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Outline

e Medical applications of radioisotopes
— Diagnostic
— Therapeutic

e Production of radioisotopes
— Accelerators/cyclotrons
— Nuclear reactors
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Diagnhostic Nuclear Medicine

e Molecular imaging
— Internally administered radiolabeled compounds
— External detectors/signal processing generate image
— Enhanced soft tissue imaging
— Smaller cell cluster imaging

— Study organ functionality PET Image of

Alzheimer’s Patient
Brain

e Many devices, e.qg.,
— Gamma camera

— Single Photon Emission Computed Tomography
(SPECT), SPECT/CT (Computed Tomography)

— Positron Emission Tomography (PET), PET/CT
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Single Photon Emission Computed

Tomography (SPECT)
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Positron Emission Tomography (PET)
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Therapeutic Nuclear Medicine

e Targeted therapy
—a, B, y emitters delivered to diseased tissue

e Strategies

— Molecular targeting (monoclonal antibodies,
peptides, etc.)

— Natural targeting (e.g., iodine/thyroid,
strontium/bone)

— Brachytherapy
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Arthritis

A

Heart Disease
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Courtesy of J. Kropp et al., Dresden, Germany
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Dr. H. Palmedo, University Hospital, Bonn

Bone Pain Radioimmunotherapy
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Coronary Artery Disease
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Prostate Cancer Seed
(Brachytherapy)

OAK RIDGE NATIONAL LABORATORY

U. S. DEPARTMENT OF ENERGY UT-BATTELLE
9




Radioimmunotherapy (RIT)
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Radioimmunotherapy Concept

%

Linker
Radionuclide

Chelator
(or fullerene?)

Method for Targeting
Cancer Cell Epitopes:
Antibody or Fragment, Peptide
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Polyamincarboxylate (PAC) Chelating
Ligands and Fullerenes (attach
radiometals to monoclonal antibodies)
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ORNL Research into Radiofullerenes

lonic
Metal Radius
lon (pm)
Lu*3 86.1
Tm*3 88.0
Ho™*3 90.1
21BBi+3 103

212pp*2 | 119
225Ac+3 112

Representation of a metal atom
encapsulated in a simple carbon

fullerene buckyball
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Vascular-targeted
Radioimmunotherapy
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Medical Isotope Production

e Diagnostic
— Gamma emitters
— Positron emitters

e Therapeutic
— Beta emitters
— Alpha emitters

e Facilities
— Accelerators/cyclotrons
— Nuclear reactors
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Chart of the Nuclides
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Charged Particle Reactions

180(p,n)18F = Positron Emission Tomography

19F
0
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170 180
(0.038%) (0.205%)

OAK RIDGE NATIONAL LABORATORY

U. S. DEPARTMENT OF ENERGY UT-BATTELLE
17



http://www.radiologyinfo.org/photocat/photos.cfm?Image=hi_pet-system.jpg&&subcategory=PET

Reactor Production of
Radioisotopes

e Typically produce neutron —rich isotopes

o Radiative capture (n,y) predominates at low neutron
energies (thermal reactor)

187Re(n,y)188Re = Cancer Therapy, etc.

Tungsten-188

187Re «.{"//f Rhenium-188
(62.6%) _‘_ll
.
-
% ' .‘-.'.:.
(28.4%) | ny | 23.72h e
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HFIR Targets

0.500 in. diam.
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Target Processing
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HFIR Neutron Flux Spectrum
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186\W(n,y)18’W Cross Section
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Flux and Cross Section Curves

1.0E+14

1.E-01
|

1.E+05 - 1.0E+16
Thermal Epithermal Fast
1.E+04 -
1.E+03 -
/N i
o
1.E+02 ! LOEHIGe =
(&)
o) S
>
S 1.E+01 | >
= =
2 £
) 4
g 1E+00 N 4:
8 (=
S =t
()
o
X
=
UL

1.E-02 -

1.E-03 A

1.E-04 T T T T T T T 1.0E+13
1.E-08 1.E-07 1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01

Neutron Energy (MeV)

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE
28




Neutron Self-shielding
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188\ Production in HFIR
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Tungsten Experiments

5 concentric W cylinders
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Activity at EOB (0.1 mm Folil)
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Neutron Attenuation

Py = ¢Oe—Nox

= . 19.3 gicm? 2
N T x 6.02 x 10  at/mole

= 6.32 x 1022 at/cm3

o~ 0, + %Ia
=182 + 1350 = 35.7 b
$(0.01 cm) = ¢ €~ 632107 x57x10 "X

= ¢ e~ 2.26x
= 0.98¢,
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187\W Activity at EOB (0.1 mm Foil)
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Tungsten Cylinder Temperatures
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Thermal Neutron Energy Distribution
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Temperature Effects within Target

Cross sections Neutron energies
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The End

e Questions?
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