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Systemic therapy of brain metastases: non–small cell 

lung cancer, breast cancer, and melanoma

Involvement of the central nervous system (CNS) is a compli-

cation of many cancers. Brain metastases (BM) from systemic 

malignancies account for the majority of intracranial cancers, 

with an estimated incidence rate of 8.3 to 11.0 per 100000 as 

compared with an incidence rate of 6.6 per 100000 for all pri-

mary malignant CNS tumors.1 The development of BM is usu-

ally associated with poor prognosis and significant adverse 

effects on survival and quality of life. Overall, BM are associ-

ated with a low 2-year survival rate (8%) and a high burden 

of neurologic symptoms including headaches, nausea and 

vomiting, focal motor deficits, cognitive decline, delirium, and 

seizures.2

BM affect 8%–10% of all cancer patients1,3 and 40% of 

patients with metastatic cancer.4,5 The majority of BM origi-

nate from lung cancer (40%–50%), breast cancer (15%–25%), 

and melanoma (5%–20%).1,3 BM predominate in the cerebral 

hemispheres (80%) followed by the cerebellum (15%) and 

brainstem (5%), a pattern of distribution reflective of propor-

tional blood flow to these respective regions.6 The incidence 

of BM is believed to be increasing, likely resulting from longer 

patient survival due to more effective systemic therapies for 

the primary cancer and the increased use of neuroimaging in 

neurologically asymptomatic patients.7,8

Treatment options for BM are limited and suboptimal. 

Historically, the mainstay of therapy has been local treat-

ments such as surgery or radiation therapy (RT) (ie, whole 

brain radiation therapy (WBRT), stereotactic radiosurgery 

(SRS), or stereotactic radiation therapy (SRT). The choice of 

local therapy is generally guided by the number and location 

of BM, the extent and prognosis of systemic disease, and the 

performance status of the patient. Patients with minimal sys-

temic disease, good performance status, and solitary brain 
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Abstract

Brain metastases (BM) occur frequently in many cancers, particularly non–small cell lung cancer (NSCLC), breast 

cancer, and melanoma. The development of BM is associated with poor prognosis and has an adverse impact on 

survival and quality of life. Commonly used therapies for BM such as surgery or radiotherapy are associated with 

only modest benefits. However, recent advances in systemic therapy of many cancers have generated consider-

able interest in exploration of those therapies for treatment of intracranial metastases.

This review discusses the epidemiology of BM from the aforementioned primary tumors and the challenges of 

using systemic therapies for metastatic disease located within the central nervous system. Cumulative data from 

several retrospective and small prospective studies suggest that molecularly targeted systemic therapies may be 

an effective option for the treatment of BM from NSCLC, breast cancer, and melanoma, either as monotherapy or 

in conjunction with other therapies. Larger prospective studies are warranted to further characterize the efficacy 

and safety profiles of these targeted agents for the treatment of BM.
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metastasis in a noneloquent location of the brain are often 

treated with surgical resection followed by RT.9 Patients 

with minimal systemic disease, good performance, and 

oligometastatic disease in the brain are generally treated 

with SRT and deferred WBRT.10 In contrast, patients with 

greater metastatic burden are usually treated with WBRT 

despite a lack of randomized trials showing effectiveness 

of WBRT compared with best standard care; there is an 

emerging perspective, however, that these patients can 

be treated with SRS, especially when effective systemic 

therapy may be available.11,12 In a select group of patients 

(<15% of all patients with BM), aggressive local treat-

ment can prolong survival to ≥12 months.13 The evolving 

classification of specific molecular subtypes within most 

cancers (eg, hormone receptor status in breast cancer or 

anaplastic lymphoma kinase [ALK] rearrangement in non–

small cell lung cancer [NSCLC]) will likely alter treatment of 

BM based on improved prognostication linked to specific 

tumor subtypes.

Historically, the role of systemic therapy in the treatment 

of BM has been limited by concerns regarding limited pen-

etration across the blood-brain barrier (BBB), rapid efflux 

from brain, or intrinsic chemotherapy resistance result-

ing from multiple prior lines of therapy.14 Furthermore, 

patients with symptomatic or uncontrolled BM have gen-

erally been excluded from randomized controlled trials 

of systemic pharmacotherapies. Additionally, CNS out-

come measures were often not reported separately from 

systemic efficacy outcomes. However, novel targeted 

therapies have substantially improved systemic disease 

control and survival in molecularly defined cancer popu-

lations, which have generated considerable interest in the 

investigation of these therapies to complement or even 

replace local therapies for treatment of BM. Although the 

constraints on parenchymal brain drug delivery also apply 

to targeted therapies, these agents are increasingly being 

selected for further study in patients with BM based, in 

part, on their CNS penetration.

The objective of this review is to summarize the effi-

cacy of emerging systemic therapies, especially targeted 

therapies and immunotherapies, for the treatment of BM, 

focusing on the 3 cancers (NSCLC, breast cancer, and mel-

anoma) that most often metastasize to the CNS.

Targeting Brain Metastases: Challenges

When employed in treating BM, a systemic therapy must 

traverse the BBB, the blood-cerebrospinal fluid (CSF) bar-

rier, and the blood-tumor barrier in sufficient concentra-

tion to enable its therapeutic effect (Fig. 1). These various 

barriers render the brain and CSF inaccessible to most 

chemotherapeutic drugs because of large size (>150kDa), 

ionization, hydrophilicity, and/or protein-binding.7,14 

Additionally, many of the small lipophilic molecules that 

cross the BBB and blood-tumor barriers can be exported 

from the brain by highly regulated transmembrane efflux 

pumps located in the endothelial vasculature of the 

CNS.7,14 Although BM may increase permeability to sys-

temic drugs by disrupting the structural integrity of the 

BBB and blood-tumor barrier, this is usually not sufficient 

to achieve therapeutic levels of most drugs in the CNS.7,14 

Dose escalation of systemically administered drugs (eg, 

high-dose methotrexate) is generally limited by systemic 

toxicity. Furthermore, subtherapeutic concentrations of 

anticancer drugs achieved in the brain may potentially con-

tribute to acquired treatment resistance.15

Brain Metastases from Non–small Cell 

Lung Cancer

Lung cancer, the most common cancer overall, has the 

highest incidence of BM among all cancers. Approximately 

40%−50% of all CNS metastases arise from lung can-

cer (Table  1), and approximately half of all patients with 

NSCLC develop BM during the course of their disease. The 

median overall survival (OS) for patients with BM from 

NSCLC is 7 months per the Grade Prognostic Assessment 

(GPA) index.16 Fortunately, emerging systemic therapies 

may improve outcomes for this challenging subgroup of 

patients.

