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3 15 ~ 34419 ool WAISH: o B 3AE B W
Qe o2 AR O R O ABFe] B IO £
AEET FE ABF) B Phs S A4 4
Qo] WAMAIAIR A] X 9] Qo] vt 91X & A9
APRIS] IR AL S0 W Tl S
o5 9T, o= 89 B BHFE 5 RAGL 26 B

N
>

8 ¢
A0 ghe] A2 Ast Al 4= 3171 whiell 7H 01439 7%
0] H o= 7 S5 alesfoR & ARgtolrtl
n)=k 535 ¢F YIEY A (National Comprehensive Cancer
Network, NCCN)ol|Al= AR 5o &J5t #174S 2js)7]
8l AR G el FA0] SIXE w7l e dfkE
(Ovarian Transposition)] 1#5 155130t

BN 7117] o}ge] AgARek HAAE A

9
=

3
puted Tomography, CBCT)2] FA--=-A %] 2 (Image
Guided Radiation Therapy, IGRT)E AJ8§gtc}“ 5

E3] VarianAke] A1 487147191 Halcyon™(Version
3.0, Varian Medical System, USA)& ©0]8-3F HAMAZ]
£ Alofli= HEEA] Image guideE A1) dllopit A &5 %1
P& ong o|2 lgt EAFS 1T 4 Jirt o]
]38} Halcyon™-2 7] OBI(On—Board Imager)& ©|-&
2k CBCT7} obd O-ring @H}S] 43715712 Hol(Bore)
Qo ZHEE](Gantry)7t 91x]8t0] S-& f17o] §lo] NEL]
455 4 RPM(Rotation Per Minute) 2.2 S7A1A 7]&
C—arm® 4187147121 TrueBeam™(Version 2.7, Varian
Medical System, USA)2] 1 RPM Xt} W2 CBCT 34+
S FE3F 4= Ut 535 Haleyon™ ol A A2 7§9E & Fast
CBCT X=X Normal 2 Eo] H]g}| Total mAsS A A
Aslo] Ed Alzto) wWhEm, CT 270 A 47 7712 Al
< Yeh)E= CTDIvol(The Volume CT dose Index)?]
Normal = Rt} ZHE A7 2] 50% 71 Y= 5 it
+ o] ek (Fig. 1)

ol 2 A= dAANES AT AR 4
o] HRAFAZFE Al Halcyon™9] Aj2-& 71591 Fast kV

74

(b)
Fig. 1. (a). Haloyon™, (b). TrueBeam™

8/l Hish =9l sl g,

-1. %_J'\_klﬂt é?glg. X Als E}%ial-od ol oA} 3_!5

[ —_—

01| 55 MEl(Alderson Rando Phantom, USA)S CT
simulator(Discovery CT 590 RT, GE, USA)o]-&35}o]
ARRSEGE ol 4 d5 202 2L 120



kVp, #5250 mA, A% 57 2.5 mm, 0.94 Pitch,
Helical scan type, 0.5 sec/rotation 2 3}it}, &5
AAS [AMSIR B A E A A8 Eclipse™(Version 15.6
Treatment Planning System, Varian, USA)2 A}-8-5]¢]
MY W @, U0 43RS B sl A 5

A W7HE 1l vt et
(American Association of Physicists in Medicine,
AAPM)OA] A48 Task Group No, 1795 #1159 om
(AAPM TG—179 Report) H.a1Aof wp2iH 7}7}+0] A x|%
CBCT 7H|9] S4dof| 5| A|2ARe] dai 17 Q1
AHCustomer Acceptance Test : CAT)AJol| =74

7120 &2 Aok 299 749 AAARR] Varian®]

_%
TAE F1EA B2} 5 ek (Table 1) G49) £
3

>

ox
flo rd of m

=

| 7HA] 3=-& 57159t (Fig. 3) Truebeam™2 hlaf-
Fan©® & Pelvis mode(¢]3} TP), Halcyon™-2 Pelvis
mode(©]8} HP) 18]l Pelvis Fast mode(®]s} HPF)&
F9 siglom, & v BE GAE 23 24 el
175 cm®} H2E A2l sl 125 cm= &9 44} 3
3 HYGslol), FP2A FrAke] w7 ARl

o]AAY] 9] 691 Halcyon™, Fast KV CBCT, WAH 9%, SAlsF

Fig. 2.

