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Thoracic masses are usually detected by chest
radiograph or CT during a screening procedure, as
part of a routine physical examination, or in the
evaluation of some symptom or sign referable to the
thoracic structures such as chest pain, cough, hemop-
tysis, wheezing, or dyspnea. The most common
malignant tumor of the thorax is carcinoma of the
lung, specifically the non—small-cell type, which
includes adenocarcinoma and squamous cell carci-
noma. Other masses requiring different manage-
ment are also encountered, including small-cell lung
carcinoma; bronchial carcinoid (benign and malig-
nant); mediastinal masses, including thymoma, tera-
tomas, lymphomas, and metastases from carcinomas
such as breast, colon, head and neck tumors, thy-
roid carcinoma, and choriocarcinoma. In addition,
carcinoma of the lung might be present as a second
primary in patients known to have one of these
other malignancies.

Traditionally, when a pulmonary mass has been
identified a decision must be made regarding whether
to perform a biopsy or surgical resection to charac-
terize the lesion as a neoplasm versus granuloma or
other inflammatory lesion and to determine a suitable
course of management. In some instances surgical
intervention is deferred and the lesion is reevalu-
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ated over time. Both approaches carry the risk of
performing unnecessary surgery with the potential
attendant morbidity or delaying evaluation with the
associated risk of disease progression. This approach
to management of the patient who has a thoracic
lesion is rapidly changing with the development of
nuclear medical imaging procedures that are capable
of characterizing lesions according to their molecular
biology. Radionuclide imaging is based on tissue or
tumor function, metabolism, or other biochemical
characteristics that provide information that is com-
plementary to traditional diagnostic imaging tech-
niques in terms of assessing if a lesion is malignant
or not, and if malignant, determining the extent
of disease.

In recent years radionuclide imaging has made
great progress as a consequence of the development
of novel radiolabeled compounds, which identify
specific molecular processes and remarkable ad-
vances in the instrumentation used for acquisition
and display. Nuclear medicine imaging has pro-
gressed to the point where it can provide crucial
information about lesion biology and can thus play
an integral part in the evaluation and management
of the patient who has a suspected or known
pulmonary malignancy, including noninvasive char-
acterization of the solitary pulmonary nodule, as-
sessment of the extent of disease in the patient
who has a known malignancy, planning and optimiz-
ing radiation therapy, monitoring the response to
treatment, and even predicting prognosis. State-of-
the-art nuclear medicine imaging is clinically effica-
cious and cost-effective, leading to more accurate
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diagnoses at less risk and lower cost to the patient
and to society.

Technical advances
Nuclear medicine instrumentation

Nuclear medicine images, or scintigraphs, are
generated by the external detection of emissions from
radioactive isotopes that localize in certain tissues,
organs, physiologic or pathophysiologic processes, or
lesions. In the past, conventional nuclear medicine
images were so-called planar images; data were re-
corded in multiple views: anterior, posterior, lateral,
and oblique. Each image compressed the data ob-
tained from the volume image into two dimensions,
resulting in the loss of object contrast caused by the
presence of background radioactivity (ie, radio-
activity surrounding the object of interest). More
recently, nuclear medicine has evolved toward
tomographic imaging. In recent years clinicians and
radiologists have become familiar with tomographic
images as a result of the broad application of CT
and, more recently, MRI (ie, transaxial slice images
derived from reconstructed transmission data). Data
are recorded in 360° geometry around the patient.
Initially, backprojection techniques were used to
create transverse, or transaxial, images (slices) that
revealed the distribution of radioactivity, or, in the
case of CT, absorption coefficient maps. Tomo-
graphic imaging is a more accurate representation of
the actual distribution of radioactivity in a patient
and results in improved image detail. Tomographic
radionuclide imaging can be performed with single-
photon or positron-emitting radionuclides.

Single-photon emission CT (SPECT) is the tomo-
graphic imaging technology employed with tra-
ditional radionuclides such as 99mTechnetium,
Gallium (°’Ga), and **'Thallium (*°'TI). SPECT
uses traditional collimated gamma camera position-
ing logic. Data are obtained at small angular inter-
vals as the camera revolves around the patient. A
gamma camera with a single detector must acquire
data over 360°, whereas a device with two or three
detector units requires that each head orbit only a
fraction of the full circumference. Multihead sys-
tems permit greater data acquisition over a shorter
period of time with a resultant improvement in image
quality. Data acquired by the gamma camera are
reconstructed into transaxial planes using sophis-
ticated processing algorithms such as filtered back-
projection and iterative reconstruction. In addition to
the transaxial images, images from the coronal and

sagittal planes are reconstructed readily. Modern
computer capacity also makes it feasible to view
three-dimensional, or volume, images.

Positron emission tomography (PET) is based
upon the unique decay characteristics of positrons.
A positron undergoes annihilation by combining
with a negatively charged electron. As a result of
this annihilation, two 511 keV gamma rays are
emitted 180° apart. Special electronics determine if
two recorded events are coincident, thus identifying
the axis along which the two photons were emitted,
which provides a significant advantage in terms of
reconstructing the position of an event and allowing
for the elimination of cumbersome lead collimators.
In contrast to SPECT, in which single events are
detected, PET makes use of two detector elements
on opposite sides of the subject to detect coincident
photons arising from the annihilation of a positron
and electron. Most PET radiopharmaceuticals have
short half-lives; consequently, until just a few years
ago PET imaging was limited to centers that had
cyclotron production facilities. After numerous
investigational studies confirmed the value and
cost-effectiveness of PET imaging with fluorine-
18-fluorodeoxyglucose ('*FDG) in the management
of patients who have tumors, third-party insurers and
eventually governmental agencies approved the tech-
nique for reimbursement. Despite its short (2-hour)
half-life, '®FDG is now available from commercial
sources in most of the United States.

