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MM XIE Al Tomoimagell 712=8t Setup 2AH| &S &
OIM o2 HIAMEUSI 'AE M2 atA Sl SALMEQLStT} 2ZIM NS AL T}
EH35| - 0|ATF - AME' - 45H?

S & YAMRIE & 2tAte] AML s Rt Fx4 AV 2R X2 Al EXE =FSIHAM X 2R 9le #HaI} Chek
SHA| eAME 4= QUct olet 22 2ol ZUR (L MAXAo st MEFRZ PEES o|x(A Ect ol XNEAESMY
stEalof osl HAE MEFo| M A XE Al M2 CHE MEZFo| =ARE = Uch Aol Ma|stMol S&lnl Y| U9
S 52 IH7| 7L HES stRte| x[2FH|of oM XZ2x=Fe| MEME =2 5 QCh 2 79 SH2 ERHMS
&5l |2t E 2 X (Gross tumor volume, GTV)It &7 x|= Ziof| Ldst= X0l g ISt AL Shot,
CHA QI HilY: =2Ri5IXI2 A A AEME 0| 8510 X|25t= MBI M X} 386 S AR 5161 3 St A X2 E 5
& stadct zh stxjoich X| 2314 2638(0f et ERGAS 2S5 1, & 765|9] ERGAS sESICE ZH24e| ERPAR
MAtsiotE £ 1 of x| 2(Computed tomography simulation, CT-simulation) Al2l SAXME 0|85t 1, of X2 Al ZZEZ Mo
60 ccel 371F F g2 JIEAIZ|olM 6 cm Zlojol I Sto] MEBMel RS NHAIZI F X2 Mol ERPAS S5
StCE ERPM2 5 mm FHZE HAaS E CT-simulation&t MVCT (Megavoltage computed

|S3toich & od7el 2Auwoz
|

tomography, MVCT)2| &2 ?lsto & =2 0|835t0], EZX =9 371X HAZEHHOZ Bone technique, boneftissue
technique, full image technique2 0|-&5t01 X|2&H|(setup)el 2LALE 2AISIUCE SAER2 w0l Hol= H & 7|F22 8
gtot, CT-simulation Al S35t FAo] MVCTOlA oAl HAS S8st0i, et ZEAZM GTVE o X[& Al 22t o] W5t
ct == CT-simulation Al 7|&ME SAC 2 HHal EFHAN=E X Y, Z Rollol thsto] Ztzte| stXtE A 5t3ict
4 oh BMZD Zhzto| gitof flsiAM EEEMo| HEt= &ods| CEA LERCHL HHHMOZ HE o/ 85 JA8E 2ot
XysoZ [0 8 mm, YRS ZE 4 mmel A S Zoch SN J|Eo2 IMSE S Zo X Y HWESZ 6 mm, 16
mmzZ 24 =[QACt sk At A 16 mm o|atel FAAS E=0, o= AU 7|t 2H| 20 25t galglez &
A E[ACh GTV 7|Z84A Z1 X gsto 2 27~66 mm, 43~78 mm7t Yetstez 2xelg Ect 2 7oA Rolof cf
gt 2MZD At EMaloM stedst Xfo| X2 fiich EMZD w J|=o EMZ D} 037+036°, GTV 7| =24 Z1}
0.34+0.38°2| 3™ =t
SAR0{: MM X BEH|X, EDEH 2T, XEEM
N B of B 9% vA F ok 53] 33 gAzHA =
(Conformal Therapy)t} Al|7] 2244 %] 2 (Intensity Modu-
AYAx g} 22 ol AV WX E A 4 lated Radiation Therapy, IMRT), EXX] & (Tomotherapy)2}
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ICRU E.114] 62 (ICRU Report 62)0l|A]+ o vl(Margin)<
A T AR BEEs=d ARl= J)Eo]ul(internal mar-
gin) .2 A E A A4 (Clinical Target Volume, CTV)2] 37|
o} BoF 91x]9] wWstof] A3t Ao|a vhg- 7] Al
H|of-(Setup margin) = 2} ZpA ] BT 24 A] 7
sl BaasoR Pielel oF wAY A Aws
T gJuh?

