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or l ocal l y r ecurmrceNeaCurb BNCH DosenEhginfhec lei aaft er refer
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byl inded i ndependdnR)sceddetarpecin sree vEiveaw uati on Crite
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phase | and Il studies. These adverse events did
causal rel ati onsCuirpe taon dB NSbTanbatiietali idNeuout and t hey
with a certain incidence. These data should be c
t o rai s.e Nceavuetritohnesl e s s, since t he | elviere sapdolattseet udi e ¢
BNCT with NeuCure and Steboropnioncealilry talderatnceat n
recurrent headr MDA nceocnkc lcuaded t hat BNCT with Neu
acceptable safety preoffite in view of its shown b

As a result of overall evalwuation of the submitt
PMDA concluded that there was no particular pro
NeuCur e.

BNCT with NeuCurter eiast nme ncto mbiitnhata obnor on dr ug and &
t hemhaepgywusse ef fectiveness on t umadisaxapnaln utrhee oefx tneon
ti ssues depenbdo raeocenc u meil et xuineomt, ¢ kfev e rrtai duewadspu cehs

as-rdy and pr8penimbadeapeohise is required for ra
including treatment planning, the quality. contrc
Considerpagtithwlsaeri ties of NeuCur e, proper i mpl
institutions equipped with a management system n
with sufficient rel evant knowl edge, techniques,

Be
Wi

auslei mintlegd safety informationrn aipanasai lpallienftr
h BNCT, safety and efficacy informasubhsobuNe
ol ving all pat iafnttesr ttrheen luneatiri kel td bltabueni Come a cer
ients have been gathered. I'n addition, addi t
essary.
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Since trebdlem€nte wiliwktlerreer hmongutron iirradiation
accebetrhdeoboivation of devices, buildiegsjpeeat c
such as | inear accelerators, meaeddasapmpumeaDhr ene d
professionals as much as practical

As a r esewlitewgf PIMDA has concluded that NeuCure n
shown bel ow, with the ,Aoadl owiangtaeprewsval tcomsdiotu
Committee on MeldwicBl apPperostciess amdr further delibe

Intended Use

NeuCure BNCT System

NeuCBNEZIy stiesm a neut rdoerviicrereandlieat itbonr Imeau tucaged uf @ r
therapy to trlemdalulnyr esscecamcbdd or | oocaklrygnd ecueder
combi mwattihfoatlhleowi ng drug

No-propri et aBoyr oNadean (

Brand Natmebor oni nemLl9 0f0c0r mgr/ f3u0sOi o n
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NeuCure BNCT Dose Engine
NeuCBNEDose Engine is a program t hatborc ahuwturlcant e s
capt threg apy kTandduoninformation tmdassiratdi ahiyen c
devel oping tr éart eeeunttcagptlttemesa pwy tfhor pat i gnotcsalwiyt h
advanced or | ocal | yncreerdNe tBQeODt® stee &d gdi nme crioessecbki sosad | C
with the f:oll owing drug

Nopropri et aBoyr oNfasBdean (
Brand Name: Stebaoablorfiome | 90 @& i mag/ 300

Approval Conditions
NeuCure BNCT System

1.The applicant i s requiredditsos dmikreatniercege stshag yl anee
proper use developed in cooperation with relat
adequate knowledge and experience in boron ne
advanced amrrlemdalhleadr @and neck cancer, become f
of NeuCure BNCT System, adverse events associ a
i ssues, and to ensure that the phygihcithhrsi ms e nls

use and directions for use of NeuCure BNCT Sys
boron neutron capture therapy.

2.The applicant i s required to take necessary me:
promer devel oped in cooperation with related ac
experts with adequate knowledge and experience
|l ocally advanced or locallyfuédcyrdfami | haad wan d
pl an for boron neutron capture therapy, quality
i ssues, and to ensure that the experts use Neu
use and dir éciNiewrCsarfeo BNELSe Sgstem at medi cal i n

boron neutron capture therapy.
3. The applicant is 1teguitsedstuoveyndoeo!|l ai ngeal | [
BNCT System after the amareketailna umnmucrb eurn toifl pdaatiaer

and take appropriate measures as hecessary base

4 The applicant is required to take appropriate I
professional salasdwmuichg asheraséi af NeuCure BNCT

NeuCure BNCT Dose Engine

1.The applicant is required to take necessary me:

proper use developed in cooperati opnhywsiitchi arnesl awi

adequate knowledge and experience in boron ne

advanced or |l ocally recurrent head and neck can
4
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of NeuCure BNCT Dose sEsnogdinaet, e da dwietrhs en eewternans iar
relevant i ssues, and to ensure that the physic
with the intended use and directions for use of
capable ofbprowvimdewmtron capture therapy.

The applicant is required to take necessary me:
proper use developed in cooperation with relat
expertsuattehkadwgedge and experience in boron

| ocally advanced or |l ocally recurrent head and
pl an for boron neutron capture tédheEmpiyne,guahdt
relevant issues, and to ensure that the expert:.
the intended wuse and directions for use of Ne

capabl e of providingpybhoron neutron capture ther

The applicant is regulitedsupbveypyndoedl ai nogeall [
BNCT Dose Engine after the market | aunch until
gat hered and take appyr obparsieadt eo nmetahseu rseusr vaesy nreecseus
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Neutron irradiation systemor bor on neutron captu

2.
1.
2. Treatmenprplgaami hgr boron neutron
1 NeuCure BNCT System

2 NeuCure BNCT Dose Engine
Sumitomo Heavy I ndustries, Ltd.
OQatober 11, 2019

U.Sreatmenbf unresectable | ocahtgrrecur
Treat meanesettabheaddealdoguda mous
cell carcinoma

2 .The product calculates dose distributions achievéxbianneutron
capturetherapy based on ntour information (body contour, organ
shape, bone region, shape/components of treatment area, and
biological parameters) and irradiation conditions (irradiation
equipment, number of irradiation ports, shape of collimator,
isocenter, irradiation angle, abtbod drug concentration) to assist
physicians in developing treatment plans vibhonneutroncapture
therapy.

ing Speci al Menti on
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. Product Overview

(1) NeuCure BNCT System

NeuCure BNQ@TerSy ntadm erfiNeag ieC@ lerradply stoemmaeutleoncerra
intended thor beeu twsgendh e mapy ( BNCT) .

Figure 1 shows the prinowoiithh g hod cud@dil.sa Fai donsi tn,i sat ebr
to a ,paftoilelnotwe'd ally arte wtnr omMhi s causes a n®Bcl ear r
and t her mdréactiondfarmula®n(s ,) Wi] [Figure 2]) yielding heavy <cha
(ioni zing.rad ipatdi(ghne)t #Hd) ardmie sucleus, kinetic energy 1.M@&V, range

9¢e m and r ec o’Li) i migcKliententii wmMVe(rveamgg4 Mm0.. SThhese heavy ¢

particliesntt?mecltégyul es (e.g., deoxyribonucleic a
that havebionbonpoatnted of the mol ecatlreasn d alurseask D
doubteand break), inducing cell death (apoptosi s

NeuCure Systens intended to be used for the treatment of unresectalokdly advanced or locally
recurrent head and neckncer.

NeuCure Systerns used in combination with-B-boronophenylalaning®B] (L-BPA) (nonproprietary

name, borofalan'{B] [Figure 3]; brand name, Steboronine 900030@ ni for Infusion[Stella Plarma

Corporatiorl, her ei naf t er r ef er r marketingapplication fiof $tebdranineowas ne 0 ) .
submitted simultaneously with tmearketingapplication folNeuCure System

Prompt gamma-ray Alpha particle Thermal

1o .
478 keV 1.47 MeV neutron B-accumulating

tumor cells

Y
)—4
Thermal b, 1OB

neutron
4 nm

: Lithium atomic
' nucleus
0.84 MeV

FiguPeibciple of BNCT

oy
(__’ Normal cells

10pum

i Neuteownhering the body are scattered, etc. by atomic nuclei const
i Hidghnear energy transfer (LET) radiation
i First ionization potenti al
ExampH(E3.: 6§ CHEM. INEV. 068 .V§, el¥a 14 ek¥g. 65 @PO. 5 @ES0. 4, dDMB. (), ekv
4.33 &al) €Ere9) €IV. 5 eV
vV ]lonization potenti al of nucl eobase
Ex ampdyetso:si ne (8.90 eV), adenine (8.91 eV), thymine (9.43 eV), u
v Energegguired to causet DaANAd diamdala,ndd dou-bpllackdd nd Shrnegd kes t B @ stk aéh@u b | e
break, approximately 10 t i nsetsr anhde berneeakyy required to cause singl

10
NeuCur & 8WEt em aBiNICINobesueCuEnegi n e
_Sumitomo Heavy I ndustries, 1



‘He+'Li+2.79 MeV  (6%)
IOB " ln(h > [HB]
\ *He + 'Li + 0.48 MeV(y-ray) + 2.31 MeV  (94%)

Fi guRe a2 foiramu | BB f(ortj régction

CO.H

HO. H NH,

i
OH
FigucCae®i cal shorwdé @dBaa ¢f

NeuCure cOWnstiesms of a proton accelerator, a prec
i rr adieav(isclen and other relevant devices. Neutrons
by installing multiple protonf abcad m,tayrddbesymogtt sy
accelerated proton beams with electromagnets. F
simultaneous! y i Rigurad ilestratehaafacilityomodel havon@ 2ireatment rooms.

The proton accelerator, proton beam transport systems, and the neutron generator of the neutron
irradiationdeviceare installed in the cyclotron roo.i gur es & haw,e ampdodartairec e
proton acceleratopr ot on beam transport &ewiteen, and neutro

Cyclotron room
Movement range Ul
treatment table S Cyclotron
Switching
electromagnet "o
Neutron 9 - o

irradiationdevice Proton beam
Treatm%n . 2= transport system

room, = ool Neutron
‘ ‘ irradiationdevic8

-———s

B

. ‘Prépara C
of room

Fi guBé &4y @i ew fadc i faivti Ptrge at moeonms

vii |'n addition, NeuCur et Syesvomfs r eghhéresnautmremtimeni rradi ated to a
patient is placed on a treatment table and all sedpdarnagtsi am er anard e
(not shown i nt eHiygufrreoml )t ,hes etpracraat ment room(s) and the preparation

11

NeuCur & 8WEt em aBiNICONoesueC uEnegi n e
_Sumitomo Heavy I ndustries, l



Fi guAmp &dar aprodasmfel era Fi guAgpéar apgrodbecaftnansp
(cyclotron) system

Cyclotron is used as a proton accelerator.pr ot on beam from the cycl ot
proton eMeeV;gyr at3edd pr ot omA)ls e@averged wr deftectad ,by the. 0
electromagnet in each proton beam transport system to strike the target placed on the neutron irradiation
device(see Figure 8). The targets made of ber yl | P ite cillisiap a p
between protons anberyllium atomic nuclei induces a nuclear reaction (formeég [p,n] °B),
generating neutrons having energy up tavig8/ with a peak around eV. International Atomic

