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Experiences in radiation medicine and risk communication for
recovery of the community in Fukushima after a nuclear disaster
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Department of Global Health, Medicine and Welfare, Atomic Bomb Disease Institute, Nagasaki University, Nagasaki,
Japan

The Great East Japan Earthquake and Nuclear Disaster Memorial Museum, Fukushima, Japan
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Twelve years have passed since the accident at the Fukushima Daiichi Nuclear Power Station (FDNPS)
in 2011. Since then, we have been assisting in reconstruction efforts for Kawauchi Village, Fukushima
Prefecture, which was the first village to declare that residents could return to their hometown. In April
2013, Nagasaki University and the Kawauchi Government Office finalized an agreement of cooperation
for reconstruction of the village. The university began comprehensive support for residents of the towns of
Tomioka, Ohkuma, and Futaba in 2016, 2020, and 2021, respectively. Twelve years after the accident, gaps
in the recovery process are apparent in all municipalities surrounding the FDNPS. After a nuclear disaster,
radiation medical science experts need to fully understand the situation in each municipality in order to
contribute most effectively to recovery.
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Development of prostate-specific membrane antigen-targeted
radiopharmaceuticals for diagnosis and therapy of prostate cancer at
BC Cancer
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Background: Prostate-specific membrane antigen (PSMA)-targeted radiotherapeutic agents have been
widely used in the clinic to treat metastatic prostate cancer. However, their off-target uptake in kidneys and
salivary glands poses a toxicity concern and can severely affect quality of life for survivors. Recently we
observed in a mouse model that monosodium glutamate pretreatment reduced uptake of “*Ga-PSMA-11 in
salivary glands and kidneys but had no effect on tumor uptake (Rousseau E, et al. J Nucl Med 2018; 59:
1865). This suggests that the Glu motif in the widely used Lys-urea-Glu pharmacophore might mediate the
off-target uptake of PSMA-targeted radioligands.

Methods: In this study, we investigated the effects of replacing Glu in the PSMA-targeted Lys-urea-
Glu pharmacophore with a close analog on the uptake of kidneys, salivary glands and PSMA-expressing
LNCaP tumor xenografts. New derivatives obtained by replacing Glu with Aad (2-aminoadipic acid), Cmc
(S-carboxymethylcysteine), Cms (O-carboxymethylserine), or 4-F-Glu were synthesized and radiolabeled
with ®*Ga or '°F for positron emission tomography imaging in mice bearing LNCaP tumor xenografts.

Results: Compared with radioligands derived from the Lys-urea-Glu pharmacophore, the PSMA ligands
derived from Lys-urea-Aad, Lys-urea-Cmc, Lys-urea-Cms and Lys-urea-4-F-Glu showed comparable
uptake values in tumors but much lower uptake values in kidneys and salivary glands.

Conclusion: Our data suggest that replacing Glu in the widely used PSMA-targeted Lys-urea-
Glu pharmacophore with a close analog can greatly reduce the off-target uptake in kidneys and salivary
glands. The new pharmacophores, Lys-urea-Aad, Lys-urea-Cmc, Lys-urea-Cms and Lys-urea-4-F-Glu, are
promising for the design of PSMA-targeted radioligands especially for radiotherapeutic agents to minimize
toxicity to kidneys and salivary glands.
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Developments of PET radiopharmaceuticals for imaging prostate
cancer
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Prostate cancer is the most common cancer diagnosis in men and a leading cause of cancer-related
morbidity and mortality. Novel radiopharmaceuticals such as '*F-fluciclovine and choline PET have been
used increasingly in the biochemical recurrence (BCR) setting with limited specificity. The increasing
use of radiopharmaceuticals that target the prostate-specific membrane antigen (PSMA) is based on
growing scientific evidence that supports their favorable imaging performance. Many PSMA-targeted
imaging agents are being evaluated, and two are currently approved by the Food and Drug Administration,
USA: "F-DCFPyL and “*Ga-PSMA-11. Other tracers are being evaluated in phase III trials, including
"F-PSMA-1007, ""F-rhPSMA-7.3, ""F-CTT1057, “°Ga-PSMA-R2, and “Cu-SAR-bisPSMA. This
presentation reviews the developments of these PET tracers particularly in radiochemical and industrial
concerns.
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PET radiopharmaceutical in TVGH: Retrospect and prospect
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The National PET/Cyclotron Center (NPCC) of Taipei Veterans General Hospital (TVGH) was
completed at the end of 1992 and run by the Nuclear Medicine Department. The facility continues a long
legacy of radiochemistry work that started in 1993 with the installation of the first medical base cyclotron in
Taiwan, a Scanditronix MC17. The machine has proton source and is currently outfitted with 5 targets ("°F-,
*F2, "'C, "N and "0).

NPCC has two missions: a clinical production laboratory where the radiopharmaceuticals used in
routine diagnostic scans, and a clinical studies production for research. NPCC produce F-18 FDG, F-18
NaF, N-13 NH3 and C-11 sodium acetate for clinical used (TFDA approved). NPCC also produce F-18
PSMA1007, F-18 FEPPA, F-18 Fallypride, F-18 FHBG, F-18 FAHA and C-11 PIB for human clinical trials.

The clinical production laboratory is operated under cGMP regulation. The facility currently has two
dispensing isolator, four mini hot cells. Two of the mini hot cells house two NEPTIS boxes (mosaic-RS
and perform) that are dedicated to daily F-18 FDG production. In addition, there are two Eckert & Ziegler
synthesis modules for nucleophilic fluorination and C-11 label radiopharmaceuticals (C-11 sodium acetate).

Scanditronix MC17 was used almost 30 years, some component of the cyclotron maybe hard to get for
maintenance. That machine is not able to production new isotope (ex. Ga-68, Cu-64 and Zr-89) for current
radiopharmaceuticals.

