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Linear-accelerator-based Stereotactic Irradiation
for Metastatic Brain Tumors

Mitsuhiro Takemoto", Kuniaki Katsui®,
Atsushi Yoshida", Kengo Himei",
Masahiro Kuroda", Susumu Kanazawa",
Katsuhiko Sugita?, Mitsuru Kobayashi®,
Minoru Nakagawa®, Shunichiro Fujimoto®
and Yoshio Hiraki"

To assess the safety and availability of stereotactic radio-
therapy (SRT) for metastatic brain tumors, we reviewed 54
consecutive cases with a total of 118 brain metastases treated
with linear-accelerator-based stereotactic irradiation (STI).
Nineteen patients with a total of 27 brain tumors that were
larger than 3 cm or close to critical normal tissues were treated
with SRT. The rarginal dose of SRT was 15-21 Gy (median
21 Gy)in 3 fractions for 3 days. The median marginal dose
of stereotactic radiosurgery (SRS) was 20 Gy. Effective rates
of imaging studies were 72.7% and 94.4%, and those of
clinical symptoms were 46.7% and 55.6% for SRT and SRS,
respectively. One-year and two-year survival rates of SRT
were 40.9% and 17.6%, respectively, and the median fol-
low-up period was 6.4 months. The one-year survival rate
of SRS was 32.7%, with a median follow-up of 4.6 months.
Fourteen cases (7 cases each)had recurrent tumors at STI sites.
Early complications were observed in one case of SRT and
8 cases of SRS, and late complications occurred in 3 cases
of SRS. There were no significant differences among effec-
tive rates, survival rates, median follow-up times, recurrence
rates, and complications between SRT and SRS. We con-
cluded that SRT is a safe, effective therapy for large or elo-
quent area metastases.
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Table 1 Patient characteristics

Characteristics No. %
Gender Male 38 70.4
Female 16 29.6
Primary site of disease Lung 35 64.8
Colorectum 5 3
Kidney 4 7.4
Breast 2 3.7
Others 8 14.8
No. of metastases Single 26 48.1
Multiple 28 51.9
Clinical symptoms Present 33 61.1
Absent 21 38.9
Primary disease Not controlled 26 48.1
Controlled 28 51.9
Extracranial metastases Present 19 35.2
Absent 35 64.8
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Table 2 Patient and tumor characteristics according to treatment modality

Characteristics SRS SRT pvalue
Age 33-83 33-81 0.20
(mean) (65.4) (60.9)
Gender Male 10 13 .42
Female 16 6
KPS 20-100 40--100 0.99
(median) (90) (80)
Primary site of disease Lung 21 14 0.22
Others 14 5
No. of metastases 1-6 1-5 0.33
(mean) (1.9) (2.3)
Tumor volume 0.014-19 2.1-58 0.0009*
(median) (cm?) (3.1) (19)
Tumor diameter 0.3-3.3 1.6-4.8 0.0009%
(median) (cm) (1.8) (3.3)
Clinical symptoms Present 19 14 C.16
Absent 16 5
Active extracranial disease Yes 28 12 0.18
No 7 7
Interval from cancer diagnosis 0-97 0-141 0.40
(median) (months) (6.9) (6.0)
External irradiation Yes 6 6 .22
No 29 13
Surgical removal Yes 5 6 .32
No 30 13
*Statistically significant
Table 3 Response according to treatment modality
Modality SRS % SRT Y% p value
Imaging study Effective CR 1 5.6 1 9.1 0.10
PR 16 88.9 7 63.6
Not effective  NC 1 5.6 3 27.3
PD 0 0 0 0
Clinical symptoms  Effective CR 5 27.8 2 13.3 0.62
PR 5 27.8 5 33.3
Not effective  NC 7 38.9 7 46.7
PD 1 5.6 1 6.7
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Fig. 1 Overall survival curve.
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Fig. 2 Survival curves according to treatment modality.

Table 4 Complications according to treatment modality

Complication SRS Yo SRT %  pvalue

Early complication ~ Nausea / vomiting 3 8.6 0 0 0.098
Convulsions 2 £.7 1 5.3
Worseness of symptoms 1 2.9 0 0
Alopecia 1 2.9 0 0
Headache 1 2.9 0 0

Late complication Brain necrosis 2 57 0 0 0.19
Convulsions 1 2.9 0 0
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Table 5 Results of logrank test for survival

Prognostic factor No. Yo pvalue

Method of STI SRS 35 64.8 0.86
SRT 19 35.2

Age (years) -64 29 53.7 0.033*
65— 25 46.3

Gender Male 38 70.4 0.1
Female 16 29.6

KPS -60 15 27.8 0.012%
70— 39 72.2

No. of metastases Single 28 51.9 0.15
Multiple 26 48.1

Primary site of disease Lung 35 64.8 0.71
Not lung 19 35.2

Active extracranial disease Yes 40 741 0.049%
No 14 25.9

Interval from -1.99 11 20.4 0.068

cancer diagnosis (years) 2- 43 79.6

External irradiation Yes 12 22.2 0.075
No 42 77.8

Surgical removal Yes 11 20.4 0.43
No 43 79.6

Response Effective 30 71.4 0.89
Not effective 12 28.6

*Statistically significant

Table 6 Results of Cox’s proportianal hazards model for survival

Progriostic factor Relative risk 95% C.I. pvalue
Method of STI 0.55 0.21-1.46 0.23
(SRS)

Age 0.29 0.09-0.88 0.030%
(—64 years)

Gender 0.27 0.07-0.99 0.048*
(Female)

KPS 0.85 0.27-2.67 0.79
(-60)

No. of metastases 2.18 0.87-5.42 0.095
(Multiple)

Primary disease 0.42 0.14-1.28 0.13
(Lung)

Active extracranial disease 35 1.33-9.20 0.011#
(Yes)

Interval from cancer diagnosis 0.17 0.03-0.90 0.037#
(2 years-)

External irradiation 2.08 0.73-5.94 0.17
(Yes)

Surgical removal 0.47 0.12-1.89 0.28
(Yes)

Respaonse 0.89 0.35-2.28 0.81
(Effective)

*Statistically significant
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