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Clinical value of CT imaging features to predict infiltration 
degree and pathological subtype of ground glass lung 

adenocarcinoma 

INTRODUCTION 

Based on the 2020 Global Cancer Report, lung  
cancer is still the leading cause of cancer-related 
deaths, with adenocarcinoma as its major histological 
subtype (1). Adenocarcinoma in situ (AIS), minimally 
invasive adenocarcinoma (MIA), and invasive                  
adenocarcinoma (IAC) are the four subtypes of lung 
cancer recognized by the World Health Organization 
(WHO) (2). In lung cancer with varying degrees of  
infiltration, the 5-year disease-free survival rate is 
100% for AIS and MIA that have been completely  
resected, but it is only 89% for stage Ia IAC (3, 4).             
Adenocarcinomas classified as invasive mucinous 
adenocarcinomas will no longer be considered  
pathological subtypes of mutant IACs, but rather          
histopathological types. As of now, there are five 
pathological types of IAC: acinir-growing, papillary-
growing, solid-growing, and micropapillary-growing 
(5,6). Specific types with low recurrence rates include 
lepidic growing, papillary, and solid types with the 
highest recurrence rates (7). Studies have also demon-
strated a significant correlation between aggressive 
clinical characteristics and poor prognosis when 
there are minimal solid or micropapillary                 

components present..  
Anatomical lobectomy is still the standard                

operation for lung cancer, but with the application of 
high resolution computed tomography (CT), the             
detection rate of early lung nodules has gradually 
increased, and sublobectomy has been more and 
more widely used in early lung cancer. In a                      
retrospective study 5 to determine the significance of 
histological subtypes in surgical decision making, 
recurrent-free survival (RFS) and overall survival 
(OS) with intraoperative segmentectomy were              
significantly worse than those with lobal resection. 
Another retrospective study 3 found that pathological 
subtypes of lung adenocarcinoma played an            
important role in lymph node metastasis of small  
focal lung adenocarcinoma, and the lymph node            
metastasis rate of lung adenocarcinoma containing 
solid and micropapillary subtypes was significantly 
higher than that of other subtypes. The significance of 
this study is that if the pathological subtypes of lung 
adenocarcinoma can be predicted before surgery, 
some patients can receive sublobectomy. And benefit 
from individualized surgery (8,9). However, at present, 
it is difficult to identify the pathological subtypes of 
lung adenocarcinoma in a timely and accurate        
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ABSTRACT 

Background: To test the value of Computed tomography (CT) features in predicting 
the infiltration degree and pathological subtype of ground glass lung adenocarcinoma 
(≤ 3 cm). Materials and Methods: Data from 412 lung adenocarcinoma patients with 
mixed ground glass nodules on CT from Jan. 2017 to Dec. 2021 were tested 
retrospectively. The patients were separated by the infiltrating degree into a minimally 
invasive adenocarcinoma (MIA) group and an invasive adenocarcinoma (IAC) group. 
Then the IAC group was subdivided into low-, medium- and high-risk groups by the 
prognosis differences among subtypes, which were of lepidic, papillary, and 
micropapillary predominance respectively. Results: Average diameter of nodules, 
average CT value, solid component ratio, lobe sign, and burr sign were independent 
risk factors of IAC. The average diameter of nodules ≥ 12.5 mm, solid component ratio 
≥ 20.96%, average CT value ≥ -473.07 HU, positive lobe sign and positive burr sign 
indicated the nodules were more likely IAC. Average CT value, and solid component 
ratio were independent risk factors for the high-risk pathological type of lung 
adenocarcinoma. The average CT value ≥ -242.92 HU and solid component ratio ≥ 
69.536% indicated nodules were more likely the high-risk pathological type of lung 
adenocarcinoma. Conclusion: CT imaging features improve the diagnostic efficacy of 
ground glass nodules, and have certain clinical value. 
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manner before or during the operation. Some studies 
have found that the accuracy of determining the               
tissue type of adenocarcinoma by preoperative                
biopsy is not ideal, and the coincidence rate between 
the diagnosis of adenocarcinoma and postoperative 
paraffin histopathological specimens is only 58.6%. 
In addition, it has been reported that intraoperative 
freeze pathology has high specificity for the            
diagnosis of micropapillary subtypes in invasive                           
adenocarcinoma, but its sensitivity is poor and it is 
difficult to predict the dominant pattern on the basis 
of frozen sections. Therefore, a better understanding 
of the relationship between solid and micropapillary 
subtypes in lung adenocarcinoma and clinical                
imaging and pathology is conducive to improving the 
differentiation of solid and micropapillary                         
pathological subtypes before surgery, which has a 
certain effect on the selection of appropriate surgical 
methods and the scope of lymph node dissection  
during surgery, and the reduction of tumor residue in 
patients. In addition, it is also conducive to                     
developing further postoperative treatment                 
strategies for patients with different pathological 
subtypes, and has a positive effect on improving the 
postoperative survival rate of patients. 

