Use of PET/CT scanning in cancer patients:
technical and practical considerations
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This overview of the oncologic applications of positron emission tomog-
raphy (PET) focuses on the technical aspects and clinical applications of
a newer technique: the combination of a PET scanner and a computed
tomography (CT) scanner in a single (PET/CT) device. Examples illustrate
how PET/CT contributes to patient care and improves upon the previous
state-of-the-art method of comparing a PET scan with a separate CT scan.
Finally, the author presents some of the results from studies of PET/CT
imaging that are beginning to appear in the literature.
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Figure 1. FDG is an analog of glucose in steps of membrane transport and phos-
phorylation but then becomes “metabolically trapped,” because it can be neither
metabolized further nor stored as glycogen.

T
A 0 A R
8 A A
000001000000 bo00motiooiolbO0boonniotoooumonom o aoan
8 T 0 A M W
O A A A A
000000000 00D O 0N 0omonomoomnibooboioiooonooo oo
O A A W R M AW A ]
0 00 T A A
(00 00OIoOECIiOooiin0oon Onoinoonitoinoo0uomonioaoo

L

00000onoIoooCom

O 0 T WA A W
O o
Q001 DO0INI0000 D000 [oCIo0Domoon 000l foonan 00noo0o
T A A W L
0 T A R AT
0 0 A A
O A A
00O000000IHn00nibOoICnitoirOooomio0oo0oooonNo
0 1 0
T 0
i00I0000000000000000DI00000000000 000 00000000000 00000000
0 A A W
0 A A
0 0
o A o g W W A W W W

BUMC PROCEEDINGS 2005;18:321-330

I 0 A A A
O 0 T
0 A
000000000I0000Nn0ILo0b Dol bUdooioboio00tin0i 0010000 jooto
0U00000mo0romnoo0ooninitooonoobonobomibionnromootoan

. A A A M MR
O R
0 R

From the Department of Radiology, Baylor University Medical Center, and the North
Texas Clinical PET Institute, Dallas, Texas.

Presented at surgery grand rounds, Baylor University Medical Center, January 12,
2005.

Corresponding author: Landis K. Griffeth, MD, PhD, Department of Radiology,
Baylor University Medical Center, 3500 Gaston Avenue, Dallas, Texas 75246 (e-mail:
Ik.griffeth@BaylorHealth.edu).

321



Table 1. Medicare-approved oncologic indications for PET

Colorectal cancer
Esophageal cancer
Head and neck cancer
Thyroid cancer*
Cervical cancer*

Non-small cell lung cancer
Melanoma

Lymphoma

Solitary pulmonary nodule
Breast cancer*

*Special Medicare restrictions exist for these indications.
]
]

Table 2. Other oncologic indications for PET

Gastrointestinal stromal tumor
Sarcoma*

Hepatocellular carcinoma*
Cholangiocarcinoma*

Tumors of unknown primary*

Brain tumor

Ovarian cancer
Uterine cancer
Pancreatic cancer
Testicular cancer
Small cell lung cancer

*Published results have been variable with these tumors.
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Figure 2. A ring of multiple specialized crystals detect the “coincidence”
511-keV photons resulting from positron decay and the subsequent an-
nihilation reaction. Detection of enough coincident events allows recon-
struction of an image of the distribution of tracer. This image depicts a
transaxial slice through the brain, with the metabolically active gray mat-
ter showing much greater intensity than the less active white matter.
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HARDWARE AND TECHNIQUES FOR PET
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Figure 3. The General Electric Discovery ST PET/CT scanner in the North Texas Clinical
PET Institute of the Baylor Sammons Cancer Center.
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Figure 4. A patient with an infiltrative mass lesion in the left upper lobe, being evaluated for malignancy. (a) The CT scan shows a left upper lobe mass (arrow) and an
enlarged mediastinal node (arrowhead). (b) The corresponding transaxial PET scan. (c) The fusion image shows intense hypermetabolism, suspicious for a malignant

tumor (arrow) and metastatic node (arrowhead). Subsequent biopsy showed C0I00000000OINNI0O 0000000 infection.
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Figure 5. Anterior projection images from a PET scan of a patient undergoing stag-
ing of lymphoma. (a) The initial study was performed after the patient had eaten
a candy bar 30 minutes prior to FDG injection. Note the extensive myocardial and
muscle uptake due to high insulin levels. Diminished activity is seen in the brain and
in tumor sites in the neck and chest (arrows). (b) A repeat study after the patient
complied with routine fasting preparation shows more normal biodistribution of
tracer and better visualization of tumor deposits (arrows).
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Figure 6. This case shows the effects of activation of brown fat in a nervous patient.
(a) An anterior projection image shows abnormal activity extending from the neck
through the supraclavicular and axillary regions, the anterior mediastinum, the
paraspinal regions, and the retrocrural and perirenal regions. (b) Transaxial PET, (c)
CT, and (d) fusion images localize the activity to fatty tissue rather than to lymph
nodes or tumor masses.
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Figure 7. A patient being evaluated for metastatic colon cancer. (a) An anterior projection PET image shows known hepatic metastases, as well as an indeterminate focus
in the left face (arrow). (b) Transaxial PET through the face shows a distinct hypermetabolic focus (arrow). The corresponding (c) CT and (d) fusion images show this focus

to be a periodontal abscess in the maxillary alveolar ridge (arrows).
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Figure 8. A patient being restaged for colon cancer. (a) PET image shows focal uptake consistent with recurrence (dashed circle) but does not allow localization. (b) CT and
(c) fusion images show intraabdominal recurrence (arrow), as well as lesions involving the psoas and iliacus muscles (arrowheads). Lesser activity elsewhere is physiologic

bowel uptake.
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Figure 9. Recurrent rectal carcinoma. (a) A CT scan shows a large presacral mass that had yielded a negative biopsy result. The arrow shows the course of the needle
biopsy. (b) PET and (c) fusion images show the discontinuous rim of the active tumor surrounding a necrotic center. Prior biopsy (arrrows show biopsy track) had passed
through the zone of tumor into predominant necrosis. Repeat biopsy based on these images revealed tumor recurrence.

Figure 10. A patient being restaged for breast cancer. (a) A coronal PET image through the neck shows a small, linear focus in the lower right cervical spine (arrow). (b)
Coronal CT and (c) fusion images show this to reflect facet arthropathy. (d) A sagittal PET image shows a more suspicious focus anteriorly (arrowhead), worrisome for
metastasis (or possibly severe degenerative disk disease). (e) Sagittal CT and (f) fusion images show this to reflect a destructive metastasis in C2 (arrowheads).

Figure 11. A patient with low-grade lymphoma. (a) PET and CT images through a
left apical mass with rib involvement show only mild FDG uptake (arrows), very
unusual for lymphoma. (b) A CT image through C2 clearly shows a destructive
lesion (arrowhead), but a PET image shows minimal FDG uptake (arrowhead).
(c) Sagittal CT, PET, and fusion images of the cervical spine show minimal or no
FDG uptake in the extensive lytic disease seen on CT.
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Figure 12. A patient with recurrent low-grade lymphoma of the abdomen and cervical adenopathy, presumed
lymphomatous. (a) An anterior projection PET image shows intense uptake in the cervical adenopathy (ar-
row) but only mild FDG uptake in the diffuse abdominal involvement, seen better on transaxial images (b,
¢). The intense uptake seen in the cervical adenopathy (arrows) proved to be metastatic from a primary

laryngeal carcinoma (arrowheads) (d, e, f).
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CLINICAL DATA THUS FAR
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