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Background: In the setting of solitary pulmonary nodules (SPNs), fluorine-18 fluorodeoxyglucose
positron emission tomography/computed tomography (18F-FDG-PET/CT) is considered a useful noninvasive diagnostic tool though false positive (FP) and false negative (FN) results affects accuracy due to
different conditions, such as inflammatory diseases or low-uptake neoplasms. Aim of this study is to evaluate
overall diagnostic performance of 18F-FDG-PET/CT for malignant pulmonary nodules.
Methods: A computerized research, including published articles from 2012 and 2017, was carried out.
18

F-FDG-PET/CT overall sensitivity (Se), specificity (Spe), positive likelihood ratio (PLR), negative

likelihood ratio (NLR), positive predictive value (PPV), negative predictive value (NPV), diagnostic index
and odds ratio were pooled. No selection-bias were found according to asymmetry test.
Results: A total of twelve studies were included in the meta-analysis. The pooled Se, Spe, PLR, NLR,
PPV, NPV and accuracy index (AI) with relative 95% confidence intervals (CI) were 0.819 (95% CI: 0.794–
0.843), 0.624 (95% CI: 0.582–0.665), 2.190 (95% CI: 1.950–2.440), 0.290 (95% CI: 0.250–0.330), 0.802
(95% CI: 0.783–0.819), 0.652 (95% CI: 0.618–0.684) and 0.649 (95% CI: 0.625–0.673), respectively. The
diagnostic odds ratio (DOR) was 7.049 with a relative 95% CI between 5.550 and 8.944.
Conclusions: The results suggest 18F-FDG-PET/CT has good diagnostic accuracy in SPNs evaluation;
but, it should not be considered as a discriminatory test rather than a method to be included in a clinical and
diagnostic pathway.
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Introduction
A solitary pulmonary nodule (SPN) is defined as a rounded
or irregular focal pulmonary opacity, measuring up to
30 mm in diameter in absence of atelectasis, obstructive
pneumonia or mediastinal lymphadenopathy (1). Usually,
it is found incidentally at unrelated imaging studies with

© Journal of Thoracic Disease. All rights reserved.