Until recently, PET imaging devices cost more
than $1 million and were available only at larger
centers. The contribution of this technology to patient
management, however, has been so significant that
this situation is changing rapidly. The increased clini-
cal demand for these studies has stimulated develop-
ment of less costly instrumentation, and a spectrum
of devices is now available including a $250,000 to
$350,000 upgrade of conventional dual detector
gamma camera systems, a 360° simultaneous acqui-
sition imaging system that uses six large curvi-
linear sodium iodide crystals (costing approximately
$1.3—1.5 million), and bismuth germanate multi-
crystal, multiring systems (costing $1.7—2.3 million).

Using a phantom in an experimental comparison
of a gamma camera-based coincidence imaging sys-
tem with a dedicated ring detector PET system, the
dedicated PET system identified nodules as small as
6 mm in diameter, whereas the camera-based system
resolved 1 cm and larger lesions [1]. There has been
no direct comparison between imaging with the dedi-
cated ring system and the less expensive devices in the
clinical milieu. A meta-analysis published in 2001
found that the performance of the camera-based
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system was comparable to that of dedicated PET in the
evaluation of lung nodules in patients who had lesions
greater than 1 cm in diameter [2]. Lesions as small as
7 mm in diameter can be detected on the dual detector
coincident camera system, but overall image quality
and lesion detection on a dedicated high-end system
are significantly better. The ability to detect a lesion is
based upon the resolution and sensitivity of the
systems. In this regard the dedicated ring systems will
regularly outperform (ie, show improved detection)
dual detector systems even though coincident dual
detector camera-based systems’ imaging of '"SFDG are
frequently useful to characterize lesions greater than
1 cm.

In summary, the dedicated ring detector systems
represent the state-of-the-art in PET imaging with
greater sensitivity for lesion detection. Nevertheless,
dual detector camera-based systems provide access to
"8EDG imaging, and the positive predictive value is
probably equivalent to that of the more expensive
system. The negative predictive value of the dual
detector system is likely to be somewhat less than
that of the dedicated system because small lesions will
not be detected as a result of volume averaging and
reduced sensitivity.

As with most nuclear studies, PET images suffer
from a paucity of anatomic detail. To maximize the
accuracy of their interpretation, they should be read
together with anatomic cross-sectional studies such
as CT and MR, which has been accomplished by
viewing the studies side-by-side on viewboxes or
computer monitors or through the use of fusion
software that allows direct superimposition of the
images. Recently, instruments have been engineered
that acquire PET and CT images. Patients undergo
sequential PET and CT studies on the same instru-
ment during the same imaging session. Fused PET
and CT images and PET and CT images alone can
be viewed on a slice-by-slice basis. Though costly
and still new, these devices have already demon-
strated that they have advantages in terms of accu-
racy and confidence in interpretation, and they are
likely to eventually replace PET-only and CT-only
devices [3].

Radionuclides

In the past, nuclear medicine assessed thoracic
masses with ’Ga citrate and, more recently, with
201T] and **™Technetium (°*™Tc)-MIBI [4,5]. ¢’Ga
scintigraphy is positive in inflammatory and neoplas-
tic lesions. Despite this degree of nonspecificity, the
technique was useful but limited in application be-
cause of the comparatively poor resolution achieved

with this radionuclide. Tumor localization of 2°'TI
and **™Tc-MIBI is a consequence of perfusion and
rapid extraction of these tracers from tumor tissue.
9MTc-MIBI has the advantage of greater photon
flux than 2°'Tl because a larger dose can be given
because of the shorter (6-hour) half-life. The 140 keV
photon energy is more suitable for imaging than the
lower energy photons of 2°'TI. Furthermore, **™Tc-
MIBI binds to intracellular elements, providing im-
proved target to background ratios.

These techniques, however, provide limited im-
provement over CT or MRI in terms of detection of
disease. *’™Tc-MIBI could also be used to character-
ize tumor multiple-drug resistance by examining the
retention or washout of **™Tc-MIBI over time because
99mTe-MIBI is eliminated from tissue by the same
p51 glycoprotein multiple drug resistance (MDR)
mechanism [6].

Any historical review should include lodine-131
(**'1), which is used to detect metastases from thyroid
carcinoma—even in patients who have a negative
chest radiograph or CT examination (Fig. 1). Thyroid
carcinoma frequently has a subtle micronodular
appearance, although it might occasionally appear
as single or multiple nodules. It is important to
correctly identify lung metastases from thyroid
carcinoma because they respond to radionuclide
therapy with 'L

Radiolabeled peptides

Radiolabeled compounds that bind to receptors
present in normal and abnormal tissues form the
basis of receptor imaging. Tumor expressing recep-
tors can be visualized with radiolabeled antibodies or
radiolabeled messenger molecules. To date, the most
successful of these agents has been radiolabeled
analogs of regulatory peptides. Regulatory peptides
are small, easily diffuseable, naturally occurring
substances that possess a wide spectrum of recep-
tor-mediated actions. High-affinity receptors for
these peptides are present on many neoplasms.
These receptors offer molecular targets for diagno-
sis and therapy [7]. Currently, two radiolabeled pep-
tides, Octreoscan (Mallinkrodt, St. Louis, Missouri)
and Neotect (Diatide, Londonderry, New Hamp-
shire), both of which are somatostatin analogs, are
approved for diagnostic use in the United States.