AR E A SRS A AL R 7 23 Inter-
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fraction uncertainties)®} %] & W 2X}(Intrafraction uncer-
tainties) 2 Vs = Yok AR 7F 9x4= 7)A1F Q)
QQlol] oJ3t @xje} X-A g4l 7|QI8t o} ela 4
g3 Al AT F e o vt Z A} 91%] FFol A
A e &4 o7 72 5 Sirk 2§ Tomo-
therapy®} 7+& oAk 2 vWlAA %) E(Image Guided Radia-
IGRT)oll 9lolA] AASIhSE g oX 5
(Computed tomography simulation, CT-simulation) A] A|€%]
FA 23 A= JAgeHauto image fusion) LE|a, 5
Ab-g-¢H(manual image fusion) A] WA= 2ol kAt u}
2} e P9Ik FHAQ vkl whel ZA o Ak
o9} 42 oxje} PHste] 1 Bt TH o g B AT

T of

tion Therapy,

s
A7 Fo] Hawa ek Al gloA] 287t 54
A3 FAsto] 19914 Ten Haken 5o] 5089] A5 i
o7 AFE Azt HF 5 mme XolE Hloem Hu 20
mme] X}o|E HYF ¥ 3 B wsla 9l or Balter So| C-T
A o] &slo] Atdt o oJspd AE, H-, sl W
o g 747k 3 4.5 mm, 1.7 mm, 3.7 mm2] o]Fo] giglo
A% g #9 2L 71Fog 47 0.7, 32°9 Ao EE
sl QJek” w3k Roeske So] wE 7]F o2 Foko]
AlS(center of mass)®] o|F& A3 A A W
5.3 mm, AslateEo 2 63 mme] FAFo| o|Fditiy B
skar Qlek. 2 floll= WA E R3] F g4l 72719
HW3HE ZA43 Roeske 52 Aol oJsld Agd4le] &4 o]
i 20% 73 7357F dolom Ay &2 o] ) 70%
243 ASE 9rtx Busta 9y

X8 & ¢ #slod 19991 Padhani -] Cine-MRI
£ o83l 5579 A ulde R TR & AT 16
o] gAtol] QlojA] 333]9] A4 9 o]Fo| HAE G om
1 % 208l 5 mm "R H37L 9lglom 3w o) gha)
o A= 10 mm o|4e] w3k} #& EQrha Harsglom
2ol g 8lol| 23t o] E Aow Humslm gk
o]} Zro] A} Fro] gFol= A7= A7) AA|9] Wt
sk o} QA7) 9] Wstel upetE & ks a9l
e A & ek 2 A ") A X5 Addle &
AAS aEfsle] AKX E 2AHS 2Aste] HAA s
tl] ICRU Report 6201141 A S A4S of A7]<]
7t Bk Z7]0 whE W aglol 7113k 91} 914
A4, X 8719] 7181 A&
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ol ¥l gleh AwAste] X} Hatelo] 2001 AV.D
Amico 5-& ARENE Aol A7 el 418 F A1)

74 o 8 AR}z AREed A2 (Electronic
Portal Imaging Device, EPID) S-& o]-&3slo] 243 A3} I
23k Az AAEAS ARSIA] g2 7ol ARA TS
9] o]Fo] A 9.1 mm=E & =Y 7 1.8 mme] o|F
o] AE|Yom AT AL Alddle i 2.2 mm, B
13 mm& Frhar Barstar olek? EdollAe Ayl
WAAX S 8] (Setup) &) ABAZS Zol7] 93l e &
off glolA] Al A AAFAe Agsla glon, B o
TFollAe A7 4A¢e] Tomotherapy ¥HAE 4o Z X 87]
7+ = w1 Aleisk MVCTollA] & AL 55 EXE C-T sim-
ulationE- o]-&3F X 8A1% z39} MVCT A5E §¢(fu-
sion)sto] 7 15 7He]| xpolE EAlslgl o, B4 w 7
Z(Bone based), AFA| A2t 214114 2 FA (Rectal balloon
based) & 7|52 & g Zo] upR|eto g GTVZ|s=(GTV based)
O Al a5 vl B4 dglon olF EdE AdFA
A 2 & Sk oy 7] HEA Q] WA X 8ol o]
Ae X 5AY A X524 WE A-sed Ewol 2
geoEt AsEr 53] ARFAs e X5EzTF A
& A A ET 24 55 BBl A X5l olet A
5 zsle] Mok sk X85 e =
dl L 3 o] 9lck

