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COMMENTS

This volume of Neurosurgery provides an exhaustive review of
contemporary strategies for diagnosing and managing brain

metastases. The authors have ably synthesized for the readership of
Neurosurgery a large quantity of published material coming from a
very wide range of disparate sources. That progress has been made
in understanding and treating brain metastases is clearly undeni-
able. Nevertheless, it is worth examining more critically whether the
past decade has truly been “an era of rapid advancement” in the
diagnosis and treatment of metastatic brain cancer, as boldly pro-
claimed by Brem and Panattil. Have there really been “significant
improvements” or even valuable new perspectives about this huge
problem in neuro-oncology? In this regard, I am less inclined to
celebrate than many of these authors seem to imply.

By very definition, metastatic cancer implies a systemic illness,
and, by virtue of such, begs for a systemic therapy. However,
Peereboom’s comprehensive review illustrates that even the most
advanced of chemotherapy regimens provide, at most, only minor
benefit for patients with brain metastases, and arguably no more
benefit than the bischloroethylnitrosourea (carmustine) treatment of
a generation ago. To seriously change the natural history of those
patients with numerous brain metastases, dramatically better che-
motherapies, working both within and outside the central nervous
system, are desperately needed. Given the pitiful progress in che-
motherapeutic regimens for brain metastases of the past several
decades, it is possible that immune-directed therapies could prove
more fruitful in the end. Nevertheless, the need for improved sys-
temic therapy remains as compelling as ever.

In contrast to systemic approaches to cancer, aggressive local
surgery has been repeatedly demonstrated to be beneficial in that
subset of patients with limited numbers brain metastases. However,
this is not a radically new notion. Furthermore, the two most im-
portant techniques that are commonly used to “remove” tumors,
image-guided resection and radiosurgical ablation, were both pio-
neered in the late 1980s and early 1990s. Yes, the past 10 years have
witnessed the more widespread adoption of these procedures, but
they are not products of the past decade. Despite this measure of
progress, too many important questions remain unanswered and
some technical improvements are illusory. For example, image-
guidance is a wonderful technique for performing a small craniot-
omy to resect a brain metastasis. However, once resection begins,
brain shift makes the spatial information unreliable. Fortunately, old
fashioned direct microsurgical resection is generally adequate for
resecting these relatively discrete lesions. In contrast, I have found
that complex presurgical planning, intraoperative brain mapping,
and technologies for reregistering the anatomy to compensate for
shift, all of which are alluded to in Allen Sills’ chapter on surgical
considerations, to rarely be of much “practical” benefit, even though
we neurosurgeons love our toys.

It is hard to argue that sterotactic radiosurgery (SRS) is not the
single most important advance in treating brain metastases of the
past 20 years. As described in Michael McDermott’s review, numer-
ous recent studies, some even rising to the level of Class 1 data,
provide more definitive validation of the benefits of radiosurgery in
patients with limited brain metastases. Although more streamlined

today, the basic radiosurgical approach is largely unchanged. In
contrast, some incredibly important questions remain in question or
under dispute. What is the role of whole brain radiotherapy (WBRT)
in patients treated with radiosurgery, a question addressed in
Mehta and Khuntia’s very thorough review? Because randomized
studies demonstrate a lower likelihood of regional recurrence in
patients undergoing WBRT, some physicians, especially radiation
oncologists, argue vociferously that combination treatment is indi-
cated in most patients. However, these often vaunted studies never
examine the common practice of using only radiosurgery to control
visible tumors, and subsequently relying on regular magnetic reso-
nance imaging surveillance to pick up early new brain metastases
prior to a subsequent round of SRS. Meanwhile, nearly all the
neurosurgical community finds it incredulous that many within the
radiation oncology community view WBRT to be relatively innoc-
uous to cognitive function over the longer term. The unfortunate
reality is that there is no Class 1 evidence to prove otherwise.

Despite the above lamentations about the lack of significant ad-
vances in our understanding and treatment of brain metastases over
the past decade, I concur with Ewend et al.’s observation that recent
developments have broadened the number of options available for
our patients. I also agree with their statement that the approach to
management needs to be individualized based on a range of im-
portant factors. In the end I suspect that it is these numerous prog-
nostic variables combined with the current broad spectrum of avail-
able treatment options that have made it so difficult to perform
iron-clad clinical trials in the area of brain metastasis. As detailed in
this supplement to Neurosurgery, the past decade has witnessed
what is best characterized as subtle improvements in the care of
patients with brain metastases. However, for those neurosurgeons
caring for today’s patient, substantial further progress cannot come
soon enough.

John R. Adler, Jr.
Stanford, California

This series provides a comprehensive review of all aspects of
brain metastases management. The topic is perhaps the most

important in neuro-oncology, given the incidence of these tumors.
Neurosurgeons must work together with medical and radiation
oncologists to provide the best care for the brain tumor patient,
while ensuring that extracranial cancer management continues
promptly and effectively. The best results come when the brain and
body can be controlled for cancer, and we must try to ensure that
longer-term survivors are not disabled by previous treatment ef-
fects. Such long-term survivors do exist, and initial management
options should not be pursued nihilistically (1). These reports, to-
gether with the reference lists provided, should serve as a superb
resource for all working in this area.

In the report on neuroimaging, the authors provide a scholarly
review describing current and potential imaging modalities for pa-
tients with brain metastases. Such patients are a large percentage of
my personal practice, and I found this information to be clear and
helpful. Some of the techniques, such as positron emission tomog-
raphy or single-photon emission computed tomography, may be of
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some use in evaluating therapeutic responses, but often show such
disparaging results across patients as to lead to surgeon frustration.
The identification of viable tumor versus nonviable tumor or tissue
necrosis remains problematic for the clinician. We hoped that mag-
netic resonance spectroscopy would prove to be of greater value
than it has been so far. However, it is clear that new magnetic
resonance techniques continue to be developed, and these should
positively impact patient care. Neurosurgeons should be aware of
the array of imaging techniques at their disposal and how to use
specific methods, rather than generic imaging, for individual
patients.

In Chapter 3, ‘Current Treatment Approaches to Surgery for
Brain Metastases,‘ the author provides a comprehensive review of
the indications, techniques, and outcomes associated with brain
metastasis resection. The report is balanced and addresses all of the
important topics in this area. Technical adjuncts, particularly neu-
ronavigation, have led to improved clinical outcomes. Magnetoen-
cephalopathy may provide an improved method for preoperative
functional mapping and surgical planning. Postresection options for
extracranial cancer management have led more surgeons to resect
larger tumors in the presence of active extracranial disease, a con-
cept that was considered inappropriate years ago.

Minesh P. Mehta, an acknowledged leader in brain radiation
oncology, and Deepak Khuntia have written an excellent summary
on WBRT. This review discusses what is known about WBRT, as
well as some of the current controversies. In my opinion, there are
several current topics important to neurosurgeons that are not ad-
dressed herein. The first is the use of local-field radiotherapy (rather
than whole brain) to the resection cavity after surgery. This concept
is growing in popularity, particularly to reduce the incidence of late
adverse effects with WBRT. Second is the concept of using larger
fraction numbers, which some radiotherapists consider to be safer.
Third is the use of prophylactic WBRT in patients with non-small-
cell lung cancer. Although shown to be of benefit in small-cell
cancer, its use in non-small-cell patients should not be considered
routine. Fourth is the issue of late cognitive effects. The literature on
this topic varies widely and includes reports on minimal adverse
effects to those that show a significant incidence of clinical deterio-
ration. Finally, it would be of value to clarify the role of WBRT
amongst different histologies. Whereas breast or lung cancer may
show impressive responses to radiotherapy, melanoma and renal
cell usually do not. It is not clear whether WBRT has any real role in
those tumor types. There is still much work to do.

Michael W. McDermott and Penny K. Sneed reviewed the role of
radiosurgery in metastatic brain cancer and have written a scholarly
report. Medical evidence supports the use of radiosurgery plus
radiotherapy over radiotherapy alone for patients with limited
numbers of tumors. A soon-to-be published report from our center
showed similar results for patients with four to eight metastases
when compared with those with fewer tumors, as long as cumula-
tive tumor volumes were not excessive. It is interesting to note that
organizations like the National Comprehensive Cancer Network,
which represents an alliance of cancer centers, recommend resection
plus radiotherapy for a small resectable tumor, and WBRT alone for
patients with active extracranial disease and poor prognosis (which
unfortunately are the majority). Research in this area is wide-

ranging and includes two cost-effectiveness analyses that concluded
that, from an economic perspective, radiosurgery was superior to
either resection or WBRT (2, 3). It is hoped that with the information
provided on brain metastases care in this special supplement of
articles, such organizations will be able to further refine their
recommendations.

David M. Peereboom’s chapter, ‘Chemotherapy and Brain Me-
tastases,‘ is a comprehensive overview of this topic. For the most
part, neurosurgeons do not think much of chemotherapy for pa-
tients with brain metastases. Nevertheless, there have been a num-
ber of clinical trials, and patients often ask whether concomitant
chemotherapy or some other agent would be of benefit. At our
institution, temozolomide is being used in some patients with met-
astatic melanoma, although any conclusions regarding its benefit
are unclear. The role of chemotherapy-impregnated wafers will
require further study, but may represent another trend away from
large-volume radiation therapy.

In ‘Current Treatment Paradigms for the Management of Patients
with Brain Metastases,‘ Ewend et al. review management options
for brain metastases patients. Because patients can differ so widely,
there are numerous reasonable strategies. Some are backed up with
Class I evidence, and others remain as options. The strategies pro-
vided remain up for discussion. For example, in Figure 7.1 for a
patient with a solitary metastasis and a Karnofsky score of less than
70, I would not recommend WBRT for a patient with melanoma,
renal cell carcinoma, or sarcoma. This report is a valuable resource
for physicians and patients and provides algorithms that attempt to
sort out the myriad of clinical factors used in decision making.

Douglas Kondziolka
Pittsburgh, Pennsylvania

1. Kondziolka D, Martin JJ, Flickinger JC, Friedland D, Brufsky A, Agarwala S,
Kirkwood J, Baar J, Lunsford LD: Long-term survivors after gamma knife
radiosurgery for brain metastases. Cancer (in press).

2. Rutigliano MJ, Lunsford LD, Kondziolka D, Strauss MJ, Khanna V: The
cost-effectiveness of stereotactic radiosurgery versus surgical resection in the
treatment of solitary metastatic brain tumors. Neurosurgery 37:445–455, 1995.

3. Mehta M, Noyes W, Craig B: A cost-effectiveness and cost-utility analysis of
radiosurgery versus resection for single-brain metastases. Int J Radiat Oncol
Biol Phys 39:445–454, 1997.

I suppose this is a reasonable time to review the status of the
treatment of metastatic brain tumors because, by and large,

these lesions can now be controlled with surgery and/or
various radiation modalities. Whether this is an area of “rapid
advancement” as the editor of this issue proposes is certainly
up for debate. I think of it as sort of an old story.

Radiosurgery, in particular, has had a profound effect on the
quality of life for cancer patients. Hypofractionated stereotactic treat-
ments have proven very valuable for large deep metastases. WBRT
is still used widely (as the standard of care) away from university
centers and is used sparingly and with great effect within university
centers. Surgery has been applied more aggressively for multiple
lesions. In our hands, surgical resection in combination with radio-
surgery of the volume at risk has been particularly effective.
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Still, there are a few lesions that cannot be controlled with any
modality and continue to progress or recur despite treatment. These
lesions quickly become the most symptomatic and compelling of
the cancer patient’s total disease burden and are the source of great
misery. There is still no answer for these tumors, and if there were
to be “rapid advancement,” this would be a terrific place for it.
Stereotactic reirradiation of such tumors frequently fails, and other
local therapies (e.g., chemotherapy wafers, brachytherapy applica-
tions, and systemic chemotherapy, like temozolomide) are in the
earliest stages of evaluation. Perhaps the more cutting-edge delivery
techniques, such as convection-enhanced delivery, that are being
tested in gliomas will find a place in this difficult arena.

Obviously, metastatic brain tumors represent a spectrum of dis-
eases, and trying to find a single “fix” for this set of diseases is
beyond the most optimistic expectation. Likely, it will be improve-
ments in our overall understanding of the biology of individual
cancers that will empower us to further palliate our patients. A
superb and promising example of this would be the recent recog-
nition of the importance of chemokine signaling in the metastatic
behavior of certain tumors and of the potential to block metastasis
by blocking the binding of CXCR4 on tumor cells to its ligand,
stromal derived factor (CXCL12) in target organs like the liver,
lungs, and lymph nodes (1).

Philip H. Gutin
New York, New York

1. Epstein RJ: The CXCL12-CXCR4 chemotactic pathway as a target of adjuvant
breast cancer therapies. Nature Rev Cancer 4:901–909, 2004.

This experienced group of experts has produced a comprehen-
sive and up-to-date supplement on metastatic brain cancer

treatment. Perhaps the most important recent development in
this field is the recognition that brain metastases, both solitary
and multiple, benefit from aggressive management. As pointed
out by Ewend et al., appropriate management can include sur-
gical resection, radiosurgery, radiation therapy or combinations
of multimodality therapy. Advances in imaging, improvements
in neurosurgical technique, and surgical adjuncts, such as stereo-
tactic localization and awake monitoring, provide the justifica-
tion for this more aggressive approach. The morbidity of aggres-
sive treatment is low, and even patients with multiple metastases
can expect significant benefit. With current therapies, survival is
ultimately limited by the systemic effects of metastases, and brain
metastases are rarely the cause of death.

This supplement also outlines areas of current controversy
and future research. Among the more interesting unresolved
controversies is the use of radiosurgery versus WBRT for
certain subsets of tumors. Looking toward the future, al-
though chemotherapy has had limited benefit for brain me-
tastases, it is helpful for controlling systemic disease and
recent evidence provides provocative data to support further
research in this area.

Jeffrey N. Bruce
New York, New York

Metastatic brain tumors represent a significant health
problem and portend a poor prognosis. The exact num-

ber of patients newly diagnosed each year is unknown (mostly
because of a lack of a national cancer registry), but it is
estimated to be more than 100,000 patients per year in the
United States alone. Although advances in therapies have
impacted the survival of subgroups of patients, mostly young
patients in good performance status and with limited extent of
systemic disease, the majority of brain metastasis patients will
die between 3 and 6 months from the time of diagnosis.

Modern imaging capabilities, especially magnetic resonance
imaging, have greatly improved our ability to visualize the
number and location of the metastases, particularly with re-
gard to functional anatomy, but the type and the origin of the
masses cannot be determined and the presence of microscopic
foci are beyond detectability. Even the differentiation between
tumor recurrence and radiation necrosis, a common dilemma
in neuro-oncology, is still unresolved using imaging tools.

Surgical extirpation of a metastatic tumor remains the most effec-
tive method of eradicating the mass. This is due to the well-
encapsulated nature of the majority of the metastasis, the advances
in the surgical armamentarium (image guidance, intraoperative ul-
trasound, and cortical mapping), and modern anesthesia tech-
niques. The mortality and morbidity associated with the craniotomy
have been reduced over the years to relatively low levels, and the
hospital stay is at an average of 3 days. The location of a metastatic
tumor in proximity to the eloquent cortex per se does not render the
mass inoperable. But, tumors that are in deep locations like the
brainstem or the basal ganglia should not be operated on except in
rare circumstances.

The use of WBRT remains the most common and most appro-
priate form of therapy for the majority of patients newly diagnosed
with brain metastasis. The beneficial effect of such therapy on re-
ducing the number of recurrent brain metastasis is well established.
Much has been written about the deleterious effect of WBRT on the
patient’s quality of life. This, however, is more likely to occur in
patients older than 75 years and can be minimized by increasing the
number of fractions and reducing the radiation dose per fraction.

SRS is a convenient method used to effectively treat small
tumors in an outpatient setting and without the need for
general anesthesia. The best results are obtained with tumors
smaller than 1.5 cm in diameter that are not located in the
eloquent cortex. For tumors that are larger than 1.5 cm, sur-
gical resection provides significantly better results in terms of
local control and side effects. This is a concept that few prac-
titioners of radiosurgery are willing to accept. With the excep-
tion of the brainstem, there seems to be a lack of adjustment of
the SRS dose for tumors located in or adjacent to the eloquent
cortex. The concept that SRS is preferable to surgery for treat-
ing such lesions has not been demonstrated in the literature.

It is true that systemic chemotherapy has not been properly or
sufficiently tested against brain metastasis. There are several exam-
ples of durable responses with chemotherapy for metastatic breast
cancer to the brain. This may reflect the greater sensitivity of these
tumors to chemotherapy as compared with the other common
forms of metastatic tumors. Newer data on the molecular make-up
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of these tumors and on the molecular mechanism that underlies the
metastatic process are likely to lead to newer and more effective
therapies. These concepts were not incorporated in this review.
Instead, it is surprising to read in almost every single article on the
merits and the promise of local polymer delivery of chemotherapy.
It is hard not to see this as a clear marketing effort. It is also
surprising to read that convection-enhanced delivery is being
presented as a promising new approach. Although this may be
applicable to primary malignant brain tumors, this form of ther-
apy would not be rational for metastatic tumors that are more
localized and less invasive.

In summary, metastatic brain tumors represent an orphan dis-
ease. No one specialty or specialist has the full spectrum of expertise
to treat all aspects of the disease. Neurosurgeons, if properly trained,
have a dominant role to play in guiding the management of this vast
and diverse patient population. Multidisciplinary approaches, such
as that represented by the authors of this supplement to Neurosur-
gery, can and should provide the necessary leadership in guiding
the most optimal management option.

Raymond Sawaya
Houston, Texas

This supplement provides an important review of the cur-
rent management practices for diagnosing and treating

metastatic lesions in the brain. For neurosurgeons who occa-
sionally see these patients in their practices, this resource can
offer guidelines for reference.

The overriding theme that emerges from any review supplement
is that in-depth study of a specific topic requires further investiga-
tion and the references listed with each report are a good place to
start. It is clear that we have many resources to treat these patients.
The successful use of technology-driven surgery, focused radiation
techniques, and the early suggestion that some forms of chemother-
apy are helpful illustrate the comprehensive nature of management.
It is also clear that when all of these strategies are used, local control
of metastatic brain tumors improves. What is disappointing is that,
to date, all of this has done little to extend survival for cancer
patients. The success of multimodality therapy in the brain has not
been accompanied by similar success in eliminating systemic
disease.

I was particularly impressed with the section on imaging. This is
a critical part of management for brain tumor patients, and neuro-
surgery is an imaging-dependent discipline. Further development
of imaging techniques, including anatomic, physiological, func-
tional, and even molecular imaging will change the way we prac-
tice. This requires collaboration with the imaging specialists who are
important members of a comprehensive team approach.

In addition, the authors have done a nice job in addressing
the success and the limitations of each topic. Much work has
been done to achieve better control of brain metastases and
much has been accomplished. These authors have consider-
able expertise in this disease management and their experi-
ence combined with their knowledge brings wisdom. This is a
reference text that practitioners should use as a guide for
decision making. I suspect that many will find validation.

All cancer is the result of genetic mutations. It is with a firm
understanding of this simple fact that will lead us to future “cures.”
It is not unreasonable to expect that, within the next generation,
improvements in cancer treatment can turn fatal diagnoses into
chronic, controllable conditions. When this happens, the success in
the management of brain metastases will be accompanied by similar
success with systemic tumors and patient survival will improve.

Joseph M. Piepmeier
New Haven, Connecticut

This is a timely review of a frustrating area of oncology, the
treatment of metastatic disease to the central nervous system. It

is frustrating because the benefit of treatment is primarily palliative
and significant survival benefit has yet to be demonstrated. Many of
the same problems that lead to failure of systemic chemotherapy are
magnified in the brain tumor patient because of the complexity of
the intact blood-brain barrier that surrounds the tumor, as well as
the biodistribution and pharmacokinetic restraints that limit uni-
form delivery of the anticancer drug to the metastatic tumor. Many
of these limitations are well discussed in this article, and are not
sidestepped or minimized as they are in many discussions of this
type. In addition, even though this supplement primarily addresses
chemotherapy, there is adequate recall of radiation therapy studies
so the reader will understand what the progress and limitations
have been to date. The authors also present some of the newer
approaches that are being or have been used, as well as some of
those that are being considered in the future, such as convection-
enhanced delivery and use of carmustine wafers.

Probably the only contentious issue in this supplement is
the result of the authors’ attempt to provide the reader with
some general indication of the normal brain capillary perme-
ability of chemotherapeutic agents that have been used in the
treatment of metastatic brain tumors in the past. Although
there are exact measurements of brain capillary permeability
for some of the agents, there is insufficient information for a
precise breakdown for other agents. I think that the author has
made a good “guesstimate” for some of those other agents.

This supplement does not, however, deal with some of the
pharmacokinetic tenants that would allow a neurosurgeon to
use a drug that poorly crosses the blood-brain barrier, but still
allows good biodistribution in the tumor and the leading edge
of the tumor. This should be the basis for a future study
because it deals with an additional premise that should be
presented in a more formal fashion.

If the study-state blood level can be maintained, a drug that
does not biotransform, or one that biotransforms slowly, will
diffuse over time from the permeable capillaries in the tumor into
other regions in the tumor that are less permeable or are associ-
ated with less permeable vessels and into the leading edge of the
tumor. Other than this small caveat, I think this is an excellent
study and would be quite helpful for trainees in neurosurgery,
neuro-oncology, medical oncology, and radiation oncology.

Victor A. Levin
Neuro-oncologist
Houston, Texas
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CHAPTER 1

AN ERA OF RAPID ADVANCEMENT: DIAGNOSIS AND

TREATMENT OF METASTATIC BRAIN CANCER

Steven Brem, M.D.
Departments of Interdisciplinary
Oncology and Neurosurgery,
University of South Florida
College of Medicine, and
H. Lee Moffitt Cancer Center and
Research Institute, Tampa, Florida

Jain George Panattil, M.D.
Departments of Interdisciplinary
Oncology and Neurosurgery,
University of South Florida
College of Medicine, and
H. Lee Moffitt Cancer Center and
Research Institute, Tampa, Florida
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Division of Neuro-Oncology, and
Department of Neurosurgery,
H. Lee Moffitt Cancer Center and
Research Institute,
12902 Magnolia Drive, Tampa, FL
33612-9497.
Email: brem@moffitt.usf.edu

THE PAST DECADE has been marked by significant improvements in the survival of
patients with metastatic brain tumors, but the management of this disease presents a
continuing challenge because of the varied nature of brain metastases and the limited
survival time. Brain metastases are becoming more prevalent because of improvements in
the treatment of extracranial lesions; this paradox brought together a seven-member
multidisciplinary panel to discuss some of the most promising developments in imaging,
surgical, and therapeutic techniques for metastatic brain tumors, and to address the
perplexing challenges that remain. Their analyses are captured in this supplement, which
begins here with an overview of metastatic brain cancer.

KEY WORDS: Brain cancer, Brain metastasis
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TREATMENT COMPLEXITIES

One of the obstacles in the management of
brain tumors has been the pharmacological “sanc-
tuary” provided by the blood-brain barrier (BBB),
which can shield intracranial sites from the poten-
tial treatment effects of most systemic water-
soluble chemotherapy agents. Conversely, tumors
and some cancer treatments can transiently dis-
rupt the BBB, resulting in a double-edged sword
that can facilitate the seeding of new metastatic
lesions and simultaneously allowing tumor access
to chemotherapy. Recent clinical trials offer prom-
ise that malignant brain tumors will be amenable
to chemotherapy (35, 40). There truly is a new era
of therapy as optimism is replacing pessimism
(10).

Continued progress in computer technology
propels the development of enhanced imaging ca-
pabilities via computed tomography (CT) and
magnetic resonance imaging (MRI), resulting in
better detection of previously occult cranial le-
sions. Perhaps most importantly, advances in sys-
temic treatment approaches and overall patient
care have resulted in prolonged survival for cancer
patients who may now live long enough to de-
velop symptomatic brain metastases.

INCIDENCE OF
BRAIN METASTASES

Although the true incidence is not known, it is
estimated that 98,000 to 170,000 new cases of met-

astatic brain tumor are diagnosed in the United
States each year (19, 31, 32), with variations in the
estimates of incidence and prevalence arising from
differences in the method of assessment. Autopsy
series, for example, suggest a higher incidence, but
represent selected subsets of patient populations
that are unlikely to reflect the true occurrence in
the general population. In the largest autopsy se-
ries to date, Posner and Chernik (33) examined the
records of 2375 cancer patients and found that
central nervous system (CNS) metastases occur in
approximately 24% of patients with systemic can-
cer. Other estimates suggest an incidence as high
as 45% (8, 26). Retrospective analyses are limited in
that they examine only those patients who have
received treatment, and data that is more accurate
based on a sampling of the asymptomatic popu-
lation are not available. Regardless of the exact
numbers, metastatic brain tumors continue to be a
common complication of systemic cancer and are
likely to be underestimated in the population.

KEY FACTORS IN OPTIMAL
PATIENT TREATMENT

Knowledge of tumor histology drives the un-
derstanding of the patterns of intracranial disease
in several ways that are important in the develop-
ment of appropriate treatment protocols. The dis-
tribution of tumor types of metastases to brain
reflect the distribution of systemic neoplasms in
the general population, such that most brain me-
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tastases arise from lung or breast cancer, which represent the two
most common sites of primary tumors. Nussbaum et al. (26) exam-
ined the records of 729 patients with brain metastases and the
results are shown in Table 1.1. The systemic lesions that resulted in
brain metastases included lung cancer (40%), breast cancer (17%),
and melanoma (11%); these accounted for two-thirds of the brain
metastases (26).

Some tumor types are much more likely than others to
result in metastatic spread to the brain. As shown in Table 1.2,
the risk of brain metastases is highest when the primary tumor
is testicular, followed by melanoma, lung, and renal cell car-
cinoma (16). Other cancers, such as prostate and gastric tu-
mors, rarely metastasize to the brain (24). In a recent large
European registry of 2724 patients, brain metastases from lung
were more than 10-fold more frequent than those from colo-
rectal cancer (36). The mechanism behind the increased pro-
pensity of testicular cancer, for example, to metastasize to
brain, or for other cancers, such as prostate cancer, to not
spread to brain, is not known. Tumor histology also plays a
role in the approach to treatment because some histological
types are chemosensitive or radiosensitive and respond well
to treatment. These tissues include breast or lung carcinoma,
whereas others, such as renal cell cancer or malignant mela-
noma, are relatively more resistant to known therapies (8).
Renal cell carcinoma, which has been considered resistant to

radiation therapy delivered in a standard fractionated scheme,
shows good response to single-session radiosurgery (2, 7).

The time interval from diagnosis of primary cancer to brain
metastases can also be important in prognosis because some tumor
types have a significantly longer disease-free interval, or time from
diagnosis to brain involvement. In the study of Nussbaum et al. (26)
shown in Table 1.1, the median duration from diagnosis of cancer to
brain involvement was 12 months for the entire cohort, ranging
from 3 months for lung cancer to a full 40 months for breast cancer.
The duration from brain metastases to death was 4 months, ranging
from 3 months for patients with small-cell lung cancer to 8 months
for ovarian cancer.

DISTRIBUTION AND DISSEMINATION OF
BRAIN METASTASES

Most brain tumors arise from the hematogenous dissemination
of cancerous cells that enter the CNS and proliferate through mech-
anisms involving neovascularization (23, 34). Delattre et al. (11)
identified the number and site of brain metastases in the CT scans
from 288 patients and found, as shown in Figure 1.1, that the distri-
bution of metastases was not random. Brain metastases are com-
monly located beneath the gray-white matter junction and superfi-
cial distal arterial fields (11, 18), where the narrowing of cerebral
vasculature and slowing of blood flow is more likely to promote
seeding of tumoral microemboli. In the autopsy series of Posner and
Chernik (33), CNS metastases most often involved the brain paren-
chyma, leptomeninges, and spinal epidural space. Thus, the distri-
bution of brain lesions generally reflects the blood flow, with ap-
proximately 80% of lesions found in the cerebrum, 15% in the

TABLE 1.1. Influence of primary tumor type on the number of
clinically detected brain metastases, disease progression, and
survival timea

Primary tumor
type

Total
(%)

Single
metastasis

(%)

Multiple
metastases

(%)

Diagnosis to
metastases

(mo)

Metastasis
to death

(mo)

Lung 40 48 52 3–6 4

Breast 17 49 51 40 4

Melanoma 11 49 51 31 5

Renal cell 6 56 44 28 6

Gastrointestinal 6 67 33 14 3

Uterine/vulvar 5 53 47 23 3

Unknown 5 70 30 �1 7

Ovarian 2 57 43 23 8

Bladder 2 64 36 15 3

Prostate 2 82 18 22 3

Testicular 2 55 45 15 4

Miscellaneous 4 65 47 16 3

Total 100 53 47 12 4

a From, Nusbaum ES, Djalilian HR, Cho KH, Hall WA: Brain metastases: Histology,
multiplicity, surgery, and survival. Cancer 78:1781–1788, 1996 (26).

TABLE 1.2. Risk of brain metastases: Autopsy incidence by
primary cancera

Histology % of patients

Testicular 46

Melanoma 40

Lung 21

Renal cell 21

Osteosarcoma 10

Breast 9

Head and neck 6

Cervix 5

Neuroblastoma 5

Ovarian 5

Gastric 0

Prostate 0

a Adapted from Greenberg M: Cerebral metastases, in Greenberg M (ed): Handbook of
Neurosurgery. New York, Thieme, 2001, pp 463–469 (16).
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cerebellum, and 5% in the brainstem (11, 33). It is interesting that
pelvic and gastrointestinal tumors selectively localize in the poste-
rior fossa. In patients with a single metastasis, the posterior fossa
was involved in 50% of patients with pelvic (prostate or uterus) or
gastrointestinal tumors, but was involved in only 10% of patients
with other primary tumors (11).

NUMBER OF BRAIN METASTASES

A major predictor of survival is the number of cranial lesions that
occur in patients who present with metastatic brain disease. The
number and location of metastases guides the determination of the
proper treatment approach, especially the decision for surgical re-
section. Approximately half of the 729 patients reviewed by Nuss-
baum et al. (26) had single cranial lesions (Table 1.1), although this is
likely an underestimate of the true incidence. Median survival was
3 to 5 months for patients, regardless of the presence of single or
multiple cranial lesions; however, this study did not differentiate
between single (one cerebral lesion) or solitary (one cerebral lesion
that is the only known site of metastatic cancer) brain metastases. In
a study of 288 patients evaluated by CT, there was one brain me-
tastasis in 49%, two metastases in 21%, and three or more metastases
in 30% of patients (Fig. 1.2) (11). Adenocarcinoma of the breast and
colon, and renal cell and thyroid carcinomas tend to produce a
single metastasis, whereas melanoma and lung cancer usually result
in multiple metastases (11). Although it is still true that the optimal

candidate for surgical resection is a patient with a solitary accessible
cerebral lesion, improvements in surgical techniques and aftercare
continue to make more lesions operable and multiple-lesion surgery
more common in more patients. Data on tumor size demonstrate
that smaller tumors (�2 cm3) have better response rates (20, 37), and
there is also evidence suggesting that total tumor volume is as
important as tumor number (8). However, few published studies
include data on total tumor volume.

TIMING OF BRAIN METASTASES

The details of diagnosis in metastatic brain disease are important
for determining the optimal treatment protocol in patients who
have known systemic cancer or in patients who have neurological
symptoms caused by cranial lesions. Even with advances in diag-
nostic tools, metachronous tumor presentation (diagnosed more than
2 mo after the primary tumor) continues to occur in 80% of patients.
The remaining 20% of patients have either precocious (found before
the primary tumor) or synchronous carcinomas (discovered within 2
mo of the primary tumor). Some estimates suggest that synchro-
nous tumors occur in as many as one-third of cancer patients (36),
but the occurrence of brain metastases is different for different
tumor types, which makes the histology of a primary extracerebral
tumor an important diagnostic tool. The recent dramatic improve-
ments in imaging technology suggests caution in the interpretation
of previous studies because the tumor classified as single or solitary
in 1990 may actually be a cluster of multiple metastases that would
be detectable with today’s instrumentation.