a prevalence on chest X-ray of 0.09–0.2%. However,
SPN are seen more often on computed tomography
(CT) scans with a real overall prevalence up to 51%
(2), reflecting both a technological improvement of
methodology (resolution, spatial acquisition) (3) and a
social change in lifestyle and habits (increased tobacco
consumption, increased pollution, infectious disease
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relapse). Moreover, the finding of a pulmonary nodule
can result in considerable repercussions and lead to
unjustified alarming in case of benign incidental findings.
The initial step after discovery of a pulmonary nodule is to
determine its cause and characterize its nature according
to features, such as size, morphology, rate of growth and
by proposed risk models (4,5). CT often has led to a
significant overlap between benign and malignant nodules
resulting in useless invasive procedures, such as surgical
biopsies (6). Integrated fluorine-18 fluorodeoxyglucose
positron emission tomography/computed tomography
(18F-FDG-PET/CT) has been widely investigated in SPNs
management (7,8) and it is reported as an accurate noninvasive test (9). However, 18F-FDG-PET/CT presents
a significant discordance between sensitivity (Se) and
specificity (Spe) due to the presence of different conditions
causing false positive (FP) or false negative (FN) results (10).
Aim of this systematic review and meta-analysis is to
evaluate diagnostic accuracy of 18F-FDG-PET/CT in SPN
management.
Methods
Search strategy and inclusion criteria
A computerized research was carried out by three of the
authors in order to investigate relevant articles, published
between September 2012 and September 2017 in PubMed
and Google Scholar. The MeSH research of combination
of relevant keywords was as follows: [“solitary pulmonary
nodule” (MeSH Terms)] OR [“solitary” (All Fields) AND
“pulmonary” (All Fields) AND “nodule” (All Fields)] OR
“solitary pulmonary nodule” [(All Fields) AND FDG (All
Fields) AND PET (All Fields)] AND [“2012/09/24” (PDat):
“2017/09/22” (PDat)]. All potential articles were checked to
determine if they fulfilled the following expected inclusion
criteria: (I) presence of a SPN; (II) SPNs characterization
by 18F-FDG-PET/CT; (III) diagnostic SPNs characteristics
clearly reported; (IV) presence of both SPNs visual and
SUVmax (single and double-time evaluation) assessment
as diagnostic predictors of malignancy; (V) data clearly
reported to construct contingency tables in order to
assess true positive (TP), FP, true negative (TN) and FN
results; (VI) article published in English. Reviews, letters
or case reports were excluded as much as reports in other
languages. Data were extracted by two independent
reviewers and included the following informations: first
author, year of publication, study design (retrospective
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or prospective), number of enrolled patients, nodule’s
biological behaviour (malignant and benign), method of
diagnosis confirmation (clinical follow up or histological
examination), instrumentation technology, operating
protocol (radiopharmaceutical dosage and scan time), and
diagnostic results expressed as TP, FP, TN and FN values.
Statistical analysis
The meta-analysis was conducted with Microsoft Excel
2016 (Microsoft®, Redmond, USA) and with IBM SPSS
version 20.0 (IBM®, Segrate MI, Italy). In accordance with
the extracted data, 2×2 contingency tables were derived to
determine Se, Spe, positive predictive value (PPV), negative
predictive value (NPV), positive likelihood ratio (PLR),
negative likelihood ratio (NLR), diagnostic odds ratio
(DOR) and accuracy index (AI). All statistics have reported as
absolute values with their 95% confidence interval (95% CI).
Se and Spe were calculated on the basis of the formulas TP/
TP + FN and TN/TN + FP, respectively. PPV is expressed
by the TP/TP+FP ratio, while NPV from the TN/TN +
FN one. Likelihood ratios, as deriving both from Se and
Spe, have expressed specifically by Se/(1-specificity) and
(1-sensitivity)/Spe. Moreover, DOR was calculated using the
TP×TN/FP×FN formula, while the AI resulted from (TP
+ FN)/(TP + FN + FP + TN). Se, Spe, DOR and accuracy
Forest plots were constructed for both single and cumulative
references. Finally, a summary ROC curve was derived to
test diagnostic performance. In addition, publication bias was
evaluated by a funnel plotting asymmetry test with relative
standard error (SE), 95% limit, 99.7% limit and a trend line
with its relative p-coefficient. A P less than 0.05 indicated the
presence of asymmetry and therefore of bias.
Results
The initial research discovered 89 relevant articles, whose
titles and abstracts were reviewed by two independent
authors. Three articles were immediately excluded due
to duplicate records. Of 68 potentially valuable articles,
51 were removed according to their titles or abstracts.
Concerning with the remaining 35 papers, a second-step
analysis was conducted throughout a full-text evaluation and
resulting in only twelve eligible studies (11-22). In fact, 21
articles were excluded due to: (I) form incompatibility (ten
review articles and one letter to editor); (II) population bias
or studies conducted on selected clusters (three articles);
(III) language incompatibility (two articles) and finally,
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Table 1 QUADAS-2 quality assessment
Risk of bias
Author

Applicability

Patients’
selection

Study test

Standard and
protocols

Timing

Patients’
selection

Study test

Standard and
protocols

Gibson et al.

L

L

L

L

L

L

L

Perandini et al.

L

L

NC

H

L

L

H

Chen et al.

L

L

L

L

L

L

L

Sahin et al.

H

L

L

H

L

L

L

Lin et al.

L

L

L

NC

L

L

L

Zhao et al.

H

L

L

L

H

L

L

van Gómez López et al.

L

L

L

L

L

L

L

Dabrowska et al.

L

L

L

L

L

L

L

Demir et al.

H

L

L

L

H

L

L

Li et al.

L

L

L

L

L

L

L

Opoka et al.

H

L

L

L

L

L

L

Sim et al.

L

L

L

L

L

L

L

L, low; H, high; NC, not clear.

