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1. Introduction

	 Brain metastases originate from tissues outside the central nervous system (CNS) and 
spread secondarily to the brain. They are 10 times more common than primary brain tumors, 
and account for more than half of all clinically diagnosed brain tumors in adults [1]. The in-
cidence of brain metastases seems to be rising as the control of systemic cancer has improved 
and patient survival has subsequently increased. This chapter looks at the epidemiology of 
these tumors and their prognostic assessment, with a focus on strategies for treating both the 
tumors and their associated symptoms through surgery, radiosurgery, radiation therapy, and 
future treatment modalities. 

1.1. Epidemiology and incidence

	 In patients with systemic malignancies, brain metastases occur in 20–40% of adults, 
with 60-75% being symptomatic during life and the remainder being discovered incidentally 
on computed tomography (CT)/magnetic resonance imaging (MRI) or at autopsy [2,3]. Older 
studies on the epidemiology of brain metastases grossly underestimated their actual incidence, 
because neurosurgeons were hesitant to operate on patients with known systemic cancer. Simi-
larly, major ascertainment bias and underreporting problems are limiting factors in obtaining 
accurate epidemiologic data from large patient populations. Recent clinical series and autopsy 
studies demonstrate an increasing incidence of brain metastases, but the true incidence of brain 
metastasis is difficult to ascertain. In the United States, it is estimated that between 6% and 
14% of all newly diagnosed cancers will ultimately metastasize to the brain [4,5]; based on the 
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1.7 billion new cancer diagnoses expected in 2016 [6], between 100,000 and 240,000 cases are 
expected to eventually lead to brain metastases. The apparent increase in the incidence of cere-
bral metastases may be due to a variety of factors. Increases in the length of survival of cancer 
patients, an aging patient population, advances in neuroimaging techniques, and routine stag-
ing that assesses the CNS may be associated with increased incidence of brain metastases. 

	 Although virtually any malignant cancer can metastasize to the brain, the incidence of 
brain metastases varies dramatically between cancer types [7]. The histology and epidemiol-
ogy of the primary cancer are the principal determinants of the frequency of brain metastasis. 
In adults, the most common primary tumors responsible for brain metastases are carcinomas, 
and include lung (30-60%), breast (10-30%), skin (melanoma) (5-20%), kidney, and colorectal 
cancers. Less frequent are metastases from prostate, esophageal, and oropharyngeal cancers, 
non-melanoma skin cancers, and sarcomas. Brain metastases from an unknown primary site 
account for up to 15% of patients. In these situations, histopathology of biopsy specimens, 
including immunohistochemistry, can often help identify the primary origin [8]. For patients 
with biopsy-proven brain metastases from an unknown primary tumor, the lung should be the 
primary focus of evaluation. Lung cancer is the most common primary cancer type in patients 
with unknown primary origin, and over 60% of such patients have a primary lung cancer or 
pulmonary metastasis from a primary tumor located elsewhere [9,10]. Positron emission to-
mography may also be useful in these patients, either by identifying the primary tumor or find-
ing other sites of metastatic disease that can be more readily biopsied [11].

	 For all types of cancer, brain metastases diagnosed during life are relatively uncommon. 
According to two large series, the incidence of brain metastases in each type of cancer is as 
follows: lung (16-20%), melanoma (7%), renal cell carcinoma (7–10%), breast cancer (5%), 
and colorectal cancer (1–2%) [12,13]. The propensity of primary tumors to spread to the brain 
parenchyma (neurotropism) differs, being high in melanoma, small-cell lung cancer, chorio-
carcinoma, and other germ cell tumors; intermediate in breast cancer, non-small cell lung can-
cer (being more frequent in adenocarcinomas than in squamous tumors), and renal cancer; low 
in cancers of the prostate, gastrointestinal tract, ovary, and thyroid, and sarcomas.

1.2. Pathogenesis

	 The most common mechanism of metastasis to the brain is hematogenous spread [14]. 
The majority of brain metastases arise from embolization of tumor cells through the arterial 
circulation. Metastatic lesions are located in the cerebral hemisphere in about 80% of patients, 
in the cerebellum in 15%, and in the brainstem in 5%, with metastases in the basal ganglia, 
pineal gland, and hypophysis being very rare. Metastases are generally located at the junction 
of the gray matter and white matter where blood vessels decrease in diameter and act as a 
trap for clumps of tumor cells. Brain metastases also tend to be more common at the terminal 
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“watershed areas” of arterial circulation [15]. However, different primary tumors may have a 
predilection for metastasis to different areas within the brain. For example, melanoma is un-
usual in its predilection to metastasize to the cerebral cortex and basal ganglia rather than the 
gray-white matter junction [16]. Pelvic, gastrointestinal, and breast cancers more frequently 
metastasize to the posterior fossa [15,17]. These phenomena may be due to the cell surface 
properties of metastatic cells and the endothelium within the CNS vasculature, but the exact 
reasons are unclear. 

	 The less-recognized mechanism is the “soil and seed” hypothesis [18]. Specific molecu-
lar factors may be expressed on tumor cells, and tumor cells may also respond to brain-derived 
growth factors, and be able to invade, proliferate, and induce angiogenesis [19,20].

1.3. Demographics

	 The incidence of brain metastases is dependent on age, similar to that of primary sys-
temic cancers. The highest incidence of brain metastasis is observed in the fifth to seventh 
decades [21]. The age group most at risk for brain metastasis varies by primary cancer type 
[22,23]. In children, the most common sources of brain metastasis are sarcomas, neuroblas-
toma, and germ cell tumors [24,25].

	 The overall incidence of brain metastasis is not affected by sex. However, there are 
some differences in the two sexes in the types of primary cancer associated with brain metasta-
ses. For example, lung cancer is the most common source of brain metastases in men, whereas 
breast cancer is the most common source in women [26]. 

1.4. Advanced imaging study 

	 In the CT era, about 50% of brain metastases were diagnosed as single metastases, 
whereas MRI has revealed that two-thirds to three-fourths of brain metastases are multiple le-
sions [27,28]. Contrast-enhanced MRI is the preferred imaging modality for the diagnosis of 
brain metastases, and is more sensitive than either nonenhanced MRI or CT scanning in detect-
ing lesions in patients suspected of having cerebral metastases and in differentiating metastases 
from other CNS lesions. Davis PC et al. reported that contrast-enhanced MRI demonstrated 
more than 67 definite or typical parenchymal metastases, compared with more than 40 using 
T2-weighted MRI and 37 using double-dose contrast-enhanced CT in their study on 23 pa-
tients [29]. Moreover, various techniques, such as magnetization transfer, three-dimensional, 
magnetization-prepared rapid gradient-echo and triple dose gadolinium imaging studies may 
further improve metastatic lesion detection with MRI [30-33]. 

2. Prognosis Assessment

	 Historically, patients with brain metastasis had such poor prognosis that little thought 
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was given to determining an individual’s prognosis or optimal treatment. For untreated patients 
with brain metastases, the median survival is approximately 1 to 2 months. With advances in 
medical and surgical treatment of brain metastases, it is sometimes difficult to predict the life 
expectancy of these patients. 

2.1 Recursive partitioning analysis (RPA)

	 Several studies have been performed to identify factors associated with a favorable 
prognosis. The following factors have been revealed to be associated with good prognosis 
of patients with brain metastases: a high Karnofsky performance status (KPS) score, a single 
brain metastasis, an absence of systemic disease, a controlled primary tumor, and a younger 
age (< 60–65 years) [34]. The first effort came in the late 1990s, when the Radiation Therapy 
Oncology Group (RTOG) performed an RPA. The RTOG has a large database using which 
Gaspar et al. performed an RPA on 1200 patients with brain metastases [35]. Based on uni-
variate analysis, the KPS was the most important factor and the first node of a prognostic tree. 
Among patients with a KPS of 70 or greater, the status of the primary tumor was the second 
most important prognostic factor. Age was the third factor and the status of systemic metasta-
ses the fourth. Three prognostic classes were then constructed (Table 1). Using this approach, 
median survival ranged from 7.1 months in patients with the best prognostic score (RPA class 
1) to 2.3 months in those with the worst (RPA class 3). In this RTOG analysis, approximately 
20%, 65%, and 15% of the patients were in classes 1, 2, and 3, respectively. Furthermore, these 
three prognostic classes were identified and the outcome correlated with median survival. 
These results were subsequently validated in another RTOG trial that included 445 patients 
with brain metastases [36]. The median survival was 6.2 months for class 1 patients and 3.8 
months for those in class 2. In conclusion, RPA classes present significant information that can 
be used to select patients for intensive local treatment. 

