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Changes in technology and advancements in patient selection and treatment modalities led the
authors to conduct a review of the clinical presentation, diagnosis, therapeutic treatments and
strategies, prognosis, and outcomes of patients with cancer and accompanying brain metastasis.

rain metastasis constitutes
Bmore than half of all brain tu-

mors and develops in 15% to
30% of adult patients with cancer,
resulting in considerable morbid-
ity and mortality. About 98,000 to
170,000 new cases of brain metasta-
sis occur annually. The development
of sensitive neuroimaging techniques
and improved survival of patients
with cancer have resulted in an ap-
parent increase of incidences.

EPIDEMIOLOGY

Although brain metastasis may be
present at the initial diagnosis of
malignancy, it is more commonly
detected later in the course of the dis-
ease. Carcinomas of the lung, breast,
colorectum, and melanoma are the
most common cancers metastasizing
to the brain. Two large studies from
the U.S. and Europe have reported a
similar incidence rate of brain metas-
tases (Table 1)."? Lung cancer is the
most common primary cancer associ-
ated with brain metastasis, although
breast cancer in women is the most
COmmon primary cancer.

PATHOPHYSIOLOGY

Metastasis most commonly reaches
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Table 1. Incidence of brain metastases reported in

the literature (%)"2
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Figure 1. Distribution of brain metastasis (%).°

the brain by a hematogenous route.>*
Roughly 80% to 85% of metastases
are found in the cerebral hemispheres
(Figure 1).>¢ There are differences
among primary tumor types in terms
of a preferred metastatic site within
the brain, perhaps related with the
similar embryologic origin of the
cells. Primary cancers in the abdomi-
nal and pelvic cavities have a predi-
lection to metastasize to the posterior

fossa, and small-cell lung cancers
may metastasize to any part of the
brain.* Lately, clinicians are finding
more breast cancers metastasizing to
the brain, particularly in hormone
receptor-negative breast cancers.’

CLINICAL PRESENTATIONS

Historically, common clinical pre-
sentations of brain metastasis were
headaches, seizures, and neurologic
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Figure 2. Clinical symptoms.®

and cognitive dysfunctions (Figure
2).8 Headaches were the most com-
mon symptom, especially in multi-
ple or posterior fossa tumors. Due to
improved imaging studies, brain me-
tastasis is often detected before symp-
toms manifest or are less severe.’

DIAGNOSIS

The diagnosis of brain metastasis is
most commonly established by imag-
ing studies. Brain biopsy is not usu-
ally necessary if there is an established
diagnosis of the primary tumor.

IMAGING STUDIES

Computerized tomographic (CT)
scans detect brain metastasis most
of the time. However, contrast-en-
hanced magnetic resonance imaging
(MRI) is a more sensitive imaging

Figure 3. Magnetic
resonance imaging
showing a mass
lesion with a rim
and peripheral
nodular enhance-
ment (arrow) sur-
rounded by profuse
edema within the
left cerebral hemi-
sphere.

study, compared with enhanced CT
scanning or nonenhanced MRI scan-
ning.!®!3 Magnetic resonance imag-
ing is more sensitive and specific for
determining the nature, location,
and number of lesions and is more
accurate in detection of multiple le-
sions (up to 20%), compared with
contrast-enhanced CT scan. The dis-
tinction of single vs multiple brain
lesions is critically important when
considering surgical therapeutic op-
tions. Circumscribed margins sur-
rounded by large amounts of edema
(Figure 3) and multiple lesions at the
grey-white junction are characteristic
features of brain metastasis.

BRAIN BIOPSY

A brain biopsy is not performed
most of time. In rare instances, how-

ever, a brain biopsy may be neces-
sary to establish or exclude the
diagnosis. In one study, roughly 10%
of the cases were found to be misdi-
agnosed as brain metastasis before
the lesion was biopsied.'*

THERAPY

The goals of treatment are relief of
symptoms, local control of tumor,
and prolongation of survival with ac-
ceptable quality of life (QOL).

