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Brain metastasis (BM), the most common adult brain tumor, develops in 20% to 40% of patients with late-stage cancer and tradition-

ally are associated with a poor prognosis. The management of patients with BM has become increasingly complex because of new and 

emerging systemic therapies and advancements in radiation oncology and neurosurgery. Current therapies include stereotactic radio-

surgery, whole-brain radiation therapy, surgical resection, laser-interstitial thermal therapy, systemic cytotoxic chemotherapy, targeted 

agents, and immune-checkpoint inhibitors. Determining the optimal treatment for a specific patient has become increasingly individual-

ized, emphasizing the need for multidisciplinary discussions of patients with BM. Recognizing and addressing the sequelae of BMs and 

their treatment while maintaining quality of life and neurocognition is especially important because survival for patients with BMs has 

improved. The authors present current and emerging treatment options for patients with BM and suggest approaches for managing 

sequelae and disease recurrence. Cancer 2020;0:1-17. © 2020 American Cancer Society. 
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INTRODUCTION
Brain metastases (BMs) are the most common adult intracranial malignancy, affecting 200,000 to 300,000 new  
patients per year in the United States and representing 20% to 40% of patients with advanced-stage cancer.1 Lung, breast, 
melanoma, renal cell, and colorectal cancers represent the majority of BMs.2 BM incidence is increasing because of the 
higher resolution and greater frequency of brain imaging and more effective control of extracranial disease as a result of 
improvements in systemic therapy.

Although BMs are common, the clinical presentation varies, depending on size, number, and location. Headache 
is the most commonly reported symptom and typically is associated with multiple and/or posterior fossa BMs. Patients 
may also present with focal neurologic dysfunction, seizures, stroke-like symptoms, and/or subtle cognitive dysfunction. 
Clinicians should have a high suspicion for BM in patients who have advanced cancer with neurologic complaints.

BM detection in patients with cancer is important for accurate staging and optimal management. Symptomatic 
patients commonly receive a noncontrast-enhanced computed tomography (CT) scan of the head to rule out 
life-threatening conditions, which may suggest a diagnosis of BM, but it is not sensitive enough for staging. Thin-cut 
(≤1.5 mm), brain magnetic resonance (MR) imaging (MRI) with and without intravenous gadolinium contrast is 
preferred for BM screening and has increased sensitivity compared with contrast-enhanced CT scans.3-5 For patients 
with contraindications to MRI, contrast-enhanced CT scans may be used. On cross-sectional, contrast-enhanced 
imaging, BMs are typically spherical, ring-enhancing lesions with surrounding vasogenic edema, commonly located 
at the gray-white matter junction. On MRI, they usually appear isointense or hypointense on T1-weighted images 
and hyperintense on T2-weighted images; however, some can be hyperintense on T1 imaging (depending on histol-
ogy or the presence of hemorrhage). Vasogenic edema is hypointense on T1-weighted imaging and hyperintense on 
T2-weighted imaging but is best evaluated on fluid-attenuated inversion recovery imaging, which suppresses the T2 
hyperintensity associated with cerebrospinal fluid (CSF) in the ventricles and surrounding the brain. BMs are usually 
hyperintense on fluid-attenuated inversion recovery imaging.6 These MRI characteristics, however, are not pathog-
nomonic for BMs, and the differential diagnosis includes primary brain tumors, infection, demyelinating disease, 
and vascular abnormalities. Additional MRI sequences and other imaging modalities can be helpful in identifying 
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and evaluating BMs to better differentiate them from 
other pathologies, such as diffusion-weighted MRI, dif-
fusion-tensor MRI, MR spectroscopy, MR perfusion, 
and positron emission tomography (PET).7-9

PROGNOSTIC ASSESSMENT
Historically, untreated patients with BMs experienced 
a 1-month to 2-month median overall survival (OS),10 
and whole-brain radiation therapy (WBRT) extended 
this to approximately 4 to 6  months.11 With modern 
systemic therapies, supportive care, and early hospice/
palliative interventions, post-WBRT survival is slightly 
better (7-8 months).12 Several prognostic indices exist for 
patients with BMs,13 which evolved from a recursive par-
titioning analysis that divided patients into 3 prognostic 
classes based on performance status (PS), extent/control 
of extracranial disease, and age to the graded prognos-
tic analysis (GPA) by adding the number of BMs. Next, 
diagnosis-specific GPAs for lung, melanoma, renal cell, 
breast, and gastrointestinal cancers were created; and,  
finally, molecular markers were added to develop molecu-
lar GPAs for non–small-cell lung cancer (NSCLC) and 
melanoma.14,15 Although the clinical value of these tools 
has been limited and overall performance status tends to 
drive clinical management, they serve to better educate 
the patient and enable a more informed understanding of 
the potential risks and benefits of the various treatment 
modalities.

SYMPTOM MANAGEMENT
Because BMs can significantly affect quality of life 
(QoL), symptom management is a key component of 
appropriate clinical care. Early palliative care inter-
vention improves OS and QoL and especially benefits  
patients with significant symptom burden.16 Typically, 
symptomatic BMs are managed adequately with cor-
ticosteroids (commonly dexamethasone) by reducing 
peritumoral edema and intracranial pressure. A com-
mon dexamethasone regimen is a 10-mg loading dose 
followed by 4 to 6 mg every 6 hours, although lower 
doses (4-8  mg daily) can achieve symptom control.17 
Using the lowest effective dose minimizes steroid- 
related toxicity but also may result in less suppression of 
immunotherapy effects. Conflicting data exist regard-
ing whether all patients who receive ≥10 mg prednisone 
daily (or equivalent) at the initiation of single-agent, 
programmed cell death-1 (PD-1) or programmed death 
ligand 1 (PD-L1) inhibitors have worse OS and pro-
gression-free survival (PFS) compared with patients 

who require <10 mg.18-20 Further investigation is nec-
essary to determine the effects of corticosteroid use 
and their timing on the efficacy of immune checkpoint  
inhibition (ICI) therapy either alone or in conjunction 
with chemotherapy. Importantly, some patients who 
required corticosteroids in the aforementioned studies 
did demonstrate a response to ICI, so patients should 
not be excluded from immunotherapy if they are  
receiving corticosteroids. Finally, steroids are not rec-
ommended for patients with asymptomatic BMs.