Somatostatin is an endogenous neuropeptide that
exists in two forms: a 14 amino acid form and a 28
amino acid form. It is synthesized in the central
nervous system, the hypothalamopituitary axis, the
gastrointestinal tract, the pancreas, and the immune
system. Somatostatin receptors, of which there are
five subtypes, are present on many cells, particularly
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those of neuroendocrine origin. These receptors have
also been identified on activated lymphocytes and
the vasa recta of the kidney. All five receptor sub-
types bind to naturally occurring somatostatin with
nearly identical affinity [8,9].

In addition to their presence on normal tissues,
somatostatin receptors are expressed on a wide variety
of human tumors. Three main groups of tumors have
been identified as having the highest density of
somatostatin receptors. Neuroendocrine tumors, in-
cluding islet cell tumors, gastrinomas, pheochromo-
cytomas, paragangliomas, and carcinoid tumors are
one group. Central nervous system tumors such as
astrocytomas and meningiomas represent another
group. The third group of tumors that possess somato-
statin receptors consists of lung carcinoma (small-cell
and non—small-cell), breast tumors, lymphomas, and
renal cell carcinoma.

The short biologic half-life of somatostatin
(=1 min) precludes its use for diagnostic or thera-
peutic purposes, which led to the development of
synthetic somatostatin analogs that had longer bio-
logic half-lives. Octreotide is an eight amino acid
analog with a high affinity for somatostatin subtype
receptors 2 and 5 but a decreased affinity for subtype
3 and no affinity for subtypes 1 and 4 [7]. Octreo-
scan is produced by radiolabeling diethylene tetra
amine penta acetic acid (DTPA)-pentetreotide (a de-
rivative of octreotide) with Indium-111 (*''In) and is
used to image somatostatin receptor-bearing tumors.
Extensive studies in large numbers of patients have
shown that somatostatin receptor scintigraphy (SRS)
with "''In DTPA-pentetreotide is most useful in
detecting and staging neuroendocrine tumors [8—10].

In the thorax, SRS is especially useful in small-
cell lung carcinoma and bronchial carcinoid. In
small-cell lung carcinoma, the sensitivity of SRS is
more than 90% for the primary lesion. More than
half of metastatic lesions, however, lose their so-
matostatin receptor expression as a consequence of
dedifferentiation and increasing malignancy [11].
Visualization of metastatic small-cell lung carci-
noma lesions indicates that the tumor is relatively

well differentiated, whereas nonvisualization is asso-
ciated with dedifferentiation and a poorer progno-
sis. Thus, it is possible, using scintigraphic imaging,
to not only localize lesions but also to determine
prognosis through in vivo tissue characterization.

Bronchial carcinoid is an uncommon neoplasm,
accounting for less than 5% of all lung tumors.
Thought at one time to be benign, this entity is, in
fact, a low-grade, slow-growing, malignant neoplasm
that has the potential for local invasion and distant
metastatic spread (Fig. 2). Several investigators have
reported on the role of SRS in bronchial carcinoid
[12—14]. In a series of 21 patients, SRS revealed
all eight primary lesions at the time of diagnosis,
demonstrated disease in all five patients who had
recurrent or metastatic disease (including two pa-
tients who were asymptomatic at the time of imag-
ing), and identified an increase in tumor size in two
patients who had unresectable disease [13]. In a se-
ries of 31 patients who had bronchial carcinoid,
six patients (nearly 20%) had lesions that were
identified only on SRS. Lesions identified only
with SRS included pulmonary, hepatic, and osseous.
In two patients who had inconclusive CT studies,
SRS correctly excluded recurrent disease. Only
two pulmonary lesions, both in the same patient,
which were detected with other modalities were not
detected with SRS [12].

The implications of the findings in these investi-
gations are important. Although sensitive for the de-
tection of neuroendocrine tumors, SRS cannot be
used for diagnosis because other lung tumors also
express somatostatin receptors. SRS is used to guide
patient management. For example, the exquisite
sensitivity of SRS can determine whether or not,
at the time of diagnosis, curative surgery is possible.
In patients who have recurrent disease, localized
surgical resection has met with some success. The
ability to identify recurrent disease in asymptomatic
patients suggests that SRS might be useful for
identifying individuals who have recurrent disease
when they are still amenable to surgery. This is of
value to determining if metastatic disease is limited to

Fig. 1. Twenty-year-old man post-thyroidectomy for differentiated thyroid carcinoma was found to have a palpable mass in
the right supraclavicular region. The mass was positive on diagnostic '*'T imaging. Following dosimetry to determine the bone
marrow radiation absorbed dose, the patient received 300 mCi of *'I. (4) Whole-body scan 1 week post '*'I therapy confirming
131 uptake in the right supraclavicular mass and demonstrating unexpected diffuse uptake throughout both lung fields. Uptake
had not been recognized on diagnostic imaging with a lower dose of '*'I. (B) SPECT images of the same patient’s thorax using
a dual detector system with a low-output CT device (GE Millenium Hawkeye, General Electric Medical Systems, Milwaukee,
Wisconsin, USA). Top row: CT images in the coronal, sagittal, and transaxial plane. Middle row: "*'I tomographic images
corresponding to CT slices. Bottom row: Fused CT plus '*'I images. On the upper right, the scout radiograph of the chest is
negative; on the lower right is the anterior rendering of the '*'I volume (all images summed) display. (Courtesy of Division of
Nuclear Medicine, Department of Radiology, New York Presbyterian Hospital, Weill Cornell Medical Center, New York, NY).
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the liver, because in some cases current surgical
practice makes it possible to consider liver transplan-
tation. Extrahepatic metastatic disease is a contraindi-
cation, however, and SRS is useful for identifying or
excluding patients for this procedure. Finally, deter-
mining the presence or absence of somatostatin recep-
tors with SRS identifies patients who are likely to
respond to medical therapy.

