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2019 FREEE E—LEHAIR QA

Quality Assurance of irradiation system at 2019

e A

Ken Yusa

1. (XL®IZ
A1 REITHILTWD QATEH D 9 H 2018 FK & 2019 FHIDIZIT -T2 H DIZHOWNWTE
DHET 5.

2%ﬁﬁﬁm
WA 1 EfT>TWD 7 40—V NERRE (KM, EBRM) 1220 Ta b MG TRIE

SNV 77 L RABRER 2 AW TIRIET 5. RSB & LTI, #1418 Y BHC, 380MeV/n

OIS (B E— 2, BEELA 3.0mm, 7 77 —¥4£% 75mm) ZEH L TW5. EEES
TARPICREL, 77 —~MEHS CTAT 25mm AHYOES TKRET L5y Ty
TEITH. M, ZNETREICHN W L7 7 Ly 2EBER R-FMI1-01 122DV C B E 725
BraRLEDOT, TlE LTHOTWERFMI-2 L7 7 L AL Lz,

WRIEDFER, %7 44—V FEMFAOIEIL, V77 Lo ABBER Ll T03%~0.25%
DZEDOHPHAOHTIZNE > TE YV RFEEZRTHLOIEAZIT N o T, FEREEIZOWT
JEEE ORFIE 21TV, PRI RIS 2 TN ORIEEHOBEEZ1TV, 2019 4 1 H DR
WADLEMA LTS
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E—ATA 2 ERICHHEROBEE=F—DI T bOEET A V¥ ETOME
DOAEIXRRS S D3R C CTHIVULFIBRICH 5 ONBERN TH 5. W& D HAIBEARICH 5
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5.

Fig. 1 (3% 2 —ADE =X —INEOMEMEZ TR T LOTH H. BllIt =% — DR EM,
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Table 1. = 1)L ¥ — TOKPIRFED L
290MeV/n 380MeV/n 400MeV/n
HI7EH | 2010-02-09 | 2019-01-30 | 2010-01-19 | 2019-01-30 | 2010-10-05 | 2019-01-30
TR
138.4 138.5 2253 225.6 244.0 244.0
(mm)
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5. JE=aT—AZBHC ThH5H. Fig. 3 IIH{FT=FXNF—COEERHE—LDT T v IE—7
OWPERER, Table 11X — 2 OFED 80% DRI /2 DRI PR & EFHR LI2GE, MR
T Z R L T R R AR OTRFR & 2019 4F 1 HICHIE L7240 A0 DTRFED il & 9.
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GHMC IZH 1T B R—F A FERAKRIZDONT

Usage Survey of Range Compensator at Gunma University Heavy Ion Medical

Center

Ik
Akihiko Matsumura

1. &% - BM

TR RSP ER FRRESEE % — (GHMC) TiE, R—F A LIEEN 522/ L
THRNTOREROMEZREL TWD. RN—T A%, HEAKICEENITLS, NI - B
DRNDEG Ipmg R Y =F L (HDPE) TEESHLTW5S. GHMC TiE, ERR—7
AL B VLRUR—=T ALV 2 FBEOR—TAZMEH LTS, BERA—7 A%, 7oy
27 k® HDPE ZUJHIMM T L CRES D, AMEL TV D72, RBEN DM E Cidd 2 &
KRHBRETHD. AL/ R—F AL, HRD HDPE U —27 &/ F 7ML L, &
NEDLEDLZLICk o THREEN D, LR <, INLEERE & BEE KPR E S B
BED 1 BEICERE STV AT, FBEOBRBIZITMMNARETH S, TD7wd, G
VER & U F T ORI AN VEGIC, TREPICEIIEZ AR LG8 %HICH LRV R
— T AEFEHLTND. E— Al RO TIES I IEGEERIC L > TRE S, ZOkRK
EIZ X > TE &340 mm, 60 mm, 80 mm, 120 mm, 160 mm, O 5 FIHDOFHFT — X Mih
FEE L v hEns., BER—F 2T, 20 5 @GS CRIETRETH S, —7,
B LN —=TFATIEY = MOSMBIBICREMZZE L, £70, /NI —27 ORIk
FEOREE 2T 20O L 728, @ & 28 160 mm & 80mm O 2 FEFHDO U — 7 M &2 BH% L,
AR CHEA LTS, 2F D, BT —Z O/ S 40 mm, 60 mm, 80 mm D354 1% 80 mm
DU—IMEFHAL, &7 —F O/ E A 120 mm, 160 mm, DAL 160 mm O T — 7 4
ZHEALTWS. Fig. 110X LNV R—F ZAONBEE 2R

AHETIL, 2018 DR —F ZADMHHRIUZ OV TE LD S.
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Fig. 1. ¥ L /XU R —F XAONE 5 HE.

2. Bk

AT S RIRIRIERE BB A7 & (IRIS) EIZH D, 201841 H~12 HRETIC
WM SNTEAR—TF AT —X % AEICEGF LT _@EP; , —ROCHIER COMRAEREFN
NG ThHholeh—F A0, MRHICERSN TR THEHA L TWRNWA—F 28 EEN5.
F/o, BEERN—F 2T SN ODOIRFEHMPICELRHER I, Z LNV AR—T A
TEVELZSEEDO L DI, [F—ID THEET IO XAETEFH L. ZhbidI|
[RONTETHDHI-D, FMRICHGZDHEBIDBENEZEZILNS.

3. R -ER

Fig.2 12 2018 DR — 7 A ONER & A O Z~7. 2018 F TS SR
— 7 Z1EEF 1,563 18T, WRRIZEARR—F 228 1,285 (822 %) TH L/ R—T AL 278
il (178 %) Thol-. AEEOMMLEAE RS &, EMAMATEO 1 A & 12 AT
DI o0, ENLSMIIZIEMIINT, HIFEHOMEEIT 13025 [HThH o7z, £/, # L
YIR—T A0 A O ENE 2317 # (80mm T — 2 #f 1 16.25 @/H, 160mm T — 2 kf :
6.92 i/ H) ThHoiz.

Fig3 1ImE &PIOR—F 2idk 2 R LT\, 7720, XL XU LY — 270
BETEARL, RET—HZOEESERLTVD, BERR—F 2 IE R cEICERA SN
40mm & 60mm OFENEL, ZO2FHETERRDBLE 34 EEDOTWD., —FHT, ¥ UL
INATENLIC L BT, FET X LEH SN TV D20, #axtEob ey 160mm LA
IFFRBEOEHIG L > TWD.
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=T AT Z IS ZIROCHERS CHMER & BRI BN OB L% 50 RS Z]EL, 7F
ﬁﬁﬁ&%xflhé&“??@%%hfwé._hif,5VA/$~7X@%%%@
H (Wb FEMHRE) T, BERR—T7 2ORNEEZHEH L T2, B NG 23 4E% L
TWe., 22T, ZURUR—T Z0ORG - SUERKEZ I 72 ICAEZEREL, AR
EAm D Z 2 LT, Table 1 IZHBAE LFHAZEDE, TNUENOARKEEELE LD &
&L, 2018 FITFEME L7z ¥ L XU AR — T ZAOREREREE 290 tha HWCEHME L7z, =
(21X, IRIS IZEFESNTWARWREBHAX LRV R—F 2EEEEN TS, F, TSI
%LTiﬁﬁiT%E@&hmfiﬁ<,MI%E@Q%M%&%LK.%:, ?%
EREOAKENRIBICLFESN, L0 IERARENATREE 2o, ARIOEHEIC K
R 10 E R OB NG 3ETHEEZX DI DD, %@Wil%ﬁ~?xkﬂ%’
R—T ARNE & OV CTREMR ATV, LB U THERR ST PETHD. £z,
AEIOEEN Yy VT v T 2T —IZHEZDEEITNIL, TNETHY OFEM CTIREHE
EAERT 5 Z LN FRETH HM 2018 FEEEI AT LV, IAZEZH VWD TETHD.
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Table 1 % L/ R—F 2 ZRGTHEREDBIAFE & BN,

HE BRAZE[mm] BRETOEE | iIAZE[mm] MAETOEE
(%] (%]

AI#&iE (FA(DIS_1)) 1802, 48.6 180193 97.6

HI#Z0E (FA(DIS_2)) 180%,, 45.9 18093 97.6

A& (FA(DIS_3)) 1802, 393 180%93 97.9

E(E"PE (FAL%I)SJ]) 180293 300 1802, 100.0
L —AF

E(EIPE (;JE{}DIS_SJ) 180293 42.4 1802, , 97.9
D=2k

E(E'PE (FA%‘;_GJ) 180293 262 1802, 100.0
IJL—AL3E

F—BE (FA(PNT_8)) 0%92 or 5192 93.8 05 oR5 50 99.7

AR (FA(CPT_*)) BEtES; - WEHE: -

5. &

2018 FED AR —F AL BUZHOWT E L7~ 2018 [FITFEN L » BEE L, 1FIFeH
FTHLORETH o722, A—T A b HBoLEtbinotz. £72, X L3R
— I AZWITREDORNFEFETEL, LVBEOEWZ ABRELITI) TETHS.

SE X

[1] Tashiro M, Ishii T, Koya J, et al. Technical approach to individualized respiratory-gated
carbon-ion therapy for mobile organs. Radiol Phys Technol. 2013;6:356-366.
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RFMRSROBEETE - QA AIEDTRI|E

Treatment Planning and Quality Assurance in Carbon-ion Radiotherapy

YN e )
Yoshiki Kubota

1. (XL®IZ

AR TIL, BEBRPERCREZIIZEYE % — (GHMC) TiT-72 2018 4E 1 HvH 12
H & TORBIGEDOIGWENEL, WA ©— 28, 1BFEFHENLEE, QA HIEDFERIZ SV T
WET 5.

2. BEAH

TRIR NI &R % Fig. 112787, 2018 41T 1 AERE CORBEATI B ER K E 725 574
ANToho7z. 2018 FJUN2019 4FEH 1 AXNEHABHIH L oo T D720, mED 1 H &
SARETD 12 Ao A &l d 5 IR AEN D2, 72, BRIBFEAEIL 8 HD 69
NTHot=. BBICED &, bV ONWIRED 60% T, KTHENE - IRE D 10%,
HFNED 9% Td - 7-.

ABlemE AR B REl S
80 R, 0% 'J‘Jﬁﬁi_iﬁ_ﬁ,_s_%_ﬁkﬂ._ 1%

- 69 BT 2% .
60 ¥

50 BB, 7% ‘\‘
40

SH=ERE, 4%
30

h'
0 525, 4% V

10
Fig. 1. The number of patients and percentage for sites

1H 2H 3R a2H sHA eA 7R 8A 9H 10A 11H 12R

3. ‘AEETEH

TR NI/ B IBREE IR, ©— 28K, HTRF TR Table 1 TR . AR IEREE
H—h o7, TE (0 ) & LIIATE (90 FE) LSO e — AL AT 258101
A% roll L, BEERMAET2MERHD. ZHENROD roll (51T CT Wifg % iRF L,
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BRI AR L TWD. F, BIRAIT O 2D T 28E 2 L ITHBREZ1T
MERH DD, HMRIESCEBEILOAF Va—LIlGbE TR TtE5L5 1 B—A
# 2 #/E(AHC & BHC, BVC & CVO)TENENWMET 256035 5. 2018 FIXIRE ALK
574 NIk U CIRIERHEIERI 794 GRETILEE 2R, HHE— 2803 2322 K, FHrEad
EE— 8L 3212 KThH o7, 1K 1| AH72 0 OFENRFEFEEIT 1.4, FH e — L5803
4.0 A&, FHREBIL 5.6 KThoT-.

HALZ & O B — 2 50Tk 5 B A0, B L, FER RO EIA % Fig. 2 1237
R E—AOWNRIE, B —2AFRIEEE 22.6%2x5F L TKFE 774%TH Y, 26.2%03F [F
HIRH, 105% 23R L WO R TH o7z,

Table 1 Number of treatment plans, beams, and measurements

BEAH ARETEH E—LAH BER

T 343 346 1380 2007
FFF ik 51 63 131 184
iy E 26 55 111 123
FEEEEH 22 53 116 166
BERED 38 72 180 223
fEE- BB 58 130 253 321
Bk 10 16 47 52
INR 1 2 4 6
D NEE 20 42 74 102
wmAEL 5 15 27 28
At 574 794 2322 3212
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Fig. 2. Ratios of beam directions, respiratory-gating, and irradiation methods.

4. B3 QA AIE

GHMC T

1, BESRLERTZBEORKKE TETIZ L BE—2DBF QA WIEETT- T

W5, HERIROBANE, WIREHEFNLT & AT (2018 HEEHE T 12.5%), OREFIL4A
L7z, WIEITEEHOE—LNRTF A—=252HNWT, "= 2A%EHFLT-IRET, B
RA v hF = 73— (PTW31014, PTW-Freiburg) % W CTHIE 572 (percentage depth dose;
PDD) &~ v 7 7 A /L (off center ratio; OCR) ZHIE L T\ 5. KHBH QA TDT AV
% EOREM L FHEMEDORDOE 2 75 L% Fig. 3 (R T.

B &

T
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Fig. 3. Histogram of the measurements for patient QA
TA VU E EOENTFRMEGRZE 5%LLT) 22 B4 D134 273 JEH 16 JITE (5.9%)

Tholo. WEBRAENKEZ WD OITFEIT distal fall off 4 \iﬁk, #ﬁ%@ﬁﬂfﬁ%lﬂﬁﬁfiﬁ’@@
WE Lo TERY, MWRIRES], BEEES], Vo "NEREMICZAbnT (EhEi
11.5%, 10.5%, 10.5%). Z L5 OJER]TiL SOBP (spread-out bragg peak)N C D Hll 5 CHEHIE
AT TAER, AP THFAMEN LR, FHIER O RO LFEERZET 1.007+0.015
Ligolz.

4. F&H

AFETIE, 2018 FOIRFALL, 1RFFHEE, BHE QA HIERFICHOVWTIHR~7-. JREA
L 574 N, IBEFHEEIL 794 TH Y, BE QA WIE DOFKERIL 274 Bl 2B FFEMEN &
IfERE ol

& =
AfEEELDDHITHZY ,§<®ﬁi%%ﬁmKME%iyyﬁ7)/7@§ HIE K,
MAEK, BEHRK, KAERKICEEEH L BT E1.
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ERTFRGREE DOEEHET

Operation Statistics of Heavy Ion Irradiation System

BHE St
Hikaru Souda

1. FC®HIZ

RS KFERL TR E S v 2 — T, /NRERL - RE R EEE 2 VT 2010 45 3 H
SIRRIBH 217> T 5. AR%EEL, W RAER AR & Lo TREES - b
DTHY, FHEEKREZ T IERESR TH D L RIFFICHMETHE L To—mERF>. £
Dizth, ARIEE OB D D HIER - IBFEITHRR & OBEBERFHIER FRIERT O b
DOREWZ R THEERIEECH 5.

AREETIL, TRIEELE D 2018 4 Pl E COMERKFHAZWE L, N7 7/ OMn &
LUK L THT 2 TR IZ OV THE T 5.

2. HistEHAE

21 BEBEOEREHEH

LEEBEZ Row D EFINL, HIET XX RFICKT 2 HERICEIR CX R OETH 5.
UL, IEWICHRE) LR (BB ) Z Tavan, BEST NE OISR L TEEETE 20
7o RF M (MR %2 Ten & LT,

Ttaiy
Riotal =1 — 7 (h
tota Tavail + Ttail

TRIND. 22T, BEERFIZOWTIE, 1EEL EBNIEFIZEMN TE R0 o 2R, B &
MERIZTE 2R RFEFEDTZDITARD AR TE 2o IeiFfZ2 30 TN 5.
Flo, WRICETLBERE LT, BFEBHE Rea ZIRO L I IZEETD.

1 dela,
y
Rtreat =1

2

" Tireat + T4elay
T 2T, TR Toea (X EBICTRRICHE A U7, BIERFR Tooty 1 XM D 72 O IRFED
BIE L= Ch D, MLV EED a—ARNMERRAREE oA, a3 —AERHIC L
0GR & i T & A ITBIERE IS IT S O TR0,

WEBEHR, BWEBEHROEHICHIZ->TIE, 2012 F£EF Tl _E2BH L vigH shz
BB EREOETH Y, 2013 FELRITERER 7/ — MBI OMEIREATE L 0 2 &
MO AARIL & U CRReH], dbRief], BRI ARE L7z, 22T, i - BT
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BILTIE 1 DU EDOb DI THFERR & LTEA LD, BBINEEOBREKESRE 1
VAR I U B 720y B T 7V IR [ 1213 & 6D T2,

3. BEHE T —4

Fig. 1 [ZAFER| OIEERBER, 1BFBEFE L RS, 22T, 20184FE X4 AH9HET
DT =X Thd. IWFEBHFICONTL, 1BREBGBIFEIL N7 7L ORI % Bl
DS 92%FEHE LKA 7223, 2 FE H AR 97-98% & 72 1), 2015 FELIETIZB L7 99% L 72>
TW5b. —J, EEBEHRICOWTIIMR 98% THER L T\ 5. TAEBEEIR & 3 ER %
DFEX, FTTNANRTAELTHRIFICITZE L 2o, KESKRBICEAELZNT T
NTHRBMBAREZFIH L TEIHTELEZ 2R LTNAS. ZOEITBIZ 1% RETHH 0,
EIAA~OEF, WED T TNV OREBRERR ETIREBRBIFELZ LT 22N TE 5012k
L TIEEBRERIT TR EREFE~ORAS R 2T D2 UTE L T <L TREBE) =R
T TRIEBEBBBFELZROZENTELLY, SBLAREHEL TV BERHD.
100 99.1 994

99
98
97
96
95
94
93

Percentage

SoEs Foo fE5h s B2 gato fxt <
92 92.5 —— OEEREER —e=EEREE
91

90
2010 2011 2012 2013 2014 2015 2016 2017 2018

Fig. 1. Total availability and treatment availability. Data of JFY2018 is the availability from 1 April 2018
to 30 September 2018.

2017 4F 4 H LB D A BB % Fig. 2 ([ d. REBERE L CTX, K& b7 740
72T AUE A BT 99% L EDfE &R > T 5
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100% -
99% -

LW .
[\
9%-—!

94%

\

93%
% —g=TRHE

N% —=m=TETREE

9% YYYYYYYYYYYYYYYYYYYYYYYYYYYYYY
4567 8910111212 3 45 67 8910111212 3 45 67 89
2016 2017 2018

Fig. 2. Monthly total availability and treatment availability.

3. EXFSTIL—E

HERBAAG DARE, TEIHE CTIZ3RFRILL EA B L7ZBHKR N7 7LD % Table 1 IZ7R7.

2012 =% TOEEYIHITHEE A ROBRIC L A MESE: I L DI EIREHFIC L > TH
LM S AU THAE LI BBENR 2 <, ZORELEE A — 7 —I2 K D2 WEZERIC L 5 INE
MENOREYEZIT o7z, T 6 OUERRITH I OB FHIBFIEEIC b E T ST
W5,

2013 FLURRIIHICIZ L D BER 2 5 & & HIT, LIRS RLE L E i o xRS A +47
THRAELTE N T TN 55 (ZEFEEEOHEK OGS £ 0 I X SKEN, BT RUEM - 277
Uy 7EROBERET, U 1L AREGEERERE ORRGEFRR). 2 HIE, AEXHLEIT 2 7 )
ST b LR OB+ T 2 ERFRIKTH D, BRI T ANBIGA
LB THEIH LB EMITERZIT> TWAER, r AU ER->THET I LD D
72, VBRI AR L O ORI R A T 5 2 ERAMETHD.

2016 FELEITRELIC L DA 2 TR Y, FHIE 7RI - 7R & Ol 2% <
o TETWD. 7z, BARKIZOHOHEIERETH DA, AHC DA/ — FAR—1Ral
DREWT &0 5 KRB BBCR OME L R4 L TER Y, S%IIKBICEBROLIL L & O
B e BACER 2> TS MERH 5.

