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RRGUAEETE - QA T3 VRAIRDORK
Current status of treatment planning and QA plan measurements for

carbon-ion therapy

A e

Mutsumi Tashiro

Abstract: Statistics of the patients treated with carbon-ion therapy in 2019 were summarized. Planned
beam parameters such as the port directions and types of the irradiation methods were also summarized.
Errors of the QA measurements were analyzed using planned dose and measured data mainly at the

iso-centers. The errors were confirmed to be almost within 5% for all beams.
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Fig. 1. Annual trends and cumulative number of patients.
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Fig. 2. Monthly trends in number of patients by sites. Fig. 3. Breakdown of number of patients by sites.
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Table 1. Number of patients, plans and beams in 2019
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Fig. 4. Breakdown of conventional-SOBP/layer-stacking beams (a), vertical/horizontal beams
(b), and number of patients with/without respiratory gating (c¢) by tumor sites.
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Fig. 5. Boxplots with scatter plots (a) and stacked histogram (b) of the deviations of QA measurements

from the planned doses by tumor sites.

Table 2 Statistics of the all QA measurement results.
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Fig. 6. Boxplots with scatter plots of the deviations of QA measurements from the planned doses
for horizontal/vertical beams (a) and for conventional-SOBP/layer-stacking beams (b).
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2020 FHEHEE E—LEHAIR QA

Quality Assurance of irradiation system at 2020

e 88

Ken Yusa

Abstract: Some annual quality assurance (QA) programs for the beam delivery system were conducted

during the period from the end of 2019 to the beginning of 2020.
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GHMC 251+ 5 2019 FEDAR—F AFEAKRIZDONT

Usage Survey of Range Compensator
at Gunma University Heavy lon Medical Center in 2019

Ik
Akihiko Matsumura

Abstract: 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 2019 is summarized.

1. [XLHIZ

BERS RFERL FRRE PR v % — (GHMC) TliX, A—F A EMIN L83 EEFEH LT
KN TORFEROMEEZREL TV D. R—T AL, EEAKICEENSIITLS, ML Bk
WK G 2@ R Y =F L (HDPE) TE{ESH TV 5. GHMC T, BERR—F 2 (%
E,M@i¢2a%ﬁ)k&VA/T 7 A (bt 1 BECIERL, IR BT ) &v D
QHEFDOR—T AEMHL TV D. BFITEERRN—F 22T 255, MR GES]
R0, IBEPICHBAZLEE LB AEICA LRV AR—F 2 2R L TN5,

AKEETIE, 2019 FEDR—F ZADFEFRBICHONWTE L D 5.

2. Bk

AT SHRIRRIE LB A7 & (IRIS) LI2® D, 20194 1 H~12 AKRE T2
W SN R —F AF— 5 & A EICER Lie, SO, SRoTHIER T O RER TS
NG Tholeh—7 AR, MEMIAER SN THRKTHEA L TR —J 2 EEND.
77, BRA—T 2Tl S b O ORI EA SR SN, ¥ L /vR—F AT
EVEL7ZHA%EOL SIS, R—ID TEETI O LRAEFEF Lz, ZhoixI<R
BNEHTH B0, HICHZHHBIDRNEEZLND.

3. R -EBR
Fig. 112 2019 FFOR— 7 ZMMEONIR & H O ME 2R $. 2019 FITMsh SR
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— 7 AIEEF 1,700 8T, WRRIZERA—F 253 1,480 { (87.1%) TH L 30 R—F AL 220
il (129 %) Thot. AMOMMREERD &, EHAMATEO 1 H & 12 A ML 06
DI DM, FNLSMIITTEIX N T, HEHOMBEIT 1417 Th o7, Fiz, FLoiv
R—F 2D H I OMEEIE 18.3 1 (80mm U — 2744 : 13.8 /A, 160mm 7 — 27 44 : 4.5 {#
/H) Thot=. 2019 4 7 HITiE, —FENCEEBDBEM L0, M bz T\ 5.
Fig. 2 I3 SPIDOR—F 2 2R L TW5D. 1L, AL IR LZY — 2780
EBETERL, BT —F0ESZRLTWAS, BER—F RIS TEICHER S5
40mm & 60mm OFENEL, TO2FETRROBLE 34 2 EHTNWES. —FT, # L
AT L BT, 1ZE T X AR SN TWA 20, fixtEod 72y 160mm LIAME
FIERBREDEIS L e > TWAD, IS IIFIE L RO TH 5.
HR—SR5EE maERGEER)

250

200

150 -~
Ll

100 / N - fEk

50 e s VAN

Al &SRl (Ek) BER (AL /iY)

160mm

160mm
2.3%

120mm

Fig. 2. B 3BIOR—F 24k, Z LR IMER L7 —27MO@E S Tliiel, &itr—4 o
EBIERLTWS.

4. F&EH
2019 FEDR —F ZHILEITOWTE L D7=. 2019 4E 7 A3 —Hic BE M L7-7-
W, ML TWAD, FRLUSMIA BEOEENI D o T
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Impact of the operational change on Patient QA for IMRT

W =
Sakai Makoto

Abstract: In Gunma university hospital, approximately 250 treatment-plans per year were made for
Intensity Modulated Radiation Therapy. Before the treatment, dosimetry assessment for patient-
specific quality assurance (QA) is conducted using an ionization chamber and Delta4. To reduce the
burden, the manner of operation was changed. In this study, I investigated the impact of the operational
change on the patient QA. As a result, there is no difference in the difference distribution between the
calculation dose and measured dose (%dift). However, the %Diff correlates to the dispersion of the

dose around the measuring point. The direction (positive or negative) should be concerned.

1. FL®HIZ

FERS KA R C AR 250 P2 L oD 5 B2 Z8 5 i #7597 (Intensity Modulated Radiation
Therapy: IMRT) OFFEZER LTIV, TEHRATIZERERE & Deltad 2 H\ 2 QA Z17-> T
% AR IRBEIFESEMT 29T QA DABLIEL TR, v~V ¥ A AOBER E0D
QA BT IATAT, IRWBMREN Z i+ 2R bEE TV D,

FEAEEE L 0 BAFE O IMRT [ SAZRARFEN R 7 — A b (Simultaneous Integrated Boost: SIB)
TIEFETHE A ERL LT 5. SIB T PTV WIZ L EERER RO BB 2 BT 5. D72,
PTV WOMESAIT—EETIE7e <, @REEITERA/ NS 725, ERETO QA JIES
179 %812, Farmer ! (PTW 30013) % 7213 Pinpoint ! (PTW31014) Z{H 5 FH L LT /=,
Farmer BYZ(E SHRE N R E W0, MEHINCLETHY, ¥—7NVBIIC LD /A XD
BH/NESL 2D, BEORWHIENIRETHD Z LG, BRAMEESRD8. LrLE
BEFSRREDS KR E K 2B 720, MEDA DA AR fEIR ISR E T 2 L ERH 5. 072w,
HREFHATEN TR OIEERZEN 1%L T L8 KO ICHEZRET 52 L & LT
LU SIB TITMENMOS PR HR TE T, FIT A VB ZAHETELE 2D
LR CTH D, TA VXU TOREETT I HEITIE, QA REDOMEFF DR E
MEZ FETENTZ NG, HMOAENENL, ta—~<rT2IF7—DbE b5, £
D=8, ZILETO Pinpoint M OEH LR/ E LR L, 74 V& ZHE (Farmer 7% 3%
& L7258 OREGHEE) O RS M IMELERZE T 3% F Thad, Pinpoint B CHIE %
ITOEMICERE L.

18



EROEFN L, AR E M FHTRWRFEF O QA HEZITOF LR o7
20, TORBIIOWTHAELT.

2. Bk

2.1. BF

IMRT EE B S — b DT — & % JElRERS RPEZER B AT T 2019 4 4 7 225 2020 4F
3 H & TITIRED BilAR S 4172 IMRT ORI O WCRE 21T - 7-.

2.2.QA ik

IRIEETENL Eclipse TIERZ L, QA 77 > H[RIERIZ Eclipse & WV TEtHE L7z, QA IXEH
#i (Farmer &2 (PTW 30013) ¥ 7213 Pinpoint 2 (PTW31014)) 33 J OF cube phantom (EasyCube,
SUN NUCLEAR corp.) % FW 7= #I7E & Delta4 Phantom+ (ScandiDos) % FiV N7z Il E D 2 FEfE %
1To7=. FEBEFE ORESIZFEA] PTV A L L, Simultaneous Integrated Boost (SIB) D355 135

ERREDOEAICELS Z& & Lie. EFAIE LT 7 — v EFHEEN TOMREDOEE
TRAEDLSTHRED 3%LNOGET CHIEZ1TS 2 & & L7z, Deltad TOMIETIZ, FEHMHEIC
Daily Correction COFIEZIT > 72D HIZ 3% /3 mm DFFE T/NAE (%) & HH LTz,

3. RREEE

TRIRERALAINC QA MM Th - 4% Table 1 |2~ d. EALBNC A D &, FESEI A R B %<
RN TS 32 7o T2, 2019 4R OIRFREHEIERCE (SIB A Aifsd 44 &de) 13283 1
T, ZRETHERBEEIMERNSRONTZ. ZD 55 QA HIENMTHIIZDIT 203 thTH 5.
TREETEEOFEAIIHE . T D 00, FESEH ORI SIB EEEA LI EITLY
QA OHEUTMHIT D Z LN TE .

QA DOHIENEIL, 177 N7 A Ve Z TOREIETHY, QA 77 BT 5 EHER
BN OBMBOEMERZEN 1% 2 B2 701 71 TH-7=. Fig. 1 ([ZEHEHHIE TOFH
RS (%Diff= GIIEME-FRAE) FHHEEx100 ) OHEBEZ R, 2ROV (HEHEFZ)
13-0.66 (£0.66) &7e-o7-. FHAMRERRAEN 3% %M X TIEFITIELS, £2% % @B 2 7 iER b
O afl: BESEER 3 M, MEE 1) CTH-o7-. UL 201644 A5 20184 12 AL T
DIEME (HIEHERZE) -0.44 (£091) LIEFITHVMETH Y, BT o RhoTc. F
TR T LR KON QA EE FEIOEE N & - - HHHEM O THG L TH, 2019 4 4 H
LIFEA3-0.71 (£0.64) TH VY, RIELOEITIA Lol EEHDICERT 2 & Ebh
HHEMHREBNE D720, ZOMEEZITZIE, IDICETNSLRDZbDEBEZILND
. F7o, JATHIIE & i U TR A NS W E0 D, BEOBEWRIENMTZ TS S
D EFZZTNBIE0,

QA HIEDEREFIZ L DHBIZONWTEONDIEENLRFT L. £7°, EFHERN
DOSFEIE & DS OFREIC OV T Bland-Altman 5T 21T o728 24, R R 2225 1T
Ronienolz (Fig.2). STD 8 1% %2 556 TH ZHULFREERThH 7=, —FH T, fEK
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NOBEDIEL DENRKREWVIEE, FHHRE L POREOENDKE 20 L3 ER 2 A
HILTWD (R=0.73) (Fig. 3). HLAHEALT L EfES 2 WITEHRE L 72 501 Tk
BN OO, MIEMEOTNARERICKE S EELEZ DR EZ R L TS, BIEREN
TN E, TOROMEITFEHBEITE S B2 R RN KR E V. Fig. 5 (2 X
& LR E O 7 & %Diff OMEBEZ RS MBEREIT 027 LIEFITURO A DT NTHEB A
ROITND. %Diff 23 R ED HREEIL D FRIC T CTWDIGEICIE, EET & EED
ns.

Table 1 Patient characteristics 4
Part No. 2
- S ® Brain
Brain 47 = 0
Head & Neck 191 2 © Chest
Chest 24 -2 OBrain
Abdomen 27 4 A Abdomen
total 283 J1 en 91 121 3
Test performance date
Fig. 1. Difference between calculated dose and
measured dose with ion-chamber (%Diff).
10 10
0<1% ° o
® =10 g _ 81
= O ° = &=
) 89
5 o,
@ QG
= o=
8 5 ° 3
o gz 2
° g ©
-10 . £ o0
0 200 400 6
Average [Gy] STD in the measurement region
Fig. 2. Bland-Altman analysis between average dose Fig. 3. Correlation between the dispersion and the
and center dose in the measurement region. difference between average and center dose.
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4 3

2 21 °
N— l 1
= £
a o O 0 A
X X

2 -1 4

2 4
-4 -3 : : :
0 2 4 6 -6% -3% 0% 3% 6%
STD in the measurement region [Gy] Differnence between average and center [Gy]

Fig. 4. Correlation between %Diff and the Fig. 5. Correlation between the %Diff and the
dispersion difference between average and center dose

Fig. 6 |Z Deltad4 |7 TDO/ XA (%) OB Z T, HEH O Pl EEPH) 13 99.7 (95.2-
100) Tho7-. EEEFRIIE O P RYIFREB)IMR IR 7o. E 7= ERER ERN
DR EDIERE(R 2 L RARIZ BT R bR -7z (Fig. 7). ZHUZEATHE L & —8F
HIERTHS.

101
100 | & Eos 100 {oq
S Pe ve 0 < 99 1% -
o L] ® Brain =
g % oogDog)ooo o g 98 .
s “a ® e |OChest =
2 o 5
o 96 ° = 8 d oBrain ©
ok o 9%
4 Abdomen 9
94 . . . . s
31 61 91 121 31 04 , ,
Test performance date 0 2 4 6
Std [%]
Fig. 6. Pass rates of y analysis (assessed with the Fig. 7. Pass rates of y analysis (assessed with
3%/3 mm criteria). the 3%/3 mm criteria).
4. FLH

AAEFE D IMRT 1EPEEHENC KT 5 QA fif B OW TN 217 - 7=, IMRT R8I L T
WHHOO, EHAOEFIZLY QA HEDAITME TE T\ D. EAZEIZMH S QA HIE
~OFBEMR LI-E 25, FHHE & LR OBREIZ OV CTHIfR RN 2T R T,
FREFHEEN TOMBEOIZ S D& L RIEME & FHRMEOEICHHBEITR bR node. —F
T, SN EOIE S DX BRI WG, EMSHEMEE T WERS RS,
MEFFOREMETNLOEENTENLTVEDO L BbD. 20 L5, BIEEAFEE
ERELTNAGEITITFEIRNFEHME L T 52 L b EEEZ BN,
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Improvement of QA plan measurement data evaluation system

A e

Mutsumi Tashiro

Abstract: Improved version of the QA plan measurement data evaluation software has been developed
and installed into the treatment planning support PC connected to the treatment planning network
system in GHMC. In this system, gamma indices can be calculated based on QA plan and dose
distribution DICOM data, and measurement data of depth dose and/or off-center dose distributions in
addition to beam calibration coefficients for the respective beams used for actual treatment deliveries.
The above-mentioned data required for the evaluation can be selected and transferred to this software
from the DICOM-Ion server in the treatment planning system and the patient file server in the

irradiation system.

1. FL®HIZ

Rt #—TORFIIGHRFENC LV HE SR ESANENEZ FELT 5 2 & &
BT DO, IBFEH E— AIZOWTKT 7 > b AIZKEL T QA (Quality Assurance) 7 7 o
ZAERL L, Z OFHEfRE A & RRE & O AT - T 5. G S A -l oM o Af
ORNERER & FHERE L O EIT>TE Y, BURTIIEFEREY 07 7 4 v EHEME
75 7 ECHERNCHEGRE LTV DD, —F o TILEESS B L CERA 23 M 23T
ZTCWRWRILTH L. BRI EIT O 72DIZ, Ho~A T v 7 A HETLHY 7k
U= T BLHEIND H o T2, WL OO REEGOZOFEMAICH A LT R I TV
ofclz, 2017 FEXLV A= —LPEB IO ZIToTE 7. TORE, OV T Y
=T HSEL, [HUo~EBITHSRE) E L TH Y~ T v 7 AL D5HMliZIT2 D L 91
LT, ZOMELRET H.

2. VIO T7OBE

T~ ERNTHSRE Y 7 N U =T OF — X Offi% Fig 1 \RT. Y7 b =7 ET, &5
E72% QA B & B — A &IN5 L, b L7z EHEF L O B4 4 (DICOM RT Ion)7 —
% % DICOM lon — "IV EAGT 5. —F, FHlixR & 722 5 0 HIER R ¥ L OROEE
%, BET 7 AN =L RGEND. oMRAEFRIL QA /S AMHIE F 721X —AlE L v
BIATRETH 5. BERECHIT, FERFRRICHOONCRIE/EREZRIRT 5. g,
1RJEEE HE T OFFE R (Gy) & FIEE(Gy/count) Z BIE ST S 7D HWH D, £z, BEKIE
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ERIERE & QA ARHIERED T =% —IEER O IEIL, &HIE H OEEMER E T (R
ERERER) AL DLN, ZNOHLRETHIHLOREE T 7 A A — "IV EGIND.
H o< IR ORI THE SN D.

y= \/(DRTDose (xgrp) Yrre: ZrrP) = D (Xim, Yims 2m))? n (xgrp — Xm)® + Vrre — Ym)? + (Zrrp — Zm)?
Dyim” Tiim?

Z 2T, Dgrpose (Xrrps Yrrp: Zrrp )V R IR B3 A1 N OALIE (Xprp, Yrrp, Zrrp) (S F 1T 2 IR
A, Dy (o Yirr Zm NI ENL & (X Vi Ze )W F3 T D TN TERREAE, Dy [ XFF AR RIS, 1y
ITHPALERRAETH D, Dy [ TFERRED 3% 0BHWL 080, KY 7 ho =7 Tl
TG EDORDVICHERBEZTIRT 2 LB AETH D, nim& LTI 3 mm AW HH
%. 3% 3mm & Vo IR A E AR Th 5. MERE L GHm 7T A V& ZLEND,
AEALENZ RIS D FHHEFR B AN OALENRE SN D . —MRISFHERR RS M TOMRES
Uy RREREMBEICKS T DRI EMET B LW, BEOME TOMET, £
OS2 8 D27 U v K EOFHEFREMEH S U U =T H#EICTHRIHSND. nm =3
mm OHEIZIE, A5 AN 1 mm By F T3 mm OEFEN OB EMLDrrpose 235 H S 4,
BRETXTIXT RIS LTy AR S, TORMER yEE LTRSS,

DICOM Ionty—)( BEI71ILH—)N

- DTAIES—4(PDD, OCR)
- BEREFAET -4
- RERIBAIEST —4

- StE>—%
- REDMT—H

12 RABFRHTHEEE

Fig. 1. Data flow of the QA plan measurement data evaluation system.

