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INTRODUCTION

After lung cancer, metastatic breast cancer is the second most common cancer associated with
brain metastases in the United States [1]. As patients with advanced breast cancer live longer,
the incidence of brain metastases appears to be increasing, with one meta-analysis suggesting
that approximately one-third of patients with human epidermal growth factor receptor 2
(HER2)-positive, one third of those with triple-negative, and 15 percent of those with hormone
receptor-positive, HER2-negative metastatic breast cancer will develop brain metastases [2]. In a
subset of women, progression in the CNS has become the major life-limiting problem.

The risk factors, prognosis, and management of brain metastases in breast cancer are
presented here. An overview of the presentation, diagnosis, and management of brain
metastases (across tumor types) is discussed separately.

* (See "Epidemiology, clinical manifestations, and diagnosis of brain metastases".)
e (See "Overview of the treatment of brain metastases".)
* (See "Treatment of leptomeningeal disease from solid tumors".)

RISK FACTORS FOR CENTRAL NERVOUS SYSTEM METASTASES

Advanced stage at diagnosis — The risk of central nervous system (CNS) relapse among
patients with breast cancer varies significantly by disease stage. Among women presenting with
early-stage breast cancer, fewer than 3 percent will develop brain metastases [1,3]. By contrast,
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symptomatic brain metastases are diagnosed at time of initial diagnosis in 10 to 16 percent of
patients with metastatic breast cancer [1,4].

Breast cancer subtype — Breast cancer subtype is associated with the incidence of brain
metastases [3,5-17].

In a cohort study of 1434 women treated with breast-conserving therapy plus systemic
chemotherapy, brain metastases developed in 36 (2.5 percent) [3]. However, the risk of brain
metastases at 10 years differed by breast cancer subtype:

* Luminal A - 0.7 percent

Luminal B - 12 percent

Luminal human epidermal growth factor receptor 2 (HER2)-positive - 8 percent

HER2 - 12 percent

Triple-negative - 7 percent

Specific considerations regarding HER2-positive and triple-negative subtypes are discussed
below.

* HER2-positive disease - Over time, up to one-half of patients with HER2-positive,
metastatic breast cancer will develop brain metastases [18]. The brain is frequently
reported as the first site of relapse in women with HER2-positive breast cancer treated
with trastuzumab, whether administered in the adjuvant [19,20] or metastatic settings [6-
10]. However, the relationship between CNS events and receipt of HER2-directed agents
(eg, trastuzumab) for women with HER2-positive metastatic breast cancer is not clear.
Because trastuzumab was shown to reduce recurrence rates in the adjuvant setting, the
higher rate of CNS events is related to the increased survival of patients, a biologic
predilection for CNS metastases, and a relative "sanctuary site" in the CNS [11].

The association between the use of trastuzumab and CNS events is illustrated in these
examples:

« A 2011 meta-analysis of adjuvant trastuzumab trials reported an increased incidence of
brain metastases associated with adjuvant trastuzumab use (odds ratio 1.58, 95% CI
1.08-2.30) [19]. However, the overall risk of brain metastases was low in both of the
trastuzumab and control groups in all of the trials.
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» By contrast, a separate analysis of over 3400 patients who participated in the HERA

randomized trial of adjuvant trastuzumab versus observation reported that adjuvant
trastuzumab did not increase the risk of a CNS event as the initial recurrence (2 percent
in both arms) [20]. Among patients in the HERA trial who subsequently died, there was
actually a trend towards decreased CNS events among patients treated with
trastuzumab versus no trastuzumab (47 versus 57 percent, respectively), although this
difference was not statistically significant.

» Other data do not suggest a higher rate of CNS relapse with trastuzumab versus other
HER2-directed therapy. In the KATHERINE clinical trial, 1486 patients who had residual
disease after neoadjuvant HER2-directed therapy were randomized to either continue
trastuzumab or to switch to trastuzumab-emtansine (T-DM1). The overall study
demonstrated a significant reduction in distant metastasis events with T-DM1; however,
there was no reduction in the risk of CNS as first site of relapse, which occurred in
approximately 5 percent of patients in both arms [21]. (See "Adjuvant systemic therapy
for HER2-positive breast cancer”, section on 'Residual disease'.)

* Triple-negative disease - Patients with triple-negative breast cancer also have an
increased risk of brain metastases as the initial site of metastases or following a diagnosis
of breast cancer. In one study, the five-year cumulative incidence of brain metastases as a
first site of recurrence was 3, 5, and 10 percent with stage I, II, and III disease, respectively
[16]. In other studies, the incidence of brain metastases at or following the diagnosis of
metastatic breast cancer ranges between 25 and 46 percent [5,17].

Germline BRCA1/2 mutation — Patients with metastatic breast cancer in the setting of a
germline breast cancer susceptibility gene 1 or 2 (BRCAT or BRCA2) mutation may have a higher-
than-expected risk of CNS metastases [22,23]. In one study, 53 percent of BRCAT carriers and 50
percent of BRCA2 carriers developed CNS metastases [23]. In BRCAT carriers, this risk largely
seems related to the increased likelihood of the triple-negative subtype.

