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Abstract
Background: To investigate whether thin-section computed tomography (TSCT) features may e�ciently
guide the invasiveness basedclassi�cation of lung adenocarcinoma. Methods:  Totally, 316 lung
adenocarcinoma patients (from 2011-2015) were divided into three groups: 56 adenocarcinoma in situ
(AIS), 98 minimally invasive adenocarcinoma (MIA), and 162 invasive adenocarcinoma (IAC) according
their pathological results. Their TSCT features, including nodule pattern, shape, pleural invasion, solid
proportion, border, margin, vascular convergence, air bronchograms, vacuole sign, pleural indentation,
diameter, solid diameter, and CT values of ground-glass nodules (GGN) were analyzed. Pearson’s chi-
square test, Fisher’s exact test and One-way ANOVA were adopted tocomparebetweengroups. Receiver
operating characteristic (ROC) analysis wereperformedto assess its value for prediction and diagnosis.
Results:  Patients with IAC were signi�cantly elder than those in AIS or MIA group,and more MIA patients
had a smoking history than AIS and IAC. No recurrence happened in the AIS and MIA groups, while 4.3%
recurrences were con�rmed in the IAC group. As for TSCT variables, we found AIS group showed
dominantly higher 91.07%PGGN pattern and 87.50% round/oval nodules than that in MIA and IAC group.
In contrast, MIA group showed more cases with unde�ned border and vascular convergence than AIS and
IAC group. Importantly, IAC group uniquely showed higher frequency of pleural invasion compared with
MIA and AIS group. The majority of patients (82.1%) in IAC group showed ≥ 50% solid proportion. We
found diameter and solid diameter of the lesions were notably larger in the IAC group compared with AIS
and MIA groupin quantitative aspect. In addition, for MGGNs, the CT values of ground-glass opacity
(GGO) and ground-glass opacity solid portion (GGO-solid) were both higher in the IAC group than AIS and
MIA. Finally, we also observed that smooth margin took a dominant proportion in the AIS group while
most cases in the IAC group had a lobulate margin. Patients in MIA and IAC group shared higher level of
air bronchograms and vacuole signs than AIS group. Conclusions: The unique features in different
groups identi�ed by TSCT had diagnosis value for lung adenocarcinoma.

Background
Lung adenocarcinoma has been the leading cause of cancer death worldwide [1]. The adenocarcinoma
classi�cation protocols had been updated by the International Association for the Study of Lung Cancer
(IASLC), the American Thoracic Society (ATS), and the European Respiratory Society (ERS) at 2011( [2,
3]). According to the new international standard, lung adenocarcinoma was divided into AIS, MIA and IAC.
AIS and MIA were de�ned as small (diameter ≤ 3 cm) solitary lung adenocarcinoma with lepidic (or at
least predominantly lepidic) growth pattern. Tumor cells of MIA grow similarly to AIS, with invasive
components ≤5 mm, both of which showed lower invasion trait than IAC.

Early and accurate diagnosis of the type lung carcinoma may largely improve the surgery protocol and
medication strategy, and hence bene�t the therapy outcomes. CT had been widely used lung
adenocarcinoma diagnosis. For example, adenocarcinoma nodules imaged by CT frequently appear as
ground-glass nodules (GGN) [4]. The features of adenocarcinoma GGNs have aroused the extensive
interests of researchers since the close correlation between those features and tumor types (24851690).
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To date, low-dose thin-section computed tomography (TSCT) screening was widely used for early lung
cancer detection. Previous studiesalso had suggested the value of TSCT features to differentiate among
AIS, MIA and IAC. For example, AIS lesions indicate round/oval shape and smooth/notched margin, while
MIA lesions exhibit oval/polygonal/irregular shape, shallow notch/lobular/speculated margin[5].