2.2. Diagnosis-Specific Graded Prognostic Assessment (DS-GPA)

	 While the RPA classification can be applied to any patient with brain metastases, the 
survival results following treatment for brain metastases are highly heterogeneous and depend 
in part upon the primary tumor. This observation led to a proposal for the DS-GPA [37,38]. 
The DS-GPA is based upon an analysis of nearly 4000 patients with newly diagnosed brain 
metastases treated between 1985 and 2007. Multivariate analysis using the same criteria as the 
RPA analysis as well as the primary diagnosis led to the establishment of separate criteria for 
patients with non-small cell lung cancer, small cell lung cancer, melanoma, renal cell carci-
noma, breast cancer, and gastrointestinal cancer (Table 2). The significant prognostic factors 
for each type of cancer differ in this model. The factors for lung cancer are KPS, presence of 
extracranial metastases, and number of brain metastases; the factors for melanoma and renal 
cell carcinoma are KPS and number of brain metastases; the factors for breast cancer are KPS, 
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subtype (based upon estrogen receptor/progesterone receptor and HER2 status), and age; the 
sole factor for gastrointestinal cancer is KPS. For each of these disease categories, the DS-GPA 
provides a higher level of refinement, where the median survival ranges from 2.79 to 25.30 
months, and there is a statistically significant survival gradient with improvement in overall 
survival with a better DS-GPA score. These criteria account for primary tumor type and unique 
features applicable to each primary tumor, making the system relevant to daily clinical practice 
and improved prognostic information that may be useful for patient management as well as 
clinical trials.

2.3. Other factors associated with prognosis

	 Although the Mini-Mental Status Examination (MMSE) does not provide additional 
prognostic significance to the RPA, a poor MMSE has been shown to be prognostically impor-
tant in a study on 445 patients in the RTOG group [39]. There are a few additional controver-
sies, as some factors, such as primary breast tumor, metachronous presentation, a time interval 
of 12 months or greater between the diagnosis of the primary tumor and the appearance of 
brain metastasis, the number of brain metastases, and the response to steroids, are recognized 
as favorable prognostic factors [40-43]. The prognosis is not different for brain metastases 
with unknown primary tumors and those from known primary tumors [44]. 

	 There are some prognosis assessment tools for brain metastases associated with stereot-
actic radiosurgery (SRS) [45,46]. Seriazwa et al. reported that the Score Index for Radiosur-
gery in Brain Metastases (modified BSBM) was found to be excellent for predicting neurologi-
cal outcomes, independently of life expectancy, in SRS-treated brain metastases in their study 
on 2838 patients (Table 3). 

	 For patients with brain metastases of melanoma, favorable prognostic signs include 
the delayed onset of a single brain metastasis without other visceral metastatic disease and 
a normal serum lactate dehydrogenase (LDH) level, or initial presentation with an unknown 
primary tumor presenting as a solitary melanoma brain metastasis. In contrast, multiple brain 
lesions, extensive visceral metastases, high serum LDH, or a primary lesion of the head and 
neck region historically carry an unfavorable prognosis [47-49].

3. Clinical Manifestation 

	 Brain metastases have highly variable clinical features and should be suspected in any 
cancer patient who develops neurologic symptoms or behavioral abnormalities. Up to two-
thirds of all brain metastases are symptomatic at some time in living patients [50]. Although 
modern screening protocols using brain MRI more frequently detect asymptomatic brain me-
tastases, clinical evidence of neurologic signs and symptoms is the first indicator of brain 
metastases in most patients. The etiology of symptoms lies with elevated intracranial pressure, 
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focal irritation, or destruction of neurons secondary to the mass itself or the surrounding edema 
[7]. Less commonly, intratumoral hemorrhage, obstructive hydrocephalus, or embolization by 
tumor cells result in symptoms.

Headache: Headache is a common presenting symptom and becomes more common with 
multiple metastases or posterior fossa lesions. Headaches occur in approximately 40–50% of 
patients with brain metastases [35,51]. Although the classic early morning headache is un-
common, it is highly suggestive when present. In a study on 111 patients [52], headache was 
present in 48% and equally affected those with primary and metastatic brain lesions. The head-
aches were similar to tension type in 77% of patients, migraine in 9%, and other types in 14%. 
The typical headache was bifrontal but worse ipsilaterally; it was the worst symptom in about 
one-half of patients. In contrast to tension type headaches, brain tumor headaches were worse 
with bending over in 32% of patients, and nausea or vomiting was present in 40%. Worsen-
ing headache may also follow maneuvers that raise intrathoracic pressure, such as coughing, 
sneezing, or the Valsalva maneuver. 

Focal neurologic dysfunction: Twenty to forty percent of patients present with focal neuro-
logic dysfunction. Focal irritation or destruction of surrounding brain tissue and edema often 
result in focal neurologic symptoms that have very important localizing value, including hemi-
paresis, visual field defect, and aphasia [53]. Hemiparesis is the most common complaint, but 
its manifestations depend upon the location of the metastases.

Cognitive dysfunction: Cognitive dysfunction, including memory problems and mood or per-
sonality changes, is the presenting problem in 30-35% of patients. However, metabolic en-
cephalopathy is a much more common cause of cognitive dysfunction than metastatic disease 
in cancer patients who develop an altered mental status [54].

Seizures: Seizures in patients with brain metastases are almost exclusively associated with su-
pratentorial lesions [55]. Approximately 25% of patients with brain metastases have seizures, 
and 10% of these patients complain of seizures as the presenting symptom [56]. 

Stroke: Although most patients with brain metastases tend to have subacute progressive symp-
toms, another 5–10% present acutely because of stroke caused by hemorrhage into a metas-
tasis, hypercoagulability, invasion or compression of an artery by the tumor, or embolization 
of tumor cells [57,58]. Melanoma, choriocarcinoma, and thyroid and renal carcinoma have a 
particular propensity to bleed [53].

4. Treatment

	 Longer survival, improved quality of life, and stabilization of neurocognitive function 
for patients with brain metastasis are the goals of treatment. Treatment must be directed not 
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only at the brain metastasis but also at a multitude of other symptoms that plague patients with 
cancer and brain metastases [59]. 

4.1. Symptomatic management

	 The symptomatic management of patients with brain metastases is similar to the ap-
proach used in those with primary brain tumors. The key components include the control of 
peritumoral edema with corticosteroids, the treatment of seizures, and the management of ve-
nous thromboembolic disease.

Peritumoral edema: Most patients with peritumoral edema and brain metastases can be ad-
equately managed with glucocorticoids. Symptomatic brain metastases show marked clinical 
improvement within 24–48 hours after dexamethasone administration [60]. Dexamethasone is 
the standard agent because its relative lack of mineralocorticoid activity reduces the potential 
for fluid retention. In addition, dexamethasone may be associated with a lower risk of infection 
and cognitive impairment compared to other glucocorticoids [61,62]. The guidelines recom-
mend a dose of dexamethasone of 16 mg per day or more for patients with severe symptoms 
due to increased intracranial pressure and edema because of brain metastases. For patients with 
milder symptoms, a starting dose of 4–8 mg of dexamethasone daily is recommended; steroids 
are not recommended for asymptomatic patients. Based upon this review, the drug should be 
tapered slowly over a 2-week period or longer in symptomatic patients [63]. 

Seizure: The need for anticonvulsant therapy in patients who experience a seizure because 
of a brain tumor is clear. These patients should be treated with monotherapy with a standard 
first-line antiepileptic drug because of the high risk of recurrence [34]. The initial use of mul-
tidrug regimens should be avoided whenever possible. Monotherapy increases the likelihood 
of compliance, provides a wider therapeutic window, and is more cost-effective than combi-
nation drug therapy [64]. If patients experience recurrent seizures after initiation of therapy, 
doses of the initial agent should be escalated and adequate serum concentrations should be 
verified before switching drugs or adding a second agent. If adequate seizure control cannot be 
obtained, an alternative antiepileptic drug should be prescribed or a second antiepileptic drug 
added [65]. Prophylactic antiepileptic drugs are generally not recommended for patients with 
brain metastases without a history of seizure [66]. An exception might be those with metastatic 
melanoma, hemorrhagic lesions, and multiple metastases [34,67]. For this subgroup of pa-
tients who have a higher risk of developing seizures, the role of prophylaxis remains to be ad-
dressed. Generally, seizure related to brain metastases is difficult to control with antiepileptic 
drugs; perhaps there are some underlying pathophysiologic mechanisms and interaction with 
other drugs [68]. Newer antiepileptic drugs, such as levetiracetam, pregabalin, lamotrigine, la-
cosamide, and topiramate, are generally preferred for seizure treatment in this setting, as these 
agents have a more favorable safety profile compared with older agents and avoid potential 
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drug-drug interactions [69–72]. 

Vascular complication: Although intracranial hemorrhage associated with brain metastases is 
less common, it can still be fatal. Brain metastases from melanoma, choriocarcinoma, thyroid 
carcinoma, and renal cell carcinoma have particularly high propensities for spontaneous hem-
orrhage [73,74]. Treatment strategies in patients with brain metastases that have a high risk 
of spontaneous hemorrhage must be individualized, as there are no prospective studies in this 
patient population to inform the balance of risks and benefits. Patients with brain metastases 
have a latent hypercoagulable state that predisposes to thromboembolism, particularly in the 
postoperative period [75]. The incidence of venous thromboembolism ranges between 1.03% 
and 20% [34]. The management of venous thromboembolism requires a balance between the 
effectiveness of the treatment and the risk of intracranial hemorrhage or limited life expec-
tancy. 

