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ABSTRACT

Background: To study the relationship between high-resolution computed
tomography (HRCT) signs and the pathological subtypes and differentiation degree of
lung adenocarcinoma. Materials and Methods: We retrospectively reviewed HRCT
images of 394 lung adenocarcinoma cases and compared the diversity of images
among preinvasive lesions (PILs), minimally invasive adenocarcinoma (MIA) and
invasive adenocarcinoma (IAC) and the differentiation degrees of IAC by Kruskal-Wallis
and »* tests. Results: There were significant differences in the size, density and
incidences of the pleura traction sign, spicule sign, lobulation sign, tumor vascular sign,
bronchial cutoff sign, air bronchogram sign and cavity sign of PILs, MIA and IAC
(X2=2-172~247-077/ P<0.05). The incidences of all these signs (except for the cavity
sign) in IAC were higher than those in the other two groups (P<0.05). There were no
significant differences in margin irregularity or vacuole signs among PILs, MIA and IAC
(P>0.05). There were significant differences in the size, density, and incidences of
margin irregularity, the pleura traction sign, the spicule sign, the lobulation sign, the
tumor vascular sign, the bronchial cutoff sign and the cavity sign in the three
differentiated subgroups 0{2=6.818”63.331, P<0.05). No significant differences were
found in the air bronchogram sign and vacuole sign among the three differentiated
subgroups (P>0.05). Conclusions: HRCT signs of lung adenocarcinoma are closely
related to the pathological subtype and differentiation degree and have great value in
helping predict tumor types and devise clinical treatment plans.

INTRODUCTION resected adenocarcinoma have indicated significant
prognostic differences between histological subtypes
The incidence and mortality rates of lung cancer (6,  Therefore, the early identification of

remain the highest among all cancers worldwide (.2).
To date, squamous cell carcinoma (SCC) has been
surpassed by lung adenocarcinoma as the most
highly incident lung cancer (), and adenocarcinoma is
the most common histologic subtype of lung cancer in
most countries, accounting for almost half of all lung
cancers, which seriously threatens people's health
and quality of life (4. The lung cancer classification
system launched by the World Health Organization
(WHO) accepted the pathological classification
method in 2015, which was cosponsored by the
International Association for the Study of Lung
Cancer, American Thoracic Society and European
Respiratory  Society in 2011 . Lung
adenocarcinomas are classified into atypical
adenomatous hyperplasia (AAH), adenocarcinoma in
situ (AIS), minimally invasive adenocarcinoma (MIA)
and invasive adenocarcinoma (IAC) with adherent
growth. Among them, AAH and AIS belong to the
same pre-invasive lesion (PIL) category. Initial data
studies using new classification methods in early

histopathological subtypes of lung adenocarcinoma
has profound significance for the presurgical
diagnosis and choice of clinical treatment plans.

At present, the diagnosis of pathological subtypes
of lung adenocarcinoma mainly depends on invasive
pathological examination, such as percutaneous
puncture, endoscopic biopsy and surgery (7). These
methods can cause different degrees of damage to
patients. Therefore, finding a safe, noninvasive and
low-risk inspection method is an urgent clinical pro
blem. At the present time, it is very important to
distinguish the histological types of lung cancer. Both
AIS and MIA have a 100% 5-year disease-free
survival rate and a 100% 5-year overall survival rate
after radical surgery (8. However, there are many
limitations in predicting different subtypes of
adenocarcinoma from lung computed tomography
(CT), such as the diverse radiomic descriptors and
the difficulty of extracting effective radiomic
descriptors from lung nodules. To overcome these
challenges, a competing round-robin prediction
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model was elucidated by Chen to predict the
histological subtypes of lung adenocarcinoma. Based
on 70 adenocarcinoma patients, the proposed model
achieved an accuracy of 86.3% in predicting five
histological subtypes of adenocarcinomas (). Then, 44
lung adenocarcinoma patients were studied by
Cohen, finding that AIS and MIA were differentiated
from IAC among subsolid lung nodules by CT (19). In
addition, the segmentation techniques of three-
dimensional (3D) CT indicated that computer-
assisted 3D measurement of nodules by CT had good
reproducibility and help to differentiate among
subtypes of lung adenocarcinoma (11, Other studies
on pathological subtypes of lung adenocarcinoma
were proposed by Eriguchi et al. (12-14),

