L))

Check for
updat

Original Article

The differential computed tomography features between small
benign and malignant solid solitary pulmonary nodules with
different sizes

Xiao-Qun He", Xing-Tao Huang™, Tian-You Luo', Xiao Liu'", Qi Li"*

'Department of Radiology, the First Affiliated Hospital of Chongqing Medical University, Chongqing, China; “Department of Radiology, the Fifth
People’s Hospital of Chongqing, Chongging, China

Contributions: (I) Conception and design: All authors; (II) Administrative support: TY Luo, Q Li; (III) Provision of study materials or patients: XQ
He, XT Huang, X Liu; (IV) Collection and assembly of data: XQ He, XT Huang, TY Luo; (V) Data analysis and interpretation: XQ He, XT Huang,
TY Luo, X Liu; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

ese authors contributed equally to this work as co-first authors.
"Th th tributed equally to th k first auth
*These authors contributed equally to this work as co-senior authors.

Correspondence to: Qi Li, PhD; Xiao Liu, MD. Department of Radiology, the First Affiliated Hospital of Chongqing Medical University, No. 1 Youyi
Road, Yuzhong District, Chongging 400016, China. Email: 1iqi89011721@163.com; 1x5937661@qq.com.

Background: Computed tomography (CT) has been widely known to be the first choice for the diagnosis
of solid solitary pulmonary nodules (SSPNs). However, the smaller the SSPN is, the less the differential
CT signs between benign and malignant SSPNs there are, which brings great challenges to their diagnosis.
Therefore, this study aimed to investigate the differential CT features between small (<15 mm) benign and
malignant SSPNs with different sizes.

Methods: From May 2018 to November 2021, CT data of 794 patients with small SSPNs (<15 mm) were
retrospectively analyzed. SSPNs were divided into benign and malignant groups, and each group was further
classified into three cohorts: cohort I (diameter <6 mm), cohort IT (6 mm < diameter <8 mm), and cohort IIT
(8 mm < diameter <15 mm). The differential CT features of benign and malignant SSPNs in three cohorts
were identified. Multivariable logistic regression analyses were conducted to identify independent factors of
benign SSPN.

Results: In cohort I, polygonal shape and upper-lobe distribution differed significantly between groups
(all P<0.05) and multiparametric analysis showed polygonal shape [adjusted odds ratio (OR): 12.165; 95%
confidence interval (CI): 1.512-97.872; P=0.019] was the most effective variation for predicting benign
SSPNs, with an area under the receiver operating characteristic curve (AUC) of 0.747 (95% CI: 0.640-
0.855; P=0.001). In cohort II, polygonal shape, lobulation, pleural retraction, and air bronchogram differed
significantly between groups (all P<0.05), and polygonal shape (OR: 8.870; 95% CI: 1.096-71.772; P=0.041)
and the absence of pleural retraction (OR: 0.306; 95% CI: 0.106-0.883; P=0.028) were independent
predictors of benign SSPNs, with an AUC of 0.778 (95% CI: 0.694-0.863; P<0.001). In cohort III, 12 CT
features showed significant differences between groups (all P<0.05) and polygonal shape (OR: 3.953; 95%
CI: 1.508-10.361; P=0.005); calcification (OR: 3.710; 95% CI: 1.305-10.551; P=0.014); halo sign (OR: 6.237;
95% CI: 2.838-13.710; P<0.001); satellite lesions (OR: 6.554; 95% CI: 3.225-13.318; P<0.001); and the
absence of lobulation (OR: 0.066; 95% CI: 0.026-0.167; P<0.001), air space (OR: 0.405; 95% CI: 0.215-
0.764; P=0.005), pleural retraction (OR: 0.297; 95% CI: 0.179-0.493; P<0.001), bronchial truncation (OR:
0.165; 95% CI: 0.090-0.303; P<0.001), and air bronchogram (OR: 0.363; 95% CI: 0.208-0.633; P<0.001)
were independent predictors of benign SSPNs, with an AUC of 0.869 (95% CI: 0.840-0.897; P<0.001).
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Conclusions: CT features vary between SSPNs with different sizes. Clarifying the differential CT features

based on different diameter ranges may help to minimize ambiguities and discriminate the benign SSPNs

from malignant ones.
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Introduction

