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ABSTRACT Analysis of the positioning immobilization effects of head-neck-shoulder mask, thoracic-abdominal
board, and neck-thorax integrated mask immobilization devices in radiotherapy for thymoma patients. A
retrospective analysis was conducted on patients with thymoma who underwent radiotherapy at our center from

January 2018 to February 2025, comparing differences in setup errors, and a Linear Mixed Model (LMM) was
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constructed incorporating patient baseline characteristics to analyze potential factors influencing setup errors. A total

of 253 patients were included in the study. LMM analysis showed that in the superior-inferior () direction, using the

neck-thorax integrated mask group as the reference, the setup error in the head-neck-shoulder mask group increased

by an average of 1.869 mm (p < 0.001), and the setup error in the thoracic-abdominal board group increased by an

average of 1.324 mm (p = 0.009). In the anterior-posterior (Z) direction, using the head-neck-shoulder group as the

reference, the setup error in the thoracic-abdominal board group increased by an average of 0.578 mm (p = 0.023).

M1 stage was associated with an average increase in setup error of 0.731 mm in the Z direction compared with M0

stage (p = 0.031). The neck-thorax integrated mask demonstrated the highest immobilization accuracy in the Y

direction, and M stage had a significant effect in the anterior-posterior direction independent of the immobilization

device. Whether this geometric advantage can be translated into dosimetric benefits for organs at risk still requires

verification through dosimetric studies.

KEYWORDS Thymoma, Radiotherapy, Immobilization device, Setup error
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Table 1 Clinical characteristics of patients

TiH KA S0 g -S4 F — A SR 20

Items Head and neck shoulder Thoraco abdominal flat board Cervicothoracic integrated
mask group group mask group

IS Age 55(25~73) 5222 ~77) 56(24 ~78)

45 Gender

3 Male 39 98 17

4 Female 32 57 10

B R B354 Body mass index ~ 24.7(2.8) 24.6(3.2) 23.9(3.4)

T 7 # T stage

Tl 30 68 4

T2 11 21
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TitH KA S 40 i i~ 2R 20 FR— R SR
Items Head and neck shoulder Thoraco abdominal flat board Cervicothoracic integrated
mask group group mask group

T3 23 51 11

T4 7 15 5

N 73] N stage

NO 59 135 13

N1 3 10 6

N2 8 8

N3 1 2 0

M 7331 M stage

MO 63 140 23

Ml 8 15 4
CTV & #/cm’® CTV volume 147.3(121.5) 104.4(101.3) 274.5(207.2)
PG BAIE S EL 578 1328 268

Total number of image validations
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Fig.1 Cumulative frequency plot of translational setup errors for the three groups (color online):
(a) X direction; (b) Y direction; (¢) Z direction
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Table 2 Linear mixed-effects model results

P2 & PEA RS BARRESES BERERY T 73] N 7334 M 73] CTV AR /em’
Dependent Gender Age  Body massindex Immobilization de- T stage N stage M stage CTV volume
variable vice type

BMRZEXD 0759 0.840 0.163 0.170 0.860 0.164 0.181 0.551

Setup error (X)

AR ZE) 0075 0.845 0.072 0.001 0.719 0.172 0.142 0.283

Setup error (Y)

BORZEZ) 0498  0.865 0.426 0.026 0.179 0.048 0.031 0.816

Setup error (Z2)

3 Y LRZESGE (mm) i E 3 B R R ot A R

Table 3 Pairwise comparison results of fixture types for error data (mm) in the Y-direction

MERERMOD  FEEEERMAD P EME ZE (1-1D BEN ZEAE ) 95% B A5 X 7]
Immobilization de- Immobilization device Mean difference (I-1I) p-value 95% Confidence interval of the difference
vice type (I) type (IT) T B Lower limit B Upper limit
SRR SEA i) N 0.544 0.162  -0.134 1.223
Head and neck Thoraco abdominal flat
shoulder mask board group
group FU — AR 52 4H 1.869° <0.001 0.768 2.969
Cervicothoracic integrat-
ed mask group
i BT SR SR SR —0.544 0.162  —1.223 0.134
Thoraco abdominal Head and neck shoulder
flat board group mask group
FUH — AR 2R 1.324° 0.009 0.254 2.394
Cervicothoracic integrat-
ed mask group
U — R SR SR 24 -1.869° <0.001 -2.969 —0.768
Cervicothoracic in- Head and neck shoulder
tegrated mask mask group
group Hiig 128 -1.324° 0.009 —2.394 —0.254

Thoraco abdominal flat

board group

VE: L AFE R E 2 e B A PESE 3R Bonferroni 15 1E .

Note: ", indicates statistical significance; p-values were adjusted using the Bonferroni correction.

FAJEIR T A ] e 2% E RS Z )5 ) B
B [ i ot b g . R 4RI, fEZ Tk
PLKSURE 402 8, IS 48 20 1) i 22 Hdis 1 3
B K 0.578 mm (95% CI: 0.059 ~ 1.097, p =
0.023). i —RBELH 55 Sk 308 JL4H 2 (A TG 2. 3 2%
S (Z1H= 0490 mm, 95% CI: -0.363 ~ 1.342,
p=0.502). S — 44 42 40 L5 i i 1 48 40 22 18] TG 2
F 2SR (Z1H =-0.088 mm, 95% CI: -0.918 ~
0.741, p=1.000).

