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Mini review

Positron emission tomography (PET) [1] scanning, a functional
imaging technique, is playing a more and more important role in
modern medical science compared to the conventional anatomy
imaging technologies such as X-ray and computed tomography (CT),
ultrasound, and magnetic resonance imaging (MRI). Though with the
help of modern computer technology, the CT, MRI, and ultrasound
have begun to be used for functional imaging, the PET scan still has
advantages over other imaging modalities.

In the late 1950s, David E. Kuhlet et al., introduced the concept of
emission and transmission tomography. Later, their work led to the
design and construction of several tomographic instruments at the
University of Pennsylvania. Tomographic imaging techniques were
further developed by Michel Ter-Pogossian et al. at Washington
University School of Medicine [2-3].

The PET system detects pairs of gamma rays emitted indirectly by a
positron-emitting radionuclide, which is introduced into the body on
a biologically active molecule. In the early stages, there was only a PET
detector in the system, which could not accurately locate the site of the
foci in the body. In order to address this pitfall of the PET scanner, the
combined PET-CTsystem was developed. This scanner could
accomplish a CT X-ray scan and a PET scan on the patient during the
same session, in the same machine. This combined PET-CT scanner
could give both anatomic and metabolic information about a lesion,
which greatly increased the accuracy rate of diagnoses of the
radiologist.

At present, the radionuclides used in PET scanning are short half-
life radionuclides, such as carbon-11 (~20 min), nitrogen-13 (~10
min), oxygen-15 (~2 min), fluorine-18 (~110 min), gallium-68 (~67
min), or rubidium-82(~1.27 min). These radionuclides are
incorporated either into compounds normally used by the body such
as glucose (or glucose analogues), water, or ammonia, or into
molecules that bind to receptors or other sites of drug action, called
radiotracers.

PET-CT is used heavily in clinical oncology for the primary
diagnosis and staging, evaluation of the treatment effect, restaging
after treatment, and surveillance of early recurrence. PET is also an
important research tool to map normal human brain and heart
function, and to support drug development.

PET imaging in oncology
PET-CT imaging has been widely used in oncology. The most

widely used tracer for PET-CT scans is fluorine-18 (F-18)
fluorodeoxyglucose (FDG), called FDGPET-CT. This tracer is a
glucose analog that is taken up by glucose-using cells and
phosphorylated by hexokinase (whose mitochondrial form is greatly

elevated in rapidly growing malignant tumors). Many evidences have
shown that FDG-PET can be used for diagnosis, staging, and
monitoring the treatment of cancers, particularly in Hodgkin's
lymphoma, Non-Hodgkin’s lymphoma [4], lung cancer [5], and other
solid tumors [4]. The most useful application of FDG PET-CT for
cancer patients is could detect recurrence, especially in asymptomatic
patients with rising tumor marker levels and those with negative or
equivocal conventional imaging findings [6].

A few other isotopes and radiotracers are slowly being introduced
into oncology for specific purposes. For example, [11C] Metomidate
has been used to detect tumors of adrenocortical origin [7].

PET neuro-imaging
PET imaging is also used for some brain diseases, because brain

tumors, strokes, and neuron-damaging diseases which cause dementia
(such as Alzheimer's disease) all cause great changes in brain
metabolism, which in turn causes easily detectable changes in PET
scans. For example, it is useful in early cases of Alzheimer's disease [8],
where the early damage makes too little difference in brain volume and
gross structure to change CT and standard MRI images enough to be
able to reliably differentiate it from the "normal" area in brain.

PET imaging in cardiology
Now there are a number of tracers for PET scanning to assess

myocardial viability. F-18 FDG is the tracer almost universally
employed for clinical purposes. A study showed that FDG PET could
predict improvement in left ventricular (LV) function. Its positive
predictive value in this study was 86%, negative predictive value
was100%, and accuracy was 90% [9].

PET imaging in infectious diseases
PET has been widely used clinically to image bacterial infections by

using FDG to identify the infection-associated inflammatory response.
Recently, three different PET contrast agents have been developed to
image bacterial infections in vivo: [18F] maltose [10], [18F]
maltohexaose, and [18F] 2-fluorodeoxysorbitol (FDS) [11]. FDS also
has the added benefit of being able to target only Enterobacteriaceae.

PET/MR is on the way
MRI is an innovative technique in the diagnostic imaging field. It

can provide images of the body in many different planes, and
represents an extraordinary addition to our diagnostic tools. MRI is
particularly useful for the scanning and detection of abnormalities in
soft tissue structures in the body, like cartilage and soft organs like the
brain or heart. There is no involvement of any kind of radiation in
MRI, so it is safe for people who can be vulnerable to the effects of
radiation such as pregnant women or babies. Therefore, the
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combination of PET and MR imaging systems is the long lasting
dream of many scientists. This will form a powerful new imaging
modality.

Hans F. Wehrl [12] wrote that PET-MR technology is becoming
more and more mature. It has great potential in preclinical and clinical
research. For animal research, he predicted that PET-MR will replace
combined PET-CT in the near future because of its inherent strengths
such as soft-tissue contrast, multifunctional imaging capabilities, and
the lack of ionizing radiation.

PET imaging in pharmacokinetics
In preclinical trials, PET imaging could facilitate the process of new

drug design and biodistribution studies in animals, since it does not
require dissecting the animals to discover the same information. The
data from PET studies is easily interpreted in pharmacological terms
and can be readily incorporated into the drug development process.
This PET-derived information is so informative that it can be used to
make go/no-go decisions, and has therefore become a routine
investigational technique considered by pharma and biotech in
developing central nervous system (CNS) therapeutics [13]. Due to the
advent of PET imaging technology, a pharmacological company could
save a large quantity of money and time. However, the lack of specific
radioligands for many diseases still remains a large challenge for PET
molecular imaging, both for academic research into understanding
disease and for application to drug development.

The side effect of PET imaging
Up to date, there are no significantly known side effects to having a

PET scan performed sine this imaging technology has been used
clinically, which is very similar to a regular injection. The main issue of
PET scan to worry about for the patients is the radiation exposure of
the radiotracer, such as 18F-2-fluoro-2-deoxy-D-glucose (FDG).
Actually, the dose of radiation of PET scan is similar to one time X-ray
chest examination. So this is not a big issue for PET imaging.

In conclusion, PET-CT and PET-MR are playing more and more
important roles in preclinical and clinical studies, and in patient
diagnosis and treatment.
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