival of 4-33 months,
and treatment options are usually restricted to palliative ST
[43]. When evaluating outcome according to different sub-
types and clinical features, triple negative (TN) disease, time
to LiM < 24 months, and > 3 lesions are significant predictors
of poor survival [44]. With modern ST, the median survival of
patients with LiM alone can exceed 2 years, but most patients
do ultimately progress in the liver, suggesting a more aggres-
sive multimodality treatment through prospective clinical
trials is worth exploring in this specific subset of patients [45].
Patients with isolated LiM can potentially be managed with
local treatments (surgery, radiofrequency ablation (RFA),
transcatheter arterial chemoembolization (TACE)). In con-
trast to liver colorectal metastases, local treatment for BC
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LiM is not considered a therapeutic option due to common
involvement of additional organs; nevertheless, in some se-
lected patients, local approaches have been associated with
long-term survival [46, 47].

Surgery

Most series have reported prolonged OS with liver metas-
tasectomy in patients with a disease-free interval (DFI) of > 2
years, solitary metastasis, good response to chemotherapy,
and negative surgical margins [43, 48]. Recently, systematic
literature reviews, mostly of small selected groups of patients,
have shown comparable outcomes to colorectal liver disease
with 5-year survival rates ranging between 20 and 60% [46,
47]. Additional favorable independent prognostic factors are:
absence of extrahepatic disease (except for isolated lung and
bony metastasis); at least a partial response to ST before
surgery; endocrine responsive disease [48].

Transcatheter Arterial Chemoembolization

TACE delivers high-dose chemotherapy directly to the
LiM and can be offered to patients with unresectable LiM.
Approximately 80% of the blood supply to LiM is derived
from the hepatic artery, and direct tumor infusions, compared
with ST, result in higher drug concentrations, potentially
overcoming tumor resistance. In addition, direct liver delivery
may result in a better systemic toxicity profile. The chemo-
therapeutic effect of TACE on tumor cells is also increased by
embolization-induced tumor ischemia [49]. Published data
suggest that TACE may have a palliative role in delaying pro-
gression of isolated LiM. There is currently only scarce data
regarding its role in the management of MBC, but tumor
shrinkage can be dramatic and may render patients candi-
dates for liver resection with curative intent, potentially re-
sulting in long-term disease-free survival [50]. In the pub-
lished series, TACE commonly follows progression under ST:
a recent study compared combined TACE and ST for liver-
only metastases (n = 44) to ST alone (n = 43). The 3-year sur-
vival rate was 47.6% in the combined treatment group versus
7.4% in the ST alone group (p = 0.027). HR-negative status of
the primary tumor and DFI from diagnosis to LiM < 24
months were independently associated with poor prognosis
[51]. Unresolved questions include the benefit of using multi-
ple chemotherapeutic drugs as opposed to single- or two-
agent TACE, the role of repeated cycles, and its sequence in
the therapeutic algorithm.

Radiofrequency Ablation

RFA uses low frequency/long wavelength radiowaves to
generate heat within a tumor mass causing thermal coagula-
tive necrosis. RFA can be performed via an open, laparo-
scopic, or image-guided percutaneous approach under general
or local anesthesia. RFA is a relatively safe procedure, with
mortality between 0.3 and 0.8% and morbidity ranging from
2 to 10%. Effective local control can be achieved mostly in
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solitary lesions < 3 cm in diameter [52]. The majority of data
regarding LiM come from single-arm, retrospective or pro-
spective series in unresectable colorectal metastases. In BC,
the reported data show a median survival of 30-60 months,
with no treatment-related deaths and only 3 serious treat-
ment-related adverse events reported [53]. A recent study
compared laparoscopic RFA in BC patients who failed to re-
spond or showed an incomplete response to ST (n = 24) or to
ST alone (n = 32): patients were matched by size and number
of LiM, and the 2 groups were similar in HR status and
chemotherapy exposure. OS after the diagnosis of LiM was
47 months in the RFA group and 9 months in the ST-only
group (p = 0.0001) [54]. Skepticism remains over the efficacy
of RFA in BC due to the heterogeneity of patient inclusion
and selective nature of reporting. Randomized control trials
directly comparing RFA to liver resection versus best ST
alone versus their combination should ideally be conducted.
Additional low-toxicity local procedures include cryosurgery,
laser-induced interstitial thermotherapy, microwave ablation,
high-intensity focused ultrasound (HIFU), or tumor emboli-
zation with isotope-loaded microspheres. Encouraging results
have been reported which need confirmatory data in compari-
son or addition to ST or other local approaches [4, 55, 56].