NEUROLOGICAL DYSFUNCTION AND
CLINICAL PRESENTATION

Complications from brain metastases most often develop gradu-
ally and include persistent headache, focal weakness, alteration in
cognitive function, ataxia, and seizure (24), although onset of signif-
icant neurological symptoms may occur acutely. Ten percent of
patients with brain metastases are diagnosed by MRI or CT and
present at the clinic with no neurological signs or symptoms (26).
The emergence of clinical symptoms is caused by damage to adja-
cent vital tissue and is usually related to mass effect impinging on
adjoining brain structures and is, thus, dependent on the size and
location of the tumor mass. Peritumoral edema and hydrocephalus
caused by blockage of cerebrospinal fluid are not uncommon and
may result in seizure or convulsion.

Although there have been significant advances in the survival of
many patients with benign and malignant brain tumors (9), the
survival for malignant primary brain tumors remains poor. New
approaches to brain tumor therapy offer an improved therapeutic
horizon (40, 41). For patients with metastatic brain tumors, despite
significant advances in local control using microsurgery and radio-
surgery (3, 5), overall survival is still a function of the primary
cancer. A majority of patients continues to die from systemic dis-
ease, although improvements in treatment of systemic disease may
change this balance. A significant subpopulation; however, still die

FIGURE 1.1. Distribution of metastatic lesions in the brain (adapted
from, Delattre JY, Krol G, Thaler HT, Posner JB: Distribution of brain
metastases. Arch Neurol 45:741–744, 1988 [11]).

FIGURE 1.2. Number of cranial lesions per patient with brain metastases
(from, Delattre JY, Krol G, Thaler HT, Posner JB: Distribution of brain
metastases. Arch Neurol 45:741–744, 1988 [11]).
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a neurological death from progression of brain metastases (3, 12,
27–29, 39).

CURRENT TREATMENT APPROACHES TO
BRAIN METASTASES AND SURVIVAL

The median survival of untreated patients is approximately 1
month, and patients treated with steroids may experience a slightly
longer survival; patients treated with whole-brain radiation therapy
(WBRT) will survive an average of 3 to 6 months, which can be
extended to a year or more by the combination of surgery and
WBRT, in patients with favorable prognostic factors (12, 15, 25, 28,
31). Survival ranges from 6 to 14 months for patients treated with
radiosurgery with or without WBRT (3, 4, 17, 30). Prognostic factors,
such as those used in the Radiation Therapy Oncology Group’s
recursive partitioning analysis, are important in determining the
optimal approach to the treatment of brain metastases. The combi-
nation of surgery and WBRT, for example, may not extend survival
in patients with poor performance status or extracranial disease
compared with treatment with WBRT alone (21, 22). Young age,
unifocal and accessible disease, and good performance status con-
tinue to define the optimal patient (15). Poorer prognosis occurs
with multiple metastases, older age, and active systemic disease.
Improved detection and diagnosis will result in better patient as-
sessment and classification that is more accurate of prognostic
factors.

UNMET NEEDS

Significant unmet needs persist in the efforts to improve the
treatment of brain metastases. Continued progress is necessary in
the development of diagnostic and imaging tools that can provide
additional information on tumor metabolism, and discern and de-
lineate metastases at an even earlier stage. Additional advancement
is needed in the development of new chemotherapy agents, such as
temozolomide (Temodar; Schering-Plough Corp., Kenilworth, NJ)
(40), which can cross the BBB; and novel delivery approaches ex-
emplified by the 1,3-bis(2-chloroethyl)-N-nitrosourea (BCNU) wafer
(Gliadel; Guilford Pharmaceuticals, Inc., Baltimore, MD) (41), which
is implanted into the tumor cavity after resection to circumvent the
BBB; both deliver cytotoxic agents to otherwise inaccessible brain
tumors and extend survival in patients with malignant glioma.
These agents also may benefit patients with brain metastases, be-
cause results have been encouraging from Phase I/II trials (1, 6, 13,
14, 38). Further treatment goals include improved localization and
focus of radiation therapy and fewer side effects in palliative med-
ications, such as anticonvulsants and corticosteroids. Neurosurgical
techniques that allow more complete resection of complex tumors
will remain critically important.

SUPPLEMENT CONTENTS

This supplement is intended to provide an up-to-date picture of
the diagnosis and treatment of metastatic brain tumors. In Chapter
2, Robert J. Young, Allen K. Sills, Steven Brem, and Edmond A.

Knopp review neuroimaging with an emphasis on advanced imag-
ing techniques for the diagnosis, management, and posttreatment
monitoring of metastatic brain disease and the potential limitations
and confounding factors of the imaging techniques. They discuss
physiological and metabolic imaging techniques that detect bio-
chemical processes, including perfusion and functional MRI.
These include ultra-high field strength MRI, and molecular-,
angiogenesis-, and genetic-based imaging.

In Chapter 3, Allen K. Sills reviews the continuing evolution of
surgery in the treatment of brain metastases, because improvements
in surgical technique have made more patients eligible for surgical
resection. Image guidance, intraoperative ultrasound, functional
neuronavigation, cortical mapping, and awake craniotomies have
expanded the scope of lesions that can be safely approached and
resected with minimal adverse sequelae.

WBRT has been the primary treatment for patients with
brain metastases for more than 50 years and provides effective
palliative relief in most patients. In Chapter 4, Minesh P.
Mehta and Deepak Khuntia provide an update on key issues
in the optimal use of WBRT, including the use of WBRT in
conjunction with surgery, radiosurgery, radiosensitizers, and
interstitial agents that provide highly focused local chemo-
therapy in combination with WBRT that has shown promising
results in the treatment of brain metastases.

Next, in Chapter 5, Michael W. McDermott and Penny K.
Sneed review the application of radiosurgery in the focal
treatment of brain metastases as a preferred therapy in select
patients. They address a number of treatment issues that
remain unresolved, such as the use of radiosurgery with
WBRT and its value compared with that of other treatment
modalities. They also discuss delivery techniques, including
linear accelerator, Gamma Knife, particle and proton beam,
conformal and multileaf collimation, and fractionated dosing.

In Chapter 6, David M. Peereboom reexamines the role of
chemotherapy in metastatic brain disease. This review empha-
sizes multi-modality strategies. Data from historical studies
are discussed, as well as preliminary results from recent stud-
ies using newer agents and novel delivery techniques in brain
metastases, including temozolomide and BCNU wafers.

Finally, in Chapter 7, Matthew G. Ewend, Samer Elbabaa,
and Lisa A. Carey bring together these contemporary treat-
ment paradigms and merges these concepts with the latest
clinical data and evolving multimodality therapies. They re-
view the process for making decisions regarding the optimal
use of appropriate aggressive or conservative treatment for
patients with single or multiple brain lesions to obtain optimal
survival and quality of life in light of current guidelines.

CONCLUSIONS

As with other cancers, the treatment paradigm for metastatic
brain tumors has begun to move toward a focused and multimodal
approach that combines sophisticated radiation therapy, especially
in the form of radiosurgery, with surgery and chemotherapy.
Newer systemic and localized chemotherapy agents have shown
some benefit in brain metastases and warrant further clinical trials.
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The new approaches discussed in this supplement suggest that we
are at the beginning of a new era in which advances in multimodal
strategies for diagnosis and treatment may improve the quality of
life for patients with metastatic brain tumors and may significantly
extend survival.
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THIS REVIEW DISCUSSES imaging techniques for the diagnosis, treatment, and mon-
itoring of brain metastases. It assesses the various modalities on the basis of their
respective advantages and limitations. Recent advances in imaging technologies pro-
vide evaluation that is more accurate for tumor localization, morphology, physiology,
and biology. When used in combination, these technologies provide clinicians with a
powerful diagnostic and prognostic tool for managing metastatic brain disease.
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This article reviews neuroimaging with
an emphasis on advanced imaging tech-
niques for the diagnosis, management,

and posttherapeutic monitoring of metastatic
brain disease. These methods allow preopera-
tive diagnoses that are more specific, evalua-
tion of tumor aggressiveness and biological
features, and precise therapeutic planning and
posttherapeutic monitoring. The various mo-
dalities and their applications in the manage-
ment of brain metastases will be discussed, as
will their potential limitations and confound-
ing factors.

CONVENTIONAL IMAGING

Conventional computed tomography (CT)
and magnetic resonance imaging (MRI) re-
main the predominant techniques for the de-
tection of metastatic brain disease and man-
agement of patients with it. Noncontrast CT
scans are often the initial imaging modality for
symptomatic patients with unknown brain
metastases, especially for patients presenting
in the emergency department setting. These
scans are followed by a contrast-enhanced
study, preferably MRI. Asymptomatic pa-
tients are screened for brain metastases with a
contrast-enhanced study in certain clinical sit-
uations, such as systemic nonsmall cell lung
carcinoma and estrogen/progesterone-
negative breast cancer primary lesions (23, 58).
During the monitoring phase, patients often
have contrast CT scans of the head as part of
whole-body imaging. Although small metas-
tases are missed with contrast CT, as opposed
to contrast MRI (35, 76, 87), there is no clinical

difference between these imaging methods in
terms of survival time or rate (104).

The conspicuity of contrast-enhancing mass
lesions with MRI may be enhanced with mag-
netization transfer suppression and triple-dose
contrast techniques (28); the two methods are
synergistic. For magnetization transfer suppres-
sion, a magnetic labeling off-resonance excita-
tion pulse saturates the bound macromolecular
protons while sparing free water protons. This
reduces background signal by 37% on T1-
weighted imaging (T1WI) and doubles the
contrast-to-noise ratio of enhancing mass lesions
(34). Triple-dose gadolinium contrast (0.3
mmol/kg) MRI improves visualization of early
and/or small lesions (105, 106) and reduces the
number of lesions classified as single in 25% of
patients (46, 86), which helps to resolve some
diagnostic dilemmas and to hasten the initiation
of appropriate therapy. Although most addi-
tional lesions are small and may not change the
course of management (6), triple-dose studies
provide a more accurate assessment of disease
burden and potential targets. In our clinical
practice, we routinely perform triple-dose con-
trast studies before surgical resection and stereo-
tactic radiosurgery. The discovery of multiple
metastases may direct more patients toward ra-
diosurgery, which is well suited for small
and/or asymptomatic lesions, has been shown
to control intracranial disease, and may improve
patient survival and quality of life (80). Surgery
may still be required for symptomatic lesions
with a significant mass effect.

MRI provides the best anatomic detail of
any imaging technique. High resolution, mul-
tiplanar imaging is essential for neuronaviga-
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tional systems for operative and radiosurgical planning (27).
The routine use of two-dimensional (2D) spin-echo and
gradient-echo sequences for this purpose is hindered by the
decrease in signal-to-noise ratio and reduced slice coverage
resulting from the thin-slice imaging. The elimination of in-
terslice gaps increases imaging times and the potential for
motion artifact. Volume acquisition with three-dimensional
(3D) gradient-echo and echo-planar imaging provides excel-
lent signal-to-noise images with a minimal effective slice
thickness. Any incremental increase in imaging time is coun-
tered by the ability to manipulate the volumetric data and
perform multiplanar reconstructions at a later time. Standard
3D gradient-echo sequences require 5 to 6 minutes, whereas
3D echo-planar sequences require 2.2 minutes (3). We rou-
tinely use 3D T1-weighted gradient-echo techniques, opti-
mized to reduce geometric distortion, in this setting.

Intra-axial metastases typically present as multiple contrast-
enhancing mass lesions located near the gray-white interface,
with associated vasogenic edema and mass effects. They
present on noncontrast CT scans as hypodense or isodense
mass lesion(s). On MRI, most show mild T1 hypointensity
with T2 hyperintensity and fluid-attenuated inversion recov-
ery (FLAIR) hyperintensity. Hemorrhagic metastases demon-
strate hyperdensity on noncontrast CT scans and T1 hyperin-
tensity on noncontrast MRI; common culprits include
melanoma, thyroid, renal, breast, and lung primary lesions.
These metastases may be distinguished from benign hemor-
rhagic lesions by their relatively delayed hemoglobin evolu-
tion and incomplete hemosiderin rims (Fig. 2.1). Metastases
from malignant melanoma may demonstrate T1 hyperinten-
sity because of an intratumoral hemorrhage or melanin com-
ponents that contain intrinsic paramagnetic properties.

The leptomeninges may be the site of metastases from pri-
mary central nervous system (CNS) malignancies (34%) as
well as extra-cranial hematological (11%) and solid (46%) ma-
lignancies (36). Solid tumors include adenocarcinomas from
breast, lung, and stomach, as well as malignant melanoma.
Whereas both small and nonsmall cell lung carcinomas can
cause parenchymal metastases, only the small cell type will
commonly cause leptomeningeal metastases.

Even after single or multiple cerebrospinal fluid (CSF) sam-
pling, up to 15% of test results may remain falsely negative
(15). Analysis of CSF is superior to MRI for detection of
hematological malignancies (sensitivity, 89–95% versus 39–
48%), but not for solid tumors (sensitivity, 46% versus 100%)
(107). Overall, CSF analysis shows 75 to 80% sensitivity and 95
to 100% specificity, whereas contrast-enhanced MRI shows 56
to 76% sensitivity and 77 to 93% specificity (85, 107) and is
abnormal in 92% of patients with positive CSF cytology (30).

Although the 100% specificity of CSF examination can not
be matched by any imaging technique, typical imaging fea-
tures alone are sufficient to make the diagnosis in 31 to 46% of
cancer patients (15, 30). Neuroimaging and CSF analysis
should be considered complementary tools in the search for
leptomeningeal metastases. Contrast-enhanced T1WI images
show 59% sensitivity and 93% specificity, whereas contrast-

enhanced FLAIR images show 41% sensitivity and 88% spec-
ificity (82); the two sequences are best used in a complemen-
tary fashion (Fig. 2.2). Leptomeningeal metastases are
observed as curvilinear or nodular pial enhancement along the
basal cisterns or sulci in 35% of patients, hydrocephalus in
13% of patients, and cranial nerve deposits in 11% of patients
(15). Coexisting parenchymal metastases, found in 17% of
patients, independently worsen survival (13). CSF flow stud-
ies with 111In-diethylenetriamine pentaacetic acid can deter-
mine abnormal CSF flow dynamics, which predict shorter
patient survival and worse intrathecal chemotherapy toxicity
(60).

Dural metastases are commonly caused by systemic breast
carcinoma, pulmonary adenocarcinoma, squamous cell carci-
noma, and renal cell carcinomas (42, 74, 75). Patients with
these malignancies are more prone to recurrent disease, which
may occur in upwards of 41% of patients, but their overall
survival is similar to that of patients with parenchymal disease
(75). Chronic subdural hematomas in cancer patients should
be approached with suspicion, because such fluid collections
may be masking dural metastases (90).

FIGURE 2.1. A 73-year-old woman
with metastatic breast carcinoma.
Axial noncontrast CT scan (A)
shows a subtle mass lesion in the left
parietal lobe against a background of
severe microvascular disease, with an
anterior curvilinear area of hyperden-
sity and adjacent sulcal effacement.
Axial T2WI (B) and FLAIR (C) im-
ages show the hyperintense mass
with an incomplete peripheral hy-
pointense hemosiderin rim. Sagittal
T1WI (D) shows marked hyperintensity from intratumoral hemorrhage. Axial
T1WI (E) reveals heterogeneous enhancement.
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PHYSIOLOGICAL IMAGING

Physiological and metabolic imaging techniques translate
the mechanics of tumor biology into visual images. By inter-
rogating biochemical processes, these techniques provide pre-
operative diagnoses that are more specific among tumors and
tumor-mimics, evaluation of tumor aggressiveness and bio-
logical features, and more precise therapeutic planning and
posttherapeutic monitoring. Techniques include nuclear med-
icine; magnetic source imaging (MSI); and perfusion, spectro-
scopic, functional, and diffusion MRI.

Nuclear Medicine

The primary nuclear medicine imaging techniques are
single-photon emission computed tomography (SPECT) and
positron emission tomography (PET). SPECT remains more
widely available, despite the recent proliferation of PET and
PET/CT scanners, but suffers from decreased resolution and
sensitivity. SPECT provides physiological imaging with a va-
riety of radiopharmaceuticals, including technetium-labeled
agents (i.e., 99mTc-hexamethylpropylene amine oxime [HM-
PAO], 99mTc-ethyl cysteinate dimer [ECD], 99mTc-tetrofosmin,
and 99mTc-2 methoxy-isobutyl-isonitrile [MIBI]), N-isopropyl-
p-(123I) iodoamphetamine (123I-IMP), and thallium-201 (201TI).

Metastases often show decreased uptake of perfusion agents
(such as 99mTc-HMPAO, 99mTc-ECD, and 123I-IMP), with the
exception of hypervascular metastases, such as malignant mel-
anoma. 99mTc-MIBI demonstrates only a 50% sensitivity for
brain metastases (39). There has been extensive research into
the use of 201Tl for brain tumor grading, localization, and
survival assessments. Its accumulation actively occurs in via-
ble tissue via the sodium-potassium adenosine phosphatase-
dependent membrane transport system, as well as via passive
factors, such as regional blood flow and breakdown of the
blood-brain barrier (BBB). 201Tl reveals a 70% and 60% sensi-
tivity for brain metastases with early and delayed imaging,
respectively (39). Taking into account lesion size, 201Tl detects

100% of large lesions (�1.4 cm), but only 22% of small lesions
(�1.3 cm) (89). Radiolabeled amino acid scans with 3-123I-
iodo-�-methyl-l-tyrosine (123I-IMT) have improved lesion-to-
background contrast. SPECT imaging with uptake and reten-
tion measures performs well in the detection of metastatic
lesions but does not discriminate the lesions from primary
brain tumors (14, 40).

PET measures metabolic activity using radioactive posi-
tively charged particles, or positrons. PET is preferred over
SPECT because of its higher intrinsic resolution. PET provides
absolute quantification of cerebral blood flow and uses func-
tional imaging to define eloquent cortex. The common radio-
pharmaceuticals have short half-lives—11C, 20 minutes; 13N,
10 minutes; 15O, 2 minutes; and 18F, 110 minutes—and, aside
from 18F, require an on-site cyclotron for generation. Although
of limited usefulness for differential diagnosis of cerebral le-
sions, PET allows for the evaluation of suspected metastatic
lesions and whole-body staging in a convenient single exam-
ination. With possible detection of the primary systemic tu-
mor, PET reduces precocious presentations (Fig. 2.3) (96).
Newer PET/CT systems allow for localization of PET abnor-
malities that is more precise, although fusion to MR images is
also possible.

FIGURE 2.2. A 62-year-old woman with leptomeningeal metastases from
ovarian carcinoma. Axial contrast-enhanced T1WI (A) and FLAIR (B)
images illustrate nodular sulcal enhancement in the right temporal, bilat-
eral occipital, and left cerebellar regions.

FIGURE 2.3. An 81-year-old man with
metastatic malignant melanoma. Axial
contrast-enhanced 3D magnetization-
prepared rapid gradient-echo image (A)
shows an enhancing mass in the left
frontal lobe with surrounding hypoin-
tensity. Axial FDG-PET (B) image re-
veals a corresponding hypermetabolic
focus consistent with malignancy.
Coronal FDG-PET (C) demonstrates
both the brain metastasis (arrow) and a
second hypermetabolic focus in the gas-
tric antrum (double arrows) that rep-
resent unsuspected metastatic disease.
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Perfusion MRI

Perfusion MRI (pMRI) provides visual maps of the regional
variations in cerebral microvasculature caused by intrinsic differ-
ences between tumoral and nontumoral capillary systems. Meta-
static disease spreads via hematogenous pathways into the CNS
and proliferates via tumoral neovascularization. Normal brain cap-
illaries form a mature BBB with tight junctions, continuous base-
ment membrane, and astrocytic foot processes; as opposed to tu-
moral capillaries with gap junctions, fenestrated membranes, and
open endothelial junctions resembling those of the primary systemic
tumor (56). Perfusion measurements can be used as an adjunct to
conventional imaging to assess the degree of tumoral microvascu-
larity and to evaluate grading and malignancy. Lack of angiogenesis
suggests tumor-mimicking lesions (i.e., radiation necrosis, cerebral
abscess, and tumefactive demyelinating lesion).

Common imaging techniques use gadolinium contrast agents
as exogenous paramagnetic tracers via dynamic contrast-
enhanced, susceptibility-weighted, gradient-echo, echo-planar
pMRI. This method exploits the T2* signal changes that occur
during passage of contrast through the cerebrovascular system to
attain cerebral blood flow and cerebral blood volume (CBV)
information (12). Microvascularity can be identified and quanti-
fied by a variety of measures, including vascular permeability,
cerebral blood flow, CBV, and relative CBV (rCBV). rCBV corre-
lates well with catheter angiography and histopathological mea-
surements of tumor neovascularity (98).

Elevated rCBV values (�1.5) are typically found in intra-axial
metastases. There is considerable overlap between the solitary me-
tastasis and the high-grade glioma using conventional MR images
and intratumoral rCBV measures. In this situation, pMRI evaluation
of the peritumoral T2 hyperintensity can be performed to reliably
differentiate the two (Fig. 2.4) (51). The peritumoral rCBV of meta-
static lesions is lower than normal white matter because of pure
vasogenic edema and increased interstitial water (4). This contrasts
with the peritumoral rCBV of high-grade gliomas that is greater
than normal white matter because of tumoral infiltration along
perivascular spaces and accompanying neovascularity beyond the
contrast-enhancing margins of the mass lesion (41). For metastatic
lesions, both surgery and radiation therapy may spare the peritu-
moral region because the imaging abnormalities will likely resolve
after successful therapy.

For the isolated dural-based metastasis, differentiation from me-
ningioma by conventional imaging may be difficult. Both typically
reveal T1 hypointensity and dense homogeneous enhancement af-
ter contrast administration with a dural tail sign (33, 63, 100). Intra-
tumoral rCBV measures are elevated in meningiomas (mean 8.97)
because of increased vascularity and lack of BBB but are only mildly
elevated in a number of metastatic tumors (mean 1.79) (44). Hyper-
vascular metastases from malignant melanoma, renal cell carci-
noma, or Merkel carcinoma, however, may present with an elevated
rCBV, indistinguishable from that of meningioma (43, 44).

Spectroscopic MRI

Proton spectroscopic MRI (sMRI) provides semiquantitative
evaluation of metabolite levels to characterize brain tumors.

Commonly measured metabolites include choline (Cho), lac-
tate (Lac), lipids (Lip), N-acetylaspartate (NAA), and creatine
and creatine phosphate (Cr). Brain tumors usually show in-
creased levels of Cho with decreased NAA and Cr levels. The
Cho increase is attributable to accelerated cell membrane syn-
thesis and turnover (1, 11, 31, 88). Cho levels are underesti-
mated and may be unreliable in heterogeneous tumors be-
cause of internal hemorrhage, necrosis, or cysts (10, 92). The
decrease in NAA levels, a marker of neuronal density and
viability, represents the replacement of normal neurons and
axons with neoplastic tissue (64, 81). As a marker of cellular
energetics, Cr is decreased because of higher tumor metabo-
lism and greater consumption of energy. Lac is present in only
minute amounts in the normal brain and not normally re-
solved with sMRI. Lac elevations reflect failure of aerobic
oxidation and subsequent anaerobic glycolysis as well as poor
washout in cystic or necrotic lesions. Lip accumulates in areas
of cellular breakdown caused by necrosis.

Spectra can be acquired using single voxel spectroscopy or
multiple voxel spectroscopy. Single voxel spectroscopy sam-
ples a small tissue volume and is useful for analyzing gener-

FIGURE 2.4. A 49-year-old woman with metastatic malignant melanoma.
Axial contrast-enhanced T1WI (A) shows a left frontal mass lesion with
predominantly peripheral enhancement. Axial FLAIR image (B) shows the
surrounding area of abnormal hyperintensity, with smaller areas in the
right posterior frontal lobe from additional mass lesions that are not
shown. Corresponding rCBV map (C) from perfusion imaging shows
visual evidence of hyperperfusion within the periphery of the lesion, which
is confirmed graphically (D) with elevated intratumoral rCBV (line 2) �
5.97 and diminished peritumoral rCBV (line 3) � 0.60. Thin lines,
uncorrected curves; thick lines, corrected curves.
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alized disease. Multiple voxel spectroscopy, also known as
sMRI and chemical shift imaging, uses 2D or 3D techniques to
obtain spectroscopic data from a larger tissue volume of mul-
tiple adjacent voxels. Despite being more susceptible to arti-
fact (i.e., reduced spectral resolution, chemical-shift artifact,
and voxel bleeding or contamination), sMRI provides the most
comprehensive spectroscopic evaluation of brain tumors, with
interrogation of the potentially different portions of the lesion,
surrounding peritumoral abnormalities, and adjacent and con-
tralateral normal-appearing brain parenchyma. 2D chemical
shift imaging can be performed in the posterior fossa, despite
its smaller size and adjacent air and bone structures.

The specificity of sMRI may be augmented by correlation
with conventional MRI and the use of ratios to express me-
tabolite changes. The ratios can optimally display concentra-
tion changes while minimizing variations in hardware and
localization method differences, gain instabilities, and partial
volume effects. Typical Cho/Cr, Cho/NAA, and NAA/Cr
ratios should be measured as well as lesion to contralateral
normal-appearing brain ratios, such as Cho/Cho (normal) and
Cho/Cr (normal) measures. This provides a better internal
control for the semiquantification of metabolites (38, 72).

Metastases have elevated Cho levels, Lac and Lip reso-
nances, and decreased NAA and Cr levels, with subsequently
increased Cho/Cr and Cho/Cho (normal) and decreased

NAA/Cr ratios. Because these lesions are manifestations of
the primary systemic tumor, NAA is expected to be absent
because of the lack of neuroglial elements (47). In unconfirmed
cases, specificity may be limited because similar spectra may
be observed in numerous other mass lesions (Table 2.1). Intra-
tumoral Lip and Lac peaks and absent Cr may be observed in
both necrotic metastases and high-grade gliomas (65, 93). Peri-
tumoral measurements allow distinction. Metastases show
low Cho levels because of vasogenic edema and increased
interstitial water, whereas gliomas show elevated Cho levels
because of infiltrating tumor cells (26, 51). Thus, peritumoral
pMRI and sMRI can be used to identify metastatic lesions with
evidence of decreased rCBV and decreased Cho (Fig. 2.5).

FUNCTIONAL IMAGING

Anatomic images may not sufficiently identify eloquent cortex
(37, 69, 73, 79) and may misjudge the distance from potential
surgical margins (103). Interrogation is traditionally performed
via intraoperative neurophysiological measures, such as direct
electrocortical stimulation (DECS) and/or somatosensory
evoked potentials. Functional imaging may be performed with
PET, magnetoencephalography (MEG), and functional MRI
(fMRI) (Fig. 2.6). Preoperative imaging may help to ascertain
whether tumor resection should be attempted on the basis of the

TABLE 2.1. Summary of magnetic resonance spectroscopic imaging findings for brain lesionsa

Pathology

Metabolites

Cho/Cr
Cho/Cho
(normal)

NAA/Cr Other
Peritumoral

Cho

Metastasis High High Low Lipid/Lac Low

High-grade glioma V. high V. high V. low Lipid/Lac High

Low-grade glioma High High Low Lipid (short TE) Normalb

Gliomatosis cerebri Normal/high Normal/high Low Myo-inositol Infiltrating

Embryonal tumors V. high V. high Low Myo-inositol/glycine Not known

Meningioma High High Low Glutathione/Glx/alanine Normal

Radiation necrosis Low Low Low Lipid/Lac Low

Abscess Mod Mod Low Succ/Accc Low

Demyelination/TDL High High Sl. low Lipid/Lac Normal

Infarct High Low Low Lipid/Lac Normal

Contusion/hematoma Mod Mod Low Wide peaks Normal

a Cho, choline; Cr, creatine and creatine phosphate; NAA, N-acetylaspartate; Lac, lactate; V, very; Mod, moderate; Acc, acetyl coA carboxylase; Sl., slightly; TE,
echo time; Glx, glutamine/glutamate; Succ, succinate; TDL, tumefactive demyelinating lesion. From, Law M: MS spectroscopy of brain tumors. Top Magn Reson
Imaging 15:291–313, 2004 (50).
b “Normal” denotes metabolite resonances and relative cerebral blood volume within the peritumoral/perilesional region compared with the contralateral brain.
c Leucine, isoleucine, valine (0.9 ppm); lactate/lipids (1.33 ppm); alanine (1.48 ppm); acetate (1.92 ppm); succinate (2.4 ppm); and glycine (3.55 ppm) may be
demonstrated in a bacterial abscess.
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relationship of tumor margins with eloquent cortex and may
change the operative approach. Intraoperative DECS can be elim-
inated or used in a more selective role to only examine the area(s)
in question, thereby decreasing the duration of the operation and
anesthesia. The importance of these noninvasive methods is also
emphasized when bilateral testing is desired (DECS is typically
performed only ipsilateral to the tumor) or when direct DECS
may be difficult, such as identification of the supplementary
motor cortex.

Of the three methods, PET has the highest signal-to-noise
ratio but requires an exogenous radiopharmaceutical. MEG
has the best temporal resolution, because it directly measures
neuronal activity. fMRI has the advantage of concurrent ac-
quisition of anatomic and functional images, whereas PET and
MEG require separate acquisition and fusion of the anatomic
images. fMRI also has better spatial resolution than PET and
MEG, although this is partially offset by decreased precision,
because it indirectly measures venous/venuolar deoxyhemo-
globin changes in response to brain activation. The activation
peaks identified by fMRI and functional PET show less than
0.8 cm separation with overlapping of voxels in 92% of cases
(5). Despite this loss of sensitivity, fMRI allows more extensive
testing without radiation dose limitations and can successfully
identify main objectives, such as identification of the motor
strip via sulcal localization (7).

Functional PET

Nuclear medicine functional studies are typically per-
formed with 2-deoxy-2-18F-fluoro-d-glucose (FDG)-PET scans.
Routine baseline (zero-scan) PET images are initially obtained.
The activation (evoked-scan) images are acquired hours later
the same day or on the next day using paradigms similar to
those described for fMRI. Activation testing typically requires
30 minutes. The PET data are then coregistered with a T1-
weighted anatomic MRI using automated or interactive
image-fusion algorithms. Contour rendering is then per-
formed on the basis of the MRI data for the tumor margins and
the PET data for the eloquent cortex (Fig. 2.7).

Magnetoencephalography

MSI combines conventional MRI with MEG. MEG can be
used to localize primary sensory cortices and areas involved
with receptive language function to better assess surgical risk,
to optimize craniotomy location, and to help define the extent
of cortical resection. This noninvasive technique measures
neuromagnetic signals generated by bioelectrical currents
within activated neurons, which is a distinct advantage over

FIGURE 2.5. A 62-year-old woman with metastatic ovarian carcinoma.
Axial contrast-enhanced T1WI (A) shows a peripherally enhancing mass
lesion in the posterior left frontal lobe, with a punctate central focus of
enhancement. Spectroscopy shows the intratumoral region (B) to have ele-
vated Cho and decreased NAA levels, and the peritumoral region (C) to
have a normal spectrum. Cho/Cr overlay map (D) reveals an abnormally
elevated ratio within the tumor (case courtesy of Meng Law, M.D., New
York University Medical Center, New York, NY).
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SPECT and PET, which require exogenous radioactive tracers.
The magnetic signals of MEG are measured at the head surface
without distortion, but are attenuated according to the depth
of the neuronal source (73). The excellent spatial resolution
and near real-time temporal resolution (approximately 4 ms)
of MEG allow demonstration of activation areas and activa-
tion patterns (Fig. 2.8).

In terms of the information that may be gathered with MSI,
most protocols are limited to basic mapping of the somato-
sensory homunculus with evaluation of the fingers, lips, and
toes; these areas are successfully identified in 97, 90, and 82%
of patients, respectively (78). MSI is generally not useful for
directly interrogating the motor cortex, because motor tasks
are more difficult to precisely locate and reproduce because of
inherent limitations of single equivalent dipole modeling (78).
Similar to the difficulties encountered with MRI, MEG is
prone to distortion by metallic artifacts in patients with abun-
dant dental amalgam or status after previous surgery.

