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The Center was established as a core facility within Fukushima Prefecture to provide
early diagnosis of various diseases, mainly using PET-MRI and PET/CT diagnostic
imaging. The Center is also a research facility that can conduct everything from the
manu-facture and synthesis of radiopharmaceuticals, to non-clinical studies and clinical
research and trials. PET-MRI, first introduced to Japan by this Center in 2013,
contributes to ultra-early detection and diagnosis by providing high-precision,
high-quality images of cancer and diseases of the heart, brain, and nervous system.

In addition, equipped with Japan’s only medium-sized cyclotron for the manufacture of
medical radioisotopes (nuclides), the Center has succeeded in the stable production of
Astatine-211 (211At), which is attracting attention as an alpha-emitting nuclide that has
the effect of killing cancer cells, in quantities and quality levels that can be used in
nuclear medical treatment, and we are moving ahead with the research and
development and clinical trials of therapeutic drugs.
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Radiopharmaceuticals Development

EBIRREPI T A M ERFBERH DR ST R EE AT LRE
LTHY. GMPIRICH FIREL Z R DS ET cE= /N - B D2B DY
170OrA>ZRBLTHL, PETRZENICAVSREE FIHZIED (. T
F HEFABAOGFHHEZELL TERSN 22 ADERIETETSH
D ERZ BT ERIDRE - SR EITToTWVET,

The Department of Radiopharmaceuticals Development owns 5 hot laboratories
for manufacturing radioactive drugs. Some of them can support GMP. We have a
small cyclotron and a medium-sized one. So, we can produce not only positron
emitters for PET diagnosis, but also ?''At which has recently attracted attention

as an alpha emitter for radiopharmaceutical therapy. Therefore, we can
manufacture and synthesize various radiopharmaceuticals.
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Medium-sized cyclotron MP-30
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We provide radiopharmaceuticals from radionuclides produced by the small cyclotron for routine medical care. On the
other hand, the medium-sized cyclotron can accelerate particles of 30 MeV, and we produce 2''At which is an a-ray

emitting nuclide with a half-life of 7.2 hours. Recently the effectiveness of radionuclide therapy using alpha-particle

\EI : B
emitting radionuclides has attracted attention. We are advancing studies of useful 2''At labeled radiopharmaceuticals. MY A70E> HM-20

Compact cyclotron HM-20
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Supporting the Development of
New Radiation Therapies
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Our facility was first managed in a Good Laboratory Practice (GLP)-like
environment in Japanese academic institutions. In response to requests from
on-campus research departments, we started supporting the implementation of
imaging technologies and pharmacokinetic and pharmacological studies using
X radiopharmaceuticals, and the development of new radionuclide therapies
NEWMA PET/SPECT/CTRE 21 At-labeled agents in a specific-pathogen-free (SPF) environment.
Small animal PET/SPECT/CT system
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We have more than 200 isolation-type breeding cages, and the entire facility is maintained in an SPF environment,
where advanced cell and animal experiments can be carried out. Since a quarantine room is available, breeding and
experimenting on animal models with special diseases and genetically modified animal models can also be carried out.

The facility is equipped with the latest PET /SPECT /CT imaging system, an optical imaging system, a multitype =
radiation measurement device and analyzer, an automated high-speed cell sorter, a quantitative protein analyzer. TAIL—aKABVXT L

Isolation-type breeding system
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PET Device
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The Department of Positron Emission Tomography (PET) conducts imaging
diagnosis and clinical research of various diseases using PET/CT and PET-MRI
scans, which are diagnostic imaging devices. The PET-MRI is a hybrid-imaging
system that incorporates a PET detector into the MRI imaging device. The

PET-MRI can easily and precisely obtain fusion images of the MRI high precision

. anatomical image and the PET functional image, and it is used for diagnosis and
PET-MRI&ZE & E clinical research.

