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_ + Yo (primary mass)Q!
©9} YA Hol7} P—E.—(hver hilum) =8| =3ke]o]
= 3ol =5 ke AlRFAL, $1A171 4 Alsuperior
segment)] 790l EHotukal e}l 5% (inferior

segment)?] A9} LA 23 Aol B

S

+ 87| (air pressometer)@} HZ(hand
pump)7} F-21 oFe 7] ER91EEd] (pressure con—
serving compressor, P—type compresson S A-&-5}%
t}. Body Pro—Lok system(CIVCO, USA)2] -5 Qb
(respiratory plate) EFI2} -3 4} Wl E (respiratory belt)
B} ARSI A= 371 Y Al kPa ©919] o

2 Z7F 0~8 kPa, 0~10 kPa AFo]9] =0 & LJERATT
Oy 2 g
3. 2oR2xFE
1. CHA 2Kt HEZ =& ZRA|(supine)oflA] 23 HE] 912 23 A

PH]—Z]—x]E' AR JAIA A7IHER 2
Ao, FiRlE 6] Fot EiRke} 3e) 7ot BALE giAte.
2 39 tH(Table 1),

HH okl o Ho} HHokAkz|o] £EL He MR E
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22wty ofel whe} gk Sl thal ke (primary

% 4o

2 B QPSS He SAfel dhe B
24 747 (xiphiod process)olA] 2= 3 cm o} <]
A, 719 Bl Bl £ Qe MES AR 9)
oo} v umbilicus) 7} SR IAASIS) AolE 5
10 2 9519}, Zk2k ok} FEoMbER A}

g3ko] Bk QEHE W] ARSHE WA R

~

[e) =1
mass)2] $1%7F =A(middle lobe)o]u sF3(lower lobe) o2 skl A7 2 HiZ(hand pump)Z ¥
Q1 7-g-ot Al o7t = Aol H e AR 71E Fste] 2 SRS 248k o= HS Wel
AL ohF A= HARStHRd (respiratory plate) BEF& AP A oJAHA L& oF S 718IGAT. o] ule] /Al A5 7]
Table. 1. Characteristics of patients
Lung cancer Liver cancer
Number of patient 6 3
Sex(Male/Female) 5/1 2/1
Agel(years), median 69(range, 66—83) S4(range, 52—57)
Location
Right/left 4/2 2/1
Upper/middle/lower lobe 0/0/6
Primary mass/Primary+LNs 1/5 3/0
Compressor type P—type Respiratory plate P—type Respiratory belt
RT type VMAT VMAT
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0 & MIM software(ver 6.7.14,
USA) A|AELE o]&sto] A (target) 2t &491847]
(OAR)E AAsIr}. 242 GTV(Gross Tumor Vol—
ume)E 18|31 4DCT A4 5380 25t 2219&
23}9] ITV(Internal Target Volume)S 2735}t
A offr(margin)= HolA= ITVOlA 3 mm o{-E
o] CTV(Clinical Target Volume), CTVolA Al oG 3
mmE F°] PTV(Planning Target Volume)E 27435}
t} 71O)A= ITVOA] 5 mm o]8-5 0] CTV, CTVO|A]
AR o 2~3 mmE o] PTVE AASIT &3¢9
A7= FHo] AL Aln A]Z}E&Eig}ﬁ ,2}9]73

N m

2 183}o] 4DCTAOA] PRV(planning organ at risk
volume)E 44519t X5 AF-S RAYSTATION(ver
8B, USA)L.2 A7z 317 JAMIAR(VMAT) = 4
sHATt, A 71 B3 AgF(Simultaneous Integrated
stod ITVE} PTVE 242 PTV_High®}t

Boost, SIB)S A&
PTV_Low= Aole}9al, AeFS x-551o] skt

Reference Protocol

F_sem  “Swewres
¥ amec | I

(@)
Fig. 1.

7y 2~2.3 Gy/fx., 1.7~2 Gy/fx). 8+t A& 3w 79t
LFoll A Z2) 2651, 25901 .

