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- A Monte Carlo Study of Dose Enhancement according to
the Enhancement Agents -

— IEXE —

Monte Carlo AJEd[0]4S o]83te] MV X, yAlolAe] A5l 3= 37818t} MCNPX codes: o]-835}ed
ICRU 33 (Slab) EoJuZAE rIEARIHO™, YAF BAle] U], A7t 229 37 2 s we
ke EAeidt) A7 E28 Faurum), 7FEwlE(gadolinium), & 2 =(iodine), ARF(iron oxide)ol]
3 vl Hristlon, JAMUAE AF71E7]ollA BAE 4, 6, 10, 15 MV X412 28 E- T Co 609] yAYS
AgaHIcE. ReloiEA ol 7, 18, 30 myp Fe] BAE ARIHIOH, A Fkel AFA WHE Sl
SIS S, XU PV A G B B} 5845 e AT
Epfiglom, Hdl dF57iE 5 1.079, 7FEElE 1.002, 89 F 1.049, 2Bl 1.0358 X &, 7l=es, 82
= 2Bk 7t wo 2 E2 AT 29E Btk ol B In-vivo, vino 9] V|1ZAEE 88
Us AR AlEHC

& HO: 2= AR, dusrt B4, dusTmM

.M =2 Aol &-(normal tissue complication probability, NTCP)
2 A $-R|5lo] X &E7l5H|(therapeutic ratio, TR) <7}
A AT e SR ol o b 71N S e ol WA M9 et
o} AAUEE FAE B0 Aol tet Az 2 2 AN n-vive, vitro) A RALTAHMonte
27 7ho] A5 2Me A S o] Fof B jgt F<=  Carlo simulation)& &) EHJ A8 A7t Ears] 28y
URE ol Wolt . WAtA Belety Aleatg EojRaL ik, AEE7tel o8 8 2= (aurum,

2 A & I (photoelectric effect), FEE Ak compton Au), 7F=¥]sE(gadolinium, Gd), 82 %=(iodine, 1) 0] &
scattering), HAPFAYAl(pair production) SO=2 A3t TEI glom™Y MeErzrl guke B 28 Uzt
& glonit, oleiw 80w sl WHE 2 w4el 5 o D1 R, YA el S kel ke
7H= AR AeFErt FAto] 7)ofgiel) . A xR & Holil 9}, Zhang B2 Ir-192 A9L 0|83t ZHA =
o A WRAMA AMeFErt SAARS FoFo] HAAo]&(tumor (brachytherapy) AAFEA} Aol A 2 UQa}2 245
control probability, TCP)S t=o]wA] Z=H HAF7of| 3t o] 30% olAke] AeE7l FAFS B st om™, Bahreyni
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1. Monte Carlo 22&l

Monte carloS E3F A4 HAR= E414 B £&(random
number sampling)< ©]-&3l= HH o 72 kst 2o tf
& 33hl oA A b-E WARS 4= QUok, & o]
A o= 2AdE A =7 A4A(Los Alamos National
Laboratory, LANL)o|A] A2t=l MCNPX(Monte Carlo
N—Particle Transport Code, ver 2.5, USA) codeE %]-8-5}

o, ROfuEA|= FAPAI 193] (International
Commission on Radiological Unit and Measurement,
ICRU) Q| HT&(Slab) X OJF|ZH(30X30X15 cm)&E ©o]&
shoiet. W 542 ICRU 23|(tissue) O = F/4J5131 .o,
E49) 742 ICRU 395 £5311thTable 1)'°.

UAF oleA]9] A8 E G & (build—up region)< 117
stol Wy moluEAle ERomRE Ao
5-10 cm Ao AFErt E4-S YAAFHLH, 5 mn 7+
o2 A Altally cell) S A5, Zolol upe Hzps)
o} Ml Bake BAGHICHF, 1), YAIUALE 4
6, 10, 15 MV X417 Co-60 yAlell thall 715 BAlsieich
XAl v]= Varian medical systems AF] 2300 CD A3
7}4\—7]94 MA AEZS o] gstgom™® Co—60 vAIY

2 1.17, 1,33 MeVe] &Y A EZS @319t Ayt
HOJu|FA| TR S| ARl= 100 on, RAPFS] A7)=
10X10 cn®2 dtgon, B2 oA Zxje} A=A 3]

Table 1 Material specification of ICRU tissue

Atomic  Atomic  Weight  Densi
Symbol  Element . g tgy
number  weight fraction  (g/cm’)
O oxygen 8 15.999 0.762
H hydrogen 1 1.0079 0.101 Lo
C carbon 6 12,011  0.111 '
N nitrogen 7 14.006 0.026
Photon
beam
LA RN
Enhancement
= material
30cm
ICRU Slak
phantom
30 cm

Fig. 1 Schematic representation of the Monte Carlo
simulation geometry for dose enhancement agent

F7) Akt oju QA FAelu x| o] Satghe 1 keV
2 APstgen, 99 2y F5E JUAMev/e)E

MCNPX Tally 6& AMg-3lo] SESIATHY. E3t A} 7%
WA= 3% o|uje] 5417 BE wES 93] 2107 vHE

Alsyshtct,

7, 18, 30 mg/goﬂ m}ﬂ AeZ7) mg B3,
T4 217te] B0 2 YA UEg wsl]
uhE P4 B vEE Agelglon], MRt Avel
AeFA v|n BAS 2)sko] AekZ7H](dose enhancement
factor, DEF)& AI&3}9ith o= A ()3} Zro] W73t 4=
ek,

