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SRS LB T ORI AR L £ 9. 1k H &
HARGTE, [HHEToEEEmHE] L LT, BEicow
THIHEAEA GRRRT), EWITOWTEHREZ A
(i TR HAMT T FE B S 0 (S EEE BV L F L7
2B H o5 Tk TR BT 20T 257 —<1g,
3O DFFHRGEER © AR R PET 4 R#EE (BNCT), 6T
HUEHR, R RUEIR I BV TR T B T O W B R
RSB T BT 2R EFIIT OV, HdkIE
(RUERRS), MERITAEA OuNRS), FARERGEAE (Ot
WRTF), MABEZNLE R RY) ([CHEE B
WwWLTWwWET.

Lo By, REFETE [T ICELNELSTTY
9. BEHROISMPEED ED L WD LA, Wik
RME R &ETHT 2o 72RERA D B A E I IE b A
DERAD, L BWVEL) LWL ThFET. BIZIL,
WEAR BE L BRAE S 7258 121 [ 0 AREF YRR FAMTRE T
DOPVEFIZS 2 EE L, AHEE 15910 9 b 81 E
THYEEKDE% EL R HEVEVIHREZ T T
B, FEE OB (5B OE, BigeE O DREKTL.
T 2SR ICETA LY FERXLZZDIC

0.35%

o
w
S
X

=) o o =]
= — o o
S 2 2 2
> =S =3 x

Parcentage of artciles related to "neutron"
o
o
ot
X

0.00%

—6— all article types

PubMed 2T [neutron] ¥ —7— FIZBMELTATL
72, E11%, PubMed BRI N TV DMK TS
[neutron | % F— 17— NIZHE L@ X0t (&4kt)
&, Article type % [clnical trial] & L7250 ZF 6D
W (CTH) #/RLTwWZE 9. (Clinical trial iZ 1960 45 L
57— % T9.) J. Chadwick {2 & O HE 235 L S L
7219324 MR T U, Rk, EWEFSEIZB VT
OHETICHE T 2SRRI NGO -2 b F
9. BlZiE, 193641213 G. L. Locher |2 & ) BNCT 234¢
BEnY, F72 AT OEWMMEOMEY REhITH
T E AT 1938 AR IR E TR S T w3,
AARIEIZ 1950420 5 HFIZHIM L, 19704 T A 058
T TOI%MRETHERL TWADH LX) TY. Clnical trial
OMiSCICERT 5 &, BEIZ0.01% FREKWEEZR L TW
FIAY, 1970~1980 4L TIXIES 2 & 1EH 5 b o4tk
WX D EL< o TEY 198941213 H0.30% I EL TV E
9. ZOCTHOMIMIZHEROEMPIKREREVWEE X
SNFEF. #l2IE, 19684 B GFRi k) 2%
BNCT O WIES AT Lz 2 &R, 19674, 1K
SRR IR 2548 A R SR AT 0 RO R A R RS8R C o @ 1
MU ORBAB T oNET. (BT - ERTHREHEE &

--@-- Article type: clinical trial r
[}
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I~ 0 0V & DO — -
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1 PubMed 2B SN TV D&M LHIIHT % [neutron| % F—7— FITHE L7725 (all article types) &, Article
type % [clinical trial] & L7236 DFN 5 DIt (Article type: clinical trial). Clinical trial ¥ 1960 4ELAFEE SRS N TV 5.
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B, MPAEEED [HROR FHGEROHOA] L LT,
[ HARE 2 #2245 8157 50 4 45 100 Il 244 K &35t &
$4£ %5 (Jpn. J. Med. Phys. Vol. 30 No. 3: 91-99, 2011) |
TRFEINTHET.)

LAL%A0, ZOCTHOEME 1990 F i 7L —
UMY, BAEZ0O0I%FREEICR > TwET. TN,
& LET O S S ik FMAR IS Y 7 P L2 2 &%,
BNCT CTHYETHE LTV HOE L OM L SH5
BLEOTEEVLEHENLETY. FLoETe, Ah
Bt EWEZESIICOWT, I L 723
BT B EAF 1970 ER PSR E L EDb o> Tw
FRADS, PETOERRBICHE T 2 MmO B A IERE
CWHLTWBEZELR) E3. JSMPREIE, FIRBIY
b LLIFZENITEWIIFEE IS W & 2% 2 X, BE,
T D BRI HED > TV AR BIZZ L3R wiEA
I Lo sERnET.

T, WRMIZED A TH - 72 1970 £ % iz ik
TR B AW R AT ZE 72 BH 9 2 M T 72 & oo W3
IO WTEERIERAPBE L CHMESNTVET. Zh
5 DOREIFERRSE LSO, THH R EOREE &
DT, BAETE, HRFICHEBEN, HECOFFITLD
Mk 2 5 2 ENMREIC R > TVET. BROZ &N
5, IRXTONFEZHEL, HETL2ZE0EELVOT
T, PR EIEN S E LTw ey, BETHHEL T
TVl Wnd T LI2iE, HA2ORFE, EBOHTHEE OB
EAZ LIFEE L WAL LNFERA. KEETIE, BHED
BRRBIG T & L <34 T 2T IcEmeikd, £
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9. Fo, BOTHRBEZR BT, AR E
BRI E U CORSIR DD 5 720, WEIZIG
WBIEICREL CWERA. IhFEF THETICEY 5115
WIZEALHNG S LDLholz)ids, 28K, P73k
e, RBIENB L O MNEANDEEE L ORI, TR L&

CTIERWIT B o2 GEI12d, REFEL VI WH O
JEATEDLHNRE LI-WwEEZT L Hr604%E,
MAEDIINE, WY VAR R0 LLEEAD,
ZLOHLVAIRDEATBY ETOT, £ 28
W,

Google Scholar # i< & TEADED L3> & FR
ENFT. AREED, BETOHEICOWT, TTREA
DEFTLLEL—2OMFIZENTEBNET. &%
12, AR TEHEEPTEE L - RRNHEZERL SN
MEZHOBERIO L ) BILH L R, B2o0BHEFE
BETwWiZaEd.
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Basic Knowledge of Neutron: Physics
Keisuke MAEHATA*

Jpn. J. Med. Phys. Vol. 42 No. 2: 67-72 (2022)

Department of Radiological Technology, Faculty of Fukuoka Medical Technology, Teikyo University

Neutrons are uncharged particles and exhibit strong ability to penetrate matter. Various charged particles and gamma rays are

emitted from nuclear reactions induced by neutrons passing through the matter. It is important to consider contributions of neu-

trons for estimating such quantities used in radiation protection as absorbed dose, equivalent dose and effective dose. In this article

basic knowledge of neutron is briefly summarized concerned with physical properties of neutrons, neutron reactions, neutron sourc-

es, fluence to karma conversion coefficient, absorbed dose, equivalent dose, effective dose.

Keywords: physical properties of neutrons, neutron reactions, neutron sources, fluence to karma conversion coefficient, absorbed

dose, equivalent dose, effective dose

1. FUBIC

1932 412 Chadwick i¥, PofiEi2 S S % afii T
IR SNz Be 2 LI SN AR T30 1 & 12T UE =
TEMER W EERALL, [FHT] L4007
P T IEME R R W OWE BB SR ATE V.
WE Wl 5T, FOIT R IVF -G UM
LR 2 EO R PRI G SR 5. hETs
Fl&ERZ L2 P REROSISE, BRA TR TR y fiAT
BiENG, 20720, BFEH#HETLEE S hET
WS 2 B B ICEH T2 e EIFN TS,
ZZTAMTE, PETFoOWIEMFFER R ETFIRICOWT
fHICEI L 720b, hiETofEF IOV TRET 5.

2. PEFOYENEREE

RPETIETEM 2 723, BT ISR TR R 5 5%
FThb. PUHFLHTFOERRIIZNZN, m.=939.566
MeV/c? B & U'm, =938.272 MeV/c> TH 1), A ¥ »id1/2
Thob. PHFRIETBENBTIIZETH L05, T}
I a3 L1550 HEMmT

n—p+e +v.

