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/ABSTRACT

Metastasis to the central nervous system (CNS) is a devastat-
ing neurological complication of systemic cancer. Brain me-
tastases from breast cancer have been documented to occur
in approximately 10%—16% of cases over the natural course of
the disease with leptomeningeal metastases occurring in ap-
proximately 2%—5% of cases of breast cancer. CNS metastases
among women with breast cancer tend to occur among those
whoareyounger, have larger tumors, and have a more aggres-
sive histological subtype such as the triple negative and HER2-

positive subtypes. Treatment of CNS metastases involves
various combinations of whole brain radiation therapy, sur-
gery, stereotactic radiosurgery, and chemotherapy. We will
discuss the progress made in the treatment and prevention of
breast cancer-associated CNS metastases and will delve into
the biological underpinnings of CNS metastases including
evaluating the role of breast tumor subtype on the incidence,
natural history, prognostic outcome, and impact of therapeu-
tic efficacy. The Oncologist 2013;18:675-684

Implications for Practice: With progress in more effective treatment strategies that control systemic disease and advanced di-
agnosticimaging modalities that allow for more accurate and earlier diagnosis, the incidence of central nervous system (CNS) me-
tastasesis currently ontherise. This article focuses on current management strategies available for breast cancer-associated CNS
metastases. We also summarize our current understanding about the biology of breast cancer CNS metastases and how that
knowledge is being used to improve therapeutic strategies. Whole brain radiation therapy (WBRT), surgery, and sterotactic sur-
gery remain the standard of care for CNS metastases, however, itisincreasingly being recognized that systemic therapies could be
effective. Accumulating data indicate that breast cancer subtype influences incidence and survival following a diagnosis of CNS
metastases. Recent trials have also focused on using agents geared to specific subtypes in the hope of improving prognostic out-

come following a diagnosis of CNS metastases.

INTRODUCTION

Metastasis to the central nervous system (CNS) is a devas-
tating neurological complication of systemic cancer. The
CNS is composed of the brain, spinal cord, leptomeninges,
and eyes with each component being at risk of developing
metastases from a variety of solid tumors. With progressin
more effective treatment strategies that control systemic
disease and advanced diagnostic imaging modalities that
allowformoreaccurateand earlierdiagnosis, theincidence
of CNS metastases is currently on the rise [1]. In the United
States, the annual incidence of CNS metastases is esti-
mated to be approximately 170,000 cases [2, 3] that are as-
sociated with a poor median survival of approximately 7
months even among patients with a good performance sta-
tus and controlled extracranial disease [4]. Brain metasta-
ses from breast cancer have been documented to occur in
approximately 10%—16% of cases over the natural course of
the disease [5], making breast cancer the second most com-

mon source of brain metastases lagging behind lung cancer.
The total incidence of CNS metastases associated with
breast cancer, however, may be much higher as currently
the majority of CNS metastases are diagnosed in response
to symptoms. When screening for asymptomatic CNS me-
tastases, data indicates that 14.8% of patients have occult
lesions [6], whereas autopsy dataindicate thatthe percent-
age of breast cancer-afflicted cases may be closer to 30%
[7]. Several studies have indicated that brain metastases
among women with breast cancer tend to occur among
those who are younger, have larger tumors, and have a
more aggressive histological subtype such asthe triple neg-
ative and HER2-positive subtypes [8—10]. Prognostic out-
come among patients with breast cancer and brain metastases is
poor, with 1- and 2- year survival rates estimated at 20% and 2%,
respectively [11, 12]. The rate of breast cancer-associated lepto-
meningeal metastases has been documented to range from 2%
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to 5% with autopsy studies documenting a range of approxi-
mately 3% to 6% [13].

Over the decades, various strategies have been evaluated
for the treatment of breast cancer-associated CNS metasta-
ses. Strategies have been developed aimed at improving lo-
coregional control and include various combinations of
surgery, whole brain radiation therapy (WBRT), stereotactic
radiosurgery (SRS), and chemotherapy in combination with
strategies aimed at reducing associated symptoms that arise
because of the metastatic lesions including the appropriate
use of corticosteroids to reduce peritumoral edema and anti-
convulsants to prevent recurrent seizures. In this review,
progress in the different strategies used to manage CNS me-
tastases will be discussed. The last decade has also seen signif-
icant advances in our understanding of the biology of breast
cancer-associated CNS metastases including the role of the
blood—brainbarrier (BBB), pericytes, astrocytes, and glial cells
that in combination create an environment that protects the
brain from systemic therapy used to treat the primary tumor
while allowing for colonization of metastatic disease. Our un-
derstanding of the effect of these factors on the therapeu-
tic response to developed treatment strategies will be
explored in this review. Despite advances made, the prog-
nostic outcome still remains poor once CNS metastases de-
velop and as such there has been a keen interest in
exploring possible prevention strategies that can be imple-
mented, especially among certain subtypes of breast can-
cers such as those associated with HER2-positive disease.
We will thus also review existing data and research strate-
gies currently being evaluated with regard to both primary
and secondary prevention strategies.

