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Next-generation cancer treatment, Boron Neutron Capture Therapy -Development and practical application of the apparatus-

Xyt—Y Message
BELDIN—FTI12. 1980 4 &k b  Our research group has been engaged in clinical research
A T 1 W7 B S B o BIFZE D T4 % of boron neutron capture therapy using a Japan Atomic

Energy Agency research nuclear reactor of the since the

B L T ML ORI EZTT> 19805, We have applied this therapy to about 100 patients
TEE L7, EYERHEE % iz, 8 100  with cancer, mostly malignant brain tumors, and obtained
FlOHEKD D ) AELERAEE X significant results that support the use of the therapy as a
L E LTI S T E T new, promising treatment.

Sl However, the complicated maintenance required for a
Lo L RFF ORI B HICRE  nuclear reactor, such as periodic inspections lasting several
Akira Matsumura

< — E s VEME SR e b il months, has prevented the smooth operation of the system.
University of Tsukuba FIHSE L WD b = L7 We have formed an industry-academia-government

) collaboration team, consisting of Tsukuba University,
BAEE, Twids 2 FERENZRE > ¥ —) (REB - which plays a leading role, the High Energy Accelerator

dHEERD) RS L LT SRR DPOICE 2L ¥ =@ Research Organization, Japan Atomic Energy Agency,
WU R AR T B SRR b A B L O Ho.kkaid(J.University, and lbara'ki Prefectural goverﬁmejt.

_ . ek The team is based at the Ibaraki Neutron Medical Research
RIRILIC & D IEFTIMIED F — L &R L AT F 2L center in Tokai-mura, Ibaraki, and is engaged in the
OB ZFHL - 5HEE2AELTWET, —HT development of accelerator-based cancer treatment not

LEBEIXALOBRICTTS L EEORREI. K requiring a nuclear reactor, Once the apparatus is in place,

we will start clinical studies to make it available to patients

AEE A L. & & Ik I R R O KB E HIR L as soon as possible, and hopefully establish hospital-affiliated
TVETY,

FRRP HIR

treatment facilities.

SETOREE DS Past and Future

RFIFEZFIA Using a nuclear reactor  »
[ ¥1980s HARFAFERMRABETO
EREREFFRICEDN (JRR-2)

Participated in clinical research conducted
at the Ezpan Atomlc Energy Agency (RR-2)

INBIERBZFIA Using a small accelerator  »
(Y 2010 ERE/OY Y b F—LER

Formation of an industry-academia-government project team

2011 MRS AR B MRS NEDOFR. BES 1/ X~ a v FR)

Started development of an accelerator-based treatment apparatus
(NEDO project, Ministry of Economy, Trade and Industry Innovation)

2011 EREERSSXRE

Accredited as a Special Integrated International Strategic Zone

2012 NNEREBFAAETERK

Completion of accelerator tube

FRFFEERL LER (JRR-4)
Nuclear reactor-based facility (JRR-4)

1999  pRERHTZRAtE (JRR-4)
Started clinical research (JRR-4)

Completlon of treatment apparatus (planned)

2015 aBRFA (FE)

Start of clinical trials (planned)

1999 4 10 ANHTOAMER
October1999 The first patient was treated

V J c T Vel obiyE & Kk — |

RURPEFRIEFREDORE

Features of boron
neutron capture therapy

ORERIER O L WiakiE

RN A BRERR BRI A
REHRIBIAMED A, FINASE IS,
BREHRARERES R E,

(DNew treatment of
refractory cancer

Including invasive cancer, multiple
cancer, recurrent cancer, radiation-
resistant cancer, cancer patients not
indicated for surgery or radiation
therapy, etc.

@EADBEHNEL,
QOL (£Z0H) osWwakE

PR RAERE 3020 1 BOHD
RHATET . Y157 BTN AR,
FHTICEF OBEILHITH AT EE,

(2)Causes minimal stress and
provides high quality of life
(QOL) to patients

Treatment is completed in only one

session of 30-minute irradiation

without incision, Indication for
medication can be determined in
advance.

QUREBEMNOEYRI VT
IR BEE
WEOHEHRD 3 EOBRAZED
ZIWLT77RE D FILRFH
HAMBAD & D DNA $R1E Z ik,

(3Pinpoint treatment at cell level
Alpha beam and lithium particles,
with energy three times higher than
regular radiation, selectively destroy
the DNA helixes of cancer cells.

BED

YFILEF »

Lithium particle

N a
Boron Alpha beam

BIES hich AR

Destroyed cancer cells

mvma&s»ra

®Ad1mmsrer boron-
containing drug:

a boron-containing drug that
selectively accumulates in cancer
cells is used.

@rhitT = Red
BB TIRILF—ZEBEINL
i T & RE

(2)Neutron irradiation:

the affected site is irradiated
with an energy-adjusted neutron
beam.