3. RiEHI

QA 7T HITERE BTk % M 2 Fig. 2 177, ()8 L OB ENFHETREL IO
MR EEIC KT 5, FHEfRES A S MEBTHH. NS0T 7 7N, EROMITTH
ThnTRY, AEOHRB/BEOLNTND Z ERAMRTE D, 2O ORIESIIT 5 vl
DFEAMAE R % (o) L O R T, JIEMREIEEOmm/3%) GE) 1%, HEM2 gL LT,
HIEE & 2= OALE ISR D FHEREM 1 AL OB RTHY, HEREILTEG mm/3%)
(JK) 1%, MEREEEZEELTL3mmNTOyHTHL. WTHhOEAEL, HIEEE
SRR L 975 &, FRNSWEIEDOG A y AR KIS S D 2 &b b, iR
SRR EEEHEO mm/3%) () X, fERmBi| s e & U-CllE RIS 3 2 FH i &
il 1 & DS R AR L, R aEEEGmmA3%) (RE) 1%, R aBii s 5Lk
ETH3IMmINTO Y ETHD. BEDOREBDOFERN, Wbpdy AT v 7 AL LTHA
ENDHLDEEZDZENTEDL. ZOMHEIFNTHORESIZHLTH 1 2 FE->TEY,
Y T FE R STV A,
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(@) Depth Dose Profile (d)  off-Center Dose Profile(Y)
10 10

o AIERR(Gy)

/\:\ o HITERER(GY) — — BB ERR(Gy)
8 — BEHEERG)) | 8 / \ﬁ,\
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Dose (Gy)
B
—/
Dose (Gy)
N

N
| —
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0 | | ] 0 », L
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Depth(mm) Off Center(mm)
(©)  pepth-#>=TTOYh 0@ off-Center-fivz FOY b
10
o |
8 SAITEAR R EAE (0mm/3%) 10
7 —
x . AEREREGMM/3%) | o
% T° 1 A
£° o IRARBEE(OMM/3%) =
l> 4 >
3 —e— IERRIREEHE(3mm/3%) 0.1
2 g
1 A .
o —— S 0.01
-60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60
0 50 100
Depth (mm) Off-Center (mm)

Fig. 2. Examples of the QA plan measurement evaluations. The planned dose profiles and
measurement data for depth dose and off-center lateral dose are shown in (a) and (b), respectively.
Corresponding gamma indices are shown in (c¢) and (d).

5. &

QA 7' Z AHIERE RN 2 W o~ MR RERE OBEE & S Ak ~7-. 2N E T, SE
IRETE AT — 2 RWER R T — 2 & FEH CTESET 20BN b2, KY 7 =7 T
FENOERETHZLICKVHEMIZR Yy NY—ZNNLEETELZ NG, Ml
BINMLICEBRST 2 2 ERIR S S, 4%, FBRRICTHHA L TV 720, FFRRERAES
TFRNEREICRAT 2EOWE, V—TF  TOFHE L AR — N OVERR S, v N 1 2B 2

W2y

TWEHA DOMIERR EZRD TV BERDH L. £, SHBTEL TV D BERIEERD
SIRERAOWRE > 2T AA~DHANZOWTHIST D TETH 5.

RKUR— b a2Ft®dlHm0, T4 2IToCHEE LIzMEGZ =TV
THER)OEBEABIC, HARK, B, KaERK, BERRICES - LET.

SE 3

[1] SREEASHR S BRIG IR OREMGEE, AAREZWELES 2008-2009 4-EEAF7EERBAVE (58
FEZS TR 36 1T 2 WG Sl E A OARME(KIC B3 D iR ) WFSER &, ppl42-
143. http://www.jsmp.org/wp-content/uploads/vol30sup6_mp.pdf
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Improvement of displacement correction for the patient positioning system

Hf R,

Mutsumi Tashiro

Abstract: The patient positioning system at GHMC has been improved by including displacement
correction. In the present patient positioning system, displacement values of the treatment couch are
obtained by the conversion from the displacements on orthogonal 2D X-ray images. However,
translations along the lateral and long directions were not corrected for the rotation angle. This became
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 report, the correction
of the displacement from orthogonal image to treatment couch axes coordinates is summarized. 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.

1. [XLC®HIC

TR RESE X — I CTHAESH STV D BELEROEE CIX, B0 2 Fo X
FREMG 2 2 B & i3 2 2 LI kY, B LoZBEE) S IREES#MoBE &4

HHLTWS., L, #flzide—7—ay (Z8EY oElfiz) AR 07 <°-180° /1D
TN TWLEHEIL, B EO X HDHWTY FHOBEIEIZH L TENENEREINTZT T
w7 R OBE RN ERAI L THIESNRNnE W ERH 7. b3k
FENNSTRERSNED D, BabErb~—I—AbE~OBEC, Xy FHRET
Dwu T HROBEO X S 7, REBBE LML) GEIITERE TCEVWEBEE > TR, E
EHA T THEICLDMEETITT> TWDIRILTH 72, TOMIEFIEEZRG L, frEikbis
BEOUEEIT 2O THRETD.

2. ZHEBHELN SAHAREBHEDOMIE

(LEROIE EOZEMBEI R, SIEREBE RO OV TIE, BRICHEE2{T-T
WHNL ZOEMAE LD L L, LTOLIITREIND.
Xz Yy Zy)" =qp = —Ry(Y){Ry(¢)(~a) + a— b} — b +
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2(=02) {R, (Oair) Re (Wair) Ry (bair) [Ro (0 [Re (1) {Ry (61) (—@) + @ — b} + b + q4]| + qaie}
1, = arcsind;,

o arcsin(—A;,/cosy,)  (cosB; =0 (6,~0°f]3T))
: 180° — arcsin(—A;,/cosy,)  (cosB; <0 (6;~180°f11))

¢, = arcsin(—A3,/cosy,)
ZIT, gu=X; 1 Zz)T, 05, ¢, Y, D) %)&%Yﬁ\fﬁﬁ%iﬂi@@ﬁ%(]-ﬁteral, Long,
Vertical, Rotation, Roll, Pitch), [F] UZ#TIRT 1] OLEIIOWTEREEE, KT lair] 1X
AERDILE FOZERBEI &2 RT. RIFFMEDY OEETY 2R, RATERIND.
cosf —sinf 0 1 0 0 cos¢p 0 sing
R,(0) = (sin@ cos 0>,Rx(¢) = (0 cosy _Siml’),Ry(s‘b) = ( 0 1 0 )
0 0 1 0 siny cosy —sin¢g 0 cos¢
A TR TR EN DTN DK ThH D
Ay A Az
(A21 AZZ A23> = Rz(eair)Rx(lpair)Ry(¢air)Rz(61)Rx(¢1)Ry(¢1)
A3y Az Az
BUERT# OIEREBEN & O ERF & L CREBEMEROLEE O WO —E % Fig. 1 1277
SERI(a) TlE, JEBREDT—T— a3 AN 175 (180° 1ZxLT-5° ) THHIZHLBED
57, ZHBEIEX,, =5 mm, Y, =5 mm |ZxF L THREEBEIED Long=-5mm, Lateral
=-5mm (180° D7 EAITHER) L7xoTHY, IR T HMIEN R STV -
7o, BEROB)TIE, BREar—T —Ya VAR S ThoHGEIT, ZHBEI#X,, =50 mm
Wkt U CIRE BB E &)Y Long = 49.8 mm, Lateral =44 mm & 72> CEY, REZANEES
NTNWDLZENDND.

3. M0 74 ILERY A A BERE
AWt > # —CTRBERBR T O AEEE N ERD AT A GAPPS (GHMC Automatic
Patient Positioning System)DFIHZAE L, % Z THROLNI-BEIE AL BEFONE R OIEEIZ
B0 IATeBERES B S 7z, IV IAEN 2B BT, R ERDEBOZEFBHETH S
VENGH YD, GAPPS NOBE R & 138722572, GAPPS O )BT &% a9 5 MR H
5. ZOEHIZOWTIILAANCHEGF DM T, ZOREREZUTICE L HTEL.
Kair Yair Zair)" = Qair = Ry(=m) R, (=0 Ry () (=T — t,) + T
P,ir = arcsinBsz,
Bair = arcsin(—B;2/cosyair)
Gair = arcsin(—Bsz; /cosyyr)
Z 2T, R Tair) W2 b DR D REEMBENEROSy, IRF Im) PV
D7 GAPPS THOLNDBENE, ty = (bnx  tmy tm)TIXWEREIE, T= T T, T)TIX
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Lol

SEr| S T
(@ el (b) celisiz

Fig. 1. Parts of screen shots of positioning system before (a) and after (b) the improvement.

GAPPS TO[RHEHIL, B FK TR INDITHNDOEL D TH 5.
Byy Biz Biz
(Bz1 By, st) = Ry(—¢m)Rz(—9m)Rx(—‘/)m)

B31 B32 B33

PLEICE v Bon-EMBEhE 6 DOE%Z XML IEROFEE Sz 7 +—~ > h Ttk S
NIz 7 7 A NEAERDFH RN O E SIS ATCEE LT, £ LT, Fig 1(b)DH
TR ENTZ A REVEM TS5 Z 2128 Y, MERDHEE EOZRBEIEICRE
BlEs. ZO%DIBEEBIE~OLHIT, LR 28iEFETHS.

4. FEDH

BENERDEBE OB EMEDOLENRICONTE L O, [FEHROMIENEA S L
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Divided-volume matching technique for volume displacement estimation

at patient positioning

A e

Mutsumi Tashiro

Abstract: We propose the Divided-Volume Matching (DVM) technique to visualize and estimate three-
dimensional (3D) displacements of internal structures to enable more accurate patient positioning for
radiation therapy. A CT volume is divided into a volume of interest (VOI) and a base volume (BV);
2D-3D matching is achieved using digital radiography (DR) images and digitally reconstructed
radiographs (DRRs), where the DRRs are iteratively generated by changing the 3D positions and
rotation angles of the separate volumes independently to identify the best match with the DR images.
We demonstrate this technique with two phantom and two clinical cases. 3D displacements of the
VOIs could be estimated independently and simultaneously with those of the BVs, with accuracies
comparable to those of the conventional 2D-3D matching. The proposed technique yielded more
suitable matching results when internal displacements occurred in the regions of interest (ROIs). The
best matches were found when the ROI was confined to the focused structure, initial displacement
values were coarsely adjusted, one volume was matched while the other was fixed, or any combination
thereof. The proposed technique can be used effectively for independent displacement estimations of

VOIs and BVs for patient positioning in radiation therapy.

1. [ZL&HIC

SRR O BEMER DL, @E X 1‘? G LIREHE CT DDA SND T VXV
%E}‘Zﬁ{%(DRR)@F'Eﬁ TEHMEESCY — I —IZHDLE DL L0 IdThi s, BRI LT —HEiE
MENNTWEGAITE, 2R — ﬁzé)@é CIIREE L 70D, DRV DXV EE D
Z i, /Afﬁ*ﬁﬁTT#lLﬁ CHER MR SD. £2°C, 2D-3D HEfERD Y 7 h U =
ThEN— AL LT, BEMERDRHCRHARE R ONEEIED 3 oD% Ak &K OVE
w7 5 0 EUATE IR A (Divided-volume matching (DVM))EABHFE LI, 7 7 > h AB KL OYR
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2. Bk
DVM {EDJFEE % Fig. 1 12777, 3D-CT A Y = — L % LR (Volume of Interest; VOI) &
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Fig. 1. DVM concept.

ZOFEIKHLT, 77 bA 2 =2 (@M~ 7> M & (N-1, 5UE#EFFY) +QUASAR
4DCT Imaging Insert (Modus Medical Devices), (b) N-1 & fifJ& OfEREIGE) 36 L OVEE 2 7r—
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DWT, ELENZE VOI & LTERL, RERFOMERD X g2 AT DVM 217>
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Fig. 2. Stereoscopic displays to show the positional relationships of
VOIs in CT volumes for the cases (a)-(d).

3. BR-ER
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(Lateral) (Frontal) (Lateral) (Frontal)

Fig. 3. Example results of DVM for cases (2)-(d). Upper, middle, and lower images show initial DRRs
generated from CTs, DRRs after DVM, DR images at patient positioning to be matched, respectively.
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Fig. 4. RMSEs. CONV: Conventional 2D-3D matching with one rigid volume. DVM (BV fixed):
BVs were fixed to the reference positions and only VOIs were displaced, where RMSEs were derived
from displacements of VOIs only, while those of the other conditions (CONV and DVM) were
derived from displacements of both BVs and VOlIs.
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Filtering process examination for dose distribution reconstruction of fine carbon-

ion beams using iterative approximation

B BE MBH 6, HHORR B S
Mutsumi Tashiro, Hikaru Souda, Takuya Yoshida, Hiroshi Sakurai

Abstract: Carbon-Knife with fine carbon-ion beams is expected to be an efficacious treatment for
intracranial cancerous and/or non-cancerous diseases with mm sizes, because of its physical
advantages such as high linear energy transfer (LET) Bragg peak and sharper lateral penumbra. For
application of such fine beams, dosimetry is quite essential but difficult even using well calibrated
dosimeters, because of the smaller beam size than the detector sensitive area. We propose a lateral
dose derivation method for fine beams using iterative reconstruction. Errors of the reconstructed dose
distributions were reduced using low-pass filtering process with optimized cut-off frequencies. The
errors of the reconstructed dose distributions are estimated within 3% accuracy on average. In the
reconstructed dose distributions, high dose rate of ~90 Gy/s and sharp penumbra of Pgo20~0.2 mm

were obtained at the Bragg peak and surface depths, respectively.
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Fig. 1. Cut-off frequency dependences of RMSEs between reconstructed and reference dose
distributions at surface and Bragg peak.
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Fig. 2. Measured DAP distributions at surface (a) and near Bragg peak (b).
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Fig. 3. Reconstructed dose distributions at surface (a) and near Bragg peak (b),
low-pass-filtered with the common cut-off frequency.
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Comparison between bone matching and marker matching for evaluation of

inter-fractional changes in accumulated dose of CIRT for HCC

YN SE IEEyi)
Yoshiki Kubota

Abstract: To determine whether bone matching (BM) or marker matching (MM) is the better
positioning technique for carbon ion radiotherapy (CIRT) of primary hepatocellular carcinoma (HCC),
we prospectively evaluated accumulated dose distributions with respect to inter-fractional anatomical
changes. The accumulated doses in ten patients with HCC were evaluated, with the doses being
calculated with respect to inter-fractional changes (InterDose) on treatment-room CT images on day 1
or day 2 of therapy (RefCT). This was accomplished by warping 3-day CT dose distributions to the
RefCT through deformable registration. Each dose was evaluated using dose—volume parameters for
CTV V95. The InterDose CTV V95 values (mean [range]) were BM: 98.74% (95.62—-100%), MM:
99.79% (98.55-100%). Although all cases were acceptable with either matching method, MM
provided better values than BM. MM is a better positioning technique than BM for ensuring the target

dose during and between fractions of CIRT.
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BOMEBRT DI LRV ETHD. AUFETIE, IS A DRFBHIGFRIZIBNT, 1BFA
(iR SNz CT lifg 2 VT, BRBRELFMT 2L 2HMET 5.

2. Ak

AFIAZHFIRITIL 2017 4 6 H 5 2018 42 3 A £ CICRER K P EAL FRETE L ¥ —T
IRFBIIEIRAAT o T FHEA A B 10 A& 88k L7, Rl VW28 % Table 1 (277,
AWFFEIREE KPP O MR AR ES TRAR SN TEH Y, UMIN BRRBRICESHF S LT
% (UMIN-CTR trial number: 000027125) .

Table 1 Patient characteristics

Patient Sex Age Patient position, Irradiation ~ Tumor Marker Tumor

Roll angle (degree) direction  position object volume (ml)

1 M 68 SP 345 AP, RL S5 Metal 7.9

2 M 73 SP 345 AP, RL S4 Metal 17.0
3 M 74 SP5 AP, RL S4 Metal 88.3
4 M 79 SP 15 AP, RL S6 Metal 274
5 M 59 PRO PA,RL S7 Metal 66.4
6 F 67 PRO PA,RL S7 Metal 47.2
7 M 82 SP 15 AP, RL S6 Lipiodol 234
8 M 80 PRO PA, RL S6,7 Metal 104.3
9 F 81 SP 15 AP, RL S8 Metal 14.0
10 M 71 PRO PA,RL S7 Metal 37.1
Median 73.5 10 32.3

AP, anteroposterior; F, female; M, male; PR, prone position; PTV, planning target volume; RL, right—left;
SP, supine position.

ENZENDOBEIZIBNT, Table 1 T/R I H M OIEE B — A &K% HO TR
ZEHE L7z, FHREICHWZ PTV I, TB¥EGHE CT &l THei S4172 4DCT O 7 — RN D
LA CHAERE L7 CT (gate-in 30%, expiration, gate-out 30% phases) b C~— 1 —Z2,7 % J7E
Lictt, ~——BE#E,rb~v—Vr ALY, Z20~—Y 0% CTV I 5352 & T
VERL Lz, A58 #1% 60 Gy (RBE)/ 4 fraction TH Y, THENDME DR CT Hif4
FIZBWT, PTV VIS 28 95%LL L& 72 K H e — A& ERR LTz,

CT iR IT 1R B OS2 IHHE L CIeHRE TR S vz, SESMIIXIERETEAH CT
R LFELTHD. 1 HALLLIZ2BHO CTHEBEE (V77 LA CT) (2o 3 B4y
O CTHg A FNENLERL A FL—a v L, SHEENEEATIZ D TEALEND
CT g ECHRE E—LRTA—F 2R SN EMESHELERL, Y 77 L ACT
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WL LTz, Z201%, V7 7 LU A CT ECHE SN ESM LRk ST 3 SO &ED
fiz A% L7z (InterDose). TN END CT TOMESAAOFHFEIZIT, BFRAMNELE ~—D
—HRANLE 2 AV, Bl IZIE T R 2 (PlanDose) & 1L E AL DRRERED InterDose D
CTV ® V95, D98, D95 & IE# A& (Liver-CTV) @ V20 ® DVH /X7 A —4# & 7z,

H2x OBLICx L TR~ — Y U ZFHE T 5720, FHE 317 InterDose (2% L C~—
VUERB ST CTV (CTV) Z R AW 2, RN Z PTV 205 3mm & 55912/
L LEEbDE~—Y 2 0mm O iCTV £ L7z, ZOIiCTV 2H¥EL LT, ThEhnSE i
|Z-2mm, -lmm, Imm, 2mm, 3mm, 4mm, Smm, 6mm JEE « B J 52 & THhEw—
v DOFHME AT o 72, A, iICTV 7 78 7% v A L33 (V95 8 95%LA LD B EIE)
EHWE. ENENO~Y—V UK T DT I T AV VA EHEL, VTEA KT 4 v
TATTDIETT IR TZ AL AN %L b~ —V iR L.

