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ABSTRACT

Background: The aim of this study is two-fold; first is to investigate the determinants of malignancy 
from the clinical and radiological results of patients operated on solitary pulmonary nodules (SPN) 
and second is to determine the SUVmax threshold value for predicting malignancy based on nodule 
size. While the literature tends to focus on many variables as a group for understanding the SPN-
malignancy link, this study asks whether we could weigh size more compared to other factors to decide 
on malignancy potential. The fact that the incidental finding of SPNs is on rise means timely prediction 
and cure are within our reach.

Materials and Methods: Patients operated in our clinic due to SPN between January 2018 and December 
2022 were categorized into two groups according to their histopathologic diagnoses as malignant and 
benign. The clinical and radiological characteristics of the two groups were then analysed.

Results: Among the 522 patients included in the study, 385 (74%) were male and the mean age was 
61 ± 10.5 years. The high SUVmax value of the nodule and the presence of lobulation and spiculation 
were found to be determinant factors for malignancy (p<0.05, for all). In addition, SUVmax values of 
1.75 for nodules <1 cm in diameter, 2.24 for nodules between 1-2 cm, and 2.55 for nodules >2 cm were 
determined as malignancy predictors.

Conclusions: High SUVmax and the presence of lobulation and spiculation are positive predictive 
factors for malignancy in SPNs. We believe that the SUVmax value is discretely (by itself) critical in 
predicting malignancy according to the diameter of the nodule. As size is a relatively straightforward 
variable to measure and SPN is largely curable with timely intervention, the capacity of size to be 
a predictor would be highly convenient. In this respect, to better exploit the SUVmax indicator in 
practice during prognosis, more sensitive cut-off values in an ascending/descending order of the module 
diameter could be defined. 
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Introduction
A solitary pulmonary nodule (SPN) is a radiologic mani-
festation defined as a round or oval lesion with a diameter 
of ≤3 cm, unaccompanied by atelectasis, pneumonia, or 
lymphadenopathy, and fully separated from the surround-
ing intact lung tissue [1,2]. SPNs are classified as either 
solid or subsolid nodules while subsolid nodules are fur-
ther subdivided into part-solid or ground glass nodules 
(GGN) [2]. With the increased use of high-resolution 
computed tomography, our capability to observe soli-
tary pulmonary nodules (SPNs) increased along with the 
frequency of actual findings of SPNs. [3]. According to 
low-dose computed tomography (CT) screening tests, the 
incidence of nodular lesions is 19.5%, and most of these 
nodules are benign. A malignancy rate of 3% is observed 
in nodules detected during screening, while malignancy 
is observed at rates ranging up to 60% in nodules detect-
ed following clinical symptoms [4].

Functional imaging techniques such as Positron Emis-
sion Tomography-Computed Tomography (PET-CT) are 
essential due to the well-known, widespread complica-
tions of radiologic imaging techniques encountered in 
distinguishing the malignant from the benign [5]. PET-
CT containing 18F-fluorodeoxyglucose (FDG) is par-
ticularly effective in differentiating between benign and 
malignant SPNs [6]. Chest radiography, CT, and PET-CT 
have been proven to complement each other in diagnos-
ing lung cancer [7]. The accurate classification of SPNs 
can be achieved by considering patient risk factors and 
radiologic features together in a holistic manner. Identi-
fying SPN enables early diagnosis and treatment in pa-
tients with malignant tumors and thus prevents unneces-
sary, undesirable intervention in benign cases.

In the present study, predictors of malignancy in 
SPNs were investigated in a large study cohort. 

Materials and methods
The present study is a retrospective, single-center, ob-
servational study designed in a teaching and research 
hospital, which is a reference center for chest diseases 
and thoracic surgery. The patients who were operated 
on SPNs were reviewed.

Organization of the thoracic surgery clinic and operations

In our clinic, operation decisions and treatment man-

agement policies are, in their entirety, under the re-
sponsibility of surgery councils. Thoracic surgeons and 
pulmonologists are the main members of these coun-
cils. Other regular participants include specialists from 
oncology, radiology, radiation oncology, nuclear medi-
cine, and pathology.