Choosing the right surgical method and treatment 
options requires a thorough assessment of the degree 
of nodule infiltration and the pathological subtype 
before surgery. Computed tomography (CT) is an  
important method for diagnosis of lung cancer. The 
novel feature of this study is the value of CT features 
in predicting the degree of invasion and pathological 
subtypes of ground-glass lung adenocarcinoma (≤ 
3cm). CT image features can improve the diagnostic 
efficiency of ground-glass nodules and have certain 
clinical value. In this study, the computed                      
tomography (CT) characteristics were analyzed to 
investigate the correlation between infiltration                
degrees and pathological subtypes of pulmonary   
nodules, with the aim of identifying significant           
imaging features that can enhance diagnostic                
accuracy. 

 
 

MATERIALS AND METHODS 
 

Subjects 
Retrospective analysis of medical records of 412 

lung adenocarcinoma patients diagnosed in our            
hospital in the period between Jan. 2017 and Dec. 
2021 revealed mixed-density ground-glass                 
pulmonary nodules. The name of the ethical                  
committee approving the study is [Jiangyin Hospital 
of Traditional Chinese Medicine]. The ethical                
approval registration number is [EC202201] and the 
date of registration is [2022.01.12]. Inclusion criteria 
were: (1) complete and correct relevant clinical data 
and pathological results; (2) solitary nodules in       
diameter ≤ 3 cm, no evidence of lymph node or        
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distant metastasis; (3) no reception of anti-tumor 
treatment in the past; (4) complete preoperative 
chest CT imaging data in our hospital. Exclusion              
criteria were (1) multiple mGGN on CT images; (2) 
lymph node metastasis or distant metastasis; (3) lack 
of CT imaging data from our hospital before surgery; 
(4) reception of anti-tumor treatment before surgery. 
Approval was offered by the Ethics Committee of our 
hospital, and informed consents were provided by all 
patients. 

 

CT method 
CT scanning methods: All patients underwent 

chest CT scanning in the imaging department of our 
hospital within one month before surgery 
(instrument parameters: Siemens 64-slice spiral CT, 
tube voltage 120 kV, tube current 120 mA, matrix 
512 × 512, layer thickness 1.0 mm, layer spacing 0.6 
mm, pitch 1.0, reconstructed layer thickness 1.0 mm). 
Scanning process: The patient was lying flat on the CT 
examination bed with his hands raised above his 
head. The scanning range was from the neck base to 
the adrenal gland, including the armpits and thorax 
on both sides. After deep inspiration, the patient held 
his breath and scanned continuously from top to               
bottom. CT image interpretation: two senior                 
physicians jointly analyze the records. When there is 
no consensus on the view, the department will       
consult to determine the characteristics of CT signs. 

 

Image analysis 
The clinical information of the patients was                

hidden. The images were read, analyzed and                 
diagnosed by two radiologists who had been                  
specializing in chest imaging analysis and diagnosis 
for over 5 years. The CT image characteristics of the 
lesions were recorded by the radiologists. Any                
disagreement between them was discussed with         
another senior physician, and then the final judgment 
was made. A part of the images were analyzed using a 
medical image processing system (Hangzhou Shenrui 
Bolian Technology Co., Ltd.). There was a CT cutoff of 
-250 Hu for solid components, and an upper CT limit 
was set by default. This limit was set at 100 Hu if it 
was too large, and any part exceeding that was              
considered calcification. 

 

Evaluation contents and standards 
Relevant parameters were determined through 

extensive literature review. The parameters tested 
included age, gender, smoking history, respiratory 
symptoms, family history of lung cancer, CEA levels, 
nodule characteristics, and various signs and                 
measurements on CT scans. Based on the maximum 
cross-sectional area, longest diameter, and vertical 
diameter of the nodules, we calculated the average 
nodule diameter. Average CT value, nodule volume, 
solid component volume, and solid component ratio: 
CT data were imported into the medical image          
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processing system for automatic analysis and              
calculation. Solid component ratio was defined as 
solid component volume/nodule volume * 100%. The 
image processing system was utilized to stain                
nodules and solid components individually, followed 
by an assessment of the shape (round-like,                    
irregular), quantity (single, multiple), distribution 
(concentrated, scattered), and location (center,             
eccentric) of said solid components (figure 1). Nodule 
boundary and solid component boundary: The 
boundaries of nodules or solid components were 
compared before and after staining. Clear boundaries 
are defined as those that are consistent before and 
after staining; unclear boundaries are defined as 
those that are not consistent before and after staining 
(figure 2). 

 

Pathological analysis 
All excised tumor tissue specimens were fixed in 

10% neutral formalin solution for 12-48 h after in 
vitro (approval number: Beijing Drug Administration 
(quasi) word 2011 No. 1400617, China), and then 
sampling, paraffin embedding (Shaoxing Zhende 
Medical Dressing Co., LTD., China), section,                    
hematoxylin/eosin routine staining (Hangzhou              
Wanbon Tiancheng Pharmaceutical Co., LTD., China), 
light microscope observation, and finally according to 
the 2015 IASLC/ATS/ERS international classification 
provisions. Each histological subtype was recorded in 
5% increments in a double-blind review by two              
senior pathologists. Diagnosis was made by 
pathologists with over 15 years of working                  
experience, according to the 2015 WHO Classification 
Criteria for Lung Cancer. 

