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André M. Eckardt, Germany
Alfio Ferlito, Italy
Frank A. Frizelle, New Zealand
John F. Gibbs, USA
Steven Heys, UK
Steven N. Hochwald, USA
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Brain metastasis is common in patients with melanoma and represents a significant cause of morbidity and mortality. There
have been no specific randomized trials for patients with melanoma brain metastasis, so treatment is based on management of
brain metastasis in general and requires multidisciplinary expertise including radiation oncology, neurosurgery, medical oncology,
and palliative care. In this paper, we summarize the prognosis, general management, and the role of radiation therapy in the
management of metastatic melanoma in the brain.

1. Introduction

Metastatic melanoma in the brain is a serious event in
patients with melanoma because of the poor prognosis and
potential impact on quality of life. Symptomatic metastases
represent the initial site of metastatic spread in 20% but
may occur at any time during the course of the disease
[1]. Autopsy data have shown that up to 75% of patients
who died from metastatic melanoma had brain metastases
[2, 3]. Two large institutional series of 686 and 702 patients
[3, 4] indicate a generally poor outcome, with the majority
(up to 95%) dying directly from brain metastases. The
median survival of patients with multiple metastases was
approximately 3-4 months. There were some differences in
survival according to treatment received, being 8.9 months
for surgery plus whole brain radiotherapy (WBRT), 8.7
months for surgery alone, 3.4 months for WBRT alone,
and 2.1 months for supportive care. These differences are a
probable reflection of patient selection based on the number
of cerebral metastasis, performance status, and extent of
extracranial metastasis.

2. Prognostic Factors for Survival

The Radiation Therapy Oncology Group Recursive Par-
titioning Analysis (RPA) Classes have been validated in
melanoma [5]. Age (>65 year old) and the number of neuro-
logical symptoms (weakness and fatigue) are associated with
poorer survival [6]. Ulceration and location on the head and
neck region are two main primary tumour characteristics
that are associated with poorer survival [6]. The number
of cerebral metastases is a significant prognostic factor with
better prognosis seen in single or oligometastatic disease (2-
3 cerebral metastases). Patients with more than 3 metastases
had a median survival of 3.5 months compared with 5.9
months for those with 3 or less metastases (p = 0.005).
More recently, there is debate on whether it is the number
of metastases or the overall intracranial tumour volume
that is the relevant factor [7]. The worst outcome is seen
in patients with leptomeningeal disease [8]. In all large
cohorts of patients with melanoma brain metastases, the
absence of extracranial disease was a positive prognostic
factor.
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Figure 1: Approaches for management of melanoma brain metastasis.

MD Anderson Cancer Center analysed the outcomes
of 743 patients with metastatic melanoma in the brain
treated between 1986 and 2004 [9]. On multivariate analysis,
the date of diagnosis was a prognostic factor. The median
survival for patients diagnosed before 1996 was 4.14 months
compared with 5.92 months for patients diagnosed in 1996
or later (HR 0.75 95% CI 0.59–0.95, p = 0.02). The increased
use of MRI as a screening tool for brain metastases over
time may have contributed to this improvement. In addition,
earlier diagnosis of patients with lower burden, asymp-
tomatic brain metastasis might allow for more frequent use
of locally directed treatment such as stereotactic radiosurgery
or surgical excision. A similar study of patients from the
Memorial Sloan Kettering Cancer Center noted that age >65,
presence of extracranial metastases, presence of neurologic
symptoms and four or more metastases are predictors for
poorer survival, although some of these features are self-
predicting in that more aggressive treatment options are less
likely to be offered [10].

3. General Management

The management of metastatic melanoma in the brain
depends on the combination of patient, tumor, and treat-
ment factors. The dominant factor determining manage-
ment has been the number of cerebral metastases. With
the wider availability of stereotactic radiosurgery facilities
enabling the effective treatment of multiple metastases in
a single treatment session, the absolute number of cerebral
metastases is now less important than previously. Reports
increasingly suggest that the use of stereotactic radiosurgery

to treat multiple metastases may have merit, particularly if
there are less than 10 lesions, all under 3 cm in size and
with limited oedema or mass effect [11–13]. Recent data
suggested that the total volume of the metastatic lesions
rather than the number of metastases was the limiting factor
for radiosurgery technique [7].

Our general approach in the management of melanoma
metastases in the brain is shown in Figure 1. For patients with
a single or oligometastases, the management depends on the
performance status, neurological status, the characteristic of
the metastases (number, size, and location), and the extent of
the extracranial disease. Patients in the RPA class 3 are man-
aged with steroids in conjunction with WBRT. Those with
more favourable characteristics should be considered for
more aggressive local treatment of the individual metastasis.
The two options of local treatment are surgical excision and
stereotactic radiosurgery. Surgery has a role in confirming
the diagnosis especially as there is no clear relationship
between the primary melanoma and the development of
brain metastasis. In addition, surgical resection can also
provide quick relief in symptoms associated with disease
such as shunting in hydrocephalus. The relative advantages
and disadvantages of each technique are summarised in
Table 1.

4. Multiple Metastases

Patients with multiple metastases are generally not suitable
for aggressive local treatment. The prognosis is poor, with the
majority succumbing to progressive intracranial metastases
within months, irrespective of treatment. Application of
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Table 1: Relative advantage of surgery and stereotactic radiosurgery for single or oligobrain metastases.

Surgery Stereotactic radiosurgery

Indications

(i) When histological confirmation is needed.
(ii) Single or “dominant” lesion.
(iii) Prominent cystic component or necrosis.
(iv) Prior radiosurgery treatment failure.

(i) Lesion in eloquent locations.
(ii) Oligometastatic disease.
(iii) When lesions are associated with mild or no clinical
symptoms.
(iv) Contraindications to craniotomy (e.g., high anesthesia
risk and anticoagulation).

Advantages

(i) Prompt symptom relief e.g., from obstructive
hydrocephalus, mass effect; midline shift, intratumoral, or
intracerebral bleed.
(ii) No size limit.

(i) Outpatient day only procedure.
(ii) Concurrent chemotherapy or imminent treatment
protocol, especially antiangiogenesis therapy.

Disadvantages (i) Depends on expertise of surgeon.
(ii) Lesion needs to be surgically accessible.

(i) Depends on expertise of radiosurgery team.
(ii) Lesion needs to be favourable that is, size <3 cm, solid
tumor, with homogenous enhancement and minimal
vasogenic edema, no hydrocephalus.

the RTOG recursive partitioning analysis to 74 patients
with cerebral metastases from melanoma produced median
survival of 10, 6, and 2 months, respectively, for RPA Classes
I–III, respectively, with a median survival of 5.5 months for
the entire group [5].

Initial management includes the use of steroids, typically
4–16 mg of dexamethasone per day. This usually results in
rapid symptomatic, but often short-term, improvement in
approximately 50% of patients. Whole brain radiation ther-
apy may produce a small survival advantage compared with
steroids alone and may allow reduction in the steroid dose. In
addition to whole brain radiation therapy, surgical removal,
or stereotactic radiosurgery of a dominant and symptomatic
lesion should be considered. Conversely, patients with a poor
performance status who have not responded to steroids may
be better treated with supportive care.

The technique of whole brain radiation therapy is a pair
of parallel opposed lateral 6 MV photon fields. Commonly
used regimens are 20 Gy in 5 fractions and 30 Gy in 10
fractions. For good performance patients with minimal
extracranial disease, there might be an advantages for
higher dose of whole brain radiation therapy based on a
retrospective study [14]. Rades et al. compared the outcomes
of 33 patients treated with 30 Gy in 10 fractions with 18
patients treated with higher doses (40 Gy in 20 fractions
or 45 Gy in 15 fractions). In the multivariate analysis,
higher doses (p=0.010), less than four brain metastases
(p=0.012), no extracranial metastases (p = 0.006), and RPA
class 1 (p = 0.005) were associated with improved overall
survival.

In an attempt to improve survival of patients with
multiple brain metastases, radiation has been combined with
a variety of chemotherapy agents, including temozolomide,
thalidomide, and fotemustine without much success [15–
18]. The most recent study is a phase 2 study combining
whole brain radiation therapy (30 Gy in 10 fractions) with
temozolomide and thalidomide in 39 patients [16]. The
response rate was 7.6% and a median time to progression of
7 weeks.

5. The Role of Stereotactic Radiosurgery in
Single or Oligometastases

The term radiosurgery was originally coined by Lars Lek-
sell to describe the use of a multisource cobalt system
(Gamma Knife) to deliver radiation to a defined target
using stereotactic principle. It aims to deliver an ablative
dose to the target while limiting the dose to surrounding
normal tissue. The latest version of the Gamma Knife
(Perfexion) uses 192 cobalt sources arranged circumferen-
tially in a noncoplanar fashion, permitting smaller doses to
the surrounding normal brain tissue and a lower integral
dose. The associated improvements in planning software
and design modifications have resulted in the ability to
treat multiple targets in one session [19]. Historically, this
has relied on frame-based stereotactic approaches that can
accurately localise the tumour and target the beam in three-
dimensional space. Options now include frameless image-
guided approaches such as fixed beam intensity-modulated
radiotherapy, helically delivered intensity-modulated radio-
therapy (TomoTherapy), and image-guided robotic radio-
surgery (Cyberknife). Arc-based intensity-modulated radio-
therapy techniques (VMAT and RapidArc) can also achieve
highly conformal image-guided treatment in very short
treatment times [20]. Linear accelerator-based stereotactic
radiosurgery will use a limited number of fields, usually (but
not always) in a coplanar fashion.

The dose of radiosurgery depends on the size of the
target lesion and the location. The RTOG 90-05 study
was designed to determine the maximum tolerable dose of
radiosurgery in patients with recurrent previously irradiated
brain metastases (excluding lesions in the brain stem) [21].
The maximum tolerable doses of single fraction radio-
surgery for patients with recurrent previously irradiated
brain metastases were 24 Gy, 18 Gy, and 15 Gy for tumors
≤20 mm, 21–30 mm, and 31–40 mm in maximum diameter,
respectively. In the multivariate analysis, those who were
treated on a linear accelerator (versus the Gamma Knife)
had a 2.84 greater risk of local progression. However there
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are no randomised data showing clear superiority of any one
stereotactic radiosurgery system.

Mathieu et al. from the University of Pittsburgh reviewed
the experience of 244 patients with 754 melanoma metastases
treated with Gamma Knife radiosurgery without adjuvant
whole brain radiation therapy [22]. Local control was
achieved in 86.2% of the metastases. Overall, 54 patients
(30.9%) had progression of at least one metastasis after
radiosurgery. The median time to progression was 2.9
months. Fifty-one patients (24.8%) underwent whole brain
radiation therapy after radiosurgery because of the devel-
opment of multiple new brain lesions. Multiple lesions and
failure to provide systemic immunotherapy were predictors
for the occurrence of new brain metastases, which developed
in 41.7% of the patients. Progressive cerebral disease was the
cause of death in 40.5% of the patients. Corticosteroids were
not needed or were discontinued after radiosurgery in 52.4%
of the patients. On multivariate analysis, the use of whole
brain radiation therapy was not a factor that influenced local
control or distant intracranial control (p = 0.061). A more
recent update of the University of Pittsburgh’s experience
on 333 consecutive patients with 1570 metastatic melanoma
lesions treated with Gamma Knife radiosurgery showed the
long-term local control rate was 73% and the actuarial
survival rates were 70% at 3 months, 47% at 6 months, 25%
at 12 months, and 10% at 24 months [23]. About 25% of
259 patients who had followup imaging after stereotactic
radiosurgery had evidence of delayed intratumoral haem-
orrhage. Factors associated with longer survival included
controlled extracranial disease, better performance status,
fewer number of brain metastases, no prior use of whole
brain radiation therapy or chemotherapy, treatment with
immunotherapy, and no intratumoral hemorrhage before
radiosurgery.

The potential morbidity of stereotactic radiosurgery
includes progression or worsening of cerebral oedema symp-
tomatic in 4–6% of patients within 1-2 weeks of treatment,
seizures within 1-2 days in 2–6%, and delayed radiation
necrosis in 2–11% [21, 24, 25]. This risk increases with prior
treatment, larger volumes treated (both larger lesions and
larger numbers of lesions), and larger doses delivered.

6. The Role of Whole Brain Radiation
Therapy in Melanoma after
Local Treatment of Metastases

The role for whole brain radiation therapy after surgery
or stereotactic radiosurgery of the single or oligometastasis
is controversial and there is no level 1 evidence in this
scenario. The rationale of whole brain radiation therapy is
to treat microscopic disease at the site of initial metastasis
and elsewhere in the brain to maintain long-term cerebral
control. Adjuvant systemic therapy is generally not used as
the brain is considered a sanctuary site for chemotherapy
although this assumption has been recently challenged by
responses in the patients with B-Raf mutant melanoma
treated with B-Raf inhibitor [26]. However opponents of
whole brain radiation therapy argue that melanoma is

radioresistant and that whole brain radiation therapy can
potentially cause late neurocognitive deficits. The Australia
and New Zealand Melanoma Trials Group (ANZMTG)
and Trans-Tasman Radiation Oncology Group (TROG) are
conducting a phase 3 randomised trial to address the role of
whole brain radiation therapy after local treatment of 1 to 3
melanoma metastases [27]. Eligible patients are randomised
to whole brain radiation therapy or observation after their
local treatment of the brain metastasis. The primary end
point of the trial is distant intracranial control. This trial
also includes detailed neurocognitive and quality of life
assessments. Until this trial is reported, clinicians will have to
rely on data from other randomised trials included patients
with metastatic disease from all histologies.

Several randomised studies including metastasis from
all histologies have provided good evidence for the use
of whole brain radiation therapy after local treatment of
oligometastases in terms of an improvement in intracranial
control. The number of patients with melanoma in these
trials is typically small. Aoyama et al. compared whole
brain radiation therapy and stereotactic radiosurgery (65
patients) to stereotactic radiosurgery alone in patients with
1–4 brain metastases of any histology [28]. Over 65% of the
patients had metastatic lung cancer, while the number of
melanoma patients per arm was not mentioned. The whole
brain radiation therapy dose was 30 Gy in 10 fractions over 2
weeks. There was no difference between the two groups with
respect to overall survival, neurological toxicity, neurological
functional preservation, and neurological death. The median
survival time was 7.5 months with whole brain radiation
therapy plus stereotactic radiosurgery compared to 8 months
with stereotactic radiosurgery alone. The 12-month actuarial
brain tumour local recurrence rate was 46.8% in the whole
brain radiation therapy plus stereotactic radiosurgery group
and 76.4% in the stereotactic radiosurgery alone group
(p = 0.001). Fifty-five patients had new brain metastases at
distant sites (21 in the whole brain radiation therapy plus
stereotactic radiosurgery group and 34 in the stereotactic
radiosurgery-alone group). The 12-month actuarial rate of
developing distant brain metastases was 41.5% in the whole
brain radiation therapy plus stereotactic radiosurgery group
and 63.7% in the stereotactic radiosurgery-alone group (p =
0.003). The univariate analysis showed that patients with 2–4
metastases had a higher risk for developing distant intracra-
nial disease than those with single metastasis (p = 0.03),
but this did not reach significance on multivariate analysis
(p = 0.06).

More recently, EORTC reported a randomized trial
of 359 patients with 1 to 3 brain metastases from all
solid tumours randomised to either observation or whole
brain radiation therapy of 30 Gy in 10 fractions after local
treatment (surgery or stereotactic radiosurgery) [29]. The
majority (53%) of patients had primary lung cancer and
only 5% had metastatic melanoma. After surgery, at 2
years, whole brain radiation therapy significantly reduced
the probability of relapse at initial sites from 59% to 27%
(p=0.001) and at distant intracranial sites from 42% to
23% (p=0.008). After stereotactic radiosurgery, whole brain
radiation therapy reduced the probability of relapse at initial
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sites from 31% to 19% (p= 0.04) and at distant intracranial
sites from 48% to 33% (p=0.023) at 2 years. The median
progression-free survival was slightly longer in the whole
brain radiation therapy arm compared with the observation
arm (4.6 months versus 3.4 months; p=0.02) but there
was no difference in overall survival between the two arms.
Eighty-one percent of the patients had single metastases but
there was no analysis of one versus more than one metastases.
This trial included neurocognitive and the quality of life
assessments which have not yet been reported.

There are also a number of single institution retro-
spective series in melanoma patients with their inherent
selection biases. Fife et al. reviewed the outcomes of 686
patients at the Sydney Melanoma Unit (now the Melanoma
Institute Australia) [4]. There was no significant difference
in the median survival between the 158 patients treated
with surgery and whole brain radiation therapy and the 47
patients treated with surgery alone (8.9 months versus 8.7
months, p=0.21). Sampson et al. also reported no difference
in median survival in patients treated with whole brain
radiation therapy after surgery or surgery-alone patients
(median survival of 9 months, p = 0.99). However, patients
treated with whole brain radiation therapy were more likely
to remain without neurological deficits or experience an
improvement (81.7%) after completion of therapy than
those who did not (57.7%, p = 0.01).

Selek et al. reported on 103 patients with 153 intracranial
melanoma metastases treated with stereotactic radiosurgery
[30]. Sixty-one patients (59%) had single brain metastasis.
Treatment was stereotactic radiosurgery alone (61 patients),
stereotactic radiosurgery with whole brain radiation therapy
(12 patients), and salvage stereotactic radiosurgery after
whole brain radiation therapy (30 patients). The overall
incidence of distant brain metastasis-free survival did not
differ significantly between the group that received initial
stereotactic radiosurgery alone and the group that received
stereotactic radiosurgery and whole brain radiation therapy
(17.6% versus 0%, p=0.27). However this study did not have
the statistical power to detect a difference in distant brain
metastasis free survival. The initial number of brain lesions
(single versus multiple) was the only factor with a significant
effect on distant brain metastasis-free survival at 1 year:
23.5% for single metastases and 0% for multiple lesions (p <
0.05). Samlowski et al. performed a retrospective analysis
of 44 melanoma patients with five or less brain metastases
treated with stereotactic radiosurgery and showed that the
addition of whole brain radiation therapy did not improve
survival [13]. Buchsbaum et al. reviewed 74 patients with
melanoma brain metastases [5]. Survival analysis showed
that combined treatment of local and whole brain radiation
therapy offered significantly better survival (p < 0.0001).
The median survival was 8.8 months for the combined
therapy group, 4.8 months for the local-therapy-alone group.
However, whole brain radiation therapy did not improve the
intracranial distant control.

MD Anderson reported a series of patients with solitary
melanoma brain metastasis and no extracranial disease [31].
Twenty-two patients received surgical excision and whole
brain radiation therapy whole brain radiation therapy and

12 patients were treated with surgery alone. Despite the
small sample size, intracranial recurrence rates favoured
the combination (5/22 versus 9/12 surgery alone, p=0.01).
Median overall survival was 18 months in the combination
therapy group versus 6 months for surgery alone (p=0.002).
These data argue that whole brain radiation therapy can
decrease intracranial progression and may even convey a
survival benefit in patients without active extracranial disease
as a competing cause of death.

One concern of delivering whole brain radiation therapy
after local treatment of oligometastases is the potential
neurological deficit. Preclinical and early clinical evidence
suggests that a neural stem cell compartment in the
hippocampus is central to the pathogenesis of neurocog-
nitive deficits observed after cranial irradiation. Modern
intensity-modulated radiotherapy technologies, such as heli-
cal tomotherapy and volumetric modulated arc therapy can
conformally avoid the hippocampus during whole brain
radiation therapy and therefore potentially reduce the risk
of neurocognitive deficit. A RTOG review of 371 patients
with less than 10 brain metastasis from all histologies showed
that only 3% of the metastatic deposit were within the
5 mm region around the hippocampus and none within
the hippocampus itself [32]. There is an ongoing clinical
trial (RTOG 0933) examining the effect of hippocampal
avoidance whole brain radiation therapy technique on the
neurocognitive function in patients with brain metastases
from all histologies.

