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The morphology of ground-glass nodule (GGN) under high-resolution computed tomography (HRCT) has 
been suggested to indicate different histological subtypes of lung adenocarcinoma (LUAD); however, 
existing studies only include the limited number of GGN characteristics, which lacks a systematic model for 
predicting invasive LUAD.  This study aimed to construct a predictive model based on GGN features under 
HRCT for LUAD.  A total of 1,189 surgical LUAD patients were enrolled, and their GGN-related features 
were assessed by 2 individual radiologists.  The pathological diagnosis of the invasive LUAD was 
established by pathologic examination following surgery (including 1,073 invasive and 526 non-invasive 
LUAD).  After adjustment by multivariate logistic regression, GGN diameter (OR = 1.382, 95% CI: 1.300-
1.469), mean CT attenuation (OR = 1.007, 95% CI: 1.006-1.009), heterogeneous uniformity of density (OR 
= 2.151, 95% CI: 1.587-2.915), not defined nodule-lung interface (OR = 1.915, 95% CI: 1.384-2.651), GGN 
with spiculation (OR = 2.097, 95% CI: 1.519-2.896), type I (OR = 1.678, 95% CI: 1.216-2.371), and type II 
(OR = 3.577, 95% CI: 1.153-11.097) vessel changes were independent risk factors for invasive LUAD.  In 
addition, a predictive model integrating these six independent GGN features was established (named as 
invasion of lung adenocarcinoma by GGN features (ILAG)), and receiver-operating characteristic curve 
illustrated that the ILAG model presented good predictive value for invasive LUAD (AUC: 0.905, 95% CI: 
0.890-0.919).  In conclusion, The ILAG predictive model, which integrates imaging features of GGN via 
HRCT, including diameter, mean CT attenuation, heterogeneous uniformity of density, not defined nodule-
lung interface, GGN with spiculation, type I, and type II vessel changes, shows great potential for early 
estimation of LUAD invasiveness.
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Introduction
Lung cancer is the most prevalent malignancy in 

Chinese population, among whose histological subtypes, 
lung adenocarcinoma (LUAD) accounts for 40% of all lung 
cancer cases (Adams et al. 2023; Lv et al. 2023; Sathish et 
al. 2024).  The pathological diagnosis divides lung adeno-

carcinoma into atypical adenomatous hyperplasia (AAH), 
adenocarcinoma in situ (AIS), minimally invasive adeno-
carcinoma (MIA), invasive adenocarcinoma (IAC), in 
which the former two are non-invasive and the latter two 
are invasive (Travis et al. 2011).  Clinically, the invasive-
ness of LUAD not only forecasts the prognosis but also 
instructs treatment, for instance, limited resection is pre-
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ferred for non-invasive cases to preserve lung function, and 
invasive cases require thorascopic wedge resection, seg-
mental or sub-segmental resection with intensive monitor-
ing (Mangiameli et al. 2022; Udelsman and Blasberg 2023).  
Currently, the determination of LUAD invasiveness relies 
on the histopathological diagnosis from the resected tumor 
tissues via surgery, however, the awaiting during operation 
is under high risk of losing the best treatment opportunity, 
in addition, the adverse reactions of surgery also worsen the 
prognosis (Ni et al. 2020; Godoy et al. 2022).  Therefore, a 
pre-operational determination of tumor invasiveness is nec-
essary for timely and appropriate treatment for lung adeno-
carcinoma.

