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1VIEKN2O QUANTITATIVE SPECT IMAGING:
From Experimental and Simulation Studies to Clinical Applications

Johns Hopkins University  Benjamin M. W. Tsui, Ph.D.

The development of quantitative SPECT imaging techniques is a major recent advance in nuclear medicine.
Compensations for image degrading factors, including collimator-detector response, attenuation, scatter and
patient motions, have been the prime focus of much research resulting in significant improvements in both quality
and quantitative accuracy of SPECT images. The development and implementation of attenuation compensation
methods requires special instrumentation for transmission CT, and accurate scatter and collimator-detector com-
pensation methods demand detailed knowledge of the non-stationary scatter and collimator-detector response
functions. These compensation methods require special image reconstruction methods.

Before implementing quantitative SPECT clinically, full understanding of the effects of image degrading factors
and evaluation of the effectiveness of their compensation methods is needed. Historically, experimental methods
have been the major tools in these studies. Increasingly more realistic physical phantoms of the brain, heart,
breast and whole-body have been developed and are available commercially. Although experimental studies
offer realistic simulation of the imaging process using radioactive materials and practical instrumentation, they
are restricted by the small number of physical phantoms, their limited resemblance with patient anatomy, and
high costs. The main advantages of simulation studies include knowledge of th¢' truth” and the ability to sepa-
rate and combine individual image degrading effects. At the same time, significant advances have been made in
tools used in simulation studies. In particular, the 4D MCAT (Mathematical CArdiac Torso) and the more recent
4D NCAT (NURBS-based CArdiac Torso) are computer-generated phantoms that provide realistic models of the
human anatomy and cardiac and respiratory motions. Sophisticated Monte Carlo methods allow accurate simula-
tion of radiation transport through the patient's body and characteristics of the collimator-detector used.
Validation of Monte Carlo simulated and experimental data has demonstrated the accuracy of the simulation
methods. The capability of generating a series of phantoms with variations in anatomical structures and physio-
logical functions further allow simulation of patient populations. As a result, simulation studies have gained
increased importance in the development of quantitative SPECT imaging.

The development and evaluation of applications of quantitative SPECT to myocardial perfusion and oncological
imaging through experimental and simulation studies will be reviewed. Clinical examples will be shared. In
myocardial perfusion SPECT, quantitative methods have significantly improved image quality and reduced image
artifacts, leading to improved clinical diagnosis as compared to conventional methods. In oncological SPECT, in
addition to significantly improved image quality, quantitative methods have provided accurate information useful
for treatment and patient management. These examples demonstrate the successful development and clinical
applications of quantitative SPECT imaging methods.
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Myocardial Perfusion PET as A Tool for Measuring Coronary Microcirculation

University-Hospital Zurich  Philipp A Kaufmann, MD

Early in the development of atherosclerosis when obstructive coronary artery disease (CAD) has not yet devel-
oped myocardial blood flow (MBF) is not regulated by epicardial coronary arteries but rather by the coronary
microcirculation, where endothelial function plays an important role. Positron emission tomography (PET) is at
present the gold standard to measure non-invasively myocardial blood flow quantitatively. We use [*O]-water to
measure MBF asits short half live allows repetitive measurements.

The antagonism between free radicals versus nitric oxide (NO) - the key coronary dilator - regulates MBF and
depends on the influence of cardiovascular risk factors (CVRF) such as dyslipidemia, smoking, etc. These CVRF
shift the balance towards free radicals inducing endothelial dysfunction by oxidative stress.

We found no correlation between total cholesterol and coronary flow reserve (CFR). However, in normocholes-
terolemic subjects the endothelial protective subfraction HDL correlated positively with CFR while in hypercho-
lesterolemic subjects LDL cholesterol subfraction correlated inversely with CFR. This suggests a pathogenetic
role for the LDL subfraction in coronary dysfunction shifting tha balance towards free radicals ( J Am Coll
Cardiol 2000;36:103-9).

This supports the clinical strategy that it is more appropriate to treat the entire lipid profile rather than to target
total cholesterol reduction alone.

In smokers we found a decreased CFR compared to controls. A 10-minutes infusion of 3 g of Vitamin C restores
coronary microcirculatory responsiveness and impaired CFR in smokers, providing evidence that the damaging
effect of smoking is at least in part accounted for by an increased oxidative stress. This oxidative stress seems
reversible at least in this acute study (Circulation;102:1233-1238).