4.2. Surgical treatment

	 When considering surgical resection, some factors must be addressed, including the 
extent of systemic disease and the size, location, and multiplicity of the tumors. The extent 
of systemic disease is the single most important factor that determines treatment outcome. 
Progression of systemic disease accounts for up to 70% of deaths among patients undergoing 
surgical resection for brain metastases [76]. Although there are some controversies, patients 
that are expected to survive for at least 3 months are generally surgical candidates. Kim et al. 
reported the clinical factors of patients who survived for less than 3 months after surgical re-
section of brain metastases [77]. In their study on 83 patients with a single brain metastasis, 25 
patients (30.1%) died within 3 months of craniotomy. In their multivariate analysis, a poorly-
controlled primary cancer, a KPS score < 70, and adjuvant therapy had a significant influence 
on poor prognosis. In another study on 1953 patients, factors associated with worse overall 
survival included sex (male, hazard ratio (HR) 1.2), multiple brain metastases (HR 1.3), no 
surgery (HR 1.8), and no SRS (HR 1.8). In contrast, 23 patients (1.2 %) survived ≥ 10 years, 
and the median survival for ≥ 10-year survivors was 18.5 years. This study found that patients 
with favorable prognostic features should undergo multimodality treatment for solitary lesions 
[78]. Brain metastases can be effectively palliated with aggressive local treatment in selected 
patients. As life expectancy of patients with brain metastases is often limited by extracranial 
disease, aggressive therapy is generally reserved for those who are expected to survive long 
enough to benefit from aggressive treatment of their brain metastases. 

	 Tumor location is another important factor when considering surgical resection. The 
depth of the tumor and its location in the eloquent areas of the brain are generally main points 
when considering surgery. Tumor size is also an important factor when physicians decide be-
tween treating brain metastases with surgical resection or SRS. Larger lesions are more likely 
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to produce mass effect and be symptomatic. Surgical resection is more readily performed than 
SRS in tumors greater than 3cm in maximum diameter.

	 Advances in neuro-anesthesia and neurosurgery have significantly improved the safety 
of surgical resection of brain metastases, making this approach applicable to a larger number 
of patients [79]. Furthermore, the surgical resection of brain metastases is one key element in 
multimodal treatment. However, standard surgery alone is often not sufficient to achieve local 
control, because most brain metastases are not sharply delineated but have an irregular tumor-
brain interface or even an infiltrative growth pattern. An infiltrative growth pattern of cerebral 
metastases might be one reason for their extraordinary high local recurrence rate and may 
influence overall survival. Intraoperative detection of any residual tumor and development 
of more radical surgical techniques is therefore an important neurooncological challenge and 
might result in better tumor control [80]. To achieve these goals, some authors have studied 
the usefulness of pathologically confirmed clean surgical margins during surgical resection for 
better local control of single brain metastasis in non-eloquent areas. After gross total resection, 
they resected additional surrounding brain tissue to a depth of at least 5 mm until a pathologi-
cal free margin was confirmed. In two studies on 94 and 90 patients, respectively, they con-
cluded that a wide surgical resection of brain metastases, including tumor cells infiltrating the 
adjacent brain parenchyma with confirmed clean surgical margin provides better local control 
[81,82]. 

	 For patients with a single, surgically accessible lesion that is large or associated with 
significant edema and mass effect, surgical resection achieves rapid symptom relief and local 
control. In addition, patients with solitary brain metastases who have limited systemic disease 
are generally good surgical candidates. In carefully selected patients, resection has been shown 
to improve survival and decrease the risk of neurologic death compared with a radiation-alone 
approach. There have been three randomized controlled trials comparing surgical resection 
combined with whole brain radiation therapy (WBRT) with WBRT alone in patients with 
single brain metastases. In the first trial, 48 patients with a single brain metastasis were treated 
with either surgical resection followed by WBRT or WBRT alone [83]. The group treated with 
surgical resection combined with WBRT had significantly fewer local recurrences (20% ver-
sus 52%), significantly improved survival (40 weeks versus 15 weeks), and a better quality of 
life. Factors that correlated significantly with increased survival in addition to surgical treat-
ment were the absence of extracranial disease, longer time to development of brain metastasis, 
and younger age. In the second trial of 63 patients with a single brain metastasis, the overall 
survival of patients who underwent surgical resection and WBRT was significantly longer 
than patients who received WBRT alone (10 months versus 6 months), and patients remained 
functionally independent for a longer period [84,85]. The benefit from surgical resection was 
seen primarily in patients with stable extracranial disease (median survival, 12 months). Pa-
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tients with active extracranial disease and those older than 60 years did not appear to benefit 
from surgical resection. However, the third trial did not show improved survival outcomes in 
the surgical resection combined with WBRT group, because patients with a lower KPS score 
at baseline were included, and a higher proportion of cases had extracranial disease [86,87]. 

	 Surgical resection is more often reserved for patients with controlled systemic disease 
at the time of diagnosis of brain metastases, and survival outcomes are better for these pa-
tients. However, if the systemic disease was controllable, such as bone metastases from breast 
cancer, or if the primary cancer is radio-resistant, such as renal cancer and melanoma, even 
patients with disseminated systemic disease could benefit from surgical resection, especially 
in consideration of quality of life [34]. In the past, most neurosurgeons were hesitant to op-
erate on patients with multiple brain metastases [76]. Bindal and coworkers studied surgical 
resection in patients with multiple brain metastases [88]. In their study, all patients had two or 
three brain metastases, and most received WBRT after surgical resection. Group A included 
30 patients with multiple tumors who underwent resection of some, but not all the lesions, and 
group B included 26 patients in whom all the lesions were resected. These two groups were 
compared with a control group (group C, who had single brain metastases that were com-
pletely resected). There was no difference in surgical mortality (3%, 4%, and 0% for groups A, 
B, and C, respectively) or morbidity (8%, 9%, and 8%, respectively). Patients with multiple 
metastases that were all resected (group B) had a significantly longer survival time (median, 
14 months) than patients with multiple metastases in whom some lesions were not resected 
(group A; median survival, 6 months). The survival of patients in group B was similar to that 
of patients with resected single metastases (group C; median survival, 14 months). Hence, the 
authors concluded that resecting multiple brain metastases (typically two to four) is as effec-
tive as resecting a single brain metastasis as long as all the lesions are resected.

	 Stereotactic biopsy should be performed when the diagnosis of brain metastasis is in 
doubt. The clinical situations which require stereotactic biopsy include the following: 1) the 
primary tumor is not known to be metastatic or rarely metastasizes to the brain; 2) the history 
of cancer is remote; 3) patients with a single lesion; 4) brain MRI showing prominent diffusion 
restriction raising suspicion for abscess or heterogenous, irregularly shaped centrally necrotic 
mass lesion suggestive of malignant glioma. 

	 The major risks associated with surgical resection include infection, postoperative neu-
rologic worsening, intracranial hemorrhage, and cerebral infarction in the perioperative period 
[79]. The risk of permanent neurologic deficit associated with surgical resection is estimated 
to be about 8–9% [89]. 

4.3. Whole brain radiation therapy

	 Patients who undergo surgical resection of a single brain metastasis have a 50–60% risk 
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of local recurrence at the resection site within the next 6–12 months [90,91]. Some studies are 
there on the role of adjuvant WBRT after SRS or surgical resection. In the largest meta-analy-
sis, including five randomized trials of 663 patients, WBRT adjuvant to SRS or surgical resec-
tion decreased the relative risk of intracranial disease progression at 1 year by 53% (relative 
risk 0.47, 95% confidence interval (CI) 0.34–0.66), but did not improve overall survival (HR 
1.11, 95% CI 0.83–1.48) [92]. Moreover, in the largest individual trial on 359 patients (either 
SRS (n = 199) or surgery (n = 160)) with one to three brain metastases, the results included the 
following [90]: 1) administration of WBRT following SRS or surgical resection significantly 
decreased the rate of local recurrence at 2 years compared with control (59% versus 27% in 
those initially treated with surgical resection, and 31% versus 19% in those initially managed 
with SRS). WBRT also decreased the rate of recurrence at new sites (42% versus 23% follow-
ing initial surgery and 48% versus 33% following SRS); 2) global health-related quality of life 
scores [93] and scores in physical functioning and fatigue were better in the observation arm at 
early time points but similar at 1 year; 3) there was no significant difference in overall survival 
(median 10.9 months and 10.7 months in the WBRT and observation groups, respectively).

	 WBRT is associated with an increased risk of neurocognitive impairment that may re-
duce quality of life. There are some randomized trials that found that combining WBRT with 
SRS increased the likelihood of a decline in learning and memory function compared with 
treatment with SRS alone [94,95]. Furthermore, SRS to the post-resection cavity has become 
the alternative to postoperative WBRT because of concerns about cognitive impairment due to 
WBRT. There are some randomized trials suggesting that postoperative SRS decreases the risk 
of neurocognitive decline compared with WBRT, and improves local control compared with 
observation. In a multicenter trial of 194 patients, patients were randomly assigned to postop-
erative SRS (12 to 20 Gy in a single fraction, depending on cavity volume) or WBRT (30 Gy in 
10 fractions or 37.5 Gy in 15 fractions) [96]. At 6 months, patients treated with postoperative 
SRS had a lower risk of cognitive deterioration (52% versus 85%) and similar median overall 
survival (12.2 months versus 11.6 months) compared to those who received WBRT. However, 
the postoperative SRS group showed a worse local control rate (80% versus 87% at 6 months 
and 61% versus 81% at 12 months) as well as a worse overall intracranial control rate (55% 
versus 81% at 6 months) compared to the WBRT group.

