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Abstract

Background: Ground-glass nodules (GGNs) are detected more frequently nowadays with the increase in MDCT reso-
lution and applications. On CT GGN is a well circumscribed nodule with mild increase attenuation and not obscuring
bronchial and vascular markings. This study aimed to discriminate neoplastic from non-neoplastic pure ground-glass
nodules (pGGNs) by performing comparative quantitative and qualitative assessment of main features in computed
tomography (CT) chest imaging. This prospective study involved 72 patients, who were referred to perform multide-
tector computed tomography of the chest in the radiology department. Cases with ground-glass pulmonary nodules
were included in the study, and each nodule was assessed and followed for 2 years by a radiomics software for density
and histogram analysis and then classified to neoplastic and non-neoplastic nodules. Neoplastic and non-neoplastic
nodules morphology and radiomics were compared, and statistical analysis was done.

Results: After histopathology, positron emission tomography and computed tomography, or close follow-up, pGGNs
were classified to neoplastic and non-neoplastic nodules. There was statistically significant difference regarding the
mean size, where in cases of neoplastic nodules it was 6.66 mm and the mean size of benign nodules was 11.25 mm.
Moreover, irregularity index and histogram peak frequency had a significant correlation with a P value of 0.007

and 0.022, respectively. The cutoff level for peak frequency percentage was 20.5% with 56.3% sensitivity and 79.2%
specificity.

Conclusions: Radiomics had a growing role in pulmonary nodule assessment. Radiomics along with morphologic
features assessment improved the detection efficiency of neoplastic versus non-neoplastic ground-glass nodules with
histogram peak frequency, nodule size, and irregularity index as the main differentiating factors in this study.
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Background

Lung nodules are classified into three types: solid, part-
solid, and nonsolid or ground-glass nodules (GGNs) [1].
The GGNSs are classified into pure ground-glass nodules
(pGGns) and part-solid nodule [2].
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the world and the leading cause of cancer-related death
worldwide [3]. It is difficult to differentiate the diagno-
sis of pulmonary nodules even at follow-up. Preinvasive
adenocarcinoma (PIA), including atypical adenomatous
hyperplasia (AAH), adenocarcinoma in situ (AIS), and
invasive adenocarcinoma (IAC), including minimally
IAC (MIA), can often appear as GGNs and may not
enlarge for several months or more. However, inflam-
matory GGN lesions often regress and resolve spontane-
ously or after treatment with antibiotics [4].

The advent of CT screening for lung cancer has
increased the incidence of GGNs. The persistence of nod-
ular GGNs over time is strongly suggestive of an early-
stage malignancy, especially if the lesion increases in size
or includes a solid component that increases in its extent.
The more extensive the solid portions of the lesion, the
higher the probability of malignancy and the poorer the
prognosis. Although GGNs have a probability of malig-
nancy, a few lesions were benign. Most of non-neoplastic
GGNs are transient as inflammation, and hemorrhage
and a small number of persistent lesions are finally con-
firmed as focal interstitial fibrosis. These GGNs are often
misdiagnosed as lung cancers and treated by unnecessary
surgical resection. Therefore, carefully discriminating
benign GGNs from malignant ones remains a challenge
(5, 6].

An awareness of the clinical setting, in addition to
familiarity with the thin-section CT features of nodu-
lar GGNs at initial and follow-up imaging over several
months, can help to identify malignancy and achieve an
accurate diagnosis. A meticulous evaluation of those CT
features, and their correlation with specific histopatho-
logic characteristics, may also enable a more accurate
prognosis in cases of neoplastic disease [6].

Radiomics refers to the process of imaging feature
extraction and quantitative analysis of tumor heterogene-
ity by analyzing the distribution and relationship of pixel
or voxel gray levels in the image. For various tumors,
there are quantifiable texture differences between benign
and malignant lesions (generally with greater heterogene-
ity in malignant lesions), possibly allowing pathologic dif-
ferentiation in certain clinical scenarios|[7].