Another radiolabeled somatostatin analog,
99mTe-depreotide (Neotect), has been developed.
99mTc-depreotide is a synthetic cyclic six amino acid
peptide labeled with technetium-99m and is ap-
proved for the differential diagnosis of the solitary
pulmonary nodule. This agent is a high-affinity
ligand for human somatostatin receptor subtype 3,
with in vitro characteristics that suggest it should
also be useful for imaging the extent of disease in
patients who have non—small-cell and small-cell
lung carcinoma. In a series of 30 patients who had
solitary pulmonary nodules at least 1 cm in diameter
who were at high risk for lung carcinoma but
had indeterminate CT criteria, the sensitivity of
99mTe-depreotide for detecting malignancy was
93% (12/13), the specificity was 88% (15/17), and
the accuracy was 90% (27/30). The study was
falsely negative in one patient who had squa-
mous cell carcinoma and falsely positive in two pa-
tients who had necrotizing granulomas [15]. In a
114-patient multicenter trial, the sensitivity, speci-
ficity, and accuracy of **™Tc-depreotide was 97%
(85/88), 73% (19/26), and 91% (104/114), respec-
tively. The three false-negative lesions were adeno-
carcinomas; two were primary lung lesions and
one was thought to be metastatic colon carcinoma.
Six false-positive results were granulomatas; the
seventh was a hamartoma. The data suggest that
99mTe-depreotide scintigraphy is a sensitive and
accurate method for the noninvasive evaluation of
the solitary lung nodule that is at least 1 cm in
diameter [16].

An analysis of the cost-effectiveness of **™Tc-
depreotide imaging in 114 patients who had indeter-
minate lung nodules found that in individuals who

had a 50% probability of having a malignancy,
CT alone and CT followed by *’™Tc-depreotide
scintigraphy showed an incremental cost-effective-
ness ratio of approximately $11,200 and $8600,
respectively, per year of life saved. Radiograph
follow-up is only cost-effective when the proba-
bility of malignancy is less than 0.14, whereas CT
alone is cost-effective when the probability of ma-
lignancy is 0.71 to 0.90. When the probability of
malignancy is greater than 0.90, thoracotomy is
the best choice. CT plus **™Tc-depreotide is the
most cost-effective strategy, resulting in a savings
of $68 to $1800 for the majority of patients, de-
pending on the risk, when the probability of ma-
lignancy is between 0.14 and 0.71. Based on a
Medicare reimbursement of approximately $900,
99MTc-depreotide imaging of pulmonary nodules
that are indeterminate by CT criteria would result
in an annual savings of up to $54 million compared
with selecting patients for thoracotomy based on
CT results alone [17]. Another beneficial aspect of
this approach would be a decrease in the cost and
complications of unnecessary needle biopsies.

Currently, no data are available on the accuracy
of *™Tc-depreotide imaging for evaluating lesions
smaller than 1 cm in diameter, nor on its role in the
staging of lung carcinoma, monitoring response to
therapy, or detecting recurrent disease.

Fluorodeoxyglucose

Fluorodeoxyglucose (FDG) is a structural analog
of 2-deoxyglucose, which, like glucose, is transported
into cells and phosphorylated by a hexokinase to
FDG-6 phosphate. FDG accumulates intracellularly
in proportion to the glycolytic rate of the cell.
FDG uptake by tumor cells is also related to the
presence of increased glucose transporter molecule
expression at the tumor cell surface and to in-
creased levels of hexokinase in these cells. Labeled
with the positron emitter fluorine-18 (‘*F), FDG is
useful for detecting areas of normal and abnormal
glucose metabolism. Although it is filtered by the
glomerulus, FDG is not reabsorbed in the proxi-

Fig. 2. (4) """In-DTPA-pentetreotide (Octreoscan) SPECT scintigraphy in a 67-year-old woman who had a history of pulmonary
carcinoid; status right upper lobe (RUL) resection 30 months earlier with negative follow-up scans. Left column: CT acquired on
GE Millennium dual detector camera system with Hawkeye configuration (transaxial, coronal, and sagittal slices). Middle
column: Corresponding '"'In images. Right column: Fused images. Extreme right: Scout radiograph and '''In volume display.
Note '''In-DTPA-pentetreotide-positive mass in region of right hilum superimposed on superior portion of CT density.
(Courtesy of Division of Nuclear Medicine, Department of Radiology, New York Presbyterian Hospital, Weill Cornell Medical
Center, New York, NY). (B) ''In-DTPA-pentetreotide (Octreoscan) planar scintigraphy of the thorax and abdomen in a 44-year-
old man who had small-cell lung carcinoma. Tumor foci are identified in the right hilar area, the left paratracheal area, and the
left anterior cervical triangle. (Courtesy of Division of Nuclear Medicine, Department of Radiology, Long Island Jewish—

Hillside Medical Center, New Hyde Park, NY).
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mal renal tubules, and the blood concentration of
this compound falls quickly, providing high contrast
between foci of increased glucose metabolism and
background activity within 1 hour of injection.
Many tumors are characterized by increased anaero-
bic glucose metabolism, and 'FDG provides a sen-
sitive tool for their detection. In lung cancer,
"SEDG-PET imaging provides important infor-
mation about the diagnosis, pretreatment staging,
and assessment of the effects of treatment in this
entity. Its potential role in predicting prognosis is
currently being assessed.

