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Radiobiological Considerations for
Stereotactic Irradiation

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-malignant brain lesions, but there has been
increasing interest in using it to treat small primary brain
tumors or metastases. In more recent years, stereotactic ra-
diotherapy (SRT: fractionated STI) has been developed, but
radiobiological factors have not been sufficiently evaluated
in relation to these techniques. Larson classified potential
STl targets into four categories according to whether the target
tissue is early- or late-responding and whether it is embed-
ded within or only surrounded by normal tissue. We have
actually calculated biologically effective doses for these
categories to determine the indications for SRS and SRT,
and to be able to choose suitable SRT schedules. Based on
our calculations, theoretically SRS would be recommended
for AVMs and benign tumors having distinct margins sepa-
rating them from surrounding normal tissue and SRT would
be recommended for low or high grade astrocytomas with-
out clearly defined boundaries and metastasis, Recommended
SRT schedules would be 49 Gy/7 fractions, 52 Gy/8 frac-
tions or 54.9 Gy/9 fractions completed within 2 weeks. How-
ever, clinically, these indications and SRT schedules should
be modified according to the many other factors involved
in individual cases, such as tumor size, presence of tumor
necrosis, the patient's general condition, prognosis, and so
on.
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A. Late-responding target embedded within late-responding
normal tissue (category A)
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B. Late-responding target surrounded by late-responding
normal tissue (category B)
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C. Early-responding target embedded within late-responding

normal tissue (category C)
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Fig.1 Classification of potential
stereotactic irradiation targets
according to whether the target
tissue is early- or late-responding
and whether it is embedcded within
or only surrounded by normal tis-
sue. A. Late-responding target
embedded within |late-responding
normal tissue. B. Late-respond-
ing target surrounded by late-re-
sponding normal tissue. C. Early-
responding target embedded
within late-responding normal tis-
sue. D. Early-responding target
surrounded by late-responding
normal tissue.
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5RS dose versus total fractionated radiotherapy dose at 2 Gy per

fraction necessary to producethe same radiobiologic effect, both for late-
(D)and for early- responding (()tissue.

Fig.3 Dose distribution schema of STl for 25mm target calcu-
lated from pre-stored TRP (tissue-peak ratio)and OCR (off-cen-
ter ratio)using workstation. A: 100% dose, B: 80% dose (tumor
margin), C: 60% dose, D: 40% dose, E: 20% dose. Five 100°
(40°-140") arc irradiation by 6 MV linear accelerator were per-
formed using a circular isocenter of the machine. STI dose to normal
tissue (beyond the target periphery)drops within a few millimeters
to 40-60% of tumor dose and beyond that to probably insignifi-
cant lebels.
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Table 1 /B value of the target and normal tissue dose/target dose ratio
for the four categories of stereotactic irradiation targets descrived
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by Larsson.
Category  a/f3 value of target  normal tissue doseftarget dose:
A 2 100%
B 2 80%
C 10 100%
D 10 80%
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Table 2 Stereotactic irradiation schedules conditioned on a dose
limit of 220 Gy, the late-effect dose of stereotactic
radiosurgery at the dose of 20 Gy

Categories A and C
Number of fractions Dose/fraction Total dose
1 20.00 20.00
3 11.15 33.45
6 7.62 45.72
9 6.06 54.54
12 5.13 61.56
15 4.50 67.50
Categories B and D
Number of fractions Dose/fraction Total close
1 25.00 25.00
3 13.94 41.81
6 9.53 57.15
9 7.58 68.18
12 6.41 76.92
15 5.63 84.38
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Fig.4 Biologically effective doses(BEDs)for the target catego-
ries in Figure 1, delivered in 1, 3, 6, 9, 12 or 15 fractions that would
produce late-effects equivalent to SRS (single fraction)in each
category.
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Table 3 Stereotactic radiotherapy schedules for malignant brain tumors
that produce a late-effect BED of 220 Gy2 which is equivalent to
a late-effect BED of stereotactic radiosurgery at a dose of 20 Gy.

e 6 % 285

Category AD X 9 L2 T3 ERHIIZIISRS T H
SRTT b IHEIIA T 5 BUF OB RIIFEFETH -

7z, ZOHF I =S N AARGIEEIZAVM

Number of fractions Dose/fraction Total dose  Early-effect BED
1 20.00 20.00 59.50
2 13.66 27.27 66.14
3 11.15 33.45 70.75
4 9.53 38.12 74.45
5 8.43 42.15 77.68
6 7.62 45.72 80.56
7 6.99 48.93 83.13
8 6.48 51.84 85.43
9 6.06 54.54 87.59

10 5.70 57.00 89.49
12 5.13 61.56 93.14
15 4.50 67.50 97.88
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Fig.5 Total equivarent doses, delivered in 1, 2, 3, 5 or @ frctions of ST,
comparing the results of this study (l)with that of Brenner DJ (@),