3

CHA} S uped

H o= <k 6707 TOMO Hi-Art SYSTEM (Tomother-
apy)& o]gslo] X855 Al A=A 24 33 & e
2 APt BelAe AgAsh A8 Al A4 $A
gl el RS =o17] 3l BE gAloll EdollA Al
g A4S A3k Foll CT-simulations A|#¥3tel. R
o3 A+(Megavoltage computed tomography, MVCT)S <17] ¢
3 Aoll SlolA Felwel 9] Zol= 4 mm F2 40
em®] 271072 Hodsgion ofuf )X (Pitch)v BFEE
(Normal mode)E AH&3}9lom o|uf] 2% H](Pitch ratio)
1.60]ct. g 31| v]& AEL7} 13143 uf glo]52] o] 57
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wf gEAtel] 60 ccol F71E FHsIGl o ZAtell whel Ak
ZolE 6~10 cm Zo|2 zAslo] FA|(Marking)dt ¥ vf
A8 Aol FLE Zol2 A o =T slglon X8
Al FAg g EHe] RS =7l flall A A 1A

¥ A5F APk w3k A A Y
8 kel 2 ol ol 15717 A4S F A

C-T simulation @ MVCT ] Aol|= =
ol vlzE 3 ki AFHe FAFAY F E(Lead

bal) S £ Foll AAE AgPom § £& 7|For 4%
X, Y, Z 9 A 23 rol) & £Assick. MVCT #ed A 4

73t
I "le]& o]F Al ALAS SAslel
o ] HollA Aets] AX|eh=
oh ZedHsle AA W
(Anal verge)7} ke F &
AL 32 MVCT 3kF 7 263], 3 78715 e

sglem MVCT #ed A3 A7 ] 7k~ Sl <J3 27t
Z 7Arelle A AXE A3 F A AAE AlBdler o
£ 7R Xae Aot A Qle1Hel =4
ol &3t X5 Fol7] flall Hxe] MVCTE 7|E2 2 74
Yk FALE C-T simulation B4e 7IEoz wf A9
MVCT#} HliL sglew & 71€, ARE4 71, GTV 7|+
o2 X, Y, Z Roll 5 Z47+9] #3E o] k& vlastel A4k
oF ®o] A5 gT RAA AFE FAE e A8 FHE
olF I & 7IE A Aol N g5AR olF kIt
HAAZAA7IEo R QA7 Aol & EA st 7 4
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Rom odol|A] W E9 o]F FA| g7l o] Xol=
Adgholl aredx] Fghrl. AFEAE o A X, Y, Z,
Roll HIgko 29 o] 7z 8 ZEE ERA|AES] oi§
9}(Image fusion) ZZ 13 5-5(Register) 7] 55 o] &3}

243519tk Tomotherapy®] S8 ZZ1alg|e] oJAg3tE
Z 1% (Image fusion program)oll& = -§¢7|* (Bone techni-
que), =/2%)g3+7|* (Bone/Tissue technique), 4|3 A-g-3t
7]*(Full image technique)®] 37}4] AHZZ 10| glom
o] 7|5 A7te] Fge] HAe} Froll whe} &8kl AHE
g gom Ausl 7|Hol we} 2% = o 24
o] 7bsslth 249 7k EUE wi 3kAke] X 87 28R
Al 2 A7)0 o]Eel] W2 o5 BAslgl on] wal 3kaz)
zpo & gt A 99 A5E EUE 7 3kAlo|
2%, AREA 71F 22l3 GTVZRS] Zolol] o
1 FFEAXE Fem Aagk 7he] waAl sl
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1. 2K} ZF C-T Simulation 7|Z&=2| Setup 2k} 244Z 1}

