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Effects of robust optimization parameters on radiation dose in proton radiotherapy for

localized prostate cancer
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Abstract: The effects of different robust optimization parameters on the doses to organs-at-risk (OAR) and the clinical target
volume (CTV) in proton therapy plans for localized prostate cancer are explored for identifying the optimal robust
optimization parameters. A retrospective analysis is conducted on 10 cases in which proton plans with a total dose of 76 Gy
delivered in 38 fractions are designed. In robust optimization, uncertainties of 3.5% in range and setup errors of 3, 5 and 7
mm are considered. After being grouped by setup errors, 3 groups of plans are obtained. The effects of setup errors on the
doses to CTV and OAR are analyzed, and the robustness of the CTV dose is assessed, including the worst-case values of
dosimetric parameters and the passing rates under different scenarios. The results show that as the setup error increased, the
doses to OAR tended to rise. Compared with the 3 mm plan group, the 5 mm and 7 mm plan groups experience increases of
1.99% and 5.15% in rectal V,, 3.71% and 10.01% in rectal V, 0.93% and 2.55% in bladder V., and 1.71% and 5.27% in
bladder V,,, respectively; similar patterns are observed for the doses to sigmoid colon and bulbous urethra, and the
differences are statistically significant (P<0.05). In robustness analysis, the CTV D,, in the 5 mm and 7 mm plan groups
increases by 0.68 Gy and 0.95 Gy as compared with the 3 mm plan group, with passing rates improving by 7.2% and 9.6%,
respectively (passing criterion: Dy, receives at least 100% of the prescribed dose), with significant differences (P£<0.05).

Considering both OAR dose and CTV robustness, the setup error of 5 mm is found to be a reasonable choice for robust
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optimization in proton therapy plans for localized prostate cancer, as it can effectively balance the enhancement of CTV dose

robustness with the control of dose escalation to OAR.

Keywords: prostate cancer; proton therapy; robust optimization; setup error; dosimetry
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Table 1 Dosimetric parameters of CTV and OARs for 3 groups

2E Wi H 3 mm 5 mm 7 mm
CTV D, /Gy  75.75¢0.09  75.77+0.07  75.71%0.19
D, /Gy  76.22+0.24 76244024  76.25+0.21
D/Gy  78.57#0.26  78.66+0.30  78.72+0.26*
HI 1.023+£0.004  1.026£0.005  1.027+0.005*
CI 0.56£0.07  0.53+0.08*  0.49+0.09*
HI V%  9.12+1.61  11.11£1.44*%  14.27+£2.97*
V%  32.58+432  36.29+4.16*  42.59+4.05*
D, /Gy 78.50+0.41  78.88+0.36*  78.91+0.39
53 e Vo /%  7.61+1.04  8.54+£1.50%  10.16+2.77*
V% 22254569  23.96+5.80*%  27.52+6.26*
D, /Gy 78.86+0.82  78.90+0.84  79.29+0.86*
Mgk D, /Gy 23.45£2.16  23.89+2.00%  24.55£1.66*
D /Gy 3558+434  36.60+5.66  36.73+6.30

JRIEHRE D, /Gy
RSl D, /Gy

31.79+£13.33  35.09+11.00*  40.26+8.30*
31.20+14.03 34.23+15.10% 46.57+11.89*

53 mm R4 LS, *P<0.05
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5.15%.10.01%, 22 5+ ¥ A Gt 78 L (P<0.05) . 341
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Figure 2 Box plots of various dose parameters for CTV in the worst—case scenario
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Table 2 Passing rate of robustness plan for 3 groups of setup errors (%)

T T AR i
3 mm 5 mm 7 mm
TV (a):Dys = 95% of D, 100.00+0.00 100.00-£0.00 100.00+0.00
(b):Dys = 100% of D 58.40+11.97 65.60+£12.31* 68.00+£10.00%*

53 mm R4 F L, *P<0.05
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