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Z7.o wke}l Afoli= AR Langen (2001) 59 7+
=0 o8t dgMe 2AYL 5 mmBEE B

1, 3 20 mm7AAe] S Yo] e Rem YA
I’ APARe WAk Az BF 27)9g

£ A 3& (Tumor Control Probability, TCP)-& &

oo AdElE Mo vE@cin Feix Yokl
Pollack So] w2 dt =2 g2y dgxdge] da}

A2 Al WA 8 Gy (70 Gy vs. 78 Gy) o] &
A F7Hel webd Agutgel a9 STl AT

T 98 2 A=) ABES IA AAEIL S
Bz Qo Aga F9jo) 93 W 2 7

i 2 Az e AFFAR Qa AFHA 7
o] REMMAERoRE Ay dAZx
(Dose escalation)ol] A7} ik A 32 Y=
ZPx8AY x84 (3D~dimensional confor—
mal radiotherapy, 3DCRT), Al7]z=d9A A 28 (In—-
tensity Modulated Radiation Therapy, IMRD) ¥ & %
FHH HAslE HFEEE JET F o] oY
@ AL o= A FHY 5 YA HAY. 2=y
A R 32U w2 FHHg A5 AgL
FA A (Planning Targer Volume: PTV)©o 2 ols)
A8 PTVelE B2 B34719 AHo] EjhH
A8 T FAEE I He 8o Ha gl
wEbA Aol Wi 2389 2 X8 A A L
g 753t HAslete] PTVEY 2718 EoF22A
Aoz o] 9 EA A7 ’i}%a AA7)7] A% o
&gk A7 28 Folok. dvkHo R Ay A=®
£23L2 Fo]7] 93} Wy o g "R Ao FHEE w=

RS2k B BTG = ]

ul
s

FYe T 249 Wg 3, WA BFAA 7
HE o]&d FAI9 229 olgsta] WYie &
2Qle wAgsta Yot

B AT AA AR ARZEFALE o8ty
e % A o7} 7hssta AR iR 4
A& Hasgo e AL FHAHY 278 Ao
Al71aL, Zyx* Holl i3t AFdAE S5 F e

D AR Mg A BASL Hels Al
T % gt e ANHTA B w9, APFHL
Bapel =g Al AAADY L T §He A3
of AYAY e YFAR A HEHE APt

. o 9 e
L APEN

£ ATFE A3 AA Az 2AFA-2 [Fig. 1]
*1 HolXe AME AFuRstHE, Az, F
, 60 cc FAMS), A} (Forceps), ol =-g o] &3t}
4%‘“ FAg olg3tel FI] 60 ccg FYFY
3, 7] BE B F4g AR fstd AxE
ol &ttt AA 1R E o AA FHIEE A9lst
o dFEE Al BFFES st £, A& Alvo

=
=

O

HB& o83t ARFFAE HdoAFo=2A A A2
SFEE AXERAL, ARE AT FAAATA A F
3o AR e A2 AEFS et
A E AYAMRE 1 cm 1402 2FE BAE
ot 371, & FAEAAEL B, £& 60 cc FUH
e 8d Fok dE3 It

Balloon

Air

Rectal balloon
catheter

Support catheter

{

[Fig. 1] Custom—made rectal balloon prepare for rectal balloon. (A) 60 cc air or water into balloon
and 1 cm interval maker on catheter are indicated (B, C)
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A2 Ag Haslelan dAS AAAAE H3HA
P& ARSIt SR AR AAEAs Aylst
ce] E71& FY3tAct. HAAE o83t 37
WA R, AGFAE A B
A% FHEIE O A" € ¢ 4 &Rt
AsHA A3t

T BAHLE 7h SAluict
FXE o8t AFAE

o] £AEA g Al dojA X7l (Veri—
fication Film)& #4135t} AA-FM ] §-84S H7}
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W A58 =238 Syntegrad o]83t A
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[Fig. 2] CT to CT fusion was done on Pinnacle®. (A) Distance from

was measured and compared (B)

T ARIRIE Al 2FE M2

AL sto]

1

AYA HPFA) FRA) 9% A
371 Sla) AP FATES 2 45k 10 mm @

o= =

o7 gede Adstel wastc 2 vEle) A2
A HFAEAA el FAM) Wis FEAE

e & o] HE9 YxpHIE AHF¥Hog BEAMIFA
t}[Fig. 2].