TR P N R B (p=0.048),

THABRBE T R A B LR EEER, BN
WIE NS P A B AT BRI i, SR ER,
HEMBEHRREE (p=0.810), Z& NI T K
AR B AT MT 45 3, N IE Z 07 Tm) B AR
NEERLRZE ML R R . R SRR T AR M 4
WE Z 77 1) bR 2= A (B o B s SR RS
AF UL, M1 43 BIAE Z 75 1) b T MO 23 B 1R 22 28
Sk 0.731 mm (95% CI: 0.065 ~ 1.397, p=
0.031).
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Table 4 Pairwise comparison results of fixture types for error data (mm) in the Z-direction

3 ERAD  [FHedEE R AD FEMEZAE (T-ID 2EE ZEAH I 95% B A X [H]

Immobilization de- Immobilization device ~Mean difference (I-II) p-value 95% Confidence interval of the difference
vice type (I) type (1) NBR Lower limit -FR Upper limit
SRR SEA i) R -0.578" 0.023 -1.097 -0.059
Head and neck Thoraco abdominal flat
shoulder mask board group
group

S — A 22 -0.490 0.502 -1.342 0.363

Cervicothoracic inte-

grated mask group

i)l R e SLEUR A 0.578" 0.023 0.059 1.097
Thoraco abdominal Head and neck shoul-

flat board group der mask group

SN — AR 2R 0.088 1.000 -0.741 0.918
Cervicothoracic inte-

grated mask group

S — A2 SR ZA 0.490 0.502 -0.363 1.342
Cervicothoracic in- Head and neck shoul-
tegrated mask der mask group
group
T 4820 -0.088 1.000 -0.918 0.741

Thoraco abdominal flat

board group

VE: L APE R E 2 e B A YESE R Bonferroni 15 1E .

Note: *, indicates statistical significance; p-values were adjusted using the Bonferroni correction.

5  ZJ5 A EREHE (mm) M 3 HIRT GG R

Table S Pairwise comparison results of m-stages for error data (mm) in the Z-direction

M 731D M 73 1 (1D 12 {5 2 (1-ID BEM ZEAH I 95% B AF X [H]

M stage (I) M stage (II) Mean difference (I-1I) p-value 95% Confidence interval of the difference
T IR Lower limit LR Upper limit

0 1 -0.731" 0.031 -1.397 -0.065

1 0 0.731 0.031 0.065 1.397

e AR ERENEE T B E LS SR H Bonferroni £21E o
Note: *, indicates statistical significance; p-values were adjusted using the Bonferroni correction.

24  EBXINBUAR SO EE X AN CGA A 5 s 5.3 mms 7.1 mm,

O B p PeTE

= A7 R 2 S R 4 B X 4'2“““’ 6‘)‘2% M; *’Hﬁﬂ'zji %igf‘f

WA H%: 47 mm. 62 mm. 49 mm; MapgE o 02 mm ddmm. SREDEEE A
T o
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Table 6 PTV margins derived from different immobilization methods for thymoma patients (mm)

SRR 2A )il - S FU — A 2R 4H
Head and neck shoulder mask group  Thoraco abdominal flat board group ~ Cervicothoracic integrated mask
group

X Y VA X Y VA X Y VA
Mean+SD  0.3+2.4 1.5+2.9 -0.6+2.2  -0.1+2.4 1.143.4 0.1+2.1 0.3+2.2 -0.3£2.6  0.1£1.9
X 1.3 1.8 1.5 1.6 2.0 1.5 1.7 1.9 1.4
o 2.1 2.4 1.7 1.9 3.0 1.5 1.5 2.0 1.4
MPTV 4.7 6.2 49 5.3 7.1 4.8 53 6.2 4.5

3 THESZER

it

IS Je g P BE SR Y A %, AL HE 100 £ Ff
ANFEWER, RGN il R B R T
8 e B R T ARE . B R AE
HRAL, A I i JRg A iR JEE (thymic carcinomas
te) BOAFE MY, A BT A P R 1) 0.2% ~
1.5% FECLEIE IR b M LU 2 o BE 23 3 R i ¢ 5
HEIRYT HHg D