S
132 mAs?] iagi 330 Frame& ¥& % xH—"rLAgs}gi
t} 4D CBCTHARS Hol|A] 120 kV, 4312 mAs 20 &
975 Frame2 ¥%11L, 7HollA 120 kV, 624 mAsZ A2
975 Frames ¢-& 3 742+ 10719] phase® A3AF A4
313}, 53 4 f=ol| whet ofu)X]
O 2 AY A 555 SR, 7H9-Al(couch) o)
=4

o2 WA ARSI,

% (matching)

olN

6. #IX| Mgld Got

7} 3o HOAE CT YA A8 A Y F53
CBCT /= Hlasiqiet, #9] 4-9-+= 11770, 1+9] B+
Al

= 57709 QS AT SIA] Wk W LR F
9] oJu]z] AgHbone matching)3-S wWje} 7120 =
Zof| g0 oJulx] AJF}(target matching)F-2 w2
= 7r8 etk =38Rl (translation) A Hekol left—
right(LR), superior—inferior(SI), anterior—posterior(AP)
2} 3]A(rotation) Al WaFQl pitch, roll, yaw= & oA

Registration (Clipbox)
Position Error

Example of 6—directional position shift values on CBCT images

(A) Image guidance_bone matching (B) Image guidance_target matching
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7Ne) weFolA 242t mlawstgick(Figure 1), A= ZHin-
terfraction) $JX|HSHposition variation, Vp) ZF> 4]
of gheo] oA A} 2 w2 o] Fh(position shift_
target matching)¥} # % S$40 2 oju|x] g
< wj9] o) Zk(position shift_bone matching)2] 22}
2 AAeSlTt, of= Aol oJgt fIAHskE Alefet Wi
(internal) 2] e] oJgt Y2 |WsE 2213 4= )t

Vp = PS_ target matching - PS_bone matching

* Vp @ position variation, PS: position shift

A2 o) (overall) YXH3} gre- 2=82=2] A HFEHLR

SI, AP)9] 3D HlEjghe 2 AL},

Overall Vo = (Vi 12+ Vi 52+ Vi ap?)'?
* Overall Vp . translational vector of Vp

7} BkA1e] mOJAF 4DCT FAFolA el sgaat AA)
A7 A W3 D53 4D-CBCT QA9 55-S 1
3770, 7k9) A= 17749) JAF
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2 37uk(diaphragm)< A|EEZ
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V= RV_treatment - RV_simulation

* V, ! respiratory variation, RV: respiratory volume

Fig. 2. Example of measurement of respiratory volume on 4D images in the coronal plane
(A) end—inhale (B) end—exhale of 4DCT (C) end—inhale (D) end—exhale of 4D—CBCT
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U7kl 9] 3911 FH3 WAL AR A ) 7|5k HRQb) A 8ol e AR 7 AR B7h

4 if

1. §IX| xHedd

Ho A 2] Hat 9] WS (position variation, Vp)ZH>
LR 24 0 £ 0.5 mm, ST 3l A —0.6 + 1.4 mm,
AP oA 0.2 £ 0.9 mm, Pitch W&FoA 0 + 0.3 °,
Roll ®aFell A 0 + 0.3 °, Yaw 3ol 0 £ 0.2 °= LE}
W THTable 2), 7ol A12] g5t 91%] $3} 42 LRYEFlIA]
1.3 + 2.3 mm, STESFA —1.5 + 37 mm, APEGFO]| A
—0.2 + 2.2 mm, Pitch®&FolA] —0.1 £ 1.1 °, Roll®g&Fo]]
4102+ 1°, Yaw HgFollA] 0.2 + 0.6 °9] 25 BTt
(Table 3). AAIAR] IXHEHOverall Vp)Fk> Hol4] 3
1.1 £ 1.4 mm, 7oA B#45 + 2.8 mm=E 917 Ha}
> 110) 797t H o] A9-Hr} B 24 ek th(Table
4)(Figure 3),

o] A9, & W3 (respiratory variation, V3>

7 £ 34 mm=Z 4D CBCT A9 5% 4DCT
20 TEFT Fougt Apol= fle Ao YEt
(p=0.195). Z+0] 3¢, & W} gk Bt 3.6 £ 2,6 mm
& 4DCT9} 4D CBCT 49| 3.5 o= ojujat A0
2 UERGtHp(0.05)(Table 5)(Figure 4).

x S

B A= w ) 7Rt SRRt tisl A7 31 JAL
AXE(VMAT) Al =] A-83ke= gl 7)hk E59F
HER] 2890S wf o] 3842 37 Al HA) = Folot,
B oHke §5of oJet 22YUS Aojg = AN fE)
A ufet F AZ77F B9t FUd] 22Yof| ¢S
F 5t ®

