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1. Introduction and Methodology

The aim of this deliverable is to provide an overview of the aspects of the aspects of the
SAMIRA and SMER reports and the MEDICIS/PRISMAP projects relevant for the EURAMED
rocc-n-roll Scientific Research Agenda (SRA).

Composition of Scientific Panel for Task 2.5
To carry out the task, scientific panel of experts was established. The following experts make
up the Task 2.5 panel:

e John Damilakis (WP2 leader; UoC, Greece)

o Kristoff Muylle (Task 2.5 leader for SAMIRA/SMER; VUB, Belgium)

e Thierry Stora (Task 2.5 leader for MEDICIS; CERN, Switzerland)

e Frank Deconinck (VUB, Belgium)

e Francesco Giammarile (IAEA, Austria)

e Oliver Neels (Helmholtz-Zentrum Dresden-Rossendorf (HZDR), Germany)

e Ulli Koester (Institut Laue-Langevin (ILL), France)

e Antonio Paulo (Centro de Ciéncias e Tecnologias Nucleares (C2TN), Portugal)
e Martin Walter (Switzerland)

¢ Jing Ma (OVGU, Germany)

Online Meetings

An online kick-off meeting was held on February 24, 2021. This deliverable has been
established by online meetings only, mainly because of travel restrictions related to COVID
and secondly because of the larger availability of the panel members for online-meetings.

Deliverable Compilation
The deliverable has been developed in 2 parts:

1. SAMIRA-report (2018) & SMER-report (2021):

Selection by the panel members of the most relevant topics after evaluation of recent position
papers, editorials, reviews, and research papers from the nuclear medicine community related
to both reports (with focus on the most recent one: “Co-ordinated Approach to the Development
and Supply of Radionuclides in the EU”) with a potential high impact on research, clinical
practice and patient care.

4 research related topics are selected and highlighted:

Dosimetry

Radiobiology

Artificial intelligence

Research and clinical infrastructures

2. MEDICIS/PRISMAP:

Report by the panel members on the activities of MEDICIS/PRISMAP and update on the
submitted research projects on non-conventional radionuclides related to the MEDICIS
Collaboration.
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2. SAMIRA- & SMER-report

The recommendations with respect to research needs / topics are related to 2 reports from
the European Commission:

Contract ENER/17/NUCL/SI2.755660 Final Report — EC-01-08-D-30/07/2018 (“SAMIRA-
report”)

Abstract

Since their discovery over a century ago, ionizing radiation (IR) technologies have become key
tools to explore matter and biological building blocks. One of the most important discoveries
of the 20th century — the structure of DNA — was the result of analysing its X-ray diffraction
pattern. Over the years, health has become one of the most important non-energy applications
to use IR, including imaging and therapy. IR is also used in many industrial domains, ranging
from sterilization and disinfection to security-control systems, and from non-destructive testing
to environmental applications. Nanotechnologies, nanoelectronics, photonics, advanced
materials, biotechnologies and advanced manufacturing also use IR tools. Not only do these
technologies generate high revenues by themselves, they also generate highly skilled
innovation-oriented jobs, confer added value to products and services in which they are
embedded and prompt other technological developments. Europe hosts a substantial
infrastructure of facilities dedicated to fundamental or applied IR research, a broad network of
advanced universities and research centres, as well as world-class industrial corporations and
innovative SMEs competing at the global level. Such assets should be sustained and
developed, alongside its most promising applications, while ensuring the highest level of safety
and radiation protection. This report provides up-to-date information on the non-power
applications of nuclear and radiation technology in the EU with the view of identifying their key
societal benefits and development perspectives. The report proposes a series of actions in this
area aimed at contributing to the European citizens’ health and to the European economy,
competitiveness, jobs and growth.

Co-ordinated Approach to the Development and Supply of Radionuclides in the EU
N°ENER/D3/2019-231, reference EC-05-10-E-03/08/2021 (“SMER-report”)

Abstract

According to the new European SAMIRA Action Plan2, there is a need to secure the supply of
medical radioisotopes in the medium to long term, in order to maintain EU patients’ access to
vital medical procedures.

The selection of the most representative of current and future-use radionuclides allows to
highlight the long-term paradigmatic change towards an increased use of therapeutic
radionuclides. Radionuclides supply chains are then extensively analysed. Complementarity
between accelerators/cyclotrons and fission/neutron activation installations for producing
industrially all necessary isotopes is emphasized, as well as the interest of coordinating the
large European Research installations for producing the isotopes necessary for R&D.

If investments are not timely made in Europe for replacement of the ageing production
infrastructures and the development of new source materials capabilities (HALEU and
enriched stable isotopes), the result will be an increasing dependence of EU on foreign supply.

Diverse options for fostering a sustainable supply of radionuclides in Europe are then
presented and screened through a multi-criteria analysis. Possible scenarios for EU rank from
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relatively low to high investments, inversely proportional to levels of reliance upon foreign
supply.