Therefore, in this study, we tried to estimate the
correlation between HRCT features and pathological
subtype in lung adenocarcinoma. We also explore the
relationships  between  such features and
differentiation degree of IAC in lung adenocarcinoma.
Furthermore, we’d like to find some valuable HRCT
signatures which can help distinguish histological
subtypes and differentiation of lung adenocarcinoma
to predict their prognosis.

MATERIALS AND METHODS

Patient selection

A total of 394 hospitalized patients (226 males;
168 females; age range, 32-81 years; average age,
56.5+24.5 years) with subsequent histologic
confirmation of lung adenocarcinoma were collected
consecutively between October 2016 and September
2018. The inclusion criteria were histologically
proven incident pulmonary lesions with complete
chest HRCT imaging data. Exclusion criteria were
received radiotherapy and chemotherapy. According
to the pathological results, 394 patients were divided
into the PIL group, MIA group and IAC group, and IAC
was divided into three subgroups: high differentiation
(HD), moderate differentiation (MD) and poor
differentiation (PD). Demographic information of
patients for different category was shown in table 1.
This retrospective study was approved by the local
Institutional Review Board and was conducted in
accordance with the ethical standards of the
Declaration of Helsinki. The Ethics code of this study
was YX-P-2020-085-01 (date: 13/03/2020).

Table 1. Demographic characteristics of patients.
Number of
Pathology |patient (%)
No.| % |Female| Male |32-50| 50-65 |66-81
PIL 71 | 18.0 28 43 6 31 34
MIA 44 | 11.2 17 27 4 19 21
IAC 279(70.8 | 111 168 28 114 137
HD | 95 | 24.1 41 54 10 41 44
IAC| MD | 66 |16.8| 25 41 6 26 34
PD | 118 29.9 45 73 12 47 59

Gender Age

HRCT imaging acquisition

The CT imaging was performed on a 64-detector
row dual source CT scanner (SIEMENS SOMATOM
Definition Flash, Germany) at the energy of 120 kVp
in the mode of Care Dose 4D. The parameters of
matrix were 512x512 voxel. The current of the
tube was automatically adjusted. Reconstruction
parameters include: Convolution kernel B80f, 1 mm
slice thickness. Then, axial and additional sagittal and
coronal images were obtained.

Analysis of imaging characteristics

Two chest radiologists with 10 and 8 years of
experience in thoracic imaging who were blinded to
the clinical and pathological data evaluated all images
on both mediastinal (width, 350 HU; level, 50 HU)
and lung (width, 1200 HU; level, -600 HU) windows.
The characteristics of the lesion were as follows: 1)
the lesion margin (smooth or irregular); 2) the lesion
size (the average of the longest and shortest diameter
of the maximum area of the tumor on the lung
window image); 3) the lesion density; 4) the pleural
traction sign; 5) the tumor vascular sign; 6) the
spicule sign; 7) the lobulation sign; 8) the bronchial
cutoff sign; 9) the air bronchogram sign; 10) the
vacuole sign; and 11) the cavity sign. Evaluation and
analysis of the images were performed. The
radiologists sought to reach a consensus when there
were dissimilar findings. The size of the lesions in the
PIL group was 1.44+0.92 cm, that in the MIA group
was 1.76+1.13 cm, and that in the IAC group was
3.5242.41 cm. In this study, the lesion size was
divided into three grades: <1.5 cm, 1.5-3 cm (!5 and
>3 cm (19, and the sizes were compared by the
incidence of lesions in each group. The low density in
noncalcified lesions demonstrated that they had
more ground-glass components, while more solid
components in lesions conferred a higher density.
According to the density, the lesions were divided
into three categories: pure ground-glass, mixed
ground-glass and solid. The characteristics and the
density of each group were compared, and then CT
signs of each group were deduced.