PET-MRI Device
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PET scans can examine a wide variety of biological functions using various radiopharmaceuticals. At present, PET
scans can use FDG (fluorodeoxyglucose), oxygen gases (C02, CO, C2), and ammonia (NH3). FDG-PET scans for epilepsy,

ischemic heart disease, and cancers are covered by health insurance. Our center performs diagnosis of brain tumors
using amino acid metabolism, diagnosis of the Alzheimer's disease by scanning the amyloid accumulation in the brain.
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A view of the PET operating room
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Our center is equipped with PET/CT and PET-MRI, enabling us to research
diagnostic radiopharmaceutical with minimal radiation exposure. We can also
conduct clinical research and clinical trials using radiotherapeutic agents by
utilizing the University hospital Rl ward. The simultaneous development of
radiopharmaceuticals and therapeutics makes it possible to develop so called
theranostics, which combine therapeutics and diagnostics. The Department of
Clinical Research and Clinical Trials is responsible for conducting and supporting
BT/ ATy T RESRBEBEDSMEON /L VEEBBEDIETT 4 clinical research and clinical trials using theranostics and other diagnostic and

IS SR TR EFE 1B TVA T/ AT v I REVIGEN HYET,  therapeutic radiopharmaceuticals.
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Estimating
Theranostics is a new therapeutic strategy created from diagnosis and treatment therapeuitic

X . . . L RI for @ effects with
(Therapeutics+ Diagnostics). In particular, when radioisotopes are used, the term diagnosis r '_ Imaglng
“radio-theranostics” is sometimes used. The concept is illustrated in the figure. In this new
therapeutic strategy, we use diagnostic and therapeutic agents whose target molecules are
identical. Using this diagnostic, we select patients who are expressing the target molecule 00 o0 l 'l ' "‘
and are likely to respond well to treatment. Patients who are not selected in this way can LRUR R EMHRAML AL L E e therapy
avoid unnecessary treatment and suffering from this treatment. WA THN
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Management and utilization of the

Environmental Dynamic Analysis Center
Building
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The Environmental Dynamic Analysis Center Building is equipped with state-of-the-art analytical
instruments for trace elements and serves as a research base of the Radioecology Unit of the
Fukushima Institute for Research, Education and Innovation(F-REI), which was established on April 1st, =
2023 in Namie Town. This unit is called the F-REI Branch at Fukushima Medical University. The iﬁiﬁéﬁ EREAT > 5 —AR ( F- REHE‘%E*W#% )

Department of Environmental Dynamics Investigation is in charge of radiation control for the building, The Environmental Dynamic Analysis Center Building
which supports activities of the unit. (F-REI Branch at Fukushima Medical University)
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Making Worldwide Network and Communication

with Universities and Research Institutions
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The center’s new mission for the future is to develop the research achievements
that have been accumulated so far, and to work on research and developing highly
qualified specialists in cooperation with the Fukushima Institute for Research
Education, and Innovation (F-REI).

To realize this mission, the Department of International Cooperation works to build
networks and strengthen international collaboration with universities and research
institutions in Japan and abroad.

OTATI2 Int'l Symposium
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World's First Clinical Trial
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At-211 MABG targets malignant pheochromocytomas that arise primarily in the adrenal

gland and is expected to improve therapeutic efficacy. We are currently conducting the
world's first clinical trial to test the safety and efficacy of the drug candidate.
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Produced at the Only Medium-sized Cyclotron in Japan that

Produces Medical Radioisotopes
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At-211 MABG is a combination of 2'"At produced at the only medium-sized cyclotron in
Japan that produces medical radioisotopes and an organic compound that attracts
malignant pheochromocytoma. The a-particle emitted from 2''At can selectively kill
cancer cells.

REYroOMaY
Medium sized cyclotron MP-30

Our center has been the first in the world to stably produce At-211 MABG, an
anticancer drug candidate that combines the a-ray emitting nuclide 2''At and a small
organic compound, in a quality that can be administered to the human body.

