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ABSTRACT
Brain metastases are the most common tumors within the central nervous system. Recent advances 
on diagnosis and treatment modalities have allowed for longer survival. In this paper we review the 
indication of each modality of treatment: surgery, whole brain radiotherapy and stereotactic radiosurgery, 
as also recent advances on the knowledge of brain metastases biology that may improve the use of 
medical treatment and chemotherapy.
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RESUMO
Manejo atual de metástases cerebrais
Metástases cerebrais são os tumores mais comuns do sistema nervoso central. Avanços recentes 
no diagnóstico e modalidades de tratamento têm aumentado a sobrevida dos pacientes. Neste 
artigo, revisamos a indicação de cada modalidade de tratamento: cirurgia, radioterapia convencional, 
radiocirurgia estereotáxica, como também os recentes avanços no conhecimento da biologia das 
metástases cerebrais que poderão ampliar o uso do tratamento clínico com quimioterapia.
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Introduction

Brain metastases are the most common tumors 
within the central nervous system.1 It is estimated that 
about 8-10% of all adults with cancer will develop a 
symptomatic brain metastasis throughout the course 
of the disease.2

Main primary sites include lung, breast, kidney 
and melanoma.3 Proportions of primary sites of brain 
metastases are estimated to be 45% for lung carcinoma, 
20% for breast carcinoma, 15% for melanoma, 10% for 
renal cell carcinoma, 5% for colon carcinoma and 5% for 
other tumors. However the propensity of these tumors 
to metastasize is different: 50% for melanoma, 25% for 
lung carcinoma, 25% for breast carcinoma, 15% for renal 
cell carcinoma and 5% for colon carcinoma.4

Though recent advances in diagnosis and treatment 
techniques, overall median survival of patients with 
newly diagnosed brain metastases remains quite low. 
It varies from 4.9 months for small cell lung cancer to 
13.8 months for breast cancer.5

Therapeutic options include surgery, whole brain 
radiotherapy (WBRT) and stereotactic radiosurgery 
(SRS). Chemotherapy has a limited role in the mana-
gement of brain metastases but recent advances in the 
knowledge of their molecular biology may point future 
paradigm changes.6 In this paper we review current 
concepts in each modality of treatment.

Surgery

Surgery plays a key role in the management of brain 
metastases. It has many benefits: treatment of large 
lesions, rapid resolution of mass effect and edema, 
removal of the cancer, histologic confirmation of the 
cancer, rapid tapering of the dose of corticosteroids used 
to treat symptomatic lesions and requires less intensive 
follow-up than other modalities of treatment.7

Best indications for surgery are patients with good 
performance status and with stable extracranial cancer.8 
When considering patient selection for surgical removal 
of brain metastases, one should analyze an expected 
survival higher than three months, a general medical 
condition that may withstand surgery and anesthesia, 
and a good neurological status (it is a Karnofsy Perfor-
mance Status score of at least 70). Also the lesions should 
be resectable, that is accessible (not within brainstem, 
basal ganglia and thalamus), not numerous (maximum 
of three or four lesions) and not very small (at least 1 
cm of diameter).4

It is important to note that gross total resection 
allows a significant longer survival.

Another concern in considering surgical manage-
ment is to improve quality of life. This way, even patients 
with poor clinical conditions with short expected 
survival may be benefited with surgery for alleviating 
neurological symptoms.8 Hemiparesis and symptoms of 
intracranial hypertension are the most amenable to be 
improved after surgery, whereas aphasia and visual field 
defects may be even worsened after surgery.9

Finally median survival after surgery is 5.6-8.5 
months.10,11 Still local postoperative recurrence is 46-
58% and combined conventional radiotherapy may 
reduce this risk.11

Whole brain radiotherapy

Radiotherapy is employed as adjuvant therapy after 
surgery in order to reduce local postoperative recurren-
ce. It is the standard treatment for patients with multiple 
lesions. However recent improvements in systemic 
cancer control have prolonged overall survival and the 
benefits of WBRT have somehow been overweighed by 
its complications. Furthermore new studies have failed 
to show decreases in mortality. So its routine use as 
adjuvant therapy has been controversial.4

