
Summary
Purpose: Solitary pulmonary nodules (SPNs) are round 
or oval lesions with a clear border with the surrounding pa-
renchymal tissue and a radiologic diameter smaller than 3 
cm which are not associated with atelectasis, pneumonia, 
lymphadenopathy, or chest wall pathologies. The purpose 
of the present study was to evaluate the efficacy of positron 
emission tomography (PET) / computerized tomography 
(CT) in differentiating benign from malignant SPNs.

Methods: In this retrospective study, 209 patients, who 
were diagnosed with SPN by thoracic CT and demonstrat-
ed positive or negative results for malignancy in the PET/
CT examination between January 2007 and June 2010, 
were enrolled. Among the 91 patients who gave consent for 
interventional procedures, performed were bronchoscopic 
endobronchial biopsy in 10, transbronchial biopsy in 15, 
bronchoscopic brushing in 4, transthoracic needle biopsy in 

11, video-assisted thoracoscopy (VATS) in 4, lobectomy in 
22, pneumonectomy in 2, and wedge resection in 23. The 
materials were histopathologically examined.    

Results: 129 (61.72%) of the SPN cases were benign and 
80 (38.27%) malignant. The mean SUVmax value for the 
benign SPNs was 2.06 ± 3.29 and 7.39±5.69 for the ma-
lignant SPNs (p=0.000). Positive correlation was found 
between the nodule diameter and risk for malignancy. A 
SUVmax value of 4 was found to have the best sensitivity 
and specificity. 

Conclusion: PET/CT was shown to be an accurate method 
in the differential diagnosis of benign from malignant soli-
tary pulmonary nodules.  

Key words: malignant tumor, positron emission tomogra-
phy,  solitary pulmonary nodules, SUVmax 
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Introduction

SPN are round or oval lesions with a clear 
border with the surrounding parenchymal tis-
sue and a radiologic diameter smaller than 3 cm, 
which are not associated with atelectasis, pneu-
monia, lymphadenopathy, or chest wall patholo-
gies [1-3]. They have a prevalence of 0.09-0.2% in 
posteroanterior lung X-rays [2] and their signifi-
cance is connected with their nature (benign or 
malignant). In the general population, although 
approximately 5% of all SPNs shown by radiolo-
gy are reported to be carcinomas, more than 50% 
of the SPNs detected in patients older than 50 
years are carcinomas [4]. In the USA, the preva-

lence of new SPN cases per year is 52/100,000.  
PET with fluorodeoxyglucose (FDG)  has become 
one of the common modalities used for oncolog-
ic purposes in the recent 10-15 years. The most 
frequently applied agent is FDG marked with 
Fluor-18 (18F) [6]. FDG is a glucose analog which 
is used in oncology based on the assumption that 
tumor cells consume higher levels of glucose 
than normal cells. Patient series show consider-
able variation in the sensitivity and specificity of 
PET for the evaluation of the SPN, mainly as a 
consequence of the different methodologies used 
in each study. The results of a meta-analysis pub-
lished in 2001 are therefore important. That me-
ta-analysis, which included 40 studies with a to-
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tal of 1474 focal pulmonary lesions of any size, 
established a sensitivity of 96.8% and specificity 
of 77.8%, based on analysis of the maximum area 
under the diagnostic efficacy curve [7]. Differen-
tiation of benign from malignant lesions is often 
possible with 18F-FDG-PET . In  a study including 
61 SPNs with a diameter range between 6-30 mm, 
the sensitivity and specificity of 18F-FDG-PET for 
differentiation of benign and malignant lesions 
was 93% and 88%, respectively [8].  However, PET 
imaging may produce false negative results in 
bronchoalveolar carcinoma and carcinoid tumors 
[9]. Infectious conditions such as active tubercu-
losis and sarcoidosis may demonstrate false pos-
itivity in PET imaging. PET has high efficacy in  
differentiating of benign from malignant lesions 
in SPN [7,10-12]. A meta-analysis found the sensi-
tivity and specificity of PET for malignant nodules 
as 96.8 and 77.8%, respectively, while reporting 
a sensitivity of 96% and a specificity of 88% for 
benign nodules [7]. 

