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Brain metastases (BMs) represent the most common intra-
cranial malignancies in adults, accounting for up to 50% of all
brain tumors.1 The incidence of BM has been increasing in
recent years, likely due to the availability of effective sys-
temic therapies for primary cancers, the immunological

nature of the brain as a sanctuary site, along with advances
in imaging. Among patients with solid tumors, 10 to 30%
develop BM,with the highest rates seen in patients with lung
cancer, breast cancer, melanoma, renal cell carcinoma, and
colorectal carcinoma.2 Across tumor types, the development
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Abstract Brain metastases (BMs) represent the most common intracranial tumors in adults, and
most commonly originate from lung, followed by breast, melanoma, kidney, and
colorectal cancer. Management of BM is individualized based on the size and number of
brain metastases, the extent of extracranial disease, the primary tumor subtype,
neurological symptoms, and prior lines of therapy. Until recently, treatment strategies
were limited to local therapies, like surgical resection and radiotherapy, the latter in the
form of whole-brain radiotherapy or stereotactic radiosurgery. The next generation of
local strategies includes laser interstitial thermal therapy, magnetic hyperthermic
therapy, post-resection brachytherapy, and focused ultrasound. New targeted thera-
pies and immunotherapies with documented intracranial activity have transformed
clinical outcomes. Novel systemic therapies with intracranial utility include new
anaplastic lymphoma kinase inhibitors like brigatinib and ensartinib; selective “rear-
ranged during transfection” inhibitors like selpercatinib and pralsetinib; B-raf proto-
oncogene inhibitors like encorafenib and vemurafenib; Kirsten rat sarcoma viral
oncogene inhibitors like sotorasib and adagrasib; ROS1 gene rearrangement (ROS1)
inhibitors, anti-neurotrophic tyrosine receptor kinase agents like larotrectinib and
entrectinib; anti-human epidermal growth factor receptor 2/epidermal growth factor
receptor exon 20 agent like poziotinib; and antibody–drug conjugates like trastuzu-
mab-emtansine and trastuzumab-deruxtecan. This review highlights the modern
multidisciplinary management of BM, emphasizing the integration of systemic and
local therapies.
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of BMs confers a poorer prognosis, with survival time varying
based on patient and disease characteristics.3 The blood–
brain barrier (BBB) poses a significant challenge to drug
delivery (►Fig. 1), and the tumormicroenvironment governs
the development, progression, and spread of BMs.4 BMs are
heterogeneous entities, with survival associated with tumor
histology, age, performance status, extent of extracranial
disease, and genomic profile, among other factors. The
prognosis may be calculated by the molecular-graded prog-
nostic assessment (GPA) tool, which incorporates molecular
profiling into the previously used diagnosis-GPA tool.5–7 A
multivariable Cox proportional hazards regression was per-
formed using various prognostic factors and treatments
associated with survival for each primary site. The same
group developed theGPA tool in 2008 based on 1960 patients
from five randomized trials.3,8

In thelast twodecades, theemergenceofbetter therapeutic
options contributing to better survival in combination with
much more sensitive imaging modalities has led to increased

detection of BM. Treatment modalities have conventionally
consisted of local therapy, including surgical resection, whole
brain radiation therapy (WBRT), and stereotactic radiosurgery
(SRS), while conventional chemotherapy was reserved for
recurrent BM, although with poor efficacy.

However, over the past decade the widespread utilization
of immunotherapies and targeted therapies have markedly
improved treatment outcomes in individuals with BMs and
led to the utilization of these agents in the upfront setting.
The critical considerations that dictate the choice of therapy
include the number, size, and extent of BM; the presence of
CNS symptoms; patient performance status and overall
health status; comorbid conditions; and the driver mutation
profile of the tumor. Medical management depends on the
molecular profile of the primary tumor and the BM. This
article is a review of the management of BM, focusing
primarily on medical management based on the origin of
the primary tumor and novel therapies driving advances in
clinical outcomes.