Because a-particle travel only a few tens of microns, they have the property of
having little effect on normal cells. In addition, the half-life of 2''At is only 7.2 hours.
For this reason, it does not require a special hospital room and is expected to reduce
the burden on patients.
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Development of New Prostate Cancer Treatment Using Effective Targetted Alfa-nuclide Therapy with ?''At and Theranostics

B IR AZBATCHEMDOHAREBEREDIIELV) . ZLDEEIAHNSLIE Prostate cancer is also the number one cancer prevalence among men in
CEEEOBERES I N TOET A3 AR EBEEDAEMECEBLVAE Jagan, and the d.evelopment lOf bletter therapeutic agents is expected by many
. = [ s . | patients. In particular, attention is focused on the development of targeted RI
THHMZMRIAREDOREISERIRF->TVET, therapeutic agents, which are body-friendly treatments that do not cause pain
Yt 22—l PRS0 (MP-30)5FAWT 2 AtEBLE TE 7 X4 F or pain. At our center, 2''At can be produced using medium-sized cyclotron
LERES - EF DI RS AL E D, B T A FE AR5 MP-30, and research and.development of astatine-labeled drugs is possible.
P _ g I, . Therefore, a new PSMA ligand based on the labeled precursor developed by
U7=tZ AT R A H LIS FIARDPSMAUH R DR FEICEV A TOET, Tokyo Institute of Technology and Chiba University. We are working on the
BE BERE)AREER L GERRIAEET-oCHY ZOhroRgE A K% development of. At present, we are conducting exploratory research by

BEL T EBRFRICE e R . &S ICBERFEIC O BT TOFET labeling candidate ligands, t'JUt we plan'tol select the most st'utlable llgapd from
among them and connect it to non-clinical studies for clinical studies and

Yo further to clinical studies.
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Research System Supported by the Latest Equipment Deepening of Astatine Labeling Device
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Drug synthesis using astatine is
1 carried out with an emphasis on
safety by installing a synthesis

= device in the glove box.

BB AE O - B B R L C-MS/ MSH RIS FRAL-211 PSMABREEDEHILEHD
R R D BIREE L THe ARSI, T RDEREEREBL
XA BIN. T XA F DI MEEEL TIETT T LF—
A—DPITERL TV D, We succeeded in the synthesis of a candidate
compound for a new At-211 PSMA therapeutic drug,
LC-MS/MS, which enables qualitative and quantitative measurement of and confirmed the pharmacokinetics in mice.
ultra-trace amounts of substances, has been installed in the RI controlled

area, and is active in picogram-order analysis of substances such as astatine.
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PSMA PET&EZDOHERE

PSMA PET and Its Usefulness
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In PMSA PET, a radioactive pharmaceutical agent (Ga-68 PSMA-11) that binds

to PSMA (prostate-specific membrane antigen), which is specifically expressed
in prostate cancer, is injected intravenously.
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Clinical Trial of Ga-68 PSMA-11 Injection Solution Using Cyclotron-Produced

%%Ga and Automated Synthesizer

Prostate cancer is one of the most common cancers in Japan, but conventional
diagnostic imaging methods such as CT and MRI do not provide sufficient diagnostic
accuracy for detecting metastases. In response to this situation, a diagnostic method
called PSMA-PET has been developed overseas and its usefulness has been verified.
The center is developing a diagnostic agent called Ga-68 PSMA-11 Injection, which
combines cyclotron-produced gallium-68 (Ga-68) and PSMA-11 in an automated
synthesizer. We are currently conducting a physician-initiated clinical trial with
Sumitomo Heavy Industries, Ltd.
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The clinical trial of Ga-68 PSMA-11 injection solution using cyclotron-produced *Ga and automated

synthesizer is the first of its kind in Japan and has advantages such as reduced radiation exposure

for the manufacturer and stable supply of radionuclides.