In the present study we aimed to evaluate the 
efficacy of PET/CT in SPN diagnosis and differen-
tiation of benign and malignant nodules.    

Methods 

Study group

In this retrospective study, 209 patients diagnosed 
with SPN by thoracic CT and found to be positive or neg-
ative for malignancy by PET/CT examination between 
January 2007 and June 2010, were enrolled. These were 
patients who had visited the Chest Diseases Clinic and/
or the Chest Surgery Clinic, School of Medicine, Dicle 
University. Our study was approved by the local ethics 
committee. Routine  patient examinations, such as his-
tory, physical examination, CBC, bleeding-coagulation 
profile etc were evaluated in a retrospective fashion. 

The diameter of the nodules shown by thoracic CT 
was ≤ 3 cm in all patients and there were no cases with 
signs of pneumonia, atelectasis, lymphadenopathy or 
chest wall pathology, and no patient  had a history of 
diabetes mellitus. Radiologic follow-up assessments 
or histopathology were utilized for benign-malignant 
distinction of the lesions.  Patients with a lymph node 
sized >1 cm shown by thoracic CT, poor overall health,  
history of lung cancer, and age over 85 years, as well 
as those who did not give consent to biopsy/operation 
despite the need for an interventional procedure, and 
those who did not visit us for their prearranged seri-
al CT follow-up assessments, were excluded from the 
study. 

We used standard criteria for the definition of a 
benign lesion: histologically confirmed excisional biop-
sy, serial CT images showing the stability of the lesion 
size for at least 24 months or spontaneous reduction in 

the lesion size. In this study, the following definitions 
were applied: sensitivity: probability of accurately di-
agnosing a malignant lesion; specificity: probability of 
negative results in the absence of  malignancy; accura-
cy: probability of all lesions to be benign or malignant; 
positive predictive value: probability of malignancy in 
the presence of positive test results; negative predic-
tive value: probability of malignancy in the presence of 
negative test results.

FDG/PET imaging

The patients were examined with whole-body 
PET/CT scan (Siemens Biograph 6 LSO). Following 
the measurement of blood pressure and glucose lev-
els after a 10-min fasting period, the F18-FDG dose, ar-
ranged according to the body weight (0.15 mCi/kg), was 
intravenously injected. After 1-h rest, whole body scans 
(5-mm sections) were performed from the base of the 
skull to the proximal femur in 7 bed positions with 3-5 
min duration of emission and transmission.

Image analysis

The images were taken in different planes such 
as transaxial, coronal, and sagittal, and were evaluated 
separately. The size, type, and localization of the lesion 
detected by thoracic CT were confirmed by PET/CT im-
aging. Each image was analyzed separately by 2 ex-
perienced radiologist and nuclear medicine specialist. 
Maximum standard uptake value (SUVmax) that has 
been standardized based on the formula shown below, 
was calculated automatically by a computer:     

(ROI: Regions of interest)

Lesions with a diameter > 2 cm and a SUVmax val-
ue ≥2.5 were characterized to be at high risk for malig-
nancy. 

Histo-cytological diagnosis 

All of the patients, whether with FDG uptake on 
PET/CT images or not, were advised to undergo diag-
nostic interventional procedures. Among them, 118 did 
not give consent to interventional procedures. The re-
maining 91 patients were evaluated by the following 
interventional procedures and histo-cytological diag-
nosis was carried out by the pathology laboratory of 
our university: bronchoscopic endobronchial biopsy in 
10, transbronchial biopsy in 15, bronchoscopic brush-
ing in 4, transthoracic needle biopsy in 11, video-as-
sisted thoracoscopy (VATS) in 4, lobectomy in 22, pneu-
monectomy in 2, and wedge resection in 23.    