 

Statistical analysis 
Data were statistically analyzed on R Foundation 

for Statistical Computing 4.3.2 (Vienna, Austria). 
Measured data in normal distribution were                   
statistically expressed as mean ± standard deviation, 
and compared via t-test and one-way analysis of   
variance between and among groups respectively. 
Data not in normal distribution were described as 
median [P25, P75] and compared between groups via 
rank sum test. Counting data were described as the 
number of cases (%), and compared between groups 
via Chi-square test or by Fisher's exact probability 
test. Variables with significant differences were 
screened out, and then sent to logistic regression 
analysis. Based on the analysis results, a receiver's 
operating characteristic (ROC) curve was drawn and 
the optimal critical value was determined. All                  
statistical tests were two-sided. P < 0.05 indicates 
significance. 

 
 

RESULTS 
 

Clinical data 
The total number of patients included in the study 

was 412, divided into two groups according to the 
degree of infiltration: MIA group (151) and IAC group 
(261). There were significant differences between the 
two groups in gender and age (table 1). 

 

Analysis of imaging features in MIA group and IAC 
group  

Both groups had significantly different average 
nodule diameters and CT values, as well as nodule 
volumes, solid component volumes, solid ratios, solid 
component boundaries, and vascular convergence 
signs (table 2). 

 

Correlation analysis between image features and 
infiltration degree 

Univariate analysis revealed that gender, age,  
average nodule diameter, average CT value, nodule 
volume, solid component volume, solid component 
ratio, solid component boundary, vascular                      
convergence sign, lobe sign, and burr sign were              
statistically significant (P < 0.05) and were                       
subsequently included in a multifactor logistic               
regression model. The results indicated that average 
nodule diameter, average CT value, solid component 
ratio, lobe sign, and burr sign were identified as             
crucial factors for distinguishing between the two 
groups (table 3). The ROC curve analysis revealed the 
optimal cutoff of average nodule diameter was 12.5 
mm, with AUC of 0.859, sensitivity of 73.6% and  
specificity of 89.4%, which were 20.96%, 0.725, 
87.0% and 53.0% for the solid component ratio             
respectively, and were -473.07 HU, 0.659, 61.7% and 
72.8% for average CT value respectively, The AUC, 
sensitivity and specificity of lobe sign were 0.648, 
39.5% and 90.1% respectively, and were 0.711, 
50.2% and 92.1% for burr sign respectively. The 
combined prediction effect is the best, with AUC of 
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Figure 1. A single, eccentric, concentrated, irregular; B single, 
center, concentrated, round-like. 

Figure 2. Nodule with unclear boundary, clear solid                 
component. 
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0.928, sensitivity of 82.8% and specificity of 90.7% 
(table 4, figure 3). 

 

Data analysis of different pathological subtypes 
The IAC group was subdivided into low-,                 

medium-, and high-risk groups (lepidic, papillary or 
acinar, and micropapillary & solid predominant              
respectively) according to the prognostic differences 
among pathological subtypes. There were 89, 125 
and 47 cases in the three groups respectively. The 
three groups showed significant differences in            
gender, respiratory symptoms, nodule location,              
average nodule diameter, average CT value, nodule 
volume, nodule boundary, burr sign, air                            
bronchogram, and the volume, ratio, location and 
boundary of solid components (table 5). 

 

Correlation analysis between imaging features 
and pathological subtypes 

After the low- and medium-risk groups were  
combined, the single-factor logistic regression 
demonstrated the average nodule diameter, average 
CT value, nodule volume and boundary, solid                 
component volume and ratio, pleural indentation 
sign, and burr sign may be the risk factors in the high
-risk group (table 6). 

The average nodule diameter, average CT value, 
nodule volume and boundary, solid component             
volume and ratio, pleural indentation sign, and burr 

sign were significant in single-factor analysis (P < 
0.05), and were involved in the multifactor logistic 
regression. Results showed the average CT value and 
solid component ratio were independent risk factors 
in the high-risk group (table 7). ROC curve analysis 
determined the optimal cutoff of average CT value 
was -242.92 HU, with AUC of 0.815, sensitivity of 
66.0% and specificity of 87.4%, which were 69.536%, 
0.861, 76.6% and 88.8% for the solid component  ra-
tio respectively. The combined prediction effect is the 
best, with AUC of 0.891, sensitivity of 74.5% and 
specificity of 87.9% (table 8, figure 4). 