AGgAY &5 BAe AsA A2 AsH
4 (Auto Contouring) 712 o}&3te] AAF A 9
AF{HE 18 ZF FAeirt dojzl Al FIA 2R
A 8HF FAHY AHsE EAEAL, 7}
gate] 27 Al 630l A AW (Anterior—Posterior)
7 2 (Lateral) (] 28919342 2o Film Digitizer
(Vidar System)®} Film Dosimetry System RIT
113)& ol &3dte AAFFA AXAAY H7tE &
Ao g A5t &gk, Al7|Z2F WA X & (IMRT)
Aoz AHZFAE AT B AUshA &2
Bt F43 X 2AE Fo AB5AYS FHA

X8 A 8L Pinnacle® (ADAO)XE A8 A 2%
Corvus (NOMOS)A|2H-& o] &3l9ct. 2z 3xjulr}
SIB (Simultaneous Integrated Boost)7|¥< ©]-&3}
of GTVe 2.5 Gy 70 Gy, PTVE 1.8 Gy¥ 504
Gyg Awstar, 2142 o372 50 Gyl A=A

e Foich
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mZ B BHEAY AZoA A3FH A7iAe] A
= 2A41-0) 2.1£1.7 mm, 28% 23322 mm, 9%
1 =& M wo] matRA 2.0%1.6 mmo]t[Table 1].

£ ATe) i Bkl e HEele B 2

=% 22 mm, EF 24 mm, 92 2.3 mmE ¢
£ AP HPFAL olgd AFAY) AR FusAP F9A RPeIN Adst B vepget
Noz WAAR A 2 Bt 350 AA ol

10 BY W o BEEA

O —

seua

Skl
1.2. M EMO SAFH 24
AFYH & IS Pinacle3® (ADAC) W =44 gadel s

¥ =2l Syntegrad o]-&3te] Hx i F A AW EAF FUG 238lA 7 s 2
Ve L8] FRAHL. I8 A AF HR 719l
HEFFAE [Fig 3lolM HoiFx Qv Hxge §ashd

2 o

ﬁ Optens @ | gg J i
Cument  Name C;i’,;" Lateral Ant-Post Sup-inf  Diameter 2D Made 3D Mode Color
- fce-m—p 1 EI._”I 27z [j-zies ﬁms.ss ‘om |Iz om or | of —| . —| 3:
v [Ge-tp  ler fjleoor [l-z273 [f1asss om [iz em of | on o wmme | |
- ‘fc:—&:-p Q’__”l 23.13 l!—zz.sa [1149.55 cm 112 em of —~] on ] =]
- Ee—m—l or fltzre [i-ever [frasss om [fz om of | of —| maroon |
~ IZCe—rt—t E__”I 20.01 l!—zz.m {Ims‘ss cm !12 em of -l oof ...! e ..4[ |
- Ee—k—! ] or jlizara [-zzs1 [l1aess om iz cm oof | of — | inverse_gr— |
- ]ICe-m-z _g__j[{ 2172 li—zwa {hasss cm Ilz cm of .| of | -] i
v ez o1 |flz00r [i-2270 [frasss om [iz om or | on -] o i
v Bz ] cr_Jjizara [i-zeas [l1asss om iz em of .| of —| Fusionfe| ||
« [to-m-p cT_J[lzrse [i-zzes [[1s0s5 om [l2 em of | of |
v [fo-np ot ||feozs Ji-zaas [iisoss om [lz om on .| of ] suve ]
- EBE= Jcr [fizzero [i-za08 [f1s0ss om [z cm oo ] of ] suvs
v [to-m-1 ot lliziso  [{-2z38 [[1s0ss om [z em of | of ol
i o |[leozs  [i-zasz [[isoss om [iz cmoof .| of | rainbowt s |
v BT o1 f[lzees [{-z277 [l1soss om [l em on ] of | rainbove |
« [Lo-m-z ot _fierer [i-zzzs {Ixsuss em |1z em on | of ] |
- ]]_o—rt-z _cl___ﬂl 2025 ](-23.03 11 15055 o©m IIz cm on ] of ~f o ”'
[Fig. 3] Point of interest in pinnacle
[Table 1] Analysis mean distance deviation on the rectal wall
cm Upper Mid Lower STD
MID Avg. 0.19 0.22 0.21 0.17
RT Avg. 0.24 0.23 0.23 0.22
LT Avg. 0.18 0.23 0.20 0.16
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[Table 2—-1] Center of rectal balloon 1 (cm)

