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Abstract 

Background: Previous studies confirmed that ground‑glass nodules (GGNs) with certain CT manifestations had a 
higher probability of malignancy. However, differentiating patchy ground‑glass opacities (GGOs) and GGNs has not 
been discussed solely. This study aimed to investigate the differences between the CT features of benign and malig‑
nant patchy GGOs to improve the differential diagnosis.

Methods: From January 2016 to September 2021, 226 patients with 247 patchy GGOs (103 benign and 144 malig‑
nant) confirmed by postoperative pathological examination or follow‑up were retrospectively enrolled. Their clinical 
and CT data were reviewed, and their CT features were compared. A binary logistic regression analysis was performed 
to reveal the predictors of malignancy.

Results: Compared to patients with benign patchy GGOs, malignant cases were older (P <  0.001), had a lower 
incidence of malignant tumor history (P = 0.003), and more commonly occurred in females (P = 0.012). Based on CT 
images, there were significant differences in the location, distribution, density pattern, internal bronchial changes, 
and boundary between malignant and benign GGOs (P <  0.05). The binary logistic regression analysis revealed that 
the independent predictors of malignant GGOs were the following: patient age ≥ 58 years [odds ratio (OR), 2.175; 95% 
confidence interval (CI), 1.135–6.496; P = 0.025], locating in the upper lobe (OR, 5.481; 95%CI, 2.027–14.818; P = 0.001), 
distributing along the bronchovascular bundles (OR, 12.770; 95%CI, 4.062–40.145; P < 0.001), centrally distributed solid 
component (OR, 3.024; 95%CI, 1.124–8.133; P = 0.028), and well‑defined boundary (OR, 5.094; 95%CI, 2.079–12.482; 
P < 0.001).

Conclusions: In older patients (≥58 years), well‑defined patchy GGOs with centric solid component, locating in the 
upper lobe, and distributing along the bronchovascular bundles should be highly suspected as malignancy.
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Background
With the advancements in computed tomography (CT) 
and the initiation of CT screening for lung cancer, pul-
monary nodules, particularly those with ground-glass 

opacities (GGOs), are now frequently detected [1–6]. 
GGOs are defined as areas with a slight homogeneous 
increase in density that does not obscure the underlying 
bronchial structures or vascular margins on high-res-
olution CT (HRCT) [7]. Based on the presence of solid 
components, GGOs can be further divided into mixed 
ground-glass opacities (mGGOs) and pure ground-
glass opacities (pGGOs) [8, 9]. The nature of GGOs is 
diverse; it may be caused by benign disorders (pulmonary 
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interstitial thickening, edema, fibrosis, partial alveolar 
collapse, normal breathing state, increased blood volume 
of capillaries from the incompletely filled alveolar cavity, 
or inflammation) or pulmonary adenocarcinoma [2, 7, 
10–13]. Thus, the differential diagnosis of GGOs is fre-
quently required in clinical practice.

GGOs usually manifest as round, oval, or irregular 
nodules (ground-glass nodules, GGNs) or patches 
on CT images. The differentiation of malignant and 
benign GGNs has been the focus of radiological stud-
ies [9, 14–20]. Previous studies confirmed that GGNs 
with certain CT manifestations, such as larger size, 
higher density, lobulation, spiculation, pleural inden-
tation, vacuole sign, well-defined border, or vascular 
convergence, had a higher probability of malignancy 
[14, 16–18, 20]. Similar to GGNs, patchy GGOs may 
also be benign or malignant. Moreover, pulmonary 
inflammation frequently appears as patchy opaci-
ties; thus, neoplastic GGOs may be misdiagnosed as 
inflammation, and the optimal curative opportunity 
is missed. Therefore, distinguishing benign patchy 
GGOs from malignant ones is of great significance. 

However, until now, differentiating these two kinds of 
lesions has not been discussed solely [5, 6, 8, 9, 19, 
21, 22].

In view of the lack of experience in differentiating 
benign from malignant patchy GGOs and the possible 
different CT manifestations of patchy GGOs and GGNs, 
this study aimed to investigate the clinical and CT char-
acteristics of patchy GGOs and clarify the distinct CT 
features of benign and malignant ones to improve their 
diagnosis and differential diagnosis.

Methods
Study design and patient enrollment
From January 2016 to September 2021, patients with 
patchy GGOs confirmed by postoperative pathologi-
cal examination or follow-up (lesions that decreased 
significantly in size or disappeared on repeated CT 
images) were enrolled. Patchy GGOs were defined as 
GGOs without a specific shape (round or oval) and 
cannot be described as nodules or mass. The inclusion 
criteria were as follows: patients with patchy GGOs 
and patients with complete clinical and imaging data. 