1) C-T Simulation vs. MVCT (Bone fusion) &4
C-T Simulation <34F¢] w2} MVCTS] W E 7|Fo 2

4 ﬂ',

A

$3 A 8402 WAL X BaEeze) BA7 —45 el
A HY —8 mme] 245 Belon YHkeko 2= 24 mmol|

A Hd —42 mme] eXF Hylow FAH R o3t A
I=5 A& F UATHP=<0.0001). =3 ZHEEO 2= 6.5
mmof|4] H 9.1 mme] X5 Helow AT HA= A
Al ZA=E o FARLE o3t ARE A& T Uk
2) C-T Simulation vs. MVCT (Balloon fusion) =41 Z1n}
C-T Simulation °3-g-2] 244137 MVCT 7+
TAE TR QAEYE Al XFo 2 A7 —4 mmollA]
—6 mm| o] 5 Hol= Zlog FAEo] FAE £
gk 2ol & Helom YHOZE 8~16 mme] XolE Hch
gk 3ktoll QlofA] 16 mme] Xpol& Kl 712 MVCT 2]
Al A7 el FE3F Wel glglom At X8 Aol i
= 8 Foll MVCTS 4] #od & 2] 53l9lv}. 2329
A7 2ol 9.7 mmollA 167 mmlom, Y7} 7% %
ol AolA EAFeE Fog HolE Elrk(P=< 0.0001).
Table 1014 & = Q%o BE 3hatoll glolA] AAFAE
71 s RYE Wl 7P 2 Aol E Hole Ao
545 dek. & GTVE wl 7154 ket s394t 247
0.73 mm (SD=2.58), 0.78 mm (SD=1.79)1d] wlal Y¥gko
229] W3l= HHF 430 mm (SD=3.71)& X, ZW3ko|| u]3l] Y
kel et Ao & Aog EAEAch 53 3k}
3] 73-% SALoll AR o] w3t 7k2(Gas)oll 2J3t A7+
Y odko & Hd 1645 mme] xpolE Hel 7 At
(Fig. 1).
3) C-T Simulation vs. MVCT (GTV fusion) &4 Z1}
C-T Simulation 34+3-2] GTVE} MVCT %34+2] GTVE- 7|
Fog oAg3 A] XZEo 72 A7 —2.7 mmollA —6.6
mme] 2 FolFo] Yo ZEo2E 83 mmollA 153
mm?] o|-go] glo] FAF R {3t Aol 5 Koot Y&
0729 o]F 43 mmollA] 7.8 mme] Xto|E Kl ot FA
HOo 2 o3k Aol & HolA= gtk
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Table 1. Setup veriation for each patients and groups

X-Shift Y-Shift Z-Shift
Patients P P P

Mean SD Max Mean SD Max Mean SD  Max

GTV based 1 —0.52 136 —2.70 1.25 284 7.80 12.02 232 1530
2 197 1.59 4.60 <0.0001 —0.02 1.74 430 <0.0129 464 194 8.30 <0.0001

3 —1.10 226 —6.60 —0.93 3.8 7.10 547 191 9.80

Bone based 1 —1.17 134 —455 037 120 2.48 734 1.05 9.15
2 2.18  1.50 455 <0.0001 0.08 1.68 =351 <go001 49 1.62 830 <0.0001

3 —1.10 225 —8.40 —191 251 —4.19 4.85 141 6.55

Balloon based 1 —092 146 —454 323 301 8.88 1275 219 16.72
2 2.04 1.66 5.04 <0.0001 9.65 4.50 1645 <gop001 443 280 971 <0.0001

3 083 241 —6.42 0.06 3.66 8.38 5.80 2.83 10.80

Fig. 1. Axial, Coronal, Sagittal tomoimage shows the severe mismatch between CT simulation images (gray) and Tomoimges (yellow).

