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LV LY, BNCT TIX BT EROFMERZ L BRET S T MAVBHIKRICE D
BREMEEZARFBEO—HE LTEET S22 LIEAEETH S,

2) E—LOSNDORAVKBESHRIZEZ22E5HBIE ORETMIE. ETHILOEICED
CREFTEOHEARNBKRICES-O, BRERSIATHVEVLEOD, 23y 3
SUTBICARER D 7 FLAZRAVERAD LFFHEICK > T, BRTIC—RENA
BREZILET I ENHREINDS,



R S OREBHBRLERI- VN TRRHE LT ELEERHIM?

1)

BNCT Tl AR T 5 -UVICKEAMSHESh, RBRFARARET b, F=. RFEM
BEBICKEDRBMSHREL. EEMNICHFETSHELIICQY. BRBABAINCBEL LV
ERMEEICREZRIITAIENENSH D, LAL, RBEHRSRICEHRERT, BE
WMERLY DG YENLSH, B, BEOBBRIBETEBIRE SN TLVEL, BRO
TERREFHEE. EREFTEORECEBE L TRELL D,

BRE—LLUNOBEZEDL S ITERTREN?

1)

2)

3)

4)

WAVHSHRICE SDRECDER : BRE—LOBFHFLUANDEE DERIZD
WTIE, ATREARY E—LOEBELOHEDBREATELGVLILIRNIBLETHY.
MERETEHSHH, BEEMEEGHLERICEHBMLLE E—LOLDERICED 5N D
SO LERMORARELITHONDDH D, ==L, FMLEERMOEBEREICRIET
HEOFMIVEELL D, COEBMOEBMLEOARTEERETEZ L ENE
FLLY

E—LONOEEREMNSRET 2BAVKSROER : ZENLYKEALTE.
RETOIHUFREZE CTENFEREDERZIYELS TSI ENTREEL D=0,
E—LOANSDRAVKSHRIFIERTELAREELAHD. F-. BHRHES A XE+
DRELCLEDTED, BREDHRICE > TRBTE 5AREMENH D,
RBMAHROER - EEBERNBREERT S-OICF. FEZHERT SHMICRFa
BREOERMEENNSOMBEZERTHIENEFTLL, -, BETLHPHEFD
IRLF—ITE > TERSHMERIGOMEENARG -0, ChoEBFEA-EBEHKT
PBETHD, GH. FEOWSHEICEP2EBHMIROMERIL, BRE—LIZLD
WRERICERDETHITEL, LN > TEBHRFRICEKHMISTBEFENTOHE
EE T OERRFBICHITHBERNELL D,

REEPEFRERMOBELICL S2BENLTHRIICREDER :  FFRMIZIK, P
MFRAERMOSELIZEY ., EBHRMALREET SHMFREZ & YIBRATENE,
BIREYLKRBEDETL—F., ERABLUVEDHD v RT1IILE2—ZlAHEHOESDC
ENAREE G Y BRE—LIZEATAEIRILF—HIEFP y REARZEBTE
Do CHNIZKYRAVKEREBRBRFARICKDIWMEI ZMA SN LSRN H D,
Fr. PHEFORBELRICE>TE—LONDEREFL I YEST LI ENAREL A
Y., RAVKRSHRLERTE %,

HFREREEDOLUALETRABNREZETSES LEIAHREN?

1)

PHFREDEOENFEROMEFE DU FREZETEI LT EREZRETELL
&, E-—LONDRAVKSRICEDBMEZ X ROMFEEREEDL AL IS
T0601-2-64) IZIEHT 5 EMTELL, TD=&. FERRHABRDEE T, 77V bA
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HBOELTHLAHECTRAVRELTIEL TH < BERD S,

3.24 iEFEEICHTIHE

BHMICAHT 2EBRFRIEOBER N, KEEZTRTHEIREIMN?

1) MERBNSIEMICAFT T BRI FRHEOBERMEIEL. E—LIRILF— (MeV), E—
LB (mA), E—LYAX (FAT7A)L) THEishd, MEFREGZFHLFE
MFREOERIE. BEZEEMKRE LTRESATE Y. BREE—BHIZHL,

2) WEBHFIRLE—IE BEBOTIT Ry FOHISEEOREMS. BAIFHEHICK
STEHLEFED, E—LIRILF—LEBRIE, E—LWERBICHEIN-T IRy
FORMEER. Ry FERFLGETE=ZFITEHIIENTED, RETDHE—LER

(FIEMTFH) DREMEFEL. TR, REGEHERIZIFTGE YIS,

3) BEM. REMOHFFHHIE. TRILF—IRE. REDMA. ﬁ%%ﬁi"ﬂ?’é’giﬂ@l:
KETH, TERZTTERE LT, ARBHIOE—LFEOM, MEFOR
BBEEEZRIAELGENEZOND,

B CHEDRBRFNAAS LI-RO., MEFRIHFRAZFEOER LG EOBREN?

1) ZEFRF (AFHEERFHE. EHOMGLE) JLi2. GonhdhEFEE (ARSI b+
L, BE, BIRIILF—FHFEAE, v REAE, ARAKS) FELGD, ZD=®H.
BHEME, KEEICOVLTE, BROEECLDFHENBEL LD,

2) EBERIMOLRET HHMEFHEL. ENMORENRL THNIEL, FEHTFOAFSE
HT—EIZRFY. BRELEEV, EMMLPE CIKEOROFHEFES (R34
V) 1220 TH, BRIV HEVLODO—REICEREEEL.

3) BERMORE EMMES., BERARS, ME., ilGE) THEFRENEDL ST
. EHMOREBZERE(IMENICE=2TILELNH D, BENLGE=2) >
JhAEELTIE, MERFEBRFE—L/NT—, BHMOAHKEELZEDE=4N
Hb.

