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Absorbed Dose Research of Main Organs in APBI Therapy by Monte Carlo Simulation
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Abstract: Objective To anayze organ absorbed doses from the accelerated partial breast irradiation(APBI) treatment procedure
by Monte Carlo method. Methods The treatment cycle of APBI (MammoSite) is shorter and less harmful to the heart and lung
when compared with the traditional Whole Breast Irradiation (WBI). Monte Carlo method is a numerical computation method
based on probability and statistics theory. Radiotherapy treatment plan based on Monte Carlo method provides the most
accurate result about organ absorbed dose. In this paper, we calculated the absorbed dose of different organs when the left and
right breasts were undergoing APBI therapy, respectively. The MCNP Monte Carlo code (Version 5) and RPI-AF (Rensselaer
Polytechnic Ingtitute - Adult Female) phantom were used. Results The absorbed doses of heart and lung should be considered
seriously when patients are treated with APBI. In order to reduce severe radiation damage to the heart and lung, radiation field
narrowing could be used. Conclusion Detailed absorbed dose research of multiple organs in APBI brachytherapy using Monte
Carlo simulation and voxelized phantom are reported, which can be helpful to clinical physicians and physicists for the
appropriate treatment planning.

Key words: accelerated partial breast irradiation; Monte Carlo; voxelized phantom; absorbed dose

radiation, APBI) J&—Fh G 7 JE 30146 93 PR HE SRS )
SRR R AR R AR S AT R, SR
TR LR BE 5 (Accelerated Partial Breast Ir- 3% 7 B —Fh AL RGBS 18 SR # E A
BAETHE T, SN T TR B S hnifE
WG FHS AR 105 5 = 4R R AR A

[

Bl

[#2F& B4 ]2014-11-20

— w7 7, S PE f > W=
[E£mAB |EK A AR2£5E4: (11375181,11375182) %%f H{NUZL%E%?‘ QPBL i ﬁj‘:{ﬁ h EE% A
“’E%‘ﬁﬁ ]Eﬁ$(1992—) , 5 (»;1,}%) , fﬁﬂﬁq@f BH A , @ﬁj:ﬁﬂ:;‘{ﬁ; E"J?ﬂjié}%ﬁ 5 ﬁlﬁﬁﬁﬁE(l‘l ﬁﬁi% E/‘J El] ?XEIEZ—F@//I\}%%
E-mail: huowl@mail.ustc.edu.cn, F)T‘S%@J E‘Ji@ﬁﬂ'?ﬁ{ﬁ °
[EE1ER 11 M, 8 (DUK) , #0482 (T A3l E-mail: xgxu@ustc.
edu.cn,

FEEFMIEFESEE 20154£38 £R2% $£2H



- 184 -

AL, AR APBIRYT R R B IR S W SOR] H R SRR IR A

1 APBI

FUIERFL FARIGTT B2 8N R 1 7L A AR
HEIRYT O o (AR LTRSS WA T B e R
57 KA B R A %, R E L I DI R T
RIG ) 20 FEREVIEEE B, RIETHEHETINE &
g 39.2%, T P HUIBR T AN A G BT B R 2 &
BN 14.3908 , RIAFLIYE R L FARINA G UG
7 0 RAEARR AR R &R E ML IR F AR
Y T H A SERAER (R SR A F ARG
43 RE ST (Whole Breast Irradiation , WBI) (757 B
AR | TSR 24 4~5 SR I ]9 3 FLAHK 1)
BT I TS M T A7 (0 2 HE X il 25 S B34 1)
PAGEER , A B AR R E ME LAY | DRI, 3500 B 3
EFAR G BHAYT

WFoE M, 75% B RFL F ARG R E & X
BAE IR R R IR BE Y, RFLFARIARSF T F 2
SN T U0 IR A R R K, R, A AR HLA
A2 R IR (A9 R DX S A 7 b HR G ] el 4 /N LR B
SHuR, Bir APBI A0 WBI B3, APBI AR}
T WBI, HEGE RI B, — e 1R 22 N SE, HLIR G
DX 55,50 B 70 SR8 PR BRI . WBI — J BA Y R 5 301 1oy
2.0 Gy, M5 & 50 Gy3; APBI — 4% )7 = J 4 Uk
3.4 Gy, B FlH 34 Gy3, A% T WBI, APBI 1 &I 4E FH
BN,

APBI # HIiRYT 73 CA GRS YT AR HIRYT
FAMRES B BT RE BRI T HOR A WA AT BR
PEFNLHLAAFHAES . MammoSite J&—Fh i FHER LR
PE B O %45, MammoSite Fi—NBR3E T 5 HAHE
FIRGHEE S, FE N EA 1A AT LUK @
B H—AE &% (High Dose Rate, HDR)Ir-192 J5
BEYRIEE . MammoSite 45 B AFLUIR)E , 1 ALK AN
XoJ A R A A - L 5 JRRE s, DA B b 8
Rl ERAEFIFEIE B O R , BREEIIK S U5 iE
S22 BRAE TP YL HDR 1r-192 Ji 258 s St 5 1ok Y 1
AU ABREESAT B