QUADAS-2

Fatients' selection
Low
Study test

89 articles identified by
database search
3 duplicate recorde
removed

High
Not clear

Standard and protocols

86 potentially relevant titles
and abstracts

Timing
0%

51 articles removed based
on title or abstract
20%

40%

60%

80%

100%

35 full-text articles for
further evaluation

Risk of bias

QUADAS-2

Fatients' selection
Low
Study test

High
Not clear

Standard and protocols
60%

12 eligible articles for analysis
(1,463 patients with 994 malignant
solitary pulmonary nodules)

Articles exclued: 23
 Review articles: 10
 Letter to Editor: 1
 Selected disease
population: 3
 Articles not in English: 2
 Inability to construct
2×2 plots: 7

Figure 2 Flow chart of the selection process.
80%

100%

Applicability

Figure 1 QUADAS-2 quality assessment plot.

(IV) inability to construct a contingency plot due to lack of
data (seven articles). The quality assessment of the twelve
enrolled studies was carried out according to QUADAS-2
criteria (http://www.gimbe.org/pagine/1101/it/quadas2), as
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reported in Table 1 sources of bias were found in patients’
selections for four articles and timing of study for two ones.
Moreover, an article presented is not clear concerning with
time. In regard with applicability, two studies presented
at high risk; while, for standard and protocols, only one
report had a high propensity issue (Figure 1). The selection
progress was reported in Figure 2 and results into 1,463
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patients with 994 malignant SPNs. All studies were
retrospective ones and embracing a period of observation
ranging from 2002 and 2015. One study lacked of this data.
The definite biological behaviour of SPNs was assessed on
the basis of histopathological findings or both clinical and
radiological follow-up. All patients were intravenously injected
with 18F-FDG and scan time was between fifty and sixty
minutes. SUVmax was reported as direct visual assessment
in eleven studies, while in one a double-time evaluation was
accomplished. Instrumentation and operative protocols
are described in detail in Table 2. Finally, overall TP results
were found in 833 patients, FP in 206, FN in 183 and TN
ones in 343, respectively. Concerning with 18F-FDG-PET/
CT diagnostic performance in the evaluation of SPNs, the
comparison between malignant and benign ones resulted that
the pooled Se, Spe, PLR, NLR, PPV, NPV and AI with relative
95% confidence intervals were 0.819 (95% CI: 0.794–0.843),
0.624 (95% CI: 0.582–0.665), 2.190 (95% CI: 1.950–2.440),
0.290 (95% CI: 0.250–0.330), 0.802 (95% CI: 0.783–0.819),
0.652 (95% CI: 0.618–0.684) and 0.649 (95% CI: 0.625–0.673),
respectively. The DOR was 7.049 with a relative 95% CI
between 5.550 and 8.944 (Table 3). For sensibility, Spe, AI and
odds ratio Forest plots were derived (Figures 3-6). Moreover, a
summarized ROC curve was constructed and its relative AUC
was 0.725 (95% CI: 0.700–0.750, P<0.01) (Figure 7). Finally, in
regards to publication bias, derived P funnel plot was of 0.3057
confirming the absence of bias as reported in Figure 8.
Discussion
In the US, the incidence of SPNs as a result of different
examinations carried out for various clinical conditions, has
dramatically increased and is estimated around 1.6 million
cases (23). A SPN is characterized as a single focal,
predominantly peripheral, opacity <3 cm in diameter (24)
and it may indicate a primitive lung cancer that represents
the first worldwide cause of related-tumor death (25).
Therefore, a proper management of SPNs is crucial in
predicting malignancy in order to plan the most appropriate
invasive and non-invasive diagnostic strategies (26).
Concerning with these letters, the role of imaging and in
particular of functional examinations is indispensable (7,27).
18
F-FDG-PET and combined PET/CT using FDG are two
widely used imaging techniques in oncology and the
investigation of SPN has rapidly become one of the main
indications for such imaging, although there are not
negligible rates of false positives results (10–25%) as in many
inflammatory or infectious diseases. In addition, some
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neoplasms such as carcinoid, solid adenocarcinoma,
minimally invasive carcinomas, and atypical adenomatous
hyperplasia (AAH) presents as false findings due to their
reduced glucose metabolism (28-30). In addition, for the
solitary pulmonary ground glass opacities (GGO) as
reported by Song et al. (31) in a study on 72 patients, no
statistically significant differences between CT and PET/
CT staging were found. Thus suggested that in patients with
GGO, PET/CT should be omitted in order to avoid further
diagnostic procedures in the case of false positive findings.
As it is known, the incidence of both false positives and
negative results significantly affects the diagnostic accuracy
of an examination and therefore its clinical validity.
However, according to our systematic review and metaanalysis PET/CT has a good AI (AI: 0.65), with a pooled Se
and Spe for malignant SPNs of 0.82 and 0.62 respectively.
Moreover, the area under curve (AUC) at the summarized
ROC curve was 0.729 with a statistically significant
diagnostic performance (P<0.01). Cronin
et al. (32), in a meta-analysis involving 2,867 patients with
2,896 nodules, reported an overall sensibility of 0.95
(0.93–0.98) and Spe of 0.82 (0.77–0.88) for PET/CT. Barger
et al. (33), conducting a meta-analysis about a comparison
between single and dual time PET-CT in SPN patients (816
patients with 890 SPN), showed a sensibility of 0.85
(0.82–0.89) with a lower Spe of 0.77 (0.72–0.81) due to a
high heterogeneity in samples and results. Moreover,
Ruilong et al. (34), in a recent systematic review involving
1,297 and 1,301 SPNs reported good but not excellent
pooled Se and Spe of 0.82 (95% CI: 0.76–0.87) and 0.81
(95% CI: 0.66–0.90) respectively and suggesting 18F-FDGPET/CT should be considered a useful diagnostic tool for
malignant pulmonary nodules qualitative assessment with
only a moderate accuracy in differentiating malignant from
benign ones, which is consistent with our analysis. These
results agree with those from Zhao et al. (35) that, in a study
involving 13 published articles for a total of 962 patients,
reported an overall sensibility and Spe of 0.80 (95% CI:
0.76–0.84, I 2 =83.2%) and 0.75 (95% CI: 0.71–0.79,
I2=89.3%), respectively. These results are also confirmed at
the positive and negative likelihood analysis. Concerning
with the AUC at ROC, we identified a cut-off of 0.729 (95%
CI: 0.700–0.750, P<0.01). Although a statistically
significance was found in diagnostic performance, it
appeared a slight inferior than that published by Ruilong
et al. (34), who identified an AUC value of 0.87 (95%CI:
0.84−0.90). The reasons can be found in the differences from
pooled Spe between studies. In fact, among the twelve
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van Gómez
López et al.

