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Value of [18F]-FDG-PET/CT as a predictor
of cancer in solitary pulmonary nodule®

Valor do FDG[18F]-PET/TC como preditor
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Abstract

Objective: To determine the diagnostic accuracy of positron emission tomography/computed tomography (PET/CT) using fluorine-
18-deoxyglucose ([18F]-FDG) for the evaluation of a solitary pulmonary nodule (SPN). Methods: Prospective analysis of 53 consecutive
patients submitted to PET/CT between March 2005 and May 2007 for the evaluation of an SPN. Of those, 32 met the criteria for inclusion
in the present study. The lesions were evaluated for location, size, radiotracer uptake and maximum standardized uptake value (SUV). The
FDG-PET/CT results were correlated with other predictors of malignancy (age, gender, smoking status, nodule size and nodule location). The
definitive diagnosis was established through histopathology or through clinical/radiological follow-up for at least one year. Results: Fourteen
malignant SPNs were found. Through analysis of the receiver operating characteristic curve, we established an SUV of 2.5 as the most
appropriate cut-off point, since it correctly identified 13 of the 14 malignant SPNs. The results below that point revealed one false positive
for neoplasia out of a total of 14. The semiquantitative method presented a sensitivity of 92.9%, specificity of 72.2%, positive predictive
value of 72.200, negative predictive value of 92.9% and accuracy of 81.2%. The multivariate analysis showed a statistically significant
association with SPN malignancy only for nodule location in the upper lobes (p = 0.048) and SUV (p = 0.007). Conclusions: The results
obtained suggest that the SUV of [18F]-FDG is a useful predictor of neoplasia in SPN, with a high negative predictive value, which allows
malignancy to be safely ruled out, showing its relevance in the diagnostic approach to pulmonary nodules.
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Resumo

Objetivo: Determinar a acurdcia diagnostica da positron emission tomography (tomografia por emissdo de pésitrons)/tomografia computa-
dorizada (PET/TC) com deoxiglicose marcada com flior-18, conhecida como fluorodeoxiglicose (FDG[18F]), na avaliacdo de nédulo pulmonar
solitario (NPS). Métodos: Andlise prospectiva de 53 pacientes consecutivos que realizaram PET/TC para avaliacdo de NPS, entre margo de
2005 e maio de 2007. Destes 32 preencheram os critérios de inclusdo. As lesdes foram avaliadas quanto a sua localizacdo e tamanho, grau de
captacio do radiofarmaco e o standardized uptake value (SUV, valor padronizado de captacdo) maximo das lesdes. Os achados dos estudos
de FDG-PET/TC foram correlacionados com outros preditores de malignidade (idade, sexo, tabagismo, tamanho e localizacdo do nodulo).
0 diagnostico definitivo foi estabelecido por confirmagio histopatolégica ou acompanhamento clinico-radiolégico por um periodo minimo
de um ano. Resultados: Encontrados 14 NPS malignos. Apos andlise da curva ROC, o SUV de 2,5 foi considerado o melhor ponto de corte
que identificou corretamente 13 dos 14 NPS malignos. Os resultados abaixo deste ponto de corte mostraram um exame falso positivo para
neoplasia num total de 14. O método semiquantitativo apresentou sensibilidade de 92,9%, especificidade de 72,2%, valor preditivo positivo
de 72,2%, valor preditivo negativo de 92,9% e acurécia de 81,2%. Na andlise multivariada, apenas a localizacdo do nddulo nos lobos supe-
riores (p = 0,048) e o SUV (p = 0,007) demonstraram significancia estatistica para malignidade no NPS. Conclusdes: Os dados do estudo
mostram que o SUV da FDG[18F] é um bom preditor de neoplasia em nddulos pulmonares e com alto valor preditivo negativo, o que oferece
grande seguranca em afastar presenca de malignidade, indicando sua importancia na abordagem diagndstica do nodulo pulmonar.

