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Jpn. J. Med. Phys. Vol. 41 No. 3: 76-81 (2021)

Report of the 121st Scientific Meeting of the Japan Society of Medical Physics

President of the 121st Meeting of JSMP
Nobuyuki KANEMATSU
Department of Accelerator and Medical Physics, Institute for Quantum Medical Science,

National Institutes for Quantum Science and Technology

The Japan Society of Medical Physics (JSMP) held its 121st semiannual scientific meeting from April 15 to April 18, 2021 in
Yokohama, jointly with two other radiological academic societies and radiological industry to constitute Japan Radiology Congress.
The congress also included a web-based virtual venue from April 28 to June 3 to provide on-demand services of the same contents.
Individual participants, once registered online, were given daily options to participate in either venue. The main theme of the con-
gress was Milestones and Beyond”, which was accidentally ideal for JSMP to commemorate 60th anniversary since its establish-
ment in 1961. Of 121 research presentations collected, 8 were proffered by 7 guest speakers from allied medical physics organiza-
tions of India, Bangladesh, Hong Kong, Nepal, and Philippines. The meeting also featured many symposia and lectures on medical
physics and interdisciplinary topics. Among them were a special lecture on the history of JSMP with current and past JSMP presi-
dents and an international symposium with distinguished panelists invited from Bangladesh, China, Thailand, Vietnam, and Ja-
pan. Of total 919 registrants, 297 participated in the real meeting in Yokohama under the COVID-19 pandemic. Nevertheless, the
meeting was perfectly implemented as planned because unvisited speakers had submitted their self-recorded video presentations in
advance for onsite viewing in their sessions and many of them remotely participated in real-time discussion over the network. The
individual presentations from the speakers, the recorded onsite sessions, and their associated bulletin boards for discussion consti-
tuted main contents of the virtual meeting. I would like to express my sincere appreciation to all participants and organizers of this
successful meeting. This report supplements the official meeting record including extended abstracts of all presentations, which has
been published as the Proceedings of the 121st Scientific Meeting of JSMP (Japanese Journal of Medical Physics Volume 41 Supple-
ment 1, JSMP, Tokyo, April 1, 2021).

Keywords: radiological sciences, academia-industry collaboration, international cooperation, hybrid congress, COVID-19
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Department of Accelerator and Medical Physics, Institute for Quantum Medical Science, National Institutes for Quantum
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Table 1 Number of participants in the 121st Scientific Meeting of JSMP

Onsite check-in
Category Registration

Apr 15 Apr 16 Apr 17 Apr 18 Total Frac.
Regular member 780 88 82 56 11 237 30%
Student member 64 17 3 3 1 24 38%
Non-member Student 36 2 12 3 0 17 47%
Invited 39 11 4 2 2 19 49%
Total 919 118 101 64 14 297 32%
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Table 2 President’s Award winners in the 121st Scientific Meeting of JSMP

Award 1D Authors Title
1S-031 Hiroya Shiomi, et al. Development of high-speed dose calculator for evaluation of robustness of
carbon ion radiotherapy
1S-036 Koki Kasamatsu, et al. Inclusion of energy layer structure into an evaluation of dose delivery
Gold time effect in scanning proton therapy
1S-044 Kenta Ninomiya, et al. Radiogenomic imaging biopsy for EGFR-mutated patients with non-
small-cell lung cancer based on contrast CT images using invariant Betti
numbers
1S-032 Yohei Souma, et al. Development of log-file-based Monte Carlo calculation method for
patient-specific QA in carbon-ion radiotherapy
Silver 1S-037 Kouhei Yokokawa, et al. A method for evaluating the achievement probabilities of prescribed dose
criteria under arbitrary respiratory motion in particle therapy
1S-061 Dejun Zhou, et al. Development of Al-based prediction models in real-time tumor tracking
radiotherapy
1S-040 Kouhei Oguma, et al. Prediction of prostate cancer recurrence using machine learning models
developed with extrapolation data
Bronze 1S-068 Kengo Shibuya, et al. Noninvasive probing of oxygen partial pressure using positronium atom
and its application in PET
1S-103 Dousatsu Sakata, et al. Fully integrated Monte Carlo simulation for evaluating radiation-induced
DNA damage and subsequent repair using Geant4-DNA
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VT 25 EIIME R Y T LB X 258K E R0 &
L7275 BHE D9 B 15 EIZ DO W Tl Zoom 12 & V) il
DFREHR L XY & OB TIHR R BBIRE b L.
2.3.2  FRIRE A

JSMP £ 37 60 JE 4F % 8 2 T FA iR &I [HARRK
FWPFELOWRER | & TR WA, RPE-GIARED
A TN LIRS R, SRR JAMP (JSMP O Hi &
IOMPIRIE) ek, fMEE—SK, HHEFREISE
WKIRBWALZEFE L FRIC1991FE DAY I & AR
PE T 421 B3 % I 4556 (WC) O R B 2 JSMP O 58 2
IR EML72A XY b E LT SH, 5HOWCHEK
~NOWEERFESN T L7 Fig LICBEEOELAEHE
RLET.

2.3.3 HBELZHBAMM

BE 22 B DRI WA 3 A WIZBIHE T A EEICDOWT6
ANOBEMRIZE BHEHHEIMTONE Lz 3T
LY 7 TOHOUWRET, EEWHLRA v &k b2k
JRC S I 4% JSMP LA TS 7277 b &6 CTHIGET g

Fig. 1 Past and current JSMP presidents (P) in Special
Lecture on History of JSMP, from left to right, for-
mer P and current Vice P Hidetoshi Saitoh, found-
ing P Kiyomitsu Kawachi, former JAMP P Takeshi
Iinuma, former P Masahiro Endo, current P
Shigekazu Fukuda, and previous P Keiichi Akah-
ane. Published with their permission

KB fie ety

ELFE LA EFEWMETE - ARmEE, MNEE—RE
B - W& X ) B)WG#EEIC X % 6 d &HT17
W% & KFEBEHEF I — AOMNADH 0 T Lz, S
FRETOFEIZIZE Y Y a YAk F v FEw Y FEMEDS
BN o 72D TR BV ERWE T,

2.3.4 [EFRARRZE RS AW

[ a5 7 4 v A G KRV BV 5 R 22 B
Moxis] 27 —<ICLEERY YR YT AT, N7 5
Fyoa, HE, ¥4, XMFA, HESFRS L H#EE
WLFE L7 & - ASoREsEERD/NNOBREE TR
WCTE&FHATLAD, Zoom % flio 725wt — € A4
CHEMCE SN2y v a v TL7-.

2.3.5 FEZmET R

R = — X LWy — A0@e] LvwdF—<T
JSMP & HARAAKEE .44 JSMBE) & D& > Y RY
LD XN F L7z, JSMBE (& E B E AR T84
(IFMBE) i % /& T TOMP i ¥ B4k o JSMP & 13 WC @
HABM#EEZ RSA M 32 L0 B0 HENH D, KREKR
WFERE D7D TEREEE L TCOBORELH Y F
§. SN EEE L H ARRE LS X 2 BRI
FORE LW E I LZEERIC X > THFEB oM R
HH I HICEE S/ BnET.
2.3.6 EHNZEE&SMW

(B TR O KRR OBLIR E k] vy 57—
T, 7 v — MRAEORREE, HEEoR ) Hiofir,
BEHEFNIEOSHOREL YOHEEL Y VRV Y A
T, BHAENHZ SR 55 LTHMICHHE LT
VAV ARV AR A3

24 REREBE

REERE L IRERPFREHEREARZIIRI s
F 2l E SR h Y REZHROSERET L 0T, 4N
X Fig. 21083 L) ICHBFONERT 2 [ X7 58] B

Fig. 2 Preopening of Presidential Dinner, invitees wear-
ing masks and silently listening to jazz guitar
trio’'s welcome tune, Autumn Leaves. Published

with permission of all invitees
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XTHMELE L7z, BARMICIIKEFHZFEITEHEORE
&), HEROMERIBHWLZZAE-FR T URHED
ARBEZEEX P OMNERE SN S - A BRET 5
RE &~ A7 ZAHT TR T I & 25225720 @
TY. SREIRPOFAIHFE LI Y ABHELHE LAY
V= FMEEZTYHAZA 2, B & B E
& N 7z Autumn Leaves, Full House (Wes Montgomery),
Nica’s Dream (Horace Silver), Cool Struttin’ (Sonny
Clark), You'd Be So Nice To Come Home To 7 & (ftiiZ
LA &, ¥ M) FHEBIZO2ADLTET )
Ry 7 2B ABLFMIZEE L RVRERES LS

Fig. 3 Group picture at Presidential Dinner for the 121st
Scientific Meeting of JSMP, masks temporarily re-
moved for the photo shoot. Published with permis-
sion of all invitees

7+ —< Y ATL7. Fig. SICHAMIIRE L - HEAFE
ZRLET. BAARIHIE L ZBESRO BT NEDH
LIPHFE OB H Y THEATL.

3. TR DT

ARREDER % LERIZISMP A 5 HrEY & 80E
YR L LTS T EZEAMEMIC O MA S h Ty
F9. INHoXHEEIBMEINZERBIZAMHICY 2T
PSPDFIEZ Yy 00— FEMET % & & b ICHiERE%
fHCt-FA2BA L E L2S, #ETORLETHIUINY 7 F
UN=E LTEERHER»OBATRTY. AKATIRT
U275 AOEEHKERED Y £ L7290 TTable 312 THEE
N— A CTHRLEDLBNELETIEL 5.

4. HBHbOIC

RREETEFELTAT, FROHHE LTHESRTE
LI EREVRDEVE LSRNV ENL 42D F LT
F9, RS NABRERESC R HEHOML, CyPos, %
HKATAF, BEEFEORZI YT VY TTH, ARATIE
INSETOEEWIIOWTHIEHEORE XTH T,
WY % @0 THEBIR LA LTREE DS

KON E > TZoFH e b0 LELE %
HHH O ERENT 1 — Y OWII K 5% (extended
abstract) &b HF X Tld % { FRBROMAFLEF L
BT T, HOUEO B HRCCNZ O 3 G SO 7 &35
FREAHAHZB T DR VEIITLE L.

Table 3 Changes to the Proceedings of the 121st Scientific Meeting of JSMP

Rm. Date time Session Changes

Main Hall |Apr 16 13:30-15:30 Opening Ceremony Acceptance speeches by new emeritus members E. Sato and M.
Fukushi, added.

Main Hall |Apr 17 13:30-15:40 JRC Joint Symposium 3 |Moderator changed from K. Awai to M. Endo.
Moderator changed from T. Sakae to S. Fukuda.

501 Apr 16 11:00-12:10 RPT Award Ceremony Moderator changed from K. Doi to J. Shiraishi.
Awards for editorial achievements to M. Endo and H. Murayama
with moderator S. Fukuda, added.
Moderator changed from F. Araki to N. Kanematsu.

501 Apr 16 18:10-19:00 International Session 12 |Cochair S. Mori absent.

501 Apr 17 08:00-08:50 International Session 13 |IS-056 Arivarasan Ilamurugu (Yashoda H) poster only.

501 Apr 17 10:00-10:50 International Session 14 |Chair changed from M. Nakamura to H. Tachibana.

501 Apr 17 11:00-11:40 International Session 15 |Chair changed from T. Hasegawa to H. Watabe.

501 Apr 18 11:20-12:00 International Session 26 |Chair changed from S. Nakamura to M. Ishikawa.

418 Apr 16 11:00-11:50 Oral Session 6 08S-029 Kenji Yasue (Ibaraki Pref U of HS) poster only.

418 Apr 16 15:40-16:30 Educational Lecture 3 Moderator changed from Y. Takahashi to S. Yonai.

418 Apr 17 08:00-08:50 Educational Lecture 4 Moderator changed from A. Haga to S. Sugimoto.

418 Apr 17 09:00-09:50 Oral Session 7 08-035 Gia Huy Truong (Kyushu U) canceled.

418 Apr 18 09:50-10:40 Oral Session 11 08-056 Kengo Miyazaki (Tokyo Met U) poster only.
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P The121
The Inte

Fig. 4 Group picture of the JSMP meeting officers at
JRC2021 Joint Members Ceremony, from left to
right, Taku Nakaji, Wei Shan Chang, Hideyuki
Mizuno, Nobuyuki Kanematsu, Shunsuke Yonai,
Teiji Nishio, and Masayori Ishikawa. Published
with their permission

JSRT & OA AW TH 5 IS T4 HIFMZEEFNEN
DR JTHEE L2720 TV OENRH ) F L
7o BRICERICER U ERE A BT oMo R s E
12OV, JSMPIZHH#HRPEEINE) E LTV — LV EED
TVWERAPISRTIIIH S FEL LT E 5. 4 JSMP il
R E (ZOWMY) EESCEM GEEY) 3R 7%
DTELLPETS R, Pl oEBRRHER &5
B &R D R bHNEOREDTE LI L. bh
AAZEAE D JRC2022 TlIEEIE Tld 7 < G & FE K IC
B2 2 BR 88 5 FINTHEAIED L — VAR Y %5
DTWVSE LS TY. JSMPOHE 121 MM KZFHR T LE
L7278, ZoORBIIEICKRAMERZBRLZE L TEHZOY
MREZCO A EINF T, Fig 412F 123 HI2EM RSOV
RBHIGREEEANEMETEARZSUAHELVE=—
BoOWSFEEZRLEY

HEF
SlNZaa M hrb 5T, BIEFEESLHE R &K

K& PRy

KA VT U R RN PPN B R OB &
BWIET = T TRAICISMEN-RHERIERROERRIC
LDSEHEL T, 72, AKRKZEETIRAEE
DRESZLZ T NIFEATRBR L 707 I AREE, i
REFEOTRENHL L OME R VIRV KA TIRE
B& Rt onTEmrAERAIE Vw2 wne
JRC2021 FEATZH 4, HARLHEMIZHE L T KA T
ZW272W 2 JRCHFHR & JSMPH#)E  (EBSCHkL),
Bie 2 7 TEES Luaie il ShizHRa Xy
Vard—VYRA, HEBEHY-EARFAMHIE TV
T RZFIRBEE B A v b7 — 2 (UMIN), U4 % filfE
ENEAFTAHIN I =il KEBBICSRIE
N-BREOFRICEH A LET. SHICERRKICTH
BWiREFLAEREZEDIANVFE -V A7 4 AR E1
T=N7 v 7 HREH, RTQM ¥ A 7 2 &4k, =4
Ry 7 ARXT 4 W VR EH, RSN T U AT 1 h
WY AFAR, LAY —F - Uy vkRat, kst
NoA TV TRY 2y, M#ERT V=T ) v IR
SO BALITEH 2L FE T

(NE

Z DOIIFIZISMP D 5E D B Ak & A ) AR R & L
T, HEEVEBEORETF T2 B TCHELI LA 2o
RO MM, KM KK A2 72 I0OMP K IV AFOMP
DERFH T HIMBAEZBE~NOMELZFATBY £9.
Zofh, BIRTREFBMHEIEH D A
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1) ANFHEF 119 A ARE AW LA 2k S it —Web
RKEEDODOER & —. [RFWYI 41: 40-43, 2021. https:/
doi.org/10.11323/jjmp.41.1_40

2) M 4117 M H AR EY IR S E MRS, Y
H, 39: 50-53, 2019. https://doi.org/10.11323/jjmp.39.2_50

3) HARREZEPYHAE 5121 [0 H ARE =Y AR AR
A RS 41, Suppl 1, 2021

4) HARREZYHY 2 5121 0 H AREFY A 27 RS #
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COVID-19 W {§Z W2 BT 5 ALISH DI
RN e =] 5y N

RRIPE
AR IR B

Forefront of AI Applications for COVID-19 Imaging Diagnosis

Hidetaka ARIMURA™!, Takahiro IWASAKI"?
! Kyushu University
* The University of Tokyo Hospital

The intra- and inter-observer variability in diagnosis of thoracic CT images may affect the diagnosis of COVID-19. Therefore,
several studies have been reported to develop artificial intelligence (AI) approaches using deep learning (DL) and radiomics technol-
ogies. The difference between them is automatic feature extraction (DL) and hand-crafted one (radiomics). The advantages of the
Al-based imaging approaches for the COVID-19 are fast throughput, non-invasion, quantification, and integration of PCR results,
CT findings, and clinical information. To the best of my knowledge, three types of the Al approaches have been studied: detection,
severity differentiation, and prognosis prediction of COVID-19. Al technologies on assessment of severity/prediction of prognosis for

COVID-19 may be more crucial than detection of COVID-19 pneumonia after COVID-19 becomes one of common diseases.

Keywords: triage, severity, differentiation, deep learning, radiomics

1. COVID-19MDAI

COVID-19 (coronavirus disease 2019) J&H4LHE 12 BT 5
PR & %} CT (computed tomography) HI{E D5 WT 1k
#EL <, ZF oMK (sensitivity) & $5 5 B (specificity)
&, N2 80-90% & 60-70% DHIPATH 5 & it s h
Twa Y. /e, W CTEROBWIC BT 5 BIGEHEN -
BIRHEMOE S5O &1, COVID-19DZMIEEL -2 5
WS %5?. —7, PCR (polymerase chain reaction)
DERIEIXT0-80% L ELNTVWEY. ZoXHig, CT
RAT & PCRARAIIMRINAEICZDSH S, F 72, COVID-19
DZWIClx, FIEPE (severity) D A2 W (differentiation)
%> COVID-19 ? & # @ T # T Ml (prognosis prediction)
(B - EIEfLOFH) DEETH L. 8L L, BEHH
1) 7 — ¥ (triage) & L C, ICU % & CHEEICHERZITH
BELZERILEIDLNOLTHAH. LMo T,
COVID-19 ® AI (artificial intelligence) D g 1 EEFili & [F]
EhFENUETHL N MHEEINE £ 2T,
COVID-19DATICE F N 5 £ bERE% Fig. 1IR3, F
GREREIXRTR 0@ D MR, EREEOHER, FHRTFUTH 5.

