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Learning Objectives

• Describe advances in diagnosis and treatment of brain metastases.

• Understand the evidence supporting stereotactic radiosurgery and 
whole brain radiation therapy for treatment of brain metastases, as 
well as potential effects on cognitive function and quality of life.

• Identify emerging systemic therapy options for patients with brain 
metastases, including targeted therapies.
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Epidemiology - General

• Brain metastases are most common tumor of central nervous system
• 7-14 persons per 100,000 population  50,000 cases a year US

• Brain metastases may be more frequent in some tumor types
• Taxanes and other drugs may allow isolated CNS recurrences
• Breast, ovary, lung, uterine have increasing isolated brain metastases

• Lung cancer accounts for the highest number of brain metastases 
(25% of patients will develop)

• The incidence is felt to be increasing with new and more effective 
systemic cancer treatment

Maher, Cancer Res 2009
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• Second leading systemic cancer with CNS metastases – 10-16%
• Characteristics of CNS disease

• Site is much more likely to be parenchymal than leptomeningeal
• Neurological symptoms typically reason for discovery
• More likely to be in setting of progressive systemic disease*

• Risk is not equal among the breast cancer subtypes
• HER-2 positive
• Triple negative (ER neg, PR neg, and HER-2 neg)

• Mechanism and outcomes are not the same among those with the 
highest risk

• HER-2 positive
• Triple negative (ER neg, PR neg, and HER-2 neg)

De Ieso et al., Breast 2015

Epidemiology – Breast Cancer Brain Metastases
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• Headache
• Neurocognitive changes
• Mood or personality changes
• Seizures

• Slurred speech/aphasia
• Visual changes (field)
• Hemiparesis or sensory loss
• Ataxia

Generalized                                                    Focal                 

Presenting Signs and Symptoms
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• Functional Location
• the CNS functional location 

(neurological impact)

• Physical Location
• the physical location (dural, LM, 

parenchymal)

LanguageBehavioral
Regulation

Vision

Cancer in the CNS – Location Matters
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Initial Evaluation

• MR brain with and without 
contrast

• CT with and without contrast if MR 
contraindicated

• Consider need for systemic staging 
update

• Neurosurgical consultation
• Management of mass effect
• Need for diagnostic tissue
• Management of disease

• Role of corticosteroids
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Brain Metastasis: Covariates Affecting Survival

• Age
• Performance status*
• Controlled primary disease
• Isolated brain disease
• Solitary versus multiple metastases
• RTOG RPA class

• GPA (Graded Prognosis Assessment)
• Sperduto et al., IJROBP 2008; 70
• Sperduto et al., IJROBP 2020; 107

• Breast cancer subtype*

Martin et al, JAMA Oncology 2017*-largest impact on OS
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Primary Treatment Modalities

• Surgery

• Radiation therapy
• Stereotactic radiosurgery (SRS)
• Whole brain radiation therapy (WBRT)

• Systemic therapy
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Neurosurgery Applications

• Management of elevated intracranial pressure
• All evidence-based guidelines assert the role of local therapies in management of 

brain metastases

• Reduction in symptom burden and improvement in neurological function

• Tissue for NGS as up to 50% BMs have treatable molecular alterations not 
present in the primary tumor (Brastianos et al., Cancer Discovery 2015)

• Not all intracranial lesions are metastasis in patients with metastatic 
cancer (Patchell et al., NEJM 1990)

Proescholdt et al., Cancers 2021
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Posterior fossa location

Motor dysfunction

Mass effect
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Radiation Therapy Applications

• Upfront primary line of therapy for local control
• All evidence-based guidelines assert the role of local therapies in management of 

brain metastases

• As an adjunct to surgery following resection of the tumor, delivered to the 
surgical resection cavity

• Single fraction treatment to hypo-fractionated 3-5 fractions based on the 
treatment volume

• As a boost treatment to maximize local control following WBRT
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Brain Metastasis and Neurocognition

• Majority of patients with brain 
metastasis have neurologic and 
neurocognitive impairment

• Neurocognitive > physical 
• prevents functional independence

• Concern radiation therapy may 
lead to neurocognitive 
impairment
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Alliance N0574

• No difference in overall survival but worse cognition 
with addition of WBRT to SRS