Non–small cell lung cancer is heterogeneous and com-

posed of several molecular subtypes associated with 

specific driver oncogenes (Fig.  2)17,18; these molecular 

subtypes are characterized by different prognoses and 

responses to therapy. Recent advances in the treatment 

of NSCLC can be credited to improved understanding 

of the pathogenesis of these molecular subtypes. For 

example, 10%–35% of NSCLC tumors harbor a somatic 

activating mutation in the epidermal growth factor 

receptor (EGFR) gene.19 Patients with activating muta-

tions in EGFR have overall response rates up to 85% and 

progression-free survival (PFS) as long as 13  months 

with the EGFR tyrosine kinase inhibitors (TKIs) gefi-

tinib, erlotinib, or afatinib compared with cytotoxic 

chemotherapy (up to 38% and 7 mo, respectively).20–25 

Rearrangement of ALK is observed in approximately 

5% of the adenocarcinoma population and predicts a 

good overall response rate to ALK TKIs as with crizotinib 

(65%) versus cytotoxic chemotherapy (20%).26 Immune 

checkpoint inhibitors have also led to impressive dura-

ble responses in a subgroup of patients.27–30 All of these 

emerging therapies are increasingly proving to be effec-

tive in treating patients with BM.

Targeted Therapy with EGFR Tyrosine Kinase 
Inhibitors

Patients with EGFR-mutant NSCLC often develop multi-

ple small BM with little peritumoral edema.31,32 Efficacy 

of EGFR TKIs in patients with EGFR-mutant NSCLC is well 

established; however, efficacy in patients with BM is not as 

clear because patients with symptomatic or uncontrolled 

BM were excluded from pivotal, randomized controlled tri-

als. Consequently, data on the efficacy of TKI therapy in the 

CNS have been gleaned mostly from retrospective studies 

of those trials that enrolled patients with BM.

While the low molecular weight and nonpolar nature of 

TKIs permit passive diffusion across the BBB, many TKIs 

are substrates for efflux transporter proteins (Table  2). 
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Nevertheless, CSF concentrations of erlotinib, gefitinib, 

and afatinib exceed those required to inhibit growth of 

cells harboring EGFR mutations in vitro (Table 2). An early 

prospective study of 41 patients with unselected NSCLC 

BM treated with gefitinib resulted in 4 (10%) intracranial 

partial responses with a median duration of response of 

13.5 months (Table 3).33,34 In another study of unselected 

patients, a 70% CNS response was observed with first-line 

erlotinib or gefitinib.35 These patients were mostly Asian, 

female never-smokers who had a high incidence of EGFR 

mutations; thus, the prevalence of mutation in this study 

was likely higher than the general NSCLC population.19

Data from other retrospective studies also suggest that 

patients with BM from EGFR-mutant NSCLC have better 

outcomes with either WBRT or TKI therapy than patients 

with BM from EGFR–wild-type NSCLC (Table  3).31,36,37 

A  retrospective analysis of 69 cases previously treated 

with erlotinib reported time to progression within the 

brain of 11.7  months for patients with EGFR mutations 

compared with 5.8 months for those with EGFR–wild-type 

or unassessed tumors, despite the fact that only 16% of 

patients with EGFR mutations had received WBRT versus 

85% of those without the mutation (Table 3).38 Subsequent 

prospective phase 2 studies of patients with EGFR-mutant 

NSCLC indicated that TKI therapy provided intracranial 

responses of ≥75%.39,40

Despite an initial favorable intracranial response, 

patients often have CNS progression while maintaining 

systemic disease control on TKI therapy.41,42 A linear corre-

lation is seen between between plasma and CSF concen-

trations of EGFR TKIs, suggesting that a higher dose may 

lead to higher CSF concentration and thereby potentially 

improve CNS disease response.41,43 For instance, in case 

reports and early phase clinical trials, a response as high as 

81% has been reported with an erlotinib twice weekly pulse 

dose level of 600−1350mg.44 However, an independent, 

Fig. 1. Pathways across the blood-brain barrier, blood-cerebrospinal fluid barrier, and blood-tumor barrier.The blood-brain barrier (BBB) is a 
continuous layer of epithelial cells joined by high-resistance tight junctions surrounded by pericytes and sealed by astrocytic perivascular end-
feet.7,14 The blood-cerebrospinal fluid (CSF) barrier demarcates the space between the choroid plexus and CSF. Unlike the BBB capillaries, the 
functional unit of the choroid plexus is fenestrated, has no tight junctions, and thus facilitates molecular transport such as CSF bulk flow, metabolic 
inactivation, and transcapillary exchange. The blood-tumor barrier refers to a tumor’s vasculature that is a variously permeable barrier. Similar 
to the BBB, it is a major factor limiting the access of many therapeutic agents to brain tumors.182 The blood-tumor barrier consists of continu-
ous, nonfenestrated capillaries (like those of normal brain), fenestrated capillaries, and interendothelial gaps.182 Expression of efflux transporters 
located at the blood-tumor barrier represents an additional mechanism that prevents intracellular penetration of anticancer drugs.183 (Brain with 
tumor adapted with permission under a Creative Commons Attribution License from OpenStax College, http://legacy.cnx.org/content/m45981/1.4/; 
blood-brain barrier reused with permission under a Creative Commons Attribution License from Kübelbeck A, https://commons.wikimedia.org/
wiki/File:Blood-brain_barrier_transport_en.png; anatomy of tight junction adapted with permission under a Creative Commons Attribution License 
from Polakis P. J Cell Biol. 2008;183(3):371–373; blood CSF barrier adapted with permission under a Creative Commons Attribution License from 
Bhaskar S, et al. Part Fibre Toxicol. 2010;7:3; blood-tumor barrier adapted from Bredel M. Anticancer drug resistance in primary human brain 
tumors. Brain Res Brain Res Rev. 2001;35(2):161–204, with permission from Elsevier.)

