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BRI FIRAREE OEERE

Operation Statistics of Heavy lon Irradiation System

hEBR

Nakao Masao

Abstract: Increasing the availability of the entire treatment facility is important to promote the use of
heavy particle therapy. Here are some operating statistics for FY2022. There is also explained some
of the problems and the countermeasures that have been taken. Both tangible and intangible measures

are necessary to prevent the decline in availability rate due to aging facility.
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Fig. 2. Monthly total availability (red) and treatment availability (blue).
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Fig. 3. A screenshot of PT-DOM (Particle Therapy Database of Operation and Maintenance)
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Usage Survey of Range Compensator at Gunma University Heavy lon
Medical Center in 2022

WN EE
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 2022 is summarized.
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RayStation %\ 7= Trilogy ® CDR-VMAT D36 EiF

Commissioning CDR-VMAT in Raystation for Varian Trilogy

NG £&8%

Motohiro Kawashima

Abstract: Gunma University Hospital has started the operation of constant dose rate VMAT (CDR-
VMAT) in clinical site. The treatment planning system is RayStation version 10.0.1, and the LINAC
is a Varian Trilogy with 6 and 10 MV. For beam data commissioning, we adjusted parameters, such as
MLC transmission factor, MLC x-position, Tongue and groove, and Leaf tip width. Treatment plans
were created using the adjusted beam data for various cases; head and neck, whole pelvis, and brain
tumor, and we performed patient specific QA. The calculations in a QA phantom were compared with
measurements to verify the accuracy of the calculations. The point dose differences were within 3%
for each case. In addition, for the comparison of dose distributions, percentage gamma passing rate
with Delta4 were more than 95% with 3%/2 mm and a 10% dose threshold. Therefore, we determined

that a stable treatment plan could be provided.

1. FL®IC

FEE KM ERBE T, 2022 4F£ X Y Varian #1:3 Trilogy % > T constant dose rate @
Volumetric modulated arc therapy (CDR-VMAT) D&% % Bith L 7z, Afe<id, #EH %2 A
T2FETIATo/2a Iy a=v 7 Lhd beam parameter DFHHAEHEICOVTHET %,
/2, 3y v a = v IfEEE O CDR-VMAT % W 72 G etH B O K EMGEE % 1T - 72 72 0,
Z DR HRET D,

2. Bi&

7B ET M %E & 13 RayStation version 10.0.1 (RaySearch Laboratories AB, Stockholm,
Sweden) #fHH L 7z, {5 & L 7z LINAC (% Varian #1:#.® Trilogy TH 0, Z D LINAC T
fFHCTE 220X =1 6MV & 10MV TH %, infEaTl % ML 3 % B, pinpoint F %
v N — (PTW-Freiburg, Germany) % FH{\> T, I'mRT Phantom (IBA dosimetry, GmbH,
Germany) % FH\WC, RFRE OB %#1T > 72, 4 HIE 113 Deltad (Scandidos, Uppsala,
Sweden) # FHH\\CTHT o 7=,
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2.1. Beam data &£ /87 X — X DR

aIvyva=vZIicHw3 beam data 137D Varian #1805 HZEE Eclipse 124
VAR =AEINTWIET — X%\, RayStation THHEEZ MG L 72-¥7 A — % MLC
transmission factor, MLC x-position, Tongue and groove, Leaf tip width ® 4 D & 72 5, FHEEHR
DT X —ZDfE% Table 1 I/ T,

Table 1. Beam parameters

Energy MLC transmission™! MLC Tongue and Leaf tip width*?
X-position’? groove*?
Initial Revised Initial Revised Initial Revised |Initial Revised
6 MV 0.01390 0.01390 0.055 0.042 0.050 0.030 0.50 0.42

10 MV 0.01663 0.01663 0.057 0.040 0.050 0.035 0.50 0.40
HIMLC transmission |3 open HE5THF & MLC T COHIE O KD 72 & KT,
*2MLC x-position, Tongue and groove, Leaf tip width @ Hif7 (X [cm],

2. 2. Beam data DR

Beam data Z{ERR. B4 ZRAERNIC B W TREEETE O EZ CDR-VMAT 07 7 = 7
ZHCTIT o 72, REER CH W 72@B R OREFNH L THRFEHHOERE X U 77 Ik
¥ 5 MGk % RayStation TfT o 7z, {ER L 7 i60GTHENI BASHERIEL, WMIES., 15 o2
Bt o B I L TiT b L7z, BHSHER NS & IS O {5 R Tl 6MV O T AL F—D b
— LMz, 72, 2EBEEH o BEOREEHHEIE 6 & 10MV O 4 v ¥ — % HwTia
BRI ZERK L 72, 20D DIRHRETHNL, modflic X » EEK CH W ZEIE %MD IMRT ©
BREETE L R 7 DVH 2 &KL 72 d D & ko 7z,

RI AR L 7RO ©— A7 = 2 2 W TH 7 7 vV P LBV CHEMRERHEZ
1o 72, HiftE T I'mRT Phantom & Tough water phantom IC X » CEHE L 72558 & HIE
L 72, 72, #RESFIE Deltad phantom % HWCHR L 724558 & HIE & g L 72,
PEEHERAZ A v < T D XA CTIR LTz, H v T CTlE AAPM 22 BT LT 5 TG-
218 THEERE X N T W B L X Wi (Dose difference: 3%, DTA: 2 mm, and a 10% dose threshold)
RV, [1]

