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o AL FAAAFTAAR] = A 7|24 #Hetol mE
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Gated—CBCT?] ¥ &4 H 84 71

2 HM: = o= [{eh SXle| MMIEUAMER|Z Al(Stereotactic Body Radiation Therapy, SBRT) 7|&
M(Baseline) #H3}0]| 2 3D-CBCT(Cone Beam Computed-Tomography)2t Gated—CBCTS| YAt Z4!
(Image quality)2 H|Z 24501 S50 T2 S2Ie| HH™o]| R85t CBCT Y WS JX} Stot,

CHA+ 21 " - QUASAR™(Modus Medical Devices Inc, Canada) THE0| X|£0| 3 cm@! A S S
(Solid Tumon)E Atelsto] MEo| £ =2 7| 3 sec, Z[Ci X1Z 20 mm £ 4DCT(@—Dimentional Comput—
ed-Tomography)S ZYstoit MASt X|ZAIZIA|AR Eclipse™E 085101 1A SY 220 ™ &
AE(Gross Target Volume, GTV)S &2 RAISIRACE Truebeam STXME 0|83l 4DCT EHH ARt &
USHH ™t £, 7|=M 71 mm, 3 mm, 5 mm@! S5 THES HElof| 2124510 3D-CBCT(Spotlight,
Ful)2} Gated—CBCT(Spotlight, Full) 2AFS 55| HH2510{ SIS56IICt SIS E QA ADCT YAI2 7|22
2 MSIHZE2H|(Signal-to—Noise Ratio, SNR), LHERLHR=2H|(Contrast—to—Noise Ratio, CNR), S | =
Z10|(Tumor Volume Length) ! 24 S2{2! H|(Motion Blurring Ratio, MBR)S S&5104 H| w5t

Z 1} Spotlight Gated-CBCT E4J0| 712 M slo] w2 MSCHESHI7} Wt 13.30+0.10%, HRES
HI7t HE 7.78+0.16%, S A& 207t B 3.55 + 0.17%, 2M S22 1|7} & 118 £ 0.06%Z Spot—
light 3D-CBCTEC} 45t 22 BACH E3 Full Gated-CBCT ¥ef0| 7|E N Hatof M2 ASHESH|
7t Ha 12.80 £ 0.11%, CHRCHRISH|7F Tt 7.60 £ 0.11%, S x| 20|17t Wt 3.54 + 0.16%, 2N =23
2 H|7} B 1.18 £ 0.05%2 Full 3D-CBCTECt 246t 2t 2t

Z 2:3D-CBCT Y YN} H| w604 Gated—-CBCT Y Fal0| 7|&=M Hatol| M2 Y 20| 24
St 22 Bon, SEC 2 QIst BN Sa2f2] 2lZ-E(Motion Blurring Artifacts)2| Feto| M2 Zig Sfelsk
Ch 2t B (Zboll DM HEshe MU HRMRUAMRZ A E2E S5 Qs 7|EM M3}
7} 2iMSH= AL Gated—CBCTS 0|26l QAR E(mage Guide)Z Sh= Z40| S3}CHn THEHEIC
> SHAIR0]: M2 MQIMRLUAIMK|Z, 3D-CBCT, Gated—CBCT
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SBRT): %9 0] Agkel Qofo] il 2 AL 2
T 342 A85to] B2 PR LS ek ¢
TR SR, BFe T Y SAe] 2 A 49
AR R F 0] SI7) sk 4 glone
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o]l nla A EeF QlF-E(Motion blurring arti—
facts)?] %712 Image Guidedo] B34S xd|5}to] W
AR E2] HEdS Aelfgitt® olofl A5 7t @ 2HInter
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o vl A5 Alupeh Fs FSskaL
FHRegistration)2 gF - AIgF Zdo] o]Fo]%]
EWAMAIR] & (Image Guided Radiation Therapy, IGRT)
oF Fol A 1 = AW 7100 X8 w AL
Ao] ZAMEE 385 AR & (Respiratory Gated
Radiation Therapy, RGRT)E Wajs}o] 1ajs}tal QJct©
HHoA= AF7HE710] F2E 2RE JAF FA|(On-

Board Imager, OB])E A}-&3}9] CBCT(Cone Beam

o N

ol

Computed —“Tomography) 3A-% 3153+ & £k} &
& T A 24 Mgl AR R %

AlE 27gskal glom? thefel CBCT 94 35 W 5
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+ H|, A2 9w sjekE JPEe 4= Qlal vpA Rl