This study aimed to evaluate and compare qualitatively
and quantitatively neoplastic from non-neoplastic pure
ground-glass nodules (pGGNS).

Methods

Study population

This prospective study was conducted according to the
guidelines of the Ethics Committee and was approved
by its Institutional Review Board. During the period
from March 2018 to June 2021, after exclusion of solid
and part-solid pulmonary nodules, and cases off-track
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their follow-up, and inclusion of cases with pGGNs, 72
patients fulfilled the inclusion criteria, where 46 were
females and 26 males and age ranged from 27 to 94 years
old. Informed written consents were obtained from all
cases prior to enrollment. All cases are then subjected to
thorough clinical examination with history taking, gen-
eral and chest examination, and non-enhanced computed
tomography (NECT), and all cases were followed with
NECT for up to 2 years.

The final diagnosis of nodules was concluded accord-
ing to histopathological assessment in 15 cases; when
malignancy was suspected by primary features, PET-
CT assessment in 28 cases in equivocal cases more
than 8 mm in diameter, and follow-up in 29 cases; when
benign features were suspected in initial CT.

CT chest study
All patients performed CT scans at a 16-multidetector
CT (MDCT) scanner.

Patients were scanned during full end of inspiration in
supine position. No intravenous contrast injection was
introduced.

Contiguous axial slices of CT scans were performed to
all patients using Siemens 16 channel MDCT. No prepa-
ration needed. Non contrast helical-volumetric axial cuts
were performed in full inspiration in supine position with
1.5 mm slice thickness, 1.5 mm pitch, 0 gantry tilt, FOV
depending on patient size around 320 mm from root of
neck to the level of renal arteries, KV 120, mAs 25, Rota-
tion time 0.5 s, total exposure time 8-10 s, HRCT win-
dow width (WW) was 1000 HU and window level (WL)
was -700 and mediastinal WW was 300 HU, WL was 30
HU.

Data analysis

+ The morphological characteristics were analyzed
and by two conjoint radiologists of 16 and 10 years
of chest radiology experience, blinded from clinical
data.

+ Each pGGN was assessed regarding nodule loca-
tion (central, peripheral, subpleural, and subfis-
sural); number (solitary and multiple); shape (regular,
rounded, oval or irregular, speculated, stellate, and
angulated); and margin (well-defined or ill-defined/
blur margin).

Nodule segmentation and histogram analysis
+ Each selected pGGN was evaluated using a com-

mercially available workstation (Advantage Work-
station GE Healthcare) by its lung analysis software
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(Lung VCAR; GE Healthcare). Lung nodules were
semiautomated segmented by the software based on
ground-glass attenuation value.

+ Semiautomatic region of interest (ROI) was applied
covering the largest possible area of each nodule,
and the large vessels and pulmonary arteries were
excluded from the ROIs. This process was repeated
for each contiguous transverse level until the entire
tumor had been covered. Voxel-based CT numbers
were then collected from the lesion segmentation.

+ The qualitative and quantitative measures for histo-
gram, texture, and geometric features of ROI were
extracted.

+ The maximum and minimum sizes of the GGNs
with the irregularity index are measured, the size
of the nodule is measured manually as the short-
axis (minimum) and long-axis (maximum) diam-
eter, and the irregularity index is the maximum/
minimum diameter.

Visual assessment of the GGN histogram («, B): a
represented histogram with sharp peak at low CT
value and P represented histogram with no sharp
peak at low CT value.

Mean, minimum, and maximum density and his-
togram of the GGN: the computer automatically
calculated the density from the mean attenuation
of the total voxels and volume by multiplying the
number of voxels by the unit volume of a voxel.
Peak CT number (PEAK), peak frequency per-
centage, and number of peaks of the histogram
were measured. Peak means the most frequent CT
number of the most pixels within the whole nod-
ule corresponding to the highest bar in CT num-
ber histogram of nodule.

