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Fukushima Medical University
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Fukushima Medical University Advanced Clinical Research Center

HERNER

President

On the 11" of March, 2011 Fukushima Prefecture suffered the
unprecedented combined disaster of the Great East Japan Earthquake
and Fukushima Daiichi Nuclear Power Station accident of the Tokyo
Electric Power Company (TEPCO). Since then, we, the only
educational medical facility with capability of advanced treatment in
the prefecture, have worked tirelessly in our mission to support the
people engaged in the restoration and recovery of a severely damaged
Fukushima, by paying close attention to the health of the residents,
maintaining the medical system, providing medical care without
delays, and training medical professionals.

In addition to our support of those who are affected and involved in
the restoration, we are engaged in one more important mission. The
mission to restore ourselves and continue to study. As a university
rooted in the area affected by the disaster, it is our responsibility that
the restoration of the university must achieve high levels of medical
education, care and research. It is also our responsibility to notify the
world the results of the restoration of Fukushima by publishing and
presenting our efforts. In order to achieve this, the Advanced Clinical
Research Center was established in 2012 as a central facility for
medical research at the university.

In 2013, as the first facility in Japan, PET-MRI was introduced at
the center. In 2016, in addition to the small cyclotron that made this
possible, the center was equipped with a medium-sized cyclotron
specializing in medical research (no other research institutes in Japan
are equipped with this). In this manner, the center has developed as a
core research institute in nuclear medicine and radiology research.
As a result, excellent staff and leading researchers in this field in
Japan have gathered here, and created a synergistic effect in
maximizing the use of these facilities. In 2017, we successfully
manufactured Asstatin-211 (*"'At), which is attracting attention as an
alpha-emitting nuclide, making it available in large volume and in a
quality applicable for targeted radionuclide therapy. At the same
time, we improved the environment to conduct pharmacokinetic and
pharmacological tests using radionuclides, and to evaluate
radiopharmaceuticals that are candidates for development. Under
this environment, research into therapeutic drugs is now progressing.
We also conduct clinical trials in targeted radionuclide therapy with
radiopharmaceuticals using the RI ward set up in the university
hospital as well as conducting detailed examinations and diagnoses
by utilizing advanced molecular imaging technology.

As described above, the main research and development at the
center is to implement a radio-theranostics capability (Theranostics
meaning: Thera-peutics + diagnostics) that combines diagnosis and
targeted radionuclide therapy, something that is considered to
become a mainstream area in future cancer treatment.

We will make efforts to strengthen collaborative relationships with
both domestic and international researchers in research institutes
throughout the world, and in particular, broadening and deepening
cooperation with a local international education and research center,
which is planned to be established in the Hamadori area of
Fukushima, and further accelerate the development of new
therapeutic agents. Based on the results of the past 10 years, we, at
the Advanced Medical Research Center, will continue to contribute
to the training of medical professionals and restoration of Fukushima
by creating new industrial enterprises as well as advancing the
medicine and medical care in the coming 10 years.
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Director General, Global Exchange Center
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Vice-President

The consequences of the Fukushima Nuclear Power Plant (NPP)
accident just after the Great East Japan Earthquake on March 11, 2011,
were tremendous and have remained a great concern for the future
because of the anxiety and fear of radiation-exposure, and distrust and
doubt towards science and technology in society. Nevertheless, mankind
has applied wisdom and overcome many difficulties. For example, the
Medicine and Medical fields have achieved a remarkable evolution
owing to the progress of science and technology. However, we are always
surrounded by many unpredictable risks. Indeed, as in the saying: “One
step ahead all is darkness”, we are living a precious life from generation
to generation surrounded by various risks and in uncertainty. It is also
true that mankind holds a critically resilient spirit as suggested by
proverbs like “Light after darkness” and “Every cloud has a silver lining”.

The Advanced Clinical Research Center at FMU established after the
Fukushima NPP accident is an object that expresses high expectations
by aiming at developmental research of new diagnostic technologies
and nuclear medicine therapies. Especially through a long lasting
cooperative achievement together with the University Hospital, it is by
far the best in Japan in achievements from non-clinical trials to clinical
research and trials via the manufacture and stable supply of
radioactive medications for targeted radioactive isotope therapies,
interfacing with a lineup of efforts by another strong and characteristic
Medical-Industrial Translational Research Center at FMU.

However, it is difficult to ensure sound risk communication on
nuclear medicine diagnosis and treatment without accurate knowledge
and understanding about radiation and radioactivity, integrated with
solutions to environmental radio-contamination after the 3.11 accident,
especially with the continued presence of the difficult-to-return area
and the issues around how to release tritium water accumulated in
massive volumes stockpiled at the accident site. It is, therefore, an
essential need here in Fukushima to develop widely applicable human
resources among different experts on radiation education.

Generally speaking, as we have a lifetime 50% chance of contracting
cancer and as one in 3 people die of cancer in Japan, it is critically
important to maintain a healthy life expectancy under a well-established
and high standard medical system. Cancer treatment is in general
surgical, chemical, immunological, and radiation/nuclear medicine
therapies administered with an appropriately chosen and strategically
balanced cancer treatments selected as the best practice depending on
clinical cancer stages from early diagnosis to advanced stages and with
due attention to the malignant potential. Radiation therapy is conducted
with so-called external irradiation. In contrast, nuclear medicine therapy
is quite different because radioactive drugs enter the human body,
suggesting that internal exposure may easily evoke fear and anxiety.
Therefore, we should always consider the balance of the risks and
benefits of nuclear medicine therapy and offer safe modalities to patients
following the principle of radiation protection and its regulation.
Furthermore, for patient-oriented gentle therapies by nuclear medicine,
this is the strong point and something strongly expected to be beneficial,
especially through newly developed target radioisotope therapies for the
treatment of advanced and metastatic cancers. This makes it the mission
of the Advanced Clinical Research Center to solve the problems of the
Fukushima’s negative legacy and become the frontline base for science
and technology research and development in order to bring rays of hope
to cancer patients in Fukushima and more generally inside/outside Japan.

Lastly towards contributing to the acceleration of restoration after
the Fukushima NPP accident, through implementing the Innovation
Coast Scheme in Fukushima Prefecture, we sincerely hope that the
future scope of the Advanced Clinical Research Center will be
designed to fit within another important base concept of the “Global
Center of Excellence in Education and Research established in the
Hamadori-area” and for the Center itself to play a central role in the
medical field of “Radiation Science and Drug Discovery”.

Fukushima Medical University Advanced Clinical Research Center
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Aiming to be the most advanced
research and development center
for radiopharmaceuticals in Japan
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The center was established as a facility to support early detection of various diseases,
and as a research institute where everything from the manufacture of
radiopharmaceuticals to non-clinical and clinical research and clinical trials can be
conducted. Since the establishment, we have conducted about 3,000 tests annually using
PET equipment, and engaged in research to establish new diagnostic methods, and
develop radiopharmaceuticals that are effective in cancer treatment. With the support
from many people, our research, especially our radiopharmaceutical studies have
reached the preparatory stage for clinical trials of cancer drug candidates. These offer an
effective use of radiation in the medical field, and we expect the radiopharmaceuticals to
be a symbol for the restoration and recovery of Fukushima. We are firmly determined to
further our research to live up to your continued support.
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General Vice Director
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Development of integration of

diagnostic imaging and therapy
-10 years of progress and future-
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The Advanced Clinical Research Center was established for the purpose of developing
a state-of-the-art medical care delivery system and drug discovery center after the Great
East Japan Earthquake. Our main missions are medical care and clinical research using
PET (Positron Emission Tomography), and radionuclide therapy and its development.
As for PET, the first integrated PET/MRI system has been installed in Japan and is used
for diagnosis of cancer, ischemic heart disease, and occlusive cerebrovascular disease.
Clinical research using PET is also underway for evaluation of amyloid deposition in
dementia-related diseases and for diagnosis of prostate cancer using prostate-specific
membrane antigen as a target molecule. On the other hand, for radionuclide therapy,
nine radionuclide therapy rooms are in operation to treat thyroid cancer. We are also
developing new radionuclide therapeutic drugs using Astatine-211, an alpha-ray
emitting nuclide produced by a medium-sized cyclotron, and the radionuclide therapy
for malignant pheochromocytoma using Astatine-211 is about to start clinical trials. In
addition, the development of radionuclide therapeutic drugs for prostate cancer using
prostate-specific membrane antigen as a target molecule is underway, which is
inextricably linked to the development of diagnostic imaging using the same target
molecule mentioned above. In this way, we have taken steps toward the integration of
diagnostic imaging and therapy, and we will continue to develop new medical cares
with diagnostic imaging and therapy as the two wheels of the wheel.
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ITO Hiroshi

Vice Director
Professor and Chairman,
Department of Radiology
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Toward the development of
brand new highly precise and
less invasiver radiotherapy

04 Fukushima Medical University Advanced Clinical Research Center
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By the recent evolution of the technology, the radiotherapy has become highly precise
and less invasive. Particularly for elderly patient or patient with complications,
radiotherapy is thought to be the first choice in some cite of cancer. However,
improvement of geometrical precision has a limit, and it is thought that it almost
reached now to the limit. For developing further high precision and less invasive
radiotherapy, there is a promising idea. Radioimmunotherapy, therapy of compound of
radioisotope (a, 3and y ray emitter) and substance relating tumor-specific
metabolism or the immunoreaction, attracts attention. As much as the material is
specific for a tumor, the pinpoint treatment at the cell level or DNA level is possible, and
can be a breakthrough treatment for cancer. We are keeping pushing forward the
research and development with every effort for the cancer patients.
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SUZUKI Yoshiyuki

Vice Director

Professor and Chairman,
Department of Radiation Oncology,
Fukushima Medical University,
School of Medicine

Professor, Department of Radiation
Oncology, Comprehensive Cancer
Center, The Ohio State University,
U.s.
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HATAZAWA Jun

Chief Executive Director
Japan Radioisotope Association
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Congratulations to the 10th Anniversary of the Advanced Clinical
Research Center, Fukushima Global Medical Science Center,
Fukushima Medical University. I respect the efforts by the staff during
the first 10 years.

The most prominent and globally recognized achievement of the
Advanced Clinical Research Center is the leadership to promote
“Nuclear Medicine Theranostics” in Japan. In May 2015, Profs. Seiich
Takenoshita and Noboru Oriuchi held the First International
Symposium on Cancer treatment by alpha-emitting radioisotope,
followed by the Second and the Third Symposium. More than 300
researchers and clinicians joined and discussed on the use of
radioisotopes for a variety of cancers. This Center was launched to
realize “Nuclear Medicine Theranostics” as a symbol of Revival of
Fukushima.

The Center installed the first PET-MR scanner which may combine
anatomical and metabolic images. The members of Japanese Society of
Nuclear Medicine visited the Center. Prof. Hiroshi Ito demonstrated its
performance and clinical value. High-energy cyclotron was installed to
produce alpha-emitting radioisotope, Astatine-211.

The Center invited a number of experts of nuclear physics, nuclear
chemistry, radio-pharmaceutical science, nuclear medicine, and
translational research. Prof. Kohshin Washiyama is the world-famous
pioneer of the application of alpha-emitting radioisotope At-211. Prof.
Kazuhiro Takahashi is the most experienced expert of PET
radiopharmaceuticals. Profs. Zhao Songji and Toru Shiga are the most
experienced experts of translational research and nuclear medicine.

The mission of the Center next 10years is to prove benefits and
safety of Nuclear Medicine Theranostics inpatients. We all hope that
the Center is recognized as “Center of Nuclear Medicine” in global
community.

