CHEHL AR B BEBIX 2004:22(2):130~137
XSZEeto| 3D-CRTS} IMRT Al 2BMSFX| 2% Mo st A
Aoty ofTbthE AMM S YA B e D)
2ol - siax - 80| - Fa - ddF - 01E2 - 29N - HEE - AEE - EE
S H: AT TAMRZE Al 3AHA LA =& LA X 2 (QD-CRT)2 M7 =H &AL X Z(MRT)=
2Fe| dhAM mAMES UAAZ § oo, AFMIX|(SBDS)= S8tz el A% Mg 24
4 & Actn 2y Ack 2 AF= SBDSE AHEE 3D-CRTS IMRT A& 2 SBDSE AMESHA 22
H &1 v|Ww3H0{, SBD 9I aF ARl CfEh dEg gotstalch
CHAY Q) Ui XZZ R Y2 ZAH YAMKZE &2 10He SXE a2 staint Zb gXtoll of
5t0f AERE °+H+7HL9+ AN T oz MztEs 1F7|TE FME SBDSE M ESAL,
SBDS7} A= oEiet Gle HEZ FeokglofA MMSctEEA(CT)E Al# st 3D-CRTE 4-field box
technique=, IMRT= 15 MV X-4 7 ZALZ & 0| &5t0d A Esten, sl S AH0 50 Gy (258 #E)E
HMestoict vlm 242 SBDSS| ALZo| w2 A 8ol wstel U JiX| A Eel Axe| MEHHS|A
EIBFe| XtO[E 10 Gy Tt 2 paired ttestE 0| &350 243513t
Z 7h: 2ztel 842 SBDSE AIBsIAS wf T 522 cm’oll M 262 om’R 49.8% L= %ch 10 Gy R E
50 Gy7HX| 10 Gy 422 LW 3 ZAMMES ghz AT X2 SBDSE AME5IH S 1 3D-CRTAIAM
65~80%, IMRTOIA 54~67% ZA3stct 3D-CRTS) IMRTE M2 8|m3lH, 20 GyS& 50 GyZtXl 10
Gy 2t o= A ZAIMEE We A% 8XH2 SBDSE AIZ3IA| 2 dRole IMRTZH6~7% M &
FolstA MAoLt SBDSE A8t d 0= 1% o[ 2 Ato|7} ALt
Z 2: 3D-CRT2 IMRTOlA SBDSE AISE mf &Z%e ZAMMEE O ZAAZ = UAU2=2 SBDSE
R Zof o|8stH LTl BAEE o ZAAIZ £ A Holch
A0 AZP R, 3 AN THUAMAIE, MI7IHEIAA R, ABHL B
o Aol A A&3 bellyboard™¥ b 47 9] 4HX] (small
M 2 bowel displacement system, SBDSY'Y £& BEgdo g 44
2 B} Zo g o|EXAA WALAXE =zAAd Yo LA
WA B AT Agel Yol Fad d¥¢E  $4E Folt o, 3481 YAz A X 5 (3-dimen-
ok AAX B A% 2o FA 9 A HF Lol sional conformal radiotherapy, 3D-CRT)"?¢} A7) 24 w44
LA 5 e de 4R Adoln)) B Lol %] & (Intensity-modulated radiotherapy, IMRT)" ~'9¢} 7+-2 |
AR 8ot oA Bt e S HEshdA 4 B g Aol AR 5L £ 2AARE FaATE B
Aol FrlstAct AR o L4 HAE2 wA oth. wehA] bellyboardtt SBDSE 3D-CRT = IMRTS}
AAE 249 Nl 238 249 43 A =2 W40 249 2A48E B 2L ¢ dE Ao
Al Fo] lomz 0 ol ZAaAF g oe] ok Zdl Adli 572 bellyboardd H§E IMRT AYE
7hA g Eol o] &= Qlch IMRT w53 "lasted 2o 2A44%F F4E 913
bellyboard®] ¥ &7545 A3t e)
A e S oy L ASARE g 17 SBDSE A8 IDCRTH IMRT AHE A&
Tel: 02)3410-2601, Fax: 02)3410-2619 A 952 3D-CRTS} IMRT A7 v]izsle], 3D-CRTS

E-mail: sjhuh@smc.samsung.co.kr

IMRTol|4] SBDS2| 424 2AA gkl that d3ks YdolH glrt.