Skewness represented the degree of the asymmet-
ric tail extending toward either the high or low CT
value. The GGNs divided the nodules into three
categories based on the visual assessment of CT
histograms (negative skewed distribution to the
left, symmetric skewness, and positive skewed dis-
tribution to the right).

Kurtosis (peakedness/flatness of pixel histogram):
GGNs were divided into kurtosis less than 0,
equals 0, and more than 0.

.

.

.

.

.

Follow-up and final diagnosis

+ Two years of follow-up with further assessment of
the selected nodule was performed for all cases by
HRCT chest.
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+ Nodules were classified into neoplastic and non-
neoplastic nodules according to histopathology as
follows: if suspected neoplastic and for progressive
nodules on follow-up, PET-CT, and close follow-up
for suspected benign nodules; nodules that showed
regressive course diagnosed as benign and nodules
with progressive changes diagnosed as neoplastic.

Statistical analysis

Data were coded and entered using the statistical package
SPSS (Statistical Package for the Social Sciences) version
28 (IBM Corp., Armonk, NY, USA). Data were summa-
rized using mean, standard deviation, median, minimum
and maximum in quantitative data and using frequency
(count) and relative frequency (percentage) for categori-
cal data, when their distribution found parametric.

For comparison of paired measurements within each
patient the nonparametric Wilcoxon signed rank test was
used in numerical data and the nonparametric McNemar
test and Marginal Homogeneity Test were used in nomi-
nal data. For comparing categorical data, Chi square (x2)
test was performed. Exact test was used instead when the
expected frequency is less than 5. P value less than 0.05
was considered as statistically significant.

Results

Patient profiles

This study involved 72 patients: 46 females (64%) and 26
males (36%). Age ranged from 27 to 94 years, with mean
age 55.57 (S.D.+15.64).

A total of 24 GGNs (33.3%) were diagnosed as benign
nodules and 48 GGNs (66.7%) as neoplastic nodules. Of
the neoplastic nodules, 29.2% were primary lung tumor,
while 70.8% of neoplastic nodules were metastatic mainly
from breast and pancreatic cancers.

The mean age for benign nodules was 51.42 years and
57.65 years for neoplastic nodules. There was no signifi-
cant difference in the mean age between patients with
neoplastic and non-neoplastic nodules.

Each segmented GGN was assessed, and correlation
between neoplastic and non-neoplastic nodules was
done.

According to pGGNs location and morphological
characters

Most of the pGGNs were peripheral rather than central
with subpleural/subfissural, and upper lobe location was
significantly related to benign nodules.

Regular-shaped and well-defined nodules had a sig-
nificant positive relationship of increasing their sus-
ceptibility to be neoplastic (P-value 0.019 and<0.001,
respectively) (Table 1).
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Table 1 Distribution and relation between the neoplastic and non-neoplastic segmented pGGNs in CT scan regarding their location,

shape, and margin

Total GGNs Diagnosis P-value
Benign N=24 Malignant N=48

Count % Count % Count %
Central distribution 6 8.3% 4 16.7% 2 4.2% 0.091
Peripheral distribution 64 88.9% 20 83.3% 44 91.7% 0427
Subpleural/subfissural 38 52.8% 18 75.0% 20 41.7% 0.008*
Upper lobe 32 44.4% 16 66.7% 16 33.3% 0.007*
Middle lobe/lingula 15 20.8% 2 8.3% 13 27.1% 0.065
Lower lobe 24 33.3% 6 25.0% 18 37.5% 0.289
Right 56 77 8% 21 87.5% 35 72.9% 0.161
Left 18 25.0% 3 12.5% 15 31.3% 0.083
Solitary 2 4.2% 0.0% 2 4.2% 0.549
Multiple 70 95.8% 24 100.0% 46 95.8% 0.549
Regular rounded 29 40.3% 2 8.3% 27 56.3% <0.001**
Irregular speculated-angulated 44 61.1% 22 91.7% 22 45.8% <0.001**
Well-defined (margin) 38 52.8% 8 33.3% 30 62.5% 0.019*
llI-Defined (margin) 34 47.2% 16 66.7% 18 37.5% 0.019%

