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Therapeutic Ratio of Fractionated High-
Dose-Rate against Continuous Low-Dose-Rate
Brachytherapy Analyzed by Simulation Model

Hiroshi Sekine, Chihiro Kanehira
and Sachio Mochizuki

In order to establish the standard schedule of '*Ir-HDR.
brachytherapy, it is necessary to determine the optimal time-
dose-fractionation. A new simulation model was used to de-
termine the optimal schedule. This model, which is based
on the LQ-model, includes the effect of incomplete repair
between fractionations. The fraction surviving after irradiation
is expressed as log (surviving fraction)=n (- ax — x> ) -
nBx* ha(0), and the change in fractionation will influence
the value of ha(8). From analysis of this model, the thera-
peutic ratio will approach one if two fractionations (6-hour
and 18-hour intervals) or three fractionations (4-hour, 4-hour
and 16-hour intervals) in a day are carried out for 6 days.
This simulation model will provide an optimal treatment
schedule for turmor control, for example, two daily fraction-
ations of 4.6Gy with 6-hour intervals between the daily frac-
tionations (and 18 hours to the first fractionations of the next
day), 12 fractionations to 55.2Gy in 6 days or three daily
fractionations of 3.3Gy with a 4-hour interval between the
daily fractionations (and 16 hours to the first fractionations
of the next day), 18 fractionations to 59.4Gy in 6 days. Fur-
ther clinical study should be carried out to confirm this simu-
lation.
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Table 1 Continuous repair factor g (ut) of low dose rate therapy
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AEAEHEI, 1B 1 REBETIEH50%THY, 1 H 20
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HiE, 1 H 1 EEESTIX63~66%, 1 H 2 [IMRSCIE73~
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SR, #RERELTHRIIRITI LD AE RSB0 1
H2EF 23 momsz 6 HTHEBETLE(2 BoHs
1356 H) GFIRLIELZVIZ LIGEDOWTL B,

LA T, SElEE % TE 575354505 EER
RBitx BT, “EeEhiBBEELZ LMFETEL, Ly
L, BHIBUGIZ BV CEMi% B iR S BB e 217 - 7235
I, B RS HLER O i AR R PR E %l 2 B 2 S
ZWEIICEFEELZGERE VI & 2 RBET AR T
Hhb.

z =B

¥ 3alb—%a i, Linear-Quadratic(LQ) EF NV %
ElZL7z LQEFIVIIASE 1| [IIRSHEOMIEAEEE % #3
LTWwa7zo, sEBEgHiicH 3 23854, ioBsHi%o

HENTWaB, LIAH, H5EIBEOREHEENT 2
L, ERGFOMIENFEDONTL S, ChEHBET LD
(2, OliverlIPEEMBOBEEEA L7123, I DO0liver DK
%, Thamesi3FHIHRST & (EHRESSEGHAGH ML L 729,

Thames D€ 7V Tl & BSOS HEIE—E L LT
KERDTVEAS, BREHRT
3B MREE 52 5 2 L
IHEETH A, FDDITIE,

Repair Exposure time (day) . S
half time (h) T 5 . Z 5 e : 5 Thames D EF I & & & |2 —f%
" B PLhEEAT =4

05 0.0583 0.0296 0.0198 0.0149 0.012 0.01  0.0085 0.0075 Ly 2LR4DY, ZAW 1’ H
0.75 0.0861 0.0441 0.0296 0.0223 0.0179 0.0149 0.0128 0.0112 1 \l7ZwL 1 B 3 [OREHIZH
1 0113  0.0583 0.0393 0.0296 0.0238 00198 0.017 0.0149 + 2 RSN B B AR
1.25 0.139  0.0723 0.0488 0.0369 0.0296 0.0247 0.0213 0.0186 g e e g
15 0.1641 0.0861 0.0583 0.0441 0.0354 00296 0.0254 0.0223 AR & Z""‘g‘k“ﬁ_ﬁm“
2 02115 0.113  0.0769 0.0583 0.0469 0.0393 0.0338 0.0296 EDEM L, AR TIZE
25 0.2555 0.139  0.0952 0.0723 0.0583 0.0488 0.042  0.0369 H 05 o 1= R % 5 5
3 0.2959 0.1641 0.113 0.0861 0.0695 0.0583 0.0502 0.0441 b g 1 2

4 0.3671 02115 0.1475 0.113 0.0916 0.0769 0.0663 0.0583 T, —RIREROB L2 AT

Table 2 Incomplete-repair factors for BID treatment with appropriate fractionation interval

