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Introduction 
A diagnosis of central nervous system 
(CNS) recurrence is not uncommon 
in patients with breast cancer; an esti-
mated 10% to 30% of all breast cancer 
patients will eventually develop brain 
metastases.[1] The diagnosis of breast 
cancer brain metastases (BCBMs) is as-
sociated with the shortest survival time 
compared with other sites of metastatic 
spread.[2]  

The primary determinants of out-
comes in patients with BCBMs are the 
tumor subtype and performance status 
of the patient.[3,4] In patients with ear-
ly-stage breast cancer, the cumulative 
incidence rates of brain metastasis are 
highest in those with human epidermal 
growth factor receptor 2 (HER2)-pos-
itive and triple-negative breast cancer 
(TNBC; defined as estrogen receptor 
[ER]-negative, progesterone receptor 
[PR]-negative, and HER2-negative dis-

ease) and lowest in ER-positive disease.
[2] A recent large retrospective study of 
865 patients with BCBMs reported the 
median time interval from primary di-
agnosis to development of BCBMs, as 
well as median survival following the 
diagnosis of BCBMs, to be shortest in 
TNBC (27.5 months and 7.3 months, 
respectively) and HER2-positive dis-
ease (35.8 months and 17.9 months, re-
spectively), and relatively longer in pa-
tients with ER-positive/HER2-negative 
(54.4 months and 10 months, respec-
tively) and ER-positive/HER2-positive 
disease (47.4 months and 22.9 months, 
respectively).[5] Therefore, there is a 
great deal of interest in developing new 
therapeutic strategies for BCBMs, par-
ticularly in the TNBC and HER2-posi-
tive breast cancer subtypes. 

A unique hurdle in the development 
of therapies for BCBMs is the presence 
of the blood-brain barrier (BBB), a tight 

layer of endothelial cells and astrocyte 
foot processes which acts as a selective 
barrier to the diffusion of systemic ther-
apies.[6] The BBB is also characterized 
by the presence of drug efflux mecha-
nisms, such as P-glycoprotein, a multi-
drug transporter.[7] Good penetration 
across the BBB is not always necessary 
for CNS activity, as the therapeutic ef-
fect is also dependent on other proper-
ties of the drug and the inherent sensi-
tivity of the tumor.[8] Intrathecal drug 
administration may represent a direct 
route into the CNS, although such an 
approach would have to be combined 
with systemic administration, especial-
ly in the common setting of concurrent 
extracranial disease. In addition, in the 
case of deep intraparenchymal metas-
tases, it is not clear whether intrathe-
cal approaches would lead to adequate 
drug penetration. 

Another challenge facing patients 
with BCBMs is that CNS recurrence 
typically occurs in the setting of failure 
of systemic treatment. Likely explana-
tions for this include de novo resistance; 
acquired resistance to prior systemic 
treatment and radiotherapy; and an in-
ability to penetrate the BBB, resulting 
in low CNS drug levels. While the in-
trinsic sensitivity of tumor cells to the 
pharmacologic agent is likely the most 
important determinant of therapeutic 
success, potential areas for development 
of treatment for BCBMs may include 
improving BBB penetration by disrupt-
ing the blood-tumor barrier or develop-
ing therapies capable of permeating the 
CNS, and evaluating novel therapies 
earlier in the treatment trajectory, rath-
er than in a heavily pretreated setting.

The routine use of effective HER2-
directed therapies has altered the nat-
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ural history of HER2-positive breast 
cancer. The CNS as a site of first relapse 
is uncommon in patients who have 
received adjuvant HER2-directed sys-
temic therapies (approximately 2% with 
trastuzumab in the HERA trial and ap-
proximately 1% with lapatinib in the 
TEACH trial).[9,10] However, 30% to 
55% of patients with metastatic HER2-
positive disease will eventually develop 
CNS metastases.[2,11-13] Interestingly, 
CNS recurrences tend to be widely dis-
tributed over time. Thus, we believe that 
early therapeutic interventions applied 
over a short time window in the meta-
static setting are unlikely to prevent 
brain metastases from appearing later 
in a patient’s disease course. An excep-
tion to this may be adjuvant therapy; in 
this setting, however, the event rate is 
sufficiently low that testing a preventive 
agent is not practical unless we are able 
to identify strong predictors of early 
CNS recurrence. 