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
e
u
ro

-o
n
c
o
lo

g
y
/a

rtic
le

/1
9
/1

/i1
/2

7
3
9
7
9
0
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2

http://legacy.cnx.org/content/m45981/1.4/;
https://commons.wikimedia.org/wiki/File:Blood-brain_barrier_transport_en.png;
https://commons.wikimedia.org/wiki/File:Blood-brain_barrier_transport_en.png;


 i4 Chamberlain et al. Systemic therapy of brain metastases

retrospective study of 10 patients showed minimal efficacy 

with this strategy.45 Similarly equivocal data have been 

reported regarding use of high-dose afatinib.46,47 A novel 

TKI in development, AZD3759, shows significant CNS pen-

etration in preclinical models and promising early clinical 

efficacy in EGFR-mutant NSCLC patients with BM.48

Later-generation EGFR inhibitors osimertinib and roci-

letinib specifically target the T790M resistance mutation in 

EGFR and have demonstrated efficacy (objective response 

rates, 61% and 59%, and PFS, 9.6 and 13.1 mo, respec-

tively) in patients with the T790M resistance mutation 

who have progressed on prior TKI therapy.49,50 Osimertinib 

was recently approved for this patient population.51 

Patients with stable treated BM were included in stud-

ies for both drugs, with reports of systemic and possible 

CNS responses in these studies indicating that these novel 

agents may be active in the CNS.52,53

The use of EGFR inhibitors concurrently with RT has 

been proposed to improve intracranial efficacy based on 

preclinical studies in murine models.54,55 A  retrospective 

analysis of 63 patients reported improved intracranial 

response rates in patients who received an EGFR TKI during 

WBRT, especially patients with EGFR mutations (Table 3).37 

In a phase 2 trial of erlotinib in combination with WBRT 

in 40 patients with BM, overall response rate was 86%, 

and median survival time was 11.8 months.56 Despite the 

fact that the Radiation Therapy Oncology Group (RTOG) 

phase 3 trial of WBRT plus SRS with either temozolomide 

or erlotinib in unselected NSCLC patients with 1–3 BM did 

not meet its accrual goals and closed prematurely, there 

was a trend suggesting that adjunctive temozolomide or 

erlotinib may increase toxicity with a deleterious effect on 

time to progression and survival.57 Similarly, no significant 

benefit was observed by the addition of gefitinib to WBRT 

in a phase 2 randomized trial in unselected patients with 

BM.58 Data are currently inadequate to indicate whether 

TKI therapy administered concurrently with CNS-directed 

RT in patients with EGFR mutations is beneficial. Given the 

possible safety concerns raised in the RTOG study, concur-

rent TKI therapy is not routinely recommended in patients 

receiving WBRT.

Targeted Therapy with ALK Tyrosine Kinase 
Inhibitors

Although NSCLC with ALK rearrangement comprises 

a small subset of all NSCLC patients (4%–8%), this is an 

important subpopulation with distinct epidemiology and 

biology. Patients with ALK rearrangement (ALK-positive 

disease) are younger and usually have no or light smoking 

history. ALK-positive tumors are sensitive to ALK TKIs, with 

excellent systemic disease control. Initial findings from 

clinical trials of patients with ALK-positive NSCLC treated 

with ALK TKIs have shown promising CNS responses 

(Table  3). Crizotinib was the first ALK inhibitor approved 

for treatment of patients with metastatic ALK-positive 

NSCLC. While this drug has demonstrated clinically mean-

ingful disease control, the brain is the most common or 

only site for disease progression.59,60 This observation can 

likely be attributed to subtherapeutic crizotinib concentra-

tions in the brain (Table 2). Pooled analysis of a phase 3 

randomized trial (PROFILE 1007) with a single-arm phase 

2 trial (PROFILE 1005) reported a 12-week intracranial dis-

ease control rate with crizotinib of 56% among 109 patients 

with untreated asymptomatic BM compared with 62% in 

166 patients with previously treated BM.61 In the small 

subset of patients with CNS target lesions at baseline, the 

confirmed intracranial response rate was 18% in patients 

who did not receive brain RT and 33% in patients with 

previously treated BM. Thus, CNS disease control may be 

achievable with crizotinib initially but is not durable.

Second-generation ALK TKIs ceritinib, alectinib, and bri-

gatinib have shown efficacy in crizotinib-resistant patients 

Table 1. Prevalence of brain metastases by subtype of lung, breast, and skin cancers

Primary Tumor Site/Type Frequency/Prevalence of Brain Metastases

Lung 40%−50% of all BM1,3

 NSCLC ≈50% of NSCLC cases185

  Somatic EGFR mutant 44% of NSCLC BM cases (despite a genotype prevalence of only 10% in nonsquamous NSCLC)31

  ALK positive 35%−50% of NSCLC BM cases26,32,64

 SCLC 40%−50% of SCLC cases (10% of cases at diagnosis)186

Breast 15%−25% of all BM1,3

 Triple negative 25%−46% of TNBC cases89,126

 HER2 positive 38% of HER2-positive breast cancer cases187

 Luminal 5% of luminal breast cancer cases128

Melanoma 5%−20% of all BM1,3

 BRAF WT ≤50% of melanoma cases148,188,189; 55%−75% of melanoma cases based on autopsy report1,148,149

 BRAF mutant Similar frequency of BM as BRAF-WT melanoma190

Abbreviations: ALK, anaplastic lymphoma kinase; BM, brain metastases; BRAF, v-Raf murine sarcoma viral oncogene homolog B; EGFR, epi-
dermal growth factor receptor; HER2, human epidermal growth factor receptor 2; NSCLC, non–small cell lung cancer; SCLC, small cell lung cancer; 
TNBC, triple-negative breast cancer; WT, wild-type.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
e
u
ro

