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Analysis of the relevance between computed tomography characterization and
pathology of pulmonary ground-glass nodules with different pathology types

Bilgisayarl tomografi karakterizasyonu ve farki patoloji tdrleri olan pulmoner buziu cam noddllerinin
patolojisi arasindaki iliskinin degerfendiriimesi
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ABSTRACT

Background: In this study, we aimed to analyze the relevance between
computed tomography characterization and pathology of pulmonary
ground-glass nodules with different pathology types.

Methods: Between January 2017 and December 2018, a total of
657 patients (191 males, 466 females; mean age: 60.9+8.1 years;
range, 34 to 80 years) with pathologically diagnosed ground-glass
nodules were retrospectively analyzed. The -clinicopathological
characteristics and computed tomography characterizations of
patients with ground-glass nodules who received surgical resection
were analyzed. The clinical data including age, sex, smoking
status and medical history were recorded. Computed tomography
characterizations included the location and size of the tumor, the size
of the consolidation components, density uniformity, shape, margin,
tumor-lung interface, internal signs and surrounding signs.

Results: Based on the computed tomography imaging characteristics,
a mean computed tomography value of =444.5 HU was more likely
to indicate malignant lesions, while <444.5 HU indicated benign
lesions. A malignant ground-glass nodules’ maximum diameter of
<6.78 mm, a diameter of the consolidation component of <3.88 mm, and
a mean computed tomography value of <-536.5 HU were more likely
to indicate atypical adenomatous hyperplasia and adenocarcinoma
in situ. A maximum diameter of malignant ground-glass nodules of
>11.52 mm, a diameter of the consolidation component of >6.20 mm, and
a mean computed tomography value of 2493.5 HU were more likely to
indicate invasive adenocarcinomas. The focus between these parameters
indicated minimally invasive adenocarcinomas.

Conclusion: 1ll-defined tumor-lung interface, irregular in shape, and
smooth nodule margins suggest benign lesions while round or oval, clear
tumor-lung interface, spiculation signs, lobulation signs, bubble signs, air
bronchograms, pleural indentations, and vessel convergences are helpful
in the diagnosis of malignant lesions. A clear tumor-lung interface, the
spiculation signs, lobulation signs, and bubble signs indicate the invasion
of the lesions.

Keywords: Computed tomography, ground-glass nodules, lung neoplasms,
pathology.
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Amag: Bu calismada bilgisayarli tomografi 6zellikleri ve farkli patoloji
tiplerinde akciger buzlu cam nodiillerinin patolojisi arasindaki iligki
incelendi.

Calisma plani: Ocak 2017 - Aralik 2018 tarihleri arasinda patolojik
olarak tani konan buzlu cam nodiilleri olan toplam 657 hasta
(191 erkek, 466 kadin; ort. yas: 60.9+8.1 yil; dagilim, 34 to 80 yil)
retrospektif olarak incelendi. Cerrahi rezeksiyon yapilan buzlu cam
nodiilleri olan hastalarin klinikopatolojik 6zellikleri ve bilgisayarl
tomografi Ozellikleri analiz edildi. Yas, cinsiyet, sigara i¢me
durumu ve tibbi oykii dahil olmak iizere klinik veriler kaydedildi.
Bilgisayarli tomografi 6zellikleri arasinda tiimoriin yeri ve boyutu,
konsolidasyon komponentinin boyutu, dansite benzerligi, sekil,
sinir, tiimor-akciger arayiizii, dahili bulgular ve ¢evresel bulgular
yer aliyordu.

Bulgular: Bilgisayarli tomografi goriintiileme 6zelliklerine gore, =444.5
HU ortalama bilgisayarli tomografi degeri malign lezyonlar1 gosterirken,
<4445 HU benign lezyonlar1 gosteriyordu. <6.78 mm’lik malign
buzlu cam nodiillerinin maksimum c¢api, <3.88 mm’lik konsolidasyon
komponent cap1 ve <-536.5 HU’luk ortalama bilgisayarli tomografi
degeri atipik adenomatdz hiperplazi ve adenokarsinom in situyu
gosteriyordu. >11.52 mm’lik malign buzlu cam nodiillerinin maksimum
cap1, >6.20 mm’lik konsolidasyon komponent ¢ap1 ve =493.5 HU’luk
ortalama bilgisayarli tomografi degeri invaziv adenokarsinomlar1
gosteriyordu. Bu parametreler arasindaki odak, minimal invaziv
adenokarsinomlar1 gosteriyordu.