DEHIHT, BFBLIOKEF=2— 1) 2 IZpHET
4. HHFBETOFMIIE v 7N TRERBEIGR ToOH
T & B T OFTE 2 g T 5 7 EHR I B W THE
PR Th L7720, BUE T IRLuHEAN & BE L 72k

BHEESEE S Tns Y,

2.1 IRIVF—I[CKDREFDHEE
HPET RS T A VX — E 2 X D BERKR D X 9 12453
END. 2R LEEEOGETH Y FETIER W
1) EEHET
- E.< 0.5ueV
CFHEEA 10 m/s FEELUT & IR ITE W
2) i T
+ 0.5ueV < E, <100ueV
3) Wt
+ 100ueV < E, <5meV
4) Bopky-
+ 5meV < E, <500meV
- ZHiM 300K IZB W TECTI IR S 2 B3 E.=
25meV, FHHEEE 1L 2200m/s TH 5.
5) EAL T
+ 500meV < E, <10keV
<R Frp kiR BNCT) ISR S b,
6) FHEpET
- 10keV < E,

2.2 PEFOHEEFERADOSE

HPEFIZIZE A 2. L72hs T, WEICAS Lah
TFIE, WHEZHRT 2EFREEE 7 —o Y HEEH
ZLzwv, P E W E oMEERIL, AERIZIE T

* il (corresponding author) A UK AR ) BEFEHA S B AR [T 836-8505 4l Ik A= HH T 6-22]
Department of Radiological Technology, Faculty of Fukuoka Medical Technology, Teikyo University, 6-22 Misakimachi, Omuta,

Fukuoka 836-8505, Japan
E-mail: maehata@fmt.teikyo-u.ac.jp
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e [TRWHEER] 20 LMEERE RS, TR
MEMER] AR E 2 2 HERTEOKRE EORETH
510 PmAEE L IEFITE O, hTFEWEOHE
VERNAT BN & O EAER & 0 BHEIMEL 2 5.

2.2.1  SEFGEL X (n, n)X
WAL 23R H &FF TEIN TR L
THEB A EZ HHRZEEL LIS T LT X
& OFEPERGELCTI, WMAZROBE 22D X 95 \THLEL T4 T H)
BEIANVEF—IHRETH. TAVF - MeVH#lE T T
DOFTHAE L 23A, e LTl HAT 5.
B ma DT ASEE) T AL X — B, T Mx=Am. D
PR & ERGEL L7 & &, OBk S 72 BERIA% O S TEE)
IANF=ZEIUFOXTHEZON5.

B = 2A
(A+1)

(1)

AR TIIAEAE & OB EGEL 2 14T S T LIS EE LT
ExOEHT A NVF—%2). T L BT & b
PEREL T, BRI TR TR AL F -2 3L A LA
25 LB EBFNDOARNPENT S, —T, BOET%
& OREPEELEL TIEEZ2 110 & 72 ) ATk 9 s T A
WEF—IKEL D, FHETLEIEFZEEFELVA=])
BT & OREPEEGEL T, 1 o2k o kT oS EE)
IANVF = E,/2\27% 5. IEHE2E LA, AS
T OFRCOMEE) T 3L F— 13125 2 6 N 2%
WGP LT 5.

2.2.2  JESMERLEL X(n, n')X*

HPET L %X & DIEEEPERGEL Tl T & OBl
ZBIREE D TR X 2558 1, % i L CIEEIRE o
TS 5. IEMMERGELASEE 2 2 720121, R TIRR
THEHREST LD RIAINVE -2 T HLEND
b, —BEMICZOZANF—HEITEFEOEE L
WYT 50, WMARAIMeVUETHS., ZOBMELY AL
F=2E VA I EL R C 5
2.2.3  p R & F O RO

R TP TESZ, EEBAO R T XICHES
Zo%k, WTESZ, HERA+1OR XD Sy MA
Wahs, —H, hWETOEEERvE T 5 LT
PEROGWIRRE 1 /01 FIZHBIT 5. Lizd>C, Ko %
NE—OH I LT, RETIERISASE LT
(%%, TTRIZEBH, HPEFHMBOC B Iz 1 1/0 AL
kY — s pERAbERs. KBY—2 0TI, H
PTG AE 2 DR IERICE L 2 5. BvpET-IC
U CHIRIK E Wi Z A$ 52 &, A0 TmY
PEA OGP OBEA TR TV &, By oz AL F—
DPVH OB R ETHE LR T W LR E R H
T, PIn R AR B EF RS OFHINCFIH S B,
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2.2.4 i BALT O & P WS (n, p), (n, d), (n, t),
n, )% &

HETAE SN, ZORICIHERE T Ihs, =
NEDBIZeVHAHkeVD LA NVF—FHE TR 5.
PEF I OB W RS 1 Lo BB 5. L2255 T,
AN F -2 L TiE, RS 5
L9 b, TRICLDH, BTSRRI 1o
OB Y - EhEdbashs, Y —2s ofEET
W, RIS AR Z B HERIERICE L k5.
"“B(n, a)'Li, *He(n, p)’H % °Li(n, «)’H Kt TR X 5
Tk i oA S s,

2.2.5 MRS

2T, *PU, U R P Pu e £ OB TR RE O kT2
WIS 5 L A ZRIELz05, (ZIZFFREKE ST
BloRT e bica~3oh T2 E5 5.
ENLHETOFEET T AV F—1Z2MeVTH 5. U
DOFA BT 113 72 ) 200 MeV FEE D T A )L F —
VR EIND. BB, (), N d), [n,t), N, a k& OH
BRCT RO 2 A S PR T BSOS I3 2 BOR &K1 &
n5s.

2.2.6  MEBEE RS

TR OB 13K 100MeV % 8 2 % B B) = & L ¥ — %
PEFIZ X o THI &R SN AL HO kbt % 5 I
WP TH 5. GEBT : IV F —2315MeV FEEE DM
BETOLDLTRLNSTRD BIMERE 2RI § 2 LA
T&5.) TANVF=PFTHITE TR T2 WEIC
AT 2 LT OZEBEOBKISDIEET 5.

BB B I AR TSN O~ T (BT, ik
F) LTS ZoL EHREINIETF D THICEHT
ANF—ZFODOTAG T L ITBNB T & D %%
MO BRTENA AT — FIRBZTERT 5. BNA AT —F
RETEB T, P, AR (0, 2% 2" PR
MR DOFREEATR S . 2 SR O f 5 i e
TFOREH TN Em AR 2 7R T

NI A — FIREART 375 LIRBZICR £ - 72T
OBE) T AN F—1E TR TOLT- M THEAEIREIET 2
BB TIE TR TOBT BT HRREE I 7 o 72 b IR
DR ST, BT, BT, ZE=ET, ol
E250.1~10MeV D M) T 3V ¥ — TEHEHF IR B S h
. TOMBIIEFEMBLEIFIEN S, BB L AT
BB T § 5 L FFRRIRIEDIRRRE D & y ARG S 5.
2.2.7 L

B B T REATHTE R N TR 2B BOG I & > THllo
PO THICED D 2 L 2 BB E R, M FEAER
FHIE TN RIS TR T2 5T, #%
SRS S B\ ITP T RS 7 e - L H OB
B DS MEBREM ORI ED S5 Tw
57,
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3. B FIE

3.1 HERIITR

WIS ISR TE 2R E LT CHRIEA
5. PCAXERMI 256 E THRBB AR ERI L, ZOk
WCHPETF &y E U3 5. T & R p U S
5DT, yiia gL L RITRELEEZHWws 2L T,
PR T ANV F— AT P VDFHITE 5.
—F, KT ANV F—aft THAET % Be(o, n)°C Kt %
PHETEE LCHHT2 28 TE S, Zo8E, afils
T2 MG FRRLTC 3 & °Be & ML A b & 7 BARIR AT
FRE RS, ENTIE, FRI433FE Tafi#ET 5 Am
& Be A/ DLE Am-Be MifAs b ET-HE L CHH
ENTn5,

3.2 J&Ez=

MEEF TR S N1 7% E &2 NI L2 & 212
HEEDBBOBC L DT 2584 S84, RIEER T3
fr i 3% (J-PARC) O W H - A f Bl 4% 92 B i 7% < 13,
3GeVOE T AN F— [T 2 KEEMICASF L TR 28
W FUS THAS % 700 A2 FIH L 728k~ 22 05808
BREhTwsY.

—7, BWAROY S 70 tarRe54Fy 7 TH
MeV R EEZ N L 72 B 7 @ "Li(p, n)"Be % “Be(p, n) B )X
o CHYET 25845 5 g, EE, R Rk T R
FomtrEE LTS ThS Y.

3.3 EFIF
BT D L PUICHE SN S L BSRINZ RS
L, #BoRkLo~3ohErFrilshs. Kiish
LT O EH T AV F—1E2MeVTHSHH, Kie
EDOWRNTIIBHMEREL % D K U CECPARIREE o S ik
T b, ZOBMYTFAMO P UICHEINSL Z ETH
OB TEDET 5. T X HIEEEIC 54T A%
G BB % A U C B MR T 5 268 &2 5 TH0 S IT5.
BRI R TSNS T ANF -2 EHDITERT S
BEIZTTELEL, BERPEHTFHE LTHIRICHHIN
Twa. ENTIE, ERKPE TR OWL T 1 W DR
FARASEFRFRER L L CHBE RIS Tw5 .
4. HPHEFOIREFTE

R OREFFMT2EELR2EE LT, 7VI VX,
H—=, WIHE, Flife, EZMErds. oo
ROEFRZMHATRL, PHETFIC X 2RI & FERhi R
DOBEHBIZDOVWTIRR S

41 JILTVRA
Wil da [m*] OIk% ANEORFA5EHET 5L &, 7

i

VIV APRUTORTEZ ONS.