BRICROONDIPHEEFHA, ARY FL, BA y BELGEORHEERET S EIXATHE

e

1) BETROONDIFHEFHFEE. LARELTRET HARTEICIKEL. HDOULHR
EFXEASEOBHFEHCHRIVREENHTTEDLS 2O, —BITRETDHZEIFEL

oﬁk¢ﬁ?xﬂﬁhwﬁﬁ~mlvﬁ&%mﬁbfﬁ~%h%ﬁﬁ@ﬁﬁf%%
TEHILIETERL,

2) —AT., ZBEMTABRITOFILEEELLGEOREFHEA. RRI ML, BA y
RERIFERBDSEIZHY 5 5, IAEA-TECDOC1223 (2001 £ 5 B) 1%, hHFH A,
ARG ML, BAYBREOSEENZH ST,

3) ABREEBEOPMHFHEICREEERTLHEVELTE, dHEFHMEOE=42 LFTEITH
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4)

5)

BLHD, ARHBHFHEELPIEFEAOBBREIEELZS AT, 1 BB LGS
NDERBEELUVIRILX—OFHBLEEBELE. BEHNTFE=S) VI E. EEE
EEEL EFRRTDAENEZ NS,
EENOCRETI2HETFOVEMFEERATET 20 TEGE L, FERKRHARICELTK
772 FLROREIREDT (PEF. vy TREL. FEFML LTREBT HHE
LEZOND, F£zlE, EE (RME) #H=. Advantage Depth (IEEHBIEIRE N IEZR
EXBZBARMNLDFES) . Advantage Depth Dose Rate (IEEMBMRENEBRES
BRZOAARRNODRESITORER) LETHETSHELEAOND,
PHFHEE. ASEERFHEE. BEMRSFMEET. 2—5 v rER. 23—V b
BEEH. 27y MRS ERY BRI EDEER TS LULERICK>TER
%, BA vy #RI&. 208, SEK, BERM RS, EREKICIYRET IR, =X
UEDyREZELZECTHILOGFE (PHITS, MCNP, MCNPX, GEANT4 73 &) TEHE
MITEZEMNTED,

3.25 GAEMEXE
BNCT DEEHEXED LS (TITHIhEH?

1)

EUTAHLAGFETIK. K772 FLARNOBRPHEFRA M. v RESAOEAEZRIE
L7703 —ELTHMEFR. yIBREMEELIzE. RALEZT7 7> bLADOEDPHEF
R, BNPMFR, 8RPHEFR, yREBERLLUBE L CHERRERIAT 5. GHERE
RIERTIRT—F. SHE7ILTIVXLBEIIKRET 310, HEHERICEEES
Z3T74TZ ) DEECHESFHEHELE T HZENEFELLY,
BEBEFMICAVIEMBREEROZICE. T, EVTHLOHEICE>TH
HFER, BLU, XFFREFEHL., S SIZETHED KERMA FHEEIRILF—EITH
(T TIRIIREZRD D, BNCT DIFEIL. BAEMNREE525 "B L. £EREEBHT ST
FDOSHLRERBELBIBEREKFRICEHLTRIRELTET 5, y REIL. XFE
[CHAFORERERBEIRILI—EICHITEDLETRD S, ETHILOGFETIE.
ZFNEFhD KERMA R, STEa— FRICHEAAEN TS, DHEFER. XFE
DHELARICRIBELELE IS, 48, B LHHFLORIGICERT S “R™
RIRE" EEHHT BRI, —MRHIIC BIRE  1ppm HI-YDRIVRBELTEHT 5,
RIZ, B LR RINMREIC RBE EEETTEYEMNEMRE (LUT. FHKRS)
ERDHB, RUVRREOFMBREE. MPRVRBEELRZEEMRBTHESIATLS
CBE fEZ#MNTEDLE TKRD S, RBEEITEERDETFHEETEESLICEL DO, &%
BIZHWT in vitro RERG ETEFHET 5. BFMF. yRISHL TIE, BERICESTIF
(& L= RBE fEAERA SN 5, CBE {EI&. RVFREH| (ffl : BPA) . B EEHEHE.
RIEDITY FRA Y bHARLCTHNIETE—D CBE ENERA SN S,
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RE

1)

2)

3)

4)

RE

1)

HEICFED LS BANT—2BEHLAEM?
EUTANLAGFEI—FELTIE, PHITS. MCNP, MCNPX, GEANT4 % EABH D, A
AT7—2ELT. EUHMTOFMFERRGRT—4. EB - BHRODAA L) T—
2, PHEFELV Yy BROBET—2 . BEIFADKRT—F2 4T3 UMNMERSIND,
CHA M) TR EBRT—2F. FERRARTEEOBR S EITEREIN S, hiE
FL y BBET—2E, FBHNFEENHMOPEFERRE. FHEMBBEZEOTEFH
FUYBRARY MLEAERHZL EITERINS,
ARICBPAEFIZRAWVDIGE. EEHAISH L TIE—EEDORIFRREE (il : 25ppm)
ZAAL. BEEBALICH L TIE. #EYG T/N LFEERVREEZAOTERELO
ROREEEZRET b, BELAIK. BHEEOBELSIRVREEDOTHETHT
fEITSo

BF-BPA-PET BEDEMMN T INIHE. BEESLORIVREEICARED/AT A —
AEMATHEBBEESND,

HERRICREZ5ZASEREFAIM?

hHEF, y REX. BUICHESAESHA M) T—20L &, RIITHOBRT—4.
hEFRE, yIRENMEEIATONE, BREOSVVYERSHENAETH D, 1=
L. RORKREF. EREPEEHBRORIRREENARTEROTIBELRAES
BENHDIDT, ABRLADOMFRVREETOHENBEL LD,

EBH L EERBOFRIRREREDESITKROLNDZNM?

1)

AEETERE, M, SLV, EEBE. RE. BETEORBMICEET SRVF
REDOFPAEZAVWTHREAREZTI, MFRELE LTI 25ppm B EDEZREL T
BT EN—MRUTH S, MFREICHT HEMBORELIX. ChETORF
FTOBRKMETHVONECIBEZRANS Z NS, BRBORIVRRER.
BAEMOMRERY > TILHORIVREEEZEEDMEIIENFE y RAOEL ETRD,
BERETEROREE (250pm B EDE) LEEMA THELORELBTMT 5.

9% CBE{EBS LU RBE{EIZaVEVHRIZHZIN?