NEIHY L 70Oa> HM-20
compact cyclotron HM-20
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Production and Preclinical Evaluation of Cyclotron based PET Agents and Astatine Therapeutics
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Synthetic devices drag production
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In recent years, attention has been focused on radiopharmaceuticals using alpha-ray nuclides,
which have a greater biological effect. In order to promote the development of
radiopharmaceuticals using a-ray nuclides, the center has established a facility with two
cyclotrons that can produce PET diagnostic pharmaceuticals and develop
radiopharmaceuticals using an a-emitting nuclide, 2''At. The facility has a drug manufacturing
area for manufacturing, purifying, drug synthesis, and drug formulation of astatine, and an
animal experimental area where the efficacy and safety of the drug in small animals can be
investigated. This makes it possible to develop new therapeutic and diagnostic agents.
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GMP and non-GMP Production
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GMP manufacturing of
PET drugs is carried out
in a hot laboratory

managed as a clean
area.
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Synthetic studies and the
manufacture of drugs for
animal experiments may
be done by hand.
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PET*ﬁE(PET/CT PET-MRI)
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Contributing to medical research and clinical trials trough PET examination
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Since the start of operations in 2013, the number of PET/CT and PET-MRI
examinations has continued to increase. To date, more than 24,000 PET/CT and
PET-MRI examinations have been performed.

In addition to '®F-FDG, PET-MRI is also performed with '*N-ammonia and '*0-gas.
Our center conducts research in collaboration with other universities, and has
conducted over 1,000 research-based imaging studies.
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PET scan is an examination in which positron is injected into the body
to visualize the various biological functions. A PET scan can produce

whole a body images of the extent and metastasis of cancer, providing
important information to diagnose the disease.
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Collaboration with Nuclear Medicine Therapy
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The RI ward, located in the Medical Center "Life and Future” building, has nine
treatment beds (isotope therapy beds), the largest facility in Japan. Due to the
shortage of RI treatment rooms, the center has accepted many patients, especially
from the Tokyo metropolitan area, and is currently the leading facility in Japan with
extensive performance in providing a variety of nuclear medicine treatments such as
sponsor-initiated clinical trials. Since the center can produce radiopharmaceuticals
in-house, the Rl ward is used for investigator-initiated clinical trials using short

half-life alpha-emitting radiopharmaceuticals. In addition, the facility is also capable
of treating patients exposed to radiation from the nuclear disaster.

RIFAR A O 15 5 75 B s PR
(7AVN=TRBEIRIK)
Patient room

for radioisotope therapy
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Advanced Research Project for The Fukushima institute for Research, Education and Innovation(F-REI)
SHAFEICXERFEDRAZHEL (REEEM RN EEE(F-RENDETMEREERELEL 12,

In FY2022, our center conducted an advanced research project for the Fukushima Institute for Research, Education and Innovation (F-REI), commissioned by
the Ministry of Education, Culture, Sports, Science and Technology (MEXT) of Japan.
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International Symposium on Development of Radiotheranostics in Fukushima

Date:January 28 (Sat) - 29 (Sun), 2023

Venue : Hotel Raffine (Minamisoma City)

[Day1]

Development of radioisotope and drug for theranostics

(Chairpersons: TAKAHASHI Kazuhiro, FMU,~WASHIYAMA Kohshin, FMU)
Cathy S. CUTLER, Brookhaven National Laboratory
Michael R. ZALUTSKY, Duke University Medical Center
UEHARA Tomoya, Chiba University

Action plan for production and utilization of medical radioisotopes in Japan
(Chairperson: YAMASHITA Shunichi, FMU)
UESAKA Mitsuru, Japan Atomic Energy Commission

Regulations in radionuclide therapy
(Chairperson: KOBAYAKAWA Masao, FMU)
FUJIWARA Yasuhiro, Pharmaceuticals and Medical Devices Agency (PMDA)
(Chairpersons: FUJIWARA Yasuhiro, PMDA KOBAYAKAWA Masao, FMU)
Anna SUNDOLQOV, European Medicines Agency
Sundeep AGRAWAL, Food and Drug Administration
YAGINUMA Hiroshi, PMDA

Human resource development in radionuclide therapy

(Chairpersons:ITO Hiroshi, FMU,/NISHIJIMA Ken-ichi, FMU)
NAKAMURA Katsumasa, Hamamatsu University School of Medicine
FURUMOTO Shozo, Tohoku University

