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Abstract

N E AW I BIRR IS 2 A e b, TREFEHIET S 20D
T AT 4 7% Bostick HIZ Xk VR[] &7z, G ERAEIELEELE LT
MRI 23FE B 4L, Falt TIEKANA 2 AW T3 E# 4 4 > 72 MRI-Linac Ot
21t & %, W TR Sl ZIRE T DSRIER B O DA I RAE T BT 2
N DENL CHAFIZ /2D &0 ) AR [R]1 B . ilids ARG IR~ DI & 5 %,
W2z vl D CT 7 —Z Z HATH WSS T CHSBIBR 21T - 12356 O &5
ZEIE L, TORRELMEELHRE Lz, [4]

Al B ORI X DMEDNOERZREET ~ < KRB RFITER
EINZETRIA T v & AVF YA 7o ba rHkABAASR Ar—LvEeT
N BHERICH 7 =Ty N A EH T v T 0 VA EBT &
WTEZITo DT, BlllSNZEREMER, T LTy Ialb—a20
RIC L > TR REEZHRET D,

[1] W. H. Bostick, “Possible techniques in direct-electron-beam tumor therapy”, Phys. Rev. 77,
564-565(1950)

[2]B. G. Fallone et al., “First MR images obtained during megavoltage photon irradiation from
a prototype integrated linac-MR system”, Med. Phys. 36, 2084-2088(2009)

[3]A. J. E. Raaijmakers et. al., “Integrating a MRI scanner with a 6 MV radiotherapy
accelerator : dose increase at tissue-air interfaces in a lateral magnetic field due to returning
electrons”, Phys. Med. Biol. 50, 1363-1376(2005)

[4]H.1toh et al., “The Estimation of Dose distribution of MRI-LINAC with EGS4”, KEK Proc.
2008, 81-88(2008)
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PURSEME, THRGL D, FILH— 20 JINRSER, ZIHE . /MR vV
B BRFPRFBE, At BRAEFMRER D, 4l ERFEE LR S 2

[H/] BRTOFFICB N TRIEM 7 7 > N A O&~—h —IC X 2 BELR O EZ v —
AHUDET TR L, LosL, EEEO AMEA~O BRI I T B — A7 18 A
DAL O BEDOEBE G IEFICEHEIZ R D, T CAMRETITE S TAAREE, 7 4b
DEIC X B, VARG A B C B — AT e LR 6] OO R SRR R AR A B L
%47 5 2 & TR OB MBI IE T B A it Lz,

[J71%]) A8 7 7 > b 2% ToughWater, ToughLung, =/L 7 ¥ CHERL &AL72—32 30 cm
DINLFE UTe, B SMET SSD100 cm, FEHEF 5 em X5 em & L CE— AL EICE
& 2mm Oe~—H—5EE LT, o7 b aiE T Electron Gamma Shower Version
5 (EGS5H) & v 7=, FEHIiE Varian 442 CLINAC21EX(10 MV X #) 2 L, &~—7h —
JE31C Gafchromic EBT Film # #eZIE 24T - 7o, 1BFEFHRIZEE X XiO(CMS) & 1 L |
PREFTHR T L2 X AT Superposition E%2 AWz, ZE 55 LTSN &
(OCRIZ 7 7 v h A FifiH D 5 em W TIEBLATT, EGS5 &MUl LTl L7z,
[FEREOEL] &~— D —HAOERITHD 8.1 cm BIZBW T, 50 %Lk EOMRELTO
OCR ?™#£1%, EGS5 2%t L EBT TV 1.28 %, XiO (2 X B3R TFH 3.25 % Th -7,
XiO (2D TIEAFULMRAT T THOR 18.7 %D/ Na-li & 72 o 7=, &~ — I —HEDES TH
% 8.3 cm EICHB W T, [FEEO#ERT?D OCR »#%i%, EBT TW#) 1.56 %, XiO (2L 57
BTV 826 % ThH o7, ~—I—FHIIZR S5 EGS5 1247 5 Xi0 DEDEIXEID
G~ — 71—\ K DB ITEEL. AT ERGEL. ML, IR O B AV I K 2 MR EEEN,
MERDEZELSHETETWRWZ LICERT 2O THL EEZXBND, SRIORSR
P B IR EHEE S K 5 R TIR AR Le~ — 0 — (T CEERRE. H 25 Wi/
BERGTHHREERHD . TN EEORENEZ HND,
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O BRIERICB W CREFTEZITHO T3 U XL EOE S L{EEMEN
VELEEINTWD, ZZTHEL 2770707 7 b A& AW REEIC
BT 5 H R (output factor) DR HIZEBWT, 77—~ RIEHEH I X 2 HIE.
B OVREG A E (Eclipse)lZ L 55HE., oIk ® 7 h/bm a2— R EGS5
(electron gamma shower)|IZ L5 = L—y a Y OFEREZRE L, FHGED
FEEIZOWTRET 5,

