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Introduction
The favourable decay properties of 44Sc for cancer diagnosis using Positron Emission Tomography (PET) makes it a promising candidate for future application in nuclear medicine. While the production and application of 44Sc has been comprehensively investigated 


[1-3] ADDIN EN.CITE , targetry optimization for this nuclear reaction has been lacking.

Optimized targets are a crucial issue for obtaining the required quantity and quality for clinical applications. Since the use of CaCO3 leads to large releases of radioactivity in gas form, with consequent radiation protection and product stability issues, we investigated CaO as a more robust and effective target material. 
Material and Methods 
Enriched 44Ca was prepared in oxide form, pressed into a pellet, encapsulated and irradiated using the 72 MeV proton beam provided by Injector 2 at Paul Scherrer Institute (PSI), degraded to various energies using Nb discs. The irradiated targets were processed chemically, based on the method described previously [2].
Enriched CaO pellets were subsequently prepared, encapsulated in a specially designed holder (described in a separate abstract for this conference) and irradiated at the IBA Cyclone 18/9 solid target station at Bern University Hospital (UniBe). The irradiated targets were transported to PSI and chemically processed as before.
Results and Conclusion 
The targets proved to be robust in the proton beam for a period of 90 minutes at 40-50 µA at various proton energies, as well as for a 5.45 h irradiation period at 18 µA at the UniBe medical cyclotron [4]. They were found to be a vast improvement over the previous rendition of CaCO3 (Fig. 1). CaCO3 pellets were tested at the UniBe medical cyclotron and the large radioactive gas releases strongly limited the beam current (below ~2 A) and, consequently, the yield. These effects are negligible with CaO pellets and currents up to 20 A were used.
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Fig. 1. 44CaCO3 pressed on to graphite (left). Enriched 44CaO pressed into a 6 mm pellet (right).

CaCO3 was heated to 900 °C to produce CaO. Samples of the product were analyzed using X-Ray Diffraction (Fig. 2).
[image: image3.jpg]20

Ll g | 900
CaCOs Ca0
caco,pormooasszes|  1h p—
I | R | A
30 40 50 60 70 20 30 40 50 60 70
26 (degree) 26 (degree)




Fig. 2. XRD analysis of CaCO3 converted to CaO by heating.

Irradiation conditions for PSI and UniBe are described briefly in Tables 1 and 2, respectively. It must be noted that the irradiation of Target 2 at UniBe yielded vast activity, where over 3.2 GBq 44Sc was obtained at EOS – 9 hours after EOB. Target 1, on the other hand, was used for an initial low current function of the method. 
Table 1. Irradiation of 44CaO targets (diameter = 6 mm, mass = 30 mg) using a degraded 72 MeV proton beam (Nb degrader, 3.4 mm) to ~11 MeV at PSI.
	Target #
	Irradiation Time (h)
	Beam Current (µA)
	EOS Yield (GBq)
	Specific Activity (MBq/nmol)

	1
	1
	50
	2.691
	5 (84%)

	2
	1.67
	45
	3.811
	25 (99%)


Table 2. Irradiation of 44CaO targets (diameter = 6 mm, mass = 30 mg) using the IBA Cyclone 18/9 at UniBe.
	Target #
	Irradiation Time (h)
	Beam Current (µA)
	EOS Yield (GBq)
	Specific Activity (MBq/nmol)

	1
	4
	2.5
	0.209
	-

	2
	5.75
	18.2
	3.21
	10 (99%)


The targets were chemically processed (Fig. 3) using a slightly modified separation system than before.
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Fig. 3. 44Sc chemical separation system.
The product was determined to contain only 44Sc, with product yields >3 GBq at EOS. DOTANOC was labelled with 44Sc at ~10 MBq/nmol at >99% radiochemical purity (irradiated at UniBe), while 25 MBq/nmol was achieved with targets irradiated at PSI.
This concept illustrates that enriched 44Ca targets can be irradiated successfully using a medical cyclotron equipped with an external solid irradiation station, with high yields and radiochemical purity.

Further investigations are ongoing to optimize and standardize the full process in view of clinical applications.
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