Compared to HER2-positive disease, 
patients with TNBC have a similarly 
high risk of CNS relapse (25% to 46%).
[2,14,15] However, BCBMs  in patients 
with TNBC differ from those associated 
with the HER2-positive subtype in that 
concurrent extracranial disease pro-
gression is common, and it more com-
monly occurs in the early phase of the 
disease course.[14,16,17] As a result, 
TNBC patients with BCBMs rarely die 
from progressive CNS disease alone, 

compared with HER2-positive patients 
with BCBMs, up to 50% of whom die 
from progressive CNS disease.[14] 
There is therefore an urgent need to de-
velop additional systemic therapies that 
are effective in controlling intra-CNS 
and extra-CNS disease concurrently.

On a positive note, metastasis of 
breast cancer to the brain is no longer a 
clinical diagnosis for which therapeutic 
options and clinical trials are lacking. 
Improvements in systemic therapies and 
CNS-directed local therapies have likely 
improved patient outcomes, even after 
the development of CNS recurrence, 
and particularly in the HER2-positive 
subtype. With the establishment of 
standardized approaches to assess post-
treatment CNS response and outcomes, 
patients with BCBMs who were once 
routinely excluded from clinical trials 
now have available to them an increas-
ing array of trials investigating novel ap-
proaches specific to BCBMs.

Current Treatment Strategies for 
BCBMs
Key determinants in the management 
of symptomatic BCBMs include the 
number, size, and site of lesions; the 
status of extracranial metastases; and 
the performance status of the patient. 
Most current management algorithms 
for BCBMs are based upon guide-
lines for secondary brain metastases 
in general rather than being specific 

for breast cancer. These include use 
of corticosteroids to reduce peritu-
moral edema, and are based primar-
ily on recommendations for the local 
treatment of CNS disease.[18] When a 
patient has a small number of tumors 
or a large tumor that is significantly 
compressing surrounding tissue, or 
when obtaining a tissue sample for 
diagnosis is critical, surgical resection 
and stereotactic radiosurgery (SRS) 
are usually considered. SRS is typically 
used in patients with surgically inac-
cessible metastases and those who are 
not surgical candidates. Whole brain 
radiotherapy (WBRT) is generally rec-
ommended when there are multiple 
lesions, particularly when the lesions 
are large. Multiple randomized trials 
have demonstrated improved intracra-
nial control when WBRT is given fol-
lowing local (ie, SRS and/or surgery) 
approaches,[19-21] although this ap-
proach is associated with a greater risk 
of a neurocognitive decline compared 
with SRS alone.[22] This is a concern 
particularly in patients who have a 
relatively longer survival time follow-
ing the diagnosis of BCBMs, such as 
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Table 1     Chemotherapy Agents Undergoing Evaluation for the Treatment of BCBMs

Class Therapy Combination 
Therapy

Phase of Trial BCBM Subtype NCI 
ClinicalTrials.gov 
Identifier

Taxanes Cabazitaxel II All NCT01913067

Cabazitaxel Lapatinib II HER2-positive NCT01934894

TPI-287 II All NCT01332630

Anti-metabolites High-dose  
methotrexate

Liposomal  
cytarabine

II All NCT00992602

Topoisomerase  
inhibitors

Irinotecan Pilot All NCT01939483

BCBMs = breast cancer brain metastases; HER2 = human epidermal growth factor receptor 2; NCI = National Cancer Institute.
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patients with HER2-positive disease.
[5] Since WBRT has not demonstrat-
ed an overall survival (OS) benefit in 
the management of CNS metastases, a 
discussion of the risks and benefits is 
critical. Given the potential short- and 
long-term effects of WBRT, the devel-
opment of systemic options that might 
delay the need for palliative WBRT is 
an important clinical need.    

There are currently no approved sys-
temic chemotherapy regimens for man-
agement of BCBMs. The majority of the 
older trials included patients with mul-
tiple primary tumor origins, and small 
subgroups with BCBMs. The results are 
further confounded by differences in 
prior chemotherapy and CNS radiation 
exposure. These traditional systemic 
chemotherapies included cisplatin, te-
mozolomide, etoposide, capecitabine, 
epothilone B analogues, and various 

combinations of these agents. With 
the exception of the platinum agents, 
the reported CNS objective response 
rates (ORRs) were typically modest 
and the duration of benefit was short 
(< 4 months).[23] Trials of the plati-
num agents, in which the response rate 
was higher, are limited by differences 
in the patient populations compared 
with those in the modern era. In par-
ticular, patients in those trials tended 
to be less heavily pretreated in either 
the adjuvant or metastatic settings. 
More recently, Anders and colleagues 
reported results of a phase II trial of 
irinotecan plus iniparib in pretreated 
patients with TNBC.[24] Iniparib is a 
drug initially developed as a poly(ADP- 
ribose) polymerase (PARP) inhibitor 
but subsequently shown not to have any 
PARP inhibitor activity.[25] Neverthe-
less, clinical activity was observed, with 