Fig. 1 Barriers present in the central nervous system (CNS). (A) The BBB primarily consists of endothelium connected by tight junctions
along with increased efflux pumps. Additional contributions come from basement membranes, pericytes, and astrocytes. (B) The blood–CSF
barrier is made by choroid plexus cells connected by tight junctions but having fenestrations to permit molecular movement. (C) The brain
lymphatic system through which immune cells and CSF proteins are routed. (Reproduced with permission from Achrol AS, Rennert RC, Anders C,
et al. Brain metastases. Nat Rev Dis Primers 2019;5(1):5.)
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Symptomatic Management

Clinical Pearls

• Patients with brain metastases who have experienced a
clinical seizure requiring treatment with an anticonvul-
sant should be treated with levetiracetam because it does
not get metabolized through the liver’s cytochrome P450
system and will be less likely to interfere with
chemotherapy.

• There is guideline evidence against the use of antiepileptic
medications for patients with brain metastases unless
they have had a clinical seizure.

CNS symptomsmay vary based on the size and location of the
tumor. If present, the chief components of symptomatic
management include reducing peritumoral edema and sei-
zure treatment. Dexamethasone is the standard steroid used
for managing peritumoral edema due to its high potency,
CNS penetration, long half-life, and lack of significant miner-
alocorticoid activity.9 Seizures are less common in patients
with BM than in primary brain tumors.10 For those who do
develop seizures, standard first-linemonotherapy, especially
levetiracetam, is recommended because of its lack of hepatic
enzyme induction which decreases the risk of drug–drug
interactions with chemotherapy.11 The use of antiepileptic
therapy for “seizure prophylaxis” in patients who have never
had a clinical seizure is not recommended for patients with
BMs, as there is no evidence that it is effective.12

Local Management of Single Brain
Metastasis

Clinical Pearls

• In patients with no systemic disease and/or with a large
brain metastasis with mass effect, surgical resection is
recommended if the tumor is accessible.

• Stereotactic radiosurgery (SRS) is as effective for prolong-
ing OS as surgical resection.

• The use of postoperative SRS is preferred to WBRT due to
superior cognitive outcomes even though the risk of
tumor recurrence in the operative bed is higher.

Patients with single BM are often considered for upfront
surgical resection, especially when symptomatic from mass
effect and/or there is a lack of extracranial sites of disease
(solitary BM).13 Surgery also helps diagnose histologically
and provide mutational profiles of symptomatic BMs in
patients with no discernible primary tumor. In addition,
for large brain metastasis, retrospective data demonstrate
improved local control from surgery compared with radio-
therapy alone.14 These management principles are sup-
ported by the most recent American Society for Clinical
Oncology (ASCO)–Society for Neuro-oncology (SNO)–Amer-
ican Society for Radiation Oncology (ASTRO) guidelines.15 In
support of the importance of surgical resection is an older
randomized controlled trial that demonstrated prolonged
survival (40 vs. 15 weeks) and better quality of life in those
treated with surgery and WBRT compared with WBRT

alone.16 Moreover, postoperative radiotherapy after surgical
resection is important in reducing the risk of recurrence but
does not impact overall survival (OS) or patient function.17

Radiation therapy has evolved with time (►Fig. 2). Al-
though postoperative WBRT was traditionally used after
resection of brain metastasis, SRS targeted focally to the
resection cavity is now more often performed.18 This is
supported by two phase 3 trials, one supporting the role of
postoperative SRS compared with surgical resection alone
and a second comparing postoperative SRS to WBRT. In a
phase 3 trial conducted at MD Anderson Cancer Center,
Mahajan et al compared postoperative SRSwith observation
in 132 patients and demonstrated higher freedom from
recurrence (72 vs. 43%) in favor of postoperative SRS.19 In
the N107c trial comparing postoperative WBRT to postoper-
ative SRS, the risk of cognitive deterioration was only 52%
with SRS compared with 85% with WBRT. However, it is
important to note that the SRS group hadworse local control
in the surgical bed at 6 months.20,21 Therefore, patient
selection is critical to deciding on the optimal approach,
and should include consideration of tumor histology, assess-
ment of the extent of resection, cavity size, tumor location,
and preoperative dural involvement. Recent trials are aimed
at optimizing focal approaches to improve local disease
control, such as fractionated SRS or the integration of pre-
operative SRS.