3. MRLEE

FARNAEFNIC 351 5 R E ORIERER & FHEME RO HEBIZLLT o X2 Hv T, #5525 3%
DINC—3F % el 2 17 - 72,

Diff. = (Meas. — Cal.) / Cal. * 100

6MV D RFEEHENICHT LT, -0.57%2 5 2.35% D& CINE v, 1 0.49% TH - 7=,
72, 10MV OiBFEHEICN LT, -0.44%2> 5 2.34% D HPATINE v . FH13 0.73% TH
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Fig. 1. Dose profiles measured using delta4
2T OFERITHRARERICH T 2 K5F 2 3%LANT—E L Deltad % i\ 7= #E 01 HIE T b
NARENENFEEEZZER L 72, THIC XD BIRCER L T FICHED 2 WESERL T

X7,

SE XX

[1] Miften M, Olch A, Mihailidis D, Moran J, Pawlicki T, Molineu A, Li H, Wijesooriya K, Shi J,
Xia P, Papanikolaou N, Low DA. Tolerance limits and methodologies for IMRT measurement-
based verification QA: Recommendations of AAPM Task Group No. 218. Med Phys. 2018
Apr;45(4):e53-e83.
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Verification of a method for self-inspection of reference-class
electrometers in radiotherapy

JIIE ELA), Varnava Maria, HfL BE

Motohiro Kawashima, Maria Varnava, Mutsumi Tashiro

Abstract: The purpose of this study is to measure the electrometer correction factor (keiec)
with a charge generator at our institution and to evaluate variations over time. The
measurements are compared with calibration data given by an Accredited Dosimetry
Calibration Laboratory (ADCL). We used four reference-class electrometers. Each
electrometer was connected to the charge generator, and the required charge was applied.
From the measured charges at specific point, the k... was obtained from the slope of the
linear regression function. The measurements were repeated over a three-month period to
evaluate variations over time for each electrometer. The measured k... values agreed within
0.1% with those given by the ADCL. We found a small drift in the measurements for one
electrometer. Stable k... values were obtained for four electrometers using a charge
generator over a three-month period. The measured k.. values were within the overall

uncertainty stated in the electrometer guidelines.

1. FL®IC

B IC B T 2 EHATH O —2 Th % a0 EHIT/KIRIGRE %2 HIE 3 2 HTfT
bhTw b, R LR X7 A X EREHIC 3T5W%% ZEAECEHIIT 5Tk
HDoNTWD, 207, BAGHIIFHICERERELECH Y, EFHINT 244 V74 v
LREFEINTWE, LA L, Hifiz fﬁéuna@ﬁﬁﬁﬁ IBEMErO R 2 R T 2 THE
TH Y HIE DHHEZFER T 2 THE Tld v, Fiiak CIRREMFHRIEER D X 5 Al
ZHE T 2HFIFKD LTV,

AWFFE T RT521R BRI FHRTOM > 2 7 L) OEMAEAELEZHTY) 77 L v 27
7X%ﬁﬁ@ﬁ£ﬁﬁ0%&%*bkoit\%MﬁhEmﬂ®K%#é%@ﬁbf\3#
A IR IS HE % ft 1T 2 FoRRRE a2 2 iR L. BMRIO B 21T 2 MafL
720

2. Ak
AWFFE Tl RT521R (RTQM system Inc. Hiroshima), UNIDOS-E (PTW-Freiburg,
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Schwarzenbruck, Germany), Model 35040 (Fluke Electronics Co, Everett, WA, USA).
RAMTEC Duo (Toyo medic, Tokyo) DD 72 5 4 D DB DO BN IEEE (Ketee)
ZHIE L7z, BiAHY oL v Y B AEAREREMEH TR L Tld, Low (L) & Medium (M) ®
W7 oL vy CHERTb T,

HIE 3 5 FEfizst & RT521R DM FEAELEE 2 BRI & LTt L 7z (Fig. 1. #EAEHC
—E DB DHUNER Z it L £ DEM & 2 HIE L 723 5 F T kaee KD 72,

RT521R | RAMTEC Duo

Charge output

i

Fig. 1. An example of the setup used for measurements RT521R is connected to RAMTEC
Duo with a coaxial cable. In this case, the Output-2 terminal of RT521R is used.

HERFOBREE X, il (E 24£3°C, MBI 40120% TH 5 7z, HIE R IE Accredited
Dosimetry Calibration Laboratory (ADCL) CEA I DIRIE# T o 72Hf & [FfE7R D O %
THIEZ1T o 72,
2. 1. RT521R Z W =BIE - #&R511EHE

wUNC, AWFFEcHV 72 RT521R &tz AW CHCC R L ZBRoRBE 2 et L7z, =
7=V v P ERERL T AR ORERE 2 RE L 7.

ZDHANE L7z Y b T v T TEBFD kaee ZHE L 72, HIE 135 X 2 —HERIC 1 (1]
T, 3 2AMEYIRL 72, % DfEHIZ ADCL TKRIEL 727 — £ 2> 53K 72 Kelee & HER
LT, #Hliz1T > 7,

3. &R

BUIICZT — "z McoWTTELoH7d D% Table 1 1077,
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Table 1. Error budgets for this study.