Energy Agency Technical Documents 1223 (IAEECDOG1223), Current States of Neutroapture
Therapy, IAEA(2001f r e ¢ o mnegithednsal neutrons (defined as @¥%40keV in the present
applicatior) for BNCT in order to obtain thermal neutron fluxes having a large boron neutron cross
sectiol’ at a deeper leveNeutrons having higheenegy than epithermal neutrons (mainly fast
neutrons) need to be slowed down to epithermal neutrons. For this purpose, a moderator, which reduces
neutronenergy is required between the target and the collimator. Lead and iron effectively slow down
fast neutons immediately after they are released. After neutrons lose energy to some extent, aluminum
and calcium fluoride effectively moderate the neutrirtsWith these moderating materials placed
effectively between the target and the collimaiguCure Systerdelivers epithermal neutrons suitable

for BNCT to a patientNeuCure Systenalso uses lead isotopes that scatter neutrons around the
moderator in order to focus neutrons (mainly fast neutrons and epithermal neutrons) to the patient. To
limit neutron irradation to the desired area, the collimator other than its opening is covered by a shield.
Gammarays from the nuclear reaction are shielded by lead, while neutrons are shielded by polyethylene.
The collimator at the irradiation site uses lithium fluoridaded polyethylene to reduce neutron doses

Vi Represent the likelihood of neutrons in a substancetamceol |l id
Vi Neutrons having Menw eredreqpysteale dletoanartdhes| owed down mainly to ep
extracted from the collimator through the foll owi nge p(rm,ceXrs).
reaction in -26¢;2106p20Rbag-2BB)Y Pand transported to thB4ank&Ee | aye

o]

umbexMeoV neutr ams (2AA) uaniah -f 9 pornneal & um fluoride are a good

catteringvi Ngeuenengy hl ower than the above undergo only el ast

umber by the

eutron caeptmihesemeéosyy neutrons are reduced i n
t ghe W hteloesub st an

e

a

apture neettooncaoss more |ikely to pass h
pither mal neutrons as defined for NeuCure S
<¥warn) in the ed/neldogW Oi ange eecsieelt i non dat @as o fo
I u o |, ( * e f e
ENBIL O, https:// wwwndc.jaea.go.jp/jendl/j40/j40. html; as of J
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outside the irradiation area so that the unnecessary exposure of patients to radiation can be minimized.
Thecollimator opening diametés changeable (i.e100, 120, or 15m).

The treatment table can be use@® ways (as a bed or chair) according to the irradiation position and
direction. The treatment table is operated and moved using an operation peraani. t of patients g

and confirmation of their position are performed using laser markersatwday imaging deviceThe

patient is set up on the treatment table in the preparation room adjacent to the treatment room and
transferred to the irradiation position using t
table. The position of the pant is checked again in the treatment room using the laser markers. Once

all settings for irradiation are completed according to a prescribed treatment plan, irradiation can be
started. After the end of irradiation, the treatment table with the patienti®moved back to the

preparation room.

LY '\
/i \\~%I§§:\
k\\\\\

o
9

veverreres 2007

=
N
R

4

Collimator

S

—

——

]
. s

Proton beanr

— -
s A8

' r/////z/z///////////// - =
Target Example of mderating
materials

Lead

Aluminum

z
B on
[}
Z

< Calcium fluoride

4 I Lithium fluoride-loaded
polyethylene

FiguiSeér8ctnaoeirafadidadviome

I(.2) NeuCure BNCT Dose Engine
The NeuCure BNCT Dose Enginher ei naft eriNee€Cer e edo)s e sBisegi medi c
device program intended to be used NeourCucrael. cSuylsattein
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NeuCure Dose Engine is installed in a genptapose personal computer (PC) and used in combination
with a radiotherRpdi ptt memamy Plraoamgmiamg ASoft war e R
K.K., approval number 22900BZ100014000,e r ei naf t erfiRa ¥ $ ®a)rnesatnatl d eas i n
sameFP@Qure 9 presents the system configuration o
10 shows the actual process f 1l ow.

Contour information (body contour, organ shape, bone region, shape/components of treatment area, and
biological parameters) and irradiation conditions (irradiation equipment, number of irradiation ports,
shape of collimtor, isocenter, irradiation angle, and blood drug concentration) are set on RayStation
and recorded as treatment planning data (Digital Imaging and Communications in Medicine [DICOM]
data, including Digital Imaging and Communications in MedidRaeliationTherapy [DICOMRT]

data). The treatment planning data are used as dapa in NeuCure Dose Engirn@n the basis of the

input data, NeuCure Dose Engine calculates dose distributian@itbr unit (MU) achieved in BNCT

in a body region where the substance density is generally homogeneous. Calculated data are output on
RayStation as DICOM data. RayStation displays the dose distribution and anddgzaglume
histogram (DVH) to assist users ievkloping treatment plans. One MU calculatedNeuCure System

is equivalent to the charge of irradiated protons that are monitored during the therapy.

User

E

Display of paranjeters Opgration
on operation scyeen DICOM data

Treatment planning data

RayStation i NeuCure Dose
Engine

Fy

Results of dose calculatiol
Genepwidpose DICOM data

FiguSgs@emf i guration of NeotGuRayBSose¢iBm
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Entry of DICOM standardnedical
image data

Operator enters 1)-XT images, 2) MRI
images, and 3) PEimages.

Contour drawing

l | Operator enters, selects, and checks contg
and tissue parameters.

Parameter setting of
radiotherapyequipment

v

Operator selects, enters, and checks the follgw
parameters
1) Irradiation equipment, 2) number of irradiati
ports,3) shape of collimator, 4) isocenter,
5) irradiation angle, and 6) blood boron
Calculation of dose distribution concentration.

~

NeuCure Dose Engine calculates dose
distribution and MU for BNCT.

Display of dose distribution |

The calculated dose distribution and MU are
displayed.

Analysis of dose distribution

Arithmetic processing
1) The results of dose statistical processing are
displayed.

Not
Good

Verification of dose
distribution

Operator observes the dose distribution and th
results of dose distribution analysis, and asses
the radiation dose.

Recording

The result is recorded in the recorc

FigurkRr olclecw of NeuCurwe tho Rea yBErt qqitnn e n
(NeuCure Dose Engihe pneooésedin a re

Neutrons emitted from the collimator NeuCure Systerare comprised mainly of epithermal neutrons

(0.5eV - 40keV) and also include fast neutror@QkeV) and thermal neutron€g.5eV). Incident

epithermal neutrons entering the body are scattered by constituent elements of the humatobedy to

energy to become thermal neutrons. Thermal neutrons cause a nuclear reaction with nitrogen atoms in

addition to boron atoms to gener@i®tong and a neutron capture reaction by atoms constituting the

human body to generate gamnags. Fast neutrons collide mainly with hydrogert o muiclei to

generate recoil particles (protons). Contaminating gamays that are produced when neutrens

slowing down in the neutron irradiatiaieviceare also delivered to the patient (Figure 11). To assess

the total radiation dose delivered to the patient, therefore, the 4 doses, boron, hydrogen, nitrogen, and

gammaray doses, need to be consideredH=@ose component is definedsémwn below.

0 Boron dose
The boron dose is defindeVaasl pha paoiei]dlae sowne ke |
nucl ei )Mawndl iOLi)8idatmoMmi ¢ nuclei that arkegweenate
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thermal neutrona nB ( F i gAftar admiistration of a boron drugetmn is taken up by cells

all over the body. Because the uptake of boron is higher in tumor cells than normal cells, boron dose
mainly contributes to the damage of tumor £élhe slower the speed of neutrons, the more likely

this reaction is to occur. In most cases, therefore, the reaction occurs between boron and thermal
neutrons.

0O Hydrogen dose

Some incident fast neutrons and epid hecantatl e mienu
wi t hattohneu c | e of constituent ekemegts atbonmihce bo
nucl ei of the alteoomdrctlseit.o Rresauditli ntghe ecoi | nucl

within their rangefiibe dAydrbgedosesiendscdd by
atomucl ei

O Nitrogen dose

I ncident fast neutrons and epither mal neutrons
with hgtdomgehei to sl ow downthermhaér mautnensr anm
atomuclti)i dause the (nifp)[ h€em]dtoi qgre n(efr ant rau l0a ,6 3
The nitrogen dos@iivetmd e fbiywnkeids arsu d lheard orseeact i on.

0 Gammaay dose

Gammaay sgeanread ated in the process where (a) neutr
(b) in a nuclear reaction between generated ne
i ncluding boron amadynidtorsoeg eins. dTehfeid mgsadmenaad r toIme t &t
reactions.

{ BNCT system Inside Constituent Dose
‘ the body elements composition

Gamma-
ray dose

neutron
Hydroge
dose

Beam from BNCT
system

pithermal
neutron

neutron
| / \
\ I

FigurBodeImposi ti on for BNCT

Nitrogen
dose

Boron dos

As describedabove, the boron dose is derived from the reaction bet¥iBemccumulating in tumor

cells and thermal neutrons. It is the boron dose that gives a therapeutic effect in BNCT. A boron drug

injected into the body always exists in circulating blood, as well as normal tissues, such as blood vessels,
16
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skin, and mucosa, abncentrationsimilar to those in blood. Boron in these normal tissues damages

the tissues. On the other hand, neutron irradiation produces other unintended radiation doses derived
from nitrogen, hydrogen, and gamirays similarly in both normal and tumocells. The therapeutic

effect of BNCT can, therefore, be evaluated by estimating a dose that can damage tumor cells without
affecting normal cells based on the total of these dessefigure 12.

-—5F -
Dose advantagt
Boron in tumor cells
dose
v
Boron dosg
Gamma-ray Gamma-ray
| dose | | dose |
Hydrogen doge Hydrogen dosg
Nitrogen dos Nitrogen dosg

Total dose in
tumor cells

Total dose in
normal cells

Figur@velr2vi ew dobsetBMET nancell | s

The doses of these 4 radiation componentegpeesseds an equivalent dose (gray equivalent-[Gy
Eq]) calculated by multiplying each physical dose determined by Monte Carlo simulation by the
coefficient ofrelativebiological effectiveness (RBE) occompaindbiological effectiveness (CBE). The

total equivalent dose of BNCT {&) is expressed as the following equation.

U%N % % % %
#" % 2" B

% 1
2" % 2" %

Egz,bor on ndoaéet r &g, e nh yddorsoeg;e nk amasye ;d oEs e

CBECBE for borwnRBEstor RBEtrogen dose
RBEBRE for hydr g &mBEdd srea yoR Bldfoas e
De,physical absorbed boron dose
Dn,physical absorbed nitrogen dose
Dmphysical absorbed hydrogen dose

Dophysical a brsaoy bdkads g a mma

NeuCur e Do s eParticle gnd Rieavy los Eransport code System (PHiTS)e vel oped by

the Japan Atomic Energy Agency (JAEA) and others

I n Mont e Carl o simul ati on usnegalPHMOB8Pat iCiac llsea m

Transport Code (MCNP), a Monte Carl o trhaedibh8§ i on t

X PHITS is a genmuladt Momteod€arti matsi si mul ates various radiation be
and nuclear dat a. It was developed by JAEA in collabprBHitgbn wit!t
Ener gy AcceeadrecrhatQrrgaReiszati on, Kyushu University, etc.
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Al amos National Laboratory, was used to calcul at
nucl ear dadmede bEwalyudtleadp Nucl-4.a0) Darnd tLhH e rsaame |
MCNP, Vercoidenm eA’@sasdcally, in the Monte Carl o sir
the transport and collision of incitdlemtugiamdialm
built based on the Boltzsneaamni cemgudd i @)seCohdaldDLln e ut |
particles are produced at each step of the random walk, information of the produced secondary particles

is recorded. The calculation for thecendary particles is performed after the end of the random walk

of particles currently under the calculation. Neutron and ganmapdluxes are calculated by Monte

Carlo simulation using PHITS based on a patient voxel model created from contour inforamation

irradiation geometry conditions. The physical doses of boron, nitrogen, hydrogen, andiga/s @z

determined by multiplying the neutron flux by the kerma factor of each elemeiy multiplyingthe

gammaray flux by the dose conversion fact®his calculatioruseshe reference data shown in Table.

