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Background: This study aimed to systematically evaluate and compare the diagnostic value of bubble 
lucency, interface, lobulated margin and spiculation in distinguishing early invasive and preinvasive 
intrapulmonary ground-glass nodules (GGNs) using evidence-based meta-analysis methods. Dual low-
dose targeted perfusion computed tomography (CT) imaging is controversial in the diagnosis of invasive 
and preinvasive ground-glass nodules. Different studies have different views and opinions. Therefore, it 
is necessary to conduct a systematic review of this subject in the form of meta-analysis to guide clinical 
diagnosis and treatment.
Methods: PubMed, Web of Science, Cochrane library and Embase were searched for recent documentation 
on the diagnostic value of different signs in invasive and preinvasive pulmonary GGNs. CT imaging signs of 
bubble lucency, speculation, interface, lobulated margin, and spiculation were used as diagnostic references 
to discriminate pre‐invasive and invasive disease. The sensitivity, specificity, summary receiver operating 
characteristic (SROC) curves, and the area under the SROC curve (AUC) were calculated to evaluate 
diagnostic efficiency. 
Results: The diagnostic sensitivity and specificity using bubble lucency as a reference of invasive ground-
glass opacity (GGO) discrimination was 0.33 (0.24–0.44) and 0.74 (0.62–0.83) respectively. For interface, 
lobulated margin, and speculation, the diagnostic sensitivity were 0.30 (0.21–0.41), 0.49 (0.39–0.60) and 0.22 
(0.14–0.33); and the specificity were 0.83 (0.74–0.89), 0.66 (0.49–0.80) and 0.86 (0.67–0.95). The pooled 
ROC curve was drawn by sensitivity against 1-specificity using Stata version 15.0. The area under the ROC 
curve (AUC) values were 0.53, 0.60, 0.58, and 0.43 for bubble lucency, speculation, lobulated margin, and 
pleural indentation of GGO for discriminating pre‐invasive and invasive disease.
Conclusions: The diagnostic value of a single CT imaging sign of GGO, such as bubble lucency, 
speculation, interface, lobulated margin, and spiculation is limited for discriminating pre‐invasive and 
invasive disease because of low sensitivity, specificity, and AUC.
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Introduction

Lung cancer is a common malignant tumor that seriously 
affects a patient’s survival and quality of life. In recent 
years, lung squamous cell carcinoma incidence has 
gradually decreased, while adenocarcinoma incidence has 
gradually increased to become the most common type 
of lung cancer (1). Minimally invasive adenocarcinoma 
(MIA) and invasive adenocarcinoma (IA) are invasive 
lesions. Multiple studies have shown that the annual 
5-year survival rate of preinvasive lesions, i.e., atypical 
adenomatous hyperplasia (AAH) and adenocarcinoma 
in situ (AIS) in the new taxonomy, is close to 100% (2). 
According to their different components, GGNs can be 
divided into pure ground-glass nodules (pGGNs) and 
mixed ground-glass nodules (mGGNs). However, any 
lesion that causes increased density and thickening can be a 
GGN, so GGNs are a nonspecific sign of intrapulmonary 
disease. Desai et al. (3) reported that 18% of pGGNs and 
63% of mGGNs are malignant. A study conducted by 
Friese-Hamim et al. (4) showed that up to 59% of stable 
pGGNs evolve into AIS or MIA. Another study conducted 
by Taheri et al. (5) showed that approximately 75% of 
stable GGNs are bronchioloalveolar or adenocarcinomas, 
which was similar to the findings of the Takada et al.’s 
study (6). The diagnosis of lung cancer is made based on 
clinical manifestations, fiberoptic bronchoscopy, tumor 
markers, ordinary X-rays, and computed tomography (CT) 
examinations (7). However, the symptoms and signs of early 
lung cancer are not obvious, and most patients are already 
in the middle and advanced stages at diagnosis. Fiberoptic 
bronchoscopy and tumor markers are generally used for 
further examination of patients with suspected lung cancer 
(8,9). CT perfusion imaging is a new auxiliary examination 
method, which is different from dynamic scanning. It is a 
continuous CT scan of the related of interest (ROI) layer 
during rapid intravenous infusion of contrast agent, so as 
to obtain the time-density curve of ROI, and calculate the 
values of various perfusion parameters by using different 
mathematical models. In recent years, CT perfusion 
imaging has been gradually applied in lung cancer patients, 
which plays an important role in the diagnosis, treatment 
and staging of lung cancer.

