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Future of Positron-Emission Tomography
in Oncology

The article by Flanagan and associates featured in the
"What's New in General Surgery" section of this issue
is timely and important.' The authors call our attention to
one of the areas of medicine that truly enjoys significant
progress-the field of imaging science. Medical imaging
technology is rapidly expanding, and the role of each
modality used in medicine today is constantly being
redefined. In clinical oncology, advances in imaging con-
tinue to provide some of our greatest progress, especially
in early detection and staging of disease. The constantly
increasing power of imaging is dramatically enhancing
the capacity to screen for early stage disease to define
accurately the true extent of the cancer and to locate early
metastatic recurrences more precisely. These advances
have significantly impacted the ability to plan appropriate
surgeries and to make crucial nonsurgical therapeutic
decisions.
Whereas conventional imaging modalities-including

dynamic (helical) computerized axial tomography and
magnetic resonance imaging-have provided ever in-
creasing sensitivity and specificity in defining the extent
of the tumor, they both depend on anatomic alterations to
detect disease. Nuclear imaging techniques, positron
emission tomography (PET), and monoclonal antibody
(mAb) scintigraphy, in contrast to computed tomography
(CT) and magnetic resonance imaging (MRI), have the
ability to detect cancer based on physiologic and bio-
chemical processes within the tumor tissues.25 Positron
emission tomography uses radioactive chemicals made
with a positron-emitting isotope. When the isotope de-
cays, a positron is emitted, collides with an electron, and
causes both particles to be annihilated. The result is a
release of two 511-keV photons that radiate outward in
opposite directions, 1800 from each other.6 The scanner
is designed to detect these photons and to determine their
point of origin. Determining the point of origin creates a
CT-like image. For example, PET images generated with
the glucose analogue 2[18F] fluoro-2-deoxy-D-glucose
(FDG) allows direct assessment of cellular glucose me-
tabolism.7 FDG enters the cell's metabolic cycle as glu-
cose does, but because FDG lacks a hydroxyl group in the
2-position, its first metabolite FDG-6-PO4 cannot un-
dergo further metabolism and it becomes trapped in the
tissue as 18FDG phosphate without further breakdown.8
Viable and rapidly dividing tumor cells have a greater
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rate of glucose metabolism than normal tissues and an
obviously greater rate than adjacent tumor cells under-
going necrosis or programmed cell death. The increased
rate of glycolysis associated with malignancy was first
described by Warburg9'10 in the 1930s and is caused, in
part, by a greater level of intracellular phosphokinases
and glucose transport proteins. FDG-PET has been
shown to detect a variety of tumor foci, including cancers
of the colon and rectum, breast, lung, head and neck, and
musculoskeletal tissues.
FDG has distinct advantages when compared with

other positron-emitting radiopharmaceuticals, which ac-
counts for its current popularity. It can be prepared in
quantities that allow study of a number of patients during
its half-life; as noted above, the fact that it is trapped in
the cell greatly simplifies its use as an imaging agent and
the longer half-life of 110 minutes provides an opportu-
nity for off-site preparation avoiding the need for an
on-site cyclotron.1' Although FDG is currently the most
used radiopharmaceutical for clinical PET in the study of
patients with cancer, '1C-methionine and fluorine-18 la-
beled tyrosine are used for experimental studies of amino
acid transport and protein synthesis, and l1C-thymidine is
used for determining tumor cell proliferation.

Positron emission tomography is not a recent discov-
ery. It has been the subject of investigation since the
early 1960s. Only recently, however, has PET imaging
begun to evolve from a research tool used to provide
detailed quantitative assessment of cerebral and myocar-
dial metabolism to a promising modality for early detec-
tion and decision making in the management of patients
with malignant tumors.2'5 The development of PET scan-
ners capable of acquiring whole-body images in reason-
able time frames, combined with full three-dimensional
image construction and the simultaneous acquisition of
both emission and transmission data, are responsible for
this renewed interest. 1'12 As a result, in clinical oncol-
ogy, PET imaging is evolving to the point where it has a
number of specific potential applications that are sum-
marized below.

1. Characterizing tumor lesions using receptor-binding
small peptides (11 In-Octreotide) and determining tu-
mor grade (brain tumors), thus establishing a nonin-
vasive diagnosis;
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2. Differentiating recurrent tumors from surgical scar,
altered postsurgical anatomy, and radiation-damaged
tissue;

3. Determining the extent and location of the tumor
when undetectable by other imaging modalities;

4. Monitoring the response of tumor to therapy by quan-
titating viable remaining tumor;

5. Measuring tissue localization, concentration and met-
abolic activity of specific anticancer agents as a rapid
method of determining efficacy.'3

There are two important advantages to functional tumor
imaging over anatomic imaging. They include the ability to
provide both rapid whole-body images and metabolic or
functional information regarding the tumor tissue. The field
of functional imaging is growing rapidly with the develop-
ment of tumor-specific and nonspecific radiopharmaceuti-
cals and new highly sophisticated imagery systems. An
example of the latter is the development of new detection
systems that combine single photon-emission CT (SPECT)
with PET as a hybrid camera system that allows coincidence
detection and photon detection by electronic collimation
from positron emitting agents such as FDG.

Although the results by Flanagan and colleagues suggest
an important role for FDG-PET in evaluating patients with
colorectal cancer who have elevated CEA and normal CT-
MRI scans, some caution is warranted.' First, the number of
patients studied (22) is small with the inherent biases of
retrospective analysis. Second, using only a 6-month cut off
for requiring CT-MRI evidence of tumor presence before
determining FDG-PET to be falsely positive is probably
insufficient based on what is known regarding the natural
history of recurrent colorectal cancer. Third, although not
specifically stated by the authors, it appears that the method
used to analyze FDG accumulation in tumors was a less
rigorous method-one that has come under some criticism.
In the less rigorous method, a standard uptake value (SUV)
is calculated by simply dividing the concentration of FDG
in the region of interest at 45 to 60 minutes after injection by
the dose injected normalized to body weight.1' This is, at
best, semiquantitative and depends heavily on time of mea-
surement. This method makes one assume that the blood-
to-tissue time-activity curves measured by PET do not vary
from patient to patient. A more rigorous calculation based
on determining the actual glucose metabolic rate remains
the preferred method.'1"4"15 Even so, the authors have re-
ported excellent rates of detection. There appear to be
reasonable explanations for false-positive FDG-PET scans,
and the authors show a respectable 89% positive-predictive
value and a 100% negative-predictive value. Although it is
unclear what constitutes the minimal amount of tumor that
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can be reliably detected by FDG-PET, the results of studies
such as the one reported by Flanagan et al. will certainly
continue the debate with investigators who tout the efficacy
of radioimmunoscintigraphy.1 A direct comparison is
clearly warranted as investigators work to define the role of
functional imaging in clinical oncology.

John E. Niederhuber, MD
Director, Comprehensive Cancer Center
University of Wisconsin-Madison
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