(Total fractionation = 10)

7z, REHEREH & FEROG B &
OB & 1 HIRBE B

Repair n=10 10 10 10 10 [ & Licas, & - I8 2 $R%0E
halftime (h) At=4 5 6 7 8 BmE e LT RE L2 R
0.5 0.003906 0.0009799  0.0002441  6.104E-5 1.526E-5 Wit L L, aEEEs% <
0.75 0.0248 0.009843  0.003906  0.00155 0.0006156 BB L, EEEREO
0 0.0625 0.03125 0.01563 0.00782 0.003922 " [T

1.25 0.1088 0.06253 0.03595 0.207 0.01199 A 2 K3 1"?* ERRACL2
15 0.1576 0.0994 0.06278 0.3979 0.02545 T, FEHEOREIZIIHEET
2 0.2515 0.1787 0.1275 0.09166 0.06891 BT e v, EEEIE D
25 0.3368 0.2581 0.1991 0.1553 0.1234

.3 . ok

3 0.4161 0.3365 0.2745 0.2268 0.1909 SH B L4.6Gy DI HIREE 6
4 0.5714 0.4966 0.4658 0.3872 0.3492 EeffiRC 1 B 2 [, &8H12 @

n = fractionation number

SERE 8 4E 10 A 25 H

A t = interval between irradiation (h)
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Table 3 Isoeffect dose, dose rate effect, and therapeutic ratio of HDR therapy against LDR therapy
(Repair half time is assumed to be 1.5hr for both late and acute effect)
Fraction/ Treatment Fraction Total dose HDR/LDR Fraction Total dose HDR/LDR Therapeutic
day time(day)  dose(late)(Gy) (late)(Gy) (late)  dose(acute)(Gy) acute(Gy) (acute) ratio
1 5 (5) 6.82 34.10 0.49 8.78 43.90 0.63 0.78
6 (6) 6.12 36.72 0.52 7.74 46.44 0.66 0.79
2 9 (5) 4.68 42.12 0.60 5.71 51.39 0.73 0.82
At =6h 10(5) 4.37 43.70 0.62 5.28 52.80 0.75 0.83
At:=18h 11(6) 4.13 45.43 0.65 4.93 54.23 0.77 0.84
12(6) 3.90 46.80 0.67 4.61 55.32 0.79 0.85
3 15(5) 3.21 48.15 0.69 3.76 56.40 0.81 0.85
Atiz=4h 16(6) 3.10 49.60 0.71 3.59 57.44 0.82 0.86
Ats=16h 17(6) 297 50.49 0.72 3.42 58.14 0.83 0.87
18(6) 2.86 51.48 0.74 3.27 58.86 0.84 0.87
A t = fraction interval a/B=3 (late) /=10 (acute)
Table 4 Isceffect dose, dose rate effect, and therapeutic ratio of HDR therapy against LDR therapy
(Repair half time is assumed to be 3hr for late and 0.5hr for acute effect)
Fraction/ Treatment Fraction Total dose HDR/LDR Fraction Total dose HDR/LDR Therapeutic
day time(day)  dose(late)(Gy) (late)(Gy) (late)  dose(acute)(Gy) acute(Gy) (acute) ratio
1 5 (9) 8.15 40.75 0.58 8.16 40.80 0.58 1.00
6 (6) 7.33 43.98 0.63 719 43.14 0.62 1.02
2 9 (5) 5.29 47.61 0.68 5.36 48.24 0.69 0.99
Ati=86h 10(5) 4.92 49.20 0.70 4.96 49.60 0.71 0.99
At==18h 11(8) 4.68 51.48 0.74 4.61 50.71 0.72 1.02
12(6) 4.41 5292 0.76 4.32 51.84 0.74 1.02
3 15(5) 3.54 53.10 0.76 3.63 54.45 0.78 0.98
Atiz=4h 16(6) 3.36 53.76 0.77 3.44 55.04 0.79 0.98
Ats=16h 17(6) 3.23 54.91 0.78 3.28 55.76 0.80 0.98
18(6) 3.17 57.06 0.82 3.13 56.34 0.80 1.01

A t= fraction interval /=3 (late)

B, 33GynsElE % 4 BT 1 B 3 [, &8
[ T59.4Gy% 6 HETHET A2 Rk ENEZONS, &
DL IEHHEIC BV CEME LA, BEs
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a/B=10 (acute)
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