4 research related topics with a potential high impact on research, clinical practice and patient
care have been selected and highlighted:

- Dosimetry

- Radiobiology

- Artificial intelligence

- Research and clinical infrastructures

Dosimetry

Official guidelines and recommendations for radionuclide therapy (RNT) currently do not
include advanced dosimetric calculations. As in chemotherapy, fixed radioactivity doses (with
or without visual assessment of pretherapy scans) or activity doses based on body weight or
body surface area are considered sufficient in clinical practice for the main clinical RNT
protocols. Nevertheless, the European Council Directive 2013/59 [1] (http://eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri= CELEX:32013L0059&from=EN), stipulates
that in medical exposures for radiotherapeutic purposes, including RNT, exposures of target
volumes shall be individually planned and their delivery appropriately verified.

Dosimetry is an undisputed aspect of radiopharmaceutical pre-clinical development, its clinical
use to tailor the administered activity to an individual patient’s needs is less evident. Data in
the literature clearly and unequivocally establishing the potential of dosimetry to avoid
underdosing and overdosing, and to standardize RNT methods are emerging but remain still
scarce. Furthermore, dosimetry is a difficult and time consuming procedure that is not available
everywhere as specialized knowledge and experience are required. Before transferring
complex dosimetry to routine clinical practice, robust scientific justification remains to be
established. First and foremost, the nuclear medicine community at large has the obligation to
prove in prospective and randomized trials with adequate methodology, that dosimetry-
based RNT has clinically relevant additional benefits for our patients over the currently
used, established and safe empirical dosing methods, whether using fixed-activity
concepts or simple characteristics such as body weight and body surface area.[2]

Although in current clinical practice, prescriptions in radionuclide therapy are most commonly
based on a fixed amount of activity for all patients, often tailored to patient weight or body
surface area, and in some cases considering other clinical and biological parameters, including
pre-therapy imaging. While this enables therapy to be performed with minimal resourcing or
planning, the development of personalized prescription alternatives based on dosimetry has
the potential to improve the outcome and cost-benefit of radionuclide therapies. Obviously,
there are a number of challenges to be addressed. These include research, resourcing and
training, and possibly new ideas on how to organize the treatment. Such challenges should be
considered within the perspective of the introduction and evaluation of new techniques,
building on fruitful collaborations between different medical specialties in nuclear medicine,
oncology, and medical physics. [3, 4]

The last few years have seen important changes in the development and composition of
radiopharmaceuticals introduced in clinical practice. These technical changes have led to new
delivery requirements: nowadays, posologies need to be more patient centric. However, EU
requirements for the use of radiopharmaceuticals in patients, based on their respective
posologies, which are issued as part of their marketing authorization by the European Medicine
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Agency (EMA), are currently not fitting the needs and are patrtially in contradiction to the
Council Directive 2013/59/Euratom, which leads to complex situations in clinical practice. In
order to comply with this Council directive, the European Association of Nuclear medicine
(EANM) has published a proposal to distinguish 3 levels in compliance to the optimization
principle in the directive, inspired by the indication of levels in prescribing, recording and
reporting of absorbed doses after radiotherapy defined by the International Commission on
Radiation Units and Measurements (ICRU).[5] However, these contradictory applications
between EMA and EURATOM are making the delivery of radiopharmaceuticals to
patients very complex. In this respect, a reconciliation between these differing requirements
would be most welcome to improve harmonizing requirements and regulations for
therapeutically used radiopharmaceuticals.[6] The following suggestions have been made:

1. DG Energy and the EURATOM treaty article 31 group of experts should acknowledge the
fact that treatment with radiopharmaceutical is different as compared to external beam therapy
for the following reasons:

- For some radionuclides pre-therapeutic treatment planning or post-therapeutic
absorbed dose verification is not possible due to technical limitations in quantitative
imaging procedures for dosimetry (e.g. 223Ra or 90Y)

- For some radiopharmaceuticals absorbed dose limits for organs-at-risk derived from
data on external beam therapy are not well established

- For some treatments the variability in the pharmacokinetics, and consequently, in the
absorbed doses is low; thus reducing the necessity for treatment planning

- The relative biological effectiveness (RBE) for therapeutically administered
radiopharmaceuticals labelled with alpha emitters are not established. The
determination of absorbed doses only, in particular for treatment planning, might not
reflect the dose-effect relationship correctly

- These considerations could be embedded a future revision of the BSS.

2. EMA marketing authorizations schemes for radiopharmaceuticals should be adapted, to
follow patient-centric dosimetry, instead of traditional posology schemes. In this respect:

- Early stage clinical trials (phase I/Il) for new radiopharmaceuticals should be requested
to collect and monitor patient-specific dosimetry data and absorbed doses in order to
improve the safety and efficacy of new therapies. These trials should follow the
requirement to develop patient-specific prescription of radiopharmaceuticals for an
improved assessment of patient dosing in later phases for obtaining marketing
authorisations.

- Such requirement for collection of patient-specific dosimetry data in phase Il would
also support the precise establishment of absorbed dose, which is crucial to limit side-
effects.

- Such requirement to gather sufficient dosimetry data from early clinical trials will limit
uncertainties in patient treatments in case dosimetry cannot be performed because of
technical reasons.

- With such requirement, posologies will contain more detailed and verified information
on dosimetry data including the expected uncertainties and range of absorbed dose to
organs-at-risk
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- For all marketing authorization applications concerning  therapeutic
radiopharmaceuticals, an external advisor who is knowledgeable in this kind of
treatment should be closely involved.