I bR <IRREPMFEIE L7203 THL-HPA BEERF D 2 A TH D, 2013 FLRERIT R — 28 1
UL R IR Uz Z & idev. IRIRBIAOH 9 R, MRIC L 0 IR RICR & s
EHZDHDEREIZIE-STELT, BEERORTIIZE LZEENTETWHEEZS.
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Table 1 Severe Troubles at Gunma University Heavy Ion Medical Center

A4 H M | TRIE JL A A ES

2010/7/16 | 4 |1 H 1 H WIIAE | RFQ-HPA Eii =2 > 7 Y
2010/8/11 | 7K | 9 B 1 H PIMIARER | A A JRETIRE 7 7 HEk
2011/10/13 | A | 10 K | 1 B REARE | TA Y = VEERT OBl
2012/4/30 | A |3 H 6 W[ | MEFEERE | RFQ-HPA B 229 /3By i dE 2%
2012/5/15 | k| 8 W¢fH 1 H BEEE | o7 viRmER S — 7 iR
2012/12/7 |4 |3 H 2 H RERE | IHL-HPA H s s e 4R
2013/7/30 | ¢k | 10 B[R] | 7 gfE] | BRAESS(E | HIEEVEEIR O LR T TR BN EE
2013/8/13 | k| 6 W§M | 4BEH | BFEHEE | DARS000 L MR ENEF (7 7 — AWK)
2014/3/30 | H | 14K | 72 L B | IHL-HPA BEZ2% A (Al ChikE
2014/5/29 | K | 13 FEf#] | 722 L BIEHPE | B2 XME 7 1 7 A M
2014/10/30 | A | 17 ¢ | 4 e | BZEEPE | LEBT ¥ L/ A R IGBT &£ ff
2015/3/26 | A | 9 ¢ L AELHIE | A = F Il FPD /%7

2015/4/20 | H | 9 B¢ L AEH{L | C 2 F il FPD ik

2016/5/30 | H |2 B 7L AL | 2T R KRS K 2 EIRSE
2016/9/26 | A | 10 §f#] | 72 L RAEL{L | SIMI = L {fil FPD #f&
2016/10/28 | 4 | 4 FEfH L RAFEL | HEBT VL2 Bl §741C 5% B — A1 X
2016/11/28 | A | 5 FEfH L BELIL | L-PENI i

2017/4/26 | 7K | 9 FEfH] 1R | BRESE | IR T o L R Y

2017/8/24 | K | 4 FE[E | 2 FEfH B | C = Ll FPD &Rk
2017/11/7 | ¢k | 6 R | 6 IREfE] | BREESSME | KIRAUIC K D KRN AR A E R
2018/3/8 A | 3 HER 7L SOREIR | 1FEE IR L-Q1P HlE

2018/5/1 K114 A 3 R AL | AHC R/ — hAR—/v4a Ul
2018/6/13 | Jk | I8KFf |1 H P4ELIL | H-VL1-B3P RIO %747

2018/8/30 | A | 4 K¢ L RAELIL | AHC B — L v v ¥ —BREh 5
2018/12/1 | & |15 H U LML | IHL PLC CPU #ifiE

2018/12/12 | 7K | 7THERE | 7THefE | #R4E%ME | S-SSM2PDCCT =1 k1 — Z &

4. MEBRUABRR
41. 1A VRETAMRE Y FTORRIZLHMF ViRHR

a3 v ¥a = I BIRERMG SN A A PR & H LB — R R (R ) H K
IZR o THEMMELLS, BBICPHBUIR, BB ZIT> Tz, ZAUZxf LT, JST #LG=E
I VEMINTA T T A R AX Y REEZRANTA A U ROZENL « BEFRMLO
BAFERIZE 24T\, T DR R A IRBHER DA A PRI L Tk B 247 - 7200
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ERWEAEL, T — FEEORETIZL D, A L bl & H LB ~0
HAFAEMZ THEE R LSES LT, 7/ — NEBESILENE 3 SRR
L, HIZ 2015 DT A hAX v RTOEBRITESE, REFRTENET / — K% 2018
3 AICIRIERICEA LTz, MAIESI S L e — AT A 250uA FREE L ZI2 LT
72O R— RAEMDOI KA — RIS ERT EED RN 720, 9 AU E — AERE 200uA
PLTFICAE D L 5 0L U= 1R — 2D FRIE 2 M E COES L TICH 2 b THY
2019 FEEED BITAFEE OB Z 1 FEICTE L TETHS.

1.0 -
< 0.8 -
E
506
“. rﬁﬁ |
p —— 2016.3.13-
s 0.4 1 —— 2016.9.2-
— 2017.3.4-
0.2 — 2017.9.2-
_/‘—w"'\./\MUJ‘ B o
™ —— 2018.9.1-
0 25 50 75 100 125 150 175

Days

Fig. 3. Base current of ECR ion source (KeiGM) after maintenance.

4.2. >0 +OVEIRILX—EBEDEA

ARG SN, o7 r hnrOREEARZREIEE—2UEA L ELESE LTI,
RIERET b 7 v e 3Ry — U E AT TR, ZORIFe—AZ2HH L2
WICHBEDLTRENEZHEEL TV, 7 e harNEERE TO B — ALIE DR
MZLOFAEB RS, MR TO B — AHE O Z{IZHACHHK DR EE(L TlE7e <
FlzvrZ v bu UEB#OREMICEIEL TS 2 ERb2 0, BEGHEIC L P
[ — R IRTZ L T ZT U LRI L » THRZ ICHEMET LTV < B R
KEHTH D Z ENbho Tz,

ERRICEZVFETIT 7 e b 2 EERE L T THIUE~DOREIT/ NI N EEZ B
7oz, 2016 4 6 HMBRRE—LAFIHBICEBINIC 7 v ba s ai/ho )L ¥ —
T2 4aMeV D7 Ty hA_R—ZERIZEIV E 2 5 L DT Lz,

Z OUERT% TO, 1REREMT CTH D OREND 16 FEE TOEED HHIZE(L% Fig. 4 12
R TR OTHETE 15K 30%H I CE TWABL Zhic kv, 2017 1L 2015 4
FEHCIHEE &2 16%HIT 5 2 LIZP LT
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Fig. 4. Daily change of electric power consumption during treatment operation (9:00-16:00). Flatbase

operation started at 7 June. At 14 June, waiting time after beam usage is reduced from 60 s to 1 s.

5. F&®

BB KPP IR TIRE S v & — OERLFIRIGHEE L, 3 4F H UL 98%LL E O TAFRER ()
REER L TRBY, W& Rk/NUER BRI INE B O Bl 25 & LT O&E % H43 0 R
FLTEXREE 2D, EETITRESLIIC L DHEOE S NHEIMEMICH Y, 5% TR
IROE - A ASHAAT D L &b, HEROBI L LT b T T VRO IR 1~ D ER Y f2
RELICHILL TN ZEREELEZHND.

6. BiEx

FOR T RRIEIR I E OJEIR R L OB L8k O BUSIZ DWW C, B SLEUWERT(OL = 22 B O &R
HITEB LOMEER T =7 U o ZRA SRS FENEIR Y R — h 7 — 7 OEERIC
R ZHEN-EExE L.

S35 3k

[1] Souda H, Yamada S, Kanai T, et al. Operation status of the electron cyclotron resonance ion
source at Gunma University. Rev Sci Instrum. 2014;85:02A934.

[2] Souda H, Yusa K, Tashiro M, et al. Operation-Pattern Related Beam Fluctuation in a Heavy lon
Synchrotron. Jpn. J. Med. Phys. 36,2016: 184

[3] AHHOE. MEFREERIC T 2HEILOIY 7. 5 3 [k IR F MR ES - HERFE
U —7 3 v 7 July, 2016.
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IMRT (2§ 5 HBF QA AIEDIRIKILE

Grasp and Analyze the Current Situation of Patient QA for IMRT

EH =B
Makoto Sakai

1. [FC&IC

RERS KF R R CIZAER] 250 R O IMRT 169 2 1ERL L TR Y, TRIRANC ERESS
& Deltad Z 2 QA 21T T D, L IBRRFEDHEINT 59T QA DA LI L TH
D, v A LOEREND QA BT IATAT, IREBRIEN 2 a4 5 B bl X
TWa. 2T, QAT 2 AMEEE IR 2, QA HIEMIEOILRIZHOWTHAE L.

2. ik

2.1. BE

IMRT BB S — b D7 — & 2 JulI R R2EE AR AR FE T 2016 £F 4 H 70 5 2018 4
12 A F CTITIRHE DB S 77z IMRT OVREEFHENS DUV TRl 24T - 7.

2.2.QA Fix

{RMREHET Eclipse TIERK L, QA 7' > B [FRIFRIC Eclipse 2 W TRMAE L7, QA I3 #EHE
% (Farmer 4 (PTW 30013) & 723 Pinpoint ¢ (PTW31014)) 35 & T cube phantom (EasyCube,
SUN NUCLEAR corp.) % W7 #ll7€ & Delta4 Phantom+ (ScandiDos) % F N 7= I 7E D 2 FikE %
1To 7. EBER OWESIXFEA] PTV A & L, Simultaneous Integrated Boost (SIB) D354 135
HERREOTAICE S 2 & & Lz, 7250 & LT Farmer BURR &GN T O EDOIEUE
AT RRED 1% AN DLFT CREZIT 5 Z & & L7z, Deltad TORETIL, FHMEIC
Daily Correction COMIEZFT > 72D HIZ 3% /3 mm DFFE T/RAR(%) & HH Lz,

3. &

TBIEEALBINC QA MTh -4 % Table 1 \R3EAIBNC RS &, BESHE AR &% < Kk
WCHRIEE A Z o 7o ARIIENRSE LD &, BB KE <, RAMAR/IOlIE 3.1 &
ST = (Fig. 1).

BEHER HE CIXFHIMR R (%Diff = (MEE-FHAEE) FHEEX100 ) ORIEOFY (&
FEVEMRZZ) 13-0.46 (20.91) & 72 o7, FHABRERRZAZD 3% 2 8 2 T2 IEBIE 1 1(-3.3%)F Y,
REREIZ 3 U CRRET 3 2 3HE T o o 7. JIE IS S 7B EFHE 96%723 Pinpoint &7+ T
bol-. F7- 2018 FE L4 T Pinpoint FREFHZ L A PED =8, Z I LIREIL Farmer #f &5t
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B EOWB R

BRI AR TRD &, EE (HEERZE) 13044 (2091) L7eoTWe. 7272 L, Fig2
MHbLENLEY, TRENREZESNELON,

ZOMIEPT AT S BITEEERAITN S

72%.
Table 1 Patient characteristics 40
A (=1
Brain 119 § 30
<
Head & Neck 410 % 20
Trunk 86 S
Z 10
Prostate 80
total 695 0
16/4 16/10 17/4 17/10 18/4 18/10
Fig. 1. Number of IMRT plans
4
3
X
2 n
S o
1 | »  oeuw o 2 . 32%50 m Brain
R T LA S
- C ) "b’ e
R A k.l (T 5!% ° Neck
e L 6%2& o 9% o &9 00 x Trunk
1 e Q‘Q%go@%o ® R )%5@3(%
o g oEX X S‘% prostate
2 «X o owX oo X o o S -
n L] °
o X .o x® % % °
-3 o X ° X o
X
_4 ..... | I R T T T | I R T T T | I T T T T | I S T T T | I S T T T
16/3/1 16/8/31 17/3/1 17/8/31 18/3/1 18/8/31 19/3/1

Fig.2. Difference between calculated dose and measured dose with ion-chamber (%Diff).

Fig. 3 (T Deltad JliE TO/NAHE (%) OB ZRT. HIEFPoP R G 12993 (93.3-100)
Toholo. BEERRIE ORI 2 BB IR SR o 723, BREEHH ORI L~ 1
T RAFERCMEL T LT,
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100 S T MG
U _;%o o@o 9% o %
oﬁ)o)g?;oooo ‘oQ@@o %@ﬁﬂ’c.g%bx % .@;o
oo of a0 © > 0 o
° gox%‘b o %X .° X %&8) o o
— 98 s © (’Cpl%% © OOCR%Ii 9§>0 ° &o .
¥ o 00 00 0o, oxXooXR &, o u m Brain
N m °X 80 ] GDO>< o' "¢ o 988 = A X y
N e BB s | N
=96 o ) o} oxX o®m o©
u ° X
» % ° o RN X x Trunk
4 X u o - %‘) - %o X
A, oo « © oo Xm0
9 Prostate
94
X
92

16/3/1 16/8/31 17/3/1 17/8/31 18/3/1 18/8/31 19/3/1

Fig. 3. Pass rates of y analysis (assessed with the 3%/3 mm criteria).

SHEERIC DWW TR 21T o 7. SHAMERRZZOEH)E (=

-0.59 (x0.81) t72-> TRV, FEIMEIOEERZIIM

WA EFEE R DL\, iEE &
YRR ZE) 1XZ2E-0.54 (£091),

DAL (BINEARZBR L) ICHRTENISNE L 2o T tRE, ABKYEESY%). F-
EWI 2888 L0 AEIC AN D X 927> Tz (Fig. 4 ). TEBZREER Y %

ELHTENT & - TR, ZhEFHUBBRRENOMIE LT b D DER AR LIz L
5, R 0.7 OIERSMiZR~ LTz (Fig. 4 4).

—J7 Deltad TONRRARE R D &, FNFi o Ryl (F
IZHEARTEMICE LS o T2 (=

Lo TEY, MIEE CIIMhoOSA (RISZIRZBRL)

BH) 1% 99.5(95.2-100) , 99.0 (93.3-100)

Yoo ARy F=—OUKE, fEKES%).
4 60
5 [R2=0.1991]  [R?=0.1471]
50
2 IR2=0.2126| |R2= @
. o 40
1 ®
E 0 ‘;30
a G 20
2 - pa
2 10
3 0
ML ONOQOQN® M
-4 N 59 o-«-d
16/3/1 17/3/1 18/3/1 19/3/1 %Diff

Fig. 4. Difference between calculated dose and measured dose with ion-chamber for plans of Head and
Neck part. Blue curve expressed the 20 points moving average and Red lines expressed linear
approximation of the periods (~2016/12, ~2017/08, ~2017/12, ~2018/12). The values in the red

boxes expressed the coefficient of correlation of the approximate lines.
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4. BE

ARFTO IMRT ERFFHILIETFICE oo TH Y, A% LEIMNRIAEILD. 2018
23 B IXAINZ RS ATk 2 BRI 1 AMER PR I S 4L, BINZARAS A~ IMRT (3B A SEHE L 72\
ZebholtZ Enh, BABTOMMIEL O LR L7z,

ek, EBEFE COMIEIX Farmer ! & 7213 Pinpoint B CHITE T 25 Z & L7z o> T2, 5
BRIZIZ Pinpoint B CHIES 5 Z 28T & A EThH o 7. Pinpoint B CTHIE T 555 1T ITRN
BMOFBR KR E L, REFHOBREMBEOTNHHELLICRKESEETLZ L0
5, —MAIZIE Farmer B TOHIENBRE SN TNDHH D EEZ HILD. — 5T Farmer R
SR OREFPAN THEE A 03 BRI 2 T 555812 1E Farmer T C & FRENLE O 40N H
ERERICRESHET L2 L LR, FHIMERENREIRDLENI URINRALS.
ZD7=0, HIERAE O RN LAY — e COREEIT O LERFD. LoL, ¥
— 7y MERDEHEZIEG DS A X — e M E A A R T EIR A R T 5 Z & DSR2
BAELEL, FTA VBV AUNTOREIRI 2—~ > =T —DHE LD LD,
2018 £ 9 A X W JFHIT A V&> Z TORE E L, Farmer B EBER OFEIL COMREOIEYE(RF
ZED 1% %2 55A 1213447 Pinpoint B CHIET H2EHA~EEH L (L7 A VEY
HNG =7y MEBONIA 2560, RERED 3% 2B A2 5 %A I ITIE R 2 BT 5
ZEELTWD). BiRER CIEALERICHHIRERR AN RELS DR EOELITR b
TR, E7FHRRERRZE & Farmer R EERERT O Sl C O EOIEMER A & OMICHE &
ATV, 5%, 07 iERE G DR Tl TRAEZ TV W &5 2 T
5.

BEEARRIE I X 2FHAR &R ST P RN R EB 27 LTz, ZoEEIIRNEEO
FIR DHNIARD A DOFHHENIZXT 5 QAFER TR O TNARNZ &0 6, R TIX 72 < MR
SHEEBEMOMNEBHZR L TWDHEZ26ND. BHAENEIC X 2 R ER 22 T
THRHZN S 2o TEBY, FREMZTD KV ARICHERTE L IICRoTnZ. 20
EENIE LGl STV D MCHOWNTE, 1T Z L IfThn TV D 3EE QA OF5 R &
W DNENHD.

SEEA AR 0O QA IERE S & F R I A B OB A T RIICHIIET 5 &, | FITIEHE(R 2
0.7%DIER A L 72> T\ e, ZOZ & LIEEHOIRERE O%A, HREBESE % 4
IETEAUE, EREHENIEIC X 2FHIRRERRED 3% 22 5 2 LIFIEFITH (0.01%L0T)
2725 Elbivd. Dong BITEIFOFARTERVHBREOR—F (KT 9%) ZHHT D
7o OIZ B E % OMEREENLETH 2 EfEFmfTT TWA R, ZOWRIE 7R 5T —& Tl
R ZED 2% & 70> THRY, RO R L LT3 HRERZ WL Zefkili HOHET
HIFEFROFEFRAH SN TVDED, ZOREICBWTHEERZEIL 2.5% & KE <o T
Rl 7272L, IMRT I8 5 BE R GEMBONRNHN S ZHKRT HEF2RIEFICL L, TERO
QA/QC % & DFEEAT 21X L A7 IMRT % FMi TE 570 1ERIZITH SN TIEZA W B ARif
FEORERINOITHFH O QA MRV EEDH NEBOHEEICHMTELZLERLTWVD
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R, ZiEHWTEIZIE TET 20 fEOBENREE2% ] &V o 72 AL~V OGS ATRED
H LR, —F, OO DOV T G FHIFR ERA A OB EIFFET O b D L REE
o TWLDIFTlEehrotz. ZTOZ EIFFHAIMERREN KR E < R DIEH & /&L 72 H0E
BINEDHZLEZRLTEY, =7y FOKE ILBRR CFHIBERENRKE IR
FTWELR 2 BT D & 72 570 Lz,

Deltad J{ll7E TO/NRAHEE L5 &, BHEREIC X D REREROK H REIN 2 ZTIT R 5 h
WHOO, BREEHBORTEL D B LICEB N TASAERE T L TW DT AOND. Al
TIEANZIRA A DR E <, BPIIERBMOELRBEH N L HHERDO—DLEZ B
Hh%, 2017 FEBEORINIRA A THE(LEMNR RN D Z 2D, BRITHEALOEN
JFIREBZ 5 Z LT TERY. JEFEOHR R E, LVFFMARRGENNEELZ X bD.
RIS 2 56~ 2 FHIE T O/ S ARIIM DO AL & X TEALICE < oo T2, ISR O & —
7y MO R TSN Z ENRE L, ERHRN Y — 5y MEIRBFABIZEN
&b —J7, BEER PALN (SXE9 2 5H ClEmfraEkss H BIZ 72 5 2 & 3% <, Delta4
O EREN BB BB OKRKZVLE & ER DR, NAENMEL 20TV, ¥ —F
v MERSOKRE I L RSAE L OMBENMR CTEIIE, NSAREMEL 220 0T W FHE iz
T&EL0b L.

5. F&®

24 9 1 H ORNZKI 700 R DOIRREEHREIZMER S 4, K 60%25BHFE OV Tl - 7=
SHI VRN T D QA DWW TN A 1T 5 &, BRER OWE CTIXFHIBR &R
&L, HEEMOHNEBPHER SN, EHICZ0EEO M NHEE O Z TN RE
THE, BBLXZEVEHEO, HEMERE 0.7%D T 7 A4 %7~ LT-. —JF Delta4 Z V7= QA
OFERNSIXH D EBOFBIIFHER TE R o0, KL L TRAROEK FEIN A D
ni-.

S35 3k

[1] Dong L, Antolak J, Salehpour M, et al. Patient-specific point dose measurement for IMRT
monitor unit verification. Int J Radiat Oncol Biol Phys. 2003;56:867-877.

[2] Zefkili S, Tomsej M, Aletti P, et al. Recommendations for a head and neck IMRT quality
assurance protocol. Cancer Radiother. 2004;8:364-379.

[3] Ezzell GA. Quality Assurance. When and what is enough for IMRT? In: Palta JR and Mackie
TReds., AAPM Medical Physics Monograph No. 29, Intensity-Modulated Radiation Therapy,
the State of the Art. 613-616, 2003, Medical Physics Publishing, Madison, WI, USA.