_dN.
®=4" )

T NIV APIIHLT- DERND KGNS L v, 7
VIV ADQHEAE [m 7] TH 5.

JCH R A T AR E R AV [m®] %l L7k T o
MBEROKFZdl [m] L7V A

dl
P=av ®)

PHWHNS.

4.2 H—<

JEMFER T CEFR BT o X9 2 BB 2
WHE BT 5 & &L, IR AV L 72 kA AT
XD ZANF =G 85, FEENT2VE R dn (ke
OYPEEIR TAER L 72§ _RTO IRMWER oM (4%
H) OYEB T AV EF—DMEIE, [J] L T5EE,
H—=<KIZUTONXNTEZ LN,

Er
K:%ﬁ— (4)

H—<KOHAIE [J/kg]l THAHD, LA LIFENLH
i [Gyl BHwoNLS.

4.3 TRIRE

WAV E R dm [kg] ORI T 2L F—de [J]
EHz7-EE ZOWEOWIGREDIUTONTHZ S
ns.

D=9 ®)
WAL DO WAL [Jkg]l THBA, 7 LA LIFENS
WAL [Gy]l HwWesNS. A—<idEEdn [kg] O
HAIRNIZ B % s Bk O EAEHIAKAE T 5. —
F, FEMTER T ORI R B & dm [kg] OB T
A S N TR ERLFISIN A, R T AR S VE R
dm [kg] O EBIRZ W85 2 A ERLF O EAEH
SO ARAET 5. 4 ORFERL T AN TS 2. 5
IANF— I RIE D EEFFOD, DTl 24l
9 WU LIS ARRR NS BT 2 M EAEH ofat AR B &
Fhwv, PIGREIZIETT R WHETH 5.

4.4 HMRE

TR X B AN, MRS S T
ANF =72 Th RO L > TR L. 22T
TR D B 7 2 WOTRRAS ARIC B 2 2 5028 % ) U RS C 2T
TEHLENRD L. lEted HWITHER TICBT 25 4
TRICK W Z Drr§5. 20L&, Ry
KA TRIEXFRRp MR, T2 & ORGHR OIS X
D5 256N5%. Ed 5 WVIEHERTICBIT 2 S He
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WWUTORXTHZONS.
H; = wrDr r (6)
2

2T, wrlIBE Y A4 T RISH T A BN ERR T
HbH. MEZRD 5 CIFHFETICAFT 2T XCD5 47
DGR DOWTI S, FEET LA D & 4 7 DRSO
SR ERB wr I T O X ) ICEBTE A SN,

T, XHE Rl we=1

B, WEHRET  wr=2

caflt, PR, ERFHER we=20

—J, TANF—ICE ) RGN ER S 3T
DRI BRI wr 1 Z T RNV F— E OB E LTUTD
RXTH5E26N0B".

2.5+18.2¢ "B B 1MeV

2E,))"16

wy = 15.0+417.0e "CF) 1 MeV<E, <50MeV

[In(0.042,) |1

2.5+3.25¢ ¢ E,>50MeV (7)

IANF—OEE LT OB I E AR we D 7
5 7 % Fig. 11”7

B it i C b % F i He O Bz [J/kg] TdH 525,
V=)V b EIEN D HAL [Sv] BSHwWH D, F 7,
H5E TS Hr OfEZ KD D 2 LT TE R,

4.5 EIRE

TSR BT B % A5 AR TEARIIBE E O FEREIC B3 2 st
TR PR AR B2 Z L IR 2 5O T, FiEOART
VLRI T & 2o v, AR B O U R 2 M i & E R
LTI D M 5 7230 O # 0 S AR & T
HLENBEEIUTOXRTHZON5.

25

Radiation weighting factor

ﬂ)‘s 1074 1072 100 102 104
Neutron Energy (MeV)

Fig. 1 Radiation weighting factor for neutrons as a func-
tion of neutron energy

70

E= ZwTHT = szszDT,R 8
T T R

T, wrldEEED D W ITHLEE T O M 1Y 72 B 2
P RTHBETERETH D, KITKT LI 1T rwr=
1.00 £ 725 & 5 IR KDEASED STV S Y,

CEEKM, N, MERRR, FZE 0.01  Yrwr=0.04
< i, FFEE, Al FUIRRR 0.04  Yrwr=0.16
- HEBHIR 0.08  Yrwr=0.08
CRERE B, W B, ool

0.12 Yrwr=0.72
- &F > rwr=1.00

FERE B3R HIGHIIHIX L7 a TR e B
DOREFEPHKTE LPERTH 5. PR Tdh 5 FiliftaE
EDHfniZ [Jkgl THB25, ¥ —) b LIRS HAL
[Sv] Ao n . F72, WE TIRIEMMEEOMZ K
DHIEFTERW.

4.6 HHEFICKDRINIRE & RWIRE
FYET = AL F =520 MeV & D RWIEICIZIZE ALY
DOHMKED 5 VIZERE BT A ER TSRS 5 &%
A6NB0T, WHEOFHEIZIE A —~<EUAlEH S
b, ZoEE, WETIANVE—NE 2 5N5 LD D
WITBEDO T VT v A—H — < EWARRICP T 7 VT v
A%F LD T & THIBRIIGRZE DHEARD b 5.
HPET- & OMEAER CARR S 7z 2 REM R T O REFE
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right lateral; ROT, rotational; ISO, isotropic
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Fig. 3 Effective dose per neutron fluence for the male ref-
erence phantom. AP, antero-posterior; PA, poste-
ro-anterior; LLAT, left lateral; RLAT, right lateral;
ROT, rotational; ISO, isotropic
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Jpn. J. Med. Phys. Vol. 42 No. 2: 73-79 (2022)

Biological Effects of Neutron Radiation: An Overview
Tatsuhiko IMAOKA*

Department of Radiation Effects Research, National Institute of Radiological Sciences, National Institutes for Quantum Science and Technology

Exposure of human body to neutrons occurs in radiotherapy using high-energy radiations. This review summarizes knowledges
related to biological effects of neutrons, including those obtained in recent projects in Japan and Europe. A study of Japanese atomic
bomb survivors with recently revised dosimetry indicated very high relative biological effectiveness (RBE) of 25—80 (as point esti-
mates) regarding cancer risk. Animal studies indicate RBE of 2—100 or even higher regarding cancer induction, which seem to have
a peak around ~1 MeV. Evidence suggests that these values depend on the age and sex. Reported RBE regarding the effects on the
lens of the eye is in a similar range and sometimes very high. Regarding other tissue reactions, reported RBE values range from
2—10. Experiments at the cellular level have reported RBE of 1-5 regarding cell killing, 2—20 regarding induction of mutations
(with a peak at ~1 MeV), and ~1 regarding induction of DNA double strand breaks. A simulation study predicted that the RBE of
induction of complex DNA breaks peaks at ~1 MeV with a value of ~17. The complex breaks produced are likely to be far less in
amount than simple DNA breaks, leading to a subtle increase in the yield of total DNA breaks; however, these complex damages
may be very efficient in inducing mutations and cancer. Thus, the combination of the yield of complex DNA damage and its efficacy
in inducing cancer is considered to underlie the high RBE of neutrons regarding cancer risk.

