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INTRODUCTION

It is estimated that 10% to 30% of adult cancer patients will develop brain metastases during the
course of their disease’. This represents greater than 130,000 new cases a year in the United States and
exceeds the number of new primary brain tumor patients.” Brain tumors are particularly dreaded
because the complications include not only death, but also progressive neurologic deterioration with
consequent loss of function, loss of independence, and change in personality. The impact on overall
quality of life is profound.

Cancer patients are living longer and responding to primary and systemic therapies. Many are
surviving and developing brain metastases. The development of such lesions in patients with
metastatic cancer is often associated with an exceedingly poor prognosis. Alleviation of symptoms or
palliation is the primary goal in most patients. There is, however, a subset of selected patients who
enjoy a more favorable outcome when treated aggressively, therefore patients need to be evaluated
carefully in order to determine the best course of action and to identify potential long-term survivors.

The incidence of brain metastases varies depending upon the underlying primary tumor. One recent
study evaluated 252" patients with metastatic disease to the brain or spinal cord who underwent
surgery and found the following. Out of 113 women and 139 men with a mean age of 58 ( range 14-
80 years) the histology of resected tumors were: lung (54), breast (33), melanoma (27), kidney (23),
prostate cancer (19) and other tumors (96). Median survival time was 13 months with an overall one-
year survival of 63%. The frequency of specific primary tumor sites varies slightly among different
studies as shown below in Table 1.”

There are three general types of presentation of brain metastases:'**

De novo brain metastasis, in which surgery is required for both diagnostic and therapeutic purposes.
In this case detecting the primary tumor is of limited value,

Simultaneous presentation of both brain metastasis and primary tumors. In this case both craniotomy
and primary tumor resection may provide long term survival,

Sequential presentation in someone with a known primary tumor. In this case age, performance status
and extent of metastatic disease are important prognostic factors.

A recent review of over 1200 patients with brain metastases by Lagerwaard” in Rotterdam provides
valuable clinical data regarding patient presentation:




Table 1. PRIMARY SITES OF CANCER IN PATIENTS WITH BRAIN METASTASES

Authors (year)
Simionescu Zimm Le Chevalier Delattre Posner
(1960) (1981) (1985) (1988) (1995)
Site Numbers of Cases (%) Total
/ /lung 75(38.1) 122(64) 28(45.2) 144(50) 85(40.5)  454(48)
Small cell ‘ 28(15) 73(34.8)  101(11)
Nonsmall cell 12(5.7) 12(1.3)
Squamous cell 58(30) 58(6.1)
Adenocarcinoma 33(17) 33(3.5)
Large cell 3(2) 3(.3)
Breast 44(22.6) 26(12) 3(4.8) 43(15) 39(18.6)  155(16)
Skin 12(6.2) 12(1.3)
Melanoma 8(4) 5(8.1) 30(10.5) 20(9.5) 63(6.7)
Salivary glands 2(3.7) 2(.2)
Petvis-abdomen 27(9.5) 27(2.9)
Gastrointestinal tract 7(3.6) 3(4.8) 14(6.6) 24(2.5)
Colorectal 6(3) 2(3.7) 8(3.8) 16(1.7)
- Esophagus 1(.5) 4(1.9) 5(.5)
Gastric 1(.5) 1(.95) 2(.2)
Hepatoma 1(1.6) 1(.1)
Pancreas 1(.5) 5(8.1) 1(.95) 7(.7)
Gynecologic 10(4.8) 10(1)
Ovary 4(2.1) 4(6.5) 3(1.4) 11(1.2)
Uterus 3(1.6) 3(2) 1(1.6) 1(.95) 8(.8)
Cervix 3(1.4) 3(.3)
Choriocarcinoma 3(1.4) 3(.3)
Head and neck 2(1) 4(1.9) 6(.6)
Thyroid gland 4(2.1) 3(4.8) 4(1.9) 11(1.2)
Lymphatic system/lymphoma 2(1.1) 2(.95) 4{.4)
Sarcoma 7(3.3) 7(.7)
Muscles 1(0.55) 1(1)
Skeleton 2(1.1) 2(.2)
Neuroendocrine 2(.95) 2(.2)
Adrenals 1(0.55) 1(1.6) 1(.5) 3(-3)
Thymoma 1(.5) 1(.1)
Mediastinal germ cell 1(.5) 1(.1)
Genitourinary 15(7) 15(1.6)
Renal 16(8.2) 4(2) 3(4.8) 7(3.3) 30(3.2)
Testis 4(1.9) 4(.4)
Bladder 1(1.6) 2(.95) 3(.3)
Prostate 1(0.55) 1(.5) 2(.95) 4(.4)
Unknown 23(11.8) 16(8)* 32(11) 5(2.4) 76(8)
Other " 12(4) 12(1.2)
Total 195 191 62 288 210 946

* There were 16 patlentswho had an unknown primary metastatic to the brain. The histology of the brain metastasis was adenocarcinoma

in 14 cases and squamous cell carcinoma in 2 cases.

Data from Delattre JY, Kro! G, Thaler HT, et al: Distribution of brain metastases. Arch Neurol 45:741-744, 1988; Le Chevalier T, Smith
FP, Caille P, etal: Sites of primary malignancies in patients presenting with cerebral metastases: A review of 120 cases. Cancer 56:880—-882,
1985; Posner JB: Neurologic Complications of Cancer. Philadelphia, Davis, 1995; Simionescu MD: Metastatic tumors of the brain: A follow-
up study of 195 patients with neurosurgical considerations. J Neurosurg 17:361-373, 1960; Zimm S, Wampler GL, Stablein D, et al:
Intracerebral metastases in solid-tumor patients: Natural history and results of treatment. Cancer 48:384-394, 1981.



PRESENTING SIGNS AND SYMPTOMS

Headache 53%
Motor weakness 38%
Cerebellar dysfunction 26%
Seizures 22%
Dysphasia 14%

Of the16% of patients presenting with signs and symptoms of a brain lesion without prior history of
malignancy, 93% of those had lung cancer. Of all patients, 46 % had a single brain metastasis and 54
% had multiple lesions. Of patients having asymptomatic brain metastases detected in routine
screening, almost all had either melanoma or renal cell cancer. 40 % of patients with brain metastases
with melanoma had seizures.”

Seizures are a common presentation of brain tumors. Ciearly patients who present with seizures
should be placed on anticonvulsants. Phenytoin is most commonly prescribed. The question of
prophylactic anticonvulsant use is unanswered although data suggests it is not beneficial.”” The high
frequency of seizures in melanoma patients may suggest greater considerations of prophylaxis in that
population.

Historically, steroids were the first intervention to provide some symptomatic relief for patients with
brain metastases. The mean survival was less than two months. The main effect is the reduction of
vasogenic peri-tumoral edema, although the exact mechanism is not known.” Dexamethasone may
decrease vascular permeability by reducing the response to vascular permeability factor and decrease
the production of this factor by tumor cells.” A commonly prescribed dose is 4 mg. QID, and the
dose can be reduced as symptoms are controlled, to minimize toxicity. There is evidence that lower
doses may be equally effective. It is difficult to distinguish the independent effect of corticosteroids
from chemotherapy.’ The regression of edema, which is the earliest and most dramatic effect of
corticosteroid treatment, is not always indicative of a tumor response.

Subsequently radiation therapy was used to alleviate symptoms. This also improved the mean
survival to three to four months. Neurosurgery has been used for many decades with variable results.
With improved surgical techniques and reduction in perioperative morbidity and mortality, as well as
shorter hospital stays for such procedures, this approach has become acceptable and the treatment of
choice for many select patients. Radiosurgery, a technique used to deliver a very focused beam of high
energy directly to brain tumors, has also been used successfully in the management of these lesions.
Combined modality therapy utilizing all of the aforementioned treatments can be the most effective
approach in many patients with brain metastases.