Currently, the detection rate of solitary pulmonary nodules,
particularly those with smaller sizes, has dramatically
increased with the introduction of multidetector computed
tomography (CT). Based on the density observed on CT
imaging, solitary pulmonary nodules can be divided into
sub-solid and solid nodules (1). Patients with solid solitary
pulmonary nodules (SSPNs) demonstrate to have a much
poorer prognosis than those with sub-solid nodules, partly
because that the CT features of malignant SSPN usually
mimic benign lesions, resulting in a higher occurrence of
missed or delayed diagnosis (2-4). Therefore, analyzing
the CT feature differences between benign and malignant
SSPN, especially those with smaller sizes, is vital to increase
the correct diagnosis rate and improve patient’s prognosis.

In clinical practice, the differential diagnosis of benign
and malignant SSPNs has become controversial (5-9).
Previous studies have investigated the imaging features of
SSPNs. Swensen er al. (10) confirmed that larger diameter,
spiculation, and upper-lobe location of solitary pulmonary
nodules were highly associated with malignancy. Li ez 4/. (11)
studied 371 surgically resected nodules measuring <30 mm
and revealed that the possibility of malignancy markedly
increased in nodules with older age, a family history of
cancer, larger size, and spiculation, whereas calcification
was associated with benignancy. Wang er al. (12) reported
that lobulation, spiculation, pleural indentation, and
vacuole sign were more common in malignant solitary
pulmonary nodules, whereas no significant differences
were observed in incidences of vessel convergence, air
bronchogram, and satellite lesions between benign and
malignant groups. Remarkably, some of these findings
reported in the literatures are inconsistent. Among these
studies, some investigators focused on SPNs of <15 mm,
some on those <20 mm, and others on those <30 mm.
Zhang er al. (13) established several models to predict lung
cancer risk and identified different independent predictors
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for solid nodules of <15 mm and those between 15 and
30 mm. Therefore, we speculated that different outcomes
among CT findings of SSPNs may attribute to the fact that
these studies seem to ignore the influence of nodule sizes
on CT appearances besides different sample sizes. To date,
few scholars have sought to compare CT features of small
benign and malignant nodules of different sizes. The Lung
Imaging Reporting and Data System (Lung-RADS) by the
American College of Radiology (14) is a widely accepted
tool that standardizes CT reporting and management
recommendations. The Lung-RADS classifies SSPNs into
four different risk categories (<1%, 1-2%, 5-15%, and
>15%) based on the threshold size of 6, 8, and 15 mm.
Therefore, this study aimed to investigate the differential
CT features between small (<15 mm) benign and malignant
SSPNs with different sizes sorted using the Lung-RADS,
thereby improving the diagnostic accuracy of SSPNs
and reducing unnecessary surgical resections of SSPNs.
We present this article in accordance with the STROBE
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-995/rc).

Methods
Patients

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the ethics committee of the First Affiliated
Hospital of Chongqing Medical University, and the need for
informed consent was waived because of the retrospective
nature of the study. From May 2018 to November 2021, we
collected the clinical and imaging data of 980 consecutive
patients who underwent chest CT in the First Affiliated
Hospital of Chongqing Medical University and met the
following criteria: (I) patients who underwent chest CT
scans and thin-section CT images were available; (II) those
with SSPNs with an average diameter of <15 mm; and (III)
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Figure 1 The flowchart for this study. SSPNS, solid solitary pulmonary nodules.

those with SSPNs confirmed by surgery or CT follow-
up. Among them, 186 patients were excluded based on the
following exclusion criteria: (I) poor imaging quality due to
obvious respiratory motion artifacts; (II) incomplete clinical
data. Finally, 794 patients who met the aforementioned
criteria were included in this study.

