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Dose verification of CyberKnife treatment plan based on Monte Carlo simulation
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1. Department of Engineering Physics, Tsinghua University, Beijing 100084, China; 2. Department of Radiotherapy,
People's Liberation Army General Hospital, Beijing 100853, China

Abstract: Objective To ensure the accuracy of CyberKnife treatment by establishing a Monte Carlo (MC) dose verification
system for CyberKnife based on MC simulation, and to verify the optimized doses of treatment planning system (TPS) by
comparing doses from established system with the doses optimized by the TPS. Methods Based on BEAMnrc and
DOSXYZnre, the MC dose verification system simulated the fourth generation of CyberKnife treatment system of Accuray.
The data of tissue phantom ratio (TPR) and off-axis ratio (OAR) of five collimators, respectively with 25 mm, 30 mm, 40 mm,
50 mm, 60 mm diameter, were compared with the measured data to ensure the accuracy of system. Results The comparison
between TPR date and OAR date showed that the data from simulated system perfectly matched with the measured data. With
5 cm depth of beams, the global relative errors of OAR data in the scope of collimators were less than 1%. For the automatic
quality assurance phantom, the passing rate of Gamma factor was 99.88% (3 mm, 3%). In the simulation of one patient with
liver disease, the passing rate of Gamma factor was 88.56% (3 mm, 3%). Conclusion The established MC simulation system is
suitable to be applied as the third-party dose verification system, because it can correctly simulate the beams of CyberKnife to
achieve the dose verification of plan before the treatment.
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Fig.2 TPR comparison of 60 mm collimator

Note: TPR: Tissue phantom ratio
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Fig.3 TPR comparison of 50 mm collimator
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Fig.4 TPR comparison of 40 mm collimator



—454 - R 1, 4%, JEF SRR BRI CyberKnife g A Y7 R 5 46 0E
T T T 3 12 25
e e Calculated + + Local relative error
100}
— Measured
« + Local relative error [12 10
80
————————————————————————————————— -11 g\: 0.8 E
g 2 5
: S, | T ® @
§ G T A ol o A N 206 g
- Pl T o o "
= . jﬁ g' E
DR s it amascom oo s st i om0 e 0.4 E
a0} | = 0.2} i : g
* 96.64% less than %1 & ¢ simulation data
— measured data .
13 0.0 L " : L ~1.0
0 - - L - . =3 0 5 10 15 20 25 30 35 40 45
0 50 100 deplta,?mm 200 20 500 Off-axis distance/mm
5 30 mm i ELSRAEH TPR S TPR HL& El7 60 mmAEE 3 OAR P8
Fig.5 TPR comparison of 30 mm collimator Fig.7 OAR comparison of 60 mm collimator
Note: OAR: Off-axis ratio
T T T 2
100k e e Calculated 12 . ‘ : : 35
— Measured « + Local relative error
« « Local relative error |12 3.0
1.0
80 25
---------------------------------- -1 8
2 0.8} 20 E
g 60 R TR B 2 &
@ ol T - ¢ el O~ & % 15 &
= . o e T, 5 o 206 " £
aofc o Ty _1§ g """""" _'- """""""""""""" Lo ﬁ
. 04} d 05 E
201 {2 e Sl e A B0
i 97.32% less than %1 0.2t e
e e simulation data -05
% 50 100 150 700 750 300° o = MBasUred Cath i
depth/mm 0 5 10 15 20 25 30 35 40 45
Off-axis distance/mm
El6 25 mm B AR5 TPR 52 TPR L& B8 50 mm i ELESAEHI OAR L&
Fig.6 TPR comparison of 25 mm collimator Fig.8 OAR comparison of 50 mm collimator
F 1 BEHEIHRZE<1%HI L5 12 . ; . . 5
Tab.1 The ratio of global relative error is less than 1% ¢ & Localrelative error
Collimator Ratio 10 A
25 mm 97.32%
0.8 3=
30 mm 96.64% 3
40 mm 96.64% 2 e
50 mm 97.99% £ 06 3 2
ki =
60 mm 97.32% £ ®
0.4 1 g
22 RGAE " i
44 7 2k 20 0 AR, 3o L3k e "+ simuaton Gaa
— measure! ata
v v (=AY v [=A=] e
200 MU, 1iﬁﬁ B@ﬁ\ﬁ{ﬁﬁ%ﬁjﬁ 60 mm /EE%’E ,SAD= 005 5 10 15 20 25 30 35 40 45!

