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Purpose: The in-room laser which is used for patient positioning in radiotherapy is generally projected on the radiation isocenter
determined by the Winston-Lutz test and so on. In this study, a couch-mounted verification device was developed that could evalu-
ate all in-room lasers’ alignment including the horizontality and verticality at one time. The device has the function to perform the
light/radiation field coincidence test and the Winston-Lutz test at the same time. The aim of this report was to introduce the verifi-
cation procedure for two tests, using the newly developed software and device, and to present the tuning flow of the in-room laser.
Moreover, the analysis accuracy of the developed software was evaluated in comparison with commercial software.

Methods: First, the light/radiation field was evaluated by using tungsten markers on the central surface of the device. Next, af-
ter aligning the long-carved lines on the front and sides of the device with the in-room lasers, the Winston-Lutz test was carried out
by using the tungsten sphere in the center of the device. The acquired images were collectively analyzed using the developed soft-
ware equipped with the reporting function. Additionally, the result of this Winston-Lutz test was compared with the result from
commercial software.

Results: A series of the light/radiation field coincidence test and the Winston-Lutz test were analyzed using the developed device
and software. The results could be easily confirmed using the reporting function of the software. Regarding the result of the Win-
ston-Lutz test, most of the analysis differences between the developed software and commercially available software were within
the pixel size (0.22 mm).

Discussions: Since the accuracy of the radiation field affects the result of the Winston-Lutz test, the presented procedure of per-
forming the light/radiation coincidence field test in advance facilitates the interpretation of the error of the Winston-Lutz test.
Based on the results of the Winston-Lutz test, we were able to demonstrate the tuning flow of all in-room lasers including the hori-
zontality and verticality by using the developed device.

Conclusions: We have developed a couch-mounted verification device and software that can evaluate the light/radiation coinci-
dence field test and the alignment including the horizontality and verticality of the in-room laser used for patient positioning in ra-
diotherapy, and reported its usefulness. The analysis accuracy of the developed software was comparable to that of commercially
available software. The use of this device and the developed software would contribute to not only the efficiency of adjusting all in-
room lasers’ alignment including the horizontality and verticality but also reflect accurately the result of the Winston-Lutz test.

Keywords: laser, Winston-Lutz test, light field, radiation field, quality control
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Fig. 1 The Spatial coordinates of the radiation treatment
machine defined by the International Electrotech-
nical Commission (IEC) and the general laser ar-

rangement in the radiation treatment room

..\'

Base plate

Device ©

Fig. 2 The appearance of the developed device. The de-
vice is set on a base plate. IEC, International Elec-
trotechnical Commission.

I Winston-Lutz iR IR HZHEH L 2EHN L —F D
T TR 5L 7.

1. A by

1.1 ADFERERL—Y7 54 VXV MNHOSREDEE
Fig. 21355 L 728 Lo/ Bl R 9. fFEITKERAE
BT B720DEHONR—-A T L — o R TRl
T5. R=ZATL— 2ozt By 4 X3 EMmAH
44cmX50cm, 1 S A332em Th 4. HE=IL10kg TH
D, EMEIZRY 7Ry — VIR (WHEEE © 1.42g/cm®)
TH5.

SAEomREICIE 28 TEC-X, Yo ) o f k%
FORWRE e B HKIESR 2 1E 35 2 L AT & % (Fig. 3a).
#WEHOKEIR—=Z2 T L — MIH D 32D (Fig. 3b, ¢
@ “Adjuster”) (2L DHIIEDMEETH S, SEDA, B, C,
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Base plate
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on the opposite site
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Fig. 3 The details of the developed device. (a) It allows a specific digital goniometer to set on the central surface of the device.
The (b), (c), and (d) are zoomed photographs from the negative direction of IEC-Y, negative direction of IEC-X, and posi-
tive direction of IEC-Z, respectively. The (e) is a screw for adjusting the device position and is a zoomed photograph of
the broken circle in (b).The (f) is a slit for evaluating the horizontality and verticality of the laser and is a zoomed pho-
tograph of the solid circle in (c). IEC, International Electrotechnical Commission
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Tungsten marker

Fig. 4 Photograph of the light-field test. The upper-left
photograph shows a confirmation of the matching
of crosshair with the carved line on the central
surface of the device. In the photo on the right, a
light field of 20ecm square is projected on the de-
vice. Tungsten markers (arrows) are embedded in
the four corners of each field (10cm, 15c¢m, 20cm,
and 25cm)

HORBEEINTWAEZD, L—FEOMRFZIC, L—F
HUMCERE L7257 v 7 AT v Bkl & gt ot &
DOEEWZMERT 5 2 & 12X ) Winston-Lutz il % F i
T&5. T/, #ZEHREOBGHIRT L — M3t EE
OMGEMICEER 2D Y, 10em, 15cm, 20cm, 25cm D
EH BT OUEIZIZ2.0mm DY ¥ 7 AT V< — AN
REEINTBHBY (Fig. 4), TOWRBOWGEEET K-
[l %251 (electric portal imaging device: EPID) 12 & 1)
B35 LT, IR & BUTRBET O %A E HlD
HVIIBBROMNTY 7 vy 2 T EFAH L CHERT A2 LD
T&5.

1.2 BTV T DT 7O

TR BB S 5 O AT, B X N Winston-Lutz 3R 12 6 it
L, EPIDIZ X Y #cw L7-Hi{% (DICOMHEGR) %47 7
A VICTZITRY, EL27 2 VF EHRETH I ETE
HEIMIC T — A Cc& 5V 7 b7 2% LE (7
O 7 J NS5k Python 3.7). WSS IESTBF O fFHT IO W
TIE, B & o —F DM 1L 10cm, 15cm, 20cm,
25cm O HETIFIZ B VT HET, £ DM I 14 X2
BWTH DICOM W& % JH VAT ST e TH 5. Bl A
¥, Winston-Lutz iR ERICEH T2 2~4em B E D /NS 7%
T 548 o DICOM Wi 2 {3 L TH { T & T, Winston-
Lutz s{BR12 B 2 IETIF IR N $ 2 SRRV A2 & 4R 5
LHZENTESL. 72, Winston-LutzikERlZBWT, o
1) X — & 130° 90° 270° 180° 4 >~ k11X 0° 90°, 270°,
180° (WFgtm b, B X OKIERIM D), &7 F130° 315°,
270°, 135° 90° 12D AMIE L7z (oBEH Y 7 b = 7%
AT AL, ZFOR) TELW). Ty 7 b7

DOAFEERIZTECE1217Y \THEL L 72 % B, B IE g
B O CIE, IEC-X, YOI £ XD #HE & h
MR 2 B L7z, BSR4 X o2& o o -
DIEC-X, Y HHOMET T T 7 4 V& ZNEUMG LT,
WA REEAE D27 B 2 S O BHEE A & GRS 4 X
RAEGLIEE L7z, ORI RS E TR %
2B o i (R ) E Wbl & oS L7z
% 72, Winston-Lutz 3BT, HE.0E L—rul (%
VAT VER) OFEEHEB L V=¥l (¥ T AT
VER) EMo®ELE L TEFRSI N

V7 b 7 CE, O R IE B o BeEE & Winston-
Lutz i B A% R ETE 5 L 912 L7z (Fig. 5). B4
MBS OMGEEIZ D W TIE, RS 2 212 IEC-X, Y71
DFEEF L PO L TR A HET 5 2 LATUFET
& Y (Fig. 5a), Winston-Lutzi{E&ICDOWTIE, #> Y
LAy A—=%, Iy FIHT THIMEOREDHETD 5
(Fig. 5b). Wi{% @ k%) J7¥:1%, DICOMW{E 7 7 £ VD
Ay F—IERESRT L, F0E, BELzT7 740
LERBIT D HEERTEL L)L EEL0%H
JiEEHRM LTS, DICOM % 7 ®RT image SID (f2 1%
25 EPID  COWHifE) 2SN CIREFIABHE S
Na. L7eho7T, IRRICIETA Ve ZIHIZBIT2
EAPREND. FNTIBHTEBISN, HRIEESh
727 A VT IBREEIN S, 72, LAR— M H KR,
Bt ARBEEANTHIENTEDLEHITL.

1.3 FFEUTCEEEZRAWTAREE

bigE L7zd B2 L OB B X OB i &
Winston-Lutz B O MGIE % 17 5 72, HURRIBHEE 121X
TrueBeam (Varian Medical Systems, Inc.) Z i [ L 7.
1.3.1 JGHETEF B X OSHUAT R IR AT

TrueBeam ® 4 7 F I8 B A HE L, #HEOPIREIZE
1B L 72 20 S O UK LR A7 0° 2 71§ & 9 (2 H T
N=A7VL— DR L% L7 (Fig. 3b, c® “Adjuster”).
BWIESN/z70 Y NRA V& &M L CRIE I kD
100emiZR 2 X)X H T FORmS L7z AP R
DEFERIZ T A ANT B—8F 5 X HI2H 7 FALE & i
L7z (Fig. 4). ##EOFKMIIEZ—L2310cm, 15cm, 20cm,
25ecm DIEHHEH B ICHIS L2y ¥ T AT = — A D5k
BEINTWE72D, SCHREITOMESS—H L T2 2%
L7 EPIDZMH LT, —&A 2cm & 25cm O MG
ODICOM Wiz WAL, FFEL72Y 7 by = 7IZ TS
B2 LACIEC-X, Y IR D7 & R AL & AT L7z, §FA
fll1.0mm & L7z,
1.3.2 Winston-Lutz il

FIIH & ARROFIH TR OKIEL T L 72, A Tl
ERESELIEICLD, L—Fr2REORWEERICE
b7z, LT OEME L OACEE v B E 2L



Jpn. J. Med. Phys. Vol. 41 No. 1 (2021)

=],

[z lemx 2 cm

ZEX(mm] (190~219) [190 ~ [210 |
Z8Y[mm) (190~210) [190 ~ ‘21.0 |
FOEEXmm] (0 [10 |

BLEEVImm] (10 [10 |

[ emx 10 cm

Z8X[mm) (98.0~101.0) 990 ] ~ [ro10
Z8V[mm] (92.0~101.0) [9g,0 | ~ [ro10
FOEEXmm] (10 [10 |
BOEEYImm] (10 [10 |

