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Solitary pulmonary nodules are a major clinical challenge
for all doctors involved in their study. The aim is always to
avoid missing malignant lesions but also to avoid performing
unnecessary diagnostic tests. The most recent research suggests
that in the near future chest computed tomography will become
even more widely used for the early detection of lung cancer.
If this occurs, there is likely to be a marked increase in the
number of solitary pulmonary nodules detected, making it
essential to develop techniques that enable us to manage this
problem with an optimal risk-benefit ratio. We review the
underlying principles of positron emission tomography and
the advances that have been made in its use for the study of
solitary pulmonary nodules. In addition, we discuss the possible
causes of false positives and negatives in this technique and
the strategies aimed at increasing diagnostic yield.
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La tomografia por emision de positrones
en el estudio del ndédulo pulmonar solitario

El nédulo pulmonar solitario (NPS) es un reto clinico
importante para todo médico implicado en su estudio. El
objetivo se cifra siempre en impedir que una lesion maligna
pase inadvertida, pero también en evitar que se realicen
pruebas diagnésticas innecesarias. Si en el futuro inmediato
se generaliza todavia mas, como parecen indicar las
investigaciones mas recientes, el uso de la tomografia
computarizada de térax como método de deteccién precoz
del cancer de pulmén, es probable que se produzca un
notable aumento del nimero de NPS diagnosticados. En tal
caso se haria imprescindible desarrollar técnicas que
permitan abordar este problema con una 6ptima relacion
riesgo-beneficio. En este trabajo se revisan los fundamentos
y los avances que se han producido en el uso de la
tomografia por emisiéon de positrones como técnica de
estudio del NPS. Se discuten, asimismo, las causas que
explican los posibles falsos positivos y negativos de la
prueba, asi como las estrategias dirigidas a incrementar la
rentabilidad diagnéstica de este procedimiento.

Palabras clave: Nodulo pulmonar solitario. Tomografia por emision
de positrones. Rentabilidad diagndstica.

Introduction

The solitary pulmonary nodule is defined as a single
radiological image with a nodular appearance, less than
3 cm in diameter, situated in the lung, surrounded by
healthy parenchyma, and not associated with significant
lymphadenopathy. These nodules may be present in up to
0.2% of all chest radiographs performed for any reason,’
and their evaluation is a major challenge in the daily practice
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of any physician. On the one hand, between 20% and 40%
of solitary pulmonary nodules are malignant lesions,
meaning that they should be resected as early as possible.?
On the other, between 20% and 40% of resected solitary
pulmonary nodules are found to be benign, and no surgical
intervention may therefore have been necessary.” The ideal
situation would therefore be to be able to classify all
nodules as benign or malignant before surgery in order to
prevent a malignant lesion from continuing to grow,
worsening the prognosis, or in the case of benign lesions,
to avoid performing unnecessary excisions, as this surgery
is not risk-free.

The diagnosis of the solitary pulmonary nodule is
currently based on the findings of a plain chest radiograph
or chest computed tomography (CT), whatever the reason
for having performed these studies. The nature of the
nodule is usually assessed by calculating the risk that the
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Figure 1. A positive result of positron emission tomography of a solitary
pulmonary nodule that was also seen on chest computed tomography and
that was later identified as a squamous cell carcinoma. The arrow indicates
the malignant nodule.

lesion could be malignant, an analysis that is almost always
based on clinical and radiological criteria. The criteria that
have been found to be important as independent factors
associated with a high probability that the image is
malignant are age, a significant history of smoking, a
history of cancer (>5 years earlier), and the specific
characteristics of the nodule (diameter >3 cm, presence
of marginal spiculation, and localization in the upper
lobes).? Other possible radiological findings, such as the
presence of calcifications or the stability of the lesion for
more than 2 years, are considered to suggest that the lesion
is benign.! However, in those cases in which the above-
mentioned criteria do not permit a firm conclusion to be
reached (indeterminate solitary pulmonary nodule), biopsy
of the nodule is essential in order to determine whether
the lesion is benign or malignant. This can be performed
by bronchoscopy, transthoracic fine-needle aspiration, or
by surgery. None of these 3 procedures is risk-free.!