Sonug: Belirsiz tiimor-akciger arayiizii, diizensiz sekil ve diizgiin nodiil
sinirlari iyi huylu lezyonlar: diisiindiiriirken, yuvarlak veya oval, temiz
tiimor-akciger arayiizii, spikiilasyon bulgulari, lobiilasyon bulgulari,
kabarcik bulgular1, hava bronkogramlari, plevral girintiler ve damar
yakinsakliklart malign lezyonlarin tanisinda yardimcidir. Temiz tiimor-
akciger arayiizii, spikiilasyon bulgulari, lobiilasyon bulgulari ve kabarcik
bulgular1 lezyonlarin invazyonunu gosterir.

Anahtar sozciikler: Bilgisayarli tomografi, buzlu cam nodiilleri, akciger
tlimorleri, patoloji.
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Pulmonary ground-glass nodules (GGNs) are
defined as pulmonary nodules with a slight increase
in lung tissue density in the computed tomography
(CT) lung window, and the margin is clear or unclear,
but vessels and bronchial texture are still visible in
the lesions.!! A pure GGN (pGGN) was identified
as a lung nodule without solid component, while a
mixed GGN (mGGN) was identified as that with
both ground-glass opacity (GGO) and solid. With the
extensive application of low-dose thin-section chest CT
scans in lung neoplasm screening, the detection rate of
GGNs in the population has increased significantly in
the last decade. In 2015, according to the new small
five biopsy and cytological classification proposed by
2011 International Association for the Study of Lung
Cancer (IASLC)/American Thoracic Society (ATS)/
European Respiratory Society (ERS) classification,
the World Health Organization (WHO) released a
new classification of lung adenocarcinomal®?! and
adopted different classification methods for lung
adenocarcinomas that have been pathologically
diagnosed. Ground-glass nodules can be benign lesions
(such as infection, inflammation, and focal fibrosis)
or malignant lesions (such as lung adenocarcinoma).
Pulmonary small GGNs with a diameter of less than
30 mm are difficult to diagnose by CT scan, and as
the nodules are small and the density of nodules is low,
needle biopsy usually fails to create a clear diagnosis
of the disease. The statement on the treatment of
pulmonary nodules published by Fleischner Society in
2017 suggests that GGNs less than 6 mm in diameter
do not need regular follow-up, but for GGNs more
than 6 mm in size should be set in the treatment of
nodules policy according to the diameter of the solid
component. For persistency and the solid components
which are greater than 6 mm nodules in diameters
should be deemed to be highly suspicious.

In the present study, we aimed to analyze the
relevance between CT characterization and pathology
of pulmonary GGNs with different pathology types.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at The Second Hospital of Dalian Medical
University, Department of Thoracic Surgery between
January 2017 and December 2018. Initially, nearly
4,000 lung cancer patients who underwent surgical
operation were screened. A total of 657 patients
(191 males, 466 females; mean age: 60.9+8.1 years;
range, 34 to 80 years) with pathologically diagnosed
GGNs (less than 30 mm in diameter) were enrolled.
None of the patients had a history of primary malignant
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tumor. The imaging data of pulmonary GGNs patients
who underwent thin-section CT examination in our
hospital were analyzed. All the lesions were GGNs
(less than 30 mm) and were surgically resected within
one month after CT scanning.

The CT used Somatom Sensation-64 (Siemens
Medical System, Munich, Germany), 120 kVP,
100 mAs. All images were reconstructed with section
thickness of 2 mm, lung window width 1,600 HU,
window width -600 HU, mediastinal window width
350 HU, window width 35 HU. The size of nodules
and its consolidation component, mean CT value,
location, shape, density uniformity, margin, tumor-lung
interface, internal and surrounding signs of the nodules
were recorded. The size of the nodules was defined
as the maximum diameter of the lesions on axial
images. The diameters of the solid component were
measured in the same way. The density uniformity
was divided into homogeneous, less homogeneous, and
heterogeneous density. It was defined as homogeneous
density, when there was no bubble-like lucency in the
lesion, and when there were more than three lucent
areas in the lesion or the local density in the lesion was
slightly higher than other parts, but did not reach the
solid density, it was defined as heterogeneous density,
and between the two above situations was defined
as less homogeneous. Two radiologists with more
than five years of experience in thoracic radiology
performed CT images on both the window of the lung
(window width 350 HU; window height 35 HU) and
mediastinal window (window width 1600 HU; window
level, -600 HU) was reviewed independently without
any clinical information. They discussed with each
other, when there was disagreement.