[4] Ahnesjo A, Hardemark B, Isacsson U, et al. The IMRT information process masteringthe
degrees of freedom in external beam therapy. Phys Med Biol. 2006;51:381-402.
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BEMBROKEICETHIERBHEN LBREBHE~DEMRIC
B9 HRES

Consideration of displacement transformation from orthogonal image to treatment

couch axes coordinates for patient positioning system

mfe e

Mutsumi Tashiro

1. [FC&IC

HORLFHRE A ZE & o % —(GHMO)WZ THAEMEH STV 2 BEALIER DI E TIE, 1Bl
2 O X Mg 2 S IR & b9 5 2 LI k0, Bl Lo ZEMBEE) HIGEES Ao
BE#EZHEHBEL WS, LrL, flziEe—7— 3> (ZEEY OEER) M) 0°5°-180°
NHETNTVDLEEIE, B EO X HDH0TY FROBEEICH L TERENREHRI N
T INRen 7 HEOBEENEECH L THIESHAAWVE W) RERH S, bl
BEEN NS TIUIEE I NG, BAbENL~—TEDbE~OBEI, Ny TR
ToOry 7 HROBEHOD X 57, RERBEHZMHSLEICTEHTEWEEL > TEY,
FEMATIEFAHRICEDMEEZIToTHAHRNTH D, 22T, BEIEROWENREHS
EIZOWTRFZ1T o 72,

Z 2 TIE, GHMC EEEEOBEE (HAREeBEIE]) &, (LEROmBEE O T
A2 MZEMBihE LoBRE2R05. £, K2 —CCTHETOHBINERD Y
7 M(GAPPS)DH 77 & 22 B E D BIfR % R 5. GAPPS 7 b ZERIB B &3 F H S i,
FNoEANMEE U ER DY 2T A TIREEBE E~DOLHNTIREL 72 5.

2. BEEBE

TA Ve ZACO) R E LIZE R BEERER TE X 5. e LICEE Sk o
S NEEART R pg = (%0, Y0, 20)) DY, TBRBOBENCEST, mp=(xy,2)llBET5 L
T5.
BB SO IREE © (Lateral, Long, Vertical, Rotation, Roll, Pitch)=(X,Y,Z,0,¢,) = x

A oD q=XY,Z)
TRIEBAEN 2T 0 OIREE - xo = (0,0,0,0,0,0)
EIErE NI ANEE Xl ZH 1T D [EHEH L
e a— T a = (ayay a;)=(0,0,a,)
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BTy s b = (by, by, b,) = (0,by, b,)
R—7 =g U ¢ = (cpcy,c,) = (0,0,0)

BT, ATHIRHERE O MVITEEE L7zt O (117351347 141) ICHEE S # X 5.
FEEEFORFRAIC) NS TN TNWD Z & 2B BT 2 &, IEABEIIU T o TEE LM,

P = R(O)[RW{R,(d)po—a) +a—b}+b+q—c|+c (D
BHYORIENR 2 N Ox I L LT & &, ZRENDpe(xe = 0)2> D DFEEYL
BT p1 =R, D[RRy (p) (o~ a) +a-b}+b+qs—c|+c (1-1)
Btz :  py = R(0)[RyW){Ry(¢p)(po—a@) +a—b}+b+q; —c|+c (1-2)
BEIEIT

Ax = x5 — x4
Ap = p2(xz) —P1(x1) 2)
E2KIC, (DT, R(0)c=c2DT, c DHITMHTE 5.

3. TRIBBEN AR BHE~DLH

3.1. ZHEBEEICLSRADBE (ERDOPEE

p1(x)OALE T X MREBE LIRSS, ZOEBOBEIZE X 5. IREEKIMIIT 520
BEEAFF > TV DA, EROPMMRETREEE HIES 2 <, BEIRIIAT 0 ORETH
5.

(LER OBIEAE D ZZFBENE  Xair = Kair Yair Zairs Oairs Pairs Yair)
B @) 55 D FELE
Pair = R;(0ai) Ry (Wair) Ry (Pair)P1 + qair (3)
Gair = Xair Yairs Zair)

BENHI : Xairr = 0, Pair1 = P1
BB : Xairz = Xair> Pairz = Pair
BEIEIIRO X H 1272 5.

Pair2(Xair2) — Pairt (Fairt) = Pair (Xair) — P1 (4)

3.2. THEIBEBEN SAREBHEOEH
XQ2)=@4) & LT, [EEDHDPy (x,y,z &fk5y) OESERE LT, F#BEIEAx = x, —x F
7213 x2 %, Xair = Kairs Yairs Zairs Gairs Pairs Pair)s X1 THRT .
KX(Q2)=(4) LV
P2(x2) = Pair(Xair) (5)
KONZA-2)EB) E(-DZERAL, poDFREC % el 2 &
Rz(gz)Rx(wz)Ry(qbz) = Rz(eair)Rx(¢air)Ry(¢air)Rz(91)Rx(¢1)Ry((151)
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ZIT, HFEEETANFRO L S ICREND.
cosfd —sinf O 1 0 0 cos¢p 0 sing
R,(0) = <sin9 cos 6 0>,Rx(¢) = (0 cos —sim,b),R (¢) = < 0 10 )
0 0 1 0 siny cosy —sing 0 cos¢

(1) = Ry(6)Ru($2)Ry (2)

Cos[62]Cos[¢$2] — Sin[62]Sin[¢$2]Sin[P2] —Cos[P2]Sin[62] Cos[02]Sin[¢2] + Cos[$H2]Sin[62]Sin[P2]
= | Cos[$2]Sin[62] + Cos[02]Sin[¢$2]Sin[P2] Cos[62]Cos[PY2] Sin[62]Sin[¢dp2] — Cos[62]Cos[d2]Sin[P2]
—Cos[y2]Sin[$p2] Sin[y2] Cos[¢p2]Cos[P2]

All A12 A13
(Eiﬂ)=Rz(eaiaRx(zpair)Ry(¢air>Rz<91)Rx(¢1)Ry<¢1)s(Au A A23>
A31 A32 A33

31T24IH &0
siny, = Az, = Cos[¢a]Cos[Pa]Sin[P1] + Cos[y1](Cos[ya]Sin[B1]Sin[dpa] + Cos[61]Sin[Ya])
Y, = arcsind;, (6)

cosy, = /1 —siny, (W, ~0°fF3r)

1472513 &9
—Cos[Y2]Sin[062] = Ay, = Sin[P1](Cos[Ba]Sin[da] + Cos[¢da]Sin[Ba]Sin[Ya]) +
Cos[Y1](—Cos[01]Cos[ya]Sin[Ba] — Sin[61](Cos[Ba]Cos[da] — Sin[Ba]Sin[Pa]Sin[Ya]))

Sinez = _Alz/COSl)bz

o arcsin(—A4,,/cosy,)  (cosB, =0 (8,~0°f}3ir)) 7
° 180° — arcsin(—A;,/cosyp,)  (cosB; < 0 (6;~180°f}iT))

J1—sin26,  (6,~0°f13E, —90° < 6, < 90°)
cosf, =
—/1 — sin26, (6,~180°f T, 90° < 6, < 270°)

3T 14IE LD
—Cos[y2]Sin[¢p2] = A3, = Cos[¢$p1](—Cos[61]Cos[ya]Sin[pa] + Sin[61]Sin[ya]) —
Sin[¢p1](Cos[dpa]Cos[P1]Cos[Ppa] — Sin[P1](Cos[Ya]Sin[01]Sin[Ppa] + Cos[01]Sin[Ya]))
sing, = —Azy/cosy,
¢, = arcsin(—Az;/cospy) (8)

cosp, = /1 —sin2p,  (p~0°fiT)

R(5) Tp DIRELIAN DE Iy 2 Lhig 35 &

R, (0)[R:(W){Ry(¢:)(—a) +a— b} + b +q;| =

Ry Buir) R (air) Ry (Pair) [Ro O [Re (W) {Ry (1) (-a) + @ = b} + b + ]| + e
L7zhs»> T, WilEEOEEITRONTHETE 5.

2 = —R(P2){Ry(¢2)(—~a) + a— b} — b +
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Rz(_ez) {Rz(gair)Rx(lpair)Ry(d)air) [Rz(el)[Rx(lpl){Ry(d)l)(_a) +a-— b} +b+ ‘h]] + qair} (9)
X(6)~(9) & Y BEN R DIBIRBIELEN RO b b.

3. GAPPS M L B EIE~DLEH
3.1. GAPPS
GAPPS (GHMC Automatic Patient Positioning System) T (%, JGERIEICT RV 2 — 2% 3 X
JLHYICE) 2> L C DRR Z4R L, IEfl DR (FPD Hiff) icfhb¥ s, ZDLEDCT R =
— LM EIEBE I NS, FHEH CT RV 2 — 4103, WitEx &0 72 4x4 D751 % TR
DX THHING.
CTini = Hy(Bro) Hy (0pi ) Hy (B,0)CTo

CTy = Align™*HpH,H, H,H, H7 ' CTp; (10)
CT, : REINTZCTARY 2— A4
Orot Opits Oror TAREEHHIRG SRR E S 2 AR A
CTini : <o F U 7 HERGRKO CTRY 22— 24
H,,H,,Hy : )& O [ElER
H, : W tm = (tmx tmys tmz)

Hp : BlfsHO~0WHE T =(T,T,,T,) 7AYESZHLOBET =0
Align : 774 A MEIE (211X GAPPS N THIIEESN D72, LIBERTS.)
CT, : ~vFr 7 (BE) #OCTAHRY 2—A4
XA ZAREEI O B Ry~ 7 b)) ICEHEEET L
P1 = {Re(@m) R, (Om) Ry (Pr) Dini — T} + T + ty
ZoLx, EEORKEE (FPD EGMA) OB, WiIp 2 bpup ~DBEI L5 DT,
Pini = Ry(=¢m)R; (= 0) R () (P1 — T — i) + T (11)
EEEXEIND., WEMMEOMEIEE~ T U TEROBE B, 2 KT,

3.2. GAPPS h S ZHBEIEDH
KQB)=(1) & Lz X, EEOpCx LT EoEERXE LT, ZEHBEEx,, &~ v
F o T RER OB B Ex, TR
RQB)=(1He Lk %
R;(02ir) Ry (Wair) Ry (@air)P1 + Gair = Ry (=Pm)R, (=0 R () (1 — T —t,) + T (12)
pLDRE A ER D &
R;(8,ir) Ry (Wair) Ry (@air) = Ry (=Pm)Rz(—61) Ry (=)

(72i2) = R, (Bair) Rx(Wair)Ry (Pair)

Cos[0a]Cos[da] — Sin[Ba]Sin[¢pa]Sin[Pa] —Cos[ya]Sin[Ba] Cos[Ba]Sin[¢pa] + Cos[¢pa]Sin[6a]Sin[Ya]
= | Cos[da]Sin[Ba] + Cos[Ba]Sin[¢a]Sin[ya] Cos[Ba]Cos[Pa] Sin[Ba]Sin[da] — Cos[Ba]Cos[da]Sin[Pa]
—Cos[a]Sin[¢a] Sin[ya] Cos[¢a]Cos[ya]
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(Eﬂ) = Ry(_‘pm)Rz(_Hm)Rx(_l/}m)
Cos[6m]Cos[¢m] Cos[dpm]Cos[Pm]Sin[6m] + Sin[¢pm]Sin[¢m] —Cos[Pym]Sin[¢m] + Cos[¢dm]Sin[6m]Sin[Pm]

= —Sin[6m] Cos[Bm]Cos[ym] Cos[0m]Sin[ym]
Cos[B8m]Sin[¢m] Cos[Ym]Sin[6m]Sin[pm] — Cos[¢pm]Sin[ym]  Cos[pm]Cos[Pym] + Sin[6m]Sin[Ppm]Sin[Pym]

31T24IH &P
siny ;. = Cos[Ym]Sin[Om]Sin[¢dm] — Cos[dm]Sin[ym] = B3,
P,ir = arcsinBs, (13)

COSl,bair = 1- Sinzlpair (lpair"“ooﬁri’i)

1472513 &9
—Cos[ya]Sin[Ba] = Cos[¢m]Cos[Yym]Sin[6m] + Sin[¢pm]Sin[pm] = B,
SinB,ir = —B12/cos,ir

Bair = arcsin(—B1,/cosP,ir) (14)

J1=sin26,, (6, ~0°1E, —90° < 6,5, < 90°)
cosB,ir =
—J1—5sin0,,  (Bair~180°f13E, 90° < 6, < 270°)
3AT1AIH LD
—Cos[ya]Sin[¢da] = Cos[dm]Sin[¢m] = B3,

Sing,ir = —B31/C0SY iy

Pair = arCSin(_Bs’l/COSlpair) (15)

COS,ir = V 1- Sin2¢air (¢air~0°ﬁ1—ifi)

X(12) Tp YIS DER Gy DR 2 e~ D L IRADTHND.
Gair = Ry(_¢m)Rz(_9m)Rx(_¢m)(_T - tm) +T (16)
H(13)~(16) £ ¥ GAPPS DR HHES ) O EMBEN & RO b D.

4. £&H

NEPR DT AT 5 TEfFT & 2EMBEE) DIREGBEEOLE#HE L 1Y, GAPPS /)
N ZEMBEN & ~OER G EE R LTz, 51, EBEOEBEICTRERFIEDOKRIEEZITV,
WEOMEEITo TV FETHA.

SE X

[1] Akagi T, Mabuchi H. Compensating patient displacement by couch movements in patient

positioning system. Igaku Butsuri. 2001;21:245-254.
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BZECT DEMA - % - EFHFRKR

Operation, research and development status for CT system in treatment room B

YN e )
Yoshiki Kubota

1. [FC&IC

REFIBIE D BENMER DI, BERRFERFRETE X — 200D, BEHRETR
BWFZEETC L RN R 2 —, UM EBRERL PR ARRE & =7 L, %< Ol
T2 HANSD X BMEBEPEH SN TS, ISR Z FoRERIT ERm o ZEkic
LT VT 47770, BREICLSTHRFETIZENREBNENI XHICEZXLH AT
XL WVH LR, AR THNEZ DO CTREATE RN EOHBENRH 72, Ll
WO TIE, BiAs ASOHFRBD A 78 ERERIZ K- CH < ST A 2« 02 b & L CHEEL
ENRRESEMLTEY, MRELTERATIEY =7y P AIARL—URKRIBIZIETT 5
EWVI ZEBHLMNE RS TV HISL
Hx 1T B &2 OIEGEAEZECIER £ TO RSO BERMEOHIEEZ T 57201, 1K= B
IZCTEEZEAL, 20174 H 1 B EXVEHZBRL L. AR TIL, 2018 400 B E=iEH] -
BA¥E « WFZRIRILIC O W TR T 5.

2. BEOFEAKR

2018 FEEED B 2 CT OfE AR Z Fig. 112777, 2018 4F 1 H 1 H25 2018 4 12 A 28 H

FTIC297HER SN TEY, BREAKIT 12 ADSTHTH o7, FERTORREET 22 1

%ib Z DN T THEE~DEE (B dik, L) nbo7c. Y HME LTIX
WIS Av « IFREAS Ao+ TEERRR S A BB C DG E R I:ZLI\~II/U%OD6%EE 0)71&50)%’

%m®%;@ BERIFIE D -0 Ok, BEREDRKE S EL TV DEAOHRDIZDH

DR H D .
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Fig. 1. Usage and failure counts of CT system in treatment room B

3. BEDER - AFEKR

BURDO BE CTEHOMES - V B A F— /L ETORAE DN % Fig. 2 1IZ~7. BUIRTIT,
¥ L7 CT BB OMERCIRIEGTEIREOER DO L P A b L—3 3 X MIM maestro (MIM
software) W TIT> T\ 5. LaxL MIM & IRERHENIEE R STz, MIM
TULYARML—var LEMEICHB TREREZBEI S E 5 2 LIXTE 0. X Mg iR
A& & CT BgHREALE IR TH Y, CT g LOFEMER & EREERITH L 2> TS T
W, EBBASECMERDTLHAICIE, CTHE LETOFRANOERERA L TOBHR
Z X Mg L CTOFRAMEICINET S 2 L TIHEARBEIRAZHET L. ZnboRER
BEh&Elx, =78/ TER L ROT MilEREEBEEHE S — MW CGEH L TE Y,
BRAFEORRA IR ZE L CHRESOBBEZHEL TV,

Fo, MESNZCTHB ETE Y T4 > TOMBHFEZITI) VAT LIS TV
A%

2018 AEFE I, IR A OREZLRE L. ZhETOHIEE LTL, v—7—3 2> 180
FEALENS CT gL EICBE T 256, WREIEr—7 —31 a2 225 EECHERS
%, CTe—F—3 gy (F—rTF—7ra—5— g0 L 3RHoIREE ORER) 24T -
TV, L L ZOFIETIE, —HoFEnABERE, BAICIRREZIEET 5HAIC
FERAR I DIARFEDR—T ZARNVZNZT WS H5ENb o7, 22T, CTHEELEICBEI
LA, BEREa—T — 3 270 EETBEISE/-%%, CT r—7—a v %1797 &
INCHEZZEE Lz, £z, CTAEICBET HEEOBE LAR—T ARV FOZEME+712
R D720, v—7—a T HHIOFER L LT/A—T 1 B/L-240mm (& F THEIT S
FRICEE L., Zbb0ER I Iu—T— a0, 180 EMEESHLLNLOBENCE L T
HEELT-.
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XIRBEIRIRF

| BRATHERD |

BEAECTREMECHS |

[eFEHET—4%(E | [CTEREBE |s=0r BRAE
amstBECTE®E, RT7—% l ‘BECTER
B8RS - BEBASTLYRA L —Ya Y [um

| BOmBER
CARABBEHY | rorerasssnrE -

[ AR A % BEHEXRER L COBRAME)ICBH b—

XIRERIEH

aReEHE

L ARABBHEION > TARAED |

Fig. 2. Flowchart of operating in room B CT.

4. BEOWARIKR

B = CT ZHWZERRMZEE LCiE, MSAKLORFIERS A BE SR L, TRBRE
FIZBITDEBFEO R Z L ORNEEE X OMRSERG O 11, BISZIRDS A, BER2 A,
TENAVERNRE L [REIGRICBIT 2EBEOR Z & OERNES R L OWRSR &AL
DRFFE 2] ZBRIELTZ. 2 DHIE, BEALOIECIRPNIRIED B 2 OB 2T, 15HEFH O
W CRE SN EOERZ RO D TH L. BURk (201941 A 21 BBIE) <X, AF
ik 10 17, FliAs Ao 10 £, BISCHRAS A 7 48, BENES AU 7 0F, FEDA 0 ROIRENTE T LT
AV

TID DR ST CT B & JHW 2Tk RO W TIEEN YA T 3, ERRa# 2 8
ERRFEHTHOWY, ZhEhim IR T R OmCHETTH 2.

5. SEDRE

2018 4FD B =8 CT (X 22 fRlfE 8L L, TR CRE~DEERH-T-. =2z
B 7e & TR DIRIR Z BT TH 223, BURTITREIZH S & 2> TnZgun, BRI
M DR IN 2 fRIA L, BRICEENNRICEBEOWENLETHD.
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F72, BUIRTIILV YA FL—3 3 U&7 H MIM & RS ORISR 23 B S Tun/an
7=, FEICTOBENRMLETHS. Ziibta—~ T —0RIVHIBZFEKRERY, A
=T "BMETTAHZENBEIND. Z0-D, 2NHOEBEBOHE (LN LETHS.
BT, WEINTZ CTHEIE TOA Y T A VEFHRIZTE R\ 2w, TREEHEIREOfF 55y
MHOFHEHRTE V. LV RERIFEE R T L7 DICHRENM MR T D AT A
OB NPLETH S,

AT & BEARRRERICBY U CIINEFHIC IR - T EA TV D, SBEIZED TW TET
H5.

i
ARERETDICHY, 2< O THWE ZTAWTZREE KT E LW BB R #
Rl D FE R 5 RS TR IR L 1P &9

S35 3k

[1] TIrie D, Saitoh J, Shirai K, et al. Verification of dose distribution in carbon ion radiotherapy for
stage I lung cancer. Int J Radiat Oncol Biol Phys 2016;96(5):1117-1123.
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BEEEMBROZFEDEA

Introduction of automatic patient positioning system in GHMC

YN e )
Yoshiki Kubota

1. [ZC&HIS

FER R ERLFRRE P o v 2 — T, IREFEFIGEOBEAMER DL, RREIZT
R Lz 2 Hmprbo X R & BEEHE CT mifg & L CIER L7 Digitally
Reconstructed. Radiograph (DRR)Z HV T, BURHBREATI A FE) T1T > TV 5. IR BRO H
2 ISREGEN DT > 727 7 > b A TOMCEREFEZ ORI TIX, £ OfZEIX 0.23+0.05mm
&, EREEREREZRL TV Ll, 2hbD7 7 FATORBRLIIRRY, BH
W26t L CFE CERO 21T 9 2 &1, BURERI S ORBEOIXL 22 R REEZ D
FRERY, FREZZ<ETLHEVWD ZERFEL > TS, 201, BEMEFRD
OHBAERAME L STV D

o2 (TBFNLER D HEYL O 720 O BENE TR R 25 E (GHMC Automatic Patient
Positioning System; GAPPS, Penguin System Co. Ltd.)Z B3¢ L7223, A ClE, BEMET N
B RAEE OB, RS REM O A, GAPPS DRGAIEH 0 7= OREBSGEIZ DV TR R 5.