Descritores: Tomografia por emissdo de positrons; Nodulo pulmonar solitario; Neoplasias pulmonares.
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Introduction

The diagnostic approach to solitary pulmonary
nodules (SPNs) continues to pose a great challenge
to specialists in many areas, due to the absence of
symptoms, the nonspecific morphological charac-
teristics and the probability of malignancy.™

Primary neoplasia is found in approximately 35%
of all SPNs.® However, most pulmonary nodules
are inflammatory or granulomatous lesions.”) The
differentiation between the malignant and benign
diseases requires the use of safe, reliable diagnostic
methods.

When the clinical history, complementary
imaging tests, cultures and serological tests are
insufficient to confirm the diagnosis, surgical lung
biopsy must be performed in order to accurately
identify the etiology. However, the routine use of
this technique will reveal many benign lesions,
which could be clinically monitored.

Positron emission tomography (PET) using
fluorine-18-deoxyglucose ([18F]-FDG) has been
widely applied in lung cancer staging, especially
in the detection of mediastinal metastases,” treat-
ment planning, restaging following radiotherapy
or chemotherapy and control of local recurrence
of the disease.® This method has also been widely
used for the evaluation of malignancy in SPNs and
has been shown to be highly accurate.® However,
there have been few studies using PET/computed
tomography (PET/CT) equipment to evaluate
SPNs.

1t is known that the glycolytic metabolism and,
consequently, uptake of the [18F]-FDG are increased
in inflammatory and granulomatous lesions,”-'%
especially in individuals with pulmonary tubercu-
losis, histoplasmosis or sarcoidosis.

Due to factors characteristic of Brazil, such as
the high incidence of pulmonary tuberculosis!"
and endemic areas of histoplasmosis,'? both
diseases having the potential to give rise to SPNs,
there is a need to establish a reliable predictor for
the diagnosis of cancer in patients with pulmonary
nodules.

The present study correlated the degree of
uptake of [18F]-FDG in pulmonary nodules using
a semiquantitative, visual analysis, together with
the assessment of other predictive factors for lung
cancer, such as age, gender, smoking status, size("
and location of the nodule, to determine whether
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the standardized uptake value (SUV) of [18F]-FDG
is a good predictor of cancer in SPNs and whether
its diagnostic accuracy increases when used in
conjunction with the factors mentioned above.

The principal objective of the present study was
to evaluate the diagnostic performance of FDG-PET/
CT in the characterization of SPNs.

Methods

The study was conducted in the imaging sector
of the Samaritano Hospital, a private hospital located
in Rio de Janeiro, Brazil. This was a classical cohort
study involving 53 consecutive patients submitted
to FDG-PET/CT for the evaluation of SPNs between
March of 2005 and April of 2007. The protocol
was approved by the Samaritano Hospital Ethics
Committee (Process no. 0002018219705).

Among the patients initially evaluated, 21 were
excluded for not meeting all of the inclusion criteria
(being over 18 years of age; having no history of
neoplasia; SPN having gone undiagnosed prior to
the study outset; and confirmation of the diag-
nosis through histopathology) or for not remaining
in clinical/radiological follow-up treatment for a
minimum of one year after the FDG-PET/CT scan.
Therefore, 32 patients were selected for inclusion
in the study.

Demographic data such as age, gender, and
smoking history were collected.

After the FDG-PET/CT results were known, the
final decision regarding clinical follow-up or biopsy
was made by the attending physician.

The patients fasted for 6 h prior to the FDG-PET/
CT scan. The [18F]-FDG was administrated intrave-
nously at a dose of approximately 448 MBq. During
the activation phase, in an appropriate room, the
patients remained supine, covered with a blanket,
without light or auditory stimuli, for 60 min (mean
73.2 £ 13.8 min), to avoid uptake of the radiotracer
at physiological sites excited by these stimuli, which
can result in artifacts that have false-positive inter-
pretations. On this occasion, patients were instructed
to drink 1 L of contrast material (barium diluted in
water).

