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[1]Bolch W E , Bouchet L G, RobertsonJ S, et al. 1999. MIRD pamphlet No. 17: the dosimetry of nonuniform activity distributions--radionuclide S values at the 3
voxel level. Medical Internal Radiation Dose Committee.[J]. Journal of Nuclear Medicine Official Publication Society of Nuclear Medicine, 40(1):11S.
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[1]Xun, J, X. Gu, J. Sempau, et al.2010. Development of a GPU-based Monte Carlo dose calculation code for coupled electron-photon transport. Medical Physics, 37, 3468-3468.
[2]Hissoiny S, Ozell B, Bouchard H, et al. 2011. GPUMCD: a new GPU-oriented Monte Carlo dose calculation platform[J]. Medical Physics, 38(2):754-64. 4
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2.1.1 HE P
Fiy (%) 52 66
55 (cm) 172 150
A& (kg) 150 57
JESHERE (mCi) 8.0 10.4
B 1% & BB L 25 k&
K& FFI5RT (8] SESTRT7543 4 SESTE5045 %4
K E5 B #E B 5] 10-2043 % 7S 2057 #h
Rt 512 X 512 X 370 512X 512X 174
CTEIE IR 1.367mm X 1.367mm X 3mm 0.488mm X 0.488mm X 1mm
EE 3mm 1mm
BEE HU{E
R~F 168X 168X 219 336X 336 X 163
4P ER 4.063 mm X 4.063mm X 5mm 1.016 mm X 1.016mm X 1mm
PETE{&
EE 5mm 1mm

BRRE BAEFREE (Bg/mD 6
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0.08 0.21

R~ 512X 512X 174 512 X 512X 370 512X 512X 174
0.04 0.11
" auze  0.488mmX0.488m  1.367mmXx1.367m  0.488mm X 0.488m i 003 0.079

R R mX1mm m X 3mm m X 1lmm
RFRE 0.05 0.13
BE 1g/cm3 HUERZEEN
HthERAL 0.8 1.7
RENHESTER .
PR BERERESW(REA . 15
SR Ky, gyE  (RIBICRPLZGEH)  RRMHER ( 0.24 0.26/0.23/0.16
MhESH, EE [RIAPETEI& 5. 105/5%5/1%)
PETE&

[1]Schneider W , Bortfeld T, Schlegel W . 2015. Correlation between CT numbers and tissue parameters needed for Monte Carlo simulations of clinical dose distributions[J]. Physics in
Medicine & Biology, 45(2):459.

[2]ICRP. 2015. Addendum 1 to ICRP Publication 128 : Radiation dose to patients from radiopharmaceuticals: a compendium of current information related to frequently used
substances [Ann. ICRP 44(2S), 2015].[J]. Annals of the ICRP,2020.

[3]Xu, X. G, T. Liu, L. Su,et al.2015. ARCHER, a new Monte Carlo software tool for emerging heterogeneous computing environments. Annals of Nuclear Energy, 82, 2-9. 7
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BRI 155

i x=2u\/(1—(u2+v2))

FEH A — y = ZV\/(I — (uZ + vZ)) (2.2)

z=1-2W?+v%
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2.2.1 FFFBTH:

1. GATE: 2. ARCHER:

User layer AR c H E R
Application layer
Core layer W
ARCHER;; | | ARCHER-CT A;-E:Tj:- ARCHER-NM
[E]2.2 GATERYZ5 #(1] [E|2.3 ARCHERE&

[11Jan S, Santin G, Strul D, et al. 2004. GATE : a simulation toolkit for PET and SPECT[J]. Physics in Medicine & Biology, 49(19):4543.
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CT Ef% > AR ER N
ARCHE . v
| mpon | e
PET [E{% > SR

[£]2.4 ARCHER-NMiT B 72

SHE
| ARCHERNM | GATE

YRR 4a ARCHERAE4HIE /LI emstandard_opt3
s R FFA10keV, HFF3200keV 5ARCHER-NM—%
MR 5CTE&—%
. : Intel (R) Xeon (R) Gold5120T
HENEE B-k: NVIDIATitan VvV CPU (56/BIBH, 6AGHE)
BERRFE 1X 101 1X 109

[1] Liu T. "Development of ARCHER—a parallel Monte Carlo radiation transport code—for x-ray CT dose calculations using GPU and coprocessor technologies". 2014.
[2] Su L. "Development and Application of a GPU-Based Fast Electron-Photon Coupled Monte Carlo Code for Radiation Therapy". 2014.
[3] Lin H. "GPU-Based Monte Carlo Source Modeling and Simulation for Radiation Therapy Involving Varian TrueBeam LINAC". 2018. 10
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[1] Wang Z, Chang Y, Peng Z, et al. Journal of Applied Clinical Medical Physics, 2020, 21(12): 272-279. 11
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1. 7k$§ .