a CNS clinical benefit rate of 30%, albeit 
a median overall time to progression of 
just over 2 months.[24] Given that iri-
notecan is known to have CNS activity 
in other tumor types (eg, glioblastoma 
multiforme), it is reasonable to postu-
late that most, if not all, of the activity 
observed in the trial was attributable 
to this agent. Further analyses are un-
derway to identify factors predictive of 
response. 

Currently, none of these agents are 
considered standard of care for first-
line management of BCBMs, although 
they could be considered on a case-by-
case basis, and in the setting of disease 
that has progressed through standard 
radiotherapy-based approaches. More 
recently, there has been a greater em-
phasis on evaluation of therapies in 
trials specific for BCBMs. Table 1 high-
lights current systemic therapies being 

Table 2     Novel Therapeutic Strategies Undergoing Evaluation for the Treatment of BCBMs

Target Therapy Combination 
Therapy

Phase of Trial BCBM Subtype NCI 
ClinicalTrials.gov 
Identifier

HER2 Intrathecal  
trastuzumab

I HER2-positive NCT01373710, 
NCT01325207

Lapatinib WBRT II HER2-positive NCT01622868

Lapatinib Cabazitaxel II HER2-positive NCT01934894

Naratinib Capecitabine II HER2-positive NCT01494662

Afatinib Vinorelbine II HER2-positive NCT01441596

Arry-380 Trastuzumab I HER2-positive NCT01921335

mTOR Everolimus Trastuzumab + 
vinorelbine

II HER2-positive NCT01305941

Everolimus Lapatinib + 
capecitabine

I/II HER2-positive NCT01783756

PI3K BKM120 Trastuzumab I/II HER2-positive NCT01132664

VEGF Bevacizumab Carboplatina I All NCT01004172

Sorafenib WBRT I All NCT01724606

Other GRN1005 (see a) II All NCT01480583

2B3-101 (see a) I/II All NCT01386580

TPI-287 II All NCT01332630

DM-CHOC-PEN II All NCT02038218
aGiven in combination with trastuzumab in the subgroup of patients with HER2-positive disease.  
BCBMs = breast cancer brain metastases; HER2 = human epidermal growth factor receptor 2; mTOR = mammalian target of rapamycin; NCI = National Cancer Insti-
tute; PI3K = phosphatidylinositol 3-kinase; VEGF = vascular endothelial growth factor receptor; WBRT = whole brain radiation therapy.
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investigated in this setting, including 
third-generation taxanes such as ca-
bazitaxel, TPI-287, and ANG1005, in 
phase II trials of patients with BCBMs 
(National Cancer Institute Clinical-
Trials.gov identifiers NCT01913067, 
NCT01332630, and NCT01480583, re-
spectively). No investigations of these 
chemotherapy agents have yet been 
translated into routine clinical use.

In the setting of ER-positive BCBMs, 
key determinants of outcome from the 
time of CNS recurrence are the over-
expression of the HER2 receptor and 
treatment with HER2-directed thera-
pies. Median survival times from time 
of diagnosis of BCBMs in the ER-pos-
itive/HER2-negative and ER-positive/
HER2-positive subsets were 10 months 
and 22.7 months, respectively, with the 
former outcome similar to that of the 
TNBC subset (median survival time, 7 
months).[5] A likely explanation is that 
many of these patients have hormone-
refractory disease by the time CNS me-
tastases appear, therefore rendering this 
class of treatment of limited value when 
used alone. 

HER2-Directed Therapies  
The greatest inroads in systemic treat-
ment of BCBMs have been made in 
patients with the HER2-positive breast 
cancer subtype, in keeping with the ef-
ficacy of HER2-directed therapies. His-
torically, it has been thought that the 
brain was a sanctuary site for trastu-
zumab, as well as for newer agents such 
as trastuzumab-emtansine (T-DM1) 
and pertuzumab, due to the relative 
difficulty of large monoclonal anti-
body therapies in penetrating the BBB.
[12,26] Newer in vivo positron emis-
sion tomography (PET) imaging data 
in a limited number of patients using 
89Zr-trastuzumab have demonstrated 
CNS uptake of trastuzumab into brain 
metastases, indicating that at least in 
some patients, trastuzumab can cross 
a disrupted BBB.[27] Interestingly, in 
light of these data, patients appear to 
derive a survival benefit with the con-

