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th. AAPM 76 reportol] W2 #H|= 2 SF AelfollA] 3~
7y, A, Akl disiAl = 19~55
mm $73le] Qleka B gleh? A4zl AL
Aeks F&3tslr] S 22 33k dAzy A E
(3-Dimensional Conformal Radiation Therapy, 3DCRT)\} Al
7]8d 2k} %) E (Intensity  Modulated Radiation Therapy,

IMRT), 4 EWAM4 %] & (Image Guide Radiation Therapy,
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IGRT)E AH&3l7] % 3L 3H2ke] Tg-5 I9IF o =243
FoZA E 4719 $A8ls HLdele a5z U
A% & (Respiration Gated Radiation Therapy, RGRT)Y S|
AAE 3 ek mEdh 2ol EFd A A 2B (Real-time
Position Management, RPM), ABC (Active Breathing Coordi-
nation), -} ¢k} 21X (Body-fix, Abdominal Compression),
4D-CT (4-Dimensional Computed Tomography) system= ©]
Belo] 3} el WA Sl oI Fhe) 8HUL
Zo] 1 Wizl AX 3= WHE ZA A (Internal Target
Volume, ITV)& A783HAl = Q3L aukg z2] ol 7}siiA]
© AEe 2 4sktHA] BAl Fdolle AE Awks =
A 4 QA =Gk R e 2T 71 Avl=
A A 280 B v JdE dHE ERdHEe]e A
& CT 7]A19 22 gantry bl 3745715 2413 el 2
71E A7|=A WA X 87 3~T83Re] AR e A
st A Ze] ERdEE]E 360° 3k 3)A Al 5170 ek
oflA WAAE ZASE Aol ThsstRE T4 & i
TRAS AT F QA3 B =3ol A=
SR o w2 Qhdelal 93k X g AAE 7IE
t} 3t Zaigl A ARglelE=3o] (Mega-Voltage Computed
Tomography, MVCT)& 53l AHIX & A Feke] 914 9
291 A4 A71E S F PANAZE Aele QIEE
WAA ) ek

e} ERdEE]= CT A9k 22 FelE bored] 25
o] X5 850 mm, Y5 1,350 mme] 5% gantry Q-3 32}
b g dlolte] R SER SolulA tAHoR
Aol 2l WA ew dides Ag Agel 23 4
E ol & ON/OFF & = QI systems 2531 A &
th At 9589 gantry F= wlloll $F5Z(respiratory
gating) AR E systeme H-&sh=tl Aleke] glo] X &
F sk 4710 $9ew Al 2 ol dat
A F3ek

Table 1. Patient characteristics

2 A slo] w2 A7 AKX E Al T A A
oAl WAL XgE A¥Y HoF U3k ABCHES
(abdomen and chest motion control device) & £ 7]|Fol|A] E
Eolv) AR A S§24 WAAAEE Bhez )
A B9 el AEeA Heie

upgpA] B ol grollA s Fofo] el Auell f1x]3k 3
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1. EH/g al 7(|-|:||

= ©

B Ao tidAke 20124 1958 20129 5€71A] 2
oflA] gt AEH X% 71, LN, Al ERH
285 W 3 s e g Slgivk 2o X EA1E A
A7 715el ddsle 3HAE e FA] Au](HITACHI
ERGO ™ DIGITAL C-arm)Z 3l ¥Aqte] 22]¢Jo] 2|
4= 10 mm o]} g2 ol= S o2 AlegslgicH Table
1.

3% =4S 98l ABCHES (APEX Medical, Japan)(Fig.
DE A83F & AMEAl 21334 (wing board vac-lock) & &
A4S AL 43 94 55 8] Anzai gating
system (AZ-733V; Anzai Medical, Japan)& ©]|-8&}o] 4D-CT
(Siemens Somatom Definition AS, Germany)g 3},
LEONARDOSIA] 2719] 474191 2helsisiel. 2dat 34t
2 28 A)1% AH](Pinnacle 9.0 philips) & o] &slo] 21z
718 st9a ER % 8412844 (TomoTherapy”® planning
station TOMO HD™ Version 1.0.1 Incorporated, Madison,
WI, USA) 3 MIM (Mimsoftware, Version.5.2 USA)S £-3]
WA AR ARG Sl Bl $HUE Aden
2339t X]3A44]+= TOMO HD (TomoTherapy Incorpo-
rated, Madison, WI, USA)-& o]&3}9ic}.

ot

Distance of diaphragm

. . movement (Cm Dose per Total dose
No Age Sex Diagnosis ( )T Stage fraction (Gy) Gy)
FB* Shallow

