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A Dose Verification Method Based on MCNP SOURCE Subroutine for Radiotherapy
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Abstract: Objective Monte Carlo method has been widely applied in clinical dose calculation of radiation therapy. So a dose
calculation method was developed in this paper which could accurately describe the radiation field with arbitrary shape and the
intensity to verify the accuracy of radiation therapy planning based on the MCNP source subroutine. Methods Firstly, we de-
termined the location of the source particles according to the accelerator position and the head position of the isocenter posi-
tion. Then, a plane was supposed paralleled to the isocenter plane between the accelerator head and phantom, using a two-di-
mensional intensity matrix to represent the field. The plane was divided into grids corresponding to the matrix, randomly sam-
pling the point in the plane to obtain the source particle's position. We drew the straight line from the accelerator point source
to the particle position to obtain source particle direction. The spectra was sampled to obtain the source particle energy. Thus
the particle's energy, direction and position in the plane could be identified. Then the dose distribution in the patient geometry
could be smulated based on above sources. Results Tested by a clinical treatment plan of cervica cancer smulation dose dis-
tribution and compared with MCFSPB, the average error in the target areais 1.12%, y analysis is 94.55%. Conclusion This
method can fully meet the clinical requirements and be used as the treatment planning tool for validation.

Key words: MCNP; source subroutine; radiation therapy; radiotherapy plan validation

e

]

[l

[ ¥r#5 H 7 ]2014-07-03

[E&TIE |E%K H AR 334 (91026004 ,11305205) ; ITER Ti H
(2014GB112001),

[1EE®I AN E30(1987-), 59 A B FEE RS R B R F iz
B, thF2 A g il L SE 5T TAE . E-mailiwen.
wang@fds. org.cn,

[@iF4EE ] AN SE  E-mail: ligin.hu@fds.org.cn,

FEEFMIEFESRE 20154518 £R2% £1H

G E H R B R T Bz — i
SRATT AR AREAR SR AN, TR 2R A0
TR, RS BRCGY T 89 H A0S AT RE S i Xl
TR 2 B0 7R [ e A BR B2 el 1 LA )
o TR R PRt i 2 D T U
7 IAE AR PR AY 7RI R R U2



- 14 -

£ ARIET MONP TR P R URGYT ) IRy vk

I3 PR L 325 T RN 5 O A 97 TR0 S it 1y A 201 ) 2L 3R
Z— o HETG R 0 e AT R in 2k B K AR
b e = A ST R S
BRI VAT e, SREE R R B IE R %07
RISy, i HIS KB AR AR AT A
(NS

H i = AN IETT TR R G R R4 R FH AT
TR R R R A BT A R, AR
A SRR BRS B A g (FR X AR SRR TR
K EEA RS IR AR SRR ISR Bl TRl
FRARA 2%, BV ARS8 A At R BB AR P LA
SR RREXT A — X I 0 5 | AN B BT A 5
WEAEA %R BSR4 i A VRS 7, 790 2 1)
ZARE Ty i IR AR ASIE R ARRIL, AN SO R
T RTS8 R P FF MCNP 585050 7 i
HFRAERBT R, etk Rty e J5 —i8
X,

MCNP 2% 2 H1 35 [E Los Alamos [E 52 525 %8 T
K —Fh I F SRR 2 O ik B KA TR AR PR,
HAR B4 BRI 2040 ot 0 50KS B AR R T 2
I R FEESR . HF MCNP & R (1438 VR R S RE 1
Hff A 52 2% B AN FI 0] B3 T S B R B DRI AN BE VL
FHEEIE AN B A T R AR R A, A
XHT MCNP IR FRER, KT —~3 F i BERE
THEAEBIRAR AT 5 B 5 BP ()50 1 53 A B 52 R 3
THERIE 77k, HE A A — SR s 28 2 50 (an
A& BT ) FUECT IS8 Can S8y 7 1) | SEF RN
SR AT LIASHLLRL T 75 AR R 57

