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Abstract
BACKGROUND 
For lung adenocarcinoma with epidermal growth factor receptor (EGFR) gene 
mutation, small molecule tyrosine kinase inhibitors are more effective. Some 
patients could not obtain enough histological specimens for EGFR gene mutation 
detection. Specific imaging features can predict EGFR mutation status to a certain 
extent.

AIM 
To assess the associations of EGFR mutations with high-resolution computerized 
tomography (HRCT) features in ground-glass nodular lung adenocarcinoma.

METHODS 
This study retrospectively assessed patients with ground-glass nodular lung 
adenocarcinoma diagnosed between January 2011 and March 2017. EGFR gene 
mutations in exons 18-21 were detected. The patients were classified into mutant 
EGFR and wild-type groups, and general data and HRCT image characteristics 
were assessed.

RESULTS 
Among 98 patients, 31 (31.6%) and 67 (68.4%) had mutated and wild-type EGFR 
in exons 18-21, respectively. Gender, age, smoking history, location of lesions, 
morphology, edges, borders, pleural indentations, and associations of nodules 
with bronchus and blood vessels were comparable in both groups (all P > 0.05). 
Patients with mutant EGFR had larger nodules than those with the wild-type 
(17.19 ± 6.79 and 14.37 ± 6.30 mm, respectively; P = 0.047). Meanwhile, the 
vacuole/honeycomb sign was more frequent in the mutant EGFR group (P = 
0.011). The logistic regression prediction model included the combination of 
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nodule size and vacuole/honeycomb sign (OR = 1.120, 95%CI: 1.023-1.227, P = 
0.014) revealed a sensitivity of 83.9%, a specificity of 52.2% and an AUC of 0.698 
(95%CI: 0.589-0.806; P = 0.002).

CONCLUSION 
Nodule size and vacuole/honeycomb features could independently predict EGFR 
mutation status in ground-glass nodular lung adenocarcinoma.

Key Words: Lung adenocarcinoma; Tomography; Epidermal growth factor receptor; 
Logistic model; Receiver operating characteristic analysis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: For patients who have been clinically diagnosed with lung adenocarcinoma 
but failed to undergo epidermal growth factor receptor (EGFR) gene testing: When the 
lesion is shown as a pure ground glass nodule, and the size of the nodule is ≥ 8.65 mm, 
it can be used as an independent indicator to predict EGFR gene mutation. The 
appearance of the vesicle sign or honeycomb sign may indicate a mutation in the 
EGFR gene.

Citation: Zhu P, Xu XJ, Zhang MM, Fan SF. High-resolution computed tomography findings 
independently predict epidermal growth factor receptor mutation status in ground-glass nodular 
lung adenocarcinoma. World J Clin Cases 2021; 9(32): 9792-9803
URL: https://www.wjgnet.com/2307-8960/full/v9/i32/9792.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i32.9792

INTRODUCTION
Lung cancer is the deadliest malignancy worldwide, with a mortality of 1.59 million 
cases recorded in 2012[1]. Non-small cell lung cancer (NSCLC) represents the 
commonest histopathological subtype, accounting for up to 85% of all lung cancer 
cases[2]. Although small cell lung cancer occurs less frequently, it shows higher 
aggressiveness compared with NSCLC[3]. In recent years, with tremendous progress 
in molecular cell biology, the treatment of advanced NSCLC is mainly focused on 
targeted drug delivery[4-6]. The majority of patients with NSCLC show epidermal 
growth factor receptor (EGFR) mutations, especially in the East Asian population[7]. 
The discovery of EGFR mutations and the corresponding tyrosine kinase inhibitors 
(TKIs) has markedly improved prognosis in EGFR-positive lung cancer. Currently, 
multiple EGFR TKIs, including afatinib, erlotinib, and gefitinib, are widely applied in 
NSCLC therapy, particularly in cases with exon 19 deletions and exon 21 substitutions 
of the EGFR gene[8]. Interestingly, Yatabe et al[9] demonstrated that EGFR mutations 
play an important role in the progression from atypical adenomatoid hyperplasia to 
adenocarcinoma in situ, then to minimally invasive adenocarcinoma, and finally to 
invasive pulmonary adenocarcinoma in lung adenocarcinoma. Meanwhile, a number 
of studies have shown significant correlations between EGFR mutations and the 
therapeutic effects of molecular-targeted drugs[10-12].