T4 —7F—="r7 (deep learning) R L 74+ I 7 A
(radiomics) & FV> 7z ATHAM % BA%E 3 2 WHFE A3 S T
W2 (Table 1-3). 74 —7J— = 7 & BB 2 K

HATRETH LD, LT 44+ I 27 XA TlEdoSh Lok
AEETVERET 2 LENSH S, COVID-1912BT %
AlE O HMOF LI, AV—Fy b#nZ &,
BETHDH L, ERILPTETHS &, PCROKR
R CTOHT A, ERTEME OMEDVTRETHL I ETH5S.
AFTIE L3 DOOREREICE LT, COVID-19 ® AT #
HW7-8f7E L, COVID-19D AIf%EA2 A3 5. %<
@ Wf ¢ 1% AUC (area under the receiver operating char-
acteristic curve) = H W TAI DO VL BE 2 §Fffi L T W 5.
AUCHE, AIDSBRERE A Bk & B SE T A EREE K L,
0751 ORi) ORIOEE 5. K (sensitivity), FFi
Ji (specificity), 1EFERE (accuracy) CRHlis2%6 0 H 5.

2. COVID-19MD ALYV 7T hII77ZAVCIR3R

Table 112 COVID-19 ® AT 85 % H 72058 (G5& 25
N7-#iP) %779, Mallio » ¥ iZ InferRead™ CT Lung
for COVID-19 % I\~ T, Nili%&Me LAER], COVID-194EH,
T = v 7 R A ¥ MHEA] immune checkpoint inhibitor:
ICT) B5Hhli e % X T& 5 2 & &R_ L7z, COVID-19Mli4¢
& ICIBIE N 25 [ o 4338 » AUC 12 0.62, COVID-19 Jili %%
&g USEBI o203 0 AUC 1 0.99, ICT B il 4 &
il g UIEBIE 00D AUCIE 097 & 2D, T 5
ZEERLT

* K (corresponding authors)  JUMIK SR A BE R I 78 e A f A 58 T B 2 TR0 8 [T 812-8582 I vl B IX 1 H 3—1-1]

Division of Medical Quantum Science, Department of Health Sciences, Faculty of Medical Sciences, Kyushu University, 3—1-1,

Maidashi, Higashi-ku, Fukuoka City, Fukuoka 812-8582, Japan

E-mail: arimura.hidetaka.616@m.kyushu-u.ac.jp
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Various types of patients

CT: Positive
PCR: Positive
Severity: Regular
Outcome: Cured

CT: Positive
PCR: Positive
Severity : Sever
Outcome : Cured

CT: Negative
PCR: Positive
Severity : Sever
Outcome : Cured

CT: Negative

PCR: Negative
Severity : Control
Outcome : Unknown

i

v' Severity differentiation
v" Prognosis prediction

Triage strategy can be taken to obtain
optimum outcomes when the severity
and prognosis are predicted.

Fig. 1 Al for COVID-19

Table 1 Researches related to commercially avaliable Al products for COVID-19

Authors  Year Title Cases Modality Al Performance
Mallio CA, 2021 Deep learning algorithm Pneumonia-free group CT DNN AUC for COVID-19 vs
et al.” trained with COVID-19 (n=30) ICI-therapy related

pneumonia also identifies COVID-19 (n=34) pneumonitis: 0.62
immune checkpoint inhibi- ICI therapy-related AUC for COVID-19 vs
tor therapy-related pneu- pneumonitis (n=21) pneumonia-free: 0.99
moniti AUC for ICI-therapy
related pneumonitis vs
pneumonia-free: 0.97
Zhang HT, 2020 Automated detection and COVID-19 (n=2460) CT  3D-CNN+V-Net Sensitivity: 90% (?)
et al.” quantification of COVID-19 with bottleneck

pneumonia: CT imaging
analysis by a deep learn-
ing-based software

structures

Zhang 5 ¥ 1% United Imaging Medical Technology Com-
pany Limited @ The uAl Intelligent Assistant Analysis
System ® COVID-19 i KOMIIKE % A7z, 2DV 7
b 7 = 71X = &K 7t CNN (convolutional neural network)
& V-Net 2SR SN Twb. 2,460 Ao COVID-19 E#
G LR, BRI 90% o7z b,

T/, EENZEEIE R WX 9 72A, Al-Rad Compan-
ion Research CT Pneumonia Analysis (Siemens Health-
ineers)® & Thoracic VCAR (GE Healthcare)” & \» 9 v
TrIITEHE. 60V T My T RO GGO
(ground glass opacity) & consolidation % f#AT L, FEJE
DOFHliE$5Z ENTES.

3. COVID-19 /iR D& & E45l

Table 212 COVID-19fili % D # i o 72 & & AT 28 % 7R
T. KT sE, F4—FF5—= Ik AFFEELTq
FIZ AL BFHETH S, Fig. 2ICCTHRAETIEMH &

LMD, PCRIRAETIZB®E BE IO N2
COVID-195t W DIEBI DY 7 L VEDO X b 7T 4 &
GLCM Z/R"¥. il #EW2si 5, PCROKEDE
WL TWAIREMEIESH D, CTH{RIC COVID-19 % 4
HOTLIEMPEEINTVD LI TH D,

Wang 5 ¥ 13 U-net & flv> T COVID-19 it 2t & 2 7
A&BFE L. 2,120 A (39bE) DBHATT A M &{7o72.
Z DR,
PCR) & L7284 ®AUCIX0.774, reference % CT [ {5
B e LA DAUCIZ0.953 TH - 72.

Mei 5 * 13 CTHI{& (9054 DIEG) L HiE 7 — & 123
< COVID-19 D RHATMM > AT A &S L7z S
1327 A4 AEJUZIZ CNN (Inception-ResNet-v2) z v,
CT M5 % %%# L 72 CNN (ResNet-18) # Jfiv»>"C COVID-19
O AT o 72, BIRT — 710 LTS (R— b
RNy y—<Y v/ ST AT+ VAN EJ@—t 7 b
V) REHAL, ThooftllosooFdasill

reference % RT-PCR (reverse transcription-
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Grayscale Histogram of ROI

Grayscale Histogram of ROI

GLCM of ROI

PCR: Positive
CT: Positive

GLCM of ROI

PCR: Negative
CT: Positive

100

Fig. 2 Histograms and GLCM for two patients whose PCR and CT examinations showed same and different results

Table 2 Researches on Al for detection of COVID-19

Authors  Year Title Cases Modality Al Performance
Wang M, 2020 Deep learning-based triage COVID-19 (n=1647) CT U-net AUC (reference: RT-PCR): 0.774
et al.” and analysis of lesion bur- Non-COVID-19 (n=800) AUC (reference: CT findings): 0.953
den for COVID-19: a retro-
spective study with external
validation
Mei X, 2020 Artificial intelligence— Training: CT Slice selection: CNN AUC for CNN model: 0.86
et al.” enabled rapid diagnosis of COVID-19 (n=285), (Inception-ResNet-v2)  AUC for machine learning model:
patients with COVID-19 non-COVID-19 (n = 341) Detection: CNN 0.80
Test: (ResNet-18), AUC for joint model: 0.92
COVID-19 (n=134), machine learning
non-COVID-19 (n = 145) (support vector
machine, random forest,
multilayer perceptron)
LiL, 2020 Using Artificial Intelligence Training: CT Deep learning AUC for COVID-19: 0.96
et al.” to Detect COVID-19 and COVID-19 (n=400), CAP AUC for CAP: 0.95
Community-acquired Pneu- (n=1396), NP (n=1173) AUC for non-pneumonia: 0.98
monia Based on Pulmonary Test:
CT COVID-19 (n=68), CAP
(n=155), NP (n=130)
Liu H, 2021 CT radiomics facilitates Training: CT Radiomics (nomogram + AUCs of radiologists with 5 and 6
et al."” more accurate Open Access COVID-19 (n=95), LASSO regression) years of experiences in thoracic

diagnosis of COVID-19
pneumonia: compared with
CO-RADS

non-COVID-19 (n =415)
Test:

COVID-19 (n = 20),
non-COVID-19 (n=20)

imaging: 0.69 and 0.82
AUC of radiomics nomogram: 0.93

CAP: community-acquired pneumonia, NP: non-pneumonia

CNN 75T % H W74 0 AUCIX0.86, BeMise® 7513 %
7235 DR K AUCIE0.86, )i & HvV: 72354 D AUC
130.9275 72,

Li 5 ' 132 COVNet (ResNet50® CNN) % T, 3,322

% O HE B A & COVID-19 B 25, T fili & (community-
acquired pneumonia: CAP), FEMi&IZHH$ 2 Fiki% B
& L 720 9054 @ CT W &I @IS L 72, & @ & &,
COVID-194i ¥ i @ AUC 12 0.96, CAPJE Bl 1%t 3 %
AUCI120.95, FEMli SB35 AUCIZ0.98 & 72 o 72,
Liub "™ & V7 14+ 3 7 ACOVID-19 DM i % B %
L. 5504 ® CTHRIZ#EIS L7z, FHETIET 7 AF ¥ —
fi# M, LASSO [HlJ%, nomogram % M\ 7z, 54EH & 64E

84

HoOER®AUCIZZFILZF11069E082TH-72h, L
FTAFIZADAUCIZ093E2YD, L4437 AEE
Bk SENTAERE o7,

4. COVID-19 DEFEE DT

COVID-19 DIERIZM 2721 1T F 53, Mk Cchkx 7%
JERZFIER 9. Bl 2 1E, MePES PFiE (thrombotic
complications), /L[> 5% 6E R % (myocardial dysfunction),
ANEER (arrhythmia), ZPERESE B (acute coronary syn-
dromes), ZM:'E [ (acute kidney injury), B W D HEK
(gastrointestinal symptoms), HFHIAZLEE (hepatocellular
injury), &I BEE (hyperglycemia), 7 b ~JIE (ketosis),
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i

Table 3 Researches on Al for severity differentiation and prognosis prediction of COVID-19

Authors Year Title Cases Modality Al Performance
Ning W, 2020 Open resource of clinical Training (n=1170): CT  Deep learning AUC for non-COVID-19: 0.944
et al.”” data from patients with Non-COVID-19 (n=222), Mild (n=23), including clinical ~ AUC for mild: 0.860
pneumonia for the Regular (n=415), Severe (n=146), feature AUC for severe: 0.884
prediction of COVID-19 Critically ill (n=65), Suspected (n=299) (slice-based
outcomes via deep Test(n=351): learning)
learning Non-COVID-19 (n=106), Mild (n=1),
Regular (n=181), Severe (n=>56),
Critically ill (n="7), Suspected (n=0)
CaiW, 2020 CT Quantification and COVID-19 (n=99): moderate (n = 25), CT Al for segmenta- AUC for moderate vs severe +
et al." Machine-learning Mod- severe (n=47), critical (n=27) tion of COVID-19  critical: 0.927
els for Assessment of 10-fold cross-validation test pneumonia AUC for severe vs critical: 0.929
Disease Severity and regions: deep AUC for prediction of ICU treat-
Prognosis of COVID-19 learning ment: 0.945
Patients Al for prediction ~ AUC for prognosis of partial
of clinical out- recovery vs prolonged recovery:
comes: radiomics  0.960
Wu Q, 2020 Radiomics AI of CT Training (n=2351): CT  Radiomics AUC for poor outcome™: 0.862
et al.'” helps predict poor early-phase CT (n=212), late-phase CT +LASSO (early-phase)
prognostic outcome in (n=139) AUC for poor outcome: 0.976
COVID-19 Test (n=141): (late-phase)
early-phase CT (n=105), late-phase CT (*poor outcome: death, need for
(n=236) mechanical ventilation, or iICU
admission)
vande 2020 Predicting thromboem- Training (n=>50): CT  Decision tree AUC for TC: 0.76

Sande D, bolic complications (TC) TC (n=22), non-TC (n=28)
et al.'” in COVID-19 ICU pa- Test (n=26):
tients using machine TC (n=11), non-TC (n=15)
learning
Vaid A, 2020 Machine Learning to Pre- COVID-19 (n = 4098)

et al.'” dict Mortality and Criti-
cal Events in a Cohort of
Patients With COVID-19
in New York City: Model
Development and Valida-

tion

Sensitivity: 73%
Specificity: 73%

— Extreme Gradient AUC for mortality prediction:

0.88 at 3 days, 0.86 at 5 days, 0.86
at 7 days, and 0.84 at 10 days
AUC for critical event prediction:
0.78 at 3 days, 0.79 at 5 days, 0.80

at 7 days, and 0.81 at 10 days

Boosting
(XGBoost)

CAP: community-acquired pneumonia, NP: non-pneumonia

1l e R R B (neurologic illnesses), R JE IR (ocular symp-
toms), K JH & B (dermatologic complications) 72 & @
FERAT E R Sh, TIELT A5 E0H 5. 22T,
COVID-19 @ i BE D & & FAEALD Pl D ATIZEE T
bh. DX % AIWYE%E Table 31217 .

Ning 5 ¥ 12 COVID-19® 1,521 fEBIC T 4 — T 5 — =
YU RBAL, EEEICEST, BEHEXHITE 0%
A7, T oM R, COVID-194E ] @ ki o AUC i
0.944, mild L X )L @ AUC X 0.860, severe ® AUC i
0.884 & 72 o 7=,

Cai 5 ' 12 COVID-19 ® 994 Bl % 32 D HHEJE (moder-
ate, severe, critical) & X 0T AL T4+ I 7 A% B
B L7 oI EIEEZ) Th L, ICU(intensive care
unit) RPN ) 2y, F 723 TR 55 BIAE (partial
recovery with residual pulmonary damage) %* & #f [a] 18
(prolonged recovery) 2> b Tl L 7z. #8455 A £ W 10145
TIE, ICUWBRH O, BFEW A (oxygen inhalation) ]
MICHBEED D o 72, £ OHKi K, moderate & severe +
critical ] D4 FIZB 3% AUC 13 0.927, severe & critical

B oSBT 5 AUCIX0.929, ICUHBHOFHlo AUC
130.945, P& (FRT IR A FM M) @ AUC I3 0.960
ThHo7e.

Wu 5 12 COVID-19 ® early-phase CT A ¥ v » %
¢ late-phase CT A F v ¥ BH D 492JE ] % IUEE L, poor
outcome D BH MM T HLF 14 I 7 A% Wf3E L 7.
early-phase & late-phase ® CT A ¥ ¥ ¥ B# 1L, #1hZ
TWERDIEE > T 0 LEBUMNICCT 2R L2 BH L
THEBU ERICCTAF Yy VB LEHRSIND. F72,
poor outcome (& A LI 2R F 721X ICU MG EE 72 5 72
Wit R T TdH A. early-phase & late-phase CT X F ¥
v BEITHT S poor outcome D EFDMH AUC X, Fh
FN0.862 0976 & o7z,

van de Sande 5 ' 13 ¥t % K (decision tree) % JIJ \> T i
1% A BHE (thromboembolic complications) & Fi#ll 5 % T
FERBEL, ICUREEZ T2 T6EMICHEA L. 0
R, MRPES BHE T O AUC 12 0.76, HRITRIE & 35
JEIZE HIZT3% ThH o7z

Vaid 5 '” 1% Extreme Gradient Boosting (XGBoost) %
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T, COVID-19 k1B 4,098 fEH 2 b &1L 72
WBERANRY FPE2REABIT LTS 2 FEEIEL
7o, BECTWOAUCIE3 H#%TO0.88, 5H#%T0.86, 7H
#7086, 1I0H#%TO0.84, o7z, EMAAXRY M FHlO
AUCIEZ3 H#%T0.78, 5H#%T0.79, 7H#%7T0.80, 10 H
$%T0.81 k%o 7.

5. SEROEM

20214E9 A DT 72 COVID-1913UE L T e WnWas,
3 L COVID-19 23 ¥l D FE BRI e » 7235 A, COVID-19 #
MO AL X 0 b FIEE O BIELO TRl o AT S EEC
hhEFEZD. AFASCOVID-19 D AIFZEDHLI TIE
FVTH5.
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Air-Kerma Standard for Mammography X-Ray in Japan: Progress and Prospects

Takahiro TANAKA*
National Metrology Institute of Japan (NMIJ), National Institute of Advanced Industrial Science and Technology (AIST)

In Japan, mammography was introduced in 2000 for the early detection of breast cancer. In quality control of mammography,
dosimetry is one of the most important items. For accurate dosimetry, calibration of dosimeters is necessary because radiation qual-
ity (target-filter combination) of mammography x-ray is different from that of general radiography. Therefore, development of do-
simetry standard based on radiation quality of mammography x-ray was required. AIST/NMIJ developed an air-kerma standard for
mammography x-rays and started its dissemination in 2009. Since then, the air-kerma standard has been extended to various
radiation qualities that have come to be used in digital mammography. In this paper, an overview of the air-kerma standard for

mammography x-ray together with a future plan is briefly presented.