80 cm, Mt AT AV T KA AA S B O KT B A o
b o3RI AN 3. AR R 250 AU e
A Di=6.86 x 10'° Gy/particle, H: i X} i% 22 4y A D=

0.18%, PIAIFSZIE R+ particle/MU.,

Off-axis distance/mm

B9 40 mm #H S &R OAR b5

Fig.9 OAR comparison of 40 mm collimator

FAHXS R 2E

2.3 AQARRRITRIEL %%
AQA T 2% T CyberKnife i H % QA, FA]

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.4, July. 2015



W 130T, 45, T 520K BRI CyberKnife i A7 117 4 45k

- 455~

1.2 6
+ Local relative error
10 ¥
4
0.8 E
o 5
= 3 5
2 0.6 g
2 &
5 g
%
0.4 2
2
____________________________________ 1
02| " T N T 5
e o simulation-data g
— measurel data
0.0 5 1015 20 25 30 B Ao st

0,00

Off-axis distance/mm

B 10 30 mm AEE 2B OAR Lb &

Fig.10 OAR comparison of 30 mm collimator

« Local relative error

...............

e e simulation data

— measured data

-
Local relative error/mm

5 10 15 20 25 30 35 40 45
Off-axis distance/mm
B 11 25 mmAEEHREIOAR LI
Fig.11 OAR comparison of 25 mm collimator
x2 WHEFIEE
Tab.2 Comparison of output factor
Collimator Simulation Measure
12.5 mm 0.910 0.927
20.00 mm 0.965 0.967
25.00 mm 0.977 0.976
30.00 mm 0.980 0.982
35.00 mm 0.987 0.986
40.00 mm 0.987 0.989
50.00 mm 0.996 0.995
60.00 mm 1.00 1.00
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Tab.3 Measured data of absolute dose calibration

No. Dose (cGy) Ref. Error
1 200.00 0.00%
2 201.27 0.63%
3 200.74 0.37%
Average 200.67 0.24%
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Fig.14 TPS optimized dose and CT scanning results

B 15 RFEEEnTE
Fig.15 Dose distribution of MC simulation
Note: MC: Monte carlo

FIRL I & B ASE 0 580 4 0 D) i 540 AT REAR 4 1O W &
Rt AR ZEIITE 1% LN o ACATEFE X, JR iR
FARSERZEA FAWR R (B KRB AR R 22 5% ) 03X

PTV (TOTALHETERO-GY)
——— GTV (TOTALHETERO-GY)
—— liver (TOTALHETERO--GY)
— Cord (TOTALHETERO-GY)

—— Stomach (TOTALHETERO-GY)

——— Gallbladder (TOTALHETERO-GY)
Chest Wall (TOTALHETERO-GY)

—— Help (TOTALHETERO-GY)

—— c1 (TOTALHETERO-GY)
— ¢2 (TOTALHETERO-GY}
PTV (testDos4)
- GTV (testDos4)

liver (testDosd)

Cord (testDas4)
Stomach (testDos4)
(testDos4)

Chest Wall (testDos4)
---------- Help (testDos4)
e o (testDosd)

e €2 (testDosd)

Fractional volurme

70 80

B 16 DVH L%
Fig.16 Comparison of DVH

Note: DVH: Dose—volume histogram

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.4, July. 2015



R 130T, 45, FET 520 R BRI CyberKnife 5 AIAYT 17 H 461k

-457-

S R R S SO A A S B A R 2= R R
N 35 15 2 RS A R 22, T 7 5 X o7 T A
JEE VR ZENT A 25 1A 5 e Bk I 3

P& 2 AT UL ASCHDL A i s PR R 75 3 b B v
A H HA 12,5 mm RGFME B AR ZE R T 1%,
XA CyberKnife [/ R HE AR AEARAERT ,
i s PR R i ik i e IR 2E

TPR 14 OAR il £k Fildi i [H 32 S i B it
B ROST (CEP YR B JLART RO R LT 62 ) LA K SAD %X
HAFEZ AR MmN PR DB HDLES B A a2 5k
T W) AR B AT D, FRATT A N7 AR TR i b i T
CyberKnife fil# #5 ) BLSECRU LA 24850, 7] LIAS 2]
HEF ARG .
3.2 AQARIKIT RIS th 51t

