Production of medical Sc radioisotopes: 44Sc and 47Sc

I. Cieszykowska1, D. Pawlak, W. Wojdowska,  T. Janiak, M. Żółtowska, T. Barcikowski, J.L. Parus,                                   R. Mikołajczak
National Centre for Nuclear Research, Radioisotope Centre POLATOM, Otwock, Poland
Introduction
Scandium-47 (47Sc) and scandium-44 (44Sc) are the pair of radionuclides that have been proposed for theranostic application. Scandium-47, (t1/2 = 3.35 d, βEmax = 600 keV (68.3%, E( = 159.4 keV) is a promising low-energy β- emitter for targeted radiotherapy. Scandium-44, emitting β+ particles (E β+=1474 keV, t1/2=3.93 h ) can be used for diagnostic imaging using with PET or PET/CT techniques. [1, 2]. 
The aim of our work was to produce 44Sc and 47Sc with purity sufficient for medical application. 
Material and Methods 
Scandium-44 was produced from calcium with natural isotopic composition via the natCa(p,n)44Sc reaction. natCaCO3 pellets were irradiated with protons (~16.5 MeV) at beam current in the range 13 – 23µA for 1.5-3.0 hours in PETtrace cyclotron at HIL (University of Warsaw). 47Sc was obtained in the Maria research reactor after neutron irradiation (150 h, thermal neutron flux: 1.2 1014 cm-2s-1) of 46Ca targets (48.5 mg of CaCO3, 5.2% enrichment in 46Ca) according to the 46Ca (n,()47Ca​​​→47​​​​​​​​​​​​​​​​​​​​​​​Sc reaction. Both targets were irradiated and dissolved in 3M HCl at RT. The two-step procedure was used for separation of Sc from excess of calcium. In the first step two methods were tested: 1) the precipitation of Sc in the form of hydroxide followed by filtration on PTFE membrane or 2) the solid phase extraction chromatography (UTEVA resin, TrisKem International). In the second step the final purification of separated Sc was performed on the cation exchange AG 50W-X4 (200-400 mesh, hydrogen form, BIO RAD). In order to verify the quality of obtained Sc solution, the biomolecules radiolabeling was performed and radiochemical purity was assessed by TLC and HPLC.
Results and Conclusion 
Irradiation of targets containing 200 mg of CaCO3 resulted in 44Sc activity up to 750 MBq at the EOB. The yield of 44Sc separation ranged from 70 to 90% at processing time below 1 hour and allowed formulation of up to 350 MBq of 44Sc in less than 800 µL of 0.25 M CH3COONa, pH 4.0. The overall separation yield of 47Sc from excess of calcium was in the range 54 - 65% resulting in approximately 600 MBq of 47Sc. The 47Ca remaining in the solution could be re-used as a source of 47Sc in next separation runs. The radiolabeling yield of DOTATATE, DOTA-Substance-P and EDTMP with 44Sc and 47Sc above 98% was confirmed by TLC and HPLC.

It could be concluded that presented methods can be used to effectively separate Sc from macro amount of calcium from the target material and could be adopted for larger scale production. The obtained 44Sc and 47Sc was pure in terms of radionuclide and chemical purity, as shown by the results of peptides radiolabeling. Presented methodology can be GMP upgraded allowing clinical use of 44Sc and 47Sc.
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