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£ 30-50mA * &1E& 2-5mA ° AJER K
SEREE MBS AN EIERNE - —
Hiwm% » % DawonMedax AT KA E
ARINRZR I B R FR Rl o

M EE RS ~ FEMEBFNER
MRBAEER TR BBHRNEERL
BStH 2.5-30MeV (VB EEEMNARE T
TR s et - LIE A 0.2-30MeV HY IR
Ry ZIBEK &~ 88 & BANKRBK
SR AEGIZ 2 E (beam shaping assembly )
A & 0.5eV-10keV RYEZFF (epithermal
neutrons) @ FHE R FH R KB ZNH
(moderator) BEIRARBRE @ EZ25H
FHEAAENEEHE (<0.5eV) o

AR EETE

MBENEEZH TP FERZE
VR BIEANTT - 28 2 Fis -
1P 2e bt Bt U m - BEE R P IIRE

1) JN3RES /Dawonsys A 7] e

2) PFRBEHOEEMZNE /BRC AR
KR&EEF (Gil Hospital ) ©

3) WEIHRE2ETA] | BEIRFREHTFTAT ©

4 ETBEBREMB/BEMNRSFE
§ = /A 7 (Pohang Accelerator
Laboratory) ©

5) B REFFA/ BERF AT FTRTA
Medax AF] °

2. BE T

1) SMZEEE /Medax AT °

2) ERIRAIAEE Medax A7

3) PELMRI R 2 i /| KEE R » =R
ARE (Gachon University) ©

4) BRIREER | REER -

5) Y LRt - BEERENFA /
Medax A F]  LEAM ST AR B 8 A5 B
AFEIMSFRIB BRI 81
KBS * Medax » BEFHZK o

22 B Y BR TR B AR SR DRI 3
MEBR  REFRBEZRE - REENES
A Y RIMAIN RS eTmEEES
meamgE—R (B2) °

I ——
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23R F IR ER I B IR

ER MR AR FaBEEERINIE » 23X

BRI A=EINRBIDREIT K2 FT
o
1.5 # 0 %R 25 (linear accelerator) : B

52 (DawonMedax) * H (Toshiba
CICS) =RARErE ~ HA (20) »
P57 M ZARAFE 5 [EEE /OB -
2.5 B & 2 (electrostatic
accelerator) : BIE<E/A AR (Neutron
Therapeutic * US A1 TAE Life Sciences )
EmapEsE REEMR.H
1R # CNEA Bs.» & B E 0 B F K
2 BARERRARE ~ ZEEEIS
2718 72 ) B B8 £ (Lawrence Berkeley
National Laboratory, LBNL) ~ 7 ¥ 7

1£ Granada K2 ~ & HB Mm@ % H 02D

==
==h

@

All 7£ Novosibirsk #Y Budker & Obninsk

#9 IPPE HFZSFT

HOERTIREESZH

ZL - RT 1@4%%@%?5@%6%%@%%}

HWER > HEZHSELATHE -
. /\ ﬁ E

3.8

e &

£ #8 (cyclotron) :

K Sumitomo Bl EF K EB T E R &H E
(Nagoya ) BEE2[rhfE -
B EEE2%RBENARKNERN
e BT IaENE
— BN EENER IR

Rex T BANR
HWRER AR AR
=X A 5742 RFQ) + 7Z

7= DTL > Mz R A S48 )

i3 E A
ﬁ? ==}

A&

A M & A Hyperion ( %
M3 2 A Dynamitron ( 3%

KE

& 2 peik BRI b FIa 0y DRI

) ERRAEPILEES
BA R - TR R P AL LA
s (FIRE) -

Current status of accelerator based BNCT
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CEHMAARREE
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\
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iBixEREINERRE - BMAFEUIMRSB R
— X (5B LBNL KM RER L AT 3 144 )
WM 2 PR o B INERREEN AN
[/ B¥#RINZENEEE (beam energy) &
1.4MeV 2 30MeV # 5 © 5I#RBEE * B
52 £ (intensity) BIRER ImA*» &&E &
50mA ’ #% K& (reaction) & °Be (n,a )
FMLi (p,n) MTE - BARFEm=EEE (Max
n Energy) ¢ 0.23MeV & 28MeV # 5 °
BREREBMEANBESEK  FTRAMME
MIEHERKRERRNR @ BRFERN
TEM AN MR - ZE2EMTEE
WREVNEERS  WMARRB—HKPFER
KeEmXBRER AhEsLL0E—FE
FHEIKE - KFEE NuBoron AB AE] HE3E
TAE LS FEA RS EEFIAZE ER R
KBRS DME—BPRTFREK  BE
EANERAREER BREAERIR  BEH
DAWONMEDAX ARIRA B CHEER
MIRB AT IRERE - LT ERAARES
BUFRFA o