7. Conclusions

Brain metastasis is a common development in patients with
metastatic melanoma. The role of radiation therapy in the
management is highly variable due to the natural history of
the disease. To provide optimal management of the patient
with melanoma, the radiation oncologist is an integral part
of the multidisciplinary team. Although there have been no
randomized trials especially in patients with melanoma brain
metastasis, treatment can be guided by the application of
evidence for the treatment of brain metastasis in general.
A promising new approach to deliver radiation therapy
while sparing the hippocampus will hopefully improve the
therapeutic ratio and minimise potential long term toxicity.
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Brain tumors constitute the most common intracranial tumor. Management of brain metastases has become increasingly complex
as patients with brain metastases are living longer and more treatment options develop. The goal of this paper is to review the role
of stereotactic radiosurgery (SRS), whole brain radiation therapy (WBRT), and surgery, in isolation and in combination, in the
contemporary treatment of brain metastases. Surgery and SRS both offer management options that may help to optimize therapy
in selected patients. WBRT is another option but can lead to late toxicity and suboptimal local control in longer term survivors.
Improved prognostic indices will be critical for selecting the best therapies. Further prospective trials are necessary to continue to
elucidate factors that will help triage patients to the proper brain-directed therapy for their cancer.

1. Introduction

Brain metastases are the most common intracranial tumor,
arising in 10%–40% of all cancer patients [1, 2] and
accounting for up to 170,000 new cases per year in the
United States [3]. The observation of rising incidence
is most likely related to the aging population, improved
systemic treatment for the primary disease, and improved
imaging techniques [4]. As a result, brain metastases are
an increasing source of morbidity and mortality as well as
cognitive impairment at the time of cancer diagnosis [5, 6].
Cancers with a high incidence in the general population
(e.g., lung and breast) are the most frequently encountered
source of brain metastases, accounting for up to two thirds
of new cases [7]. Solid tumors constitute 95% of brain
metastases, while leptomeningeal involvement makes up the
remaining 5% [8–10]. Approximately 50%–60% of patients
with solid tumors present with multiple metastases, while
the remaining patients harbor a single mass [1, 11, 12].
The prognosis for patients with brain metastases from any

histology is poor overall, with a median survival of only 4–
7 months following treatment with WBRT alone [12–22].
For patients harboring a single, surgically amenable lesion,
resection followed by WBRT has been found to be favorable
to WBRT alone in two of three randomized controlled trials
[17, 19, 22]. The local control rates and overall survival
for patients with a single metastasis treated either with
surgical resection followed by WBRT or with stereotactic
radiosurgery (SRS) alone have been found to be similar
[18, 19, 22–28]. On the other hand, SRS may yield superior
local control rates for radioresistant brain metastases (e.g.,
from melanoma and renal cell) and provides the ability to
treat unresectable lesions. Recent series have documented
an improving survival among patients with brain metas-
tases, suggesting that improving systemic therapies may be
prolonging the lives of patients with brain metastases [29].
Such improvements imply that brain metastasis-directed
therapies may have increasing importance among longer-
term survivors. The purpose of this paper is to review
the role of SRS, WBRT, and surgery—either alone or
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in combination—in the contemporary treatment of brain
metastases.

2. SRS plus WBRT versus WBRT Alone

Several series have showed improvement in local control
with the addition of SRS to WBRT when compared to
WBRT alone. However, the detection of an overall survival
advantage has been elusive. This is likely because there are
specific populations that may benefit from an SRS boost.

The first prospective trial looking at the utility of an
SRS boost was published in 1999 by Kondziolka et al. This
single-institution RCT included patients with 2–4 metastases
measuring ≤2.5 cm and a KPS ≥70 [27]. There were 14
patients in the WBRT arm and 13 in the WBRT plus SRS arm.
The two groups were well matched with regard to gender,
age, number of lesions, KPS score, histology, and extent
of extracranial disease. Although the overall followup was
not reported, the study had the advantage of no crossover
between groups. The primary endpoint was local control
with secondary endpoints including time to progression
and median survival. The study was halted at the 60%
accrual point after interim evaluation revealed substantially
improved median time to progression (36 versus 6 months)
and local failure rate (8% versus 100%) for patients in
the WBRT plus SRS arm. Because of the small number of
patients, there was insufficient power to assess differences in
median survival.

In 2004, Andrews et al. reported the results of the Ra-
diation Therapy Oncology Group (RTOG) multicenter trial
examining the use of WBRT versus WBRT plus SRS [30].
This was a randomized controlled study involving patients
with 1–3 brain metastases, a Karnofsky performance status
(KPS) of≥70, and a lesion size of <4 cm for the largest lesion.
Patient groups were matched for age, gender, KPS, histology,
and scores on minimental status exam (MMSE). They were
stratified by the number of lesions and the extent of extracra-
nial disease. The primary endpoint was median survival with
secondary endpoints of tumor control at 1 year, KPS and
MMSE at 6 months, and cause of death. There were 167
patients in the WBRT alone arm, 28 (17%) of whom crossed
over to receive SRS for salvage. The WBRT plus SRS arm
contained 164 patients, 31 (19%) of whom did not receive
the planned SRS boost. The trial demonstrated significantly
improved survival for patients with single metastatic lesions,
better local control for patients with 1–3 lesions (P = 0.001),
and improved KPS for patients with 1–3 lesions in the WBRT
plus SRS arm. There was no statistically significant difference
between groups in incidence of neurologic death, MMSE at
6 months, toxicity, or median survival in patients with 2-
3 metastases. Criticisms of the trial include the absence of
imaging followup on 43% of the patients, a large crossover
rate between the arms, and inclusion of tumors >3 cm which
are known to be less amenable to SRS.

Li et al. in 2000 reported their results of a three arm
prospective cohort study examining patients with either
small-cell or nonsmall-cell lung cancer with a single brain
metastasis measuring ≤4.5 cm [31]. Seventy lung cancer
patients with newly diagnosed single brain metastasis were

treated with either WBRT alone (n = 29), or SRS alone (n =
23), or the combination of both (n = 18). Groups were well
matched with regard to gender, age, extent of extracranial
disease, histology, and KPS scores. Multiple endpoints,
including survival, freedom from local progression, freedom
from new brain metastasis, local control, KPS, and cause of
death, were measured and compared using univariate and
multivariate analyses. Analysis revealed improved median
survival (P < 0.0001), local control (P = 0.004), and median
time to progression (P < 0.0001) in the WBRT plus SRS arm.
However, the comparison between SRS alone and SRS plus
WBRT groups indicated that adding WBRT only improved
freedom from distant failure.

A large retrospective cohort trial performed by Sanghavi
et al. evaluated 502 patients from 10 institutions with brain
metastases from varying histologies [32]. They compared
this group to historical controls based on recursive par-
titioning analysis (RPA) of a database from RTOG trials
containing 1200 patients who received WBRT alone. The
patients were stratified by RPA class (number of brain mets,
presence of systemic disease, and KPS score) and were similar
in gender, age, and extent of extracranial disease. The authors
observed statistically significant improvements in survival
for patients receiving WBRT plus SRS regardless of RPA class.
One criticism of the study is that the WBRT plus SRS group
had a larger percentage of radioresistant histologies and the
WBRT group had slightly lower initial KPS scores.

On the basis of the two randomized controlled trials
above, there is class I evidence that SRS plus WBRT yields
significantly improved local tumor control rates compared
to WBRT alone in patients with 1–3 brain metastases.
Moreover, the study by Andrews et al. [30] suggests that
there are particular populations such as RPA class I patients
and those with single brain metastases that have an overall
survival benefit with SRS boost. It is likely that the patients
who benefit from an SRS boost are the ones that have an
improved life expectancy, as these patients will live long
enough to potentially experience the sequelae of local brain
failure.

3. SRS plus WBRT versus SRS Alone

The late toxicities of WBRT have been well documented.
Moreover, patients with longer survival times ultimately have
an increased chance of experiencing WBRT-related toxicity
[33]. As such, an approach of eliminating or delaying WBRT
in patients with brain metastases would potentially improve
cognitive outcomes in these patients. Multiple randomized
trials have now been published showing no decrease in
overall survival in patients in whom SRS alone was used to
treat ≤4 brain metastases.

A randomized controlled trial evaluating these two treat-
ments was performed by Aoyama et al. and published in
2006 [34]. Patients with up to four metastases ≤3 cm and a
KPS of ≥70 were randomized to either SRS alone (n = 67)
or SRS plus WBRT (n = 65). The primary endpoint was
median survival while secondary endpoints included distant
failure, local control, and KPS scores at one year. Additional
secondary endpoints included incidence of neurologic death,
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MMSE scores, and adverse events. Those patients receiving
the combined treatment had the SRS dose reduced by 30%.
The two patient groups were well matched with regard
to gender, age, number of lesions, histology, extent of
extracranial disease, and KPS scores. The follow-up period
was 21 months for the SRS arm and 31 months for the SRS
plus WBRT arm. Of the 67 patients in the SRS arm, 11 (16%)
required WBRT for salvage. In the SRS plus WBRT arm, 6
(9%) of patients did not receive SRS, 2 (3%) did not receive
WBRT, and 10 (15%) received additional SRS for salvage.
Analysis revealed no significant difference between the two
groups with regard to median survival, local control rate,
KPS score, incidence of neurologic death, MMSE score, or
adverse events. However, the SRS arm had a significantly
higher likelihood local and distant failure at one year requir-
ing salvage treatment with either additional SRS or WBRT.

In a recent phase III trial, Kocher et al. compared patients
with 1–3 brain metastases, excluding small-cell lung cancer,
and stable extracranial disease that were randomized to
an observational cohort or WBRT cohort following initial
treatment with either SRS or surgery. Of the 199 patients
in the radiosurgery group, 100 patients were allocated to
observation, and 99 were allocated to WBRT. Among patients
treated with surgery or SRS initially, there was no significant
difference (P = 0.71) in the time to performance status
decline for the observation group (10 months) versus the
WBRT group (9.5 months). Similarly, overall survival times
were not significantly different (P = 0.89) between the
observation and WBRT arms (10.9 versus 10.7, resp.). They
concluded adjuvant WBRT reduces intracranial relapses and
neurologic deaths but fails to improve the duration of
functional independence and overall survival after SRS or
surgical treatment of cerebral metastases [35].

Chang et al. reported their results in 2009 of 58 patients
with 1–3 metastases who were randomized either to SRS
alone (n = 30) or SRS plus WBRT (n = 28) [36]. The
primary endpoint was cognitive status at 4 months, while
secondary endpoints were local control and overall survival.
Although the overall survival was higher in the SRS group
(15.2 versus 5.7 months), the 1-year local and distant failure
rates were higher. Six percent of the patients in the SRS plus
WBRT group required salvage SRS, while 33% of the patients
in the SRS group required salvage resection and WBRT.
Verbal memory testing revealed significantly less cognitive
decline in the SRS group.

There are multiple retrospective cohort studies (class
II evidence) that reveal similar survival results in patients
receiving SRS alone versus those receiving SRS plus WBRT
[37–44]. These studies contain conflicting evidence, how-
ever, regarding the risk of local recurrence in the patients
receiving SRS alone. As a result, while SRS alone is a rea-
sonable treatment option in patients with up to 4 brain
metastases, it should be followed by frequent MRI surveil-
lance for local and distant failure.

4. SRS Alone versus WBRT

At this time, there are no randomized trials directly com-
paring these two treatment modalities. In the three-armed

trial by Li et al. alluded to above, patients treated with
SRS alone demonstrated significantly longer median survival
time (9.3 months) compared to those receiving WBRT
alone (5.7 months) [31]. In three other studies (class II),
there was a statistically significant survival advantage for
patients receiving SRS alone for either single or multiple
tumors compared to those receiving WBRT [45–47]. One
class III study revealed similar outcomes for either treatment
modality [48], while a second showed a significant survival
advantage for SRS alone [49]. On the basis of this data,
SRS alone is a reasonable treatment option for patients with
limited brain disease although concern about distant failure
necessitates frequent radiographic followup.

5. Surgery plus WBRT versus WBRT Alone

WBRT has been the mainstay treatment for brain metastases
for many years and continues to play a vital role in the
management of patients with this disease. However, com-
bining WBRT with surgical resection of symptomatic,
accessible lesions can improve survival and quality of life. In
a randomized trial (class I) performed by Patchell et al., sur-
gical resection followed by WBRT (n = 25) was compared
to WBRT alone (n = 23) for patients with a single metastatic
brain tumor [19]. The trial demonstrated significantly
improved survival in the surgery plus WBRT arm (40 weeks)
compared to the WBRT alone group (15 weeks).

In a second randomized trial (class I) involving 63
patients by Vecht et al., the outcome after surgical excision of
a single brain metastasis followed by WBRT was compared to
that after WBRT alone [22]. WBRT was delivered in a novel
scheme of 2 fractions of 2 Gy per day for a total of 40 Gy.
Patients were stratified by primary site (lung cancer versus
nonlung cancer) and status of extracranial disease (progres-
sive versus stable). Survival and functionally independent
survival (FIS) were compared between the treatment arms.
The arm undergoing combined treatment had a longer
survival (P = 0.04) and longer FIS (P = 0.06) compared
with the group receiving radiotherapy alone. The findings
were most pronounced in patients with stable extracranial
disease (median survival, 12 versus 7 mo; median FIS, 9
versus 4 mo). Patients with progressive extracranial disease
had a median survival of 5 months and an FIS of 2.5 months
regardless of the treatment received.

The third, and largest, randomized trial (class I) eval-
uating these two treatment modalities was subsequently
performed by Mintz et al. in 1996 [17]. Forty-three patients
received radiation alone (3000 cGy in 10 fractions), while
41 patients underwent surgery plus radiation. The median
survival for the WBRT alone group was 6.3 months com-
pared with 5.6 months for the surgery plus WBRT group
(P = 0.24). The majority of patients died within the first year
(70% in the WBRT alone arm versus 88% in the surgery plus
WBRT arm). The authors concluded that the trial failed to
demonstrate that the addition of surgery to radiation therapy
improved outcome of patients with a single brain metastasis.
It should be noted that the study may have failed to show a
difference in treatment regimens, because the study included
patients with low KPS and extensive systemic disease.
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A recent, randomized trial by Kocher et al. compared
patients with up to 3 brain metastases and stable extracranial
disease that were randomized to an observational cohort
or WBRT cohort following initial treatment with either
SRS or surgery. There were 359 total patients in the study,
160 of whom received surgery. Although the study did not
directly compare patients receiving surgery plus WBRT to
patients receiving WBRT alone, they reported no advantage
to adjuvant WBRT after surgery compared to surgery or SRS
followed by observation in terms of the time to performance
status decline (9.5 versus 10.0 months, resp., P = 0.71) or
overall survival times (10.7 versus 10.9 months, resp., P =
0.89). They concluded adjuvant WBRT reduces intracranial
relapses and neurologic deaths but fails to improve the
duration of functional independence and overall survival
after SRS or surgical treatment of cerebral metastases [35].

Two of these three randomized controlled trials demon-
strate that the addition of resection to WBRT rather than
WBRT alone leads to improved survival and functional
status in patients with a single, surgically accessible brain
metastasis. A fourth study found no survival benefit to add-
ing adjuvant WBRT to surgical resection. While much of this
data was acquired twenty years ago, it continues to be quite
relevant in the management brain metastases. It should be
recognized, however, that the majority of patients enrolled in
these trials were likely symptomatic or had larger metastases,
as these were the common presentation of brain metastases
in that era.

6. Surgery Plus WBRT versus Surgery Plus SRS

At this time, there are no prospective studies comparing these
two treatment modalities. In a retrospective cohort study
by Serizawa et al. of patients with multiple metastases from
non-small cell lung cancer, 34 patients received resection
followed by WBRT while 62 underwent SRS [50]. Of the
latter group, 23 were treated with SRS either before or after
resection of a lesion >3 cm. The patients who received SRS
demonstrated significantly longer survival time (12.5 versus
6.6 months). The survival time of the subpopulation of
23 patients who underwent resection in combination with
SRS was not reported. The median time to distant brain
failure was 14 months in the SRS group and 17.6 months in
the group receiving WBRT although the difference was not
statistically significant.

Given the paucity of studies comparing these two
treatment strategies, there is insufficient evidence to justify
one over the other. However, the CALGB is in the process of
designing a prospective randomized trial that will randomize
patients with resected brain metastases to adjuvant WBRT
versus cavity-directed SRS plus SRS to any remaining metas-
tases. It is likely that this study will begin accrual in 2012.

7. Surgery Plus WBRT versus SRS Plus WBRT

The major issue underlying these two techniques is optimiza-
tion of local control in cases where single modality therapy
is likely insufficient. Larger brain metastases generally have

a higher local failure rate after surgery or SRS alone. As
such combined modality therapy offers the ability to add a
second modality to improve local control. At this time, there
are no prospective studies comparing these two treatment
modalities although there are four retrospective studies.
Bindal et al. reported their results in 1996 comparing 62
patients with a single brain metastasis (<3 cm) treated with
resection ± WBRT to 31 patients who underwent SRS ±
WBRT [51]. Patients were well matched with regard to
gender, age, KPS, extent of resection, and histology. WBRT
was actually completed by 66% of the patients in the first arm
and 71% of patients in the second arm. The authors observed
that those patients in the first arm (resection plus WBRT)
demonstrated significantly longer median time to recurrence
and median survival (16.4 versus 7.5 months) compared to
the second arm. In addition, those patients in the first arm
had a significantly lower rate of neurologic death and adverse
events related to treatment.

O’Neill et al. reported their retrospective analysis of
97 patients with solitary brain metastases, 74 of whom
underwent resection, while the remaining patients received
radiosurgery [52]. The use of WBRT was similar between
the two groups (82% of surgical patients and 96% of
radiosurgery patients). While there was a trend toward
increased 1-year survival in the patients who underwent
resection (62% versus 56%), this did not reach statistical
significance. However, there was a significant increase in local
tumor control for the patients receiving radiosurgery (100%
versus 42%) at a median followup of 20 months.

By contrast Schöggl et al. found improved results in
patients receiving radiosurgery rather than resection in a
retrospective, case-control study comparing these treatment
modalities [53]. They followed 133 patients whose treatment
for a single brain metastasis was either radiosurgery or sur-
gical resection. Only patients who received additional WBRT
were included in the study. Sixty-seven patients were treated
by radiosurgery and 66 patients were treated by resection.
Standard radiosurgical and WBRT doses were used. The
median survival for patients receiving radiosurgery was 12
months compared to 9 months for patients after resection,
a difference that did not reach statistical significance. There
was, however, a significant difference in local control favoring
the patients undergoing radiosurgery (95 versus 83%, P <
0.05).

Another recent, randomized trial by Kocher et al. com-
pared patients with up to 3 brain metastases and stable
extracranial disease that were randomized to an observa-
tional cohort or WBRT cohort following initial treatment
with either SRS or surgery. While the study did not directly
compare patients receiving patients receiving surgery plus
WBRT to patients receiving SRS plus WBRT, they found no
advantage to adding WBRT to either of the initial treatment
modalities in terms of the time to performance status decline
(10 versus 9.5 months, resp., P = 0.71) or overall survival
times (10.9 versus 10.7, resp., P = 0.89) [35].

While the first two studies above reveal statistically
significantly longer survival in patients receiving resection,
the third study demonstrated a trend towards longer survival
in those receiving SRS although it did not reach statistical
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significance. Further, Kocher’s study did not reveal an ad-
vantage with adjuvant WBRT for prolonged survival or
performance status after surgery or SRS. Both the Joint
Center for Radiation Therapy and MD Anderson attempted
randomized phase III trials comparing primary radiosurgery
to surgery in the 1990s. Neither of these studies were able
to accrue sufficient patients for analysis because of physician
bias. As a result, both strategies are reasonable in patients
with solid tumors <3 cm in diameter. However, surgery may
be more suitable for patients with symptomatic, accessible
lesions in order to palliate symptoms.

8. Surgery plus WBRT versus SRS Alone

There is one randomized controlled trial (class I) and two
retrospective cohort studies (class II) comparing these two
modalities. Muacevic et al. performed a multicenter prospec-
tive randomized trial involving 33 patients treated with
resection followed by WBRT and 31 patients treated with SRS
alone [54]. All tumors were ≤3 cm in maximum diameter,
and all patients had a KPS ≥70. The primary endpoint of the
study was overall survival with secondary endpoints of local
control, toxicity, and quality-of-life measures. Treatment
results did not differ in terms of survival (P = 0.8),
neurological death rates (P = 0.3), and freedom from
local recurrence (P = 0.06). Patients in the radiosurgery
group were more likely to demonstrate distant failure (P =
0.04). Radiosurgery was associated with a lower frequency
of adverse events (P < 0.01). Improved scores for quality
of life measures were seen 6 weeks after radiosurgery (P <
0.05). It should be noted that quality of life measures were
no different in the radiosurgery and surgery groups at 6
months after treatment. The authors concluded that the
main advantage of radiosurgery remains its less invasiveness
in terms of hospital stay, duration of treatment, and risk of
short-term toxicities.