B10LOGY OF BREAST CANCER-ASSOCIATED
CNS METASTASES

The Blood-Brain Barrier

The BBB functions to regulate the passage of regulatory pro-
teins, nutrients, neurotoxins, and electrolytes [14], as well as
to prevent CNS entry of a number of chemotherapeutic and
moleculartargeted agents. Furthermore, it containsanumber
of efflux pumps (e.g., P-glycoprotein) that can actively remove
chemotherapeutic agents [15]. Collectively, the functions of
the BBB allow the CNS to function as a sanctuary site for the
seeding of metastases. As such, there has been akeeninterest
inlooking at waysto disruptthe BBBto allow foragententryto
subsequently enhance therapeutic efficacy.

Several interesting observations about the BBB have been
made. First, as metastatic lesions within the brain grow be-
yond 1 mm, the BBB becomes functionally comprised [16],
and this may be more so within certain subtypes of breast can-
cers. Yonemoriand colleagues [17] evaluated the BBB on a co-
hort of 29 patients, with breast cancer whose brain
metastases was resected, by performing immunohistochemi-
cal staining for glucose transporter 1 (GLUT1) and breast can-
cer-resistance protein (BCRP). The investigators noted that
disruption of the BBB was more often observed among pa-
tients with triple receptor negative breast cancer and more of-
ten preserved among patients with HER2-positive breast
cancer. Second, evidence is accumulating that radiotherapy
can affect the permeability of the BBB [18]. In a pilot study,
Stemmler and colleagues [19] measured serum and cerebro-
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spinal fluid (CSF) trastuzumab (a monoclonal antibody that is
too large to cross the BBB) before and after radiotherapy
among six patients with breast cancer and brain metastases.
The authors reported a serum to CSF trastuzumab level ratio
of420:1 preradiotherapyand 76:1 postradiotherapy. Further-
more, the ratio was reported as 49:1 postradiotherapy if there
was evidence of concomitant leptomeningeal disease. Collec-
tively, the results indicate that increased penetration of
monoclonal antibodies such as trastuzumab may be observed
when BBB s disrupted by either radiotherapy or by the cancer
itself. Third, although large molecules such trastuzumab are
unableto crossanintact BBB, thereis preclinical as well as lim-
ited clinical evidence that smaller tyrosine kinase inhibitor
molecules such as lapatinib can cross the BBB [20-22].

Drawing on the above observations, one could hypothe-
size that when treatment of CNS metastases with systemic
agents, timing of administration of the agent (e.g., following
radiation therapy) and the subtype of breast cancer, both of
which dictate BBB permeability, are important. However, de-
spite all the preclinical and clinical evidence to suggest in-
creased penetration of therapeutic agents upon disruption of
the BBB, this may not always translate into increased thera-
peutic efficacy toward CNS metastases. For example, one of
the lowest CNS to blood ratios is observed for temozolamide
[23], which is considered one of the most effective agents for
the treatment of primary CNS tumors, indicating that thera-
peutic efficacy may depend on notonly penetration of the BBB
but also properties of the agent under investigation as well as
sensitivity of the tumor to that agent.

Genes Mediating CNS Metastases

Gene expression analysis of cells that preferentially infiltrate
the brain isolated from patients with advanced disease has
identified several mediators of cancer cell passage through
BBB [24]. These include cyclooxygenase (COX)-2 and epider-
mal growth factor receptor (EGFR) ligand HBEGF that have
also been linked to the development of pulmonary metasta-
ses. STEGALNACS (asialyltransferase) has also been identified
that specifically mediates brain metastases through promo-
tion of breast cancer cellsthroughthe BBBand allowing foren-
hanced adhesion to brain endothelial cells.

The Influence of Breast Cancer Subtype

One of the mostimportant advances in breast cancer over the
past 2 decades has been the understanding that breast cancer
is not a homogenous disease but a heterogeneous one made
up of at least four different subtypes. These include luminal
subtypes that are predominantly hormone receptor-positive,
HER2-enriched subtype, and the basal-like subtype that is
largely devoid of expression of hormone receptor and HER2
receptor (triple negative), each having a unique natural his-
tory and prognostic outcome [25]. Accumulating data from
retrospective studies indicate that these molecular subtypes
also influence incidence of and survival following develop-
ment of brain metastases. Kennecke and colleagues [26] re-
ported on 3,726 women with early breast cancer diagnosed
between 1986 and 1992 that had been referred to the British
Columbia Cancer Agency. The authors reported lower 15-year
cumulative incidence rates of brain metastases among pa-
tients with luminal subtype breast cancer, whereas those with
HER2 positive/hormone receptor negative disease and those
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with basal-like tumors had higher rates of 14.3% and 10.9%,
respectively. Berghoff and colleagues [27] recently reported
on the interval from the diagnosis of extracranial metastases
to the development of brain metastases stratified by breast
tumor subtype in a cohort of 213 women with metastatic
breastcancer between 1996 and 2010. The authorsreporteda
brain metastases-free survival of 14, 18, and 34 months
among patients with triple negative, HER2-positive, and lumi-
naltumors, respectively. The introduction of trastuzumab has
also impacted the incidence of brain metastases among
women with HER2-positive breast cancer as a result of better
control of extracranial disease and the fact that the large mo-
lecular size of trastuzumab inhibits its penetration through
the BBB, allowing making the CNS a sanctuary site for seeding
of disease. Using data derived from the Parma Province Can-
cer Registry in Italy, Musolino and colleagues [28] reported
that, among women with HER2-positive early-stage breast
cancer who did not receive trastuzumab, 1.6% developed
brain metastases, whereas 10.5% of those with HER2-positive
breast cancer who received trastuzumab developed brain me-
tastases. A meta-analysis of the three large randomized clini-
caltrials (NSABP B-31, NCCTG N9831, and HERA) investigating
adjuvant trastuzumab among women with HER2-positive
early stage breast cancer has also shown a significantly in-
creased incidence of brain metastasesin the trastuzumabarm
of the studies (relative risk 1.57, 95% confidence interval
1.03-2.37; p = .033), without significant heterogeneity (p =
.27)and areported absolute difference of .62 [29]. This trans-
lated into having to treat over 160 patients with HER2-pos-
itive disease to observe one CNS event.