Functional MRI

Functional MRI provides activation maps that reflect hemo-
dynamic variations related to neuronal activity. Blood oxygen
level dependent imaging examines changes in local tissue oxy-
genation to exploit magnetic property changes of hemoglobin as
an intrinsic contrast agent. An increase in brain activity causes an
increase in oxygen consumption and an overcompensatory in-
crease in regional rCBV, with the net effect of increased diamag-
netic oxyhemoglobin and decreased paramagnetic deoxyhemo-
globin. The resulting increase in signal from the diminished
magnetic susceptibility artifact is most conspicuous on T2*-
weighted images, although the reliance on venous/venuolar
changes makes fMRI susceptible to artifacts by venous structures
(5). Spatial (approximately 1 mm) and temporal (approximately
100 ms) resolution are excellent. The task or stimulus is repeated
at least three times. Nonperiodic task delivery (usually varied

FIGURE 2.6. MEG compared with other functional imaging technologies
on the basis of 1) invasiveness, 2) spatial resolution, and 3) temporal reso-
lution. EEG, electroencephalography; MRS, magnetic resonance spectros-
copy; SEEG, stereoelectroencephalography (from, Wheless JW, Castillo E,
Maggio V, Kim HL, Breier JI, Simos PG, Papanicolaou AC: Magnetoen-
cephalography (MEG) and magnetic source imaging (MSI). Neurologist
10:138–153, 2004 [99]).

FIGURE 2.7. Comparison of
FDG-PET (A), fMRI (B), and
DECS (C). This patient demon-
strates only a weak parenchymal
fMRI signal (small arrow) and a
larger signal within the draining
vein (arrowhead). Because of the
low signal-to-noise ratio of this
patient, “activation” is perceived
in multiple cortical areas, whereas
FDG-PET, with its better signal-
to-noise ratio, reveals activation
only within the primary motor
cortex (ipsilateral and contralat-
eral) and within the supplementary motor area (from, Krings T, Schreck-
enberger M, Rohde V, Spetzger U, Sabri O, Reinges MH, Hans FJ, Meyer
PT, Moller-Hartmann W, Gilsbach JM, Buell U, Thron A: Functional
MRI and 18F FDG-positron emission tomography for presurgical plan-
ning: Comparison with electrical cortical stimulation. Acta Neurochir
(Wien) 144:889–899, 2002 [45]).

FIGURE 2.8. A, in this patient, the motor-evoked field (MEF) dipole represent-
ing the motor cortex is displayed on the same gyrus as the tumor, which indicates
that a resection is not possible. The white star represents the somatosensory
evoked field phase reversal and indicates the central sulcus. B, screenshot of the
MRI data set as displayed on the workstation, showing the tumor contour and
MEF dipole (green triangle) in the precentral gyrus (from, Ganslandt O,
Fahlbusch R, Nimsky C, Kober H, Moller M, Steinmeier R, Romstock J, Vieth J:
Functional neuronavigation with magnetoencephalography: Outcome in 50 pa-
tients with lesions around the motor cortex. J Neurosurg 91:73–79, 1999 [32]).
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OFF states) is used to maximize signal detection and minimize
artifact by randomizing periodic noise from the scanner and
patient (71, 95).

Language testing by fMRI shows 85 to 87% correlation of
activation areas to within 1 cm of language identified by DECS
(8, 29), and its accuracy continues to improve, approaching
that of DECS. In addition, fMRI offers distinct advantages
compared with DECS, such as preoperative interrogation of
the entire brain and application in patients that are not can-
didates for craniotomy under local anesthesia. Testing in-
volves interrogation of the pertinent language center(s) as
determined by the location of the mass lesion, surrounding T2
signal abnormality, and clinical presentation. For lesions im-
pairing speech production, the patients can perform produc-
tive speech paradigms. For lesions impairing language com-
prehension, the patients can perform receptive speech
paradigms by reading and/or confrontation naming. For le-
sions causing fluent aphasia with impaired comprehension
but preserved repetition, the patients are administered
multiple-choice questions visually or aurally. Memory testing
is complicated because structures responsible for memory
(amygdalae, temporal lobes, and hippocampi) can be ob-
scured by adjacent susceptibility artifact. The examination is
structured to separate verbal and spatial memories that usu-
ally reside in the dominant and nondominant hemispheres,
respectively. Motor testing is tailored to testing the precentral
gyrus (Fig. 2.7). The protocol may be adapted for selected
patients who are unable to perform tasks because of motor
weakness or impairment, with the use of passive or tactile
sensory stimulus paradigms (i.e., brushing of the palm and
fingers) rather than active sensorimotor paradigms (54). Arti-
facts related to misregistration introduced by patient motion
can be corrected to some degree by the analysis software.

Diffusion MRI

Conventional diffusion-weighted images (DWI) character-
ize the diffusive transport of water using the diffusion coeffi-
cient D, which is then calculated into the scalar apparent
diffusion coefficient (ADC) map to represent mean diffusivity.
Brain abscesses often have restricted diffusion with DWI hy-
perintensity and ADC hypointensity (19, 83), but these fea-
tures are not entirely specific, because some cystic or ring-
enhancing tumors, including necrotic metastases, will share
similar findings (22, 91). Semiquantitative evaluation of the
peritumoral region can help identify metastases, because these
lesions have higher mean diffusivity (0.733 � 0.061 � 10�3

mm2/s) than both gliomas (0.587 � 0.093 � 10�3 mm2/s) and
normal-appearing white matter (57).

Diffusion imaging examines the anisotropic properties of water
molecules, which are more restricted when perpendicular to, rather
than parallel to, the longitudinal axis of axons within white matter
tracts. Fractional anisotropy (FA) provides information regarding
the shape of the diffusion tensor, which is affected by the density,
diameter, direction, and myelination of the white matter fibers
within each voxel. The principal diffusion direction (the eigenvector

of the largest eigenvalue) is used to construct red, green, and blue
color-coded maps, with green used to represent tracts running from
posterior to anterior, blue from bottom to top, and red from left to
right. The color intensity is proportional to the magnitude of frac-
tional anisotropy, with brighter areas representing linear diffusion
and darker areas representing isotropic diffusion. Diffusion tensor
imaging (DTI) constructs maps of the major white matter tracts,
with tractography showing potential displacement, interruption, or
widening of white matter tracts by tumor. Interpretation of the DTI,
in conjunction with fMRI and conventional MRI, allows exquisite
visualization of the connections between the eloquent cerebral cor-
tex and subcortical white matter tracts to the rest of the brain and
brainstem.

Preoperative DTI can assist surgical planning with identifi-
cation of intact white matter tracts and subsequent modifica-
tion of the surgical approach (Fig. 2.9). Intraoperative DTI can
determine brain shift from tumor resection, loss of CSF, or
retraction by spatulas. Intraoperative ultrasound and MRI
have shown that brain shift affects deep and superficial struc-
tures, with the principal direction of displacement occasion-
ally contrary to gravitational expectations (62, 66). Intraoper-
ative interventional MR systems using 0.5 T CT and 1.5 T
magnets can also be used to compensate for marked shifting
and deformation of white matter tracts after tumor resection
and to guide intraoperative decision making (59, 67).

Posttherapeutic Imaging

MRI is routinely performed after surgical resection to eval-
uate for residual tumor and assess for potential complications.
The initial postoperative scan is obtained within 24 hours,

FIGURE 2.9. A 50-year-old man with
metastatic renal cell carcinoma. Axial
contrast-enhanced T1WI (A) shows
an enhancing mass lesion at the peria-
trial left temporoparietal junction.
Axial T2WI (B) demonstrates peritu-
moral regions of abnormal hyperinten-
sity. Tractography superimposed on
an axial diffusion tensor fractional an-
isotropy color map (C) reveals medial
displacement of the white matter fibers
(arrows).
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because this is before the development of granulation tissue,
which also shows contrast enhancement, and, thus, any ab-
normal enhancement can only represent residual tumor.
Diffusion-weighted MRI is very useful in the postoperative
period for patients complicated by acute neurological deficits
(77), because the cytotoxic edema of acute infarction is char-
acterized by restricted diffusion (DWI hyperintensity and
ADC hypointensity), in contrast to the vasogenic edema of
tumor with elevated diffusion caused by increased extracellu-
lar water (DWI hypointensity to slight hyperintensity and
ADC hyperintensity).

Radiation necrosis cannot be distinguished from residual or
recurrent tumor by conventional imaging methods, which reveal
enhancing mass lesion(s) in the radiation bed because of disrup-
tion of the BBB with surrounding edema and mass effect. Nu-
clear medicine imaging detects the typical hypometabolism
within areas of radiation necrosis (17, 48, 102). This may be
performed with FDG-PET, although 201Tl and 99Tc-MIBI tracers
may also be used (Fig. 2.10). The sensitivity is augmented when
PET images are co-registered with MRI. Negative PET scan re-
sults correlate with prolonged survival compared with positive
PET scan results (median survival 19.9 mo versus 12.3 mo) (24).
pMRI is useful to reveal decreased perfusion (decreased rCBV) in
radiation necrosis, and increased rCBV in recurrent tumor (Fig.
2.11); and sMRI demonstrates decreased Cho, Cr, and NAA
levels (Fig. 2.12). Cho/Cr and NAA/Cr ratios decrease with
tumor regression and increase with tumor progression (49).
These techniques may be misleading if inflammatory cells in the
areas of radiation necrosis are hypermetabolic, leading to false-
positive results, and comparison with normal-appearing brain
may be difficult because of radiotherapy- and/or chemotherapy-
induced metabolic depression. There is early evidence that im-
aging can predict patient survival better than histopathology (20,
21, 52). Imaging modalities, especially when used in combina-
tion, may become the new reference standards.

NEUROANGIOGRAPHY
AND NEUROINTERVENTION

Evaluation of the relationships between tumor and cerebral
vessels, particularly the adjacent venous anatomy, is important to
minimize risk of vascular injury during surgery (61). MRI, in-
cluding pMRI, can quantify tumoral vascularity with rCBV mea-
sures, which correlates well with the angiographic tumoral
blush. Magnetic resonance angiography depicts proximal intra-
cranial vessels and can eliminate vascular malformations and
aneurysms as diagnostic possibilities, but it does not adequately
resolve distal cerebral arteries (98). Hypervascular tumors have a
rich vascular supply with variable degrees of afferent arterial
hypertrophy, abnormal arteriovenous connections, and high-
velocity blood flow. Despite being replaced as the primary mo-
dality for the diagnosis and localization of intracranial tumors,
catheter digital subtraction angiography retains an important
role for management and therapy (Fig. 2.13).

DEVELOPING TECHNOLOGIES

As current technology is being translated for use in the
operative suite, developing technologies are emerging in ex-
isting and novel modalities. Ultra-high field strength magnets
from 3 T and greater will improve numerous facets of MRI.
Molecular-, angiogenesis-, and genetic-based imaging promise
innovative diagnostic and therapeutic methods.

Intraoperative Imaging

Neuronavigation systems improve lesion targeting and resec-
tion of tumor tissue while optimizing minimally invasive surgi-
cal techniques. Frame-based and frame-less stereotactic systems
rely on preoperatively obtained MRI and/or CT data, and will
inevitably suffer from diminished accuracy as the duration of
surgery increases. Intraoperative imaging, on the other hand,

FIGURE 2.10. A 28-year-old man status after tumor resection. Axial contrast
CT image (A) shows an ill-defined area of enhancement subjacent to a left frontal
craniotomy site. Corresponding axial FDG-PET image (B) shows a focal hypo-
metabolic region consistent with radiation necrosis (case courtesy of Munir
Ghesani, M.D., St. Luke’s-Roosevelt Hospital Center, New York, NY).

FIGURE 2.11. A 64-year-old man status after resection and radiation
therapy for a metastatic lung adenocarcinoma in the left frontal lobe shows
on contrast-enhanced T1WI (A) increased irregular, nodular marginal
enhancement and surrounding signal abnormality. (B) rCBV map shows
limited hyperperfusion consistent with radiation necrosis.
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offers an accurate reflection of surgery progress with dynamic
information regarding residual tumor; tumor and/or brain shift;
and potential complications, such as hemorrhage. Intraoperative
ultrasound is widely available and provides unprecedented real-
time scanning, but suffers from suboptimal definition of small
lesions and tumor margins. Intraoperative MRI has emerged as
an important imaging guidance tool because of its superior spa-
tial resolution and sensitivity. Current intraoperative MRI restric-
tions include specific requirements for operative suite design,
necessity for MRI-compatible instruments, patient positioning,
and transfer to the scanner, potential increases in procedure
duration, and high costs. Intraoperative MRI holds promise for
revolutionizing intraoperative visualization, but its use will

likely remain limited until these issues are resolved and benefits
in patient outcome are proven.

Ultra-High Field Strength MRI

Although 1.5 T currently represents the standard for MRI, up
to a quarter of new high-field magnet purchases in 2004 were 3
T, and other magnets from 4 to 9.4 T will likely soon transfer
from research to clinical scanning. Higher field strengths im-
prove signal-to-noise ratios and contrast-to-noise ratios for virtu-
ally all applications (Fig. 2.14), although there are outstanding
issues with undesirable increases in tissue heating and specific
absorption rate. The hemodynamic signal changes during brain
activation with fMRI are enhanced from 2 to 5% at 1.5 T to 15%
at 4 T, with greater signal-to-noise and contrast-to-noise ratios
(18, 68, 97). These changes improve resolution by increasing the
matrix size to 128 � 128 from 64 � 64 but remain short of the 256
� 256 matrix size of routine MRI and the 512 � 512 matrix size
of high-resolution MRI. Accompanying developments in auto-
mated statistical techniques (e.g., hidden semi-Markov event se-
quence models) (25) may deliver more reproducible and less
supervision-intensive fMRI studies. Time-of-flight MR angiogra-
phy is augmented by intrinsic T1 lengthening at higher field

FIGURE 2.12. A 71-year-old man status after resection and radiation therapy
of a metastatic malignant melanoma in the right frontal parietal region shows the
lesion (A) to have decreased NAA levels with relative preservation of Cho and
Cho/Cr, in comparison with normal-appearing white matter (B). This is consis-
tent with gliotic change or radiation necrosis. Cr2, second creatine resonance.

FIGURE 2.13. A 68-year-old woman with metastatic adenocarcinoma from an
unknown primary. A, axial contrast-enhanced T1WI shows a heterogeneously
enhancing mass lesion in the medial right temporal lobe with surrounding areas
of hypointensity. Anteroposterior (B) and lateral (C) views from digital subtrac-
tion angiography from a right internal carotid artery injection reveal an abnor-
mal parenchymal blush (arrows) in the posterior medial right temporal lobe,
representing a hypervascular intra-axial neoplasm. Lateral (D) venous phase
image shows a dominant vein of Trolard (arrow), an atretic vein of Labbé (open
arrow), and posterior atresia and diversion of the basal vein outflow into the
superior petrosal sinus (curved arrow).
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strengths, with superior background suppression and improved
visualization of small peripheral vessels. sMRI performed at 3 T
rather than 1.5 T should theoretically demonstrate doubling of
the chemical shift between metabolites. Although the actual im-
provements are less impressive at 20% with short echo times (TE
� 20 ms) because of increased line widths (observed width is
spread out more than the actual width), high-field spectroscopy
reveals augmented spectral resolution and improved baseline
definition that more clearly reveals metabolite peaks (2).

Anti-angiogenesis Imaging

The progressive central hypoxia that accompanies tumor
growth results in stimulation of proangiogenic factors, such as
vascular permeability factor/vascular endothelial growth fac-
tor (55). Tests to measure microvascular parameters (perfu-
sion, blood volume, and permeability) are especially impor-
tant for managing angiostatic agents. These agents inhibit
neovascularity and, thus, tumor growth, although not neces-
sarily changing the lesion size. In this situation, pathology
may falsely indicate recurrent disease, with the identification
of intact but nonviable malignant cells that are unable to
proliferate (21, 94). pMRI can interrogate rCBV and the vol-
ume transfer constant, Ktrans (a marker of vascular permeabil-
ity) (53). MRI with macromolecular contrast medium allows
measurement of permeability (endothelial transfer coefficient,
KPS) and fractional plasma volume. These two measures cor-
relate with the histological microvascular density in tumors
and reflect the extent of angiogenesis (16, 70). Changes in
microvascular permeability induced via anti-vascular perme-
ability factor/vascular endothelial growth factor are poten-
tially detectable by macromolecular contrast medium imaging
within 24 hours (9).

Molecular Imaging

Molecular imaging provides information regarding diseases at
the biochemical and genetic levels, which will be more precise and
specific than anatomic methods (i.e., changes in size) and even

physiological methods (i.e., changes in rCBV). The imaging of tu-
mor biomarkers and genes with molecular probes can be performed
with nuclear medicine and magnetic resonance techniques to dem-
onstrate, quantify, and monitor disease (101). As compared with
PET/CT imaging, MRI offers excellent spatial and tissue resolution
without radiation exposure. Currently developed molecular probes
commonly include a paramagnetic or superparamagnetic contrast
agent linked with receptor-specific ligands. sMRI can also be used to
identify and quantify signal from chemically distinct transgene-
encoding enzymes (84).

IMAGING STRATEGIES

CT retains a limited but important role as an initial diagnostic tool
to exclude neurosurgical emergencies in patients with suspected
brain metastases or acute neurological deficits. In practical terms, a
contrast-enhanced MRI study with volumetric 3D sequences and
diffusion data should be performed in all patients to better delineate
the anatomy. pMRI requires only an intravenous line and power
injection, and, likewise, should be part of the imaging work-up.
These sequences take approximately 20 to 25 minutes. With appli-
cation of the magnetization transfer suppression pulse, single con-
trast is likely sufficient for most patients who are undergoing rou-
tine observation. Triple contrast should be reserved at the discretion
of the clinician and neuroradiologist for preoperative or stereotactic
radiosurgery planning. Spectroscopic and pMRI should be per-
formed to help differentiate metastases from other tumor and
tumor-mimicking lesions, particularly within the peritumoral re-
gion, as well as to provide prognostic information. Both sMRI and
pMRI can also be used to guide stereotactic biopsy to the most
proliferative area of the tumor, rather than relying on BBB disrup-
tion within areas of contrast enhancement.

The choice for functional imaging of lesions near eloquent cortex
will likely remain dependent on the institution and operator. The
imprecisions among the fMRI, PET, and MEG methods continue to
improve and should have only minimal impact until DECS is com-
pletely supplanted. The primary advantage of fMRI is that it is easily
performed as part of a complete MRI examination, and can be
coupled with DTI to establish relationships of mass lesions with the
cortex and white matter tracts. Catheter angiography will remain a
tool for operative planning. Posttherapeutic monitoring of recur-
rence and radiation necrosis can be performed with the addition of
perfusion or spectroscopic sequences to conventional MRI and/or
with nuclear medicine techniques using PET or SPECT. We tend to
favor the multifaceted approach of MRI, which provides interroga-
tion of different tumor properties at one setting—providing “one-
stop shopping” for the patient and physician.
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THE ROLE FOR surgical treatment of brain metastases continues to evolve. Data
have demonstrated survival and quality-of-life benefits for surgical treatment of
appropriate lesions in selected patients. With improvements in surgical technique,
along with therapeutic improvements in the management of systemic cancers,
more patients are now eligible for surgical resection. Selection of patients for
surgical treatment depends on performance status, size, location, and number of
brain lesions, as well as the status of systemic disease. Although surgery has
traditionally been performed for patients with a single brain metastasis, an increas-
ing number of patients with multiple brain metastases may also be treated surgi-
cally. Surgical techniques, such as image guidance, intraoperative ultrasound,
functional neuronavigation, cortical mapping, and awake craniotomies, have ex-
panded the scope of lesions that can be removed safely to optimize outcomes.
Seizures, peritumoral edema, and venous thromboembolic disease all contribute
significantly to surgical morbidity and mortality and thus require aggressive treat-
ment around the time of the surgical procedure to improve the quality of life and
maximize survival time.
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It is estimated that up to 170,000 new cases of brain metas-
tases occur each year in the Unites States (23, 45). Some of
these patients will be treated with craniotomy. As potential

candidates for resection are considered, it is impossible to
determine exactly who will benefit from surgical resection and
postresection treatment because of the limited survival time
associated with metastatic brain tumors. However, maturation
of outcomes data has progressed sufficiently that predictions
can be made with greater confidence. Surgical technique has
improved to the extent that only a small part of patient prog-
nosis is based on purely surgical considerations, per se. These
improvements have led to approaches to treatment that are
more aggressive. With advances in surgical techniques, more
lesions are considered accessible, and have fewer complica-
tions from surgical procedures and less postsurgery morbid-
ity. Modern imaging techniques are now able to locate and
define smaller metastases that can be operated on earlier in
their development, with a greater likelihood of being resected.
Studies have demonstrated the benefit of surgical resection for
controlling brain metastases, particularly when used in com-
bination with whole-brain radiotherapy (41, 42). Most patients
will succumb to extracranial disease rather than recurrence of
brain metastases.

ROLE OF SURGERY IN THE TREATMENT
OF BRAIN METASTASES

For many decades, whole-brain radiotherapy (WBRT) has
been the standard approach for patients with cranial metasta-
ses. The benefit of surgery in the treatment of brain metastases
has been validated by data from randomized trials (42, 56). In
1990, Patchell et al. (42) demonstrated the usefulness of crani-
otomy in a comparison of WBRT with and without surgery for
patients with a single brain metastasis. This randomized study
showed that the addition of surgery improved patient out-
come. Median survival was significantly longer in the surgery-
plus-WBRT group compared with the WBRT-alone group (40
wk versus 15 wk; P � 0.01), and patients who underwent
surgery experienced longer functional independence (38 wk
versus 8 wk; P � 0.005). These data later were confirmed by
Vecht et al. (56), who randomized a group of 63 patients with
brain metastases. Median survival in this study was 10 months
for patients treated with surgery plus WBRT versus 6 months
for patients treated with WBRT alone (P � 0.04). Another
randomized trial in 84 patients failed to show a treatment
benefit with the addition of surgery to WBRT (33). However,
many patients in this study had factors that are associated
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with poor prognosis for surgical treatment, such as a low
Karnofsky Performance Scale (KPS) score and disseminated
systemic disease.

A subsequent study by Patchell et al. (41) in 1998 assessed
the benefit of adding WBRT to surgery by randomizing 95
patients with brain metastases to surgery with or without
WBRT. Although a difference in survival was not observed
between the treatments arms, recurrence and neurological
death were less likely in patients treated with surgery plus
WBRT versus surgery alone. These data lend support to the
use of WBRT with surgery, but it should be noted that adjunct
WBRT remains a controversial topic (40).

Recent Progress in the Treatment of Brain Metastases

Although the prognosis for many patients with brain metastases
remains poor, much progress has been made during the past 3
decades. Table 3.1 shows median survival for patients with meta-
static brain tumors, comparing supportive care to radiation therapy
alone and to surgery alone in three recent retrospective analyses,
totaling 3131 patients. Two studies (15, 49) included patients with
suspected melanoma, and the third study (28) included cerebral
metastases arising mainly from primary tumors of the lung and
breast. Regardless of the primary tumor type, median survival in
patients who received supportive care was only 1 to 2 months. With
surgery, the median survival time increased, ranging from 7 to 9
months, and the median survival time also was extended to approx-
imately 9 months with surgery plus radiation therapy. These retro-
spective studies reveal that patient survival was significantly pro-
longed in treatment protocols that used surgery alone or in
combination with radiotherapy compared with nonsurgical
treatments.

It is of interest that the 1137 patients with brain metastases
from melanoma evaluated in Fife et al. (15) were divided into two

groups based on the dates of
the patient treatments: one co-
hort consisted of patients
treated from 1952 to 1984 (n �
451) and a second cohort con-
sisted of patients treated be-
tween 1985 and 2000 (n �
686). Both groups received
supportive care, surgery, or
radiation therapy, or a combi-
nation of surgery and radio-
therapy. Despite advances in
surgery and radiation therapy,
the median survival was es-
sentially the same in both co-
horts. What did change was
the percentage of patients who
received more aggressive
treatment: supportive care in
the pre-1984 group was 74%,
compared with 32% after 1984.
In addition, the percentage of

patients receiving surgery alone was approximately the same,
but surgery plus radiation therapy increased from 3% to 24%.

Selecting Patients for Surgical Treatment of Metastatic
Brain Tumors: Who Will Survive Long Enough to
Benefit from Treatment?

It is important to recognize that not all patients will benefit
from the surgical removal of brain metastases, and a number
of factors should be carefully considered in developing a
treatment plan. Traditional criteria for selecting patients who
will benefit from surgery include good physical function as
assessed by KPS score, a single and surgically accessible me-
tastasis, and stable or absent extracranial metastases. The KPS
ranks patients on their ability to carry out activities of daily
life, with scores of 70 or above having the best outcome after
surgery (50). More recently, the Radiation Therapy Oncology
Group has developed the recursive partitioning analysis
(RPA) class, a statistical method of classifying patients that
includes KPS score, patient age, and the status and extent of
extracranial disease (16). Patients in RPA Class 1 are the best
candidates for craniotomy. These patients are characterized by
an age of 65 years or less, a KPS score of 70 or higher, and the
absence of extracranial metastases, with good control of their
systemic disease. The RPA Class 2 patients have a KPS score of
70 or higher but may also have age greater than 65 years, and
have uncontrolled systemic disease and other systemic metas-
tases. Selection of these patients for surgical treatment re-
quires careful consideration of their likely duration of survival
and their operative risks. Patients in RPA Class 3 are those
patients with a KPS of less than 70; these patients have the
poorest prognosis and are usually not chosen for surgery (1).

In addition to considering these RPA class prognostic fac-
tors, it is also important to consider tumor histology. Ad-

TABLE 3.1. Comparison of median survival times among patients with metastatic brain disease,
according to type of treatmenta

Series (ref. no.)

Fife et al.,
2004 (15)

Sampson et al.,
1998 (49)

Lagerwaard et al.,
1999 (28)

No. of patients 1137 702 1292

Primary tumor type Melanoma Melanoma Lung, breast, and
melanoma

Supportive care (mo) 2.1 — 1.3

Radiation therapy (mo) 3.4 4.0 3.6

Surgery (mo) 8.7 6.5 —

Surgery � radiation therapy (mo) 8.9 8.9 8.9

a From Fife KM, Colman MH, Stevens GN, Firth IC, Moon D, Shannon KF, Harman R, Petersen-Schaefer K, Zacest AC,
Besser M, Milton GW, McCarthy WH, Thompson JF: Determinants of outcome in melanoma patients with cerebral
metastases. J Clin Oncol 22: 1293–1300, 2004 (15).
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vances in the management of systemic disease have improved
long-term survival in some cancers. Data from the M. D.
Anderson Cancer Center show that median survival of
women with metastatic breast cancer improved from 15
months between 1974 and 1979 to 51 months between 1995
and 2000 (Fig. 3.1) (17). Unfortunately, such advances have not
been observed in all cancers. When developing a treatment
plan, it also is important to assess prognosis by primary tumor
with metastases. Studies have shown, for example, that brain
metastases from renal cell carcinoma and melanoma are asso-
ciated with poorer survival compared with brain metastases
from breast cancer (26, 44). Radiosurgery, WBRT, or support-
ive care may be a better option in selected patients based on
the type and stage of primary disease. Aggressive therapy that
includes surgery should be limited to selected patients with
good prognoses or if surgery will improve the quality of life.

Single versus Multiple Brain Lesions

Historically, patients with multiple brain metastases have
not been considered good candidates for aggressive surgical
treatment because it was thought that they would likely die
before obtaining benefit (24, 34, 38, 52, 59). Now, with better
procedures (image guidance, intraoperative ultrasound, func-
tional neuronavigation, cortical mapping, and awake craniot-
omies), surgical approaches can be more aggressive and can
provide a better outcome (59), such that multiple metastatic
lesions are no longer an automatic barrier to craniotomy.
Bindal et al. (7) reported survival in a consecutive series of 56
patients in whom multiple brain metastases were resected,
and found that their survival was similar to a matched control
group of patients with single metastases. In another study,
Wronski et al. (60) found no difference in overall outcome
between surgically treated patients with single or multiple
brain metastases. However, not all studies confirm this expe-

rience (22), and a randomized study remains to be done.
Patients with four or more brain metastases continue to have
a particularly poor prognosis and are usually not treated
surgically (37).

Nontraditional Indications

Although RPA and similar classification schemes provide a
general framework for patient selection, other factors in the
clinical presentation may identify patients who do not meet
standard criteria, yet are optimally treated with resection.
Surgery is the preferred course of treatment if there is a
significant mass effect and/or if debulking is necessary to
provide immediate symptom relief and/or improve the qual-
ity of life (Table 3.2). Thus, a patient with stable systemic
disease who presents with four or more brain lesions, in which
one is large and creating a life- or limb-threatening mass effect
may elect to have the large lesion resected and then receive
WBRT for the remaining lesions (Fig. 3.2). In another scenario,
a patient with a small single lesion, which, by size criteria
alone might be considered for radiosurgery, but has extensive
peritumoral edema and/or is causing refractory seizures (Fig.
3.3), might also benefit from surgery. Surgery is also indicated
if there is an extracranial suspected primary tumor that may
be difficult to biopsy and for which histology might be essen-
tial for providing optimal treatment. In addition, surgery is a
frequent choice for symptomatic small tumors that have

FIGURE 3.1. Bar graph showing improvement in median survival in metastatic
breast cancer (adapted from, Giordano SH, Buzdar AU, Kau SC, Hortobagyi
GN: Improvement in breast cancer survival: Results from M. D. Anderson
Cancer Center protocols from 1975–2000. [abstract no. 212]. Presented at the
American Society of Clinical Oncology 2002 Annual Meeting. Available at
http://www.asco.org/ac/1, 1003, 12-002640-00 18-0016-00 19-00212, 00.asp.
Accessed September 19, 2005.

TABLE 2. Factors affecting the surgical decision in patients
with brain metastasesa

Factors

Single tumor

Surgical accessibility

Good tumor localization/identification

Young age

KPS score � 70

RPA Class 1

Control of extracranial disease

Confirmation of tissue histology

Need for immediate tumor debulking

Large tumor size (�3 cm)

Undiagnosed primary tumor

Long disease-free interval

Absence of leptomeningeal involvement

a KPS, Karnofsky Performance Scale; RPA, recursive partitioning analysis.
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edema or necrosis and that are less likely to respond radio-
graphically to radiation therapy (20). For recurrent metastases,
surgery may provide additional information regarding the
tumor that is not available via imaging, including the extent of
radionecrosis and edema.

Surgery versus Radiosurgery in Brain Metastases

Recently, radiosurgery has been suggested as an alternative to
surgery, and several studies have sought to compare outcomes from
these two methods. Especially useful for small lesions, radiosurgery
provides a high dose of radiation to a defined volume of tissue in a
single treatment, with focus so accurate that normal tissue a few
millimeters outside of the target is spared. Bindal et al. (5) compared
patients treated via radiosurgery with retrospectively matched pa-
tients treated via surgery. Median survival was significantly shorter
for patients treated via radiosurgery versus those treated via surgery
(7.5 mo versus 16.4 mo; P � 0.0018). This difference was caused by
progression of central nervous system disease in the radiosurgery
group rather than systemic disease, suggesting that radiosurgery
was not able to replace surgery in this patient population. However,
selection bias may confound these results, because the surgery
group included only those patients with resectable tumors. Other
retrospective studies have concluded that radiosurgery is compara-
ble to surgery for brain metastases (4, 35, 51). Auchter et al. (4)
retrospectively reviewed the records of 122 patients with brain me-
tastases who were treated with radiosurgery and compared them
with matched cohorts from surgical treatment arms of randomized
studies. They concluded that the median survival (56 wk), local
failure rate (14%), and duration of functional independence (44 wk)
for patients treated with radiosurgery was comparable to data from
the surgical treatment arms of randomized trials.

