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Introduction
Recently approved by the United States Food and Drug Administration, 177Lu-DOTA-TATE has been proven an effective agent for targeted radionuclide therapy of gastroenteropancreatic neuroendocrine tumors. Though 177Lu (6.65 d, 100% (- decay) is a promising therapy radionuclide, lutetium does not afford a viable positron-emitting diagnostic radioisotope. Multiple positron emitting lutetium radioisotopes exist but have low positron intensities and high energy gamma emissions, making them dosimetrically undesirable.
Gallium and scandium have positron emitting radioisotopes and are commonly thought to be suitable imaging surrogates of 177Lu in theranostic applications. Preclinical investigations comparing the two have found that in vivo, scandium more closely mimics the distribution kinetics of lutetium [1]. The growing interest in 44Sc (3.97 h, 94% (+ decay) and 47Sc (3.35 d, 100% (- decay) motivated this attempt to refine the radiochemical separation from calcium cyclotron targets and to identify novel ligands for scandium chelation.
Material and Methods
Scandium-44 was produced via natCa[p,x]4xSc nuclear reactions on pressed (~7 MPa) targets of metallic calcium. Targets containing approximately 300 mg of natural calcium metal in aluminum holders were covered with a molybdenum foil then irradiated with 14 MeV protons at 20 (A for 1 hour. This provided 44Sc production yields of 0.4 mCi/(Ah through the reaction natCa(p,n)44Sc. Separation techniques using DGA( resin have improved upon previous work[2].
The irradiated target was dissolved in 10 mL of 6 M HCl. Approximately 130 mg of branched DGA( resin was packed into a column and equilibrated with 6M HCl. Next, the solution was loaded and washed with 20 mL of 4 M HCl to remove bulk calcium. Trace Zn, Fe, and Cu contaminants were removed through a 12 mL wash using 1 M HNO3. Finally, the scandium was eluted with 4 x 500 (L fractions of 0.1 M HCl. Calcium contamination and trace metal contaminants were measured using microwave plasma atomic emission spectroscopy (MP-AES).
Scandium chelation was tested using titration of pypa ligand synthesized by the Medicinal Inorganic Chemistry group at the University of British Columbia. Decadal dilutions of 10-4 – 10-8 M pypa were added to 44Sc stock solution in a 1:1 volume ratio and buffered in 0.3 M sodium acetate solution at pH 4.5. These reactions were tested for chelation at 5, 15, 30, and 60 min. At each reaction time point, thin layer chromatography (TLC) was performed by spotting each reaction onto aluminum backed silica gel plates run in 0.1 M sodium citrate mobile phase. These plates were then imaged using autoradiography. 

After chelation, the solution was purified with a Sep-Pak C18 cartridge (Waters). Elution from the column was preformed using ethanol, and the solution was taken to dryness at 70oC under purified N2 flow. The solute was reconstituted in phosphate buffered saline (pH 7.4) and analyzed by high-performance liquid chromatography (HPLC) (C18 column, flux rate: 1 ml/min, in 5-90 percent acetonitrile/water gradient). Reconstitution of solute in mouse serum allowed for in vitro analysis of complex stability using HPLC at 0, 1, and 4 hours. 

44Sc-pypa-PSMA tumor targeting and biodistribution was studied in male mice (n=5) bearing one PSMA+ (PC3-pip) and one PSMA- (PC3-flu) tumor xenografts via Positron Emission 
Tomography (PET) imaging using a G4 (Sofie) micro-PET at 0.5, 2, 4 and 10 h post tail vein injection.
Results and Conclusion
The separation reported here avoids dry-down of purified 44Sc solution after radiochemical separation. Taking a solution to dryness in order to re-concentrate or transfer solute is time consuming and, with 44Sc half-life less than four hours, potentially costly in terms of activity loss. Stable metallic contaminants Fe, Zn, and Cu are reduced to tolerable levels (see Table 1), and this chemical separation scheme had a non-decay corrected yield of 70%.
	Fraction (500 (L)
	Ca (ppb)
	Fe (ppb)
	Zn (ppb)
	Cu (ppb)

	F1
	6267
	84
	201
	42

	F2
	2820
	68
	263
	98

	F3
	1388
	68
	293
	75

	F4
	801
	24
	123
	26


Table 1. MP-AES characterization of elution fractions
With the pypa ligand and functionalized PSMA, apparent molar activity measurements of greater than 270 GBq/(mol at end of bombardment (EOB) were achieved after one hour of reaction. This is greater than that reported for aforementioned preclinical investigation [1]. HPLC results are shown in Figure 2, demonstrating excellent stability through purification processes and in vitro serum studies. 
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FIGURE 1. Radio-HPLC chromatograms showing complex purity and stability.
Minor impurities elute after the complex peak, but no radio-peaks were detected at the solvent front, and retention time of the 44Sc-pypa-PSMA was 18 min. Representative PET images are shown within Figure 2.
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FIGURE 2. Representative PET images (MIPs) displaying pypa-PSMA uptake at 0.5, 2, 4 and 10 h timepoints post injection. 
Fast clearance from the body through renal excretion was observed. Tumor uptake was observed, and continued tumor visualization was experienced after 10 hours, with fast kinetic clearance of the molecule. Tumor uptake within PSMA+ and absent within the PSMA- tumor shows that the complex is stable in vivo with no transchelation. No radionuclide uptake within the liver is observed, supporting complex stability, as free Sc is known to localize there [3]. The PSMA- tumor xenografts were uniformly not detectable by PET imaging, providing support for the controlled specificity of the complex as determined by the PSMA functionalized targeting vector as previously reported [1]. Image-derived biodistribution data from the tumor and kidneys is reported in Figure 3. At the 10-hour time point, quantification of signal distribution was not possible because the low number of counts available. Analysis of distribution shows that clearance of the complex through the kidneys is occurring faster than through the PSMA+ tumor, motivating further study of 44Sc-pypa-PSMA and biodistribution impacts of the chelator on the targeting vector.
[image: image3.png]Uptake (% ID/Q)

Time (h)

B PSMA+ tumor

[ kidney





FIGURE 3. Bio distribution data obtained from PET images.
Conclusion

Proven as a valid diagnostic surrogate to the therapeutic radioisotope 177Lu, 44Sc interest has led to increased efforts in developing effective and efficient radiochemical separation techniques as well as stable complexing ligands. It is most desirable to apply chelators that do not impact the biodistribution of specific targeting agents.
Within this work, an improved Ca/Sc separation was developed and paired with a desirable chelator in order to achieve, high apparent molar activity, low impurities, and stable complexation. Expected biodistribution of 44Sc-pypa-PSMA within the tumor, kidneys, and bladder are achieved, suggesting that the chelator does not affect biodistribution of PSMA functionalized vector.
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