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HRMIR
> RFEBTXAFMS, YEFNEAE, ERyrdE~HEH
iz
EHCEEREITRFBYTHLIESR 799K, PESEERNEHLIR,
EAZERBRFRUT RO+l (PTCOG, 2021)
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TOPAS P3.31 S FZRIUTE
Pyt 3.1 =l E>0? > sk
Matlab 2017b W IE v
— R EER o
> B R FRERE RS EE T PR i
- GEANT4 B2 1R R FiERE
PR S5 28 240 (CPU X 2: Intel Xeon
* FLUKA E5-2698 V4 X 2 3.20 GHz, 16 X2 =32 : ‘
. ! 1. B THIUIRGS
threads, RAM: 64 GB,0S: CentOS rel . 2 ‘
* MCNPX reats entos release 6.9 2. FTHNE, BAE N A
« TOPAS 3. Fllr e I
4, WRIERMNEMHE N — B TIRE
> RATOPASSIFF T HRIRE 5. Giitgh iR,

ZEERIT 2 VIEARNE L I R 2T 7% )
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£55—: ETTOPAS, HHARRERFRLETH 9 EHERM

1. Bl AR NS KEAR CanEl2.2) BV BRI =046 DL R LET R 7046, AEE B FE122MeV . 158MeV .
180MeV. 201MeV, REILHTERL T 2091 X 108,

2. SOBPA S /KRR [P 4 £ 751 2 53 A7 LA S PR FRLET 1994 . SOBPHIFIJREE 200 MeV, #2821 cm, i
il 55 FE 1L om, BRI ORI T2 1,28 X 108,

R 2.2 TOPASE GEANTAYIRIRIR Z FR7T L R E R IR T T2

TOPASHRER & FR GEANTAERZ FR IERiT 12 LAZ )
g4em-standard_opt4 G4EMStandardPhysics_optio X F4IIEd 2. [EHE U \
n4 Fidie, ER#MSE -

g4h- HadronPhysicsQGSP_BIC & FRYIEFE MBSt m—— i I R N R
phy QGSP_BIC HP HP
g4decay G4DecayPhysics B ZMRTITIE J
gdion-binarycascade G4lonBinaryCascadePhysics = F B9 38 14 58 T #8 B {E l oo

H (NENYE N
g4h-elastic HP G4HadronElasticPhysicsHP 38 F A58 M4 B 5 E2.2 KiEHEREE

g4stopping G4StoppingPhysics i PR LE AR
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y
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BT e SRR 2 BT T, L
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EARPE R A “Only Include Particles Of
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Generation” FEHHT X K P T T AT I 1% .

> ;ﬂﬁbk% I‘nﬂ {E-
FedA] “Cut for Proton” B NO. 0lmm.
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> Y EE
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L R
R 2AMPN BB RHEFH L HE
MR A TR BB (g/cm?®) FHEE (eV)
7K 1.00 78.0
fi 0.30 75.3
Bkl 1.45 85.9
Hk2 1.92 110.0
} #4BHE FE 4bAL |
i 1 5T

E2.4 K-ME-KREDREE, AR AL EM RS
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ES5= ETRFETX, WHEEYTE

- |

2.5 miEE (X4 %, 2019)

> RGRIRERAX L ZFWERNIBAIERSFWHEHT B S, EFEEES5E7£99.59~226.35 MeVRY302H
RFRAGEETESH, HEENRRSERALEBENFXITERSE.
RT PLANZREIE R T :

> FxEBAE R 5 B R BR 552 /9250 cGy. HLZRAE 7 AIE0EMI80E, BMAENRFREH
7919370138,

> BI5|BRBNIE R I X BRET5TIE A200cGy. HZRAE ST ARI0EF270E, BNMAERNRTFRE
#791624%11626. ;

RILLA. 2019. Fe TS5 R B A I 10T MO AV E IS UE VA S R G0 FE[D]. A L. o ERFAROR K5 i
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EFSZ ETRFETIR, HMEEPHE
3. BEEFE
> BBECTHEEEE (WE2. 7
—HUER % R R (Schneider, 2000)
——25M 1kl ([-1000—2995])
> IEFEAL
2R/ D SHICTE, B TOPASHI R &
JWAEZZ BN R, FARYEZZCTALE (S B-F
MTOPASE i 55O i E G

2.7 TOPASEEEANEE. HPBEEEZMN
RERRFA TR, BERSRRTOPASESR,
AL A

Schneider W, Bortfeld T, Schlegel W. 2000. Correlation between CT numbers and tissue parameters needed for Monte Carlo simulations of clinical dose

distributions [J]. Physics in Medicine and Biology. 45 (2): 459. .
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> FYIFIEITE

75351 (®FK) : Dose;; = Dose x 1.1 (2-15)

F37%52 (McMahonFF N) : Dose gy, = Dose - (1 +c- LET;) = Dose - RBEgr, (2-16)
53753 (HenthornF¥ A) : Dosepgr, = Dose - (d - LET, + €) - f /v, = Dose - RBE pr, (2-17)

— PAPANEI AL AR AR A NT B ERAEYRERZES, RIEFRERNEREAN 5% 5
— SAEAPIMLETIENMASEL D | D,AID, HADZEMIX AN, LINEAAIEI40%; D,
— McMahonF AL & 2 2 b SLIX P, ABAHIE A DE AL, 2R kA& 1120%.