For patients who present with seizures, sin-
gle-agent, standard, first-line antiepileptics should be 
used at the lowest effective dose to minimize medi-
cation toxicity. Antiseizure medication use for pro-
phylaxis in patients without a seizure history is not 
recommended and is associated with more adverse  
effects.21,22 Typically, patients undergoing BM resec-
tion are placed on a prophylactic antiseizure medica-
tion in the postoperative period because seizures in this 
setting can be devastating, although published evidence 
supporting this practice is limited.23

THE ROLE OF SURGERY
Many patients can benefit from surgical resection, given 
improvements in neuroanesthesia, neuroimaging, and 
operative instruments. Resection can provide rapid symp-
tom relief secondary to mass effect and/or CSF obstruc-
tion, provides tissue for histopathology, and is appropriate 
for large, symptomatic (>3 cm) tumors. For patients with 
a single BM, most studies demonstrate improved sur-
vival for patients who receive WBRT and surgery versus 
WBRT alone.24

For patients with multiple BMs, the role of resec-
tion is less clear and typically, multiple BMs are a relative 
contraindication for resection. Because of the increased 
technical difficulty in accessing and resecting multiple 
BMs, patient selection is paramount. Retrospective 
data suggest a possible benefit in patients with limited 
BMs, those with multiple BMs that cause symptomatic 
mass effect or CSF obstruction, and/or when multiple 
BMs are accessible from the same craniotomy.25-27 One 
study compared patients with limited BMs (n  =  2-3) 
versus those with a single BM, all of whom underwent 
complete resection followed by WBRT and found that 
the median OS was not different between the groups 
(14 months).27 Of note, recurrence rates, complication 
rates per craniotomy, and 30-day mortality rates were 
similar between the 2 groups. In our practice, multiple 
BM resections are limited to patients who have a good 
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PS with 2 large (>3  cm), surgically accessible, symp-
tomatic lesions.

For recurrent BMs, resection can improve survival 
and PS status,28 especially for patients who have con-
trolled extracranial disease, a preoperative Karnofsky PS 
>70, a time-to-recurrence ≥4 months, age <40 years, 
and nonbreast/melanoma histology. Surgical resection 
of recurrent BMs can be considered in patients who 
have a good PS with limited intracranial disease and 
controlled extracranial disease.

THE ROLE OF POSTOPERATIVE RT
After resection, patients with BMs have an approxi-
mately 60% 12-month tumor bed recurrence rate.29 
Adjuvant WBRT reduces central nervous system (CNS) 
recurrence rates and the risk of neurologic death.24 
Stereotactic radiosurgery (SRS) is another option to 
precisely deliver targeted high-dose radiation to the 
resection cavity, minimizing dose to the surrounding 
normal brain tissue, and potentially resulting in less 
adverse neurocognitive effects than WBRT. A single-
center, randomized phase 3 study was conducted to 
compare postoperative single-fraction SRS (SF-SRS) 
with observation alone after BM resection.29 With a 
primary endpoint of local recurrence, it was noted that 
postoperative SRS significantly reduced tumor bed  
recurrence (12-month freedom from local recurrence, 
72% with postoperative SRS vs 43% with observation; 
hazard ratio, 0.46; P = .015). No serious adverse events 
(AEs) were noted in the SRS group; and, although the 
analysis was not powered for survival, no difference 
was noted between groups, and most patients who had 
local recurrences received salvage treatment with SRS, 
WBRT, surgery, or a combination thereof. An impor-
tant observation was the high rate of new BMs, which 
occurred in approximately 60% of patients in both 
treatment groups over 1  year. Another key prospec-
tive, randomized study compared the use of postop-
erative SRS versus WBRT using coprimary endpoints 
of cognitive-deterioration–free survival and OS. SRS 
was associated with superior cognitive-deterioration–
free survival (median, 3.7 months vs 3 months; hazard 
ratio, 0.47; P < .0001), and cognitive deterioration at 
6  months was less frequent in those who underwent 
SRS versus those who received WBRT (52% vs 85%, 
respectively).30 The median survival was similar in both 
groups at approximately 12 months. However, WBRT 
resulted in prolonged intracranial tumor control, with a 
higher rate of surgical bed control at 12 months (80% 
vs 60%). Despite the potential inferior local control, 

the authors concluded that SRS should be considered 
a standard of care considering the reduction in neuro-
toxicity and similar OS. Several possible explanations 
for the reduced local control with SF-SRS include  
reduced and potentially inadequate, single-fraction 
doses for large surgical beds; a hypoxic environment 
after surgery; and challenges with target volume design 
after surgery. One alternative approach would be hypo-
fractionated SRS (HF-SRS), with the dose being deliv-
ered over 3 to 5 sessions, which would allow for a higher 
total dose and, theoretically, without increasing toxic-
ity. The Alliance cooperative group recently activated 
a randomized phase 3 trial (clinicaltrials.gov identifier 
NCT04114981) comparing SF-SRS versus fractionated 
SRS (3-5 sessions) for patients with resected BMs using 
a primary endpoint of surgical bed recurrence-free sur-
vival. In addition, patterns of recurrence after SRS may 
better inform target volume delineation, in which larger 
margins may be necessary especially when dural contact 
is present.31 Another alternative approach to mitigate 
recurrence would be to offer preoperative SRS. In 1 
of the larger single-institution experiences, the 1-year 
tumor bed recurrence rate after preoperative SRS was 
approximately 20%.32 How this compares with postop-
erative SRS is the subject of another randomized phase 
3 trial (clinicaltrials.gov identifier NCT03741673), in 
which the rates of leptomeningeal disease, local con-
trol, distant BM, and OS will be compared between 
preoperative versus postoperative. After BM resection 
and tumor bed SRS regular brain MRIs are required 
considering the risk for both local and distant brain  
recurrence because multiple salvage options are feasible 
should intracranial disease progression be observed.

SYSTEMIC TREATMENT  
OF BRAIN METASTASES
Extracranial disease can pose a greater threat than BMs in 
patients who have small (≤2  cm) and/or asymptomatic 
BMs, emphasizing the need for timely systemic therapy. 
Historically, upfront chemotherapy was not used in  
patients with BM given concern for poor CNS penetra-
tion.33 Recently, targeted therapies and ICI have resulted 
in improved extracranial and intracranial disease control 
in specific cancer histologies and have led to increasingly 
individualized treatment, further emphasizing the need 
for multidisciplinary care.8

Melanoma
Melanoma represents approximately 11% of all patients 
with BMs. Although chemotherapy yields poor overall 
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response rates (ORRs), BRAF and MEK inhibitor (BRAF/
MEKi) therapy and ICI have demonstrated improved  
extracranial and intracranial ORRs.8 The COMBI-MB 
trial (Dabrafenib Plus Trametinib in Patients With 
BRAFV600-Mutant Melanoma Brain Metastases) dem-
onstrated the utility of BRAF/MEKi therapy, in which 
patients who had BRAFV600-mutant melanoma with 
asymptomatic and symptomatic BMs and received 
BRAF/MEKi therapy had intracranial response rates of 
≥44%.34 Interestingly, the patients who had melanoma 
with symptomatic BMs had an intracranial response rate 
of 59%. The median duration of response ranged from 
4.5 to 8.3 months, depending on the cohort, emphasizing 
the need for regular MRI surveillance in these patients. 
Taken together, BRAF/MEKi therapy, close MRI surveil-
lance, and deferral of BM-directed therapy until CNS 
disease progression can be considered on a case-by-case 
basis in patients with BRAFV600-mutant melanoma and 
BMs who meet the inclusion criteria for the COMBI-MB 
trial, after multidisciplinary evaluation. It is the authors’ 
approach to consider upfront, BM-directed therapy 
for patients who do not meet inclusion criteria of the 
COMBI-MB trials, especially in cases where BM progres-
sion would carry significant morbidity.