-o
n
c
o
lo

g
y
/a

rtic
le

/1
9
/1

/i1
/2

7
3
9
7
9
0
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



i5Chamberlain et al. Systemic therapy of brain metastases
N

e
u

ro
-

O
n

c
o

lo
g

y

including activity against BM, in part because of improved 

BBB penetration (Tables 2 and 3). Ceritinib was approved for 

treatment of patients with metastatic ALK-positive NSCLC 

whose disease progressed while taking crizotinib or who 

are intolerant to crizotinib.62 Ceritinib is selective for ALK 

at low concentrations in vitro and exhibits activity against 

crizotinib-resistant tumors in ALK-positive NSCLC xenograft 

models.63 In a phase 1 trial of patients with ALK-positive 

advanced solid tumors (ASCEND-1), approximately half 

had BM at baseline, and single-agent ceritinib produced an 

objective response rate of 59% with responses observed in 

both crizotinib-pretreated and crizotinib-naïve patients.64 

Median PFS was 6.9 months in crizotinib-pretreated patients 

and 10.4  months in crizotinib-naïve patients.64 In a 1-year 

follow-up, objective response rates were 56.4% (92/163) and 

72% (60/83), respectively, with median duration of response 

of 8.3 and 17.0 months, respectively.65 Half of patients had 

BM, and the intracranial disease control rate was 65.3% 

(median time to intracranial response, 6.1wk) in crizotinib-

pretreated patients and 79% (median time to intracranial 

response, 9.9wk) in crizotinib-naïve patients. An ongoing 

phase 2 study (NCT02336451) is specifically looking at the 

activity of ceritinib as first-line therapy in crizotinib-treated 

and crizotinib-naïve patients with untreated, asymptomatic 

and measureable BM and leptomeningeal disease.66

Results from dose-finding phase 1 and phase 2 stud-

ies indicate that alectinib has promising antitumor 

activity in patients with ALK-rearranged NSCLC after pro-

gression on crizotinib, including those with CNS metas-

tases (Table 3).67–69 Intracranial response rates >60% have 

been reported with alectinib.67–69 Based on these data, 

alectinib was recently approved for treatment of patients 

with ALK-rearranged NSCLC who had progressed post-cri-

zotinib.70 In recent phase 2 studies of alectinib in crizotinib-

refractory, ALK-rearranged NSCLC, 51%–61% of patients 

had CNS metastases.71,72 Among patients with BM at 

baseline, the disease control rate was 83%, with a duration 

of response of 10.3 months. Alectinib is also being inves-

tigated specifically in patients with BM in several studies 

(NCT02075840, NCT02521051, and NCT02604342).66

Brigatinib is another second-generation ALK inhibitor. In 

a phase 1 study of 79 patients with ALK-positive NSCLC, 

the response rate and disease control rate were 53% and 

87%, respectively, in the 15 patients with measurable BM 

CNS disease.73 Lorlatinib (PF-06463922) has demonstrated 

clinical activity in patients with ALK-rearranged and ROS 

proto-oncogene 1, receptor tyrosine kinase (ROS1)-

rearranged NSCLC with promising CNS efficacy.74,75

Recent studies have demonstrated a survival benefit 

with the combination of TKI and RT in patients with BM 

from ALK-rearranged NSCLC. In a retrospective, multi-

institution study examining OS and intracranial PFS in 90 

patients, treatment with SRS or WBRT and TKIs prolonged 

survival.76

Other potential molecular drivers and signaling trans-

duction pathways—such as ROS1, RET proto-oncogene 

(RET), mesenchymal-epithelial transition factor receptor 

tyrosine kinase gene (MET), v-Raf murine sarcoma viral 

oncogene homolog B (BRAF), and tyrosine kinase recep-

tor (TRK)/tyrosine kinase receptor B (TRKB)—are being 

explored in early-phase clinical trials as therapeutic targets 

in NSCLC and other cancers. The ability of these agents to 

penetrate the CNS and elicit intracranial responses will be 

a major factor in developing these novel targeted therapies 

and improving the survival of patients with NSCLC.

Immunotherapy

Immune checkpoint inhibitors, particularly those target-

ing the programmed death 1 (PD-1) pathway, result in 

Fig. 2. Non–small cell lung cancer mutations.Although more than one-third of driver mutations in non–small cell lung cancer (NSCLC) are still 
unknown, approximately one-half of primary single mutations have been identified. The approval of targeted therapies for epidermal growth factor 
receptor (EGFR)-mutated and anaplastic lymphoma kinase (ALK)-rearranged lung adenocarcinomas has led to a better understanding of indi-
vidual driver and resistance mutations upon tumor progression.17,18 (Large pie chart adapted with permission. © 2016 American Society of Clinical 
Oncology. All rights reserved.17,18)
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impressive disease control in a subset of patients with 

NSCLC. Tumors evade the immune system using multiple 

mechanisms including the expression of PD-1 ligands (PD-

L1 or PD-L2) by cells in the tumor microenvironment; bind-

ing of PD-L1 or PD-L2 to PD-1 receptors leads to inhibition 

of cytotoxic T cells. Pharmacologic inhibition of the PD-1 

receptor/ligand interaction reverses such immune evasion 

and restores T-cell immunity against the tumor.77,78 Notably, 

PD-1 inhibitors lead to systemic activation of T cells, which 

can cross the BBB.79,80 Two monoclonal antibodies to PD-1, 

nivolumab and pembrolizumab, are approved for the treat-

ment of NSCLC. Although the objective response rate is 

generally low with these agents, responses are impres-

sively durable, and treatment leads to a meaningful sur-

vival improvement in responders while preserving quality 

of life.

Phase 3 studies confirming the efficacy of nivolumab 

as second-line therapy for NSCLC included patients 

with treated stable BM27,28; there was no indication of 

increased neurological complications or toxicities in these 

patients. A  large phase 1 study has demonstrated the 

efficacy of pembrolizumab in the treatment of advanced 

NSCLC (objective response rate, 19%; median duration 

of response, 12.5 mo); however, only 10% of patients 

included in the study had BM.29 Preliminary results from an 

ongoing phase 2 trial of pembrolizumab showed an intrac-

ranial response rate of 45% in 11 patients with untreated 

BM; there were no serious neurologic complications.30

These early data show that immune checkpoint inhibi-

tors may be an effective treatment for patients with BM, 

although whether the responses are durable remains 

to be determined. There are ongoing trials specifically 

looking at responses of BM from NSCLC and/or mela-

noma to nivolumab (NCT02621515, NCT02374242, and 

NCT02320058) and pembrolizumab (NCT02085070).66

Chemotherapy

In patients who are refractory to targeted TKI treatments or 

refractory to or not candidates for immunotherapy, cyto-

toxic therapy remains an option for suitable patients with 

NSCLC and will continue to play a role in providing modest 

systemic responses and improving survival. Intracranial 

responses with cytotoxic chemotherapy usually corre-

late with systemic responses in patients with NSCLC. 

