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3171 Yslo] 321 x| =3 %) E(3-dimensional conformal ra-
diotherapy : 3D-CRT)\} 758 ZHEALA 4] & (intensity modulated
radiation therapy : IMRT) ¥ S22 HMAA ZAESE

2 Ave 19999% QAdsh o sst

o ANe wae,

o] =E-& 20019 119 149 H5ake] 20029 19 209 A

glol Fol PARS AFEA

LA 71](1999-25)

CEES
AAA: 24, AATSH )sehel PAAF e

Tel: 02)361-7646, Fax:02)312-9033
E-mail : schu@yumc.yonsei.ac.kr

A PAAGHS] FA4 9193 EIAICRU Report 50)0]] <]}
Wk ke Sk FAIF (gross tumor volume :
GTV)olekar sfar 9] ZS] old5s] 7HAE ddE-AA
(clinical target volume: CTV)olg}al sl 3kz} zpA), 9]
& 9 XEA AP ESEAE Edele VR A9
gk Zlo] AlY-&E A% (planning target volume : PTV)o] 2}l
Aelskar gick

PTV uprl 2 Hadfsl= Zlo] WA X g5ollA Fe3k &

_41_



g4 9 32 1 SEFI|0 HE AN IS ZE je

4

4
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= AR, I B4 0 Qe Aske Elel

53l ﬁl, 7, él%} 5 o A A aTtel] RIZRE A=
A of7]oll WAL FgEe WA 24 AFQ PTVE 3%

of o3k Fe] o]F& sy wifel XEWAE 2~3
cm T FA Folok skar o= AT TheliAlE A
Haslsle 248 24 4 gick

A THew Q3 Ar1e FAdE Hass] fsked
SRS R stolw TF] F& Fol/u EFE 12 oA
”SHE ‘%}‘ﬂ = 35704 99}7] F-(Breathing Holding Device)
52 7ot g ago ogt AV +AdE

"é'
7 li E"]‘E‘ W Sl AXFI ek oleidt W
< AR A7 e &4 APAel EFEeka

sl F1Ue Jlelela, deebd Babgas Wi 24
3 #lsjofof kel 53] CT-Simulationo]l 913+ Foke]
ANsk =} B wreb wen WARH RALE
2o Wgolme A% ) A% oIk 4719 $49)
o] ula} exr} Fulrl = 4 9ly] wlFel] $EF7]9 E)
s} Fesi] $9 % e sl % 7170 Akl
AZs TFF71 wbe 4719 S HAE st F
ol 2 fXet AlelA F EFFVIE F7] el
Simulations Ae§sle] A 3lel X FAIFS Tt T 5
& 5357 200004 PANZAE & 5 AE TFE]
AR A TE ek AISich
E-571"A A %) & 7] H(respiration  gated  radiotherapy  de-
vice, RGRD)E= H4-5 7= Jdalsta 71 P(band)Z} H5-
o] JHog 2t F F7lol] wlE on-off micro A$XE F
Hjo] Eoll o3 Fkel JAMES 4 Al 24
s A9 & SE EF AN Fdel A7 2
A% i WAle] 2ASES Adelde THFEAMAL
X 871745 g o€ (multi-leaf collimator : MLC)7} =z
A5 245 WA X EAH N A Eelglen trls 334
ARANE BFEE olfetel T morhE FANC
web BAAE AF2A AZ 4 g SEEALAAA

%8 x]g wl(respiration gated conformal radiotherapy : RG-

[e

CRT)S Hksigieh™ >
TR EE A IARAT| L ARER sl
A A7 ARG Aol EAG iRk Al 2kl
ol Agzell AL He Haseln Fool
A% wilmargin)$ FolwA BAlell HTizke] g Fol
s -’F— Q&= 7 Hsta Akl diolalm AzbEe)P Y
T/ Bl digt X EakE o 0}71 9
0}04 LHT%WH w2 4ol 79 gl AAGEe TEFE ol
28k npxle g PIVE AAstal 2t =Fdl| sids= 7 %LZ&
HAEPRET FEIEE 58 TFIMMIAE 5
off whg A AR ASEHE % 7}*} Qb0