HEMERE R FEEPD

BRI MREREERNRF AR
RORENEERMEAR 353 AR X218 4
R 2102015 £ T - BiEERSTIESI
BE RIERZETR  BER - CANZ=ARLR
2017 FREEFTRK » F 2020 FEFEHZMN
R ERTETE  PFENEENTIEE
B IEEETT  HESHESPFRIVEAN
MEMW) BRI IE R TR PRRIEARARTE -

PN BRI 4 K 18 2022 04 A

REBHRERTFEBREERENAR
Al ESE S ARAEENZME - &N
TRAEBRARPIEL - BIEBRKHEAM
FENELRFIMESKE » KERZAZMES
MERB=HEE EERFAESER/AER -
EREBRHEZEMAT  KREHENRER
MEBREEELES (inductively coupled
plasma mass spectrometry * IC-MS) * $#
FRBALEFZELRRATERBE - BT
ERAE SGEAFIME2EEE
FIEEBRE3IEEREARMIT A -
FLEMERBEB AL @ iR ERE
ENBEFIERE - TARZHEIZRE NE
a0 BFZAREITBEMEREEFNES
10MeV 1 8mA @ REE T BIHKE - £ &
PFRmALEE 8.1MeV HIIRAF B
T RFRA P AEESIELRN=E5 5
FZh PEFBEENEZEZE (moderator
assembly) ' £ FREFEARANER
> RF R EREIHENE FEE <0.5eV
MERFEHE - EFREERERLEL X-
YR B BT R - BN REEL
=i BB KRB RL - RAKIEEERTEE
PR RIESREEANE 3~ B 5 P~ » B 3 MG
MEMBYE - DUEREAM - DHIEERE
RIE ~ SRR E ~ BRNE B INRSS © [0
=&MW (quardruple triplet) ~ X-Y 5
Hi88 (scanning magnets) FIEHEE o

AR = i
e T eENBEMN  AI2R/ZERH
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B E15 ~ 8% (phantom) FEIEMT - Kk
PRSTRER  TRNERNBEEZELE2SEE
SIREREMS 58 SEEANBENNTS
=.RER3EEREME 6 AR ©

fife ¥ BRI - BIRSAIPT
B At2REEEEE LNRFERRE
BR - BEEERT S5 0 ERIBERS
MMEYEETESNZER O - INEMHE

B &2 (Ministry of Food and Drug
Safety) FNEESE @ JoBT S R4 (treatment
planning system ) BILEISEE _BEM
FEFEBEBRES HAERABSREFEE
%o FERFEEAEUNSERTREES
TERHZDZE - —(BREHHY » RATBEAE
RERSMEMMAIMERST AT &
SR EM EXBHNRBNRE - AFIEE

PYREBE=BM ALFTRBEAEH BERNYD » AT A PFRATRY S W ZEHT 3 - 22

K3 TFERE RN

Maasursmsnt

Mothod

Pderutron Eveergy Spectrurm Bonnar SoNOre Sooaciromatry

Iry e Beliniiti-Feil mativatiom
Diosimotry
H--:H-mm Tharmal Mautron B A 'h:l::-c::_vllmn

Thermal Neutron Dose. Gamma Dose A Toll activaton. TLD

Pairesd lon chmbeesr
Auaa fodl smctivation
TLD
LT aF

Moutron/gamma Dose Distribuation

Elsctrsc cusrresnt rmaonitor

EMctnc current of proton Soeam Finmicon chusmiber

Faaal timed mautron moniborn

LiCaF
(=T =1 Blam gy opuiality & s mrioe Foll Activation mesthod, TLD, EAT, eic
iy 1 - Fasutnordgarnmemas comes il orgar Human phantom

Foil Activation mesthod, TLD eic

Nautron spectrum A-BNCT BNCT Dosimetry In phantom Bosimatry
Mawtron Spectram & Multi-fod Activation | r
Activation F s
e ‘ ¢
Fission chambar
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3R SR & BT

M4 E Z & GMP (Good Manufactory
Practice) &% - BMMIFZERBFER &
ZIB R KAIA B (preclinical study) 21
HAFO 1T 2 BAANSE 11 b BARVERIREER (B 7)
ME (BRMEBFERE) iR Fa%
HIER R BT 5RE 2 B ol Ba AN AT FR iy 8
EEYHEBLTEDREYLE (PRMAR
A R DMERS) 0 SEER (B
2AZEEEAR BERZERSEHHER
% » Beagle REEAR - ZHEEZFEEH
) > SWFENEESIEER (2 B4R
ROMIEZEREARR)  SREBFTIAS
Mt R BmaIEesh ~ B2 H AR -
BE - BREMRRS L LREREYE
FERRBIE AR - LEAMEE R IRATARAE S
B0 4EEE (EYBNE - RERR
/fE/JjE:uIE ZER S IMATAREEFA AR R ) N[AAH
B ENHR  MK4PTR. B8R 7@
RRIBEX A BN EAR AR E R

Ingredients.