Keywords: mammography, air-kerma, calibration, dosimetry, ionizing radiation

1. FU®IC

HABADOREZER D720, HRIZBW IS Y ES T 74
WHADRAMGE THHEING L) I8 THBH 204
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LI lhn, BWMOBNEEN L AMENOR DT IZ
&, WoB I 5 XMoRE 2 @I LR mE
LR EEEMD Z EAROOND. FDD, <V ES
T 7 A HEOREEH L ETbN S HMEFHT X 2l
ENEEELE RS,

B OB I b N 2 L, R
AR LW x e 5 4 THDH DD, WENROBE O
HRZOTANF—, LA RMELTLHMERELR LI
o U CENCIIERINE T 5L EXH L. — RIS, i
FrofIEE (EEOME) RSO = 3V F— 12K
LTZibd2 (DT, 32 VF—Jhln9) 28, K%
VEF—FIH TR T ANVTRFEIHE LR LI L. <
VEZT T4 THEDONSEBIEDS0KVAFED XL, —
MR R MO XBBW & ERTH AV F =27z
W, MEFERIEL, RGO AL T4 Rl T
BLZEN, BENEEIT) LCTEEL RS, T2, <V
BT 74T, BEUVTFYMo) Y —F v b OXMAE R

& AERECE LAV F =27 PV (BT, #
Hew?)) Xz b, BRSO AV F -4
B &) R T WD AV F T, Z OB
DEBEITAREHIEHTHL. ARTHNTEIYVEST T4
JAXKROMEEENPATFE S N B LT, FEED 10KV 2
5 50kV O e &2 A L T2, BV
ThHolzlzd, <VETT 7 4 HXBOMEIIILD VI
FEAEDHIEIRD LN TV, F T, RN
78 (LR, ERFE W) Tk, ~YEZ 5714 FAIXH
DRENZ DV XD 2R — < BEHEDFRTE & b % 5
DTE. KfaTid, xVEZ T 74 HXHOZRE N —=
WHE DT 72 & IS B OB L 2 P ISR T 5.

2. YVEITST 1 DIF2ZHEE(CDNT

2.1 YVEIST 1 BAXIFORE
FIZ20004ERMIHICBIF L HEDY V7T 7 4 T,
Mo % —7 v POXKENHbNTE /228, HEIX~YVE
TG 4BBEBOFIVIMUIZEY, —REEEIL Y VY
ATy W)F =7y FOXBESELNL LH ko7
ZZTIR, Y, NUES T T 4 OMBIEED IO
Eh oMo —7 v P OXEOMEIZ OV TR
B, TYVINTVETTITARETHHAENS LI ICh->
7RI WTHIAT 5.

* i (corresponding author) EIVLRFZERHIEE NEEHAMRAMIZERT FHEEERG Y Y ¥ —  SHEHIEEHERISE T

[T305-8568 ZykIito IXiMER 1-1-1 > (X e 2]

National Metrology Institute of Japan (NMIJ), National Institute of Advanced Industrial Science and Technology (AIST),

Central 2, 1-1-1 Umezono, Tsukuba, Ibaraki 305—8568, Japan

E-mail: takahiro-tanaka@aist.go.jp

87



PREE P 55410 35

27171
[ () EEE 0KV |
10 - Mo/No—filter|
b Mo/Mo 1

BRIE L 1= X RO
>
1

0 10 20 30 40

XD IRILF— (keV)

LRI B BRI B LR B

1.0 |- (b) .
| | EEE: 28 kV

%E(O.S- Mo/Mo ‘

by Mo/Rh ]

06 :

>

_’u L

D04 -

3£ L

" M//¢¢Jh4\1 |

00 | Y RS BT

0 5 10 15 20 25 30
XBEDIRILT— (keV)

Fig.1 Mo% =7 v FOXBELPLDIZANVF—AXRZ ML, (QMoDRIN7 4 Vv OFEDE. (D)7 4 V& OFEH
(Mo & Rh) @&\, £ A7 PLE QR EVRETHKBILL TS

RVET T T4 OWENRIZIILTDH Y, F o X Mm%
(&, FUBRHLER, BREL ROMAMLER, € L CEBSRBITE 5
LOTRIFNER SR, NS ORKEO X gD 2 >~
k5 A b & Ped B DIZAHIRD X0 5 BETSR D
HEWNTH DD, — B Tlibhs L) XHoT AL
F—M T, 20ORVIDLL, BRI Ra T
ANE/LIEDH L. FD2D, IVEST T T 4 T,
XBEEDO T Y M T A MELNDE K9, HHIEKOBRIES
RBUEND B BN R )L F — D XK E S h
HMo% —4 v FOXMESFHENS.

XMER, BT 14920 Mo ESNBET 2Kt
KV SHEKVOEET (ZhE2EEEEV)) T
w, =7y b B (5 =4y M) RSB
U5, HBXHZ S CICHEXEZANT 272008 E T
Hb. HEXHIE, IESRABETLS -7y Mo
MR THBEI IS R b N2 T 2 IV F—HSF & L TR
SNdDT, BEESKESZ AT —DHEEEART ML
Ehen. —, FEXBUE, =7y MOEBTOAV
F—WEM AR LA OB AN F—DOXHTH Y,
Mo D4FEX D T AV F—13FIC17.5kV & 19.6kVTH
5 (ZZTRK EKDAZRT). JFEXHRE, EEED
HUEXBOZ AN F -2 B THOTIHET D, Mo¥ —
Fy POXBMEEBR LY YES T 7 4 EiETIZ,
28KVAHEDEBIENL S FHEINE, LizdsoT, <
574 THHENE Mo —7 v hOXEED S
ENDL XM, HIBIXHMH GEEEANT ML) EREXH
OWMBEREENL T LIk D.

XHEDP L DX E TN L IEITAE R T AV F— K
DREET B, 7 4V 5 DX OFHH AT
REEND. Mo —7 v bOXWEEMo~v TS T
74 EETIE, Modb L IZey a4 Rh)ZMNM74 V%
ELTHD Z D%, FoBRHIZ, #IE < EoBhn
BRLEMIANE L, IV P TAMDRT2LE
WAV F = KGO N 2 K S, Mo DIFME X% 5

88

—_
o
T
1

BEEE:28kV

I | —— (Rh/Rh)

— (W/Rh)
(Mo/Mo)

o

=3
T
1

R L= XIR DR
o

0 5 10 15 20 25 30
XEEDIRILF— (keV)

Fig.2 FYVINRVET T T4 EBTHEDNL LI TR
72Rh/Rh 7% & FICW/Rh i D T AV F— XX 27 |
Vo—pBl e LT, Mo/MoitE D AR bV
N7z, BARZ PV EDIRDEHWIREE THAL L
TWw5

BRI LZENTELZOTHS. Fig. LIZRT L)
12, Mo% =7y bOXBEZMH LIz~ V€S T 7 4 3%
BEOXBMOILANF—=ART MV, FkX#snAr 4 vk
%5, B, XHMOMEEMEIIERT 0, Dk XHE
DY =7y M7 A VI, ELTREERERLT
. BIZIE, Mo —7% v POXHELRhOMNINT 14 WV
7 O¥A1E, Mo/Rh & FKit9 5. Mo/Mo DHVE L, 1%
XS A A ¥ OB HAEO BRI RV F— A7 b
LR H BT, EEREOETIZL > T AN F—
AR MVOBIRZZEZ B ZEDHEL L, EWIEREIE
FERLG 7 EROCIRE O XKASIREICLER LA ICH L. #
T, F0LIBRIABEOWHIHIETE S X9, Fig. 1(b)
RTINS, 74 VFICRhZM) 210X - Tt
HEWALSELYEDD S (KD O T 3L F—7%,
Rh?iE9) A Mo & 1) b 2keV~3keV L ).

3R @ Mo/Mo %> Mo/Rh DFEIE, #fRIZ7 4 VA% H
W VR IAEETEICHONTW S, I~
VET T T AEEOT VI MMEER, ogliigE T 4 v



Jpn. J. Med. Phys. Vol. 41 No. 3 (2021)

ikt

LATWEARL, ava—y—RElDE=y—ICHELTH
WMid 32X 2%oTETVE. COFTINIVES T
T4 EETIE, WRIRIA A=Y T T L =75y bS
AT A4 T F=2fibIs, ZOFIIIMEIZEID, K
MDD FTAFI v 7 LY IBIENBY, T4 ATLALTO
RO Y M A NOREPWEEE o722 L5 DY, 7
VINIUVET T T 4 EETIE, RbWF—47 v FDX
WEMEDNS L ) IZ% - 72, Fig. 212, Rh/Rh 7 5 NI
W/RhDAXRZ M IVERT. WZ—=7 Y FOXHED AR
7 Wi, HIEIXBORDTO— R ARZ MV EGoT
W5 (MEIZI1E 8keV~10keV IZ L, & Ly D45 XA H
5, RadfIN7 4 V712 k o TRIZWRILERTWS).
B LR LT U= F R AR FVOXBHRY Y ES T
TAEBEBDTFTTZIMLIZE o THDLNDS &9 I127% 57295,
— WO X D % 100kVIELOFEIE (ZAVF—) T
DFLRALE & NEBF OB TR DB AV S W LICE D
DIZRVDT, Y VEZFTFT T4 TRWE—7 v FOX#H
HETH30KVHEDEBILOXHAMHbINS.
UEDEHZ, Y EZF74TlE, HEOEEE &N
B EOREZ M S8 5700, s RBE RIS S
n, FIHENTWA, Bik¥T5 L9512, ERifo~ 7
77 4 HXBOEE N — < BHETIE, WRERE) IS0
BEICHIGTE 2 X9, MEONRE EDTE 7.

22 YUEIST 1 BAXBOETH—IEgED?
RUETTTA R TOIXBOZRE T — <AL, AT
PR A 22 B 2 e R L LTWwb. BUE, E
BIFCIlX, XMooKy —<EEoME, SBEN
10kV 2> 5 300kV DHIPHTIT 5 TV 545, ZOEELOH
P (2FY), ZRETORBOHMME) % 1HOFATFARH
HIHZERBHMATHAN—T DLV, 20720, HER
WCix, HEEII0KV A5 50kV OHiPH %k X, F
72, 30kV A5 300kV O#iIFH &2 P XAH & LT, s
WIS D ¥ 70 2 2 A O AT PR B 1 225 AR RS & W
TWb., IVEZ T 7 4 HXBOFATFARE H 22K
X, MXBHEIEHTH 5.

Fig. 312k XML M X MO ZNZFNOKIERE DG H %

X-ray tubes
(Mo, Rh, W anode)

exit aperture :
F

&

additional filter
(Mo, Rh etc...)

turn table

| S\ ([(F120deg)

Fig.4 ~ VY797 1 IX#5EAELE (Mo/Mo, Mo/Rh,
Rh/Rh, W/Rh, W/Ag, W/Al DR A% 52 T e

High voltage electrode

Measuring volume
Reference plane HV

(577 mm?3)

e

[ 111
[T
l

Diaphragm

Signal  Collecting electrode
Guard electrodes

Fig. 5 #XMHAK O~ YT 57 4 XM OFAT AR
H HH 22 SR B o X

RY. Fig. 3@ IRT LI, v¥ESS 74 JHXHD%E
AN — <M, XL URIESICHEESN TN,
Fig. 3(a) 2BV T, BHIEO MO EREFE O 2k X
OHE (QIHEY #1S0-4037Y ¥V — X2 L) OXHF
RBEEDS, AN~ V' T 7 4 I XBROBE O X #Fsk
BEPENZTNOPH I N TS, 2B, FHXHETD,
QLB 72 &5 NIZIS0-4037 ¥ V) — XA EOME T, 25K
H— <O EIT-> TV 5.

Fig. 3(a) T OLROEHFEO I SN TV B~
757 4 X0 XHFREEEOG H% Fig. 4187,
1B, BRI —~<EEZMHELTCVAEI Y ES T 714 XBO

89



PREE P 55410 35

Table 1 #ERA TR O XD A — < HE#EO—EL. CCRI (BIPM) &R L7 I3 ISR (Fah) THATA2HETH S

A LR
XHRiE BRI XME S =7y Mt R AN S
(k=2)
[/9:¢ 10kV~50kV W (Tungsten) - QI=0.4,0.5,0.6,0.7, 0.8 ~1.1%
- ISO4037N
- CCRI (BIPM)
TUVERTT T 4 XM 20kV~40kV - Mo (Molybdenum) + Mo/Mo, Mo/Rh ~1.1%
- Rh (Rhodium + Rh/Rh
- W (Tungsten) - W/Rh, W/Ag, W/Al
rpORE X R 30kV~300kV W (Tungsten) - QI=0.4,0.5,0.6,0.7,0.8,0.9 ~1.5%

- 1S04037N, W, H, L
- CCRI (BIPM)

MUE1Z, Mo/Mo, Mo/Rh, Rh/Rh, W/Rh, W/Ag, W/AL & 72 -
TH D, IEC 61267 (JIST 61267)"% O —ZBOME b #
N—=LTWw5b. Fig 4lIR-TIHIZ, vV EFT74HOD
X#HEE LT, Mo, Rh, WO SHHID ¥ — 47 v b O XS
AL TS, SHEOXMIEIEY — 7 —7 IV RIZi
BEIN, INOLOXMEOYHZ ZBHTITH) T LHNTE
5. B, XHEE WBHORERICERLTY S KERD
THEHODLDERFHL TV A,

Fig. 5ICKXMB O~ V€7 T 7 4 JH X OFAT A
B HHZEREHROBRN 2 RS, AT PR HHERE
BEAIIE, IS, AWML, WEEM, REER, EEMm T
R S, AT S T b, AP 2
KAEBEFE TIX, ASTL % L HE TR (Reference plane) & L,
AL 058 U 7= XS & B R E T A dbL - P 12 5%
L7221, SEEMIC L - CEBEMN (ESER 2leL,
MR CORR A —~ (F) ZREL WA, 2
Bh =<K, BROWMH (BR05HA+ vkt E—xt
BT 5720 BERFY IRV EF—) ZHWT, kD)
RTRFIENTE S,

% I VI/air 1 i

i

2T, NIBEEER, miIBROERE, Waleldek
DOWIE, gl IBEHRROEE, kilZ TR A HZERE
HERSORIIEAR I CTH 5. MiIEAREIE, AN —~DERKE,
AR 225 BRI C & 2 EBEoME & ORI TEL HH
BEEMIET 27201/ TH Y, BETEIZEHIG L
TWa, XM S5RIIY VTS T 7 4 XSRS —
<R CIE, NHEBEOMIERESH 525, ERHIEE,
22502 & B XKRROWEIK$ A HH1E, @EELSICx§ 5
ML, @OWHD T &)V F— KL 7 & ONC — K A Bl TR
IS AHiE, 932 THsH. OIF, ML S HEEM
FCTOM (8ecm) THEUSERICTL 2 XBOMEIIHT S
WIETHY, ~VEZT 71 AXBOKE TCOMIER T
1%952% &L %5b. @IF, AFHL%E & CTH U2 LRI

90

FTAMETHY, YV EZT T 4 HXBOBETIEH
0.5%DHIEL 7D, @I, ZROWHD T IV F — KT
PEOHIE & —REMBEOFIEDOKETH Y, YV EFT T4
HAXBOMETIZH0.3%DHIEE %25, ZTORDHIER,
2016 4 @ ICRU report 90" D547 % 2 HI2, #ERIFD X
MDZRR N — < HEHETH 20194 N HBEA SN2, 22
TIE—REBEMEDOM LI OV TOAMHIZHTT S, 20
HIEIE, AT E 22 A T, XfE =25 e 0
MEMEHCTEC-EWE, RET LR EDHEMEMIC
Lo THLLBMEPRNZCHMESINL -DIZBEL &
Y. DF ), —KEMEOMIE L IE, FATEAE B2
REMAETHESNLIEMND, ZROWHOERICE
FNLVXME L E OMENER CTH U7 Barw 2 fiE s
5T LEEKRT S, B, ARTIEEIET 25, KA
LWy E7 774 HIXHBOIANF—HIETIE, 20
MO IEAREIF0.1% Kl TH 5 1.

B, BXBeONII~Y Yy ES T 7 4 AXHOZER D —
< HEHEDOMIENEIZ Table 1O EBY THAH. VTS T
7 4 AXMOER N —~ I, sakotBY, 7rus
REFVINVATHIHENTWEDIFIZETOMEE D
N—=LTW5.

