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Seeking a Home for a PET, Part 1*
Defining the Appropriate Place for Positron
Emission Tomography Imaging in the Diagnosis of
Pulmonary Nodules or Masses

Frank C. Detterbeck, MD, FCCP; Steven Falen, MD, PhD;
M. Patricia Rivera, MD, FCCP; Jan S. Halle, MD; and
Mark A. Socinski, MD, FCCP†

There is a growing experience with positron emission tomography (PET) in patients with
pulmonary nodules or masses. As PET imaging becomes more widely available, it is important to
thoughtfully define when application of this technology is warranted. Review of the literature to
date suggests that PET imaging for diagnosis of pulmonary lesions is most useful in patients who
have a low or intermediate risk of lung cancer as determined by an evaluation of symptoms, risk
factors, and radiographic appearance. There is little role for PET in diagnosis in patients with a
very low or a high risk of lung cancer, and there is little role in patients with lesions < 1 cm in
diameter, or lesions suspected to be an infection, a bronchioloalveolar carcinoma, or a typical
carcinoid tumor. (CHEST 2004; 125:2294–2299)

Key words: diagnosis; lung cancer; positron emission tomography; solitary pulmonary nodule

Abbreviations: BAC � bronchioloalveolar carcinoma; CXR � chest radiograph; F-18 FDG � [2-18F]2-fluoro-2-deoxy-
D-glucose; FN � false-negative; FP � false-positive; PET � positron emission tomography

P ositron emission tomography (PET) is an exciting
imaging modality in patients with suspected lung

cancer. Other imaging studies rely primarily on a
demonstration of altered anatomy, such as lymph
node or adrenal enlargement, whereas the basis of
PET imaging is a difference in metabolism between
normal and malignant cells. PET imaging can reveal

foci of lung cancer that are not seen by other imaging
tests,1–3 which led to the approval of PET imaging
for the diagnostic and staging workup of patients
with lung cancer by the Centers for Medicare and

For related article see page 2300

Medicaid Services (formerly known as the Health
Care Financing Administration) in the United States
in 1998. PET imaging systems have become much
more widely available, and their use in patients with
non-small cell lung cancer has become fairly com-
mon in many communities.

The most commonly used radiotracer for PET
imaging of lung cancers is [2-18F]fluoro-2-deoxy-D-
glucose (F-18 FDG).4 Many tumor cells demon-
strate an accelerated glucose metabolic rate,5 and
therefore an increased rate of glucose (and F-18
FDG) uptake compared with normal cells.6 Intracel-
lularly, F-18 FDG is then phosphorylated to F-18
FDG-6-phosphate by hexokinase, an enzyme that
also has increased activity in tumor cells compared
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with normal cells.7 Furthermore, many malignant
cells demonstrate a decreased rate of dephosphory-
lation compared with normal cells.8 As a result, F-18
FDG-6-phosphate accumulates within the tumor
cells and allows for imaging.

Like any new technology, however, we must de-
lineate under what circumstances it is useful and
when it adds little. Having a clear understanding of
when to use PET imaging is particularly important
because of the cost of this modality. Furthermore,
although some scan findings are clearly positive or
negative, in many cases there are equivocal areas of
uptake. The cost of additional scans to follow-up
equivocal results is significant, and should be consid-
ered together with the cost of the PET study itself.9
These considerations make it important to be sure
the PET scan was indicated in the first place.

Background

How Should We Determine Who Should Have a
PET?

Some authors have advocated PET for all patients
with a pulmonary abnormality.10 However, most
clinicians involved with the care of patients would
accept that a pulmonary lesion should not circum-
vent a careful clinical evaluation. This entails an
assessment of symptoms, the medical history, and
risk factors for lung cancer. This allows some thought
to be given to the likely diagnosis—and to the likely
stage—if lung cancer is suspected. Consistent with
this approach is the recommendation for a selective
use of PET imaging by several authors.4,11–14

To determine when a PET scan is useful, we must
define when it is likely to change the management
approach. The first step is to estimate the likelihood
that a PET scan finding will be positive (or negative),
which depends primarily on the prevalence of the
clinical condition being investigated. If the preva-
lence of the clinical condition is very low (ie, � 5%),
then it is difficult to justify PET imaging because the
chance of finding a clinical condition that requires a
change in management is very low. In addition, the
likelihood of a positive (or negative) PET result also
depends on the likelihood that the PET scan will be
positive (or negative) when the clinical condition is
actually present (or absent). This is measured by the
sensitivity (if the clinical condition is present) and
the specificity (if the clinical condition is absent).
Sensitivity is the probability that the test result will,
in fact, be positive in a population of patients, all of
which have the condition in question. Specificity is
the chance that the test result will, in fact, be
negative in a different population, none of whom
have the condition in question. Thus, these measures

are based on patient populations that are defined
after the fact by the true disease status.