X Y z
Average 0.24 0.31 0.56
STD 0.16 0.25 0.35

[Table 2-2] Center of rectal balloon 2 (cm)

X Y Z
First 0.43 0.25 0.74
Pt. 1 Second 0.40 0.08 0.74
Avg. 041 0.16 0.74
First 0.13 023 0.76
Pt. 2 Second 0.32 0.14 1.00
Avg. 0.23 0.19 0.88
First 0.02 0.87 0.25
Pt. 3 Second 0.33 0.32 0.01
Avg. 0.18 0.60 013
First 0.02 021 024
Pt. 4 Second 0.25 040 0.76
Avg, 0.14 031 0.50
First 0.31 0.23 0.35
Pt. 5 Second 0.23 0.19 0.23
Avg. 0.27 0.21 ‘0.29
141 olgZ X Y, Z WFer dAsAY. 4 &4 A%
1.2 T FAH 01% o X8¥ez 024 cm, Y
n Wk 0.31 cm, ZWgo g 056 cm= X, Y§gRo 7
WP g g & 22 Y& BYH[Table 2-1, 2-2,
0.8 .
£ Fig. 4].
0.6 1
o 2 MPENY 5 B
0.2- Zb gajuict 2GS At 60 ccf F71E
. | | | | | FYsectFig 5l 2 A7 A% o He 84 2
Avg. Avg. Avg. Avg. Avg. 3t 3x X 2~ zlol= ol= =2 S
Pt1 Pt2  Pt3  Pt4  Pt5 %E}[Tzobi}jliﬂj. ;} ?ﬂ*;/\]]@r ;Z]}Z}/] \:;j]‘?:ji j;
[Fig. 4] Mean rectal balloon shift X, Y, Z direc— Eze ANS T AT CTRY 3 AxA 2 A

tion for each patients
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AlBta, XE84%H T4 AR AAE AAEY
th X B AldE AHXE AAE T 223G}
AP E Al @bl AR Aol ta WA s
1 AAZA ARl st 2R AYe s 3 B A
T& ARSI ds Eskal, e X=5d it
Bt Akl digk 2 %9_ 2 olate] BTN
o] 82 2 AAAol| tha Ao|E Bol: AFRE BY
oh S AR AE A A Bt FUR

[Fig. 5] Rectal balloon volume of Pinnacle

[Table 3] Rectal balloon volume (cc)

Adete] 2T o] sk g8 o] i Hilshe
Aste Uehytth FAE o83 3715Ue 60 cc
ol ARt A% FHE WFe] F717} tisiA o 64.98
ced] F77F AYENES 2 97ES & F U

3. X|2&Q1% A (Verification Film) M

7t gaol] AgstA SAd" FFFTHAL o]g3 o]
AgHGEA, AFFA] T ol A £3g 2l

S PAMIAR A AR A S F5so AT

Ao} HAAEG SRl F AFehe WHOR 7} Fxp
vit} 63le] xg&el A4S A (Anterior—Poste—
rior) ¥ =W (Lateral) 02 3S3}a] 224319} [Fig.
6, Table 4].

AT BE AN AFFAY] 9 2 &
A AN@AA 53HA vt A XS89
oM FFHAP} afolld 4.25%0.16 cm, b&elM 6,41+
0.32 cmo] YETh. S¥ gdelAe ad 10.75%
0.33 cm, b 8.5*0.06 cm, ¢ 4.26*0.11 cme.&
adollA thh & LAES By X581 e ¥

| Pt. 1 Pt. 2 Pt. 3 Pt. 4 Pt. 5 :
Image 1 64.99 65.21 65.75 64.63 66.35
Image 1 64.46 65.11 65.25 60.91 65.59
Image 1 67.74 66.74 65.25 59.10 66.14
Avg. 65.73 65.69 65.42 61.55 66.02