X T M B TBOR R TT . H R I PR B E SR Sk
B BRI T SR RN 30 B — A 4 =R E O
TS0 i i 98 Y6 7 B AS [R) 1 [ 5 7 22 e A 7
1) CTV AMBA FHAR DY kIE . fEARM T H, KA
LYEIR GBI T 7Sk BUS 4L, M ISP 48 % i i
—RBRNIBEALRE R R R, ZHEERET
PRz R E 2 BB R, XJ7 A _E) CDF i 2k5
N—E, R ERE S mES, Y7m E =4
& CDF fh2k 2 R0, i — 44820 7E+3 mm iR
ZEVE N R A o b EFHRGE, 3RS YT )
FiRESMES HRE BRI . 2771 k38
ZEZH () CDF [ty 45 55 i 152~ 42 20 Je — A 22 20 B A5 BH
W RS, $EaR AL Z 7 MAFAE—E N R
GuikiR 22 . XN e A R IR VR T B IX AL T Sk B AR
JETH B2 R ERB X 3, JE AL E R e T Bk IS
P BT R Sl e | 726 P (T - VAL ARV i N R 2
X, ZxzHzgm, gmgmiis—s, S%z
77 ) B R G 2 o AR AL g T 22 s AR AL
WEMEER R Z —. NIRRT B,
A -/ TR S 7 S T B s R N VA =
BLFE RS EAL AT RE = AR B R EE A A
R R A AR PR DT iR R = 2 e
KAFE T RESEREKY, LMM g5 R &

3.1

7N, AEXT7 IR P T e RS e g vt 2 i 2 ORI
(p>0.05) o Ho [ e 2 B 2 i H 4R A7 1% 22 1Y) 52 e
AR TT R e, AR Y5 A R R 2 1)
WM EE (p<0.001), % Bonferroni 15 1F [ 7% % L
AR R, W —RBEAH R 2 BN T Sk
JA 2R RN IS 2R A, X R BN — AR SR AE Y
] 3 55 A A B A S ) [ S RS FE . IX R RE 2
FH 21 FH Sk 2508 420 i i ~F- 4 9 d ] e 7 =X i
JUR IR A 3 30UR 5 M b TR 43 A7 AE ORI AL B BE L
PERZNAS TR, 1K FH S0 — Rk 22 [ e 77 R &
A bRIC 2 ] ik — D 42 v R PN B AT B A
BRMEEME, —EEELRETH “%RF7 5
“IET T gl R RN AR E M, FEAKE A S
B AS G o ) B B s e o e i ST 4R
HEFA Y ERBEVRZRK (3.0 mm), XA]
R A RN AE R T I R v SR FH B -~ 22 [ 5 1) B8 o
FEAR 3 U A7 B I Bk =l 810G 15 AL NI BR A, 3
o IR N RS AL E AR EE T SN T A E . fEZ
Jria b, SkEUE BRI R 2 B /N T I S R
(p=0.023), X[ HE5 I HE 1 2L [H e 77 oo b sk
Z WIS HE . G2 b A B A A R,
T A8 65 78 = 91 RO, X g 8 U 5 S SR AR
1, SRR B RS e BB R . A T AR AT g
SR MR d SRR, sz Z 77 m) LR g AL
. LMM SR, M HI7E ZJ7 1 BRI kA7
2 RN (p=0.031), MI 43 1 1 iy i 78 i3 1)
REHE W E KT MO R B, X—ZRAlH
55 M1 i e s D8] el 12 28 Bt Ak e 7 3 B0
NN TR i RN N o S S L 1 TR 182
TV 25 2 2R RN BN IR T 000 4 2 TR Bt 3 oK, gk
M3 BUNIBIAE Z J7 ] I BRG A BE J AR AL 2931 7
TR BAEIRIRSEPRIG T I R G o M1 R
IGRT H, IR AN A1 DR AL [ € 7 X
PAHE Eia T RS . BF SR Z A o i A A &
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A, Gt MR BN AR, Iz — e
(10 3 35 M 5 R i 5 A R KRR A Bt i BA A AT
I0IE

X T R AR R, T R S A TR
GAKE, WPEIRIZBRE TR B I RSB R, b
36 Bk K AT e 2 5] A X FEE H 40 257 2o
B IR G Ik /N AT BE S X 1) U T
e AR Jio 88 1) Jm i P il 2%, R yR T AR P, i T
I U 98 E TR R T T 2 52 BN IRE B 55 AR B R R
Somi,  ELEDXARI OO RN A o A X A
B R b AE B X ) AR B S 7E CTV Y
Bt AN 52 138 SO Bt RIBE AR R (Planning
target volume, PTV). &M 101 5154 i i e 1 o
JRURHE T RS AE T i DR X 77 22 78 25 JF IR 1) fa
SR E IR P AR TSRS 2 1) = 28 e 5 5
EXS Yy ZH M CTV AN T 5N k38
284 (47 mm. 6.2 mm. 4.9 mm). HifE-F2EH
(5.3 mm. 7.1 mm. 4.8 mm) . 0 — K ZE4H
(5.3 mm. 62mm. 4.5mm), HPIETEEHEY
Ji ER R BN A SRR, S — R TE Y
N Z 77 1m) B3R I BN AN S . L H i iR
A5 SR P 30 1 — A B 5 1 R = AN D7 1) BB
BLi% % (X: 03 mm£2.2 mm, Y: -0.3 mmt
2.6 mm, Z: 0.1 mm£1.9 mm) ¥J40T KM L E
LR B ST SR IR R 22 o X 3 B AE B R A 2 I R
BEALE A FE [ e e B IR SRR B — P
Ho
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