The same group previously performed a retrospective
cohort evaluation of 56 patients who underwent radio-
surgery alone versus 52 patients treated with resection
followed by WBRT [55]. The tumors were ≤3.5 cm and the
two groups were well matched with regard to gender, age,
KPS scores, and extent of extracranial disease. The 1-year
survival rate was 53% (68 weeks) in the surgical group and
43% (35 weeks) in the radiosurgical group (P = 0.19). The 1-
year rate of local control after surgery and radiosurgery were
75% and 83%, respectively (P = 0.49). The 1-year rate of
neurological death was 37% in the surgical group and 39% in
the radiosurgical group (P = 0.8). A pretreatment KPS score
<70 was predictive of worsened survival. Periprocedural
morbidity and mortality rates were 7.7% and 1.6% in the
resection group and 8.9% and 1.2% in the radiosurgery
group.

Shinoura et al. performed a retrospective cohort evalua-
tion of 28 patients who underwent radiosurgery alone com-
pared to 35 patients treated with resection and radiotherapy
[56]. The two groups were well matched with regard to
gender, age, and histology but the extent of systemic disease
was not reported. Moreover, some of the patients received
local RT as opposed to WBRT, and the number of these

patients was not reported. Nonetheless, the authors reported
significantly longer median survival (34.4 versus 8.2 months)
in the surgery plus RT arm. This arm also demonstrated
longer mean time to recurrence (25 versus 7.2 months)
during the follow-up period.

Given the inconclusive results of these studies, no defini-
tive recommendations can be made regarding the superiority
of one of these treatment strategies over the other.

9. Surgery plus SRS versus SRS Alone

There are no studies comparing these two treatment options.
In general, surgery tends to be useful in larger lesions.
Multiple studies have reported good local control rates with
radiosurgical treatment of a resection cavity [34, 57–62].
Do et al. described their results with 30 patients with brain
metastases treated with resection followed by SRS or stereo-
tactic radiotherapy (4–6 fractions) to the resection cavity
[57]. Of the 30 patients, 4 (13.3%) developed recurrence in
the resection cavity, and 19 (63%) developed distant brain
failure. The actuarial 12-month survival rates were 82%
for local recurrence-free survival, 31% for freedom from
new distant brain metastases, 67% for neurologic deficit-free
survival, and 51% for overall survival. Salvage WBRT was
performed in 14 (47%) of the 30 patients.

Jagannathan et al. reported their results with 47 patients
who underwent SRS to the postoperative resection cavity
following resection of a brain metastasis [59]. In addition to
the resection cavity, 34 patients (72%) underwent SRS to 116
intact metastases. The radiographic end point was defined as
local tumor control. The mean volume of the treated cavity
was 10.5 cm3 (range 1.75–35.45 cm3), and the mean marginal
dose to the cavity was 19 Gy. Clinical end points were defined
as KPS and survival. The mean duration between resection
and SRS was 15 days. During a mean follow-up duration
of 14 months, local tumor control at the site of the surgical
cavity was achieved in 44 patients (94%). Recurrence in the
cavity was statistically related to the volume treated (P =
0.04). At the last followup evaluation, the mean KPS score
for the group was 78 (median 80, range 40–100). During the
follow-up period, 34 patients (72%) underwent additional
SRS for new metastases. At the time of last follow-up, 11
patients were alive and 36 patients had died (mean duration
until death 12 months). Patients with good control of their
primary tumor had improved survival compared to those
who did not (P = 0.004).

A 2009 study by Karlovits et al. involved a retrospective
review of 52 patients with 1–4 brain metastases treated
at their institution with SRS to a resection cavity [60]. A
single metastasis was resected in each patient. A median
dose of 1500 cGy (range 800–1800 cGy) was delivered to the
margin of the resection cavity. The median cavity volume
was 3.85 cm3 (range 0.08–22 cm3). With a median follow-up
duration of 13 months, the median survival was 15.0 months.
Four patients (7.7%) developed local recurrence within
the resection cavity. Twenty-three patients (44%) developed
distant brain recurrences at a median of 16 months after
resection. Sixteen (30.7%) received salvage WBRT. The
median time to WBRT delivery was 8.7 months (range
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2–43 months). Multivariate analysis revealed a significantly
longer survival for patients with no extracranial disease on
presentation (P = 0.01) and solitary brain metastasis (P =
0.02). No factor (age, RPA class, tumor size or histological
type, extent of extracranial disease, extent of resection, or
SRS dose or volume) was related to the need for salvage
WBRT.

Hwang et al. analyzed their experience delivering SRS
to the tumor cavity following surgical resection of brain
metastases and compared their results to patients receiving
WBRT after surgical resection [58]. Twenty-five patients had
a metastatic lesion resected followed by adjuvant GKS to the
resection cavity. The median survival for patients receiving
SRS to the resection cavity was 15 months as compared to
6.8 months for those receiving WBRT (P = 0.08).

Jensen et al. recently described our experience at Wake
Forest University with 106 patients with no prior WBRT
who were treated using radiosurgery directed to the tumor
cavity and to any synchronous brain metastases detected at
the time of SRS planning [29]. A median dose of 17 Gy
to the 50% isodose line was prescribed to the margin of
the resection cavity. Patients were followed up via serial
imaging, and new brain metastases were generally treated
using additional SRS, with salvage WBRT typically reserved
for local treatment failure at a resection cavity, numerous
failures, or failures occurring at short time intervals. SRS
was delivered to the resection cavity alone in 57.5% of
patients, whereas 24.5% of patients also received treatment
for 1 synchronous metastasis, 11.3% for 2 synchronous
metastases, and 6.6% for 3–10 additional lesions. Overall
survival at 1 year was 46.8%. The local tumor control
rate at 1 year was 80.3%. The disease control rate in
distant regions of the brain at 1 year was 35.4%, with a
median time of 6.9 months to distant failure. Thirty-nine
of 106 patients eventually required salvage WBRT, and the
median time to salvage WBRT was 12.6 months. Kaplan-
Meier estimates showed that the rate of requisite WBRT
at 1 year was 45.9%. Neurological cause-specific survival
at 1 year was 50.1%. Leptomeningeal failure occurred in 8
patients. Seven patients required repeat surgery. Multivariate
analysis revealed that preoperative tumor diameter >3 cm
was predictive of treatment failure.

Given the absence of comparative studies regarding these
two treatment modalities, no recommendation can be made
regarding the superiority of one over the other. However,
SRS is inherently limited by the ability to control larger
lesions (>2 cm) because of the inability to deliver adequate
dose. Surgery with such larger lesions provides the advantage
of potentially rendering the patient with only microscopic
residual disease. Adjuvant radiosurgery in this setting likely
has a better chance of controlling disease than it would with
an intact tumor.

10. Discussion

As evidence has become available that patients with brain
metastases are living longer than in the past [63, 64], the
management of patients with brain metastases has become
more complex. The complexity of this decision tree is under-

scored by the 2010 statement from the American College
of Radiology’s (ACR) Appropriateness Panel on single brain
metastasis that indicates that there is no clear consensus
regarding optimal or ideal treatment for these patients [65].
Table 1 demonstrates the major, prospective, randomized
trials that represent the basis for current management
strategies.

While local control of brain metastases continues to be
important, such issues as the long-term toxicity of treatment,
and the optimal timing of WBRT are becoming equally
important. Moreover, the indications for radiosurgical man-
agement of brain metastases continues to evolve. At the
present time, the indications for radiosurgery include (1)
boost after WBRT for patients with <5 brain metastases,
(2) as monotherapy to avoid the cognitive toxicities of
WBRT in patients with <5 brain metastases, (3) as salvage
therapy after failure of previous WBRT, (4) radioresistant
brain metastases (e.g., renal cell carcinoma, melanoma,
and sarcoma), and (5) adjuvant therapy for a resected
radioresistant brain metastases (e.g., renal cell carcinoma,
melanoma, and sarcoma). For patients receiving SRS as a
boost after WBRT, this is generally reserved for patients
with potentially longer life expectancies who received WBRT.
The previous randomized trial has suggested that patients
in the better prognostic group (e.g., 1 metastasis, or no
extracranial disease), tended to have improved survival with
radiosurgical boost. This is likely because patients with a
greater life expectancy have a longer potential time during
which to experience a local failure.

Two published randomized trials have now demonstrated
that treating patients with <4 metastases with radiosurgery
alone not only does not lead to worsened overall survival,
but may also improve neurocognitive outcomes. These data
are somewhat controversial, however, given previous dogma
that distant or local brain failures are among the prominent
factors leading to neurocognitive decline in this patient
population. Furthermore, local failure after radiosurgery
appears to be a time-dependent phenomenon, and late
local failures appear to be more common in patients who
receive radiosurgery alone as compared to WBRT with a
radiosurgical boost.

Perhaps more than ever, the use of prognostic indices
to triage patients with brain metastases into the proper
treatment algorithm is paramount. The RTOG published
a recursive partitioning analysis of patients with brain
metastases, separating patients based on 3 prognostic groups,
and basing these groupings on such variables as age, KPS,
and status of extracranial disease [26]. However, these data
were collected several decades ago, and the improvement in
systemic therapies and lead-time biases created by improved
imaging and surveillance may have caused this prognostic
index to become obsolete. Further efforts to establish a
more modern prognostic index has given rise to the graded
prognostic assessment (GPA) based on histology-specific
prognostic factors [66]. Prognostic indices, while imperfect,
allow the treating physician to estimate the life expectancy
of the patient, and subsequently determine if WBRT can
be delayed or given upfront. Future prognostic indices may
ultimately incorporate failure patterns after SRS alone, in
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Table 1: Randomized Trials for Treatment of Brain Metastases.

Author Treatment Local Control (1 yr) Distant Brain Failure (1 yr) Overall Survival

Patchell [19] WBRT 48% 13% 9% (1 yr)

Surgery plus WBRT 80% 20% 45%

Vecht [22] WBRT NA NA 23% (1 yr)

Surgery plus WBRT NA NA 50%

Mintz [17] WBRT NA NA 17% (1 yr)

Surgery plus WBRT NA NA 30%

Patchell et al. [18] Surgery 54% 37% 43 wks

Surgery plus WBRT 90% 14% 48 wks (median)

Andrews et al. [30] WBRT 71% 33% 23% (1 yr)

WBRT plus SRS 82% 27% 29%

Kocher et al. [35] SRS 70% 44% 47% (1 yr)

SRS plus WBRT 87% 28% 46%

Chang et al. [36] SRS 67% 55% 60% (1 yr)

SRS plus WBRT 100% 27% 21%

Aoyama et al. [34] SRS 76% 63% 28% (1 yr)

SRS plus WBRT 90% 42% 39%

order to help determine the patients who will fail outside of
the SRS treatment volume early on, and who may potentially
benefit from upfront WBRT.

Perhaps one of the most important indications for SRS
is salvage of WBRT failures. The alternative to SRS in the
setting of WBRT failure is repeat WBRT. This option is signif-
icantly limited by toxicity and the ability to deliver sufficient
doses to the brain metastases. Several retrospective series
have documented median survival times of approximately 8
months after radiosurgical salvage of WBRT failures. Chao
et al. found that patients with brain metastases who recurred
after WBRT and were treated with salvage SRS had good local
control and survival rates after SRS [67]. Those patients with
a longer time to failure after WBRT had significantly longer
survival after SRS. Two other large retrospective studies have
demonstrated that SRS as a salvage treatment following in-
itial SRS can provide excellent local tumor control in pa-
tients with 4 or fewer metastases [68, 69].

SRS has also been widely used as an initial monotherapy
for radioresistant brain metastases such as renal cell carci-
noma, melanoma, and sarcoma. The seminal series dem-
onstrating suboptimal outcomes with WBRT alone for such
radioresistant tumors was published by investigators at MD
Anderson showing a rate of neurologic death as high as 76%
in patients with renal cell carcinoma receiving WBRT alone
[70]. On the other hand, several series have described a high
rate of durable location control and much lower rates of
neurologic death in series of patients receiving radiosurgical
management [71]. Clarke et al. have examined the outcomes
of patients with a single brain metastasis from radioresistant
histologies (renal cell carcinoma and melanoma) treated
with stereotactic radiosurgery (SRS) [72]. On the Basis of
their small retrospective series, they concluded SRS is a
safe and feasible strategy for treatment of patients with a
limited number of radioresistant brain metastasis. In those
few patients who received WBRT, local control, progression-

free survival, and overall survival were not significantly im-
proved.

The role of surgical resection for brain metastases has
been well established. Large or symptomatic lesions will
commonly benefit from the decompressive effects of surgery.
In addition, SRS is inherently limited by the ability to deliver
sufficient tumoricidal doses to lesions greater than 2 cm. In
these scenarios, surgery will provide improved local control
without the risk of radionecrosis. The surgical literature
should be interpreted in terms of the historical context that
most metastases detected during the era in which these
trials were conducted were either symptomatic or diagnosed
on CT. As such, there was probably a bias towards larger
and symptomatic lesions. Nonetheless, two randomized
controlled trials have demonstrated that the addition of
surgical resection to WBRT rather than WBRT alone leads
to improved survival and functional status in patients with
a single, surgically accessible brain metastasis [19, 22]. As a
result, it is general practice that all metastases larger than
3 cm in surgically accessible regions should receive serious
consideration for resection.

The proper adjuvant therapy after surgical resection has
yet to be determined. While several randomized trials have
shown at least a local control benefit to adjuvant WBRT
after resection of a brain metastasis, most have not shown
a survival advantage. However, observation after surgical
resection of a metastasis leads to a local failure rate of 50%
within the resection cavity. A number of recent series have
suggested that cavity-directed SRS as adjuvant therapy after
surgery is a viable option. This technique allows for the delay
or elimination of WBRT in most patients, while potentially
delaying or even avoiding the toxicities of WBRT. The com-
bined literature suggests a local control rate of approximately
80% at 1 year with cavity-directed SRS [29]. Improved
imaging techniques allow for detection and treatment of
synchronous brain metastases detected at time of SRS [73].
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In conclusion, management of brain metastases contin-
ues to evolve over time On the basis of improving survivals of
patients and improving methods of prognostication. Surgery
and radiosurgery both offer management options that may
help to optimize therapy in selected patients. WBRT is
another option but can lead to late toxicity and suboptimal
local control in longer term survivors. Further prospective
trials are necessary to continue to elucidate factors that will
help triage patients to the proper brain-directed therapy for
their cancer.
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The last 30 years have seen major changes in attitude toward patients with cerebral metastases. This paper aims to outline the
major landmarks in this transition and the therapeutic strategies currently used. The controversies surrounding control of brain
disease are discussed, and two emerging management trends are reviewed: tumor bed radiosurgery and salvage radiation.

1. Introduction

1.1. Background. Brain metastases are the most common
form of brain cancer and exceed the number of primary
brain tumors by at least fourfold, with an estimated 98,000–
170,000 new cases of brain metastases per year in North
America [1, 2]. These figures will further rise as a result of
an ageing population, increasing use of improved diagnostic
imaging and advancements in systemic and local cancer
therapies. The primary tumors most likely to metastasize to
the brain are located in the lung (50%), breast (15–25%),
skin (melanoma) (5–20%), colon-rectum, and kidney [3, 4].
In addition, most other malignant tumors can metastasize
to the brain. In up to 15% of patients, the primary site is
unknown.

The diagnosis of brain metastases (BM) is devastat-
ing for both patients and caregivers as evidenced by the
heavy burden of disease and significant impact on quality
of life (QOL). Clinical manifestations can include focal
neurological deficits, seizures, raised intracranial pressure,
and alteration in cognition, personality, and ultimately
functional status. Untreated, patients with BM will typically
live less than two months [5].

Patients harbouring BM present a therapeutic challenge
to clinicians. This is primarily due to the heterogeneity in
cancer type and extent, patient demographics and clinical
status, and treatment history and options. To better under-
stand the factors influencing survival, a recursive partition-
ing analysis (RPA) of data from three Radiation Therapy

Oncology Group (RTOG) prospective brain metastases trials
was performed identifying 3 classes of patients based on age,
performance status, systemic disease control, and presence
of extracranial metastases (Table 1) [6]. These classes predict
median survival (7.1, 4.2, and 2.3 months for classes I, II,
and III patients, resp.) and suggest that many RPA III patients
will benefit little from aggressive treatment. More aggressive
strategies are recommended in younger patients with con-
trolled systemic cancer, minimal extra-cranial metastases,
and high-performance status.

Based on a review of more than four thousand BM
patients, the disease-specific graded prognostic assessment
(DS-GPA) can produce survival estimates better tailored to
the primary malignancy [7]. In some cancers, additional
factors will be of prognostic importance (hormone receptor
status for breast cancer and number of brain metastases
in lung cancer, melanoma, and renal cell carcinoma) while
in others performance status will dominate prognosis (gas-
trointestinal malignancies) [8].

The ongoing expansion in the number and complexity
of therapeutic options seen over the past three decades
has added further intricacy to the management of BM
patients. Treatment decisions must therefore be tailored to
each individual, based on a complex array of patient- and
tumour-specific characteristics, as no single algorithm is
appropriate for every patient. Close collaboration is required
between general medical and radiation oncologists, neuro-
oncologists, and neurosurgeons in a multidisciplinary setting
where multiple treatment modalities can be offered.
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Table 1: RTOG (RPA) recursive partitioning analysis [6] (modified
by age).

Class Variables

Class I
KPS ≥ 70, controlled primary tumor,
metastases to brain only, age < 76 years

Class II
KPS ≥ 70, but uncontrolled primary tumor,
age < 76 years

KPS ≥ 70, primary controlled, but metastases
to brain and other sites, age < 76 years

Class III KPS < 70

Finally, there is a lack of consensus amongst practitioners
on the optimum treatment strategy and it is often the experi-
ence of the local treating team that governs decision making.
This trend is underpinned by persistent controversies and
limitations in the data supporting management guidelines.
Whilst accepted medical practice, many of the treatment
regimes prescribed are not founded on rigorous prospective
data. More evidence-based driven treatment paradigms are
required. This review aims to discuss the existing literature,
some of the key on-going controversies, and emerging trends
surrounding local control (LC) of BM.

2. Therapeutic Strategies and
Supporting Evidence

The last 30 years have seen important changes in the
management of brain metastases. Below is a timeline dis-
playing the major landmarks and some of the notable related
publications (Figure 1).

2.1. Corticosteroids. The palliative use of corticosteroids in
patients harbouring cerebral metastases is necessary for
symptom control as it aids in alleviating peritumoral edema
[9, 10]. However, the dose and duration of corticosteroid use
is variable. Although recommended for short-term symptom
control, patients often remain on prolonged regimens with
related complications. These complications are well known
and can negatively impact quality of life due to the associated
adverse effects such as myopathy, hyperglycemia, weight
gain, immune suppression, insomnia, emotional lability, and
occasional severe psychiatric disturbances.

2.2. Whole-Brain Radiation Therapy. Although only studied
in a 48-patient trial from the pre-CT scan era, whole-
brain radiation therapy (WBRT) has been the mainstay
of metastatic brain tumour therapy for decades. Following
WBRT, overall survival is typically 3-4 months. The goals
of WBRT include relief of symptoms from existing BM and
prevention of future BM. Common North American regi-
mens use parallel-opposed megavoltage beams to deliver 20–
37.5 Gy in 5–15 daily fractions over 1–3 weeks. Acute compli-
cations include encephalopathy, cerebral edema, nausea and
vomiting, alopecia, dermatitis, mucositis, otitis externa, and
fatigue. Late complications can include optic and otic toxic-
ities, endocrinopathies, and decline in neurocognitive func-
tion. Although potentially debilitating, the real incidence of

severe radiation encephalopathy is poorly documented [11].
In a study published in 1989, a dementia rate of 11% was
reported in a series of 47 patients. Of particular note, four
of these patients received a high dose per fraction (5 or
6 Gy) while the other patient received a concurrent radiation
sensitizer [12]. The 15 patients who received less than 3 Gy
fractions did not develop dementia. Various authors now
agree that the delayed late-radiation injury to the brain may
be overstated and less relevant with respect to outcome [13].
However, as patients survive longer with their primary cancer
long-term adverse outcomes of WBRT are of significant con-
cern [14] and a number of trials have and continue to address
these issues [15]. Without such prospective investigations it
is difficult to discern the contributing effect that multiple
systemic therapies can have on cognitive function.