1.1 BB

it E H P A E L) MCNP JETF2 4 5
PPYRGR , o T AR RORAR AR5 5 B A0 38 B R 5
FEITRI B MCNP AEHELEGIE [ &, AR i S B A e 8 4
P S - TR0 R T XA, LA SRR DX s Sy A
THHIFREZS ], DA AR %) 56 B 400 8 XA e A AR
- VYIIIZE e R Rt =S AR RN pU RS S S W A
7 T, AR N A RE T A AR B A RO RE R, Ik
AT RTALLRE S SR T

S e RO E . AT RR IR SR AR B
i R MLk (447 B RN A5 HP s 5 7 B R i e U TR
S VA=W ) 70 V7% Al 1 Fa s B2 (11 PR VA M OBy
S J7 T AR A ST A5 B A ot R MR . TR R
ARBRARTT, HUE B R T U BT TR ey A
DRI, 5 A X6 I (4558 B2 B Sk 2 A AR AR 2%, Bt L
e —A K, SRS FE XA P42 BR A ST Rl AT LA 2
—AN I, THET DS B2 S AR ST SR AR BR R AR AR 3

FlZALE WA R, R IR T Bz 37 1
R 1AL ER T, O AL E R T ANl 5

=B AR B RE R TR T A BE SR AR I B R
TR E AL L RE = B, SRR FERE R BN S
TR, A5 B UCRE B TR T RE &, 15 VR 110 FIF
R SN =1 I pii Xy W NN S i R
FiEmAE 1R

DX 26530 7355 27 - 1

VR TR
A

MCNPHIEFE |
(=}

Bl EFErFREE

Fig.1 Procedure of Source Subroutine

1.2 BRFE BRI

V5FRE P 7 SR AR H R 174 43 A Bl A 1 15 )
/% A RO VA R CIIN T =3 O & L s i1 O R

150 B BEAILIAE , AR B T REALEGHT T
1, MCNP 2t T RANG() pR 8= A= HEAL KL, % PR
AT LA A [0,2] Z [ 34550 53 A B AR B HILER . R0 U )
AT R PR A RS AR B A T B LA, AT DAJA FH %
PREL,

XA R B

F(x)=2. P (1)
3, X I B HOR M B P, P -+ AL
K, BSOS RO KB T

XF:X| y %,l:z Pi S§<Z Pi (2)

X F SRR A3 A , AR A BRI F(X) 19 S R AL F(x)
FEAE o AR 2

Xe=F*¢) (3)
Hodr & JE[0,1] 2 [H) 3450 oA B REAILER, P o] LAFE VR
T HE T RANG() BRI A 1ZBEHLER

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.1, Jan. 2015



£ ARIET MONP T2 P R URGYT ) IRy vk

- 15 -

U5 Ty T B0 A AR D R AT . Stepl: 7E 5]
iR, B eHE X BTG TFIRR T H SHE
EARBR, SRR IS SR A (ox,yyy.zzz) . Sl
FEAI(2) , HhFE Il

Poszl,%’p:Z ViDi$§<>_z VD (4)

Step2. T LM E X G4t 3 ), il A
WEIRALIE AR MLC STEFRYSR EERE RS, AR 8 B
FERE LA S BEALHIAE | B TR A% R A 3 A8 45 1] [
PEARE A, BTG 04 5 1) 4 R 45 30 [w) 2k b 2L, BV 57
i1 o WA U0, 2m] 5341 , A A AR BX B o 306 U[-1,1]
O3 AT RIS A (3) T AR 2 J7 [0 4 £ (Uuu,vvv www)
H

uuu=\/1-2 cos¢

wyv=V1-u? sing

W=

Step3. FIFINELLS 1Y BE S B EE AR G T R RE
i erg, i Ja R I T 0 AR ACE GIE 1.0) A1 A5
8 IR B B (X, Yy, 222) L7 T (UUU, VWY, Www)
it (Erg) ALE (Wrt) UL K i (Tme) &R E & il AES:
#), MCNP i TR 2R (5 B AR T AT 3

AR S 35 0 — {81 LS ) B S v 18] ) B )
AT MCNP BT S50 A, BEA SOk e
i

2 IR B E

2.1 BEGHEERENT

AIFBRIET 1 4ot E B CT F, HiZ 1
5 2 mm, 53 PER R 512x512 12 E K/ A 5 mmx5
mm, B E RIPUMEM , H4T4 100 )2,