0

Winston-Lutz7 M E X

M imm] (1.0)
Wh-F-{mm]  (19) [10 \
N9F [mm] (19 [1.0 |

OK Cancel

15 cmx 15 cm
E8X(mm] (149.0~151.0) [140,0 ~ [1510 |
Z8Y[mm] (149.0~151.0) [120.0 ~ ‘ 151.0 |

FOR/EXmm]  (10) [10
ELEEVImm]  (1.0) [0
2 cmx 25 cm

| Z&X(mm] (249.0~2510) 2400 ~ [z10 |
| Z&V(mmI (249.0~2510) [2490 | ~ [210 |
OBEXmm] (10 [10 |
FOEEVmm]  (10) [10 |
oK Cancel

Fig. 5 The screen for setting the tolerance of software [(a) radiation-field test, (b) Winston-Lutz test]
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QY X—5BEE]] X(nn] | V[om] | BEEECem] | @R HE HY bUAEE] | Xlom) | Viom] | Z(wn) |PERE(wm]| @ifR HE HoFABEIE] | Xlon) | V(o) |ERE[en] | @R HE
0 0.27 0.15 | 0.31 oK 0 0.27 0.15 — 0.31 0K 0 0.27 | 015 | 031 oK
90 -0.69 0.23 0.72 0K 90 -— 0.49 1.22 1.32 NG 45 0.54 0.60 0.80 0K
180 HEHBL [ &AL — - - 180 0.00 1.23 — 1.23 NG ) 0.53 0.40 0.66 0K
270 -0.19 | 0.17 0.25 oK 270 -— 0.78 | 0.85 1.15 NG 270 -0.49 | 0.42 | o065 0K
S 0.38 0.18 0.42 - 0K 180E 0.41 0.94 — 1.02 NG 315 -0.47 0.31 0.56 0K

LEVME:1.00
19 0.34 0.66 1.04 1.27 - NG i3 0.46 0.38 0.59 — 0K
L% :1.00 LEWE:1.00

Fig. 6 The report of the result analyzed by the developed software

[(a); the result of the radiation-field test (the square fields

of 2 and 25cm), (b)—(d); the result of the Winston-Lutz test for the collimator, gantry, and couch, respectively]

Fig. 7 The laser horizontality and verticality evaluated on the plane B of the device [(a) before laser adjustment and (b) after
laser adjustment]. From the enlarged photographs (1)—(4) in the (a), it can be seen that each laser is displaced to the
carved line in the positive direction of IEC-Y, the negative direction of IEC-Z, the negative direction of IEC-Y, and the
positive direction of IEC-Z, respectively. In (1)—(4) of the (b), the laser and the carved line match. IEC, International

Electrotechnical Commission
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Table 1 The difference between the analyzed values of the developed software and the commercial software in the Winston-Lutz

test results

Developed software

Dosellab version 6.8

Angle IEC-X IEC-Y IEC-Z 2D IEC-X IEC-Y IEC-Z 2D
(] [mm] [mm] [(mm] [mm] [mm] [mm] [mm] [mm]
Collimator 0 027 (0.23) 015 (-0.45) — 031(-029 004 060 — 060
90  -069 (-0.25) 023 (-0.12) — 072 (0.16) -044 035 — 056
270 —0.19 (-0.39) 017 (0.10) — 025 (0.04) 020 007 — 021
Gantry 0 027 (0.23) 0.15 (-0.45) — 0.31(-0.29) 004 060 — 060
90 — 049 (-0.30) 122  (0.34)  1.32 (0.14) —  079% 088 118
180 (CW) 0 (-0.15) 123 (0.10) — 123 (0.09) 0.15% 113 — 114
270 — 078 (-0.02) 085 (-0.11)  1.15(-0.07) 076 096 1.22
180 041 (0.25) 094 (-021) — 1.02 (-0.14)  0.16% 115 —  1.16
(CCW)
Couch 0 027 (0.23) 0.15 (-0.45) — 0.31(-0.29) 004 060 — 060
45 054 (0.01) 060 (0.06) — 0.80 (0.04) 053 054 — 076
90 0.53 (—0.12) 0.4 (0.02) — 0.66 (—0.09) 0.65 0.38 — 0.75
270  —0.49 (-0.06) 042 (0.20) — 065 (0.17) -043 021 — 048
315 —047 (-0.21) 031 (-0.30) — 056 (—0.11) -0.26 061 — 067
Average 0.02 (—0.03) 041 (-0.14) 1.04 (-012) — 005 055 092 —

The mark of “%” shows the value converted the sign from the DoseLab coordinates to the IEC coordinates for the radiation treat-
ment machine. IEC, International Electrotechnical Commission; CW, clockwise; CCW, counterclockwise
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I Start I
Without tolerance
Radiation-field test

Field size calibration

Within tolerance

Without tolerance i
Adjustment of

Winston-Lutz test . L
the device position

Within tolerance

Adjustment of
the laser position

End

Fig. 8 The flowchart for the in-room-laser adjustment.
The Winston-Lutz test is performed after confirm-
ing that the verification result of the radiation
field is within the tolerance. By referring to this
result of the Winston-Lutz test, the device is
moved in the direction in which the difference be-
tween the center of the radiation field and the cen-
ter of the laser (center of the tungsten sphere) de-
creases. The Winston-Lutz test is performed again,
and after confirming the difference is within toler-
ance, the position of the in-room laser is adjusted
so as to match the carved line on the surface of the
device
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i

Table 1 Fractionation scheme of heavy Ion therapy®

Tumor Fraction Period Total dose

Head & neck 16 4 weeks 57.6-64.0 Gy (RBE)
(non-squamous cell carcinoma)

Lung (stage 1) 1 1 day 50.0 Gy (RBE)
Lung (stage /1) 16 4 weeks 64.0-72.0 Gy (RBE)
Liver (peripheral) 2 2 days 48.0 Gy (RBE)
Liver (porta hepatis) 12 3 weeks 52.8-60.0 Gy (RBE)
Bone and soft tissue 16 4 weeks 57.6-70.4 Gy (RBE)
Prostate 12 3 weeks 51.6 Gy (RBE)
Pancreas 12 3 weeks 52.8-55.2 Gy (RBE)
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Fig.1 Heavy ion beam dose distribution of malignant
melanoma of the forehead”
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X)X uhkeE 2SN DK IES AR (CTV)
500 cm® A:dili D 38 B K} L CTld, 54ELC88%, 54F 0S46%
EV D X0 BIF A SNz RS RO RE kD
BRI B RE 22 5 A, 54FE OS 13 22~44%, Y ERAS
HEDYE, 0~30%TH Y, FRT-HIAEDOEEIIHERD
HEIVERLTWSEEWRE S, LCE OSHTREEYT 5 DI,
BB S M, EWEBIELERNTH L. EiEimE
OWHIZ 2, 4, HEEEZIN LSS IREETE SV
I BH, FRIZOWTIE, HEIHITHRND.

1996 47 5 2013 FE D[ I12 HIMAC TiE# S 22U BAS
HEDMBEEREOBE188FIDOL b1 ARY T 4 T RGN
OFERTIE, BHFEDLC, OS, MR (PFS) AT &
N T7%, 81%, 50% Th - 72", MiEHEE:E LTid, BT
HEEEDH Y, 19BNCER L T5EO0SHH80% % 7Rk L7z
Wl EH DD, RN I T2 DB TR G & R TR
BROLBIZNEEE Z2 505, Zhid, B EETIE
Fh & DBEAAZ <, BT HE 7% B TR ARG E A v
PHTH5.

2.2 BEHPECHOZUVDHA (DAEY - FrP—)
221 IEY - Fx -

2.1 CIlRAR7ZzBANZ, HERFHIGEOBEMIEDTRD S,
BIBIRE L TRVWEWVZ S, L2Lads, Wihd i
BEI PRV RATH S, HAREETIAET HHESAL
OIFMFLEHROBEDH b, TR THIGEOMIL & 7 5
b DIXEMB00 AFRETH Y, T/, B - KOS B
WG & 72 % D DIZAERM 500~1,000 AFRE L ZE 2 ShTw
5.

HARTOHAICRET 2 BEITFEM 100 5 ANFRSE & g &
NTVENL, INLOHFIEHFVIALVWETDLES
AV, BAEBEO RS, REKRPIECKENL WO
EY - F X Y=L 0nbNBEBATHDLY, FNHITHL
T, GETOLEIAH, FRFHRERENED L) I S
TV RTHwZ Y.

Table 2 & Table 31X, HARIZBUI L2 VPARBLEIETO
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Table 2 Top 5 cancer cases in Japan (2017)

rank Cancer site Number
1 colon and rectum 153,193
2 stomach 129,576
3 lung 124,510
4 breast 92,253
5 prostate 91,215

Table 3 Top 5 cancer deaths in Japan (2018)

rank Cancer site Number
1 lung 74,328
2 colon and rectum 50,658
3 stomach 44,192
4 pancreas 35,390
5 liver 25,925

Fy 75%RLTWAEY. EL50ERTHAE Gillel
), H, BWioFAH3METEZLED L. BEKTIE, 44
WZFUHE, BAZICHIAZIRNE & v ) PRICBIER L 7228 A BT
WR ZO22000AIF, LK, HY LT WO
Dy TR EINTOWRWD, HTHD 7L L 8
F UMERF CIEATY S, F72, FEEE T4 IR
ST TH B, TD2ODMNANZBEHRDSH L V-9,
FECHT B % 5 % b D ICREHESD RS, BEHD
61 & 7T ICH UIEF CHATWD, WFRIZLTD
Table 2 & Table 31Z/R L7z TRFADASA (K (Rl &8
W), B, Wi, LB, wivBR, B, oz A) B, 3
TV - Fr v —ofFELvoTIW,
THEONATRTH, ERTFHEROTRICR > TW
2O TIEEL, bEd EBUBBEOMIL E o T
WHERBEFRIEE TR TR, 2720, BB
Filitk, FRNTHEE LG ENFHIBEONS & %
5. F7o, AMIHEW, HHELPT <, HIMAC TRHIR
ABREBIG L7z & &12iE, PR 7 & OHBE T
B E DT TN D T, BRRBONZE LIRS Lho
7. HIMAC CRR BRI AT bz, M
WEoE, BESE, miv RS, EEROMGRETERNERETH 5.
PUTFINSHIZONWTIHRRS,

2.2.2 i

fifi % 1% Table 2 & Table 32789 & 9 12 HEE £ T 31,
HEHTIMONRATHY, ZOHBEREOMN L, »A
EHDOPTOEXbLOTEELREE VW L. ko 2HH#
FEIS/ ARG & v D) EEIRE LT WRETH D, TR
B & v ) RFTERO N R 7% 5 v, ZR LSO R
R B 2 & S BIRREE oS i NS L T SR TR
WICKDERTHIEPMFETES. LA L, 19804
F T, MBHENPRATH 572720, 1ZEA LD
BT LZREBCTHRAL SN, BREEEDL ELOTE P/
19904 5D CTHRZ DEAIZ L Y, BB oMiasH >

i

1994 1999 2000 2003 2012

phase 1/11
18 fr./6 weeks ——n

phase I1
9 fr. /3 weeks
phase 1/11
4 fr. /1weeks
phase /11 phase 11

1 fr. R

phase I/Il phase [I

Fig. 2 Process of clinical research on stage I lung cancer

M5 LN TELDT, HIMAC T 1 B oMl % [
RARBOMR E LT EiF7-.