The contradictory applications between EMA and EURATOM are also addressed by
SIMPLERAD [7], a joined initiative by European Institute for Biomedical Imaging Research
(EIBIR), EANM Forschungs GmbH (EANM), and European Federation of Organisations for
Medical Physics (EFOMP) conducting a SAMIRA study on the implementation of the Euratom
and the EU legal bases with respect to the therapeutic uses of radiopharmaceuticals with 4
work packages:

- WP1: Analysis of the interrelations between EU pharmaceutical legislation and Council
Directive 2013/59/Euratom

- WP2: Survey and analysis of the implementation of relevant European legal
requirements for therapeutic nuclear medicine

- WP3: Advancing coherent implementation of European legal requirements for
therapeutic nuclear medicine

- WP4: Organisation of a European workshop

Radiobiology

The role of radiobiology to examine the impact of radioresistance, low and continuous
absorbed dose rates, and heterogeneity of uptake at either a cellular, microscopic or
macroscopic scale is under investigation, and will expand if dosimetry data are made available
to compare with outcomes. Furthermore, genetic mechanism affecting individual responses to
ionizing radiation should also be considered in the frame of personalized medicine [8, 9]. These
research fields should be encouraged to fully develop the theranostic advantage that
radionuclide therapy can offer. With an increasing variety of radiopharmaceuticals for
diagnostic or therapeutic nuclear medicine as valuable diagnostic or treatment option,
radiobiology plays an important role in supporting optimizations. This comprises particularly
safety and efficacy of radionuclide therapies, specifically tailored to each patient. As absorbed
dose rates and absorbed dose distributions in space and time are very different between
external irradiation and systemic radionuclide exposure, distinct radiation-induced biological
responses are expected in nuclear medicine, which need to be explored. This calls for a
dedicated nuclear medicine radiobiology. To sustain the comprehensive understanding of
nuclear medicine radiobiology, the use of relevant cellular and animal models for pre-clinical
evaluation is of crucial importance. For instance, there is an increased awareness in the
scientific community of the need to transition from 2D to 3D culture models (e.g. spheroids)
better recapitulating the complexity and heterogeneity of tumors, to obtain results with
improved translational potential. Furthermore, organoid models would be extremely valuable
for understanding normal tissue responses. It is also important to develop radiobiology studies
in personalized tumor models, based namely on patient-derived tumor organoids (PDTO)
and patient-derived xenografts (PDX). Radiobiology findings and absorbed dose
measurements will enable an improved estimation and prediction of efficacy and adverse
effects. Moreover, a better understanding on the fundamental biological mechanisms
underlying tumor and normal tissue responses will help to identify predictive and prognostic
biomarkers as well as biomarkers for treatment follow-up. In addition, radiobiology can form
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the basis for the development of radiosensitizing strategies and radioprotectant agents. Thus,
beyond in vitro and preclinical evaluations, radiobiology has the potential to add important
value to clinical studies and to clinical teams. Therefore, collaboration between radiochemists,
radiopharmacists, radiobiologists, medical physicists, and physicians is essential to foster
research toward theranostic and precision nuclear medicine.[10, 11]

Artificial intelligence

The applications of artificial intelligence (Al) in healthcare are potentially numerous, clearly
going beyond the field of medical imaging alone. Growing numbers of patients, higher
demands for quality like early detection and personalized therapies and an increasing workload
for medical and nursing staff creates a demand for automation and the need for extracting
more information from acquired data. Potential advantages of Al are already visible in
screening routines in which a high number of patients (and associated data) are investigated
for the presence or absence of disease, with results that are not worse than human
performance. The introduction of Al into the operation of radiology departments has led to
optimizing resources. Such operational Al should prove even more relevant in nuclear
medicine, which deals with radioactive isotopes, whose shelf-life is limited. Patient scheduling,
management of preparation of radiopharmaceuticals, report generation and recovering and
organizing previous NM and imaging studies are examples of tasks where Al could contribute
to streamlining the operation of a department.

Two major components in which Al can play a part can be discerned. The “physics” component
concerns image formation and image processing tasks. The “clinical” component is largely
application driven. It concerns routine workflow and final clinical endpoints, e.g. diagnosis,
prognosis and prediction of response to therapy. Both components are ultimately connected,
the convolutional neural network concepts being similar and very often associated within a
single imaging paradigm. In addition, the available data from multimodality devices such as
PET/CT or PET/MR and from the emerging total body PET technology is expected to largely
increase with the development of (multi)parametric imaging. Within this context deep learning-
based reconstruction and analysis, algorithms are potentially more efficient to deal with the
increasing volumes of acquired data [12,13,14]. Regarding theranostic, Al can also play an
important role in radiation dose estimation [15].