Other possible factors — Other factors associated with an increased likelihood of CNS relapse
include age under 40 years, pulmonary metastases, and African American ancestry
[1,4,5,18,24,25]. However, these, too, are factors more often associated with triple-negative
breast cancer, and whether they are independent risk factors for CNS relapse remains unclear.

LOCAL CONTROL OF INTRACRANIAL DISEASE
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For most patients with a favorable prognosis (eg, Karnofsky Performance Score [KPS] 70 or
higher (  table 1), age <65 years, controlled primary tumor, and controlled or absent

extracranial metastases), aggressive local treatment is indicated. The choice between surgery,

whole-brain radiotherapy (WBRT), and stereotactic radiosurgery is discussed elsewhere.
Important factors to consider include number, size, and location of brain metastases; degree of
mass effect and edema; presence or absence of symptoms, functional status, and extent of
systemic disease; and patient preferences with regard to invasive therapy (see "Overview of the
treatment of brain metastases", section on 'Patients with good performance status'):

* However, for those with human epidermal growth factor receptor 2 (HER2)-positive
metastatic disease and limited, asymptomatic intracranial disease, upfront systemic
therapy is discussed below. (See 'Choosing between options' below.)

« It should be noted, however, that most studies of initial systemic therapy in patients
with previously untreated brain metastases only enrolled asymptomatic or minimally
symptomatic patients not requiring corticosteroids for symptom control.

* For patients with a poor prognosis (eg, KPS <70), WBRT, or consideration of best
supportive care, is the preferred treatment approach.

* For those with refractory brain metastases, further treatment decisions are made within
the context of a multidisciplinary discussion, taking into account prior radiotherapy (RT),
symptoms, size and location of lesions, status of a patient's extracranial disease, and
patient preference. The approach to patients without a feasible local therapy option is
discussed below. (See 'For those with progressive extracranial disease or no local therapy

option' below.)

In addition, symptom control is of primary importance for patients with brain metastases. This
includes:

* Control of peritumoral edema and increased intracranial pressure. (See "Management of
vasogenic edema in patients with primary and metastatic brain tumors".)

* The management and prevention of venous thromboembolic disease. (See "Treatment
and prevention of venous thromboembolism in patients with brain tumors".)

* However, for most patients with brain metastases from breast cancer, particularly those
who have not had a prior seizure, routine seizure prophylaxis is not indicated. (See
"Seizures in patients with primary and metastatic brain tumors", section on 'Patients
without seizures'.)
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SYSTEMIC THERAPY

For those without extracranial disease — For patients who have no evidence of extracranial
disease and achieve an excellent clinical response after local treatment (ie, surgery and/or
radiation therapy [RT]) for brain metastases, there are no prospective data to inform the
benefits of systemic treatment.

* For patients with hormone receptor-positive breast cancer, the role of endocrine therapy
should be individualized based on prior treatments and patient preference. (See
"Treatment for hormone receptor-positive, HER2-negative advanced breast cancer".)

* For patients with human epidermal growth factor receptor 2 (HER2)-positive breast cancer,
we typically suggest trastuzumab monotherapy, or trastuzumab/pertuzumab therapy,
though we acknowledge the lack of prospective data to inform the efficacy of this
approach. In general, we do not administer HER2 tyrosine kinase inhibitor (TKI) plus
capecitabine in this setting outside of a clinical trial because of the potential for treatment-
related toxicities in the setting of unknown clinical benefit.

The decision on how long to continue HER2-directed therapy should be individualized, as
there are no prospective data to inform this issue. Further discussion on duration of
therapy is discussed elsewhere. (See "Systemic treatment for HER2-positive metastatic
breast cancer"”, section on 'Optimal treatment duration of a HER2-directed agent'.)

The approach to patients in whom local therapy is not feasible is discussed below. (See 'For
those with progressive extracranial disease or no local therapy option' below.)

For those with stable/responding extracranial disease — In general, for patients with a new
or progressive intracranial lesion and stable or responding extracranial disease, we continue the
existing line of systemic treatment, provided that it has been well tolerated and there is a
reasonable local therapy option to address the patient’s intracranial disease. If there is no
feasible local therapy option, the approach to systemic therapy is discussed below. (See 'For
those with progressive extracranial disease or no local therapy option' below.)

Endocrine therapies and anti-HER2 antibodies (eg, trastuzumab/pertuzumab) are typically
continued throughout RT, while chemotherapy and immunotherapy are held during RT and
resumed one to two weeks following treatment.

If systemic therapy had been poorly tolerated, however, we move to the next line of systemic
therapy. (See 'For those with progressive extracranial disease or no local therapy option' below.)
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The approach to patients with no remaining extracranial disease is discussed above. (See
'Systemic therapy' above.)

For those with progressive extracranial disease or no local therapy option — For patients in
whom there is both new/progressive intracranial disease and progression of the extracranial
disease, we change systemic therapies after local treatment has been administered to the brain
metastases.

Additionally, if a patient has progressive intracranial disease but does not have a feasible local
therapy option, or does not require urgent local therapy, a switch of systemic therapy for the
purpose of treating both the intracranial and extracranial disease could be considered. Of note,
there are no trials directly comparing RT versus systemic therapy in patients with progressive
intracranial disease.

