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Fig. 1. TomoTherapy plan's tangential irradiation beam
and defined blocks

2) A& =& 53 BIAMMX|Z(Volumetric Modulated
Arc Therapy, 0[5+ VMAT) A&

VMAT A& A48 A=) RayStation(Version 5.0.2.35,
Raystation laboratories, Sweden)& AF-&3}4.01 3
N Z(Arc)E ©]88te] 71--A(cauch) 7%= 0°, NEE]
(Gantry) ZFEx= 181°~179°% A48} Zejdolg] z+
5=0] A% efnke) Z4=E w3157, 45°, 0°9] 20 R A
F2A9 5192 oUR]+= 6 MV, FF(Flattening Filter) S

o]-g-5}3irt (Fig. 2)

Fig. 2. MLC shape when using tangential irradiation at

VMAT plan
9] #A % (Homogeneity Index, ©]a} HI) [4] 1] &} LA
T (Conformity Index, ©]s} CD[4] 2] & Fo}9TE ¥
D5y
H =-—"“YY— — Al
Doon [411]
D (5%) = Dose delivered to 5% of the PTV
D_(95%) = Dose delivered to 95% of the PTV
R 2
Cl = TV [412]
Vi = Volume of the reference isodose
TV = Target Volume
1_ CI g3} HI gt 525 1,000 77H245 3240 o4

Table 1. Comparison of treatment plans by complete block size

=
.
1

QS Vet
RE A2 A% 87147 (Versa HD, Elekta,
He 2A

E gk (Radixact, Accuray)S
a1, AA| Agkalo)(Dose difference, DD)@} 724k

il

Bs'i‘;:k PTV Brain OAR
Brain Optic_ Hippocampus_ | Hippocampus_ | Lens_ | Lens_
Doosce | Viowses | Dz | Do | Dioons | Dimeanso | St€M | pathway Rt Lt Rt Lt
Max”* Max* Max® | Mean | Max® | Mean | Max® | Max"
—lcm | 5471 ] 9502 | 479 | 3.09 | 2.15 | 694 16 26.71 2.67 2.47 292 2.54 5.62 5.52
—2cm | 46.67 | 9499 | 11.67 | 337 | 221 | 12.05 10 12,51 2.83 2.62 2.96 2.66 4389 477
—3cm | 43.63 | 9499 |13.75|3.21 | 1.74 | 11.78 | 597 9.72 2.7 2.45 2.82 2.47 4.01 3.77
—35am| 44 95 2871|802 | 284 | 1938 | 7.54 9.16 5.25 3.78 5.74 3.86 4.34 421

* Max dose define 0,03 cc
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9] Ax|(Distance—to—agreement, DTA)E A3t AJoF
2] g7F 'Rl At A19(Gamma Index) & ©]-8-5k4f Al
T S AFclelh ol& v e g ASH A5AE
off thek &4 919 7191 &S S AL, A, X
<7, djute] A vlnE AAElem X Aol 7F¢-
B e AR GA(Vsey,) Q] A& Emami 52 ¢
T AWe] B4 WPl AAS Rarsto] X 249
1/3(Dssw), 2/3(Deres), 3/3(Drooes)8] A5F-E 87619, =

7} 7+ A5 A 8] ZAAZHBeam on time, |3} BOT)
9 Monitor Unit(©]3} MU)-2 H] w5}
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Ak

1. XI2AIE2=(Planning Target Volume, PTV)0|
chet %7t

A 2AGGA ol ALATFe] 95% EIFE =S Y43}

(Normalization) 3¥-2 u] HT2} HTCB, VMATS] CI &

T 11019431 HI 3R 2121 1.07, 1.07, 1.06 ©]ic}(Table 2)

3} d% A5S 9519 Delivery QA

H1-& 3 mm, 3%(95% A1=]

715& F=31990k(Fig. 3)
2|8 Z7|(organ at risk, OAR)0!| CHSH A2¥

HT, HTCB, VMAT Z¥z} =] 22 Agk D (33%)=

Tramsversa Plams at 0 om frons Max Dose

Herizantal Dove Profile

Vertical Dose Profils

Em
]
1

Fig. 3. Delivery Quality Assurance about treatment plans
21.68 Gy, 13.75 Gy, 20.89 Gy, D_(67°/0)% 7.06 Gy, 3.21 a) Helical TomoTherapy
Gy, 7.84 Gy, Diowr= 3.14 Gy, 1.75 Gy, 3.84 Gy, Dmean b) Helical TomoTherapy with Complete Block
© 16,64 Gy, 1178 Gy, 16,64 Gy= HTCB plancl] 24} ) Volumetric Modulated Arc Therapy,
Ao 7 AeFo] WA eyttt (Table 2, Fig. 4) AJA%-2
5 GyE 7|l & AAE Fo19E Wl Vsoyiz 27 87%,
Table 2. Comparison of treatment plans
Target Brain Efficiency
Cl HI D33% De7% D1oo% Drean MU BOT(seq)
HT 1.1 1.07 21.68 7.06 3.14 16.64 5538 322
HTCB 1.1 1.07 13.75 3.21 1.75 11.78 8107 470
VMAT 1.1 1.06 20.89 7.84 3.84 16.64 1340 227
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Table 3. OAR results of HT, HTCB and VMAT plan

Comparison of Brain dose

Unitinratio: G HT HTCB VMAT
it in Fatio @ Gy
2168 s Brain stem Max* 7.13 5.97 0.16
Optic_pathway | Max" 9.17 9.72 7.26
=033% Max* | 581 2.7 6.37
o7 Hippocampus_RT
=D100% Mean 4.38 2.45 5.7
=—Dmean
Max* 6.07 2.82 6.84
Hippocampus_LT
Mean 434 2.47 5.59
Lens_R Max* 4.02 4.01 475
HT HTCE VMAT
Fig. 4. Comparison of brain dose Lens L Max 4.03 3.77 448
Max dose define 0,03 cc
49%, 96% = ettt (Fig. 5)
019)0) Aol N 2L 279 ARk gk do] At
] . OofF Ol Z4=2
(Optimization) 3F ]S A Z A AJAI7HL A|J3t YA LR 8=

(5Z7], sjut, = ok )o] HhAlEke HTCBOIA 714

LFor) (Table 3) wo]) el Ak b Ask
RA .