SYMPTOM TREATMENT
Corticosteroids

Corticosteroids are used to decrease
cerebral edema. Dexamethasone is
the preferred steroid because of its
low mineralocorticoid activity and
lesser risk of infection or cogni-
tive impairment.”> Symptoms gen-
erally improve within 1 to 3 days.
Neuroimaging improvement gen-
erally takes a week or more. Head-
aches tend to respond earlier than
other symptoms, such as neurologic
deficits. The usual dosing is 4 mg
4 times a day following an initial
loading dose of 10 mg.'®

Anticonvulsants

Seizures are treated with anticon-
vulsant therapy. The lowest effective
doses are recommended to minimize
possible drug toxicities. However,
prophylactic anticonvulsants are not
recommended, because some pa-
tients may never have seizures. Also,
inadequate evidence exists for effi-
cacy of prophylactic treatment.'78

CANCER TREATMENT

The most important factor in thera-
peutic planning is to identify the
number and location of metastatic
lesions: single vs multiple to select
optimal therapy and for prognos-
tic purposes. Available treatments
include radiation therapy, surgery,
and radiosurgery. Although sys-
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Figure 4. Survival depending on primary tumor site.®

temic treatment may be an impor-
tant part of the treatment of the
primary tumor or metastasis outside
of the central nervous system (CNS),
such treatment has historically
been thought to have little impact
in the treatment of brain metasta-
sis, because most systemic chemo-
therapeutic agents do not cross the
blood-brain barrier efficiently.
According to a retrospective
study by Nussbaum and colleagues,
the median survival time was 10 to
53 months, depending on primary
tumor of brain metastases (Figure 4).°

Surgery

Surgery offers prompt, effective local
tumor control, symptomatic im-
provement, and in selected patients,
histologic confirmation of diagnosis.
Patients with uncontrolled primary
tumors are not candidates for sur-
gical intervention. Other factors in
determining surgical candidacy are
number and location of brain metas-
tases. Surgery should be considered
for patients who have controlled pri-
mary cancer and an expected sur-
vival time of at least 3 to 4 months.
Patients with tumors in vital struc-
tures (brain stem, motor cortex, etc)

or multiple metastases are not good
surgical candidates. Surgical mortal-
ity is currently < 3% due to improved
patient selection and advances in
neurosurgical techniques. Surgi-
cal therapy results in local control
in 80% of patients compared with
48% following radiotherapy. Over-
all median survival is also improved
(40 weeks vs 15 weeks) in patients
who receive postoperative whole
brain radiation compared with those
who have only whole brain radiation
without surgery.

Radiation Therapy

Radiation therapy has been the foun-
dation of treatment for brain metas-
tasis for decades. The primary goal
of radiation therapy is local control
of the tumor, symptomatic relief, and
possible prolongation of life. How-
ever, overall survival (OS) is also
dependent on other factors, such as
the extent of uncontrolled extracra-
nial disease, performance status, and
histologic type of primary tumor.'**°
Early treatment generally produces a
better outcome. The overall response
rate (RR) is 36% to 74%.2"** Neu-
rologic symptoms improve in about
40% of patients.

However, there is no estab-
lished optimal radiation therapy
regimen for brain metastasis. Vari-
ous dose fraction schedules were
studied for the optimum therapy,
but no differences were found
among several fractionation regi-
mens, such as 4,000 cGy in 3 or
4 weeks, 3,000 cGy in 2 or 3 weeks,
or 2,000 cGy in 1 week.*'#*» At pres-
ent, 3,000 cGy in 2 weeks, using a
daily dose of 300 cGy, is the most
popular mode of radiation therapy:.

However, various treatment sched-
ules can be used, depending on pa-
tient performance status and the
histologic type of primary tumor.
Some clinicians recommend a rela-
tively short course therapy of 3,000
cGy in 10 fractions for patients with
an unfavorable prognosis and a more
aggressive approach with 4,000 cGy
in 20 fractions for patients with a
favorable prognosis who have more
radiosensitive tumors and good per-
formance status with longer survival
expectation (at least 1 year or more).
The patients with a favorable prog-
nosis have a good prognosis, such as
a single and small brain metastasis;
controlled or no extracranial dis-
ease good performance status, and
younger age.

Surgery and Radiotherapy

Surgery followed by adjuvant radi-
ation therapy is superior to whole
brain radiotherapy alone for single
brain metastasis and controlled pri-
mary tumor disease.? Patients live
longer and have a decreased risk
of recurrence. In addition, patients
have a better QOL compared with
radiotherapy alone.?** One study re-
ported 82% local control rate using
postoperative radiation therapy fol-
lowing surgery, compared with 30%
with radiation alone.” Many patients
die of extracranial uncontrolled
disease.*® Nieder and colleagues re-
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ported 27% and 55% failure rates in
the brain at 1 and 2 years after brain
surgery and whole brain radiation
therapy.?!