1)

CNFETORFFE BNCT IZE LTI, BETECERIMETHLIDONTLVS RBE fE
(X, RS EICHXEETHRESNTVDA, TRTOERTR CEMERS AL TL
BHIF TGN, AES, SEFEFICOVTIE, PHFREEBICE>TIRIL
F—DARY FILNELEDDT, RBEEICENEFNEINLTHD, TRNETIDEET
EPERGEICIYFBLEZLDEAVWIRETH D, —AH. BBMEFO y BRITDOL
TIFEBDEWIDVLZLDT, [ZIZRL RBEEZRAWSZ ENTES, T, ME:R
BD BNCT TlE, FHEFAARY FILHBEHLSD T, [RFIFE BNCT TD RBEEZZD
FEEATHILIETERL,
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2)

3)

CBEfEIZDWL\TIE. AMLILEW. BLESRTHNIE. XEEBICRHRLGCELCEEZHESRE
ThHd. LML, BHRICK>TIXCBEEMNANB ICK>TEHEENDEDEHY . F
EIFEFE LI-ETEAEL N/B LLOEEZEIELI-EZFES CEAEFELLY, Ff=, /N
BREED BNCT TlE, BB LIZARY MLEREK BB DRI HSD T, RBE
E (FICHEPEF) [CO2V0TE, TATINOEETEYERGEICLYEFELD
DEAVBIRETHD, —H. BRETP y RISOVTIFEEDEWVEIDELDT,
(ZIFF L RBE fBEEZRAWNAS I EMNTES, GH. CBEEICDWLTIE, ALEEMTHN
(X, £EBICEZRAECEL CBE EXFESIRNETHD, LHL. WAREDRETEEL
%% CBE fEIZDWTIE. CHETHEAIATELBMERBRXDEICRDLD. EFT
DixE% CBE [EDIFREMNBEELRFT LN TS,

R, BERMICERASN TN RBEfEE CBEED—HlZE, HEtE EHITUTORSIC
=Y,

=5 EEERMIZER SN TLVS RBE fE& CBE ED—15I[4][5]
B FMDRBEEBPAS KUBSHD EE#RKS = %9 HCBEE

Radiation Tumor Brain Skin Mucosa Lung Liver

Thermal N. 30 3.0 30 3.0 3.0 3.0

Epithermal N. 3.0 3.0 30 3.0 3.0 3.0

198 (n,0)Li

2.5 43
BPA 3.8 0.32+N/Bx1.65 49 0.32+N/Bx1.80

(0.73) (FEH)

BSH 25 04 08 03 0.3

(0.86) (FEH)

y-ray 10 1.0 10 10 1.0 1.0

(-

-) : CBE factors for late response

The formulas and values for the brain and lung were published in JRR57(S1), i83-i89, 2016

*

FHFIRILF—OEEICE L TIE. IAEA-TECDOC-1223 “Current status of neutron capture therapy”

(May 2001) & S8,

BRPOULELICL > TRERESEOEEERT 21 ?

1)

BRIIEET AR IUVENTRTFE—LME, HITE—LTEGZLDOT, EREICKD
BEAKE, BERMICEAEEENARELMIESOEEERTNELA, 11 B
FOBEFICELLL S D, HIT. E-LONGCEREFTOERENIEDLLILSILEED
BEE, PEFOREEENIKRECBYPLTVDT, HELLETHKRTESEY T«
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VIDNRETHY. CORICRRDIBEZILINETHD.

UL L SRERBEILEZHFICRY AN S LIXTREN?

1) BR. BHEPOKENEBEZE-S2IHRMNEILILTE ST . EVTHILOHELH
TN EDT, BERPICHREME L TLVEL, FHIC, BRIVPORYFLHHMLES
BICODVKTREFHET IFELEAOND, SR, ARPOKUEHZE=FTHE
MARFESNEL, REWEIATRICESHE LAGL,

3.2.6 in vitro FAE&

[RFIFE BNCT O in vitro HEREER £ N:EZRE BNCT O in vitro BRERICHETZHH 2

1) RFFE BNCT &hnEREEE BNCT Tl hEFHME. yREAELGENELDLIDT. &
FEDMEILTELRL, BRT AR BFARKSOEYMEMHREBERICFTFETEN
(E. SMELATREL LA B HNIE LD, BRLT DB MSHREL D D EME R % Al ZEF
i L3R5 (X2 < A2 UM6]-[8] =12, PMFICHESH S DI RMICKET Sy iReh
HEFOEMHMBICHITI2HEERAEZILEZA S L. BMICL THIGEHRDOFAIXE-
EIEREFETLIRELHY . RPBEOHRIEOEEMTEIRBOSMNMD LS
THLHb, AVOECDEEIHREORFEZLOIRIVRRELEMBEICERT HIC
WET; CBE {BIX. BHMFLEARIVRRFRORIGIZHEXT 50T, FHEFE—LOR
BRERN SIMERPUEFE—LORREREIMET 5 2 LITIFMREF AL, =72, CBE
1B in vitro DIEBEMARB TEFN-LOTIEAL, EEERBICHT28ESE
R, ECICHEIBEEEROREZTEHRYVIMA S1-DIC. EEMRBICKHT S in vivo
HERDBERERIRBRELERATTEE-OICEESAE-LDTHS,

FEFREDE D in vitro / in vivo BERICED K SR EBEEZEM?

1) HHFRARY ML B B BROBSHMEFR. v RO RBEENERL LD T, &K
FHRDBELLEIZK > THRMBREMEIEEILT 5,

2) YIRBEAE: yROBAELNELTDIE. B, B4 SROZPHEFROLLELEL
50T, LRBERLEAT, FMABMRENELL. MREFEER RESHRELEL
T 5,

3) MREBFE: ELETHRHERTHS vy RIBERETICHEL. ZRERSRIETT 5. &
LET BEHRDE., 245, BROEPUEFROZMBEDROBERIKFHEEI/NESNESH
%,

BNCT B ® in vitro RERAECEMAIRB (EH DM ?

