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AR DU TR IG R E R o

A IR SBHRERT R i B AR LB 1R 2 6
TR R

RIS AR RIS R DA R R Rt

35 A B M TR 0 5 6 R R R SRR

BERIRAR - (BB BT MRBALT VA AERS » S AR
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PEERE S > DL Two-Way ANOVA 7347 » pfE
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A= ERRedEE o EH RS RE S 8 MR TRER (BA4% : mm)
SEB N E 5k f ) H B (E R
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T X 1 2 3 1 2 3
SRS EEEIIN 0.88 0.77 0.61 0.46 0.20 0.33
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10.86 + 0.29 0.42 + 0.06
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PERE SRR 2035+ 0.10
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B. ER PR GIEEE B R
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Isolines

¥y (mm)

% (mm)

Axial

B+= MEmREIBERRPIRETRER  HERERE

BHERAIE RS 9

EEE R 3%, 3 mmBYETZ T - #iHRUIHE (Axial
view ) HIZHRYIE (Sagittal view ) BJEFEER S
B 99.38% Ei199.14% -

Isolines

20.0
E 0.0 NG
=
T P L W Y T e i
PP NI AR i 1.4
|' _;' i//
30,00 caers a0 n.\.}?_‘_'/ : ;
-30.0 -20.0 -10.0 00 10 0 200 30.0
x (mm)
Sagittal

MRt EZ BT EHR > mF R E MD-55

L2 FHF @8 o Gamma criteria & 3%, 3 mm > Axial view ¥ Sagittal view 231 A 99.38% 3

99.14% &-# % o

Isolines

T

y (mm)

x (mm)

Axial

Btw HEREIBERRVBRETRER  MERAEREMERITEZAH

Isolines

y (mm)

X (mm)

Sagittal
Tl %?%aMDﬁ

L X fl & W 4 o Gamma criteria & 3%, 3 mm * Axial view $Z Sagittal view 4~ 3| A 99.67% ¥

99.84% &-#4 F o
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R B B AR EME &R 33 Gy ¢
S RRER 3 R - i 7 T B 15 ) A AR
76% Z AL E - EEHEE R R 20 mm » JEREE
My 39.14 c.c. - BaddfE R a0 1+ Vuprs - 1A
BT v BUEFEESE G T » BiAR D) B AR
YIS BIE 99.67% Hi 99.84% HIE K

HERERE BRI BRI E R
37.5 Gy * T RRER 5 R - R R EER
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[E B FE B 76.15 c.c. o B as G SR 40 [ 1 P
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YIS HIE 99.90% B 99.94% M &K -

¥ G

FERE R ST AT 401 - W08 e D 5 i Y PR T 2
T 1 i 95 A 1S 2R T R K [6,8,12,20] » FT3E 1Y
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WIRLES - B2 DUIARTE R S E A 5 20 2ReR1T
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kO S S A R - BT SRTS » BRANMFIR
5 BT B A0 I R S BB 2 2B )V R R T L
— 1% 0 75 SERE R R A N I S ) U A B
YETE R 228 - DU S AR oy ek e 7 il =R+ Il
P B TE 5 AEL A 28 AR DF SR E R R « RIfF9E 2 &
ESSIE R R > BT SRTS ZHM M HERERE AT /N
2 0.7 mm » & SRS HHERERE Z ZK - TERRIR
o BRI SRR E b - BI& 5 2 ERE MR AT
T SR RIB R EE5K -

B o EWRRCERNEET - &
ANE SRTS MO AH{EAZ ERF » R R & ik
IRBRIETE (E175) - EENE SR E S EFE
BHIREIA AL E - A 2 A1 A R OE HH R oL e
T & #h R 5 i & B AR S 1) (superior / infe-
rior) HEEUETY » 3B ECR & AR B K -
TERE R T S AT AT S I EZ 2 52 Ry 0.43
mm * J5[A End to End test /3 HTHCES S
AL EE ST 28 AT R /S AT 8
MR AR - BT BT R TR AT 5 1l 2 71 & 99 111 99 B
HITETE © BRI » 2% [ 7 B Y i Ay o Je B
PRI7 BB & B ss AH ] - BT B AL - FE D B
S 2 MR E A E R AT T RIF SRR 43
&Rl o BLah - FRAA 7 B 3 2 0 A MU HA Y
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EVALUATION OF THE APPLICATION OF SYNCHRONY RESPIRATORY
TRACKING SYSTEM OF CYBERKNIFE RADIOTHERAPY

Chun-Yuan Kuo!? , Jia-Wei Lin2’4, An-Cheng Shiau]’7, Hsiao-Wei Yuz, Shang-Wen Cheng,

Tao-Sang Chung', Chiu-Ping Chen', Jao-Perng Lin>, Jo-Ting Tsai'*®

Department of Radiation Oncology’, Cyberknife Center”, Taipei Medical University-associated Wan-Fang Hospital
Department of Radiation Oncology’, Department of Neurosurgery®, Taipei Medical University-Shuang Ho Hospital
Institute of Medical Imaging’, Yuan-Pei University of Science and Technology

Institute of Biomedical Engineering®, National Yang-Ming University

Department of Radiation Oncology’, Taipei Medical University Hospital

Department of Radiation Oncology®, China Medical University Hospital

Purpose : To verify the accuracy of CyberKnife® Respiratory Tracking System (SRTS) in tracking
the tumor motion during the respiratory cycle and the influence on treatment field; and to evaluate the
clinical application of the system.

Materials and Methods : The SRTS was a subsystem of the CyberKnife® stereotactic radiosurgery
system for respiratory tracking. The motion phantom was used in the respiratory motion experiments,
which can imitate regular breathing pattern. The motion phantom contained a motion table and a
ball-cube phantom which can hold verification films. We performed the E2E CyberKnife® dose
calibration procedure and used MD-55 verification film, flatbed scanner (Epson Expression 1680)
and dose analysis software (Film QA) to evaluate the clinical dosimetry and treatment accuracy. The
mechanical accuracy of the SRTS was tested and confirmed by three stages of studies including the
static phantom, motion phantom and the motion tracking compensation experiments. We also designed
two experiments with phantom moved in different phases and frequency of the respiratory cycle to
test for the accuracy of the image guide system on motion compensation. The clinical dosimetry
verification studies included the lung, liver and prostate cancer patients. The two dimensional dose
distribution (sagittal and axial) measured by the MD-55 film was compared with the treatment
planning result by a gamma comparison with pass criteria of 3%/3 mm.

Result : The average positional error for the static stage study was 0.42 + 0.06 mm. The average
targeting error with and without the SRTS tracking compensation in the respiratory cycle was 0.35
+ 0.10 mm and 7.59 £ 5.14 mm, respectively (p < 0.0001). The difference of average targeting error
between two respiratory cycles (15/min and 20/min) was 0.12 mm (p = 0.11). In the verification of the
axial and sagittal 2-D dose distribution of the three clinical cases, they were 99% compatible.
Conclusion : The spatial positional error of SRTS was less than 0.5 mm which matched the accuracy
requirement of stereotatic radiosurgery. By using the SRTS to track and compensate for the motion
of lesions during respiratory cycle, we can significantly minimize the volume of the treatment field
and the dose of the surrounding critical structures. The accuracy of dosimetry was also proven by our
clinical cases experiments. However, additional positional error will be caused by patient who can not
tolerate to the long treatment hours (1.5 to 2.5 hrs).

[Therapeut Radiol Oncol 2011; 18(1): 1-15]

Key words: CyberKnife, Synchrony respiratory tracking system, Image guide system,
Motion phantom