Ground-glass nodule (GGN) refers to increased den-
sity and focal cloudy density shadows with clear vessels 
and bronchus by high resolution computed tomography 
(HRCT) imaging (Liang et al. 2024; Lung Cancer Medical 
Education Committee of the Chinese Medical Education et 
al. 2024; Wang et al. 2024).  The existence of GGN indi-
cates malignant progression risk of lesion in lung, and the 
morphology of GGN has been suggested to indicate differ-
ent histological subtypes of LUAD in some guidelines to 
assist subsequent management (Gould et al. 2013; Bai et al. 
2016; MacMahon et al. 2017).  In addition, the HRCT char-
acteristics of GGN has been studied to predict invasiveness 
of LUAD, for example, the shape, size, attenuation as well 
as proportion of solid components of GGN are correlated 
with the likelihood of invasive LUAD (Lee et al. 2013; Mei 
et al. 2018; Chu et al. 2020).  However, existing studies 
only include limited number of GGN characteristics, which 
lack comprehensiveness, and there also lack a systematic 
model for predicting invasive LUAD.  Therefore, we 
assessed the GGN features (including: location, distance 
from pleura, diameter, area, mean CT value, uniformity of 
density, shape, nodule-lung interface, spiculation, pleural 
indentation, air bronchogram, vacuole sign, vessel changes, 
and lobulation) via HRCT and established a predictive 
model named “invasion of lung adenocarcinoma (ILAG) by 
GGN features” for invasiveness of LUAD.

Methods
Patients

This retrospective study respectively analyzed the 
HRCT data of 1,189 LUAD patients with 1,599 HRCT-
confirmed pure-GGN or part-solid nodule, who underwent 
surgery in the Shanghai Chest Hospital between May 2020 
and November 2021.  The eligible patients satisfied follow-
ing inclusion criteria: (a) presence of GGN on HRCT 
images before surgery; (b) pathological diagnosis of LUAD 
including AAH, AIS, MIA, or IAC, which was in accor-
dance with the classification criteria proposed by World 
Health Organization (WHO) 2015 (Travis et al. 2015); (c) 
time interval between HRCT and surgery < 1 month; (d) 
HRCT features data were available.  Patients with one of 
the following conditions were not included in the analysis: 
(a) there were motion artifacts on HRCT images which 

could hamper accurate assessment; (b) there were diffuse 
lesions distributed around the GGN; (c) there was distant 
metastasis.  Ethics Committee of Shanghai Chest Hospital, 
Shanghai Jiao Tong University had given ethical approval 
for the study, and the included patients provided the written 
informed consents.

HRCT screening
A Philips iCT 256 scanner (Brilliance, Philips, USA) 

was used for generating the CT scans.  Initially, FOV of 
400 mm, section thickness and interval of 1.0 and 1.0 mm, 
and window setting with the level of –520 and width of 
1,450, respectively, were applied for the routine CT scans.  
To identify the specific lung nodules, the following parame-
ters were set for the target scans: 0.6-0.8 second scan time; 
matrix, 1,024 × 1,024; FOV, 140 mm; 120 kVp; and 250 
mA; window setting with the level of –520 and width of 
1,450.  The reconstruction algorithms for the routine and 
target HRCT scans were referred to the previous study 
(Zhang et al. 2016).

GGN features and definitions
HRCT imaging data were reviewed by 2 radiologists 

with more than 10 years of experience.  If the judgments of 
the two radiologists were different, then, a third investigator 
would be invited to make the final decision.  The following 
15 GGN-related features were collected (Shao et al. 2019): 
(a) Location: right upper lobe, right middle lobe, right 
lower lobe, left upper lobe, left lower lobe; (b) Distance 
from pleura: ≥ 2 mm or < 2 mm; (c) Diameter (by manu-
ally): the largest diameter of GGN; (d) Area (measured by 
MIDS-PNAS (version 1.3.0.1) (Beijing Deepwise Science 
and Technology Co., Ltd., China)): the largest area of GGN 
on axial CT images; (e) Mean CT value (measured by 
MIDS-PNAS (version 1.3.0.1) (Beijing Deepwise Science 
and Technology Co., Ltd., China): mean CT attenuation of 
GGN; (f) Uniformity of density: homogeneous or heteroge-
neous; (g) Shape: round/oval or Irregular; (h) Margin status: 
smooth or coarse; (i) Nodule-lung interface: well defined or 
not defined; (j) Spiculation: yes or no; (k) Pleural indenta-
tion: yes or no; (l) Air bronchogram: yes or no; (m) Vacuole 
sign: yes or no; (n) Vessel changes: no: without vessel 
change; type I: vessels crossing nodules; type II: distorted 
or dilated vessels detected within nodules; type III: lesion 
vessels were dilated and distorted or there was more com-
plicated vasculature than described in types I and II; (o) 
Lobulation: yes or no.  The specific GGN features were 
shown in the Supplementary Fig. S1A-J.

