' X

TTTTTTTTTTTTTTTTTTT

#HHKREFHEIT—
BAREFIFOFEREBLUNNDISE
(2022/7/18)

PWRZHR\E
EF520H - iamARIDER

(9%Mo/9MTc & 225Ac)

y
s I BN
HERAHKE o ,
RERMEEIFZMER XRIEFHEK
BT BRFHEEIxH
BA BT &
: | I
[ -':{* ﬂ-i“-'“m "Jfﬁ
B e TN )




Mo/>"Tc



- REIHAE

=[=1==}
H R

« PABBHILIBNDO—rZlzEY . BROD 2 Al 1 ACHAD
KON DK

« O UK., EROKEFREISERR 100 AHLLEIC
« EAETHRAINTLSEARIFIFIFEEZEHAICKTF

« FD6, BUHERYCENERD F STV, BAKE, HFZFIC
&Y. R @i%*ﬂ%’("l%ﬁﬁ@“%ﬁﬁ% - FRICXKE

« XIEHERREREDREEE U GEFFESN TS TaN
FH’J%/%J ﬂl?‘Lﬁupoﬁ"?ﬁd):—ZEEﬂﬂ

o SEREILFDIRIR(AC-2257RE ) DEEREJIERICEILV\TLD




(BT TUZRYECKRR., SBROFRELEL]

REFIZHEITE%Mo/®MTc O F| A

SMo/*rTe ZRIRTAREFRE pymExaoneBEIs

e MR T
$ ’I:'tll%:‘/:ﬁ'- -

i

AV =& E#EEF2020

- BARTHRBEL TV EERERICEASNOZKIEDT5ZE " TcLEDRMELGD
Mo EH TV,

s BARIZET5°Mo/P* TR E| D HIGHRIE (X 150EMFBIEE,

20211215_82EFRFHEESR - RIESHR
[2Z&R2] ERERARDEBELMECDONT ( [BEUIFTUZERDERR. SEOFRBEEEL] hitk) [(Bi0EMSs tRAZSREERKD]



S >F 45T 4 (Scintigraphy) iR E & (&

ETERALTR TR S NIEERI 2 AN (CIR5R. b SNDRET
R BEERIE T D E(C KD TERIDDMZRANDIRE

ERNOBFEICL D CEDBEs (CDM L. EDERIGHEEZ RIRT D
HRED . IREOEENERRD

EEMIXEREBECT/RE (RadiographyiRE) (IADIEIEZ /S HRE
BECIN. S >F TS T+« TIIMRDBEEER DG SN 4R &2 5
A =B AN

Reduced blood flow by Alzheimer's disease

S2FIS5TA - SPECTRRE | JUNAFEKRZ B FiR T bt BRR A ETHREN D EF (kyushu-u.ac.ip)




- HRIMHAAKE

ﬁfid) ii N RI E WL\"/EI\% (1;51 N E)

3 mMEEEZE S Supply of Radiopharmaceuticals

3.1 BSHEEERKOEIEE Amounts of Radiopharmaceutical SPECLT:‘/\O)%*E*%E':EFH
3.1.1 invivo O#HEROHER (KIER, £ER) ZEFEMDFIBEE S6HD

Amounts of Radiopharmaceuticals (for in vivo use) Supplied in Fiscal 2017-2021
(B {Unit: MBq)

Fiscal Year
EE 2017 2018 2019 2020 2021

| #%3& Nuclide

= 49,296,580 | 49,503,669 | 49,519,653 | 47,250,147 | 48,083,017
Ga 2,411,290 2,100,860 1,891,921 1,627,926 1,486,734
¥ Rb-*""Kr(G) 620,490 622,525 612,720 589,225 602,545
8sr 83,895 57,387 - ] -
Dy 481,000 510,600 321,900 38,850 .
Mo-*"Tc(G) 86,688,375 | 82,068,895 | 79,314,015 | 73,796,020 | 69,444,375
Iy 300,495,662 | 293,085,756 | 285,604,434 | 252,129,322 | 262,223,304
"n 340,545 370,057 385,300 321,315 369,265
=9 34,987,358 34,902,199 34,836,349 31,169,336 33,013,154
131 15,245,295 15,684,208 16,381,251 16,036,004 15,568,805
77 - . « - 1,443,000
2Ra 55,471 39,362 34,915 31,157 28,780