Intracranial response rates as high as 68% have been 

reported with chemotherapy in asymptomatic patients81; 

however, PFS is usually limited to several months, and OS 

ranges from 5 to 16 months (Table 4). The best intracranial 

outcomes were achieved using regimens containing cispl-

atin and pemetrexed82,83 or bevacizumab, carboplatin, and 

paclitaxel.81

Brain Metastases from Breast Cancer

Autopsy reports indicate that the incidence of BM in women 

with metastatic breast cancer is as high as 30%.84–86 There 

is also evidence of an increasing incidence of BM from 

breast cancer.8 Notably, according to the GPA, prognostic P
u
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index patients with BM from breast cancer have the long-

est median OS (13.8 mo).16 Several oncogenes have been 

identified as drivers of breast cancer (Fig. 3),87,88 and the 

propensity for BM from breast cancer is dependent on 

tumor subtype, with the highest frequency of BM observed 

in patients with triple-negative breast cancer (TNBC), fol-

lowed by human epidermal growth factor receptor 2 

(HER2)-positive and luminal breast cancers (Table  1).89 

Patients with HER2-positive metastatic breast cancer are 

2–4 times more likely to develop BM than patients with 

HER2-negative disease.90–92 The standard of care for this 

common complication of breast cancer includes WBRT, 

SRS, and surgery, which yield a median OS of 1–2 years in 

patients with HER2-positive breast cancer and ≤7 months 

in patients with TNBC.89,93,94

Therapies for Brain Metastases from HER2-
positive Breast Cancer

Overview

Until recently, development of targeted treatments in 

patients with BM and breast cancer was a low priority 

as BM presents at an advanced stage with little appre-

ciable effect on OS. Currently, the only nonendocrine 

therapeutic target in breast cancer is HER2, which is 

overexpressed in 25%–30% of patients.95 The develop-

ment of HER2-targeting therapies has been associated 

with an improvement in OS.96 Consequently, controlling 

or preventing BM in patients with HER2-positive breast 

cancer has increasingly become an important treatment 

consideration.

In patients with HER2-positive metastatic breast can-

cer, the recommended first-line systemic treatment is 

a combination of pertuzumab, trastuzumab, and tax-

ane.97–99 Patients with active BM from HER2-positive 

breast cancer were excluded from participation in the 

pivotal clinical trials supporting this combination, and 

treatment regimens containing trastuzumab or lapatinib 

failed to prevent CNS relapse (MA.31 trial: lapatinib arm 

18%, trastuzumab arm 24%; CLEOPATRA: 13% in both 

treatment arms; CEREBEL: lapatinib arm 3%, trastu-

zumab arm 5%).100–102 In a phase 3 randomized study of 

capecitabine plus lapatinib versus capecitabine alone for 

advanced-stage trastuzumab-refractory breast cancer, 

fewer patients in the combination arm had symptomatic 

CNS progression as part of the first progression event 

compared with those not receiving lapatinib.103 There is 

evidence that treatment regimens containing capecit-

abine may afford greater protective efficacy against BM 

from HER2-positive breast cancer,104 and capecitabine 

alone is known to have activity within the CNS, even in 

the absence of concurrent HER2-directed therapy.105,106 

While fewer BM tend to occur in treatment arms con-

taining small molecules (ie, lapatinib and/or capecit-

abine) than in those containing large biologics such as 

trastuzumab, pertuzumab, or ado-trastuzumab emtan-

sine (T-DM1), OS in patients with BM is substantially 

improved in patients randomized to better-performing 

treatment arms.104,107 Finally, neratinib, an irreversible 

HER2-targeting small molecule TKI, plus paclitaxel may 

be more effective than trastuzumab plus paclitaxel in 

reducing CNS progression from HER2-positive meta-

static breast cancer.108

Targeted Therapies

The failure of trastuzumab to prevent CNS relapse 

among patients with HER2-positive breast cancer can be 

ascribed to a lack of BBB penetration due to its large size 

(Table  2). Although retrospective data associated trastu-

zumab with extending OS in patients with BM from HER2-

positive breast cancer, it is likely that this effect resulted 

from improved systemic disease control rather than any 

direct intracranial effect.109–111 Retrospective analysis of 

the EMILIA trial revealed that the more potent antibody-

cytotoxic chemotherapy conjugate T-DM1 was associated 

with a protective efficacy similar to that of lapatinib plus 

capecitabine against BM from HER2-positive breast can-

cer: CNS progression in those without CNS metastases at 

baseline occurred in 2.0% of patients who received T-DM1 

and 0.7% who received lapatinib plus capecitabine.104 

In patients with asymptomatic BM at baseline, T-DM1 

appeared to increase duration of OS compared with lapat-

inib plus capecitabine (Table 5).104

Lapatinib has low-level antitumor activity as a single 

agent for HER2-positive breast cancer patients with pro-

gressive BM or BM refractory to trastuzumab and cranial 

radiotherapy.112,113 Positron emission tomography scan-

ning shows that lapatinib distributes into HER2-positive 

breast cancer BM but not within normal brain tissue. This 

finding is consistent with clinical data indicating that lapa-

tinib is suitable for treating rather than preventing BM 

in this population.114 Neratinib was also tested as a sin-

gle agent in a phase 2 trial of women with HER2-positive 

BM from breast cancer who had CNS progression after 

resection, WBRT, or SRS.115 In this trial, the CNS objective 

response rate (all partial) was 8%, and the median PFS was 

1.9 months.

