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Current status of treatment planning for carbon-ion therapy

5H #X

Hirofumi Shimada

Abstract: Statistics of the patients treated with carbon-ion therapy in 2021 were summarized.
Planned beam parameters such as the port directions and types of the irradiation methods were also

summarized.
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Operation Statistics of Heavy lon Irradiation System

AN
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 FY2021. 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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Quality Assurance of irradiation system in 2022
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GHMC |25 5 2021 FDOR—F X{ERKRICDONT

Usage Survey of Range Compensator at Gunma University Heavy

lon Medical Center in 2021

WA 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 Ion 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 2021 is summarized.
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IMRT Ja B AHEIE DR
Number of IMRT treatment plans

BH 5
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. In this study, |
have reported the annual number of treatment plans prepared. Also, I examined the number of
simultaneous integrated boost plans that were judged to require re-planning when dose distribution
was confirmed during the process. As a result, the number of treatment plans in 2021 was slightly
lower than last year and about the same as 2018 and 2019. The very high number of treatment plans
last year may have been due to the Covid-19 disaster.
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[1] JASTRO COVID-19 WK 7 Fd v 7 ZB2. 5 5 [0 COVID-19 4:[EFE BT AG F
. 2022; https://www.jastro.or.jp/medicalpersonnel/news/20210816.pdf (Z18 2022-04-22).

[2] Narita Y, Kato T, Ono T, et al. Effect of anatomical change on dose distribution during
radiotherapy for maxillary sinus carcinoma: passive scattering proton therapy versus volumetric-
modulated arc therapy. Br J Radiol. 2018;92(1093):20180273.

[3] Suzanne B, Marcel J, Olga HV, et al. Protocolised way to cope with anatomical changes in head
& neck cancer during the course of radiotherapy. Tech Innov Patient Support Radiat Oncol.
2019;12:34-40

[4] Ishizawa M, Tanaka S, Takeda K, et al. Development of Prediction Model for Head and Neck
Volume Reduction by Clinical Factors and Radiomics in Head and Neck Cancer. Jpn J Med Phy.
2022; 42 suppl146. 1.
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FLASH BEfEEB D/~ D SRERE — L OVER

Tuning of high dose rate beams for FLASH irradiation experiments

HE BX
Masao Nakao
Abstract: At Gunma University Heavy Ion Medical Center (GHMC), to prepare for the FLASH
irradiation experiments, irradiation conditions were created at high dose rates and at low dose rates for
the control experiments. The extraction method from synchrotron was optimized for the high dose rate.

We also checked whether the dose monitor readings were not saturated at the high dose rate.
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[1] U. A. Weber, E. Scifoni and M. Durante FLASH radiotherapy with carbon ion beams. Medical

Physics 49;3:1974-1992.
[2] M. Tashiro, Y. Yoshida, T. Oike et al. First Human Cell Experiments With FLASH Carbon Ions.

Anticancer Research 42;5.
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FLASH jk %A # VBBE > R 7 L OB & & MAfzatk
Construction of FLASH carbon-ion irradiation system and

human cell experiments

HY . 50 BFE. Bt &%, PE Bk, ¥k B, EH BE. K ZEtb
Mutsumi Tashiro, Yukari Yoshida, Takahiro Oike, Masao Nakao,

Ken Yusa, Yuka Hirota, Tatsuya Ohno

Abstract: This study aimed to establish a setup for ultra-high-dose-rate (FLASH) carbon-ion
irradiation, and to conduct the first human cell experiments using FLASH carbon ions. A system for
FLASH carbon-ion irradiation (1-3 Gy at 13 or 50 keV/um) was developed. The growth and
senescence of HFL1 lung fibroblasts were assessed by crystal violet staining assays and senescence-
associated B-galactosidase staining, respectively. Survival of HSGc-C5 cancer cells was assessed by
clonogenic assays. The dose rates of carbon ions ranged from 96-195 Gy/s, meeting the definition of
FLASH. With both 13 and 50 keV/um beams, no FLASH sparing effect was observed on the growth

suppression and senescence of HFL1 cells, nor on the survival of HSGe-C5 cells.
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2. 3. #HRa
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Fig. 1. (A) Dose rate reading at the surface plateau versus dose monitor voltage. The normally
used voltage is 1500 V. (B) Dose rate reading at the Bragg peak versus chamber voltage
measured by the Advanced Markus ionization chamber. The normally used voltage is 300 V.

Table 1. Measured dose and dose rate under each condition for cell irradiation.

Setting LET (keV/um) Nominal dose (Gy) Dose (Gy) Dose rate (Gy/s)
FLASH 13 1 0.945 + 0.056 96.5+ 13.4
2 2.036 £ 0.073 1534+ 27.7
3 3.023+0.118 1458+ 18.8
50 1 0.976 + 0.039 177.7+£ 39.0
2 2.073+0.119 1795+ 343
3 3.006 + 0.087 195.1+27.3
non-FLASH 13 1 0.980 + 0.004 7.7+£05
2 1.999 + 0.004 93+0.3
3 2.994 +0.008 84+0.8
50 1 1.006 + 0.001 79105
2 2.008 £ 0.002 127409
3 3.007 + 0.004 123+11