The images were acquired using a PET/CT
Biograph 2 (Siemens Medical Solutions, Erlangen,
Germany). The topogram of the CT was previously
acquired at 130 kV and 30 mA in order to determine
the area of obtainment of the image (skull base to
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the proximal portion of the thigh). The CT was
then acquired in the craniocaudal plane (130 kV;
100 mA; tube rotation time of 0.8 s/slice; width
5 mm/slice; collimation of 4 mm), in expiration, in
order to minimize the respiratory artifacts of the
PET/CT.(49

The FDG-PET/CT was then acquired with the
patient in the same position in which the CT was
performed, using the detection system with a
complete ring of lutetium oxyorthosilicate crys-
tals. For the acquisition of the PET scan in three
dimensions in the craniocaudal direction, the time
of emission of each effective biological dose was
3 min, resulting in a total PET time of approxi-
mately 21 min (7 effective biological doses).

The CT data previously described® were used
for the attenuation correction. After attenua-
tion correction of the PET data, the images were
reconstructed using an algorithm of four interac-
tions and a 128 x 128 matrix, as also previously
described.!"®)

The semiquantitative analysis of the degree of
uptake of the lesions characterized by the FDG-PET/
CT scans was based on the SUV. The SUV represents
the activity of the radiotracer in a topographic region
of the body image or volume of interest normalized
to the weight of the patient and to the quantity of
radiotracer administered to the patient, hence the
formula: SUV = radiotracer activity x wejght of the
patient| injected dose, which characterizes the rela-
tive concentration of the radiotracer in the lesion
of interest.

In the present study, we used the maximum SUV
of the lesions, that is, the SUV for the pixel with
the greatest uptake in the lesion (maximum pixel
SUV), determined semi-automatically, with the aid
of the E-soft program, version 4.0 (Siemens Medical
Solutions) through the demarcation of a volume of
interest in the lesion studied.

The studies were interpreted by consensus among
aradiologist and two nuclear medicine physicians on
a workstation (E-soft, Siemens Medical Solutions).

The SPNs were analyzed in terms of size and
location.

The uptake of the radiotracer in the lesions was
evaluated subjectively by determining the degree of
uptake in the lesions in relation to that observed
for the mediastinum. Lesions presenting no meas-
urable uptake of the radiotracer, as well as those
presenting uptake intensity less than or equal to
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that of the mediastinum, were considered negative
for neoplasia. Lesions presenting uptake of the radi-
otracer that was more intense than that observed
for the mediastinum were considered positive for
neoplasia.

In addition to the subjective analysis of the
degree of uptake of the lesions, a semiquantita-
tive analysis was carried out by determining the
maximum SUV of the lesion, using semi-automatic
outlining of an area around the lesion for volume
measurement, with a margin of 50%. Other hyper-
metabolic foci with suspicion of viable neoplastic
tissue were duly registered.

The results of the FDG-PET/CT scans were known
before the definitive diagnosis had been made.

All patients who were not submitted to biopsy
were monitored as outpatients for at least one year
after the FDG-PET/CT scan, during which time they
underwent chest CT scans in order to evaluate the
SPNSs.

The diagnosis of malignant lesion was estab-
lished through histopathological evaluation. The
diagnosis of benign lesion was established through
biopsy or based on a reduction in the stability of the

Table 1 - Histopathological results correlated with the
standardized uptake values.

Findings FDG[18F] SUV
>2.5 < 2.5
(n=18)* (n=2)<
Malignant 13 (40.6) 1 (3.1)
Benign 5 (15.6) 13.1)
Histopathology, n (%)
Adenocarcinoma 10 (31.1) 0(0.0)
Bronchioloalveolar carcinoma 1 (3.1) 1(3.1)
Adenocarcinoma + 1(3.1) 0 (0.0)
bronchioloalveolar carcinoma
Non-Hodgkin’s lymphoma 13.1) 0 (0.0)
Histoplasmosis 2 (6.2) 0 (0.0)
Tuberculosis 13.1) 13.1)
Aspergillosis 1(3.1) 0 (0.0)
Inflammatory process 1(3.1) 0 (0.0)

FDG[18F] SUV: fluorine-18-deoxyglucose standardized uptake
value. *Number of biopsies performed. PAll patients with
FDG[18F] SUV > 2.5 (n = 18) were submitted to biopsy. “Of
the patients with FDG[18F] SUV < 2.5 (n = 14), only 2 were
submitted to biopsy.
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SPN during the clinical and radiological follow-up
evaluations.