Keywords: neutrons, relative biological effectiveness, cancer risk, mutation, DNA damage
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Table 1 Estimates of neutron RBE regarding carcinogenesis

i

. . 4
Atomic bomb survivors”

Animal studies”

Organ
RBE (95% CI) Energy (MeV) Dose (Gy) RBE
All organs — 3.1 0.125-1 5-8
1 and 2.5 1.8-5.5 3—4
Breast 25 (10, 50) — 0.001 33
0.5 0.001 15
2.43 0.001 100
2 0.05-2.0 7.5-26.3""
Brain 35 (10, 80) 2 0.025-0.5 7.1-21.5"7
Thyroid 40 (15, 90) — — —
Bone marrow 45 (15, 95) land5 0.001 1.8
— 0.001 2.8,13
0.4 0-0.4 2.3
Lung 50 (15, 115) — 0.001 19, 23-24
1.6-2.1 0.016-0.1 30-50
— 0.1-0.25 25—-40
7.5 <1 4.5and 7.4°
Liver 60 (20, 135) 0.4 0.09-0.17 13-28"
2.13 0-2.0 15 and 2.5°
Intestine 80 (20, 190) — 0.5-1.0 2-8%
“ Information is cited from TARC? unless otherwise indicated. * Depends on age at exposure. ¢ Male and female, respectively. —, not
reported.
2.3 FHRNDOHRZBRHE
A 100 ; . . bt MIBWTHEIC & 2 1A% 2 72 B DA 2R
% | L2 S DRI 2 <, R FRIC LT b 2 s
60 FMLThsb I7RIBVT, BH#0.4,0.5 Gy DCi
2, ] . SPFPYET (218 MeV) & 4 L 72D 752 T, #iBlo s
. | ARSI BN L5 L7 L OB, R 0.5
20 A © > ¥ 77
¢, ~1 Gy OI#EZFIT & 2 HAARPET#1 (0.2, 0.6 MeV) & I
o "3 e o ° . N . N
. o : " 100 L7z~ 7 A DT OBOBA R T HAU B 2 FHIA DB
Neutron energy (MeV) MARBD N7z L M"Y 23 2.
B 3
30 | 2.4 BROKBIENDEE
25 1 FEBRE) Y OWFFE THeEE S N7z RBE i, IARC €/
W 20 1 57256 NTVAEY. L THLAZMELL AD
'x:z HTHICE L7 (Table2). ZHICL %, RBEOfHIZ
5 | I 1GyRIRTIE—HDOF—=F—TH 5, BEmGyllBnT
0 , , : 32000 EE L2550 H 5.
0.01 0.1 1 10 100

Neutron energy (MeV)

Fig. 1 Relative biological effectiveness (RBE) reported in
experiments. (A) Induction of tumors in animals.
(B) Induction of chromosomal aberrations. Values
(dots) and ranges (vertical bars) obtained in a sin-
gle experiment are indicated, in which overlaps
are shown by darkening of the color. Based on data
in TARC”
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BAEKRL) OREKNERL. T2, ML ZE LR
#otﬁ,ﬂﬁﬁmmﬂ@%ﬁofwéﬁﬁ% FEIRAE R
LT o 2, F OMNE AN R I3 5H LT#A&&%T
BEMEAEL B, 2F 1, B A EBEROECHIL LD
ﬁ%i FITRRERTH L. IROKBEKOEERED X

INZHEL LMDV TILERY D 5.

CC T, MIRIZE, 2R, DNAEMGICE T 5k
THDEBEIZOVTBERS,

3.1 #HAa3E

B AEW I B W THIIIEIE, au=—BREc k-
THRDEONB—WWTH L. ZOFEIL, BEEMILAE
- B L CHAIREORKESIIE DD (Tu=—)
OFEFIL, FFREOYEOEL S OEALZ HXHETHE

3%, Table 312V D) D au=—EFEKRTHESN

72RBEDEO B %k L7, FOHIZL 3V F—IKET
505 BBLASLUTTHYIEFITE TRV
INHIIARFEIL L2l Tirb - Th 5.

A, AEARDFED AR & XN 2 Ml 2 & F A5
HEZBENALHI1ZHRY, ANDANTEZ0 Y =27 T
iZe b OB SR 7R TR O 2 v = —)E
WEBEITo 72, ZOREIE, T2V F—056~17 MeV
TORBEw2'1~25¢, W) 5D THY), BBLRASLUTE
VW) EIR TR ERE FE LR VR TH o721,
< 7 A AR 0 2B Tl 2 - O RBE 25 K
TO.7ERRE VA, ZOMHIZ0 Gy I T 512 .

3.2 EALE

ZEIRBE RO — TGRSR E DD ZNIZDNA
UM OB GO IZL 5T, ﬂﬁﬁiﬂvmvf‘@ﬂgﬁfﬁﬁ
HRAROZEALDS A L LHRTH L. R I dihi
THIRHRC L o TP TRRICHIE S Lz A& BIEE L 7-F%t

TIE, KITHEBR T TY ¥ RO oA RS OB
WENTVEY, BRERICHT 2 EBTHES YT
MORBEIZDWTIE, 12520l LO#PICHZz-TH
DIEWIZEWED AT NSY (Fig. 1B). B, X#rHR
T YRR FIZ 20D A - THEGLILE X
LNDIERD S DDL VA, HPETRRAEERET D Yt fh i
WCI, 3O LUK AR THG SN TTERLE

Table 2 Estimates of neutron RBE regarding defect of the lens of the eye

Study Energy (MeV) Dose (Gy) RBE
Cataract in patients receiving fast neutron therapy’ 7.5 2.2 2.5
Lens opacification in mice®” 0.43 0.001 330
1 6
Lens opacification in mice” 0.01-0.38 9-21
Lens opacification in rats”” 0.44 0.002 250-500
0.01 50-100
0.05 10-20
Table 3 Examples of estimates of neutron RBE regarding cell killing
Cell line used Energy (MeV) RBE Definition of RBE
V79 (hamster)®™ 0.11 3 10% survival®
0.22-0.43 5
0.66—1 4
2 3
6 1.7
15 1.5
L-929 (mouse)® 3.5 1.5 10% survival
HeLa (human)™ — (thermal) 2.2 Ratio of D, values
V79 (hamster)®” 2.3 3.55 10% survival
Ay, (fusion of human and hamster)™ 0.33 5.2 10% survival
14 1.8
L5178Y (mouse)®” 6 2.0 10% survival

“ Ratio of neutron and reference radiation doses that give 10% survival as compared to nonirradiated control.
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A BN DB BEOE A EN.

IR B DS IER IR NS &, ERER DB 5
HMIBIEAEEES W EDBL W En s, YRR LY
LS RERERZRRD I TRILETHD. Z0X
) RFFEO—2L LT, MRBICHERRZELY S 2 5 5T
WHEH L, SAGATCEATEL L) > 72 Mlao
a0 —ETHRNE E W) L DOBH D, ZOJHET
b 10~20 O E\ RBEMEABHN & T 5 (Table 4).

PLRIZES M CTIrb R TH 50, a2
RERIEVPADRE NI L L EEZTEVDRESL S H. =
F RIS B TERERE T UL, B R A RS L T
BHELEBADODNAZRARTVS, ZOWMBEICL S L,
T RASER L2 8 E 2 DN DDA TRAFERE &L
NDZERER QODOYW N ER-> THHBETHZ L TR
HEL7ZEEZZ26N5) 10X > TEPAICHET 2 BIET2
REL R TVBLENE L, PIE3 2 oyl
Mo TRHALIL ) Rz RE S Hoh/A L LTHY,
B L OV DA R & DRGNS B Y.

3.3 DNAiEE

DNAHE (F:12 DNA ZARFHEINT) 1CB§ 5 FEBRTHS
N2 ORBE X, EIC1HI# &K\ (Table 5).
PEFHRIC & 5 DNA ZARGHEIIT 0 A XA 0 95 5-
MR KE W EEZ SN DA, BEEHICX 28Lr 7%
WHEBE L L AL TBY, MRS & > T K HE 2
B (BRI 27 5 2% —DNAG L IFEh 5, #HEoOH
BT A1) 2% AR SIS & v EEBRIGTER b
35) 2 1%21).

Table 4 Estimates of neutron RBE regarding induction of

mutations
Cell line used Gene Energy RBE
MeV)
L5178Y (mouse)™ Hprt 2.13 >10
M5S (mouse)™ Hprt 213  4.9-7.4
TK6 (human)”” TK, HPRT 4.2 10
Ay (fusion of human a; 0.33 30
and hamster)® 0.43 19¢
0.68 15¢
2.0 13
14 4.2

“Read on the graph in the original paper.

i

ANDANTE 70 ¥ = 7 +Ti&, HPE7HI2 L 52 DNA
REYIWT 7 5 A % — (GEF: L 72 DNA ZARGYIW) DERK
KBS AYIaLb—Ya VIR TN ?. ZORk%E
ke, WEEOMEMEMIZ X > THETEAERT 2
TR TFELT, BRIFAVF—TREBEFHETH 5,
1 MeVHi % B e LTRBEGF25F & 5. KBk T 0
BEEHEZ, PUHEFOIANLVEF N1 MeVU T TRDL S
<, 1MeVU ETIEZANF =L WKL 2 b, ZOH
B DNAZAR#YIW 7 5 2% — oA KT 5 RBE X
1MeVHI 2 TIRAK (F17) L% 5. FERIC, BEWR TR
HMENLERTFIZI0MeVE ) BV A VF—TIT R
F— AL, ZOBEMRENT AL F— &K
{ % 559, DNAZARGUIK 2 7 A5 —DEBICHET 5
RBE 220 MeVHI#IZH 9 12D -2 (¥14) ZHo.
ZORIT, FEFARREAEREE OB THE 5172 RBE
EO T AN F— ke L CHPL T 5.

