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Did you say ? 

research radionuclides (production/purification)

in personalised medicine
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Radioisotopes in biological organisms

Daily, we “internalize” radiomarkers with rather well defined protocols

M Goma et al
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The early days

Courtesy prof O. Ratib

Marie Sklodowska-Curie
1867-1934
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While flying 
to a workshop in Manchester

MEDICIS - PROMED project

1921 2015

Courtesy Prof. Ratib

XOFIGO®   Page 21 sur 33 

Figure 1 – Courbes de survie globale de Kaplan-Meier (analyse actualisée) 

 

Analyse de la survie des sous-groupes  

L’analyse de la survie dans les sous-groupes a révélé que le traitement par XOFIGO prolongeait 

systématiquement la survie, indépendamment du taux de phosphatases alcalines (PA) totales et 

que les patients prennent un bisphosphonate ou non, ou aient déjà reçu le docétaxel ou non (les 

trois variables binaires utilisées pour la stratification). 

Il y a eu une amélioration pour ce qui est du critère d’évaluation secondaire, soit la réponse 

confirmée des PA totales, dans le groupe traité par XOFIGO par rapport au groupe placebo. 

Après douze semaines, à partir d’une analyse qui permettait de tenir compte, au moyen de la 

méthode du report de la dernière observation (RDO), des sujets pour lesquels on n’avait pas 

toutes les données sur le taux de PA, il y avait une réponse confirmée des PA totales (définie 

comme une réduction d’au moins 30 % des taux sanguins par rapport à la valeur de départ 

confirmée par un deuxième dosage des PA totales après quatre semaines ou plus) chez 

176 patients sur 541 (32,5 %) dans le groupe traité par XOFIGO et quatre patients sur 

268 (1,5 %) dans le groupe placebo. 

Tout comme les résultats relatifs à la survie, ceux relatifs au délai de survenue du premier EOS 

(soit radiothérapie externe pour le soulagement de la douleur, fracture pathologique, compression 

de la moelle épinière ou chirurgie orthopédique tumorale) ont aussi été en faveur de XOFIGO. 

La radiothérapie externe de métastases osseuses représentait la majorité des cas d’EOS. Selon 

une analyse ultérieure du délai de survenue du premier EOS (pour laquelle les décès étaient 

ALSYMPCA Phase III clinical trial
https://www.vidal.fr/medicaments/xo
figo-1100-kbq-ml-sol-inj-164403.html

While flying to a workshop in Manchester (in 2014)

Leaver treatment with microspheres loaded with 90Y

AAA bought by Novartis for
3.8 Bi$ in 2017 (177Lu-based drug)
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Example of theranostics concept in pre-clinical research

▪ PET 152-Terbium radionuclide in antibody-based targeted moleculer therapy

Diagnostics THERAPY

A B
Matched therapeutic Tb

C. Müller et al.,
Journal of nuclear medicine 53.12 (2012): 
1951.
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Mass separation as applied in MEDICIS in a snapshot

From CERN- MEDICIS to the lab/Hospital

120MBq Auger 165Tm >99%
Produced/delivered in 24hr

“Free” proton beam
(otherwise lost in the dump)

A dedicated
medical isotope
Mass separation facility
in Europe.

Some MEDICIS isotopes :
High activity Sm-153, Ba/Cs-128, Tm/Er-165

Cyclotron or reactor  target transfer
into Isotope mass separation unit
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PET scan imaging
Fluorodésoxyglucose (18F)
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PET-CT scan imaging

Courtesy Ugo Amaldi

https://home.cern/news/news/knowledge-sharing/forty-years-first-pet-image-cern
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How to supply “novel” radionuclides with mass separation

▪ PRISMAP proposes to federate a consortium of high energy cyclotrons, research 
reactors, and isotope mass separation facilities in Europe. Contract ENER/17/NUCL/SI2.755660 

Final Report – EC-01-08-D-30/07/2018 

© 2018 NucAdvisor / Technopolis Group Page 93 of 314 

 

Figure 31 : Main medical radioisotopes production process 

The main imaging radioisotopes are today produced efficiently in reactors (Mo-99/Tc-

99m for SPECT) or cyclotrons (F-18 for PET, and probably Ga-68 in the near future161). 

However, the main therapeutic radioisotopes (Ra-223, Sc-47, Y-90, I-131, Ho-166, Lu-

177, Re-188, Bi-213, Ac-225, Pb-212, etc.) or brachytherapy compounds (Ir-192, I-125, 

Co-60) are only or at best produced in research reactors. While a reactor is versatile 

enough to mass-produce all necessary radioisotopes simultaneously under the required 

GMP conditions, it is not the case for cyclotrons.  