Fig. 1 Distribution of GGOs in relation to the bronchovascular bundles. a type I, the lesion surrounds the bronchi and blood vessels, and its long 
axis is consistent with their direction. b type II, the lesion surrounds the bronchi and blood vessels, but its long axis crosses them. c type III, the 
lesion is located among the bronchovascular bundles, the surrounding bronchi and blood vessels may be partly involved or not. d type IV, the 
lesion is mainly located in the subpleural zone. GGOs, ground‑glass opacities
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The exclusion criteria were as follows: CT images with 
a thickness > 1 mm and CT images with severe arti-
facts affecting the evaluation. Finally, 139 patients with 
144 malignant GGOs and 87 patients with 103 benign 
GGOs were included in this study.

Ethics approval and consent to participate
This study conformed to the Declaration of Helsinki on 
Human Research Ethics standards and was approved by 
the institutional review board of the First Affiliated Hos-
pital of Chongqing Medical University (number 2019–
062). The need for written, informed consent was waived 
by the institutional review board of the First Affiliated 
Hospital of Chongqing Medical University because of the 
retrospective design.

CT examinations
CT imaging was performed using one of the following 
scanners: SOMATOM Perspective (Siemens Health-
ineers, Erlangen, Germany), SOMATOM Definition 
Flash (Siemens Healthineers, Erlangen, Germany), or 
Discovery CT750 HD (GE Healthcare, Milwaukee, WI, 
USA). The patients were placed in a supine position with 
their arms lifted upward and the head closed to the scan-
ner. CT scans were performed at the end of inspiration 
during a single breath-hold. The scan range was from 
the tip to the base of the lungs, including the bilateral 
chest wall and axillae. The scanning parameters were as 
follows: tube voltage, 110–130 kVp; tube current time, 

50–140 mA (using automatic current modulation tech-
nology); scanning slice thickness, 5 mm; rotation time, 
0.5 s; pitch, 1–1.1; collimation, 0.6 or 0.625 mm; recon-
struction slice thickness and interval, 0.625 or 1 mm; and 
matrix, 512 × 512. All images were reconstructed with 
0.625 or 1 mm slice thickness using a standard algorithm 
or medium-sharp algorithm.

Clinical data
The patients’ clinical data were recorded using the Elec-
tronic Medical Record System (Winning Health, China). 
Clinical data, including the patients’ age, sex, smoking 
history, history of cancer, family history of lung cancer, 
and respiratory symptoms (cough, expectoration, chest 
distress, chest pain, and hemoptysis), were recorded.

Image analysis
All CT images were viewed in lung and mediastinal win-
dow settings. Multiplanar reconstructions (MPRs) were 
performed to display the morphological features of the 
lesions. The CT images of all patients were reviewed 
by two radiologists (with 20 and 15 years of experience 

Table 1 Comparison of the patients’ clinical characteristics

Data are expressed as number (percentage) or mean ± standard deviation

GGOs ground-glass opacities

Clinical features Patients with 
malignant GGOs 
(n = 139)

Patients with 
benign GGOs 
(n = 87)

P Value

Age (years) 61.5 ± 9.5 52.6 ± 12.7 <  0.001

Gender

 Female 83 (59.7) 37 (42.5) 0.012

 Male 56 (40.3) 50 (57.5)

Smoking history

 Yes 42 (30.2) 27 (31.0) 0.897

 No 97 (69.8) 60 (69.0)

History of malignant tumor

 Yes 9 (6.5) 17 (19.5) 0.003

 No 130 (93.5) 70 (80.5)

Family history of lung cancer

 Yes 11 (7.9) 1 (1.1) 0.057

 No 128 (92.1) 86 (98.9)

Respiratory symptoms

 Yes 34 (24.5) 14 (16.1) 0.134

 No 105 (75.5) 73 (83.9)

Table 2 Comparison of CT features of malignant and benign GGOs

Data are expressed as number (percentage) or mean ± standard deviation

CT computed tomography, GGOs ground-glass opacities, pGGO pure ground-
glass opacity, mGGO mixed ground-glass opacity

CT features Malignant GGOs
(n = 144)

Benign GGOs
(n = 103)

P Value

Diameter (mm) 20.3 ± 7.6 21.1 ± 11.6 0.428

Location

 Upper lobe 115 (79.9) 53 (51.5) < 0.001

 Middle lobe 6 (4.2) 4 (3.9)

 Lower lobe 23 (16.0) 46 (44.7)