4. ¥ & ®

DLl ) g S oA BEos %
Fig. 212F L7, TR EWEOMEAERIC X - TE
HEN D KB TR ER T, SWEEORMICL 5T,
15 0 Rk 70 434 72 DNA “RSHEIMr 2165 £ 2 5 h
5. ORI, YA DNABGICHRS EZhITE
%L vk #EZ 5N, DNA KM OLKE, Zok
R L L CoMIsEe ks (g ORBE %%
LLE®HIEETIER Y. LA L, Z2RERRLIED AITKH
LCREMLZBEIRESFGELTVELD, ZORBE
BELLRLC LD EMESINDL. ZOLHIT, BHVAD
RBE %, #E7% DNAL DL & Z DD ANDEY
FEOMHEIZL o TREINLIODD LGV, BHRAD
RBE 3 MEN R BEIE K R DR EH ICHAF T2 & ) R & b
N7, I [HHEDNAEYE ] ORIFANDFG D
EMIC L > TRAR S EE 2 NEHW»- L.

RBRIZ, SHROPVETFHRAEN R EMIEOREIZOWTHA
Rz, 5, REOBIBHIEEONA Y A7 O
TR RENZ20U EORBEVZ Y %D TH AL LN
IBEENES. ZD720I2, OO EMAZ A L T
AEY A ENEETH HIIA, B DNAHG O AR
ERDVPANDEG & BRI L TRBEDK Y . H %
BT B EPARYWESZ L Z R OND. T2, KK

Table 5 Estimates of neutron RBE regarding induction of DNA double strand breaks

Cells used Method of measurement Energy (MeV) RBE
HeLa (human)® Neutral filter elution — (thermal) 2.6
Reticulocyte (mouse)™ Micronucleus — (fission) 1.9
Epithelioid (human)*” Neutral filter elution 0.85 1
V79 (hamster)®” Neutral filter elution 2.3 1
L5178Y (mouse)*” Neutral filter elution 6 0.4
Yeast™ Pulsed-field gel electrophoresis 14 2.5
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RBE 1-2
Sparse ionization Simple DSB Cell killing Tissue reactions
by electrons Major in amount RBE 2-10 RBE 2-10
Dense ionization Complex DSB Mutations Cancer
by protons and Very minor in amount RBE 2-100 RBE 2-100
deuterons RBE ~17 (at 1 MeV) (peak ~1 MeV) (peak ~1 MeV)
Cataract?

Very efficient'?

Hereditary effects?

Fig. 2 Summary of the possible mechanism underlying the high relative biological effectiveness (RBE) of neutrons. DSB, DNA

double strand breaks

NDHEBEORBENH WA A ZRALZIAWTHY, B
DNARBG O A & ORRZ FOIZHLNIZTRETH S
I, THRAOEEIZOWTOHMAN DR, EBRWHERO
ERE & BT, BUBBIREIIRIC BT 2 i o i
Al & o 72 THENT SH I CTH A ) .

SHiEE

AR BVTUE, = TR PO AT 72 ff 58 B A% O NAS-
BEE % OMIGHR i 52 ZE SRl B Wy S Bt e & fHH L <13 5
NRERBIAA L7z. Midk oM R S /- BfR%
PACEH 72 L F .
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PET Research in Clinical Oncology
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Positron emission tomography (PET) in nuclear medicine is especially used for diagnosis in clinical oncology, and PET/CT exam-

ination using "F-FDG is very useful for staging and therapy evaluation of cancer. The excellent property of PET diagnosis is that

the functional information of cells can be evaluated quantitatively, but it also has the problem that its quantitative value fluctuates

depending on image reconstruction conditions and body movements/respiratory movements. In this paper, we summarize the PET

research that has been conducted so far in clinical oncology, and also introduce our researches for improve the quantitativeness.

Keywords: PET, PET/CT, FDG, SUV, oncology

F U ®IC

EMWHAEY 0ES) (& EAEGEHEOFAE L I CEK
IMTHY, EEEICHLCEERDO1E%2 HEDTn5S,
WEE O WHIC B L CTld, BARREIR, IR W W e
Bl > TRAWIZATDON S, HEROMEHRZI T,
O B B FE AN 12, Computed Tomography (CT) %°> Mag-
netic Resonance Imaging (MRI) 7 & O IZREM I & - T
TN TED, HEBIZL D50 A TIZEADTH - 7-.
HIE, [5FA A=Y 7] 12X 20 FAEWH Rk
ZfE 2 ONES; TH 2 2 ESTITREE %2 ) B% < O %E28ThH
NTW5., [HFA A=V V7] OFEETH 5 E TS
Wr k& 452 (Positron Emission Tomography: PET) %, 1%
DIEBY - FHZNRS L TIAR BRI 0 AW -1 Tk 2 e it
LG istiCEmmks 5.

AT, IHhFETWOMENTEEEFAS5TFICBT
5 PETWIRERZEE OB EEM 2 WHT 572017 - 720 %
HECHLTRNT 5.

1. PETICRELT

PET i, AMIZ#Y5- L 72 PET 3£ #] 0 445 % Standard-
ized Uptake Value (SUV) & W o 72352 W5 Z & CHl
R DTGB PE 2 2 mIICFHITTTRE T H 5.

PET#Wri&, MEEY, fEERE, WHED 3> 05T Tf
HENTWwa2s, RsIEGE S5 E %5, CTOMEIE,

WA - BHRMAATIC B B~ v 28T — L PETHAAKICE
AT A7uturORENMETH L. EEREFHIETIE
R IMPEE B O Z W D 72 O IFN A 24T ) LED D D fE5H
EDVHEEWHLETH S, T2 MiEEHRZ w57
DOPETHANL, 4 7uturyzflVnTAELARITH
7 B v ARSI D AR BR 4 2 PET S/ AT 2
Td Y PET Wif§ % 52 fFNT 3 2 Tkt b BYIRER 1ML <0 B (A7
Wit 2oE MR iR TITHRTHW L OPBIRTH
5.

JES 22 B2 B 1) % PET 36K b Mk~ fEAET 225, BR
THRLFAVLN D7V 3 — 20H % K3 2 2-[°F]
fluoro-2-deoxy-D-glucose (FDG)""? TdHh 5. “F CHEHk &
N7-FDG I, FMAH1105E KD v a v ok T
LEVOTHELHELLDF YN —IZHRIELTED
PET#E* A3 Ak CILSEHIN TS, — 1%
PET %£1# 0 22 [H] 3R BE 1349 5 mm T3 2 O THRUMEZEBI
LS &, - HISSNT WA X BRI
EOREDNKE WY, AFTHAT %2122 T H FDG
EHW2bDTH 5.

2. PETE&REICEALT

PET #1121, PET, PET/CT, PET/MRI ® {Re4EE % £
A=V v 7y hHEE L EICHE L2 AL R R 2
EWH B, BAEDOPETEEOKFSE, T A MR
DB O ILTE S W 12 N % Computed Tomography
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(CT) & #1354 b 7= PET/CT 3 T 5.

— 7% PET 24512, BGOXR LSO &\ o 72 MRS > 5
L—% &y rFL—3%%00 0L RS 208 T
B R5% (Photomultiplier Tube: PMT) 12 & - CTHEL S 1 5.
PMT &, 3508 03K & w729 PET/MRI T3 PMT ®
RbVIZT+ P& A4+ —FDP ) a v tEFH RS (Sili-
con Photomultiplier: SiPM) # J\» %. #% i ® PET/CT %
B D SiPM % W 72 F 58K PET/CT S ¥ & 171 (2 & 5.
SIPMIZEMCHEH 77 M AT 74 ¥ ZHMICTEY
PMT & 22 4R REASI) 13 % Y. L5 81 PET 3 i
1%, Ao % 4 7 (Positron Emission Mammography:
PEM) & V) » 7 » % 4 7 (dedicated breast PET: db-
PET) ® 284S 5777,

3. SUVICEEALT

— iy 2 SUVIE TRtORXCTREN 5. flfHIBR% &
PET SEHI MR —I125045 (SUV=1) L7z L GE L 72 &
W3 2 PETEAOEHMETRENLZ LIZh D, MK
DItFEE 1L L&, EBHAELS.