QFEF E RV RDRIG

FEUcafRke U F o LRFH
AR ERIERT D

(3)Neutrons react with boron:

emitted alpha beam and lithium
particles destroy cancer cells.

@hHt AR = IR

FREERE(ZHMRE 1 D2
(10z70v)0k®
M B AL TIRERA EIRE

(@)Cancer cells are destroyed:
these particles only travel a
distance of one cell width (about
10pum), allowing for cell-level
treatment.
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Next-generation cancer treatment, Boron Neutron Capture Therapy -Development and practical application of the apparatus-

WHRETDHEE Target diseases

CNETIKEBERIABRD ThhiES
Diseases treated in clinical studies

¢ [EEE & RWBENA SeBURBE oFROSA SHNA & REE DA s

Brain tumor, Head and neck cancer, Melanoma, Liver cancer, Lung cancer, Mesothelial tumor, Breast cancer, etc.

¥EXREFHRARAAEN TOEERRBRESLEPTT. *Clinical study at the Japan Atomic Energy Agency is not in operation.

REmzamgl  RE A (BIERER)
Typical treatment cases: invasive cancer (malignant brain tumor)

* ML R OAREHNNE

BRICHESE>ERICRSBWHAMBEY. EELERM
MRUCHS TRWAL  ICRMBAD &S ICED > feh AR ICI L T WANC AR
HrEEELTVWS EITODDBRONRA > b &R B,
Cancer cells are
infiltrating but not
visualized by MRI The key point is how to attack cancer cells that have spread into

surrounding tissue or infiltrated into critical areas, but are not
visualized by imaging.

% Need for cell-level treatment

RURPHEFHIEEE BNCT DB EDIHE Other treatments
BRICRS RV AR RO RERTENLET S

QI v AMaE
Z ENEIRE, DAMRDHEBRNICKETE S, BHRSELT3 & ESESGAD
Cancer cells not visualized by imaging can be BEABAELS,

targeted by using a boron-containing drug, so they

: X-ray thera
can be selectively attacked. y Py

Extended irradiation field may result in
excessive damage to normal tissue.

Q ENTR - BTRA

CT ICRRZ BB % BATH I 30\ R 5
TEH. RELEESOH AME
HEFT %o

Heavy particle/proton beam therapy

This therapy targets a CT-visualized
tumor with local irradiation and may
leave infiltrating cancer cells untreated.

Q Fifs
RHN ZEHEET S LR EX
TR E £S5 | ER 9 o HTTEE,
Surgery
Not feasible because removal of

cancer-involved areas may cause
serious functional defects.

HELFTA
UIBREIRE R BR 0 & R ICVIRR T B0
Before surgery

A resectable part of the tumor

is removed first.

BNCT EKEri
Before BNCT

BNCT SEitité (Gaft25581%)
After BNCT (25 months after treatment)

RENGERG : ZHRH A (MEHRIE)
Typical treatment cases: mu]tiple cancer (pleural mesothelioma)

REHEICEA D EEE R >EBOSS. EELERE
BL MEERDODCEDTEIREENEEND,

For diseases prone to spread extensively, treatments capable
of preserving normal tissue and function are preferred.

R EBPEFHEIEEE BNCT D BREEDIZE S Other treatments

EECHBZEREUBEZRELD S,
HAOHIRDOHEERTE S,

Selectively attacks cancer cells while preserving
normal tissue and function.

B/ o=n
% IREEER T B BTz D F T R B
Surgery

Difficult to perform due to
extensive infiltration.

N i e o TP

) AT (BN TR - BF#R) A
EEE#C&:SU:@*&?@?‘B%HE%Q
Particle beam

(heavy particle/proton beam) therapy

Difficult to apply due to extensive
infiltration.

KA FAMEAA—ITE. * The illustrations are for visual purposes only.

KEQZERG : BELA (ETRHA)
Typical treatment cases: recurrent cancer (parotid gland cancer)

BNCT EHE#]

DNAMREOELVWERKEELD HRICEEFST . HBERD E5IC
BALTWBRE, LEICFHZT > TVSHUBRIZES 3°, SR
BEREROLO NFRARET SO BEHARETEG TH - .
Before BNCT

Cancer cells showed such remarkable growth that they penetrated the skin
out of the body and continued to grow. This patient had previously
undergone surgery and therefore was not indicated for surgical removal this
time. This lesion was post-radiation recurrence and therefore was not
indicated for radiation therapy, including particle beam therapy.

BNCT =it
D AMEEORNCIERRIRNFON. REIBELTVS,
RRE. BEBEANOREBIEIHEL TV,

After BNCT

BNCT was very effective in reducing cancer cells. Skin regeneration was
observed. No adverse effect on vision or hearing was observed.

