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Implementation of Statistically-Based Image Reconstruction Algorithms for CT and

Numerical Evaluation of Image Quality

Hiroyuki SHINOHARA*LZ, Takeyuki HASHIMOTO?

! Tokyo Metropolitan University

* Department of Radiology, Showa University Fujigaoka Hospital

* Faculty of Health Sciences, Department of Medical Radiological Technology, Kyorin University

(Received May 7, 2018; Accepted July 12, 2018)
[Purpose] Statistically-based image reconstruction (SIR) methods that have been incorporated into commercial CT scanners have
succeeded in promoting low-dose CT with high image quality in comparison with scanners using the filtered back-projection (FBP)
method. Not only researchers but also medical doctors and technologists engaged in CT studies have an interest in the algorithms
of the SIR methods, however, the algorithms have not been made available to users by the CT manufacturers. Kudo reviewed the
fundamentals of SIR methods on the basis of the articles published by the joint research group of each manufacturer released
before product development (Med Imag Tech 32: 239—-248, 2014). He classified the SIR methods into true iterative reconstruction
(true IR), hybrid IR, and image space denoising (ISD) methods. His review article has made a significant contribution to the CT
community of users. However, the reconstructed images obtained by those methods have not been presented. Our purpose in this
study is to implement the mathematical equations of three IR methods, one each of the true IR, hybrid IR and ISD methods, and
evaluate their image quality.
[Methods] The system matrix of IR methods used in commercial CT scanners uses a physical photon detection process based on the
finite size of an X-ray focal spot, the beam width, and the X-ray detector. However, we assumed the X-ray beam was a pencil beam
and the system matrix was then given by the line integral of linear attenuation coefficients because we focus on the image quality
in the ideal photon detection system equations given by Kudo. Total variation (TV) was used for regularization of the true IR,
hybrid IR and ISD methods. Four kinds of numerical phantoms with 256X256 pixels were used as test images. Gaussian noise of
15, 20, 25, and 30 dB was added to the projection data with 256 linear samplings and 256 views over 180°.
[Results] Root mean square errors (RMSEs) of the true IR, hybrid IR, and ISD methods were 4.28—5.70, 15.87-16.47, and 16.94—
17.17, respectively. RMSE of the FBP method ranged from 27.64—33.02 and that of the FBP method processed with a Gaussian
filter of FWHM (full width at half maximum) of 3 pixels ranged from 8.14—17.28. The image quality of the true IR method was
superior to that of the hybrid IR and ISD methods and the FBP method.
[Discussion] The noise was slightly suppressed by including the variance of projection data; however, the regularization was inevi-
table even if the noise levels were in the range of 25—-30 dB. The noise was not suppressed sufficiently by the hybrid IR and ISD
methods because the noise due to the FBP image used as the initial image for these IR methods has a dominating effect in succes-
sive reconstruction or denoise processing. Mathematical equations of each IR method were easily realized by observing the interme-
diate images such as the regularization term of the iteration process. In addition to these equations, the reconstructed images by
the SIR methods and their RMSEs presented in this study are useful in CT research.
[Conclusions] The fundamental point of SIR methods is the regularization term used in minimizing the object function.

Keywords: CT, statistical image reconstruction, iterative image reconstruction, total variation, computer simulation
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%. FH 11, 120/MH 1 Phantom C & D O Hi{% % Lk §
LHEICHEDO Y NPT A MR A OO TH S,

M XK T — 7 0T 8% 1) XTROZDF
Bix a7z,

I
=t (26)

%‘E%V!\“)Dﬂii‘é?iﬂﬂzi’?fﬁkf‘fﬁfﬁs’&%)k AN
V(AB)HAITERT I EIZL, HET—FDMHEL NV %
%“%Té@b:%%&s%(kiﬁfa’rﬁbt.

Ndewd@BﬁﬁOb&{%J (27)

Wz, Fo, BH#MmEAE1OF 7 A (Gauss(0,1)) 12
COsEHITERET — 5 ONTRBITMZAME 2 58067

Phantom A

Phantom B

Phantom C

Fig. 1 Numerical phantoms A-D for testing RMSE
The number 0 denotes the large disk with diame-
ter of 18.4cm and having a constant linear attenu-
ation coefficient. Numbers 1 and others denote the
small absorber disks.

Table 1 Diameter and linear attenuation coefficient of Phan-
tom C and Phantom D

Linear attenuation Linear attenuation

No. Diameter coefficient coefficient
(em) (ecm™"): C (em™):D
0 18.4 0.1 0.095
1 0.46 0.2 0.115
2 0.46 0.2 0.115
3 0.6 0.185 0.115
4 0.71 0.175 0.125
5 0.94 0.165 0.135
6 1.2 0.155 0.145
7 1.45 0.145 0.155
8 1.7 0.135 0.165
9 1.95 0.125 0.175
10 2.04 0.115 0.185
11 2.29 0.035 0.035
12 3 0.035 0.035
BaBlUOkgr—s & L7
Aii=n;+sX Gauss(0,1) (28)
Ny
yi = ln( i ) (29)

Phantom A~D 2%} L AGETFHIT W IF o EEBRIZB W
T 3 2000/bin, 7 — % OMFH L NIVt 15, 20, 25,
30dB & L7z WML IR #:d % 13 FBP 2: 0 PR A
W% x & U CHM{%x % 35#(2 L 72 RMSE T17 - 72.

Rl\/[SEzonx_tz (30)

[~
2
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71 7 Z A B%E1E Microsoft visual Studio 2010 @ B ¥§ 3

B CTAT o 72, 924783 D CPU iZ Intel” Core™ 3.40 GHz,

FEHRAE)B80GB, 64 Y PAXRL—F 4 YTV AT A 3.1 True IR%

Thh. Fig. 212 Phantom A ICD2WTCTRMSE Z#/"9. ZZTIR
BHRET— 5 O5iEZR L 2w (7) Xz v (16) o

3. & U

100 T T T T T

(a) (b)
w w
%) ] 7] ]
= = ]
[h4 o
Phantom A_15 dB L Phantom A_20 dB |
P S EE I EE S EA S S RS Y P ST IS EU S ST S S R
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Number of iteration Number of iteration
(©)
w
%) |
= ]
14
Phantom A 25 dB L Phantom A_30 dB |
1 1 Il 1 1 1 1 1 1 Il 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Number of iteration Number of iteration

Fig. 2 RMSE of phantom A image reconstructed by the true IR method for projection data corrupted with noise
(a) 15 dB; (b) 20 dB; (c) 25 dB; (d) 30 dB noise.

(a) IR 11.76 (b)IR_D 6.50 (¢) TIR 4.28
(d) FBP 27.64 (e)FBP_ G 8.14

Fig. 3 Phantom A images reconstructed by the true IR method for projection data corrupted with 30 dB noise
IR, iterative reconstruction method without including the variance of projection data; IR_D, including the variance of projec-
tion data; TIR, true IR method including the variance of projection data and TV regularization term; FBP, filtered back-pro-
jection image; FBP_G: FBP image processed with the Gaussian filter of 3 pixels at FWHM (full width at half maximum).
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WEHMEIE % 2202 LEAG R L 728, TR_ D34z 89
% (8) A& M (16) XN EHMLIH A 2212 U FF R L 72 1)
BEZNZIRT. TIRBIEHMLO EARELZ 5L
(18) XD True IRFEZ HVEME L 72 Wi{R 2R3, AT v
TR I RAK TEO T 75 A THENICEE XN
L. BT =5 ICHEIEEZ BB T 5L, LEVwEAIC
JARRMSE A5 2 25, KAERZOWMmME & b1
RMSE 38n+ 4. 1EAME %247 > T 15dB, 20 dB D4

100 - -

120

FCIERERZEo®INE & b I RMSE &3N3 5 7%,
25 dB, 30 dB D H T3 S E %20 L\ - CRMSE 31313
—%EIZ% 5. Fig. 31230 dBD & & DRMSE A /M4 %
AEMEIZ BT 5 IR, IR_D, TIR @ i{§ & g2 FBP #:12
X W% %79, FBP_G 3 FBP 0 Wi{§ % - ftile 3 w3
DA AT 4 )V & L 72§ TZENENOWIE D ZHFRI
B BMEIWXRMSE 2 /79, % B, LLF o Fig. 5, Fig. 6,
Fig. 8, Fig. 91220 W T ZNEFN O W R Fig. 3L [ U

100 T T T T

(b)
w
%] i
= ]
o
Phantom B_20 dB |
1 1 L L 1 L L
o 20 40 60 80 100 120
Number of iteration
100 = T T T T T AL B
(d)
L
7] |
= ]
o
Phantom B_30 dB |
P ST I S S NS S NI ST '

40 60 80

Number of iteration

0 20 100 120

Fig. 4 RMSE of phantom B image reconstructed by the true IR method

a L e
( ) - " IR
®
E 10 -1
4
Phantom B_15 dB
1 1 P 1 PR
0 20 40 60 80 100 120
Number of iteration
(C) 100 T T T T T
R
w
%) ]
=
14
Phantom B_25 dB
P SR L 1 L 1
0 20 40 60 80 100
Number of iteration
(a) IR 10.93

(d) FBP 26.99

(b)IR_D 8.56

(¢) TIR 5.54

(e) FBP_G 8.45

Fig. 5 Phantom B images reconstructed by the true IR method for projection data corrupted with 30 dB noise
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<, RMSE 2S5/ 7 % AR BT 2 WiffE R,
Fig. 412 Phantom BIZ2WTIR, IR_D, TIR #NZh®
RMSE % 7~9. RMSE O[] (X Phantom A D34 & [k
ToHh 7. Fig.51330dB» & & D IR, IR_D, TIR O [Hj {4
& FBP, FBP_G D&% /R3. FBPIZ T v VI 72 55
SHFRRED WL TH HA%EE DWW SN TWw%. FBP_GIE
FBPIZHE LS AHIH SN TV A AT 2 AL 5.

TIRIHMFZFZIH L5y YV REBRMEFE ST
%. RMSEIZHEBLZOMEHINII—FH LIR, IR_D, TIR DJE
WZ/NE L 7%, Fig. 612 Phantom C & D ® True IR D
W% & FBPEOM R % /R .

3.2 Hybrid IR, Image space denoisingix
Fig. 72 Phantom A & B |22\ T Hybrid IR # & ISD

(a) FBP 33.02 (b)FBP G 1728  (¢) TIR 5.70

(d) FBP 32.76 (e)FBP G 17.14  (¢) TIR 5.54

Fig. 6 Phantom C (upper) images and Phantom D images (lower) reconstructed by the true IR method

1000 T T T

(a [ Hybrid IR Phantom A -—15dB

100 -

RMSE

Number of iteration

1000 T T T T

(©)

ISD Phantom A -—15dB

RMSE

10 ! I L 1 1

0 20 40 60 80 100

Number of iteration

120

1000 T T

(b) Hybrid IR Phantom B [ - 548

100 - -

RMSE

Number of iteration

1000 - T T T T T

(d) E ISD Phantom B -——15dB

RMSE

10 ! L 1 1 I
0 20 40 60 80 100 120

Number of iteration

Fig. 7 RMSE of phantom A and phantom B images reconstructed by the hybrid IR method (upper) and ISD method (lower),

respectively for projection data corrupted with noise
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(a) HIR 15.87

(b) HIR 15.18

(c) HIR 16.47 (d) HIR 16.28

Fig. 8 Phantoms A-D images reconstructed by the hybrid
IR method for projection data corrupted with
30 dB noise

(a) ISD 16.94 (b) ISD 16.84

(d)ISD 17.08

Fig. 9 Phantoms A-D images reconstructed by the ISD
method for projection data corrupted with 30 dB
noise

#:® RMSE % 7R 3. Hybrid IR # T & Phantom A D S %
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220N True IRPED RMSE (2K E W

Phantom A~D ® RMSE & True IR, Hybrid IR ¥,
ISD #:TZF N2 4.28-5.70, 15.87-16.47, 16.94-17.17 T
& o 72. FBPik & FBP_G i3 £ 1L & 1 27.64-33.02,
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O RAEIR$ 100 12 BT A AR 2 Z 1 35, 23, 158
Tholz.