Chat 2 e

1. 2 3xtol MFE

ol o3t Foke AX7F 7 Wel wislE R
HFSFe JHE Ao FAY T U S il
slo] Table 13} Zro] Fefo] wlw® zha Hol7b gl
(TINMy) HFBAEZA FFo AX7F A& o 59| &
A Adsgich. g SR IFETAAXNEE &
Ao YA THFTIA XA =R 33 =3
EE 93 CT-simulationg AAJslglon 5o g ol 27
o] FANE st AW}l wpE WAL REE F

74 nlasigiek

2. SESIIUMMRET

7ol Az

FTFE/AAX 271 FHRGRD)E Fig. 1, 29} 7ro] HRZ
T B Bhand)zt 550 Fxbol| whel Foll dAH &
27 A sgrt AdE ol e ARV =%
ol AAshs 7hkt 71724 2 mm oyl WSl R
E 7T 2% 5% o3t AYEAL 713k IRE K24

L

2

N

Table 1. Model of 5 Patients with Lung Cancer

Pt.  Patho. Stage  Tumor Dose planning
No. location
1. SQ TINOMO LLL 3 ports
(APw, PAw, Lt.Lat)
2. NSCLC TINOMO  LUL 2 ports
(APw, Lt.Latw)
3. SQ T2NOMO  LLL 3 ports
(LAO, RPO, RAO)
4 SQ T2NOMO RLL 5 ports
(RPO, LPO, LAO,
AP, PA)
5. NSCLC T2NOMO RML 4 ports

(LAO, RAO, LPO, RPO)
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tell THAZI T SFel & QA el =] W3l @
& ROER e FRES)el Fig 33} o] 7AE £
B3 Zolg7 AA7E ARG 9ol £ ) vlo]lam THoR QI BYe ol sk A A

a7 =

2927} AZsl 2 128 zAslo] 1AL} 3 A, B, 75 AFelE
70 THEAL F g 49} 7ro] oF 3~sxoln] wy] 4  °1F A EHHeh= a—a— s olga o] % il X
B7b FYAZED 1~15u] A7) Wil wly] gelella) of  EfhE AL IES] VIEE agska vk £ dyelds
ARow FES ot zAYL & god [T sojT  LHLEOl AW Msuonw ABAYES st AN
Beam on Aele] sfolgl WZs}t AW melgom pe g ZAR] wiEel U o5FH AL glor ohit Af
A7l A% HEE 5 okt A WEEE o). TFA Ao A9 Aol A ARAYES vl B4zl 93t
o] |7 BHol| o3t ol S| WA 4= m7] = 3719 9] Hol7h AY 2 snferior & superion)o]

ATF2] Sdl| o] wWdlel] WE 74 Ao oJzle] Aw  EE S IAE XAl 2ERA (esimulatonQ] Xi-
7] w2el] $Foz ol AFH Ealy} 7 =A wehm  maton (Varian, u]5)o] o) flef] okeke] ApAlellA g A7
ofRIgk 9lol] LA A7k, AFE $FE1E NEAANE DAY F ASTAR
A (cine fluoroscope) 2. o] ¢ A FAHSE o
& Aol oI AR AAX|(Ximavision, Varian, B]3)el] <]
sto] FAue] AXUFS Fgsilon WEATe 5
373ute] ol gA el F3le] H7hsiiet

3

Belt

0 o B
VR L. |
RB
MS/W cP LINAC
On -Off

Fig. 1. Composition of the respiratory gating radiotherapy
device (RGRD). S:sensor, MS/W : micro switch, C/P: control
panel, RB: rubber bend.