FNEND DVH /3T A —X DZE Wilcoxon’s test (2 K-> THEEMEZITV, AEKYE
X p<0.05 & L7-.

3. f&R

PlanDose & InterDose > DVH /37 A —4% % Table 2 (/R 3. BREDOAFEHRED V95 &
D98 (XIAMGTHEME L W b ARITE - 72, BEBEOFTRE LIEERAICITAEAEITR
biviehotz. i, AEREICKT DR~ — Y v OFMEifER%E Fig. 1 1277, 7787
B AL VAN 95%E 72D DX, PlanDose T-0.77mm, H 4G @ InterDose T 4.19mm, ~—
J1—H8A @ InterDose T 0.76mm TdH - 7=.

Table 2 Dose—volume parameters. Data are presented as mean (range).

Object Parameter PlanDose InterDose
BM MM
CTV V95 [%] 99.94 (99.44-100) 98.74 (95.62-100)* 99.79 (98.55-100)
D98 [Gy (RBE)] 59.91 57.83 59.54
(59.48-60.14) (51.63-60.20)* (58.15-60.14)
D95 [Gy (RBE)] 60.04 59.31 59.96
(59.80-60.28) (57.71-60.34) (59.39-60.32)
Liver-CTV V20 [ml] 151.56 148.01 151.99
(111.33-198.40) (106.21-192.68) (116.17-194.96)

BM, bony structural matching; MM, marker structural matching; CTV, clinical target volume; V95,
percentage of CTV receiving >95%; D95, and D98, minimum doses covering 95%, or 98% of the CTV;
V20, absolute volume of normal liver receiving >20 Gy(RBE). *p<0.05 compared with the planned dose.
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Fig. 1. Coverage and acceptance percentages for iCTV margins. (a) iCTV V95 (error bars: standard
deviation). (b) Acceptance percentages with sigmoidal functions fitted (dashed line: 95% acceptance
percentage). Black circles: PlanDose; red squares: InterDose with BM; blue squares: InterDose with MM.
*p < 0.05 for PlanDose vs. InterDose with BM. **p < 0.05 for PlanDose vs. InterDose with MM. ***p <
0.05 for BM vs MM.

4. BER

Table2 LV, HHEAFD InterDose ® CTV V95,D98 % PlanDose L 0 H A EITMEL 72> T
BY, BxOZEMIZED BNV —VIFHR T T 22803005, LLRB D, V95 1T T
95%LL L& 7o TEY, BRMICITTRIND. KBEEIZHNTNWD PTV IR MEBEE)IC
KHLTRELZY—Y 2 THY, ZUoFLITEZ D H2DOZEIZHT 56D TRV, Lo
L, fiRE LCRESHEINTWD Z L2525 &, MREBENCXIT o~—Y v H &
DERIZK LTI NRN—SNEZEZOND. BREGE~v— I —RAELTHEKT L L, AEEIT
NS b DD, v —H—BEDHTNI Y IR —T 2 RESHBTEDL Z LD N5.

Fig.1 LV, Kii~—Y 3ERET4.19mm, ~— I —BET0.76mm &, ~—h—ME
DIFRINSWFER & Te o T, BIEFTIZOWTIEH 2 ODZBLDOAZEINTEY, Z I b0
WMERTIRRE T OBEN ) & 5720, AFEFRITE/Nl S TWD LB X HivD. Table 2 DO
RTIE, BRA CHEIRICTFAEIND 2 L ITMER TE 1203, ERIREPOZE(IZ LV EICS
NL—UNMETFTEINAZ ExEZDE, v— W —REODHENZEENENEBZOND.

SEIOMHTILEH < £ TI0EFOIFIERABEDT =42 L, Db DOThL. S HITE
B Z G0 LTS S CTH D . Tz, A TII A x DL ZZE LI RO ZB~T
BY, FEREOELLCIEHE T OEITHK L UIB B I TR, RO EEEE LT
Bt OB ATEH 2 DEIF ERE S ZRIZ LN Z EAVRSILTIIW D 3B, Z OfE#T
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Evaluation of Intensity- and Contour-Based Deformable Image Registration

Accuracy in Pancreatic Cancer Patients

YN SE IEEyi)
Yoshiki Kubota

Abstract: We aimed to clarify the accuracy of rigid image registration (RIR) and deformable image
registration (DIR) in carbon-ion radiotherapy (CIRT) for pancreatic cancer. Six patients CT images
were used. Three registration patterns were evaluated: treatment planning CT images (TPCT) to CT
images acquired in the treatment room (IRCT) in the supine position, TPCT to IRCT in the prone
position, and TPCT in the supine position to prone position. After warping the contours of the original
CT images to the destination CT images using deformation matrices from the registration, the warped
delineated contours on the destination CT images were compared with the original ones using mean
displacement to agreement (MDA). Four contours (CTV, GTV, stomach, duodenum) and four
registration algorithms (RIR, intensity-based DIR [iDIR], contour-based DIR [cDIR], and a hybrid
iDIR-cDIR ([hDIR]) were evaluated. The means+standard deviation of the MDAs of all contours for
RIR, iDIR, cDIR, and hDIR were 3.40+3.30, 2.2142.48, 1.46+1.49, and 1.46+1.37 mm, respectively.
There were significant differences between RIR and iDIR, and between RIR/iDIR and ¢cDIR/hDIR.
For the pancreatic cancer patient images, cDIR and hDIR had better accuracy than RIR and iDIR.

1. [XLC®HIC

EFL YA KL —y =z (DIR) 387225 CT LOXET 2 SOBRHEO =0 OER~7 k
VEFHEATRECTH Y, WEio HEmH-OREGH 2 IR Vb TS, Lo LEHEIC
BT HEALER L7234, DIR ORENME T2 /REMN S 5. F5I2, IBE DO T A7 L,
ERENAKE BT 557 C DIR OFEEIME T T 52 LN TFHEINS. Houweling © 1%
ENRAS /UREBNC 331F DR AT, AEL YA hL—v 3> (RIR) ZFHWTAIL RIR @
B, B2 CT ETEB L QW DRGSR OXIGT 2 mziE T2 2 LIREECH D20, £
OREEITEmL 0 EFHENS. UL, DIR ZHAWEE LTHEEICIIRARS 5720, Bl
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ARTHLN, ZOHIlE, 3 DR OFEZFHR, M EXEHZERNETHD.
DIR DFEEEIZBET 2 FHlil kR % 72 b O STV o324, BENE DR U o 2l
ARFE, IR AUBREE, RINLIRDS A BEERIZBWT, TORBERENZ EARINTN5.
LoaL, W7p EEMEC TS 2 NS A BB T D DIR OFEEEFHIX ik/v&‘ﬁim%ﬂ\f;
V. I DI, REBIBEMERR CEERAT Y b U — & 2 72 MisR 130 72 < 72 DB, Bl A D R
FHREE CTlIkk 2 I BEMRMAFEH SN TS, L7edi»> T, #1213 supine & prone &\ -
7o Bl o> - BERALTO DIR OFEEZRFET 5 Z L BMETHD.

ARG T, IRFBBIRIEEAT - IR AR IV T, RIR & DIR 23T 5Z & T
b5

2. Ak

AWFFEIT 2018 4 3 A5 2019 4F 2 A £ CICHER RFERLHRIESF 1 v ¥ — CTREMRIA
WEEAT o T VBB O D, LUF ORMEZG 3 BEEGAE] Sz, 1) 15KET
1 CT g & B H O CT Big A3 % S 7=, 2) Supine & Prone O M{ANLOD CT Wifg 73 ki &
nic. 3) BENE L+ BB AA LTS (FITTHERY BRI TOHZ2RWYY) . Bl V= E
FHOFHE % Table 1 237 . AWFFRITHEE K FREEOMBEAZ B R TEKRINTEY,
UMIN ERBRIZ B Ek X4 T 5 (UMIN-CTR trial number: 000029495) .

Table 1 Patient characteristics. Each volume shows the mean + standard deviation of the 4 CT sets.

Patient Sex Age Patient Tumor Tumor Stomachic Duodenal

position position  volume volume (mL) volume (mL)
(mL)

1 F 50 SP0, PRO Body 22.4+3.3 238.3£79.3  48.9+6.3

2 F 84 SPO, PR10 Head 35.3+2.6 185.1+46.6 100.4+19.0

3 M 82 SP0, PR350  Body 30.842.1 227.0+47.4  63.3£14.3

4 F 61 SP0, PRO Body 26.0+1.7 185.1£31.1 48.0+1.5

5 F 77 SPO, RP350  Body 20.8+2.6 151.7£20.3  54.0£7.9

6 M 74 SP0, PRO Body 40.2+3.4 153.5£25.7  77.8£15.3

Median - 755 - - 28.4 185.1 58.6

M, male; F, female; SP0, supine 0 degree position; PRx, prone x degree position; Body, pancreatic body;
Head, pancreatic head.

ffif L7- CT Hif#1%, Supine & Prone Oif#EFHEI A CT (PlanCT) & 1 HH & 10 HH DR
FHRIRIE HIZIRE S Ty S £ 24 Supine & Prone @ CT HEifgt »~ ~ (IRCT) @, 4
vy FTHD. FHEOMAEDEIX, Supine @ PlanCT 7>5 IRCT (SP-SP case), Prone ™

49



2019 GHMC Annual Report

PlanCT 7> IRCT (PR-PR case), Supine @ PlanCT 7%>& Prone @ PlanCT (SP-PR case) D7t
3NF—=r V. TRENDNZ — 2BV T, RIR b LI DIR #1T>721%, TOXE
JEATHZ W TOE CT EOdwelz 2508 - #i55 L, #5325 L7 msl & #5858 CT LTl Sz
MR Z LT A Z L CULY AR ML —va VORBEZFG L. RBEFMICIEY A A
(DSC) K OV —EtilE (MDA) # vz, fEAL7ZL YA FL—v 2 L RIR, HFRE
~N—2® DIR (iDIR), ###~<—A® DIR (cDIR), HHfH & #HFl<— A" DIR (hDIR) @
AT E AW, xtg s Licim#id, CTV, GTV, Stomach, Duodenum % fV 7z, 7235, SP-
SP case Ci% CTV1 %, PR-PR case & SP-PR case Tix CTV2 ZH\ /=, S BHIZ, ZNEho
MAEDEIZEBNT DSC & MDA Z:RH7-#%, DSC & MDA OHBEZHR A~ ThZho
LA N b— g ORI O LR IE Bonferroni method (2 X » CEELIRE 21T - 7.
EKHET p<0.05 & L7z

3. R

LUA ML — g AR o Tl a2 « #1515 L7251 % Fig. 1 (2773, DSC & MDA DFf
filif % Fig.2 |27~ 7. DSC & MDA D& TD7r —AZEBWT, RIR (oL A hL—v
a kLD LAEICHELS, &51Z, ¢DIR & hDIR /% iDIR LY b HFEICE2 7. DSC &
MDA OFHES 2 7 7 % Fig. 3 12”7,

Fig. 1. Sample axial images of supine and prone positions with delineated and transferred contours. (a) 1st-
IRCT images. (b,c) SP-PlanCT images. (d) 10th-IRCT images. (e,f) PR-PlanCT images. Filled red, beige,
cyan, mauve, and magenta regions show delineations of the GTV, CTV1, CTV2, stomach, and duodenum,

respectively. Bold red, beige, mauve, and magenta regions show the GTV, CTV1, stomach, and duodenum
transferred from the 1st-IRCT to SP-PlanCT images with iDIR (b) and cDIR (c). Bold red, cyan, mauve,
and magenta regions show GTV, CTV2, stomach, and duodenum transferred from PR-PlanCT images to
SP-PlanCT images with iDIR (e) and c¢DIR ().
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Fig. 3. Correlations between MDA and DSC. Red markers show the results of SP-SP cases, blue markers
PR-PR cases, and green markers SP-PR cases. (a) shows RIR, (b) shows iDIR, (¢) shows cDIR, and (d)
shows hDIR. The black line indicates a regression curve fitted with an exponential function.
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Fig.2 LV, DIR O¥EIZRIR LV b AEICE<L, & 51T cDIR & hDIR OF5E L iDIR X
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& VB Sarudis HOWE T, GTV 2 1.6mm LA ERH) L7-354, iDIR @ DSC 1% 0.83 LA E
TholB., ZNHDRRE AT, Foxr ORERITENLDOTH o7, ZHUIKRI DR D
NS AU TR DB R R E W=, LA ML —2a VORBENMETT57-0Th 5
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100%, PR-PR case C 95.8%%, SP-PR case C 54.2% C& >7-. hDIR ({22 T b [AEED#E R
Tholz., RFEERLY, WhESABEEBE TO DIR [ILOEAL L D HFEMRNE DD,
AN THIUE cDIR & L <% hDIR 28BN 2 E 2355705, BIHRNEHCEI L CTIE, cDIR &
hDIR |Z RIR X° iDIR XV &EENBEWNE DD, FELL D & RIBIKEENMET T 5720
FENPLETHD.
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R E AL 2 fE S, v T A BRI UC CT A KIBIZZ(L T 5728, ZD X H 728
AL TIE DIR DREEMEL Ie ol & B2 D,

A OfEHTTIE, cDIR & hDIR (XFFAlixct G D finEl 4 T & FIRFIC#E)S LT T2 72, 207z
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AW TIEN DD Y I T —varnibbd. £7, ALK CT Hifgt v M 24 (6
ANDBEZLIZ4®Y B EHoEIEEARV. £, LY A R L—3 a3 ORI
AEAVIZFR2 L O THD. 7EZMDARO Loz LTH, TRENO CT i
xR 2SN B L IR D A8, A RIOMRNT I/ N S AT B ATREMEA
b5, Fio, Pl ORI UBSE SIS ESTT > T D b D0, ORI REE
MRS RICE ENTWDTEA .

5. F¢&H
AHFTE Tl IRFBARIEIE 21T - TS A BB H[1% C RIR & O'DIR OFEE Ml 24T - 7-.
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Pitfalls of Diaphragm Structural Matching in Carbon-ion Radiotherapy for
Pancreatic Cancer

OPRE LERE, B (AR
Yoshiki Kubota, Yusuke Itabashi

Abstract: To evaluate the effectiveness of diaphragm matching (DM) for carbon-ion radiotherapy
(CIRT) of pancreatic cancer patients and develop a simple method to estimate tumor position.
Treatment planning CTs from 27 pancreatic cancer patients treated with CIRT in our facility were used
in this study, and 32 other CT image datasets taken on different days were used for measuring tumor
and diaphragm displacements. A correction method (SI-correction) was developed using the
coefficient x of the regression line formula for the displacements between the diaphragm and tumor in
the superior—inferior direction. The tumor positioning errors of bone matching (BM), DM, and SI-
correction were measured. Mean (£standard deviation) absolute errors of BM, DM, and SI-correction
were 5.10+3.31, 7.484+4.04, and 4.13+2.51 mm, respectively. DM showed significant differences
compared to the other correction methods. DM was subject to larger errors than BM. Our correction

method improved positional errors.

1. [XLC®HIC

RS AT I AT D Z D EE L <, oON A &l LT H 2AEFRITIE V. ZDJH
K& LT, BENRDS A DR IEBRI BB M & 72 13 UIBR AR RE 72 RATET T2 A & 72 > T
51D THDHEBEZHIVDH. Kawashiro H O THX, (b RIECIL B U BTG & g L
TIRFEMUIBAEAROUER RS0, REFEFUTRITET S A OF LR piaiik e L
TR EE > TVD.

IRFEFIT X B TREETERE WD, AR HREN R 2K AIETH D, Lo
Lali7e sy, WIRALES Y — 7y b E COKREMBEEAZ LIZHGE, ESMIIREE
fbL, #—%y Moxt L TG REZ B G TEROATERERH 2 2 RS AT E OGS
WZHENLTWDTED, EDDOHROT ADE( ECTREMBEEENZT 2 720, TR
ERGTHORHELVEGRD D THS. LNLAERS, T X ) ICKEMERES K E <%
b9 2 JER A A D IR FEFIERIZEB N TS, HRE LD bEEREGOFBNHEL L HRT
& % & Houweling 512 X - THE ST 516,

% < DIRFERPIRFRRR TIE, BEMBERDITIE 2 HAnbo X BEEAHVHRTND

54



728, WA C b 2 BEIRAS A OB A2 TR R T2 Z IR EChH L. SE~—h—
RGO < ETITEBICRIAT S Z & T, BEMERORFIZEEMELZHR T &1
AR & 72 BN, BEIBMS A~ D&E~ — B —ORIAZ— I T TR b d, BE~DHA
HIEREW. LS T, @R~— I — 2 HOWTIEGE Z i CE 5, BIOHERENME
Th 5. BREIIMERIZIEC CTBET 2720, ERMEZHET HHEEE LTAEMEEE
HiLd.
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2. Bk

AWFE T, 2018 4 F CTIZHE KFER HRIES Y X — TR BIREIFR & 52 0 T2 )
NEBE 2T 4 DT — X W=, ARFRIIHEE KPR ORARBREES TREINTWS
(KFRE 51 2018-095) . FHAMIZ AV /= FBE OFF# % Table 1 (277

Table 1 Patient characteristics
Number of patients (CT image sets) 27 (32)

Age 52-88 (median 70)
Gender (male/female) 15/12

Tumor location (head/body) 10/17

Tumor volume (ml) 2.38-56.96 (median 12.49)

ARWFZETIE, 1GFREHEH CT (Plan-CT) & {n#RBALA H AT HICHRE T 5, M CT (Conf-
mﬁ%%wk ZNEND CT AT, BRANE D O OB & BERIRZN 2 FHE L
. NWLEAIZIE MIM Maestro (MIM Software, USA) % FAWT, FNLENORE K ONIE
E/\%@Eﬂﬁ' N34 ZED7m (R-L), MEEIW (A-P), BERETM (S-D) D3 HEIZHONTENE
MTo7. TNZEROBEHI% Fig. 112757
BRRAAE D D OBRIEZENL & AN 23K, ZNENOFHEEZ M-, KITENLH D
S-1 7 O LEARE D x ORI 2 BEFRIEZAALIZENT 5 2 & CHEEALE 2 H#EE T 5 72D OffiIE
LB ZEE U7 (Slcorrection). SIcorrection VXIFEEAES, BEAERO ZNFICBWT, 1 H%
ﬂ%*ﬁﬂi ¥V AT UERR ORI 9%, Cross Validation (2 &> CTHEHE L72. &I
, FEFRIERES ) SI correction (23517 %, MBI ERAAZ KD, ENENDONLET %
Shaplro-Wllk test (2 &V IEHMOMEER A 1T - 721, Bonferroni method (2 K - T2 H LR iE
ZAToT-. AEAKUEZ p<0.05 & L7,
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Fig. 1. Overlay of the Plan-CT and Conf-CT images. (A, D) Registered with BM, (B, E) registered with
DM, (C, F) registered with TM. (A, B, C) show axial images, and (D, E, F) show coronal images. The plan-
CT images are displayed in grey-scale and the Conf-CT images are displayed in a green-wash color. The

gross tumor volume (GTV) and clinical target volume (CTV) are outlined in red and cyan, respectively.