3.3 True IREICSI(FDUHABERDE
ARETIE, AT TS S 172 True TR 3121300 1
BEEDLIICHET IOV THBEIN TV R W
®, True IRIEIZBIT 5 WHIROFBEITDOWTHEE L 72,
Hybrid IR #: Tl (19) X X 5 (AW S0 125k E &
NTwa, Zogas 1HHOEHFTCREET—5 %
Ramp 7 4 WV ¥ #2523 % DT, (18) D True
IRFICBVTH BRI G20l L CET—7%
OFPHTEIWEE L, 3.1HiD True IR #1300 W {512
0 D 256 x 256 W F DI H G % 7z, 72, True IR
o RWm{E % Hybrid IR ZEO PRI H—F 52 & T
MEHEDHBLR T b LEZ-I L HBIIH S
Fig. 2, Fig. 405 b0 % £ 912, EHMLZITHRWIR_D
ORMSE (2L, 1EHMEZ 4TS TIR ® RMSE (Z/h &\,
Fig. 3, Fig. 5 OWZDOHEBZIIBVWTH IR_DOWE X
DHTIROWE X Xv. LA L, RMSE D ER WY D
M A IEAMEASEE 2 02, H0D N EEAEE L O
», FRRENOWMEDPEELZOPIZONT, INETOH
FERTI 159515)75‘ TlXZ\vw. # 2T, Phantom A & Phan-
HLT, fH0DHIEE R (Rect_0) % W EI{% &
35 UAMZ, fiE0.0001 (Rect_0.0001), 0.001 (Rect_0.001),
wnmmumn@%%@@%m%ﬂﬁubf%%%ﬁo
BRI ES R B Ol (em ™) B RS, TR PR R 4=
ﬁumgﬂmtﬂb<&m30%wf (2R L IEHIME
OEMEFp % 5, AR Z 10012 L7z, #5H% Table 2

tom B (2 38

RT. SR S HTRI G 2 MG L2 s, 18) R
DLEDWTIIBIT 5
ﬁégl:A%Ax—wD (31)

NERE S DOV RMSE B L 2w 2 e b h o 7z,
WS, WEHE & SRR 2 & Bl ORI L 2 E %
ﬁot.%mmmAfimm % @ Fig. 3 (d) (FBP_A),
FNEH T AT 4V I AH L 72 Fig. 3(e) (FBP_A_G) ®
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Table 2 RMSE dependence on the initial image used in the
true IR method

Initial image Phantom A Phantom B
Rect_0 4.28 5.54
Rect_0.0001 4.28 5.54
Rect_0.001 4.29 5.55
Rect_0.01 4.39 5.58
FBP_A 4.62 5.78
FBP_A_ G 3.15 4.61
FBP_B 5.06 5.46
FBP_B G 3.76 4.91

Rect_0 represents the image with 256 X 256 pixels having a lin-
ear attenuation coefficient of Ocm ™',
0.0001 and others represent the linear attenuation coefficients
of each image. FBP_A and FBP_A_G represent the images of
Fig. 3(d) and Fig. 3(e), respectively. FBP_B and FBP_B_G rep-
resent the images of Fig. 5(d) and Fig. 5(e), respectively.

and numerical values of

i, Phantom A & #IRE54REL57 O % 7% 5 Phantom B ®
Fig. 5(d) (FBP_B), #M%& %™ X 7 4 v ¥ WL L 7 Fig.
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ASTRO “Safety is No Accident” <15 D FHHIFH
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ASTRO “Safety is No Accident” and World Case Reports

Hideyuki MIZUNO*
National Institute of Radiological Sciences (NIRS)

1. 58 -BM

2012 4 VKR O MR B 27 & ASTRO 7%, RS MR 55
FRE A4 L & T [Safety is No Accident | % ER L
72V, B A 2K [ PR A L 2 AAPM < oK [ fi
MHREZERABREI®O & LC12Rk» 2 Hib.
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AT YA THY, BESHGEHRIER OB, BESHnG
WOy 7 7at X, BRI 5 KA O H I &
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Table 1 FUAHHIEE L OB EW I 72 & OISR LO R ¥ v TEUEZEHH T 7-00% vy —2 2 — b

HARFTERS BEFTE [ emuasrE
HY—ER — A=ybHLLES VR SRT L ERPEL ARHEL |EPWEL |ARHEL | EPNEL | ARiEL
TLFIRNF—ERIER 0.25 0.05
LU NIRLE—ERINESR 0.08 0.01
WI FEESE— YAN\—F17, HIF 4T 03 0.03
'r§ /3L = vk, IMRT, PACS, EMR & $3Bi#H 0.08 0.03
Q‘o FEARALVICRBARER 002 001
& Y=a7 - D5F2FE—LDRY—F (TS5 HDRTS 02 0.03
™ FHS5E— 02 002
w ©2aL—4%, CT-Y3aL—%, PET, MRIEHGME 005 002
TRETAREEER (D—URX T30 1085H7-Y) HDR 0.05 0.02
SARETEIRE 0.2 0.01
N
EE R HEMBE R BN
Ed SMERERYY. 3-DIARETE 0.0003 0.003
i [FeEs_wxzanrE o000z | o002
ﬁ FHRE I 5% £5E—(LDR & HDR) 0.008 0.003
® FEHBRER 0.008 0.005
IMRT, IGRT, SRS, TBI, SBRT 0.008 0.005
/MR
HEAH (EFPE LA HARHE L) FTEE R FTEERrx
ﬁﬁﬂg BELIL—=2J(FTE) 0.667 0.333
KE [HEEEEORRETD 0.667 0333
gzﬁ FRRKERA; Inc. Rad. Safety (FTE) 0.667 0.333
™ FEEEFTE) 0.667 0333
N
Tl

ANTIAV—BIOERAI=IN AA—DUTVRT L T—YRT—2ay Y R— R T L T /00 —DOEHERA (hFL3)
w UTFISRT TS0 GAREREFRBEOEMBIBERA  FRBERHIU(HFL3)
sk LUTISRT DTTY—RIICERYEL LRSHHARME T O EEFTEEBE R A REMLFTEIS OV TIEALR—RUMTET—T LB (Hh5 L3)

3. BERZENDEYH

HICHEETHLEIHONDPS, EREENOAIERE
Y h A L TFRIRT.

- BEWO LR F e w B
[REMWERFEOMIIIHELMEED 5. FFEOMN Y
AT AE, AY v 7 ORI, HHOTHIRRPAL, I
WKRF2HELEINICHR D, ZORD, BETHEDOEVERE
B T —27 70 —%82 572012, &N LT
WIS HLERD L. ]

RPENY AT LAEZEZTWL ZEDPEETH L7,
FNEEZDICEEFPDLDOTHRL, &R LT
PO T RERH LI EEHRAL TS, TOTHEA
WFADALY Yy TPOLORNMS R L, =27 VIlHEo
TEBFETIATINDE L) 5.

c AYy TWE AT Y =
[MHEENHETHLLE, TP BENEDHL.
WAEFHES PRV EHETH L. RIS 2
RHERRT 2121, HAREO L XIVOAMILETSH S H
LTHh5. ]

FMARRETH L HRANCHK T TSV L H D
BNV, TOX) BEBITERTHo7z. LM E
BB OB OBEEIEA T v 705 EAD B (Rt
EH) L, b 7ru—35KHE RS-0 THZ L
bH o LEH D, WICHBIOLEIEFRI DRV 5
EVo TERFRDO ) A7 BURIICT 5D Tl s
, WL EBHD L) EREFHFOLELDH DL Z
EEREHL TV,

Ao TV X — (REREREE)
[fEad ML=V 7D 2 EI3EHETONEY, Th
BERLHMEOEKNT 70 —FTHL. =2—F—2ITD
I —ICHTE2RBET - R=2 2BV TIE, [HY
V=R D o722 8] PIRDERTERTTH
DARY MD8A% & 7=, ZhUx L, [AR#EE)RARY
=T FA RS P D16% ST Erho 7z

HADOBIGHMHEFICB VT, HREEOR) Hx ki
TREZA, LWIHRKR - B b ozt Bbh s, HEH
KFEFICHEZENZVWEOBIIS T EI b L
W, 7272 REHREG D720 O RAKEOFMEEFIZLET
H5B. TOFENITEN-Z L E2MERET LT v 7Y A
MDD Z L BB TIEZ WA, FOF v 71 A b
WZOWTIRTREDSHHHENPLHTH S LML T 5.

- H5AT ) ALFH A LT\ 5 (They are focused on the

task at hand)

- =W —1ZZDOHF M %ZE U T 5 (The user believes

in their utility)

=W EENS BT 5 2 & ANHE S L5 (The

user is forced to use them)
ENLHBNIOBHLHETHY, ENBRITFTTLHENL
Fryv 7 ) AMELTHELEZVWILIEHLNTHS. 72
FIWRLEEOF =y JHAPSHSLF v 7V A MRS
CEDBHBHD, ER3HEGHIIARBIIHNET v 2
AN EBELTEEI LR,
ca—xvT7 7 y=1%
[BUTOATM TIE, BlE2 2 MBEICH SN zF v v
Yah— FEZITMAL LS I hoTwAS, IS, FED
Wiz Fio7za vy —)v (BER) OBRIERS ¥ & LD

59



PREE P 55384 oy

BRET Vv
ERETIL

| BMoY—4F—vT, QARR
2 (BRICHTEHERIORE)

HEROD
BLNBR,
TEEOHE

ERE

Ry —
OFEH

| 9\)=vh (EEREE) |

WV

BEETIL
2=y (RERRE)
RE/REMERETHIERLBERFOT—II0—ICHE
(EFLEa— Fxud)AE,
BHEAE )=V T HRAAVMNEE)

REXIED
R L
ks i8/KR IObARE
ARIMTS REAL R
=507 RLMONE e ]

BPY—4—v7 QAER R
(FERIZH T I HHT %)

Y

Fig. 1 BEETFVLIHEE TV

ECHFEUMEICEET L, 2 —F— 13382 6
BIETELLEMET A2 EDTE S, Ml BED
%550 % 5T LTV v SNAEEZRMTIE,
RN 3%, BHPER, loRmstriigysce
D, R EZ RITT I EPEILEIR TS, |
SHONTAHAIUEZOMY T, &> L ATMOFEIIICIE
Frvyah— FERHSEZFAFICZTMSL LHITTELD
THHIN, TI)bEFyryah—FEhMRLHET5H
ZEWZRBEAH. HEOHPIZHEREEIHENIELZ L
DY IBHLHBITHAS.

B =T I ADRHE

[BHBEA & v 71E, REPICHEBT2AFU0ETHEW
W, I o MBI L CGRENIHLS 2 % Mo Tw
AT ENLv. UL, HuckI ) ) 2HEZEHL T
WHERBRLARW., =7 I ZAIOVWTHNSL Z &, #
OB BL¥EHE T ADOMBERFET 5 72D %K)
I s, |

TP ICHANSHR D ) 2WEZ A TX D089 »dEHE

60

WBh I CHREMICEEICR 57259, =7 I AIOWT
REZEPEENE I DI, TR ANICIETDD 5.
e S LA WA T A28 H 508, MLl s
WEIHE O Y M SH B I LD\,
« HHEEB~ORETEDOM A AR
MR e EOR Y i, AFEBLENOLD
LRONBZ DS, (HlE) ZoOXHICLTEDLN
TR, AAICLTIERSNAZ LD A, Tk
BRENTHD. EZF LV HMAL L, BEREBOH
HEOPIZRENORRE 2 R, E N HRES * Ol
THHRGMEERE L THZALIICTHILETH LD
Fig. 1IZEWHI L LTRRSN TV ABEET L, Hw»
Bl LTRREN TV LIHEET VEIRT. RKETIZQA
RREBEDVHEINTHEDIZ TETWE, 7272, £
CHAQATGEI O B D TIE %R L, RS H S
QAREIDOHMNI A ZENEFT LV EERTWES, &
B ZETE RV D LD, 2089 hRsE
TALE —A—NICEERT 2 2 L %@ 0T, EREaeIIgs
NDLDOTIERNIES )

%
=i

4. HWHRBEDA VYTV MREFH

Safety is No Accident TH i SN TW5HZ & THB75,
A V7V MRERTNEFI GRS & > TRUR 2 IU)
ATHY, RSB BEHOME Y AT ADBHEET L.

IAEA |2 13 SAFRON (Safety in Radiation Oncology)®’
EIFENSA V3TV b - 2T IAMETATAND D
20124E DR, 1,300 UL L OEFAHRE N TV 5.
iR 7 Ay v PEE CHRIENMEEIC R > T b,

ESTRO @ #% 4§ L TfEMK & 1172 ROSIS (Radiation On-
cology Safety Information System)” b Fk®D ¥ 2 7 4T
HY, 2001 4FIHTEN, TH5I2H 1,000 Lo
BIAHE SN TV D,

ASTRO & AAPM 751 il L T4 @ 72 RO-ILS (Radiation
Oncology Incident Learning System®)” 13 2014 4 #% 37 &
FRHLVWYATFATHD. LEIHPHEMCOVTIETT
121,700 %282 CTB 0, LiLo3D20Hh TldiRik Tk
oL HIERITHERBE LT 5.