STEREOTACTIC RADIOSURGERY

Radiosurgery is an alternative to brain
surgery. Radiosurgery is not actually
surgery but an intensified, highly pre-
cise form of radiation therapy, focused
on the tumor and on protecting as
much surrounding normal brain tis-
sue as possible. Patients with a Kar-
nofsky Performance Status (KPS)
>70 and < 4 metastatic tumors are eli-
gible candidates for radiosurgery.
Patients can return to their ac-
tivities the next day or within a few
days after the procedure. The ideal
candidate for radiosurgery should
have a small tumor with a well-de-
fined margin. Several studies dem-
onstrated that radiosurgery provides
local tumor control comparable to
surgical management. Additional
benefits of radiosurgery include low
morbidity and mortality. In addition,
radiosurgery can be applied to tu-
mors in important vital structures
that are surgically inaccessible. The
addition of radiosurgery to external
radiotherapy resulted in a lower risk
of local failure and a prolonged time
to failure. Unfortunately, there was

no improvement in median survival
of patients. Local tumor control rate
at 6 months was 92% in radiation
and radiosurgery patients, compared
with 75% with radiosurgery alone.*

The Radiation Therapy Oncology
Group (RTOG) study also demon-
strated improved likelihood of stable
or improved performance status at
6 months after radiosurgery combined
with whole brain radiotherapy.**->*
Other studies found similar results
after surgery and postoperative radia-
tion group (S+R) compared with ra-
diosurgery followed by whole brain
radiation (RS+R). Median survival and
1-year survival rates were 15 months
and 56% in S+R patients vs 19 months
and 62% in the RS+R group.®

Table 2. Prognostic classification using recursive

partitioning analysis®®

Prognostic factors Class 1 Class 2 Class 3
Karnofsky performance Yes Yes No
score > 70

Aged < 65 years Yes - No
Solitary metastasis Yes - No
Primary tumor Yes - No
controlled

Prognostic status Favorable Intermediate Poor
Median survival 7 months 4 months 2 months

BRAIN METASTASIS

Figure 5. Digitally recon-
structed radiographs of
coronal view of the con-
ventional bilateral-port
radiation technique used
for brain metastases
radiotherapy of whole
brain treatment (arrows
indicate beam direction
of right and left lateral
radiation ports).

SYSTEMIC CHEMOTHERAPY

Recently, responses to systemic
therapy in metastatic brain tumors
have been demonstrated in selected
cancers, especially when concurrent
whole brain radiotherapy is used.
The role of chemotherapy is still
limited, and chemotherapy is not
routinely used in practice. Systemic
chemotherapy was thought to be
ineffective because the blood-brain
barrier prevents the efficient access
to the CNS of many chemotherapeu-
tic agents. However, it is now under-
stood that the development of tumor
vasculature may disrupt the blood-
brain barrier and thus permit some
access of chemotherapeutic agents to
brain metastasis.

Small-Cell Lung Cancer

Small-cell lung cancers are very sen-
sitive to chemotherapy. An initial
chemotherapy regimen for small-cell
lung cancer is etoposide and cispla-
tin, according to the National Com-
prehensive Cancer Network (NCCN)
Practice Guidelines.*® Alkylator- and
anthracycline-based regimens are su-
perior in both efficacy and toxicity***
Reported RRs of brain metastasis were
27% to 85%.%%* A prospective study
using first-line chemotherapy (cy-
clophosphamide, doxorubicin, and
etoposide) by Seute and colleagues
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Table 3. Karnofsky performance scale status®

Scale Definition

100 Normal; no complaints; no evidence of disease

90 Able to carry out normal activity; minor signs or symptoms
of disease

80 Normal activity with effort; some signs or symptoms of
disease

70 Cares for self; unable to carry out normal activity or to do
active work

60 Requires occasional assistance but is able to care for
most personal needs

50 Requires considerable assistance and frequent medical
care

40 Disabled; requires special care and assistance

30 Severely disabled; hospital admission is indicated
although death not imminent

20 Very sick; hospital admission necessary; active supportive
treatment necessary

10 Moribund; fatal processes progressing rapidly

showed 27% brain lesion responses
and 73% systemic responses.*

Breast Cancer

Responses of breast cancer brain me-
tastasis to systemic treatment have
been observed. Rosner and col-
leagues reported 50 responders among
100 patients treated with systemic che-
motherapy (10 complete responses
and 40 partial responses); median
remission period was 10 months for
complete responders and 7 months for
partial responders.* Another nonran-
domized study reported 76% objec-
tive tumor regression after 2 cycles of
chemotherapy, with an overall median
survival of 25 weeks.*#