Pathological diagnosis and classification 
Pathological diagnosis was established by pathologic 

examination following surgery.  There were 63 AAH, 463 
AIS, 554 MIA, and 519 IAC among 1,599 LUAD in the 
study.  According to the 2015 WHO classification criteria of 
lung tumors (Travis et al. 2015), 1,599 LUAD were classi-
fied into two groups: non-invasive LUAD (n = 526) includ-
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ing AAH and AIS; invasive LUAD (n = 1,073) including 
MIA and IAC.

Statistical analysis 
Statistical analysis was carried out using SPSS 26.0 

software (IBM, Chicago, Illinois, USA), and graph drawing 
was completed suing GraphPad Prism 9.01 (GraphPad 
Software Inc., San Diego, California, USA).  Qualitative 
data were described as number with percentage [No. (%)], 
and quantitative data were described as mean with standard 
deviation (SD) or median with interquartile range (IQR) 
according to the normality determined by Kolmogorov-
Smirnov(K) test.  Comparison between two groups was 
determined by Chi-square test (or Fisher’s exact test), 
Student’s t test or Wilcoxon rank sum test.  Univariate and 
forward stepwise-multivariate logistic regression analysis 
was used to analyze factors associated with invasive LUAD 
(vs. non-invasive) and to construct ILAG predictive model.  
Receiver-operating characteristic (ROC) curve and the area 
under the ROC curve (AUC) were applied to evaluate the 
predictive performance of the ILAG model for invasive 
LUAD risk.  The nomogram was used to estimate the risk 
of invasive LUAD.  Statistical significance was set as P 
value less than 0.05.  

Results
Clinical characteristics and GGN features of LUAD 
patients

The total LUAD patients were at mean age of 55.2 ± 
12.1 years and 69.5%/30.5% of them were females/males 
(Supplementary Table S1).  The demographic characteris-
tics between non-invasive LUAD and invasive LUAD 
patients differed, with elder age (P < 0.001) and lower pro-
portion of females (P = 0.032) in invasive LUAD compared 
with non-invasive LUAD patients.  There were 526 non-
invasive and 1,073 invasive LUAD by pathological confir-
mation respectively.  Among the GGN features, only the 
GGN location was similar between invasive LUAD and 
non-invasive LUAD; while the distance from pleura was 
shorter, median diameter, area and mean CT attenuation 
was larger, heterogeneous density, irregular shape, coarse 
margin, not defined nodule-lung interface, spiculation, pleu-
ral indentation, air bronchogram, vacule sign, Type II and 
Type III vessel change and lobulation were more frequent 
in invasive LUAD compared with non-invasive LUAD (all 
P < 0.05).  The detailed GGN features were shown in Table 
1.  Besides, the representative radiological images of differ-
ent GGN features were shown in Supplementary Fig. S1.

GGN features contributing to invasive LUAD
GGN features are closely correlated with invasive 

LUAD.  GGN features including: distance from pleura (< 2 
mm vs. ≥ 2 mm), diameter, area, mean CT attenuation, uni-
formity of density (heterogeneous vs. homogeneous), shape 
(irregular vs. round or oval), margin status (coarse vs. 
smooth), nodule-lung interface (not defined vs. well 

defined), with spiculation (yes vs. no), with pleural indenta-
tion (yes vs. no), with air bronchogram (yes vs. no), with 
vacuole sign (yes vs. no), with vessel changes (type I and 
type II vs. no), with lobulation (yes vs. no) contributed to 
invasive LUAD (all P < 0.05) (Table 2).

Independent GGN features for invasive LUAD
All GGN features were included in multivariate logis-

tic regression model analysis.  Among the factors contribut-
ing to invasive LUAD, GGN diameter (P < 0.001), mean 
CT attenuation (P < 0.001), heterogeneous uniformity of 
density (P < 0.001), not defined nodule-lung interface (P < 
0.001), GGN with spiculation (P < 0.001), type I (P = 
0.002), and type II (P = 0.027) vessel changes were inde-
pendent risk factors for invasive LUAD (Table 3).

