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So, in this section, we want to discuss some applications, primarily
oncology and neuroscience, of the positron emission tomography, but
first, I want to start out with typical PET tracers. At the end of this
section, I'll give a brief overview of the x-ray imaging techniques that
we're treating in this course. So, let's look at cancer. We have a tracer
that's fluoroethyltyrosine, fluorinating. It is used as a marker of amino
acid transport. We have deoxyfluorothymidine, which is used as a
marker of proliferation, that is, cell growth. We have
fluoromisonidazole, FMISO, a tracer for hypoxia. Then we have C11-
methionine, that is amino acid transport and metabolism, and oxygen-
15, for blood flow, and finally, fluorodeoxyglucose for glucose
metabolism. So these are some of the tracers that are used in oncology.
Here's a comparison of two scans. We have FDG. On the left, the brain
has high uptake. We have the bladder here, and here is FLT
fluorothymidine proliferation. We see some spots here, so they clearly
trace different mechanisms in the body. Here is the fluorothymidine
molecule, fluorine is here, and the fluorodeoxyglucose, the fluorine is
here.
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Some of the tracers are also used in neuroscience, so brain research or
brain applications. These are are methionine, water, and
fluorodeoxyglucose. We also have fluorodopa, that's obviously for pre-
synaptic dopaminergic function. We have O15-butanol, as a blood flow
marker. We have flumazenil, for benzodiazepine receptor mapping. This
is C11, and here are now some examples of the brain. This is the NFDG
scan, fluorodeoxyglucose, and here we have an O15 water scan. We can
see that the resolution is quite better with the FDG scan than with the
O15 water, and the reason is-- part of the reason has to do with the fact
that the mean free path length, or the positron range of oxygen-15
positrons, is longer than those of the fluorine positrons.
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Now, some examples from neuroscience. If we take the color-coded raw
image of the brain here, this is what it looks like, and then typically it's
pseudo-colored, so we have the red and yellow provides high activity;
green, blue, low activity. In a normal subject, here, the uptake would
look like this. This is deoxyglucose, it's glucose metabolism in the brain,
and here, in a patient with Alzheimer's, one can see that in the back of
the head, there is reduced glucose metabolism, consistent with the
degeneration of the nervous system. Until the early '90s, positron
emission tomography was pretty much-- not the only, but it was the
major technique by which one was able to look at how the brain
responds to certain mental tasks. So, what is done here is measuring the
uptake of glucose, when you look, listen, think, remember or use your
working memory, and you can clearly see the uptake of the glucose is
different in the different brain regions, depending on the task. This has--
since the early '90s, has been replaced by functional MRI, which we will
discuss as part of the MRI techniques in the second part of this course.
Here's an example of a rodent brain.

Notes

Summary

2m
 4

4s

6. Positron emission tomography (PET) - imaging anti-matter annihilation 4 of 15

3

https://mediaspace.epfl.ch/media/0_xvlvkw76?st=164


We have the rodent brain; at the front, we have the olfactory bulb, so
this is cut through the olfactory bulb. We have the cerebellum and the
cerebrum here, and one particular feature of rodents is the Harderian
glands, which take up glucose very highly, and they produce an uptake
that's very strong. They're not part of the brain, but they have a strong
uptake. Here's an example of a measurement of metabolism using PET,
and this is an animal model of administration of cocaine-- self-
administration. These are some examples of PET in neuroscience.
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Now, here I want to take a clinical example, and this is a stomach
carcinoma. We have the CT scan here, before chemotherapy treatment.
The arrows delineate where the lesion is-- the tumor is, and the PET
scan gives us here a high uptake indicative of neoplastic cancerous
tissue. The subject is then subjected to chemotherapy, and on day 14, the
subject here is measured again with PET, and this high-uptake region is
gone. So, in this study, one has classified the subject as a responder, and
what one finds three months after the chemotherapy-- that the lesion is
gone and the treatment was successful. Conversely, here we have
another subject, again, with a stomach carcinoma. High uptake of
deoxyglucose, and 14 days after the therapy started, the uptake is still
there. Prediction was that this subject is a non-responder, and indeed,
the carcinoma has stayed in place and not responded to the therapy.
Now, ideally, this is-- and I like this example a lot, because it illustrates
one of the hopes and dreams of biomedical imaging. Chemotherapy, as
you may know, is not a nice treatment. It has a lot of side effects and it
is very unpleasant.