Primary SRS is the alternative to surgery or WBRT for
small, inaccessible tumors less than 3 cm in maximum
dimension. The decision to approach such tumors must be
made individually, and an adequately powered randomized
trial is needed to compare the two approaches. A Cochrane
systematic review reported no definitive superiority of SRS
versus surgical resection.22 The RTOG 9508 trial compared
the combination of WBRT and SRS to WBRT in 333 enrolled
patients, showing a significant survival advantage in the
former group with a median survival of 6.5 versus 4.9
months. Patients enrolled in the combination arm also
reported stable or improved Karnofsky performance status
(KPS) at 6 months. Based on the results of this prespecified
subgroup analysis, the study concluded that combination
therapy improved functionality and survival for patients
with single unresectable metastasis and suggested this ap-
proach in patients with two to three BMs.23 ASTRO also
strongly recommends SRS for limited BM in patients with an
Eastern Cooperative Oncology Group (ECOG) functional
score of 0 to 2.24

Local Management of Multiple Brain
Metastases

Clinical Pearls

• Multiple societies of neuro-oncologists, radiation oncol-
ogists, medical oncologists, and neurosurgeons agree that
SRS is the treatment of choice for patients with multiple
brain metastases (up to 20) due to improved memory
function with an exception for patients with significant
mass effect who would benefit from surgical resection.
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• Newer recommendations, for patientswhose tumors have
actionable mutations, include combinations of SRS-SRT
with immunotherapy.

Multiple societies’ consensus statements and guidelines,
such as ASCO, SNO, and ASTRO, recommended that SRS be
the initial therapy of choice for patientswith one to four BMs,
excluding small cell lung cancer.15 In addition, prospective
registry and recent comparative data exist for treating
multiple BMs with upfront SRS, which is included in the
current NCCN guidelines (version 2.2022). For example, the
JLGK0901 registry study included 208 patients with 5 to 10
BMs who underwent SRS and reported no significant surviv-
al differences from those with 2 to 4 BMs (n¼531).25 An
update of prospectively accumulated databases, including
1,515 patients with 5 to 10 tumors and 804 patients with 11
to 20 tumors treated with primary SRS, also demonstrated
that carefully selected patients with multiple lesions (>10)
could also be treated with upfront SRS.26

Moreover, in carefully selected patients with actionable
molecular alterations, survival may be unimpacted by BM
number,27 and therefore such patientsmay be considered for
SRS given long-term expected survival. Li et al also presented
the results of a randomized controlled trial of SRS versus
WBRT for patients with 4 to 15 BMs, and a clinically mean-
ingful and statistically significant benefit with SRS was

observed in memory function preservation.28 It is also
important to note that the Congress of Neurological Surgeons
(CNS) recommended surgery in patients with multiple BM
only when there is symptomatic mass effect and, if achieved,
without inducing further neurological compromise.29

Currently, major trials are underway on the integration
and timingof SRSwith systemic therapy. A systematic review
of 77 abstracts with 6,384 patients showed the combination
of SRS and systemic therapy (chemotherapy, immunothera-
py, and targeted therapy) appears to be safe.30 SRS delivers a
large dose of RT in a single treatment, whereas stereotactic
radiotherapy (SRT) fractionates that dose over multiple days.
Chen et al showed that the concurrent administration of SRS-
SRTwith immune checkpoint inhibitors (ICIs) was associated
with favorable survival (24.7 months) versus treating with
SRS-SRTonly (12.9 months) or SRS-SRTwith non-concurrent
immunotherapy (14.5 months).31

Novel Local Therapies

Clinical Pearls

• Laser interstitial thermal therapy, focused ultrasound,
and magnetic hyperthermic therapy are newer alterna-
tives to surgery but are just finding their roles, even in
tertiary medical centers.