HEREM . KWAF  * Photos provided by Osaka University
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BFEREICDWVWT Details of treatment apparatus

InET: RTFEE > ialEE
Past: nuclear reactor-based apparatus

EFKEELT
BDIZfelawn
Not suitable as a
medical device

© /B EIE Complicated maintenance
Q HBH¥LHEUR LY Complicated handling
O BEFIFBEEDRS Subject to nuclear

reactor regulations

JRR-4 lﬂﬁm .Medical irradiatian system
¥JRR-4 [F{F1Lh. HEREEFEAIIARTE JRR-4 is not in operation. When operation will resume has not been determined.

hhs: BFREFEDARVILES & - foaiEE

From now on: accelerator-based treatment apparatus not
requiring nuclear reactor (currently under development)

* &4 Safe
* ffE Simple
* 3/ k Compact

EREE L U TRRAICERE TR

Can be installed in hospitals as a medical device

BE wall

B #RNER Rt FRERE aRa

Linear accelerator Neutron generator Treatment table

¥ 7m OERIEZE TIES - BFEA. hETFFRE  Proton beam is accelerated by a linear accelerator of about 7m
EBRAORYUSLEWSSEBERIEL ThEFESLE  inlength, and reacts with beryllium, a metallic element placed
T35, PEFOIRIX—EFHEL FURB BT S in the neutron generator, to generate neutrons.

Energy-adjusted neutron beam is irradiated to the target lesion.

BHFE b D i 12 FIRELHFTE T 5 T ig S e
WAL > 7 — ) (RIRIBEIE AR ) AICEiE L £ 7,
Z DR TP R R IC X B O 1 RE R A FZHE L
fotk, RERDERZ KT 2itHT ¥,

M7uP =y FCRPEFEZRE S S EHERZY T
i { CTARHC BRI R, BURRREIEE. Y 7 P Y x
THELETHELTWVWET,

The treatment apparatus in development will be situated in the
Ibaraki Neutron Medical Research Center in Tokai-mura,
Naka-gun, Ibaraki, under the jurisdiction of Ibaraki Prefecture. In
this center, we will first test the performance of the apparatus in
animals and then start the treatment of patients. In this project,
ve are developing not only the neutron-generating treatment

sapparatus, but also other medical devices required for the
patment, as well as radiation measuring devices and software.

ﬁﬁh%ﬁ‘v_? WwtT
rails of the research center

P

MDD ZESIE Local Support Systems

M| Ibaraki Prefectural Government

TR FE T D 1o 6 D R D FRBL T BRI E

T 27 £ 3 AXTORIC. RAICEEMFEMR - BRUEBRD 5 AL ERINL R ENRICBHRORH KK
& BEFTEF OB > TEMU L REEBHOESITIE U T 3FHEABRR Z RN R
¢ BERFOIERICHRIRERVZORM (REHR > TV SER7) OFHERGH 2R RMH

Exemption from prefectural taxes for businesses in Ibaraki Prefecture

Exemption from prefectural taxes for businesses that set up or construct a new office (factory, plant, etc.) in Ibaraki Prefecture and hire at least five
additional employees by March 2015
* Exemption for three years from enterprise tax on corporations, depending on the percentage of employees additionally hired when opening a new
office, etc.
= Exemption from real estate acquisition tax for buildings and land (the part on which the building is built) related to the opening of the new office, etc.

2<IEf City of Tsukuba

FE70O0Y 17 b REEHFICHTI2ROBEEE

DFEL 28 & 3 AXTOMIC. EOfH LOREE (RERFRERS) 2RI 2BE 7O 7 hREEAZ
MRIC EEAER - HHEHERZ RIR
S WREL DY - HMEE - DHICRIBETEER - BHstEREZRER 3 FHRRMK

@F 28 £ 3 AFTOMIC, FIARBRAO L MERHLALFLCH L. —EDOFHFOT . BEREREF 2B R 3 FHES

D EHEREM LR REFIE
TR 274 3 B X TOMIC, AICEREPTZ MR - MR U CEREENRIC, URBEERICRLEERERBUROEMEZ XM

& HEFOFTERICH > TEMU LHERREICT U T HER U CRERO 1 £/ (ORy S EE, BEEEREICOVLTIR
3 £M) ot RE. ROFECK2EERERBLURERA

Tax abatement for entities engaged in one or more strategic zone projects

(1) Exemption from fixed asset tax and city planning tax for corporate entities that engage in projects in the international strategic zone and receive
corresponding national preferential tax measures (tax measures for the promaotion of investment in plant and equipment) by March 2016
» Abatement for up to three years of fixed asset tax and city planning tax related to buildings, machinery, equipment and land

(2) Exemption from fixed asset tax and city planning tax for those whao provide land for verification tests by March 2016

Tsukuba City Subsidy for stimulating industries

For enterprises opening a new office, etc. in the city by March 2015, a subsidy equivalent to the fixed asset tax for the office in question
= A one-year (three years for robot/environment-related enterprises) subsidy equivalent to the fixed asset tax on the land, building and depreciable
assets of the new office, etc. depending on the number of employees additionally hired when opening the new office, etc.