1. McMahon S J, Paganetti H, Prise K M. 2018. LET-weighted doses effectively reduce biological variability in proton radiotherapy planning. Physics in
Medicine and Biology. 63(22):22-32.

2. Henthorn, N T. 2018. In silico non-homologous end joining following ion induced DNA double strand breaks predicts that repair fidelity depends on break
density [J]. Sci Reports. 8(1):2654-2663. L
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£&— :EFTOPAS, HEAREREE]
> RBBRFHE

3.1 R BT EEX 122MeV B F R & FHILETHIR ML R 3.2 B E FHIEXTSOBPHIFI & L ETRY S
KRR T BIE 80% ﬁugfo?LET S— 90% 1] RAPT BUE 80% %U%fggLET S 90% 17l
(mm) i i central -7 (s) (mm) 0 70 central -7 (h)
proximal proximal distal proximal proximal distal
0.01 5.68 6.61 9.78 9.35 1193.33 0.01 1.32 1.55 5.15 7.60 72.20
0.05 (Default) 3.64 5.99 7.62 9.35 377.47 0.05 (Default) 1.21 1.31 5.01 7.49 50.27
0.1 3.52 5.83 7.51 9.32 319.42 0.1 1.19 1.27 4.98 7.47 44.72
1 3.48 5.80 7.55 9.33 232.82 1 1.17 1.22 4.95 7.45 39.42
10 3.38 5.80 7.50 9.33 192.68 10 1.02 121 4.90 7.42 38.94
100 3.37 5.80 7.49 9.32 187.66 100 1.02 1.21 4.89 7.42 38.66
1. FERGRF BRI R, & P LETFEZEE k) o
2. ARG T BUERTImmis, = FHLET LA HARL
3. FEAE IR 1 BIE G, AU [a] 38 8 /)
4. HIRPJF T BUEImm,  HLRE 5 AR K Z1980/050%, 11 SOBPtHJ/>£130%
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3. ZERETNL 5=

EF5=: ETRFiaritxl, HMEEYFI=E

> SOBPAST7K A&
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3. RS ws-

Fs—. &

Brriafrirkl,

3.1 SZRMEERITR

FPf

5

) LET RBE L
vk (cGy) (keV/pm) (cGy)
Z% e ATAE WS RIS RER RIS AR RISUR
1 D: 104.64 76.44 - 1.10 1.10 115.10 84.08
D, 24794 199.60 1.10 110 27273 219.56
Ds 5248 41.25 - - 1.10 1.10 57.73  45.38
2 D1 10464 76.44 162 2.82 1.06 1.11 11092 84.85
D, 24794 199.60 9.94 5.78 1.39 123 344.64 24551
Ds 5248 4125 1.98 3.50 1.09 1.14 56.64 47.03
3 D: 104.64 76.44 144 1.64 1.09 1.09 11406 83.32
D, 24794 199.60 6.67 3.51 1.35 120 33472 239.52
Ds 5248 4125 197 1.90 1.08 1.12 55.63  46.20

X < RTHAE

PR A AR A 2 RN,
R Ti6 97 PR AT S T 1 AR,

> 5FA1IEEE, AR2MB3EEXANSERFRK, M
XM R EFRD
— R . FIR2IAAXT ZE R T1.99 cGy, HHXTZER N
26.36%; J7iE3MI4NTER61.91 cGy, X Z 7 HN22.73% .
—— R FIRRAE . 7R XT 22 7 925.95 cGy, FHXTZE TN
11.82%; J7k3MI4a% 7 7 919.96 cGy, AN % 57 49.09%.
> XTEE A A2FI3 & INFE X A m BN E RIATR )N
i 350 R0 AT 270 i e i K 22 7 0 1) 2 9.92 115,99 Gy s

S ARG R 1055 A LN R DA RE X WA IR K ZE 7, X 1% Sl
R BE 2 T A RN
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1. HETAERBRREFRLETHSMH, Hoth 7T HEEMN

> EETHEMLETH S

> T IHTERMLETHRIME R
2. THElIRERFITRIBESHE
> AEIHLEHIRBERLE 322 2 44 /)N

> HigRMAK, ERAEXEREXR

BFTZ &b
L U LET [ UL HEAT RGEHE A3 4T -

2.5 T EE T P SRAN R ML A A= DR AR A
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1. LETHUSREN BRI AZHBIRIFFZERUNARNEFE, #F, BEAZATIRER, KK
H T1EI%45 & DEEPPLANTF A —EfETLETE %,

2. BFHHARIEKMELET,

3. WHUHREIFBARE, 2trfElaEE FREDHE.

MTEEHE L RN FERIL SRR ER
1. P, SKIEMS,X)Z% %2021, E T A RHEITE D SRR T BT RUT R[] Bk
St EFEShiPA R .41(4):274-279.
2. SKIZHS, PEE, X401, 3F. 2021 ETlGAKKRFINE:EH) DeepPlan R RIZBAIEZE[]].
EEFYEF 2. 38(3):287-294.
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