Fig. 2 Radiation therapy modalities for BMs. (A) Whole-brain radiation therapy. (B) Three-dimensional-conformal radiation therapy. (C–E)
Stereotactic radiosurgery. (Reproduced with permission from Achrol AS, Rennert RC, Anders C, et al. Brain metastases. Nat Rev Dis Primers
2019;5(1):5.)
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Laser Interstitial Thermal Therapy
Magnetic resonance-guided laser interstitial thermal thera-
py (MR-LITT) is an alternative to traditional surgical resec-
tion for certain metastatic tumors. The laser ablation of
abnormal neurological tissue using robotic NeuroBlate sys-
tem (LAANTERN) study is an ongoing trial that is studying
the efficacy of LITT by collecting real-world outcomes and
quality-of-life (QoL) data of enrolled patients. The investi-
gators analyzed 223 patients across 14 centers, with 92
having metastatic disease. Presently, the results show that
LITT improves QoL from the baseline. OS in the enrolled
population was similar to those with primarily recurrent
disease studied previously.32

The Laser Ablation after Stereotactic Radiosurgery
(LAASR) trial evaluated LITT after SRS in 20 patients with
recurrent BM and 19with proven radiation necrosis. PFS and
OS rates at 26 weeks were 74 and 72%, respectively, conclud-
ing that LITT, after SRS stabilized KPS, maintained neuro-
cognition and quality of life.33 Shah et al extensively studied
the application of LITT on brain tumors and found that the
PFS in patients with BM was the longest at 55.9 months
compared with patients with primary brain tumors.34 An
important predictor of recurrence is incomplete ablation.35

Tumor control rates for recurrent BM reached 80% in one
systematic review.36 LITT also increases the permeability of
the BBB, with the highest permeability within the first 1 to
3 weeks post-LITT.37 This might facilitate effective drug
permeation and delivery.

Focused Ultrasound
Focused ultrasound is a noninvasive, non–radiation-involv-
ing strategy where both high-intensity and low-intensity
options are being explored. High-intensity focused ultra-
sound can perform local ablation, although this has yet to
become standard of care. Low-intensity focused ultrasound
(LIFU) has emerged as a promising technique for enhancing
systemic drug delivery in brain metastases by transiently
disrupting the BBB.38 This noninvasive method utilizes pre-
cisely targeted ultrasound waves with acoustic feedback to
induce mechanical effects at the cellular level, resulting in
localized BBBdisruption.Work is needed to identify themost
optimal integration of systemic and local therapies with
targeted and immune therapies to enhance their efficacy
in brain metastases. Hence, FDA-approval intent clinical
trials are underway studying combining MR-guided LIFU
with systemic therapies.38,39

Magnetic Hyperthermic Therapy

Magnetic hyperthermic therapy (MHT) uses magnetic nano-
particles that convert electromagnetism to heat by an alter-
nating magnetic field. MHT is a novel technique that can
prove to be a promising hyperthermic therapy. It has been
studied in clinical trials in glioblastoma multiforme (GBM).
In one study, 59 patients with recurrent GBM underwent
MHT with RT. It showed that MHT with a reduced radiation
dose was safe, leading to longer OS since the first tumor
recurrence.40 Novel techniques currently being studied in

vitro include targeted delivery of photothermal agents using
antibody or aptamer conjugation.41

Systemic Therapies

Clinical Pearls

• For each type of solid tumor cancer diagnosis, there are
increasingly available systemic therapies that can cross
the BBB and help improve the tumor control rates beyond
those provided by focused neurosurgical and radiation
therapies.