Statistics

In this study, the SPSS (Statistical Package for 
Social Sciences) 15.0 for Windows was employed for 

SUV=
Mean ROI * activity (MBq/g)

Injected dose(MBq) / body weight (g) 
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the statistical analyses. Student’s t-test was used for 
the parametric analysis of quantitative data, whereas 
Mann-Whitney U test was used for the non-paramet-
ric quantitative data. Qualitative data were compared 
by Chi-square test. The data were analyzed for sensi-
tivity, specificity, positive predictive value, negative 
predictive value, and accuracy rates. The results were 
evaluated with 95% confidence interval and p<0.05 was 
accepted as statistically significant.

Results 

Eighty-four (40.2%) of the patients were fe-
male and 125 (59.8%) male. The mean age was 
54.4±14.8 with a range of 18-85 years. There was 
no statistically significant difference in the age 
of patients with benign or malignant nodules 
(p=0.06; Table 1). 

Of the patients with diagnostic and follow-up 
procedures, 129 (61.72%) had benign and 80 
(38.27%)  had malignant nodules. Of the 129 pa-
tients with benign SPN, 105 (81.3%) were char-
acterized as benign SPN cases due to showing no 
change in the nodule size during the 2-year radio-
logic follow-up period. 

Twenty-four (18.60%) of the 129 benign SPN 
patients had histopathologic examination. Among 
those, 8 had nonspecific infection, 1 rheumatoid 
granuloma, 10 tuberculous granuloma, and 2 as-
pergilloma and 3 undefined benign cytology. The 
mean SUVmax value for the 129 benign SPN pa-

tients was 2.06 ± 3.29. Sixty-seven (83.7%) of the 
80 malignant SPN patients had histopathologic 
confirmation. Among those patients, the diagno-
sis of SPN malignancy was achieved with endo-
bronchial biopsy in 6, transbronchial biopsy in 
12, brushing in 1, transthoracic needle biopsy in 
6, VATS in 2, lobectomy in 22, pneumonectomy 
in 2, and wedge resection in 16. The remaining 
13 malignant SPN patients had been diagnosed 
by at least 2 experienced radiologists based  sole-
ly on PET/CT images due to lack of their consent 
for any interventional diagnostic procedures. The 
SUVmax value for the 80 malignant patients was 
7.39 ± 5.69.          

The mean SUVmax value was statistically 
significantly higher in patients with malignancies 
compared to patients with benign SPN (p=0.000). 
The SUVmax values of the entire study popula-
tion varied between 0.0 and 27.00, with a mean 
value of 4.10 ± 5.07. Among the 80 malignant 
SPN patients, cytologic-histopathologic exam-
inations revealed that 41 (51%) were non small 
cell lung cancer (NSCLC), 3 (4%) small cell lung 
cancer, and 36 (45%) were metastatic cases (Table 
2). The diameter of the lesions varied between 4 
and 30 mm (mean 18.8 ± 7.5). All the benign le-
sions had a diameter < 20 mm (mean 16.9 ± 7.5), 
while all the malignant lesions had a diameter > 
20 mm (mean 21.9±6.6). The difference between 
the benign and malignant cases relative to lesion 

Table 1. Demographic characteristics of patients

Characteristics All patients
(N=209)
N (%)

Malignant SPNs
(N=80)
N (%)

Benign SPNs
(N=129)
N (%)

p-value

Age (years), mean±SD 54.4±14.8 56.66±15.69 53.14±14.26 0.06

Gender
Male
Female

125 (59.8)
84  (40.2)

54 (43.2)
26 (30.9)

71 (56.8)
58 (69.1)

0.074

Cigarette
Smoker
Nonsmoker

103 (49.2)
106 (50.7)

46 (44.6)
34 (32.0)

57 (55.3)
72 (68.0)

0.06

Average cigarette consumption (pack-years) 25.60±29.46 14.00±21.67 0.003

Chest pain
Yes
No

113 (54.0)
96 (45.9)