The continuous variables were expressed as mean
+ standard deviation or median and the interquar-
tile range, depending on the distribution of data,
and were compared using the Student’s t-test and
Mann-Whitney test. The Kolmogorov-Smirnov test
was used to determine the distribution of data. The
categorical variables were expressed as percentages
and compared using the chi-square test or Fisher’s
exact test.

Diagnostic performance and the best SUV
cut-off point were determined by constructing and
analyzing a receiver operating characteristic (ROC)
curve. Sensitivity, specificity, negative predictive
value and positive predictive value were calculated
for this cut-off point.

A multivariate logistic regression model was
generated, including all variables presenting a
p value < 0.1 in the univariate analysis. Statistical
significance was determined using an alpha error of
<5% (p < 0.05).

The statistical analysis was carried out using the
Statistical Package for the Social Sciences, version
12.0 (SPSS 1Inc, Chicago, 1L, USA).

Results

In the subjective analysis, 14 patients with
neoplasia and 5 with benign disease presented
higher uptake in the pulmonary nodule than in the
mediastinum.

Regarding the semiquantitative analysis,
among the 32, the [18F]-FDG SUV increased to
> 2.5in 18 of the 32 patients evaluated, All 18 of
those patients were then submitted to biopsy, in
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which the histopathology confirmed neoplasia in
13 (40.6% of the sample as a whole). The diag-
noses were adenocarcinoma in 10 cases (31.3%),
bronchioloalveolar carcinoma in one (3.1%),
adenocarcinoma with areas of bronchioloalve-
olar carcinoma in one (3.1%) and non-Hodgkin’s
lymphoma in one (3.1%). In the other 5 patients
with elevated SUV, the biopsy findings revealed
histoplasmosis in 2 (6.2%), tuberculosis in one
(3.1%), locally invasive aspergillosis in one (3.1%)
and a nonspecific inflammatory process in one
(3.1%). Of the 14 patients with low or no [18F]-FDG
uptake, 2 were submitted to biopsy. In one (3.1%
of the sample as a whole), the histopathological
result was bronchioloalveolar carcinoma, whereas
the other patient was diagnosed with tuberculosis,
as shown in Table 1.

Among the 12 patients (38%) who were not
submitted to biopsy, the SPN disappeared in 2 and
remained unchanged in 10 (31.25%) at the end of
the one-year follow-up period.

Of the 32 FDG-PET/CT scans performed, only
one was false negative for neoplasia, in which the
diagnosis was bronchioloalveolar carcinoma.

Of the 21 patients excluded, 10 (47.6%) were
excluded for not completing one year of follow-up
treatment, and 11 (52.4%) were excluded for having
a history of neoplastic disease.

The diagnosis of adenocarcinoma was confirmed
through histopathology in the 6 patients diagnosed
with metastatic disease by FDG-PET/CT.

A diagnosis of cancer was not found to corre-
late with age, gender, smoking history or nodule
size, although it was found to correlate with an
[18F]-FDG SUV = 2.5 and with nodule location in
the upper lobes (Table 2).

Table 2 - Percentages and significance values of the predictive factors of malignancy and of the standardized uptake

value.?
Variables Overall (n =32)  Cancer (n = 14) No cancer (n = 18) p univariate p multivariate

Age, years 64.6 = 10 65.7 £ 12 63.7+9 0.6 -

Men 15 (46.9) 6 (42.9) 9 (50) 0.68 -
Smoking status 23 (71.9) 9 (64.3) 14 (77.8) 0.4 -
Pulmonary nodule > 1 cm 155+ 6 175t 4 139+6 0.09 -

SPN upper lobes 16 (50) 10 (71.4) 6 (33.3) 0.033 0.048
SUV > 2.5 18 (56.3) 12 (85.7) 5(27.7) <0.001 0.070

“Data expressed as mean * standard deviation or n (%). NPS: solitary pulmonary lobe; and SUV: standardized uptake value.
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The average SPN diameter was 15.5 £ 6 mm
(range, 5-25 mm), and nodule diameter did not
correlate significantly with malignancy (p = 0.6).

Table 3 shows the demographic data, [18F]-FDG
SUV, nodule size, nodule location, nodule uptake,
mediastinal uptake, histopathological results and
clinical follow-up.