	 WBRT alone is the treatment of choice for patients with single brain metastasis not 
amenable to surgery or radiosurgery, especially those with active and disseminated systemic 
disease [85]. The treatment effect would be greater in radiosensitive tumors, such as breast 
cancer than in radio-resistant tumors. In addition, WBRT has for a long time been the sole 
treatment for multiple brain metastases, with a median survival of 2–6 months [34]. The most 
commonly used schedule is 30 Gy in 10 daily fractions. Other randomized controlled trials 
studied altered WBRT dose fractionation schedules (40 Gy in 20 fractions given twice daily 
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or 20 Gy in 4 or 5 daily fractions), and they concluded that altered WBRT dose-fractionation 
schemes as compared to standard (30 Gy in 10 daily fractions) had a benefit in terms of overall 
survival, neurologic function, and symptom control [97].

4.4. Stereotactic radiosurgery

	 Recently, an increasing number of patients with brain metastases have been treated us-
ing SRS. This procedure delivers a single high dose of radiation, using multiple cobalt sources 
(gamma-knife) or a linear accelerator through the stereotactic method [34]. SRS is a reason-
able alternative to surgery or WBRT for small tumors that are not surgically accessible. Of 
note, neurotoxicity and local failure after SRS increase with increasing lesion size, and thus 
consideration of SRS rather than surgery should generally be limited to lesions with a diameter 
of 3 cm or less [98]. For patients with newly diagnosed brain metastases, a series of reports 
examining SRS reported a rapid decrease in symptoms, a local control rate of 80–90%, and a 
median survival of 7–12 months [99–103]. Another advantage of SRS is that it can be used in 
metastases from highly radio-resistant tumors, like melanoma and renal cell carcinoma, which 
respond very poorly to conventional radiation therapy [34]. 

	  For patients with multiple brain metastases, some randomized trials were performed 
examining the use of SRS as an initial therapy for up to four brain metastases that were ap-
propriate targets (< 3 cm in diameter) [92,104]. Although there are controversies about the 
number of treatable tumors, prospective nonrandomized data in patients with newly diagnosed 
brain metastases suggest that up to 10 tumors with a total cumulative volume ≤ 15 mL may be 
treated in a single session with similar efficacy and no increase in toxicity [98,105]. A multi-
variate analysis of 80 patients with 126 lesions revealed that radiation dose was an important 
factor for local control (local control rates for ≥ 14 Gy and those < 14 Gy were 90% and < 50%, 
respectively) [106]. Lesion phenotype was an additional factor that independently influenced 
local control, with cystic and necrotic tumors being more likely to recur than solid tumors in a 
large retrospective study [107]. 

	 Acute symptoms after SRS can include mild nausea, dizziness or vertigo, seizures, or 
new headaches. Neurologic symptoms may arise from transient swelling that begins 12–48 
hours after SRS. Acute SRS-related symptoms can be prevented or controlled by a short course 
of steroids around the time of SRS [108]. Radiation necrosis is the most common delayed 
complication after SRS for the treatment of brain metastases. Radiation necrosis is not a neo-
plasm, but the lesion tends to progressively enlarge with a mass effect and cause diffuse peri-
tumoral edema in a way that resembles neoplasia. Radiation necrosis can be mostly controlled 
by medical treatment, but, in cases refractory to medication, surgical intervention is required 
[109]. It can occur in approximately 10% of treated tumors anywhere from 6 months to several 
years after treatment [110–112]. The two most important risk factors for radiation necrosis in 
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patients with brain metastases are prior radiation (either SRS or WBRT) to the same lesion and 
lesion size (with larger tumor volumes associated with higher risk). Use of hypofractionated 
rather than single fraction SRS for tumors > 2 cm may decrease the risk of radiation necrosis 
[113].

4.5. Chemotherapy

	 Unlike surgical resection and SRS, systemic chemotherapy allows for the treatment of 
the entire brain and extracranial disease. In the past, chemotherapy has been considered inef-
fective because of the blood-brain barrier. However, it is now generally recognized that the 
blood-brain barrier is disrupted at the site of brain metastases. Chemosensitivity is the most 
important factor for the effectiveness of chemotherapeutic agents on brain metastases [114]. 
Brain metastases from chemosensitive tumors, such as small cell lung cancer, germ cell tu-
mors, and breast cancer, are as responsive as primary systemic cancers. Chemotherapy alone 
in these types of metastases presents a relatively considerable response rate, approximately 
20–60% [115-117]. Moreover, the addition of radiation therapy to chemotherapy may im-
prove the response rate [118-120]. In clinical situations, chemotherapy is an initial treatment 
(or followed by WBRT) in patients with brain metastases from small cell lung cancer and 
germ cell tumors only, whereas WBRT remains the main treatment modality in patients with 
brain metastases from non-small cell lung cancer, breast cancer, and other solid tumors [34]. 
In addition, for patients with gynecologic brain metastases, Kim and coworkers performed a 
retrospective multi-institute analysis of overall survival [121]. They concluded that, in addi-
tion to traditional prognostic factors in brain metastases, multiple treatment methods, such as 
neurosurgery and combined chemoradiotherapy may play an important role in prolonging the 
survival of patients with brain metastases of gynecologic cancer. 

4.6. Future prospective depending on histology 

	 Although surgical treatment and radiation therapy remain the main treatment modalities 
for brain metastases, the management of brain metastases has become increasingly individu-
alized for some types of cancers and genotypes [122,123]. For example, patients with brain 
metastases from melanoma, breast cancer, and non-small cell lung cancer are optimally treated 
by multimodal therapy, and clinical trials have been performed to prove the effectiveness of 
these systemic therapies. 

	 For patients with brain metastasis of melanoma, immunotherapy and targeted therapy 
have provided dramatic advances in treatment. Immunotherapy significantly prolongs sur-
vival in patients with disseminated systemic melanoma and may have clinically useful activity 
against melanoma brain metastases. Established immunotherapy approaches for systemic dis-
ease include the anti-cytotoxic T-lymphocyte-associated protein 4 monoclonal antibody (ipili-
mumab), monoclonal antibodies directed against programmed cell death 1 protein (pembroli-
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zumab, nivolumab), and the combination of nivolumab and ipilimumab [124–126]. Advances 
in understanding the pathogenesis of melanoma have developed targeted therapy for treatment 
in patients with metastatic melanoma. Dabrafenib targets the BRAF V600E and BRAF V600K 
mutations, and vemurafenib is a small-molecule inhibitor of BRAF. These two agents proved 
effective in melanoma patients with brain metastases in a prospective phase II study [127,128]. 
For patients with brain metastases of HER2-positive breast cancer, prospective clinical tri-
als were performed to evaluate the treatment results of lapatinib and trastuzumab-emtansine. 
However, the effectiveness of these agents has not yet been validated, and further studies are 
required [129,130]. For patients with brain metastasis of non-small cell lung cancer with an 
epidermal growth factor receptor (EGFR) mutation, the small molecule EGFR tyrosine kinase 
inhibitors erlotinib and gefitinib have antitumor activity [131,132]. Furthermore, some have 
reported that WBRT combined with gefitinib/erlotinib showed superior results to WBRT alone 
and was well tolerated in patients [133].

5. Recurrent Disease

	 Recurrent disease may be amenable to treatment with salvage SRS, surgery, or WBRT. 
SRS is increasingly used to treat new or recurrent tumors that arise after initial therapy in pa-
tients with a good performance status and stable extracranial disease [134]. Retreatment with 
WBRT or partial brain reirradiation may provide some benefit for carefully selected patients 
who are not candidates for surgery or SRS [135]. However, reirradiation is likely to exceed the 
brain’s tolerance and may result in delayed toxicity if the patient survives long enough. Local 
control rates for previously untreated tumors are expected to be similar to those achieved with 
initial therapy. In selected patients with local recurrence of a single brain metastasis and good 
performance status, reoperation affords a neurological improvement and prolonged survival 
[136,137].