[Fi£]
£, BEERIC L DFEMEIT o7, BEE—24036, I0MVX#t, HRITET

7XT7cm2, 10X10cm?2, 15X15cm2, HIET LS 5em, 10cm, 20ecmik & L7z,
HIEMEAMIE L, SRBICBT 2 HIMREEREE Lic, WIC, 1RRFHIEEIC X D
7% % AAA(analytical anisotropic algorithm) 35 & U PBC(pencil beam algorithm)
D2ODRILDHT NIV A LEHNTITY, HIREEZRH L, 512, EGS5
WZEDvIalb—rarziTol, BTFRISI AR & FERICHRE L, EGS5 I
L5V Ialb—va &7, sem. 10em. 20cm D& FEJOME FIZB T 5 i
3R, 10X 10 em2D & & OETIER L L TH IR A R DT,

[ 5]

5cm, 10cm RS DFERIZHB VT, AAATEIC L 2 FHERERITERNIEVMEZ R L
7=, PBCIETITFEINTEVEZ RS T, 20em FEICBWTEEL L HTVMES
IRE ol Tz, BRHIOBEIZH LT, EGSHh 2Ly I alb—ra OfHI
—H Liehotlz, —H Lol BHAL LT, YIalb—a A LAY
NV DOFESHEZZ D~y ROEER EEZEBB L TWRNWI LI K DEEREN
EzobDb,

L1, 2V A—=HDONEREEEEB L= EGS5IZ X DHEEDOEWHGESR &%
ITo TV FETH D,
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Abstract
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BUE . EBHERS 22 AW T2 B TR O BRI Bl B E IR ERETE 01 JIC k> THESZ L TV 5 23,
AN EE R R D WA R B TR TE VR 1R ST, S AU TR ARBIFZE Ik, i 8 EE SR F 1 DR Bt O R 2 L |
e LRI C O FERER O FEHIE (FERER) 2 DI E A~ DL, B KON, HEBIA R EEEE (RTPS)
O = FEREI N d K OVELL O E A R ORE A MEET 2 Z L2 B E LT,

(5]

@ FERL EGS5 DELEE BB lgp\ _________
FZHIF Varian Clinac 2100 C/D DT 5 AFFZ R /L F— 6 MV - N

I0MV, 7 7> b AER IO L HIZH 774 —4 (p=1.017 glem’) | N 100 em

% 7 7R— BE-H (p=1.5 g/em’) Zi%i& L7-, FEHEFIZ PTW 30013
ZAEH U7z, BRIRZ R EEE (SSD) 100 cm, MRESEF ¥4 X 10x 10
em® & L7z, WIHREIC T 5 72912 EGS 5 T IEFR % (H &
ZeRRIERE, FEBERTEE OB ELM EMRE) AR Lz, TR b3
TR BT IRE B R E /)% (PDI) Z# R EE 2% (PDD) |2
L UBERER FEINE L L7-, EGS5 TEME L7- PDD & &k 1
B Hefe - MEt L7z, EGS 51, B & Rk A A MU 5L L, 30 em
THER[1]TREND 6 MV & 10MV O X AT ML ZER L=, 1 PDDJIED A A Y

® RTPS & EGS5 OBEDA DL

RTPS IE XiO (CMS Inc.)& VY, # 7 U 4 —H « X THR—1 - &
7T (p=032 glem’) N HRDHWBT 7 v M A EAERL (X 2),
MESMHEEITo 72, AR RLX—XCH[1]D 6 MV & 10
MV, SSD 100 cm THRHEFIL 10 x 10cm® & L7z, BEFHHE T LT
U X 2% Superposition %% V72, EGS S5 THREIERO T A A MU
THREDMFHE Z1TV . RTPS & Il - Mgt L7=,

30 cm
2 BENSMHBETHNZUF A Y O—4)