ILAG model for invasive LUAD risk
The predictive performances of six independent GGN 

features as well as the ILAG model integrating the six fea-
tures for invasive LUAD were assessed by ROC analysis.  
GGN diameter (AUC: 0.843, 95% CI: 0.824-0.863) (Fig. 
1A), GGN mean CT attenuation (AUC: 0.725, 95% CI: 
0.700-0.751) (Fig. 1B), GGN uniformity of density (AUC: 
0.749, 95% CI: 0.722-0.775) (Fig. 1C), nodule-lung inter-
face (AUC: 0.631, 95% CI: 0.601-0.661) (Fig. 1D), GGN 
with spiculation (AUC: 0.724, 95% CI: 0.698-0.750) (Fig. 
1E), GGN with vessel changes (AUC: 0.716, 95% CI: 
0.690-0.743) (Fig. 1F), were of relatively good value in 
telling invasive LUAD from non-invasive LUAD, and the 
ILAG model integrating the six independent GGN features 
presented even better predictive value in distinguishing 
invasive LUAD from non-invasive LUAD (AUC: 0.905, 
95% CI: 0.890-0.919) (Fig. 1G).  The detail equation for 
this predictive model was as follows: P = Exp [–1.098 + 
0.323 (GGN diameter) + 0.007 (GGN CT attenuation) + 
0.766 (GGN uniformity of density) + 0.650 (Nodule-lung 
interface) + 0.741 (GGN with spiculation) + 0.518 (GGN 
with Type I vessel changes) + 1.275 (GGN with Type II 
vessel changes) + 15.348 (GGN with Type III vessel 
changes)]/1 + Exp [‒1.098 + 0.323 (GGN diameter) + 0.007 
(GGN CT attenuation) + 0.766 (GGN uniformity of den-
sity) + 0.650 (Nodule-lung interface) + 0.741 (GGN with 
spiculation) + 0.518 (GGN with Type I vessel changes) + 
1.275 (GGN with Type II vessel changes) + 15.348 (GGN 
with Type III vessel changes)].  In addition, a nomogram 
model was also established for indicating the LUAD risk 
(Supplementary Fig. S2).

Subgroup analyses 
For subgroup analyses, in non-invasive LUAD sub-

types, most GGN features were similar; however, GGN 
diameter, area, well defined nodule-lung interface, type I, 
and type II vessel changes were higher in AIS compared 
with AAH (all P < 0.05) (Supplementary Table S2), 
whereas in invasive LUAD subtypes, most GGN features 
were different, but GGN location was similar between MIA 
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Table 1.  Clinical features of GGN in LUAD patients.

Items Total
(N = 1599)

Non-invasive 
LUAD

(n = 526)
Invasive LUAD

(n = 1073) P value

Pathological classification 
AAH, No. (%) 63 (3.9)   63 (12.0)   0 (0.0) -
AIS, No. (%) 463 (29.0) 463 (88.0)   0 (0.0) -
MIA, No. (%) 554 (34.6)   0 (0.0) 554 (51.6) -
IAC, No. (%) 519 (32.5)   0 (0.0) 519 (48.4) -
GGN features
Location, No. (%) 0.591

Right upper lobe 547 (34.2) 180 (34.2) 367 (34.2)
Right lower lobe 297 (18.6) 107 (20.3) 190 (17.7)
Right middle lobe 151 (9.4) 52 (9.9) 99 (9.2)
Left upper lobe 410 (25.6) 124 (23.6) 286 (26.7)
Left lower lobe 194 (12.1)   63 (12.0) 131 (12.2)

Distance from pleura, No. (%) < 0.001
≥ 2 mm 942 (58.9) 356 (67.7) 586 (54.6)
< 2 mm 657 (41.1) 170 (32.3) 487 (45.4)

