AAER 63% BTIE9 (200549 H 28 HH4T) BRI

HoiJiEES D w2 W & W5 95E

—Ee o D W FEHE) nj—

1. BEIEEORIE 58/ EHEE

/P YA NR R

7l

cli

—385—




183

MR

et lomas-

i1

3 C &I

/N RARREIBE & v ) REBEAIIFE L R,
ARENC A N B MREBEICERA L IZRZ -
TRBOMRPHBROON L, KRTIE. b
BHRBIEOH T RN REBHTH 5 Bk
M BRI, R aREBE, XU
B2\ i3FAEROMRBIEZ Y BTl
5.

1. EFHHpatE IRMREE (pilocytic astro-
cytoma)
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ERAE oA 548 &, WHO grade 1
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MR MERESE 1 B! (neurofibromatosis type 1:

trocytoma, congenital brain tumors
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NS L, d/NRBIE SO
2/3 12725, NRAREBEED 30 % 2B
HEIRMBETH 50, BEFHOLE— 21210
BEIRTH S, BEOBRMILE I LTI
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W B9 SRR LA TEIE S VRIS
VWh W % congenital tumor THETH Y, £
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niE, 203N%IHHETH ™.

P RIZ BT 5 MRBIE o NFIE EMIE D
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ERADBIEIE L FETH 525, O—MITBER
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JEESEET A LFME SN TNAEY, 246l
FHBRL-BECINE, BEEZITo 0TV
1872 5EB 5 Bl A R Ol 2 S BLET,
SELTEEN2AD oD L THEY. KE
@ the Pediatric Oncology Group i ‘Baby POG’
LIFIEN B BERIES 2 R & UL

© 40

20 [

2T 4T

o 1B 2®MT 4RUT
—&— ERMfaNE 24.1 20.7 35.5

-~ B 133 169 169
O LHKIE 98 145 167
—O— IRAGEFLIEE 131 6.6 4.3
-}~ PNET 2.6 3.9 3.5
—a— I 7.9 2.8 3.1

3 FL4hRBNAEE OBBIBIERE Ui 2 bR

A S B L 27— 8 THBHIT, 2T EE
1-2BROBTREL, 1IRUATIEATO2RUTTS
%. ABPT OFER. ROBMES L UM %.

PNET: primitive neuroectodermal tumor.

TOBMKERBOKRLZIRE L T EY. BN
BBEE LT, 3RO 18BIOBFIEL
BRI 2 RSB SR S L7z, cyclophos-
phamide & vincristine |2 & 2 {LFEROHKER,
I 8L 10 ER D 9 H 6 BIASPRT, EiZ3-4
BB THrOREEbIT- T, 5EEFERNY
TholzbDZEThHA UEonkIH, #HE
B 5VIZHLRBHRBEORIZIE, BADOESE
LEIBEERL, HEBRZEOBVIENE
FNTWVABHREEITREN TV S, BIZKRE
BLETHA 9. '
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Abstract Treatment modalities for brain metastasis or
metastatic brain tumor include surgery, conventional irra-
diation, stereotactic radiosurgery (SRS), chemotherapy,
and supportive care with corticosteroid. In most cases, these
treatments are used in combination. For a single metastasis,
surgery followed by whole-brain radiation therapy
(WBRT) has been the standard treatment. SRS has become
increasingly popular and challenges the standard proce-
dure, but there are still insufficient data for the outcomes of
combinations including SRS. For the treatment of multiple
metastases, WBRT is the standard procedure. For tumors
larger than 3 cm, and in life-threatening situations such as a
large metastasis to the cerebellum, surgery is the only fea-
sible approach. Histological examination is sometimes
useful for characterizing metastatic tumors from unknown
primary sites. Thus, although brain metastasis invariably
indicates a stage 4 cancer, some patients can benefit from
surgery.