An optimal treatment strategy for NSCLC involves the screening of tumors for 
predictive and prognostic biomarkers, which could predict sensitivity to targeted 
therapeutics and estimate prognosis, respectively[13]. Patients are often tested for 
genetic mutations in tissue samples before therapy, which requires a biopsy, which is 
invasive, expensive, and time-consuming[14,15]. In addition, different histological 
heterogeneity patterns observed in the same tumor may lead to false-negative results
[14,15]. Therefore, non-invasive methods to predict EGFR mutations are of high 
importance but currently lacking. A study reported electric field-induced release and 
measurement as an effective, accurate, rapid, user-friendly, and cost-effective tool for 
detecting EGFR mutations in the saliva of NSCLC cases; however, this study did not 
assess other uncommon EGFR-TKI sensitive mutations[16].

Applying high-resolution computerized tomography (HRCT) for lung cancer 
screening, previous studies have shown that certain imaging characteristics could 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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predict EGFR mutation status to a certain extent[17,18]. However, the value of HRCT 
in predicting EGFR mutations remains unclear. Therefore, this study aimed to assess 
the associations of EGFR mutations with HRCT features in ground-glass nodular lung 
adenocarcinoma.

MATERIALS AND METHODS
Patients
This retrospective study included lung adenocarcinoma patients with one or two 
ground-glass nodules (GGNs) on chest HRCT who were admitted to the Department 
of Thoracic Surgery of the Second Affiliated Hospital of Zhejiang Chinese Medical 
University from January 2011 to March 2017. The patients underwent pulmonary 
wedge resection, segmental resection, or lobectomy in the Department of Thoracic 
Surgery. EGFR mutation status was detected after surgery, and the patients were 
classified into the mutant EGFR and wild-type groups.

The inclusion criteria were as follows: (1) A clinical diagnosis of lung adenocar-
cinoma, confirmed by postoperative pathology; (2) A complete set of HRCT images in 
the picture archiving and communication system; (3) One or two GGNs (pure or 
partially solid) in lungs on HRCT with a layer thickness of ≤ 1.5 mm; and (4) Intrapul-
monary nodules with a maximum diameter of ≤ 3 cm.

The exclusion criteria were: (1) Diffuse GGNs in the lung; or (2) Incomplete medical 
records.

This study was approved by the Ethics Committee of the Second Affiliated Hospital 
of Zhejiang Chinese Medical University, Zhejiang, China, with a waiver for individual 
consent by the committee owing to the retrospective study design.

CT scan examination
Before CT scanning, all patients were trained to breathe. All patients underwent chest 
CT scanning at full inspiration in the supine position. The scanning range 
encompassed the entire area from the apex to the base of the lungs, including the axilla 
and chest wall of both sides.

The scans were performed on a Somatom Sensation 16 CT Scanner (Siemens, 
Germany), GE Light speed RT16 (GE, United States), Somatom Definition AS 
(Siemens), Aquilion ONE 320 (Toshiba, Japan), or GE Optima CT540 (GE). Plain and 
enhanced CT scans were performed at a tube voltage of 120 kVp and a tube current of 
140 mAs; screw pitches were 1.2 and 1.45, and the rack rotation time was 0.5 s/rev. A 
non-ionic contrast agent was administered at a dose of 300 mgI/m1 (100 mL) by 
injection via the cubital vein at 2.5 mL/s with a pressure syringe. Scanning was 
initiated after a delay of 28 s. High-resolution reconstruction was performed with layer 
thickness and interval of 1.25 mm and 0.625 mm, respectively; layer thickness and 
interval of 1.5 mm and 1.0 mm, respectively; or layer thickness of 2.0 mm and interval 
1.25 mm, respectively. Multiplanar reformation reconstruction was conducted to show 
the relationship and morphology of the lesions and adjacent structures.