Survival following development of brain metastasesis also
influenced by breast tumor subtype with cause of death
among women with triple negative breast cancer and brain
metastases attributed primarily to progression of extracranial
metastases, whereas up to 50% of patients with HER2-positive
breast cancer and brain metastases die of progressive disease
in the CNS [30]. In a recent study, Vern-Gross and colleagues
[31] reported on patterns of failure and survival following
gamma-knife radiosurgery of breast cancer-associated brain
metastases. At a median follow-up of 54 months, the authors
reported a median overall survival of 7,9, 11, and 22 months
among patients with basal, luminal, HER2, and luminal/HER2
breast tumor subtypes, respectively (p = .001). Furthermore,
the authors observed that breast cancer subtype did not pre-
dict for local failure (i.e., at the site of gamma-knife radiosur-
gery), but did significantly predict for distant brain failure (i.e.,
at a site in the brain away from the original site of radiosur-
gery). In a recent study by Sperduto and colleagues [32], the
investigators put forth the breast-graded prognostic assess-
ment tool (Breast-GPA) that is able to predict prognostic out-
come following a diagnosis of brain metastases based on
factors such as age, KPS, hormone receptor status, and HER2
status. The investigators were able to show a clear separation
in prognostic outcome between different subgroups of pa-
tients with breast cancer and brain metastases indicating that
heterogeneity exists in the natural history following the develop-
ment of brain metastases. When taken together, the data indi-
cate that, in the setting of brain metastases, it may be prudent to
design clinical trials that will explore individualized treatment op-
tions with the goal of attaining the best prognostic outcome.
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SYMPTOMATIC MANAGEMENT OF CNS METASTASES

Several symptoms are associated with the presence of CNS
metastases, which include those caused by the development
of peritumoral edema (headache, nausea, vomiting, and men-
tal status changes) and seizures. Reduction of the pressure ef-
fects caused by peritumoral edemais achieved with the use of
corticosteroids. Ryken and colleagues conducted a systemic
review of available evidence on how best to use corticoste-
roids in this setting [33]. Among patients with symptomatic
brain metastases, a startingdose of 4—8 mg/day of dexameth-
asone should be considered. Higher doses such as 16 mg/day
or more can be considered among those exhibiting severe
symptoms consistent with increased intracranial pressure.
Duration of corticosteroid administration was also addressed
with the consensus that the duration of treatment should be
individualized based on symptoms, and that tapering of dose
should be conducted slowly over a minimum 2-week time pe-
riod. Concurrent administration of trimethoprim—sulpha-
methaxozole should also be considered during prolonged
administration of corticosteroids for the prevention of pneu-
mocystis carinii pneumonitis.

Patients presenting with seizures should be treated with
anticonvulsants such as phenytoin, carbamezapine, and so-
dium valproate [34]. Currently, there is no data to indicate
clear and robust benefits from the routine prophylactic use of
anticonvulsants. Therefore, routine use of anticonvulsants
among patients with brain metastases who do not have sei-
zures is not recommended [35].

LoCAL THERAPEUTIC STRATEGIES
There are currently no published guidelines to specifically
guidethetreatment of CNS metastasesthatariseinthe setting
of breast cancer. Published treatmentalgorithms are targeted
to patients with CNS metastases from a variety of solid tumors
and are derived from studies in which the majority of patients
enrolled had non-small cell lung cancer (currently the most
common cause of brain metastases). From the current avail-
able evidence, it is not entirely clear whether the standard
available treatments of whole brain radiation therapy
(WBRT), surgery, and stereotactic radiosurgery (SRS) are
equally efficacious in breast cancer compared with other solid
tumors, and whether efficacy is the same within the different
subtypes knownto exist for breast cancer. Guidelinesfrom the
National Comprehensive Cancer Network (NCCN) are pub-
lished and updated yearly that provide algorithms to guide
treatments of patients with CNS metastases based on factors
such as presenting performance status, number of brain me-
tastases, and status of control of extracranial disease. Table 1
summarizes the most current NCCN recommendations [36].
The treatment goals of patients with CNS metastases in-
clude palliation of symptoms, control of neurological disease,
good quality of survival, and if possible, prolongation of sur-
vival. The number of brain metastases at presentation also
heavily influences treatment strategies. WBRT has tradition-
ally been the gold standard of treatment for brain metastases
with its ability to cytoreduce metastatic deposits visible radio-
logically as well asto protect the rest of the brain from possible
nonvisible micrometastatic disease. The landmark trial by
Patchell and colleagues [37] randomized 48 patients (3 of
whom had breast cancer) with single brain metastases to ei-
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Table 1. Summary of NCCN recommendations for
treatment of brain metastases