The kerma factor is the amount of energy that is produced per unit particle. It is calculated using the
Monte Carlo simulation code based on the neutron @®stion and the amount of energy generhted

the neutron reactiod ¢ he b o rtchre domssee YPeas ppanl odl at ed

TablMucdlioecawsesct dadm dascd nverfascdtamed i n NeuCure Dose Eng

Ref erence Sour ce
Neutrosectioss|JENBILXO0
Dose cohaetei|Effective dose based on
publication 60 (recomme:il

The beam model used in the calculation is created based on the energy spectra and angle distribution of
neutrons and gammays considering the neutrgmoducing reaction and penetrationto the
moderator by a proton beam per unit irradiatetermined foeach device or facilitat the target.

I. Summary of t he Dat a Submitted and Qutline
Phar maceuticals and Medi cal Devices Agency
The dat af eempme@mpepti i cati on Gndespenasppliroambhttdein
Phar maceuticals and Medical Devices AghenucGur(eP MDA
Systaemm NeuCur e hRosem@ifgeoef geffile uClir aaftolcus on

their performance, ef f i cacdye v aacned as adfoestey caasl cau | rad L
for BiN&Cme | wh eNtetueCrne nssusraef e and stable irradiation
appropriirartaedipartd on dichsd wiige ws i rmaud walttisono f Steboroni
evaluation of the following efficacy and safety

i ncluding t hien dtosmbB ragamhttle®g(é ety i n :3®cthdd))t i ssue
Stiuels t o el ppdahtey tdieen d c 88 Ctl ii oon cal Data or Al terna
by the Minister of dMHealt h, Labour and Wel fare.

The expertthdvEspesbMNRuCdeerdsiaordi dotatf ahkeyudder
of MRbhbkees for Convening Expert Discussionsoetc. b
(PMDAMAmMi ni strative Rule No. 8/2008 dated December

X Japanese EvaluatedalNanlesar eDatl aatiebr amuyni ver sal, and standard nu
Group, Nucl ear Science and Engi neeearri ndga tGae nrteesreg a rJcAhEeAr si ni nc oJogopea ma.t
nuclides in the incide’mtv nMea¥®Oon energy range from 10
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1. History of Development, Use intFoneign Countri
1. A Summary of the data submitted

1.Al)History of devel opment

The efficacy of BNCT has been demonstrated mainly by clinical research using a nuclear reactor. It is,
however, difficult to develop a nuclear reactor as a medical device. PopulardaBbICT requires a

small special medical device for BNCT that can be installed at hospitals. For this reason, the applicant
initiated the development of a neutron irradiatitavicefor BNCT using an accelerator, not a nuclear
reactor,in cooperatiorwith Institute for Integrated Radiation and Nuclear Science, Kyoto University
(former Kyoto University Research Reactor Instittitep addition, the applicant jointly developed a

boron drug essential for BNCT with Stella Pharma Goapon

The treatment plaing program originally used for BNCT was Simulation Environment for
Radiotherapy Application (SERA) jointly developed by the Idaho National Laboratothektbntana

State Universityin the United Statesin the beginning of its development, ttreatment planning

program was not regulated as a medisalice The Pharmaceutical Affairs Act (Act No. 145 of 1960)

was revised in 2014 tinei Act on Securing Quality, Efficacy an
Devices, Regenerative and Celluld&r € r apy Pr oduct s, Gene Thehisapy Pr
revised act requires regulation of treatment planning programs as medical dawitie treatment

planning program for NeuCure needed a marketing approval accordBERA has the following

problems (a) Necessity of a large voxel size because of memory usage limitation and low calculation
speed, (b) complicated entry ofgion ofint er e st (ROI) (patientbés tis
calculation precision because of the low calculation spe®t{d) poor inputoutput usability. Because

these problemmayaffect treatment efficiency in future clinical use of NeuCure, the applicant decided

to develop an original treatment planning program for BGihd obtain a marketing approval for the

program separately from NeuCug&y st e m

BNCT is based on a new principl@n diddreaudamyt I8 ,0r
NeuCwase clasSAKI 6akEs i gpad dhyatt he Mini stry of Hea
Wel fare, tonbeajpavienedhmedstofof the worl d

“x A part of the funds for following program and project were used
(@ The Prograbevel SGpmeotrtof Medical Equi pment and Devices to Sol"
Economy, Tr adeMiamfjiEcd mamy,t ryrade and I ndustry) (Comprehensive &

() The MeHNgimeering GolnlealsorPartoinot i Bn Proj ect 2014 (Kansai Bur e

Mi girfEconomy, Trade and Industry) (Comprehensive Special Zone

M To solve the problems of SERA, the following modifications were
(a)i mited voxel size due to memory wusage | imitation

SERA is a progréamtt opterrtnsagosyat &m. Because of its I|limited me

sizemomf fD® calcul ation. NeulCiotperBe s agEsyisn e mr t s hawvea a®4 enoug

and uses the Monte Carl o coademBPHNlokeI|It cialel om fcarl cuhatuoem.of a
(bOQomplicated enryiesbuRBROlInfpamaénbn)

NeuCure Dose Engimreov ed utsreeatwnearht aml aanpni ng system having a cor
radi otherapy to provide a ROl entry function similar to that u

(cPoor calculation precision due to |Iimited voxel size
SERA iegctexipto have a poor <calculation precision in fine regio
l'imitation. Ne u Cu rteo-nD® sveo xEenlg isniez eu stehsata all | ows for dose calcul a
si z@aftredt agnostic i mages.
(dP)oor -ociuntppuutt wusability
SERA requér els agatoisegntc i mages in bi-pwmaposermat mandf doecutnptit us e
NeuCure uses DICOM fil es dfadra catna bienpwmtpudndrowtug ptuts o nt hdte sanm
gener al radi otherapy systems.
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1.(A2)Use in foreign countries

Nuclear reactebased neutron irradiatiodevicesfor BNCT already exist for research purposes.
However, there is no acceleratmased neutron irradiatiotlevicefor BNCT approvedas a medical

device either in Japan or foreign countries. NeuCure Dose Engine has not been used or marketed in
foreign countries.

2. Design and Devel opment

I nder t os cendsaced, proper evaluation of w@whereffic
based neut rderv ifiamearsaBIN@T i @amd concomitant treat ment
i ndi(fRe$ emfseEval uati on-Gendraésor o Me[Ris&# B/ MRBED Cc e S
Notificati2gn dMdd .edO0 HAhRave3pebhtelde btyakilhies Revi ew Wor
for Projects of Prepar-Gege Eatailamt Medi daldi Desi ¢ e
Medi cine ProduPBPMBAhE onkheetltihse rr wNvasse8eis e ed mai nly ac
the above evandiawheotnherndNeculeGur e met endpoints

2(1)Performance and safety specifications

2(1)A Summary dafsathbhme tt ed

The proposed perf omMmrarcue eaPpecidfeisd agtniealn st of cernsur e
and stability ofecmbnbrationg ssysteam, dt he | i near.
dptdhose curve, peak dose, positioning reproducib
of the charge monitors of <charged pnatritniucolues bperaon,
beam irradiation. The pNepCsed aSgbueewi gmedi ftioc a
electrical safety, electromagnetic compatibility

The proposed performamnee DopeciEhigt atei ame fdersi §a e
di stribution calculation functions (data acqui si
dose cadlcqdraitfiloen proposed safety specifications
toepent the use by aqtaad dhioa hlziendi tpse,r spprnnted ¢t dat &
ensure accurate data transfer.

2(1B Outline of the review conducted by PMDA
PMD& review mainly focused on t he ffealyl oswiencg fp ocial
for NeuCure.

2(1B) Appropriateness of the peNBao€Cmarc8yspemif.i
2(1B19) Repeatability and stability of calibratio
The specificat i ofinshouse standarth eStarddrd fornBNGI ntreatment system

performance characteristics (ENCOOGOGHNCO0002 i s basically the same
functional per f orofraenctiec ad h aglaecdterrarst acsel erator s
60976: 1%PV,761:H@89/ AMENDMENT 1 [62C/ 247/ CDV: 1998
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requirements according to the ckagreaxdtfdrci spercfsor:
charactieristics.

However, ENCO0O002 only dipfeirfes meahwePeMDd\e safsfkieada ttihoe
applicant to discuss the necessity of establishi
repeatability and stabNduCuyr e.fStdhteemoni toring sy

The apmleéxm@mhanati on:
The precisi emsaffeamment nglf e ttihgeo md|l wneat agthissvhyi on
appr oxi nfatne |ty G, -~~~ *

For bothrepeatability and stabilty t her ef or e, t h &N ost p encoi focuaiteimo n | i
measuredolsi wgre or foil pl §ea &oeswaaetf iat svacteemrt
phandbwans pr When the daximum measured valgetd be adopted as the specification

limit, it must be the value measured on the phantomsuifacewe ver , t he measur ed va
is not suitable as the specification |imit becau
bui lIrcewgg omor t [lemr easionh is around the peak dept
can be obtained, was selected as a reference poi

PMDA accepted texe |l ammltii oann't

2(1BIb) Linearity of dose monitoring system

This specification is based on ENCO000O02. Howeve
fiperfor mamPWMDAi apkag.t he applicant to discuss the
that enables quantitaei menitval iNseguiCauyrseo éSnylsotfeemarr i t

The appleéx@mnhanati on:
The precision of a single measurement of t her me

approxi mat eltye G ¢ (fo¢ | owi ng

specificati onwas miilsheed fd el vi(JJjet ai nohne go fme a agio ledl wisr @ go r

XWi Requirements in JIS Z 4714:2001 were modified, adopted, or not

(ahe requitemennetfonciuded in the components of NeuCure Syster
ENCO0O0O02.
(bPoperties not incorporated in NeuCure System (e.g., definition
(chhhe types orferlaidmiatednamd changed irnayssNCO0O0OO0O2 (neutrons and ga
(dS)ome terms were replaced and cisprgeéeditcoteomsesponding NeuCure
(eMHhe definitions of items identifying the peoudtrm@maycehamgNewCu.]
numeri cal changes as necessary.