1 69 F Lung cancer 1.7 0.7 Limited stage 2 54

2 88 M Pancreatic cancer 2 1 cT4NOMO 24 48

3 53 M Gall bladder cancer 2.5 1 cT2/3N2MO0 2 50

4 59 M Hepatocellular cacinoma 2 0.6 cT3/4NOMO 2 50

5 67 M Cholangiocellular carcinoma 1 0.5 pT3NOMO 1.8 54

*Free breathing, " Shallow breathing.
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B oJ o) dfjdsl= 3HAbollAl ABCHESE A-gslo] #4-f
3% (free breathing)?} ¥ S F(shallow breathing)& L5
S15ih, ABCHES A8 4 ) 5% 312 913 F5 AA)
& f-r(nipple)2t FePst Lol Xt HH oF RIS
I8k EHR AAUE H/445E7](xiphoid process)2} ¥l umbilicus)
Aol §73o] b4 2 Foll AR AR Al A
FAE 3l 2] Fell AN A5 FALE FA] &3k
SRl oF 3R A% SHE S F vhze] FAAL
2 FAQ TR w7 IA% =7 FABR FAE F
ohAl 527 @2k © TRl TAHR) A Bl ol ol
A Il 2 e B bl A 2 7
ZrllA] A2 @t ®9] 7HE S ghAtellA| Fedo] 7HA] ke
H WellA] Folx 22 WHlog 5E7F &2 THFHUS
A AJsbH zZAol| 4] 312} respiration signal-S £HQls}iT)
A8 A TH A4 el X8 A ABCHESE 29| %
B9} 2R3 2AB el TEFFHES 387 AXslgon]
2 zZAo|AE CCh7MEke}t LCD EUE R 3A; gelz)
respiration signalZ checks}™ F&ol] m| A3t @27} wtA¥s)
™ audio coachings &3l EFele}A] o= Aol v &
FY & QES A30cHFi 2.5

4D-CT 2AAR= 342} 199} 242+ ABCHESS o] &-8lo] 2H-&-
TEI E2 TRoNA Bedsiglon, 534X s
d A4S LEONARDOZ A 4s}od Inspace 4D softwareol| 4] &+
719 £A0lg dxAoF o] 3 T MIM ZET1o]|A]
Zope] $H9)e Aoz BA Hlc) wY A BANE
9sle] 1% Hd] ¥7](100% inhalation phase), 2t 7]
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(100% exhalation phase), &2

| 1. Position patient and Abches. |

2. Set fulcrum @ or @ on the chest or abdomen
of the patient.

3. Set the position of free breathing and shallow breathing
in the center of mark & and ®.

4. Ask the patient to practice free- and
shallow-breathing for about 3~5 min.

Free breathing Shallow breathing

| 5. Check the breathing signal through CCD camera. |

6. Check the treatment of patient with LCD monitor,
and audio coaching is when the problem occurred.

Fig. 2. Procedure for respiratory control with ABCHES.
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< 3 99 ¥4 (High-risk Planning Target Volume, HPTV) Zoks f&ag]7] sl o]E BF HAksle] A osiit)
o2 A9l YL, HPTV FH0% 7 BAME 594 ol o8 B ARAYEAE Adetel AR AT &
Ae s WA 24 o2& Fo] setup errore}t & gl om MIMolA A&k A|F s|lxE1ds 53l + 3
Aol TR HHANE THL A A¥ FACowrsk 7 AR AN Hlaeielnh AFEALS FTheq Fao
Panning Target Volume, LPTV) 2.2 A ¢] %]t} 2 7H T3 HrtEle AT 0 Adsle] H
& 3Ake] HPTVE 431 ©53ededd 7F 91804 B A2 (Mean dose)Fkat BAZZof] WhAMAlo] 2AE = E4&
olE FUF eV slo] o] B FAtsled Ao &l AR 77 v 27t sk
o LPTVE 3HA} case & #H|¢F k2l HPTVoll 6 mm73

AR Bestglar, Ash A= ke A7 8l A4l A =2 I
£ a#ste] HPTVel| 3 mmethste] A olslgiet. S/t <+
Zke] LPTVE HPTVl AWl Az4s E3lste] A o6
o ZHZE 3= HPTVOl 5 mm Effsle] A oJslg]
oh whAlERe 2 Zhiigel ghAke] HPTVE CTellA] Kol
Zoko g Aeslglar, LPTVE 4D-CT 7 14l Hol:

S
o

A

Pk

1. 4D-CTE o|28¢ 719 23/

37} caseE MIMollA] W 719 2 <E 9] - ofh
(Superior-Inferior, SI), A - 3(Anterior-Posterior, AP), Z -
$-(Left-Right, LR)olIA Agle} weko g BAsiqict &