Fig. 3. Treatment of lung cancer under LINAC machine with
the respiratory gating radiotherapy device (RGRD).

off on off on off on
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Fig. 2. Photograph of the respiratory gating radiotherapy de- Fig. 4. Movement of diaphragm by respiratory cycle with
vice (RGRD). freely breathing.
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4. AN AAMEE 2 virtual simulation
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g sk ARE W BRSP4 2L ANl 98 )
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2 ANt 2Ae] 2 A% AN 3-sRew
o] 26 BEAA6IA Fato] Batee

Spiral CTol|A] 53k A9 LA A
5= XH?-H"‘]-ﬂL]— virtual CT-simulator (AcQ-SIM, Marconi,
USA)E A%E|1 A4E 44 2LE(data)E= 9Jole] Weko g
o] Ao ZH:;L*“(dlgltally reconstructed radiograph : DRR)A|AH %=
AAE Beka Fodel mekah ) A4S EAG A
Az 2ARY S AR BUEAA 4
A A (virtual) & HHE ZF(simulation)s}o] 2] X EA1E=A
< =29l

5. ANZEHAZHE

CT-simulatorol] 4] 2F 275 3kAke] dAl|od 2 33 %
Eﬂ]il?T-X](ACQ-Plan Marconi, USA¥} Pinnacle TPS, ADAC,
USA)Z A4slo] HA MANRTS) Hvg = 2o A
A E.S’—ﬁ]-”d/ﬂ % BHE AszA & 7 e
A7 QAPANREA D A PAde) oluiAsh Az
o] 77], =AM Rkl wE thdFElvelEl e 914, W
4a20] ek, WAk o] 2AeHbeam’s eye  view : BEV)Z}
ZzA4 37 T8 Al Al Xsamp) odEE Xa84
= ARSIl

WAl o3 =AW A
WAAR FlA] wlg- Fe3)H
z2 7@1:11—“6‘:1 Z/l}t!doﬂ EHC"_ 1_‘?‘
PDD), ZA14 2] E-(tissue maximum ratio : TMR), FA12]Z&4
2FH)-&-(off axis ratio: OAR) 59| &4 28 E o]&3slgior}
ot]zﬂza‘ﬂj]e‘—— H;glo:l,] Z/\]_UAJ/} ZZILH E = %;doﬂ
oJgk A3ty Alsl7] ullFoll model base] WALA v
A)(algorithm)g o] &3+ AZgAHS Fegslsict

%Z
alsy =

Joll gk

HEZ Atk Al A
A AL Ao
" [e)

ul 5L-8-(percentage depth dose

B ol o] &3k 3x A AR = WAL 49
FEAEE ZAR b oA Al A3 45E A%
A7l Ag<4=2](Monte Carlo, convolution, differential pencil

beam) & AHEEOZA YAANSLES
A ARG 5 ek

6. EES7ILAMAAM =X 200
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TEE/|AAX S Aoz e
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FHdose escalation) S ol Zslo] QFAIS0] BHFEI|MFAAC

AzYNEE o] $UY 5 5T RE A2ART 3

% F(free respira-

el giet.
BA Y AL AEE AR A4 vl

els
4474] ﬂxlv% X*zﬂxﬂ_wl 75% ol X aE
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Azbsla T X5 ARAdRe ARsle %
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Ho) F4elel we} P WS AT, deld A
Aoll g Fpol N GES 7 FPEA U AFAET
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o% HEZoE ks FUel NE AHE % W
7

WA e A 249 AR e dxY

% gk Bl AREACH) BUE vheat 2
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S=exp[2.9 X 7 50 X (1—Deg/Dsp)]

oI71A4 Dso Aol 50%= = AFolal, 7 s Dso
oAl AEFAE 7170, D= AH A ol

Whilol Sl AL Ee 249 g erl
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o] 4= ALEo| =¥ (sigmoidal shape)®] WHEFAH O
Hrlsle ol= ko] @x}Er(error function)d A o2 A

Sksto] Al
NTCP=1/+/2 7z / 'exp(-£/2)dt
oJ71A t= vk} Zo] FFoich
t=[Dos— TDso(W))/mTDso(v)
Dy=[ V(D)™