4) C-T Simulation vs. MVCT Z} 3| 2XHKRotational
error) =4 Zn}

WS 7o A oAb A 146529 2AE
Holom GTV 7|EAlele 2t 1.34 mme] Xfo| 5 Hof i
= 7IFe® e o 7P 3A Jebdew w 713 GTV
714 BT FFHAE 247 0.37£0.36, 0.34+0.382 &
zpol & HolA| gkgtom AAFAE VIFoE A%Ee 3
Aol A A8 ApolE HolA] ket sk 7h ghato] wj

287k oAl 15 u|ito g AR oE Z u|rt gle
Ao FA= I cH(Table 1).

2. YA X224 2K} EM(Interfractional shift ana-
lysis)

5 ) A7 o BAAT A5 expE)

S W W ollE, Aol e & Aol & Hele Al

102

2 2459} w3 C-T Simulation ¢3AF MVCT ¢4ke]
g A 7155wy A4, GTV 5 7I$5 ojd Zle s
she7tel wheh 2 xpolE Heirh

3 19 7§ YHere ARFA, W, GTV 7152 Al
57 vlellA] H 1.62 mme] Xo]E Ho] FAKOE
FAg Aol HYor} X, zHo g o]Fe 77 049,
141 mmE & Xo]E HolA o= Aow =A% g}

&4 29 A5 I FARE AT A5 5 Ak
S XFo2E AAgAS 7IF2E P& o 3.65 mmE 7}
2 A wsle 2R ZAEGen W &
uf 2.66 mme] o]Fo] glo] F Fh7ke] Hol= o
2 ZAE Q) olgst Ate Y, Z Wkl e fARE 3k
= Holow X8 7|7t Bt Ao E X857t APE A

° P
< 5

57l 1.03 mme] Xpo]E Kol T Xo|E HolA

SA9Iek. S 34 38 B XHO RO o] F2 3

*A3A
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2| 32 : MElMet X| 2 Al Tomoimagedl 7|Z=$+ Setup 2Xtofl 2tsH &

uk YZ0 29] o]Z-& ZAAEA 7|5 A] 8.88 mmeollA] Bone oA Bone 7]5A] 9.15 mmE F —E‘ o]] 7.57 mm2] X}o|
71 E 248 mmE Vel 7 gh7bell 6.4 mme] E Xlo] £ Ho] X587 ext vilg- E A& FA 5|9 cH(Table 2).
G nstn 28 oFF A AAFIBA 672 mm 29 B BAA 23] BE A0l 210 ALE

Table 2. Central axis shift based on the C-T simulation for the 3 patients

X-Shift P Y-Shift P Z-Shift P
Mean SD Max Mean SD Max Mean SD Max
Patients 1
Balloon base 2.04 1.66 5.04 2.04 1.66 5.04 443 2.80 9.71
Bone base 2.18 1.50 4.55 0.8910 0.08 1.68 342 0.0001 4.96 1.62 8.30 0.6706
GTV base 1.97 1.59 4.60 —0.02 174 4.30 4.64 1.94 8.30
Patients 2
Balloon sum —0.72 234 3.65 —0.17 3.59 8.38 5.85 2.93 10.80
Bone sum —1.01 217 2.66 0.8683 —1.87 2.60 5.67 0.1357 491 1.43 6.55 0.3021
GTV sum —1.00 2.19 2.70 —1.20 2.86 5.20 5.49 1.98 9.80
Patients 3
Balloon sum —096 148 3.13 313 3.02 8.88 12.66 2.18 16.72
Bone sum —121 135 2.13 0.2900 036 1.23 248 0.0002 7.28 1.01 9.15 0.0001
GTV sum —0.60 1.32 2.10 1.00 2.56 6.40 11.94 2.32 15.30
X-direction shift based on the balloon Y-direction shift based on the balloon
6.00 20007 _o— PT4
—=— PT2
4.00 A 15.00
2.00
10.00
& 0.001 =
< < 5.00+
@ _2.00- @
0.00
-4.00 -
~6.00 5007
-8.00 - -10.00 -
Elipsed day Elipsed day
Z-direction shift based on the balloon
18.00 —e— PT1
|l —= PT2
16.00 PT3
14.00
12.00
10.00 A
=
< 8.00 A
%)
6.00 -
4.00 A
2.00
0.00 T T T T T T T T T T T T T T T T I T 1
-2.00" Aeroens 2RO %QW%\L%%%W Fig. 2. Daily setup variation (X, Y, Z direction) for 3
Elipsed day tomotherapy patients.
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TAIE W 227t 2A vehtow
GTVLE wiol] wlall A Vebyde). 3k ot
Hedsto] BE Zhatol] LA o] EAliAI=
AR Xkl wlel] Yo ZRidke 2o et gios
At Aoz EAEYE ol % Wl 371(Gas)t 8
2 Hstol] wheh @ d3e W] wiiEe] Aoz ikt