It should be noted that a recent multicenter study appears
to demonstrate that, in individuals with a higher risk of
presenting lung cancer than the general population, yearly
chest CT will detect this tumor, if present, at an earlier
stage.* That study also found that 5-year survival is very
high in those patients in whom the required surgical
resection is performed based on this screening system. In
view of these results, if chest CT becomes generalized as
a feasible method for the secondary prevention of lung
cancer, we may assume that there will be a considerable
increase in the number of solitary pulmonary nodules
detected. The classification of these nodules into benign
or malignant will be an important part of the daily work
of the pulmonologist and of physicians in general who
treat patients with respiratory diseases. It would therefore
be of very great benefit to find new methods for clarifying
the differential diagnosis of solitary pulmonary nodules;
ideally these methods should avoid the need for performing
invasive tests and, at the same time, should reduce the
possibility of missing a malignant lesion to zero.
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Malignant tumors, including lung cancer, have a high
capacity to take up and metabolize glucose.’ [18F]-
fluorodeoxyglucose (FDG) may be used as a glucose
analogue; it is taken up by and accumulates in cells,
particularly malignant cells, and subsequently emits
radiation in the form of positrons. These particles can then
be analyzed using special equipment and translated into
tomographic images; this constitutes the basis of the so-
called positron emission tomography (PET).% Thus, at a
simple level, it may be said that if a solitary pulmonary
nodule accumulates radiolabeled glucose to a greater extent
than other tissues, it is very likely that the lesion is malignant
(Figure 1). In contrast, if the uptake is the same as or lower
than that of the surrounding structures, the lesion is probably
benign.

Based on these considerations, one of the main
indications for PET is the study of the solitary pulmonary
nodule that cannot been defined as benign or malignant
using conventional imaging techniques (the indeterminate
solitary pulmonary nodule).! However, false positives
(benign lesions that take up FDG, such as granulomas or
tuberculomas) and false negatives (malignant lesions that
do not take up FDG) do occur in PET. A false positive
result means that unnecessary tests will be performed,
whilst a false negative will lead to a potentially curable
lung cancer not being treated, which is much worse. For
this reason, the efforts of many investigators have been
directed at establishing the variables that determine the
sensitivity and specificity of PET and at attempting to
increase the accuracy of the technique. We will now discuss
of the role that PET may have in the differential diagnosis
of the solitary pulmonary nodule, analyzing its advantages,
disadvantages, and the methods that could improve the
diagnostic yield of the procedure.

Value of Positron Emission Tomography

Diagnostic Yield

The usefulness of any diagnostic test must be verified
by comparing the new technique with a reference technique
in a validation process that establishes the new technique’s
sensitivity (percentage of true positives detected as such)
and specificity (percentage of true negatives detected as
such). In the case of the solitary pulmonary nodule, the
gold standard technique is the pathological study of biopsy
material obtained by fiberoptic bronchoscopy, transthoracic
fine-needle aspiration, or surgical intervention. However,
the majority of studies on this subject also accept the
possibility of radiologic follow-up for 18 to 24 months:
growth of the nodule is interpreted as a sign of malignancy
and radiologic stability over this period as a sign of a
benign lesion.”

Patient series show considerable variation in the
sensitivity and specificity of PET for the evaluation of the
solitary pulmonary nodule, mainly as a consequence of
the different methodologies used in each study. The results
of a meta-analysis published in 2001' are therefore
important. That meta-analysis, which included 40 studies
with a total of more than 1400 lung lesions, established a
sensitivity of 96.8% and specificity of 77.8%, based on
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analysis of the maximum area under the diagnostic efficacy
curve. Those results therefore indicate that PET offers a
high sensitivity but that the probability of finding false
negatives cannot be ignored; also, its specificity is
intermediate, meaning that false positive results may occur
relatively frequently.

False positives. Almost all studies evaluating the
diagnostic yield of PET in the study of the solitary
pulmonary nodule found occasional false positive results.
This occurs because elevated FDG uptake is not specific
to tumors. Certain chronic infectious or inflammatory
disorders, such as granulomas,'' histoplasmosis,'?
tuberculosis, or anthrasilicosis,? as well as benign tumors
such as the hamartomas,’ to cite some examples, produce
false positive images that can lead to confusion and the
initiation of invasive tests that are not risk-free (Table).

False negatives. In the case of the solitary pulmonary
nodule, a false negative result is of greater consequence
than a false positive result, as it can lead to a potentially
curable malignant lesion being left untreated. There 3 main
causes of false negative results:

1. Tumors that are so small that they are below the spatial
resolution of PET. Lesions less than 1 cm may be seen
and measured with relative ease on chest CT. However,
the maximum resolution of current PET machines is around
6 to 8 mm,® meaning that, even though a nodule takes up
labeled glucose, it is unlikely to appear as a detectable
image. In an attempt to resolve this problem, some studies
have established the strategy of using chest CT to correct
the partial volume effect of PET in order subsequently to
recalculate the uptake levels."> However, this procedure
is relatively complex and is not usually applicable in clinical
practice. The evaluation of small nodules is thus one of
the most important challenges currently facing us in
interpreting PET.