ICI therapy has revolutionized the treatment land-
scape for patients with advanced melanoma, including 
those with BMs. Intracranial response rates in patients 
who have melanoma with asymptomatic BMs and receive 
either single-agent ipilimumab or anti–PD-1 therapy 
range from 16% to 26%.8 Nivolumab with ipilimumab 
increases extracranial and intracranial disease control 
compared with either treatment alone, although combina-
tion therapy increases the risk of AEs.35,36 CheckMate204 
(An Investigational Immuno-Therapy Study to Evaluate 
Safety and Effectiveness in Patients With Melanoma That 
Has Spread to the Brain, Treated With Nivolumab in 
Combination With Ipilimumab, Followed by Nivolumab 
by Itself; clinicaltrials.gov identifier NCT02320058) 
demonstrated an intracranial response rate of 55%, a 12-
month intracranial PFS rate of 59.5%, and an intracranial 
clinical benefit rate of 58.4% for patients who had asymp-
tomatic melanoma with BMs and received nivolumab/
ipilimumab; however, approximately 55% of patients  
experienced grade ≥3 AEs, including 1 death.36,37 Patients 
who had immunotherapy-naive, non–CNS-treated mel-
anoma with asymptomatic BMs had higher 12-week 
intracranial response rates after receiving nivolumab/
ipilimumab compared with nivolumab alone (46% vs 
20%, respectively). Of note, intracranial response rates 
were lower in patients who were previously treated with 

BRAF/MEKi and in those who had progression of pre-
viously treated BMs, neurologic symptoms, and/or lep-
tomeningeal disease treated with nivolumab alone.35 
CheckMate204 reported similarly poor outcomes for  
patients who had melanoma with symptomatic BMs and 
received combination ipilimumab/nivolumab, with an 
intracranial response rate of 16.7% and a clinical benefit 
rate of 22.2% after a median follow-up of 5.3 months. 
ICI therapy with close MRI surveillance and deferral of 
BM-directed therapy until CNS disease progression is an  
option for patients who have melanoma with small 
(≤2 cm), asymptomatic BMs, although multidisciplinary 
input is critical. Patients who have melanoma with symp-
tomatic BMs, larger BMs (>2  cm), those who have  
intracranial disease progression on ICI or BRAF/MEKi 
therapy, or those in whom BM progression would carry 
significant morbidity should proceed with BM-directed 
therapy before they initiate or change systemic therapies 
because of the lower intracranial response rates to ICI  
reported in these settings.

Non–Small-Cell Lung Cancer
Lung cancer accounts for up to 50% of patients with 
BMs. Approximately 10% of patients who have advanced-
stage NSCLC present with BMs, and approximately 20%  
develop BMs during their disease course, although particu-
lar genetic mutations can increase the incidence of BM.

Anaplastic Lymphoma Kinase and ROS1 
Translocations
The EML4-anaplastic lymphoma kinase (ALK    ) fusion 
oncogene is present in approximately 5% of patients with 
NSCLC and in approximately 40% of those who pre-
sent with BMs. Crizotinib is a tyrosine kinase inhibitor 
(TKi) that produces improved extracranial ORRs com-
pared with chemotherapy in this setting. Many patients, 
however, develop resistance and demonstrate disease pro-
gression the brain because CNS penetrance is poor. Next-
generation TKis appear to be more potent and selective. 
First-line alectinib and brigatinib provide better PFS, 
less toxicity, and improved intracranial and extracranial 
response rates and duration compared with crizotinib.38 
Therefore, patients who have treatment-naive, asympto-
matic, ALK-positive NSCLC with BMs should be con-
sidered for treatment with next-generation TKis, close 
surveillance, and deferment of BM-directed therapy until 
CNS disease progression.

Next-generation TKis also demonstrate intra-
cranial activity in patients who have ALK-positive 
NSCLC with CNS disease progression after crizotinib 
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or chemotherapy.38 For patients who have ALK-positive 
NSCLC with disease progression after crizotinib and 
platinum-based chemotherapy, alectinib yields greater 
PFS (7.1 vs 1.6  months, respectively) and a greater 
CNS ORR (54.2% vs 0%, respectively) compared 
with second-line chemotherapy. Alectinib has demon-
strated CNS activity in patients previously treated 
with crizotinib and ceritinib who experience progres-
sive leptomeningeal disease. Ceritinib and lorlatinib 
has demonstrated intracranial response rates of 45% to 
50% for crizotinib-resistant or chemotherapy-resistant  
BMs. Therefore, patients who have asymptomatic, 
ALK-positive, NSCLC with BMs progressing on crizo-
tinib or chemotherapy should be strongly considered 
for upfront next-generation TKis, close surveillance, 
and deferred BM-directed therapy until CNS disease 
progression.

A ROS1-receptor tyrosine kinase gene rearrange-
ment occurs in 1% to 2% of patients who have NSCLC, 
and approximately 36% of these patients present with 
BMs. First-line therapies include crizotinib and ceri-
tinib, and entrectinib recently gained US Food and Drug 
Administration approval, although evidence of intracra-
nial activity of these agents in this patient population 
is limited, and CNS-only disease progression rates on 
crizotinib are as high as 63%.39,40 Patients experiencing 
CNS disease progression on crizotinib should be consid-
ered for upfront BM-directed therapy. In the setting of  
extensive extracranial disease, however, initiating lorlatinib 
with close surveillance can be considered because there is  
evidence of intracranial activity in this setting.39

Epidermal Growth Factor Receptor Mutations
Historically, patients who had EGFR-mutated NSCLC 
with BMs were treated with upfront BM-directed ther-
apy before first-generation or second-generation TKi 
therapy, given poor CNS penetrance and worse out-
comes with deferral.41 Currently, osimertinib (a third-
generation TKi) is recommended first-line therapy 
for patients who have asymptomatic, EGFR-mutated, 
NSCLC with BMs, based on improved CNS PFS and 
an improved CNS ORR (66% vs 43%) with osimer-
tinib treatment compared with first-generation and 
second-generation TKis.38 Interestingly, almost all  
patients who had leptomeningeal disease demonstrated 
a complete radiographic response.38 Close brain sur-
veillance is recommended, with BM-directed therapy  
deferred until CNS disease progression.