Uncertainty

Budgets of uncertainty Comments
(%, k=1)
Charge measurement of electometers 0.08 Provided by the ANTM*-accredited facility
Repeatability (measurements) 0.01 Obtained from measured data
Time linearity of output charge 0.01
Uncertainty of zero drift 0.1
Obtained from catalog
Temperature coefficient of zero drift (/°C) 0.015
Temperature coefficient of output current (/°C) 0.003
Combined Uncertainty (k=1) 0.13 Root Mean Square

* Association for Nuclear Technology in Medicine

Table | OARHEN T T T —N— & L CHEBAEHTH LT 3 22 HREHIE Z#8 0 K L 724
* Fig. 2 ICR T,

Ko for RTS2IR Kyee for Model 35040

NSNS }
LT I T T T I
\\L‘L‘L: : :
Kgee for L range of Ramte Duo

s I

2 10010 ] 3

o v l
=\\L‘u\\~‘ ‘ ‘ :

Keiee

[ ] T{T1T'lT'TT

Lo [ 11 t=lypp L]
PO , T 2

Fig. 2. Time variation of the electrometer correction factor (keec). The time stamp of each
measurement is shown on the horizontal axis; one measurement was performed per week. The
ketec is shown on the vertical axis. Here, the solid line in all figures, except (e) and (f), correspond
to the Kelec Obtained from the data provided by the Association for Nuclear Technology in Medicine.
The solid line in the figures (e) and (f) corresponds to the average of all measurements. The upper

and lower limits shown in dotted lines take into account the 0.2% tolerance for long-term stability
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reported in the electrometer guidelines.

F 72, Table 2 ICHIEDTFHLIEH D&, ADCL TKRIE L 724555 53k 5 7z kaee DIE
ZiED 5,
Table 2. The electrometer correction factor (Pelec) obtained from the measurement and
calibration data.

Measurements Calibration data
Electrometer =~ Range Peiec [nC/rdg]  Standard deviation [%]  Petec [nC/rdg] Uncertainty
(=2) [%]
RT5211R - 1.0000 +0.02 0.9998 0.16
Model 35040 - 0.9992 +0.01 0.9993 0.20
RAMTEC Duo L 1.0014 +0.06 1.0009 0.15
M 0.9999 +0.01 1.0002 0.15
UNIDOS-E L 0.9994 +0.02
M 0.9996 +0.02

4. EE

ARHFFECHEIE X B AHRIEER A HE ST 2 HATE 2, $72. 320HOMTHEE{T-
2RI, RTOBEMFE LY I THA P IA VRT3 0B LIEDEIATH 5 JCSS
E & Z T T MERE MR L 722 & 0.2%LAN T3 L 72, ERERT 28 L =B
Tld, BAGEF OB O WL 7 & ORBEEMF 2 #EYNICER T 2 0823 H Y | FRICH
W X ARk X NS RAMTEC Duo ® L L v PIcBL Tl IE5 202 B KREL otz
Ezbihd,

K2 CRED o =AM X 13 k=2 T 0.26% & 7o 72, ZDfHIZEMNHA K4 v T
AMHMEIN TV RMHEL S DEED 0.35%THL2FHE,L L, HA4 FTA VY TRLTBHEEN
TEMIRIEEE kDb ELZ LN,

5. ¥ &8 - HiEF

BNVEHDOHA F 74V TRIBEINTW B HEE T RT521R ICHE X - B A% E % A
W T keee DMENE DT E 2 FAMEE X N7z, HIE B LTI BN FRE AT O Fi KA X AL i
XA, BRFEEIAICOLESHICEZEDVNE ) T T L, $72. RTQM
VAT LR EHEO/NBE— S A FENGTOBELH LRl L tas i S /i%k LCIH
FE L, CITHOEHEERL LITES,

SE Xk

[1] JIWS F#, Maria Varnava, /NE E—, . BUNERGERICE T2 7 7L v X7 7 R
Lt O EMFIEE R D H Cmific B3 2 WaT. HARBURBRIEES 2S5 35 B R 2.
Nov. 2022.
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IMRT ;e tE D #RE

Number of IMRT treatment plans

BH B
Makoto Sakai

Abstract: In Gunma university hospital, we prepare approximately 300 plans of Intensity Modulated
Radiation Therapy (IMRT) per year and reducing the workload has become an issue. The number of
IMRT treatment plans is increasing. In addition, an increase in the workload associated with equipment
upgrades is also expected. Therefore, we analyzed the number of treatment plans and the measurement

results of patient QA to estimate the future workload and to study measures to reduce the workload.