1) BNCT 3 MSHRABDES ) T4 D—D2THAHT=H. BNCTHEDI Y FRA U &L
SEDEFEL. —BOMSHEABRERLIVRRSA YV NE2BETED, £/-. B—D
IVRRAVMEFERTEHIET, thOBBREOEYMFENNREZLR TSI & A8
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&%, BlE LT, BNCT TEEES NS invitro HERIZIE. LTOESGEDAH B,

WREBERERNZG BNCT RS R ORI

MieR RO RERHER (MEAARDRRE 25ppm )

HREA R REHBE

MR DR REARZMEHER

RORERNIR 5 EDREAER

ROREH DM EERER

BHBHMIE (RAWVRE) OBREHER

(=Mfe/MzRER BEREERERD 1))

MR, BYERRREELICEEREANICRES N, EYVESH-KEHEY £ &R
HWHROFLHH LI, MEHRESHIEZE B - RAERUTHEFRGE OREZES (T
B8, RERETOIRICIF, HFRAELFLFZFOHTLEDLEABLETH S

BNCT OREBHRE. invitro RBRTED K S ITREEShH M ?

1) DO0=—MREGRICKDMMERE EIREFEN 10%ITIET T HRER DoED v #RIE
& D) . Initial response & L TORBEREEDHIRERE X - v REDOMNAM
SBERRENEZOND,

2) ERNTERKBMOIMER BNCT ERIIFB L TLEIN. ZOEDERT—2 (TABRDT-
HOFEBRRBERE L TITONE VWS BELHo-TARIATLGEL, TS5 LEHE
DEBEZTHEVEDODAN., BRNTARIN TV SH ., EEHER AT 8742 5 E% (LR
BNTWNDT=®H, DREINFZMEHUTDLAEN9]-[11], BIMIBEL TIE, EEERKIE
ABOLDEELEZMN, AT, BE. 4142 7T, AER—X THMEZE BNCT DAY
EBREBRNTHONTILVS, —AT. RFFE BNCT #RN—R & LERXIIEHBE S
TW3, EBEOCRENELDI-HEBOLEIETELRLD., £MEMNDROEREER
OERBFEEIXBONERIELELZECAEIHRVDTENLESBT LI ENTE
%,

3.2.7 invivo Bk

[RF5E BNCT D in vivo SERHER Z MRS BNCT [T/METEEHH 7

1) BRFFEROPEFHE (PEFRARY ML, yRBALELE) (L. MNE:FBNCT O
LDERGZIH. RICSKRIFRBRESTARLTH 12 LTH, EMFEHHRDE
fiZEsMEEXTEGR L, LAL, FRARDHRREICEK D invivo HEFERIZEFIFE BNCT
TEBEINZLDZEEIEDS,

BNCT [Z¥E D in vivo BRERAZECFMEEB (XH DM ?

1) BNCT[EHHEFE IV Y ROBNEH & RORERNSDT LI 7ROV FILREF
BROKNRBHEHAT M RERTHIHA. TOI Y FRA U It ORSTHREE
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ERRIZREEND, -, BRBRAZLMUOBMFNRERERFOFENERASL D,
L. ROREFOERASHCEREEIDIMYAH EHEFRINEEICEHELT
ABRERICEEZEA S0, EREHORECHBREROBITICE VLTI, EFHD
B EMAHREER AN D DREAVBEE LD,

2) in vivo BERTIE. BRICEVWTERZL B MAPHRIREEL. BEEFSLVEEME
BRICETDIRIVRREDRIREFICEIDEVERILETE S,

BNCT OREBHRIZ. invivo BBRTED K S ITRIEEShHM?

1) MEBMWRERZICHEZETETLIHELT. ETBHEETILCTORBNLESY 1 X
ENThIA TS, Fi=. BEIZIELC TCDS0 7 v 4 HfThhd, BEtk 2 BEE-
X 1 AARENDHET., BEEENFECHFITENE. HESDHEHY EHET S,
BE. in vitro, in vivo HERELICAMHDIEEZFARDI LD TH> T, REDESH
HBREFEZETDHEDTIEAL, =1, TCD50 7 vt A (X, EEHIEHRICHATRE
P T (R

2) R#E. BB, EMBEALVE MEVWPEFYTOEERBRICE RSB EER
THIERFEFELWLAD, BRRAKEOGN., EERBENTOIYHAE. AERFOE
HILGLEDOBEI S, REICIIAZHERDELL S, TOH. RFFE BNCT
DEREFZHMELZS>AT. (FoEEORBERILE FADOBUMHE. K22
ETdLbiThnTb, £ REREDHROHBRICIE. BEROKRIRERSH
DR —PESHBOMEFEMEHEERICLN-ANHIRETH SH([12].

3) EREHAERTIAEALANERES BNCT HESRIER SN TSz BERN & 3 ICAR SN 2R
XIEDLy, — A, RFFE BNCT ZE - =S RBRICEAT 2HNLSHME S TL
1=, E—LBHEDEVEZRBT S LTSRAETHS([13].

4. SREFhLHEIMEFESR

BAEDIERE BNCT R E S ICHRM. RMICKES 57012, 5% 5~10 FI<
DESTHESADZEMR/FSIATNSEITE, RAFEHA FS54 2 WG ZERDERM
SIRBLTRYFELEDHEILDE, UTITTRY,