Type of CNS

metastases NCCN recommendations

1to 3 brain Surgery or SRS

METEEEREE Consider WBRT following surgery or SRS
WBRT alone if advanced systemic disease

>3 brain Consider SRS in selected cases

metastases

WBRT

Radiation therapy for palliation of
symptoms, to sites of bulky disease and for
CSF flow abnormalities

Leptomeningeal
metastases

CSF chemotherapy or high-dose
methotrexate

May consider craniospinal irradiation

Abbreviations: CNS, central nervous system; CSF, cerebrospinal
fluid; NCCN, National Comprehensive Cancer Network; SRS,
stereotactic radiosurgery; WBRT, whole brain radiation therapy.

ther surgery of the metastases and WBRT or WBRT alone. The
investigators showed that local control (80% vs. 48%, p < .02)
and median overall survival (40 vs. 15 weeks, p <.01) was bet-
ter in the combination arm. The impact of combining SRS to
WBRT has also been investigated in prospective clinical trials
[38, 39]. In the RTOG, 9,508 trial patients with newly diagnosed
one to three brain metastases were randomly assigned to SRS
and WBRT or WBRT alone [36]. The authors reported improved
functional autonomy for all patients in the combination arm and
a survival benefit for patients with single unresectable brain me-
tastasis who received SRS and WBRT. However, several ques-
tions still remain about the optimal strategy for treating brain
metastases, which are addressed below.

Does the Addition of WBRT to Local Therapy

Improve Outcome?

Table 2 summarizes the key clinical trials that have addressed
the question of whether WBRT improves outcomesamong pa-
tients with brain metastases undergoing local therapy with ei-
ther surgery or SRS [40—-44]. In the study by Patchell and
colleagues [40], 95 patients (9 of whom had breast cancer)
with solitary brain metastases were randomized to either sur-
gery alone or surgery and WBRT. The investigators reported a
significant decrease in locoregional recurrence (18% vs. 70%,
p <.001) and decrease in rate of death from neurological dis-
ease (14% vs. 44%, p < .003) among patients who received
combination treatment; there was no significant difference in
overall survival or length of time that patients remained func-
tionally independent observed between the two groups. Sim-
ilarly, in a more recent study, Kocher and colleagues [44]
randomized 359 patients with one to three brain metastases
(42 of whom had breast cancer) who had either undergone
surgery or SRS to either WBRT or observation. The investiga-
tors reported a significant decrease in locoregional recur-
rence (48% vs. 78%, p < .001) and death rate from
neurological disease (28% vs. 44%, p = .002). However, the
percentage of patients remaining alive and functionally inde-
pendent at 2 years and median overall survival was not signif-
icantly different between the two groups. Taken collectively,
data from prospective clinical trials indicate that the addition
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of WBRT to either surgery or SRS reduces intracranial failure
without significantly impacting the overall survival. The ques-
tion that arises then is whether everyone requires WBRT follow-
ing local therapy (surgery or SRS)? In the realm of breast cancer,
there is no clinical trial to address this question. One could hy-
pothesize that subtypes of breast cancer that are more aggres-
sive, such as triple receptor negative breast cancer, would have a
higher rate of intracranial relapse that could impact overall sur-
vival, whereas patients with the HER2-positive subtype who, in
the era of anti-HER2 therapy, have good systemic control of dis-
ease, live alotlonger, and could be comfortably managed should
intracranial relapse occur (after close surveillance) with salvage
therapy. Similarly possible long-term neurocognitive toxicities
from WBRT may be more relevant among patients with subtypes
of breast cancer who live longer than the more aggressive triple
receptor negative subtype. It would be important for future clin-
ical trials to address these issues specific to breast cancer-associ-
ated CNS metastases.

Can We Improve the Efficacy of WBRT?

Asignificant proportion of patients will be candidates only for
WBRT, making it attractive to look at ways to improve its effi-
cacy. Several clinical trials have looked at the question of dif-
ferent total doses and fractionation schedules to improve the
outcome of WBRT. To date, none of the trials have demon-
strated a meaningful improvement of survival or palliative ef-
fect [45]. More recent trials have explored the efficacy of an
accelerated fractionation schedule and have reported some
advantages in terms of intracranial control [46, 47]. The com-
bination of WBRT and systemic therapy has also been investi-
gated. Suh and colleagues [48] looked at the addition of
efaproxiral (which enhances tumor oxygenation and radiation
sensitivity) to WBRT. In the overall cohort, no difference was ob-
served with the addition of efaproxiral in terms of survival and
death by neurological progression. However, the authorsnoted a
significant benefit with addition of efaproxiral in terms of re-
sponse rate and survival among patients with breast cancer. Ina
phase Il randomized clinical trial, WBRT was compared with
WBRT plus concomitant temozolamide among 134 patients with
brain metastases from a variety of primary tumors [49]. The au-
thors reported an improved response rate (53.4% vs. 33.3%),
time to progression (7.4 vs. 5.9 months, p = .0007), and median
survival (7.9 vs. 4.3 months) among patients who underwent
WBRT and temozolamide compared with those who received
only WBRT. However, it should be noted that this trial has only
been presented in abstract form and that 82% of patients had
non-small cell lung cancer, and thus the precise efficacy of this
regimen among patients with brain metastases and breast can-
ceris unknown. Other agents such as carboplatin [50], topotecan
[51], thalidomide [52], and capecitabine [53] have also been in-
vestigated in randomized clinical trialsin combination with WBRT
with minimal, if any, benefit observed.

