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The Clinical Impact of a High Resolution PET/CT Scanner

David W. Townsend, Ph.D.

Department of Medicine, University of Tennessee

In treatment of malignant disease, early detection
offers the best chance of a favorable prognosis. The
anatomical identification of lesions by Computed To-
mography (CT) has often been used for a differential
diagnosis. However, by the time the malignancy has
grown enough to be positive on CT, the disease may
have entered a stage where successful treatment is either
difficult or impossible. As the formation of a tumor can
be metabolic or physiologic change, functional imaging
can often provide earlier detection than CT alone.

Positron Emission Tomography (PET) and '*F-
fluoro-deoxyglucose (FDG) has become widely used for
diagnosis and staging of malignancies. State-of-the-art

PET scanners offer high sensitivity and good spatial

resolution, but there is a limit to the smallest volume of
cancer cells that can be detected. This is based on the
performance of the PET scanner and tracer uptake by
the cancer cells. Thus, the resolution and sensitivity of
the PET scanner is essential in accurate staging.

Fusion imaging with CT and PET offers the best of
both worlds. The introduction of the high resolution
biograph 16 PET/CT (spatial resolution ~ 4 mm) is hav-
ing a significant impact on early diagnosis and staging
of malignant disease, identifying and localizing tumor
cells below 10 mm in size that might be read as negative
on CT. This presentation assesses the clinical impact of

the new high resolution PET/CT.
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Current Status and Future Applications of PET/CT

Johannes Czernin, M.D.
Professor of Molecular and Medical Pharmacology
Chief, Ahmanson Biological Imaging Division
David Geffen School of medicine at UCLA

PET/CT technology is advancing at a breath taking
pace. The demands for devices consisting of “state of
the art” PET and CT systems that allow for high patient
throughput need to be met. Among the most exciting de-
velopments is the introduction of the LSO (lutetium
oxy-ortho-silicate) detector technology into PET/CT.
LSO has a higher light output than the conventional
BGO detectors and a shorter scintillation decay time re-
sulting in markedly improved count rate capabilities
while the physical detector properties of BGO are main-
tained. Thus, standard FDG doses can be injected and
images can be acquired in the 3D mode resulting in im-
proved spatial resolution. This allows to completing
PET/CT studies in less than 15 minutes. 3-D image ac-
quisition is however associated with high photon scatter
fractions. This is especially relevant in obese patients.
Thus, appropriate corrections for photon scatter are
mandatory.

To exploit the advantages of the LSO detector tech-
nology a weight-based imaging protocol has been devel-
oped that allows for very short PET imaging sequences
in patients weighing less than 60 kg. The protocol has
been validated in more than 50 and has been applied to
more than 3000 patients. The results indicate that fast
PET imaging protocols yield the same diagnostic infor-
mation as longer PET emission protocols. Recently,

contrast PET/CT studies have been introduced in our

clinic providing “State of the Art” CT image quality.
Multi-slice CT scanners have been introduced providing
further improvements in anatomical imaging and allow
for assessing the entire spectrum of cardiac perfusion
and function. These multidetector systems have several
advantages. First, CT image quality is markedly im-
proved. Secondly, breath hold protocols, important for
oncological and cardiological applications can be per-
formed in all patients. However, the most important ap-
plication of multidetector PET/CT systems is in cardiol-
ogy, where non-invasive angiography, coronary calcifi-
cation, cardiac function and perfusion can be completed
in a single session.

PET/CT devices have been introduced to the clinic
and are now commercially available. The combination
of PET and CT will dramatically change the planning of
radiation therapy and the monitoring of surgical, medi-
cal and radiation treatments.

The following questions will be addressed during he
presentation: Is the diagnostic accuracy of PET/CT su-
perior to that of PET alone? Does PET/CT change pa-
tient management? Is PET/CT useful for radiation and
biopsy planning? Which subgroup of cancer patients
benefits most from PET/CT? Do all or only a few cancer
patients benefit from PET/CT? How much intravenous
contrast is needed? What are the advantages of using

PET/CT for cardiac imaging?
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Role of FDG PET/CT in Radiotherapy Planning

Homer A. Macapinlac

University of Texas MD Anderson Cancer Center

The recent availability of combined dedicated PET/
CT machines have allowed the integration of both the
anatomic and FDG avid tumor volumes allowing im-
provements in accuracy of identifying the extent of ma-
lignancy. A natural application of this technology is to
utilize the PET/CT for radiotherapy planning, which
will allow the synergy of excellent resolution and im-
proved specificity to be utilized for optimal radiation
delivery.