Although radiosurgery has advantages—e.g., it is less inva-
sive, it is less costly than traditional surgery, it requires a

shorter hospital stay, and it may be used for some surgically
inaccessible lesions—it does not provide histological verifica-
tion of the tumor or symptom relief from immediate debulk-
ing, and is limited to lesions of less than 3 cm in diameter. The
incidence of adverse neurological effects after radiosurgery
ranges from 5 to 15%; these effects may include symptomatic
radiation necrosis and transient or permanent neurological
deficit, especially when the target lesion is proximal to elo-
quent tissue (2, 53). Moreover, randomized trials have not
been conducted that compare radiosurgery with surgery in
the presence or absence of WBRT. An ongoing Phase III ran-
domized trial by the European Organisation for Research and
Treatment of Cancer (EORTC 22952) will compare surgery
and radiosurgery, with or without the use of adjuvant WBRT,
in patients with brain metastases (12).

IMPORTANCE OF PROPER PREOPERATIVE
STAGING OF THE PRIMARY TUMOR AND

CHARACTERIZATION OF BRAIN METASTASES

Tumor Histology and Grade

Tumor histology is important in preoperative staging because
different histologies have different radiation and chemotherapy
sensitivities. Small cell lung cancer is very sensitive to radiation.
Renal cell carcinoma and melanoma, on the other hand, are
considered more radioresistant, although this may be related to
the radiation modality. Although renal cell carcinoma and mel-
anoma are resistant to standard fractionated radiotherapy, stud-
ies have shown that radiosurgery is effective for these tumor
types (10). In addition, patients with malignant melanoma and
renal cell cancer also are more likely to experience tumor-
induced intraparenchymal cerebral hemorrhage.

FIGURE 3.2. A and B, multiple metastatic brain tumors with large dominant
lesions. This 45-year-old man presented with headaches and personality change. He
had no known primary lesion at the time. He opted to have surgical removal of the
largest two lesions for diagnosis and for relief of mass effect. Histology confirmed lung
carcinoma. He went on to have WBRT. He maintained a KPS score of 100 and
worked full time for an additional 2 years. He had an overall survival of 27 months
from the diagnosis of the brain lesions. This case illustrates some of this issues
discussed in the text regarding the use of surgery in multiple brain metastases.

FIGURE 3.3. This 72-year-old man had a remote history of colon cancer.
He presented with seizure and mental status change. Brain imaging (A
and B) demonstrated a solitary right temporal lesion measuring 1.6 � 2.0
cm, but with significant surrounding edema. His seizures were difficult to
control medically. He opted to undergo craniotomy for removal of the
lesion, despite the small size. This case illustrates some of this issues dis-
cussed in the text regarding the use of surgery versus radiosurgery for
patients with a single brain metastasis.
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Surgery is of particular importance for brain lesions for
which there is no identifiable primary tumor. Confirmatory
tissue histological diagnosis is important as a guide to staging
and, subsequently, to possible systemic work up and treat-
ment. Surgery also ensures improved diagnostic accuracy and
provides sufficient tissue samples for receptor studies, such as
HER2 and BRCA1/2, or other tissue markers that assist in
development of the optimal systemic treatment plan. The
surgical approach may involve stereotactic biopsy options for
deep lesions not amenable to resection.

Grading and staging of the primary tumor and character-
ization of brain metastases also help to determine prognosis
and treatment options. Staging includes tumor size, location,
and metastatic spread (34), tumor grading (I to IV), classifica-
tion as indolent or aggressive, and tumor origin (59). Detailed
analyses of the characteristics of the metastatic tumors, includ-
ing histology, number, location, and size are also critical treat-
ment factors, and are especially important in the patient with
no identifiable primary tumor.

Patient Age and Functional Status

Patient age and functional status are important prognostic
factors that are part of the RPA stratification. Many studies
show that younger patients and patients with good KPS scores
have better prognoses (16, 34). These factors have been iden-
tified in patient groups with a variety of solid tumors (16) and
in patient groups with common histology, such as lung cancer
(34). Functional status plays a key role, and many studies have
shown that patients with a KPS score greater than 70 have an
improved survival time. In the meta-analysis of the Radiation
Therapy Oncology Group trials, patients with central nervous
system metastases from breast cancer who had a KPS score
greater than 70 had the best outcome, with a median survival
of 7.1 months, compared with 2.3 months in patients with a
KPS score of less than 70 (16).

Disease-free Interval

Patients who have a longer disease-free interval between
the diagnosis of a primary tumor and the diagnosis of the
cerebral metastasis also tend to have longer median survival
times. A number of studies have found that longer survival is
associated with longer disease-free intervals. Pieper et al. (43)
examined the disease-free interval in patients with metastases
from breast cancer and found that, during a range of 12 to 24
months of disease-free interval, patients with longer disease-
free times experienced a longer survival after craniotomy.
Similar results were also observed in other studies (28, 46, 47).

Leptomeningeal Disease

The presence of leptomeningeal disease is associated with
poorer prognosis, and surgery is contraindicated in these pa-
tients. Wronski et al. (60) examined the effects of surgical
treatment in 70 patients with brain metastases from breast
cancer, and the absence of meningeal carcinomatosis was an
independent predictor of prolonged survival.

Identification of Lesions and Extracranial Disease

Determination of the exact location and number of brain
lesions is an important step in the development of a preoper-
ative staging strategy. If cranial metastases impinge on areas
of eloquence and motor function, surgical intervention be-
comes more urgent. Surgery is also essential for distinguishing
brain lesions in patients with a known cancer history that are
something other than metastases.

Equally important is the measurement of coexisting ex-
tracranial disease. As locoregional control of brain metastases
improves, survival time becomes dependent on systemic dis-
ease. As systemic disease is better controlled, intracranial re-
currence may then become the rate-limiting factor in median
survival. Implicit in the patient assessment is the impact of the
lesion growth on the overall neurological status of the patient.

GENERAL PRINCIPLES AND GOALS OF
SURGICAL TREATMENT

The goal of gross total resection is to remove all of the
tumor tissue and a minimal amount of adjacent normal tissue
to obtain clear margins. This will typically involve microsur-
gical resection with an attempt to rigorously define the inter-
face of the tumor and surrounding brain. Care must be taken
to not injure or disrupt any vessels that may be en passage
through or adjacent to the tumor, but which travel further to
perfuse normal brain areas. In contrast, tumor-induced vessels
that supply only tumor tissue may be completely divided.
Subcortical lesions should be approached where they are clos-
est to the surface, unless eloquent cortex superficial to the
lesion precludes such an approach. Often a trans-sulcal ap-
proach can be used to spare a cortical incision. Again, great
care must be taken to avoid injury to traversing vessels in the
sulcus.

Although most metastatic lesions will have a capsule, which
facilitates the microsurgical separation from normal brain,
some lesions have very poor borders. Image guidance with
neuronavigation devices can be very helpful in defining the
surgical margins, but, ultimately, the judgment of the surgeon
must be exercised to avoid resection of edematous but func-
tional surrounding tissue. In metastases that impinge on elo-
quent areas or the motor strip, subtotal resection may be the
only option, especially if radiosurgery is not appropriate (54).
Prognosis after gross total resection is good in patients with
single metastases (31), but current diagnostic tools cannot
guarantee that all of the metastatic tissue has been removed or
that recurrence is unlikely. In addition, micrometastases that
are undetectable with MRI may be present. Appropriate man-
agement after surgery must presume future recurrence and
accordingly include close monitoring. The use of adjuvant
WBRT reduces the risk of local tumor recurrence (41). Radio-
therapy also can be administered locally with brachytherapy,
as discussed below, but data are limited for this treatment
modality. Tumor type may also influence adjuvant treatment
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approaches in distinguishing lesions that are responsive or
resistant to the available chemotherapy or radiation.

Although surgery has played a limited role in patients with
multiple metastases, studies have demonstrated its feasibility
and suggest that it may be an effective option. This is partic-
ularly important for those patients who have multiple metas-
tases with mass effect. In a retrospective study by Bindal et al.
(7), 56 patients with multiple brain metastases were treated
with surgery. The investigators found that in the cohort of
patients that had all metastases resected, prognosis was sim-
ilar to that of a matched cohort of patients with a resected
solitary metastasis. There was no increase in morbidity. On the
other hand, the cohort of patients who did not have all me-
tastases surgically removed had a poorer prognosis.

Recurrent Metastases

Surgery is also an important treatment option for recurrent
brain metastases. Surgery has been shown to improve survival
and quality of life in patients with recurrent disease (3, 6). It also
provides an opportunity to confirm tumor histology; remove
necrotic tissue; and use localized adjunctive therapies, including
brachytherapy and local chemotherapy adjuncts, such as 1,3-
bis(2-chloroethyl)-N-nitrosourea (BCNU) wafer implants. As
with initial metastases, accurate diagnosis on the basis of imag-
ing alone can be difficult. Both radionecrotic and recurrent tu-
mors will benefit from surgical debulking and intraoperative
histological confirmation (6). Pathological determination of ra-
dionecrosis is important for planning adjuvant therapy, because
the presence of radionecrotic tissue may preclude reirradiation.

Surgery in Unknown Primary Tumors

Approaches to treating patients with unknown primary
cancers can yield median survival times similar to those ob-
served in patients with known tumor types. Salvati et al. (48)
reported a study population of 100 patients with a solitary
brain metastasis of unknown primary malignancy. Treatment
consisted of cranial resection for all patients, with 81 patients
also receiving radiation therapy plus chemotherapy. Mean
survival was 15.3 months in patients with unknown primary
tumors at intracranial surgery. The usual cause of death in
these patients was progression of systemic cancer.

USE OF SURGICAL ADJUNCTS

Image-guided surgery and functional neuronavigation have be-
come a standard approach in elective craniotomy for brain metas-
tases (25, 58). Because of these technological advances, larger tumors
adjacent to eloquent sites are more likely to be considered for resec-
tion. Magnetic resonance imaging (MRI) is used to determine the
location of the lesion, unless contraindicated; MRI, functional MRI
(if available), and cortical mapping are techniques for mapping
eloquent areas of the brain both before and during surgery (39, 57,
59). These tools increase the accuracy for selection of specific target
points, the identification of deep margins of the tumor, and calcu-
lation of target volumes, which together provide a higher margin of

safety. They have become indispensable in the planning of the initial
surgical approach and optimal trajectory to the tumor. Two-
dimensional ultrasonography may also be used during craniotomy
to provide real-time information on tumor margins, cystic areas,
proximity to normal brain structures, and, finally, extent of
resection.

Intraoperative physiological monitoring is another useful
surgical adjunct. Corticography may be used to map epilep-
togenic areas for potential resection. Phase reversal of cortical
somatosensory evoked potentials can map the primary motor
and sensory cortices in the anesthetized patient. Awake cra-
niotomy may be used to determine the precise localization of
speech or motor areas proximal to the lesion.

Brachytherapy and localized chemotherapy may also be
useful adjuncts to surgery in metastatic cranial disease.
Brachytherapy continues to be used as a form of therapy for
selected patients with progressive or recurrent glioma (30, 32)
and has recently been studied in metastatic brain disease (8).
An advanced brachytherapy system uses a balloon catheter
containing a liquid 125I source. In a safety and feasibility
study, the system performed safely and efficiently in patients
with primary brain tumors (55). This system may provide a
vehicle to deliver radiation to the resection bed to patients
who do not wish to undergo WBRT.

Recent studies of intraoperative chemotherapy using BCNU in
polymer wafers implanted in the resection cavity have shown
good results in metastatic brain tumors (9, 13, 14, 19, 36). The use
of these wafers circumvents the blood-brain barrier, which has
limited the use of chemotherapy in brain metastases because of
the difficulty in achieving therapeutic drug concentrations. In
addition, the BCNU wafer is a localized therapy limiting expo-
sure to other areas of the body and therefore, limiting risk for
systemic toxicity. In fact, in small clinical trials for patients with
malignant glioma, the BCNU wafer has demonstrated an accept-
able safety profile when combined with other systemic chemo-
therapeutic agents (21, 29). In a series of 41 patients with a single
brain metastasis from a variety of solid tumors, Brem et al. (9)
reported a mean survival of 16.8 months after BCNU wafer
treatment. Thirty-four of these patients had a newly diagnosed
brain metastasis and also received WBRT; no local recurrence
was observed in the new metastasis group (9). A similar study in
25 patients (10 of whom were also followed in the Brem et al.
study) with a newly diagnosed single brain metastasis also re-
ported no local recurrence after surgical resection, BCNU wafer
implantation, and WBRT (13). These data have prompted interest
in further trials to assess the benefit of treatment with the BCNU
wafer in brain metastases.

POSTOPERATIVE MANAGEMENT
AND COMPLICATIONS

Under most conditions, the first postoperative scan is per-
formed within 24 hours after surgery to obtain feedback on
residual disease and edema. This first scan is also helpful for
later follow-up in the differentiation between necrosis and
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recurrent tumor. Magnetic resonance spectroscopy and appar-
ent diffusion coefficient sequences may also be helpful in this
differentiation.

With modern techniques and equipment, the occurrence of major
postsurgical complications is usually less than 5%, although rates of
up to 8% have been reported (7, 11, 49, 56). The complication rate
depends on more than technique and experience, because age,
health status, tumor characteristics, size, and location all exert influ-
ence on patient outcome. Major complications include seizures,
peritumoral edema, venous thromboembolic disease, medication
adverse effects, radiotherapy-induced necrosis, and neurological de-
fects (both transient and permanent).

Seizures and peritumoral edema are among the most frequent
concerns after craniotomy. Prophylactic anticonvulsants and corti-
costeroid therapies are being applied less frequently as overall sur-
gical and medial treatments improve. The American Academy of
Neurology has found that administration of anticonvulsant medi-
cations does not provide significant benefit to justify its use on a
prophylactic basis in the absence of a history of seizures (18). Thus,
many surgeons do not routinely use anticonvulsants for craniotomy
in seizure-free patients. Corticosteroids, although effective in treat-
ing peritumoral vasogenic edema, have numerous undesirable side
effects, such as wound-healing impairment, immune compromise,
altered glucose metabolism and hyperglycemia, myopathy, skin
changes, fat redistribution, and peripheral edema. Thus, the lowest
effective dose of corticosteroids should be used and a rapid taper is
usually attempted, depending on clinical course.

Venous thromboembolic disease can contribute significantly to
surgical morbidity and mortality because most patients will become
hypercoagulable and will need to be treated aggressively around
the time of their surgery to prevent thromboembolic complications.
Pneumatic compression boots, lower extremity compression stock-
ings, and low-dose heparin have all been shown to reduce devel-
opment of thrombotic complication. Evidence suggests that mini-
dose heparin or unfractionated heparinized components may be
safely initiated 24 hours after craniotomy without significant in-
creases in bleeding complications (27). Because most patients are
also receiving a significant amount of previous treatment medica-
tion, appropriate care must be taken to ensure against adverse
effects caused by drug interactions. Radiotherapy-induced necrosis
can account for permanent neurological deficit, but this occurs in
only a small percentage of patients, approximately 3% or less.

SUMMARY AND CONCLUSIONS

In the treatment of brain metastases, the neurosurgeon must
design a treatment approach that is individualized for each pa-
tient. As a basis for the treatment plan, a large body of data has
matured to the point that patient selection criteria are the stron-
gest prognostic factors. Tumor staging and grading are critical,
but the number of lesions is no longer the absolute indicator for
or against surgery. Surgery with appropriate adjunctive therapy
is an effective treatment option for many patients with brain
metastases, including those with small lesions detected before
they become symptomatic. Better outcome is correlated with

improved patient selection, imaging technology, surgical proce-
dures, and optimal patient follow-up.

Surgery continues to be the major treatment option in pa-
tients with brain metastases, especially as advances in therapy
increase the number of patients who present as candidates for
craniotomy. With the introduction of computer-guided navi-
gation systems as a routine part of the neurosurgical suite,
these patients will have opportunity for improved survival
and quality of life, although a significant number of isolated
brain lesions remain inaccessible to even the best surgical
procedures. Increasingly, surgery is used in conjunction with
chemotherapy, including newer drugs, such as temozolomide.
In addition, the procedure of surgical intervention may be
used with intracranial therapy, including brachytherapy and
BCNU wafer implants.
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WHOLE-BRAIN RADIATION THERAPY (WBRT) has been the primary treatment for
patients with brain metastases for more than 50 years and provides effective palliative
relief in most patients. Although advancements in radiotherapeutic technique continue
to improve local and locoregional control, median survival for patients treated with
WBRT monotherapy remains fixed at approximately 4 to 6 months. Key issues in the
use of WBRT include optimizing its efficacy when it is used in conjunction with
surgery, radiosurgery, radiosensitizers, and new chemotherapeutic agents. These mul-
timodal approaches to brain metastases have resulted in significant increases in the
median survival time in many patients. Radiosurgery is part of a continuing effort to
improve the effects of radiation therapy, especially in brain metastases. The optimal
combination of WBRT and radiosurgery remains to be elucidated, including appro-
priate timing or sequence and use in conjunction with other modalities. Newer
radiosensitizing agents (e.g., efaproxiral [RSR-13] and motexafin gadolinium) have
shown promise in the treatment of brain tumors, especially in specific patient subsets.
Recently developed systemic chemotherapy agents, such as temozolomide, which
crosses the blood-brain barrier, have a synergistic effect on brain metastases when
used in conjunction with radiation. In addition, the use of interstitial chemotherapy
agents provides highly focused local chemotherapy in the brain without increasing
systemic toxicity; carmustine polymer wafer, in combination with WBRT, has shown
promising results in treating brain metastases.

KEY WORDS: BCNU (Gliadel�) wafer, Brain tumors, Metastasis, Motexafin gadolinium, Radiation therapy,
Radiosensitizer, RSR-13 (efaproxiral), Stereotactic radiosurgery
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The 1954 article “Roentgen-ray therapy of cerebral metas-
tases” (20) was one of the earliest reviews of the use of
whole-brain radiation therapy (WBRT) for the treatment

of metastatic brain tumors. Before the use of WBRT, survival
of patients with brain metastases was a dismal 1 to 2 months
from diagnosis (42, 71), and no other therapy was found to
provide significant benefit (47, 62). The appropriate use of
WBRT can provide rapid attenuation of many neurological
symptoms and improve quality of life, and is especially ben-
eficial in patients whose brain metastases are surgically inac-
cessible or when other medical considerations remove surgery
from the list of appropriate options (20, 56). Moreover, the use
of adjuvant WBRT has been proven effective in improving
local control of brain metastases, and, thus, the likelihood of
neurological death is decreased. The majority of patients who
achieve local tumor control die from progression of extracra-
nial disease, whereas the cause of death is most often central
nervous system (CNS) disease in patients with recurrent brain
metastases (9).

During the past 3 decades, a number of randomized trials in
the treatment of brain metastases have demonstrated that
although local or locoregional control is increased by specific
regimens of WBRT monotherapy, median survival remains
unaltered at approximately 4 to 6 months. In the absence of
WBRT, on the other hand, survival is significantly inferior.
Three areas of investigation are attempting to improve the
survival of patients with brain metastases: 1) WBRT in con-
junction with radiosurgery (RS), 2) radiosensitizers and radi-
ation therapy, and 3) new chemotherapeutic agents that syn-
ergize with radiation. Delivery of targeted, conformal
radiation in a single treatment session has made RS part of a
continuing effort to improve the effects of radiation therapy,
especially in the brain. Many studies have been directed at the
elucidation of the optimal combination of WBRT and RS,
including the appropriate timing or sequence and use in con-
junction with other modalities, such as surgery and chemo-
therapy, as well as compounds that may serve as radiosensi-
tizers. To date, studies of radiosensitizers have produced
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mixed results at best (68, 69). Two agents, efaproxiral (Efa-
proxyn, RSR-13; Allos Pharmaceuticals, Westminster, CO) (74)
and motexafin gadolinium (MGd, Xcytrin; Pharmacyclics, Inc.,
Sunnyvale, CA) (49) reflect continued interest in this area of
clinical research. Other promising developments in the treat-
ment of brain metastases include new chemotherapy agents,
such as temozolomide (Temodar; Schering-Plough Corp., Ke-
nilworth, NJ), which crosses the blood-brain barrier (BBB).
Advances in the use of interstitial chemotherapy agents, such
as N,N'-bis(2-chloroethyl)-N-nitrosourea (BCNU) polymer wa-
fers (Gliadel Wafer; Guilford Pharmaceuticals, Inc., Baltimore,
MD), provide highly focused local chemotherapy in the brain
without increasing systemic toxicity, and their combination
with WBRT is being evaluated.

WHOLE-BRAIN RADIATION THERAPY

In patients who have brain metastases that impinge on
eloquent areas, or are too large, numerous, or disseminated for
surgery or RS, WBRT remains the treatment of choice and
provides effective symptom relief in the majority of patients
(25). Currently, the standard palliative treatment for multiple
symptomatic brain metastases consists of cranial WBRT and
the use of supportive corticosteroids and antiseizure medica-
tions as needed to attenuate symptoms and temporarily im-
prove neurological function (74). It is important to recognize
that there are a number of arguments against the use of WBRT
as part of palliative or definitive treatments. Some question its
ability to reverse neurological symptoms (12), and its use has
been associated with debilitating complications in long-term
survivors. Although response rates after WBRT vary, com-
plete or partial responses have been documented in more than
60% of patients in randomized controlled studies conducted

by the Radiation Therapy
Oncology Group (RTOG).
Magnetic resonance imaging
(MRI)-based studies reveal
that approximately 80% of
patients have more than one
metastasis, and approxi-
mately 50% have three or
more metastases that may be
treated best by WBRT when
surgery or RS is not possible.
Moreover, 70% of patients
with brain metastases experi-
ence relapse after cranial re-
section if WBRT is omitted
(59), and these patients are
candidates for postsurgical
radiation therapy or repeat
craniotomy (41). As a salvage
approach after recurrence
when surgery is not indi-
cated, WBRT may extend
survival or significantly im-

prove quality of life. Table 4.1 summarizes the results of dif-
ferent dose and fractionation schedules from eight random-
ized studies in patients with brain metastases who received
WBRT alone. These studies showed a range of 2.4 to 4.8
months of survival, with differences noted among patient
subgroups. Patient data from these studies were used to create
the RTOG recursive partitioning analysis (RPA) class, a statis-
tical methodology which creates a regression tree according to
prognostic significance (Table 4.2), and which groups patients
according to age, Karnofsky Performance Status (KPS), and
disease status (31). RPA Class 1 patients with brain metastases
who are younger, have higher KPS scores, and have controlled
extracranial disease, have the longest median survival after
WBRT (Table 4.3). RPA Class 2 and Class 3 patients have half
or less median survival compared with RPA Class 1.

Complications of WBRT

Complications associated with WBRT are either acute or late
in occurrence. Acute toxicities, those occurring less than 90 days
after treatment, may include nausea or vomiting, alopecia, hear-
ing loss, acute or subacute skin reactions, and somnolence, most
of which resolve relatively soon after treatment. Late toxicities,
which occur more than 90 days after treatment, can include
necrosis, personality and memory changes (both short- and long-
term memory), and neurocognitive deficits (6). Although there is
great concern regarding side effects of cranial irradiation, espe-
cially in the long term, results of few prospective, controlled trials
are available. DeAngelis et al. (27) reported an 11% rate of de-
mentia after WBRT in a small sample, but the five patients with
neurological deficits had received radiation doses higher than
today’s standards (58). In a more recent study, Penitzka et al. (63)
concluded that WBRT did not induce a significant decline in

TABLE 4.1. Randomized trials using whole-brain radiation therapy alone to treat brain metastasesa

Study (ref. no.) No. of patients
Randomization Gy/no. of

fractions
Median survival time

(mo)

Harwood and Simson, 1977 (33) 101 30/10 versus 10/1 4.0–4.3

Kurtz et al., 1981 (41) 255 30/10 versus 50/20 3.9–4.2

Borgelt et al., 1980 (13) 138 10/1 versus 30/10 versus 40/20 4.2–4.8

Borgelt et al., 1981 (14) 64 12/2 versus 20/5 2.8–3.0

Chatani et al., 1986 (22) 70 30/10 versus 50/20 3.0–4.0

Haie-Meder et al., 1993 (32) 216 18/3 versus 36/6 or 43/13 4.2–5.3

Chatani et al., 1994 (21) 72 30/10 versus 50/20 or 20/5 2.4–4.3

Murray et al., 1997 (54) 445 54.4/34 versus 30/10 4.5

a Adapted from, Shaw E, Scott C, Suh J, Kadish S, Stea B, Hackman J, Pearlman A, Murray K, Gaspar L, Mehta M, Curran
W, Gerber M: RSR13 plus cranial radiation therapy in patients with brain metastases: Comparison with the Radiation
Therapy Oncology Group Recursive Partitioning Analysis Brain Metastases Database. J Clin Oncol 21:2364–2371, 2003
(74). Reprinted with permission from the American Society of Clinical Oncology.
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cognitive function and that
neurological deficits were
likely the result of previous
treatments, and were present
before WBRT. Currently, the
incidence of permanent ad-
verse effects from WBRT is
generally considered low, es-
pecially when care is taken to
ensure proper dosage, as char-
acterized by modern-day frac-
tionation schemes (e.g., 30 Gy
in 10 fractions) and when bal-
anced against the considerable
adverse effects that accom-
pany tumor recurrence.

WBRT in Various Tumor Types and Dose
Fractionation Schemes

Investigations of WBRT in various tumor types have shown
that response to therapy may be related to the primary histology.
Nieder et al. (55) studied computed tomographic responses in
108 patients and assessed the response on the basis of tumor type
after WBRT alone. Complete response was obtained in 24% of
the patients, and partial response in 35% of the patients. Re-
sponse varied by tumor histology, ranging from 37% for small
cell lung carcinoma to 0% for renal cell carcinoma and malignant
melanoma (Table 4.4). Retrospective investigations of treatment
for brain metastases from female genitourinary cancers (43)
found a median survival of 6 months for patients treated with
WBRT alone (11 patients). In a retrospective study of breast
cancer patients, 116 women had a median survival of 4.2 months
after WBRT alone (44). In a retrospective study of 74 patients
with malignant melanoma, subjects treated with WBRT alone
had a median survival of 2.3 months (18).

In addition, numerous schedules of treatment hypofraction-
ation and hyperfractionation for WBRT, ranging from 10 to 54
Gy delivered in anywhere from 1 to 34 fractions, have been
examined in randomized trials by the RTOG, as shown in
Table 4.1. The consensus from these studies is that differences

TABLE 4.2. Recursive partitioning analysis classes for brain metastasesa

Class 1 Class 2 Class 3

KPS score �70 �70 �70

Primary disease status Controlled systemic disease Uncontrolled systemic disease Any systemic disease

Age (yr) �65 �65 Any

Extracranial metastases None Present Any

a Adapted from, Gaspar L, Scott C, Rotman M, Asbell S, Phillips T, Wasserman T, McKenna WG, Byhardt R: Recursive partitioning analysis (RPA) of prognostic
factors in three Radiation Therapy Oncology Group (RTOG) brain metastases trials. Int J Radiat Oncol Biol Phys 37:745–751, 1997 (31). KPS, Karnofsky Performance
Scale.

TABLE 4.3. Median survival according to recursive partitioning analysis class after whole-brain
radiation therapya

Treatment (ref. no.) No. of patients
Median survival (mo) by RPA class

Class 1 Class 2 Class 3

WBRT (RTOG phase III trials) (31) 1176 7.1 4.2 2.3

RSb (79) 268 14.0 8.2 5.3

RS � WBRT (79) 301 15.2 7.0 5.5

Surgery � WBRT (3) 125 14.8 9.9 6.0

a RPA, recursive partitioning analysis; RS, radiosurgery; RTOG, Radiation Therapy Oncology Group; WBRT, whole-brain
radiation therapy.
b 24% of patients received salvage therapy with WBRT.

TABLE 4.4. Response to whole-brain radiation therapy in
patients with brain metastases from various tumor types (N
� 108)a

Tumor type
Complete
response

(%)

Partial
response

(%)

Small cell lung carcinoma 37 44

Breast cancer 35 30

Squamous cell carcinoma 25 31

Adenocarcinoma (nonbreast) 14 36

Renal cell carcinoma 0 46

Melanoma 0 0

All metastases 24 35

a Adapted from, Nieder C, Berberich W, Schnabel K: Tumor-related prog-
nostic factors for remission of brain metastases after radiotherapy. Int J
Radiat Oncol Biol Phys 39:25–30, 1997 (55).
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in dose, timing, and fractionation have not significantly al-
tered the median survival time for WBRT treatment of brain
metastases, which remains at approximately 4 to 6 months,
even when variations in the primary tumor source are taken
into account. However, Arbit et al. (9) reported that for recur-
rent brain metastases, outcome is not affected by tumor
histology.

SURGERY AND WBRT

The primary therapeutic objectives for resectable brain me-
tastases are to remove known metastatic lesions and to pre-
vent recurrence of intracranial disease. Even in apparently
well-delineated tumors, surgery alone may not completely
eliminate residual microscopic disease. A number of random-
ized studies, summarized in Table 4.5, have compared WBRT
alone with WBRT plus surgery. The now classic 1990 study of
Patchell et al. (60), involving 48 patients with brain metastases
randomized to either surgery plus WBRT or needle biopsy
plus WBRT, demonstrated that surgery plus WBRT produced
better results than WBRT alone. In these patients, local recur-
rence was lower, 20% in the combined surgery plus WBRT
group compared with 52% in the group of patients who re-
ceived WBRT only. Importantly, this improvement in local
control was accompanied by a nearly threefold increase in
median survival, from 4 to 10 months in the WBRT versus
surgery plus WBRT groups, respectively (Table 4.5) (60). In
another study (90), 63 patients with single brain metastases
were randomized either to WBRT or to WBRT plus surgery.
Combined treatment resulted in longer survival, 10 months
versus 6 months (P � 0.04), and a longer functional indepen-
dence (7.5 mo versus 3.5 mo; P � 0.06), especially in patients
with stable extracranial disease (9 mo versus 4 mo; P � 0.01).

However, not all trials showed a difference in survival.
Mintz et al. (51) conducted a randomized controlled trial in 84
patients with single brain metastases who were allocated to
WBRT alone or to surgery plus WBRT, and no difference in
survival was detected between the two groups (6.3 mo versus
5.6 mo; P � 0.24). One-year mortality was 69.8% in the WBRT
arm and 87.8% in the surgery plus WBRT arm. The addition of
surgery to WBRT did not improve the outcome of patients
with a single brain metastasis, but approximately half of the
patients in this trial, unlike the previous two studies, had KPS
scores less than 70 or had active extracranial disease and
would not be considered ideal candidates for surgical
resection.

Subsequently, in a randomized Phase III study of 95 patients
with single brain metastases, Patchell et al. (59) examined the
benefit of postoperative WBRT after surgical resection. After
surgery to remove their metastasis, patients received either
WBRT or no further treatment (observation) for their brain
tumor. Recurrence of tumor anywhere in the brain was nearly
fourfold less frequent in the WBRT group than in the obser-
vation group (18% versus 70%; P � 0.001), and local recur-
rence was similarly reduced (10% versus 46%; P � 0.001, Table
4.5). In addition, the rate of neurological death was lower in
the WBRT cohort (14% versus 44%; P � 0.003). However, the
usefulness of WBRT continued to be questioned because the
median survival time was similar in both treatment groups
(10.8 mo versus 12.0 mo) because the trial was not powered to
detect a survival difference. At recurrence, 61% of the surgery-
only patients in this study crossed over to receive WBRT,
thereby improving survival in the observation group, and
effectively rendering the study design as surgery plus up-
front WBRT compared with surgery plus delayed WBRT, with
a survival trend of 11% in favor of the up-front WBRT (58).