— 130 —



Char 2w
1. 0y SRR

2 A7 20039 19 RE] 39 A AFAEGe s
dElo] 2XH HAAN 8 S #1049 FAAEL O
o2 Skvh i g5 ol 3641004 6449 31(
Zek 56A)), AZ7 Rt 22 ANk vE HH Ay
A|EStolgl e, FIGO ¥ 7+ 1B/} 29, A7} 1%, BV}
69, MB7} 1% ejich

X

>
3%

o o

2. RoX|Zet ATHRIER Q| HIE

u

o

7 3AE ROX g Al 449 #Qlo] Lol E &)y
Astel 2o E AF 10 WA 152A o) z=dA4Q] Gastro-
grafin® 100 ml9} % 100 ml2 Z3slo] npAEE gl
PAE ZAABTell dEA & F X4 FARY S
el A WAAX E 2AddS ARG T LAo

o wigez & Wz E ohuby)Fel mAsF
/d® SBDSE 34 A o2 Aztslqdet. ghaby)
AR Zanst A9 gla Azte] ol AERES
o] g&to ofgiw el 7127} 27 cm, AE7} 17 cm, Ywe)
7F27F 17 em, A|27} 8 cmo|H 4], Eo]7} 8 cm¢l H]AE
& AtelEY fHAl Zgoz wtEglon, oy wiiy
© AEAA F ARG E Fol7] Aste] 2 ghAle] A
o $EE Mev-Green® 0.2 7R 7| T A|&slgd) Y

Z

4

N
[

f

ol o
W}NN

o
o oz 4 2

O:

rir

3. MAUSTEEHA AMO ES1 HEO 7
2t @A}l 4 CT HiSpeed Advantage® (GE Medical Sys-
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Without SBDS

Small Bowel

Fig. 1. Target volumes on CT images with or without SBDS.
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raphy, CT) 448 dgc}. 109 9] 3hatoflA] 104-2] CT o
A AR E APE A=l Pinnacle’ (Ver. 6.2b,
Philips, USA)ell 4+7F 43}gict. 2 CT 4ol fAd
< A3 & 3D-CRT9} IMRT A¥& $3s}o], 3 8z}
oA B vl 7k AlRE FRleledioh

0§42 o] A ¥ & L2 (clinical target volume, CTV), A
44 (planning target volume, PTV), <|¥A7](organs
at risk, OAR)E ZA|shaL, HAstabgol A A4zZd o
(hot spotyo] WAYs}A) G T 74EH S wHEQTE CTVE
TN QAR ZAGEAE, WAE, 92, 334 9=
A), A AR AFARLE Lot PTVE CTVOlA #
A3HA 1.5 em FAdslodan, AEH-E wloju Ay Ao
A5 mm o] Wi7tA AR A gollE o] EEL Aelslgl
th. OARell diefiAl e &4, A, wa-g A on, &
AL A zte] Fubt WA PTV 4 2 em77}A,
AL oA A-olaAZ A HANA FAsG
(Fig. 1). o]u] OARS L& PTVe A7) wjfol PTV
o] OARS OAR2 (242, A A2, WH)E tfA] A4t
et 7} PTVOllA 9]¢} oldl] 2 em7bx] &) A )=
oflA] PTVEL OARE A98h Vv z29] 508 A}
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3D-CRT AlE 15 MV #2413} 4-field box technique
A%, 34, #F%, 3 24D olgslgda, HaAES
7t 2AElA PTVE AlLdst $9 03 shgioh. Akt
< AAFAA A F 50 Gy 253] E3HE Adebar, Ak
EE 7 =AY AR HAS o Siel HA ko]
CTV7} 95% Woll e =& 3}gich