Study design

The study included 522 patients who underwent surgery 
due to SPN between January 2018 and December 2022. 
Patients with a history of malignancy within the last 5 
years, multiple nodules, and histopathologic diagnosis 
of metastasis were excluded from the study. 

Demographic characteristics of patients, size, and loca-
tion of nodules, PET-CT FDG uptake, type of surgical 
resection, and final histopathologic diagnosis were re-
corded. Density was calculated according to the Houn-
sfield Unit (HU) scale.

Radiological images of all patients were evaluated by 
an inter-branch joint council of three chest surgeons, 
one pulmonologist, and one radiologist. Solid compo-
nent, lobulation, spiculation, air bronchogram, pleural 
indentation, calcification, and cavitation conditions 
were recorded. 

Patients were categorized into two groups according to 
their histopathologic diagnoses, namely, malignant and 
benign. Clinical and radiologic results of all patients 
were compared between the two groups. This study was 
approved by the Sureyyapasa Chest Diseases and Tho-
racic Surgery Training and Research Hospital Ethics 
Committee. (03.03.2023, No: 116.2017.R-269).

Statistical Analysis
All data are expressed as mean ± standard deviation. 
A Chi-square and Student’s t-test were used to evalu-
ate the data obtained from inter-group comparison. The 
diagnostic values of the statistically significant param-
eters were evaluated in accordance with the sensitivity, 
specificity, positive predictive value (PPV) and nega-
tive predictive value (NPV), and from the cut-off values 
obtained from receiver operating characteristic (ROC) 
curves. All statistical analysis was carried out using sta-
tistical software package system (SPSS for Windows, 
version 16.0; SPSS Inc., Chicago, IL, USA). A p value 
of < 0.05 was considered significant.
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Results
Among the 522 patients included in the study, 385 (74%) 
were male and the mean age was 61 ± 10.5 years. The 
most common location of SPN was the upper lobe of 
the right lung (34%). The mean nodule size was 1.858 
± 0.6 cm (0.5-3.0), and the mean SUVmax value was 
5.4 ± 4.18 (NA-19) (Table 1). Among the patients, 360 
(69 %) underwent video-assisted thoracoscopic surgery 
and 162 (31%) underwent thoracotomy. The pathology 
result was reported as 326 (62.5%) malignant and 196 
(37.5%) benign. The most common malignant histo-
pathological diagnosis was adenocarcinoma (210, 64%) 
while the most common benign diagnosis was chronic 
inflammation and fibrosis. 

The joint council retrospectively analyzed PET-CT 
images of the patients, and the mean nodule density was 
calculated as -14.9 ± 115 (NA-19). The number of solid 
nodules was 343 (65%). Lobulation was observed in 
164 (31%), spiculation in 153 (29%), and pleural inden-
tation in 222 (42%) (Table 1).

According to the comparison between malignant and 
benign patient groups, the mean age was significantly 
higher in the malignant patient group (63.8 ± 8.5 p = 
0.0001). There were 257 (78%) male patients in the malig-
nant patient group (p = 0.001). While the side location of 
the nodule was similar between the two groups (p = 0.855), 
upper lobe location was significantly more prevalent in the 
malignant group (p = 0.013). The mean nodule size was 
statistically higher in the malignant group (<0.0001), and 
the size >2 cm was significant for malignancy (<0.0001). 
The mean SUVmax was higher in the malignant group 
with statistical significance (6.81 ± 4.24, 3.18 ± 2.91, p < 
0.0001). The density values of the nodule were similar be-
tween the two groups (p = 0.514) (Table 1).

The incidence of malignancy was higher in solid 
lesions compared to subsolid lesions and GGOs (p = 
0.023). Lobulation and spiculation were statistical-
ly more common in the malignant patient group (p = 
0.032, p < 0.001) while air bronchogram, pleural inden-
tation, calcification, and cavitation findings were simi-
lar in both groups (p > 0.05) (Table 1).