WBRT is often used alone in RPA class III patients whose
main alternative treatment option is best supportive care.
In this setting, both overall response rate and neurologic
improvement range from 50% to 60% [16, 17]. WBRT can
also be used in conjunction with local treatment (surgery
or stereotactic radiosurgery) in RPA class I/II patients
whose alternative is local treatment alone or local treatment
combined with systemic treatment.

2.3. Surgery Alone or in Combination with WBRT. Surgical
excision of cerebral metastases is often used in patients with
RPA class I/II, harbouring single lesions, and minimal or
controlled systemic disease [18]. The goals of surgery include
establishment of a diagnosis, LC in noneloquent locations,
and rapid relief of symptoms (e.g., mass effect, hemorrhage,
hydrocephalus). Currently, surgery involves intraoperative
image guidance, microsurgical techniques, perioperative
neurologic monitoring, and awake craniotomy with cortical
mapping. These and other refinements [19, 20] have resulted
in significant reduction in postoperative complications
which can include infection, neurologic deficits (including
potential impairments of cognition, speech, movement,
sensation, vision, hearing, and coordination), cerebral hem-
orrhage, and/or infarction, the incidence of which have
been reduced to under 5% [21, 22]. Postoperative mortality
has been reduced to less than 1% [23]. Unlike infiltrating
primary brain tumours, BMs are usually well demarcated
from surrounding brain parenchyma. This increases the
ability to achieve a gross total resection with a minimum of
morbidity, especially new neurological deficits.

A classical and much quoted randomized controlled trial
(RCT) by Patchell et al. [24] investigated the value of adding
surgery to WBRT. They demonstrated that resection of a
single BM leads to improved overall survival (OS; driven
by increased LC), QOL, and LC compared to WBRT alone
[24]. Similar results were demonstrated in another RCT [25].
However, only a quarter to a third of BM patients have
a single lesion [26, 27] and of these nearly half are not
suitable for surgery (inaccessibility of the tumor, extensive
systemic disease, unfit for surgery, etc.). Thus, only 15%
of all BM patients are surgical candidates. Furthermore,
surgical resection does not eradicate microscopic disease in
the operative bed nor does it address disease elsewhere in
the brain. A follow-up RCT led by Patchell showed that
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Figure 1: Timeline showing some of the landmarks in the management of brain metastases and related publications.

the addition of adjuvant WBRT following surgical resection
reduced recurrence at the surgical site compared to surgery
alone [28]. Moreover, adjuvant WBRT following surgery
prevented subsequent development of distant BMs and
reduced neurological death when compared to surgery alone.
OS and QOL were reported as not affected [28] raising doubt
as to the value of WBRT in preserving QOL and functional
independence.

2.4. Stereotactic Radiosurgery Alone or in Combination
with WBRT. Stereotactic radiosurgery (SRS) is a technique
whereby multiple convergent beams deliver high-energy X-
rays, gamma rays, or protons to a discrete radiographically
defined target [29]. Due to the rapid fall-off of dose outside
the target volume, the radiation dose delivered to the
normal brain tissue distant from the tumour is clinically
insignificant. The advantages of SRS are the relative ease of
tolerability for patients and the ability to treat deep-seated,
surgically inaccessible lesions as well as those traditionally
considered radioresistant such as melanoma [30] and renal
cell carcinoma [31]. A number of SRS devices are in clinical
use, including the Gamma Knife (GK, Elekta AB, Stock-
holm) dedicated linear accelerators such as the CyberKnife
(Accuray, Sunnyvale, CA; mounted on a robotic arm) or the
Novalis Tx (BrainLAB/Varian Medical Systems, Palo Alto,
CA/Munich, Germany; multi-leaf collimator providing beam
shaping) as well are various modified conventional linear
accelerators. Radiosurgery has revolutionized the treatment
of brain metastases since its first use in North America in the
late 1980s [32] and, after more than 30 years of experience
[33], has established itself as a valid therapeutic option
providing a high degree of LC for small (≤3 up to 4 cm)
metastases [34].

The ability of upfront SRS to improve survival has been
demonstrated prospectively relatively recently [35–38]. A
literature review by the American Society for Therapeutic
Radiology and Oncology (ASTRO) summarized the available

data according to the level of evidence [35]. Based on Level
I–III evidence, for selected patients with single, small (up
to 4 cm) brain metastases (up to 3 lesions and 4 in one
randomized trial), the addition of SRS boost to WBRT
improves brain control as compared with WBRT alone.
There are two prospective randomized studies that have been
published in extenso on the subject [36, 38]. The strongest
evidence comes from the Radiation Therapy Oncology
Group (RTOG) 95–08 trial [36], which randomized 164
patients to WBRT and SRS boost versus 167 patients to
WBRT alone. Patients with one to three newly diagnosed
brain metastases were included. The brain metastases could
be a maximum diameter of 4 cm for the largest lesion and
the additional lesions could not exceed 3 cm. For these three
randomized trials, local brain control at 1 year ranged from
82% to 92% in the SRS boost arm versus 0%–71% in the
whole-brain alone arm.

Treatment with radiosurgery alone appears to result
in the same overall survival as the combination of SRS
and WBRT. However, local and distant brain control is
significantly poorer with omission of upfront WBRT (Level
I–III evidence) [36, 39]. Despite this, there is a recent trend
toward withholding adjuvant WBRT from initial treatment
and deferring it until other treatments have failed. The
concerns are long-term neurotoxicity (especially in longer
surviving patients), the availability of effective salvage treat-
ments, and the fact that adjuvant WBRT does not translate
into a prolonged OS or have an impact on preservation
of performance status or functional independence [14, 40].
It seems that in patients with a limited number of brain
metastases (one to three metastases), who are initially treated
with either radiosurgery or surgery, WBRT can be withheld
if serial imaging for followup is performed [15]. There
remains a paradox that patients without active systemic
disease and good performance status may be both more likely
to benefit from WBRT and more likely to be harmed by its
late toxicities. Patients with a poor performance status or
active systemic disease may either die before developing new



4 International Journal of Surgical Oncology

metastases or reseed their brain from uncontrolled extra-
cranial tumors.

2.5. Multiple Metastases. Some of the nihilism that sur-
rounded the management of oligometastases in the past still
persists with multiple metastases patients. This is likely due
to the perceived poor outcomes despite available treatments
and the high incidence of concurrent, active systemic disease.
There is a subset of patients, however, who have treated
or controlled systemic disease and have maintained good
neurologic function primarily due to small tumor size.
Traditionally, fractionated WBRT to a dose of approximately
30 Gy has been administered. Surgical resection has been
offered rarely to these patients, because the morbidity of
resection in multiple brain locations was believed to be
excessive, and the risk for developing additional tumors
perceived to be high. Stereotactic radiosurgery potentially
provides answers to both of the aforementioned problems.

Radiosurgery can be performed in most brain loca-
tions, irrespective of regional brain function. Accordingly,
radiosurgery can be used to treat multiple metastases
in one setting [41–43]. In a retrospective study of 323
patients, Chang et al. analyzed the efficacy of radiosurgery in
treating patients with various numbers of brain metastases
[42]. When assessing patient survival and progression-free
survival times as a function of the number of BMs, they
reported no statistical difference between survival times after
radiosurgery. Although remote disease progression was more
frequent in patients with >15 BMs, there was no statistical
difference in local control rates. These findings identified
SRS as a treatment option for local control of metastatic
lesions and raised the notion that SRS might offer improved
survival in patients with multiple metastatic brain lesions.
In a separate retrospective study, Bhatnagar et al. devised a
recursive partitioning analysis of 205 patients with four or
more BM who were treated with SRS in one setting [41].
SRS was used alone or in conjunction with WBRT, or after
failure of WBRT. With a median marginal radiosurgery dose
of 16 Gy and median total treatment volume of 6.8 cc, they
identified two distinct cohorts of patients. Patients with a
total treatment volume of <7 cc and <7 brain metastases
(4–6) were found to have extended survival following SRS.
Those patients with >7 cc and >7 BMs had a significantly
poorer survival following SRS. These studies confirmed a
role for SRS in the treatment of patients with multiple BMs,
and identified a subgroup of patients with improved survival
following SRS. Like conventional surgery, however, SRS is a
focal treatment and its role remains limited by the risk of
development of further tumors outside the initial irradiation
volumes.

3. Emerging Trends in Treatment of BM

With the complex needs of patients with brain metastases,
therapeutic options evolve based on clinical judgement and
case series. Many strategies have yet to be supported by
prospective RCT’s. The authors believe that two emerging
treatment paradigms will soon integrate the mainstream and
thus warrant further clinical studies.

3.1. Radiotherapy to the Surgical Bed. The postoperative
delivery of WBRT for patients with BM aims to sterilize
residual disease in the tumor bed as well as other sites of
occult disease in the brain. Reviewing the RCT data from
Patchell et al., in the absence of WBRT, 46% of patients with
an MRI confirmed complete resection had a recurrence in
the original site at a median of 27 weeks. The addition of
high-dose WBRT (50.4 Gy) decreased this recurrence to 10%
with a time to recurrence of ≥52 weeks [28]. This series, as
most others, did not censure patients for LC at the time of last
imaging leading to failure rate underestimations. In addition,
few physicians use such high doses of WBRT in clinical
practice either because of resource limitations or for fear
of neurocognitive effects. Finally, complete resection is not
always confirmed by immediate post-operative MR imaging.
With these caveats, the actual 1-2 year local recurrence rate is
likely often higher in clinical practice.

Stereotactic radiosurgery to the surgical bed in addition
to or without WBRT is an emerging trend in the treatment
of brain metastases. A retrospective review carried out at
the McGill University Health Center, Montreal, Canada
(MUHC) of patients treated with surgery followed by WBRT
revealed an actuarial rate of local recurrence of 67% at 2
years [44]. A retrospective series from Rades et al. [45, 46]
compared 2 groups of patients with RPA class I to II disease
with 1-2 resectable brain metastases: resection plus WBRT
and same treatment plus a fractionated boost to the tumor
bed (5 fractions of 3 Gy or 5 fractions of 2 Gy each). In this
series, the boost improved both LC (2-year LC after complete
resection 88% versus 32%, P < 0.001) and overall survival (1-
year OS 66% versus 41%, P < 0.001). In a 5-year experience
at the MUHC using WBRT plus a tumor bed SRS boost of
10 Gy in 44 patients, the actuarial 2-year LC was 91%. The
median survival was 17 months, and with a median followup
of 10 months, only 11% developed new metastases [47–49].
Without the SRS boost, the 1- and 2-year actuarial LC rates
were 52% and 33%, respectively, statistically worse than with
tumor bed SRS (P < 0.001) and in keeping with the data of
Rades et al. [45, 46].

Some institutions advocate radiosurgery alone as adju-
vant treatment. Three recent retrospective studies have
described the use of SRS or fractionated stereotactic radio-
therapy following surgery without WBRT. Soltys et al.
reported a 1-year actuarial LC rate of 79% with no deaths sec-
ondary to neurologic causes in a series of 72 patients treated
at Stanford University [50]. In a series of 40 patients, Mathieu
et al. reported a crude LC of 73% (2-year actuarial LC of
60%) [51]. One-fifth of patients had only a partial resection.
Do et al. demonstrated that an actuarial 1-year LC rate was
82% in 30 patients, 19 (63%) of which developed recurrences
in new intracranial sites [52]. WBRT was administered only
as salvage treatment in 14 of the 30 patients.

The concern with tumor bed SRS alone is that SRS is lim-
ited by the size of the tumor cavity and prone to geographic
miss. Some groups have advocated the inclusion of a 2 mm
margin around the tumor cavity to improve LC [50]. As
previously discussed, WBRT has a proven effect in reducing
the occurrence of new brain metastases. In Patchell’s study,
WBRT decreased the occurrence of new metastases from 37
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to 14% [28]. Aoyama et al. demonstrated a reduction from
64 to 42% with no difference in toxicity [39]. In addition,
the above studies looking at SRS ± WBRT demonstrated
greater local control rates with intact brain metastases. It
seems reasonable to expect that in a similar fashion, the
combination of SRS and WBRT would show improved local
control at the surgical bed. Moreover, WBRT eliminates any
risk of complete marginal miss from difficulties in defining
a proper post-operative target. The use of a reduced dose
of SRS opens this option to patients with large tumors and
lesions approximating critical structures. These patients can
thus be treated without compromising dose intensity.

In summary, post-operative intracranial failure most
commonly occurs in the tumor bed, despite the use of adju-
vant WBRT. Although evidence suggests that postoperative
SRS provides increased LC, a prospective trial comparing
this strategy to WBRT alone has not been carried out and
is the subject of a current National Cancer Institute trial
(NCT00003320). If the number of published series can be
used as an indicator, tumor bed SRS alone is being used more
and more commonly. If this strategy can provide equivalent
LC to WBRT with less neuro-cognitive toxicity, its adoption
will grow rapidly.

3.2. Salvage Following Initial Treatment Failure. Advances in
chemotherapeutic agents for systemic cancer have improved
patient survival and overall prognosis. As the number of
patients with prolonged survival rises, and the use of upfront
WBRT decreases, an increase in a subgroup of patients
with BM who have failed initial treatment and developed
recurrence is likely. Although previously neglected, this
growing subgroup merits specific studies to determine the
optimum treatment strategy to extend survival and minimize
morbidity.

At our institution, over a third of the eligible patient
population undergo upfront SRS alone. The therapeutic
strategies offered to these patients continue to evolve but
finding Level 1 evidence to guide physicians remains chal-
lenging, as studies in this area are very limited.

Brain relapses comprise not only lesions that have
progressed locally following initial treatment but also new
lesions that have developed at a distance or a combination
of the two. In this context, surgical resection is often not
appropriate and not indicated as more than two-thirds of
patients have multiple brain metastases and large tumors
are scarce as closer MRI followup allows early detection of
new metastases. Current chemotherapy regimens or small
molecule inhibitors used for targeted therapy of systemic
cancer are typically not effective for BM as the blood-
brain barrier limits bioavailability in the tumour tissue
[53]. Nonsurgical salvage treatment options include WBRT
for WBRT-naı̈ve patients, repeat WBRT, salvage SRS, or a
combination of radiation modalities.

3.2.1. Salvage WBRT. Although Salvage WBRT alone is a
widely accepted traditional approach at most institutions,
there are no studies that evaluate its use in patients whose
initial management did not include WBRT, in other words
salvage WBRT after failure of initial treatment with SRS.

Conversely, the use of repeat WBRT in patients who have
failed previous treatment with WBRT has been reported
but its use remains controversial and doubts persist as to
the therapeutic ratio [54–57]. Largely retrospective data
show improvement in neurologic function in 31–42% of
patients, median duration of response of 2.5 months, and
median survival of 4-5 months following reirradiation with
20–25 Gy over multiple fractions. The strongest predictors of
a favourable outcome following re-irradiation were a good
performance status and a good response to initial treatment.
Late complications are largely unreported but proponents
argue that these need to be balanced by the likely occurrence
of neurological deterioration if lesions are left untreated
[56].

3.2.2. Salvage Radiosurgery. Salvage radiosurgery as defined
by the use of SRS to treat brain relapses is being offered on
an individual basis and is in many cases accepted as sole
treatment. Indeed, this indication was at the very origin of
the use of SRS for BM [58]. Although its role at the time of
progressive brain metastases previously treated with either
whole-brain radiotherapy or SRS alone has not been fully
elucidated, there is evidence to suggest that it provides good
LC thus extending BDFS [59]. However, there are theoretical
concerns of higher rates of radiation necrosis associated with
repeat SRS at local failure with the consequent increased risk
of neurological deficits.

A number of retrospective case series exist analyzing
salvage SRS in patients whose initial management was WBRT
along [59–62]. These studies date back to the early 1990s
where Loeffler et al. showed 100% LC in 21 lesions [59]. In
one of the larger series of the subsequent decade, Noël et al.
[62] reported 1- and 2-year LC rates of 91 and 84% with a
median survival of 7.8 months in 54 patients whose median
interval between the end of WBRT and salvage SRS was 9
months. One- and 2-year new brain event-free survival rates
were 65% and 57%, respectively. Although 24% of patients
developed new metastases, none of the patients died from
cerebral cause, and only 5% of the treated lesions recurred
with 28% of patients being still alive at 2 years. Only 7% of
patients developed complications including mild headaches
and alopecia. In a larger more recent study, Chao et al.
showed an overall survival of 9.9 months following salvage
SRS in 111 patients [60]. LC was 68 and 59% at 1 and 2 years,
respectively, with 25 and 31% of patients developing local
and distant recurrence, respectively. Only 3.6 % of patients
developed complications (radiation necrosis in 2 patients,
seizures in 1, and severe fatigue in 1). One prospective study
showed a median survival of 6 months from salvage SRS
with LC of 19 treated lesions [61]. Time to progression was
not reported and 75% of the lesions eventually recurred.
Although predictive factors were not consistent in the
literature, the interval between WBRT and SRS seem to
predict overall survival.

A few studies examine the use of salvage SRS after initial
treatment with SRS [63–66]. Two of these studies present
survival data from the date of salvage SRS [63, 64]. Kwon
et al. presented a series of 43 patients who underwent salvage
SRS in which median survival from the time of SRS to
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recurrent/progressive disease was 32 weeks and the LC rate
of retreated lesions at 6 months was 91% [64]. Multivariate
analysis revealed that RPA class was the only predictor for
overall survival. In the case series by Chen et al., of 45
patients, median survival from the time of SRS for recurrent
brain metastases was 28 weeks [63]. The 1-year freedom from
progression rate was 94%. Both authors noted that repeated
SRS may extend survival at least as long as the first SRS inter-
vention had. Multivariate regression analysis failed to reveal
factors predictive of survival. Unfortunately, these studies are
retrospective and the reported results are subject to selection
bias. No comparison is made with other competing strate-
gies, making the evidence class II and III [67]. In addition,
predictive factors are inconsistent. Nevertheless, they provide
compelling support for repeat or salvage SRS being effective
in treating locally progressive or new lesions after initial SRS.
Arguably, this strategy should be considered in favourable
RPA class patients in order to minimize morbidity, maximize
patient quality of life and perception of disease burden [60],
and to reduce cost [68–71]. Prospective trials are needed to
determine the clinical value and compare SRS and WBRT
salvage modalities at the time of local or distant failure.

The goal of brain metastases management is to mini-
mize morbidity and mortality, improve patient quality of
life, and reduce associated treatment costs. In an era of
healthcare budget constraints, it is imperative that clinicians
adopt fiscally responsible standards to guide their practice.
Several reports have examined the treatment outcomes
and cost-effectiveness of current management paradigms.
In a retrospective study, Metha and colleagues assessed
the survival and quality of life outcome data for patients
with solitary brain metastasis, who were randomized to
receive WBRT, surgery + WBRT, or radiosurgery alone [69].
When comparing the relative cost ratios of surgery and
radiosurgery, and analyzing the cost-effectiveness (cost per
year of median survival) of each modality, radiosurgery
yielded greater survival and functional independence versus
surgery or WBRT alone. Rutigliano et al. reported similar
findings in a separate retrospective study [70]. More recently,
Lee et al. examined the outcomes and cost-effectiveness of
treating 156 patients with multiple brain metastases, ran-
domized to receive radiosurgery or WBRT [68]. The follow-
up time in this study was 3.3 years. The mortality rate for
radiosurgery-treated patients, with multiple brain metastases
(2–5 lesions) and a good initial KPS score, was found to
be significantly better. Radiosurgery also resulted in better
posttreatment KPS scores, improved quality of life, and
higher cost-effectiveness when compared to WBRT. These
findings highlight the need for prospective clinical trials to
comprehensively study the clinical and economic efficacy of
various treatment modalities, especially in a time of increas-
ing healthcare costs and significant budget constraints.