KEE APBI BHE N, XHESZ APBLYRY T RE
R AN E I B By R T VAL AR
BT R AR T O SR A £ T
PR A AF ARG R A L3R Bl A o JHE 52 30 1) 5] £ 1
oI B A0 10 A O I 52 BRG] LA 2 B AN
LAPNAYY, (H2 HAETE NS BA TFRAH I
FEITAI /R BE TR Mille 5588 22 X% 2L B4 2 APBI
TR I B R S B B A R Al AT TS (H R
H ik B 2o A7 7L 55 00 0l 52 HR S B 1 32 288 F B
S B LTS

MCNP5 (Monte Carlo N Particle Trangport Code)
2 H 3% [ ¥ 307 ] oz B 30 6] 5K S 56 % (Los Alamos

National Laboratory) ¥ & i3 T 545+ % 7 /0
T =42 8 L g5t i rh 7 D67 T acE
A O 1S R S PR, AR
FEH ] MCNP5 3440, (1.60 )2k 3 B8 B i
WAL I-192 A i y S14F B ki~ ,HDR Ir-192
U5 H NG A s BT L, T DL B4 K 24U B
Wit HAME B R HHE 5 23697 B MammoSite £k
WL P . 1r-192 F Ry y ST2kRE &y 1378 keV,
FHREE R 372 keV M ASCK HDR Ir-192 YR fRifb
A F BRI P o 1 SR 2 A A9 S B AR ) R fb
AR FESZPRET  Mammo-Site BRZEREER KN
X HEFIE TS, A SO AR s — ANk BR . BREE A4
SRR 0 LATT 4548 HE Bk A G BR B A e T A48 7
AR EREE A % 18

KT RS RIS TR J S SR
e REIRTT ), A SO Hh SE R R R T 24 Bett
K1) RPI-AF(RPI-Adult Female) BUAE Lo PR RIS A,
R EMNE 1 R)

B 1 +5HEET KR RPI-AF 22
Fig.1 Half-Skinned Trimetric View of the RPI-Adult Female

Phantom
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Fig.2 The Sketch Map of the Radioactive Source Location for Brachytherapy Treatment

The Green Bdl in the Picture is MammoSite ball; the Red Circle is PTV, the Radioactive Source at Center of the Green Ball.
The Picture a Left isthe Left Breast Treatment Simulation; the Picture a Right is the Right Breast Treatment Simulation.
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Tab.1 Radial Dose Function Values g(r)

g(r)

r/cm
Monte Carlo  Daskalov

0.1 0.992 1.004
0.2 0.9932 1

0.3 0.9939 1.001
0.5 0.9961 1

1 1 1

15 1.004 1.003
2 1.009 1.007
25 1.011 1.008
3 1.012 1.008
4 1.012 1.004
5 1.01 0.995
6 0.9984 0.981
7 0.993 0.964
8 0.9653 0.94
9 0.9536 0.913
10 0.925 0.882
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Tab.2 The Organ Doses and the MCNP5 Statistical Errors Were
Calculated Using the MCNP5 for 34 Gy Breast Brachytherapy

Treatments

Left breast Right breast
Dose(Gy) MCNP5 Error Dose(Gy) MCNP5 Error

Organ

Adrenal gland, left 0.7234 0.22% 0.2627 0.36%
Adrenal gland, right 0.2432 0.39% 0.7639 0.22%
Brain 0.05997 0.15% 0.0596 0.15%
Oesophagus 0.5833 0.11% 0.5986 0.11%
Eye lense, left 0.1565 0.09% 0.0996 0.16%
Eye lense, right 0.1004 2.56% 0.1481 2.16%
Gall bladder 1.3947 0.13% 2.3154 0.10%
Heart 4.469 0.04% 4.021 0.04%
Kidney, left 1.8397 0.11% 0.8777 0.15%
Kidney, right 0.71 0.18% 1.7456 0.12%
Small intestine 0.1499 0.10% 0.1369 0.10%
Liver 0.5034 0.05% 0.9391 0.03%
Lung, left 2.7497 0.02% 0.5875 0.04%
Lung, right 0.6087 0.03% 3.11 0.02%
Ovary, left 0.1585 0.59% 0.1306 0.58%
Ovary, right 0.1231 0.60% 0.1642 0.56%
Pancreas 0.4924 0.10% 0.519 0.10%
Pituitary gland 0.0915 1.57% 0.09443 1.56%
Ribs, cortical 0.9934 0.03% 0.9743 0.03%
Ribs, spongiosa ~ 0.8355 0.03% 0.821 0.03%
Salivary gland, left 0.2619 0.21% 0.1552 0.29%
Salivary gland,right 0.1352 0.30% 0.2138 0.26%
Skin 0.3298 0.00% 0.3215 0.00%
Spinal cord 0.3377 0.12% 0.3863 0.11%
Spleen 0.7298 0.09% 0.205 0.14%
Sternum, cortical 3.2251 0.14% 3.3516 0.15%
Sternum, spongiosa 2.7276 0.07% 2.8575 0.07%
Stomach wall 1.0379 0.05% 0.6252 0.06%
Thymus 2.735 0.09% 1.7973 0.10%
Thyroid 0.2975 0.27% 0.3047 0.27%
Tongue 0.2264 0.23% 0.2291 0.22%
Trachea 0.789 0.16% 0.8837 0.15%
Urinary bladder wall 0.02915 0.34% 0.0305 0.33%
Uterus 0.1285 0.26% 0.1396 0.26%
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Fig.3 Comparison of the Organ Doses Were Calculated Using the
MCNP5 for 34 Gy Breast Brachytherapy Treatments
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