Key words Brain metastasis - Surgery - Radiation therapy -
Chemotherapy - Stereotactic radiosurgery - Corticosteroid

Introduction

Decision-making for the surgical treatment of brain me-
tastasis or metastatic brain tumor is a complicated issue,
because the development of brain metastasis itself means
that the patient has a stage 4 cancer. Surgery is generally not
indicated for stage 4 cancers and can be undertaken only
for palliative purposes in most patients. However, surgical
treatment is often performed for brain metastasis, and is
justifiable for many reasons. Strategic treatments can often
relieve symptoms, improve the quality of life, and offer
long-term survival in some patients (Fig. 1).
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Treatment of brain metastasis includes multiple, modali-
ties, such as surgery, radiation, or chemotherapy, or a com-
bination of them. Therefore, surgery for brain metastasis
cannot be discussed without considering other forms of
treatment. In this review, each of these treatment modali-
ties is briefly summarized and then their use in combination
is discussed.

Frequency of brain metastasis

At autopsy, one-fourth of cancer patients are found to have
brain: metastases." Among the more than 500000 cancer
patients dying in the United States every year, 130000 har-
bor brain metastases.” In Japan, approximately 850 patients
with brain metastases were registered in the Japanese Brain
Tumor Registry each year between 1991 and 1993, and this
number accounted for one-fifth of all primary brain tu-
mors.> Although this register is assumed to cover one-third
of all brain tumors in Japan, the approximate number of
2500 patients (850 X 3) is clearly too low. The patients
registered are mainly those treated in neurosurgical units,
and thus the numbers registered do not include those who
are not referred for neurosurgery. Many internists and gen-
eral surgeons would consider that metastasis to the brain is
a final stage of cancer, and this probably explains why many
such patients are not referred to neurosurgeons.

Treatment modalities for brain metastasis

There are five modalities of treatment for brain metastasis:
surgery, conventional irradiation, stereotactic radiosurgery
(SRS), chemotherapy, and supportive care. Often these are
used in combination. However, not all patients with brain
metastasis are candidates for intensive treatment. For ex-
ample, patients with multiple systemic metastases can be
treated only by supportive care, such as administration of
corticosteroid. However, patients with slowly progressive



Fig. 1A, B. Magnetic resonance
imaging (MRI) scans of a 56-
year-old woman who was found
to have a metastasis in the left
frontal lobe. After resection of
the metastasis, her lung cancer
was also surgically resected.
After whole-brain irradiation,
MRI showed complete disap-"*
pearance of the lesion. She had
been doing well without evidence
of disease for 5 years up to the
time the author moved to
another hospital

Fig. 2A,B. Imaging scans in a 53-year-old man who developed cerebel-
lar metastasis 5 years after resection of colorectal cancer. A T2-
weighted MRI scan (A) showed marked perifocal edema, although the
tumor itself was only 2.2cm in diameter. Nine days later, a computed
tomography (CT) scan (B) revealed that the tumor had grown to

systemic disease or stable systemic metastases are the ex-
ception, and can be considered as candidates for intensive
treatment. Thus, decision-making about suitable treatment
modalities is often very difficult, because many factors need
to be considered.

Surgery

Because most brain metastases occur at the border of the
cortex and the white matter,*® these tumors are located
close to the surface of the brain, and thus a surgical ap-
proach is generally not difficult. Even multiple lesions can
be handled in a single operation® if they are located in the

2.5cm, and the patient developed markedly increased intracranial hy-
pertension despite the administration of corticosteroid. The tumor was
removed by emergency surgery, followed by whole-brain radiation
therapy. The patient returned to his job for another 8§ months until he
was admitted for chemotherapy for lung metastasis

same hemisphere and are close to each other. However, if
there are multiple metastases, i.e., three to four or more not
in the same hemisphere, they cannot be handled in one
operation and may require another type of treatment, such
as whole-brain irradiation. Deeply seated lesions or me-
tastases located in functionally eloquent areas, such as mo-
tor or verbal areas, are also difficult to handle by surgery
and require other modalities, such as SRS. On the other
hand, a large metastasis to the cerebellum (Fig. 2), which is
a life-threatening condition because of brainstem compres-
sion or acute hydrocephalus due to interference with the
cerebrospinal fluid (CSF) pathway, can be treated only by
surgery. Although brain metastases appear well demar-
cated macroscopically or by observation with an operative

—397—



Fig. 3. Histological examination of the border between a metastasis
and the brain. The tumor (left side) is relatively well circumscribed, but
there are invasive tumor cells in the brain tissue (right side). HE, X20

“microscope, they are found to be invasive on histological
examination (Fig. 3). Mostly, postoperative irradiation is
performed to eradicate any theoretically residual invasive
tumor cells, but the role of irradiation after surgery is
still controversial. Advances in neurosurgery, including
functional mapping with magnetic resonance imaging
(MRI) or neuronavigation, have made the situation more
complicated.” Recently it has become possible to resect
deeply seated metastases or lesions in functionally impor-
tant areas to some extent with the aid of these advanced
techniques.