HARIC b A4 A H AR EFE AR RS 2517 > T v
5 EBRERAEMIESFEDSD D, 2004FIEHFE LD
Fl&EfnTe Y ) -y MEBIOIE - AFEITTH TV 5.

5. #& i

IR ZEON F07-0, FiBRHIENZT TR {E
FHZBZL DY, KRV VRY T LATENS ZRNANT HHE
FHZ TV WLEIERRERETH-EES. 0
VURIY A BEWMW I OEERBREARICZ 0N
BEY LTHELZH L EIFE 7.



Jpn. J. Med. Phys. Vol. 38 No. 2 (2018)

1)
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&EXM

ASTRO, Safety is No Accident: A Framework for Quality
Radiation Oncology and Care, 2012, ASTRO, Fairfax, VA
(https://www.astro.org/uploadedFiles/Main_Site/Clinical_
Practice/Patient_Safety/Blue_Book/SafetyisnoAccident.pdf)
Radiation Oncology in Integrated Cancer Management:

4)
5)

i

Report of the Inter-Society Council for Radiation Oncology,
1991 (https://www.aapm.org/pubs/reports/BLUEBOOK.

pdf)
http://rpop.iaea.org/lSAFRON
http://www.rosis.info/index.php
https://[www.astro.org/RO-ILS.aspx
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Efforts toward Patient Safety: Development of System and Education of Non-Technical
Skill

Hiroyuki OKAMOTO™*, Satoshi NAKAMURA, Shie NISHIOKA, Kotaro IILJIMA, Mihiro TAKEMORI, Hiroki NAKAYAMA,
Ako ATKAWA, Yoshihiro SHIBATA, Toru KATO, Yoshihisa ABE, Hiroshi IGAKI, Yuko NAKAYAMA, Jun ITAMI

Department of Radiation Oncology, National Cancer Center Hospital

Advanced radiotherapy such as intensity-modulated radiotherapy offers many advantages of high accuracy and efficiency of
radiotherapy. To date, many technical guidelines with description of quality assurance and quality control have been reported.
However, some reports indicated that human factor and environment is major cause of radiotherapy incidents. If radiotherapy sys-
tems depend on automation and computer system, individual risk management is degraded and ability of preventing radiotherapy
incidents weaken. Recently, the American Association of Physicists in Medicine (AAPM) task group-100 was reported and it has a
new concept guideline, which proposed the comprehensive risk management and education of non-technical skills for overall
radiotherapy processes. The TG-100 recommends implementation of process map, reporting system, risk assessment such as failure
mode and effects analysis (FMEA) and fault tree analysis (FTA) especially for advanced radiotherapy. In this paper, we described
effective and efficient procedures to improve the treatment processes and education of non-technical skills using the such manage-
ment tools proposed by the TG-100 guide-lines.

Keywords: advanced radiotherapy, non-technical skill, quality management, process map, reporting system
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Table 3 TPS stage in radiotherapy process training
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Efforts toward Patient Safety in External Radiotherapy

Seiichi OTA*
Department of Medical Technology, Osaka University Hospital

In past decade, several reports for patient safety in radiotherapy were published. Process of radiotheray has been recognized com-

plex because its sub-processes are performed with interaction by multidisciplinaly team. Thus, there are many opportunities to oc-

cur human failure such as communication error and equipment operation error in the sub-process. This tutorial paper was focused

non-technical issues towards patient safety in external radiotherapy.

Keywords: patient safety, radiotherapy, multidisciplinaly team, incident learning
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Comparison between Medical Physicist in the Field of American Nuclear Medicine and

Japanese Present Conditions
Keisuke TSUDA*!, Masahiro FUKUSHT?

' Department of Radiological Sciences, Tsukuba International University

? Graduate School of Human Health Sciences, Tokyo Metropolitan University

1. FU®IC

Peepp it &%, EBE 578 B (International Labour
Organization; ILO) @ [5] B 15 #& I 3% 53 1 (International
Standard Classification of Occupations; ISCO) ISCO-08
23T Medical Physicist [ #3412 8 9 2 Bl 229 A0
W BHROSFIICHT A ME] EBES N TV B E IR
. HARTIE TBUMESCBT 2PN B X Oy
ORISR E ) #] LERSh, BRI
B ERAC R LA 2 IS AAA T2 EMER L LT, @k
HAHRER OIS X OERICHKT 2ERRTH 5. H
WIZB U % R L D8 5E 13 1987 4E O H AR A UT#E
FREAEYIAFFEREN DB T > TB Y, HARKRZNR
WRAey, HARRFAWISY B X O H AR BGHRIES 20
3HEREWEDWME & L T 2009 412 — M Fik AR5
WL REEMS R LREEZT > TV 5.

PR OB L T RLIR T 40 ISR S Tw 5.
1) BURSRIA R P55 B

XARRHL T2 R L CASA & IRHET 2 EHRIR IS
BIFBERE, WHNRHER 2@ L CTHES
GaWz, BARRREMICHETZ L x b o TR
WHGT 5.

) RS W B B

XA T2 R L CASA & IRHET 5 EHRRIR IS
BT 2HEME, WHNSHER 2B L CTHES
LEWR, BAZRRMICHE ST 2 Z &2 b o TRH
ZHGT 5.
i) AEEEAW B E

BETBRRINL T3 & il > TR DB R ER Z § 5720
OFEORTE, WHEE L, PR L mEoEE R
S DERICHFS T .

iv) BB - e A

TR E % /NI 2 AR5 55 5.
EINTIE, BORERS IS B W TR E L O F E A
SEoTEY, [ASABHGEEEIL R BE a5 D FEM 12D
(JEA 578 A4 e b ) s 1) CPIi264E 1 10 H) 2B w
T, BT ORGHERIERIC B EE B O RS, REtE
B OWGE, TG FHERBIVESEE I D 2 OHA#F %
TADEREST 2. &b, MG — Mk
N HAREE 28-3R B 2SR & 1190 R TH 5
TENREF LW ERREINTEBY, E¥EPYH Lo
25 OEHICHT 2 HBAKE L Sh T3,

2. BRICBIF2EFYELRE

HATESEWE AN 2 5 7201208, R P38 58 Bk
MEMIT 5 AP PR RIS AR L, BRI 2 W
L7 L CRERZIT HLENSD 5 (Fig. 1). 201843 H 14

Eoamn Ll | | BELAPE | | mreron || nammin
TzEsms || Dz et || TELSEE||0BTELL
s |2 LS St | |[rozian| | rEto
T ozzmE || © a0
ESMELRERS
| ESMETRE |

Fig. 1 BE¥WHLEICES ET
R A B R E B O o — A R — DV DR
4 7208 il B # € (http://www.jbmp.org/certification/
regulations/) % S JH & 72\,

* o IFHEBRFBHBU R R [T 300-0051 J s It 4 i 117 2.6 6-20—1]
Department of Radiological Sciences, Tsukuba International University, 6-20—1 Manabe, Tsuchiura, Ibaraki 300-0051, Japan

E-mail: k-tsuda@tius.ac.jp
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KENZBWCEAYILREICELE T

#E Al 1Z The American Board of Radiology (ABR) ®
& — & X — U (https://www.theabr.org) % 2 I JH X
72\,

Fig. 3

HBITE, ENOREEFWHLRIZ1L24THTH Y,
BRIAHIL1,108%TdH % (Fig. 2). — 7T, KRETEF:Y
227201203, REOESWHEE 7077 L38E
7% H 4% (Commission on Accreditation of Medical Physics
Education Programs; CAMPEP) i85 O 5L ai f - i 43t
B-LVIFybTury g nE#ED SV TH, sk
(a2 r¥a—ilBh), SMEE (22 ¥a—5 iR
B LOHEMRE (HERB) (CAKT 508D 5 (Fig. 3).

B AWy BRAGHE [ C b % KIE T HEAY 4,400 £ VL B O B2
MEDPBESNTED, RO R ZEAWIAIL, B
AR IT TRPEICE B L, BRI Z 1365 & LTT-o
Tw5 (Fig. 4). AAXR®D20114ED 7 ¥ 7 — M TIE,
64% DSTEH KRG, 21% DB WI B OEBE % 1T- T
WL EMELTWS., T2, BPADIKIERD1IOTHS
BOREITE HFICE VR A v NIREEE N S s AR
TR, RS TR BT R T 9 (Intensity Modulated Radia-

fRRDOE I
2%

BEZF
3%

FPIDE

RmBIE
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3

sl BAEE
4% 3%
e
4%

i 7@
R EETH L REOF. R HEMGEIC
B2 REHEREG, TRITMRAEIC BT 2B e
ey

RN E R LR BRI D R — A R— Y DEFY
i1 & & (http://www.jbmp.org/it/) = ZIRTH & 72,

Fig. 4

tion Therapy; IMRT) 3 & Ok T-#ia# (B 78G9, &
BLFHEH) 7 & O R LR BG R & i3 5 EEEE
TEFYHLEEEL TW5E. 2ok, HARTIHGH#H
EESTFICBWTEFAYHLOFEIEE > TWEY, &
R U ORI L CIERZEMEETH L. IF
¥, BEFSHIZBWTOEFYHLOFEIHE L LM
ESIND 0, BB B\ CTHEA O JEHE R 7 B2 #
MiFZ 2B B2 BES ST ORERYSWHL O~ BB T 5
LIZEETH .

3. KEDOKEZDHFICHIIIEZYELT

HeFE, RS AE T 5 R B At
TREHMEAE (20124E8) & LT, BERF5EF2EME L
TEREYHLOBHM EAHWE LT, RERKBEED D
A B PR % B C & % M. D. Anderson Cancer Center
(MDACC) ~Zi[il ST 72, ARTIE, B2t e
L COBIEFZHANOIY FAIZDOWT, HERICBIT 21
o HoEsMILOBREZE £ 2 C, KEMDACC
TOWHBENEIZ O W TR S8 TTEL.

MDACC 2B 1F 2 # R 42 HE M Tld i fedm @, SPECT,
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Fig. 5 Imaging PhysicsiZC. (/£2*5) Prof. Tinsu Pan, ¥

@ QA, QC, Protocols

B K @ New Protocols, Acceptance Testing

DTY ® Consultation with physicians
30-40% @ Studies

Perfusion CT, Cardiac CT, 4DCT, PET/CT...

0= @ Graduate students

B 90 %: Ph.D. (Thesis Research)

00 10 %: MS
10-20% @ CT Reconstruction

@ PET/CT imaging PETICT
) S N

e @ Auto protocol check

g @ Auto study check RT/RO

; PETICT
20 % @ Automatic...

Fig. 6 MDACCIIBIF 2IEFFEH 2 EME LzE A
L% EHEAIE K 830-40%, HH 1 10—
20%, 32 : 40% TH - 72

SPECT/CT 3 X O’ PET/CT % v Tk BE 22 B i e 7
R 3 #E AT H T w7z, Imaging Physics @ Prof.
Tinsu Pan ® ZH{#E O F, 2013423 H 18 H (H)~22 H
(&) ©5HMWBSETHW (Fig. 5). BEF5 % 5
MeLEEYRLOEFBIRELSFITT3I2HY,
IR, BHBLOWIETH - 7 (Fig. 6).

WRHES L, BEFZHMEEBLO 2% 1) 7L —
¥ EDQAIQC, 7 u b I VRN, WEBEAMOZAN
BB L OBEFZIIE L O Th 5. HEETMICE
B AY v 7B, RS A (Clinical Nuclear
Medicine Technologist; CNMT)17 %, W HH 154 T
»Y, QAIQCTIE, EFWHLDIIH, EFYWHLL Y
7 ¥ b 3 &£ U Physics Technologist il ) [ 123 # %
BT LT Wi,

SPECT#BfITIZ, 6% ®SPECT X UF4 % @ SPECT/
CTHABBLTBY, RELTEIYF T 74 PER/E
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Fig. 7 SPECT/CT ® QA/QC. | IXi 7 %> & Ji{ 1 Physics
Technologist, [K#WH+ B X CNMT TH 5.
I3/ A BIFIZFE . Physics Technologist B8 & O
L V7 N ThH D

NTwz, 1Hd7) ARRBHEBUBREOTY v F7 5
T4 EERLTEY, WH OGS BHBEEZ LR 6 K00
GTHY, MEOPEGAIFH 2005 Th 72 K
WAL CNMT IR IEFICRITFLBREHELTEY,
SPECT/CT ® QA/QC % FEfiti L TV 5 [, BEOMAEIZT
Y UFTTT 4 %FTLTWSCNMT &AL &
BOME LTz (Fig. 7). 72, ¥BOGENWETDH
0, BYrF T 574 THODIRGHERSER %GBk
FREE [ 72 & HRARATIC B3 2 2 S IEIE CNMT 22 5 T#
RIEE, —J, SPECT/CT ®¥—1k= 22 55 e 22 &1k
REFAM ERER I B 3 2 R R E Y 2 & SHORTEW
7z.