Fig. 212 T illiE o BiR FRER O %2 7R 97, 1994 412
BE o7 2= X T/TRBRICBWTIE, #i Tk
THwHRZZ18MH/BHENT S A% — ML T, MEWNE
fTol. WABMEIET S E, 8B % 9m/3HIZZ
A, 7x—=X1/TREEIT-72. FLT, RABREICE
T2, HOSEEMEE4m1BICEL, 72—X 1/
IREEEIT-72. TOEHICLT, 32005 EFEIIHL
TR SN 7225, 18[/6 IOV TIEWIEHE
HIMICHAD 2D v b2 5w, 72— XM I3EKE
T, M3 E AM/IHAD 7 = — X T HRERZ 1999 0 5
2003 4FICFCTEMBLZ. NS DOEE, BHHM %2 S
S LT HIRBR ISRV R v & v AT
LN7=DT, 1EBEICE S 7 2 — X 1/TRE:% 2003 4F
WCHE L7z, BB o 581X 28 Gy (RBE) TH -
oo Bl hRKHMEIGESY, EEEOHIMEL 4L
BTHEBY TR G o720T, MEkhdEHM2E
L, &9 %< 20124 I A#E 50 Gy (RBE) 123 L Ti¢
TL7 COXHCRMMAZELZ0E, EEXT20
ENEFNOBBETORERELDIC LI EBHAHDO—D
THb. DT, INSORHREICOVWTHERS.

I IR O BRSO S, w7 &1 & ) Pkt
HEZ2 BE OB ANICRAET 2 T AB(TINOMO) B LTV
B (T2NOMO) o FE/MiilaHs Tdh 5. 9l/BHED T = — X
IEERIX, 5060519 HE (T1: 30k 4, T2 : 21k HE) (2
L Tirbh, 5HFELCIZI6% (T1: 97%, T2 : 95%), 54FE
0813 50% (T1 : 55%, T2 : 43%) Td - 727, 4ll/1H D
7z — X MR, 796180 HE (T1: 4254, T2: 38
) WKL Tirbh, BHELCIZ90% (T1: 98%, T2 :
80%), 5 4E 0S 13 45% (T1 : 62%, T2 : 25%) T & - 72 .
1ERBEIZOWTIE, 72— X 1/T#ET44 Gy (RBE) LA
B E 72846 (T1: 4481, T2 : 40%1) x4 5
5 4E LC 1% 80% (T1 : 88%, T2 : 71%), 36 Gy (RBE) L |
AT E 72 15101 5 540813 57% Th - 721,

Lo 1 RS o 54E LC(80%) 1, 9H/33H (96%) b L
Cid4ml/18(90%) & KT 5 &, RwEidwnz w1
[A] & 5} C 48~50 Gy (RBE) 284L 5 S 7z 206112k % 5
FELCIE9B%THY, LHR < 9m/3MDB L 4ll/18E

13
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Table 4 Comparison of 5 years local control (L.C) rates and overall survival (OS) rates of stage I lung cancer between heavy ion
therapy, stereotactic body radiation therapy (SBRT) and surgery

Heavy Ion
Stage Method SBRT Surgery
9 frs./3 wks. 4 frs./1 wks.

I A(T1) pts. number 29 (30%) 41 (42%) 100 5642
5 yrs. LC rate 97% 98% 85% (3 yrs.) n/a
5 yrs. OS rate 55% 62% 43% 77%

1 B (T2) pts. number 21 38 22 3081
5 yrs. LC rate 95% 80% 73%(operable) n/a
5 yrs. OS rate 43% 25% 62%(operable) 60%

*Number of tumors. Abbreviations: yrs. =years, frs. = fractions, wks. = weeks.

M2 0, 50 Gy & Hadfm s LizbiFThsb. 77—
Z DRI BhTH Y, FEmLEILARER TV RN
A, TAM, IBM&HLETLT56 (183E) 1K LT,
34ELC, 34E 0S N2 94%, 90% & IEF IR DTS
bOTHH Y.

WFT & B ARE R E AU G E (stereotactic body ra-
diotherapy: SBRT) ® 1 R4 Ot 1% 35 Gy FEETH 5
DT, BR D50 Gy RBE) & W) BridH NIk &
WwEWwz A HEO—D2F, F1EY ThRR7ZEI I
RBE IZ 3 Gy (RBE) £ £ QAR W it i TH D H TV 5 75,
50 Gy (RBE) T3 AR MR O IERBIEIC L D EED
RBEWEFEZEN LY /WSy, EMRIRIVNS SR D T
ETHAH, LL, THIZE)TRTHOFHHI NG 2 EFH
HZEbr SR,

—75, T oBR e U v Siikz &
e iBEY bR e & S, AT D L < IE Tl
EEMEFICH LT, SBRTSfER SN TS, 22T,
SBRT (X HIMAC TOiE# MG & IZIZFBRZ TDNS X9
2%, 20k, 28U K LR TH 5. SBRTIC
X 2 RO TABMIREICo W TIE, JCOGIZ L 5%
A AL W iR 3R (JCOG403) 3 1), Z Nz & % & 10041
WX % 34FELCAH85%, 54 0SA%43% &\ ) kiR 5 5
nTwa ' F7 IBIZOWTRERTEETIEDH A
FATEIER L7z T BUINIE I SBRT % Fiti L 722 Jti ik 3L A
BRI RERA S 1, 226012%F L T 54 LC A 73%, 54 0S 28
62% L W RSN T WS, Table4ld, 2hoH®
HREEFZLOLLOTHD, KLY, T AMWTITER T
BHEHNLC,0SE L SBRT LD b RWHIEZHBETWALZ &
Bbhh. 1 BT, ARITFHEEE L T g5 72
NTWb70, EEORKIZITE LWV, LCTIIENF
TG, OSTIESBRTARWHEZHETWS., Lk
o, RSV L, FloF vy EENTWRWED,
BELREEZIVAZV, T2, EERETH DL TIO54E
0Six, TAMT7%, 1 BHI60% T 0™, it L
BENLTWD. ZOMHAE, OBSIGHOMN R L D i
ThHhbHI L, OMPFHIBIRETIIIEY ¥/ i OWEAEN 2285
BEEBRTELRWIEREEEZOLND. BHIZOVT

14

1, FRTREBINER T RRGE LR T S L SOMEE L
TRELZRATLLENDH S ).

L& D#A7 L2 T & M oMifEIZoWTid, Fir]
HEZe D DM X D IR# 2 VI BR 21T 9 R TAIC &
DIEHRT 205, #ITT 23 EFMSWEEIC R D, HgHRE
PER MR & B L 72 L iia e = 175 B4
W2 TL 5. XBRIZHATH O EE AN O #5553
D7 VIR T & T OMINEI LT H AR %G #
TFEREGDZEPHIGFES N, BREBR» TR TE .

1995 47 5 2015 4 IR I C i S A7z Tl ¥ 22 1T
B LIXIHIMifEOBEH 144BIDOL P RANRY T4 T
Mt OFERTIE, 24ELC, 34ELCAZNE I 80%, 75% T
otz Fiz, 290S1359% (M : 62%, I : 55%),
34 0S1248% ThH - 72" PSR 1/ ORE
M7 e LT, 3RICHEARIESY (conformal radiother-
apy: CRT) & 58J) 72 ZEH01E 5 % R REBEH 3 2 (b Ui iE
WEATH T L%\, LR R (RTOG0617) 12 &
B &, IR L CALE R B iE# 245 0S 13 58%
THH ", BR T REROEFT N ERASTH S, b
B RGaERE, MR CEELAERZLRITIENS
{, FRREVAT AT HHABEREV. —F, B
THuA#EE, EELAEFLZIIEILALRILOT, HEY
AT AT HEMEAE N, LehoT, HLEEIND
Jifid > S a2 IR S 5.

2.2.3 JFHE

WP 3 TR X ) ITHRBE T, BT THAL
ONRATH 5. WHEOKRBTIHEETHY, 213y
ANV AVEASVENTF 9872 &0 S HEAT L 72 RS ML 2 Bhdth & L
TRET L. EREENHOYEE, RO YIRS L
T VA EBEIRkE kgL TbNI, #ETL TS
& BT Bl 132 1k 5% 9% ¥ (transcatheter arterial chemoemboli-
zation: TACE) 2¥1b i 5. w256 L T & Bl DT
5, W BEENRETLIENL VDT, FNS %
LTW5 ) HIZHFRREIEL 2o Tl A AL L, K
BEfTONAEZ L DAL, Fil oKL BN 2R
A S O3B & ) EREATREE R AR DY,
ED L) B, WTRIEHR SBRT &\ ) HaHRtiG s
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BIRE NG, FRTHUE SIS DAL B R~ O #iaAs
LD HRVHREE LTI s, BRRBAfTbNTE
7-.

TR 203 2 R TR 13 1995 4E 2 S R S
7 = — A T/1 X8k 15 [l/5 H—12 [A1/3 8—8 [al/2 H —
4@&t®%?ﬁbn,%%ﬁtﬁ%ﬁ%%#békt%

ENZEhosHEEORBERESRO LN, ZLT,
41 ETO 7 2 — AN LT LT, 2020
7 =R T/TRBE»THbN, TN ROOLN-HE
WD 7 ==X NREED RS, BAEDHRL T 5.