2. GAPPS O E

2.1. Z)L3Y XL

GAPPS D b7 /v Y AL LTE, AREDO—FETH L HaME NEE HenEl %
FAWTBL Faifb /87 A —# 1% Fig. 1 T3 3§ (lateral; x, longitudinal; y, vertical; z)
L ENEN ORI 5 [EIHE 3 $iDOFE 6 T 5. FHMBISIE DRR & X frEig o —EICR
I C& 5 Zero-means Normalized Cross-Correlation (ZNCC)% Fv 7=[14],

2. BIEHSE
GAPPS Dl % Fig. 2 (O~ d. #EOFINEIILLTFOMEY TH 5.
1. & ID AJ
2. B —AID OERIR
3. X BRI O E (DAR-80001)
4. FE/NT A =27 & v b OER(Fig. 2(a))
5. F% ROI, ~ %7 O IE(Fig. 2(b))
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6. RIEBALA
7. THNEOMR(T = v 7 —AR— R, X L DRR B OV FE X 72 &) (Fig. 2(c))

Fig. 2. Screen of GAPPS. (a) Preset of optimization parameter every sites. (b) Setting of calculation ROI

and mask. (c) Calculation result of the patient displacements and checker boards between DRR and X-ray

images.
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2.3. BELERDHD-HDEELE

GAPPS DFHE 1T 9 1= OITIXIEHEFHE D CT Mif%, RTPlan M (Y, JRREANCHRE L=

X MREE S VEETH 5. 2018 4EEEITIEAIL D GAPPS DB K NENFNDT —Z EEDT-
HOKIE - Ry VT =7 OUEEIT o T2, #6iX % Fig. 3 (2~ . CT HEif%, RTPlan /&
GAPPS % #—,3, DICOM ION $— %7 Z 4 7 b & L CTHifi L, DICOM {512 CTHUAS
T 5. X #REi#IE DARSO0OE %z H—/%, GAPPS %7 74 7> k& LT DARSO0Of il L 0 5
— 2 EETD.

——DICOMBIE (H—/%:GAPPS, 7 Z 4 7> b1 BiZ), XiREER(V.H) Z GAPPSH — /3 &#F
——DICOME{E (#—/:DICOMION, # 7 4 7> F:GAPPS,), CTE. RTPlan, RTst% QR CGAPPSH — /3R FF

SBEEARB,CEL FEEOES) SHEHE Y=
Val N e ™~ ™
/! Y v \
[ BiZDARS000F GAPPSZ 54 7> b | |
v HUB
(192.168.xxx.yyy
92.168. 4. yvy
H | GAPPSH — /¢ DICOM ION4 — ¢
— ) |
. HUB
=EEROAE (192.168.xx00yyy)

GAPPSY Z A7k
(BEHiy b7 —7%ER) HUB HUB
AZE:192.168.xxx.yyy (128.1.xxx.yyy) (128.1.xxx.yyy)

BZE: 192.168.xxx.yyy

CZ: 192.168. 0. yyy |
Gateway SIMZE1:192.168 xxx.yyy Gateway
SIMEE:2 192.168.xxx.yyy
T A R 192.168.xxx.yyy |

Fig. 3. Network diagram of GAPPS

3. FEEETE

GAPPS DFSEERHMi D7z 0(Z, BRI 7 > b L& VT2l & B8 Eifg 2 7Rl 2
1To7=.

B 7 7 A AWZEHITIX, UV 7 7 LU AMENDIRKEZ 6 WiimicZzne
A 0~2mm, 0~2° LMD 7 7 > b AMIEZHRE L, ThZnofiEls L COeEes
HEEMETNHREEOZEZL Y, WiEHW LR A TENENEMREHBEE OED
Root mean square error (RMSE) % =K & 7= i B0, 1331F# T 0.17220.05mm, [B]#5C 0.17+0.07°
Thoie.

BTG A2 TR CIE, BISZERD A, BiS A, SAZEES A, BFBEDS A, BEREDS A RR
HFENER 10 AD 1 A OAERDEOEREZ AT, BEHEEOREALE & GAPPS
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THAREINTND GRBRFE B 2018-135). GAPPS TalHE 217 9 BRICik, 9 &% ek
LCHiT 572, 5mm, 0.5° ZHENDFMZT S LTEHE L=, FlciE, A
& [EIH5 7 1) C 2 U R BT O B AL & GAPPS FHELE & D 7£0D RMSE %K 7.
K% Table 11277 AGHIEIIHIZER D GAPPS Z N TIT - TH Y, TR LN OFHFIFH
BB &2 25BTH 7o, AFEITHFE LCEAM GAPPS TIFFHAERMITB L2 10 B TH
ol THUTEMCTIFAFZE TIT > TOTERDREHHEZB N 2 &R0, DR S il
(b EAZEE LI5S /37 A—42 & roll %45 CTRElL L TV = DIckt L, 6 /55 XA —X
&R RN = & SERTH 5. il ST A — ¥ & E TR ORISR SN 2 &
(THERR TS 72 Cdp 2B,

Table 1 RMSEs for five sites
AP [mm] [Fl#i5 [degree]
AV AR  0.32+0.21 0.37+0.18

Jifi 0.99+0.37 0.56+0.30
SHSAER 0.49+0.22 0.28+0.14
Ji ik 1.79+1.47 1.22+0.51
e 3.22+2.61 1.34+0.92

AMSZIR, BHBEBICRI L CTIE Imm, ldegree LA FOREZE L Ip o7, 24U D OEBALITHEN TR
FlMT DAL & T 5 L 2D ORETH DL OO, Fx Ol CHRELTWbHEY M
v 7 ML T A 2mmO L g Loy S ia e, HEMLE RO OEIZ oW T RTE R
WEEZLND. ARIOFHE T, Fig.3 O X 5 IZHE ROI 5% E L T\ 5. (ERDEED
BEALE I IH 2 XAV R CHIVUI KRB AMEN —B LW Y, Z2l—HT5Z &1F
RN, TS OMFERITEEREEZ K TSI HE L 2o T D, HEAR GAPPS (21T~
AT Ko CHHEFEED OB T 2R E EN TV T72D, S%END OB Z R
HZETCTHERLIBEDR ERHGFTELEA9.

—J7, NP, BERIZOWTIXRRZED Imm LI E &, FEFICRE VD LR o7, 2 Fig.
4 DX, MRS AERNEREEZ1T) L CORERTORK Lo Tnd &
b5, INHOEBIZOVWTHEY A7 ZHNDZ L THEOH EAIFGETE L0,
HRDBRENLETH A ).
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Fig. 3. Examples of each ROI size on the X-ray image. (a) The vertical image. (b) The horizontal image.
The yellow box shows the ROL. (3CHK[2]? Fig. 4 XV #i5:L)

Fig. 4. Calculation result images in one case of pancreatic cancer. (a) X-ray image (b) DRR image at the
position of calculation result. (¢) DRR at reference position. The red box indicates one vertebra on the
X-ray image; the red line indicates the diaphragm position. The blue boxes indicate the position of the

same vertebra, and the blue lines indicate the position of the diaphragm. (SC#K[2]? Fig. 7 & ¥ #ixi)

4. SEDRE
BUR o BEMLEROICIE, FRROFEATH G235 > T 5.
GAPPS: ¥ ID D AJ], B —LOER, FHHEBEIED A TEE~DO AT
T—HOEE: BETHENLIRREEGBERE~OLH, 1REABEIRD AR ~DOA
71

INHIEFE a—~rZ T =L AEERH Y, IBHITAL—Ty NPRBEALTHFIK & 722
L. FDM, ZHHOHIERMLETHD.
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F iz, FHIROEERRS A BE R E, WS ODEENEBEWINRSH L. T HOREZM EX
D EBMNETHS.

Bk (2019 45 1 A 21 BHE) IXEMANK GAPPS 8 A L, RINIRNSABEZXSRLE LT
RBEHZITo CWAHIRETH D, ERROMEE MR L, RRICHKERZMGT 22 &
> HfET.

5. 8
ARG S OB B R A HEET D10 H 720, %< O 2 KB & THO T REE K7 E 2k B
SEZ PR AT RRER BN O Z2 N ER EG, AEHVDACES, R BT ERICEEEGEHHF U EiFE .
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C B7—L %L = 3D Compton Imaging

Three Dimensional Compton Imaging using C-shaped arm

Noval) TVa s, s BET, BE sEKX, B B
Raj Kumar Parajuli, Mikiko Kikuchi, Kota Torikai, Makoto Sakai

1. Introduction

Nuclear imaging techniques such as positron emission tomography (PET) and single photon
emission computed tomography (SPECT) is widely used for imaging the spatial distribution of an
isotope. However, they possess relatively low spatial resolution than computed tomography (CT)
and magnetic resonance (MR) imaging and also requires longer execution time. On the other hand,
due to low poor energy resolution, simultaneous imaging of two or more radioisotopes (RI) is
difficult using PET/SPECT. Consequently to optimize nuclear imaging, the development of a newer
imaging device with higher energy resolution is needed.

Compton camera has been recently studied for wide range of medical applications, which were
initially developed in the field of gamma-ray astronomy to reconstruct gamma-ray-emitting source
distributions. Compton camera possesses sophisticated ability to detect the position of
single-photon-emitting sources without the need for mechanical collimation. Moreover, it could
detect the wide energy range (one hundred kiloelectronvolts to several meghaelectronvolts) of
gamma rays based purely on Compton kinematics.

Owing the advantages of Compton camera, Gunma University is developing semiconductor-based
Compton cameras for multi-RI medical imaging. We have successfully demonstrated the
simultaneous imaging ability of multiple RI (141 keV *™Tc and 511 keV '®F) using our Compton
camera !, The obtained results were consistent with the PET images. In our studies, we used a
Compton camera based on the silicon and cadmium telluride (Si/CdTe) semiconductors.

To reveal the best use of the Compton camera in real-time medical imaging system aimed for
human imaging, it should equally be proficient in three-dimensional (3D) imaging. Therefore, it is
necessary to assemble our Compton camera with a precise rotating framework to conduct imaging at
various angles such as in PET/SPECT. For this reason, Gunma University in conjunction with
Kuramae Industries Co. Ltd. Japan has developed a high precision C-arm framework to mount our
Compton camera for 3D imaging. The purpose of this study is to evaluate the preliminary 3D
imaging ability of our Compton camera installed on the C-arm. Imaging experiments were

performed on the Na-22 radioisotopes.
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2. Compton Camera

In this study, we used commercial Si/CdTe Compton camera (ASTROCAM 7000HS) bought from
Mitsubishi Heavy Industries Ltd. Japan ? owing to its portability to be mounted in C-arm
framework. Our Compton camera consists of a silicon (Si) detector as a scatterer and cadmium
telluride (CdTe) detector as an absorber. Fig. 1 shows the photograph of the Si/CdTe based Compton
camera. The Compton camera comprised eight layers of Si detectors in the scattering layer and four
layers of CdTe in the absorbing layer. The Si detectors have a thickness of 0.75 mm and were spaced
7.2 mm from each other. The CdTe detectors have a thickness of 0.75 mm and were spaced 7.8 mm
from each other. While, the distance between the final layer of the Si detector and the initial layer of
the CdTe detector was 40 mm. The energy resolution of the Compton camera was 2.2% with respect
to 662-keV gamma rays at full width half maximum (FWHM). The angular resolution was 5.4°
(FWHM) in angular resolution measure (ARM). The deposited energy and the position of the
gamma ray interactions can be obtained from the Compton camera. These values, which we call the
Compton events, are then processed to generate Compton images. We selected events in which
energy depositions were detected in the Si detector and one of the CdTe detectors simultaneously.
Coincident events two CdTe detectors (CdTe-CdTe events) were not used for Compton events. We
used list-mode maximum-likelihood expectation-maximization (LM-ML-EM) imaging method for

image reconstruction.

Fig. 1. Photograph of Si/CdTe based Compton camera (ASTROCAM 7000HS)

3. C-arm

A high precision C-arm framework has been developed by Gunma University in conjunction with
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Kuramae Industries Co. Ltd. Japan, aimed for mounting Compton camera to develop Compton
camera based 3D nuclear medical imaging system. Figure 2 shows the schematic illustration of the
developed C-arm with Compton camera mounted on it. Two holders were installed on the C-arm
framework to attach maximum of two Compton cameras. The two holders are separated by 55° and
could be moved simultaneously or individually along the rail of the C-arm. The former holder could
rotate from -27.5° to +152.5°, while the following holder could rotate from +27.5° to +207.5°. The
two holders could also be moved up to 100 mm in z-direction (towards/away) to the center of the
C-arm. The holder in the z-direction could be precisely moved by few millimeters manually or
automatically as required. The basement of the C-arm could be moved in two dimensions. In both
the x- and y-direction, the C-arm could be shifted up to 100 mm. The basement could also be

precisely moved in x- and y-direction by few millimeters, manually or automatically as required.

4. Experiment Set-up
To conduct 3D imaging, we loaded our Compton camera on the first-holder of the C-arm as
shown in Figure 2. The second-holder was kept unloaded and was positioned at 207.5° of the C-arm

rail.

C-Arm

Na-22 Point
Source

Compton
Camera

Fig. 2. Schematic illustration of Compton camera mounted on the first holder of the C-arm.

We have selected Na-22 (0.8 MBq; SKR8252, Eckert & Ziegler) RI as gamma ray emitter point
sources for Compton imaging. Two point sources of Na-22 having diameter of 2 mm each were
aligned in x-direction at the isocenter of the C-arm. The isocenter of the C-arm was set to 300 mm

far from the Compton camera (460 mm far from the first layer of the Si detector). Imaging was
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performed by rotating the Compton camera within the C-arm from -20° to 140° with angular interval
of 20°. Experiments were conducted by adjusting the separation distance between the two point
sources at = 20 mm and + 25 mm from the isocenter of the C-arm in x-direction. The measurement
time of the Compton camera was set to 10 minutes for each position. Hence, the total measurement

time from -20° to 140° with angular interval of 20° was 90 minutes.

5. Results

Fig. 3 shows the reconstructed images of two point sources of Na-22 kept at a distance of + 20
mm (left figure) and £ 25 mm (right figure) respectively from the isocenter of the C-arm in the
x-direction. The numbers of iterations adopted to reconstruct the images were 20. The number of
Compton events measured by the Compton camera when the two point sources of Na-22 kept at a
distance of = 20 mm and + 25 mm was 10696 and 10024 respectively. When the separation distance
between the two point sources was 40 mm, it was difficult to distinguish the position of the two
point sources in the reconstructed images. But, the positions of the two point sources were clearly

distinguished in the reconstructed images, when the two point sources were separated by 50 mm.

100 100
7000
6000
5000
E 3 4000
% 4000 E

-20 [ ” : : o " 2000
2000

1000

40 -20 0 20 40 60 80 100 “1%00 -80 -60 -40 -20 0
x [mm] x [mm]

~1%00 -80 -60 20 40 60 80 100

Fig. 3. Reconstructed Compton images of two point sources of Na-22 with a separation distance of 40

mm (left figure) and 50 mm (right figure)

6. Discussions and Conclusions

We have successfully demonstrated the 3D imaging ability of our Compton camera mounted on
C-arm framework. Compton images were reconstructed for two point sources of Na-22 by rotating
the Compton camera from -20° to 140° at an interval of 20° each. The two point sources separated by

50 mm distance at the isocenter of the C-arm was distinctly visible in the reconstructed Compton

51



2018 GHMC Physics Division Report

images, whereas it was difficult to distinctly visible when the separation distance was 40 mm. With
respect to the specification of our Compton camera, the angular resolution at 662-keV gamma rays at
full width half maximum (FWHM) is 5.4°, which means the spatial resolution should be less than 40
mm. However, the experimental results show that the spatial resolution lies between 40 mm and 50
mm and hence the spatial resolution was deteriorated in practice. The factors affecting the spatial
resolution could be due to lagging in the precise positioning of the point sources at the isocenter of
the C-arm and the position accuracy of the C-arm installed.

On the other hand, huge amount of noise was experienced in the Compton camera when the
C-arm was powered on and during the shifting of camera holders along the C-arm rail. Due to such
noise, the detection efficiency of the Compton camera has been decreased noticeably. In order to
minimize such noises, we conducted each experiments by switching off the power supply of the
C-arm after positioning the Compton camera at the desired position of the C-arm. Once the
experiment was finished, the C-arm was switched on again and the Compton camera was shifted to
the next desired position. Finally, the power supply of the C-arm was switched off to operate the
Compton camera for measurement. The adopted measurement technique was time consuming and is
not suitable for measuring nuclides of short half-lives used in nuclear medicine. Therefore, some
sorts of noise reduction technique should be adopted to realize full advantage of Compton camera

mounted on C-arm aimed for 3D imaging.

6. Conclusions

We have successfully developed 3D imaging of the two point sources of Na-22 by using our
Compton camera mounted on C-arm framework. The spatial resolution lies between 40 mm and 50
mm and could be further improved by noise reduction generated on the Compton camera due to
C-arm. The preliminary results show the possibility of enhancing the current research up to human

phantom experiments and animal experiments using the currently developed 3D imaging system.
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FFEHR X CTHREDO - DEEMRE

Preceding Study for Development of Photon Counting CT
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Masami Torikoshi, Kazushi Hoshi, Yumiko Ohno, Yuki Kobayashi, Kazune Akutsu,

Yosuke Harasawa, Kazunari Morimoto, Hiroshi Sakurai

1. [FC&IC

TSR CIT R #R 2 B~ DAL E O E 2 R E T 5 72D OTREFHE Y, TRREOR L
BLZRETH2EERFIETH S, IRIFEFTHE CIX BR8I35 Mk O B 5 A0 5
HEL 72D, 2L, B (XBRORERL ) PWEN T NVX —2 BT HERAD
= XLNEBHBEERTHHZLICLD. DF Y, (KN TOREBOBRKICI > T-WEN
DEFEMEMFEALTCZRAAX—2HHR L, ZOOEFNEZOMME T R LX—H%
MREL, MERELTRKEDBREEZMEGTDH. ZOZ L LMBNOEBETBEOREHINE
FRTHEICEETH D Z ENDN5.

LIH & 0 AR DB HEE A & ERFFZE/LRAAL LT, 220X LF—0D X
a2 AW CT A%y UNEB SN TE 72, 23T ® Dual-Energy X-ray CT (DXCT)
AF v =2 HWTHREZRRIICH D, ZOHFEEZFIZENTTUE, CT AFx ¥ 1B\ T
X BT 2> DDZFAX—%HT 52 L2k Y, BYEESCENR-E 2 ERBNIC
Rd D Z ENAHETH HU. IT4E Photon Counting CT (PCCT) & 721 Spectral CT & FE(EHL
DIEENERBAGICERIN>oH Y, ThaEHATEIEMNEZ LN >OH 5.

R OEENIE QML XTI 2WE BEH) OEsREE EERER SHIET D
ZEIh D, ERAYTHEDILTV S DXCT X° PCCT L= R /VFX — 3 EED S b 5 213
I REGE D E BN BV EIZE WV, ZEEG2ZE IR ERMELZ LI L LW
DTHY, 1850 DXCT X° PCCT TIEASBIGH, FRIR -G CERT 2 1%REDE
THEEOERMEZSD 2 S 13md TREERRBICH D EEZ LS.

4% PCCT DA MW TEFHELZEHNET 52 & & B LIZHRBEZIT-> T
WAHD, FIUTHNLD, BT R L — RS RLEFFO X HRTE DR DR T X #ii
BREE RO D Z L NATRED DS TIIZE 21T > 7. 20y PCCT B ORK LB TH Y,
ZOREROMIE A WmET 5. WIRITE TE 25 R, BERFREFIIEE ¥ —EFY
Y B, HL TSR - TR P AT 22 5300 ONC IR B R 2 K2 KRB il I SR AT
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11o7-.