The role of novel systemic therapies in the treatment of brain
metastases is evolving and holds promise for improving
outcomes in patients with this challenging condition. Out-
comes of systemic therapy are evaluated using OS or PFS, or
intracranial objective response rate (iORR). Novel systemic
therapies have demonstrated the ability to cross the BBB and
exert their effects directly on BM. Immunotherapies and
antiangiogenic agents have demonstrated the potential to
modulate the tumor microenvironment, enhancing the im-
mune response or inhibiting blood vessel formation, respec-
tively. These approaches may improve treatment efficacy in
brain metastases.

Systemic therapies can be combined with local therapies
to maximize treatment effectiveness. For example, systemic
therapies may be administered alongside RT to enhance
tumor response or sensitize tumor cells to radiation. By
utilizing a multimodal treatment approach, novel systemic
therapies can complement existing local therapies and po-
tentially improve outcomes. Discussed below are systemic
therapies categorized by the primary tumor site of origin;
however, tissue-agnostic driver mutations are being increas-
ingly recognized.

Systemic Therapies for Brain Metastases
from Lung Cancer

Clinical Pearls

• Epidermal growth factor receptor (EGFR) mutation is an
important driver of lung cancer and is presentmuchmore
commonly in Hispanic and Asian patients than in
Caucasians.

• EGFR is a very “druggable” target to erlotinib or gefitinib
which canproducemore than an 80% partial response (PR)
rate in the tumor.

• Patients whose tumors harbor BRAFv600 mutated BM
from non-small cell lung cancer (NSCLC) can be treated
with dabrafenib/trametinib.

• Programmed death ligand 1 protein expression is an
important biomarker that can predict tumor response
to immunotherapy.

Chemotherapy
Conventional cytotoxic therapies have historically demon-
strated limited results in managing BMs, secondary to the
inability of traditional cytotoxic drugs to cross the BBB. The
use of cisplatin, paclitaxel, and pemetrexed has been limited
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to refractory cases, owing to substantial side effects and
limited efficacy.42,43Although practice-changing advances in
conventional chemotherapy have been limited, a few excit-
ing therapies are on the horizon. Patupilone is a novel
microtubule disruptor that can penetrate the BBB. Patupi-
lone conferred a median OS of 8.8 months, 65% survival at
6 months, and a progression-free survival rate at 9 weeks of
36% in 49 pretreated NSCLC BM patients.44

Targeted Therapies
Previously, the biomarker profiles of the primary tumor and
the brain metastases were used for prognostication but did
not guide management. However, in the modern era, a
molecular profile of brain metastases permits the effective
utilization of various targeted therapies and immunothera-
pies. Targeted therapies specifically aim at inhibiting the
activity of driver mutations essential for tumor growth,
reducing systemic toxicity. These therapies have been driven
by genomic profiling, initially only of the primary tumor but
later also of the BM (►Fig. 3; ►Table 1).

Epidermal Growth Factor Receptor
EGFR mutations are common in lung cancer, accounting for
around 15% of tumors in Caucasian patients and 25 to 50% in
Hispanic and Asian patients.45,46 Early reports of the activity
of tyrosine kinase inhibitors that included four NSCLC
patients with BM treated with erlotinib revealed two with
PR and two with stable disease (SD). A phase II study
prospectively evaluated EGFRmutant NSCLC patients treated
with erlotinib or gefitinib and noted that 83% achieved a PR
and 11% achieved a SD without a statistically significant
difference in PFS or OS.47–52

Anaplastic Lymphoma Kinase
Anaplastic lymphoma kinase (ALK) mutations occur in �5%
of NSCLC cases. ALK inhibition has led to breakthrough
improvements in the survival of patients with ALK-mutant
NSCLC with brain metastases, previously a terminal dis-
ease.53Novel ALK inhibitors being utilized include crizotinib,
alectinib, brigatinib, and lorlatinib, with ensartinib the latest
agent on the horizon.54–59

RET Mutations
RETmutations are rare and found in 1 to 2% of cases of NSCLC,
particularly the adenocarcinomatous histology.60–62