3. fa R

JEEI5E M ORI D 2R B % Table 2 (&, BEFRIRZANL & AN OFHEE % Fig. 2 1IZR7. B
SRR e OVPE R O REIRIRZS AL & RIS OFHBIFRHUE, R-L J1A1C R=0.42, 0.40, A-P J5In]
C R=0.40, 0.12, S-1 J5[1 T R=0.93,0.76 & S-1 FIZHRWMHEBEN H -7, £, ZhEhD
B RO A ERR =% Table 3 (2~ . BRI S IZE A & SI correction IZLE_THE
ICRAZEM R E o 7208, B HREA & Sl correction DB IZA B /R ITE - 7=,

Table 2 Tumor and diaphragm displacements (n=32). All numbers represent the mean+standard deviation
(range).

Tumor displacement (mm) Diaphragm displacement (mm)
R-L —0.56+3.33 (-8.75 to 7.81) —0.54+1.88 (—6.46 t0 2.21)
A-P —0.21+1.93 (—4.84 t0 2.89) 0.14+£3.65 (-10.29 to 6.42)
S-1 —0.93+4.66 (—-10.52 t0 9.55)  1.91£9.26 (-17.80 to 21.03)

Absolute value 5.10£3.31 (0.57 to 12.55) 9.16+6.23 (0.42 to 21.99)
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Fig. 2. Correlations between diaphragm displacement and tumor displacement from bone matching
positioning. (A, D) R-L direction, (B, E) A-P direction, and (C, F) S—I direction. (A, B, C) pancreatic head
and (D, E, F) pancreatic body.

Table 3 Difference between tumor position and corrected position using diaphragm displacement (n=32).
All numbers represent the mean+standard deviation (range) of absolute displacements.

Absolute error (mm)
BM 5.10£3.31 (0.57 to 12.55)
DM 7.48+4.04 (1.85 to 19.54)
SI-correction 4.13£2.51 (0.75 t0 9.26)

BM: bone matching; DM: diaphragm matching. There were significant differences between the DM and
BM/SI-correction.

4. BE

ARWFFETIL, HERIEIR G OF AMEZ M L, B e el 21248 Lo, BARRIEZASNL & s
AEiE S-1 5 AN HRVEEES (R=93,0.76) 723~ 7-74%, Table3 (/9K 512, RAMRBIEIRA 24T
STBE, BRE LY bR EREIAREICKRE otz TS LV bR 7
MRIBIZEM L TWD Z ERFREEBZ b5, BRRIED S-1 J71m O 27 & 2 ffi F L7= SI
correction X EH A EHRTHEEIILZWLOO, EEMEREITNESLS o7, ZORME
F U 72 A IR X EEEE S C 0.4120.02, FEARER T 0.39£0.02 &, BXLZ 04 2HT5 2 L%
VThdrEEZOND. 72721, Slcorrection |2 K-> THBA LY LIAZENKE < o724

57



2019 GHMC Annual Report

DD, SLRDHEBEBPMNETHD. AFEOMER LY, FENEEEALE RS E 2 T3
T5—DODEE LTERTHLN, TONMBEEN & ERMEEMOREET 5 2 & i3HE
o,

AR TN DDV I T —varBbbd. £F, EHLEFR (F—2%) 1% 27
(32) TH D03, BEUEE K OWEMRERIZZ T4 17 2B, 10 5EGI &, +7e il 135 2720,
S GITIEFI A O LI DS LEETh A 9. E12AFEIOFHNIE CT B2 Wb O Th
5. FEEITRET 2BRCIE X BEig ECRRREAIE A MR 5 Z LR DT, ERbH D
FHEEEZET IMLERNDHD. IDICENETNORAENME COMBEDMEHRT D L
ML THD.

5. F&®H

ARG TIL, WA A OISO E 2 95 72 0 OREIR AL B IR & O Mk 235 L, B
T IR EHEE D= O DMIE T LR R Uiz, RO E (XEBALE 2 THl9 5 —o D
L LCHATH DN, TONMBEMEZEEMEEMORELE T 52 LR TE 2
EEAD. E, FRFIAOMIEEZ RN 5 IR E 2 HET 5 2 LIcAATH S
ZENRENT.

ABFTEE, FRUSIRORIOIITRESNIEAETHS.

SEXH

[1] Kawashiro S, Yamada S, Okamoto M, et al. Multi-institutional Study of Carbon-ion Radiotherapy
for Locally Advanced Pancreatic Cancer: Japan Carbon-ion Radiation Oncology Study Group (J-
CROS) Study 1403 Pancreas. Int J Radiat Oncol Biol Phys. 2018;101(5): 1212-1221.

[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(5):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(1):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] Kubota Y, Katoh H, Shibuya K, et al. Comparison between bone matching and marker matching
for evaluation of intra- and inter- fractional changes in accumulated dose of carbon-ion
radiotherapy for hepatocellular carcinoma. Radiather Oncol. 2019;137:77-82.

[6] Houweling AC, Fukata K, Kubota Y, et al. The impact of interfractional anatomical changes on

58



[7]

(8]

[9]

the accumulated dose in carbon ion therapy of pancreatic cancer patients. Radiother Oncol.
2016;119(2):319-25.

ARG, PR RS, AR, . BN A O IRFRIRIRIZ I T 2 BRI G HE
ANE. AAASBIESS 725 31 2K 2. Oct. 2018,

Itabashi Y, Kubota Y, Okamoto M, et al. Potential pitfalls of diaphragm structural matching in
carbon-ion radiotherapy for pancreatic cancer. The 1st Annual Conference of the Asia-Oceania
Particle Therapy Cooperative Group. Dec. 2019.

Itabashi Y, Kubota Y, Okamoto M, et al. Potential Pitfalls of Diaphragm Structural Matching in
Carbon-ion Radiotherapy for Pancreatic Cancer. Anticancer Res. 2019;39(8):4351-4356.

59



2019 GHMC Annual Report

General Parametric Function ZW\=a > 7 F VESBER

Compton Image Reconstruction with General Parametric Function

W =
Sakai Makoto

Abstract: A Compton camera is an imaging device of radio-source distribution without a mechanical
collimator and Maximum-Likelihood Expectation-Maximization (ML-EM) is widely used to
reconstruct Compton images. We had revealed that a general parametric function (GPF) possesses
better PSFs in Compton imaging than Gaussian, Lorentzian, and Voigt functions. A Voigt function has
been used to express the angular resolution measure (ARM). I tried fitting a GPF to ARM and the
smaller x 2 than that with Voigt was obtained. Thus, in this study, the GPF is applied in the ML-EM
algorithm and imaging abilities were compared. The spatial resolution was estimated using the images
of two point sources. Reproducibility was evaluated on an ellipsoidal phantom by calculating the
residual sum of squares, zero-mean normalized cross-correlation, and mutual information. In addition,
we evaluated the semi-quantitative performance and uniformity on the ellipsoidal phantom.

Unfortunately, however, GPF could not improve image qualities.

1. [FC®HIC

AT MBI AT OHEMIFEHRBR OB TRE L, BRUMBITEENEHR L L THIL
MDD &30 T & 720 G R TR E 0 B P B - OFRFEE 72 & DGy B~ D
JGHZ B L, BHFEAED T\ 5HE3

a7 N AT OB R ICIE List Mode Maximum Likelihood Expectation
Maximization (LM-ML-EM){EM EIZEH STV 54 ML-EM (38 b — R 72 552K

I B S RED 1 D TH 5. B TFEIZIIAE 2 F1E LRI FEN H 273,
(2 3 FH I 1 C IR BB IR R A 72 & D 72D 1T, RERARERII R T iR 22 ik LT
THWFE D 2 ENE L, FEIRBRIEUFIENHE L TWVDL LINTND. ZD7D),
PET *° SPECT 7¢ & DZIEF53 8 T 6 ML-EM [ éz}”L“Cb\Z)

LM-ML-EM 7% Tl Ft o2& VTR 0 X U sifg 2 F8T L, i e L R Wi AP
/1" ! t;
k+1 ij
NS LTty W

ZIC, AEkFEEOERIIHT DM | OWFEE, S X j OMEIH D HIERO M)
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FL T I TOXTHESN TN S.
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% (Point Spread Function: PSF) % :R&7= & = A, PSFZ—#M7e U ANHIZ/2 6T, a—
LY SRS 12D Z N o T=. 2T, Voigt A% D 7 4 v T 4 T biT o 1208,
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D, 511 keVy#RTx$ D MAESIRREIZTNA4°THD. TOMDEFAMILEITHRICER SN
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Fig. 1. Schematic image of the Compton camera.
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2.2. RT—4H

AHFFE T 2 FEHOMIRT — % Z Wz, 1 DHIZ2 DOEBEN G720, 2 o@ﬁ‘iﬁ@
PHBEA 4,5,6,7mm LD 2 L2 LY, EHERE (2 RORRE) OFHEICAE A L7,
ARy MNUE 2 HOAFT 15603 4 X2 b L7z, 2-2HIE 1 20 Hotspot (HS) & 2 -2 Cold
spots (CS)ZFf oM~ 7> N A T&H% (Fig.2). Hotspot (EHA) OFRPRIREEIFAMID KM
fEIl(base) REAE) D 3S5ETHY, ZDIENDEHST (cold spot & Te) ITHFRIREZ 0 &
L7, BROA Ry ML 23648 & LT-.

Generation ratio
ZX10
} 100 [mm]

Fig. 2. Digital elliptic phantom (activity distribution of the 2nd source). The activity of the hot spot (yellow

region) is 3.5 times larger than that of the background (dark red region). The activity of the other is (white
regions) was zero. The broken circles expressed the regions which were calculated the average and standard

deviation.

ER BB
AN(Q2)& H\\ 72 LM-ML-EM FEIZ LV B R 21T > 7. F( )L Voigt BAELE 71T
GPF % 7=, Voigt B3k D /8T A —% %o =0.74951° , T =2.159093° , GPF /%7 A —
ZIET =2.864618,C=0.021226 & L7. ZNENDOREEIZIIT D FWHM 1£3.19° , 3.13°
LD, ENENDOBEED/NT A —Z ISR ORE D HIF OV HELAE S RI T 4 v
T AT EAToTCRDIE. T4 T 4 T FER A Fig 32”9, Voigt BI#, GPF O 7 ¢ v
T4 TR D 2 1EFENER 1064, 100.1 THY, GPF OHNED 7 4 v F LTV,

300

— GPF

250 Voigt function Hﬂ,
~1_ Angular resolution |/ H"l_

200 measure . '

%1008 006 -00¢ -002 0 002 004 006 008 0.
Angular resolution measure [rad]

Fig. 3. Fitting results of GPF (red) and Voigt function (black) to the angular resolution measure (blue).
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BB R OFREE & LT, ZEMafEae 2 mofiEae), 5 (residual sum of squares:
RSS), FEEWIEHALAEAEFHES (zero means normalized cross correlation: ZNCC), #8H [EHi&
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RSS = Z(fT - fR)Z (5)
INCC = ZZEfTXfR) 2 6)
EE(r =2 <22 ((e - )
prr(t,1)
MI = Z prr(t, 1) - logm (7)

ZIC, AIXIEMEROBEME, fITFEEREROBEME, fr, RIZFTALTN A, OFE
BZ7rd. 72720, ZbOFIEZT O AN, BMEEEFN 1 L7025 Ko IEnEnom
ZEHIL L COBRMliZTT>72. RSS, 1-ZNCC, I-MIIT/hEL 72513 E, MENEmWEH
2 bhd. EEM, B—MEORHMEIZIE, EZIHS, CS, base, BG OFEEN (Fig. 2 123817
DIHRN) OEFEOF-), HEAEREZ AT,

3. ﬁ%
Fig. 4 |Z SR O FAERRER 2~ WTAOEBRIZEBWTH 2 S0 fEREIE Voigt BA% T
1% 4~5 mm %{E, GPF A TIZ4mm L F & 7o 7.

Voigt GPF

e e

6 mm

Fig. 4. Reconstructed images of two point sources with 100 iterations.

Fig. 5 [3/6M 7 7 > b A OFHERLEE, Fig. 6 131 ¥ L—3 3 A%k & D RSS, ZNCC
BELOMI, Fig. 7 (345581 O W ZEEH O 1) & W #2(STDEV) 2 3% LT\ 5. Voigt BI%L -
GPF T® (RSS, 1-ZNCC, 1-MI) Of/MExZnZ24 (1.31E-5, 0.177, 0.152) + (1.22E-5,
0.176, 0.150) Toh 7. MFREDT 77 4 ©F 4 —I% HS:1.4E-4, base:4.8e-5, % DAf:0
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THD. MBEOEIENTH 52, GPF 1T Voigt Bk L HS &/ L, CS % i KiHh

L CUu7-.
It=0
VOlgt.
: . .

Fig. 5. Reconstructed image of the ellipsoid phantom with 0, 10, or 100 iterations.

It=10 1t=100
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Fig. 6. Calculation time, RSS, 1-ZNCC, or 1-MI of reconstructed images with Voigt function or general
parametric function.
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Fig. 7. Average pixel values (left) and standard deviations (right) of the pixel value in hot, cold, basic
ellipsoids, and background region.
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4. BE
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5. F&H
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Analysis of the Users of the Test-Preparation Web-Site for Medical Physicist

W =
Sakai Makoto

Abstract: In Japan, becoming a medical physicist requires passing the examination of the Japanese
Board for Medical Physicist Qualification. Unfortunately, there are few textbooks to learn the overall
field, and the lecture class is unfortunately held only in Tokyo. To provide a ubiquitous system to study
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 was studied using registration information, questionnaire, and access data

analytics. The results were compared to the results of the last year.
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3. f&R

3.1. FIAERIRHOKIHER

3.1.1. FIFAZEEAH
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Fig. 1. Number of the users
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24 24%
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Fig. 2. User’s Occupation
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Fig. 4. Hourly session number by day of the week
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3.2.2. FIAIRXK & Hhig
7 7 & AUEARIL PC & mobile NFEFEE TH -7 (Fig. 5 /£) . 7 7 & A TOHIRHIEE
LD LEHEN S DT 7 ANREL o Tz (Fig. 5 )
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m tablet & - I
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Fig. 5. Device (left) and access region (right)
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ZH LTz (Tablel). 72U EOHTNEESE | MEKEZBG SN, £726EL LD
DS (eI RT LIS D) o] & OE R 2 A LTz,

Table 1 Acquired qualification

Qualification No
Radiological technologist 163
Professional Radiotherapy technologist 51
senior radiation protection supervisor 97
junior radiation protection supervisor 3
Radiotherapy quality manger 8
Medical physicist 13
Other 39
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Fig. 6. Satisfaction level

4, B
FIABEEIIBEDL —CEOX—ATHEIML TS, BHEFBIOT 78 2% 5 L
B O HEREZOBIRT, IBERICH T HERRIFRICT 7 B ANL L 7o Tz (Fig. 4).
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TWDES LILRV. 77 B ZAHBIIE T T < 7e o Tz, ZHULRZ2E M EC A A A
2N ENERE B DN DN, IP T L AEOFTEHERERN EITH T E > TWDH 72D,
FEHE L 0 B AR A KEHA LT D ATREMEAN A 5.
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L DRFEN%L L (94) Rohiz.
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[2] 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.

[3] 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.

[4] 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.

[5] Kron T, Azhari HA, Voon EO, et al. Medical physics aspects of cancer care in the Asia Pacific
region: 2011 survey results. Biomed Imaging Interv J. 2012;8(2):e10.
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Measurement of the gel dosimeter response for Carbon ion beam

ANARERR 12, S A |, SRR 2, RE T th e 2, R — 12, I ARE
Takenori Kobayashi, Kenshin Arata, Haruki Togo, Yuki Ogata, Jun’ichi Kotoku, Mutsumi Tashiro
1 KT, 2 WIRKFRTPE 3 BEERFEA HRRIEFEE 57—

Abstract: Gel dosimeters have 90% of its composition in water, and can be regarded as a water
equivalent dosimeter. In addition, gel dosimeters are attracting attention as exposure dosimeters
because radicals from water radiolysis contribute to the radiation detection mechanism. We focused
on a dye gel dosimeter that can measure at high resolution, developed an optical CT system as a reading
device, and proceeded with research mainly assuming the use in X-ray therapy. In this study, the dye
gel dosimeter was irradiated with a carbon beam and analyzed with the optical CT system. The
reduction of the sensitivity of the dye gel dosimeter to the carbon beam was examined, and an attempt
was made to evaluate the irradiated field width. The dependence of the sensitivity of the gel dosimeter
on the LET distribution shows a similar tendency to the G value of the OH radical, strongly suggesting

that the decrease in the sensitivity of the gel is due to the recombination of the OH radicals.

1. [XLC®HIC

HRKFEFYER T N — T TIIEFERI D, TAMRER 2 WSRO 3 eI O
WZED ATV D, TV ERHIM LR EH O —/ T, MEEWE 2 S50 KEREE 7T
LT MAAEZHOCTEIET 2 2 & TR O L 7o B M ZZ ISR FF S, 2Rzt
FHEDZET 3 WICMENMESH L OTEX LMEFNTHD. HHT MR WEOE
WMZ R PV ERHZ BN S 5728, DT L THZDOMKD 90%I13/K Th 0 /KM 7241
At & Bl D, E TR KON R L D T VAR EET 2 E DL
MEFHIFIEREF E L TERIN TS, Fx DO —7 Tl 2 FIZEHIN L ViR
DOHTH @I ERE COREN ATRE/R AR VR EFHIER L, TOFAMY HEE L 725565 CT
HEE A B L EIC X BRI CORM 2 48E L T2 D C& /. T OfER, BIfE CITE
210 cm BRE DY T IVND AR ThiuX, BUERK THEH ST 2 8 6 e & [F% 0
TRESGD ZENTE HPTE THIEN A TE 20

BEIS KRR TR 22282 v % — (GHMC) TIEBU/INE O IRFBIEE — L% FA 72 0 L
FAFr~A 7=V ) —REOMERHEEI N TS, Bxld~vA 77—V =] —
THW B DM/ E— L DOMFEN TOTIR 2 B S BNCHIET 5 QA Y — /& LTOF V&R
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ORI ZBE LFEICET Lz, FVBREGHIMMREMO S T T 1 BOWFE T 3 IRITHR RS
MEBETH LN TELD, BEERCT A VAR WESEA L LT, QA MEXEDEME S
DOKRIERIEBAIIFFTE RSN’ H L. L, Box BSETHEEICAT - T2 TR ERSK Y ~—
TN T V—T OFEERTIE, REBE—LITH L TUIRFICT 7 v 7= 8T, Fv
MREFHOBENKIBICK T T2 2 EBHE SN TVWBRL 2 2 TR TITAETIREMRE— L

(£ / ©°—27/SOBP (Spread Out Bragg Peak)) % fas877 /LRt EaHIMRST L, o5 CT & CHEdT
ATV, RFERE— DT D ORISR EA ORBIER TIZOWTRE L, TORE%Z T RE
HRE— LD SOBP (21 5 &' — AlE O R & A 7.