572, non-FLASH e CO#E¥IL 8-13 Gy/s TZ OFEHERZE 4-9%. #EoRERAEIR
0.1-0.4%TH - 7=,

HFL1 ic B 1) 3 &2 iR o B % Fig. 2 (<R ¥, Mg (Fig. 2A) 5 X O
Hfa 2L 3 B& (Fig. 2B, C) D\ F1Ic 5> T b, non-FLASH HB445ef & FLASH 4efFic X 2
EROBAEREVCIIZED bR 2T,

HSGc-C5 12 & % 2 v = —JEkaeadBR D #i R % Fig. 3 ¥ X Uf Table 2 I1Z/R 3§, non-FLASH
A5 St 35 X OF FLASH S&fF v hic s nTd, filEs X O LET k77 L TAEFRIHET
L7ze WFNDEMFICHE VTS, non-FLASH W5 S & FLASH S&fFic X 3 iR oA E &
EWIIFED bR o T,
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Fig. 2. Sensitivity of human fibroblast HFL1 to FLASH or non-FLASH carbon ions. (A) Growth
suppression at 5 days post-irradiation assessed by crystal violet staining assays using
absorbance at 570 nm (n = 3). Bars indicate median. (B) Induction of senescence at 5 days post-
irradiation assessed by senescence-associated 3-galactosidase (SA-B-gal) staining (n = 3). Bars
indicate median. (C) Representative micrographs of SA-B-gal staining samples. FL, FLASH; NT,
no treatment; #, number. p values assessed by Mann—Whitney U test are shown after Bonferroni
correction.

A LET13 B LET50 C
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e &9, 5 s
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Fig. 3. Sensitivity of human cancer cell line HSGc-C5 to FLASH or non-FLASH carbon ions, as
assessed by clonogenic assays (n = 3). (A) Clonogenic survival at 13 keV/um. (B) Clonogenic
survival at 50 keV/um. (C) Survival curves generated by fitting the data shown in Aand B to a
linear quadratic model. FL, FLASH. p values assessed by Mann-Whitney U test are shown after
Bonferroni correction.

4. B

AIFGE TR BRI R OFRERIKEEZ N2 720 DRE XL, fiEd, LET, #£
BRPLZAIE TR T2 2 LAREL oo T B, RIFFEIE. b2 TE2Z(L 32Tl
NUBN OFERZ R L 720D CTOMETH 5, A ¥ v = v 7S TlT—Mkic, BHEEFNICHE
INTBEARY PICE— L% BRAACTIENEERICATHREZ 53 2720, FEHHNAR
DIFEFIIFFRIEEZ R b At T %, Carbon FLASH DO#EFRINEZEMT 5 720113,
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MERZAMNT 2 L PEETH L, AL TIE, B2 Ky ST X Y RES X O
BEEZRELTEHY, £ 1 ALAATRRZERZTV2E 2 Lo, MERIPMHEICTE
DREZEL TS, L2 L, 77 70D 70 I BN TOMES X CHEEK R —E T
7\, 2T EEIN O R8540 12 FLASH 3 X UF non-FLASH £&ff:%ifi7- L CH Y,
BT O =294 XRIBIER L TH 5720, EWILE D HEABIZATRETH 2,
K1 ICRT I, BREEFFCBOURFICRELBRERONZY FBRUEI LT
%, ZDJEKE LT, ESR2 LY HE N2 AL OREESTEL 2 e HERICHERE
BEHLTWRILEREZLNE, 20729, 1A TRT LI ICAELALLERTIILEL T
W2, fREE = X TOIREABEFICIIZL L CO B ATREERE A b1 D, 5 X D RE
L7MEBEERCHMEZG 2 72010d, v v VHBICL A A EEOWESLELEZ bR
b, ¥, KO RERBHEF A XCILKT 7y 78 =2 %KL, XY ERRICGEWEET
BRI PTRE R 2EEB DO FAF 2 R b B, Z DEEIC, FIGMERC AR v LB T OB 7
MEXRRERZHRT 2L, MER-EYREDT —2EMO ETHEL A9,

Sl WA HEBRETICE O CGRAER L 2 #5%. FLASH 20313389 57 %> - 7z, FLASH
INFRIRERIE KA 3 2 ATREME 2S5 5 L i S T b, ST, MERIREREFESL XY
A7 LET fREFEICO W C ORI AER—T 2 2 L3 BEEZ 5 9,

5. ¥¢ ¥

1 A ANE—2Ry FEEHC X % FLASH ¥ X O non-FLASH &% 4 A v #Riagt s 2 7
LR REEE L | MRS EAER 2 1T o 720 4 035 Bk L 72 55/F 1 <13 FLASH 23R 138Ul = hix
22072,

AL K=+ ixFxc D[4 OMEBELCHEZRL CE LD 72bDTH %,

SE X

[1] Tinganelli W, Sokol O, Quartieri M, et al. Ultra-high dose rate (FLASH) carbon ion irradiation:
dosimetry and first cell experiments. Int J Radiat Oncol Biol Phys. 2022; 112: 1012-1022.

[2] Tashiro M, Souda H, Yoshida T, Sakurai H. Reconstruction of dose distributions for fine carbon-
ion beams using iterative approximation toward carbon-knife. Phys Med Biol. 2020; 65: 225023.

[3] Okano N, Oike T, Saitoh JI, et al. In vitro reaction of cells derived from human normal lung
tissues to carbon-ion beam irradiation. Int J Cancer Clin Res 2017; 4: 078.