D= $-a 48 A 2Heffective  volume dose)o]™  TDsy(v)-S
7S] GEAF Wl Aol =AE u 50%4
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02
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9| 37|2} ¢

o3t Hz2]e] wele Ashisel 7HE A o]&
ol o YAt $Eew A4 ¥ 4 dev] XA =
| A< A1 23 ] (cine-fluorography) 2 574 2] £kt
? e 24U gt el re 59 0 2 e
59} 60l|A] B)7dute] Alslo] e 14 cmollA] 1.6 cmE &
1.5 cmZ ZAHE o *H’—-.‘Oll/ﬂ(upper abdominal reglon)
=2 qlo] wi-g- A vehdet #H|=2 o] AFL Fg 73
el 902 s16] Aol 120 ool 1700 enfeleln 5%
< EolZ 75 AlFe] 200~500 em” ¥ F7bsSAe)

2. EESIIUAIXZ|TE 4587t

SFE/ AN B7| FRCRDYE EFol o2t Al &2
o WY} 42 =7 5 ATl Fal o] wsll
A A9 Sfzkel Asgsiet 5 Be] sk ) a7

Sl 77k 95, 100 cm o] EF O Qldk HF o] o]
F2 9 BN} 772 emoh 5 emzA HRe| 90|
Fou o 27 Wesleh Sl o WA BN g
ol % EHAe] w3} ZF W&o Q18 Beam odge T4
& 11% o Qo WE A BALS FaskA) ook

3. 250 & A=SEFHAMFPTV)S S}t

A WARES] 57 91913] B34 (ICRU Report 5000l 2]

Expiration

Supine position : 1.5 cm

Ref

Inspiration

Fig. 5. Cine fluorography for movement of diaphragm in supine position with freely

breathing.
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Fig. 6. Movement of diaphragm in supine position with free-
ly breathing.
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1400

Volume (cm?d)
2P
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200 H
0
Pt. 1 Pt. 2 Pt. 3 Pt. 4 Pt. 5
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Fig. 7. Volume of CTV, lung and spinal cord for 5 patients
with lung cancer.
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o £Fo & olglk 1.5 cme] X & wlA(margin)@} 0.5 cm2] 7]
ARl AL ¥]E 22} (system error) 3 Z-F3]-& 2 XHrandom
erron) S ¢ 2.0 cm9] wpRE Frl Fig 8 549 k3t
b 2R el o3k Eekel I EA 241Z*(CTV)i} ZH7+ 05, 10,
15 cm 9 20 ecm®] vlAS F95 u] PTVY I7|E FASH
74_.@1 CTV7} 1287 em’@l A 3##)] 3kx}o] PTVE 77k
166 cm’, 220 cm’, 275 cm’ B 344 cm’® Z7}sl)

e
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CTv
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Fig. 8. Volume of PTVs associated with margins for 5 pa-
tients with lung cancer.
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| Pet POI, “IS0° = Enod 558

Fig. 10. 3D conformal planning (Pinnacle) for a patient, PTV=CTV+0.5
cm margin, total dose=60 Gy and three portal techniques.
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Fig. 11. A representative Dose Volume Histogram (DVH) of PTV, both lung and spinal cord for a patient

with lung cancer.
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Fig. 12. Tumor control probabilities (TCP) for PTV volume
of lung cancer.
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Fig. 13. Normal tissue complication probabilities (NTCP) ac- ol U719 wAlel % o5 WAk 4 o
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ol ek o i e $ES 2ASI.
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Fig. 14. Comparison of TCP and NTCP according to PTV
volume of lung cancer.

