234 - RS PR 2024 4F 6 45 33 %55 3 1 Chin J Radiol Health, Jun. 2024, Vol. 33, No. 3

DOL: 10.13491/j.issn.1004-714X.2024.03.002 - w FH -

Y BRI I A B E A

i/l E&a i'fﬂ)’(a /E/H;_l/] ?lg/_f\. )}'\7 }TQ//\%\

HE R T RERFFET AR, LA 102413

WE: BN BTSRRI, BT SR IR R T Y B ES IR 2 J5 R e i K JE R R B B R R A
i, ONY BESERA T BRI R I R N AR R R SR . 53k 1E Geantd BRI T 3 CT BIGMEAMA
PRERR, 15 0.01~1 MeV 12 Fh# g BT HLIR U2 $L(SAF) 5 ICRP AUBCEHE 34T FE X IRAIE s I B IR AR I 792
THEY AERTE BRAR H 3 AU AR 20 0 AT I A B B ORISR & 4558 TR LI AT 5 SAF 54 i 242
{5 1 ICRP $4fs LU BOR Z= AN IS 3.89%: Y FEFENR N 3951 70 A, RIS EE A 4.69 < 107 Gy/Bq, FF B BA K
JIR B IR AT R 4 51 6.15 x 1072 6 x 1072 A1 1.65 x 107" Gy/Bq; Y 1E MR A 43 A INF, g W i1 & 6.69 x 107
Gy/Bq, IE%# JBEARFIEN 5.75 x 10 Gy/Bq; 4 J5 78 120 Gy LT, FRIATR V 5425005 A G X RN KK
B R DR R A 2 BT T TR EE AR B . 2518 @SR T AR AR MC SR TR, HERR T 1Y 3
BETCERVA I 1 R e B ) B AR A By T B DA% B D B IR A5 o, S 45 3 DA et 4 24 4% B R i [ 28 1 i A
Oy BERRER F TR AR 1 R 7T B LA SR

EHRIR: Y BEEATHOK: BRI IRT AR

FESAES: X591 XEIFIRIE:A XEYRS:1004-714X(2024)03-0234-08

Calculation of organ dose of Y TheraSphere in the treatment of
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Abstract: Objective To calculate the absorbed dose of *°Y TheraSphere in the pancreas and the surrounding sensitive or-
gans after the administration in the treatment of pancreatic cancer through the establishment of an individual voxel model,
and to provide technical support for the clinical application of *Y TheraSphere in the treatment of pancreatic cancer.
Methods An individualized voxel model was constructed in Geant4 software based on the CT images of the patient. 12
monoenergetic electron specific absorption fractions (SAFs) in the range of 0.01 to 1 MeV were calculated and validated
against the ICRP data. The model and method were used to calculate the absorbed doses in the target organs under uniform
and nonuniform distribution of *°Y microspheres in the pancreas. Results  The relative errors between the SAF values cal-
culated based on the individualized voxel model and the ICRP data after mass calibration were less than 3.89%. When Y
was uniformly distributed in the pancreas, the absorbed dose in the pancreas was 4.69 x 10”7 Gy/Bgq; the absorbed doses in
the liver, kidneys, and spleen were 6.15 x 1072, 6 x 1072, and 1.65 x 10" Gy/Bq, respectively. When Y was distributed
within the tumor, the absorbed dose in the tumor was 6.69 x 10 Gy/Bq and the absorbed dose in normal pancreas was
5.72 x 10* Gy/Bq. The fitted relationship between tumor volume V and administered activity A at the prescribed dose of
120 Gy was quadratic, with relatively low activity required for concentrated administration in the center of the tumor.
Conclusion The Monte Carlo dose calculation method based on individual voxel model accurately predicted the absorbed
doses in the surrounding sensitive organs (liver, kidneys, and spleen) when Y TheraSphere was used to treat pancreatic can-
cer. These results and the analysis of the factors affecting the drug delivery activity will provide data support for the clinical
research of *°Y TheraSphere in pancreatic cancer.