PET#FICIX, 5ADPET/CTAHBBLTEBY, 1HD
72 80 A o *F-FDG JE# PET M2 % F i L CTu> 72,
WA RS W28, WE O¥G FRIGKZ) T 6 K 30
GTHY, WROBGHLHIFH6HI0FICELIHDL D
5Z5Thol:. MAEMHIZFEL L TPF-FDGE% PET
WA TH o725, Zoflt e L T"C-methionine, M
B3 A WHTPF-FLT B £ OV ¥F-NaF b Ei X T w7z,
JE, HAIZHBIT S PET O QA/QC Tl NEMA/IEC body
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PET QC La
| AcB6.1068

Fig. 8 PET QC Lab. PET W {§ o Wi 2 3F fif 1% 32 12 ACR
phantom % J W CEHi L T\ 7z,

phantom & fl \» % Jili % 5% \» 25, MDACC T, ACR
phantom % FI\»C QA/QC % %Ejifi L T\ 7z (Fig. 8). F 7=,
PRI A-x, BEMAY 07T b a)wBRAHE ISR

L, BAHEEERORSE, WfErs L OREN Kz, &
i b L, HAOBEFZHWNT 4 — KNy 7L TWw
7-.

WE¥EHE, FLLTRPRADIETHS. Imaging
Physics (1R L TV 72 R FEAE 90% A3 134 FE, 10%
PR OZETH - 72, HREMIIE 1ER OMRT
ERFBHEINTBY, EHFDLZHSETHNZD, KE
Bed: O N A LA SR F CTIRILEWHAAETH - 72
(Fig. 9). 72, WLBBOBENREHEDZEDLHD,
SRR ST 2 HE RSB L OIS E b IR0
ERLREHLE LI

WFZEERs 13, BIRFMEZ 22T 5 BEVERHE»OR
WMEGBEPZITIOND L), HEBEE~NT -y
TONBEDETH o 72 BRI BV CEFRaT
RATHB, ERECESOMEB LRSS ERAET LLE
BdHDH. B, DAL EDITFRABBOEEE 2T
Wi FEI% Tld, PET/CT % M\ T4D-CT %8 L, Res-
piration-Averaged CT {2 & % Jf55 4 1E & i L 7z PET Mij{%

BABOHFRE, BREIIT AR OMRTEL
RAEBEEEZTORERZA Y —PBRIN TS
D, KRB BGITEAICHD LA TV 7z,

Fig. 9

Fig. 10 4 SME % S0 123 @ & L TWw» % PET/CT. Real-
Time Position Management (RPM) % # # L T 3
0, 1EffE% 4D-PET/CT DHIEHD e TH %.

% T IR A JE 55 /KB (Gross Tumor Volume; GTV) %
g L C\w7z. F 72, Prof. Tinsu Pan i Respiration-Av-
eraged CTHHIEDE—~ANZETHAHZ L H» 5, PET/CTZ=H
WT4AD-CT % g 3 A B, #EE~LIMIE L, 4D-
PET O#fE OB BE ORI (KB %G < iR
L Cw/z (Fig. 10). & 512, F# ISR BT 2158
HIR T, PET 3 X O°SPECT Wiff % FEAR MY ICHL Y AR,
GTV O N HF ISR 5 0 Viability % SO L 7z A W) 2210 i
%5 K% (Biological Tumor Volume; BTV) ZfER L T\ 7z,
AR O BERERACH 2 Hi 9 2 BT IR, E T
BIOHHFERNEIC S AR S, BROTRIERE, %
REFBWIE S L OEFW I AT A ITHE L, &5 O
FEx BT LTz,

4. HBHDOHIC
ARTIE, EAWIL L L COBEFEZHRANOIY H A
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D3DTH o7z, RENZBIT BHEFD T OREEYH A
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Accuracy of Standardized Uptake Values Obtained by Quantitative PET/CT and

SPECT/CT

Kenta MIWA*!, Hiroto TAKAHASHT, Noriaki MIYAJT?, Kei WAGATSUMA?, Taisuke MURATA*

! International University of Health and Welfare

* Cancer Institute Hospital of Japanese Foundation for Cancer Research
* Tokyo Metropolitan Institute of Gerontology

* Chiba University Hospital

Quantification of PET/CT and SPECT/CT using standardized uptake value (SUV) is affected by many factors related to technical
factors, such as scanner calibration, imaging physics related factors and patient related factors. Here, I briefly describe some world

trend in accuracy of SUVs in PET/CT and SPECT/CT, followed by present and future strategies for clinical practice using SUVs. Fi-
nally, T also provided the results of multi-center phantom studies in Japan using SUVs of PET/CT and SPECT/CT.

Keywords: PET/CT, SPECT/CT, SUV, quantification, standardization, harmonization

1. FU®IC

BRI AEARORB AR 2 C B ICFHII T X 2%
TELLTRELTEZ O BEFHREOAL ST
MRI® CT % & O Wi{gis e i 253 4t 5 2 MR 1 2 % 8l
BN A F<—h— LTHBEDTT, HESHRZT TR
CHBLIGHEHAM R I O FMAREL & L CHIH 3 2 il Aas
HbH. ARA=TVVINL I — A —RIEERAEWFEN T
LA, RHAEN T O X, FZEEBC T S M X
ISPER BB 28R & L CEERA MG SR T 5250 TH
Y. BEFHRAETIE ML —Y— BB 2 K 55
EREIRIE TH % standardized uptake value (SUV) 25%f 4
EENTWD, BEFRENA A=V VI, T —T—
E LT, SN 5121, SUVOE WM E RS
5h 5. ARTIE, PET/CT & SPECT/CT 55X h
5 SUVOREIZOWTE 2 L. T2, RO SUVOFHH
PERRE BB 5 2 i RIS OV T AR 5.

2. Standardized uptake value (SUV) &I&

MPETHAIZ BT 5 ERIFRIMZ TV, T2 8— h X
¥ MNETNE W TERNIZER S S - SRR o £ HLY
BB DR %47 ) FEDR— I TDH 5. JESE *F-fluoro-

2-deoxy-D-glucose (FDG) PET M4 Tld kI % 17H 3 5
Wz E LTSUVAIRS R THH S Twa. 2
YNR=F AV PETNEHOWTRLON S EREICHNL,
SUV TR LNfHIE R E IR TwA. SUVIE
HALHRR O ST iE & RE Y720 OF G EOE AT L,

UTORXTRDLZIENTEXA.
WY ¥ M (cps/pixel) 1
SUV = S5 076 (MBa)/ % (kg) * OCF
| RUBRBUHRERIE (KBg/mL) )
= 5RO E (MBa )/ T (g)

CZTCANROEEE 1 [gml] LIRET % L SUVIZHAL
DXL E 7D, B SN FDG A& HICHEITS
L+ sESUVERRQ)EN1ITHS. 2F ) SUV
G & g OFHRERE L O TH B, FHERL ISR
Dy =7y MWD #IK (region of interest: ROI) % #¢ i
T52LT, ROINOEHEDH-Y) DAY~ M (FHEER)
ZHMT S PETEEEL F—XFx ) 7L —F7OMAEK
1E (cross-calibration) {2 & Y 5 L 72 IEAR L CCF (=7
v v MMERETREILE) % ROINOWEDH72) DA~ b
IR L TR % 2 & THRUBRBUN fE I 2 (Bg/mL) @ HifL
WCHET A EHNTE L. SPECTEEDY A1, PET &

* R AR ALK SR PR R AR A TR IR - TR AL [T 324-8501 MiARILK I it 44 2600-1]
International University of Health and Welfare, 2600-1 Kitakanemaru, Otawara-shi, Tochigi 324—8501, Japan

E-mail: kenta5710@gmail.com
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[ERR A TR B (R O FHECERE A O FRR AT RE IR 2 IR 5 5
)i &, system planar sensitivity 2* S8 3 5 HiENH
57 B5IT, ZOWIE OB R 2 kR & 5
Mt REIC & > TIEHALT 2 2 & TSUVAEIH S .
SUVIZME AR F 7213 A TORRNE/LZFHM LT <
% 5. ROIN O F 0w AAMRBOT REIRE 2 5 /I 5
maximum SUV (SUVu) 255 H R LT 5. F 7234,
WWENORKMEE & A, 220 d ERMATE WHIKIZ 1em®
(I £ 12mm) @ k volume of interest (VOI) % % & L,
Z DI T D % SUVyear D3RR/ 4 XD EZ Z1FITL
CHBUEAE W Eh RIS TWE Y.

SUVIE, —MRICHAREIZL > TIEHILE N2 b D (SUV)
T®H 5D, SUVi ZFDG AN IZEM L 272085
HERETHIET % & EMHCE CTIEEHiEIC % % & iR
ENTVD Y. WHE OREIRLE L CTSUVL 2SS L,
A HEFMIC B W THEE 2 DB 5. 2Ok, AKREIIE
b o THIENIAE (lean body mass: LBM) 12 & - TIE#HAL
L 72SUVim (b L < 1F, SUL)Y %, k% T i # (body
surface area: BSA) {2 & - TIEHAL L 72 SUVhe D FH H 1
P SN TV D, SUVin R SUVie [ EARTE KA L 2\
ZEMFHLNTEY, SHROBMKISHIFENS. PET
response criteria in solid tumors (PERCIST) & ¥ %
FDG-PET % v 7= AR5 W & 5 3 19 2 d6 60 AR ) 52 (2 F)
3 % E B 2 criteria P S TH Y, PERCIST T
13 SULpeax ZFRM L T2 7.

b R TR EN TS SUVau lE 1R 7 LV D AD
TS SR OH#EZ KL Twirw., Lo T, FDG-
PET TI& SUVnax D A THELEEEF 2 BT BTGB PERRZE DL
B3 RVRHEE OFRAFG B R R OB 2 B IR T 5 2
CIENEETH L. TR ERD FiEE LT, SUVmll
X9 % BE % X — 2 A I & W LR o s ol
MOKREE B0 2 RS 2E5HOWETH 2 AHAR

(metabolic tumor volume: MTV) A3 i 57 o 1 Bh 14 5FAM o #i
DI L LTARITH A 2 ENE SN TS, EiE
&5, SUVOPIGMETH % SUViewn & MTVORETH %
Total lesion glycolysis (TGL) A%, BEVE:IE L 0 ik 9% FH 2
KHw OB L) Ch o722 F7z, EEIHE SPECT Mg
ICBWTh, HLHMEE L 2EHMOBMHTH 2 HAR
(metabolic bone volume: MBV) %, SUViyean & MBV @ F
T 5 Total bone uptake (TBU) %z & L E N T3 7.

3. PET/CT SUVODIEE

R FCREREWREZRZSUVTH 28, MEME LT
Mex RFOREZZ T THEHPEBT 5 ENFETFHN
5. RELHTTEMWET, EWEHRT, WHFAHIN
TRl sNS. #EOSUVHENEL  OXLE b L1,
SUVZ#Mii§ARFTEDBB L ZOMEHP & ki
EPEEENTVDEY., TR ERORTFHIMTOMEEITTP
¥ 15% Ajiii & 72 % 25 (Table 1), SUV dkk 4 R ER D/
SRBAENHAEDL Y, BEIZDBRENEOLATHZ
LICHEBETALENDA.