MEASERE - EERARRAA ~ AEERE - A
[F) & B 22 B E A0 AR 2 T B E RV ER R U8R
éJrﬁJ EERBERE  REEBFHAZAR

DY ERAR - PIIIEBRA  RELBE
Jri BREHES 5T MRZE i B
YIRS - EBIREE C BHRE - LURER
FRYEERR ©

+ A
A AR

RABNENE > BEMNE (LUNE:S
taﬁ RREAEEN) e o EN
% #2020 FHBEBNEE  EFR
FERMEETE - BRIS M ZEARKRIEY)
AR IERBF AU EE Y o BESNIERE
BROEREFEERL  SHEEARNSTHER
LU S 2SN BE NS - WERIKBINTSE - B
— TR RARSRZESERER 9F
RBEEBRERAZIRE B 1 HE
KRR > AREBBRBEBNBEREE

MFDS requires the submission of “Technical Documents’ for the certification and
| approval for BNCT medical devicas
| BNCT is categorized as Class Il devices.

; Test report, comparison data, mode of action, aafety & parformancs process, Clinical
| | study. usage Status at Overseas eic

B by fatety
Gj ety Cosmminsion
Selected as a High Tech Medical Davice and
Innovative Medical Device Company by Medical device Industry Law

Ministry of Food and
Dwuig Safety

ktl Korea Testing
Labaratory

Radiation Safety Approval of facilities LIMAC basad BHNCT
Selected as a medical device approval guide program of MFDS

Preclinical W C
study

tﬂnl rma

Selected as 8 Pharm Navi gulde program of MFDS
MFDS requires tha safety & efficacy dala, specifications & test mathods, Dreg Master

Files (DMF), cerificate of manufacturing and marketing(imported Pharmaceutical )
Data such as name and address of manufacturers of active pharmaceutical

Evaluation data of conducting of Good Manufaciuring Practice (GMP)

7 B SRR A ey B R M A RAR -
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Tests Animal Route Dosa (mg/kg)
ENS 1 Mouse n 0, 500, 1000, 2000 T e e e i e
! . : mw’hbphmﬂm
Huplrlwqr Rat n 0, 1000, 2000, 4000

mmcwmm
0.1.1.10, 20 .

me -hERG Assay:  In vifro I'l'q.l‘ﬁ'l

Tests Caoll lines, methods

hl.ll'l‘lﬂ'l I'ﬂ

TCYP1AZ2, CYP2CH, CYP2C19,
CYPZDE, CYP3A4

human, mmqu rat. mice

human. rat

Bi Validation in Rat ‘Validation in Mouse
(LC-MSMSE) (ICP-MSMS)
i % i “
w‘"‘”"‘"‘ MEHILEUM-MHE.:‘ (ICP-MSMS)
.............................................................................................. o viahiaty (b ros Fabuf - :
Ganotoxicky - f (BPA) . u—anuﬁluh glioblastoma) or
masaton{Ames) test o U-8T MG (human ghoblastioma)
i LI - BMCT treatment in xenograll Baibic nude mouse model
male- 0, 1000, 2000, 4000 tumor model BNCT in subcutanecus
Micomucieus et Mousa female- 0, 500, 1000, 2000 it vive) menografl model
Safety of Neutron&BNCT  Radiation Medical device related
NS, genatic, carcinogenic | In vitro Depending on clinical In field, Out-of field radiation  Physical dose, biological dose
tomicity, etc. i wivo apphcatons doss
R4 BRMABR S Bl RiE > &8 4 RARBAZR LTRSS -

L

LEE |
T TR

GBM
H& N cancer

| | I 1=111 11
Ll
Sc Treatment BEA IV Meutron Hyaeaticn
e plannlngn& S00Mmg kg 3hr Irrmdiation :.' mlng

Multidisciplinary team Ssimulation

Oy, = boron dose "Bi{n.a)Li
O, = nitrogen dose HM{n p)"C
O, . — 'Sl neuinon dose TH{nA

i
Do = photon dose "Hin.gFH

v

|

Follow-up

= CRERBE faciors

0, Cancer 3.8 Brain 1.3
Oval mucosa 2.8 (Finkard)
4 0 (Tarwan, Japan)

O, and O a2

DP 1

8 MR F T R A FRTHEROARMEAEHELTL

g B BRAE -

X ES
%ZEE/\] ARFE] ©

PRITa HAAI 1T b
D‘tll“ RAO ;E'Tﬁ
WEER DT

AR - R —BIERARR AR
EHIBHUR ARSERBR
at - R STRER IR W R

B

Irik o~ Bt BAT A REAL

VRGBSR 44 18 2022 04 A
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ARELURZRIMIE A RS

