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Since the head and neck region is densely located with organs at risk (OAR), OAR-sparing is an important issue
in the treatment of head and neck cancers. This study—in which different treatment plans were performed varying
the head tilt angle on brain tumor patients—investigates the optimal head elevation angle for sparing normal
organs (e.g. the hippocampus) and further compares the dosimetric characteristics of different types of radiation
equipment. we performed 3D conformal radiation therapy (3D-CRT), intensity-modulated radiation therapy
(IMRT), and tomotherapy on 10 patients with brain tumors in the frontal lobe while varying the head tilt angle
of patients to analyze the dosimetric characteristics of different therapy methods. In each treatment plan, 95%
of the tumor volume was irradiated with a dose of 40 Gy in 10 fractions. The step and shoot technique with
nine beams was used for IMRT, and the same prescription dose was delivered to the tumor volume for the
3D-CRT and tomotherapy plans. The homogeneity index, conformity index, and normal tissue complication
probability (NTCP) were calculated. At a head elevation angle of 30°, conformity of the isodose curve to the
target increased on average by 53%, 8%, and 5.4%. In 3D-CRT, the maximum dose received by the brain stem
decreased at 15°, 30°, and 40°, compared to that observed at 0°. The NTCP value of the hippocampus observed
in each modality was the highest at a head and neck angle of 0° and the lowest at 30°. This study demonstrates
that the elevation of the patients’ head tilt angle in radiation therapy improves the target region’s homogeneity
of dose distribution by increasing the tumor control rate and conformity of the isodose curve to the target.
Moreover, the study shows that the elevation of the head tilt angle lowers the NTCP by separating the tumor
volume from the normal tissues, which helps spare OARs and reduce the delivered dose to the hippocampus.
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1. Patients and image acquisition

20129 3€¥ellA] 20149 12974 F AE Fge] FA
= W AAAAEE 2 A T A5 oll(frontal lobe)
T&el AAsta Fo A9l sfutel A 1079 3kt
= e R AFE Tk AT el 374¢l
A 8241 Aol gl om] AL dAt 47, o2} e o2 A H
Ack. A9 WA 1A= ¢ AT Re. frontal lobe) 39,
# A5F<d(Lt. frontal lobe) 7H o] $42Le] EA LS Table
13 2} 1049 A5 25 Treatment Plannings $)3
Aquaplast RT mask fixation (Aquafast, Avondale, PA)E %8
3}, SOMATOM Sensation Open (Simens, Munich, Germany)
< o] &3] &ololA T 3 mme} S 1024x1024 pixels
o] A4t dFadde Addel AL dFddntteg s
3 B A EZ(Glioblastoma), 14 *] 325 (Anaplastic astrocytoma)
59 F9H A HZ(malignant edema)d} FH A A7) 9]
(e.g., dllnk, AAA, H7F 5) ol olH Y A3 LAl
Aol Aol ofgict. webA] B3t FdAH AR Sl
o] VERIO 3T (Simens, Erlangen, Germany)E& ©]$3}o] TI
GD (lEelE)7tedd=s A58tk

2. Head angle position and delineation

25 ¥ 3Ate] TS 2532 Treatment Planning
9l structure delineations e§8}7] $J3le] Fig. 13} 7ol
Alderson-Rando phantom¥} Head Tilting Base plates ©]-&-3}
o] 0°, 15°, 30°, LB 40°2 W3HAA7b A3} wheH

Table 1. Characteristics of 10 patients participated in the study.

2 3 o

Pt No oAg /A PT\(]CI\;O;;me Ak (Dx) (;:{l];;::)
1 61/F 60.2 Glioblastoma, Grade IV Rt. frontal lobe
2 56/F 5413 Glioblastoma, corpus callosum, Grade IV Lt. frontal lobe
3 62/M 59.4 Anaplastic meningioma, (grade III by WHO) Lt. frontal lobe
4 46/F 53.2 Anaplastic astrocytoma Rt. frontal lobe
5 55/M 57.2 Glioblastoma Lt. frontal lobe
6 60/F 59.5 Glioblastoma Lt. frontal lobe
7 82/M 50.5 Rec.atypical meningioma Rt. frontal lobe
8 58/M 51.2 Anaplastic Ependymoma(grade III by WHO) Lt. frontal lobe
9 37/F 53.5 Rec. Oligoastrocytoma of brain (grade II by WHO) Lt. frontal lobe
10 58/F 57.0 Anaplastic astrocytoma (grade III by WHO) Lt. frontal lobe
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Fig. 3. Dose distribution among the 3 different treatment techniques (a) 3D-CRT, (b) Linac-IMRT and (c) Tomotherapy.
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Table 3. Comparison of the dose received by normal organs in different radiation therapies with varied head elevation angles.
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Fig. 4. DVH (Dose Volume Histogram) among the 3 different treatment techniques. (a) 0 degree, (b) 30 degree.
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Table 4. Comparison of the dose received by the hippocampus with varied head elevation angles.