PATHOPHYSIOLOGY

Brain metastases are spread from the primary tumor hematogenously. The distribution of lesions
within the brain parallels the distribution of blood flow of the brain. 80% of all brain metastases are
located in the cerebellar hemispheres, with 15% in the cerebellum , and 5% in the brainstem. Often the
lesions are seen at the junction of white matter and gray matter where the blood vessels decrease in
size and clusters of tumor cells may become trapped. The lesions tend to develop in the “watershed
areas,” which are the zones of marginal arteriolar supply from major intracranial arteries. There is

some indication that small cell lung cancer, germ cell tumors, and colorectal cancers may have a
<=




propensity to spread to the cerebellum. Tumors from the pelvis or retroperitoneum may metastasize to
the brain via Batson’s plexus, the vertebral venous circulation.'*®

The role of trophic factors and immunologic factors in the development of brain metastases is not well
understood. Both animal models and cell culture studies have been undertaken in an effort to better
understand the mechanisms for invasion and adhesion of circulating metastatic cells into the CNS and
the establishment of metastatic brain tumors, as well as the etiology of specific metastatic propensities
of cancer calls. The following are summaries of some recent relevant studies.

Adhesion Molecules

Investigators are currently examining the role that adhesion molecules, matrix metalloproteinases and
their inhibitors, and tumor suppressor genes and loss of heterozygosity play in the development of
brain metastases. This research may provide insight into the mechanism of malignant transformation.
Eventually these studies may provide information regarding prognosis in patients with metastatic brain
tumors.

Neural cell adhesion molecule (NCAM) is down-regulated during periods of embryological cell
migration and may be important in local tumor migration or metastasis. Most gliomas, metastatic
melanoma and lung carcinoma show a higher percentage of cells positive for NCAM.” Metastatic
melanoma cell cultures established from patients who underwent resection of CNS lesions were
compared with cell cultures established from metastatic lesions in non-CNS locations in the same
patients. Constitutive expression of the neuronal cell adhesion molecule NCAM) was found in all
CNS derived specimens and in fewer than 50% of non-CNS derived specimens. IFN gamma was
found to have a weak up-regulatory effect in all non-CNS derived cultures, except normal
melanocytes. However in CNS derived cultures, INF gamma was associated with reduced expression
of NCAM.ghus NCAM may be immune regulatory in the formation of CNS lesions in metastatic
melanoma.’

Adhesion molecule CD 44 was found in 48% of 48 metastatic brain tumors, with the most constant
expression from thyroid, skin and breast. The most pronounced expression was seen in individual
neoplastic cells embedded in abundant stroma®' and in the vicinity of preserved neural tissue,
supporting its role in the interaction of cancer cells with extracellular matrix components of tumor
stroma. Annexin II is a calcium and phospholipid binding protein and a substrate for the protein
tyrosine kinase, which has a possible role in the development of prlmary and metastatic brain tumors,
but its relationship to proliferation, migration or invasion properties is uncertain.”

Tumor Suppressor Genes and Loss of Heterozygosity

Loss of heterozygosity (LOH) in specific genetic locations, when found consistently in cancer cells in
both primary and metastatic sites, may provide insights into the role of tumor suppressor genes in the
development of these malignancies. Several recent studies examining LOH as a marker for
malignancy in brain metastases this are summarized below.

Allelic losses during breast cancer progression in 17 primary breast carcinomas and 22 metastatic
lesions (including brain) were studied by analyzing 19 microsatellite sites on seven breast cancer or
metastasis-related chromosomal regions and correlating the incidence of combined loss of
heterozygosity (LOH) with metastasis-free and post-metastasis survival. In comparison with the
corresponding primary tumor, additional LOH events are frequently found in metastases. The
incidence of combined LOH in the primary tumor, plus the occurrence of additional LOH events in the
distant metastasis correlated significantly with decreased post-metastasis survival. Combined LOH of



the three breast cancer related chromosomal regions alone or in combination with allelic loss at the
p53 gene region seems to have a specific influence on the aggressive behavior of metastasis.”

Tumor suppressor gene PTEN/MMAC]1 was evaluated in 56 brain metastases by loss of
heterozygosity (LOH). By direct sequence analysis and differential PCR analysis, the highest LOH
rates were detected in metastases from lung (67%) and breast (64%) cancer. PTEN/MMACI alteration
may play a role in the progression of these tumors. With the exception of lung carcinoma,
PTEN/MMAC genes are involved in only a relatively small subset of brain metastases but the
discrepancy of high overall LOH rate (50%) and low frequency of PTEN/MMAC]1 mutation detection
rate 5}4%) suggests the presence of one or more additional tumor suppressor genes on chromosome
10q.”

Cytokines and Growth Factors

The occurrence of breast cancer metastasis is preferential to certain organs. Astrocytes may play an
important role in the development of brain metastases as these cells have been shown to respond to
extracellular stimuli by producing many cytokines and growth factors. These are factors which can
modulate further cell proliferation, growth and metastasis. A human breast cancer cell line showed
increased adhesion to astrocytes and enhanced growth in vitro in the presence of media from con A
stimulated astrocytes. The growth stimulatory effect was partially reversed by anti-IL 6, anti
transforming growth factor beta (TGF beta) and anti-IGF-1 antibodies indicating that these metastatic
cells use exogenous cytokines as paracrine growth factors. These results suggest that cytokines
produced by glial cells in vivo may contribute in a paracrine manner to the development of brain
metastases by breast cancer cells.'"’

Matrix Metalloproteinases and Their Inhibitors

Within the tumor-stromal microenvironment, a disrupted balance between matrix metalloproteinases
(MMP’s) and their inhibitors compromises the integrity of the extracellular matrix and promotes
malignancy. Tissue inhibition of MMP’s have been linked to tumor suppression in studies of
genetically altered tissue culture cells and in analysis of clinical specimens in situ. Ectopically
overexpressed TIMP-1 in the brains of transgenic mice resulted in a tissue microenvironment with
elevated protein levels of this natural MMP inhibitor. Elevated host TIMP-1 imposed resistance to
experimental metastases of fibrosarcoma. In TIMP-1 overexpressing mice, brain metastases were
significantly reduced by 75% compared to wild - type littermates. Ectopic TIMP-1 expression
efficiently exerts a suppressive effect on metastasizing tumor cells.”

Brain tumors including lung and melanoma metastases were analyzed by Beliveau for expression of
four matrix metalloproteinases, two tissue inhibitors of MMP’s (TIMP), and MMP activity. The
balance between MMP-2 and TIMP-2 is important in human brain tumors and TIMP expression may
be a valuable marker for tumor malignancy.”

Another study found that CSF from patients with brain metastases contained precursor gelatinase A, a
matrix metalloproteinase (pMMP2), and precursor gelatinase B (pMMP9), whereas negative control
CSF contained only pMMP2, thus it is possible that the distribution of gelatinase activity in CSF may
provide indication of disease spread.™

A study was undertaken® to characterize and assess the prognostic value of the immunohistochemical
expression of p53, bel-2, E-cadherin (EC), matrix metalloproteinase-9 (MMP-9) and tissue inhibitor
of matrix metalloproteinase-1 (TIMP-1) in brain metastases compared to the expression of these in
primary tumors. Results are shown in the following table.



Brain Metastasis (35) Primary Tumors (17)
p53 91% +, 9% intermediate 100% +
MMP9 100% -+ 100% +
TIMP-1 6% intermediate, 94% -- 3% intermediate, 97% --
EC 86% +, 14% intermediate 65% +, 35% intermediate
Bcl-2 Variable Variable

Neither p53, bcl-2, TIMP-1, or EC staining correlated with overall survival or survival with brain
metastases. No assessment of survival difference could be made for MMP-9 because of its
overexpression in all tissues. This study suggests that the functional balance between MMP-9 and
TIMP-1 is shifted toward extracellular matrix degradation in brain metastases. It further suggests that
deregulation of cell cycle control by p53 exists in all brain metastases. The high expression of EC
may indicate the importance of adhesion at late stages of metastases.