2.3 EEFENEZFEOHESR

ZZET, ERIOXBOLER S — <RI OV T
SR LTEDS, 2R A —< DR ST,
OFELHEBNC BT 5 ZF 0w H ol b FEE 2R 0 EE
A\, FERIICIE, ~VEZ T T4 XA a4
XD — < fEie o EFR R S % fER T 5 720, H
BEERICBM L TWwWA. 20 —< %213 U &3 5
ORI O FF I, EERE R R (BIPM) 25 F 4k &
Lo TIToTWnAHIENEL, Z0OY4, BIPMIZKED
LI o 2 55 5 AR, B MEO R E T, ([
HEMOMEET > T D, ERIFZ ~vEZF5 74X
MDZBE S — < D W T, 2009 4F & 2020 4F 12,
BIPM 78343 % ERs LR (BIPM.RI(I)-K7) (Z&L 72,



Jpn. J. Med. Phys. Vol. 41 No. 3 (2021)

20_x T T T T T T ]

15 Mo/Mo 28kV

BIPMED X E (F5 %)
o

NMIJ PTB NIST VNIM VSL BEV CMI NIM
SNtk

Fig. 6 <Y EY T 7 4 XMD25K I — ~ 1Lk o [7 B3 F ks
Bo—F). HEdi: BIPM &8 5 & Jie & L - Muf 7%
TR (0F), 51305%%RT) TELTED
NMIJ 2 ERE DR R TH 5. =5 —N—1F, EE
W OMGHERAE 2 S (WEfRiik=2) 28T

BIPM.RI(D)-K7 D& F OFER Y % Fig. 6127 T. Fig. 6T
1%, Mo/Mo 28kV D % F o A % /R 3 28, K 25kV,
30kV, 35kV T b 1T-> THB Y, FEM % H 1% BIPM Key
Comparison Database (KCDB)'? THi#E T 5 Z L AT X
b, B, ERO2020FEDIEOMPIT T ZAEKIN
TWARWARDT, Fig. 6 DERNT (NML) O 31d 2009 47
DHDELRHS>TWA.

Fig. 6 1°5, RO~V EZ T 7 4 HIXBDOZR T —
< HEHE X BIPM % 13 U &9 2 4 [ R AR B 0 R & ASHfe A
KO T—H L TWBI L bh b, ZOEBEILEORE
BRI, vVEZFT 74 HIXBORR S — < EiHEIZO N
T, ERFTORKIEIL, Fig. 6I1RTHEBEE FPL—YEY
T A B AT A ORI X BAE & D S OFEPE TIH
FTHDLHEFIZLNTES.

3. FELHESEBRODREE

CCFTHHTIED LD, Y UET T T 4 HXBOES
H—<EROMEEZ[NLCET. VST 74 AXH
D2 H — < HEHELE, Mo/Mo#H 20 & P58 & ib#8 % B G
L, HfETIE, RWRhRWRhZ EFVF VTV ES S
TARBORET THRILLAIN=-LTBY, RVEF T
7 4 HMEFORIEST A IC B Sz L EZTw 5.

ST, EEE, RN T E0H - T, PEAROME
FIBMEE TR R Lo2odH 5. T OEARKXOMBEFTO
i, BRI Z TEEERIE 2 E oM I T 5
7= HEFICHETE 2N DH 5. D720, HMmD
A LTHEBREICHTIRED=—APHTETVE, #
ZCHUE, FERIECIIE XM E IR 0B B At
WAL, FEMABETEET CREAUREE oo —

i

HELTOERENEEZEDL) ORIEEHEFA LTS, I
EMMEBEORIEICOWTIE, EEXIHIUE, Bk
KA L2, RVYET T T4 21T L0, XD W
LREEAE L WAHTH L0, HILno—XIbzbh
H&9, FrEEEDHEERELZM > TWELWEEZT
W5,

SEXM

1) MR, BEEEGA, BENA v ES T T4 ORER
YA BMEEN. ¥y Y—5:222-233, 2012

2) EHERIAL, Hvp B2, FREREGA W o A L
ERFORIE. H ARG 2 MRS 71: 1251-1258, 2015

3) HABUEHS « XBE OB (55) WEHORIE L.
JIS Z 4511, 2018

4) The International Organization for Standardization (ISO):
Radiological protection—X and gamma reference radia-
tion for calibrating dosemeters and doserate meters and
for determining their response as a function of photon en-
ergy—Part 1: Radiation characteristics and production
methods. ISO 4037-1, 2019

5) The International Electrotechnical Commission (IEC):
Medical diagnostic X-ray equipment: Radiation conditions
for use in the determination of characteristics. IEC
61267, 2005

6) HABUET 2 © I XM 8 — 4R e 8 (2 2 O
4ft—. JIST 61267, 2014

7) The International Commission on Radiation Units and
Measurements (ICRU): Key Data for Ionizing-Radiation
Dosimetry: Measurement Standards and Applications.
ICRU Report No. 90, 2016.

8) Takata N, Begum A: Corrections to air kerma and expo-
sure measured with free air ionisation chambers for
charge of photoelectrons, compton electrons and auger
electrons. Radiat. Prot. Dosimetry 130: 410-418, 2008

9) Nohtomi A, Takata N, Sakae T: A correction factor for
effects of scattered X-rays at calibration of ionization
chambers in low energy X-ray standard fields. J. Nucl.
Sci. Technol. 44: 109-113, 2007

10) Takata N: A free-air ionization chamber with a large
aperture diaphragm. Nucl. Inst. Meth. Phys. Res. A 619:
216-220, 2010

11) Kurosawa T, Takata N, Saito N: Effect of the diaphragm
of free-air ionisation chamber for X-ray air-kerma mea-
surements. Radiat. Prot. Dosimetry 146: 195-197, 2011

12) The BIPM Key Comparison Database (KCDB), https://
www.bipm.org/kedb/

EE@EN

Her % G- 25005)

(k) ESTIFFE R e N SEBUAN R G2  FATFE R
(HM ) BEHRERN. <Y X574 2300 & T 52 MH
WO XMDOZEE T — < EDOBTE L MR 27> T 5. F/2, &
L, XSO RURHER B HEF L — % — oM il B 5+l Bl
DORFICHEF LT 5.

91



R 5415 535

(3 121 [l H AR B2 Blag i R R H54R)

Jpn. J. Med. Phys. Vol. 41 No. 3: 92-95 (2021)

By Y RTT L3 HRFEDOBEGHREIREBAM —# % & RK—

3205 ADCT## IVR-CT O A H

e

LR S A € > 4 —  IVREE

Efficacy of 320-Row IVR-ADCT
Takeshi ARAMAKT*

Division of Interventional Radiology, Shizuoka Cancer Center

IVR-CT was developed at Aichi Cancer Center (Japan) in 1992 and is now in use worldwide. It was developed initially for the

purpose of performing CT more easily during arteriography, but also during non-vascular IR procedures such as biopsy and drain-
age. Four-detector-row IVR-MDCT was introduced to Shizuoka Cancer center in 2002, which was upgraded to 320-Row IVR-ADCT
(320-IVR-CT) by 2013. Although we performed an initial investigation into the efficacy of 320 IVR-CT for vascular intervention,
the direct MPR method using volume scanning is predominant in the field of non-vascular intervention. In this review, we describe

the history of IVR-CT, report the efficacy of 320-IVR-CT for vascular and non-vascular intervention, and report our experiences.

Keywords: IVR-CT, interventional radiology, direct MPR

1. FUBIC

IVR-CT & i3 M&EHor i & X CTOEAKTH Y, K
WAEILHT 5L A0 D 5. BN, JFHES
DOBWNMERER T CT (LN CTA) 23AHTH A LM
HMONTETWRYY, —H TR 202, B
ZhHT—=TNVefHALKECMEEZZE L XHMCTED
MEZZX MLy F v —IIREETITERTHLENRDH), Th
ZBEOTFEREMR, REMEOHNLOAE LT, TOM
DOCTHZ Z LD TBLLELR L, MO EH LOWTD
DS - 7. T OREZ EIT LB ENTODIVR-
CTTH D, 19924FICFHRELA Y Y § —THE—FHEIK
B L7 (Fig. 1). S RIARFRFEOEHESM L LT, TDIVR-
CTDMEHAE, T L TREIZOVTHRS.

2. IVR-CT DORFY#]—Helical-CTEEHET)L—

IVR-CTEHiE D & B, CTA % WATIZFEEIZAT 9 2,
L) ZLERHME LTHE SN HEEOZHICEW
THRBRGPIREGE T CT (LLT CTAP) & #&IFBIRN CT
(CTHA) Z A GDLELZ EDHHTH S Z LB S
NTHBY, ERIMEREEE CTHREZOMZ AL Y
F o — IR RERTERSETREET> Tz, —
i, BFEIIRICIIBR 2 2R 525, EOREFEM LBt D
—DIERMOLELITENRE AT 2EF DD 5 (Fig. 2).
29 LERNZBWT, CTAPIZH] EFivCAMEIR,

Bk, GHFEIR2S CTHAZ ZNZENATBHI & T4 L,
L &b A, MEFREEL CTHREZEOMEIT &%
FTHLULERDD. ZIhHFERVTIVRERZITE D
ETE, BEHCTHREDZOICMEREE & CTRESE
ERETLLEND L., ZOZ L RXERERIRETH T —T
WEIFASNIZBERZTEAEPDOA MLy F ¥ —ICBH)
L, ALy Fx—CTHREBHZIT, HICHEHICES
BT, LWIOEEEBRVBRLITY) 2L REKRLTED,
BEOEAN - BRMO A% O THRAEZOEH b FEH

Fig. 1 The original IVR-CT system, which was first intro-
duced at Aichi Cancer Center (photo courtesy of
Dr. Inaba; Department of Diagnostic and Interven-
tional Radiology, Aichi Cancer Center)

* S (corresponding author) BRI ATA X v & —

IVREF [T411-8777 i IRER TR BT T R & 1007]

Division of Interventional Radiology, Shizuoka Cancer Center, 1007 Shimonagakubo Nagaizumi-cho Sunto-gun, Shizuoka 411—

8777, Japan
E-mail: t.aramaki@scchr.jp
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Fig. 2

i

©

(G)

Images of a patient who had replaced right and left hepatic arteries. A, DSA of the replaced right hepatic artery via the

superior mesenteric artery. B, CT during the replaced right hepatic arteriography. C, DSA of the celiac axis. D, CT
during the common hepatic arteriography. E, CT of the replaced left hepatic arteriography. F, DSA of the hepatic
artery after redistribution. The replaced right and left hepatic arteries were embolized. G, CT of the common hepatic
arteriography after redistribution. The contrast medium is seen perfusing the whole liver via the common hepatic

artery

Hol.
H5b.

IVR-CT O I & He5z F CT 2B\ T oA F 1k 1E 24 e 5 1
BASAt Y 7 =D 5RO NT2 A DRI H D I Hainv
MBI ENTELND?, IVRO-OD%RE & L CIFMmEF
FRDIVR, B 21 CT ThitEMize &b R L D frbh
T&72Y. Zo#, CTidHelical ScanlZ7 v 75— b &
M9 [6]1 12 Single Helical Scan % CT & H12 b W3
5 X9 o7z CTEROERIC X Y LR KA L
L72DIEE) T THRWA, FEIS WIS % H R
LSBT A2 bEE ko7, FOLEEDI LA
Ll E - Needle Holder DEZ S D v 1Y,

ZOMEZ RRT LB EINZZDONIVR-CT T

3. MDCTHEHETILDES

MDCTH##E F NV OBBIZ L DV o/ ELh 2 S h
720, ZWIHEERDRE L &2 0 (Fig. 3), MM L 0%
GEkhotz?. Tabb, CTIZBIT %4013 Axial Wi
HIEARTH BH, W Z L 8HE% Rk o 254812, #H6
DR TNz, HiHWREMICT N0, o
THhEBT L7201V bEnEEEHLIVET M) %
BEI S 0EPELL. —HTEWRFERTHIZE, &
TAHERTOESL SICFN0»2RT 200K L
b, bHAHAZOHEMIELEER O CT A 5 WA
F o220 TCWXHIVR-CTIZLHEWMENDE L H 12k o
2. bR ARICMBHRS AL Y 7 — BB (20024F) 28R
A L72IVR-CT 2 4 FIMDCTHEF NV TH YV, =W
FORD CTEHBEWET VTH o 7.

Fig. 3 Triple axial CT-fluorography imaging. Puncture
point was planned in center imaging however the
needle tip was misalignment cranially (white
arrow) and the needle tip was angled caudally
(arrowhead)

4. ADCTHEHETILOES

ADCT##RE 7V DBHHIZ & ) WRTTH 7 CTA D
DSURE & 72 o 72, ZIRTTO VAR IRE R il 2 2 72 Pk
JCCTA, YWNESOBRWZICHS T2 MR Z -
Twizhs, Visual W2 BHKIIENL TS b OO (Fig. 4)F
BRCIEZWICiEd ) HEKL 22 o 7. £ 72 Volume
Scan |2 & % Perfusion Imaging 23T 4238 % Target & L C
T25 59120, —RZiEr 2T 2O TOZ
WriCH 53 B8R L % o 72 (Fig. 5). i) CPU O3 )%
M\ &M F > T16em I Volume Scan % 1 [l TIT 2 5
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Fig. 5 Perfusion CT imaging. A, CT during arterial portography (CTAP). B, CT during hepatic arteriography (CTHA). C, Per-
fusion CT (arterial imaging). The white arrows indicate a liver lesion that is difficult to detect on CTAP and CTHA. The
lesion is clearly seen on perfusion CT, which enabled transcatheter arterial chemo-embolization to be performed

Fig. 6 Subphrenic abscess punctured using the direct

94

multiplanar reconstruction (MPR) method. A, sag-
ittal; B, coronal; C, axial; D, and oblique MPR im-
ages are shown. The abscess was difficult to detect
by ultrasound. Therefore, we planned CT-guided
puncture and used the direct MPR method to
avoid the pleural space

LT, BHOSBLIIMPREGEDSHIESNS X HICRD,
& % A% “Direct-MPR#E" & #i3 %, 1T 13 Real Time D
Oblique ZEHI ST fE & 72 5 72 Direct-MPR #: 13 Z 1
F CTCT T WHETDH - 74w 2 SR 7 10 2 S O]
RSB0 L, FEMERIVRANDIEH DL E > Tw
5% (Fig. 6).

fli 5, ADCT (A1 @ Safety Management (2 b 25 5-
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Pt M) HDVITEBRPEI 720, ) ETA
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5. IVR-CT DHEAR
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X UAFL AN AT A RAHENTMDCTHE#HE 7V
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Japanese CT Technology Active in the World: History and Future
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AR, F121 M HAREZWHA RS, 8ol
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2. CTOESR

2.1 Takahashi-Tomography

AAZED CTHM ##m T 512H7720, TFMhziTh
W RV, EBEREEEIC L > TER S XN
RIS ETH A, X113 1951 4F 2 K5 00 X ml dizAi W7 i
WHEELMAADOHBIEETH S . EiFJEI3 Houns-
field it 512 X 5 CTOWFFEY @ 25 41 D 1948 4: %> &
T AV A REREARE L CERBM A INORET—5 %7 4
VLADEELE LCREL, ToRET—7 % TRiE L
VAT T 1 7 TR B 9 % XCORRE Il W i s 1 D 78 L S
L., 19574E12 CT O FA G B oo FefiE & 7 2 Il ik Wil s s
DEBRKE R % F £, ROTATION RADIOGRAPHY" %
KFE L ZOBIMRELER 1966 4 12 B KM b
wEeE L UL, S o #L i ke < & i Taka-
hashi-Tomography & F:(ZAL7z.

2.2 HAEAEEEL
CTOHAEAIZI975ETH ), 1 7BRITE LT ER
KERMZEL V& —I1ZBASI N K229EMIAE ®

Hounsfield 1+ 5 281973 4F 125 L 72 MK1 & M E{ 4 T
PR RS T19754E 8 H 26 HIZHE SN 7z H AR TRA D%
BPERIES O35 # CT % TH S, MK1IEX, 7 b —H
K& R T2 water bagh3H V), FDRDITHIE D
U % AN water bag Z KT & 972 & CTREIET A4EAL
ATHorz. CTHEE LTid, HEME 100, 120, 140kVp,
BRI 30mA, MERE 8 mm/13 mm, HiiHi% 180 mm, 160
X 160 matrix, i 5§50 I 4 9 30 B ~6 45, FEHE I IHF [ 4 9
308 ~640T, 1E DY T2HDOMGEA 5 N5 Multi
Detector-row CT (MDCT) T - 797,

FEFEMOCTIX, X3a) [SRTHEHEHEHOH X T4
B CT-HY T 1975 45 12 F AR fE 1 4 Kk 2 (BLE < R
K& WCHEASN, £5HCTIZ19774FE 1 CT-W2 238 i
b3z, FABEIVSEITIIHELK3D) D4 H
TCT-60A % 3 L, EAL2AY Y ¥ — (BEASAMNTE
vy —hgube) CTRE LiRD 72, 2O TCT-60A 121
XS RIS —RTY 7 M A ERE SN TS
D, BEIHCEE I X B AHEITISE O W T A Xy v F B
CECHEBE A WRE LY. 4245 TREBRLT
LEo72h, BHOCTHEE IZE& e 72BETE—2
FEAR CT (Electron Beam CT: EBCT) %5t L 72D b &
ORIITH 5. EBCTIZKE D IMATRON2SHE % TH %
A3, RO EBCT 1 H AR T 19764, HAE T O JXV-
BATHo72. M3ec),d) (FIXV-3A L JXV-3BT, L4,
WL OFREMG KALHEFHE49-1 70 P = 7 b OHBI4
3 CTIXV-3ADSHFE SN, TRERF R IR BE 25k
B, IEBRERNEL % r O IR o LB RIS X 2 D& o b
IEFZEEI L Tv5 1,
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a) IIXMAFERE 7 4 VAT o TB Y, WHAROR Y 2 T 28 TH 5 V. b) (2l ABHE ORI T CTH 5 *.