R R RE R W A A T 1 X 5 L RS
FrWRY Fra, NMRBIE RN Z 971, AR U4
RSB =Y AR ALY | RS AR FR o — MR R
(Voxdl), ARICE LR ZRRIME 5 mmx5 mmx2 mmif
PEARZR XTI Y CT (B AR LA % 5 Al
TCE ST

BERREARI SRR FDS BB\ A E4F &
0 Z Y BRFEG 53 B H 3 ALK SuperMC/IMCAM
G2A5E LY
2.2 Wit Rt

E1F iz B A FDS AT BN B SE0F & SRS B il
RPN RS ARTSSEE & T & 4 A 5FEF B I8 53 ik
SHAFFHR, SRR RS 4R 00h . 0°,90° [ 180° ,270°, IR
ST IR B FA B A 00 MLAE M L ARFr R 00,

BT REAS RS 7 i MLC (201 ELA% ) X i
ST T SRS IR AT, A2 R N () — i
FEFERACR TR R, o S N AT 1R %R

FEEFMIEFESRE 20154518 £R2% £1H

N HTEPNAECT 0 k3R

(a)3R B AR BE (b) S EF A 4R
B 2 52 E AR RS ETRIAK
Fig.2 Intensity Matrix Represents the Field

2.3 LR

FHL AT PP AL 2R A TS R 0 T LA
SRS, SR I R b H A i B 45500 i 4 Fn
51~ FH 5 8] (Dose-Volume Histogram, DVH) &
PFAG, IF 5 ARTS (7R B MCFSPBI (52 R AT R
EIHOCTRIEITRTE) B’ R AR T UL

ST B SR 2 AN BT 3 i - ) i 4 A
ol S AL Ty AT IH— DRI B

(c) MCFSPB 5 MCNP H-47 (71l 2243 fii
B3 ZhOFENEHNELN T

Fig.3 Isodose Curve of The Isocenter Plane



- 16 -

£ ARIET MONP TR P R URGY T ) T IE Dy vk

17 X 5iHRI#E X (Plan Target Volume, PTV ) {445 T 1R
UFIIETE , FEIK R R 0N R IE DXRAS T 48
BRI , 5 4 R I AR T BRI 2K

Flk - AR E T EINE 4 FR, R 4 2T
FEZ AR, DA A SRy S — 5] v BT o P A
AL, W&l 4(b)MCNP 5 & - (RFRE AT DA H X
FIE KT 100% AT 929%, MBI ihZ & T
RAEE bR ARSIE T G R % B A IE B 4 U i T 52
Fla  FFA I RAHAY A 2R

PIZHOT 7120 MCNP (4313425 5 S b o, 38
I FE R 2Z 4055 5 MCFSPB 1E H bR IX 8 i 71
N 1.12%, y SrHr{El 94.55%, T4
ARG, I PR L AR v R B, sE At R
I REEK

: 1 —— Skin 1 _H'\

i Eevium

b |1 Bladdsr |
GTV

Capuricmonban \

CapmlfemorBight
Wagmu
Crearyright

Relative Voluine
o

g
LT 185¢ 45t
Absciute DosejeGy)

(a) MCFSPB 143 it (A R B Il

= B5kin
Rectum

— Hlsldder

—OTY

\ Caputfcmonsbcfl

54 L —— CaputfemorisRight
- — Vagima

Ohwaryright

1

Ralative Valuma

", A anen

* abso |ut'i'nc~;-{;:s=-::
(b) MCNP -85 i - BB
B 4 FIE-kPREHFE
Fig.4 DVH of the Results

H1 MCNP 55 5345 21 00 25 550 42 23413 A1)
HRRE DT, ] AR I E5E T RIFEIX AR 2] 1 )
R SR IO A B AL TR A5 5 R
SRATFRYSEEIEIN 2521 S ARTS THRIR G R A4

RAEFOX N FFE BIARGS , i ) 8 TRl SR
AR ) MCNP 5 TR B TERfE: .