Summary

Local treatment of BC LiM can be discussed in selected
patients with OM disease, taking into account several factors
such as tumor subtype, time to LiM, number/size of lesions
and response to previous ST, to avoid unnecessary morbidity
and ensure a potential survival benefit for selected patients.

Lung

While resection of LuM is a common treatment in other
tumors, the role in BC is still unclear [57]. The reported data
refer to highly selected patients, and any comparison with sur-
gically untreated patients is threatened by serious biases.
Lung resection in MBC is also an important diagnostic tool:
the proportion of lesions proved not to be BC in various se-
ries ranges from 7 to 66% [5]. In the case of biopsy-proven
BC LuM, the level of evidence for curative resection is low,
especially when comparing survival rates after complete re-
section and after CR to modern ST. Open surgery, as opposed
to thoracoscopic surgery should be preferred to exclude invis-
ible nodules at diagnostic imaging. Discussed favorable prog-
nostic factors for lung resection include: DFI > 36 months,
solitary metastasis, HR positivity, small size of metastases,
and complete resection [5], but not all published series show
different outcomes according to these features, in particular
the number of lesions and HR status [58]. Long DFT is usually
associated with slow-growing tumors, long effective endocrine
treatment, and less tumor burden. A historical series of pa-
tients with BC lung-only metastases treated with chemo-
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therapy alone at MDACC showed a median OS of 22 months
and a 5-year survival of 16% [59]. Patients with limited dis-
ease (1-2 lesions < 2 cm diameter) achieved a median OS of
57 months, which is almost identical to the historical surgical
data of Friedel et al. [60] showing a median survival of
59 months in the best prognostic group (DFI > 3 years and a
single completely resected metastasis). On the other hand,
only 33% of the patients with an isolated LuM achieved a CR
under chemotherapy, which resulted in a median OS of
37 months [59]. In a recent German retrospective series
(n = 47), a median OS of 32 months and a 5-year survival of
36% was shown [61]. Number of metastases, complete versus
incomplete resection, and nodal/pleural/chest wall involve-
ment did not impact survival, as opposed to HR (5-year
survival rates of 76 and 12% for positive and negative HR,
respectively; p = 0.002) and HER2 status (92 and 62.5% for
positive and negative HER2, respectively; p = 0.037). Most
patients received ‘adjuvant’ ST after surgery, including endo-
crine and targeted agents. A prospective, recent German
series (n = 81) showed that RO resection (achieved in 81.5%
of patients) was associated with a significantly longer median
OS than R1/R2 resections (103.4 vs. 23.6 vs. 20.2 months,
respectively; p < 0.001). Multivariate analysis revealed RO
resection, number (> 2), size (= 3 cm), and HR positivity of
metastases as independent prognostic factors for long-term
survival [62]. In summary, as the morbidity and mortality of
lung resection has decreased significantly over the last dec-
ades, this potentially beneficial procedure can be discussed in
selected patients. Before proceeding with surgery, potential
tumor control by ST, safety and feasibility of surgery, tumor
biology, number of lesions, and DFI must be evaluated by a
multidisciplinary dedicated team.

Bone

Bone is the third most common site of BC metastases. At
BC diagnosis, 5-6% of patients present with distant spread,
bone being the most common metastatic site. Bone is also the
first site of distant relapse in > 50% of patients, and bone-only
metastases occur in 17-37% of patients with distant relapses.
Although any bone may be affected, extremities are less in-
volved than other sites. 25% of BC patients with BoM are
asymptomatic and diagnosed by chance; in the remaining
75%, BoM are associated with skeletal-related events (SRE)
[63]. Magnetic resonance imaging (MRI) is the most sensitive
imaging modality for detection of BoM, especially for verte-
bral metastases and when bone scintigraphy is equivocal, and
can add important information when local treatment is dis-
cussed [64]. Patients with HR positivity, low-intermediate his-
tologic grade, and low mitotic rate tend to metastasize more
to bone than to viscera [65]. A short DFI (< 2 years) has been
associated with worse prognosis and increased mortality [66]
in patients with bone-only metastases. In a retrospective study