Tumor development is associated with marked angiogenesis. Vascular endothelial growth factor
(VEGF) is a secreted endothelial cell-specific growth factor which is induced by tissue hypoxia and is
angiogenic in vivo. Elevated serum VEGF concentrations are found in patients with disseminated
cancer including patients with brain metastases. However, the exact role of VEGF in the development
of brain metastases has yet to be determined.'"

Telomerase, an enzyme ribonucleoprotein complex which plays a critical role in cell immortalization
and the development of many human cancers, was found in to be expressed in most brain metastases.
However, levels of telomerase were not correlated with either tumor subtype or prognosis, but levels
may increase with progression of disease.”’

RADIATION THERAPY

Fractionated whole brain radiation therapy (WBRT) has been a mainstay of therapy for metastatic
brain tumors for several decades. WBRT has been shown to palliate 50% to 75% of brain metastases.
Survival is often dependent upon the extent of extra-cranial disease. The Radiation Therapy Oncology
Group (RTOG) is a cooperative group established to answer important clinical questions regarding the
management of radiation therapy patients. Many randomized control trials have been conducted by
the RTOG to establish appropriate treatment dosing and schedule guidelines for XRT. Since the
RTOG I study in 1971, hundreds of patients with metastatic brain tumors have been entered on
protocols.

Different radiation fractionation schedules have been studied since RTOG Trial I which evaluated
several schedules (30 Gy over 2 weeks, 30 Gy over 3 weeks, 40 Gy over 3 weeks and 40 Gy over 4
weeks) (n.b. 1 Gray=100 rads). That study showed that almost half the patients achieved significant
neurologic improvement with a median survival of 18 weeks, and the improved or stable neurologic
status was maintained in 75% to 80% of patients.'*’

The conclusion was that shorter treatment times appeared best for most patients with brain metastases.
Subsequent studies to evaluate potential improvement in outcome with higher doses of radiation have
failed to show a statistically significant improvement overall. Two recent hyperfractionation trials are
described below.

Two novel fractionation schedules for whole brain radiation for patients with brain metastases were
evaluated. Twice daily 2.5 Gy to a total dose of 30 Gy, versus twice daily 1.8 Gy to a total dose of
50.4 Gy, compared to an historical patient group treated with one daily fraction of 3 Gy up to 30 Gy.
No therapeutic benefit was seen for the 50.4 Gy group. Patients in the accelerated 30 Gy group had a




significantly worse progression free survival and a higher rate of late radiation toxicity. No severe
acute toxicity was observed.*®

A randomized phase III study was conducted examining the potential role of accelerated
hyperfractionation radiation versus standard radiation dosing in patients with unresected brain
metastases (RTOG 9104). 445 patients who received an accelerated hyperfractionation of 1.6 Gy BID
to a total dose of 54.4 Gy were compared to those who received an accelerated fractionation of 30 Gy
in 10 daily fractions. No difference in median or one year survival was observed. The conclusion of
the trial is that the hyperfractionation regimen is not recommended.™

The aforementioned studies have generally shown that underlying histology is not a significant factor
in overall outcome. However, response of brain metastases can vary depending on the histology. In a
recent study”™ evaluating CT-determined response to external beam radiotherapy, a complete remission
was seen in 37% of metastases from small cell lung cancer, 35% of breast cancer, 25% from squamous
cell and 14% from non-breast adenocarcinoma. It was also noted that small volume of tumor and
absence of necrosis, were the most important factors in achieving a complete remission (CR).

Late effects of radiation such as dementia, ataxia, and progressive mental disturbances are seldom
observed because of the poor prognosis’ of most patients with metastatic brain tumors.To minimize
the potential for whole brain radiation toxicity, lower dose fractions of 1.8 to 2.0 Gy can be used in a
favorable subset of patients. More protracted schedules of 40 to 50 Gy over 4-5 weeks are associated
with more durable responses and less long-term morbidity. At the opposite end of the spectrum, very
ill patients with poor performance status may be best served by short hypofractionated schedules such
as 29 Gy in 5 fractions, 17 Gy in 2 fractions or possibly 8 to 10 Gy in one fraction. Response rates are
good and trips to the treatment facility are minimized. The majority of patients are well served by
schedules such as 30 Gy in 10 fractions. The higher long-term toxicity rates associated with larger
treatment fractions are of less concern in patients with poor prognosis.

Patient Selection

Careful patient selection is essential in choosing the most appropriate treatment modalities for patients
with brain metastases. Evaluation of prognostic factors is also essential in determining if a therapeutic
intervention is successful or if results are largely based upon patient selection. Recursive partitioning
analysis (RPA), a statistical methodology which creates a regression tree according to prognostic
significance, has been used in the retrospective evaluation of hundreds of patients enrolled in RTOG
protocols in order to derive prognostic classes for patients with brain metastases. One recent study
using this technique evaluated 528 patients treated either with radiotherapy, or with surgery plus
radiotherapy. Median survival for all patients was 2.9 months: 2.0 months for patients with Karnofsky
performance status (KPS) less than 70%, 3.6 months for KPS greater than 70%. Advanced age,
multiple brain metastases, presence of extracranial metastases, and uncontrolled primary tumor each
predicted shorter survival in better performance patients. Three subgroups were evaluated as follows:
Class 1 patients age 65 or under, KPS equal to or greater than 70; Class 3 KPS less than 70, Class 2
in between Class 1 and Class 3. The median survival time to non-CNS death was 4.1 months: 10.5
months in RPA Class 1, 3.5 months in RPA Class 2, and 2 months in RPA class 3. However, survival
was 8.5 months in RPA class 2 patients with controlled primary tumor.



Karnofsky Scale: Criteria of Performance Status (PS)

Able to perform normal activity; 100 Normal; no complaints or evidence of disease
Requires no care. 90 Able to perform normal activity; minor signs and symptoms of
disease
80 Able to perform normal activity with effort; some signs and
symptoms of disease
Unable to work; able to live at 70 Cares for self; unable to perform normal activity or to do active
home and care for most per- work
sonal needs; requires varying 60 Requires occasional assistance but is able to care for most of
amount of assistance own needs
50 Requires considerable and frequent medial care
Unable to care for self; requires 40 Requires special care and assistance; disabled
Equivalent of institutional or 30 Hopitalization indicated, although death not imminent; se-
Hospital care/ disease may be verely disabled
Progressing rapidly 20 Hospitalization necessary; active supportive treatment required;
10 Fatal processes progressing rapidly; moribund
0 Dead

In a similar analysis of 125 RTOG" patients who had surgical resection and XRT, overall survival
from the time of diagnosis of brain metastases was 9.5 months. Utilizing the same three RPA derived
subgroups as in the previous study, overall survival was 14.8 months in Class 1, 9.9 months in Class 2,
and 6.0 months in class 3. Complete surgical resection of the brain lesion was found to be a positive
prognostic factor.

Two randomized trials in patients with single metastases to brain and limited systemic disease, reveal
surgical resection combined with post-operative WBRT superior to WBRT alone™ ™. The implication
is that WBRT is effective in destroying residual tumor and eliminating undetected micrometastases.

In the most recently reported trial” evaluating the benefit of post-surgical WBRT, a dose of 1.8 Gy
over 28 fractions for a total dose of 50.4 Gy of WBRT over 5 1/2 weeks was used. The addition of
post-operative radiation therapy resulted in substantially better control of tumor in the brain than did
treatment with surgery alone. Recurrence in the brain was seen in 9/49 patients (18%) who underwent
WBRT versus 32/46 patients (70%) in the observation group. WBRT was associated with reduction
of recurrence at the original site, and reduction in occurrence of additional brain metastases. The time
from treatment to brain metastasis was greater than 52 weeks in the WBRT group and 27 weeks in the
observation group. Overall survival was not significantly different: 48 weeks in the WBRT group
versus 43 weeks in the observation group. A greater length of time between diagnosis of primary
tumor and brain metastases development was associated with increased survival. The WBRT arm had
a decrease or delay in death due to neurologic causes, however there was no difference in how long
patients maintained functional independence.