Fluorine-18-fluorodeoxyglucose—positron
emission tomography and lung carcinoma

Nearly 1 million new cases of lung cancer are
diagnosed annually, principally in developed nations.
At the time of diagnosis, the disease has already
spread to adjacent hilar or mediastinal lymph nodes
in about 25% of patients, and 35% to 45% of patients
have distant metastases [18,19]. A systematic ap-
proach to the diagnosis, staging, and treatment of lung
cancer optimizes therapy for each individual patient.

Diagnosis

The diagnosis of lung carcinoma, as for any other
tumor, is the first challenge with which the clinician
is faced when presented with a patient suspected
of having this entity. While morphologic imaging
studies such as planar radiographs, CT, and MRI
can detect a pulmonary lesion, they often cannot
determine whether it is benign or malignant. Only
about one third of pulmonary nodules can be diag-
nosed as benign or malignant on the basis of CT
criteria alone. In the other two thirds, diagnosis
depends on more invasive procedures such as bron-
choscopy and percutaneous CT-guided transthoracic
needle aspiration [20,21]. The overall sensitivity of
bronchoscopy in detecting malignancy is about
65%. If transbronchial biopsy is performed, the
sensitivity approaches 80% [22,23]. The sensitivity

of the CT-guided procedure is greater than 90% if
an adequate sample is obtained. The frequency of
sampling errors depends on the size and location of
the lesion and on operator expertise. The most
common complication of needle biopsy is pneu-
mothorax, which occurs in up to10% of patients [24].

The characterization of a pulmonary nodule as
benign or malignant with '*F-FDG-PET was one of
the earliest oncologic applications investigated, and
its value for this purpose is now well established
(Fig. 3). The sensitivity and specificity of '*FDG-
PET imaging in the evaluation of solitary lung nod-
ules ranges from 82% to 100% and 63% to 90%,
respectively [25-34]. A meta-analysis of 1474
pulmonary lesions found that the mean sensitivity
and specificity of 'SFDG-PET was 96% and 74%,
respectively [2].

Several factors affect the sensitivity of '*FDG-PET
imaging for the diagnosis of malignancy. Lesion
visualization depends on the amount of BEDG in-
corporated into the tumor. Abnormalities typically
present as areas of focally increased activity, collo-
quially referred to as hotspots. Images can be ana-
lyzed visually and semiquantitatively. In the chest,
mediastinal blood pool activity is often used as the
reference point. Uptake in a lesion that is more in-
tense than mediastinal blood pool activity is likely to
be malignant, whereas activity equal to or less than
mediastinal blood activity is likely to be benign. It
is also possible to quantify activity by calculating
the standardized uptake value (SUV), which reflects
the ratio of activity per estimated tumor volume
to the total activity administered to the patient, cor-
rected for the lean body mass. Although not abso-
lutely diagnostic, SUVs greater than 2.5 are often
associated with malignancy, and malignant lesions
generally have SUVs greater than 2.5. Fractional
"EDG uptake is affected by specific tumor meta-
bolic activity. Consequently, tumors such as bronchi-
oalveolar cell carcinoma and bronchial carcinoid with
relatively low metabolic activity might not concen-
trate sufficient 'SFDG to be identified as malignant.
Nevertheless, subsets of these tumor types (bron-
chioalveolar carcinoma and carcinoid or other neuro-
endocrine tumors) might be metabolically active and
identifiable as malignant on '"SFDG imaging. Meta-

Fig. 3. (A4) Fifty-three-year-old woman who had a recently diagnosed RUL pulmonary nodule. Patient had a 30 pack-year
history of cigarette smoking. The 8EDG-PET images are entirely normal. The patient will continue to be followed. (B) Sixty-
five-year-old man who had a history of an right lower lobe (RLL) solitary pulmonary nodule that had been followed since 2000.
The nodule had increased in size recently. 'SFDG-PET images demonstrate a hypermetabolic focus consistent with a malignant
process. There is no evidence of regional lymph node involvement, indicating that the patient is an appropriate surgical candidate.
(Courtesy of Division of Nuclear Medicine, Department of Radiology, New York Presbyterian Hospital, Weill Cornell Med-

