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AIOI2 2 E 2 (Cyclotron) @

A pioneering American nuclear scientist,
winner of the Nobel Prize for Physics in 1939 for
his invention of the cyclotron. He is also known
for his work on uranium—-isotope separation for
the Manhattan Project, and for founding the

Lawrence Berkeley Laboratory and the

(1901 - 956, USA) Lawrence Livermore Laboratory.

“The First Cyclotron, Built by Ernest O.
Lawrence in 1931, UC Berkeley, March
1967, UC Berkeley Library he produced
a 4.5—inch instrument of brass and wax in
which can energy of 80,000 electron volts

was achieved with protons.


http://en.wikipedia.org/wiki/File:Ernest_Lawrence.jpg
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Single-Photon Emission
Computed Tomodraphy

Positron Emission
Tomography




PETC] &2l (Principle of PET)
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PET Imaging Agent

- [18F]FDG (2-[18F]fluoro-2-deoxy-glucose)
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Isotopes production in Korea

C-11 20.4m
Medical Cyclotron
N-13 9.96m PET
(Hospital)
F-18 1.83h PET
1-123 13.2h SPECT
1-124 4.18d PET
TI-201 3.04d SPECT
30MeV Cyclotron
Ga-67 3.26d SPECT
(KIRAMS, KAERI)
Cu-64 12.7 h PET
Ge-68 271d Generator
Ti-44 47y Generator



Conventional Positron Emitters

14N[P, CZ]”C t1/2 20 3 min

160(P, )N  t;,=9.97 min
N[d, )90  t;,=2.0 min
180(p, n)18F ty»,=109.7 min



Isotopes delivery system
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Radiometals

- Large variety of decay properties (t,,,, mode, energy)

«  Well known coordination chemistry

- Available through various production methods

« Serve to scrutinize biological processes in the order of
minutes to days

- Seamless integration of isotope pairs for theragnostic
applications (86Y/?9Y, $7Ga/%8Gaq, 445¢c/47Sc)

- Radiometals have an special place in PET imaging as

alternative to 8F, 1'C and 5 N)



Half life choose

Monoclonal antibody
Tip:1-10days

‘” F(ab’ ), fragment

Ty, 10 =20 hours
Fab fragment
Ty 1 =5 hours

ScFv
Ty 0.5 -2 hours

Peptide
Ty 0.5 =2 hours



Targeted Molecular Labeling System




Papers on Positron Emitters (2011-2014)

mF-18
mC-11
W Ga-68
m-123
w Cu-64
Zr-89

— Nuclear Medicine and Biology

— Journal of Nuclear medicine

— European Journal of Nuclear medicine & Molecular Imaging
— Journal of Labelled Compounds & Radiopharmaceuticals



High positron branching

Low positron energy, —ies

Suitable half—life

Ease and scalability of production

Established labelling chemistry &
radiopharmaceuticals

Theragnostic or pseudo—
theragnostic pair?

Radiation dose to patient
and personnel

Image resolution, radiation
dose

(De—)centralized production
in GMP cerified
radiopharmalcles

Cost of individual dose

Decrease time to market
introduction

Enable personalized
dosimetry of radionuclide
therapy

A. Tuerler (PSI, Switzerland) in EANM 2014



Selection criteria for suitable PET nuclides

PET 1 2 3 4 5 6
Nuclide % B* <Eg*> Ty Prod. Pharm.  Pair?
Iz v y v v X

96.7 % 249.8 keV 1.83 h
64Cu X \ \ X v
17.6 % 278.2 keV 12.7h 67Cu
®Ga X N v y
88.9 % 68 m 67Ga
44S¢ v \ v * v
94.3 % 3.97 h 47Sc
89Zr X \ \ v X
22.7 % 396.0 keV 78.4 h
a3y X v v v \
31.9 % 14.7 h e

*SC can be exchanged to Ga, due to very similar chemistry

A. Tuerler (PSI, Switzerland) in EANM 2014



Generators for Positron Emitter

Ge 68 (P, 2n)

270.82d <

Ga 68 Nl

67.63 m 60.108
B+

N4s  (p, 2n)

SC 44 BERIRN]
100

3.92 h
B+



Commercial Ge-68/Ga-68 generator

(IGG 100, Germany)

(iThemba LABS, SAF) (itG, Germany)
IDB (Holland)



Generator shield case

Parts Material Specification

Shield Tungsten Shield thickness Tungsten 30 mm
Case Al (Hard Anodize) Case 90 x 90 x 155

Column body PEEK Max. Activity 50 mCi
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Input space
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