Conventional irradiation

Conventional irradiation, which in most situations is used as
a palliative treatment, can prolong the survival of patients
with brain metastasis. Ninety percent of lesions less than
2 cm in diameter can be controlled by conventional irradia-
tion,? except for some cancers-that are radioresistant. Thus,
a standard treatment for brain metastasis has been whole-
brain radiation therapy (WBRT) of 30 Gy in 3-Gy fractions
or 40-45Gy in 2- to 2.5-Gy fractions. WBRT may be effec-
tive against developing lesions that have not become evi-
dent on computed tomography (CT) or MRI, but it has
not yet been determined whether WBRT can prevent such
“future” metastasis. One of the disadvantages of WBRT is
brain atrophy or impairment of cognitive function in some
cases.”? Therefore local irradiation is recommended by
some authors, who have reported that it is rather advanta-
geous in terms of recurrence rate or survival." Recently, as
SRS has become increasingly popular and can be used to
treat even multiple lesions, the role of WBRT should be re-
evaluated in the near future.

Stereotactic radiosurgery (SRS)

The Gamma knife (Elekta Instrument AB, Stockholm,
Sweden), linear accelerator-based stereotactic radiosur-
gery (X-knife) and the Cyberknife (Accuray, Sunnyvale,
CA, USA) have become widely used for SRS recently. SRS
can provide good control of both surface-localized and
deeply seated lesions without the need for performing open
surgery. Multiple lesions, usually up to three or four, can be
treated in one day, and in fact there is one report of more
than ten lesions being treated simultaneously.” SRS is supe-
rior to surgery in terms of noninvasiveness and its ability to
handle multiple lesions, but there are also some drawbacks.
SRS can handle only small lesions up to 2 or 3cm in diam-
eter, and the larger a tumor is, the lower the possibility of
tumor control becomes. Another disadvantage is the time
required until SRS begins to have a positive effect against a
tumor. Moreover, not all tumor cells become necrotic after
SRS, some becoming quiescent for a while and regaining
their proliferative activity later.

Chemotherapy

Apart from a few reports on brain metastases from small-
cell lung cancer,”" the effect of chemotherapy alone on
brain metastasis appears to be very limited. It is widely
accepted that this is, to some extent, due to the presence of
the blood-brain barrier (BBB), which prevents the penetra-
tion of drugs in circulating blood into brain tissue. In the
center of a tumor, the BBB is disrupted, and an experimen-
tal study has confirmed this.”® However, the amount of
drug delivered to invasive cells is considered to be
insufficient. Recently, a new drug, temozolomide, which can
pass through the BBB, has been developed and has been
shown to be effective against gliomas. This new drug is
also effective against extracranial malignancies, especially
melanomas. However, its effectiveness is not outstanding
against brain metastases, even those from melanoma.®
Thus, chemothérapy alone has not proved to be effective
against brain metastasis, except that from small-cell lung
cancer.

Supportive care

Corticosteroid administration, which is not a substantial
treatment, can alleviate the symptoms of brain metastasis.””
Most brain metastases have accompanying perifocal edema,
and the symptoms caused by the mass effect of brain me-
tastases are due to a combination of this edema and the
metastases themselves. Corticosteroid administration less-
ens the perifocal edema and alleviates the symptoms in
most cases. However, corticosteroid is an immunosuppres-
sant and thus might impair the effectiveness of a patient’s
immune system against systemic cancer. Furthermore, it
cannot suppress the progression of brain metastasis. De-
spite its potential drawbacks, the temporary alleviation of
symptoms and improvement of quality of life resulting from
corticosteroid administration may be remarkable, and for
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this reason, most clinicians eventually choose to prescribe it
for patients with brain metastases.