56 (70.0)
24 (30.0)

57 (44.1)
72 (55.8)

0.001

Dyspnea
Yes
No

150 (71.7)
59 (28.2)

61 (76.2)
19 (23.7)

89 (68.9)
40 (31.0)

    0.257

Weight loss
Yes
No

55 (26.3)
154 (73.6)

29 (36.2)
51 (63.7)

26 (20.1)
103 (79.8)

 0.01

Hemoptysis
Yes
No

26 (12.4)
183 (87.5)

16 (20.0)
64 (80.0)

10 (7.7)
119 (92.2)

0.009

SPN: solitary pulmonary nodule, SD: standard deviation
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diameter was highly significant (p=0.000). SPNs 
were right-sided in 55.5% (N=116) and left-sided 
in 44.5% (N=93) of the cases. Benign lesions were 
right-sided in 58.1% and left-sided in 41.9% of the 
cases, whereas malignant lesions were right-sided 
in 51.2% and left-sided in 48.8% of the patients. 
There was no statistically significant difference 
between malignant and benign SPNs with regard 
to left- or right-sided localization (p=0.330). In ad-
dition, no statistically significant difference was 
determined between benign and malignant cases 
in terms of localization in superior, middle, or in-
ferior lobes (p=0.900).               

A positive correlation between lesion diam-
eter and SUVmax value (i.e. FDG uptake)  in ma-
lignant nodules was found in this study . This 
correlation was statistically significant (r=0.463, 
p<0.05) (Figure 1). 

Regarding the laboratory parameters, platelet 
count was lower and LDH levels were higher in 
malignant SPNs compared to benign ones. This 
relationship was statistically significant (p=0.016 
for platelets and p=0.030 for LDH; Table 3). In our 
study, SUVmax 4 showed the highest sensitivity 
and specificity in demonstrating malignancy in 
SPNs by PET/CT imaging (Table 4).

 
Discussion

Lung cancer is an important health issue world-
wide, and one of the foremost causes of mortality in 
the USA. It is the most common cancer type across 

the world [13], accounting for 12.3% of all cancer di-
agnoses per year. Most of the patients seek help dur-
ing locally advanced stage (stage III) or metastat-
ic stage. Patients with NSCLC bear poor prognosis 
and the average life expectancy is low with 5-year 
survival rate less than 9% [14]. All stages included, 
5-year survival rate is 14%. Survival and response 
to therapy are associated with many factors such as 
disease stage, patient performance status, and ge-
netic factors [15,16]. Patients with the same stage 
vary in terms of survival, response to therapy, and 
recurrence rates. Therefore, some clinical and labo-
ratory parameters are needed in order to be able to 
determine treatment strategies and evaluate prog-
nosis and response to treatment in newly diagnosed 
lung cancer cases [17].     

SPNs may indicate a primary lung cancer in pa-
tients with advanced age. In the general population, 
while 5% of the SPNs detected by routine radio-
logic examinations are reported as carcinomas, in 
patients aged ≥ 50 years, more than 50% of the de-
tected SPNs are carcinomas [4]. In the present study, 
80 (38.2%) of the 209 SPN patients had carcinoma 
and 70% of the patients with malignancy were aged 
above 50 years ( p= 0.05),  a result consistent with 
the literature. FDG uptake is observed to be higher in 
fast-growing and metabolically active lesions with 
large diameter. On the contrary, FDG uptake is not 
present or is very low in slow-growing, well-differ-
entiated, or small lesions [18]. Meta-analyses have 
shown that when the threshold value for SUVmax 
is 2.5, the sensitivity and specificity of FDG-PET for 
differentiation of malignant from benign lesions are 
90-100% and 69-95%, respectively [7,8,15,19,20]. In 
the present study, when the threshold value of SU-

Table 2. Cytopathological results of patients diagnosed 
with malignant solitary pulmonary nodule 