SEIEE R gE 2 v A — D10 EZRLEL. THRERL P4, 0%
VR—DEE] E@L’Cfmﬁ%ﬁkiﬁéﬂtﬂ% YZIFREZELTLIVELT:
MPHG OB T2 L EK254E11 0 b B RS 2 EMLTHED
FTDOT e VE—HKEMBITBB BRIV WO ERVET,
EP\J%~%PET/MRI YR U MR S5 s A BE b B 7 b

VORBIBRE SR FR B O R EIBEMENTOELT LD RS I E
IR TTO TR ORBEBEL Lo TV s LT, R E
DB IRBEFRIE O EM DO —2 Lo TOWBHERAEEZ WL THR
WL SBIZENDALLTHT V7D FLHRIT R o TN 73R 2
TOME L EAZR T LTI ENEHBRLTOW LRSI ER
INR D KIS -MIBGIE S ] HE 72 81 T Al I 51000 mCid &
MV BENT B H ORI A HE IR B G 4 3 L WIS T IR o B #iR
PR ELREL OOV REEEL, do &b BIEIRIBEE IR IED
LLAMBETT D, MR RBRE CIEE TS ARy 7O BB HEATH D
7O HIEICE L ETEM A2 2o TLEVWEL T, 2D M. &IRKFE DX
By 7 BBFLMOESETCOT R EEU T BUE, FIRIRE TR, 148
JEEEHEOZ T AN E LU THAEL ., @I IE - Rk 2FE o
BILMIBGIEEE S E L2 U T, S50z, TR 2 BT IF 2% B S b
LHLFBIFE 24T o TWI22At-MABGIZ X2 7V 7 7 Kk 16 6 8 [ il 31 3835
BRoCEMISNE RN EoTWET, F72 BIEE B O FF 2 A ]
DOF ST CTT AR v — DRI, *ﬁ%ﬁﬁﬁz%&l:#eun@% G
O P AR B | U P 2 3R A B GLPIC a:;ﬁﬁé?ﬂﬂi%ﬁ GMP
IZHEPLL 72 [ 38 T A B & B R BB S e @/zm?E?ffA ALYt
B« PR A E J:Z>%27/XT4/7X®££%§“C@%’C’S:E?J’E ekl
BETHEZEITHIETEVTFRZID T Ty 74 —LITD>TRFEES T
FBIRELPREEH SN T L DBBEIARIA VI AR TN LR
D ZEFMF LTV, MOEIE AN AL I B -
ADEAFE BN TSEL 7225, B11-MIBG&17Lu-DOTATATE 0
R EIIR E AL LR LB RZTEE L 5% Y
A= O FUTHERERE LR RN 22 MEHL LT ES

Rl

R B IR L E R RS A R AR B
— AL EE AN AR E 2R B R

KINUYA Seigo

AR R SR ORI SRR S R AL R U

I wish to congratulate everybody on the 10th anniversary of the
Advanced Clinical Research Center. I was asked to join the activities of
the center as a specially-appointed professor in November 2013. The
center was planned to have Japan’s first national PET/MRI,
medium-size cyclotron with the capability to produce various
theranostic radionuclides and a radionuclide therapy ward. I advised
on the concept of the ward to make it a center for Japan and the rest of
East Asia as well. To realize this, I requested many isolation rooms and
a special room for high-dose '*'I-MIBG therapy to older
neuroblastoma children and a room for patients on hemodialysis, and
met with an affirmative response. We still needed to train medical stuff
including physicians, nurses, and technologists, and I am happy to
report that my colleagues of Kanazawa University Hospital played a
pivotal role in this regard. Now, the facility treats a number of thyroid
cancer patients from the Tohoku and Tokyo metropolitan areas.
Patients of pheochromocytomas and neuroblastomas are coming here
to undergo 131I-MIBG therapy. The use of the worldwide unique
targeted alpha therapy with 2'!At-MABG which has been one of goals of
the center from its very beginning is just about to be initiated as a
doctor-led clinical trial. Furthermore, a number of new
radiopharmaceuticals are being developed. The center is designed to
develop new theranostic modalities covering all stages of concepts of
new radiopharmaceuticals, production of radionuclides, radiosynthesis
of new compounds according to GMP*, preclinical experiments
following GLP**, and clinical trials based on theranostic dosimetry. I
imagine that novel cancer therapies developed on this platform will be
taken up by industry, and that they will be incorporated in clinical
guidelines. I am sure that the center will keep growing with improved
management of patients suffering from various disease entities.
Congratulations again!

*Good Manufacturing Practice

**Good Laboratory Practice

Professor, Department of Nuclear Medicine, Kanazawa University
Specially-appointed professor, Fukushima Medical University

President, The Japanese Society of Nuclear Medicine
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HOSONO Makoto

Professor of Radiology
Kindai University Faculty of Medicine

Fukushima Medical University Advanced Clinical Research Center

I would like to congratulate you on the 10th anniversary of the
opening of the Fukushima Medical University Advanced Clinical
Research Center. I think that it was a very fulfilling and dense 10 years
for Dr. Seiichi Takenoshita and everyone involved. What impresses me
all the time when I talk to the people at the center is that the
researchers and the clerical staff are working together enthusiastically
on the project.

At the time of 2011, I was in charge of the Ministry of Health, Labor
and Welfare Research Group on Radiation Safety, and one day when
the state-of-the-art PET/MRI was introduced to Fukushima Medical
University for the first time in Japan, I was asked to draft safety
standards for it. I was impressed by the start of a new project. In
addition, My University, Kinki University, has been working on the "All
Kindai" Kawamata Town Reconstruction Project since June 2011, and I
often entered Kawamata Town from Osaka by passing by Fukushima
Medical University. I actually visited PET/MRI in February 2014, and
on that day I walked on the road in front of the university where heavy
snow, which is rare in Fukushima, remained. I arrived at the entrance
and was amazed at the latest facilities.

Furthermore, the Center is working on nuclear medicine treatment
under the initiative of Dr. Takenoshita, and it is attracting international
attention that research and development of treatment with alpha
emitter astatine-211 as well as treatment of thyroid disease with
iodine-131 are being promoted. Regarding alpha emitters, I was
involved in the domestic introduction of radium-223 for bone
metastasis of prostate cancer, so I closely interact with Drs. Noboru
Oriuchi, Hiroshi Ito, Tohru Shiga, and the researchers. Frequent visits
and discussions are a valuable learning opportunity for me. In
addition, Dr. Takenoshita held three international symposia on nuclear
medicine treatment since 2015, providing a forum for exchange of
opinions among domestic and oversea researchers. At the same time,
this also advertised the Center to the world.

Another thing that impressed me was that in October 2017, the
International Commission on Radiological Protection (ICRP) Task
Group 101 (discussing the issues of radiation protection for nuclear
medicine treatment) was held at Fukushima Medical University as the
FMU-ICRP Workshop. With the kindness of Drs. Takenoshita and
Oriuchi, the global opinion leaders of Drs. S6ren Mattsson, Wesley
Bolch, and Glenn Flux, invited by Dr. Yoshiharu Yonekura, praised the
research system and equipment of the Center.

The ICRP Symposium is held once every two years as a place for
researchers from all over the world to gather to discuss the issues of
radiation utilization and protection, and Japan will hold it as the host
country in the fall of 2023. I believe that it will also be an opportunity
to publish a number of wonderful results that the Center is working on.

I sincerely hope that the Advanced Clinical Research Center will
continue to develop and contribute to people's health and life.
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HIGASHI Tatsuya

Congratulations to the Fukushima Medical University Advanced
Clinical Research Center for celebrating its 10th anniversary.

We, QST and your center, have deeply collaborated through joint
research and development of the new alpha-ray nuclear medicine
therapeutic agent astatine 211 (*''At) -MABG, which is a
next-generation cancer therapeutic drug development project that
started from the establishment of QST in 2016. 2''At-MABG is a
therapeutic drug for patients with metastatic malignant
pheochromocytoma, which is a rare disease of nervous system tumors.
Although there is no effective chemotherapy for this disease, the
previously used beta-ray nuclear medicine therapeutic agent MIBG
(recently approved by the Pharmaceutical Affairs Department as Riot
MIBG-I 131 intravenous injection) is the last therapeutic option, but
not effective. Therefore, this is a new treatment that brings great hope
to patients who do not have appropriate options. We, QST, were
established in 2016 by reorganizing and integrating the Quantum
Beam Division of the Japan Atomic Energy Agency and the National
Institutes for Radiological Science and Technology. By fusing
technology and label synthesis technology of the both institutes, we
succeeded in manufacturing and developing *'!At-MABG for the first
time in Japan. This alpha nuclide >'’At is a nuclide that can only be
manufactured by medium-sized or larger accelerators with high
acceleration energy. Therefore, the manufacturing technology has been
newly introduced to your center for the new medium-sized accelerator,
Sumitomo Heavy Industries MP-30, and the technology transfer has
made it possible to manufacture 2!’At-MABG and synthesize the
labeled agent in your center. I remember the press release of October
2016, "Successful production of 2'!At with medically applicable quality”
as it was yesterday. After that, after basic research using animals,
non-clinical research, repeated strategic consultations with the
Pharmaceuticals and Medical Devices Agency (PMDA), etc., this
21At-MABG is finally approaching the world's first clinical trial within
next several months, hopefully. I am looking forward to the moment
when a breakthrough new drug that meets unmet medical needs is
created.

There are many excellent people in your center, including Deputy
Director Hiroshi Ito, who is from QST, and Professor Noboru Oriuchi,
Professor Kazuhiro Takahashi, Professor Zhao Songji, and Professor
Tohru Shiga, who are personally close to us through the Japanese
Society of Nuclear Medicine. We are deeply grateful to all of you for
being involved in the research and development of such wonderful new
drugs, and the great results can be produced only by the gathering of
these representative RI-related basic, translational, and clinical
researchers in Fukushima. I am impressed with it. In addition, I heard
that your center has been established as an idea of “clinical hub for RI
internal therapy” based on the proposal of the Science Council of
Japan "Development of isotope internal therapy bases that can respond
to emergency radiation medicine" issued in 2014. For myself, who was
involved in the drafting of this proposal at that time, I am deeply
impressed with this epoch-making achievement.

I am convinced that the clinical trial of the new alpha ray therapeutic
drug #'At-MABG will proceed successfully, and I hope that the results
will brilliantly color the 10th anniversary of the establishment of your
center, and I would like to congratulate you. Congratulations!

Director Dept. of Molecular Imaging and Theranostics Institute for Quantum Medical Science (iQMS)
National Institutes for Quantum Science and Technology (QST)
Specially-appointed professor, Fukushima Medical University

Fukushima Medical University Advanced Clinical Research Center
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Vision for Revitalization in
Fukushima Prefecture
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Relationship with Fukushima Prefecture

Revival Vision and Fukushima Prefecture Revival Plan EEpEELETR
The Fukushima Prefecture Reconstruction Vision and the Fukushima Prefecture Reconstruction Plan 7°|:| :/ I 7 I‘
provide the basic direction and measures for the reconstruction of the prefecture. The basic concept

of the Fukushima International Medical Science Center was formulated in order to realize the two O EE B HEREEDETE
important projects mentioned above. S
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Under the Fukushima Medical University Revival Vision, we have decided to take the following actions to
create the following three values: "Value for the people of Fukushima,” "Value for Japan,” and "Value for the
world. For “Value for the people of the prefecture”, we will create a center of health, safety, and security. For
“Value for Japan”, we will create a model for post-nuclear disaster recovery, a national support model, a
comprehensive nationwide disaster support system and a model for healthy longevity and show the world
that Japan is reviving. For “Global value”, we will systematize nuclear disaster response and show it to the
world. We will document the process of recovery from nuclear disaster and show it to the world. We will
systematize the scientific knowledge of low-dose radiation exposure and present it to the world.
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Basic concept of Fukushima Global Medical Science Center,