2. Competition in FDG uptake caused by concomitant
hyperglycemia. A higher proportion of false negatives is
observed in patients with hyperglycemia.'* Curiously,
sudden increases in the serum glucose levels are responsible
for this phenomenon more frequently than persistent
hyperglycemia.' For this reason, patients are usually told
not to eat for at least 4 hours before PET is performed, an
important measure, as cases have been reported in which
a nodule initially appearing as negative became clearly
positive after fasting.!*

3. Malignant tumors with a low capacity for glucose
uptake, such as occurs with bronchioloalveolar
adenocarcinoma and carcinoid tumor. Neoplasms of this
type have been reported among the false negative results
of many of the major series published.®!*!

Bronchioloalveolar adenocarcinoma, an uncommon
subtype of lung cancer, shows marked histological
variability, leading to heterogeneous radiological
manifestations and occasional difficulty in its pathological
identification. Its most common presentation is as a
solitary pulmonary nodule'¢ and its growth is usually
slow, with a relatively low tendency to metastasize.'” In

Causes of False Positive and False Negative Results When
Positron Emission Tomography is Used to Study Solitary
Pulmonary Nodules

False Positives False Negatives
Tuberculosis Nodules less than 1 cm

Sarcoidosis Bronchioloalveolar adenocarcinoma
Histoplasmosis Carcinoid tumor

Anthracosilicosis Metastasis from thyroid cancer
Infections Metastasis from renal carcinoma
Pneumonia

Abscesses

Hamartomas

PET studies, it can give rise to false negative results in
up to 57% of cases. In addition, it has been reported that
its ability to take up labeled glucose is inversely
proportional to the degree of histological differentiation
of the tumour,'® which has been explained by the fact
that the malignant cells of this tumor express a smaller
quantity of the type 1 glucose transporter than other
primary lung neoplasms.'’

Pulmonary carcinoid tumors are neuroendocrine
neoplasms that arise from cells that can take up and
decarboxylate amine precursors (APUD system).!” They
show a high degree of differentiation, meaning that they
take up less labeled glucose than other malignant tumors
and can sometimes be difficult to detect on PET.? To get
round this problem, some authors have recently proposed
the use of a specific metabolite of neuroendocrine tumors,
such as [(11)C]-5-hydroxytryptophan, instead of labeled
glucose; this metabolite is selectively taken up by cells
of the APUD system, increasing the diagnostic yield of
PET." However, it is clear that further studies are necessary
in order to evaluate the efficacy of this method in these
cases.

Prognostic Value

Apart from its utility in diagnosis, PET has prognostic
value, particularly in patients with previously diagnosed
lung cancer. It is useful for staging' and for detecting
recurrence, both in lung and other tumors.*?!' In addition,
the degree of FDG uptake is a good marker of the
aggressiveness of a tumor.?? It has also been observed
that certain chemoresistant tumors take up less labeled
glucose, and that uptake is inversely proportional to the
expression of P-glycoprotein, one of the most widely
studied chemoresistance factors.?> However, as the
possibilities for PET to determine the prognosis of a
malignant lesion are still poorly defined, we must await
further studies.

Evaluation of Uptake in Positron Emission
Tomography

There are 2 ways to evaluate FDG uptake in PET. One
is subjective-qualitative (presence or absence of uptake,
with however many intermediate degrees are desired) and
the other objective-semiquantitative. This second method
is based on the application of the so-called “standardized
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Figure 2. Malignant solitary pulmonary nodule visible with increased definition in the study performed simultaneously with positron emission tomography
and chest computed tomography (thoracic PET-CT) and that was subsequently identified as a pulmonary adenocarcinoma. The nodule is shown in the chest
CT (A), PET (B), and PET-CT (C). The arrows indicate the site of the malignant nodule.

uptake value” (SUV), which expresses FDG uptake by
the lesion normalized according to the dose administered
and the subject’s body weight. The SUV provides the
possibility for a “gray scale,” which has a range from 0 to
an undefined maximum value. The value of 2.5 is accepted
as the cut-off point for malignancy.

At first sight, objective values may be thought to be
more reliable than subjective ones. However, a number of
studies have found no significant differences in the
sensitivity or specificity of PET between the 2 forms of
evaluation.'®?* In addition, it has even been stated that the
probability of malignancy in nodules with an SUV between
0 and 2.5 may be as high as 24%.'5 In fact, having defined
the many factors that can affect the uptake of labeled
glucose and, therefore, the SUV, it is not easy to establish
fixed values that serve to distinguish between the benign
and malignant nature of a solitary pulmonary nodule."