tinuation of trastuzumab after develop-
ment of BCBMs.[28,29] More recently, 
a single case report was published de-
scribing a CNS response to T-DM1.
[30] Furthermore, in a subset analysis 
of the EMILIA trial, which randomized 
patients with pretreated HER2-posi-
tive metastatic breast cancer to either 
lapatinib plus capecitabine vs T-DM1, 
patients with treated and stable brain 
metastases who were enrolled in the 
study fared better with T-DM1 in terms 
of overall survival.[31] Based on these 
data, trials to directly test the activity of 
T-DM1 in progressive HER2-positive 
BCBMs are currently being designed, 
as is a trial to test the role of high-dose 
trastuzumab. In addition, in the setting 
of leptomeningeal metastases, two clin-
ical trials are underway (one in the US 
and one in France) which are testing 
intrathecal trastuzumab (ClinicalTri-
als.gov identifiers NCT01373710 and 
NCT01325207). 

Another approach has been to con-
sider small-molecule inhibitors, in 
place of large monoclonal antibodies. 
Lapatinib, a small-molecule tyrosine 
kinase inhibitor targeting the cytoplas-
mic ATP-binding sites of the kinase do-
mains of HER2 and epidermal growth 
factor receptor (EGFR), has been de-
veloped as another systemic strategy 
to target the HER2 signaling pathway. 
We conducted two phase II studies 
with single-agent lapatinib in patients 
with HER2-positive BCBMs who pro-
gressed on trastuzumab therapy and 
prior WBRT. The CNS ORR was low 
in these studies (3% to 6%), and the 
addition of topotecan to lapatinib did 
not improve response rates.[32-34] 
However, the response rate was higher 
when lapatinib was given in combina-
tion with capecitabine, with a range of 
18% to 38%.[34-36]

More recently, LANDSCAPE, a 
single-arm phase II study of lapatinib 
and capecitabine for patients with 
previously untreated HER2-positive 
BCBMs, reported a CNS ORR of 66%, a 
median time to CNS progression of 5.5 

months, and a median time to WBRT 
of 8.3 months.[37] It is not surprising 
that response rates are higher in first-
line treatment of CNS metastases in 
patients who have not received prior 
CNS-directed therapy. We believe this 
represents a viable alternative first-
line treatment option for patients with 
HER2-positive BCBMs, particularly 
those with asymptomatic, low-volume 
disease, for which local therapies such 
as radiotherapy have been the standard 
of care, and among whom historical 
rates of response to WBRT are report-
ed at between 27% and 50%.[38-40] In 
light of the encouraging CNS responses 
seen with this combination regimen, 
other lapatinib chemotherapy combi-
nations, such as lapatinib and the third-
generation taxane cabazitaxel (Clini-
calTrials.gov identifier NCT01934894), 
are now being evaluated in patients 
with BCBMs.

Lapatinib has also been evaluated as 
a radiosensitizer in combination with 
WBRT. In a phase I trial in patients with 
HER2-positive BCBMs, lapatinib was 
given at 750 mg bid on day 1, followed 
by dose levels of 1,000 mg, 1,250 mg, or 
1,500 mg daily. WBRT (37.5 Gy over 15 
fractions) commenced 1 to 8 days after 
treatment with lapatinib was initiated, 
followed with maintenance trastu-
zumab and lapatinib upon completion 
of WBRT.[41] Toxicity was an issue in 
this study, and it did not meet the pre-
defined toxicity criteria. However, the 
CNS ORR by predefined volumetric 
criteria was 79%, which is higher than 
historical response rates observed with 
WBRT alone.[38-40] The limitation 
of the study was that it was a nonran-
domized, single-arm trial, such that the 
contribution of lapatinib could not be 
assessed directly. Indeed, a similar ap-
proach has been evaluated with con-
current trastuzumab and WBRT, with 
the authors reporting a bidimensional 
response rate of 74% at 6 weeks.[42] 
To this end, a phase II trial jointly con-
ducted by the Korean Radiation Oncol-
ogy Group and the Radiation Therapy 
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Oncology Group in which patients are 
randomized to receive WBRT with 
or without lapatinib is currently re-
cruiting (ClinicalTrials.gov identifier 
NCT01622868). Given the number of 
HER2-directed therapies currently ap-
proved for use in patients with meta-
static breast cancer (eg, trastuzumab, 
pertuzumab, lapatinib, and T-DM1), 
one important facet upon which novel 
HER2-directed agents can potentially 
distinguish themselves is CNS activity. 
To this end, the irreversible HER2 in-
hibitors neratinib and afatinib are un-
der active investigation in the context 
of BCBMs (ClinicalTrials.gov identifi-
ers NCT01494662 and NCT01441596, 
respectively). In addition, a number 
of other HER2 inhibitors are moving 
forward in this space, including ARRY-
380 (ONT-380) and KD019. ARRY-380 
is a HER2-selective inhibitor with min-
imal EGFR-inhibitory effect. Both the 
parent drug and metabolite cross the 
BBB to some degree, and have activity 
in intracranial tumor models. KD019 
is a multitargeted kinase inhibitor of 
EGFR, HER2, and vascular endothelial 
growth factor receptor 2 (VEGFR-2). 
As will be discussed, anti-angiogenic 
approaches for the treatment of brain 
metastases may be of interest based on 
the limited data available to date.