The activity of BNCT at Okayama

Kazuyo Igava 18 +
FTBES RO H AR LK

=k
il

AHYEERE BEmEEERZANF

X B 5% 5o 5% B8 - BNCT (Boron Neutron
Capture Therapy) R=ZRMIeHFIR5E
B 4% 0 #R 23 A9 BNCT (accelerator-based,
2 AB-accelerator BNCT ) f& & 7% Il %% 28
B4R ¥ )8 B ° Kazuyo Igawa 18
KHAMILUARZBRTHES OB BENY
"EHARILRKEBNIER TIEE 1 (The

Activity of BNCT at Okayama) Y 40 2
ENERE SEeESERICEEF/MHNA
B BOLRERD - BIIRMAERELIERA
A MMPEE > ARFRENAR - ARZ
TERBEEREREESMEEBEEEL
B EBAREAER TSR  FIEE 2
BHRSFEENTHEER - AMITEERERN
BIRE - AL T RIEENH T 5
B HERERMESRNSBIEEEPF
AR BRANEEBRERZRBRAKE R
B EA®EB 11 &R BRIFTNER
BERBEADKTT AR T IERSREMN
RYREE » ARINERESIERRNINARE

22

RABE BT~ 18+
oL R R B SN
TEEAELRENEESER

PF AR R R aEER - FIEEILR
2 Igawa 1§ T &1 ¥ H AR L XE M55 &K
MAmLRRERIWER  HrEE2EE
8 -

LRSS

fILRBZEREERE S 118
E2[R - 8 @RFZEFT - K 201745 B 2 H#ET -
HENE 2,680 A 0 KRB 10,168 A @ 5L
4 2,069 A 0 BIBAE 686 A BE 3 AR
- BYRIEMER  TEVENBEZERT
Zohe 0 1 EAREBERRK 2017 £ 4 BHEN
¥R T RO - FLEILAREZE R AREE
B 3 @249 BAREs—  BIHAMFIRER
2 (2013 4F) ~BE+RE®K (2014 4F) ~
HA+ KGR ZOERT (20134 ) o
] | R B FRAEEIERER - MILKRE
41 EE Mt EEH 294 ESERZEM
WA » REFROBIBRRZIRER 250 @ -
HEFTERMNRIREH] 244 @ - [ LARER
BESENEBESILMNER =R
RE-FUIEERE ZEXEEREOEE
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EFLTFEEHOAS - YOTASHIE |
EEREEERIAR  REAS ; £AT
FEESRRAS  ARBREER 5
EHNERTEREASAXEMHER 118
EHWEETEEAS BT ERTSHE
REE

iR #EE s b0 HER L EBL 5 KERM 4T
5o s 1 R

1~ BERAD TR EE -

2~ YRR IZEE) N | BEEE -

3~ ERPRAFZEER o

4~ INEREAZEL ©

5 BIBRSEREEL -

MM A REPINZE - #HEB =B
= ORESWHENTENRER - BT8R
BRI RSB A B IR R F EA S
> DERRPIERILARER » —FHEMEL
WSC AT AN Z2 2SS P SR I B BE Br. SR AT 55 38
RatE - BNINREBESF - DI RE
EAARIRAZLE ~ FURFEARBEEBANEDIE
FARIEZ ~ 3D Matrix AR &1EWTSE ; IIER 2R
HNEHERBIEBMEMREREZEESE
W& - BESEBTFTEZERR 7R EAN
Kagaminocho & FT3 #F ° ZEHF5T5HE X
ZN AR PFRREE KEEMIERF

BESERYIEE -

RN RS RMTIAE 10 2022 F 04 A

RO JEE)

— W ENT R

[ | L) R 22 R B 2 FRU OV & IR ST 2289 At
% R BINRF eI T M AER - fla]
BRE 25 - BEBEAS —FHME
7= 1950 F 1% 3= B Sweet M Farr 1£ 63 I K
B ESARENRRRRE (EEARL
S %E Borax & PCPB EEERINES )
& 2001 4£ Rorhental,Kahl 7 29 I KX B BB
BRARBRANE A5 - £ _FH#HME
7= 1968 &£ H X Hatanaka LUK Y B & & 4
IEZRHEARE » 8158 57mg 2L
BSH P ( EAM/IMR NBERATHER
F&) o ZE=EWMHITN 1987 F A Mishima
HEXBRAHSHEBPABRATEEE
57 500mg (FEE 24mg M /kg) -~ BWZE
EANERBARELHIEESERD (LAT) M4
)& B IR 1S BB 0 B Th 5 2001 £ ~2010