1 UTZLAALKRIOREEE=S
BHAPORIREEZ Y T7ILEA LERTELIHEMIAEENTLS, ThET. R
FHFE BNCT Tl&k, BHRICROL-0EY > TILFDORVREEZREL. COKER
[CEDVWTESHPFORIRREFHTE LTz, COMBRY L TILFDRIREESE
BIETAHEELTIK EENMOA—C 2 BEFTHET S ICP-MS E (X ICP-AES &
478keV MENF y #REFE S PGAEMMERA SN TU VI, MEZFE BNCT TlE. REOERE
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HEDEEMS, EIZTICP-MS £ L L (X ICP-AES IZ& BBIEMNTHN D,
hiTxt L, PG-SPECT i&lE. A% (BI) POEAT (XITREN)DFRVFREPFHE
FEDRIGTHET S 478keV DENF v 1% 1~2m BN =B THREHTHZ & T,
TILEAA LTREBDLDRIVRDREANMBE S UVRRHELEZANET S LNTE D,
ZTO-HHHRLE L TRERE (TRILEF—2fFE. ZHSMEEEEHIC) O y RigHs
(FERFELFIOFL—4F) MBELEL D, F-MHRGFHREYE. BREQOFMEFE (~
10° [n/cm?/s]) TOEMEREE. HL V. MERICK>THEEIN S 511keV D y R E
DI RIILF—FHBENRO NS,
2 BERFIADHTFE=S
R, AEMFOERENS, PHEFREEEL TS, PFHFREZEEAET S
PHFE=ZSY FICBNIEFEZERECAETEDE=S). BATHyREDHETF
BORBNARELE_ AL EDHENRDONS, 512, EBOE—LONAMSDTR
ZVVEREHR., LU, EBOMSEIZL2EE v RESREICHTET StAIEM L E
FNd, BEECHEFSNIBMEHEOE=Z 2L, PHFIHEZE ST, BIHICLIEET.
SLHHEFER (~10° [n/cm¥/s]) ~OXIEHRRH BN B,
3 BHPOEFELRY - HEE=4
BNCT TIXAEMNARC . BEDOAEIXRE VO, BHUEN DBy T 27
NOECATEEMEN DS, BETOEEDOMEBELE. EBLELE=42) VU TIE, Wik
SR, SERED R MEFIETOEERIENROSN DD T, XD X #ABEAE=4.
HFRARAE-AMEZA L, BHPOBEOMBLH. BBLELEE=42UY
THEEBHIT, VTILEA LICHRHGEHZBRTE HH1EEMN G EORKELNERGFSA
TW5, FIREEEHEE L G SRR EE EFHRBELBLTIE. FREBBIZE LT
REFTE. BHEHFERMORREINIRD NS,
4 EUTAHILOFEDEZEE
PHFREEICEMEET 5, BHIK. 100CPU HFIFHE T 20 NFEEMNER L TL
%, 5. tOMGHEABRTTBEEE EREE (BHLURN) 2817,
5 EEXRLERMEFE=S
KRR, RREL TRABRKREN—ELBERICHETFRERZERET 5. EEDOHD
He #RVIFLUMGEDRBLUEICAND I L AREEEZ DN D,
6 EESTERART SRR
FUVEHEGSIaL—2300EBICIE, PHFEHEES A TSVEIV v BRERK
BEBOSRELENEELL, £z, AVSHEES A IS ) LARELRYERET
HiEle, LT D ENEFLLY,
7 EREM
BELEHFOLOTZMEILDT YIRITHFREZEBT 510, COKEZEEDS
N5 LS BNCT ILF ) — 7 REEMOERFE ERMEEORENEEN D,
8 EMMDUTILAALE=R) Y
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BOHOANKEEE=S. HENTE—LBZEROEEEE =44 (LWFhi
YT LA A LEHAIAETRE) £RAVTREN, RENSEMHESME=S U L JIET
BETHD, LHL, BEDOEMMREE Y FILEA LTHREICE= 23 2RI ER
YT HIET, K UBREDARNTEELD,

9 HKEEBZERMY AN-REFE

10

11

12

13

BEPORCUEETOE=S - MELVATLEFE. YIal—YavitEa—FosE
Rib, WET—S2EORBELLENEFNSD,

ARETEEE
EEWMIREFHENFIRELGEE., BT, Fi&,
MEREPEFRERMOSEL
E—LONANSDRA VRS REERT 2= DEBRMOEAREL. E—LBREEE
B BS-ODPRFREBMOBELINEENS, PUHFE—LBEZ LTS5 & T,
BEREDEHZESHATES O, BAVWKFRMNMERT 5 & &I, BERED
5k ] R SRR AV A
REREDFHEFEFRE
BERFETOLLRELARRORESBRELZTMS 2 FEZOMRFARNLEFND,
H£EBT 7 0 bAIZK HREFTMOFEL
ERZCTHEOKRETM O 7~ FLAZERT S LT, RELCREOFREMNTRE
JOPILAHEIL, FERMTOLELAREELG D, COEIGT7 Y FAZERY
ENEEL, ELHT LT, ARRITOHELIR OGNS,
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APPENDIX

APPENDIX 1 PBAEY HMEE S UEE
1.1 IAEA-TECDOC-1223 “Current status of neutron capture therapy” (May 2001)

2001 £ F1TD IAEA XE T, BNCT [T S - DERRISEEXE ., SFORFEKRIC
BoLT, EFLLVE—LBMENMRTRINATWS, ThEFHETIEADAL INTIEL
TWD, RARNEDSELLGS, LT, TO—8EiR% L1,

DESIRED NEUTRON BEAM PARAMETERS

1.1. General beam properties For NCT, an adequate thermal neutron field has
to be created in the boron-labeled tumor cells
within a prescribed target volume. This means
that for target volumes well below the surface,
epithermal beams will generally be best, while
for target volumes near the surface, thermal
beams will suffice.

(BH) ROREHNZERYAAL PTVAOHNA
MR+ LEPEFRENBHEINLGE, B
TREB PTV [Z(X BN REF (KRB PTV [CIEXEH

HFRHMELTLS,
1.2. Epithermal beam intensity Current experience shows that a desirable
Bt FERE minimum beam intensity would be 10°

epithermal neutrons cm= s™'. Beams of 5 x 108
n cm™ s are useable, but result in rather long
irradiation times.

(BH) ChFETOEFELN L. EFLLVESF
MFE—LEEIL10° n/cm?/s MNEFELLY,
5x108 n/cm?/s TEHIAEITAIRETZAY. JAEE

BN EL< %G5,
1.3.1. The fast neutron component In BNCT the energy range for fast neutrons is
=R EFRAZR taken as >10 keV. Fast neutrons, which

invariably accompany the incident beam, have a
number of undesirable characteristics such as
the production of high LET protons with a
resulting energy dependence of their induced

biological effects. Therefore, it is one of the

main objectives of BNCT beam design to
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reduce the fast neutron component of the
incident beam as much as possible. Another
major objective is clearly to have as high an
epithermal flux as possible. In existing facilities
the range of dose from this component is from
2.5t0 13 x 1073 Gy cm? per epithermal neutron.
A target number should be 2 x 1073 Gy cm? per
epithermal neutron.

