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W FARe ARAAE o §tel AN A AFAN Y F
#el & AYsta k. Az AFska g Ao}
o]Z o] EATeE ARAE Table 1o L.oFaloirt. %)
o] B5 T AzANA Azt Qe FABE] AXA
E EUE 4& A HgsA Aoluite] Lo FAZ
2] AAE Autslo] #s ska Qleh(Table 2). Abo]wjr}o]
Ao A¥rEr] 2 Azat Aol
X g gulo|th. wat R A 2o ) A xS
AL 3ATE FH Y ARl
A7} Fbsst] wigell AEAY 2 E0] EH sk &
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Ze 2R x

sS4 1% g5
& A3 F /14 $HE sglon] Ak FA%,
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1) LEHEQl “"'J'-FEI(basnc QC)
URER QA AG7HE7 oA A48 Z1AH F2A], oA
YA, AGEE AYA, ABARAAHY B4, ¢4
o e BFEEolt.
Table 1. Summary of Accuray’s Recommendation for a
Quality Assurance
Frequency Item Tolerance
Daily System status check
Linac output constancy check +3%
Safety interlock check
Monthly =~ Beam calibration check +3%
Linac laser mechanical 1 mm
alignment check
Linac laser/radiation field
. 2 mm
alignment check
Beam parameters check
Robot mastering check
Visual targeting check
Imaging alignment 12 pixels
Beam energy
60£2%
(PDDyg) 0x2%
Film phantom targeting test +1.8 mm

Quarterly
Annual

Target locating system tracking test
Beam commissioning spot checks
Treatment planning system tests
Safety system tests
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2) XgHete FH &2 (delivery specific QC)

Aoluiito] Zell At A &5 ¥EEol# End-to-End
test, visual targeting test, IPS (image processing subsystem) 5
oft}.

End-to-End test= Ato|#i}o]Z o] AHErp&r], R,
XA A A 28, A AR E Aoluirfolze] AAH
el A|A®-S FHylsl: uhHo|c}. End-to-End testol] Ab-£%

Table 2. Summary of Japan for a Quality Assurance

Frequency Item Tolerance
Daily System status check
Linac output constancy check +3%

Safety interlock check
Visual targeting check
Beam calibration check +3%
Film phantom targeting test +1.8 mm
Beam parameters check
Robot mastering check (visual)
Imaging alignment
Beam energy
(PDD1o)
Target locating system
tracking test
Linac laser mechanical
alignment check
Linac laser/radiation field
alignment check
Beam commissioning spot checks
Treatment planning system tests
Safety system tests
Robot mastering check (electric)
Couch indexing accuracy

Weekly
Monthly

+2 pixels
60+2%

Quarterly

1 mm

2 mm

Annual

ZXI& 2 1021 AFOIHHLIOIZS] SE A EXtA N

+ “Lucy” #&(Accuray, Inc., Sunnyvale, CA) (Fig. 1)
M fiducial EA A7} 4FQ1E]o] 9) 3 radiochromic &
ARelsl = 9ln B JLAE|o] 9lo] skull FAH AL o}
fiducial 38 0] 7}53st 5% AAlEo] ek “Lucy” #H
D 6D T AR o AR ASH F ek
AAE Aolw}o]Zl AjAlH o7 =2
F58 uoEods. TAL ARSI, 23 A EAY,
20m GR HETEE B AR

ot} 10~14)

Visual targeting test (BB tesp)Zt Apo|w|r}o] £ o] R E A
AEJ'(CT /qoﬂy}zf_ﬂ g}\ 22 8 _r];q ]/_q/{]/kﬁﬂ ;‘(]Eﬁ]ilxl
Ao AR L A4Aom Selsh wgoldh, ME) 2
24 BBE 23] A BUR ZASE CT 29

£ o] BBY $4E BHEF A2ALE
BEE AR el AAdD 25 g o5
s ojul ARSI WEEE X4 FAZ
25t #lo] 47} BB} UX|sljof ghrt. ,

IPSE TLSE o] &3l oA 3k A2l AdT & Fol
SHE FZolh. of 329 Fod THE A 1A
YR Hrlste Aolrl TLSE= A7 583 229l
WYl ol4ez £ A% olF UAelL ANE A
£% g,

3) &xtutEd F& 2| (patient specific QC)