Another study evaluated the pattern of relapse for solitary brain metastases treated with surgery and
WBRT in 66 patients. The actuarial probability of relapse was 27% and 55% respectively after one
and two years. Local relapse rate was high for melanoma, non-breast adenocarcinoma, and squamous
cell carcinoma. No local relapse occurred in breast cancer and small cell carcinoma. Symptoms of late
radiation toxicity were seen in 11/66 patients.”” In patients who have relapsed after undergoing
WBRT, re-irradiation can be associated with improved duration of survival and improved quality of
life. Use of a limited retreatment volume makes it a well tolerated low morbidity procedure that leads
to clinic?l benefit and, in a few patients, enhanced survival with some patients surviving greater than 9
months.
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NEUROSURGERY

Patient selection is most important in determining appropriate candidates for resection of metastatic
brain tumors. Factors such as the patient’s clinical status, the histology of the primary tumor, and the
number and location of metastases must all be considered. Tumors which are sensitive to
chemotherapy such as lymphoma, germ cell tumor, and small cell lung cancer are optimally treated
with modalities other than surgery. Patients selected for surgery must have lesions which are
resectable with minimal morbidity.""' This can be determined by the depth of the lesion within the
brain and its juxtaposition to eloquent (functionally critical) brain regions such as the motor cortex or
speech centers. Tumors in the thalamus, basal ganglia and brain stem are only rarely considered for
surgery due to the high morbidity potential for surgery in those regions.”

The M.D. Anderson group reviewed''? complications from craniotomies performed for excision of
intraaxial brain tumors, to assess factors relative to complication rates and predict the risk of surgical
morbidity, particularly for surgery in eloquent brain regions. Of 327 neurosurgery patients, 194 had
metastatic tumors. The major complication rate was 13%0: operative mortality was i.7% and post-
surgical neurologic morbidity was 8.5%. As a consequence of surgery, 32% of patients improved, 9%
of these patients deteriorated neurologically, and 58% showed no change. The median post-operative
hospital stay was 5 days. Tumors were defined based on their location relative to brain function and
this was the most important variable affecting the incidence of any post-surgical neurological deficit.
Patients with tumor in eloquent (grade III) or near eloquent (grade II) brain areas incurred more
neurologic deficits than did patients with tumor in non-eloquent areas. Neither repeat resections or
extent of surgical resection affected the outcome. Regional and systemic complications were more
prevalent among older patients (over 60 years) with lower preoperative performance scale scores and
posterior fossa masses.

RADIOSURGERY

Radiosurgery was developed by Leksell in Sweden in the 1950°s. Stereotactic radiosurgery is an
external irradiation technique in which multiple collimated beams of radiation are stereotactically
aimed at a radiographically discrete target volume to deliver a single high dose of radiation to a small
volume of tissue. *’ The goal is to define a small target volume and to deliver a clinically significant
dose to that area while avoiding delivery of such a significant dose to the surrounding tissue. A
coordinate system and stereotactic frame affixed to the skull is employed to pinpoint the target for
maximum dose delivery. There is a rapid drop in the radiation dose beyond the target’s perimeter.
The radiobiologic effects of the focal dose distribution may include thrombosis of small blood vessels,
reproductive cell death , or both.

There are three forms of high energy radiation which are used for radiosurgery: high energy x-rays
generated by a linear accelerator (LINAC), gamma ray radiosurgery with the gamma knife, and
radiosurgery with charged particles generated by a cyclotron , which may be most suitable for large
targets. The type of radiosurgery equipment used does not appear to have a strong influence on
therapeutic outcome or complication rate.™

Metastatic brain tumors present some characteristics suitable for treatment using radiosurgery. The
lesions are relatively spherical and have low infiltration of surrounding tissue compared to primary
brain tumors. This is advantageous because the margin of tumor is relatively easily identified on CT
or MRL*" Possible advantages of radiosurgery over neurosurgery are that the treatment is less
invasive; it can be performed on outpatient basis; and it is applicable to multiple brain lesions. If the
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volume of tumor is greater than 15 cc. it is difficult to control with radiosurgery alone and therefore
surgical removal should be considered first.

One study reviewed'” the outcomes of 62 patients to establish criteria for treatment of brain metastases
with radiosurgery and to predict local (tumor site) and regional (brain) control of the tumor and patient
survival. Only 6/62 failed locally. Variables predicting a higher risk for local or regional recurrences
were larger tumor size, increased number of metastases, and infratentorial location. Absence of
extracranial disease, KPS>70 and single intracranial metastasis were significant predictors of longer
survival. Patients who fulfilled all three criteria had a mean survival of 7.7 months. Those who did
not meet any of those criteria had a mean survival of 1.5 months.

Metastases from melanoma or renal cell carcinoma, which are considered radioresistant, can achieve
remission with a single dose of 15 to 25 Gy from a stereotactic modified linear accelerator. In large
studies, local tumor control rates from 85% to 95%, recurrence rates from 6% to 15% and side effects
between 3% and 15% have been reported. Prognostic factors such as volume of metastasis <10 ml.,
applied dose > 18 Gy, one or two metastases, absence of extracranial metastases, good patient
performance, primary treatment, and more than one year between primary diagnosis and brain
metastasis showed a trend toward improved survival. The median survival after radiosurgery ranged
from 6 to 12 months.

The value of WBRT in addition to radiosurgery (RS) was studied in 43 patients. Survival and local
freedom from progression were the same for RS alone and RS/WBRT (median survival 11.3 vs. 11.1
months and one-year freedom from progression (FFP) 71% vs. 79%. Brain FFP was considerably
worse (new metastases or local failure) for RS vs RS/ WBRT (28% vs. 69% at one year). However,
brain control allowing for successful salvage of a first failure was not significantly different for RS vs.
RS/WBRT (62 vs. 73% at one year). Omission of WBRT in initial management of patients with fewer
than 4 mle]tastases does not appear to compromise survival or intracranial control allowing for salvage
therapy."

In an effort to answer the question of whether post-radiosurgical whole brain radiation therapy
improves survival, a group from Heidelberg reviewed their experience’’ with 236 patients who were
treated with radiosurgery, 78 of which received radiosurgery followed by WBRT. Overall survival
was 5.5 months’ with control of CNS metastases in 92% of patients. These results were not
significantly different in the two groups. However, in patients who had no evidence of extracranial
disease, the median survival was increased for those who received WBRT, 15.4 months vs. 8.3
months, demonstrating a trend for superior survival in patients without extracranial metastasis who
received WBRT after RS.

The prognostic significance of multiple brain lesions in patients treated with LINAC-based stereotactic
surgery at Stanford University was evaluated in a study including 120 patients. 70 patients were
treated for one brain metastasis, and 30 patients were treated for two. The two groups had similar
survival times, 33 and 38 weeks respectively, demonstrating that patients treated with stereotactic
radiation therapy to two brain metastases have a median survival time identical to that of patients with
a solitaqrqy lesion. Patients with three and four metastases did not do as well, with a mean survival of 14
weeks.’

Another study looked at 97 patients who were treated with gamma knife radiosurgery for multiple (2
to 4) brain metastases. Underlying tumors were as follows: lung (44%), breast (21%), renal cell
(10%), colorectal (8%), melanoma (7%). The median tumor volume was 3900 cmm. The median
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survival time was 6 months, actual one year survival was 26%. A higher Karnofsky Performance
rating and absence of extracranial metastasis had a positive effect on survival. A better performance
group without extracranial metastases had a median survival of 9 months.'"

A study was undertaken at the University of Pittsburgh in an effort to determine the value of
radiosurgery in combination with WBRT for patients with multiple brain metastases (2, 3 or 4), good
performance status, and limited size of tumor (less than 25 mm. in maximum diameter on imaging).
27 patients were randomized: 14 to WBRT as initial management, 13 to WBRT plus stereotactic
radiosurgery. The trial was stopped following an initial analysis. There was a significant benefit in the
rate of local tumor control after radiosurgery plus WBRT in comparison to WBRT alone.”