Doot b D% % I FMFFEIZ 8T, NEMA body phan-
tom Z W T8Ik 11 M D SUVO LB 2 4 L7227,
NEMA body phantom ® R+ 4 X124k A7E2 9, ZH)HR
# (coefficient of variation: CV) 123 T SUVmean 7% 8.6%,
SUVaax 2511.1% %7k L7z, T 72, PETZEE OHEFE 08
DMK TR, WIRFREK S (teration, subset, post filter)
WX o THSUVHZILT B EhMEshTwsY. |
BRI 2 A IS B VT 52% D ftiak THUE O B R 2 F
A—=FERMLTCVLIEPMEINTEY Y, Bl
O —PETE 2 T 5 172 SUV ikt & LT
DA FVEDMB O i % T 0 5 7 5 BREE A D5 H O W% FFRE
NG X = THELNTFERIIY T T L LIRS W, F
72, KREBE % & (SNMMI) O EREB A v b7 — 2

Table 1 Overview of factors affecting *F-FDG PET SUV ¥

Category Factor Typical range (maximum effect)
e iy R ¥ Cross-calibration —10%—10%( = 50%)
BeGREEE GRATIURE: &) 0%—5%(< 15%)
REZIREE D3 0%—10%(21%)
Wik G727 =y 7 5 Rhat) 0%—50%
AW R T TS —15%—+ 15%( = 75%)
FEFERE[E (uptake time) +0%—+ 15% at 60—90 min( = 30%)
Wkt o) & & I 0%—30%( = 60%)
BB ORE (CHIREL &) NaN
PAE NaN
WY R T IR St 0%—15%( = 15%)

TR G GROaAmRE &)
ROI OFIHE & P52 J7 1%

SUV O IEHAL D&

I A1 o> 1 1E

1E A O WEGHIE~ D R

—30%—0%(— 30%)
0%—55%(* 55%)
Trivial®
—15%—15%(* 75%)
0%—15%( = 50%)

*Use of different normalization factors (e.g., body weight, lean body mass, body surface area) in SUV equation yields different SUVs.
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(Clinical trial network: CTN) i&, it H 12 /B & L 7= Mg &K
77 ¥ b AERWTE# PET/CT %1 o SUV O#\W %
WRT 2 A ZHED TS, Sunderland H1F, TN 5
406D 7 —% v b (170 fid%, 237%0#H) OIUE - fi#
Wiz L2, A—BlETh-Td, MEMH
WRTFRER ST XA —F RSUVOELE#5| X R L.
2, Gaussian post filter D B EMHA K b & A ICEE %
5z, Imm K& {F 5T LI SUVina #70.2~0.3 2 EE %
AL 7. %72, Time of flight (TOF) #ifi 1. X° Point spread
function (PSF) #fi IE & & # L 72 & # ® PET/CT % {13 &
SUVoamax BEWEHIAITH B Z L 2B 5T L7z
Boellaard 51, PETHAEDA X =3 ¥ FNAf < —H—
ELTREEMEE S 72012138 D & L% (repeatability) &
L (reproducibility) 2SHRAM 2 LEHIHTH 5 L b~
TWw5b . repeatability & 13, [W—BF 120 L CHim
TR A 1T o2& EORFENSITBE L, test-retest repro-
ducibility & M#&Td 5. i1 )i, reproducibility & [{] —#
ME I LR E AL TIRIE L7256 0/REE L
THEFKTE%. Doot b1, KKK A—7— (GE#:
Siemenstl, Philipstl) ®PET/CTZEIZBWT, HL
NEMA body phantom (2%} L C20 M E %4795 = & T
PET @ repeatability Z #iE L TH5 1), PET D#f§5lk &
BRI SGE 25258, VA N)REIZSD T2.5
~4.8% DHPAITH 1), PET Drepeatability iZHW I & %
RL72Y. BROFME S LT, 2~3EB NI — 8%
Wxt L TR L 72 FDG-PET M A& 9256 L, EMEE O
SUV O H 3L %2 BGE L7252 5. BN O#E T
1X10~18% ", ZHliak M OB TIE 15~50%" Dk %
AU LWRRMEYRD L. FOEHROREL O CRAERRNE
WL, SUVOZE %2 R/MLT 5 LEBH 5. T72, B
IRIRER 7 & CE ik O SUV 25§ 2 56121k 7 7 ~ b
LB AR H & U 72 35 R0 PR O O B HEAL (standard-
ization) X° i fil /b (harmonization) 28 I N THB Y,
Bex B RLADH R SN TE 2, kol
RESOBE#ILICET 2854 K I 4 2T, #HEC
BI9 52 &, WS &35 R T A2 8, Wi
BEOKZEETF—FWETT P VTSI &, BIEH
R E BB 95 2 &, RO EEIHT LI LY
OFEEWN L HEFTLWENTEB Y, koK iErH—T 5
CETH—OREIH S L) T 27200 L ST
5. ThbbEERLL HH-EORELREL, 5N
ToRERASFEMEA I — 33 % & 9 ITIEMEEE (accuracy) (2 1
EUCTHEZRTTH L2 M), BMO 7N — T Hsi
FUZSEERT THRIE L 723 boE 2 Lid, R 2 MRS
S OW LK R % D B Felk 7 ILHEFIPH N lower and upper
limits IZINE 2 X ) ICADREIHMY MAZ W) 22 2
LK R OHGEFE (precision) ICHE N EZ B THEZFTH 5.
PHEIZR e B2 X = — DR BVERRORE, Fx 5 AR

i

.. | National Standard |

2
Traceable to NIST ﬁ

Same batch of 8Ge/%*Ga \
in epoxy

68Ge/%®Ga source for
dose calibrator

%8Ge/%®Ga source for
PET scanner

68Ge/%8Ga source for
well counter

Fig. 1 PET cross-calibration kit (PET F-18 X-Cal Sys-
tem). One batch of epoxy containing *Ge/**Ga was
used to construct solid “Ge/*Ga mock dose cali-
brator and surrogate scanner sources with identi-
cal activity concentrations

ORI LMD, B DV 7 My LT TOMRFERER
B EORERE A KIETHET 2 7-0ICHEHTH 2.

bbb EWN OO PET Fifk % hf 4 #5052
HAWTSUVEEDORAEZGHME L7z, $72, £ SUV
DFE R f/MEIT T B 720 | EEHERRE & W C SUV O
L2475 722, BEHERRIZ 13 ®Ge/®Ga ® PET B IE
i @ cross-calibration kit (PET F-18 X-Cal System) % H]
Wiz, ZOMBPIIPETEEMH, F—XFx U TL—%H
DOEHEGIEO Xy b TH Y, [H—D P Ge/*GaiE il % 751E
L TR L T2 72D RE iR EEAYE L (Fig. 1). T 72,
K[ 37 B H AR ZE T (NIST) & b L —H € ) 7 1 2MEEE
AN BSTREASE £ - TH Y, “F OMhTaE & #sih
WHETH 5. WIEFEHEIC X % & ®Ge/®Ga#ti 13 NIST
DB REAE R B 2512 X o> TRIEOAHED S 1.82% Tl
Iy &hTws. PETF-18 X-Cal System {2 & ), H i
D SUV ORGEE L SUV O RIZT O, 5 ICHiakH
DSUV D% Wi 5 2 LA RETH % 242,

[f] — @ PET F-18 X-Cal System % ] \» T PET %¢ ii& &
F—=ZXFx VT VL—rOMlEHEx2HIEL, &liigko
SUVOEX MR TE 5. Klfidx o SUV O (Es) i
R () CHIMTEETH 5,
1+ E)
1+ Ep)
ZIT, EAXPETHEDORE, EplIF—AFx Y7L —
Y DiRAETH A, [H—?PET F-18 X-Cal System % 5
PET/CTHEFE SR LT 5 5 lak (T3 RS2 S iR b
JERPE, ASAMIIER A R PE, WO RF R
& —, KBRKZFEFMME R, HARRR KA Rt
V=) THEHLEYMH L PETH, F—X%xV 7
L — & FAREHERIR O J R R S, MR RE ISR T %
PET Wi{§ o % &4l (kBg/mL) Dt %L L I F—=XAF ¥ ) 7
L— % OHlEBREE R EIZEBL, X©Q)2»5SUVD
MAEA MR L7e. S5HiFk O R % Table 213/R 7. Ktk
DEFRGMCHE L7234, SUVREIZIR K 16.36% & K

Es = 1 2)
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Table 2 Errors in measured standardized uptake values un-
der clinical and optimal conditions )

Errors in SUV [%]

Site
Clinical conditions Optimal conditions
1 -3.53 -3.53
2 -5.19 —-4.91
3 -1.05 -0.33
4 -12.16 -1.74
5 -16.36 -12.97
Average —7.66 —4.70

ERPEEERL, BRETHIES D& DO LNz WIS,
& ORI % 5 X512, PET &1 1 W R T IK
SUEEHL, F=XFXUTL—=FIEFx VT -3
YR UN—FHEE LI F, AELFYYTL—T 3
YFUN=TIZUAF YT L= a rEiTV, IRERK
IE4R % (CCF) 25 M L7z, PET W&o ERHoE HIZIX
Wi 7% CCF 2 vz, #iRIIZPET 2 E @ SUV D7
H35% LA 3 L 72 (Table 2). 4512, ®Ce/®GalZ i
BEHWZF—ZAFx ) 7L —FOKRIEREHTH 2.
it 5 BE 25 BE 41 @ PET F-18 X-Cal System % PET &
F=ZXF ) 7L =% THET A7 T, fWifficzhth
OWEFRAEZRD D ZENTE, Miiko SUV O EREE
PIBT LI ENTES. T2, MRS ORESR
F=ZXFx )T VL= DOFx )T L—arFrnN—%if
B3l TllEiREe /NS L, SUVBED 25
B AR LI L.

4. PET/CT SUV QOEERFIHE

PERIZEMESG O BWZE, X7—Y 7, RE%ROHE
MW HMTOSUVHHAD»E Z 5Tz, & TiE
HEERN RN E RN AT M TOFMMAIFEE LT 5.
FRIZ, B R R L LR R ToB
RO HMESNTBY, KBTHRBEH & 2o 7.
— W DOETEEEC DT 2 APEE SN TE D, Bk
TIXHEIRT R O SUV OEALRE THFEMI R ZHET 515
bAONDY. WA, BRI O R
OFRIWNHEN R PRI 52 LT, BERIOIGHE: T Wb
FTHIERL, BB THOBEEICU ) EZ 5% 8
RN TORETHHIN TS, HEOPETHRATE
BEIVHER R E - A HWE L7284, PETHRED
repeatability & reproducibility ® 1% £ % 7 /- (2 {842 L 72
9 2 TSUV ZBIRFIH T 2 LEN D 5.

5. SPECT/CT SUVD#EE

PETIX, SPECT &bk L C, RKEE, Rt ©=
PICERTVS ™, REIC LTI, PETTIZaY A—
& % TR 2 > R 2 e S 5 72
ORELVMAATENATREE 2 ) SIRETH L. 22l 5
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FRBEICE L Cid, SPECT TidMes & BUF#iE & o Bk
TRMSRBENZALT 575, PET TIXHLE 4k T 221 5%
fREE A MEFFC X 272018, HABRIBOREN L
¥ 7, PETIZMATH 20855 M IE2SWBETH b, FBLRYIC
BHTHYIEMHETH L. (HBBIROEN T OGS Z D
TR RERAL B L ARAE L 2\ 7212, &4 OIS R A
Wk % At 2 WL WHRBEOATRESND. BI&
B, W fERE, L2 IRESHIL & v ) PET OFFBAS, &
WERBTEZEHLTCWS, T2, IS O MIIPETO
SR BETH L Z EICRET S Doz th
5, PET TR ERAHliASWHETdH 575, SPECT TlI &=
FHMIEHEECH B LRI N T E 2

L2 L, SEEOEAM AR X Y SPECT O E #ALA T fig
Lo TETWAE. ZOMME LT, OSPECT/CT»¥
B2 XD, X DAEEORGIEIHIIE, HELRAEIE AT RS
otz @F Y5 MESNIMIEROMERE LW - BT
TREMEDYE LTz, @BYGEMIRFEREK 7V T) X 50
FICWHET Y (Y A=F ORI E) #HlARTZ
LA oz, @3 UV 2 — 7 WEREDTREER 70t 4% 12
PR, BTV TY) AL R EHARICIEREL, BRFH
WHEE o7, ®PET/CTOEREGIERT AI2o0h0
T, SPECT T & [IFIZ & &= BRI K3 2 BRIR Y 72 Bk A
HE ol BENRBIFOLNLY. Zolihs, BY Y
F 7T 74 &HFEL LIAREH SPECT O & s b~ DA A3
Wk BB S Tw b, Zeintl 5 1& SPECT/CT 25
EAHAWLE"TeD 7 7 ¥ b AFBIC B T ER R E
TP L HAH & OTFIYRRAEDT3.6%, RO REA O A
v N RO IR EE O IR AT 1.1% & AR
% SPECTEENWRETH o7z i)ty —TvaFivi
T—F Y L. ZofE, SPECT TEEMH > A
7 L & 2 72 H SPECT/CT 2 & S Hlk W TR E S I,
PET & [ BRI BT REIR B2 (Ba/mL) X° SUV O 5 A¥u] R
L7 o7z (Fig. 2). F72, SUVEHRERESERSNTL TV A
W SPECT/CT £ {12 B \W T3, 4 SPECT/CT Wi {4 2 &
SUVOREMIREE 22 HB Y 7 by = 7HFES L
72%0. B SPECT 258N L 72SUVIZBEMBOLEH T /-
FHER A B EIICEMEST 2 2 AWML 2 0, BiEBo A
A=V U ITNAF ==L LTOREABMFEINS.
Bailey 5 1, & @ ) SPECT 21X cross-calibration, 4
REIR EE (03 B0, IRESHIIE, HaELaE, SRR
B AR - PUEH OB REM N OB, Hiligrins
B D22y - BRSNS A LA L ERIE T D
B ERRTWBE®. F72, SPECTE® DML +10% LL
WEEHTREEHE L TWEAY, Zh o LEHIEOR
JE12 X o TSPECT @ SUVIZ PET UL FIZEERBEOKT
PR END. KR, BA—H—H8%E L T 5 SPECT
@ cross-calibration 771 O #A #1500 A% - FRFIZIR
T &R D cross-calibration D EWIZ X A EEED
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37mmEk 37mmEk
5.98 6.17
"% N
SBR
¢ 6:1 .
. U
\B.G. \B.G.