What Is the Best Strategy for Five or More

Brain Metastases?

Thereis currently no level-one evidence for the use of SRSamong
patients with multiple brain metastases. Most of the available
dataareretrospectivein nature. The available datasofarindicate
two things. First, retrospective data indicate that among patients
with multiple brain metastases those treated with SRS alone
(compared with those treated with WBRT alone) had longer
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Table 2. Randomized clinical trials of local therapy (surgery or stereotactic radiosurgery) with and without whole brain

radiation therapy

Number of Number of Number of

brain patients breast cancer Brain failure WBRT Death from neurologic
Clinical trials metastases enrolled patients (yes vs. no) cause WBRT (yes vs. no) Overall survival WBRT (yes vs. no)
Patchell et al. [40] Single 95 9 18%vs.70%, p < .0001 14%vs. 44%, p = .003 48vs.43 wk, p = .39
Aoyama et al. [41] 1-4 132 9 46.8% vs. 76.4%, p < .001 22.8%vs.19.3%, p = .64 30vs. 32wk, p = .42
Roos et al. [42] Single 19 0 30%vs. 78%, p = .12 30%vs. 78%, p = .12 36.8vs. 24.8 wk, p = .99
Changetal. [43] 1-3 58 8 27%vs. 73%, p = .0003 Not significant 22.8vs.60.8 wk, p =.003
Kocher et al. [44] 1-3 359 42 48% vs. 78%, p < .001 28%vs. 44%, p = .002 43.6vs.42.8wk, p = .89

Abbreviation: WBRT, whole brain radiation therapy.

overall survival, low morbidity, and good quality of life [54-57].
Second, accumulating data indicate that among patients treated
with SRS the number of brain metastases may not necessarily
predict survival [58 —60]. Interestingly, despite lack of any pro-
spective data, results of a survey conducted among radiosur-
geonsin 2010 indicated that more than half of the participantsin
the survey considered it reasonable to use SRS as the initial treat-
ment of choice among patients with five or more brain metasta-
ses [61]. The best strategy would probably be to individualize a
treatment plan based on factors such as tumor type, perfor-
mance status, and extent of extracranial disease.

... retrospective data indicate that among patients
with multiple brain metastases those treated with
SRS alone (compared with those treated with WBRT
alone) had longer overall survival, low morbidity, and
good quality of life. Second, accumulating data indi-
cate that among patients treated with SRS the num-
ber of brain metastases may not necessarily predict
survival.

Does Breast Tumor Subtype Influence Efficacy of
WBRT and Local Therapy?

Currently, there are no prospective data to suggest a differen-
tial impact of breast tumor subtype on the efficacy of WBRT
and local therapy. Two prospective studies among patients
with HER2-positive breast cancer and brain metastases who
received WBRT concurrently with an anti-HER2 agent (lapa-
tinib andtrastuzumab) have reported an overall response rate
of approximately 70% [62, 63]. Retrospective studies have eval-
uatedtheimpact of breast tumor subtypes on outcomefollowing
SRS [64, 65]. O’Meara and colleagues [65] reported that the de-
velopment of brain metastases following SRS was significantly
lower among patients with HER2-positive disease compared
with those with HER2-negative disease (1-year rate 56% vs. 85%,
p = .03). However, whether this is more a function of patients
with HER2-positive disease living longer because of better con-
trol of extracranial disease or whether itis a true impact of breast
tumor subtype on SRS efficacy is unknown.

