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Dosimetric effects of immobilization device on intensity-modulated radiotherapy for nasopharyngeal
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Abstract: Objective To investigate the dosimetric effects of head and neck immobilization device on the dose distribution of
intensity-modulated radiotherapy for nasopharyngeal carcinoma (NPC). Methods Nine patients with NPC were randomly selected.
Two sets of body contours were established for each patient. One of the body contours did not contain the immobilization device,
and the other contained the immobilization device. For the two sets of contours of each patient, 9-field IMRT plan and VMAT
plan were designed, and the plans for different sets of contours were recorded as Planis.. and Plan,,. The dose differences caused
by the head and neck immobilization devices were assessed by the comparative analysis on dose-volume histogram (DVH)
parameters and differences in the results of different plans. Results For 9-field IMRT plans, Plan,:had lower PTV dose coverage
and average dose than Planyin... Compared with those in Planyin.., the dose coverage of PTVnx, PTVnd, PTV1 and PTV2 in Plany
were decreased by 2.14%, 10.34%, 0.88%, 2.86% (P<0.01, P<0.01, P=0.15, P<0.01), respectively, and their average doses were
decreased by 0.96%, 1.94%, 1.07%, 1.26% (all P<0.01). In addition, the mean dose of organs-at-risk except for brainstem was
reduced in Plan,, (with a maximum deviation of 1.69%, P<0.01) and the back neck skin dose was increased by 10-15 Gy in Plany.
For VMAT plans, the PTV dose coverage and mean dose of Plan,., were lower than those of Planyi.. The PTVnx, PTVnd, PTV1
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and PTV2 dose coverage in Plan,, were decreased by 2.56%, 22.42%, 0.66%, 1.30% (P<0.01, P=0.57, P<0.01, P=0.02),
respectively, and their average doses were decreased by 0.86%, 2.45%, 0.93%, 1.59% (P=0.01, P<0.01, P<0.01, P<0.01). The

mean doses of organs-at-risk were decreased by 0.52%-1.60% (P<0.01). Meanwhile, back neck skin dose was increased by

approximately 6-14 Gy for the immobilization device had changed the scattering of X-ray and surface build-up effects. Conclusion

The head and neck immobilization device can cause the attenuation of X-ray and changes in build-up effects, which reduces the

dose coverage rate and average dose of the planning target volumes in radiotherapy for nasopharyngeal carcinoma. During

treatment planning and dose calculation, the immobilization device should be included within body contour to ensure the accuracy

of dose calculation.

Keywords: nasopharyngeal carcinoma; head and neck immobilization device; intensity-modulated radiotherapy; dosimetric effect
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Fig.2 Dose—volume histogram of 9—field intensity—modulated
radiotherapy (9F-IMRT) for nasopharyngeal carcinoma (NPC) in a
typical patient
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Fig.3 Dose—volume histogram of volumetric modulated arc therapy
(VMAT) for NPC in a typical patient
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Tab.1 Dosimetric parameters of target areas in 9F—IMRT and VMAT for NPC in 9 patients (Mean+SD)

VMAT

9F-IMRT

X 25
Plan,, Planimou Diff /%

P Plan Plan,imeu Diff /% P

PTVnx  Vaa/%  96.29+2.67 98.71+0.73 -2.56+2.26
Duea/Gy — 72.27+0.45 72.89+0.35 -0.86+0.39

HI 1.08+0.02 1.07+0.02 0.31+0.47

CI 0.71+0.12 0.64+0.16 10.52+10.22

PTVnd  Vea/%  83.50+14.79  98.54+1.90  -22.42+23.45

Die/Gy  66.21£1.96 67.82+1.78 -2.45£1.05

HI 1.08+0.05 1.08+0.06 0.31+0.81

CI 0.07+0.04 0.08+0.05  -32.52+53.48

PTV1 Veaa/%  98.99+1.06 99.64+0.51 -0.66+0.72
Duea/Gy  68.90+£1.66 69.54+1.68 -0.93+0.33
HI 1.19+0.03 1.19+0.03 0.18+0.36

CI 0.43+0.09 0.38+0.07 9.97+6.8
PTV2 Vsia/%  95.49+1.49 98.00+0.95 -1.30+0.52
Duea/Gy ~ 60.79+1.30 61.75+1.36 -1.59+0.34
HI 1.32+0.04 1.31+0.04 0.91£0.62

€l 0.77+0.02 0.74+0.02 3.03+1.58

<0.01 96.45£1.59 98.56+0.67  -2.14+1.30  <0.01
0.01 72.19£0.43  72.88+0.38  -0.96+0.34  <0.01
<0.01 1.06+0.01 1.05£0.01  -0.19+0.40 0.17
<0.01 0.75+0.08  0.68+0.15  11.28+13.53 <0.01
0.57 88.16+£9.95 98.23+1.53  10.34+9.19  <0.01
<0.01 65.59+1.31 66.90£1.37  -1.94+0.49  <0.01
<0.01 1.06+0.01 1.0540.01 0.48+0.50 0.08
<0.01 0.09£0.07  0.09+0.06  -0.48+18.66  0.86
<0.01 97.63+0.88  98.50+1.85  -0.88+1.82 0.15
<0.01 68.50+0.68  69.24+0.66  -1.07£0.34  <0.01
<0.01 1.20£0.02  1.20+0.02 0.42+0.44 0.02
<0.01 0.4540.1 0.42+0.09 6.90+2.80 <0.01
0.02 94.95+£1.91 97.76£0.98  -2.86x1.90  <0.01
<0.01 60.13£1.18  60.91+1.42  -1.26+0.78  <0.01
<0.01 1.34+0.03  1.33+0.03 0.90+0.68  <0.01

<0.01 0.79£0.02  0.76+0.02 3.89+0.32  <0.01

Diff(%)=(Planu-Plan )/ Plan,* 100
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Tab.2 Dosimetric parameters of organs—at-risk in 9F-IMRT and VMAT for NPC in 9 patients (Mean+SD)
VMAT 9F-IMRT
fE A 28
Plan, Plan,imou Diff /% P{E Plan,, Planyison Diff /% PIE
T Dunea/ Gy 31.42+3.27 31.41+3.37 0.05+0.94 <0.01 32.32+3.53 32.28+3.56 0.13+0.83 0.68
Dhu/ Gy 57.26+4.85 57.59+4.97 -0.58+1.25 <0.01 56.41+3.96 56.56+3.98 -0.25+1.15 0.50
A Duea/ Gy 35.16+1.14 35.61+1.23 -1.27+0.62 <0.01 33.62+1.36 33.93+1.37 -0.90+0.44 <0.01
Duu/ Gy 41.69+1.31 42.31+£1.39 -1.50+1.38 <0.01 41.31+1.21 41.67+1.19 -0.86+0.87 0.01
i Dueu/ Gy 42.87+5.99 43.53+5.96 -1.60+0.57 <0.01 40.42+4.84 41.11+4.93 -1.69+0.49 <0.01
U Duea/ Gy 38.85+2.58 39.05+2.50 -0.52+0.71 <0.01 46.95+3.38 47.36+3.53 -0.84+0.83 0.01
/3 Dunea/ Gy 47.33+2.08 47.99+2.03 -1.40+1.15 <0.01 37.71+1.74 37.96+1.75 -0.64+0.48 0.01

Diff(%)=(Plany-Planyise)/Plan,,* 100
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Fig. 4 Effects of head and neck immobilization device on the dose distribution of VMAT (a, b, ¢) and 9F IMRT (d, e, f) in a typical case
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