• Other considerations: hippocampal avoidance and 
donepezil or memantine

Brown et al JAMA. 2016;316(4):401-409 
See also Chang et al, Lancet Oncology. 2009;20(11):1037-1044

Brown et al, Lancet Oncology. 2017;18(8):1049-1060
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Clinical Practice Implications
• Local therapies are the mainstay of cancer brain metastases

• The addition of WBRT to SRS may not significantly improve OS but 
leads to a decline in cognition

• The definition of ”limited” brain metastasis is evolving and driven 
more by intracranial volume of disease than absolute number

• Factors influencing improved outcomes with the addition of WBRT 
to SRS

• Hippocampal avoidance strategies
• Medication considerations
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Systemic Therapy Considerations in Brain 
Metastases
• Solitary lesions benefit significantly from local therapy

• BM 35% solitary lesion, 25% 2-3 lesions (Sperduto et al., IJROBP 2020; 107)

• Local therapy remains mainstay of treatment for multiple lesions with 
lesion volume more critical than absolute number

• Factors to consider when using systemic therapy for BM:
• Status of systemic disease
• Type of CNS presentation: parenchymal, dural, or leptomeningeal
• Agent access to the CNS
• If breast cancer, consider the subtype
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2012 NCCN CNS Tumor page for systemic therapy
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HER2+ BCBM

• Trastuzumab improves OS in HER2+ breast cancer (Slamon et al, NEJM 
2001)

• CNS as a ”sanctuary” site
• High percent patients with HER2+ mBC develop brain metastases

• HER2+ patients continuing anti-HER2 therapy after BM do better
• OS 15.7 months vs 4.4 months (Brufsky et al., Clin Cancer Res 2011; Pestalozzi 

et al., Lancet Oncology 2013)

• HER2+ patients with BM cause of death more likely neurological 
progression over systemic progression (69% and 29.8%) (De Ieso et 
al., Breast 2015)

• Role of screening for BM in HER2+
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• Lapatinib
• Tyrosine kinase inhibitor to EGFR 

(ErbB1) and HER2 (ErbB2)
• Crosses BBB
• BCBM

• Single agent low response rates
• Intracranial response rate improves 

with addition of capecitabine
• RR 66%, Time to IC prog – 5.5 mos

• Bachelot et al., Lancet Oncol 2013

• Neratinib
• Tyrosine kinase inhibitor to EGFR 

(ErbB1), HER2 (ErbB2) and HER3 
(ErbB3)

• BCBM
• Single agent low response rates
• Combination with capecitabine and 

paclitaxel in treatment or reducing 
incidence of BCBM

• Saura et al, JCO 2020
• Awada et al, JAMA Oncol 2016

Targeted Agents in HER2+ BCBM
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HER2CLIMB

• HER2+ metastatic breast cancer 
with brain mets

• Tucatinib in combination with 
trastuzumab and capecitabine

• Results:
• Reduce brain progression (CNS-

PFS) by 68%
• Reduced risk of death (OS) by 42%
• Doubled IC ORR (47% to 20%)

Murthy et al., NEJM 2020
Lin et al., JCO 2021
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FLAIR

Post T1

Pre Bev Bev 2 infusions

Kaley  et al., CNS Oncol 2013

Bevacizumab for acute 
neurologic deteriorationPre SRS

• Consider in setting of 
significant vasogenic 
edema

• Improves neurological 
function

• Reduces steroid 
requirements

• Short course and low dose
• Can also be considered in 

inpatient setting
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Key Points
• BM develop in 30% of patients with solid cancer

• Breast cancer is second leading source of brain metastatic disease

• Do not overlook the role of neurosurgical intervention
• SRS is the primary treatment for limited and multiple BM
• WBRT improves disease control in the brain after SRS but comes with 

a neurocognitive cost
• Systemic therapy options are rapidly expanding for BM

• Caution and multidisciplinary recommendations when holding SRS for 
systemic option

• Consider short-term bevacizumab for treatment induced cerebral 
edema and mass effect
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Who We Are
An alliance of leading cancer 
centers devoted to patient care, 
research, and education

Our Mission
To improve and facilitate quality, 
effective, equitable, and 
accessible cancer care so all 
patients can live better lives 
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To define and advance high-
quality, high-value, patient-
centered cancer care globally
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