SYSTEMIC THERAPIES FOR CNS METASTASES

There are currently no systemic agents approved by the Food
and Drug Administration (FDA) for the treatment of brain me-
tastases arising from breast cancer. Traditionally, chemother-
apy has played a limited role in the treatment of brain
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metastases among patients with breast cancer because of the
fact that it was believed that most agents could not cross the
BBB. With a better understanding that the BBB is at least par-
tially disrupted in brain metastases, the fact that responses of
brain metastases to chemotherapy have been reported in
breast cancer and the inclination to avoid the development of
long-term neurotoxicities associated with WBRT among pa-
tients with certain breast tumor subtypes who live longer,
there is now a revived interest in investigating the role of che-
motherapy as theinitial treatment of brain metastases among
patients with breast cancer [66—69]. Rosner and colleagues
[66] reported one of the earlier studies looking at the efficacy
of systemic chemotherapy on brain metastases. The investi-
gators reported on 100 consecutive patients with breast can-
cer and symptomatic brain metastases treated with systemic
chemotherapy (CFP: cyclosphosphamide [C], 5-fluoruracil [F],
prednisone [P]; CFP-MV: methotrexate [M], vincristine [V];
MVP and CA: Adriamycin [A]) among whom an objective re-
sponse was demonstrated in approximately 50% of cases. Me-
dian duration of response was reported to be more than 10
months among patients exhibiting a complete response and 7
months among patients exhibiting a partial response. Boog-
erd and colleagues [69] recently reported on a retrospective
study of 115 breast cancer patients who underwent surgery,
WBRT, WBRT and systemic chemotherapy, or systemic che-
motherapy alone as initial treatment for their brain metasta-
ses. Systemic therapy used included CMF, FAC, taxanes,
capecitabine,and hormonetherapy. Theauthorsreportedare-
sponse rate of 100%, 85%, 87%, 70%, and 14% among patients
who had undergone surgery, WBRT, WBRT and systemic ther-
apy, chemotherapy, or hormone therapy, respectively. Time to
neurological progression among patients who had received che-
motherapy alone was approximately 8 months. Currently, there
are no large prospective clinical trials that have looked at sys-
temictherapy as theinitial treatment of brain metastases among
patients with brain metastases. Several trials have included
smaller breast cohorts who may have received prior WBRT.
These studies have reported CNS response rates of up to 40%
[70]. Astudy that evaluated the use of high dose methotrexate in
a cohort largely composed of breast cancer patients noted a dis-
ease control rate of 56% [71]. Temozolomide, an alkylating agent
known to be active in primary brain tumors, has also been inves-
tigated prospectively as either a single agent or in combination
with other chemotherapeutic agents [72, 73]. In a multicenter
phase Il study, Siena and colleagues [72] reported on the efficacy
of temozolamide among patients with a variety of solid tumors
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Table 3. Summary of key studies looking at the combination of lapatinib and capecitabine for the treatment of brain
metastases among patients with HER2-positive breast cancer who had progressed following WBRT

Number of Overall CNS response

Study Type of study patients rates TTP/PFS
Boccardo et al. [79] Lapatinib expanded access program (France) 138 18% NR
Linetal.[21] Prospective 50 20% 3.5mo
Sutherland et al. [80] Lapatinib expanded access program (U.K.) 34 21% 5.1 mo
Metro et al. [81] Retrospective 22 32% 5.1mo
Linetal. [82] Prospective 13 38% NR
Roetal. [83] Lapatinib expanded access program (Korea) 58 51.9% 30.4 wk

Abbreviations: CNS, central nervous system; NR, not reported; PFS, progression free survival; TTP, time to progression of brain metastases; WBRT,

whole brain radiation therapy.

(including breast cancer) who had brain metastases. Among the
157 patients evaluated, the authors reported a 6% and 20% par-
tial response and stable disease, respectively, in the brain.
Among patients with breast cancer, the authors reported a me-
dian progression-free survival of 58 days. Christodoulou and col-
leagues [73] evaluated the efficacy of the combination of
temozolamide and cisplatin among 32 patients with a variety of
solid tumors (including breast cancer) and brain metastases. The
authors reported that the combination was well-tolerated and
with a partial response and stable disease reported in 28.1% and
16% of cases, respectively. Newer agents such as epothilones
(e.g., patupilone and sogapilone) have also been investigated for
the treatment of brain metastases arising from breast cancer
with CNS response rates of 13%—-19% and time to progression of
CNS disease of 1.4-2.8 months reported [74, 75].

Patients with HER2-positive breast cancer with brain me-
tastases constitute a unique cohort where the introduction of
the monoclonal antibody trastuzumab has changed the natu-
ral history of this disease. Several retrospective studies indi-
cate that use of trastuzumab not only increased the time to
development of brain metastases but also has improved sur-
vival following the development of brain metastases [64, 76,
77].Trastuzumabisalarge monoclonal antibody thatis known
to be too large to cross the BBB. Its exhibited efficacy among
patients with brain metastases is likely a result of a combina-

Patients with HER2-positive breast cancer with brain
metastases constitute a unique cohort where the in-
troduction of the monoclonal antibody trastuzumab
has changed the natural history of this disease. Sev-
eral retrospective studies indicate that use of trastu-
zumab notonlyincreased the time to development of
brain metastases but also has improved survival fol-
lowing the development of brain metastases.

tion of increased control of extracranial disease as well-lim-
ited penetration through the BBB secondary to disruption of
the BBB by the metastases and WBRT. Smaller molecules such
asthetyrosine kinase inhibitor lapatinib can cross the BBB and
hasbeen shownin preclinicalmouse modelstoreduce thessize
of HER2-positive brain metastases. Two prospective phase Il
clinical trialsamong patients with HER2-positive breast cancer
and brain metastases who had progressed after WBRT evalu-
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ated the use of single agent lapatinib where objective re-
sponse rates of 2.6%—6% and a progression-free survival of
2.6—-3 monthswasreported[21, 78]. The combination of lapa-
tinib and capecitabine has also been evaluated in several pro-
spective, retrospective, and observational studies where
overall CNS response rates (using different response criteria)
ranged from 18%t051.9% (Table 3) [79—-83]. Inarecentstudy,
Bachelot and colleagues [22] reported on a phase Il study of
patients with HER2-positive breast cancer and newly diag-
nosed brain metastases who were given a combination of
lapatinib and capecitabine. The authors reported an impres-
sive overall CNS response rate of 65.9% and a median time to
CNS progression of 5.5 months (Fig. 1).