Two radiologists with more than 10 years of experience who were blinded to the 
gene mutation data read the CT scans and analyzed the characteristics of HRCT 
images independently. In case of discrepancy, the data were examined by a chief 
physician with more than 20 years of experience.

All nodules were assessed under the lung window (position, -700 Hu; width, 1500 
Hu)[19]. GGNs were defined as increased density and focal cloud-like density 
shadows on CT images, but with a density not sufficient to cover the bronchial 
vascular bundle passing through them[20]. The mediastinum window was set as 
follows: position, 20 Hu; width, 400 Hu. Lesions were classified into pure and 
partially-solid GGNs according to whether they contained solid components[21]. Pure 
GGNs were defined as increased focal pure ground glass-like density in the lung 
parenchyma, with normal structures such as the edge contours of blood vessels in the 
lesion still clearly visible. No solid components were observed in the mediastinum 
window, and vascular approach shadows were excluded. Partially solid GGNs were 
defined as increased density attenuation value in the lesion area, with some normal 
structures such as the edge contours of blood vessels completely covered, while others 
remained clearly visible.

Pathological tissue examination and genetic testing
All nodules were resected by thoracotomy or thoracoscopy. Conventional paraffin-
embedded sections, HE staining, and quantitative PCR (M × 3000p qPCR system, 
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Agilent Technologies, Inc., Santa Clara, CA, United States) were used to detect the 
mutation status of the EGFR gene. The kits for DNA extraction (Cat. No # 
8.02.23501X036G) and EGFR mutation detection (Cat. No # 8.01.20201W012A) were 
manufactured by Amoy Diagnostics Co., Ltd. (AmoyDx, China). Any discrepancy was 
resolved by discussion until the two pathologists reached a consensus.

Data collection
Demographic and clinical data of patients were collected, including age, gender, 
smoking history, nodular properties, histopathological diagnosis, and lesion location.

Image analyses
For pure GGNs, the layer with the largest lesion was selected, and the longest and 
short (perpendicular to the longest diameter) diameters were measured[22].

Size of the lesion = (longest diameter + short diameter) / 2.
For partially solid nodules, the lesion size (the same as for pure GGNs) and the 

proportion of components were measured, respectively.
Proportion of solid component = the longest diameter of solid component / lesion 

size.
Proportion of ground-glass component = 1-proportion of the solid component.
Morphology (round-like/ovoid or irregular), margin (with or without spicule), 

border (lobular or not), inner character (with or without vacuole/honeycomb sign), 
and relationships of GGNs with the bronchus and blood vessels were also assessed 
(Figure 1). Relationships with the bronchus were classified as follows: (1) Bronchus 
truncated in the nodule; (2) Bronchus continuous in the nodule and twisted or dilated; 
(3) Bronchus normally continuous in the nodule, without dilation or twist; or (4) 
Bronchus with no relationship with ground-glass shadows. Either (2) or (3) indicated 
air bronchogram sign. Relationships with blood vessels were classified as follows: (1) 
Blood vessels closely packed around the nodule, with an adherent-like pattern; (2) 
Blood vessels closely packed within the nodule; or (3) Vascular clustering sign around 
the nodule.

Statistical analyses
Statistical analyses were performed using the SPSS statistical software (version 19.0, 
IBM, Armonk, NY, United States). Continuous variables were expressed as mean ± SD. 
Comparisons between groups were performed by independent samples t-test or the 
Mann-Whitney U-test. Categorical variables were expressed as frequency and 
percentage and compared by Pearson’s chi-square test or the Fisher’s exact probability 
method. A predictive model was constructed with the Logistic regression model, and 
receiver operating characteristic (ROC) curve analysis was performed to determine the 
sensitivity, specificity, and area under the curve (AUC). P < 0.05 was considered 
statistically significant.