2. A&

2.1. BEBRA

& #HY)72 Photon Counting CT DRRFEFEERZAT 5 72012, LA NITRT L 9 RAEERAIC LV
X BRBEIOFH S AT LEME L. HEOMIEZFHIAT 5 &, & ERICHD X HEKT
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2.2. Ak
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o
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(W: $0.1mm,t2mm)

~15cm ~30cm

Fig. 1. Layout of Attenuation Coefficient Measurement System
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CdTe MHERO = R VX —FIEE LT RI O Am-241 Z#Ji & LTHY, EFEnS0o w o
FRtE X R 2 MBI - 2.
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HbDOTHY 7T 774 MFRRL7D, BELERREICES. 20, REFHALO
BREIISNETE L HEZFIIL, T ORAEZ I RO -, ZNENDOEE % Table 1 12
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Table 1 Density of various samples

Sample C BN Al Ti

Densit
o 1.81Y | 1.81? | 2.69Y | 4.512

(g/ecm?)
1) ~HEFCICERRHIICE S

2) THAFKATAEIZLD

3) HERMER (2016 AR, L) p385iTLD

CdTe MHIZRIT X 0 JIE ST =R L F — AT MVITIAARZED FERNC X0 #fiE L7z,

3. #E8

(1) =XVX—RKIE

TARNF—ARIERERE Fig. 2 1O 7. TR LF—AXT MVHED T v F V) D=
FNX—% 02keV EHFEE LT7-. ZOK, TRXAXF—KEDEDIZ, TR ALX—fHLF v
FVEERRTIEET 5 &, HEIL02keV TH Y, 0 F v > 1L TOYF13-022keV & 720,
fsO CRWEMMEEZ RT Z E N0 5.

Energy(keV)
L)

Channel

Fig. 2. A CdTe-detector energy calibration curve for this measurement. The side figure is showing an

energy spectrum of gamma-rays emitted from 2*' Am. The energy of the highest peak is 59.536keV.
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(2) =XNVF—2X7 FVHEIERSEE
THRIF =AY )L —H% Fig. 3 (7. ZHidatklé L CE S 3mm, Smm,
10mm @ Al 3 EHE B O BT — % (I) 277, WINbMIESNTERERETHS.

Energy sampra with no sample and aluminum samples with thickness of 3,
5 and 10 mm

(A) —150_25_F1_S0

{B) —150_25_F1_S3
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(D) —150_25_F1_S10

Arbitrary Unit

Channel

Fig. 3. Energy spectra of transmitted x-rays through no sample and aluminum samples with thickness of
3mm, Smm and 10mm. The results are indicated by (a), (b), (c), and (d), respectively. The x-ray tube was
operated by 150kVp and 25 pA.
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BRI U7 ALICKRET 2RO R Z X 4 12777, ZRENOE I OFEFCHIE S
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Fig. 4. Mass attenuation coefficients of aluminum samples are shown. The orange lines in figures show

theoretical values calculated with XCOM databasel®! provided by NIST in U.S.
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Dose distribution reconstruction of fine carbon-ion beams using

iterative approximation
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140 MeV/u DIRFEA A V% dlmm DY A—H|Zi@ L, PMMA DOJEHRIZ LV FTHIAR
REAHFHL, REBLOT T v 7= EOWEEIT T, XA A — FEREFHPTW
60020, A J&FEIL 1 mm?) % A RUATE IR 2N B — Al & TEIZ/R D K 9 XY AT —P(COMS
PM80B-200XY-LMS)IZ[EE L, £2mm O 7 7 7/ EHENZ 0.1 mm 27 v 7Tl L7z, [
R Ot B EE O FLALE (X, Y) T OFHME 2 8t &5 O A & D Dose-Area-Product
(DAP(X,Y) & T2 &, ZHIITHRKBEINSAEOE D OHfED THLDT, RO K HITH
ENnb.

DAP(X,Y) = f f D y)s(x — X,y — V) dx dy (1)

22T, s(x,y)dxdylIfiE (x, y) TOHER R dx dylZ 5o 2 GEGEKOEFE TH 5. (1)
wIERR & Bipd &, W X AMEIZFEIHN O DAP 76 OF5OFE & LT, kK
TRIND.

1 ((*°DA ,
D(x,}/)=§ff_ ws(x—X,y—Y)dXdY (2)

2T, S EHRIBOERERO LY T 5 L
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S= H_:Os(x,y) dx dy = mrg? 3)

ThD. ZhbORERGRE O R RFZE RIS 2T 5 L ROBHEA G h

2.

+co
1 +oo 1\ (k) r_ r_ i 1
D(x,y)e+D = D(x,y)(k)gff {DAPo(X. Y)/ﬂ_w D(x",y)¥s(x' —X,y" = Y)dx dy}

(4)
s(x—X,y—-Y)dXdy
(a) DAP rate (Gy mmzlf;su} (b) DAP rate (Gy rr::?fs}
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Fig. 1. Measured DAP distributions at surface (a) and near Bragg peak (b).
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Fig. 2. Reconstructed dose distributions at surface (a) and near Bragg peak (b).
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Fig. 3. Dose distributions at surface (a) and near Bragg peak (b) obtained by Monte Carlo
simulations (PHITS).
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Z 2T, DAP IEHIEME, D, y) B30 IR L kB HOBETH S, K@) E2BRNTEE L,

PR U7 @& oA 2 157, WIERBREZ KT 5729, HMEMEIZe —/SA T 4 VX ZAT
ST b D% DAPy & L THWEZ. 56172 2 IRoTTMESAIIEIRIZOWT, Er T m i
= L —3 3 2 (PHITS 3.02) & DA 4T > 72,

3. BR - EE

Fig. 1 IR EB LT 7 v 7 & — 75 CHIE S 4172 DAP 7311, Fig. 2 I3 Z £ D DAP
X0 R S TR B AR, Fig. 3 X PHITS (2 X 25T DR S OMENMiZ/RT. 7 41
AP 72 DAP b Fig. 1 SIZIEFR Uiz nm L7en, A%k v JHEIC K DFIR DT
FEOBEAENMEE L TEY, ZHICE 0 ATy X08H 2 RN S 7= s ol & 046 23
BoITWD. REAEOMRESA TIERIER T 27 T (Pso20~0.2 mm)BfF Lz, 77
v J =7 (LTI, FLEIORRER & L T~54 Gy/s M3 572, 2 #uE Advanced Markus
(PTW 3404 L H2MEB LRV v FL—XIZLbr7n 7y A AnbEB SN E— A
DHEIOMERLIFE B L2, £/, MERX—ZADE—LHY A XL LT~L.l mm BE5NT-.
TR S TORMIKIL PHITS OFER LR TH D Z EDRMRETE . ZhbnZ &%, K
FEICLOBREERILOZUEZRTLOTH L. AF X VHIEDO AT Y XFOEBR 7 4
VA B ORFTEIC L DM EREOE 2 50 ERSHOBETH 5.

4. R
BRUREFSRIEICLY, BRESHEBETZ2HNT, BRHESYF A4 XL /hEnZE
B SRR IR A ERT D L N T T2,

i
HIEIZH ) L CIHWZdgG = =7 U 7 (BK) OIEI IR, KA E S R EGEH
BLET.

R DNFITFMERFEPNCTRRFETH .

SE X

[1] Keawsamur M, Matsumura A, Souda H, et al. Development of stereotactic radiosurgery using
carbon beams (carbon-knife). Phys Med Biol. 2018;63:045024.

[2] Tashiro M, Souda H, Torikoshi M, et al. Dose distribution reconstruction of fine carbon-ion
beams for carbon-knife. 57th Annual Conference of the Particle Therapy Co-operative Group
(PTCOGS57). May. 2018.

[3] Tashiro M, Souda H, Torikoshi M. Dose distribution reconstruction of fine carbon-ion beams

using iterative approximation. Jpn J Med Phys 38, Sup. 2018.
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Evaluation of dose distributions for layer-stacking carbon-ion irradiation with

respiratory motion in numerical phantom with spherical target

A e BUL BRE, Bl IEC

Mutsumi Tashiro, Kohei Yokoyama, Masami Torikoshi

1. (&I

FER PERS B 2 £ 5 BRI T 2 SR FRARFEE IR AR IR A, MR — PR & Wil 7o 9 S 03 D e

Th<, BEDO L ZABEICH SN TV 2R, ENOREY M2+~ & &k 4R
WHH, TETE—AlEZET 2 oo I THBERRR RS A RIE IS X 2Rl T o
NT&EEN 22T, 3R IE” 7 > b AT TR X 72 5 CHI & 2818 U 7B R Ry
fMadtE L ﬁ%ﬁ%ﬁéémﬂﬁ%ﬁo% Fio, MEE OB E — LT HIAL
HEOEITHE) FBREBEOREAICL D Z L0, ENNORBREE L2 RTHHEL

HAL, MR OB E T

2. Ak
BAE 7 7 > 8 A TAKHIZEL 90 mm OERIEF(CTV)ZRE L, B — Al 53 L ORI M
(ZNENHRK Smm & 20 mm) O 2 KooV bz FEs &, B (RS fFoBx &

Table 1 Conditions for dose distribution calculation.

CTV sphere diameter / depth

Lateral motion amount

Longitudinal (beam axis) motion amount
Cycle of respiration

Phase difference b/w motion directions
Bolus smearing

Respiratory gating

Delay time b/w motion & gate signal
Range shifter switching time

Beam extraction time / synchrotron cycle
Prescribed dose / dose rate

No. of phases for dose accumulation
Layer thickness

Distal margin / Leaf margin

Dose calculation method

$90 mm /75 mm at center
0-20 mm

0-5 mm

3.5 s (sinusoid)

/4

Yes / No

Yes (30% of lateral motion) / No
0.06 s

Is

09s/3.0s

10 Gy(RBE) / 5 Gy(RBE)/s
20 per motion cycle

2.5 mm

2 mm /6 mm

Broad beam algorithm
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SEIRENDTE IFIRMERS B % A S IRE TR
Beam

100 [

Dose (%)
Dose (%)

Depth (mm) Depth (mm)

Fig. 1. Dose distributions for layer-stacking irradiation with (right) and without (left) respiratory motion.

ENE~— v E LTPTV 2% E L, & PTV ICK L CIEHEFHEZEE (XIO-N)IZ TR LT
NI A=HERNT, B 2EE LR ORESMAHE LT, B EOM, R
ATV T O, FRFEOGED S TIT o7, 5HRSMA Table 1 12733, TR
BT~ —VrRR—F ARAAT U 7REL, BATOREEFE—E LR 7272 UEE
T RATHDLZEDND, By N v 7 ~—U UL BICEICMHNT 2NH~—T v
120 & L7-. MREW VEDIEEEL LT CTV ISk L TR BB D+5%03 B S 5 (6 D&
& (Conformity Index; CI=Vos— Vios(%)) & KD 72, EEHINS AR 7 B st U CEI & ISR D KRS
filizg = 21k (FFEZ2{k(Range Difference; RD)) Dt i o i KA A RAEZE (LA & LT, 7
FEELIRREE 2 b7 T 5025 CTV O 50%K55 % 15 6 5 RFEZE RDso 23K 6D, CI & DA%
RO

3. BR-ER

FHR SRR E A OB Z Fig. 112737, FRtRSMCHT 2 ES M HE LT Cl
% Fig. 2 1”7, BhE BNEWEAPTV=CTV)IZ CI~98% CTH 7= Z LD, D 5%D%AL
EHRTHZEEL, CIZ93% & HEMEL LT, FFRFEIHIRCA AT U > 7 OFBEIZ L0 B - il
51 DR B PRIE 2 3R & 7= (Table 2). FERIHIDEH A, AAT VU T LAY 2D L,
BRI IAE )7 18] 3 mm 2> 5 20 mm (RREROKEKE) &7eo7203, #HMIXIZIERELTH -
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w/o Gating, w/o Smearing
w/o Gating, w/ Smearing > 93%(1%.1‘%)

SKEWSVERL

© 60

w/ Gating, w/o Smearing
w/ Gating, w/ Smearing

Fig. 2. Conformity Indices (Cls) derived for various conditions.

Table 2. Maximum motion satisfying CI >93% for various conditions. The motion amounts with gating
indicate those during the gating window (~30% of lateral motion amplitude). (Lat. = Lateral, Long. =

Longitudinal)
Smearing
No Yes
Lat. 3 mm & Long. 0 mm Lat. 7 mm & Long. 1 mm
Gating Ne or Lat. 0 mm & Long. 2 mm or Lat. 20 mm & Long. 0 mm
Yes Lat. 20 mm & Long. 5 mm (at least)

To. X, ARAT U 7RO BN X D REEO B2l 5 Z L ITER
THEEZLND., WREHAY T, ELOGAICHIZ SN >0 ThoORETE
PR MR- Sz, T72bb, MEFOIHxENFELCTH, AT LIk
w2 RSN

Fig. 2 % RDso lZx3 5 Cl OFfRIC7 2w M LIE L72 6 D% Fig.3 (2”7, Fig.3 L5
L, BigE, AAT VU ORBERZOREIICEST, FMAEOKRE 2 >R
RIS T, B AT AR U CRERFEEE L ClXd L% RDso=2mm & 72> 7. [A
A TIZRDso ML TH CI>93%E 720, D7 & bFIT LI BTl — a7
L7z, [FHIAE Y O%E, BERNE OMRESADPEIFRMEICETTHZ ENEOER EE
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Fig. 3. Relationships between RDsy and CI with and without gating. Dashed lines show the trends of the

respective data sets.

AbND., HOIBEDORKRE DR TH D Z L bEkA RIRBELLZ R ORI LT,
AL D T RIETSH % RDso D3R ER) —PEIT LT DM A3 2 LI, ERRKICEN
THMREBIREL R D Z P HIfFEND. ZOFEFEDOTDABERIKT —Z 16 LTI T
WS RERD D .

4. #EiR
FEIN OTRFEZAL A D 515 53D RDso 3p ) — M2l 2 f8im L 0 55 Z &
TRE X T,

AREEDNBIIAINERPNC TRRETH .

S35 3k

[1] Tajiri S, Tashiro M, Mizukami T, et al. Margin estimation and disturbances of irradiation field
in layer-stacking carbon-ion beams for respiratory moving targets. J Radiat Res. 2017;58:
840-848.

[2] Tashiro M, Ishii T, Koya J, et al. Technical approach to individualized respiratory-gated
carbon-ion therapy for mobile organs. Radiol Phys Technol. 2013;6:356-366.

[3] Tashiro M, Yokoyama K, Torikoshi M. Evaluation of dose distributions for layer-stacking
carbon-ion irradiation with respiratory motion in numerical phantom with spherical target. Jpn J

Med Phys 38, Sup. 2018.
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REBILRE—LEICE T HRAFHREET7 VLT ) XLDIREE

Verification of Field Size Effect Estimation Algorithm for Broad Beam Method
with Carbon Beam

Ay oz, e 8, Bl EC

Akihiko Matsumura, Ken Yusa, Masami Torikoshi

1L % B8

B R PERLFRIE P50 % — (GHMC) TITIER B — AEEZ O TR ATRIEZT
S>TW5., F=F—KRIEEBITOE—LEITHELITVIRE L TWDHH, il ko=
WCHBICK OVREEERZHET 27 03 Y AL L C&zU2 2 2Tk, MR
I% double Gaussian 0)7012774’/I/%{}iﬁLf:“\‘“/“//l/l:*—-b-ﬁi%ﬁﬁb\f%m LTW5. if
B, AFxy = ZIEIZBWTIE, triple Gaussian 2 {8E L 7- MR &M EIES A S Twn
BB 22T, AR TIIIER B — AEIZB W T, triple Gaussian % 72 B B30 S oD
T O RS IZ OV TIRFEZ AT - 72

2. Bk

HIEIX GHMC IRIEE B IZB\W\ T, BV R A v MERERPTW31014) E K7 7 > b A TiT-
7o, BEERIXT A VBV AICEHE L, JEKT T v/ E—2 (SOBP) HF.LOESIZRD LD
KFEZFE L., ZHIEEREE T TCWARIELRI Ly b7 v 7 ThH5. Al

380 MeV/n, SOBP i 70 mm, HUSTEFH A XERE 110 mm O RS FME2 vz, R — M
BEEZEIYA—FORRZZ{LSE THRNBIRZE L. E—2 7277 A%
double Gaussian & triple Gaussian Z{KE L, S HIZA /) — MIBKGHEORHEEZEE LT
B4 WY OREFIECTREENEDT 4 v T 4 VI RT A= ERE L. e, LY
U7 HKAEBINR LT, FEERICHIE SNTCRIEEE & i LTz

3. 5 %$

Fig. 1 ([Zf8 O N7 ME R EFEMEREZ RS, FHESMEE, (A) triple Gaussian+ R/ — MK
174, (B) double Gaussiant+ A / — MESFHE, (C) triple Gaussian+A / — NMELFA, (D) double
Gaussian+ A / — MEfFA, TdH 5. double Gaussian 2k, triple Gaussian 573 FU P %)
Re LV ERICHETE TV ZERNbnd. &b, HEOL v 7 XIKFEEZ FV
TIRIEESARH L, R URESEECTERMIN TV 259 HoRERR L 0% GHER
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BB HEMREEZS Wb D) A& RKe 7= (Tab.1). Triple Gaussian & double Gaussian %
g5 &, BB OFBPEERZE (SD) WS R TWD—FHT, DTN RnbFEHE
DATE'y FBRRELRoT., ZNET 49T AT NTA—ERMWAxT-2 L2k, &
—NR=T 4T AT ERY, ADT R T 7 A EOTMENE Lo REMENRER SN D.
£, A — MIBRFMEZ B L7 e/ MERI O TIUES S S, SD 238 TG
SN Z Ry not.

1.01
1.00 R
wgy%¢é’f’/’/h——k
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(] . [

s / —()
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Fig. 1. Estimated field size effects is shown as a function of the field size. Estimated conditions are (A)
triple Gaussian w/o snout position dependence, (B) double Gaussian w/o snout position dependence, (C)

triple Gaussian w/ snout position dependence, and (D) double Gaussian w/ snout position dependence.

Table 1 Parameters of residual distribution between the estimated beam monitor calibration factor and

measured one.

Condition Mean [%] SD [%] Min [%] Max [%]

(A) 0.32 042  -130 130
(B) 0.25 046  -1.53 1.4
(€) 0.39 040  -0.66 128
(D) 0.23 041  -084 LIS

4. KEER

BRI FHROIER & — MEICB T 2 BB HROMEETIECOVWT, E—LTm7 7y AL
DIGIRL A ) — MLE Z 2 S TG E O 25l L7, BEmAYICIE double Gaussian &
Y triple Gaussian D S NEEEDO T 10 7 7 A MW EEZHNDD, BEEZWE LT-HAIC
FT7Hy FIRRPRREL R0, AR TIIMNEICLOTH—DTm 7 7 A VZE L T
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WAD, ERE—AEICBWTIE IV U AR T T 7 A NOBMLEIC L > TET 5
TENEEINS. FOLED, BITNRETARLEL T I Y 2 b—3 g VETHIK
S x b ERETIVENDD EEZDBND.

5. 8
KFge eI HI12H720, %< O ITHEAZTEV - GHMC A% v 7 8 L OVINEHHER S
IR L BIFE 9.

S35 3k

[1] Matsumura A, Kanai T, Ken Y: Evaluation of the snout position effect on monitor output for the
carbon ion therapy. The proceedings of 7th Korea-Japan Joint Meeting on Medical Physics, 66.
2014.

[2] Matsumura A, Yusa K, Kanai T, et al. Evaluation of an empirical monitor output estimation in
carbon ion radiotherapy. Med Phys. 2015;42:5188-5194.

[3] Inaniwa T, Kanematsu N. A trichrome beam model for biological dose calculation in scanned

carbon-ion radiotherapy treatment planning. Phys Med Biol. 2015;60:437-451.
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I RN ADRRFARICE TSR RTEBERPOELIZHT 5%
ESHOFRIE

Predicting dose distribution with replacing stopping power ratio for inter- and
intra-fractional motion during carbon ion radiotherapy with passive irradiation

method for stage I lung cancer

YN e )
Yoshiki Kubota

1. [FC&IC

RLFHR, FRICIRFRITIT T v /=T O ¥ —TR_F T TORBIZL Y, ERH
DOEZE T T O2X =7y MIBBEEZETTHIENARETH L. LL, Y —772f
BOMIEE VT 4 T Th DD, BEAESSE O BN B LG A Ty — Ty
MZxt L THO R EE B TERWIEARSH D, i AR A Ze E13 k& < JESAT
EAZA LI 2o OBITHEDMICKESHEEL 52D, TOD, BRIZIBEY
1T 9 T2 OIZITNEBEALIE DAL LI ik O ZA L 2 MR T 2 BN H D

RS 2 HEZR T 5 72 0121% CT MR AL E TH 573, IBIERIC CT AEA SN TN
% IR SEAE MR 1272 <, CBCT CIIMEFN R T 2 ITITEER 4 TRV EN I HES &
5.