2. ik

AW CHEM LI- GBS BRETT, MOk o THE SN E B ZIC L THRK
LCHERR LB 1ERR L7357 L Z B 80 mm D PET AEICE AL T L7=. GHMC
DIRFERE— L Z A, KififhE 10 Gy OFMFTE / ©—27 L SOBP (SOBP fF 2 cm) @ 2
PO 21T o 72, A% Table 1 IO RS, BB OGHTEF VR EFHIMH R FICH
IR0, HFCTEEIZLVPICEONEZIT -7 (Fig. 1).

& LET R T DR BAUTIESIC L > TLET WRE S BbT 5720, AFEF VEER
DRE S RE R BE T 5 2 ENTRING. RIFRTIE, ZIVREFOED LET O
AT DIGEEZRET D Z ENHD 1 SO THDHDT, BELSABEED X BT
DRNCEZREEL Ly VT L —a v &2 {Toc. ETARMRTEHERNRTA—Z L7
HREEY) LET OB HICIE, £ T hny I 2 b—3 g a— FPHITS I X A3 HEE
2 Al

o s
Table 1 Beam parameters.

TFRILX— [MeV/u] 290

FmEfrE [Gy] 10

P EF [mm?) 15X 15

SOBP & [cm] 2

€ 2 [em] 5 e ———

Fig.1. Irradiated micelle gel.
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3. &R

PHITS I &L 5 R 2 b—3 g UfER & BRI L DM EHIER RO % Fig. 2 (2R 7.
TORMBEIV I 2L —v a3l v P T A N R EOEREE Y IZITEMRICHRL TV
ZENREND BT, FEFVRREGTO LET IRIFEZ MDD 5728, 10 Gy O X #RTxHd
HEFT VBT OWEAEEL Lk vy V7 L —a U EToT. ZORER, 7V E
FHC X DM EIIRE T TR SGy Y & e o 72 (Fig.2). ZHUE X # (LET=0.2keV/um)
L RFER (LET=20 keVaum) O LET OEVMNC LV EE K 50% KT L2 L 2E%KL T
WA, RS HHOEFPICHIZ-> T, ¥ 2 b—y a3 VRIS B 0AFE S L OISE D%
fEZH>7-H D% Fig.3 12777, Fig. 3 121X T TFHI2E % OH 7 ¥ LD G EDZAL
e oW, Fx OFTRERIZILT S OF R EBELOBMREZ R L TEY, FVORERT
NOH 7V HNLVDEFEAICEIDZbDTHDZ B RBE LTS,

290MeV/u  ®/E—-7 290MeV/u  SOBP 20mm

T 25
50 x BEE x EEEFE
o HFNEREE FIVEREET
b PHITS 20/ {  PHITS
40
& 30 3
2 2
S 20 i 8 10 Beaneeee=?
10 5/ “\ ‘ '

o

10 20 30 40 50 60 70 80 0 0 10 20 30 40

Depth[mm] Depth[mm]

(@) (b)
Fig. 2. Dose profile along the beam axis, for mono-beam (a) and SOBP-beam (b).

1.2
1.0—%
0.8
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. T Y | " P " PO O R
10 ! 100 10! 10?

LET[keV/um]

Fig. 3. LET dependence of the micelle gel dosimeter and G-value of OH
radical. Both of them are normalized at 0.2 keV/pm.
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Fig. 4 (Z SOBP @ .0 F3E TO B — AR ORIERE R 2 77, PHITS OFHHEIC LiuT e — 2
OHLENCEE S E O LET [ JFE—ETh o7, AESFABMETHNC L > TR b Bl
IEIX 17.0mm Td o7z, B X 2 0E TH S A7 HEIE 15.6 mm 12~ 9% OHLR )3
FH o, SEER L7 15 mm EBAHE)D E— A THIULE S 172 B — LEOREIL
AEETHDHEBZZD. 72120, 1 mme OMUNMEE— AR L CXBHERIC I 2HETH T
ANV TIROZALD R B4, ZFVEEECHIE L2 A2 E D 72 2 D34 1510 Tk
BITHWTILTERV. FADOEHEL BFRNEDR Exito720, CTEEOERDIKR
WX SN A ESELRE L THEMNDDLIMNERD D EEZD.

depth = 40 mm
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Fig. 4. Measured FWHM of '2C ion beam.
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[1] KangY, Togo H, Saito Y, et al. Dose Distribution Analysis of Micelle Gel Dosimeter for Clinical
Application by Optical CT Scanner. The 75th Annual Meeting of the Japanese Society of
Radiological Technology (JSRT), p233. 2019.

L, . Z KRR OERFHIRIRATIZI 1T D LET (R(EMEEE 7 [B] 3 IRou 7 VR EE!
723 546, pp. 38-39. 2018. Nov. 24-25.

Hayashi K, et al. Clear micelle gel dosimeter with nanoclay. J Phys Conf Ser. vol. 1305, pp. 1-6,
2019.
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[4]

Yamashita S. Radiation chemical reaction in water radiolysis with therapeutic heavy ion beams.

Japanese Society of Radiation Chemistry 90, 11-16, 2010.
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=R MYTIZEITR ) =hLozO0—9TOREE
B FHAEMES - MEDAUSTRON REE#H4&

The report of clinical fellowship at the Medical University of Vienna and visiting
the Austrian Particle beam therapy facility "MEDAUSTRON"

RO

Kazutoshi Murata

Abstract: I had the opportunity to experience clinical fellow at the Medical University of Vienna in
Austria from May 2019. I also had the opportunity to visit "MEDAUSTRON" the only particle beam
therapy facility in Austria. So, I will report on the details. The Medical University of Vienna has 21
radiation oncologists who treat 2,000 patients per year using 5 LINACs and 4 Remote After Loading
Systems. There were nine radiation oncologists working at MEDAUSTRON.MEDAUSTRON started
proton therapy in 2016 and carbon therapy in July 2019. 9 radiation oncologists worked at
MEDAUSTRON. They used much of the knowledge of Japanese particle therapy. And, in Austria,
The medical system had an efficient structure with a firm division of work. I think the Japanese particle

therapy facilities have a lot to learn from them.

FAX 20195 H LD A—A N T DY 4 — U EFRKFT clinical fellow #8853 2 %
Flz. IBIZA—A R 7 ENTIEME—ORL T HIE R iR Cd %5 MEDAUSTRON ~ififi4
HHEBET-OT, TOEMIOWTHRET 5.

F—A MY TIEHEE —a v XONERICAE L, BiE KA, fignrH Y —, FEicA ¥
U7, FIZAAL AL WS TELEBIRICH 5. E LmAEIXIZIFEAEE & [F U, A 11K 900
FNERBARID GBEO/NSWEFETHDH. L E LTiE 15 fHE s 55— U ik Rk
ETAT AT NI FZOMEE LTHE, M, {4, BIZR255M S KEO—MA%2HDTWND.
ZOEITA—A N THEBIHFET DT 4 — 2T, AOIE 200 5 AT EZIZFLIRT O
ANAEFRHETH 5.

F—A MU TIEAA 10 T AHT= Y OEAED 500 4 (OECD MEEEF 1467, HARIZAN
10 T Nd720 230 4T 26 fin) &<, BOHBEFEEH AR 10 T AHY 24 (BRI
10 TAHTZY 1 4) EARLVELAFET D, BEBRIBROBERIZENT, 7 —iF
Leopold Freund 7% 1897 4F (X #RFE RN D 72 o 72 24F) 1T X MAMI RS E (2 L » TH B
R4 5 [ BISMNE RS ) 2 R T TfTo i e 4 TR, 74—V ERK
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21X KA V55T Allgemeines Krankenhaus der Wien (H ARFEIZERT & 7 — R EIHPE & 72
%) EWHMERBED S Y, FAIL Z Z T Joachim Widder 2% 28\ % Strahlentherapie (i ##
189) PO/ INRRIRRERIC T A 7 W12 &, H 2 OERK &/ NRIRIZ B %8 % Alina
Sturdza %&4=, Christian Kirists 4£45, Maximilian Schmid e A IZFRE 23217 > OHEF L T\ 5.
TSTBRIBIFEE P AR TR 2000 2 F2EE (FLAS A 500 44, s A, WADRZRZS 250 4437,
THAbAR & BESHEIEE 25 200 44370, I AFF & IR IERE 5 150 4 90) DEFEDIEKEZ L
TV 5. FEIEREIIEME S T 2R3 144, VOT 2 MR T4, ZIUSHBEBIGHEE
& OBNEHE B WT, BEMES Z 234, LYT 2 24, S5ICHEHRIEFRNMAT &
OREMIESEE L HME 1A E LT b 1AL TRTERT 2 L 28 4 ORI THlE S 4L
TWD. S HITBERE NI B L3 17 44, 1aPE P OHHARIT 46 £ 03B &, S HITHU#VAE
WO Z R BBE LT\ 5. IRIFREERILT AT > 7235 B (VersaHD 28 2 &, Synergy 7% 3
B), IEIEEBIZHDR o7 Ld v bunr v 7akvL s harRl1 6595, AAT
VLB 23 Y PDR(=AEAR B3/ MRIRIR IR ZEE 3 2 BIR|ICKE STV A,

—J5, MEDAUSTRON L7 ¢ — > Hin 5 50km Fd /5 @ Wiener Neustadt (2 & 5 (Fig. 1).
Py A—a— b 325 DR S OBHUTEET#(60 - 250 MeV) & fRFEFH(120 - 400 MeV) & INiE
SHDLZENTED VY7 v b 28 LR IRRIR TH D05, JRER— NIk
TR DEHRAT > N U —N 1%, KEEED 2K — hEFFOHEN 1%, KFE1HR— DA
RFOEEN 1=EH Y, T OMIZEBRHADKER— F &R OHED 125 5 (Fig.2). £ TA
Xy =V TV AT AERMLTEY, passive B — L3I LTV, BBF#AHIE 2016
E12 ANDRGLTEY, 2019 4 7 HIZITKFER— NOBRIEN, REBIBEDATEE L 725
72 WBEOMERE LTE, FEREEAZTT O VAT LOEEN LT T BT, i, IFiED
IRIFRIIAT > T2, S BITHINZIRD A bR FRRIRIE OGN & LTl D, BASHE N ASORE
WS A, FMRRESSS, #RERIEES, FERSIER] &\ o TR 9 D5 2 B> T\ 5. il
TFF o TR0, BREIX 180 £1Z LW DA, [ERNIL 94 DA TH 5. BIEDIEHAFHERFRK
T 1-2 7 A LRV, JEFNC X o TSR O 21T - TR Y, FR/NEO R
PRRAE S 72 SILATREZR PR D BB KOS TWad. 7272 L, 74— L KA X3 20
X20cm & FAUFEERE K RN D RIEFRERA 72 EI3T 2002 L b 2. 1BHRFHEI
Raysearch ££:0 Raystation Z i/ L TV, FHE 72 ha—idA % U7 d CNAO L[F L
AT LEHERA LTS, REFROBREIZOWTITAEY A QA DFER, BARDKEN &%
20%IF LR DMEICR - TNDEDZ LRt F2, IRFBUIAKE 1L FHE LoE—L0
727z, Aiad TR LU CTEREEZTT/> TE Y, TOMBIRD AT MIHEOEEDOH
MERAWEarRy N7 —Aba—rbE—A CT Z2MAGDEMA Y AT L2 2B% L CA
& 1T 72 - T 7= (Fig. 3).

FADENE LTz D o — U EREREM B PE & MEDAUSTRON (X, W /1BfRICH Y, &
W74 h o7 7 Lo AL XD HMECBEMREZIT o T, A=A MU 7
TV A N—F A T HFFORRR IR, ARERE A~ O Sk B ENL U BB & FLi i 5
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ELTEY, U —r ORBEIELE 2 OITMSRRIRE % O BRI ISR ISR 2 LT
HE I o REBIIA—A MU T TIXELERB I N0 20, BEGRERE Ik 5
Hridm<, ZLOERBFELN TS EDZ LTIEoT-.

EWA—Z U 7 CTHEHBE OB CTHEE TH D WD LIzFEOo—21%, FHkfED
TaE#nEm<, Lo EHAEFEORERRBRD N TNWDLEE FThoTo. [ER L B &
DIIZNEZ L a— X —CRik L CREBAENEF /L TIZRERM L2 Y, RIS DU AT A D
Wordpress Z HWVTHEDE=F VTV AT LEME LD, TOVAT LMEKE AT
FTUAEROBEBZREMA L Te, ARTHEE HifE L TN TV D0, BERE AN%
<bHoT-.

B®EIZ, U4 —VERRFETOPEZ T ATV W e, B R ER R R FHEERRE R
O AR, ETEEE W W e iR e A, RPN A AT U O, 2T
DOEEE KGRI BIRE O 2 \ZE Lz B L B, o BEE2 R LET. skich v M
EHTENVE L.

Fig. 1. Entrance of Medaustron Fig. 2. The whole view of MEDAUSTRON
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Fig. 3. The “exacure” system of the Reutlingen BEC GmbH as well as the Imaging Ring of the Salzburg

company medPhoton.

SE X
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Health resources - Doctors - OECD Data [Internet]. theOECD. [cited 2020 Mar 15]. Available
from: https://data.oecd.org/healthres/doctors.htm

Kogelnik HD. Inauguration of radiotherapy as a new scientific speciality by Leopold Freund 100
years ago. Radiother Oncol. 1997;42:203—11.

MedAustron [Internet]. [cited 2020 Mar 15]. Available from: https://www.medaustron.at/en
Gutleber J, Moser R. THE MEDAUSTRON ACCELERATOR CONTROL SYSTEM: DESIGN,
INSTALLATION AND COMMISSIONING [Internet]. 2013. Report No.:. TUCOAABO4
Proceedings of ICALEPCS2013, San Francisco, CA, USA. Available from:
http://accelconf.web.cern.ch/AccelConf/ICALEPCS2013/papers/tucoaab04.pdf

Grevillot L, Osorio Moreno J, Letellier V, et al. Clinical implementation and commissioning of
the MedAustron Particle Therapy Accelerator for non-isocentric scanned proton beam treatments.
Med Phys. 2020;47:380-92.
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REBTRE@E@FEME) -
Massachusetts General Hospital / Harvard Medical School

A report of MUSHA training at Massachusetts General Hospital
and Harvard Medical School

nE B
Musha Atsushi

FASAIET A Y J7« RA R TRER - KR LIZAFO—HaxBax Lo EBWES. &
BREINDAA=VTHHF LR LAEDETEHAVEZTTE BNES. R hk
S RTAARANGTEET O ZHERE L TV e Z &2 5 REDSOX VA4 T2, HFEL TR
\Z World series (2 L, HEIT< O Fenway Park (ZFEF T ER>TnE L7Z. HIXK Y

U—ZXDENDOEEERL, DA NAYOF v 7 R— F TOURRLHIRERE L — N a8l
B LRRDT AU BTR TSI L RE LI L amELTWET.

A F O TlX, Massachusetts General Hospital ~ % F = —t v ViR & B (MGH) -
Harvard Medical School /~— /3 — K[EF K= MHMS) @ Held e % %EH & L -
Celluer&Molecular Radiation Oncology Laboratory (Z7£5E L, Bystander Zh 522U CTOHFZEIC
2018 4F 10 A7Z25 2019 429 A £ TO 1 FMHEF L T £ L7Z. Held SLAITRES KT bl
ST AT BV — (B RFPAKRICIRIT oA SUA IS P JEiM) & U CTEFE L Tk
DT, RFEBRAEDFITIFBNGEHRD & 5 5E0E LILETAL. FHROH HHiaiE, MGH ARt
MOHANAT T 5N T- Navy Yard & WO FTICH D, EVRIRDMIZEIT & 7e > TV H K&
72X T fEH D TWe T 23— M Brookline & WD 35HTICH U, #HI FEEDER(Longwood HR)
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MNB G T A5 72D T3 73, Brigham Women's Hospital (BWH) & U 9 JEBZEIZ H TN~ 72
DT, EE)EL BWH—MGH AFE, MGH APFi—Navy Yard Z i SEERLDO > ¥ FLAZ 23D
EWTHIH LTV E L7e. Z0O/3R1F MGH %5 OWFSE R 09t CHERL L C U5 Partners &
WH T N—TTHEALTEY, TR LABICRECTEET. £, i FHROARAEDOR
BRI EREICFIHCTE, Uber EWH X7 o —D L) el B —E XA L5777V TRUHE )
HIHNETHEMTE, HAFR L TOWRWENE TS, AGRICENRERS Z Lidd £
ATULT. 70, HEFFLTWRNWZ ENRFENL TP D EHIEAZE LI Z & HTE
FLL.