4. Conclusions

Over the last three decades a major shift in the philosophy
guiding the treatment of patients with brain metastases
has occurred. The traditional nihilistic expectation of rapid

neurological decline and inevitable neurological demise is no
longer acceptable, and the focus has moved from palliation
to achieving sustained brain disease control, systemic disease
control, and preserved neurological function. Thus, with a
variety of aggressive treatment options available to them,
patients can now benefit not only from longer overall
survival but also extended brain disease-free survival and
improved quality of life. These parameters and others
including the prolongation of functional independent status,
reduction in burden of focal neurological deficits, neu-
rocognitive preservation, and freedom from seizures have
now become established treatment goals and have taken
over overall survival as primary endpoints in major brain
metastases trials.

With current management strategies, patients with lim-
ited brain metastases are often more likely to succumb from
their systemic disease than from their brain tumour(s) [28].
Continual progress in systemic cancer treatments has led to
a steady increase in patient survival and overall prognosis.
Paradoxically, as control of systemic disease improves, the
occurrence of brain metastases and its associated neurolog-
ical morbidity and mortality will increase.

The management of brain metastases has seen a
paradigm shift from palliation toward aggressive interven-
tion to achieve control of brain disease. Following surgical
resection, adjuvant WBRT has been shown to decrease death
due to neurological causes. However, more recent data has
highlighted the potential benefit of more aggressive local
control measures involving surgical resection and SRS in
addition to WBRT. Radiosurgery alone, surgical resection
with adjuvant SRS, and advanced chemotherapeutic agents
have been increasingly used amidst concerns of the potential
neurotoxicity of WBRT.

Following surgery, intracranial failure most commonly
occurs in the tumor bed, despite WBRT. Postoperative SRS
boost to the tumor cavity may provide acceptable local
control without many of the toxicities of WBRT. The efficacy
of this strategy remains to be tested in a comparative
prospective trial. Optimum management strategies at the
time of failure remain unclear and include salvage WBRT,
salvage SRSs or a combination of the two.

In summary, although much progress has been made
in the last 3 decades, numerous challenges lay ahead in
establishing evidence-based guidelines in this challenging
group of patients. The field of neuro-oncology is witnessing
an exciting evolution in management of brain metastases.
The future holds great promise and opportunity to carry
out focused clinical investigations to demonstrate efficacy
of our treatment paradigms. Proposed management goals
will not only aim to increase overall survival and brain
disease-free survival, but also to improve quality of life and
prolong functional independent status whilst minimizing
neurological deficit.

References

[1] J. D. Johnson and B. Young, “Demographics of brain metas-
tasis,” Neurosurgery Clinics of North America, vol. 7, no. 3, pp.
337–344, 1996.



International Journal of Surgical Oncology 7

[2] J. B. Posner, “Management of brain metastases,” Revue Neu-
rologique, vol. 148, no. 6-7, pp. 477–487, 1992.

[3] J. S. Barnholtz-Sloan et al., “Incidence proportions of brain
metastases in patients diagnosed (1973 to 2001) in the
Metropolitan Detroit Cancer Surveillance System,” Journal of
Clinical Oncology, vol. 22, no. 14, pp. 2865–2872, 2004.

[4] L. J. Schouten, J. Rutten, H. A. M. Huveneers, and A.
Twijnstra, “Incidence of brain metastases in a cohort of
patients with carcinoma of the breast, colon, kidney, and lung
and melanoma,” Cancer, vol. 94, no. 10, pp. 2698–2705, 2002.

[5] P. Y. Wen and J. S. Loeffler, “Management of brain metastases,”
Oncology, vol. 13, no. 7, pp. 941–961, 1999.

[6] L. Gaspar, C. Scott, M. Rotman et al., “Recursive Partitioning
Analysis (RPA) of prognostic factors in three Radiation
Therapy Oncology Group (RTOG) brain metastases trials,”
International Journal of Radiation Oncology Biology Physics,
vol. 37, no. 4, pp. 745–751, 1997.

[7] P. W. Sperduto, B. Berkey, L. E. Gaspar, M. Mehta, and W.
Curran, “A new prognostic index and comparison to three
other indices for patients with brain metastases: an analysis of
1,960 patients in the RTOG database,” International Journal of
Radiation Oncology Biology Physics, vol. 70, no. 2, pp. 510–514,
2008.

[8] P. W. Sperduto et al., “Effect of tumor subtype on survival
and the graded prognostic assessment for patients with
breast cancer and brain metastases,” International Journal of
Radiation Oncology Biology Physics. In press.

[9] C. J. Vecht, A. Hovestadt, H. B. C. Verbiest, J. J. Van
Vliet, and W. L. J. Van Putten, “Dose-effect relationship of
dexamethasone on Karnofsky performance in metastatic brain
tumors: a randomized study of doses of 4, 8, and 16 mg per
day,” Neurology, vol. 44, no. 4, pp. 675–680, 1994.

[10] A. H. Wolfson, S. M. Snodgrass, J. G. Schwade et al., “The role
of steroids in the management of metastatic carcinoma to the
brain: a pilot prospective trial,” American Journal of Clinical
Oncology, vol. 17, no. 3, pp. 234–238, 1994.

[11] F. Huang, M. Alrefae, A. Langleben, and D. Roberge, “Prophy-
lactic cranial irradiation in advanced breast cancer: a case for
caution,” International Journal of Radiation Oncology Biology
Physics, vol. 73, no. 3, pp. 752–758, 2009.

[12] L. M. DeAngelis, L. R. Mandell, H. Tzvi Thaler et al., “The role
of postoperative radiotherapy after resection of single brain
metastases,” Neurosurgery, vol. 24, no. 6, pp. 798–805, 1989.

[13] M. C. Chamberlain, “A neuro-oncologist’s perspective on
adjuvant radiosurgery for patients with newly diagnosed brain
metastases,” Expert Review of Neurotherapeutics, vol. 5, no. 4,
pp. 429–431, 2005.

[14] P. D. Brown, A. L. Asher, and E. Farace, “Adjuvant whole brain
radiotherapy: strong emotions decide but rational studies are
needed,” International Journal of Radiation Oncology Biology
Physics, vol. 70, no. 5, pp. 1305–1309, 2008.

[15] M. Kocher, R. Soffietti, U. Abacioglu 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,” Journal of Clinical Oncology,
vol. 29, no. 2, pp. 134–141, 2011.

[16] G. Cairncross, J. H. Kim, and J. B. Posner, “Radiation therapy
for brain metastases,” Annals of Neurology, vol. 7, no. 6, pp.
529–541, 1980.

[17] C. Nieder, W. Berberich, and K. Schnabel, “Tumor-related
prognostic factors for remission of brain metastases after
radiotherapy,” International Journal of Radiation Oncology
Biology Physics, vol. 39, no. 1, pp. 25–30, 1997.

[18] R. Sawaya, “Surgical treatment of metastatic brain tumors,”
Journal of Neuro-Oncology, vol. 27, no. 3, pp. 269–277, 1996.

[19] D. Serletis and M. Bernstein, “Prospective study of awake cran-
iotomy used routinely and nonselectively for supratentorial
tumors,” Journal of Neurosurgery, vol. 107, no. 1, pp. 1–6, 2007.

[20] M. D. Taylor and M. Bernstein, “Awake craniotomy with brain
mapping as the routine surgical approach to treating patients
with supratentorial intraaxial tumors: a prospective trial of
200 cases,” Journal of Neurosurgery, vol. 90, no. 1, pp. 35–41,
1999.

[21] P. M. Black and M. D. Johnson, “Surgical resection for patients
with solid brain metastases: current status,” Journal of Neuro-
Oncology, vol. 69, no. 1-3, pp. 119–124, 2004.

[22] S. H. Paek, P. B. Audu, M. R. Sperling, J. Cho, and D. W.
Andrews, “Reevaluation of surgery for the treatment of brain
metastases: review of 208 patients with single or multiple
brain metastases treated at one institution with modern
neurosurgical techniques,” Neurosurgery, vol. 56, no. 5, pp.
1021–1033, 2005.

[23] R. Sawaya, M. Hammoud, D. Schoppa et al., “Neurosurgical
outcomes in a modern series of 400 craniotomies for treat-
ment of parenchymal tumors,” Neurosurgery, vol. 42, no. 5, pp.
1044–1056, 1998.

[24] R. A. Patchell, P. A. Tibbs, J. W. Walsh et al., “A randomized
trial of surgery in the treatment of single metastases to the
brain,” New England Journal of Medicine, vol. 322, no. 8, pp.
494–500, 1990.

[25] C. J. Vecht, H. Haaxma-Reiche, E. M. Noordijk et al.,
“Treatment of single brain metastasis: radiotherapy alone or
combined with neurosurgery?” Annals of Neurology, vol. 33,
no. 6, pp. 583–590, 1993.

[26] P. C. Davis, P. A. Hudgins, S. B. Peterman, and J. C. Hoffman,
“Diagnosis of cerebral metastases: double-dose delayed CT
vs contrast-enhanced MR imaging,” American Journal of
Neuroradiology, vol. 12, no. 2, pp. 293–300, 1991.

[27] V. M. Runge, J. E. Kirsch, V. J. Burke et al., “High-dose
gadoteridol in MR imaging of intracranial neoplasms,” Journal
of Magnetic Resonance Imaging, vol. 2, no. 1, pp. 9–18, 1992.

[28] R. A. Patchell, P. A. Tibbs, W. F. Regine et al., “Postoperative
radiotherapy in the treatment of single metastases to the
brain: a randomized trial,” Journal of the American Medical
Association, vol. 280, no. 17, pp. 1485–1489, 1998.

[29] G. Harsh, J. S. Loeffler, A. Thornton, A. Smith, M. Bussiere,
and P. H. Chapman, “Stereotactic proton radiosurgery,”
Neurosurgery Clinics of North America, vol. 10, no. 2, pp. 243–
256, 1999.

[30] V. Mingione, M. Oliveira, D. Prasad, M. Steiner, and L. Steiner,
“Gamma surgery for melanoma metastases in the brain,”
Journal of Neurosurgery, vol. 96, no. 3, pp. 544–551, 2002.

[31] A. Muacevic, F. W. Kreth, A. Mack, J. C. Tonn, and B. Wowra,
“Stereotactic radiosurgery without radiation therapy provid-
ing high local tumor control of multiple brain metastases from
renal cell carcinoma,” Minimally Invasive Neurosurgery, vol.
47, no. 4, pp. 203–208, 2004.

[32] B. Pike, T. M. Peters, E. Podgorsak, C. Pla, A. Olivier, and A. De
Lotbiniere, “Stereotactic external beam calculations for radio-
surgical treatment of brain lesions,” Applied Neurophysiology,
vol. 50, no. 1-6, pp. 269–273, 1987.

[33] B. Karlsson, P. Hanssens, R. Wolff, M. Söderman, C. Lindquist,
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The sellar and parasellar (SPS) region is a complex area rich in vital neurovascular structures and as such may be the location of
first manifestation of a systemic malignancy. Metastases to this region are rare; breast cancer is the most common source among
those that metastasize to the SPS region. Ophthalmoplegia, headache, retroorbital or facial pain, diabetes insipidus, and visual
field defects are the most commonly reported symptoms. Lack of specific clinical and radiological features renders SPS metastases
difficult to differentiate from the other frequently encountered lesions in this area, especially when there is no known history of a
primary disease. Currently accepted management is multimodality therapy that includes biopsy and/or palliative surgical resection,
radiation, and chemotherapy. Although no significant survival benefits have been shown by the surgical series, surgical resection
may improve quality of life. Here we review the relevant literature and present six illustrative cases from our own institution.

1. Introduction

Metastatic lesions comprise approximately 1% of the tumors
in the sellar/parasellar (SPS) area for which patients undergo
transsphenoidal surgery (TSS) [1, 2]; however, it has been
reported in autopsy series that the rate of metastasis to these
areas could be as high as 28% [3]. Breast and lung cancer
are the two most common types of malignant tumors that
metastasize to the SPS region, with respective rates of 40%
and 33% [4]. Metastases of prostate [5], renal cell [6], gas-
trointestinal [7], thyroid [8, 9], and pancreatic cancers [10],
and lymphoma [11], leukemia [12], melanoma [13], and
plasmocytoma [14] have also been reported.

Despite the advancement in the imaging modalities, tu-
mors that have metastasized to the SPS areas may still be
difficult to differentiate from pituitary adenoma on radio-
graphic studies [2, 14, 15]. Thickening of the pituitary stalk
and invasion of the cavernous sinus may be suggestive of such
lesions, but invasion of the cavernous sinus may commonly
occur with pituitary adenomas. This distinction is also clini-
cally challenging, although there are very few symptoms that
suggest a metastatic lesion.

Management options are multimodal and vary depend-
ing on whether a primary source is known or on the likely

differential diagnoses based on the clinical and radiological
findings. Multimodal options include radiation therapy,
chemotherapy, and/or surgery [16, 17], although the tumor
invasiveness renders surgical resection limited. Although sur-
gical series have not shown any survival benefits, the patient’s
quality of life may be improved [10, 14].

In this paper, we review the clinical, endocrine, and radi-
ological features of the metastatic SPS tumors with currently
accepted therapeutic options based on the pertinent litera-
ture. In addition, we report six cases from our institution and
discuss their management with long-term clinical outcome.

2. Materials and Methods

A systematic review of the literature was performed using
PubMed and the bibliographies of reviewed articles. The
medical records of six patients admitted to the University of
Utah Health Sciences Center between 2001 and 2011 were
reviewed retrospectively. Clinical presentation, radiographic
studies, treatment, histopathological confirmation, outcome,
and prognosis were recorded (Table 1). The institutional
Review Board approval was granted for this retrospective
clinical paper.
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Table 1: Clinical, endocrine, and radiological features of 6 patients with metastatic tumors of the sellar/parasellar region.

Patient Age Sex
Presenting
symptoms

Symptom
duration

Primary disease
Metastatic
lesion

Location Management Outcome

1 77 m
Retroorbital pain
Left nerve III palsy

4 months Prostate cancer Prostate cancer

CS and sella
extending to
inferior orbital
fissure and upper
clivus

Transsphenoidal
biopsy,
radiotherapy,
chemotherapy

Stable
neurological
findings at
two months

2 82 f

Hearing loss
Facial pain
Numbness in
cranial nerve V1,
V2

Several
weeks

Breast cancer Breast cancer

Petrous apex
extending to
Meckel’s cave,
lateral CS, and
IAC

Transcranial
biopsy,
radiotherapy,
chemotherapy

N/A

3∗ 79 m
Cranial nerve III
and VI palsies

Several
weeks

Prostate cancer Melanoma

Bilateral CS, sella,
clivus, and
posterior nasal
cavity

Transsphenoidal
biopsy

N/A

4 21 m
Horner’s syndrome
Facial pain

1 month
Osteosarcoma
Renal cell
cancer

Renal cell
cancer

CS extending to
sphenoid sinus,
pterygopalatine
fossa, and optic
canal

Radiation,
chemotherapy

N/A

5 42 f
Gait instability
Headache

1 month Unknown Lymphoma

Sellar/suprasellar
lesion with
bilateral CS,
medial sphenoid
wing, and clivus
involvement

Transsphenoidal
biopsy,
chemotherapy,
possible
radiotherapy

N/A

6 57 f

Decreased visual
acuity
Peripheral vision
defect

1 month Breast cancer Breast cancer

Greater sphenoid
wing extending
to the anterior
clinoidal process
with the optic
nerve encasement

Transcranial
decompression
of optic nerve
and the CS,
radiotherapy
with possible
chemotherapy

Stable
neurological
findings and
primary
disease at
one year

CS: cavernous sinus, IAC: internal acoustic canal, N/A: not available
∗Patient was previously presented in McCutcheon et al.

3. Results

3.1. Patient 1. A 77-year-old man with known prostate
cancer presented with a four-month history of left retro-
orbital pain followed by left eye ptosis. At presentation, he
had complete left third nerve palsy. His visual acuity was
intact in both eyes, with full visual fields to confrontation.
Brain magnetic resonance (MR) imaging (Figure 1) showed
a heterogeneously enhancing mass lesion that measured 29×
17 × 29 mm involving the sella, with invasion of the left
cavernous sinus and the upper clivus. The lesion extended
to the inferior orbital fissure and was centered in the sella
turcica and the cavernous sinus. A biopsy was obtained
via a transnasal transsphenoidal approach. A diagnosis of
metastatic prostate carcinoma was made. He subsequently
underwent chemotherapy and focused radiation to the sellar
region and was noted to have stable neurological examina-
tion findings two months after surgery, with no change in his
ophthalmoplegia.

3.2. Patient 2. An 82-year-old woman with known history
of breast cancer presented with several weeks’ complaint of
progressive left-sided hearing loss as well as facial pain and
numbness in the first and the second divisions of the trigem-
inal nerve, respectively. On neurological examination, left-
sided hearing loss and facial numbness along the V1 and V2
distributions were confirmed. MR imaging showed evidence
of a heterogeneously enhancing mass in the left petrous apex
that extended to involve Meckel’s cave, the lateral cavernous
sinus, and the internal auditory canal (Figure 2). A left
frontotemporal craniotomy was performed for biopsy. The
histopathological evaluation was consistent with a metastatic
adenocarcinoma of the breast. She was discharged home on
postoperative day three in stable condition for followup with
oncology.

3.3. Patient 3. A 79-year-old man with known history of
prostate cancer presented with several weeks’ history of
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(a) (b)

Figure 1: Axial and coronal T1-weighted MR imaging of the brain with gadolinium enhancement showing a heterogeneously enhancing
mass involving the sella with invasion into the left cavernous sinus and the superior clivus.

(a) (b)

Figure 2: Axial and coronal T1-weighted MR imaging of the brain with gadolinium enhancement demonstrating a heterogeneously
enhancing left petrous apex mass with extension into the adjacent middle cranial fossa and cerebellar pontine angle.

progressively worsening double vision and eventual right
eye ptosis. Neurological examination revealed complete third
and sixth nerve palsies on the right side. The visual fields
were full to confrontation in both eyes with intact visual
acuity. MR imaging disclosed an enhancing soft tissue mass
involving the clivus, pituitary fossa, cavernous sinus, and
posterior nasal cavity (Figure 3) that surrounded both inter-
nal carotid arteries in the cavernous sinuses. An endonasal
transsphenoidal approach to the sphenoid sinus was carried
out to obtain a biopsy of the lesion. A histopathological
diagnosis of metastatic melanoma was made, and evaluation
was undertaken by the oncology team. (This patient was
included in the cases described by McCutcheon et al. [13].)

3.4. Patient 4. A 21-year-old man with a remote history
of osteosarcoma and newly diagnosed metastatic renal cell

carcinoma had complaints of worsening vision and facial
pain. Because there was a discrepancy in the pupillary size
between his eyes, he underwent a computed tomography
(CT) scan of the head, followed by craniofacial MR imaging,
which revealed an enhancing mass in the right sphenoid
sinus with adjacent extension. On neurological examination,
he was noted to have complete hemifacial numbness and
Horner’s syndrome on the right side. MR imaging of the face
demonstrated a homogeneously contrast-enhancing lesion
centered within the right sphenoid sinus measuring 33 ×
20 × 27 mm (Figure 4). The lesion extended into the carotid
canal, pterygopalatine fossa, and optic nerve canal with
destruction of the vidian canal and foramen rotundum on
the right. No optic nerve involvement was recorded in the
images. The patient was referred to the oncology service for
radiation and possible chemotherapy.
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(a) (b)

Figure 3: Axial and coronal T1-weighted MR imaging with gadolinium enhancement showing a homogenously enhancing soft tissue mass
involving the clivus, pituitary fossa, cavernous sinus, and posterior nasal cavity.

(a) (b)

Figure 4: Axial and coronal T1-weighted, gadolinium-enhanced MR imaging revealing a homogenously enhancing lobulated lesion centered
within the right sphenoid sinus with extension into the carotid canal, pterygopalatine fossa, and optic nerve canal.

3.5. Patient 5. A 42-year-old woman with several weeks
of frontal headaches initially presumed to be secondary to
a sinus infection underwent MR imaging after antibiotic
medications failed to alleviate her symptoms. Her neuro-
logical examination was nonrevealing except for mild gait
instability. Brain MR imaging demonstrated a lobulated,
25 × 20-mm sellar and suprasellar lesion with extension
into the right cavernous sinus and encasement of the right
internal carotid artery. This lesion was isointense on T1- and
T2-weighted images and heterogeneously enhancing with
gadolinium administration. A CT scan was consistent with a
lytic lesion involving the central skull base extending laterally
and posteriorly to involve the bilateral medial sphenoid
wings and the clivus, respectively. A transnasal approach was
undertaken to obtain a biopsy of the lesion. Histopathologic

evaluation was consistent with a diagnosis of diffuse large B-
cell lymphoma (Figure 5).