TABLE 4.5. Whole-brain radiation therapy with or without surgery, and surgery with and without whole-brain radiation therapy in
randomized studiesa

Series (ref. no.) No. of patients Treatment Local recurrence (% of patients) Median survival (mo)

Patchell et al., 1990 (60) 48 WBRT 52 4

WBRT � surgery 20 10

Vecht et al., 1993 (90) 63 WBRT Not reported 6

WBRT � surgery 10

Mintz et al., 1996 (51) 84 WBRT Not reported 6.3b

WBRT � surgery 5.6

Patchell et al., 1998 (59) 95 Surgery 46c 12.0

Surgery � WBRT 10 10.8

a WBRT, whole-brain radiation therapy.
b P � 0.24.
c P � 0.001.
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Nevertheless, survival in the patients who received both sur-
gery and WBRT was approximately 12 months, double the
survival observed historically in patients treated with WBRT
alone (Table 4.1).

In the absence of postoperative WBRT, there remains a high
level of actuarial relapse, approximately 70%, after surgery
alone (59). Thus, the combination of surgical resection fol-
lowed by WBRT has been established as a more effective
treatment for control of metastatic brain disease compared
with surgery or radiotherapy alone. Stated another way,
WBRT after surgery for resectable oligometastatic disease sig-
nificantly reduces local and regional failure, and likely in-
creases median survival time compared with surgery alone.
The strongest predictor of response after WBRT, whether
alone or with RS or surgery, is by RPA class, as shown in Table
4.3. As stated above, RPA Class 1 patients have median sur-
vival times essentially double that of those in RPA Classes 2 or
3 if treated with surgery plus postoperative WBRT.

WBRT VERSUS RS

RS is not routinely used in patients with numerous brain
metastases; however, it may provide a benefit in patients with
a manageable number of cranial metastases that can be delin-
eated with certainty. This is especially true in patients with a
potentially more favorable outcome by RPA class, in whom
surgical resection or RS are commonly used. In a retrospective
study of 236 patients, Pirzkall et al. (65) found no survival
difference between patients who received RS plus WBRT com-
pared with RS alone for the entire study population (5.5 mo
median survival for the entire group), but there was a strong
trend toward increased survival time with the combination
therapy for the group of patients who had no extracranial
disease (15.4 mo versus 8.3 mo; P � 0.08). On the other hand,
Sheehan et al. (76) retrospectively reviewed 69 patients with
brain metastases from renal cell carcinoma who had been
treated with RS alone. Local brain control was achieved in 96%
of patients and median survival increased from historic values
of 3 to 6 months to 15 months in RS-treated patients. In this
analysis, survival did not correlate with WBRT. Hasegawa et
al. (34) examined 172 patients, 80% of whom had a single brain
metastasis, who were treated with RS alone up-front. The
overall median survival was 8 months for the entire group,
and 13 months in patients with no extracranial disease; local
tumor control was 87%. Only 6 patients developed persistent
complications, and 16.5% of patients died as a result of their
brain metastasis, with the majority of deaths caused by ex-
tracranial disease. This study and others (75) demonstrated
that brain metastases could be well controlled with RS, but
none of these studies adequately answers the question regard-
ing additional WBRT. Only an appropriately conducted pro-
spective randomized trial will answer this question. The
American College of Surgeons Oncology Group initiated an
effort (ACOSOG Z0300) to test, in a randomized fashion,
whether the addition of WBRT to RS is beneficial for patients
with one to three metastases; the trial is currently on hold (5).

An ongoing randomized trial by the European Organisation
for Research and Treatment of Cancer (EORTC 22952) is as-
sessing the benefit of adding WBRT to RS or surgery (28).

Although the majority of brain metastases arise from primary
tumors of the lung and breast, RS, similar to WBRT, has also
provided reasonable local control of brain metastases from other
tissues, including gastrointestinal tract cancer (35), malignant
melanoma (52), and renal cell carcinoma (53). Patients with
newly diagnosed brain metastases managed initially with RS
alone were compared with patients treated with RS plus WBRT
in a large retrospective study of 569 patients by Sneed et al. (79).
Survival results were stratified by RPA class, as shown in Table
4.3. A total of 268 patients received initial RS therapy (24% of
whom ultimately had salvage WBRT), and 301 patients had RS
plus up-front WBRT. Median survival was similar between treat-
ment groups for the overall population and for all three RPA
classes (79). This study suggested that omitting up-front WBRT
did not adversely affect survival in this patient population; how-
ever, any potential for observing a difference between the two
groups may have been diluted by the large number of patients
who received salvage treatment. Fully 37% of the patients ini-
tially treated with RS alone also received one or more salvage
therapies, compared with only 7% of patients in the group that
received up-front WBRT (79). Taken together, these studies, most
of which are retrospective analyses, suggest that RS may be able
to substitute for up-front WBRT, but careful patient selection,
(i.e., one to three well-identified metastases, young age, good
KPS scores, and controlled extracranial disease) remains the most
important predictor of benefit. A confirmatory randomized clin-
ical trial that will establish the optimal combination of WBRT and
RS is needed.

USEFULNESS OF UP-FRONT
RADIATION THERAPY

A key question related to the optimal use of WBRT is the
identification of the appropriate patient populations in which
WBRT should be part of routine up-front (i.e., before
progression/recurrence) treatment protocols, or whether
WBRT should be reserved until local failure. Figure 4.1 shows
the cause of death in patients with brain metastases treated
with surgery plus WBRT by the sequence of WBRT adminis-
tration (at progression versus up-front) (59). Of those patients
who were treated at progression, half died of CNS recurrence;
whereas, of those patients who received up-front WBRT, only
14% had CNS recurrence as the cause of death, demonstrating
that up-front WBRT can more effectively reduce the risk of
CNS recurrence in appropriate patient populations compared
with WBRT at progression. In addition, as mentioned, this
study addressed the issue of up-front versus delayed WBRT,
because 61% of the observation patients in this trial also re-
ceived WBRT (57–59).

In a retrospective study of 105 patients with newly diag-
nosed single or multiple (�4) brain metastases, Sneed et al.
(77) compared patients who had been treated up-front with RS
alone with patients who had received up-front RS plus WBRT.
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The rate of new metastases and/or local failure was signifi-
cantly better for the RS plus WBRT group (28%) compared
with the RS alone group (69%). Moreover, patients who did
not receive WBRT were twice as likely to require further
treatment (58). When successful salvage of a first failure was
included, survival and local control were similar for RS alone
compared with RS plus WBRT (median survival, 11.3 mo
versus 11.1 mo) (77).

A recent interim report by the Japanese Radiation Oncology
Study Group (8) of a prospective randomized study of 132
patients with brain metastases treated with RS, found that the
addition of up-front WBRT provided significant benefit com-
pared with RS alone in terms of local control, proportion of
patients undergoing salvage treatment, and freedom from
new metachronous brain metastases (Table 4.6). However,
there was no difference in overall survival, neurological func-
tion, or cause of death. In a smaller prospective Phase II study,
Mañon et al. (45) presented results from an Eastern Coopera-
tive Oncology Group study (E-6397) of 36 patients with brain

metastases who were treated with up-front RS alone. The
6-month local failure rate was approximately 45%, similar to
that of the 1998 University of Kentucky studies of Patchell et
al. (59) for surgery alone, suggesting that RS alone may be as
effective as surgery alone.

Thus, the addition of up-front WBRT may decrease recur-
rence in RS-treated patients, and RS alone may be an accept-
able approach in some patients with oligometastatic disease,
with the caveat that close patient monitoring must be part of
the treatment plan. In general, the frequency of intracranial
recurrence supports the continued use of up-front WBRT.
However, some have suggested that, in cases of high-
functioning patients in whom close follow-up is available,
WBRT can be replaced by RS if retreatment or salvage is an
option (75, 77). This latter concept has not yet been validated
in clinical trials.

WBRT PLUS RS BOOST

RS or conformal radiotherapy improves survival in patients
with single metastases and may also improve outcome in
patients with one to three metastases when used in conjunc-
tion with surgery plus WBRT. Kondziolka et al. (39) compared
WBRT with RS plus WBRT in 27 patients with multiple brain
metastases and found the combined treatment approach to be
superior in 1-year local failure rates, which were 100% and 8%
for the WBRT alone group and the RS plus WBRT group,
respectively. Median survival times trended in favor of RS
plus WBRT (7.5 mo versus 11.0 mo; P � 0.22). These investi-
gators concluded that combined WBRT plus RS boost signif-
icantly improved control of metastatic brain disease in pa-
tients with two to four brain metastases. Overall, in these and
other studies (39, 59, 60), 1-year local control after WBRT alone
has been less than approximately 15%, indicating a possible
benefit from the combined use of RS and WBRT. A number of
studies in brain metastases from different cancers, such as
malignant melanoma (18), nonsmall cell lung cancer (NSCLC)
(23), renal cell carcinoma, and gastrointestinal cancers (35) also
support the use of WBRT combined with RS.

Perhaps the most compelling new data come from the first
multi-site, prospective, randomized study to evaluate the use
of RS boost after WBRT in unresectable brain metastases. The
RTOG 9508 study (6) enrolled 333 patients from 55 participat-
ing institutions, randomized to WBRT with or without RS
boost. A significant survival advantage was observed in the
WBRT plus RS boost group for patients with a single unre-
sectable brain metastasis; median survival was 6.5 months in
the boosted group, compared with 4.9 months for the control
group (P � 0.0393; Fig. 4.2A). Survival also was prolonged in
patients with an RPA Class 1 status who received the RS boost
(P � 0.0121; Fig. 4.2B). Combination radiotherapy treatment
also resulted in stable or improved KPS scores, improved local
control, and a better complete response rate in all patients (Fig.
4.2C). However, the neurological death rate did not differ
between the two groups, which might be the result of varia-
tions in the cause of death generated by differences in insti-

FIGURE 4.1. Bar graph showing comparison of WBRT treatment at pro-
gression versus up-front treatment. Sequence of WBRT at progression ver-
sus up-front administration, and cause of death in patients with brain
metastases treated with surgery plus WBRT (R Patchell and W Regine,
personal communication).

TABLE 4.6. Up-front Whole-brain radiation therapy decreases
risk of brain and local relapsea

Treatment RS RS � WBRT P value Risk ratio

No. of patients 67 65

Median survival (mo) 7.6 7.9 NS

Local control (%) 70 86 0.0001 1.22

Brain failure (%) 52 18 0.0001 1.7

a Adapted from, Aoyama H, Shirato H, Nakagawa K, Tago M: Interim
report of the JROSG99-1 multi-institutional randomized trial, comparing
radiosurgery alone vs. radiosurgery plus whole brain irradiation for 1–4
brain metastases. J Clin Oncol 22, 2004 (abstr 1506) (8). WBRT, whole-
brain radiation therapy; NS, not significant; RS, radiosurgery.
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tutional reporting. In patients with multiple brain metastases,
there was no survival advantage associated with RS boost,
although a greater number of these patients reported im-
proved KPS scores and decreased corticosteroid use compared
with patients treated with WBRT alone. In virtually all studies,
RS boost after WBRT is better than WBRT alone for surgically
unresectable single brain metastases. For resectable metasta-
ses, it is still undecided whether RS or surgery provides a
better survival benefit.

Conclusions and Recommendations Regarding WBRT
and RS

The best evidence from the currently available trials sug-
gests that optimal radiation treatment of brain metastases
consists of a multimodal approach involving a combination of
surgery or RS with WBRT in patients stratified by RPA class.
In many cases, the addition of WBRT represents a conserva-
tive approach that can improve local control and delay intra-
cranial recurrence. Some studies suggest (without level 1 ev-
idence, however) that WBRT may be omitted in certain
circumstances: in younger adult patients with good perfor-
mance scores, if there is considerable confidence in neuroim-
aging results, and if the availability of careful patient moni-
toring exists. Another important consideration in favor of RS
is patient convenience in single-visit therapy versus multiple-
fractionation treatments. Thus, for unresectable tumors in el-
oquent cortex or for deep-seated tumors, RS may provide
quality of life benefits as well as potential convenience.

BRACHYTHERAPY

Placement of radioactive sources, most often 125I, in a tumor or
resection cavity, is rarely used in the treatment of brain metas-
tases. Occasionally, it has been considered at time of relapse (11,
67, 78), and no large, randomized studies have been reported
(10). Recently, an inflatable balloon catheter that uses a tempo-
rary liquid 125I radiation source (GliaSite; Proxima Therapeutics,
Inc., Alpharetta, GA) that is placed in the resection cavity has
been developed and is undergoing clinical trials (87). In addition,
especially in the case of WBRT, patient preference has a strong
role in treatment decisions. Although this interstitial treatment
does add to local control of brain lesions, results overall are
similar to those of RS, which is much less invasive.

RADIOSENSITIZERS
AND RADIOENHANCERS

Radiosensitizers and radioenhancers are intended to increase
the toxicity of radiation therapy in cancerous tissue with less
damage or no damage to adjacent normal tissue. In an effort to
improve survival beyond 4 to 6 months, these agents have been
studied in patients with brain metastases, with mixed results
through the years (66, 68, 69). Radiation dose modifiers have
shown clear advantage in preclinical studies, but have had little
impact on overall median survival times in human trials. Mi-
sonidazole, bromodeoxyuridine, lonidamine, and nimustine
with and without fluorouracil have failed to show significant
benefit in randomized trials (Table 4.7) (74).

Many compounds have been examined as potential radio-
sensitizers, but only a few have been advanced to clinical
studies. Misonidazole showed good tumor localization and
effective radiosensitization in animal models (4). However, no
significant benefit from misonidazole treatment was demon-
strated in a randomized Phase III study (RTOG 7916) of 779
patients with brain metastases, with a median survival of 3.9

FIGURE 4.2. Kaplan-Meier curves from RTOG 9508 showing increased
survival in patients with a single metastasis who received an RS boost
after WBRT (A). B, RPA class I patients; C, local control rates. SRS, ste-
reotactic RS; MST, mean survival time (from, Andrews DW, Scott CB,
Sperduto PW, Flanders AE, Gaspar LE, Schell MC, Werner-Wasik M,
Demas W, Ryu J, Bahary JP, Souhami L, Rotman M, Mehta MP, Curran
WJ Jr: Whole brain radiation therapy with or without stereotactic radio-
surgery boost for patients with one to three brain metastases: Phase III
results of the RTOG 9508 randomised trial. Lancet 363:1665–1672, 2004
[6]).
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months for the overall study population and a 1-year survival
rate of 15% (38). An extensive series of analyses by Prados et
al. (66, 68, 69) concluded that there was no survival advantage
in the treatment of primary brain tumors obtained by adding
bromodeoxyuridine as a radiation sensitizer. In a randomized
Southwest Oncology Group study of radiotherapy versus ra-
diotherapy plus oral metronidazole for the treatment of met-
astatic cancer to the brain in 111 evaluable patients, median
survival was 12 to 14 weeks, with no benefit to the radiosen-
sitizer group (30). Recent developments suggest a new interest
in this approach, with two compounds that show promise as
radiosensitizers, MGd and efaproxiral.

Motexafin Gadolinium

MGd is a metalloporphyrin radiosensitizer that demon-
strates selective tumor localization and acts by catalyzing the
oxidation of a number of intracellular reducing metabolites,
such as ascorbate, glutathione, and nicotinamide adenine
dinucleotide phosphate, thereby generating reactive oxygen
species (37). Selective uptake of MGd in tumors, but not in
normal tissues, has been shown by MRI scans in patients
because of the paramagnetic characteristics of MGd (Fig. 4.3)
(19, 50, 72, 73). Two preliminary studies in 22 and 25 patients
with brain metastases from solid tumors (mainly lung and
breast) treated with MGd and WBRT demonstrated radiolog-
ical responses in 72% and 68% of patients, respectively (19, 49).
A large randomized Phase III study of MGd in 401 patients
(Table 4.7) showed a slight but nonsignificant increase in me-
dian survival (5.2 mo versus 4.9 mo; P � 0.48) and decrease in
median time to neurological progression (9.5 mo versus 8.3
mo; P � 0.95).

When analyzed by tumor type, MGd significantly improved
the time to neurological progression in the large, prespecified
stratum of 251 patients with brain metastases from NSCLC

(Fig. 4.4) (48). Overall, the radiological response was approx-
imately 50% for both treatment groups, but only 68% of pa-
tients had follow-up MRI scans. Currently, a randomized
Phase III trial is underway in patients with NSCLC to confirm
the benefit of MGd in combination with WBRT in this group of
patients with brain metastases from NSCLC.

Efaproxiral (RSR-13)

Efaproxiral is a synthetic small molecule that noncovalently
binds to hemoglobin, decreases the oxygen-binding affinity of
hemoglobin, and shifts the oxygen dissociation curve to the
left, increasing p50 and tissue pO2 (i.e., the pO2 that results in
50% hemoglobin saturation). Thus, the radiosensitizing effect

TABLE 4.7. Randomized trials of cranial radiation therapy plus radiosensitizer in patients with brain metastasesa

Series (ref. no.) No. of patients RE Gy/no. of fractions
Median survival time (mo) WBRT �

RE versus WBRT

DeAngelis et al., 1989 (26) 58 Lonidamine 30/10 3.9 versus 5.4

Eyre et al., 1984 (30) 111 Metronidazole 30/10 3.0 versus 3.5

Komarnicky et al., 1991 (38) 779 Misonidazole 30/6–10 3.9

Phillips et al., 1995 (64) 72 BUdR 37.5/15 4.3 versus 6.1

Mehta et al., 2003 (48) 401 (251 NSCLC) MGd 30/20 5.2 versus 4.9 not reached versus 7.4b

Suh, 2004 (85) 538 Efaproxiral 30/10 5.4 versus 4.4

Stea et al., 2004 (80) 107 BCA 4.5 versus 8.6b

Shaw et al., 2003 (74) 57 Efaproxiral 30/10 6.4 versus 4.1b

a RE, radioenhancer; BUdR, bromodeoxyuridine; MGd, motexafin gadolinium; NSCLC, non small cell lung cancer; BCA, breast cancer.
b P � 0.05.

FIGURE 4.3. T1-weighted brain magnetic resonance imaging scans of a
patient with NSCLC. A, noncontrast scan at baseline; B, noncontrast scan
after the 10th administration of MGd (from, Mehta MP, Shapiro WR,
Glantz MJ, Patchell RA, Weitzner MA, Meyers CA, Schultz CJ, Roa
WH, Leibenhaut M, Ford J, Curran W, Phan S, Smith JA, Miller RA,
Renschler MF: Lead-in phase to randomized trial of motexafin gadolinium
and whole-brain radiation for patients with brain metastases: Centralized
assessment of magnetic resonance imaging, neurocognitive, and neurologic
end points. J Clin Oncol 20:3445–3453, 2002 [49]. Reprinted with per-
mission from the American Society of Clinical Oncology).
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of efaproxiral is not dependent on its diffusion into tumor cells
or on selective tumor uptake. It exerts its effects on the basis of
an increase in tumor O2 levels, thereby circumventing restric-
tions caused by the BBB (36, 40, 74, 86, 88). Shaw et al. (74)
conducted a Phase II, open-label, multi-center study to com-
pare efaproxiral plus WBRT in 57 patients with brain metas-
tases with the RTOG RPA Brain Metastases Database. Median
survival time for the efaproxiral-treated patients, who also
received supplemental O2, was 6.4 months compared with 4.1
months for the RTOG database (P � 0.0174). In an exact-
matched case analysis (n � 38), median survival time for
patients treated with RSR-13 was 7.3 months versus 3.4
months for patients in the RTOG database (P � 0.006).

Subsequently, a Phase III randomized, open-label, compar-
ative study of standard WBRT plus supplemental O2 with or
without efaproxiral, was conducted in 538 RPA Class 1 or 2
patients with brain metastases (80). This study showed a non-
significant increase in median survival for efaproxiral versus
control (5.3 mo versus 4.5 mo; P � 0.17), whereas median
survival was nearly doubled in the subgroup of 115 patients
with breast cancer (8.7 mo versus 4.6 mo; P � 0.061 by Cox
multiple regression). The overall response rate in these pa-
tients was 72% for those treated with efaproxiral compared
with 49% for the control patients (Table 4.7) (80). By compar-
ison, a subset of breast cancer patients in the MGd study (n �
75) did not show an increased survival in the group that
received the radiosensitizer. A second study of efaproxiral in
women with brain metastases from breast cancer began en-
rollment in 2004, with a target of 360 patients worldwide (84).
Other ongoing studies include efaproxiral in combination
with paclitaxel and carboplatin in lung cancer patients, and
efaproxiral and concurrent cisplatin in cervical cancer pa-

tients. The only noteworthy side-effect from efaproxiral is
hypoxia, which is treated with supplemental oxygen for 1 to 2
hours after efaproxiral administration, until pO2 levels return
to normal. These recent results suggest that different radio-
sensitizers may be helpful in specific subsets of patients with
brain metastases from lung and breast cancers.

Temozolomide Chemotherapy and Radiation Therapy
in Brain Metastases

Temozolomide is a recently developed second-generation
oral alkylating agent prodrug that is converted to an active
metabolite, 5-(3-methyltriazen-1yl)imidazole-4-carboximide,
and has nearly 100% bioavailability. In addition, temozolo-
mide readily crosses the BBB, producing cerebrospinal fluid
concentrations that are approximately 30% of plasma concen-
trations (70). In animal studies, temozolomide is additive or
synergistic when combined with other chemotherapeutic
agents (61). Toxicity to temozolomide is generally low, with
less than 5% of patients experiencing myelosuppression (81).

Temozolomide has demonstrated activity in patients with
recurrent (1, 24) or newly diagnosed (2, 7) brain metastases
from various malignancies. Antonadou et al. (7) studied 52
patients with brain metastases from solid tumors randomized
to temozolomide plus WBRT compared with WBRT alone. In
this study from the Hellenic Radiation Oncology Group, the
objective response rate was 96% (38% complete response and
58% partial response) for temozolomide plus WBRT compared
with 67% (33% complete response and 33% partial response)
for WBRT alone (P � 0.017) (7). Margolin et al. (46) studied the
combination of temozolomide and WBRT in 31 patients with
brain metastases from melanoma, and reported modest re-
sults: 1 patient had complete response and 2 patients had
partial responses. Recently, repetitive low-dose administra-
tion of temozolomide has been demonstrated to be synergistic
with radiation therapy in malignant glioma (15, 81–83). Thus,
temozolomide and radiation therapy may have promise in
patients with brain metastases.

GLIADEL WAFER AND RADIOTHERAPY

Another option for local therapy is the introduction of chemo-
therapeutic agents directly into the resection bed after surgery.
The only interstitial chemotherapy treatment approved to date
for recurrent glioblastoma multiforme and newly diagnosed
high-grade malignant glioma is the Gliadel wafer, a biodegrad-
able polymer containing 3.85% carmustine (BCNU), which is
placed in the resection cavity at the time of surgery.

The safety and efficacy of this approach has been demon-
strated in patients undergoing resection of both newly diag-
nosed high-grade malignant glioma (89, 91) and recurrent
glioblastoma (16). In a study of 25 patients who underwent
resection of brain metastases with Gliadel wafer implant and
WBRT (44 Gy), local control was 100% at 19 months of follow-
up. Median survival was 14.2 months for 16 patients who had
more than 1 year of follow-up (29). Gliadel wafer plus WBRT

FIGURE 4.4. Kaplan-Meier survival curve from the prespecified stratum
of 251 patients with brain metastases from NSCLC treated with MGd
(solid line) or control (dotted line). D, days; HR, hazard ratio; M,
months; NR, not reached (from, Mehta MP, Rodrigus P, Terhaard CH,
Rao A, Suh J, Roa W, Souhami L, Bezjak A, Leibenhaut M, Komaki R,
Schultz C, Timmerman R, Curran W, Smith J, Phan SC, Miller RA, Ren-
schler MF: Survival and neurologic outcomes in a randomized trial of
motexafin gadolinium and whole-brain radiation therapy in brain metasta-
ses. J Clin Oncol 21:2529–2536, 2003 [48]. Reprinted with permission
from the American Society of Clinical Oncology).
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was also evaluated in a series of 42 consecutive patients with
metastases to the brain (81% newly diagnosed, 75% lung and
melanoma) who were treated with surgical resection followed
by implantable BCNU wafers and 30 to 44 Gy WBRT (17) (10
of these patients were followed in both studies [17, 29]). The
combination of surgery, BCNU wafers, and WBRT provided
100% local control of newly diagnosed metastatic brain cancer,
with a mean survival of 16.8 months. Nine patients (22%) are
still alive with no evidence of recurrent CNS disease (17).
Arbit et al. (9) reported local recurrence of brain metastases of
greater than 60%, despite the most careful surgical resection.
On the basis of these data, the use of the Gliadel wafer in brain
metastases warrants further study, and further clinical trials
are now being considered.

SUMMARY AND CONCLUSIONS

The outcome of patients with brain metastases has not
changed during three decades of clinical trials. During this
period, a variety of approaches have all resulted in a median
survival time of approximately 4 to 6 months. Radiotherapy
continues to be a mainstay of treatment for brain metastases,
and the recent trend has been the application of multimodal
approaches that include WBRT, RS, and systemic and local
chemotherapy, with some promising results. As data mature
in this difficult patient population, real improvements have
been recognized, especially in terms of local control. The op-
timal role of RS, in place of or in addition to WBRT, and the
potential role of radiosensitizers and chemotherapy with
WBRT continue to be examined.
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Focal treatment of brain metastases with
surgical resection has been shown to im-
prove local tumor control and to prolong

survival, particularly when combined with
whole-brain radiotherapy (WBRT) (see Chap-
ter 4 for more information). Surgery with or
without WBRT remains an important option
for select patients with a solitary brain metas-
tasis (46, 47). However, surgical resection may
be contraindicated for many patients because
of comorbid conditions or unresectable
locations.

For more than 30 years, radiosurgery (RS)
has provided patients who have brain tumors
an alternative focal treatment to surgery. Ini-
tially, only benign tumors, such as meningio-
mas and acoustic neuromas, were selected for
treatment with RS. However, in the last 15
years, RS as a therapeutic option was also
considered for patients with brain metastases
who had controlled systemic disease and/or a
good prognosis because of systemic therapies
that are more effective.

RS combines the principles of stereotaxy
with focal radiation delivery techniques using
photons or charged particles. Computed to-
mography (CT) and magnetic resonance im-
aging (MRI) are used to precisely localize tu-
mors in three dimensions. In a single session,
multiple beams of radiation from a high-
energy source are used to produce a confor-
mal treatment plan that allows delivery of
high radiation doses to the target while limit-
ing exposure to normal brain tissue. Studies

have shown that RS is effective at controlling
brain metastases and prolonging survival (20,
24, 36, 40, 50). Moreover, RS is minimally in-
vasive and can be performed on an outpatient
basis, which has implications for quality of life
issues and health care economics, compared
with surgery. However, to our knowledge, RS
has never been compared with surgery for
patients with brain metastases in a prospec-
tive clinical trial. A number of studies have
retrospectively compared RS and surgery
with conflicting results (see Chapter 7 for
more information) (6, 9, 39, 52).

As our understanding of prognostic factors
for patients with brain metastases has im-
proved and treatment has become individual-
ized, RS has become a common form of ther-
apy in selected patients. However, many
treatment issues remain unresolved, such as
the use of RS with or without WBRT and its
value compared with other treatment modal-
ities. This review will discuss the role of RS in
the management of brain metastases. The var-
ious delivery techniques and radiobiology
will be discussed, as well as treatment guide-
lines in view of Class I, Class II, and Class III
data.

DELIVERY TECHNIQUES

The most commonly used RS systems are the
Gamma Knife (Leksell Gamma Knife�, Elekta
Instrument AB, Inc., Stockholm, Sweden) and
the linear accelerator (LINAC). The Gamma
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Knife is designed to treat intracranial targets only. The head is
immobilized with a stereotactic frame and imaging with a fidu-
cial localizing box is performed using thin CT or MRI slices with
contrast. After the treatment planning is completed, delivery is
conducted by placing the patient in a secondary head collimator
unit with circular apertures of 4, 8, 14, and 18 mm. When aligned
with the primary source unit, converging radiation beams from
201 cobalt-60 sources can be centered at the desired target for
each planned isocenter. Multiple isocenters are used to cover the
target volume and develop a conformal treatment plan. Different
sized collimators, beam blocking, and multiple isocenters modify
the isodose distribution, and delivery is accomplished using
automated and/or manual patient positioning.

The LINAC system uses x-ray beams and uses a stereotactic
frame, with or without pin fixation. The radiation beam can be
shaped to the target by manipulating arc angles, using multiple
isocenters, differentially weighting the isocenters, and using
blocks, collimators, and multileaf collimators. In multileaf colli-
mator units, the beam aperture can also be modified dynamically
during rotation of the gantry around an isocenter. Robotically
controlled accelerators, with static collimators, can direct beams
from a large number of non-coplanar directions and can vary the
dwell time for each beam, effectively modulating the dose across
the target volume. In addition, the LINAC system can be used to
treat other body sites and for fractionated stereotactic radiother-
apy (FSR). Whereas a high dose of radiation is delivered in a
single session with RS, patients are treated with moderate dose
fractions during multiple sessions with FSR. FSR may be pre-
ferred for patients who cannot tolerate high doses of radiation or
for patients with metastases too large for RS (27, 34, 55, 63).

Although there are advantages and disadvantages for the
LINAC and Gamma Knife systems, they do not seem to be
clinically relevant (4, 7, 51). A Radiation Therapy Oncology
Group (RTOG) study (RTOG 9005) reported better local brain
tumor control for the Gamma Knife over the LINAC (53).
However, this study was not randomized, and the study pop-
ulation included patients with recurrent primary or metastatic
brain tumors, therefore, these results are difficult to interpret.
A more recent randomized trial by the RTOG (RTOG 9508)
found no survival difference between the two systems when
used as a boost to WBRT (4).

Particle beam systems use charged-particle beams produced
by a cyclotron or synchrotron (23, 35, 49). The dose distribu-
tion with charged particles can theoretically be superior to that
derived using photon delivery systems, especially for large
targets or those close to critical structures. Photons derived
from any source lack charge and mass compared with parti-
cles, and cannot be made to stop at a defined position, there-
fore, the build-up of a target dose relies primarily on the
accurate intersection of beams at the target. The number of
beams used, the size and shape of beams, and the prescribed
dose also determine how much energy is deposited in tissues
before or beyond the desired target. Charged particles, such as
protons, have a much greater mass compared with photons,
and can be energized to specific velocities. This determines
how deeply the particles penetrate the body and where the

maximum energy (i.e., the Bragg peak) is deposited. Because
of this terminal interaction of the incident particle with the
target tissue, there is minimum deposition of dose beyond the
target. Magnets, alternating beam energy, occluding rings,
and collimators are used to target and conform the dose.
Published data in brain metastases are limited for particle
beam systems. Despite the apparent advantages of the
charged-particle systems, few centers currently have these
systems, because of their expense. Few are available for clin-
ical use compared with LINAC and Gamma Knife units.

In the past, radiation beam shape was a rectangular or circular
field, which made it difficult to conform the radiation dose to
irregularly shaped tumors. Such tumors often required multiple
isocenters, which increased the dose heterogeneity and the like-
lihood of side effects and morbidity (43). Recent advances in RS
have focused on improving conformity between the dose and the
target volumes (44). Advances in imaging and treatment-
planning software have improved tumor localization, targeting,
and the accuracy of dose calculations. Mechanical advances also
have occurred. One commercially available LINAC-based sys-
tem (CyberKnife; Accuray, Sunnyvale, CA) uses a robotic arm in
conjunction with an image-guided localization system that tracks
patient position to aim the radiation beams from various angles
so that a stereotactic frame is unnecessary. The development of
multileaf collimators for use with the LINAC system has greatly
improved the conformity of dose and target volumes compared
with conventional static spherical collimators, reduced the need
for multiple isocenters, and decreased the radiation to normal
brain tissue (56).

An emerging system that uses multileaf collimators is
intensity-modulated radiation therapy. In static intensity-
modulated radiation therapy, beams of radiation are shaped
and modulated by rapidly opening and closing collimator
leafs, which creates a heterogeneous radiation field from a
single angle. Multiple beams from various angles converge, so
that the prescribed dose more tightly conforms to the target
volume. This minimizes the dose to normal tissue while de-
livering higher radiation doses to the target. Although limited
data are available for the use of intensity-modulated radiation
therapy in brain tumors (65), its principles are now being
applied to intensity-modulated RS, with promising results
from treatment-planning studies (41).