Decision-making about treatment for brain
metastasis, with special emphasis on the role
of surgery

Single brain metastasis

Although the factors to be considered in a patient with a
single brain metastasis are less complicated than those for
multiple brain metastases, decision-making about treat-
ment is often not easy.

When there is a single brain metastasis, it should be
decided whether only this local lesion should be treated,
whether local treatment followed by WBRT should be em-
ployed, or whether WBRT should be done from the begin-
ning. In 1990, a prospective randomized trial showed that
surgery and postoperative radiation therapy achieved a bet-
ter survival outcome than WBRT alone." Several prospec-
tive and retrospective studies'*” subsequently confirmed
this result, except for one report’’ (Table 1). In regard to
postoperative radiation therapy, surgery alone showed
poorer results than surgery followed by postoperative irra-
diation, probably due to the presence of invasive residual
tumor cells,? although other reports denied this.*** Thus,
surgery plus postoperative irradiation seems to be the
best choice for a single brain metastasis, although the neces-
sity for postoperative irradiation is not fully proven. This
should be confirmed using a prospective and multi-
institutional approach, like that about to be undertaken in
Germany (G Schackert, personal communication). As for
the methods employed for postoperative irradiation, the
necessity for WBRT is not yet clear. As most reported
studies of postoperative irradiation have involved WBRT,
the outcomes of focal therapy have not been well docu-
mented. Although several studies have employed local irra-
diation,”* only one study has reported that postoperative
local irradiation gave better results than postoperative
WBRT."

Thus, until recently, surgery plus postoperative irradia-
tion has been the standard procedure for the treatment of a
single brain metastasis. However, this situation is changing
because of the emergence of SRS procedures. As a focal
therapy, SRS instead of surgery has become widely em-
ployed recently. No randomized trial has compared the
difference in outcome between surgery and SRS, but one
retrospective survey showed that SRS was as effective as
surgery plus postoperative WBRT.” A case-control study
by Schoggl et al.* showed equality between SRS plus
WBRT and surgery plus WBRT. Another study showed
that SRS was superior to WBRT for treating a single brain
metastasis.”’ Also, the effectiveness of an SRS boost after
WBRT was confirmed by a randomized trial.* Most of the
results obtained with SRS alone or in combination with
other modalities have shown an approximate median sur-
vival time of 9 months or more,”""* which is comparable
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with, or superior to, that of WBRT or surgery followed by
radiation treatment. Because SRS seems to be less invasive,
it tends to be used rather than open surgery if the tumor size
is less than 3cm.

In conclusion, patients with a single lesion larger than
3cm receive the best benefit from open surgery. Surgery
is also indicated for patients with a life-threatening
mass and those requiring immediate decompression. Pa-
tients with metastasis from an unconfirmed primary cancer
can also be considered for surgery in order to obtain
tissue for histological diagnosis, because sometimes gliomas
or other lesions are misdiagnosed as metastases by
neuroimaging, ™"

Multiple metastases

If multiple intracranial metastases are found, the possible
presence of more metastases that are still undetectable
should always be considered. WBRT is the standard proce-
dure in this situation, although it cannot control large le-
sions effectively. Even if lesions stop growing or shrink after
irradiation, they will not disappear completely, and will
resume their growth after a certain period. Metastases
from small-lung cell cancer, which respond well to radiation
therapy, are the exception and may be well controlled by
external conventional irradiation. Thus, WBRT for mul-
tiple brain metastases other than small-cell lung cancer is
a palliative, rather than a curative approach. However,
most patients with multiple brain metastases usually have
multiple systemic metastases and their life expectancy is
limited. Thus, if the neurological symptoms can be con-
trolled for a certain period, such treatment would be
beneficial.