1y b FammEf ez -
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fF Ono S HZE BPA 11 58SE & M PSRBT R bR B AP FESR LT EE FERMm
AER ;2013 FREEAENMASBBIIRAE T M ERRE o fILARZRIERFHRAOE
AR - RSB ERNESEESE I/ AP AR ESAIRT I ER o WS TR
11 BAFE PR =4 B8 LUK 2019 FFFERSIEES ~ 1M RAFAELGRFRE—SAMHENHR
EABMEZENEVIBRARAR = (B2) -

2020 FF 0 MR FIAEHBEERBRAD K BAREBE=EEEMPL L ARER
HEMANEERE - FNEHMITIE 1994 F FRAEMIE (LAT) HSHWZE BPA B - &
#2 Mishima X Ishiwata B & [ iz K '°F 12 BERINTAERAM (562 6 ) BEAERS
N9 BPA IE FiE% (PET) LUBHES T ERBER (46261) » KIS SRR (523
EEBNERNERABNS M @ WIEER 1§U> &R ERERERARE (TCGA)
R T E N EEY - 2018 F£ 0 AKX EE IR HEIFRETE (B3 4) -

9s5s > (Mo solectvy o umor|

Early BNCT Trials w, [ .’*"F“m b - m‘:‘ T
in US (Sweet, Farr) | ©0% | e 1 20 GEM patients
63 GBM patsonts e Fafey -
}m ) Ehrombocylopania
LTS Hatanaka- GBM phototoxicity
BSH #Lack of BBB
2 P
ol PO | {Accelerator-based BNCT) | for HEN
1887 2001 2010 > 2003 2019 ST
[HONB Mishima Ona Phase M1 Phase W1
= Molanoma  ®LAT-1 - HEN concor GBEM Meningioma
BEA #Biosynthasis  pathway - Brain Tumor  qay AngRosancoma
500 mgg (24 mgBikg) BAalarmia
. 2018
15 Mishirma, Ishiwata BNCT PET
™ PET imaging Giuichiding
F-BPA " COM by JENMUSNCT
Phasa |

B 2~ BRI T TG 5 A N B oy BEAS 0 vg K T b e R AZ o

HORB, . Trwirwatres Bwee Farmulitun ol O — EHI

L r”.l" amino acikd transporter 1

Imm..muunm
pre:
Expression Hosib nuchsi)  HUAA (Lumaor)

'-: F.
A &Meck
Melanoma  cancer  Glinblastoma A ..-*-u'.‘-
i .:" #4h onky
High
Livad

n=dGd =562 =523

The Cancer Genome Atlas [TCGA) Data et mmdn Sl & mnnvd'wu Karshata
e rerd By EERral e i
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HORRE L KRERFMHEAROLEFER
46 F AR BB R - A5 B A e
U87 ARGFR I W % 7& » 2 AR E & IKE
51 BT & B S T 42 BSH /9 A6K M AR &k &8
( peptide carrier) OKD-001 3%¥ 5} BSH -
AREREALRIEEABNEEENHE
MZEE - ABRBIT S MRS IS AT B A
AN SMELBEMIS BSBHNESER
MELEFARNWERRE (B3%5) -
B ] | L R E RT3 RO ZE W) FR 38 B0
BB R MK (poly-arginine peptide)
BT R EMFEME SR - EEA 118
MREeIFE=TEEEMARSMEME
o REXCREIEEHE LR A BSH
K BSH-11 EE @M IRR AR -
LIZRAH DUO ARRRIFH &R R EFAEA
% LB E0E 5 BSA 82 / 1 CD44 1t
BEM4T - BSH M BSH-11 RA R & L
FEREME NEE 0 HR%EI BSH- MK

BSH-polyR: poly-arginine peptide mercaptoundecahydrododecaborate

A A

> Sl dadide dededede da e ded,
e T (St~ il it = = g~ =l i =
T S~ =~ I~~~

L LX T i odm fm b B b B e
e, (b O DR R E SRR R R e

i o o o e b= b P e b e b

- e = =

BSH

BSH Nuclel

BAEReEHEN CD44 MIEERE D FHEEE
FH(B4) o

T—FHILUREBEYRE LW F
AR M FEEE R (precision medicine) 73
MR - BARISEREERERFHER
DT RERKIERE D/ LAT1 71 CD44
WA B LIS WZE BSH & BPA (Erilie -+

BENWR TR - ARERKBE S
- 2B EE (oligodendroglioma)
ERAIE (astrocytoma) K IFFE AR
th® > HREBERE CDM A=—EEREHMR
ER S MZEE L IE B ISAEASS - 72 LAT1 4
A9 7 B R P B8 A R R I 3 S AR A 2= IR oK
(B 5) » AHT5FE REMBRANDT 478
ERERSFT

R DYy e A e E Y i [T A= =L S )
RALRIL—ERFBEMBTERSR -

6 T TEME TR E
Bt (QST #& ke ) AR I #& M B LUE &3

. cells b

In Vitro Studies to Define the Cell-Surface

and Intracellular Targets of Polyarginine-Conjugated
Sodium Borocaptate as a Potential Delivery Agent
for Boron Meutron Capture Therapy