[4] Tashiro M, Yoshida Y, Oike T, et al. First human cell experiments with FLASH carbon ions.
Anticancer Res. 2022; 42: 2469-2477.
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R FAAAEIC BT DDA IS % adaptive therapy D /5 75k DR RS
An adaptive planning strategy in carbon ion therapy of pancreatic cancer

involving beam angle selection

NG EER
Motohiro Kawashima

Abstract: During carbon-ion radiotherapy for pancreatic cancer, disrupted dose distribution
due to changes in gastrointestinal gas volume and anatomy during irradiation is an
unresolved therapeutic issue. We aimed to develop a novel adaptive irradiation strategy for

particle therapy to improve dose concentration in pancreatic cancer.

1. ZL&IC

BER R BB TIEFEI S v & — Tk, A T 7 R T BRI R (T T b, i
A5 0 BOH AU C 13, % 2 TOMFZEIC X 0 BEIAS A IS B M 2SR & v B 1,
7o B ROBN & BAEROBICEOBIFAS 5 < AR ATV 5, LaL, HEo
FeHECHHIR D U - R IC X 2 R R R 2203 B 5 723 iR Z IEMEIC B 5 2 &
FEEL L NBRPBOH RIC X BEELHME I N TWw B2

Z 2T, R TIIBEGIEIC U — LGB IRE T 24 7V a VBT 2 HTH AOHE
B T 5EE T VIR A DRERIBEICE WTRET L 72,

2. &

2.1 B#

Z ® insilico OWFFEIL, FEBRLELTLO ERMHEEZERORIEZG T, SZMEH» b XFH
X34 v T7r—LbFaviey b EBUTbN, £z, KR E~LVY v FEHSORFHIC
H o CEI N,

2019 fFICHURHR IR %2 52 1 7- s R 5 A 2 AW O R e Lz, TD5 ADI B 3
MALIEETETR S Ay B2 D D 2 NIZIEIRERSACTH 3,

AT, TREEETE & 0] o BESTRTIC AL E RO D 7= 01 CT R & vz, ¥lnlids o 2 38
AT iciagEET il CT (plan-CT) Z HUfS L. M AR b 32 < o MGRTICiZE R CT (pre-
CT)#Hf5 L 72,
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2.2. BRAERICLZRESHTOLLE

HERATITON TV 2RO IR ITE L HT L <25 L 2 HEgIC X 2 W7 clgm o
TEBTRF DRRE DA & Z o DR % plan-CT ICHHE L =@z ki L7, HL.
MR D FHIFRAY DILFF I OAR 23FHES 5 PTVI O DA TIT 572, Z D720, il
BAMZzTo 10 & —v o CT Hif§ (plan-CT 18, pre-CT 9K) ZHW72, 2h oo CT
R % W CHRE R > 2 7 4 XiO-N ((ELEKTA, Stockholm, Kingdom of Sweden and
Mitsubishi Electric, Tokyo, Japan)) % F\» THRE D 2 5HE L 72,

€3k D WG 5 15 (Conventional) Tl Y4Bic 317 2 R o4 3 REIEED 7u | =
NMCHED BN $EETE L. PTVL iC 41.4Gy (RBE) D#fi&E 2B 3 /7 Ohbit i EE
0o, 900, 2700) 205 3[[FOMEF 2,

RIS C I, ek BE Tk CcHW Y — 2 %2k ha v 7 P CER L7 —24% 9
Ji (5 BRI £20 EET) THELZ, Thb 0w — 4 THRED A% RN & [H Ui
L7z 9 HAIDE — LD TR b IBETHZHIL TWw3 v — 4% HWv 3 /5 (Adaptive) &
27 Ji O — L CTEAD/NE K e 577K T Y — L 23E IR T 5 7515 (Adaptive with an
adjusted schedule) % LLi#g L 72,

PR DG 77k & IRE T L OB % Figure 1 IC/R L 77,

(a) Conventional strategy (b) Adaptive strategy
Beam-1
l Beam-1 eSS S \'l! Beam-2
group
Beam-3 - Beam-3 ; - | 40
— E IT=_ _.’ 3 |
Beam-2 group ! s/
Spaml - () set ~
Body cord Body card

*These beams in each group are set every 5" upto £20°,

Fig. 1. Schematics of treatment plans for both strategies. The schematics of treatment plan in
the conventional strategy are shown in (a). The treatment plan has only three beams (beams
1,2, and 3 at angles of 0 ©, 90 o, and 270 o, respectively). The schematics of treatment plan
for the adaptive strategy are shown in (b). This treatment plan has three groups. Each beam

group consists of nine directions in 5 © increments up to =20 o .
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3. R

ZHEEZED pre-CT IcB1F 5 CTV © VI5 D% Ry 7 A7 v v b Figure 2 IC#ED 7=, £
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Fig. 2. Box-plots of clinical target volume V95 values. The V95 values were calculated on all pre-

CTs for each patient for all beams irradiated within each strategy. Patients No. 1-5 are shown in

(a)-(e). In addition, (f) shows the V95 values of all patients for each strategy. There were significant

differences between all strategies, with p-values less than 0.01. (*p < 0.01).

7, FREOAFMEN M 2 RKATO CT i<

Al L 7z, AREBRE DA% pre-CT

TEHE L 72801 % plan-CT IZfFE D rigid registration THEIL 7z L TAE L7z, Th
5 D Hk 534 134 #% (Conventional, Adaptive, and Adaptive with an adjusted schedule)
Ko, iEEEETEKF DO DVH (Treatment plan) & Heilg L TR D FEi % DVH CTfT > 72, %
# o DVH % Figure 3 1237,
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Fig. 3. Dose-volume histograms (DVH) of the clinical target volume (CTV) obtained from the
accumulated dose of each strategy for all patients. Here, “Treatment plan” corresponds to the DVH

obtained from the treatment plan created based on the plan-CTs with the conventional strategy.