Radionuclide therapy and tumor immunology
(Chairperson:SUZUKI Yoshiyuki, FMU)
KONO Koji, FMU

[Day2]

Development of radionuclide therapy with Astatine-211 in FMU

(Chairpersons :HOSONO Makoto, Kindai University,” TAMAKI Nagara, Kyoto Prefectural University of Medicine)
SHIGA Tohru, FMU
ZHAO Songji, FMU

Expectations and problems with radionuclide therapy from the clinician’s point of view
(Chairpersons: SANO Hideki, FMU,~KOJIMA Yoshiyuki, FMU)

MANABE Atsushi, Hokkaido University

UEMURA Motohide, FMU

TAKAHASHI Takeo, Saitama Medical University

Current status and future prospects of radionuclide therapy
(Chairpersons:ORIUCHI Noboru, FMU,~UKON Naoyuki, FMU)
HIGASHI Tatsuya, National Institutes for Quantum Science and Technology
Richard P. BAUM, Curanosticum Helios DKD Hospital

EFERHEE

International Research
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Visiting advanced research countries to study advanced overseas cases and form a human network necessary for promoting international research.

MR HAEERORKKHRICETREDH L

Extraction of Issues for Clinical Application of New Radiopharmaceuticals

RIEXE#E L EQREESNDMISH L E L aif iz V2 FRERETOI/-ODERKRISH (SR M ED B 2 5 N EtkRe. B
FZORBEOML - EBEEHLEUA,

We identified and organized issues such as the capabilities and standards that facilities should have for clinical use in the development of new
radiopharmaceuticals using alpha radionuclides.
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https://www.fmu.ac.jp/home/acrc/results/index
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Plans and Progress in the Development of Therapeutic Agents Using a-ray Emitting Radionuclides
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The Advanced Clinical Research Center is a facility that can handle all aspects of nuclear
medicine therapy development, from RI production to treatment. In recent years, the
effectiveness of a-ray emitting nuclides has been recognized. However, the supply of
actinium-225 (?25Ac), which is the most widely researched nuclide in the world, is very
small, so it has not yet been put into practical use. On the other hand, we have developed a
method to synthesize ?''At in large quantities.

We have initiated a clinical trial for the world's first At-211 MABG treatment in 2022 and
are currently testing its safety and efficacy. We have also initiated clinical trials for Ga-68
PSMA-11 diagnostics in 2023.
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Establishment of the Fukushima Institute for Research, Education and Innovation (F-REI)
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In April 2023, the government established the Fukushima Institute for Research,
Education and Innovation (F-REI) in Namie Town, Fukushima Prefecture. It aims to be a
world-class "Centre of excellence for creative restoration” that will serve as a dream
and hope for realizing the reconstruction of Fukushima and the other parts of Tohoku
region. It also aims to drive the strengthening of Japan’s scientific and technological

capabilities and industrial competitiveness, and contribute to economic growth and the
improvement of people’s lives.
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Cooperation between F-REI and Fukushima Medical University

-F-REFI DM ZE AR E 45 [F-REHE BE XM R 2 Z | H AFDOBA I FHRR
cBVDRAEENUREEEIEHEL M RREPAMBEREDTEENS
ARG B E LMK (2023F4A5H)

(OF-REI's first research organization, "F-REI Branch at Fukushima Medical University
Research”, was opened on the campus.

(OA basic agreement was signed to promote cooperative activities by utilizing each other's
strengths, and to enhance research and development, human resource development, etc.
(April 5,2023)
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Opening ceremony of F-REI
Branch at Fukushima Medical
University Research
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Rebuilding Fukushima Prefecture and Aiming to Become One of the Top Medical Technology Development Centers in Japan
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In order to further develop our achievements in research and development to date, we are
collaborating with F-REI, and are actively engaged in research and in the nurturing of
high-level human talent involved in the research. Going forward, we will continue to
contribute to the maintenance and promotion of the health of the citizens of Fukushima
prefecture as one of Japan's finest research and development centers for
radiopharmaceuticals and nuclear medicine.
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