Table 2. Dose Volume Statistics Data for One Patient (Pt. No. 3) Prescribed Dose : 60 Gy
Volume (cm’) Margin (cm) Max DVH (cGy) Ver (%) TCP (%) NTCP (%) V80 (cm’) V50 (cm’) D50 (cGy)

PTV 1287 0.5 6,183 95.30 78 - 128.7 128.6 5,980
1.56 302 95.0 80 — 128.7 128.7 6,050
2.06 354 944 81 - 128.7 128.7 6,100
Lt Lung 1,522.3 05 6,076 21.0 — 43 85 397 190
15 6,215 28.2 — 19 213 522 370
2.0 6,306 34.8 — 56 300 647 1,350
Rt Lung 1,522.3 05 1,477 15.7 — 0 0 0 70
15 1,540 22.6 — 0 0 0 200
2.0 1,650 28.0 - 0 0 0 330
SC 58.4 0.5 3,965 0 - 2 0 0.1 70
15 6,220 1.2 — 8 0 74 100
2.0 6,427 12.3 - 23 10 13.8 350
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—— Abstract

Development of Conformal Radiotherapy with
Respiratory Gate Device

Sung Sil Chu, Ph.D., Kwang Hwan Cho, M.S., Chang Geol Lee, M.D. and Chang Ok Suh, M.D.

Department of Radiation Oncology, Yonsei Cancer Center, College of Medicine, Yonsei University

Purpose : 3D conformal radiotherapy, the optimum dose delivered to the tumor and provided the risk of
normal tissue unless marginal miss, was restricted by organ motion. For tumors in the thorax and ab-
domen, the planning target volume (PTV) is decided including the margin for movement of tumor volumes
during treatment due to patients breathing. We designed the respiratory gating radiotherapy device (RGRD)
for using during CT simulation, dose planning and beam delivery at identical breathing period conditions.
Using RGRD, reducing the treatment margin for organ (thorax or abdomen) motion due to breathing and
improve dose distribution for 3D conformal radiotherapy.

Materials _and Methods : The internal organ motion data for lung cancer patients were obtained by
examining the diaphragm in the supine position to find the position dependency. We made a respiratory
gating radiotherapy device (RGRD) that is composed of a strip band, drug sensor, micro switch, and a
connected on-off switch in a LINAC control box. During same breathing period by RGRD, spiral CT scan,
virtual simulation, and 3D dose planing for lung cancer patients were performed, without an extended PTV
margin for free breathing, and then the dose was delivered at the same positions. We calculated effective
volumes and normal tissue complication probabilities (NTCP) using dose volume histograms for normal
lung, and analyzed changes in doses associated with selected NTCP levels and tumor control probabilities
(TCP) at these new dose levels. The effects of 3D conformal radiotherapy by RGRD were evaluated with
DVH (Dose Volume Histogram), TCP, NTCP and dose statistics.

Results : The average movement of a diaphragm was 1.5 c¢cm in the supine position when patients
breathed freely. Depending on the location of the tumor, the magnitude of the PTV margin needs to be
extended from 1 c¢cm to 3 cm, which can greatly increase normal tissue irradiation, and hence, results in
increase of the normal tissue complications probability. Simple and precise RGRD is very easy to setup
on patients and is sensitive to length variation (+2 mm), it also delivers on-off information to patients and
the LINAC machine. We evaluated the treatment plans of patients who had received conformal partial
organ lung irradiation for the treatment of thorax malignancies. Using RGRD, the PTV margin by free
breathing can be reduced about 2 cm for moving organs by breathing. TCP values are almost the same
values (4~5% increased) for lung cancer regardless of increasing the PTV margin to 2.0 cm but NTCP
values are rapidly increased (60~70% increased) for upon extending PTV margins by 2.0 cm.
Conclusion : Internal organ motion due to breathing can be reduced effectively using our simple RGRD.
This method can be used in clinical treatments to reduce organ motion induced margin, thereby reducing
normal tissue irradiation. Using treatment planning software, the dose to normal tissues was analyzed by
comparing dose statistics with and without RGRD. Potential benefits of radiotherapy derived from reduction
or elimination of planning target volume (PTV) margins associated with patient breathing through the eval-
uation of the lung cancer patients treated with 3D conformal radiotherapy.

Key Words : Respiratory gating radiotherapy device (RGRD), Internal organ motion, Dose volume Histo-
gram (DVH), Normal tissue complication probabilities (NTCP), Tumor control probabilities
(TCP)
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