Given CT wasthe necessary step in cancer screening, it was worth to investigate whether TSCT features
may guide the lung adenocarcinoma classi�cation.We also analyzedother traits (like recurrence rate, age
and smoking history) speci�cally correlated with AIS/MIA/IAC types. Our work showed that the features,
including PGGN pattern, round/oval nodules, border and vascular convergence, pleural invasion, solid
proportion. diameter and solid diameter of the lesions, GGO and GGO-solid, smooth margin, air
bronchograms and vacuole signs, provideda convincing reference to discriminate cancer types of lung
adenocarcinoma.

Methods
2.1 Patients

This prospective study was approved by the Ethic Review Board of the Weifang Respiratory Disease
Hospital. Totally, 316 patients (from 2011-2015) were enrolled and the written informed consent forms
were obtained from the patients before surgery. The inclusion criterion was all patient withsuspected AIS,
MIA or IACs andreceived nodule resection. The exclusion criterion was the patients with synchronous
multiple pulmonary nodules (23 excluded cases). The management procedures were strictly accorded
with the 2013 guidelines of the Fleischner Society. All the resected nodules were later pathologically
determined as either AIS, MIA or IAC. The patients were divided into three groups according to their
pathological results. The clinicopathologic factors of the patients were listed in table 1. The other
indexes, such as smoking history and tumor recurrence also were included in the table.

2.2 CT scan

CT scan was performed on a Somatom Sensation-64 system (Siemens Healthineers, Erlangen, Germany).
The routine CT scan was performed initially with a collimation of 128*1.25 mm and a �eld of view (FOV)
of 500 mm. Once the nodule was found, target TSCT was performed with the following parameters: 64*
0.625 mm collimation, 0.64 pitch, 1 mm section thickness and 1 mm interval, 0.001 second scan time,
1024 X 1024 matrix, 180 mm FOV, 120 kV, and 300 mA.

2.3 Evaluation of the TSCT features and indexes

All images were displayed at a mediastinal window (width 350 HU, level 35 HU) using the communication
system (Mintech, Beijing, China). The CT data was evaluated by two independent chest radiologists in a
blind method, and all personal information had been erased before reading. In discrepancy cases, a third
radiologist was consulted. The following CT characteristics were obtained [6]: (1) nodule patterns: pure
ground-glass nodule (PGGN) or mixed ground-glass nodule (MGGN); (2) nodule shapes (round/oval
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shape or irregular shape); (3) pleural invasion (or not); (4) vascular invasion (or not); (5) lymphatic
invasion (or not); (6) necrosis (or not); (7) diameter of the nodule (largest diameter on the axial section) ;
(8) diameter of the solid component (largest diameter of solid component on the axial section; (9)
proportion of the solid component (<50% or >50%); (10) the border of the nodule was de�ned or
unde�ned; (11) the margin of the nodule (smooth, lobulate, or spiculate); (12) vascular convergence sign
(or not); (13) air-bronchograms (direct involvement of bronchiole, in the GGO component or in the solid
component, no); (14) vacuole sign (or not, point‐like/translucent/low‐density shadows); (15) pleural
indentation (or not). Besides, CT radiodensity values were recorded (for PGGN, the value of GGO
component; for MGGN, the value of solid component).

2.4 Histopathological identi�cation

Before surgery, radiologists, thoracic surgeons, and pathologists discussed and decided the best
strategies. Lesions were surgically removed, by which the specimens were obtained. For pathological
identi�cation, specimens were �xed in formalin (10%, for 24 h) and then embedded by para�n. After
hematoxylin-eosin (H&E) staining, sections were observed under microscope. Histological types were
classi�ed according to the IASLC/ATS/ERS classi�cation of lung adenocarcinoma. All histological
analyses were performed by two senior pathologists, and a third pathologist was consulted in any case
of disagreement.

2.5 Statistical analysis

Qualitative variables (such as nodule pattern, nodule shape, nodule border) were assessed by Pearson’s
chi-square test and Fisher’s exact test. Quantitative variables were expressed as Mean ± Standard
Deviation and compared by One-way ANOVA. The signi�cant variables were further analyzed by
multivariate logistic regression analysis and receiver operating characteristic (ROC) analysis to assess
the values for prediction and diagnosis. SPSS (IBM, Armonk, NY, USA) was applied for analysis. A value
of p<0.05 was considered statistically signi�cant.