Hippocampus dose (Gy)

0° 15° 30° 40° 0° 15° 30° 40° 0° 15° 30° 40°
Patient
3D-CRT Linac-IMRT Tomotherapy

1 Max dose 34.0 30.0 17.4 27.2 22.0 19.6 14.7 19.3 20.0 16.0 12.0 18.0
D100% 7.0 8.0 75 8.2 3.0 6.5 6.5 7.0 6.0 5.0 6.2 8.0

2 Max dose 37.0 33.0 15.2 23.2 22.5 20.1 15.2 19.8 21.2 16.5 13.0 18.9
D100% 8.2 7.0 6.8 7.8 6.5 6.0 58 7.0 5.8 54 51 6.0

3 Max dose 33.0 32.0 16.0 17.2 21.7 20.5 15.0 17.8 20.2 19.4 14.2 16.6
D100% 7.2 71 6.8 73 57 53 51 6.0 52 5.3 5.0 5.8

4 Max dose 32.0 27.0 151 17.2 222 20.2 141 17.8 19.2 18.2 13.2 158
D100% 7.6 74 7.0 7.7 6.8 6.6 6.3 6.8 59 5.7 53 5.7

5 Max dose 28.2 24.0 13.0 15.3 21.7 19.2 13.4 16.7 18.5 18.2 14.2 16.9
D100% 8.3 85 8.2 8.4 7.8 7.7 73 7.6 6.7 6.4 6.2 7.0

6 Max dose 26.2 23.0 124 15.7 204 19.0 15.2 17.2 17.6 18.1 14.0 16.4
D100% 9.0 85 8.2 8.0 8.8 8.2 7.8 79 7.2 7.0 6.8 6.9

7 Max dose 245 22.6 16 17.2 19.2 17.2 145 17.2 17.8 16.2 13.6 16.5
D100% 8.9 87 83 8.4 7.8 76 72 77 6.2 6.1 6.0 6.3

8 Max dose 23.5 20.2 144 16.2 18.7 17.5 12.6 16.7 17.2 16.8 12.8 145
D100% 81 79 8.0 8.1 7.8 74 71 73 6.5 6.3 6.0 6.4

9 Max dose 25.0 224 151 16.8 19.4 18.2 134 17.2 18.4 17.3 13.5 15.2
D100% 77 7.6 7.2 74 7.2 71 73 74 6.4 6.3 6.3 6.5

10 Max dose 21.0 211 14.2 15.9 16.4 154 131 16.8 174 16.8 131 14.9
D100% 8.9 8.7 84 8.3 7.5 73 72 7.3 7.2 71 6.9 7.0

AVG Max dose 28.4 255 14.8 181 20.4 18.6 141 17.6 18.7 17.3 13.3 16.3
D100% 81 79 7.6 7.9 6.8 6.9 6.7 72 6.3 6.1 59 6.5

AVG: average.

Table 5. The NTCP value of normal organs in three different

radiation therapies.

3D-CRT Linac-IMRT Tomotherapy
NPCP (%)

0° 15° 30° 40° 0° 15° 30° 40° 0° 15° 30° 40°

Hippocampus (%)  3.30 3.00 1.70 214 2.40 219 1.66 2.07 2.20 2.04 1.57 1.92

Brain stem (%) 0.50 0.60 0.40 0.64 0.42 0.43 0.35 0.58 0.46 0.41 0.39 0.44

Lt lens (%) 118 1.00 0.50 0.80 0.56 0.47 0.31 0.43 0.41 0.30 0.31 0.40

Rt lens (%) 0.80 1.10 0.65 0.97 0.66 0.53 0.43 0.84 0.37 0.31 022 0.27

Lt Orbit (%) 0.43 0.34 0.29 0.35 0.21 0.18 0.13 0.19 0.19 0.17 0.15 0.16

Rt Orbit (%) 0.42 0.33 0.21 0.35 0.22 0.19 0.10 0.16 0.20 0.19 0.14 0.16
15°9F 40%l] mlsl F2 AzE HAFE 7 Uk ek & dTellA 7 ARE Adete] A= o2 X EH
ojgf ZE A= F A 71e7] 30°14 OAR% F%  (F, 3D-CRT, IMRT, TOMO)ell 47 A& o) +
AAS Felrh b A sglor), 1504E 3% WlLsh  ARE 30AG A F AR 2% 0ok ulzste] sukel 2
of 2 AE7L FFeIIL 407X = 2818 OARI} Tk tARFE FTHLE 48%, 44.6%, L2]3L 29% 22 AF

o

A o] t] AXA=(Overlap) XFo]7} ubAst Aoz Hol),

RTOG 0933 Protocololl &J3l &ljule] F-oJ3t Aoz
100% AA2 Azke 9 Gy ©]sHD100% <9 Gy)Z AslH
F A =L 16 Gy o]sH(maximum dose<16 Gy)E @8}

& ek
MLCE ©]£3l intensity 5 ® 3} A W& A sl IMRT,
TOMO®} H| 23}0] 3D-CRT %] A2 Fokx| 2 o] A=z}

[e]
A4 HEE A A HFME Segments 5]

1T
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Fig. 5. Difference of received
dose of OAR among the tilting
angle. (a) 0 degree, (b) 30 degree.
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