The time to implement Al in medicine is now. Nuclear medicine (NM) and molecular imaging
are no exception to that development. Al shows great promise to improve image quality, to
personalise dosages (both in diagnosis and theranostics) and to help in image interpretation.
It opens ways to fully exploit the potential of NM (which by nature is a numerical specialty), an
aspect that has gathered momentum over the past decade with the advent of radiomics. As
such, Al has the potential to improve clinical workflows that will increase overall efficiency but
also facilitate personalised medicine for the benefit of a patient. Here, we should not forget the
introduction of total body scanners which cause an enormous increase of data to be handled.
It seems obvious that

Al and total body scanners are natural partners to tackle this problem. Validation of
outcomes/results of individual trials/studies is needed, and this is where multicentre and
multigroup cooperation is of the utmost importance. Comparing the performance of
algorithms through challenges is needed considering both methodological and clinical
outcomes. Demonstrating the potential interest of Al in NM through these challenges
represents also an essential element for its adoption within our field. As with any new
technology (and even more true for software related) developments, the field requires also
industrial partners to be proactive in facilitating its clinical implementation. Last but not
least is education. The transmission of knowledge for the implementation of Al in NM and
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molecular imaging is dearly needed. These educational programs should target both the
scientific and clinical aspects.[16]

The application of Al in medical imaging is bringing new possibilities in early detection and
diagnosis of diseases, better clinical decisions, outcome prediction, or prognosis evaluation.
The finding of the appropriate balance between fully autonomous Al and physician supervision
is a new and major challenge. If Al algorithms are at least as accurate and reproducible as
assessment by physicians in a dedicated task, it may help in the daily practice by improving
patient management.[17]

Last but not least, ethical standards for the implementation of Al need to be set out.[18]
Currie et al. [19] have recently proposed a set of ethical standards to be followed when
evaluating and developing Al in NM, which are applicable to any medical specialty that will
employ Al as part of its clinical practice in the future:

. Beneficence, i.e. common good

. Non-maleficence, i.e. do no harm

. Fairness and justice, i.e. equal opportunity and access

. Safety, i.e. for the patient

. Reliability, i.e. accuracy and reproducibility in clinical practice

. Security, i.e. for the data

. Privacy and confidentiality of data

. Mitigation of bias, i.e. fair and evidence-based clinical validation
. Transparency and visibility, i.e. to the patients and community
10. Explainability and comprehensibility

11. Human values: human-in-the-loop process incorporated

12. Autonomy, judgement, and decision-making: human-in-the-loop process
13. Collegiality, i.e. multidisciplinary involvement and commitment
14. Accountability, i.e. among stakeholders

15. Governance, i.e. framework to ensure compliance

16. Inclusiveness, i.e. empowerment of all stakeholders

O©oOo~NOODWNLE

Research and clinical infrastructures

A tremendous increase in the demand for theranostics procedures can be expected in
anticipation of FDA and EMA approval of 177Lu-PSMA-617, and this projected surge in
demand for both theranostics infrastructure and appropriately skilled professional staff will
pose a challenge and opportunity for healthcare systems. Even in countries with a strong track
record in radionuclide theranostics, the existing infrastructure may be insufficient to meet
the growing demand [20]. Thus, theranostics and radionuclide therapy need to get ready for
the demand from cancer patients, referring physicians and society. Recently EANM, SNMMI
and IAEA published an enabling guide for stakeholders interested in setting up a dedicated
theranostics center [21]. Special attention is given to regulatory considerations and
requirements, logistical and technical challenges, medical considerations including training,
collaboration with clinical partners and treatment indications and important lessons learnt from
early adopters of theranostics.

Despite the major promise that radionuclide therapies hold, the regulatory framework in many
European countries is far from optimal for the adoption of radionuclide therapies across the
country. As to radionuclide therapy, needs in terms of adequate healthcare professional
training, integration in oncology practices, adapted reimbursement and infrastructure are
therefore not adequately represented in the national cancer policy of many EU-countries.
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The European Commission’s Beating Cancer Plan (BCP) attributes much importance to
delivering higher-quality care by improving access and the capacity of Member States to offer
innovative treatments. Therefore, the BCP’s Strategic Agenda for Medical lonising Radiation
Applications (SAMIRA Action plan) provides an opportunity for national stakeholders to align
their regional or national cancer plan with the objectives of the BCP and SAMIRA, including
radionuclide therapy as a new pillar of cancer care. Particularly, strategic planning of
hospital investments taking into consideration the needs of infrastructure (in particular
radioprotection rooms and radioactive waste storage solution), appropriate resources, skilled
healthcare professionals (e.g. medical physicist and radiopharmacist) and equipment for
radionuclide therapy should be ensured to cope with the expected exponential increase in the
demand for theranostics procedures.

In-house preparation of radiopharmaceuticals is an essential practice for nuclear
medicine in many EU countries. The need for in-house preparations will even increase in the
future taking into account the rapid development of the field, both in terms of technical
advances (e.g., new radionuclides, new technologies for automated production) and also in
utilizing new clinical relevant targets in many fields and further developing personalized
medicine approaches, particularly in the context of theranostics.

The development of innovative radiopharmaceuticals usually takes place in radiopharmacies,
research centers or nuclear medicine laboratories. Practically all recent major clinical
breakthroughs in Nuclear Medicine over the last decade, exemplified by the success of
theranostics with Somatostatin analogs and prostate cancer applications, were based on the
use of in-house preparations of these innovative products. In case a new
radiopharmaceutical has both the technical (half-life) and clinical potential to be produced and
distributed commercially, these new radiopharmaceuticals more frequently make their way to
pharmaceutical companies that take over from academia and provide funding for further
clinical trials besides phase O/phase I.