Results
3.1 Clinicopathologic Features of Patients

As shown in table 1, a total of 316 patients were enrolled, among which 56 (17.7%) were in the AIS group,
98 (31.0%) in the MIA and 162 (51.3%) in the IAC group. Females were dominant but no statistical
difference was found in the sex composition (p=0.331). Patients in IAC group were signi�cantly elder
than those in AIS or MIA groups (p<0.001) while the AIS and MIA groups had a similar age range,
indicating the positive correlation between age and invasiveness of lung adenocarcinoma. The majority
(83.3%) of the IAC patients received the lobar resection, while the overwhelming percentage (87.5%)of AIS
patients underwent wedge resection. However, the resection type in MIA patients showed no obvious
predilection. Noteworthily, 29% of the MIA group had a smoke history, compared with the 10% in the IAC
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group and 7% in the AIS group. This result suggested that smoke is positively correlated with the onset of
lung adenocarcinoma but show no obvious effect on invasive evolution during tumor progression.

3.2 HRCT Morphological Features of Different Groups

As shown in table 2, the HRCT morphological features exhibited signi�cant differences among the three
groups. In the AIS group, the frequency of PGGN pattern was dominantly high (91.07%). However, the
PGGN frequency dramatically dropped to 60.20% and 4.94% in MIA and IAC group respectively (p<0.001,
with a highest χ2 value among all characteristics).

The AIS group had 87.50% round/oval nodules, which decreased to 85.7% and 61.7% in MIA and IAC
group, suggesting that the invasive lung adenocarcinoma tend to be shaped irregularly (p<0.001).
Besides, IAC lesions showed higher frequency of pleural invasion compared other two groups (p<0.001),
while no statistical differences in the vascular invasion and lymphatic invasion and tumor necrosis
status were found among three groups. The majority of patients (82.1%) in IAC group showed ≥ 50%
solid proportion. In sharp contrast, only 9.2% in MIA group and none in AIS group exhibited ≥ 50% solid
proportion. Further, MIA group showed more cases with unde�ned border than AIS and IAC(p<0.05). We
also observed that smooth margin took a dominant proportion In the AIS group while most cases in the
IAC group had a lobulate margin (p<0.001). It is notable that the vascular convergence was rare in the
AIS(26.8%) group, and it exhibited gradient increase from IAC (41.9%) to MIA(71.4%) group.

In addition, patients in MIA and IAC group showed higher level of air bronchograms and vacuole signs
than AIS group (p<0.001, respectively). Finally, another important characteristic with a high χ2 was
whether there exists the pleural indentation, which showed a high probability in IAC (77.8%) cases but
hardly in AIS (1.8%) (p<0.001).

3.3 HRCT Quantitative Features of Different Groups

As shown in table 3, we found that the diameter and solid diameter of the lesions were notably larger in
the IAC group compared to AIS and MIA (p<0.001), and no statistical difference between AIS and MIA. For
MGGNs, the CT values of ground-glass opacity (GGO) and ground-glass opacity solid portion (GGO-solid)
were both higher in the IAC group than AIS and MIA (p<0.001). In contrast, we observed no statistical
different of CT radiodensity values of PGGNs among the three groups.