To determine if results from new techniques such as radiosurgery and stereotactic surgery of brain
metastasis are due to therapy alone or attributable in part to patient selection, an RTOG analysis of
tumor/patient characteristics and treatment variables was conducted. 1200 patients from 3 consecutive
trials were analyzed. Using RPA, the best survival (median 7.1 months) was observed in patients less
than 65 years of age with a KPS of at least 70 and a controlled primary tumor, with the brain as the
only site of metastasis. The worst survival (median 2-3 months) was seen in patients with KPS less
than 70. All other patients had a median survival of 4.2 months. Well selected patients with single
brain metastasis treated with WBRT and resection or WBRT and radiosurgery appear to have a
comparable outcome although a randomized trial of these two modalities had not been performed.
Both resection and radiosurgery yielded superior survival and functional independence compared to
WBRT alone.™

CHEMOTHERAPY

Chemotherapy is a valuable therapy for patients with metastatic brain tumors from primary tumors
which are known to be sensitive to chemotherapy, such as lymphomas, testicular cancer, and small cell
lung cancer. The problems associated with chemotherapy for metastatic brain tumors are (1) issues of
drug deliver (crossing of the blood-brain barrier), (2) issues of drug sensitivity of the tumors to
chemotherapy, and (3) growth of brain tumors in patients with advanced disease who may have
already developed resistance to chemotherapy drugs to which they have been exposed.

The blood-brain barrier (BBB) separates the systemic circulation from the central nervous system
(CNS) and consists of the specialized endothelium of blood vessels supplying the CNS surrounded by
perivascular astrocytes. The barrier normally impedes the entry of water-soluble but not lipid-soluble
agents. Disruption of the BBB by a cerebral metastasis results in increased entry of water-soluble
substance and macro-molecules. When metastatic brain tumors grow, they promote formation of new
blood vessels that lack a normal blood-brain barrier and promote increased permeablility. This begins
when tumors exceed 0.2 cmm. in size.’

Brain metastases are a major clinical problem for patients with breast carcinoma. They occur in 10%
to 20% of such patients and are associated with a poor prognosis. Non small cell lung cancer is
complicated by brain metastases in 16% to 65% of patients. Malignant melanoma metastasizes to the
brain in 12% to 20% of clinical cases and 36% to 54% in autopsy series, with a very short survival.
For a long time, the idea that systemic chemotherapy could not be effective against central nervous
system tumors because the BBB would preclude the non-lipid-soluble anti-neoplastic drugs from
reaching the CNS. However, it is currently accepted that the integrity of the BBB is impaired in large
areas of the tumor vasculature. A group from Italy™ tested the efficiency of platinum/etoposide in
combination to treat brain metastases from breast, non-small cell lung cancer and melanoma. In the 56
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breast cancer patients, 7 (13%) achieved a CR and 21 (38%) achieved a CR or partial remission (PR) .
Among the 43 patients with non-small cell lung cancer, three (7%) achieved CR and 13 (30%) either
CR or PR. There was no response in the 8 patients with metastatic melanoma.

In another study, 14 patients (8 lung, 4 breast, 1 colon, 1 stomach) with brain metastases treated with
cisplatin/etopside had an overall response rate of 14% (1 CR, 1 PR). The regimen was associated with
significant hematologic toxicity, and the authors concluded that this would not be a recommended
treatment.'”

Nitrosoureas, lomustine (CCNU), carmustine (BCNU), and fotemustine, are lipid-soluble
chemotherapy agents which can readily cross the BBB. These drugs have been used in many trials
involving primary and metastatic brain tumors because of this pharmacologic property. The
chemotherapy combination of lomustine, carboplatin, vinorelbine, leucovorin and fluorouracil was
used to treat 26 patients with brain metastases (20 lung primary, 6 breast primary). Among the
patients there were 9 with partial responses, 6 who achieved stable disease, and 11 with progressive
disease. The median duration of response was three months. Median time to progression for the whole
group was 3.7 months.”’

The chemotherapy combination of thioguanine, procarbazine, dibromodulcitol, CCNU, fluorouracil
and hydroxyurea (TPDC-FuHu) was designed to improve the efficiency of CCNU in the treatment of
recurrent metastatic brain tumors. 115 patients failed to respond to surgery and/or radiotherapy of
those, 97 patients were evaluated. The primary tumor sites were as follows: 39 NSCLC; 9 SCLC, 28
breast cancer, 9 melanoma; 12 adeno ca (3 colon, 2 kidney; one bladder, one stomach, 5 adeno
unknown origin). The overall response, including stable disease, according to primary histology was
NSCLC 52%, SCLC 66%, breast 60%, melanoma 22%. The median time to progression was 12
weeks, 26 weeks, 12 weeks and 6 weeks respectively."‘”

A murine model of metastatic breast cancer with brain lesions demonstrated improvement in survival
with local delivery of BCNU polymers which were developed to more readily cross the blood brain
barrier. This chemotherapy was delivered with or without XRT. This was not true of carboplatin or
camptothecin also delivered in polymers.” The topoisomerase II inhibitor, lucathone, readily crossed
the BBB in experimental murine animals and regression of brain tumors treated with lucathone and
XRT was enhanced.”

IMAGING

In comparing CT to MRI as an imaging technique for evaluating brain metastases, among 55 patients
with solitary brain lesions detected on CT, 17 (31%) had multiple lesions detected on MRL'"" The
two main characteristics which led to lesions being missed on CT were small diameter and a
preferential frontal temporal location. Essential reasons for MRI superiority are better soft tissue
contrast, fewer partial volume effects, lack of bone artifacts, stronger enhancement with paramagnetic
contrast agent (gadolinium), and direct imaging in three planes. A considerable increase in sensitivity
(32% to 55%) in contrast-enhanced CT scan can be obtained by reducing the slice thickness and
increasing the contrast medium dose.'*

Triple-dose contrast MRI screening for brain metastases may be helpful in selected cases with solitary
metastasis or with equivocal findings on single-dose contrast MRI. In 12 patients who underwent
single-dose contrast MRI, triple-dose contrast MRI detected additional metastases in 25% of equivocal
scans or those with solitary metastases. The triple dose contrast also increased the false positive
reading. In 70 negative single-dose studies, no additional metastases were seen on triple-dose.'**
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MRI response of brain metastases after gamma knife radiosurgery was evaluated in 48 patients with
78 lesions.” Local tumor control was achieved in 66 (90%) of 73 lesions at 20 weeks after
radiosurgery. 61% maintained local control at two years. A homogeneous baseline enhancement
pattern on MRI, initial good response rate, and greater than 50% lesion volume reduction, predicted
better local control. On MRI, five metastases demonstrated a transient volume increase after
treatment. The median survival time after stereotactic radiosurgery was 53 weeks and correlated with
systemic disease burden and primary tumor type.

Another study''” reviewed 261 lesions treated in 119 patients with gamma knife radiosurgery, The
initial patterns of contrast enhancement on CT were homogeneous in 68% of lesions, heterogeneous in
12%, and ring-enhancing in 19%. A homogeneous contrast enhanced pattern on CT was significantly
associated with a longer FFP. Other significant factors were a radiosurgery dose of at least 18 Gy
and a long interval between primary diagnosis and RS.

A Japanese study'"* designed to compare usefulness of CT and MRI in pre-operative evaluation and
post operative follow—up, evaluated 332 patients with operable non-small cell lung cancer. These
patients had no neurologic symptoms and potentially operable non-small cell lung cancer. CT scan
was used in 155 patients and MRI was used in 177 patients. Of 279 patients followed post-
operatively within the first 12 months of evaluation , brain metastases were observed in 11 patients in
the CT group (7.1%) and 12 patients in the MRI group (6.8%). MRI detected brain metastases pre-
operatively in 6/12 patients. CT detected 1/11 pre-operatively. The mean maximal diameter of brain
metastases detected was significantly smaller in the MRI group: 12.8 cmm. vs. 20.3 cmm. in the CT
group. The median survival time and two-year survival rate after treatment of detected lesions were
10 months and 27 % in the CT group, and 17 months and 28% in the MRI group, with no statistically
significant difference.