The current regulatory framework for in-house preparation, unfortunately, is not
harmonized throughout Europe and has resulted in unbalanced access to innovative
radiopharmaceuticals, based on national particularities. Future changes in the European
legislation should consider the importance of in-house preparation of radiopharmaceuticals,
ensuring quality and safety with harmonized standards and dedicated rules taking into account
the particular needs for this practice, simply for the benefit of patients otherwise having delayed
or even no access to often life-saving treatments.[22] ] Beyond that, definitions of terms should
be reviewed in European legislation to reflect today’s nuclear medicine and radiopharmacy
practices and differentiations should be made in regulations between Kkit-based
radiopharmaceutical preparations and complex radiopharmaceuticals preparations.[23]

10

This project has received funding from the Euratom research and training

‘ programme 2019-2020 under grant agreement No. 899995.




D2.5 Report on aspects of the SAMIRA and MEDICIS projects relevant E U RA M E D

for the EURAMED rocc-n-roll SRA ROCC-N-ROLL

References Section 2

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32013L0059&from=EN

Giammarile F et al. Dosimetry in clinical radionuclide therapy: the devil is in the detail.
Eur J Nucl Med Mol Imaging. 2017 Nov;44(12):2137-9. doi: 10.1007/s00259-017-
3820-3.

Chiesa Cet al. The conflict between treatment optimization and registration of
radiopharmaceuticals with fixed activity posology in oncological nuclear medicine
therapy. Eur J Nucl Med Mol Imaging. 2017 Oct;44(11):1783-1786. doi:
10.1007/s00259-017-3707-

Flux GD et al. From fixed activities to personalized treatments in radionuclide therapy:
lost in translation? Eur J Nucl Med Mol Imaging. 2018 Jan;45(1):152-154. doi:
10.1007/s00259-017-3859-1.

EANM Radiobiology Working Group:, Pouget JP, Konijnenberg M, Eberlein U,
Glatting G, Gabina PM, Herrmann K, Holm S, Strigari L, van Leeuwen FWB,
Lassmann M. An EANM position paper on advancing radiobiology for shaping the
future of nuclear medicine. Eur J Nucl Med Mol Imaging. 2022 Sep 6. doi:
10.1007/s00259-022-05934-2.
https://www.eanm.org/content-eanm/uploads/2021/12/EANM-_-

Statement BSSD_Final.pdf

https://earl.eanm.org/simplerad/

Hall Jet al. lonizing radiation biomarkers in epidemiological studies - An update. Mutat
Res Rev Mutat Res. 2017 Jan-Mar;771:59-84. doi: 10.1016/j.mrrev.2017.01.001.
Averbeck D et al. Establishing mechanisms affecting the individual response to
ionizing radiation. Int J Radiat Biol. 2020 Mar;96(3):297-323. doi:
10.1080/09553002.2019.

Konijnenberg M, Herrmann K, Kobe C, Verburg F, Hindorf C, Hustinx R, Lassmann
M. EANM position paper on article 56 of the Council Directive 2013/59/Euratom
(basic safety standards) for nuclear medicine therapy. Eur J Nucl Med Mol Imaging.
2021 Jan;48(1):67-72. doi: 10.1007/s00259-020-05038-9.

Aerts A et al. EANM position paper on the role of radiobiology in nuclear medicine.
Eur J Nucl Med Mol Imaging. 2021 Oct;48(11):3365-3377. doi: 10.1007/s00259-021-
05345-9.

Frood R et al. Utility of pre-treatment FDG PET/CT-derived machine learning models
for outcome prediction in classical Hodgkin lymphoma. Eur Radiol. 2022
Oct;32(10):7237-7247. doi: 10.1007/s00330-022-09039-0.

Marti-Bonmati L et al. Considerations for artificial intelligence clinical impact in
oncologic imaging: an Al4HI position paper. Insights Imaging. 2022 May 10;13(1):89.
doi: 10.1186/s13244-022-01220-9.

Slomka P. Future of nuclear cardiology is bright: Promise of cardiac PET/CT and
artificial intelligence. J Nucl Cardiol. 2022 Apr;29(2):389-391. doi: 10.1007/s12350-
022-02942-5.

Gotz Tl et al. A deep learning approach to radiation dose estimation. Phys Med Biol.
2020 Feb 4;65(3):035007. doi: 10.1088/1361-6560/ab65dc.

Visvikis D et al. Application of artificial intelligence in nuclear medicine and molecular
imaging: a review of current status and future perspectives for clinical translation. Eur
J Nucl Med Mol Imaging. 2022 Nov;49(13):4452-4463. doi: 10.1007/s00259-022-
05891-w.