RESULTS
Patient baseline characteristics
There were 98 patients in this study, aged 32 to 85 years (average age of 64.24±14.65 
years). They included 31 cases (12 males and 19 females) in the mutant group, with an 
average age of 66.6 ± 14.2 years, and 67 cases (30 males and 37 females) in the wild-
type group, with an average age of 62.7 ± 15.6 years. Eight (25.81%) and 24 (35.82%) 
patients had a history of smoking in the mutant and wild-type groups, respectively. 
There were 7 (22.58%) and 24 (77.42%) cases of pure and partially-solid nodules in the 
mutant group, respectively; meanwhile, 21 (31.34%) and 46 (68.66%) cases of pure and 
partially-solid nodules were found in the wild-type group. There were no significant 
differences in baseline characteristics between the two groups (all P > 0.05) (Table 1).

HRCT signs
HRCT signs are summarized in Table 2. Nodule sizes were 17.19 ± 6.79 and 14.37 ± 
6.30 mm in the mutant and wild-type groups, respectively (P = 0.047), indicating a 
statistically significant difference. For pure GGNs, the mutant group showed 
significantly larger lesions compared with the wild-type group (12.79 ± 5.24 vs 9.24 ± 
3.26 mm; P = 0.042). However, partially-solid nodules showed no statistically 
significant differences in nodule size (18.63 ± 6.47 vs 16.68 ± 6.05 mm, P = 0.216) and 
proportion of ground-glass component (56.10 ± 24.01% vs 51.05 ± 28.13%, P = 0.457) 
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Table 1 Baseline and clinical characteristics

Mutant EGFR group  (n = 31) Wild-type group  (n = 67) P value

Age (yr) 66.6 ± 14.2 62.7 ± 15.6 0.221

< 60 13 (41.9%) 37 (55.2%)

≥ 60 18 (58.1%) 30 (44.8%)

Male 12 (38.7%) 30 (44.8%) 0.573

Smoking history 8 (25.8%) 24 (35.8%) 0.326

Nodule property 0.372

Pure GGNs 7 (22.6%) 21 (31.3%)

Partial solid nodules 24 (77.4%) 46 (68.7%)

Histopathologic diagnosis 0.723

Preinvasive lesions (AAH + AIS) 5 (16.1%) 9 (13.4%)

Invasive lesions (MIA + IPA) 26 (83.9%) 58 (86.6%)

Position of the nodule 0.471

Right upper lobe 10 (32.3%) 27 (40.3%)

Right middle lobe 4 (12.9%) 8 (11.9%)

Right lower lobe 6 (19.4%) 9 (13.4%)

Left upper lobe 5 (16.1%) 17 (25.4%)

Left lower lobe 6 (19.4%) 6 (9.0%)

Time between CT scan and surgery (days) 7.0 (4.5, 13.5) 8.0 (6.0, 13.0) 0.545

EGFR: Epidermal growth factor receptor; GGN: Ground-glass nodule; AAH: atypical adenomatoid hyperplasia; AIS: adenocarcinoma in situ; MIA: 
minimally invasive adenocarcinoma; IPA: invasive pulmonary adenocarcinoma.

between the mutant and wild-type groups.
The occurrence rate of the vacuole/honeycomb sign was significantly higher in the 

mutant group compared with the wild-type group (80.6% vs 53.7%, P = 0.011).
The remaining indexes assessed showed no differences between the two groups, 

including nodule morphology, spicule presence or absence on the nodule edge, 
presence or absence of lobular borders, presence or absence of pleural indentation, 
relationship with the bronchus (air bronchogram), and relationship with blood vessels 
(vascular bundle sign) (all P > 0.05).

Logistic regression analysis for the presence of EGFR mutations
The logistic regression analyses showed that the nodule size was independently 
associated with EGFR mutations (OR = 1.068, 95%CI: 1.000-1.141, P = 0.049), while the 
combination of nodule size with vacuole/honeycomb sign (OR = 1.120, 95%CI: 1.023-
1.227, P = 0.014) was also independently associated with EGFR mutations (Table 3).

