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Effect of shoulder position shift on radiotherapy for head and neck cancer
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ABSTRACT To analyze the dosimetric effects of shoulder position shift on target volumes and organs at risk
(OARs) during radiotherapy for head and neck cancer, 14 patients with different types of head and neck cancer were
selected. Based on original positioning CTs (0-CTs), the shoulder position was moved toward the superior inferior
(SI) direction, anterior posterior (AP) direction, and the left right (LR) direction by 3 mm, 6 mm, and 15 mm, then
252 new CTs (n-CTs) were produced. After setting the movement, the new adipose tissue density was set to 1 g/cm’,

and the movement of the bone tissue was also considered. The original plan (o-plan) on the o-CT was copied to the n-
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CTs and recalculated to obtain 252 new plans (n-plans). The differences between the o-plan and n-plan target
volumes and OARs in field-fixed intensity modulated radiotherapy and the volumetric modulated arc intensity
(VMAT) were studied, and the dose changes of the target volume D,,,, and spinal cord D, were compared with the
movement of the shoulder position. It was proved that the effects of the shoulder position shift on the target volume
and OARs for head and neck cancers are substantial, especially a 15 mm shift toward the superior direction had the
greatest influence, reaching 4.16% (VMAT). The closer the target area is to the shoulder, the more serious the
impact. The spinal cord dose increased greatly, reaching a maximum of 72.8 cGy, 100 cGy and 212 ¢Gy (VMAT),
respectively, for shift of 3 mm, 6 mm, and 15 mm towards the inferior direction. The o-plan and p-plan were
analyzed using a 3D vy passing rate (3%/3 mm), that was more than 95% except for the 15 mm shift towards the
superior direction. Radiotherapy technicians should pay attention to ensure that the shoulder is lightly touching the
thermoplastic mold during radiotherapy positioning for head and neck tumors to prevent patients from shrugging
their shoulders. The OAR dose limit should be considered in the planning design, and a sufficient margin should be

left to prevent the excessive dose caused by the positioning.

KEYWORDS Shoulder position shift, Head and neck tumor, Radiotherapy, Target volume, Organs at risk
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Table 1 Basic information of 14 head & neck cancer patients

95 JEE R BUTIT REXRR K757 1 Gy 733
No. Cancer type RT type Target type Prescription dose TNM staging
pl %35 Larynx cancer IMRT PTV4 50.00 T3N2MO
p2 & Tongue cancer IMRT PTV4 50.14 T3N1IMO
p3 I J% Larynx cancer VMAT PTV3 60.00 T3N2MO
p4 ¥ Tongue cancer VMAT PTV4 50.00 T2N1MO
p5 ¥ Tongue cancer IMRT PTV3/4 59.36/50.96 T3N2MO
poé ¥ Tongue cancer IMRT PTV1/2/3 69.96/69.96/59.40 T2N2MO
p7 T HE ¥ Hypopharynx cancer VMAT PTV3/4 60.00/54.00 T2NOMO
p8 %9 Larynx cancer VMAT PTV1/3 69.96/59.40 T3N1IMO
p9 £ 7Y% Nasopharynx cancer IMRT PTV1/2/3/4 69.96/64.00/60.06/54.12 T3N2MO
pl0 1K Nasopharynx cancer IMRT PTV1/3/4 69.96/59.40/54.12 T3N1IMO
pll EL Y Nasopharynx cancer IMRT PTV1/2/3 69.96/69.96/60.72 T2N2MO
pl2 % Larynx cancer VMAT PTV1/3/4 69.96/59.40/54.12 T3NIMO
pl3 E.1HJ# Nasopharynx cancer VMAT PTV1/3/4 69.96/59.40/54.12 T2N2MO
pl4 K% Nasopharynx cancer VMAT PTV1/2/3/4 69.96/69.96/59.40/50.16 T2N2MO
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Fig.1 Shoulder position shift statistics
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2 R ER D) (a) R IT RS (0)F P J51A 5 (c)# S
J7 M #35)
Fig.2 Shoulder position shift: (a) in the direction of R; (b) in
the direction of P; (c) in the direction of S
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(c) Shoulder influence to PVT3 D,

I we . all

T T

|
|
|
|

I
I
- I
I
H
i}

SRR B 11 L

. mmp5-IMRT  mmmp7-VMAT
p6-IMRT ==mp8-VMAT

mm P9-IMRT p12-VMAT

mm p10-IMRT = p13-VMAT

= p11-IMRT mmm p14-VMAT
p3-VMAT

R-15 R-6 R-3 L+3 L+6 L+15A-15 A-6 A-3 P+3 P+6 P+15S-15S-6 S-3 [+3 [+6 [+15

Shoulder shift distance / mm

T

Shoulder influence to PVT4 D,

p1-IMRT
wm p2-IMRT
mm p5-IMRT
== p9-IMRT
wm p10-IMRT

2 p4-VMAT ¥
mm p7-VMAT

e=2 p12-VMAT
=13 VMAT
== p14-VMAT

R-15 R-6 R-3 L+3 L+6 L+15A-15 A-6 A-3 P+3 P+6 P+15S-15S-6 S-3 [+3 [+6 [+15

Shoulder shift distance / mm

B3 JEBEA BN PTVI (a) PTV2 (b)-PTV3 (c)F1 PTV4 (d) D, IR G € WL 25D
Fig.3 Effect of shoulder position movement on PTV1 (a), PTV2 (b), PTV3 (c) and PTV4 (d) D,,, (color online)
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Fig.4 Spinal cord maximum dose variation (color online)
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K2 JABEES))E n-plan 5555 o-plan 71l v B %R

Table 2 vy passing rate of n-plan and o-plan after shoulder movement (x (5),%), 3%/3 mm

bpig 1% 3) #% 2 PE 5 Shift distance / mm

773 Radiotherapy type /717 Shift direction ~ —15 -6 -3 3 6 15

IMRT RL 982(12) 989(1.0) 989(1.1) 98.7(1.1) 98.5(13) 98.1(1.2)
AP 964(12)  98.7(0.9) 99.4(0.9) 99.6(0.9) 98.8(0.9)  96.8(1.3)
SI 947(1.5)  98.5(0.8) 99.4(0.8) 993(1.1) 98.8(12)  963(1.5)

VMAT RL 984(0.7) 988(0.9) 98.7(0.7) 99.3(0.9) 99.1(0.9)  98.5(0.7)
AP 96.7(0.8)  98.8(0.6)  99.2(0.7)  99.1(0.9)  98.6(0.6)  97.1(0.8)
ST 94.1(2.1)  97.5(1.3)  98.4(12) 98.7(1.1) 983(13)  96.5(1.9)

T BRAEERRRS AT ERHERLIP I .

Note: Negative numbers in the table represent R, S and A directions; positive numbers represent the L, I, and P directions.
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