PET/CT ('8F) 1.0 SPECT/CT (%emTc) 1-09

SUViax of PET/CT and SPECT/CT. Sphere to
background (SBR) is 6

Fig. 2

EBAERM STV A, BIfE, SPECTE#® CCFOH
HiZ:21%, SPECTIU4E & planar IUE & @ 2 FFH AR &
NCTws. L, INSoFFIESMSE BEY A X
RIZIR (AR, disk #2986, M7 7 2 bA), B0
Gt R o Tnab. RKIOE SPECT % i1 D cross-
calibration I BWT b, BIEHFRIHE L TP Te Mt 20
5N Te disk B Z HAEL 72 b @, NISTIZ b L —
T 72 PTCo REHE SRR A AR L 72 sHEE SRR s v
4. Anizan S ITRREY A XHK & VW IF EALEARAE D/
XL CCFANDEBEIVHRVELTWE Y, HHbIE, K
IEHRRIEOREIZ X ) CCFOREEDR TR, “"Co kil i
B Z W72 CCFOHEIMAR D EEL TWAE T & &
L7z, XotT, WERELHEIC—ELT, “Coli i
MR Z W2 Z & THEKAESLEROTIRDEN E Vo
AP SORT 2D B E, RIIMIZEE L7 cross-
calibration # E i ¢ X 4. HEik THM L Tw % cross-
calibration 12 £ 5 SUVOREEZ LB L, AiED S ik
NBIZHNZ 5 TRPLETH 5.
bbb E N OB E D SPECT fitii% % »F 512 [i] —Hfk
@ SPECT/CT %% i (SIEMENS & # ¢ Symbia Intevo)
V72358 O % 21l O repeatability & reproducibility
AL Y. 6l E SR ELT, 77y bAR
100 kBg/mL ® *"Te KIEW & i 72 L 72— D [E7 7 ~
AR L7 RN OZEIREIE 1%, HiFkHTDH 4%
ERVWHBEA R Lz, ik OREFEII5ZETE5%
UNTHo7z R 1R TIZS% L@V EEZRLAY, &
NEF—XFx ) TL— Y DOREOHETH-7. Lo
T, SPECT/CTDsE®fH b LI OREEZHIRT 5 2
T, BOHIIMEE ERESEONDL Z LATRBE N

6. SPECT/CT SUV DEGERFIAE

& SPECT/CTHMA D SUV L, #ERDHEMIZIS UzE N
FIZ WA, BEIR - 2R 2D R - 722380
EHT L. Kuji b1, AR OB EBS NI
% SPECT SUV DA MEZ i L 72, SUViw Ol IE
Wk (7.58 £ 2.42), BEHE(8.12+12.24), 2 (16.73+6.74),
5 (40.90£33.46) TH o 72, T2, SUVOHHIZ—
B2 2 T 2 7200 TR <, REORKELZHZ 5
DIZHEHTH 5. HEREHE CEEEFME ) & SUV

i

& o 7252 BeAFil 0 )5 A R O Fl i — B AT 2 LY
WHEESNTWEY, E FEBICHT2HEBETHL Y
AT F AT+ A2—b, FIART, PRafEFERE E
X2 EBE R ETCOFHLWFEENS. Uneda 51
H SPECT 7> 5 5 L 72 SUVinean & MBV O Td % TBU
(B : SUV>T) DE#ERIHROZEALDS, *PRafilk 2 im#
DOBENRETM L TWAI L2 ELEY. 8512, &
BUNOERFIETH SUVOFIH R SN TWwb. 3]
B AE O, LR B R T B (R & o)
I8, T O ) 2 7 FEM Y 123 % SUV O R Y
HHERHE E N TV 5.

7. $H D[

AR5 T PET/CT & SPECT/CT @ SUV D FE & [ i F)
IO WTHES L 72, PET/CT ® SUV X PET % [ 4 @
FHOWERMEE W A1) v MEERPETICHT 2R TO
% OB HAIZ I DAL LD D 5 A%, SPECT/
CTOSUVIIIEERIEZ &IN5 DHMTH S, I
4, PET/CT % SPECT/CT 2513 % SUV O EIR Y 3812
BMLTARIE»S MG SN TVED, FoOSUVOREBE
RNV T ABEEDN T & A EFEE I N TW R VO DTHEE
Thb. Ltk BEFHREICBWCESYHL, S99t
ML RAS SUV ORGP 248y, SUVICES 5 BRI A
HAMOTEF Y AR ESICERENL I L2 WHT 5.
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PET/CT Simulation for Radiation Therapy Planning
Kohei HANAOKA*"%, Masahiko OKUMURA?, Hajime MONZEN?

! Institute of Advanced Clinical Medicine, Division of Positron Emission Tomography, Kindai University
* Department of Medical Physics, Graduate School of Medical Science, Kindai University
* Department of Radiology, Kindai University Hospital

18F-FDG PET/CT has an important role in radiation therapy planning. FDG PET/CT parameters such as standard uptake value
and metabolic tumor volume provide important prognostic and predictive information. Importantly, FDG PET/CT for radiation
planning has added biological information in defining the gross tumor volume (GTV) as well as involved nodal disease. Several
studies have shown that PET has an impact on radiation therapy planning in an important proportion of patients.

On the other hands, FDG PET/CT for radiation therapy planning has several limitations. First of all, the method to determine
the optimal threshold of FDG PET/CT images that generates the best volumetric match to GTV is not established. The size of the
GTV derived from FDG accumulation changes significantly depending on the threshold value, the threshold value can affect the
clinical target delineation. Secondly, FDG is not a cancer-specific agent, and false positive findings in benign diseases have been re-
ported. PET/CT simulation for radiation therapy planning requires cooperation of other professions and sufficient physical assess-

ment.
Keywords: PET, PET/CT, FDG, BTV

1. FUBIC
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Medical Physics Education and Clinical Training in Thailand

. *
Anchali KRISANACHINDA
Department of Radiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Medical Physics education and clinical training should be available at the university with the attachment in clinical practice at
department of radiology. The curriculum should cover physics in all three specialties of radiation oncology, diagnostic radiology and
nuclear medicine. Anatomy and physiology for medical physicist, Radiation physics, Radiation dosimetry, Radiation Biology and
Radiation Protection should be core subjects. Selected subjects, Medical Physics Seminar, Research Methodology and thesis are in-

cluded in the curriculum.

Keywords: medical physics, curriculum, education, clinical training, clinically qualified medical physicist

1. Introduction

Medical physics is a branch of applied physics which
the medical physics profession has been classified by
the International Labor Organization (ILO) in 2011".
Medical physics covers a wide range of applications in
multiple areas. The role and responsibility of the medi-
cal physicist has been summarized by the International
Organization for Medical Physics (IOMP) in a clinical
environment, mainly in the field related to the use of
ionizing radiation and providing the academic educa-
tion and clinical training of the medical physicists. The
International Basic Safety Standards (BSS) defines a
medical physicist as a health professional with special-
ist education and training in the concepts and tech-
niques of applying sciences in medicine and competence
to practice in one or more of specialties of medical phys-
ics. Specialized education, clinical training and compe-
tencies are required for the clinically qualified medical
physicist?. The recognition of medical physicists re-

mains a challenge®.

2. Education and clinical training

of medical physicist

The undergraduate degree for medical physicist
should be in physics or an equivalent relevant physical
or engineering science. The undergraduates should
study mathematics which includes Applied Linear Alge-
bra, Advanced Calculus, Complex Variables, Differen-
tial Equations, and Numerical Methods. The following
physics topics should be covered such as, Electricity and

Magnetism, Atomic Physics/ Nuclear Physics, Quantum

Mechanics, Classical Mechanics, Solid States Physics,
Modern Physics and Relativity, Thermodynamics, Sta-
tistical Physics, Signal Processing, Physics of fluid and
gases, Optics, and Computer programming. The aca-
demic education program in medical physics provides
the student the basic knowledge on a career in the regu-
latory, metrology, research and development or innova-
tion through research. A medical physics academic pro-
gram structure consists of Anatomy and Physiology
applied to Medical Physics, Radiation Physics, Radia-
tion Dosimetry, Radiation Protection, Radiation Biolo-
gy, Professional and Scientific Development, Medical
Imaging Fundamental, Physics of Nuclear Medicine,
Physics of Diagnostic and Interventional Radiology,
Physics of Radiation Oncology, Advance subjects, Re-
search Methodology and Research Project. Further post
graduate studies would be necessary to pursue for aca-
demic career in medical physics. The education program
mostly runs by a university hospital capable of award-
ing M.Sc. and Ph.D. post graduate degree to remain
sustainable by offering academic career development
pathways. Furthermore, it should be ensure the proper
access to equipment for clinical practice in medical
physics. The clinical radiation oncology, radiology, and
nuclear medicine services should be equipped with at
least the basic resources required to commence a medi-
cal physics clinical training program. Radiation oncolo-
gy services should have: a teletherapy unit, a treatment
planning system, a conventional and/or computed to-
mography simulator, dosimetry equipment including a
water phantom, brachytherapy and medical imaging

services. Radiology services should have general X-ray

* E-mail: anchali.kris@gmail.com
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units, fluoroscopy units, CT, mammography units, den-
tal units, ultrasound units, dual energy X-ray absorpti-
ometry (DEXA) unit, thermoluminescent dosimetry
(TLD) or OSLD, and a magnetic resonance imaging
(MRI) unit. Nuclear Medicine services should have a
SPECT or SPECT/CT system, dose calibrators, probes
and counters, phantoms and calibration sources, survey
meters and contamination probes, nuclear medicine
therapy services, PET/CT system. Medical physics grad-
uated students should be arranged with radiation safe-
ty and protection and radiation personnel monitors. Re-
search and education ethics, patient confidentiality
issues should be clarified. Register with medical physics
society is recommended. Internet connectivity and ac-
cess to computer workstation with basic software is nec-
essary. Library access with electronic journals, reports
and publications from medical physics international or-

ganizations must be available.
3. Medical physics in Thailand

Medical Physics had been established in radiotherapy
in Thailand since 1959 at Siriraj Hospital, Mahidol Uni-
versity. As the technology of medical physics has devel-
oped rapidly, there are needs for medical physicists in
several centers in Thailand. The education and training
of medical physicist, started in 1972, increased from one
to five programs in 2014. All programs enroll only full

time students with the period of two years for course

work of core and selected subjects, clinical practicum,
seminars, and research. Total credit hour is about 40.
One program offers international education and train-
ing of medical physics for ASEAN students such as Vi-
etnamese, Myanmar, Lao and Indonesian, lacking such
the program in their home countries. There are more
than 400 graduates from these five programs as shown
in Table 1. A doctoral program in Medical Physics has
been started since 2016 at Chulalongkorn University.
The program consists of one year course work, qualify-
ing examination. After passing the examination, the
student could submit research proposal to the depart-
mental research committee and the Institutional Re-
view Board of Faculty of Medicine. In 2019, there will
be 6 medical physics education programs in Thailand.
The clinical training of medical physics in radiation on-
cology”, diagnostic radiology” and nuclear medicine®
started in 2006, 2009 and 2011 respectively using the
TAEA curriculum for training and assessment. The ob-
jective of the clinical training program is to produce an
independent medical physicist who can work unsuper-
vised within multidisciplinary team of high professional
standard. Thai Medical Physicist Society established in
2002, in cooperation with several university hospitals
proposed to IAEA for the pilot clinical training of medi-
cal physicist in radiation oncology. In 2007, the national
workshop was arranged to guide clinical supervisors,

mentors and residents on the program management, el-

Table 1 Medical physics education programs in Thailand

o Year . Total number of
No. Program Institution established Degree obtained graduations
1. Medical Physics School of Medical Physics, Department of 1972 M.Sc. (Medical Physics) 150 (2018)
Radiology, Faculty of Medicine Ramathibodi
Hospital Mahidol University
2. Medical Physics Department of Radiology, Faculty of 2018 M.Sc. (Medical Physics) 117 (2018)
Radiological Sciences Medicine Siriraj Hospital, Mahidol 1990 M.Sc. (Radiological
(1990-2017) University Sciences)
3. Medical Physics Department of Radiology, Faculty of 2001 M.Sc. (Medical Physics) 54 (2018)
Medicine, Chiang Mai University
4. Medical Physics Department of Radiology, Faculty of 2016 Ph.D. (Medical Physics) 70 (2018)
Medical Imaging Medicine Chulalongkorn University 2018 M.Sc. (Medical Physics)
2002 M.Sc. (Medical Imag-
ing)
5. Medical Physics Department of Radiological Technology, 2014 M.Sc. (Medical Physics) 4 (2018)
Faculty of Allied Health Sciences, Naresuan
University
6. Medical Physics Faculty of Medicine and Public Health. 2019 M.Sc. (Medical Physics) 10 (2021)