BECHER LR v FsX _ Kathryn D. Held 564 & %3

T, WHEATOMR T, &7 RPEM LR CrHa BN HBICBHBE S, BE3M
DI, FRAEND FARD ~y TOHRAEE TIRENT A NBMLUTWE L, RAHET
ToDIE, 2—F T R X T ERINE SRR E AW ERTOR TR Y, ke =
VAEELATWDLEMXT L. £z, #HRSENLZ 9 Wolot A = 0 X 4F & OMF5EE
WNEF Y, FEEEN L TGRS KT S D BREEE, FER ICHRKN T B 2 OfF 721 %t
TLHRBONE ST 2 EBELS B2 IEONE L. RFBAEORKRICERET S Z & 013%
<, FHETARAVPBEELZHETL2OTTN, ToNDMOTEEY L 2L EERD Z LT REE
ThHAIHWT v —NELL 2 EDTEY, BRDT VF a2l —LIREVNET
L7z, RERRICEY —T12 5 EEEL COWEEDICE > T #HOAEZ o722 &
EOFETHLHVEFA. o, FA M ATFHRLAEITL E LD, BADD b FEITER A 228
HDFHiE (RITSEOHRNT ROWEEDS, kxhFEELrINTWDLHRE) BEE
EV, THOVoix LORITETHEIAC D F L, FUTAR A M HARAZES &0
IEITHBML, EWRITBHIN DEHSOBBIE TR EE T TR AEEICET 51
WA, FEEIR OGS O F O RNFZH < 2 &b L.
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7 L OIUAE 150 £FDOT 8= |

IHIZ, 1THEMEWIROIZHIM T LD T, ESL(English Second Language) & V9,
FENEE SEEONERT OFGEHEIEBANCSM L E Lz, &b DHENEMT 5 ESL
TR ST EER T T DNV ORN ST F IR PIATE N AZ D L, BEWDOEE
LEED AV, STHEBEZIRD G- TWET. T AU I TOEFEDORERSL ESL OKXATH
LORFELBL THFEREICNTHELZFTBRESEDoTC LKL TWET. HAIZ
W L AT, 7 AU A TOAETEITEBERFFROMRE L TE 5720, FELYBEFHT L
IYTZVHIOAFEEZILAT HH T, ZORUSITHRI T ENMTEE Lz, BCKANITFEE
L DI E RN T 5 LT THE LD, ERICRBRL TADEZDA Y v MI—H
ﬁ% TEBLEDOH A DOREIZHR I ZENTE, ZOZ LRRIATHARRD, LOENS

LENOTNDZEHFELE L. INETIE, B ETHBICELINENH DA
%Dibtﬁ,%guimﬁofwf,%XWW%K%EEK&OTDK&%ME?.A®
MEENLAEFEL EFAR) 7 VS XBWETR, ML A 12720 hdaden
ERWET O U E Lz, BxZhbholzZ ECTTMN, BSLOBEB LI T 7 VLVOKANLT
AV A TEFREORHPHER 2L E>TEY, WE L TOREE ORFM A4 O X 512 KY)
LW E S5 Tz EARHIZRT L.

BB, D ULETRERESLRER R EICOVWTBEX LET. (FATWET S— ME
%HO$@V/¢¢D®Erﬂ®%6@%? I AN HRA, NIV OWEASEIXZ D
BNDOE L0 F LT, EXRT DRI D720 > 720 TT 2%, Brookline &\ 9 Hiifik
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7A—F®E®m %gth Roiw

FRICEERDE NP THRNSZWEFT T L. BED Y 2 (FdE) - 7/ —2 (B D4k
THRONELR) - 5 BT - ZHOBERE, SExnoHEeBligIs280
RO LHO—2T L. i L9 T, BEICRERADE - 22380 H LT
720, HOWKAROEDEBICHELTZD EAEREGH D E LD, HVDOEEDOHKREKFE
2L, EFRICEFELTWDEAXDERICENESZE CE L. EFELHVENRZNTTHR,
A L THRE CHFHME P, FOBERBOA—/ N\ —F TOHEDOY b iREE Tlax
L2 mAEELOE L. HERBALREL TEBY, RLnlo TWIZIHERE O BREE
RLAEICHEEN, HOHRERLATHIRIZTELDIEGMHEICE NSNS L & BT
FaNZ BBV LET.
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I 0 £33 Held % TR LT & W E LR BRRE A, e <ak
DL TLIEE oo REFEm e, MGH 7 0E#EL L TIRILOEMIZEZ T LS o1
AT SRR SEAE - HHRIESAE, B OA 70& k2 Z i’mﬁtu\f_tu\tffﬁwﬂ%m%é ¥
LWL b THEF~OHATEZRERIZHREL TS téotﬂm ST — L DY
AT T L LB BHER B ORATr, BFAN B Lﬂ\f:f:b\f:%ﬁ%ji«
TEHOREH T IEWN T, A%~ zbﬁ/béji RO ZRTZ L2 <x
ZHZEBEFO—DLBFRNOLEZEZTCVETOTI RO T e BnET.
DSRRER L CE TP L - FE - (B - BF R EDHEZT TR, RA R RLTEOX
b - AR = « B8R EORBRITLEZ T TIHEAE LRV ORERETT. SRIXZ0bh7-
D CEZENIETCNTEEE, ROBENHUTERIEESE W& ET. K% ET
BNEAWWEEEHYNRE S ZZNELRZ. (2019410 H 28 HF
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A9 - MEERTRICEHT IO V24 LOFRRE

Report of MT users for basic research

GHMC ~ ¥ v % 1 L EBS
GHMC MT committee

GHMC TIIEHRE 5 L OV R 0 A Wy BB 72 70 © ONC kL - HRIBIR T O
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Stabilization of beam axis extracted from synchrotron
K st N (Ryoto Tomo)

KL FHIBRIZ BN T B — D ONLE DL E PR IE R & FEEROIRIRIF OIS & — 2%
TA— B e —HEFLEODOEEREZD—HOTHD. LL, HIkTiZy 7 bhrro
LD S E I CIHRRE TOE— ADOMEICEEINAELT TWVD Z ERHERSINTWD.
ZOEEITH 2 OMERIERICLY, IRRICEEL 5 X2 0EAICE > TS, L, B
— LONEDOEEDNDINEE, L ORE LS CTOWRBEITR ) ZENalfeL72b. B
— LDNEEFOERO—> L LT, IRFELRRHRWVER A BT Z &2k Y, Rk
ADOE AT VAR I EEOBSG D FHEE LV 55< 782 2 L THEL L E— LD #E
ZEH)TdH 5H COD (Closed Orbit Distortion)RF[HZZE D BN E 2 Hivd. COD ZENZ X DHiH
BETOE—ADOABELEEITL, MEEHENTOE—LDAKEHmOER 2K+ _—% b
REIOMFIC L0 224 5. ARFFETIE, _—% b AREI OIS 2T T 5 2 Lok
D, BE—AOMEEBAZMA T E— A NFROERE B E L.

RERTIE, BEERFERFRESEL Y —CREEa—AEFHA L. £/2, =
FNXF—X290MeV/u & L7z, TA VBV ZICRELIZAZ ) —0F=4—(SC) &, ZD
ERICRE LAY v 7T A =4 —(SLM) & HW T E— LD EEE 2 JIE L.
WIZ, E—A#UERRE 22— FTh D MADS Z 72 /37 A — % O kit Fic Ly, ~—
2 v CARBYOATAE & R U 72 B DGR AR LIRSS CORBR AT /e o 72, & HIT,
VERR L 72 i 2 03B CE T & 2 0 OMER D128, 1R S 7R OREIAR & K-
\7 % PDD (Percentage Depth Dose)ifll i &, & — ABlIT B 70 1 N OBt /0 A0 & RO 1
% OCR (Off Center Ratio)ill € #1772~ 7=

TRIRAYER D OPF 2 W CElis LIZHAICB W, Yo7 ha ok 1 005
30 3 CTOE— LD EZEEET SLM (2T 1.7mm, SC 2T 0.62mm TH - 7=, KIZ, MADS
NI NT A= OfECEHRORER, 1R RON—% o AikEu, 75 SLM (2T
29987, SCIZT3332x THDHIZ EITX LT, FHAFEROR—F ha AifHu, % SLM 2
T 31747, SCIZT 3.506 7 ([ZFHHE L7z, HHEFHRD OPF Z MW CElA L7255 12 B0
T, Yrrna bo e E 14506 30 45 TOE—LDOMEZBEREIT SLM (2T 0.6mm,
SCIZT022mm &, E—ADELHELMZ DI LICEPI L. £7-, PDD JlEIFIAE
PSR E BB O A, B — L&D 138.4mm, TREEZS 139.0mm TH Y,
EFRREN T L7z, F7-, OCRMIEL, FHEKICEB N TO03%REDETH 7. =
X, RIAHHEIRD QA A RIA VZHDTFRMETH D 0.5%UNICTINE>TWND. Zh
0, ERR LI RIIERIGEA T2 2 &N TE L B2 6N5.
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Migration of human glioblastoma LN18 cell line by X-ray irradiation

under hypoxia
J#HE 72t (Hiroki Hirose)

R IR O B D IR 00 —-> T & % s o £ 1, ﬁ%%ﬁ%ﬁ%ﬁ%%
ICEoTEMT DI ENMOBINTVDN, RERRE T, BRI L25GE, EEEN
D EICENT DO I BTV RN, £ T, ﬁ@%ﬂw_ﬁbf,%ﬁﬁﬁwﬁ
e R AE TR BRI % D ERE E ATFENED L I ICBL T HONEHAL T H Z &
ZHIE LT

b MR ERIN LN18 (ATCC LV EAN) Z VT, 37°C, 5%CO, Ziffiff T & 2 EfH#
U — 27 A7 —3 3 v (INVIVO2 500, Baker) NT 1.0%, 0.1%D{KERFESMLE, 0% MRS
S CRRE ORFIE 24 BT D, FH48 IFRIESE L7, *HEE LT, @H D 37°C, 5%CO0, A
% 2 X—H (Thermo) WNT 18%D HEEHA AT TR L7z, MR AT LR A DT
(OXY—M, JIKCO) THIE L7=. X#REH (200 kVp, 14.6 mA, 1.13 Gy/min) | MultiRad225
(Shimadzu) % V7=, #EAEFEIE Wound healing 512X Y, 35mm? 7 4 v ¥ =ila 7>z

MCREE U2 R B I I ERTIC 7 v —F » 72 AW T—E (19 1.4 mm) OAE (F
Yo 7) EZERL, 05, 3, 6GyREHE% L 24 FEFIZIC 8 HREF OAIE O % BEMETH A A
—Y Y7 v =T cellSens (Olympus) THIEL, AUEOIEDE S 2T Lo, HHE
FOAHEDORIE OBIIKER R EREE 2 HERF T 2720, A 7 U Ny 7 (ZEE LTz, ERRISHIK
3EHEY IR U7z, AFRFan=—EIC XY, EBRIX3IEMDIE L. 154450 37
4y v | ZHIIARRRE L, 3, 4.5, 6Gy WS 2 BRI AV YmlcTan=—% Y, 50
AL EoMif Az FF>an =—%FIL, LQ 7 MIf->TExcel T4 v 7T 47 L,
SRR M 2 AT LT

WEAEREIY, WEEEIZH AR TREESR 0.1%LL F CHEICIKLS 2oz, £72, X MERF L7
St OWEERRIY, MEKTFIICHESR TR 2 28M 2589, (KEEFE 0.1%L0 F CidZ b
MBI Do T2, SRR X 2 EFRE, KEEF 0.0% T 10%E7F3RO D10 il iR
WZHERT 1458720, OERIL 14 L7p o7z,

ArlE], X BRI C IR REE 5 SR O I 2 2RI G T & T, koM E LB VA
PARPIEIC 72 D 2 L A SR T DR R 257, ZhbxE L )b &, LNI8 oilElhelE, FEM
SECITE R A TERRE SR 0.1%LL F CTHIf & 41, X SIS CIT EKARIC RS <
Bl SRR R 0.1% CTE L L7e< 72 0, XFMEFMEIZ R o 7.
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Evaluation of dose distributions for layer-stacking carbon-ion irradiation with

respiratory movement
EAE A (Yuki Hasebe)

R A AT DB, R ITIE A & OIS B B A 1T MR B I & v ARy
ME—LNHTND. ZOXEE LT, MRS & FEEI 2 AR 03 MR RIE O MR
N EEARBINC 30%BEIRICALE LIZRED LRI T2 HIER S L. £z, BFITE—L%EN
D E— KE T ORI ST TR 523, —FTe—Aa%fE 2 L inE LR 2 HE
JFAERE LV ) FELH D BEOFNEEORE SIS TREBTORE 2T 57
DR~ D FFR R A AR T & D RS A FFo. LRI RS T 5 S A E T 256
AT D Z b 5. TR RS TSSO MR B 23 22 VB HKGH 72 & Dfifi s & 13
WIGETCIT IV TN D, FlifE 7 C o0 REUL R RS + F g R RSB R CIX E 23t s h
T BiEEHZ I CREJEIRIRIRGT 24T 5 &, IO RER BB K 0 S OLE & A58
T570, E—LADOBOEREDLDENEL 2D LBNBEINDT-OTHD. AL TIL,
N MERS B 2 5 8 L - B A IR O E M A2 HE L, FERMEBEIZ LR WGEE & Off
BOMOEZFMTHZ L2 HE LT,

RERPERE B O B ELE ©— ISR LT, ACERR) T & B — Al AR A ) S W7
F7o, MRFEMOREE, I OITEAOMERMEBENIIE S B — 2AORBEE A MET 2 A AT
Uo7 OB L CEMGE MG TIIE Lz, TR 7#0O MSEEI IR O mifE +
MRS LT fElk A & B BRa e B — AT, REBRICENZ RS E S GA L, B
IERBE DR A 2 E L, RRE R CTEMRERIG 2R L. BREICB VD TES R E
FIE DS %LNIZA DI EREOF S (EER) A FHIL L, 95% &G L ERL, FHE L.

MPR SRR 2N [ U3 A, MR RIIIRE 295 2 i L 0 AR A b Lz, e dh i
L2 EHEOBECICE LT, MEMBEIRL D b ABEIREIC L 2EERRKEI N &R
o do. BT BB R 20mm (S TREREHIRUR 235 2 L1210 ARED 100% &
IRl ETRBEIEAD R &Y Smm LU IR O TR IR 24770 > TH ARAHK
(93.5%)WZ72 D Z EMMER STz, Fiz, AAT U T BT I2GE10E, MR IEH o4
2RO BT EREEITH 100% & 725 7.

LLED#y, FERMEEE) 2 B LA O & i 217 > 7o, St&FE 4 m L
DI, WM OBEIEEAMZ D ENEETHDL Z ENHRINT. £72, AAT VT
L0 MR ENC X 2 20 ERIG OELEIT 5 2 L RS L.
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Source Position Dependency of Point Spread Function in Compton Imaging
(LilF %48 (Hiroto Yamazaki)

BB DRI PERIAL LR TR S - A 2 & 5 L, R otEhs Ty~
MERINPDRET D Z & T, EHOER L HEOR i aE A A —2 v 7T HEY
RAEILAARTIELATOIL TS, ZORE, 4 A=V 7 JHE E U TCEICHE S WETR
B %% & (positron emission tomography: PET)X>, B — 7 i 3 B & #i 52 2% (& (single photon
emission computed tomography: SPECT)23HW 54T\ 4. LavL, PET I3fFED =R /LF—
(511 keV)D A >~z Je 3 % By i RE L 2RI T &3, SPECT 132U A =X Dk
SHRRIERERE ) DB TR AL X —DH o~ LOFIATERW. 22T, kDT o~
ATDEI AV A—FENIEE LW Lind, T U ~<fEfaEIC & 2o x L%
—HHORIREZ T RN a 7 b AT OEFSANMFIEI TN D.

BEFREIZRBNT, REND Y —7 y NEZIERICA A=V 775 2 L%, RN
REBEDIRREAT I HTeo THERZILTHD. LinL, AV T R RATREDA A—
UV TEEE DD AR S D WX, MRIHERDZERISERE, F R REOBRED A X, T—H
RO Tk, BRIR & R OMERIR 72 E OB A2 TR 0. ZORTIIRIEN Y B
L WAL, TGO RIBAR OALECIZIR, R&E SR EZEBGBNOHEET HEREOREEF L 10D,

AWFFETIE, W~ Has & BRIROAERIMRDS, BHRIZBLN D RURD Y B OIEO KR
TINLEDEIBREEL G X TODL NI, PR X 51T, JURD Y BEEITIER ~ 72 2K
DILHN DT, FBAEHIC KX 5 EROMITIIRNEECH S, £2C, 7 hrryIal
—vailk BT ERANCa Yy T N A=V T ETY, BNDSLNY
BAEUZ 3 L CIERICIE W 2 R OB 2l L, EORBD T A—=F DE{bET~D
& TR RURD Y DAL ERFYE AN D L) FiEx L o7,

XY, B EREEE OMNEBRIIESDDONRT A—2 LERERH D Z ERbho
7o, E—=7DEIFZEDI LD 1 DTS, RIENY KO Y —7 &, #IREREEO —55
W LTINS B 2 ERbd o Tz, THUIH o~ OIS, FIRERED 32
BT 5 Z LICBRT D EEZXBNLD.

Iz & EME (full width at half maximum; FWHM )<> 10 57 @ 1 g (full width at tenth maximum;
FWTM)ZEDFEZ ER&ILTH 2 EN T2, 5%, TNHDO/NRT A—20O X0 37t
RBIp S TORUGRE TORESST — ZTIZ L > T, RIANVBEMEBE LA A -V
TaELRL, A A=V TEEOR LTSNS,

116



117



2019 GHMC Annual Report

E 3

X

Clinical study

1.

10.

Ohno T, Okamoto M. Carbon ion radiotherapy as a treatment modality for paediatric cancers. Lancet
Child Adolesc Health. 2019;3(6):371-372.

Okonogi N, Kaminuma T, Okimoto T, Shinoto M, Yamamoto N, Yamada S, Murata K, Ohno T,
Shioyama Y, Tsuji H, Nakano T, Kamada T. Carbon-ion radiotherapy for lymph node oligo-recurrence:
a multi-institutional study by the Japan Carbon-Ion Radiation Oncology Study Group (J-CROS). Int
J Clin Oncol. 2019;24(9):1143-1150.

Shirai K, Ohno T, Saitoh JI, Okamoto M, Katoh H, Murata K, Kawamura H, Musha A, Abe T,
Mizukami T, Akahane K, Nakano T. Prospective Study of Isolated Recurrent Tumor Re-irradiation
With Carbon-Ion Beams. Front Oncol. 2019;9:181.

Murata H, Okonogi N, Wakatsuki M, Kato S, Kiyohara H, Karasawa K, Ohno T, Nakano T, Kamada
T, Shozu M, The Working Group Of Gynecological Tumors TWGOG. Long-Term Outcomes of
Carbon-Ion Radiotherapy for Malignant Gynecological Melanoma. Cancers (Basel). 2019;11(4).
Okazaki S, Murata K, Noda SE, Kumazaki Y, Hirai R, Igari M, Abe T, Komatsu S, Nakano T, Kato S.
Dose-volume parameters and local tumor control in cervical cancer treated with central-shielding
external-beam radiotherapy and CT-based image-guided brachytherapy. J Radiat Res.
2019;60(4):490-500.

Wakatsuki M, Kato S, Ohno T, Banu PA, Hoang NC, Yadamsuren E, Supriana N, Cao J, Devi CRB,
Calaguas MJ, Chansilpa Y, Cho CK, Adylkhanov T, Okonogi N, Nakano T, Tsujii H. Multi-
institutional Observational Study of Prophylactic Extended-Field Concurrent Chemoradiation
Therapy Using Weekly Cisplatin for Patients With Pelvic Node-Positive Cervical Cancer in East and
Southeast Asia. Int J Radiat Oncol Biol Phys. 2019;105(1):183-1809.