6. Conclusion and Future Directions

	 There is an increasing awareness of late cognitive dysfunctions following WBRT. 
Therefore, there has been an increased use of SRS, as well as new radiation approaches, such 
as hippocampus-sparing intensity modulated radiation therapy, to solve this problem. Cogni-
tive dysfunction is an important problem in terms of quality of life for patients with brain 
metastases. Immunotherapy and targeted therapies have revolutionized the management of 
several solid tumor types or subtypes. Although it needs to be validated, the use of upfront im-
munotherapy and targeted therapies in small asymptomatic multiple brain metastases to delay 
or avoid WBRT is an interesting approach. Furthermore, the combination of SRS and targeted 
agents or immunotherapies has a rationale and is attractive; however, more data are needed on 
the timing and sequence of the different combinations to avoid unexpected toxicities. As the 
management of brain metastases has become increasingly individualized for some types of 
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cancers and genotypes, the prognosis assessment scale should be stratified. More data about 
the genetic and molecular factors associated with treatment results are needed to improve the 
prognosis scale.
Table 1: Recursive partitioning analysis (RPA) of prognostic factors in patients with brain metastases

RPA class Criteria
Median survival time

(months)

I

Karnofsky Performance Status≥ 70
< 65 years of age

Controlled primarytumor
No systemic metastases

7.1

II

Karnofsky Performance Status≥ 70
andat least one of the following:

≥ 65 years of age
 Uncontrolled primary tumor

 Presence of systemic metastases

4.2

III Karnofsky Performance Status< 70 2.3

Table 2: Diagnosis-specific graded prognostic assessment

Non-small-cell and small-cell lung cancer

Prognostic factor
Scoring criteria

Patient score
0 0.5 1.0

Age (years) > 60 50-60 < 50

KPS < 70 70-80 90-100

Extracranial metastases Present - Absent

Number of BM > 3 2-3 1

Total:

Median survival (months) by score: 0-1.0 = 3.0; 1.5-2.0 = 5.5; 2.5-3.0 = 9.4; 3.5-4.0 = 14.8

Melanoma

Prognostic factor
Scoring criteria

Patient score
0 1.0 2.0

KPS < 70 70-80 90-100

Number of BM >3 2-3 1

Total:

Median survival (months) by score: 0-1.0 = 3.4; 1.5-2.0 = 4.7; 2.5-3.0 = 8.8; 3.5-4.0 = 13.2

Breast cancer

Prognostic factor
Scoring criteria

Patient score
0 0.5 1.0 1.5 2.0

KPS ≤50 60 70-80 90-100 n/a



 Brain and Spinal Cord Tumors

16

7. References

1. Posner JB, Chernik NL. Intracranial metastases from systemic cancer. Adv Neurol. 1978; 19: 579–592. 

2. Wen PY, Loeffler JS. Management of brain metastases. Oncology (Williston Park). 1999; 13(7): 941–54, 957-961; 
discussion 961-2, 9. 

3. Arnold SM, Patchell RA. Diagnosis and management of brain metastases. HematolOncolClin North Am. 2001; 15(6): 
1085–107.

4. Davis FG, Dolecek TA, McCarthy BJ, Villano JL. Toward determining the lifetime occurrence of metastatic brain 
tumors estimated from 2007 United States cancer incidence data. Neuro Oncol. 2012; 14(9): 1171–1177. 

5. Nathoo N, Chahlavi A, Barnett GH, Toms SA. Pathobiology of brain metastases. J ClinPathol. 2005; 58(3): 237–
242. 

6. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. 2016; 66(1): 7-30.

7. Patchell RA. The management of brain metastases. Cancer Treat Rev. 2003; 29(6): 533-540. 

8. Drlicek M, Bodenteich A, Urbanits S, Grisold W. Immunohistochemical panel of antibodies in the diagnosis of brain 
metastases of the unknown primary. Pathol Res Pract. 2004; 200(10): 727–734. 

9. Latief KH, White CS, Protopapas Z, Attar S, Krasna MJ. Search for a primary lung neoplasm in patients with brain 
metastasis: is the chest radiograph sufficient? AJR Am J Roentgenol. 1997; 168(5): 1339–1344. 

10. van de Pol M, van Aalst VC, Wilmink JT, Twijnstra A. Brain metastases from an unknown primary tumour: which 
diagnostic procedures are indicated? J Neurol Neurosurg Psychiatry. 1996;261(3): 321–323. 

Subtype* Basal n/a Luminal A HER2
Luminal 

B

Age (years) ≥60 < 60 n/a n/a n/a

Total:

Median survival (months) by score: 0-1.0 = 3.4; 1.5-2.0 = 7.7; 2.5-3.0 = 15.1; 3.5-4.0 = 25.3

Renal cell carcinoma

Prognostic factor
Scoring criteria

Patient score
0 1.0 2.0

KPS < 70 70-80 90-100

Number of BM > 3 2-3 1

Total:

Median survival (months) by score: 0-1.0 = 3.3; 1.5-2.0 = 7.3; 2.5-3.0 = 11.3; 3.5-4.0 = 14.8

Gastrointestinal cancers

Prognostic factor
Scoring score

Patient score
0 1 2 3 4

KPS < 70 70 80 90 100

Total:

Median survival (months) by score: 0-1.0 = 3.1; 2.0 = 4.4; 3.0 = 6.9; 4.0 = 13.5



 Brain and Spinal Cord Tumors

17

11. Mavrakis AN, Halpern EF, Barker FG, Gonzalez RG, Henson JW. Diagnostic evaluation of patients with a brain 
mass as the presenting manifestation of cancer. Neurology. 2005; 65(6): 908–911. 

12. Schouten LJ, Rutten J, Huveneers HAM, Twijnstra A. Incidence of brain metastases in a cohort of patients with 
carcinoma of the breast, colon, kidney, and lung and melanoma. Cancer. 2002; 94(10): 2698–2705. 

13. Barnholtz-Sloan JS, Sloan AE, Davis FG, Vigneau FD, Lai P, Sawaya RE. Incidence proportions of brain metasta-
ses in patients diagnosed (1973 to 2001) in the Metropolitan Detroit Cancer Surveillance System. J ClinOncol. 2004; 
22(14): 2865–2872. 

14. Gavrilovic IT, Posner JB. Brain metastases: epidemiology and pathophysiology. J Neurooncol. 2005; 75(1): 5–14. 

15. Delattre JY, Krol G, Thaler HT, Posner JB. Distribution of brain metastases. Arch Neurol. 1988;45(7):741–744. 

16. de la Monte SM, Moore GW, Hutchins GM. Patterned distribution of metastases from malignant melanoma in hu-
mans. Cancer Res. 1983;43(7): 3427–3433. 

17. Quattrocchi CC, Errante Y, Gaudino C, Mallio CA, Giona A, Santini D, et al. Spatial brain distribution of intra-axial 
metastatic lesions in breast and lung cancer patients. J Neurooncol. 2012; 110(1): 79–87.

18. Fidler IJ, Yano S, Zhang R-D, Fujimaki T, Bucana CD. The seed and soil hypothesis: vascularisation and brain me-
tastases. Lancet Oncol. 2002; 3(1): 53–57. 

19. Yano S, Shinohara H, Herbst RS, Kuniyasu H, Bucana CD, Ellis LM, et al. Expression of vascular endothelial 
growth factor is necessary but not sufficient for production and growth of brain metastasis. Cancer Res. 2000; 60(17): 
4959–4967. 

20. Nicolson GL, Menter DG, Herrmann JL, Yun Z, Cavanaugh P, Marchetti D. Brain metastasis: role of trophic, auto-
crine, and paracrine factors in tumor invasion and colonization of the central nervous system. Curr Top Microbiol Im-
munol. 1996; 213 (Pt 2): 89–115. 

21. Stelzer KJ. Epidemiology and prognosis of brain metastases. SurgNeurol Int. 2013; 4(Suppl 4): S192-202. 

22. Sørensen JB, Hansen HH, Hansen M, Dombernowsky P. Brain metastases in adenocarcinoma of the lung: frequency, 
risk groups, and prognosis. J ClinOncol. 1988; 6(9): 1474–1480. 

23. de la Monte SM, Hutchins GM, Moore GW. Influence of age on the metastatic behavior of breast carcinoma. Hum 
Pathol. 1988;19(5): 529–534. 

24. Graus F, Walker RW, Allen JC. Brain metastases in children. J Pediatr. 1983; 103(4): 558–561. 

25. Bouffet E, Doumi N, Thiesse P, Mottolese C, Jouvet A, Lacroze M, et al. Brain metastases in children with solid 
tumors. Cancer. 1997; 79(2): 403–410. 

26. Walker AE, Robins M, Weinfeld FD. Epidemiology of brain tumors: the national survey of intracranial neoplasms. 
Neurology. 1985; 35(2): 219–226. 

27. Sze G, Milano E, Johnson C, Heier L. Detection of brain metastases: comparison of contrast-enhanced MR with 
unenhanced MR and enhanced CT. AJNR Am J Neuroradiol. 1990; 11(4): 785–791. 

28. Schellinger PD, Meinck HM, Thron A. Diagnostic accuracy of MRI compared to CCT in patients with brain metas-
tases. J Neurooncol. 1999; 44(3): 275–281. 

29. Davis PC, Hudgins PA, Peterman SB, Hoffman JC. Diagnosis of cerebral metastases: double-dose delayed CT vs 
contrast-enhanced MR imaging. AJNR Am J Neuroradiol. 1991; 12(2): 293–300. 

30. Akeson P, Larsson EM, Kristoffersen DT, Jonsson E, Holtås S. Brain metastases--comparison of gadodiamide injec-
tion-enhanced MR imaging at standard and high dose, contrast-enhanced CT and non-contrast-enhanced MR imaging. 



 Brain and Spinal Cord Tumors

18

Acta Radiol. 1995; 36(3): 300–306. 

31. Peretti-Viton P, Taieb D, Viton JM, Flori A, Muracciole X, Benguigui V, et al. Contrast-enhanced magnetisation 
transfer MRI in metastatic lesions of the brain. Neuroradiology. 1998; 40(12):783–787. 

32. Elster AD, Mathews VP, King JC, Hamilton CA. Improved detection of gadolinium enhancement using magnetiza-
tion transfer imaging. Neuroimaging Clin N Am. 1994; 4(1): 185–192. 

33. Takeda T, Takeda A, Nagaoka T, Kunieda E, Takemasa K, Watanabe M, et al. Gadolinium-enhanced three-dimen-
sional magnetization-prepared rapid gradient-echo (3D MP-RAGE) imaging is superior to spin-echo imaging in delin-
eating brain metastases. Acta Radiol. 2008; 49(10): 1167–1173. 