LUNG CANCER

Histology may have a bearing on the outcome in brain metastases from lung cancer. In a review of 93
patients’ with brain metastases from lung cancer, survival difference was noted based on histology as
follows: adenocarcinoma - 3.5 months, squamous cell - 1.9 months, small cell - 2.8 months. On
autopsy study, one of 22 patients with adenocarcinoma and 7 of 32 patients with small cell lung cancer
appeared to have a sustained complete remission in the brain. Additionally, absence of symptoms
related to the lung tumor at the time of brain metastasis is one of the factors that can be used to
distinguish patients with a favorable outcome.

Non-Small Cell Lung Cancer

In a review of 159 lung cancer patients with brain metastasis,’® all underwent XRT. 21 had
chemotherapy and 10 underwent surgery. The overall median survival was 3.5 months, and one-year
survival was 10.6%. Significant factors were determined to be performance status, age, total radiation
dose to brain, brain as first site of metastasis, neurosurgery, symptoms of urine/stool incontinence,
synchronous brain metastases, and presence of midline shift on cranial CT. There was a 75% overall
symptomatic response rate to therapy.

Another series looked at outcome and risk in patients with non-small cell lung cancer with one to four

brain metastases.” Treatment was as follows: 77 patients underwent radiosurgery. 71 also underwent
WBRT. Overall median survival after RS was 10 months. Five factors significantly affected survival:
extent of systemic disease, presence of a neurologic deficit, size of the intracranial tumor, initial
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imaging appearance of intratumoral necrosis, and initial resection of the primary tumor of the chest.
Local tumor control was achieved in 77/91 lesions (85%) and tumoral radiation necrosis developed in
4 lesions (4.4%).

Some patients with brain metastasis after resection of non-small cell lung cancer survive for long
periods after surgical resection of the brain metastasis. In one series, none had systemic disease
outside of the brain metastasis and the overall survival was 12.5% at three years and 8.3% at five
years. The interval between lung and brain surgery, histologic differentiation of primary cancer, size
of primary site, location of the brain metastasis, and post-operative radiation therapy significantly
affected survival. The best survival was in patients who had solitary brain lesions and no other
disease, in whom relapse in the brain occurred more than one year after resection by lobectomy of the
primary site.'”

Chemotherapy trials for non-small cell lung cancer with brain metastases demonstrate some responses,
even some CR, and overall CR can be associated with prolongation of survival (See Table below).
Some of the regimens have been very toxic. The use of chemotherapy wih the intention of controlling
brain metastases is still experimental. - '™

Non-Small Lung Cancer

Chemotherapy Trials for Non-Small Cell Lung Cancer with Brain Metastases

Mean Survival or
Chemotherapy Number of Patients Overall Response Duration of Response
Quantin"
Vinorelbine/Ifosfamide 23 30% 7 — 6 months
Cisplatin (plus XRT) (Brain response 7CR,
6PR)
Boogerd" 13 Duration of response
Teniposide (6 previously 23% 16, 40, 80 mo.
Had XRT or surgery) (1CR, 2PR) (3 responders)
Tumarello *'
Paclitaxel/Carboplatin 5 20%
(1 PR)
Minotti'™ Duration of response
Cisplatin/teniposide 23 3CR;5PR 21 weeks (PR)
45 weeks (CR)

Small Cell Lung Cancer

The outcome of 30 patients with extensive stage small cell lung cancer with only brain metastases at
initial diagnosis was reviewed.”” All patients received cisplatin based chemotherapy and concomitant
whole brain radiotherapy. Thirteen had CR; 11 had PR; and three had regression. Three had stable
disease with a median survival of 14 months. The median time to progression was 10 months. Only
one patient had disease progression in the brain. 22 patients eventually died of the disease. The
therapeutic outcome was similar to that of limited stage small cell lung cancer.

WBRT was evaluated as a single treatment modality in patients with brain metastases from small cell
lung cancer who did not have extracranial metastatic tumor. Treatment was 30 Gy over 10 fractions.
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Of 20 patients, six had CR, five had PR, and the overall response was 50%. Response duration was
5.4 months, and median survival was 4.7 months. In the majority of these patients, the first site of
progression after WBRT was in the CNS. Of these patients, 12 had stabilization or improvement of
neurologic function.”” In small cell carcinoma patients with brain metastasis recurrence, whole brain
re-irradiation consisting of 20 Gy in 10 fractions was considered safe, and survival was four months
after re-treatment.”’

There has been a case report of an extrapulmonary small cell metastatic to the brain in which the
lesions completely regressed with cisplatin/etoposide chemotherapy.”

Prophylactic Cranial Irradiation (PCI)

Prophylactic cranial irradiation (PCI) has been a hotly debated issue in oncology. In patients with
limited stage small cell lung cancer who have undergone chemotherapy and radiation therapy to the
primary tumor, there is a significant percentage of patients who relapse only in the brain. The two
goals of PCI are (1) to prevent brain recurrence and its associated neurologic deterioration, and (2) to
improve survival. The potential benefits of PCI also need to be evaluated in the face of potential long-
term toxicity from radiation to the brain.

Most studies have shown a reduction in the development of brain metastases in the patients who
receive PCIL. In some studies this reduction has achieved statistical significance.” Most studies have
also demonstrated an overall survival advantage in the PCI patients, however this advantage has
consistently failed to achieve statistical significance.” In one study,"” which included only 39
patients, seven out of 18 PCI patients survived more than two years and none of the non-PCI patients
survived as long. The long-term survivors did suffer some cognitive impairment, which was
considered non-disabling. They did develop radiographic abnormalities of cortical atrophy and
leukoencephalopathy. There may also be a superior reduction in brain relapse when PCI is
administered early in the course of treatment.

A recent trial evaluating PCI in stage IIIA/IIIB non-small cell lung cancer demonstrated a reduction in
the rate of the brain as the first site of relapse from 30% to 8% at four years, and a reduction in overall

brain relapse from 54% to 13%.'"

BREAST CANCER

Brain metastases are diagnosed in 15% of patients with metastatic breast carcinoma. Some patients
who undergo aggressive intervention can enjoy a prolonged survival. Careful patient selection is
important. Four studies reviewed below have examined these patients and their response to various
therapies. Significant prognostic indicators have also been derived from these patients. Survival data
for the surgical patients is outlined in the table below.
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Number Median Survival After Brain 5 Year Survival
Tumor
Wronski'”’ 16.2 months
70 (10.9 months cerebellar mets 7%
14.8 months multiple mets)
ER/PR
Pieper”®
63 16 months 17%
Lentzsch’’
10 82 weeks -
Surgery and XRT
Boogerd'”
28 23 months -

Wronski'"’ reviewed 70 breast cancer patients who underwent craniotomy. The median time between
diagnosis of breast cancer and brain metastasis was 28 months. The overall median survival was 54
months after diagnosis of primary breast tumor and 16.2 months after diagnosis of brain tumor. Four
patients died within one month of craniotomy. Twelve patients had solitary cerebellar metastases and
16 had multiple metastases. Median survival was 10.9 months and 14.8 months respectively. Patients
with estrogen receptor/progesterone receptor (ER/PR) positive tumors had a median survival of 21.9
months vs. 12.5 months for ER/PR negative tumors. Patients with brain lesion larger than 4 cm. had a
median survival of 11 months vs. 16 months for those with smaller lesions. For patients younger than
50 years median survival was 17.3 months vs. 11.1 months for patients over 50 years. For patients
with neurological deficits the median survival was 11.5 months vs. 17.4 months for patients with no
neurological deficits. One-year, two-year, three-year and five-year survival rates were, respectively,
53%, 25.67%, 78.6%, and 7%. The administration of adjuvant WBRT after craniotomy and absence of
meningeal carcinomatosis are variables which predicted a better survival.