Notes

Summary

4m
 5

3s

6. Positron emission tomography (PET) - imaging anti-matter annihilation 6 of 15

5

https://mediaspace.epfl.ch/media/0_xvlvkw76?st=293


Ideally, we don't want to a few months later find out that we have been
undergoing this harsh treatment and our tumor has not responded to the
therapy. If indeed we can very early determine, with an imaging
technique, "Yes, this therapy is... The tumor is most likely responding to
the therapy," and will go away with the therapy, then we can basically,
here, for this patient make the decision after two weeks, we'll have to
take another approach to therapy if one is available, be it another
chemotherapeutic agent, be it another way of treatment, to get this
tumor to go away.
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Now, I mentioned that FDG PET is the most ubiquitous clinical use of
positron emission tomography. And so, I want to give some examples
where FDG PET was used. This is a whole-body image of deoxyglucose
uptake. We have the brain here. We have the kidneys, they're lighting
up, and we have the bladder, obviously the deoxyglucose is at some
point being secreted into the bladder. This is a normal subject, and if
you look at a malignant lymphoma, this unfortunate subject has uptake
of FDG all over the body, consistent with multiple metastases in his or
her body. So, this ability to detect cancer in the body, to determine how
many metastases the primary tumor has formed, is among the many
reasons, but is a major reason, why PET has become such an important
clinical modality in practice. Here's an example of an animal model. We
have FHBG. This is imaging of gene expression. We have proliferation
with FLT, and we have FDG glucose uptake. This is a tumor without
treatment here, and here we have a tumor with treatment, with, actually,
gene therapy. An example here is a CT scan, again of a rodent. We have
the CT scan, and then, the cut through the body here gives us the uptake
of the FDG into the body in these chimeric mice, and these are another
set of mice, also, here.
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The ability of biomedical imaging to provide us with information of
what is happening with the animal with the gene therapy, or with the
therapy, et cetera-- and one has to consider that the generation of genetic
animal models is relatively costly-- so the ability to take an animal,
subject it to biomedical imaging repetitively, and thereby obtain good
measures of the evolution of the disease or whatever we are looking at,
allows us to reduce the number of animals that need to be produced, and
also reduce the number of animals for animal research. This concludes
the examples for positron emission tomography.
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Now, in this section, at the last, I want to provide a rough overview of
the x-ray imaging modalities that we've discussed. We have primarily
discussed CT, SPECT, and PET, and they share a few things in common.
They do a measurement of a signal integrated along the line of
incidence. This provides us mathematically with a Radon transform.
They are a bit different in how they do it. In computed tomography, it's
the attenuated incident x-ray beam. What is important to define the
Radon transform is that we have the directionality of the x-ray, so, the
direction of the beam is given by the x-ray source. Source and detector
location, that defines the directionality of the photon. For SPECT, single
photon emission computed tomography, we're measuring a single
photon that's being emitted from a nucleus, and here, to determine the x-
ray direction, one needs to use collimation, brute force collimation. For
positron emission tomography, one measures the annihilation photon
pair, so, the directionality of the photons is given by electronic
collimation; that is, the coincidence-- simultaneous-- detection of two
photons in two different detectors.
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We have to apply to the measure Radon transform corrections-- either
corrections for scatter, for attenuation, et cetera. And then, one can use,
since we have the Radon transform, one can use back-projection or
central slice theorem, and finally, obtain an image. And here, what's
important is, the minute we can write the process of detecting the signal
as a Radon transform, we know we have the algorithm in place-- that is,
back-projection-- that allows us to reconstruct an image. So, let's
summarize here. The projection encoding is defined by the incident x-
ray. One does use collimation to reduce scatter. For SPECT, we need a
collimate, that's essential, there's no other way we can establish the
directionality of the x-ray, and for PET, it is coincidence detection that
does the projection encoding, or as it's also called, electronic
collimation. To give you an idea what the spatial resolution is, spatial
resolution is on the order of hundreds of microns in humans to
millimeters for CT. For SPECT, we have around a centimeter, and
around four to five millimeters for PET at the center.
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If we are looking at a micro-CT, micro-SPECT or micro-PET, small
animal scanner, we're on the order of micrometers for CT, a few
millimeters for SPECT, and we can get down to a millimeter-- that is the
theoretical positron range for PET. Attenuation in CT is the
measurement variable. What here is important that the attenuation varies
with photon energy. In SPECT, the attenuation requires a complex
correction, which also varies with photon energy, and for PET, we can
do an accurate correction with, for example, the transmission method.
What are the radionuclides in CT? We do not use radionuclides that we
administer, so, it is the absorption of the x-ray in the body that we are
measuring, but we can administer so-called contrast agents. Those are
compounds that modify the linear attenuation coefficient of the tissue
where they are, so they are... but they are not strictly-sense
radionuclides, although they have similar properties as the tracers that
are being used for the other techniques. For SPECT, essentially any
single-photon emitter that are typically between 60 and 200
kiloelectron-volts can be used, and for positron emission tomography,
we are obviously limited to nuclei that emit the positrons, so we are
only able to image positron emitters.
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So, we have a wider choice of radionuclides with SPECT than with
PET, but with PET we have a higher sensitivity, as we have coincidence
detection. In terms of cost of the techniques, the cost increases to the
right, for the instrumentation-- for pure purchase of the scanner,
increases to the right. In particular, since PET nowadays is only sold as
PET-CT.
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So, this concludes the section on x-ray imaging techniques. These are
the major techniques that we have discussed. Next week, we will
discuss how we analyze radio tracer data that we've obtained with either
contrast agents or with x-ray emitting tracers in the body.
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