Diameter (mm), median (IQR) 9.8 (7.3-13.5)    7.0 (5.8-8.7) 11.6 (8.9-15.6) < 0.001
Area (mm2), median (IQR) 59.9 (35.5-108.7)      34.4 (23.5-49.2) 83.9 (50.9-140.9) < 0.001
Mean CT attenuation (HU), mean ± SD –573.2 ± 122.6 –635.2 ± 101.2 –542.8 ± 120.8 < 0.001
Uniformity of density, No. (%) < 0.001

Homogeneous 561 (35.1) 360 (68.4) 201 (18.7)
Heterogeneous 1038 (64.9) 166 (31.6) 872 (81.3)

Shape, No. (%) < 0.001
Round or oval 591 (37.0) 301 (57.2) 290 (27.0)
Irregular 1008 (63.0) 225 (42.8) 783 (73.0)

Margin status, No. (%) < 0.001
Smooth 382 (23.9) 228 (43.3) 154 (14.4)
Coarse 1217 (76.1) 298 (56.7) 919 (85.6)

Nodule-lung interface, No. (%) < 0.001
Well defined 466 (29.1) 246 (46.8) 220 (20.5)
Not defined 1133 (70.9) 280 (53.2) 853 (79.5)

Spiculation, No. (%) < 0.001
No 811 (50.7) 425 (80.8) 687 (64.0)
Yes 788 (49.3) 101 (19.2) 386 (36.0)

Pleural indentation, No. (%) < 0.001
No 1212 (75.8) 476 (90.5) 736 (68.6)
Yes 387 (24.2) 50 (9.5) 337 (31.4)

Air bronchogram, No. (%) < 0.001
No 1495 (93.5) 518 (98.5) 977 (91.1)
Yes 104 (6.5)   8 (1.5) 96 (8.9)

Vacuole sign, No. (%) < 0.001
No 1320 (82.6) 480 (91.3) 840 (78.3)
Yes 279 (17.4) 46 (8.7) 233 (21.7)

Vessel changes, No. (%) < 0.001
No 429 (26.8) 272 (51.7) 157 (14.6)
Type I 1009 (63.1) 249 (47.3) 760 (70.8)
Type II 156 (9.8)   5 (1.0) 151 (14.1)
Type III   5 (0.3)   0 (0.0)   5 (0.5)

Lobulation, No. (%) < 0.001
No 1306 (81.7) 486 (92.4) 820 (76.4)
Yes 293 (18.3) 40 (7.6) 253 (23.6)

Comparison was determinized by Student’s t test, Chi-square test, Fisher’s exact test, or Wilcoxon rank sum test. LUAD, lung 
adenocarcinoma; AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarci-
noma; IAC, invasive adenocarcinoma; GGN, ground glass nodule; IQR, interquartile range; CT, computerized tomography; SD, 
standard deviation.
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Table 2.  Factors related to invasive LUAD.

Items

Univariate logistic regression model

P value OR
95%CI

Lower Higher 

GGN Location
Right upper lobe Reference - - -
Right lower lobe    0.361 0.871 0.647 1.172
Right middle lobe    0.724 0.934 0.638 1.366
Left upper lobe    0.381 1.131 0.858 1.491
Left lower lobe    0.912 1.020 0.719 1.446

GGN distance from pleura (< 2 mm vs. ≥ 2 mm) < 0.001 1.740 1.398 2.166
GGN diameter < 0.001 1.558 1.480 1.639
GGN area < 0.001 1.038 1.033 1.043
GGN mean CT attenuation < 0.001 1.008 1.006 1.009
GGN uniformity of density (heterogeneous vs. homogeneous) < 0.001 9.408 7.405 11.954
GGN shape (irregular vs. round or oval) < 0.001 3.612 2.901 4.497
GGN margin status (coarse vs. smooth) < 0.001 4.566 3.582 5.819
Nodule-lung interface (not defined vs. well defined) < 0.001 3.406 2.716 4.272
GGN with spiculation (yes vs. no) < 0.001 7.489 5.831 9.619
GGN with pleural indentation (yes vs. no) < 0.001 4.359 3.170 5.995
GGN with air bronchogram (yes vs. no) < 0.001 6.362 3.069 13.190
GGN with vacuole sign (yes vs. no) < 0.001 2.894 2.069 4.048
GGN with vessel changes

No Reference - - -
Type I < 0.001 5.288 4.147 6.743
Type II < 0.001 52.321 21.012 130.284
Type III    0.999 - - -

GGN with lobulation (yes vs. no) < 0.001 3.749 2.637 5.330

LUAD, lung adenocarcinoma; OR, odds ratio; CI, confidence interval; GGN, ground glass nodule; CT, computerized tomography.