Cytopathological type N  %

NSCLC 41 51

Adenocarcinoma 10 24

Bronchoalveolar carcinoma 1 2.5

Squamous cell 5 12

Large-cell 1 2.5

Undefined subtype 24 59

SCLC 3 4

Metastasis from

Breast carcinoma 36 45

Lymphoma / leukemia 10 28

GIS  (colon cancer, rectal cancer) 4 11

GUS  (renal cell carcinoma, ovarian 
carcinoma)

10 28

Prostate carcinoma 9 23

Bone (osteosarcoma)      3 10

GIS: gastrointestinal system, GUS: genitourinary system, SCLC: 
small cell lung cancer, NSCLC: non-small cell lung cancer

Figure 1. SUVmax correlated with the size of the 
SPN.
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Vmax was set at 2.5, the sensitivity and specificity 
were found to be 67.4% and 86.2%, respectively; our 
results were consistent with the literature.

The sensitivity of bronchoscopy and transbron-
chial biopsy in the diagnosis of malignant pulmo-
nary nodules are 65 and 79%, respectively [21]. The 
sensitivity and specificity of transthoracic needle 
biopsy varies between 94-98% and 91-96%, respec-
tively, whereas the rate of pneumothorax develop-
ment is about 19-26% [22]. The most common inva-
sive method applied in our patient group was wedge 
resection (11%). Compared with the clinical and 
morphological criteria, PET scan alone can provide 
better data about the characteristics of the SPNs 
and the probability of malignancy [8,16]. In a retro-
spective study, the sensitivity of CT, PET, and PET/
CT was found 93, 69, and 97%, respectively, where-
as the specificity was 31, 85, and 85%, respectively. 
PET/CT was reported as an important modality in 
the classification of SPNs [23]. 

In a study, a SUVmax value of 0-2.5 was associ-
ated with 25% probability of malignancy, a SUVmax 
value of 2.5-4.0 was associated with 80% probability 
of malignancy, and SUVmax values greater than 4.1 
were correlated with a 96% probability of malig-
nancy [24]. In the present study, the mean SUVmax 
value shown by PET was 7.39 ±5.69 for the malig-
nant nodules and 2.06 ±3.29 for the benign nodules 

which were consistent with the results in the litera-
ture. The most important risk factors relative to ma-
lignancy in the clinical assessment of patients with 
SPN are age, history of smoking, and history of can-
cer concerning the lung or other organs [25-28 ]. Lil-
lington et al. noted that malignancy risk increased 
after 48 years of age [24]. In the present study, the 
mean age among patients with malignancy was 
56.66 ±15.69, which was a result consistent with 
the literature. Smoking is known as another impor-
tant risk factor and risk of malignancy increases 2% 
per each pack year of cigarette smoking [29]. In our 
study, when evaluated as pack year, the mean ciga-
rette consumption was 14.00±21.67 in patients with 
benign lesions and 25.61±29.47 in those with malig-
nant lesions (p=0.003). Quint et al. evaluated SPNs 
in patients with head/neck cancer and found that 
76% were primary lung cancer, 9% were solitary 
metastases, and 15% were benign lesions. In the 
same study, the rate of SPNs diagnosed as primary 
lung cancer was 24-58% in the presence of cancers 
concerning other organs [30]. In our study, among 
the 80 patients with malignant SPNs 36 (45%) were 
metastases and 44 (55%) were primary lung cancer. 
In addition, 58 (28%) of the 209 patients with SPNs 
had a history of another malignancy. Thirty-six 
(62%) of these 58 patients had metastases, which 
was also consistent with literature data.

