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Diagnostic Medicine: Past

Rembrandt - anatomy lesson b
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How can we probe the human
body without a knife?
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Basics of Nuclear Medicine

* Nuclear medicine encompasses most of the
medical uses of radioactive substances

— diagnostic tests
— imaging studies
— therapy for certain diseases
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Radiotracers

e A substance thatis radioactive used as a
tracer.

* The radioactivity makes it possible to
determine where it is and how much is
present, an extremely sensitive tool.
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‘racer Principle

wlracer behaves in a similar way to the
components of the system to l@obed

wlracer does not alter the system in any
measurable fashion.

wlracer concentration can be measured.
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The first tracer experiment?

* George de Hevesy was a pioneer

in radiochemistry

 While in Manchester in the early 1910’s Worklng with
Rutherford, he suspected his [andlady was serving
recycled food
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Sunday night roast Wednesday hash
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Radiopharmaceuticals

* Aradiopharmaceutical is a drug labeled with a
radionuclide to image a biological process

— the overall chemical structure determines
biological properties

— the radionuclide determines imaging properties

D-glucose 2-[18F]fluoro-2-deoxyD-glucose
(FDG)
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Nuclear Imaging

SPECTSIngle Photon Emission
Computed Tomography

PET Positron Emission Tomography
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In planar imaging, the
camera records an image
from one perspective
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In SPECT imaging, the camera rotates
around the patient, recording multipl
Images that are then reconstructed
Into a threedimensional data set by
computer
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Gamma camera imaging

Gamma cameras are used for planar and SPECT imaging
IMTeradiopharmaceuticals are imaged with gamma cameras
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Tc - Backgroud

* Tc discovered in 1937 by Perrier and Segre, who
separated it from a Mo deflector plate after years of
deuteron irradiation in the Berkeley cyclotron

* 17 known isotopes of Tc - all radioactive

® 9mTc (T,,, = 6.03 h) is most widely used in Nuclear Medicine
- discovered in 1938 by Seaborg and Segré

* 9Tc (T, =2.1x10°y) is produced by U fission; used to
establish chemistry of the element under conventional
chemical concentrations
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Radionuclide Generator

T1/2 Tl/2

Daughter

Parent

A device that separates a daughter radionuclide from a parent

radionuclide
w Typically a chromatographic separation based on the

different chemical properties of the parent and daughter

radionuclides
w The daughter radionuclide is the desired radionuclide usec

for nuclear medicine applications
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Mo Decay
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Mo-99
Tc99m

Tc99m (milked)
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PMo/??"Tc Generator

A Comments on patent application of Green, Richards and Tucker in 1958
for ®*Mo/?°"Tc generator:
A AWhile this method is probably novel, it appears the product will probably be

used mostly for experimental purposes in the laboratory. On this basis no
further patent action I s believed wa

AﬁWe are not awar e o fPTac ép oWee nwtoiuad |d mnaerc
against filingeo Research Corporat.

A First injection of *™TcO," into a human was made in 1961, following
development of the BNL generator

A By 1970, it was estimated that more than 2000 daily diagnostic
procedures were carried out in the U.S.

A By 1985 market for °°*MTc was >$30 million

A Diagnostic radiopharmaceutical market was $1.69 billion in 2005 ($259
million for FDG)
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Example: Skeletal imaging

Used to detect osseous metastases,
fractures and infection

Often called a bone scan

Common radiopharmaceuticals:

— PmMTec-MDP binds to calcium matrix

— 8F-fluoride can be used for PET skeletal
Imaging

Non-specific marker of increased bone
matrix turnover
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Normal 2°"Tc-NMDP bone scan

Images acquired about 3 hours after injection

Lapi, NNPSS, July 2012



98 year old man with prostate cancer
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Looming Isotope Shortage Has Clinicians Worried

By Michael Smith, North American Correspondent, MedPage Today
Published: February 16, 2010

Medical |sotope shortage reduces tests

Last Updated: Wednesday, June 16, 20 8 FMET CBC

Isotope shortage to get worse with closing of
more reactors

GLORIA GALLOWAY
Ottawa— From Thursday's Globe and Mail
Published Wednesday, Feb. 17, 2010 10:57PM EST

Worldwide Shortage of Isotopes for Medical Imaging Could Threaten
Quality of Patient Care

ScienceDaily (Aug. 22, 2010) — Twenty million Ads by Google
medical scans and treatments are done each year

that require radioactive isotopes and scientists are

now describing a global shortage of these life-

saving materials that could jeopardize patient care

and drive-up health care costs.

&2 Washington
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9m Tc Availability Issues:
“The Isotope Crisis”

« Tc-99m is most widely used radionuclide for nuclear medicine
procedures in the world and accounts for >80% of all procedures

« Many radiopharmaceuticals to assess
— Cardiac function
— Blood flow
— Bone metastases

« Half life & chemical properties of M0-99 and Tc-99m are exploited
to separate them in generator

— Mo0-99/Tc-99m generator invented at Brookhaven National
Laboratory

— Mo-99 half life is 66 hours, Tc-99m has a half life of 6 hours

« (Generators sent around the world
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The simplicity of
the °°Mo/°®"Tc generator

&4 Washington
iversity in St.Louis
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Where does the 2°Mo come from?
- Fission

Reactor In-service date Target uranium

enrichment type

NRU 1957 HEU
(Canada)
BR2 1961 HEU
(Belgium)
HFR 1963 HEU
(NEQEERE))
SAFARI 1965 HEU

(South Africa)

Notes:

AOther smaller suppliers: RA-3 (Argentina) is a domestic supplier and OSIRIS
(France) provides some back-up to BR2 and HFR.

AOPAL (Australia): commissioned in 2008, in early stages of operation.
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Issues

« Chemistry is performed on targets resulting in
a Mo-99 solution

« Solution shipped to companies for purification
and placement into column

« Mo-99 is eluted (extracted with a solvent)
from the column

* Produced eluate is conditioned and °°Mo re-
extracted

« Meeting US demand requires about 34,000—
46,000 Curies/week at the reactor
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Other Issues

« US production was halted in 1989

— Foreign subsidies were claimed to be the cause
for lower costs abroad

— Deemed “not worth it” to continue in US

« US demand shared by Canada + The
Netherlands

« HEU has significant security issues; future will
likely require use of something else

e Stay tuned....
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Positron Emission Tomography (PET)

PET imaging is a very sensitive tool
capable of providing quantitative
information about biochemical and
physiological processes in a non-
Invasive manner.
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Principles of
Positron Emission Tomography (PET)

cBased on traceprinciple

ulracer labeled with positron emitting
radioisotope

wPositrondecay

cCoincidence detection of annihilation
radiation
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Principles of PET Imaging

‘WM Positroremitting isotopes produced on
‘&P« cyclotrons or generators

| Injection of a tracer compound labeled
with a positroremitting radionuclide

Positron

’q EMitting 511 kev
‘. Isotope mrﬁ . . . -
‘@5‘? SammaR®y The radionuclide in the radiotracer decay
v R and the resulting positrons subsequently
Positron

annihilate on contact with electrons after
® Becton  traveling a short distance (~110 mm)

511 keV . .

Gamma Ray within the bOdy
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