Fukushima Medical University

Based on the three reforms and visions, the basic concept of the Fukushima Global Medical Science Center was formulated. The purpose of the center is to serve as
a base for post-disaster reconstruction to ensure the long-term safety and security of the prefecture's citizens and to regenerate and create lost regional vitality and
employment. In April 2012, the Headquarters for the Promotion of Revival Project was established within Fukushima Medical University. In May 2012, a committee
of experts was established. Active discussions were held. In the basic concept of the Fukushima Global Medical Science Center, the role to be played as a medical
center for post-disaster reconstruction and the system and facilities to be developed were clarified.
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As part of our efforts to provide safe and secure medical care to the people of the prefecture, this
center is working to realize the next generation of therapies, Theranotics, which is a fusion of Therapy
and Diagnosis. In order to achieve this goal, we conduct drug development, clinical trials, and clinical
research in collaboration with top-class researchers and research institutions in Japan, and also
continue research activities with overseas research institutions day and night toward the
development of new therapeutic agents. Through these activities, we will continue to develop this
field from clinical trials to clinical applications, realize diagnosis and treatment, and fulfill our original
mission of "providing a safe and secure environment for the health of the people of the prefecture.
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Radioisotope therapy present and prospect in Germany
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anticancer drug with high medical needs”.
2RKE WA EBE
TIVI77RZEORIKEFRKEL
Present landscape for Targeted Alpha Therapy (TAT) in the world
£RKFE Bl =E
Astatine-211 Labeled Targeted Radiotherapeutics
Duke University, Durham, NC USA Michael R. Zalutsky
Clinical Experience with Alpha-Emitting Actinium-225 for Acute Myeloid Leukemia
Columbia University Medical Center, New York, NY, USA Joseph G. Jurcic

F=NWowNOTORKE BASEORAREICENSILREERETIEN TEIDLEVLIRET
Role of Fukushima Medical University for Nationwide Development of Radionuclide Therapy in Japan
BERIEMAE #RNF
Role and future contribution to All Japan Targeted Radionuclide Therapy
development project by National Institute of Radiological sciences
WEHREFM ST  FHK E—BB
MAFRUMEZZEALARESZZSEARNSERBORELZOEAL
BARREFHRTEREEE AR BT
[RI production for nuclear medicine at RIKEN RI Beam Factory
(LT REF L8

MBARABREEAIBLTZEEINES
Regulation concerning radiations and our response
FHKE #F E
BREROLDHOFEETREE]
SRKRFERIREEREL 24— TH #—

#30 KEFRE BE RV L
EEEHEICLIREZGEOM - LHEE

— EEDLSHEHEA

M Py

BF 2017F2R11H(£) 13:00~18:20

2017#2B12H(H) 9:00~12:45

12 wmEaLALYaLR—Ib

*ili?' |2 A

Fﬁﬁ@ﬂﬂ_lé
LA O)Witl‘c E

E 2017428118 (1)

®iE RS - 25 & B Ltheranostics
Research Director, CNRS Jacques Barbet
KIRAZE SHE RA
BILFMRET P15 B
MEHFEFAEEMICET  KiE 5AKED
SIEEFICHAMIET B
tEEKRFE AT 85

BEZGEOERK
BERIEMKE K E—
EaVYTNTKE HEO A
University Hospital Heidelberg Frederik L. Giesel
President, WARMTH Suresh Srivastava

2017%E2A128 (H)

EE -EMRBORESR AR ICHT-IREA
RERIEMAE #A R
MAHREFR SN | Eth

BREFFOMARRICHATIERE LORHESEOHREICONT
EHEE WEEESTER ERER

WEPEICHITIERE
LTI 77—l
N TIVEE R
ELTT7AIVLRIT7— 0

HAEICETIREZARNVERICCIIT
£RKFE B R
BEREFEEEA/ X0 BB EE
BEFRBENEBEAPAYR-NII2=T— KH BE—

LRI RNER]

rapidl

Fukushima Medical University Adva

ed Clinical Research Center



$25 | ARERFREYI—OHEBICOVT

SimEERARE I —
$REBICDNT

ADVANCED CLINICAL RESEARCH CENTER

SEIRERRM R 22— TCTIZPET-MRIX®PET . CTZ R/
EESHIC LY. SRFDRIZMEERLE T HlAI1E. 2012
FICBASNPET-MRIZEHRH EEATIERED S, BEZ
ERICHETIEN TEET FA £ FDIRFERANDILED
AIREC AL EDRREBRIAICEI§5 L THII T,

EESHFERVEBBELVORNTEHIV EMRBEENERE
BRIRTDEDHLEFEBEGVEST A HBNMIHTESLLE
DOSRENLEEREZIONS—ZALEFEERELET,

The Advanced Clinical Research Center will conduct early diagnosis for
various diseases using PET-MRI or PET/CT imaging diagnosis systems. For
example, the PET-MRI scans introduced in 2012 produce clear images and
large amounts of information capable of pinpointing the affected areas
effectively. Conducting PET-MRI or PET/CT scans will allow whole-body
checks and early diagnosis of diseases, such as cancer at their earliest stages.

The remarkable technological innovation surrounding the medical fields will

play a new role in solving the problematic uneven distribution of physicians.
We aspire to build a local community where advanced medical care is a fact of

life.
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Department of Corporate Planning
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Our center was established as a framework to achieve early diagnosis of various diseases
through imaging diagnosis with PET-MRI and PET/CT scans.

We established an environment where manufacturing drugs, non-clinical, clinical research
and clinical trials, can be carried out in comprehensive measures. We will also improve
medicine and research standards; investigate and analyze radioactive materials in the
environment, and contribute to maintaining and promoting a healthy lifestyle for the future
of the citizens of the prefecture with the National Institute of Radiological Science within the
National Institutes for Quantum and Radiological Science and Technology.
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Department of Environmental Dynamics Investigation Leader Staff
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® Early diagnosis of various diseases by PET-MRI and
PET/CT scans

® Development of new cancer diagnosis and therapies
using radiopharmaceutical drugs

® Conducting research and clinical trials with
state-of-the-art equipment

® Conducting surveys and analysis of environmental
radioactive materials in collaboration
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In the Department of Radiopharmaceuticals Development, we introduced
two cyclotrons (compact HM-20, medium-sized MP-30) to produce
radionuclides.

We provide radiopharmaceuticals from radioactive nuclides produced by
our small cyclotron. We produce for diagnosis as '®F-fluorodeoxyglucose
("®F-FDG) for Imaging glucose metabolism, *N-ammonia for myocardial blood
flow imaging, and '°0 gases for cerebral blood flow, cerebral oxygen
consumption and cerebral blood volume imaging.

On the other hand, the medium-sized cyclotron can accelerate a particles of
30 MeV, and we produce ?''At which is an a-ray emitting nuclide with a
half-life of 7.2 hours. Recently the effectiveness of alpha emitter has been
paid attention to radiopharmaceutical therapy. We are pushing forward
studies of useful 2''At labeled radiopharmaceuticals such as ?''At-MABG. Our
research center has a ?''At manufacturing facility and also a hospital, and is
an important clinical research center for radiopharmaceutical therapy using
2At in Japan.

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 such as ''C, "N, '°0, '®F, ®®Ga for PET diagnosis, but also
astatine-211 (2''At) which is recently attracted attention as an
alpha emitter for radiopharmaceutical therapy. Therefore, we
can manufacture and synthesize various radiopharmaceuticals.
Some radiopharmaceuticals are available for clinical application,
and the others are proceeding with the development and
research as diagnostic or therapeutic agents using evaluation by
animal experiments.
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Preclinical Development
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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, an MR imaging
system for small animals, an autoradiography (ARG) device, a histopathological
image-analysis device, a multitype radiation measurement device and analyzer,
an automated high-speed cell sorter, a quantitative protein analyzer, an
automated veterinary hematology analyzer, and a blood biochemical measuring
instrument for high-precision measurements.

Fukushima Medical University Advanced Clinical Research Center
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Department of Preclinical Consignment/Joint Research
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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 radiopharmaceuticals, and development of
new radiation therapies using ?''At-labeled agents in a specific-pathogen-free
(SPF) environment.

On the basis of the above, we aim to lead in the exploration of future
research in the field of nuclear medicine.
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As a research institution, we endeavor to bridge the gaps
between developing new diagnostics and therapeutic
technologies and elucidating biological functions using
cutting-edge imaging and highly accurate measuring equipment
in collaboration with the Department of Radiopharmaceuticals
Development and Department of Clinical Research and Trial.
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Isolation-type breeding system

200%5HBAZTAI/L—aREAB T —&HA. fEix &8 % SPF
el SELMA - BMERETERUELRBEIBHIATVE
TIREZFHEL WS- HHREEBEM OB TFHAAEY
DEE - EBROEMAJEETT . IO/ NS APET/SPECT/CT
BB BIAA-TV L TEB NBMAMRIEE. A T HT S
7+ (ARG) X B RIEMEBZHNERDIER - BEURBIT KBS LM A
BEEDIC T2 DISHRAIE - A e H . EREEAE - 5
ae NEMEBKEITE RS, MRELFRERSEELSHEEOTE
MEEETY,

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, an MR
imaging system for small animals, an autoradiography (ARG) device, a
histopathological image-analysis device, a multitype radiation measurement
device and analyzer, an automated high-speed cell sorter, a quantitative protein
analyzer, an automated veterinary hematology analyzer, and a blood
biochemical measuring instrument for high-precision measurements.
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Department of Positron Emission Tomography
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Our center installed a PET/CT and a PET-MRI that have been in operation since 2013. The
PET-MRI is a hybrid-imaging modality that incorporates a PET detector within the MRI imaging
device. The PET-MRI can easily and precisely be obtained fusion images of the MRI high
precision anatomical image and the PET functional image, and it is used for diagnosis and
clinical research.
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PET inspect a wide variety of biological functions using various radiopharmaceuticals. At
present, PET scans can be used FDG (fluorodeoxyglucose), oxygen gases (C02, CO, C2) and
ammonia(NH3). FDG-PET scans of 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 disease by scanning the amyloid accumulation in the
brain.

In addition to clinical research the PET technique can also be applied to the field of innovative
drug development such as pharmacometrics and microdose studies. This department, with
other departments ,is contributed to medical research and innovative drug development in
comprehensive measures from basic to clinical trials.
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A view of the
PET operating room
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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 device. PET is an examination in which
positron is administered into the body to visualize the various
biological functions. A PET scan can create whole body images
of the extent and metastasis of cancer, providing important
information to diagnose the disease.

PET/CTHREEE
PET/CT Device

25§ Whole body Imaging
PET/CT PET/CT PET-MRI PET-MRI

PET(['*FIFDG) ®iEER PET(['®FIFDG) RAGE{R
PET Fusion PET Fusion
(['*F]FDG) Imaging ([®FJFDG) Imaging

PET-MRIE & (B) PET-MRI Imaging(Brain)

MRI(T1WI) Ri&ES PET([FIFDG)
MRI Fusion PET
(TwI) Imaging ([*F]FDG)
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Department of Clinical Research and Trial
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Theranostics concept
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Our center is equipped with PET/CT and PET-MRI, enabling us
to research radiological diagnostics with minimal radiation
exposure. We can also conduct clinical research and clinical
trials using radiotherapeutic agents by utilizing the University
hospital Rl ward, the largest in Japan. Therefore, the center can
simultaneously develop diagnostic and therapeutic
radiopharmaceuticals.

Theranostics is a new therapeutic strategy created from diagnosis and
treatment (Therapeutics + Diagnostics). In particular, when radioisotopes are
used, the term "radio-theranostics” is sometimes used. The concept is
illustrated in the left 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 and are
likely to respond well to treatment.Patients who are not selected in this way can
avoid unnecessary treatment and suffering from this treatment. Furthermore,
as shown in the right figure, since the effectiveness of the treatment can be
determined by the diagnostic agent, it is possible to decide how far the
treatment should be continued (and where it should end).