FHME I e (Bq) /MR A & (m])

SUVn (ehm) = =0 b Wi a8 (Ba)/ FE 1T )

SUV body weight (SUVbw) 1%, PBJ.L:#E1% (Region of
Interest: ROI) (2 51F % PET A O Y iAh %, Hha L
BEOKRECHEENLBETHY, —HK% SUV g
$. SUVbw i, HETEELINLE O RSI1TE
IR OB L o T2 EFBREHi s, Ih
(&, FDG® X 9 % PETHHANZ, JRII~DIY A A DR
7D ThHDH. ZoMEE L THREDOND D ICKIRIIAES
R CRE#EAL L 72 SUV lean body mass (SUVIbm) %
SUV body surface area (SUVbsa) 23R i S 4172 2330 14
MWK TRIZITANSLNTE ST, IR 2 fEH
BENT Y BRIRNIAE % 5T 2 e B L
MTERRY)ETFTVORKRNTH S, L IWE LAWI%ET
i, THIERIFREREZ S ORI BETIE, EBEoORR
BEARE I eI & - TR S BRI AREIL S <
B REEMN R EEEE AR TH o2,

SUVOFEFHIZDOWTIE, ROIDEZZEICZ L o THAHD
B b WEIIBITAROINORKE 7 V%R
SUVmax % ROIN D ¥ 7 £Vl % 7”7 ¢ SUVmean %
ENDH%. SUVmean i FBMHZ G TRD S, L,
ROIND I KMEIZ/N—t V57— V% R ET M )5
ERE R E LTI 3 2 T i s,
SUVmean Zl il SN2 HIA Y 7 L VOFHEE 72 5.
SUVmax 3 fliZ M 28 Td Mg L OV TEHlli L 72w
GFARA—T Y7L o TUIBBIN R IBRETH 5 720 B W
THHINDEZPIEZ L VDOARIZL > TEHRSINSLZ LI
EEPLETH L. EFETERRMEIEVEYETH S

i

SUVpeak'® %%l €11 5. SUVpeak & 1, SUVmax %
HUZ 3 IR IT DI (Volume of Interest: VOI) TH 5 7
5 1em?®, 2k IC LI O ROI TiZ, SUVmax 25fE1E 9
% Wi T € SUVmax & H A 1.2em O FI3HIE & 7€ L
THEONDTFHHETH Y, BEHBIITA—FR )4 X
12X % SUVOEH) 2 KT 5 Z EASWHETH 5.

4. PETAX—IVTICBIFDNHEEEPE= N

PETA A= v 7%, ARG Sn7RY ba %
T 7> 5 58269 2 T IR TR 2 MRERHI L {519 5. PET
B DML, EMafiE TR SN mEICERT
5. WHESWMEEE FWHM,, RY ML vy (BET
DORAE) & FWHMp, KY b0 > OMERRENC L 5 IEHH
% FWHMy, Bligro4 R4 FWHMp, #iL#RoH
HAEH % FWHMs & L o & WG FHAER O K1 & L7286 L
ToXTRrEns Y,

FWHM.,,
=ax,[FWHM; +FWHM; + FWHM}, + FWHM5

PETA A =Y v ZICB % mthid, Eito2em 5
RELCIN 2 FeMr A SN, AW 2N, PR 2 o 3D
TEET 5 &A% Boellaard H 12 X > THHE IR Tw
20 HR R, FHREO o OPETHEE & N —
AFX)TL—FEeDruAFy )T L— 3y, WEM
IED 72 0 PET 318 & B EE2E O L 2 ik €, PET
HH 2 LTI G T A0 DR GHREBRIER L2 V). W
PR B, PETA A — ¥ ¥ 72 BT 5 B{GHERE S
T A —F OE, AR LB ORE, WS IC
BIFBLROIOFRELR ExR V. AW ERICE LTI,
R LR B3, MFEE A A=Y 7 ETO
PR, A A=Y v I hOGERTH ), KNEIREZ
EMNMERIZBE DB DN,

R BAE G BN C 3 A BRFFRE R A W = I B C d
BB 7 EASPET BI{RICHE LY 52 5 KE K+
L% 5.

5. EREEMN

PET W& @ Bi{§HMER L, HEHFH TR TH 28 0E
AL T 15 P A% K %5 @ Ordered Subset Expectation Maximi-
zation (OSEM) SN —Z & o TH Y, FfZEAZFIHL
T M A B o K BE % 18] b & & % Bl (Time Of Flight:
TOF) X° JJA 25 ) B %L (Point Spread Function: PSF) % H
W5 Z & TGN A & BN T B R REAIE 7 & AYHLA
SAEND W RSB VT, X0 EME A E R
REML7-20120F, BRI AENM A LT 2 L 256
WTH2Y. L LRI, F5otins
FIFRIZ 2 4 A% b 7253720 B 572012
3, AV FFRAMNE A ROBBREEZETLHLEDND
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6. FIRM4BEICKIDFE

PETA A= ¥ 7 Tid, LHIFRT TITbh b 720
WD) & 2 ZFALZRRMEGRE 25, L2h>T, WER,
BI2 2R3 & 9 ISPl s ke & B L JERR & ) K & il
&N, SUVIIIKT 3%, ZoOMBEEYEET 2 K TR
A X =22 7 TH B, WREEIA X —2 > 7%, vl

[ : Phase % & HRIE R © Amplitude % @ 2 FEFEH 12 K1
SN2 IROE= ) 2T, RIMEER S 2 5
% M\ 7z Varian ¥t @ Real-time Position Management
RPM) VAT L ERBLTITDILS.

Phase %1, EREZRMEREE, WERLEHOBERZ &
WZOWTEHMIASTTRETH 5. 72721, FRALA] o 458180
IWCTHT Y M5 EEN, F7/24D-CTHLETH 572
DIFROHE & X ORMEDD 5. MFROHEIE LT
X, PETBXUCTDA A= ¥ 7 hizy o 72k
ARPM ¥ A 7 A TRIFICHIR T ST O & iR D
BN B DHFEMIIITFRE T EE L. g, BE

a b
: MIERHE R SUVOD LI 3{
. ] ,
g * -
\ , O 8 , ,aﬂ.
1.9 g/
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L LIRS
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8. JEHnRRRAY
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B1 rfaemliE ORI AT LT
ald 7RI L, b WREHIEA ) OWMETH 5. /MHEMIEIC X o TSUVHIH LS 2725, #HAIEL TV 25450 &5 D IERD
BETH D, BUEMIEMERNS 2561213 X WAVERRM Ml 24T ) B a I dFE 2 ZM L 2 LRPLHE L %%, SUVpeak 7

W% 2 & T SUVmax O F 7 4 1E % B9 n] Bk

Phase bin 1 Pl-lase bin 2

SUVpeak : 5.76 (1.15%)

Phase bin 5

SUVpeak : 5.47 (1.10)

SUVpeak : 6.01 (1.20)

SUVpeak : 5.76 (1.15)

Phase bin 3
SUVpeak : 5.88 (1.17)

UG
SUVpeak : 5.01

X2 WA A B30T B I BY % 22 L 7o KBRS 1% 7
ATIRT UG, MRFERIAZ Wil OB TH 51 2 PETEE. IWROREIZ L T, WA KRT SUVOHIZRS T 5. I

DM & > TSUVIZEET 5.
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FDG D554 & 7 ) IO FEREIZMK . 4DST X DNA A % M3 % O CTEH iR EOERITE .

RIC X 2B BE A PIROIRELRETE i L
W ONRDOBENEZLNL. F2T, FAZBEAHIC
MR 2 5§ A HE 7 1 — F Ny 212D Wiz X —
VU7 ERRELEREOYGE R T o 72, E O] A
A= Y I, WL IR EE A b LIRS o 5 s
FIHEMTH o727,

Amplitude #12B L CTiZ, PhaseikiZl~N, B ¥ bH°
"oNbZE, ADCTZLELE L7z, BT EZH
AHLNDHHB3 Y 5 A MIPhaseBICHRETH L. 2
NETOFRFEMA A —Y v 7%, £y b Ty TR EICE
BRI ORI, BE < ORI E OB X - THE
T ERER e r — AT LM ThbN TR - 72285, kT
X, IS OMEZ G L 72 HMsH S il oK I
BWCHRFELA A —2 > ZHhRE & %o 7222,

7. PETEFH|CDULT : FDG & FDDEH|

HIEDOPETMAIZIE, 7 M il 2 )KH9 % FDG 7%
FIHWSNRTWS Y. FDG ORI ER o B %
HOE R BME L, TRIETTEWT, B RaHtiZR S LT
BERIC A MDD SN2 Eh s, AFETIE20024E
WCBRBRFE S, 7V a— 2 & IREE L A kR (%2
WrasF AL L 7=,

FDG 8 4 2 B35 2 O S WIS B W2 D H O 3EH) T
HHY, HLEFTH TN a—2H % B L 72504 2R §
7o DRI ERO B VIR IREER, 72 RIENDID A
EDHWREICREEEY LIZTMELSH S, FDGHIMTO
ZWEDHLBERARDH Y, o k) LMEZH 7208
LW PETEA 2RO 5Twb. FDG U0 #ANL, T
IBREWA A -V T D AFF = v (MET), BEIEEN
WA A=Y DaYy v (CHO), BBAHA -V s

THAHFLTR4DST TH 5% X512, KEHFEA A —
VY THITHAHFMISO R ERBITHNEY. ZhEho
A5 MIP W% % X 3I1IRT. EARWICIEFDG Tli»s#k
LW TR SN2 720, BB R0 Al BT A ] S
N5, ZWHKIZIEG U CTPETIEA OBEIR % 47 ) LEA
H5b.