CFPAC

Dhusolird;: mo Ariibody Duclnk ant-BSH ant-CD44
BSH BSH BSH-11R

U251MG __ MDA-MB-231
: - .
+
o
[ &]
BSH Nuclei — siime
iC
Glioblastoma  Breast Pancreatic BSH-polyR directly interacted with the CD44
Cancer Cancer

cell-surface molecule

4 ~ 2 #RF7 % BSH-poly R. #F -
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R 4 MBES5N ~ BV RS AR
ABSIMNRFIRERITERAL o HamITiEI e
A e TR EE D A R T
MARREER  ERIMNRFEFEWMNRE
M8 PFEFEFFRBE (neutron
intensioty ) (FR¥iiE (neutron flux) -
BEN AP TRESWETREEEIA
HIEEAREEYEANNNR - RETENE
5 rEBARERBANR  FERBRRE—EX
N ABRFRE  HIESWER T ERE

| cpaa | Grade 4
o T ,
Tl &

N T E—— T ——

Grade 2

FERTRAMNDT datasat

(s |
=r - FEMBRANDT datasst
2 - = =
- B :
o i
b CLERA CHageisrle GelrTm AR T [T

ARMPFEEREAR  MRBART
BENB2E - RSP TIRE 0
JRTMBRT R INRE A SR B -
B EERAGRABoRET » Fta e B
MRS - WARRBEE  SM2H > &
IR S0 TR ZEMNRIREE - ARIZ
BRFZHFEREIAHTHRE - sHEEN
(B6) o

£ BSH- A6K X BSH-poly R 5[FRA
MREE  »— T ElikRh T aFETsARE
B2 {IOR AT RAVEREREAM

Precizion Medicine BNCT

Biopsy

Gene Analysis
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Coming soon!

PRESENT STATUS AND NEW DEVELOPRENTS OF BORON
NEUTRON CAPTURE THERAFY: MOVING FROM
REACTORS TO M-HOSPTAL BASED ACCELERATOR
TECHNOLOGIES.
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Sealed Li target structure
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Accelerator-based BNCT Site at Helsinki
University Hospital
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KX 7% 0 10 FREREFFEGBHEE
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(B4EE8)  HraBE4 (>18Gy)
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46% 5 FE FIE XK 32% 10 FFFEX
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Local progression-free survival

2
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20 14% i | ] <18 Gyw)
ol<isoym —— %, |
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4 Construction started 8/2017
| Syt nuBeam installation started :
e #S | Hospital Currently under commisionir
Biomedicum research center || buildings
PET Cyclotron
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RETREGZEE (rotating Li target + beam
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8/2017 A T4
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6/2019 HEREMBERE
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. Low energyihigh current produces best neutron

beam quality
. DG accelerator is robust & naliable
- Uses demonsiraled ndusinal lechnology

. Afchitecture has proven performance at high current

short treatment times <20 minules

HJE

& 7. %8 7K 30mA/2.6MeV & & 1Y
TINEBRG - MBFEETFNESRR
B SEERBEMNRBAR BT IMESR

(acceleration tube) HXBIEKEE ~ BN
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20 88 ©
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\
I

o

Rotating Li tanget
+ Beam Shaping Beamiine
Aggembly

28 MR may

Elecirostalic
Bunker - Pralon
. Accelerator
guided patient Smmeéns Somatom
positioning CT scannes on rails PUELITFO
lﬁ therapeutics
6~ MM F IR RSB IE I F T4 R R A
TR

The Helsinki accelerator unger
factory besfing in Massack™ His
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(microchannels) @ R FHE FRHE
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9 BTN ER « MR - 82
BRER LB TR R IERR 8
DIREEH T WRRETERAME - ¥ =
# 53 K0 B H 0.477MeV N B4R » B 1E
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IREDAF O T /F A SMERETRIE - IFEF
BERARNELEHEEEIR/NE » IF
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+ The Halsinki installafion utilizes a rotating solid lithium
target to generate neutrons via the: Lilp.n)Be reaction  Teoe
Rolaion ||
+ Rolating target provides large surface area for thenmal
ranagemand, tanget lifetme improwemant, safsty margin