M 3 (©) HaT LA H RESHEF 1 2R A MCNP Al
MCFSPB Z [] 15 2% LU U P K, =22 PR S Y i
G R X R 2 TARR AT RS2 bRy 7 i A
B ST U 2 e A e R R T SR ST, A A
R IR R S PR

H %7 4 LB | J5 S0kt — 0 & R st
TIFAT MCNP RJF I3, (f 2 BEAT DARIE TR
JFE AR T ARz, T DO LS fRT Ak 1
KR SR BRI & SRR IS e T-BL

4 i

B MCNP IR 75k, TRl
AT B A AR A0 B BRI (R BT R
B2 B B RTORS ff A i AN L0 555 B )
TR, v LA =4S B0, PR AT AT BT )
IOUE, A ORI RS AE I fm —iE e, AR5 A
SRR YT Bt IR R 1S B R X,

(AR SCTAESEAE FDS HBAIEATRY, 8l FDS A BA
AR 53 B AR A T B RIS R )

(&% k]

[1] 3% K. P8 A AT A (M), Ao JRT AR ik, 1999: 36-37.
Hu YM. Radiation on Cology Physics[M]. Beijing: Atomic Energy
Press, 1999: 36-37.

[2] B BFAl. BPHBAH ST F M) ek, P B A BA XS B,
2003: 22-27.

Yin WB. Tumor radiation therapy[M]. Beijing: China xie-he medical
university publishing house, 2003: 22-27.

[3] #te. £HFF 7 kA FHEHE P EAM]. LT IRTREE
#At, 2006: 29-39.

XU SY. The application of Monte Carlo method in experimental nucl-
ear physic§M]. Beijing: Atomic Energy Press, 2006: 29-39.

[4] X-5 Monte Carlo Team. MCNP5-A Generd Monte Carlo N-Particle
Transport Code, Volume I1: Users Guide[R]. New Mexico: Los Alam-
osNational Library, 2003: 3.76-3.105.

[5] Bt Ak, 4 Al B A mik 35 & F R 4k 3% 57 49 Monte Carlo B4 A7t
. 7B EFHEE L E, 2006, 23(3): 166-169.

Kang SW, Gou CJ. A Monte Car lo study on the enegy spectrum of
electron beam in radiothergpy [J]. Chinese Journal of Medical
Physics, 2006, 23(3): 166-169.

[6] Li Y, LulL, Ding AP, et d. Benchmarking of MCAM4.0 with the ITER
3D Model[J]. Fusion Engineering and Design, 2007, 82: 2861-2866.

[7] Wu YC, FDS Team. CAD-based interface programs for fusion neu-
tron transport simulation[J]. Fusion Eng Des, 2009, 84: 1987-1992.

[8] Wu YC, Song J, Zheng HQ, et d. CAD-based Monte Carlo program for
integrated smulation of nuclear system super MC[J]. Annals of Nucle-
ar Energy, DOI:10.1016/j.anucene. 2014. 08. 058.

[9] ZEkh, F#ix, B R, F RAER S AT TFHESOINEAR
Visua BUS ##F 5. 5 % L [J). #A+ 3 55 142, 2007, 27(4) : 365-373.
WU YC, LI JJ, Chen ML, et d. An integrated multi-functional neutro-
nics calculation and analysis code system:Visua BUS[J]. Nuclear Sci-
ence and Engineering, 2007, 27(4) . 365-373.

[10] Song J, Song GY, Chen ZP, et d. Benchmarking of CAD-based Su-

perMC with ITER Benchmark model[J]. Fusion Engineering and De-

(FHE5 20 11)

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.1, Jan. 2015



-20 -

s L AN o R S0 T e R P o 7B BB el

predicting radiation pneumonitis using receiver operating characteris-
tic curveJ]. Clinical and Translational Oncology, 2013: 1-6.

[4] Schalenkamp M, Miller RC, Brinkmann DH, et d. Incidence of
radition pneumonitis after thoracic irradiation: Dose-volume correlates
[J]. Int JRadiat Oncol Biol Phys, 2007, 67(2): 410-416.

[5] % &, &kt A AR TR Rl R B R[] BT EE,
2010, 23(005): 6-8.
Zeng B, Lu XW. Theclinica application of Intensity-modulated radio-
therapy plan system of oncentra masterplan [J]. Medica Equipment,
2010, 23(005): 6-8.