Slart RHJAet al. Position paper of the EACVI and EANM on artificial intelligence
applications in multimodality cardiovascular imaging using SPECT/CT, PET/CT, and

11

This project has received funding from the Euratom research and training
programme 2019-2020 under grant agreement No. 899995.



http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013L0059&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013L0059&from=EN
https://www.eanm.org/content-eanm/uploads/2021/12/EANM-_-Statement_BSSD_Final.pdf
https://www.eanm.org/content-eanm/uploads/2021/12/EANM-_-Statement_BSSD_Final.pdf
https://earl.eanm.org/simplerad/

D2.5 Report on aspects of the SAMIRA and MEDICIS projects relevant E U RA M E D

for the EURAMED rocc-n-roll SRA ROCC-N-ROLL

18.

19.

20.

21.

22.

cardiac CT. Eur J Nucl Med Mol Imaging. 2021 May;48(5):1399-1413. doi:
10.1007/s00259-021-05341-z.

Hustinx R et al. An EANM position paper on the application of artificial intelligence in
nuclear medicine. Eur J Nucl Med Mol Imaging. 2022 Dec;50(1):61-66. doi:
10.1007/s00259-022-05947-x.

Currie G, Hawk KE, Rohren EM. Ethical principles for the application of artificial
intelligence (Al) in nuclear medicine. Eur J Nucl Med Mol Imaging. 2020
Apr;47(4):748-752. doi: 10.1007/s00259-020-04678-1.

Zippel et al. PSMA radioligand therapy could pose infrastructural challenges for
nuclear medicine: results of a basic calculation for the capacity planning of nuclear
medicine beds in the German hospital sector. Nuklearmedizin. 2021 Jun;60(3):216-
223. doi: 10.1055/a-1351-0030.

Herrmann K, Giovanella L, Santos A, Gear J, Kiratli PO, Kurth J, Denis-Bacelar AM,
Hustinx R, Patt M, Wahl RL, Paez D, Giammarile F, Jadvar H, Pandit-Taskar N,
Ghesani M, Kunikowska J. Joint EANM, SNMMI and IAEA enabling guide: how to set
up a theranostics centre. Eur J Nucl Med Mol Imaging. 2022 Jun;49(7):2300-2309.
doi: 10.1007/s00259-022-05785-x.

Hendrikse H, Kiss O, Kunikowska J, Wadsak W, Decristoforo C, Patt M. EANM
position on the in-house preparation of radiopharmaceuticals. Eur J Nucl Med Mol
Imaging. 2022 Mar;49(4):1095-1098. doi: 10.1007/s00259-022-05694-z.
https://www.eanm.org/content-eanm/uploads/2021/12/EANM _Radiopharmaceuticals-
Directive-2001-83 Final.pdf

12

This project has received funding from the Euratom research and training
programme 2019-2020 under grant agreement No. 899995.



https://www.eanm.org/content-eanm/uploads/2021/12/EANM_Radiopharmaceuticals-Directive-2001-83_Final.pdf
https://www.eanm.org/content-eanm/uploads/2021/12/EANM_Radiopharmaceuticals-Directive-2001-83_Final.pdf

D2.5 Report on aspects of the SAMIRA and MEDICIS projects relevant E U RA M E D

for the EURAMED rocc-n-roll SRA ROCC-N-ROLL
3. MEDICIS/PRISMAP.

3.1 Update on the submitted research projects on non-conventional

radionuclides

MEDICIS at CERN produces non-conventional radionuclides by isotope mass separation for
preclinical research, with the objective to qualify some of the investigated radionuclides for
clinical research. It operates as a collaboration with external institutes across the European
Union, the JRC from the EC, Switzerland, UK, Pakistan and India. The MEDICIS Collaboration
is composed of 13 external institutes, and 19 experts from different disciplines ranging from
nuclear physics and chemistry to radiopharmacy up to nuclear medicine. In addition, the
scientific liaison officer from EANM participates in the board and provides feedback on the
proposed projects from the collaboration [1].

Research projects are developed along different directions exploiting or requesting
radionuclides in diagnostics and therapy. They can be classified in the following main
categories: Imaging techniques, theranostics, molecular targeted therapy, drug delivery,
radiopharmaceutical developments, preclinical research, clinical translation, dosimetry and
medical isotope production techniques. The projects are listed and the public abstracts are
available on the MEDICIS website [2].

From the 32 projects, 23 different radionuclides have been requested. Most of the
radionuclides are radiometals and radiolanthanides, with half-lives from 20 min to 45 days.
Others may have radionuclidic contaminants, or daughter products with long half-lives of years.
Some projects are addressing one or a few radionuclides to develop nuclear medicine
applications and research with non-conventional radionuclides, for example in Flanders in
Belgium, in Latvia and in Pakistan. A notable axis of research is supported through the
collaboration of metrology institutes NPL in UK and IRA-CHUV in Switzerland. Their
contribution has allowed to precisely determine some important properties such as their half-
life and primary standards to support the calibration of instruments and, e.g. cameras [3]. The
range of radioactive decay schemes, as stated previously, is very wide with, non-exhaustively,
pure beta emitters (169Er), alpha emitters (149Tb, 225Ac), SPECT and PET imaging
radionuclides (44Sc, 152Tb, 155Thb), radionuclides that combine both gamma and beta
emissions (67Cu, 153Sm, 175Yb, ), in vivo generators (128Ba/Cs, 134Ce/La), Auger and
conversion electron emitters (167Tm, 191Pt, 193mPt, 195mPt), and radionuclides with photon
emission that can be polarized for magnetic resonance imaging with y-ray detection (131mXe,
133mXe).