TwgetPetd P neutron |

8 T4 A
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g~ ARFARE 0

FYeERREE  E4AEBRPT
#R > Bl BE 2 1£ 0.5eV & K 49 10keV & Y
R¥m Prid it B8R 7 51 4R 88 59 R B
2 # & (beam shaping assembly, BSA)
RORANEE LERE2EMWESEER
¥ B8 48 E (IAEA) H AR 1223 5% X K
(TECDOC-1223) 2= * B 208 =4
FTREBVWEFTSASRRI0EEFRF
(1X10°) ~ FFBRNESSEEEHE
Y SRR EERINTAE - SRARRMWE
Bl AEREINNP RS KA OPE
MBI MER/NME - REERELER
2 (8,11,14,1720 A% ) ~ IR EE
¥ &1t (neutron activation) A9 57
8 EZIiER/MEE - B 10 BRGT R
KENEFEGRAFNAEERE  PREE
AR IR BT e s SR ED - AP T IEIA P FEA
B (moderator) ' BEBEER AR T
Bl FHEEREE] 0.5eV BIT » ARE#E A
FEXENEER @ BAEEERAESEL

Activated Target Exchange Procedurs

«  Systemn will feature fast, fully automated
target exchange

« [Positioning robol is used to handle tangets

+ This approach minimizes:
- Techmician exposure
- Imgact on treatment schedule
- Exchange procedure cost

B o H Tioey ik GG i EIRIT
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LUK S REHR ARBB A - a1RE—RE BEMERFEEERE  FTAMSDERAEN
SRR E SRSy - RISESEEREE) 90 ELIKF T PSc (1) 4 HHRRAZEBHEEEE - B
MR - BTEMNPFRNAE ANEa2ESBE TNITE: Pn (H, 8
PFEMNBNOEBMER  DIHAFRE S 02%) ~'"7Au (&, 5 1%) ~ "W ( 45,
(reflector) B2 » B ES R K ENK B 1%) U ( $h, & 22.83%) ~ La

SNE - ARSI - LUBAMR ARNDEERE (8,825%) ~ Mn (8,8 1%) ~©

NZEEERETIREE (B 10) - (80,2 10%) ~ "Dy (8,2 47%) °

PFEBEBTETE  PFHREAILN  ESBEEER4ADENER-ERN - B
Mt ARFERMERARCH  AEZHE  TFRE REEAEHENZRE —AE
AR FHENIBAE - SIERFHEN  SHEANNANE @ FRRBRERNHEIREE

* Provides epithermal neutron beam that meets all the :‘ﬂ"ﬂuwm k

IAEA-TECDOC-1223 recommendations
+ Epithermal flux > 1 = 10 nicm?-s
* Low background contamination
* Well collimated beam

* Qut-of-field leakage minimized with careful
shielding materials and long collimator

+ Adjustable field size: 8, 11, 14, 17 and 20
cm

* Dose due to neutron activation minimized

10~ F FHRAHBHEE

Neutron Foil type Energy range of
i interaction primary response

"inng "0 In-AI0.2%) 18V resonance

o WAL,y ™A Au=Ad (196) 5 8V resonance
Foil set I A p
e U e T R T 1] 6.7 &V, 21 oV
(22.83%) resonances

"Slaln,y)"La  La-Al (5%) 72 &V resonance

SMniny®Mn  Mn-AI{1%)  Thermal, 300 eV and
1 keV resonances

SCuin¥Cu  Cu-AI(10%)  1keV

"Oyin, )"0y Dy-Al({4.7%) 150 eV resonance,
higher thermal

“geingSc  Sc (pure) Thermal, 1 - 17 keV

resonances |
1 P F A4 T BB SRS iR B X
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(resonance energy ) #0& 11 F7R °
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Preliminary results

* Tumor nuBeam =—Tumor FiR1

Brain nuBeam —Brain FiR1

(TEI - 1
L= LT -

Dose (Gy[W])
= P
[ ] e

0

\rradiation time
+ nuBearmn 20 min
* FiR 1 30 man

bk fE g AR A 4 K 1 8 2022 £ 04 A

Advantageous depth
with 14 cm beam
. nuBeam 99cm

. FiR1 9.5cm
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Depth in phantom (cm)
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= Radiation safety officer measured bunker leakage and
activation when neutron beam was operated first time

- Mo leakage detected

* First test week, neutron beam operated several hours a day '
for several days (>20 hours) to find out stability and

reliability
. Very stable proton beam

= No major activation in the treatment room after 1 hour

operation

. 5 minutes after beam shut down <10 puSv/hr

- Less than at the FiR 1 reactor

- Automated beam shutter installed to minimize

personnel exposure
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RBE )5 & # 58 &l &2 3\ 7 RayStation )& & STELLLE - HEBRABRT® - A FRARPTF
it E R 5 =\ W& I HK 48 neutrons © VA m IS REESEZEER (B 17) -
Y g P42 BNCT K Et = F A9 I A iR

E - REZERNRBEEXNMERE - A N AR T ERAR AR
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<7 (Monte Carlo) B Ezt ERX# Al H Sy EY — (855 1-11 BARR R BRET = 18
Neutron Therapeutics ARz "full" E-R~FT 5T 2021 F£FIR  sIEARMENBUT
BRAERRHE (GEANT4) - iR T4 1. B SE S R H R R R AR B 2 A AE
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IR BELL GEANT 4 f1 MCNP6 Wik A 2. TERGRMG | BIRER,
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= Robotic couch for fast patient positioning