IMRT A% Pinnacle3 <] inverse planning module-g
AL, 1AM 15 MV 2l 2AE©°, 50°, 1007,

With SBDS

Rectum ‘Bladder
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150°, 210°, 260°, 31075 o8&kl ch. & & SH(optimization)ol]

4] PTVY] £ 3 (objectives)¥= 50 Gy (253) E¥h7l #Ls}A
2ZAREE d91, 7HEXE 10028 sty en, Has)

wWo] Yt Exs
229} 50%¢)sl(Max DVH), ] ZAA=ZMax Dose)S
50 Gy, 7}EX+ 6022 3l om Aekdule 3dsAlse
ol 50 Gy (253] B3$HE A ulstedch(Table 1).

IMRTON 4] 479 “J*Hﬂ ZAd kel i3k SBDSS] 43k
£ Hrksbr] 9eled, g ALY 5 IMRT AFelA 442
o]

SEAE 25 GyE e £48 AA

N

b 238k Akl A sl A% 1% (dose-volume histogram, DVH:
Az o Ao &84)e Yl EE Asia, HA-3) &
A3 AN A] o] Fol A EE ulE(iteration) HFE 253]
Z Agslgdel. E 35004 SBDSE A-&3F 3D-CRT
ol TUG 24 FE B &% S0 AW uiE
of, 7+ $}of]A] SBDSE AH§-3k 3D-CRTelA] 4:7bo] 20

by

Table 1. Objectives for the Plan of the Intensity-Modulated
Radiation Therapy

Dose % Vol-

Target Method Gy)  ume* Weight
PTV' Uniform dose 50 - 100
Rectum outside Maximum DVH' 25 50 60
PTV?!

Maximum Dose 50 - 60
Bladder outside Maximum DVH' 25 50 60
pTv?

Maximum Dose 50 - 60
Pseudo-target ~ Maximum DVH' 35 20 60

Maximum Dose 475 — 60

*The percentage of the reglon of interest’s volume that should
meet the specified objectives, 'Planning target volume, TDose-
volume histogram

Gy, 30 Gy, 40 Gy z=AAzE

Zzb2e] HEE AR, iﬁﬂ oA=L 50 Gy,
}E2 = 8002 s}l Table 2% &
47 DVHS} IMRTol|4]¢] 44¢ X DVHE A9
t}. 20 GyE W= &he] HF WEE £3(% volume)
SBDSE A-g3 g9} AgelA &2 B9 A4 11.7%9
25.1%9.2.7, 30 Gyl A= 50%9 11.9%, 40 GyQl A%
= 1.4%9) 3.6%, 1] 50 Gyel ZA$E BF 0%0]9ich

4. &% B4 % 84

WA 7 BASY 2] S PV el 44 19
SBDS9] Argoll whE wisE dobrgiet. SBDSE A&
73$-(SBDS(+)8} A-g3tA ¢-2 73-+(SBDS(-)¢| 3D-CRT
9} IMRT Ao tzlo], 2+ AAgde] DVHE v 23}
t}. £#9] DVHE 10 Gy, 20 Gy, 30 Gy, 40 Gy, 50 Gy&
24 W= Ay &3 (absolute volume, cm’)g H]z3}glch.
CTVS} PTVE] DVHE 5 Gy ©hs]# 5 GyXE] 50 Gy7tAl
2 e §AE AN S o vl 2 Ssho] vl
stglon], Az W2 10 Gy, 20 Gy, 30 Gy, 40 Gy, 50
Gys zA W §3 9 AA &4 ozt v g vlast
ek 54 /ﬂ‘%k(D Gyyg e &4l el A 42

aVp (em)Z, % l S0l g vlEL Vo (B)E EAFS
ok SAEA WEOE paired ttestE o] SRR, ] 9

= ﬁ@%ﬁl%(p-value)% 0.05 o3t2 3}3itt.