Density pattern

 pGGO 22 (15.3) 53 (51.5) < 0.001

 mGGO with 
centric solid com‑
ponent

89 (61.8) 27 (26.2)

 mGGO with 
scattered solid 
component

33 (22.9) 23 (22.3)

Boundary

 Well‑defined 96 (66.7) 29 (28.2) < 0.001

 Ill‑defined 48 (33.3) 74 (71.8)

Internal dilated bronchus

 Yes 89 (61.8) 13 (12.6) < 0.001

 No 55 (38.2) 90 (87.4)

Distribution in relation to bronchovascular bundles

 Type I 122 (84.7) 18 (17.5) < 0.001

 Type II 2 (1.4) 25 (24.3)

 Type III 8 (5.6) 25 (24.3)

 Type IV 12 (8.3) 35 (34.0)
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in chest CT) who were blinded to the clinical data and 
results. Any disagreements during review were resolved 
by consensus.

The overall CT features of each patchy GGO were ana-
lyzed: (a) size (the mean of the longest diameter and per-
pendicular diameter on MPR images), (b) density pattern 
(pGGO, mGGO with centrally distributed solid com-
ponent, and mGGO with scattered solid component), 
(c) location (upper lobe, middle lobe, or lower lobe), (d) 
boundary (well-defined or ill-defined), (e) dilated inter-
nal bronchus (yes or no), and (f ) distribution in relation 
to the bronchovascular bundles. The lesion distribution 
in relation to the bronchovascular bundles was classified 
into four types based on MPR images: type I, the lesion 
distributed along the bronchovascular bundles; type II, 
the lesion crossed the bronchovascular bundles; type III, 
the lesion distributed among the bronchovascular bun-
dles; type IV, the lesion distributed in the subpleural zone 
(Fig. 1). If the lesion mainly involved the subpleural lung 
tissue, it was classified as type IV regardless of the pres-
ence of surrounding peripheral vessels. An ill-defined 
boundary was considered when the lesion’s periphery 
faded out into the adjacent normal lung parenchyma and 
the junction between the lesion and surrounding lung 

parenchyma could not be clearly defined. If the diameter 
of the bronchus within the lesions was equal or larger to 
that of the normal proximal segment, it was considered 
dilated.

Statistical analysis
Statistical analysis was performed using SPSS soft-
ware (version 24, IBM Corp., Armonk, NY). Continu-
ous data (patients’ age, lesion size) are expressed as 
mean ± standard deviation, whereas categorical vari-
ables are presented as numbers and percentages. Sha-
piro-Wilk test was used to determine if the variables 
followed a normal distribution. Continuous data were 
analyzed using Mann-Whitney U test (patients’ age, 
lesion size). Categorical data were analyzed using Pear-
son’ s χ2 test (patients’ sex, smoking history, history of 
cancer, family history of lung cancer, respiratory symp-
toms, density pattern, boundary, internal bronchial 
changes, and distribution in relation to the broncho-
vascular bundles) or Fisher’s exact test (lesion location). 
Statistical significance was accepted at P <  0.05.

For variables with statistical significance, a binary 
logistic regression analysis was applied to estimate the 
likelihood of malignancy; P ≤ 0.05 was considered as 

Fig. 2 A 67‑year‑old female with invasive adenocarcinoma. a A well‑defined patchy mGGO locates in the left upper lobe. The irregular solid 
component (red arrow) is surrounded by GGO. Coronal (b) and sagittal (c) images show that the lesion surrounds the bronchi and blood vessels, 
and its long axis is consistent with their direction. The lumen of internal bronchi is dilated. d VR image shows that the lesion distributes along the 
blood vessels. GGO, ground‑glass opacity; mGGO, mixed ground‑glass opacity; VR, volume rendering
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the criteria for variable inclusion. The patients’ age was 
dichotomized at a cut-off value of 58 years, which was 
determined by receiver operator characteristics curve 
analysis (ROC). ROC analysis was also conducted for 
a binary logistic regression model. The optimal cut-
off values were determined as the point closest to the 
upper left-hand corner of the ROC curve.

Results
Patients’ clinical characteristics
The patients’ clinical data are summarized in Table 1. 
Patients with malignant GGOs (61.5 ± 9.5 years) were 
older than those with benign ones (52.6 ± 12.7 years, 
P <   0.001). Female (59.7% vs. 42.5%, P = 0.012) and 
individuals without malignant tumor history (93.5% 
vs. 80.5%, P = 0.003) were more common in patients 
with malignant GGOs than in those with benign ones.