JoF al

—_ =<

Az

Bl A= AL 2l gloiA 2l X 87t g
3L $kA}7b <20 @ %} (Setup Variation) S 243 Ao g HY
oA HAPAYL 3xke] X8 A AAEAS AHgslo] A%
o] A5 dAA frABtaL Qo W] 84 wek 94
sl fAE F JES sl ek AT
BsiA T A719 270S IXATE
YJolw] & Age] AilolA = =
9] Aefol] wel wlg- 2 W3tE Hols Zlog

E3] A7 Aol = vl A UEhow
olAE A= AEAS Addle Wl Z8go R 9
27F ) 16.72 mmE =A] Z4=9l o1} Table Saggingol|
ofgt ks wefshu Yo 2o X nls| A Ao
& 2459l om 7+ 342}9] Table Sagging Xto|& $hate] &
Al & Tabled gAke] 91x|ol] whzhA] xbo]7} ZA] viebsk
on, B qdfoflA ] 2 cm] XolE Kol Ao ZA
=) shAE B dtllA= FA o5 Fol7] ¢l
Table Sagginge E3HsF Fhe AAlsleict Ysko 2= 2o
1645 mme 45 HY HF 9.65 mme 235 Hol:=
AL UG} o] A thdRAE AlLld 27 3hAte] ¥
T 8.63 mmol] H]SA = Z gho|gl om wie} GTV 7]5oll H]
3l v =2 gholgla, o] Azb= 2001 AV.D’ Amico &
o] AA-F4E 0] &3k IMRT 3Ate] o g 3t qlollA
A & AFAe AEX A9k 75 x|
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ol A7y 24%, 33%, 3% XolE HPom FHAIE
(Contour based) SE7|HollA = A, & wigka} 4, o} Wk
Z vlsko g 7Vt 55%, 48%, 21%2] XfolE Holvka X s}
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A LAMI X EGRT)

o] © Zolzl A

2} YA=Z8 X Z(3D Conformal Therapy)t} A|7]z24ukAL
AX E(IMRT) 53 o] At X8 Alofl= viY L-gram
= 2 @l FoF AARE ol AT wWskE FAE)
Aol vigkzslele} AgEt S8 AAgT} o] 74

L

¢

o] 7)ol WizFsHA vhgshe Skl SlolAe & AdellA
o} o] A=A} 22 4719 Beks s 7T

o] gl WhEA] B estele ARSP MVCT ol 33914

o e ATAY F Yk vk 2 w32 12 5 9)