 

Typical cases 
1. The patient is female 72 years old. Mixed density 
ground glass nodules of left upper lobe, burr sign, 
lobed sign. The average CT value was -36.0HU, the 
average diameter was 13.5mm, and the firmness  ac-
counted for 91.4%. Pathology showed infiltrating ade-
nocarcinoma, mainly micropapillary subtype (figure 
5). 
2. The patient is female 62 years old. Mixed density 
ground glass nodules in upper lobe of right lung, burr 
sign, lobed sign. The average CT value was -74.3.0HU, 
the average diameter was 15mm, and the proportion 
of firmness was 84.8 %. Pathology showed                 
infiltrating adenocarcinoma, mainly micropapillary 
subtype (figure 6). 
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Variables MIA (n = 151) IAC (n = 261) Z/χ2 P 
Gender, n (%)     4.546 0.033 

Female 105 (69.5) 154 (59)     
Male 46 (30.5) 107 (41)     

Age, [y，M(Q1,Q3)] 58.00 (52.00, 66.00) 62.00 (57.00, 68.00) -3.863 < 0.001 

History of smoking, n (%)     0.207 0.649 
No 132 (87.4) 224 (85.8)     
Yes 19 (12.6) 37 (14.2)     

Respiratory symptoms, n (%)     0.137 0.712 
No 131 (86.8) 223 (85.4)     
Yes 20 (13.2) 38 (14.6)     

Family history of lung cancer, n (%)     1.571 0.210 
No 146 (96.7) 245 (93.9)     
Yes 5 (3.3) 16 (6.1)     

Carcinoembryonic antigen CEA, n (%)     0.622 0.430 
Normal 145 (96) 246 (94.3)     
Increase 6 (4) 15 (5.7)     

Table 1. Clinical data of MIA group and IAC group. 

Figure 3. ROC 
curve of        
imaging          

features for 
predicting IAC. 

Figure 4. ROC 
curve of       
imaging           

features in 
predicting high

-risk group 
(micropapillary                   
predominant). 
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Variables MIA (n = 151) IAC (n = 261) Z/χ2 P 
Location of nodule, n (%)     2.327 0.312 

Inner zone 24 (15.9) 35 (13.4)     
Middle zone 26 (17.2) 61 (23.4)     
Outer zone 101 (66.9) 165 (63.2)     

Mean nodule diameter, [mm,M
(Q1,Q3)] 

9.00 (8.00, 11.00) 16.00 (12.00, 21.00) -12.168 < 0.001 

Mean CT value, [HU,M(Q1,Q3)] -549.20 (-602.04, -449.95) -427.60 (-563.00, -261.91) -5.380 < 0.001 
Nodule volume, [mm3,M(Q1,Q3)] 766.35 (481.68, 1357.55) 1811.16 (846.44, 2850.24) -8.505 < 0.001 

Nodule boundary, n (%)     0.339 0.560 
Unclear 36 (23.8) 69 (26.4)     

Clear 115 (76.2) 192 (73.6)     
Solid component volume, [mm3,M

(Q1,Q3)] 
255.66 (28.96, 690.13) 533.78 (135.36, 1217.00) -5.498 < 0.001 

Solid component ratio (%), M (Q1,Q3) 19.83 (14.70, 29.89) 29.44 (23.49, 68.20) -7.611 < 0.001 
Solid component shape, n (%)     1.834 0.176 

Irregular 145 (96) 242 (92.7)     
Round-like 6 (4) 19 (7.3)     

Number of solid components, n (%)     0.169 0.681 
Single 113 (74.8) 200 (76.6)     

Multiple 38 (25.2) 61 (23.4)     
Solid component distribution, n (%)     1.077 0.299 

Concentrated 125 (82.8) 205 (78.5)     
Scattered 26 (17.2) 56 (21.5)     

Solid component location, n (%)     0.117 0.732 
Center 83 (55) 148 (56.7)     

Eccentric 68 (45) 113 (43.3)     
Solid component boundary, n (%)     17.573 < 0.001 

Unclear 96 (63.6) 110 (42.1)     
Clear 55 (36.4) 151 (57.9)     

Lobe sign, n (%)     40.814 < 0.001 
No 136 (90.1) 158 (60.5)     
Yes 15 (9.9) 103 (39.5)     

Vacuole sign, n (%)     0.589 0.443 
No 131 (86.8) 233 (89.3)     
Yes 20 (13.2) 28 (10.7)     

Vascular convergence sign, n (%)     4.386 0.036 
No 143 (94.7) 231 (88.5)     
Yes 8 (5.3) 30 (11.5)     

Burr sign, n (%)     75.330 < 0.001 
No 139 (92.1) 130 (49.8)     
Yes 12 (7.9) 131 (50.2)     

Pleural indentation sign, n (%)     0.012 0.913 
No 129 (85.4) 224 (85.8)     
Yes 22 (14.6) 37 (14.2)     

Air bronchogram, n (%)     3.427 0.064 
No 137 (90.7) 220 (84.3)     
Yes 14 (9.3) 41 (15.7)     

Table 2. Imaging features in MIA group and IAC group. 