In recent years, technological developments have led to 
the wide use of low-dose CT in early lung cancer screening 
(10,11), which has resulted in higher detection rates of 
intrapulmonary nodules, and especially of GGNs. Several 
imaging features, such as bubble lucency, speculation, 

interface, lobulated margin, and spiculation, were 
commonly used to predict pathology type. However, the 
discrimination power of CT imaging features to discern 
pre-invasive from invasive lesions is unclear. Therefore, it 
is necessary to conduct a systematic review of this subject 
in the form of meta-analysis to guide clinical diagnosis and 
treatment. We present the following article in accordance 
with the MOOSE reporting checklist (available at https://
tcr.amegroups.com/article/view/10.21037/tcr-22-790/rc). 

Methods

Retrieval policy

Two reviewers independently searched PubMed, Web of 
Science, Cochrane library and Embase for relevant studies. 
The search terms included: computed tomography, ground-
glass nodule, ground-glass opacity, atypical adenomatous 
hyperplasia, AIS, and MIA. References of the included 
studies were also screened to locate additional relevant 
publications.

Inclusion and exclusion criteria

The inclusion criteria were developed according to the 
inclusion criteria for diagnostic meta-analyses recommended 
by the Cochrane Collaboration Network in conjunction 
with the actual situation of the study. These criteria were as 
follows: (I) the included population were patients diagnosed 
with lung GGNs of less than 3 cm in diameter using high-
resolution CT images; (II) studies related to double low-
dose targeted perfusion CT imaging features to predict 
invasive and pre-invasive disease; (III) the original data 
could be extracted directly or indirectly.

The exclusion criteria were as follows: (I) literature that 
was unrelated to this study or contained duplicated data; 
(II) the diagnosis of invasive and preinvasive pulmonary 
GGNs was made using the old classification diagnostic 
terminology, such as bronchioloalveolar carcinoma; (III) 
literature with a grouping method that was inconsistent with 
this study; (IV) non-original research, animal experiments, 
review literature, abstracts, and lectures; (V) the original 
data could not be extracted.

Screening and data extraction

Two reviewers independently reviewed the full text of each 
included study. Disagreement was resolved by discussion 

https://tcr.amegroups.com/article/view/10.21037/tcr-22-790/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-790/rc
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Figure 1 Flow chart of literature retrieval. 
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or consultation with a third reviewer. The first author 
names, publication year, the country in which the study 
was performed. Sex and quantity, lesions located using CT 
imaging signs of bubble lucency, speculation, lobulated 
margin, and pleural indentation in pre-invasive and invasive 
ground-glass opacity (GGO) were also extracted. All data 
were cross-checked. 

Methodological quality assessment of the included studies

The quality of the literature was assessed using the 2011 
edition of the Quality Assessment of Diagnostic Accuracy 
Studies (QUADAS) tool recommended by the Cochrane 
Collaboration Network. The tool evaluated the following 
11 items: participant representativeness, rationality of the 
gold standard, time interval of the test, partial confirmation 
bias, different evidence bias, embedded bias, blinded gold 
standard assessment, blinded diagnostic assessment, clinical 
information, uncertain results, and loss to follow-up. Each 
item was evaluated as “yes”, “no”, or “unclear”, with an 
answer of “yes” receiving 1 point and an answer of “unclear” 
or “no” receiving 0 points. 

 Statistical analysis

Diagnostic sensitivity and specificity were calculated using 

the formulas: sensitivity = true positive/(true positive + false 
negative); and specificity = true negative/(true negative 
+ false positive). The area under the receiver operating 
characteristic (ROC) curve was used to evaluate the 
feasibility of CT imaging features for the diagnosis of pre-
invasive and invasive GGO. Publication bias was evaluated 
using Deek’s funnel plot and Egger’s line regression test. 
Two-tailed P values of <0.05 were considered statistically 
significant. All statistical analysis was performed using 
Stata version 15.0. I2<50% and P>0.1 between studies 
using fixed effect models and I2>50% and P<0.1 from 
chi-square analysis showed study heterogeneity. Meta-
analysis by random effects models and searched for possible 
heterogeneity by subgroup analysis source.

Results

Literature search and screening results

A total of 1,488 articles were retrieved, and 18 duplicate 
articles were excluded after reading the titles and abstracts. 
A further 123 conference abstracts, 1,215 unrelated studies, 
81 reviews, and 21 case reports were excluded. After reading 
the full text, 19 articles that did not meet the inclusion 
criteria were excluded. A total of 11 articles (12-22) that 
met the research criteria were finally included (Figure 1). 
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Table 1 General characteristics of included studies

First author, year Geographic location
Gender (male/female or total 

number)
Age (year), mean or mean ± SD

Zhu, 2022 (12) China 358/660 52.1±10.9

Xiong, 2021 (13) China 79/121 58.21±10.38

Jiang, 2021 (14) China 29 55.5

Liu, 2022 (15) China 70/153 50.3±13.0

Liang, 2015 (16) China 42/93 59.28±10.14

Yang, 2020 (17) China 192/449 62.7

Xue, 2018 (18) China 167/403 58.37±11.40

Zhao, 2019 (19) China 85/208 54.5±11.8

Meng, 2021 (20) China 150/359 54

Shi, 2021 (21) China 114/363 55

Zheng, 2022 (22) China 103/209 58

Basic features of the included studies

The basic features of the included studies are shown in 
Table 1. 