When the malignancy-wise significant parameters 
were evaluated by multivariate analysis, the high SUV-
max value of solitary pulmonary nodule and the presence 

of lobulation and spiculation were found to be positive 
predictive factors for malignancy (p < 0.05) (Table 2). 
Among these, SUVmax could further be distinguished 
with more robust predictive prowess for two reasons. 
First, because it is measurable and hence practical to ear-
mark malignancy. Second, rather than being an either/or 
(either present or absent) factor such as lobulation, SU-
Vmax is sensitive to the patient’s overall conditions, im-
plying that its size along with other factors promises an 
accurate diagnosis for the individual patient.

In comparing the mean SUVmax values according to 
nodule size in malignant and benign patients, we observed 
that the SUVmax value was markedly higher in the malig-
nant group with a statistical significance (p < 0.0001) (Ta-
ble 3). The SUVmax value of 1.75 (AUC: 0.749 (0.640-
0.858) std error: 0.055) was determined as the malignancy 
marker for nodules smaller than 1 cm with 85% sensitivity 
and 42% specificity (Figure 1) and the SUVmax value of 
2.24 (AUC: 0.706 (0.642-0.771) std error: 0.033) was de-
termined as the malignancy marker for nodules between 1 
and 2 cm with 85% sensitivity and 43% specificity (Figure 
2). In addition, the SUVmax value of 2.55 (AUC: 0.840 
(0.777-0.903) std error: 0.032) was determined as the ma-
lignancy marker for nodules >2 cm with 91% sensitivity 
and 48% specificity (Figure 3). 

Figure 1.  ROC curve for nodules <1 cm. (Area under curve (AUC): 

0.749 (0.640-0.858) std error: 0.055).
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Table 1. Clinical and radiological features of 522 patients.
Study population
(n=522)

Malignant
(n=326, 62.5%)

Benign
(n=196, 37.5%)

P value

Age (mean±SD) 61±10.5 (24-88) 63.8±8.5 56.5±12 <0.0001
Gender
    Male
    Female

385 (74)
137 (26)

257 (78)
69 (22)

128 (65)
68 (35)

0.001

Location
    Right lung
    Left lung

302 (58)
220 (42)

187 (58)
139 (42)

115 (59)
81 (41)

0.855

Lobar location
    RUL
    RML
    RLL
    LUL
    LLL

177 (34)
34 (6)
92 (18)
129 (25)
90 (17)

124 (38)
10 (3)
54 (17)
81 (25)
57 (17)

53 (27)
24 (12)
38 (19)
48 (25)
33 (17)

<0.0001

Lobar location
    Upper lobe
    Non-upper lobe

306 (59)
216 (41)

205 (63)
121 (37)

101 (51)
95 (49)

0.013

Size (mm, mean ± SD) 1.858±0.6 (0.5 – 3.0) 1.950±0.6 1.705±0.6 <0.0001
Size (N, %)
     ≤1 cm
    1-2 cm
     >2 cm

79 (15)
254 (49)
189 (36)

43 (13)
144 (44)
139 (43)

36 (18)
110 (56)
50 (26)

<0.0001

Size 
     ≤2 cm
     >2 cm

333 (64)
189 (36)

187 (57)
139 (43)

146 (75)
50 (25)

<0.0001

PET suv (mean ± SD) 5.4±4.18 (NA – 19) 6.81±4.24 3.18±2.91 <0.0001
Density (median ± SD) -14.9±115

(Min:-869, max: 330) 
-17,48±119.6 -10,63±109.6 0.514

Solid component
     Solid
     Subsolid
     GGO

343 (65)
145 (28)
34 (7)

228 (70)
78 (24) 
20 (6)

115 (59)
67 (34)
14 (7)

0.023

Solid component
     Solid
     Non-solid

343 (65)
179 (35)

228 (70)
98 (30)

115 (59)
81 (41)

0.007

Lobulation
     Present
     Absent

164 (31)
358 (69)

114 (35)
212 (65)

50 (25)
146 (75)

0.032

Spiculation
     Present
     Absent

153 (29)
369 (71)

137 (42)
189 (58)

16 (8)
180 (92)

<0.001

Air bronchogram
     Present
     Absent

61 (12)
461 (88)

