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Production of innovative radionuclides for medical
applications
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Nuclear medicine is a medical specialty using radioactive isotopes for therapy or diagnosis of diseases such
as cancers. Currently, only few radio-isotopes are routinely used. Among them1, Iodine-131 is used for the
treatment of diseases related to thyroid, Yttrium-90 for liver cancer therapy, Technetium-99m and Fluorine-18
allow to detect and to localize cancer cells for diagnosis.
Most of the time, radionuclides are vectorized to target the cells of interest. It is then important to match the
radionuclide properties with those of the vector molecule (peptide, antibody…). For that purpose, radionu-
clides with different half-live must be available. Since few years, there is an interest in personalized medicine:
The goal is to combine diagnosis and therapy in order to adjust the administered dose to each patient in order
to get the best benefit. To do that, pairs of radioactive isotopes, one for diagnosis and the other one for therapy,
can be used such as Copper-64/Copper-67 or Yttrium-86/Yttrium-90, the administered dose can be adjusted
to get the best benefit for the patient.
In addition and depending on the disease, it can be of interest to have access to radionuclides with different
emitted radiations (β-, α, Auger electrons emitters). Therefore, a panel of new radioactive isotopes has to be
available. Physicists have to define optimum production methods for these innovating radioisotopes.
During my PhD thesis, I explore the production of new radioactive isotopes for medical applications and iden-
tify the constraints related to their production. I focus my work on radio-isotopes that can be produced using
the ARRONAX2 cyclotron. Four elements have been identified: Thorium-226 (α emitter) has a great potential
for leukemia therapies3; Rhenium-186 (β- emitter) has shown successful results on bone metastases pallia-
tion4; Terbium-155 could be used in therapy using Auger electrons and Scandium-44 (gamma/β+ emitter) is
the heart of the “three-gamma imaging” concept5 developed at the SUBATECH laboratory (Nantes).
I first made cross section measurements associated to the production of these radioisotopes using deuterons6
as projectiles and the stacked-foils technique. In addition to direct production7, I looked at the fission frag-
ments obtained during the irradiation of a thorium target. Among these products, several isotopes of medical
interest are present: Molybdenum-99, Iodine-131 and Cadmium-115g. Their production yield has been deter-
mined up to 34 MeV with deuterons and up to 70 MeV with protons. These data allow us to compare both
production routes. The irradiation of natural thorium by light charged particles could be an alternative to nu-
clear reactors for the production of medical isotopes, minimizing the long lived radioactive waste generation.
Experiments on the production of Terbium-155 are in progress using a deuteron beam impinging a natural
gadolinium target. In addition to the medical yield applications, these experimental values will help nuclear
theoretical physicists to validate and/or improve their analytical models.

1 FDA-Approved radiopharmaceuticals, review n°9 3.1.14, (2003).

2 Haddad, F. et al., Arronax a high-energy and high-intensity cyclotron for nuclear medicine. Eur. J. Nucl.
Med.Mol. Imaging, 35, 1377-1387 (2008).

3 Friesen, C. et al., Radioimmunotherapy using anti-CD33 antibodies radiolabeledwith thorium-226 or bismuth-
213 overcome chemo and radioresistance in myeloid leukemia cells, Haematologica ; 94 ; [suppl.2]:329 (2009).

4 Palmedo, H. et al, PainfulMultifocal Arthritis: Therapywith Rhenium 186Hydroxyethylidenedi-phosphonate(186Re
HEDP) after Failed Treatment with Medication -Initial Results of a Prospective Study.Radiology;221:256–60
(2001).

5 C. Grignon et al., “Nuclear medical imaging using beta+ gamma coincidences from Sc-44 radio-nuclide with
liquid xenon as detector medium,”Nucl. Instrum. Meth. A 571, 142-145 (2007)

6 Guertin, A. et al, Measurements of 186Re production cross section induced by deuterons on natW target at
ARRONAX facility., Nucl Med Biol (2013).

7 Duchemin, C. et al, 232Th(d,4n)230Pa cross-section measurements at ARRONAX facility for the production
of 230U, Nucl Med Biol (2014).

Author: Mlle DUCHEMIN, Charlotte (Laboratoire SUBATECH UMR 6457)



Co-auteurs: Dr GUERTIN, Arnaud (Laboratoire SUBATECH); Dr HADDAD, Ferid (Laboratoire SUBATECH
- GIP ARRONAX); Dr MICHEL, Nathalie (Laboratoire SUBATECH - GIP ARRONAX); Dr METIVIER, Vincent
(Laboratoire SUBATECH)

Orateur: Mlle DUCHEMIN, Charlotte (Laboratoire SUBATECH UMR 6457)

Classification de Session: Applications médicales

Classification de thématique: Applications médicales