Dabrowska et al. 2015

Demir et al.

7

8

9
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2013

2014

2014

2014

2015

2015

2016

2016

2016

Retrospective

Retrospective

Retrospective

N

99

41

2007–2011

2007–2012

82

2008–2011 186

2008–2011

2010–2013 298

48

71

55

2011–2014 139

2008–2010

NR

2004–2014 149

2002–2015 168

2011–2012 127

Period

Retrospective 2008– 2011

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Type of study

158/28

40/42

248/50

18/30

49/22

40/15

89/50

67/32

22/19

101/48

77/91

85/42

Malignant/benign

Hist

Hist

His

Hist/Clin

Hist/Clin

Hist/Clin

Hist/Clin

Hist/Clin

Hist/Clin

Hist/Clin

Hist/Clin

Hist/Clin

Confirmation

GE Discovery STE
PET-CT scanner

Discovery STE/Siemens Biograph

Gemini TF PET/CT
system

Gemini-TOF

Light Speed 16
GEMS

Discovery STE

Discovery STE 16
PET/CT

Discovery VCT

Siemens Biograph
LSO

GE Discovery LS 4
PET/CT

NR

Phillips Gemini GXL
16 PET/CT scanner

Technology

350–400
MBq, 60’

NR, NR

370MBq, 60’

259–470
MBq, 60’

300–370
MBq, 60’

370 MBq, NR

NR, 50’

370 MBq/60’

370–555
MBq, –

5,55 MBq/kg,
60’–180’

NR

4.5 MBq/kg,
60’

Protocol

137

38

199

18

37

27

81

57

13

84

64

78

TP

14

5

31

5

1

7

29

5

3

25

57

24

FP

26

2

49

0

12

13

8

27

9

17

13

7

FN

111

37

19

25

21

8

21

10

16

23

34

18

TN

PET/CT, positron emission tomography/computed tomography; NR, not reported; Hist, histology; Clin, clinical follow-up; TP, true positive; FP, false-positive; TN, true negative; FN, false negative.