Fhergy deposition cells with enhancement agent

DEF= : Al(1
FEhergy deposition cells without enhancement agent 4@
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Fig. 2 Depth dose graphs simulated for 18 mg/g of various
enhancement agent with (@) 4 MV, (b) 6 MV, (c) 10 MV,
(d) 15 MV and (e) Co-60
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Table 2= & A9o)A 2g= o g7 =42
. ARl A, FEe wE As7E Uehi itk &
YA+ 30 mg/g EE=F A8IF A, 4 MVOA] 1,079, 6
MVOl|A] 1,059, 10 MVol|A] 1,011, 15 MvoﬂA1 1.003, 60Co
vAlollA] 1.0459] A=k57H1E gRRIE 4= qlglen, wida
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Table 2 Dose enhancement factor for various enhancement agent, beam quality and concentration

Enhancement agent

Aurum Gadolinium lodine [ron oxide
Material concentration (mg/g)
7 18 30 7 18 30 7 18 30 7 18 30
4 MV 1.049 1.063 1.079 1.039 1.048 1,062 1.026 1.037 1.049 1.019 1.021 1.035
6 MV 1.035 1.043 1.059 1.025 1.030 1.048 1.016 1.022 1.034 1.010 1.015 1.025
10 MV 1.009 1.010 1.011 1.004 1.007 1.009 1.003 1.005 1.007 1.000 1.003 1.006
15 MV 1.001 1.002 1.003 1.001 1.001 1.002 1.001 1.001 1.001 1.000 1.001 1.001
60Co 1.024 1.030 1.045 1.017 1.021 1,036 1.009 1.012 1.027 1.006 1.008 1,016
Z Aol wel AiHos we AgsvhuE ®ald
57 @ oo 27 qke) M) Aol 4, 6 MV XAolA] A3
£ 108 AW UFERom, 10 MV o]4Fe] atefiz] xAolAe Altfae
50 X 15 MY 2 @e ol2 nyrk E3 B4 ol Yatoluixo] u}
g o X600 = Aekzrhile] Wshs &, 7HEelE, 90=, A8k 9%
£104 o ° FoR et g7t 53l 2 81U4% et At
3 102 x o e, iAo her oS seigk 4 Ut
o A A X 2
1.00 X . ® X .
Au Gd lIodine  Iron oxide
Enhancement material 2 _—Ll ;ér
e 110 &4 MV
§ 108 v 06w Eo AANTO} AAUEE 7IAE AgErt Bao] 2
2 oMY A= YA B2 9] §-8- & (cross section) F7F2
£ 106 e oo OJoIAITL, of RaRo] gt S oA F72 olof
3
5104 o 7 AL, kv XA GelolA] ol B W] ABAge %
5 x 2 Fate] ot ukgoln, MV XAl dejel b F=d
gro - Arb A e) A4 SHgol B AoR deiA 9t
100 PN S S S— P gaabe 2] Au sl e WAl S o
e Enhanfecrlnent nica}?ei:iZI ron e e L]‘Fj]-LHJ— SO, EREEL AT PSS
o] PApsel Jrid o B o)2Ag Held ue} *d_
e P oamy F57H 240 9T AT WA kv XAdol B MV X
810 o o AolA) e amtg woj: Zlos Bus o, & 5
8.0 B o] BIgt kv, MVAISIA & e dapzrie] Wik 2}
§ | - +60.Co o] weg Apzof w2 kv XAlolA] 150-1,6004) ©]
£104 AN Aol WS Bl v, MV XHolA: 2-200e] WS
2 102 o 0] ofelgt TS RS i Ao AR,
8 a4 o, F SlA AR olol IXF FF ARE AT YA MV
100 X x X & olo] of x| ofo] 2 o= ek oA thert
Au Gd lIodine  Iron oxide _ -
Enhancement material A7 =40 gt MV XA 9] k57 aut dte] g
Fg. 8 Dose enhancement factor for various 7 dasieia g 5 oler

enhancement agent with concentration of (a) 7 mg/g,

(o) 18 mg/g and (c) 30 mg/g

AS7E 222 shehA] QA A At aest
of 2 o, 7FEElE 5ol tig teel A3 d77F By
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*Abstract

A Monte Carlo Study of Dose Enhancement according to
the Enhancement Agents

Jung-Hoon Kim"-Chang-Soo Kim"-Chulhwan Hwang?

D Departments of Radiological Science, College of Health Sciences, Catholic University of Pusan
? Departments of Radiation Oncology, Pusan National University Hospital

Dose enhancement effects at megavoltage (MV) X and y-ray energies, and the effects of different en-
ergy levels on incident energy, dose enhancement agents, and concentrations were analyzed using Monte
Carlo simulations, Gold, gadolinium, Iodine, and iron oxide (Fe,O;) were compared as dose enhancement
agents, For incident energy, 4, 6, 10 and 15 MV Xray spectra produced by a linear accelerator and a
Co - 60 y-ray were used. The dose enhancement factor (DEF) was calculated using an ICRU Slab phantom
for concentrations of 7, 18, and 30 mg/g. The DEF was higher at higher concentrations of dose enhance-
ment agents and at lower incident energies, The calculated DEF ranged from 1.035 to 1.079, and dose
enhancement effects were highest for iron oxide, followed by iodine, gadolinium, and gold, Thus, this
study contributes to improving the therapeutic ratio by delivering larger doses of radiation to tumor vol-
ume, and provides data to support further in vivo and in vitro studies.

Key Words : Monte Carlo simulation, Dose enhancement agent, Dose enhancement factor
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