= &r Total 503,940,417 | 49 481,170,474 | 433,891,129 | 443,052,586

. %iﬁ*%d)% 5-561'[57?’:50) o %ﬁ;ﬁ%l:{ﬁ% HE s P S —TERERE202 BETAY AT
2016 FT LA RIS 6
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Imported *Mo-*"Tc (MBq)
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Fission - Decay — Stabilization

Number of protons

Uranium

i d -Valley of
Heisenberg

Split into two fission
products

Release energy and
some excess neutrons

Number of neutrons
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3.75m 455m
102 TC 103 TC 106 TC 107 TC
pasam ] ez 76m | 356s | 212s
103M0 104M0 IOSMO IOGMO
1.13m 1.00 m 356s 8.73s
102Nb 103Nb 104N'b IOSNb
o SR TER T T
101 Zr 102 Zr 103 Zr 104 ZI-
21s 29s 13s 128
100 Y 101 Y 102 Y 103 Y
&?,‘;gg 448ms [*300™ | 230ms
& 100 Sr 101 Sr 102 Sr
269 ms' \202ms 118 ms 69 ms
5| “Rb|2Rb| *Rb| *Rb | *Rb|*Rb|“Rb|*Rb| ™Rb '“Rb "'Rb
T sg4s | 44925 | S84s | 27025 [377.5ms | 2028ms [169.9ms [ LM | 503ms | Sims | 32ms
r|®Kr | Kr|?Kr|%Kr |*Kr|*Kr |*Kr | 7Kr | *Kr | *Kr [®Kr
| 32328 8.57s 1.840 s 1.286 s 212 ms 114 ms 80 ms 63 ms 46 ms 40 ms 36.9 ms
(12Br | 2Br | " Be|®Br|®Br|*Br|”Br | ®*Br Bt | *Br | *Br
H 440s 1.92s 541 ms | 343 ms 102 ms 70 ms 54.1ms 52.4ms 39.2ms 27.7ms 18.3ms
HEESE S e S e R E el S Ese > Se | * Se | T Se 64
1.53's 041s 146 ms 027 s 68.6ms | 55.7ms 38.7ms 34.1ms 21.9ms 15.7ms
5|3 7As|BAs|®As|PAs | As|2As| " As|*As| S5 As|*As
5 049 s 160ms | 48.2ms | 39.6ms 24.4ms 20.6ms | 14.6ms 12.4ms 8.86ms 7.29ms
B En o el 0 °Ge | Ge | 2Ge
¥ - 61 62 63
5 | 757 ms | 71.5ms 33.6ms 34.7ms 19.2ms 15.5ms 9.81ms
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Hitachi Global Top about Hitachi News Releases

News Releases Listed by release date

Corporate

Information contained in this news release is current as of the date of the press _ o _
announcement, but may be subject to change without prior notice. Financial information

November 15, 2010

] PDF Download(PDF Type,82kbyte) Electronic Devices
Development of Medical Isotope Production (Mo-99) by Information &
the Boiling Water Reactor (BWR) {oleconmiication
Systems
HGNE Joins the Government-Industries Joint Meeting for
Reliable Molybdenum-99'/Technetium-99m’2 Supply Power & Industrial
Systems
Tokyo, November 15, 2010 - - - - Hitachi-GE Nuclear Energy, Ltd. (Masaharu Hanyu,
President and Representative Director; “Hitachi GE”) today announced that it has Digital Media &
decided to start a commercial viability study on Molybdenum-99 production technology Consumer Products

utilizing operating Boiling Water Reactors (BWR) (‘BWR method”), in cooperation with

GE Hitachi Nuclear Energy (“GEH"). In addition, Hitachi GE has decided to participate in New Business and
the Government-Industries Joint Meeting on the Stable Supply of Molybdenum- gthers
99/Technetium-99°3 (Secretariat: the Cabinet Office; the “Joint Meeting”), which was

established by pertinent government and industry organizations in Japan.
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Development of Medical Isotope Production (Mo-99) by
the Boiling Water Reactor (BWR)

HGNE Joins the Government-Industries Joint Meeting for
Reliable Molybdenum-99"1/Technetium-99m 2 Supply

Tokyo, November 15, 2010 - - - - Hitachi-GE Nuclear Energy, Ltd. (Masaharu Hanyu,
President and Representative Director; “Hitachi GE”) today announced that it has
decided to start a commercial viability study on Molybdenum-99 production technology
utilizing operating Boiling Water Reactors (BWR) (“BWR method”), in cooperation with
GE Hitachi Nuclear Energy (“GEH"). In addition, Hitachi GE has decided to participate in
the Government-Industries Joint Meeting on the Stable Supply of Molybdenum-
99/Technetium-99°3 (Secretariat: the Cabinet Office; the “Joint Meeting”), which was
established by pertinent government and industry organizations in Japan.