Research topics that may be proposed on this rich radionuclide portfolio can therefore take
different directions.

Radionuclides of interest at MEDICIS:
11C, 44Sc, 47Sc, 52Fe, 59Fe, 64Cu, 67Cu, 82Rb, 128Ba/Cs, 131mXe, 133mXe, 134Ce/lLa,
149Tb, 152Tb, 155Th, (161Tb), 153Sm, 167Tm, 169Er, 175Yb, 191Pt, 193mPt, 195mPt,

225Ac.
MED | Radionuclide | Institute Irradiation modality Comments
point,
particle
7 11C KUL (BE) CERN (EV) Production technique
1 149Tb CHUV CERN (EV) antibody
(CH)
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2 149Th, 152Th | PSI (CH) CERN (EV) Preclinical, clinical

translation

3 155Th HUG (CH) | CERN (EUV) Drug delivery

4 149Tb,155Th, | C2TN (PT) | CERN (EU) + | Radiopharmaceutical 161Tb from
161Tb neutrons ILL research, preclinical reactor

5 155Th,161Th C2TN (PT) | CERN (EU) + | Radiopharmaceutical 161Tb from

ILL research, preclinical reactor

6 155Th KUL (BE) CERN (EV) Supply chain

8 67Cu NPL (UK) CERN (EV) Radiopharmaceutical

research, preclinical

9 149Th, 155Tbh, | FABIS CERN (EU) + | Preclinical, translation 161Thb from
161Th (ES) ILL reactor

10 47Sc, 169Er, Arronax CERN (EUV), Production technique 169Er from
149Tb (FR) ILL (FR) reactor

11 169Er Arronax ILL (FR) Production technique

(FR)
12 47Sc, 149Tb Arronax Intermediate Production technique
(FR) energy p
Arronax (FR)

13 131mXe, CERN CERN (EV) New imaging technique 131mXe,
133mXe, (EV) 133mXe
82Rb, from reactor

14 155Th KUL (BE) CERN (EUL) Radiopharmaceutical

research, preclinical
15 44Sc Latvia CERN (EV) Production technique National
low energy p project
Latvia (Academy of
science)
16 149Thb, 155Tb | FABIS CERN (EU) Radiopharmaceutical
(ES) research, preclinical
17 167Tm PSI (CH) Intermediate Production technique,
energy p PSI | dosimetry,
(CH) radiopharmaceutical
research, preclinical
18 169Er PSI (CH) Neutrons ILL Production technique, 169Er from
(FR) dosimetry, reactor
radiopharmaceutical
research, preclinical
19 175Yb PSI (CH) Neutrons ILL Production technique, 175Yb from
(FR) dosimetry, reactor
radiopharmaceutical
research, preclinical
20 155Th KUL (BE) CERN (EV), Production technique, National
radiopharmaceutical project
research, preclinical (FWO)
14

This project has received funding from the Euratom research and training
programme 2019-2020 under grant agreement No. 899995.




D2.5 Report on aspects of the SAMIRA and MEDICIS projects relevant

rURAMED

for the EURAMED rocc-n-roll SRA ROCC-N-ROLL
21 155Th/ 161Th | C2TN (PT) | CERN (EV) Radiopharmaceutical 161Tb from
research, theranostics, reactor
preclinical
22 191, 193m, HUG (CH) | High energy p | Theranostics, preclinical From reactor
195mPt CERN (EV),
neutrons ILL
(FR),
neutrons
PAEC (PK)
23 52, 59Fe HUG (CH) | CERN (EUV) new technique
24 225Ac KUL (BE) CERN (EV) Production
25 153Sm KUL (BE) Neutrons Production, dosimetry, 153Sm from
SCK (BE) radiopharmaceutical reactor
research
26 n.a.
27 225Ac, 64Cu INMOL CERN (EUL) Radiopharmaceutical National
(PK) research, preclinical project
28 128Ba/Cs CHUV CERN (EV) Theranostics, preclinical
(CH)
29 134CelLa CHUvV CERN (EUL) Theranostics,
(CH) radiopharmaceutical
research,
preclinical
30 225Ac KUL (BE) CERN (EV) Production technique, National
dosimetry project
31 149Tb, 152Tb | KUL (BE) CERN (EV) Radiopharmaceutical
research, preclinical
Table 1: List of MEDICIS projects
43 44 47 52 84 67 103
Sc Sc Sc Mn Cu Pd
‘Scandium Scandium Scandium Manganese Copper Copper Palladium
Ag La sm b Tb Tb b
Tm Er Er Yb Au At
Bi Ra Ac Th
Figure 1: List of PRISMAP radionuclides.
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3.2 PRISMAP, The European medical radionuclide programme.