2 EMI#MKI1 CT (19754F) O#HSEEIRFEOGH & BHE CT Wifg o 5.4°
a),b) MK1IZEHEEH CT T, EhSER, 7Y M) —, AT — 73E, HERESRE, line printer, HioE (2> v —)

THhb. o EARKETHIRYSNIHIOBE CTHETHS.

X3 a) WEEREJHO M A7 1 a8 CT-H (19754F), b) &HHOBEAETCT-60A (19784F), ¢) HAE M RMOE T —
2GERIE CT JXV-3A (19764E), d) JXV-3BO A ¥ 127 (19784E)

F Ok, MR CT 8 2 — 7 258 2 Hifir b A L 72
A5, XS RMBEIZ r — 7V THR SN TB ) AT
P L7z S WIS NS T 3 5 R H.0lE L 2 255 O
DHENTZ EAL RN, 1985 ICHZ DAY & 7 B A
Vo 7 2R G CERRE T RE % 18 A#E CT @ Pro-
totype & BEL, fBEVIEERIRFIERE - BAKRERD T
i &7z, RCTIEZDEEIZTCT-9008 & L THEMIEE
7S, KAt o 1A nl e e i 2 0 B AR 1 1987 ~1992 4F
THhO, st XD b 2~5FEAT LA L7572 TCT-
900S I1Z [ 4 12783 & 95 1M %7 % 360 BE o IR I L i
s, BHEEY v 7 OAMINICEE X 7z X o 512
o TXH SR LIRS T UL v &) BET 20 %
LT, g mEEAT fE 2% TCT-900S 1&, #IZH R
MERDBNYANVAF v CTEEORAEDFEL H W\
5.

2.3 1980~1990 FRDHAKRFED CT i

1980~1990 AL 1L H A D S AF D%  OFAGH A
mah, 2T [(NYAVZFY V], [UTVT A L
CTJ, [IVR-CT/Angio ¥ A 7 & ] &, L4HE TR
Bl )AL BT TV LEMTH S,
2.3.1 ANYHNAF ¥ LHA

BAE, BROP L REREETH LAY IV AT vy Vi
Kalender 1514 & 2% 1990 4F 12 ik 40 -G ik PR F 58 o0 3 2 1
AT 57205, FEITHZ TCT-900S DRAFEY — 7 Tdh - 727
— A DFHE UL ECEARETFZ G L T 5. HRICOFE
FIL 19824 12 K ETHIFE S, 1986412 KE", 1987
SETHIN'Y, 2 LCTHi 22 B8 b b ) 19944812 HA
THFFLY Shie.

ARPA 1L TCT-9008S FIFEB A SR I TV 7225, A
UANVEWEICE 2T —F 7727 NENMEERD, B
BEALICHEERF LS h o 72 La L 19874E I3 H X
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Genesis of Computed Radiography System: What is Born Between Imagination

and Creativity
Masao FUNAHASHT*

Morinomiya University of Medical Sciences

In 1982, the Osaka General Medical Center made a modernization plan and started construction of a new hospital. The new

radiology department was studied from the layout of the rooms to the newly introduced equipment and data storage system. Just
around that time (1983), Fuji Computed Radiography (FCR) was developed.
Using this FCR, we took on the challenge of the world’s first full digitalization of a general radiography system.

At that time, we took the following policies to improve the system.

(1) To digitize all general radiography.

(2) To review the radiography process, improve the equipment, and build a system to link the equipment together.

(3) Change the selection of radiography equipment to one that is compatible with the digital system (small focus: magnified radi-

ography).

(4) Convert all ideas, including image processing, to digital systems.

These attempts were successful and became the basis for the current field of general radiography.

Keywords: Computed Radiography, general radiography
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A Challenge of Digitalizing the X-ray Film Image, and the Recent Technical Trends

Masahiko YAMADA*
FUJIFILM Corporation, Imaging Technology Center

Fuji Photo Film (then), a chemical manufacturer that manufactures film, succeeded in digitizing X-ray photographs for the first

time in the world, and commercialized Computed Radiography (CR) in 1983. In addition to eliminating darkroom work from X-ray

work and improving the efficiency of X-ray work and diagnosis, this CR also played a role in paving the way for networking of im-

age information in hospitals and for computer-added diagnostic support. Nowadays, the mechanism of digital X-rays has been es-

tablished and is known to many people, but there was no precedent in the latter half of the 1970s when the development of CR was

started. In this paper, we will look back on the development process of such CR first, then we will outline the evolution of digital

X-ray detectors and image processing technology, and introduce the technology we have challenged to estimate scattered X-rays in

the human body.

Keywords: computed radiography, digital X-ray, scattered X-ray
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Current Status of Accelerator-Based Boron Neutron Capture Therapy (BNCT)

Hiroki TANAKA*

Institute for Integrated Radiation and Nuclear Science, Kyoto University

Clinical studies of boron neutron capture therapy (BNCT) have been conducted using thermal and epithermal neutron beams

generated from research reactors. Considering the spread and development of BNCT, it has been desired to realize BNCT using an

accelerator-based neutron source that can be installed in medical institutions. To date, the accelerator-based BNCT has been devel-

oped by combining various accelerators such as a cyclotron and a linear accelerator with neutron generation targets. In Japan, the

world's first treatment system using a combination of a cyclotron and a beryllium target has received manufacturing and marketing

approval as a medical device. In June 2020, BNCT insurance medical treatment was started at medical institutions. Currently,

BNCT is being performed for cases of locally unresectable recurrent or unresectable advanced head and neck cancer. In this paper,

it is shown that the history of reactor-based BNCT and the current development status and future prospects of the accelerator-

based BNCT, which has been carried out in advance in Japan.

Keywords: boron neutron capture therapy, BNCT, accelerator-based BNCT system
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Charged Particle Therapy Technologies Originated in Japan

Toshiyuki SHIRAT*

Department of Accelerator and Medical Physics, Institute for Quantum Medical Science, National Institutes for Quantum Science and Technology

A charged particle therapy was proposed by Robert R. Wilson in 1946 and a clinical study of proton radiotherapy had been started
at Lawrence Berkeley National Laboratory in 1954. Clinical studies have been promoted mainly in the United States and Europe.
However, in Japan as well, the University of Tsukuba (KEK Campus) and the National Institute of Radiological Sciences (NIRS)
started proton radiotherapy around 1980, and NIRS started carbon-ion radiotherapy in 1994. Following pioneering clinical studies,
now in Japan, many proton and carbon-ion radiotherapy facilities are in operation, and some vendors are supplying equipment.

Among them, charged particle therapy technologies originating in Japan have been developed, such as a respiratory-gated irradia-

tion technology, a spot scanning irradiation technology, and a clinical dose design for ion radiotherapy. I look back on them and dis-

cuss the future direction of research and development of the charged particle therapy.

Keywords: proton radiotherapy, carbon-ion radiotherapy, spot-scanning, respiratory gating, clinical dose design
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Fig.1 Proton spot scanning irradiation system and the
treatment room (upper right) at NIRS cyclotron®
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Fig. 3 Bird view of HIMAC (Heavy Ion Medical Accelerator
in Chiba) and the treatment room B for carbon-ion
radiotherapy (lower left)

Fig. 4 Schematic view of a single room carbon-ion radio-
therapy system with superconducting synchrotron
with 7m diameter and the rotational gantry with
7m length
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Ten Years from the Fukushima Daiichi Nuclear Accident: Were the Predicted Effects

Reported by Worldwide Experts Correct?
Hiroshi YASUDA*

Research Institute for Radiation Biology and Medicine, Hiroshima University

Since the Fukushima Daiichi Nuclear Power Station accident (hereinafter referred to as the “Fukushima Daiichi accident”)
occurred in March 2011, many experts around the world have conducted the assessments on radiation doses and health effects
attributed to the Fukushima Daiichi accident. During the months soon after the accident while the state of the nuclear reactor was
not accurately grasped, the radiation exposure of the residents was estimated based on the predicted environmental behavior of
various radionuclides. However, there were significant differences in the estimated doses and effects presented by different
researchers and research institutes. As investigations on the causes and progress of the Fukushima Daiichi accident have pro-
gressed in last 10 years, now we know better the situation and consequence of the accident. In this article, the contents of relevant
papers and reports published during the three years (—2014) after the Fukushima Daiichi accident are briefly reviewed and then
compared with the relatively new scientific information obtained in 2015 or later. Through these analyses, the author tries to look

back on how correct or incorrect the initial estimates were.

Keywords: Fukushima Daiichi accident, dose assessment, health effects, residents, evacuee, UNSCEAR
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HLZHEEL LT "IoRKA T~ EIE 100~
500PBq, *"Cs D@ H 12 6~20PBq D #PHIZH 5 & X

Pathway Input data
External Ground deposition

Plume modelling
Exposure Behaviour data

‘ "

Inhalation Ground deposition
Exposure Plume modelling

Behaviour data
Ingestion Radioactivity in food
Exposure Radioactivity in water

Behaviour data

Group and quantity

Representative
groups

1y old infants

(ages 0 — 5 years),
10y old children
(ages 6 — 15 years)
20-year-olds adults
(16 years and above).

Effective dose

Absorbed dose to;
Thyroid

Collective dose
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Dose and period

District or
Prefecture average
doses for non-
evacuees

Settlement average
. doses for evacuees

Doses in first year
after accident
Doses to year 10
after accident
Doses up to age
80 years after
accident

Red bone marrow
Female breast

Fig. 1 Task flow of the UNSCEAR's assessment of the public doses in the 2013 Report
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Fig. 2 The district average effective doses in the first year following the accident for adults living in/near Fukushima Prefecture”

(Reproduced by permission of UNSCEAR)
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Fig. 3 The district average absorbed doses to the thyroid in the first year following the accident for 1-year-old infants living in/
near Fukushima Prefecture” (Reproduced by permission of UNSCEAR)
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Table 1 Estimated effective doses of the evacuees in one year after the accident”

Settlement-average effective dose (mSv), first year
(—4F H oM IX P IR E, mSv)
Age erou Precautionary evacuated Deliberately evacuated
8o group (B 3 ) (T 3 )
Before and during | At the evacuation . Before and during | At the evacuation .
. .. First year total . .. First year total
evacuation destination evacuation destination
Adults 0-2.2 0.2-4.3 1.1-5.7 2.7-8.5 0.8-3.3 4.8-9.3
Infant 0-3.3 0.3-7.5 1.6-9.3 4.2-12 1.1-5.6 7.1-13
Table 2 Estimated thyroid doses of the evacuees in one year after the accident”
Settlement-average absorbed dose to the thyroid (mGy), first year
(—4F H o X Py PRI # R, mGy)
Age arou Precautionary evacuated Deliberately evacuated
8@ group (7 B e 1) (G 1 e X)
Before and during | At the evacuation . Before and during | At the evacuation .
. L First year total . L. First year total
evacuation destination evacuation destination
Adults 0-23 0.8-16 7.2-34 15-28 1-8 16-35
Infant 0-46 3—-49 15-82 45-63 2-27 47-83

Table 3 Estimates of "*'I and "*"Cs released to the atmosphere
published in 2014 or later in comparison with the
values employed in the UNSCEAR 2013 Report”

Table 4 Estimated external dose levels of the residents in
Fukushima Prefecture due to the Fukushima Daiichi
accident for the initial 4 months (as of 31 March

Total release 2020)11)
Author Ye.ar O.f [PBq] Dose level Percentage
publication
¥ ¥Cs External exposure (n=475,190)
5 <1 mSv 62.20%
Terada et 2?1. 2012 120 9 <9 mSv 93.80%
(employed in the UNSCEAR <5 mSv 99 80%
2013 Report) 5-25 mSv 0.2%
Achim et al. 2014 400 11
Winiarek et al.” 2014 — 12-19 Internal exposure(n = 344,565)
Katata et al.” 2015 151 15 <1mSv 99.9%
Yumimoto et al.” 2016 — 8
Kim et al."” 2017 754 29
Terada et al.'” 2020 120 10

HEIZOVWTUTO X ) IZHEmITTWw 5.
CHHIC L) HARD A & D32 T 7 3 LT
CEIRDEWT — AT, EEY 27 OWINE~0.1%
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ZAIE PG RS A RN H B

3. UNSCEARODFHIFIEULDDIED?

TlX, UNSCEAR2S74ELL ERTICHER L7z Lo AR
HIIE Lo 7eD72h 9 M. RIEHE—FEFR T, B4
BEHEOE=Y) VT = EPARRE L TWA D, fMASIE
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Group A:

Group E:
P<0.67%

i

Group C:
55.4% >P 25.7%

Group D:
5.7% > P 2 0.67%

P: Proportion of exposed external radiation of 1 mSv or more

Fig. 4 Geographic details of the highest-dose, high-middle-dose, middle-dose, low-middle-dose, and lowest-dose areas, accord-

ing to the first 4-month external radiation doses estimated by the Fukushima Health Management Survey'

Table 5

2),13)

Characteristics of the subjects investigated and adjusted relative risks (RRs) with 95% confidence intervals (CIs) regard-
ing thyroid cancers of children in Fukushima Prefecture'

)

Group (see Fig. 4)
Variable
A B C D E

Number of subjects, n 52,693 44,743 44,875 67,893 31,628
Age at the accident [y], mean 8.3 8 8.2 7.9 7.6
Number of cancer cases, n 15 18 18 13 5
Cancer incidence rate [n per 100,000] 13.5 19.2 17.3 9 8.3
Age- and sex-adjusted RR (95% CI) 1.62 2.32 2.2 1.02 —

(0.59-4.46) (0.86-6.24) (0.82-5.93) (0.36-2.86) (Reference)
Multivariable-adjusted RR including obesity 1.68 2.4 2.16 1.05 —
(95% CI) (0.61-4.62)  (0.89-6.48)  (0.80-5.82)  (0.37-2.95)  (Reference)

BiE < lzownT, LD —B TRl X - & o
BELERNOT V7 — TS L 72 &% AOfTEhELEkC 2k
DWW THERT S N2 R TlE, 100% 3T € 255 mSv UL F T,
BLEWVWAT25mSv & 25 TH Y 2, UNSCEAR %32013
FEREETRLEBEROENREDO LNV (Fig. 2 &
U'Table 1) &R UREICR>TWA. 72, HiAHETHT
Ral, BT AR TROFmE->TEBY, 202
& 2013 EREF DM EH R L ERT 5. HIRB ORI
CIZ2W T, VIO MASH EELWET — & D
REDSHD T2, VU — A% — 21 LA U < HAREOHEE
IR E LTRIED S D 5. —T, BREEFHAT
BONTZHIREAA OFRERE R T L ICHRTHRLZ L
T, UNSCEAR OHEEMAE Y7 L NV Td o 7291
THIENTRETHSL., ZHICHL, KPESW ik, w5
BT T 2 HE5E S MM BIE R EIC L s T2 7
V=T A~E)ICX5 L, ZhENIZBIT S FIRR»A D
BAEFEZRL 7 (Fig. 4 X U Table 5). Z1Li2 X g,

Group A~C, 2 F DA BT CHMEDO L XA L D FHw»
HIR I B W THETHIRRDADZ W E I ICRZIT S b
(Table 5), BADHEBL RN LD DY, WEFFW R
HEAEIROLNZ V. 2D ik, UNSCEAR% 2013
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Radiotherapy Dosimeter Calibration for Absorbed Dose

to Water Using Medical Accelerators

Morihito SHIMIZU*
National Metrology Institute of Japan, AIST

A calibration service using a medical accelerator has been launched to calibrate a radiotherapy dosimeter in terms of an absorbed

dose to water. The radiotherapy dosimeter calibrated by the calibration service can measure the absorbed dose to water without a

beam quality conversion factor. In this paper, an overview of the calibration service for a high-energy photon beam and a high-ener-

gy electron beam was described, as well as methods of absorbed dose measurement and cross-calibration using the calibrated radio-

therapy dosimeter. And the development status of a dose standard for a particle beam was reported.

Keywords: primary standard, calorimeter, absorbed dose to water, calibration, standard dosimetry
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DW»Q(d% AU) = kfée,g\mNﬁDeﬂl"ithMgeld (12)

T TMENE T 4 — v B EE O PATEHBUR B HER O
IEFEARETH 5.