Typical case images are presented in figures 1-5.

Statistical analysis

Statistical analysis was performed with IBM SPSS
Statistics 22 Developer software packages. The size
and density were analyzed by the Kruskal-Wallis test,
and signs were analyzed by the chi-squared test. The
corrected value and P-value were used when 1<T<5
and N >40; the P-value of Fisher’s exact probability
method was used when T<1 or N<40. In all tests, a
P-value of <0.05 was considered statistically
significant.
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Figure 1. CT characteristics of a 46-year-old male patient. AAH
of the segmental alveolar epithelium in the upper lobe of the
right lung, with focal area reaching AlS. (a) CT plain scan
showed the ground glass density of the lesion. The size was
29.6x24.1 mm, the margin was irregular and the air
bronchogram sign was seen in the lesion. (b) Adjacent blood
vessels shift and enter the interior of the lesion, which is
known as the tumor vascular sign (arrow). AAH, atypical
adenomatous hyperplasia; AlS, adenocarcinoma in situ.

(L) N
Figure 2. CT characteristics of a 46-year-old female patient.
MIA of the left lower lobe of the lung. (a) CT plain scan
showed mixed ground-glass density, dominated by solid
density. The size of the lesion was about 25.9 x 20.9 mm. The
margin was irregular and the lobulation sign (white arrow) and
adjacent pleural traction (black arrow) could be observed. (b)
The tumor vascular sign after MIP recombination. (c) The
coronal position of the MIP recombination showed that blood
vessels entered the lesion. MIA, minimally invasive
adenocarcinoma; MIP, maximum intensity projection.

.Y
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Figure 3. CT characteristics of a 52-year-old female patient
with highly differentiated adenocarcinoma of the anterior
segment of the right upper lobe. (a) CT plain scan showed that
the lesion showed ground-glass density and was about
21.6x11.7 mm in size. The margin was irregular, the air
bronchogram sign (white arrow) could be seen in the lesion,
and the adjacent pleura was stretched and thickened (black
arrow). (b) The MIP reconstruction showed multiple adjacent
vessels entering the lesion (tumor vascular sign).

L A
Figure 4. CT characteristics of a 73-year-old male patient with

moderately differentiated adenocarcinoma of the right upper
lobe. (a) CT plain scan showed that the lesion showed solid
density and was about 42.3x37.1 mm in size. The margin was
irregular, and the shallow lobulation sign, spicule sign (arrow)
and pleural thickening could be seen in the lesion. (b) Deep
lobulation can be seen around lesion margin (arrow).

@b

Figure 5. CT characteristics of a 62-year-old male patient with
poorly differentiated adenocarcinoma of the right upper lobe.
(a) CT plain scan showed that the lesion showed solid density
and was about 19.6x10.3 mm in size. The spicule, lobulation
and pleural traction signs (arrows) can be seen at the margin
of the lesion, and emphysema changes can also be observed.
(b) Sagittal position showed that the interlobar pleura was
pulled and displaced, and the lobulation sign can be seen in
the margin of the lesion (arrow). (c) The tumor vascular sign
(arrow) was observed after the MIP recombination (arrow).

RESULTS

Histopathological subtypes and HRCT signs

The HRCT features of 394 patients in different
groups of histopathological subtypes were extracted
and analyzed. The relationship between different
pathological subtypes and these signs are expressed
in table 2.