Quality evaluation of the included studies

The 11 included studies (12-22) were of relatively good 
overall quality (based on QUADAS-2 criteria) in Figure 2. 

Meta-analysis results

Pooled diagnostic sensitivity and specificity
The diagnostic sensitivity and specificity using bubble 
lucency as a reference of invasive GGO discrimination 
was 0.33 (0.24–0.44) and 0.74 (0.62–0.83) respectively. For 
interface, lobulated margin, and spiculation, the diagnostic 
sensitivity was 0.30 (0.21–0.41), 0.49 (0.39–0.60) and 0.22 
(0.14–0.33); and the specificity was 0.83 (0.74–0.89), 0.66 
(0.49–0.80) and 0.86 (0.67–0.95), as shown in Figure 3. 
Therefore, it can be inferred that in this study, we examined 
the results of previous studies on CT imaging features of 
GGO, and found that CT imaging features of GGO had 
low sensitivity and high specificity in distinguishing between 
preinvasive and invasive lesions.

Pooled receiver operating characteristic curves
The pooled ROC curve was drawn by sensitivity against 
1-specificity using Stata version 15.0. The area under the 

ROC curve (AUC) values were 0.53, 0.60, 0.58, and 0.43 
for bubble lucency, speculation, lobulated margin, and 
pleural indentation of GGO for discriminating pre-invasive 
and invasive disease. Forest plot of pooled sensitivity and 
specificity of lesions located using CT imaging signs of 
bubble lucency, SROC curves of lesions located using CT 
imaging signs of bubble lucency, interface, lobulated margin 
and spiculation in pre-invasive and invasive GGO is shown 
in Figure 4.

Publication analysis

Publication bias of GGO features in CT imaging to predict 
invasiveness was assessed by Deek’s funnel plot and Egger’s 
line regression test. No significant bias for bubble lucency 
(P=0.35), interface (P=0.59), lobulated margin (P=0.38), and 
spiculation (P=0.41) was observed (Figure 5).

Discussion

Adenocarcinoma is a malignant tumor that seriously affects 
a patient’s survival and quality of life (22). Invasive and 
preinvasive lung GGNs lack specific clinical signs and 
symptoms in the early stages, and most patients diagnosed 
with lung cancer are in the middle and advanced stages 
at the time of treatment (23). Early preinvasive and 
invasive pulmonary GGNs are adenocarcinomas that are 
smaller than 3 cm in diameter, with pathological types 
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Figure 2 Risk of bias of included studies. 

including AAH, AIS, and MIA. Invasive and preinvasive 
pulmonary nodules predominantly present as GGNs on 
high-resolution CT images. Histopathology shows that 
AAH is a proliferative foci of the lungs caused by atypical 
proliferation of alveolar cells on the alveolar or bronchial 
wall (24). Because the proliferating tumor cells only cause 
mild to moderate stenosis of bronchioles and the alveoli 
have not been completely tamponed by proliferating tumor 
cells, AAH typically presents as a pure glassy dense nodule. 
AIS tumor cells grow along the alveolar or bronchial wall. 
As the number of accumulation layers increases, severe 
narrowing or even occlusion of the bronchioles can occur, 
resulting in alveolar collapse. Therefore, some AIS may 
appear as GGNs on high-resolution CT. With the invasion 
of tumor cells in the interstitium, blood vessels and traction-
adjacent pleura can develop into MIA and IA. Unlike AIS, 
the solid components in MIA are mostly scar tissue, with 
only a small amount of alveolar collapse. Most of the solid 
components in IA are fibroblasts, and only a few are scar 
tissue or bronchovascular bundle structures (24). 

Recent research has focused on the relationship between 
CT signs of GGNs and different pathological processes. 
Since the publication of the International Multidisciplinary 
Classification of Lung Adenocarcinoma in 2011, scholars 

have conducted extensive research on intrapulmonary 
GGNs. However, the focus of each study is different, the 
inclusion criteria for GGNs and the grouping criteria for 
lesion types are not consistent, the evaluation of nodule 
imaging signs is subjective Therefore, the objective of this 
study was to systematically evaluate the quality of previous 
studies and to analyze the diagnostic value of the size, 
density, vacuole, burr, lobular, and pleural depression signs 
in early preinvasive and invasive intrapulmonary GGNs in 
high quality literature (25). Some studies have investigated 
other observational indicators, such as lesion volume, 
quality, and relationship with blood vessels or bronchi, 
etc. Although these studies reported high differential 
diagnostic significance, comparability is challenging due to 
small sample sizes and clinical practices that are difficult to 
measure, and so a systematic review of these indicators has 
yet to be carried out. 

