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Accuracy verification of GPU-accelerated collapsed cone convolution algorithm for dose calculation
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Abstract: Objective To verify the accuracy and clinical feasibility of GPU-accelerated collapsed cone convolution algorithm
for dose calculation. Methods The GPU-accelerated collapsed cone convolution algorithm was tested based on the national
standards YY 0775, YY/T 0889 and some clinical cases with the treatment planning system KylinRay-TPSe as platform. In
the test by the national standard YY 0775, the dose at a specified calculation point in a water phantom under specific
irradiation geometrical condition was calculated and compared with a reference dose. In the test by the national standard
YY/T 0889, the dose at a specific point or plane on the solid water phantom in intensity-modulated radiotherapy plan was
calculated and compared with the dose value measured in the experiment. The clinical case test was carried out on 5 clinical
cases of head and neck tumor, 5 of chest and abdomen tumor and 5 of pelvic tumor. The patient's treatment plan information
was exported from the Pinnacle® TPS and imported into KylinRay-TPSe, and the dose distribution was calculated with GPU-
accelerated collapsed cone convolution algorithm. The dosimetric parameters of target areas and organs-at-risk were
compared with the calculation results of Pinnacle® TPS by #-test, and the 2D gamma passing rates of the isocenter plane and
the 3D gamma passing rates were compared. Results The GPU-accelerated collapsed cone convolution dose algorithm met

the accuracy requirements of the national standards YY 0775 and YY/T 0889. In the clinical case test, there was no
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statistically significant difference in the dosimetric parameters of target areas and organs-at-risk (P > 0.05), and the 2D

gamma passing rates of the isocenter plane and the 3D gamma passing rates were above 95.1% and 95.0%. Conclusion The

GPU-accelerated collapsed cone convolution algorithm has high dose calculation accuracy and meets the requirements for

clinical treatment.

Keywords: collapsed cone convolution; treatment planning system; photon radiotherapy; dose calculation
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2 YY 0775 #RE R IR AR oAy B BF PO AN BT BF SNY SE IR ZEF0 72 IR E (%)

Table 2 Mean errors and allowable errors of the YY 0775 standard test for the beam center axis, in—field and out—of—field (%)
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5 R EER 1.55 3 0.60 3
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the YY 0775 standard test results
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By 3 RN 99.6% 5 e fE I 58 ) bR/ v E ik
H95.2% , 34 v 18 3 Rk 99.3% , i A2 y 1 RO
I T 88% Mok . S5 EM, T GPU N CCC
RN T IR A ) LA e R
3.3 eARBIENIRE RS 1Tie

Pinnacle’ A58 45 BRI T GPU Jins i) CCC 4
A5 A 3 AR ) PTV 5 16 M i B B 2
SR 25 R0 5~3% 7. NI %, Pinnacle’ il

erpuy FF25em 0.74 278 0.11
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4 YY/T 0889 NI R AFEMESHETIEH viBIR(%)
Table 4 Gamma passing rates of single field dose and compound field dose tested by the
national standard YY/T 0889 (%)

PRIy TR CREL LRSI RO

WA £k X35
;A O O & 13
ZHLIX SN A 98.8+1.9  96.9+2.2 100.0  98.0 100.0
GIEZ RN i} 973422  97.0£2.8 100.0  100.0  100.0
S Hi E N A ] 98.9£2.0  98.4+1.8 100.0  99.1  99.1
FRO T 4.0 em P 99.241.4  99.6+0.7 99.4 100.0 952
CcIE1 RN i} 99.0£1.4  99.0+1.9 100.0  100.0  100.0
G EJr2.5 em il 100.0£0.0  99.4+0.7 100.0  99.5 100.0
CcIE2 SN A 100.040.0  98.9+2.0 100.0  100.0  100.0
G B 25 em Pl 99.6£1.2 99.7+0.8 100.0  100.0  100.0

"5 SKIUERIG KR 53 Pinnacle’ 1T H 45 R AET GPU IEAY CCC
BEETEEREPTVHERBENTEFZSHELR (v+s, n=5)
Table 5 Comparison of dosimetric parameters of target areas and
organs—at-risk between the calculation results of Pinnacle* and
those of GPU-accelerated CCC algorithm in head and neck cases
(Mean+SD, n=5)