CT features of benign and malignant patchy GGOs
The CT findings of benign and malignant patchy GGOs 
are shown in Table 2. There were significant differences 
in the size of atypical adenomatous hyperplasia (AAH)- 
adenocarcinoma in situ (AIS) group, minimally invasive 
adenocarcinoma (MIA) group, and invasive adenocar-
cinomas (IAC) group (P <   0.001). Compared with the 
AAH-AIS group and MIA group, the GGOs in the IAC 
group were larger (22.6 ± 7.7 mm vs. 13.1 ± 3.3 mm, 
P <   0.001; 22.6 ± 7.7 mm vs. 15.8 ± 4.4 mm, P <   0.001). 
Compared with benign GGOs, malignant GGOs were 
more located in the upper lobe (P <  0.001) and distrib-
uted along the bronchovascular bundles (P < 0.001). 
With respect to lesions, more malignant GGOs had 
centric solid component (P < 0.001), dilated inter-
nal bronchus (P < 0.001), and well-defined boundary 
(P < 0.001).

Fig. 3 A 56‑year‑old male with benign patchy GGO. a A well‑defined patchy pGGO locates in the right upper lobe. Axial (a) and sagittal (b) images 
show that the lesion surrounds the blood vessels, but its long axis crosses them. The dilated internal bronchus is not seen. c VR image shows that 
the lesion crosses the blood vessels. d The lesion disappears after 10 months. GGO, ground‑glass opacity; pGGO, pure ground‑glass opacity; VR, 
volume rendering
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Binary logistic regression analysis and ROC analysis
Binary logistic regression analysis revealed that the 
patients’ age ≥ 58 years [odds ratio (OR), 2.175; 95% 
confidence interval (CI), 1.135–6.496; P = 0.025], loca-
tion in the upper lobe (OR, 5.481; 95%CI, 2.027–14.818; 
P = 0.001), distribution along bronchovascular bundles 
(OR, 12.770; 95%CI, 4.062–40.145; P < 0.001), centrally 
distributed solid component (OR, 3.024; 95%CI, 1.124–
8.133; P = 0.028), and well-defined boundary (OR, 
5.094; 95%CI, 2.079–12.482; P < 0.001) were independ-
ent predictors of malignant GGOs (Figs. 2, 3, 4 and 5).

ROC analysis was performed to evaluate the perfor-
mance of the binary logistic regression models in dis-
criminating benign GGOs from malignant ones. The 
area under the ROC curve was 0.942 (95%CI, 0.915–
0.968; P < 0.001), and the sensitivity and specificity of 
this model were 83.3 and 91.3%, respectively (Fig. 6).

Discussion
In comparison with previous studies, there are simi-
larities and differences in the CT findings of benign and 
malignant patchy GGOs and GGNs. In the present study, 
patients with benign and malignant patchy GGOs dif-
fered in age, gender, and history of cancer, and the lesions 
were also different in their CT findings. Specifically, it 
was found that patients with malignant GGOs were more 
likely to be older, female, have a lower incidence of malig-
nant tumor history; lesions located in the upper lobe and 
distributed along the bronchovascular bundles, lesions 
with centric solid component, dilated internal bron-
chus, and lesions with well-defined boundary were more 
closely associated with malignant patchy GGOs.

Numerous studies discovered that being female and old 
were significantly associated with malignant pulmonary 
nodules, especially those who presented with GGNs [9, 

Fig. 4 A 55‑year‑old male with benign patchy GGO. Axial (a) and oblique coronal (b) images show that an ill‑defined patchy mGGO with eccentric 
solid component (red arrow head) locates in the right upper lobe. The adjacent blood vessels (red arrows) are partly involved. Sagittal (c) image 
shows that the lesion does not surround the bronchi or blood vessels. d VR image shows that the lesion is located among the blood vessels (white 
arrows). GGO, ground‑glass opacity; mGGO, mixed ground‑glass opacity; VR, volume rendering
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23–29]. In this study, malignant GGOs were also more 
frequently found in old and female patients. A heavy 
smoking history was a key factor for risk assessment 
in lung cancer screening criteria [30]. A previous study 
reported that a higher smoking index was associated with 
malignant GGNs [31]. However, in this study, no differ-
ence in smoking history was found between patients with 
benign and malignant GGOs. It is slightly surprising that 
the incidence of a malignant tumor history was higher in 
benign GGOs, possibly due to the reduced immunity of 
patients with tumors, making them more susceptible to 
pulmonary infections.