Two pathologists were blind to the patient's imaging
information, re-read all the tumor sections stained with
hematoxylin and eosin, and made pathological diagnosis
depending on the IASLC/ATS/ERS classification. The
pre-invasive lesions (including atypical adenomatous
hyperplasia [AAH] and adenocarcinoma in situ [AIS]),
minimally invasive adenocarcinoma [MIA] and
invasive adenocarcinoma [IAC] were pathologically
diagnosed and classified based on the 2015 edition
of lung adenocarcinoma classification.”? In case of
disagreements between the two pathologists, they
reached a consensus after discussing and/or consulting
with a third pathologist with a senior professional title.

Statistical analysis

Statistical analysis was performed using the
IBM SPSS version 25.0 software (IBM Corp.,
Armonk, NY, USA). Descriptive data were expressed
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Figure 1. (a) The optimal cut-off value of lesion size in differentiating pre-invasive lesions from MIAs. (b) The optimal cut-off value

of lesion size in differentiating MIAs from IACs.

MIAs: Minimally invasive adenocarcinomas; IACs: Invasive adenocarcinomas.
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Figure 2. (a) The optimal cut-off value of consolidation component in distinguishing pre-invasive lesions from MIAs. (b) The optimal
cut-off value of consolidation component’s size in distinguishing MIAs from IACs.

MIAs: Minimally invasive adenocarcinomas; IACs: Invasive adenocarcinomas.

in mean =+ standard deviation (SD), median (min-
max) or number and frequency, where applicable.
One-way analysis of variance (ANOVA) was used
to analyze the correlation of patients’ age, nodule

size, consolidation component’s size, mean CT value
with histological types and invasion. According to
homogeneity of variance, the Student Newman-Keuls
test and Kruskal-Wallis test were used. The correlation
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of patient’s sex, location distribution, shape, tumor-
lung interface, density uniformity, margin, internal
and surrounding characteristics with histological types
and invasion were analyzed using the Pearson chi-
square test and Fisher exact test. The optimal cut-off
value of lesion size, consolidation component’s size
and mean CT value between pre-invasive lesions and
MIA and between MIA and TACs were calculated
by using the receiver operating characteristic (ROC)
curve. A p value of <0.05 was considered statistically
significant.

RESULTS

There were no significant differences in sex
and location between benign and malignant lesions.
No significant difference was found in smoking
status, hypertension history, diabetes history, and
coronary heart disease history in each group (Table 1).
However, statistically significant differences were
observed among the pre-invasive group, MIA group,
and IAC group. The sizes of pre-invasive lesions
and MIAs were significantly smaller than that of
invasive adenocarcinoma (Table 2). The diameters
of malignant lesions increased with the degree of
invasion of the lesion. No statistically significant
differences between benign and malignant group in
size were found. The optimal cut-off value of lesion
size in differentiating pre-invasive lesions from MIAs
was 6.78 mm (AUC=0.643; 95% confidence interval
[CI]: 0.566-0.720), with 72.3% sensitivity and 49.2%
specificity (Figure la).

The optimal cut-off value of lesion size in
differentiating MIAs from IACs was 11.52 mm
(AUC=0.845; 95% CI: 0.811-0.879), with 68.8%
sensitivity and 89.1% specificity (Figure 1b). Significant
differences in the diameters of the consolidation
components were observed among pre-invasive lesions,
MIA and IAC groups, although it did not significantly
differ between benign and malignant lesions. The
optimal cut-off value of consolidation component in
distinguishing pre-invasive lesions from MIAs was
3.88 mm in size (AUC=0.819; 95% CI: 0.734-0.905),
with 67.2% sensitivity and 95.7% specificity Figure 2a,
and that of consolidation component was 6.2 mm in
distinguishing MIAs from TACs (AUC=0.809; 95%
CI: 0.756-0.853), with 73% sensitivity and 79.7%
specificity (Figure 2b).