All patients were divided into benign (473 patients) and
malignant groups (321 patients). Furthermore, each group
was classified into three cohorts based on the nodule size:
cohort I (diameter <6 mm; 97/794, 12.22%), cohort II
(6 mm < diameter <8 mm; 118/794, 14.86%), and cohort I1I (8
mm < diameter <15 mm; 579/794, 72.92%). The flow diagram
of this study is shown in Figure 1. The clinical characteristics,
such as age, sex, smoking history, respiratory symptoms, and
family history of malignant tumors, were collected.

Among the 473 benign SSPNs, 340 (71.88%) received
surgery soon after the initial CT scan, while the remaining
133 (28.12%) underwent sequential follow-up CTs with a
total of 200 CT scans and a median observation period of
437 days (range, 51-1,573 days). With regard to the 133
benign SSPNs, 106 (79.70%) underwent surgical resection
ultimately, and 27 (20.30%) were absorbed during follow-
ups. Among the 321 malignant SSPNs, 254 (79.13%)
underwent operation soon after the initial CT scan, whereas
67 (20.87%) received surgical treatment after follow-up
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CTs with a total of 268 CT scans and a median observation
period of 242 days (range, 30619 days).

CT scanning protocol

Chest CT scan was performed using one of the three
following multidetector CT scanners: Somatom
Definition FLASH, Siemens Healthcare (Forchheim,
Germany); Somatom Perspective, Siemens Healthcare;
and Discovery CT750 HD, GE Healthcare (Milwaukee,
WI, USA). All patients underwent helical CT scanning
in a single breath-hold from the lung apices to the
lung base. Scanning parameters were as follows: tube
voltage, 100-120 kVp; tube current, 50-250 mAs
(automatic tube current modulation technology); rotation
time, 0.5 s; and pitch, 0.875-1.50. A total of 215 patients
(27.08%, 215/794) underwent contrast-enhanced CT
scanning and were injected with nonionic iodinated
contrast material [300 mgl/mL iohexol (Omnipaque, GE
Healthcare)] into the antecubital vein using an automated
injector at a dose of 1.5 mL/kg of body weight at a rate of
3 mL/s, followed by the administration of 45-50 mL of
saline solution. The acquisition time for the arterial and
delayed phases was triggered at 30 and 120-180 s, respectively.
Thin-section CT images were reconstructed with a slice
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Figure 2 Representative images of CT features. (A-C) SSPN with polygonal shape (red arrow) on axis, coronal, and sagittal CT images; (D-F)

SSPN with bronchial adhering sign (red arrow), bronchial truncation (red arrow), and air bronchogram (red arrow) on axis, coronal, and axis

images. C'T, computed tomography; SSPN, solid solitary pulmonary nodule.

thickness and interval of 0.625-1.25 mm for the GE scanner
and 0.6-1.0 mm for the other two Siemens scanners. All CT
images were reconstructed with a sharp kernel in lung window
setting [window width, 1,500 Hounsfield unit (HU); window
level, -600 HU].

CT image interpretation

Two experienced radiologists with >10 years of
experience in chest imaging who were blinded to the
clinical and pathologic findings interpreted the CT
images in lung window setting using a picture-archiving
and communication system workstation (Vue PACS,
Carestream, Rochester, NY, USA) independently. Any

disagreements were resolved by discussion until a consensus
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was reached. For nodules with multiple CT scans, initial
CT images were included and analyzed. The following CT
characteristics were carefully analyzed and recorded:

(I) Nodule size (the average maximal long-axis
diameter and perpendicular maximal short-axis
diameter of the nodule in the same plane);

(II) Location (the left upper and lower lobes as well as
the right upper, middle, and lower lobes);

(III) Shape [polygonal (including triangles, quadrilaterals,
and trapezoids, etc.) (Figure 24-2C) and non-
polygonal];