2 o

-—

. 239 85

Fub7k Woll A PTV At 2 em7bR) 9] &Abe] Ax 44
2 SBDS(— ) 7%-9+ SBDS (+)2 73%0114 247}k 290.
7~917.0 cm’ (BT 522.0)7} 86.5~651.3 em’ (T 262.0)

Table. 2. Example of Dose-Volume Data in 3D-CRT and Objectives of the Small Bowel in IMRT

Volume of the small bowel

Desired volume of the small bowel

Dose (Gy) outside the PTV in 3D-CRT (Cms) outside the PTV in IMRT (cm’)*
Without SBDS With SBDS Without SBDS With SBDS
0 2549 cm® 885 cm’ - -
20 1489 o’ 50.6 cm’ 50.6 cm’ {19.9%) 50.6 cm’ (57.2%)
30 116.0 em’ 423 e’ 463 em’® (16.7%) 426 cm® (48.1%)
40 9.8 cm’ 270 cm® 270 em® (10.6%) 270. em® (30.5%)
50 46.7 ¢cm® 3.6 cm® - -

*The values in the parenthesis were used as objectives of the small bowel outside the PTV with weight of 80.
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Fig. 2. Volumes of the small bowel of each patient.

o —o— 3D-CRT with SBDS
~ —»— 3D-CRT without SBDS
- IMRT with SBDS
--%- |[MRT without SBDS

Volume of the small bowel (%)

Dose (Gy)

Fig. 3. Average DVHs of the small bowel in 3D-CRT and
IMRT plan. A denominator of each patient was the volume of
the small bowel from PTV+2 cm to pelvic cavity in the CT
image without small bowel displacement system (SBDS). There
were statistically significant differences in the volumes of the
small bowel at the specific dose level except in the rectangle.

2, SBDSE Ag3tQle Wl HT 498% Asschp=
0.0006). *£3F PTV Wjo] 44232 SBDS(—)9+ SBDS(+)

ollA 7tz 32.5~143.0 cm’ (B F 74.1)9F 1.3~88.8 cm® (%3
T 21.5) SBDSE AH-g3}9] -% o] F 753% 480
(p=0.0009). Fig. 2 7} 3bapwd 24 £3]9] Ho]& Tz
E EAES

2. ARO MBHES|AEIZ

ZH7F Woll A PTV AHF 2 em7FA] 9] 44H2] aVig~aVso
< 3D-CRT% IMRT % t} SBDS(+)oll4] SBDS(—)oll 1]}
S8 243l E0), 3D-CRTN A= 65~80%, IMRTo|
A 54~67% astga, Al €3¢ 2ol 3D-CRTo

gu ooyl MJ—
Al FHF 49~200 cm’, IMRTolA 11~248 cm’o|gr}.

2257 2 102l 30-CRT2 IMRTOI2| AZHP(Z
100 ﬁ
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—«— 3D-CRT without SBDS
201 --- IMRT with SBDS

-~ IMRT without SBDS
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Fig. 4. Average DVHs of the CTV in the 3D-CRT and the
IMRT plan.
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Fig. 5. Average DVHs of the PTV in the 3D-CRT and the
IMRT plan.

3D-CRTS} IMRT 7tol| aVy~aVspd B]sPH, SBDS(—)oll
A= IMRTHNA 6~7% A% £-91A A9l o1}, SBDS(+)
N 1% o|HZ Aol7} gk AA| A4 av,
aVa, aVay, aVa, aVsoQ] B2 SBDS (~)28 7% 3D-CRT
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SBDS(+) 7% 3D-CRTo|A] 100 cm’, 77 cm’, 35 cm’, 25
em®, 11 cm®, IMRTO|A] 164 cm®, 85 cm’, 42 cm’, 28 cm’, 9
cm’o]Qith. Fig. 3% 74 =AASRS Whe &40 $4¢
SBDS(—)d we] PTV 4 2 cm7hA| 9] 42449] A 84

o] 3t wlZ 3HAbste] 2 Z 2 FAIS Aol
3. CTVS PTVY MEHIHS|IAEDR
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o]7} glgiel. PTVE 30~45 GyollA o] 7kA Al =
SBDSE A-&3t IMRTOIA 713 £ AFEEZE el
QAR - AFEFHY Kele HF 09~53%0]|%r)
Fig. 43} Fig. 5% CTVS} PTVE DVHE] H#F& adj=Zg
FEAIEE Aol