The optimal cut-off value of mean CT value
between the benign nodules and malignant nodules
was -444.5 HU (AUC=0.621; 95% CI: 0.542-0.699)
with sensitivity of 58.8% and specificity of 67.7%,
respectively (Figure 3a). Significant differences
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Figure 3. (a) The optimal cut-off value of mean CT value between
the benign lesions and malignant lesions. (b) The optimal cut-off
value of mean CT value between the pre-invasive lesions and
MIA. (c) The optimal cut-off value of mean CT value between
the MIA lesions and IAC lesions.

CT: Computed tomography; MIAs: Minimally invasive adenocarcinomas; IACs:
Invasive adenocarcinomas.
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were also found among the pre-invasive lesions,
MIAs, and IACs. The optimal cut-off value between
the pre-invasive lesions and MIAs was -493.5 HU
(AUC=0.589; 95% CI: 0.514-0.664) (Figure 3b),
and that between the MIA lesions and IAC lesions
was -536.5 HU (AUC=0.675; 95% CI: 0.628-0.721)
(Figure 3c). Significant differences were found
between benign lesions and malignant lesions.

There were statistically significant differences
between benign lesions and malignant lesions in
morphological characteristics of lesions regarding the
shape, tumor-lung interface, margin, internal signs
and pleural indentation (Table 3). The malignant
nodules manifested a round or oval shape to a greater
extent than benign nodules. The tumor-lung interface
was significantly different among the four groups.

Table 1. Clinical characteristics of patients

The proportion of malignant nodules with ill-defined
tumor-lung interface was significantly higher than
that of benign GGNs.

There were statistically significant differences in
the margin among the benign and each malignant
group. There were also statistically significant
differences between the benign group and
malignant group and among the three malignant
lesion groups. The malignant nodules displayed a
spiculation sign to a greater extent than benign
nodules and in the IAC nodules there were more than
pre-invasive lesions and MIAs. Significant differences
in the lobulation sign were also observed among the
four groups. The malignant lesions showed more
lobulated margins, while the benign lesions appeared
as a smoother margin than malignant lesions.

Pathologic group

Benign lesions (n=68) Malignant lesions (n=589)

Clinical characteristics n n p
Age (year) 0.153
<60 years-old 33 231
>60 years-old 35 358
Sex 0.179
Male 15 176
Female 53 413
Smoking status 0.155
Yes 13 80
No 55 509
Previous history
Hypertension history 0.559
Yes 15 149
No 53 440
Diabetes history 0.689
Yes 7 52
No 61 537
Coronary heart disease
History 0.791
Yes 2 21
No 66 568
Location 0.087
LUL 10 154
LLL 12 89
RUL 23 217
RML 5 38
RLL 18 91

LUL: Left upper lobe; LLL: Left lower lobe; RUL: Right upper lobe; RML: Right middle lobe; RLL: Right lower lobe.
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Table 2. Patients with lung nodules on CT parameters

Pathologic group

MIA lesions IAC lesions

Pre-invasive lesions

Benign lesions

p3 p4
0.000  0.000

p2
0.042

pl
0.06
0.278

Mean+SD

Mean+SD

Mean+SD
6.8+2.4
2.7+0.9

-606.3+101.2

Mean+SD

16.1+6.8
10.4+5.7

8.5+3.7

52427
559.4£138.5 455.1£1759 0.000 0.047

11.1£7.2
79+2.5

-425.6+-202.1
CT: Computed tomography; SD: Standard deviation; MIA: Minimally invasive adenocarcinoma; IAC: Invasive adenocarcinoma; pl: The statistical difference between the benign group and the malignant

Mean diameters (mm)

0.046  0.000 0.000

The mean diameter of the consolidation components (mm)

The mean CT value (HU)

0.000 0.000

group; p2: The statistical difference between the pre-invasion group and the MIA group; p3: The statistical difference between the pre-invasion group and the IAC group; p4: The statistical difference between

the MIA group and the IAC group.

The malignant nodules showed a greater degree
than benign nodules in bubble signs. With the increase
of the proportion of the degree of invasion of lesions,
the bubble sign appeared increasingly high. Malignant
lesions displayed a greater extent of air bronchogram
than benign nodules, the IACs also displayed a greater
extent to pre-invasive lesions and MIAs. However, there
were no statistically significant differences between
pre-invasive lesions and MIAs.

There were significant differences in pleural
indentation between benign lesions and malignant
lesions, pleural indentation is more frequent in
malignant nodules than benign nodules. In vessel
convergence, significant differences were observed
between benign lesions and malignant lesions, and it
appeared more frequently in malignant lesions than
benign lesions.