(IV) Margin (spiculation and lobulation);

(V) Intra-nodular characteristics [airspace (air attenuation
within the nodule including vacuole sign and
cavity) and calcification];
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Table 1 Clinical characteristics for patients with benign and malignant SSPNs

Characteristics Malignant SSPNs (n=321) Benign SSPNs (n=473) P value
Age (years) 60+11 54+11 <0.001
Sex
Female 163 (50.8) 213 (45.0) 0.111
Male 158 (49.2) 260 (55.0)
Smoking history 130 (40.5) 172 (36.4) 0.239
Respiratory symptoms 85 (26.5) 125 (26.4) 0.987
Family history of malignant tumors 35(10.9) 47 (9.9) 0.660

The value of age is presented as mean + SD, and that of other parameters are presented as number (percentage). SSPNs, solid solitary

pulmonary nodules; SD, standard deviation.

(VI) Peri-nodular characteristics [halo sign (ill-defined
ground-glass opacity surrounding the nodule),
satellite lesions (one or more nodular shadows
surrounding the dominant nodule with a distance of
<3 cm), peripheral fibrosis (linear shadows around
the nodule caused by the lesion or preexisting
fibrosis), pleural retraction (one or more linear-
like or cord-like structures connected between the
tumor and pleura with pleural end thickening),
bronchial adhering sign (bronchus walked along the
edge of SSPN with or without compression of the
lumen) (Figure 2D), bronchial truncation (bronchus
was blocked and interrupted at the edge of SSPN)
(Figure 2E), and air bronchogram (a bronchus
entered the SSPN with intact, narrow, rigid, or
expansive lumen) (Figure 2F)].

Statistics analyses

Statistical analyses were performed using the statistical
analysis system computing software SPSS (version 21.0
for Windows, IBM, Armonk, NY, USA). The diagnostic
consistency for CT features between two observers was
assessed using the Kappa test, and a Kappa value of >0.80
was considered indicative of a good agreement. When
comparing CT features of benign or malignant SSPNs with
different sizes, the Chi-square test was performed first. For
CT features that differed significantly among the three
cohorts, the Bonferroni test was used to perform pairwise
comparisons as a post hoc or follow-up analysis.
Multivariable logistic regression analyses (hereinafter
referred to as multiparametric analyses) were performed
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using CT features that differed significantly between both
groups in three cohorts to select independent predictors
for malignant SSPNs. The final regression models were
selected using the enter method and area under the receiver
operating characteristic curve (AUC), accuracy, sensitivity,
and specificity were used to evaluate the diagnostic
performance of models. A two-sided P value of <0.05 was
considered statistically significant.