Table 2. Respiratory movement of center of gross tumor volume

SI* (mm) APT (mm) LRT (mm)
No Superior Inferior Anterior Posterior Left Right
FB'  sB' F.B SB F.B SB F.B SB F.B SB FB  SB
1 8.5 35 8.0 3.7 53 0.8 55 2.0 2.6 0.6 0.8 0.0
2 4.0 0.8 3.6 1.3 23 0.6 2.6 2.1 0.6 0.0 14 0.2
3 9.6 5.0 1.4 7.0 8.0 2.0 5.7 1.5 3.0 0.0 6.0 1.2
4 8.0 2.1 11.2 2.9 2.1 4.9 7.7 1.5 2.3 0.5 4.5 1.6
5 4.5 34 5.5 2.7 24 2.1 32 2.8 2.6 1.0 1.1 0.5
*Superior-inferior, TAnterior-posterior, TLeft-right, SFree breathing, ' Shallow breathing.
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Fig. 3. Organ motion is in the six directions with more than a 5 mm displacement. A total of 11 organ motions occurred during free
breathing while organ motions decreased to 3 times during shallow breathing under the use of ABCHES.
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=R 2 725
3F AelollA diRE 22 o] Aists AE AT F 3
Qar, B 78S SISk A 50.3% (3.2 mm), APHFSF]
A 453% (2.5 mm), LR¥EFA] 22.5% (1.9 mm) 7H4&s}s

o} w3y T &7k EAIZZ 1@l (spss v.12.0) 8 £ -7
A A3} S (P=0.045), AP (P=0.026), LR (P=0.037)Z %2
gl 2ol E HYrhAE 1T 95%). 579 3 & 3F =4
%9l ABCHESE o830} A 57 & 5 Aol
A A7 w2 %de] 5 mm ol wAQ) TH

S O
1291 W Fe

T

H
THeAE 2w 2 TES

jok

2. X|2 A& Zot

1) Case 1

¢k gate] A= A sl22ad wla A A8 AH
HPTVE A+ 28 414 ml, &L 35 320 ml, LPTV:
1304 ml, 1062 mlZ ¢ TFo| 2+ 22.0%, 18.5%2] 74
£S5 Bk AA H9 2= Aol gk e sF HTA
e 247 128 Gy, 211 Gy &2 2fo] A=A ¥
Ako] 2AEE Q1 & ¢ Uik ARG 2 d
27 20 Gy ol =AH A =l EH(Vy) B3 A
ol 23.9%%1 W & ITFONAE 21.29%% 743l
(Table 3, 4, Fig. 4, 5A).

X
A
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=
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Table 3. Comparison of tumor volume in each patient with HPTV, LPTV

HPTV* LpTv'
Pt.
FB' S.B' Depletion factor FB S.B Depletion factor
Case 1 41.4 ml 32.0 ml 22.0% 130.4 ml 106.2 ml 18.5%
Case 2 67.2 ml 64.3 ml 4.3% 107.1 ml 102.8 ml 4.0%
Case 3 303.6 ml 273.2 ml 10.0% 772.8 ml 749.8 ml 2.0%
Case 4 444.1 ml 363.1 ml 18.0% 677.0 ml 577.5 ml 14.0%
Case 5 12.1 ml 11.9 ml 1.6% 280.2 ml 268.8 ml 4.0%
*High-risk planning target volume, TLow-risk planning target volume, "Free breathing, SShallow breathing.
Table 4. Comparison of irradiated two important normal organ mean dose in five patient (unit: Gy)
Case 1 Case 2 Case 3 Case 4 Case 5
Normal T :
Whole lung Ipsil. lung Duo. Stomach Duo. Liver Liver Eso.} Liver Rt. kidney
F.B* 14.1 23.6 5.7 2.6 29.8 24.6 34.6 419 26.3 9.1
SB' 12.8 21.1 53 22 29.2 243 33.1 39.8 249 6.3
*Free breathing, " Shallow breathing, TDuodenum, §Esophagus.
—d— Case1 SB: Ipsilateral lung

Volume (%)

10 15 20 25 30 35 40 45 50 55
Dose (Gy)

0 5

89

Case1 FB: Ipsilateral lung
Case1 SB: whole lung
Case1 FB: whole lung
Case2 SB: stomach
Case2 FB: stomach
Case2 SB: duodenum
Case2 FB: duodenum
Case3 SB: liver

Case3 FB: liver

Case3 SB: duodenum
Case3 FB: duodenum
Case4 SB: liver

Case4 FB: liver

Case4 SB: esophagus
Case4 FB: esophagus
Caseb5 SB: liver

Case5 FB: liver

Case5 SB: kidney_Rt . .
Caseb FB: kidney_Rt Fig. 4. Comparison of dose-volume
histogram in all patients according

to two different breathing method.
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Fig. 5 The bar graph comparison of all patients according to
two different breathing method (A: Case 1. Lung cancer, B:
Case 2. Pancreatic cancer, C: Case 3. Gall bladder cancer, D:
Case 4. Hepatocellular cacinoma, E: Case 5. Cholangiocellular
carcinoma).