[Table 4] Analysis of rectal balloon variation on AP and lateral verification film (cc)

| a (AP) b (AP) a (AP) b (Lat.) ¢ (Lat.)
1 43 65 109 85 43
2 40 66 110 85 42
3 45 65 107 85 41
4 41 62 112 85 44
5 43 64 105 84 44
6 43 63 102 86 42
Avg, 425 641 1075 85 426
STD 016 032 033 0.06 011




[Fig. 6] Verification film of anterior—posterior (A), Iateral (B) image. (A) a point: from simuiation center
to rectal balloon top, b point: from simulation center to pubic ramus, (B) a point: from rectal
balloon top to sacral promontory, b point: from rectal balloon anterior top to table, ¢ point:

width of rectal balloon

ATl Uehd dtel 43T Ae) FA9 247
3 73 ze] $AAL B AsEAAY PF

Ao} 279lo] Y3t
4. N7 | EQHAMAIZ(MRT) AL

2 dFolM AFZT A Aoz ALl WAl
A5 oA I Folre] AFAYE FHE F

At IMRTAE 2 82A4844]2] Corvuse} Pinacle
o]&3td, FZFA 9] vALET AHE Alo] mWE X
BAEE s
9FFE Ao, LA A
(Gross tumor volume, GTV)dll 70 Gy, IAEA A
(Clinical targer volume, CTV)& 60.2 Gy, A|lg&%
A A A (Planning targer volume, PTV)E 50.4 Gy=
st Aot

IMRT X g2A18E Fdste] vlusl 2 23 27t
HH A% (Max. point dose) e HAZFAS ALL3
749 709 Gy, AF&3lA] &de A9 687 GyE thx
A Ut AARY o] Ja g AHEg 49 399
Gy, AH&3hA] & 7% 459 Gy¥oh. AygAs <1y

d
o)
AR AN
=
=

%0}24

119

g gl A F Ak Zol7) YT oA
e AAFAE AT B¢ 716 Gy, AHE3HA] &
& A 674 Gyt

[Fig. 71elA 2AFA 2] A8, njAg-o we} A
A3 2gse o] At S7HME & & Adoh A=
o] 7k AHAAE A AE GTV"“H A &g
2 RS BT 5 YA

g, AAFAY AME 5o WE AR A AE
T2 (Dose—volume histogram, DVH)& 8|23} %ot
[Fig. 8]. 7 A% AAA4E FL3A 100%= E5
s}l ik, DVHA 20~50 Gy ZHA oA A4 9] AL
£ Al AR YYoERE RS B3E 5 3l
ATt

IMRT A 5A 83 clEo] $2d FUA 2 (GTV) 9
e Agd 2 A S FHRAA A
DAL ARFAE o] 83t HoAA st HFF A

HALE- Al B B2 AARA A a1 M) WAk
AFGHo 2 RE HIFOIN X8 F XS
#2845 29 5 A =HA}qoHFig. 9.
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With balloon

(4236148

‘ﬂE?O"

Without balloon

[Fig. 7] Axial CT scan of one patients at with and without rectal balloon. Demonstrating the increase
in distance between prostate and posterior rectum wall. Prescription and dose plan to with
balloon and without balloon. The prescription was 2.5 GyX28 fractions=70 Gy GTV, 1.8

Normalized volume (%)

100.00

GyXx28 fractions=50.4 Gy ITV

90.00 1
80.00 1
70.00 1
60.00
50.00
40.00 A
30.00

20.009 — without rectal balloon
10.004 - With rectal balloon

0 T T T T T T ==
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000
Absolute dose (cGy)

[Fig. 8] Rectal dose volume histogram
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ZEFHY A2 E B33 Y-S XF3he
3 FAo| it} IMRTE =2 F¢o AzE A
A FFRE o B MARE 2AN F e
A&7 ot shARE e A4S 7H A7)+ IMRT
9] & AEEEE 7IHEY] ofag Aotk AP
e WA A FHE- Yo AH7 A (Seminal vesi—
cle), 1Hg FdzAoz WEa o] X3t
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gle] YWARIRIZ Al AYEM| 78