NS B 2 a9~ D ik L LTI~ — D &l 5 iR, IFECiE~—HI LA NT
XU TEBNZ L S TENS DN EEZHERT HZ ENFREE oo lo. T ONLE DR
XX HREE ETITAD L WO FLER S 508, CT B Z AW T en=e, MEFHEITITH
T EMTER.

Z 2 TH AT 2 ORI OZ I3 U CIEBATE A B A 530> T D REIC R &
S3ATE TR D HEERET D, ARTHE, MESA THEOT VI Y XA LR
BizoWnWTalkR 5.

2. ik

2.1. B&ET—4

ST D2 BB IE 2012 4R B 2016 4RI GHMC T 1 HIiAS A D IR FBRRBIR 2521 7= 10
ANDRBFETHD. BFEOFEMZ Table 1 [Z73d . AWFIRITHER K7 = 755 E 7 Pt fm BRSR A
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FESTHERREGS TN D (FE 5 15-111).

Table 1 Patient characteristics and tumor and lung CT values. (3Z#k[1]? Table 1 7> 5 #5#)

Tumor HU Lung HU

Patient number Sex Age Patient position Tumor volume (ml) Mean sD Tumor SPR Mean sD Lung SPR
1 M 58 PR 10.40 —257.6 282.0 0.78 —803.2 178.2 0.19
2 F 56 SP 14.76 —113.6 240.2 0.94 —656.3 185.1 0.34
3 M 72 Sp 9.76 =2325 305.2 0.81 —819.9 2075 018
4 M 82 PR L.71 —204.7 231.2 0.84 =734.3 211.2 0.26
5 F 48 SP 1L18 —-325.7 299.3 0.69 ~T742.6 185.8 0.25
6 M 89 PR 5.57 -5343 219.9 047 ~751.3 205.8 0.25
7 F 82 PR 5.35 —-178.8 2338 0.88 —781.5 2209 021
8 M 68 Sp 5.78 —313.2 2934 0.71 —800.9 192.7 0.20
9 M 72 PR 18.64 —51.0 173.6 098 -702.9 202.8 029
10 F 57 PR 12.40 —214.8 258.3 083 —673.8 2173 0.32

Median - 70 - 10.08 =223.3 249.3 082 =747.0 2043 025

HU, Hounsfield unit; PR, prone position; SD, standard deviation; SP, supine position; SPR, stopping

power ratio.

2.2. FRFEOTILITY) XL

AT RITEITTRFEGE CT mifg & G EREEZ V5. 73 ) X LD % Fig.
112, PRI &0 (predict dose distribution; PDD){ 3 E 5w #RAL 2 & fifi O LI RHIERELE T,
NI R B e m SR E 2 S NS CEM L, MEFREZIT) 2 & THET L. Pk
I£ MIM maestro (MIM software) - CZNENDERERDNL) CT fEEZ R, £ CT fENrD
CT-SP Table |Z & ¥ BHIRREFLICAMA S 2 2 & TR 5. ZNENOFEILIEAEELIT Table 1 (2
TRT. ARIBEIEOFME 21T 9 72912, actual dose distribution (ADD)% 51579 %. ADD (213,
A BICHRE Sl CT Bifg=0 4DCT Eifg L TREFHR 25 Z LIC X WRED.

2.3. FHMliA &

AIRRFEOFHMIZIE, PDD & ADD @ DVH /8T A —% Z /=, ffl L7= DVH /{7
A—=ZEZPTV & CTVD VIS THDH. Z—5 v bOIANL— U &FHET HERICIE, 8% CTV
WL, AENZE D RERZCEFNT 5720, PTV bEbLETHEHLZ. qu{ﬂﬁ (Al
JA U7 CT Wifg1%, 4DCT [Hi{% D Gate-in, Exhalation, Gate-out, Inhalation X OVl B IZHRE L
TR CT Th 5. iR CT LTI BERARE L EERAIFICONWTENENFFE L. £z,
=0y AN —VIRT EARREFEOBEDOHBE, EEBTE L KRR FIEOMRED
B Z RS 5720, ZNZNOMBRE R 2558 Lz, BSEAMRIZAD, ¥ —7 > b4
NL— I FROX(D)E V-,

AC = 100 — Vs
1)
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| § How to make a PDD

(a) Replace tumor region on TPCT
(Red) with the average of tumor SPR

O

(b) Calculate a PDD of treatment plan
on TPCT (PDD+p)

2\

(c) Replace current tumor region (Blue)
with average of lung SPR, and moved
tumor region for intra-/inter- motion
(Red) with average tumor SPR on TPCT

O

(d) Recalculate a PDD of intra-/inter-
motion on TPCT using the parameters
of PDD+p

" How to make an ADD

Calculate an ADD of treatment plan on
| |TPCT (ADDyp)

(e) Recalculate an ADD of intra-/inter
| | motion on 4D/ConfCT using the
i |parameters of ADDyp

Fig. 1. Flowchart of the proposed prediction method and sample imaging. (a—d) Treatment planning
computed tomography (TPCT). (e) Four-dimensional computed tomography. (b) Prediction dose
distribution of the treatment plan. (d) PDD of the inhalation phase. (¢) Actual dose distribution (ADD) of
the inhalation phase. (SCHK[1]? Fig. 1 2> 5 #ixi)

3. #B&
DVH /X7 XA —% OfER % Table 1 (27”7 4DCT D7 —7 4 7 N(Gate-in, Exhalation,
Gate-out)?® PTV/CTV V95 D5 K374 7413-0.43%, Inhalation phase % & e &-0.63%ThH 1,
BREIRON ol Brx OELE ST & FRAETEY 29%DERNH T2, f
BTN o T, [BERA TR T037% DR ETh o Tz, [BEEME, ¥ —7

v NN =V LRBRFEOREDOHEBE Y 7 7 % Fig. 2 IR,
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Table 2 Dose volume histogram parameters of the predicted and actual dose distributions for
intra-fractional motion and inter-fractional motion. The numbers in the PDD and ADD show average

+ standard deviation in 10 patients. (SZHk[1]0> Table 4 ® V95 D F % #in#k)

Vos
PDD (%) ADD (%) Error (%) P-value
PTV
Treatment plan 96.75 + 3.79 96.70 £ 4.00 0.19 = 0.69 0.778
Intra-motion
Gate-in 93.74 + 4.74 93.79 533 012 £ 1.04 0.901
Exhalation 95.13 £ 4.76 95.09 £ 490 0.55 & 1.59 0.903
Gate-out 91.83 £ 6.65 92.25 £+ 6.70 —1.23 £+ 2.98 0.541
Inhalation 80.51 &+ 11.65 81.15 = 12.68 —1.13 £ 4.08 0.571
Inter-motion
BM 87.31 £ 12.06 85.10 £ 18.85 2.80 4+ 7.33 0.387
™ 94.94 + 4.33 94.78 + 5.08 0.37 £ 3.63 0.886
CTV
Treatment plan 99.97 £+ 0.08 9995 + 0.16 0.02 £ 0.08 0.327
Intra-motion
Gate-in 99.87 + 041 99.80 = 0.64 0.07 £ 0.23 0.327
Exhalation 99.96 £ 0.10 99.97 + 0.08 0.00 £ 0.10 0.500
Gate-out 99.79 £+ 0.60 99.66 £ 1.09 —0.39 =+ 1.78 0.500
Inhalation 93.96 + 7.69 93.88 + 9.90 —0.50 £+ 4.46 0.297
Inter-motion
BM 94.54 + 9.35 91.65 £+ 1640 297 £ 7.17 0.155
™ 99.82 £+ 0.40 99.36 £+ 1.57 0.46 + 1.19 0.173

PTV, planning target volume; CTV, clinical target volume; V95, more than 95% of the prescribed dose;
PDD, predicted dose distribution; ADD, actual dose distribution; BM, bone structural matching; TM
tumor structural matching.

None of the DVH parameters showed significant differences between the PDD and ADD.
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Fig. 2. Graphs of the correlations between (a) tumor coverage index and the errors, (b) tumor
displacement and the errors, (c) tumor displacement and tumor coverage index. The circles show

intra-motion points and the squares show inter-motion points. (3ZHR[1]? Fig. 2(a-c) % Hr#)

4. BE

AR TIEH 2 OEAL, IRIETOELZ B8 LI RE0 A THREZ R L, 34 L7-. 4DCT
DTF—=T 4 THNO PTV V95 D KVEREFET-043% Th o7k H12, 5'—=7 4 7 NT
O ETHREE L@V, FEREOEIZ LY Ao B EDONEITZDENN - & L THAKSE
MO Z T/ NS W=, BESMAICHZ DB NI WD EEZLND. £,
Table 1 £V, MiOPHILREIFIRNZ E0vD, ZI D OELBESAAICE 2 DB/ S
WD TREE R R N7 BEZbND. TROLORRELE LT, HxOELEEEL
7o D PTV V95 Oft&E THIFEERREIL, BRAT22%THY, HKRE22.6%TH->
72(Fig. 2 2. BENKEVWERRIZZ2E 2615, 9281, BxOEIck-T
RS BTy ORSEMBEEEN K E S B Lo THDL EEZLND. FREBE Tl
WEWIE O/NSRBEIOARTH L0, Ha2OELTIE, #lz2iE EROFHREY 72 EDE
EMEAT 5D Z LT Ko TKREMEBARESELL, fBRE L THRESMICKE %
EH 5. ZOHIZ, BENKEIWRERSTEMIZL &b EEEAMVENREL, F
NL—=U BRI THoTelodiZ Bz bd. AL — YRRV IR ES A DR
W7oy L 7e o TWNAH T, BREIIRELSRIST VN THL I ENFE X 5.
AIFVETIE, Ml & B A 2O BH I REL TEHL L T\ 5. Table 1 KV, &
BT L OO IERELIX 0.18 27D 0.34 DFfiH &, REROWMETH 2D 023 775 0.34 [ZIw
FER LT o TV AL EEOMCHEEIIAE CTH L, SRIOMELY, HEHE RIXE
NOOERALER LD THD EBEZTHBERWEAS . 2L, BT L OEEOMIE
RELLOFEFAIT 0.47 15 098 E RERENDH HOT, EEMHIEREEOBELRIZEI L TITEED
CAZHE LTl a2 ERH D259 .

Fig.2 LV, ABEFEZI DAL= NMEWITE, EEBEIE K E VI E PR E K
TLTWD. AL — U MEVEFIRCIEG B B & 23 K & VEFI CAFIEZ T 5561
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EENLETHD.

AEIOENTIZEH < £ T L0 FEFNTNAEEFEDOT —Z 2 LR R THLOT, BTOIE
BITARFERDEIETE D LITB RIS, 202D, KRERGEOKEZEIZEO D720
(ZIXE R DT LB TH A D .

5. F&®

o2 13 THIIAS A D IRFERHEIRITIBN T, B 2 DZ{L0IE T DL % B8 L - E 5T
DTPEERRE L, TORELZFM L. HET S BEO CT F—42 & v M2 AV TIT,
RETFEIRESMZ THT 52 ENTRETH D Z LIRS, AHBITIFHS AR &,
LD BT TA ST 1 % B4 L 72\

#
ARFTAEMEET DICHTY, Z< O TKEETANIESRT Y =7 ) > 7 OFIREK,
HERR, GABK, AR RICHE B L BT ET

S35 3k

[1] Kubota Y, Sakai M, Tashiro M, et al. Technical Note: Predicting dose distribution with
replacing stopping power ratio for inter-fractional motion and intra-fractional motion during
carbon ion radiothrapy for I lung cancer. Med Phys. 2018;45:3435-3441.

[2] TIrie D, Saitoh JI, Shirai K, et al. Verification of dose distribution in carbon ion radiation therapy
for stage I lung cancer. Int J Radiat Oncol Biol Phys. 2016;96:1117—-1123.

[3] Sakai M, Kubota Y, Saitoh JI, et al. Robustness of patient positioning for interfractional error in
carbon ion radiotherapy for stage I lung cancer: bone matching versus tumor matching.
Radiother Oncol. 2018;129:95-100.

[4] Abe S, Kubota Y, Shibuya K, et al. Fiducial marker matching versus vertebral body matching.
Dosimetric impact of patient positioning in carbon ion radiotherapy for primary hepatic cancer.
Phys Med. 2017;33:114-120.

[5] Mori S, Lu HM, Wolfgang JA, et al. Effects of interfractional anatomical changes on
water-equivalent path length in charged-particle radiotherapy of lung cancer. J Radiat Res.
2009;50:513-519.
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OS-EM IZ2&BaV T oA ASEEBEROEEL

Speed up Compton Imaging with OS-EM

EH =B
Makoto Sakai

1. [FC®HIZ

BERTTEH T Mo DA T #EFICHT B ZED &N a T o 27
DOEIFTTHBI O THE L, BRIUMBRIIEREENEN E LTOSANED N TE T
E% PHTIEING ORI E R, HEMEN T AT IHH Y e %w:&#6

WESDarT R ANy NEBEBRFEBRICHWD Z N TED, EEEERIC
w%%%%%@@@%ﬁ@%né:&#%,M%%:ﬁ%%@@i%@%ﬁkﬁa

I N AT O AR IZIE List Mode Maximum Likelihood Expectation
Maximization (LM-ML-EM){E723 I ST 5 ML-EM 138k & — %) e 5t EH RO R K
G FAERIED 1 D Th 5. BT FIEICIIREA 22 Fik LR FIEN H D73,
25 FH I 4 C IO B R B L7 & D 72012, BRI R R & i a ik L7
TR E D T N L, HNARBIERTRE L TS L INTWDS. 207w,
PET X° SPECT 72 E OEF /B CEHN STV 5.
LM-ML-EM £ I FRe DA W T 0 R Ll 2 15 L, MmUREgR 25 L5 L35,

/1k+1 Z
! Sj = ¥om tlmﬂ

ZC, AE kE B OBBITHIT D j 0) %ﬁ SilXEIFR ] OALEIT B 2 FRIR O 2h
K, X i FHOI T R AN MR ICHDLDBRENOHFONDMEREZRLTVD.
ADNB 570280, LM-ML-EM JEIFFHR &N Z < A ~ o MECCHZEEOHIINZ A,

SUEICH AR ML CLE .

Ordered Subsets Expectation Maximization (OS-EM %) CILE{E FHERICH WD T — & 20
< ODD subset FECHEIT 2 Z LI KV FHERIC 227> 5 IRe ] 2 FLfi T & 2 FiETH 5B
ML-EM JETIERTOT —# Z R (DITRA L Z B H3 573, OS-EM {5 TlX subset = &

TR T S 5728, ML-EM ITEEA~EE e 0 LIRS D U, BRI 2070 5 I
M2 KIEICEHET A2 ENTES., LAL, subset 3 BEIN45 &, 120D subset NOTF —
Z BN DT DITHETRRRAEN NS 52 Z L ice ), mEAZE(LSE D ATREES &
5. & T, AWFSE T List Mode Maximum Ordered Subsets Maximization (LM-OS-EM)i% %

KL, av T A A=V TICHEZDRBIIONT, 2T vy Ialb—vay
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% TR L 7=,

2. ik

1. AT UAAS

T N HATIIARETYSERFEICHEH LT\ 5 Si/CdTe FEka 7 Mo AT %
TF UL LI b O &AW (Fig. 1). 1 KO SiHities & 4 Ko CdTe Mg TR ST
D, 511 keVyMITT D MESMBEITNATHS. ZOMOFEMI/NG - RH - #HED
DRATHFRICTEH SN TN D2 a v F oA Ry b LTSi & CdTe 1 A2 TOAAENEH
BRI LT —# 245 L7=(Si-CdTe A X F). 28D CdTe TOa L7 h A X2 hR3
KePh B S COMABMERBHIE SHf-A Xy MIAFZE TR LTy

EO -
gamma source
Si detector ‘V
E] cosO= lfmecz(if !

’ . E, E+ E2)
CdTe detector //

E2

E =E +E
0 1 2

Fig. 1. Schematic image of the Compton camera.

2.2. BRT—4

AT 2 FEHOBIRT — 2 2\ -, 1 2BRI1Z2 OO RBIEN L2, 2 SOBIRD
BBfEA 4,5,6,7mm L2 D2 LISk, EEGEEE (2 RREE) OFHMEICEMR L. A
Ry NUT 2 HDOAFHT 15603 4 X k& L7z, 2 2HIE 1 -2 Hot spot (HS) & 2 -2 Cold
spots (CS) &R >EM 7 7> h A TH D (Fig.2). Hotspot (FEfh) OBFIRE I NNy 7 7
72 REE(BG) (K) D355 ThY, ZDIENDOES (cold spot ZEde) ITHRIFAREE A
0& L7z, &IROA XY ML 23648 & LT-.

g & g

¥ [mm]
o

8

]
gr|||[||r|||.|||r|||||||||||r|

I i 1 i
50 0 50 100
* [mm]

_é-"
é_

Fig. 2. Digital elliptic phantom (activity distribution of the 2nd source). The activity of hot spot (yellow
region) is 3.5 times larger than that of the background (cyan region). The activity of the other are (white
regions) was zero. The broken circles expressed the regions which were calculated the average and

standard deviation.
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2. 3. OS-EM

LM-ML-EM O E{E AR 7 7 7' 2% JEIC LM-OS-EM 7 /L= U A 5% F24E L7z, fliHLIC
[T UEPIEICE D VAT A= bY w7 2%FHL, A X bR FOA XY bEZZITICA
N % 1~8 O subsets [T LT-.

2. 4. EEFEFE

HRHIOFEER & LT, ZERoMeE (2 /0 EE), RSS, ZNCC, E&M, #H—Mz v

7o, ZEM 3 FREE DRI I SRR OB A2 FW e, 220 fREE IR 2 SR R IR E % 38 5
MEDTBT7 7 ANVERH/L, Z OO PHEGEETE DR/ EREE L2, M7 7 B
2B TR SN (residual sum of squares, RSS), ZFF X IELFA AAHREY (Zero means
Normalized Cross Correlation, ZNCC), E&M:, ¥ —M 43 L7=. RSS & ZNCC D& AT
TRLOBEY ThHD.

RSS = > (fr = )’

2 2(fr X fr)

ZNCC =
EE(r -2 <22 ((fe - )

TIT, IEMEEOMHERE, o XEEREGOBEE, fr, RETHEH L DT
AR, 7L, SAE O AT A, BSREAFL LR D L 5T O
WA EHAL L ThOIME AT 2. &M, B—MEoFHEICIE, FHF4HS, CS, BG O
N (Fig. 2 (350 DRERRPY) OBEFEOTY), MRS T,

3. R

Fig. 3 |Z AR O PSR 2 7~ 7. Subset ZUZRHDO 5T, WTFHOERIZENTSE 2 8
SYFREEEIL 5~6 mm & Ao 7.

Fig. 4 |[3#/5M 7 7 > b A O FRERLEI, Fig. 5134 % L—3 a T & OFHIE, RSS
F L UVZNCC, Fig. 6 1L HS, CS $5 LU BG fEIK O FHIHE & AEHERF25(STD) 2 & L T 5

Subset = 1

m =

Fig. 3. Reconstructed images of two point sources with 5 (upper) or 6 mm (lower) distance.
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Subset = 1

Fig. 4. Reconstructed image of the ellipsoid phantom with 1, 3, 10, or 30 iterations.