& YA A37 Bsg Zeleh A, G ol
A7} ol o] Aok & Aow ekt L AT

S & 4 gl EINEGYT MVCTS $3HE o]
Lem olge] Aol Holt: 497} qlglov] ofw) Auk

GTVell w2o] X223 Aaler} AsH e S} SAD,
STD®] ¥i3}r} dold = 9lom 739l whahA = 3kt 77
o] W3tE dof ' = 97| wiitel] ole £ W ERk oy
g} 7 AdzA o] AFEEE wHdles vl og 2
T 7ol el 54 A F919 e xR 2
A= Aol ok} o]ol] wg AALEE thA sl Wi ol
) At AR g7 7 o R Ik
gt S8 AKX E7) A egE = Etell A5e] Wit A
3| Eol|A] At
2 22 A B A (2 2% Fol| BRAE 3
ke A8 747F dglont Bie] A% Sk 3 om o4
o] Rpol & Hol= 97t Axen o] gApe] - e C-T
Simulation A]¥Y & X BA1%L o}A] A3 T X825 21
g 97 3ddek

olo} 7t HIStE 7]Ee| L-gramol| A= #le] 79| &7}

3 3elet ARSI ol S 3ol MVCTSH
S AYFAPARNEE A A w2 Blo] 53] @
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Abstract

Daily Setup Uncertainties and Organ Motion Based on
the Tomoimages in Prostatic Radiotherapy

Jeong Hee Cho, Sang Kyu Lee, Sei Joon Kim', Soo Kyung Na?

Department of Radiation Oncology, Yonsei University Health System, 'Department of Radiation Oncology,
Yongdong Severance Hospital, Seoul, “Department of Radilolgical Science, Gimcheon College, Gimcheon, Korea

Purpose: The patient's position and anatomy during the treatment course little bit varies to some extend due to
setup uncertainties and organ motions. These factors could affected to not only the dose coverage of the gross
tumor but over dosage of normal tissue. Setup uncertainties and organ motions can be minimized by precise
patient positioning and rigid immobilization device but some anatomical site such as prostate, the internal organ
motion due to physiological processes are challenge. In planning procedure, the clinical target volume is a little bit
enlarged to create a planning target volume that accounts for setup uncertainties and organ motion as well. These
uncertainties lead to differences between the calculated dose by treatment planning system and the actually
delivered dose. The purpose of this study was to evaluate the differences of interfractional displacement of organ
and GTV based on the tomoimages.

Materials and Methods: Over the course of 3 months, 3 patients, those who has applied rectal balloon, treated for
prostatic cancer patient's tomoimage were studied. During the treatment sessions 26 tomoimages per patient, Total
76 tomoimages were collected. Tomoimage had been taken everyday after initial setup with lead marker attached
on the patient's skin center to comparing with C-T simulation images. Tomoimage was taken after rectal balloon
inflated with 60 cc of air for prostate gland immobilization for daily treatment just before treatment and it was used
routinely in each case. The intrarectal balloon was inserted to a depth of 6 cm from the anal verge. MVCT image
was taken with 5 mm slice thickness after the intrarectal balloon in place and inflated. For this study, lead balls are
used to guide the registration between the MVCT and CT simulation images. There are three image fusion methods
in the tomotherapy, bone technigque, bone/tissue technigue, and full image technique. We used all this 3 methods
to analysis the setup errors. Initially, image fusions were based on the visual alignment of lead ball, CT anatomy
and CT simulation contours and then the radiation therapist registered the MVCT images with the CT simulation
images based on the bone based, rectal balloon based and GTV based respectively and registered image was
compared with each others. The average and standard deviation of each X, Y, Z and rotation from the initial
planning center was calculated for each patient. The image fusions were based on the visual alignment of lead ball,
CT anatomy and CT simulation contours.

Results: There was a significant difference in the mean variations of the rectal balloon among the methods.
Statistical results based on the bone fusion shows that maximum x-direction shift was 8 mm and 4.2 mm to the
y-direction. It was statistically significant (P=<0.0001) in balloon based fusion, maximum X and Y shift was 6 mm,
16mm respectively. One patient's result was more than 16 mm shift and that was derived from the rectal expansions
due to the bowl gas and stool. GTV based fusion results ranging from 2.7 to 6.6 mm to the x-direction and 4.3~
7.8 mm to the y-direction respectively. We have checked rotational error in this study but there are no significant
differences among fusion methods and the result was 0.37+0.36 in bone based fusion and 0.34+0.38 in GTV
based fusion.
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