2D G4 E= H7HEE JAHMV image) BT} 425 5

3 917 g B SR At o] 55
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Zbol 3t wle| 55 57 %ek 7] el HE 3o A
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Fig. 1. Quasar™ Phantom
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— CT Simulator (Discovery CT 590 RT, GE, USA)

— Eclipse™ (Version 15,6, Varian, USA)

— ARIA™ (Version 15.6, Varian, USA)

— QUASAR™ Respiratory Motion Phantom (Modus
Medical Devices Inc,, Canada)

— QUASAR™ Respiratory Motion Phantom Mate—
rials (500—-3312 Cedar Insert with Solid Tumor,
Modus Medical Devices Inc., Canada)

— Real-Time Position Management System(RPM,
Varian, USA)

— Truebeam STx™(Varian Medical System, USA)
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Fig. 2. Respiratory pattern with baseline shift a) 0 mm b) 1 mm, ¢) 3 mm, d) 5 mm
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Cedar Solid Tumour Inserts

Imaging and Chamber Dosimetry
with or without a tumour within
Lung Density Material

Fig. 4. Cedar Solid Tumor Inserts

F32 QUASAR™ 9] g4 215 A T4 Y9 (Region
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touring= ©|-§5to] &2 HARSIITE 14| £ =40l
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4DCT &Y Al 30~70%2] B4, 0~100%2] Fd= &3
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Fig.5. Truebeam STx™ with OBI(On Board Imager)

3D-CBCT 3D-CBCT
Spotlight Full

Gatred-CBCT Gatred-CBCT
Spotlight Full

Fig. 6. Each CBCT Image(GTV, GTVACC_NG Contouring
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Fig. 7. SNR, CNR Measure Method

(a) CEDAR

Solid
Tumor

(b) Solid Tumor
Fig. 8. Measure CT number of (a) CEDAR and (b) Solid Tumor
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Fig. 9. Process of Measuring moving distance of solid
tumor(GTV, GTVAcc_NG, PTV Contouring line)
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Fig. 10. Comparison of SNR(Signal to Noise Ratio)
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d™: Moving tumor distance, Iv: Tumor length
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Fig. 11. Comparison of CNR(Contrast to Noise Ratio)
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Fig. 12. Comparison of MBR(Motion Blurring Ratio)

CBCT(3D, Gated) Z+2+ B4t 12.77, 13.38% %@Hi’iﬂk
714 3 1 mmS! %‘%
tﬂ?—‘rﬂ 3 mm¢l ¢

@ Full CBCT(3D, Gated) H]i

$80] YASH | Full CBCT(3D, Gated) Z¥Z H++
1147, 12958 Z4=9tt. 714 W3 1 mmel 9 33
1122, 12,84, 7|24 ¥37F 3 mmel -9 B+t 10.73,
1275, 7154 Wsl7} 5 mmSl 79 Hat 10.06, 12,652
4= cH(Table 1, Fig. 10), 2&°] 44 e} 7]
AP S ] S B AT Hat gk