mEE. D= A ey B, uy, ABNKTK - dppo ERBIRYGHE
oy 7, MGHRE, pHFIEXTE: dn,HERHBE,
FitRE: U, = Zipu: (2.6) %I‘E_ﬂﬁ

2. w1l

s k55 51 BRER ﬁf;gﬁ"% BRRENE | SEREHE | BEgtiss

18F-FDG A= f Ag-e

A (t) = AyF; exp (— Tl::jf t) (2.10) d D

PRAVAS A [P a @ de (211)

A-d (2.12) D; Z‘Zf‘m‘ (2.7) y, = ? (2.8)
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3.2.1 7K%§

I 2mm

1e_10 1.0 1e—10 1.0

O
0

o
(0]
absorbed dose per activity: Gy/Bq

o
o
S
o

o
IS

o
I
absorbed dose per activity: Gy/Bq

o
N
o
N

0 5 10 15 20 25 0 5 10 15 20 25
mm mm
[£13.8 GATETTE/K 8 BY B3 5 B IR WAL = [£13.9 ARCHER-NMiTE 7K FE R B AL E FE IR 2
GATE: 5.82X10"15Gy/Bq ARCHER-NM: 5.80X 10-5Gy/Bq .
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3.1 REERLMNFIEMSIHR

2 I BE 25 GATE GATE ARCHER-NM ARCEHR MCNP MCNP EGS4
le=10
o GATE (cm) (Gy/Bq) GiitiRz (Gy/Bq) GritiR % (Gy/Bq) itz (Gy/Bq)
1.0 A —e— ARCHER
o EGS4 0.05 1.01E-10 0.32% 1.03E-10 0.58% \ \ 7.70E-11
g —&— MCNP 0.1 3TTEAL 052% 3.54E-11 0.58% \ \ 2.13E-11
S—
L:g"\ 0.2 1.04E-11 0.99% 1.01E-11 1.24% \ \ 5.37E-12
0.8
= 0.25 6.76E-12 1.23% 6.58E-12 1.50% \ \ 3.42E-12
>
- 0.3 4.65E-12 1.47% 4.65E-12 2.10% 2.80E-12 0.17% 2.37E-12
>
- 0.4 2.66E-12 1.96% 2.68E-12 1.77% \ \ 1.33E-12
Uope
© 0.5 1.69E-12 2.45% 1.72E-12 2.82% \ \ 8.50E-13
_
g 0.6 1.19E-12 2.95% 1.21E-12 4.26% 6.31E-13 0.33% 5.88E-13
E‘I 0.7 8.72E-13 3.47% 8.82E-13 4.94% \ \ 4.32E-13
0.4
-g 0.8 6.78E-13 3.88% 6.84E-13 6.57% \ \ 3.30E-13
B 0.9 4.80E-13 4.64% 4.89E-13 4.88% 2.74E-13 0.49% 2.60E-13
-E 0.3 1 4.18E-13 5.02% 3.94E-13 6.26% 2.01E-13 0.58% 2.10E-13
o 021
E 11 3.80E-13 5.23% 3.30E-13 7.25% \ \ 1.73E-13
© 1.2 2.84E-13 6.04% 2.84E-13 10.97% 1.53E-13 0.66% 1.46E-13
0.0 - a— — i —» - P >— P ® 15 1.90E-13 7.28% 1.85E-13 7.85% 9.73E-14 0.82% 9.25E-14
T T T T T T T 2 9.92E-14 10.45% 1.06E-13 12.79% 4.92E-14 1.14% 5.15E-14
0.0 0.2 0.4 0.6 0.8 1.0 1.2
3 4.83E-14 13.85% 4.73E-14 16.96% 2.40E-14 1.61% 2.29E-14
dIStance '\ cm 4 1.81E-14 17.62% 2.58E-14 18.76% 1.28E-14 2.16% 1.25E-14
311 %UE%T&EHH@%[” 5 1.40E-14 18.91% 1.60E-14 37.56% 7.92E-15 2.69% 7.63E-15
7 5.32E-15 19.73% 8.00E-15 86.09% 3.82E-15 3.78% 3.73E-15
[1]Luxton G, Jozsef G. 1999. Radial dose distribution, dose to water and dose rate constant for 1 aS8EAS  20.00% 60ES 10000% L7345 545% L6764
monoenergetic photon point sources from 10 keV to 2 MeV: EGS4 Monte Carlo model calculation[J]. 15
12 1.39E-15 19.97% 1.90E-15 72.27% 1.03E-15 7.01% 9.81E-16

Medical Physics, 26(12):2531.
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=R aIRIGS