There was no significant difference in HRCT signs
between PILs and MIA (P>0.05). In the IAC group, the
incidence of lesions that were <1.5 cm in diameter
and categorized as pure ground glass was the lowest
(P<0.05). Meanwhile, the IAC group had the highest
incidence of lesions that were >3 cm in diameter and
solid (P<0.05). However, lesions with sizes between
1.5 and 3 cm in the MIA group had a higher incidence
than those in the IAC group (P<0.05). The incidences
of the pleural traction sign, spicule sign, lobulation
sign, tumor vascular sign, bronchial cutoff sign, air
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bronchogram sign and cavity sign in the IAC group
were significantly higher than those in the PIL group
and MIA group (P<0.05). The incidences of all these
signs (except the cavity sign) in IAC were higher than
those in the other two groups (P<0.05); the incidence

of the cavity sign in IAC was higher than that in PILs
(P<0.01) but not higher than that in MIA (P>0.05).
These groups were not significantly associated with
the incidence of margin irregularity and the vacuole
sign (P=0.338 and P=0.279, respectively).

Table 2. Correlation of HRCT signs with histopathological subtypes of lung adenocarcinoma.
A: Relationship of size and density with pathology.

Pathology | Size < 1.5 cm |Size 1.5~3 cm| Size > 3 cm | Pure ground-glass | Mixed ground-glass| Solid
PIL 28 43 0 57 14 0
MIA 11" 33" 0 317 12 1
IAC 8 " 137" 13477 1177 49 21977
H-value 120.854 247.077
P-value 0.000 0.000

B: Relationship of margin irregularity, plural traction sign and spicule sign with pathology.

Pathology | Margin irregularity + | Margin irregularity - | Pleural traction sign+ [Pleural traction sign -|Spicule sign +| Spicule sign -
PIL 50 21 22 49 5 66
MIA 32 12 17° 27 4 40
IAC 218 61 1867° 93 163"" 116
Xz-value 2.172 36.315 84.801
P-value 0.338 0.000 0.000

C: Relationship of the lobulation sign, tumor vascular sign and bronchial cut-off sign with pathology

Pathology | Lobulation sign + | Lobulation sign - | Tumor vascular sign+ | Tumor vascular sign - | Bronchial cutoff sign + | Bronchial cutoff sign -
PIL 10° 61 3 68 0 71
MIA 5% 39 3" 41 1" 43
IAC 146"° 133 107" 172 727F 207
y’-value 52.095 43.797 43.790
P-value 0.000 0.000 0.000

D: Relationship of the air bronchogram sign, vacuole sign and cavity sign with pathology

Pathology | Air bronchogram sign + | Air bronchogram sign - | Vacuole sign+ | Vacuole sign - | Cavity sign + | Cavity sign -
PIL 10’ 61 3 68 0 71
MIA 7" 37 1 43 0 44
IAC 12277 157 23 256 31 248
xz-value 29.920 2.477 16.308
P-value 0.000 0.279 0.001

Note: Table A. Kruskal-Wallis test; Table B-D. Chi-square test. PIL: Preinvasive Lesions, MIA: Minimally Invasive Adenocarcinoma, IAC: Invasive

Adenocarcinoma. *comparison of PIL and IAC, P<0.05; #comparison of MIA and IAC, P<0.05.

Differentiation subtypes of IAC and HRCT signs

The relationship between different differentiation
subtypes and HRCT signs are expressed in table 3.
The incidence of lesions >3 cm in diameter was
lowest in the subtype of high differentiation, while
the incidence of lesions between 1.5 cm and 3 cm
was significantly higher in the highly differentiated
subgroup than in the other two subgroups (P<0.05).
The incidence of solid lesions was highest in the
poorly differentiated subgroup, while the occurrence
rate of mixed ground-glass lesions in the poorly
differentiated subgroup was lower than that of the
other two subgroups (P<0.05). There were
significant differences in the incidences of margin