6 BORE BRI K )R Pinnacle’ Tt H 45 RFET GPU MIER CCCH
FEUHEEREPTV MR RBENFIEFS LR (v£s, n=5)
Table 6 Comparison of dosimetric parameters of target areas and
organs—at-risk between the calculation results of Pinnacle® and
those of the GPU-accelerated CCC algorithm in chest and abdomen
cases (Mean+SD, n=5)

28 Pinnacle’ 745 AU EITELER o PH

ZHL Pinnacle’ TSR AR SO I 45 i PME

PTV

D,/cGy 54551376 54801408 -0.505  0.640

D,/cGy 506241311 50651336 -0.108  0.919

D,../cGy  5280+1354 5269+1387 0.335 0.754

cl 0.83+0.07 0.79+0.09 1.969 0.120

HI 0.08+0.03 0.08=0.03 -0.492 0.648
i T

D,/cGy 3048+1 866 32621726 -1.358  0.246
JEfbiA

D,/cGy 3994170 4244141 -0.873 0.432
A7 i f

D,/cGy 4084227 458+199 -1.963 0.121
Wi

D,/cGy 219342067 220242122 -0.107  0.920
A

D,/cGy 1585+1 268 16921272 2734 0.052

112841 99.1%, 3D -3 y il 3 Rk 98.5% ; i i 4 2 v
T 2D - 44 y 8 3R K 98.3% , 3D 44 y il i R
96.3% ; LR S Lo AT ) 2D P2 y il 3 Rk 98.5%,
3Dyl i R 97.6%. A RS SE FUC Y 2D y
T R AL T 95.1%, 3D v I8 i R AE T 95.0%.

G5 BT GPU N A CCC %92 5 Pinnacle’ X T

PTV

D,/cGy 6426+107 6464+53 -0.855 0.441
D,/cGy 587779 5880+196 -0.055 0.959
D, ,.../cGy 6225452 6240462 <0323 0.763
c1 0.80+0.05 0.76+0.05 1.777 0.150
HI 0.09+0.03 0.09+0.03  -0.343 0.749
D,/cGy 3877182 3789239 1399 0.234
pastii

V/% 54.35+7.33 5447£7.19 0223 0.835
Vy/% 27.5348.80 28.30+9.02  -2.425 0.072
P&y

Vi/% 35.84+10.85 36.75+11.30  -1.351 0.248
V% 9.56+8.22 10.24£9.00  -1.139 0318
LJIE

V% 20.14+15.41 19.76+14.55 0347 0.746
V% 11.04+8.72 10.88+8.28 0223 0.834
[F] — 37 ) i 5 B 0 A B e i — 2k

4 % i

AR FE A 45 R U W, 16 P 2 T GPU i i
CCCREAT & A N R IEFIE B2 2517 b b i YY
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R7 AREERIGA G Pinnacle® 1T HEE RFET GPU MIEH CCCEETHERE

between the calculation results of Pinnacle® and those of the GPU-accelerated CCC

PTV B R FBEMNFTEFZSHELE (v+s, n=5)

Table 7 Comparison of dosimetric parameters of target areas and organs—at-risk

algorithm in pelvic cases (Mean+SD, n=5)

25 Pinnacle’ 31545 5 R AR tff Py
PTV
D,/cGy 5414+94 5396+100 0.882 0.428
Dyy/cGy 4941430 4 894+59 2.220 0.091
D, /cGy 5227453 5192463 1.901 0.130
CI 0.86+0.03 0.84+0.01 2.390 0.075
HI 0.09+0.02 0.10+0.02 -2.138 0.099
i e
D, /cGy 47102152 4740119 -1.257 0277
Vil SESS
D, /cGy 32344723 3294760 1,942 0.124
Ak
D,../cGy 3256+461 3329486 2539 0.064

R CCCHEAIRARBIRR T B REFHOH 2D viBF B (%)

Table 8 Comparison of 2D gamma passing rate at isocenter layer in the clinical cases (%)