Previous studies found that the lesion size was a good 
indicator of malignant GGNs or invasiveness [1, 19, 20, 
23, 31–33]. Smaller nodules are commonly benign, while 
larger ones tend to be malignant [1, 19, 23, 31]. With an 
increasing size, the invasiveness of lung adenocarcinoma 

with GGN also increased accordingly; the GGN size 
could help differentiate pre-invasive from invasive lesions 
[20, 23, 32, 33]. In this study, the size of lesions tended 
to increase from AAH to IAC. However, no significant 
difference in size was observed between benign and 
malignant GGOs. Thus, the size may not be an effective 
indicator for predicting the nature of patchy GGOs.

Compared with pGGNs, mGGNs had a higher possibil-
ity of malignancy or invasiveness [9, 10, 15, 17, 19, 32, 34–
36]. More IAC nodules manifested as mGGNs [10, 15, 32, 
35]. In this study, a correlation between GGO density and 
malignancy was also observed, mGGOs had a higher pos-
sibility to be malignant than pGGOs. Moreover, among 
mGGOs, those with centric solid component were more 
likely to be malignant. This finding was consistent with 
the result of a previous study on GGNs [37]. Pathologi-
cally, peripheral GGOs are caused by a local tumor spread 

Fig. 5 A 41‑year‑old male with benign patchy GGO. a An ill‑defined patchy pGGO locates in the subpleural zone of the right lower lobe. Multiple 
peripheral vessels can be detected in it. Coronal (b) and sagittal (c) images show that the lesion has a wide base. d VR image shows that the lesion is 
located in the subpleural zone, the adjacent big vessels are not involved. GGO, ground‑glass opacity; pGGO, pure ground‑glass opacity; VR, volume 
rendering
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or so-called lepidic growth pattern in which tumor cells 
proliferate along the surface of intact alveolar walls with-
out interstitial or vascular invasion [38].

The location of the lesions can also contribute in differ-
entiating malignant from benign GGNs [31]. Lung cancer 
was more common in the upper lobe [39]. In this study, 
malignant GGOs were also more frequently located in 
the upper lobe. Therefore, patchy GGOs located in the 
upper lobe should receive more attention, and it is neces-
sary to evaluate whether these are neoplastic lesions.

The dilated bronchus sign caused by the retraction of 
tumor fibrosis can also be an independent predictor for 
malignant GGNs [40, 41]. In this study, the dilated inter-
nal bronchus was more frequent in malignant GGOs than 
in benign ones. However, a previous study showed that 
this sign had no significant difference between malignant 
GGNs and benign GGNs [42]. This might be explained by 
the very few numbers of nodules with dilated bronchus in 
their study. Therefore, internal bronchial changes should 
be considered in the differentiation of GGOs.

The boundary was another valuable indicator of 
malignant GGNs or invasiveness [1, 6, 16, 17, 33]. Most 
studies reported that a well-defined GGN was more 
likely to be malignant [1, 6, 17]. Wu et  al. [16] found 
that the occurrence of a clear tumor-lung interface 
tended to increase from AAH to IA. Because of the 
increase in invasiveness degree, the tumor cell arrange-
ment on alveolar walls became dense and thickened [6]. 
In contrast, cellular infiltrates in benign GGNs were 

mainly inflammatory cells, and they might gradually 
diminish and subsequently cause an indistinct border. 
The CT manifestation of benign and malignant patchy 
GGOs in the boundary is in accordance with that of 
GGNs, so it is important to evaluate their boundary.

In addition to the above features, the relationship 
between the lesions and bronchovascular bundles was 
another crucial indicator in discriminating benign from 
malignant GGOs. This was not noted in previous stud-
ies about GGNs. Malignant GGOs frequently distributed 
along the bronchovascular bundles, while benign GGOs 
often crossed the bronchovascular bundles, distributed 
among the bronchovascular bundles, or in the subpleural 
zone. Thus, an accurate evaluation of the lesion distribu-
tion in relation to the bronchovascular bundles is very 
important. In this study, MPR images enabled the bron-
chus and blood vessels to be demonstrated continuously 
and wholly; thus, the relationship between the largest 
section of lesions and the long axis of bronchovascular 
bundles can be well displayed and evaluated.

This study has two limitations and further research 
is needed. First, this is a retrospective study, and the 
data were from a single institution. Therefore, there 
may have been a selection bias. Further prospective 
and multi-center studies may provide more accurate 
results. Second, although this study included benign 
GGOs diagnosed clinically by interval shrinkage or 
disappearance, benign GGOs may not change in size 
even after a long follow-up period. Such lesions might 
have distinctive features but were not incorporated in 
this study. Therefore, the discriminating CT findings of 
such lesions from malignant ones were not revealed in 
this study.