1 T AOV F — FE MUK R AR 2 D 72 KRR
EATWOARHED S 2 E5IIRT. B ANVF—ETHOY
BB B Nowo T 7213 Nowo, = FERIF F 721X JCSS K
EHEEPOHEZONIEAE LI —F =D HAKIET
7 4 =)V RGO AT AL B A O Niwe., % ET
LMENEZDOND. Nowex HH 25461, KM
FHU O R S E2 1% IR T 22 EHNTE D

2 3 4 5 6 1 8 9
Beam quality index: Ry, / g cm™

4 Roos B B4 (PTW 34001) O 5B 28 4R B o e .
@ LA E O AV F — BT R IR AT i o
fti. MBLOLIDHF ¥ 7N —TOWEW Y, AR
PTB (K4 ) Z L —7OWEHTH 2 Y. 5 —N—
AR D X 2R LT 5. B e S
12¥, fk#iE TRS-398", 51 Muir 5 ' O #E 2
PSR ORI AE 2 7R T

A%, Nowa. @ F 2 A I8 B AR O AN S 255
B CHIEEATED S 1.2% £ % 5. Nowe. 2 fiHT 5
rr—Z21Z9MeVARMDOE T AN F—BT-HE2MET S &
THHGEREINS. IMeV RO T 2 )V F—~DFIE
FOPIRITOWTIZFERF LI HA TV EH, RS KA
DAL ORE SIT X o THBEPD OLRFED SHKE
%% % 728, I 7 KW EHI O ASHE A S 13 Nowg.
PHHALEBEGEELOLEVARAERoTVS, 21—
W=D HAIE T Nowe, Z RET 2HAEITOVTIE, H
HALIE DA S 2 IEFHEH L W L XV o fllE
BNV L—HF—1lHDEWELT03%E L) 2T, M
WHEREARTEN S 1.2% & olz. T—HF—I12 X BHHEKIE
DAMED ZIZDO VT L= =DV HHh S DOMGEALE T
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HDHH, TOIEFIRIEFEEDD Nowe. 252 O
WELHRTAMENSITRELREN TNV EEZRLTE
D, HEREDHEHZRIME L >TWV5.
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DEALDH TREEMBRHERE L TWDH LI AHIZH 5.
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FHIEREDAFED Z AR E W2, 757 7 4 MR =%
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&, KD E EAAT (K] 205 2O % F KBRS Dy
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2T, ew kg 'K KD TH B, kel FBKRIE
WIETH Y, B L0 THE S b T AL F—OHiIE
THb. kIFITALNVZEZBLETTANF=IEHT
20T ABYEERMIETH D, k3N T AN E
DKTIE RN T 2 AWM IETH D, b (X
OB SATN ST BHIETH B, kot & DBV IE
FREE & TR SR S EBRIYICE T & 5 2 &5k h b
=X =TI ROHETH 5.

B F-#R D KGR R 00 B S8 VL BERRIE & SRS, [
SERAGEY V7 —HUEBE, A T4 R R EBSE TR G
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2, ER7T Iy =2 iz B VT, KIEIGEREOFHI
BLUOT7 7 —~EBHROKIEZ TV, REEER O
lizA7 - 72, S NTEEBRBOMEIX Goma HIZ X -
THRESIN TS Geantd W2 EYTH VT Y I 2
L= a Yk A B ERRBOGHER/RRET L —HT 5
BRER-oTWD, BEL, REV—ERET AL
P O FH ) i 7 & o GVEE BLBUR O RET & HED Tw
5. BP0 KGR OB R EIX 2T &k
, EIIRIEY—C20RMIECDH L. EHOB T
WG L 18I L7 <, FEBBLS L THMo
JOSSHIEHEZ T T A LId v, TDd, —K
MRAZHERR B C B 2 MERF A BIMAR IE 2 17 > TS % &
L %BH, TRTCOBGTFHIGHRMZZ N> TRIEZ1T)
CLBARMETDHS. ZD72%0, FIC1, 2 W TORiRZE
A CTEE O R S HBO Bl 2 KIEST 5 2
LR BDY, IERAT ) Mgk % e, Mk AeE ) BH
IOV TORADT D W E AR DGRE L 72 -
TWh.

PEFRRD R EALRE DN TUE, FTRE F R A0
Zeii O HIMAC % LA AJH LT D TB Y, Krn

K5 KAa)—X—%DNEE (k) B (G). EEEOKT 7> PANICEBEENTVREONRAF AL ILThHY), NI
KBEASINTWS, HAEHEIFIKT 7 ¥ b A ZEEANICEN L 7DREOERE, HEEEEEET, Y= 20 AFHmHIc
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Radiation Carcinogenesis in Animal Models: Part 1

Masaru TAKABATAKE*, Kazumasa INOUE, Masahiro FUKUSHI

Department of Radiology, Faculty of Health Sciences, Tokyo Metropolitan University

Exposure to ionizing radiation (IR) increases the risk of cancers, as epidemiology studies of atomic bomb survivors and patients

who have received radiotherapy show. The carcinogenic effects of IR are well-documented, although the effects of radiation carcino-

genesis change in each organ. The mammary gland is known to be highly susceptible to radiation-induced cancer. We have previ-

ously reported that (i) differential DNA methylation patterns in rat mammary carcinomas induced by pre-and post-pubertal IR; (ii)

the effect of parity on rat mammary carcinogenesis varies between pre-and post-pubertal IR. In this review, we summarize our ra-

diation researches as well as related with other radiation researches in rodent models.

Key words: radiation carcinogenesis, animal model

(F U &I

SHOBEERASEWTIE, F1HTHmWETVE W
TR RIS DAL, 5 2B CHRUNMEBIEHE R &
L7zadk— MF%E, B3 CTHEE Y58 B 5 PETH
[RAAITE, HATBTA v Fadubhe Lic@mnNy 7 75 v K
WD TERE GOV TENEFNOH MR AM@I L T
<. JRUBBRE AT H R MR & 2 72 B O
B O RGIE L, PAD) A2 % EREEHI LN
HhoTw»D Y, BB oM LA S, JTERUR R
EHREE T B EEOBIIHEML T 5. BRSSP
WS LICRL D05, AL, BUSHBEIE I X 2R A K
ZHOEVEIRDO—DOTH L. HFEHOIE, ¥T7ART v b
e EOFEBRE E H T, BRI BOY A7 R0
AN ZALIDOWTIEE T > T &7z BWFEEIL, F0
AEROMH, B 354500, BE SRR TR
W CTE B 720, BABA) AT R5T A K = X LRI
HubHhTnwd, SHOKHTIET v FAPAETVEH
WEH S OWIRE RN LoD, BT 2 BETRIEIT AR
BT 5 A BT 5.

1. TEHNROBSRRIESTHER L
S v FELDAICHIFT D DNAD XA F)UEDEL

FLIRIE ST & BB AEZ DN S e 5N T
WaA, TORKE LT, BEWEGROFABRI LR VE
YOFETRELRE QLS ELITETHM - kT

ZENEZOND. ARSI, MR AERIE S®H L
KXo THADPAEZFRTLIENTELTLE D
Sprague-Dawley 7 v b & HI\WC, BEMAHE 3F7-1F
THER) RIS S OGFR-2 Gy) &8, ZOBROIL
BADFERAYN A7 BSEBFEMHEOBIL < D13 5 23 BT
Iy Enwzl, ELAABAOYT YL THRELRLZ
&, FRBEMRBOPIE L TEULAPADOH THRIZT
BHONRY — VBRI EERELTVS Y. U5 1E
A0 S O FETISE L7225 v FFLDSATH LTl HaE 5
MWADEBTH 57 ) 25 DNA DR % HFE I IRAT L 72
A, BIETHEBANY - OEVEHBTL L) BT A
DNA O RINIFFEIN R iE D RV L 2B LI L TW
59 AAEDOMIEN S, EWIIDNAR L A F Y ~DOHBK
B bS58 %8 L C, RS OB E b3 Ic#E s T
FEHARE L, RE,SORFBISHIE L TWD 2 225
PR oTWwWAh, ZZT, 7/ ADNADOEHN #2Z{L S+&
FTIBETFORBREZALESELIE V22 T4 v 7 (F72
BT EA ) L) HbEDS, CORERFEHN T B TH
ENTZADBADBRTHBAZH L T 20 %27
BEMHBZOBEHERIEZICE VFERENLT Y PP A
EFIVEY2ATA V7 REND—DTH5SDNAD X F )
L(Fig. DICAHEHLT, 42707 LA ZHW7HRN %
FRFTIC & D BR TR OBREZ Iz BENNE 213
BOBRGHREIL IS X D FBRINZADPATE, BERE
WEYDY T FIVREBICE D L BT % & 1583 s T
DREBUGECHRBD SN, TDIH L, #2%DEEFA
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DNAD X FWALIZ X D BHSHI SN TD 2 L 25X
17z, FNoOBETHICE, FUROZE - LI b
LT &, BIZTRHAKRERHTS L) 2Bz T8
FNTW2, THODFRIE, BT T A (CHADIH
#) X VIAPADOTES ) AREIE) BEFRBLOZ
L F7m 5 2 L 2R LTW5 (Fig. 2)".

2. BEHNR THREHRKIEL L&D
IR - HERBRICKDHEDAYRIDELEXHZX

R EFLSA Y A7 OEALIE, HIZBELTIHLSAD
VAT DRENZ ENLRERENY. BT - MEE
REBR L 7o 0E, Tz A TR GRREE) XD
DABADY A IMEL BB, T ART v M HW-F)
W HEER T H IR - MERERIC X 2, FATADY A7 BGHn
WHEENTWDY DA, WL20DO¥ T 4 T4
HENTwsb, FIZLuminal A, Luminal B, HER2 it %]
¥, MUTNVAHT 47, BasalLikeZe L2 &
TV, BHOEEREICIER LT, iR - HpER
HTRED LI ZENEFNDOY T 5 4 T BEE 5.2 50
AT T, R - ROV E A RIS

HAEEON

7'/ L\DNA

DNA® X F L1t

Fig. 1 %/ ADNADAFIWALEEIETF-FEHO T B OBE 21X
DNADAF MU L34 T HHIBUH L EIR T DFEBL
A SIS,

BEFRRT LA

-
HEN

BEFRRICELHD
H - 1 BEFICREY
2 DNAX F AL % LbE

A (Luminal A ¥ 721Z Luminal B) ®V) A 7 i &8 5.
—ERD IR E OFEETETIE, WG & IR - R
BROBBIFRENTHLLEEZLRYY ERIZE - T
B L 723008 A ) A 27 H3HEAR - HPERERIC X > TR T 5
CEERRBLTWS. —F, ANRENBEIERE 2T 7
B OB TR - HERRIE, OB IS A
DFPi% LT AW R ) 27 ICHE LAvET S
e, ORI IEAR - D R FLASA DY) 2 7 %
BWINEEsEOMENRHHY. LrLids, BEYH
BOLNER TR HBEIE C LZZBROADBAD ) A 7 LT
Ig - MPIEREEROBIRIE, L bhoTniw. 22T, &
IR CHEHRBOE S LB o iR - IPERERC X 2 3
BADY A OEACZMGE L 72, BEMH £ 7213% D SD
WS MR (-4 Gy) &S, IR, HE, R
AR SELEE (LT, BER) REseiauni (ML
T, REEEER) S Lz REMRICBELT, A%108
WL ) FRMOMET v M EREEIET, ZOBRAIBAY A

7 R ARRERERE & R L 72 ERIIE IS O R L 7ake
FEREIZBWT, ADADFEA) A 7 PFEARGERE & T

BT L7z, —77, BENRIOBEEHREE LT,
Ug - MEREEBIC X 2305A ) 2R 7 OBLIZBIE SN b5
7z2. WUZZADBADT T E A4 T2 T 5 L ARIVE Bk
ADBA (ZAbar L7y =Bk 7ay s A5a
L7 5 —Mitk) o8&, BERMRNHREREL Lz
FETHZICHA LTV, 20X A=A LT, BEN
H ORRBEIE < SRR - MR, BAAKCHEDL LK
PTARVEYOZZA  aFryBL7aY 250 YOl
REAR WA S, IR - ERBIIILA DB A 7 = X
LAETOV AT Y LETE —OREBIARLE L 7B
ZALEEL T EEWLMICLA. IS ORI, B
*%%#A@Xﬂ ZEHHIAE L T B (RAEWRI#2)
Bk kERELTWVS (Fig. 3)'.

DNA X F AL T L A

BN csmumx

ShAL A

EE‘%E? IR
SRShRE_ twemcs E— | 111
R oo a
BEMRICH S
== INFAD /\/

+ 1583BEFOFKRNEL

Fig. 2 REAEMH R OBE BB TRHIEL 12T oML AL

o ¥2%DIRROREPHEIC
Bh 3 BEFOFKIEHNDNA
DAFIALTHE I T

B1F5DNADAF IALDE B3 HIFFEREE

L] & OWFFERCEEY 5 5 MEM M ICHUHBCHER I N T v AP AD R TRIZTFRBUSGEV DD 5 BET % 15831,
AT ULATF—=IPSERA L. FRSDOHEETFIZOVWTDNAD X FVLIKEZ <A 707 L 4 THIEL, DNA® X
FMALIZ L o THIB S TV B ITREMEDSS % 3018 (30/1583 = 2%) DEIET-ZHI ST LY.
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BTG EER U I e E OB T b T .
FORL TR HP kT 2 & 0 LET U 25 AT 2 %)
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I bhoTnhv, 2T, I TIEH TR R T
MOFIRBIZ S BORDPA) AT RED A H = A LI
T 5B ERE A L7,

Ll 5%, 1,3, THHENO T v MCER TREETHV S
N5 RFERB L ORISR AT AT s s
T, TOBRODADPADFRAEREZF. HRLELT, B
5O OFETH THEN (EENE) ofiXd o
BAVAZHELEL BB EHLALTVE Y
WMo EFRICE > THE LT v FADBADYT 5 4
TEEDT ) AEREEENIIA 70T LA THITL
T, PHEFRBIE IS s THIML2T v FABADOHT
% A4 & Luminal ¥ 4 7 C, Errb2%° Pten’z £t s ®FL
BATERIRE SN TVLEETOLERZHS2ICLT
WS HIZHEILS KRR Y = v AR VT, [
BEDIRNT ATV, BEHRA RIS AIIAAD KT £ 83—
BETOREDHEENH NI EZHLMIILTWE Y, 4
M SIEREMTHEI LT v PAPABIALERBAKTH
LA A LR L T, Hras® Tpb3ZERNF W &
ARELTWDE Y, AU b EEE Y TS L,
Blyth 51, BEHFZEC L SHIZES LT 5~ 7 Al

Y USEICER L, RERE yBMTHEE LMY > o8
D) NERERB L. yTHER LMY »o8)E s
WART, REMTHER LM » 3 IE Bell11b D% 5
D% L, Pten DEENBDV W &, EOIEKONFEERD 7
J ARFDOBENE N EZMELTWE ™, B 51
BiFE DT F V< A (Patchl™'™) Z#MHEH LT, W2
MeVOERMTTHERTAHZ LT, AB1IHOKIEL T
WO EPAENEL 2D, HBI10HBEOHIT L TR
PACHF LU TIEIC 2 2 2 E 2B LT wa 2,

4. WE<KFHFRICKOTEILTDRDPAXNZALE
TETRRECE

FWHEHESOINE TOWRTHI L7z X 5 I
B  BRAERRIE, BAAV A ZICHEERS 2B, £2T,
ZCTIIBIE S BHERICHE H LB RO 2 A L
72\,

T & \IHEHRATE O Ml ) » 8 EICHEH L, #E <
ERRIC X o THBRY VDR AEFRICERIZ R DS, 7/
LOBERPRR D ZERRBT HEREZREL TS,
FFIE TN B OBIE S B CRES AL EZRT — 4,
Shang 513 138 & 7THEOHIE < # 05 O BEHRIS 2
BHARD L, THEE TG EZ Vo 72 AEIET 5 A%
HETIRBIZC BRI ZRT AL 2WME LTS Y.
PSR DEFT V< X (Ape”) & W72 REZH» 5088
MOBIE L DR BARZEZRT Z L s hTw
RN RAELEFVYT A MR ) RV ER TR
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WA 22 B3 S BEE IR B S v 2 LA S hTw
5% S ORUERUS S & B L2 EBRTIE, AR
TINRERTT RN =3 2P LW &2 HE L
TV i TR TO#IE L TR AT
B Z e EINHES I Wistar 7 v b2V THIELTW
57, — TGRS 2 N2 & BRI &/ i
TREAZVWZ ERHE SN TVWEY, BETREFT L
S v b (Tsc2™'7) #HW-FEERATEEN (ZHE#19
HEDOIEIR) OBIEL 2, ZOBROEVPAERZEZ KD H
(FHZE? 7)) NEROERIIH DD ST, EREE
FORBBAT 5 EBWE SN TWE Y, KRR
DTN DT H UL < WP I B EAR R ET 5 0
T, BIETSIHEREBELTWS, AU TIZLICHB L7
LAY X Y b BENBROBUHHEEE  THAAY
ATBENZENT Y PETFTIVTHLPII > TW
2218 L S I3 AREE OB R (60 mGy/h, R
4Gy) BENBZEO T v MIHIE 3 €L L, ADBADRE
ARG & LT RIS 2 2%, KRS (3
~24mGy/h, BHE  4Gy) TITHELRMINEIHE SN
B GBI EEMELTWSY. 1 IMICHEESIE, 5
FEOET NI X% T, HmFEOHENIC X 5 HEEE
DFFEREZMTLTBY, SRR e R TERAERRTIE
SR O FEZRARA T 578, BRI b O 3R
500 mGy % W 2 5 & RS 56 O #l 2 O EA 25E 7
I 5 2 ZHEE L TWw B Y,

5. MEREDADESMERERENARFICEKD
XHBZZXLDEN

FelF IR - HPERERIC X o TSI A DY A
TRANZALDPEAT EBOWELMA L. 22T
1, BRI A DA B = X LDEDDFBART & RBs
L0, FBMERICEL > TED X HITET 50 %N
TeWFFE & AR L 72w,

Gl 51X HIRFEE L HMEFED T v I ADEIET
KHENRY - OECERELTVEY, Yaws—51
B RESE LALFHDBAFNC L > THE LT v MM A
D PISK/AKT #Z#E OWEEALIC KR E BV W & &3k