21
s

ER

® #7R—rfT, FERLEHEE EGS OFHFEME TIL 4~6 %D7ENH 7=, FMIEREOEE, &
NHIC K 2 EHE) DI E~O LS RIIBRAERI T TH 5,

@ BEDEIWEOERTENRKE L RSN, ¥R TPS L. BBEMWE L OB ITHELO RGN D7

Mot

B 3R
[1] Daryoush Sheikh-Bagheria and D. W. O. Rogers, “Monte Carlo calculation of nine megavoltage photon beam

spectra using the BEAM code”, Med. Phys. 29, 391-402, (2002)
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AR RN, RO HE—RRS, IR BRSO RS, W WA B RS
VEF 52, REP 1 P B

TABRFERFRE BEARIERE RS IES o - W5 VR T
BRRESLHIFE DSABE R — B A 2
KRR FERE EERPIR 2 AP T °

TR RIE B

[ B DB a9 i O 8 FE /e B B9 &L CTdynamic IMRTIZXHIE I BEZR L &E
T IV agpERHE AT A (MCRTV) Z B LT, BIRLIZMCRTVD I %SGk
T DI-OMRE 7T A d I UEEETT).

[5h5 FiE VL AT T 1o —REGS4/PRESTA%# L Varian Clinac 2300C/D
EARINERER DMV K 15MV D~ REF /L, Millennium MLCE T /L ARG LT-.
Pyramid€7 /L, BMV7F5% L CTI5MV5F DRI RIMRT 770 DY —7 3 —F 0 A
T ANVEIERL, &MNOKREM T 7o b aE HOVEHE K T VN EE T T2, 7
IV IFRENE IX6MV TIE5emi%E, 15MV TlE10cmiEE L 7. Voxel sizeld0.2X0.3 X
0.3cm’EL, FEFHRAZEDSIRETBF N TLE% AN /2D IR LTZ. PyramidE7 /L C
IZHLLER D 2emy 7 KU, R ~"7 2 CldInplane, Crossplane® — Al xL
il B R OV demS 7 FUTZ L TOprofileZ il E 7 4V A EVEUSL, RS RL
e L7z,

[#5 5 Ipyramid& 5 /U AZ 31T DRRE AT D5 T I3 T 4I1.6% (Fe K :2.2%) OFEET
FRE—F L7z, BINLIR T T 2BV TIE6MY, 15MV EL (TR B A D 2k 728 4y
TRIWED AL NAEUTZ2NE S DRI 1% N OREE T L7-.
[l aEr TV a8 27 A (MCRTV) ZBHFL, BRIRSE H AT e/ ks
FETHDHIENEFES Tz,
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Abstract

BITE, EHE BT 192-Tr BRIEE W/ BRI HR S A< K L Tash | EN IR 721 T/
KAV AT — IZIRIHZATHOBAN 22 E AR T D, ZORR FIEIZ DWW TIN< OO A )
RENTNDH OO il G 7 M [ o0 BEEECHR IR O [ R . 2535 £ COBRRBEIC DU CREMIC IR
FHLTo & 13070 SRR OB B FHRIC LS TQRESN TODDOREIR THD, SHIT
FERIZIL, chamber <2 film Z V= EHNZ L@ 7o R AL iE 2 et D2 S IF LS, v 32—
AL IVHBEETOHIZLIAATHLEEZLND, T TR T, FV T/ aa—RTh
% Electron Gamma Shower (EGS) 5 # AW T2l — a1V, BEMERE ~B—BE 217
7= DTG BRI & DR ETTH,

BRI microSelectron HDR v1 226D Ir #RRZE ALz, £ 3ab— a0 75t
ELTC, IBHEEHIEEE T D PLATO (Nucletoron) . chamber, EGS OFH&H#R &2 HRIR H LD 2
em OETIER(LL., He#L7=, F£7=. Gafchromic EBT film (ISP) T ¥k ICHIZSHR &3 A &2 BUASL .
EGS O B-L bl U=, SERER 2 iat D% . EGS W TR B DR EA1T N, B9 75 A
BRI,

Fig. 1 2N EEBERI M5O RE B TH D, PLATO IZ5%4% chamber & EGS OAR R EZEIE, £
ZHEEIET 0.82 %, 2.74 % TH-o7=, £7=. film & EGS OFRESIAR O Ll Tl Mg 13k
LT, 70 %%t R DHk Sl TR 2D FEEEIE 2.97 % Th o7z, U IRALE 2 EGS
(Z R DR RO U7 S . BRI T BB BRI IR X 5 mm, AR E CO MBI 8 mm &
Uiz, 5% film 228 % AW CEREATV, LOFEMZRRET 21T,