¥ 7z, Figure 2 & 3 THREMEKIC I 1T 2R DELH K % 2> > 7= patient No. 4 & ZHREKIC
BT B RREDEACH/NE H> o 72 patient No. 5 ICE1F 5 OAR OfE ARG RICE T 55
i %47 > 72 % NZF N DML T stomach, intestine, duodenum %} L T, {5 EHH|EF» DVH
&l U CRMili 21T - 72, #5513 Figure 4 1IR3,

E— L JTRNED D ETEMEBOLNITD o 7223, EREFEICIRFEKRAEEZ R L 72,
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Stomach of patient No.4 Stomach of patient No.5

Intestine of patient No 4 Intestine of patient No.§
e | reatinent plan

— T reatment plar

wewes Conventonal eweeeCopventonal

Duodenum of patient No.4 Duodenum of patient No.5

Relative dose ) Relative dose (
Fig. 4. Dose-volume histograms (DVHs) obtained from the accumulated dose
distributions for each treatment strategy. The left column shows the data of patient No. 4,
and the right column shows the data of patient No. 5. From top to bottom: DVHs of the

stomach, intestine, and duodenum.
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LD EEE TN T 2 7-0DFEIEEL R L7z, EHIGEICE T 2 FHIENEN DR E % 1%
19 % adaptive therapy D#IE 2L L, ZOEMAEZR L 72,
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BER DIBIEEIE T, € — 21235 5 CTV AN =KL E 2 DZE, CTV OEF,
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TH O, RFHIREICE T 2 RERTHOH 72 B 2 et 2 2 L A E b, 6,
T DML, A ORE D R T 2 ST O REIENEIE 7 S D EALIC T L C K ) kX
5 H[REEDS D B
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[1] Moraru IC, Tai A, Erickson B, Li XA. Radiation dose responses for chemoradiation therapy of
pancreatic cancer: an analysis of compiled clinical data using biophysical models. Pract Radiat
Oncol 2014;4:13-9.

[2] Kumagai M, Hara R, Mori S, et al. Impact of intrafractional bowel gas movement on carbon ion
beam dose distribution in pancreatic radiotherapy. Int J Radiat Oncol Biol Phys 2009;73:1276—
81.

[3] Motohiro Kawashima, Mutsumi Tashiro, Maria Varnava, et al. An adaptive planning strategy in
carbon ion therapy of pancreatic cancer involving beam angle selection. Physics and Imaging in

Radiation Oncology 21 (2022) 3541
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2021 FEEFYIE+AHEBENEA WEB Y4 O FEHEICEET 2AE

FY2021 Analysis of the Users of the Test-Preparation Web-Site for
Medical Physicist

B BB
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”. 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. The number of student users
increased compared to last year. The results of the access analysis showed a decline in the impact of
the Covid19-infection spreading. And the number of comments on the lack of explanations decreased

significantly.
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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
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3.3.7 v — MERFER
3.3. LEBROAEST KU A0 &AL

36 OV BREANFEZIRL TH Y, AEIEL 20 4 TH o7 (A% 56%), A WEB
YA FHAZEOEEERIEEROAE LV 2R VEVHER L ko7, BIEHEON 62/72 %
D LT DL E L, 2L, e ®mE L v & L7z 10 f 9 403580 mlBR 1
AL Tz,

3.3. 2 AV E X B

B OERICO T, EREE Tl -7 & &5, 63 %07 B REHR HEk
ZH LT (Tablel), ¥72 P80 Lo o3 304 1 BEREZIRE SN, £72 6HIM Lo
555 AT D) & 2 DM A A L Tz,

Table 1 Acquired qualification

Qualification No
Radiological technologist 63
Professional Radiotherapy technologist 18
senior radiation protection supervisor 39
junior radiation protection supervisor 3
Radiotherapy quality manger 2
Medical physicist 10
Other 1
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Fig. 6. Satisfaction level
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Effect of Imaging Position (Couch Angle) on Tissue Misalignment in Planning

CT of Carbon lon Radiotherapy for Head and Neck Cancer

BH HE AL & HAN B

Makoto Sakai, Ryo Tsumuraya. Mutsumi Tashiro

Abstract: Carbon ion radiotherapy for head and neck (HN) cancer has been reported to have good
local control and overall survival rates and has been covered by insurance since 2018. In our hospital,
the couch is often tilted at £15°, and a treatment plan is created to deliver carbon beams in each
horizontal/vertical direction. The CTs to check the dose distribution of the patient during treatment are
not always taken in the two imaging positions (couch angle). Therefore, we verified the effect of the
imaging position on the tissue shapes and on the dose-distribution calculation. As a result, the dose
calculation with virtual-direction irradiation could be evaluated as highly accurate. Although it is
necessary to take into account the slight shift in tissue position due to the difference in imaging position
to confirm the distribution, it is considered to be not more significant than the influence of the setup

position and inter-/intra- changes.
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Fig. 1. Tissue misalignment caused by registration accuracy. (Hausdorff distance (HD) and
Mean distance to agreement (MDA): left axis, Dice similarity coefficient (DSC) and Jaccard

similarity coefficient (JSC): right axis).
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Fig. 2. Fig. 1. Tissue misalignment between the two imaging positions. (Hausdorff distance (HD)
and Mean distance to agreement (MDA): left axis, Dice similarity coefficient (DSC) and Jaccard

similarity coefficient (JSC): right axis).
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Fig. 3. Differences in DVH parameters in the target and organs at risk caused by the

misalignment between two imaging positions
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[1] Shirai K, Saitoh J, Musha A, et al. Prospective observational study of carbon-ion radiotherapy
for non-squamous cell carcinoma of the head and neck. Cancer Sci. 2017;108.2039—-2044
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Simulation calculation of Compton camera with PHITS

