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Background: The role of stereotactic irradiation using a linear accelerator for brain metastasis from renal
cell carcinoma was investigated.
Methods: Fifteen brain metastases in 11 patients with a history of renal cell carcinoma were treated using
convergent narrow x-ray beams from a linear accelerator and rigid fixation of the head with a stereotactic
frame. Twelve metastatic tumors in 8 patients were irradiated with 25 Gy atthe center in a single fraction,
and single tumors in 3 patients received the following doses: 25 Gy in 5 fractions, 28 Gy in 3 fractions,
or 35 Gy in 4 fractions
Results: The actuarial local control rate at 12 months was 90.6%. Twelve (92%) of 13 lesions that
produced neurologic symptoms before stereotactic irradiation showed an improvement of symptoms.
No complication related to the irradiation was observed. The median survival time was 6 months.
Conclusion: Stereotactic irradiation is more effective in achieving local control than is conventional
radiotherapy, and achieves improvement in symptoms and survival rates similar to those of surgical
resection of the brain metastasis from renal cell carcinoma. Urologists and oncologists should be aware
of the usefulness of stereotactic radiation in the management of patients with renal cell carcinoma.
IntJ Clin Oncol 1997;2:73-76
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INTRODUCTION

Renal cell carcinoma has been regarded as one of the
most radioresistant tumors.!*? Conventional radiotherapy
for brain metastasis of this disease achieved only a 30%
response rate resulting in a 30% improvement rate of
neurologic symptoms.?* The median survival time of
patients with brain metastasis from renal cell carcinoma
was reported to be 8 weeks after conventional whole
brain irradiation.? Stereotactic irradiation using conver-
gent narrow beams from linear accelerators has made it
possible to deliver a very high dose to the brain metastasis.?
Recent studies have shown that brain metastasis of
tumors, which were previously thought to be radio-
resistant, may be better treated by stereotactic irradia-
tion than by conventional radiotherapy.’”’ However,
these studies did not differentiate between skin mela-
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noma, sarcoma, and renal cell carcinoma in their analy-
sis, and no paper has, to our knowledge, focused specifi-
cally on the role of stereotactic irradiation for brain
metastasis from renal cell carcinoma. In this study, we
retrospectively evaluated the outcome of stereotactic
irradiation treatment for brain metastasis from renal cell
carcinoma by using a linear accelerator (LINAC-STT).

PATIENTS AND METHODS

From 1991 to 1996, 15 brain metastases in 11 patients
with a history of renal cell carcinoma were treated using
LINAC-STI. The male to female ratio was 10 to 1. Age
was distributed from 44 to 79 years, with a median of
62.2 years. Nine patients had active extracranial lesions
either at the kidney, lung, or bone. Chemotherapy or
biologic chemical modulators, consisting of various
agents such as cisplatin or interferon, had been used for
8 patients before treatment with stereotactic irradiation.
The remaining 3 patients had not received any previous
treatment. The radiation dose, administered via conver-
gent megavoltage x-ray beams, was provided by a linear
accelerator with a tungsten collimator. A head frame was
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attached to the patient couch, and the invasive fixation
system consisted of a stereotactic frame, RADFRAME
(Mizuho Ika, Tokyo, Japan), which is highly accurate
and is easy to handle. Details of the technique have been
published elsewhere.?° Three-dimensional visual-opti-
mization software was used to precisely position the
target. We used three-dimensional noncoplanar static
multiportal irradiation when possible. For some tu-
mors, single-plane, static-multiportal irradiation was
used. Single-fraction, high-dose irradiation radiosurgery
was used in general. For inoperable, single metastatic
lesions with a diameter larger than 3.0 cm or adjacent to
radiosensitive areas such as the brainstem, optic tract,
internal capsule, or motor and speech areas, fraction~
ated stereotactic radiotherapy (FSR) was used. Patients
wore the stereotactic halo frame during the few weeks of
FSR treatment. The radiation administered to all pa~
tients was the prescribed maximum dose.

Twelve metastatic tumors in 8 patients were irradi-
ated with 25 Gy at the center in a single fraction and
single tumors in 3 patients received 25 Gy in 5 fractions
in 8 days, 28 Gy in 3 fractions in 4 days, and 35 Gy in
4 fractions in 4 days. The periphery of the region that
demonstrated contrast-enhancement on computed
tomography (CT) received 60% to 80% of the pre-
scribed dose. The dose distribution was calculated by
using a three-dimensional planning system, FOCUS
(Kanematsu Medical Systems, Tokyo, Japan).

The follow-up included neurologic examinations
for motor, sensory, and cognitive functions and con-
trast-enhanced CT or magnetic resonance imaging
(MRI) 1 month after stereotactic irradiation, then in 1-
to 3-month intervals until the patient became terminally
ill. Local control was defined as the lack of any signifi-
cant sustained increase in area of the tumor within or
at the periphery of the target volume on follow-up CT
and/or MRI scans. The crude tumor control rate was
defined as the number of locally controlled tumors
divided by the total number of tumors, irrespective of
the follow-up period. Response among tumors grouped
by size was compared and analyzed by using the Student’s
t test. Survival time was measured from the start of
stereotactic irradiation. The follow-up period ranged
from 2 to 22 months with a median of 5.6 months. The
local control and survival curves were calculated using
the Kaplan-Meier method. Improvement in symptoms
and signs was measured by the patients’ complaints and
by physical examinations every 2 weeks in the first 3
months, and every month there after.