Options for therapy are discussed below.
HER2-negative disease

Single-agent chemotherapy for most patients — Although few of the commonly used
agents for breast cancer penetrate the intact blood-brain barrier to a significant degree, many
of the same agents (fluorouracil, and derivatives such as capecitabine, platinums, doxorubicin)
have been described to have activity against central nervous system (CNS) metastases, likely as
a result of increased vessel permeability associated with tumor vasculature ( table 2) [26-29].

In a relatively older case series of 100 consecutive breast cancer patients with symptomatic
brain metastases treated with a variety of chemotherapy regimens, an objective response rate
(ORR) of 50 percent in the brain metastases was observed, with a median duration of response
of seven months [30]. However, in this study, patients were untreated compared with the
modern era: less than 10 percent of patients had received adjuvant chemotherapy, and
approximately one-half had not received chemotherapy for metastatic disease.

Other cytotoxic agents that have been investigated in the treatment of brain metastases include
temozolomide and etoposide [28,29,31-34]. A number of agents are in clinical trials, including
GRN1005 and several irinotecan derivatives.

Other options in specific subsets

* Hormone receptor-positive disease - Responses of both parenchymal and
leptomeningeal metastases have been documented in case reports to multiple hormonal
therapies, including tamoxifen, megestrol acetate, and the aromatase inhibitors [35-37]. In
general, however, endocrine therapy alone is not appropriate primary management of
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brain metastases from hormone receptor-positive breast cancer, and local therapies are
necessary. Upon completion of local therapy, next-line systemic therapy depends upon
previous treatments as well as tumor phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit alpha (PIK3CA) status. (See "Treatment for hormone receptor-positive,
HER2-negative advanced breast cancer".)

Cyclin-dependent kinase 4/6 inhibitors abemaciclib and palbociclib have shown intracranial
activity in small, early-phase trials [38-40]. As an example, in a phase II study enrolling heavily
pretreated patients with estrogen receptor-positive/human epidermal growth factor receptor 2
(HER2)-negative breast cancer with active brain metastases, the intracranial ORR was 5.2
percent and the intracranial clinical benefit rate was 24 percent [39].

* Triple-negative disease - Although systemic therapies have not supplanted local
treatments of brain metastases in triple-negative breast cancer, a number of agents
including immune checkpoint inhibitors, inhibitors of poly(ADP-ribose) polymerase, and
sacituzumab govitecan are being evaluated in clinical trials for potential intracranial
efficacy. Choice of therapy after local treatment of brain metastases should be based on
previous treatment, breast cancer susceptibility gene mutation status, and tumor
expression of programmed cell death ligand 1. (See "ER/PR negative, HER2-negative
(triple-negative) breast cancer", section on 'Metastatic disease'.)

HER2-positive disease

Choosing between options — For initial therapy of newly diagnosed brain metastases,
RT remains the standard of care. However, the role of systemic therapy in patients with brain
metastases is evolving for those with human epidermal growth factor receptor 2 (HER2)-positive
breast cancer.

* For the initial treatment of brain metastases for patients with HER2-positive disease:

» We suggest upfront RT. Of note, there are no trials directly comparing upfront RT
versus upfront systemic therapy.

- However, some UpToDate experts and guideline committees consider systemic
therapy (particularly with tucatinib plus capecitabine plus trastuzumab) as an
appropriate alternative to upfront radiation for select asymptomatic patients [41],
assuming close follow-up and appropriate patient counseling. Appropriate
candidates for this approach include those with limited lesions, no symptoms
(brain metastases were usually detected incidentally on staging scans), a
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preference to defer radiation, and who have had sufficiently few prior therapies
that there is a high likelihood of treatment response.

* In regards to systemic therapy, available options include:

- Tucatinib-capecitabine-trastuzumab,

- Fam-trastuzumab deruxtecan (T-DXd), or

- Trastuzumab-emtansine (T-DM1), depending on prior therapy exposure at the time
of brain metastasis diagnosis/progression

Each regimen has demonstrated activity among patients with treated brain metastases,
as well as active, untreated brain metastases. Because of the significant overall survival
benefit observed with the addition of tucatinib to capecitabine/trastuzumab in the
HER2CLIMB trial, our preference is for the tucatinib-capecitabine-trastuzumab regimen,
particularly among those with active brain metastases [42]. However, T-DXd may be
preferred in some instances, particularly among patients with stable/treated brain
metastases, if extracranial progression is the most significant clinical issue. (See
"Tucatinib, capecitabine, and trastuzumab' below and 'Fam-trastuzumab deruxtecan'
below.)

Because of the substantial progression-free survival (PFS) benefit observed in patients
with stable brain metastases comparing T-DXd versus T-DM1, and preliminary evidence
of CNS activity of T-DXd in patients with active brain metastases, we would generally
sequence T-DXd prior to T-DM1 unless there is a contraindication to its use. (See
'"Trastuzumab-emtansine' below and 'Fam-trastuzumab deruxtecan' below.)