42 (13)
284 (87)

19 (10)
177 (90)

0.326

Pleural indentation
     Present
     Absent

222 (42)
300 (58)

136 (41)
190 (59)

86 (44)
110 (56)

0.647

Calcification
     Present
     Absent

64 (12)
458 (88)

37 (11)
289 (89)

27 (14)
169 (86)

0.491

Cavitation
     Present
     Absent

30 (6)
492 (94)

21 (6)
305 (94)

9 (5)
187 (95)

0.556

Abbrev.: RUL; right upper lobe, RML; right middle lobe, RLL; right lower lobe, LUL; left upper lobe,   LLL; left lower lobe, GGO; ground glass opacity.
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Table 2. Multivariate analysis of potential factors for predicting malignancy.
HR 95% confidence interval P value

SUVmax value 0.865 0.814-0.919 <0.0001
Lesion size 0.689 0.482-0.985 0.041
Age 0.941 0.920-0.962 <0.0001
Gender 0.696 0.426-1.136 0.147
Lobulation 0.408 0.250-0.668 <0.0001
Spiculation 0.113 0.061-0.210 <0.0001
Localization (upper lobe/non-upper lobe) 1.092 0.694-1.716 1.092
Solid component (Solid vs. non-solid) 1.066 0.665-1.707 1.066
Table 3. The average PET-SUVmax values to predict malignancy according to nodule diameter.

Study population (n=522) SUVmax (mean±SD) P value
≤1 cm benign 38 2.133±1.8

0.0001

≤1 cm malignant 42 4.537±2.9
1-2 cm benign 113 3.436±3.2
1-2 cm malignant 137 5.986±3.9
>2 cm benign 53 3.350±2.7
>2 cm malignant 139 8.206±4.3
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Figure 2.  ROC curve for nodules between 1-2 cm. (Area under 

curve (AUC): 0.706 (0.642-0.771) std error: 0.033).

Figure 3. ROC curve for nodules >2 cm. (Area under curve (AUC) 

0.840 (0.777-0.903) std error: 0.032).

Discussion
The present study analyzes malignancy predictors of 
SPNs in depth in a large study group. While the study 
yielded lobulation and spiculation as independent risk 
factors, the more remarkable result of the study was 
establishing the statistical overlaps/similarities among 
air bronchogram, pleural indentation, calcification, and 
cavitation rates. These overlaps led us to search for a 
more accurate determinant for malignancy. It is widely 
acknowledged that malignancy risk is not easily tested 
and resolved; nodule-specific as well as patient-specific 
factors complicate the prognosis process, especially the 
decision about patient surveillance. In this respect, our 
finding of PET-BT cut-off based on nodule size could 
also imply that both patient-specific factors and nodule-
related elements are inherent SUVmax. This, in turn, 
could facilitate decision making.

A comprehensive clinical history is essential in the 
evaluation of an SPN. A successful classification of the 
patients presenting with SPN can be achieved by con-
sidering patient risk factors together with radiologic 
features. Such evaluation secures timely diagnosis and 
thus successful treatment in patients with malignant tu-
mors while minimizing unnecessary intervention in oth-
erwise benign cases [8].

Several clinical studies have reported that age, his-
tory of smoking, and cancer background are associated 
with a high risk of malignancy in patients with SPN 
[9,10]. Erdogdu et al found that age above 61 was an 



independent risk factor for malignancy [8]. In our study, 
the mean age was significantly higher in malignant pa-
tients in one-way analyses; however, it was similar be-
tween the two groups in multi-way analyses. It could 
thus be proposed that the predictive prowess of age may 
be ambiguous.