Predictive values of nodule size and vacuole/honeycomb sign in determining EGFR 
mutation status
ROC curve analysis was performed to determine the value of nodule size alone or in 
combination with vacuole/honeycomb sign in predicting EGFR mutation status. For 
pure ground-glass nodular lung adenocarcinoma, an optimal cut-off value between 
the mutant and wild-type groups of 8.65 mm was found. Lesions ≥ 8.65 mm in size 
were determined to be EGFR mutant, with a sensitivity of 100%, a specificity of 57.1%, 
and an AUC of 0.782 (95%CI:0.609-0.956; P = 0.028) (Figure 2A). For all ground-glass 
nodular tumors, nodule size at a cut-off of 13.38 mm yielded sensitivity, specificity, 
and AUC of 74.2%, 50.7%, and 0.625 (95%CI: 0.504-0.745; P = 0.048), respectively. 
Vacuole or honeycomb sign was significantly associated with EGFR mutation. 
Therefore, we next evaluated nodule size in combination with vacuole/honeycomb 
sign in predicting EGFR mutation status, and a sensitivity of 83.9%, a specificity of 
52.2%, and an AUC of 0.698 (95%CI: 0.589-0.806, P = 0.002) were obtained (Table 4 and 
Figure 2B).
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Table 2 High-resolution computerized tomography signs

HRCT findings Mutant EGFR group (n = 31) Wild-type group (n = 67) P value

Nodule size (mm) 17.19 ± 6.79 14.37 ± 6.30 0.047a

Pure GGNs

Nodule size (mm) 12.79 ± 5.24 9.24 ± 3.26 0.042a

Partial solid nodules

Nodule size (mm) 18.63 ± 6.47 16.68 ± 6.05 0.216

Proportion of ground-glass component (%) 56.10 ± 24.01 51.05 ± 28.13 0.457

Nodule morphology 0.137

Round-like/ovoid 14 (45.2%) 41 (61.2%)

Irregular 17 (54.8%) 26 (38.8%)

Spicules on the edge of the nodule 20 (64.5%) 34 (50.7%) 0.202

Lobules on the border of the nodule 29 (93.5%) 61 (91.0%) 1.000

Vacuole/honeycomb sign 25 (80.6%) 36 (53.7%) 0.011a

Pleural indentation 20 (64.5%) 33 (49.3%) 0.159

Relationship with bronchus/bronchovascular bundles 0.613

Bronchus truncated in the nodule 1 (3.2%) 6 (9.0%)

Bronchus continuous in the nodule, with dilation or twisted appearance 11 (35.5%) 20 (29.9%)

Bronchus continuous in the nodule, without dilation or twisted appearance 7 (22.6%) 11 (16.4%)

Bronchus not associated with ground-glass shadows 12 (38.7%) 30 (44.8%)

Relationship with blood vessels 0.488

Blood vessels closely packed around the nodule with adherent-like pattern 0 (0.0%) 3 (4.5%)

Blood vessels closely packed within the nodule 20 (64.5%) 41 (61.2%)

Vascular clustering around the nodule 11 (35.5%) 23 (34.3%)

aP < 0.05 is statistically significant.
HRCT: high-resolution computerized tomography; EGFR: Epidermal growth factor receptor; GGN: ground-glass nodule.

Table 3 Logistic regression analysis for the presence of epidermal growth factor receptor mutations

Variables OR 95%CI P value

Nodule size 1.068 1.000-1.141 0.049a

Nodule size + vacuole/honeycomb sign 1.120 1.023-1.227 0.014a

aP < 0.05 is statistically significant.

DISCUSSION
The current study demonstrated that HRCT characteristics, including nodule size and 
vacuole/honeycomb sign, could predict EGFR mutation status in ground-glass 
nodular lung adenocarcinoma.