Keywords: Y TheraSphere; Pancreatic cancer treatment; Dose calculation

Corresponding author: WANG Chuangao, E-mail: wangchuangao45@163.com

TEEBN: TIE (1998—) , &, HRBEm A, BEwFseE, FEFFF T NES Y. E-mail: jiangxiawang2020@163.com
BIEEH AL ®, E-mail: wangchuangao45@163.com


mailto:wangchuangao45@163.com
https://doi.org/10.13491/j.issn.1004-714X.2024.03.002
https://doi.org/10.13491/j.issn.1004-714X.2024.03.002
https://doi.org/10.13491/j.issn.1004-714X.2024.03.002
mailto:wangchuangao45@163.com
mailto:jiangxiangwang2020@163.com
mailto:wangchuangao45@163.com

GRS A 2024 48 6 A 4533 %55 3 W9 Chin J Radiol Health, Jun. 2024, Vol. 33, No. 3 + 235

it R 1) R R BB T R AE VS B WA 2
Fhia®h o 45 2022 4 o [E T M R R 3 RAE T H 4t
THEHE R, R R A % 10%, JET- % 4
8.8, Ji Fi a8 1 5 FR AR T ME LA 2136 = RR T A%
R WRIT TR, Sl FHRIT R BNR T Tk

Y RN BARSS, ORBER FIIA 2.28 MeV.
R, B RE B i R @R N 11 mm,
TE IR C64.1 h) AT A PR 78 1) A 42 32 BOR 7
LR B2 1 2 3KY U ER P & SIR-Spheres ®F
TheraSpheres®", 737 K F B i R 38 38 k3K 471 %
0¥, Y BEIEER B4R A 20~ 30 pm, CEHE A A
2500 Ba/fliak o R 33 32 o7 (Y050 & A A sE 1)
VY, Wl R EAL T REAN AR, WY SRR R A
PR R E R A0, EPR L, 36Ty MERIIAN NIRTT
BRI 16 97 R 3% 4 B AR W), IO R
FEIRITIREE TR MR T B . BREMEE R O
Oy N AE B R B A kYR T R, — L [ R A
IEFERI ™Y BRE AT 239047 2 TR e va 97 (I
IRAFFTE o BEAROY TR N 5 I8 J b 4H 2 A 1 55
B, e R R ROERA T g AT AT 1t ) TR

R A B S CT BUR B MR iR =AY,
I S RIS T VETH S B ALIE FEY BRSOk 45 24
J E R 2 24 DA R B R 2 IR A I AL )
&, o AR, ST RS G AE R,
B AEAY B TUR N T R g V6 I I R S 2
HLE E S HE IR

1 #RERE

RIEAFE 3 ANPIR: B T EFEL CT #
SRR B H R T SRR RIS (MO 7 VE R T 5
ELWR e 2 %5, BLICRP 28 133 ‘SR 5T KA i) SAF %
PEIGAE MR AR MC THE I HER T S5 R -
IRBRY K 05 ikt S B MR th oY AR A TR
XoF J it B ] FE] U 2 B MR
11 MR RERR#E T AR R RSB
PR R YT AUk i) E TR, R T2 ) 2 ICRP
S NAR B, (B PR S 28 B & L B A
TS5 5 295 NAFAE— € 72 7, IR s i Ff vk B )
AR TE, DRI X R B TR MR Y

AT T A R AL AR 1) 3 57 DA DICOM A% 3K )
8 CT 4 BB AE i AN ST, N CT BEHE F 3R
BEBENEBE U LHE R BN CTHET
FR. CTERAE T CT B & ME 5 B ) i

XX S ER I 2 1 ST 3 s el i . UK I R0 R BUE N
Bk, CT AW Ly NI 20 23 55 7K 1 2 P 32 sk
REAEX ZE A, B DFRR:

CT= @XK D)

It

A, o BN 2 2 M S R L K B SR
PERE gk R E, K A7 FE R, BUE Y 1000, CT {H 5
£z 3 HUChounsfield unit) . K453 & & A 5 A~ 1A R
) CTE )=, i — B i R SRR E R, IR
PR MR A R LR RE, B8 S i3
W EBZHZAGE ), f 4R A MC T SRR
1.2 AR EARR 09 FBIE SR LIRS o) 2o
SR R A MC T H 7 AT IR R o R #L
(absorbed fraction, AF) 5 LW i 53 %5 ( specific ab-
sorbed fraction, SAF) J& N [ 5 7 & 1 H i 5 2 2
. AF & CNE E IR XU  REEAEFE X PL K A
SRR 733, IR