Table 3. Laboratory results (mean ± SD)

Laboratory results Normal
range

Benign group                                            
    N=129                                   

Malignant group   
N=80

p-value

Leukocytes (K/UL)                               4.6 - 10.2 7.60 ± 3.27                                                        6.88 ± 3.14 0.119

Hemoglobin (g /dL)                              12.2 - 18.1 12.71 ± 1.41                                                      12.56 ± 1.82 0.526

Hematocrit (%)                                      37.7 - 53.7 38.45 ± 4.89                                                       37.50 ± 5.38 0.192

Platelets (K/UL)                                    142 - 424 234.83 ± 82.69                                               205.29 ± 88.93 0.016

ESR (mm/h)                                           1.7 20.96 ± 20.96                                                    23.98 ± 18.04 0.288

C-reactive protein (mg/dL)                 0 - 0.8 3.91 ± 18.20                                                          2.72 ± 4.72 0.567

Calcium (mg/dL)                                  8.4 - 10.2 8.86 ± 0.61                                                            9.66 ± 9.23 0.325

Alkaline phosphatase (U/L)                 4 - 150 78.08 ± 31.50                                                    82.01 ± 29.36 0.370

Lactate dehydrogenase (U/L)              125 - 243 223.93 ± 83.57                                              267.90 ± 166.12 0.030

ESR: erythrocyte sedimentation rate

Table 4. Sensitivity and specificity in different SUVmax cut-off values for demonstrating malignancy

SUVmax cut-off value Sensitivity (%) Specificity (%) Positive predictive
value (%)

Negative predictive
value (%)

Accuracy (%)

SUVmax = 2.5

SUVmax = 3.0

SUVmax = 4.0

SUVmax = 5.0

SUVmax = 10

67.4

  7.8

84.0

89.1

96.1

86.2

81.2

70.0

56.2

23.7

88.7

86.2

81.8

76.6

67.0

62.1

65.0

73.0

76.2

79.1

74.6  

76.0

78.4

76.5

68.4

SUVmax: maximum standard uptake value
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The most common causes of false positive re-
sults are granulomatous diseases such as tuberculo-
sis, sarcoidosis, and aspergillosis [8]. When a thresh-
old value of 4 was used for SUVmax, 21 (16%) of the 
129 SPNs benign patients demonstrated a SUVmax 
value of ≥4. Furthermore, when a threshold value of 
4 was used for SUVmax, 24 patients (30%) exhibited 
a SUVmax value below 4 and false negativity was 
determined. 

In three separate studies evaluating single nod-
ules having no calcification and with a diameter < 1 
cm, benign SPN rates were found to be 64, 57, and 
92%, respectively [27,31,32]. In our study, the mean 
diameter was 21.99±6.68 mm for malignant nodules 
and 16.90±7.50 mm for benign nodules (p=0.000). In 
the literature, 70 % of malignant SPNs have been 
observed to localize in the superior lobes, whereas 
benign SPNs have been reported to show an even 
distribution [30]. In the present study, 34 (42.5%) 
of the 80 malignant nodules were localized in the 
superior lobes, a finding inconsistent with the liter-
ature. We believe that this may be associated with 
the fact that 36 of the 80 malignant nodules were 
metastatic nodules.             

Hickeson et al. conducted  a study on 47 patients 
with a SPN and reported the sensitivity, specificity 
and accuracy rates of FDG-PET/CT as 82-100%, 60-
100%, and 79-100%, respectively [33]. In the same 
study, when the threshold value of SUVmax was set 
at 2.5 for nodules with a diameter up to 2 cm, the 
sensitivity, specificity, and accuracy rates were 47, 
80, and 59%, respectively; when the threshold value 
of SUVmax set at 3, the sensitivity, specificity and 
accuracy rates were 35, 100, and 59%, respectively. 

 Our study has some limitations. Firstly, it was a  
retrospectively designed study which did not allow 
us to access some of the patient data. Furthermore, 
the study design did not allow us to compare the sen-
sitivity and specificity of various imaging methods 
and invasive diagnostic procedures for differentia-
tion of benign and malignant SPNs, since there was 
no standard in applying these imaging modalities 
and procedures. We believe that further prospective 

case-control studies enabling such analyses should 
provide additional and detailed data in this regard.   