The limitations of multislice thin section CT would
include tumor delineation in the lung windows could be
difficult when dealing with spiculated lesions which are
the norm. Tumor related atelectasis makes it difficult to
assess margins of macroscopic disease. Size based crite-
ria for mediastinal nodal involvement is inadequate. CT
is essential in RTP but does not provide information
about tumor viability, which may be an important prog-
nostic factor for management. Therefore, FDG PET
with its ability to better assess viable tumor may be used
to supplement CT in the definition of the gross lesion
volume gross target volume (GTV) and its subsequent
expansion to the planned treatment volume (PTV). The
majority of the available data on the use of FDG PET
imaging as it relates to radiotherapy planning (RTP) is
on lung cancer. Numerous articles demonstrated
changes in treatment volumes from 15 to 60% it FDG
PET information was utilized.

For clinical operations, PET/CT units have to be
modified similarly to a CT simulation suite. The scanner
should have a large bore (70 cm or greater), which can
accommodate the immobilization devices and comfort-
ably fit the patient in the scanner. A laser positioning
system should be utilized, a flat Bed insert, and most

importantly customized immobilization devices for

head/neck and chest applications should be available.
There is a need to standardize image interpretation.
Adaptive thresholding methods have been developed to
better define the tumor volumes in FDG PET. Tumor
motion will be a problem, particularly with respiratory
motion and both breath hold and gating techniques
could be applied. Various techniques have been applied
including multi frame capture, list mode, prospective
and retrospective techniques, in which the PET data is
then acquired in synchronization with the respiratory
motion. Dynamic Gated CT techniques have been uti-
lized in Radiotherapy Planning and is a natural applica-
tion with the advent of these hybrid PET/CT machines.
The ability to acquire respiratory gated PET and CT
scans may provide several advantages. A proven advan-
tage would be improved quantification of tracer uptake
in tumor utilizing gated PET. This may provide better
ability to distinguish tumor from benign processes and
improve our ability to quantify response in small vol-
ume disease. The ability to track the movements of
tumors of the lung in 4D will allow us to deliver more
focused radiation to the tumor and minimze normal tis-
sue toxicity. Novel tracers utilizing Copper-60 diacetyl-
bis(NV*-methylthiosemicarbazone) has been described by
the Mallinkrodt group providing proof of principle that
assessment of tumor oxygenation can be performed us-
ing PET. This may allow us to deliver more radiation

doses to radioresistant tumor volumes.

References: Macapinlac HA. The Role of PET in
Planning Radiation Therapy and Monitoring Its Effects.
Nuclear Medicine Annual 2004. Lipincott Williams and

Wilkins. Editor: Leonard M. Freeman. pp. 163—-174.

— S162 —



D40000000000 301

gooobgoooboooovo

PETUOLOOOOOOOOO

oboodaogd
00000000000000000
00000000000000RIOOO0O0

gboooooboboobooobobobooon
gooooboobobooooboboooboobo
goooobodoboboobooboboobooobo
gooogooobob ooboboohooo
goooboobobooooboboooboobo
goooboobobooboobgoboobooobo
googobopETOOODOOODOOODOODO F-18-
FDGUOO0OO0O0OO0O000 o-150000000

gboboboooboboboooboboboo
gboboobooobobobooobobobon
goooobobboboboooooooobboon
gboboobooobobobooobobonbooon
gboboooboooboboboooboboboon
gooooood pETHOODOOOODOODO
gboboobopETODOOOODOOOOOOODOO
gbobooooooobobobo

— S163 —



302 0440000000000

goooboboooog vy

OO0 PET(Allegro) U D OO OOOODOOO

gobooood
0000000000000000000000 PETO0000

g0 1ed 10 1500 PETOOOODOOODO
goboboooooboboooobDbOcCycron 18/9
(IBA Brussels, Belgium), FDG O OO OO 0OOOO
000000 COMECER (Italy), PET U Allegro
(PHILIPS/ADAC) D0 O DOUOODOOLs500000
oooOoOoooooooooooooooboooo
OUO0OPETUOODOOOOOOODOOOOOOD
ooooo

goooooooooooooooooboooo
O0000O0O000ooOooOdOoPETOOOOODO
OO0OoooODoPETOOOOOOOODOOOOO
gobooooooooooooooooobooo
oooOoOoooooooooooooooboooo
gobooooooooooooooooobooo
Uo0o0b0oO0bO0O0D0stagingOD OO0 PETO O
oooOooooobOooooboboooooD
OO00Oo0O00o0oO00oOo0o0ooooooooooo
OO0 PETOOOOOOOO

goooooooooooooooooooo

gbooooooobooboobobooboboboo
gboobooooobobooobobooboboboo
oooboooOopPETODODOODOOOOOOOOO
gooooboboooooooooobooobobo
gbobooooobobooboooboboboo
ogoooobobooooooooooboobooboo
ao
PETOUODOODOODOODOODODOPETOOOO
gboobooooobobooobooobobobooo
gooboobooo
“bObO00ooooobobbo”oooooobboo
UUOPET-CT ODOOOO0OO0DOOOOOOO0DOODOO
ogboooooobooobobooboboobboo
gboboooooboboobobooboboboo
goMD-CTOOODOOODOOODODOODOODO
gooMb-CTOOOOooOoOOobooooooooo
ooooooooboboobobooboboobooo
oo

— S164 —