ical Center, New York, NY).
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static differentiated thyroid carcinoma can be posi-
tive or negative on '*FDG imaging depending, appar-
ently, on the degree of biologic aggressiveness at the
time of imaging. The degree of tumor aggressiveness
is reflected in the metabolic rate. Although some well-
differentiated adenocarcinomas might demonstrate
only modest accumulation of BEDG, their SUVs are
nevertheless typically in the malignant range [35].
Sensitivity is also affected by lesion size. Lesions
below the limits of resolution of PET scanners (cur-
rently about 4-8 mm depending upon the system
hardware configuration) might not be detected
[36,37]. The lesion intensity and the measured SUV
will be blunted by the phenomenon known as volume
averaging, in which the absolute uptake in a lesion
below the spatial resolution of the system is distrib-
uted over the minimal resolution area, resulting in an
apparent lowering of the activity per pixel. Sensitivity
is also adversely affected by hyperglycemia. Presum-
ably, competitive inhibition results from elevated
serum glucose levels, reducing 'SFDG uptake. In
addition to this direct competitive effect, the insulin
response to the glucose level is greatest in acute
hyperglycemia. This response promotes muscle and
hepatic uptake of glucose and '®FDG. Chronic hyper-
glycemia has a lesser effect on FDG uptake by tumors
[38]. In patients who are diabetic, control of the
disease should be optimized and serum glucose levels
checked before injecting '*FDG. In general, patients
who have serum glucose levels above 250 mg/dL
should probably not undergo 'FDG imaging until
serum glucose levels have been controlled.
Increased glycolysis is not unique to tumors,
however; it occurs in benign conditions such as
granulomas, histoplasmosis, coccidioidomycosis, and
pneumonia, in which false-positive findings are
observed [39-42]. Some data suggest that the
specificity of the overall results can be improved
by performing dual time point imaging. '*FDG
uptake in tumor tends to increase over time,
whereas inflammation tends to remain constant or
decrease over time [43]. By acquiring a second set
of images about 1 hour after the first set, it might
be possible to distinguish '*FDG uptake in benign
inflammatory conditions from that in tumors.
"8EDG-PET obviates the need for invasive biopsy
in many patients who have lung nodules. To be used
for this purpose, the test must have a high negative
predictive value, which depends not only on sen-
sitivity and specificity but also on the pretest like-
lihood of malignancy. Using decision analysis
modeling, it has been shown that only patients who
have a 50% or lower pretest likelihood of cancer
should undergo '*FDG-PET imaging. If the pretest

likelihood of malignancy is more than 50%, the
posttest probability of disease will exceed 10%
even if the 'SFDG images are negative for one
reason or another (ie, size, metabolic activity, blood
glucose), and histopathologic evaluation will be
necessary regardless of the 'SFDG-PET results [44].
Because there is always the risk of a false-negative
result even when the negative predictive value is
high (eg, a negative '*FDG-PET study in a patient
who has <50% pretest probability), patients who
have lung nodules and negative '*FDG-PET studies
should undergo routine clinical and imaging follow-
up every 6 to 12 months (as with other potentially
malignant lesions) to monitor for any increase in
the lesion size.

Staging

Pretreatment staging of non-small cell lung carci-
noma (NSCLC) is necessary to assess prognosis and
to determine appropriate therapy (Figs. 4—6). For
example, patients who do not have mediastinal lymph
node or distant metastatic disease usually undergo
surgical resection of the tumor, whereas patients who
have mediastinal or distant disease can undergo in-
duction chemotherapy or radiotherapy before surgery.
CT imaging is used to anatomically define the extent
of the primary tumor and pleural or chest wall
involvement and is superior to FDG-PET for these
purposes because of its inherently better spatial reso-
lution and delineation of normal structures and ana-
tomic detail. CT identification of hilar and mediastinal
lymph node involvement is less than optimal, how-
ever, because it depends upon lesion size. Using a size
criterion of 1 cm as the threshold for identification of
malignant disease leads to under- and overstaging.
Normal-sized lymph nodes that are infiltrated by
tumor will not be recognized, whereas lymph nodes
that are enlarged secondary to benign processes will
be incorrectly interpreted as containing tumor. The
sensitivity, specificity, and accuracy of mediastinal
staging by CT, as reported in a meta-analysis, is
approximately 60%, 77%, and 65%, respectively
[45]. In a prospective study, the sensitivity and spec-
ificity of CT was 52% and 69%, respectively [46].
Mediastinoscopy has, consequently, been the refer-
ence technique for mediastinal lymph node staging.

The accuracy of 'SFDG-PET for assessment of
mediastinal nodal involvement has been investigated
extensively. The sensitivity and specificity of the
procedure, when reported as positive or negative for
the ipsilateral or contralateral side, have ranged form
67% to 92% and 86% to 97%, respectively [47—52].
When analyzed by nodal stations, the reported results



S.J. Goldsmith et al / Thorac Surg Clin 14 (2004) 95-112 105

LT O LY

Fig. 4. Selected transaxial slice demonstrating '*FDG-PET images in a 68-year-old woman who smoked 1 pack of cigarettes
per day for many years. She presented to her primary care physician with complaints of back pain but was otherwise in good
health. A chest radiograph revealed a hilar mass and lung nodules. Transbronchial biopsy was positive for poorly differentiated
non—small-cell lung carcinoma. The patient was referred for evaluation of the extent of disease. The so-called hilar mass was
actually the primary lung tumor adjacent to hilar structures with a nearby second and third focus. A metastatic lesion in the
vertebral body was also demonstrated. The accompanying CT image shows multiple tumor masses and evidence of a sclerotic
lesion in the vertebral body (lung CT window). '*FDG-PET indicates the extent of viable tumor. Recently, radiation treatment
plans using intensity modulated radiation therapy (IMRT) were designed to provide booster radiation doses to the well-
circumscribed viable tumor defined by '*FDG-PET as opposed to simply delivering the prescribed dose to the entire CT defined
tumor volume. (Courtesy of Jacqueline Brunetti, MD, Department of Radiology, Holy Name Hospital, Teaneck, NJ).

