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LATE DAMAGES ASSOCIATED WITH HIGH-DOSE RATE INTRALUMINAL
BRACHYTHERAPY AND RADIATION THERAPY TREATING ONLY ONE FIELD
EACHDAY
—ANALYSIS BY THE LINEAR-QUADRATIC MODEL (NTD-2 GY)—

Yasumasa NISHIMURA
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Abstract: Purpose: Late radiation damages associated with high-dose rate intraluminal
brachytherapy (HDR-IBT) and external radiotherapy (RT) were analyzed using the linear-
quadratic (LQ) model.

Materials and Methods: Normalized total dose at a fraction size of 2 Gy (NTD-2 Gy) was
calculated using the LQ model. The «/ 3 ratio for the central nervous system was assumed to
be 1 Gy or 2 Gy, while the «/ 3 ratio for the other tissues was assumed to be 3 Gy.

Results: NTD-2 Gy at the esophageal mucosa was 142 Gy when HDR-IBT (12 Gy/2 fractions)
were given using a centering device of 10 mm in diameter following external RT of 60 Gy/30
fractions. When the same dose-fractionation was given using a centering device of 20 mm, NTD-2
Gy decreased to 110 Gy. The adverse effect of external RT treating of only one field each day was
evaluated. NTD-2 Gy of several critical organs increased 4-5% when only one field was treated
each day compared to that when two fields for parallel-opposed fields were treated each day.
Conclusion: Calculations of NTD-2 Gy were easy to perform, and NTD-2 Gy is very
comprehensive for radiation oncologists. NTD-2 Gy provides a good clue for comparing
different fractionations of HDR-IBT and external RT.
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Table 1 NTD-2 Gy of esophageal mucosa for high-dose rate intraluminal brachytherapy ( « / 3 =3 Gy)

Applicator diameter Dose at ref. point* mucosal dose** 1fr 2fr 3fr 4 fr
10 mm 6 Gy 12.9 Gy 41.0 82.0 123.1 164.1
5Gy 10.8 Gy 29.6 59.1 88.7 118.3
4 Gy 8.6 Gy 20.0 39.9 60.0 79.8
3Gy 6.5 Gy 122 244 36.6 48.8
2 Gy 4.3 Gy 6.3 12.6 18.8 25.1
15 mm 6 Gy 10.8 Gy 29.8 59.6 89.4 119.2
5 Gy 9 Gy 21.6 43.2 64.8 86.4
4 Gy 7.2 Gy 14.7 294 44.1 58.8
3Gy 5.4 Gy 9.1 18.4 27.2 36.3
2 Gy 3.6 Gy 4.8 9.5 14.3 19.0
20 mm 6 Gy 9.7 Gy 247 49.5 74.2 98.9
5 Gy 8.1 Gy 18.0 36.0 539 71.9
4 Gy 6.5 Gy 123 24.6 36.9 49.1
3Gy 4.9 Gy 7.6 153 229 30.6
2 Gy 32 Gy 4.0 8.1 12.1 16.2
Notes:

NTD-2 Gy; normalized total dose at a fraction size of 2 Gy, assuming « / 3 =3 Gy for late damage of the esophagus.
*; The reference point for dose calculation was at a distance of 5 mm from the applicator surface.

**. The geometrically optimized dose distributions were calculated using a software program for a high-dose rate
brachytherapy unit containing a 370 GBq 192Ir source. It was assumed that the esophageal mucosa was located at the

surface of the intraluminal applicator.
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Fig. 1a, b Dose distribution at the thoracic region. Field
size was 10X 10 ¢m, and the depth of
isocenter was 8 cm from the skin surface. A
fraction of 2 Gy was delivered to the isocenter
with 6 MV X-ray beams from anterior (a) and
posterior (b). The dose at the spinal cord
given by the anterior beam was 1.6 Gy, while
that given by the posterior beam was 2.5 Gy.

A3 & 1 2.05X25X(242.05)/(2+2)=51.9 Gy & =2 5.
THIMRS T, 1H2MBH IR L THEO
NTD-2 Gyid52%3¥ T % (a/B=2).

3. BRI F2PI R
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Fig. 2a, b Dose distribution at the pelvic region. Field
size was 12X 12 c¢m, and the depth of
isocenter was 10 cm from the skin surface. A
fraction of 2 Gy was delivered to the isocenter
with 6 MV X-ray beams from anterior (a) and
posterior (b). The dose at the small intestine
just below the abdominal wall given by the
anterior beam was 2.7 Gy, while that given by
the posterior beam was 1.4 Gy.
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Fig. 3 Dose distribution at the brain. Field size was
18 X 15 cm, and the depth of isocenter was 7.5
cm from the skin surface. A fraction of 2 Gy
was delivered to the isocenter with 6 MV X-ray
beam from the left. The dose at the temporal
lobe given by the beam from the left was 2.6 Gy,
while that given by the beam from the right was
1.5 Gy.
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