Strategies to Improve the Diagnostic Yield
of Positron Emission Tomography

The diagnostic yield of PET can be increased if the
probability of malignancy of a solitary pulmonary nodule
in an individual patient is calculated before the test.
Application of the model proposed by Swensen et al,?
which collates 3 clinical and 3 radiological factors (as
described above), significantly increased the area under
the PET diagnostic efficacy curve.? In contrast, Dewan
and coworkers? did not observe that the calculation of the
pretest probability of malignancy improved the diagnostic
efficacy of the technique. This discrepancy may be
explained by the fact that there were fewer patients in the
second study and that the pretest probability of malignancy
was calculated using Bayesian methods rather than logistic
regression.

In recent years, new strategies have been aimed at
improving the diagnostic efficacy of PET. One of these is
based on taking 2 series of tomographic images separated
by a given time, usually between 45 and 60 minutes.
Zhuang and coworkers,? for example, used this method
to study various tumor cell lines and inflammatory lesions
induced in experimental animals, as well as pulmonary
nodules whose benign or malignant nature was already
known, and were able to demonstrate that the uptake of
malignant tumors increased with time; this did not occur
in benign lesions. The interest in these results derives from
the fact that they add a new aspect to labeled glucose
uptake that is specific to tumor cells and is not observed
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in benign nodules. The use of this difference could serve
to reduce the number of false positives observed in PET.
Future studies will be necessary to confirm the reliability
of this method.

A number of formulas designed to correct the
underestimation of the SUV caused by hyperglycemia,
such as adjusting the value of this parameter according to
the patient’s serum glucose level, have also been studied.
Using this method, some authors have achieved a slight
increase in the reproducibility of the technique.?’

Another strategy that has been used to increase the
diagnostic yield of PET is to combine it with images from
chest CT (thoracic PET-CT).?® Over the past 2 or 3 years,
a number of machines have appeared that enable both
techniques to be performed simultaneously; these provide
true rather than virtual superposition of the images obtained
by PET and chest CT (Figure 2). In a recent retrospective
study comparing the sensitivity and specificity of CT, PET,
and PET-CT in the study of the solitary pulmonary nodule,
significantly higher yields were found with the integrated
PET-CT system than with either of the other 2 techniques
separately.?” However, that study had at least 2 major
limitations: its retrospective design and the small size of
the sample. It would therefore be interesting to perform
further studies with a prospective design and a larger
number of patients.

Indications for Positron Emission Tomography
in the Study of the Solitary Pulmonary Nodule

Figure 3 shows a simple algorithm that includes those
situations in which, according to current literature, PET
may help to differentiate between malignant and benign
solitary pulmonary nodules. In summary, it may be stated
that PET is useful for evaluating nodules that are not clearly
defined as benign or malignant from a radiological point
of view. However, it should not be forgotten that false
positives or, worse, false negatives may also occur with
this technique.

Conclusion

The solitary pulmonary nodule continues to be a major
challenge for any physician involved in its study. The need
to not miss the diagnosis of a malignant lesion means that,
on many occasions, invasive procedures are performed;
these procedures are never risk-free and can give rise to
serious complications. In addition, benign nodules may
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Solitary pulmonary nodule

I

Clinical and radiological signs of malignancy

Benign nodule

Age, smoking, history of cancer, size, spiculation, localization in an upper lobe,
absence of calcifications, increase in size in <2 years

Indeterminate nodule

PET

N

Malignant nodule

Fiberoptic bronchoscopy

Radiologic follow-up No uptake

SUV <25

Fine-needle aspiration
Thoracotomy
Mediastinoscopy

Uptake
SUV >2.5

e

Beware bronchioloalveolar adenocarcinoma
and carcinoid tumors

N

Beware inflammatory lesions

Figure 3. Diagnostic algorithm for the solitary pul
uptake value.

y nodule hig

also be surgically resected when this is unnecessary. This
dilemma, far from being resolved, will likely become ever
more common in daily practice, particularly if chest CT
imaging becomes accepted as the method of choice for
the early detection of lung cancer in the at-risk population.

PET may help in decision-taking with respect to the best
path to follow in the differential diagnosis of a solitary
pulmonary nodule of indeterminate characteristics.
However, it must not be forgotten that this technique has
limitations, particularly with regard to small nodules and
certain tumors, such as bronchioloalveolar adenocarcinoma
and carcinoid tumors. The current aims are to improve the
technique itself, evaluate the diagnostic value of new
metabolites specific to tumors that have a low glucose
uptake (such as the 2 just mentioned), evaluate the
possibility of PET imaging performed sequentially (in
2 phases) or combined (superimposed) with chest CT
(thoracic PET-CT), and validate the models that
simultaneously integrate the pretest probability with PET
in order to improve the yield of this diagnostic technique.
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