RESULTS

The crude tumor control rate was 93.3% (14/15). The
actuarial local control rate at 12 months was 90.6% (Fig.
1). Tumor progression was observed in 1 metastatic
tumor that had received 25 Gy in 5 fractions, which was

74

—_
o
(=]

3

3

4

4

1

o
o
T

Actuarial local control rate (%)

L 1 1 L

0 10 20
Months

Fig. 1. Actuarial local control rate of 15 brain metastases in 11
patients with renal cell carcinoma treated with stereotactic irra-
diation from a linear accelerator.

the lowest biologic dose used in our study. No difference
was observed in response among tumors grouped by size
(Table 1).

Stereotactic irradiation resulted in improvement of
symptoms in 12 of 13 lesions (92%) that produced
neurologic symptoms before treatment. One patient
experienced improvement for 2 months after stereotac-
tic irradiation, but the symptoms reappeared in associa-
tion with the regrowth of tumor. No complications
related to the irradiation were observed.

The actuarial survival curve is shown in Fig. 2.
Median survival time was 6 months. The causes of death
were all related to advanced renal cell carcinoma: pneu-
monia, renal failure, and disseminated intravascular
coagulation.

DISCUSSION

The low progression rate of tumors in our study suggests
that LINAC-STI is effective in sterilizing the tumor
growth of metastatic renal cell carcinoma. The crude
tumor control rate 0 93.3% and the symptom improve-
ment rate of 92% were apparently higher than the 30%
symptomatic improvement rate reported by Maor et al.
and Halperin et al.* Our results are consistent with

Table 1. Tumor response to stereotactic irradiation for 15 brain
metastases in 11 patients with renal cell carcinoma.

Tumor Response Total no.
diameter Complete Partial  None Progres- of tumors
(cm) sive disease

<1 1 1 2 1 5
Tto<2 1 3 2 0 6
2to<3 1 0 3 0 4
Totals 3 4 7 1 15
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Fig. 2. Actuarial survival of 11 patients with brain metastasis of
renal cell carcinoma treated with stereotactic irradiation from a
linear accelerator. :

those of the series by Fuller et al., in which an 89% (8/
9) local control rate of brain metastasis was obtained in
a subgroup of patients with renal cell carcinoma treated
with LINAC-STI.1° The only patient who experienced
relapse of tumor in our series was treated using the
lowest dose administered to any patient in this study.
The fact that the local control rate of stereotactic irradia-
tion was higher than that reported for conventional
radiotherapy is probably due to the higher biologic dose
of stereotactic irradiation used.!! Compared to the
reported median survival time of 8 weeks for conven-
tional radiotherapy,’ a 6-month median survival time in
the present series is favorable. This difference in survival
rate may be due to selection bias, since only patients
with single or a few metastatic lesions were eligible for
stereotacticirradiation. Further investigation is required
to answer whether the longer median survival is due to
the improved local control rate of stereotactic irradia-
tion.

Stereotactic irradiation for various metastatic brain
tumors was shown to achieve a high local control rate
and functional survival similar to that of surgical resec-
tion.%!2 Auchter et al. have shown that the overall local
control rate of stereotactic irradiation for brain metastasis
including various primary tumors was 86%.° In our
previous study, the crude local control rate for the same
group was 84%.° The present study shows that the local
control rate of renal cell carcinoma is in the range of the
average for brain metastasis. Auchter et al. reported that
27 metastatic brain tumors of renal cell carcinoma or skin
melanoma showed a 96% local control rate in their large
series.” Alexander et al. showed that for 126 lesions of
radioresistant tumors (34 renal cell carcinoma, 18 sar-
coma, and 74 melanoma) the local control rate was
similar to that for 295 radiosensitive tumors.® These
results are consistent with our reports.

Brain metastasis from lung cancer or breast cancer
disappeared after stereotactic irradiation in most cases,
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but more than half tumors did not decrease in size in
this series. This is consistent with the findings of
Loeffler et al.,!2 in which brain metastasis from renal
cell carcinoma decreased slightly with radiography over
time or stabilized in size. Histopathologic differences
between these types of tumor should be investigated.
The minor influence of steroidal hormone or diuretics
on the clinical improvement could not be eliminated,
although these were not likely to have major effects in
maintaining neurologic improvement.

Because the conventional fractionated radiotherapy
was only slightly effective in the elimination of renal cell
carcinoma, the role of whole brain irradiation in con-
junction with stereotactic irradiation has been put into
question. If the survival of patients with brain metastasis
from renal cell carcinoma will be prolonged by the use
of stereotactic irradiation, there is a possibility of induc-
ing radiation-induced dementia after whole brain irra-
diation.!? Because the conventional dose schedule has
not been shown to be sufficiently effective in the control
of renal cell carcinoma, stereotactic irradiation alone,
without whole brain irradiation, may be appropriate in
the treatment of this disease. Because stereotactic irra-
diation does not deliver a large dose to the surrounding,
normal brain, there is little possibility of radiation-
induced leucoencephalopathy. Stereotactic irradiation
can be repeated several times on new intracranial meta-
static lesions that may appear after the initial stereotactic
irradiation. Because of focused-dose distribution, re-
peated application of stereotactic irradiation is reported
to be a safe strategy.®

All patients died of systemic disease, for example,
pneumonia and disseminated intravascular coagula-
tion. Since brain metastasis was not the cause of death,
frequent follow-up radiologic examination to detect
brain metastasis is not indicated, except in clinical
studies. It is appropriate to check for brain metastases
and treat them with stereotactic irradiation when pa-
tients complain of symptoms.

In conclusion, we found stereotactic irradiation
using a linear accelerator to be more effective than
conventional radiotherapy for treatment of metastatic
brain tumors of renal cell carcinoma. Stereotactic irra-
diation can be given without open surgery. Urologists
and oncologists should be aware of the usefulness of
LINAC-STI in the management of patients with renal
cell carcinoma.
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