L WY NFO MBAHHAEI

3D-CRT$} IMRTol| A 2t7h 2|23} whsgo] DVHE 10 Gy
14 10 GyHE] 50 Gy7hRA| vl Zsl9d-& o, SBDS(+)ol| Al
9] Vo] 3D-CRTHT} IMRTelA] ©] 23, SBDS(—)2]
IMRTol| 4] ¥349] Vyo] 3D-CRT HEr} o 2 Z o] 9]
£ SBDS9] §-F-9} 3D-CRT, IMRTo|| 23 Xjole gigich.
Fig. 69} Fig. 7 A A% ws}e] DVHS H#& 1dlz=

100 L
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£
3
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g 60+
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5 40 \
o —o— 3D-CRT with SBDS o
3 —— 3D-CRT without SBDS
S 2 - IMRT with SBDS
--<- IMRT without SBDS
0 T — T T —T T
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Dose (Gy)

Fig. 6. Average DVHs of the rectum in the 3D-CRT and the
IMRT plan.

Volume of the Bladder (%)

40 T
—o— 3D-CRT with SBDS RS
—— 3D-CRT without SBDS
2079 -o- IMRT with SBDS %
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Fig. 7. Average DVHs of the bladder in the 3D-CRT and the
IMRT plan.
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Small Bowel Sparing Effect of Small Bowel Displacement
System in 3D-CRT and IMRT for Cervix Cancer

Min Kyu Kang, M.D., Seung Jae Huh, M.D., Youngyih Han, Ph.D., Won Park, M.D.,
Sang Gyu Ju, M.S., Kyoung Ju Kim, M.D., Jeung Eun Lee, M.D., Young Je Park, M.D.,
Hee Rim Nam, M.D., Do Hoon Lim, M.D. and Yong Chan Ahn, M.D.

Department of Radiation Oncology, Samsung Medical Center, Sungkyunkwan University School of Medicine

Purpose: In radiotherapy for cervix cancer, both 3-dimensioal radiotherapy (3D-CRT) and intensity-modulated
radiation therapy (IMRT) could reduce the dose to the small bowel (SB), while the small bowel displacement
system (SBDS) could reduce the SB volume in the pelvic cavity. To evaluate the effect of the SBDS on the
dose to the SB in 3D-CRT and IMRT plans, 3D-CRT and IMRT plans, with or without SBDS, were compared.
Materials and Methods: Ten consecutive uterine cervix cancer patients, receiving curative radiotherapy, were
accrued. Ten pairs of computerized tomography (CT) scans were obtained in the prone position, with or without
SBDS, which consisted of a Styrofoam compression device and an individualized custom-made abdominal
immobilization device. Both 3D-CRT, using the 4-field box technique, and IMRT plans, with 7 portals of 15 MV
X-ray, were generated for each CT image, and prescribed 50 Gy (25 fractions) to the isocenter. For the SB,
the volume change due to the SBDS and the DVHs of the four different plans were analyzed using paired
t-tests.

Results: The SBDS significantly reduced the mean SB volume from 522 to 262 cm® (49.8% reduction). The SB
volumes that received a dose of 10~50 Gy were significantly reduced in 3D-CRT (65~80% reduction) and
IMRT plans (54~67% reduction) using the SBDS. When the SB volumes that received 20~50 Gy were
compared between the 3D-CRT and IMRT plans, those of the IMRT without the SBDS were significantly less,
by 6~7%, than those for the 3D-CRT without the SBDS, but the volume difference was less than 1% when
using the SBDS.

Conclusion: The SBDS reduced the radiation dose to the SB in both the 3D-CRT and IMRT plans, so could
reduce the radiation injury of the SB.

Key Words: Cervix cancer, 3-Dimensional conformal radiotherapy, Intensity-modulated radiation therapy, Smalll
bowel displacement system
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