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The treatment of patients with brain metastases (BM) is an important unmet need as, until recently, patients with BM were excluded 
from clinical studies of systemic therapies. The emergence of molecular targeted therapies has allowed a new treatment approach in 
patients with targetable mutations, and many of these agents have shown promising intracranial efficacy in lung cancer, breast cancer 

and melanoma. This editorial summarises the most important new developments and considers the remaining challenges in the treatment 
of BM.
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Brain metastases (BM) are the most frequent among intracranial brain tumours and their incidence 

is rising as therapeutic advances are improving the survival of patients with advanced cancer. 

The incidence of BM has been calculated as 9–17% based on various studies, although the true 

incidence is thought to be higher.1 Patients with BM have a poor prognosis and present a particular 

therapeutic challenge, as both the intracranial and extracranial disease need to be treated.2 The 

three most common cancers associated with BM are lung cancer, breast cancer and melanoma. 

Until recently, treatment options for BM have been limited and usually involve multimodality 

approaches including whole-brain radiation therapy, stereotactic radiation, and surgery.2 The use 

of systemic therapy has been limited in the treatment of BM because large and/or hydrophilic 

molecules cannot pass the blood–brain barrier (BBB). Patients with BM have generally been 

excluded from clinical trials of systemic therapy because of their poor prognosis, risk of central 

nervous system (CNS) haemorrhage, and inefficient drug delivery.3 As a result, few clinical trials 

have specifically addressed this heterogeneous patient population, representing a high unmet 

medical need.

Enhanced understanding of the molecular processes underlying tumour growth and metastasis 

has facilitated the development of molecular targeted therapies that are able to cross the BBB. 

Around 25–40% of patients with metastatic non-small cell lung cancer (NSCLC) will develop a 

symptomatic BM.4 Prior to the development of molecular targeted therapies, the prognosis for 

these patients was poor, with a median survival of 3–6 months.5 In the past two decades, the 

discovery of two molecular subgroups of NSCLC – EGFR mutated and ALK rearranged – has 

transformed outcomes. The first and second generation of ALK inhibitors showed strong efficacy 

in patients with NSCLC with BM, but resistance to these drugs was a common occurrence.6  

Next-generation ALK inhibitors, such as brigatinib and lorlatinib were designed to inhibit resistant 

ALK mutants and have greater penetration of the BBB, and have shown impressive intracranial 

activity, with overall survival rates exceeding 2 years.7 In patients with EGFR mutations and BM, 

osimertinib has shown improved disease control and longer overall survival.8 

Breast cancer is the second leading cause of BM; the incidence varies according to the molecular 

subtype. People with triple negative breast cancer typically have BM early in the disease course 

and, to date, no effective therapy is available.9 Approximately 30–55% of patients with human 

epidermal growth factor receptor 2 (HER2)-positive metastatic breast cancer develop BM, but 

this occurs later in the disease course.10 Monoclonal antibodies directed against HER2, such as 

trastuzumab, have poor penetration of the BBB; however, targeted therapies such as lapatinib, 

which targets HER2 and EGFR, and neratinib, both in association with capecitabine have shown 

reduction of the size of CNS lesions in patients with BM.8 However, to date, effective treatment 

options for BM in breast cancer are limited, and currently available drugs used lack specificity for 

intracerebral tumours.

The risk of BM in melanoma is very high:11 therapies targeted against the BRAF mutation, specifically 

vemurafenib and dabrafenib alone or in combination with MEK inhibitors, have shown intracranial 

activity and improved overall survival in patients with metastatic melanoma.8
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Another major advance in the treatment of advanced solid tumours has 

been the use of immune checkpoint inhibitors targeting programmed 

death receptor-1 (PD-1) and programmed death receptor ligand-1  

(PD-L1). These include pembrolizumab, nivolumab or atezolizumab, and 

have shown spectacular efficacy with durable responses in a number of 

solid tumours (melanoma and NSCLC in particular). To date, only small 

trials have investigated the intracranial response of patients with BM 

but early data shows a promising intracranial response rate without 

neurological side effects.8 

Adding active systemic therapy to local (radiation, surgery) therapy, which 

causes temporary disruption of the BBB, is a potentially effective way to 

improve the outcome of patients with BM. A recent study suggests that 

the combination of stereotactic radiotherapy with concurrent lapatinib 

treatment is an effective strategy in metastatic breast cancer.12 The 

combination of BRAF inhibitors with stereotactic radiotherapy is being 

investigated in the treatment of melanoma.8 The immune stimulatory 

effects of radiation therapy in combination with immunotherapy also 

appears to be a promising approach.13

Despite these advances, significant challenges remain to be addressed 

in the treatment of BM. Decisions for individualised therapies in patients 

with BM are often made from biopsies of primary tumours; however, a 

study found that around 50% of the actionable mutations in BM were not 

present in the primary tumour. This study also found that BM can harbour 

mutations conferring specific drug resistance or activation of alternative 

signalling pathways interfering with drug activity.14 Better understanding 

of genetic heterogeneity between primary and secondary tumours will 

lead to improved treatment options.

As newer targeted therapies and immune checkpoint inhibitors are 

developed, the number and range of potential neurotoxicities also 

increases. The targeted therapies show excellent penetration of the CNS 

without significant side effects in the CNS or peripheral nervous system.8 

Immune checkpoint inhibitors are associated with more serious CNS 

toxicities; serious neurological adverse events affect approximately 1% 

of patients receiving immune checkpoint inhibitors. These are generally 

transient and include sensory and motor peripheral neuropathies, but 

rare cases of autonomic neuropathy, Guillian-Barré syndrome, and 

myasthenia gravis-type syndrome have been reported. Early diagnosis 

and intervention is essential in these cases.15

Clinical research into the treatment of BM is challenging since 

patients are often heavily pretreated, and anticancer responses are 

difficult to observe. Clinical studies often fail to consider the number 

of BM, the extracranial disease status, prior therapies received or 

sensitivity to these therapeutic approaches.3 The choice of endpoints 

is also an important consideration when designing a clinical study on 

BM. In addition to the genetic heterogeneity mentioned above, the 

uptake and measurement of drug activity on the molecular target are 

important, as they can vary substantially. The Response Assessment 

in Neuro-Oncology (RANO) International Group has proposed criteria 

that should lead to more uniformity in the assessment of BM in 

clinical trials.16 

In summary, targeted therapies have improved the survival of patients 

with NSCLC, breast cancer, and melanoma with actionable mutations, 

and are likely to play a significant role in the treatment of BM. Improved 

understanding of the molecular biology of BM should lead to the 

development of novel immunotherapies and targeted therapies with 

tumour-specific activity and improved bioavailability beyond the BBB, 

as well as facilitating advances in radiotherapy and minimally invasive 

surgery. These advances should lead to better disease control and 

prolonged survival for patients with BM. 
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