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Dosimetry differences between acuros external beam algorithm and anisotropy analysis
algorithm in radiotherapy for postoperative breast cancer

TANG Hui-min', GONG Xue-yu', YANG Zhen?, LU Zhi-ping?, ZHANG Zi-jian?, CAO Ying', WANG Han-yu', LIU
Gui’, HU Yong-mei®, YANG Xiao-yu’

1. School of Nuclear Science and Technology, University of South China, Hengyang 421001, China; 2. Center of
Radiotherapy, Department of Oncology, Xiangya Hospital, Central South University, Changsha 410008, China

Abstract: Objective To compare the dosimetry differences between acuros external beam (Acuros XB) algorithm and
anisotropy analysis algorithm (AAA) in the radiotherapy for postoperative breast cancer. Methods Eight postoperative breast
cancer patients were randomly selected, with 4 patients of left breast cancers and 4 patients of right breast cancers. Their target
volumes were delineated by different doctors. Dynamic intensity-modulated radiotherapy (IMRT) plan with 5 to 7 radiation
fields and volumetric modulated arc therapy (VMAT) with double arcs were respectively designed for each patient. Acuros XB
algorithm and AAA algorithm were respectively applied to carry out the dose calculation for each plan. And the dosimetry
differences of target volumes and organs at risk (OARs) were compared. Results For IMRT, the homogeneity and
conformation of dose in planning target volumes (PTV) calculated by Acuros XB algorithm were better than those calculated
by AAA algorithm (t=3.185, - 9.138; P=0.015, 0). And the doses calculated by Acuros XB algorithm for OARs, such as
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contralateral lung, spinal cord, were lower than those calculated by AAA algorithm (t=-5.090, -2.520; P=0.001, 0.012). But the
doses calculated by Acuros XB algorithm for ipsilateral lung, contralateral breast, skin and heart were higher than those
calculated by AAA algorithm (t=-2.500, -4.560, -5.100, -3.010; P=0.041, 0.003, 0.001, 0.002). For VMAT, the homogeneity of
dose in PTV calculated by Acuros XB algorithm was better than that calculated by AAA algorithm (t=0.580, P=0.579) , but the
conformation of Acuros XB algorithm was worse than that of AAA algorithm (t=1.290, P=0.237). The doses of spinal cord and
OARs were lower than those of AAA algorithm (t=4.010, P=0.005). And the dose of ipsilateral lung, contralateral lung, heart,
contralateral breast and skin calculated by Acuros XB algorithm were lower (t=6.900, 0.350, 4.310, - 2.500, - 2.800, 0.000,
0.740, 0.004, 0.041, 0.026). Most of the difference was statistically significant. Conclusion Compared with Acuros XB
algorithm, AAA algorithm underestimates the dose of OARs, such as lung, heart, contralateral breast, underestimates the
maximal dose of PTV and overestimates the mean dose of PTV. All the dose indexes of these two algorithms meet the clinical
requirement, so both the two algorithms can be clinically applied.

Key words: breast cancer; dynamic intensity-modulated radiotherapy; volumetric modulated arc therapy; acuros external beam
algorithm; anisotropic analytical algorithm; dosimetric differences
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Tab.1 Dosimetric comparison of PTV and OARs between AAA algorithm and Acuros XB algorithm (cGy )
IMRT VMAT
Parameter
AAA Acuros XB t P AAA Acuros XB t P

PTV Duemn 5176.400+25.100 5165.300+26.300  3.852  0.006 4601.600+1481.900  4593.800+1481.700 3.570  0.010
PTV Dunex 5539.700+49.400 5740.800+67.700  -8.290  0.000 5183.300+886.900  5284.700+930.700 -4.100  0.000
Ipsilateral lung

Dinean 1749.500+188.800 1733.500+188.400 12.440 0.000 1690.900+677.000 1666.400+668.300 6.900  0.000

Diex 5388.400+63.700 5460.100+56.100  -2.500 0.041 5287.500+97.900 5343.400+121.300 -2.700  0.030

Vs 0.850+0.100 0.870+0.133 -0.640 0.545 0.990+0.023 0.990+0.031 1.180 0.280

Vio 0.507+0.110 0.630£0.174 -1.070 0.320 0.830+0.091 0.800+0.101 5300 0.010

Vo 0.290+0.050 0.290+0.043 1.790 0.117 0.380+0.220 0.380+0.222 3.600 0.010

Vo 0.200+0.040 0.200+0.034 -2.500 0.041 0.190+0.010 0.190+0.011 -4.400  0.000
Contralateral lung

Dreen 217.200+99.200 222.900+99.400  -5.030  0.002 711.700+110.800 710.500+113.500 0.350  0.740