Contoring with Eclipse™

Fig. 3. Catphan 504

Table 1. Image Quality Guidelines for TG—=179 and Varian
Parameter TG -179 Varian TrueBeam™
L . {2 mm for non—SRS/SBRT
Geometric distortion (1 mm for SRS/SBRT N/A
HU uniformity Baseline + 40 HU
Low Contrast Visibility Baseline 2.0%
>

Spatial resolution (half fan) Baseline 4 lp/mm (Head)

> 3 |p/mm (Thorax & Pelvis)

Table 2. Varian recommendations for Pelvis CBCT

Mode Voltage[kV] Default Exposure [mAs] Scan Time[sec]
TrueBeam™ Pelvis 125 1080 60
Halcyon™ Pelvis 125 1080 36.7
Halcyon™ Pelvis Fast 125 560 212
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o} 125kVp, ¥AHEF TP} HPE= 1080 mAs, HPF 560
mAs= 73ttt I F5 AR 27 TP 60 =, HP
36,7 %, HPF 21, 2% o]t} (Table 2) 3+ 14:8¢] CBCT
gL 2o} W2 HU(Housefield unit)e] 953
OFE| M E (artifact) & AYAIA /el

O
TH ofo] A2 4] 10571] 11242 Fo] Bgsteict,

M 8

BAT A (Optically
Stimulated Luminescence Dosimeter, OSLD)& A}-&-
51t} OLSD+= A& 7 mm 57 0.2 mm Z7]|2 712
10 mm, A2 10 mm, $7] 2 mmg¢l tjA 0| FE x|
Ul 71AA 737t Aol o, 571 & S84 a4
Zgetal Ak A & 4= Qloks o] QUrke Y SA]
TF OSLD2] A= + 5% OoJHREMW LA g)7loll 574
AALE Fastslr] 918 574 F-lol OSLDE 212t 3714
F21519931 OSLD+= #H=7](inLight™ microstar reader,
landauern)E AHESF] WA 139 53] AHE-S A
t}(Fig. 4) &2 HARH A RPWE-2 CBCTE &afl A
BT} o] fIAF ufelsto] OSLDE 47} 3714
2+ 5 ol e o] S AH(socenter)ol] Ho|A] 4]
e} T ) 2% Truebeam™ Half-
3 #9211 175 cme} FAE Alojslr] flsh
P H9E 125 cm= E0] 217} 103] A sl (Fig,

39l 2395 7o R

Fig. 4. inlight™ microstar reader and Reader and nanoDot
OSLD
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A @ E Al #5(Digiral Imaging and Com—
munications in Medicine, DICOM) &4] 0 & Hg} 519
t}, ¥$+E Hlo]E|E Doselab 6.8 EZ2 1810 & JAF BLA
sty W7t -2 okt e (Fig. 6)

1) #=(Uniformity)

Catphan504 W& ©] CTP486(Fig, 7) F-7tollA] E53t
CBCT @449 o %ol 5ol 1 cm? FJHU #h& 574
St 5, gejo] Al 21 HUGES S7dst & vl A1

o 277k vhe [ 1100 thdsto] #U4E Ttk

A—-b=C{+40

Uniformit = A =HU Value
© " B = HU Value center

C = Uniformaty

2) M == 7IA|(Low contrast visibility, LCV)

Catphan504 WES] CTP404(Fig, 7) 7rolA 21=gt
CBCT 94e] v % polystrene¥} LDPE(low density
polyethylene)®] 0.16 cm29] A}Z}&ore] H+ oA 7k
(mean pixel value) ¥} 3¥=H2}standard deviation) &
54 5[4 215 E3F0] LCVE AL,

(0

Fig. 5. (a) Rando Phantom with laser alignment set—up
(b) Halcyon™ Scan range setting: 17.5 cm
(c) Halcyon™ Scan range setting: 12.5 cm