BT CREie) 2Dyl

WIS (M) 2D yiil i 4

FRBIFF 5 (TR 2D vyl

1 99.2 6 97.0 11 97.6

2 99.9 7 95.1 12 97.8

3 97.8 8 99.9 13 98.0

4 99.8 9 99.7 14 99.2

5 99.0 10 99.8 15 99.7

I 99.1 FEH 98.3 (A 98.5

# 9 Pinnacle* F1ET GPU MEH CCC EEIR PR BIRE T H 25 R 3D v BT F LI (%)
Table 9 Comparison of 3D gamma passing rate in the clinical cases (%)

WIS CLEHE) 3Dyl R | | WWERFES (WIEE) 3Dyl R | | WEFS (FER) 3Dyl R
1 97.7 6 96.0 11 98.4
2 99.0 7 96.3 12 96.8
3 97.4 8 96.7 13 98.0
4 99.3 9 95.0 14 98.8
5 98.9 10 97.3 15 95.8
S 98.5 FHME 96.3 H(H 97.6

0775.YY/T 0889 M 2K , HAT R = My vERf P o 7E Il
PRAGIEI A, PTV RIS S B i i 45 T 01 22 &
5 Pinnacle’ T A 45 R 1 2 R H LG22 B X

(P>0.05), %5 L [T A9 2D vy il
3D vl i A 95.0% LU b, UE AR AT Al 0 3 T

o R 7E 95.1% LU

GPU fil# i CCC A AR I IR |

RE] T R TPS

AR 7K, T AL ek PR P PR 285K
ﬁliﬁi AR SCT AR AE RS B AT 1 SR T T
BEAT B, JEAI XU AZ 4R P H At sl 53 % A T 5 119 3 1)

%‘HS'Z?WO



- 1082 -

N e

5540 %:

(&% k)

(1]

(2]

[11]

[12]

PR, B AAT I (M. AT RT e AR, 1999: 487,
Hu YM. Radiation oncology physics[ M ]. Beijing: Atomic Energy
Press, 1999: 487.
Brualla L, Rodriguez M, Lallena AM. Monte Carlo systems used for
treatment planning and dose verification[ J]. Strahlenther Onkol, 2017,
193(4): 243-259.
Najafzadeh M, Nickfarjam A, Jabbari K, et al. Dosimetric verification
of lung phantom calculated by collapsed cone convolution: a Monte
Carlo and experimental evaluation[J]. J X-Ray Sci Technol, 2019, 27
(1): 161-175.
Nisbet A, Beange I, Vollmar H, et al. Dosimetric verification of a
commercial collapsed cone algorithm in simulated clinical situations
[T]. Radiother Oncol, 2004, 73(1): 79-88.
Fogliata A, Vanetti E, Albers D, et al. On the dosimetric behaviour of
photon dose calculation algorithms in the presence of simple
geometric heterogeneities: comparison with Monte Carlo calculations
[J]. Phys Med Biol, 2007, 52(5): 1363-1385.
R EH, RAR, KB, FE B ERIER TN A AT A
it Feg e e[ ], AACE B 4 &, 2010, 35(7): 864-866.
Guan YM, Zhou LH, Zhang SX, et al. Experimental verification of
collapsed cone convolution photon dose calculations in heterogeneous
medialJ |. Medical Journal of Chinese People's Liberation Army, 2010,
35(7): 864-866.
Hasenbalg F, Neuenschwander H, Mini R, et al. Collapsed cone
convolution and analytical anisotropic algorithm dose calculations
compared to VMC++ Monte Carlo simulations in clinical cases[J].
Phys Med Biol, 2007, 52(13): 3679-3691.
Wu YC, Song G, Cao RF, et al. Development of accurate/advanced
radiotherapy treatment planning and quality assurance system (ARTS)
[J]. Chin Phys C, 2008, 32(Suppl 11): 177-182.