Fig. 3 Breast cancer mutations.Breast cancer can be categorized 
into 4 types based on histology and gene expression. The majority 
of breast cancers are categorized as luminal A, with triple-nega-
tive breast cancer the next most common.87,88 According to the 
Catalogue of Somatic Mutations in Cancer (COSMIC) database, 
certain genes are frequently mutated in each subtype (as indicated 
next to each subtype).87,88 (Adapted with permission under Creative 
Commons Attribution-NonCommercial-ShareAlike 3.0 Unported 
License from Kumar R et al. J Pharm Bioallied Sci. 2012.87,88)
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Combinational Therapies

There is also interest in a combination of trastuzumab and 

nanoparticle albumin-bound paclitaxel following impres-

sive objective response rates and PFS as first-line treat-

ment for metastatic breast cancer (excluding BM).116,117 

Case-controlled data indicate that median OS was 

improved in patients with BM from HER2-positive breast 

cancer when lapatinib was added to trastuzumab (not yet 

reached) compared with trastuzumab alone (13 mo).118

The efficacy of lapatinib alone in the treatment of active 

BM from HER2-positive breast cancer was increased when 

coadministered with capecitabine (objective response rate, 

38% with lapatinib plus capecitabine vs 0% with lapatinib 

plus topotecan).113,119 Furthermore, the addition of lapat-

inib to capecitabine significantly prolonged time to tumor 

progression relative to capecitabine alone (8.4 vs 4.4 mo) 

in patients with metastatic HER2-postitive breast cancer, 

although progressive BM was an exclusion criterion.120 

Subsequent findings from the phase 2 LANDSCAPE trial 

established primary systemic therapy with lapatinib plus 

capecitabine as an effective and safe alternative to WBRT in 

patients with asymptomatic to oligosymptomatic BM from 

HER2-positive breast cancer. The intracranial response 

rate was 66% in this selected population, thereby delaying 

the need for WBRT by 8.3 months.121 A prospective study 

showed significant uptake of both lapatinib and capecit-

abine into BM following surgical resection in patients with 

metastatic breast cancer.122

Dual anti-HER2 therapy with trastuzumab and lapat-

inib plus capecitabine was an effective and well-tolerated 

regimen in patients with metastatic HER2-positive breast 

cancer.123 One case report describes how trastuzumab and 

lapatinib plus capecitabine as second-line therapy after 

T-DM1 resulted in partial remission of BM without sys-

temic disease progression and a >14-month delay in time 

to WBRT.124

Finally, in a case series, ONT-380, a HER2-targeting cova-

lently binding TKI, demonstrated promising activity against 

BM from HER2-positive breast cancer in combination with 

other systemic agents.125

Therapies for Brain Metastases from Other Breast 
Cancer Subtypes
Targeted Therapies and Hormonal Manipulation

Up to 40% of patients with TNBC develop symptomatic 

BM during the course of their disease,126 yet no targeted 

therapies for this disease subtype have been developed. 

Notably, the high expression of PD-L1 in TNBC suggests 

that this pathway is a potential therapeutic target. In pre-

liminary results of a phase 1 study (KEYNOTE 012)  of 

pembrolizumab, patients with TNBC (13% with BM) had 

an overall response rate of 19%.127 Furthermore, several 

ongoing clinical trials are investigating pembrolizumab 

in TNBC (NCT02447003, NCT02555657, NCT02622074, 

NCT02513472, and NCT02648477).66

About 5% of patients with metastatic luminal-type, 

estrogen-receptor–overexpressing breast cancer develop 

BM during their course of disease.128 Of note, estrogen-

receptor expression changes from initial overexpres-

sion in the primary tumor to absence of expression in the 

corresponding BM in up to 50% of cases.129,130 Moreover, 

in cases where the estrogen receptor continues to be 

expressed, the estrogen receptor 1 gene (ESR1) often con-

tains mutations that result in a constitutively active pro-

tein.131 Concentrations of the estrogen receptor antagonist 

tamoxifen and its metabolites have been shown to be up 

to 46-fold higher in brain tissue and BM than in serum.132 

Furthermore, case reports of patients with BM from breast 

cancer have demonstrated prolonged survival and pro-

longed remissions with tamoxifen endocrine therapy, the 

aromatase inhibitor letrozole, and the progestin megestrol 

acetate.133–135 With more clinically approved drugs for 

estrogen-receptor–expressing breast cancer, including the 

mechanistic target of rapamycin (mTOR) inhibitor everoli-

mus, it will be of interest to see if a further extension of 

survival is possible for TNBC BM. Despite an ability to 

cross the BBB, palbociclib, an inhibitor of cyclin-depend-

ent kinase (CDK)4/6 recently approved for first- and sub-

sequent-line management of hormone-receptor–positive 

metastatic breast cancer, is unlikely to be effective against 

BM from breast cancer as it is a substrate for CNS drug 

efflux pumps.136

Chemotherapy

When treating BM from breast cancer with cytotoxic 

chemotherapy, agents that exert antitumor activity against 

breast cancer in the extraneural compartment are selected 

as opposed to agents with extensive penetration of the 

BBB but limited systemic activity (eg, temozolomide).137–140 

In patients naïve to cyclophosphamide and anthracyclines, 

FEC (5-FU, epirubicin, cyclophosphamide) and CMF (cyclo-

phophsamide, methotrexate, 5-FU) have purported activity 

in patients with BM.141 Of the few cytotoxic chemothera-

peutic agents that can penetrate the BBB when disrupted 

by BM or radiation, cisplatin demonstrated clinical activity 

in patients with BM from breast cancer, particularly TNBC, 

as a single agent and in combination with other chemo-

therapies or with vinorelbine plus WBRT.142–145 Phase 2 

trials have also been completed evaluating capecitabine 

monotherapy in patients with CNS progression after WBRT 

alone or with SRS and no prior systemic therapy for BM 

(NCT01077726, NCT00977379, and NCT00570908).66

The novel cytotoxic agent sagopilone, a microtubule sta-

bilizer that penetrates the BBB and is not a substrate for 

CNS efflux transporters, has been evaluated in a single-

arm, phase 2 study of 15 breast cancer patients with BM. 