TR & ISR R 2 S DD IAFHE L2 b D L
L CFig. SIOR LA, (ZIZARROBHAr V2 —N e o
TWAH I eI FIRFFOFRMEAIHERTE S, Wil
13795387 ) TIHUTELR>TEBH, 7Gyx 7, 6.5Gyx

8 [, 6.1Gy x 9 [HIFEEEDHESE SNBSS A or & 2 —
We#EZ B,

AHDOHE TIEMSHS, SRS (2B THEE IR
BeLT25Gyx A E LERMMTAREL LT
0GyA*HFETH2EVIFREDL L, 6Gyx9 [D
SRTZIRELTBNY, bibhOstiiskE L FiET
HHH5, 9 DOEEAT 2 AMLLEIZh7 5 &, s
O HETF-ASIME L 22 UL & R o TiEEAWE
ThHs.

4. ZDMORF

A HNHIIILQEFTLOHERIZ D & v TSTI
DM R Ay P a—VEEHRLTELD, o
FIIBWTIE /BT IZ L8, W DhDIREDI W,
BETHol, RMETIAG=1 & Lzhs, B2
FERTIOFZUEIEH SN TR Y, T2, LB
RIEATIZH Tz TE, Rl L7z L ) 2BEDROE
BT TH <, reassortment® DR T4 Z - En
LYW ICHMETH LI EDPTFHE NS,

1% IZSRTOE A 3 72 » TIHBES & & O IEEHE
DEBUDIEHESAIRELMEL L. BRED-®

RN T K& (REETSH 2B WA IIERSED
TeOIZTHERERAYMET L therapeutic gain A5EA$ 517, B4
WREOBEBEREFZ LI Lo &4 2N S EE
LEETH .

X

1) Linskey ME, Lusford LD, Flickinger JC et al: Stereotactic
radiosurgery for acoustic tumors. Neurosurg Clin N Am 3: 191-
205, 1992

2) Steiner L, Lindquist C, Adler JR, et al: Clinical outcome of
radiosurgery for cerebral arteriovenous malformations. J
Neurosurg 77: 1-8, 1992

3) Kondziolka D, Lunsford LD: Radiosurgery of meningiomas.
Neurosurg Clin N Am 3: 219-230, 1992

4) Brenner DJ, Hall EJ: Fractionated high dose rate versus low dose
rate regimens for intracavitary brachytherapy of the cervix. Br
J Radiol 64: 133-141, 1991

5) BAREZ, PRAR, AREE], fib: MERREOMGRIE
7L RRARTE ] — R & M R O i — . RS AS
40 : 651-656, 1995

6) Lea DE, Catcheside DG: The mechanism of the induction ra-
diation of chromosome aberrations in tradescantia. J Genet 44:
216-245, 1942

7) Barendsen GW: Dose fraction, dose-rate and iso-effect relation-
ships for normal tissue responses. Int Radiat Oncol Biol Phys
8: 1981-1997, 1982

8) Fowler JF: The linzar-quadratic formula and progress in frac-
tionated radiotherapy. Brit J Radiol 62: 679-694, 1989

9) Dale RG: The application of the linear-quadratic model to frac-
tionated radiotherapy when there is incomplete normal tissue
recovery between fractions per day. Brit J Radiol 59: 919-927,
1986

26

10) Dale RG, Huczkowski J, Trorr KR: Possible dose-rate depen-
dence of recovery kinetics as deduced from a preliminary analysis
of the effects of fractionated irradeation as varying dose-rate.
Brit J Radiol 61: 153-157, 1988

11) Fowler JF: Brief summary of radiobiclogical principles in frac-
tionated radiotherapy. Semin Radiar Oncol 2: 16-21, 1992

12) Withers HR,, Taylor MG, Maciejewski B: The hazard of accel-
erated tumor clonogen repopulation during radiotherapy. Acta
Oncol 27: 131-146, 1988

13) Larson DA, Flickinger JC, Loeffler JS: The radiobiology of
radiosurgery. Int J] Radiat Oncol Biol Phys 25: 557-561, 1993

14) Hall EJ, Brenner DJ: The radicbiclogy of radiosurgery: Ratio-
nale for different treatment regimens for AVMs and malignan-
cies. Int J Radiat Oncol Biol Phys 25: 381-385, 1992

15) Brenner DJ, Martel MK, Hall EJ: Fractionated regimens for ste-
reotactic radiotherapy of recurrent tumors in the brain. Int ] Radiat
Oncol Biol Phys 21: 819-824, 1991.

16) Ak Wiz, BU @, B FIRE, il Linac radiosurgery sys-
tem % FH\ 2 7zstereotactic radiotherapy Dt — /3 EIBRGT A o &
=MDV TO—BE—. B MBEHREE 1 13-
117, 1997

17) Lo YC, Ling CC, Larson DA: The effect of setup uncertainties
on the radiobiological advantage of fractionation in stereotac-
tic radiotherapy. Int J Radiat Oncol Biol Phys 34: 1113-1119,
1996

HAREN S $58% o