P-value >0.05 NS; *P-value <0.05 S; **P-value <0.001 HS

Size and irregularity index of GGNs

There was statistically significant relation between the
final diagnosis of lung nodule with size and irregular-
ity index (P-value of 0.007). Mean long-axis diameter in
cases of neoplastic nodules was 6.66 mm in maximum
nodule diameter, but the mean size of benign nodules
was 11.25 mm in maximum nodule diameter (P value of
0.002) (Table 2).

The cutoff levels regarding the size and irregular-
ity index of nodule were calculated to detect its type
(CI=95%) using receiver operating characteristic (ROC)
curve. Nodule size cutoff was 8.8 mm with sensitivity and

specificity of 74.5% and 62.5%, respectively. Irregularity
index cutoff level was 1.9032 with sensitivity and speci-
ficity of 78.7% and 54.2%, respectively (Table 3) (Fig. 1),
with distribution of neoplastic and non-neoplastic nod-
ules displayed in Fig. 2.

GGNs density and histogram analysis

In histogram analysis, with the mean, minimum, and
maximum density of neoplastic and non-neoplastic nod-
ules with mean density displayed in Fig. 2, there was no
significant relation between mean density and the type of
nodule. However, that peak frequency had a significant

Table 2 Relation between nodule size and irregularity index in CT scan with the final diagnosis

Diagnosis P-value

Benign Malignant

Mean SD Median Minimum Maximum Mean SD Median Minimum Maximum
Long-axis diameter (mm) 11.25 6.15 10.05 3.30 2290 6.66 3.53 5.80 2.10 16.60 0.002*
Short-axis diameter (mm) 498 197 4.70 2.00 830 4.26 2.04 3.60 1.30 10.10 0.118
Irreqularity index 2.30 1.10 1.94 1.10 5.09 1.92 2.27 149 0.93 16.62 0.007*
Mean density —501.08 11350 —47395 —67340 —261.30 —47068 12010 —44650 —824.20 —261.30 0.201
Maximum density —26350 12346 —27800 —532.00 —6.00 —307.71 14913 —26600 —689.00 —65.00 0.351
Minimum density —76496 10484 —78250 —1,01500 —58400 —74335 10944 —75200 —989.00 —47000 0403
Std density 99.60 23.86 100.35 51.10 154.30 103.95 40.86 98.15 43.70 190.00 0.952
Peak frequency% 18.25 7.81 17.00 9.00 41.00 21.13 6.26 21.00 10.00 35.00 0.022*

P-value >0.05 NS; *P-value <0.05 S; **P-value <0.001 HS
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Table 3 Cutoff levels of size and irregularity index
Area under P-value 95% confidence interval
the curve . e s
Lower bound Upper bound Cutoff Sensitivity% Specificity%
Maximum diameter (mm) 0.729 0.001* 0.600 0.859 8.8 74.5 62.5
Irregularity index 0.698 0.003* 0.568 0.827 1.9032 78.7 54.2
Peak frequency% 0.666 0.020* 0.526 0.806 20.5 56.3 79.2
P-value >0.05 NS; *P-value <0.05 S; **P-value <0.001 HS
ROC Curve ROC Curve ROC Curve
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Fig. 1 ROC curve for the detection of malignancy using size, short- and long-axis diameters, irregularity index (left curve), peak frequency
percentage (middle curve), and density (right curve)

correlation between neoplastic and non-neoplastic nod-
ules (Table 4). The cutoff level for peak frequency per-
centages was 20.5% with sensitivity and specificity of
56.3% and 79.2%, respectively (Table 3) (Fig. 1).

After nodule segmentation, the data analysis of histo-
gram showed that there was no significant correlation
between neoplastic and non-neoplastic nodules (Table 4).