Several novel agents are currently being investigated
among patients with breast cancer and brain metastases. Be-
vacizumab, a monoclonal antibody known to be effective in
the treatment of glioblastoma multiforme, is being investi-
gated in combination with carboplatininaphasell clinical trial
(ClinicalTrials.govidentifier: NCT01004172). Similarly, a phase
Il clinical trial of the combination trastuzumab, vinorelbine,
and the mTOR inhibitor everolimus is currently under way
among patients with HER2-positive breast cancer and brain
metastases (ClinicalTrials.gov identifier: NCT01305941). The
PARP inhibitors ABT-888 (veliparib) and iniparib are also being
evaluated. GRN1005 (a peptide-drug conjugate consisting of
three molecules of paclitaxel conjugated to a 19-amino acid pep-
tide) is known to penetrate the BBB by targeting low-density lipo-
protein receptor-related protein 1 that is expressed on the
surface of the BBB. Preclinical evidence indicated that the uptake
ofthisagentinthe brain was 54 times that of paclitaxel [84] and a
phase | trial of 48 patients with heavily pretreated brain metasta-
sesshowed an overall objective response rate of 71% [85]. Unfor-
tunately, preliminary results of the first 30 patients enrolled inan
open-label phase I trial exploring the efficacy of thisagentamong
patients with breast cancer and brain metastases did not reveal
any confirmed intracranial responses [86]. Development of this
drug in the setting of brain metastases has been halted. Other
novel agents that are designed specifically to penetrate the BBB
that are currently being investigated in the treatment of patients
with brain metastases include 2B3-101, a glutathione-pegylated
liposomal doxorubicin that is being investigated in a phase | set-
ting (ClinicalTrials.gov identifier: NCT01386580) and TPI-287, a
third-generation taxane designed to avoid the multidrug resis-
tance (MDR)-1 protein drug efflux mechanism, is currently being
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Figurel. Flowdiagramrepresenting prospective trialsinvestigating lapatinib among patients with metastatic breast cancer (A) prior to
development of brain metastases [81], (B) immediately following the diagnosis of newly diagnosed brain metastases [20], or (C) follow-

ing progression of disease following WBRT [21].

Abbreviations: C, capecitabine; CNS, central nervous system; L, lapatinib; TTP, time to progression of brain metastases; WBRT, whole

brain radiation therapy.

evaluated in a phase Il trial of patients with breast cancer and
brain metastases (ClinicalTrials.gov identifier: NCT01332630).

PREVENTION STRATEGIES: ARE WE THERE YET?

Despite all the strategies described so far for the treatment of
patients with breast cancer and brain metastases, the prog-
nosticoutcome in this cohort still remains poor. Thereisthusa
keen interest to explore strategies for the prevention of brain
metastases especially in groups who are at particularly high
risk of developing brain metastases such as those with triple
negative breast cancer and HER2-positive disease. Prophylac-
tic WBRT may be one strategy to consider. Niwinska and col-
leagues [87] reported on a cohort of 80 patients with HER2-
positive disease in which WBRT was delivered to patients who
had either occult (asymptomatic) CNS metastases or symptom-
atic CNS. Interestingly, the authors reported a significant reduc-
tion in rate of cerebral death in the cohort with occult CNS
metastases (16% vs. 48%, p = .009) with no difference in overall
survival between the two groups. However, prophylactic WBRT
should be viewed with caution, especially because more patients
are living longer with metastatic disease. Huang and colleagues
[88] reported on a prospective trial that used prophylactic WBRT
in patients with breast cancer. The authors reported that among
10 patients who received prophylactic WBRT, three lived long
enough to develop significant cognitive decline.

Agents such as lapatinib are also being exploredin the pre-
vention strategy. The results from the trial by Bachelot and
colleagues [22] on the use of lapatinib before WBRT were im-
pressive. Currently, the ALTTO (adjuvantlapatinib and/or tras-
tuzumab treatment optimization) trial that uses lapatinib in
the adjuvant setting hasincluded CNS recurrence as a second-
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ary endpoint. Pivot and colleagues [89] recently reported on a
phase lll trial of 540 patients with HER2-positive metastatic
breast cancer with no brain metastases (screened by MRI)
who were randomized to either lapatinib and capecitabine or
trastuzumab and capecitabine (Fig. 1). The primary endpoint
was the incidence of CNS metastases as the first site of recur-
rence. The authors reported a similar incidence of CNS metas-
tasesasthefirstsite of relapse betweenthe two groups (3%vs.
5%, p = .36) and a median progression free and overall sur-
vival that favored the trastuzumab/capecitabine group.

MANAGEMENT OF LEPTOMENINGEAL METASTASES

Incidence of leptomeningeal metastases occurs in approxi-
mately 2%—-5% of patients with breast cancer. Median survival
of patients with untreated leptomeningeal metastases is ap-
proximately 4—6 weeks [90]. The definitive method of estab-
lishing a diagnosis of leptomeningeal metastases is through
confirmation of malignant cells in the CSF obtained via a lum-
bar puncture. Management of patients with leptomeningeal
metastases is complex with most data derived from small non-
randomized and retrospective studies. Radiotherapy used in the
setting of leptomeningeal metastases is used primarily for pallia-
tion of symptoms, to decrease bulky disease, and to correct CSF
flow abnormalities, with whole neural axis radiation rarely indi-
cated having never been demonstrated to improve survival com-
pared with chemotherapy. Surgery in the setting of
leptomeningeal metastases is indicated mainly for the place-
mentofanintraventricular catheter for drugadministration, ven-
triculoperitoneal shunting among patients with symptomatic
hydrocephalous for resection of concurrent large symptomatic
brain metastases. Systemic chemotherapy such as high-dose
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Table 4. Case reports of intrathecal trastuzumab among patients with HER2-positive breast cancer and leptomeningeal

carcinomatosis

Dose of intrathecal Weeks of intrathecal Survival

Study Intrathecal agents used trastuzumab trastuzumab (mo)
Platini et al. [92] Trastuzumab/thiotepa 25 mg 24 21

