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Fig. 2. Analysis of Gamma value using Tomotherapy software (DQA Station)

Table 1. Dosimetric Results of targets using Tomotherapy and
3D-CRT

Target Value TOMO | 3D Convention | p value
V1070% Rx| 0+0.1 03+04 NS
PTV_brain |[V95 % Rx 972+19 95.1+37 NS
V90 % Rx 988 +1.1 97.6+28 NS

V107.0% Rx| 0.2+0.1 18.6 £6.3 p<0.01

PTV_spine |V95%Rx | 89.6 4.4 699+59 p<0.01

V90 % Rx 9 +28 857+49 | p<0.01

9] 23.4 %7} =|3aL, 3D Conventiono| A= 64.8 %7} E3}
o}, A Aol Wiz g71ol sz Hef glof
A= ZEPAEE HjE] 50 %, 25 %, 15 %7} S017H= A&7t 5
Gy, 10 Gy, 20 Gy7} Eo7}= A|AS Z1ZzF 24519k |
A ERE2R9} 3D ConventionollA] &HA1EF2] 50 %71
_‘;jop].: iﬂ;ﬁg 7?7% zﬁﬂ ﬁ] ‘Q_XJA 78 %, 95 %= & = X]—
o7} QYA 25 %2} 15 %7} Sol7l= R AL En
kol 4] 44.4 %, 81.2 %, 3D ConventionllA] 13,7 %,
16.8 %= AFo|7F Uehdth, n7 2 EREel ot 3D
conventionol|A] 20 Gy7} S0}7l= #|9] 821 A =
8249] 33 %, 4.6 NE T+ A 5AE 1He] 2 Aol= FIA|
Hh AARFE Q1 5 Gy, 10 Gy7h So17h= Al4le Bl
o] &= Esjo| A= 68,2 %, 237 %, 3D Conventiond]
=158 %, 11.5 %= & 2}o)l& BT} 7+ 42 100 cc

72

of Eo7h= A= 13— e ”ﬂ Ene|ekolA 344 %,
3D Convention®l|A] 68 4 Exgka]o)A A7 vet
AR Bt Al B9 7474 219 %, 194 %= EHHE}]
oA 27t A WrERd T 2] 785 10 ceoll E017h= A%
o] EREeRo A= AAIC] 65.1 %, 3D Convention

of| A= 110.9 %= YERSTHTable 2).

2. Set—up Verification 24
= #Aof| tjste] 2|8 ATZ MVCTES Za}
T(X) FHY), A5(2) FeFe] w
st f1RIolel et @&} HAe 7F = d
ok, 2agh, ARE RIS TR AR R R
(Fig. 3).

E3F 5 % HAAPHY(Trimmed range)ol| A2 5}3kzk
(Lower trimmed value, LTV)¥} 41$Hk(Upper trimmed
value, UTV)Z& FZ0I31th X59] 739 ¥+t 0.65 mm, |
4k 102 mm, FAZF -8 mm, UTV 6.7 mm, LTV —5.1
mm, AREHE 57 mm7F YERETE YS9 49 Bt
—0.74 mm, ZhZk 8.5 mm, 2%k -89 mm, UTV 3.9
mm, LTV =67 mm, AHEH= 31 mm7)F UERGTE Z
20] 7 B 0,65 mm, HThzt 8.3 mm, Ak 119
mm, UTV 5.5 mm, LTV =72 mm, AHZH91= 51 mm
7} ERRTH(Table 3).
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Table 2. Dosimetric Results of normal organs using Tomother—
apy and 3D-CRT

Organ Value TOMO | Convention |p value
Both lens max 58+21 |91+119 NS
D20 % 632+32|702+254 NS
Both eye

mean 434+26(389+187| NS

Optic pathway max 1045+09|1023+1.6|p<0.01

Both T-M Joint|  mean 62+27 |97.7+19 |p<0.01
Both cochlea mean 903£5 | 979+14 p<0.01
Both parotid mean 32+17 | 904+54 |p<0.01

