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Abstract 
After thirty years of slow growth, the production of PET tracers at the University of Wisconsin has ignited, 
entering an exponential phase. The capacity has undergone a major boost with new facilities, but 
difficulties arise in trying to maintain a balance that has traditionally existed between the expectations of 
basic scientists using novel tracers, clinicians needing reliable supply of routine agents, and our academic 
mission for the training of graduate students toward their doctoral degrees. This IAEA CRP has provided a 
template that has assisted us in our pursuit of sustainable operation, critical for the transfer of technology to 
Member States with widely differing needs and resources. 
 
I.  INTRODUCTION.  
 
In four decades of development, PET and the tracer production infrastructure that supports it, has 
evolved from an esoteric research discipline into a mainstream diagnostic modality. Casualties 
seem to be camaraderie and some scientific rigor, but the gains include a broader appreciation of 
imaging biochemistry at the tracer level. After years with glucose metabolism making FDG the 
only arrow in the quiver, today cellular proliferation (FLT), hypoxia (F-MISO, Cu-ATSM) and 
amyloid plaque (PIB) are undergoing widespread clinical trials. In this intermediate period before 
being swept aside by regulatory approval and subsequent commercialization, today’s clinicians 
depend on allied research groups with cyclotron and radiochemistry expertise to provide these 
“research tracers” for Phase II and III trials. Streamlining a published synthesis of a novel tracer 
into a routine, automated process appeals to a different type of radiochemist, and this is made 
even harder by the knowledge that the private sector will ultimately overwhelm the supply chain 
by economy of scale. Tethered by regulatory demands for cGMP and a reluctant acceptance by 
clinicians, the bridging of novel PET tracers into transitional medicine stresses the collegial fibres 
that had bonded the field in earlier times.  
 
II. SCALE-UP OF PRODUCTION CAPACITY AT THE UNIVERSITY OF WISCONSIN.  
 
During the period of the CRP, the production capacity of cyclotron-produced at Wisconsin 
underwent nearly a ten-fold scale-up. This was the result of consolidation of far-flung 
laboratories, as well as the acquisition of a GE PETtrace to augment the legacy CTI RDS 112, the 
first prototype installed in 1985. Both are shown in Fig 1.  The new PETtrace, bunkered in the 
newly-constructed laboratory, irradiates targets of local design and fabrication, delivering the 
feedstock to nearby hot cells for automated synthesis of several dozen tracers needed by our PET 
researchers. 
 
 A.  PETtrace. 
At serial number 137, the PETtrace is a mature design with 100 microamps of 16 MeV protons 
and 80 microamps of 8 MeV deuterons, each shared between a pair of six target ports. Work is 
underway to increase this to ten (6-1+5) ports by fitting port #2 to a beamline serving a 5-port 
vertical switching magnet to provide a tightly-focused (4 mm FWHM) beam to target positions at 
0, +/- 15 and +/- 30 degrees. The downward-directed beam has proved essential for 
accommodating molten target materials [1]. In particular, the low melting point, poor thermal 
conductivity and high vapour pressure of Group VI chalcogen target substrates (S, Se and Te) 
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needed for reaching the heavy halogens (Cl-34m, Br-76 and I-124) call for gravity-assisted 
containment at proton beam currents above 10 microamps. For this reason, the 90 degree vertical 
switching magnet on the RDS is to be repeated on the new PETtrace.  
 
B.  Targets. 
Five gas and liquid targets for the new PETtrace have been built and tested, all with a single, 
gridded entrance foil.  
 
1.  [F-18]-fluoride. 
A small volume (1.5 ml) niobium target body was constructed by colleague Todd Barnhart 
following his design from Manchester UK, with the single 25 micron Havar foil, supported by a 
hexagonal array of hexagonal holes electro-discharge machined (EDM) into a grid of 86% 
transparency. This single foil reduces the energy loss by less than an MeV, and obviates the need 
for helium cooling, while permitting operating overpressures to be increased to near-100 bar 
levels to raise the boiling point of the [0-18]-enriched water charge. The fill-irradiate-unload 
sequence is controlled by a 10-port switching valve under computer control from the PETtrace 
operating system, with the multi-Curie activity directed to a Scansys automated synthesis module 
located in a hot-cell in the adjoining laboratory.  
 
2.  [N-13]-ammonia. 
A pumped loop passes 5 mM ethanol in sterile water through a 5 ml stainless steel target body, 
gridded as above, with the outlet sent to a strong cation exchange (SCX Maxiclean, Alltech) 
cartridge mounted across the sampling ports of a 6-port sampling valve. After accumulation of 
sufficient activity of [N-13] ammonia in the SPE cartridge, shown by a nearby scintillator 
detector operated in the current mode, the valve is switched and 5 ml of 0.155 M NaOH passes 
through the cartridge, releasing the hundreds of mCi of ammonia. This is rapidly titrated to 
neutrality with citrate-buffered HCl, resulting in several hundred mCi of [N-13]-ammonia ready 
for Millipore filtration and QC prior to injection. Due to the 10-minute half life, LAL pyrogen 
testing is performed on a test batch in the morning, prior to production of any patient dose, to 
assure apyrogenicity of the subsequent batches. With rest/stress cardiac studies occurring over 
several hours during the day, the intent is to have the ammonia production operating in the 
background with dual beams, to permit concomitant production of other [F-18] or [C-11] tracers.  
 
