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Lung Cancer®] Stereotactic Radiosurgery*] Respiratory Gating system2)
&l gk A+

Lung cancer @& F & Fof 23 £ 2ol 2 lung lower lobeA] stereotactic radiosurgerv(SRS)
AN EBF FVF FYY SAYe) He BF FUIAMT WA G 2AF87] 93] respiratory gating system
S AHEgoRH 1 f-EA tEte] dolr Al et lung lower lobed SRS #x 2%Wg dldo= Fgo
o, zte] EHo] maker block(sensor)® ¥#31  tracking camera® real time position
management(RPM)& o] &3le & F718 ZHsHEA 18 £FF 7114 10 phasesi 4D-CTE #<% 33
ok Zoko 93 WHEvl FASA ¥e percent(%)el phases® A& phases® ZAA8YI, Xl & phases?
CT imageE maximum intensity projection(MIP) 7|H2 2 AFA & volume contouringS 3t Th set up
of ABE L GTVel $x H3g &3y Y& 8 A x& F 239 4D-CT #94& 83k GTVY &
21do] 714 & Y(longitudinal)F oA AR} full(0%~90%) phases] 9.4mm’} A& (30%~60%) phases ol A
= 2.6mE, BEA full(0%~90%) phasesd 11.7m7} ] 8(30%~70%) phases oM E 2.3mzE ¢t} 239
4D~CT Hl® A3 Set upd X, Y, Z% 2a& EF 3m ol WSt ZFol 23 Fokel o] & lung
lower lobedl Al SRS Al8] Al respiratory gating svstem® AF&-& £okol L2 L 5y oJWE ZAAZ F

Aol &kt

FADol A A E %, £FF 7). respiratory gating system

A 2

stereotactic radiosurgery(¢ld SRS)= X, Y, 29 FHEZFE ol&std FHFHYol Yo 1 HEFE FAlsE
AgHoz F2 79 FAPe] HLE H} FHFo| Ald=o] g} whole body SRSE ZFo] o3 F%9]
229 wEo gAUo]l AL(+ 5mmol3l) lung? upper lobe®}t middle lobeol] sle] AL dtn 9oy,
lower lobed A% 5F A FZe] AU o FYo JALE HA=E d7] A HFo] gtdty)

(diaphragm controller)2 ¢¥h-g 7hste] Aldiste) goy Fokol Yo we} 5 gytez® FAYo]l &3
=
-

28 AL SRSAIHo] BE oEfgol Ut B AForME TF F7) F I £23Yo] AL TEF FI)A
ot WRALA & ZRALSEZ] 94l respiratory gating system& o] 88224 lung lower lobe?] SRS Al 12 #&4doj

ke dopriAl @i,

0 2 3y

1oty 2

Z9oko] lung lower lobeol $218}31 diaphragm controller® % F£9Fo] & o] F2] %=(x5 m o)A SRS3H
F oS tidez 818921, stereotactic body frame (Eleckta. Sweden)¥ Light Speed RT CT (GE. USA).
real time position management(RPN) gating system (V1.6, Varian, USA), Md&7}47] CL-21EX

platinum(Varian, USA)& A& &%}

b
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stereotactic body frame® vaccum cushion2 ©]%3lo] Fig 13} Zo] AP 1A EL UE F Fxle] HRo
maker block(sensor)& &3l Fig. 2. Fig. 3949 Zo] tracking camera®l real time position
management(RPM)E2 3% F71E ZA&HA 4D-CTE ol&3dled A dxdM & 13 F7] ¢ 10
phasesE ¥7] 93 imageztol cine time2 FF F7]9 1/10%E 3o 4D-CT #49S 3+ & 7} phases
(0%~90%)ol A Foke AL FAsA T4 A Wyl G437 &2 5F F7] percent(%)® phased
Z 8 phases® AAPo™, A8 phases? CT image® maximum intensity projection(MIP) 7| o= A3
4 ¥ volume contouring® 3}91Th set upd APAY L GTVHR WHHE &7 ¢85 A& A N8 F 2
3]9] 4D-CT #9L s XE phases® FY3 percent(%)9 phasesZ MIP CT imageS RwECl AR
phases® MIP CT image®} fusiondld X, Y, Z£9 A& =AH3 ).

Fig. 1 Patient

set up

G e o
Fig. 2 Patient respiration signal
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| 99218k 292 SRS @2 Aoz AZAE full phasesol A GTVe &3
2 94w, 7.8m. ZF O Z 2.6wn, 3.4mmolF vt A E(30%~60%) phasesol A
XZ0% 1.1m 0.3m, YELZ 19m. 2.6m. ZFC2ZE 1.8m, 0.7m%E =% o9, Baald) A= full phasesol
E X%02 36m. 2.5m YHECE 11.6mm 11.7mm, ZF2E 53mm, 4.4mmo]l¥ vt 2 E(30%~70%) phasesol
£ 23 Yol X520 & 1.3mm. l4dm, YECE 23mm 2.3un, Z%F 22 1.4mm. 2mmE £k (Table. 1)

