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Assessment of Respiratory Tumor Movement using 4D
Computed Tomography for Stereotactic Radiosurgery in

Lung Tumor

movement (8.53+5.23 mm).
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Purpose: To assess the respiratory tumor movement using 4D-CT (4-dimensio-
nal computed tomography) for minimizing setup and target volume uncertainty
of body-frame based stereotactic radiosurgery (SRS) in lung tumor. Materials
and Methods: Fifty-seven stereotactic radiation therapies with respiratory
gating system in 44 patients (two targets in seven patients and three in three
patients) were executed in Asan Medical Center from May 2005 to June 2006.
We used respiratory gating system consisted of RPM (Real-time Positioning
Management system, Varian, USA) and 4D-CT (GE healthcare, USA), if tumor
movement was exceeding 5 mm by respiration on fluoroscopy. Accurate tumor
movement on reconstructed 4D-CT image was determined for respiratory
gated therapy. Respiratory gated therapy was done if tumor movement was
exceeding 5 mm, and non-gated therapy was done if it was below 5 mm.
Results: Forty-five tumors were treated with supine position, and the other
twelve were with prone position. Median tumor movement (3-dimensional) by
respiration was 8.78+5.30 mm, and it was mostly affected by superior-inferior
Tumor movements were different by tumor
location, whether upper (5.38+2.85 mm) or lower (10.12+5.08 mm) lobe
(p=0.015). Tumor movement was exceeding 5 mm in 27 (47.3%) tumors, and
below 5 mm in 30 tumors in 4D-CT evaluation. Tumor movements on adopted
respiratory gated phase were wholly below 5 mm, and its median value was
3.70£1.13 mm. Conclusion: Assessment of respiratory tumor movement using
4D-CT and gating system was helpful for minimizing target volume uncertainty.
As a result, image-guided radiation therapy could improve the treatment
accuracy of high precision stereotactic radiosurgery. (J Lung Cancer 2007;
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Breathing Control), AIB (Air-injected Blanket), Diaphragm
Controller 52| o1& W (7~9E°] EAE U o} 27 3
Zke] ellel g zof Foll whbA B—JJr°ﬂ Z Aol7k Slof Al
oz o] gslrlele ofef& el Yt o3t
e FE587] Slste] HZelle Q4S5 dAlollA] Zfol
o3k T A4S Wl LFFVE AYS 9
© 44 AAEES 2 (4D-CT) Aulek THAAEH 7}
Eqslo] ALK gl o] &E I o, oA Au|ete]
2 AAS A A BEE A Ae
Q) BFFINS] G 2 Feho] X B ghipol
o Qe 2ol e giol AVAIH HALo] U5
sFeb Aoleh(10~ 18). 4D-CTE ol §8 THE7 WAL
X] & (Respiratory Gated Radiation Therapy)E A]3§3s}o] o1-&
4 o Moz A, Sl WhE Sk $498
3+s] Fhotelo] X189 HABAS 2ol = 93 Ex TE
2% sol A e Ao A
A 2He E4e & JJ/LQF g 5 vke Aok AzE
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1) 4 dimensional computed tomography (4D-CT)

EFF0] WE d4e HSeA dlete] GE A
LightSpeed 4D-CT/RT (4 dimensional computed tomography/
radiation therapy)7} o]-&%9 o, 3119 $F-S A s}o]
4D-CTol| EF27S Adelr] 93 %—’.‘—Zﬂ,ﬂﬂi Real-
time Positioning Management system (RPM, Varian, USA)7}
4D-CTell 45 et TFF7] Ad<s T4 st
Advantage 4D software (GE, WC, USA7} A= 9t

2) &% 7194 (Respiratory Gated Image) 5

4D-CT #Z< A RPME B3lo] 349 353715
sl A" 3FF7] HellA 10 sets®] CT 442 ARt
Advantage 4D softwares ©]83to] CT A4S Hdl &7
(full inspiration)el] 3l Zs}= 342 0, 90% phaseol] 27t g
Fsla H o] 7] (full expiration)ol] NP3l F4E 50%
phaseol] g3t = WAoo 2 Ax| $&F7](full respiration)
A4L F 10 phased TG SFEA W2 2
phasee] A& 3AUH 2 AFAsto] A Toll whE

