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Research at BLIP

= Research and development of medical isotopes

 Radioisotope Copper-67
- Beta emitter used for cancer radioimmunotherapy
- Nuclear properties: T,,=61.83 h, mean E ;= 141 keV, Ey (keV): 184.6

(48.7%)

- Produced using ®¥Zn(p,2p)°’Cu nuclear reaction, £ ,>60 MeV
- Planned work funded by ARRA

 Radioisotope Yitrium-86
- PET nuclide used for dosimetry assessment prior to administration of %Y

radiopharmaceuticals

- Nuclear properties:T,,=14.74 h, mean E 5,= 660 keV, Ey: 1076.63

(82.5%) , 627.72 (32.6 %)

- Produced using Sr(p,n)%Y reaction, E, < 14.5 MeV
- Planned work funded by ARRA
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Research at BLIP (cont.)

= Production of isotopes for research and development

« Production of 2Fe for iron oxide nanoparticle labeling from nickel
"aNi(p,3pxn)°2Fe

« Core labeling of Fe;0, nanoparticles
 Funded through LDRD

= Feasibility studies of accelerator routes of production of reactor
Isotopes
- Irradiation of Hf and Ta foil to produce "’Lu
« Cross section measurements
« Alternative route of production of no-carrier added 17"Lu?
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Typical experiment

= Target design

- Calculations of energy degradation in BLIP target assembly to accommodate
required energy window

o Stability in beam: thermal, chemical, radiation

= |rradiation planning
« Duration and scheduling

= Chemical procedure development
« Target dissolution

« Selective extraction and purification of the isotope of interest from large mass of
target material and co-produced impurities
- lon exchange
- Solvent extraction

= Final product characterization

« Radionuclidic and chemical purity

« Specific activity
ield calculation BROOKHEAVEN
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Copper-67: justification

= Referred to as isotope of high priority
in NSAC report

= A 2.6 day half-life and suitable 3-
emission (141 keV, avg) are ideal for
use with MAbs and other tumor
targeting compounds

= Cross section values gradually
increase above 60 MeV-high energy
reaction

= Long history of production from natural
ZnO at BNL (BLIP)

= Specific activity from natural Zn is
inadequate for labeling due to direct
production of stable copper on low
mass Zn isotopes
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High specific activity Cu-67: approach

= |rradiation of enriched 98Zn target

= Use ultra pure grade reagents in chemical processing scheme
= Electroplating of ®Zn for irradiation

= Reutilization of expensive %8Zn to lower costs of Cu-67

Electroplated Zn

Top of plate
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Target for enriched isotopes

= Recovered %Zn will be radioactive
— hot cell target assembly is
required

= Both halves are Al for better
cooling

= Head screws large enough for
remote handling

= Metal O-ring to provide adequate
seal
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Cu-67 processing scheme

Dissolve Zn in HCI
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Summary of the experiments at BLIP

material target Specific activity, Ci/mg
Natural Zn, 3.945 g SS can Melted in beam

68Zn, 3.827¢ Disk wrapped in Al foil Poor; Cu from cooling water*
Natural Zn, 3.900 g Aluminum can 4.26

68Zn, 1.511 g Aluminum can 11.71

Natural Zn, 2.108 g Aluminum can 4.2

*deposited through reaction Zn%+Cu2*=Zn2*+Cu° on top of the plate
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Summary and future work

= Electroplating process of Zn has been worked out

= Encapsulation of %8Zn is required for irradiation due to stable copper in BLIP
cooling water

= Aluminum target is more suitable for cooling

= |rradiation of %8Zn results in a higher specific activity ~ 12 Ci/mg product.
Higher specific activity may be achieved by balancing irradiation time/plate
thickness

Future work funded through ARRA

= Work out details of ®3Zn re-plating in a hot cell environment

= Develop labeling procedure for the final product to determine labeling
efficiency

= Use new inductively coupled plasma mass spectrometer (ICP-MS) acquired
with ARRA funds to determine if stable Cu isotopes are produced during
irradiation to optimize irradiation parameters

“Closed” 68Zn cycle will result in reduced production costs of Cu-67
BROOKHRVEN
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Radioisotope Y-86

= PET emitter used as a surrogate for *Y for dosimetry calculations

= Currently produced by proton bombardment of 8SrO, 8SrCO, in small
cyclotrons

= Best production yields and purity are achieved at low energy

Y-86: justification

= Referred to as isotope of high priority in NSAC report

= BLIP energy can be tailored with the array of targets and degraders

= BLIP current is nearly 4 times higher than that of small cyclotrons

= We will use similar to Cu-67 approach: recycle target material to reduce
production costs
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MRI-PET dual probe development

= Develop probe for dual MRI/PET imaging. Instrumentation is being
developed at BNL. In dual modality imaging the weakness of one modality is
compensated by the strength of the other. MRI provides better resolution,
PET provides higher sensitivity

= [ron Oxide nanoparticle platform-MRI agent.

= Core labeling of Ultrasmall Paramagnetic Iron Oxide (USPIO) with >2Fe (PET
agent)

= Co-precipitation of Fe?*/Fe** salts in alkaline media in the presence of *2Fe
and dextrane

= Fe s produced at BLIP via reaction Ni(p,3pxn)°>?Fe

= Use >°Fe initially as a surrogate for biodistribution and stability studies
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Schematic representation of magnetization in Fe,0, nanoparticle
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From Wang et al. European Radiology. 2001, 11(11), 2319



MRI-PET probe development: progress

= “Cold” nanoparticles were synthesized and imaged with MRI
= Nanoparticles labeled with Fe-59 were synthesized

« Animal biodistribution study completed and showed the same pattern as
commercially available Feridex

= Nanoparticles labeled with BLIP produced Fe-52 synthesized
« Successfully imaged with PET
« MRI signal was not as strong as with “cold” nanoparticles

Future plans

= Modify nanoparticle preparation procedure to minimize oxidation of Fe?*
component. The hypothesis is that high radiation field causes oxidation of
Fe?* prior to particle formation. Fe3*/Fe?* ratio has to be constrained to create
magnetite.
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PET Image in Rat Model

Sprague Dawley Rats

Injected Activity: 0.7 mCi
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