12[01/3 58, 8l/2:H, 4W/1 D7 = — X 1/0RERB X
C4ll/1D 7 = — A MR CHFE S /z1266] (13395
H) 20T ELL FRARY T 4 TRIBHRERT
W 14E, 34E, BEELCIZZENZENI5%, 91%, 90% TH 1),
14E, 34E, 5AEO0SIETZNZN90%, 50%, 25% TdH - 72.
F72, 4l/1AO T = — A TR THBE S NIz 446 (47
FEH) kT A M RATRE R T, 14, 34, 5FLC
X ZFNENI8%, 96%, 92% TH ), 14F, 34F, 54 0SIE
ZNZEN93%, 57%, 25% Th -7, THSDFERE,S
RN T AR F I REVWEWR S, LALeRS, b
WO X ITHEBIKA L FETH I EDNLnizd, 0SiE
e LB IZEA TS 202007 2 — XN REBEIZOW
T, MXRERIN TRV, BB E L Ts4E
LC, 5 OS B ZENZFIN90%, 50% & W ) FEEPE LR TW»
512)

R RIGEHRE BA T A EHIEICSBRT & L 05H 5
SBRTIZEE3em & O /NS WIESF I L Tld 90% 4 BE
SELCHEFONLD, TNLVIEENPKEL 2L LELCIE
B, B em 282 2 EFILEILNE 2 5. B
THIGEICIE, SO X)) REEY A XL A LCOEITR
WEWIHFIEAD .

2.2.4  HIHE

BB (IR REC T, B TS DIETH 5. L
WA CTPSAHAZTARSLZ EI2ED, ZWTExHIHIZ
ol BRMICEREIND L) I Cho7. JRTIcH T
LU OEEEE, T (BN, MEREED, Wi
B NG, IMRT, K 7THEH) 2848 TH 5.
JEREGEFAMICIEL, ARy FIARICK D &R TIT) Kk (¥
T4 YFFM) bHDH. 09, RIEERFEEENNE
(T1, T2)IHEISTH D, B Z B2 TILAS5 TSI &

i

o7, PATD T3ISH L CIRHHRREEZ S EHE )
%< BhoTL A, BEOIEAY (T1-T3), PSAMH, ik
BAaAT ()Y UE) OMAEGDLEICLY, K1) 27,
mYRZ, B AZIHET .

HIMAC TOHEBBIGED Z A I121E, T 722G TN b
ELTBESLT, IMRT T 572100 ThHo7z. D7
O, Yk, AOZBYEIIILERD, WEOHLVWETH - 72
ZEBDHD, ERTHIEHONLRIZ) LiFs .

HIMAC % & & 3t T 2003475 5 2014 4E 12 HR#E S
122157 DEHFEREZL O ARY T4 TICRIT Lz &
Z A, 54O AALE ) B T 5 A A7 3 (biochemical recur-
rent-free survival: bRFS) i, &V A 7 #E, WU 2 7 #,
BRI LT, FNEFNI2%, 89%, 92% TH - 7-.
¥ 72, 54E O JE N 417 (cause-specific survival: CSS) i&
100%, 100%, 99% & E b TRIFTH 72", 22T,
AL IS AR 1, PSAOFHED A% &
FLTOLBEOEBRBE T 2HE5THY, Kokt
3R L IMIRIE 2 B 72 ThH B, Lo X 9 IR
R ELHVIRROFHIE, —RICEDOTRIFTHY,
WHRICHEHRLEPSAH LAZMS T I LN TEL 2N
i JEHE & 22 B, M EIYE LT, 66 Gy (RBE)/20
/5 38, 63 Gy (RBE)/20 [il/5 38, 57.6 Gy (RBE)/16 [il/4
JH, 51.6 Gy RBE)12 /38 25& M % A%, Ktk
D2DOTHDH. RIVE VEFEEDHY A7 BITK L Tlda~
67 HM, BY A LTI 2ERM EFHShTw
%. Table 5%, K7 # ih %%, IMRT, b T #2680
bRFSZ MK L72bDTHY, KLV EY ATHEIIBWT
FRLF RGO B BRER IR TENRL TV 2 LAY
W2 A, F7, BERTHRERIRDAERROL RV IER
ETH 5.

2.2.5 TN

R T REAEK 6, UK TAMOBATH L. FH
FERAHEECTH Y, FHESCIRE L F a2 v
728, %bmr%%ﬁ?ﬂv&h,%%%¢®5$¢ﬁ$
X 10% LTy, TSI RE 2R (T/0H)
RO 3B%RETH Y, FMirsHEETH 2 25@mEEE D
ZWEER () &, ko 15%585TH 5. IHKEREO
B BETREES E Th o 7225, BB IZE D -

. ERTROBEEPEE AR ZANT LI EICX

D, BEEEZN ESE5 2L 2L C, HIMAC T

Table 5 Comparison of biochemical recurrent-free survival (bRFS) rate between heavy ion therapy, IMRT and proton therapy

Low-risk Intermediate-risk High-risk Pts. number
Heavy ion 5 years 92% 89% 92% 2157
10 years 77 70 79
IMRT 5 years 80 67 71 1051
10 years 63 48 43
Proton 5 years 99 99 76 211
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2007 4F & 1) B O B EABR & BRLG L 7=

RS R IS B R T 368 & v O U s 25
BHBET B D 5720, XREE2 N 3BHED
MEERDETIE, ToeEr @S35 8L
W2 ERTMENT. ZFD72%0, TN 2 6 502 B
DAL BB E4TH) 2 & & L, 2007~20124F 125
MEh7z7 2= T/TRBEICBWTIZEAHREL L 0%
HOLBEBOMMEIT 72, Thbb, HBERECIIER
THOPEG % 43.2 Gy RBE)/12H/3HICHE L, &
LY yOMEE 400mg/m™/1[H x 1 [al/18 x 358 (18
111400 mg/m* D % 353 5) 5 1000 mg/m*/1
Fx1m/1Hx3HF TS, FEBETCIIARE
1000mg/m®*/1 [ x 1[a/1 8 x 3o 72 F £, HHHME
% 55.2 Gy RBE)/12[1/3:8 ¥ TEL 3¢, FEHH=B X
O O IR A % Ped 7270,

HIMAC % & & 3Jiii% T 2012~2014 F BB S N2 72
BIOBFAERZL PO AXRT F 4 TIBIT LIz 2 5,
14E OS 13 73%, 24 OS 1 46%, 2E 77 1 1 o Y {5 (MIST) 1
21.5 H &9 K5 A S 722, IHIHIRERE (3 5 e
WHE R IGHEGEICIE, IMRT % H W 72 L3 U a2
55, FD24E 0813 30~36%, MST 1£14.8~17.8 H TH
N, TRFBEEIENLTVDLZEDPVR 5.

LR 3HiGZOBEEREF IZ2OoOK RS EE, 52.8 Gy
(RBE)/12101/338 (20%1) & 55.2 Gy (RBE)/12[01/338 (52
B XK SNTBY, TOMSTIZENhEN134H
E262HTH o7z, THICXVBEZWINTAZ LICX
DMSTHALET 2 AR ENzbnwz, S5ICHE%
B A LEME L RBENTWS. LrL, Z0720I121F
TAREIZE D RELHREZHG T 2 BEOMEISLETH
0, BIZIEAR=Y—1C X 2 MEH L HILE DS, XA
NDOARA=T v 7Y T4 (MRIVAH IR 12X 5
MEFROPCHEhE= 5 ¥ FOEAL EHKE SN LR
EThHs 9.

2.2.6 EEEOMBZE BN

KW & Table 21”3 & 5 ICREBE 1INVOPBATD
5. L Z0b01U8% 505, EEEOEER
Wi, EEIBZOLRVWEA (&40 f80%) EFMTH
505, FHiBoORH10% TERENICHET L. ZOLE
M & % 2205, HHPWREELR Z &%, F-TRIZS
FTLORL W,

HIMAC T 18 1 i 487 % 15 B N 56 126 L C 2001 4F 2
SEMNTFMBEED 7 2 — AVNHERRBRZHB L, ©4
PE - ERIEDHERE S /28, 2003 4EH X EEEHEE L
T7x—AN#REZ fifT L TWw5b. 73.6 Gy (RBE)/16 1]
THE N2 151 61D 34ELC, 54FELCIEE N E 1 91%,
88% TH D, 3408, 54 0SIFENZFNT8%, 59% TH -
7o, TG TR Y BRI o 5 4F A A7 3 AT30~40% T
H Y, FRFHRIGHE ORI TFHRHRE ORI ILHT % b
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DTHoTz. EBIZZ ORERO T GIER O KI5 AU BEA
P THLZ E2EETLE, EbLOTRIFRERIE VA
5%,

227 Fiw
22 TR TE Y - F v VY — IR B R TG

OFMEZEEHEEXTI LD L. FITRROIMNIZ, DA

HEt e &SRO 72 EPN T VAERNC I AT 2 R EE O

ERTHD., FMHBEO#EGLR EE2ELTWEDT, K

ERRBL WKL BT TH LI E 2R L T2 &

72\,

- TR T PR (20 L CIE SBRT 2 2 5
BiEE R L TWAH720, 4%, HBROBELEE LT
MEMT SN TR H 5. F5REHE4,100)

o AT IR e 2 - TR/ NI I o L2 ok LTI 22 O
B E FSEOBRBEETH Y, EREAFEFRIIEE0
ARG F 2, RIETREE OBAME DAL AR
IDRWEHNSNLEDT, 5%, REFz Yy IRV
I B A& O L 72 SR MO SRR & 0 AR O K
I A S NS, GI%EE$9,600)

- Fifi e SN 2 WS HETH D, 22 SBRT ThHiR
FEIK E 72 5em 28 % 8 2 2 FHE O 8 — IR D J& i 16 95
P LTMEMRTONDWHEEY D 5. P REHEK
4,000)

CERY A 7 HIALIREEC KT L CiE, AL TS A AR R
(bRFS) 2% b # , DOAERERN R DR VTzD,
Ltk HRIROERG: L U TEMN T S5 g
H5bH. (WNEEHE$25,000)