[&M&E%] For more information, please contact:

TR - IR EEER P T iRE R
T310-8555 RILEKFHTRA 978-6 tel. 029-301-2529 Fax. 029-301-2498

Science and Technology Division, Department of Planning, Ibaraki Prefectural Government
978-6 Kasahara-cho, Mito, Ibaraki 310-8555, Tel. +81-29-301-2529, Fax. +81-29-301-2498

T305-8555 IR D < [EXifE 2530-2  tel. 029-883-1111( A 5270) Fax. 029-868-7640

Science and Technology Promotion Division,
Tsukuba International Strategic Zone Promotion Department, City of Tsukuba
2530-2 Karima, Tsukuba, Ibaraki 305-8555, Tel. +81-29-883-1111 (extension 5270), Fax. +81-29-868-7640

co 2@ D K ETHEFREER SR HEES BPRmiRER

EZXFEARRKT HREER D<ET7O-N -1/ R—2 3 VHGERBEER
T305-0821 RWED < [EH&H 1-8-3  Tel. 029-853-5887, Fax. 029-853-5889

Office of the Organization for the Promotion of Tsukuba-Based Global Innovation,
Department of Research Promotion, University of Tsukuba

1-8-3 Kasuga, Tsukuba, Ibaraki 305-0821, Tel. +81-29-853-5887, Fax. +81-29-853-5889
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Initiatives in Tsukuba International Strategic Zone

B

REBXTHELSNS 5 - HIEORBAIEE, © Bl LOXEBES, SEHENISEARL. OEEEZA3HLL
EFEERIAT L EMETILELDIC, 420XBN 7OV 7 M KD EA 5 FUAICBICRADHR
ELEFRCEICED . FA7A4/R=3 0T ) =04 /R—Y 3R BTHLEHNER T 2 RERRICERT 5,

Objectives

To construct a “new industry-government-academia collaboration system to change Tsukuba” by taking advantage of the
preferential deregulation and tax measures that are available in the zone, and to attain tangible results from four pioneering projects
within five years in order to contribute to solve the problem that we face in the field of Green & Life innovation.

MO EZEZEZ3FLVWESEEEV AT L) DBEE

FULWEREEE AT LOHERZ 2 E/O—NIL- A/ R—y a3y #HEEEERT

- EREOBEIT IBRAEROMARMESEZEHICERATEZS2HEA P MREER - TIRFRORZ 51L%.
HBEOT7Sv h74—LT7OYV V7 b EXE

-SELoFEMTS B EoFHFLW IO 7 M ERIH

Construction of a “new industry-government-academia collaboration system to change Tsukuba”

* Establishing an organization for promoting global innovation in Tsukuba to serve as the core of the collaboration system

» Creating systems that enable researchers to freely use the leading-edge research facilities of other organizations,
producing tangible results, publicizing study resources, and supporting projects on a common platform

* Creating at least 5 new projects in 5 years

4 >0%BNTOI 7 b OHEE

Project 1 RH{EAHAEER (BNCT) OFFERIE, Project 2 MESERIROMN w b DER{L,

Project 3 MR/ AV AL R F—DEFMAL, Project 4 "TIA-nano R K7/ 7 7 Hhm DRZEL
Four pioneering projects

Project 1 Life-Innovation Project 2 Life-Innovation

Development and implementation of BNCT, Living with Personal Care Robots

a next-generation cancer treatment 5 =
Project 4 Green-Innovation

Project 3 Green-Innovation Creating a global hub of nanotechnology, TIA-nano

Practical use of algal biomass energy

BNCT ” WESE R FERFR LYY —
: +319-1106

WFZEHLE FIER BEBIER A 162-1

Research institutes FiRm Ibaraki Neutron Medical Reserch Center
. 162-1 Shirakata Tokaimura Nak

hariki ket edie Ibaraki pgedjre? 29106
b
~ University of Tsuku
.- %
PR A Yy — = bnet@un.tsukuba.ac.jp

For more information, please contact:

T305-8576 M D L FHKRALR 2-1-1 TEL: 029-853-7100 FAX: 028-853-7103

ﬁ?& j(% Proton Medical Research Center, University of Tsukuba
2-1-1 Amakubo, Tsukuba, Ibaraki, 365-8576 JAPAN

University of Tiukuba  tel. +81-29-853-7100 Fax. +81-29-853-7103
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