For a particular patient, however, whether a pos-
itive (or negative) PET result will end up affecting
the management is primarily related to whether a
positive (or negative) PET result correlates reliably
with the clinical condition in question being present
(or absent). If the reliability of a positive (or nega-
tive) result is too low to be trusted with confidence,
then other tests will be necessary, making the PET
scan superfluous. The reliability of a positive or
negative result is known as the false-positive (FP)
rate or false-negative (FN) rate. The FP rate is the
number of FP findings divided by all positive results;
the FN rate is the number of FN findings divided by
all negative results. Thus, these parameters indicate
the percentage of all positive (or negative) results
that are false results. These measures are often
expressed in an indirect manner as the positive
predictive value (or negative predictive value). (The
FP and FN rates should not be confused with the FP
fraction and FN fraction, which are defined as 1
minus the specificity and 1 minus the sensitivity,
respectively.)

Thus, whether the incidence of an unexpected
result is high enough to justify a PET scan depends
on the prevalence of the clinical condition as well as
the sensitivity and specificity of the test. How the
results of the test will be interpreted, however,
depends on the FP rate (if the test result is positive)
or the FN rate (if the test result is negative). This
latter point must be emphasized: interpretation of a
PET result in a particular patient requires the use of
the FP (or FN) rate, not sensitivity or specificity.

Exceptions and Specific Situations

It is important to exclude certain specific situa-
tions in which characteristics of PET imaging limit
the usefulness of this test (Table 1). A PET scan is
primarily useful to differentiate a chronic benign
condition from a cancer. When the patient’s history,
symptoms, or radiographic findings strongly suggest
the possibility of infection, there is little role for PET
imaging because an infectious nodule is very likely to
be positive on PET imaging.2,15–18 In such a situa-

Table 1—Clinical Situations in Which PET Imaging
Has Limited Utility for the Detection of Cancer

Clinical Situation Reason

Infection High FP rate
BAC High FN rate
Typical carcinoid tumor High FN rate
Comorbidities preventing treatment No effect on management
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tion, one should proceed directly to a test that is
likely to diagnose the causative organism, because a
specific diagnosis will need to be established in order
to direct the appropriate antibiotic therapy in most
instances of infectious nodules (as opposed to an
infiltrate, which can be treated empirically). Meth-
ods to identify a causative organism may include
placement of a tuberculosis skin test (purified pro-
tein derivative), a serum cryptococcal antigen level,
or a bronchoscopy with transbronchial brushing or
BAL.

In patients in whom the presence of a bronchi-
oloalveolar carcinoma (BAC) is considered to be a
possibility, there is little role for PET imaging,
because PET results are often falsely negative in
cases of BAC.2,15,19–22 In addition, PET findings are
often negative in cases of typical carcinoid tu-
mors.23,24 Although both typical carcinoid tumors
and BAC are low-grade carcinomas, there is ample
evidence that these tumors do progress, metastasize,
and are eventually lethal if not resected at an early
stage.25,26

Some patients have such severe comorbid condi-
tions or poor performance status that they are not
candidates for treatment, thus rendering PET imag-
ing superfluous. However, specific arguments for
PET imaging can be made in certain situations. For
example, despite a high likelihood of lung cancer,
there may be a reluctance to proceed with an
invasive procedure to confirm the diagnosis or stage
in a very-poor-risk patient unless a test such as PET
imaging can make the likelihood of lung cancer very
high (� 95%). However, such specific situations
should be viewed as exceptions and cannot be used
to justify PET scanning for the diagnosis of a pulmo-
nary nodule or mass in general.

Other Issues Associated With the Usefulness of
PET

Defining the role of PET scanning is complicated
by the need for a histologic or cytologic diagnosis. No
matter how reliable PET is for determining that
malignant cells are present, it cannot determine the
cell type and will not replace the need for micro-
scopic examination of the malignant cells (except
under unusual circumstances). If biopsy of a partic-
ular area will be required for diagnosis anyhow, PET
imaging of this area may do little to alter the
diagnostic approach.

Finally, it is important to be clear about the
question that PET imaging is expected to address.
PET can be used to gain information about the
diagnosis of the primary tumor, to gain information
about the likelihood of mediastinal node involve-
ment (intrathoracic stage), and to discover distant

metastases (extrathoracic stage) in patients suspected
to have lung cancer. This article addresses the role of
PET for diagnosis of a pulmonary nodule, whereas
the role of PET in staging of lung cancer is discussed
in Part 2.27 A PET scan will potentially address all of
these issues, and any one of these issues by itself can
be a valid reason to get this test. However, we must
be careful not to use arguments for one issue to
justify PET imaging when the clinical issue is actu-
ally something else. Thus, a thoughtful approach to
the use of PET is complex, and requires consider-
ation of a variety of issues and test parameters.