The density uniformity of lesions between the
benign and malignant groups did not show significant
differences. There were also no statistically
significant differences in patients’ sex and lesion
location between benign and malignant lesions. No
statistically significant differences in smoking history
and previous history were observed in each group,
either.

The lesion size, shape, tumor-lung interface, smooth
margin, spiculation signs, lobulation signs, bubble
signs, air bronchogram signs, pleural indentation
signs and vessel convergence signs, solid component
diameters, mean CT value of lesions as independent
variables, malignant lesions were dependent variables.
Binary logistics regression analysis revealed that lesion
shapes, bubble signs, air bronchogram signs, pleural
indentation signs and vessel convergence signs, the
mean CT value of lesions were related to malignant
lesions (p<0.05). The AUC of malignant pulmonary
nodules with an average CT value of -444.5 HU was
0.621 (95% CI: 0.542-0.699).

DISCUSSION

Different pathological types of GGNs have
different treatment methods and prognosis. Low-
dose chest CT examination is the main method for
screening and diagnosing GGN currently.”! Therefore,
the CT characteristics used to distinguish benign and
malignant lesions that acted as GGNs on chest CT were
the most crucial consequences of the current study.
This discovery may help surgeons to choose better
treatments for GGN.

According to the results of previous studies, nodules
larger than 30 mm in size should be considered
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malignant unless other evidence can prove it, as
the literature suggests that the probability of these
nodules being malignant is close to 93 to 97%.! The
study of Lee et al.”! showed that the optimal cut-off
value of nodular diameter for pure GGN was 8 mm,
and the optimal critical value for mixed GGN was
16 mm. However, we found no significant differences
in the lesions’ sizes between benign and malignant
groups. This may be related to the small number of
benign nodules resected by surgical operation that we
collected. However, the size of malignant nodules was
closely related to the degree of invasion of the lesions:
the higher the degree of invasion of the lesions, the
larger its diameter. Otherwise, we found that the size
of the solid components of the lesions may predict
the degree of invasion of malignant nodules more
accurately than the whole lesion size. Ge et al.l¥!
measured lesion size, proportion of GGO composition
and long diameters and size of consolidation
components on CT to establish the CT diagnostic
standard of pulmonary GGNs. Through the ROC
curve, lesion size, the diameter of solid components,
the proportion of GGO components among each had
an important relationship with pathological types
of lesions. Among them, the diameters of the solid
component of the lesion and the proportion of the GGO
component had a higher diagnostic value with an AUC
of >0.90. In addition, Shengli et al.”! compared 216
high-resolution CT characteristics and measurements
for prediction of lesions’ invasion in mGGNs. They
found that the greater the diameter of the consolidation
component (odds ratio [OR]: 337.004, 95% CI: 17.431-6
515.57, p<0.001), the mGGNs were more likely to be
pathologically confirmed as IAC. Our study results are
similar to them.

Previous studies!'” have shown that the mean
CT value of lesions can be used as a method to
distinguish different pathological types of lung
adenocarcinoma. Our study showed statistically
significant differences in the mean CT value in
the malignant groups. The mean CT value of IAC
lesions was higher than that of pre-invasive lesions
and MIAs. The study findings of Weijie et al.'"! are
consistent with our findings.

As for the morphological CT features, there
were significant differences between benign lesions
and malignant lesions of lesion shapes in our study.
It showed that the proportion of round or oval in
malignant lesions (365/589, 61.97%) was significantly
higher than that of benign nodules (32/68, 47.06%),
which is similar to the findings of Gao et al.'?! We
believe that the shape of GGNs could be a reliable
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CT sign for determining GGNs natures. However,
some other studies!""! have shown that pre-invasive
lesions often show round or oval shapes, and benign
lesions and IACs are usually irregular in shape.
Previous studies have demonstrated that as the
invasion of tumors increases, the proportion of
lesions with heterogeneous density also increases.
No significant differences in the density uniformity
between benign lesions and malignant lesions and
significant differences among malignant lesions
were observed in our study. However, there was no
significant difference in the density uniformity of
lesions between the pre-invasive group and MIAs.