Results
Clinical and pathological manifestations

Totally, 794 patients were included in this study (473
benign SSPNs and 321 malignant SSPNs). The clinical
data of patients with benign and malignant SSPNs are
displayed in Table 1. The average age of patients with
benign SSPNs was 54 years (range, 19-70 years) and
that of patients with malignant SSPNs was 60 years
(range, 30-83 years). A significant difference in age was
observed between the two groups (P<0.001). However,
no significant differences in gender, smoking history,
respiratory symptoms, and family history of malignant
tumors were observed between the two groups (all P>0.05).
Among the 446 benign SSPNs confirmed pathologically,
239 (53.59%) were inflammatory lesions, 123 (27.58%)
were benign tumors (including 99 pulmonary hamartoma,
16 sclerosing pneumocytoma, 5 solitary fibrous tumor,
and 3 pulmonary leiomyoma), 72 (16.14%) were
tuberculoma, and 12 (2.69%) were fungal infections.
Among the 321 malignant SSPNs (all in pathological
stage TA), 292 (90.97%) were adenocarcinoma (including
200 with the acinar-predominant subtype, 55 with the
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Table 2 Comparison of CT features between benign and malignant SSPNs in three cohorts [n (%)]
Cohort | (n=97) Cohort Il (n=118) Cohort Ill (n=579)
crerectenstis Malgnant - Beigh p qyg  Malonant - Begn g, Melgnant - Benh b e
Distribution
Upper lobe 13(61.9) 25(32.9) 0.016 14 (42.4) 35(41.2) 0902 153 (57.3) 157(50.3)  0.093
Middle/lower lobe 8 (38.1) 51 (67.1) 19 (57.6) 50 (58.8) 114 (42.7) 155 (49.7)
Lesion shape
Polygonal 1(4.8) 33(43.4) <0.001 1(3.0) 18(21.2)  0.016 7 (2.6) 36 (11.5)  <0.001
Non-polygonal 20(95.2) 43 (56.6) 32 (97.0) 67 (78.8) 260 (97.4) 276 (88.5)
Margin
Spiculation 2(9.5) 2(2.6) 0.204 5 (15.2) 17 (20.0)  0.544 68 (25.5) 56(17.9)  0.028
Lobulation 11(52.4) 27(355) 0161  33(100.0) 66(77.6) 0.003  261(97.8) 237 (76.0) <0.001
Intra-nodular characteristics
Airspace 0 2(2.6) >0.99 6(18.2) 7 (8.2) 0.222 64 (24.0) 32(10.3)  <0.001
Calcification 0 3(3.9) >0.99 1(3.0) 3(3.5) >0.99 7(2.6) 26 (8.3) 0.003
Peri-nodular characteristics
Halo sign 0 6 (7.9) 0.414 2 (6.1) 11(12.9) 0457 11 (4.1) 63(20.2)  <0.001
Satellite lesions 0 5 (6.6) 0.516 2(6.1) 16(18.8)  0.084 19 (7.1) 74 (23.7)  <0.001
Peripheral fibrosis 3(14.3) 26 (34.2)  0.077 11(33.3) 39(45.9) 0216  157(58.8) 146 (46.8)  0.004
Pleural retraction 2 (9.5) 7(9.2) >0.99 12(36.4) 13(15.3) 0.012  125(46.8) 54(17.3)  <0.001
Bronchial adhering sign 0 1(1.3) >0.99 0 6(7.1) 0.271 7 (2.6) 34 (10.9) <0.001
Bronchial truncation 2(9.5) 2 (2.6) 0.204 4(12.1) 6 (7.1) 0.604 94 (35.2) 31(9.9)  <0.001
Air bronchogram 0 3(3.9) >0.99 10(30.3) 11(12.9)  0.027 93 (34.8)  42(13.5)  <0.001

CT, computed tomography; SSPNs, solid solitary pulmonary nodules.

papillary-predominant subtype, 20 with the solid-predominant
subtype, and 17 with the micropapillary-predominant
subtype), 20 (6.23%) were squamous cell carcinoma,

6 (1.87%) were small cell lung cancer, and 3 (0.93%) were
adenosquamous carcinoma.

Consistency assessments

Consistency assessments between the two observers were
good for all CT features. Kappa values for the location of
lesions, shape, spiculation, lobulation, airspace, calcification,
halo sign, satellite lesions, peripheral fibrosis, pleural
retraction, bronchial adhering sign, bronchial truncation,
and air bronchogram were 1.00, 0.898, 0.862, 0.932, 0.934,
1.00, 0.952, 0.924, 0.887, 0.899, 0.862, 0.895, and 0.911,
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respectively (all P<0.05).

Comparison of CT features between benign and malignant
SSPNs in cobort 1

For patients in cohort I, two CT features showed significant
differences between both groups (Tuble 2). Polygonal shape
was more common in the benign group (P<0.001), whereas
upper-lobe distribution was more common in the malignant
group (P=0.016, Figure 3). Multiparametric analysis showed
that polygonal shape [adjusted odds ratio (OR): 12.165;
95% confidence interval (CI): 1.512-97.872; P=0.019] was
the most effective factor for predicting benign SSPN’s, with
an AUC of 0.747 (95% CI: 0.640-0.855; P=0.001) and
accuracy of 78.35%.
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Figure 3 Comparison of CT features between benign and malignant SSPNs in cohort I. (A) Axial CT image shows an inflammatory nodule

in the left lower lobe with a diameter of 5 mm and polygonal shape (red arrow); (B) axial CT image shows a cancerous nodule (squamous cell

carcinoma) in the right lower lobe with a diameter of 5 mm and slight lobulation sign (red arrow). CT, computed tomography; SSPNs, solid

solitary pulmonary nodules.