Generally, lesions with high FDG uptake are of 
malignant character. However, there may be cases 
with false positivity. We found that patients with 
other organ malignancies presenting with a SPN 
had small lesion sizes, while nodules with low or no 
FDG uptake were highly likely to be of malignant 
nature. There was a positive correlation between the 
nodule diameter and risk of malignancy. In similar 
studies, when SUVmax threshold value was 2.5, the 
sensitivity and specificity for malignancy were re-
ported be 83-97% and 69-100%, respectively. How-
ever, our study differed from others with a SUVmax 
value of 4 which provided the best sensitivity and 
specificity for malignancy. Analyses in the present 
study showed better sensitivity and specificity rates 
with a SUVmax value of 4, compared to those in the 
literature obtained with lower SUVmax values. Con-
trary to the low sensitivity rates at various SUVmax 
values reported in previous studies, we showed that 
sensitivity can be as high as 83% with a SUVmax 
value of 4, in other words, the probability of accu-
rately diagnosing a malignant lesion may be even 
higher.

Conclusion

In the present study FDG-PET/CT was found to 
be a highly accurate method in differentiating be-
nign from  malignant SPNs. Lesions with high FDG 
uptake are generally of malignant nature. Howev-
er, false positivity should always be considered. In 
patients with another known organ malignancy 
along with a SPN, small nodular lesions with low 
or absent FDG uptake showed a high risk of being 
malignant as well. There was a positive correlation 
between the nodule diameter and malignancy risk. 
Similar studies have shown that when a threshold 
value of 2.5 is taken as SUVmax, the sensitivity and 
specificity for malignancy are 83-97% and 69-100%, 
respectively. In the present study, the SUVmax value 
providing the best sensitivity and specificity was 4.

References
1. Ost D, Fein AM, Feinsilver SH. The solitary pulmo-

nary nodule. N Engl J Med  2003;348:2535-2542.

2. Winer-Muram HT. The solitary pulmonary nodule. 
Radiology 2006;239:34-49.

3. Leef JL, Klein JS. The solitary pulmonary nodule. Ra-
diol Clin North Am 2002;40:123-143.

4. Klein JS, Zarka MA. Transthoracic needle biopsy;an 
overwiev. J Thorac Imaging. 1997;12:232-249.

5. Good CA, Wilson JW. The solitary circumscribed 
pulmonary nodule. Study of 705 cases encountered  
roentgenologicaily in a period of 3 1/2 years. JAMA 
1958;166:210-215.

6. Krause BJ, Schwarzenböck S, Souvatzoglou M. 
FDG PET and PET/CT. Recent Results Cancer Res 



PET/CT distinguishes benign from malignant lung lesions 941

JBUON 2013; 18(4): 941

2013;187:351-369. 

7. Gould MK, Maclean CC, Kuschner WG et al. Accu-
racy of positron emission tomography for diagno-
sis of pulmonary nodules and mass lesions. JAMA 
2001;285:914-924.

8. Gupta NC, Maloof J, Gunel E. Probability of malig-
nancy in solitary pulmonary nodules using fluo-
rine-18-FDG and PET. J Nucl Med 1996;137:943-949.

9. Pitman AG, Hicks RJ, Binns DS et al. Performance of 
sodium iodine based (18)F-fluorodeoxyglucose posi-
tron emission tomography in the characterization of 
indeterminate pulmonary nodules or masses. Br J Ra-
diol 2002;75:114-121.

10. Gould MK, Lillington GA. Strategy and cost in in-
vestigating solitary pulmonary nodules. Thorax 
1998;53:32-37.

11. Dewan NA, Gupta NC, Redepennign LS et al. Diagnos-
tic efficacy of PET-FDG imaging in solitary  pulmo-
nary nodules . Potential role in evaluation and man-
agement. Chest 1993;104:997-1002.

12. Nomori H, Watanabe K, Ohtsuka T et al. Evaluation 
of F 18 fluorodeoxyglucose (FDG) PET scanning for 
pulmonary nodules less than 3 cm in diameter, with 
special reference to the CT images. Lung Cancer 
2004;45:19-27.