To note is the radiosensitivity of different brain 
metastases to conventional fractionated radiotherapy. 
Lymphoma, germinoma and small cell lung cancer are 
highly sensitive. Breast cancer, non-small lung cancer 
and colon cancer are intermediately sensitive. And mela-
noma, renal cancer and sarcoma are poorly sensitive.4,12,13

WBRT solely, as the once therapy for brain metas-
tases, is preferred to patients with more than 4 lesions 
and patients with poor clinical conditions and short 
expected survival.14

WBRT have some limitations, mainly its side effects 
(neurocognitive impairment) and lack of sustained 
efficacy.11 Many studies have shown changes in neurop-
sychological assessments and neurocognitive functions 
through different validated instruments. There are dele-
terious effects on verbal memory, executive functioning, 
processing speech and auditory/verbal learning tests.15

Nowadays the strategy for single brain metastasis is 
to omit adjuvant WBRT until recurrence appears. This 
is will avoid the deleterious neurocognitive side effects 
of radiation and maintain WBRT as a salvage therapy.

Stereotactic radiosurgery

SRS is one of the newest modality of treatment 
for different brain disease. It has been largely used for 
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brain metastases since it allows for the treatment of 
small and deep lesions, even within eloquent areas of 
the parenchyma. It is a minimally invasive approach 
that does not require general anesthesia, so that an 
outpatient fashion is possible. Multiple lesions can be 
treated during the same session. It has a short recovery 
time (generally lass than 1 week), allowing for a rapid 
initiation of systemic therapies. Finally, there is a po-
tential avoidance of WBRT.7

Some characteristics make brain metastases ideal 
targets for SRS: well defined lesions on imaging exami-
nations, spherical or pseudospherical shapes, less than 
4 cm in maximum diameter, generally noninfiltrative, 
and located at gray-white junction.7

Good candidates for SRS are patients whose largest 
tumor has a volume smaller than 10 cm3, patients with 
a KPS equal or higher than 70, without evidence of 
cerebrospinal fluid dissemination on imaging, with a 
total tumor volume of 15 cm3 and tumor number of 
10 or less.16

Comparisons between surgery + WBRT versus SRS 
have controversial results. There are only 3 retrospective 
and 1 prospective study. It seems that there is no diffe-
rence in survival, neurological death rates and freedom 
from local recurrence.11

Chemotherapy and new 
target therapies

Conventional chemotherapy has limited role in 
the management of brain metastases, as chemotherapy 
agents have poor penetrability to the central nervous 
system through the blood-brain barrier (BBB).6

New researches have improved the understanding 
on how metastatic cells cross the BBB, invade the paren-
chyma and interact with the brain microenvironment. 
Various mechanisms are involved in chemo-adhesion, 
tumor cell migration and adhesion to endothelial cell 
basement membrane, extracellular matrix degradation 
and angiogenesis.17

Genetic studies also present patterns of mutations 
for different metastases. Breast cancer has mutations on 
COX2, HBEGF, ST6GALNAC5, HK2, FOXC1, HER2 
and VEGFA genes. Lung cancer shows mutation on 
VEGFA, LEF1, HOXB9, CDH2, KIFC1 and FALZ3 
genes. Melanoma, on VEGFA and STAT3 genes.18

Together, these molecules and genes make particular 
cancers target for different immunological drugs. For 
breast cancer, tests involve Trastuzumab, Lapatinib, 
Interferon anfa-2a, Iniparib, Sunitinib, Vorinostat, Pa-
nobinostat and Bevacizumab. For non-small cell lung 
cancer, Erlotinib, Gefitinib, Vorinostat, Panobinostat 

and Bevacizumab. For melanoma, Vemurafenib, Ipi-
limumab, Interferon alfa-2a, Vorinostat, Panobinostat 
and Bevacizumab. Most of the clinical trials testing these 
agents are in phase II.6

Thus future work can identify therapeutic agents in 
order to prevent brain metastases from taking hold and 
treat established brain metastases.17

How can we proceed?

Clinical decision on treating patients with brain 
metastases must be individualized. One has to consider 
clinical experience, available facilities, scientific eviden-
ce, prognostic concerns, quality of life and patients’ and 
families’ wishes.

But some general guidelines may be useful.
First of all, consider the patient’s functional status. 