For Mo-99, as well as for the new radiotherapeutics, securing a cost-efficient, high-

quality and mass supply of all the necessary radioisotopes in Europe is essential to avoid 

EU-dependence on foreign supplies. This raises the question of the sustainability of 

Research-reactor production of radioisotopes in Europe.  

European Research Reactors, among them HFR (The Netherlands), BR2 (Belgium), Maria 

(Poland) and LVR-15 (Czech Republic) are producing about 60% of global needs for Mo-

99 for SPECT imaging, which is the imaging workhorse (>80% of the annual 10 million 

nuclear medicine imaging procedures in Europe) and for the time being the main 162 

radioisotope produced in the reactors. Despite the increase in PET imaging, SPECT Mo-99 

radioisotope imaging is rather stable or slightly declining in MS such as France and 

Germany (about 30% of EU procedures). Despite the lack of reliable EU-28-wide and 

global figures, there is no sign that the massive use of Mo-99 will decline in the near 

                                                 
161

 Radioisotope currently subject to extensive studies. 
162 In terms of volume and monetary value. 

European Commission
ENER/17/NUCL/SI2.75566

0
(2018)

I[pps] ~ F[pps] s[barn] N[g/cm2] production rate

1010pps     100µA (6.1014) 1mbarn 1g/cm2 for Atarget=30g/mol

Accelerator Research reactorIsotope mass separation

I[pps] ~ F[pps] s[barn] N[g/cm2] e [%]
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What is in the back of PRISMAP
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Our initial proposal for day-1 radionuclides
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PRISMAP  in a nutshell

→16 non-conventional radionuclides ( amongst the 28)

→ 31 research groups from 12 countries

→ 32 projects covering the different aspects of translational
medical research.

 Provide access to new radionuclides and new purity grades 
for the medical research

 Create a common entry port and web interface to the 
starting research community

 Enhance clarity and regulatory procedures to foster 
research with radiopharmaceuticals

 Improve the delivered radionuclide data and regulation, 
along with biomedical research capacity

 Ensure long-term sustainability of PRISMAP

User projects and services

7

Fondazione IRCCS Is tuto Nazionale dei Tumori

Milano 

Imaging and Pathology 
KU Leuven

In vivo cellular & molecular imaging lab (ICMI) 

VU Brussels

Radiochemistry unit, 
Hospital Gregorio Marañón 
Madrid 

Molecular Imaging Center

Antwerp 

Dep Molecular Biotechnology  Health Sciences,
Torino

CEMHTI Radiochemistry 

Orleans

Pharmaceu cal Radiochemistry 

TU Munich 

h ps://www.prismap.eu/access/user-projects/ 

UGA – Inserm
La Tronche

Radiopharmacy 

Bordeaux 

Radiochemistry
Hopital Frederic Joliot
OrsayInserm

Montpellier (/PT)

Radiopharmaceutical Cancer Research 

Dresden (/CZ)

Biomedical Engineering and Imaging Science

London 

UK

FR

ES

PT

BE DE

IT

CZ
FRANCE

GERMANY

CZECH Rep.

BELGIUM

PORTUGAL

ITALY

SPAIN

UK

A er call 4 :

x2 projects (16  33) 1 US

+50% countries (8 12 UK/CH)

Southern & Eastern (*) EC country

(W  W,S,E+ Sweden most N)

35(*) research teams

PL

SE

RO

GR

NL

CH

USA AU

T. Stora, CERN – CM6–  Nov 2023T. Stora, CERN – CM6–  Nov 2023
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Did you say ? 

in personalised medicine
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Courtesy Prof. MD Osman Ratib
in the context of CERN-MEDICIS

How to progress in the field ?
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From low to high specific activity radiopharmaceuticals
for theranostics

223RaCl2
177Lu-DOTATATE

153Sm-EDTMP
(low specific activity)

153Sm-DOTATATE or other ? 

Production of Sm-153 with 
high specific activity for 
targeted radionuclide 
therapy

M. van Voorde et al.

https://limo.libis.be/primo-explore/fulldisplay?docid=LIRIAS3666667&context=L&vid=Lirias&lang=en_US&tab=default_tab
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Thank you ! Questions ?

▪ Some references (highly specialised) :

▪ Therapeutic nuclear medicine, Richard Baum ed. ISBN: 978-3-540-36719-2

▪ https://medical-radionuclides.eu

▪ Frontiers in Medicine : Advances in Radioactive Ion Beams for Nuclear Medicine
(J. Prior, C. Decristoforo, T. Stora eds) ISBN 978-2-83250-522-9

▪ IAEA TecDoc https://www.iaea.org/topics/nuclear-science/isotopes

▪

Helene Langevin-Joliot at MEDICIS,

professor in nuclear physics,

grand-daughter of Marie Curie

https://medical-radionuclides.eu/
https://www.iaea.org/topics/nuclear-science/isotopes



