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INTRODUCTION
Positron emission tomography (PET) is a nuclear medicine

examination involving the injection of radiotracers that pro-
vide a functional assessment of biochemical, physiologic,
and pathophysiologic processes. PET radiotracers con-
tain radioactive elements that undergo positron decay and
subsequent annihilation with nearby electrons to produce
two 511-keV photons traveling in opposite directions at
180 degrees from each other. Modern PET cameras imple-
menting coincidence detection with the help of computer
software use this opposite photon trajectory to reconstruct
a spatial distribution. Computed tomography (CT) comple-
ments the examination to provide anatomic correlation and
attenuation correction. Hybrid or fusion PET-CT imaging has
become a crucial imaging tool utilized for detection, stag-
ing, and treatment follow-up of various benign andmalignant
conditions.
F18-fludeoxyglucose (F18-FDG) is the most commonly

used PET radiotracer. A glucose analog, F18-FDG capital-
izes on the known propensity for malignant cells to overuti-
lize glucose by favoring glycolytic metabolism.1 Otto War-
burg discovered this principle in the 1930s, and it is known as
theWarburg effect.2 The predisposition for malignant tumors
to demonstrate hypermetabolism of glucose provides the
basis for F18-FDG PET cancer imaging. While highly sensi-
tive and versatile for imaging a variety of solid and hema-
tologic tumors, F18-FDG has certain limitations, including
lack of target specificity because of the ubiquitous utiliza-
tion of glucose in the body and poor sensitivity for tumors
with more indolent behavior and lower utilization of glucose.
These F18-FDG limitations have prompted development of
several new target-specific radiotracers with more specific
mechanisms of localization.1 One such PET radiotracer is
gallium (Ga)-68 DOTATATE that is commonly used in the
imaging of neuroendocrine tumors.
Our case demonstrates how a negative F18-FDG PET-CT

examination does not necessarily equate to benignity and
how not all malignant lesions are hypermetabolic. We illus-
trate the importance of understanding the mechanism of
localization for PET radiotracers in the evaluation and char-
acterization of unknown lesions.

CASE DESCRITPION
A 54-year-old male presented to pulmonary medicine with

a several-month history of chronic cough. The patient had
no other significant medical or surgical history.

RADIOGRAPHIC APPEARANCE AND TREATMENT
The patient’s symptoms prompted initial evaluation with

a noncontrast chest CT that revealed a soft-tissue endo-
bronchial lesion in the left upper lobe bronchus (Figure 1).
Incidental finding of left anterior descending coronary artery
atherosclerosis was also seen in the image. F18-FDG
PET-CT demonstrated no appreciable uptake in the endo-
bronchial lesion, suggesting a low-grade, well-differentiated
tumor (Figures 2 and 3). Physiologic uptake was seen in the
brain, heart, liver, spleen, gastrointestinal tract, urinary col-
lecting system, and bone marrow. The patient underwent
bronchoscopy and biopsy, and pathology was positive for
carcinoid tumor. Ga-68 DOTATATE PET-CT demonstrated
significant radiotracer uptake in the endobronchial lesion,
reflective of the tumor’s high somatostatin receptor expres-
sion (Figures 4 and 5). Physiologic uptake was seen in the
pituitary, thyroid, and salivary glands; spleen; liver; adrenal
glands; renal collecting system; and gastrointestinal tract.
Incidental uptake in the right antecubital fossa corresponded
with the injection site.

Because of the negative F18-FDG PET-CT and lack of
distant metastasis shown on the Ga-68 DOTATATE PET-
CT, the patient could be considered for surgical excision.

Figure1. Noncontrastaxial chest computed tomography im-
age demonstrates a 1.3-cm soft-tissue endobronchial lesion
within the leftupper lobebronchus, concerning foraprimary
bronchial tumor or metastasis (arrow).
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Figure 2. F18-fludeoxyglucose positron emission tomog-
raphy maximum intensity projection image demonstrates
physiologic radiotracer uptakewith no significant activity in
the known left upper lobe endobronchial lesion (arrow).

Figure 3. Fused F18-fludeoxyglucose positron emission
tomography-computed tomography axial image shows
the left upper lobe endobronchial lesion without signif-
icant radiotracer uptake, suggesting a low-grade, well-
differentiated tumor (arrow).

Figure 4. Gallium-68 DOTATATE maximum intensity projec-
tion imagedemonstrates increased radiotracer uptake in the
location of the left upper lobe endobronchial lesion, as well
as physiologic distribution in the spleen; liver; bowel; uri-
nary tract; and pituitary, thyroid, and salivary glands. Focal
right upper extremity uptake represents the right antecu-
bital fossa injection site (arrow).