In the present study, we showed that margin, internal
and surrounding signs were useful CT signs indicating
the nature of GGNs. Smooth margins were more
common in pre-invasive lesions and MIA, meanwhile
invasive adenocarcinomas are more likely to appear
as spiculated and lobulated nodules with more bubble
signs and air bronchogram. This is because malignant
lesions, particularly IAC, the tumor cells inside the
nodules grow faster, and the growth rates of different
types of cells are different, so the lobulation signs
are formed."! The previous literature showed that
the bubble sign was one of the important CT imaging
signs of lung adenocarcinoma.l'*'”) Its mechanism
may be related to tumor growth in the form of lepidic
attachment, infiltrating the alveolar wall, and gradually
merging into a smaller cavity structure. When internal
tumors’ fibrous tissue stretches, bubble signs would be
more apparent. Our study further confirms the role of
the bubble signs in distinguishing benign and malignant
GGNs, and also has important value in distinguishing
the degree of lesion invasion. Air bronchogram may
be caused by aggressive adenocarcinoma due to the
aggressive growth of cancer cells and shrinkage
of fibrous scars, alveolar collapse, and bronchiolar
walls being damaged or stretched, resulting in the
deformation and expansion of bronchioles."® This sign
is also an important imaging feature to distinguish
between benign and malignant lesions. The study
by Onoda et al.'" found that air bronchogram signs
were closely related to lung adenocarcinoma, and
could indicate a favorable outcome. As the degree of
invasion of malignant lesions deepens, the proportion
of air bronchogram signs also increases. However,
our study also found that there were no significant
differences between pre-invasion lesions and MIAs in
air bronchogram. This may be related to the fact that
the pre-invasion lesions and MIA are mostly pGGNs,
the lesions have less consolidation components and,
thus, it is difficult to cause bronchiolar traction.
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CT features used to interpret GGNs more accurately

Fan et al.?” studied 82 cases of clinically or
pathologically confirmed GGO and found that the
pleural indentation sign was an important indicator to
diagnose GGO as a malignant tumor. Our study showed
that the pleural indentation sign had a considerable
significance in distinguishing the benign lesions and
malignant lesions of GGNs. The proportion of pleural
depression in malignant lesions was significantly
higher than that of benign lesions (benign lesions
5.89% vs. malignant lesions 33.96%). In terms of the
degree of invasion identification of malignant nodules
and prognosis of lung GGNs, pleural indentation
signs also have a wide range of applications. Kim et
al.?!" studied 404 cases of subsolid lung nodules and
observed that the pleural indentation sign indicated
the tumor's visceral pleural invasion and was also a
high-risk factor for lung cancer recurrence. Kim et
al.?? found that the vessel convergence sign could
predict the invasion of lung adenocarcinoma with
pGGNs and were related to the diameter of the
lesions. Our study suggested that vessel convergence
in identifying benign and malignant lung GGNs was
indeed significant (p=0.006, p<0.05). In this context,
more researches are needed to explore the relationship
between them in the future.

Some previous studies have shown that lung
adenocarcinomas acting as GGNs are more common
in female and more common in the upper lobe of
the right lung.”! Our study found that neither the
benign or malignant nature of GGN, nor the degree
of invasion were significantly related to the sex of the
patients and the location of the lesions. In terms of
smoking history and previous history, patients with
malignant or benign GGNs also were no significant
differences.

Nonetheless, this study has several limitations. We
only included GGNs undergoing surgical resection,
which might be considered malignant. This may
explain why our study includes a considerably large
proportion of invasive adenocarcinomas (51.75%)
compared to previous reports.**?3! Another limitation
is the definition of uniformity of lesion density,
which is not widely accepted. The reliability of this
definition is subject to further confirmation. In this
study, we used manual measurements for the diameters
of the GGNs and the diameter of the consolidation
component, the results may cause errors. In addition,
the sample size of our study was small (particularly
for benign lesions), and further research is needed.

In conclusion, the sizes and diameters of
consolidation components and mean CT value of
GGNs can be used to predict its benign and malignant,

meanwhile the diameters of the consolidation
components was a better predictor of the degree of
invasion or pathological type than the size. These
computed tomography imaging characteristics,
including shape, internal and surrounding signs,
are helpful to distinguish the benign and malignant
lesions and even the degree of invasion. These
results were rarely mentioned in past research.
From the above, we can draw a conclusion that the
comprehensive analysis of computed tomography
image characteristics is helpful for the diagnosis of
benign and malignant lesions and the differentiation
of the degree of invasion of malignant lesions.
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