1. FLU®IC

TS K2R C 12 4ER] 300 FRLE @ IMRT iEeHE 2 /ERK L Ch 0 . JRHERTIC
7 & Deltad % H 72 SVEREE (Quality Assurance, QA) HIE 17> T\ %, IMRT FEfiff:
BUIHEMEICH 0 | EHFROHEMABFE L 72> T b, T TICEERRENIEIRE 7 — X

I (Simultaneous Integrated Boost : SIB) kD ASEIC X 2 EBAMKMEIT o CTE 7225, &
EREIE 6 H X W ALTHEE 70 Gy Kimi 0 BHEES SIB B icoWC, fiffid CT e % [ AllFE -
TH2 el L7, SNEMRCT ICX2MBOMRELICENT, V77 VBB EE TN BIE
Bzt AR oNGED o7z WIEMICE IS DD TH S, TNbDFFERZIEE 2T, 5
BOEGE T AED 2 -0 IHEFRETHERABEE O ZHRE L, vt L,

2. AERE

2. 1. JREETEDIFRTT $ & DITHE

IMRT #EWEH Y — F O 7 — X ZnIc B R ZEAEIER T T 2016 4F 4 H2>5 2023
fE 3 HE it fith Sz IMRT Oia#EtEIC > W Rl 217 - 72, 1BFEETHI X
Eclipse (Varian Medical Systems) C{ERK L 7z, SHFEEGRIEE (<0t 3% SIB k& iz, 3~
4 AEE%IC CT 2 FffsZ L. MED M ORI TONT, 7272 L. 2022 4 6 H RIS
#riE 70 Gy K D BHFHS SIB Bic2>» T, Rl CT o 2 AlFEI T2 2 L b Lz, ##
HOM TS ESHER L BHE LB RO N2 5E I e 21T 5 720 722 NLSMC
b EET O EFRELR LR R Y ESHFTEZ RS 2560, BERSEFICADR
{ o T GEicit, et frbniz,
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2.2.QA FEET—2 DM

TRIEETENE Eclipse TIERC L. QA 77 v [EIfkIC Eclipse Z HHWTEE L7z, QA 1
Pinpoint B EE &R (PTW31014) ) 35 X UF cube phantom (EasyCube, SUN NUCLEAR corp.)
%\ 7-#5%E & Deltad Phantom+ (ScandiDos) %\ 7-#IE @ 2 % 17> 7=, HEEHE D
HIE SR PTV A & L, Simultaneous Integrated Boost (SIB) D& 13 D EfkE OHR
PLICiEL T & & L7z, Deltad TOHIECIX, EHIfiEIC Daily Correction TOMIEZ 1T > 72
DHICT 3% /3 mm DFFETNRHE(%) ZHH L 7z,

3. &R

B DORE A T IREGHHEF O % Fig. 1 1IR3, @BE 6 FRlIcE T2 1 A4%ZY D
BEETHEIEU 24.4 + 6.3 fFC. FHILHCABOLHEOMHAFE IR LN D 572,
HALB D IRIR AN DHERS % Fig. 2 1SR d, 2022 EE 13 2021 SFE T L~ 2 & THMEE
& Wl o IR A MRS N L . BMRESS O R8I L 72 12K < B KRB A OIRGEE %
ToTCn72ThAHIHBUL 2T TH - 7=,

400 400
—e—2017 .
300 300 } W Brain
—e—2018 . mHead & Neck
200 —e—2019 & 200 ©SIB check
>
100 | —e—2020 pz4 100 mChest
2021 ®Abdomen
0 \\\\\\\\\\\ _._2022 0
4 6 8 10 12 2 '"16'17'18'19'20 '21 '22
Fig. 1. Number of plan per month Fig. 2. Number of plans

QA DHITE#ER % Fig. 3,4 1T, FET L OWMEREC TR L NS, SEE O BHE
FE OfER X, HIFEX L DT IEWEHAZ RSN, A-EHEROMERSRIT 3 A
b8 HIZH I CIEDHRNICZI L. 8 A2 3 HICh T Tl DI LT 2 {H M A3 HERE
It (FHD 6 ERPFEEEZ BERCRICRT), REEEOFEHIN LB O REMES H
D, SHOEE QA THEET HZHLENE L LEbN S, Deltad <O HITEIC (3 BHRE 7 i 1%
Ronzd o,
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Fig. 3. Difference between calculated dose and measured dose
with ion-chamber (%Diff).
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Fig. 4. Pass rates of y analysis (assessed with the 3%/3 mm criteria).
4. ER

2022 4EHEIZAEF 301 R EHE A ERL L7z, 4~7 HE TlE. @RS FHEHER D% 2o 72
2020 4FHL & AR O ERLE GHIE L T w7228, 8 AR L RE T AR 6 N7, Z iR CT
EREL LEAFESBATL b0 RbNE, £/ 1 Hico Ll lif o T (12
F) 2H SN2 25, B EHE CT o AN 2 Icfl v, FHHBEEOZ T ANEZIE L 72
FCh B, (RICHER CT APIEE Y ICHRL (+27 f). 1 A biB% 6 Mo T L F L
FRRE ML e (10 #F) &5 5 & 338 FRRREE & 75 o T\ A HIREMEASHT .,

JASTRO @ [55 5 [ul COVID-19 &EFERERERAME | <13, ENekTl2 & 2020
EEOHFEMHA~D I 0 FROBBEIRLNLO—F T, MR TEIKE IR L -
Tl BRI 3510 C b i 5 2O BT ATREME IS 5 2 b3 o [ 2
i Bz 7z BB E0 2020 S 3D L) L OHEZRL Tw 5, 202 & AARBED 2020
FEOBEROEME S b LT EXONIHA, SEEEFZNISEVHFRTH - 7,
RSB O MR O MM AHE CH ) | MR CT OUIROMPIERE 2o L EZ D
nd,
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5. ¥¢&8