Treatment of Oligometastatic Breast Cancer

on 110 BC patients with bone-only metastases, multivariate
analyses showed that solitary BoM, HR positivity, and bis-
phosphonate treatment were significantly associated with pro-
longed OS [67]. The median OS in patients with bone-only
disease is about 26 months, as opposed to 21 months in
patients with bone and visceral metastases and 18 months in
patients with visceral metastases only [68]. An additional
favorable prognostic factor is the number of BoM, with im-
proved survival for solitary compared to multiple lesions [69].
A solitary BoM can often be successfully treated, and long-
lasting complete remission is not unusual.

Local Treatment of Solitary BoM

Surgery is indicated in most cases of pathological fractures.
In a population-based study, Wedin et al. [70] found that 17%
of BC patients who presented with symptomatic BoM needed
surgery. Survival prognostic factors after surgery have been
evaluated in a series of 115 consecutive patients [71]: in multi-
variate analysis, patients with a solitary BoM had the best
survival (median of 65 months) as compared to patients with
visceral disease (median of 13months), with no impact of age
and extent of surgery. RT remains a keystone therapy for the
treatment of BoM, in particular of spinal lesions. Pain relief
has been the historical goal of conventional RT, but improve-
ments in ST with long-term control of MBC, increased diag-
nostic possibility of solitary BoM, and availability of SBRT
are changing the role of RT in the management of these pa-
tients. Patients with BoM treated with SBRT have better sur-
vival and tend to have a better PFS than patients with LuM or
LiM [72]. Multiple additional conservative approaches are
available for BoM; despite no proven survival benefit, iso-
lated BoM are commonly treated with vertebroplasty (PV)
and kyphoplasty (PK) with the aim of delaying BoM-related
morbidity and maintaining/improving quality of life (QoL). In
percutaneous computed tomographic fluoroscopy-guided PV,
bone cement is injected through a minimal incision into the
fractured site. In PK, a balloon is inserted into the fractured
site and inflated-deflated to create a cavity: the balloon is then
taken out prior to cement injection. Both procedures are
superior to oral pain management: no direct comparison is
available but systematic reviews of the existing data showed
very little difference in clinical outcomes of the 2 techniques
[73]. The overall rate of complications associated with PV and
PK is low, but the rate of cement extravasation is higher in
PV. PV of painful osteolytic spinal metastases from BC is safe
even in the case of substantial involvement of the vertebral
cross-sectional area or cortical bone [73, 74]. To establish the
relative strengths and weaknesses of all these procedures,
well-designed randomized clinical trials are required.

Summary

Considering the number of current treatments available
for BoM and different patients’ prognosis, based on tumor
biology and number of lesions, a multidisciplinary approach is
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mandatory to choose the best therapeutic strategy in the indi-
vidual patient.

Brain

Approximately 10-15% of all MBC patients will develop
symptomatic BrM with an increased risk and a shorter BrM-
free survival in TN and HER2+ tumors compared with lumi-
nal or HER2- subtypes [75-77]. Survival of patients with BrM
ranges from 2 to 16 months [78]. Brain-only metastases occur
in about 17% of BC with BrM, regardless of histologic sub-
type: this subset of patients with isolated BrM has a much
more favorable outcome, and long-term survival is not un-
common [79]. HER2+ patients treated with trastuzumab-
based therapy after completion of local therapy for BrM (sur-
gery, RT) have significantly longer OS after diagnosis of BrM
(4 vs. 14 months) [77]. Screening for BrM is not recommended
as part of routine follow-up, as no evident benefit from early
detection exists [11]. QoL and prevention of neurologic toxic-
ity are important goals of care in this population. Apart from
TN or HER2+ disease, established risk factors for the devel-
opment of BrM are young age at BC diagnosis, presence of
lung metastases, and short DFI [78]. The number of BrM is
also an important prognostic factor for survival as well as for
treatment selection [80].