Lung cancer? lower lobol] &40
de Xzog 27m, 1.3mm YHFLO

A
A

Table 1. RPM gated full phases®} treatment phases®l £ X w3z vl

CASE Range Lateral (X) Longitudinal (Y) Depth (%)
€ Lt. side Rt. side Inf. side  Sup. side Post. side Ant. side
Full phase (0% ~90%) 27 13 94 78 26 3.4
A
Z] & phase(30% ~60%) 1.1 03 19 26 1.8 07
Full phase (0% ~90%) 36 25 11.6 11.7 5.3 4.4
B
%] & phase(30% ~70%) 1.3 1.4 2.3 2.3 14 2.0
ELE

set upel AP Z GTV 9 HFE st 930 A8 W3 X8 F 23] FJ$ ID-CT9 ¥ ZA set
up? 2.&7F AR 1A vlwolM e XFCE Om, YELE 25m, ZF02F 3m. 22 BluodAE XFCE Om.
Y%OFT Omn, ZZCE 2mol oy, B3z} 12} vluol A+ XEF0E lmn, YECT 25m ZFCE 1w 232 H|
o E XFOE 2m, YELE 2.5m, ZF2E 2me 371 ey 25 3me) Wl clh(Table, 2)

Table 2. RPN gating system® ©0]€& CT set upd ¥

CASE CT ®lx X Y Z CASE CT ¥l X Y 7
12 ¥la 0 25 3 12} vl 1 25 1
A B
. 22 d) 3 0 0 2 23} ®) A 2 25 2
a9 omm
e g

F 5ol o5 FEoko] & A9o]l 2 lung cancer A9 lower lobeol A SRS Aj#88 Al diaphragm controller& &
oko] 2 zlelg gyy o]3tE &Y 4 v A respiratory gating system®] AFRL FEoko] &AL Syp oW E
A lo] F&3Yct g UD-CTE 29 CT imageol*] X8 phases? CT image?t< MIPH oz

>
™
o

15 phases? GTVE ZF A& percent(®)? GTVE 3§32 volumeol2& #H 33 PTVE
volume contouring® 4+ i1, 3x}e 535 _,—7]9} T ZU1ES A4 WelE fxje 4 oy 28 &
e AL 4 AE FHolw. lung cancer¥ b ofigl T 9ld Fr|el Yol £ HRoAMR

respiratory gating svstem® AFR8WH A8 AE 2 27 Ao @& TRo] & Aow Algd),

-15-



2005 APBAHIX 883 EA G E )3

2B d

1. Berbeco, Hassan Mostafavi, Gregory C. et. al : Tumor Tracking in the Absence of Radiopaque
Makers, : Department of Radiation Oncology, Massachusetts General Hospital and Medical School,
Boston, MA, USA: XIV th ICCR 2004. Seoul, Korea

2. Rohini George, Paul Keall, Theodore Chung, et. al. Dose Breathing Training Reduce Residul Motion
for Respiratory-gated Radiotherapy; : Department of Radiation Oncology, Virginia Commonwealth
University Health System, USA: XV th ICCR 2004. Seoul, Korea

3. GIG S . Mageras, PH D., Alex pevsner, PH D. Kenneth E Rosenzweig, et.al. MEASUREMENT OF
LUNG TUMOR MOTION USING RESPIRATION-CORRELATED CT : Departments of Medical Physics,
Radiation Oncology, and Radiology, Memorial Sloan-Kettering Cancer Center, New York, NY: Int. J
Oncology Biol. Phys, 2004,60(3). 933-941

4. Rquel Wagman, M.D., Ellen Yorke, PH. D., Philippe Giraud, M.D. et.al RESPIRATORY GATING FOR
LIVER TUNMORS: USE IN DOSE ESCALATION; : Departments of Medical Physics, Radiation Oncology,
and Radiology, Memorial Sloan-Kettering Cancer Center, New York, NY: Int. J Oncology Biol. Phys,
2003.55(3), 659-668 ’

-16-



200535 hghAbd A gty EASE 03

Effectiveness of the Respiratory Gating System for Stereotectic Radiosurgery of

Lung Cancer
Department of radiation oncology, Asan Medical Center

Heung Kwon Song, Min Su Kim, Oh Nam Yang, Cheol Su Park,
Kyung Tae Kwon, Jeong Man Kim

Introduction : For stereotactic radiosurgery (SRS) of a tumor in the region whose movement due to
respiration is significant, like Lung lower lobe, the gated therapy, which delivers radiation dose to the selected
respiratory phases when tumor motion is small, was performed using the Respiratory gating system and its
clinical effectiveness was evaluated.

Methode and Materials : For two SRS patients with a tumor in Lung lower lobe, a marker block (infrared
reflector) was attached on the abdomen. While patient' respiratory cycle was monitored with Real-time Position
Management (RPM, Varian, USA), 4D CT was performed (10 phases per a cycle). Phases in which tumor

motion did not change rapidly were decided as treatment phases. The treatment volume was contoured on the
CT images for selected treatment phases using maximum intensity projection (MIP) method. In order to verify
setup reproducibility and positional variation, 4D CT was repeated.

Result : Gross tumor volume (GTV) showed maximum movement in superior-inferior direction. For patient #1,
motion of GTV was reduced to 2.6 mm in treatment phases (30 % ~ 60 %), while that was 9.4 mm in full
phases (0 % ~ 90 %) and for patient #2, it was reduced to 2.3 mm in treatment phases (30 % ~ 70 %],
while it was 11.7 mm in full phases (0 % ~ 90 %). When comparing two sets of CT images, setup errors in
all the directions were within 3 mm.

Conclusion : Since tumor motion was reduced less than 5 mm, the Respiratory gating system for SRS of
Lung lower lobe is useful.
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