[Fig. 9] The rectum balloon enables the sparing of parts of the posterior rectum wall by an increase
of the distance between seminal besicles and posterior rectum wall, With rectum balloon is
3.428 cm between seminal besicles+prostate and posterior rectum wall (A), without rectum
balloon is 1.585 cm between seminal besicles+prostate and posterior rectum wall (B)
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stk

/‘Ljo

2ol

Ao AR Al Ao 22
282 A5 B2 oS 7 gl
2doA 2 gt ARFTHE ARESe A
FAUAE FHagste] FHd AHT FF=A
< B33 AR5B &S St A4 &
A& 64.98 ccE A FASHA HAE e 2
2A AYHE AE7HA S8 2A A, AP
HAAE 2.4 mm o)W LASHA KRBT A
BFE T AAAAY Faet 1 A% dYe=
B 2% 8g Bt A dHg-AH R 2
& 7HA
Vlachaki ¢} oh d72te] W= w2,
AZ ML o]83te] 3DCRTY IMRTXE A} IMRT
B7F A% dAAE et A 2 xS U ®
o]l R3% 4 goka V& Ao’ AHagte]
AR AAFS 7] RHAPIAEHe R 65~70
Gy, 339 YAZYHEHOZ 75-80 Gy, IMRT A
84~90 Gy7}A] Ad=ke] DA izt 7hsstA =Ant
Aol dAA S (Dose escalation) = AB-&H3]
S-a Xz Biologically effective dose: BED)ol| 2}3
AR Aok APl o/ 8] AL 199934
¢JA} Brenner®} Hall Ej (IJROBP 1999;43:1095) )|
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[Fig. 10] The L—-Q model: /A ratio
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2133 gHFig 101, AE=8t4454% = BEDe]

BED=NXDX(1+D/a/B) 1D

(N: & X835, D B84, o/ gl AA=Z3A:

1~4 Gy, A¥A: 3 Gy, ¢ 10 Gy)

(Do) el oatd F 7357} Zolx B34
o] o9 BED g =27 Jehdo. &, A9
B AT nAsta AHAE GTVellA A
XA Dabe U o B2A HAge] dAF g7} ks
st gk, AYdge o/ fHPVE 21, Dite E9
HAMAR R 717 E0] 71538t

oA AA A2t AFFAE o]8sk IMRT A
B 82 20043 69%E 20059 6971=] &= 609
7 71Ee] RWAA A7 F FAAFA S o] 83F g
Z7F 1090e]t}. IMRTRIE 32 = 29494 RTOG
(Radiotherapy Oncology Group) Grade 2 o)2Fe] &
Zhgo] sk, Ags F4 F(F 1F:)9A] A8
E 58 F UAT A7FA] AA Azbet 2AGFA
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Abstract

Rectal Balloon for the Immobilization of the Prostate Internal Motion

Sang Kyu Lee, Jong Geal Beak, Joo Ho Kim, Byong Chul Jeon, Jeong Hee Cho,
Dong Wook Kim, Soo Kyong Na', Tae Soo Song, Jae Ho Cho

Department of Radiation Oncology, Yonsei University College of Medicine,
Yonsei Cancer Center, Seoul, 1Department of Radiology, Kim-cheon College, Gimcheon, Korea

Purpose : The using of endo-rectal balloon has proposed as optimal method that minimized the motion of prostate
and the dose of rectum wall volume for treated prostate cancer patients. so we make the customized rectal balloon
device. In this study, we analyzed the efficiency of the Self-customized rectal balloon in the aspects of its
reproducibility.

Materials and Methods : In 5 patients, for treatment planning, each patient was acquired CT slice images in state of
with and without rectal balloon. Also they had CT scanning samely repeated third tirnes in during radiation treatment
(IMRT). In each case, we analyzed the deviation of rectal ballon position and verified the isodose distribution of
rectum wall at closed prostate.

Results : Using the rectal balloon, we minimized the planning targst volume (PTV) by decreased the internal motion
of prostate and overcome the dose limit of radiation therapy in prostate cancer by increased the gap between the
rectum wall and high dose region.

Conclusion : The using of rectal balloon, although. was reluctant to treat by patients. View a point of immobilization
of prostate internal motion and dose escalation of GTV (gross tumor volume), its using consider large efficients for
treated prostate cancer patients.
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