* If these options are not available, neratinib and capecitabine or lapatinib plus capecitabine
are appropriate alternatives, both of which have supporting data from single-arm, phase II
studies [43]. (See 'Alternatives or later-line options' below.)

Tucatinib, capecitabine, and trastuzumab — Tucatinib is an oral TKI that is selective for
the kinase domain of HER2, with minimal inhibition of epidermal growth factor receptor (EGFR)
[44]. For patients with treated brain metastases, we often use this combination after
progression on T-DM1. This combination may also be an appropriate alternative to RT in a select
group of patients, who have progressed previously on trastuzumab, pertuzumab, and T-DM1.
(See 'Choosing between options' above.)

In a randomized trial (HER2CLIMB) including patients with HER2-positive metastatic breast
cancer previously treated with trastuzumab, pertuzumab, and T-DM1 (and with a median of four
prior lines of therapy), tucatinib, capecitabine, and trastuzumab improved both PFS and overall
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survival (OS) relative to capecitabine and trastuzumab [44]. In this trial, 291 patients had brain
metastases at study entry, 174 of whom had active brain metastases (including both untreated
and treated, progressing brain metastases). At a median follow-up of approximately 30 months
[45]:

* Among all patients with brain metastases, the tucatinib arm experienced improved
median OS (22 versus 13 months; hazard ratio [HR] 0.60, 95% CI 0.44-0.81). Previously
reported, the CNS PFS was also improved (9.9 versus 4.2 months; HR 0.32, 95% CI 0.22-
0.48) [42].

* In the subset of patients with active brain metastases, the tucatinib group also
experienced improvements in both median OS (21 versus 12 months; HR 0.52, 95% CI
0.36-0.77) [45]. In earlier reporting, the CNS PFS was 9.5 versus 4.1 months (HR 0.36, 95%
CI 0.22-0.57) and among those with measurable disease, the confirmed intracranial ORR
was 47 percent in the tucatinib arm versus 20 percent in the control arm.

* In the subset of patients who had treated stable brain metastases, OS was 22 months for
those who received tucatinib and 16 months for those who did not (HR 0.70, 95% CI 0.42-
1.16) [45]. Previously reported CNS PFS was 8.1 versus 3.1 months, and intracranial ORR
was 47 versus 17 percent, respectively.

This trial was unique in that it allowed enrollment of patients with active brain metastases,
supporting the use of this regimen rather than RT in select patients with brain metastases from
HER2-positive breast cancer. Appropriate candidates for this option are discussed above. (See
'Choosing between options' above.)

However, the trial did not include patients with leptomeningeal disease, and the activity of
tucatinib in this setting is under investigation. In preliminary results of a single arm trial in
patients with leptomeningeal disease from HER2-positive metastatic breast cancer, tucatinib,
trastuzumab, and capecitabine was associated with a median overall survival time of 10
months, which compares favorably with a historical control of 4 to 5 months [46].

The US Food and Drug Administration (FDA) has approved tucatinib in combination with
trastuzumab and capecitabine for treatment of adult patients with advanced unresectable or
metastatic HER2-positive breast cancer, including those with brain metastases, who have
received one or more prior anti-HER2-based regimens in the metastatic setting [47].

Fam-trastuzumab deruxtecan — Fam-trastuzumab deruxtecan is an antibody-drug
conjugate composed of an anti-HER2 antibody, a cleavable tetrapeptide-based linker, and a
cytotoxic topoisomerase I inhibitor [48]. It is approved by the FDA for use in adult patients with
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unresectable or metastatic HER2-positive breast cancer who have received a prior anti-HER2-
based regimen in the metastatic setting, or in the (neo)adjuvant setting for those who
developed progression during or within six months of completing therapy [49,50]. At this time,
there are only limited data regarding its use in patients with brain metastases, but available
evidence suggests intracranial activity both for treated brain metastases and untreated brain
metastases.

* Treated brain metastases - The phase III Destiny-Breast03 trial compared T-DM1 versus
T-DXd among patients with HER2-positive metastatic breast cancer with progression on a
trastuzumab- and taxane-containing regimen [51]. Patients with brain metastases were
eligible if they had clinically stable, previously treated brain metastases. Among the 114
patients with stable brain metastases, the hazard ratio for disease progression or death
was 0.38, favoring T-DXd (95% CI 0.23-0.64).

Additionally, fam-trastuzumab deruxtecan was evaluated in a single-arm, phase II study, in
112 patients with a median of six prior lines of treatment [48]. The median duration of PFS
was 16.4 months (95% CI 12.7-not reached) among all patients and 18.1 months (95% CI
6.7-18.1) among the 24 patients who were enrolled with treated and asymptomatic brain
metastases. Reassuringly, isolated CNS progression in the face of controlled extracranial
disease was uncommon [52].The most common grade =3 adverse events included
decreased neutrophil count (21 percent), anemia (9 percent), and nausea (8 percent). Fam-
trastuzumab deruxtecan was associated with interstitial lung disease in 14 percent of
patients, including one patient who died from this complication. Full details of this trial are
found elsewhere. (See "Systemic treatment for HER2-positive metastatic breast cancer”,
section on 'Fam-trastuzumab deruxtecan'.)