For patients who have intracranial and extra-
cranial disease progression on first-generation or 

second-generation TKis, tumor genotyping (plas-
ma-based or tissue-based) to identify a T790M mutation 
or other actionable mechanism of resistance is recom-
mended. If they are positive, then neurologically asymp
tomatic patients should be treated with osimertinib and 
close surveillance, based on superior PFS, ORR, intra-
cranial ORR, and CNS PFS compared with platinum/
pemetrexed therapy.8 If patients are negative or are expe
riencing disease progression on osimertinib, then upfront 
BM-directed therapy is recommended. CNS-only disease 
progression in these patients is likely because of poor 
CNS penetration of first-generation/second-generation  
TKis, so continuing with BM-directed therapy and  
reserving osimertinib until resistance is acquired is reason-
able if osimertinib is unavailable. Alternatively, upfront 
osimertinib with close surveillance allows for deferral of 
BM-directed therapy until CNS disease progression and 
decreases the risk of intracranial progression.

Patients With NSCLC Who Lack 
Targetable Mutations
Patients who have NSCLC with BMs typically receive 
upfront BM-directed therapy before cytotoxic chemo-
therapy. Interestingly, many studies of patients who have 
synchronous, asymptomatic, NSCLC with BMs and dis-
seminated extracranial disease who receive treatment with 
platinum-based chemotherapy have reported 30% to 50% 
overall CNS response rates and randomized trials defer-
ring CNS RT until after chemotherapy or CNS disease 
progression showed similar median OS.8,42 Therefore, 
upfront chemotherapy, close MRI surveillance, and BM-
directed therapy deferral until CNS disease progression 
can be considered for patients who have asymptomatic 
NSCLC with BM.

Recent data support the integration of ICI ther-
apy into the treatment of patients who have NSCLC 
with BMs. Two KEYNOTE trials randomized patients 
with newly diagnosed, metastatic, NSCLC to first-line 
platinum-based doublet chemotherapy with or with-
out pembrolizumab and found that pembrolizumab  
improved OS and PFS and had similar toxicity.43,44 Both 
trials included patients with untreated BMs (≤1.5 cm 
in greatest dimension) requiring no steroids and per-
formed short-interval brain MRIs. Subgroup analysis 
found that patients who had nonsquamous NSCLC 
with BMs benefited from adding pembrolizumab,43 
but neither study reported the number of patients 
with active BMs or their specific outcomes. Therefore,  
upfront chemotherapy and ICI therapy with close sur-
veillance and deferral of BM-directed therapy until 
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CNS disease progression can be considered for patients 
with asymptomatic NSCLC who meet the KEYNOTE 
trial inclusion criteria.

Patients who have symptomatic, PD-L1–positive 
(≥50%) NSCLC with BMs who demonstrate CNS dis-
ease progression after first-line systemic therapy should 
be considered for upfront pembrolizumab with close sur-
veillance, deferring BM-directed therapy until CNS dis-
ease progression. A trial of patients who had NSCLC and 
multiple BMs (78% had received ≥1 previous systemic 
therapy, and 44% had received no prior CNS therapy) 
treated with pembrolizumab demonstrated extracranial 
and intracranial response rates of 33%.45 Nivolumab and 
atezolizumab have also demonstrated intracranial activ-
ity in patients who had NSCLC with progressing BM; 
however, most patients had received prior CNS-directed 
therapies, so deferring BM-directed therapy in this setting 
is not recommended. Overall data supporting the routine 
use of ICI therapy in this setting remain limited, and the 
optimal approach and sequencing of treatment remains 
unknown.

Breast Cancer
The treatment of patients who have breast cancer 
with BMs is primarily driven by molecular subtype— 
hormone receptor-positive/HER2-negative, triple-neg-
ative (TNBC), or HER2-positive. Although all breast 
cancer subtypes can are at risk for BM, the incidence 
is highest for patients with TNBC (50%) and HER2-
positive (30%) disease.46 For HER2-positive patients 
who have breast cancer with BMs, lapatinib and ner-
atinib (EGFR/HER2-directed TKis) have intracranial 
activity as monotherapies (<10%), although intrac-
ranial activity increases when these are combined with 
capecitabine (approximately 30%).46 More recently, 
neratinib/capecitabine was compared with lapatinib/
capecitabine in patients with advanced, HER2-positive 
breast cancer showed superior time to intervention for 
breast cancer BMs in the neratinib arm (overall cumula-
tive incidence, 23% vs 29%; P = .043).47 Tucatinib (an 
HER2-directed TKi) combined with capecitabine and/
or trastuzumab demonstrated ORRs ≥40% in a phase 
1b trial for patients with metastatic HER2-positive who 
had breast cancer with or without BMs and had previ-
ously received treatment with trastuzumab, pertuzumab, 
and trastuzumab emtansine.48 In patients with previ-
ously treated, progressive BMs who were receiving the 
recommended phase 2 dose of tucatinib, the ORR was 
42%. There is currently a phase 3 trial, HER2CLIMB 
(A Study of Tucatinib vs Placebo in Combination 

With Capecitabine & Trastuzumab in Patients With 
Advanced HER2-Positive Breast Cancer; clinicaltrials.
gov identifier NCT02614794) evaluating tucatinib ver-
sus placebo in combination with capecitabine and tras-
tuzumab. HER2-directed antibodies were hypothesized 
to be too large to cross the blood-brain barrier; however, 
case series illustrate durable BM responses to the anti-
body drug conjugate trastuzumab emtansine.46 First-line 
therapy for hormone receptor-positive/HER2-negative 
breast cancer consists of endocrine therapy with cyclin-
dependent kinase 4 and 6 inhibitors (CDK4/6i). Of the 
currently available CDK4/6i, abemaciclib has the great-
est blood-brain barrier permeability. Single-agent intrac-
ranial response rates are 6%, with intracranial clinical 
benefit rates of 25%.46 Although chemotherapy remains 
the mainstay for TNBC, several novel agents have shown 
promise, including a pegylated etirinotecan (NKTR-
102). In a randomized, phase 2 study of NTKR-102 
versus physician’s choice of therapy, patients with stable 
BMs demonstrated a PFS that was 5.2 months longer, 
favoring NKTR-102.49 Although ICI therapy has been 
approved as first-line treatment for PD-L1–positive 
TNBC with nab-paclitaxel, intracranial response rates 
to ICI therapy are largely unknown.50 Therefore, only 
select patients who have breast cancer with BMs should 
be considered for upfront systemic therapy with close 
surveillance, deferring BM-directed therapy until intrac-
ranial disease progression.