S5%iHzE
BAEE R GRIE (Gy/Bg) ZE 5] ARCHER-NM
AAFR
(GATE—ARCHER) /GATE FRiHiRE
GATE ARCHER-NM
[185, 256, 256] 1.52E-15 1.57E-15 -3.77% 0.90%
[184, 256, 256] 1.43E-15 1.57E-15 -9.81% 0.72%
[184, 255, 256] 1.70E-15 1.53E-15 10.01% 0.97%
[185, 255, 256] 1.65E-15 1.55E-15 5.78% 0.97%
[185, 255, 255] 1.56E-15 1.56E-15 0.01% 0.77%
[184, 255, 255] 1.57E-15 1.57E-15 -0.03% 0.74%
[184, 256, 255] 1.55E-15 1.48E-15 4.70% 0.73%
[185, 256, 255] 1.62E-15 1.53E-15 5.30% 1.00%
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le-14

e © 9 koEn R
B oo o0 RS

absorbed dose per activity: Gy/Bq

o
N

[£]3.22-3.23 4R 1EHISF-AVASTE B4R (Z£) ARCHER-NM,
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T
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e
o

(<] o
» ©
absorbed dose per activity: Gy/Bq

©
[N}

o
[=]

FATT 185, 2 msemimnss

#*3.3 ORMhias MF = R RAER REFIE S %R

ALY EER ISR (Gy/Bg) ARCHER-NM
(AERALY 7 R

GATE ARCHER-NM SITIRE
[87, 256, 256] 1.37E-14 1.53E-14 -11.82% 0.81%
[86, 256, 256] 1.39E-14 1.57E-14 -13.25% 1.07%
[86, 255, 256] 1.34E-14 1.50E-14 -11.60% 1.65%
[87, 255, 256] 1.44E-14 1.45E-14 -0.60% 1.43%
[87, 255, 255] 1.42E-14 1.52E-14 -7.15% 1.01%
[86, 255, 255] 1.55E-14 1.50E-14 -0.10% 1.65%
[86, 256, 255] 1.53E-14 1.47E-14 4.01% 1.36%
[87, 256, 255] 1.51E-14 1.54E-14 -1.61% 1.25%

(&) GATE

absorded dose per activity \ Gy/Bqg

[£]3.27 Yh[=)57 B IR

distance \ cm
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GATE (1X10°) 2415404 §
ARCHER-NM (1X109) 2157 ¢
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GATE (1X109) 2426404y §h £412604 §h
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R34 FIHRESFIERNENXR

GATE ARCHER-NM

7}(% :

19.60% 73.10%

. 1.91% 2.06%
oo 1.35% 1 45%
BT oo = LB R0.5, BIEERREIE A 8 AT
BT o 0% BHS0%RT, BRI EM LR AR ANS
| 006 | 0.78% 0.83%
o0 0.70% 07750 THRZERE]70.3%LLT
| 008 | 0.65% 0.73%
009 | 0.63% 0.70%
o1 | 0.60% 0.71%
“ 0.45% 0.51%
03 | 0.35% 0.35%
04| 0.31% 0.30%

0.5 0.28% 0.29%
06 | 0.26% 0.29%
0.26% 0.25%
08 | 0.25% 0.25%
“ 0.25% 0.25% 19
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W GATE B ARCHER-NM
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2.50E-15

2.00E-15

1.50E-15
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5.00E-16
0.00E+00
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oy €
nice and 1<

W GATE B ARCHER-NM
3.00
2.50
)
1S
I 2.00
-
=
X 1.50
=
B
1.00
0.50
0.00
T ARIR ARR¥R ANAE AUEE At A8 ZRR ARKR  TEE B
FERLHLR
&3 18F- RGICTE b i 5g
[£]3.30 18F-AVASTR I CTE 1% 57 S 45 R HT E #£37 BERKFSHEITHEE

234% 134% 143% 1.77% 1.86% 1.49% 1.79% 1.62% 1.77% 1.88% 1.47%  1.96%

22



Grosrasrt  BEW BREMR

PET &5 A SRR A SR 770

ST IRE 7 S EEFERE B

«—XJ0.511MeV RIS F X AR IR PG E4TF1016-10 Gy =R

2B RIRWBGHZE /N TF10mGy

FEFRESERNRRE: ¥EHE. HUERZEEFHEATHARE
FINRERAWER: SEZSNMREFATFHRESD, B AEEKENS S

23



@ IEReeean FUE HiLAMRE
£ip

- % T ENTETGPUMRNRFF R B EXEFARFRBGIZEMRE——ARCHER-NM
s WEERERE TEEFN—H 1

« BMERFGEREIR FHRAGATEN—BEEZMNERT, RERA T —BZE

%tﬁ .

o U FF HEITERN BRI £ AfnE

o ST AYE T REIERET EF KR

Bl =

« GPUMMEFAR+FHFFIEHEATEREZRERARBSRILTIE

BE&TRILX:

o ISR E, 2021, ETHEGTHEZABF-AVASEIPET-CTERIG BY RN 2B 20 N BB ST IR EF4EF 58
HE, (FEEZYIEFHE) , RHREFET 24