Kubo N, Kawamura H, Oike T, Sato H, Iwanaga M, Mizukami T, Adachi A, Matsui H, Ito K, Suzuki
K, Nakano T. Hypofractionated Intensity-modulated Radiotherapy for Intermediate- and High-risk
Prostate Cancer: A Retrospective Study. In Vivo. 2019;33(4):1235-1241.

Matsui T, Oike T, Shirai K, Ohno T. Definitive Radiation Therapy for Merkel Cell Carcinoma
Misdiagnosed as a Metastatic Tumor: A Case Report. Cureus. 2019;11(8):e5483.

Shiba S, Shibuya K, Katoh H, Kaminuma T, Miyazaki M, Kakizaki S, Shirabe K, Ohno T, Nakano T.
A comparison of carbon ion radiotherapy and transarterial chemoembolization treatment outcomes for
single hepatocellular carcinoma: a propensity score matching study. Radiat Oncol. 2019;14(1):137.
Shiba S, Okamoto M, Kiyohara H, Ohno T, Kaminuma T, Asao T, Ojima H, Shirabe K, Kuwano H,
Nakano T. Prospective Observational Study of High-Dose Carbon-lon Radiotherapy for Pelvic

118



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

Recurrence of Rectal Cancer (GUNMA 0801). Front Oncol. 2019;9:702.

Kubo N, Kubota Y, Kawamura H, Oike T, Sakai M, Kumazawa T, Miyasaka Y, Okazaki S, Kobayashi
D, Sato H, Mizukami T, Musha A, Shirai K, Saitoh JI, Yokoo S, Chikamatsu K, Ohno T, Nakano T.
Dosimetric parameters predictive of nasolacrimal duct obstruction after carbon-ion radiotherapy for
head and neck carcinoma. Radiother Oncol. 2019;141:72-717.

Shirai K, Kubota Y, Ohno T, Saitoh JI, Abe T, Mizukami T, Mori Y, Kawamura H, Akahane K, Nakano
T. Carbon-ion Radiotherapy for Isolated Lymph Node Metastasis After Surgery or Radiotherapy for
Lung Cancer. Front Oncol. 2019;9:731.

Kobayashi D, Okonogi N, Wakatsuki M, Miyasaka Y, Kiyohara H, Ohno T, Kato S, Nakano T, Kamada
T. Impact of CT-based brachytherapy in elderly patients with cervical cancer. Brachytherapy.
2019;18(6):771-779.

Kawamura H, Kubo N, Sato H, Miyasaka Y, Matsui H, Ito K, Suzuki K, Ohno T. Quality of life in
prostate cancer patients receiving particle radiotherapy: A review of the literature. Int J Urol.
2020;27(1):24-29.

Saitoh JI, Shirai K, Mizukami T, Abe T, Ebara T, Ohno T, Minato K, Saito R, Yamada M, Nakano T.
Hypofractionated carbon-ion radiotherapy for stage I peripheral nonsmall cell lung cancer
(GUNMAO701): Prospective phase II study. Cancer Med. 2019;8(15):6644-6650.

Shibuya K, Ohno T, Katoh H, Okamoto M, Shiba S, Koyama Y, Kakizaki S, Shirabe K, Nakano T. A
feasibility study of high-dose hypofractionated carbon ion radiation therapy using four fractions for
localized hepatocellular carcinoma measuring 3 cm or larger. Radiother Oncol. 2019;132:230-235.
Kobayashi D, Sato H, Saitoh JI, Oike T, Nakajima A, Noda SE, Kato S, Iwanaga M, Shimizu T,
Nakano T. Efficacy and Feasibility of Salvage Re-Irradiation with CyberKnife for In-Field Neck
Lymph Node Recurrence: A Retrospective Study. J Clin Med. 2019;8(11).

Takayasu Y, Kubo N, Shino M, Nikkuni O, Ida S, Musha A, Takahashi K, Hirato J, Shirai K, Saitoh
JI, Yokoo S, Chikamatsu K, Ohno T, Nakano T; Working Group on Head and Neck Tumors. Cancer
Med. 2019;8(17):7227-7235.

Shrestha S, Higuchi T, Shirai K, Tokue A, Shrestha S, Saitoh JI, Hirasawa H, Ohno T, Nakano T,
Tsushima Y. Prognostic significance of semi-quantitative FDG-PET parameters in stage I non-small
cell lung cancer treated with carbon-ion radiotherapy. Eur J Nucl Med Mol Imaging. 2020;47(5):1220-
1227.

Okonogi N, Wakatsuki M, Kato S, Murata H, Kiyohara H, Karasawa K, Ohno T, Tsuji H, Nakano T,
Shozu M; Working Group of Gynecological Tumors. Significance of concurrent use of weekly
cisplatin in carbon-ion radiotherapy for locally advanced adenocarcinoma of the uterine cervix: A
propensity score-matched analysis. Cancer Med. 2020;9(4):1400-1408.

Musha A, Fukata K, Saitoh JI, Shirai K, Abe T, Mizukami T, Kawashima M, Yokoo S, Chikamatsu K,

Ohno T, Nakano T. Tongue surface model can predict radiation tongue mucositis due to intensity-

119



22,

23.

24,

25.

26.

2019 GHMC Annual Report

modulated radiation therapy for head and neck cancer. Int J Oral Maxillofac Surg. 2020;49(1):44-50.
Shiba S, Shibuya K, Kawashima M, Okano N, Kaminuma T, Okamoto M, Kubota Y, Nakano T, Ohno
T. Comparison of Dose Distributions When Using Carbon Ion Radiotherapy Versus Intensity-
modulated Radiotherapy for Hepatocellular Carcinoma With Macroscopic Vascular Invasion: A
Retrospective Analysis. Anticancer Res. 2020;40(1):459-464.

Kawamura H, Kubo N, Sato H, Mizukami T, Katoh H, Ishikawa H, Ohno T, Matsui H, Ito K, Suzuki
K, Nakano T; Group for Genitourinary Tumors at Gunma University Heavy lon Medical Center.
Moderately hypofractionated carbon ion radiotherapy for prostate cancer; a prospective observational
study "GUNMAO0702". BMC Cancer. 2020;20(1):75.

Miyasaka Y, Yoshimoto Y, Murata K, Noda SE, Ando K, Ebara T, Okonogi N, Kaminuma T, Yamada
S, Ikota H, Yokoo H, Ohno T, Nakano T. Treatment outcomes of patients with adenocarcinoma of the
uterine cervix after definitive radiotherapy and the prognostic impact of tumor-infiltrating CD8+
lymphocytes in pre-treatment biopsy specimens: a multi-institutional retrospective study. J Radiat Res.
2020;61(2):275-284.

Matsui T, Okano N, Kawamura H, Oike T, Ohno T. Mild Hypofractionated Radiation Therapy for
Merkel Cell Carcinoma. Cureus. 2020;12(1):¢6786.

Darwis NDM, Oike T, Kawamura H, Kawahara M, Kubo N, Sato H, Miyasaka Y, Katoh H, Ishikawa
H, Matsui H, Miyazawa Y, Ito K, Suzuki K, Gondhowiardjo S, Nakano T, Ohno T Kinetics of Prostate-
Specific Antigen after Carbon Ion Radiotherapy for Prostate Cancer. Cancers (Basel). 2020;12(3).

Biological study

27.

28.

29.

30.

31.

Anakura M, Nachankar A, Kobayashi D, Amornwichet N, Hirota Y, Shibata A, Oike T, Nakano T.
Radiosensitivity Differences between EGFR Mutant and Wild-Type Lung Cancer Cells are Larger at
Lower Doses. Int J Mol Sci. 2019;20(15).

Komatsu S, Oike T, Komatsu Y, Kubota Y, Sakai M, Matsui T, Nuryadi E, Permata TBM, Sato H,
Kawamura H, Okamoto M, Kaminuma T, Murata K, Okano N, Hirota Y, Ohno T, Saitoh JI, Shibata
A, Nakano T. Deep learning-assisted literature mining for in vitro radiosensitivity data. Radiother
Oncol. 2019;139:87-93.

Matsui T, Nuryadi E, Komatsu S, Hirota Y, Shibata A, Oike T, Nakano T. Robustness of Clonogenic
Assays as a Biomarker for Cancer Cell Radiosensitivity. /nt J Mol Sci. 2019;20(17).

Darwis NDM, Nachankar A, Sasaki Y, Matsui T, Noda SE, Murata K, Tamaki T, Ando K, Okonogi N,
Shiba S, Irie D, Kaminuma T, Kumazawa T, Anakura M, Yamashita S, Hirakawa T, Kakoti S, Hirota
Y, Tokino T, Iwase A, Ohno T, Shibata A, Oike T, Nakano T. FGFR Signaling as a Candidate
Therapeutic Target for Cancers Resistant to Carbon lon Radiotherapy. /nt J Mol Sci. 2019;20(18).
Kakoti S, Yamauchi M, Gu W, Kato R, Yasuhara T, Hagiwara Y, Laskar S, Oike T, Sato H, Held KD,

120



32.

33.

34.

35.

36.

37.

38.

39.

40.

Nakano T, Shibata A. p53 deficiency augments nucleolar instability after ionizing irradiation. Oncol
Rep. 2019;42(6):2293-2302.

Hagiwara Y, Oike T, Niimi A, Yamauchi M, Sato H, Limsirichaikul S, Held KD, Nakano T, Shibata
A. Clustered DNA double-strand break formation and the repair pathway following heavy-ion
irradiation. J Radiat Res. 2019;60(1):69-79.

Puspitasari A, Yamazaki H, Kawamura H, Nakano T, Takahashi A, Shirao T, Held KD. X-irradiation
of developing hippocampal neurons causes changes in neuron population phenotypes, dendritic
morphology and synaptic protein expression in surviving neurons at maturity. Neurosci Res. 2019:
S0168-0102(19)30320-7.

Hada M, Ikeda H, Rhone JR, Beitman AJ, Plante I, Souda H, Yoshida Y, Held KD, Fujiwara K, Saganti
PB, Takahashi A. Increased chromosome aberrations in cells exposed simultaneously to simulated
microgravity and radiation. Int J Mol Sci. 2019;20:43.

Masunaga SI, Tano K, Sanada Y, Suzuki M, Takahashi A, Ohnishi K, Ono K. Effects of p53 Status of
Tumor cells and combined treatment with mild hyperthermia, wortmannin or caffeine on recovery
from radiation-induced damage. World J Oncol. 2019;10(3):132-141.

Ma L, Kambe R, Tsuchiya T, Kanegasaki S, Takahashi A. Anti-metastatic benefits produced by
hyperthermia and a CCL3 derivative. Cancers (Basel). 2019;11(11):E1770.

Ikeda H, Muratani M, Hidema J, Hada M, Fujiwara K, Souda H, Yoshida Y, Takahashi A. Expression
profile of cell cycle-related genes in human fibroblasts exposed simultaneously to radiation and
simulated microgravity. Int J Mol Sci. 2019;20(19):E4791.

Ikegame M, Hattori A, Tabata MJ, Kitamura KI, Tabuchi Y, Furusawa Y, Maruyama Y, Yamamoto T,
Sekiguchi T, Matsuoka R, Hanmoto T, Ikari T, Endo M, Omori K, Nakano M, Yashima S, Ejiri S, Taya
T, Nakashima H, Shimizu N, Nakamura M, Kondo T, Hayakawa K, Takasaki I, Kaminishi A, Akatsuka
R, Sasayama Y, Nishiuchi T, Nara M, Iseki H, Chowdhury VS, Wada S, Ijiri K, Takeuchi T, Suzuki T,
Ando H, Matsuda K, Somei M, Mishima H, Mikuni-Takagaki Y, Funahashi H, Takahashi A, Watanabe
Y, Maeda M, Uchida H, Hayashi A, Kambegawa A, Seki A, Yano S, Shimazu T, Suzuki H, Hirayama
J, Suzuki N. Melatonin is a potential drug for the prevention of bone loss during space flight. J Pineal
Res. 2019;67(3):e12594.

Oh JT, Kim EH, Lee Y]J, Sai S, Lim SH, Park JW, Chung HK, Kim J, Vares G, Takahashi A, Jeong
YK, Kim MS, Kong C-B. Synergistic autophagy effect of miR 212-3p in zoledronic acid-treated in
vitro and orthotopic in vivo models and in patient-derived osteosarcoma cells. Cancers (Basel).
2019;11:1812.

Kim EH, Kim MS, Takahashi A, Suzuki M, Vares G, Uzawa A, Fujimori A, Ohno T, Sai S. Carbon-
ion beam irradiation alone or in combination with zoledronic acid effectively kills osteosarcoma cells.

Cancers (Basel). 2020;12:698.

121



2019 GHMC Annual Report

Physics study

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

Kubota Y, Ohno T, Kawashima M, Murata K, Okonogi N, Noda SE, Tsuda K, Sakai M, Tashiro M,
Nakano T. Development of a Vaginal Immobilization Device: A Treatment-planning Study of Carbon-
ion Radiotherapy and Intensity-modulated Radiation Therapy for Uterine Cervical Cancer. Anticancer
Res. 2019;39(4):1915-1921.

Kubota Y, Katoh H, Shibuya K, Shiba S, Abe S, Sakai M, Yuasa D, Tsuda K, Ohno T, Nakano T.
Comparison between bone matching and marker matching for evaluation of intra- and inter-fractional
changes in accumulated dose of carbon ion radiotherapy for hepatocellular carcinoma. Radiother
Oncol. 2019;137:77-82.

Tashiro M, Kubota Y, Torikoshi M, Ohno T, Nakano T. Divided-volume matching technique for
volume displacement estimation of patient positioning in radiation therapy. Phys Med. 2019:62;1-12.
Itabashi Y, Kubota Y, Okamoto M, Tsuda K, Shiba S, Hoshino Y, Suto T, Ohno T, Nakano T. Potential
Pitfalls of Diaphragm Structural Matching in Carbon-ion Radiotherapy for Pancreatic Cancer.
Anticancer Res. 2019;39(8):4351-4356.

Sakai M, Kubota Y, Parajuli RK, Kikuchi M, Arakawa K, Nakano T. Compton imaging with 99mTc
for human imaging. Sci Rep. 2019;9(1):12906.

Kubota Y, Okamoto M, Li Y, Shiba S, Okazaki S, Komatsu S, Sakai M, Kubo N, Ohno T, Nakano T.
Evaluation of Intensity- and Contour-Based Deformable Image Registration Accuracy in Pancreatic
Cancer Patients. Cancers (Basel). 2019;11(10).

Kada W, Sudi¢ I, Skukan N, Kawabata S, Satoh T, Susaki J, Yamada S, Sekine T, Parajuli RK, Sakai
M, Miura K, Koka M, Yamada N, Kamiya T, Jaksi¢ M, Hanaizumi O. Evaluation of scintillation
properties of a- and B-SiAION phosphors under focused microbeam irradiation using ion-beam-
induced luminescence analysis. Nuc! Instrum Meth B. 2019;450:157-162.

LiY, Kubota Y, Kubo N, Mizukami T, Sakai M, Kawamura H, Irie D, Okano N, Tsuda K, Matsumura
A, Saitoh JI, Nakano T, Ohno T. Dose assessment for patients with stage I non-small cell lung cancer
receiving passive scattering carbon-ion radiotherapy using daily computed tomographic images: A
prospective study. Radiother Oncol. 2020;144:224-230.

Yamaguchi M, Sakai M, Nagao Y, Kikuchi M, Arakawa K, Kawachi N. A novel estimation method of
water-equivalent thicknesses of secondary particle tracks using secondary electron bremsstrahlung
emitted from therapeutic ion beams for attenuation correction. Nucl Instrum Meth A.2020;954:161607
Nakano T, Sakai M, Torikai K, Suzuki Y, Takeda S, Noda SE, Yamaguchi M, Nagao Y, Kikuchi M,
Odaka H, Kamiya T, Kawachi N, Watanabe S, Arakawa K, Takahashi T. Imaging of 99mTc-DMSA
and 18F-FDG in humans using a Si/CdTe Compton camera. Phys Med Biol. 2020;65(5):05LT01.
Sakai M, Parajuli RK, Kubota Y, Kubo N, Kikuchi M, Arakawa K, Nakano T. Improved iterative
reconstruction method for Compton imaging using median filter. PLoS One. 2020;15(3):e0229366.

122



#

10.

11.

12.

13.

14.

15.

16.

SRR

Sakai M, Parajuli RK, Kikuchi M, Arakawa K, Nakano T. Three Dimensional Compton Imaging using
C-shaped arm. #f 117 [A][E PR 5201T K 4. Apr. 2019,

KEEN, fEHYE, HUBIEE. Stabilization of beam axis extracted from synchrotron. 2 117 [A][% %%
MBS PR 2. Apr. 2019.

Ohno T. Clinical trials on carbon ion radiotherapy for locally advanced pancreatic cancer. ESTRO38.
Apr. 2019.

KEFEEH,. Multicenter clinical study of carbon ion radiotherapy in Japan. 2 7 [8] H AS 515 Wkt
JES Y VR Y T . May. 2019.

Takahashi A. Gunma University Heavy lon Medical Center (GHMC): Therapy and Space Research.
ICTSS2019. May. 2019.

Takahashi A, Muratani M, Sawano A, Miyawaki A. Space Experiments for "Cancer Progression" in
the International Space Station. ISGP2019. May. 2019.

W TH. Development of Monte Carlo-based port simulation tool for carbon-ion therapy using broad
beam method. PTCOGS8. Jun. 2019.

Takahashi A, Wakihata S, Ma L, Adachi T, Yoshida Y, Ohira Y. Temporary Loading Prevents Cancer
Progression and Immune Organ Atrophy Induced by Tail Suspension. 32nd ISTS & 9th NSAT. Jun.
2019.

Ohno T. Current status of carbon ion radiotherapy in Japan. ICRR2019. Aug. 2019.

KEEN, e, WEE, | e be b0y L e —AEoRElk. § 16
8] B A g P34, Aug. 2019

HHBFE, BAGEAY, BEHA KRFRE NI U SRAEZME L DNA RS
ARk BARNA =P — I TR 36 [RIKE. Sep. 2019.

JIE RS, AR, ARG, BARRE. HESH 7 4 v L& FIW T IREROMIE. % 118 [HI A
REFWY IR F 5T RES. Sep. 2019.

DR R, EARE, KEFED. REBIGEICBIT DIREE CT 2 AWEA L 5% O,
55 118 [a] H AREFW L P22 7T K23, Sep. 2019.