Renal Cell Carcinoma
Recently, clinicians have investigated upfront systemic 
therapy in the treatment of patients who have RCC 
with active BMs. The GETUG-AFU 26 NIVOREN 
trial (Nivolumab in Patients With Metastatic Renal 
Cell Carcinoma Who Have Progressed During or After 
Prior Systemic Anti-Angiogenic Regimen [NIVOREN]; 
clinicaltrials.gov identifier NCT03013335) investigated 
nivolumab use in patients who had clear cell RCC with 
asymptomatic BMs (≥5  mm) and experienced CNS 
disease progression on vascular endothelial growth fac-
tor-directed therapies.51 One patient cohort received 
focal treatment of BMs before starting nivolumab, and 
the other cohort’s BMs were untreated  before starting 
nivolumab. The intracranial response rate of nivolumab 
was 12% in the cohort of patients with untreated BMs; 
however, patients who had BMs >1 cm or those who had 
multiple BMs had a 0% ORR. Therefore, patients who 
have clear cell RCC with BMs should receive upfront 
BM-directed therapy before initiating or changing sys-
temic therapy.
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Other Primary Histologies
ICI therapies have been approved by the US Food and 
Drug Administration for the treatment of multiple solid 
tumor histologies in the locally advanced, metastatic, 
and/or recurrent setting. As a result, there is increased  
interest in the utility of these agents to treat patients 
who have untreated BMs; however, currently, there are 
few data to support this approach outside of a clinical 
trial.52 Therefore, patients with untreated BMs from pri-
mary histologies other than those described above should  
receive upfront BM-directed therapy before initiating or 
changing systemic therapy until further data are available.

Summary on Systemic Therapies
Evidence demonstrating the intracranial activity of sys-
temic agents for patients who have melanoma, NSCLC, 
and breast cancer with BMs is exciting, yet the optimal  
sequencing of therapies remains unknown. It is likely to 
be patient-specific and to depend on a combination of  
patient factors (symptomatic/asymptomatic), BM histology, 
tumor genetics, volume of intracranial disease, previous sys-
temic therapies, and the type of systemic therapy proposed. 
Some argue that upfront systemic therapy in these patients  
addresses patients’ intracranial and extracranial disease while 
also potentially sparing them from the neurotoxic effects of 
radiation therapy (RT) until intracranial disease progression. 
Others maintain that the risk of neurotoxicity from SRS 
is low and that BM-directed therapy earlier in the course 
of treatment or, in the case of immunotherapy, combined 
with systemic therapy may result in better outcomes.53-57 
Similar optimism existed for upfront the treatment of 
patients with BMs using EGFR-TKi therapy; however, a 
large, multi-institutional, retrospective study found that 
upfront SRS was independently associated with improved 
OS compared with upfront EGFR-TKi therapy.41 Further 
research is required to better determine the efficacy and 
toxicity of combining immunotherapy with SRS and the 
optimal sequencing of treatment modalities. In addition, 
future studies should focus on identifying patient and dis-
ease factors that influence treatment sequence. Currently, it 
is recommended that patients with BMs who are candidates 
for systemic therapies that have demonstrated intracranial 
activity should be discussed in a multidisciplinary setting to 
determine the optimal integration of therapies.

THE ROLE OF RT FOR UNTREATED 
BRAIN METASTASES

Whole-Brain Radiation Therapy
WBRT was typically used for patients with BMs who were 
not surgical candidates. WBRT is palliative, temporarily 

halting BM growth and gradually reducing mass effect and 
associated neurologic symptoms. Compared with SRS or 
surgery alone, WBRT significantly reduces the treated 
metastasis recurrence rate and the rate of new disease 
throughout the brain.30,58-62 Importantly, the addition 
of WBRT to either SRS or surgery has not been shown 
to increase OS, and substantial risks of long-term BM  
recurrence and neurologic death remain.30,58-62 The most 
common WBRT regimen is 10 daily doses of 300 centi-
grays (cGy), although numerous dose and fractionation 
schemes have been reported.63 Interestingly, an analysis of 
a recent phase 3 trial of WBRT in brain metastasis sug-
gests that ten 300-cGy fractions may be superior to fif-
teen 250-cGy fractions.64 Attempts to improve WBRT’s 
treated metastasis control by combining systemic agents 
have demonstrated increased intracranial response rates, 
although with minimal, if any, survival benefit and  
increased AEs.65 Because of a lack of high-level evidence 
regarding the toxicity of concurrent systemic therapies 
with WBRT, they are typically delivered sequentially to 
avoid neurotoxicity.

SRS With or Without WBRT
SRS as a treatment modality for BMs was established in 
a cooperative group trial as a means of treating patients 
with previously irradiated primary and secondary brain 
tumors with acceptable toxicity.66 Trials investigating the 
addition of SRS to WBRT versus WBRT alone demon-
strated improved local control, with no difference in OS 
between the 2 groups.67,68 WBRT plus SRS, however, 
yields decreased QoL compared with SRS alone, with 
long-term survivors demonstrating a higher incidence 
of cognitive deterioration at 3 and 12 months.59,60 Most 
studies only included patients with a limited size (<4 cm) 
and number (1-4) of BMs, so the benefit of omitting 
WBRT in patients with >4 BMs is unclear. A prospec-
tive, observational, noninferiority study (Stereotactic 
Radiosurgery for Patients With Multiple Brain Metastases 
[JLGK0901]) enrolled newly diagnosed patients who had 
a good PS and 1 to 10 BMs (largest tumor, <10  cm3;  
aggregate tumor volume, ≤15 cm3) to receive SRS to all 
BMs; a noninferior median OS was demonstrated for 
patients who had 5 to 10 BMs versus 2 to 4 BMs, and 
no difference in treatment-related AE rates was observed 
(see Figs. 1 and 2).69 The results of that study support 
consideration of SRS alone for patients with a good 
PS and 1 to 10 untreated BMs who meet JLGK0901  
inclusion criteria; however it should be noted that only 
17% of patients on that study had 5 to 10 BMs, and the  
median number was 6 BMs. Importantly, the study did not 
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compare WBRT versus SRS, and the superiority of SRS 
versus WBRT (and vice versa) has not been established in 
the setting of ≥5 BMs. To address this question, there is 
currently a phase 3 cooperative group trial (clinicaltrials.
gov identifier NCT03550391) comparing WBRT with 
SRS in patients who have 5 to 15 BMs with the primary 
endpoints of both OS and neurocognitive PFS.

Patients With a Poor Prognosis/
Performance Status
Aggressive BM treatment with surgery and/or SRS is not 
recommended in patients who have a poor prognosis or 
PS, and WBRT is generally preferred, although there is 
no strong evidence of improved survival with RT com-
pared with best supportive care. Randomized controlled 
trials comparing best supportive care with WBRT and 
best supportive care in patients with BMs showed ques-
tionable benefit.70,71 A noninferiority study comparing 
WBRT and best supportive care with best supportive 
care alone in patients who had NSCLC with BMs but 
were ineligible for SRS or surgery showed no significant  
difference in the median OS or QoL, but failed to show 
noninferiority of quality-adjusted life-years for best 

supportive care.71 The authors concluded, however, that 
WBRT was not justified because of the lack of improve-
ment in OS or QoL, despite the small benefit in quality-
adjusted life-years. Whether these results are applicable 
to all patients with BMs is unclear. Therefore, the deci-
sion to offer WBRT to these patients should be made on 
an individual basis, after a thorough discussion with the  
patient of the potential benefits and toxicity, while recog-
nizing the lack of evidence supporting a clear benefit over 
best supportive care alone. Treatment algorithms depict-
ing our institutional practice for the initial management 
of patients with BM have been provided in the sympto-
matic (Fig. 2) and asymptomatic (Fig. 3) settings.