This study showed that on HRCT images, there were no statistically significant 
differences in signs, including lesion morphology, spicule sign, lobulation sign, pleural 
indentation, air bronchogram, and vascular bundle sign between the mutant EGFR 
and wild-type groups. Different from our results, Hasegawa et al[23] assessed the 
HRCT signs in 263 patients with lung adenocarcinoma based on EGFR mutation 
status, and EGFR mutations were more common in cases with vascular convergence 
sign, pleural indentation, bilateral multiple lung metastases, and ground-glass 
components in the lesions. In addition, a model for predicting EGFR mutation status 
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Table 4 Area under the receiver operating characteristic curve of the models

Model AUC SE 95%CI P value

Nodule size 0.625 0.061 0.504–0.745 0.048a

Nodule size + vacuole/honeycomb sign 0.698 0.055 0.589–0.806 0.002a

aP < 0.05 is statistically significant.
ROC: receiver operating characteristic; AUC: area under the curve; SE: standard error; CI: confidence interval.

Figure 1 High-resolution computed tomography images. A: An irregularly shaped pure ground-glass nodule (GGN, arrow) in the right lower lobe. Vacuole 
sign was seen inside the lesion, and the overall tumor size was about 10 mm, which was consistent with a minimally invasive adenocarcinoma (MIA) that harbored 
epidermal growth factor receptor (EGFR) exon 21 L858R compound mutation; B: A round-like GGN (arrow) located in the right upper lobe with a diameter of 14 mm, 
which strongly suggested an MIA that harbored EGFR exon 21 L858R compound mutation. Visceral pleural invasion with honeycomb signs were also seen; C: An 
irregularly shaped GGN (arrow) in the right middle lobe with a diameter of approximately 22 mm, which was consistent with invasive pulmonary adenocarcinoma 
(IPA) that harbored EGFR exon 19 deletion. Vacuole sign was seen inside the lesion; D: An ovoid GGN (arrow) in the right lower lobe with a diameter of about 16 
mm, which indicated IPA that harbored EGFR exon 21 L858R compound mutation. Honeycomb sign was seen inside; E: Female, 64 years old. A partially solid 
circular nodules was seen in the upper lobe of the left lung, about 17 mm in diameter, showing as superficial lobulated nodules. The pleura was locally pulled. The 
wild type of the IPA and EGFR genes was confirmed by pathology; F: Female, 58 years old. An irregular, partially solid nodule was found in the upper lobe of the left 
lung, about 11 mm in diameter, showing as superficial lobulated nodules. One vessel extended into the lesion and thickened. The wild type of the IPA and EGFR 
genes was confirmed by pathology.

was constructed, with an AUC of 0.79, a sensitivity of 78.4%, and a specificity of 70.4%
[23]. The main pathological basis for the formation of pleural indentation includes 
fibrous tissue hyperplasia and scar formation in the tumor, connective tissue 
thickening, and reactive fibrous hyperplasia around the lesion; this leads to pleural 
contraction, which is a common sign of visceral pleural invasion. Vessel convergence 
sign indicates fibrous tissue hyperplasia and scar formation in the tumor, invasive 
growth towards blood vessels, and pulling of adjacent blood vessels to shift to the 
tumor. Both signs suggest a high degree of malignancy. However, the currently 
available data regarding its associations with EGFR mutations are quite divergent[17,
24], and further research is expected.
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Figure 2 Receiver operating characteristic curves. A: Receiver operating characteristic curves for assessing the predictive values of nodule size (red). For 
pure ground-glass nodular adenocarcinomas with epidermal growth factor receptor (EGFR) mutations, the optimal cut-off value was 8.65 mm; the model yielded a 
sensitivity of 100%, a specificity of 57.1%, and an AUC of 0.782 (95%CI: 0.609–0.956; P = 0.028); B: Nodule size (red) and nodule size in combination with 
vacuole/honeycomb sign (blue) in ground-glass nodular adenocarcinomas (mixed) with EGFR mutations. The optimal cutoff value was set to 13.38 mm; the 
sensitivity, specificity and AUC were 74.2%, 50.7%, and 0.625 (95%CI: 0.504-0.745; P = 0.048), respectively. The final model showed an AUC of 0.698 (95%CI: 
0.589-0.806; P = 0.002). Its sensitivity was 83.9% and specificity was 52.2%.

