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Isotope T1/2
Decay 
Modes

β+ Range 
(mm)1

Production
Method

Specific
Activity 
(mCi/µg)

60Cu 23.4 m β+ (93%) 
EC (7%)

3.09 60Ni(p,n)60Cu

61Ni(p,n)61Cu

63Cu(p,2n)62Zn →62Cu
(62Zn generator)

64Ni(p,n)64Cu

61Cu 3.41 h β+ (60%) 
EC (40%)

1.32

---

---

>70000
313,000 

UL

62Cu 9.7 m β+ (98%)
EC (2%)

4.39

64Cu 12.7 h β+ (19%)
β- (38%) 

EC (43%)

0.57 ≤200
3856 UL

1 H. A. Williams,et al., Eur. J. Nucl. Med. Mol. Imaging, 2005:32, 1473-1480.
62Cu and 64Cu are distributable PET radioisotopes.
62Cu and 64Cu have complementary properties for PET imaging.
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H2ATSM ligand shown 
complexed to copper

• MW (ligand) = 260.38

• Equilibrium H2O solubility 
~0.6 ppm

• Cu binding capacity 
~0.24 μg Cu/μg ligand

• Bis(thiosemicarbazone) ligands have 
very high affinity for radiocopper (K > 
1017).
• Cu-ATSM has shown clinical selectivity 
for hypoxic tissue.
• Traditional synthesis of 64Cu-ATSM has 
relied upon reversed-phase purification 
before dosing.

• Significant operator doses result
• EtOH in injection
• Sterility issues

• Kit-based synthesis highly preferred in 
clinical setting.

• Low operator dose and no special 
equipment

• No chemical purification required 
• Sterility assured



BisBis((thiosemicarbazonethiosemicarbazone) Synthesis Kits ) Synthesis Kits 
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• Four bis(thiosemicarbazone) instant 
synthesis kits are currently produced at 
PTI for investigational and consumer 
use: H2PTSM, H2ETS and H2ATSM (2 
sizes).

• H2ATSM kits containing either 0.4 or 
4.0 μg of ligand are currently available.

• All kits prepared under GMP 
conditions.

• Cu binding capacity of H2ATSM kits:
0.4 μg = 0.1 μg Cu
4.0 μg = 1.0 μg Cu

15.0 μg = 3.6 µg Cu (under development)

PTI Instant Synthesis Kits:

•• 0.4 0.4 μμg Hg H22ATSMATSM
•• 2.0 2.0 μμg Hg H22ETSETS
•• 2.0 2.0 μμg Hg H22PTSMPTSM
•• 4.0 4.0 μμg Hg H22ATSM ATSM 

(Big Vessel)(Big Vessel)



Why are Larger Capacity HWhy are Larger Capacity H22ATSM Kits Necessary?ATSM Kits Necessary?

SNM 2008 – New Orleans

• The 0.4 µg H2ATSM kits are used in conjunction with 
PTI’s 62Cu microgenerator for commercial and 
investigational clinical use.
• The 4.0 µg H2ATSM kit is available for use with 64Cu.
• Multicenter 64Cu-ATSM clinical trials for prognostic 
evaluation of various cancers are being planned.

• Washington University Mallinckrodt Institute of Radiology
• Clinical protocol calls for injected doses of up to 25 mCi

64Cu.
• Numerous remote sites included in study

• 64Cu specific activity becomes problematic at these doses.
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• Maximum 64Cu specific activity is ~200 mCi/µg at EOB.
• At EOB, 25 mCi 64Cu represents 0.13 µg Cu.
• 4.0 µg H2ATSM kit capacity is ~1 µg Cu (7.7-fold excess)
• 64Cu specific activity is often much lower (~100 mCi/µg)
• Overnight shipment to remote clinical sites lowers specific 
activity by ~4 fold (2 half-lives).
• Low specific activity material shipped to remote sites challenges 
kit capacity and can lower labeling yield.    

• For 100 mCi/µg at EOB = ~25 mCi/µg next day.
• For 25 mCi dose = 1.0 µg Cu ~ kit binding capacity.   
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• Kits reconstituted with 25 mM NaOAc/100 mM NaCl
prior to adding 64Cu in 0.1 M HCl (Isotonic solution).
• Labeling yield determined by Oasis® cartridge method 
(Waters)

% yield = Acartridge / (Asaline + Acartridge)

64Cu 
Activity 
(mCi)

Specific
Activity 
(mCi/μg)

Total Cu
(μg)

% of Kit 
Binding
Capacity

Radiochemical 
Labeling Yield

(%)
28.5 125 0.23 24 96.5
17.6 125 0.14 14 97.1
31.8 30.6 1.04 ~100 92.4
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Prepare concentrated 
ligand solution in DMSO

Use DMSO solution to 
make stable 0.4 ppm 

aqueous H2ATSM 
solution + excipient

Sterile filtration and assay

Sterile lyophilization at a 
commercial vendor in 

serum vials

Return of vials to PTI for 
QA testing

• Aqueous solubility of 
H2ATSM is limited
• Lyophilization volumes

0.4 μg = 1 mL
4.0 μg = 10 mL

15.0 μg = 37.5 mL!!!
• Improved methodology 
required for larger kits to 
overcome low equilibrium 
solubility.
• Preliminary evaluation 
of 15 μg kits shows 
satisfactory solubility of 
ligand and Cu complex.

15 15 μμg g 6464Cu KitsCu Kits

Immediately 
freeze and ship 

on dry ice

Thaw with 
heating

and dispense 

Use DMSO solution 
to make semi-stable 

1.6 ppm aqueous 
H2ATSM 

solution + excipient



TimeTime--Dependent Solubility of HDependent Solubility of H22ATSM and ATSM and 
CuCu--ATSM in 15 ATSM in 15 μμg Synthesis Kits  g Synthesis Kits  
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• H2ATSM ‘instant synthesis’ kits for coordination of radiocopper
can be readily prepared in various sizes.

• Kits give excellent radiochemical labeling yields in isotonic 
saline solution with no required workup and relatively low 
operator dose.

• Developmental kit containing 15 µg H2ATSM can be 
successfully prepared and fully reconstituted to provide all ligand 
available in solution.

• Pilot run of ~300 kits shows good reproducibility

• Comparable to GMP 0.4 µg H2ATSM kits

• Sterile and pyrogen-free 

• Independent 64Cu radiochemical labeling to be conducted. 
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