30

3E-5
s 1E+4 / 1
E 8E+3 / 038 WES:—
2E-5 4 ]
: 6E+3 / 8 06 // 8 \ Z Z 2
(14 4 e
g 2E+3 1 0.2 —l
© oE+0 4 : : 0 — 0E+0 : 8
0 100 200 1 10 100 1000 1 10 100 1000
No of iteration No of iteration No of iteration

Fig. 5. Calculation time, RSS, or ZNCC of reconstructed images with 1, 2, 4, or 8 subsets were

expressed against the number of iterations.
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2E-4 6E-5
)] (U]
b o m 5E-5 - -
£ £ e 1 /7
@ /‘.’\ @ 4E-5 1,
2 1E-4 | 2 3E-5
o
> > 2E-5 A
c | =4
3 S 1E-5 -
=0E+0 — = =0E+0 —
1 10 100 1000 1 10 100 1000 1 10 100 1000
No of iteration No ofiteration No of iteration
1E-4 4E-6 3E-5
gSE's y / 3 3e-6 o
B6E-5 - E=
& a 26 =
B4E5 1 - [a]
7 / ? 1E-6 »
2E-5 4./ Z
0E+0 0E+0 T T 0E+0 T T |
1 10 100 1000 1 10 100 1000 1 10 100 1000
No of iteration No of iteration No of iteration

Fig. 5. Calculation time, RSS, or ZNCC of reconstructed images with 1, 2, 4, or 8 subsets were expressed

against the number of iterations.

4. BE

AREFFE DFE R, 22 iEEEIZ %95 OS-EM O subset $X DB I RERR S L7203 o 7=, subset
B2 D120, 1EHTZ ) O IR LIZES 2 REHITENTHINT 2 b oD, 2o
FIFFEFIENTHY, BEERLRVL~NLTHD.

FRERR S V72 8 A 0 AR U R O BN & |2 SR AN BRIR BRI PN LS EE /) ST < s,
WOV IR LA D E, TV LA RGBT HLH170, Ko THENK
TT%5. ZAULLM-ML-EM{ETH R 6727 TH Y, LM-OS-EM £ TIE Z A BAZE I
iz, Z O & EEMICFHMET 572, RSS, ZNCC Z#Fffi L7=. # Y i Llal%kizxrd
% RSS X° ZNCC OZAbIX, subset B U TEEN RS 25 60, BRIZIZIZFREOE(L
ERLTCWe, 72, TROEEEENS GEEN—H EF L7cO BIIRTIZE U 2w
ML B, Fei 72 0 R RO FEN R S e, ol fEZ2 974 0 R LIkl RSS &
ZNCC TH72 v, RSS DI N/INEL 725 Tz, RSS BMEWERIZRER R EREENR L,
ZNCC 23 @V VEHR T X 0 BHESEIR O TR & EMEICR L T\ D, 207D, EO X H 7R YT
BB EZEHT 2L > T, REREVIRLEENEDD EBEZOND. BEFICBNT
FEHEROEEESHEE 25 2 135, £ 2 CTERERS LYo 21T - 72
EfREEIZ 81 D HS, CS, BG OfEIZZE N4 1.4x10%, 0, 4.8x10° Th 5. HS OEFHEfE T
#J1X RSS & RBEOMEBB R B, Wo o AEMEBIZE SN b 0D, ZO®RKT L.
—J5C, CS X BG XA HIOFHEFFHN TIXIE LUVMEICHINIIT SN T T T, Bk
ZRAE, CSHEETIIMEY K LEEOBIMI L > TRDHRALNZL 0D, SEHHOIET
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WEDFTNRL o TWe, IBEEFRZEAEIEZILIO & &2 5L, 2 TOMHEEkTHINMGE
Mz 0, :@*&ﬁ%ﬂﬂBEMﬁ?yﬁA/4x%ﬁﬁ¢5@mﬂ%wéMt

— AN B e VR L BT FERE RIS D S D A N SR DO ME S ITHRAE T
D0, EfRINZ NG IRNT —HIZEBWT, ZOEELZHENT 5 Z L I3IEFICHEETH 5.
LAl 24T o 72RO T S subset 2203030 B FRIFR DO B UAETR 2 7~ L, subset 2D
BN PE > TZEALOEFEDHE < 72 - TUV 2. subset ZLOEENNC & - Tl AR I =4 5 Iy
MOFMEZNL2ENRTE D00, 1 [BIOMY R LEEOZENKE RE'E O 2L A, il
72780 R LIRS R 2R B CIE EOBmB Z I H W2 002 L < 75 b0 L
BAbND. TUH LA RXOWPFEIE LN OEGEEHFT L LT 4 v H—% 0
ZHOMENELEZEZ LS.

5. F&®

LM-OS-EM (Z L % 27 b VB FRR A R L, BEOMMAZIT>72. OS-EM 7 /v =
VALZRWDZ LX), ERERERICET HRM 2 RIBICHMETE 5 2 L3RI
K‘%E(B£M7wﬁUXATiIE@@@L IZES BE OB B REL, T ¥ A
JA RO R 2D LG, Ry X LR AR OHESE T 5 2 L b IRNEIC
o TV, BR%IET U HE L) A REWMR DT 4 NE —&INZ - BB EEERGT 5T
ETHD.

SE X

[1] Sakai M, Yamaguchi M, Nagao Y, et al. In vivo simultaneous imaging with 99mTc and 18F
using a Compton camera. Phys Med Biol. 2018;63(20):205006.

[2] Wilderman SJ, Clinthorne NH, Fessler JA, et al. List-mode maximum likelihood reconstruction
of Compton scatter camera images in nuclear medicine. IEEE Nuclear Science Symp. Conf.
1998:1082-3654

[3] Hudson HM, Larkin RS. Accelerated image reconstruction using ordered subsets of projection
data. IEEE Trans Med Imaging. 1994;13(4):601-9.

[4] Odaka H, Ichinohe Y, Takeda S, et al. High-resolution Compton cameras based on Si/CdTe
double-sided strip detectors. NIM-A. 2012;695(11):179-183

[5] Takeda S, Aono H, Okuyama S, et al. Experimental Results of the Gamma-Ray Imaging
Capability With a Si/CdTe Semiconductor Compton Camera. IEEE TNS. 2009;56(3):783-790
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NBEMTZSEFMELHBXEK] OFAEICHT IRE

Analysis of the Users of the Test-Preparation Web-Site for Medical Physicist

EH =B
Makoto Sakai

1. [FC&HIC

AIRITIBNTEFWE L L 72 5 1 DIITEF W LB EEE OB GK T 2 LER H
L. RERBIINAEDN LY « AWy - B LRI R, BRI AR S ER IS,
—hHT, TOHEFRELTEL00307%L<, RREKEZ D AN—TE5HESHHTTOH
ICIRON TN S,

FERS R R OBER R E THERS 28 ATR RS HUBIE PR LR B HE X ) O CEZEL D&
A TRy, MAOMMS LML T/, KVMEHE T XX AR E OB
PEEZ, 201747 H 10, RBeaBulEmM a2 Lz 8 WEB ¥ b HEERTHS
& F B HakBR xR | (http://sakai-m.showa.gunma-u.ac.jp/) Z1ERK « ZABH L7=.

ARWEB~— U Tl EM B L UEEMHEO NI OW TR E Y B LFEERAE & O/’
THIPFFERNFEZ 2D L TAREEDRFHZAKHENZIZE, A FOFIHIZ W TIFREK
fil& Lz,

L% 0D WEB ~— VIE M & ikt 3 2 LEMERZ OB ORI DWW T ORMBE R L 570,
BEIERST o — 8, 7278 AT ORER % & &R AEFHHRSOR AR OV TR
L.

2. REAE
KA A N OFIBERRFIZAR] - TV 5 Pr@E BT, 36 KO google analytics & V727
7 AR OFEREZEF Lc. 512, 2017 FEORERATH £ TR BB LT 285 4
WX LT, 2141 A= CTT o — MEEESCAZ RS L7z, WEB ETORIZZHEAL LT
K L, PDF COEZEGZ T Iz, ID AN TIFREAOT v — b &iTo7. fiioy)
DIX 2 BEE#%D 2/28 & LT-.

-ID  (WH) - T U ORGSR (WZE) - BREE - BUGE A BEE A

- ROEREREE - ZBROAE - 5 - VA MEMoToZonT - T 7 v A KL

- FIUFBREE - TR - s /2 5%
T — NI 168 A BRI W2 e, BERID &Rt FmEDO A EVIEE LT
23, BIENWETENWEE2TOLFPMOEHIZCONWTHEIEEZ TS o7, 72700, —HICARRT
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ADIEAbH Y, HA ZLIZEERIIETOENDRD 5.

3. #B&

3.1. AIABRFEHROKHER

3.1.1. FIASEAH

FIHB SN OHER % Fig. 1 17, 7/6 \ZFIHZRKIDRE 4, 7/7 12 WEB R—U &R
BlL7-. Z0#%, BERFRRESIEY S ¥ —0 WEB _X— V% TEM LT, 724 ([CESWE

FRORBAMIT A=Y 7Y A K smp-hiroba] ZHWTEHEMLIZEZ A, £< OFHBGE
WA -T2, 2017 FEEFHHERBERBRORBRE (10/7) £ TOBEEKIT 285 4 Lo
Te. ZD% b 5 NIERRE DR — X TR BEE LML, 2018/9/13 KT 533 AD 58
FIHA GRS LTz,

600
Mail to Jsmp—hiroba
500
o Examination
o 400
]
2
= 300
S)
o v
< 200
100
0 _J 1 1 1 1 1 1 1
M 9/1 11/1 M 3/1 51 7/1 9/1
2017 2018
Fig. 1. Number of the users
3.1.2. BgiE

BERRFOME A b &1, FIHFH OWAE A RN - 74 - BE/MT - REE¥D 4 THE
W LT, FIAE DS O REERICITFEZ B BICFEE W 72720 TWn 5728, Y5 ClliE.
SR LTz (B 2 R ERI LR B SR RO, NS EN T D). EERR
Wb %<, £t D% TBRBHEATI ChH o7, DWTEAENRL K 2 ENTE L.

=L, mmwamﬁiu%%ﬁﬁé& FAEDZL bR AT G & O ATREMED
B — 0, BEMRBOEIS I 6% EFE o T
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BB /TR, 6% KRR, 2%

#4,19%

AR, 73%

Fig. 2. ¥R ORAE

3.2. 7O ABRITHER

3.2.1. 7O RAH

8/15 1 Google Analytics |28k L, 7 7 & AT & BRLA L 7. BELIEOERIT 7 & 25 (&
va 8) OB E Fig. 31T, RERAATH £ TIET 7B 2B R2 L7, 38k
BT 7 ABUTABRANI A~ & RIEICEAD LTWen, 1 BIZEHROT 7 & 2050
Tz, £7-WEA/MEMOT 7 & 2% Fig. 4 (R, B - BEEBNCA D & H O HE)
PRI BT, IRERIC BTz DRI T 7 B 23 % Ie > T /2. (Fig. 4).

17TEEREAER
400 1

91 111 171 3/1 5/1 71 91
2017 2018

Fig. 3. 727 & A DRI

0 6 12 18 24
Sun _— ’TJ 330
Tue - =
wed NN ]
Thu | I =
Sat = |15

Fig. 4. FE B/RefR 7 & 2%
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3.2.2. FANR
7 7 & A ARIL PC & mobile NFEIFEE TH 7= (Fig. 5 £) . 7 7 & AT HIHIEE
ZRD LTINS DT 7 ANEL o TWi= (Fig. 5 F)

: desktop
mobile 46%

44%

Fig. 5. FIAMR (/8) &7 7 AHig (F)

3.3. 7 Uir— MEEER

3.3. LRROEERUFI A#REORE

124 DHPRERBRZZIRL TR, BEEIL AL ThHo (G483 34%). A WEB
P A MRIHE OEGRBIZBEOEKE L FRE ThH o7, BIEH DN 155/168 4 D3kt & A
LI HLEE L. L, MRaAaELlane L BARETASEEORBR TAEK LT
AV

3.3. 2./ EHEE

IAGH A DB ONT, BEEET TRl o7 & 25, 145 4 O J5 S i FE iR AT #%
ZH LTz (Table 1). F72P50L LGN ETHE 1 MEKZES S, F26%ILLED
N (R AT LA D) Ao 5 OEHE 2 A LTz,

Table 1 Acquired qualification

Qualification No
Radiological technologist 145
Professional Radiotherapy technologist 14
Senior radiation protection supervisor 89
Junior radiation protection supervisor 5
Radiotherapy quality manger 9
Medical physicist 7
Other 6

3.3.3. R E
R EIZOW TR A I 2200 R B, BN - (R0 & (BENE) - Sied & (Rlaetk) -
R OE < R OED STHBIZHOWTHE (5/48) oA (145) £TO 5 EETHh%

85



2018 GHMC Physics Division Report

W22 W2 AR E WG R E (4.5) L 72> TV BN, fiEOE (3.8) i & (3.6)
WZIE 5 EE2RWELRD S L bR D.

m Very Satisfied B Satisfied yes and no
Disastisfied B \Very Disastisfied ®unanswered

80%

60%

40%
20% II II
0%

General Operability Readability Quality of Quantity of
comment comment

Ratio

Fig. 6. Satisfaction level

4. B

FIBREEIIETFY IS ML TOIRREIT - T2 EZICKIBIZEN L7z, By
EDOEREDOFICEL OZBRENND Z EIRBREND . FRBREICH RIS ORI R,
b, WEEOZBRICHIAHALAESL bOEEZLND. BAMEROT 7 & 2 k% I
% & H O HBIREZISCBAER, IR IC B T2 RIS T 7 B AL leo T, (Fig
4). BERFIRTAREE O REIREFICR AW 2720 TW D ATEEERE W E B X BILD N, 7
7B AR E LTEPC DEERLE W Lnh, Bk ToRMbZVWED L Bbns. 7
7 AMIIIER T TL < o TV, ZAUTRREMREC AN O N Z N2 & NHEK & Eb
NBH, 1P T R AROFHEHBED FICH T L 72> T o i, EELY btz
WRFEM LTV 2 ATREER A 5.

BREE AT CHRUSE A DB OW i o 72 & 25, 145 4 O J7 SR U MR R E 8 %
ALTHEY, ZAUTEATHIRROMRITITVME L 72> TW7zB4 (Table 1). 6 FILL LD )73
(R HAHRELIR LIS D) (SO EKEF L TEBY, EREBSICHEBIAZTNRZ NS
2 bie. L LIBREREEICOW T HHFLR TRl 7c & 2 A, FilcEFE L (A&
F) B0 D LB LIS 66 4, ZERAPMSCHRS PR ER WD LB X207 19 41Tt L,
HEFEMIN VRN EE X T2 55410 Lo TR Y, RERMIROBREENE > Ty
HEWVERED R SN

i EEIZONTOT 7 — MERD B ITBB L AR RREZWZTZT TW5H23, ID @
LTIV RFEARDT 7 — FTh D RL, HBRIHRED&WITIZET »r— MEZH
BEL 8D EEZBNDZ LD, BRICITERSLETHS.

ARERIZHEE DT — 2T TH Y, ZHRELEKE OB 2+ IR T 2103 E-
TV, Lal, ZREDOL NSEBEREAI TH 5 2 L0, EEYHEIZOWTES
BN S TWRNWHHZ NI LR ENHER SN, BERFECHH SN THD WSS
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HY, A~— b7 FDBLAHTEDIHICLTNDAY v EBRENSRTVDIHEDLEED
o, BELEICEL OFIHHNEZT T 00, 7 v — FORERN SO
B BEHITHRL T BEEINRENR TS, LVELDENLDT7 4 — Ky 7 %
BEWL, EIZBETFTNENWEEZI TS,

5. &
TEU EIZZ L OFITHAWEE T TWA 00, 77— hOFERENSIIfEROE -
BLHIZHEBL O BEENREN TN,

&::

3

A WEB %1 hOREAICIE, EADEAZREHEN D OB OBIOFF Tz WeZE £ L.
TEEBICEHNZLET. 7 07— M ZREWE W&, 1 b Eo I 2% THRFV
TZI2WTERRIS, Zo%REMED TRILF L L ET.

S35 3k

[1] Kadoya N, Karasawa K, Sumida I, et al. The current status of education and career paths of
students after completion of medical physicist programs in Japan: a survey by the Japanese
Board for Medical Physicist Qualification. Radiol Phys Technol 2015;8:278-85.

[2] Kadoya N, Karasawa K, Sumida I, et al. Educational outcomes of a medical physicist program
over the past 10 years in Japan. J Radiat Res. 2017;58(5):669—674.

[3] Kron T, Cheung KY, Dai J, et al. Medical physics aspects of cancer care in the Asia Pacific
region. Biomed Imaging Interv J. 2008;4(3):e33.

[4] Kron T, Azhari HA, Voon EQO, et al. Medical physics aspects of cancer care in the Asia Pacific
region: 2011 survey results. Biomed Imaging Interv J. 2012;8(2):¢10.
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H—ARUE—LZRAVW-EMRFRFHORE (H—KRVF42)
Development of Stereotactic Radiosurgery Using Carbon Beams (Carbon-Knife)

Mintra Keawsamur

RFEIEFIL, TNETRE Y =7y MR DIEEIC T TR SN T& /-
—HT, MIWBHEGRESATIHERTL2E26HY, ERFHREFHEE S X —IC
BULHBEOED—2 725 TS, RBIRIZEO—BL LT, MVKRFREHNT/HS
WIREEF 2 TR L C, o~ A 7 ORRZREN R BRFIN % 7TRE & 35 72 0 O FEfERFSE
HDH. MR TIIE Y720 290MeV OHEE 5.3mm OMVRFEMRE—LZ2EEL T, 3m
X3mm, SmnX5mm, 10mmX10 m®DRKFEFLZTER LI, EOFEO E— LDIRN Y FEDORHEA
FEAICHRE L, EARERIEE & U THEMAFTRE s B — A B & kA 7

RFEFRE— L OFFHEIL, WENOER THRELZETTLIETHY, TOREOETZ
TIT T E—7 EMEATWD., £z, BOREIIZEDLETCT T v 7 —7 ZES HH
WRT M BEFEKE AT Ly K7 Y V77 v 27— (SOBP) LIEATWS. £z,
RFEMRE— AT X BB RIS T E 2 @iR T 5 BRICEBEL S IC < <, E—ADJAN

D (NFr77) Z/hES<MADHTENRD. T K BEOEID OIEF Lk~ DA
M EE TIF 52 EMFEEL 72D, ARIFSETIEL, SOBP # T % LI~ F T T &/
ELFTHEDIZ, BENRFIELLTENEND vy T g E—La ] A=K —Afk
BRI A L., LnLY v U7 g0 —Lal A—ZDOFAIET 277X SOBP DO
BOMBIRICHE S BT 5 Z LA THEEN. PR TIEIRE & 10 mel T OREE oM
iz EREMICHEEICID Z EZ2HEARL LT, A REBIOY v VT 4 VI =BT
\Zh5-2 55228, SOBP & X707 J7 OFEZ EEMIZHHE L7-. Z ORI FOMEFHT X
O, MESMEZREE - EHECHET 2 HEEZBR L. ZALOREND, B ERICH
DU (RIA) DRSS EHERNCBIT D E—LD_F 7 T L OMEE2 EEICRD -,
£/, EREMWE E D THENTOSNT T T OBITNENWZ EZHLNI L. =
UA—FIIARBRE—LEZHDZ EDRERITHLD, a2 A—FPTCORGELITRET D Z &
DHZR, 2SR L TEY (EHRE 8em B) 2 U A—X%2HW\WbHZ &I2L b, SOBP
FEIRIC I DR EDO—FEVENMET- N D Z L 2R LT,

PEHe, IRFBHIAEIIR Z W ZIRIET 5 2 LR L CHEIRBR AT T & 7.
LU, BMOMRRIRE ZRE LT 2D L9 BRBUNRIRE~DRFEROMEHIL, 1ERON G
WL FRRIC, VR CRARIBRERDIREFHFOEEZLND.

[1] Keawsamur M, Matsumura A, Souda H, et al. Development of stereotactic radiosurgery using

carbon beams (carbon-knife). Phys Med Biol. 2018;63(4):045024.
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DR T—TIRNRRRIAAICHT S 1 FERFRFREROES
il B R D AR A

Tumor control probability analysis for single fraction carbon ion radiotherapy or

early-stage non-small cell lung cancer

Athena Evalour Simbahon Paz

TR AR, BREDATORBMEN B2 &R X BARIZ R TEW
T Lnh, EAEL O EFE~ O E A M2 RS O E TR EEZ R E TE,
FITERZ A TE 5, Fiz X BIAHK CHIE L 72 2SRRI X DIBRNF~ DB/
L, REBRBUHIEGEDO R AT HNIERMN R Th 5%, tRx RFF8EFFo. %
22D XD RS, IRESEIREEZRO T ENFAEETH Y, RZETIIIFE A
Tl 4 ENRENFEE SN TN D.