BRAF Mutations
Five percent to 8% of NSCLC is driven by BRAF mutations.
Although BRAFv600E mutations are present in 90% of solid
tumors, it accounts only for half of the BRAF mutations.45

Complete intracranial response in BRAFv600 mutated BM
from NSCLC was seen with the combination of dabrafenib, a
BRAF inhibitor, with trametinib, a MEK inhibitor in one
patient with treatment-naive asymptomatic non-measur-
able BM. The RECIST 1.1 CNS evaluation criteria were
employed.63 Encorafenib and binimetinib are currently be-
ing tested in the PHAROS phase 2 trial.64

KRAS Mutations
KRAS mutations are the second most common mutations in
NSCLC, accounting for up to 20 to 25% of cases of NSCLC.65

KRAS was historically considered undruggable; however,
novel breakthrough anti-KRAS agents sotorasib and adagra-
sib have demonstrated efficacy, including for brain
metastases.66–69

MET Mutations
METmutations are rare and found in less than 5% of patients
with NSCLC.45,70

ROS-1 Mutations
Brain metastases are found in 19 to 36% of ROS1-positive
NSCLC patients at diagnosis.71 ROS-1 mutations are present
in 1 to 2% of patients with NSCLC.45,72–74

HER2/EGFR Exon 20 Insertions
About 0.3 to 3.7% of patients with NSCLC harbor EGFR exon 20
insertionmutations,while 2 to 4%harbor theHER2mutations,
with EGFR exon 20 insertions consisting of 90%.75–77

NTRK Mutations
NTRK mutations drive less than 1% of NSCLC cases.45 NTRK
inhibitors such as larotrectinib and entrectinib have been
used as targeted therapy in patients harboring this driver
mutation.78–80

Immunotherapy
Goldberg et al demonstrated intracranial response in 42
patients with BM with positive programmed death ligand
1 (PD-L1) expression. The iORR was 29.7% in those with PD-
L1�1% (n¼37) and0% in thosewith PD-L1<1% (n¼5) using
modified RECIST. The OS rates at 1 and 2 years were 40 and
34%, respectively.81 Frost et al demonstrated that this re-
sponse was not in frail patients with symptomatic BMs.82

Atezolizumab and durvalumab can also be effective.83,84

Systemic Therapies for Brain Metastases
from Breast Cancer

HER2-Positive Breast Cancer (HER2þ )

Clinical Pearls

• Estrogen and progesterone receptors are important in the
growth of some breast cancers. These are termed hor-
mone receptorþ (HRþ ).

• The HER2 gene makes the HER2 protein which also drives
breast cancer cells to grow and there are targeted thera-
pies toward the HER2 receptors which can be utilized.

• Breast cancer types are characterized by the presence or
absence of both HER2 and HR.

• “Triple negative” breast cancer means that ER, PR, and
HER2 are not active within the tumor cell. These make up
�10% of breast cancers and are very refractory to
treatment.
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Fig. 3 Genetic profiling of the primary tumor site in lung cancer and of the brain metastases. (Reproduced with permission from Suh JH,
Kotecha R, Chao ST, Ahluwalia MS, Sahgal A, Chang EL. Current approaches to the management of brain metastases. Nat Rev Clin Oncol 2020;17
(5):279–299.)
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The HER2 gene is human EGFR2 which makes the HER2
protein that drives breast cancer cells to grow. HRs are
estrogen and progesterone. Breast cancer incidence, there-
fore, is based on molecular subtype and is divided into
HER2þ/HRþ , HER2�/HRþ , HER2þ/HR� , and triple-neg-
ative breast cancer (meaning HER2, estrogen, and progester-
one receptors) HER2�/HR� . The incidence of HRþ breast
cancer is roughly 68%, and HER2þBC is 9 to 12%.85