DR, R, WAL, 2258, AR, WASER, mARRE, KREFEd, Tk
5. Development of Generating High-Quality Images using Deep Learning for Patient Positioning in
Prostate Cancer Carbon-lon Radiotherapy. % 118 [A] H ARE M EL 2507 K23 Sep. 2019.
EHEEE WEB ~— ¥ LB LR T SEFY IR ] OFEMPIZONT. 5 118 [ A A
= W B AN R4S, Sep. 2019.

M EE, FmYe, & MR, #H ¥, Filtering process examination for dose distribution
reconstruction of fine carbon-ion beams using iterative approximation. 25 118 [B] H AR E S

TR ZS. Sep. 2019.

123



17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.
30.

31.
32.

33.
34.
35.

2019 GHMC Annual Report

HAGRE, AR B, KB, Divided-volume matching technique for volume displacement

estimation at patient positioning. £ 118 [A] H A& P B 722 74l K <=, Sep. 2019.

HHEFEH, Araceli E-J, David F-Q, de Anda Sonia L, EifIEA. FHERE 285 U 7= B iR &

)T K D MIEE 5 L O ORIE B OfiftT. B AT 9 AW B 725 33 [MR4. Sep. 2019.

FEGIA, MBS, FRES, B, RE, BRSO, BEL, HEEEER. AR

B NE )R - b PRRMESFIRIC B D AR RARST. AT HAEMEIERY 33 [
£, Sep. 2019.

ERERA. TFHICAEZ D) TCO OFUHBSRZENIE S T U 4. AT H AR R 33

[A] K23, Sep. 2019.

Yamanouchi S, Rhone J, Takahashi A, Hada M. Chromosome aberrations in lymphoblast cells exposed

simultaneously to simulated microgravity and radiation. H ARFHAEMEFLEE 33 [0 K2, Sep.

2019.

Takahashi A. Is gravity parameter necessary for cancer risk assessment in long-term manned space

missions? 7th International Systems Radiation Biology Workshop. Sep. 2019.

Sakai M. Carbon Ion Radiotherapy and Medical Physics at Gunma University. CJUMP2019. Sep.

2019.

Ohno T. CCRT with 3D EBRT and 3D IGBT Treatment Result in Japanese Hospital. IAEA INT6062

Workshop on Transitioning from 2-D to 3-D Radiation Therapy for Cervical Cancer with Emphasis

on External Beam Radiotherapy and Brachytherapy. Oct. 2019.

Ohno T. Radiation therapy for GYN cancer: Current situation of Japan. 13th Korea-Japan GOG Joint

Meeting. Oct. 2019.

KBF . Particle Therapies with Protons and Carbon Ions. #5 55 [B] H AR [ 22 i SRR 2 2 Rk 2 il

RRZ2. Oct. 2019.

Sakai M, Parajuli RK, Kubota Y, Kubo N, Kikuchi M, Arakawa K, Nakano T. Improvement of

reconstruction algorithm for Compton camera. IEEE NSS/MIC and RTSD. Oct. 2019

Parajuli RK, Sakai M, Kada W, Kikuchi M, Arakawa K. On-Beam Imaging of 718 keV Prompt

Gamma using Si/CdTe Compton Camera for Carbon Ion Beam. IEEE NSS/MIC and RTSD. Oct. 2019.

Ohno T. Particle Beam Therapy. FNCA FY2019 Workshop on Radiation Oncology. Oct 2019.

EEIRA. T AFREILR D= 01 - Tl R & BAOREE OB ELEIIE. WKE

A —7"> & I F—. Oct. 2019.

KEFEEM. JH{LaE (239 2 BRI 1-#-1R7%. 20th Tochigi Surgical Oncology Meeting. Nov. 2019.

REP L, B aREIEEE 2 %3 2 BRLFRIRIR ~ERIRIR b2 T~ 55 17 [BIBIREkEDE

5D IERE 258 % 2. Nov. 2019.

Takahashi A. Space Experiments for Cancer Risk Assessment. ITCCIR 2019. Nov. 2019.

Yoshida Y. Facility set up and introduction, Biology, Gunma. ITCCIR 2019. Nov. 2019.

Yusa K, Okamoto M. Case Study 1 Bone & Soft Tissue Tumor. ITCCIR 2019. Nov. 2019.

124



36.
37.
38.
39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.
53.

54,

Kawashima M, Shibuya K. Case Study 2 Liver Cancer. ITCCIR 2019. Nov. 2019.

Kubota Y. IGRT in Liver. ITCCIR 2019. Nov. 2019.

Sakai M. IGRT in Lung. ITCCIR 2019. Nov. 2019.

Sato H. Immune Radiotherapy. ITCCIR 2019. Nov. 2019.

Yamanouchi S, Rhone J, Takahashi A, Hada M. Increased chromosome aberrations in lymphoblastoid

cells exposed to radiation under simulated microgravity. H ABHFREEPEE 62 [AIKES TR

NBHEEEE. Nov. 2019.

ERIEAL FH - T 2. BAMGBEEERTERE 62 mIkE i ERABEE. Nov. 2019,

EIBIEA. EREETERD O RVFTH IR, BABFRGZEERE 62 Ik i RABE.

Nov. 2019.

Ohno T. "Evidence based management for Invasive Cervical Cancer; Advanced radiotherapy

technologies for cervical cancer (EBRT and IGBT). UPDATING NATIONAL GUIDELINE FOR

CERVICAL CANCERCONTROL JOINT SYMPOSIUM. Nov. 2019.

Takahashi A. Expression Profile of Cell Cycle-Reiated Genes in Human Fibroblasts Simultaneously

to Radiation and Simulated Microgravity. ASGSR2019. Nov. 2019.

VMRS . AN, B A BRIE S 22 5 32 [RI%24f R . Nov. 2019.

DR HEERS, [AHEZ, Yang Li, SRECKER, KREFE, dBples. B A BFmEGICB T 5
KL OIS —ADEH L VA N L— a3 CORSER. A ARSI SR 32 [0

FATRZE. Nov. 2019.

OPR R, MIAHEE, BOBhIR, SeBURRS, FEMEFA, KREFEd, e, Pl A DR

FHIGHITIBIT 2 A2 OB+ 2B RE L EGREROSBMREORAL. H A #

MR Fx 5 32 [ A2, Nov. 2019.

Li Y, Kubota Y, Kubo N, Mizukami T, Saka M, Kawamura H, Iric D, Okano N, Tsuda K, Saitoh JI,

Ohno T, Nakano T. Dose assessment for patients with NSCLC receiving carbon ion radiotherapy using

daily CT images. H ARBTG5 225 32 [B154fT K22, Nov. 2019.

Takahashi A. How to research about simulated space environments on the Earth. ICMEMIS2019. Dec.

2019.

Tashiro M, Souda H, Yoshida T, Sakurai H. Reconstruction of dose distributions for fine carbon-ion

beams toward “Carbon Knife”. ICMEMIS2019. Dec. 2019.

Takahashi A. Assessment of Cancer Risk from Radiation Hazard in Space. THE 3rd International

Moon Village Workshop&Symposium. Dec. 2019.

Ohno T. Carbon ion radiotherapy. ESTRO Meets Asia 2019. Dec. 2019.

Kubota Y. Evaluation of intensity-, contour-based, and hybrid deformable image registration accuracy

for pancreatic cancer patient images. PTCOG-A02019. Dec. 2019.

Li Y. A preliminary study on adaptive carbon-ion radiotherapy with passive irradiation for pancreatic

cancer. PTCOG-A02019. Dec. 2019.

125



55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

2019 GHMC Annual Report

REPEEM, RGN O HEFUTIAE 3 2 BRI F#03 AUTBIR. GFL JeimblF 78 74558 {23 Dec. 2019.
GBI, PTG, gl R TS, ARRA N, ST, EFRBEER, PR, B
B, KIREA, RFEFRE, fERIE, MEEERES. TR S EOREL LI L 28GR
AL, 5 34 MITHBREIMA > > AN Y 7 A Jan. 2020.

AR, R RIBREEICIR T oA v F —r v 7. 5T RIS IR 242 R Y U A Jan,
2020.

Takahashi A, Ikeda H, Muratni M, Hidema J, Fujiwara K, Souda H, Yoshida Y, Hada M. RNA

sequencing of cell cycle-related genes in human fibroblasts exposed simultaneously to radiation and
simulated microgravity. 2020 NASA Human Research Program Investigators' Workshop. Jan. 2020.
Yamanouchi S, Rhone J, Takahashi A, Hada M. Increased chromosome aberrations in lymphoblastoid
cells exposed simultaneously to simulated microgravity and radiation. 2020 NASA Human Research
Program Investigators' Workshop. Jan. 2020.
HEHAEFE ~ v ZEERAEBEE T VA2 AW X KOREA 4 oS0 [
BZNREV A NI A FBIE L OB, 5 22 B - K& BIEEHEERY Y RY T A
Feb. 2020.
Kambe R, Ma L, Tsuchiya T, Kanegasaki S, Takahashi A. Anti-Metastatic Benefits Produced by
Hyperthermia and a CCL3 Derivative. 25 22 [FI R « KIHFLE FEIRRIEEL S AR T 7 A Feb.
2020.
Takahashi A. Recommendations for space radiation research. 13th Quantum Medicine. Feb. 2020.
RAEFE. IR, 25 57 [EIESBOH BIE ST SR 2. Feb. 2020.
Tashiro M, Souda H, Yoshida T, Sakurai H. Iterative reconstruction of lateral dose distributions for
fine carbon-ion beams toward ‘Carbon-Knife’. ISRN-2020. Mar. 2020.
Sakai M, Kubota Y, Kubo N, Parajuli RK, Tashiro M. Fundamental simulation calculation of dopamine
transporter imaging with Compton camera. ISRN-2020. Mar. 2020.
Sato H, Permata TBM, Gu W, Sangeeta K, Oike T, Nakano T, Ohno T, Yasuhara T, Shibata A. Carbon-
ion irradiation induces PD-L1 expression more significantly than X-rays in cancer cells. ISRN-2020.
Mar. 2020.
Takahashi A. -My future plan of ISS-Kibo and Deep Space Gateway utilization experiments-. ISRN-
2020. Mar. 2020.

*EEGHE L DI

126



Z Db bR

1 IUHE, AHEAZ, FREsE, dIER], SEakE, R, GRfeiE, TliEC. BER#
D Ao iR PR A E O /N ZE - EORL - BRI R O % & % B £ L T-. RADIOISOTOPES.
2019;68(4):179-195.

2. EIEREA, EHBER, LR REFIDRICB T 2 MRS . RADIOISOTOPES.
2019;68:701-707.

3. HHHMER, MBEHEA, LRI —. KRFBIGHRICE T D57 HIRE %) 2. RADIOISOTOPES.
2019;68:723-729.

4. EHHHEH, BEHA. LET & RBE. BUHRIERFAO S M—U R L ORI - B -

AE W —. WIAEE. 2019.

5. HEHA, HHMBEFER. BAMRICK2EMEBEOBNT . BAER 20200 HLE LK.
2020;1114-1117.

6. Furukawa S, Nagamatsu A, Nenoi M, Fujimori A, Kakinuma S, Katsube T, Wang B, Tsuruoka C,
Shirai T, Nakamura AJ, Sakaue-Sawano A, Miyawaki A, Harada H, Kobayashi M, Kobayashi J,
Kunieda T, Funayama T, Suzuki M, Miyamoto T, Hidema J, Yoshida Y, Takahashi A. Space
radiation biology for “living in space”. BioMed Res Int. in press

Feef

1 REpE, AGRHER, B, AR, BEBRIGRAIEN A ~— — FFF5 6651122
7. 2020 4F 1 A

ZH

1. Ve, 55 78 Bl AAREZEBESHRERRE BHwmCH

2. Sato H. ITCCIR 2019. Silver prize.

3. Yusa K, Okamoto M. ITCCIR 2019. Bronze prize.

4. APrHER, MAHEZ, Yang Li, fl. A ABHBRIEG AR5 32 MRS, BHBHERRE.

5. HHBER. AABREBGCEESERE.

6. FEILEK. [EBSRE IR I 2 [ BT JE SRl B

7. Sakai M. IOP Publishing Outstanding Reviewer Awards 2019.

127



2019 GHMC Annual Report

HRE

1. KEpegth, B Eye, 66 28, KEERA A — V2 75538 high-LET RFEA A4 L HIEHE OB
RN ET - SRR, RHEFR R B4 Bk C. IFZEIRERE . 2019 4RE~2021 4.

2. EHAE, MEEET, INMEARHZ, KEPED, REMGE. 5 S0 EG A EENRIcs T 5
FREALTT OREHE L. BHEaF e i Bh & JR C. WFJ0/r 4. 2019 4R ~2022 FRJE.

3. REWINIEM, NEAHZ, KIFmEh, £, e, H#E& 8. & LET #R & L VEGF
PURDOOERIC & 2 7'V A —~ e a i s O M. B2 e & miBh4 B B. #F7E0H
F.2018 FEE~2022 R

4. BB TS Ob R H 2 Az an i AR DT A Y BRAR. HT I BRI SE (BT ZE E R
TR ABE. HFe o (%3 511 ). 2015~2019 4.

5. EfEIEA, B M. KR x R E &SRR O FHE U R O SR B I SE AT R (BT
TEIFE AN GBI BE. AP 2015~2019 4.

6. NH—HB, EFGEIRA. BHSEHS AMUNRRIZEIT 208 VMo EMT 24 L72iRH - i858
BRE O, BHEars i & S C. IR0, 2017~2019 4.

7. EIBHEA. RFTIRFEA A UBIERIZE T DE RS 03 AL O RRE B R A Y. AL
B A FUE B. BFJUIRE . 2019~2021 4.

8. HBHA. FHE COMNENREICKIT D7 OHFT. JAXA 2018 4 [X1F 5 FIHZ 4
TEUT 4 AZT 1. WFERFEE. 2019~2020 FEJE.

9. HIEMA. FTHEHBRE BENREE(IC K H2EARETR. JAXA FTHUF 2019 FEFHER
BRMASMZRES [Tay ha—7 0 V7R . BF9ERERE. 2019 4R

10. Hada M, Wang J, Takahashi A, Fujiwara K, Lu Y, Rhone J, Fujii Y, Ikeda H. Combined effects of
simulated microgravity and space radiation on human cells. NASA Space Biology Program (grant no.
8ONSSC19K0133). 5L/ 4. 2018 4 ~2020 4.

11, REE. HFEZAEMBEMEY b —F 7 2o —32 v 7 (2018-2019), Hsp90 BEFEHI 0 ik
FRRRIEIC X DR RE~OEMIZE L. BFFEER. 2018 4 ~2019 4.

12, PR AR IR O DNA B IS X 250 BE ) A7 RO B O iRt FL2hr
JLEARB A B C. BFZRIRE . 2019 AR ~2021 4K,

13. VR, ARG R & RIETF = v 7 BA > MLERIBRE O 2 B L - P&
FETEVELAAE ORI, ARMENEN 2/ 2 ST BFZEBhaie. BFZEESE. 2019
AEFE~2020 EFE.

14, Ve, HBHRRIRET I L 0 S5 S D M AR IRIRIEN /Y T PD-L1 OFREHTHEEHE O iR
W, BRI = R P EBIE. FEARERF . 2018 B ~2019 4R EE.

15. PEpEge. A ASIEIRIR & HIE 9 2 Bl DNA EER T OBRE. 7 AT 7 AJRIENHFE S
WFFEBI AR, BFFEAREEFE . 2018 AR ~2019 4%

16. fefgisge. Bk DNA 512 L 0 G L S 2 SE Bl K 1 PD-L1 FEBLAEHAE OB

128



17.

18.

19.

20.

21,

22,

23.

24,

25,

26.

27.

28.

29.

ZHFLRETFMHE PR TEBR. AFFEAERE. 2018 EEE~2019 .

VeI L. 28 USRI A 2 il 5 DNA EEINEOMY. LIRFaAmBl M AF7es
Jih4x. BFZEEHE . 2018 4EE~2019 4%

AR, AR Sy BIRR A5 & O T B R 3D FR A O 1R U S B IS B - 2 A28, B
FHIEE A E HE C. WFFERERFE. 2018 AR ~2020 .

WEVESE, BT N rEE VT RBRIRE Y I 2 L — a YU AT AORSE. B
e SR C. WFIEINETR. 2016 FE~2019 R,

IAFSRZEZ, 23 ATRIR T R AR O MV I E A -8R 1 2R O BHSE, BHAF R BB & 507
ge. WFFEIRERE, 2018 AEFE~2021 4EJE.

DR AR, W EEE, REPE, (UO S, RBEBIREICI T DM FE IS T2 Y
TE A LS E— AAERIEOBITE. B R M e B C. AFEIER. 2017 R~
2019 4.

BEHEE, 2T h o AT EROCTRN Y90 O 3 RitA A— 2 7. FEEFFEEBh 4
¥5F B, WFZEREAE. 2017 4EFE~2019 4R,

BEHEH. a7 M AZIZEDBNCTHEENRDO Y 72 A DHIES AT LOBHF.
BEaF g afibha & T, prseiiaRE. 2019 4R ~2022 42,

JEE I Bk, PR P, R BRI I T DG P EAIZIS Clo U T2 A AR E— A
A RIEDORTE. BB A PRV B IERIZE. AR, 2017 AREE~2019 AR
DU, AR, EAER TS ABREE CORMBRENELZ B L LAY 1 ¥
FY FREERORTS. BEptstimiha B C. MR 2018 4 ~2021 FE.
FEILE A, WA B, ZHCFRE S AT ML DBAIRERIRERO 3 KT T 7 7 A )V
HIE. B2 e g4 ik C. e/ 1. 2019 4F B ~2022 4F .

RS-, B IR AR S E R OBRSE. BES R ER FHREHR LY 7 a— L) — X —R/k 7
v 277 2 L-PhD H SLAFZEE:. 2019 4EJE.

Li Yang. Adaptive carbon ion radiotherapy based on daily CT images for pancreatic cancer. F£f K
FEALFREM LY 0— L) — 2 —3& k7' v 7 F 5 L-PhD B LAFFEE. 2019 4.
KEE N, R 31 AR EEAFFRISENE M L 7 1 7T L2019 AR EE

*EFEIT2019FE4 A 1 BB 20203 A3l HETOLDOTH S

129



2019 GHMC Annual Report

130






2019 B FER R EK T IRIEAIIE Y o & —
2019 GHMC Annual Report

2020 4 4 H 30 H%& T (Publication on April 30, 2020)

fmtE AR M (Yoshiki Kubota)
AL #E (Mutsumi Tashiro)
FET RS R ER R IE I o 2 —
Gunma University Heavy lon Medical Center
(EFT T 371-8511 FERS WLAHE HHE AT 3-39-22

© 2020 Gunma University Heavy Ion Medical Center