Sim et al.

Zhao et al.

6

12

Lin et al.

5

Opoka et al.

Sahin et al.

4

11

Chen et al.

3

Li et al.

Perandini et al.

2

10

2017

Gibson et al.

1

2017

Year

Number Author

Table 2 Characteristics of the studies enrolled in the meta-analysis
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Table 3 Diagnostic performance of 18F-FDG-PET/CT in the evaluation of solitary pulmonary nodules
Number Author

Year

Sensitivity

Specificity

LR+

LR−

PPV

NPV

Accuracy index

Odds ratio

1

Gibson et al.

2017

0.918

0.428

1.610

0.190

0.765

0.720

0.669

8.357

2

Perandini et al.

2017

0.831

0.373

1.330

0.450

0.529

0.723

0.458

2.936

3

Chen et al.

2016

0.832

0.479

1.600

0.350

0.771

0.575

0.678

4.546

4

Sahin et al.

2016

0.591

0.842

3.740

0.490

0.813

0.640

0.537

7.703

5

Lin et al.

2016

0.678

0.667

2.040

0.480

0.919

0.270

0.849

4.222

6

Zhao et al.

2015

0.910

0.420

1.570

0.210

0.736

0.724

0.640

7.331

7

van Gómez López et al.

2015

0.675

0.533

1.450

0.610

0.794

0.381

0.727

2.373

8

Dabrowska et al.

2015

0.755

0.955

16.610

0.260

0.974

0.636

0.690

64.750

9

Demir et al.

2014

1.000

0.833

6.000

0.000

0.375

1.000

0.375

171.545

10

Li et al.

2014

0.802

0.380

1.290

0.520

0.865

0.279

0.832

2.489

11

Opoka et al.

2014

0.950

0.881

7.980

0.060

0.884

0.949

0.488

140.600

12

Sim et al.

2013

0.841

0.888

7.500

0.180

0.907

0.810

0.566

4.140

18

F-FDG-PET/CT, fluorine-18 fluorodeoxyglucose positron emission tomography/computed tomography; PPV, positive predictive value;
NPV, negative predictive value.

Sensibility
Gibson et al., 2017 (Se: 0.918, 95%CI: 0.838–0.966)
Perandini et al., 2017 (Se: 0.831, 95%CI: 0.728–0.906)
Chen et al., 2016 (Se: 0.832, 95%CI: 0.744–0.899)
Sahin et al., 2016 (Se: 0.591, 95%CI: 0.364–0.793)
Lin et al., 2016 (Se: 0.678, 95%CI: 0.588–0.776)
Zhao et al., 2015 (Se: 0.910, 95%CI: 0.831–0.960)
van Gómez López et al., 2015 (Se: 0.675, 95%CI: 0.508–0.814)
Dabrowska et al., 2015 (Se: 0.775, 95%CI: 0.611–0.867)
Demir et al., 2014 (Se: 1.000, 95%CI: 0.815–1.000)
Li et al., 2014 (Se: 0.802, 95%CI: 0.747–0.850)
Opoka et al., 2014 (Se: 0.950, 95%CI: 0.831–0.994)
Sim et al., 2013 (Se: 0.841, 95%CI: 0.775–0.893)
CUMULATIVE (Se: 0.819, 95%CI: 0.794–0.843)
0

0.2

18

0.4

0.6

0.8

Figure 3 Forest plot according to F-FDG-PET/CT sensitivity (Se) for malignant solitary pulmonary nodules.
fluorine-18 fluorodeoxyglucose positron emission tomography/computed tomography.

enrolled articles, two of them (12,15) presented significantly
inferior Spe rates than other (mean Spe 0.38) and thus
affecting overall rate. According to our results, a LR+ of 2.19
(1.95–2.44) confirmed only small influence in likelihood
diagnostic disease by adopting 18F-FDG-PET/CT for SPNs
evaluation and this contrasts with those reported by Cronin
et al. (32), who found a LR+ of 5.44 (3.56–7.32) at 18F-FDGPET/CT. Moreover, our LR− of 0.29 (0.25–0.33) suggests a
relative but still limited role in discrimination FN from TP
results. Our results, however, are confident with those from
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1
18