PRISMAP, the European medical radionuclide programme, started in May 2021. It is a
consortium of 23 institutes, regrouping neutron irradiation facilities, high energy proton
facilities, intermediate energy proton and deuteron and alpha beam cyclotrons and associated
radiochemical labs as well as the JRC that can supply radionuclides milked from their stock of
radionuclide generators. PRISMAP also federates biomedical facilities that act as user facilities
and can host users to perform experiments with these radionuclides, providing a considerable
added value when short transport distances to the production facilities reduce decay losses or
dedicated infrastructures, equipments and expertise are required by the users [4]. An offer of
24 radionuclides are presently available, from research grades to GLP and GMP grades
suitable for clinical research. As MEDICIS is part of the consortium, no carrier added grades
are also available for radionuclides that are else only available in low specific activity forms
(169Er, 153Sm). While some clear overlap exists with the MEDICIS portfolio, the extension of
the consortium allows to gain in clinical orientation and explore other radionuclides, for instance
165Er and its generator 165Tm. 15 projects have been approved by a selection board which
is composed of some consortium members and of external experts [5]. The scope of the
projects deal with radiochemical developments, radiobiology and dosimetry, preclinical
research and clinical translation. The logistics chain required to implement the programme is
described on Figure 2. This requires steps in the target, irradiation and separation
technologies, as well as logistics and licensing on the experimental site together with
appropriate training and expertise of the personnel. This programme part of the H2020 INFRA
EU portfolio promotes only transnational access and favors cross-border access. This can be
in the form of users accessing a biomedical research facility in the consortium, or radionuclides
dispatched to other countries. So far accepted projects have been proposed by Belgian,
French, Spanish, Italian, German and British groups, sometimes in collaboration with co-
investigators from Czech Republic and Portugal [6].

STARTING MATERIAL PRODUCTION OF SEPARATION, PURIFICATION, ,/ sv /
(NATURAL, ENRICHED) RADIONUCLIDES OF INTEREST (LABELLING) AND QUALITY CONTROL \\ DELIVERY. \ APPLICATION \
. ’ .......

‘ i Physical Labelling :
~ L I 3 Rl HEVESY LAB. AGORA
Neutron irradiation, > MEDICIS e
e.g. high-flux reactors : i1 [NURA POLATOM
: Pl NUKLEARMEDIZIN (TUM)
RHF PSI ;
NCBJ BR2 Use in the

user lab

Target

preparation ‘
—r
' Proton irradiation,
accelerator

: \ v
IRRADIATED
e —_— — —_—
o ‘ . . -

MEDICIS
HEVESY LAB.

ARRONAX HEVESY LAB.

Chemical
separation

Characterisation
& quality control

Use at PRISMAP
medical facilities

Psl MEDICIS NCBJ

BR2 RHF ARRONAX psi MEDICIS HEVESY LAB.

ARRONAX - HEVESY LAB. NURA NCBJ NURA AGORA

NeBJ PSI NCBJ psi HEVESY LAB. NUKLEARMEDIZIN (TUM)
Alpha irradiation, JRC KARLSRUHE JRC KARLSRUHE POLATOM
accelerator NURA ARRONAX
ARRONAX

T0 PROMOTE CROSS-BORDER ACCESS, DELIVERY OF RADIOISOTOPES EXCLUDES TRAVEL, SUBSISTENCE, AND LOCAL ACCOMMODATION

ONLY TRANSNATIONAL ACCESS IS GRANTED. PACKAGING AND SHIPPING COSTS, COSTS ARE NOT COVERED UNDER PRISMAP.

Figure 2: PRISMAP logistics chain
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3.3 Strategic Research Agenda

PRISMAP has already proposed improvements, e.g. in the standardization of the supply of
the radionuclides, and also considers efforts into the qualification of radionuclides for
research with non-conventional radionuclides. For this purpose, two public reports have been
made on the logistics regulations in place, and on the standards for clinical translation
respectively [7].

SRA 1: Logistics and transportation of non-conventional radionuclides

Transport regulations and current practice sometimes show bottlenecks for the dispatch of
unconventional radionuclides. While efforts are ongoing to understand alternatives, we
propose to advance this important topics by:

Identifying radionuclides (and where relevant co-produced radionuclides) that have not been
listed with explicit A1/A2 values in the current ADR and IATA transport regulations [8]

SRA 2: Harmonization for qualification of the investigational radiopharmaceuticals for clinical
research

There are still large discrepancies among different recommendations for the quality of
radionuclides used in clinical settings. The required QA and radionuclidic purities for different
applications, should be considered and discussed with both national and European
authorities. In particular, alternative approaches to develop and evaluate
radiopharmaceuticals should be envisaged [9], particularly for new generation of
radionuclides such as Auger electron emitters, in-vivo generators, and radionuclides with
complex decay schemes. For this purpose, it is necessary to take into consideration that the
radiolabeling chemistry of more exotic and less explored radiometals remains
underdeveloped, being necessary in some cases to introduce/evaluate new chelators
suitable to obtain stable radiocomplexes and offering the possibility of functionalization with
the proper targeting vectors. The different radiolabeled compounds should be evaluated in
detail using (cancer) cells and tumor animal models to define the most optimal radionuclide
for a disease-specific biological target, as a deep understanding of the biological behavior
and radiobiological effects is needed to select the most optimal compounds for further clinical
investigation.

SRA 3: Training of personnel for handling and managing unconventional radionuclides and
related aspects such as waste, etc.
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