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Dosimetric effects of systematic setup errors on hippocampus sparing prophylactic cranial

irradiation

WANG Pan, CHEN Junjie, ZHAO Ting, YANG Wanfu, KONG Wei, YE Hongqiang, SHANG Jun
Department of Radiotherapy, Cancer Hospital, General Hospital of Ningxia Medical University, Yinchuan 750004, China

Abstract: Objective To investigate the effects of different systematic setup errors on the dose distribution in hippocampus
sparing prophylactic cranial irradiation for lung cancer. Methods A total of 20 lung cancer patients were randomly selected,
and all of them received hippocampus sparing prophylactic cranial irradiation. The systematic setup errors of 1, 3 and 5 mm
in three-dimensional 6 directions were simulated by moving the isocenter of the treatment plan in treatment planning system,
respectively; and then the dose distributions of the generated plans with different systematic setup errors were recalculated
without flux calculation. Under different systematic setup errors, the changes of dose distribution in target area and organs-
at-risk to systematic setup errors were analyzed, and the sensitivity of dosimetric parameters of target areas and organs-at-risk
were discussed. Results The mean dose deviation of CTV Dy, did not exceed 2% in the 6 directions with the systematic setup
errors of 1, 3 and 5 mm. The significant dose variation of CTV D,, was only found in inferior direction (systematic setup error
of 1 mm), in superior and inferior directions (systematic setup error of 3 mm), and in superior, inferior and posterior
directions (systematic setup error of 5 mm) (all P<0.05). When the systematic setup error was 1 mm, the mean dose deviation
of the hippocampus was greater than 3% in left-right and superior-inferior directions. With the systematic setup error of 3 mm

and 5 mm, the mean dose deviation of the hippocampus was more than 10% in the 6 direction. Except for the hippocampus
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dose deviation in posterior direction under the systematic setup error of 1 mm (£>0.05), the hippocampus dose deviations

were statistically significant (P<0.05). When the systematic setup error was 1 mm, the proportions of the dose deviations
greater than 5% for hippocampus, left and right eyeballs and left and right lens were 26.19%, 26.20%, 26.19%, 10.71% and
17.86%, respectively. When the systematic setup error was 3 mm, the proportions of the dose deviation greater than 10% for
hippocampus, left and right eyeballs, left and right lens and left and right optic nerve was 97.62%, 69.05%, 66.67%, 30.95%,
25.00%, 1.19% and 3.57%, respectively. Both target area and the hippocampus had the highest error sensitivity in superior-

inferior direction. Conclusion Systematic setup error has little effect on CTV dose distribution, and the PTV formed by CTV

with an expansion of 3 mm is adequate to ensure that the target area receives sufficient prescription dose. Organs-at-risk,

especially the hippocampus, eyeball and lens, are particularly sensitive to systematic setup error. The larger the error is, the

greater the effect on the dose distribution is. Therefore, in treatment practice, it is necessary to strictly control the setup error,

especially the setup error in superior-inferior direction.

Keywords: hippocampus; prophylactic cranial irradiation; systematic setup error; dose distribution
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Tab.1 The mean percent dose deviation of CTV Dy,(%)

BIR P 7 i Ji i H
1 mm -0.22+0.82  -0.20£0.89 0.29+1.00 -0.48+1.09 -0.17+1.08 -0.28+0.91
3 mm -0.15+0.88 -0.11+0.78 1.09+1.06 -1.20+1.04 -0.03+0.83 -0.46+0.86
5 mm -0.18+0.89 -0.05£0.77 1.13x1.49 -1.68+1.40 0.16£0.71 -0.56+0.91
P H 0.31 0.52 0.04 0.30 0.21
P,{H 0.61 0.54 0.00 0.98 0.05
PyfH 0.54 0.67 0.00 0.32 0.01
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Tab.2 Mean percent dose deviation of the hippocampus between simulation plan and

normal plan (%)

AR %= 1 e JiEh g G
I mm 3.50+2.44 3224379 3.8243.10 4724202 2.92+1.72  1.00£2.36
3 mm 18.4243.62 18.16+7.09 24.45+8.44 25.11+5.76 12.78+9.58 11.90+2.48
5 mm 42.2546.20 42.40+8.77 57.84+14.49 59.52+10.16 34.89+6.06 30.82+4.29
P fH 0.00 0.00 0.00 0.00 0.00 0.13
Py 0.00 0.00 0.00 0.00 0.01 0.00
P, fH 0.00 0.00 0.00 0.00 0.00 0.00
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Tab.3 Probability of organs—at—risk dose deviation(%)
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1 mm 5 57.14 26.19 0.00
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AR 32.14 17.86 0.00
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L7 76.19 58.33 26.19

M- 76.19 55.95 23.81

M2z 41.67 22.62 238
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