S JRFTCERR U7 8T (M) oL <, Eh T
e oAb sE R I, IMRT 2 &% L7223
DI L THEFRRETENRTY S, LA -> T, BIK
THHE-BIROEFG L L THEMNT SNl D
B0, BRI X Y BT AR o EasHLA
IND7:0, BEITHEEMEZITD HEOBMIIENT
BUEND L. HREEH5,400)

- EIRE O BRI TSSO LT, R T EA R IR
FANCICH T 2 AHFHEEZRL, TREOL Y DRV
WETHLOT, 5k, HBIROWBELEE LTER
FHNLWEEN D 5. b5 EH$4,200)
DEDOXHIZa®y - F vy % =120 LTHEN A

PWEIRELWEEELZRLTWL 2 E2bR5S. LL, L

FEOWREMZHED L DL 3 5121%, BT TIIERIC

BRI L TWA LEDLE LR 2R\, ZO/THR

R7ERIRIIZED 7 — % ©% { ITHIMAC HAko o L b

OARY T4 THFERERTH Y, ZHidEOH X HRR

BRofBRETIZR V. Zhid, HIMAC LAk o Tk 1k

PEFBE L 2o, REOZETHY, T2

HIMAC TOWZE b Ik 2w Ez ko b7 2 — A 1/
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TE, FRF-HRIA#E M X J-CROS (Japan Carbon-ion Ra-
diation Oncology Study Group) ZJZR L, JGH#EERB (i
B RRERE LTI ) elkgE) & LT, THEgE M
WiidE, W, RATEITIEE, TR R O % Rk ERIR
R IT-oTWA. T/, &Y A 7§ E O RRREIE
MY, GHERHEBE L Tirbhz28, REZHEANOBITIC
L) RS T CTORRRERE L THBES N TWw 5. Th
L5DDWANE, LEIT [HFR FRIEHEAE — BN D IEHE
FE LTERTONL TR H ] L2 DTH
b, S, ZOBKRBICE ) ZOWEEESHRE S,
LT 2 7 = — AMABRICHED 2 & W L7,

3. SEBORE

Pk, #1380 BXOHEAHOE 1212 W
T, HiHZEDTH0ELL 1B L SHIMAC DR & 2
NI BMREMEICOVWTHRRTEZ. LAL, &b
HIMACZ® 5 A F—1) —i3%ked, koI
Do THANTW S, ROFROE LR HREIL, F
HORDLLEZAUTD3IDOTHA.

DOHIMAC % /ML L 723 RIS C X ), BR - HR i
VHHLBRE—-BN L DL Lo, X210 TlER
V.oRIE, T O BELS b B N RE 2 /N A R
DORFETHY, Ik BR THREFEEEZ L) K
A MPOXYEHRMOZRICHE LD LT 5.

@I, kA HITbNTE MBS ORI 2,
MUE AT (LET D L AZHT RV F— 2D 55i) O
EARE SN TV L. BRSNS ADOEBRMEE BT, &
BIREO L SR BN RO ST 720, MRS LS
i DR LA RE 2 ik x B 5.

CORUHEH T T & MR RBINERETH 1, EiRER %
Bi 2 & T &R, HR TR D BRI #R D —>
THY, T TIHEAROE 12/ THRRAZLHICLC L
OSASTEEES % 70 LRI X 0 B RRNIC R A A3 A
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Fig. 4 Dose and LET distribution with carbon-ion irradiation to pancreatic cancer (upper). Dose and LET distribution with

He, C, O-ion irradiation (lower)*”
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Fig. 5 Mechanism of action of immune checkpoint inhibitor
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Quality Assurance of Bone SBRT
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! Division of Radiation Physic, Tokyo Metropolitan Cancer and Infectious Diseases Center Komagome Hospital

* Division of Radiation Oncology, Department of Radiology, Tokyo Metropolitan Cancer and Infectious Diseases Center Komagome Hospital

Stereotactic body radiation therapy (SBRT) is a high-precision radiation therapy technique that enables to deliver a high ablative

biological dose in 1 to 5 high dose-fractions despite sparing the high dose of adjacent organs at risk. SBRT has emerged as an alter-

native to conventional radiation therapy for spinal metastases and has been applied to patients with non-spine bone metastases as

well. Since bone SBRT is the technique of high biologically effective dose to the local lesion, quality assurance (QA) of the entire

treatment process is an essential for performing SBRT. This report provides QA procedures for performing bone SBRT.

Keywords: stereotactic body radiation therapy (SBRT), spine, bone metastases, quality assurance, oncology
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Redefinition of the International System of Units (SI) and Related Quantities
in the Field of Ionizing Radiation
Norio SAITO*

NMIJ International Cooperation Office, National Metrology Institute of Japan (NMIdJ), National Institute of Advanced Industrial Science
and Technology (AIST)

The International System of Units (SI) is recommended for the practical system of units of measurement. The decision of redefin-
ing the seven base units of the SI (the second, the meter, the kilogram, the ampere, the kelvin, the mole and the candela) was made
at the 26th meeting of the General Conference on Weights and Measures on 16 November 2018. This redefinition came into force
starting 20 May 2019, and it became a big historic turning point for the metrology society. This is because the kilogram, the unit of
mass, was defined only by an artifact as the international prototype of the kilogram, has been kept for 130 years since its determi-
nation in 1889, and was finally changed to the new definition by taking the fixed numerical value of the Planck constant on that
day.

It is easily imagined that the redefinition of the SI base units has a strong impact on our daily life or the field of science. The rea-
son why the SI redefinition had to be adapted is introduced firstly. Then, how the new definitions are applied now after a year from
the redefinition and future prospective of the new definitions are discussed. In the last, the impacts of the SI redefinition in the field
of the ionizing radiation, especially in the fields of the medical application of the ionizing radiation, are discussed.

Key words: Metre Convention, International System of Units (SI), redefinition, ionizing radiation, metrology
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Fig. 1 The Japanese Prototype of the Kilogram (photo-
graph courtesy of AIST)

Fig. 2 Water triple point cell (photograph courtesy of
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coexist in a stable equilibrium. The tube in the
center of the cell is used for calibration of ther-
mometers
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Table 1 #FEFROIE LD O FEFEAL VD534

FLOED LNV RO
+2 7 (12%)
+1 4 (7%)
0 10 (18%)
-1 21 (37%)
-2 15 (26%)

57 (100%)

Table 2 JEURR DU R HIHERRS RARHU7-AREE (%) D5

FIH L7814 EA 0¥
90~100% 27 (66%)
80~89% 7 (17%)
70~79% 3 (1%)
60~69% 4 (10%)

41 (100%)
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2018
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Title: Discovery of the luminescence of water during
irradiation of radiation at a lower energy than the
Cherenkov light threshold

Author: Seiichi Yamamoto

Radiol. Phys. Technol. 14: 16—24, 2021

FRT A Mv s F oL v 37 6BELDT ORUHH ST
2L BKRDFIBEDIER
HH AR —

F L ¥ 37RO T ROV F— 125 LT D
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DOV TH o720V Lal, EFE Flraak
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Author: Seiichi Yamamoto
Abstract: This is a review article on luminescence in water published by JSRT and JSMP (https:/www.jsmp.org/en).
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Report of the 119th Scientific Meeting of the Japan Society of Medical Physics
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Table 1 JSMP119 Presidents Awards, Gold Silver and Bronze

Award ID |Authors

Title

Session category

Koki Kasamatsu, Taeko Matsuura,

Gold Akira Yoshikawa, Shiro Sakuragi,

processed CeBr;crystals

President's Seishin Takao, Sodai Tanaka, §LD !'e;.)air i mp t ?n pr d !)l:oton Radiati Th'erapy
Award 0-040 - - irradiation with various cell specific (Heavy Particle) E1
Gold Naoki Miyamoto, Jin-Min Nam, " Bioloav/R
o Hiroki Shirato, Kikuo Umegaki parameters lology/Range
Yutaka Otaka, Keniji Shimazoe, .
President's Yuki Mitsuya, Mizuki Uenomachi, Evaluation of energy and time g:::om::-"%i:?:iznmezy
Award 0-057 (Wei Seng Foong, Kei Kamada, characteristics using Liquinert v

Charactarics of

Gold Tomoki Kimura, Yuji Murakami,
Yasushi Nagata

specific template with geometrical
ideal dose distribution

M t
Hiroyuki Takahashi casuremen
Kentaro Miki, Akito Saito. .
n ’ ’ A new workflow of appropriate -
President's 0-080 Daisuke Kawahara, Takeo Nakashima, Ianr‘::r:” for vl‘\’llvAT uZ?n P Itient Radiation Therapy
Award Ikuno Nishibuchi, P 9 gpa (Photon/Electron) E3

VMAT/Treatment Planning 1

President's Takamitsu Masuda, Teiji Nishio, Proton dose estimation using PET: Radiation Therapy
Award 0-042 |Akira Sano, Kumiko Karasawa extension of the ML-EM algorithm to (Heavy Particle) E1
Silver inhomogeneous targets Biology/Range
ident! [JSRT-JSMP Joint
Pri\sv:l:er:t ° 1S-142 | Toshiyuki Terunuma, Takeji Sakae Target boundary tracking on BEV by i i
v y 5 ) patient-specific deep learning International Session Oral]
Silver Radiation Therapy: Particle
. Hiraku Iramina, Development of a correction method [JSRT-JSMP Joint
President's " . . o . .
Mitsuhiro Nakamura, for meg - International Session Oral]
Award 1S-135 - . -
Silver Takashi Mizowaki CBCT image acqmred during rotational |Radiation Therapy:
beam delivery Photon/Electron -2
Minoru Nakao, Shuichi Ozawa,
President's Kiyoshi Yamada, Kentaro Miki, Development of an original CT number (Radiation Therapy
Award 0-086 (Takeo Nakashima, Mineaki Seido, calibration phantom (Photon/Electron) E4
Bronze Atsushi Kawakubo, Hiroshige Nozaki, for postal audit Measurement
Yasuyuki Kubo, Yasushi Nagata
. . Yuto Tamura, Kazuyuki Demachi, . . . o
Pr:smle:t S o017 Ryota Kitsunai, Bhusal Chhatkuli Ritu, Fllealt!tr:e SD_mO\'\I’:; rﬁcon:tr:cuon F:,ahmtat:‘o/: I‘I'ht:rapy "
Bwar Masahiro Nakano, Kanabu Nawa, Tgor! m using -linac by deep ::) °°L e‘_: ron)
ronze Keiichi Nakagawa earning eep Learning
Shinya Mizukami, Hidetake Hara, Magnetic Resonance
President's Daiki Hatakeyama, Eiichi Kanai, Fundamental study of new CT-based |/Diagnostic Imaging (Others)
Award | 0-072 |Daiki Yokoyama, Hiroshi Muraishi, thermometry for visualization to deep |E1
Bronze Tsutomu Gomi temperature in human body Magnetic Resonance/