3.6. Patient 6. A 53-year-old woman presented with a known
diagnosis of breast cancer and a one-year history of wors-
ening left eye vision with a more precipitous decline in the
last month. MR imaging of the brain demonstrated a skull
base lesion involving the left sphenoid bone, the anterior
clinoidal process, and the cavernous sinus. On neurological
assessment, the patient was noted to have an acutely dimin-
ished visual acuity in her left eye to a level of finger counting
with left temporal visual field cut. MR imaging (not shown)
showed a homogenously contrast-enhancing lesion of the
skull base involving the greater sphenoid wing and the anteri-
or clinoidal process with encasement of the optic nerve on
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Figure 5: Axial and coronal T1-weighted MR imaging of the brain with gadolinium enhancement demonstrating a heterogeneously
enhancing lobulated sellar and suprasellar lesion with extension into the right cavernous sinus and encasement of the right internal carotid
artery.

the left. A left frontotemporal craniotomy was performed for
biopsy of the lesion and to decompress the optic nerve and
the cavernous sinus with a subtotal resection. Histopatho-
logical analysis confirmed the diagnosis of metastatic breast
carcinoma. The patient did not experience improvement
in her vision postoperatively. She underwent fractionated
radiotherapy to the involved area. One year after surgery,
her neurological findings were unchanged, and her systemic
disease was under control.

4. Discussion

4.1. Tumor Sites of Origin. Neoplasms originating from a
multitude of sites have been reported to metastasize to the
SPS region. Breast and lung cancer account for approxi-
mately two-thirds of SPS metastases, being the most com-
mon sources in women and men, respectively, [11, 18–21].
Histological examinations of the tissue samples obtained
during palliative hypophysectomy performed in patients
with end-stage breast cancer and from autopsy series have
documented metastasis to the SPS region in 6% to 29% of
cases [3, 22–25]. Breast cancer metastasis comprised 33% of
our cases presented in this study. One hypothesis put forth to
explain this prevalence is that the prolactin-rich environment
of the pituitary enhances the proliferation of breast tumor
cells [10]. After carcinoma of breast and lung, lymphoma and
prostate cancer have been reported to be the most common
sources of metastasis to SPS region [6]. Liver, renal cell,
colon, and thyroid cancers and melanoma are rare sources
of distant metastases to this region. The relatively rarer
occurrence of our other cases, prostate, melanoma, renal cell,
and lymphoma, is consistent with the literature. Most cases
are found in the sixth or the seventh decade of life as a
part of a generalized metastatic spread, commonly associated
with multiple, particularly osseous metastases [18, 20];
however, metastases can occur in young patients. The age

of presentation ranged from 21 to 82 years in our small
series, with an average age of 60 years. Very occasionally,
these lesions are the first manifestation of an occult cancer or
the only site of metastasis [14, 20]. Thus, in a patient without
any prior history of cancer, an SPS lesion cannot be assumed
to be an adenoma, just as in a patient with a known primary
cancer, it is not always metastatic. Clinically, metastasis is
generally suspected in patients with rapid onset and progres-
sive symptoms, irrespective of a history of malignancy.

4.2. Pathogenesis of Metastasis. The possible metastatic path-
ways to the pituitary and parasellar region include direct
blood-borne metastasis to the posterior pituitary lobe, pitu-
itary stalk, clivus, dorsum sellae, or cavernous sinus or lep-
tomeningeal spread with involvement of the pituitary capsule
[10, 26, 27]. There has been some controversy regarding the
most common location of metastasis within the pituitary
gland. Authors of early series have reported that the majority
of pituitary metastasis occurs in the posterior pituitary, but
some dispute this claim. Teears and Silverman [4] reported
that 57% of the lesions localized to the posterior pituitary
alone, 13% to the anterior pituitary alone, 12% to both
lobes, and the remaining 18% to the capsule or stalk. They
hypothesized that the posterior pituitary, by receiving direct
arterial supply, is more likely to develop metastases than the
adenohypophysis, which receives its blood supply from the
hypophyseal portal system. The posterior lobe has a larger
area of contact with the adjacent dura, which may be another
contributing factor [4, 18]. Metastatic inoculation in the
anterior lobe is usually the result of contiguous spread from
the posterior lobe [28].

4.3. Clinical Presentation. Clinical symptomatology varies
depending on the location of metastatic involvement. Cranial
nerve palsies are the most frequent symptoms in cases of
cavernous sinus metastases. These may be isolated, such as
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diplopia or ptosis, with the third (oculomotor) and the
sixth (abducens) nerves being the most commonly involved,
followed by the fourth (trochlear) nerve [14, 29–31], or
they may appear in a constellation of symptoms charac-
terized by unilateral, rapidly progressive ophthalmoplegia
with retroorbital pain. This latter presentation is the usual
presentation of the cavernous sinus syndrome, also known
as parasellar syndrome [32]. If the branches of the trigem-
inal nerve are affected, alteration in the facial sensation,
facial pain, or dysesthesia occurs [33]. Headache has been
reported as a rather common symptom, with an incidence
as high as 70% [14, 34, 35]; however, the majority of
pituitary metastases are clinically silent. In the autopsy study
by Teears and Silverman [4], only 7% of the pituitary
metastases were symptomatic. These metastases are often
seen in patients with terminal malignancy who present
with malaise, generalized pain, central nervous system
involvement, or treatment-associated symptoms, although
symptoms of pituitary insufficiency may be masked. Several
studies have indicated that diabetes insipidus (DI) was the
most common symptom [10, 20, 24, 36, 37]. In the series
of McCormick et al. [2], DI developed in 70% of patients;
however, if the anterior pituitary function is compromised,
DI may be concealed by reduced mineralocorticoid func-
tion [10]. Once the corticosteroid treatment is instituted,
DI becomes clinically evident. In some recent series, DI
has not been reported, which is likely because modern
imaging techniques are able to detect abnormalities earlier
than the timeframe required for DI development [35].
Other rarer hormonal findings may be hypothyroidism
and hypoadrenalism, hypogonadism, or overproduction of
adrenocorticotropic hormone (ACTH), growth hormone
(GH), or prolactin [10, 38–40].

Because of their invasiveness, pituitary metastatic lesions
have a high potential to cause visual deficits from suprasellar
extension, with an incidence as high as 50% reported by
Branch Jr. and Laws Jr. [14] and others [10, 34, 41]. In both
the series by Chiang et al. [18] and that of Sioutos et al.
[20], bitemporal hemianopsia was the most common type of
visual impairment. Cranial nerve palsies involving the third
and the sixth nerves and facial pain with numbness (trigem-
inal origin) were the most common presentation (33%) in
our cases with cavernous sinus involvement. Retro-orbital
pain, vision compromise, gait instability, Horner’s syndrome,
and hearing loss were infrequent and associated with petro-
clival and sphenoorbital extension of the lesions. All these
symptoms were experienced with a relatively rapid onset
from a few weeks to a few months that suggested the aggres-
sive character of the lesions.

Symptoms strongly suggesting metastasis in the parasel-
lar or sellar space include painful ophthalmoplegia in associ-
ation with the sudden onset of DI [10, 26, 34, 42]. The pain
may be retro-orbital or may be due to trigeminal dysfunction
[43–45]. In our series, 5 of the 6 (83%) patients had a pre-
vious history of malignant disease. One of the patients
that had prior history developed a malignancy (melanoma)
other than the original one. Only one patient without a
prior history of malignancy first presented with lymphoma
metastasis to the SPS region.

4.4. Imaging. Because pituitary adenomas also present with
invasion of the sellar floor, cavernous sinus, or clivus, no
specific neuroimaging criteria to define metastatic lesions
in SPS region have been reported. The diagnostic imaging
tools for SPS metastasis mainly include high-resolution CT
and MR imaging. Although CT is superior to MR imaging
in detecting the bone involvement, the latter is preferable to
determine the relationship of the lesion to the surrounding
neurovascular structures [46]. Although nonspecific, the
characteristics of these lesions on MR imaging are an iso-
or hypointense mass on T1-weighted imaging with a usually
hyperintense signal on T2-weighted imaging, and homoge-
neously enhancing mass in images obtained after the admin-
istration of contrast agent [47]. Invasion of the cavernous
sinus, sclerotic changes around the sella turcica and clivus,
isointense signal on both T1- and T2-weighted imaging,
and loss of high-intensity signal in the posterior pituitary
have been reported to be helpful in differentiating metastatic
lesions from benign ones [15, 30, 48]. Morita et al. [10] and
Komninos et al. [40] found that thickening or enhancement
of the infundibulum was the most characteristic CT or MR
imaging feature [15]. Schubiger and Halter [37] reported
that the invasion of the infundibular recess by a suprasellar
mass is suggestive of metastasis. Because of the rapid
growth of metastatic lesions, a dumbbell-shaped intra- and
suprasellar tumor with indentation at the diaphragm level
is generally indicative for these cases [20, 37, 49]. The
above-mentioned imaging characteristics are not specific for
sellar or parasellar metastases. The radiodiagnostic findings
that suggested a malignant/metastatic process in our cases
were the involvement of multiple compartments in the
anterior, middle, posterior cranial fossae, extension to the
infratemporal and pterygopalatine fossae, sphenoid sinus,
and nasal cavity with bony destruction in the cranial base and
asymmetric or bilateral invasion into the cavernous sinus.

4.5. Clinical Management. The management of SPS metas-
tases is multimodal, including surgical resection, radiation
therapy, and chemotherapy [50]. Treatment is mainly pallia-
tive and depends on the symptoms and the extent of systemic
disease [10, 51]. Because of the invasiveness and the high
vascularity of the tumor, total surgical resection is generally
not undertaken [1, 20]. Therefore, surgical treatment should
aim for symptomatic relief and the preservation of visual
function, even in patients with widespread primary disease,
and should be followed by local radiation treatment and/or
chemotherapy [10, 51]. The body of evidence is inconclusive
on the effect of the latter two modalities on survival [14, 52].
Morita et al. [10] and Branch Jr. and Laws Jr. [14] reported
improvement in symptoms, especially in pain and visual
field defects, with no difference in survival after complete
resection compared with subtotal or partial resection [10,
14]. On the other hand, others have supported the concept
of improvement in survival after surgical resection of the
lesion [53–55]. Surgical exploration is also essential if tissue
diagnosis is likely to affect therapy in patients with no known
primary malignancy. Resection is most commonly done
via transsphenoidal route, although subfrontal or pterional
approaches are also options depending on the location and
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the extension of the lesion. Four out of six patients in our
series underwent surgical biopsy through either transsphe-
noidal or transcranial route and then underwent subse-
quent radiation/chemotherapy. One patient who had visual
compromise had subtotal resection for palliation followed
by radiation/chemotherapy. One patient who had renal cell
carcinoma was directly referred to radiation oncology for
immediate radiation and subsequent chemotherapy.

Besides its role as an adjunct after surgery [14, 42, 56],
radiosurgery or conventional radiation is recommended as
the initial course of treatment in patients with systemic dis-
ease out of control, recurrence in the systemic disease with
concomitant SPS metastasis, or medical comorbidities that
put the patient at risk for a surgical intervention [2, 7,
18, 41, 57–62]. Conventional radiation therapy can achieve
symptom relief as high as 78% [62]. Radiosurgery, which
is considered less invasive than conventional radiation, has
been reported to achieve good tumor control [63, 64]. In a
series of 23 patients by Iwai et al. [17], the rates of tumor
control and symptom improvement were 67% and 53%,
respectively; however, radiosurgery to the SPS region is
limited by its potential to cause radiation injury to the
surrounding neurovascular structures such as optic appara-
tus, pituitary gland, or cranial nerves coursing in cavernous
sinus. Doses reported in the literature for these structures
range from 8 to 40 Gy [63, 65–68], and the optimal dose may
be quite variable depending on the proximity of the lesion.
Furthermore, the debate about whether the radiation should
be directed to the SPS region alone or to the entire brain
continues.

Chemotherapy is commonly used alone or along with
radiation therapy mostly for palliation in the treatment of
metastatic disease in SPS region [69]. Its value has not been
adequately studied and reported in the literature.

4.6. Prognosis. The prognosis of patients with metastases to
the SPS region is grim in a majority of cases because of the
aggressive character of the primary disease [58]. Even in
patients with no other metastasis at the initial evaluation,
the prognosis remains poor because of radiologically unde-
tectable microscopic metastases; however, it has been sug-
gested that the extent of systemic disease affects survival
in these patients [14]. Patients with a single SPS region
metastasis may have a better outcome [10, 20]. Median
survival is less than 2 years independent of the management
strategy [10, 14, 70]. The records on the long-term follow-
up of the majority of our patients are lacking because the
patients were not monitored for surgical outcome, or the
follow-up periods were too short. The only patient that had
palliative surgery for vision compromise was seen at one year
after the surgery with stable neurological findings.

5. Conclusion

Sellar and parasellar metastatic lesions are relatively rare.
Breast and lung have been reported to be the most common
sources in both sexes. Suggestive symptoms include rapid
onset of progressive ophthalmoplegia with retro-orbital or

facial pain, visual impairment, and/or DI. Management va-
ries depending on whether a primary source is identified, the
symptomatology, the location and extent of the lesion, the
stage of the primary disease, and the medical comorbidities.
Subtotal or partial surgical resection is aimed mainly for
symptom relief. A multimodal approach involving subto-
tal resection of the lesion followed by radiation and/or
chemotherapy is widely accepted, especially in symptomatic
patients whose primary disease is under control. Radiation
with or without chemotherapy is generally recommended
as first-line treatment in patients with advanced primary
disease or in those with high-risk medical comorbidities.
A biopsy usually precedes radiation therapy if the primary
source of the metastasis is unknown. The prognosis for
patients is generally poor, independent of the therapeutic
modality, and the overall survival is less than two years.
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ernous sinus syndrome: a series of 126 patients,” Medicine, vol.
86, no. 5, pp. 278–281, 2007.

[44] E. Sharkawi, K. Tumuluri, and J. M. Olver, “Metastastic
choriocarcinoma causing cavernous sinus syndrome,” British
Journal of Ophthalmology, vol. 90, no. 5, pp. 654–655, 2006.

[45] Y. C. Yap, V. Sharma, J. Rees, and A. Kosmin, “Cavernous sinus
syndrome secondary to metastasis from small cell lung carci-
noma,” Annals of Ophthalmology, vol. 39, no. 2, pp. 166–169,
2007.

[46] W. L. Hirsch Jr., F. G. Hryshko, L. N. Sekhar et al., “Compari-
son of MR imaging, CT, and angiography in the evaluation of
the enlarged cavernous sinus,” American Journal of Roentgenol-
ogy, vol. 151, no. 5, pp. 1015–1023, 1988.

[47] L. E. Ginsberg, “Neoplastic diseases affecting the central skull
base: CT and MR imaging,” American Journal of Roentgenol-
ogy, vol. 159, no. 3, pp. 581–589, 1992.

[48] R. Chaudhuri, C. Twelves, T. C. S. Cox, and J. B. Bingham,
“MRI in diabetes insipidus due to metastatic breast carci-
noma,” Clinical Radiology, vol. 46, no. 3, pp. 184–188, 1992.

[49] P. U. Freda and K. D. Post, “Differential diagnosis of sellar
masses,” Endocrinology and Metabolism Clinics of North Amer-
ica, vol. 28, no. 1, pp. 81–117, 1999.



International Journal of Surgical Oncology 9

[50] M. Losa, M. Grasso, E. Giugni, P. Mortini, S. Acerno, and M.
Giovanelli, “Metastatic prostatic adenocarcinoma presenting
as a pituitary mass: shrinkage of the lesion and clinical im-
provement with medical treatment,” Prostate, vol. 32, no. 4,
pp. 241–245, 1997.

[51] A. Ruelle, M. Palladino, and G. C. Andrioli, “Pituitary metas-
tases as presenting lesions of malignancy,” Journal of Neurosur-
gical Sciences, vol. 36, no. 1, pp. 51–54, 1992.

[52] K. D. Post, P. C. McCormick, A. P. Hays, and A. G. Kandji,
“Metastatic carcinoma to pituitary adenoma: report of two
cases,” Surgical Neurology, vol. 30, no. 4, pp. 286–292, 1988.

[53] W. L. Lynes, D. G. Bostwick, F. S. Freiha, and T. A. Stamey, “Pa-
renchymal brain metastases from adenocarcinoma of pro-
state,” Urology, vol. 28, no. 4, pp. 280–287, 1986.

[54] K. G. Rao, “Carcinoma of prostate presenting as intracranial
tumor with multiple cranial nerve palsies,” Urology, vol. 19,
no. 4, pp. 433–435, 1982.

[55] V. C. Smith, D. L. Kasdon, and R. C. Hardy, “Metastatic brain
tumor from the prostate: two unusual cases,” Surgical Neurol-
ogy, vol. 14, no. 3, pp. 189–191, 1980.

[56] S. Bitoh, H. Hasegawa, J. Obashi, and M. Maruno, “Secondary
malignancies involving parasellar region: clinical manifesta-
tions, diagnosis and management in 16 patients,” Medical
Journal of Osaka University, vol. 36, no. 1-2, pp. 17–27, 1985.

[57] Y. Ahn, J. Yang, H. Kim et al., “Cavernous sinus metastasis
of non-small cell lung cancer,” Tuberculosis and Respiratory
Diseases, vol. 69, pp. 381–384, 2010.

[58] J. Y. Delattre, C. Castelain, L. Davila, B. Schadeck, and M.
Poisson, “Pituitary stalk metastasis from breast cancer,” Revue
Neurologique, vol. 146, no. 6-7, pp. 455–456, 1990.

[59] H. S. Greenberg, M. D. F. Deck, and B. Vikram, “Metastasis to
the base of the skull: clinical findings in 43 patients,” Neurol-
ogy, vol. 31, no. 5, pp. 530–537, 1981.

[60] Y. Iwai, K. Yamanaka, and M. Yoshimura, “Gamma knife radi-
osurgery for cavernous sinus metastases and invasion,” Surgi-
cal Neurology, vol. 64, no. 5, pp. 406–410, 2005.

[61] Y. Mori, T. Kobayashi, and Y. Shibamoto, “Stereotactic radio-
surgery for metastatic tumors in the pituitary gland and the
cavernous sinus,” Journal of Neurosurgery, vol. 105, pp. 37–42,
2006.

[62] B. Vikram and F. C. H. Chu, “Radiation therapy for metastases
to the base of the skull,” Radiology, vol. 130, no. 2, pp. 465–468,
1979.

[63] A. J. Cmelak, R. S. Cox, J. R. Adler, W. E. Fee, and D. R. Gof-
finet, “Radiosurgery for skull base malignancies and nasopha-
ryngeal carcinoma,” International Journal of Radiation Oncol-
ogy Biology Physics, vol. 37, no. 5, pp. 997–1003, 1997.

[64] R. C. Miller, R. L. Foote, R. J. Coffey et al., “The role of stereo-
tactic radiosurgery in the treatment of malignant skull base
tumors,” International Journal of Radiation Oncology Biology
Physics, vol. 39, no. 5, pp. 977–981, 1997.

[65] Y. Iwai and K. Yamanaka, “Gamma Knife radiosurgery for
skull base metastasis and invasion,” Stereotactic and Functional
Neurosurgery, vol. 72, supplement 1, pp. 81–87, 1999.

[66] M. Kocher, J. Voges, S. Staar, H. Treuer, V. Sturm, and R. P.
Mueller, “Linear accelerator radiosurgery for recurrent malig-
nant tumors of the skull base,” American Journal of Clinical
Oncology, vol. 21, no. 1, pp. 18–22, 1998.
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Purpose. To correlate the radiological aspects of metastases, the response to chemotherapy, and patient outcome in disseminated
childhood medulloblastoma. Patients and Methods. This population-based study concerned 117 newly diagnosed children with
disseminated medulloblastoma treated at the Institute Gustave Roussy between 1988 and 2008. Metastatic disease was assessed
using the Chang staging system, their form (positive cerebrospinal fluid (CSF), nodular or laminar), and their extension (positive
cerebrospinal fluid, local, extensive). All patients received preirradiation chemotherapy. Results. The overall survival did not differ
according to Chang M-stage. The 5-year overall survival was 59% in patients with nodular metastases compared to 35% in
those with laminar metastases. The 5-year overall survival was 76% in patients without disease at the end of pre-irradiation
chemotherapy compared to 34% in those without a complete response (P = 0.0008). Conclusions. Radiological characteristics
of metastases correlated with survival in patients with medulloblastoma. Complete response to sandwich chemotherapy was a
strong predictor of survival.