are similar. A study published in 1999 compared
"SEDG-PET and CT in 75 patients prospectively
[53]. "*FDG-PET imaging and CT were concordant
in 39 patients, correctly in 35 of the 39 patients but
overstaging in two patients and understaging in
two patients. The results of the two studies were
discordant in 36 patients; 'SFDG-PET was correct
in 28 of these patients. Hence, FDG-PET was correct
in 63 of 75 patients, whereas CT was correct in only
43 of 75 patients. In a meta-analysis of staging, the
mean sensitivity and specificity of '*FDG-PET was
79% (+3%) and 91% (+2%) respectively, versus 60%
(£2%) and 77% (£2%), respectively, for CT [45].
The anatomic—functional correlation of '*FDG-
PET and CT images using fusion imaging (in which
the two studies are obtained sequentially on the same
instrument) will undoubtedly further refine the clas-
sification of patients who have nodal or mediastinal
disease by separating the primary tumor from adjacent
lymph nodes, differentiating hilar from adjacent me-
diastinal nodes, and precisely identifying the medias-
tinal lymph node groups involved. It is especially
important to differentiate between N1 and N2 disease
because the former is directly operable and the latter
is not. These conclusions are based upon traditional

methods of staging. The identification of N1 disease
by "SFDG-PET at an earlier time than would have
been possible with CT provides a basis for modifying
surgical resection to include these positive nodes
rather than to conclude that there is no nodal involve-
ment based upon CT imaging alone.

Patients who have distant, or systemic, metastases
at the time of diagnosis cannot be cured by surgery
and are not likely to achieve a long-term remission.
Despite the fact that the incidence of distant recur-
rence after complete removal of the primary tumor
is at least 20%, conventional staging procedures
performed at the time of diagnosis are generally
unrewarding [54]. Because the diagnostic yield of
anatomic imaging is low, '*FDG-PET offers a rapid
method for whole-body imaging that identifies sys-
temic metastatic disease effectively. 'SFDG-PET
detects distant disease in up to 15% of patients who
have negative conventional staging procedures
[52,55,56]. In addition to improving the detection
of disease, a negative study can also exclude disease
in patients who have false-positive or equivocal con-
ventional imaging results.

Adrenal masses are identified on CT in up to 20%
of patients who have NSCLC, and 'FDG-PET can
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accurately characterize the lesion as benign or malig-
nant (Fig. 5). In one series of 27 patients, '*FDG-PET
was 100% sensitive and 80% specific for adrenal
metastases [57]. The high negative predictive value of
this technique can reduce the need for routine biopsy
of adrenal masses.

PET Coronsls Fysed Coronsls

Lung carcinoma frequently metastasizes to bone
(Fig. 5). Radionuclide bone scintigraphy using **™Tc-
methylene diphosphonate (°’™Tc-MDP) had been
considered to be the procedure of choice for the
clinical assessment of possible skeletal involvement.
Bone metastases from NSCLC are often osteolytic,
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Fig. 6. ""EDG-PET, CT, and fusion transaxial images in a patient presenting with a chest wall mass. No satellite lesions or lymph
node involvement was demonstrated; biopsy demonstrated chondrosarcoma. (Courtesy of Division of Nuclear Medicine,
Department of Radiology, New York Presbyterian Hospital, Weill Cornell Medical Center, New York, NY).

and '"*FDG is reportedly more sensitive than conven- ""FDG-PET results have been reported with acute
tional radionuclide bone imaging for this type of fractures [60].

bone lesion. In addition, "*FDG-PET produces fewer Liver metastases are readily detected by conven-
false-positive results in degenerative, inflammatory, tional imaging studies. '*FDG-PET is most useful for
and posttraumatic bone disease [58,59]. False-positive resolving abnormalities that are indeterminate on

Fig. 5. (4) "*FDG-PET images from a 62-year-old woman admitted with confusion who was a cigarette smoker, 1 pack/day for
50 years. A solitary pulmonary nodule on the chest radiograph was subsequently confirmed as adenocarcinoma on biopsy.
Brain metastases were present on MRI. A CT of the chest and abdomen to the kidneys was interpreted as normal except for
the primary pulmonary lesion. Coronal, sagittal, and transaxial 'SFDG-PET images are triangulated (crosshairs) on the pri-
mary lesion (arrow I). A metastatic ipsilateral hilar lymph node is identified (arrow 2), and a metastasis to the left adrenal is
also seen (arrow 3), although the right hilar node and left adrenal are normal on CT. (B) Transaxial slices (CT, PET, and
fusion images) demonstrating adrenal metastasis in a normal left adrenal gland on CT examination. (Courtesy of Division of
Nuclear Medicine, Department of Radiology, New York Presbyterian Hospital, Weill Cornell Medical Center, New York, NY).
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conventional studies [61]. Although '"®FDG-PET can
detect lung metastases, CT has higher resolution and
is less affected by respiratory motion than 'SFDG-PET
images. For optimal detection of brain metastases, a
dedicated brain acquisition should be performed. This
additional study is probably not routinely warranted in
light of the low incidence of brain metastases in
asymptomatic patients and because of the excellent
results obtained with contrast-enhanced CT and MRL

The effectiveness of '*FDG-PET in the staging of
NSCLC is a direct result of its ability to detect me-
tastases that are not apparent on conventional imaging
modalities and to clarify the etiology of indeterminate
lesions found on CT. It has been estimated that
"8EDG-PET imaging results in changes in patient

62 ~11.72mm

61 -15.62nm 61 -15.62nn

CT Sagittal

61 -15.62mn

management in 20% to 40% of patients. Perhaps most
important is the exclusion of surgery in up to 15% of
patients as a result of the detection of distant metas-
tases [56,62—64].