Technetium pharmaceuticals (radiopharmaceuticals) comprised of Technetium-99m as a
base ingredient are the most popular in the field of radionuclide examination, and Japan
has the world's second largest demand after the United States. Technetium-99m is a
radioisotope that is decayed from Molybdenum-99, which is also a radioisotope, and
Japan imports whole Molybdenum-99. More than 90% of Molybdenum-99 is produced by
a few aged research reactors overseas (“Research Reactor(s)”). A serious supply crunch
of Molybdenum-99 has occurred worldwide when the long-term shutdown of the research
reactor with the largest production coincided with the long disruption in air traffic due to
the Icelandic volcanic eruption in April 2010.

To address the Molybdenum-99 supply shortage issue, the Japan Atomic Energy
Commission issued a recommendation that “it would be necessary for relevant
administrative bodies to proceed with studies on responsive measures at the national
level under close collaboration and cooperation with pertinent organizations including
Japan's industrial circles and R&D institutions” in its “Assessment on the Basic Concept
of the Initiatives for Radiation Applications Presented in the Framework for Nuclear
Energy Policy” (June 1, 2010). As a result, the Joint Meeting, a Government-Industries
partnership organization, was established on October 6, 2010.

Meanwhile, in the United States, the White House has established a working group to
manage the radiopharmaceuticals supply shortage issue, in order to improve self-
dependency and to cope with the restriction on the export of highly enriched uranium
used in the conventional nuclear fission method. In this context, the U.S. Department of
Energy (DOE) had solicited proposals on Molybdenum-99 production methods and the
BWR method proposed by GEH was selected as a business case to be funded by the
DOE.

In the BWR method, Molybdenum-99 is generated by neutron irradiation of raw
Molybdenum in an operating BWR. As BWR fleets periodically calibrate neutron
instrumentation for the reactor power measurement, every BWR is equipped with a
system to traverse the calibrating device in and out of the reactor pressure vessel and the
reactor containment vessel. This system makes neutron irradiation and transport of
molybdenum easily accomplished.

Hitachi GE has worked with GEH to develop and commercialize the BWR method in a
few years. Moreover, participating in the Joint Meeting, Hitachi GE intends to study with
related organizations the feasibility of providing Molybdenum-99 using some of operating
BWRs for technetium pharmaceuticals production.

Meanwhile, in the United States,
the White House has established a
working group to manage the
radiopharmaceuticals supply
shortage issue, in order to improve
self-dependency and to cope with
the restriction on the export of
highly enriched uranium used in
the conventional nuclear fission
method. In this context, the U.S.
Department of Energy (DOE) had
solicited proposals on
Molybdenum-99 production
methods and the BWR method
proposed by GEH was selected as

a business case to be funded by
the DOE.
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Targeted Alpha Therapy (TAT)

= 211A¢

!
AR

Lo RESHEREAZE
4 CRORERS 23

E /
BAOHIAS, RRIOD L
MAKMIEE B S+ | AL EEEhzo#fA, NAMIRERE
SEE 2 B DELRE — BB BB
EEHAES -EEGEE - AEBMOERK (QoLE L)

KON SHRGTRZ IR 3 DICRDMEHREE EEIXD . 7ILD 7R AE TR s n/civik e
HACES L. EANSTRESNZ RS I DiaBE(RET RE a8
PILI 7HRIE R—=FRICERTEDINCEWEMZRIRZTFS. BFEIRIIKIDILVATEEMSE

RS HREFIF DIRIA & ERRE(C DLV T (aec.go.jp)