The behavior after follow-up of the nodules

The behavior of the nodules was traced for 2 years. The
progressive behavior was significantly associated with
malignant nodules (Fig. 3) and regression with non-neo-
plastic nodules (P-value <0.001) (Figs. 4 and 5) (Table 4).
There were high sensitivity, specificity, and accuracy
of the behavior of the nodule (66.7%, 100%, and 83.2%,
respectively).

Discussion

Much progress had been made in cancer prevention
and early detection, resulting in the reduction in mor-
tality rates and improved survival rates [6]. Evangelista
et al’s study [8] showed a follow-up scheme guideline for
pure GGNs detected cancer incidentally or at lung can-
cer screening. To be biennial, CT follow-up for GGN

must be less than 5 mm, annual for GGN 5-10 mm, and
3-6 months for GGN more than 10 mm. There must
also be a downgrading of CT follow-up for stable nod-
ules and upgrading of CT follow-up duration for nod-
ules that increase in size and/or density. Nodules after
3-6 months follow-up that increased in size necessitate
surgical resection. There must be continuous CT surveil-
lance using unenhanced, low-dose techniques until life
expectancy.

In this study, we evaluated CT chest scans of 72
patients, and 33.3% were non-neoplastic nodules. All of
them were inflammatory, yet 66.7% were neoplastic nod-
ules. Correlation of lesion size, behavior, density, shape,
and histogram analysis with the final diagnosis provides
basic features for pulmonary nodules, which help in
determining the likelihood of these nodules representing
neoplastic disease.

According to the current international guidelines, size
and growth rate represented the main indicators to deter-
mine the nature of a pulmonary nodule, but the first radi-
ological predictor of malignancy is the size [9, 10]. In this
study, there was statistically significant relation between
mean size of the nodule and final diagnosis. The mean
long-axis diameter in cases of malignant nodules was
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Fig. 2 Independent-sample Mann-Whitney U-test for splitting the neoplastic versus non-neoplastic nodules according to nodule maximum
long-axis diameter, irregularity index, mean density, and peak frequency

6.66 mm, yet the mean long-axis diameter of benign nod-
ules was 11.25 mm (P-value <0.002). This was explained
that the nodules were pGGNSs, and the neoplastic pGNN
is detected more in preinvasive lesions, which is the early
stage and small in size, which when it increases in size,
solid component increased and will be excluded from this
study. Truong et al. [11] reported that in terms of size, the
likelihood of malignancy positively correlates with nod-
ule diameter. As the diameter of a nodule increases, so
does the likelihood of malignancy; however, a small nod-
ule diameter does not exclude malignancy. Small nodules
(<4 mm) have less than 1% chance of being malignant.
Furthermore, the risk for malignancy increases to
10-20% for nodules with the size of 8 mm.

Nodule growth, determined by imaging surveillance,
could be used as a diagnostic tool for assessing malig-
nancy [12-14]. Truong et al’s study showed that after
reassessing the nodule with CT, lesions that resulted
from infectious or noninfectious inflammatory causes
mostly regressed or resolved in the interval; however,
nodule increased in diameter in follow-up and the risk
of malignancy increased. Therefore, follow-up was the
only strong predictor for malignancy with sensitiv-
ity and specificity of 71% and 95%, respectively [15].
Moreover, persistent partial nodules are more likely to
be malignant, but they may also be benign like in cases
of focal interstitial fibrosis and organizing pneumonia.
Kim et al’s study [16] also showed that 75% of persistent
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Table 4 Relation between data analysis of the histogram and
follow-up behavior of the segmented neoplastic and non-
neoplastic pulmonary nodules