(E#9) BNCT TlE, SEFMEFZ 10keV U E
ET5, AFTE—LICEFNIEERBHEFIE.
IRILF—RKENICEMFEHINRORELGS
LETEFIRERESE D, ED-H. BEPHE
FDRERAEZTITHI EMNEIEEDOVED
Thd, oI, TEHRYEBNPHEFIS Y
DRE@mHHIENEFLL, BIRIK, BEAIER
NeptEFHIzY 25-13x10" Gy/cm?> TH Y .
BEEEEEEZF 2x10B Gy cm?> TH 5,

1.3.2.

The gamma ray component
y #RBAZR

Because of the energy range of the gamma
radiation, it results in an non-selective dose

to both tumour tissue and a large volume of
healthy tissue. Hence it is desirable to remove
as much gamma radiation from the beam as
possible. Since there are also (n, v) reactions
occurring inside the patient, the importance of
this component in the incident beam is
somewhat reduced. Nevertheless, a target
number for this should be 2 x 10-13 Gy cm? per
epithermal neutron. The range in existing
facilities is from 1 to 13 x 10-13 Gy cm? per
epithermal neutron.

() SIRILF—0riRICEY. BEHERE
EEERBICIEEIRMICIRENTE SN D=
H. AFTE—LD vy REARIBEWOIZFE KLY,
T, BEAATE (ny) RIGHAEZHF=H.
YIREBEASEHILEREFES AL, v RIRE
O EREFEABNPETFHIZY 2x107 Gy
cm? THY . BROEETIE 1-13x10" Gy cm?
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TH5,

1.3.3.

The ratio between the thermal

flux and the epithermal flux

Bt FEAR

To reduce damage to the scalp, thermal
neutrons in the incident beam should be
minimized. A target number for the ratio of
thermal flux to epithermal flux should be 0.05.

(EH)) BER~DEEGEZHTLH-0. AFTE—
LRNDBAMFREAZTESEITNELLT 5,
BT R BN P EFROLLIEE 0.05 AE
FLLY

1.34.

The ratio between the total
neutron current and the total
neutron flux
AIAAMKSOREFR /2
TR

This ratio provides a measure of the fraction of
neutrons that are moving in the forward beam
direction. A high value is important for two
reasons: (1) to limit divergence of the neutron
beam and thereby reduce undesired irradiation
of other tissues, and (2) to permit flexibility in
patient positioning along the beam central axis.
A high ratio means that the epithermal neutron
flux very close to the beam port opening will
change only slightly with distance from the
port. In cases where the body of the patient
must be positioned perpendicular to the beam
axis, this will permit a patient to be positioned
somewhat farther from the port. This will
increase the depth dose and facilitate patient
positioning without seriously diminishing the
available incident beam intensity. A target
number for this ratio should be greater than
0.7.

(EH) Cotblk. £HtEFRAIPDORTA AR/
DOEETH D, E—LENYICKEITELE
EERE . BEMBEAOEOBREDRAMNS.
COERFRREVZFELL, CNITk>T, E—
LANLDERL/NELEDH, ThiF, EEZE
E—LBIIx L CTEEICEREBE LG TEFES
BWSRICHICENTH S, PHEFROETAA
M EFEFRIL07 K YKREWI EHAE
FLLY
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14.

Beam size Circular apertures of 12 to 14 cm diameter are
E—LEZE being used in the present clinical trials.
However, sizes of up to 17 cm have been
proposed for irradiation of brain tumours.
Other cancers in the body might require even
larger apertures. These maximum sized
apertures are reduced in accordance with the
tumour size and position as determined by the
treatment planning requirements.

(Z49) FIRDOEBRKRHBR TIEXERE 12-14cm OH
BE—LARLSNTILS, LML, RES®
thDREERAAIZIE 17 ML LD E—LBRIIRE
ShTWb, —A. BEYAXIZE&HET. E
—LEFZNSKEET S ELH D,

1.2

BT 5O RTLICEET HRE/EE

VATLERKT S, BERSE. MAKRAHNE=Z. BRMABEREGTEDOMEE. ME
BRECDVTIEE, BDEICHCTHEESSAM K54 0. RAREGEICELCTEET 5
—HlE LT, BUTIC—RRMEBH : IERF DR TLRBEEDFIAREETRT .

JIS Z 4714: 2001

EAEFILEREE - R

Medical electron accelerators—Functional performance characteristics

CORREIE, DI RILF—H 1MeV A5 50MeV DFE T, BITHRIEMN S 1m DEERE
TRARIVREEREMN 0.001Gy/s & 1Gy/s FIZH > T, T 51T, EIEAREREN SRR
M5 50cm & 200cm DED ., X X EEFHROMGHRE —LZBH T LEFIMREE
[CER, MRFMEORERVARDE-ODERFIEZRES 5.