7) W] PAA R fE B ]

ofskao] o3t A== ARtsl] lshiAE 3

ML X 20] aeAe WA Sistel MU 9 2AF ©
] 23t 4= Qo
/\]Z_}% Bl WEPom, ZAAZEE HTF HTCB, VMATO) o o " . o
o A HAAZRALS] o]FE 2= (2 A
¥2F 322, 470, 227% & VMAT©] 7}4 W2kl MU gh& Hﬂ : L;Loﬂj o 4] 74]741
Wr  AH] AL HT, HTCB, VMAT®] X|&
5538, 8106, 13405 VMATOA 713 2o A2 K ° Jrl AT Sierel !
o] ciet 3 o] 2ol Bolrhi A% HEg vlwst

t}(Table 2)

of,
N
—
of
-
i

1 A mE QRADA A2AYE A A

Vsay Dose distribution

HT 87%
HTCB 49%
VMAT 96%

1. Red Line — 40 Gy (100% dose) 2. Blue Line — 20 Gy (50% dose) 3. White Line — 5 Gy (12.5% dose)

Fig. 5. Dose distribution of the brain by treatment plan
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o] 95% M= =E A3} P& wf HTLF HTCB, VMAT
plan®] CI ZE& R% 1101903 HI 382 242} 1.07, 1.07,
10607 A5AE &40 gt @7} 2429 Aoz A4
ATk

ey ¥ 22 AgFe] %9 HTCB planol|A] Dss,
De7, Dioow?} 13.75 Gy, 3.21 Gy, 1.75 Gy= 717 2A
Eptom sgatAdsfoll A= HTCB plan 11,78 Gy°|lal,
HT2} VMAT plana 16.64Gy = 5451 et

Vsey2] - HT, VMAT planl4] 212} 87%, 96% = L}
ERd HHH HTCB planollA= 49%2 Zd) 47%7H4] A4
F 9L T = AuE Ve o ) X ojAdRke]
78-%- HTCB Plan®llA] £ 2.82 Gy, -5 2.7 Gy°l H]s}
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4 Gy 71 =4 4= ISick F7F& vk MU 713 BOT
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MLO LIS 91X 3] mE 2A00] sl A7) iz
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Tl it 2 ¥ AR A A 3G AR 2
Gy(Equivalent dose in 2 Gy, EQD2)2] A=sH4 571
A=F2 Gy a/B v1&S 718)0] 7.3 Gy Bt & Aol
Al Q¥ sfute] A1 QIA] 7 &/t o] qlrkar Har
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Park byeal nim, Jung dong min, Kwon yong jae, Cho yong wan,

Kim se young, Park kwang soon, Park ryeong hwang, Baek jong geol

Objective: The purpose of this study is to choose a treatment plan and equipment to maximize tangential irradia-
tion to protect the normal brain tissues as much as possible during total scalp irradiation.

Subjects and Methods: After zoning the total scalp of a phantom and selecting a target area for treatment, the
study made a Helical TomoTherapy(HT) plan, a Helical TomoTherapy with a Complete Block(HTCB) plan, and a
Volumetric Modulated Arc Therapy(VMAT] plan. All of these plans made sure that the volume of a treatment plan
with 95% of a prescription dose(40 Gy) would not exceed 95% of the entire volume and that Dmax would not be
more than 110% of the prescription dose. The therapy plans compared doses among organs at risk of damage
including the brain. Doses in the brain tissues were assessed based on the volumetric criteria for normal tissues
in Emami et al.

Results: HT, HTCB, and VMAT had a dose of 21.68 Gy, 13.75 Gy, and 20.89 Gy, respectively, in brain tissues at
Da3%, a dose of 7.06 Gy, 3.21 Gy, and 7.84 Gy, respectively, at Ds7%, and a dose of 3.14 Gy, 1.75 Gy, and 3.84 Gy,
respectively, at Dio%. They recorded a Dmean of 16.64 Gy, 11.78 Gy, and 16.64 Gy, respectively. These results
show that the overall dose was low in the HTCB plan. When the volume of a low dose was calculated based on
5 Gy, they recorded 87%, 49%, and 96%, respectively, in Vsgy. In addition, the maximum dose in the remaining
organ(brain stem, hippocampus, and both lenses) except for the optic pathway was the lowest in HTCB

Conclusion: The findings demonstrate that TomoTherapy with a complete block minimized a dose in organs at
risk of damage including the brain and hippocampus on both sides and accordingly reduced the probability of
side effects such as radiation-induced brain injuries and a resulting decrease in neurocognitive functions. In ad-
dition to total scalp irradiation, if additional studies on ring targets treated in various areas are conducted to es-
tablish the benefits of tangential irradiation, it is believed that TomaTherapy using Complete Block can be used to
maximize tangential irradiation in treatment planning.

» Keyword: Total scalp irradiation, Helical TomaoTherapy, Complete Block, Volumetric Modulated Arc Therapy