Diagnostic Imaging (Others)
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£ RN A GEHIE) 2D DA TT.
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VRV Z9 U 2T, RIMHEDOSES DR HT
ERLEVIw I R BRI S I LWATEICIT
L, B2 TRAESAORAPIHEL L, WE & i) R
ANTETCVDLEEIATT. ZOFEMALSHZEDH L
WTATFTATHETIND. ZHh5, BORBICRES | (»
WTT R~ O (Fhid4 v I 4 v THmEiude
NHE2L LNFRHAD, ZIULEH) EFERELWV. T
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5. ZEE—E (Table 1)

SRZOBDTPREEHEZHINE L 1272, K
MOFGDVEFAWHAZ IV RV L) &ﬁz’)“biﬂ‘h. w
Sh, EALEAFRELTEZM ST ZE W,

Table 2 Summary of diverse programs in the 119" JSMP Meeting including JRS-
JRST-JSMP Joint Symposium and special lectures

Fundamental theories
and technologies on Mr. Hiroyuki Tomita

radiology

» Joint Special Lecture 1,

“Gymnastics and Medicine: A Practice of Sportology”,

» Joint Special Lecture 2, “Future in the era of artificial intelligence”, Mr. Yoshiharu Habu

» Joint Symposium 1 [JRS plan] “Principles and recent advances of CT and MRI"

» Joint Symposium 3 [JSRT plan] “Revision of DRLs and future expansion in medical

exposure”

» Special Lecture @JSMP, “Advanced MRI methods for characterization of tissue
physiology and microstructure”, Prof. Ronnie Wirestam (Lund University)

» JSMP Symposium 3,

“Recent advance on radiation-detection technique using

phenomena of luminescence and sound”

» JSMP Lunch Time Lecture 1, *

Methods for retrospective dosimetry after the occurrence

of an unexpected radiation exposure”, Prof. Hiroshi Yasuda (Horoshima University)

The power of Imaging > Joint Symposium 2 [JSMP plan], “Smart Imaging - QIBA vs Radiomics vs AI -”

with Al

» JSMP-JSRT Joint Lecture [JSMP plan]. “Large-scale quantum computing with quantum

teleportation”, Prof. Akira Furusawa (University of Tokyo)

» JSRT-JSMP Joint Lecture [JSRT plan], “From Molecular MRI to Quantum Technology
Ver. 2 ~What's Next for MRI?", Dr. Ichio Aoki (QST)

» JSMP Symposium 2, “Opening gateways to future medicine via data science”

» JSMP Lunch Time Lecture 2, “The state-of-art method of artificial intelligence in the
medical field”, Prof. Takumi Ichimura (Prefectural University of Hiroshima)

» JSMP Lunch Time Lecture 3, “Cancer Theranostics with *Cu-labeled radiopharmaceuticals”,

Dr. Yukie Yoshii (QST)

Diverse researchers
(international
relationships)

» JSMP Symposium 1, *

» JSRT-JSMP Joint International Session (General Session in English)
» JSRT-JSMP Joint International Student Session

Foreseeing the future medical physics”

» [OMP-AFOMP-JSMP Joint Session, “Activities and roles of IOMP and AFOMP”

» JSMP-JSMBE Joint Session,

“Biomedical sparse modeling and image generation

techniques for medical treatment”

» JSRT-JSMP Joint Seminar to acquire Grants-in-Aid < KAKENHI >

Novel radiotherapeutic ™ JSMP Morning Educational Lecture 1, “Outline of Japanese guideline 2019 for

technologies

respiratory motion management, and tips for proper clinical practice”, Dr. Masahide
Saito (Yamanashi Uniersity)

» JSMP Morning Educational Lecture 2, “An explanation of guidelines for image guided
radiation therapy”, Dr. Yu Kumasaki (Saitama Medical University)

» JSMP Morning Educational Lecture 3, “Ultra-High Dose Rate FLASH Radiotherapy:
Current Technology and Translational Science in Cincinnati”, Dr. Anthony E. Mascia

(University of Cincinnati)

» Report from JSMP QA/QC Committee, “A survey on utilization of flattening filter free
photon beams in Japan”, Dr. Takumi Kodama (Saitama Cancer Center)
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K& PRy

Fig. 2 Associate Prof. Karen Drukker (University of Chicago) () & Web K&K () OF ¥ 534 A4 ¥ 2 —DOfHT

Fig. 3 Prof. Ronnie Wirestam (Lund University) D4+ ~ 7 4 ¥ €5+ OkkT

6. & [E]

LSEZ4OoDF —<ZHIFTHAMEMLF L. (FIZEN
FTFIFE) Table 2 (FESCHED S OHKE) 1AM O R
ZRLET.

7. F & 8

JRSOEARSEAE, JSRTORHEAE, JRCEFTREED
Rk JSMP CTIHNE o, AL (Fig. 1), EITERED
T, Tur g AREOMGERICE, KE, KREBMEE
KT L7 SFTOLENPV-LDBE-TLEH) T L
DK EADYF LD, GALDPRST-DIZENOBE

TY. LeLEH#HHBL LFEd. HHEoKRERE LT
%D F L7225, WebKRERIZARNFLAEI ) %o
5, L&, iFEBETICKaren CREY H TKRF) &
BEANS (BEOLD) EFFTRETA v -T2
Z1L720 (Fig. 2), £ ¥ % ¥ 2 —13wX 72 L i - 72 Ronnie
(AZ=FYDON Y FKRF) FEZAHLLRLLTERZETH
(Fig. 3) #fE-> T NT, W? EHVLAS, warnsbe
Loz TY. %OT, F, INTHVWRE, En)
ELTT. LOoZWTTD, RELEDIIAAL — MIAEN
Tlrotz, TETT | WO T 72HEORETHHIf T oM
LT RELODLHAINKL L EFHSTWET.
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UL R EFR A2 B R 22 SE R SRR R 22 R R 22 B A2 L
LR BED A ¥ & — TR AR R 22 B ORI

RS A, M
SR S B S OSBRI 7 B 7y B K
SEBARRBRA At > 5 — R B S

—, AR, RIFIEA, fEMRY, EIERLT

Introduction of Medical Physics Course in Kindai University

Mikoto TAMURA*, Hajime MONZEN, Kenji MATSUMOTO, Masakazu OTSUKA, Kohei HANAOKA, Yoshiyuki ASAI
Department of Medical Physics, Graduate School of Medical Sciences, Kindai University

1. BB E

IR REE, KIE 144E (1925) A 37 0 K BCHE Y 284 & I
118 (1943) EAI. O KPR B TRV 2% RHR & LC, IEAI
24 (1949) TR SN F L7z, B, Fr v 828K
KB (ARER) - KRBRARIL - 25 B - FOEL - IR - f R A7
L, 14348 F L WIIRFHAH 2, 76 HARREKH
BEOMARFETY. LETIE, KEMEHRO [H5R0E 2
b T UDEEFMORY] H°% D~ A3 ITPY 1
BN, TR~ 7udl—EAEZIIRYELA 351, HEE
BPa % Vs q4 7o [KR¥ETITV R4 A=V
(2020—2021) 358w | 12X B &, KE%ETI ¥ FRAIER
R ERBKRFIK S, HF3MIcT 74 v LEL

BRAFHRE 1974 E I B I HRAR LT (4 0F) (2RkE S,
BUARITIZ MR E SR m e 2SHbE L £ L7z, 2007
DAt v 7 —HF%, 20094E1CIERTRBRIC BT % 1
WA A RSHGEIEIL bR S H R S TRk, Ak Y S —

1 DAY YT — GG IR B E X VN —

FZF DR S 2 B2 LT, KRR EE S
ZERHE RIS BT 2 B HEFHEF L, 2008 FEDMA
TuT7zyvaFVERTT ORI, EREYR
DHEBE & LTIRE, DALY ¥ —12H S HIaRLEsIE
SFYHMEFRBEINE L (K1), BifE EFWHEY
HICBIT2#B 3%, EEWHFELOETHIZ114,
KEFBEDTHIEELT0ET. T4, BTAED) H24
AIAEFLEE O B ISV - & KR BR, 2019 4R 121 iA b A
S1H0RFEZZFANE L.
2. ERARR

WKL, ) =7 v 7 2% ; Haleyon, TrueBeam
(Varianth) (42), MRIFEHBEEE 1S ~f 70kl
2 b 1 ¥ HDR-V3 (Nucletron B.V.), {5 # 5 Wl ] CT % &
175 : Optima660 (GE L), i # &t i %€ & 713 © Eclipse
(Varianth) #FifF L TEY, M Eclipse 2 B 1E KE¥=FEA
BIUERRAEOFEENTY. BEREROER OFHE
HEL, 8004 Lo TE Y, IMRTES X UI'VMAT ®
HEIZ50%FRETY. EFYHEEOMIKRERIE, FICH
BEOVH LT QA, &b AT # G # IMRT/VMAT,
SRS/SRT/SBRT) D&M DR TY . HEHME LT
W&, R RRE R BEHSR AT <, IRBE S iR, TN,
JPlsE, MRS, W, FESUES EAE T

3. HERMBN

AWFEETIE, BRICBUT 2SR E L,
FOEEERE THEBEIC X DT L WHEM ORI % L F THE,
RIGH £ CBIFTCwE 3. RENLEARR, 186025
WIS RRBE A OB S, 2. FIRR N — A SRR iR AT
[l (Knowledge-based Planning: KBP) ® R~ D )& H,
3. B MLE MM MO EMORBIETONE T,