Non—-Small-Cell Lung Cancer

Non-small-cell lung cancer is less
responsive than small-cell lung
cancer to systemic chemotherapy.
However, responses of brain me-
tastasis to systemic chemotherapy

have been observed in 30% to 45%
of patients.**%

ADVERSE EFFECTS OF RADIATION
THERAPY

Acute radiation reactions include
skin erythema, headache, hair loss,
and general weakness. Possible late
radiation complications are neuro-
cognitive deterioration, dementia,
leukoencephalopathy, atrophy, and
rarely radiation necrosis and hy-
pothyroidism.**® The risk factors
of late complications include the
total radiation dose/fraction, tumor
size, and pretreatment neurologic
impairment status.*’

PROGNOSTIC GROUPS (RECURSIVE
PARTITIONING ANALYSIS [RPA])
AND SURVIVAL OUTCOMES

The median survival of patients
with untreated brain metastasis is
about 1 month. Adding steroids in-
creases survival to 2 months, and

whole brain radiation therapy fur-
ther improves survival to 3 to
6 months. Patients with a single
brain metastasis and limited extra-
cranial disease who are treated with
surgery and whole brain radiation
therapy have a longer median sur-
vival of about 10 to 16 months.

Prognostic Groups

Based on a database of 1,200 pa-
tients from 3 trial studies, the
RTOG developed 3 prognostic
classes (Tables 2 and 3), which cor-
related well with median survival,
using RPA; that is, class 1: patients
with a (KPS) > 70, aged < 65 years
with controlled primary and no ex-
tracranial metastases; class 3: KPS
< 70; and class 2: all others.*® Ac-
cording to the RPA, the best sur-
vival was observed in class 1
patients; the worst survival was in
class 3.

Sperduto and colleagues revised
the RPA and proposed a new prog-
nostic classification: graded prognos-
tic assessment (GPA).* The GPA is
a scoring system using 4 prognos-
tic indexes: age, KPS, and cranial
and extracranial metastases. One
point was assigned for younger age
(< 50 years); good KPS (90-100);
single brain lesion; and no evi-
dence of extracranial metastases. A
score of 0 was given for older age
(> 60 years); poor KPS (< 70); mul-
tiple brain lesions (> 3); and the
presence of extracranial metastases.
Intermediate criteria were scored as
0.5. The authors felt this system was
convenient and relatively objective.

Survival Outcomes

The OS was longer when patients
received surgical and adjuvant ra-
diotherapy compared with radia-
tion therapy alone (40 weeks vs
15 weeks, respectively).'* According
to Vecht and colleagues, the combi-
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nation of surgery and radiation led
to longer survival and longer func-
tionally independent survival, com-
pared with radiotherapy alone.>®
Functional improvement occurred
quicker and for longer periods after
surgery and radiotherapy vs radio-
therapy alone. After receiving post-
surgical radiation treatment, patients
were significantly less likely to de-
velop intracranial recurrences com-
pared with surgery alone (18% vs
70%, respectively) and less likely to
die of brain metastases.”

CONCLUSION

Brain metastasis is a common com-
plication of cancer, leading to sig-
nificant morbidity and mortality.
Radiotherapy of brain metastasis has
been the standard approach to man-
agement with the primary goal of
symptom palliation. Recent advance-
ments in patient selection and treat-
ment modalities have identified roles
for neurosurgery, stereotactic radio-
surgery, and possibly systemic che-
motherapy. Combination approaches
have resulted in improved symptom
relief, local control, and even pro-
longed survival. In general, the opti-
mal therapeutic approach to a single
brain metastasis would currently be
surgical resection or radiosurgery,
followed by whole brain radiation.
For patients with multiple metasta-
ses, external-beam radiotherapy to
the whole brain would be the pre-
ferred therapy. @
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