Both SMG mean 27+£13 162+6 |p<0.01

Thyroid mean 374+£23 | 679+4.1 |p<0.01

Esophagus max 546+39 | 888+7.7 |p<0.01

Di0cc | 397+4 | 786+16 |p<0.01

Heart D20 % 234+38 | 648+5 |p<0.01
V50 % of Rx| 7.8+54 | 95+34 NS

V25 % of Rx | 44.4 +13.2| 13,7+ 3.7 | p<0.01
VI5%of Rx| 812+7.7 | 168+42 |p<0.01

Lung V5Gy | 682+24 | 158+38 |p<001

VIOGy |237+145| 11533 | NS

V20 Gy 3+3 46%4.1 NS
mean 272+48 | 122+26 |p<0.01
D100cc 344+34 | 684+t18 |p<0.01

Liver

mean 219+£28 | 194+£28 |p<0.01
Both kidney mean 339+55 | 105+47 |p<0.01
Bowels D10 cc 65.1%£11.1| 1109+8 |p<0.01
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Fig. 3. Dose Volume Histogram: brain (a) and spine (b)

Table 3. Mean, Maximum, Minimum, Trimmed value(lower, upper), Interquartile range for each axis

) Mean Max Min Trimmed value Trimmed value Interquartile range
(5 %, Lower) (95 %, Upper) (IQR)
X 0.65+36 10.2 -8 -5.1 6.7 5.7
—074+3 8.5 -89 —6.7 3.9 3.1
z 0.65+3.7 8.3 -11.9 =7.2 5.5 5.1

3. M2k ZAZ(Delivery Quality Assurance, In—
vivo Dosimetry)
7F gxpe) A exke] - A 3.56 %, XA
=0.72 %, B+t 1,066 %7+ YEFTE AmEA] k52 7
- |t 99.99 %, 4~ 94.13 %, Hat T2 98.95 %7}
el thFig, 4).

w35} OSLD, EBT3 Film< £3}o] =74

tjate] AbAdEFol tigk Dpres(%)2] 73-$- HFH(Ante—

rior)Ol| A= ARPAEF OjH] Bt 775 % @

(Posterion)o| A= 72.1 %, 774

A= 722 %

(Vertex)ol A= 49 4 %7} YERHTHFig. 5).

==
T

= H ([ ateral)

73



A 8818] 7] 2017 5 29(1) : 69~76

15 4

104 T
g ‘L‘
0_ O

10 ’ =

Range (mm)
|_

15

X Y VA

Fig. 4. Variation of set—up registration for each axis (X, Y, Z)

. Point Dose error(%)

A Gamma Pass Rate (%)

100

o8

96

92

. . 0o

Point Dose error(%)
]
"
-

Gamma Pass Rate (%)

S N K &

-1 P.1 PL2 P.3 P.4 PLS PL6 P.7 PL8 PLY9 PLIO
Patient

Fig. 5. Result of Delivery Quality Assurance for each patient:
Point Dose error (Left) and Gamma Pass rate (Right)

0t AE

NFR ATg By 2 29 g8 & wejeht
Coverage, Uniformity, Conformity &= F5o] Q)
S4alths A8 & 4 Ik BAEH FolA) Ao

=
Al

st A9l #), A -8 79 3D Convention A&
oflA AFo] AA o7t A= & = Slth oA E
ek o] YAy vl Ad A0 2 Qs w2 A4
Fol HAgl] Wimo = HojRin), shARt 474, B,
A, ", A o] s 918 719 -8-40]
242 gz A]| QlojA= EREH e 403t S

D7) Dpres (%)
100 4
7.5
72:2 72.1

80

49.4

2,

AN\

NN
N

NN
D

NN

L

Dpres (%)

204

_

ANT. LAT. POST. VERTEX

Location

Fig. 6. Result of in—vivo Dosimetry for Scalp location. (Percent—
age of Prescription Dose)

Q
N
2,
A
o
s
>
~
'L
N
A
kil
)
ot
o
off
=
oL,
2
1
o

otz Zlo] T8 Aojt,

E ] 9] o] &3t HA AL
608.6% 5] URFAQ] HALA X
A, 3 MVCT 9= 2
AR gte] Fxok T

>,
N
N,
2 o
=
:oél
T
SIS
DU
morlo

o

p

A
3_15
rr
TS T

H
ot
12
N
s

(]
>
()
e

o
ol
)
O
)
LS
e
N
=

i
)
oo

o
ol

FeAoA] AT AgH
shgit. 53] 11 AEH9E
A|AAel F-ofsh R2p
F A MVCT &%) 2lojA
AR 7| &7} w7