* Active brain metastases - In preliminary data from a single-arm phase II trial including
15 patients with HER2-positive breast cancer and newly diagnosed untreated brain
metastases or brain metastases progressing after local therapy, with prior exposure to
trastuzumab and pertuzumab, and no indication for immediate local therapy, T-DXd was
associated with an intracranial response rate of 73 percent (11 of 15 patients) [53]. Median
PFS was four months. Main nonhematologic toxicities consisted of grade 1/2 fatigue (87
percent), nausea (47 percent), and diarrhea. Grade 2 interstitial lung disease and a
symptomatic drop of left ventricular ejection fraction were observed in one patient each.
In a separate phase II study including 13 patients with active brain metastases from HER2-
positive breast cancer, the intracranial response rate was 50 percent among those with
asymptomatic, untreated brain metastases (n = 4) and 44 percent among those with
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progressive brain metastases after local therapy (n = 9) [54]. Toxicities were similar to
previous reports.

Accumulating, though limited, evidence therefore supports a role for T-DXd in patients
whose brain metastases have progressed despite prior local therapy. The number of
patients with newly diagnosed brain metastases treated to date with T-DXd in lieu of
radiotherapy is very small and further data is required before this is employed in routine
clinical practice. Although we do not recommend routine CNS surveillance of
asymptomatic patients with CT or MRI scans, we have a low threshold to pursue CNS
imaging in those with symptoms, given the high incidence of brain metastases in patients
with HER2-positive breast cancer.

Trastuzumab-emtansine — Trastuzumab-emtansine (T-DM1) is an option in patients who
progress after trastuzumab and a taxane (with or without pertuzumab), including for those with
treated, stable brain metastases [55]. Prospective trials of T-DM1 that led to its development
and eventual regulatory approval specifically excluded patients with active brain metastases.
Postapproval, multiple case series and a prospective post-marketing trial experience have
emerged, reporting CNS ORRs of between 20 and 44 percent in human epidermal growth factor
receptor 2 (HER2)-positive breast cancer [56-59].

For example, in a study including over 2000 patients with prior chemotherapy and anti-HER2-
directed therapy for advanced HER2-positive disease, among 126 patients with measurable
brain metastases, the best overall response rate and clinical benefit rate with T-DM1 were 21
percent and 43 percent, respectively [59]. In the 398 patients with baseline brain metastases,
median PFS and OS were 5.5 and 18.9 months, respectively. A reduction in the sum of the major
diameters of brain metastases by at least 30 percent occurred in 43 percent of all patients, and
in 49 percent of the 67 patients without prior RT to the brain metastases. Use of this agent as an
alternative to RT in very select patients is discussed above. (See 'Choosing between options'
above.)

Case reports also suggest that the agent T-DM1 may occasionally result in clinically significant
increases in brain edema following treatment with stereotactic radiosurgery (SRS) [60]. In one
series of four patients, all received SRS a median of 8.5 days (range, 3 to 449 days) prior to the
start of T-DM1, and the onset of symptoms (eg, headache, nausea, vomiting, speech
impairment) varied between them. All four patients were treated with steroids, with eventual
clinical resolution of symptoms. Of note, one of four continued on T-DM1 and had worsening of
symptoms. Ultimately, that patient had surgery for resection of a posterior fossa metastasis,
and pathology revealed severe radionecrosis without viable tumor. These data suggest that
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worsening of CNS symptoms may be due to complications of treatment rather than disease
progression.

Alternatives or later-line options — The options below are acceptable for those with
brain metastases, although we typically prefer those discussed above as initial strategies if
available, given higher likelihood of benefit or stronger supporting evidence. In addition, the
activity of neratinib or lapatinib in patients with CNS progression on prior tucatinib is not well
described at this time.

* Lapatinib plus capecitabine - Lapatinib with capecitabine represents another orally
available later-line option for those with metastatic HER2-positive breast cancer, including
those with brain metastases.

» Untreated brain metastases - The LANDSCAPE trial was a small, single-arm, phase II
study that enrolled 45 patients with previously untreated brain metastases from HER2-
positive metastatic disease with lapatinib (1250 mg daily) plus capecitabine (2000
mg/m? on days 1 to 14 of a 21-day cycle) [43]. Over 90 percent of patients had
previously been exposed to trastuzumab. With a median follow-up of 21 months, 29 of
44 evaluable patients (66 percent) had a partial response. The median time to
progression was 5.5 months, and in 32 patients, the first site of progression was in the
CNS. OS at six months was 91 percent. Serious (grade 3/4) toxicity was recorded in 22
(49 percent) patients, including diarrhea (n = 9), hand-foot syndrome (n = 9), fatigue (n
=6), and rash (n = 2).

» Refractory brain metastases - Two prospective, single-arm clinical trials have
evaluated the use of lapatinib, an orally active small molecule inhibitor of EGFR and
HER2, in patients with refractory CNS metastases from HER2-positive metastatic breast
cancer [61,62]. The ORR to lapatinib monotherapy in these trials was modest, though a
few patients achieved prolonged clinical benefit. In the larger of these trials, a subset of
50 patients went on to receive the combination of lapatinib and capecitabine at the
time of progression [62]. Of these, 10 (20 percent) achieved an objective response in
the CNS while maintaining stable or responsive disease in extracranial sites.