Diagnosis P-value
Benign Malignant
Count % Count %
Visual assessment of the
CT histogram
atype 14 583% 20 41.7% 0.182
B type 10 41.7% 28 583% 0.182
Skewness
Negative to the left 12 500% 29 60.4%  0.400
Symmetrical (0) 250% 15 313% 0582
Positive to the right 250% 4 83% 0.074
Kurtosis
Negative 5 208% 9 188% 1
0 6 250% 18 37.5% 0289
Positive 13 542% 21 438% 0404
Number of peaks
0 4 16.7% 2 42% 0.146
1 5 208% 5 10.4%
2 10 4.7% 27 56.3%
3 5 208% 14 29.2%
Behavior after follow-up
Stationary 1 42% 3 6.3%  <0.001**
Progressive 0 0.0% 42 87.5%
Regressive 23 958% 3 6.3%

P-value >0.05 NS; *P-value <0.05 S; **P-value <0.001 HS

ground-glass appearance was malignant in origin. They
explained this great variation by the different types of
the original malignancy. In a small study, Lindell et al.
reported that 11 out of 18 malignant nodules showed a
primary decrease in size at some point on their growth
curves.

The nodule appearance in terms of density affects the
probability of malignancy, reflecting histological differ-
ences between lesions [11, 15]. In this study, regarding
pGGNSs, there was no statistically significant relation
between mean density with the final diagnosis. The prev-
alence of malignancy was higher among solid lung nod-
ules, particularly when considering semisolid than solid
ones [17]. Yet, malignant nodules mostly have a lepidic
growth pattern (which arises from and spread along alve-
olar walls without invasion), which there is an inclusion
of air or an air bronchogram or degenerative changes
such as necrosis or hemorrhage within the tumor. Fat
attenuation (— 40 to — 120 HU) is frequently seen in
as many as 50% of neoplasms at CT. Other causes of fat
attenuation in pulmonary nodules included pulmonary
metastases [11].
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Zhang et al. [18] found statistically significant density
deviation in the nonsolid component that may help to
identify invasive GGNs. The MIA and IA and the mean,
maximum, and minimum density and density devia-
tion had a positive correlation over time, while benign
and preinvasive GGNs showed a negative correlation for
these features. A diagnostic model based on three GGN
features (increasing in diameter, mean density, and den-
sity deviation) identified invasive GGNs with a sensitiv-
ity, specificity, and area under the ROC curve (AUC) of
83.7%, 61.9%, and 0.786, respectively (P<0.001). This was
consistent with this study that showed the change in den-
sity over time was significantly affecting the diagnosis as
the mean density of persistent neoplastic lung nodules
was — 91.52 HU with cutoff level — 99.5 HU. However, in
cases of benign nodule, it was — 247.13 HU after nodule
follow-up (P<0.001).

Regarding nodule multiplicity, in a study in the Uni-
versity of Chicago Medical Center, they postulated high
statistically significant correlation between multiplicities
of nodules and increased likelihood of malignancy [10];
however, in this study, there was no significant relation to
nodule multiplicity.

The morphological features of lung nodules had a great
role in defining whether it is malignant or benign [15].
According to this study, there was a significant positive
relationship between the shape and margin of nodules
in the CT chest and increases their susceptibility to be
malignant. The regular and well-defined lung nodules are
highly significantly related to malignant (P<0.001 and
0.019, respectively). Metastatic nodules often exhibit a
largely uniform growth rate and homogenous invasion
in all directions. These features contribute to a round or
quasi-circular contour, whereas nonmetastatic lesions,
including benign lesions and primary lung cancer, have
irregular shapes due to uneven growth rates at various
sites [19]. Metastatic etiology exceeded primary adeno-
carcinoma in this study. Truong et al. stated that benign
conditions that resulted from infection or inflammation,
focal atelectasis, tuberculoma, and progressive massive
fibrosis may also have a speculated margin. In addition,
smooth margins do not exclude malignancy; as many
pulmonary metastasis as 20% of primary lung malignan-
cies have smooth margins [11]. Chun et al. reported that
both benign and malignant nodules could exhibit smooth
edges [13]. Moreover, this was in agreement with Tsut-
sui who found that 87% of focal pure ground-glass opaci-
ties (GGOs) had a well-defined border or round shape.
Nambu et al’s study showed that a well-defined border
and rounded shape of focal GGO is more frequently
seen in neoplastic lesions (well-differentiated adenocar-
cinoma) than in non-neoplastic inflammatory lesions [6,
20].
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Fig. 3 a Axial CT scan (lung window) was done for metastatic workup of the patient, showed a peripheral left upper lobe ground-glass pulmonary
nodule, b CT histogram for the segmented nodule. GGN showed type a (sharp peak at low CT value), mean density: — 423.2 HU, maximum density:
— 255 HU, minimum density: — 830 HU, STD: 146.7, and skewness was negative. Kurtosis was positive with peak frequency 24%. ¢ Note the changes
on follow-up after 2 years as follows: histogram of the segmented GGN showed type 8, mean density: — 434.1 HU, maximum density: — 348 HU,
minimum density: — 714 HU, STD: 78.6, skewness is negative, and kurtosis is positive with peak frequency 36%