*ICERRIRE © 1EC 60976: 2007 Medical electrical equipment - Medical electron

accelerators - Functional performance characteristics

JIS Z 4705: 2015

EREFIMEEE-TE

Medical electrical equipment Part 2-1: Particular requirements for the safety of

electron accelerators in the range 1 MeV to 50 MeV

COEMBREIE. BRXRRRURMBBREEATEY .. TAETNARICRT EFINRE
BEOHERVBREDHIBREIERT 5 XBRU/ XEEFROMIFHRE—LERS

T HEE - BRI RILF—H 1MeV~50MeV DEEFH., REMN S 1 m OHLE TORIIGEE

EDRAEN 0.001Gy/s~1Gy/s DEFH, FREMN S DERAEIER (NTDS) AHY0.5m~2m

D, EFIEEEDEHMAEN oDELME. HTWITEIESH-EBHRVERH
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BREMEHERICT DODEREREZED. TNODERFEANDESEEHEE
B-ODHBRERET 5,
*ths B ER4E . IEC 60601-2-1:2009+AMD1:2014 Medical electrical equipment - Part 2-1:
Particular requirements for the basic safety and essential performance of electron
accelerators in the range 1 MeV to 50 MeV JIS T0601-1: 2017
AESHSFE—F 1 8 ERZTE2RUERMEREICET 5 —KREREIER
_Gﬁﬂﬁli EREBERMEE (LT, ME #EFE L 5,) RUERBRVATLA (LT,
ME LV RTLEWND,) DERZTERUVERMRIZOVTHREY 5.
IGEMFEHEE 0 IEC 60601-1:2005/AMENDMENT 1:2012 (MOD)  Medical electrical
equipment—Part 1: General requirements for basic safety and essential performance &
' Amendment 1:2012 (MOD)
JIS T14971: 2012
EEEB-VRAIIRTA Y FOERBR~DER
Medical devices-Application of risk management to medical devices
CORERE, WEXENKRN D AERRBRZECERBBCEHEST SN\ —FEH
EL. YRUDHERVEFEZITLN. ChoDYRXVZFarkO—)LL, ZOaV b
A—LOENEZERTDFIRICOVTHRET 5. CDRBOERFEL, ERHES
DFATHAIILDOVTNOBRBEICHERT S ENTE D, CORKIE, BRKRAH
BRI @A L7y,
FICEEFRE:  1SO 14971: 2007  Medical devices -- Application of risk management
to medical devices
JIST 0601-1-2: 2018
AERHSE—F1— 28 ERZTERUOERMRICEHYT 2 —BRERFE—EIEA
B E—ERFEKR VAR
Medical electrical equipment -- Part 1-2: General requirements for basic safety and
essential performance -- Collateral Standard: Electromagnetic disturbances --
Requirements and tests
COREIE. EABRKERVERER VATLAL (UT, BBERUSRTLEND,)
IZxt LTEITERT 5,
BHEERVRATLOBHEIMEO—RHAEREERVRERZHRE LM DEINREDE
MALHOERFERVERZENT SLENHIGRICEREEZDHLIZH S,
XIS ERIRE 0 IEC 60601-1-2:2014, Medical electrical equipment-Part 1-2: General
requirements for basic safety and essential performance—Collateral Standard:
Electromagnetic disturbances—-Requirements and tests (IDT)
JIS T0601-2-64: 2016
BEXHR-F 2-64 & MFRAREEDERZTERUVERMREICREY HEMEKR
$IE
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Medical electrical equipment-Part 2-64: Particular requirements for the basic safety
and essential performance of light ion beam medical electrical equipment

COMIIE, BEOBRICAVDHTFHR MEHEESE (LT, BICHOGLRY .. ME #5
(FHFHR MEHEBRZEET.) OERRERVERMEICOVTRET %,

C DEZRED BB, 10MeV/n-500MeV/n DEE DK FHR ME HBZDERTERY
EXMEOEHZREL. ChoDEHDEAHEHEIET HHABRZERET 5.

* G E R : IEC 60601-2-64:2014, Medical electrical equipment-Part 2-64:
Particular requirements for the basic safety and essential performance of light ion beam

medical electrical equipment (IDT)

JIS Q13485: 2018

1.3
1)

2)

EEHE—REIR DAY M RTLRFBHNDOI-HDEREIR

Medical devices -- Quality management systems -- Requirements for regulatory
purposes

COMEIF, HBHIEETEERFERVERASNIATNERFEZ-ELTHETER
BERUVEET DY —ERZRHET DENEELT ILELHDIEEDME TR A
VEVRTLDERFRIZODVTHET 6. TOL S GBI, EREHZORE - H
¥, ®iE RERUVRE, BT, MEY—EX, HiICBEET HEE (B HifiZiE)
DEFET - ARRUVRBZSCEREFOS A THA I ILO— DL LOBRREDEENIZR
HEIENTED,

I ERRFRE 0 1SO 13485:2016, Medical devices—Quality management

systems—Requirements for regulatory purposes (IDT)

MFRUEREE(CRY SERRRE

X-ray therapy:

IEC 60601-2-1:2009+AMD1:2014 CSV  Consolidated version
Medical electrical equipment - Part 2-1: Particular requirements for the basic safety
and essential performance of electron accelerators in the range 1 MeV to 50 MeV

IEC 60976:2007
Medical electrical equipment - Medical electron accelerators - Functional
performance characteristics

IEC TR 60977:2008
Medical electrical equipment - Medical electron accelerators - Guidelines for
functional performance characteristics

Performance:

IEC 60601-2-68:2014
Electrical medical equipment - Part 2-68: Particular requirements for the basic

safety and essential performance of X-ray-based image-guided radiotherapy
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4)

1.4

equipment for use with electron accelerators, light ion beam therapy equipment
and radionuclide beam therapy equipment
IEC 61217:2011
Radiotherapy equipment - Coordinates, movements and scales
Particle therapy:
IEC 60601-2-64:2014
Medical electrical equipment - Part 2-64: Particular requirements for the basic
safety and essential performance of light ion beam medical electrical equipment
IEC 62667:2017
Medical electrical equipment - Medical light ion beam equipment - Performance

characteristics

Treatment planning:

IEC 62083:2009
Medical electrical equipment - Requirements for the safety of radiotherapy
treatment planning systems

IEC 62274:2005
Medical electrical equipment - Safety of radiotherapy record and verify systems

IEC TR 61852:1998
Medical electrical equipment - Digital imaging and communications in medicine
(DICOM) - Radiotherapy objects

Radiotherapy simulators:

IEC 60601-2-29:2008
Medical electrical equipment - Part 2-29: Particular requirements for the basic
safety and essential performance of radiotherapy simulators

IEC 61168:1993
Radiotherapy simulators - Functional performance characteristics

Electronic brachytherapy:

IEC 60601-2-8:2010+AMD1:2015 CSV  Consolidated version
Medical electrical equipment - Part 2-8: Particular requirements for the basic safety
and essential performance of therapeutic X-ray equipment operating in the range
10 kV to 1 MV

IEC/TC 62/SC 62C (Equipment for radiotherapy, nuclear medicine and radiation
dosimetry) TARDMFIRAE. ZKEZF. MR ERMERE
http://www.iec.ch/dyn/www/f?p=103:22:15863561213597::::FSP_ORG ID,FSP_LANG ID:
1362,25 (2019/06/23 7V £ X)