34. Soffietti R, Rudā R, Mutani R. Management ofbrain metastases. J Neurol. 2002; 249(10): 1357–1369. 

35. Gaspar L, Scott C, Rotman M, Asbell S, Phillips T, Wasserman T, et al. Recursive partitioning analysis (RPA) of 
prognostic factors in three Radiation Therapy Oncology Group (RTOG) brain metastases trials. Int J RadiatOncolBiol 
Phys. 1997; 37(4): 745–751. 

36. Gaspar LE, Scott C, Murray K, Curran W. Validation of the RTOG recursive partitioning analysis (RPA) classifica-
tion for brain metastases. Int J RadiatOncolBiol Phys. 2000; 47(4): 1001–1006. 

37. Sperduto PW, Chao ST, Sneed PK, Luo X, Suh J, Roberge D, et al. Diagnosis-specific prognostic factors, indexes, 
and treatment outcomes for patients with newly diagnosed brain metastases: a multi-institutional analysis of 4,259 pa-
tients. Int J RadiatOncolBiol Phys. 2010; 77(3): 655–661. 

38. Sperduto PW, Kased N, Roberge D, Xu Z, Shanley R, Luo X, et al. Summary report on the graded prognostic assess-
ment: an accurate and facile diagnosis-specific tool to estimate survival for patients with brain metastases. J ClinOncol. 
2012; 30(4): 419–425. 

39. Murray KJ, Scott C, Zachariah B, Michalski JM, Demas W, Vora NL, et al. Importance of the mini-mental status 
examination in the treatment of patients with brain metastases: a report from the Radiation Therapy Oncology Group 
protocol 91-04. Int J RadiatOncolBiol Phys. 2000; 48(1): 59–64. 

40. Abrahams JM, Torchia M, Putt M, Kaiser LR, Judy KD. Risk factors affecting survival after brain metastases from 
non-small cell lung carcinoma: a follow-up study of 70 patients. J Neurosurg. 2001; 95(4): 595–600. 

41. Lagerwaard FJ, Levendag PC, Nowak PJ, Eijkenboom WM, Hanssens PE, Schmitz PI. Identification of prognostic 
factors in patients with brain metastases: a review of 1292 patients. Int J RadiatOncolBiol Phys. 1999; 43(4): 795–803. 

42. Thomas AJ, Rock JP, Johnson CC, Weiss L, Jacobsen G, Rosenblum ML. Survival of patients with synchronous 
brain metastases: an epidemiological study in southeastern Michigan. J Neurosurg. 2000; 93(6): 927–931. 

43. Zimm S, Wampler GL, Stablein D, Hazra T, Young HF. Intracerebral metastases in solid-tumor patients: natural his-
tory and results of treatment. Cancer. 1981 15; 48(2): 384–394. 

44. Nguyen LN, Maor MH, Oswald MJ. Brain metastases as the only manifestation of an undetected primary tumor. 
Cancer. 1998; 83(10): 2181–2184. 

45. Serizawa T, Higuchi Y, Nagano O, Matsuda S, Ono J, Saeki N, et al. A new grading system focusing on neurological 
outcomes for brain metastases treated with stereotactic radiosurgery: the modified Basic Score for Brain Metastases. J 
Neurosurg. 2014; 121 Suppl: 35–43. 

46. Lorenzoni JG, Devriendt D, Massager N, Desmedt F, Simon S, Van Houtte P, et al. Brain stem metastases treated 
with radiosurgery: prognostic factors of survival and life expectancy estimation. Surg Neurol. 2009; 71(2):188-195; 
discussion 195, 195–196. 

47. Sampson JH, Carter JH, Friedman AH, Seigler HF. Demographics, prognosis, and therapy in 702 patients with brain 



 Brain and Spinal Cord Tumors

19

metastases from malignant melanoma. J Neurosurg. 1998; 88(1): 11–20. 

48. Staudt M, Lasithiotakis K, Leiter U, Meier F, Eigentler T, Bamberg M, et al. Determinants of survival in patients 
with brain metastases from cutaneous melanoma. Br J Cancer. 2010; 102(8): 1213–1218. 

49. Bedikian AY, Wei C, Detry M, Kim KB, Papadopoulos NE, Hwu W-J, et al. Predictive factors for the development 
of brain metastasis in advanced unresectable metastatic melanoma. Am J ClinOncol. 2011; 34(6): 603–610. 

50. Hirsch FR, Paulson OB, Hansen HH, Vraa-Jensen J. Intracranial metastases in small cell carcinoma of the lung: cor-
relation of clinical and autopsy findings. Cancer. 1982; 50(11): 2433–2437. 

51. Diener-West M, Dobbins TW, Phillips TL, Nelson DF. Identification of an optimal subgroup for treatment evaluation 
of patients with brain metastases using RTOG study 7916. Int J RadiatOncolBiol Phys. 1989; 16(3): 669–673. 

52. Forsyth PA, Posner JB. Headaches in patients with brain tumors: a study of 111 patients. Neurology. 1993; 43(9): 
1678–1683. 

53. Sawaya, R., Bindal, R. K., Lang, F. F., & Suki, D. (2012). Metastatic Brain Tumors. In:Brain Tumors (pp. 864-892). 
Elsevier Ltd. 

54. Clouston PD, DeAngelis LM, Posner JB. The spectrum of neurological disease in patients with systemic cancer. Ann 
Neurol. 1992; 31(3): 268–273. 

55. Cohen N, Strauss G, Lew R, Silver D, Recht L. Should prophylactic anticonvulsants be administered to patients with 
newly-diagnosed cerebral metastases? A retrospective analysis. J ClinOncol. 1988; 6(10): 1621–1624. 

56. Kim YZ, Lee EH, Lee KS. Clinical Analysis for Brain Tumor-Related Epilepsy during Chemotherapy for Systemic 
Cancer with Single Brain Metastasis. Cancer Res Treat. 2011; 43(3): 160–169. 

57. Klos KJ, O’Neill BP. Brain metastases. The Neurologist. 2004 Jan; 10(1): 31–46. 

58. Nutt SH, Patchell RA. Intracranial hemorrhage associated with primary and secondary tumors. Neurosurg Clin N 
Am. 1992; 3(3): 591–599. 

59. El Kamar FG, Posner JB. Brain metastases. Semin Neurol. 2004; 24(4): 347–362. 

60. Alberti E, Hartmann A, Schütz HJ, Schreckenberger F. The effect of large doses of dexamethasone on the cerebro-
spinal fluid pressure in patients with supratentorial tumors. J Neurol. 1978; 217(3): 173–181. 

61. Batchelor T, DeAngelis LM. Medical management of cerebral metastases. Neurosurg Clin N Am. 1996; 7(3): 435–
446. 

62. Galicich JH, French LA, Melby JC. Use of dexamethasone in treatment of cerebral edema associated with brain 
tumors. J Lancet. 1961; 81:46–53. 

63. Ryken TC, McDermott M, Robinson PD, Ammirati M, Andrews DW, Asher AL, et al. The role of steroids in the 
management of brain metastases: a systematic review and evidence-based clinical practice guideline. J Neurooncol. 
2010; 96(1): 103–114. 

64. Glauser T, Ben-Menachem E, Bourgeois B, Cnaan A, Chadwick D, Guerreiro C, et al. ILAE treatment guidelines: 
evidence-based analysis of antiepileptic drug efficacy and effectiveness as initial monotherapy for epileptic seizures and 
syndromes. Epilepsia. 2006; 47(7): 1094–1120. 

65. van Breemen MSM, Rijsman RM, Taphoorn MJB, Walchenbach R, Zwinkels H, Vecht CJ. Efficacy of anti-epileptic 
drugs in patients with gliomas and seizures. J Neurol. 2009; 256(9): 1519–1526. 

66. Mikkelsen T, Paleologos NA, Robinson PD, Ammirati M, Andrews DW, Asher AL, et al. The role of prophylactic 
anticonvulsants in the management of brain metastases: a systematic review and evidence-based clinical practice guide-



 Brain and Spinal Cord Tumors

20

line. J Neurooncol. 2010; 96(1): 97–102. 

67. Goldlust SA, Hsu M, Lassman AB, Panageas KS, Avila EK. Seizure prophylaxis and melanoma brain metastases. J 
Neurooncol. 2012; 108(1): 109–104. 

68. Rudà R, Trevisan E, Soffietti R. Epilepsy and brain tumors. CurrOpinOncol. 2010; 22(6): 611–20. 

69. Saria MG, Corle C, Hu J, Rudnick JD, Phuphanich S, Mrugala MM, et al. Retrospective analysis of the tolerability 
and activity of lacosamide in patients with brain tumors: clinical article. J Neurosurg. 2013; 118(6): 1183–1187. 

70. Usery JB, Michael LM, Sills AK, Finch CK. A prospective evaluation and literature review of levetiracetam use in 
patients with brain tumors and seizures. J Neurooncol. 2010; 99(2): 251–260. 

71. Maschio M, Dinapoli L, Gomellini S, Ferraresi V, Sperati F, Vidiri A, et al. Antiepileptics in brain metastases: safety, 
efficacy and impact on life expectancy. J Neurooncol. 2010; 98(1): 109–106. 