Surgery or stereotactic radiosurgery (SRS), possibly inte-
grated with whole brain RT (WBRT), are available options
for patients with OM BrM, defined as 1-3 lesions. SRS is a
single outpatient procedure associated with minimal acute
toxicity. Most studies have not specifically addressed different
tumor types despite the fact that management of extracranial
disease differs widely based on histology. In particular, BC is
not well represented in published phase III randomized stud-
ies of SRS (6.8-11.7% of the study populations) [81]. TN sub-
type and progressive extracranial disease could be important
adverse prognostic factors for OS after SRS [82]. Future stud-
ies specifically addressing treatment outcomes for well-de-
fined patient groups and different tumor types are needed [83,
84]. A systematic review of the literature, comparing surgery,
WBRT, single-dose SRS, and their combination [85-88]
showed that: i) for patients with good performance status
(PS), level 1 evidence exists that single-dose SRS+WBRT
provides significantly superior local control compared with
WBRT alone for patients with < 4 BrM, without increased in-
cidence of adverse events; ii) a significantly superior survival
benefit is achieved by SRS+WBRT for patients with single
BrM, while for patients with > 2 BrM the survival advantage
remains controversial [89]; iii) single-dose SRS alone provides
equivalent survival compared to WBRT+single-dose SRS
(level 2 evidence), with 1 randomized study in BC suggesting
a survival advantage for the single-dose SRS alone strategy
[90]; iv) single-dose SRS alone appears to be superior to
WBRT alone for patients with < 3 BrM in terms of patient
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survival advantage; v) data are conflicting regarding the risk
of recurrence at the treated area and progression at distant
sites with single-dose SRS alone, suggesting further studies
may be needed to define optimal dose prescription and/or
dose rate for isolated SRS as opposed to SRS in the setting of
an additive WBRT; vi) every 2-3 months evaluation is war-
ranted if single-dose SRS is utilized alone, for both efficacy
and neurocognitive function assessment; vii) the potential dif-
ferential neurocognitive consequences between SRS alone
and SRS+WBRT have not been well studied and remain un-
certain; viii)) SRS+WBRT and resection+tWBRT provide
equivalence in survival (level 2 evidence); ix) weaker evidence
(level 3) supports the use of SRS in lieu of resection+ WBRT;
x) surgical resection+WBRT is superior to WBRT alone and
to surgery alone in patients with good performance status
(PS) and limited extracranial disease (level 1 evidence), with
no significant differences in median survival, local control, or
neurocognitive function between standard and altered dose/
fractionation schedules; and xi) larger lesions (> 3 cm) or
those causing significant mass effect (1 cm midline shift) may
have better outcomes with surgical resection than with SRS
(level 2 evidence). Data on local RT, compared to WBRT, as
well as on 2-3 dose versus single-dose SRS are not yet availa-
ble in the setting of limited BrM. One treatment combination
in need of further study is the concept of SRS to the surgical
bed instead of postoperative WBRT: few retrospective case
series suggest that both local control rates and survival are
enhanced by this procedure but no robust prospective data
yet exists. Current research is focused on the use of radio-
sensitizing and radioprotective strategies to improve the ther-
apeutic ratio of WBRT [91]. Salvage SRS after WBRT for BC
BrM is an additional promising tool, especially in patients
with good PS [92, 93].

In summary, the management of OM BrM has significantly
improved over the last decades, allowing for prolonged sur-
vival and potentially better QoL. Designing trials focusing on
QoL and functional status as primary outcomes, rather than
only recurrence or survival rates, should be a priority in this
setting, given that small differences in survival rates between
treatment options can be associated with significant differ-
ences in treatment-associated adverse events.

Conclusion

A more accurate identification of patients with truly OM
disease will allow proper patient selection for locally aggres-
sive therapies. Prospective and well-designed trials according
to disease site and BC subtype might provide additional guid-
ance for clinicians in the appropriate selection of the subset of
patients for whom locally ablative therapies could impact OS
while preserving adequate QoL. Delaying the need for sys-
temic treatment/further treatment could also be of value, at
least in some patients. Other outcome measures should be
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carefully evaluated in conjunction with survival, including
symptoms (local and constitutional) and QoL, in view of the
constantly prolonged survival of patients with MBC with
modern systemic therapies. The role of ‘adjuvant’ medical or

radiation treatments, as well the correct sequence and integra-
tion of all available procedures, should also be investigated to

maximize the cost/benefit of these approaches. To achieve

these scientific goals, global collaboration is needed: in the

daily clinical practice, patients with OM BC should always be
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