Table 3.  Independent predictors for invasive LUAD.

Items

Multivariate logistic regression model

P value OR
95%CI

Lower Higher

GGN diameter < 0.001 1.382 1.300 1.469
GGN mean CT attenuation < 0.001 1.007 1.006 1.009
GGN uniformity of density (heterogeneous vs. homogeneous) < 0.001 2.151 1.587 2.915
Nodule-lung interface (not defined vs. well defined) < 0.001 1.915 1.384 2.651
GGN with spiculation (yes vs. no) < 0.001 2.097 1.519 2.896
GGN with vessel changes

No Reference - - -
Type I 0.002 1.678 1.216 2.317
Type II 0.027 3.577 1.153 11.097
Type III 0.999 - - -

LUAD, lung adenocarcinoma; OR, odds ratio; CI, confidence interval; GGN, ground glass nodule; CT, computerized tomography.  The 
invasion of lung adenocarcinoma by GGN features (ILAG) predictive model was described as follow: P=Exp [-1.098+0.323 (GGN 
diameter) + 0.007 (GGN CT attenuation) + 0.766 (GGN uniformity of density) + 0.650 (Nodule-lung interface) + 0.741 (GGN with 
spiculation) + 0.518 (GGN with Type I vessel changes) + 1.275 (GGN with Type II vessel changes) + 15.348 (GGN with Type III 
vessel changes)]/1 + Exp [-1.098+0.323 (GGN diameter) + 0.007 (GGN CT attenuation) + 0.766 (GGN uniformity of density) + 0.650 
(Nodule-lung interface) + 0.741 (GGN with spiculation) + 0.518 (GGN with Type I vessel changes) + 1.275 (GGN with Type II vessel 
changes) + 15.348 (GGN with Type III vessel changes)].
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and IAC (Supplementary Table S2).

Discussion 
LUAD is a rapidly fatal tumor with poor overall sur-

vival, and researches suggest that although there are multi-
ple prognostic factors for LUAD, such as age, history of 
smoking and pathological grades, the most determinant fac-
tor for LUAD survival is the tumor invasiveness (Lee et al. 
2013).  The characteristics of GGN are shown to be indica-
tive for the malignancy of the lesion, whereas for the corre-
lation of GGN characteristics with the invasiveness of 
LUAD, only key characteristics of GGN have been studied.  
For instance, a study investigating the association of GGN 
and LUAD invasion reveals that the diameter and volume 
of nodule is strongly correlated with the invasiveness of 
LUAD (Wang et al. 2017).  Other features such as mean CT 
attenuations, lesion borders (smooth or notched) and shape 
(round or oval) are reported to differentiate MIA from non-
invasive subtypes (Wang et al. 2017).  Although these GGN 
features are indicative for invasiveness of LUAD, there 
lacks a comprehensive screening of GGN features by 
HRCT, or the available studies focus on the features of a 
group of GGN rather than all susceptible GGNs.  Therefore, 
in the present study, we comprehensively screened for the 
characteristics of GGN by HRCT in LUAD patients, and 
assessed the predictive value of these characteristics for 
LUAD invasiveness, aiming to construct a predictive model 
to accurately forecast the invasiveness of LUAD.  From 
univariate logistic regression model, GGN features includ-
ing distance from pleura (< 2 mm vs. ≥ 2 mm), diameter, 
area, mean CT attenuation, uniformity of density (heteroge-