Adenosine-induced hyperemic MBF response is only partly endothelium-dependent. To better study the endothe-
lium-dependent mechanisms we have introduced bicycle-induced hyperemic stress in PET. This is as repro-
ducible as adenosine stress (J Nucl Med 2003;44:146-154).

In hypercholesterolemic subjects exercise-induced (endothelium-dependent) hyperemic MBF response, was sig-
nificantly reduced compared to controls. After administration of tetrahydrobiopterin - a cofactor of the NO syn-
thase - this was restored to normal values (J Am Coll Cardiol 2002;39:370A).

We studied the influence of altitude exposure on MBF in healthy volunteers and in patients with CAD. At 2500
meters above sea level there is a significant decrease in exercise-induced reserve in CAD patients, as compen-
satory mechanisms are exhausted even at moderate altitudes while healthy controls have preserved reserve up to
4500 meters. CAD patients with impaired CFR should be cautious when performing physical exercise even at
moderate altitude (Circulation 2003, in press).
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2VABKN4[ THE BENEFITS OF PET/CT IN ONCOLOGY

Johns Hopkins University Richard L. Wahl, M.D.

Cancer imaging has historically been performed mainly by examination of anatomic characteristics of the cancer.
The physical examination, X-rays and CT and MRI imaging are predominantly anatomic methods which while
extremely useful, have major limitations: they display masses but provide little information about the internal
characteristics of the mass; they show lymph nodes, but don't clearly indicate whether there is tumor
involvement; they have significant challenges in detecting small tumors, are slow to respond to treatment, are
challenging to interpret in the post0 surgical state, and are not effective in predicting response to treatment. PET
is a functional method which addresses all of these issues with varying degrees of efficacy and for these reasons
has quite rapidly disseminated into clinical practice. PET has a number of limitations, however, most notably the
relatively poor quality of the anatomical information provided with a PET only scan, relatively slow speeds of
acquisition, and challenges in separating normal tissues accumulating tracers (physiological uptake), from
abnormal tracer uptake indicative of tumor. PET/CT in which a high quality PET imaging device is physically
aligned/joined with a high quality CT scanner addresses several of these issues. We have used PET/CT
in clinical practice and research since June of 2001 in several thousand patients. We and others have observed
several general points: PET/CT is faster than PET as the attenuation correction is very rapid, PET/CT is more
accurate than PET alone as there is improved lesion localization; PET/CT is quantitatively comparable to PET in
terms of the quantitative accuracy of images; and the number of* equivocal or probable” readings is reduced
using PET/CT vs. PET alone. The PET/CT methods are not without problems, however, as there can be
misregistrations due to patient motion-either voluntary or physiological-and there can be major artifacts due to
the presence of metal in the field of view. This lecture will demonstrate examples from clinical cases of our use
of PET/CT in a wide range of common illnesses and will review the rapidly emerging published literature on this
technology. Specific details relating to the opportunities and pitfalls related to i.v. and oral contrast use will be
reviewed. At present, PET/CT devices represent the majority of new PET scanner sales worldwide. This
unprecedented sea change in use of technology will result in new demands and challengesdas well as
new opportunitiesC in image interpretation and generation. These challenges and the considerable opportunities
will also be reviewed in this overview lecture.
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MS2[] Antisense Targeting in Nuclear Medicine of Gene Expression in Cell Culture

University of Massachusetts Medical School Donald. J. Hnatowich, Ph.D.