The situation has also been changing as a result of the
spread of SRS. As mentioned before, it has been assumed
that if multiple metastases are present, then additional le-
sions are likely, and WBRT is the only approach that can

treat both visible and nonvisible multiple metastases. Re-

cently, however, a study has shown that multiple metastases
can also be treated by SRS. Sneed et al? compared the
results of treatment of multiple metastases (up to four le-
sions) with SRS with and without WBRT. Although there
was a difference in the recurrence rate, the survival time
were almost the same. A recent randomized trial in Japan
comparing SRS and SRS plus WBRT™ showed that the
tumor control rate was better for SRS plus WBRT, al-
though the overall survival rates were almost the same.
Another report described that patients with more than ten
metastases treated with SRS showed a median survival of 10
months, and no patient died due to brain metastasis-related
symptoms. Thus, with the emerging role of SRS, it has
become difficult to standardize the treatment for multiple
metastases. The results of treatment for multiple metastases
are summarized in Table 2.°"'*** Although WBRT or SRS
plays a major role in the treatment of multiple metastases,
in this situation also, neither approach can handle large
metastatic lesions. If a patient has multiple lesions that
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Study terminated because SRS group did better
In-field recurrence, 21% (abstract/preliminary result)
In-field recurrence, 37%

Renal cell carcinoma, 82%; multiple, 50%

Recurrence after WBRT

Remarks
Melanoma

Median survival
(months)

Surgery residual disease w/wo WBRT

SRS w/wo WBRT
SRS Single+systemic metastasis

SRS Multiple

Surgery w/wo WBRT
SRS

Surgery w/wo WBRT
Surgery w/wo WBRT

SRS (20Gy)
SRS (15Gy) + WBRT

Treatment modality
SRS

SRS + WBRT
SRS + WBRT
WBRT
SRS + WBRT
WBRT

SRS
SRS Single

Randomized

trial
Yes
Yes

1-3
10
Single or multiple

=

Single or multiple

Number of
metastases
Multiple

Single or multple
2-3

Single or multiple

24

wiwo, with or without; SRS, stereotactic radiosurgery

Table 2. Treatment results for multiple metastases
?Patients without active extracranal disease

Bindal® 1993
Bindal® 1996
Pirzkall* 1998
Sneed™ 1999
Kondziolka™ 1999
Sperduto™ 2000
Suzuki 2000
Grob™ 1998
Amendola® 2000
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include one large (>3 cm) metastasis together with smaller
lesions, the only effective therapy is to resect the large
lesion, regardless of the treatment modalities used for the
other lesions.

Role of surgery in the treatment of brain metastasis

The adoption of an aggressive approach for the treatment
of patients with stage 4 cancer might be regarded as a some-
what controversial issue. With regard to brain metastasis,
the issue is complicated, because many factors need to be
considered and there is a paucity of clinical data. As criteria
for treatment in many studies have tended to exclude pa-
tients with poor performance status, there is currently a lack
of reliable criteria for decision-making about treatment for
such patients. Moreover, most previous controlled studies
were done before the SRS era, thus making the situation
more complicated. However, the fact that some patients can
survive for a long period after aggressive treatment, includ-
ing surgery, prompted us to treat brain metastasis. Surgery
plays an important role in this context. Emergency de-
compression for patients with impending herniation, or for
patients with a large cerebellar metastasis and acute hydro-
cephalus, cannot be done by other methods. A large me-
tastasis more than 3cm in size cannot be handled with SRS.
Surgery for these patients certainly improves their clinical
condition. Also, patients with metastasis from an unknown
primary tumor might benefit from surgery in order to verify
the histology. However, whether such patients genuinely
benefit from surgery is difficult to decide, because other
systemic metastases or their general condition might
worsen as a result of anesthesia or the surgery itself. In
patients whose tumors are small and can be handled with
SRS, the role of surgery is more difficult to determine,
because SRS can control tumor cells for a certain period but
cannot control all the tumor cells permanently, whereas
surgery cannot control invasive tumor cells without postop-
erative radiation therapy in most patients.

Conclusion

Surgery has a certain role to play in the treatment of brain
metastasis, especially in patients with a large single metasta-
sis or in those with a life-threatening mass effect. However,
the role of surgery in other situations should be determined
in future by more detailed analysis. Moreover, most previ-
ous studies have been based on survival, and few have ad-
dressed the quality of life, length of hospitalization, or cost
of the treatment. It is therefore an urgent priority to carry
out some well-planned clinical studies to establish the
optimal treatment strategies, including the role of surgery,
considering not only the survival of patients, but also
their quality of life, the cost of the treatment, and other
factors.
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