The Role of PET for Diagnosis

Estimating the Likelihood of Lung Cancer

The approach to patients with a pulmonary lesion
is determined to a large extent by the likelihood that
a lesion in a particular patient is a lung cancer. The
risk can be divided into several groups, for example
as proposed in Table 2. Many factors influence the
estimation of the likelihood of lung cancer, and a full
discussion of these is beyond the scope of this article.
Patient-related factors include the smoking history
(approximately 2,000% increased risk in patients
with a history of smoking compared with a lifelong
nonsmoker).28 The risk diminishes after cessation of
smoking, but never reaches that of a nonsmoker (200
to 300% increased risk 20 years after cessation of
smoking compared with a lifelong nonsmoker, cor-
rected for other factors).28 The risk of lung cancer is
increased 400% if the patient has a significant
amount of obstructive airway disease or a first-
degree relative with lung cancer.28 The risk is in-
creased approximately 50% in women (corrected for
other factors), whereas secondhand smoke increases
the risk approximately 20 to 40%.28 More impor-
tantly, the risk increases substantially by age (cor-
rected for other factors). A previous, successfully
treated lung cancer imparts a high risk of a new lung
cancer (approximately 2% per year).29 Radiographic
factors include the rapidity of appearance of the
lesion as well as the border characteristics. A spicu-
lated lesion carries approximately an 80% chance of

Table 2—Proposed Categories of the Likelihood of
Lung Cancer in Patients With a Pulmonary Lesion

Likelihood
Category

Likelihood of
Lung Cancer, %

Very low � 5
Low 5–20
Intermediate 20–80
High � 80

2296 Reviews

 by on February 6, 2007 www.chestjournal.orgDownloaded from 

http://www.chestjournal.org


malignancy, a lobulated lesion approximately 60%,
whereas a lesion with indistinct borders is more
typical of an inflammatory process.28

A combination of the clinical presentation, history,
and risk factors, and the radiographic appearance of
the abnormality on CT scan provides an estimate of
the likelihood of lung cancer. Although these com-
ponents can be combined in a complex Bayesian
formula,30 this is of little practical use, and most
clinicians simply take stock of the entire picture to
estimate the likelihood of lung cancer. Obviously this
involves a great deal of judgment, taking into account
many factors, which makes a multidisciplinary dis-
cussion the ideal forum to review the characteristics
and make this estimate. Clinical practice suggests
that this process is fairly accurate in estimating the
likelihood of lung cancer.31

Patients With a Very Low and Low Likelihood of
Lung Cancer

It is difficult to justify the use of PET imaging in
patients who are believed to have a very low likeli-
hood (� 5%) of having lung cancer as estimated by
an assessment of risk factors, radiographic findings,
and clinical presentation. The major clinical issue is
to rule out cancer. It is true that the specificity of
PET scanning is fairly high (ie, the chance of a
negative PET result if the lesion is, in fact, benign).
Furthermore, a negative PET result in an individual
patient can be relied on with confidence because the
FN rate of PET imaging for lesions � 1 cm is quite
low. However, cancer has already been ruled out to
a high degree by the estimation of the likelihood of
cancer. The chance of finding a lung cancer is so low
that it is hard to justify further workup, especially
using a test that costs as much as a PET scan.
However, it seems reasonable in such situations to
obtain a follow-up chest radiograph (CXR) [or CT
scan] in 6 months, 12 months, and 24 months to
provide further assurance that the lesion is benign.

In patients with a lesion that is estimated to have
a low likelihood (5 to 20%) of being malignant,
further workup to rule out cancer is warranted if this
can be accomplished. PET is an excellent modality in
this setting, provided the lesion is � 1 cm and not
likely to be an infection, BAC, or a carcinoid tumor.
The sensitivity of PET (96%) is very high (chance of
a positive result if the lesion is cancer), and the
specificity (74%) is good (chance of a negative result
if the lesion is benign), as shown in a meta-analysis.4
Furthermore, either a positive or a negative result in
an individual patient can be trusted to a high degree.
The FN rate of PET for lesions that are � 1 cm is
approximately 8 to 10%.12,32 Further follow-up of a
negative PET result with a CXR or a CT scan in 6

months, 12 months, and 24 months seems reason-
able, however. Similarly, the FP rate of PET is low (8
to 10%).12,32

Patients with a low likelihood of lung cancer who
have a lesion � 1 cm represent a conundrum. A test
that would reliably decrease the possibility of lung
cancer would be very useful. Although there are
anecdotal reports of PET detecting cancers that are
several millimeters in size, very few patients with
lesions � 1 cm have been included in published
series, and therefore the FN rate of PET scans for
such lesions remains undefined.4 Anecdotal cases, no
matter how striking, have no relevance in the defi-
nition of a thoughtful general policy. In one study,10

an FN rate of 18% was reported for lesions � 1.5
cm. Therefore, a rational approach in these patients
involves either follow-up CT scans in 3 months, 6
months, 12 months, and 24 months or an excisional
biopsy, and PET imaging for lesions � 1 cm in
low-likelihood patients is not justified at this time.