Diagnosis Therapy Dlagn05|s
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Department of Environmental Dynamics Investigation
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An external view of the Environmental
Dynamics Analysis Center Building

FREDEERXHAMENEDRREEHIC. BEEE
BlCHITEEEIRE L. FHMERICENZETF TV
BZEN o TVWET IRESERERMTEIEEE
FEEERECGRIEICSIZIMAMNED PG RUOE
THEDRBEHEICHTIAEEZT-oTVET,

It has been found that along with the decontamination
progress and the decay of radioactive materials, the daily life air
dose is lower than immediately after the nuclear accident. The
Department of Environmental Dynamics Investigation conducts
surveys on environmental dynamics such as the distribution and
migration of radioactive materials in a daily life environment.
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Radioactive Substance Migration Path in the Environment and Its Possible Influence on Living Areas

Investigations on environmental
dynamics of radioacitive cesium
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Surrounding Environment
(Air, Forest, Farming Areas, Ocean)
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The Various Efforts to Ensure
Safety and Grasping Radiation
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s = - ti ubstance
diagnosis ; 'magms Hreat patients BAEIRIY BEET> T B CHAREEELL to the Atmaspher : Migration
l Sstimated to - BISFRARIC B B £y AORBEBEICEEL TR ERHRREOBERE
8888 llllll?;:fh‘::,f;;;‘ BT BEEDTLET, —
} 8 1-3 SRRV ALL-BHE End of the As a radiation monitorin i i i HEHRE=2U> T Moy gn 5
) g system has been put in place in . . =4zl BEEMMEE
WA TR M lieatment Fukushima Prefecture, it is now possible to obtain ample Rsaudt;gtaacnt::\ge gﬁgﬁﬂ?ﬁﬁ IR} aTming Areas
information on radiation doses in a daily life environment. Migration i

However, the distribution and migration of the radioactive

Rl for Drug dislrf\grsis Drug di:g:rzz;is 2rug substances in the environment surrounding people such as A -
therapy 9 undeveloped woodlands and forests near populated areas BREIhTUOEL —
remains unresolved. For example, if radioactive substances Bl-ZMas WK (FFEK)
deposited in nearby woodlands and forests are re-scattered by Rivers, Lakes and

Woodland and forests that Underground water (Well Water)

FRBEEOEREICEIAZRETIE. EMIERS T3RTOHIER

KRR ENMIIR S TAMARRER - ARERICHO PN TOE T BRI -
BRI CIRATRRABORENSERTIRPONEL - ERE
EEACEFRRICED-TVWET S EE (2021 F£) IAt-211
MABG®Phase 1788 (ENMCHHTHRET5K8).Ga-68
PSMA-11 PET®Phase LIFABRICE T ZPMDAE DI EZE D IE
FHET->TVET,

The development of new therapeutic drugs for practical use is divided into
preclinical studies before administration to humans and clinical studies and
trials for administration to humans. Our department is involved in drug
development from the preclinical stage, responding to requests and opinions
from the clinical side. In the current fiscal year (FY2021), we are conducting
Phase | clinical trials for At-211 MABG (the first clinical trial administered to
humans) and negotiate with PMDA about Phase | and I clinical trials for Ga-68
PSMA-11 PET.

the wind, spill into the ground, rivers, and then flow out into the are not decontaminated

ocean, the living area could be affected in the future.

From this perspective, the Department of Environmental
Dynamics Investigation is now investigating and researching the
environmental dynamics of radioactive materials, making sure to
elucidate and review the impact of the migration pathway and the
radioactive materials in the environment of the local communities.
We are currently conducting investigations focusing on the
environmental dynamics of radioactive cesium in the forests and
the living areas.

HAEMEOBIT
Radioactive
Substance Migration
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Sustainable manufacturing of 2'!At
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Mol From the measurement of TTY, our facility can
produce ?!'At, which is almost the same amount as
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Schematic diagram of production, separation, and preparation of 2"!At
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WASHIYAMA
Kohshin

: - (D,@?2""'At is produced by irradiating bismuth metal on an
sohvent evaporatsor s L aluminum target vessel with @ -beams accelerated by a cyclotron. 3)
The target is placed in a tube furnace and subjected to dry

RIS 2B R RRID— D TH S, Jeli BRI 78 £ > & —I1T X2 At E”—l $1§ distillation by heating. @The >''At is recovered in methanol or
N N - p hlorof sol . Then, the *!'At i ided for basi h
TR Y 17 L5 3R 2 T 22 F B 00 B B MP-30 232X I LT H D). zndo:lzril;rll;nsi:ar:::ltdies en, the ?!'At is provided for basic researc
) AL LIL .
20174 B B PR IS i % B 38 LT AM 9 1 BB L 720 49 14E 0 BRI BERIENAS

SCUEEBRER R 22—

BT X o THB BT 2 [ b 30 BUAE IR 208 U TR BT 1221 At S R 4 S0

T BUE L ERETF S IR B R U I R B LT e SR ST 2 N SR

- N WASHIYAMA Kohshin, Ph.D. - = o M =
BRI TS b IR E Lo BRI T2 % R OMACE 8 32 < JF bl 17 HIZ 5T L 7221 At I B Y 568 Gl 3%
BEM O EIEoTnws, Advanced Clinical Research Center,

: 211
Fukushima Global Medical Science Center, Monthly pl'OdllCthIl records of *"At

Fukushima Medical Universit
Development of Accelerator based alpha E /

emitting radionuclide Astatine-211 at Fukushima

Medical University a0
Among the many radioisotopes, only 12 alpha emitters that are suitable for medical Ay
. . . raun 7 ARF LR WM. 21 g
use. Among them, astatine 211 (*"'At), which can be produced by an accelerator, is one = BB L o % Bt &
of the most promising RlIs for clinical application. The MP-30 accelerator for medical Z;7/f vk A; o # 0w
use only, which can produce 2"'At regularly, was installed in the Advanced Clinical T ;
Research Center, and has been in full-scale operation since 2017 for clinical | Asta.tlne decays with a  BX
half-life of 7.21 hours and
application. After about one year of R&D of manufacturing, we have improved the emits high energy alpha
irradiation technology and have been able to produce *'At stably throughout the year particles B=r—
. o . o . :Illll']lﬁi'l'lltl-l!lll!IIili?I!IﬂIII.III!IEITIIIﬁ!!II.h:III
without any trouble and have provided it for basic research and pre-clinical studies. We
are making efforts to improve the peripheral technologies to sustainable production of & &S 85 .FI:I! A bt
21A¢ for clinical trials in the near future. BB 211
15 95 401 7.21 1% 20174E12 H28 H 2> b AR #1221 At o B ST 22 Z B ia L. We started full-scale development research on ?''At
o A . manufacturing from Dec 28, 2017, and developed a method
a 5.869 MeV(41.8%) 20184F T IZ1GBg bl LORIEE RE A O HINICRIETSS that can stably and constantly manufacture 1GBq or more by
(BU:H%) 7.642 MeV(58.2%, P0-211é‘.ljf) %Hﬁ%ﬁﬁ%bto the end of FY2018.

DABEICE R ER K211 O85F/ITCHET AXF v
) ) . . ) 569.65 keV(0.311%, Po-2114L0)
Astatine-211 is a promising radionuclide for treatment of v ﬁ 687.0 keV(0.261%)
cancer (Rt ) . € . 0
897.8 keV(0.321%, Po-211LL70)
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Professor,
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Advanced Clinical Research Center,
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Cyclotron radionuclide production

iEES

purification

l AL l KybhSik
Fomulation Hot lab

B ARFI A BIIRER
Human use Animal use
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In-hospital production of radiopharmaceuticals using positron nuclides required for
PET diagnostic equipment began in the 1980s, and during this period, the
manufacturing technology for radiopharmaceuticals produced in-hospital has
matured. Recently, attention has been focused on radiopharmaceuticals that use
alpha-ray nuclides, which have a greater biological effect. At the same time as the
manufacture of PET diagnostics, a facility was established to develop
radiopharmaceuticals using the alpha-ray nuclide Astatin-211, and a drug
manufacturing area for manufacturing, purifying, drug synthesis, and drug
formulation of astatine, and further manufacturing. An animal experiment facility
where the efficacy and safety of the drug in small animals can be investigated has been

established, and it is possible to develop new therapeutic agents and diagnostic agents.

GMP&#E L IEGMPEIE DML

I)—v ) 7ELTEB SN A Y b T R TPETEH O GMP#E %
ToTWwWs,

GMP manufacturing of PET drugs is carried out in a hot laboratory managed as a

clean area.

50D KRy MR AERKEBMTLERD Ry MV EHEIS
FREE T RS L BIIECTIVEREIF TH 5,

The five hot laboratories are mainly equipped with Sumitomo Heavy
Industries hot cells and automatic synthesizers, and are in full operation
according to the purpose.

B < B 4 %
B o 225 o BGE 7
ERTFARTTDIL
2HD,

Synthetic studies and the
manufacture of drugs for
animal experiments may be

done by hand.

1290

d

6N D AN =% UM [T 70 58 0 858 A 6 U M 36 7] 34
EEHR R DA RY Y YANTH D A AL T LT—#HD
MO TS,

The six members are specialists in the production of radioisotopes, the
production of radiopharmaceuticals, and non-clinical studies, and are
working together to carry out a series of studies.

Animal experiments
are indispensable for
the evaluation in drug
development. We are
conducting experiments
on small animals such
as mice and rats. Inveon
(PET / SPECT / CT),
an imaging device for
small animals, is in
operation.

SEFNBHFE T BV TIZZ D 2 D 72 D I B W SZBR 1 R 2 T2
RUR, TV L EDNE DFEEREIToTOD NEI A= v
7 % & Inveon (PET/SPECT/CT) 2B LT\ 2,

A 7o o Bl g
DIFHLVWARRY 71IZE>TEE
IR I (o

Getting used to the medium
cyclotron can be a daunting task for
new staff.

&0
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Comparison of tumor volume after treatment with At-211 MABG (new drug) and I-131 MIBG (existing drug).1.11 MBq MABG had the same inhibitory
effect on tumor growth as 31.0MBq MIBG.
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Pheochromocytoma is a cancer that develops in the adrenal gland, and
paraganglioma is a cancer that develops outside the adrenal gland, of which about 10%
are diagnosed as malignant pheochromocytoma/paraganglioma that metastasizes to
other organs. It is one of the very rare cancers, with only about 300 patients in Japan.
The tumor cells secrete catecholamines such as adrenaline and noradrenaline, and
patients suffer from severe symptoms such as hypertensive attacks. Although no
effective treatment for this disease has been established, I-131 MIBG has been found to
be useful in inhibiting the progression of the disease and relieving symptoms. In
addition, in recent years, it has become clear that alpha-ray emitting nuclides are
expected to improve the therapeutic effect and are easy to handle. In this study, we aim
to cure the disease with At-211 MABG, which replaces I-131 with At-211 alpha

emitting nuclide.

At-211 MABG&I-131 MIBG®D

M MIBGDI-131%At-21112
Sz 7O QST M MFZELT N
211AL N
&7:At-211 MABGTH %,
Structural formula of At-211 MABG and

I-131 MIBG: At-211 MABG replaces I-131
in MIBG with At-211.