INNOVATIONS IN RADIATION ONCOLOGY
Numerous technological advancements have reshaped 
how radiation is used for patients with BMs. Specifically, 
innovations in patient immobilization, target localiza-
tion, and treatment delivery have improved the pro-
cess and logistics for SRS, which is now the radiation  
modality of choice for many patients with BMs. Initially, 
SRS required an uncomfortable, surgically fixed head 

Figure 1.  (A) Illustration of brain metastases (red) and hippocampi (brown). (B-D) Illustration of high-dose areas for various 
treatment strategies including whole-brain radiation therapy (B), hippocampal-avoidance whole brain radiation therapy (C), and 
single-isocenter multi-target radiosurgery (D).

more 
dose

less 
dose

BA

DC
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frame; however, now, custom-molded thermoplastic head 
masks and image-based guidance can be used, resulting 
in setup accuracy equivalent to that of frame-based sys-
tems and facilitating both SF-SRS and HF-SRS. HF-SRS 
uses the same patient setup, immobilization, dose plan-
ning, and delivery techniques as SF-SRS, but it delivers 
the total dose over multiple fractions (often 3-5 fractions), 
thereby potentially reducing the risk to normal tissues by 
allowing DNA damage repair. This is important because 
SF-SRS requires dose reductions to treat larger target vol-
umes (>3 cm) to minimize toxicity. Retrospective studies 
suggest that HF-SRS provides excellent control of large 
BMs (>2 cm) and resection cavities with a low radione-
crosis rate.72,73 Further insight will be gained when the 
results of the ongoing phase 3 cooperative group trial 
(clinicaltrials.gov identifier NCT04114981) comparing 
SF-SRS versus fractionated SRS (3-5 sessions) for resected 
BM are released. Currently, we typically use HF-SRS for 
lesions that are >3 cm in size and/or when normal tissue 
constraints cannot be met using SF-SRS. Another promis-
ing radiation technique for patients with multiple BMs is 
single-isocenter multitarget (SIMT) SRS, allowing for the 

simultaneous delivery of SRS to multiple BMs. Previously, 
delivering SF-SRS to patients with ≥5 BMs was chal-
lenging because of the long treatment times required for  
sequential treatment, a challenge that is overcome by 
SIMT SRS. When analyzed retrospectively, 1 study found 
that patients with ≥4 BMs who underwent SIMT SF-
SRS had a crude 11.6% treated-tumor progression rate, 
although the authors postulate that SIMT HF-SRS may 
improve clinical outcomes and radiation-related toxicity.74

INNOVATIONS IN SURGICAL THERAPIES
Laser interstitial thermal therapy (LITT) uses focal laser 
energy delivered through a small fiberoptic catheter to 
cause interstitial hyperthermia and coagulate surround-
ing tissue and has been used increasingly to treat patients 
with primary and secondary brain tumors.75-81 Currently, 
there are 2 technologies used commonly for LITT, and 
the specific differences between the 2 systems are be-
yond the scope of this discussion. In general, the maxi-
mum radius of tumor-cell kill that can be elicited by a 
single fiber is from 1.5 to 2.0  cm, making the maximal 
treatable lesion dimension, by 1 trajectory, from 3.0 to 

Figure 2.  The proposed treatment algorithm for patients with symptomatic brain metastases and a known cancer diagnosis is shown. 
BSC indicates best supportive care; JLGK0901 trial, a prospective, observational, noninferiority trial of stereotactic radiosurgery 
for patients with multiple brain metastases69; KPS, Karnofsky performance status; Mets, metastases; RT, radiation therapy; SRS, 
stereotactic radiosurgery; SRT, stereotactic radiation therapy; WBRT, whole-brain radiation therapy.

Address Symptoms with Medical 
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Proceed to the 
asymptomatic 
treatment algorithm

KPS/Prognosis

1. Palliative Care 
Consult
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alone
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resection of 
symptomatic lesion 
with adjuvant RT

Number of Brain 
Mets to be treated

-SRS/SRT (preferred)1

-WBRT
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-WBRT (preferred)1

-SRS

4-10

1Preferred reflects the authors’ opinion
2If patient meets entry criteria of JLGK0901 trial

Symptomatic Brain Mets
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4.0 cm. Surgical considerations, much like biopsy, center 
about fashioning a safe trajectory into the relevant lesion 
and minding borders with eloquent areas. Considerations 
specific to LITT include proximity to “water”-containing  
structures, such as large blood vessels and ventricles, which 
can act as heat sinks and possibly makes killing along their 
borders less efficient. Other considerations include the ini-
tial edema that will result from thermal ablation. Edema 
does frequently resolve in ensuing days to weeks, but the 
initial treatment-induced swelling must be considered.

In the setting of potentially recurrent BMs previ-
ously treated with SRS, LITT is an attractive treatment 
option because it is minimally invasive, and biopsies can 
be obtained as part of the procedure for histopathologic 
diagnosis before delivery, which can guide subsequent on-
cologic care.82,83 LITT is effective at treating recurrent 
BMs and radionecrosis, has the potential to treat BMs 
not amenable to surgical resection, and can be used in 
patients who are not candidates for craniotomies second-
ary to medical comorbidities.84,85 Retrospective stud-
ies of LITT in patients with recurrent BMs after SRS 
have reported treated metastases control rates of 60% to 
100%.86-88 One multi-institutional retrospective analysis 

found that all instances of recurrence occurred in pa-
tients who received LITT in which <80% of the lesion 
was ablated.88 Interestingly, a subset of patients also re-
ceived HF-SRS (25 Gray in 5 fractions) to the treatment 
area after LITT, in which no patients demonstrated pro-
gression of their treated metastasis, despite some lesions 
having been treated with an ablation efficiency <80%, 
suggesting that adjuvant RT may enhance the efficacy 
of LITT. In our practice, we consider LITT for patients 
who have imaging findings concerning for BM recurrence 
after treatment with SRS. Biopsies are taken as part of the 
procedure and, if active cancer is found, then post-LITT 
HF-SRS to the treatment area is recommended (25 Gray 
in 5 fractions), typically 2 to 3 weeks after LITT. If the bi-
opsy demonstrates radionecrosis alone, then LITT alone 
is considered to be sufficient.

SURVEILLANCE IMAGING AND ASSESSING 
TREATMENT RESPONSE
The frequency of brain imaging depends on the treat-
ment course that the patient received for their BMs. 
Similar to their initial staging, we recommend sur-
veillance imaging with a thin-cut (≤1.5  mm) brain 

Figure 3.  The proposed treatment algorithm for patients with asymptomatic brain metastases and a known cancer diagnosis. BSC 
indicates best supportive care; JLKG0901 trial, a prospective, observational, noninferiority trial of stereotactic radiosurgery for 
patients with multiple brain metastases69; KPS, Karnofsky Performance Status; Mets, metastases; RT, radiation therapy; SRS, 
stereotactic radiosurgery; SRT, stereotactic radiation therapy; WBRT, whole-brain radiation therapy.