Novel Therapies for BCBMs
The ideal systemic therapy for BCBMs 
should specifically target ligands that 
are expressed by tumor cells and re-
sponsible for its tumorigenic pheno-
type, adequately penetrate the BBB, 
effectively control extracranial dis-
ease, and be relatively well tolerated. 
Although a therapy that is designed 
specifically for BCBMs and fulfills all 
these criteria has not yet been devel-
oped, the majority of novel approaches 
to therapy for BCBMs build on prom-
ising efficacy demonstrated in the con-
text of extracranial metastasis.
Trial design is a major consideration 
in the evaluation of novel therapies 
for management of BCBMs. There has 

been significant progress in establish-
ment of standardized guidelines to as-
sess CNS response, progression, neu-
rocognitive function, and quality of 
life.[43,44] However, most novel agents 
evaluated for treatment of BCBMs are 
being assessed the setting of disease 
that is refractory to systemic therapy, 
and most often in patients who have 
received local therapies such as radia-
tion. The majority of studies of BCBMs 
include small patient cohorts and lack 
a control arm, as there are no systemic 
therapies approved for use in this set-
ting. The option to evaluate a specific 
systemic therapy prior to WBRT, and 
the potential benefits of doing so, are 
discussed earlier in the context of the 
LANDSCAPE trial.[38] Table 2 de-
scribes several novel therapies cur-
rently under investigation for BCBMs. 

PI3K pathway–directed therapy
There has been much interest in thera-
peutics targeting the phosphatidylino-
sitol 3-kinase (PI3K)-mammalian tar-
get of rapamycin (mTOR) pathway, 
where activating mutations of PIK3CA 
and/or loss of PTEN expression are 
among the most common geneti-
cally altered pathways in breast can-
cer; PIK3CA mutations are found in 
about a third of HER2-positive breast 
cancers, and PTEN loss is observed in 
about half of TNBC cases.[45] Aber-
rations in this signaling pathway have 
also been demonstrated in the major-
ity of BCBMs.[46] Importantly, PI3K-
mTOR activation is upregulated in 
resistance to HER2-directed therapies.
[47,48] The plethora of drugs targeting 
this pathway that are now in clinical 
development includes mTOR, PI3K, 
and dual mTOR/PI3K inhibitors. For 
two of these drugs (everolimus and 
BKM120), there are currently trials 
specifically recruiting patients with 
BCBMs, and it is likely that more rel-
evant trials will follow.

The oral rapamycin analog and 
mTOR inhibitor everolimus is able to 
cross the BBB. The seminal trial for 

this therapy in the estrogen receptor 
(ER)-positive breast cancer subtype is        
BOLERO-2, a phase III study compar-
ing the steroidal aromatase inhibitor 
exemestane, with or without everoli-
mus, in patients with advanced ER-
positive disease who had progressed 
on a nonsteroidal aromatase inhibitor. 
The addition of everolimus improved 
median progression-free survival (PFS) 
from 4.1 months to 10.6 months (haz-
ard ratio = 0.36).[49] These results have 
led to US Food and Drug Administra-
tion approval for use of everolimus in 
this setting. In patients with advanced 
HER2-positive disease, the phase III 
BOLERO-3 trial compared the efficacy 
of vinorelbine and trastuzumab with 
and without everolimus. The addition 
of everolimus improved PFS by 22%.
[50] Patients with BCBMs were ex-
cluded from both the BOLERO-2 and 
BOLERO-3 trials, however. Building 
on these promising data, everolimus 
is now being evaluated in combination 
with lapatinib and capecitabine in a 
phase Ib/II trial in patients with HER2-
positive BCBMs (ClinicalTrials.gov 
identifier NCT01783756). In a similar 
group of patients, everolimus is also 
being evaluated in combination with 
trastuzumab and vinorelbine, in single-
arm phase II study (ClinicalTrials.gov 
identifier NCT01305941).BKM120 is 
an oral, pan-PI3K inhibitor that pen-
etrates the BBB.[51] A phase I/II study 
of the combination of trastuzumab and 
BKM120 in patients who have relapsed 
on trastuzumab is underway, with 
an expansion cohort in patients with 
HER2-positive BCBMs (ClinicalTrials.
gov identifier NCT01132664).