30 A .
, water .. .. sens
) — -PLATO 1; .-
25 "l* ¢ chamber— :
. 3 ---EGS dvoint
* measur n
% 20 § 2.0 cm * ‘ easured po
=]
215 ) 2
> H
= * .
% bt ) 4 :
2 10 -\*t sa@F)fannnnns
5 AN :
e normalized point
0 1 ‘ ’ ————— —
0 5 10 15 20 25 30 central axis of source
Distance from the center of source (mm)

Fig.1 Comparison of relative dose using PLATO, chamber and EGS.
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Monte Carlo characterization of the photon source from a clinical linear accelerator
Nobutaka Mukumto, Teruki Teshima
Department of Medical Physics & Engineering, Osaka University Graduate School of Medicine
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nNTnWsn, ZO7 401X ~%K¢%ﬁﬁ<\%wmﬁ<@eg<@ofﬁb(ﬁ@@%ﬁﬁi
KB ORVE % i 2 DR E 2 F5o, B — LB T V2 OREEITEME T, sE G Iz >V TR

%~ﬁ~_k_%ﬁ_ﬁOTwék%\Vi:V—VaVLK%%@B—A%%74W&%E&@
DOIFRETH D, €T, 74 M ZFRHEDO XX — LHREOREMEEZ AV, v Ialb—
Tar ETOEY—LARIET 4 VE DEEEZRE LT,

(7]

X #t CT @ IZIZHE TCT-300 & Fv e, 77 VAN 88 THHDOT, XAREDRERH O
BNLT7 7 E—AIHh->T1 FoMEFEZEN L AN 19° £ TEAETOT—F ZH5 LT,
T — 2 BARZITHA O B R At Rapidose & AV 2, Z O EEHI, —RIOEKN CiR&E, &E
JERIE, Al i@/ E DT — X 21552 LN TE D, MEFD DDA Kl E o
(8 TOMREZ ., B X OFNE TO Al &S birch OXE AW L7z 1% —
AT MVEFERA L, SOEICHT DR EE O R EBE LSS (O), =Rk X =20
HEBELI-HE (@), M= EE L% «m\ﬁﬁ&%%EL@ﬁOkﬁﬁ(@)KOMT\
FHENEGSSICE Dy I al—va v &iTol, HEWRO CTHT 7 U AT 7o b
MOBHFEZHNCTT 7 VL7 7 o FALE, BROT 7 Vw7 7 > b AW 0o REmE, 8K
JirA, 6 Wi, 9 e AIC T A RE T lem OFSOBELAZBEL, ¥ I2lb— 3 THLA
7oAl & e LT,

[ 2]

FRNZBNTIE, 77 v bAZELSEROREET, 77 v b AW L 6 FE7 M O E O ENR
RMEL 22 XBEICINZ D BED AL v F Lo TGRS 54— =T o TR L D RREOEN
2R, OREHMDONEDENRRORE L 2D, QRVDDGE, V‘:V~vﬂ/f%%ht1
MERE L D 27 RELS Role, BEORE, BLXOA— =T v TSI L DHER DN &
Ez bbb 3keHM, 9REHFICHE T 2ERMOMEE . O, @@/‘:V—vﬂ/®1i Ebiail
VWMEER LT, OEQ@QOMIOY I 2 b—1a VOMOZERIL 3S%EE LR ooz, D
EMDH, E—LRIET AV E ORMEE Y R 2 b —v g v BICHBAAT BRI b A ST D Ok, Ak
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Monte Carlo simulations of photon specific absorbed fractions in a mouse voxel
phantom

Japan Atomic Energy Agency, 2-4, Shirakata, Shirane, Tokai-mura, Naka-gun, Ibaraki 319-1195, Japan

Akram MOHAMMADI and Sakae KINASE

For preclinical assessments of several radiopharmaceuticals, photon specific absorbed fractions (SAFs), the absorbed
fraction in the target organ per unit mass of the target organ, were evaluated in a mouse sophisticated model and a new set of
photon SAFs were tabulated for photon energies from 10 keV to 4 MeV. In the present study, Digimouse voxel phantom was
used as a sophisticated model and converted to an input file for EGS4 code, in conjunction with an EGS4 user code, UCSAF.
The sources were assumed to be mono-energetic and distributed uniformly in the main organs with isotropic direction
emission. The SAFs were evaluated in the Digimouse for eleven organs. Table 1 shows the photon SAFs in some organs of
the Digimouse and source was in liver.