The combination of lapatinib plus capecitabine has been subsequently evaluated in
several phase II and retrospective studies. A systematic review of the literature and
pooled analysis included data on 799 patients with brain metastases in 12 studies
treated with either lapatinib plus capecitabine or lapatinib alone (661 and 138 patients,
respectively) [63]. In all of the studies, patients were pretreated with trastuzumab, and,
in 11 of the studies, with local therapy at study entry or previously. The pooled overall
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response was 21 percent, and the response rate for those treated with the combination
was 29 percent. The median PFS and OS were 4.1 and 11.2 months, respectively.

* Neratinib plus capecitabine - Neratinib with capecitabine is an orally available later-line
option for those with metastatic HER2-positive breast cancer, and has demonstrated
intracranial activity.

In a phase II trial of 49 patients with measurable, progressive, HER2-positive brain
metastases (92 percent having received CNS surgery and/or RT), neratinib (240 mg daily)
plus capecitabine (750 mg/m? twice daily on days 1 to 14 of a 21-day cycle) resulted in an
ORR of 49 percent among lapatinib-naive patients, and 33 percent among those with prior
lapatinib treatment [64]. Median PFS and OS among lapatinib-naive patients was 5.5 and
13.3 months, and 3.1 and 15.1 months among those with prior lapatinib treatment.
However, grade 3 diarrhea occurred in 29 percent of patients, overall. Thus, if considering
this option for patients, significant attention must be paid to toxicity avoidance and
management, and toxicity must be considered in the risk-benefit assessment of the
regimen.

PROGNOSIS

Retrospective analyses suggest that the prognosis of brain metastases in patients with breast
cancer is improving, and this appears to be primarily a result of advances in systemic therapy,
which have led to better control of disease (typically reported as systemic control or overall
survival benefit) outside the central nervous system (CNS).

In historic series, the median survival for patients with brain metastases treated with whole-
brain radiation therapy (WBRT) was less than six months [65,66]. By contrast, a more recent
retrospective study of 112 breast cancer patients diagnosed with brain metastases between
1997 and 2007 showed a median survival of 14.4 months (for the entire cohort); among patients
with human epidermal growth factor receptor 2 (HER2)-positive breast cancer, it was 23.1
months. This markedly exceeds median survival estimates from patients treated prior to the
widespread use of trastuzumab for metastatic, HER2-positive breast cancer (approximately
three months), and therefore likely represents the effect of improved systemic control on breast
cancer mortality [6,67]. Other investigators have noted similar results (  table 3) [7,8,12,68-71].
Unfortunately, the prognosis for patients with brain metastases with triple-negative breast
cancer remains poor ( table 4)[17,71-73].
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Prognostic classification systems can aid in defining favorable versus poor-prognosis patients to
help guide subsequent treatment. These systems include the Radiation Therapy Oncology
Group (RTOG) recursive partitioning analysis (RPA) and the disease-specific graded prognostic
assessment (GPA). The use of these systems specifically in breast cancer patients is covered
below. A general discussion of these classification systems is covered separately. (See "Overview
of the treatment of brain metastases", section on 'Prognostic assessment'.)

* The RPA is based on performance status, age, primary tumor site, and the presence of
extracranial metastases ( table 5). It was validated in 117 breast cancer patients who
were treated with WBRT [74]. Only two patients met criteria for RPA Class I, leaving
roughly 50 percent of patients in each of RPA Class II and III. RPA Class II patients had a
longer median survival compared with those with RPA Class III (eight versus three months,
respectively).

* Studies have indicated that prognostic factors for patients with brain metastases vary by
primary histology [75].

» The breast cancer-specific GPA takes into account Karnofsky Performance Status, age,
breast cancer subtype (defined by estrogen receptor, progesterone receptor, and HER2
status), number of brain metastases, and extracranial metastases ( table 6) [76].

SPECIAL CONSIDERATIONS

Leptomeningeal metastases — Increasingly, we use systemic therapy and radiation therapy
(RT) in management of leptomeningeal disease, but rarely attempt intrathecal treatment given
the historic difficulties and limited efficacy of this approach. The treatment of leptomeningeal
metastases, including RT, intrathecal, and systemic treatments, is covered in more detail
separately. (See "Treatment of leptomeningeal disease from solid tumors".)

Despite improvements in the prognosis of some patients with parenchymal brain metastases
from breast cancer, the prognosis of patients with leptomeningeal metastases (LM, otherwise
called carcinomatous meningitis) has not markedly changed in the last decade. As an example,
in a retrospective series of 68 women with metastatic breast cancer who had evidence of LM,
median overall survival was four months and the one-year survival rate was 13 percent [77]. On
multivariate analysis, independent factors associated with survival were: conversion to negative
cytology (hazard ratio [HR] for death 0.42, 95% CI 0.20-0.89), absence of systemic metastases
(ie, metastasis limited to LM with or without brain metastases; HR 0.42, 95% CI 0.19-0.91), and
combined-modality treatment (HR 0.24, 95% CI 0.09-0.63).
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Leptomeningeal disease is relatively more common in patients with estrogen receptor-positive
lobular breast cancer.