W Gold is a widely used specimen for measurement of tkercmhdlonneutr

for thermalbarnu)tramd ¢®O&I8d 5wgh ht oa tpoulreirtayt ehirgahd ieantoiuon experi ment s
For measurlkenéengsmmat 127°%8u usedaysbemd G%ibyn, 95.6% of which are acc
decay &ffV41lBeBause -rnaoy sotahreery igond nprloix $ mémwer gy, which makes it hard
this energy |l evel is suitable for radioactivity assessment by t1}
¥ The water phantom is made from polymet hwhmetrhbecpnluatte apPMMA, mac
the human body is water and approximately 70% of the Ictosnstituer
horizontal size is | arge enough to a umor st M

ANy *phafwtad ey e Phitadnt toem* F S K S WIFn
pages has the above specifications.
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foil placed so t[lmmi fsomenther sius f h.0 eWdhendtlb a wa't e
maximum measured value is to be adopted as the speoffidattiit, it must be the value measured on

the phantom surfacelowever, the measured value on the surf
l i mit because the surface has monr eg.if @gAsotr rtehu tsr ares
Bl mwhich is around the peak depth where stable
a reference point.

PMDA accepted texe |l ammltii oann't

2(1BX9) Dpt-dhose curve

This specification is based on eESNQOhe0 02p e cH ofw ecvaet
fiperfor mamE®MDAi apkadg.t he applicant to discuss the
that enabl es quantptdaotsievecNlrwé&l voedft Sgstein t he de

The appleéxm@mnhanati on:
The points shwn in Figure 13 were selected as reference points.

Fi gurRe fle3rpe h 0 &€ gu afna ri évaatl iuvaddépddo sed r v e

The precision of thermal neutron dosimetry te activation foil method is approximateljJj%
I 2dthe doses at 2 points need to be measured to calculate Beatoise ofhis, andbased
on theevaluation ofmeasures valueshe applicant proposetthe following specification limits(see
Table 2, taking account of error propagatioithe acceptable error from the prodapecific

specification limit iSiilioc [N
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Tabl@pe&cificdegtidorcar Ver

. Specification

Di ameter of <col P2/ P1 P37/ P1
100 mm N 2 N 2
120 mm N & N %o
150 mm | BN B N 2

PMDA accepted texe |l ammltii oann't

2(01BXJ) Peak dose

The proposed specification Olil mifn@nisf ftolre rtrhael crod Ut
wi t h tnhne olpSe@®i .hg Ankent/s for the col l-mmabpeniwvadgh &i
O11D0®n/cnt/ls f or the coadlM@mmapemi wigt h t he

T he ap pdtionaleafor thé specification limits:

Monte Carl o simulation based on t he inenaswhreend tthhe
collimator-mmi tolpenheghi®v@sdememnstrated that t he ¢
epithermal neutron fluxes Wiltbh/ &m iomt ¢ mei tsyurdfac
water phantom, which i1iascdingdncaBEUGNA® AE A BHNICAcast
design of the coll timat carppWwastalhdhupbowessefieeidf i ce
determined from the measured value for each <coll

PMD& vVvi ew:

A thermal ng&@®xt XWekn/sbleixngofmai nt ained at the peak
neutrons have slowed down and reacted to some ¢
approxi materd/ygsmi .iG Jal $0 maintained on the entra
appl&cplranati on that the measured values can be |
oNeuCure. System

2(01B1Xe) Positioning reproducibility of the treatm
Thaeppl pbcapb bepeci fi cafN2zrom fidireni p o wifetpircondiurcg bi | ity
treat ment bed with and without a | oad in the pre

T he ap pdtionaleionthedmecification limit:
This specification | imit is based on imec hoafnitchad
speci fi ciadtiisocna slsiéndilto w.

The collimator control s neTUhe obnasc kr ed fe atsheed d alolm n
and deviation of the collimator from id4sthorowgmal
A deviation of the central axis is also expected

region where the neutron bdeusers tiadievo (¢ by

2 . oo [, - - -

I - i fgrurrrer 14 *sth
a graph of the distance from the beam axis versu
s hotwstaie e pli tnheeurtrmao njffmimi JJir 6 we dt htahtanar ound t he ¢«
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Figurlei sltdamdeaaxiver sepst hene ma flounxleas r f ac e
(cal c u valt leas )

Thuseven i f the epither mal neutron flux increase

the iifjjjjlillsm1 1 er than the tot||ll et sy cmredledxor(ei r
negligabl ehown bel ow

Astor deweation ol HEE
I e sl Wl deondyi @n in peak dos

negligibly smal./l

I n summary, a deviation of tthe heo Irdairbumpetdaurfr idhfg tihte
positioning on the moderatingohleymda wée@glrieginelue r e
epither mal, nvweiutthriomiocfallulxyf fseicdimsicfpir ddmtgl speci ficati
N2. mth was proposed.

PMDA accepted tekxe |l ammltii oann't
2(01BIXf)) Measurement precmsesnohoos bhecbhapgpgd partd.i

The proposed specification | imits of t he measur
particl e efaor atrree Npri majpo foset menisecondadyNdos

These specifibastidomnl it hiet s pa&rce fication | imits d
safety of medi c al el ectron ac c2éell: elr9odt8G 0 SIPEICI | S Z
1: 1998/ AMENDMENT 1:2002) . PMDA concludevér @ hat

apmpmro at e.
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2(01BXJ) ' rradiation field size
The proposed specification limitf t he i r r a @pering diameterfofieach abllinwatorz1€0 (
120, and 150 min [ mm.

T he ap pdtionaleionthemecification limit:
The proposed spdidation is based on the user requirement specification describing product

specification values determined after discussion with the Usére c |l i ni c al accepta
specificaadionc bsaassedl on cal dhm callimatos w hf i ocr mots hse
affeca eddewiyati on of irradiation field size.

When the opening size of the collimator increases {Jf mm, i.e., the diameter il mm, due
to a machining accuracy, the opening area increasjjje¥ as shown below.

This will also increase the neutron flux passing through the collimatojjjge. In view of
I - change of approximatelfioo will not be a clinically
significant problem irguality control of neutron measurements. On the basis of the above, the above
specification limit was proposed.

PMDAaccepted Ghexppalniatc ammn .

201BIH) Ti me of continuous proton beam irradiatio
The proposed specification | imit ofiSttahbel e ionpee rodat
f jfjhoursat t he beamA&ludinical practice f prdton beam ofdA is used for

BNCT.l n BNCT agréengg ndeonss sel ected based on previous
patients were exQPhosed.tAcwtadiangbwy,t hep esradfei csn de
B hoursevmdsiant eeche clinical studi st hinrddihatuir
patient s, except for 1 patient who under went ir

ma | f u ) -

PMDA accepted the applicantés explanation.

2(1)RB) Appropriateness of the specifiadatoiraft himi mi
NeuCure Dose Engine

The proposed specification | imit of &ahgodibslemcal

NeuCure Dos gagmae OtudsciJlillas a reference for

bet ween the measured and cal cul atedayataoase D&t a

wat er m@mhamR®a@amm I 200cm I 20 cm.

The apirlaitcidomtral tehe speci fication | i mit:
The propoweptdance criterion flJJmm piossibtaisoendi nogn etrhreo rir
of thermal [Jhecfmonisong i groadditionwi trreess .pr oposed accept
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for dose erjori preeicapar ockifpear her in measur eme)
gol d wire activation method as aforementioned.

Accomdy| ttoerature issued by the Radiation® Appl i c
ther mol unmdoml & sne ¢ @ tvhiclf i3 usddl to, measure gamnags hmsafaur ement er

0 appr oxa i ¢ ¢ ¢ ¢ °
I > © w25 S el ected for s

was selected for strict control as with the erro

Thube &apapleiteamheedcceptable value for the dose
neutr ons -raanyds gfarnomma 4 ihaere dd otshiemeptoetre nt i al measur emen
PMDA accepted this because of theriabesreince fPbr emn
dosi metry.

PMDA concluded that the performance and safety s
NeuCure were reasonabl e.

2(2)Studies to support device safety

2(2) Physicochemical properties

2(2L)A Summaro fd atshaeb mi t t e d

NeuCurecébynstaaéems no component that needs to be t
study has been conducted to sNepupQurrte. tShyes tpehny si c oc

2(2)B Outline of the P&MDAew conducted by
PMDA <concluded that t her e oimist tnion gp asrttpijoa tesa r f oprr G
physi cochemi dNeluCprr ep 6rytsiteegn o f

2(.2)) El ectrical safety and el ectromagnetic compa
2(2))A Summary dafsatbhme tt ed

To support the electrical saNeuCuand Sgbeemppmag
submittsdnad wiil mggau Cur e m8ges semhe giaedhardl speqiufi r e me
the basic safety and essternitciaall EdedifpbinedBMIEE o f m
606012005, FMEQCO0OG6BHAMENDMBNT aln:d20ttBe ymtgahear d s
el ectromagnetic compatibil@ty 0-1-2:600IE2Xal6l060&ct r
2: 2001, 2EZ0606AMENDMENI

2(2)B Outline of the review conducted by PMDA

PMDA reviewed the submitted data and concluded

el ectrical safety and NeelueCutrrea ngaygsnteetmh ¢ compati bi l
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2(.23) Biological safety

2(28)A Summary dafsatbhmeé tt ed

The treatment table is the only componenNetiCure Systerthat comes in contact with patients. It
temporarily comes i n contTahcet rwaw hmattheer ipaaltsi eonft 6tsh
may comtherentacont a®t swi nhatlkespaiinéess steel SUS
G 43041SQ 044542000 aan du miAr6WMB 3 S, which is sped¢SOfied i
209:2007, ISO 6362:2012, ISO 63622:2014, ISO 6362:2012, 1IS063627:2019 These materials

have already been approved as the raw materials of many medical devices having comparable contact
risk levels. Their biological safetthushas been confirmed. No new study to support the biological

safety of the materials watherefore, conducted.

2(238)B Outline of the review conducted by PMDA
PMDA concluded that thereniitd i mg smaprptdiplees!| Eiroorlpo @ib¢
safety of NeuCure.

2(24)) Radiation safety

2(224))A Summary dafsatohme t t ed

To support theNewa@unmnrne,i Sysesampplyi odnt submitted d
measurements in and outside the radiation field.

In dose distribution measurements in the radiation field, thermal neutrons, fast neutrayamamel

rays in the radiation field were measured using gold wires, TLD, and indiumefgilectivelywith a

water phantom. Thillowing were evaluatedhe measured equivalent dose rate of thermal neutrons,
dose distribution of thermal neutrorgammarays during neutron irradiation, relative surface dose
during neutron irradiation, and relative surface dose of fast neuffonse se par ameter s
accept ance c riil-hoage istandadde Safetyp @edign index for BNCT treatment system
(ENCO00001)0 ENC00001 defines the acceptance criteria using the reference points shown below
(Figure 15).
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Fi gurRe flébrpeh 0 & & ufi vrald Fmtne asur ement s
Table 3 shows thacceptance criteria.

Table 3 Ac c e p fcraintceerdo ade fsad m i roeua si worne nra d i afi ied d

Equi val ¢
rate at

* N N N
o E- | cE-| om- | = | = | =

T2/ T1 T3/ T1 T4/ T1 T5/ T1 Gl1/ T1 F1/T1

In dose distribution measurements outside the radiation field, thermal neutrons, epithermal neutrons,
fast neutrons, and gammmays at the center andutside the radiation fie! (GGG
I < < neasured using gold wargyold wires + cadmium, TLD, and
indium foils, respectively The ratio of the total dose of thermal neutrons, epithermal neutrons, fast
neutrons, and gamnrays measured at each reference point to the dose at the center was determined.
The ratio met théollowing acceptance criteria defined in ENC00001.