Foel $H9S BAYOE BEY R, o Gyl
Fol B2 Fol $99e Sl

Bl e F9e $HUL v, 2 F W 304 A
TA gl A 3] (3-dimensional) W&k 3 S A
3} t}. Advantage 4D software oll A Z & 7] d 42l of
A3k Aol 5] o4k el kel 902 ARehe] TFol

2 34902 2Hagen, 199 Beldas 199
RAFFRT AL 47 AW % ARG Atero] 3
AAsE LAt

4) 35357 AA WALASE (Respiratory Gated Ste-

reotactic Radiosurgery)

4D-CTE Al37] Aol FA1944 (fluoroscopy)s &31o]

FF xy, 2 % W) AU el 2% F P &
2 qdo] 2 e w9l 5 mm vl -l 4D-CT
5 g3l A ¢ spiral CTE Alefslo] o4& iglon,
5 mm ©]Ae] 32 9lo] HAE|E= A o= RPMI} 4D-CT

£ Alsle] 44 e F 53] flolA dFE W
2 AFEE ¢ 3 A FFY FHYS A
4D-CT d4ollA] Af&lste] 5 mm o] 9] 23 Hol&
Aol EHES) AN RS AelehFig. 1),

A WAATES 447 AFH o7 Afelglon, bl
W 12 Gy9] WA S Z2Asle] F 48 Gy WA S FF
off zApsleich 2 89 A2 fl8led vacuum cushion®]
B AA A9H 14 E(Stereotactic body frame, Elekta,
USA)oll 3k2H5 53] AL $2ke] AAE 34 313ich. Planning

Fluoroscopy
(check tumor movement)

- acquire gated CT image
- image reconstruction
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Fig. 1. Treatment flow: gated radiation therapy.
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target volume (PTV):= 5 mm w|wke] 22 F2|Ql& Hal 7
Lole x,y FLE2FE 5mm 282 z F2E2E 7.5 mm2
margin® F1 A5 AWsheleh aD-CTHAA 5 mm
o]4¢] wlaA & w7 qlo] WEE 7d-9-olli= 10 phase®] &
Fd4 F 37 (expiration)ol] Pst= 30~70% A4S
A o2 A FA k] HHE7] el 50% phase®] <
Aol 0% 3 0%9] AAAS) FhS) $AYE 3
3}o] PTV marging 22]a}7AL}, BE 30~70% 42 2o
74554 o] A (Maximum Intensity Projection Image: MIP ima-
ge)= A8l setup 2AHE 3123 PTV margine Fv

Aoz gt
5) th3E=t

7] 17]1¢] A gk e

A% we BAE e RAHG LAl
2 8.9} vl wslo] vl A AR 7ke] AR 7L Q.
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scale 2 o]3}Ql %2 Al om, 95712 A Aol wie}
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A BAATES At 49 271 5 om v|RFOE A
SREEY
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Table 1. Patient Characteristics

Variables Number of patients (%)
Age

Median [Range] 59 [31-29]
ECOG

1 55 (96.5)

2 2 (3.5)
Aim of SRS

Primary 26 (45.6)

Metastatic 31 (54.4
Location of tumor

Upper lobe 17 (29.8)

Middle lobe 11 (19.3)

Lower lobe 29 (50.9)
Patient’s position

Supine 45 (78.9)

Prone 12 (21.1)

Aol A 270, 37 9] ZhAfoll A= 370 ] =] Fokoll tislte] SRS
= AleBslsict. 3kate] Fodald 2 59419, HelE 31~
T9AI e} 9] 2] &EA4- ECOG 10]9lem, 21
9] 3kzjuto] ECOG 2 el%ith. SRS E2-& 26719 F9F
oAlA 17] ¥ 719 Hqtell 3t kX 549 X 59131, 3170
9] ZekollAe AA Aol whE A4H FA ] X552 &
Ax ek FF 271 F4gkel 17 mmol o, W=
9~42 mmo| it} Foke] x| HE A 2 = 4]
(upper lobe)e] 1770(29.8%), = Z<d(middle lobe)o] 117
(19.3%), 2] ] 3} (lower lobe)o] 2970(50.9%)Z ZAF
Holom, AgE A% A AAlE tiREe] ook
(supine) A, 127021.1%)N A= T Foll w2 Ek
o] FAAE A& e YA EAL] AE 93t
of ul 9] (prone) ZHAE &SI cH(Table 1).