KEETDZ D 6 FRTIHFE I T ooEEIEmMBERoNns, £z, 2023 £ 13 1REEE
BEOHEHICH: - T, 11F4 720 O¥BABEIEMNT 2 2 L BRIAT NS -0, 5% EBHI
WO TRRBEICR->TL2bDLEbLNS,

SE Xk
[1] JASTRO COVID-19 X5&7 F+ v 7 ZB%. % 5 [0 COVID-19 4:[E % B8 &5 R
#.2022; https://www.jastro.or.jp/medicalpersonnel/news/20210816.pdf (i 2022-04-22).
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XEEEROCTYIalL—4—0EHICEHTS
CTEEFHBEZERT—7IVOEH

Updating CT number to Electron Density Conversion Tables for
Updating CT Simulators for X-Ray Therapy

BH 5
Makoto Sakaii

Abstract: This fiscal year, we updated its CT simulator for X-ray therapy, and created an
electron density conversion table accordingly. In addition, since a diagnostic CT was
temporarily used at the time of the renewal, a conversion table for it was created in the same
way. The measurement results were compared with the values obtained with the previous
equipment to confirm that there were no problems in use. The measurement results were
good, and it was confirmed that there were no problems in using either of the CT systems for
treatment planning. However, there was a marked difference in the CT values in the high
electron density region, so care should be taken to avoid confusion when creating treatment

plans.

1. FL®IC

X MBI CT & 2 2 L — X OBEHB Tz, £ DO, —RICE2HH O CT &
bFHE N7, ZWTH CTRELE XUOHFHRICEAINZCT Y IaL—XICO0T, £
NENDO CTHE T CTHETEELMT — 7V Z/ER L. Z D{HICOWTHEEL 72,

2. Bk

2.1. (EFK3SE

R L 72 CT %@k, BHETCT > I =L —4% : GELightSpeed, —XINICHERH L 722
WiF CT : Siemens SOMATOM Definition Flash, Bt CT 2 I 2L —2Z : Siemens
SOMATOM go.Sim TH %, Z b DEEE % F T Tissue Characterization Phantom Model
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467 (Gammex, USA) (Fig.1) ##I%E L, CT-ED ¥
T NEERL 72, FL ESITEEEREO T v
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D23 Z - WELTWD,

2. 2. FHMEAE
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HNDE rod 77 v b LNFEIBICESE lem @ ROI #
{ERK L 7= (Fig. 2. K~ v X OfEHIE ROI) % ROI N D CT fEDF¥IE % Eclipse
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£

Fig. 2. BIESN/=7 7> LD CT, v XD CTEBEED7=5HD RO,

3. &R

3. 1. REEERR

Fig. 3 IZ2Wi CT ORER R 2 ~d, FEREG LiciZoT i) v 72 Ro7—F7 7
7 R — LN R TOEENLONDN, CT HEOIXLSX | IMENTH -7, CT fH
NHHEE SN D ETEEDOREZET HU=0 T TlE 1% (EHERZS) . &8 E g Cld+
2%& EHREECTH o 7208, IRBEHER (HU-0.3 f10T) TiET4%&0R0REL Ao T,
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Electron density
Fig. 3. 2R CTIBE T —RICHBII2 77> FLOAHBEFBRELAEINL CTHEED
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Fig. 5 1L ZALE TITMEH LTz Sim-CT @ CT-ED 7— 7/ (2018 F-JIENRF) & DO Th
%o TRICRE IRIEWNT R D N2 o 7o), EFEEFTO CT IZHHEREVA LD
iz,

1500
1000 /o
7
500 et After
temporal
0
— @ - Befor
-500
-1000 @
0 0.5 1 1.5 2

Fig. 5. BN/ CTE-EFRELHT — 7L DOLEK
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30



2022 GHMC Annual Report

Z DI

31



2022 GHMC Annual Report

REA F Y IREHREEICE T 5 RERREOREFIHY

ST 5XELE a—

Dose—volume constraints for head-and-neck cancer in carbon ion
radiotherapy: A literature review

Maria Varnava

Abstract: Carbon ion radiotherapy (CIRT) has been applied in cancer treatment for over 25 years.
However, guidelines for dose—volume constraints have not been established yet. The aim of this review
is to summarize the dose—volume constraints in CIRT for head-and-neck cancer that were determined

through previous clinical studies based on the Japanese models for relative biological effectiveness.
1. ZL&IC

Head-and-neck (HN) tumors are ranked as the sixth most common malignancy worldwide. Compared
with squamous cell carcinomas, non-squamous cell carcinomas have limited treatment options
because they are usually resistant to chemotherapy and radiotherapy.

Carbon ion radiotherapy (CIRT) has a higher biological effectiveness than X-ray radiotherapy
(XRT) and has already shown promising results for the treatment of resistant tumors. It can also deliver
a localized high dose to the target while minimizing the dose delivered to organs at risk (OARs) due
to the characteristic Bragg peak. The beam delivery technique and the distance between the target and
OARs dictates the degree of complications and whether tumor control can be achieved. Therefore, it
is important to establish constraints based on dose—volume histogram parameters so that treatment
plans can be optimized for each patient.