subgroups (P=0.033). The incidences of the pleural
traction sign, tumor vascular sign and cavity sign in
the poorly differentiated subgroup were significantly
higher than those in the highly and moderately
differentiated subgroups (P<0.05), but there was no
significant difference between the moderately and
highly differentiated subgroups (P>0.05). The
incidence of the spicule sign and bronchial cutoff sign
in the poorly differentiated subgroup was higher than
that in the highly differentiated subgroup, while the
occurrence rate of the lobulation sign in the highly
differentiated subgroup was the lowest among the
subgroups (P<0.05). These subgroups were not
significantly associated with the incidence of the air

irregularity among the three differentiated bronchogram sign and vacuole sign (P>0.05).
Table 3. Correlation of size and density with different differentiation degrees of IAC.
A: Relationship of size and density with different differentiation degrees.
Pathology | Size<1.5m Size 1.5~3 cm Size>3 cm Pure ground-glass Mixed ground-glass Solid
HD 7 72% " 16° ° 10° 28 57"
MD 1 29° 36° 1 14* 51*
PD 0 36 82" 0 77 117"
H-value 63.331 37.719
P-value 0.000 0.000
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B: Relationship of margin irregularity, the plural traction sign and the spicule sign with different differentiation degrees.

Pathology | Margin irregularity + | Margin irregularity - | Plural traction sign + | Plural traction sign - | Spicule sign + | Spicule sign -
HD 68 27 54" 41 43 52
MD 49 17 37" 29 36 30
PD 101 17 95" 23 84 34
y*-value 6.818 17.641 15.095
P-value 0.033 0.000 0.001

C: Relationship of the lobulation sign, tumor vascular sign and bronchial cut-off sign with different differentiation degrees.

Pathology Lobulai:"l:on sign |Lobulation sign| Tumor vaicular sign [Tumor vascular sign Bronchial:utoff sign |Bronchial cutoff sign
HD 35" 60 22" 73 11" 84
MD 39° 27 20" 46 15 51
PD 72" 46 65" 53 46’ 72
xz-value 13.914 25.058 21.071
P-value 0.001 0.000 0.000

D: Relationship of the air bronchogram sign, vacuole sign and cavity sign with different differentiation degrees.

Pathology | Air bronchogram sign + | Air bronchogram sign - | Vacuole sign + | Vacuole sign - | Cavity sign + | Cavity sign -
HD 49 46 8 87 1 94
MD 23 43 4 62 4 62
PD 50 68 11 107 2677 92
xz-value 4.583 0.601 25.690
P-value 0.101 0.740 0.000

Note: Table A. Kruskal-Wall test; Table B-D. Chi-square test. HD: High Differentiation, MD: Moderate Differentiation, PD: Poor Differentiation. @,
comparison of HD and MD, P<0.05; #, comparison of HD and PD, P<0.05; *, comparison of MD and PD, P<0.05.

DISCUSSION

In our study, the IAC group had the highest
incidence of lesions >3 cm in diameter and solid,
while the lowest incidence of lesions <1.5 cm in
diameter and pure ground-glass. There was no
significant difference in the sizes of PIL and MIA
tumors (P>0.05). Recent research has reported that
the degree of infiltration for lung adenocarcinoma
was positively correlated with the size and density of
the lesion, and the average axial diameter of IAC is
larger than that of non-IAC lesions (17.18), which is
consistent with the results of our study. Pure
ground-glass density lesions accounted for 80.3%,
70.5% and 3.9% of PILs, MIA and IAC in our study. In
the results of Heidinger et al (19), the incidence of
pure ground-glass density lesions in PILs, MIA and
IAC were 44%, 40% and 16%. The differences may be
due to the latter study only collected pure
ground-glass density lesions.