Molecular imaging in nuclear medicine is often viewed as synonymous with gene expres-
sion imaging. In turn, nuclear medicine approaches to gene expression imaging may be
considered to be limited to imaging of reporter genes and to imaging of mMRNA expression
through antisense targeting. This presentation will be restricted to the latter and will pro-
vide an overview of recent experiences, primarily from this laboratory, in cell culture stud-
ies of antisense targeting. We have now observed in cell culture a statistically significant
increased accumulation of radioactivity when added bound to antisense oligomers compared
to sense, scrambled or random control oligomers using two radiolabels (*S and *"Tc),
against four mRNA targets (Rla, c-myc, survivin and MDR1), in eight different cell lines
(LS174T, ACHN, KB-G2, KB-31, TCO-1, MDA-MB-231, A431 and Hep-G2) with three
different oligomer chemical forms (phosphorothioate DNA, phosphorodiamidate morpholi-
no and locked nucleic acid) and with and without cationic peptides and liposomes as carri-
ers. We have shown in four cell lines (ACHN, KB-G2, KB-31 and TCO-1) and two mRNA
targets (Rla and MDR1) that this increased accumulation can be reduced or eliminated by
increasing the antisense DNA concentration. Finally, using an in situ primer extension
method, we have obtained the first direct evidence for the binding of an antisense DNA to
its target mRNA in live cells. It is no longer possible to argue that these results are best
explained by anything other than antisense targeting. We have recently shown remarkable
accumulation in cell culture (50% in 20 hrs) of a naked 99mTc-labeled PS-DNA against the
MDR1 mRNA controlling Pgp expression in a transfected human oral epithelial carcinomal
cell line (KB-G2) while similar but less dramatic accumulations have been seen consistent-
ly. That these accumulation corresponded to 105 to 107 antisense DNAs accumulating
specifically (i.e. antisense DNAs minus control DNAS) in each cell is especially remarkable
and corresponds to an increase in concentration of antisense oligomers from nM in the
media to mM concentration in the cytoplasm. We are now especially confident that anti-
sense imaging is feasible once the proper combination of variable has been identified.
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MS30 Gene Expression Imaging with Radiolabeled Ligands

University of Alabama at Birmingham Donald J. Buchsbaum, Ph.D.

The fields of radioimmunodetection (RID) and radioimmunotherapy (RIT) began with an
initial paradigm that a targeting molecule (e.g. antibody) carrying a radioisotope had the
potential of selectively imaging and delivering a therapeutic dose of radiation to tumor sites.
A second paradigm was developed in which injection of the targeting molecule was separat-
ed from injection of a short-lived radioisotope-labeled ligand (so-called pre-targeting strate-
gy). This strategy has improved radioisotope delivery to tumors in animal models,
enhanced radioimmune imaging in man, and therapeutic trials are in early phase. We pro-
posed a third paradigm to achieve radioisotopic localization at tumor sites by inducing
tumor cells to synthesize a membrane expressed receptor with a high affinity for infused
radiolabeled ligands. The use of gene transfer technology to induce expression of high
affinity membrane receptors can enhance the specificity of radioligand localization while
the use of radioisotopes with the ability to deliver radiation damage across several cell
diameters will compensate for less than perfect transduction efficiency. This approach was
termed "Genetic Radioisotope Targeting Strategy.” Employing this strategy, induction of
high levels of gastrin releasing peptide receptor (GRPr) or human somatostatin receptor
subtype 2 (hSSTr2) expression and selective tumor uptake of radiolabeled peptides was
achieved. The advantages of the genetic transduction approach are: (1) constitutive expres-
sion of a tumor-associated antigen/receptor is not required; (2) tumor cells are altered to
express a new target receptor or increased quantities of an existing receptor at levels which
may significantly improve tumor targeting of radiolabeled ligands compared to normal tis-
sues; (3) gene transfer can be effected by intratumoral or regional injection of gene vectors;
and (4) it is feasible to target adenovirus vectors to receptors overexpressed on tumor cells
by modifying adenoviral tropism (binding) such that the virus will be specifically targeted
to the desired tumor. Our studies demonstrate that genetic induction of hSSTr2 results in
tumor localization of radiolabeled peptides at a level sufficient to produce therapeutic
effects. Development of new ligands (minibody and diabodies) against hSSTr2 and mutant
forms of hSSTr2 offer the potential for greater and more specific tumor uptake and thus
improved sensitivity of detection and greater therapeutic efficacy. Other approaches that
are under active investigation include gene transfer of the type-2 dopamine receptor
expressed on the tumor cell surface detected by PET using a radiolabeled antagonist or her-
pes simples virus TK gene transfer detected by gamma camera or PET imaging with radio-
labeled substrates trapped intracellularly after phosphorylation by the kinase. Gene transfer
of the sodium iodide symporter has also been used for imaging and therapy. Clinical stud-
ies are needed to determine the most promising approach.
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