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EVALUATION OF IRRADIATION CONDITIONS FOR PROTON
RADIOTHERAPY

Tetsuo INADA*!, Yoshihisa TAKADA*? and Yukio TATENO*?

(Received 4 February 1993, accepted 14 September 1993)

Abstract Depth dose distribution of a proton beam with the best quality has been calcu-
lated for a small field. The normal tissue dose around a target irradiated by a proton beam
was estimated based on irradiation conditions for a few typical cases of small lung cancer
treated by multi-portal irradiation. The surface dose at each port was estimated to be below
10% of the maximum dose when 6 portal irradiations doses were applied to a target smaller
than 3 cm in diameter. However the relative dose averaged for a “dose increasing region” was
calculated to exceed 10%. Rusults indicate the need for a precise rotational irradiation system
when designing a dedicated proton radiotherapy facility.
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Fig. 2. Typical Bragg curves of proton beams with various energies and energy spread (AE/E)
of £0.3%. The Bragg curve with broad peak is that for proton beam in the present use at
PMRC with energy spread of +2.4%.
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Fig. 3. Bragg curves of spread-out peak of 2 cm width for various proton ranges.
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Table 1. Peak/plateau dose ratio and 90-10% Table 3. Percentage depth dose for the proton
dose falling distance for the proton beam beam with various SOBP width and
with 2 cm SOBP and several ranges in water 30 cm range in water
. 90-10% fallin SOBP Width [cm]
Rang in water  Peak/plateau distance g Depth [cm] 1.0 20 30
fem] ratio [mm]
0 33.0 40.0 46.6
30 2.5 5.8 2 330 40.0 46.6
25 25 5.4 4 33.0 40.2 46.6
20 25 5.3 6 330 40.3 46.6
15 23 53 8 330 40.4 470
10 22 5.2 10 332 40.7 473
12 335 41.3 47.8
14 34.0 41.7 48.7
16 34.8 42.6 50.0
Table 2. Peak/plateau dose ratio and 90 to 10% 18 358 439 51.6
dose falling distance for the proton beam 20 374 46.2 54.3
of 16 cm range in water 21 38.6 47.6 56.3
Peak width Peak/plateau  90-10% falling 22 39.6 49.3 58.1
[cm] ratio distance 23 414 314 612
24 437 55.6 65.4
1.0 3.0 37 25 46.0 58.6 71.5
2.0 24 4.7 26 50.6 64.5 81.5
30 2.1 6.0 27 57.2 57.5 100
28 71.5 100 100
29 100 100 100
30 50.0 50.0 45.0
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Fig. 4. Bragg curves of spread-out peak of 1,2 and 3 cm width for proton beam of 30 cm
range in water.
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Table 4. Relative surface dose for multiportal
irradiation on various target sizes

Upper lung tumor

Target size 4 portal S portal 6 portal
o] e e
1 10.6 8.5 7.1
2 12.9 10.3 8.6
3 14.6 11.6 9.7
Middle lung tumor
1 9.9 7.9 6.6
2 12.0 9.6 8.0
3 14.0 11.2 9.3
Lower Inug tumor
1 10.6 8.5 7.1
2 12.8 10.3 8.6
3 14.4 11.6 9.6

Table 5. Relative DIR dose [%] for
multiportal irradiation on various target sizes

Target size

[em] 4 portal S portal 6 portal
1 17.0 13.6 11.3
2 18.3 14.6 12.2
3 19.0 152 12.7
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