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ORBIT, Inc., has constructed an 8 MeV proton cyclotron and installed it at the Medical
Sciences Division of the Oak Ridge Associated Universities. Figure 1 shows the installation
in a vault with open floor area of 8.5'x3’. The cyclotron is a positive ion accelerator with
a vertical beam plane.! Internal beam current of 100 uA has been obtained. Efforts are
now underway to improve the orbital optics and the extraction efficiency. The anticipated
extracted energy is 8.4 MeV. '

The vertical beam plane was chosen to permit targets to be recessed into the floor and
reduce the required volume of above floor neutron shielding material. However, in this
installation the vault provides adequate shielding so there is no need torecess the targets.
The cyclotron has therefore been raisec on tracks to permit greater movement inside the
small vault to facilitate servicing. A target materialtransport tube connects the vault with
anadjacentradiochemistry processing laboratory. Thelengthover which thetargetproduct
material must be transported is approximately 5 m.

At the time of the design of this cyclotron, some uncertainty existed over the adequacy of
an 8 MeV proton beam for producing sufficiently high precursor activity levels of the proper
quality neededtosynthesizethe positron-emittingradiopharmaceuticals usedinclinicalPET.
Subsequentdevelopments haveeliminatedthis uncertaintyg‘or the{,;adiopqgrmaceutica1§§hat
have so far been shown to be clinically useful, i.e., FDG, NH3, 02, and H2 0.

Th?eend of bombardment saturation yield for the (p,n) reaction usiigg 10.7 MeV protons on
H O is 120 mCi/pA.2  With a 1-hr. bombardment of 20 uA, an FDG yield of 150 mCi
hgs been routinely achieved.? Based on these data and the reaction yield curved, a 11Bh[
bombardment with a 20 pyA beam of 8 Mq% protons will yield at least 300 mCi of °F ,
which is sufficient to produce 100 mCi of 'FDG using an equivalent automated synthesis
process.

The production of 13NH via the (p,n) reaction on a 13C-powder slurry target has been
demonstrated Ep be approximately 25 mCi/pA at saturzation for a 5 pA beam aan 20 minute
bombardment.” From these data and the yield curve, an estimated 4C mCiof ~NH, can be
obtained from a 5 pA, 8 MeV proton beam with a bombardment of 20 minutes.’

The production of 150 from the (p,n) reaft'ion on enriched 15N by low energy protons has
been amply demonstrated by C.T.l., Inc.” The 11 MeV proton geam of the RDS cyclotron is
reduced to 8.5 MeV by a beam energy degrader prior to entrance into the target. Clinically
adequate batch and continuous flow productions have been obtained at low cost target gas
consumption rates. ‘

The above radiopharmaceuticals are sufficient to perform the clinical studies cited in the
report by the ACNP/SNM Task Force on Clinical PET.® Clinical PET centers are now fully
operational using only these radiopharmaceuticals.

The production of clinically adequate ”C—'Iabeled radiopharmaceuticals with an 8 MeV proton
beam remains somewhat questionable due to the lack of a definition ﬁf the compound
required and the synthesis procedure to be employed. Wolft s@gws an CO, production
yield of 28 mCi/uA for 8 MeV protons via the (p,a) reaction on " 'N,. One cag reasonably

expect tﬁirradiate this gas target with 20-30 pA beams for 1-hr therzeby producing 500-750

mCi of COz.



Once the ORBIT cyclotron is operationaland producing extracted beam, collaborative efforts
with the Medical Sciences Division of the Oak. Ridge Associated Universities will attempt to
demonstrate the ability to produce sufficient ' 'C-amino acids to permit clinical PET studies.
This complex synthesis procedure will serve as,a benchmark for evaluating the clinical
utility of an 8 MeV proton beam for producing ' C-labeled radiopharmaceuticals for PET.
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