35



TTTTTTTTTTTTTTTTTTT

D= NOLSTE

s AADSHIEFVCEN AV ERNITDIANE
VAN LY NNV ASTO: =t

. BRFEEDBRIC LA TRIENE < T F L
P EAAEL

» Z< DofRRIFEHE iR E LT D7D 1118

HIZYDIRIVF—FENK

D

- IERMROESZR/NRICHIZA DD, HEED
R IR A\ DRI ERGT AV AT BE

36



SRFIRABEREDEL

PERDEHFHRIGHE: TILI77RZEFOHR:
EMFHERNEFICEDENNODES offHZEEZR S LA SRS

B AIZER RBRMEREICED

BEIAIIMESREEZTINE BEIAIIFERTINE
ETERIFHDIRIR & 5RRE(C DUV T (aec.go.jp) 37




BNCTED LY

B FER 2 A (BNCT)
EEMEICERY AT BEREF
EDZRIGICKYFEET DR NEHIF
R (T ILI7#R. "LIfLF) [CTE->Tiam

TFILI7HREBEERR BNCT
VHWEERSE 1B = % & (30 ppmil L)
| By
\! 1
RAOH AR AL  PHTEET AL
DDSELEE SFENE RBHEENA  HABBAORYAHEFRIR
(BRRDPETHRARZNA)  (B—7 T4 7 BRAIREFRE)
I R B EBBMRE YIBRER E7AA
;_,L,,Eﬁ Eﬂﬁljﬁ (9_7*‘]’:{. 223RE) ~ Eﬂﬁ%i‘:ﬁq]
= BAcCH FIRHEMRRGAER (B fE%, EETAERAES)

ST HRFIFE DIRIK & 5FRB(C DULVT (aec.go.jp) 38




BRI ERTIRS
[RF AT (1959

W ART AR
(FEEw /R

Patients

treated
1976 2
1977 12
1978 12
1979 7
1980 5
1981 5
1982 7
1983 13
1984 9
1985 1
1986 5
1987 11
1988 9
1989 10
Total 108

TAF(IHE -

RREBAANL

TOKYO CITY UNIVERSITY

—Z<
= ~) COBNCTHIE
yi%; ——
— AL
A%y\ R Ordinary Concrete

C Iz Al O] eactar

[-_]' l_—_JE ran Heavy Concrete
— L=

3 Water Pool

uel Storage

Graphite— |

EEE

okWH FITRIGAKE (TRIGA-I)
,)‘;:w




IJ_LHRJE? (BMEONATEESREIML) D
ZRBEEIS (O I Dakp A&

Ac-225383F 0 FIEEMNZE(C KD KRN AESKH GBY)

C

"

1x
225Ac-PSMA
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PSA = 2,923 ng/mL PSA = 0.26 ng/mL PSA < 0.1 ng/mL

B8 :  Kratochiwil C, et al. J Nucl Med 2016 57(12):1941-19
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Thor Energy’ s high density ThMox Pellets are ready for licensing
in a commercial reactor

Thor Energy - New generation thorium mixed oxide fuel pellets loaded into reactor for testing 57
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Ac-225 production performances
in Joyo and PWR
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I P— ﬁ,\@mﬁ Smbame Atomic Energy Commission released an action plan on

[5)25 452 . { May 31 2022 through half-year discussion in a specialist
(BHCARESDETUTIEZS i i i e
il R _| meeting on medical RI production and utilization.
1 lttells
e Asfor Mo-99/Tc-99m, national preparedness will be
%ﬁﬁmﬁ?g increased up to 30% by 2027.
mEEsyA * Asfor Ac-225, R&D using Joyo and accelerator will be
10EORICRATIANEEE intensified and demonstration using fast experimental

OEYTF»-99/FIXFV1-99m®D reactor Joyo will be performed by 2026.
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Half of cancer patients
who need radiotherapy in
low- and middle-income countries
do not have access to it.

This is a sobering statistic.
And it is unacceptable.

— Rafael Mariano Grossi,
IAEA Director General

'Rays of Hope The Global Cancer Burden

2020 2040
10 16
mlllc]ng cases nil§m9 cases N

Over 70% of cancer deaths occur in LMICs.

I

Only 5% of global spending
on cancer goes to LMICs.

iii::i:ii: About half of cancer patients
require radiotherapy.
2222222222 ¥

rays-of-hope-v2.pdf (iaea.org) 71




OVER 70% OF THE POPULATION OF AFRICA
DOES NOT HAVE ACCESS TO RADIOTHERAPY.
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@ Radiotherapy centre
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Population distribution -~
Darker blue represents higher

population density !

In Africa, over 700,000 people died of cancer in 2020.
More than 20 African countries have no

radiotherapy treatment unit.
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Conclusion

]

‘ Nucle8freactors have veiled ability

to contribute to human health,
in addition to their main role of
carbon-free energy production.
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