RADIOBIOLOGY

Part of the rationale for using RS rather than WBRT is that
a high local dose of radiation in a single fraction will produce
better tumor control, which will translate into longer survival.
In fact, studies have shown that metastases resistant to WBRT
(i.e., sarcoma, melanoma, and renal cell carcinoma) can be
successfully treated with RS (1, 11). The object of RS in treating
brain metastases is to deliver a high dose of radiation to a
target volume, destroying all cells within the target bound-
aries. Typical doses to the margins of the tumor range from 15
to 20 Gy, with higher doses at the target center. Dose depends,
in part, on tumor size, location, and previous radiation treat-
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ments. Tumor control may be achieved by direct early effects
(apoptosis or mitotic death), by late vascular changes, and/or
by the stimulation of the immune response (30, 59).

Brain metastases are well suited for RS. They are often
small, radiographically well-circumscribed, pseudospherical
tumors that are noninvasive, and they are often located at the
gray-white junction, where toxicity to critical structures is low
(25). Because of this, brain metastases are treated as distinct
targets without intermingling of normal tissue. The high RS
dose is delivered to a discrete target volume with a sharp fall
off at the target boundaries, so that adjacent normal tissue
receives a clinically insignificant dose of radiation. This sub-
stantially improves the therapeutic ratio (probability of tumor
control to probability of complications) of RS.

There are important caveats. Tight conformation of the pre-
scribed dose to a tumor volume increases the risk of dose heter-
ogeneity, particularly when multiple isocenters are used for large
and/or irregularly shaped tumors (44, 66). It is not known
whether dose homogeneity within the target volume of a metas-
tasis (which is solid tumor tissue without infiltrated normal
tissue) is clinically important. Underdosage (cold spots), partic-
ularly at the tumor margins, may result in incomplete ablation of
tumor cells, thus, increasing the risk for tumor recurrence; and
overdosage (hot spots) may expose brain tissue to excessive
radiation, increasing the risk of sequelae. This is particularly
relevant for tumors located near critical structures, such as the
optic chiasm, which has a tolerance dose of 8 Gy for a single
irradiation (62). Furthermore, as the number of targets increase, so
does the irradiated volume and dose to normal brain tissue (60).

Tumor size also affects the therapeutic ratio. A dose escalation
study by the RTOG demonstrated that the maximum tolerated RS
dose for brain tumors was directly related to the tumor size (53). As
shown in Figure 5.1A, an RS dose of 18 Gy resulted in neurotoxicity
rates of 8, 20, and 50% in patients with tumor sizes of 20 mm or less,
21 to 30 mm, and 31 to 40 mm, respectively. Using a cut-off toxicity
rate of 20%, the RTOG investigators determined that the respective
maximum tolerable doses were 24 Gy (cut-off was not reached), 18
Gy, and 15 Gy for tumors of less than 20 mm, 21 to 30 mm, and 31
to 40 mm. In addition, a study by Mehta et al. in patients with
metastatic brain tumors showed that, as tumor size increased, con-
trol decreased (Fig. 5.1B) (38). Patients with treated tumors of less
than 2 cm3 had complete and partial response rates of 61% and 17%,
respectively; whereas patients with tumors of greater than 10 cm3

had rates of 10% and 40%, respectively. For success in treating brain
metastases with RS, it is essential that: 1) tumors are precisely
localized; 2) the dose distribution is conformal; and 3) the maximum
tolerated dose based on tumor size and position is administered for
the greatest antitumor effect.

CLINICAL EVIDENCE

Nonrandomized Prospective and Retrospective Studies
(Class II and III Data)

The majority of evidence supporting the use of RS in brain
metastases comes from nonrandomized trials (Class II data)

and retrospective studies (Class III data). Table 5.1 summarizes
data from nonrandomized trials and retrospective studies that
included more than 100 patients (1, 12, 17, 19, 20, 24, 26, 28, 36,
40, 48, 50). These data suggest that RS is more effective than
WBRT and comparable to surgery (39, 46, 47). Median survival
was greater than 6 months in all but one study (50), ranging
from 5.5 to 13.5 months. Local tumor control with RS was
consistently greater than 80%; however, this did not translate
into improved survival, because corresponding survival rates
were notably lower (12, 19, 24, 26, 36, 48, 50). In fact, the
majority of patients in these studies died of systemic-disease
progression (20, 36, 40, 50).

FIGURE 5.1. A, effect of brain tumor size on complications in patients
treated with RS (from, Shaw E, Scott C, Souhami L, Dinapoli R, Kline R,
Loeffler J, Farnan N: Single dose radiosurgical treatment of recurrent pre-
viously irradiated primary brain tumors and brain metastases: final report
of RTOG protocol 90–05. Int J Radiat Oncol Biol Phys 47:291–298,
2000 [53]). B, effect of brain tumor size on local control in patients treated
with RS (from, Mehta MP, Rozental JM, Levin AB, Mackie TR, Kubsad
SS, Gehring MA, Kinsella TJ: Defining the role of radiosurgery in the
management of brain metastases. Int J Radiat Oncol Biol Phys
24:619–625, 1992 [38]).
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In addition to systemic-disease status, other factors may
contribute to the discrepancy between the high rate of local
tumor control and the corresponding survival. Table 5.2 sum-
marizes prognostic factors for survival and local tumor con-
trol. Absence of extracranial disease, higher Karnofsky Perfor-
mance Status (KPS) score, and younger age were associated
with prolonged survival in several studies (24, 36, 40, 50). Not
surprisingly, RTOG recursive partitioning analysis (RPA)
Class 1 patients (patients with a KPS score �70, age �65 yr, no
extracranial metastases, and controlled systemic disease) was
associated with longer survival (24, 36, 40).

Although some of these prognostic data will require confir-
mation, they should be noted, particularly regarding primary
tumor type. Lutterbach et al. (36) reported that renal cancer
was associated with a reduced risk of death compared with
other primary tumor types (relative risk, 0.59; 95% confidence
interval, 0.39–0.84; P � 0.002); whereas retrospective studies
by Flickinger et al. (17) and Petrovich et al. (48) reported better
survival for patients with metastatic breast cancer. Hasegawa
et al. (24) found that metastatic melanoma was associated with
poorer survival (P � 0.0046) than other metastatic tumor
types. Because of the high rate of systemic-disease death, it is
difficult to interpret these results.

Chen et al. (12) and Petrovich et al. (48) estimated a wide
range for median survival by primary cancer type, whereas
Sneed et al. (57) showed more uniform survival times (Table
5.3). Interestingly, Petrovich et al. (48) showed a higher CNS-
disease death rate in metastatic melanoma than in other pri-
mary tumor types (42% versus 23%). Chen et al. (12) also
reported a high CNS-disease death rate in metastatic mela-
noma (44%), whereas death from CNS disease-related causes

was uncommon for renal or colon cancer. Further analyses of
CNS-disease death rates and tumor control by primary cancer
type may better clarify the benefit of RS for certain brain
metastases.

Studies have also identified factors associated with tumor con-
trol. Flickinger et al. (17) reported that metastatic melanoma and
renal cancer were associated with better tumor control than other
primary cancer types. Other factors that may influence tumor
control include tumor volume (12, 24, 48), location (infratentorial
versus supratentorial) and presentation (new versus recurrent)
(1), and pattern of enhancement on MRI (homogeneous versus
heterogeneous versus ring pattern) (22, 26, 54).

In addition, Chen et al. (12) and Flickinger et al. (17) found
that adjunct WBRT improved local control, but this did not
seem to translate into improved survival. The use of adjunct
WBRT with RS has been somewhat controversial because the
benefit seems to be limited to improved tumor control,
whereas its use is associated with serious late-term complica-
tions, such as dementia (14). Although randomized surgical
studies have demonstrated a clear survival benefit with ad-
junct WBRT (46), retrospective studies indicate that the addi-
tion of WBRT to RS does not significantly improve survival
(57, 58). In view of the serious long-term side effects associated
with WBRT plus RS (28), some investigators have suggested
that WBRT should be omitted in patients undergoing RS.
Conversely, others have argued that the addition of WBRT
improves control of cerebral metastases, which, in turn, may
preserve or improve neurological function (45). Furthermore,
the long-term toxicity of WBRT may not be as common as once
thought, and late-term complications may not be as relevant to
brain metastases because of the limited survival time (45).

TABLE 5.1. Nonrandomized and retrospective studies in patients with brain metastases treated with radiosurgerya

Series (ref. no.) Type of RS
No. of

patients/lesions
Primary tumor

type

Tumor
diameter

(cm)

KPS
score

Dose
(Gy)b

Local
control
(%)c

Survival
at 1 yr

(%)

Median
survival

(mo)

CNS
death
(%)

Nonrandomized, prospective studies
Gerosa et al., 1996 (20) Gamma knife 152/236 Various 21.2 88 9.3 30
Pirzkall et al., 1998 (50) LINAC 236/311 Various �3.8 �50 15–20 92 5.5
Lutterbach et al., 2003 (36) LINAC 101/155 Various �3.0 �50 18 91 27 7.6
Hasegawa et al., 2003 (24) LINAC 172/218 Various �3.5 �50 20 87 36 8 11
Muacevic et al., 2004 (40) Gamma knife 151/620 Breast cancer �3.0 �40 19 94 10 27

Retrospective studies
Flickinger et al., 1994 (17) Gamma knife 116/116 Various �3.6 17.5 85 11
Alexander et al., 1995 (1) LINAC 248/421 Various �4.0 �70 15 85 9.4 31
Joseph et al., 1996 (28) LINAC 120/189 Various �50 26.6 96 8 19
Chen et al., 2000 (12) Gamma knife 190/431 Various �3.0 �70 20 89 32 8.5 38
Hoffman et al., 2001 (26) Gamma knife 113/301 Lung

carcinoma
�3.0 �50 18 81 48 12 23

Gerosa et al., 2002 (19) Gamma knife 804/1307 Various �60 20.6 93 62 13.5 16
Petrovich et al., 2002 (48) Gamma knife 458/1305 Various �3.5 �70 18 87 33 9

a RS, radiosurgery; KPS, Karnofsky performance status; CNS, central nervous system; LINAC, linear accelerator.
b Median, mean prescription, or median peripheral dose.
c Reported as crude local control, actuarial local control, or freedom from progression.
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Pirzkall et al. (50) compared the use of RS alone with RS
plus WBRT in a series of 236 patients with brain metastases (n
� 158 for RS alone, n � 78 for RS plus WBRT). The use of RS
plus WBRT showed a trend for improved local control with
1-year and 2-years actuarial control rates of 92% and 86%,
respectively, compared with 89% and 72% for RS alone (P �
0.13). Median survival for the entire study population was 5.5
months, and 1-year and 2-years survival rates did not signif-
icantly differ between the treatment groups. However, sur-
vival was significantly longer in patients without extracranial
disease versus those with extracranial disease (12.5 mo versus
4.4 mo; P � 0.001), and further analysis of the subgroup
without extracranial disease demonstrated a survival advan-
tage for RS plus WBRT versus RS alone (15.4 mo versus 8.3
mo; P � 0.08).

Retrospective studies by Sneed et al. (57) found that the
omission of adjunct WBRT at the time of RS treatment did not
compromise survival for patients with brain metastases. The
first study reviewed data from 62 patients treated with RS
alone and 43 patients treated with RS plus WBRT. Median
survival was similar between RS alone and RS plus WBRT
(11.3 mo for RS alone versus 11.1 mo for RS plus WBRT; P �
0.8). Local tumor control at 1 year did not significantly differ

between treatment groups
(71% versus 79%, respective-
ly; P � 0.3), whereas distant
tumor control favored the RS
plus WBRT group (37% ver-
sus 80%, respectively; P �
0.03), as did intracranial (lo-
cal and distant) tumor con-
trol (28% versus 69%, respec-
tively; P � 0.03). However, in
a subgroup of patients who
received salvage therapy, in-
tracranial tumor control at 1
year did not differ between
the RS-alone group versus
the RS-plus-WBRT group
(62% versus 73%; P � 0.56).
A second study, also retro-
spective, compared 268 pa-
tients treated with RS alone
with 301 patients treated
with RS plus WBRT. There
was no survival difference
between the treatment
groups for the overall popu-
lation or by RPA class (58).

The studies by Petrovich et
al. (48) and Sneed et al. (57)
suggest 1) that the use of RS
plus WBRT may prolong sur-
vival, provided that systemic
disease is controlled, and 2)
that delaying WBRT does not

seem to compromise survival, and that some form of salvage
treatment can provide effective tumor control if recurrence
after RS does occur. Clearly, randomized trials are needed to
better understand the use of adjunct WBRT with RT. Interim
results from a randomized control trial (n � 61) comparing RS
alone versus RS plus WBRT did not confirm a survival benefit
with the addition of WBRT (1-yr actuarial survival rate, 26%
versus 39%; P � 0.58); and freedom from new brain metasta-
ses at 6 months was significantly greater with combination
therapy (49% versus 82%; P � 0.003), as was 1-year local
tumor control (70% versus 88%; P � 0.019) (5). An ongoing
Phase III randomized trial by the European Organisation for
Research and Treatment of Cancer (EORTC 22952), will com-
pare the use of adjunct WBRT versus no adjunct therapy after
surgical resection or RS (15). Unfortunately, the American
College of Surgeons Oncology Group (ACOSOG-Z0300), a
Phase III randomized trial comparing RS with or without
WBRT, was closed because of lack of accrual of patients (3).

Randomized Trials (Class I Data)

Two randomized trials have assessed the use of RS as a
boost to WBRT. A study at the University of Pittsburgh by

TABLE 5.2. Prognostic factors for survival and tumor controla

Factor Class II Class III

Survival
RPA Class 1 (24, 36, 40) (58)
Higher KPS score (24, 36, 50) (12, 26, 28, 48, 57)
Controlled systemic disease (24, 36, 50) (1, 12, 26, 48)
Younger age (24, 50) (1)
Lower tumor number (26, 28)
Primary tumor type

Breast (versus others) (17, 48)
Melanoma (versus others)b (24)
Renal (versus others) (36)

Tumor control
Smaller tumor size (24) (12, 48)
Lower tumor number (36)
Longer time to brain metastases (36)
Adjunct WBRT (12, 17)
Supratentorial location (versus infratentorial) (1)
New lesion (versus recurrent) (1)
Type of primary tumor

Breast (22)
Melanoma (versus others) (17)
Renal cell (versus others) (17, 22)

Homogeneous pattern of enhancement (22)
Higher radiosurgical dose (22, 26, 54)

a Factors associated with prolonged survival and tumor control, unless otherwise noted. RPA, reverse partitioning
analysis; KPS, Karnofsky Performance Status; WBRT, whole-brain radiotherapy.
b Associated with shorter survival time.
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Kondziolka et al. (32) compared WBRT alone (30 Gy/12 frac-
tions) with WBRT plus RS (tumor margin dose of 16 Gy). The
trial was stopped at the interim analysis with 60% accrual; 27
patients with two to four brain metastases were randomized
(14 patients to WBRT and 13 to WBRT plus RS). The use of RS
significantly improved brain tumor control. Local failure at 1
year was 8% for WBRT plus RS, versus 100% for WBRT alone,
with a median time to local failure of 36 months versus 6
months (P � 0.0005). Median time to any brain failure (local or
newly distant tumors) was also significantly longer for WBRT
plus RS versus WBRT alone (34 mo versus 5 mo; P � 0.002).
Despite this improved control, median survival did not differ
by treatment (11 mo versus 7.5 mo, respectively; P � 0.22). The
majority of patients died from progression of extracranial
disease. Some patients in the WBRT-alone group eventually
received salvage RS. If these patients were removed from
analyses, a significant survival improvement was shown for
the WBRT-plus-RS group compared with the WBRT-alone
group (P � 0.028). Treatment complications included mild
scalp erythema and hair loss for patients receiving WBRT.

A similar study, RTOG 9508, randomized 333 patients with
one to three brain metastases to WBRT (37.5 Gy/15 fractions) or
WBRT plus a RS boost (1). The RS dose depended on tumor size
and ranged from 15 to 24 Gy. Treatment-related complications
were infrequent (1% for WBRT plus RS versus 0% for WBRT
alone). Mean survival was similar between the groups (6.5 mo
for WBRT plus RS versus 5.7 mo for WBRT alone; P � 0.1356), as
was the rate of neurological death (28% versus 31%, respec-
tively). Systemic disease was the cause of death in more than half
of the patients. Local control at 1 year was significantly better for
WBRT plus RS versus WBRT alone (82% versus 71%; P � 0.01),
and time to local progression was significantly shorter (P �
0.0132) for the WBRT-alone group. Time to intracranial progres-
sion (local and distant) did not differ between the treatment
groups (P � 0.1278). An analysis of performance showed that

mental status was similar be-
tween the treatment groups at
6 months. However, a greater
number of patients had an im-
proved KPS score after WBRT
plus RS versus WBRT alone
(10 patients versus 3 patients;
P � 0.0331), and corticosteroid
usage decreased in signifi-
cantly more patients (41 pa-
tients versus 25 patients; P �
0.0158).

Subgroup analyses pro-
vided several interesting re-
sults (1). Mean survival was
significantly longer for
WBRT plus RS versus WBRT
alone for patients with single
metastases (6.5 mo versus 4.9
mo; P � 0.0390), but did not
differ for patients with mul-

tiple metastases (5.8 mo versus 6.7 mo; P � 0.9776). RS boost
also improved survival versus WBRT alone in other sub-
groups, including RPA Class 1 patients (11.6 mo versus 9.6
mo; P � 0.0453), and patients with tumors 2 cm or greater in
diameter (P � 0.0449), and significance was nearly achieved in
patients with squamous cell or nonsmall cell lung cancer (P �
0.0508). There was no difference in survival for the overall
population when stratified by RS system (LINAC versus
Gamma Knife), and RS dose did not affect survival. Multivar-
iate analysis showed that RPA Class 1 and metastatic lung
cancer were significant predictors of prolonged survival.

Results from the Pittsburgh and RTOG studies demonstrated
that the combination of RS and WBRT is more effective than
WBRT alone. The RTOG concluded that WBRT plus RS should
be standard treatment for patients with a single unresectable
metastasis. For patients with two to three metastases, these re-
sults also suggest that use of combination therapy be considered.
The addition of RS to WBRT improved performance for all
patients, and local control and was not associated with increased
risk for complications. Despite these benefits, survival remained
limited because of systemic-disease progression.

COMPLICATIONS

RS is well tolerated and usually can be performed on an outpa-
tient basis. Treatment-related complications are relatively infrequent
and generally moderate in severity. Nausea, vomiting, alopecia, and
headaches are the most common mild-to-moderate side effects (1,
10, 28). Complications that are more serious can be stratified by time
of presentation. Acute side effects (those occurring hours to days
after treatment) include headaches, nausea, vomiting, and seizures.
Subacute side effects (occurring within the first 6 mo) include
edema, deterioration of preexisting neurological deficits, and sei-
zures (1, 17, 48, 54, 57). Radiation necrosis may occur subacutely but
is usually a late complication (1, 10, 17, 28, 40, 50, 57). Larger tumors

TABLE 5.3. Median survival by primary tumor typea

Primary tumor type

Chen et al., 2000 (12) Sneed et al., 2002 (58) Petrovich et al., 2002 (48)

No. of
patients

Median survival
(mo)

No. of
patients

Median survival
(mo)

No. of
patients

Median survival
(mo)

Melanoma 88 6.9 93 7.1 231 8

Breast 12 16.6 50 8.6 38 17

Colon 9 5.3 13 6

Lung 282 8.7 94 9
NSCLC 40 9.7
SCLC 5 2.8

Renal 49 12.3 62 9.6 29 12

Other 24 5.4 82 8.4 39 6

a NSCLC, non small cell lung cancer; SCLC, small cell lung cancer.
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and adjunct WBRT are associated with increased risk for complica-
tions (28, 37).

Varlotto et al. (64) analyzed tumor control and toxicity in patients
who had survived for at least 1 year after RS. They found that
post-RS sequelae developed in 2.8% and 11.4% of patients at 1 and
5 years after RS, respectively, and that the only factor significantly
associated with late risks of complications was treatment volume.
For tumors of 2 cm3 or less, the 1-year and 5-years incidence of
complications was 2.3% and 3.7%, respectively. For tumors of 2 cm3

or greater, the incidences were 3.4% and 16%, respectively. In an-
other study of patients treated with RS with or without WBRT, 200
consecutive patients were surveyed to assess the patients’ perspec-
tive regarding complications (31). One hundred four (52%) of the
200 patients responded. Sixty-three percent of the patients who had
WBRT and 36% of the patients who had RS reported side effects of
treatment (P � 0.001). Hair loss, short-term memory problems,
fatigue, long-term memory problems, concentration problems, and
disorders of mood were much less common in the RS-only group.

Many of these complications can be effectively resolved.
Edema can be treated with corticosteroids or, in more severe
cases, with surgery. Corticosteroids are usually tapered and
discontinued after edema is resolved, but some patients may
require long-term treatment to control persistent edema (38).
Radiation necrosis also can be treated with corticosteroids or
surgery, and there is some anecdotal evidence that hyperbaric
oxygen treatment is effective (13, 16, 29, 33). It is important to
differentiate necrosis from tumor recurrence, which can be
difficult with conventional CT or MRI. Positron emission to-
mography, magnetic resonance spectroscopy, and magnetic
resonance blood volume mapping have been used to help
make this distinction and guide clinical decisions. However,
whether it is recurrent tumor or radiation necrosis, any patient
with a symptomatic lesion that has failed corticosteroid treat-
ment may require surgical resection. Historically, although
anticonvulsants have been used prophylactically for patients
with brain metastases (48), the American Association of Neu-
rologists recommends that anticonvulsants should not be used
routinely in patients with brain tumors because of the limited
benefit versus potential side effects (21).

TREATMENT GUIDELINES

Currently, the National Comprehensive Cancer Network
recommends RS plus WBRT as a treatment option for patients
with brain metastases depending on the metastases locations,
the systemic-disease status, the tumor and radiation history,
and the number of metastases (42). For patients with a resect-
able new solitary metastasis or a symptomatic metastasis with
mass effect, surgery followed by WBRT is recommended,
whereas WBRT alone is the standard treatment for patients
with active systemic disease and poor prognosis.

There are additional considerations for treating patients
with RS. Generally, patients in RPA Class 1 have a favorable
prognosis and should be treated aggressively, whereas pa-
tients in RPA Class 3 (KPS score �70) have a less favorable
prognosis and palliative care may be more appropriate (18).

Because it is minimally invasive and can be performed on an
outpatient basis, studies suggest that RS can be used for
palliative care by targeting tumors associated with symptoms
and affecting quality of life (2). For patients with a good KPS
score and a limited number of metastases, RS should be con-
sidered when surgery is contraindicated. As discussed, it is
important to take into account tumor size and number (38, 53).
Generally, metastases 3 cm or less in diameter, without abun-
dant surrounding edema can be treated with RS. For tumors
less than 3 cm in diameter, surgical resection and WBRT
should be considered. Focal external radiation is an option but
may limit the ability to administer WBRT for salvage in the
future because of overlapping fields and resulting excessive
dose in normal tissues. Studies have demonstrated the effec-
tiveness of RS in patients with multiple metastases (25, 32, 40,
68), but precautionary steps should be taken to optimize dose
homogeneity and to limit exposure to normal tissue (60, 61,
67). Tumors that have been historically “radioresistant” to
WBRT, such as metastatic melanoma and renal cell carcinoma,
also should be considered for RS (1, 11). Before treating recur-
rent metastases with RS, diagnostic steps should be taken to
differentiate recurrence from necrosis (8), and the irradiation
history of the patient should be carefully reviewed. Studies
have demonstrated that reirradiation with RS is safe and
effective in selected patients (25, 53).

CONCLUSIONS

RS is a safe and effective therapy for patients with brain
metastases. Although Class I data are limited, recent random-
ized trials provide evidence that the addition of RS to WBRT
improves survival in patients with solitary metastases, im-
proves local control in patients with two to four metastases
and improves functional autonomy in all patients. A body of
Class II and III data further supports the use of RS with WBRT
or as a monotherapy, and suggests that efficacy is comparable
to that of surgery. Surgery with WBRT should remain an
important treatment option for most patients with a solitary,
symptomatic, brain metastasis, until proven otherwise. An
ongoing randomized trial will address the comparative effi-
cacy of RS versus surgery, as well as the issue of adjunct
WBRT use with RS. It is unclear whether the benefit-to-risk
ratio of up-front WBRT with RS is more favorable than de-
layed WBRT. It is important to recognize that with current
treatment modalities, survival will remain limited because of
systemic disease progression.
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THE USE OF chemotherapy to treat patients with brain metastases has been viewed
historically with skepticism. To date, a survival benefit has not been demonstrated with
the use of systemic chemotherapy in patients with brain metastases. However, the
introduction of novel agents and delivery techniques warrants a reexamination of the
role of systemic chemotherapy in the management of brain metastases. Temozolomide
has shown encouraging results in patients with nonsmall cell lung cancer, and im-
planted carmustine wafers have demonstrated excellent local tumor control rates. This
review discusses clinical data from the past decade with emphasis on trial design,
tumor histology, available agents, and multimodality strategies. In addition, delivery
techniques that circumvent the blood-brain barrier are reviewed. Although chemo-
therapy is usually used as a salvage therapy, it may be considered for use in selected
patients with newly diagnosed brain metastases. To better evaluate chemotherapy in
brain metastases, future trials should evaluate novel agents in the preirradiation setting.
Enhanced regional delivery methods warrant further investigation, and Phase III trials
of current regimens stratified by histology and by prognostic factors will establish the
role of specific chemotherapy regimens in the treatment of patients with brain
metastases.
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Significant advances have been made in the management
of brain metastases during the past few decades. Local
therapies, such as surgery and radiosurgery, with whole-

brain radiotherapy (WBRT) provide effective local tumor con-
trol, reduce the risk of neurological death, and prolong sur-
vival. Unfortunately, survival remains limited; approximately
1 month with no treatment, 4 months with WBRT, and 10
months with local treatment plus WBRT, with the majority of
patients dying from systemic-disease progression (3, 67, 78, 91,
92). To prolong survival, treatment regimens must be devel-
oped that control both systemic and central nervous system
(CNS) disease.

Several chemotherapeutic agents have activity against sys-
temic cancers that commonly metastasize to the brain (Table 6.1).
These regimens would seem to be logical candidates for treating
brain metastases, particularly for synchronous presentations.
Several treatment issues, however, have limited the use of che-
motherapy for brain metastases. The blood-brain barrier (BBB)
restricts the passage of large molecules into the brain paren-
chyma. Because many of the agents with activity against sys-
temic disease are large, water-soluble molecules with poor BBB
penetration, therapeutic drug concentrations are difficult to
achieve with normal delivery techniques (12, 27, 36, 89).

In addition, the primary tumors that most commonly me-
tastasize to the brain generally have limited chemosensitivity.

Melanoma, renal cell carcinoma, and nonsmall cell lung cancer
(NSCLC) are usually chemoresistant, breast cancer is moder-
ately chemosensitive, and small cell lung cancer (SCLC) and
germ cell cancers are highly chemosensitive. Moreover, pa-
tients who develop brain metastases have often been heavily
pretreated with chemotherapy, and brain metastases occur
when the primary cancer has acquired chemoresistance (113).

Because of these treatment issues, chemotherapy for brain
metastases has been viewed historically with skepticism and is
usually reserved as a salvage therapy (32, 82). Although sys-
temic chemotherapy has not demonstrated a survival benefit
in brain metastases to date, advances with chemotherapy war-
rant a reexamination of its role in the treatment of brain
metastases. A number of drugs readily cross the BBB (Table
6.2), several of which have been shown to control brain me-
tastases of certain histologies. These agents are usually small
molecules (�400 Da) with high lipid solubility (69, 89).

The impact of the BBB remains controversial. The BBB within
brain metastases, known as the blood-tumor barrier, is disrupted
and permeable to agents that would not otherwise cross the
normal BBB (72, 119). However, although the center of the tumor
is “leaky,” the periphery is virtually impermeable, so that tissue
adjacent to the tumor may receive subtherapeutic concentrations
of drug (27, 36). In addition, patients with brain metastases
frequently receive corticosteroids, which reestablishes the BBB
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integrity (61, 65). Additional factors that can affect the activity of
chemotherapy in the brain include active efflux of drug across
the BBB, a “sink” effect or concentration gradient from tumor to

surrounding normal brain tis-
sue and cerebrospinal fluid,
dose, and intrinsic tumor re-
sistance (35, 120). Regardless,
several delivery techniques
can circumvent the BBB di-
lemma, including disruption
of the BBB with biological
agents or radiotherapy, the
use of convection-enhanced
delivery (CED), direct drug
delivery with chemotherapy-
impregnated polymer wafers,
carrier-mediated transport,
and nanoparticle technology
(71, 89, 117).

Ideally, a chemotherapeu-
tic agent for brain metastases
should have good BBB pene-
tration and should have ac-
tivity against a number of
primary cancer types. Unfor-
tunately, few treatments pos-
sess both attributes. For ex-
ample, temozolomide (TMZ),
which has good BBB penetra-
tion and activity against pri-
mary brain tumors, has pro-
duced mixed results in brain
metastases and has minimal
activity against systemic can-
cers, except perhaps mela-
noma (8, 26, 38). Taxanes are
effective against extracranial
NSCLC and breast cancer but
have virtually no BBB pene-
tration (125). The nitro-
soureas have excellent BBB
penetration and have dem-
onstrated efficacy in brain
and some solid tumors, but
have substantial hematopoi-
etic and renal toxicity. These
dose-limiting systemic toxic-
ities preclude the achieve-
ment of therapeutic concen-
trations in the brain
parenchyma (13, 31, 86).

Selection of patients with
brain metastases for chemother-
apy should involve a multidis-
ciplinary approach that incor-
porates other treatment

modalities, such as WBRT, surgery, and radiosurgery (see Chapters
3–5 for more information). For patients with absent or controlled
systemic disease and a limited number of lesions, surgery or radio-

TABLE 6.1. Selected chemotherapeutic regimens for systemic cancers that commonly metastasize to
the braina

Breast

●Doxorubicin ●Cyclophosphamide/doxorubicin/fluorouracil

●Epirubicin ●Fluorouracil/epirubicin/cyclophosphamide

●Pegylated liposomal doxorubicin ●Doxorubicin/cyclophosphamide

●Paclitaxel ●Epirubicin/cyclophosphamide

●Docetaxel ●Doxorubicin/docetaxel

●Capecitabine ●Doxorubicin/paclitaxel

●Vinorelbine ●Cyclophosphamide/methotrexate/fluorouracil

●Gemcitabine ●Docetaxel/capecitabine

●Trastuzumab ●Gemcitabine/paclitaxel

Small cell lung cancer

●Paclitaxel ●Topotecan

●Docetaxel ●Irinotecan

●Gemcitabine ●Carboplatin � etoposide

●Vinorelbine ●Cisplatin � etoposide

●Etoposide ●Irinotecan � cisplatin

●Ifosfamide ●Cyclophosphamide/doxorubicin/vincristine

●Cyclophosphamide

Nonsmall cell lung cancer

●Cisplatin ●Gemcitabine

●Carboplatin ●Vinblastine

●Paclitaxel ●Mitomycin

●Docetaxel ●Ifosfamide

●Vinorelbine ●Pemetrexed

●Etoposide ●Gefitinib

●Irinotecan ●Erlotinib

Melanoma

●Dacarbazine ●Interleukin-2

●Temozolomide ●Dacarbazine-based combination chemotherapy

a Modified from, National Comprehensive Cancer Network: NCCN Clinical Practice Guidelines in Oncology. Available
at: http://www.nccn.org/professionals_gls/default.asp. Accessed February 20, 2005 (83).
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surgery should be considered (3, 87, 92). Conversely, chemotherapy
for brain metastases, alone or in combination with WBRT, may have
a greater role for patients with active systemic disease or contrain-
dications to other modalities. The choice of agents and their aggres-
sive use will depend on the histology and status of systemic disease.
For example, patients with NSCLC and two to three brain metasta-
ses with no extracranial metastases could be managed with
radiosurgery/WBRT followed by chemoradiotherapy to the lung
lesion, whereas patients with CNS and extracranial disease could
initially receive chemotherapy to assess the response to systemic
treatment (63). Patient age and performance status also play a sig-
nificant role in the treatment selection. Younger patients with good
performance status, controlled primary disease, and no extracranial
metastases have the best prognoses (47, 48), and, thus, may gain
more from aggressive treatment.