13. Boyle P, Ferlay J. Cancer incidence and mortality in 
Europe, 2004. Ann Oncol 2005;16:481-488.

14. Mountain CF. Revisions in the International System 
for Staging Lung Cancer. Chest 1997;111:1710-1717.

15. Takigawa N, Segawa Y, Okahara M et al. Prognostic 
factors for patients with advanced non-small cell lung 
cancer:univariate and multivariate analyses including 
recursive partitioning and amalgamation. Lung Can-
cer 1996;15:67-77.

16. Volm M, Koomagi R. Relevance of proliferative and 
pro-apoptotic factors in non-small-cell lung cancer for 
patient survival. Br J Cancer 2000;82:1747-1754.

17. Wigren T. Confirmation of a prognostic index for pa-
tients with inoperable non- small cell lung cancer. Ra-
diother Oncol 1997;44:9-15.

18. Higashi K, Ueda Y, Yagishita M. FDG PET measure-
ment of the proliferative potential of non-small cell 
lung cancer J Nucl Med 2000;41:85-92.

19. Herder GJ, Golding RP, Gobar L. The performance of 
F-18 PET in small solitary nodules. Eur J Nucl Med 
Mol Imag 2004;31:1231-1236.

20. Lowe VJ, Fletcher JW. Prospective investigation of 

positron emission tomography in lung nodules. J  
Clin Oncol 1998;16:1075-1084.

21. Salathe M, Soler M, Bollinger CT. Transbronchial 
needle aspiration in routine fiberoptic bronchoscopy. 
Respiration 1992;59:S:5-8.

22. Wang KP, Kelly SJ, Britt JE. Percutaneous needle as-
piration biopsy of chest lesion. New instrument and 
new technique. Chest 1988;93:993-997.

23. Kim SK, Allen-Auerbach M, Goldin J et al. Accuracy 
of PET/CT in characterization of solitary pulmonary 
lesions. J Nucl Med 2007;48:214-220.

24. Bryant AS, Cerfolio RJ. The maximum standardized 
uptake values on integrated FDG- PET/CT is useful 
in differentiating benign from malignant pulmonary 
nodules. Ann  Thor Surg 2006;82:1016-1020.

25. Swensen SJ, Silverstein MD, Edell ES et al. Solitary 
pulmonary nodules:clinical prediction model versus 
physicians. Mayo Clin Proc 1999;74:319-329.

26. Gurney JW.  Determining the likelihood of malignan-
cy in solitary pulmonary nodules with Bayesian anal-
ysis. Radiology 1993;186:405-413.

27. Siegelman SS, Khouri NF, Leo FP et al. Solitary 
pulmonary nodules:CT assessment. Radiology 
1986;160:307-312.

28. Lillington GA, Caskey CI. Evaluation and manage-
ment of solitary and multiple pulmonary nodules. 
Clin Chest Med 1993;14:111-118.

29. Swensen SJ, Silverstein MD, Ilstrup DM et al. The 
probability of malignancy in solitary pulmonary nod-
ules. Application to small radiologically indetermi-
nate nodules. Arch Intern Med 1997;157:849-855.

30. Quint LE, Park CH, Iannettioni MD. Solitary pulmo-
nary nodules in patients with extrapulmonary neo-
plasms. Radiology 2000;217:257-261.

31. Zerhouni EA, Stitik FP, Siegelman SS et al. CT of 
pulmonary nodule:a cooperative study. Radiology 
1986;160:319-327.

32. Hanschke CI, McCauley DI, Yankelevitz DF et al. Early 
Lung Cancer Action Project:overall design and find-
ings from baseline screening. Lancet 1999;354:99-
105.

33. Hickeson M, Yun M, Matthies A et al. Use of a cor-
rected standardized uptake value based on the lesion 
size on CT permits accurate characterization of lung 
nodules on FDG-PET. Eur J Nucl Med 2002;29:1639-
1647.