Dinax 1168.500+412.800 1196.600+411.400 -5.090 0.001 2416.800+640.800 2449.400+659.200 -3.000 0.020

Vs 0.280+0.310 0.290+0.048 -1.510 0.175 0.780+0.185 0.770+0.190 1.190 0.270

Vi 0.020+0.380 0.040+0.048 -1.510 0.175 0.140+0.074 0.140+0.076 -1.400  0.200

V2 0.000 0.000 0.000  0.000 0.020+0.004 0.030+0.004 -2.600  0.040

Va 0.000 0.000 0.000  0.000 0.000 0.000 0.000 0.00
Spinal cord

Dreen 740.800+1304.200  738.400+1304.400 -1.060 0.123 905.800+206.400 895.500+205.300 4.010 0.010

Diex 624.900+1434.600  605.900+1421.800 -2.520 0.012 2832.500+1120.600  2827.200+1123.900 0.250  0.810
Contralateral breast

Dinean 1779.600+1721.300 1847.600+1734.400 -3.230 0.014 721.900+385.200 733.500+373.900 -2.500  0.040

Dinax 3701.900+261.300 4029.600+£246.600 -4.560 0.003 2104.300+£1751.600  2128.100+1766.500 -1.900  0.100
Heart

Dreen 933.600+607.700 931.700+597.200 0.369  0.723 1687.000+758.900 1672.200+750.400 4310  0.000

Diex 4273.500+£946.700 4347.200£933.500 -3.010 0.020 4393.000+1343.200  4411.900+1336.500 -1.300  0.240
Skin

Dinean 813.200+173.500 821.400+170.800 -2.400 0.048 1064.800+237.700 1063.900+231.700 0.360 0.730

Dinax 4937.100+£1403.400 5106.100+1449.300 -5.100 0.001 4998.300+£1632.900  5090.100+1658.700 -2.800  0.030
Cl 0.700+0.042 0.720+0.044 -9.140  0.000 0.794+0.040 0.780+0.029 1290 0.240
HI 0.920+0.006 0.920+0.004 3.185 0.015 1.087+0.018 1.090+0.013 0.580 0.580

x2 WMEEE IMRT & VMAT i & B 5 E18 33 £ F 2 E L
Tab.2 Relative dose differences of AAA algorithm and Acuros XB algorithm in IMRT plan and VMAT plan
PTV Ipsilateral lung  Contralateral lung ~ Spinal cord  Contralateral breast Heart Skin
Method
Dioex Dmen  Dmax Diean Drax Dinean Diean D Drean Drox Dien Diex  Dinemn

IMRT 02% 02% 0.9% 15% -26% 12% 03% 12% -3.7% 1.2% 02% 0.9% -1.0% 0.08%
VMAT -35% -1.9% -13% -11% -23% -13% 31% 02% -8.1% 02% -1.7% -04% -33% -1.8%

HEEFYIEBERE

Note: Largest difference was the maximum dose of relative difference in this group.

2015118 H32% HFo6H



—886 -

R 25 SR AN R RE RS 1) S T A A LR R BE O AR R 2

Mo ASZEIE T G G ARG FURE R B
B IMRT J2 VMAT 381 i e K22 55 19 1 S B 43l
Sy AN iy S A, A AE AR e X HL % B 25 R
2R RS SR AT o 1 VAT A1) FH 42 ) o5 S8, 78
ML e b B v i B2 10 o, %5 32 25 3 X OS2 e 1oy
W, X 5 AR S 25 R — B —— P R B 9 VMAT
TR IX K S B B 3R i 22 5 K T IMRT . Hik,
FURRIEA A I B 0 DX R B A, A R IMRT
TR 5~7 A S8 S PR B S D2 BRE , VMAT 7
IR AR G VDA AR FE A R I Ty . A5 R
Acuros XB FEi e M 1) B -2 A A A 0 T RS A =
T AAATE, FEMl ) AR BRSO T AAA T
TR B a2 FH S ARUB R A 3 FL 1 1 iz, Xy
R R R Ib e IR NE N2 =N
FIE AT 20500 A0S 288 3 DX sk e i DX ) 7 A
LD L 25 S n] g TR AL B AN R Y, M 2
A5 o R SRR [ 57 1T, T A 45 T 1) S T A B
FEAEHT, AT RE P BURA AR 25 57 AR /N ARS8
B IX R i B B ) i 2 S B K I JR 5 389 Oy 5 T R
AH LT 7 B RS R, B S B R S ) T, B X Y
PIoPE MBI 2%