On computed tomography (CT) scans, the main fea-
tures defining the nodule are: size, shape, density, pres-
ence of calcification, and growth rate [3,11]. Nodular 
lesions with pleural recession, lobule contours, and spic-
ular extensions are more likely to be malignant. Several 
studies have reported spicular extensions as markers of 
malignancy in nodules [8,12]. While spicular extension 
was also observed as a marker of malignancy in our 
study, the presence of lobulation was also determined as a 
marker. Ambrossini et al. reported that aHU index of ≥15 
was a predictive factor for malignancy [13]. In our study, 
density values were found to be similar between the two 
groups. Calcified nodules are generally benign [14]. Yet, 
up to 6-10% of primary lung cancers exhibit calcification 
on CT [15]. Benign nodules, especially hamartomas, ex-
hibit diffuse calcification patterns in addition to popcorn-
like pathognomonic calcification. Punctate and eccentric 
calcification patterns are also screened in malignant nod-
ules [15]. Cavitation occurs in both benign and malignant 
conditions [16]. While air bronchograms are frequently 
encountered in infectious conditions, they are especial-
ly present/common in malignant nodules in SPN [17]. 
Similar rates of calcification, cavitation, and air broncho-
grams were observed in both groups in our results. Again, 
the similarity in both groups alarmed us that we needed 
a safer predictive factor, delving deeper into the differ-
ent values for the two groups to distinguish a factor that 
could have a causal relationship to malignancy.

The location of SPNs may also help determine the 
risk of malignancy. Some studies have reported that the 
upper lobe is associated with an increased risk of malig-
nancy and that particularly right upper lobe commands 
the highest malignancy rate with 45% of all malignant 
nodules [18]. On the other hand, another group of stud-
ies have concluded that location may not constitute a 
significant malignancy marker [8,12]. In our study, in 
line with the latter group of studies, although upper lobe 
location was significantly more prevalent in the malig-

nant group, it was not considered a malignancy marker 
in multidimensional analyses.

While some studies have reported a positive correla-
tion between the diameter of the nodule and malignancy, 
others have not observed such a phenomenon [19,20]. 
According to the studies of the Fleischner Society, ap-
proximately 80% of lesions larger than 20 mm were iden-
tified as malignant, while 1% of lesions 2-5 mm in size 
were identified so [21]. A further research demonstrated 
that the probability of malignancy ranged from 6% in 
nodules with a size of 5-10 mm to 64% in nodules larger 
than 20 mm [2]. The volume doubling time (VDT), the 
time it takes for the nodule to double in volume or in-
crease in diameter by 26%, can also serve as a measure 
for assessing the growth of the SPN and predicting be-
nignity/malignancy [22]. In this sense, numerous studies 
have reported a mean duration of VDT of 139 days for 
lung malignancy [23]. In our study, the mean nodule size 
was statistically greater in the malignant group, and a size 
of >2 cm was significant for malignancy. 

With the popularity and prevalence of screening ex-
aminations in recent years, several models have been 
developed to help determine the risk of malignancy. In 
this sense, the Mayo model reported six independent 
risk factors: age, smoking history, history of extrapul-
monary tumor, maximum diameter, nodule location, 
and spiculation [13]. The Veterans Affairs (VA) model, 
on the other side, reported age, smoking history, smok-
ing cessation time, and nodule diameter as independent 
risk factors for malignancy [14]. According to the Pe-
king University People's Hospital (PKUPH) model, the 
independent risk factors constituted age, nodule diame-
ter, family history of cancer, and spiculation [12]. These 
models are effective for decision-making in the case of 
suspected malignancy, yet their results may produce 
rather approximate and vague pictures. As more clarity 
is a must for individual evaluations and decisions on 
the mode of patient surveillance, we asked whether a 
concrete factor could be separated.

Functional imaging capabilities such as PET-CT are 
necessary due to the complications of radiological im-
aging techniques in differentiating between malignant 
and benign cases [5]. The FDG PET-CT method pro-
vides morphological and metabolic information about 
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the lesions, enabling semi-quantitative evaluation by 
calculating the maximum standardized uptake value 
(maxSTD) besides visual evaluation [24]. Considering 
the threshold value for maxSTD as 2.5, the sensitivity 
and specificity of FDG PET-CT examination in detect-
ing malignant lesions were determined as 95.1% and 
50.0%, respectively [25]. The FDG PET-CT has a high 
level of accuracy for diagnosing malignancy in nodules, 
and a recent meta-analysis reported a sensitivity and 
specificity of 89% and 70%, respectively [26]. In paral-
lel, in our case, the mean SUVmax was found higher in 
the malignant group with a statistical significance.