[6] #AR K, R4 &, AR MBASHWEFE[M]. LK. BT 4k AL,
1999.
Hu YM, Zhang HZ, Dai JR. Tumor radiation physics [M]. Beijing:
Atomic energy press, 1999.

[7] R R, ik S, E%, F. AREHMIEFOAEFRIE [J. 58
$B7 ¥, 2007, 27(5): 257-263.
Shen WT, Tu Y, Wang JH, et al. The intensity modulated conformal
radiotherapy dosimetry verification [J]. Journal of Radiation Protec-

tion, 2007, 27(5): 257-263.

[8] #hsL A, KA, AR K. F A B EIK M A KAk 55 2B
P 54 FEESFHE S L&, 2014, 31(1): 9.
Sun WZ, Zhang DD, Deng XW. Analysis and comparison of Data of
Linear Accelerators Measured with Diode and lonization Detector[J].
Chinese Journa of Medical Physics, 2014, 31(1): 9.

[9] o= R E . fof s LT FFRAFBEARMNZTHA G
[J]. ¥ B A Ik 58 57, 2002, 11(3) : 159-161.
Di XY, Chen WJ, et . Dosimetry of mono-isocenter irradiation tech-
nique in radiotherapy for nasopharyngeal carcinoma [J]. Chinese Jour-
nal of Radiation Oncology, 2002, 11(3) : 159-161.

[10] MRt 3E, 7 5. F B8R E B B L 5% 5k #5838 207 7 %) kg

BRI, P A9 5 2 &, 2010, 19(5) ; 429-430.

ChenJH, YinY, eta. Application of IMAT versusfixed-gantry IMRT
in cervical esophagea cancer: A comparison in dosimetry and imple-
mentation[J]. Chinese Journal of Radiation Oncology, 2010, 12 (5) :
429-430.

(B35 16 10))

sign, DOI: 10.1016/ j. fusengdes. 2014. 05. 003.

(110 % ®, F & F 2, F. RFFTEETHEH T oS
MCAM & ITER #4547 AL 69 2 A[J). 2T #4h 24, 2006,
23(2):138-141.

Zeng Q, LuL, Li Y, et a. Application of automaic modeling code for
Monte Carlo particle transport for ITER nuclear anaysis [J]. Nuclear
Physics Review, 2006, 23(2): 138-141.

[12) ZEhh, & 2, 5 &, % R FEET WS a s rg
MRS KR At s 142, 2006, 26(1) ; 20-27.

WU YC, LI Y, Lu L, et a. Research and development of the auto-
matic modeling system for Monte Carlo particle transport simula-
tion[J]. Nuclear Science and Engineering, 2006, 26(1) : 20-27.

[13] & kb, FE W, B4, & WA ET 2% ARTSHHR S A
B[] P B EFHEFRE, 2005, 22(6): 683-690.

Wu YC, Li GL, Tao SX, e a. Research and development of preci-
sion radiation therapy system ARTS [J]. Chinese Journa of Medical

Physics, 2005, 22(6): 683-690.

[14] Wu YC, Song G, Cao RF, et a. Development of accurate/advanced
radiotherapy treatment planning and quaity assurance system(ARTS)
[J). Cinese Physics C, 2008, 32(Suppl.I1): 177-182.

[15] Cao RF, Wu YC, Pe X, e a. Multi-objective optimization of in-
verse planning for accurate radiotherapy [J]. Chinese Physic C, 2011,
35(3): 313-317.

[16] Zheng HQ, Sun GY, Li G, et d. Photon dose calculation method
based on Monte Carlo finite-size pencil beam model in accurate ra-
diotherapy[J]. Commun Comput Phys, 2013, 14(5): 1415-1432.

[17] &% F , FAE Rk, F. —F 5k X HEREEHBRHAT A F
FHEBER G E G R[] PERXHEF S L E, 2006, 269
(3):277-280.

Jin HY, Zhou LH, Chen GJ, et a. Adose cdculation mode for
arbitrary fields of photon beam[J]. Chin J Radiological Medicine and
Protection, 2006, 26(3): 277-280.

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.1, Jan. 2015