Considerations during the COVID-19 pandemic — The COVID-19 pandemic has increased the
complexity of cancer care. Important issues in areas where viral transmission rates are high
include balancing the risk from treatment delay versus harm from COVID-19, ways to minimize
negative impacts of social distancing during care delivery, and appropriately and fairly
allocating limited health care resources. These and recommendations for cancer care during
active phases of the COVID-19 pandemic are discussed separately. (See "COVID-19:
Considerations in patients with cancer".)

SOCIETY GUIDELINE LINKS

Links to society and government-sponsored guidelines from selected countries and regions
around the world are provided separately. (See "Society guideline links: Breast cancer".)

SUMMARY AND RECOMMENDATIONS

* Introduction - Because of the prevalence of breast cancer in the United States, it is the
second most common cancer associated with brain metastases in the United States. As
patients with advanced breast cancer live longer, the incidence of brain metastases
appears to be increasing. (See 'Introduction' above.)

* Local control of intracranial disease - For patients who have progressed on systemic
therapies, particularly if they are neurologically symptomatic, local therapies, rather than
systemic therapy alone, is the mainstay for CNS treatment. Exceptions may be made for
very select patients with HER2-positive disease, with appropriate counseling. (See
'Choosing between options' above.)

The choice between surgery, whole-brain radiation therapy, and stereotactic radiosurgery
as local treatment, as well as supporting data, are discussed in detail elsewhere. (See
"Overview of the treatment of brain metastases", section on 'Recurrent disease' and 'HER2-
positive disease' above.)

* Systemic therapy - For patients with responding extracranial disease, their current line of
systemic therapy may be continued after local treatment of brain metastases. However,
for those with progressive extracranial disease, next-line therapy is appropriate.
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+ HER2-negative disease - For patients with HER2-negative disease, next-line therapy is
chosen based on multiple factors including prior therapies, hormone receptor status,
and other molecular features of the tumor. (See "ER/PR negative, HER2-negative (triple-
negative) breast cancer", section on 'Metastatic disease' and "Treatment for hormone
receptor-positive, HER2-negative advanced breast cancer".)

- Although few of the commonly used chemotherapy agents for breast cancer
penetrate the intact blood-brain barrier to a significant degree, many of the same
agents (eqg, capecitabine, platinums, doxorubicin) have been described to have
activity against central nervous system (CNS) metastases, likely as a result of
increased vessel permeability associated with tumor vasculature. (See 'Single-
agent chemotherapy for most patients' above.)

» HER2-positive disease - For patients with HER2-positive disease, a number of agents
have shown intracranial activity. Our approach to systemic therapy is as follows:

- Treated brain metastases - For patients with treated brain metastases and
extracranial progression, we suggest either T-DXd or tucatinib-capecitabine-
trastuzumab rather than other systemic agents (Grade 2C). However, T-DM1 is an
acceptable option, particularly for those who have experienced progression on
these regimens. For those with treated brain metastases and stable or responding
extracranial disease, a change in systemic therapy is not warranted, unless due to
toxicity.

- Active brain metastases - For patients with active brain metastases, we suggest
initial treatment with local therapies (Grade 2C). However, systemic therapy alone
is an alternative option for a select subset of patients with asymptomatic disease
and a limited disease burden. In such patients, we suggest tucatinib, capecitabine,
and trastuzumab, rather than other systemic therapies (Grade 2C). T-DXd is an
acceptable alternative or later line option, although data are limited in those with
active brain metastases. (See 'Choosing between options' above.)

* Prognosis - Retrospective analyses suggest that the prognosis of brain metastases in
patients with breast cancer is improving, and this appears to be primarily a result of
advances in systemic therapy, which have led to better control of disease outside the CNS.
(See 'Prognosis' above.)

* Leptomeningeal disease - The treatment of leptomeningeal metastases, including RT,
intrathecal, and systemic treatments, is covered separately. (See "Treatment of
leptomeningeal disease from solid tumors".)
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Karnofsky Performance Status scale

Value

100

90

80

70

60

50

40

30

20

10

Level of functional capacity
Normal, no complaints, no evidence of

disease

Able to carry on normal activity, minor
signs or symptoms of disease

Normal activity with effort, some signs
or symptoms of disease

Cares for self, unable to carry on
normal activity or to do active work

Requires occasional assistance but is
able to care for most needs

Requires considerable assistance and
frequent medical care

Disabled, requires special care and
assistance

Severely disabled, hospitalization is
indicated although death is not
imminent

Hospitalization is necessary, very sick,
active supportive treatment necessary

Moribund, fatal processes progressing
rapidly

Dead
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Definition

Able to carry on normal activity and to work; no
special care needed

Unable to work; able to live at home and care for
most personal needs; various degrees of
assistance needed