CTP528 module results

Spatial resolution ROI details
Phantom Ip/mm / Normalized MTF
10:0.1/1.00

11:0.2/0.82

12:0.3/0.55

13:0.4/0.32

14:0.5/0.21

15:0.6/0.28

16:0.7/0.17

17:0.8/0.21

CTP486 module results

Uniformity ROI details
Measured HU / Uniformity
18:60/99.2%
19:43/99.2%
20:36/99.1%
21:85/99.1%
22:45/99.2%

o |

Fig. 6. Analysis using Doselab 6.8

(@) (b)

(©
Fig. 7. Analysis of Catphan504 phantom using doselab 6.8
CTP 486 - Uniformity measurement image
CTP 404 - Low contrast visibility measurement image
CTP 528 - Spatial resolution measurement image

o144 9] 6¢1: Halcyon™, Fast kV CBCT, YA <, S4-A%

2.75*(SDps+ SD1ppr)

LCV =
MEAN@sy— MEAN@ppr)

275+ Polystrene¥} LDPE2] CT numbers2] Al x}o]
U:L LCV7]' 5}‘%_/":_% ;q_o U]Eﬂ_ kaﬂ (e} :TLH ol g 0]1—4_(10>

3) 27H25ls(Spatial resolution)
Catphan504 W& 9] 528(Fig. 7) #tollA] line pair
7} 713 # Kol sliceE A¥ 3 MTF (Modulation

transfer Function)2}ES 519tk

4) 7|5t el=(Geometric Distortion)

71518k -8 CTHAR] 7+ o] AA| AlS At
s Fdst=HE Uehlie A2 digo] ¢ggoletal
714 T Mo ve 1° TR A H 97A) wE
1= 3HA W EL Q)= WX 50| 2ol & Fro} 7]5}5}4] 9

E< i)

1. Halcyon™1t Truebeam™2| S4=M2ko|| CHst T}
At

el 175 cm¥ wj CBCT &

52541 cGy, E4 1709 cGy, HAE A9

31 12,5 cm®)] CBCT G418 1275 2219 cGy, W

847 cGy= Z7=|3ict,

Al A

¢1175 cm® wj CBCT &
22506 cGy, W4 1678 Gy, YAE A
2Jet 12,5 cm®] CBCT TATRRS AFd7 5 2179 cGy,
A 616 cGy= ZAE|QICEHPFS] UAs 35 2] HY
?1175 cm wj CBCT &Y Al SA17- A7 1530
cGy, U4 1371 cGy, TS A3t 125 cm@] CBCT &=
A AR 1461 Gy, W 419 cGy= =4 =9t
(Table 3,), [Fig, 8]

SN 4G
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Absorbed dose

2581 a5p5

219 5174
1708 1578
1261 -
I I I =

Mis mHalcyor™ PelvisFast  m TrueBeam™ Hn,F;.Hq,pr;t

mTrueBeam™  w Halcyor™ Pe
17.5cm 17.5em 17.5em 12.5cm 12.5cm 12.5cm

Fig. 8. Results of measurement of absorbed dose using
OSLD

2. Halcyon™21} Truebeam™2| CBCT A
ot Zat

2] He7} 175 cm¥ u] TP Geometric Distortion
0.13 mm Uniformity 25 HU, LCV 0.59%, Spatial Resolu—
tion 3.23 Ip/mme]%lom, &Y H7} 12,5 cmQl 7% TP
+= Geometric Distortion 0.2 mm Uniformity 15,3 HU,
LCV 0.57%, Spatial Resolution 3,86 Ip/mm2 2 7} 9]
b2 W71 175 cm¥ W) HP= Geometric Distortion
0.1 mm, Uniformity 14.33 HU, LCV 0.73%, Spatial Reso—
lution 373 Ip/mmeo]lom, 24 97} 12,5 cm?l -
HP+= Geometric Distortion 0.1 mm, Uniformity 8.3 HU,
LCV 0.663%, Spatial Resolution 3,60 Ip/mm2.2 F7} &
St 29 W71 175 ecm® W) HPF+= Geometric Distor—
tion 0.2 mm, Uniformity 16,33 HU, LCV 093%, Spatial
Resolution 3,86 Ip/mmo]%lem, 2] M7} 12,5 cm?l