3.4 ROC curve analysis of IAC group

The diagnostic performances of above variables that exhibited unique features in IAC group was
analyzed by receiver operating characteristic (ROC) analyses (Fig. 2). The CT value of MGGN (solid
component) exhibited the largest area (0.917). Important cutoffs were as follow: CT value-MGGN (solid)
= -107 HU, sensitivity = 77%, speci�city = 93%; Diameter = 14.7 mm, sensitivity = 90%, speci�city = 81%
(table 4).
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Further, we developeda linear regression model and acquired a novel factor (named Combined Marker, or
C-Maker) with 13 variables: C-marker =0.068*shape - 0.063*pleural invasion + 0.326*solid proportion -
0.056*border - 0.214*margin + 0.077*vascular convergence +0.181*air bronchograms - 0.124*vacuole
sign + 0.027*pleural indentation + 0.001 * CT value of MGGN (solid) + 4.352e-005* CT value of MGGN
(GGO) + 0.01*diameter - 0.004 * solid diameter. Here, CT value of MGGN (GGO), CT value of MGGN
(solid), diameter and solid diameter were numerical variables and other variables were categorical data
(encoded by 0 or 1 and 1 to 3, as shown in table 2). Again, we draw a ROC curve using C-marker, which
exhibited an AUS as high as 0.982 (Figure 2). The cutoff value for IAC was 0.287, with a sensitivity of
0.935 and speci�city of 0.977, which could be strongly recommended in determination of lung carcinoma
classi�cation(table 4).

3.5 The recurrence rate of patients

We analyzed the recurrence rate after two years’ follow up and found signi�cant difference among the
three groups (χ2 = 6.805, p = 0.033). No recurrence happened in the AIS and MIA groups, while 7 cases
(4.3%) suffered recurrence in the IAC group. This is consistent with previous knowledge that IAC cancer
type had a higher malignancy and poorer prognosis.

Discussion
Accurate diagnosis of lung adenocarcinoma type could e�ciently improve the appropriate surgery and
medication strategy, and hence bene�t the therapy outcomes. Here, we tend to investigate novel features
to make accurate classi�cation among AIS, MIA, IAC. We found that age is a contributor to IAC
development and smoking is positively correlated with the occurrence of MIA. Importantly, the unique
features in different groups identify by TSCT had diagnosis value for lung adenocarcinoma.

Our results are consistent with previous studies. Shi et al revealed that there existed huge differences in
the CT measurements of solitary GGNs between AIS-MIA and IAC [7]. Different from our study, they
combined the AIS and MIA into one group. Their work also pointed out that nodule types, cystic
appearances, diameters and CT values were different between groups, despite no differences were found
in shapes, margins, bronchus sign, pleural indentation. These inconsistencies maybe due to different
grouping method and different sample size (their sample size was much smaller than ours). In contrast,
Another research showed that the unique feature of shape and margin could be used to discriminate
different types of carcinoma types([8] [9]) . Besides, patients in IAC group showed higher frequency of air
bronchogram and pleural indentation, and CT values (HU) than AIS-MIA group [2] . Consistently, homma
et al recently found that malignant signs could include lobulation, spiculation, vascular convergence and
pleural indentation in invasive mucinous adenocarcinoma [10]. Although their sample size was small,
their conclusion highly supported our results.

The correlation between age, smoking and lung adenocarcinoma types is controversial. We here believe
that age is a contributor to IAC development, and smoking is positively correlated with MIA formation.
Consistently, one group also found that ages are comparable between AIS and MIA patients but showed
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correlation with the occurrence of IAC [11]. In contrast, it was also reported that age and smoking showed
no obvious correlation with lung adenocarcinoma types[12]. Our results implied that more treatment
should be adopted to inhibit tumor invasion for elder patients. As for the features of smoking, we
paradoxically found that smoking ratio increased in MIA compared with AIS but dropped in IAC group. A
pooled estimation only showed weak effect of secondhand tobacco smoke exposure on AIS/MIA
incidence [13], and another study also observe no correlation between smoking history and invasive
carcinoma [14]. However, it was also reported that tobacco exposure may accelerate malignant
progression [15], and smoking is not a major cause of AIS but play a role in the progression from AIS to
the invasive adenocarcinoma still with AIS features [16].