N

MABG
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Patients with malignant
pheochromocytoma suffer from a
variety of symptoms caused by
catecholamines secreted by the
tumor.The conventional treatment,
I-131 MIBG, is effective in inhibiting
progression and relieving symptoms,
but patients are confined to a special
room and have limited access to
treatment in case of sudden
changes.At-211 MABG is expected to

be a less burdensome and more
effective treatment for patients.
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) — 2 :ﬁ ;—L P @ measurement of ultra-trace amounts of substances, has been
A > installed in the RI controlled area, and is active in picogram-order
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Y‘IL:? 9? % H }E ‘j‘ detector used to identify Members who support medium-sized cyclotron. Staff of Medical college
o radionuclides. A handmade and SHI Accelerator Service to collaborated from astatine manufacturing to
tool makes it easier to use. drug research and development.
TRy N <3y H 32, B s Pray
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TR E TR HBIHL 7B BL & 25T OPSMAY 77 RO PSIIIIIIIY
rofessor,
YRORBITHOMAT VS, 5 DLZH ML Y REFik LR Advanced Clinical Research Center,
S e N LRSS ) B Y KA - o)~ Fukushima Global Medical Science Center, .
BFREAT 2T 225, 2 OHDSRIBLY A > FERIE LT, BT Fukushima Medical University FLwE Rk E T
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Introducing a new
synthesizer, expecting
= 37 = = new possibilities and
7 ~/ j— ‘k 7/ X T/f & x exciting discussions.
Radio-theranostics
_ o I Prostate cancer is also the number one cancer prevalence among men in Japan, and the
E_a)ﬁ?-z:‘h:l% & E?H‘ﬁ development of better therapeutic agents is expected by many patients. In particular,
Treatment and diagnosis with the same molecule attenti(?n is focused on the development nf‘targetefi RI therapeutic ager.lts, which are 2 At-PSMATG IR O b &
body-friendly treatments that do not cause pain or pain. At our center, astatine-211 can be )
68Ga-PSMA : 2ZHf(Diagnosis) produced using medium-sized cyclotron MP-30, and research and development of Y OERA BRI L, < VA O B B8
. astatine-labeled drugs is possible. Therefore, a new PSMA ligand based on the labeled TARF Ve ffo T AN A RIE 70 —T Ry 7 ANITA R E % ZHERR L 720
21At-PSMA : 1F8 o #RIaHR (TAT) precursor developed by Tokyo Institute of Technology and Chiba University. We are . - /41:! " ! ) . )
Targetted alfa therapy working on the development of. At present, we are conducting exploratory research by RELREMEZERLTToTW 5, We succeeded in the synthesis of a candlda'te
; ; ; . . N L . . . compound for a new *''At-PSMA therapeutic
labeling candidate ligands, but we plan to select the most suitable ligand from among them Drug synthesis using astatine is carried out with an emphasis on safety by

drug, and confirmed the kinetics in mice.

and connect it to non-clinical studies for clinical studies and further to clinical studies. installing a synthesis device in the glove box.
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Since January 2017, we have been working with Professor Ikezoe of the Department of Hematology of Fukushima Medical

University to develop an innovative nuclear medicine treatment method to eradicate leukemia stem cells using an

*I'At-labeled anti-CD82 antibody drug. We have obtained large amounts of funds including those form Grant-in Aid for

Scientific Research (B) and succeeded in producing an original anti-CD82 antibody. Furthermore, the >''At-labeled

anti-CD82 antibody drug has antitumor and life-prolonging effects, and is expected to give hope to patients with AML

recurrence, for which to date there have been no effective therapeutic agents, and to elderly AML patients.
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7 a BRBUHAZIRE 7 22 F v -211 CUAD BT SE (211 At-CD82) % TR IR E R 50
D% L B BRI A 2 HEEL T 3, A e e g Y W AN w0

- Sadm BRI 5 £ v 2 —Hi%
FAAMLO P IR E TR BTH 0 RN 17 135512 / Fao
. ZHAO Songji, M.D. Ph.D. o -
LW 2O ELERIFFAAFIRFER B HMNERE (=y F) 1T’ Professor, “ ‘ﬂ:
| y g . Advanced Clinical Research Center, .

SLSCHRBIBTIME L BAL . BRELISRITLOTH L, FHixid Fu;jggfmaéfgﬁzlJ:;?;:ISC;‘:;‘:Cemen L . hd bt
LSCHSCD82Mi % S H L IR H M A 1 rh O R S % 7 LT Fukushima Medical University 0 B h =
W5 ZE CDB2HEIILSCEIBM T 270 DM DN T TN EL D B vroewsx B

TREMEZ S 2T LTz, a fifid B FICHIR TR = AV E — 1 5-H33R 5
IZEL LR O AL DS IE I 1T W T O, a SRR 2 PR 125
LC=yFHoH MHEEMICER S22 LT R M~ o/IEH
ZEEL L 255 mWIREI R L s LIRS TV B,

We have developed and are conducting experiments on an innovative nuclear medicine
therapy with an antibody drug labeled with a-particle-emitting radionuclide,
astatine-211 (*'At), targeting the CD82 antigen (*"'At-CD82), which can effectively kill
leukemia stem cells (LSCs) and eradicate acute myeloid leukemia (AML).

The prognosis of adult AML remains poor, with a long-term survival rate lower than
50%. The main cause is that LSCs that remain in the microenvironment (niche) in the
bone marrow after chemotherapy acquire chemoresistance, resulting in recurrence. We
demonstrate that LSCs highly express the CD82 antigen and CD82 plays a central role in
acquiring resistance to chemotherapy. Thus, CD82 could be an attractive molecular

target to eradicate LSCs. The a-particles have a prodigious linear energy transfer and a
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Int J Cancer 2013;
Leukemia 2015

CD82ITRF R I I Hi & 3 5 FMUHLCD82#itk
FMU’s original anti-CD82 antibody that can select CD82.

FT A AR T CD 82 HT 44 3 0 BH 56 B
RzizroTna®KLi,

The results of the development of a new

125]-CD82IZAMLM NI RE R A ITHE A L T2,
1]-CD82 specifically bound to AML cells.
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= TVUNHODRE- =21 LAT-CTR-T - T I
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ii¥ess

SAt-CD82PUHAZEIRHE 1T LD B2 T 18 Al L =
FEEE T S B TR BRSO T,

The tumor growth was significantly suppressed by >''At-CD82

Wo, BEF R (B) 21X L %<
DEARTHEALIME O HICD2Hi A D
PEBLZER I LTz, S BT 2 AL R BT
CDB2HUIRIEIZ X 2 PUIE S 2 5 - F i K
RRPHELN HHLEHIHE IS
LEM TR O L WAMLEHITH
L5225 LHIRFRED,

LSCACD82% MBI L2 WL Iz LTz,

High expression of CD82 in leukemia stem cells

2!1At-labeled anti-CD82 antibody drug were
announced for the first time.

very short range in tissues compared with B-particles. Therefore, it is expected that a treatment and an effective therapeutic effect was obtained.

good therapeutic effect can be obtained without affecting normal tissues.

34 Fukushima Medical University Advanced Clinical Research Center Fukushima Medical Univ
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Therapeutic agents that have few side effects on advanced cancer are the greatest
challenge in cancer research. Therefore, maximizing the therapeutic effect while
avoiding the side effects is essential for tumors treatment. The pretargeting method is
achieved by pre-administering an antibody-drug that selectively accumulates in a
tumor and followed by a drug having a high therapeutic effect that binds only to the
antibody-drug. This research is based on a technology developed by the united teams
of the University of Tokyo. Applying the highly therapeutic a-emitter >''At
manufactured by Fukushima Medical University, we have been studying the proof of
concept of the pretargeting system. The research is supported by AMED under Grant
Number JP20ck0106414. (Representative: Kohshin Washiyama, Fukushima Medical
University).
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WASHIYAMA Kohshin, Ph.D.

Associate Professor,

Advanced Clinical Research Center,
Fukushima Global Medical Science Center,
Fukushima Medical University

JiA 3R (Cupid) & Cupidiz d AFEA T2 0 F 3
(Psyche) 3%t § 2 fHA 13 A3 A DFELH B
ERL OFEFITIIE L CHBIH AR Z TS 2,

The combinations of antibody (Cupid) and molecular drugs

(Psyche) can be freely arranged according to the type of cancer
and the type of killing site.

FER T LR S A DIREEL HIGLT:
TVER—=T T4 VT BB O bl 5

i
[

TVE—T T4 7 AT DR L T BscFv-Cupid EPsyche DfE & 1% HAR THed IRV The binding between scFv-Cupid and Psyche show the
BENERT7ETVEEAF Y TML BRI %€ Y2 —CRET 521 AR
PsychelZfEi#i 375 2L TH T ANVE — 0 a iR Z JEFITRINWICKR G 35 2L05TED, wrrailiied] (o o speeiialll;

strongest binding force, and by labeling Psyche with *'!At
produced by ACRC, high-energy alpha particles can be

PUCEA scFv-Cupid% 24K [E 5
RN . IZT VA= T4 v 7 LTz 5 A
JAMKN-45 Al X — R <o 212543
%211At-Psyche-BO KA 407« JE
BE N DI IA B AR AR A7 [ 1238
fLcna,

Biodistribution of *''At-Psyche-B in nude
mice transplanted with gastric cancer cells
‘ L MKN-45 pretargeted with anti-CEA
1 scFv-Cupid 24 hours ago: Tumor uptake
i increased in a time-dependent manner.

L0101 7277727272722707027272072027020727220007072272700707272272070772727272770072727272727077272727727272772272727277202722727272777

211At-Psyche-BEHICEA
scFv-Cupid% f W72 B 23 A flid
MKN-45F 4 X — R <7 2 DG
FEhf AR G TUN REARAF 19 12 i 95
DI ZIWHIL T2,

Treatment experiment of gastric cancer
cell MKN-45 transplanted nude mice
using At-Psyche-B and anti-CEA
scFv-Cupid: Tumor growth was
suppressed in a dose-dependent
manner.
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Staged T2.6% &5 HILWIARIED RO LTV E T, FU < (71 B R RS =
ATAT RTAY N =T 12 % B P BRI & 3 & L7 AR BB .
o P NI o e . SEIRER PRI E 2 > & — HE B (1-2) R E L TH 2/NE Y FISPECT/CTEEE THAtZ ik L 72
BRBEOMBTT WA TR SABBEROFRO— D LLTFHRO : CEEBIRE IR 1RO T (3) 56 00 AR (4= R L L R K A AR LT 70 e 2 Mo B 55
DEIS | NS RN EHERGEE N S eI 1B SN IDDL )P, A= m L B PR B
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i ukushi i
MWAL(T AT v -211) D3 LS A LB R T CRETH 21k / (1-2) Image acquisition of *At-Au microspheres using small animal SPECT/CT system University. We are tryilrjlg io apply a patezt for this technology
. oy < 5 . (3) The gold-containing resin with purple color (4) The SPECT image obtained by using iE )
B oBEZIEHEMELTWE 3 BRESRE 32 R BTk X-rays emitted from the 2!At adsorbed on the resin merged on the entire container taken teing FR2025
L7z W L AEE RN 2 Al & S B MITLSCTRB LIS by CT. (5) Stability of the "' At-Au-microspheres in water and saline.
JILT BT e RIVRF R BFEL 250 Development of alpha emitter labeled
microspheres
Hepatocellular carcinoma (HCC) is the fifth most common cancer 3
in Japan, and the 5-year survival rates are as low as 14.3% in Stage 3 é,\'f"ﬁ 0) H 1%%
and 2.6% in Stage 4. Radioactive microspheres are an embolization S
therapy based on localized irradiation with isotopes and have M IIREERAZRETBIESEAIND2D DK
contributed to the improvement of prognosis as one of the liver cancer B . D3 B HL U T2 A OAE B R R o (il A B T EHHERL

treatment methods overseas. Therefore, the ACRC, in collaboration - - 2
R 3, ZORUN I, SERE N O ASLE IR 2 AL &

Rk with Fukushima University, is investigating the medical application of -
| & EmmE LT F0s Atk E LCORBIZ HIEL $ 30

A 211At, which has a short half-life, is easy to handle, and emits alpha

particles with high energy, and strongly adsorb to gold, and is stable

Future goal

under physiological conditions. We will develop new interventional

HF=FH radiology by applying the gold-containing resin made by Fukushima - The technology created by two representative uniyersities in
| AT LS EEE | University's patented technology to microspheres and applying 1. ] - . Fukushima will contribute to the health management of Fukushima
R . S0 & (R ek - - residents. We will expand this new SIRT for the HCC treatment to the
alpha-particle irradiation of ?"!At and CT recognition by the gold e : 2UAt manufacturing facility in Japan.
material.
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Fukushima Medical University Advanced Clinical Research Center
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ITO Hiroshi, M.D. Ph.D.

Vice Director Professor,

Advanced Clinical Research Center,

Fukushima Global Medical Science Center,

Fukushima Medical University

The Advanced Clinical Research Center is equipped with the first
integrated PET-MRI system in Japan, which can simultaneously image
PET and MRI, and clinical research using this system is being actively
conducted, including multi-institutional collaborative research ,for
cancer, dementia, and heart disease. We also have a track record in advanced
medical treatment of PET using unapproved radiopharmaceuticals for PET.
A PET/SPECT/CT system for animals has also been installed, and basic
research using in vivo imaging in small animals and preclinical studies
for various clinical trials are being conducted.