Hormone therapy with tamoxifen is standard of care for
patients with HRþbreast cancer brain metastases (BCBM),
mainly for patientswith estrogen receptor-positive BC.86 The
tumor microenvironment of microglia is crucial to develop-
ing brain metastases.87,88 The presence of these microglia
aids the tumor in spreading as the lack of them inhibits
dissemination.89 Tamoxifen modulates these microglia,
thereby suppressing growth and spread.90 A retrospective
study of 198 patients with HRþ BCBM reported a higher
overall median survival in those receiving hormone therapy
—15 versus 4 months for those who did not.91

The recent development of targeted therapies toward
HER2 receptors and tyrosine kinase has been significant in
treatingHER2þBC. However, the treatment of HER2þBCBM
needs further exploration. Currently, the supportive evi-
dence of the efficacy of targeted therapies is mainly retro-
spective. Recent advancements in immunohistochemistry
led to a new subclass of HER2þ cancers: HER2� “low”; these
cells have lowexpression of HER2. Antibody–drug conjugates
like trastuzumab-deruxtecan (T-DXd) are helpful in their
treatment.92

Trastuzumab is a monoclonal antibody that blocks HER2
receptors halting tumor cell growth and is first-line therapy
in HER2þBC.93 There is limited evidence of trastuzumab’s
efficacy in treating BCBM. A retrospective analysis of 251

patients with HER2þBC found that trastuzumab delayed
the onset of BMs and prolonged survival due to control of
the primary disease.94 The PATRICIA trial evaluated
the efficacy of high-dose trastuzumab with pertuzumab
in 40 pretreated BMs. Phase II showed that 68 and 51%
demonstrated clinical benefit at 4 and 6 months, respec-
tively, and an iORR of 11% in patients with measurable BMs
(n¼37).95

Trastuzumab-emtansine (T-DM1) is an antibody–drug
conjugate that has not yet been tested in clinical trials
focusing exclusively on patients with BCBM. There is evi-
dence of efficacy in successfully treating BMs from retro-
spective analyses and post-approval clinical trials.96,97 There
is an extensive literature for other agents that have also
shown some activity in breast cancer.95,98–109

Triple Negative Breast Cancer
Triple negative breast cancer accounts for 10% of breast
cancer cases.85 Most studies that have evaluated immuno-
therapy in breast cancer excluded BMs owing to poor prog-
nosis and limited penetration across the BBB.110–112

Systemic Therapies for Brain Metastases
from Melanoma

Clinical Pearls

• Just as in lung cancer, patients whose tumors harbor
BRAFv600 mutated BM from melanoma can be treated
with dabrafenib/trametinib.

• Immunotherapieswith ipilimumab and/or nivolumab can
be very important in treating BM frommelanoma andwas
successful in creating an OS of more than 80% at 9 months

Table 1 Targeted therapy used in brain metastases

Driver mutation Incidence of BM Targeted therapy

Lung cancer

EGFR 15–50% Osimertinib, erlotinib, gefitinib

KRAS 20–25% Sotorasib, adagrasib

ALK 5–6% Alectinib, brigatinib, lorlatinib, ceritinib, crizotinib

MET exon 14 2–5% Capmatinib, tepotinib

BRAF 1–3% Dabrafenibþ trametinib

HER2 1–3% Trastuzumab, pertuzumab

RET 1–2% Selpercatinib, pralsetinib

ROS-1 1–2% Entrectinib, ensartinib, repotrectinib

NTRK 0.1–0.9% Larotrectinib, entrectinib

Breast cancer

HER2þ 9–12% Trastuzumab, T-DM1, T-DXd, pertuzumab, tucatinib, lapatinib, neratinib

HER2� HRþ 68% Tamoxifen

Triple-negative 10% Avelumab, pembrolizumab, atezolizumab

Melanoma

BRAF/MEK 50% Vemurafenib, dabrafenibþ trametinib, encorafenibþ binimetinib

Abbreviations: ALK, anaplastic lymphoma kinase; BM, brain metastasis; EGFR, epidermal growth factor receptor.
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which ismarkedly improved over historical 2- to 3-month
control rates from radiation therapy.