KPS / Prognosis

Consider Upfront 
Systemic Therapy 
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directed Therapy
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MRI with and without intravenous gadolinium con-
trast, unless contraindicated, in which case a thin-cut 
(<1.5 mm) CT scan with and without contrast is rec-
ommended. For patients who are to receive upfront 
systemic therapy for their active intracranial disease, 
we recommend surveillance imaging within 1  month 
of initiating systemic therapy with subsequent scans 
every 6 weeks until 12 weeks, then every 9 weeks until 
48  weeks, then every 3  months, or as clinically indi-
cated.43,44 For patients receiving SRS in either the intact 
or adjuvant setting, surveillance imaging should occur 
every 2 to 3 months, depending on specific patient and 
disease factors, for the first year before increasing the 
interval to 4 to 6  months.89 For patients undergoing 
WBRT in either the intact or adjuvant setting, surveil-
lance imaging should occur every 3 months for the first 
year before increasing the interval to 4 to 6 months.

To better standardize the reporting of treatment  
response and progression of BMs in clinical trials, imaging 
criteria and the minimum requirements for brain imaging 
were developed by the Response Assessment in Neuro-
Oncology Brain Metastases (RANO-BM) Working 
Group.90-92 These criteria predominately use changes 
in tumor size to determine treatment response. Because 
early changes in tumor size do not always correlate with 
outcome, serial imaging of patients is required to eluci-
date treatment response most accurately. After treatment, 
assessment of target lesion(s) on standard MRI may be 
confounded by imaging changes resulting from treatment 
effect. The RANO-BM Working Group recommends  
1 or more of the following methods to gather further  
information: 1) repeating the brain imaging (possibly  
in a shorter interval), 2) surgical pathology, and/or  
3) advanced imaging techniques, such as perfusion MRI, 
magnetic resonance spectroscopy, or fluorothymidine 
F-18 or fluorodeoxyglucose-PET imaging. Review of 
these cases in a multidisciplinary setting and use of clini-
cal judgement also are recommended because of the pau-
city of literature suggesting that 1 standard approach is 
best for all patients.

RADIATION THERAPY SIDE EFFECTS
RT-related CNS side effects are grouped into 3 catego-
ries: early/acute, early delayed, or late. Early/acute side 
effects occur with treatment up to 6  weeks post-RT, 
and the most common are fatigue, alopecia, mild scalp 
erythema, and pruritus, with the severity of symptoms 
mostly grade 1 and 2 for both WBRT and SRS.58,67 
More severe acute toxicity is generally infrequent for 
both SRS and WBRT, with fatigue in 2.2% to 5.4% of 

patients and skin toxicity in 1% to 3%.30,59 Ear fullness 
and hearing loss are less common, affecting approxi-
mately 1% to 2% of patients,30,59,67 whereas increased 
neurologic symptoms, likely from cerebral edema, can 
occur in as much as 5% to 10% of patients.67 Early 
delayed side effects occur from 6  weeks to 6  months 
post-RT and consist of fatigue and decreased neuro-
cognitive function, with recent data indicating cogni-
tive deterioration rates of 50% in patients who receive 
SRS, and the addition of WBRT raises this to 72%.59 
Late side effects occur >6 months post-RT and include 
radionecrosis, decreased neurocognitive function, with 
rates approaching 60% at 12 months for patients who 
receive SRS, and 95% with the addition of WBRT.59 
Other, rarer, late side effects include neuroendocrine 
dysfunction, cerebrovascular effects, and secondary  
malignancy, although many patients who receive 
WBRT do not survive long enough to experience these 
late side effects.

Considerable interest exists in mitigating the neu-
rocognitive toxicity associated with WBRT while per-
mitting the effective treatment of numerous BMs.93 A 
randomized trial comparing WBRT plus memantine 
(WBRT + M) or placebo found that memantine sig-
nificantly increased the time to cognitive decline, with 
higher performance in many of the other neuropsy-
chological tests administered, although the trial did 
not achieve its prespecified endpoint.12 Nonetheless,  
memantine should be considered for patients who have 
a good prognosis (>6  months) with BMs requiring 
WBRT. Other neuroprotectants have been reported,94 
and others are being actively explored (clinicaltrials.gov 
identifier NCT03608020).

There have also been technical improvements in 
the administration of WBRT. For patients who have 
>4 BMs and a good prognosis, hippocampal-avoidance 
WBRT (HA-WBRT) provides another option for reduc-
ing neurocognitive dysfunction. There have been tech-
nical improvements in the administration of WBRT. 
For patients who have >4 BM and a good prognosis, 
HA-WBRT is an interesting option. HA-WBRT limits 
the dose delivered to the hippocampi using intensity- 
modulated RT. A multicenter, prospective, single-arm, 
phase 2 trial consisting of 113 patients with BMs who 
received HA-WBRT resulted in less relative decline in 
4-month Hopkins Verbal Learning Test-Revised Delayed 
Recall scores than in the historically reported scores for 
WBRT.95 A recent abstract from a phase 3 cooperative 
group trial (NRG-CC001; Memantine Hydrochloride 
and Whole-Brain Radiotherapy With or Without 



Review Article

12 Cancer    Month 0, 2020

Hippocampal Avoidance in Reducing Neurocognitive 
Decline in Patients With Brain Metastases; clinical-
trials.gov identifier NCT02360215) comparing tra-
ditional WBRT + M with or without hippocampal 
avoidance indicates that HA-WBRT + M yields a sig-
nificantly lower risk of neurocognitive function failure 
at 6 and 12 months without compromising survival or 
intracranial disease control versus WBRT + M.96,97 As 
discussed above earlier, SIMT provides another means 
for limiting the dose to normal neural structures in 
patients with multiple BMs, potentially reducing the 
neurocognitive impact of RT (Fig. 3). A prospective 
trial (clinicaltrials.gov identifier NCT02886572) is 
near completion at our institution evaluating the effi-
cacy and toxicity of SIMT in patients who have 4 to 
10 BMs. Importantly, a phase 3 cooperative group trial 
is now recruiting that will compare HA-WBRT plus 
memantine versus SIMT for neurocognitive function 
(clinicaltrials.gov identifier NCT03550391); however, 
to date, no data are yet available comparing the neu-
rocognitive effect of these modalities. Until the results 
from that study are known, choosing the appropriate 
technique requires thoughtful consideration of their 
potential advantages and limitations (Table 1).