2
4
R
il
S,
2
jins
lo
>

> 9,
ox
ofr
o
Oy
o%
o
oo
1o

o
_?L
A
o
N
2
o
1o
o

N mlo

ox |

2 5

ofi

—_ _{N
N
1o
%
o
-
Sl

do o 1o oy

2
>,

r
=2

Fm O'IN

0 4T o
do =
oy Mo

¥
i)
N
)
o
_Nl

2
!
m {
o2
e
ol

2 H

)
H
=2

2
e
2
>,

o fr
B

et
N
AN

o
_{

f

41 e
oM,
4z
O
=
a
._]
Q,
2,
o
rulo N
oot
o,
u

4
rO
N

S~
s
o
do
=]
ox
o
ot
o
2
H
i
N,
2
<
i
H
o
H
ol
o

Bl o
2N o
i ok
Jor &
ro
o

24
-z
1o

i_t{l
-z
1o
S
a
~
ol
%
fllo

g foy
A
A oy
L g
T 4
(- E f[ﬁ,
i
Z
N
HN
lo

m R T TR R T e

[

o

>

2

ol

IS
N
N
o
_I G
SL
X,
>
N o2
i
)
fr
N

!
*x

Rl b oft
2
o

rﬁ o,
filo
J
HL
Prh‘
K
30,
v
-
o,
-
il
N
-
|o
U
N
>,

=2

ox
o
fiu
o fo e
)

o2
i
N
=
Mo
2
_?_J
)
B
N
>
-
Ao
fu
o N
X,

o B 41
o

fot
O

o

)
dr o
Ui ofo
N
oo

N
1o
rN
T

o o
AN
lo
Bl %
o

ol
-

1o Az

g

=

= O
=T T

Jo & AN 1o
(L ooz i)

SEFERY

1

e hu
ﬁv{
fu
ofy
b
N
X

B
i
32,
N
offt

e
>



o|3)7 £ 41

A3 (Re—Simulation)s}o] X B2E APt A A3
RO E X89S 22}%4—,4% 10 mm O]E}-Q,]
A2 Wol& JERT) Eal npHE S11] ke Ao} F4).
A4 2 Aol B}, AAZE ANSA7 FE $HRfe] A9
oA WA LU W zho] Aae 2 34 Jeldt) A2
% i—‘:#oﬂﬁ A 71 WAk he) RO ME-S 24l

= W 1789] 2AE AleJslale B gEoflA] 10 mm
]OH L2F Yeh7] tige] RS VIeo R AR
S w] Ao th3t 10 mme) LA AL FE3F Ao 7

2,

™

A 75‘% I8 S DQAE= EREZN] A 8AE Al
= *‘Zﬂ ‘LEL Aol =5

ﬂx}‘)ﬂ sk

& 7% Aolof Thgt o4} %ﬂ% ZARH= AL ATsk
QILhO Qb o 2 DQA ARAE Al Aol FZs1A |
1= )]0 ol e 9AE T A Al Aol
7} Ao @ 34 Ve ARS R}

2
o
t
<
@)
w
—
@]

°} EBT3 355 ¢ FAF 549 29A& & 7
7] A1 g W) ZAERS A oF 4+ 9l9lrk Ba] £
o) Aol Atjalo 2 U 112 Bake] 49 Ewee)
7] Edge mode= A =AE % 255 Al 2AIch
Edge modet= Dynamic Jaws ©]-83F X| 2O 2 A o]
2 qlsjo] 2APAS) AR Hio] el Eie) A

o] o}l Ao Helck

E el o]ash WA R A AAlo] e /‘\jaoko]
2R A2o] Z7¥steA ook A1} 2 4
Q| x= tha 275t o) 7122] 3D Convention A&
of H|3l] FF F-loll SEe A FHA FH A7

A e A 5 - 3 %ﬂﬁ%k%‘;iﬂli*;
(o)