Comparison of CT features between benign and malignant
SSPNs in cobort 11

For patients in cohort II, four CT features differed
significantly between both groups (7able 2). Polygonal shape
was more common in benign SSPNs (P=0.016), whereas
lobulation, pleural retraction, and air bronchogram were
observed more frequently in malignant SSPNs (P=0.003,
0.012, and 0.027, respectively, Figure 4). Multiparametric
analysis showed that polygonal shape (OR: 8.870; 95%
CI: 1.096-71.772; P=0.041) and the absence of pleural
retraction (OR: 0.306; 95% CI: 0.106-0.883; P=0.028) were
independent predictors of benign SSPNs, with an AUC
of 0.778 (95% CI: 0.694-0.863; P<0.001) and accuracy of
74.58%.

Comparison of CT features between benign and malignant
SSPNs in cobort 111

For patients in cohort III, 12 CT features differed
significantly between both groups (7able 2). Polygonal shape
(P<0.001), calcification (P=0.003), halo sign (P<0.001),
satellite lesions (P<0.001), and bronchial adhering sign
(P<0.001) were favor of benign lesions, while spiculation

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

(P=0.028), lobulation (P<0.001), air space (P<0.001),
peripheral fibrosis (P=0.004), pleural retraction (P<0.001),
bronchial truncation (P<0.001), and air bronchogram
(P<0.001) were favor of malignant SSPNs (Figure 5).
Multiparametric analysis showed that polygonal shape (OR:
3.953; 95% CI: 1.508-10.361; P=0.005); calcification (OR:
3.710; 95% CI: 1.305-10.551; P=0.014); halo sign (OR:
6.237; 95% CI: 2.838-13.710; P<0.001); satellite lesions
(OR: 6.554; 95% CI: 3.225-13.318; P<0.001); and the
absence of lobulation (OR: 0.066; 95% CI: 0.026-0.167;
P<0.001), air space (OR: 0.405; 95% CI: 0.215-0.764;
P=0.005), pleural retraction (OR: 0.297; 95% CI: 0.179-
0.493; P<0.001), bronchial truncation (OR: 0.165; 95%
CI: 0.090-0.303; P<0.001), and air bronchogram (OR:
0.363; 95% CI: 0.208-0.633; P<0.001) were independent
predictors of benign SSPNs, with an AUC of 0.869 (95%
CI: 0.840-0.897; P<0.001) and accuracy of 79.10%.

Discussion

Recently, several studies have focused on the differentiation
of benign and malignant SSPNs based on morphological
imaging and quantitative parameters (15-19). However,
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Figure 4 Comparison of CT features between benign and malignant SSPNs in cohort II. (A) Axial CT image shows a benign nodule
(hamartoma) in the right middle lobe with a diameter of 8 mm and slight lobulation sign (red arrow); (B) axial CT image shows a cancerous
nodule (adenocarcinoma) with a diameter of 8 mm, lobulation (red arrow), and pleural retraction (light blue arrow). CT, computed
tomography; SSPNs, solid solitary pulmonary nodules.