In this study, the incidence of lesions with sizes of
1.5~3 cm were significantly higher in the highly
differentiated subgroup than those in the other two
groups (P<0.05). Lesions with sizes greater than 3 cm
accounted for 69.5% in the poorly differentiated
subgroup, which was significantly higher than that in
the other two groups (P<0.05). The incidence of pure
ground-glass lesions in the highly differentiated
subgroup was significantly higher than that in the
poorly differentiated subgroup. Solid lesions
accounted for the largest proportion of cases (94.1%)
in the poorly differentiated subgroup (P<0.05). The
density and size of the lesions gradually increased
with the degree of differentiation of IAC, which is
consistent with the results of previous studies (20.21),

The pleural traction sign, lobulation sign, spicule
sign, tumor vascular sign, bronchial cutoff sign cavity
sign and air bronchogram sign had higher
proportions in the IAC group than in the PIL and MIA
groups (P<0.05). Oda et al. (22 reported that the
occurrence rate of the spicule sign of IAC was higher
than that of PIL, which is consistent with our study.
The formation of the lobulation sign is mainly related
to the different growth rates of lesions in different
directions and growth restriction around the tumor
(23). The lobulation sign, especially the deep
lobulation sign, often indicates malignant lesions (24,
According to the study of Lee et al. (25, the lobulation
sign is of great significance in the differential
diagnosis between IAC and non-IAC. The findings of
our study suggest that the incidence of the lobulation
sign in the IAC group was significantly higher than
that in the PIL and MIA groups, which was consistent
with the abovementioned view.

The incidences of the spicule sign and bronchial
cutoff sign in the poorly differentiated subgroup were
higher than those in the highly differentiated
subgroup, while the lobulation sign had the lowest
incidence in the highly differentiated subgroups
(P<0.05), which was consistent with the findings of a
previous study (26).The results of previous studies (27-
29) showed that the incidences of the lobulation,
spicule and pleural traction signs of lung
adenocarcinoma differed between highly and poorly
differentiated adenocarcinoma. In our study, the
pleural traction sign, tumor vascular sign and cavity
sign in the poorly differentiated subgroup were
significantly higher than those in the other two
subgroups (P< 0.05). These differences could be
related to the different grouping methods of these
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studies.

Xiang et al. 39 reported that the air bronchogram
sign is meaningful for predicting the infiltration
degree of lung adenocarcinoma. Another study
showed that the air bronchogram sign has vital
significance in the differential diagnosis between IAC
and non-IAC 1. Zheng et al. 32 suggested that the
bronchi present as a cut-off due to strangulation and
obliteration when the tumor invades the bronchial
wall. There was no significant difference in the air
bronchogram sign but there was a significant
difference in the bronchial cutoff sign in the three
differentiated subgroups of this investigation.
Therefore, the interruption of inflatable bronchial
segments in the lesions mostly suggests the presence
of a malignant tumor.

The vacuole sign is a gassy, lucent shadow with a
diameter of <5 mm, which refers to local
bronchiectasis and alveolar enlargement caused by
residual pneumonic tissue or local obstruction in the
tumor. Some researchers have suggested that the
vacuole sign can indicate benign or malignant lesions
(3 but has no significance for the degree of
infiltration of malignant nodules 34 35), All the cases
in this study were proven to be lung adenocarcinoma
by pathology, and there was no difference in the
incidence of the vacuole sign in PILs, MIA and IAC,
nor in the three subgroups of IAC, which is consistent
with the above results.

There were several limitations to our study. First,
this paper is a retrospective study, and the vascular
and solid components were difficult to distinguish in
some cross-sections of the lesions. Second, all the
data were measured manually. Therefore, errors in
the results are inevitable. Finally, due to the limited
sample size, the results may be biased. Hence, the
accuracy of the conclusion needs to be further
verified to overcome these limitations in the future.

CONCLUSION

It can be concluded that lung adenocarcinoma and
its histopathological subtype and degree of
differentiation are related to its imaging features. The
histological subtype and differentiation of lung
adenocarcinoma can be predicted based on the
imaging features of the lesions, which is important
for early diagnosis of partially curable subtypes of
lung adenocarcinoma, guiding surgical selection and
postoperative outcome assessment.
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