Variable β SE Z OR (95%CI) P 
Mean nodule diameter 0.320 0.049 6.548 1.377 (1.259,1.525) <0.001 

Mean CT value 0.003 0.001 3.378 1.003 (1.001,1.005) 0.001 
Solid component ratio 0.050 0.011 4.356 1.051 (1.029,1.076) <0.001 

Lobe sign           
No 0.000     reference   
Yes 2.231 0.405 5.506 9.306 (4.331,21.334) <0.001 

Burr sign           
No 0.000     reference   
Yes 1.454 0.435 3.341 4.280 (1.856,10.332) 0.001 

Table 3. Logistic regression of correlation between imaging features and infiltration degree of lung adenocarcinoma. 
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Variable cutoff AUC p Sensitivity Specificity 
Combined 0.607 0.928(0.904, 0.952) <0.001 0.828(0.782, 0.873) 0.907(0.861, 0.954) 

Mean nodule diameter 12.500 0.859(0.823, 0.895) <0.001 0.736(0.682, 0.789) 0.894(0.845, 0.943) 
Solid component ratio 20.969 0.725(0.676, 0.774) <0.001 0.870(0.829, 0.911) 0.530(0.450, 0.609) 

Mean CT value -473.070 0.659(0.606, 0.712) <0.001 0.617(0.558, 0.676) 0.728(0.658, 0.799) 
Lobe sign - 0.648(0.610, 0.686) <0.001 0.395(0.335, 0.454) 0.901(0.853, 0.948) 
Burr sign - 0.711(0.674, 0.749) <0.001 0.502(0.441, 0.563) 0.921(0.877, 0.964) 

Table 4. ROC curve of imaging features for predicting IAC. 

Table 5. Clinical data and imaging features of the low-, medium-, and high-risk groups. 

Variables Low-risk group  
(n = 89) 

Medium-risk group 
(n = 125) High-risk group (n = 47) F/H P 

Gender, n (%)       11.201 0.004 
Female 65 (73) 66 (52.8) 23 (48.9)     
Male 24 (27) 59 (47.2) 24 (51.1)     

Age, [y，M(Q1,Q3)] 60.00 (55.00, 68.00) 62.00 (60.00, 67.00) 65.00 (55.50, 67.50) 3.623 0.163 
History of smoking, n (%)       5.699 0.058 

No 72 (80.9) 114 (91.2) 38 (80.9)     
Yes 17 (19.1) 11 (8.8) 9 (19.1)     

Respiratory symptoms, n (%)       11.390 0.003 
No 85 (95.5) 99 (79.2) 39 (83)     
Yes 4 (4.5) 26 (20.8) 8 (17)     

Family history of lung cancer, n (%)       Fisher 0.360 
No 84 (94.4) 119 (95.2) 42 (89.4)     
Yes 5 (5.6) 6 (4.8) 5 (10.6)     

CEA, n (%)       Fisher 0.364 
Normal 86 (96.6) 117 (93.6) 43 (91.5)     
Increase 3 (3.4) 8 (6.4) 4 (8.5)     

Location of nodule, n (%)       24.366 < 0.001 
Inner zone 16 (18) 13 (10.4) 6 (12.8)     

Middle zone 6 (6.7) 36 (28.8) 19 (40.4)     
Outer zone 67 (75.3) 76 (60.8) 22 (46.8)     

Mean nodule diameter,[mm, M (Q1,Q3)] 12.00 (10.00, 15.00) 18.00 (14.00, 22.00) 18.00 (16.00, 21.00) 62.811 < 0.001 

Mean CT value, [HU，M(Q1,Q3)] 
-559.21 (-643.27, -

439.26) 
-376.22 (-536.90, -

270.18) -185.97 (-400.67, -140.35) 70.581 < 0.001 

Nodule volume, [mm3,M (Q1,Q3)] 763.04 (582.18, 
1499.45) 

1998.01 (1120.67, 
3383.25) 

2242.25 (1909.71, 
2374.72) 64.438 < 0.001 

Nodule boundary, n (%)       21.712 < 0.001 
Unclear 39 (43.8) 24 (19.2) 6 (12.8)     

Clear 50 (56.2) 101 (80.8) 41 (87.2)     
Solid component volume, [mm3,M 

(Q1,Q3)] 
208.94 (113.07, 

468.12) 
845.10 (451.28, 

1313.22) 512.33 (38.89, 1789.74) 33.185 < 0.001 

Solid component ratio(%), M(Q1,Q3) 27.30 (23.49, 29.44) 29.23 (22.60, 63.30) 77.18 (69.54, 82.15) 63.039 < 0.001 
Solid component shape, n (%)       Fisher 0.218 

Irregular 85 (95.5) 112 (89.6) 45 (95.7)     
Round-like 4 (4.5) 13 (10.4) 2 (4.3)     

Number of solid components, n (%)       3.256 0.196 
Single 74 (83.1) 91 (72.8) 35 (74.5)     

Multiple 15 (16.9) 34 (27.2) 12 (25.5)     
Solid component distribution, n (%)       0.147 0.929 

Concentrated 71 (79.8) 97 (77.6) 37 (78.7)     
Scattered 18 (20.2) 28 (22.4) 10 (21.3)     

Solid component location, n (%)       10.764 0.005 
Center 42 (47.2) 84 (67.2) 22 (46.8)     

Eccentric 47 (52.8) 41 (32.8) 25 (53.2)     
Solid component boundary, n (%)       8.818 0.012 

Unclear 48 (53.9) 42 (33.6) 20 (42.6)     
Clear 41 (46.1) 83 (66.4) 27 (57.4)     