E;

Gt —s)= s 2)

Horb, ENEEIX TR BI RE B (Me V), Eg YR X 35
)6 RE B (Me V), W5 &% B AL 2% B AT LA2 [A] — 4%
B, WA LU A A A E o SAF & AW 4 B 5% LA
B PE, B0 kg RRN:

O = ¢ (es) 3)
ny
2. 3)REE, WA
__E _ D 4)
~ Eom, Ep
Hor, Do E K. BT ARREAR

MC FE 5, DB VERLEE B &5 R TR I
o JE I AR B R R E R 4) 2R 2%
R F M) SAF 18, 454 TR0 2= A5 B 513 3%t B 38
B ¥ SAF . LLICRP 5 133 S35 i SAF ¥ {F
NI UEARAE o

1.3 Y BB MR MR R TN ELA T E S
T[S (rr 1))y B SCHIRIX r W25 58 U HEIZ R R
A A YR B R 1 I X i R 14 ST 24 W A 71 7
W, B4 Gy/(Bq-s), T N:

SW(FT «— rs) = ZRWRZi [ER’,' . YR’,' . (D(FT «— rs,ER),')] 5)

Horf B, /&40 € U VERZ R AE R Fe et R b
SFI S i F R SETUAR I I RERR s Yy, A2 TR FE LI



- 236 - RS PR 2024 4F 6 45 33 %55 3 1 Chin J Radiol Health, Jun. 2024, Vol. 33, No. 3

B RAVEE S 7280 [((Bq s) ']s we & 8 55 8
R B4 3 AR 7, ©(rr < ry, Ery) 72 BE & N Eg,;
R Y 45 56 XF R ) SAF AH o B8 X | ~F 35 MR W5 &
Drr 7 AFRIR N

DT,R=A('SW(TT<—I’S) 6)
A, A79 0 21 T I Ja) A X A A 2 1) SRR U
P BAZERIT SRR A

~ T
A= fo A(0)- exp(=1- n)dt 7

Sish, AV NAIMHENIEIE, Bas ANy 2R %
B = T2 T AR RN I
DREBUS T —ftiteo, W8 RS A

A_@_A(O)-T
T )

JUE X F) 5 B m] LA IR A

= 1.44-T-A(0) 8)

Drr=144-T-A0)-S, (rr < rs) D

SAF 2115 S Bl iR S HL, it 52408k
Ja BN AR MC R T 553, THR ORI
BRep EZLERY EPARA A A O AR R S
T I 3 91T B R A B ARG R

2 # R

2.1 BHEARAAREARR R E R Aot
CT I, $¥5 K/ K 512 x 512 x 376, |25 1.2 mm, &5
[8] 2> #% 2 0.805 mm x 0.805 mm x 1.2 mm. & T [
P45 b FE 51 44 3D Slicer™ ), /2 il JF 0 88 B o JE 172 il
JG H CT B8, /£ Geantd FAFI) AL AR E AR
B DRI H bras B A0 BAS B, 3T a6 ER darik
FRAE AR K 1 hEEE CT R 2 DL K 4%
B 3D A B2 AR B B Rk R
(HT AL B E) . NEEITERE, £ XY 485

1 HAraE 2L 3D 7w
Figure 1 Target organ delineation and 3D schematic diagram
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Figure 2 Voxel models of the pancreas, liver, kidneys, and spleen
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Figure 3 Comparison of specific absorbed fractions of the pancreas, liver, kidneys, and spleen
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Table 2 Comparison of specific absorbed fractions under pan-
creatic self-absorption based on two calculation models

HF e /MeV or/kg’ ®,os - RIkg' HHRHRE %
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Table 5 Distribution of dose in tumors with
different volumes
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Figure 6 Distribution of dose in 7,4 tumors under different modes of administration (in the center of the tumor,
surrounding the tumor, and uniformly distributed in the tumor)
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