Conclusions
There are many differences between benign and malig-
nant patchy GGOs based on their clinical character-
istics and CT features. These patients differed in age, 
gender, and history of cancer, while the lesions differed 
in the location, distribution in relation to the bron-
chovascular bundles, density pattern, internal bron-
chial changes, and boundary. The application of MPR 
images to evaluate the relationship between the lesions 
and bronchovascular bundles is of great significance 
in differentiating them. In older patients (≥58 years), 
well-defined patchy GGOs with centric solid compo-
nent, locating in the upper lobe, and distributing along 
the bronchovascular bundles are highly likely to be 
malignant.

Acknowledgments
Not applicable.

Fig. 6 Graph shows the result of logistic regression model 
in discriminating malignant GGOs from benign ones. GGOs, 
ground‑glass opacites



Page 9 of 10Liang et al. BMC Cancer         (2022) 22:1206  

Authors’ contributions
ZRL collected, analyzed, and interpreted the patient data, and was a major 
contributor in writing the manuscript. MY provided the study materials and 
data, and wrote the manuscript. FJL monitored the process of the study. BJF 
and RYL collected and measured the data. WJL analyzed the data. ZGC made 
conception and designed the research and modified the manuscript. All 
authors read and approved the final manuscript.

Funding
This study was supported by the Joint Project Chongqing Science and 
Technology Commission and Chongqing Public Health Commission 
(2022MSXM050).

Availability of data and materials
The datasets used and/or analysed during the current study are not publicly 
available because the cases are from the Picture Archiving and Communicat‑
ing System of our Hospital but are available from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
This study conformed to the Declaration of Helsinki on Human Research 
Ethics standards and was approved by the institutional review board of the 
First Affiliated Hospital of Chongqing Medical University (number 2019–062). 
The need for written, informed consent was waived by the institutional review 
board of the First Affiliated Hospital of Chongqing Medical University because 
of the retrospective design.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 24 May 2022   Accepted: 18 November 2022

References
 1. Yang W, Sun Y, Fang W, Qian F, Ye J, Chen Q, et al. High‑resolution 

computed tomography features distinguishing benign and malignant 
lesions manifesting as persistent solitary subsolid nodules. Clin Lung 
Cancer. 2018;19:e75–83.

 2. Kim HY, Shim YM, Lee KS, Han J, Yi CA, Kim YK. Persistent pulmonary 
nodular ground‑glass opacity at thin‑section CT: histopathologic 
comparisons. Radiology. 2007;245:267–75.

 3. Pedersen JH, Saghir Z, Wille MM, Thomsen LH, Skov BG, Ashraf H. 
Ground‑glass opacity lung nodules in the era of lung Cancer CT 
screening: radiology, pathology, and clinical management. Oncology 
(Williston Park). 2016;30:266–74.

 4. Tsutsui S, Ashizawa K, Minami K, Tagawa T, Nagayasu T, Hayashi T, 
et al. Multiple focal pure ground‑glass opacities on high‑resolution 
CT images: clinical significance in patients with lung cancer. AJR Am J 
Roentgenol. 2010;195:W131–8.

 5. Nakajima R, Yokose T, Kakinuma R, Nagai K, Nishiwaki Y, Ochiai A. Local‑
ized pure ground‑glass opacity on high‑resolution CT: histologic charac‑
teristics. J Comput Assist Tomogr. 2002;26:323–9.

 6. Nambu A, Araki T, Taguchi Y, Ozawa K, Miyata K, Miyazawa M, et al. Focal 
area of ground‑glass opacity and ground‑glass opacity predominance on 
thin‑section CT: discrimination between neoplastic and non‑neoplastic 
lesions. Clin Radiol. 2005;60:1006–17.

 7. Austin JH, Müller NL, Friedman PJ, Hansell DM, Naidich DP, Remy‑Jardin 
M, et al. Glossary of terms for CT of the lungs: recommendations of 
the nomenclature Committee of the Fleischner Society. Radiology. 
1996;200:327–31.

 8. Fan L, Liu SY, Li QC, Yu H, Xiao XS. Multidetector CT features of pulmonary 
focal ground‑glass opacity: differences between benign and malignant. 
Br J Radiol. 2012;85:897–904.

 9. Oh JY, Kwon SY, Yoon HI, Lee SM, Yim JJ, Lee JH, et al. Clinical significance 
of a solitary ground‑glass opacity (GGO) lesion of the lung detected by 
chest CT. Lung Cancer. 2007;55:67–73.