A I

. |

The applicant also submitted data for biodosi met
Mi cronucl ei [JJJlivei* ncuoculnetaetde di ncel |'s of the neck, ch
and ankli er adtivamaend phandom rradi ated humhae phghes
micronuc!| Jiiwgsuobsefved in the maykdos@yEgqs Bgh7Y
The estimated expesbswesedappseoat miGlyed pt e85 to O.

2(22)B Outl i ne roefvitebw conducted by PMDA
ENCOOOOwas created based on the standard that spec
and essenti al performance of | JI§hH060i2-64:20160 € &E@ medi

“ The human phantom is made from PMMA (acrylic)fwandckrf iphlaed omit h ¢

phantom has a human body shape so that specimens can bien pl aced

the test because approximately 60% of the hwdname b oidry tilsi swapg lean tac

phantomhecmanh eppopant om foll owing pages has the above specificati ol
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6 0 6-B6L4 : 2.0 RRéquirements, etc. in this JIS standard that are not applicabled@ure System
werereplacedby AERECDAQQ@ 23 or standards actually wused in

medi c al physicists who have exrpeabttaee BMCT.reatn
Thfeol | owianpgp |liGscaatnit®mral tehe acceptance criteria for
outside the radiation field:

(@) Dose distribution test in radiation field

ATher mal neutron eql|fmGa e/nmi dose rate at T1 >
Tl provides the peak dose ratelldAs¥nemasgmehei epk
Section IMECDAR 2 2AEFEAt he pljfaGyEdd s nr atheni ¢ he mean
concentrppmobhesT@mor/ Normal Tissue (T/N) ratio
as the | ower | imfilof the peak dose rate

AT2/ R *>T3 k"1 and I/ 71 >

T2, T3,repmnkbhtreatable region acitThal$leyn pwoswed ei n
determined based on the opinions from cliniciar
treat ment pl annibmag efdorBNnQUTc | ear react or

The treatwasbldetreegiionred so that an equivakeéwctl dose
dose rate and biologicalft eméscthaenWhesmotr sa hQRE

factor in a tumor is 4.0, t he CBHumact?t Nor mal nor
ratTi/dN fi &t 305, t her aetgeu idvearlievnetd dsoosleel y from bor on
10 times that i n nor mal cell s. To t titlelt eari ma la it ehetr re

flax each point|| Il tchate aat tlheea sfidr@&rimalsi hé whr
fl ux Ta2, T3,i .&nd T&far earhcee tpkimettdhd et s ebeomppro
B 2t ‘Tata bddirei t entih@swahé i shed

ATs5/dR*

T5 provides the ther mal pPhant om squifaazleermat dbee
can be used as a dose rate index fo&dr ithe2skiand'
CBE factor in nor mal tissue (heakegluiabdl ehe ¢gesk

solfedym boron i s apfpoirbei matmel t he o umadlcesdue ethmechmat f |
equi valent dose rateompatheéel pot malk haki nn( 5y mal
(T1), the thertmal5s tnebner odiE:tatnt 5e nEée. t
thermal neutron flux on the n|IG@G@zGB ot (dt5h)d Ine e
a b ooreiotveargist abl i shed

Wi Requirement s26i4n 2DI11%$ Wwed6&0OImodi fi ed, adopted, or not adopted in E

itions of itemsfi leoCufgei BSgstbe werfommapted in ENCC
changes as necessary.

(a)fherequirements for items not included in the components of Ne
head, range modul ator, range shifter, scanning modeed, frnourl ti | ea
each pati ewte,amamdpppdadrctaitolre were not adopted in ENCOOO0OO1.

(bProperties not incorporated in NeuCure Systemnti(nee gmonictoonrt,i naunc
definit n of isocenté6d) were not adopted in ENCOOO

typ of radiation were | imitedaagyrndianhdNegpdd rien SEF8ECEM)QO1 (
te
ef
i c

0

s

ms were replaced and ctsprgeditcoteomsesponding NeuCur e
ni

|
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Aci1/ diR+

Gl providesayhe!l gamaffmmhendepéehcentr al atxhes, whi
gamma background {@prsre . onrAtt hehec edretprtehl odxi s, the ¢
neutron amYy dadmmaes al mostasrad &dcly tvh eiwpopeadaks .t hler m
ray doousled snhot exceed the maxi mum boron dose i n nc
dose is 2.9, the CBE factor i n nor mal ptpinshseue i s
boron dose rafjtti meapphext mai malyeneudose eate (n
f arhe same t heransals hnoewbtorboenh:of il ouxacgsiiiily * *

D (N) =
d

= I
D(N): Ther mal neutron equivalent dose rate (nitr
Nitrogen concentration: 0.02 (ratio by weight of
n(th): Ther mal neutron fl ux

0 (- I

D(B): Boron dose rate
Boron concentrati6n: ppm = Og/g = 1.0E

For gamma dws daht &a ® g &nhedonsaex,i mumygamma should not
maxi mum bor on dodTeh eir sfirdaTrdmas! il s@sped i cant propos
foll owing acdepadmentchee @naftepasiamdnef: | b>cfjs h onetised p e a k

t her mal neutron f Il ux.

ArF1/d1R +

F1 provides the fast neutron flux on the surface
dose derived from fast neutrons. sdtnhegesudiriael ce t h
central asxaif®et yFvomwpoint, the maximum fast neutr
boron dose in nor mal ti ssueappbsi ova hth fpoh e poova endgo n
accept ande obreittheer iBhadfagsasiitfdleurx s @ffuil mes the peak t
neutron f 1l ux.

(b) Dose distribution test outside radiation fiel
This test i s based dn9 .tBee? kagrec e patds aitn ean ocama i ke
of ficial standard for the (JslaS eZt y4 [lolES: nZ=mB. 119 8e | e c
| E606D11: 1998/ AMENDMENT SNenZ@Wr2e uSysst eamn neutron be
treat meankagehdobe i s assessed as the-reguwi.val ent
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PMD& vi ew on &t heex pal papnl aitciaonnt:

The dose distribution test outside radiation field b a s e d o0 n thea dfficial standard @ept ¢ hien
safety of rmendiacad @lleSred to 4 $I065C 2 62816: 0119 9 86 0 6IBELC

1: 1998/ AME ND ME Réquirdmer2s) &2 in this JIS standard that are not applicable for
NeuCure Systenwe rreepl aced by reqUEGERG@@2Bs ornt hAEATreat ¢
(refmnere val ues) actually wused in <clinical pract
physicists who have experi encebaisredt rBeNaCtTme rSti nglea n
there is no public standadaeayvidchdéesn lalpipd H eech nft o rh arde wnt
t or etabeghduns e shtaasdaihheedre ept ance criterias uwseeld ians ¢
the relevant public standards.

PMDAhascepted ©&he xgpp ghbutadchaerotaccept ance criteria i
testNeu€€ure. System

The test regarding biodosimetry of background do
a malignant tumor in the right tampowhkthebet hBEN
of this test can be appliedcted safety evaluati on

The appleéx@mnhanati on:

This test was conducted assuming treat mammheof a
neck, whichei bbatiilpe elsdtggaientsdtihde t he radi ation fie
when BNCT is performegriome hemadk aingd wietclki ©at he r
which is close to the irradiatisendepehengadiatl o
treat ment of nt,eatdh ea nhde ande cwki Icla recei ve a comparab
in the above testisSthekrctime dammdeeckanddedoersul t s
can beassedstbohe exposure dose outside the radi:
and nrec&r ca

PMDA accepted tekxe |l ammltii oann't

PMDA al stoheasakpepdl iecxapnitai n how-atca i va¢e &td ttlhei penent or
coolwiangr (accelerator and target), etc.

The apmléxmhanati on:
Those equi pment, shuy dgtgeer adNe,0 Ceutode.w Baycttibvea tderds p 0 s e

manageder the responsibili Ngu€lr ed&kcstioa adtaintcuet iwair
the Act on Prevention of Radi ation Hazards due t
Prevention of Radi ation Hazards),, tared Metdhi eral r el

standards.

PMDANnstnuhet eagtpolnicclaundte appropriate information in
that healthcare professi oman &b &iasng ttieagknee nrt e ¢ essusbasrt
etThe applkespanded .as instructed
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PMDA reviewed t he ol midtetde d hdhat aNieaanClua @ ic@mis ® e ms a |
accepted.

2(. %)) Mec hama fceatly

2(25)A Summary dafsatbhme tt ed

To support the MWNewlCamiecaSy beafaeptpyl i @fanti nighlami tt e
NeuCurem8gessemequirements in ENCOOD0DALlTZTr(elaE@ d6 G
1:2005) an2b 4731230 1T6 OBOEC 2a6yaeEPplicanalsoprovided data on a patient

support test (static and dynamic) of the treatment table which may conmeiméat with patients.

2(22)B Outline of the review conducted by PMDA
PMDA reviewed the submitted data and concluded
me c hani c aNe usCGufreet. yS yosft e m

2(.2)) Stabildutrywbandndty

2(.26)A Sumar y ofa stahbemi t t ed

NeuCure Systenis not a medical device that requires sterilizatidieuCure Systenrequires no
preservation, stockpiling, or other treatment while it is or is not in operdiemCure Systerhas no
components (excludingonsumables) that have specified shelf lives. Periodic replacement of
consumables, etc., and periodic maintenance and inspection can ensure the performance of NeuCure.

For these reasons, the applicant did not submit data supporting the stability anldydafaleuCure
Systemand provided ninformationfor this section.

2(2)B Outline of the review conducted by PMDA
PMDA asked the applicant to identify consumables and clarify the timing for their replacement.

The applicantds explanati on:
Representative consumablesN#uCure Systerare the filament of the ion source, the stripper foil in
the cyclotron, and the neutron producing target. The filament of the ion source is replaced when

. The stripper foil s replaced
. The neutron
producing target is replaced befdEEEG_————

Replacement cycles abmponents made of organiaterials, etc. that may deteriorate over time, were
determinedconservatively (so that they are replaced preventiiehged on the use results during
developmentas described abovEsers will be informed ofhis preventive replacememiiroughthe
opeating instructions, maintenance contracts, etc.

PMDA concluded that there was & oexmlraneatuileanr. prob

In |ine with the above review, PMDA omnhttudgdt hi
S Uubsnsii admtoaf smotghpeorstt abi | i tMew@ur ebuSadbti ¢mmty of
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2(.27)) Studies to support the safety of NeuCure Do
2(.2Z1)A Summary dafsatohme t t ed

To support the safety of Ne u Cusrteuddy® b @ gv iEtitlgden e t
foll owimgetpot meé sstanddlrBC (@2®8Z: 2006] 20tlHat spec
for the safety of radi ot:hepragpwe nttrieoant mefntt tpd am® ¢
personnel ; data | inmittasmp eprriontge;c ta nodn tohie daactcau rfar coy

2(21B Outline of the review conducted by PMDA
PMDA revi ewedst wldyt aulamidt c®@ccl uded that there was
safety of NeuCure Dose Engine.

In Iine wirehi eweg BMDAeconcluded that there is nc
support the safety of NeuCure.