Particle therapy is biologically and qualitatively different from XRT. RBE-weighted doses
have been recommended for the clinical practice of particle therapy. In CIRT, the RBE models are
more complex compared with the constant scaling factor of 1.1 used in proton therapy. This implies
that even though the same constraints as X-ray intensity modulated radiotherapy can be used for proton
therapy, they cannot be used for CIRT. Currently, three RBE models are used in the clinical practice
of CIRT: the mixed-beam model, the modified microdosimetric kinetic model (MKM), which is an
update of the mixed-beam model, and the local effect model (LEM). The mixed-beam model and
MKM are performed at Japanese institutions, with the MKM being more widely used. The LEM is
used at European and Chinese institutions. The models are different with regards to their physical and
mathematical assumptions, and consider different endpoints.

This review provides an extensive list of constraints for HN cancer CIRT based on the
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Japanese RBE models.

2. Ik

A literature review was conducted to identify all constraints determined for HN cancer CIRT that are

based on the Japanese RBE models.

3. &R

Table 1 summarizes the dose—volume constraints recommended by previous studies.

4. BE

CIRT has shown promising results in cancer treatment. Establishment of dose—volume constraints will
play an important role in assisting treatment plan optimization, ensuring complications are minimized,
enabling multicenter studies and comparisons between different modalities, and facilitating adaptive
radiotherapy.

The constraints in Table 1 are divided into hard and soft to help in deciding which constraints to
prioritize or whether more weight should be given to tumor coverage or OAR sparing during
optimization if necessary. The distinction was based on various factors including the severity of the
complication, and whether there are methods to prevent the occurrence of a complication or treat the
symptom.

The clinical experience in CIRT is limited; only Japan and Germany have extensive experience.
Therefore, CIRT institutions can benefit from using the long-term clinical data of Japanese and
German institutions. The constraints reported in this review are directly applicable to Japanese
facilities. LEM-based CIRT institutions that wish to benefit from the Japanese data, including
prescription doses and the list of constraints, will have to apply conversion factors for biological dose
conversion. However, current studies on the conversion of Japanese constraints to LEM-based
constraints are limited. Converting Japanese prescription doses and OAR constraints to the LEM
would facilitate comparisons between Japanese institutions and other institutions worldwide leading

to the improvement of the CIRT implementation.
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Table 1 Dose—volume constraints suggested for clinical use

Organ Parameter Constraint Clinical endpoint Hardisoft
constraint
Brain V50 <4.6 cm3 Grade 22 radiation-induced brain injury Soft
D5cm?3 <55.4 Gy (RBE) Grade =2 radiation-induced brain injury
(TD5)
<68.4 Gy (RBE)
(TD50)
Brainstem V30 <0.7 cm?® Grade 1 brainstem necrosis Hard
V40 <0.1 cm3
Parotid V5 <41% Parotid gland atrophy Soft
Optic nerve Dmax <57 Gy (RBE) Visual loss Hard
D20% <60 Gy (RBE) (TD50)
Eyeball Dmax <54.75 Gy (RBE) Intraocular hemorrhage/vitreous hemorrhage Hard
V40 <0.83 cm3 (grade 4 radiation retinopathy)
Retina Dmax <54.58 Gy (RBE) Intraocular hemorrhage/vitreous hemorrhage Hard
V40 <0.66 cm? (grade 4 radiation retinopathy)
Iris-ciliary body V50 <0.127 cm?3 Neovascular glaucoma Hard
Optic disk D50% <50 Gy (RBE) Neovascular glaucoma Hard
Nasolacrimal duct V40 <0.08 cm?® Grade 21 nasolacrimal duct obstruction Soft
Tongue Dmax <54.3 Gy (RBE) Grade =2 acute radiation mucositis Soft
Palate Dmax <43.0 Gy (RBE) Grade =2 acute radiation mucositis Soft
Masseter muscle Dmax <44.0 Gy (RBE) Grade 2 radiation-induced trismus Soft
Coronoid process D10-50% <47.0 Gy (RBE) Grade 2 radiation-induced trismus Soft
Maxilla V50 <3.0cm? Osteoradionecrosis Soft
Mandible V30 <16.5cm? Osteoradionecrosis Soft
Teeth V30 <1.8cm? Osteoradionecrosis Soft
Number of teeth <2 Oronasal fistula
irradiated with
>50 Gy (RBE)
V50 <58.1% Tooth loss
Skin S40 Determine based on Acute radiation dermatitis Soft

NTCP models reported
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5. ¥¢&8

The dose—volume constraints will provide assistance during treatment planning to ensure that radiation

to OARs is minimized, and thus adverse effects are reduced. Although the constraints are given based

on the Japanese RBE models, applying the necessary conversion factors will potentially enable their

application by institutions worldwide that use the local effect model for RBE.
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Evaluation of dose distributions for the effects of respiratory cycles, the
number of sweeps, and synchrotron cycles in layer-stacking irradiation
under respiratory motion

REE BFH. BN B #H %

Yuki Hasebe, Mutsumi Tashiro, Hiroshi Sakurai

Abstract: This study aimed to evaluate the dose uniformity of layer-stacking irradiation with
respiratory motion of the target by calculating the dose distributions taking into account the number
of sweeps, respiratory cycles and synchrotron cycles. The effects of these parameters on dose
uniformity were investigated. Without respiratory gating, dose uniformity changed significantly due
to these parameters. With respiratory gating, the dose uniformity was high and acceptable under all

conditions.
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Table 1 Original conditions for respiratory movement of the spherical target.