Both clinical research and basic research are conducted by the
Advanced Clinical Research Center after reviewing applications for
research implementation from each department within the university and
from research institutions outside the university. The center also provides
consultation and advice on research as needed, fulfilling its function as a
joint-use facility. At the Advanced Clinical Research Center, various
radiopharmaceuticals for PET can be synthesized using the cyclotron and
radiopharmaceutical synthesis facilities, and various biological functions

can be measured by utilizing the characteristics of PET-MRI.

PETEEDIRIE/ X)L
Operation panel of the PET system

b

PETEEDIRIE/ X)L
Operation panel of the PET system

PET/CTE#E
PET/CT system

PETRERDRHZE

PETERBEDRIERE

PET system operation room

Waiting room before PET examination

BATERAIRERICALS
VoA —hk
Reclining seat used for
administration of
radiopharmaceuticals

PET-MRIZE
PET-MRI system
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PSMA PETL ZDH M

FRET 1
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':]} s ARELE FEE-|§

-

BT 325U 2 R B S8 B3 5 PSMA (7 37 J5 R 22 9 JEL 47

PSMA PETH# A ZAt-211 PSMAJR#E < Lu-177

JF)ITHE A 323 (Ga-68 PSMA-11) #ffivs PSMA DMK D H
DEZIIH 2D 0% WAL T2 Z LI BB % IEMEICK LT
FTIEBTEET,

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.

PSMAJRIE, Ac-225iRIF ORI RS W EE BB RS
MHTEZT, UK EREDOHIRCE R ifF TS
TWEBF IR THIEL RS- 2 E8 A,

PSMA PET can be used to select patients who will benefit
from At-211 PSMA, Lu-177 PSMA, and Ac-225 treatments.
This will reduce medical costs and avoid unnecessary exposure

and suffering for patients who are not expected to benefit.
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BiSLIR 23 A HARTHIREROIEFITEH VDA D10 T, WBH 1T
CT.MRI.FDG PET/CTHERLE Y v F7 7 74— & E QMR T
BBORMEEEBWI L. EQIIBRELTIPIRELE T LoLR
MO B IR AT B WTHERIZ WIS D T LB M E B o T
BOFIVBEOHVWBWITENEENTVWELT, 20X BBIRICE
WA TR EAERT 2 bPSMA PETHA L WO B M T B S oA
HFIME AR S T S 2 LT, PSMA & 1330 37 5 45 5 10 I it o< S

(Prostate specific membrane antigen) DB TH D, B ARDSAICE 5 B RS R A R Cyclotron - " e i =y =y -
CHEBLTWVE T, PSMA PET#HAE L. ZOPSMAVMEOH D EZITH S LS EBRERR P 5 —

O EMBGITEZEITE) BB T IEMICMUH T8 TSIME
TIAE KB T - JLER¥ELEEDIZAMED DO A &% 52 1 B ¥
%f?ofh‘iﬁ_o

-|Ian|:l»:-.]‘|,.-1 \ oD
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Ga-68 PSMA-11D#1 5 : PSMA PET®D 72 & O 313
OB DY LT, ZDOWFZETIEGa-68 PSMA-11&
WHIHEHIZH W TWE I BEREZRLED,

Structural formula of Ga-68 PSMA-11: PSMA There are many types of

drugs for PET, but in this study we use the drug Ga-68 PSMA-11. The

structural formula is shown below.

4?2 Fukushima Medical University Advanced Clinical Research Center

Sedi iR 5E 2 > 2 — 8%
A 5 DR ST R LR 5 T8 7 B
AR

SHIGA Tohru, M.D. Ph.D.

Profeccer,

Advanced Clinical Research Center, Fukushima
Global Medical Science Center, Fukushima
Medical University

Department of Nuclear medicine, Fukushima
Medical University Hospital

Prostate cancer is one of the cancers with a very high incidence in
Japan. Usually, imaging tests such as CT, MRI, FDG PET/CT scans
and bone scintigraphy are used to diagnose the presence or absence of
metastasis and to decide what kind of treatment to provide. However,
in prostate cancer, the diagnostic accuracy of all of these techniques
has not been sufficient, and a more accurate diagnostic method has
been desired.PSMA stands for prostate specific membrane antigen,
which is frequently expressed in prostate cancer. PET scan can show
the exact location of metastases by imaging the location of PSMA in
the body.

Ga-68fZ3EPSMA-11 D JFE KT 2 Ga-68 &\ ) HURH B 13 8 A359 684>
LETHHEN O RN THE RS T2 023D D T 3, 35 0 B8 % 13 <
OHRBHNEFT . FA7utur i) EE L BB G K E T W TS EIZE
FELTWE T, 2O HTEITED IS O JFUili 23 % [E O B~ O B I D %% D
ABEMEATE VT2 D S D BB S A OMBEEZII TO BT 2EEZTVET,

B 7 B A AR & B0 TR 2R L 35 355013 Ga-68 0 2 It v < |
FR/UMBR LR Lo TLEVET B AR E L (7 ubnr 37 V7 L& OESMH
3 2 3 A RE T 9L BT L 7o 2618 CHE S 7 3 D BUR L AR 1399 % DA &
EE T 155 D FA7a b a Y OBEIT6-7 N OEEFI psELE WBE L D F LTz,

|

The radioactive material called Ga-68 has a very short half-life
of about 68 minutes. Therefore, it is necessary to manufacture
the drug in the hospital. There are several ways to manufacture
the drug, but this time we are developing a method using a
cyclotron and an automatic synthesizer. With this method, the
cost of manufacturing is lower and the financial burden on the
government is less. And we believe that many patients will be
able to receive PSMA PET scans.

The developed synthesizer (center) and the manufacturing
process are shown. The drug, Ga-68, has a short half-life and will
soon be unusable, but the synthesis equipment and cyclotron
can be exported outside of Japan, such as to Asia. The
radiochemical purity of the drug produced by the developed
device was high, over 99%, and it was possible to produce
enough drug for 6-7 people in 15 minutes of cyclotron operation.

%1% 0 HEE

GRADI N —T TIRERARGBRIT X 2 KAk o FHl 7
O EWITB T BRNLIRSABW OHERITF S LTENIET,

Future goal

The research group will continue to evaluate the safety of the drug through clinical

trials and contribute to the advancement of prostate cancer diagnosis in Japan.
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BRI DB W I RE R 2 5 700 a — AT 2 Hi5{L 3§ 2FDG-PETAT b
TWE TS I 35 o 88 1155 W7 <0 T F6 M 00 B0 T 1 1k L TR g A b 2 Jh e iy
REMELEH VT I BPETR W It S hTa LT,

KT 20184E 05 [ RFEIEF A F 4= 12 X B PETZ Wi — N HRIA
WHROBEHKODW —] L RFEIIEGEA F =12 XS PETZ i — iR IE
ZEEL NI BFEITB T2 A —| O =0 0 Stk EEE (SR EATE AT %
) RITWELTz, THUX20144E 1T R (PR B R B8 45,24
W) DB L KIKR 2 LR ZE 03 b D3R DMt BB o33t M Tff o2 &
TR UEREOH 27— 280N ELT,

Positron Emission Tomography (PET) is characterized by the molecular-targeted
imaging enabling accurate detection of cancer using different pathognomonic metabolism
from normal cells.

C-11-lmethionine PET was performed in our hospital as the advanced medical care
supported by the funding of Japan Agency for Medical Research and Development to
confirm safety and efficacy for diagnosing brain tumors. Clinical study was accomplished
by collaborating with Hokkaido University Hospital and Osaka University Hospital and
confirmed clinical usefulness to diagnose glioblastoma as a means of imaging workup and

recurrence after radiation therapy.
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ORIUCHI Noboru, M.D. Ph.D.

Professor,

Advanced Clinical Research Center,
Fukushima Global Medical Science Center,

Fukushima Medical University
Director, Department of Nuclear medicine

et BRIR I e 2 v 2 — it i s

C-11EE A F 4 = PET
SeHE B D RER B DI S & %o 7 T

0
H;“
NH;
I"CIMET
C- 118k AF = [MC)-L-methionine

BHTIVRO—DO T MO RFR T (C) A Y bu v ZHC-11T
EEHZTDD,C-1IRXF A=V BERITFEIE ST DA F A= LA UBIRE
ERULIER KX G R D ot X080 & R AR A 70 TEAE IR
HRIIIZZ <DAEN D Z OWHZFIALTIEES OBWIEE L LTHW
5,

Methionine is one of the essential amino acids. Proliferation of cancer cells
is based on the increased uptake of amino acid including methionine for
protein synthesis. C-11-methionine is a PET tracer, which is more specific to
brain tumors as compared with ordinary FDG-PET.

'8F-fluorodeoxyglucose

Positive Negative Total
""C-methionine
Positive 16 16 32
Negative 0 1 1
Total 16 17 33

334 O F FHEHF 12 5V C FDG-PETIX17Hl 03tk ThH o e DT
RUT,C-112F4=VPETIX326 % IELS Bt L HIE TS, C-112F
F=YPETOZ WX RITE 5722 L2258 WET R F 1t 23
WO L 5Tz,

Sensitivity of the C-11-methionine PET for diagnosing tumor
recurrence as the primary outcome was evaluated in the 33 cases of
histologically confirmed tumor recurrences. A C-11-methionine uptake
was detected in 32 cases, and a FDG uptake was detected in 16 cases. The

sensitivities of the C-11-methionine PET and of the FDG PET were 0.97
and 0.48, respectively (P<.0001)

Grade Grade Grade

i

EimLL ST [ Caricer Seiancs REUEN
Cheterminwtion of bralr temer recurrercs using S mathicnine
positron emisslon tomeography after radictherapy

Sl Eimigarh® O | Kiig WYY | Relborin Okl || (Bl Srirmdiaifiid® |
Jo Fstiawma® | Ryolild Flopmsa® | Aokl e |

Hnghii; isfien® | Hisbary Qvigehi | Moo Fali || Baembaro Kebappbd® |
Hirowyai Kobwpmhi® | Shorsobe Trsuds® | Kereichi ekl ™ | Vol Koge™ |
Vokd b B | v bk | Mg TamakD | Tokwn Shig 2

ST S L LTHT o e U RE B O T 36 IS O BT 12 51 5
C-112F4=YPETOH A OH

e R KRR L D3 O BK B O RELZ LD,
wAEMEA Rz oOWTHERLTR,

Results of the collaborating C-11-methionine PET study performed by
the advanced medical care was published in the journal of Cancer
Science.

Cancer Science Wiley 2021£10815#;

TS RRIR 4 O T FE 51

MRI(A) TH #3512 25, FDG-PET(B) T3 BHAT R 2R s
W, C-112F3=>PET(C) TIZ BB % B4 (RED 2R LT, T
2347 b JHEMRE (D) THESFHEE LT,

The affected lesion showing abnormal high intensity on MRI (A) does
not show an uptake of FDG (B) but an uptake of C-11-methionine is
detected (C). Histopathological finding demonstrates tumor recurrence
(D).

C-11XFF=YPETHfF b N7z 259H D> Adverse events were observed in 10 patients
5L BN H 2 E RSN D (16.9%). Only one of these events, elevation

Total(%) 1 2 3/4 - . ,
Gastrointestinal disorders WA TLDHA LR LI 1FOHTD T2, (c)(l)n];;])jli}i;t\;od; (i(;ednz}el:r:fz:':i}yler:”ll?ete(i
Nausea 11.7%) 1 0 0 EHE A ERGD2TRENT 2 I ND complications due to the C-11-methionine
Toothache 101.7%) 1 0 0 BB DO EIZEZ DD TH o1, PET was 1.7%.
Infections and infestations
Pharyngitis 2(3.4%) 2 0 0
Investigations 11C-methionine 18F-fluorodeoxyglucose
LDH increased 11.7%) 1 0 0 w ) . i
Blood pressure 10.7%) 1 0 o positive negative positive negative Total
increased Recurrence 32 1 16 17 33
Neoplasms benign, malignant, and unspecified Radiation injury 6 17 0 23 2

Malignant glioma 2(3.4%) O 0 2 Total

Musculoskeletal and connective tissue disorders

38 18 16 40 56

T AR IB 2 D 56412 B W T, In all the 56 evaluated cases, the PPV of

i_ TWBPETH iE
* (#)PET/CT
+ H o X (Siemens Biograph mCT)
e - I_ 4 (#)PET-MRI
i —— (Siemens Biograph mMR)
PET in Advanced Clinical Research
= = ; Center
i h.,_- ¥ (L)PET/CT
- (Siemens Biograph mCT)
T — —-—:-—4 < (R) PET-MRI
(Siemens Biograph mMR)
L4y Fukushima Medical University Advanced Clinical Research Center

Pain in extremities 1(1.7%) 1 0 0
Skin and subcutaneous tissue disorders
Seborrheic 11.7%) 1 0 0
dermatitis

Abbreviations: LDH, lactate dehydrogenase; PET, positron
emission tomography.