2(3)Studies to support device performance

0 NeuCure BNCT System

2(3)) Repeatability and stability of calibration
2( 3)A Summary of the submitted data

The applicantshowb migthtgendaegpatag abi bgthayb icdmd y of t h
monitoringleaCatemBest £&NC0O00002 and t h[se eSpercotpi oosne d
i2. (ODut Bi neevwvifewheondufted by PMDA

The repeatabi bgtagbialmidty of t he dN\oesueCumecenw$® yosti enng
assessed based on the measut bgeoelndt swiorfe aa ctthievraniailo
BNCT, t her mal n eaunatsceetsesa eod shaeei ars ulraerdge contri but i
thermal neutr ornjiifste mulist imelas up ®idnt s on Thdse cent
measurwewmeedss o thkcuobaféici enmaaef v arfieateinccre ared
the maxi mum and minimum coefficients of wvariatio
repeatability was assessed basedaloinbgtaltd iombe §f iwa
examined based on the maximum coefficient of V &
vari at]jJ#oa mthena x i mum v alawd mufm tctbef fi ci ent of var
Bls. The coefficimanxi noufm vcaoreifaftiicoine nandof variati o
point (tjjjfvoepwhi ofi provided stable measurements

2(3)B Outline of the review conducted by PMDA
PMDA asked the applicaatcubaerpthenthbemambet hedtt
wire activation met hod.

The apmpléxm@mhanati on:

The neutron flux can be calculated using reactioc
to neutron irradi datRiugn.haSi rasaeahcitgidd it rwilstshmemea ut(r ons
neutrons to epither maleW)e u(tseen skFiodgu raeg plr6)x,i ntah es | ry
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having the above energy spectra can berrddifat mdne
gol d sampl es. sOnrtcadimi omhmai mlamwdabsor bs t,ther mal n
same measur emertovesgierdg gad dmnistemmphe s bel celhati om o
epither mglGelMeudinoné ee starmier srmp t hese results, the
obtained using the cadmium ratio. From the thern
using the dosekermamcderogsi)on factor (

Maxwell 10
distributiop 4{305:‘\!’

f/(_i';.}_\/ 018ev a

<> 00254 o
#(E) \\)- o=(Cd g
!\ Io° §
£ En"% e lct(/\u) kst
= s \ 1] ¢
§ L \ 8
: NN et &
< Q‘ =
]
O
NS o "

|

000! aol ol ¥s} 10 100

Energy E (eV)

Fi gurhe utespemr t theerofalit recanct oen ea dpdp e n d e n cty t @ Ib-sescht ei
oftadmi ungoa'fdd

The conversioenspowoebet ew

1) The weightawti(gatefl gbked sample is measured.

2) Gammaays C (cakeWt gepnefrad®2 from the activated
counting, the start ti me, end ti me, r eal ti me
time are recorded.

3) Ral cOoeLLrstcaIcuIated from the real ti me, countii
" A@‘E!#A
1 EORI A
real Riemé: t igamendrsa)y o«cfounti ng

' i ve _tCiomating time (5s) excluding themaawand tir
measur ement

4)yAdjustmenfofacbobolrseng time and measurement t i me
equation.
I Q p Q
4 | AAGDOOED EAT AET A

4 OABEI A
meas _st:&tarti me Area yo fmegaasmunmrae me n t

i r_endkntdi md me of i1 rradiation
2. 9978 (decaV®agpnstant of
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5) The coamewntedof tchtatr gtealQeorirnt o consideration t

is calculated from tempor al information of th
foll owi ng eqquadtsi arh.e Hwermb,er of seconds ther dat
data storage function), n is the number of tre

the amount of charge of data number i

| =
¢
¢

1Ai o ap 070 7

<{q

6) The number of aNiosi denerc miefnoeld foungionhgd etghueat i on .

April96. 97 (atomic weight of gol d)
Na: 6. 02E + 23 atoms/ mol (Avogadro constant)

7) Reaction rate R (/C) is deteBmiRlw6Rd wa ¢ ihn @ otl lde wfi
wi t hout a g¢gardRiyW ®nhwcgbovledvi wihr es ¢ a)Yamieu nid ectoevremri n e d
t heeaCA, NocralnodulQat ed as above.

#
2 T
# .

2 T
# .

2 —

OpDetectiioni eenekye Vo fga miide parmead wr ed using the
radi ati)on source
2:0.956%keWVd4bZ2mya emi sstfhoun) rati o of

8)Cadmium ratio CR is determined using the follo

#2 —

9) The reaction ratw@emfist mMAY mas dehiee rfooil 9 eofRvi unsgi negy L

2 2 p #ﬂz}’pnnn

1pPThermal neuhsloéanfil ssxdetermined using the follo

35
NeuCur & 8WEt em aBiNICONoesueC uEnegi n e
_Sumitomo Heavy I ndustries, l



B “Q

f. Setshielding rate of gol d
0: Cr ossesct i?p n'dAuc n(Id& u

11Thermal neuDRwAnGCHEQdSd / maAt)ei s deter mined using t
$2 B ocomm . 2" %
Kn: 6. 7BE G¥%(/kcemm ma f actor for conversion from neu
N:0.02 (weight ratio of nitrogen element in hu
RBEweimai2 -Bq /Gy (biol ogical effectiveness of thei
PMDA accepted texe |l ammltii oann't
PMD& view on the test results:
This test showed a | arge coefficient of wvariatio

onl ye adepthh of Themns u(rsfuarcfea chea)s. mor e f ast neutron:
reg,i oannd -dssea .Togwr gharpositioning error of a gol

dose on the surface, which makes dose measur emer
generally, the measurement precision of thermal neutrons by the gold wire activation naetteegn
reported to be 1 (0 or approximately 5%, which is

of X-rays in general linear accelerators. This level of precision should be acceptable under the current
scientificlevelThe dose pen meniutserd u nooeffickerd of caddtiana ntédhtei on o

relative error is larger f|JJJFG¥Ed oahtea x idnowsne . o ril hteh «
phantom surface, which does not diffeerfdemthée
This |l evel of error is clinicahthghye antacxeipniuand | deo.s €T hi
proposed specification | imits and were considere

PMDA reviewed the submitted data @andbkemcwudad:t
repeat abal i bsytaagbnidni ty of the dose monitoring sys:!

2(3R) Linearity of dose monitoring system

2(2)A Summary dafsatohme t t ed

The applicant hes wb mgh dt dlditdeadrai ty ofsttehmNeadf€aee mon
Systmemtesqui r eBNe0t0s0 0i2n and t he psreSepofiz.d(n®perRi he c at
of the review ¢gonducted by PMDA

The linearity of t h eN eduoCsuer e mosang stisoerisi snegd sbyasst eedm  oorf
acti weetaisaumr ements of a neutron beam. The respon
measurements obtained by changing the amount of
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of the phant om. The linearity twhass aclstesisreald braes g
from the response rate cahicsl atetl bgxeotiemearc g
sample unli ke the testhemeashsoeds simme n2t. (wla)s. 1lb)a saebdo voen,
neutrons inclludeaoagrempst hEhemaenergy profile of n
amount of proton charge is changed. The ratio o
consistent . The proposed method <can, ytshemefionr e,
measurement of thermal neut rfBo*d orshee. dTehvei amia xoi nmuan
o JlilFfmmwhi ch provi ded, 6 mehte trmaex i pmuotp adsoesce r ef er ence v

2(R)B Outline of the review conducted by PMDA

Al t houghedgtulet st eser er greater than those with gene
dose monitoring system appearreedsudl dwibtehiarc ctelpe adp
i mits, which were established dseReqtii2tohhel )r 8v i €
OQutline of the revwiew conducted by PMDA

PMDA reviewed the submitted data and wiotnlc|l ulded
l' inearity of the dose monitoring system.

2(.3B)) Dose distribution measur ement

2(B)A Summary dafsatbhmé tt ed

The applicandghcwibrnd ett rdadts d ad as t r i bNuetui Counr enmeSagssut reemme
ENC0O0002 and stplree i p[fEepbit oe@dOu.tB i ne of the review
P MDé.

Fi gsr7fe 18sheawddmwmls9e curves and equivalentnmose cu
determined from measurements of ther mal neutrons
t hbeeaamx i s ande 2t icarms sper pendiAd Ul aro steon dtineda rshuds aertmieanxt
obtained met the reference values.
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Figurlkeetlppse cur ve

Fi gurEqg ui8v dol seanrtv e
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Fi gurkq uiov dolseenrtv e detp t tnfm

2(B)B Outline of the review conducted by PMDA
The results were within the range of the quantit
the review pr oc ¢gsseSee a 84 .a(h®)r teBriemd i ofnetdhe r ewi ew cor
PMDA reviewed the submiatt ¢ethedet asaandocpackt udedart
di stribution measur ement .

2(.34)) Peak dose measurement
2(A)A Summary dafsatbhme tt ed
The applicandghocwibring etttpadtalatt ase measur edenCusr of t
Sy s tme ®ENC00002seeS e ¢ tfid.(D).BOut | i ne of the rev]jiew conduct

2(3A)B Outline of the review conducted by PMDA
PMDA reviewed the submitted data and concluded t
dose measurement .

2(3¥) Performance studies of irradiation system
2(.B)A Summary dafsatbhme t t ed

The applicanghocwibrndg etttpatr iat mance ofNawhCuri e raydd tae |
(treatment table in the tr eaatinoenntr oroomo m,s htired adti nmegn
shield, target exchange device, | aser pointer, q
acceptance criteria.

2(¥)B Outline of the review conducted by PMDA

PMDA asked the apaplsikcaonft tthoe eexxppl oasiunr et (hoefc Irlueda Intgh c

device maintenancer acirat icen peorsloeem®l|l engaging in

resi dual radi oadNteiuCiutr e i By e hteancacstei wdt ed r adi ati or
39

NeuCur & 8WEt em aBiNICONoesueC uEnegi n e
_Sumitomo Heavy I ndustries, l



Theap | i cant 6s expl anation:

The residual radioactivity at 1 m downstreamtloe beam axis from the movable shield surface was
measured at 15 minutes after completion of irradiation with the movable shield open. The reference
valueofOL 0 0 & Sv/ h wfarshe easddescriveid betowl he measured residual radioactivity

waslde Sv/ h, showing that the exposure doselndecr eas
clinical practice, lhe actual exposure dose from the residual radioactivity is expertee lower than

this value because the movable shield closes automatically after the treatment table is withdrawn toward

the direction of the beam axis following completion of irradiation.

The reference ivhmdedan thefdlloning &msptolsy / h

A
A
A
A

PMDA accepted tekxe |l ammltii oann't

PMDA asked the applicant for an additional expl a
professional sesi.n emergency <cas

The apmléxmhanati on:

I n emergency cases, the safety of patients and h
| f t hé pcaotnidenti on suddenly changes in the treatm
professional s, theyr anuisdt iiaommedomedrel yhestopi el di n
patient. The physician responsible for the treat
in the treatment room or in the preparbatitan artoeadm
after the treatment table is transferred from th
is treated in the treatment room, healthcare pr
healthcarecopmplnetxeidcmalys i nt erventions in the tre

cumul ative exposure dose when edhe(dat & rrveSmetdittotnosd
fic. @4) Ot her @§af eltfy hsetaudtihecsar e profegsi ohaltsgsehaver
600 patients per year, the healt hcSvw/eyifdpandmres sSi on
t havtene 6DPatl il eneéesmerreggeunicry itnhtee rlveewmeliiommfsnex pobunec
significants| e el vev itthe edfadiovbed@IESveE yvmart &
[L0O@ASv/ 5])years

Neutrons are produced only by the reaction betwe

and the target. Once irradiation is completed,

the treat ment room areemealhsomlbed hienaorcamslt walb ést

Neutrons,dot motefniereadlmoni t ored after compl etion of
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be measured using area monitors in the roonom and
there wild not be residual radi onucli desdgener at
not mmeebe treated as residual radiation. The in
pocket dosi met-eays etonbnewislrig abmemaihnef oa meewe oe metr g e
pr oc etdhurrceltbgeh operating instructions.