 10. Snoeckx A, Reyntiens P, Desbuquoit D, Spinhoven MJ, Van Schil PE, van 
Meerbeeck JP, et al. Evaluation of the solitary pulmonary nodule: size 
matters, but do not ignore the power of morphology. Insights Imaging. 
2018;9:73–86.

 11. Hansell DM, Bankier AA, Macmahon H, Mcloud TC, Müller NL, Remy J. 
Fleischner society: glossary of terms tor thoracic imaging. Radiology. 
2008;246:697–722.

 12. Lee HJ, Goo JM, Lee CH, Yoo CG, Kim YT, Im JG. Nodular ground‑glass 
opacities on thin‑section CT: size change during follow‑up and patho‑
logical results. Korean J Radiol. 2007;8:22–31.

 13. Park CM, Goo JM, Lee HJ, Lee CH, Chun EJ, Im JG. Nodular ground‑glass 
opacity at thin‑section CT: histologic correlation and evaluation of 
change at follow‑up. Radiographics. 2007;27:391–408.

 14. Chu ZG, Li WJ, Fu BJ, Lv FJ. CT characteristics for predicting invasive‑
ness in pulmonary pure ground‑glass nodules. AJR Am J Roentgenol. 
2020;215:351–8.

 15. Zhan Y, Peng X, Shan F, Feng M, Shi Y, Liu L, et al. Attenuation and mor‑
phologic characteristics distinguishing a ground‑glass nodule measuring 
5‑10 mm in diameter as invasive lung adenocarcinoma on thin‑slice CT. 
AJR Am J Roentgenol. 2019;213:W162–70.

 16. Wu F, Tian SP, Jin X, Jing R, Yang YQ, Jin M, et al. CT and histopathologic 
characteristics of lung adenocarcinoma with pure ground‑glass nodules 
10 mm or less in diameter. Eur Radiol. 2017;27:4037–43.

 17. Gao F, Sun Y, Zhang G, Zheng X, Li M, Hua Y. CT characterization of 
different pathological types of subcentimeter pulmonary ground‑glass 
nodular lesions. Br J Radiol. 2019;92:20180204.

 18. Liang J, Xu XQ, Xu H, Yuan M, Zhang W, Shi ZF, et al. Using the CT features 
to differentiate invasive pulmonary adenocarcinoma from pre‑invasive 
lesion appearing as pure or mixed ground‑glass nodules. Br J Radiol. 
2015;88:20140811.

 19. Yu J, Zhu S, Ge Z, Shen B, Shen Y, Wang C, et al. Multislice spiral computed 
tomography in the differential diagnosis of ground‑glass opacity. J Can‑
cer Res Ther. 2018;14:128–32.

 20. Zhang Y, Shen Y, Qiang JW, Ye JD, Zhang J, Zhao RY. HRCT features 
distinguishing pre‑invasive from invasive pulmonary adenocarcinomas 
appearing as ground‑glass nodules. Eur Radiol. 2016;26:2921–8.

 21. Infante M, Lutman RF, Imparato S, Di Rocco M, Ceresoli GL, Torri V, et al. 
Differential diagnosis and management of focal ground‑glass opacities. 
Eur Respir J. 2009;33:821–7.

 22. Nakata M, Saeki H, Takata I, Segawa Y, Mogami H, Mandai K, et al. 
Focal ground‑glass opacity detected by low‑dose helical CT. Chest. 
2002;121:1464–7.

 23. Wang YH, Chen CF, Lin YK, Chiang C, Tzao C, Yen Y. Predicting malignancy: 
subsolid nodules detected on LDCT in a surgical cohort of east Asian 
patients. J Thorac Dis. 2020;12:4315–26.

 24. Huang C, Wang C, Wang Y, Liu J, Bie F, Wang Y, et al. The prognostic 
significance of pure ground glass opacities in lung Cancer computed 
tomographic images. J Cancer. 2019;10:6888–95.

 25. Si MJ, Tao XF, Du GY, Cai LL, Han HX, Liang XZ, et al. Thin‑section com‑
puted tomography‑histopathologic comparisons of pulmonary focal 
interstitial fibrosis, atypical adenomatous hyperplasia, adenocarcinoma 
in situ, and minimally invasive adenocarcinoma with pure ground‑glass 
opacity. Eur J Radiol. 2016;85:1708–15.

 26. Hiramatsu M, Inagaki T, Inagaki T, Matsui Y, Satoh Y, Okumura S, et al. 
Pulmonary ground‑glass opacity (GGO) lesions‑large size and a history of 
lung cancer are risk factors for growth. J Thorac Oncol. 2008;3:1245–50.