Cardiothoracic surgery offered treatment with a left upper
lobectomy for tumor resection. The patient underwent
surgery, and his chronic cough resolved postoperatively.

DISCUSSION
Carcinoid tumors are a type of neuroendocrine tumor

derived predominantly from enterochromaffin cells. The
overall incidence of these tumors is estimated to be approx-
imately 5.25/100,000, with approximately 60% to 70%
arising from the gastrointestinal tract.3 The second most
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Figure 5. Fused gallium-68 DOTATATE positron emission
tomography-computed tomography axial image demon-
strates focal increased somatostatin receptor avidity within
the left upper lobe endobronchial mass consistent with a
neuroendocrine tumor.

common site for carcinoid tumors is the tracheobronchial
tree, accounting for 25% to 30% of tumors. Given the rel-
atively low incidence of carcinoid tumors, pulmonary carci-
noids make up only 1% to 2% of all lung cancers.4

Well-differentiated carcinoid tumors are known to have
low FDG avidity; therefore, F18-FDG PET-CT has diminished
utility in typical carcinoid imaging. FDG avidity increases
with tumor grade, so F18-FDG has more efficacy evaluat-
ing high-grade, poorly differentiated carcinoid tumors. Neu-
roendocrine tumor imaging takes advantage of the overex-
pression of somatostatin receptors on the tumor surface
membrane. Carcinoid tumors may express 5 subtypes of
somatostatin receptors and are known to express somato-
statin receptor 2 most commonly.5 Ga-68 DOTATATE con-
tains a synthetic somatostatin analog that binds to somato-
statin receptor 2with high affinity. This radiotracer has shown
significantly better accuracy, image quality, and lower radia-
tion dose than indium-111 pentetreotide (octreotide) for neu-
roendocrine imaging.6 The sensitivity and specificity of Ga-
68 DOTATATE for detection of neuroendocrine tumors are
approximately 80% to 95%.6 Ga-68 DOTATATE should be
considered when imaging all neuroendocrine tumors such
as carcinoid, pancreatic islet cell, medullary thyroid cancer,
pheochromocytoma of the adrenal gland, and extra-adrenal
paraganglioma.
Fluorine-18 sodium fluoride (F18-NaF) is a bone-specific

PET radiotracer that can be used for evaluating osseus
metastasis, osteomyelitis, and fracture. This PET radiotracer
distributes through the skeleton primarily based on regional
perfusion and bone turnover. The specific mechanism of
F18-NaF uptake onto the bone surface is known as adsorp-
tion, or chemisorption, and leads to tracer integration in
the structure of hydroxyapatite.6 Technetium (Tc)-labeled

diphosphonates are widely used for the detection and eval-
uation of osteoblastic metastasis because of their availabil-
ity and relatively low cost; however, F18-NaF PET offers
advantages in terms of image quality and lesion detec-
tion. With respect to evaluating osteoblastic metastatic dis-
ease, F18-NaF offers higher sensitivity (99%) and speci-
ficity (97%) compared to Tc-99m methylene diphospho-
nate (MDP) planar bone imaging alone or with single pho-
ton emission CT (SPECT) sensitivity (70% MDP planar and
92% SPECT) and specificity (57% MDP planar and 82%
SPECT).6

F-18 fluciclovine (Axumin) is a PET radiotracer used to
detect prostate cancer recurrence and metastatic disease.
This tracer is a radiolabeled amino acid analog that local-
izes based on the amino acid upregulation known to take
place in prostate cancer cells. F-18 fluciclovine has shown
sensitivity and specificity for prostate or prostatectomy bed
recurrence at 90% and 40%, respectively. In the evaluation
of extraprostatic recurrence, sensitivity and specificity are
55% and 97%, respectively.7

CONCLUSION
This case demonstrates the importance of understand-

ing the mechanism of localization for nuclear medicine
radiotracers. F18-FDG was the first widely used PET radio-
tracer for functional tumor imaging and is still the most
commonly used radiotracer in the management of cancer
patients because of the increased glucose metabolism
in most tumors and the increased uptake of F18-FDG
seen with many malignancies. However, not all malignant
tumors demonstrate these same characteristics, so radio-
tracers that use different mechanisms of localization are
necessary. Having a current working knowledge of the
different radiotracers available for PET-CT and understand-
ing that a negative F18-FDG PET-CT does not necessarily
exclude malignancy are critical for clinicians. Depend-
ing on the biology of a tumor, other PET radiotracers
may better identify and show the extent of disease than
F18-FDG.
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