Fig.4 A 62-year-old male.a CT scan (lung window) showed few GGNs, the illustrated one was seen at the right lower lobe, clinical and laboratory
diagnosis of chest infection, with disappearance of nodule after 2 weeks. b CT histogram for the segmented GGN, CT exam showed mean density:
— 647.3 HU, maximum density: — 229 HU, minimum density: — 852 HU, STD: 105.1, skewness was negative, kurtosis was zero, two peaks with peak

frequency 11%, and visual assessment of CT histogram of ROl is type 8

In recent years, several studies had applied texture
analysis of GGNSs. In this study, there was statistically sig-
nificant correlation between peak frequency percentage
of the histogram and the final diagnosis with no signifi-
cant result regarding other performed visual assessment
of histogram features. To the best of our knowledge,
this study is the first to study the relationship between
histogram features as qualitative assessment of kurto-
sis, skewness, and peak frequency percentage measures
for evaluating pGGNs. We expected that skewness or

kurtosis would help distinguish the neoplastic pGGNs
from benign pGGNs. However, the distinction was not
accomplished with skewness and kurtosis. Chae et al.
[21] found that higher kurtosis and smaller mass are
significant differentiators of preinvasive lesions from
invasive pulmonary aspergillosis; however, they only
focused on partly solid GGOs and few texture features,
as histogram, volumetric, and morphological features.
According to Mao et al., regarding the histogram analysis
between benign and malignant in all types of pulmonary
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assessment of CT histogram of ROl was type

-301
ROI 4:Mean=-637.2 Std.=110{1 min=-880.0 max=

Fig. 5 A 49-year-old. a NECT scan showing few GGO, the illustrated one was seen at the right upper lobe, clinical and laboratory diagnosis of
chest infection, with disappearance of nodule after 2 weeks. b CT histogram for the segmented GGO showed mean density: — 637.2 HU, maximum
density: — 308 HU, minimum density: — 880 HU, STD: 110.1, skewness was zero, kurtosis was zero, one peak with peak frequency 30%, and visual

nodules, there was a significant difference found in the
kurtosis values. The greater kurtosis and reduced skew-
ness in malignant nodules may be related to the greater
heterogeneity than benign nodules, although they appear
to be uniformly solid nodules on CT images. These dif-
ferences in internal density homogeneity are reflected by
the differences in the kurtosis measurements but are not
detected by conventional visual assessments [22].

Further studies are recommended for pGGNs on large-
scale cases with more quantitative measures of histogram
to be measured, comprehensive and robust radiomics
evaluation which is a limitation in this study as it was not
applicable in our workstation.

Conclusions
The pGGNs had special characteristics. Morphologi-
cal and histogram-related CT chest features played an
important role in discriminating neoplastic pGGNs from
non-neoplastic pGGNSs. All the parameters of mean nod-
ule size, growth pattern, mean density, morphological
features, nature, and peak percentage of the histogram
analysis in pGGNs should be used in combination for
nodule characterization.

Other helpful features like kurtosis and skewness need
multicenter studies to get full benefit and develop the
final guidelines to follow.
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