Diameter / depth 90 mm / 130 mm at center
Lateral motion amount during irradiation 7,20 mm

Beam axis motion amount during irradiation 4, 5 mm

Respiratory cycle 3.5s

Phase difference in the motion directions n/4

Table 2 Original irradiation conditions.

Prescribed dose 10 Gy(RBE)
Dose rate 5 Gy(RBE)
Beam extraction time / synchrotron cycle 1.0s/3.0s
Range shifter switching time 1.0s

The number of sweeps 1
Respiratory gating Yes / No
Gating level 30%

Gating delay time 0.06 s
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(c) Respiratory cycle =5.0 s
Fig. 1. Cl values by changing the number of sweeps from 1 to 10. The conditions without
“gated” denote ungated conditions. For example, "7_4" represents the motion amount during

irradiation of 7 mm in the lateral direction and 4 mm in the beam axis direction without gating.
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(a) Ungated conditions (b) Gated conditions
Fig. 2. Cl values by changing the respiratory cycle from 1 s to 10 s. The respiratory cycle of "0 s"
means that the target is at a static state. The motion amount of the target during irradiation is 7

mm in the lateral direction and 4 mm in the beam axis direction.
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Fig. 3. Cl values by changing the Synchrotron cycle from 3 s to 10 s. The motion amount of the

target during irradiation is 7 mm in the lateral direction and 4 mm in the beam axis direction.
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Comparison of Field Size Effect by Irradiation Method with Carbon beam

WN EE
Akihiko Matsumura

Abstract: There are two major types of irradiation methods in carbon ion radiotherapy: broad beam
and scanning. The purpose of this study is to perform the measurement of field size effect using the
two different irradiation methods and to clarify the difference between them. Experiments were carried
out using carbon beams at Gunma University Heavy lon Medical Center. In order to confirm the field
size and shape with both irradiation methods, the beam profiles were measured by the scintillator
screen. The depth dose profiles and field size effect were measured by Advanced Markus chamber.
The influence of the field size effect was larger for the scanning method. We plan to evaluate the

volume averaging effect and the variation of radiation quality in the future.
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carbon—ion pencil beam
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\lid
V
ZnS scintillat
nS scintillator | ND filter
mirror dark box | CCD camera |

Fig. 1. Experimental setup. (a) Schematic, and (b) scintillator box.
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[1T Yogo K, Tatsuno Y, et al.: Scintillator screen for measuring dose distribution in scanned carbon-
ion therapy, Radiat. Meas. 129, 106207, 2019.
[2] Yogo K, TatsunoY, et al.: Scintillator screen for measuring low-dose halo in scanning carbon-ion

therapy, Radiat. Meas. 133, 106299, 2020.
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FY2022 Analysis of the Users of the Test-Preparation Web-Site
for Medical Physicist

BH B
Makoto Sakai

Abstract: To provide a ubiquitous system to study the coverage, I launched a website “Test-
preparation for Accreditation Exam of Medical Physics using Past Exams” in 2017. To assess the need
and the improvement of the website, the information on user and utilization situation was studied using
registration information, a questionnaire, and access data analytics. This year, with the support of the
Gunma University Science and Technology Promotion Foundation, the paid service of learningBox
(https://learningbox.online/) could be used. Although the percentage of survey respondents taking the
exam was somewhat low, the pass rate was high. The examination rate was also higher for those who

used the learningBox.
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Fig. 1. Number of the users.
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Fig. 2. User’s Occupation.
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Fig. 4. Hourly session number by day of the week.

3.2.2. FIFAImAER & Hoisk

AKWEB H A4 F%FHTZ220ICHCONTWE T NL ZEBIT L2, SEEOLT 7
®RWCBT L, PC Avdk - 27 Ly rodlaEid (Figh /). 7A2 by 7PCO
HEBLPWML 72, 72, HED2ODT 7 2 RE G EIHEML 72, RRIEZAHTH
205, T Uk AfENT O T ESEE X Wz aReE b 5., (Figh ) o

49



2022 GHMC Annual Report

= desktop
= mobile

Fig. 5. Device (left) and access region (right).
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Table 1. Acquired qualification.

Qualification No
Radiological technologist 76
Professional Radiotherapy technologist 21
senior radiation protection supervisor 47
junior radiation protection supervisor 2
Radiotherapy quality manger 1
Medical physicist 4
Other 5
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A review of treatment planning and planning policy of carbon
ion radiotherapy for Uterine Cancer