Table 1 Photon specific absorbed fractions (SAFs in 1/kg) in some organs of the Digimouse phantom (source = liver).
Target organ
Energy (MeV) Skeleton  Heart Bladder Stomach  Spleen  Pancreas Liver Kidneys Adrenal  Lungs

0.010 23x100  3.1x10'  2.8x107  8.2x10" 1.8x10'  3.1x10' 3.2x10*> 2.9x10' 1.3x10* 7.3x10'
0.015 3.2x100  3.8x10'  2.7x10°  8.0x10' 2.6x10'  3.5x10'  2.1x10> 3.4x10' 1.1x10>  6.6x10'
0.02 2.8x10"  2.8x10'  4.4x10° 52x10"  22x10"  2.6x10' 1.1x10* 2.6x10' 6.8x10' 4.2x10'
0.03 1.4x10"  1.1x10'  2.8x10° 2.0x10" 9.3x10° 1.1x10' 3.8x10' 1.1x10' 2.4x10' 1.6x10'
0.05 3.9x10°  3.5x10°  9.7x107  5.9x10°  2.9x10°  3.4x10°  1.1x10' 3.4x10°  7.3x10°  4.7x10°
0.1 1.1x10°  2.1x10° 59x10"  3.4x10° 1.7x10°  2.0x10° 6.6x10° 2.0x10° 4.5x10° 2.6x10°
0.2 8.5x10"  2.3x10°  6.6x107  3.9x10° 2.0x10° 22x10°  7.5x10° 2.2x10° 4.6x10° 2.8x10°
0.5 9.1x10"  2.5%x10°  7.0x10"  4.2x10°  2.1x10°  2.5x10°  7.9x10° 2.4x10° 5.4x10° 3.2x10°
1 8.4x10"  2.4x10°  6.6x107  4.0x10° 2.0x10° 23x10°  6.6x10° 23x10° 4.9x10° 2.9x10°
1.5 7.5x10"  2.1x10°  6.3x107  3.5x10°  1.8x10°  2.0x10°  5.3x10°  2.0x10°  3.8x10° 2.5x10°
2 6.5x10"  1.9x10°  5.9x107  2.9x10° 1.6x10° 1.8x10° 4.1x10° 1.8x10° 3.4x10° 2.1x10°
4 4.0x10"  1.1x10°  4.6x107  1.5x10°  1.0x10°  1.1x10° 1.9x10° 1.1x10° 1.7x10° 1.1x10°

From the above table, comparison of the SAFs in different organs shows energy dependency of the photon SAFs for self-
irradiation, i.e., the source organ is the target organ, (target = liver) and cross-irradiation, i.e., the source organ is not the
target organ, (target # liver). The photon SAFs in pancreas and kidneys (Table 1) for all energy have the same values
although the mass of them are completely different with large difference. The mass of pancreas and Kidneys are 0.0465 g and
0.5149 g. From the SAFs results for cross-irradiation, e.g., pancreas and kidneys, it can be resulted that the photon SAFs for
cross-irradiation do not always change with the differences in mass. It seems that the geometry including source size, target
size and their distance significantly affect on the SAFs for cross-irradiation.

Table 2 Photon-only S values (Gy/Bq.s) for P11, ¥*Sm and Photon-only S values, dose per unit cumulated activity
Re sources in liver and spleen. (Gy/Bq.s), were calculated for the Digimouse phantom

the present study Kolbert et al. using the results of the photon SAFs in spleen and liver.

Source organ Table 2 lists the S values for three radionuclides in

target Liver Spleen Liver Spleen comparison with Kolbert et al. results which were obtained

B Liver 4.9x10" 13x10" 5.8x10" 4.4x10™  in a mouse voxel phantom using point kernel method.

Spleen  1.3x10™  24x10™  4.2x10™  4.7x10"  Large differences can be observed between S values
¥Sm  Liver 1.6x10"  2.7x10™ 1710 1.1x10™  obtained from the different models. For different source-

Spleen 2.7x10™*  1.3x10™  1.1x10™ 1.8x10"*  target configurations large variations can be observed
"MRe  Liver 8.1x10™ 1.9x10™ 1.0x10" 6.5x10"°  between the different datasets.

Spleen 1.8x10™  4.6x10"°  6.2x10"  9.2x10™"

In the present study, it was confirmed that the photon SAFs for self-irradiation depended on the photon energy and the
mass of the target/source organ. The photon SAFs for cross-irradiation also was an energy dependent function but did not
change by the mass of target and it might be affected by source size, target size, their shape and distance between the source
and target. Organ dose evaluation should be performed in the phantom with the Monte Carlo method since the minor changes
in the geometry had a large effect on photon-only S values and organ dose. From comparison of the results, it can be stated
that minor changes in the source-target geometry are likely to change dramatically the resulting S values.
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