BH 5
Makoto Sakai

Abstract: We have been developing medical applications for a Compton camera. We have tried to
simulate the application of the Compton camera to Boron Neutron Capture Therapy (BNCT) using
PHITS, a general-purpose Monte Carlo code being developed mainly by Japan Atomic Energy Agency
and widely used in BNCT research. Since PHITS does not have a tally to simulate Compton camera
measurements, a user-defined tally was used to obtain data. As a result, data that could be used for
image reconstruction was obtained, but some differences were observed, such as higher angular

resolution.
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Fig. 1. Energy Spectra detected by the Compton camera. A: Experiment, B: Simulation
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Fig. 3. Reconstructed images. A: Experiment, B: Simulation
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[1] Parajuli RK, Sakai M, Arakawa K, et al. Carbon range verification with 718 keV Compton
imaging. Sci Rep. 2021;11(1):21696

[2] Shiba S, Parajuli RK, Sakai M, et al. Use of a Si/CdTe Compton Camera for In vivo Real-Time
Monitoring of Annihilation Gamma Rays Generated by Carbon lon Beam Irradiation. Front
Oncol. 2020;10:635

[3] Parajuli RK, Sakai M, Kubota Y, et al. Crosstalk Reduction Using a Dual Energy Window Scatter
Correction in Compton Imaging. Sensors. 2020;20(9):2453

[4] Sato T, Iwamoto Y, Hashimoto S, et al. Features of Particle and Heavy Ion Transport code System
(PHITS) version 3.02. J. Nucl. Sci. Technol. 2018;55(5-6):684-690.

[5] Tamaki S, Panuntun F, Uedoi K, et al., Radioactivation Analysis of Concrete Wall in OKTAVIAN
Facility, Plasma Fusion Res. 2022;17:1405001
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i
Evaluation of dose distributions for layer-stacking conformal irradiation under

internal anatomical structural changes during carbon-ion therapy

RAR B4, BN B 8HF F
Yuki Hasebe, Mutsumi Tashiro, Hiroshi Sakurai

Abstract: Clinical dose distributions and dose uniformity evaluation considering dynamic changes
during layer-stacking irradiation were investigated to clarify acceptable target motion limits and beam
range variations. When the beam range variations due to internal anatomical structural changes
occurred at a certain layer and subsequent layers, the range variation of ~1 mm was acceptable. To
increase the number of sweeps increased the range variation. For the respiratory movement of the
target, the range variations of 7 mm in the lateral direction and 2-3 mm in the beam axis direction were

acceptable without gating. For gated irradiation, all conditions we investigated were acceptable.

1. ZL&IC

FERRPENFREF v 2 —TiTbL T 3 IRANED 1 ©TH 3 FERARRSRE I,
FH % v — LTI E LT Ic R 2 2L S TR T 2, 2070080 kv
PERIE & H L TR O mf B IR 2T & 2, Lo L, RS IcENEE 2358 ET 2
&L EoHENADEHEHEE D ISTO N TIRES BT 2 e H a1, 2D,
AT F 0B 2t L CEER T IR RARE IR S T, MEREDR S O
MAabdbric X ViEE M ET 2 2 e MfFI N w22, +ohilEErIncs
O IR 72 I B 2 IBIET 5 70 DIEIEA V-, ARWTZE LI, MR EIRE R EIC X 5 v —
LTRFEZAL LRI DIFIR MRS ENICHE H L 72, % OBROMED IR L BN O fE s —1:
Al 21T, FFAREIRZH~2 2 L2 HIE L,

2. Ik
2. 1. BRIFNBEELFICL S - LREEL
KACTER: 90 mm OAEBREERI(CTV) 2 4HE L 72, BUT O BRI E (Xio-N) Tl
JEIR AR h OB & & [ L R BOMETREASCE v, MBEIICHE Y0 77 L 2fE
57



2021 GHMC Annual Report

B U, BRRARE (= PIBRARE < BRI R 25T E L 7212, Ly vy 7 &2 MLC, K—
7 AEOBFERTHERIT Xio-N 226w, BlfToREFL L FEkE LB, FibkEco
% g & ME OERM B0 % Fig. 1 1073,

REEZEA 1L, B 2 ] O WSTERTICERR O v — 4 R §i)7 m CREs a2 b n gL L, |
BT £ TR S 7z & LT, ZD8H. & ELIROEREBRIEZ T 5 & Lz, WS
IR L DM % Tablel IR d, MEZ(LZHE L 7o~ — ¥ v BN TH %50 2 72,
T2, A —TREEAECLGEACOVTOMGEEL 72, 2 A4 =7 DEEIF 1 24—
HICRIEZ(L R L 722 & 2 THE L 72,

BN O SRS — M o Rl & L TR A2 D& I3 2 CI (= Conformity
Index; CI= (Vos—V105) /Verv(%)) % A 72, B IEIRRE TIX CIZ95% D 5FR S ND 2 L0 b,
ZHFHIZI HICZD 5% % EE L, CIZ90% M 7RI N5 L L CHRLZEHEZEH L 72,

1.2

Chnical dose
=
o oo ot

o o o
2 e
T

=

20 70 120 170 220
Depth in water (1mm)

Fig. 1. Dose distribution for each layer and their accumulation for a static state.