N
rr 11
:(o
X,
o
-0,
2,
"
|
O,
g
o
E
K3
£
=
H
kd
o
&

ek o) 85 A2t A Wme) A4 A el dhet 1z

o] 79 Junction EAIZ S 2sro 24 TR} HelsH 2}
/KﬂEX]EE' 1?:]__0 _q\_OT]q_JExoU ] rJfZ]‘/\ﬂZHOi/HQ,]ﬁ

il

= ARAY A AR AfAAlE 235HA] gfot H
w2 Gt AAdE Ak Ae & o AU AFA
o< Foire ARAS Al Altd AdgFo] AeksiA A
SHE 2S¢ 5 AL AR S S T A
= 7| 4 QM) web] EREHER]E o] 8171 WAL
ZAR= 71 3D Convention 2| 22] RHAIE Hebeh 4= Q)
e R f-8stelet AleE

nte

1. Sanziana R.I, Schiopu, Gregor Habl, Matthias Hif-
ner et al.: Craniospinal irradiation using helical
tomotherapy for central nervous system tumors,
Journal of Radiation Research 2017; 58:238-246

2. Griffin TW, Schumacher D, Berry HC.: A technique
for cranial—spinal irradiation. Br J Radiol. 1976;
49(586):887-8

3. Werner BL1, Khan FM, Sharma SC el al.: Border
separation for adjacent orthogonal fields, Med Do—
sim, 1991; 16(2):79—84

4. Yi Rong, James S Welsh: Dosimetric and clinical
review of helical tomotherapy. Expert Review of
Anticancer Therapy 2011; 11(2), 309—320

5. Yi Rong, Yu Chen, Lu Shang el al.: Helical tomo—
therapy with dynamic running—start—stop delivery
compared to conventional tomotherapy delivery,
Medical Physics 2014; 41(5):051709—1-11

6. Langen KM, Papanikolaou N, Balog J et al.: QA

for helical tomotherapy: report of the AAPM Task
Group 148, Med Phys, 2010; 37(9):4817-53

75



A 8818] 7] 2017 5 29(1) : 69~76

A study on dosimetric comparison of craniospinal
irradiation using tomotherpy and
reproducibility of position

76

Department of Radiation Oncology, Yonsei Cancer Center, Seoul, Korea

Heejeong Lee, Jooho Kim, Sangkyu Lee, Jongwon Yoon, Jeonghee Cho

Purpose: The purpose of this study was to verify dosimetric results and reproducibility of position during cranio-
spinal irradiation (CSI) using tomotherapy (Accuray Incorporated, USA). Also, by comparing with conventional CSl
Technigue, we confirmed the efficiency of using a Tomotherapy.

Materials and Methods: 10 CSI patients who get tomotherapy participate. Patient-specific quality assurances (QA)
for each patient are conducted before treatment. When treating, we took Megavoltage Computed Tomography
(MVCT) that range of head and neck before treatment, L spine area after treatment. Also we conducted in-vivo
dosimetry to check a scalp dose. Finally, we made a 3D conventional radiation therapy(3D-CRT] of those patients
to compare dosimetric differences with tomotherapy treatment planning.

Results: V107, V95 of brain is 0 %, 97.2 % in tomotherapy, and 0.3 %, 95.1 % in 3D-CRT. In spine, value of V107,
V95is 0.2 %, 18.6 % in tomotherapy and 89.6 %, 69.9 % in 3D-CRT. Except kidney and lung, tomotherapy reduced
normal organ doses than 3D-CRT. The maximum positioning error value of X, Y, Z was 10.2 mm, -8.9 mm, -11.9
mm. Through in-vivo dosimetry, the average of scalp dose was 67.8 % of prescription dose. All patient-specific QA
were passed by tolerance value.

Conclusion: CSI using tomotherapy had a risk of parallel organ such as lung and kidney because of integral dose
in low dose area. However, it demonstrated dosimetric superiority at a target and saved normal organ to reduce
high dose. Also results of reproducibility were not exceeded margins that estimated treatment planning and in-
vivo dosimetry showed to reduce scalp dose. Therefore, CSI using tomotherapy is considered to efficient method
to make up for 3D-CRT.

» Key words: Craniospinal Irradiation, Tomotherapy