72. Rossetti AO, Jeckelmann S, Novy J, Roth P, Weller M, Stupp R. Levetiracetam and pregabalin for antiepileptic 
monotherapy in patients with primary brain tumors. A phase II randomized study. Neuro Oncol. 2014; 16(4): 584–588. 

73. Mandybur TI. Intracranial hemorrhage caused by metastatic tumors. Neurology. 1977; 27(7): 650–655. 

74. Donato J, Campigotto F, Uhlmann EJ, Coletti E, Neuberg D, Weber GM, et al. Intracranial hemorrhage in patients 
with brain metastases treated with therapeutic enoxaparin: a matched cohort study. Blood. 2015; 126(4): 494–499. 

75. Gerber DE, Grossman SA, Streiff MB. Management of venous thromboembolism in patients with primary and meta-
static brain tumors. J ClinOncol. 2006;124(8): 1310–1318. 

76. Dorai Z, Sawaya R, Yung WKA. Brain Metastasis. In: Oncology of CNS Tumors (pp. 345–361) Springer, Berlin, 
Heidelberg; 2010

77. Kim YZ, Kim KH, Kim JS, Song YJ, Kim KU, Kim HD. Clinical analysis of patients who survived for less than 3 
months after brain metastatectomy. J Korean Med Sci. 2009;24(4):641–6418. 

78. Kotecha R, Vogel S, Suh JH, Barnett GH, Murphy ES, Reddy CA, et al. A cure is possible: a study of 10-year survi-
vors of brain metastases. J Neurooncol. 2016; 129(3): 545–555. 

79. Sawaya R, Hammoud M, Schoppa D, Hess KR, Wu SZ, Shi WM, et al. Neurosurgical outcomes in a modern series 
of 400 craniotomies for treatment of parenchymal tumors. Neurosurgery. 1998; 42(5): 1044-1055; discussion 1055-
1056. 

80. Kamp MA, Slotty PJ, Cornelius JF, Steiger H-J, Rapp M, Sabel M. The impact of cerebral metastases growth pattern 
on neurosurgical treatment. Neurosurg Rev. 2016. Jul 9. [Epub ahead of print]

81. Yoo H, Kim YZ, Nam BH, Shin SH, Yang HS, Lee JS, et al. Reduced local recurrence of a single brain metastasis 
through microscopic total resection. J Neurosurg. 2009; 110(4): 730–736. 

82. Jang JH, Lee YM, Kim YZ. Clinical benefits of microscopically complete resection in controlling local recurrence 
of single brain metastasis. Int J Sug Surgical Porced. 2016; 1: 108. 

83. Patchell RA, Tibbs PA, Walsh JW, Dempsey RJ, Maruyama Y, Kryscio RJ, et al. A randomized trial of surgery in the 
treatment of single metastases to the brain. N Engl J Med. 1990; 322(8): 494–500. 

84. Vecht CJ, Haaxma-Reiche H, Noordijk EM, Padberg GW, Voormolen JH, Hoekstra FH, et al. Treatment of single 
brain metastasis: radiotherapy alone or combined with neurosurgery? Ann Neurol. 1993; 33(6): 583–590. 

85. Noordijk EM, Vecht CJ, Haaxma-Reiche H, Padberg GW, Voormolen JH, Hoekstra FH, et al. The choice of treat-
ment of single brain metastasis should be based on extracranial tumor activity and age. Int J RadiatOncolBiol Phys. 
1994; 29(4): 711–717. 



 Brain and Spinal Cord Tumors

21

86. Mintz AP, Cairncross JG. Treatment of a single brain metastasis: the role of radiation following surgical resection. 
JAMA. 1998; 280(17): 1527–1529. 

87. Mintz AH, Kestle J, Rathbone MP, Gaspar L, Hugenholtz H, Fisher B, et al. A randomized trial to assess the efficacy 
of surgery in addition to radiotherapy in patients with a single cerebral metastasis. Cancer. 1996; 78(7): 1470–1476. 

88. Bindal RK, Sawaya R, Leavens ME, Lee JJ. Surgical treatment of multiple brain metastases. J Neurosurg. 1993; 
79(2): 210–216. 

89. Obermueller T, Schaeffner M, Gerhardt J, Meyer B, Ringel F, Krieg SM. Risks of postoperative paresis in motor 
eloquently and non-eloquently located brain metastases. BMC Cancer. 2014; 14: 21. 

90. Kocher M, Soffietti R, Abacioglu U, Villà S, Fauchon F, Baumert BG, et al. Adjuvant whole-brain radiotherapy 
versus observation after radiosurgery or surgical resection of one to three cerebral metastases: results of the EORTC 
22952-26001 study. J ClinOncol. 2011; 29(2): 134–141. 

91. Patchell RA, Tibbs PA, Regine WF, Dempsey RJ, Mohiuddin M, Kryscio RJ, et al. Postoperative radiotherapy in the 
treatment of single metastases to the brain: a randomized trial. JAMA. 1998; 280(17): 1485–1489. 

92. Soon YY, Tham IWK, Lim KH, Koh WY, Lu JJ. Surgery or radiosurgery plus whole brain radiotherapy versus sur-
gery or radiosurgery alone for brain metastases. Cochrane Database Syst Rev. 2014; (3): CD009454. 

93. Soffietti R, Kocher M, Abacioglu UM, Villa S, Fauchon F, Baumert BG, et al. A European Organisation for Research 
and Treatment of Cancer phase III trial of adjuvant whole-brain radiotherapy versus observation in patients with one 
to three brain metastases from solid tumors after surgical resection or radiosurgery: quality-of-life results. J ClinOncol. 
2013; 31(1): 65–72. 

94. Chang EL, Wefel JS, Hess KR, Allen PK, Lang FF, Kornguth DG, et al. Neurocognition in patients with brain me-
tastases treated with radiosurgery or radiosurgery plus whole-brain irradiation: a randomised controlled trial. Lancet 
Oncol. 2009; 10(11): 1037–1044. 

95. Brown PD, Jaeckle K, Ballman KV, Farace E, Cerhan JH, Anderson SK, et al. Effect of Radiosurgery Alone vs 
Radiosurgery With Whole Brain Radiation Therapy on Cognitive Function in Patients With 1 to 3 Brain Metastases: A 
Randomized Clinical Trial. JAMA. 2016; 316(4): 401–409. 

96. Brown PD, Ballman KV, Cerhan JH, Anderson SK, Carrero XW, Whitton AC, et al. Postoperative stereotactic ra-
diosurgery compared with whole brain radiotherapy for resected metastatic brain disease (NCCTG N107C/CEC•3): a 
multicentre, randomised, controlled, phase 3 trial. Lancet Oncol. 2017;18(8): 1049–1060. 

97. Tsao MN, Lloyd N, Wong RKS, Chow E, Rakovitch E, Laperriere N, et al. Whole brain radiotherapy for the treat-
ment of newly diagnosed multiple brain metastases. Cochrane Database Syst Rev. 2012; (4): CD003869. 

98. Yamamoto M, Serizawa T, Shuto T, Akabane A, Higuchi Y, Kawagishi J, et al. Stereotactic radiosurgery for pa-
tients with multiple brain metastases (JLGK0901): a multi-institutional prospective observational study. Lancet Oncol. 
2014;15(4): 387–95. 

99. Auchter RM, Lamond JP, Alexander E, Buatti JM, Chappell R, Friedman WA, et al. A multiinstitutional outcome 
and prognostic factor analysis of radiosurgery for resectable single brain metastasis. Int J Radiat Oncol Biol Phys. 1996; 
35(1): 27–35. 

100. Adler JR, Cox RS, Kaplan I, Martin DP. Stereotactic radiosurgical treatment of brain metastases. J Neurosurg. 
1992; 76(3): 444–449. 

101. Fuller BG, Kaplan ID, Adler J, Cox RS, Bagshaw MA. Stereotaxic radiosurgery for brain metastases: the impor-
tance of adjuvant whole brain irradiation. Int J RadiatOncolBiol Phys. 1992; 23(2): 413–418. 

102. Maor MH, Dubey P, Tucker SL, Shiu AS, Mathur BN, Sawaya R, et al. Stereotactic radiosurgery for brain metas-



 Brain and Spinal Cord Tumors

22

tases: results and prognostic factors. Int J Cancer. 2000; 90(3): 157–162. 

103. Shiau CY, Sneed PK, Shu HK, Lamborn KR, McDermott MW, Chang S, et al. Radiosurgery for brain metastases: 
relationship of dose and pattern of enhancement to local control. Int J RadiatOncolBiol Phys. 1997; 37(2): 375–383. 

104. Aoyama H, Shirato H, Tago M, Nakagawa K, Toyoda T, Hatano K, et al. Stereotactic radiosurgery plus whole-brain 
radiation therapy vs stereotactic radiosurgery alone for treatment of brain metastases: a randomized controlled trial. 
JAMA. 2006; 295(21): 2483–2491. 

105. Yamamoto M, Serizawa T, Higuchi Y, Sato Y, Kawagishi J, Yamanaka K, et al. A Multi-institutional Prospective 
Observational Study of Stereotactic Radiosurgery for Patients With Multiple Brain Metastases (JLGK0901 Study Up-
date): Irradiation-related Complications and Long-term Maintenance of Mini-Mental State Examination Scores. Int J 
RadiatOncolBiol Phys. 2017; 99(1): 31–40. 