Table 1 Calculation conditions for beam range variation.

Diameter of sphere target / depth 90 mm / 130 mm at center
Prescribed dose 10 Gy(RBE)

Total number of layers 37

Starting layer of range variation 2,3,6, 11,16, 21, 26, 31, 36
Beam axis motion amount =1-10 mm

Number of sweeps 1,2
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FE LM% Table 2 1T/ T,

Table 2 Calculation conditions for respiratory movement.

Diameter of sphere target / depth 90 mm / 130 mm at center
Prescribed dose 10 Gy(RBE)

Dose rate 5 Gy(RBE)

Total number of layers 37

Beam extraction time / synchrotron cycle 1.0s/3.0s

Range shifter switching time 10s

Lateral motion amount during irradiation 0-5,7,20 mm

Beam axis motion amount during irradiation  0-5 mm

Respiratory cycle 3.5s
Phase difference in the motion directions n/4
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Fig. 2. Clinical dose distributions for range variation in the target center plane and on the center

axis when the range change of 11th and subsequent layers occurred.
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Table 3 Acceptable maximum range variations in the beam axis direction.

Starting layer of Acceptable range variation Acceptable range variation

variation (th and (mm) (1-sweep) (mm) (2-sweep)
later layers) upstream downstream upstream downstream

2 1 2 2 3

3 0 1 1 2

6 1 1 2 3

11 1 1 2 3

16 1 3 2 6

21 1 3 3 6

26 2 4 3 7

31 4 6 5 7

36 10(at least)  10(at least) 7 8

3. 2. EZEMDOMERIETEED

FEE () D W A% B 1 3 2 BRIRAR B 40 A fil % Fig.3. Cl O#EHR % Fig. 4 1<Rd, MEI[E ]
DEME S 2 & IRIEAFE U5G & BANESIEAF USa3c, FFIREIIES I X
D CLAMEL 7, WRFMAE L DA X T Y v 7Gx LT % &, CL ML L T 2 54F
BHRONE 2, CNEFIFRECORKREN AR R 2720 TheExLNE, L L,
77 ZAFENC 20 mm BE L 2BFZ A AT Y v 22 X 0 77 T AT BB 2 REEA
fEDE XN TS 2 L A0 5, Fig.4d DFER I 0 WPREHEL ClX 7 7 7 4771 Tl
Mty Tmm, E—AfiiFETlEd 7 &b 2mm BFR SN2, FENEIE Y 056
25 FIAGETIEYRL LD 20 mm, B —AH77HTIEA 7R LD 5 mm O RS HZH)
BEYRHAR I N,

| ——Slatic
Respiratory movement
L A

L i

] 50 100 150 200 250
Diepth in water ()
Fig. 3. Clinical dose distributions for respiratory movement of the target in the center plane and
on the center axis when the movement with (Lateral, Beam axis) = (20, 5) mm for ungated

irradiation occurred.
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Al & FFAZR B REH ST 5N 5,
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100.0 {]
m il Gated g @
0 o 0 Pass
90.0 .
~ 1 @
< 850 Ungated
3 @
80.0 ®
@
75.0 @
70.0
©,2) (0.3) (7,0) (7.4 (20,0) (20,5 (7,4) (20,0) (20,5)
motion amount during irradiation (Lateral. Beam Axis) (mm)
Fig. 4. Cl values for the respiratory movement .
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T8 IR AR B B v o R A RS I X 2 IREEAAL & B2 o MR RS B 76 AR R D A E )
—HFEM 2 5 ZF N TENOHRELHEEZ N L, 81X 25 556 O RIS & o v e
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[1] S. Tajiri et al.: Margin estimation and disturbances of irradiation field in layer-stacking carbon-
ion beams for respiratory moving targets, J Radiat Res, 2017;58(6):840-848.

[2] T. Kanai et al.: Trradiation of mixed beam and design of spread-out Bragg peak for heavy-ion
radiotherapy, Radiation Research. 1997;147:78-85.

[3] Tashiro M, Ishii T, Koya J, et al. Technical approach to individualized respiratory-gated carbon-
ion therapy for mobile organs. Radiol Phys Technol. 2013;6:356-366.
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BRI FIREEROERANZEB = E R L - BERERH OREN M 2l