+0,54%, 12.80+0.11%= YEFHT)
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aQlsk €] 621
Table 1. Signal to Noise Ratio (SNR) Table 2. Contrast to Noise Ratio (CNR)
Baseline Baseline
(mm) M 1 mm 3 mm 5 mm (mm) 21 1 mm 3 mm 5 mm
Method Method
Reference 13.38 Reference 8.26
Spotlight 12.77 12.56 11.86 11.11 Spotlight 5.88 572 5.46 5.10
3D-CBCT (95.44%) | (93.84%) | (88.65%) | (83.06%) 3D-CBCT (71.18%) | (69.24%) | (66.14%) | (61.76%)
Spotlight 13.38 13.35 13.32 13,13 Spotlight 8.00 7.80 7.78 7.55
Gated—CBCT | (99.99%) | (99.80%) | (99.54%) | (98.11%) Gated—CBCT | (96.86%) | (94.43%) | (94.19%) | (91.37%)
Full 11.47 11.22 10.73 10.06 Full 5.38 5.34 5.16 478
3D-CBCT (85.70%) | (83.89%) | (80.22%) | (75.21%) 3D-CBCT (65.16% (64.61%) | (62.50%) | (57.88%)
Full 12.95 12.84 12.75 12.65 Full 7.76 7.61 7.58 7.46
Gated—CBCT | (96.81%) | (95.93%) | (95.29%) | (94.53%) Gated—CBCT | (93.89%) | (92.10%) | (91.82%) | (90.28%)
2) oS | © i 4,66 cm, 379 cmB ZPEIL), 5| WYY
@ Spotlight CBCT(3D, Gated) ] wje} 7|24 Wak} 9IS ) S BE SF AF Zole]
$50] AT Spotlight CBCT(3D, Gated) Z+2+ 3 B2 ZW2 4 4440 16%, 3.55+0.17% = VERST]
 5.88, 8.00°0.2 A=}t 74 WS 1 mmel
A9~ Hat 572, 7.80, 7|4 HIPF 3 mmSl B Hat 2) Full CBCT(3D, Gated) H|
5.46, 7.78, 71524 W37F 5 mmeQl %% St 5.10, 7.55 T5o0] 94 uj Full CBCT(3D, Gated) 22 B+ 4.25
2 SA=9) 35o] 94 wet 7] A H3} 9E cm, 3.36 cm®z A=) 7154 ¥M3P 1 mmel 75
5449 BE 219 Hak g 247} 5.5440.29% Wt 4.34 cm, 343 cm, 71541 B3P 3 mmel - Hat
78+0.16% % VEFT) 451 cm, 3,60 cm, 7|54 M3} 5 mmol ¢ Hat 4.68
cm, 3.78 cmE ZAE|QtHTable 3), &50] YA wjot
@ Full CBCT(3D, Gated) H|x 14 W3} Q8 v 2% RE ZoF A Zo|o] Hot
©50o] dAE uj Full CBCT(3D, Gated) 212 B 2 22} 4.45+0.16%, 3,5440.16% = LERTY
5.38, 77622 St 714 HIPF 1 mmel H-¢-
Bt 5.34, 761, 7154 tﬂ@ﬂ}a mm¢! Z$ HHF 516
758, 7|14 W3l 5 mmel B 478, 74602 = Table 3. Tumor Volume Length
A9 TJ—(TableZ Fig. 11). 350] QAT W} 7] H (Unit in ratio : cm)
b} ok v S mE o) Faghe 2t S
(nm) | 24N 1 mm 3 mm 5mm
5.17+0.24%, 7.60+0.11% % LJERTh Method
Reference 3.00
Zo|
Spotlight
DCBCT 425 4.34 452 4,66
Spotlight
Gated—CRCT 3.36 3.42 3.62 3.79
198} 3 mmel 425 | 434 | 451 | 468
mm¢! 3D-CBCT . : . .
o Full
Gated—CBCT | 336 3.43 3.60 3.78
47

3. 34 HH
) Spotlight CBCT(3D, Gated) H|
3350] 94& u Spotlight CBCT(3D, Gated) 22+
25 cm, 3.36 cmZ 4=t} 7184 "3 1 mm
- it 4.34 cm, 342 cm, 7|41
A3 S mmel 7

Bt 452 cm, 3.62 cm, 7|54

wt
Q1 7
Can
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4, 2 S2{3 HJ

1) Spotlight CBCT(3D, Gated) H| 1

T5o] 4AE ) Spotlight CBCT(3D, Gated) 212} H
w142, 11282 SA=IE 7154 937F 1 mmé] 35
Bt 145, 114, 7154 ®37F 3 mmel 739 B+t 1,51,
121, 7124 ﬁim 5 mmQl A Hat 155, 12602 =
AEQk SFo] 94T wiot 714 i} (EIE=ui=
A Be BA BT B9 Hatrgk 22 1.48+0.05%,

1.1840.06% 2 A=}

2) Full CBCT(3D, Gated) H|m

$Zo] 948 uj Full CBCT(3D, Gated) 242+ St
142, 112 = S74=30t) 7154 H37E 1 mmel 735
Bt 145, 1.14, 7124 H37) 3 mme! A H+ 1.50
1.20, 7154 W37 S mmSl 73 Bt 156, 1,260 2 =
7J=9/cH(Table 4, Fig. 12). 2:%0] AT wjoh 74 ¥
P} QLS v Z4E BE wA 2ele) ujo) Paghe 148

10.05%, 1.18+0.05%= Z7g=|3ct.

LA AR
2 AoA = Y B A FHAAR R A] 7]
Z4 Wz} rn}% 3D—CBCT2} Gated-CBCT2] J4 ¥
A& Hluskal 84S Brlelgit A9 Avt 71 W
_6;}7} # ‘#% 3D-CBCT$} Gated—CBCT B 94¢
FA9] AstE FR1E 4= 98It 3D-CBCT(Spotlight,