Lobe sign, n (%)       1.433 0.488 
No 54 (60.7) 79 (63.2) 25 (53.2)     
Yes 35 (39.3) 46 (36.8) 22 (46.8)     

Vacuole sign, n (%)       5.575 0.062 
No 85 (95.5) 107 (85.6) 41 (87.2)     
Yes 4 (4.5) 18 (14.4) 6 (12.8)     

Vascular convergence sign, n (%)       5.319 0.070 
No 77 (86.5) 116 (92.8) 38 (80.9)     
Yes 12 (13.5) 9 (7.2) 9 (19.1)     

Burr sign, n (%)       10.273 0.006 
No 54 (60.7) 61 (48.8) 15 (31.9)     
Yes 35 (39.3) 64 (51.2) 32 (68.1)     

Pleural indentation sign, n (%)       5.263 0.072 
No 81 (91) 107 (85.6) 36 (76.6)     
Yes 8 (9) 18 (14.4) 11 (23.4)     

Air bronchogram, n (%)       8.657 0.013 
No 83 (93.3) 101 (80.8) 36 (76.6)     
Yes 6 (6.7) 24 (19.2) 11 (23.4)     
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Variable β SE Z OR(95%CI) P 
Gender           
Female 0.000     reference   
Male 0.499 0.324 1.541 1.647 (0.872, 3.120) 0.123 
Age 0.007 0.019 0.379 1.007 (0.971, 1.046) 0.704 

History of smoking           
No 0.000     reference   
Yes 0.453 0.423 1.073 1.573 (0.656, 3.496) 0.283 

Respiratory symptoms           
No 0.000     reference   
Yes 0.230 0.435 0.528 1.258 (0.506, 2.843) 0.598 

Family history of lung cancer           
No 0.000     reference   
Yes 0.787 0.565 1.392 2.197 (0.664, 6.386) 0.164 
CEA           

Normal 0.000     reference   
Increase 0.540 0.608 0.890 1.717 (0.459, 5.290) 0.374 

Location of nodule           
Inner zone 0.000     reference   

Middle zone 0.782 0.527 1.485 2.187 (0.813, 6.606) 0.138 
Outer zone -0.296 0.504 -0.588 0.744 (0.291, 2.161) 0.556 

Mean nodule diameter 0.070 0.027 2.576 1.073 (1.017, 1.132) 0.010 
Mean CT value 0.008 0.001 5.953 1.008 (1.005, 1.011) <0.001 
Nodule volume 0.000 0.000 2.039 1.000 (1.000, 1.000) 0.041 

Nodule boundary           
Unclear 0.000     reference   

Clear 1.048 0.462 2.267 2.851 (1.233, 7.779) 0.023 
Solid component volume 0.000 0.000 3.223 1.000 (1.000, 1.001) 0.001 

Solid component ratio 0.053 0.008 6.533 1.055 (1.039, 1.073) <0.001 
Solid component shape           

Irregular 0.000     reference   
Round-like -0.664 0.766 -0.867 0.515 (0.080, 1.884) 0.386 

Number of solid components           
Single 0.000     reference   

Multiple 0.144 0.372 0.386 1.155 (0.539, 2.342) 0.699 
Solid component distribution           

Concentrated 0.000     reference   
Scattered -0.013 0.393 -0.033 0.987 (0.437, 2.071) 0.974 

Solid component location           
Center 0.000     reference   

Eccentric 0.487 0.324 1.504 1.627 (0.863, 3.088) 0.133 
Solid component boundary           

Unclear 0.000     reference   
Clear -0.020 0.326 -0.062 0.980 (0.519, 1.874) 0.950 

Lobe sign           
No 0.000     reference   
Yes 0.368 0.325 1.134 1.445 (0.761, 2.731) 0.257 

Vacuole sign           
No 0.000     reference   
Yes 0.245 0.492 0.498 1.277 (0.448, 3.176) 0.619 

Vascular convergence sign           
No 0.000     reference   
Yes 0.778 0.436 1.783 2.177 (0.888, 4.999) 0.075 

Burr sign           
No 0.000     reference   
Yes 0.907 0.342 2.656 2.478 (1.288, 4.956) 0.008 

Pleural indentation sign           
No 0.000     reference   
Yes 0.793 0.403 1.967 2.209 (0.972, 4.782) 0.049 

Air bronchogram           
No 0.000     reference   
Yes 0.628 0.397 1.583 1.874 (0.833, 3.997) 0.113 

Table 6. Single-factor logistic regression of low/medium- and high-risk groups. 

CEA:Carcinoembryonic Antigen 
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DISCUSSION 
 

The use of low-dose spiral CT in China has led to 
the detection of an increasing number of pulmonary 
nodules (10). A major focus of pulmonary nodule              
research has always been determining their nature. 
According to studies, lobe signs, burr signs, and             
vascular convergence signs are associated with the 
intensity of pulmonary nodule infiltration. More         
intense infiltration increases the likelihood of lobe 
signs, burr signs, and vascular convergence signs 
(11,12). In addition, we found that burr signs and air 
bronchograms differed significantly across                    
pathological types.  