4717

The median SUVs in the patients with and
without lung cancer were 5.55 (interquartile range,
3.45; 7.55) and 0.65 (interquartile range, 0; 3.5),
respectively (p < 0.001).

The area under the ROC curve (Figure 1) to
determine the best SUV cut-off point for a diag-
nosis of cancer was 0.877 (95% CI: 0.75-0.99).

Table 3 - General data of the sample correlated with size of the nodules and location in the computed tomography
scan and the standardized uptake value with histopathology and follow-up period.

Lesion Gender/age Size of SPN in  Location SUV Uptake SPN/ Histopathology Control
(years) CT (mm) mediastinum (months)
1 F/56 16 RUL 10.7 SPN+MD- Adenocarcinoma -
2 M/62 24 LLL 10.4 SPN+MD- Adenocarcinoma -
3 M/77 15 RUL 6.6 SPN+MD- Adenocarcinoma -
4 M/76 26 LUL 6.6 SPN+MD- Adenocarcinoma -
5 F/46 20 RUL 6.4 SPN+MD- Adenocarcinoma -
6 M/64 14 LLL 5.9 SPN+MD- Adenocarcinoma -
7 M/53 20 LUL 4.8 SPN+MD- Adenocarcinoma -
8 F/52 09 RUL 3.9 SPN+MD- Adenocarcinoma -
9 F/82 1 LUL 3.7 SPN+MD- Adenocarcinoma -
10 F/86 14 RLL 2.7 SPN+MD- Adenocarcinoma -
11 Fl74 16 RUL 19.8 SPN+MD- NHL -
12 F/55 13 RUL 3.7 SPN+MD- BAC -
13 F[70 20 LLL 2.7 SPN+MD- Adeno+BAC -
14 M/67 08 RUL 1.2 SPN+MD- BAC -
15 F[72 13 RLL 6.7 SPN+MD- Inflammatory -
16 M/63 25 RUL 5.2 SPN+MD- Tuberculosis -
17 M/77 20 RLL 3.4 SPN+MD- Histoplasmosis -
18 M/56 19 LLL 3.2 SPN+MD- Histoplasmosis -
19 M/55 24 RLL 3.0 SPN+MD- Aspergillosis -
20 M/52 20 LLL 1.3 SPN and MD= Tuberculosis -
21 Fl62 06 LUL 2.3 SPN and MD= SPN disappeared -
22 FI71 15 LUL NU NU SPN disappeared -
23 Fl67 13 RUL NU NU Unchanged 27
24 M/73 10 RLL NU NU Unchanged 26
25 Fl74 17 RLL 1.6 SPN and MD= Unchanged 24
26 Fl46 15 RLL NU NU Unchanged 24
27 M/75 10 RUL NU NU Unchanged 22
28 F/49 17 LLL 1.5 SPN and MD= Unchanged 20
29 F/58 08 LLL NU NU Unchanged 17
30 F/61 08 LLL NU NU Unchanged 15
31 M/70 07 ML NU NU Unchanged 14
32 M/65 17 RUL NU NU Unchanged 14

SPN: solitary pulmonary nodule; CT: computed tomography; SUV: standardized uptake value; F: female; M: male; RUL: right upper
lobe; LUL: left upper lobe; ML: middle lobe; RLL: right lower lobe; LLL: left lower lobe; NU: no uptake; MD: mediastinum; BAC:
bronchioloalveolar carcinoma; and NHL: Non-Hodgkin’s lymphoma.
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Analyzing the curve, we identified 2.5 as the
best cut-off point. For this cut-off point, the values
for sensitivity, specificity, positive predictive value,
negative predictive value and accuracy were 92.9,
72.2,72.2, 92.9 and 81.2%, respectively.

In the multivariate logistic regression, which
was adjusted for nodule size, nodule location, age,
gender and smoking history, an SUV > 2.5 and
nodule location in the upper lobes were the only
predictors of malignancy, with ORs, respectively,
of 77.05 (95% Cl: 3.2-1813) and 11.22 (95% CI:
1.02-122).