BRAF is a human gene that creates a protein called B-raf.
Genetic profiling ofmelanomas identified BRAFmutations in
almost 50% of cases, of which 90% harbor BRAFv600E muta-
tions. The BRAF oncogene is made particularly active by the
V600E mutation which can lead to uncontrolled tumor
growth.113 Melanoma with brain metastases (MBMs) are
treated with targeted therapy and immunotherapy.

Chemotherapy
Chemotherapy has been shown to have no significant role in
BMs from melanomas, even when used with RT. Temozolo-
mide and fotemustine combined with WBRT have neither
demonstrated clinically significant tumor activity nor im-
proved survival.114,115

Targeted Therapies: BRAFþMEK Inhibition
The mitogen-activated extracellular signal-regulated kinase
(MEK) is a very well-known oncogenic driver in the cancer
pathway. In targeted therapy for melanoma brain metasta-
ses, BRAFwith or withoutMEK inhibition has emerged as the
promising approach. BRAF inhibitors include vemurafenib,
dabrafenib, and encorafenib.116–123

Immunotherapy
ICIs have been a pillar in treating MBMs. Ipilimumab is a
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) in-

hibitor that allows cytotoxic T lymphocytes to recognize
tumor antigens and destroy tumor cells.124 A phase II trial
reported the efficacy of ipilimumab in 51 patients withMBM
whowere asymptomatic and not on steroids and 21 patients
whowere symptomatic on a stable dose of steroids. The iORR
at 12 weeks for the former group was 16 versus 5% in the
latter group, also concluding that ipilimumab shows activity
in patients with small brain metastases. This study used the
modified World Health Organization (mWHO) and the im-
mune-related response criteria (irRC).125 The CheckMate 204
trial reported the efficacy of combining ipilimumab with
nivolumab, a PD-1 inhibitor. Among 94 patients, the iORR
was 55%. The PFS was 64.2% at 6 months and 59.5% at
9 months. The OS rates at 6 and 9 months were 92.3 and
82.8%, respectively.126

The ABC trial assessed the above combination compared
with nivolumab monotherapy in 79 patients across three
cohorts. Thirty-nine belonged to the treatment arm, 27 to
the control arm, and 16 who failed local therapy or had
symptomatic BMs or leptomeningeal disease. The iORRs
were 45, 20, and 5% in the three groups, respectively.127

Meanwhile, Kluger et al studied the efficacy of pembroli-
zumab in MBMs and concluded that pembrolizumab is
active in MBMs with an acceptable toxicity profile. Twen-
ty-six percent of the patients enrolled had a clinical re-
sponse. The PFS and OS were 2 and 17 months, respectively.
Forty-eight percent of the 23 patients were alive at the end
of 1 year.128 The trials mentioned earlier used the RECIST
1.1 criteria.

Fig. 4 Potential targets for systemic therapies for brain metastases, along with currently promising drugs in the pipeline against them.
(Reproduced with permission from Achrol AS, Rennert RC, Anders C, et al. Brain metastases. Nat Rev Dis Primers 2019;5(1):5.)
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Future Directions

Potential Targets and Future Systemic Therapies
Because of advances in our understanding of the pathogene-
sis andmechanisms of tumor resistance for BM, especially in
the tumor microenvironment, several potential targets have
been identified and many systemic therapies are on the
horizon, as summarized in ►Fig. 4.

Conclusions

The incidence of brain metastases is likely to continue to
increase due to the aging population, longer survival of
cancer patients, and the availability of more effective sys-
temic therapies. The intracranial efficacy of local and
systemic treatments has been well-demonstrated. Despite
this, the prognosis for people diagnosed with brain metas-
tases remains poor. Ongoing trials may help identify the
optimal integration of systemic and local therapies with
targeted therapies and immunotherapy. Multi-institutional
collaborations remain key to pooling translational and
clinical expertise and pursuing large randomized controlled
trials.
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