Mir et al. [93] Trastuzumab 100 mg 6 7
Mego et al. [94] Trastuzumab/cytarabine/methotrexate 40 mg 6 13.5
Casel

Mego et al. [94] Trastuzumab/cytarabine/methotrexate 100 mg 6 6

Case 2

Oliveira et al. [95] Trastuzumab 25 mg 67 27

methotrexate has been shown to have clinical activity in the set-
ting of breast-associated leptomeningeal carcinomatosis [91].
Several systemic combination strategies are being explored in
this setting. Currently, a phase Il study of high-dose systemic
methotrexate and intrathecal liposomal cytarabine among pa-
tients with breast cancer and leptomeningeal disease (with or
without brain parenchymal disease) is ongoing (ClinicalTrials.gov
identifier: NCT00992602). A phase Il study exploring the combi-
nation of bevacizumab with etoposide and cisplatin is currently
being investigated among patients with breast cancer with brain
metastases and/or leptomeningeal disease (ClinicalTrials.gov
identifier: NCT01281696).

Agentsthat have beeninvestigated forintrathecal chemo-
therapy include cytarabine, thiotepa, and methotrexate. Cur-
rently, NCCN guidelines recommend 4—6 weeks of induction
intrathecal chemotherapy followed by maintenance treat-
ment among those who respond. Over the last decade, there
hasbeenanincreasinginterestin exploringintrathecal admin-
istration of trastuzumab among patients with HER2-positive
breast cancer and leptomeningeal metastases. Case reports
of intrathecal trastuzumab have indicated good improvement
in neurological symptoms with overall survival ranging from 6
to 27 months (Table 4) [92-95]. This complex and devastating
disease is in urgent need of new efficacious modalities of
treatment. Multiple case reports have demonstrated potential
efficacy of intrathecal trastuzumab; two phase I/ clinical trials
(one conducted by Institut Curiein France [ClinicalTrials.goviden-
tifier: NCT01373710] and the second conducted by Northwest-
ern University in the United States [ClinicalTrials.gov identifier:
NCT01325207]) are currently actively recruiting patients and
the results are eagerly awaited.

CONCLUSION

The CNS remains a sanctuary site for metastases among pa-
tients with breast cancer. Improvements in the management
of women with breast cancer and enhanced diagnostic imag-
ing hasled not only to anincreasingincidence of CNS metasta-
ses in this cohort but also to the recognition that CNS
metastases is developing because women with breast cancer
are living longer. We now have a better understanding of the
biology of breast cancer-associated CNS metastases with its
natural course in all probability being strongly influenced by
the subtype of breast cancer. Although WBRT, surgery, and
SRS remain the standard of care for these patients, it is in-
creasingly being recognized that systemic therapies could be
effective. In particular, results from phase Il trials have shown
anti-HER2-directed combination therapies prolong time to pro-
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gression when administered either before or after WBRT. How-
ever, several important questions remain to be answered. Will
CNS screening programs targeted at patients with certain sub-
types of breast cancer, known to have a high prediction for CNS
metastases, have an overall impact on long-term outcome?
What is the best way to manage patients with occult (i.e., asymp-
tomatic CNS metastases)? As and when the results of trials ex-
ploring novel agents become available, how will we best
incorporate them with local treatment strategies? There is abso-
lutely no doubt that we have come along way in our understand-
ing of the biology of this disease. As the overall survival of patients
with breast cancer is improving with the introduction of several
efficacious chemotherapeutic and biological agents, we are be-
coming more aggressive in our management of CNS metastases
in the hope of improving prognostic outcome. Future clinical tri-
als should be designed taking into account breast tumor subtype
that clearly influences both incidence and outcome. Strategies
aimed at prevention and treatment should be developed. Fur-
thermore, although the incidence of CNS metastases among pa-
tients with breast cancer appears to be on the rise, it is still low,
and meaningful results can only be derived from international
multicenter clinical trials; thus, collaborative efforts in the study
of this disease will be vital. In addition, it will be imperative not
only to explore CNS efficacy of existing agents but also to develop
novel agents specificto the treatment and prevention of CNS me-
tastases. It has taken us almost 2 decades to realize that breast
cancer is not one disease but a conglomerate of diseases, each
with a unique natural history. The way to move forward now is
notonlytorealize that CNS metastases arising from breast cancer
is a separate distinct entity from that arising from other solid tu-
mors and thus deserves to be studied separately but also to rec-
ognize that CNS metastases arising from each subtype of breast
cancer hasitsunique natural history. Inthe meantime, treatment
of patients with breast cancer and CNS metastases should be in-
dividualized, taking into consideration several factors including
performance status, burden of systemic disease, breast tumor
subtype, and associated CNS symptoms.
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