BHLTWEY — T, EES IR HER LR RSA
# T3 mTOR B DOTHIEALANE D Z & 2 WA LTV 5B Y,
F 7R AR DBAKNOBEEBBEIC I VFER LT Y
FARADFAERDNL, ENENOFEDASEHIIHIMG T
HY, JMEBADA == 3 VIHESERT Ak
HLWEENTVEY, ERAEZ I Y M5 T 52
& CTHSHGE RIS ADOFAER R 2 A IR D 5 2 L
wENTWE T R h o) —HIBRIC & 2 ek
DEEVARBEOWA L HMESN TS, Shang bid~ ¥
A% T, NRHOBIZLL oA T ) —HIRIC X - Tl
MABREDY A7 BV EEL T ENTELEHREFELTWY
2% ZRSIEEFTNVY ZAZHANT, Ay —HIRIZ
X o THHRFE R O/ NGIES O 4 AHh/NEL bl bk
WL TW5EY,

6. SERHFINDHA

S OEHTIZ, FE S OWZETO Q) BEMFIH I
SR THEIL72F v FILATADDNAD A F VAL D5,
(i) ERLIAT 2 TR L C LB oIk - HERERIC
EBNRAN AT OELE A K =X A, MZ T (i) FEr
R ERL TR O SRR IZ S ) A 7 R 2 = X L3R,
(v) B < AR RIS BI 9 2 0F%E,  (v) BUHRIE AT A & 130
DA F DN EBHEFZOWTE L7

BRI TR B 1T 2 80X < RRAE R AL - HiE 0 2 7
EOWGE, — M REFRA L XD ERHERIAVNE W
72, IR THEN—BR LI b d b, EHEH LD
2213 P TIEW S 2T o TV BB < HHEHR & DNA 2
FALB L O - HPEREERIC X 2 B IE < o fLa)s
A AT DEALIZDOWTH S Lz, B Ro e
FTIZED L HIBALT B00E, SHROFBERAELER
TR R IR B DI E D5 2 WIFE L 72w, 4l i
IR ANRCTHIHEINTVIEA LTI AET Y NEF
V% #i4r L7z (Table 1). —7J, CRISPR/CAS9 7% & 04
J DAREHAMIC X0 EWHIC DD STH ) ARENTE
X1 HhoTwAY. ZThboEMEHIIE Th
T TOHWEBREFNVIZTTIERL, HL e MIEMEL
TEETERE BTNV RS LI LD WETH

Table 1 i L7BUNMIED AN ZEDEI T TV

Byl €7V BiC ¥ e g Jigi B & 75 A DOFEEH E = 30N

7 v b Sprague-Dawley ¥ 721 LLiga opid) FUR (FLASA) 2-4, 14-19, 31, 33-37
Sprague-Dawley X Copenhagen F1

<A B6C3 F1 W A #Y Wl (v > o5E) 20, 22

YA B6C3 F1 Patchl™'~ NG E D) 21, 32

<A C57BL/6J % 7213 C3B6F1 Ape” Wi (B i) 24, 39

<A C57BL/6 Mih1~'~ W (B sy 25

Z v b Wistar A R fili (WizsA) 27

S v b Fischer344 X Eker F1 Tsc2" '~ Bk (BFAsA) 29, 30

<A B6C3 F1 W A Y JEhE (FA5A) 38
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5. BEOEBREYE TV TORIRIEI A A 7 25
ZROWIED, & hOFRTIEHONIIT A LN TER
WIS Y 2 7 OB EICEETHHEERZ L. Lh
L7235, BW9eBeic B3 2 B 2SEdEMR 2o Tnb 2
LLEETH LY. Sk, BIWERIEEIITDRL
HETTE L 2% H L. MIRALIZYERXT 1
7 OF P CHIFLEH O BURRISE %, THE S MR
TEOWMEBISEEMITLTWEDY, DX Rin
vitro DIFNT b, HHFBIE I X BRDVAREEZ W S H
2T B EIHEEONE L, F 7280 5 g
BB 2 B EBRORHIE D 7 — & RLAREARD T — H
A7 ZRAATVE Y. HEEIZA 51X Shang 5D A 1
) — BRI X BB ATFHOWET— 5 227 1b$
52T, Ha) —HIRBEEEADAT v THE RIS
®BLZETREPAZTFHLTVLIEZHSHICLTW

249 FtES B ERO T — ¥ 2 IEFI T TR
MT2RADIT>TVDEYY. TRLORAICL-T, B

LKOFWEERT — 5 5 LB EICET 2 12
BT B R E L ET VLT 5 2 L TERMIZ
FTHIELHHEBIILRDEEZOND., SROWIEFRDOHB
] SR AL R TG B S DA ZE 2 D i/ N7 & DIFFEBRBE DZAL
Vool LT, Fka 7k TIREGTHUEEITTE % kb3
BULENHLDOTERVPEEZEZLOND.
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720 FOSCTERCL W, JESCIEHEN 2 h o 72720, FIX
TUERS B RN T A E L7z, TAREK, HARK
SB[ FURET RO 720 O eI g E 7
OrSal ZMY LA 2L, BIROFERTH IO E
EDFH R EITOVWTRAZFFOLE TR E Db Ta s
T LT, LIHIBHESAEDIE 4 I CTIRE L CL 7285 &
WILDTL. ZOREBNFR, ATV ICksL, JEE
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L, A7urgrzxzilinizLE L AfTE Aok
IS HEFEF SRS M T A LT i L) MlE i
BICEB UL E W) BN TRPRER L -NEE B Lz
wEBwET

1. TEERX DR

RPTEEWCIBI S M- FA DR 31, “Evaluation of the
homogeneity of native T1 myocardial mapping using
the polarity corrected inversion time preparation meth-
od in a myocardial phantom and healthy volunteers.
Radiol Phys Technol. 2021; 14(1): 50—6. Hideaki Taka-
sumi, Shinya Seino, Katsuyuki Kikori, Hironobu Ishi-
kawa, Takashi Kanezawa, Shuhei Bannae, Shigehide
Kuhara, Kunio Doi”  T¥. Z OB %, [O# O T1
mapping 1, "F AEMHMEALOFMICHEH L wbhTw
5. OFEAMMMALZ AT 2 1T, @%E LD T1 map-

ping DFEERCH M 2 M A Z LIZEETH 5. MOLLIIZ,
DL L FIHEN TV B IFEDET1 mapping FETH
L2205 TUED N DENRRFHINTnE. A ¥H—%T1
mapld, IEEROHERE L OENZWEEICT 5. PCTI
prepld, HHT 2 Y —7 ¥ 25— & 5530 MOLLI
L1357 5 T1 mapping FH#ETH 5. AWFZE0 HIYIL,
PC TI prep % F \» 72 1@ .05 @ T1 mapping O 5% % 7
AL, HBRFFHM~OBES W RENHET LI ETHD. M
AL, EEOHERE L7 7 2 PA L 10 Ao
BERTVTATOLHE L, 77 AR, LHOFRE
EHEEEFHT A L) ICPVA L B E O RICERE L7,
Tl O O AR TR L Lz, 7 7 v b AER I
IR-FSE & PC TI prep {2 & % T1EMl % % 47\, PVA & B
B a#e BREBETIHBEOKEIT-72. &
7z, OO T1 mapping DFFllilZ, PC TI prep il & 5
TR & MEBEL O TIHORK T 572, 77 ¥ FADTLE
1¥, IR-FSE T3 PVA MK & 28Rk & MICH EAE 3%
o 7275 PCTI prep Tt PVAfHIS X ) 2R 5HI D J5 2%
HREINE D o7z EH L O T1 mapping 1, HkE &l
BEL DOMICAHESE IR D o7 PCTLpreplil k57 7~
b & D 2RO T11f1X, IR-FSE & DiREH-6.3% T
Hotz. TOREIEFOLHOTIHEOLEIEETNSIZ
EhdwnwetEz2 5. UEXD, PCTIprep & HH\272T1
mapping i¥, TIEOXY—W2EHFETH Y, IR
NOBELPWFETH L EVZ D, | L) IDOTT. T
WRZEICB LT, WIRMEIRE T 0 75 2 0Z#»r 5T 7
TMETOBEDN ZABRREFTWIEEZF T,
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2. MAREREETOITS LOAT

R7a 7T A%, gk X) CTREOWITEE %
TRET, A DORFETIX, 4B HN-LFE L 23
FALDO TN ENOWIE T — <1k, MRI: 2% (LTl
mapping [CBIFBLHEET 7 ¥ F A RUCBERS V54T
2 X 2 —odHl, JEHEERFERICBT A EET 7 2 b
AWz EAOFI), CT: 14 (N ANVAF ¥ VI
BULCTEBEBOFEIMAT A AEWEBIET 500%),
PET : 1% (PET/MRIIZ 35 F % i85 4 1E (2 B § % B %%)
TL72. @R, ZNENOWMENELHLT LHHEN
HEREIICEFRARE L, ERFEEYS HE, R L
HE b LI1ATOEHIRR I —ATERLZNTHHEN
7272 LI ERTIHIIChZ D ITbhE L7z RO
G, FREEONEZHAETE LD OEFRFHEOM
AELTRIEL, YHEIPEREPAIA FEMEHL T
FHHREZTVE U, ERERE AT A4 P& R 2d 53
WCTHREWZ )T L.

E LI, EREmXERICOWT, 2IHEAELD, [F
FTENE I~ =0 50RYD, REMICHEET 2 &
LIRS, HRETELVEWX ALY, ¥72vay
TR T H L. FDIT ) MMBIERFER DAL
BT XN TH L. | &L THENZEF L 72,
[ A4 i, BRI TREZRT—~ & %75 L9 ki
WCEZDIIEH)NE . FLT, @i, 355 HAEOL
HLEHICLTCHEMANDHEDFHATEDLILIAETH D Z
L RDBERATVWIEEFE, TOZ LRGN T L7201
DEBRHEROBIIRT H LT | L THBW22Z2E T L
2. IR, BXERICBIZEELRRS M TH Y,
ENOEEZRE L CHEREER LD F L7 Introduction T
&, 2207 =< BPREL TV D720, ROEELT—
W5 &9 THREW72&EF L., ZRICKDIIENE L
HrHSHHIEE & 22 ) £ L 72, Materials and Methods T g,
[0 RO O T1-T2HIC>WC, XEEFIHL, 2h
FNDOT 7V FADEIZOWVWTHRIAZRRSE L HI2THT
L EREFIZOWT, HESTTTo 72881, &y b
Ty T hREZCELSZHIZSHMA T2 LW T 5 2
L. HEFETIE, “Stimes” TIE¥7Z <, “5 measurements”
Thb. ] ETHRWIZEE Lz, [FEBNE] oigik
FLIZDOWT, HTHHFEIC I ) BRI R LD 2 EE2FT
F L7-. Results Tix, phantom study & in vivo study &
DIRRIFEC O NEDAREENT 5 L) THIZ /272 %
FL72 SIS DHERIEHINTHEREIZIZ) E L
Discussion I&, phantom study & in vivo study & @ #& #
DOWENRETLE 2O EIZOWT, [phantom
study (2 L 7= FEOEWIC L 2 HOERTH 525, in
vivo study |38k 4 %N ) T—2 3 S X 2 EENRERT
HY, F54OBHPHEITREINNELT LD —FH L %L
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ThIw ] LTHBWEZEF L 207 Py g R
£V, Discussion 2872k d EELHEEIFRINE
L7z, DI X ) SHREIC X D), RELRIRG L,
Y R WERICR O S ENRTEF LA TSk ) R
LD T—VAOBEH AR E L7, ZoMEET e s
23, RISHEH O T LAMIERITHELZNAETL .

ZO®BRIE, WIF2HHITHbRZY, A—=ITL 5 TiFE
BWZ&EF Lz Ao, ALY TRoEELRE
i, AWML TIER L, WEOW R EIEICT
H2b0TY. ZHHAOBR LS, WICHFEIRY)TT.
EBETEZWZEE Lz L2d> T, B E 72135
TERVHARICOWTIEREISERZERL, FAHHF LM
L7729 A TRICED E VI RN TITREL W& F L
7z, Summary IZDOWT, [HEMICEILT LI L E2FE
ZWHHARELER S, KRIZ, 2~3loFLFo72
HHOHAFEO X EEZKFLT S5 I EDLHRD LD LW
T9. HIZ, Summaryld, WFZEEEICOVTOMELRT
BRTHY, FHRLERTRROND ZLIZHMET HRET
9. L TIHE W EF L2 Summary I2B W T,
HAFECEZE 2R ¥ 2 @2ty b2 & D
R EZHM T LI EATEE LA ELIZOWTI,
72 & 2 1E, "Myocardial T1 mapping s (has been recog-

nized as) useful in the diagnosis of diffuse fibrosis.” &

V) CETIE, [Cis" IZHM BRI OZBTH ), w
DHIELVEWV) FBRIERSN T O THRVWEITY.
HTHOORBDIEITI NI EMCET. ] &7 FA 4R
TWeZEE Lz, HAFEONEIZE UTHEILD %>
JLEERSEDVHH BB L E L. 72, "MOLLI
is the (a) most widely used and highly accurate T1 map-
ping method.” &\ 9 XFEIZDOWT, [ZZT “a" & “the”
WIERELEND D 7. “the” FEALSEHTOIRD L
W IERTT 2%, 2" EZHIVILELHLBEETT.
ETHBEWZET LA AEEFEO "a" Lo
“the” DVHIZOWT, ThFEF TERLIETH /22
LA D& F L7, Introduction Ti, [filiix 2 OWFZEHS
VETH B0 e HEBICRRE ZEPRBRUTHY, AA
122V Tld, %7, Discussion THRRTL S W, | &2
BEWZE T L oy s/ionmiond>
7% Introduction 7* 5 Discussion \CZH $ 5 Z & T, #f
FZOHMZHMEICKIT 5 LA TEFE LA ELITD
Wi, 72& z21E, “Cardiovascular magnetic resonance
imaging (CMR) can provide much more information on
cardiac function of the heart such as ejection fraction
and wall motion (as well as) blood flow evaluation, as-
sessment of coronary artery and characteristic evalua-
tion such as edema, inflammation, and fibrosis.” & \» 9
XHETE, [ 0bD% ) A METH5EG1%, “as well
as” LWIRHEMALET. | & THIRFV ST L
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CD &) REBBR, SHROGMERIZB W THRILD
ZETHhAHEEWE L7 Materials and Methods T,
77 Y FAORBIIONT, EMESITFEET S &) THR
W22 EF L EITOWTIE, & 20E, TR
($180° H/ ¥V A & KL, ROV IZHERIAFZ KL X
F.] LW HAISCITH L, “The thin vertical bars repre-
sent 180° inverted pulses and the thick vertical bars
represent image acquisitions.” it L7-& 2 A, LIk
56 4 2 5 1%, “The thin (and thick) vertical bars repre-
sent 180° inverted pulses and the—thick—vertical-bars
represent image acquisitions (, respectively). ” & ZTH%E
W ERF L7z BT 5 & (MR & Ruviitiix, #
NN 180° [/ SV A L BHERFGZ R LTI, | &4
0, ERELELYF L7 BBLELEZEEL THIX
rHESZEEPLRVELWERTY. LarLl, ZofiAaR
RYFESAEE D A F V[ FIZIEAT R TH L Z L 2D T
ik L £ L 7. “Native T1 mapping of the PC TI prep
studies were performed (obtained) in single breath-
holds.” &\ 9 XHETIE, [EXDOEBT “perform” &\
IERHADVLBHHENTVE T, JAEM T ¢
A, EPOERBELZHIZFEATLEZS W, | & THIZW
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by use of) Imaged 1.47v." & \» 9 L ¥ T, [used] %
[made by use of | IZIBEIE L TW/z72& F L7z “use” I,
HIZ[b0ZRMEH] LI BEKRTHSLDIZx L, “make
useof " 1%, [~%FHT 2] X [~%ZHEHT 2] &w
IERBDH Y, TOFERLMICLAAMICIHESTED T,
REWERPS =27 YA TRHTEZ L HHETHL I L %
Z U F L 72. “Nonlinear curve fitting using (based on)
least squares algorithm”™ &\ 9 XFETIE, I LEFEL
IO [2MALA] Lwv)LBITOWT, “based on”
i NS VWS RBTHY, X7 Ty X4 %F]
HMLUTHEL L7222 EDRBIIBWTIL, “using” XD
“basedon” DIFH) PIE L WE THBEWLZE T L
Discussion Tld, [¥9, EELZEHH»LHIZE VW2 Z
CERMHELERECEN L THESZICL, Thehds, &
BWIZEEhehoNT 7571200 FF. ZLT, /87
7T T HARGE RS S, X LE R T 885 H0E
WTY. Fo, BEREEBUT, WX, TE3720), F%
WCHDE, RV THLEPLETH Y, b,
TEDLRETREMNODH HFBNPLETY. £LT, Tk
I HEXEINE, Lo EHEA, BELDL L HIZLTL
e | ETHREWEEE L EIowT}, In