Patients With an Intermediate Likelihood of Lung
Cancer

Patients with a lesion having an intermediate
likelihood of lung cancer would clearly benefit from
a test that would move the patient into either a very
low-likelihood or a high-likelihood category. Either
result would define the course of further workup or
follow-up that should be taken. If the lesion is � 1
cm, PET is an ideal test because of a low FN rate
(8%) and FP rate (8%) in this situation.32 If the PET
scan finding is negative, a follow-up CXR or CT scan
in 6 months, 12 months, and 24 months is useful to
provide further assurance that the lesion is benign. If
the PET finding is positive, further workup consis-
tent with a high-likelihood category is warranted.
This recommendation for PET imaging in patients
with an intermediate likelihood of lung cancer after
a clinical assessment and a CT scan is consistent with
the conclusions reached in a recent detailed cost-
effectiveness analysis (PET was recommended if the
probability of lung cancer was 20 to 70%).14

Patients with an intermediate likelihood of lung
cancer and a lesion � 1 cm represent a difficult
situation. A positive PET scan result would certainly
move the patient to a high-likelihood category, al-
though the chance of this result (sensitivity) may be
diminished in smaller lesions.10 However, the treat-
ing physicians should first determine what would be
done in the face of a negative PET result. A PET
scan can only be justified if the physician and the
patient would be comfortable with an observation
approach after a negative PET result. Because the
FN rate of a PET scan for lesions � 1 cm is poorly
defined (but likely to be 20 to 30%),10 a negative
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PET scan result may not avert the need for a
definitive diagnosis via an excisional biopsy (ideally
using a thoracoscopic approach). The only alterna-
tive would be careful follow-up (eg, CT in 3 months,
6 months, 12 months, and 24 months). It is unlikely
that a transthoracic needle aspiration (TTNA) will be
useful in such situations because it also carries a high
FN rate (20 to 30% overall, but likely higher in small
lesions).

Patients With a High Likelihood of Lung Cancer

In patients who have a high likelihood of cancer,
there is little role for PET for diagnosis. Although
PET might make the likelihood of lung cancer even
higher by intense uptake, the need to obtain a tissue
diagnosis in most cases will render this aspect of the
PET scan superfluous. Moreover, if a PET study
result was, in fact, negative, it is likely that most
physicians would be uncomfortable trusting this
result in the face of highly suggestive clinical and
radiographic features. PET may still be indicated for
patients with a high likelihood of cancer for further
definition of the extent of disease, but this is a
different issue than to confirm the diagnosis. The
role of PET for staging is discussed in Part 2 of this
review.27

Conclusion: Who Needs a PET?

Recommendations for the use of PET imaging in
the diagnosis of a pulmonary nodule are summarized
in Table 3. Evaluating whether a patient would
benefit from a PET scan starts with an assessment of
the symptoms and risk factors for lung cancer, a
review of sequential CXRs, and an examination of
the chest CT scan. This allows an estimation to be
made about the likelihood of lung cancer and the
size of the lesion. There is no role for PET imaging
in patients with a very low (� 5%) likelihood of lung
cancer. Patients with a low (5 to 20%) or an inter-
mediate likelihood (20 to 80%) of lung cancer and a

lesion that is � 1 cm should undergo PET imaging.
Interpretation of the PET result is clear in patients
with a lesion � 1 cm, because the FN rate is defined
and is approximately 5 to 10%, indicating that lung
cancer can be ruled out with a reasonable degree of
reliability. Patients with a lesion that is � 1 cm are
not likely to benefit from a PET scan, although it
may be reasonable to proceed with a PET scan in
intermediate-risk patients provided the physician
and the patient are willing to observe the lesion if the
scan result is negative (although the FN rate is likely
to be 20 to 30%). A positive PET result does not
necessarily prove that the lesion is lung cancer, but
further evaluation should be carried out as if it were
until the diagnosis has been proven by a definitive
biopsy. In patients who are estimated to have a high
likelihood (� 80%) of having lung cancer, there is
little role of PET for diagnosis, although PET imag-
ing has utility in defining the stage of cancer, as is
discussed in Part 2 of this review.27
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