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Brain metastases

Breast cancer
Lung cancer

50% 20%
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What distinguishes brain metastases from other 
metastatic sites ?

• No lymphatic vessels, all metastases are hematogenous

• Cerebral blood flow 750-1000 ml/minute

• Symptoms devastating (depending on location)

• Predilection for brain metastases from

– Melanoma, renal cell cancer, breast cancer, lung cancer

• Reasons largely unknown or speculative

• Blood-brain barrier
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Heterogeneous Outcomes

Not all BMs are created equal
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Clinical factors affect survival
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The oncological point of view

When we treat brain metastases:

• Two concomitant diseases: systemic and intracranial

• Competing risks of CNS progression and of extra-CNS 

progression
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• Intracranial disease more rapidly lethal if untreated

• Presence of intracranial disease is a control limiting 

event

The oncological point of view

When we treat brain metastases:
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Potential limitations to the use of target 

therapies for brain metastases

• Blood brain barrier
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Blood-brain barrier (BBB)

• Covers 600 km of capillaries

• Physical, chemical and 

metabolic barrier that

segregates blood from CNS fluid

• CNS protection against

pathogens and toxins

• Molecules with a molecular

weight over 500 D not cross

BBB (98% of drugs)

Cancer cell

blood vessel

CTC
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Potential limitations to the use of target 
therapies for brain metastases

• Blood brain barrier
• BBB is heterogeneously disrupted in cancer
• Enhancing lesions on MRI indicate BBB partial 
disruption
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Non-permeable brain metastasis

Osswald, Clin Cancer Res 2016

Penetrating AND non-penetrating drug
inhibit brain metastasis growth

Permeable brain metastases

BBB permeability in brain metastases is heterogeneous

Only penetrating drug inhibits brain
metastasis growth
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Non-permeable brain metastasis

Osswald, Clin Cancer Res 2016

Permeable brain metastases

BBB permeability in brain metastases is heterogeneous

It is crucial to have agents that
penetrate in brain metastases

Penetrating AND non-penetrating drug
inhibit brain metastasis growth

Only penetrating drug inhibits brain
metastasis growth
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What do you consider as success in 
the treatment of brain metastases?
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What do you consider as success in 
the treatment of brain metastases?

A) responses in 30% & survival 
similar to pts wthout BMs
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What do you consider as success in 
the treatment of brain metastases?

A) responses in 30% & survival 
similar to pts wthout BMs

b) responses in 50% & survival 
similar to pts wthout BMs

c) responses in >50% & survival 
increased (2x)
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Hit the molecular target and not the 
site of the disease

Antoine de Saint-Exupéry
The Little Prince

The essential is 
invisible to the eye
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Anti HER-2 therapies in breast cancer 
revolutionized also the vision of BMs

Just when you think you know something, 
you have to look at in another way

From Dead Poets Society
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CNS metastases in breast cancer

Risk factors

• Younger age (<50 years)
• ER-negative status 
• HER2-positive disease
– 2–4 times increased risk
– Significant risk factor for CNS relapse
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• Up to 50% of patients with HER2-positive metastatic breast cancer 
develop brain metastases over time

• Paucity of guidance for patients in this setting

www.asco.org/guidelines/ © American Society of Clinical Oncology®. All rights reserved.

http://www.asco.org/guidelines/
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Survival of brain metastases of HER2+ breast cancer 
depends on:

Brufsky , Clin Cancer Res 2011.

Role of 
effective

treatments
in HER2+ 

BMs
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Anti-HER2 treatments work

Kim JNO 2012
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• Trastuzumab after diagnosis of CNS metastases improved OS
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Anti-HER2 treatments work

Brufsky , Clin Cancer Res 2011.



AA Brandes

Anti-HER2 treatments work

RR=65%
DCR= 79%
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Anti-HER2 treatments work

Large analysis
12 studies , 799 pts
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Anti-HER2 treatments work

RR=65%
DCR= 79%
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• Total Blockade of HER2 May Provide Greater 
Antitumor Activity and Overcome Resistance

Pertuzumab 

Trastuzuma
b 
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• Exploratory, post hoc analysis

• Incidence of CNS metastases as first 
site of PD was similar between 
treatment arms

– Median TTP in the CNS was 
prolonged with pertuzumab 
compared with placebo (15.0 vs 11.9 
months)

Swain S, et al. Ann Oncol 2014; 25:1116–1121.
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• Exploratory, post hoc analysis

– Median OS in patients with CNS 
progression was numerically higher 
with pertuzumab treatment 
compared with placebo (34.4 
months vs 26.3 months)

• Supports further investigation of 
pertuzumab and trastuzumab in 
patients with CNS metastases

Swain S, et al. Ann Oncol 2014; 25:1116–1121.

Median Overall Survival
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Clinical factors affect survival
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Anti-HER2 treatments work

RR=65%
DCR= 79%
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Anti-HER2 treatments work
But pay attention!
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Anti-HER2 treatments work
But pay attention!

TDM1 - Signals of radionecrosis and hemorrage
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Anti-HER2 treatments work

RR=65%
DCR= 79%
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Chemotherapy in 
brain metastases - NSCLC

Author
Primary 
tumor

RR 
brain

RR 
extrabrain

Moscetti, Cancer 2007 NSCLC 29% 37%

Lee, Cancer 2008 NSCLC 28% 28%

Scagliotti, JCO 2002 NSCLC 25-52% 30-32%

Alberola, JCO 2003 NSCLC 29% 37%

Crinò, JCO 1999 NSCLC 38% 41%
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EGFR TKIs in brain 
metastases - NSCLC

Author n
RR 

brain
RR 

extrabrain

Ceresoli, Ann Onc 2003 41 10% 10%

Namba, Clin Lung Cancer 2004 15 60% 60%

Hotta, Lung Cancer 2004 14 43% 50%

Chiu, Lung Cancer 2005 21 50% 56%

Lee, CCR 2005 10
(never

smokers)

70% 80%
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Unknown
53.8%
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Clinical factors affect survival
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CNS response rate : 81% vs 50%
CNS Complete responses: 38% vs 5%
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Entrectinib in ROS1-Positive NSCLC: Conclusions

• Entrectinib highly active in ROS1-positive NSCLC: clinically meaningful, 
deep and durable systemic responses, with and without CNS 
metastases

• Clinically meaningful intracranial activity in patients with baseline CNS 
disease

– Intracranial ORR: 55% (CR: 20.0%)

– Intracranial median DoR: 12.9 mos

Barlesi. ELCC 2019. Abstr 109O. 
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• The brain is not separate from the 
rest of the body! (the seed is the same)

• We have to consider both
intracranial and extracranial disease

• Targeted approaches are effective
also for BM (despite of the soil)

Take away
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• Crossing the BBB is important

• Agents that hit the target and cross 
the BBB provide responses in 50-80% 
of brain mets

Take away
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