4D-CT A3 A FA] & (fluoroscopy) & ol -&sto] FA 3k
A 571 (8.8%)9] FFolAE 5 mm H|wHe] 2 )5 Ko
spiral CTE A8Y3}9] 2 (Group 1), 2571(43.9%)2] kol
A= 5 mm ©]3] Fqlo] FEx] o] 4D-CTE APl
U AFAE CT 9ol 5 mm v|ie g2 §23lo] 4
5o 35-57] WX S Al3EAl %%cHGroup 2). U
W 2] 270(47.3%)2] F%oll A= 5 mm o] 2 le] I
ZElo] TFF/EAAXEE AP chGroup 3). 7 T
9] Foke] £ 9)-2 Table 201 HojA = vle} 22w Group
201-E FAIG4T 4D-CT FAollA SHH Fokel 3
ol ZFo]7t A= A & F AN 4D-CTE AP
52708] FFoll A A TFollAe] FF 2 Bl

Table 2. Tumor Movement and Treatment Method

Tumor
Number of

HUMOrS movement (mm) p value

(mean=+SD)

Fluoroscopy (z-axis)

Group 1* 5 3.40+2.70

Group 21 25 9.28+2.81
Group 3 27 13.06+5.79 §
4D-CT (3-dimension) <0.001

Group 2 25 5.67+2.18

Group 3 27 11.75+5.62

*Tumor movement<5 mm on fluoroscopy, 4D-CT (=), no
gated therapy, TTumor movement = 5 mm on fluoroscopy,
but<5 mm on 4D-CT, no gated therapy, FTumor movement =
5 mm on both fluoroscopy and 4D-CT, gated therapy,
Sone-way ANOVA test, SD: standard deviation
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Table 3. Tumor Movement with Full Respiration

Mean+SD (mm) (Min. ~Max.)
x-axis 1.01+1.26 (0.0~5.9)
y-axis 1.40+1.55 (0.0~8.1)
z-axis 8.53+5.23 (1.6~22.9)
3-dimension 8.78+5.30 (1.1~24.3)

SD: standard deviation

Table 4. Tumor Movement by Location of Tumor with Full
Respiration (3-dimension)

Mean+SD (mm) p value
Upper lobe 5.38+2.85
Middle lobe 10.01+6.81 0.015*
Lower lobe 10.12+£5.08

*one-way ANOVA test, SD: standard deviation

x £2 2+ 1.01£1.26 mm, y 20 Z+ 140+1.55 mm, z =2
= 853523 mme] €39 0] W =, 33 A4
g Aol A 2] 3x-9A el 2292 8.78+5.30 mmo] ¢\ th(Table
3. AIAH o R Feko %7—‘4 A o e4av 2 F
(longitudinal)©- 2 9] &% °]ﬂ~‘5 S CT G4-& E3to
gold 4+ 99 onq x| &8 ohﬂg 7% z = ek %70
o g Ak Foke] o] Xl A E &
2ol & Hylel Bokon #H 4ede] 7% 538+2.85 mm (
mensional)«l FAE B | Fo] e # 3 FdT
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4902 H&stel7] SAste] 4D-CT AT GAelA 7]
o] dMNFsl= 30~70% AATHS AelF o7 A FA o] E
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ration)ol| A= 11.75£5.62 mme] w3 Y4S HJFo 30~
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Aoeg ZAson, AR u] gl XolE HS
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Sk ITV (internal target
], AIH 0 Z PTVOll
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o3 Aol 4] BHol3) vk Aeko 2 ITVE e ¥
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