IEC 60580:2000
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http://www.iec.ch/dyn/www/f?p=103:22:15863561213597::::FSP_ORG_ID,FSP_LANG_ID

Medical electrical equipment - Dose area product meters

IEC 60601-2-1:2009+AMD1:2014 CSV
Medical electrical equipment - Part 2-1: Particular requirements for the basic safety and
essential performance of electron accelerators in the range 1 MeV to 50 MeV

IEC 60601-2-1:2009
Medical electrical equipment - Part 2-1: Particular requirements for the basic safety and
essential performance of electron accelerators in the range 1 MeV to 50 MeV

IEC 60601-2-1:2009/AMD1:2014
Amendment 1 - Medical electrical equipment - Part 2-1: Particular requirements for the
basic safety and essential performance of electron accelerators in the range 1 MeV to
50 MeV

IEC 60601-2-8:2010+AMD1:2015 CSV
Medical electrical equipment - Part 2-8: Particular requirements for the basic safety and
essential performance of therapeutic X-ray equipment operating in the range 10 kV to 1
MV

IEC 60601-2-8:2010
Medical electrical equipment - Part 2-8: Particular requirements for basic safety and
essential performance of therapeutic X-ray equipment operating in the range 10 kV to 1
MV

IEC 60601-2-8:2010/AMD1:2015
Amendment 1 - Medical electrical equipment - Part 2-8: Particular requirements for the
basic safety and essential performance of therapeutic X-ray equipment operating in the
range 10 kV to 1 MV

IEC 60601-2-11:2013
Medical electrical equipment - Part 2-11: Particular requirements for the basic safety
and essential performance of gamma beam therapy equipment

IEC 60601-2-17:2013
Medical electrical equipment - Part 2-17: Particular requirements for the basic safety
and essential performance of automatically-controlled brachytherapy afterloading
equipment

IEC 60601-2-29:2008
Medical electrical equipment - Part 2-29: Particular requirements for the basic safety
and essential performance of radiotherapy simulators

IEC 60601-2-64:2014
Medical electrical equipment - Part 2-64: Particular requirements for the basic safety
and essential performance of light ion beam medical electrical equipment

IEC 60601-2-68:2014
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Electrical medical equipment - Part 2-68: Particular requirements for the basic safety
and essential performance of X-ray-based image-guided radiotherapy equipment for
use with electron accelerators, light ion beam therapy equipment and radionuclide
beam therapy equipment

IEC 60731:2011+AMD1:2016 CSV
Medical electrical equipment - Dosimeters with ionization chambersas used in
radiotherapy

IEC 60731:2011
Medical electrical equipment - Dosimeters with ionization chambers as used in
radiotherapy

IEC 60731:2011/AMD1:2016
Amendment 1 - Medical electrical equipment - Dosimeters with ionization chambers as
used in radiotherapy

IEC 60976:2007
Medical electrical equipment - Medical electron accelerators - Functional performance
characteristics

IEC TR 60977:2008
Medical electrical equipment - Medical electron accelerators - Guidelines for functional
performance characteristics

IEC 61168:1993
Radiotherapy simulators - Functional performance characteristics

[EC TS 61170:1993
Radiotherapy simulators - Guidelines for functional performance characteristics

IEC 61217:2011
Radiotherapy equipment - Coordinates, movements and scales

IEC 61267:2005
Medical diagnostic X-ray equipment - Radiation conditions for use in the determination
of characteristics

IEC 61303:1994
Medical electrical equipment - Radionuclide calibrators - Particular methods for
describing performance

IEC 61303:1994/COR1:2016
Corrigendum 1 - Medical electrical equipment - Radionuclide calibrators - Particular
methods for describing performance

IEC 61674:2012
Medical electrical equipment - Dosimeters with ionization chambers and/or

semiconductor detectors as used in X-ray diagnostic imaging
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IEC 61675-1:2013
Radionuclide imaging devices - Characteristics and test conditions - Part 1: Positron
emission tomographs
IEC 61675-2:2015
Radionuclide imaging devices - Characteristics and test conditions - Part 2: Gamma
cameras for planar, wholebody, and SPECT imaging
IEC 61676:2002+AMD1:2008 CSV
Medical electrical equipment - Dosimetric instruments used for non-invasive
measurement of X-ray tube voltage in diagnostic radiology
IEC 61676:2002
Medical electrical equipment - Dosimetric instruments used for non-invasive
measurement of X-ray tube voltage in diagnostic radiology
IEC 61676:2002/AMD1:2008
Amendment 1 - Medical electrical equipment - Dosimetric instruments used for
non-invasive measurement of X-ray tube voltage in diagnostic radiology
IEC TR 61852:1998
Medical electrical equipment - Digital imaging and communications in medicine
(DICOM) - Radiotherapy objects
IEC TR 61948-1:2016
Nuclear medicine instrumentation - Routine tests - Part 1: Gamma radiation counting
systems
IEC TR 61948-2:2001
Nuclear medicine instrumentation - Routine tests - Part 2: Scintillation cameras and
single photon emission computed tomography imaging
IEC TR 61948-3:2018
Nuclear medicine instrumentation - Routine tests - Part 3: Positron emission
tomographs
IEC TR 61948-4:2019 RLV
Nuclear medicine instrumentation - Routine tests - Part 4: Radionuclide calibrators
IEC TR 61948-4:2019
Nuclear medicine instrumentation - Routine tests - Part 4: Radionuclide calibrators
IEC 62083:2009
Medical electrical equipment - Requirements for the safety of radiotherapy treatment
planning systems
IEC 62274:2005
Medical electrical equipment - Safety of radiotherapy record and verify systems
IEC 62467-1:2009
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Medical electrical equipment - Dosimetric instruments as used in brachytherapy - Part
1: Instruments based on well-type ionization chambers

IEC 62667:2017
Medical electrical equipment - Medical light ion beam equipment - Performance
characteristics

IEC TR 62926:2019

Medical electrical system - Guidelines for safe integration and operation of adaptive

external-beam radiotherapy systems for real-time adaptive radiotherapy
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