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Schedule of Stereotactic Radiotherapy:
A study considering the factors of
repair and cell proliferation

Naoyuki Shigematsu", Etsuo Kunieda',
Tetsuya Kawada', Masayuki Kitamura",
Atsushi Kubo"), Takushi Dokiya® and Hisao Ito®

Stereotactic radiosurgery (SRS: stereotactic irradiation
[STI]delivered in a single high dose) was initially developed
by Leksell for non-rnalignant brain lesions, but there has been
increasing interest in using it to treat small primary brain
tumors or metastases. Recently, stereotactic radiotherapy
(SRT: fractionated STI) has been recommended on the ba-
sis of radiobiological considerations for tumors in which both
normal glial cells and tumor cells reside within the tumor
margin. Strangely, the factors ‘repair’ and 'cell proliferation’
have been neglected in the radiobiological evaluations of STI
reported so far, mainly because of the complexity of the
calculations. 'Half-time repair' which is the key value in the
'repair’ factor may be larger for nervous tissue than for many
other normal tissues because nerve cells have decreased ability
to recover from damage. 'Cell proliferation’ should be an im-
portant factor when the total radiation period is extended by
applying SRT. In this study, we created models based on es-
timated 'half-time repair' and 'cell doubling time' and attempted
to determine optimal SRT schedules. When repair and cell
proliferation factors are also taken into consideration, the rec-
ommended SRT schedules would be 7 Gy x 7 fractions ev-
ery other day for malignant tumors and 3.5 Gy x 12 frac-
tions every other day for benign tumors. However, clinically,
these schedules should be modified according to factors in
individual cases, e. g., tumor size, presence of tumor necro-
sis, the patient's general condition, prognosis, and so on.
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7z. SRSTIERFDOERMREITIZL A LTI SN W L %
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ST F TR L 5. JEEENSCTSMRIET 2
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HHZLEZZLETalEIN%E 3TK LT, E
MEBEDT ce=5, BHEMEFEOT «r=50%L L THRE L

FYa—ERE L.
Table 1 BED of Stereotactic Radiosurgery
BED .
dose/fraction fraction Gvalue early-effect late-effect
15Gy 1 0.9905 37.3 126.4
20Gy 1 0.9873 59.5 2175
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Fig.1 Late-effect biologically effective doses (BEDs)of the 7 Gy x  Fig.2 Early-effect biolcgically effective doses (BEDs)of the 7 Gy x
7 fraction schedule for malignant and benign brain tumors delivered 7 fraction schedule for malignant and benign brain tumors delivered
over 7, 13, 19, and 25 days, assuming a half-time repair value(t1/ over 7, 13, 19, and 25 days, assuming @ half-time repair value (t1/2)

2)of 1,2, 3,5, 7, and 9 hours.

2. BMRBEICI4 T 3 stereotactic radiotherapy (SRT) M X
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FEERERE 6 LT 1 120Gy EEDSRS A THILT & 72
s, Z DOFEDlate-effect®BED|ETable 17>5218Gy 2 T, =
NEFERRELEZ . bhvbhud, DNz 2
WX IZREE LASRTE LT, 7Gy x 7 [dl, 6.5Gy x 8 [[]d
B\ 361Gy x 9 [a] % 2 AR LI HEST 2 & L AfiaE S h
SBATVa—NE LTHRELRY. ZoHh»57Gyx7 HO
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DREEET Lz, EHBRSTL 7256 (BRI 7 1), W8
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& (BRFHUMI9H), £ L T4 HIZ 1 MBS 2354 (BREH
25 H)EEL, 120051 ~91221L L 72358 Dlate-effect D
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», ZOEEDlate-effect ®BEDIETable 175 126Gy ¢, Zi
ERFRBRREER . TREBRB\VE ) IZERE L/ZSRTD
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of1,2,3,5,7, and 9 hours.

WIERMHETHL Z EAbh s, FEIEHE R Tearly-
effect®BEDIE LA 4 545, FMaE 25 & ZNIZERANS
b, 20GyDSRSIZ & Searly-effect®BED 59. 5Gyio (Table
DERERTHAT T a— )& L T3.7Gy x 12[6] % HAEAY 72 IR
Fh b Z2 T, 4B drepair & cell proliferation® 7§

iRt L7z, 12000% 5 HERST L 723 & (BRGHIRIIZH ), BB
HCHSH L 7o 86 (I3 H), 3 BIZ 1 EEd 58
& (HFHIE348), 2L T4 HIZ 1 B 2 356 (FEEHA
H4sH) %485 LT, t1/2EA% 1~9 I[ZE1L L 72858 Dlate-ef-
fect ®BED % Fig.312, early-effect®BED % Fig.4 2R L7z,

HEGHIIR A%12 H DI E 1301 2MEAEE L 7 % & late-effect D
BEDIE %13 1) 2ol HIK L1811 O BUgH# 4 bfAE O 56 2 S
AR T 4. F Tzearly-effect DBEDIE, 7.4 & 1) HEEHHARH

Table 2 Eary effect BED of stereotactic radiotherapy for benign

tumor
dose/fraction  fraction Givalue early-effect BED
10.26 2 0.9974 41.6
7.00 4 1.0015 476
5.56 6 1.0030 51.9
4.70 8 1.0039 55.3
3.69 12 1.0049 60.6
3.36 14 1.0052 62.8
3.09 16 1.0054 64.7
2.87 18 1.0056 66.5
2.68 20 1.0058 68.0
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Fig.3 Late-effect biologically effective doses (BEDs)of the 3.7 Gy Fig.4 Early-effect biologically effective doses (BEDs)of the 3.7 Gy
x 12 fractions schedule for benign brain tumors delivered over 12, x 12 fractions schedule for benign brain tumors delivered over 12,
23, 34, and 45 days, assuming a half-time repair value (t1/2)of 1, 2, 28, 34, and 45 days, assuming a half-time repair value (t1/2)of 1, 2,

3, 5,7, and 9 hours.
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reoxygenation?® K1 % E[§ L ol % & B3 lCE b 2
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T %
A 3 DEAF
BED = D[] + EJ
o/p
=D xRE
RE : relative effectiveness

RE =14+ total type B damage

total type A damage

Type A damage is that due to simultaneous hits on each of the
two critical targets in one radiation event. Type B damage is
that resulting from a lethal combination of the damage inflicted

on each target in two separate radiation events.
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