TeiB1E IMRT if & VMAT 151 1, Acuros XB &
BTGB B2 K Do i 2 R T AAA B B, HE
HASG AR L fELIERIGT b, B2
FI R R AT, e R B2 AN [R) R B L %) T i 4 A
1k, Acuros XB F3-7 RE M BEORE ff Hb R 15 28 35 114 B2 k)
i, AR T BEA T R SRR RN 1 6 &R AR
BT A 3 X B2 R i R s BR A, T BB A — R
GEffxX — ek o B BRI T AR R T R
T MERE  (HAT AT el 4 BRI 78 B8RO -5l s 3k
A4 B A5 3 A AT B 07 B R IR T I ), DT A BE )T
BRI BSR4 S ] RE i 1]
Bm il AR SRR 22 AT TR AT T
I ARG A 22 5 TR T A S A AN ], 115
P AN [1] 25 JE PR3 ol

A SCHE L) Acuros XB Bk Sy JEUERY S5 T kA T
2R Ay Hr, R BB LE IMRT K138 & VMAT %
i, Acuros XB B3 X 7 1 J] A HE X B9 Do 22 155 T
AAA B Do KT AAA B 12 s H AAA B LA

TR B9 A& K A5 H A9 5R) H HR 2 IR T Acuros XB 5
o AAATEAE IMRT PRI A HE X K 6 K B Y
25 SR X BN AE VMAT T30 v i 22 A X Bk,
PR AT R I PR R, 29T T PR IR YT, AR
22 RN FETE R AAATTIEIEF TR B T3

(&% k]

[1] Readshaw A, Lalonde R, Kim H, et al. Comparison of AAA and
acuros dose calculations in a hetergenous phantom[J]. Med Phys,
2013, 40: 336.

[2] Bragg CM, Wingate K, Conway J, et al. Clinical implications of
the anisotropic analytical algorithm for IMRT treatment planning
and verification[J]. Radiother Oncol, 2008, 86: 276-284 .

[3] Panettieri V, Barsoum P, Westermark M, et al. AAA and PBC
calculation accuracy in the surface build- up region in tangential
beam treatments of Phantom and breast case study with the Monte
Carlo code penelope[J]. Radiother Oncol, 2009, 93: 94-101.

[4] Tsuruta Y, Nakata M, Nakamura M, et al. Dosimetric comparison of
acuros XB, AAA, and XVMC in stereotactic body radiotherapy for
lung cancer[J]. Med Phys, 2014, 41(8): 1715.

[5] Julia W, An T, Douglas A, et al. Breast cancer Atlas for radiation
therapy planning: Consensus definition[J/OL]. http://wwww.rtog.
org/LinkClick.aspx?fileticket=vzJFhPaBipE%3d&tabid=236.

[6] Monica WK, Lucullus HT. Dosimetric impact of using the acuros
XB algorithm for intensity modulated radiation therapy and rapid
arc planning in nasopharyngeal carcinomas[J]. Radiat Oncol Biol
Phys, 2013, 85: e73-e80.

[7] Kroon PS, Hol S, Essers M, et al. Dosimetric accuracy and clinical
quality of Acuros XB and AAA dose calculation algorithm for
stereotactic and conventional lung volumetric modulated arc
therapy plans[J]. Radiat Oncol, 2013, 8: 149.

[8] Fogliata A, Nicolini G, Clivio A, et al. Critical appraisal of Acuros
XB and anisotropic analytic algorithm dose calculation in advanced
non-small-cell lung cancer treatments[J]. Int J Radiat Oncol Biol
Phys, 2012, 83: 1587-1595.

[9] Chetty 1J, Devpura, Liu D, et al. Correlation of dose computed
using different algorithms with local control following stereotactic
ablative radiotherapy(SABR)-based treatment of non-small-cell lung
cancer[J]. Radiother Oncol, 2013, 109(3): 498-504.

[10] Tao H, Followill D, Mikell J, et al. Dosimetric impact of Acuros XB
deterministic radiation transport algorithm for heterogeneous dose
calculation in lung cancer[J]. Med Phys, 2013, 40(5): 1710.

[11] Chen KL. Monte carlo method for partial breast irradiation with
mammosite device[J]. Brach, 2013, 12(1): S11-S77.

[12] Chow JC, Jiang RQ, Leung MK, et al. Dosimetry of oblique tan-
gential photon beams calculated by superposition/convolution
algorithms: A Monte Carlo evaluation[J]. Appl Clin Med Phy, 2011,
12(1): 108.

[13] Liu HW, Nugent Z, Clayton R, et at. Clinical impact of using the
deterministic patient dose calculation algorithm Acuros XB for lung
stereotactic body radiation therapy[J]. Acta Oncol, 2013, 8(3): 53.

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.6, November. 2015