PMDA reviewed the submitted data and concluded
performance of the irradiatdamt sty texm| PIMDASs md Gic
mi nimze the exposure of healthcare professional

The appleéex@mnhanati on:
To minimize the radiation exposure of heal thcar
me arseus wi |:I be taken

A Data regarding residual radiation over ti me a
institution.
A Data regarding estimated exposure dose in emer (

AThe apwildicweaitopri ty anegs mpdmoe madpgdryt,edtfcrom t he i
regarding the amo(whi ofi readcanidoalgl eakabpe Act c
Radi ati gnhélakbMadids,alanCaroet hAecrt r egubkati ons) and o

PMDA accepted tekel|lapmltiioaantunder the daoWwau @uroen t h
Sysjemould be added to ensure that necessary me.
radiati on exposur e o f( INnhdeiad u &lc a dedsignt o fi ens 4 @t i edna
Commi ssion on Radl GRPgbthatattrdmmedoil{ CRPO @ubl icat
[ 19'96]

2(. %)) Measurement precision of the charge monitor
2(3B)A Summary dafsatbhme tt ed

The applicantshowhmighéeednedatime ment precision of
monit dNessCuoem&gssemhe specification |imits defin
of medi c al el editir® n Z:a2000866 €r aG216: 119 9 8 ,6 0 6-ZELC

1: 1998/ AMENDMENT 1: 2002

2(3%¥)B Outline of the review conducted by PMDA

NeuCurei Syeggeimpped with 2 dose monitoring system
dose moniQuorrr,e NDiT rGuarsrfeonrtmer [ DLECATdn d &1 yudes & 0honi
conversion device [stripping foil] [ Figure 21])
| ocated wupstream of the target, while ahethbarg
entrance to the cyclotron. N&dsCnmgettpsktanmbky meas
the charge of pirmdiorne cbtieleyghsemomehidareolny f 1 ux gener at «
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Fi gurRr i2rdorspeo ni t gyrsitnegm (@G X) (

Fi gurSe colndbasmyni t eyrs tnagm i(pfoi heydo x )

The ap@p!| & xplabouth hieomoni toring method of neutron
irradiation system

Since neutrons hgvecnsciomdrge,rodachbgk met hod h
ti me measurement of the neutron fl ux. It is diff
hand, the proton beamtouneent obefionm atal Mameasoneaed
Neutrons are formed from protons through a nucl e
the number of formed neutrons and the number of
proportional to the proton beatnheoanrrowmet, mohhd ome
monitoring the proton beam current.

4 2
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The neutron irradiance is counted up to the pre
secondar yordiosge amosntiem reaches the preset val ue,
NeuCurei Syatem equi,ppedawethhatttmerprimary and

systems fail ,inmaditatpi omr atdo pesi wimeen pgrhes éti merrr a acdiae
if the primary dose monitoring system becomes un
system alone can stop irradiation once the irrac

par triatilees yaptye ms .

PMD& vi ew on &t heex pal papnl aitciaonnt:

Gener al | i neairn)aacchceleerat ononi t(dr dosi meter (i on
downstream of the target t-maysreprcodyceendarfd¢amn tihe
ti manne®©On the other hand, neutrons,bwhiicbnihaaei o
chamber dosi meter. Currently, the gold wire acti
neutfToesradi atedgahd aaiebeet dt eachot Weea od mpeect r o met ¢
measgammagmi tted fromhmdaibwihree ana | neutlTrhemsanailndi
neuttrloenrse nobte maaxau et@iimanneA technique using a fi
mi cgamit i | | at or has kBdeme pmreapaus ednefndr orfeanleut r on f |
under development. Currently, therefore, -4t is ¢

time monitoring of protomtbeéedams nwdi meean Wert yelrliiol
by the gold wire acti vhNdau @ur eneSThsesde mpernieanrt tpa etch e
the 2 dose monitoring systems was assessed by th
beameemntr supplied to the charge monitor was apprc
of specification | imits. In additi on, the redund
specifies particular ardud geametnital fper t hrembmacé co
el ectri callsSTeEPr2i64p20Mth u(h e qual ity of neutrons pr o
consiasnttdhret 2 highly sound dose monitoring system:
curent with .hiTghi spardeeca wsa teoan, al t hough hien dnieruetcrto,n nfic
released from the neutron irradiation system.

PMDA asked the applicant to explain how to prov
i ncl udmentghotdheand frequency of <calibration of the

The apmpés ganndetd t he y oprimamn ethd teant tion fuosrenmrasthigomr o u ¢
operating instrucegonpmé@A procedures for

PMDA reviewed thedsclomicl ue@éddathat there was no
measur ement precision of the charge monitors of
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2(.37) lrradiation field size

2(03A Summary dafsatbhmé tt ed

The applicanghocwibimmh ed eatr dan af i el d si ze (opening
100, 120, aMNeuCEHEOoe mdessémhe pr op[®eRedc ti podndi) f. iBc a't
Outline of the rewiew conducted by PMDA

2(37)B Outline of the review conducted by PMDA
PMDA eviewed the submitted data and concluded t |
irradiation field size (opening diameter of the

2(.38)) Time of continuous proton beam irradiation
2(B)A Summary dafsatbhmé tt ed

The applsiubandont éeé datma of conti nu®uwh ipriotw nt hbaeta m
NeuCurei Byatdemtes [Jhotuors bemams sftmarbl e manner.

2(B)B Outline of the review conducted by PMDA
PMDA reviewed the submhat edhere awandnecopat uided! a
of continuous proton beam irradiation.

0 NeuCure BNCT Dose Engine

2(. %) Dose distribution calculation functions (da
data output)

2(0)A Summary dafsatohme t t ed

The applicantr egahbdientgleods edadtiastri buti on calcul ati

BNCT dose calculation, and daTle odidtpait9g how tNreatCu

Engiacaeg sitimreat meintlg p & aantceahlec ud i sotfr i cbauste oqi vearheby BN

patGebbdy, samd cabbpubn r esuhtes faccreneastsdddbriCd@dvintifai d ret

radiotherapy planning software The appl i cant ail mghaduNmiutCtlue & dDatsa

in combination with RastShteatpiroonc easpsp rfd porwi astheolwn p enr

2(R¥)B Outline of the review conducted by PMDA
The applicanNe  eGyprieai hegdatBrmdierse of bomiotnr, o dhe/rd,r oare
gammaye assess the equival é&ntordaesMD Ad eal sikveedr etdh et oa
t pr oviheat i foarhl o

The apmpléxm@mnhanati on:

As shown in Figure 22, the effects of neutrons on the human body differdilepen theienergy(fast,
epithermal, and thermal neutrons). Figure 22 shbaswhen a neutron flux is the sapmétrogen dose
is dominant on the lovenergy sidg¢below approx. 10@V) andhydrogen dose on the higimergy side
(above approx. 108V).

Wi \When irradiation was performed using administration wertehods ba:

exposed toOhadiratiAccofdingly, t hweascol I Iltsc e *acdi dtehi @ Asheefi aney
operation for this duration was evaluated.
4 4
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Fi gurker2mact ol viitmg$ue
Y axi s, ratio of kerma coefficient to ther mal neut

30x 108
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25x 108

20x 108
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1.5 x 108
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Neutron

50 x 107
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10°% 102 10" 10 10" 102 10® 10* 10° 10° 107 108
Neutron ener

FigurhetIperctenimt e dNefurCume System

Nuclear reactions of fast neutronave the followingeaturegthe feature(b) does not depend on the

speed of neutroifs

(@Pi nkeeu Cur eh8gstaemodul ator between hthe targat mar
>MeV neutrons in ,emet neNdetufCoua nes pIeycdtthemrmc ol | i mat o |
23) .
For this reason, the @MeNVNgyphopahdebehdiagemna xinad»
nucl ear reacti(oingemferfadst tshescuttnrmoam sdoemp eanrdess son  nu

nucl ear reacti)on, and energy | evel

(bTYhe probability of nucl ear reactions, ucnlceliudi n

having a higher nunebecrondsenstiuteynt . @éyhdenngegnetns actfo mi

nucl ei have the highest number density among ¢t
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(cAmong the nucéearl reaatiboswi shmbrght ekedly®imbdco
having a mass close to that of neutrons, such ¢
recoil reaction repeatedly undergo elastic sca
neutrons amhleremaintwadtdryons.

dAs a result ofint hperirnecciopille rheeaacvtiieorn ,at omi ¢ nucl e
circumf beemauisal oy their shorter range.

(eAmong t he nucalbesaorr prtea amt iroenasc,t i @m eskeacst i a ns mahlalne re
scat t(ehrei pgobability of tthe nucl ear reaction is

In summary, most nuclear reactions of fast neutrons occur with the hydrogen atomic nuclei (protons),
which have a mass almost equal to that of neutrons and hatgtest number density among the
constituent elements of the body. Only the hydrogen dose needs to be taken into consifiEnation
reactions with atomic nuclei other than hydrogen atomic nuclei can be ignored

Nuclear reactions of epithermal neutroz®e assessed together with nuclear reactions of thermal
neutrons because epithermal neutrons, as with fast neutrons, repeatedly undergo elastic scattering with
hydrogen atomic nuclei in the body to slow down to therer@rgy The hydrogen atomic nuclei
receivingenergythrough elastic scattering contribute to the hydrogen dose as recoil protons although
their kineticenergyis smaller tharthatderived from fast neutrons.

As shown in Figure 22, a nuclear reaction of thern&ltrons predominantly occurs with nitrogen.

Other than this reaction, thermal neutrons are known to cause an absorption reaction (neutron capture
reaction) with various types of nuclides. Table 4 shows nuclear reactions that occur in thadextly

onhuman body composition data in I CRP publication
(1975} and International Commission on Radiation Units and Measuremd¢@RU) report 44

ATi ssue Substitutes in Radi at 1*tMonikecCsriosimulatop and
by NeuCure Dose Enging he human bodyds caxnesgtiisttueernetd eplaet meemtt

informationaredeterminedbasedoh CRU report 46 APhot on, El ectron,
Data for Body.*® ICRY =poe 46is deteintnddBased ot he bodyo6s consH
el ements in |ICRU report 44. This means that the

those considered in NeuCure Dose Engine. Most of the product nuclides shown in Table 4 emit gamm
rays. Only nitrogen{N, **N) capture reactions produce protons. To discuss the dose from nuclear
reactions by thermal neutrons, therefore, only the nitrogen dose and gasnmase need to be
considered.