Evaluation of dose distributions for layer-stacking conformal irradiation under

internal anatomical structural changes during carbon-ion therapy

BIYN TBFER - BEBEZEFE 075 L EAEE A% (Yuki Hasebe)
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Combined effects of radiation and simulated microgravity on cell cycle in human fibroblasts
Medical Physics and Biology for lon Therapy
Fady Nagy Lotfy Guirguis
1) Background and Objective of Research: Spaceflight for everybody is more realistic. However, it has not been
fully elucidated about the combined effects of radiation and microgravity (uG) on the health risk. Recently, our
group reported changes in the gene expression like that the cells with DNA damage passed through the cell-cycle
checkpoint abrogation after Carbon-ion (C-ion) irradiation under simulated pG using RNAseq assay in human
fibroblasts 1BR-hTERT (lkeda ef al. 2019). To clarify the combined effect of radiation and simulated pG on cell
cycle distribution, we used the flow cytometry.
2) Method of Research: Human 1BR-hTERT fibroblasts were cultured in CO»-independent medium (Thermo
Fischer Scientific, Waltham, MA, USA) containing 10% (v/v) FBS, 200 mM L-glutamine and 1% (v/v) penicillin—
streptomycin mixed solution. Exponentially growing cells were seeded into disposable, sealed irradiation cell
culture chambers (DCC) (Chiyoda Co., Kanagawa) at the concentration of 6.4 x 10* cells/ml. The DCC was set
on the clinostat (simulated pnG) or the stationary clinostat (1G) for 24 h prior to irradiation. The cells were then
irradiated with 1 Gy C-ion under simulated nG condition without stopping clinostat rotation (Ikeda et al. 2018). For
synchronized C-ion beam irradiation, a synchrotron (Gunma University Heavy Ion Medical Center, Gunma) and
the respiratory gating system were used. The dose-averaged LET was 50 keV/um at the center of the 6-cm SOBP
distribution with an energy of 290 MeV/n. Cells were kept under simulated nG or 1G conditions for 8 h or 24 h
after irradiation, then fixed by 4% PFA, stained by 3 uM DAPI and analyzed using flow cytometry (FACSAria II,
BD Bioscience, San Jose, CA, USA) with FlowJo™ v10.6.1 (BD Biosciences) which provides one univariate cell
cycle platform, the Watson Pragmatic algorithm (Watson et al. 1987).
3) Outcome and consideration: Human fibroblasts 1BR-hTERT normally show the peak of G2- and Gl1-arrest
after 8 and 24 h from C-ion irradiation at 1 G due to checkpoint caused by presence of damaged DNA, respectively.
On the other hand, exposure to C-ion irradiation at the simulated uG environment led to the diminished G2- and
Gl-arrest. From the previous results of gene expression (Ikeda et al. 2019) and chromosomal aberration (Hada et
al. 2019, Yamanouchi et al. 2020, 2021), cells may induce genomic instability by promoting the cell cycle without
accuracy DNA damage through G2 and Gl checkpoints abrogation rather than reduced initial damage after
simultaneous exposure to C-ion irradiation and simulated pG. This result suggests the potential health risks
attributed to exposure to the combined effect of heavy ion irradiation and pG during long-term stays in space.
4) Conclusion: Simulated pG may induce cell-cycle checkpoint abrogation and cell-cycle promotion after C-ion
irradiation, although there is no statistically significant difference.
5) Future Plan of Research: I plan to clarify the combined effects of X-irradiation and simulated pG on cell cycle.
Also, I plan to increase the radiation dose and the number of samples, and perform statistical analysis.
6) Funding: This work was supported by Gunma University for the Promotion of Scientific Research, JAXA Front
Loading Study 2019-2021, and the MEXT Project for promoting public utilization of advanced research
infrastructure (JPMXS0430300120).
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(2021/9/30)

Yamanouchi S, Adachi T, Yoshida Y, Rhone J, Mao J-H, Fujiwara K, Saganti PB, Takahashi A

Hada M. The increases of chromosome aberration in human peripheral blood lymphocytes

exposed to simulated microgravity and radiation simultaneously. &5 68 [AIdLBI B E A& E

(2021/9/30)

Hada M, Oizumi T, Nakamura A.J, Hirayama R, Takahashi A, Saganti PB. Biological effects of

proton and carbon ions dual exposure in human fibroblasts. Radiation Research Society's 67th

Annual Meeting (2021/10/3)

Radiation protection effect of Synthetic hibernation following Carbon ion irradiation

Puspitasari A, Squarcio F, Cerri M, Takahashi A, Hanamura K, Yoshida Y, Yakou T, Shirao T,
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Simoniello P, Totis C, Oppermann J, Tinganelli W, Durante M. Radiation Research Society's
67th Annual Meeting (2021/10/3)
Hada M, Yamanouchi S, Mao J-H, lkeda H, Plante I, Saganti PB, Takahashi A. Increased
chromosome aberrations in human cells exposed simultaneously to simulated microgravity and
radiation. 2021 American Society for Gravitational and Space Research (2021/11/3-6)
EiE WA, ek fEz, BRI TES, ARR N, RS W, HH O mER, A T,
MEHRT, & E, ki B, KFE £BE, e w6, il @ TSR L ®E
NEBREIZAIZ X D EEBITE 2021 . % 36 Bl FHEREMM S VAT T A
(2022/1/18)
Ikeda H, Hada M, Takahashi A. Comprehensive gene expression analysis of human fibroblasts
using 3D clinostat synchronized irradiation systems. NASA HRP IWS meeting 2022 (2022/2/9)
Takahashi A, Yamanouchi S, Takeuchi K, Takahashi S, Tashiro M, Hidema J, Higashitani A,
Adachi T, Zhang S, Guirguis FNL, Yoshida Y, Nagamatsu A, Hada M, Takeuchi K, Takahashi
T, Sekitomi Y. SWiNG: Combined-environment simulator of Moon and Mars. NASA HRP IWS
meeting 2022 (2022/2/9)
Ju Z, Chiu Y-J, Thomas TN, Yamanouchi S, Yoshida Y, Abe J, Takahashi A, Wang J, Fujiwara
K, Hada M. Early responses of cultured mammalian cells to altered gravitational vector:
Adaptation to microgravity and changes in cell motility. NASA HRP IWS meeting 2022
(2022/2/9)
Guirguis FNL, Yamanouchi S, Takeuchi K, Takahashi S, Tashiro M, Hidema J, Higashitani A,
Adachi T, Zhang S, Yoshida Y, Nagamatsu A, Hada M, Takeuchi K, Takahashi T, Sekitomi Y,
Takahashi A. Development of the Simulator of the environments on the Moon and Mars with
Neutron-irradiation and Gravity-change (SwiNG). &5 11 [BI[E SRR A Fo RS
(2022/3/19)
Takahashi A. My future dream through "Living in Space". &5 11 [B1[E B HUN #RAPREAE Y 22
£ (2022/3/19)