* i F (corresponding author) ILEEKE R BELE FIFFERF EHE LS RS F M B B - SRR BRI BEDS Ak v 8 — BB

PR [T589-8511  KBRIFABS LT KEFH 377-2]

Department of Medical Physics, Graduate School of Medical Sciences, Kindai University, 377—2 Onohigashi, Osakasayama,

Osaka 589-8511, Japan
E-mail: mtam@med.kindai.ac.jp
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e N

M2 KRS O Y =7 v~ (J£  TrueBeam, £i : Halcyon)

3.1 #n7& AVVEL\BEHHRBAEM DREFE

B e 7260 - Taircid, sl & LT
FIEHINTET. LaL, HImCrKEzec &%
MECERFETH A Z LITMA, T OBEFWIERTNOEH
PBEEINTBY, %25 F 2 WHETHERM 2RO Hh
TWET. ¥ U7 AT VI, X y#ih & OBz ik
BT AR, AMENOGHEELH Y TEA. Forld,
YU TAT YRR TLIHFETE 2B W, v
7 A 7 ¥ #%1E M (Tungsten Functional Paper: TFP) X ¥
v 7 A F ¥ & K I A& (Tungsten Containing Rubber:
TCR) Z SIS CTHE L TE E L2 il TiE, iR
FTHZETHTOIIIZELN LY, BHEEIWHEET
HrH—7, BMPLHERTRIBREMRETESE "V TV A4
LUER Y v T AF VEHETL (s v 2 ¥ —F—Soft
Tungsten Rubber: STR)” #Bi%¢ L ¥ L 7-. STR#%, &
FRIBHER I & F 7 MRIBIE R ICB W T, Tl
MR 2T H I L ZAW LY, 2020412 A1 Bililc
FEoTWET.

3.2 HBEN—XAMH#REESTE (Knowledge-based

Planning: KBP) DEERNDILA
AHFFEE TIX 2016 4EICKBP OMFICET L L2 K
FRAENDT 305 TIER L 2B T VA, BIR THEEIC
BF LT T 0 L0 QBENEESA TH o728 D) e
DOERPELNT LA LaL, KBPIZX ) —EDRE
ALEHE T S N0, Mo 0B EICITRE
ZREDD ) TTH, BR~NOEAIZIE, 1.4—-F v b
V) A 7 ligéF @ Overlap #HIB O 55045 D55 X, 2. MUE O 3
m, 3. EFNVIAEDHEELR &, RRTREELDY FT.
FalZIhnF T, KBPOFHRZOREKEZPSH»ITL,
ENSEM) TEEMELTEE LA ZLT, 20184
WIS iRt iz 388, HEDET IV oE % HEELC
H % W7 % D T E 3 (2019 - 2020 4 BE JSRT 2# 415 i
IV, 7, REMEIIEIOR > TE 72/ v 1w,
VariantE A DK 7 4 + R —/%— “RapidPlan™ User
Note and Tips” £ LTFEOTED 3. BHROBIZIZ,
BTOTELZE .

3.3 MEHREEMZZ OB DR

SR A OERICIE, — BN —R U PHwLR
TVET. SOH =Ry Ay FEILRTHY, 7obAhrdb/h
BVOTTY, =T AREIZ L D Grade 2 DL LD J7 )
EXRFBICRI s v ) MErHY T, 22 THRA
W&, FERRICH T T AR T2 HATHZ LT, Lkpo
TebA b /NS L, FHEBREICENZR—F (HM-
board) %ML, MEEMMMEL I —KhI o7 F LK
WMTEBZEZRLELZY. HRERALY £325 Hal
cyon DEMETEEZRIAI v a7l —H#HEzHo
TBYET.

EoIL, BIEERKETITbRTWS [ — ik K"
Frilaa o AV REGHE K XE T T Y 2 7 b (https://
newscast.jp/news/221249) | O—BT, KK — FiZHEER
ARy FANELEREZ T T L. ERED 10kg B
TRMETH 15 LIS A T TITRE, HHER APV AT
&, EE5emBEICIGIHD T X F 9 (https:/newscast.jp/
news/6121976). SHO/NY 73 v 7 RLIFHHEIE X 72
BUSTEESIHG I N E . 2ok HI1g, BIZEEMok%
R 7Bk LTnE g

4. KREREHE

ARFRFEEFW R L, 4O 2 &%
T, BEFHLARRCE 9. EEYHEEL TR, T
TOBEDNRTTIHRZ L T 2R ATHY, HA
&L TSROSO, HFBA RO Z HIYIZA
FTHFEENILEALTT.

KFFETIE, B S B R U SIE 3 D A 22
59, R R - AWATZERT A S kA4 R R v
T, #RET > CVEY. (EAFOHEMIZE 2T VD
I EBRIE 5 % %5 EBRO#FRS, LERIITO NS HH
FEBZ, BUTBGESC BUBRA I D 2 HIZ L o Tl
MoBWweoTwET). 20X HIC, HLHGHHOE
WA <, BB HEERLHAESTE L I EHRFEODLE
DOTY. FAWRETIE, EEZREZEAIT> TV
9. 20174 A A DOF 25 a3y RKFE, 20194E1C
EEES MY v 7 RE LA B #H (Memorandum of
Agreement: MOA) % #ii#h (K3), ZDHIEHARFAF KR
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B4 EERFRKRF v 82 TFaguryaryREEDOGRETMES (), BEAD M) v 7 REPOLDRFPLEE AL ANLD

WHEE L DREBDE (f)

M5 <VL—3yT7 273Ny 7= VCRIEENZEI8HT VT + 7 = 7 EFEYHEREMRETOREEE (), F—AFJ

TN—ATHBEINEIIN T V7 F 7 = T EEYH

Fy AR TFaTarary REEOERAMESZ{T-
720, BES MY v 2 REFPSOFFAETZITANE L
(X4). 20184F 2 K TRk L 7z EFRERFW O H 12
&, BES N v 2 KRFED SR E R RS RERFETL
7. EBRFERTORE (M5) RWEERWID S OWHE
KL DHERTRMEDT 4 Ay v a v eEETITAS
BINLREOBMITT, 2R 3ERICIZERE AR
THFHECTHHZITI) RFERAEDVET

WFZeT T, PEEHEIC X A% (Fixk o TFP % TCR,
STR, HM-board 7 &) Il#ib o720, I B EESFICE
DEIWBHTE %% 2720, BBKRIIBIT 2 5EH R
ALY, AR LR L 20Oz &
LM T -~k L T E 3. LI
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FEREMRETOREETE (F)

https://www.med kindai.ac.jp/radio/performance.html %
TEC R,

5. TWLW CIC

FREE P EA R B L v o 7 HARRHA O MR 2 & [R5
& HOW0DHREMAVEMTY. FEAIIHOROBE 2
v, EEWEIET =V P A FIZAICHEBRTE 740 & b
ShhTwE . BUETIE, S - B LS ORE,
% DFBFRRMAE, T L TRFELOWMICL Y, G
DEHREL 2o TETWET. HHARBDIEEDER
T, —#IM SO THRAZH N TEAD ? AHEIZ
ZTNPEBRTEIAEEDVDH) 5. Bl IZBBELOKIX
AEBIZBVHHN S, BRELLTVWET.
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2)

3)

&EXM

Monzen H, Tamura M, Kijima K, et al.: Estimation of ra-
shielding ability
brachytherapy with real time variable shape tungsten
rubber. Phys. Med. 66: 29-35, 2019, doi:10.1016/].
ejmp.2019.09.233

Matsumoto K, Tamura M, Otsuka M, et al.: Dosimetric
characteristics of a real time shapeable tungsten contain-
ing rubber with electron beams. Nihon Hoshasen Gijutsu
Gakkai Zasshi 76: 1248-1255, 2020, doi:10.6009/jjrt.
2020_jsrt_76.12.1248

Monzen H, Tamura M, Ueda Y, et al.: Dosimetric evalua-

diation in electron therapy and

4)

5)

e N

tion with a knowledge-based planning created at different
periods in volumetric modulated arc therapy for prostate
cancer: Multi-institution study. Radiol. Phys. Technol. 13:
327-335, 2020, doi:10.1007/s12194-020-00585-0

Tamura M, Monzen H, Matsumoto K, et al.: Reduction of
potential risk for skin toxicity in megavoltage radiothera-
py using a novel rigid couch. In Vivo 32: 531-536, 2018,
d0i:10.21873/invivo.11271

Tamura M, Monzen H, Matsumoto K, et al.: Design of
commissioning process for Halecyon™ linac with a new rig-
id board: A clinical experience. Phys. Med. 77: 121-126,
2020, doi:10.1016/j.ejmp.2020.08.004
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ERH T L D TBIE

PAUDDEB —RIEFHZEEDIVPOITCTTFDION?—

(Chicago Report) American Experiment: How Can We Protect Democracy?

EFRICEZMIEF40EH4SOERSIC, E [R
FERZEEDSPOTTFDIDON?] EVWDRBEEEZFHL
z. ZOBRRKEXGEEENMTIONI 3— - )AFTIHH
BUEZDTID, FPHSNERDICRAL—RXBRBIERITH
TONFREEREOFKREDNTNTNET. I TESR
BRI EIRRBE(CDNTEORDERE [V HTEiE
Eo®ml ELTERZVERBWVEY. [YAHTBE] &8
Iz, EEIOFTERICKLD/I\ YTy IHBED
THSRGEIHICREIRRECHRD, BARORAD®YHT
2 DESHICKBOBEZE [YATEKD] ELTH
WS5EULTVEY. BT 170SICBRDZLDADSFFR
CECERFYRBZRTREZERDES/IBZTEN DD
KFET, [YHIKD] D—LEZOERDEREEZY
BER(CHHRSELIZVERO>TNET.

