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Brain metastases (BM) are secondary 
tumours originating from tissues which are 
peripheral to the central nervous system 

and are the most common form of tumour found 
within the brain. They can be differentiated 
from primary brain tumours which are derived 
from neural cells. The incidence of BM has been 
estimated to be up to 10 times more than that 
of primary brain tumours [5] although there is 
some disagreement over these estimates. There 
is a reported BM generation of up to 40% from 
peripheral tumours although this has been 
difficult to quantify accurately [1]. One study 
which assessed all cancer patients diagnosed 
between 1973 – 2001 in a single clinical research 
centre reported a BM incidence of 9.6% for all 
primary tumour sites combined, with the highest 
for lung (19.9%), melanoma (6.9%), renal (6.5%), 
breast (5.1%), and colorectal (1.8%) cancers [2]. 
The difference is likely to reflect methods of 
detection and reporting, taking into account the 
asymptomatic nature of some BM which may 
only be detected at autopsy. Furthermore, there 
is likely to be a significant underreporting of 
specific aspects of metastatic disease, especially 
when multiple organs are involved and the 
presence of BM may not be assessed if no overt 
clinical signs are evident [8]. The survival rates 
for primary peripheral cancers have improved in 
recent years due to the development of targeted 
chemotherapeutic agents. However, the effect 
that this will have on the potential metastatic 
process is unknown as there is frequently a 
significant time lag between the diagnosis of 
the peripheral tumour and the subsequent 
development of metastases in the brain and other 
organs.

There is a lack of clarity about the prognosis 
of people who develop BM with estimates 
ranging from less than three months to more than 
four years following treatment. This is heavily 
influenced by the location of the primary tumour, 
its genetic fingerprint and the number of other 
organs which develop concurrent secondary 
metastases. It has been reported that following 
radiosurgical treatment to treat the BM, 92% 
of the patients ultimately died from metastatic 
tumour progression in peripheral tissues rather 
than as a direct consequence of the BM.

The “metastatic cascade”, whereby the cells 
detach from the primary tumour site and migrate 
to the brain, is an inefficient process with only a 
very small number of metastatic cells eventually 
forming BM. This may explain the lag period 

between treatments of the primary tumour and 
the development and subsequent identification 
of the secondary BM. Tumour types are also 
more likely to exhibit an organ-specific pattern of 
spread. For example, prostate cancer frequently 
metastasises to bone while melanoma is more 
likely to metastasise to the lung, liver and brain. 

There are four key steps in BM formation – 
cell migration, vascular spread, invasion and 
metastatic growth [6]. Specific elements on the 
surface of the vasculature mediate the binding 
between the cancer cell and the luminal side of 
the endothelial cells and their ultimate migration 
through or between the vascular endothelial 
cells and hence into the brain parenchyma. The 
subsequent BM have a substantial requirement 
for oxygen and nutrients and the formation of 
blood vessels (angiogenesis) within the tumours is 
a key element of the tumour growth. Endogenous 
factors, such as vascular endothelial growth 
factor (VEGF), play a key role in this process and 
could serve as a therapeutic target to attenuate 
BM development. The migration of additional 
cells to the site from within the brain, including 
astrocytes and fibroblasts, is also a key event in 
tumour formation although some of these may 
subsequently serve as a barrier for the access 
of cytotoxic drugs. While it is common to have 
multiple tumours, there is an uncertainty about 
the malignancy of the metastatic cells or whether 
these may be associated with the invasion of 
metastatic cells at a number of discrete sites.

BM treatment will vary according to the 
number and location of the tumours. Palliative 
treatment of the symptoms is usually indicated 
initially. As the majority of symptoms are likely 
to be associated with increased intracranial 
pressure, corticosteroids are usually indicated 
to minimise the inflammatory response. Anti-
epileptic drugs can be prescribed for people 
who experience seizures. In order to treat 
the tumours, whole brain radiation therapy is 
commonly used for patients with multiple BM, 
while stereotactic radiosurgery can be used to 
treat patients with a discrete number of BM 
(usually up to four). Depending on the location 
of the tumours, surgical resection may also be 
a possibility although this is usually associated 
with oligometastatic disease. Furthermore, the 
relative infrequency of surgery for BM provides a 
challenge for a greater pathological and genetic 
characterisation of the tumour cells. The surgical 
and radiotherapy approaches can be carried out 
in combination with specific chemotherapeutic 
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drugs which can cross the blood brain 
barrier (BBB) [9]. Interestingly, studies 
have demonstrated that temozolomide, 
which is frequently used to treat 
primary brain tumours, has a minimal 
therapeutic effect on BM because 
of the different cellular origins. This 
underlines the challenge facing the 
treatment of secondary tumours 
and highlights the importance of the 
different cell lineage of BM to primary 
brain tumour cells [4].