63 patients with surgical treatment for brain metastasis from breast cancer were evaluated.” Median
length of survival was 16 months; five-year survival was 17%. Brain metastases recurred in 27
patients at a median interval of 15 months. Eleven had local recurrence, 10 had distant recurrence, and
seven developed leptomeningeal disease. Significant prognosticators of length of survival were age,
menopausal status, postoperative WBRT, pre-operative neurologic status, and extent of pre-operative
systemic disease.

In another recent study from Germany reviewing treatment outcomes,’’ 145 out of 162 breast cancer
patients in whom brain metastases had been diagnosed received WBRT. The most common schedule
was 30 Gy in 15 daily fractions over 3 weeks. Ten patients underwent surgery in addition to WBRT,
and 17 received only corticosteroids. In the WBRT group, women under 40 years of age had a
shorter survival (median 12 weeks) than those of other groups (median 29 weeks). Overall, median
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survival was 82 weeks for the 10 surgical patients, 26 weeks for patients treated with WBRT and five
weeks for patients receiving only corticosteriods. Those patients with solitary metastases treated with
radiation alone had a survival of 44 weeks versus those with multiple brain metastases, whose survival
was 23 weeks. The radiation dose, solitary metastases, and primary tumor size were all significant
prognostic factors for survival.

Boogerd" reported on 28 patients with breast cancer who presented with a single brain metastasis as a
first site of distant disease. The response to surgery with post-operative XRT was 100%, and 89% in
non-surgical therapy, with median recurrence-free survival of 23 months and 5 months, respectively.
Retreatment of a local relapse by surgery was associated with a seven month median duration of
response vs. three months in non-surgical patients. In 20 patients with multiple brain metastases the
response to non-surgical therapy was 55% with a median recurrence-free survival of four months.

RENAL CELL CARCINOMA

The percentage of patients with renal cell carcinoma (RCC) who develop brain metastases during the
course of their disease is 4% to13%. However, in more than half of RCC patients with cerebral
metastases, multiple tumors are present. The majority of these patients have metastasis at other sites
as well, most commonly the lung. The prognosis overall is poor with a mean survival of four to five
months. RCC is often considered a radioresistant tumor. Renal cell carcinomas metastasize to the
frontal, parietal, temporal, and occipital lobes and brain stem/cerebellum in frequencies ranging from
18.4% to 22.4% in each region. There is no preferable site of RCC metastasis to the brain. In 46/50
(92%) of patients, primary tumors or metastases in other organs had already been detected. The
appearance of brain metastasis is usually a late manifestation of the advanced stage of disease.”

In 68 Renal cell cancer patients treated for brain metastases,”* the following adverse prognosis factors
were determined: no initial nephrectomy, left side and temporal location of brain metastases, presence
of fever or weight loss, ESR > 50 mm/hr., and time from initial diagnosis to brain metastases of 18
months or less. Multivariate analysis also revealed the presence of visceral metastases to be an
independent prognostic factor. 44 patients (65%) with none or one adverse prognostic factor had a
median survival of 8 months and a 26% one-year survival. 24 patients (35%), with two adverse
prognostic factors, had a median survival of 3 months and a 9% one-year survival.

Reports suggest that radiosurgery for brain metastasis is effective regardless of the underlying
histology. Mori** reported on 35 patients with renal cell carcinoma and brain metastases who
underwent radiosurgery. 25 patients had single metastases; 10 had two or more brain lesions; 26
(74%) had active systemic disease. The mean period between diagnosis of primary RCC and brain
metastases was 33 months. Overall median survival was 11 months after radiosurgery and 14 months
from diagnosis of a brain tumor. The one-year survival was 43%; two-year survival was 22%. 18
patients (72%) died of systemic disease progression. Three (12%) patients died of metastatic disease
within the CNS. Young age, good performance status, and nephrectomy prior to radiosurgery were
good prognostic factors.
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Wronski reported on 119 RCC'* patients with brain metastases who received WBRT only. The
overall median survival time was 4.4 months. Multiple brain tumors were seen in 70 patients with a
survival time of 3.0 months. Among 117 patients, the cause of death was neurologic in 90 (76%),
systemic cancer in 19 (16%), and unknown in 9 (8%). The survival rates at six months, one year, and
two years were 33.6%, 16.8%, and 5.9%, respectively. No significant difference in survival in
metachronous vs. synchronous metastases was noted. A single brain metastasis, lack of distant
metastasis, and tumor diameter less than 2 cm. were statistically significant prognostic factors.

In another study of 23 patients with RCC and brain metastases, 13 had single metastases and 10 had
multiple metastases. The median tumor volume was 5500 cmm. 14 patients had gamma knife RS, 9
patients had gamma knife RS boost and WBRT. Rapid neurological improvement after gamma knife
RS was seen in 17 patients. Median survival was 11 months with a one-year survival of 48%.""*

Chemotherapy and immunotherapy are not generally effective in the palliative management of brain
metastasis from RCC.

METASTATIC MELANOMA

Melanoma has a great propensity to metastasize to the CNS (up to 70% in autopsy studies) so that
although the incidence of melanoma is not as great as other tumors, it is one of the common
underlying malignancies seen with brain metastases. In patients undergoing stereotactic radiosurgery
for metastatic melanoma the locations of the lesions in the brain were as follows: cerebral hemisphere
(72%), cerebellar (14%), and basal ganglion or thalamus (14% ).'"°

A review of 702 patients with brain metastases from melanoma provided valuable clinical and
therapeutic information helpful in the management of these patients.'” Factors found to be associated
with development of brain metastases included male gender; primary lesions on mucosal surfaces or
on the skin of the trunk, or head and neck, or ulcerated primary lesions; and histological findings of
acral lentigenous or nodular lesions. The overall median survival time was 113.2 days. Brain
metastases contributed to the death of 94.5% of the patients in this group. Patients with primary
lesions in the head and neck region had a significantly shorter survival time. Patients with a single
brain lesion, without lung or multiple other visceral metastasis, and patients whose initial presentation
with melanoma included a brain metastasis had a significantly better prognosis. The small group of
patients who survived more than three years was characterized by the presence of a surgically treated
single brain metastasis in the absence of other visceral metastasic disease.

A study performed to evaluate effectiveness of radiosurgery without WBRT in the palliative
management of melanoma brain metastases retrospectively assessed 35 patients.”” Of those patients,
four had solitary brain metastases, 13 had single brain metastases and metastases elsewhere; 18 had
multiple brain metastases. The local control rate was 55/56 at three months. Median survival was 22
months in patients with solitary brain metastases; 7.5 months in single brain metastases and metastases
elsewhere; and 4 months in patients with multiple brain metastases. Surgery was required in 2/35
patients.

A French trial assessed the response rate and efficacy of palliative radiation therapy in patients with
metastatic melanoma.”” Of 28 patients, seven had brain metastasis and two had brain and bone or soft
tissue metastases. Patients were treated with 30 Gy of radiation in 10 fractions over 2 weeks, or 20 Gy
in 5 fractions over 1.5 weeks. Of patients with brain metastases, 57% had amelioration of
neurological functional deficits, 29% did not respond and one had disease progression. Short course
XRT can provide palliation in metastatic melanoma with good relief of symptoms.
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Fotemustine, a nitrosourea which readily crosses the blood-brain barrier, when used in place of
carmustine (BCNU) in the “Dartmouth” regimen for metastatic melanoma, revealed no response in
brain metastases. Fotemustine and DTIC have been given concomitantly with irradiation in 12
patients with brain metastasis from metastatic melanoma. Results were four complete responses and
two partial responses out of 12 patients. The mean survival of responders was 8.2 months.'*

Bioimmunotherapy (cisplatinum, dacarbazine, IFN and IL-2) can be used in combination with
radiation therapy in patients with advanced metastatic melanoma and brain metastasis."*"'""

COLORECTAL CANCER

The most common sites of metastatic disease in colorectal cancer include liver, lung, and draining
lymph nodes. Brain metastases are relatively uncommon and constitute 1.8% to 4.5% of all metastatic
lesions to the brain. Of 53 patients reported by Ko,” 55% had a solitary lesion, 45% had multiple
lesions (original tumor was localized to the rectum in 62%, left colon in 17%, and right colon in 20%).
In 12 patients the brain lesions were solitary metastatic sites. 25 (47%) had lung metastases, 10 (19%)
had liver metastases, 4 (8%) had both liver and lung and 14 (26%) had other metastatic sites including
bone, peritoneum, and adrenal gland. Median interval to develop brain metastasis after initial
diagnosis was 33 months. In three patients who underwent craniotomy and resection, and in three
patients who underwent gamma knife radiosurgery, the mean survival time was 86 months. For
patients who received non-surgical therapy, mean survival was approximately three months.