CHEMOTHERAPEUTIC EFFICACY

Limitations of Clinical Data

Most evidence to support the use of chemotherapy in brain
metastases comes from nonrandomized trials, retrospective studies,
and case reports. Few randomized trials have investigated the use of
chemotherapy in brain metastases. Several factors confound the
evaluation of chemotherapy efficacy in this setting. Most impor-
tantly, survival is usually limited by death from systemic disease,
which often occurs in patients who remain free of neurological
progression. Ideally, chemotherapy would address CNS and sys-
temic disease simultaneously with a single agent or a combination of
agents or as part of a multimodality strategy. Because many patients
with brain metastases have received and progressed through mul-
tiple chemotherapies, finding an effective and well-tolerated treat-
ment constitutes a major challenge for the treatment of brain metas-
tases. As a result, quality of life and freedom from intracranial
progression are specific and pertinent markers of chemotherapy
efficacy in the treatment of brain metastases.

Response rates based on radiographic changes are less helpful
in the evaluation of chemotherapy for brain metastases, particu-

larly in the setting of previous
radiation therapy or stereotac-
tic radiosurgery. These modal-
ities often cause scar tissue for-
mation around lesions,
limiting the ability of chemo-
therapy to reduce the size of
radiated lesions (72). In addi-
tion, glucocorticosteroid treat-
ment can change the apparent
tumor size on computed to-
mography and magnetic reso-
nance imaging scans by reduc-
ing the degree of contrast
enhancement.

In addition to these factors,
deficiencies in clinical trial de-

signs have hampered the assessment of chemotherapy efficacy in
brain metastases. Many studies include heterogeneous tumor
types, such that the effectiveness of an agent may be diluted by
the presence of chemoresistant tumor histologies. In such trials,
results for a particular tumor type may include too few patients
to form any meaningful conclusions. Chemotherapy trials need
to be designed with sufficient statistical power to evaluate effi-
cacy in specific tumor types. Study populations often differ by
known prognostic factors, such as performance status and pres-
ence of extracranial metastases. Stratification of patient selection
and reporting by recursive partitioning analysis (RPA) class (47)
(see Chapter 4 for more information) would provide a useful
parameter by which to assess the results of chemotherapy trials,
particularly in the setting of newly diagnosed patients. The ideal
clinical trial in this patient population would be a prospective,
randomized, single histology study stratified by RPA class.

Monotherapy Approaches

Chemotherapy as a single modality has demonstrated lim-
ited efficacy for patients with brain metastases. Multi-
modality regimens are consistently more effective than mono-
therapy approaches (3, 91, 92). Monotherapy approaches are
most useful in the clinical trial setting to evaluate the safety
and efficacy of a chemotherapy regimen that may later be used
in a multimodality strategy. Such an approach can also benefit
the well-selected patient for whom other treatment modalities
are contraindicated (90).

Several recent studies have reported on the use of TMZ in pa-
tients with brain metastases. TMZ crosses the BBB and has a favor-
able toxicity profile that allows for use with radiation and other
agents, and its oral administration allows for flexible scheduling.
TMZ as a single agent in recurrent brain metastases has produced
mixed results at a dosage range of 150 to 200 mg/m2/d � 5 days
every 28 days (Table 6.3) (2, 8, 49, 107). A Phase II study in 151
patients with melanoma brain metastases reported a 7% objective
response rate (complete and partial), with a median survival of 3.5
months (2). Several trials of TMZ for systemic melanoma have
documented a decrease in the number of patients with CNS metas-
tases (7, 93).

TABLE 6.2. Brain capillary permeability of chemotherapeutic agentsa

High Intermediate Low

●Nimustine ●Temozolomide ●Etoposide/Teniposide ●Doxorubicin

●Carmustine ●Cytarabine ●Cisplatin/Carboplatinb ●Vincristine

●Lomustine ●Topotecan ●Irinotecanb ●Taxanes

●Procarbazine ●Hydroxyurea ●Bleomycin ●Gemcitabineb

●Thiotepa ●Methotrexate ●Proteins (e.g., interferon-alpha,
Trastuzumab)

a Information based on Refs. 9, 14, 15, 24, 39, 53, 54, 69, 73, 74, 79, 108, 110, and 111.
b These relationships were surmised based on physical size and hydrophobicity of these drugs.
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A study of TMZ by the European Organisation for the
Research and Treatment of Cancer in patients with Stage IV
NSCLC was closed early because no objective response was
observed in 12 patients with brain metastases or 13 patients
without brain metastases (38). In contrast, another study re-
ported complete responses (CR) in three of nine evaluable
patients with recurrent NSCLC brain metastases; one patient
had a partial remission (PR) of the primary tumor (49). Siena
et al. (107) recently reported more favorable results with TMZ
monotherapy in 63 patients with brain metastases. Overall
response (PR and stable disease) was 40, 24, and 19% for
patients with melanoma, NSCLC, and breast cancer, respec-
tively. Other investigators have found limited activity of TMZ
in patients with breast cancer brain metastases (1, 26, 44).
Overall, TMZ has modest efficacy in recurrent brain metasta-
ses. Responses occur primarily in patients with NSCLC and
melanoma but less frequently in patients with breast cancer.
The main benefit for patients with recurrent brain metastases
treated with TMZ is stable disease for several months, which
might offer an improvement in quality of life. This hypothesis
warrants prospective evaluation in clinical trials.

Other single agents have also shown modest activity in brain
metastases. Topotecan produced an objective response rate of 38%
(n � 16) in breast cancer brain metastases (88) and 33% (n � 30) in
SCLC brain metastases with a systemic response rate of 29% (68).
Boogerd et al. (18) demonstrated a 23% objective response rate with
teniposide in 13 patients with NSCLC. Case reports and series
suggest monotherapy roles for other cytoxic agents, including high-
dose methotrexate (10, 70), carboplatin (33), and capecitabine (106,
122). Several reports have documented prolonged responses to hor-

monal agents, such as tamox-
ifen or megestrol acetate in pa-
tients with brain metastases
from breast cancer who had not
received previous hormone
therapy (105, 116).

An important issue as yet
unexplored in brain metas-
tases is the impact of vari-
ous treatment schedules on
chemotherapy efficacy. For
example, resistance to TMZ
activity is in part mediated
by methylguanine methyl
transferase, an enzyme that
repairs the deoxyribonu-
cleic acid (DNA) damage in-
duced by TMZ. Prolonged,
low-dose administration of
TMZ causes significant de-
pletion of this enzyme and
might improve its efficacy
(112). In addition, such
schedules have antiangio-
genic effects (16, 64). The
potential advantages of al-

tered administration schedules provide an opportunity for
future studies of brain metastases.

Preliminary reports of targeted therapies in patients with
brain metastases have been published recently. Gefitinib
yielded a response rate of 27% in a trial of NSCLC brain
metastases (23, 25). Trastuzumab has shown success in a rat
model of HER2-positive breast cancer brain metastases when
delivered by CED (55). One case report demonstrated a CR to
trastuzumab and vinorelbine used before intracranial radia-
tion; the contribution of each agent, however, was unknown
(81). Imatinib demonstrated efficacy against brain metastases
from a gastrointestinal stromal tumor in one report (21). With
the advent of new targeted therapies, treatment innovations
for brain metastases will undoubtedly emerge.

Combination Chemotherapy

Several nonrandomized trials have evaluated combination
chemotherapy in patients with brain metastases. Table 6.4
summarizes results from studies by primary tumor type. The
wide range in survival times and response rates reflects the
chemosensitivity of various histologies and differences in
study populations. Although no randomized trials have com-
pared chemotherapy combinations in patients with recurrent
brain metastases, some general observations can be made.

Response rates for SCLC and breast cancer brain metastases
seem to be better than those for NSCLC and melanoma brain
metastases. Kaba et al. (62) reported data from patients with
brain metastases who received a regimen of thioguanine, procar-
bazine, dibromodulcitol, lomustine, fluorouracil, and hydroxyu-

TABLE 6.3. Temozolomide monotherapy for brain metastasesa

Series (ref. no.)
No. of patients by primary

cancer
PFS/TTP (mo)

Intracranial
response (%)

CR PR SD

Agarwala et al., 2004 (2) 151 melanoma �1 1 5 26

Giannitto-Giorgio et al., 2003 (49) 9 NSCLC 3 0 3

Dziadziuszko et al., 2003 (38) 25 NSCLCb 0 0 25

Abrey et al., 2001 (1) 41 various 2 0 5 37

Christodoulou et al., 2001 (26) 27 various 3 0 4 17

Friedman et al., 2003 (44) 52 various 0 6 63

Siena et al., 2003 (107) 21 NSCLC 24c

21 breast cancer 19c

21 melanoma 40c

a CR, complete response; NSCLC, nonsmall cell lung cancer; PFS, progression-free survival; PR, partial response; SD,
stable disease; TTP, time to progression.
b Twelve patients with brain metastases and 13 patients without brain metastases.
c Partial response or stable disease.
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rea (TPDC-FuHu). Objective response rates were 66% for SCLC
brain metastases (n � 9), 25% for breast cancer brain metastases
(n � 28), 13% for NSCLC brain metastases (n � 39), and 0% for
melanoma brain metastases (n � 9). Median survival times were
6, 8, 8, and 3 months, respectively. Franciosi et al. (43) reported an
objective response rate for NSCLC brain metastases patients of
30% using cisplatin plus etoposide; as with TPDC, no objective
responses were observed in eight patients with melanoma. The
toxicity of these agents will likely preclude these regimens from
further study in Phase III trials.

TMZ-based combinations for melanoma brain metastases
showed a 38% PR rate when combined with docetaxel (n � 8) (7),
but no objective responses when combined with carboplatin (n �
11) (109). Hwu et al. (59, 60) combined TMZ with thalidomide and
reported 3 patients with CR in a combined total of 40 patients from
two studies.

Chemotherapy has also been used in combination with biological
response modifiers, including interferon, interleukin, and colony-
stimulating factors (6, 45, 99, 100). In a study of 15 melanoma
patients with brain metastases, patients were sequentially treated
with carmustine (BCNU) plus cisplatin plus dacarbazine and
interleukin-2 plus interferon-�2a. A 47% PR rate was reported, and

median survival was 6.5
months (99). The contribution of
these biological agents to the
treatment of brain metastases is
unknown.

Because brain metastases
usually indicate far advanced
cancer with acquired drug re-
sistance, chemotherapy regi-
mens that combine active
agents with differing mecha-
nisms of action and nonover-
lapping toxicities will likely
improve on the results of sin-
gle agent regimens. The ap-
propriate combinations in this
setting will depend, in part, on
which agents a patient has re-
ceived, as well as the response
to those agents.

Preirradiation
Chemotherapy

A number of uncontrolled
studies have documented the
feasibility and efficacy of che-
motherapy as a single modal-
ity before radiation therapy
for patients with newly diag-
nosed brain metastases (Table
6.5). Most of these reports
come from Europe—indeed,
one randomized trial using

this approach designated chemotherapy alone for initial therapy
as the control arm of the study, with chemoradiotherapy as the
experimental arm (101).

Multiple investigators have studied preirradiation chemother-
apy in patients with brain metastases from breast cancer. Rosner
et al. (104) reported a series of 100 consecutive patients with
breast cancer brain metastases treated with preirradiation che-
motherapy at one institution during 15 years. Patients received
combinations that included two to five agents: CFP (cyclophos-
phamide plus 5-fluorouracil plus prednisone), CFP plus MV
(methotrexate plus vincristine), MVP (methotrexate plus vincris-
tine plus prednisone), and AC (doxorubicin plus cyclophospha-
mide). Objective response rates were 52, 54, 43, and 17% in
patients treated with CFP (n � 52), CFP plus MV (n � 35), MVP
(n � 7), and AC (n � 6), respectively. The overall objective
response rate was 50%. The response to intracranial disease was
similar to that for systemic disease (55% in soft tissue metastases),
and previous chemotherapy for systemic disease did not dimin-
ish the likelihood of response in the brain. The same group
reported similar findings with an additional 26 patients (103).

Boogerd et al. (17) reported on 22 patients with breast cancer
brain metastases who received cyclophosphamide, methotrex-

TABLE 6.4. Combination chemotherapy for brain metastasesa

Treatment (ref. no.) No. of patients

Intracranial
response (%) Median survival (mo)

CR PR ORR

NSCLC
Carboplatin � teniposide � RT (96) 20 0 15 15 7
Carboplatin � etoposide (76) 18 0 17 17 7.5b

TPDC-FuHu (62) 39 3 10 13 6
Cisplatin � vinorelbine (101) 86 1 26 27 6

SCLC
Carboplatin � etoposide (76) 12 25 33 58 5.8b

TPDC-FuHu (62) 9 33 33 66 8

Melanoma
TPDC-FuHu (62) 9 0 0 0 3
Temozolomide � docetaxel (7) 8 0 38 38
Temozolomide � carboplatin (109) 11 0 0 0

Breast cancer
CFP (104) 52 52
CFPMV (104) 35 54
MVP (104) 7 43
CA (104) 6 17
TPDC-FuHu (62) 28 0 25 25 8
Carboplatin � etoposide (85) 9 33 22 55

a CA, cyclophosphamide, doxorubicin; CFP, cyclophosphamide, 5-fluorouracil, prednisone; CFPMV, cyclophospha-
mide, fluorouracil, prednisone, methotrexate, vincristine; CR, complete response; MVP, methotrexate, vincristine,
prednisone; PR, partial response; ORR, objective response rate; RT, radiotherapy; TPDC-FuHu, thioguanine, procarba-
zine, dibromodulcitol, lomustine (CCNU), fluorouracil, and hydroxyurea.
b Mean survival.
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ate, and fluorouracil (CMF) or cyclophosphamide, doxorubi-
cin, and fluorouracil (CAF). Fifteen had had no previous ra-
diotherapy. Objective responses occurred in 59% of patients,
with a median neurological response duration of 30 weeks. In
another study, 22 patients with breast cancer brain metastases
who received cisplatin and etoposide achieved a response rate
of 55% (29). The encouraging results from these trials suggest
that chemotherapy could be considered an initial therapy for
selected breast cancer patients with brain metastases.

Several investigators have published data on upfront che-
motherapy for patients with brain metastases from NSCLC
(30, 43, 45, 101). Fujita et al. (45) reported on a regimen of
cisplatin plus ifosfamide plus irinotecan in 30 patients with
NSCLC brain metastases. This regimen produced a 50% PR
rate and a median survival of 12.8 months. Robinet et al. (101)
conducted a randomized trial of chemotherapy with concur-
rent or delayed WBRT in 171 patients with NSCLC brain
metastases. Patients received cisplatin and vinorelbine and
were randomized to early WBRT (started on Day 1 of chemo-
therapy) or delayed WBRT (started at the time of disease
progression). Response rates (both intracranial and extracra-
nial), progression-free survival, 6-months survival, and over-
all survival were similar in both groups. Two-thirds of pa-
tients in the delayed WBRT group eventually received cranial
irradiation. These results suggest that initial chemotherapy
with delayed WBRT is as efficacious as chemotherapy and
WBRT at diagnosis. These data show consistent activity of
chemotherapy as an initial treatment for brain metastases and
warrant further randomized trials using this approach.

Several studies have documented responses to TMZ-based
combination regimens in the preirradiation setting for patients
with melanoma brain metastases (7, 8). Twenty to 38% of
patients in these trials achieved a PR, whereas 24% had stable
disease. Three patients (12%) in one study lived for greater
than 12 months (8). The favorable response rates compared
with those after radiation suggest that preirradiation chemo-
therapy may be a good option for patients with melanoma
brain metastases.

Two trials have suggested that response of the primary
tumor to initial chemotherapy for brain metastases might
predict intracranial response and the usefulness of WBRT. An
Italian trial tested vinorelbine, gemcitabine, and carboplatin as
first-line therapies for patients with brain metastases from
NSCLC (11). The response rate of 45% in the brain was similar
to that of the systemic disease, suggesting that response of the
primary tumor is a more important predictor of response than
the drugs’ ability to cross the BBB. A Phase III European
Organisation for the Research and Treatment of Cancer study
randomized 120 SCLC patients with brain metastases to treat-
ment with teniposide alone or teniposide plus WBRT (94). The
response rate and duration of local control were significantly
improved by the combination, but median survival, extracra-
nial response, and time to progression outside the brain were
unchanged. Because this trial showed no survival benefit for
the combined therapy, the authors concluded that lack of
systemic response to chemotherapy at the time of brain me-
tastasis identifies a group of patients who would not benefit
from WBRT. Thus, the systemic response to preirradiation

TABLE 6.5. Preirradiation chemotherapy in patients with brain metastasesa

Series (ref. no.)
No. of patients by

primary tumor type
Treatment

Response Median
response

(mo)

Median
survival

(mo)
CR
(%)

PR
(%)

SD
(%)

Fujita et al., 2000 (45) 30 NSCLC Cisplatin � ifosfamide � CPT-11 0 12 11 5 13

Robinet et al., 2001 (101) 86 NSCLC Cisplatin � navelbine 1 26 6

Cocconi et al., 1990 (29) 22 breast cancer Platinum � etoposide 23 32 18 6 15

Boogerd et al., 1992 (17) 22 breast cancer CMF or CAF 9 45 5 7.5 6

Rosner et al., 1986 (104) 100 breast cancer CFP, CFPMV, MVP, or CA 10 40 9

Colleoni et al., 1997 (30) 26 breast and lung cancer Lomustine, carboplatin, vinorelbine,
L-leucovorin, and fluorouracil

0 35 23 3 7

Franciosi et al., 1999 (43) 56 breast cancer Cisplatin � etoposide 13 25 21 8 8

43 NSCLC 7 23 35 8 8

8 melanoma 0 0 13 4

a CA, cyclophosphamide and doxorubicin; CAF, cyclophosphamide, doxorubicin, and fluorouracil; CFP, cyclophosphamide, fluorouracil, and prednisone; CFPMV,
cyclophosphamide, fluorouracil, prednisone, methotrexate, and vincristine; CMF, cyclophosphamide, methotrexate, and fluorouracil; CPT-11, irinotecan; CR,
complete response; MVP, methotrexate, vincristine, and prednisone; NSCLC, nonsmall cell lung cancer; PR, partial response; SD, stable disease.
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chemotherapy can predict response in the brain. As a tool to
select SCLC patients who are unlikely to benefit from WBRT,
this conclusion does not account for likely quality of life
benefits from improved local control.

Patients with less common but quite chemosensitive tumors
should receive a trial of chemotherapy as an initial treatment
of brain metastases. One study of 22 patients with brain me-
tastases from germ-cell tumors reported 10 of 22 patients
achieved a CR with high-dose chemotherapy and autologous
stem cell rescue (66). Cooper et al. (33) described three women
with epithelial ovarian carcinoma treated with the single
agent, carboplatin. All patients responded (one CR and two
PR) with survival times of 11, 16, and 25 months from time of
diagnosis of brain metastases.

Overall, single agents and combinations of chemotherapy
for brain metastases have demonstrated modest activity with
no statistically significant survival benefit. Further trials of
preirradiation therapy can serve as an efficient screening
mechanism to decide which regimens should move to Phase
III trials (56). Regimens that fail as initial therapy are unlikely
to work well in multimodality strategies or as salvage regi-
mens and could, therefore, be discarded in favor of other
regimens. In addition, chemotherapy activity can be estimated
without the confounding effect of concurrent or previous ra-
diation therapy, and all patients can be more uniformly se-
lected. Clinical trials in this setting would enroll patients with
newly diagnosed brain metastases of a specific histology. Fur-
thermore, the RPA classification could be applied for more
relevant comparisons, because the development of that system
used data from patients with newly diagnosed rather than
recurrent brain metastases (47). Although ineffective regimens
may delay the use of radiotherapy, the trial design of preirra-
diation chemotherapy has successfully screened many agents
for high-grade gliomas. This paradigm may also prove useful
in brain metastases as a method to select chemotherapy regi-
mens for Phase III studies.

Multi-modality Therapy

Multi-modality strategies for treatment of brain metastases
can combine chemotherapy with radiotherapy in various se-
quences, with surgery, or with both radiotherapy and surgery.
Phase II trials of WBRT with chemotherapy have reported
rates of neurological improvement as high as 55 to 60% (46,
98). Several randomized trials have compared chemotherapy
and WBRT to WBRT alone (5, 94, 114). In the earliest Phase III
trial to compare these strategies, Ushio et al. (114) randomized
100 patients with lung cancer (10 patients with SCLC) to three
treatment arms: WBRT alone, WBRT plus chloroethylnitro-
sourea (methyl lomustine or nimustine), or WBRT plus chlo-
roethylnitrosourea plus tegafur. Although the response rate
was significantly greater for WBRT plus chemotherapy than
for WBRT alone (79% versus 36%; P � 0.05), median survival
did not differ among the treatment arms. The cause of death
was extracranial disease progression in 80% of the patients
and intracranial disease progression in 12% of the patients.

Two randomized Phase II trials have suggested a benefit from
chemoradiotherapy with TMZ compared with WBRT alone (5,
118). Both trials demonstrated improved response rates for the
WBRT plus TMZ, but survival was similar between the arms.
These results led to a Phase III trial that randomized 134 patients
to WBRT plus TMZ versus WBRT (4). Interim results demon-
strated an improved response rate in the experimental arm (53%
versus 33%). Not surprisingly, this benefit seemed more pro-
nounced in patients with ages greater than 60 years or Karnofsky
Performance Status scores of 90 to 100. Survival was not statis-
tically different between the treatments. Long-term results from
this trial should help to clarify whether the combined regimen
improves neurological outcome.

Chemoradiation trials have enrolled few patients with renal
cell carcinoma or melanoma. One study of TMZ plus WBRT in
melanoma patients reported a 10% objective response rate; the
authors concluded that the combination had limited efficacy
for melanoma (77). Because melanoma and renal cell carci-
noma are relatively resistant to chemotherapy and radiother-
apy, progress with multimodality therapy will depend on the
development of novel radiosensitizers or chemotherapy
agents. On the other hand, radiosurgery has been shown to be
effective in these patients (22) and might be considered in
combination with effective chemotherapy agents.

It is unclear whether chemotherapy combined with WBRT
produces an additive or synergistic effect. Radiotherapy may act
in a synergistic or additive fashion by 1) disrupting the BBB so
that therapeutic concentrations of these agents are more readily
achieved (117), and 2) delivering a cytotoxic radiation dose to
brain metastases. A synergistic effect would clearly warrant the
concurrent use of WBRT with chemotherapy, whereas an addi-
tive effect may support the use of delayed WBRT for salvage
therapy and to limit radiation exposure (101).

Studies suggest that TMZ may act as a radiosensitizer (57).
Recent data in patients with high-grade gliomas suggest an
important advantage of WBRT with TMZ in patients whose
tumors have methylation of the promoter for methylguanine
methyl transferase (58). This enzyme repairs DNA damage
caused by TMZ, and promoter methylation inactivates this
repair pathway. Whether this advantage applies in brain me-
tastases is unknown.

IMPROVING DELIVERY
OF CHEMOTHERAPY

A number of strategies have emerged that could improve
the delivery of chemotherapy to intracranial tumors, despite
the BBB. Intra-arterial chemotherapy with or without osmotic
disruption of the BBB via mannitol has shown promising
results in primary CNS lymphomas. However, the small num-
bers of patients with brain metastases who have received this
therapy preclude definitive statements regarding its efficacy
(34, 37, 80). Almost all patients in these series have received
intra-arterial therapy without BBB disruption. Intraarterial
chemotherapy without BBB disruption does not circumvent
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the BBB, but rather delivers to the brain a concentration of
drugs 8- to 15-fold higher than achievable using intravenous
therapy (84). Several investigators have demonstrated the fea-
sibility of this technique (28, 37, 85). Although the potential for
hematological and vascular complications exists, intra-arterial
therapy is safe in experienced hands, with response rates of
50% or more in patients with recurrent brain metastases (85).
This strategy offers the possibility for aggressive concurrent
treatment of CNS and systemic disease. Further study of this
approach is warranted, particularly in patients with newly
diagnosed brain metastases.

As noted above, WBRT can produce BBB disruption (117).
Increased permeability to chemotherapy seems to require a total
dose of 20 to 30 Gy in fraction sizes of up to 3 Gy (97). The
magnitude and duration of this effect are unknown. This
method, however, requires discontinuation of corticosteroids,
which attenuate this particular effect of WBRT. The contribution
of WBRT to chemotherapy delivery warrants further study.

Several novel strategies to improve drug delivery to the brain
have been studied in patients with high-grade gliomas, but have
not yet been assessed in patients with brain metastases. One such
approach uses vasoactive molecules, such as leukotriene and
bradykinin, to target molecules unique to the brain tumor capil-
laries (12). Clinical trials in high-grade gliomas have used a
bradykinin analog with carboplatin (42, 52, 95).

Another innovative approach to enhanced delivery uses vectors
to carry proteins, peptides, or monoclonal antibodies by receptor-
mediated transcytosis (89). CED uses intracerebral high-flow micro-
infusion with a high-pressure gradient to establish convective flow
in the extracellular space. This technique allows the delivery of large
molecules that would otherwise not cross the BBB. Although com-
plications, such as meningitis, impaired wound healing, and cere-
bral edema can occur, CED has been used safely in primary brain
tumors with encouraging results (75, 121, 123). For patients with

renal cell carcinoma or mela-
noma who undergo surgical re-
section of brain metastases, one
potential trial design could use
CED to deliver large molecules,
such as antibodies or other bio-
logical agents, to the region sur-
rounding the surgical cavity.

Recent studies have re-
ported positive results with
BCNU wafers in patients with
brain metastases (20, 40, 41,
51). After surgical resection,
these polymer wafers are im-
planted into the surgical cav-
ity to deliver a high local dose
of BCNU. Randomized trials
established the BCNU wafer
as an adjunct to surgery and
radiation in patients with
newly diagnosed high-grade
gliomas, and as an adjunct to

surgery in patients with recurrent glioblastoma multiforme (19,
115, 124). Several studies have also investigated its use in brain
metastases (Table 6.6). In two prospective studies (20, 40) and one
observational study (51), more than 90 patients with new or
recurrent brain metastases were treated with surgical resection
and BCNU wafer with or without WBRT. There were no local
recurrences in patients with newly diagnosed brain metastases.
Median survival and mean survival in the two prospective stud-
ies were 14.2 months (for patients with more than 1 yr of follow-
up) (40) and 16.8 months (20), respectively. The excellent local
control rates warrant further trials of surgical resection with or
without placement of BCNU wafers.

SUMMARY AND RECOMMENDATIONS

As improved control of systemic disease allows cancer pa-
tients to live longer, new and recurrent brain metastases will
become more common. Treatment with surgery, radiosurgery,
and WBRT remain the first-line therapies for the majority of
patients with brain metastases. Improved local tumor control
with surgery and radiosurgery has increased survival for pa-
tients with one to three brain metastases. It seems, however,
that a survival plateau has been reached with these modalities
because of systemic-disease progression. Chemotherapy may
be able to improve on these results by concurrent treatment of
CNS and systemic disease. The challenge now is to develop
and test novel agents with novel methods of delivery.

In selecting patients for chemotherapy, it is important to restage
the systemic disease to account for previous chemotherapies, and to
discuss with the patient the limited data from which to draw firm
treatment recommendations. Because a survival benefit has not
been demonstrated with systemic chemotherapy, other treatment
modalities (i.e., surgery, radiosurgery, and/or WBRT) are recom-
mended in combination with chemotherapy, as appropriate. On the

TABLE 6.6. Patients with recurrent or new brain metastases treated with surgery and carmustine
wafer implants with or without whole-brain radiotherapya

Ewend et al. (40)b Golden et al. (51) Brem et al. (20)b

No. of patients 25 36c 42d

Local recurrence (n) 0 0 0

Distant recurrence (n) 4 7 3

Median/mean survival (mo) 14.2f NR 16.8

Cause of death (n)
Neurological disease NR NR 23
Systemic disease NR NR 3

a NR, not reported.
b Ten patients were enrolled in both studies.
c Follow-up data were available for 27 patients.
d Follow-up data were available for 41 patients.
e Patients with newly diagnosed metastases (n � 34).
f Patients with more than 1 year of follow-up (n � 16).
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basis of current evidence, chemotherapy should be considered for
RPA Class 1 or 2 patients. Preirradiation chemotherapy seems to
have several potential advantages, and this approach offers an ex-
cellent opportunity to investigate new treatment options. For pa-
tients with metastases from chemosensitive tumors, such as germ
cell tumors or lymphoma, chemotherapy should be administered
first, with radiotherapy reserved for relapse. For patients with
NSCLC, front-line chemotherapy with cisplatin and vinorelbine
could be considered on the basis of the results of the randomized
trial from Robinet et al. (101). For patients with breast cancer brain
metastases, more modern regimens need to be investigated in the
front-line setting before recommendations can be made.

Preliminary results from randomized trials suggest that
TMZ plus WBRT is an effective option for patients with
NSCLC (4, 118). Mature results from randomized trials will
define whether this combination is superior to WBRT alone.
For patients with breast cancer brain metastases, TMZ seems
to be less helpful. Although no standard regimens exist for
patients with breast cancer brain metastases, chemotherapy
with capecitabine or high-dose MTX should be considered at
relapse (50, 70, 102, 106, 122). Patients with brain metastases
from chemoresistant tumors (melanoma, renal cell cancer, and
sarcoma) should receive chemotherapy only in the context of
a clinical trial until the publication of evidence to support its
use.

Current and future clinical trials in patients with brain metastases
will define the role of chemotherapy as prophylaxis (i.e., treatment
of micrometastatic disease in high-risk patients), as a first-line ther-
apy, or as a component of multimodality therapy. The development
of novel agents, coupled with regional delivery techniques, offers
promise for patients with brain metastases.
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BRAIN METASTASES CONTINUE to be a major and growing challenge in oncol-
ogy, but recent advances in surgery, radiosurgery, and chemotherapy have broad-
ened the number of treatment options. Current approaches to the management of
brain metastases focus on individualizing patient care based on factors including
the Karnofsky Performance Status, the tumor histology, the number of metastases,
and the status of the systemic disease. A number of treatment approaches have
been shown to be effective for brain metastases, including surgery; radiosurgery;
whole-brain radiotherapy; and, more recently, chemotherapy. The use of adjuvant
whole-brain radiotherapy with local therapies, such as surgery or radiosurgery,
along with newer chemotherapy options, such as targeted biological agents,
temozolomide, and implantable 1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU) Glia-
del� wafers, are at the forefront of recent advances in the treatment of patients with
brain metastases that may provide longer survival and improved quality of life.
Although there is no current standard treatment, some general guidelines are
recommended for single metastases, oligometastases (two to three brain metasta-
ses), and multiple (four or more) brain metastases, and for new or recurrent disease.
With advances in systemic therapy for cancer, the treatment of brain metastases is
becoming an increasingly important determinant of the length of survival and
quality of life for cancer patients.
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Advances in the management of brain metastases during
the past few decades have provided patients with longer
survival and better quality of life (QOL). Despite these

benefits, long-term survival after the development of brain me-
tastases is rare. As treatment of patients with brain metastases
has been improved, systemic disease progression has supplanted
neurological progression as the primary cause of death. Un-
treated, these patients have a median survival of approximately
1 to 2 months (54), with the majority of patients dying from
central nervous system (CNS) involvement. Advances in local
therapies, such as surgery and radiosurgery (RS), combined with
whole-brain radiotherapy (WBRT) have improved the median
survival to approximately 6 to 12 months, with most patients
succumbing to progression of systemic disease (8, 70, 72, 73).
Recently, multiple authors have reported neurological deaths in
patients whose cancer had been successfully treated outside the
CNS with newer treatment modalities (21, 68, 69). With this new
wave of treatment options for systemic cancers, the onus is once
again on the neuro-oncology community to provide new treat-
ment options for CNS metastases, which are an increasingly
important determinant of survival and QOL in cancer patients.