B G ERLE SE T B Y A R R 2 1 L
B, Gt IR 2 S FRAT A TR R A

AQA MR AL 7] 5 466 % 7 AR W W & L X
— 1 T AT B PR - 1 38 8 % AT D (40% TPS e A5l
e 45 5 e 2 L P B S PR3 5 Rk 99.88% ) o
SR BRRA AR B B TR T, AT LA IR
RS . 7E AQABHUAILAL HHE R IAH TPS 115
JIT AR R A AR A R

I, B AQA LA I ASLALL 7t 55 248 % 711 2 11 L
AL JENT AL, T ARSI AT DA SRS Bt 1) 488 %
FE o
3.3 WAEEIT RIS Sitie

Fb A E 14 FNEEL 1S Birzs 700 & o34, I TR R
AU FEA —3, MiZE DVH I Lb 8, PTV i Z6 A1
Wity o PIHCAT 0 TPS LA A5 1500 & 4041 , 7R i 4]
HRF A S PR IR R AT AR R

R BT DA B3 A 2 5% 3 A A/ N 1) b T T Ay
PR o TERR S B 9 b, TPS THA30 T A5 14 57 B (o
5 RBALAR A 2Z AR e 22,
Sk HL B 1 e B B AR AR A B WP sl 1E A TR i
M SA 5 T A5 0 435 SR vt e A TR HEAE

hEEFWEBFERE 2015878 $32%5 £48

4 4

=A

ST F) FH 3 T EGSnre (1) BEAMnre £ 01405
# 57 T CyberKnife 1L 3k 19 A 1 H o3 R 48, A H
DOSXY Znre AR & SZFR (9 B A% R B4 T AS[R] i
EL#S Y TPR 25040 A1 OAR ¥ . M E E #4519 TPR Al
OAR ¥ ¥z 1 Hb A vl WL , 4 37 1 5% R LA R e i ST
514 TPR #H £k . OAR ph£& AN i Fr 5 25 W) & 19 Ak
FAT, RIS 5 R R G LR ibLk R g —
o IFHAL T SEBRAREYT I A5 BB A i o
A, DMEREE =7 i RIS EE T 2 5 TPS 13155
AT R, TR TPS 348574 (R HERfR

(&% 3K)

[1] HIOR, ¥0% 5, thFF, F. G4 CyberKnife——42# X, 24K &
AT RA A NG R R[] BT B A&, 2013, 34(4): 127-129.
Gong HS, Ju ZJ, Xu SP, et al. G4 CyberKnife: New instrument for
stereotactic radiosurgery and its clinical application [J]. Chinese
Medical Equipment Journal, 2013, 34(4): 127-129.

[2] Andrews DW, Bednarz G, Evans JJ, et al. A review of 3 current
radiosurgery systems[J]. Surg Neurol, 2006, 66(6): 559-564.

[3] Siddon RL. Prism representation: A 3D ray- tracing algorithm for
radiotherapy applications[J]. Phys Med Biol, 1985, 30(8): 817-824.

[4] Dieterich S, Pawlicki T. Cyberknife image-guided delivery and qua-
lity assurance[J]. Int J Radiat Oncol Biol Phys, 2008, 71(1): 126-
130.

[5] Townson RW, Jia X, Tian Z, et al. GPU-based Monte Carlo radio-
therapy dose calculation using phase- space sources[J]. Phys Med
Biol, 2013, 58(12): 4341-4356.

[6] Kawrakow I, Rogers DW. The EGSnrc code system: Monte Carlo
simulation of electron and photon transport, NRC Report PIRS 701
[R]. Ottawa: NRC, 2000.

[71 Rogers DW, Walters B, Kawrakow I. BEAMnrc users manual, NRC
Report PIRS 509[R]. Ottawa: NRC, 2001.

[8] Walters B, Kawrakow I, Rogers DW. DOSXYZnrc users manual,
NRC Report PIRS, 794[R]. Ottawa: NRC, 2005.

[9] B E, & E KEH, 5. G450 B F T SRIEAN 2 R 84
w5 A1), F B E S A 4 &, 2013, 30(3): 4097-4099.
Xu HJ, Li Y, Zhang SJ, et al. Review and evaluation on the results
of quality assurance test for the 4th generation cyberKnife in two
years[J]. Chinese Journal of Medical Physics, 2013, 30(3): 4097-
4099.

[10] #A3& K. AP 7850106 77 B2 F M. dew: BT Ak AL, 1999.

Hu YM. Tumor radiotherapy physics[M]. Beijing: Atomic Energy
Press, 1999.



