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Theoretical Considerations of Dose-rate Effect
for Clinical Application:
A study of pulsed brachytherapy

Naoyuki Shigematsu'’, Hisao Ito"’,
Atsushi Kubo" and Takushi Dokiya®’

Pulsed brachytherapy is starting to be used for patients with
various kinds of carcinoma, in the expectation of fair treat-
ment results without increasing the late radiation-induced
damage. We calculated the early and late biologically ef-
fective dose (BED)of this modality to predict early and late
radiation damage based on the linear-quadratic model (L-Q
model). The way to set the values of o/B and p (factor of
repair) in the L-Q model remains controversial. The value
of a/B has been fixed at 3Gy for the late effect and 10Gy
for the early effect in recent studies. In this study, we ap-
plied these «/8 values to calculate the BED, however, the
effects of its alteration ranged from 0.5Gy through 15Gy on
BED were also analysed. We assumed = 0.5(T1/2=1-
2hours) in this study, but we also tried to examine the ef-
fects of its variation. Our results indicate that pulsed
brachytherapy is a safe treatment procedure even if the dose-
rate ranges from 1Gy/hr through 100Gy/hr, but the fraction-
ation number should be increased when using a very high
dose rate. Pulsed brachytherapy should be applied cautiously
for tissues with a small w value, such as the spinal cord, be-
cause an extremely high late BED would be expected in such
cases.
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Fig.2 Biologically effective dose of pulsed brachytherapy using
three different dose rate (100, 10, 1 Gy/hr) as a function of the
fraction number. Curves are drawn for values of &/ = 3Gy and

/B = 10Gy. Total dose and over all treatrment timeare fixed as
70Gy/140hr and w varue is supposed to be 0.5.
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Fig.1 lllustrating the concept of replacing continuous low dose-
rate brachytherapy byseries of short pulses. The pulse length is
adjusted to maintain the average dose rate as0.5Gy/hr and over-
all treatment time for a given total dose remains fixed.
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Fig.3 Total doses to be irradiated by pulsed brachytherapy (6
fractions) to achieve the same biologically effective doses as con-
tinuous low dose rate schedule (70Gy/140hrs)are shown as a
function of dose rate used. Curves are drawn for values of a/3 =
3Gy and «/B8 = 10Gy. Overall treatment time is fixed as 140hrs
and p value is supposed to be 0.5.
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Fig.4 Biologically effective dose of continuous low dose rate ir-
radiation (70Gy/140hrs) as a function of . value. Curves are drawn

for values of a/B = 3Gy and /8 = 10Gy.
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