This study found that pairwise comparison 
showed significant differences in burr sign between 
the high- and medium-risk groups and the high- and 
low-risk groups. Air bronchogram significantly                 
differed between the low- and medium-risk groups 
and the high- and low-risk groups, but not the high- 
and medium-risk groups. These results suggest burr 
sign may be more common in the high-risk patients, 
which meets with the study of Miao et al. (13). Air 
bronchogram may be more common in the medium- 

and high-risk groups. Reportedly, the proportion of 
bronchial abnormality increases with the progression 
of pathological grade in lung adenocarcinoma (14). 
This finding is consistent with our study. While the 
discrepancy in pleural indentation sign among the 
three pathological subtypes did not reach statistical 
significance, single-factor regression analysis                   
conducted after consolidating the medium- and low-
risk groups indicated that pleural indentation sign 
may serve as a potential risk factor in the high-risk 
group. The prevalence of positive pleural indentation 
sign in the high-risk group exceeded that of the               
medium- and low-risk groups. While it is not                 
definitive that a higher pathological subtype grade 
correlates with an increased likelihood of the pleural 
indentation sign, it may suggest that the sign is more 
prevalent in individuals at higher risk. Existing              
research on nodule location and lung cancer                    
infiltration has primarily focused on the lung lobes 
where the nodules are situated, yielding varied              
outcomes.  

We investigated the correlation between nodule 
location, infiltration degree, and pathological             
subtypes through an analysis of the lateral spatial 
distribution of pulmonary nodules. While there was a 
significant overall variance in nodule location across 
pathological subtypes, pairwise comparisons revealed 
a notable distinction in the low-risk group compared 
to the other two groups. The limited sample size may 
account for the inability to clarify the relationship 
between the horizontal spatial distribution of nodules 
and pathological subtypes. Therefore, additional  
comprehensive research is required. It is noteworthy 
that early lung adenocarcinoma may manifest as pure 
ground-glass nodules on CT images. As the quantity of 
tumor cells progressively rises, accompanied by the 
collapse of alveoli and proliferation of surrounding 
fibrous tissues, the manifestation of mixed-density 
ground-glass nodules may occur. The escalation in 
both size and density of these nodules is indicative of 
the advancement and aggressiveness of the tumor 
cells (15). Although the measurement methods of              
nodule diameter vary among studies, most studies 
believe that nodule diameter indirectly reflects its 
growth characteristics, and a larger nodule                    
corresponds to its higher malignancy. A smaller             
nodule and the more uniform texture mean it is less 
likely to be malignant (16,17).  

There are literature reports in 432 cases of         
pulmonary ground-glass nodules, ROC curve analysis 
revealed at the cutoff of 10.05 mm, IAC can be better 
distinguished with sensitivity of 88.1% and specificity 
of 71.9% (18). These results are consistent with our 
study. This study showed the average diameter of the 
IAC group was considerably larger compared with the 
MIA group. The average diameter can be used as one 
indicator to assess the properties of pulmonary              
nodules (19).Computed tomography (CT) values are 
indicative of nodule density, with smaller numbers of 

916 Int. J. Radiat. Res., Vol. 22 No. 4, October 2024 

Variable β SE Z OR(95%CI) P 

Mean CT value 0.008 0.002 5.062 
1.008 

(1.005,1.011) 
<0.001 

Solid component 
ratio 

0.049 0.009 5.472 
1.050 

(1.033,1.070) 
<0.001 

Table 7. Univariate logistic regression of low/medium- and 
high-risk groups. 

Variable Cutoff AUC P Sensitivity Specificity 

Combined 0.264 
0.891(0.844, 

0.939) 
<0.001 

0.745(0.620, 
0.869) 

0.879(0.835, 
0.922) 

Mean CT 
value 

-242.920 
0.815(0.750, 

0.881) 
<0.001 

0.660(0.524, 
0.795) 

0.874(0.829, 
0.918) 

Solid ratio 69.536 
0.861(0.810, 

0.912) 
<0.001 

0.766(0.645, 
0.887) 

0.888(0.846, 
0.930) 

Table 8. ROC curve analysis for predicting high-risk group 
(micropapillary predominant). 

Figure 5. Patient lung CT. Yellow arrows indicate the lobe sign, 
red arrows indicate the burr sign. 

Figure 6. Patient lung CT. Yellow arrows indicate the lobe sign, 
red arrows indicate the burr sign. 
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tumor cells initially growing lepidically in the early 
stages of the disease. As tumor invasiveness                    
progresses, the count of tumor cells gradually rises, 
leading to alterations in the extracellular matrix and 
ultimately an increase in lesion density. Research 
supports a positive correlation between CT values 
and the degree of tumor invasiveness (20).  