B EE A E Aol 2 X5l g ZXEEH
el A3 Qlek XA o] FelA 25 FZ 1ol 9
gk A2, X gAel 3k AR EES} AA A 5ellA
9 e & gzt o) AL A X5 A 74 3

o

Fig. 1. (A) Photograph of the anthropomorphic head phantom with cavity for holding ball-cube. (B) Photograph of the ball-cube targeting
tool combines treatment target, film holder, and fiducial container. The ball-cube is made of four pieces. The acrylic ball is placed
in the center of the cube. Five fiducials are also placed in the cube to allow fiducial tracking.
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Table 3. Quality Assurance for CyberKnife in Korea
Topic Item Tolerance Frequency
Basic QC  TPS subsystem TPS display Annual
TPS distance measurement and coordinates Annual
TPS dose calculations Annual
Linac susbsystem X-ray energy (PDDxg) 60£2% Monthly
Dose rate >300 cGy/min Monthly
Beam flatness 12% Monthly
Beam symmetry 2% Monthly
X-ray leakage 0.1% Monthly
Penumbra 7 mm Monthly
Collimator transmission 1% Monthly
Dosimetry precision +1% Monthly
Linearity *1% Monthly
Rotational stability test 2% Monthly
Linac laser mechanical alignment check 1 mm Monthly
Linac laser/radiation field alignment check 2 mm Monthly
Linac output constancy check +3% Daily
Beam calibration check +3% Weekly
Safety subsystem Safety interlock check Daily
Beam on light Daily
Door interlock Daily
All the EPO buttons Annual
SFs pressure interlock 26 psi Annual
Water flow interlock Annual
A spot check of the PDP model and interlock Annual
Collision avoidance >50 mm Annual
Delivery specific QC Film phantom targeting test (End-to-End test) +1.8 mm Monthly
Visual targeting check (BB test) Monthly
Image processing subsystem (IPS) Translation 1 mm Annual
Rotation 2 mm Annual
Robot manipulator subsystem 0.5 mm Annual
Patient specific QC  Simulation 5% Before the treatment
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(Table 3).

JH 2] 739 visual targeting checkol] F3fA = Al ZAbel
A 4 13] Alggele Aol vhste] RE X871 A stA 3
t e "eh] Astel (B Aol WY ANt 9
o} X843 s £430e] = film phantom targeting 7 A} aF
2o Azl 9 13 PAE FAn Yen de o
Helld % 132 FASL ek YRAAE B3 A2
B gAgogs Bete HAER Qe Ao X3
Al Bgell BE Felloll o] AL Wt YA 229
Aol 27 gho} F 13] Wi glek. B EFAAE %
W Atoluupol £ A2 & A4 dlolel & £4 2 23
Y 18] 27 A oA FE} HELAF Holhd Beg
Helsy 2 13) AAYBoR FARAG

dEol A AFEEY AL wArHoz Yepa
QAW F 13 film phantom targeting 73 A} EAloll AA]
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Table 4. Comparison of QA between Accuray, A and B Hospital

ZHNE 2 1001 AOIHILICIZS] SEate| EXA R

2. ST XM SIE2R BY

Mg Aolvjtol = FA ] A9 UrbHQl £4
ANEARE FADE, IALEYFATRe] Fofel
tete] 7 A 7B A2 B S FHs Hol
9 cH(Table 4).
1) LuEol EH 2| (basic QC)

1AE AL Adeg FUssla, 24 2ET7|HE
AE g E4 A} 2 mm o2 zA ] UXFE
golsl it Safety subsystem of#] 717 A EA2of] o)
g A4 2F o gl X857} A AldE o
=R skl 2 FEHE FHsle] F4HoE AFd
= Eelsoich £zAM dig FAREE 5te] Aol
Hulo| = A&l 12709 2FVME F A 7|He] &9
AAE FAsIck 713 12708 2F7]ol tig £44<
A& Table 5ol Vellgich FAH 280 3 =F71
9] =717} 30 mm oAl BL 1% o HE 43X A& UX
g Hgloul 15 mm o|sle] =2EV|NAE FHAA F%
o] 3~9%7tA Aol7l Y&& FUHSch ol F 7|HY