B0 inhomogeneous areas, the phase shift (may (?)) oc-

cur, which can result in incomplete proton inversion by
the inversion pulse.” &\ 9 LHEIZDOWT, [H#FEIZL S
BHEROERBZ, wWObLTEIRDEVH)BNELHT
T, FORBIIIELWTT 2?2 e 79 kD ReMED

i

HDL2OTTH, ZI9%hdbLVwTL ) »?
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HREDHWHEZATLZE W, ] EZREVWEZETL
oo TOER, [T %5] LEFVWUINT, [£9
LRANEERH L] PIELWKRBTHL EEZ, “may’
ELELA L2l (s d s oREFERIIL,
may DAHCH PO LD ICEHD Y, Tz fEtko
MMEDERG LD, RMLHEFROESVIZEY, B
SUINEETHALIE2FENFE L ZoXHI1, e
A X B IEBITRETIE, WO T 2 AN % 2
Jir SPSAENT B Ml KB EE T, FEFITEL
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THEEICL L TIREOBNTTE )R LT RTOREL
ERRASER LE L7z £LC, MmisXlERS O HEESE L
T \» 72 Radiological Physics and Technology (RPT) ik {2
NOTHEERT A ENTEE Lz Btk WMo CHE
iR &, FERAERIZBI 53O — bR # ) & H S
N2 —EHOBIERITWE Lz, Z0%, ROOEGH R
JHEF L7, B RDURELTH L7720, TONEE
S5 Z LW L L72as, LI B RO 4
OB R T FINA RV RZE RS, g DERIC
HL, HOebOEZ 2R DXEROLNE ) —D—>
TEIZHIT 2 L0 TRELZIER L E Lz 20\
HOEGRHRIZOWTORMRIGEE L, 20k, EXOK
AR REFE L S, EELoRhEizBn
TH U7 ABIER A H AR IR § 2 A& i 2 e T3, 2
DI T BE I CLERI 2 BIEL, INEE» K8
HBRIZEIRLST 72T bR E LT
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ENLETHIELPPDE L [THOBED —K05]
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I THREW 2052 L ECHHEELRZIETHY,
FEASUEROEE LR AF N EHIIOTLF v v AL B
F4. EEHERMEETIHA TV S HIE, &I o
PEE 7T 7T AoZi#EBBOWLET
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Takasumi H, Seino S, Kikori K, et al.: Evaluation of the
homogeneity of native T1 myocardial mapping using the
polarity corrected inversion time preparation method in a
myocardial phantom and healthy volunteers. Radiol.
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EEBN

B ONE T a - 0THE)

(BUk%) mBESLERK  FHIERBERAES AR
BB FAAH D 2 VR O BHEEFA I D W THFE R LT b,



FRAEMPE 418 35 Jpn. J. Med. Phys. Vol. 41 No. 3: 153-154 (2021)

RESIRS

20204EERPTRETHE (BEFHwm LE) - MCA -
BEHEATE BEREOME

YeFh ARG G B

AL TN

20204 DO RPTRE I (BFHFCH) - MCA - #HAREEHAVE L £ Lz, JRC2021 O WIHITEREX, ZH#
HAEPITbNIE Lz, Shlo+HE1Z 20204125647 7z Vol. 12—4, Vol. 13—1, Vol. 13-2, Vol. 13-3 1B X 72 xf 5
WLATHROF S, B, BES - MRIGE, BOHEE - 50l - B0 3500 7 3012817 5 &EF
MAEEINKEEINT L. $4, 20184EICE B ENmLO ) b, LI SNz B 3M D # I MCA 254% 5
SNFE L T BHFEREADREINE Lz, SHINESHoIIEGmLE MCAGR, BHAHE I
Tom) T, B, EHEZERLIIOVTIL, wmXHAEORMEFEZ2EROZ LT

1. THE (BFHE)
[ Wi #5345 : Diagnostic Imaging]
i34 - Investigation of pulmonary nodule classification using multi-scale residual network enhanced with 3DGAN-
synthesized volumes.
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Kazuyoshi Imaizumi, Hiroshi Fujita
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wi X% - Evaluation of bone metastasis burden as an imaging biomarker by quantitative single-photon emission com-
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: Kazuki Motegi, Norikazu Matsutomo, Tomoaki Yamamoto, Mitsuru Koizumi
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@ X% : The impact of 4DCT-ventilation imaging-guided proton therapy on stereotactic body radiotherapy for lung
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Title: Investigation of pulmonary nodule classification
using multi-scale residual network enhanced with
3DGAN-synthesized volumes

Authors: Yuya ONISHI, Atsushi TERAMOTO, Masakazu
TSUJIMOTO, Tetsuya TSUKAMOTO, Kuniaki SAITO,
Hiroshi TOYAMA, Kazuyoshi IMAIZUMI, Hiroshi
FUJITA

Publish: 13(2):160-169, 2020

Z 4 bV 3DGAN DER T — 712 & » Tk s hz< v
F A =V R v b T — 2 & ik E S o BT
FHORVMGYR, AR, EARIERM, BORMEL A5
B, Al &, SRR, HEHILE

IS A DB BT, BRRICEN, BRIEA F T8l
RCXLCTHMEEIRPTIEDTELRVWERMRAETH 5.
L2 LBUR, Zodsgol 206, ifiHo L% CT
RO THM T 5 IEHEE LR E VL. 2070, EME
DEEOND LA L 2B WL 5. ERIIER~NDOE
APKE L, FAARITONTITHEL RO BZITHT 541
VBRI W2 PR IN TS, Lo THIRZRNIC
L BEVEIREACRD b TWE, £ THRAIE, BHit
=2 —F )4 v h7—72 (Convolutional Neural Network:
CNN)ZEAT 5 ETREROAHENZITH. Ll
BEFRFEIC BT CNN TREE SND W R T — 5 2L
9521, MHEICET ABERLRRER 2 ECL DK
L SNTWD, 2 THERAFEFEH SN TV LEOS AR A v
I 7 — 7 (Generative Adversarial Networks: GAN) % H \v»
T 7 7 BRADLNG A5 B0 1 15 % KA ISR L AU 975 2 & T,
CNN D BIRSIE % ) E &7z,

R SLOMEE K 1IRT. IO, BRI X > THRE
SN R L& T2 587 55 A4 X0 ZReHE R T
T5. FHIRICH L, 3DGAN DR % ZhEN ) LT
BNGAEE 2 BT 5. BB K %179 3DCNN I, %
THIR O 5 2 I T Ui THEA S & % Multi-Scale
3DCNN (M-Scale 3DCNN) o #% # & L 72. M-Scale
3DCNN O 1%, #1912 3DGANIZ & ) AR L 7z 3Bl
i CHFIEE 2TV, WICHEMREI 2 AT & L TEE B~
BTNV EFEET LI L TRAEMICEEERZ 58T 5.

AREFOENEZERT 5720, KELHFAMRITTHE
ZWT O L 72 60 B D Kl CT W5 % AT st 4 & L7z
L7z R ORBERESNIE, EETHL I LPHEHTEF
WCERINC L > THEPEE LWL SN2 ODARE G L
LTCTw4. 3DGANIZ X o THRE & N7 BN 5 2 X 2
WRT. AR S NS R CIE RIS 2R
L, BEUETEAYX 2I90H 240 7% & REEOR % X

Jpn. J. Med. Phys. Vol. 41 No. 3: 155 (2021)

M-Scale 3DCNN

1 AR THoOME Gt Lhizik)

Nodule x 20 Nodule x 1.2 Nocule x 2.0 Nodule x 1.2

Axi prosl |

lals BOBCEN
BOkE U0 GO B0
o000 B0ECED

2 AR SNPGRS (A & Btk )

272D DORERT LI EHNTEL. 3DCNNIZ X 555
FOREH, RVEFRPIE 74.1%, BN 0.9% & %20,
3DGAN T L 728 i 2 w2 wiia & i L
Bk ERIER 6% 1A 1 L7z,

PET— 5 Lo e WEEHERIZ BT PG
iz 7L L—=v 7 e LCRIMT 5 2 & ORI
L L7720, RFEHEOFMEISHRTE /2. SHEHL7-
FEBNE, WHRZW DA TIZHHATE FHREMIERE T
TN TBED, BEHRHEICE > THENT L L L
Mo THEBITH 5. M AKH T BEBROBH 70
AL, WPRERRHE R AHREHE 22 & D RAE O AR R D
JC, WEBW O A% ST ME, BREELR ST SR
BEFEREZD LU 27> Twas., LA LAFED
CNN T CT i {5 o> & THlifG i 0 8 5l % = K5 EEICAT R %
ZEPMRETH -T2, Lo TATFERZIIVELZ LT, 4F
THE L TENT LML, ARICB SN TWAR
PR BOBEZ S SICIEEICHZI T & 2R 7RI S
n, BUREHZ2ET2BEORLELREREZLLTLRS
TZEIZOLNAZ ENHFETE S,

S E XM

1) Onishi Y, et al.: Automated pulmonary nodule classifica-
tion in computed tomography images using a deep convo-
lutional neural network trained by generative adversarial
networks. Biomed. Res. Int. 6051939: 1-9, 2019

2) Onishi Y, et al.: Multiplanar analysis for pulmonary nod-
ule classification in CT images using deep convolutional
neural network and generative adversarial networks. Int.
J. Comput. Assist. Radiol. Surg. 15: 173-178, 2019

3) OnishiY, et al.: Investigation of pulmonary nodule classi-
fication using multi-scale residual network enhanced with
3DGAN-synthesized volumes. Radiol. Phys. Technol. 13:
160-169, 2020
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Title: Evaluation of bone metastasis burden as an imag-
ing biomarker by quantitative single-photon emission
computed tomography/computed tomography for assess-
ing prostate cancer with bone metastasis: a phantom

and clinical study

Authors: Kazuki MOTEGI, Norikazu MATSUTOMO,
Tomoaki YAMAMOTO, Mitsuru KOIZUMI
Publish: 13(3): 219-229, 2020

Z A MV RIS A DB ER G BT S EE R
SPECT/CT #JH\W/e A X =T Y N <=0 —DHM
Pe—7 7 ¥+ & LR T— 712 X AR —
TR, RAGRAL AR, N

BV RS AT EEREHERERE T2 08, #ETR
ACBIT 2 BImBORBERIZ65~75% LMOEB LD &
V. BRI T HRANOZE L EIF RN E T e & o5 Bk
HLIZ X % Quality of life DI F 2S8R & SN 5. TAEILIA
PEEOBIRPANE 2, FHIFER - RURGMSER L 425,

B O M %Z WX Computed tomography(CT) %> Mag-
netic resonance imaging MRI), > ¥ F 77 7 1 % &8
Hwohsd, 20 THERBOITEL T 55> ~
FTITT40E, BHEORAT) -V IREHNR A ER L
rHMIZER SN, BEBZHOAS Yy —FeEZoN
Twa, L2l BEBOBEDNRHEICEB VT,
Response evaluation criteria in solid tumors Tt ¥ ¥
F7T 74 IEHIREOWEICES Z2nEdD, hoEs)
TAXB T EFHFHRIIMWEATRRED S, FRW
A, BY YT 7T 7 4IBTBEENRNEITTEEIC &
LEMEFHI2S T IATbNTEB Y, FEMEIZZ L.

COMEDORHEICINT, SF F L@ mabilisilda o
Twb. &51%% H\ 72 Extent of disease %* Bone scan in-
dex (BSI) &, ‘BEBOLENY ZERILL, FHRTFHEIRLHRE
AR E I E M TWw b, F 72 Single-photon emission
computed tomography (SPECT)/CT O3 S 12 fE v CT % H
W7 IRESAIIE R, WOELRAIIE, 220 53R RE A IE R A A A
L. %8 % 1AL 3 % Standardized uptake value (SUV)
MBEMWREE o7z, 2 LC, SUVEIDH L7 migiks
L T Metabolic bone volume (MBV) & Total bone uptake
(TBU) 23845 L7-. MBVIZSUV%A LEWEE L7-KRET,
TBU ZMBV & MBV A ® ¥ SUV (SUViear) & DI T H
5 (K1), F-eegmBEICL), BEBOZBNLE
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d " . '\':

. 2

) oty
suv | ¢ 93_‘2‘

threshold \’3 w

1 MBYV, SUVmean, TBU ® % i /5. SPECT (a) & CT
(b) BifR & b, SPECT ®FHEfDA (152 Hounsefield
Unit 2L E) 2L (), ZOHSUV L X Wz v
THiERERZ ML % (d)

w2 S 5. ARWFETIE, Hice EdisfEoks L
EHHtEOMEZ B E L7

bbb, B3 F 777410 bL727 7 v ba%k
I TH 72 7 8 BB T % MBV & SUVinean, TBU D 5E
R 2 SUV L & Wl & BR A 4 X, ka2 21t
BFHl L7z, RIS, RVEVERERIBICEY TS
7 4 F AT LW LR AT A B 3TRES 2 0tf R & L 7 Bk
I % 4T o 72 BRIREFAGClE, B 2 SiBhsdss, W
HEZLDO3DDORIIF, MBV, SUVien, TBU & BSI
OEALERWE L. 77 v FAERICBWT, TBUDRE
WAFEIZSUV L & W% 71 L7z, BLBERA Y A
AR AR $ R D &g L7z, IRICHRIREHIE T,
TBUM3ODOBEMHIIBWWTHELRZ%Z/RL, Receiver
Operating Characteristic f# #7 12 3 v T TBU (Area
under the curve (AUC); 0.968) & BSI (AUC; 0.977) D%
WRSEEDS R o 72, SNO ORI, HIVRSA DGR
B 12 SPECT/ICT DA X — Y ¥ ZNA < —H — W4
e REEAURIR S 72V, HAR M TbR, i
SEWRADI A B R O Bl TR DM ANDHRE b 2 &
BHfFE NS,

SEX M

1) Motegi K, Matsutomo N, Yamamoto T, et al.: Evaluation
of bone metastasis burden as an imaging biomarker by
quantitative single-photon emission computed tomogra-
phy/computed tomography for assessing prostate cancer
with bone metastasis: A phantom and clinical study. Radiol.
Phys. Technol. 13: 219-229, 2020
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Title: The impact of 4DCT-ventilation imaging-guided
proton therapy on stereotactic body radiotherapy for

lung cancer

Authors: Yoshiro IEKO, Noriyuki KADOYA, Takayuki
KANAI, Yujiro NAKAJIMA, Kazuhiro ARAI, Takahiro
KATO, Kengo ITO, Yuya MIYASAKA, Ken TAKEDA,
Takeo IWAI, Kenji NEMOTO, Keiichi JINGU

Publish: 13(3):230-237, 2020

74 bV ik SBRTIC BT % 4D-CT 2 & 1B L 72 fifi i
LRI HD By FRBR O A RSO W T

BH O RTRY, A, &EsE hRATH, Bt
—5h, L, PREEREE, HIOKEWL, RE OB, A
kR, BARZ, MhEk—

Jilie DRSS I BV TIX, AEHRLO—DOTH LN
S5 [ % (radiation-induced lung injury: RILI) 7% 4
ZENb. TORILIZERSELHAAD—DL LT, 1§
FERR AR~ DM & AR L 7236951 (BLF [ Functional
plan] X9 .) RELEENTWVS?. Functional plan
DINLZIERITH 2 MR RIS AL TH 5 A%, FIH D72
DITBEFEORENGEZRET 52 3B N0oa R R
BUIBELD LR D, ZITEE, MKRICCT (four-
dimensional computed tomography: 4D-CT) {5 & JE ]
RHiff L Y A b L —3 3 ¥ (deformable image registra-
tion: DIR) & WHE I 2 W RASTEHAN 12 & 0 Bl e 515 % 1
i 3 % 4D-CT ventilation imaging 257{£ H & 1 T W 5.
AD-CT I NEE O WP LR B) & FFAN§ 5 72 O I B RG# T
BRI SN D 720, EHET — 27 70 —OH Tk e i
BEWBTEZHMEABH Y, D 4D-CT ventilation i {5
|22\ 72 Functional plan O &I SGATHIZE T &
NTwa "2 LaL, ThEEXEERICBITLHEN
% <, MOBEHIGHF BT 23 1ID %,

Z ZTAMZEY Tld, Z @ Functional plan Dl % By
TRERIIGH L7z, B i XM & RS 2 0,
WEHRTEIET 2 AN R 2 MR 5T 5720,
PO REFREIE C, U R 7 RN ORI AR
THHEENTVS. LEP-T, ZOWEEMHLTE
% BRI B AN OM BRI SWFFTE L LE R, 4D-
CT ventilation [} {§ 2 2k D\ 72 Functional plan %, =X
JCIEARIESS (three-dimensional conformal radiotherapy:
3D-CRT), 50 B 28 5 [l iz O G (volumetric-modulat-

Jpn. J. Med. Phys. Vol. 41 No. 3: 157 (2021)

Ventilation

1 3D-CRT, VMAT, PTIZ X V) 37.% L 7= Functional plan
[2)id 3

ed arc therapy: VMAT) , B T # i # (proton therapy:
PD)IZBWT, ZNENLEL, 3D-CRT, VMAT & Iix
L7z PTOAEREC DV THET L 72.

RFEREH % X 112775, CTHEI{R & 4D-CT ventilation [
%12, 8D-CRT, VMAT, PT Z 1 Z 1 T % L 7z Functional
planlC X AMESAiE ERAZKERT. wWihd, FEE~
OFPEEPEZ R L 2050, BRI~ OfE 2 &k
FRAK IR X & 72 Functional plan I2 & A &m0 &2 /w9, B%
RENG BN ORI IC B W T, BRI L TidEsALR
o 72hs, hiE - R E I LT, 3D-CRT, VMAT T
RGO BEFERGFEIR I L C OB DI D A SN 5
—JiC, PT CTIIAREMSIEZ 8 THEEHCRETE T b
ZENbh” D, L7225 T, Functional plan % B 1 iG##
WKINHT 52 LT, XBGH LD & BRBEMI I3 2
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