Figure 5 Comparison of CT features between benign and malignant SSPNs in cohort ITI. (A) Sagittal CT image shows a benign nodule
(tuberculous) in the left upper lobe with a diameter of 13 mm, satellite lesions (red arrows) and peripheral fibrosis (light blue arrow); (B) axial
CT image shows cancerous nodule (adenocarcinoma) with a diameter of 14 mm, spiculation (white arrow), lobulation, air space (red arrow),

and pleural retraction (light blue arrow). CT, computed tomography; SSPNs, solid solitary pulmonary nodules.
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most of them seemed not having considered the influence
of the nodule size on CT features of SSPNs. In this study,
we divided small SSPNs (<15 mm) into three cohorts (cohort
I: diameter <6 mm,; cohort II: 6-8 mm; and cohort III: 8-15
mm) based on the SSPN classification criteria of Lung-
RADS and gained insights into the differential CT features
between benign and malignant SSPNs with different sizes.
Several major findings were also noted in this study.

Firstly, the present study showed that the smaller
the SSPN, the lesser the differential CT signs observed
between benign and malignant SSPNs. For benign SSPNs
with different sizes, the morphological differences may be
attributed to the fact that nodules have various pathological
changes in different stages, while for malignancy with
different sizes, the morphological differences may be that
the tumor invasiveness increases with its size.

For SSPNs with a diameter <6 mm, two CT features
differed significantly between groups and multiparametric
analysis showed that polygonal shape was the most effective
variation for predicting benign SSPNs. This pattern
was commonly observed in inflammatory nodules and
might be best perceptible by multiplanar reconstruction
interpretation. We speculated that this sign might be a
result of inflammatory absorption. In the healing process,
inflammatory lesions will produce some collagen fibers
that shrink along the lines of stress (e.g., interstitium),
resulting in one or more flat edges along the lung stroma,
and then the polygonal shape are formed (20,21). Previous
investigators have revealed that the CT pattern of “knife-like
change” and polygonal shape usually occur in inflammatory
lesions, which are similar to our results (20-22).

For SSPNs with a 6-8-mm-diameter, four CT features
differed significantly between the two groups and
multiparametric analysis showed polygonal shape and the
absence of pleural retraction were independent predictors
of benign SSPNs. Moreover, for SSPNs with an 8-15-mm-
diameter, more valuable CT features in multiparametric
analysis, which could assist in discriminating between
malignant and benign SSPNs, were found. Specifically,
SSPNs with polygonal shape, calcification, halo sign, and
satellite lesions are more likely to indicate benign SSPNs,
whereas SSPNs with lobulation, airspace, pleural retraction,
bronchial truncation, and air bronchogram increase the
suspicion of cancer, which are consistent with some previous
studies (23-26). The Lung-RADS suggested that SSPNs
of different categories have various risks of malignancy,
CT follow-up strategies, and management decisions
(27,28). The Fleischner society suggested that high-risk

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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patients with SSPN of diameter <6 mm should consider a
follow-up scan, particularly those with suspicious nodule
morphology, including irregular or spiculated margins and
upper-lobe location (29-31). Recommendations proposed
by these guidelines are based mainly on clinical risk factors,
nodule sizes, and attenuation; however, morphological
characteristics of SSPNs are less involved. Some guideline
ambiguities have been observed based on the risk assessment
of SSPNs, bringing great challenges to radiologists and
other clinicians. As already known, CT plays an important
role in discriminating between benign and malignant
SSPNs. This study clarified the differential CT features
of benign and malignant SSPNs of various sizes in detail,
which may serve as a valuable supplementary for the risk
evaluation of SSPNs and assist clinicians to early select the
optimal management strategy.

Several limitations of this study should be considered.
First, given that most patients included in the study
underwent surgical resection, some selection biases are
inevitable. Second, SSPN heterogeneity with different
pathological types in each group was not evaluated.
We are planning to compare the CT characteristics of
SSPNs among various diseases in each group for a more
comprehensive analysis. Finally, we did not analyze the
dynamic changes of SSPNs during follow-up CTs and
future studies are needed.

Conclusions

In conclusion, the differential CT signs vary between
benign and malignant SSPNs with different sizes. Clarifying
the differential CT features based on different diameter
ranges may help to minimize ambiguities and discriminate
the benign SSPNs from malignant ones.
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