A CNS partial response was seen in 13% of patients, with a 

median PFS and OS of 1.4 and 5.3 months, respectively.146 

Additionally, a peptide-facilitated, brain-penetrating for-

mulation of paclitaxel (GRN1005) was well tolerated and 

decreased tumor size in heavily pretreated patients with 

advanced solid tumors, including those who had BM and/

or failed prior taxane therapy.147

Brain Metastases from Melanoma

An estimated 50% of patients with stage IV melanoma 

develop BM, but the prevalence may be as high as 75% 

based on autopsy reports.1,148,149 According to the GPA for 
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BM, patients with BM from melanoma have a median OS 

of 6.74 months.16 Patients with multiple BM and extensive 

extracranial disease have extremely poor survival out-

comes (as short as 1–2 mo in neurologically symptomatic 

patients).150,151 The prognosis may be somewhat better 

for patients with brain involvement at initial diagnosis of 

stage IV melanoma than for those who develop BM later.152 

Some patients with solitary BM without known extrac-

ranial disease may survive for several years after local 

treatment.152,153

Melanoma is generally not considered as sensitive to 

RT or traditional cytotoxic chemotherapy as many other 

primary malignancies, and these treatment shortcomings 

are accentuated when a patient develops BM. While sur-

gery and RT may lead to prolonged survival and symptom 

palliation in patients with oligometastatic CNS involve-

ment, these therapies do not protect against development 

of new BM.154 Systemic therapy, although underinvesti-

gated in melanoma patients with CNS involvement, rep-

resents a more viable treatment approach for what is 

essentially a systemic disease with subclinical metastases. 

Temozolomide and fotemustine were considered promis-

ing treatments for BM because of their CNS penetration; 

however, response rates with these agents were poor, and 

responses were transient. Fortunately, recent advances in 

systemic therapy for melanoma, both in molecularly tar-

geted therapy and immunotherapy, render new hope for 

effective use of systemic agents for BM.

Targeted Therapy with BRAF and/or MEK 
Inhibitors

Recent discoveries have identified numerous driver 

genetic mutations in melanoma, particularly in BRAF 

and neuroblastoma RAS viral (v-Ras) oncogene homolog 

(NRAS; Fig.  4). Approximately 40%–60% of melanoma 

patients harbor a BRAF driver mutation, which results in 

the substitution of valine at codon 600 of the BRAF serine-

threonine kinase (BRAF V600). The small molecule BRAF 

inhibitors dabrafenib and vemurafenib target the RAF/

MEK/ERK (MAPK) pathway,155,156 and are associated with 

high response rates and improved survival in metastatic 

melanoma patients with BRAF V600-mutant tumors.157,158 

The efficacy is improved further when BRAF inhibitors are 

used in combination with MEK inhibitor therapy to coun-

ter reactivation of the MAPK pathway.159–161 BRAF inhibi-

tors are associated with quick-onset regressions in the vast 

majority of patients and represent a rational option for 

control and palliation of BM from melanoma.

BRAF inhibitors have been associated with intracra-

nial responses despite limited intracranial bioavailability 

(Table 2).162 Dabrafenib therapy led to regression of BM in 

a phase 1 trial of patients with untreated BM from BRAF 

V600-mutant melanoma.163 In a phase 2 trial of patients 

with BRAF V600E-mutant melanoma, dabrafenib resulted 

in comparable intracranial and overall response rates (39% 

and 38%, respectively) in those with previously untreated 

BM and similar response rates (31% and 31%, respectively) 

in those with progressive BM despite prior treatment, indi-

cating that the central and peripheral activity of this agent 

is concordant (Table  6).164 Duration of response in this 

study ranged from 20 to 28 months. Similarly, in an open-

label trial of patients with BRAF V600-mutant melanoma 

and symptomatic BM, vemurafenib demonstrated anti-

tumor activity at both intracranial and extracranial sites, 

with a duration of response in the brain of 4.4  months 

(Table 6).165 MEK inhibition with MEK162 was also promis-

ing in a phase 2 study that included patients with treated 

and stable BM harboring NRAS or BRAF mutations.166 

Dual BRAF and MEK inhibition (eg, with dabrafenib plus 

trametinib or vemurafenib plus cobimetinib) is now estab-

lished as the standard of care for appropriately selected 

patients with advanced melanoma and tumors that harbor 

a BRAF V600 mutation, although the efficacy in patients 

with BM has not yet been determined.159,161

Immunotherapy

Another major drug development in melanoma has been 

the approval of immune checkpoint inhibitors targeting 

the PD-1 and cytotoxic T-lymphocyte–associated antigen 

4 (CTLA-4) pathways. The anti-CTLA-4 monoclonal anti-

body ipilimumab was approved after demonstration of 

improved OS in previously treated patients with metastatic 

melanoma.167 Ipilimumab was investigated in a phase 2 

trial of patients with advanced melanoma and BM.168 In 

the cohort of patients with neurologically asymptomatic 

disease who were not receiving corticosteroid treatment at 

study entry (N = 51), ipilimumab elicited a CNS response 

of 16% and CNS disease control rate of 24%, with intrac-

ranial responses generally concordant with extracranial 

responses. The 2-year survival rate in this cohort was 26%, 

suggesting the possibility of long-term survival in a sizable 

proportion of patients with an otherwise poor prognosis.

Nivolumab and pembrolizumab have also been approved 

for treatment of advanced melanoma.169,170 Nivolumab 

was associated with significant improvements in OS 

Fig.  4. Melanoma mutations.Mutations in v-Raf murine sar-
coma viral oncogene homolog B (BRAF) account for almost half 
of the driving mutations in melanoma, with another 16% driven by 
mutations in neuroblastoma RAS viral (v-Ras) oncogene homolog 
(NRAS).184 Therapies designed to target these mutations have 
improved outcomes in patients with melanoma.
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and PFS relative to dacarbazine in previously untreated 