F-FDG-PET/CT,

Barger et al. (33), who reported a LR+ of 2.7 (CI: 1.4–5.2)
and a LR− of 0.26 (CI: 0.26–0.49). For these reasons, it
should be not considered as the single deciding factor to
assess SPNs malignancy and in fact, its indication for SPNs
management is based on prediction models of malignancy in
order to avoid invasive procedures in patients with obvious
benign nodules. In this regard, current guidelines encourage
the adoption of Bayesian models (36,37). The American
College of Chest Physician (ACCP) classes patients into 3
groups: very low likelihood (<5%), low to moderate
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Specificity

Gibson et al., 2017 (Spe: 0.428, 95%CI: 0.277–0.590)
Perandini et al., 2017 (Spe: 0.373, 95%CI: 0.274–0.481)
Chen et al., 2016 (Spe: 0.479, 95%CI: 0.333–0.628)
Sahin et al., 2016 (Spe: 0.842, 95%CI: 0.604–0.966)
Lin et al., 2016 (Spe: 0.667, 95%CI: 0.384–0.882)
Zhao et al., 2015 (Spe: 0.420, 95%CI: 0.282–0.568)
van Gómez López et al., 2015 (Spe: 0.533, 95%CI: 0.265–0.787)
Dabrowska et al., 2015 (Spe: 0.955, 95%CI: 0.772–0.999)
Demir et al., 2014 (Spe: 0.833, 95%CI: 0.653–0.944)
Li et al., 2014 (Spe: 0.380, 95%CI: 0.247–0.528)
Opoka et al., 2014 (Spe: 0.881, 95%CI: 0.744–0.960)
Sim et al., 2013 (Spe: 0.888, 95%CI: 0.819–0.937)
CUMULATIVE (Spe: 0.624, 95%CI: 0.582–0.665)
0

0.2

0.4

0.6

0.8

18

Figure 4 Forest plot according to F-FDG-PET/CT specificity (Spe) for malignant solitary pulmonary nodules.
fluorine-18 fluorodeoxyglucose positron emission tomography/computed tomography.

1
18

F-FDG-PET/CT,

Accuracy Index
Gibson et al., 2017 (AI: 0.669, 95%CI: 0.580–0.750)
Perandini et al., 2017 (AI: 0.458, 95%CI: 0.381–0.536)
Chen et al., 2016 (AI: 0.678, 95%CI: 0.597–0.752)
Sahin et al., 2016 (AI: 0.537, 95%CI: 0.374–0.693)
Lin et al., 2016 (AI: 0.849, 95%CI: 0.762–0.913)
Zhao et al., 2015 (AI: 0.640, 95%CI: 0.555–0.720)
van Gómez López et al., 2015 (AI: 0.727, 95%CI: 0.590–0.839)
Dabrowska et al., 2015 (AI: 0.690, 95%CI: 0.569–0.795)
Demir et al., 2014 (AI: 0.375, 95%CI: 0.239–0.526)
Li et al., 2014 (AI: 0.832, 95%CI: 0.785–0.873)
Opoka et al., 2014 (AI: 0.488, 95%CI: 0.376–0.601)
Sim et al., 2013 (AI: 0.566, 95%CI: 0.507–0.624)
CUMULATIVE (AI: 0.649, 95%CI: 0.625–0.673)
0