Full) A} Gated—CBCT(Spotlight, Full) 34+l 2}
o7} 71&A sl 5 mm=z HAY uj ASthRaH] F
o 19.4%, THENRZH|7E 20 32 4% = 2 Zfol& 28l
g} 4= QIQlTh, &3k 3D-CBCT(Spotlight, Full) GAFollA]
714 S5 mmE A o) S A4 dolrt Z|oh
4,68 cmE AA| 1A FF B 7|9} i 1.56H] 2}o]
Zo]| W5} Gated—CBCT(Spotlight, Full) 9 JA}
o xoF 7\1];<4 71017} _41;]] 379 cm® /Rlzﬂ _,_xﬂ ZoF 3
712} 1.268] 2}o]5 Ho 3D-CBCT(Spotlight, Full)
B KT} 30% B =2 YAES HArh
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Table 4. Motion Blurring Ratio (MBR)

Baseline
(m) | UH 1 mm 3 mm 5 mm
Method
Reference 1
Spotlight
3D-CBCT 142 1.45 151 1,55
Spotlight
Gated—CBCT L12 114 1.21 1.26
Full
3D-CBCT 1.42 1.45 150 156
Full
Gated—CBCT 112 1.14 1.20 1.26

Ai}AH S 2 Gated—CBCT(Spotlight, Full) %4+o]
3D—-CBCT(Spotlight, Full) /ol vlal J4 F4d0] £

Qfom $8.0 = 9l3F Motion Blurring Artifacts®]
aFol A2 21 FRIsiei). whebA T |3tell g
g3l o) ;ngJ]T WAMAZ R Image GuidedA] &4
5t 3502 71324 W Wels AS AEst WA
FE Q) H =Fo|A] &gt uie} ZHo] Gated—CBCT
0]43}o] Image Guided& 3= Ao| G-&alttal &
Fle}, 53], 3D-CBCT GArollA 7154 ¥Et 3 mm
Ao 7% A EuE H7E 15HR SRR TS
Gated—CBCTE ©]8-3}9] Tmage GuidedE 3= 79|
A 59] A& =Y 4 & Aol WeF Gated-CBCT
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Image quality and usefulness evaluaton of 3D-CBCT and
Gated-CBCT according to baseline changes for SBRT of
Lung Cancer

Department of Radiation Oncology, ASAN Medical Center, Seoul, Korea

Han Kuk Hee, Shin Chung Hun, Lee Chung Hwan,
Yoo Soon Mi, Park Ja Ram, Kim Jin Su, Yun In Ha

Purpose: This study compares and analyzes the image quality of 3D-CBCT(Cone Beam Computed-Tomography)
and Gated CBCT according to baseline changes during SBRT(Stereotactic Body RadioTherapy) in lung cancer pa-
tients to find a useful CBCT method for correcting movement due to breathing

Materials and methods: Insert a solid tumor material with a diameter of 3 cm into the QUASAR™ phantom.
4-Dimentional Computed-Tomography(4DCT) images were taken with a speed of the phantom at period 3 sec
and a maximum amplitude of 20 mm. Using the contouring menu of the computerized treatment planning sys-
tem Eclipse™ Gross Tumor Volume was outlined on solid tumor material. Set-up the same as when acquiring
a 4DCT image using Truebeam STx™, breathing patterns with baseline changes of 1 mm, 3 mm, and 5 mm
were input into the phantom to obtain 3D-CBCT (Spotlight, Full) and Gated-CBCT (Spotlight, Fulll images five
times repeatedly. The acquired images were compared with the Signal-to-Noise Ratio(SNR], Contrast-to-Noise
Ratio(CNR), Tumor Volume Length, and Motion Blurring Ratio[MBR) based on the 4DCT image.

Results: The average Signal-to-Noise Ratio, Contrast-to-Noise Ratio, Tumor Volume Length and Motion Blurring
Ratio of Spotlight Gated CBCT images were 13.300.10%, 7.78+0.16%, 3.55+0.17%, 1.18+0.06%. As a result, Spot-
light Gated-CBCT images according to baseline change showed better values than Spotligtht 3D-CBCT images.
Also, the average Signal-to-Noise Ratio, Contrast-to-Noise Ratio, Tumor Volume Length and Motion Blurring
Ratio of Full Gated CBCT images were 12.80+0.11%, 7.60+0.11%, 3.54+0.16%, 1.18+0.05%. As a result Full Gated-
CBCT images according to baseline change showed better values than Full 3D-CBCT images.

Conclusion: Compared to 3D-CBCT images, Gated-CBCT images had better image quality according to the
baseline change, and the effect of Motion Blurring Artifacts caused by breathing was small. Therefore, it is con-
sidered useful to image guided using Gated-CBCT when a baseline change occurs due to difficulty in regular
breathing during SBRT that exposes high doses in a short period of time

» Keyword: Lung Cancer, SBRT, 3D-CBCT, Gated-CBCT
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