FDG-PETEEM406 D > H 1741
I C-11XF4=PET}2
1841 D 5 & FFIL 14 D AT, ik
HRFEZEHRIIDH TS BE
FEOT N &AL B E o T

C-11-methionine PET was 0.84 (32/38). The sensitivity
and specificity of C-11-methionine PET for tumor
recurrence were 97.0% and 73.9%, respectively, and
those of FDG PET were 48.5% and 100%, respectively.
Overall, the accuracy of C-11-methionine PET was
statistically better than that of FDG PET (P =.033).

Fukushima Medical University Advanced Clinical Research Center
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e BRI 22 € v & — %  EHE (AT R R BF 92 & LCo/NE i
PET/SPECT/CTZ & % Fl W 7258 <, BRIRIFSE &L LTARIHIEA S 7z
PET-MRIZ{E % Fl W7 P92 5 24T 5T B, S 7o U IRER EfEH L L
THUNHE BRIZ B 72 5 HrC BRI 25 7C O i HE A3 TR 3 72 At-211 00 JEUH
AL B 32 T o T 2,

TeIRRER I 2E v & — 3B DK E T RBE O %2720
PHRHCTH Y, E T2 FM A Z LT3,

Diagnostic imaging technique can visualize inside the body to use for clinical
diagnosis and evaluation of the treatment using X-ray, RF, ultrasound, and so on.
These can be used for treatment, too. I've helped the development of new diagnostic
methods and new drugs for treatment.

I've performed some researches in preclinical and clinical research area using
PET/SPECT/CT for small animals, and PET-MRI for human that was installed our
university hospital first in Japan. I've been continuing researches of radiation control
with At-211, which is an a particle emitter and has very short range to detect. The
Advanced Clinical Research Center has been doing the integrated sciences and I've
been trying creation the diagnostic imaging techniques for supporting this center.

KR =B W5 TORENE

SE70I] HA B IR b ik & e

BT H A BUHREAN F AR R AR S E
ERT3IH H AR BURREAN F AR R MR R H
SETAIR AU B A R RN AR e - B
Winning prizes by the research in this center.

+70th JSRT Annual meeting: Gold prize

-71th JSRT Annual meeting: Bronze prize

+73th JSRT Annual meeting: Bronze prize
+74th JSRT Annual meeting: Gold & Bronze prizes
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KUBO Hitoshi, Ph.D.

Professor & Chair in Department of Radiological
Sciences, School of Health Sciences

Advanced Clinical Research Center,

Fukushima Global Medical Science Center,
Fukushima Medical University

AR D
PET-MRI%Z MW7z #f%

Research using the first PET-MRI
system installed in Japan
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FDG-PET/MRIIZ 3 1J 2055 i 1IE 1 O E N X 5 SUVAE
DEWEERIGITH LI R E IS 2 DU L O
M EkzERo72,

We clarified the changes of SUV values regarding with attenuation

correction methods in FDG-PET/MRI to improve diagnostic accuracy.
(RPT,2021)
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b M2 351 5 AR B3 AUR I L 2 MR L E O
ZALE MRS TR L 7V X3V [ GABASE D MR ZE
B REEHZT 2 ZL2R U MR R BITHF L LT,

We showed long term neurotransmitter changes after rTMS by detecting

of neurochemical modulation using MR Spectroscopy in human brain to
contribute the expansion of neurosciences. (ISMRM,2017)

RT3 119 Zc /0N ) g v £5: 9F 2

Establishment of innovative small animal

imaging research technolog
ging h technology

=.*Q090e

if

7hu 73 AI¥SPECT/CTE W /e <V AL BIE A X
DFHMi T3D-MAPHEE RS LEMEBEZ M L322 E
IS 2T L, =T RO & D HBN YA R T I E B % T
RyA By

We investigated the improving of robustness and precision of MI size
evaluation using Tetrofosmin SPECT/CT in mice, and established

measurement technique for acquiring SPECT/CT of very small
myocardium. (SNMMI, 2016)

E D K OB I i i EE

. :-"t

1 BN B

2T DRI L MR BEMEE A 2B L. <V RT3

1J 5 Z DR E)RE % 3T 55 2 & TR R o BTl ¥ % i
IL72,

We developed two new functional contrast media for MRI and

established a new drug evaluation method by evaluating their
pharmacokinetics in mice. (TCRT,2014)

At- 2 1 1 O)m gj‘ %&% iﬂ ﬁﬂij‘ )] ﬁﬁ th Establishment of radiation control technology of At-211

At-21 1R TRDZEFANDEMDOIEF 2 I2V—Ya vy T=R
TEHIT I RAG L U AR BT S O B $R R L 72,

We visualized the 3-dimensional distribution of At-211 solution dispersion
by the simulation to use for radiation control. (NMC, 2021)

At-21 1 DIERERE DB EBRIZY —_AX—Z —CHEE A RED
AL T H o gIEL o BB I E R L 72,

We evaluated the possibility to detect contamination of At-211 using survey
meter to avoid unexpected radiation exposure. (JSNM,2018)
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Various research projects in collaboration
with other courses and other universities.

hi 5 R R 5 R

migZ M omEELZHIELT
~PET-MRIIz X 2% -

Toward Higher Accuracy in Diagnostic Imaging: PET-MRI Studies

AR T IR SRR S 2 v 2 —ICE NI TS E LTE A S e PET-MRIZE & i W T kB AE
DU B LTDAZ WO A DOV TORFEET > T 290 IMEAEZ ITI2 > W TIEPET-MRIIC &
2 IR B AU EH I 2 i 32 L  PET EMRIZ R RFIHRAR CE 2 2 4 LICPETRHNIC BT 2 Y 70 24 L
BB IEOMREZHL 2L E U T2 23 AB WD W TXPETIC & 2 BRI 5 & MRIIC & 2 95 B
B E A G DD ZEILLDBABMRED N LA LI LEL T,

We are conducting research to improve the accuracy of brain function diagnosis and cancer diagnosis using the PET-MRI
system installed at the Advanced Clinical Research Center, the first machine in Japan. For the diagnosis of brain function, we
established the measurement of cerebral circulation and metabolism using PET-MRI, and clarified the effect of real-time body
motion correction in PET measurement, taking advantage of the fact that PET and MRI can be taken simultaneously. For

cancer diagnosis, we clarified the improvement of cancer diagnosis ability by combining PET glucose metabolism imaging and
MRI diffusion-weighted imaging.

BIR2 AN E FEE

PET-MRIZH W7 DR EDOZ ML L O
T4 Tl o #-filf

Cardiac PET-MRI imaging for diagnosis and

assessment of cardiovascular diseases

FREEECTILZ N TYF-FDG. ¥N-ammonia% W\ 7. PET-MRIM & & i 4T UEE X 58 247 o C 3 %
L72,"8F-FDG PET-MRI%ZH W72 98 T @ ZBIIR 28 2 B A MO B4 v a4k — v A BAZEMEE)
BREEACIE D 22 W7 <0 WA B E - TR TN O W TR E 2T WL T2, 721°N-ammonia PET-MRIIZ
EEIRE B ERZEIZBWTOMENOZ K 2 viability T i lc B TH 22 LWL ITLTEELT,
18F-NaF PET-MRIOARRZE 77— 7 M HIZ O W THMET 2T oC0E 3,

‘We have conducted extensive researches in cardiovascular diseases using the modalities of PET-MRI with *F-FDG and
N-ammonia. We have demonstrated the impact of *F-FDG PET-MRI for the diagnosis and assessment of responses to the
therapy and prognostic values in patients with Takayasu arteritis, subacute pericarditis, cardiac sarcoidosis, and peripheral
artery diseases. Furthermore, we have revealed that ’N-ammonia PET-MRI is useful for evaluating myocardial ischemia in
patients with coronary artery diseases. We will clarify the performance to detect the vulnerable plaque in coronary arteries
using '*F-NaF PET-MRI.
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Department of Radiology
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ITO Hiroshi

e B VR ST R R R A

U P 2 3 AT (BdR)
Professor and Chairman,
Fukushima Medical University,

Department of Cardiovascular Medicine

Py 2850
TAKEISHI Yasuchika

e B W AT R R R

TR R PR3 AT (BUR)
Professor and Chairman,
Fukushima Medical University,

i # 4E Ol 5 5 R

PET % J 7 ¢ 283 e fi 1)

Research on the pathophysiology of neurological diseases using PET

A EEARECIE SN FETPETZ F W i B o WA IO MLA TS T D 3, BARIITI
TADABEITBT EAMPAR AR I —F — 2 PO IHEFHM T L0, S — % > Y i - TN A
<= BFIHR L CPETZ W7 304 RARA— Y > 7 % Ml O BIAR FUN 5 M - BE VAR A 72 & LA
HELEBRDLFEETZRNS 2L RN R L LEZToTETEN I, INL D FE 2@ L TH
R BRI T EE MO 22 HIRL TV E T,

In the Department of Neurology, we have conducted research on the pathophysiology of neurological diseases using PET. In
particular, we have participated in pathological evaluation study using AMPA receptor tracer in epilepsy patients, and

Multicenter study to evaluate pathological progression in patients with Parkinson's disease and Alzheimer's disease by
combining amyloid imaging using PET with other neuroradiological examinations and cerebrospinal fluid examinations.

VAT LHRERFEE

BYTORFRAA—Y VT LE I TO
THEREA X — v 7

Molecular brain imaging in laboratory animals and
functional brain imaging in humans

ARFEETEIBIE Z2oD 70 v=7 b2 LR R v 2 — D h o b LETH T (DEYT
DR FWMAR—D 7 L — W EBEZ 5 13 /NEI Y FHPET % Fl W C, Phencyclidine(PCP) 2 M 9 #% 5-
EDMERMIEET NIy MBI 2o b=y AR, EAUS-HT2ARZ AR OB ERT 2T > T
3o (2) e b C ORI — Y > 7 R E IS 1, e T OIMRIC KD AR WERE T ICB 058
{5 O MFERBE LA S W RFITH O MR IR I BT 2R ET o T ES

In our department, following two research projects are currently running with collaboration of the Advanced Clinical
Research Center. (1) Molecular brain imaging in laboratory animals: it is well-known that chronic administration of
Phencyclidine (PCP) induces schizophrenia-like behavior in rodents. Dr. Eiichi Jodo (Associate Professor) analyzes 5-HT2A
serotonin receptor dynamics in the PCP-induced schizophrenia rodent model, using the PET for small animals. (2)

Functional brain imaging in humans: Dr. Juri Fujiwara (Assistant Professor) investigates neural bases of self-confidence in the
social context and those of the social conformity behavior, using the fMRI in humans.

wilLKE University

PET-MRIZH Wiz b7 KBS - S -
TEREIZ B 3 2 Rl & i {5 F 22

Multimodal clinical research to integrate glucose consumption,
metabolites and anatomy using PET-MRI scanner

Ao b XTI PET-MRIZE & T OB 35 & 0855 O B 2 B A T B O B 5 @ik &
BRI O 7 F Y LR IE . @MRSHEBEZ M 72 I P SE M I R 1B 3 B BRI %K 7 o
VI el STV EE LT, PET-MRIZ Fl W/ 2% B U C . PET O AEIE . MROE &
HWMRD BL TR ERMMRS) ZMMAE DD ZLITI) AGFEHFEOBBELILITYDE LA
TELLHRFLTHDE T, LALOHI ORI PR SR LA BRI B2 X T L LTHR B IR ZE
RKOFEFIZNALLATIHRE VI EELI DRV EHBFL LT £,

We have conducted various types of clinical study projects as the followings: 1) observation of small and thin muscles in hands and
forearms of healthy volunteers (FDG PET - MRI), 2) measurement of glucose consumption and metabolites in brain and skeletal
muscles of healthy volunteers (FDG PET - MRS -MRI), 3) measurement of intra-brain drugs and metabolites (MRS) in healthy
volunteers. PET/MR system may enable us to understand human physiology more deeply than before through integration of the
functional information measured with PET, the anatomical information measured with MRI, and the metabolites information

measured with MRS. We thank the supports by Prof. Hiroshi ITOH and Prof. Hitoshi KUBO for conducting the above mentioned
clinical studies.
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PETHA M Tk, M2 M 22 E C©HBPET (Positron Emission
Tomography)/CT(Computed Tomography) X PET-MRI
(Magnetic Resonance Image) %l W7: &R B O WG M B L O
i RBEJE 21T > T E 30 PETIR U PSRRI 2 R PTG LUK S
NBWHRERZ D T LITX D2 W AEEREIE 2 BGL T 2MA T
PETIZ & FZMA T2 Z LA TE, D34 O BT M R #HFH O B E | i
BOREHROBELELZHMDILBTELT,

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 device. PET is an examination in which positron is
administered into the body to visualize the various biological functions. A PET scan

can create whole body images of the extent and metastasis of cancer, providing
important information to diagnose the disease.