= In-room CT scanner for patient position verification and automated
correction prior treatment

= Mask for patient fixation and vacuum pillows for fast patient positioning

g Siemens Somatom CT
scanneron S

& sysiem developed for paricle therapy al MedAustron, Ausiria, B0 cm bore
by Buck Engmeenng Germany
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Thermal neutron flux

Photon flux
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1. Koivunoro H et al: Boron neutron capture
therapy for locally recurrent head and neck
squamous cell carcinoma: An analysis of
dose response and survival. Radiother and
Oncol,137(2019),153-158.

2. Coderre et al.[JROBP 27(1993),1121-29.

3. Coderre et al. Rad. Res. 152(1999),113-118.

Fast neutron flux
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T RRERBTHOLEE SIREH RS
(beam delivery system )

BYoEBAS BEEmMmENLER
iy RIREB R ENE R T RKEBHEERR
% # #2117 (pencil beam scanning) & &
#) (wobbling) 2% HU &9 (scattering) I
BATHVEE - BEHSAKRMHNRER
FABEFEHRLE @M XY W5
FEgE R U—EXLREEERSBKR
HBENEF R 2REKBINY B (ridge
filter ) #t#H#E R % SOBP @ RELBFHER
(compensator) & % H 4 (collimator)
B RIEIZEARE ° B—TJ3E A LU E LA
VEMIERHABEE B2 ATEESE
(layer stacking) #&EC A] & R & R/NHY
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Ay o A& E e RS HARAVBE E R Bl ERY
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Ny F RN F M 0 (pencil beam
scanning )
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t % B E L & # (patient position
system )
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ELLENYEBMEYRE > FRS— BEESCNER  EENRBREE - FOE
WRERENER BN THRREAEL % BEBE BRATENERS BElFH
A9 %7 ZE 8 » 20 BR & (adenocarcinoma) » RIS ABRIVEEE - HRLUAZE
BREEINE (adenoid cystic carcinoma) ° BENRRERERS  BhFRLZ2MA+2

TR = E & (oral mucosal BEEENNERELL  HREF SRR
malignant melanoma) ~ DI X &% & WA ERF - GILERRRBEREN TR
(sarcoma) % - MAEESERE ~ fiE ~ e » EASEREREEN—RKET - (B9)

k2 EETEBEARABAFGA

— e SR SRR IR
h -
e T U AT # 16 2K+ 4 .
e BASAEEAIE - #9716 - 4.
o BERE (MINIE/EmRBERE) - # 1~4 2K 1 i
T B 244 2 1 8.
e B SR £ 12 - 338
= A #5122 3.
L THEWE ; : T a
I S0 R #4912 2% 3y
wnoe B R 916 K- 4 8.
pensos BEACCERNN- #16 % 2.
— SEEHEIE- £920 K- s .

Number of patients enrolled for carbon ion radiotherapy
(NIRS) from June 1994 to March 2013

Scanning Other Prostate Bone & sof tissue
11 (0.1%) 1258 [17.1%) 1726 (23.5%) 903 (12.3%)
CP:ST4 CP:1354 CP-690
Lacrimal gland
CP: clinical practice

22 (0.3%) CP:1
o Head & neck
o tod BAB (11.6%)
Gastrointestinal 'm;f : CP:525
Y —
737 (10.0%)
Skusll base
85 (1. I%) P58 CP:157
Central nervous Liver
451 (6.1%)
106 . CP:224
- i s ——
7 Pancreas | Rectum(PO®)
|_cres | i s CcP:113 [= 55T Postoperative

9 % % F % & % i@ & 3£ (Carbon-Ion Radiotherapy, Principles, Practices, and Treatment
Planning, Hirohiko Tsujii Editor) .
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Galonske, Kirsten, et al. "Comparison of
treatment plans calculated by Ray Tracing
and Monte Carlo algorithms for head and
thorax radiotherapy with Cyberknife."
Current Directions in Biomedical
Engineering 3.2 (2017): 647-650.

Okoye, Christian C., et al. "Comparison
of ray tracing and Monte Carlo calculation
algorithms for thoracic spine lesions treated
with CyberKnife-based stereotactic body
radiation therapy." Technology in cancer
research & treatment 15.1 (2016): 196-202.
Murali, V., et al. "Monte Carlo and ray
tracing algorithms in the cyberknife treatment
planning for lung tumours-comparison and
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Wilcox, Ellen E., et al. "Comparison of
planned dose distributions calculated by
Monte Carlo and Ray-Trace algorithms for
the treatment of lung tumors with cyberknife:
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