Discussion

The present study evaluated the diagnostic
accuracy of FDG-PET/CT in cases of SPN, as well
as attempting to identify factors, as yet unreported
in the literature, that are predictive of malignancy
in SPNs.

The results show that determining the [18F]-FDG
SUV, even in isolation, is a reliable means of ruling
out SPN malignancy, presenting a negative predic-
tive value of 92.9%.

The only case that FDG-PET/CT failed to identify
correctly as neoplasia was a case of bronchioloal-

1.0
0.8+
2 0.6+
=
2]
0.4
0.2+
0.0 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Specificity

Figure 1 - Receiver operating characteristic curve of
the standardized uptake value of the fluorine-18-
deoxyglucose of the positron emission tomography/
computed tomography scans.
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veolar carcinoma, which is known to present low
uptake of [18F]-FDG® due to its biological char-
acteristics, with great possibility of false negative
results.!”

The diagnostic accuracy was similar to that
described in the literature,'® with a slightly lower
specificity, although with a high negative predictive
value for pulmonary neoplasia.

In a recent study, FDG-PET/CT showed excel-
lent diagnostic performance in the differentiating
between benign and malignant SPNs, with a
specificity of 97% and a sensitivity of 85%. The
authors of that study concluded that the combi-
nation of the anatomical and metabolic images
preserves the sensitivity of the CT and the specificity
of the PET, resulting in a significant improvement
in accuracy.!?

In our study, 6 patients were identified with
metastatic disease, showing the usefulness of the
FDG-PET/CT in the staging and identification of
occult metastases. Therefore, it is possible to reduce
costs by avoiding surgical treatment when it will
provide no benefits to the patient.??

The use of invasive diagnostic methods, such
as fine-needle puncture, presents risks such as
pneumothorax, bleeding and dissemination of the
tumor along the trajectory of the needle. Surgical
lung biopsy has a mortality rate of approximately
0.6%,2" which can be lower in centers where the
staff has more experience.”” Therefore, FDG-PET/
CT proves to be a safe method and provides physi-
cians with reliable data to eliminate the need for a
surgical biopsy, allowing them to limit management
of an SPN to clinical monitoring.

In the present study, we found no statistically
significant correlations between malignancy and
factors previously described as predictors of malig-
nancy, such as smoking status, gender, age and
nodule size.

Regarding smoking, only 21.8% of the patients
were current smokers, and half of the former
smokers had been abstinent for more than 10 years,
which might have influenced the result, since the
cessation of smoking for a period such as the
mentioned above reduces the risk of lung cancer by
approximately 50%.?>>Y Another factor that must
be considered is that the principal histological types
related to smoking are squamous cell carcinoma
and small cell carcinoma,”® which were not diag-
nosed in our study.
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In relation to gender, we found no predominance
of cancer in men, which is in agreement with data
obtained in recent epidemiological investigations
demonstrating that the incidence of the disease
has increased significantly among women while
decreasing among men, with a tendency toward
equalization.?”

Regarding the size of the nodules, we believe
that the small size of the sample might have influ-
enced this result.

We point out two significant limitations of
the study. The first was that the population was
highly selected, and the PET/CT was therefore
performed only in patients with pulmonary nodules
in which there was heightened suspicion of malig-
nancy. Therefore, the large number of neoplasms
confirmed might have influenced the final result.
The second limitation was the small sample size,
which made the statistical analysis and the visual
evaluation between the SPN and the mediastinum
impossible, due to the large number of FDG-PET/CT
scans in which there was no uptake of [18F]-FDG,
as well as to the absence of cases in which in which
such uptake was greater in the mediastinum than
in the nodule.

1t is of note that the small sample size was due
to the strictness of the inclusion criteria, which
precluded the inclusion of patients with neoplasia
at any site, either in activity or with criteria for
cure, thus avoiding a predisposition to consider the
SPN as malignant. In addition, recently diagnosed
patients who had undergone PET/CT scans for
staging were excluded, as were those with pulmo-
nary masses.

The results obtained in this preliminary study
allow us to conclude that the [18F]-FDG SUV is a
good predictor of neoplasia in pulmonary nodules
and can be used in the diagnostic investigation
whenever available.
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