In summary, the absorbed dose in the body @uldiermined from the doses of boron, hydrogen,
nitrogen, and gammays.
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Tabl e 4.beReavatleé¢ni menlit r orbsdépecodst it emant s

Abund: Reaction Product Neutron_ cross |Mass (g) of produ¢  Number of
Element [ rati o formula nucleus section nucleus per g of productnuclell pel
b o d o] (barns)*1 body weight | g of body weight

160 6.13E+01 | 160 (n.y) 170 170 1.80E-04
170 | 2.50E-02 | 170 (n.y) 180 | 180 3.70E-03
180 | 1.40E-01 | 180 (ny) 190 | 190 1.60E-04
12C 2.26E+01 | 12C(n,y) 13C | 13C | 3.30E-03
13C 2.70E-01 13C (n,y) 14C 14C 1.40E-03
1H 1.00E+01 1H (n,y) 2H 2H ‘ 3.20E-01
2H 3.00E-03 2H (n.y) 3H 3H | 5.30E-04
14N 2.60E+00 14N (n.p) 14C 14C | 1.80E+00
15N 1.00E-02 15N (n,p) 15C 15C 0.00E+00
40Ca 1.40E+00 | 40Ca(n,y)41Ca 41Ca 3.90E-01
42Ca | 9.70E-03 | 42Ca(n,y)43Ca 43Ca |  6.60E-01
43Ca 2.10E-03 43Ca(n,y)44Ca 44Ca | 6.00E+00
44Ca 3.30E-02 44Ca(n,y)45Ca 45Ca__| 8.60E-01
46Ca 1.00E-04 46Ca(n,y)47Ca 47Ca 7.20E-01
48Ca 3.20E-03 | 48Ca(n.y)49Ca 49Ca | 1.10E+00
31P 1.10E+00 31P(n,y)32P 32P 1.60E-01
328 1.90E-01 32S(n,y)33S 338 | 5.10E-01
338 1.50E-03 33S(n,y)34S 34S | 3.40E-01
348 8.90E-03 34S(n,y)358 358 |  2.20E-01
368 4.00E-05 36S(n.y)378 378 | 1.40E-01
39K 1.90E-01 39K (n,y)40K 40K 2.00E+00
40K 2.00E-03 40K (n,y)41K 41K 2.90E+01
41K 1.40E-02 40K (n,y)42K 42K 1.40E+00
23Na 1.40E-01 | 23Na (n,y) 24Na 24Na | 5.10E-01
35CI 1.00E-0O1 35CKn,y)35C1 36C1 | 4.20E+01
37CI 3.40E-02 | 37Cl(n,y) 38Cl 38C1 | 4.20E-01
24Mg | 2.10E-02 | 24Mg(n,y)25Mg 25Mg 5.10E-02
25Mg | 3.00E-03 | 25Mg(n,y)26Mg 26Mg | 1.90E-01
26Mg | 3.00E-03 | 26Mg(n,y)27Mg 27Mg 3.82E-02
54Fe 3.00E-03 S4Fe(n,y)55Fe 55Fe 2.25E+00
56Fe 6.00E-03 S56Fe(n,y)57Fe 57Fe 2.59E+00
57Fe 0.00E+00 | S7Fe(n.y)58Fe 58Fe 2.48E+00
58Fe 0.00E+00 58Fe(n,y)59Fe 59Fe 1.28E+00
1271 1.90E-05 1271(n.y)128I 1281 6.20E+00
g 2 403

108 | 500804 | 10BO)TL (E‘ ‘ 'EE-:)’;

*1For neutrons at 36AC (equivalent to 0.0266 eV

*2Cal cuwiatthebdB odoncent pptsisaunnsitoifowied ghkdn t he hume

NotTéh)e human body comg®&®8i tdelp Rraifise rieansceed mmkng wien glht
23.

PMDA generally ad&écextpddantalte oamppl i cant

However, the contri butd oo mdgt itthiee dto seelse e rotnms t diteh
and hydrogen, to the total a b s oActoeh todhe sueleus houl d
data library of the JAEA (JENDHY.0), some constitue elements of the human body have nuclides that

cause the Kor &)speB@phlitiositngé gT,add es e4s t Wihse rmeadtrioan
cresesti onUpéadcthieor’¥iausohshytent witthieVt Hem ene
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the region ofkefValsttoVn ¢ wtppems | ( Mm0t accoNdufRgreo t
Systemppr oMenat elt h ed edti Webeerm tetnlcaene co fd8mmtdh e neutr on
reaecsteicotni®® ni ® fAssrroaulnld. t he surface (normal tissue)
(WY eact’¥3Somagf not be negligible depending on its
to explain why thecdosestentm ehembgéegg, oahdr hyHa
arcconsi denedl! ibgi Wieestchre bnuwmgl ear Y% aacntdi onne ubtertownese,n \
expected to profoundly contribute to the absorbe

The ap®pleéex@mnhanati on:

Figures 24 and 25 shoWe neutron energy crosgctiors of 1B and®?S according to the latest nuclear
data library JENDE4.0.

107 . ‘

102

K r
107 - —

E —— JENDL-4.0 300 K (u1), B-1 .IMT: ‘(n.me‘\as) E T T T T
o | —lErima e X — R s e
E —— JENDL-40 300 K (11}, B-10,MT=113, {n}2 ) 07 ¢ —— JENDL-4.0 300 K, §-32, MT=107, (n,a.) =
100 p== - 100 [ | 1
C(n|O0— — ———— ] ‘ S

103 L

10+ L / ] ot ‘
105 & / 0
m-au.. A I R AV BN s L.,
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Cross Section (barns)
=
Cross Section (barns)

|
|
10 L ‘ o —
10'22 ‘( n, U ‘%i/‘
*
|
\

00 50 10 15 20 25 30 5 -
Energy(MeV) nergy(MeV)
Fi gurhe WRtdor orsesct i b1 o f Fi gurhe W2tor msesct i 3 o

The neutron crossection of%B decreases aroundVeV (approximately 200 mi#). In the same energy

region, the cross ect i on of t h¥S igconsiflent aroendribt Tihe meutranfenergy

spectrum in Figure 23 shows that most neutron fluxes are within the energy range¥oonlD0keV.
Assumingconservatively hat al | neutrons &%, the rmmberokreations ) r e a
second on the skin is estimatedoatow.

Conditions for calclation:

The total :he6GlVYchisl@ltthe water phanmmmoduiri madcerw
I

The atomic we:idht0o 7df (rCahtrwrmall oRi0Od&l) Scientific T
The esreocstsi o nU)é a ¢ thie?s§ n\wild3 h

Al pha par4.iC0ebmips: (/ physiafsuari yt280v2020)
Neutromn.mMaOBHL7 u (htt as:Jampuhay syi.28., ni20t2.0go v,

Skin demtbett mass atadinmso tdhfe. $&kian@ M 59 wte¥pasti vel
stated i ndd QRU tppush../ bp ml/ Shias t c@ onp /acsglmn?unaartyn 02=8,5
2020)

Abundancés59dt 99 %of( Chronol ogical Scientific Tabl
The kinetic ener2gy560.fMeaM pha particl es

X b (barnPtrhl b = 10
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With the above co¥fdiattioomsa®plitewm i mis&i nofis cal cul

p® MCIA | . 0 B
G @ty a1 i TBITPLWSCCWUo M ITIT MT wwodp ¢ % w FAI

The numbelWU)y edctif&n peipf e mkin per second is calcul
xppoux Al pppo w TAITTO o & pw TAI o® 6 ¢ TAITTO

From the weight per chof skin and the kinetic energy of alpha particles, the physical dose rate per
second is calculated as follows:

®op- A6

. o
o® x %g TAI[TO B pETRT

pp MY po - A6 p&owx ' WO

This is equal to 7.978 mGy/min. When the radiation weight coefficient of akshgs is 20 as
recommended in ICRP 2007 although this can be excessive, a value corresponding to the equivalent
dose rate is 0.159 m@&yg/min. When calculatesimilarly, this value with*3S is 0.0595 mG¥Eqg/min.

The total of the 2 elements is 0.22 mE&g/min.

In the dose distribution measurement test in radiation fibkl total of the maximum dose rates of
thermal neutrons and fast neutromas ] mGy-Eq/min (thermal neutrc ] mGy-Eq/min, fast
neutrondfl mGy-Eq/min) on the water phantom surfagi¢h the 106mma ¢ o | .[The evuivatemt
dose rate of alpheays produced from the reaction between neutrons and sulfur aomegligible
because iis approximatelyjj6 compared withthe total of the maximum dose rates of thermal
neutrons and fast neutrons

In summary, the dose from sulfur, which is considered to be the greatest contributor to the absorbed
dos e, was negligible, i ndicomstituenh ejements ather thah leoroml 0 s e s
nitrogen, and hydrogen, are most likely to be very low.

PMDA accepted texe |l ammltii oann't

PMDA al so asked the applicaMvaV tpor cemxpptlaggsanminaow tl h e
in Tabl &t &dgeadiion rimalad®® ( AL iU)( Fi gure 2) are reflecte
calculation by NeuCure Dose Engine.

The applicantdéds explanati on:

NeuCure Dose Engine does not calculate the transport of prompt gaysnasing Monte Carlo
transportsimulation andthereforethe spread of prompt gammays produced by the reaction between
neutrons and boron is not considered in the calculafiba kerma factor is used the calculation of
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the boron dose from the reaction between neutrons and;libimmeansthatonly the initial kinetic
energy of charged particles generated from this reaction is considered.

To calculate the transport of borderived prompt gammiays, it is necessary electan appropriate
boron concentration for each voxel acalculate the dose of prompt gamnags produced by the
reaction between neutrons incident on each voxel and bandrntransport the produced gamrags.
As determinedvy the following equation (here, n is the calculated number of parti(j | |
prompt gammaays are needed in each voxel to calculate the transport of prompt gaysnaith a
relative error of approximate [JJjj%.

2A1 ARG o VE  pj Ve
To o llpry ompt regaymsma n t hjffmvmwx e hesboe oafh i [ *o f
ppieg/)avhetni ssue [Jo% gmyNAvsogadro constant)ioss 6.0

(mass number of boron ,attdimi cn utmbcelr e uosf)® (bNely oin® ag /on
calculated as foll ows

C
ﬂ'l"I.Al

tac o 7—|_gr—l JAIl
Therefore, the following number of thermal neutr
creect ii®njllEGEzEzEzlc:
— i 7A |

A I A A

For the calcul s nffffcimfcme tdei ameaf of the inci
v o X e i vorx el ¢ 5 GG nci vdrerntt * Ftrhretr
neutrons areaheedaednbborenhe| i nhtdanei alcj dent
are used to cal culaaf ercatdoei cdidregy land i mmr ai s me 1 y

hours. To calcul ate the-raiystdroiskeutfirom pefe cthlsea opre don
B, therefore, inci divti mearttihel eadoavmpp mambmrat alre
real istic.

On the other hand, the CBE factor i s rmameluy at e
irradi atayaqnrtaidlomeotron al one, and a boron compoud
cekill l ing effect of a boron compound + neutron i
pr ompt -rggaymntao mponent . I'n other woraosntribet CBESTf &
prompt -rggaymsma Thi s means that t hreayconitsr i darndiode roe
bi ol ogi cal dose in the form of the CBE factor.
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