9 HPF+= Geometric Distortion 0,13 mm, Uniformity
10.33 HU, LCV 0.63%, Spatial Resolution 3.86 Ip/mm=
=4 E9Jt} [Table 4]

Table 3. Comparison of CBCT Absorbed dose of True—
beam™ and Halcyon™ Using OSLD

CHOl: Gy | AF2ZAY | EEMERKSD) | WA | EEBEKSD)
(17.T5Pcm) 254.1 0.644 170.9 0.326
(17,I_SIPcm) 250.6 0.510 167.8 0.355
(17P.ISP Em) 153.0 0.298 137.1 0.451
(12.T5Pcm) 2219 0.571 84.7 0.641
(12?;11) 217.9 0.353 61.6 0.077
(121.{5P fm) 146.1 0.353 49 0,050
AR EE

2 AFolAE HaAfsS AR 7H7] o149 A
TAE AR R A] CBCTof| 23 WAo] m]Z A5k
Halcyon™9] A28 7|59 Fast kV CBCT= ©]-8-5}¢]
2|43} o1 A} sFQIT o]of 22 Halcyon™©] Normal
EQ} 715£9] C-arm¥ Truebeam™-S 27+ H]us}o] 5

F= Wit FeAldE OSLDE 749 At
%Oa‘fﬂ ZAY Al Truebeam™ Pelvis®. =2} Halcyon™
Pelvis ©LE0] FA152 2% o] Zpolz [-oju]gt 4
2 7] ekt chut B9 W9lE 249 125 cmE
9 A] Halcyon™ Pelvis 2=7} Truebeam™ Pelvis
LC Hr} Fpae] 27.2% AaEsleh 7HE 2 AaE

ROl AR Truebeam™ Pelvis® = tiH] Halcyon™

Table 4. Results of CBCT Image Quality Assessment for Halcyon™ and Truebeam™

Geometric Distortion(mm) Uniformity(HU) Low Contrast Visibility(%) Spatial Resolrution(lp/mm)
TP(17.5 cm) 0.13 TP(17.5 cm) 25 TP(17.5 cm) 0.59 TP(17.5 cm) 3.23
HP(17.5 cm) 0.1 HP(17.5 cm) 14,33 HP(17.5 cm) 0.73 HP(17.5 cm) 3.73

HPF(17.5 cm) 0.2 HPF(17.5 cm) 16.33 HPF(17.5 cm) 0.93 HPF(17.5 cm) 3.86
TP(12.5 cm) 0.2 TP(12.5 cm) 1533 TP(12.5 cm) 0.57 TP(12.5 cm) 3.86
HP(12.5 cm) 0.1 HP(12.5 cm) 8.3 HP(12.5 cm) 0.66 HP(12.5 cm) 3.6

HPF(12.5 cm) 0.13 HPF(12.5 cm) 10.33 HPF(12.5 cm) 0.63 HPF(12.5 cm) 3.86
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9] Fast LEQIH, S-Ald= Hlawsl Hetbs v 175 cm
o] &9 HO oA Halcyon™ Fast = Truebeam™
Pelvisi & KT} 25737171 39.8%, Taol|A] 19.8% 74
SIAL, 12,5 cm 07 HY HE S48 A9 AT
= 34.2%, A 50.5% 2 A4 A 4= AT