The cause of this may be that the proportion of AAH 
included in the preinvasive lesions in this study was higher 
and the average diameter of the preinvasive lesions was 
therefore smaller than that of other studies, leading to the 
other studies displaying better homogeneity. A reason for 
this could be that the population of this study was European, 
while that of the other studies was Asian. In addition, the 
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Figure 3 Forest plot of pooled sensitivity and specificity of (A) bubble lucency, (B) interface, (C) lobulated margin and (D) spiculation.

measurement of nodules in different studies was influenced 
by subjective factors, such as the measurement method and 
the choice of the maximum measurement cross-section. 

In addition, there may be heterogeneity due to other 
factors, such as inconsistencies in GGN sweep parameters 

and reconstruction layer thickness between studies, 
resulting in varying degrees of partial volumetric effects, as 
studies have shown that the density of nodules is related to 
the thickness of the reconstructed layer. 

The analysis of vacuole, burr, lobular, and pleural 
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Figure 4 The SROC curves of characteristics including (A) bubble lucency, (B) speculation, (C) lobulated margin and (D) indentation. 
SROC, summary receiver operating characteristic; AUC, under the ROC curve. 

depression signs. Only pGGNs were included in these 
studies. The results of the meta-analysis showed that 
there were different degrees of heterogeneity between the 
studies, with threshold effects responsible for much of this 
heterogeneity. In other words, as the sensitivity increased, 
the specificity decreased, and vice versa. 

Studies have shown that the sign of the lesion reflects the 
different degrees of differentiation and growth rate of each 
part of the tumor. Therefore, understanding the biological 
behavior of the tumor can help evaluate the nature of the 
tumor. When the tumor cells grow along the alveolar 
wall, the surrounding air-containing lung tissue is pressed, 

causing alveolar or bronchiolar dilation, which to some 
extent reflects the high differentiation and slow growth rate 
of the lesion. The burr sign and pleural depression can be 
triggered by multiple factors. It is generally believed that 
the burr sign is formed by the spread and growth of tumor 
cells along the alveoli or lobular septum in all directions, 
or the proliferation of the surrounding connective tissue 
stimulated by tumor cells, or the formation of intracellular 
fibrosis and the contraction and stretching of tumors. 
Pleural depression may be due to scar contraction caused by 
collagen fiber hyperplasia in adenocarcinoma tissue, which 
is formed by pulling the free visceral pleura through the 
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Figure 5 Publication bias evaluated by Deek’s funnel plot for computed tomography features: (A) bubble lucency study, and regression 
line; (B) interface study, and regression line; (C) lobulated margin study, and regression line; (D) spiculation study, and regression line. ESS, 
Epworth Sleepiness Scale.

fiber scaffold structure of the lung. Therefore, burrs and 
pleural depression are related to the process of collagen 
fibrosis in the lesion, and many lesions in the lungs can 
appear as internal fibrosis. In addition, the occurrence of 
pleural depression is related to the nodule site; that is, the 
closer to the visceral pleura, the higher the incidence of 
pleural depression (26). There are different reports in the 
literature on the efficacy of burrs and pleural depression 
signs in the identification of preinvasive and invasive 
diseases. The results of this study suggested that their 
diagnostic value for adenocarcinoma is not high, and this is 
consistent with the results of this study. 

Meta-analysis is an evidence-based quantitative method 

for the systematic analysis and quantitative synthesis of 
multiple research results with the same purpose, which 
can effectively increase the sample size of the study, reduce 
random error, and improve the efficiency of test statistics. 
Nonetheless, the present study had a number of limitations. 
First, some imaging studies of GGN contain indicators 
such as volume, mass, two-dimensional ratio, and three-
dimensional ratio in addition to the above imaging signs, 
but due to the small quantity of literature after screening, 
a meta-analysis of these indicators could not be performed. 
Second, although there have been many studies on invasive 
and preinvasive pulmonary GGNs, the classification and 
grouping standards of nodules by size and composition in 
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the included studies was inconsistent. Third, the included 
studies were mostly from Asia, so it was not possible to 
conduct an analysis of multi-ethnic populations. Fourth, 
this study included only Chinese and English research and 
did not contain unpublished literature, so publication bias 
could not be excluded. Fifth, subgroup and meta-regression 
analyses were not performed for heterogeneous sources 
because of the small number of original studies included. 
Sixth, meta-analysis is a secondary analysis of existing data, 
and publication bias may occur in the process, which is an 
inherent limitation of meta-analysis. 

Conclusions

The diagnostic value of a CT imaging of GGO, such as 
bubble lucency, speculation, lobulated margin, or pleural 
indentation bubble lucency, interface, lobulated margin and 
spiculation is limited for discriminating pre-invasive and 
invasive disease because of low sensitivity and AUC but 
have high specificity. 
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