Lth, BRLFHRIAE ClIMx 2R ARRPMRBEH S s Z e PEEN, I E<D
BE ST 2MENAET D LI, HNEK - REHSEIFENR RO EB 25
o, ZOXI7RPUCK LT, IOERGROBEEMEN L VLTS 50 & Bbhs.

BUE DI EME AT 722 A7 A%, \ERL-ROEYZFRSE (RBE) 1% SOBP
HFLDDORS EMEIZOMMEFT H EEEINTEY, ZEIEEBITITEAF LRV 2 & A Ei
Thd. Linl, BHEBREFREVZEHTOH 1 oI Nl A (NSCLC) ([Zxd 514
FETIX, 1 B ENREO RFTHESE Mo K0 250 ENEHRIC R L TRW 2 &35 0v o T
7.

AEORFFETIX, FLEMFOZ 1 H NSCLC OERL F-#RS AR R T — 2 1oxt LT, ek
@ Linear-Quadratic (LQ) &7 /LIZ%} L T Universal Survival Cureve (USC) E7 /L& 7212
M7= TCP T 24TV, —RISEIOBENAEIZIIT D0 h &% L0 EfEICPET L2 &
ZARe& L7z, USC 7 /LT X #HAR CRMEFEIRICHHETE D L9 IC LQ EF VA KR
L72bDTHY, HEMO 18 53E], 9 55El, 445%], 1 9ENREOT — X2k L CliET L
Z VT RERIZR TPC T 24T - 7. T ORSE, BHNERICR 51, LQ E7 /1L USC £7
MR D TRMEICENRELS 2D Z e 2 R LT, FrT, 1 ENREM M ENERITH A
TIRWBERBETH D Z &M, LQETLVEZHWELEOET L THBREMEN & PG
LWz L Z2 R L7z, FFIC USC EF LIS L D PR EIL LQ EF VT 1.4 EFEWn
MEL 2o TEY, ZOMEIIHRBHMABRERETFELR2VWLDOTH- T2,

[1] Paz AE, Yamamoto N, Sakama M, et al. Tumor Control Probability Analysis for
Single-Fraction Carbon-Ion Radiation Therapy of Early-Stage Non-small Cell Lung Cancer. Int
J Radiat Oncol Biol Phys. 2018;S0360-3016(18)33466-7.

92



2018 GHMC Physics Division Report

RRA T VRARIZBEVTRABOEEZEFR L-HERXRESHIE
2—=7Yy FOAN—DETFTRL EERRENBL TS LEERT

Probabilistic dose distribution from interfractional motion in carbon ion radiation therapy

for prostate cancer shows rectum sparing with moderate target coverage degradation
Daniel Bridges

BRFBI]IC & 2 BINZARTEIRIE, X BHBRICH A TEBGEEN D A2 <, TEEHIEER G &R R
NELNTREY, ZhNLLOREED —>THD Z LRSI TS, BEERETIT,
RFEFHIEHRIT 16 1] (BAEIX 12 [B) OSFIRK TIRENMTOATE Y, FEEONESG DY
X, BERREHEREADEDLZ L (BAabE) TifrbnTns. RIERME T, lEdso
BEIBEL TRV, — 5T, BZBIISHIREE CHEx 2ERC XV BEIL TS 2
EMBEMEISNTND., ZDLXIIC, RFBICEADLEEITo72 & LTHRINZESL Y X
7 ligigs (OAR) THDOIEMBITENNTWDZENFREIND. LaL, FEREE L TRERIA
FITEIGEEE D 72 < B B L CO D HERNEWIRRIEIC 2> T D,

RERIIEDY (R 10mm b)) BT FEEN D2 TEEHE AT HIRFIEIC e > T
D DNDORENTR Z OO HITh 5. FEBRFIRFEORINIRO X #HGHE TIX, BHHLE
ICEANERDDHE, 29— E—ACTIZL> THINVRAEDEZ L TND. W& DN ERD
FEROEPHNMOBEEA TR L TNWDHEEXTRW. 22T, 2O XMOT —F &I,
AINZIR O AR DB & DN IRFBMOTRERFIC HE & TV D ERE L7z, RINZIROB)E (I T X
O3AE T LW A 2 O CHERI L 7=, IRFBRIGE CIT B bR Ic X D MERD % L
TWHDOT, E—ANEZllT A2 EIIANREAEINZE LTEHBELTWD LB X5
o, 3Tebb, Wik O E S ITTREFHRIFHARE L CW IR E S S FEL L,
ATSE MR IO T CENN TN D & & 2 T Ru, B E P o AR 843 A O B I 24 7= -
TIE, RNZIRZ BT O TIEZR <, BE 2B LRV RSB OE E MR &40 & R0
Mo THITEN LT, 2O X DI/ LN ED N & X ST #R &40 (blurred dose) |
E LT, HTPTV,CTV, EW OAR @ DVH Z5tH L7z, B & 258 L - R R & A
TlE, DVH IZ PTV, CTV & bIZEEMES AR L VIR, £z, B L TRWEZ R L,
EGEEN DN LR EMFIT D EEX LT ENRHEKD. ZNULDORERNG, D
TG - E/NSWATREME N H D Z &, E£72, L0 DB EITIE 16 EITIT - IR AL
AL <720, in-room CT ZDIBERF O IEFERTIEIO N NI L 725 L OFbin 2157,

[1] Bridges D, Kawamura H, Kanai T. Probabilistic dose distribution from interfractional motion in
carbon ion radiation therapy for prostate cancer shows rectum sparing with moderate target

coverage degradation. PL0S One. 2018;13(8):¢0203289.
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Deep Learning Z AL\ BE M EBEROEHFEILD-HDOFEE DRR
ERERICET SR

Development of generating high-quality images for patient positioning in

carbon-ion radiotherapy

Fl =% (Yukinori Hayama)

1. IREM

R FRRIBIRICB T D BREME ALY 1L, REFEANCES 22— AR EICA DY
HIE¥ETH D, ZOERICITIREGERO CT B 5y 2 = b— b LTAERS - HEE
(DRR i) L, FESTERTICHRE S/ DR B4 2. L2>L, DRR EfIX DR HEif§ &
e % LAREE S IEEESUE TH D720 DR Eifg & RA T RNRRLEE/H Y, BREME
BOEITESEOESVMEE L 2> T D, BUEITHE R ENAT O FEIFTHEEIC L > THIS L T
WDD, FITREBOZEN O NICEDHEEDOIXLSDENAELHRNE D, £ 2 TR
TITRENMES DO ORE R _EIZmIT, Deep Learning D HTIZ L - THERK D DRR HfE )5
EAE AL Lo T 5 2 L 2 gL Le.
2. IRAE

B DE L AR A1T 9 T /V1X Deep Learning (2 X A2 WE{BAKET VO T L—LT—7
ELTHEHILITWD Ipix2pix] ZIIT/ERK L7, E7 VIT AT 2 ZiMEE I m-251F C
AT 2 &9 72 24T 5 726, ARBFFECIXHGTEG 4 DR Hifg, AJE{%% DRR HE{§ &
L7z, BfgTEEDOER A HIBECHEA L BET — 20 bIIEL THEHA L. £F L0
TR, WA AT K D T — i [ OB > D A RGO R B A SRR L
7o TR, FEPEREEE L LTS Z3M(SSD) & A AFHBA(ZNCC) & Hv iz,
3. BREER

TR 560 Br, 7 A M6 40 Bl U TR EIT o o AER, AR — DR Ef§ O SSD
& ZNCC Ol HEHERZE) 132 N2H 40241747 & 0.920£0.023 TH-o 7=, FEATO
DRR &% —DR HE{& M TIXZ 4 35691120 &£ 0.916£0.022 THHo7=Z Enb, HEkD
DRR B L0 & &R LB ERATRE CH DL Z EMN LN E oz, Fio, FHE
BRBEREIMEEDICONTHEENEL 2D E VI RIEERNE LN TWD =D, L%
SO EINELFESELZLICk-TELRER ENRAENS.

4. $Ew

Deep Learning DA IS5 Z LIZ XV 7€k DRR B L0 & &mEiE L, /25N
DR H{ITWER Z AT 5 Z LR AREE 72 5. ZHIC XY, BB O R X OENC X
STREMBADEORBEDOIXLSOENELDLE V) MELMHEHEL, BEMNEASDELDY
R RIREOREE M E R HIfFCE 5.
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Appendix: Abstract
Clinical

Quality Assurance of irradiation system at 2019
Ken Yusa 7
Some annual quality assurance (QA) programs for the beam delivery system were conducted during

the period from the end of 2018 to the beginning of 2019.

Usage Survey of Range Compensator at Gunma University Heavy lon Medical Center

Akihiko Matsumura 11

The range compensator (RC) made of high density polyethylene (HDPE) is used to adjust the range
of carbon ions to the target in patient body at Gunma University Heavy lon Medical Center (GHMC).
There are two types of RCs. One is fabricated by drilling the HDPE block and the other is fabricated
by punching HDPE plates and stacking them. The latter one can be prepared in a relatively short
period of time. Some kinds of heights of RC can be used to fit the target size in clinical practice. In

this report, the result of usage survey of RC at GHMC in 2018 is summarized.

Treatment Planning and Quality Assurance in Carbon-ion Radiotherapy

Yoshiki Kubota 15

In 2018, 574 patients were treated at Gunma University Heavy lon Medical Center (GHMC), and
maximum patient number for one month was 69 in August. Total numbers of generated treatment
plans, beams, and measurements were 794, 2322, and 3212, respectively. 273 of quality assurance
measurements were performed using a pinpoint chamber and a water phantom, and 16 cases (5.9%)
were exceeded tolerance (within 5% in spread-out bragg peak (SOBP)). All of the 16 cases were
within the tolerance when the cases were measured again on the other point in the SOBP. The

mean=standard deviation of ratio (measurement per calculation) was 1.007+=0.015.
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Operation Statistics of Heavy lon Irradiation System

Hikaru Souda 19

Gunma University Heavy Ion Medical Center has operated a heavy ion treatment system consists of
an ion source, linear accelerators, a synchrotron and irradiation systems for 9 years. Machine
availability is around 99% for treatment operation after 2015, and around 98% for overall operation
including experiments. Longest continuous downtime is 2 days caused by breakdown of tetrode
amplifier. Downtimes more than 1 day has not been occurred since 2013. After 2016, most troubles
are related to aging degradation and need more preventive maintenance. ECR ion source has been
improved based on the result of experiments of test stand of ion source. Synchrotron operation was

improved to save electric power consumption by using stand-by mode automatically.

Grasp and Analyze the Current Situation of Patient QA for IMRT
Makoto Sakai 25

In Gunma university hospital, about 250 treatment-plans were made for Intensity Modulated
Radiation Therapy every year. Before the treatment, dosimetry assessment for patient specific
quality assurance (QA) is conducted using ionization chamber and Delta4. The number of patients is
increasing every year and the burden of QA 1is also increasing. It leads a risk of postponement. Thus,
existing circumstances of QA measurement were investigated aiming for liability relief. In the last
33 months, about 700 treatment plans were made and 60% of them were plans for head and neck
cancer. The error of ionization chamber measurements was small, and after the approximate
correction of the output fluctuation, the average (+standard) deviation of the error were 0.0 (+0.7).
On the other hand, the results of the QA with Delta4, the effect of the output fluctuation was not

observed, but the pass-rate was on a declining trend.

Development
Consideration of displacement transformation from orthogonal image to treatment

couch axes coordinates for patient positioning system

Mutsumi Tashiro 33

At present patient positioning system in GHMC, displacement values of the treatment couch are

obtained by the conversion from the displacements on orthogonal 2D X-ray images. However,
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translations along the lateral and long directions are not corrected for the rotation angle. This
becomes a problem in case of long translation distance with rotation angle such as displacement
from bony structure to marker matching or patient couch shift for patch irradiation. In this repot,
comprehensive 3D displacement transformation from orthogonal image to treatment couch axes
coordinates is considered. In addition, conversion from the output of GHMC automatic patient
positioning system (GAPPS) to orthogonal image coordinate is also described. GAPPS output is
supposed to be converted and input into the upgraded patient positioning system where the couch

displacement can be controlled from the GAPPS output values.

Operation, research and development status for CT system in treatment room B

Yoshiki Kubota 38

At Gunma University Heavy lon Medical Center (GHMC), CT system in treatment room B started
to operate from 1 April 2017. The CT system was used 297 times between 1 January and 28
December at 2018, and maximum number in one month was 57 in December. There were 22 failures
of the CT system, and 7 times affected the treatment (stopped or delayed CT acquisition). Main
purposes of the CT system were to confirm tumor position in liver or lung cancer case before the
irradiation, to confirm inside of the patient when the patient condition changes largely, and to acquire
for a clinical study (confirming reproducibilities of tumor position and dose distribution on daily CT
images). For the clinical study, total 34 cases were finished to acquire daily CT images (21 January,

2019).

Introduction of automatic patient positioning system in GHMC

Yoshiki Kubota 42

At Gunma University Heavy Ion Medical Center (GHMC), patient positioning is manually
performed by radiology technologists. To automate patient positioning, we have developed a system
for calculating the patient displacement (GHMC Automatic Patient Positioning System; GAPPS).
Our previous study showed that the GAPPS had an accuracy within 1mm for prostate cancer cases
(mean and standard deviation of the error was 0.32+0.21 mm), and head and neck cancer cases
(0.49+£0.22 mm). In 2018, data transmission system between the GAPPS and the irradiation devices
was developed. In the future, we start trials of the GAPPS from prostate cancer cases for the

operation of automatic patient positioning.
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Three Dimensional Compton Imaging using C-shaped arm

Raj Kumar Parajuli 48

Compton camera has wide range of medical applications because of its simultaneous imaging ability
of multi-radionuclides within a wide energy range with high efficiency. Owing to the advantages of
Compton camera, Gunma University is developing semiconductor-based Compton camera and
various studies has been made to evaluate its performance in-terms of 2D and preliminary 3D
imaging abilities. To revel the best use of Compton camera in real-time nuclear medical imaging
system as such PET/SPECT, we have developed a high-precision C-arm that could hold Compton
cameras and could rotate from -27.5° to 207.5° to develop sophisticated 3D images. 3D imaging
performed on point sources using Compton camera mounted in C-arm demonstrated high usability
of this system for in-vitro and in-vivo experiments. At this stage, our research team is fostering our
immense effort to bring up this system efficient for in-vivo imaging in terms of performance and

image resolution.

Research

Preceding Study for Development of Photon Counting CT
Masami Torikoshi 55

Quantitative photon counting CT has been developed under collaboration of Graduate School of
Science and Technology, Heavy lon Medical Research Center and Gunma Prefecture College of
Heath Science. The final goal is to realize a CT system which quantitatively measures an electron
density distribution of target at medical sites such as hospital and so on. The purpose of this
development is to establish a method in which photon attenuation coefficient of several materials can
be prove how quantitatively measured. The prototype of scanner is belonging to the first generation
CT scanner, a CdTe crystal detector chilled with a Peltier device is used. A target is exposed on
x-rays from a tungsten target X-ray tube of max 150kVp. The experiment is carried out in “Medicine,

Science and Technology collaborating Laboratory” of Kiryu-Campus.

Dose distribution reconstruction of fine carbon-ion beams using iterative approximation

Mutsumi Tashiro 60

Carbon-Knife with fine carbon-ion beams is expected to be an efficacious treatment for intracranial
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cancerous and/or non-cancerous diseases with mm sizes, because of its physical advantages such as
high LET Bragg peak and sharper lateral penumbra with extremely high dose rate. We have
constructed a test port for fine carbon-ion beams with a 1 mm collimator at a scanning beam course
in GHMC, and examined the beam formation. For application of such fine beams, dosimetry is quite
essential but difficult because of the smaller beam size than the detectors. We propose a lateral dose
derivation method for fine beams using iterative reconstruction. Dose-Area-Products were measured
at a certain depth by scanning the diode detector on the lateral plane by 0.1 mm step. DAP is
considered as projection data and lateral dose distribution is reconstructed from the DAP data.

Reconstructed dose distributions approximately agreed with the Monte-Carlo simulations (PHITS).

Evaluation of dose distributions for layer-stacking carbon-ion irradiation with
respiratory motion in numerical phantom with spherical target

Mutsumi Tashiro 63

For carbon-ion beam layer-stacking conformal irradiation with respiratory motion, the tolerances of
the conditions to fulfill dose uniformity in a target are still not clear. Thus, it has not been applied to
clinical practice at present. 2D physical dose measurement evaluations have been done in the past in
our group. Here, clinical dose distribution evaluations were conducted for numerical phantom with
various motion and planning conditions. The degradation of dose uniformity was considered to be
due to the mismatch of the dose accumulation between layers. Therefore, a new metric indicating the
variation of beam range in the target was proposed and examined its relationship with the dose
uniformity. For the various conditions, the metric “range difference of 50% of CTV (RD50)”
converged into two trends with and without gating. In cases without gating, RD50 < 2 mm (water

equivalent) fulfilled the dose uniformity within 5% variation from the static condition.

Verification of Field Size Effect Estimation Algorithm for Broad Beam Method with
Carbon Beam

Akihiko Matsumura 67

A conventional broad beam method is applied to carbon ion radiotherapy at Gunma University
Heavy Ion Medical Center. The physical dose per monitor output at the isocenter is determined by a
measurement in clinical practice. An empirical method to estimate the physical dose using beam line
parameters was developed to treat more patients efficiently. In this method, a field size effect is

evaluated by the pencil-like beam algorithm under the assumption of the double Gaussian beam

107



2018 GHMC Physics Division Report

profile. The accuracy of a field size effect estimation was evaluated by introducing the triple
Gaussian beam profile in this report. It was found that the fitting result was slightly improved. On
the other hand, the accuracy of the physical dose estimation was getting worse due to a possible

overfitting.

Predicting dose distribution with replacing stopping power ratio for inter- and intra-
fractional motion during carbon ion radiotherapy with passive irradiation method
for stage I lung cancer

Yoshiki Kubota 70

We developed and evaluated a simple method for predicting the effects of intra-fractional and/or
inter-fractional motion on dose distribution during carbon ion radiotherapy (CIRT) for solitary-lesion
stage I lung cancer. The proposed method uses computed tomography (CT) images from treatment
planning and intra-tumoral and/or inter-tumoral displacement. The predicted dose distribution (PDD)
was calculated by replacing the current tumor region with the stopping power ratio (SPR) of the lung
and replacing the moved tumor region with the SPR of the tumor. Ten patients with solitary-lesion
stage I lung cancer were retrospectively studied to evaluate the prediction method’s accuracy. The
maximum average errors for PTV V95 were —0.63% and 2.2% for intra- and inter-fractional motions,
respectively. There were no significant differences for these parameters. It is feasible to use the
proposed method to predict dose distribution with respect to intra- and/or inter-fractional motions in

CIRT for solitary-lesion stage I lung cancer.

Speed up Compton Imaging with OS-EM
Makoto Sakai 76

A Compton camera is an imaging device of radio-source distribution without a mechanical
collimator and Maximum-Likelihood Expectation-Maximization (ML-EM) are widely used to
reconstruct Compton images. Unfortunately, ML-EM requires quite a long time in computation.
Ordered-Subset Expectation-Maximization (OS-EM) algorithm has been proposed to speed up the
reconstruction. Thus, the OS-EM algorithm for Compton imaging was implemented and evaluate the
imaging ability. In this study, two mathematical phantoms were simulated. The first consisted of two
point sources of 511 keV gamma rays placed in line with various distance. The reconstructed images
were used to evaluate the spatial resolution. The other was an ellipsoidal phantom. For the imaging

of the ellipsoidal phantom, the degree of coincidence with the original source distribution,
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quantitative, and uniformity performance were evaluated. As a result, OS-EM can reconstruct

Compton images without a noticeable loss in image quality and the computation time.

Analysis of the Users of the Test-Preparation Web-Site for Medical Physicist
Makoto Sakai 82

In Japan, becoming a medical physicist requires passing the examination of Japanese Board for
Medical Physicist Qualification. The scope of the accreditation exam covers physics, biology, and
medicine. Clinical expertise is also required. However, there is few textbooks to learn the coverage
and the lecture class is unfortunately held only in Tokyo. Gunma prefecture and Gunma University
raise cultivation of medical physicists in Regional Revitalization General Specific Zone of Cancer
Treatment Technique in Gunma. And we have conducted a study session. To provide a ubiquitous
system to study about the coverage, I launched a website “Test-preparation for Accreditation Exam
of Medical Physics using Past Exams”. To assess the need and the improvement of the website, the
information of user and utilization situation were studied using registration information,

questionnaire, and access data analytics.
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