0.2

0.4

0.6

0.8

1

Figure 5 Forest plot according to 18F-FDG-PET/CT accuracy index (AI) for malignant solitary pulmonary nodules. 18F-FDG-PET/CT,
fluorine-18 fluorodeoxyglucose positron emission tomography/computed tomography.
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Figure 6 Forest plot according to F-FDG-PET/CT odds ratio (OR) for malignant solitary pulmonary nodules. 18F-FDG-PET/CT,
fluorine-18 fluorodeoxyglucose positron emission tomography/computed tomography.
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likelihood (5–60%), and high likelihood (>60%) (4) and,
according to risk assessment, surveillance is recommended
for low-probability nodules, further diagnostic examinations
for intermediate risk patients and invasive procedures for
high risk ones (37). Models, however, should be considered
as indicative and non-discriminatory. In fact, the likelihood
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F i g u r e 7 S u m m a r i z e d R O C c u r v e f o r 18F - F D G - P E T /
CT diagnostic performance in solitary pulmonary nodules
management. 18F-FDG-PET/CT, fluorine-18 fluorodeoxyglucose
positron emission tomography/computed tomography.

of risk and hence the adoption of radiological and nuclear
tests, as reported by the same ACCP Guidelines (38), should
be correlated to the local setting (demographic variables and
risk factor predominance), the risk of over-diagnosis and
over-treatment and cost/effective ratios, through a critical
review of the recommendations. In this regard, Asian
guidelines (39) have been recently published due to the high
prevalence of endemic infectious regions affecting the actual
incidence of malignant pulmonary nodules. However, the
high prevalence of infectious nodules (tuberculosis) also
requires a definitive diagnosis both for the treatment of the
patient and for reasons of public health. This revision
therefore seeks to redefine radiological indications for
subsequent invasive procedures in patients with
inflammatory conditions. In the case of solid pulmonary
nodules of greater than 8mm in size, it is recommended both
to refer to a first-level center with the adoption of 18F-FDGPET/CT in order to estimate the probability of risk and
guide to subsequent invasive studies. In this pattern,
radiological surveillance is recommended in low-risk
patients; while, for moderate-risk ones (from 5% to 60% of
risk), 18F-FDG-PET/CT should be mandatory. This costeffectiveness strategy relies on geographical reasons
(technological availability and costs), the high number of
false positive and FN findings (TB, fungemia, parasitic
diseases) and the high incidence of low metabolic neoplasms
(adenocarcinoma). For these reasons, 18F-FDG-PET/CT
does not represent a discriminative means in Asia and biopsy
(surgical or radiological) remains, however, justified. On the
other hand, its role in staging high-risk patients is clear
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(>60%). For sub-solid nodules, however, PET should be
recommended but not mandatory in patients with >8 mm
nodules, as an additional study for staging disease. The
American College of Chest Physicians (ACCP) guidelines
suggest a clinical and instrumental approach depending on
the size of the pulmonary nodule (37). In individuals with
solid lung nodules >8 mm and with low to moderate risk of
malignancy (from 5% to 60%), 18 F-FDG-PET/CT is
recommended; while in patients with partially solid solitary
pulmonary nodules (psSPNs) greater than 8mm, PET is
recommended only after a 3-month follow-up CT.
According to the British Society of Thoracic Surgery
(BTS) (36), 18F-FDG-PET/CT should be contemplated in
patients with SPNs >10 mm and a malignancy risk greater
than 10% (Brock model). On the contrary, neither the
European Association of Nuclear Medicine (EANM) nor
the Society of Nuclear Medicine and Molecular Imaging
(SNMMI) guidelines provide a recommendation for the
execution of PET/CT in patients with SPN (40,41). Several
limitations of this study should be not ignored. First, the
studies included are retrospective and could be affected by
selection bias. Second, the number of patients involved is
relative small and therefore, the results may have been
overestimated. Third, 586 patients came from three articles
with low 18F-FDG-PET/CT Spe and thus reflecting also in
the overall one. In particular, these studies, all from
Asian countries, presented a predominance of
adenocarcinomatous SPN leading to low Spe rates. Forth,
confirmation strategies were heterogeneous due to the
presence of both radiological follow up and histology.
However, according to our funnel plot, no publication bias
was found.
Conclusions
The meta-analysis shows that PET/CT has a good
diagnostic accuracy in SPNs evaluation, yielding satisfactory
Se and Spe. However, it should not be considered as a
discriminatory test rather than a method to be included in
a clinical and diagnostic pathway that cannot disregard the
epidemiological and demographic aspects. Finally, a proper
indication, according to stratification of risk and population
bias, would increase accuracy and therefore its predictive
value of malignancy.
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