1. Introduction

Medulloblastoma (MB) is the most common malignant
brain tumor of childhood. It has a propensity for lep-
tomeningeal spread via the cerebrospinal fluid (CSF) circula-
tion, and approximately 30–35% of the patients present with
evidence of metastatic disease [1].

Currently, patients with disseminated medulloblastoma
are classified according to Chang’s operative staging system
[2], where the extent of metastasis is subdivided into M0 (no
metastasis), M1 (presence of tumor cells in the CSF), M2
(nodular seeding in the cerebellar or cerebral subarachnoid
space or in the third or lateral ventricle), M3 (metastasis
in spinal subarachnoid space), and M4 (metastases outside
the cerebrospinal axis). This sensitive operative system was

initially determined from operative records and autopsy
specimens and has been later adapted to modern imaging
techniques such as MRI. Neither the extent nor the various
aspects of the metastases are taken into account, and only
the location is considered. The relevance of intracranial (M2)
and spinal (M3) leptomeningeal spread for classification as
high-risk disease is unequivocal and the outcome for M2
patients is not significantly different from M3 patients [1, 3].
Since the original classification in 1969 that did not separate
the outcome of patients with M0 and M1 disease, there is still
some uncertainty about the prognostic impact of M1 stage
[3–8]. In addition, the assessment of response to therapy
of the metastatic disease is often difficult and limited by
the sensitivity of MRI [9]. Following personal observations,
we made the hypothesis that metastases could be further
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subclassified on the basis of specific phenotypic criteria with
potential correlation with patient outcome. In the present
study, we investigated whether the MRI appearances of
metastases and the response to chemotherapy could predict
survival in disseminated medulloblastoma.

2. Methods

2.1. Patients. The medical records and imaging of all chil-
dren with newly diagnosed disseminated medulloblastoma
treated at our institution from 1988 to 2008 were reviewed.
Inclusion criteria for this study were (1) children <18 years
at diagnosis and (2) complete medical records including
pre- and postoperative cerebral imaging, analysis of CSF,
and interpretable cranial and spinal MRI scans. Exclusion
criteria were (1) recurrent medulloblastoma and (2) previous
treatment for malignancy.

Parents/guardians gave written informed consent for the
retrospective analysis of clinical data according to the IRB
of the Gustave Roussy Institute. For patients entered into
ongoing protocols, written informed consent was obtained
from their parents/guardians.

2.2. Treatment. Children were treated with different proto-
cols. All patients received the same sandwich chemotherapy,
with a combination of carboplatin and etoposide [10].

The treatment varied with the time and was stratified
by age. Patients older than 5 years of age were treated by
conventional chemotherapy with craniospinal irradiation
(CSI) (30–35 gray (Gy)) [3, 11] or sequential HDCT with
ASCT followed by standard dose CSI (36 Gy) [12, 13].
Children younger than 5 years of age were treated by high-
dose chemotherapy (HDCT) with autologous stem cell
transplantation (ASCT) followed by local radiation therapy
to the posterior fossa (50–55 Gy) [12] or sequential HDCT
with ASCT followed by reduced dose CSI [14].

2.3. Classification Definition and Followup Evaluations. Cyto-
logical analysis of CSF collected by lumbar puncture was
performed between the 7th and 15th postoperative day. The
presence of metastases was evaluated by the initial cranial
and spinal MRI according to Chang’s staging system [2].
Metastases were described according to their phenotype
(nodular, laminar) (Figure 1) and their extension (localized,
extensive). Nodular metastases were defined as an abnormal
deposit with gadolinium enhancement measurable in two
dimensions. Laminar metastases were defined as abnormal
appearances with gadolinium enhancement that were not
measurable in two dimensions. Metastases were classified as
laminar where there was coexistence of metastases of laminar
and nodular appearance. Extent of disease was defined as
“localized” in the case of a single metastasis or in the
same area (e.g., periventricular, spinal conus) and “extensive”
when there was more than one metastasis in 2 different
sites. According to these radiological criteria, we considered
two classifications: qualitative classification (positive CSF,
nodular, laminar) and quantitative classification (positive
CSF, localized, extensive).

Nodular phenotype Laminar phenotype

Figure 1: Metastasis phenotype.

After each cycle of chemotherapy, cranial and spinal MRI
were performed, and children underwent cytological analysis
of CSF if initially positive for tumor cells.

2.4. End-Points and Statistical Analysis. The final analysis was
performed in April 2009. Patients were considered as having
incomplete followup if they were not seen 6 months before
the time of analysis.

The potential association of each classification (Chang’s,
qualitative and quantitative classifications) with overall sur-
vival and with early complete response was investigated as
well as the influence of age at diagnosis (age <5 years or
age ≥5 years) and treatment.

Overall Survival (OS) was defined as the time from the
date of diagnosis to the date of death or last contact and
Progression-Free Survival (PFS) from the date of diagnosis
to the date of first recurrence or death.

Early response to chemotherapy was evaluated after the
whole preirradiation chemotherapy. Complete response was
defined as the total disappearance of a residual primary
tumor and metastases (radiological and/or CSF metastases)
during or at the end of chemotherapy. Because classical
criteria of partial response (> or <50%) are difficult to
apply to both leptomeningeal lesions and CSF involvement,
data were classified as partial response when radiological
response of lesions was observed in combination with a
negative CSF cytology, as stable disease in the case of (a)
positive CSF at diagnosis (M1) which remained positive or
(b) stable radiological imaging (without progression in CSF
cytology), and as progressive disease when progression on
imaging was noted or when negative CSF cytology became
positive.

Results are expressed as percentages or medians (range).
Response rates were compared using nonparametric tests:
chi-square or exact Fisher test. OS and PFS were estimated
using the Kaplan Meier method [15] and Rothman’s 95%
Confidence Intervals [95% CI] [16] and compared using
the logrank test. Median followup was estimated using the
inverse Kaplan-Meier method [17]. In a multivariate analysis
of OS, the Hazard Ratios (HRs) of death and their 95% CI
were estimated using the Cox proportional hazards model
[18]. In a multivariate analysis of complete response, the
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Table 1: Qualitative and quantitative classifications according to
Chang’s.

N (%)

Chang’s classification M1
22 (19%)

M2
25 (21%)

M3
70 (60%)

Qualitative classification

Positive CSF: 22 (19%) 22 (100%)

Nodular: 36 (31%) 15 (42%) 21 (58%)

Laminar: 59 (50%) 10 (17%) 49 (83%)

Quantitative classification

Positive CSF: 22 (19%) 22 (100%)

Localized: 26 (22%) 18 (69%) 8 (31%)

Extensive: 69 (59%) 7 (10%) 62 (90%)

Hazard Ratios (HRs) of event and their 95% CI were
estimated using logistic regression. All reported P values are
twosided. P values below 5% were considered significant.
Analyses were performed with SAS version 9.1.

3. Results

3.1. Patients. 117 children with disseminated medulloblas-
toma were eligible for this study. The median age at diagnosis
was 4 years (range, 0–14), and 68 (58%) were less than 5
years. There were 82 males (70%) and 35 females (30%).
Thirty-eight children (32%) were treated by conventional
chemotherapy (etoposide and carboplatin) followed by CSI
at “conventional” doses. HDCT with ASCT followed by
local radiation therapy to the posterior fossa was performed
in 10 patients (9%). Forty-seven (40%) children received
sequential HDCT with ASCT followed by reduced dose CSI,
and 22 patients (19%) were treated with sequential HDCT
with ASCT followed by standard dose CSI.

Table 1 presents the pattern of metastatic disease accord-
ing to the 3 classification systems. Among the 36 patients
with nodular metastasis, 15 (42%) were Chang stage M2
stage and 21 (58%) were M3 stage. For the 51 patients with
laminar metastasis, 10 (17%) were M2 and 49 (83%) were
M3. Of the 26 children with localized metastasis, 18 (69%)
were M2 stage and 8 (31%) were M3, and of the 69 with
extensive metastasis, 7 (10%) were M2 stage and 62 (90%)
were M3. Sixty-one percent of patients older than 5 years of
age had nodular metastases.

3.2. Progression-Free and Overall Survival. The median fol-
lowup was 8 years (range, 1–17). For 19 children, the
followup was incomplete with a median time between the
last followup and the time of analysis of 22 months (range,
7–78 months). Sixty-six deaths were noted: 64 patients from
disease and 2 from treatment-related toxicity. Relapse or
death as first event occurred in 72 children. There were two
cases of second tumor, one with brainstem glioma 58 months
after the initial diagnosis and one renal carcinoma 106
months after the initial diagnosis. The estimated five-year
overall survival (OS) and progression-free survival (PFS)
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Figure 2: Overall survival according to the early response to
sandwich chemotherapy.

rates among the 117 children were 45% (95% CI: 36–55%)
and 38% (CI 95%: 29–47%), respectively.

3.3. Response to Sandwich Chemotherapy. The early response
rate to sandwich chemotherapy is given in Table 2. The
median delay from the date of diagnosis to the date of
assessment of response to sandwich chemotherapy was 67
days (range, 26–340). A complete response to sandwich
chemotherapy was observed in 27 (23%) of the 117 patients.
OS was higher among these 27 patients than among the
90 patients with residual disease, P = 0.0008 (Figure 2).
The corresponding 5-year OS rates were 76% and 34%,
respectively.

3.4. Univariate and Multivariate Analysis. Univariate analysis
identified age less than 5 years as significantly associated with
poor survival and poor early response rate. Overall survival
was lower for children younger than 5 years than for those
aged 5 or more (HR: 2.5 (1.5–4.2), P = 0.001). The HR
of no early complete response for children younger than
5 years compared to children of 5 years or more was 3.1
(1.3–7.5), P = 0.014. There was no significant association
between initial treatment and OS (P = 0.290). Thus the
multivariate analysis was adjusted for age (<5 years/≥5 years)
only.

In the univariate analysis, the qualitative classification
was significantly correlated (P = 0.04) with OS (Table 3). OS
was higher for children with nodular metastasis (HR = 0.6
(0.3–1.2)) and lower for children with laminar metastasis
(HR = 1.3 (0.7–2.5)), compared to children with positive
CSF. The five-year OS rates were 47%, 59%, and 35% for
patients with positive CSF, nodular metastases, and laminar
metastases, respectively (Figure 3). There was no significant
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Table 2: Univariate and multivariate analysis of early Complete Response (CR) to sandwich chemotherapy.

Univariate analysis Multivariate analysis

CR (%) HR IC (95%) P value HR IC (95%) P value

Chang’staging

M1 (n = 22) 11 (50%) 1

0.006

1

0.002M2 (n = 25) 3 (12%) 7.3 1.7–31.8 9.8 2.0–46.9

M3 (n = 70) 13 (19%) 4.4 1.6–12.3 6.7 2.1–21.6

Qualitative classification

Positive CSF (n = 22) 11 (50%) 1 0.005 1 0.002

Nodular (n = 36) 8 (22%) 3.5 1.1–11.0 6.3 1.7–23.7

Laminar (n = 59) 8 (14%) 6.4 2.1–19.5 8.1 2.4–27.2

Quantitative classification

Positive CSF (n = 22) 11 (50%) 1

0.003

1

0.001Localized (n = 26) 7 (27%) 2.7 0.8–9.0 4.2 1.1–15.8

Extensive (n = 69) 9 (13%) 6.7 2.2–19.8 9.7 2.9–32.9

correlation of OS with either the Chang classification
(P = 0.95) or the quantitative classification (P = 0.12).
According to Chang’s staging system, the five-year OS rates
were 47%, 51%, and 42% for M1, M2, and M3 stage,
respectively (Figure 4).

In the multivariate analyses, after adjustment on age,
none of the three classifications was associated with OS,
even when qualitative and quantitative classifications were
combined.

Chang’s, qualitative and quantitative classifications are
significantly associated with early complete response rate
after sandwich chemotherapy in univariate and multivariate
analyses (Table 2).

4. Discussion

In this retrospective review of 117 children with disseminated
medulloblastoma treated at a single institution, we found
that the phenotype of metastasis had an impact on OS.
Patient with nodular metastasis had a better survival than
the patients with other metastatic groups. Diffuse metastases
(i.e., laminar metastases, M1 disease) were associated with
a more aggressive disease than those with nodular disease.
The impact of the phenotype of metastases on OS has
not been published previously. In this study, the qualitative
classification was significantly correlated with OS (P = 0.04)
in univariate but not in multivariate analysis. Since the
phenotype of the metastases was associated with age in our
study, we may have lost its effect on prognosis by adjusting
the multivariate analysis on age. Moreover, since response
to chemotherapy is associated with the phenotype of the
metastases and is the strongest prognostic factor identified
in our study, different treatment policies according to age
may confound the results of the multivariate analysis. We
can hypothesize that there are intrinsic biological differences
linked to age that drive the phenotype of the metastases
and their response to chemotherapy. These results should be
confirmed in a large prospective study.
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Figure 3: Overall survival according to qualitative classification.

The Chang’s operative staging system was initially shown
to predict outcome according to the T stage, that is, tumor
size and invasion, although recent publications have failed to
show an impact of T stage on survival [19, 20]. The Chang
system did not, however, include prognostic information
with respect to the different M stages. Subsequent studies
have clearly shown the adverse prognostic factor of the
presence of metastasis. In many studies, the high-risk group
was defined as Chang M2 and M3 stage, and the outcome for
M2 patients was not significantly different from M3 patients
[1, 3, 8, 21, 22]. There remained doubt, however, about the
prognostic significance of M1 stage and whether patients
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Table 3: Univariate and multivariate analysis of Overall Survival (OS).

Univariate analysis Multivariate analysis

5-year OS HR IC (95%) P value HR IC (95%) P value

Chang’s classification

M1 (n = 22) 47% 1

0.95

1

0.73M2 (n = 25) 51% 0.9 0.4–1.9 0.9 0.4–2.0

M3 (n = 70) 42% 1.0 0.5–1.9 1.2 0.6–2.2

Qualitative classification

Positive CSF (n = 22) 47% 1 0.04 1 0.17

Nodular (n = 36) 59% 0.6 0.3–1.2 0.7 0.3–1.6

Laminar (n = 59) 35% 1.3 0.7–2.5 1.3 0.7–2.4

Quantitative classification

Positive CSF (n = 22) 47% 1

0.12

1

0.16Localized (n = 26) 65% 0.6 0.3–1.3 0.7 0.3–1.5

Extensive (n = 69) 36% 1.2 0.6–2.2 1.3 0.7–2.4
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Figure 4: Overall survival according to Chang’s classification.

with M1 disease constituted a truly high-risk group. Several
studies have found an intermediate risk for M1 metastases,
with outcomes rates lower than in M0 but superior to M2/3
dissemination [3–8]. In our study, we found that patients
with M1 disease (with/without residual mass) are truly
high-risk patients with no significantly different outcome
compared with solid metastases. Sanders et al. showed
recently that patients with M1 disease have reduced rates of
EFS and OS compared to those with M0 disease [7]. Children
younger than 3 years of age with M1 MB had significantly
decreased EFS compared to those with M0 disease and in fact
fared as poorly as those with macroscopic metastatic disease
(M2/M3) [7]. On the other hand, in the German HIT 91 trial,
patients with M1 disease had a similar outcome to those with

M0 with 3-year EFS of 72%, 65%, and 30% for patients with
M0, M1, and M2/3 disease, respectively [23].

One has to take into account the type of treatment since
the HIT’91 trial randomizing sandwich against maintenance
chemotherapy found a better outcome for the M1 patients
in the maintenance arm (i.e., with early radiotherapy) and a
better outcome for the M2/M3 patients in the preirradiation
chemotherapy arm. Since our policy was to give the same
sandwich chemotherapy to all patients, this may have been
detrimental to M1 patients, while beneficial for M2/M3
patients.

The earlier response to chemotherapy seems to be
important for outcome. We found that patients in complete
remission after preirradiation had significantly a better OS
compared those not in complete remission. The prognostic
impact of early response to chemotherapy found in our study
is consistent with others’ reports [24, 25].

In summary, findings in this study suggest that the
phenotype of metastases should be taken into account when
describing a population of children with metastatic medul-
loblastomas. If confirmed by further prospective studies,
this report suggests that treatment strategies for metastatic
medulloblastoma need to be refined taking into account the
nature as well as the presence of metastases.

The early response to sandwich chemotherapy may
also help us to stratify the treatment of children with
disseminated medulloblastoma. Further studies are justified
to find biological correlates with respect to the metastatic
phenotype.
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[23] R. D. Kortmann, J. Kühl, B. Timmermann et al., “Post-
operative neoadjuvant chemotherapy before radiotherapy as
compared to immediate radiotherapy followed by mainte-
nance chemotherapy in the treatment of medulloblastoma in
childhood: results of the German prospective randomized trial
HIT ’91,” International Journal of Radiation Oncology Biology
Physics, vol. 46, no. 2, pp. 269–279, 2000.

[24] R. Miralbell, T. J. Fitzgerald, F. Laurie et al., “Radiotherapy
in pediatric medulloblastoma: quality assessment of Pediatric
Oncology Group Trial 9031,” International Journal of Radia-
tion Oncology Biology Physics, vol. 64, no. 5, pp. 1325–1330,
2006.

[25] K. W. Sung, K. H. Yoo, E. J. Cho et al., “High-dose chem-
otherapy and autologous stem cell rescue in children with
newly diagnosed high-risk or relapsed medulloblastoma or
supratentorial primitive neuroectodermal tumor,” Pediatric
Blood & Cancer, vol. 48, no. 4, pp. 408–415, 2007.



Hindawi Publishing Corporation
International Journal of Surgical Oncology
Volume 2012, Article ID 748284, 5 pages
doi:10.1155/2012/748284

Clinical Study

Implications of Identifying Additional Cerebral Metastases
during Gamma Knife Radiosurgery

Toral R. Patel,1 Ali K. Ozturk,1 Jonathan P. S. Knisely,2, 3 and Veronica L. Chiang1, 2, 3

1 Department of Neurosurgery, Yale University School of Medicine, P.O. Box 208082, New Haven, CT 06520, USA
2 Department of Therapeutic Radiology, Yale University School of Medicine, P.O. Box 208040, New Haven, CT 06520, USA
3 Yale Cancer Center, Yale University School of Medicine, P.O. Box 208028, New Haven, CT 06520, USA

Correspondence should be addressed to Veronica L. Chiang, veronica.chiang@yale.edu

Received 21 April 2011; Accepted 13 June 2011

Academic Editor: Ganesh Rao

Copyright © 2012 Toral R. Patel et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction. Gamma Knife radiosurgery (GK-SRS) is commonly used to treat cerebral metastases. Although additional
intracranial metastases are often found on the day of GK-SRS, the significance of finding them is unknown. Methods. A
retrospective review of 133 patients undergoing GK-SRS for cerebral metastases was performed. The change in number of
metastases detected between initial referral magnetic resonance imaging (MRI) and subsequent treatment MRI was quantified.
Multivariate and Kaplan-Meier analyses were employed to examine the significance of identifying additional lesions. Results.
Additional lesions were identified in 41% of patients. An increasing number of metastases on referral MRI (P = 0.001) and the
presence of progressive systemic disease (P = 0.003) were predictive of identifying additional metastases. Median survival was 6.9
months for patients with additional metastases, compared to 12.1 months for patients without additional metastases (hazard ratio
1.56, P = 0.021). Conclusions. Identifying additional metastases on the day of GK-SRS may add important prognostic information.

1. Introduction

Approximately 15–40% of cancer patients will develop
metastatic lesions to the brain [1, 2]. Indeed, metastatic
intracranial disease is 10-fold more common than primary
brain tumors [3]. The presence of metastatic intracranial
disease is still uniformly considered to be a poor prognostic
indicator [4]. In the oncology literature, the treatment of
cerebral metastases with whole-brain radiotherapy (WBRT)
and/or Gamma Knife radiosurgery (GK-SRS) has not
significantly changed overall survival [4]. However, more
recent radiosurgical studies suggest that some patients with
intracranial metastases are surviving longer (≥4 years) [5,
6]. Nonetheless, very few factors have been reproducibly
identified as predictive of outcome. Strategies to further
improve survival may rest on the accurate identification of
novel prognostic factors.