FA R ARG T T AT RAF FAREL R T F F3
H D] 2M: 2 M K3, 2000.
Zheng HQ. Monte Carlo FSPB photon dose calculation in accurate
radiotherapy[ D ]. Lanzhou: Lanzhou University, 2009.
F3E, BT, ATH, R TR T AR 69 SRR A A R 45 O ok
BRI BT RA AR, 2013, 47(S2): 526-530.
Li T, Shang LM, He T, et al. Study on accurate external radiation dose
assessment method based on voxel model[J]. Atomic Energy Science
and Technology, 2013, 47(S2): 526-530.
b, IR, W, F B AR RAERS ST AR
KylinRay-IMRT 5 #F £ # 34E[T]. B E 7 Zm &, 2018, 42(1):
7-10.
Wu YC, Cao RF, Hu LQ, et al. Development and validation of
dynamic intensity modulated accurate radiotherapy system KylinRay-
IMRT[J]. Chinese Journal of Medical Instrumentation, 2018, 42(1):
7-10.
R AR, R, G35, 5. BT FH R A5 5RIE & % KylinRay-
IGRT[J]. ¥ B EFHEF &, 2017, 34(3): 225-229.
Wu YC, Jia J, Cao RF, et al. Image-guided accurate positioning and
tracking system KylinRay-IGRT [J]. Chinese Journal of Medical

Physics, 2017 34(3) 225-229.

Z bl FRAEIR, WA, 5. A2 515 5 M IE £ 48 KylinRay-DGRT

(7l f)J’vfi,u 5 & 77,2017, 23(6): 13-17.

Wu YC, Zheng HQ, Cao RF, et al. Design and implementation of a

dose-guided accurate radiotherapy system KylinRay-DGRT [J].

Modern Instruments & Medical Treatment, 2017, 23(6): 13-17.

[14] X 5k, 4, § 235, 5 . T AR A5 97 31 X & % KylinRay-
IMPT[J]. # HEFHE L&, 2017, 34(6): 541-545.

Wu YC, Jia J, Cao RF, et al. Proton intensity modulated accurate
radiotherapy system KylinRay-IMPT[J]. Chinese Journal of Medical
Physics, 2017, 34(6): 541-545.

[15] Ahnesjo A. Collapsed cone convolution of radiant energy for photon
dose calculation in heterogeneous medial J]. Med Phys, 1989, 16(4):
577-592.

[16] Cho W, Suh TS, Park JH, et al. Practical implementation of a collapsed
cone convolution algorithm for a radiation treatment planning system
[J]. J Korean Phys Soc, 2012, 61(12): 2073-2083.

[17] Ahnesjo A, Aspradakis MM. Dose calculations for external photon
beams in radiotherapy[J ]. Phys Med Biol, 1999, 44(11): R99-R155.

[ 18] Mackie TR, Bielajew AF, Rogers DW, et al. Generation of photon
energy deposition kernels using the EGS Monte Carlo code[J . Phys
Med Biol, 1988, 33(1): 1-20.

[19] Lu W, Olivera GH, Chen ML, et al. Accurate convolution/superposition

for multi-resolution dose calculation using cumulative tabulated

kemels[ ]. Phys Med Biol, 2005, 50(4): 655-680.

FA S 2 e JiB E 32 k) YY 07752010, & 38 3 254476 77 31 X &
G078 A8 X(y)H R A 3 SR e R Ae X B o ik [ S

State Food and Drug Administration. YY 0775-2010, Teleradiotherapy

treatment planning system accuracy of dosimetric calculation and test

methods for high energy X(y) beam[S].

[21] International Atomic Energy Agency. Specification and acceptance
testing of radiotherapy treatment planning systems [R]. IAEA-
TECDOC-1540, 2007.

[22] B RA 2G5 BEE R AR . YY/T0889-2013, A3 55044 77 1 %)
F R RE AR 7 k[ S ]

China Food and Drug Administration. YY/T 0889-2013, Intensity-
modulated radiation treatment planning system-Function performance
characteristics and test methods[ S ].

[23] AAPM Task Group. IMRT commissioning: multiple institution
planning and dosimetry comparisons[ R ]. 2009.

[24] F MG, Fh0EE, AH4E, 5 ST ¥ 3897 310 R4 MMCTP a9 15 /&
PEAE[T]. l:fJZi % 2022, 43(1): 45-49.

Meng HP, Sun XZ, Fu J, et al. Clinical evaluation of McGill Monte
Carlo treatment planning system [J]. Chinese Medical Equipment
Journal, 2022, 43(1): 45-49.

[25] A . F3097 CCK A it 3 ok ag it A2 5 - & X[ D ).
Glie: P EAFEE AR K, 2020,
Fang SJ. Improvement and code testing of radiotherapy CCK photon
dose algorithms[ D |. Hefei: University of Science and Technology of
China, 2020.

[13] £

[20] B

CENI D