The development of targeted 
chemotherapy for specific peripheral 
tumours such as lung, breast and 
melanoma has significantly increased 
the overall survival rates for people 
with these tumours. However, this may 
also provide an additional challenge 
for the treatment of BM. A growing 
body of evidence suggests that the 
cells contained within the BM may 
have evolved in order to exhibit subtly 
different characteristics to those within 
the primary tumour, thus rendering 
them less susceptible to the actions of 
the primary site-specific therapies.

The median survival for people with 
BM derived from breast cancer without 
treatment is 2-3 months. However, this 
can increase significantly depending on 
the tumour burden and the treatment 
provided. The potential for the primary 
tumour cells to metastasise and the 
subsequent prognosis has also been 
reported to be associated with the 
genotype of the primary tumour. 
Patients with HER2-positive or triple 
negative breast cancer have a higher 
incidence of BM and these will have 
a poorer prognosis. However, clinical 
trials are on-going to assess the clinical 
exhibit tumour specific therapies based 
on their genetic profile. Pre-clinical 
and early clinical studies suggest that 
lapatinib and trastuzamab, which both 
target HER2-positive tumours, may 
cross the BBB and target the BM.

Inhibitors of the enzyme anaplastic 
lymphoma kinase (ALK), including 
alectinib and ceritinib, are effective 
against non-small-cell lung cancer 
(NSCLC) cells. They have been proposed 
to have good BBB penetration and may 
therefore have a positive therapeutic 
effect on lung cell-derived BM. They are 
unlikely to be effective against primary 
brain tumours because of the specificity 
of their cellular target [10]. The PD-1 
checkpoint inhibitor pembrolizumab, 

which has a more general mode of 
action and is also used in the treatment 
of NSCLC, has also demonstrated 
a positive effect suggesting that an 
immunotherapy approach may also be a 
possibility for the treatment of BM. The 
therapeutic potential of some drugs 
is not always dependent on whether 
they can directly cross the BBB but 
rather some can exhibit a therapeutic 
effect by the stimulation of a local 
immune response. Both ipilimumab, 
which relies on activated T cells in the 
periphery to migrate into the CNS, as 
well as angiogenesis inhibitors such 
as bevacizumab, only need to reach 
the luminal side of the vascular wall 
in order to be transported across the 
membrane to target the tumour cells. 
Initial studies suggest that ipilimumab 
may be effective against melanoma-
derived BM. The use of bevacizumab 
in combination with standard 
chemotherapeutic agents such as 
carboplatin has demonstrated a positive 
response to BM derived from both 
breast cancer and NSCLC [7].

A next generation of therapeutic 
approaches is being developed to 
target brain metastases based on 
their association with the BBB. These 
include tumour-seeking stem cells 
which express metastatic tumour-
specific biomolecules which can 
activate the cellular apoptotic 
pathway. Furthermore, many genes 
whose products are necessary for the 
steps of BM formation - in particular 
extravasation and colonisation - have 
been identified and these can also 
serve as targets for cell- or gene-based 
strategies [2].

BM provide a significant therapeutic 
challenge due to their varying primary 
source, altered genetic profiles and the 
number of metastatic tumours. The 
increased survival rate of people with 
peripheral tumours also makes it likely 
that the incidence of BM will continue 
to grow as the cancer spread may be 
independent of peripheral tumour 
remission. While the development 
of new drugs may complement the 
existing therapeutic approaches, a 
greater awareness of the properties of 
BM and potential therapeutic targets 
is required in order to provide more 
accurate and effective treatments.
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