We found that patients in ICA showed unique features of higher solid or GGO components and diameter
of GGN. The solid components can be �rosis, invasive component, collapsed alveolar or other
parenchyma, which was related to �brotic focus, alveoli collapse and tumor cell proliferation [17]. It was
believed that GGO-dominant tumors could be identi�ed as minimally invasive and with recent 5-year
survival rates exceeding 90% [18]. In contrast, the majority of AIS and MIA cases had a solid proportion
less than 50%. As �gure 2 showed, the solid components in MGGN is the most powerful variable to
identify IAC patients. The CT value of solid or GGO component is also impacted by air cavity densities,
which include air bronchograms and vacuole sign. Air bronchograms in MIA commonly present distortion
and extension in the GGO component. In this study, we found that air bronchograms in GGO component
was dramatically higher in the MIA group than the other two groups, and thus showed an obviously
predictive value to MIA. In addition, vacuole sign is another factor belonging to air cavity densities, as well
as a useful indicator for IAC in our study. There is no existing evidence about the diagnostic role the
vacuole sign in adenocarcinoma recognition. Together, besides CT values of solid or GGO components
and diameters, the vacuole sign and air bronchograms might be supplemental features in predicting the
lung adenocarcinoma types.

More importantly, we analyzed the diagnostic of GGO components, diameters, the vacuole sign and air
bronchograms by receiver operating characteristic (ROC) analyses to convincingly testi�ed the correlation
between those parameters and IAC types. Further, we also adopted a linear regression model, C-Maker, to
comprehensively evaluated the role played by 13 variables. Noteworthily, we draw a ROC curve using C-
marker, which exhibited an AUS as high as 0.982. Its cutoff value for IAC was 0.287, with a sensitivity of
0.935 and speci�city of 0.977, indicating that those variables was applicable in the determination of lung
carcinoma type.

This study has some limitations. First, the sample size of three groups was still not very large. Or else we
can perform a principal component analysis and then choose the most conclusive parameters to carry
out machine learning, which may predict the probability of each subtype for any speci�c patient. Second,
we demonstrated smoking is positively correlated with MIA formation, but the mechanism underlying the
higher smoking rate in MIA group while IAC paradoxically had a lower rate is still confusing. Third,
smoking is an important variable related to adenocarcinoma clari�cations (especially for MIA), but the
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smoking habits of the smokers were not detailed or presented in pack-years. If more details were
recorded, more convincing correlations might be probed.

Conclusion
In conclusion, the unique TSCT morphological features, including PGGN pattern, round/oval nodules,
border and vascular convergence, pleural invasion, solid proportion. diameter and solid diameter of the
lesions, GGO and GGO-solid, smooth margin, air bronchograms and vacuole signs, in different group had
predictive meanings in discriminating three adenocarcinoma types before surgery and thus guided
thestrategy of nodule resection and further treatments.
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Figure 1

The representative HRCT images of theAIS, MIA or IAC cases. The left is the axial image; the centered is
the coronal image; the right is the sagittal image. The MIA lesion is labeled by a red arrow. (A) the typical
AIS case. This patient was a 48-year-old female, with purely ground glass nodules in the upper right lobe
of the right lung. The maximum cross-sectional diameter of the lesion was approximately1 mm * 7 mm
(CT value: -731 HU). (B) The typical MIA case. This patient was a 63-year-old female, with a purely ground
glass nodule in the basal segment of the right lung lobe. Intralesional microangiographic sign and
vacuole sign could be observed. The maximum cross-sectional diameter of the lesion was approximately
12 mm * 10 mm (CT value: -574 HU). (C) The typical IAC case. This patient was a 36-year-old female, with
mixed glass nodules in the upper lobe of the left lung. The solid proportion was higher than 50%. A
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lobulate margin could be observed. The maximum cross-sectional diameter of the lesion was
approximately 13 mm * 9 mm (CT value: -181 HU in the solid ground and -634 HU in the glass ground).

Figure 2

ROC curves of important variables for IAC prediction. The �gure included not only traditional features but
also a novel marker (C-Marker) calculated with 13 variables whichexhibited an AUC as high as 0.982. Its
cutoff value for IAC was 0.287, with a sensitivity of 0.935 and speci�city of 0.977.