Radionecrosis is a serious late complication after 
high-dose cranial irradiation, generally occurring near 
the target. The symptomatic radionecrosis rate after 
SRS is approximately 10%, with asymptomatic radio-
necrosis rates as high as 50%, depending on the volume 
of brain irradiated.98 The true post-SRS radionecrosis 
rate remains poorly defined because the appearance of 
radionecrosis is similar to that of tumor recurrence on 
contrast-enhanced MRIs, and studies have not always 
confirmed radionecrosis pathologically. For imaging 
findings concerning for treated metastasis progression 
after SRS, short-interval follow-up MRI (4-8 weeks) is 
recommended, assuming that decreasing lesion size and/
or improving edema are more consistent with radione-
crosis; however, conventional MR features have poor 
predictive value. A recent retrospective study of patients 
undergoing biopsy because of radiographic findings 
concerning for recurrence of previously irradiated BMs 
found that the timing of biopsy after SRS delivery was 
associated with the biopsy result on multivariate analy-
sis.99 For patients who were biopsied within 9 months 
of SRS, 47% had radionecrosis identified, whereas 94% 
of patients who were biopsied >9  months after SRS 
demonstrated radionecrosis.

As a result, other MRI techniques have been  
investigated to better distinguish between radionecrosis T
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and recurrent BMs, such as MR spectroscopy (in partic-
ular, chemical exchange saturation transfer) and perfu-
sion-weighted MRI to evaluate relative cerebral blood 
volume and intravoxel incoherent motion, with variable 
success.100-103 Nuclear medicine imaging has also been 
used to help identify active tumor versus radionecrosis, 
with particular interest in the use of amino acid tracers in 
PET-CTs.98,100 Most studies, however, are small and often 
do not include pathologic confirmation, making it diffi-
cult to determine their true accuracy. In addition, many of 
these studies examined the independent use of these modal-
ities, yet more recent studies suggest that combining these 
modalities increases their power.100 Currently, using mul-
tiple imaging techniques is clinically impractical because 
of the increased cost and time required. Unfortunately, 
no consensus exists regarding which imaging modalities 
are best at distinguishing radionecrosis from tumor recur-
rence; however, it is extremely important because further 
RT therapy may benefit patients with disease recurrence, 
whereas it is typically contraindicated for radionecrosis. 
Therefore, in patients for whom there is diagnostic uncer-
tainty, tissue confirmation should be pursued, if possible, 
before determining the optimal treatment.

Radionecrosis is often self-limiting, and asymp-
tomatic lesions can be managed with observation alone. 
Corticosteroids are the primary treatment for symp-
tomatic radionecrosis, ameliorating perilesional edema. 
The initial steroid dose depends on symptom severity 
(2-8  mg of dexamethasone daily) and can be slowly  
tapered over several weeks after symptom resolution. 
For steroid-refractory radionecrosis, noninvasive ther-
apies such as anticoagulants, vitamin-E/pentoxifylline, 
hyperbaric oxygen therapy, and bevacizumab can be 
considered.98 Two randomized clinical trials demon-
strated improved clinical and radiographic responses 
with bevacizumab compared with placebo or steroids, 
with low toxicity rates.98,104 Optimal timing, dosing, 
duration of bevacizumab for radionecrosis remains 
unknown, and further studies are required to identify 
patients who would benefit most from this therapy, 
and variability in indications for primary tumor types 
makes firm recommendations difficult. The advent of 
biosimilar options could also open new opportunities. 
We therefore recommend treatment decisions based on 
an individual patient’s situation, in the absence of open 
clinical trials and more data.

Severe radionecrosis, refractory to conservative 
management and/or with diagnostic uncertainty, may 
necessitate surgical intervention. Resection can provide 
symptomatic relief by alleviating mass effect, edema, and 

possibly decreasing steroid dose, while also providing 
tissue confirmation. Surgery, however, can result in con-
siderable morbidity, increasing the importance of appro-
priate patient selection.105

Recently, LITT has been investigated as a treat-
ment for radionecrosis.82-84,87,106 LITT is an attractive 
option for patients with radionecrosis as it is minimally 
invasive, tissue can be obtained to support the diag-
nosis, and patients not amenable to surgical resection 
can potentially be treated.107 In the largest retrospec-
tive analysis of LITT for patients with biopsy-proven 
RN, the average post-LITT survival and PFS in  
patients with previously treated BM was 19.2 months 
and 11.4  months, respectively.106 Patients reported  
improved mental health and vitality after LITT, with 
no toxicity reported. In a multicenter, prospective study, 
91% of patients demonstrated no lesion progression at 
last follow-up and had an OS of 82.1% at 26 weeks.87 
Improvements in social and emotional well-being at 
12-16  weeks were also noted, with 10.5% of patients  
experiencing AEs. Importantly, 31% of steroid-dependent  
patients were able to reduce their steroid require-
ment or stop completely by 12 weeks. In our practice,  
patients with symptomatic, steroid-refractory, suspected 
radionecrosis are considered for LITT, with a biopsy 
performed as part of the procedure to confirm radione-
crosis before delivering therapy. Should active tumor be 
present, patients receive HF-SRS to the treatment area 
after LITT, as previously described.

FUTURE DIRECTIONS
There is great interest in whether BMs harbor genetic 
differences from primary tumors and how these differ-
ences can be exploited to improve outcome. Massively 
parallel DNA sequencing of a primary tumor and 
BMs from an inflammatory patient with breast cancer  
patient found 2 de novo mutations and a large dele-
tion in the BMs absent from the primary tumor.108 
Whole-exome sequencing (performed on BMs, primary 
tumors, and normal tissue of various histologies) found 
a branched pattern of evolution between BMs and the 
primary, suggesting a common ancestor undergoing  
independent evolution.109 In >50% of cases, potentially 
clinically meaningful genetic alterations were noted in 
BMs, but not in the primary, potentially guiding BM-
targeted therapies. In addition, multiple BMs from 
the same patient exhibited shared mutations that were  
absent from the primary (including significant driver 
alterations) suggesting intracranial genetic homogeneity. 
Surprisingly, lymph nodes and extracranial metastases 
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were genetically divergent compared with BMs, indicat-
ing that extracranial disease sites are poor surrogates for 
BMs. Studies reveal an increased frequency of targetable 
genetic aberrations in BMs compared with extracranial 
disease for multiple cancer histologies.110 Thus, analyses 
of BMs may identify targetable mutations not present in 
the primary and, if available, should be considered for 
targeted therapy, although the significance of these find-
ings and how best to target divergent mutations requires 
further investigation.

Conclusion
Numerous advancements in neurosurgery, medical oncol-
ogy, radiology, tumor biology, and radiation oncology have 
resulted in the capacity for more effective and personalized 
approaches to patients with BMs. Despite these advances, 
many questions remain about patient selection and ideal 
therapy sequencing. As a result, timely discussions of the 
care for these patients in a multidisciplinary setting and 
enrollment in ongoing clinical trials (Table 2) are essential 
for optimal management.
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