3.  Gas targets. 
Three gas targets, electro-polished stainless steel and gridded as above and mounted on ports 3,4 
and 5, serve to produce [C-11] carbon dioxide and methane in target, by the proton irradiation of 
high purity (99.999%) gas mixtures of nitrogen and 1% oxygen, or nitrogen and 10% hydrogen, 
respectively. Extreme care in the cleaning of the target interior surfaces has been necessary in 
order to achieve the 5 Ci/micromole specific activities needed in the final products, generally 
neuro-receptor ligands such as raclopride, Sch 100635, DSB, MHED, [C-11]-fallypride, etc. The 
methane issuing from the target is routed to a Scansys methylator system that can produce near-Ci 
levels of “dry” methyl iodide or methyl triflate as synthons for dozens of agents.  
 
 4.  Solid Targets 
The final port #6 houses any of a number of solid target bodies, all built on KF-40 flanges with 
water cooled target substrates to receive the direct irradiation without need for any entrance foil. 
Two examples warrant mention: 
 
- a natural nickel foil receives a deuteron beam to make Cu-61 without the complexity of enriched 
isotopes. Electro-dissolution into HCl and column separation on AG1 X8 of the Cu-61 from 
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nickel is followed by compounding of Cu-61 into Cu-ATSM for imaging of tumour hypoxia in 
animal models and patients undergoing image-guided therapy. Several years of previous 
experience with Ni-61 based preparation of Cu-61 hinged on scrupulous care in the recovery of 
enriched target stock, made more critical by a recent three-fold price (to $45/mg) increase from 
the suppliers.  
 
- a natural molybdenum foil receives the proton beam to make Tc-95m (half-life = 65 days) 
requested by a researcher in the UK for basic research in Tc-chemistry. In this case, the long-half 
life permits the irradiation at odd intervals, acting as “proton beam sponge”, albeit needing 
several months of decay to get the Tc-96/Tc-95m ratio down to 10(-3) levels needed for 
international shipping as White I Haz-Mat.  
 
The advent of the PETtrace in the new lab site has somewhat relieved the load on the legacy RDS 
across campus, which now concentrates on the production of Cu-64 for national distribution each 
Monday, as well as the synthesis of [F-18]-tracers (F-DOPA and FMT) needing electrophilic [F-
18]- fluorine gas made by the “two-shoot” method [2]. Even these tasks will be ultimately shifted 
over to the PETtrace with the arrival of another Scansys system which converts [F-18] fluoride to 
electrophonic fluorine gas using the high voltage discharge technique [3] developed by Solin at 
Turku. When these last production responsibilities are relieved, the RDS will be free to act as an 
unfettered training site, capable of hosting visiting foreign scholars desiring an intimate hands-on 
experience with a basic cyclotron now interfaced by a modern LabView control system that is 
utterly transparent and impervious to obsolescence [4]. 
 
The uncoupling of the two cyclotrons should go a long way to tease apart the conflicting, 
centrifugal demands between tracer development for basic research, routine synthesis of clinical 
agents, and student training. With the ascendance of the PETtrace and the associated automated 
chemistry systems at the new lab site, it is hoped that the stess fractures between the basic 
scientist’s intent on novel agents and the clinicians needing hundreds of reliable doses of near-
routine agents such as FLT and Cu-ATSM will be alleviated. The operating model will follow the 
30-year template of running the cyclotrons within the UW Medical Physics Department as a 
revenue-neutral, university-wide resource answerable to an advisory committee that represents 
both the operators, and the user community consisting of both the basic scientists and the clinical 
colleagues.  
 
III.  CONCLUSIONS 
 
The scaled-up duty cycle of both cyclotrons is detailed on the running schedule 
http://www.medphysics.wisc.edu) as a web-based calendar. The most recent 2009 period shows 
that roughly 90% of our time is spent on tracer production for others, both basic scientists and 
clinical. Figure 2 breaks this down into a frequency histogram of the two dozen tracers commonly 
requested, with Cu-64 and FLT dominating the schedule.. 
 
The PETtrace has shown that its increased beam current and energy, as well as the dual beam 
capability split among soon-to-be ten target positions, will handle the increased clinical load 
while still providing a perfect research platform for target development. At the same time, the 
legacy RDS on the central campus would lend itself to becoming a pure training site. At the risk 
of over-stretching a metaphor, medieval pilgrims would journey for months along a chain of 
monasteries, where they would rest, work, learn and share their experiences on their way to their 
ultimate destination, San Juan de Campostelo. Our most recent doctoral candidate from the 
cyclotron group, Miguel Avila-Rodriguez, is a poster child in his post-doctoral travels to 
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Edmonton, then to Turku, where he learned new skills, and taught his own expertise of transition 
metal radiochemistry, before returning to his home institute of UNAM, Mexico. The importance 
of this training component is impossible to overstate, given the commitment of the IAEA to 
disseminate the peaceful use of nuclear technology among the Member States.  
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      FIG. 1. UW Medical Physics Cyclotrons 
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 FIG. 2. Frequency histogramme of 2009 production 