Current management of brain metastases focuses on individ-
ualizing patient care on the basis of known prognostic factors
(62). These factors include the status of systemic disease, the
patient performance status and age, as well as the tumor number,
location, size, and histology. Advances in surgery, RS, and che-
motherapy have broadened the number of options available to
treat brain metastases. A majority of studies have shown that the
use of these treatments as part of a multimodal strategy is more
effective than monotherapy, particularly in patients with a single
brain metastasis (8, 72, 73).

This review discusses the various treatment issues that
should be considered for patients with brain metastases.
Treatment paradigms that attempt to consider these issues in
the context of the latest clinical data are summarized, and
emerging therapies are briefly reviewed.

TREATMENT CONSIDERATIONS

Several studies in patients with brain metastases have iden-
tified a number of patient characteristics that are associated
with survival, the most notable of which is the recursive
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partitioning analysis (RPA) described by Gaspar et al. (42).
This study retrospectively reviewed a database of 1200 pa-
tients in clinical trials of the Radiation Therapy Oncology
Group (RTOG), which tested the effectiveness of radiation
therapy and radiation sensitizers on brain metastases. The
most important prognostic factor was the Karnofsky Perfor-
mance Status (KPS) score. The best median survival at 7.1
months was observed in RPA Class 1 patients—patients with
a KPS score of 70 or higher, controlled systemic disease, age
less than 65 years, and metastases to the brain only. The
poorest median survival (2.3 mo) was in RPA Class 3 pa-
tients—those with a KPS score of less than 70. Median survival
was 4.2 months for RPA Class 2 patients—patients with a KPS
score of 70 or higher and uncontrolled systemic disease, age
greater than 65 years, or metastases to the brain and other
sites. The RPA has been instrumental in stratifying patients
into distinct classes to better compare the efficacy of agents
within clinical trials and among studies. This method was
validated in a randomized trial by Gaspar et al. (41) and has
been confirmed in studies involving other treatment modali-
ties, such as surgery and RS (4, 26, 61, 65, 76).

In addition to the factors included in the RPA, there are a
number of other important treatment considerations. Identi-
fying the primary tumor type by patient history, stereotactic
biopsy, or excision of the brain metastasis is essential; a num-
ber of brain metastases types have been shown to be chemore-
sistant and/or radioresistant. Melanoma, renal cell carcinoma,
and nonsmall cell lung cancer (NSCLC) are generally consid-
ered resistant to chemotherapy. Sarcoma, melanoma, and re-
nal cell carcinoma are resistant to fractionated radiotherapy,
but this can be overcome with stereotactic RS (5, 20).

Treatment history of the primary tumor should also be
carefully considered because response of the primary tumor
predicts response of metastatic brain cancer (95). Brain metas-
tases often represent the progression of systemic disease via
the development of treatment resistance to chemotherapy.
Thus, previous exposure to chemotherapy should be carefully
reviewed when considering this modality for brain
metastases.

Another important prognostic factor is time of presentation
(synchronous versus metachronous). Synchronous presenta-
tion is usually associated with poor survival, particularly in
patients with NSCLC (1, 7, 39, 94, 107).

Taken together, these treatment issues help clinicians and
patients determine the best approach to therapy. More aggres-
sive treatments should be considered for patients with favor-
able prognoses, whereas minimally invasive treatments or
palliative care may be more appropriate for patients with poor
prognoses. Patients should be made aware of the variability in
survival times, regardless of regimen, and the risk for adverse
events. In addition to survival time, patients may also consider
the impact of treatment on their QOL, the cost effectiveness of
the treatment, and an understanding of their treatment cen-
ter’s expertise. QOL is an important measure of treatment
efficacy because of the limited survival time for most patients
who have brain metastases. Once patients are confronted with

metastatic cancer, many will value quality of survival, as well
as length, and this consideration should figure prominently in
discussions with patients.

Although individual patients may not consider cost factors,
the medical community must look favorably on treatment
options that are equally effective but less costly. For example,
Mehta et al. concluded that RS was more cost-effective than
surgery on the basis of survival and QOL data (55). Finally,
particular centers may have more expertise in a specific treat-
ment modality. All things being equal, patients benefit from
being treated by physicians who are well experienced with an
administered therapy. When a particular patient’s treatment
needs do not match those of the treating center, outside con-
sultation should be considered.

IMMEDIATE STABILIZATION OF PATIENTS
WITH BRAIN METASTASES

Before designing appropriate treatment regimens, a number
of steps should be taken to stabilize patients presenting with
brain metastases. Corticosteroids should be administered to
those patients presenting with symptomatic edema (e.g., neu-
rological deficit and headache). Clinical benefit is usually ob-
served within 24 to 48 hours. Dexamethasone is frequently
used because it has limited mineralocorticoid activity, thereby,
reducing the potential for fluid retention. It is typically pre-
scribed at a loading dose of 10 mg followed by a dosage of 4
mg, four times daily. If indicated, doses as high as 100 mg/d
in divided doses have been prescribed. Corticosteroid dosage
is usually tapered after definitive treatment, but chronic cor-
ticosteroid dependence to resolve persistent edema has been
noted in patients treated with RS (17). Because of the various
adverse effects associated with corticosteroids, including my-
opathy, hyperglycemia, weight gain, and immunosuppres-
sion, their use should be minimized. Studies suggest that low
doses can often be just as effective (98). Although highly
effective in the short term, long-term corticosteroid use is
often detrimental to QOL and should be avoided.

Occasionally, patients will present in extremis because of
elevated intracranial pressure (ICP). In this setting, emergent
treatment is needed. Intubation and hyperventilation can
bring a rapid, but transient, drop in ICP and should be re-
served for patients with a rapidly declining clinical status.
High-dose corticosteroids should be instituted immediately,
but because their onset of action can take many hours, other
therapies should accompany their use. Mannitol can be used
to decrease cerebral edema and can be administered on a
continuous basis. Starting doses usually range from 0.5 to 1.0
mg/kg and can be repeated every 4 to 6 hours. Immediate
computed tomographic (CT) scanning should be performed to
exclude surgically treatable causes of increased ICP. Obstruc-
tive hydrocephalus can occur because of blockage of the nor-
mal cerebrospinal fluid pathways by metastases or by
metastasis-induced edema. This should be treated with cere-
brospinal fluid diversion, such as ventriculostomy. Shunting
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should not be performed if the cause of the hydrocephalus is
reversible, because many patients will not require long-term
cerebrospinal fluid diversion. In addition, CT scanning may
reveal a hemorrhage associated with metastases. Large, sur-
gically accessible hemorrhages can be removed in an urgent
fashion to control ICP. Deep hemorrhages or those involving
the brainstem and basal ganglia may be better treated
medically.

Seizures are a presenting symptom in approximately 20% of
patients with brain metastases (63). Phenytoin, carbamaz-
epine, and valproic acid are frequently used as first-line
agents, along with newer agents in selected circumstances.
Historically, patients with brain metastases were treated pro-
phylactically with anticonvulsants. However, the American
Academy of Neurology now recommends that anticonvul-
sants should be administered only to those patients at risk for
seizure, and their use should be minimized to single therapy
at the lowest effective dose (43). Their meta-analysis of the
available data showed that prophylactic anticonvulsants did
not seem to significantly reduce the risk of a first seizure.
Furthermore, anticonvulsant-related side effects were espe-
cially common in brain tumor patients (20–40% in the meta-
analysis) and could be occasionally life-threatening. In addi-
tion to the adverse effects associated with anticonvulsants (i.e.,
cognitive impairment, myelosuppression, and liver dysfunc-
tion), they interact with other drugs commonly used in brain
metastases, such as dexamethasone (13). Another reason to
avoid prophylactic anticonvulsant use is that induction of
drug-metabolizing enzymes in the liver by anticonvulsants
can impair the efficacy of some chemotherapies (38). Occasion-
ally, a combination of multiple anticonvulsants is needed to
control seizures adequately. For such cases, the second agent
should be used at the minimal dose necessary to provide
adequate control of seizures.

DIAGNOSTIC WORK-UP OF SUSPECTED
BRAIN METASTASES

After appropriate symptomatic treatment, neuroimaging
scans should be conducted for a preliminary diagnosis. The
distinction between single and multiple lesions is frequently
an important determinant of treatment and remains an impor-
tant clinical checkpoint. In order of sensitivity (from least to
most), contrast-enhanced CT scan, contrast-enhanced mag-
netic resonance imaging (MRI), and autopsy data have been
used to determine the true incidence of multiple lesions.

CT studies have shown single lesions in up to 50% of
patients, with an additional 20% of patients harboring two
lesions (33). Enhanced MRI, which is more sensitive to small
lesions (92), suggests that the true incidence of single lesions is
25 to 33%. This more closely mirrors the findings of autopsy
studies, in which only 15 to 42% of cancer patients have single
lesions (23, 45). Several studies have demonstrated that pa-
tients with single lesions on CT may have multiple lesions by
MRI (31, 92). Therefore, it may be reasonable to follow patients

with multiple metastases by CT scan if whole-brain treatment
(external beam radiotherapy or chemotherapy) is planned. An
advantage of CT over MRI is that the primary cancer and brain
metastases can be simultaneously detected. However, because
of the poor sensitivity of CT for multiple lesions, a single
lesion diagnosed by CT should be confirmed by MRI before
any focal therapy, such as surgery or RS (see Chapter 2 for a
more detailed discussion of neuroimaging).

For patients who present with brain metastases but without
a known primary cancer, it is essential to determine the pri-
mary tumor origin. Confirmation is particularly important for
patients with a single metastasis, in whom the rate of misdi-
agnosis with MRI is more frequent than with multiple metas-
tases (73). Lung cancer should be suspected because of the
high incidence of metastases to the brain (67, 80); a chest x-ray
or CT scan should be performed. Other appropriate tests for
diagnosing and staging primary tumors include abdominal
and pelvic CT scans for renal or gastrointestinal primary,
radionuclide bone scans for tumors that are likely to produce
osseous metastases, and mammograms for breast cancer pri-
mary (46). In general, extracranial sites are biopsied first, if
available, to analyze tissue histology, because the risk is usu-
ally less than that associated with CNS biopsy. If intracranial
biopsy is required, it often is appropriate to perform resection
of the lesion at the time of biopsy, particularly if the lesion is
singular or causing significant mass effect.

TREATMENT PARADIGMS

A number of treatments have been shown to be effective for
brain metastases, including surgery, RS, WBRT, and chemo-
therapy. There is no standard therapy, although some general
treatment guidelines (62) are recommended for single metas-
tases, oligometastases (two to three brain metastases), and
multiple (four or more) brain metastases, and for new or
recurrent disease (Chapters 3–6 discuss, in more detail, radio-
therapy, surgery, RS, and chemotherapy, respectively).

Single Metastasis

Patients with a single metastasis and controlled or stable
systemic disease should be treated aggressively with surgery
or RS, unless other prognostic factors, such as KPS score or
systemic disease control warrant a less aggressive course (Fig.
7.1). Results of well-designed studies have demonstrated that,
for patients with a reasonable prognosis, surgery and radio-
therapy is superior to radiotherapy alone (73); likewise, RS
plus WBRT is superior to WBRT alone (8).

WBRT is frequently but not uniformly administered in con-
junction with local therapies. For patients with good prog-
noses (excellent performance status, very limited systemic
disease, and a long interval between development of systemic
disease and presentation of the single brain metastasis), some
centers or patients may elect to receive local therapy alone
(surgery or RS) without immediate WBRT. Recognizing that
WBRT seems to diminish the rate of local and distal recurrence
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in the brain (72), we have used local chemotherapy wafers in
such patients to help address the issue of local recurrence after
surgery alone, recognizing that the wafers would not be pro-
tective for recurrences elsewhere in the brain. Patients not
receiving WBRT undergo frequent imaging (once every 2–3
mo initially) to detect early recurrence.

For aggressive treatment strategies, the use of adjuvant
WBRT with local therapies should be strongly considered.
Two randomized trials validated the benefit of surgery plus
WBRT over either alone in patients with a single metastasis
(72, 73), and a recent randomized trial demonstrated a sur-
vival advantage for RS plus WBRT over WBRT alone (8). It
should be noted that the use of adjuvant WBRT remains
somewhat controversial. Some have argued that combination
radiotherapy is unnecessary because retrospective studies
have demonstrated no survival advantage for the use of up-
front versus delayed WBRT with RS (89, 90). The use of WBRT
places patients at risk for late-term complications, such as
dementia (32), but such side effects are usually associated with
treatment fractions greater than 300 cGy (66, 71). However, the
use of adjuvant WBRT with RS provides better local control,
and studies have shown survival advantages in select patients,
such as those without extracranial disease (75, 89, 90). Im-
proved local tumor control may provide better QOL. More-
over, the late-term complications associated with WBRT may
not be as common as once thought, and they may not be
clinically relevant presently because of the limited survival
time for these patients (71). As patients with cancer survive

longer, they will need better CNS protection from develop-
ment of late recurrence. On the other hand, they will be more
prone to develop late side effects related to their initial
therapy.

A recent interim analysis of 61 patients randomized to RS or
RS plus WBRT did not demonstrate a survival difference
between the treatment arms; however, local tumor control was
significantly higher with the combination therapy (10). An
ongoing randomized trial by the European Organisation for
Research and Treatment of Cancer (EORTC 22952) in patients
with brain metastases will assess the efficacy of RS and sur-
gery, with or without adjuvant WBRT (34). Results of this trial
should help increase understanding of the risks and benefits
of adjuvant WBRT. In addition, this trial will also compare RS
and surgery.

Several retrospective studies suggest that RS and surgery
are equally effective in brain metastases (59, 82). Table 7.1
summarizes the risks and benefits of surgery and RS. Cur-
rently, mortality rates of less than 3% and morbidity less than
5% are achievable with surgery (73). Significant morbidity
includes hematoma, wound infections, pseudomeningocele,
and neurological impairments, which are usually transient
(81). Surgical therapy has been greatly aided by modern im-
aging and neuroanesthesia as well as the use of corticoste-
roids. Techniques to minimize surgical risk include intraoper-
ative ultrasound and frameless stereotaxy, both of which help
to decrease incision size and improve the ability to achieve a
total resection. Surgery may not be appropriate for elderly

FIGURE 7.1. Treatment paradigm for patients with a single metastasis.
Dotted line, consider surgery, especially if a low KPS score is attribut-
able to a reversible tumor mass effect; a, unresectable location, cardiovas-

cular disease, age, etc.; b, consider for patients with active systemic dis-
ease. FSR, fractionated stereotactic radiotherapy.
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patients or patients with comorbidities, such as cardiovascular
disease (101). RS is generally well tolerated. Serious compli-
cations include edema, deterioration of preexisting neurolog-
ical deficits, seizures, and radiation necrosis (5, 40, 74, 87, 89).

The tumor location and size and the presence of edema are
important considerations in deciding between the use of RS or
surgery (Fig. 7.2). Tumors that are large, in a favorable location
for resection, and are associated with mass effect should be
surgically resected. Surgery should also be considered for
patients with an unknown primary lesion or at the time of a
possible first metastasis from a known primary lesion because
of the need for tissue diagnosis. Small tumors (�3 cm in
diameter) should be treated with RS if they are unresectable.
RS for larger tumors has been shown to be less effective, and
patients with larger tumors are at increased risk for neurolog-
ical toxicity (57, 84). Small tumors that are resectable and are
associated with minimal edema can be treated with either
surgery or RS.

At this time, there is no clear survival or tumor control
advantage of one treatment over another; therefore, the choice
of surgery or RS depends on the expertise of the treatment
center, as well as on patient preference. There are no Class I

data comparing surgery and RS, and the results from Class II
and III data have been mixed. Retrospective studies suggest
that RS is as effective as surgery (12, 59, 82), but at a lower cost,
a lower incidence of morbidity, and shorter hospitalization
(12, 55). Auchter et al. (12) conducted a retrospective review of
122 patients with a single brain metastasis who were treated
with RS plus WBRT and found that survival (median, 56 wk),
functional independence (median, 44 wk), and local tumor
control (86%) were comparable to those of the surgical treat-
ment arms of randomized trials in brain metastases. A retro-
spective study by Muacevic et al. (59) reported no difference
between patients treated with surgery plus WBRT (n � 52)
versus those treated with RS (n � 56) in terms of median
survival (68 wk versus 35 wk; P � 0.19), 1-year local tumor
control (75% versus 83%; P � 0.49), and 1-year neurological
death rates (37% versus 39%; P � 0.8). Schoggl et al. (82)
reported similar results in a retrospective study of 133 pa-
tients, except that local tumor control favored the RS group.
Conversely, Bindal et al. (14) treated 31 patients with new
brain metastases with RS and compared them with 62 patients
treated with surgery who were retrospectively matched. Pa-
tients treated with surgery had significantly longer survivals
than those treated with RS (16.4 mo versus 7.5 mo; P � 0.0018),
better local tumor control (P � 0.0001), and less frequent
CNS-disease death (P � 0.0001). The prospective, randomized
EORTC 22952 study may help to clarify the roles of surgery
and RS in brain metastases.

TABLE 7.1. Comparison of surgery and radiosurgery for
treatment of patients with brain metastasesa

Surgery Radiosurgery

Advantages

●Tissue for diagnosis ●Minimally invasive

●Immediately removes mass
effect

●Short/no hospitalization

●Improves local control ●Cost effective

●Improves survival for single
metastasis when used with
WBRTa

●Improves survival for
single metastasis when
used with WBRT

●Retreatment of previously
irradiated patients

●Treats surgically
inaccessible areas of the
brain

●Can treat large lesions ●Avoids general anesthesia

Disadvantages

●Invasive ●Radiation necrosis

●Longer hospitalization ●Limited to small tumors

●Limited to 1–3 metastases ●Limited to 1–3 metastases

●Hemorrhage ●Longer time to resolve
mass effect

●Infection

a WBRT, whole-brain radiation therapy.

FIGURE 7.2. MRI scans of (A) a
large frontal lesion with a mass
effect that should be treated with
surgical resection, (B) a small
lesion located in the deep cortex
that should be treated with radio-
surgery, (C) a small lesion located
peripherally that could be treated
with surgery or radiosurgery
(from, Ewend MG, Carey LA,
Morris DE, Harvey RD, Hensing
TA: Brain metastases. Curr Treat
Options Oncol 2:537–547, 2001
[(36]).
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Some patients presenting with a single brain metastasis will
have uncontrolled systemic disease and/or poor performance
status, making their prognosis poor despite the relatively fa-
vorable single CNS lesion. Such patients are unlikely to live
long enough to benefit from aggressive local therapy and may
best be treated with either WBRT or fractionated stereotactic
radiotherapy. Of the three trials comparing surgery plus
WBRT to WBRT alone, the one that did not show a survival
advantage (58) had more patients with active systemic disease
than the two trials that showed a benefit (73, 97). The patients
in the first trial did not survive long enough to benefit from
the local therapy. In certain cases in which systemic disease is
active and there are chemotherapeutic options that may both
treat the systemic disease and cross the blood-brain barrier
(BBB), chemotherapy may be used as primary treatment to
attempt to address both disease sites (CNS and non-CNS)
simultaneously. This approach would be used more often for
chemosensitive tumors, such as small cell lung cancers, germ
cell cancers, and, to some extent, breast cancer. Chemotherapy
is used less often for treatment of brain metastases in patients
with chemoresistant tumors, such as melanoma, renal cell
carcinoma, and NSCLC, particularly if the patient has already
failed first-line chemotherapy options.

Care should be taken to identify patients whose low KPS
score can be attributed directly to the mass effect from their
CNS disease. This mass effect, deriving from tumor burden,
edema, or tumor-associated hemorrhage, can often be re-
versed quickly. Treatment of brain edema and treatment of the
metastasis can rapidly improve performance status in such
patients. In these settings, aggressive local therapy may be
appropriate.

In general, all treatment for metastatic tumors is palliative,
with the degree of effectiveness of the palliation varying
widely on the basis of the factors discussed in this article. For
patients with a particularly poor prognosis and a single brain
metastasis, especially those with chemoresistant or radioresis-
tant metastases who have already received multiple chemo-
therapy regimens, palliative treatment with corticosteroids
and anticonvulsants (if the patient has had seizures) may be
the most appropriate choice. In selected cases (patients with
active systemic disease who have selected a palliative ap-
proach but with hopes of optimizing the quality of their
remaining time), treatment of a single brain metastasis with
RS can offer palliation and protection from rapid death caused
by CNS progression.

Oligometastases

More than half of patients with brain metastases present
with multiple lesions (92). Figure 7.3 outlines treatment rec-
ommendations for patients with two to three brain metastases.
Historically, multiple metastases have been treated with
WBRT, which has been shown to provide a median survival of
approximately 6 months. A radiation dose of 30 Gy in 10
fractions during 2 weeks is commonly used; although differ-
ent regimens may be appropriate, depending on the prognosis

of the patient. For example, a prolonged fractionation regimen
may be more desirable in patients with better prognoses to
decrease the risk of radiation-induced complications.

With advances in surgery and RS, these modalities have
growing roles for patients presenting with two to three brain
metastases. In a study of 56 consecutive patients, Bindal et al.
(16) reported that 26 patients with multiple brain metastases
treated by surgical resection of all lesions had a similar median
survival to that of a matched control group of patients with a
single metastasis (14 mo for each group). The beneficial effect
of surgery was lost if all of the lesions were not removed. A
retrospective study by Wronski et al. (106) reported similar
results for single versus multiple brain metastases treated by
resection in 70 patients, whereas another retrospective study
in 46 patients treated with resection by Hazuka et al. (48)
found that the presence of multiple metastases in 18 patients
was associated with poorer survival. Nussbaum et al. (67)
reported a median survival of 6 months in patients with
multiple brain metastases undergoing resection versus 3
months for those receiving WBRT alone.

As with a single metastasis, surgery should be strongly
considered for metastases with a significant mass effect. This
is particularly true if the second or third lesion can also be
resected easily or through the same craniotomy. Some centers
will treat the larger mass effect-producing lesion with surgery
and treat the remaining one to two lesions with RS, thus
performing effective “single metastasis” local therapy to each
lesion. Few studies have examined this combination of sur-
gery and RS (76). RS can also be used as an adjunct to surgery
to treat the tumor bed after resection (88).

Several studies have addressed the effectiveness of RS for
multiple brain metastases (49, 51, 60, 61, 105). In a study in 151
patients with brain metastases from breast cancer, patients
with multiple brain metastases treated with RS had a median
survival of 10.0 months, whereas those with a single metasta-
sis had a median survival of 9.5 months (61). A similar study
in patients with brain metastases from renal cell carcinoma
showed a longer median survival for patients with a single
metastasis (16.4 mo) versus patients with multiple metastases
(8.7 mo), although this difference was not statistically signifi-
cant (60). These data suggest that survival after RS may differ
by tumor type. This difference may well represent prognostic
differences between tumor types rather than differences in the
efficacy of RS in treating different histologies. Generally,
breast cancer patients with brain metastases treated by RS
tend to have a longer median survival compared with other
histologies (25, 74). However, this has not been validated by
randomized clinical trials, and other studies have shown no
difference by tumor histology (90). Two randomized trials
have investigated the use of RS plus WBRT compared with
WBRT alone. Kondziolka et al. (51) reported a survival advan-
tage and better tumor control for RS plus WBRT versus WBRT
alone in 27 patients. On the other hand, subgroup analysis of
the Radiation Therapy Oncology Group study demonstrated
no survival advantage in 145 patients with two or three me-
tastases (8).
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In RS treatment of multiple metastases, precautions should
be taken to optimize dose homogeneity and minimize expo-
sure to normal tissue, particularly for tumors located near
eloquent regions and near other lesions. Interactions between
adjacent isocenters can cause “hot spots” of higher collateral
radiation to normal brain, which could interfere with future
radiation options.

Although there is continued debate regarding the use of
WBRT after surgery or RS for a single brain metastasis, less
has been written concerning the possibility of using local
therapy alone (without WBRT) in patients with more than one
lesion. In very selected cases, particularly in tumor types that
are radioresistant, it may be reasonable to treat patients with
local therapies directed at the identified oligometastases alone,
with very careful posttherapy observation.

Although chemotherapy has been historically viewed as a
salvage therapy, a number of studies are investigating its use
in multiple brain metastases (3, 9, 77, 103). Clearly, the simul-
taneous treatment of systemic and intracranial disease is an
important advantage with chemotherapy because the majority
of patients treated with local therapies die from systemic-
disease progression. However, the BBB or blood-tumor barrier
excludes many chemotherapeutic and biological agents that

are effective against the primary tumor from penetrating into
brain tissue to therapeutic levels. Agents that cross the BBB
often have suboptimal efficacy against the primary tumor.
Techniques have been devised to circumvent the BBB, includ-
ing disruption of the barrier with mannitol or radiotherapy,
polymer-mediated drug delivery, intraarterial delivery, and
convection-enhanced delivery (CED) (52, 53, 99, 100).

Multiple Metastases

Treatment for patients with four or more metastases is
limited. Stratification by RPA class seems to break down for
patients with four or more metastases (64); therefore, it is
difficult to determine whether aggressive therapy is appropri-
ate for select patients (Fig. 7.4). Generally, these patients
should receive palliative treatment with WBRT alone at stan-
dard doses (62, 83). Radiosensitizers, such as motexafin are
possible adjuvants. Approximately half of patients with mul-
tiple metastases will die because of CNS-disease progression
(83). Surgery should be reserved for tumors with mass effect
(62), and RS might be considered as a palliative treatment (6),
particularly for patients with radioresistant tumors. Although
previous studies showed a benefit for the addition of RS to

FIGURE 7.3. Treatment paradigm for patients with two to three metasta-
ses. Dotted line, consider surgery, especially if a low KPS score is attrib-
utable to a reversible tumor mass effect; a, unresectable location, cardio-

vascular disease, age, etc., and consider a less aggressive approach if
lesions are on the opposite sides of brain; b, consider for patients with
active systemic disease.
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WBRT in patients with multiple brain metastases (51), the
recent large randomized trial by the Radiation Therapy On-
cology Group (RTOG 9508) showed no survival benefit (8).

Recurrent Disease

For patients with recurrent disease it is important to care-
fully assess prognostic factors (e.g., KPS score) and review
their response to previous therapies (Fig. 7.5). For patients
with good response to previous treatment, retreatment should
be considered, whereas a different modality should be used
for patients with poor response (i.e., a short time between
initial treatment and recurrence). For patients previously
treated with radiotherapy, it is also important to review treat-
ment history to avoid the risk of radiation-induced complica-
tions (84, 93). On the basis of data from 52 patients treated
with reirradiation, Cooper et al. (29) concluded that WBRT
should be considered for patients in good general condition
who experience neurological deterioration at 4 or more
months after response to initial palliative WBRT. These pa-
tients were treated with 30 Gy/10 fractions during 2 weeks;
42% responded to treatment and had improved neurological
function status; mean survival was 5 months. Another study
in 86 patients who were reirradiated reported a median sur-
vival of 4 months and found that absence of extracranial

FIGURE 7.4. Treatment paradigm for patients with four or more metasta-
ses. a, consider if a mass effect is present and not surgically contraindi-
cated or for tissue diagnosis; b, consider for select patients (e.g., limited
number of small tumors).

FIGURE 7.5. Treatment paradigm for patients with recurrent metastases.
a, consider if there was a previous positive response or if there was no

previous exposure; b, consider if a mass effect is present and not surgi-
cally contraindicated. FSR, fractionated stereotactic radiotherapy.
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metastases was independently associated with longer survival
(104).

Several studies have demonstrated successful retreatment
with surgery (11, 15, 91) and RS (24, 30, 84, 85) in select
patients. Median survival for patients with recurrence treated
with resection was 5 months for 109 patients with NSCLC (11),
11.5 months for 48 patients with mixed histologies (15), and 9
months for 21 patients, also with mixed histologies (91). For
patients treated with RS at recurrence, median survival was 6
months in 12 patients (30) and 8.8 months in 156 patients (85).
Evaluation of the patient’s general medical status is essential,
particularly for those considered for surgery. Tumor size is a
limiting factor for the use of RS to treat recurrence because of
the increased risk of neurotoxicity (85).

Systemic chemotherapy has been largely ineffective against
brain metastases because of the inability of most agents to
penetrate the BBB. Multiple case reports and small series
describe the responses to various systemically administered
agents; however, none of the agents have been rigorously
tested. Temozolomide (Temodar; Schering-Plough Corp., Ke-
nilworth, NJ) is an alkylating agent that readily crosses the
BBB (79) and has shown activity in patients with brain metas-
tases when used in conjunction with WBRT (2, 3, 9, 28). There
is some evidence that intravenous topotecan may have activity
against brain metastases when used with WBRT in prelimi-
nary studies, but no data from randomized studies are cur-
rently available (103).

Patients with one or two sites of CNS recurrence and favor-
able prognostic factors have been treated with surgical ther-
apy when appropriate. For patients who have had previous
WBRT (and, thus, would not be strong candidates for further
fractionated therapy), we have placed BNCU-polymer wafers
in the resection cavity in hopes of preventing further local
recurrence. The experience in a small set of patients (n � 6) has
been favorable—an increased interval to any subsequent re-
currence in many of the patients (37).

New Directions

Several treatment modalities have emerged that have dem-
onstrated efficacy in Phase I and II trials. The 1,3-bis(2-
chloroethyl)-N-nitrosourea (BCNU) wafer (Gliadel; Guilford
Pharmaceuticals, Inc., Baltimore, MD) has been shown to be
safe and effective adjuvant therapy to surgery in patients with
malignant glioma (18, 96, 102), and recent studies have dem-
onstrated excellent local control rates in brain metastases.
Three studies included a total of 93 patients with brain me-
tastases treated with surgery and BCNU wafers with or with-
out postoperative WBRT (19, 35, 44). Local tumor control was
100% in patients with newly diagnosed brain metastases.

CED allows for the use of large molecules that would oth-
erwise be excluded by the BBB. This system has shown en-
couraging results in primary cancer (53, 99, 100) and could be
used to deliver chemotherapy or immunotherapy to brain
metastases. Recent studies have shown efficacy with targeted
therapies (22, 27) that might be used in conjunction with CED

(47). Finally, recent results from studies with radiosensitizers,
including RSR-13 (efaproxiral) (86) and motexafin gadolinium
(56), have demonstrated efficacy compared with those of past
studies with radiosensitizers (50, 78). These treatment modal-
ities will require validation in Phase III randomized trials in
patients with brain metastases.

SUMMARY AND CONCLUSIONS

Multiple treatments are now available for patients with
brain metastases. Data from a variety of studies have provided
the concept of individualizing treatment on the basis of the
presence of prognostic factors. Studies have shown that ag-
gressive treatment with multimodal strategies can effectively
prolong survival and improve QOL. Patients with a single
metastasis should be strongly considered for surgery or RS in
combination with WBRT, particularly if they have a good KPS
score. Surgery, RS, and WBRT should be used in patients with
two to three metastases and a good KPS score. Although
combination therapy with these modalities should not be
ruled out, it should be noted that studies have not validated
combination therapy in patients with multiple metastases. For
patients presenting with recurrent disease, previous treat-
ments should be carefully reviewed to determine the potential
value of retreatment or whether another modality should be
used.

Recent studies from other treatment modalities, including
BCNU wafers, temozolomide, and CED, have shown encour-
aging results that warrant further investigation. Because of its
potential for treating both systemic and intracranial disease,
chemotherapy has the potential for prolonging survival for
those patients who have achieved local control, and may be a
key component in future strategies.
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