In our study, the average CT value of the IAC 
group was significantly larger.. A meta-analysis by He 
et al. showed the average CT value can well                 
discriminate the invasiveness of ground glass nodules 
(21). When the average CT value is ≥ –484 Hu, it is 
more likely to be IAC, with sensitivity of 78% and 
specificity of 81%. These results align with the               
outcomes of our research, indicating that the               
diagnostic efficacy of pulmonary ground-glass             
nodules is enhanced by utilizing three-dimensional 
CT features over two-dimensional layers, total nodule 
volume over maximum nodule diameter, and solid 
component volume over maximum diameter of solid 
components. (22). Therefore, we incorporated the           
solid component volume of nodules and the nodule 
volume in order to assess both the solid component 
size and the overall size of the nodules. The solid 
component ratio was determined as the ratio of solid 
component volume to nodule volume. Given the              
absence of reliable techniques for precisely              
measuring the solid components of nodules, many 
researchers depend on their subjective assessments, 
leading to a certain degree of reduced accuracy. 
Zheng et al. found when the CT cutoff was -250 HU, 
the diagnostic value of identifying solid components 
in the nodule was the greatest, with AUC of 0.982 (23). 
In the medical image processing system used here, 
the CT cutoff of solid components was set to be -250 
HU, and the software automatically calculated the 
nodule volume and solid component volume. As              
reported, the ratio of solid components is related to 
the infiltration degree, and a larger proportion of  
solid components reflects a higher degree of                
infiltration (24).  

In our study, the solid component ratio in the IAC 
group was significantly higher. The solid component 
ratio can be used as an important basis to identify 
MIA and IAC. This conclusion is basically consistent 
with most studies. The Japanese JCOG0201                      
prospective study showed that peripheral non-
invasive adenocarcinoma can be accurately predicted 
using CTR ≤ 25% and diameter ≤ 2 cm (25). Katsumata 
et al. found IAC was more likely when the solid              
proportion was ≥ 50% (26). Our study shows the              
nodule is more prone to be IAC when the solid ratio is 
≥ 20.96%. The cutoff differs from the other two         
studies, which may because the solid component  
ratio used in the other two studies is defined as            
maximum solid component diameter/maximum            
nodule diameter in the lung window. We used the 
solid component volume/nodule volume ratio to  

analyze pathological subtypes and found that these 
factors were independently related to higher rates of 
high-risk lung adenocarcinomas. The average CT           
value ≥ -242.92 HU and solid component ratio ≥ 
69.536% indicated nodules were more likely the high
-risk pathological type of lung adenocarcinoma. 
Zhang et al. pointed out that average CT value ≥                    
- 472.5 HU and solid component ratio ≥ 27.4% may 
indicate nonlepidic predominant invasive pulmonary 
adenocarcinoma in GGNs (27).  

Several researchers have examined the                      
relationship between morphology of solid                 
components and pathological subtypes in recent 
years. The differences between cutoff values may be 
due to the different groupings. Based on the present 
study, there is a significant discrepancy in the               
position of solid components between the three 
groups. When the low-risk and medium-risk groups 
are compared pairwise, the solid component position 
of the high-risk group differs significantly from those 
of the other two.. The proportions of solid                  
components growing centrally in the high- and low-
risk groups were similar (46.8% and 47.2%                  
respectively). The findings indicate that the                
proportion of solid components growing centrally in 
the medium risk group was significantly higher at 
67.2% compared to the other two groups, implying a 
higher likelihood of the papillary predominant  
pathological subtype in cases of invasive                      
adenocarcinoma with centrally growing solid                
components. This study highlights notable variations 
in the boundaries of solid components among the 
three groups. Pairwise analysis indicates a significant 
distinction in the solid component boundaries               
between the medium- and low-risk groups, but not in 
the high-risk group compared to the other two 
groups. The study does not establish a definitive            
correlation between the boundaries of solid                 
components and the pathological subtype, suggesting 
that further extensive research with a larger sample 
size is warranted. 

Pathologically confirmed single pulmonary              
nodules were included in this retrospective study, 
which cannot represent all nodules, and some              
selection bias was present. In light of the increased 
number of multiple nodules discovered and the             
development of various imaging analysis systems, 
this study may be less applicable in the future. Some 
data rely on human observation, and even with a  
unified measurement method, there may be certain 
bias. Moreover, clinical data are less included. In               
conclusion, despite the presence of limitations, our 
study conducted a thorough analysis of the                    
associations between imaging features and degree of 
infiltration with the pathological subtype of                 
ground-glass lung adenocarcinoma, thereby               
contributing significantly to the clinical assessment of 
pulmonary nodules.  

Gong and Huang / Predicting lung adenocarcinoma with CT imaging  917 
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CONCLUSION 
 

CT imaging features can indeed improve the             
diagnostic efficacy of ground glass nodules and have 
certain clinical value. Ground glass nodules refer to 
areas of hazy increased density on CT images, which 
may represent early lung cancer or other benign            
lesions. By carefully analyzing the size, shape,               
density, and other characteristics of these nodules on 
CT images, doctors can more accurately assess their 
likelihood of malignancy and make more informed 
diagnostic decisions. This can help identify                  
potentially malignant nodules early, allowing for 
timely treatment and improved patient outcomes. 
Therefore, CT imaging is an important tool in the           
diagnosis and management of ground glass nodules. 
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