Z DB oFREK

ISR, BiEEYe, RORIGSL, WHERE, IR, INEP. ER TR AREY; ©
DGR E DN Z By & L 72 FEMREREE 0 R, CMCHiikBio Industry,
Vol.39(1)(2022) pp. 31-41.
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Mo

Fady Nagy, FEFS KPP HEREFE (FREE) (2022/3/23)
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IR S, FEEESE (B RMPERERE)  (2022/03/23)

RE B HABUHIER 2 2021 4FHEHEE

RE B BEA / X"—varT7U—FR221 77A4FY AR

M e EFHAHEE (Outstanding Reviewer Award) Radiological Physics and Technology
(2021/4/16)

P B ERAa T A TORE SAET v 7 7T 82021 BEGRIT
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\

1

Eif& BE/A, One of the Most Valued Reviewers from 2021 (2022/3/3)

Lz N . 5 68 [l B R E P I TEH R LR E (2021/9/30)
Lz N e, BARFH AT 35 BIRSEHRRE (2021/9/25)
AT S AARTHADR TS 35 BIRSEHRERE (2021/9/25)

EEE

S

N

VefE T AR ENE N — AR PR IR ] MR 5P 7E B Rl
Vefg T — MM ENE NEBRE SR s 7Bk
B B (WF5ERERE) BN D BB GIEE O T E IR O BB O IR B BRI
BT o098 Blitse s SVEMFSE(C) 2018 4F 4 A -2023 423 H
g 2, B . OHER ESE, BN BE. B EPH. VarnavaMaria 52200 FRE &
BT AT Rar? b B X SREBE CorEOBSE Baptses ERR LR
ZE s L4 (ERR 3L RIMFZEiRAb(B)) 2021 4F 10 A -2025 43 A
B B a7 b b A TR ORI A BNCT ~DJGH FAF7E(B)
REE Esk, EHE EE MRS T D A T SR B OB 3 A7 B D AFSE
PR OB SE(H 2F)
W FE, B B R RARICRI D E TR B ISR T 205 LRIpFSTRRE
WE B HURNE D ZEREIR S DFEIE TG A 1 K 2B A IEORFE 2021 4
B B AIRBUYE B RPZEB A (03 ASEIK - BRIR)
RE B AR EE SR D U ENOZEKIGYIZOWT A ttE AN B
A SRR 4 2021 » 2022 4 FERF R AR
W T SRR O 1 ERS B E TR MO 38712 L 2 B AT iED
it B FHRAFSE(C) 2021 4 4 H -2024 423 A
RE B OMIEIIE TR RILA I L oA EN ATIEORRE LR EAEmELT:
R 2020 42 WFFRSERG (TR - R - 3K75)
Wl ez, hR BUR, B B, I S, G EE, RE R DR rX 3%
30% D RI BLIE A = 3 i iR BL/NRONR AR F2 8L 00 72 oD O BLREANBH S . B AR Al
By 4 HSg B. W0, 2020 £ 4 A -2023 423 A
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i A, & R, HH ORISR RETREA A UGS T D R 2 A
ML O ERRE I BRFEIFIE. FHEAFZE(B)(No. 19H03597) 2019-2021 -

HAE A, NS A, EH BER ERTHAT Ve TEE ) ) FTHER &
Z DY~ (FTHBESHR L BN OEEE). BB RFEASR G3. 2020-2021 4R
KH —BB, B A, & K—B1. BSABUNREEIZ T 2 BHEH S ARSI EMT %
I U 7= g Su e il & [RLREO R, FSARHFSE(C) (No. 20K09718) 2020-2022 4F-JE

G BA, HH ORER, ME EET, AR E, BT, g e, S i,
RS BR, ME B, BOE, ks B, K RE, WE L. THBGRR & B BR
BEZEAEIC K DA REBIIIE. JAXA FHBFAIIER 7 ny b e —7 1 > 7. 20192021
R

EfE BEA, HHE BEFR, W Soh, kb W, B B, B s, L R, S
U OAH FH CTOMNENREICE T 203 A DEIT. JAXA 74PV T 4 AFT
1.2019-2021 4EJE

Hada M, Fujiwara K, Wang J, Takahashi A. Combined effects of simulated microgravity and
space radiation on human cells. NASA Space Biology Program (No. 80NSSC19K0133). 2018-
2021 R

HTHHER MAHHAEESRRMOT-OA Y I7 0 et A MR E L7 7 n
—F  BIERREE BARATZE(C) 2020-2022 R
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