HRH Princess Chulabhon College of Medical
Science, Chulabhon Royal Academy
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ements for the clinical training program. The IAEA Ex-
perts introduced documents to assist in implementing
clinical training such as

*Handbook for residents

* Handbook for clinical supervisor

*A guide on Modules and Sub-Modules related to es-

sential elements of role and responsibility of ROMP

*A guide to the assessment of competency in sub

modules

The assessment consists of several components such as

» Competencies for each sub modules

°Clinical work assessed by observing the routine clin-

ical task

°Module-focused

°Commissioning focused

* Portfolio

+ Assignment

*Oral examination

* Practical examination

* Logbook

Research, development and teaching are also includ-
ed for resident to cover the experience and knowledge
on research methodology and the study on patient data
with critical thinking and confidentiality.

Document for clinical training of medical physicists
specializing in diagnostic radiology” and nuclear medi-
cine®
There were 12 residents enroll ROMP in 2007, 6 resi-
dents enroll DRMP in 2010, and 12 enroll NMMP in
2011 (Table 2). 10 ROMP, 4 DRMP and 9 NMMP com-

were available in 2009 and 2010 respectively.

Table 2 Clinical training for medical physicists in Thailand

i

pleted their clinical training in 2009, 2012 and 2013 re-
spectively with Certification presented at the annual

scientific meeting of Thai Medical Physicist Society.

4. Clinically qualified medical physicist
in Thailand

On February 24—26, 2016, Thai Medical Physicist So-
ciety with Chulalongkorn University organized a meet-
ing to pilot IAEA e-learning for medical physics special-
izing in diagnostic radiology (DRMP), radiation
oncology (ROMP) and nuclear medicine (NMMP). About
50 Residents, Clinical Supervisors, Mentors and IAEA
Experts participated this meeting (Table 3). The pur-
pose of the meeting was to demonstrate IAEA Moodle
platform on AMPLE (Advanced Medical Physics Learn-
ing Environment) to support education and clinical
training of medical physicists in Thailand and neigh-
bors and plan for activities in 2016—2018. AMPLE pro-
vides a means of electronically tracking the progress of
residents through the clinical training modules and as-
sociated competencies, allows communication between
residents, supervisors and coordinators, provides a cen-
tral resource for electronic learning materials.

As the clinical training guide is under electronic
learning, the remote clinical supervisors are available
in Asian regions. There were one Vietnamese, two My-
anmar and one Nepalese residents trained at their de-
partment under Thai Clinical Supervisors. Final assess-
ment was arranged in July—August 2018 at centers in
Bangkok for 15 ROMP 5 DRMP and 4 NMMP. Three
TAEA Experts were assigned as the external examiners
for each subspecialty. The written examinations are lo-

cally organized for 24 residents at Faculty of Medicine

ROMP DRMP NMMP . . . .
Chulalongkorn University, while the oral and practical
Year of ?nrOIment 2007 2010 2011 examinations are leaded by IAEA Experts in Bangkok.
No. Residents 12 6 12 ) ]
Year completed 2009 2012 2014 All residents had the opportunity to present orally and
Graduates 10 4 9 electronically poster on their research works at the An-
nual Meeting of the professional society, regional socie-
Table 3 Applications for AMPLE in Thailand (2016)
Program Residents Hospital Supervisors Hospital
ROMP 19 9 10 4
(17 THA 1 MYA 1VIE)
DRMP 7 5 4 2
(THA)
NMMP 4 2 3 2
(1 MYA 1 NEP 2 THA)
Total 30 17
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ty and local society such as Asia Oceania Congress of
Medical Physics (AOCMP), South-East Asian Congress
of Medical Physics (SEACOMP), Japanese Society of
Medical Physics (JSMP), and Thai Medical Physicist
Society (TMPS). Those who successfully complete such
the program with formal assessment will be a clinically

qualified medical physicist.
5. Conclusion

Medical Physics education and clinical training could
improve the quality of health care and patient safety in
areas related to radiation medicine through the delivery
of medical physics services. Clinically qualified medical
physicists are increasing in all subspecialties. The ma-
jor roles are in the university hospital, cancer centers
with proper facilities, regional hospital and private hos-

pitals with international standards.
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1. Introduction

Palestine is a country in the Middle East compromis-
ing the West Bank (including East Jerusalem) and the
Gaza Strip which are occupied and under the control of
Israel as shown in Fig. 1. The Israeli occupation of Pal-
estine and the resulting political conditions make it dif-
ficult to objectively assess the situation of medical phys-
ics and many other related fields in Palestine. Medical
physics is one of the main themes that is required to
improve healthcare in Palestine. As a member of Middle
East Federation of Medical Physics (MEFOMP) estab-
lished in 2009, Palestine made great efforts to organize
its regional medical physics society under the umbrella
of International Organization for Medical Physics
(IOMP) to further enhance and improve the status of
medical physics across the Globe. In recent years, the
International Organization for Medical Physics (IOMP)
is providing assistance to developing part of the world
on a country by country basis'™®. Due to political rea-
sons, Palestine faces many obstacles to increase the lev-
el of medical physics knowledge such as building the re-
quired infrastructures, acquiring the required
equipment, and upgrading of qualified professionals in
order to develop education, training programs, and na-
tional policies for providing an acceptable patient care

within financial limits and boundaries.
2. Unit for radiation oncology in Palestine

Qualified medical physicists in Palestine are rare.
There are only four practicing medical physicists in Pal-
estine, three of them are females. Additionally, there are
about seven academics who studied radiography then
made postgraduate studies in medical physics. Although

located in East Jerusalem, difficult to reach, with a need
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Fig. 1 Palestinian loss of land between 1947 until pres-
ent”

to get a permission beforehand, Augusta Victoria is the
only hospital offering radiation therapy services for all
Palestinian People in the West bank and Gaza. The ra-
diotherapy division located at the Augusta Victoria hos-
pital has a CT simulator along with two LINACs. First
is Varian Trilogy, Varian Medical Systems, California,
USA, capable of producing 6 and 15 MeV X-ray beams,
and 4, 6, 9, 12, 16, 20 MeV electron beams. The other LI-
NAC is Primus, Siemens Inc., USA, capable of producing
6 and 15 MeV X-ray beams, while electron beams are
not commissioned and therefore not utilized for electron
therapy. Since it is the only radiotherapy division serv-
ing Palestinians, the four medical physicists along with
11 radiotherapy technologists work together to carry out
huge patient load. The Augusta Victoria radiotherapy
division handles about 110 patients daily. Table 1 shows
Palestinian medical physics and medical imaging facili-

ties across the country.
3. Importance of education and training

It is unfortunate to note that most developing coun-

tries still rely on developed countries to provide educa-
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Table 1 Palestinian medical physics and medical imaging fa-
cilities

Ttem Count
Hospitals and medical centers 210
Radiologic Technologists (RTs) 774
Medical physicists 11=4 (Practice) + 7 (Academic)

Radiotherapy dept 1 (East Jerusalem)
Nuclear Medicine 3
MRI 11
CT 33
Plain X-ray machines 146
Bone absorptiometry DXA 7
Dental radiography + CT 130
Mammography 30
Cath Lab 10
Fluoroscopy 31

tion and training programs whereas parts of the needed
equipment are provided through international donation
programs of used equipment, such as the one run by the
IOMP. The technological aspect of medical physics de-
velopment is not uniform across Palestine as well as
within other Middle East developing countries. There is
a wide difference between quality assurance and cost-
benefit goals for developed countries in medical physics
practice as compared to developing countries, in which
the main goal is the availability of healthcare standards
and initial installation of new technologies. There are
some challenges facing the development of medical
physics in Palestine, including: 1) Encouraging univer-
sities to open departments of medical physics, 2) En-
couraging young graduates from scientific departments
to join medical physics departments, 3) Encouraging
governments to support the local medical physics socie-
ties, and 4) Raising medical physics awareness in the

community.
4. Role of international organizations

The main international organizations responsible for
supporting and spreading the knowledge on medical
physics and its conditions worldwide are:

a. Governmental (e.g.: IAEA)

b. Non-governmental (e.g.: IOMP)

International organizations should be realistic in
knowing the best way to help and support developing
countries, at which the conditions of medical physics
might not be similar to other nearby developing coun-
tries. They help in improving the level of clinical phys-
ics support in developing countries. However, host coun-
tries should adopt the assistance that will best suit

their own objectives. The receipt of any equipment

94

should be carefully considered by the developing coun-
try involved and accepted after assessing their needs.
The donation program offered by IOMP for used
equipment in developing countries is a good example of
collaboration with many developing countries. Usually,
donating parties make tax deductions from donations to
the developing world and also to clear space occupied by

unemployed equipment in the developed country.
5. Main concerns

The main concern about international organizations
is that they only cooperate with governmental organiza-
tions in developing countries. They do not acknowledge
qualified medical physicists or academics working in
non-governmental bodies in the same manner. Addi-
tionally, an important issue is that the decision-makers
in some developing countries have limited knowledge on
medical physics and lack the deep understanding of in-
ternational medical physics requirements and stand-
ards. Some of them have no idea about the require-
ments and needs for establishing medical imaging
facilities and specialized radiation oncology centers. It
was reported in many cases that some sponsored pro-
jects were not managed appropriately. The medical
physics organizations in developing countries should
consult the national medical physics societies and ask
for their guidance. Moreover, many projects have come
to an end due to unsuccessful running and administra-
tion. Such projects did not achieve their goals and ulti-
mately fail. In order to have successful collaboration
programs, the full support of decision-makers and the

national medical physics association is required.
6. Conclusion

It is important to develop a long-term policy that
achieves the objectives of medical physics support in
healthcare institutions. Related obstacles for making
such policy include having an adequate budget for
training support and equipment installations. In devel-
oping countries, the initial concern is having medical
physics support in clinical practice. This can be provid-
ed in forms of lectures and support. The role of scientific
societies and non-governmental organizations such as
private universities should be emphasized in the collab-
oration with national and international bodies to make
new and efficient medical physics policies. Also, many
efforts should be done to bridge the gap between devel-

oping and developed countries for medical physics edu-
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cation and clinical support.
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[Joint Special Lecture] [Joint Symposium]

- Joint Special Lecture: April 13 (Fri.) 14:20-15:00 - Joint Symposium 1: April 13 (Fri.) 15:10-17:10 (Main
(Main Hall) Hall)

Moderator: Tokai Univ. Yutaka Imai [ Management for Radiation Dose Reduction in Clini-
Merging Analytical and Medical Science for the cal Practice ]

* AR RSB R TER [T 466-8550 B A4 R RIX KR 1-1-20]
Graduate School of Medicine, Nagoya University, 1-1-20 Daiko-minami, Higashi-ku, Nagoya, Aichi 466—8550, Japan
E-mail: h_oguchi@met.nagoya-u.ac.jp
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FH R — 56 AR DRl 231
Moderator: Kitasato Univ. Yusuke Inoue
QST/NIRS Yasuo Okuda
Keynote Lecture ICRP and Priorities for Radiological