In the future, we will setup new cyclotron for several isotope production (ex. Ga-68, Cu-64 and Zr-
89). Moreover, some prospects of research and development of radiopharmaceuticals in the near future are
discussed.
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Current status and future prospects of nuclear medicine research and
development at INER
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With the advent of the era of precision medicine, diagnostic and therapeutic molecular imaging
technology or drugs play an indispensable role. The Institute of Nuclear Energy Research (INER) has been
committed to the research of nuclear medicine and the development of imaging technology for many years.
In addition to having a one-stop nuclear medicine development industry chain (from innovative research
to commercialization), it is more active in line with the global trend of precision medicine development,
launching a new generation of cyclotron construction plan.

So far, special achievements include: (1) Stable supply of “INER Thallium Chloride (Thallium-201)
Injection” for routine clinical use. (2) Completion of pre-clinical biological research, establishment of
automatic synthesis process production system and 3 batches of trial production of “Long-acting Nuclear
Medicine Lu-177-PSMA INER-56 Targeted Therapy for Prostate Cancer”, (3) Extended the drug stability
of “I-123-MIBG injection” to 10 hours (originally 6 hours), and was approved by TFDA on May 24, 2011,
and officially supplied to hospitals for academic clinical trials. (4) Continuing to implement the phase
IT clinical trial of “INER DOLACGA imaging agent for Liver Function”, because it has excellent liver
target properties and can be used to evaluate liver function and liver disease progression. (5) Taiwan’s first
“Carbon-14 Label Metabolism Platform” has obtained GLP certification and TFDA registration, which can
accelerate the development and marketing of new drugs in the domestic industry, academia and medical
circles. (6) The “In vivo Molecular Imaging” and “Biodistribution” test items of the “Molecular Imaging
and Radiopharmacology Laboratory” have passed TAF ISO/IEC 17025 certification. (7) The only “Radiation
Toxicology Laboratory” in Taiwan that has passed GLP certification, providing certified quality and safety
data to accelerate the development of new nuclear medicine drugs. (8) “National Neutron and Proton
Science Applied Research - 70 MeV Medium Cyclotron Construction Project”, a four-year project (2023-
2026), was approved by the Executive Yuan on October 21, 2010, and it has been officially launched and
implemented this year.

Finally, INER looks forward to working hand in hand with the industry-university-research-medicine
community in the future to march towards a new era of precision medicine in nuclear medicine.
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Cross-border thinking in precision medicine: Taiwan
radiopharmaceutical R&D from academia to industry
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In order to create a new future for Taiwan healthcare with radiopharmaceuticals that we know much,
I was founded Primo Biotechnology (Primo) in 2021. The vision of Primo is to facilitate the accessibility
of novel RPs to advance Taiwan healthcare. With a full line of radiochemistry systems and PIC/S GMP-
compliant manufacturing to supply novel agents for diagnosis and therapy, Primo will dedicated to deliver
the next generation of personalized and precision healthcare solutions to help people in need, especially the
emerging therapeutic strategy, radioligand therapy (RLT). In this talk, the different thinking working in an
academic institution and a pharmaceutical company about radiopharmaceutical development will be shared
via personal 20-year R&D journey and recent career change.

In addition, Asia has been a rising player in terms of economic development and so the status of Asia
radiopharmaceutical market does. However, due to various barriers such as the geographical environment
and transportation, Asian countries encounter challenges in information exchange and medicine delivery,
not to mention differences in language, cultures, and regulations. Not only for radiopharmaceutical market,
but the development of novel radiopharmaceuticals in Asia still faces considerable levels of difficulty and
challenges to overcome. Taiwan has been recently regarded as an important base in Asia-Pacific economic
tactics and Taiwan will be highly potential to be a great model to overcome these existing challenges
through building a unique Taiwan academia-industry collaborative model. Consequently, based on personal
observation for the current status of Taiwan hospitals and radiopharmaceutical companies, several trends of
Taiwan radiopharmaceutical development will be suggested and Taiwan academia-industry collaborative
models for radiopharmaceutical development also will be proposed, which may will be a win-win key for
Taiwan healthcare.
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Challenges in the production and supply chain of nuclear medicine
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Nuclear medicine is not only a drug management, but also category a radioactive substance, which
can be described as the blessing of double regulations. The level of regulatory supervision is probably
incomparable except for weapons and ammunition. The direct competent authorities include the Ministry
of Health and Welfare(TFDA) and the Atomic Energy Council at the central level, and local health bureaus
and environmental protection bureaus at the local level. Under the current PIC/S GMP standard, other raw
materials other than the main ingredients must have GMP certification in addition of Certificate of Analysis.
Various quality control operations in the pharmaceutical production process also include various validation
operations. The finished pharmaceutical product still needs to comply with the GDP delivery specification.
From the core indicators of GMP pharmaceutical factories: air flow, water flow, material flow and human
flow, to the final industrial waste treatment with or without radiation, all aspects are different from ordinary
drugs.

Because it is a radiopharmaceutical, it is a competition with time and cost from the qualification of the
direct front-line production personnel to the qualification of the transport personnel, the use of equipment,
half-life, and road supervision. Medical institutions that are end-users are also subject to dual regulations,
and they also have various issues such as compliance personnel, exposure, equipment costs, and operating
costs.

In detail, there are at least 50 regulations and orders layered on the nuclear medicine pharmaceutical
industry and nuclear medicine department. Under the premise of abiding by laws and regulations, nuclear
medicine has technical thresholds and cost thresholds that cannot be compared with other departments.

Today we are going to talk about how the nuclear medicine pharmaceutical industry and the clinical
nuclear medicine team can improve the accessibility of nuclear medicine in various difficulties.
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