neous vs. homogeneous), shape (irregular vs. round or 
oval), margin status (coarse vs. smooth), nodule-lung inter-
face (not defined vs. well defined), with spiculation (yes vs. 
no), with pleural indentation (yes vs. no), with air broncho-
gram (yes vs. no), with vacuole sign (yes vs. no), with ves-
sel changes (type I and type II vs. no), with lobulation (yes 
vs. no) were risk factors for invasive LUAD.  Some of the 
features such as diameter and mean CT attenuation were 
consistent with the previous findings.  This finding could be 
explained as follows: These GGNs with nearer distance 
from pleura, larger size, higher mean CT attenuation, het-
erogeneous uniformity of density, irregular shape, coarse 
margin status, not defined nodule-lung interface, spicula-
tion, pleural indentation, air bronchogram, vacuole sign, 
vessel changes, lobulation might stand for the worse differ-
entiation of lung cancer cells, therefore they contributed to 
invasive LUAD.

Although the predictive value of GGN features on 
invasive LUAD are shown, there still lack a systematic 
model/criterion that integrates the contribution of key GGN 
features for invasive LUAD prediction.  Thus, as a step fur-
ther, we conducted multivariate logistic regression analysis 
and disclosed six GGN features that independently contrib-
uted to invasive LUAD, which were GGN diameter, GGN 
mean CT attenuation, GGN uniformity of density, nodule-
lung interface, GGN with spiculation, GGN with vessel 
changes.  In addition, we constructed the systemic predic-
tive model containing these six independent predictors 
(namely the ILAG predictive model) for determining inva-
sive LUAD.  The predictive value of these independent fac-
tors were shown to be relatively good as assessed by ROC 

Fig. 1.  The performance of ILAG model in distinguishing invasive LUAD from non-invasive LUAD.
	 The predictive values of GGN diameter (A), GGN mean CT attenuation (B), GGN uniformity of density (C), nodule-

lung interface (D), GGN with spiculation (E), GGN with vessel changes (F), and the combination of these six indepen-
dent GGN features (G) for invasive LUAD.  LUAD, lung adenocarcinoma; GGN, ground-glass nodules; CT, computed 
tomography; AUC, area under curve; CI, confidence interval.
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curve analysis, and the ILAG predictive model was illus-
trated to have excellent predictive value for invasive 
LUAD.  Individually, the size of a nodule has been exten-
sively reported to correlate with the invasiveness of LUAD, 
similarly, in our study, GGN diameter yielded an AUC 
value of 0.843 in distinguishing invasive LUAD from non-
invasive LUAD (Lim et al. 2013).  Besides, evidence shows 
that CT attenuation is negatively associated with retained 
air space that is increased in non-invasive tumors, therefore, 
higher CT attenuation correlates with invasive LUAD (Yang 
et al. 2001).  As for the nodule density, homogenous and 
low density tends to indicate non-solid GGN, which are less 
invasive (Kitami et al. 2016), thus, the heterogeneous uni-
formity of density that are more likely to be solid, is corre-
lated with invasive LUAD.  Collectively, ILAG predictive 
model had better predictive value compared with the indi-
vidual independent GGN features (presented by the higher 
AUC value), this was in accordance with one previous 
study that the combination of size and CT attenuation of 
GGN presented higher AUC compared with that of the indi-
viduals for predicting invasive LUAD (Eguchi et al. 2014).  
This indicated that ILAG predictive model might be a valu-
able predictive tool for invasive LUAD, and therefore 
assisting with LUAD management.

The limitations of this study included: (1) Only surgi-
cal LUAD patients were included, which might cause bias. 
(2) The assessment of GGN by different radiologists might 
vary, thus a uniformed criterion should be established if the 
ILAG predictive model was to be used in large scale. (3) 
The lack of a validation set was the main limitation of this 
study, which should be verified in further study.

In conclusion, the ILAG predictive model integrating 
GGN diameter, GGN mean CT attenuation, GGN unifor-
mity of density, nodule-lung interface, GGN with spicula-
tion, GGN with vessel changes by HRCT is potentially a 
useful approach for early estimation of LUAD invasiveness.  
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