In most patients the inferior and middle rectal veins drain into the inferior vena cava, and the superior
rectal vein continues as the inferior mesenteric vein. The lower rectum drains directly into the
systemic venous system bypassing the portal system. It was proposed that tumor cells from rectal
tumors may metastasize to the brain through the paravertebral veins.

Of 709 patients at Sloan Kettering who underwent resection of brain metastases, 73 had underlying
colorectal cancer.'™ Median interval from primary diagnosis to the development of brain metastasis
was 27.6 months. Median survival from craniotomy was 8.3 months. One-year and two-year survival
rates were 31.5% and 6.8%, respectively. Only the presence of cerebellar brain metastases was
associated with decreased survival. Patients with infratentorial tumor location had a mean survival of
5.1 months versus 9.1 months in patients with supratentorial lesions. 74% of patients had pulmonary
metastases diagnosed before craniotomy.

The frequency of infratentorial location of brain metastasis in colorectal carcinoma is 35% to 55%. It
is three times higher than the percentage of cerebellar metastases from lung cancer (15%), renal
carcinoma (16 and 19%), breast carcinoma (10.8%), or melanoma (7.3%). The reason for this may
include the anatomy of the colon and rectum with access to the vertebral vascular system as well as
colorectal cancer’s unique capabilities to colonize specific parts of the brain. Survival for those who
have cerebellar metastases is only five months, with a one-year survival rate of 15.4%. Cerebellar
lesions often present with obstructive hydrocephalus or imminent cerebrospinal fluid obstruction.
Surgical resection of the cerebellar lesion may be the most expeditious way to prevent
hydrocephalus.'”

CARCINOMA OF UNKNOWN PRIMARY

In 39 patients who presented with brain metastasis'* as the only manifestation of an undetected
primary tumor, 31 had adenocarcinoma. In 12 patients the primary tumor was eventually found, most
commonly lung cancer. Median survival for all patients was 13.4 months. Overall survival at one,
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three, and five years was 56%, 19%, and 15%, respectively. Intracranial disease control was 72% at
five years. Patients who underwent gross total resection and XRT had better survival than those who
had XRT alone. Overall survival was similar to those whose primary lesion was eventually
discovered.

Surgery was performed on 211 patients for brain metastases. Of these patients, 140 (66%) male and
71 (34%) female, the average age was 59 years. Lung cancer (47%) and breast cancer (21%) were
most frequently seen. In 17% of patients the primary lesion was unknown. Average survival was 14
months and, in 8 patients (4%) it was more than five years. In 36 (17%) cases recurrence appeared 8
months after the first operation. Survival averaged 11 months after discovery of relapse.
Prognostically, renal cell behaved more favorably (27 months) and melanoma was worse (7 months).
Patients with metastases from an unknown primary had no significantly different outcome from
patients with known primary tumors.

In another study, 32/276 patients, or 11.5%, had brain metastases from an unknown primary site.
Single lesions were resected followed by XRT. Patients with multiple lesions underwent WBRT.
Median survival was 31.5 weeks for patients with single lesions and 19.1 weeks for patients with
multiple lesions.

TESTICULAR CANCER

Patients with testicular cancer who develop brain metastases are considered to have a poor prognosis.
Bokemeyer reported'' on 44 patients with testicular tumors and brain metastases. 18 presented with
brain metastases (group 1), 4 developed brain metastases at relapse after response to chemotherapy
(group 2) and 22 developed brain metastases during or directly after cisplatin based chemotherapy
(group 3). Long term survival was seen in 10 patients (23%): 6/18 in group 1, 3/4 in group 2, and 1/23
in group 3. Patients with longest survival received both chemotherapy and whole brain irradiation.
The best survival was seen in patients who had a single brain metastasis, and in those who received
both chemotherapy and whole brain irradiation.

Mabhalati reported on 167 non-seminomatous germ cell tumor patients, 11 of whom had brain
metastases.” Patients received chemotherapy and intrathecal methotrexate. Of the 11 patients, six
had chemotherapy alone, one had chemotherapy plus XRT, and four had all three treatments. Ten
patients presented with symptoms relative to intracranial lesions. All patients with brain metastasis
had bulky thoracic disease (11/34 or 32% of patients with advanced thoracic disease). Four brain
metastases patients were alive at 3, 12, 34, and 47 months. Two of five who developed brain
metastasis during the course of chemotherapy were alive. Those with single brain mets had a better
prognosis.

Fossa™ reported on two groups of patients with brain metastases and mixed germ cell tumors. Group I
(56 patients) had brain metastases at diagnosis and Group 2 (83 patients) developed brain metastases
after cisplatin based chemotherapy. In group 1 all patients received standard chemotherapy and XRT
(36) and/or neurosurgery (10). In group 2, metastases were detected 9 months (median) after
initiation of chemotherapy. Patients were treated was as follows: 35 with chemotherapy, 59 with
XRT, and 25 with neurosurgery. The five-year cause-specific survival in group 1 was 45%.
Neurosurgery and absence of extracerebral non-pulmonary visceral disease were independent
predictors of good prognosis. The five-year cause-specific survival in group 2 was 12%, but it was
39% among those with an isolated brain recurrence (24 patients). Radiotherapy represented an
independent predictor of good response together with brain metastasis at first recurrence and absence
of extracerebral disease.
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SARCOMA

Musculoskeletal tumors rarely have brain metastases. In 480 sarcoma patients, of 179 patients with
distant metastases, 20 had brain metastases (4.2%).” Subtypes were as follows: alveolar soft-part
sarcoma (3/4), extraskeletal Ewing’s sarcoma (2/8), rhabdomyosarcoma (2/13), and osseous Ewing’s
sarcoma (2/18). All 20 patients had distant or local relapses and 16/20 had pulmonary metastases.
Three patients underwent surgical treatment and two survived more than one year. Mean survival
after diagnosis of brain metastases was 5.1 months. Surgery is effective in treating selected patients

with sarcoma metastases to the brain. The presence of lung metastases is not a contraindication to
107

surgery.

GYNECOLOGIC MALIGNANCIES

Central nervous system involvement by an epithelial ovarian cancer is rare. There has been a case
report of a patient with ovarian cancer and multiple brain metastases who achieved a complete
response to systemic chemotherapy with carboplatin.”® A prospective randomized trial has been
implemented by the RTOG to evaluate the benefit of radiosurgery in comparison with WBRT for
ovarian cancer metastatic to the brain.”

Brain metastases in endometrial carcinoma are rare. They tend to follow an unpredictable
dissemination pattern. They usually occur in patients with widely disseminated disease but isolated
brain metastases have been reported.”

THYROID CANCER

In 47 cases of brain metastases from thyroid cancer, once diagnosed , the disease specific mortality
was 78% with median survival of 4.7 months. Resection of one or more foci of brain metastases
significantly improved survival to 16.7 months for those undergoing excision vs. 3.4 months in those
who did not. No responses were noted to radioactive Iodine (RAI), external beam XRT, or
chemotherapy."
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