Treatment and prognosis

In addition to assisting in the identification of
individuals who are suitable for curative surgery,
""EDG-PET is also used for radiotherapy planning
by defining functional tumor volume and providing
an outline of the radiotherapy volume for inclusion of
tumor and sparing of adjacent, uninvolved structures.
In one series, changes in staging were made in 33%
of patients and changes in radiation treatment vol-
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Fig. 7. "®FDG-PET, CT, and fusion images from a 73-year-old man who had a history of colon carcinoma that was resected
4 years earlier followed by a course of chemotherapy. The patient now has an elevated serum carcino embryonic antigen (CEA)
value and suspicion of a mediastinal mass. A hypermetabolic (increased '*FDG) mass is seen in the right anterior mediastinum
and a large mass is seen in the liver. These findings are metastatic colon carcinoma. The chest mass is indistinguishable from a
second primary neoplasm. (Courtesy of Division of Nuclear Medicine, Department of Radiology, New York Presbyterian

Hospital, Weill Cornell Medical Center, New York, NY).
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Fig. 8. "SEDG-PET, CT, and fusion images from a 50-year-old HIV+ man demonstrating a hypermetabolic mass in the right
lung and mediastinal lymphadenopathy and infradiaphragmatic disease. Diagnosis: non-Hodgkin’s lymphoma. (Courtesy of
Division of Nuclear Medicine, Department of Radiology, New York Presbyterian Hospital, Weill Cornell Medical Center,

New York, NY).

umes were made in 25% of patients as a direct result
of " FDG-PET imaging [65]. In addition, '*FDG-PET
differentiates scarring from residual or recurrent
disease accurately. In one study it was more sensi-
tive than, and as specific as, other modalities em-
ployed for this purpose. In a study of 63 patients
suspected of NSCLC relapse, results of 'SFDG-PET
and conventional evaluation methods were discordant
in 43 patients. In 39 patients (91%), '*FDG-PET was
correct, resulting in major changes in the diagnosis
in 25 patients (59%) [66]. To maximize the accuracy
of the study, 'FDG-PET should be performed
2 months after surgery and 4 to 6 months after ra-
diotherapy [67].

Although prognosis in NSCLC is determined pri-
marily by disease stage, tumor aggressiveness and

invasiveness—and even metabolic activity—might
also be important factors. Some data indicate that
patients who have more intense uptake of 'FDG
have a shorter survival time. Other data have shown
that patients who have persistent or recurrent abnor-
malities have shorter survival times than patients who
have negative follow-up studies [66,68].

Fluorodeoxyglucose—positron emission
tomography and other thoracic tumors

Increased anaerobic glucose metabolism, which
is the basis for '*FDG identification of carcinoma
of the lung, is a feature of other malignant tumors of
the thorax (Figs. 6—8). Accordingly, identification
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of an ""FDG-avid mass does not exclude metastatic
foci from other adenocarcinomas, lymphoma, thyroid
carcinomas, or even active necrotizing granulomas.
The nuclear medicine physician should be provided
with pertinent patient clinical history to be able to
fully assess the likely etiology of the findings on the
PET images. Likewise, the nuclear medicine physi-
cian should evaluate the '"*FDG images from the neck
to the mid-thigh to fully assess the extent of disease
and to identify other clinical conditions that might
be present.

Summary

Over the past decade a variety nuclear medicine
imaging studies have become available that are of
considerable value to patients who have pulmonary
malignancies. By far the greatest impact on the man-
agement of patients who have thoracic malignancy
has been the availability of '*FDG-PET imaging. In
the patient who has newly diagnosed lung carcinoma,
"8EDG-PET improves the accuracy of staging the
disease by identifying or excluding mediastinal dis-
ease and distant metastatic foci. "*FDG-PET is supe-
rior to anatomic methods for evaluating the response
to therapy and for distinguishing recurrent disease
from posttreatment changes. Studies are in progress
to evaluate the role of "*FDG-PET imaging in assess-
ing prognosis.

In patients who have bronchial carcinoid, somato-
statin receptor imaging with '''In-DTPA-pentetreotide
(Octreoscan) can help identify patients who are
candidates for curative surgery, detect unsuspected
metastatic spread, and identify patients who might
benefit from certain types of medical therapy. Al-
though it was initially speculated that '*FDG-PET
imaging would not be sensitive for tumor detection
in patients who have neuroendocrine tumors be-
cause of the usual slow metabolism and biology of
these tumors, many neuroendocrine tumors are
positive on '"®FDG-PET imaging. Nevertheless, there
has been no direct comparison of '*FDG-PET imag-
ing and somatostatin receptor imaging, nor does
a positive or negative 'SFDG-PET image exclude
neuroendocrine tumor.

"BEDG-PET imaging and somatostatin receptor
imaging with PMTe-depreotide (Neotect) are safe,
cost-effective methods that are valuable in the diag-
nosis and management of patients who have sus-
pected or known lung cancer. '*FDG-PET and
9MTc-depreotide imaging have a high degree of
sensitivity, specificity, overall accuracy, and positive
and negative predictive values in the evaluation of

the solitary pulmonary nodule. These agents provide
noninvasive, cost-effective methods for selecting
patients for aggressive intervention without contrib-
uting to increased morbidity. Both methods have
incremental value over CT imaging in selecting
patients who have solitary pulmonary nodules for
invasive biopsy or for thoracotomy.
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