JAFo] Ao wE 2ol Truebeam™ Pelvis®}t
Halcyon™ Pelvis &=+ 125 kVp, 1080 mAs®] 54 =
AL AFE5FAEE Halcyon™ Fast 2 == £ 7H4S9to]
A ARl S80mAsSE oF 48.2% 7Hg H7]o] o]= <l
B Q4] 24 Aebrk g Wolsleik W7k A A
ol AFEH mE GAFo] ZAL Geometric Distortion
Imm ©|Y(SBRT 7]%), Uniformity HU, LCV 2.0% ©]
Y] Spatial Resolution 3 Ip/mm ©JA}0 & RL= GAlo] Ak
HlA}e) P13 AE Fsiec,

ol2fgt Ad Axtol whet GAHelES Al 717
o34 9] A7 e AR S = Truebeam™ Xt} t}

&g 20& AE & 4> Q= Haleyon™o] {88 210
2 97t H, 53] W mAsZEE JAL] S FAI)
= Halcyon™9] Fast kV CBCT =5 AlE5lal 29 ¥
915 ARtete] ARE APst= Ao FAa0] FrATS
22218 4= ol ol 3t thE A& Aol
FAA9ES AlRRE S 9 RISIE 2%k 2e
T Aol et o] 7RI 1] A, 954
ZFoll tigt 71=gke] nigiEo] QIA] 92 CBCTE] A=

ALARA(As Low As Reasonably Achievable)ol] T27#|5}¢]

WAL WE0) AHaHE AT 4 9l1o] Bs] B
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Evaluation of Halcyon™ Fast kV CBCT effectiveness in ra-
diation therapy in cervical cancer patients of childbear-
ing age who performed ovarian transposition

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

Lee Sung Jae, Shin Chung Hun, Choi So Young, Lee Dong Hyeong,
Yoo Soon Mi, Song Heung Gwon, Yoon In Ha

Purpose: The purpose of this study is to evaluate the effectiveness of reducing the absorbed dose to the ovaries
and the quality of the CBCT image when using the Halcyon™ Fast kV CBCT of cervical cancer patients of child-
bearing age who performed ovarian transposition

Materials and Methods: Contouring of the cervix and ovaries required for measurement was performed on
the computed tomography images of the human phantom (Alderson Rando Phantom, USA), and three Optically
Stimulated Luminescence Dosimeter(0OSLD) were attached to the selected organ cross-section, respectively. In
order to measure the absorbed dose to the cervix and ovaries in the Truebeam™ pelvis mode (Hereinafter re-
ferred to as TP, The Halcyon™ Pelvis mode (Hereinafter referred to as HP) and The Halcyon™ Pelvis Fast mode
(Hereinafter referred to as HPF), An image was taken with a scan range of 17.5 cm and also taken an image that
reduced the Scan range to 12.5cm. A total of 10 cumulative doses were summed, It was replaced with a value
of 23 Fx, the number of cervical cancer treatments, and compared In additon, uniformity, low contrast visibility,
spatial resolution, and geometric distortion were compared and analyzed using Catphan 504 phantom to com-
pare CBCT image quality between equipment. Each factor was repeatedly measured three times, and the aver-
age value was obtained by analysing with the Doselab (Mobius Medical Systems, LP. Versions: 6.8) program.

Results: As a result of measuring absorbed dose by CBCT with OSLD, TP and HP did not obtain significant re-
sults under the same conditions. The mode showing the greatest reduction value was HPF versus TP. In HPF,
the absorbed dose was reduced by 39.8% in the cervix and 19.8% in the ovary compared to the TP in the scan
range of 17.5 cm. the scan range was reduced to 12.5 cm, absorbed dose was reduced by 34.2% in the cervix
and 50.5% in the ovary. In addition, result of evaluating the quality of the image used in the above experiment, it
complied with the equipment manufacturer’s standards with Geometric Distortion within Tmm (SBRT standard),
Uniformity HU, LCV within 2.0%, Spatial Resolution more than 3 [p/mm..

Conclusion: According to the results of this experiment, Halcyon™ can select more various conditions than True-
beam™ in treatment of fertility woman who have undergone ovarian Transposition , because it is important to
reduce the radiation dose by CBCT during radiation therapy. So finally we recommend Halcyon™ Fast kV CBCT
which maintains image quality even at low mAs. However, it is consider that the additional exposure to low doses
can be reduced by controlling the imaging range for patients who have undergone ovarian transposition in other
treatment machines.

» Key words: Halcyon™, Fast kV CBCT, Ovarian Transposition, Absorbed dose
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