VEGF inhibitors  
The general enthusiasm for VEGF in-
hibitors in breast cancer was damp-
ened by meta-analyses that failed to 
demonstrate an OS benefit in the met-
astatic setting, primarily in HER2-neg-
ative breast cancer. However, VEGF 
inhibitors have continued to play a role 
in the treatment of refractory glioblas-
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toma multiforme. Because of concern 
about CNS hemorrhage, most of the 
randomized studies of breast cancer 
excluded patients with a history of 
brain metastases, and none permitted 
enrollment of patients with active CNS 
disease.

We recently reported on a phase II 
trial of carboplatin and bevacizumab 
in patients with BCBMs. The major-
ity of patients in this trial had received 
prior brain irradiation and had HER2-
positive disease, with most having been 
treated previously with HER2-directed 
therapy. The primary endpoint was 
CNS ORR in patients with progres-
sive BCBMs.[52] We reported a CNS 
ORR by prespecified volumetric crite-
ria of 63%. The CNS ORR by Response 
Evaluation Criteria in Solid Tumors 
(RECIST) was 45% and the median 
number of cycles of therapy received 
was 8, suggesting that this combina-
tion is associated with a high rate of 
durable responses. Another trial in 
patients with BCBMs reported a CNS 
ORR of 60% with the combination of 
bevacizumab, etoposide, and cisplatin 
in patients who had CNS progression 
following prior WBRT.[53] However, 
because of the potential effect of beva-
cizumab on vascular permeability, one 
caution is whether the responses were 
simply an effect of reduced gadolinium 
leakiness, and thus less contrast en-
hancement, as opposed to true tumor 
regressions. Randomized trials with 
endpoints other than response will be 
required to determine the true contri-
bution of bevacizumab to clinical out-
comes in patients.

PARP inhibitors
PARP inhibitors disrupt DNA repair 
and have been developed for treat-
ment of breast and ovarian cancer. 
This class of drugs has been found to 
be particularly effective in BRCA1 and 
BRCA2 mutation–associated breast 
and ovarian cancer, and is currently 
being evaluated for use in sporadic 
TNBC and ovarian cancer.[54] Inter-

estingly, a high incidence of BCBMs 
has been observed in patients carrying 
BRCA mutations.[55] A phase I trial 
of ABT-888 with WBRT is ongoing 
and we await results of its tolerabil-
ity profile (ClinicalTrials.gov identifier 
NCT01332929).

Summary and Conclusion
BCBMs are common in patients with 
advanced breast cancer, occurring in 
half of patients with HER2-positive 
disease and TNBC. The breast cancer 
subtype is a major determinant of the 
course of the disease. Patients with 
HER2-positive metastatic breast cancer 
who receive effective HER2-directed 
therapies have had the natural history 
of their disease altered, with great im-
provements in the control of systemic 
disease; however, this has resulted in 
the growing problem of an increasing 
cumulative incidence of CNS events, 
and the need for multiple lines of 
CNS-directed therapy. Development 
of new systemic therapies for breast 
cancer—coupled with improvements 
in trial design, imaging modalities, 
and in defining and measuring clini-
cal endpoints—has led to a renewed 
interest in developing novel therapeu-
tic approaches for BCBMs. Despite the 
increasing number of trials of systemic 
therapies specific for BCBMs, however, 
local therapy options remain the cur-
rent standard of care for these patients. 
The challenge ahead is to move some 
of the promising therapies from early-
phase trials into a randomized phase II 
or III setting, to advance the standard 
of care for patients with BCBMs. To de-
crease the heterogeneity of responses, 
specific consideration will need to be 
given to the specific breast cancer sub-
type and identification of novel predic-
tive biomarkers of response.      ❍
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