(L3
FDG PET images and Fusion

FET  EEEA PET  EENE
e gorroa images

B A —|ZIFPET/CTEELS PET—MRI”*%IAZ’J;?& SNTH
UN 2013&;0%@Ln&3‘opm MRIZEE 3 E{GZ N ERTH2
MRIZEE O HIZPETHE B E M AALTENAT )y bi@ﬂ%&” £
TY,PET-MRITIE . MRIIZ L 2 &1 O JERE IR L PETICT L 5 4 4&
PEREMIR A AR IC G CEMAMBRET RS »ORELIFLI LT
ENUTE T AR Y RS2 N e (NG S

Our center installed a PET/CT and a PET-MRI that have been in operation since
2013. The PET-MRI is a hybrid-imaging modality that incorporates a PET detector
within the MRI imaging device. The PET-MRI can easily and precisely be obtained

fusion images of the MRI high precision anatomical image and the PET functional
image, and it is used for diagnosis and clinical research.
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UKON Naoyuki, Ph.D.

Assistant Professor,

Advanced Clinical Research Center,
Fukushima Global Medical Science Center,
Fukushima Medical University
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PET-MRI is installed

Advanced Clinical
Research Center.

WA RN - T PR ROBE 2

PETIE A4 U ESER 2 W2 Z L2 kD, S S i i A R BE %
TENTEIRETT AROTRYFEBERELHEEL T2 LX) A DB D
fl D ER I OMREZ F1 D Z 3 TEE I, T DML MM TR Z 25 2 & H TS
oth, Yt v x—Tid, 7 IR O MBI X 2 MBS OB I 7V YN A< —T

RENEIZ BT BN 7 InA FERHOME DT oTVETS,

PET inspect a wide variety of biological functions using various radiopharmaceuticals. At present,
PET scans can be used FDG (fluorodeoxyglucose), oxygen gases (CO2, CO, C2) and ammonia
(NH3). FDG-PET scans of 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 disease by scanning the amyloid accumulation in the brain.
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PET/CTOMRAEHIF 20134 I M M B LT ENQTEE
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ORBELToTCOET, ZOFFNTREFBIMITHLHOD

ERBb Tz A3, 20194E LUBIZCOVID- 190 55287 X0 M E - 451
WAHLTHET,

Since the start of operations in 2013, the number of PET/CT examinations has
continued to increase. In 2018, the number of examinations exceeded the upper
limit of 2,800, bringing the total number of examinations to over 16,000. It was
expected that the number of examinations would continue to increase steadily,

but the number of examinations has been decreasing since 2019 due to
COVID-19.
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PET-MRID A $LH 201 345 0 508 DL R NEF 1 - B0z kL
2019481013 =2 L L 25401F 2 2 A7 T3,0001F 2 HE 2 5
FERIEMLTESELT, FEHIZ20194E BUFEIZCOVID-19D 5482 &
DR ARD LTV E 9, PET-MRITIZ8F-FDG B4t D 354 &
LCRBOETH 2 EN-7 =7 PO-[RFE T A PO-— At %
FHAO-ZBLR B AL DMEDEMLTNET,

The number of PET-MRI examinations has also steadily increased since the
start of operations in 2013, peaking at more than 540 in 2019, for a total of
more than 3,000 examinations. Similarly, the number of examinations has been
decreasing since 2019 due to the impact of COVID-19. In addition to *F-FDG,

PET-MRI is also performed with *N-ammonia, *O-oxygen gas, *O-carbon
monoxide gas, and *O-carbon dioxide gas, which are covered by insurance.
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The Advanced Clinical Research Center conducts research in collaboration with
the Department of Radiology and Nuclear Medicine, the Department of
Cardiovascular Medicine, the Department of Neurology, the Department of
Systems Neuroscience, and other universities, and has conducted approximately

1,000 research-based imaging studies. As with the clinical examinations, the use of
the system has been decreased since 2019 due to the impact of COVID-19.

PETIX 42 Wi <0 B 5 % F \ 72 BR R BF 92 >t SERDFTAR <> <12 w0 F —XFABR % & D AIFE ) B

IZHJEHTEBFIHETT,

LB IE 22— DM D EFT & B B ITEIEL  ZEE D SRR E T — H LI BB 5L Al

R EToT0ES

In addition to clinical research the PET technique can also be applied to the field of innovative drug development
such as pharmacometrics and microdose studies. This department, with other departments ,is contributed to
medical research and innovative drug development in comprehensive measures from basic to clinical trials.
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A nine-bed ward for radionuclide therapy is provided on the 4th floor of the Medical
Center “Life and Future” building completed in December 2016.

This state-of-the-art facility allows a level of up to 37 GBq radioactivity in a room for
intensive radiotherapy. The patients internally exposed to radiation due to nuclear
power-related accidents will be treated at this ward.

Radionuclide therapy with I-131 has been performed for differentiated thyroid cancer in
the radionuclide therapy ward since 2017. Growing number of therapies has been performed
for patients under the shortage of therapy bed in the metropolitan area and become a leading
facility in Japan. At present novel radionuclide therapies using Lu-177-DOTATATE,
I-131-MIBG and clinical trials using I-131-omburtamab, At-211-MABG have been done in

our facility.
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Director, Department of Nuclear medicine
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Nuclear medicine therapy uses alpha and beta emitting radionuclide
labeled with cancer-specific molecules for targeting cancer to break DNA of
cancer cells by radiation. Path length of these radiation is so short not to
damage normal cells. Therefore, maximized effectiveness within the

acceptable range of toxicity for normal organs will be accomplished.

BE SRR O RIS I G TR R O R NE R T 5
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Nuclear medicine therapy applies theranostic method that follows imaging
such as PET to evaluate indication by assessing efficacy and toxicity using

dosimetry analysis. This methodology is promising for individualized

precision medicine.
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Number of bed for radionuclide therapy

has been decreased in comparison to number

of indicated patients in Japan.

Number of therapies has been increased since the opening of the new hospital by accepting many patients from

metropolitan area as well as from all over Fukushima prefecture and become a leading facility in Japan.

) E % O BE W TIHBEE T
HREE RIBESEA At RBERE o e oS 0
R 3112 kUL B o o SRS ATS Sl S E RS
N A-211-MABG O [% fifi 1 3R

IR IBIES 77Lu-DOTATATE BiR O(20214) FE Ehd Bl S N T,
1$11-MIBG B O(20214) FE Conventional radionuclide therapy for
BB e 211 At-MABG ais EEfEEA FE thyroid cancer using I-131 and novel
! therapies using Lu-177-DOTATATE and
PRSI 131l-omburtamab B 1=E 5] O 1-131-MIBG have started in 2021.
Clinical trials with I-131-omburtamab

EiE )\ 0y =

LR e LEACIDEGE B © v for cerebrospinal dissemination of
BN AREB TS 223Ra(IBILSYIL) afs O O neuroblastoma and At-211-MABG for
JNERYE 1B (IEF R UDL) B o o refractory thyroid cancer have been, and

is schemed to be done in our facility.
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It is now possible to obtain ample information on radiation doses in a daily life
environment. However, the distribution and migration of the radioactive substances
in the environment surrounding people such as undeveloped woodlands and forests
near populated areas remains unresolved.

The Department of Environmental Dynamics Investigation is now investigating and
researching the environmental dynamics of radioactive materials, making sure to
elucidate and review the impact of the migration pathway and the radioactive
materials in the environment of the local communities.

The investigation is being done in cooperation with the National Institutes for

Quantum Science and Technology (QST), utilizing the Environmental Dynamics

Analysis Center Building.
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QST is using the building as its Fukushima Branch Office.
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If radioactive substances deposited in nearby woodlands and
forests are re-scattered by the wind, spill into the ground, rivers,
and then flow out into the ocean, the living area could be affected
in the future. We are investigating and researching the

environmental dynamics of radioactive materials in the
environment of the local communities.
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A photo showing soil sampling and gamma-ray measurement in an
evacuated area of Fukushima Prefecture, in cooperation with a

An illustration of ICP-MS
installed at the Environmental
Dynamics Analysis Center
member of QST Building
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We will lead the future of Fukushima and the world with
astatine alpha therapeutics
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This booklet summarizes the major achievements of the Advanced Clinical Research Center over the past 10 years, including the
development of nuclear medicine diagnostics using C-11 methionine PET and Ga-68 PSMA PET, as well as the development of

various therapeutic agents using the alpha-ray emitting nuclide At-211 (see figure below). Unfortunately, some of the drugs have been

discontinued, but the At-211 MABG therapeutic drug is now being administered to humans for the first time in the world.
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This center is a facility that can handle all aspects of the development of nuclear medicine therapy, from RI
production to treatment. In recent years, the effectiveness of alpha-ray emitting nuclides has been
recognized. However, the supply of Ac-225, which is the most widely researched nuclide in the world, is very
small, so it has not yet been put to practical use. We have developed a method to synthesize At-211 in large
quantities at our center, which enables us to produce it at low cost. Through the development of nuclear
medicine therapeutics using At-211, we aim to maintain and improve the health of the people of the
prefecture industry. Ten years have already passed since the earthquake.

However, the recovery of the Hamadori area is still in the middle of the road. We promise to accelerate the
development of new therapeutic agents in cooperation with the new international education and research
center to be established in the Hamadori area in the future, to foster medical professionals in the Hamadori

area, and to lead the recovery effort.
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The year 2021 has been a tough year due to the COVID-19 epidemic and changes in the world situation. Fukushima prefecture
was also in a tough situation with a large number of patients, but the situation is settling down as autumn deepens. Despite such a
tough year, we have managed to summarize the progress of the Advanced Clinical Research Center. I hope we have been able to
comprehensively introduce some of the characteristic results of the hard work we have done together since the center was
established. On March 11, 2011, Fukushima Prefecture, especially the Hamadori area, suffered tremendous damage due to the
unprecedented Great East Japan Earthquake and the subsequent nuclear power plant accident. It has already been 10 years since
the earthquake, but the areas where it is difficult to return home still remain, and I feel that the recovery is still in the middle of
the road. I would like to do my best to contribute to the recovery of Fukushima through the work of this center.

Lastly, I would like to express my deepest apologies for the inconvenience caused by my inexperience in editing this article, and

also to express my gratitude for the many encouragements I received. Thank you very much!
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