 27. Oda S, Awai K, Liu D, Nakaura T, Yanaga Y, Nomori H, et al. Ground‑glass 
opacities on thin‑section helical CT: differentiation between bronchi‑
oloalveolar carcinoma and atypical adenomatous hyperplasia. AJR Am J 
Roentgenol. 2008;190:1363–8.

 28. Silva M, Bankier AA, Centra F, Colombi D, Ampollini L, Carbognani P, et al. 
Longitudinal evolution of incidentally detected solitary pure ground‑
glass nodules on CT: relation to clinical metrics. Diagn Interv Radiol. 
2015;21:385–90.

 29. Lee SM, Park CM, Goo JM, Lee CH, Lee HJ, Kim KG, et al. Transient 
part‑solid nodules detected at screening thin‑section CT for lung 
cancer: comparison with persistent part‑solid nodules. Radiology. 
2010;255:242–51.



Page 10 of 10Liang et al. BMC Cancer         (2022) 22:1206 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 30. Moyer VA, U.S. Preventive Services Task Force. Screening for lung cancer: 
U.S. preventive services task force recommendation statement. Ann 
Intern Med. 2014;160:330–8.

 31. Qin Y, Xu Y, Ma D, Tian Z, Huang C, Zhou X, et al. Clinical characteristics of 
resected solitary ground‑glass opacities: comparison between benign 
and malignant nodules. Thorac Cancer. 2020;11:2767–74.

 32. Lu J, Tang H, Yang X, Liu L, Pang M. Diagnostic value and imaging features 
of multi‑detector CT in lung adenocarcinoma with ground glass nodule 
patients. Oncol Lett. 2020;20:693–8.

 33. Meng Y, Liu CL, Cai Q, Shen YY, Chen SQ. Contrast analysis of the 
relationship between the HRCT sign and new pathologic classification 
in small ground glass nodule‑like lung adenocarcinoma. Radiol Med. 
2019;124:8–13.

 34. Hu H, Wang Q, Tang H, Xiong L, Lin Q. Multi‑slice computed tomography 
characteristics of solitary pulmonary ground‑glass nodules: differences 
between malignant and benign. Thorac Cancer. 2016;7:80–7.

 35. Qiu ZX, Cheng Y, Liu D, Wang WY, Wu X, Wu WL, et al. Clinical, pathologi‑
cal, and radiological characteristics of solitary ground‑glass opacity 
lung nodules on high‑resolution computed tomography. Ther Clin Risk 
Manag. 2016;12:1445–53.

 36. Henschke CI, Yankelevitz DF, Mirtcheva R, McGuinness G, McCauley D, 
Miettinen OS. CT screening for lung cancer: frequency and significance of 
part‑solid and nonsolid nodules. AJR Am J Roentgenol. 2002;178:1053–7.

 37. Li F, Sone S, Abe H, Macmahon H, Doi K. Malignant versus benign nodules 
at CT screening for lung cancer: comparison of thin‑section CT findings. 
Radiology. 2004;233:793–8.

 38. Pinto PS, The CT. Halo Sign. Radiology. 2004;230:109–10.
 39. Whitson BA, Groth SS, Andrade RS, Habermann EB, Maddaus MA, 

D’Cunha J. T1/T2 non‑small‑cell lung cancer treated by lobectomy: does 
tumor anatomic location matter? J Surg Res. 2012;177:185–90.

 40. Gaeta M, Caruso R, Blandino A, Bartiromo G, Scribano E, Pandolfo I. Radio‑
lucencies and cavitation in bronchioloalveolar carcinoma: CT‑pathologic 
correlation. Eur Radiol. 1999;9:55–9.

 41. Qiang JW, Zhou KR, Lu G, Wang Q, Ye XG, Xu ST, et al. The relationship 
between solitary pulmonary nodules and bronchi: multi‑slice CT‑patho‑
logical correlation. Clin Radiol. 2004;59:1121–7.

 42. Cui Y, Ma DQ, Liu WH. Value of multiplanar reconstruction in MSCT in 
demonstrating the relationship between solitary pulmonary nodule and 
bronchus. Clin Imaging. 2009;33:15–21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Differential diagnosis of benign and malignant patchy ground-glass opacity by thin-section computed tomography
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and patient enrollment
	Ethics approval and consent to participate
	CT examinations
	Clinical data
	Image analysis
	Statistical analysis

	Results
	Patients’ clinical characteristics
	CT features of benign and malignant patchy GGOs
	Binary logistic regression analysis and ROC analysis

	Discussion
	Conclusions
	Acknowledgments
	References