106. Schomas DA, Roeske JC, MacDonald RL, Sweeney PJ, Mehta N, Mundt AJ. Predictors of tumor control in pa-
tients treated with linac-based stereotactic radiosurgery for metastatic disease to the brain. Am J ClinOncol. 2005; 28(2): 
180–187. 

107. Rodrigues G, Zindler J, Warner A, Lagerwaard F. Recursive partitioning analysis for the prediction of stereotactic 
radiosurgery brain metastases lesion control. The Oncologist. 2013; 18(3): 330–335. 

108. Werner-Wasik M, Rudoler S, Preston PE, Hauck WW, Downes BM, Leeper D, et al. Immediate side effects of 
stereotactic radiotherapy and radiosurgery. Int J RadiatOncolBiol Phys. 1999; 43(2): 299–304. 

109. Kim YZ, Kim DY, Yoo H, Yang HS, Shin SH, Hong EK, et al. Radiation-induced necrosis deteriorating neurologi-
cal symptoms and mimicking progression of brain metastasis after stereotactic-guided radiotherapy. Cancer Res Treat. 
2007; 39(1): 16–21. 

110. Sneed PK, Mendez J, Vemer-van den Hoek JGM, Seymour ZA, Ma L, Molinaro AM, et al. Adverse radiation effect 
after stereotactic radiosurgery for brain metastases: incidence, time course, and risk factors. J Neurosurg. 2015; 123(2): 
373–386. 

111. Trifiletti DM, Lee C-C, Kano H, Cohen J, Janopaul-Naylor J, Alonso-Basanta M, et al. Stereotactic Radiosurgery 
for Brainstem Metastases: An International Cooperative Study to Define Response and Toxicity. Int J RadiatOncolBiol 
Phys. 2016; 1; 96(2): 280–288. 

112. Petrovich Z, Yu C, Giannotta SL, O’Day S, Apuzzo ML. Survival and pattern of failure in brain metastasis treated 
with stereotactic gamma knife radiosurgery. J Neurosurg. 2002; 97(5 Suppl): 499–506. 

113. Minniti G, Scaringi C, Paolini S, Lanzetta G, Romano A, Cicone F, et al. Single-Fraction Versus Multifraction (3 
× 9 Gy) Stereotactic Radiosurgery for Large (>2 cm) Brain Metastases: A Comparative Analysis of Local Control and 
Risk of Radiation-Induced Brain Necrosis. Int J RadiatOncolBiol Phys. 2016; 95(4): 1142–1148. 

114. Postmus PE, Smit EF. Chemotherapy for brain metastases of lung cancer: a review. Ann Oncol. 1999; 10(7): 
753–759. 

115. Rosner D, Nemoto T, Lane WW. Chemotherapy induces regression of brain metastases in breast carcinoma. Cancer. 
1986; 58(4): 832–839. 

116. Kristensen CA, Kristjansen PE, Hansen HH. Systemic chemotherapy of brain metastases from small-cell lung can-
cer: a review. J ClinOncol. 1992; 10(9): 1498–1502. 

117. Girones R, Aparicio J, Roure P, Germa-Lluch JR, García Del Muro X, Vazquez-Estevez S, et al. Synchronous ver-
sus metachronous brain metastasis from testicular germ cell tumors (TGCT): an analysis from the Spanish Germ Cell 
Cancer Group data base. ClinTranslOncol. 2014; 16(11): 959–965. 

118. Postmus PE, Haaxma-Reiche H, Smit EF, Groen HJ, Karnicka H, Lewinski T, et al. Treatment of brain metastases 



 Brain and Spinal Cord Tumors

23

of small-cell lung cancer: comparing teniposide and teniposide with whole-brain radiotherapy--a phase III study of the 
European Organization for the Research and Treatment of Cancer Lung Cancer Cooperative Group. J ClinOncol. 2000; 
18(19): 3400–3408. 

119. Robinet G, Thomas P, Breton JL, Léna H, Gouva S, Dabouis G, et al. Results of a phase III study of early versus 
delayed whole brain radiotherapy with concurrent cisplatin and vinorelbine combination in inoperable brain metastasis 
of non-small-cell lung cancer: Groupe Français de Pneumo-Cancérologie (GFPC) Protocol 95-1. Ann Oncol. 2001; 
12(1): 59–67. 

120. Ushio Y, Arita N, Hayakawa T, Mogami H, Hasegawa H, Bitoh S, et al. Chemotherapy of brain metastases from 
lung carcinoma: a controlled randomized study. Neurosurgery. 1991; 28(2): 201–205. 

121. Kim YZ, Kwon JH, Lim S. A clinical analysis of brain metastasis in gynecologic cancer: a retrospective multi-
institute analysis. J Korean Med Sci. 2015; 30(1): 66–73. 

122. Chamberlain MC, Baik CS, Gadi VK, Bhatia S, Chow LQ. Systemic therapy of brain metastases: non-small cell 
lung cancer, breast cancer, and melanoma. Neuro Oncol. 2017; 19(1): i1–24. 

123. Hardesty DA, Nakaji P. The Current and Future Treatment of Brain Metastases. Front Surg. 2016; 3: 30. 

124. Long GV, Atkinson V, Menzies AM, Lo S, Guminski AD, Brown MP, et al. A randomized phase II study of niv-
olumab or nivolumab combined with ipilimumab in patients (pts) with melanoma brain metastases (mets): The Anti-
PD1 Brain Collaboration (ABC). J ClinOncol. 2017; 35(15_suppl): 9508–9508. 

125. Goldberg SB, Gettinger SN, Mahajan A, Chiang AC, Herbst RS, Sznol M, et al. Pembrolizumab for patients with 
melanoma or non-small-cell lung cancer and untreated brain metastases: early analysis of a non-randomised, open-label, 
phase 2 trial. Lancet Oncol. 2016; 17(7): 976–83. 

126. Silk AW, Bassetti MF, West BT, Tsien CI, Lao CD. Ipilimumab and radiation therapy for melanoma brain metasta-
ses. Cancer Med. 2013; 2(6): 899–906. 

127. Long GV, Trefzer U, Davies MA, Kefford RF, Ascierto PA, Chapman PB, et al. Dabrafenib in patients with Val600-
Glu or Val600Lys BRAF-mutant melanoma metastatic to the brain (BREAK-MB): a multicentre, open-label, phase 2 
trial. Lancet Oncol. 2012; 13(11): 1087–1095. 

128. McArthur GA, Maio M, Arance A, Nathan P, Blank C, Avril M-F, et al. Vemurafenib in metastatic melanoma pa-
tients with brain metastases: an open-label, single-arm, phase 2, multicentre study. Ann Oncol. 2017; 28(3): 634–641. 

129. Metro G, Foglietta J, Russillo M, Stocchi L, Vidiri A, Giannarelli D, et al. Clinical outcome of patients with 
brain metastases from HER2-positive breast cancer treated with lapatinib and capecitabine. Ann Oncol. 2011; 22(3): 
625–630. 

130. Jacot W, Pons E, Frenel J-S, Guiu S, Levy C, Heudel PE, et al. Efficacy and safety of trastuzumab emtansine 
(T-DM1) in patients with HER2-positive breast cancer with brain metastases. Breast Cancer Res Treat. 2016; 157(2): 
307–318. 

131. Wu Y-L, Zhou C, Cheng Y, Lu S, Chen G-Y, Huang C, et al. Erlotinib as second-line treatment in patients with 
advanced non-small-cell lung cancer and asymptomatic brain metastases: a phase II study (CTONG-0803). Ann Oncol. 
2013; 24(4): 993–999. 

132. Porta R, Sánchez-Torres JM, Paz-Ares L, Massutí B, Reguart N, Mayo C, et al. Brain metastases from lung cancer 
responding to erlotinib: the importance of EGFR mutation. EurRespir J. 2011; 37(3): 624–631.

133. Zheng M, Sun H, Xu J, Yang G, Huo L, Zhang P, et al. Combining whole-brain radiotherapy with Gefitinib/Erlo-
tinib for brain metastases from non-small-cell lung cancer: A Meta-Analysis. BioMed Res Int. 2016; 2016: 5807346.

134. Minniti G, Scaringi C, Paolini S, Clarke E, Cicone F, Esposito V, et al. Repeated stereotactic radiosurgery for pa-



 Brain and Spinal Cord Tumors

24

tients with progressive brain metastases. J Neurooncol. 2016; 126(1): 91–97. 

135. Son CH, Jimenez R, Niemierko A, Loeffler JS, Oh KS, Shih HA. Outcomes after whole brain reirradiation in pa-
tients with brain metastases. Int J RadiatOncolBiol Phys. 2012; 82(2): e167-172. 

136. Bindal RK, Sawaya R, Leavens ME, Hess KR, Taylor SH. Reoperation for recurrent metastatic brain tumors. J 
Neurosurg. 1995; 83(4) :600–604. 

137. Arbit E, Wroński M, Burt M, Galicich JH. The treatment of patients with recurrent brain metastases. A retrospective 
analysis of 109 patients with nonsmall cell lung cancer. Cancer. 1995; 76(5): 765–73. 