8. PETZH

PETA X =T Y71, &5 0OWE%E —EORETHES
CENRETH D DT, X LD X ) ISR ER
BEvd Xy, 58 - FRBERLEYFREC X DGR E
HRICHH SN D, FRIESEY v XEIC BT 5 RE R
TEDOAMETE V. FDGEH W AT =Y v 7B LW
SR UL E DO FL#ETH B Lugano 7-HICHI ) BWiA T b
2. AIEEY) CNEOBRICBITLE=S ) VTR
AR BI85 interim PET b & Pl A
MTHsY.

22T, PETZHOHEIZOWTHRRS. PETZHI,
MBS 2 @ PEERI & SUV % v 7252 2 57 ©1 7
bbb, EmaHilcB L TiX, ZIFSUVmax T HWH L
B, ZhiE, 3 [SUVICE LTl T3 LB
AT, #EAPROIZ%EL THHREZ & A TOIULEHN
TELHMAIBETHL720THLH. ZhTTOPETHE
eD% { 1Z SUVmax 2 & % 3#fli TdH ) KHIEMEE R 2%
FHREDOTET Y APHEEIN/. LA LSUVmax i,
B OTEREI LR MRS oM LIZX > Tn 6T
LEBHLTLE ) 20, BIOWIETIE, M T 5
SUVpeak 23— #ICHlE X N 5. FFI220104EE D & -8k
PET % i 0 5 55 % WG FAg L O #E & A S MUNRZE 7 &
DOSUVIE, fEske B LB EEBT L L)1 h-720
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b L7BRICIE, 7 7~ b ARl BRRETAMG & - THER%EE
BEDEVCEZRL TBLLLEND L.

EHIZSUVmax DRFIZOWTIHRR S &, JEEHIE N
WZEENLZR 7 ENORKEOAE KL {RIETH D 2
DS, HENEINE D)LY R EHEE OB B R A O
FERE & LR ISR S 5 2 LA L v, & 2 TS AR
(Metabolic Tumor Volume: MTV) 3% &= 51 & L Tl H
ENTWAS. MTVIZSUVmean TEFZ I N LMK E 2 5
DT, BEEEHPHER L AR TER S IURESR TS
W9 52 ENMEETHS. SUVmax & w722zl
NEFNRHE L FETFIMCARNTH S 2 LAHE SN T
WB P 20X )RR S REOHIIEH L TIX, SUV-
max (2l 2 T SUVpeak R MTV % & D L W5 EE Al
EhTnws

Mﬂw%k(ﬁ%ﬁ&Abﬁ#t7/sz7x 21
LCiE, "Lu-PSMAZ L05% ) PETA A=Y ¥ 7D
Whtﬁﬁ%ﬁﬁ?é(%ﬁMT%é“Eut%ﬁ&Ab
& 7z RI £ #% PSMA (Prostate Specific Membrane Anti-
gen) U A Y FIZ X BRIV A T B R0 47 b T
Wy é 34), 35).

9. I ESAPETEBICKDANAZH

LB H ¥ 1E PET 2618 2 FIH L 7202213 FICWek ©FF
b Twb, AP ADOEFERIZ, Tib (0.5cm P E1.0cm
%ﬁ)tchMmuLZMm%ﬁ)®ﬁ’ﬁi#ﬁ
D, ERZEFEEL72012F, 1emDTOEREEZA
Té/l\éb\iﬁ%ﬁ%$,ﬁ.m:%%’9“égc‘:ﬁ O THEEL &
2 508

B S PET 8 1X, MUNRERIR O 72D OWF e 58
AT 1994 4F| mmf gRIN Wby FL—
¥ aRHAT 52 L TEHVZERSFHEE (1.0mm~2.0mm) %
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FEBT5. db-PETA X —Y v Foifilifes X OEREIC
BILCix, EFHPETA X =3 7L REBELTEHWSUV
BELNDZ ERRE SR TVS ¥,

L OFMIIBNTEEHHAA ATV VIO T V=T L
gL T2 2/ SUVAES e (K5). RFEST
FAABRETIE, HHORIGE BT 272012, EEOY
T A TR B 0RO T b S P HAAR,
R DEMENFEEZE T2 T4 THh O > TEY
WRAEHRIC L B SRR PRV R R 5720075 4 TORE
LEETHADH. Moscoso 5, db-PET O 545 e {4 =
MWz CHMEEFIHT LT 7 AF X GBS AD
Y75 A4 TREICHENTH B TR ZRE L TwE Y %
72, LEEHPETA A — Y ¥ 7%, WROBEYZ W20
BIZT 27205 Th <, BT T 2 I 0 BSOS % U
THI LBV THHAMMES L TB ) 4Rt REibs
B72ODEELBERE LB EMESD 5. 5 EH PET
ARXA=T 7T, PETEAOERELZ ERETETDH S
ROEREEZHMEILLE=2) VB ETHRFT T Va
N MR (ETEEYE ) ORI E A~ OF I ATH]
HEhTnap @,

BEHREBENDISAPSEOMREICE LT

AL O FERETE T2 WL 2 PET [ {5 % WS R G 5 51 )
WCHH T ARSIl Twa,. Zhik, PETH{RA
H325HC, ENMHBEONLICX 2 RETH#E=ROLE
’a?,ﬁﬁ%'ﬁ'% bOTHY, ZOWEEEIEZT TIZW OO

X ER TV 9T,

WET;{?( WX, WA E B K% (Gross Tumor Vol-
ume: GTV), [ IR £E 19 K # (Clinical Target Volume:
CTV), &Il ) /K% (Planning Target Volume: PTV) 7%
E DRI IED S HHFE S ER S N D720, BRI
WEOERFEH ZIERT 2 EPEETH 5.
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5 HDASEBNI BT BN D#E

FEBX, DCIS (T2NOMO, AF—VIIA) T Y db-PETWi{% (), 45 PETWi{%(b) 3 & OVHE Rt fBA () #7579, db-PETWi{%
X, @Y HPETH%E ik L CIEEOIRE & ) EEICHERIL L, AE £ T35 2 L 251 1E.

B RIAIEETI I B W ERIDIC B W T, A
WEONGEDPITIHEEN T VB, HERD CT Hi§: % FIH
L7- BB #H O ACIED i & ik L <, PETH
BrHwb I LIk, RRBIERBEREERE L CEF
iT& %720, MAZEOPOEAIWRFTE 5. Kajitani 513,
SRS ASEBNC BT 2 I HEKE AT, PETW{RIZHD
< GTV DEFEAT96% Td - 72 DIZH LT CTW{§RIZHD
CGTVIE81% TH o7z Labx, CTHAL L ) PET % i H
L7ZEIDRET LVwEHRELTWEY, F7-, %154
DH)H10AIZB VT PETHEZFA L72GTVIX, CTO
ADGTV L W #PH /NS, BATRIGERELHICZE S
GTV O #7713, B ICEKr o2 MEL TV D,
Zheng &5 OHHIZE LT, /NG AT AE BN B W
T, A% DOBEIBBRIEIC L M A N OMELZ TR T 5
DIZPETEARIIAHHTH Y, FEICHELME B VT,
BHETHo2EWMELTVwD Y.

MTV Z it 3% J7ikiE, KREL3DICKRHENTED
OF il L BIRRoT—Vv A 5= T,
@SUVICEE % i L7k, OMAEE R REYE %
FMMPLEBETHE. SUVICHMEZZE L HTER IE
B DR BHETIRER D85 X — & TEHT 5 7203
HIIZI U ol ik 2 8IS 2 0 Z05% 0 LR EHll
B L 2.