BH BEE AR &
Makoto Sakaii, Ryo Tsumuraya

Abstract: GHMC performs carbon ion radiotherapy for uterine cancer. The uterus is
surrounded by the intestinal tract and bladder, which can easily change the dose distribution.
In addition, the intestinal tract has a low tolerance to radiation, so strict dose constraints are
required. In the latter half of the treatment planning, priority is given to dose control to the
organs at risk (OAR). In addition, a confirmatory CT scan is taken before the start of treatment
to confirm the dose distribution. However, there are many cases in which OAR doses are
high due to interfractional changes on the confirmatory CT. In such cases, the treatment plan
needs to be re-created, and a response is required in a short period of time. In this study, we
assessed the status of treatment planning in 2022 and discussed the appropriate treatment
planning policy. Z DfEFR, 13 - 9 fF CheatBi 2N B & 7p > T, FRFHEANE L 725
7o B 13 3512 sigmoid D2cc: (6 1) & rectum D2cc: 6 (2% 3~ DM EBia TH » 7=, 1HEFH
HEERBAAAIFIZ Z 415 D OAR IZXF L C lem O~ —Y U &2 HD . Zivaw PTV OB
LT, HmEHEY A7 ZARRTE D R R S T,
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BHHRFERN FREFAHR 2 v 2 — Tl FEES AT 2 B FHRIREEZTo T 5,
HEARW 7o b arclidnie LT3GyE - 128, #4 & LT 4.8 GyE - 4 [n| %S4 3,
Z OB, BB E X =7y oA N—E B L, 2Tl organ at risk (OAR) #R&E % Il 3
22 EDMBEREING, BT T v OERERE. BiED 36 GyE 28 OAR IS S T3 b
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b, L WiETF kD 55,
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Table 1. OAR dose suppression procedures at the time of treatment planning.
fFE O BEE A2—7vhk R—3R E—47vEOSHEILEED

&S DEE OMIT DimE IKEERE (mm)
0 B 6

o A 6
2 ® B 0
3 1
4 A A 6
5 5 5
6 5 6
L ) 10
8 s} F=1 5
9 5 5
10 A 5
1 A 0

12 0
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FHORHH TG EZ DT LI 2DATH 52720, ERRICIIFHIHE R bR o7 &
i biviz,

4. EE

SRl OMEETIE 13 fF 9 fF (69%) CTHEHHEE 2o CTH Y FHEMHEEEDE W T & A3 HER
ANz, THO DIREEHEIZERR T BB, OAR DR ZHHF 2 720 1ICHL S 7= WLE 13 4%
SHHHTATINTTHotlod, BB~ — UV RFEICHEEST 3 2 L 1ZWNEECh - 72, K
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Development of A Deep Learning-Based Auto-contouring System for Prostate cancer patients
Medical Physics and Biology for lon Therapy
PANPAN SHAN

Background:

Prostate cancer is one of the most common cancers in today's world. In radiation therapy, it is an
important step to contour the target and organ at risk in CT images. However, manual contouring of
the prostate and adjacent organs on CT images is time-consuming with considerable inter-observer
variability caused by the low soft-tissue contrast of the images. Our aim is to develop of a deep learning
based auto-contouring system and rapidly obtain the contour of the prostate, bladder, rectum, and

patient’s body in CT images.

Materials and Methods:

Our system is based on a customized UNET++ architecture which is a model in segmentation task
using deep learning. We gathered CT images of 28 prostate cancer patients. These images contain the
manual contour of organs (prostate, bladder, rectum, and the patient's body). They are preprocessed to
get data for training, testing, and validation. Six hundred fifty-four (17 patients) of these images are

used to train the model, 178 (5 patients) to test the model, and 212 (6 patients) to validate the model.

Results & discussions:

We got the ideal model by training for 100 epochs with deep learning. The model was able to obtain
segmentations of the patient's body, bladder, rectum, and prostate from CT images. These contours
had pixel-weighted averages of for the dice similarity coefficient 0.99, 0.97, 0.85, and 0.83, compared
to manual segmentation by qualified radiation oncologists, respectively. The method we proposed can
automatically, and rapidly obtain the contour of the prostate, and adjacent organs in CT images.

However, the accuracy of our method still needs to be improved by increasing the image data.

Conclusions:

Our method could not only identify the contour of the prostate and adjacent organs but also achieve
satisfactory accuracy. This system can help radiation oncologists to provide fast, accurate, and
automatic segmentation of the prostate and its adjacent organs in CT images. Provide strong support

for the formulation and implementation of subsequent radiotherapy plans.

Keywords: computer tomography; prostate; deep learning; image segmentation, UNET-++

58



2022 GHMC Annual Report

Accuracy improvement of carbon ion range estimation in human body
using dual-energy computed tomography

(Afifah Hana Tsurayya)

ABSTRACT

X-ray computed tomography (CT) allows us to anticipate carbon-ion beam dose
distributions and ranges in the human body by translating CT numbers into SPR. However,
single-energy CT has been shown to have errors of over 3% in estimating SPRs. This
study aims to evaluate a more accurate way of SPR conversion using dual-energy CT by
comparing it with the SPR obtained by experiments using carbon-ion beams.

In principle, this study refers to the DEEDZ-SPR method introduced by Saito
and Sagara (2017) to be applied to DECT machines at Gunma University Hospital. Some
parameters to convert CT numbers into SPR values need to determine with scanner-
specific characterization. Gammex phantom was employed for calibration phantom, then
Kyoto Kagaku phantom and biological materials are for validation.

As aresult, dual-energy CT (DECT) method, both single-source CT (SSCT) and
dual-source CT (DSCT), showed better results in the SPR estimation compared to SECT.
As expected, it can reduce uncertainty to below 3%. However, there are some materials
producing uncertainty of more than 3%, especially bone materials in the Kyoto Kagaku
phantom. In the case of biological materials, only the chicken material showed an

uncertainty of about 4.5%.

Keywords:

Carbon ion therapy, dual-energy CT, stopping power.
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