PET-CT plays an essential role in characterizing the 
nature of pulmonary nodules, yet its predictive power is 
reduced in nodules smaller than 1 cm [27]. The sensitiv-
ity of PET-CT was reported as 69% for nodules with a 
diameter of 5-10 mm and 95% for nodules larger than 
10 mm [28]. In active granulomatous infections, most 
commonly tuberculosis, high FDG values are known to 
produce false positive results in the differential diagno-
sis of malignancy [29]. In addition, it may produce false 
negative results for carcinoid tumors, adenocarcinoma 
subtypes, and lung tumors smaller than 1 cm [6]. Amidst 
these errors, some modifications have been made to in-
crease the sensitivity and specificity of FDG PET-CT in 
evaluating SPNs. Matthies et al reported a 20% increase 
in sensitivity in detecting malignant lesions using the 
dual-phase method [30]. On the other hand, Fletcher et al 
concluded in a meta-analysis that the dual-phase method 
had zero contribution to the differential diagnosis of ma-
lignant lesions [31]. Another type of modification was 
performed in clinical trials using a ranking scale compar-
ing the SUVmax cut-off value to the mediastinal blood 
pool. It was reported that normalization of SUVmax to 
blood pool or liver uptake had high diagnostic accuracy 
for detecting malignancy in SPNs, with AUCs of 0.90 for 
both liver and blood uptake rates [32].

Several clinical trials have identified malignancy 
markers of SPNs by evaluating CT features, patient risk 
factors, and F-18 FDG PET-CT results. In a study in-
cluding 223 patients with a radiologic diagnosis of the 
solitary pulmonary nodule, Erdogdu et al demonstrated 
that an SUVmax value greater than 2.5, spicular exten-
sion, and age above 61 years were independent mark-

ers of malignancy [8]. Lopez et al. also revealed that 
SUVmax value and age were independent variables in 
predicting malignancy [33]. In a recent multi-center 
study on 355 patients, Weir-McCall et al reported that 
SUVmax was the most accurate technique in diagnos-
ing solitary lung nodules; however, they also showed 
that the diagnostic thresholds should be modified ac-
cording to nodule size. They determined the optimal 
thresholds for SUVmax according to lesion size and 
set them as 1.75 for lesions <12 mm, 2.55 for lesions 
ranging between 12 and 16 mm, and 3.6 for lesions >16 
mm [34]. In our study, we propose the following nodule 
size-SUVmax pairs: the SUVmax value of 1.75 in nod-
ules smaller than 1 cm; 2.24 in nodules between 1 and 2 
cm; 2.55 in nodules greater than 2 cm. These proposed 
thresholds, rather easy to assess, would provide a timely 
evaluation and save various treatment costs by exclud-
ing benign cases. Avoiding the needless intervention in 
the patients’ daily lives would also be a plus. 

Our study reports the following important limita-
tions: being retrospective and being single-centered. On 
the other hand, our study has been conducted on a large 
group in a specialist pulmonary diseases center where 
our patients are fully examined and where all proce-
dures are followed in detail, from detection to the prob-
able operation. Therefore, the patient population here is 
a special focus group. Another strength is the rich size 
of the population along with the range of patient pro-
files, rendering our findings robust. 

In conclusion, the presence of radiological spiculation 
and lobulation along with high PET-CT SUVmax values 
strongly signal malignancy, making these variables criti-
cal factors for deciding on the follow-up or treatment of 
SPNs. The increased technological capacity of success-
ful detection of millimetric lesions with the growing use 
of high-resolution computed tomography could be har-
nessed for better test/decision criteria. In this respect, the 
standard SUVmax threshold value, in its extant form, 
may be insufficient for diagnostic prediction in these le-
sions and prone to spurious results. The SUVmax diag-
nostic threshold value should be updated to be set in a 
step-wise manner according to nodule sizes. The inclu-
sion of such a sensitive predictive element in evaluations 
may lead to better decisions early on. 
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