A KPS lower than 70 points for WBRT or symptoma-
tic treatment alone. Secondly, the control of systemic 
disease. Active extracranial disease with more than 3 
or 4 lesions makes the patient candidate for WBRRT. 
Active extracranial disease with up to 3 lesions makes 
the patient candidate for WBRT with or without SRS. 
Patients with controlled systemic disease with more 
than 3 or 4 lesions should receive WBRT. Patients 
with controlled systemic disease with up to 3 lesions 
may be benefited with surgery and WBRT or SRS 
and WBRT.19

In another fashion, consider a patient with stable 
systemic disease. Then analyze the number of brain 
metastases and the KPS score. A patient with more 
than 4 lesions and a KPS < 80 may be operated on for 
symptomatic control, since his lesions are resectable, 
and managed with partial or WBRT. Then, if there is a 
poor response, or tumor progression, or distant tumor 
recurrence, the patient may be candidate for SRS. On 
the other hand a patient with less than 4 lesions or 
with a KPS equal or higher than 80 may be managed 
with surgery or SRS. Close monitoring with serial 
imaging is needed. If there is distant or local recur-
rence, SRS may be repeated or a WBRT performed. 
Surgery remains amenable for symptomatic resectable 
metastases.14

Case examples

Case 1

A 63-years-old man was referred to our service 
with a complaint of headache and a right-sided he-
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miparesis for about one month. He had a positive 
history of smoking. MRI disclosed four metastatic 
lesions: one in the medial surface of the right central 
lobule (Figure 1A), one in the left occipital lobe (Fi-
gure 1B), one in the left frontal pole (Figure 1C) and 
one in the left middle frontal gyrus (Figure 1D). The 
last one was the larger and the responsible for the 
patient’s symptoms. He was operated on to resect this 
lesion through a frontal craniotomy. It was diagnosed 
a brain metastasis from a previously unknown lung 
adenocarcinoma. Afterwards he received WBRT. At 
three-months follow-up a new MRI disclosed a rea-
sonable local control (Figure 1 E-H).

Case 2

A 34-years-old woman previously diagnosed with 
a ductal breast carcinoma searched for our department 
because of a progressive headache. Her neurological 
examination was unremarkable. A MRI showed a large 
metastasis within the left cerebellar hemisphere (Figure 
2A) and a quite little metastasis in the left occipital lobe 
(Figure 2B). She was operated on through a suboccipital 
craniotomy to resect the cerebellar lesion. Then she was 
referred to SRS in order to treat the remaining lesion. A 
three-months follow-up MRI showed no residual lesion 
in the cerebellum (Figure 2C) and control of the tumor 
in the occipital lobe (Figure 2D).

Figure 2 – MRI of a patient with breast cancer with two 
metastases to the brain (arrows): a large lesion in the left 

cerebellar hemisphere (A) and a small lesion in the left occipital 
lobe (B). The large lesion was surgically resected and the little one 
was managed through SRS. Follow-up MRI showed local disease 

control (C) and reduction in the size of the remaining lesion 
(arrow-head, D). 

Figure 1 – MRI of a patient with multiple brain metastases (arrows), pre- (A-D) and post-treatment (E-H). The larger tumor in the left 
middle frontal gyrus was resected surgically. Afterwards, the patient had conventional radiotherapy. NB: images were not obtained through 

the same positioning protocol, so that we present the slices from the regions of interest.
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Considerations

Through several years treating brain metastases, 
neurosurgical community has faced significant advan-
ces. Nieder et al.20 compared two groups of treated pa-
tients, regardless of treatment modality: the first group 
was named contemporary and included patients treated 
from 2005 to 2009; the second group was named histo-
rical and included patients treated from 1983 to 1989. 
The rate of alive patients after 48 months of treatment 
increased significantly from the past to current days.20 
That means it is worthy to keep studying the issue and 
employing new knowledge to clinical practice.

In Brazil few centers have SRS available in a large 
scale for treating patients with brain metastases, espe-
cially in the public health system. Government has to 
be called on to the need for technological improves.

Finally the words from Nieder et al.20 have to be 
kept in mind: “Avoiding overtreatment in patients with 
poor prognosis is as important as aggressive treatment in 
patients who might survive for several years.”

Conclusions

Brains metastases are very common and every neu-
rosurgeon will face them sometime. So it is important 
to know the very best treatment modality available for 
each patient and each disease.
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