Protection in Medicine
ICRP Claire Cousins
1. Radiation Dose Management in CT: Things to Do
Right Now
International Univ. of Health and Welfare
Masaaki Akahane
2. Radiation Dose Reduction in Pediatric Radiology:
Current Situation in Japan
National Center for Child Health and Development
Osamu Miyazaki
3. Dose Management Systems in Radiology
Univ. of Freiburg/Medical Center Elmar Kotter
4. Optimization of Medical Radiation Exposure for
IVR in Japan
Osaka City Univ. Hosp. Takao Ichida
5. Evaluation of Radiation Dose from Cone Beam
CT in Image-guided Radiation Therapy
Kumamoto Univ. Takeshi Ohno
- Joint Symposium 2: April 14 (Sat.) 9:10-11:50 (Main
Hall)
[ Establishing Fundamental Knowledge for the Clinic!:
An Invitation to Preclinical Research |
Moderator: QST/NIRS Takayuki Obata
Osaka Univ. Shigeyoshi Saito
1. Preclinical Magnetic Resonance Imaging Study
for Connect Animal and Human
RIKEN BSI Junichi Hata
2. Preclinical Imaging Study Using Nuclear Medi-
cine Technology
Nagasaki Univ. Kodai Nishi
3. Predictive Biomarker for the Detection of ITonizing
Radiation Toxicity
Hirosaki Univ. Satoru Monzen
4. Things to Know before Using Imaging Biomark-
ers in the Clinic
QST/NIRS Riwa Kishimoto

KB fie ety

HRSEBBRICT

5. Hopes and Requests from Clinical Side
Juntendo Univ. Masaaki Hori
6. Near Infrared Photoimmunotherapy for Cancer:
A Newly Developed Technology Practically Useful
for Patients
NCI/NIH Hisataka Kobayashi

- Joint Symposium 3: April 14 (Sat.) 13:00~-15:00 (Main

Hall)
[ Current Status of Radiomics Research in Radiology |
Moderator: Hokkaido Univ. Hosp. Kohsuke Kudo
Teikyo Univ. Jun'ichi Kotoku
1. Concepts and Implementation of Radiomics in
Medical Imaging Research
The Univ. of Chicago Samuel G. Armato III
2. Radiomics of Medical Imaging Using Multivariate
Analysis and Artificial Intelligence
Kanazawa Univ. Kenichi Nakajima
3. Current Status and Perspectives of Radiomics for
Personalized Radiation Therapy
Kyushu Univ. Hidetaka Arimura
4. Radiomics and Image Analysis
Tokushima Univ. Akihiro Haga
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[Joint Educational Session]
- Diagnostic and Therapeutic Indications of Prostate
Cancer: April 13 (Fri.) 9:10-11:40 (302)
Moderator: National Hospital Organization Tokyo
Medical Center Atsunori Yorozu
Kindai Univ. Hosp. Masahiko Okumura
1. How Do Urologists Treat Prostate Cancer?
Tokai Univ. Akira Miyajima
2. Multiparametric MR Imaging of Prostate Cancer
Dokkyo Medical Univ. Yasushi Kaji
3. Radiotherapy for Prostate Cancer
Keio Univ. Toshio Ohashi
4. Radiopharmaceutical Agents for the Diagnosis
and Treatment of Prostate Cancer
Tokyo Medical Univ. Mana Yoshimura
5. The Role of Radiotherapy Technologists in High-
precision Radiotherapy for Prostate Cancer
Patients
Tane General Hosp. Ryu Kawamorita
6. High-precision Radiotherapy for Prostate Cancer:
The Role of Medical Physicists

Hiroshima Heiwa Clinic Kaoru Ono

[JSRT-JSMP Joint Lecture]
April 14 (Sat.) 10:00-10:50 (502)
Moderator: Fujita Health Univ. Naoki Hayashi
The TG-132 Concept and Evolution of Imaging and
Image Use in Radiotherapy
Washington Univ. Sasa Mutic

[JSRT-JSMP Joint Sessions]
April 15 (Sun.) 9:40-11:50 (501)
The Know-how Useful for Publication of Your Article
in RPT
Moderator: Teikyo Univ. Shinji Kawamura
Kumamoto Univ. dJunji Shiraishi
1-1. From the Standpoint of an Author (Diagnostic
Imaging)
National Defense Medical College Hosp. Hideo Nose
1-2. Comments as Author (MRI, Nuclear Medicine
and Informatics)
Yamaguchi Univ. Hosp. Koya Fujimoto
1-3. Author’s Viewpoints (Radiation Therapy Phys-
ics)
Kumamoto Univ. Takeshi Ohno
2-1. From the Standpoint of a Reviewer (Diagnostic
Imaging)

Kumamoto Univ. Junji Shiraishi
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2-2. Suggestions and Advice as Reviewer (MRI,
Nuclear Medicine and Informatics)
Hokkaido Univ. Toru Yamamoto
2-3. From the Standpoint of a Referee (Radiation
Therapy Physics)
National Institute of Radiological
Sciences Nobuyuki Kanematsu
3-1. From the Viewpoint of the Editor (Diagnostic
Field)
Nagoya Univ. Yoshie Kodera
3-2. From the Viewpoint of the Editor (MRI, Nuclear
Medicine and Informatics)
Kitasato Univ. Tomoyuki Hasegawa
3-3. Special Techniques to Be Accepted to the RPT
Journal
Kumamoto Univ. Fujio Araki
4. General Comments
The Univ. of Chicago Kunio Doi
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[Award Ceremony for Doi-Prize and Most Cita-
tion Award, and Award Lectures]
April 15 (Sun.) 12:00-12:45 (501)

Coordinator: Teikyo Univ. Shinji Kawamura
1) Most Citation Award Ceremony
Conferrer: The University of Chicago Kunio Doi
RPT Vol. 8 No. 1: 53-59, 2015
Modulation Transfer Function Measurement of CT
Images by Use of a Circular Edge Method with a
Logistic Curve-Fitting Technique
Tomomi Takenaga
RPT Vol. 8 No. 2: 286—294, 2015
Practical Calibration Curve of Small-Type Optically
Stimulated Luminescence (OSL) Dosimeter for
Evaluation of Ntrance Skin Dose in the Diagnostic
X-ray Region
Kazuki Takegami
RPT Vol. 8 No. 1: 153-159, 2015
Expiratory Computed Tomographic Techniques: A
cause of a Poor Rate of Change in Lung Volume
Keiko Morikawa
2) Doi-Prize Award Ceremony and Basic Policy of
Editing in RPT
Executive Editor Kunio Doi
3) Doi-Prize Award Lectures
A) Diagnostic Imaging
Moderator: Teikyo Univ.
Shigehiko Katsuragawa
RPT Vol. 10 No. 3: 279285
Evaluation of Pre-surgical Models for Uterine
Surgery by Use of Three-dimensional Printing
and Mold Casting
Gifu Univ.
Sayed Ahmad Zikri Bin Sayed Aluwee
B) MRI, Nuclear Medicine and Informatics
Moderator: Kitasato Univ.
Tomoyuki Hasegawa
RPT Vol. 10 No. 1: 4148
Fully Parametric Imaging with Reversible Tracer
18F-FLT within a Reasonable Time
Nobuyuki Kudomi
C) Radiation Therapy, Protection and Dosimetry
Moderator: ANTM Masahiro Endo
RPT Vol. 10 No. 1: 60-67

Dose Reduction Technique in Diagnostic X-ray

Kagawa Univ.

Computed Tomography by Use of 6-Channel
Multileaf Collimators

Fujita Health Univ. Fumio Hashimoto

K& PRy

[JSMP Program]
(A) Morning Educational Lecture
(1) April 13 (Fri.) 8:15-8:55 (418 +419)
Moderator: QST/NIRS Taiga Yamaya
Combination of Diagnostic Imaging with Therapeutic
Applications: Theranostics and Companion Diagnosis
QST/NIRS Yoichi Takakusagi
(2) April 14 (Sat.) 8:15-8:55 (418 +419)
Moderator: Hiroshima Heiwa Clinic Kaoru Ono
IAEA Human Health Series No. 31 “Accuracy
Requirements and Uncertainties in Radiotherapy”
(Overview)
Juntendo Univ. Chie Kurokawa
(3) April 15 (Sun.) 8:15-8:55 (418 +419)
Moderator: Kyushu Univ. Hidetaka Arimura
Data Science and its Application to Image-informatics
Kyushu Univ. Seiichi Uchida
(B) Lunch Time Lecture
(1) April 13 (Fri.) 12:00-12:50 (418 +419)
Moderator: HIPRAC Shuichi Ozawa
Activity of Medical Physics Working Group in Clinical
Trial for Radiotherapy
Tokyo Women's Medical Univ. Teiji Nishio
(2) April 14 (Sat.) 12:00-12:50 (418 +419)
Moderator: AIST Tadahiro Kurosawa
The RTNORM Contribution to the Update of the
kQ,Q0 Factors for the International Dosimetry Code
of Practice JAEA TRS 398
ENEA-INMRI Massimo Pinto
(3) April 15 (Sun.) 12:00-12:50 (418 +419)
Moderator: QST/NIRS Hideyuki Mizuno
Recent Discussion on Operational Quantities for
External Radiation Exposure
JAEA Akira Endo
(C) Educational Lecture
April 13 (Fri.) 9:00-9:45 (419)
Moderator: Nagoya Proton Therapy Center
Toshiyuki Toshito
Prevalence of Research Ethics—Your Presentation
Will be Rejected—
Hokkaido Univ. Toru Yamamoto
(D) Seminar
April 14 (Sat.) 13:35-15:05 (418 +419)
Introduction of the Revised Standard Dosimetry of
Absorbed Dose to Water in Brachytherapy. (Standard
Dosimetry in Brachytherapy 18)
Moderator: Teikyo Univ. Shinji Kawamura
Kyoto Prefectural Public Univ. Corporation
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Tadashi Takenaka
1. The Current Status of Measurement Standards
for Sealed Brachytherapy Sources in Japan
Kindai Univ. Takahiro Yamada
2. Supplement to the Uncertainty Evaluation and
Dose Calculation Algorisms
Keio Univ. Takashi Hanada
3. Dosimetry and QA for 1251 Permanent Implant
Brachytherapy
Osaka Univ. Yutaka Takahashi
4. Dosimetry of Source Strength for High Dose Rate
Brachytherapy
Saitama Cancer Center Toru Kojima
5. Quality Assurance in Brachytherapy for Accident
Prevention
National Cancer Center Hosp.
Hiroyuki Okamoto
(E) Symposium
April 14 (Sat.) 15:10-17:00 (418 +419)
A Separate Calibration of a Radiotherapy Dosimeter
Moderator: Chiba Cancer Center Toru Kawachi
QST/NIRS Makoto Sakama
1. Electrometer Guideline for Radiotherapy Dosimeter
NMIJ, AIST Morihito Shimizu
2. Basic Principles of Electrometer for Ion Chamber
EMF Japan Co., Ltd. Yohei Ihara
3. Performance Checks for an Electrometer in a
Radiotherapy Clinic
Univ. of Fukui Hosp. Naoki Kinoshita
4. The Calibration Service of ANTM as the
Secondary Standard Dosimetry Laboratory in
Japan
ANTM Nobuhiro Takase
(F) Special Lecture
April 15 (Sun.) 11:00-11:50 (418 +419)
Moderator: QST/NIRS Shinichiro Mori
Application of Deep Learning Technique to Radiation
Imaging and Therapy
The Catholic Univ. of Korea Do-Kun Yoon
(G) Report from the QA/QC Committee 2016—17 on Sur-
vey Results
April 13 (Fri.) 17:10-18:00 (419)
Moderator: Kanagawa Cancer Center
Masahiko Kurooka
Questionnaire Survey on Treatment Planning
Techniques in Lung Stereotactic Body Radiotherapy
Osaka International Cancer Institute
Yoshihiro Ueda
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(H) JSMP-JSMBE Joint Session
April 15 (Sun.) 10:00-10:50 (419)
Moderator: NCVC Masaru Sugimachi
QST/NIRS Shigekazu Fukuda
1. Activity of Bidding World Congress
QST/NIRS Shigekazu Fukuda
2. Intraoperative Informatics for Visualization and
Optimization of Minimally Invasive Surgery
Chiba Univ. Ryoichi Nakamura
(I) Session for students
April 15 (Sun.) 14:00-14:50 (419)
Moderator: HIPRAC Shuichi Ozawa
Kindai Univ. Hajime Monzen
Session for Students Studying in Japan

“Are you satisfied with studying in Japan?”

[JSMP Board of Directors]
April 12 (Thu.) 12:00—17:00 (421)
April 15 (Sun.) 9:00-10:00 (421)

[JSMP General Meeting of Members]
April 14 (Sat.) 17:10-18:40 (419)
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Graduate School of Kyoto University
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*  E-mail: okazaki.keita.83v@st.kyoto-u.ac.jp
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