Item Accuray A hospital B hospital
X-ray energy (PDDjg) 60.00+2% 60.39% 58.30%
Dose rate >300 cGy/min 305 cGy/min 310 ¢Gy/min
Beam flatness X 12.00% 2.27% 3.80%
Y 12.00% 1.85% 5.00%
Beam symmetry X 2.00% 0.58% 1.50%
Y 2.00% 0.49% 1.90%
X-ray leakage 0.10% 0.09% 0.07%
Penumbra X 7.00 mm 3.82 mm 3.90 mm
Y 7.00 mm 3.48 mm 3.60 mm
Collimator transmission 1.00% 0.01% 0.13%
Dosimetry precision +1.00% +0.08% +0.13%
Linearity +1.00% +0.30% +1.12%
Lm.ac laser mechanical 1.00 mm 1.00 mm 1.00 mm
alignment
Linac laser/radiation 200 mm 1.00 mm 1.00 mm
field alignment
IPS_6D skull Translation 1.00 mm 0.59 mm 0.66 mm
Rotation 2.00 mm 0.62 mm 0.56 mm
IPS_6D fiducial Translation 1.00 mm 0.22 mm 0.29 mm
Rotation 2.00 mm 0.05 mm 0.36 mm
Robot manipulator 050 mm 0.10 mm 032 mm
subsystem
Beam calibration check +3.00% +1.00% +2.00%
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Table 5. Comparison of Relative QOutput Factors between
Accuray, A and B Hospital

Collimator size A hospital B hospital
(mm) (diode detector) (ion chamber)
5 0.663 0.615
75 0.864 0.788
10 0.909 0.853
12.5 0.944 0.899
15 0.960 0.928
20 0.976 0.960
25 0.983 0.974
30 0.986 0.980
35 0.989 0.986
40 0.992 0.989
50 0.996 0.99
60 1.000 1.000

AR} FH4ol 9lo tholo = ZZy| W o] A
AL 7] WiEe g A=

2) X|ZHE= EZ A2 (delivery specific QC)

Film phantom targeting 73 A}oll ths}o] End-to-End testZ
o] &3sto] skull =3 gl fiducial £3 o] T+ 7% Whfo sz
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F3st A A7) 7S skulld) fiducial 2% R ol A
am 0.672 mm, 0548 mme] @A Wl ow By|ote] 7

9 skulld} fiducial &2 R =ollA Z+ZF 0.664 mm, 0.524
mm?| 225 Rrk(Table 6). CT G0l A HAA 27}
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A £ oA BE 1 mm o] el B o] A
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Table 6. Comparison of End-to-End Test between Accuray,
A and B Hospital

Institute 6D skull mode 6D fiducial mode
Accuray 1.800 mm 1.800 mm
A hospital 0.672 mm 0.548 mm
B hospital 0.664 mm 0.524 mm
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-——  Abstract

The Development of Quality Assurance Program for CyberKnife

Jisun Jang, M.S.**, Dong Han Lee, M.S.T, Young Nam Kang, Ph.D.%, Dong Oh Shin, Ph.D.",
Moon Chan Kim, M.D.", Sei Chul Yoon, M.D.%, Ihl Bohng Choi, M.D.}, Mi Sook Kim, M.D.",
Chul Koo Cho, M.D.T, Seong Yul Yoo, M.D.T and Soo Il Kwon, Ph.D.*

*CyberKnife Center, Kangnam St. Marys Hospital, TCyberKnife Center,
*Department of Radiation Oncology, Korea Institute of Radiological and Medical Sciences,
Departments of $Radiation Oncology, 'Neurosurgery, The Catholic University of Korea,
Collage of Medicine, “Department of Radiation Oncology, School of Medicine,

Kyung Hee University, Seoul, *Department of Medical Physics, Kyonggi University, Suwon, Korea

Purpose: Standardization quality assurance (QA) program of CyberKnife for suitable circumstances in Korea
has not been established. In this research, we investigated the development of QA program for CyberKnife and
evaluation of the feasibility under applications.

Materials and Methods: Considering the feature of constitution for systems and the therapeutic methodology
of CyberKnife, the list of guality control (QC) was established and divided dependent on the each period of
operations. And then all these developed QC lists were categorized into three groups such as basic QC,
delivery specific QC, and patient specific QC based on the each purpose of QA. In order to verify the validity
of the established QA program, this QC lists was applied to two CyberKnife centers. The acceptable tolerance
was based on the undertaking inspection list from the CyberKnife manufacturer and the QC results during last
three years of two CyberKnife centers in Korea. The acquired measurement results were evaluated for the
analysis of the current QA status and the verification of the propriety for the developed QA program.
Results: The current QA status of two CyberKnife centers was evaluated from the accuracy of all
measurements in relation with application of the established QA program. Each measurement result was
verified having a good agreement within the acceptable tolerance limit of the developed QA program.
Conclusion: It is considered that the developed QA program in this research could be established the
standardization of QC methods for CyberKnife and confirmed the accuracy and stability for the image-guided
stereotactic radiotherapy.

Key Words: CyberKnife, Stereotactic radiotherapy, Quality assurance program
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