KEF 1776 FE(C1FUREDRIIES(CHA L, 7F
UZBEEHSRIZLEZDTIH, ZOHRKBEF 13D
EHSBDTFIRADERTUR. 13DHIFOREKSE
EFE, BUWERDRICREZED, DEOEICEENF
ETEICED) BEMRL, BEOLRWN [EBEDLIC
WEWBBBESER] &L, ZAXAUNERE (United
States of America) EIFERT EEROIZDTT. NHE
RICBFDIERFVDOREFEHERDBEINDTY. I T
KEDPOTWVDDEFTP AU AD3EEE (American Experi-
ment) EFENTVNERT. RIATH, FIDEZHET [bTY

TNBEINE, PAUNDORREETID] ESHNT
WD, [FSYTEEEERICEENGLS, OY7,
PE, EPFHREDRDFREBICLEZV] EBo2TNSD
DN5TY. BOIOENZLDIFREDEEDIZD, KB
BELAFCRRT DMANERE, SNDRIZISRD DRI
WERD2AKRILTCERDTY. PIRFER, R, EEGRE
EEMBIBZEDE, 2FITERSNDEHBHIDFBI, &
IR, EWEEREDDDHT.

KB, SETICYFRBE, mitEs, DR 2EO
HRREE NEERBB R HD, NNSLES, 70
HYHMBREDBIEDEERL, BICERSEHLS52L
DBRZRFANTCTVERT. T CTRBRIZEEREDE
FOLZEEEROHFINTESATNERT. BFRPOE
IOTIDOEOHVICEDE, KEICELTHmRAIDED
EBEEDVXITDT, [EESICKATDION?RITD
DN ? ) (& BSENTRFRFHDICEDNCTHEIEN, B
FRBOVWEVPREFFSNENDTI. 22T [BFEE
RICEDIPAUNDBVIERRK] H'ETEN, 7XU7
DREROAEINIE, HFRFAONDRERDABEMED DO
FI. —75. BHRZEEEDICLTVSEZSD, BLDOZEFEL
BEDZEXBRRILEBICHDEZD, RTVBEDSEHMES
P, MFFEERNBED SRNEEXCTEUSNARVE
CERBRDEXAMNRBELCVETS. 0O [BBBRTE®
FROFSNTVDEEF, BROVBEEHD, KERRBE]

E1) YNIREBIDYAHIKRZTREOB (1969~20094F) [, HIREPHEECLTH—b - ORN VHSHREIERIN TP Z 2805
B, DDVBRBESNEDLAEZORABREDNSERDIRERT, BERGFRBRMFEDOEZRRPUERZORICIFERHRS

DREONTVET.
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ERBDBEEHOET. FEBITDROBMEHIENED
BLED, RENBERZRNDDFBOHTRHERBENS
WERBWEXRT. UL, 207010 [REGREICKT D
OB ERIENE, 2<OHFIEBDREFRZHRSE
%) aJgEdN D DET.

b2 > TIF 2016 FDORMBERET, KADFARICKRU
TESU— - DUV RYZEBODTHERUZDTIN, KA
BEETDEFBOTLEBNDIZRDTT. EZE(C[FOY
TDEBHENDD bV T EDBIRIFERNDN TNZDT
I, BRORRHEETE [FSYTEOYT7POHREICK
DEZER] DBEERIHLNE DN S FBEMRESICAR DT
W&ET. Z0EBAHDO—DEF [MREAHEDIEFEOEE R
HTRE] =Hh5TY. LHL, hSYTORABICIEZH
DRZEROEBISHRETSHODILFEENRE - RIS
NTVFRLED, 2LDARF MY TOBEMTEBDSIC
BDOCWVWEKYT. ZIT [y TEOQOYTOHESH] O
BEEEERTULTOARVEEDNET.

2020 11 B6 BOXREEZRET(X, EZEDIBFRDAIH
5 SV RERICEERDAENGD T VYFFE, &
REBHDOAERZ] CXDVEDNTWVERUE. #EHR
[CHBICAFT, [BODEOZ, Borkz, #okzl Sy
VY= NMIBRORULDYDIERER UGRITZDT
9. AUV EICBLDOHEMNREIFZDD YV ZEFE TN
2DTY. STHHRHARDI70%E SV TEEFEUTV
F9. U ULRDKDICKBGFEBDETH D120, [D
VZEEUDANEZEBRICEEUBEEI DN TERN
DTY. ZOOEICEAADDVEESHDVNTENTER

EEZBRINZE, HAEHOBRENTDZEFTERNDT
g. BIC, KRBEOEBDDY SBIERNGDED(CEBEN
[CB2TWWBEED, 2<D—DAHP—EBOHIZESE
[EQTCEDPBBERENSITD] KDICBO>TVET
BEGREEINTESTSNURLICAEKREN, KFEEAN
HCTREHINAMTV3068, hSYT2R22EERD, K17V
DHEFESHICHBOEDTY. BB, BERZAKTRE
NAF>81008E, ~oYT7400RETULE. ULHUL
ROV TlE DEZRICAEYTYFFDDoz] ESMEE
FIC60HBEREALIZDTI D, NWFNOIEMATHTH
TENTWVWKRT. REHHAXRTEATZT—AEHDZ0
TIH, BEENTFITBURLESESNTVET. NS
DFETE [ DY TORELENEZETOVEDNTWL
z] EDZET, BEAEBIIEDRILNETCNEY. &
DBIZVAIYM, XYV ZFPM, I3—IPINTDOM
ERICKDEERBROAGRDEIEC, hSYIEHIRE
[CEAHZEDNTBREEREELE - BRI DLOAHZDTT
N, YADZNREOHICINTHRELUZZ0D, CDOREES
FRIBUFEEATUR. IYSI—IPNTIENEBIC 1R
DDEFECEFRBRELEZDRIDEBLEZDTIN, MNE
BIFEBELRELNETL MDY TITRDBNT EZEBSHIC
LCTWVWERT. MEBDERBLEGFHNRTETIN, b
> TDE/BICHDBNERRDEBNSEVNDDIFESHT
g. B, SEOBETYI—IPNESBICHRUEEA
THEDTFZ - DS ARFEEDBNRIABRBRETIH, b~
SYTDEFERERE - FEIDCHSUTCLXT. &
2, FOYTEABIEFBEDBEEBPEBIC [SMDE
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BREREEPES I D] KOBKUEZDTIN, [EBE
FRTL, BLERITIDBOLEHBID] B0
(CRSYTEHDEZEDTI. TFEBD [FrUFHE] &
FENDEEEDRVERRN ~S Y FICEE@HSIEIE
EHhoizdTI.

BEGERDAE LR NRIC KD ERRE CORICHESRD
BREF2021F1B6BICFESNTVERLE. CORE
DERERVABIKFETYT. 2 ThoVTE [XVYR
NBlEEC UTRERBREARUEV] K5@<EKUE
DTY. XRVAF [BHDRIFEANGERELDT, &
NFTERV] EBEURITFTVEZZDSTY. 200D~
SYTERYADMEAEEZLBOTVWEZEDTY. 186
BICE, ROA M\DRBEDLHT S Y T EEFADMD
B [ERBRIEFERTAREN D2, BENDHELE,
REFRETIEDICERETHUSHETD. BHHITE
95 EBEILEDTY. 20%, BAELERE, 7>
DR -R—a X, TFEFE, Q7 /VREDBERES
BHSBRDRERRE, FZRBBDIMDEHRLEBSDHKY)ZR
NTHRL, [BREOREFENDHERZR] [CRAL
ZDTY. —h, BREBESZFGARBERISRORKIESR
DERFBNBEOTVERLED, BENRATDEDRICE
RADREBIBICBRHFEEN/ZDTY. LML, ZD
BEDYA VI EIRERADININLEDEZEDTT
BELBE (RVRZERDLEICLA], BICTREED
[Fyy—FETRE] EWATVEZDODTVERP#HENT
WEULE. RSYTRBIOTVRRERO TREL T
ZDTCY. ULhL, BEO T CERZTDIEITORHREE
UT MO DRFEICIEDHD] VDB D TZDH EIRER
SNTVEY. CORETA4BDADETULZHDESH

BEULXRLUEZ. RELHORESRIBSN, EICHHICE
BEBEFE UL IREMN DD IEHERENRDILTHRIEEF
BALTVET
RSV TCRDEEBRESEI DABEHOERESE
NDORBBEXCTO—EDIT AR, [REFREWELR
HAINBITIT DD S Y TDI—FT5—DKK] L
BEINTWVEY. BRTR NS Y TOSEZEBR U
HHBEERD, TREFBRSH CHBZTRLIZOTIN
R TREREBHDOHAREDRIETERSNTNET. D
BRE, 2LOHIRERF [KEICSYTEEBNT] b
SYTXHERALTVDHSTY. ZOJIL—TF [E
FEREESTERVWNS YT - LK) EEENTVOE
g. UNhU NS YIRS DR SDRFNBRHEN T
BEFRFEEREITEULTCVNEYT. ZITHIREAELA
EHHUTVETH, S& [RRHITDDD, EDKXDIC
Z(I2Dh] BETEFHDFBA. TDIEHNDKEIC
FEFFHRZEUCTLRVNADHIZ0% BNDIEICHRD
ABEBRREUNUEY. BICSOEKBOREFHRZESTD
TLDDEH70% DARBREWVWDZEICHEDXRT. [RE
FRFENDOIN] ESHNTVEITH, SQODOKXETD
RERFEZICZFDORBD—DIEEBVEY. RBICREE
ENBIBESNIZHIFRILDDET. H2RHFRAREFID K
1Y - BEY hS—0DFF, BEROESEHERE (FARBDE
SEOPTORBIDBIEEBNET. 2020 FDKEAKE
BEDERNDS [PAUHDOERGEMFET D] ZEHBES
DTIN, 5% [REETERETIDGEHD, REFEREE
SPOOTTFDDD] FBESHTRHODEHA.
(c021F28 288352 THIBIE™)

RPTHiREZER

THFE?

sy =2

PHSRURRBRERIZAS
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Kunio DOI"?

' The University of Chicago

? Gunma Prefectural College of Health Sciences
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J-SSTAGE BT IiA A4 V& FARITIZA S THEIHERBE L2, KRWHETLMNEBTILO A
Yoy FEZEZTELSHWCIE—BHEL, MEZESTIERFOLF L RPTRED IF HIS L2 ))
EHEWTHED 3. A5 TIE, BTG 1 HOIED, REHiE 4, woGEm L, KSR
1 #, Kda s 1, 2 LTl s salfs i unizl £

HERE MW TIE, FEEEAAC L 2R ISR B B RS 4 5 Tkl
EMWAE L KEDORTHD TIAES mWEELEMERTH 0, FEERMICHEREET s EA
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