Bissonnette 57> S5 ¢uks 4835 Hok A 914
WAL 2 & Atof] sl 38 95 CBCTITLE 59 &
ko] x| WS WeFol A 2 mm(2.1-2.5 mm H)E
Zpekckal B a1gk v Qi B oItofAe] Qe )Et oF
] Ag A {9} 7he] 91x] ¥ishE EAs|EH ST

Table. 2. Position variation of lung

n=117 Mean SD Min Max | P-value
LR (mm) 0.0 0.5 —=2.00 1.30 0.723
ST (mm) -0.6 1.4 -9.00 3.30 0.000
AP (mm) -0.2 0.9 —4.00 1.90 0.043
Pitch(") 0.0 0.3 -1.10 1.20 0.176
Roll(") 0.0 0.3 —-1.00 1.30 0911
Yaw(") 0.0 0.2 —-0.50 0.60 0.010
Table, 3. Position variation of liver
n=57 Mean SD Min Max | P-value
LR (mm) 1.3 23 -2.6 8.7 0.000
Sl(mm) | -15 37 -9.1 109 | 0.003
AP (mm) -0.2 22 -6.0 5.3 0.559
Pitch(") -0.1 1.1 -4.0 2.4 0.721
Roll(") 0.2 1.0 -2.0 2.5 0.059
Yaw(") 0.2 0.6 -12 19 0.046
Table. 4. Overall position variation of lung and liver
Translational A Vector (mm)
Mean SD Min Max
Lung 1.1 1.4 0.0 9.0
Liver 45 28 0.8 12.9
Table. 5. Respiratory variation of lung and liver
Respiratory variation(mm)
Mean SD Min Max p—value
Lung 0.7 3.4 -6.5 7.0 0.195
Liver 3.6 2.6 0.3 10.3 0.000

ol A1) 1A WS} 717 ZAARE, H9] 7 ST kol A]
—0.6 + 1.4 mm9] 912 A3} = 7|8F H57 Ql A] 9]
A g do] Hrf QHFgA o2 AL Qlae SIS
urt.

2 AtolA A= AE Al FA(target)S] W o1-(IM)
o A o-F-(SM)E 113t F of-(margin)= FH ol A]
6 mm, {FollA 8 mm= 27gsieict. Axte] = A
2|2 717F B2t X & ZHinterfraction) $%] H3}= H|oj|

A 09~1.4 mm, 7tollA 3.7~52 mm&E YJEPITH95%
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Fig. 3. Comparison of inter—fraction position variation be—
tween lung and liver
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Fig. 4. Comparison of inter—fraction respiratory variation
between lung and liver
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Reproducibility evaluation of the use of pressure
conserving abdominal compressor in lung and liver
volumetric modulated arc therapy

78

Radiation Oncology Department, Yong-in Severance Hospital

Park ga yeon, Kim joo ho, Shin hyun kyung, Kim min soo

Purpose: To evaluate the inter-fractional position and respiratory reproducibility of lung and liver tumors using
pressure conserving type(P-type] abdominal compressor in volumetric modulated arc therapy(VMAT).

Materials and methods: Six lung cancer patients and three liver cancer patients who underwent VMAT using a
P-type abdominal compressor were included in this study. Cone-beam computed tomography(CBCT) images
were acquired before each treatment and compared with planning CT images to evaluate the inter-fractional
position reproducibility. The position variation was defined as the difference of position shift values between
target matching and bone matching. 4-dimensional cone-beam computed tomography(4D CBCT) images were
acquired weekly before treatment and compared with planning 4DCT images to evaluate the inter-fractional re-
spiratory reproducibility. The respiratory variation was calculated by the magnitude of excursions by breathing.

Results: The mean + standard deviation(SD) of overall position variation values, 3D vector in the three transla-
tional directions were 1.1 £ 1.4 mm and 4.5 + 2.8 mm for the lung and liver, respectively. The mean + SD of respi-
ratory variation values were 0.7 + 3.4 mm [p = 0.195) in the lung and 3.6 + 2.6 mm (p < 0.05] in the liver.

Conclusion: The use of P-type compressor in lung and liver VMAT was effective for stable control of inter-
fractional position and respiratory variation by reproduction of abdominal compression. Appropriate PTV margin
must be considered in treatment planning, and image guidance before each treatment are required in order to
obtain more stable reproducibility

» Key words: Abdominal compression, Pressure conserving compression, Lung cancer radiotherapy, Liver cancer
radiotherapy