Fx b GTVRMTVORHIEE XM L3€5720, Ih
FCICERMICHEE V584 2 H B OWGE% 1T - 72.
SUV D% % Wil L 72 SUVpeak 2 Hl W 728 LW E &
Z LGRS 10 B oA s % il L 72 A% 2 ORI i
WAL AT EITIIRAD Ho 72", BEEIcE LT,
Stefano 52 L THB Y, HEHSEIAAIERIZB W TPET
W HeM = E % 8 L BB L 7225 PET Wi{R D AT
1, CTHi{§=> MRIMi{% % FI v 72535 & Hik L C 22 4
BEDYS B 12 ORI ERAZ LWV E DR TH - 72,
WA BT b Ltk 5 OR% H W7 — & 2
LTI L—=2V 7T AN T HBENE LD REEINH

#il b, FLT, REFETIE, BWEE OB 25
B - EROLD D IZ, FEE BB I ETH 5
CENFETH S, Huang S OHETIX, FAFHD AN
B2 BT PET/CT W {5 % v 72 HEh i %2 R IE 5 H 12
Lo T, I E TOME L L TRWRE TRl
KT L 72", PubMed 7% ¥ 2 #1295 & ik D PETHF
7212 N T H16E (Artificial Intelligence: AI) % FIIH U 72 #i i
AL CTH O IFICREAHIC X D2E0 % . EEAH
TIRIEMRE T HHMT— 75 P L—= v 712X - THH
wx HENWICER S 2 55055 5 o TR % w72 5%
PRI ZT - LD AL L, RHMOKRTIZ DR
BT A EDHEERD LN\, WEEE % W72 iige s
LHHB S LAThN T I ERTPHENS.

F & O

ARiTIE, PET O ECIES 2082515 5 PET &
D% % EARBH L7, PETW{RIE, 51 LW EnE R
WL - WFgE o BRI U CaMili i3k 4 Th
%. PETHIEAZIY HH LTHEELATFUEAESH2vo
&, ERTRER ST A — 5 5 X o THEIAES LA
FTHIETHL., DEVMEADPEDL L) ZLIL, ERt
WA EDLLZLTHLDOTPETA X —V ¥ 7 D&M,
7 7 ¥ b ARHIB X OERIREHIC X o THRD 725 —E DS
T T REDH B, SUVEH V2B, A¥—
P EOWERIT 21T 9 7 7 AT ¥ @I R0 AL % W 72 5%
WAEE - REEE IC#E A 5 PET B BBk A K2 &
HWThb. 2617, ERMOLHIIIMNZ THRES AN
DA XRLEFER 2 SRR L EA~OBE R ED
LR L CGEYICPET WG Z Y ) LEDV D 5.
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Introduction of Young Researchers’ Association of Medical Physics and Questionnaire
Survey on Medical Physics Education and Medical Physics Training System in Japan

for Young Researchers in 2021
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! Young Researchers’ Association of Medical Physics

* Department of Radiation Oncology and Image-Applied Therapy, Graduate School of Medicine, Kyoto University
* Department of Radiology, Graduate School of Medical Science, University of the Ryukyus

* Quantum Medical Science Directorate, National Institutes for Quantum Science and Technology

? Graduate School of Medicine, Chiba University

Details of Young Researchers’ Association of Medical Physics (YRAMP) was introduced. In addition, several questionnaire sur-
veys on medical physics education (MPE) or medical physicist training system (MPTS) in Japan have been conducted, none have
targeted the current status and issues of MPE and MPTS. The purpose of this study was to investigate those from the perspective
of researchers and students under 35-year-old (y.o.). The questionnaire survey was conducted between 14th September to 14th
October 2021, for 112 members of the Young Researchers’ Association of Medical Physics via Google Forms. The questionnaire was
in two parts: MPE (Part1) and MPTS (Part2). Three subparts were constructed in Part1: Classroom lecture, Clinical training, Edu-
cation course accredited by Japanese Board of Medical Physicist Qualification. Out of a total of 126 questions, 38 were mandatory
to be answered. No personal information was collected. Ninety-three members (83.0%) were answered. The age structure of the
respondents was as follows: 18-21, 22-26, 27—30, and 31—35 y.0.=5.4%, 36.6%, 39.8%, and 18.2%. Of the respondents, 74.2% and
11.8% answered that they first heard of “medical physics” or “medical physicist” when they were undergraduate students and in
high school or younger, respectively. In Classroom lecture, 61.3%, 17.2%, and 21.5% of the respondents answered that they were
“satisfied” or “moderately satisfied”, “dissatisfied” or “moderately dissatisfied”, and “Not sure” with the current MPE, respectively.
In Clinical training, Education course, and MPTS, 58.1%, 21.5%, and 20.4% of the respondents answered that they were “satisfied”
or “moderately satisfied”, “dissatisfied” or “moderately dissatisfied”, and “Not sure”, respectively. In both MPE and MPTS, approxi-
mately 88% and 51% of the respondents answered that “holding lectures and study sessions for high school and undergraduate stu-
dents” and “utilizing YouTube” would be useful in promoting MPE and MPTS in Japan, respectively. The results of the question-
naire survey will provide useful data for MPE and MPTS in Japan.

Keywords: questionnaire survey, medical physics education, medical physicist training system, clinical training, young investigators
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Introduction of Medical Physics Course at Teikyo University
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1. FEREIE (BaHRoRZE
RS ARREEIEE & DEHE(ICL D)

W RORF KRB E S Bt 0 — 21, W alRFRERC
Wz U 73 SR 2 I 2 0 B D 97 5 D JBCS B 0 1] & St
LCHEBLOMRE 2 EML TV 5. RIS, ko
AL LS.

IR 22 R 27 T B8 995 Bt U AR M (BATF, 2438)
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P2 P RR AR G DO H B D IR WP 05 2 S 105 L
Twa (K1), BEMMOFEHYIRLITE IR T IREEE
R, GHETHRE B L O S 2 R L T H 4 BRR
EBIHFL T D, BB, RO GHETE, &
AP - PRAENGED, WIENRE), <A YAV N THDB. EE
Wt o — 28T B4, BRI 5 R+
IR FEEY, WEWH L L ©On the Job Training %
HWLETHIZOT 5.
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BB 7 3) — OWMETH G S 2 LA TE 5.
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Wi, GHRIEREE & OERROSR D s, LEM Tk
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BRGS0 BRI O i BUE B, BICEY)
B9 5 5. AlEidr 2 BRI C & 288
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WCHBECHEG LTS, BUipkt WiER 7o MEfo Rk
g 2 e L, MR OB SIESE R, 3598 RO i fi)
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BTG Versa HD™ (Elekta)
BEINRIRSEE Synergy™ (Elekta)

JE LR R microSelectron HDR v2 (Elekta)

Catalyst HD™ (C-RAD)

BN REHEETHZEE Monaco ver 5.5.10 (Elekta) X 1
Raystation ver 10A (Raysearch) X 1
Pinnacle’ ver 9.14 (Philips) X 4
Eclipse ver14 (Varian) X 1
Oncentra Brachy (Elekta) X 1
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DFFEEE B D BARR 2 Bl % K5 5.
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X2 AERCKFEEREEIEHRBED Y =7 v~ (K : Elekta Versa HD™, 45 : Elekta Synergy™)
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M RT-VM AT
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o~ SRR AT IE A

— - n
o @ =3
o I} S

IMRT-VMAT + SRT/SBRT({4)

o
S

2013 2014 2015 2016 2017 2018 2019 2020 2021
year

B3 (a) T HORFLEF IR IR BE O W HEPE R & R BE ARG R RS, (b) i LR RRAGI O R A2 IER

00 (b)

SBRT
(Abdomen) 3.3%
Sarcoma/Bone
3.3%

Brain 2.4%
SRT(Brain) 2.4%

Abdomen 2.4%

450

Mediastinum12.4%
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Bl 7 A+HcERTE 2 L fFcE 5.

223 ANV—Tv My KILZEHT HLEHERAT Y 22—
YTV AT MBS

HHRERDO A r ¥V 2 — VEBIL, BHRR Y v 7 ORER
LR, BEHEEEELCHINTYL B —HNT
BN, TOL) RN EBERICELGINEWVR T
Ta—N YTV AT AOREEITo TS, IhHEFH
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ation experience for interventional radiology with virtual
reality radiation dose visualization using fast monte carlo
dose estimation. Interventional Radiology 5: 58—66, 2020

3) Takata T, Nakabayashi S, Kondo H, et al.: Mixed reality
visualization of radiation dose for health professionals
and patients in interventional radiology. J. Med. Syst. 45:
2021

4) Hirose T, Kotoku J, Toki, F, et al.: Label-free quality con-
trol and identification of human keratinocyte stem cells
by deep learning-based automated cell tracking. STEM
CELLS 39: 1091-1100, 2021
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of health indices inferred statistically using the DirectL-
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