2) Case 2
A 3krke] Ak AA | 2B v A} X2 A
HPTVE A8 38 672 ml, 3F 643 ml, LPTVE
107.1 ml, 102.8 ml& % FFo] ZH2} 4.3%, 4.0% 724313
a1, FH AAA J:ly}oﬂ/ql- ko FEo| 97k 8.8% (Vs),
Ao A&} 21.1% (Vo) & 7H4=3$icH(Table 3, 4, Fig. 4, 5B).
3) Case 3

&
A=

%711“ gate] X gAH L E Tl A4 10%, 2.0%2]
AR Hylon T YA ZAAFE FS TF

o] 7& 68.1% (Vy), AolAA 80.9% (Vy)2 7ZHA=sldr}
(Table 3, 4, Fig. 4, 5C).
4) Case 4
THA|ZSEE ShAke] A=k AA sl2~Ea8 vl A3 X8
AF HPTVE A 3F 4441 ml, ¥ EF 3631 ml,
LPTVE 6770 ml, 577.5 mlE& €& 3Fo] Z7 18.0%,
14.0%9) Zag2 Hovh A4 7F H7ke] Fa3 olF Az
0l Vo2 A5 T&0] 28.1%< ¥ ¢S FFo] 21.9%E 7+
2319 cH(Table 3, 4, Fig. 4, 5D).
5) Case 5
TRl ghAke] X843 HPTVE €2 ol A
T vlsl] 4 1.6%, 4.0%2] e Hyon F A
Az Mgk EAlRES 7k HAFATS 28 $Fo| 263
Gy, &2 TFo] 249 Gy= 9| zAFer, § 41739
Az Hrhe 7 3F 7 P 2 A% Kol E Bl VipollA]
AHF 3F 45.5%%) W S ZFo] 29.5%F FHAastSiek
(Table 3, 4, Fig. 4, 5E).
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Abstract

Evaluation on Usefulness of Abdomen and Chest Motion Control
Device (ABCHES) for the Tumor with a Large Respiratory Motion in
Radiotherapy

Yoon Jin Cho, Mijin Jeon, Dong Bong Shin, Jong Dae Kim,
Sei Joon Kim, Jin Sook Ha, Jung Ho Im, |k Jae Lee

Department of Radiation Oncology, Gangnam Severance Hospital, Seoul, Korea

Purpose: [t is essential to minimize the respiratory-induced motion of involved organs in the Tomotherapy for tumor
located in the chest and abdominal region. However, the application of breathing control system to Tomotherapy is
limited. This study was aimed to investigate the possible application of the ABCHES system and its efficacy as a
means of breathing control in the tomotherapy treatment.

Materials and Methods: Five subjects who were treated with a Hi-Art Tomotherapy system for lung, liver,
gallbladder and pancreatic tumors. All patients undertook trained on two breathing methodes using an ABCHES,
free breathing methode and shallow breathing methode. When the patients could carry out the breathing control,
4D-CT scan was a total of 10 4D tomographic images were acquired. A radiologist resident manually drew the
tumor region, including surrounding nomal organs, on each of CT images at the inhalation phase, the exhalation
phase and the 40% phase (mid-inhalation) and average CT image. Those CT images were then exported to the
Tomotherapy planning station. Data exported from the Tomotherapy planning station was analyzed to quantify
characteristics of dose-volume histograms and motion of tumors. Organ motions under free breathing and shallow
breathing were examined six directions, respectively. Radiation exposure to the surrounding organs were also
measured and compared.

Results: Organ motion is in the six directions with more than a 5 mm displacement. A total of 12 Organ motions
occurred during free breathing while organ motions decreased to 2 times during shallow breathing under the use of
Abches. Based on the quantitative analysis of the dose-volume histograms shallow breathing showed lower
resulting values, compared to free breathing, in every measure. That is, treatment volume, the dose of radiation to
the tumor and two surrounding normal organs (mean doses), the volume of healthy tissue exposed to radiation
were lower at the shallow breathing state.

Conclusion: This study proposes that the use of ABCHES is effective for the Tomotherapy treatment as it makes
shortness of breathing easy for patients. Respiratory-induced tumor motion is minimized, and radiation exposure to
surrounding normal tissues is also reduced as a result.

Key words: tomotherapy, ABCHES (abdomen and chest motion control device), 4D-CT
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