Unable to care for self; requires equivalent of
institutional or hospital care; disease may be
progressing rapidly
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Selected studies of systemic therapy for brain metastases from breast

cancer

Study

Rosner et
allMl

Boogerd et
alf2l

Friedman et
all3l

Siena et a4

Trudeau et
alld]

Rivera et all®l

Franciosi et
all’l

Regimen

Various (CFP,
CFPMV, MVP,
CA)

Oral CMF
(n=20), or CAF
(n=2)

Temozolomide
150 mg/m?
days 1-7, 15-
21, every 28
days

Temozolomide
150 mg/m?
days 1-7, 15-
21, every 28
days

Temozolomide
150 mg/m?
days 1-7, 15-
21, every 28
days

Escalating
doses of
capecitabine
and
temozolomide

Cisplatin 100
mg/m? day 1
Etoposide 100
mg/m? days
1,3,and5,
every 21 days

Patient
population

Breast cancer

Breast cancer

Solid tumors

Solid tumors

Breast cancer

Breast cancer

Solid tumors
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Total
number
of patients

100

22

52

62

19

24

107

Number of patients
with breast cancer
and brain
metastases

100

22

15

21

24

56

Objective
response
rate
(percent)

50

54

19 (in
subset of
patients
with breast
cancer)

0

18

38 (in
subset of
patients
with breast
cancer)
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Christodoulou ' Temozolomide @ Solid tumors | 32 15 40 (in
et all8! 150 mg/m? subset of
days 1-5 patients
Cisplatin 75 with breast
mg/m? day 1, cancer)
every 21 days
Lin et all®! Lapatinib HER2+ breast | 39 39 2.6
cancer
Lin et all0] Lapatinib HER2+ breast | 237 237 6
cancer

TTP: time to tumor progression; PFS: progress-free survival; NR: not reported; CFP:
cyclophosphamide, fluorouracil, and prednisone; CFPMV: cyclophosphamide, fluorouracil, and
prednisone plus methotrexate and vincristine; MVP: methotrexate, vincristine, and prednisone; CA:
cyclophosphamide and adriamycin; CMF: cyclophosphamide, methotrexate, and fluorouracil; CAF:
cyclophosphamide, doxorubicin, and fluorouracil; HER2+: human epidermal growth factor receptor
2.
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Prognosis of patients with brain metastases from HER2-positive breast

cancer
Study Tirpe Num.ber of Median survival after CNS
period patients recurrence

Tham, et alt"! 1970-1999 21 ~3 months

Bendell, et al?l | 1998-2000 42 13 months

Gori, et all3! 1999-2005 43 23 months

Stemmler, et 2000-2004 42 13 months

all4l

Eichler, et all®] 2001-2005 30 17 months

Melisko, et allé] | 1997-2007 35 23 months

Brufsky, et al [/1 '~ 2003-2009 377 20.3 months

Trastuzumab approved by the United States Food and Drug Administration (FDA) for treatment of
HER2-positive, metastatic breast cancer in 1998.

CNS: central nervous system; HER2: human epidermal growth factor receptor 2.
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Prognosis of patients with brain metastases from triple-negative breast

cancer
Time
Study .
period
Dawood et 1980-2006
all™l
Lin et all2! 2000-2006

Eichler et all3] | 2001-2005

Nam et all4] 2001-2006

CNS: central nervous system.

42

53
21

47

Number of Median survival after CNS
patients recurrence
2.9 months
4.9 months
4.0 months
3.4 months
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Prognostic groups for outcome after palliative treatment of brain
metastases by recursive partitioning analysis

Class Prognostic factors Median survival (months)

I KPS =70 percent 7.1
Age <65 years
Controlled primary site

No extracranial metastases

111 KPS <70 2.3

II All others 4.2

KPS: Karnofsky performance status.

Gaspar L, et al. Int / Radiat Oncol Biol Phys 1997; 37:745.
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Worksheet for calculation of the breast cancer-specific GPA

Prognostic GPA .
£ Patient score
actor 0 0.5 1.0 15 2.0
KPS <60 70-80 90-100
Age, years =60 <60
Number of >2 1
BM
ECM Present Absent
Subtype Basal Luminal HER2 or
A luminal B

Sum = median
survival by GPA:

0-1 = 6 months; 1.5-2.0 =
13 months;
2.5-3.0 = 24 months; 3.5-
4.0 = 36 months

Breast cancer subtypes: basal = triple negative (ER/PR/HER2-); luminal A (ER/PR+, HER2-); luminal B

(triple positive, ER/PR/HER2+); HER2 (HER2+, ER/PR-).

GPA: graded prognostic assessment; KPS: Karnofsky Performance Status; BM: brain metastases;
ECM: extracranial metastases; HER2: human epidermal growth factor receptor 2.

From: Sperduto PW, Mesko S, Li J, et al. Survival in patients with brain metastases: Summary report on the updated
diagnosis-specific graded prognostic assessment and definition of the eligibility quotient. ] Clin Oncol 2020; 38:3773. DOL:
10.71200//C0.20.01255. Copyright © 2020 American Society of Clinical Oncology. Reproduced with permission from Wolters
Kluwer Health. Unauthorized reproduction of this material is prohibited.
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