patients without a BRAF mutation.171 Pembrolizumab 

was associated with prolonged PFS and OS and a more 

favorable toxicity profile than ipilimumab in patients with 

advanced melanoma who had not received previous ther-

apy with immune checkpoint inhibitors.172 Additionally, 

pembrolizumab resulted in a high rate of sustained tumor 

regression among patients with advanced melanoma, 

including those with disease progression despite receiving 

ipilimumab.173

To date, there are no published data on the safety and 

efficacy of pembrolizumab or nivolumab for BM from 

melanoma because patients with active BM were excluded 

from entering these studies.171–173 However, several trials 

of nivolumab and pembrolizumab are specifically inves-

tigating response in BM from melanoma (NCT02621515, 

NCT02374242, NCT02320058, and NCT02085070).66 An 

interim analysis of the ongoing clinical trial of pembroli-

zumab (NCT02085070) reported durable partial responses 

in melanoma patients with untreated BM.174 Another 

ongoing trial is investigating the safety and efficacy of the 

combination of nivolumab plus ipilimumab in this setting 

(NCT02320058).66

Chemotherapy
Cytotoxic therapies have had only modest activity against 

melanoma in general and therefore have limited utility in 

the treatment of BM from melanoma. Dacarbazine, the 

long-standing standard of care for metastatic melanoma, 

has not reliably demonstrated response in CNS metas-

tasis across numerous trials.175,176 Although the oral dac-

arbazine analog temozolomide has improved capacity 

to cross the BBB, most studies report response rates of 

<10% in patients with BM.176,177 Fotemustine, a nitrosourea 

that crosses the BBB, showed promise in early trials that 

included patients with BM, but intracranial response rates 

were low (6%) in later trials.178,179

Local and Systemic Combinatorial Approaches

The synergistic potential of RT in facilitating an immune 

response from immune checkpoint blockade is under 

evaluation. In a single-institution study of patients with 

BM from melanoma, univariate analysis revealed that SRS 

before or during treatment with ipilimumab was associated 

with higher rates of OS at 1 year than SRS after ipilimumab 

(65% or 56% vs 40%) and fewer instances of regional brain 

recurrences at 1 year (64% or 69% vs 92%).180 There was a 

trend toward improved local control in those who received 

SRS concomitantly with ipilimumab (1-y local recurrence, 

0%) compared with those who received SRS before (13%) 

or after (11%) ipilimumab.

Outcomes in patients with BM from BRAF V600E-mutant 

melanoma when combining SRS or WBRT prior to or 

concomitantly with vemurafenib were also positive in a 

retrospective analysis.181 Most evaluable patients had an 

improvement in neurological symptoms (7/11; 64%) and 

a radiographic response of index lesions (36/48; 75%), of 

which 23 (48%) were complete responses and 13 (27%) 

were partial responses. The CNS local control rate, freedom 

from new BM, and OS at 6 months were 75%, 57%, and 

92%, respectively.

Discussion

Systemic therapy of advanced cancer has been revolution-

ized by the advent of novel targeted therapeutics, which 

are associated with prolongation of survival and improve-

ment in quality of life. The application of these therapies 

to patients with BM requires an understanding of their 

clinical pharmacology, efficacy, and safety as it relates to 

the CNS. Unfortunately, patients with active BM have gen-

erally been excluded from clinical trials of novel targeted 

therapies because of the concern for unexpected toxicities 

and the likelihood that the poor survival of patients with 

BM will reduce the effect size between comparator agents. 

Although knowledge about the efficacy and safety of tar-

geted therapies for BM had previously been limited to ret-

rospective observations and small prospective studies, 

that trend appears to be changing with increasing investi-

gation of these novel therapies in prospective studies spe-

cifically for patients with BM.

The few single-arm phase 2 studies that have focused 

on targeted therapy in patients with BM from NSCLC, 

breast cancer, or melanoma highlight the potential of tar-

geted systemic therapy to address intracranial disease. 

There are encouraging findings regarding the utility of the 

EGFR TKIs gefitinib and erlotinib in BM from EGFR-mutant 

tumors and the second-generation ALK TKIs ceritinib, 

alectinib, and brigatinib in BM from ALK-positive disease. 

Similar findings are evident with use of anti-HER2 targeted 

therapies trastuzumab, lapatinib, and T-DM1 for BM from 

HER2-overexpressing breast cancer, although efficacy 

is improved when capecitabine is added to either trastu-

zumab or lapatinib. The BRAF and MEK inhibitors, either 

alone or in combination, appear active in patients with 

BRAF-mutant melanoma. Various studies have reported 

intracranial response rates ranging from 31% (with dab-

rafenib in BRAF V600E-mutant melanoma) to as high as 

75% (with erlotinib in EGFR-mutant NSCLC).35,40,67,121,164 

Unfortunately intracranial responses with many of these 

drugs may not be as robust as extracranial responses, per-

haps reflecting insufficient drug concentrations in brain 

tissue. Responses with these therapies are generally of 

quick onset but may not always be durable. Monotherapy 

with a TKI and close monitoring for progressive disease 

is a reasonable strategy for patients with small volume, 

asymptomatic BM associated with appropriate molecular 

subgroups of these diseases.

Emerging data suggest that immunotherapy with mon-

oclonal antibodies that target the PD-1 or CTLA-4 path-

ways may lead to substantial and durable intracranial 

responses concordant with their systemic activity. This 

may be because immune checkpoint inhibitors do not 

require direct access to brain parenchyma, as their effects 

are mediated by proxy on peripheral T cells, which in turn 

penetrate into the CNS. The hallmark of successful immu-

notherapy is the potential for durable responses and long-

term survival in responding patients, which appears to be 

preserved in patients with BM. Immunotherapy often has 
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a delayed onset of response and may lead to inflamma-

tory treatment effects, which are highly relevant to the 

patients with BM at risk of neurologic complications due to 

increased mass effects.

Given the aforementioned advances, there is increasing 

recognition of the need to include patients with untreated 

BM in clinical trials and to perform trials of systemic ther-

apy specifically in patients with BM. This strategy is not 

without its challenges because such trials are intensive, 

expensive, and come with a risk of neurologic complica-

tions. However, such studies are required to determine the 

optimal combination of targeted treatments and traditional 

therapies used to treat patients with BM.

In conclusion, the emerging evidence for the potential 

of novel targeted therapies that successfully target BM 

from NSCLC, breast cancer, and melanoma represents a 

paradigm shift in the management of BM. Patients with 

BM increasingly have a realistic hope that current targeted 

therapies and further research into new targeted therapies 

will permit an improvement in both their survival and qual-

ity of life.
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