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Effects of head and neck positioning errors and external contour changes on radiation dose in

radiotherapy for nasopharyngeal carcinoma
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1. Department of Oncology, the First Affiliated Hospital of University of South China, Hengyang 421001, China; 2. School of Nuclear
Science and Technology, University of South China, Hengyang 421001, China

Abstract: Objective To acquire the external contour changes and positioning errors during fractionated intensity-modulated
radiotherapy for nasopharyngeal carcinoma using kilovoltage cone-beam computed tomography (CBCT), and to analyze
their effects on the dose distributions in target areas and organs-at-risk. Methods Twenty-one patients with nasopharyngeal
carcinoma were enrolled in the study, and the positioning errors in the left-right, superior-inferior and anterior-posterior
directions were obtained by matching 137 CBCT images with the positioning CT images. The transverse width of the external
contour was measured at 3 different layers of the neck, and its effects on positioning errors were analyzed using Pearson's
coefficient and independent sample #-tests. Additionally, simulation plans based on CBCT images were created to analyze the
effects of positioning errors and external contour changes on radiotherapy dose, with Mann-Whitney U tests applied for
significance analysis. Results The positioning errors in the left-right, superior-inferior and anterior-posterior directions were
(1.04£0.73), (1.13+0.87) and (1.38+0.95) mm, respectively. The rates of external contour changes at the A, B and C layers of
the head and neck were 15.36%, 14.94% and 14.99%, respectively. Compared with executed plans, simulation plans had

lower GTV Dy, CTV1 Dy and CTV2 Dy, (P<0.05), and higher D, for the brainstem and spinal cord (P<0.05). Conclusion

The simulation plans indicate that the presence of uncertainties such as positioning errors and external contour changes will
significantly affect dose distributions in target areas, with the largest decrease observed in GTV Dy, (11.49%) and the
maximum change rates in CTV1 Dy and CTV2 D, being 12.88% and 21.64%, respectively. Except for the left and right

lenses and left parotid gland, significant differences are observed in the doses for the other organs-at-risk and target areas,
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suggesting that positioning errors and external contour changes in actual radiotherapy will exert significant effects on dose

distributions.

Keywords: nasopharyngeal carcinoma; intensity-modulated radiotherapy; cone-beam computed tomography; external

contour; positioning error
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Figure 1 Transverse, coronal, sagittal planes of the head and neck
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Figure 2 Scatter plots of positioning errors
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Figure 3 Variations of positioning errors over time
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Figure 4 Average external contour change rate varies with weeks
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Table 1 Positioning errors of A, B and C layers in different directions

Zi A LAEMRZE/mm  HASRE2E/mm  PH
v 1.13+0.80 0.96+0.71 0.235
A 3k 1.02+0.87 1.39+0.89 0.029
JE s 1.26+0.93 1.65+0.97 0.026
sl 1.10£0.78 0.97+0.72 0.411
B KA 1.07+0.81 1.60£0.93 0.003
i 1.37+0.98 1.53£0.90 0.433
el 1.10£0.74 0.91+0.75 0.272
C K 1.11+0.86 1.55+0.86 0.036
Ji s 1.39+1.03 1.60+0.85 0.400
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Figure 5 Boxplot of dose change rates for target areas and

organs—at-risk
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Table 2 Comparison between planned dose and simulated

planned dose

FlEESE HIRIR/Gy  BERLRIFIR/Gy P
GTV Dy, 70.38+1.62 68.01£2.47 0.001
CTV1 Dy, 64.14=1.48 61.17+2.59 0.001
CTV2 D, 55.65+0.78 50.55+3.46 0.001
[T D, 55.1543.36 62.87+6.74 0.001
FH8 D 40.63+1.53 45.2745.67 0.001
FEMEAE D 35.47+4.00 37.28+7.19 0.282
F AR D, e 34.13+1.89 30.80+4.51 0.003
LR D, 6.95+2.21 6.69+2.95 0.492
HEED,,, 6.73+2.30 6.78+2.55 0.868
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SR HOME AR/, 51 ER OAR T 32 7] 4 /55 IF
L DX RS R B AN R I O R Y A R AR
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YRR BRI Sk By T R R 25 5 3 AN 2 T I NS 5T
A AL R B —E (A e, HA B .C 21 L H L
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