Additional intracranial metastases are often identified
on the day of GK-SRS [7]. However, little is known
about the prognostic significance of identifying additional
cerebral metastases during GK-SRS. To understand this

relationship, we retrospectively analyzed data from a cohort
of patients who underwent GK-SRS for cerebral metastases,
to determine which factors were predictive of identifying
additional cerebral metastases and whether the identification
of additional cerebral metastases had an effect on survival.

2. Materials and Methods

2.1. Study Population. We performed an Institutional-
Review-Board-approved retrospective review of medical
records at Yale-New Haven Hospital and the Yale-New Haven
Gamma Knife Center for all patients who underwent their
first GK-SRS treatment for intracranial metastases between
May 1, 2002 and March 30, 2006. All patients gave their
informed consent prior to inclusion in the study.

All patients were referred accompanied by diagnostic
1.5 Tesla gadolinium-enhanced axial magnetic resonance
images (MRI); imaging parameters were otherwise het-
erogeneous. The number of pre-GK-SRS metastases was
determined based on these referral scans. On the day of
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GK-SRS, all patients underwent gadolinium-enhanced axial
MRI on a 1.5 Tesla magnet with a 3-dimensional spoiled
gradient recalled acquisition sequence using 2 mm cuts with
no gap. All GK-SRS procedures were performed on a model
C Leksell Gamma Knife (Elekta Instruments). All identified
metastases were treated. The GK-SRS dose delivered to the
tumor margin ranged from 18 to 24 Gy, prescribed to the 40–
70% isodose line. All patients who underwent GK-SRS had a
Karnofsky Performance Score ≥70.

We collected data on demographics (age, sex), primary
disease (pathology, systemic control at the time of GK-SRS),
chemotherapy, cranial surgery, time between diagnostic and
treatment scans, WBRT, and number of metastases (pre-
GK-SRS and GK-SRS). Systemic control was defined as no
detectable progression of primary tumor in organ systems
outside of the central nervous system, at the time of GK-
SRS. We accessed the Connecticut Tumor Registry and Social
Security Administration Death Master File to obtain dates of
all patient deaths that occurred by July 1, 2008.

2.2. Data Analysis. Statistical analyses were performed using
STATA programming software (version 9.0, StataCorp LP,
College Station, TX, USA). The primary endpoint was the
change in number of metastases detected between the referral
diagnostic pre-GK-SRS MRI and the subsequent treatment
MRI (“Delta Mets”). The predictor variables that were exam-
ined included age, sex, primary pathology, systemic control,
chemotherapy, cranial surgery, time between diagnostic and
treatment scans, WBRT, and number of metastases (both
pre-GK-SRS and at GK-SRS).

Means, standard deviations, and medians were calculated
for categorical variables. The 10th, 25th, 50th, 75th, and
90th percentiles were calculated for continuous variables.
For subgroup analyses, we used the Fisher exact test for
categorical variables and the Wilcoxon signed-rank test for
continuous variables. The Kaplan-Meier method was used to
examine the effect of a change in the number of metastases
on overall survival. For all analyses, probability values <0.05
were considered significant, and probability values ranging
from 0.10 to 0.05 were considered trends.

3. Results

3.1. Study Population. One hundred and thirty-three pa-
tients with intracranial metastases were treated with GK-SRS
during the study period. Median patient age was 58.7 years
(range 29.0–85.5 years). The majority of patients were female
(65%). The most common primary pathology was lung
cancer (47%), followed by breast cancer (20%), melanoma
(11%), and renal cancer (9%). The median time between
pre-GK-SRS and treatment scans was 31 days (range 4–81
days). The median number of metastases identified on pre-
GK-SRS MRI was 1 (range 1–10); the median number of
metastases identified on treatment MRI was 2 (range 1–21).
Fifty-two percent of patients had progressive systemic disease
at the time of GK-SRS. Forty-seven percent of patients had
WBRT prior to GK-SRS, 12% of patients had WBRT after
GK-SRS, and 41% of patients did not undergo WBRT at any

0

1

2

3

1 2 3

4

5

4+

Number of Pre-GK-SRS Mets

M
ea

n
“D

el
ta

M
et

s”

Figure 1: Bar graph demonstrating the relationship between the
number of pre-GK-SRS metastases identified and the number of
additional metastases (“Delta Mets”) identified at the time of GK-
SRS. Error bars are shown.

time. Twenty-six percent of patients had cranial surgery and
98% of patients were undergoing chemotherapy (Table 1).
Median follow-up duration was 10.4 months (range 0.3–72.4
months).

3.2. Univariate Analysis. Fifty-four of the 133 patients (41%)
had additional metastases identified on their treatment scan,
as compared to their initial diagnostic scan. The median
number of additional metastases identified within this sub-
group was 2 (range 1–11). On univariate analysis, the num-
ber of pre-GK-SRS metastases was predictive of additional
metastases being identified (P < 0.001). Furthermore, the
presence of progressive systemic disease was also predictive
of identifying additional metastases. Specifically, 65% of
patients who had additional metastases identified on their
treatment scan had progressive systemic disease at the time
of GK-SRS (P = 0.021). Age, sex, primary pathology, WBRT,
cranial surgery, chemotherapy, and time between scans did
not have a statistically significant effect on the identification
of additional metastases (Table 1).

3.3. Multivariate Analysis. Based on the results of the uni-
variate analysis, a stepwise multivariate regression analysis
was performed. All predictor variables with P < 0.150 were
analyzed and those variables with P < 0.100 were included
in the final multivariate model. The multivariate analysis
confirmed that both the number of initially identified (pre-
GK-SRS) lesions (P = 0.001; Figure 1) and the presence
of progressive systemic disease (P = 0.003; Figure 2) were
independently predictive of identifying additional cerebral
metastases. The multivariate analysis also confirmed that the
identification of additional metastases was independent of all
other predictor variables analyzed.

3.4. Survival Analysis. To examine the effect of identifying
additional cerebral metastases on survival, the Kaplan-Meier
method was employed. For patients in whom no additional
metastases were identified, the median survival was 12.1
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Table 1: Study population and treatment characteristics∗.

Treatment Study cohort,
n = 133

No additional mets,
n = 79

≥1 additional mets,
n = 54

P

Age, years

Median 58.7 57.5 58.8 0.783

Range 29.0–85.5 29.0–85.5 30.6–82.6

Sex

Male 47 (35) 24 (30) 23 (43) 0.196

Female 86 (65) 55 (70) 31 (57)

Primary pathology

Lung 62 (47) 37 (47) 25 (46) 1.000

Breast 27 (20) 16 (20) 11 (20) 1.000

Melanoma 15 (11) 6 (8) 9 (17) 0.161

Renal 12 (9) 9 (11) 3 (6) 0.359

Other 17 (13) 11 (14) 6 (11) 0.792

WBRT

Pre-GK-SRS 63 (47) 34 (43) 29 (54) 0.289

Post-GK-SRS 16 (12) 9 (11) 7 (13) 0.792

Neither 54 (41) 36 (46) 18 (33) 0.208

Craniotomy

Yes 34 (26) 23 (29) 11 (20) 0.314

No 98 (74) 56 (71) 43 (80)

Chemotherapy

Yes 130 (98) 78 (99) 52 (96) 0.566

No 3 (2) 1 (1) 2 (4)

Time between scans, days 31 (4–81) 29 (4–81) 37 (7–78) 0.111

Number of metastases

Pre-GK-SRS 1 (1–10) 1 (1–9) 2 (1–10) <0.001

GK-SRS 2 (1–21) 1 (1–9) 4 (2–21) <0.001

Progressive systemic disease

Yes 69 (52) 34 (43) 35 (65) 0.021

No 64 (48) 45 (57) 19 (35)
∗

Number of patients (%), unless otherwise specified.

months; however, for patients in whom ≥1 additional
metastases were identified, the median survival was only
6.9 months (P = 0.021, hazard ratio = 1.56; Figure 3).
Cox multivariate regression analysis revealed that the signif-
icant decrease in survival for patients in whom additional
metastases were identified is independent of the initial (pre-
GK-SRS) number of metastases identified (P = 0.024). Of
note, the Kaplan-Meier curves for survival based on presence
of progressive systemic disease are essentially identical to
those obtained from analysis of survival based on additional
metastases (Figure 4). Specifically, for patients with stable
systemic disease, median survival was 13.8 months, while for
patients with progressive systemic disease, median survival
was 7.0 months (P = 0.012, hazard ratio = 1.63).

4. Discussion

In our retrospective analysis of 133 patients undergoing
GK-SRS for intracranial metastases, we found that 41%

of patients had additional metastases identified on their
treatment MRI as compared to their diagnostic MRI.
Furthermore, we found that the identification of new
metastases correlated with both the number of pre-GK-
SRS metastases identified and the presence of progressive
systemic disease. Kaplan-Meier analysis revealed a significant
decrease in survival for those patients in whom additional
metastases were identified. Moreover, Kaplan-Meier analysis
also revealed that patients with progressive systemic disease
had similar survival profiles to patients in whom additional
cerebral metastases were identified.

To date, patients undergoing GK-SRS for intracranial
metastases have largely been stratified into two groups, based
on the number of metastases they harbor. Although the cut-
off values for these groups have varied (2 versus 3 versus 4
metastases), the literature has been nearly uniform in stat-
ing that those patients who harbor more metastases have
a significantly worsened prognosis [1, 3, 8–10]. Moreover,
the number of intracranial metastases present is often used
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Figure 3: Kaplan-Meier plot of overall survival after GK-SRS for
all 133 patients, stratified by the number of additional metastases
identified at the time of GK-SRS.

as a surrogate for the aggressiveness of a patient’s systemic
disease, with more intracranial metastases signifying more
aggressive systemic disease [1, 3]. Our results suggest that the
change (or lack thereof) in number of intracranial metastases
may be an additional prognostic marker. This data also
implies that for patients in whom additional intracranial
lesions are identified (on the day of GK-SRS), restaging of
disease or changing systemic therapies may be warranted.

The limitations of this study include the inherent
selection biases present when analyzing a cohort of patients
treated at a single academic medical center. However, our
demographic and clinical patient profiles are similar to those
previously reported and we have no reason to believe that
our results are not applicable to all patients with metastatic
intracranial disease. Additionally, precise imaging parame-
ters were not available for the initial diagnostic scans, as
they were largely performed at outside institutions. However,
this heterogeneous assortment of referral, diagnostic imaging
scans is likely encountered in the majority of large academic
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Figure 4: Kaplan-Meier plot of overall survival after GK-SRS for
all 133 patients, stratified by the presence of progressive systemic
disease at the time of GK-SRS.

medical centers, and therefore the results of this study are
likely applicable to institutions similar to ours.

5. Conclusions

This study highlights the dynamic nature of metastatic intra-
cranial disease. Identification of additional cerebral metas-
tases on the day of GK-SRS yields important prognostic
information which may be useful in directing patient care.
The ability to perform high-resolution MR imaging, unique
to GK-SRS, facilitates the ability to obtain this prognostic
factor.
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Objectives. The purpose of the present study is to verify if the degree of immunological response against metastatic tumors,
measured by the number of CD57+ NK-cells in the tissue of a brain metastasis, influences the later development of new brain
metastases or tumor recurrence. Patients and Methods. CD57+ NK-cells were immunohistochemically identified in the resected
tumor, in a series of twenty patients operated on by a single brain metastasis secondary to lung adenocarcinoma. In each case, the
degree of CD57+ NK-cells infiltration within the tumor tissue and the period free of new intracranial disease after brain surgery
were recorded. Results. All the studied tumors showed variable number of CD57+ NK-cells (mean ± standard deviation: 8.4± 4.8
per microscopical field, at 200x). The period free of intracranial disease ranged between 10 and 52 weeks (mean ± standard
deviation: 22.7± 11.9). Statistical analysis showed that there was no correlation between the degree of NK-cells infiltration within
the resected tumor and the period free of intracranial disease after surgery (P > 0.05). Conclusion. This finding supports that
clinical behavior in metastatic brain disease is not influenced by the immunological response mediated by CD57+ NK-cells.

1. Introduction

At present, it is accepted that Natural Killer (NK) cells are a
subset of lymphocytes with an important role in the early
response to tumors [1, 2]. They destroy tumor cells by
two main cytotoxic pathways: a perforin/granzyme-mediated
secretory mechanism and a TNF-family ligand-mediated
apoptotic killing. While the former mechanism acts mainly
against cultured leukemia cell targets, the second is the way
for which NK-cells act against most tumor cell targets [3–6].
Furthermore, the finding that the number of intratumoral
CD57+ NK-cells influences the survival of the patients has
been described for patients with gastric carcinoma [7] or

squamous lung cancer [8] supporting the biological effect
of immunological defense mechanism mediated by NK-cells.
On the other hand, it is well-known that immunologic

manipulation, in an early phase of carcinogenesis, can
modulate the tumor development [9].

Since NK-cells represent a defense against tumors, it is
logical to suppose that the capacity to act against tumors
through NK-cells will determine the biggest or smaller eas-
iness with which a tumor developed. Therefore, if a patient
shows strong immunological defense mechanisms by means
of NK-cells in the tissue of a brain metastasis, it is logical to
suppose that the tumor recurrence or the development of a
new cerebral metastasis will be more difficult.

In a previous study, we concluded that the number of
CD57+ NK-cells in the tumor stroma of brain metastases
does not correlate with the number of apoptotic tumor cells.
This finding suggests that, in brain metastases, apoptosis
related to immune response is mainly mediated by activated
tumor-infiltrating mononuclear cells other than CD57+ NK-
cells [10]. We studied here if the number of CD57+ NK-cells
within the tumor tissue of brain metastases influences the
clinical behavior, in terms of influencing the capacity of the
brain to be protected for the development of a new metastasis
or tumor recurrence.
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(a) (b)

Figure 1: Examples of CD57+ NK-cells in the resected brain metastases of the series. NK-cells were generally distributed surrounding the
vessels (a) and within the tumor stroma (b). Immunostained CD57+ NK-cells can be seen (×200).

2. Materials and Methods

For this study we selected twenty male patients operated on
because of a single cerebral metastasis from lung adenocar-
cinoma and that developed local recurrence or new brain
metastases after surgery. In all cases tumor resection was
considered complete, and the patients received holocraneal
radiotherapy (30–40 Gy in 10–20 fractions) after surgery.
The age at time of surgery ranged between 42 and 78 years
(mean: 64 years).

Paraffin-embedded specimens from the resected tumors
were studied. A first study (unpublished data) showed that
in all resected tumors, a variable number of cells expressed
CD95 (Fas/APO1). From each tumor, a histological slice
was processed by haematoxylin-eosin (HE) technique for
studying both the histological pattern of the tumor and the
degree and distribution of lymphocytic infiltration. Another
adjacent histological slice was processed for immunohisto-
chemical expression of CD57. In brief, histological sections
from paraffin-embedded samples were mounted on glass
slides and were deparaffinized by treatment in xylene for 15
minutes. The sections were rehydrated in a graded ethanol
series and rinsed in phosphate-buffered saline (PBS) at pH
7.4. Then, sections were trypsinized for 15 minutes and
rinsed in PBS. The slides were then washed in citrate-
buffered solution (pH 6.0) for 10 minutes on microwave and
then placed in hydrogen peroxide 3% in methanol for 15
minutes in order to block endogenous peroxidase activity,
and the sections were immersed in PBS. For detection of
NK-cells, primary monoclonal antibody to CD57 (1 : 100,
Master Diagnostica, Granada, Spain) was used. Monoclonal
antibody was added overnight at 4◦C on wet chamber,
and the histological slices were again rinsed in PBS. A

30-minute incubation with biotinyled secondary antibody
at 37◦C was followed by a standard PBS rinse. Another 30-
minute incubation with streptavidin-peroxidase complex, at
37◦C, was carried out, and then chromogen solution was
added (diaminobenzidine). After it, the slices were stained
with hematoxylin, mounted, and examined microscopically.
In all cases, negative controls were performed using rabbit
normal serum as primary antibody. For each tumor, the
number of CD57-immunostained cells was counted at least
on 10 randomized histological fields, at 200x, and then
averaged. In all cases, the evaluation of the number of NK-
cells per field was conducted by two investigators with no
previous knowledge of the case from each sample obtained.
Generally a high grade of agreement between the observers
was obtained, but, in any case, the means of values recorded
by these investigators were recorded as final values.

3. Results

All the tumors of the series showed variable number of
CD57+ NK-cells. These cells did not show a uniform
distribution in the tumor but were usually grouped around
blood vessels or within the tumor stroma (Figure 1).

After a randomized study of different fields from each
tumor, at 200x, a number of 8.4 ± 4.8 (mean ± standard
deviation) CD57+ NK-cells was estimated as an averaged
value (Figure 2(a)) in the series. On the other hand, the
period of time free of new cerebral metastases or local tumor
recurrence in the patients of the series ranged between 10
and 52 weeks (mean ± standard deviation: 22.7 ± 11.9)
(Figure 2(b)).

Lastly, we analyzed for each case the correlation between
the time free of local recurrence or new intracranial
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Figure 2: (a) Distribution of the mean values of CD57+ NK-cells by microscopical field, at 200x, in the tumors of the series. (b) Time free
of local recurrence or new intracranial metastases, in the cases of the series.
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Figure 3: Correlation between the degree of CD57+ NK-cells in the
resected metastasis and the time free of new intracranial metastatic
disease in the cases of the series. Correlation was not found (P =
0.63; correlation coefficient (r): −0.1128; 95% confidence interval
(CI): −0.52 to 0.34).

mestastases after surgery and the degree of CD57+ NK-cells
infiltrating the resected brain metastasis. After this analysis,
a correlation between these two variables could not be
found (P = 0.63; correlation coefficient (r): −0.1128; 95%
confidence interval: −0.52 to 0.34) (Figure 3).

4. Discussion

For the present study, we have identified CD57+ NK-cells in
the tissue of resected brain metastases, in a homogeneous
series of metastatic brain tumors developed as a result
of the spread of a lung adenocarcinoma. Furthermore, in
each case, we have recorded the time free of local tumor
recurrence or appearance of new cerebral metastases after
treatment. Although cytotoxic efficacy of NK-cells in tumor
tissue may not be judged by their numerical presence, it
is accepted that these cells play an important role in the

immunological defense against tumor cells. Thus, it seems
logical to assume a relationship between the degree of
NK-cells infiltration in tumor tissue and the effectiveness of
this type of immunological defense.

On the other hand, it is accepted that the main mecha-
nism for which NK-cells act is through inducing apoptosis
in the tumor cells [3–6], and we previously obtained in all
the tumors of the series (data not shown) variable expression
of CD95 (Fas/APO1), a 48-kD transmembrane glycoprotein,
at present identified as an important mediator in the apop-
totic process mediated by NK-cells. Although this finding
suggested the possible susceptibility of tumors to the action
of infiltrating NK-cells, in a previous study, we concluded
that the number of NK-cells that are present in the stroma
of brain metastases does not correlate with the number of
apoptotic tumor cells [10]. Therefore, it is possible that NK-
cells do not play an important role in the immunological
defense against brain metastases. The purpose of the present
study is to add new data to this hypothesis, verifying if the
degree of local immunological response against a metastatic
brain tumor, measured by the degree of NK-cell infiltration
within the tumor tissue, influences the clinical behavior,
in terms of influencing the capacity of the brain to be
protected for the development of new metastases or local
tumor recurrence. Our present results showed that the time
free of new cerebral affectation for metastatic dissemination
or recurrence of the previously resected tumor is not related
with the degree of immunological response mediated by the
presence of NK-cells. Although it is obvious that our present
series has scarce number of cases and that multiple factors,
mainly the evolution of the systemic disease, can influence
the clinical behavior of patients suffering metastatic brain
disease, we think that our present analysis represents a new
argument supporting that in brain metastases, the immune
response mediated by CD57+ NK-cells plays a doubtful role.
This consideration should be kept in mind in therapeutic
trials based on the hypothetical defensive action of the NK-
cells against metastatic brain tumors.
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5. Conclusion

Our present findings suggest that clinical behavior in
metastatic brain disease is not influenced by the immuno-
logical response mediated by CD57+ NK-cells.
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