Application of
Physicgo Medicine

Piergiorgio Cerello )
cerello@to.infn.it i o

A..

Danube School on Instrumentation in Elementary Particle & Nuclear Phy:
University of Novi Sad, Serbia, Septembes18®h, 2014



' ey mr-/r?
Nuclear Physics for Medicine ..

NuPECQ014 R—

Nuclear Physics for Medicine

Medical Imaging



- )
Overview o

O browse the developments in Medical Physics applications?
O select some examples and try and give some insight

44 Radioisotopes
R .
-.-L':} PET Imaging

Innovative PET detectors

Hybrid imaging technologies (PET/MRI/EEG)

PET detectors application in particle therapy monitoring

E Nanotechnologies + particle therapy

_ & | Image Processing



Medical Imaging



M e d I C al I m ag I n g s

Physics and Medicine have been
tightly bound by Medical Imaging
technologies for more than a

centuryé
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X-rays!!! (Roentgen, 1895)



Medical Imaging

X-rays are absorbed by the target (i.e.,
the human body)

Absorption is related to the density via the
Lambert-Beer law

I(z) = 1(0) exp(-€ {)z)
} =4(2)
By measuring |, € can be evaluated!
And the body local density, with an

amazing resolutioné

W
L e ttakesa look at a CT scané NOT #OR MEDICAL USAGE
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Medical Imaging

Spatial Resolution: ~ 100 em
Time Resolution: irrelevant

Energy Resolution: irrelevant

IS morphological information enough
for diagnosis, staging, follow-up of a
disease?

. .\‘b‘

'NOT FOR MEDICAL USAGE

R SR

‘L\
. f‘_”
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Physics and Medicine have been
tightly bound by Medical Imaging
technologies for more than a

centuryé
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= Receptor Radionuclide
Immunology Coordination Nuclear physics
Structural biology chemistry and

radiochemistry

Should the peptide/antibody be specific or not?
|t depends on the targeté
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Nuclear Imaging: Ingredients®....

1) a radioisotope bound to
WT dzy O eNBA VS tyal Q

the emitted particle must be
(in)directly detected

2) a detector

generates information about energy,
position, time of the interaction

Nuclear Imaging 3) Reconstruction software

. . '
Is functional! provides a 2D/3D activity map
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Functional Imaging: Modalitieg’*....

Positron Emission Tomography
(PET)

Single Photon Emission Computed
Tomography (SPECT)

Computed Tomography Perfusion
Imaging (CT)

Functional Magnetic Resonance
Imaging (fMRI)




1) Ao emitting isotope bound to
Of unctrieodlneaviadnyt 6 m

the emitted photon must be in the
70 -300 keV energy range

2) a photon detector

gamma camera + collimator

3) Reconstruction software

‘ﬁ' b NP,‘ \‘{;

Y provides a 2D/3D activity map

123 P
I-¢-Methyltyrosin SPECT MRI (T2-weighted) e




Gamma camera
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2D: planar scan 3D: SPECT: Single Photon Emission
Computer Tomography

E,> 70 keV
absorption in body
E, <300 keV

efficient collimation
and detection
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@& decay

Beta-minus Decay

Annihilation
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Carbon-14 HNitrogen-14
% B_ Antineutrino Electron
& protons 7 protons
& neutrons 7 neutrons
/ Beta-plus Decay
Carhon-10 Boron-10
B+ Neutrino Fositron
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& protons 3 protons
o neutrons

K"r neutrons
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PET Imaging: Ingredientst ==

l)ab+ decayi nlgound:
t o O0f unrcali eewan tlo

the emitted e+ annihilates (almost
at rest) close to the emission point
into a (nearly) back-to-back 511
keV photon pair

2) a photon detector (typically a
crystal)

generates a list of Lines Of
Response (LOR)

3) Reconstruction software

provides a 3D activity map
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SPECT/PET Imaging: Operatiéns-

0) Choose Radiotracer

1) Synthesize Radiotracer
2) Inject Radiotracer

3) Wait (about 60 min)

4) Scan patient

How do you select and
produce a Radiotracer?



Radlolisotopes
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e the fuel o f Nucl ear

What is the optimum isotope for an application ?
Are we using today the optimum isotopes?

Is there sufficient supply of isotopes at
reasonable cost?

How reliable is the isotope supply ?



Radioisotopes i

more than 3000 known radi ol sc

half-life i
decay properties e
chemical properties e
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SPECT Radioisotopesemitters ¢ ==
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Most common clinical
Technetium-99m [?°MT(] 6 hours 140.5 SPECT isotope; bone
imaging
lodine-123 [123]] 13.2 hours 159.0 Neuro-Imaging
Indium-111 [111In] 2.8 days 171.3, 245.4 Biodistribution
Gallium-67 [67Ga] 3.3 days 93.3,184.6,300  ''ansiatable to [68Ga]
PET radiotracer
Lutetium-177 [177Lu] 6.73 days 113, 210 Radiotherapy
Thallium-201 [2°017]] 12.23 days 135, 167 Cardiac Imaging
Tin-117m [L17msp] 14 days 158.6 Long term
Biodistribution
lodine-125 [125]] 59 days 27 to 32 lodination




Radioisotopes supply chain ..
The traditional supply chain of **Mo/**™Tc

®Mo Mo/*"Tc

“bulk” generators
liquid Hospitals
—.  Pharmacies
Generator _

Manufacture

= | *Mo/"Tc

Reactor Mo-99 Tc-99m Generator
Extraction Purification Manufacturer

BR2 Reactor ><'
Belgium —
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AFARI Reactor
S. Africa S. Africa
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PET Isotope Half Life Common Applications
Fluorine-18 [8F] 1.8 hours FLT, FDG
Short term tracking of small
12.7 hours molecules and peptides; imaging
Copper -64 [°4C ’
PP [>Cu] of disease state adn efficacy
using targeted biologics
Analog of [90Y] radiotherapy
Yttrium-86 [8°Y] 14.7 hours isotope that can be used for
imaging studies
Cobalt-55 [55Co] 17.5 hours CharacterlzatlorT of tissue infarct
regions
i 124 4.2 days L : :
lodine-124 [*<°l] lodination labeling of proteins
3.27 days

Zirconium-89 [89Zr]

Biodistribution
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Therapy with Radioisotopes & ==

Not only imaging!

!arget

-\
Receptor Radionuclide
Immunology Coordination Nuclear physics
Structural biology chemistry and

radiochemistry

A the peptide/antibody MUST be VERY specific
A half-life: delivery and washout
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Tumor therapy comparison & ==