Air bronchogram is due to tumor cells growing along the bronchiolar wall in a 
mural-like manner, with non-damaged supporting structures of the lung and long or 
branched low-density shadows observed in or around the tumor on continuous layers. 
Dai et al[25] retrospectively analyzed 204 patients with pathologically confirmed stage 
I lung adenocarcinoma and found that air bronchogram is more common in patients 
with positive EGFR mutations. They concluded that an air bronchogram could be used 
as an independent predictor of EGFR mutations in lung adenocarcinoma. In this study, 
however, there was no statistically significant difference in air bronchogram between 
the EGFR mutation and wild-type groups. The differences observed in our study could 
be partly attributed to low statistical power due to the small sample size of the mutant 
EGFR group. Another possible explanation could be the differences in patient selection 
resulting in an inherent selection bias in our study population.

One of the main findings of this study is that lesion size was an independent 
predictor of EGFR mutation status. Using the criterion of nodule size ≥ 8.65 mm to 
predict the occurrence of EGFR gene mutation, a sensitivity as high as 100% was 
obtained. Multiple studies have reported significant associations between tumor size 
and EGFR mutation in lung adenocarcinoma[26-28]. However, nodule size was not 
consistently found to be a significant factor in some other studies[28,29]. Further 
studies with a large sample size are warranted to confirm this finding.

A study by Hong et al[29] showed that tumors containing any proportion of GGO 
have a significantly higher rate of EGFR mutations than those without GGO 
components. Yano et al[24] evaluated 80 peripheral lung cancer cases and found that 
GGO components > 50% could be used as an indicator to predict EGFR gene mutation. 
This indicated that the ground-glass component in nodules plays an important role in 
predicting EGFR mutations status. The current study showed that in patients with 
confirmed lung adenocarcinoma, EGFR mutations certainly occurred when the lesion 
size was ≥ 8.65 mm. For lesions showing mixed GGNs, with an average ground-glass 
component in the lesion > 50%, there was no significant difference between the mutant 
and wild groups. Nevertheless, different from previous studies, we only included 
patients with GGNs, and those with solid nodules were excluded. The difference in 
patient selection, as well as the small sample size, may lead to different results.

Another interesting finding of this study is that the HRCT feature, vacuole/ 
honeycomb sign occurred more frequently in the mutant EGFR group than the wild-
type group. GGNs usually appear as pseudovoids, where tumors infiltrate along the 
tube wall to form a valve-like obstruction in the lumen. Consequently, the increase in 
lung density is the result of the replacement of air in the alveoli by fluid, cells, or 
fibrosis, causing the alveolar cavity to overinflate, which then manifested as GGNs in 
small vacuoles[30]. However, the vacuole/honeycomb sign was not commonly 
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observed in previous studies, and further research is in need to verify this finding.
Notably, the median time between CT scan and resection surgery was 7.0 and 8.0 

days for mutant EGFR and wild-type groups, respectively, with no statistically 
significant difference between the two groups. Despite the fact that the passage of time 
may result in an increase in the size of most malignant nodules, predicting the EGFR 
mutation status by nodule size alone may not be reliable. Therefore, this finding might 
suggest that nodule size in combination with other CT features such as the 
vacuole/honeycomb sign could be a better predictor. Given the prolonged volume 
doubling time of the lesion[31,32] and the short time interval in this study, the altered 
diameter and volume of the lesion may not be significant enough to influence the 
prediction of EGFR status.

The limitations of this study should be mentioned. First, this was a single-center 
study with a small sample size, which may cause some CT signs to be not statistically 
significant, and associations of lung adenocarcinoma subtypes with EGFR gene 
mutations or HRCT positive, EGFR negative with rare EGFR mutations could not be 
assessed. Secondly, due to the non-availability of suitable measurement software in 
our hospital, the volumes of GGNs were not analyzed in this study. Thirdly, the time 
interval between CT examination and surgery was large in a few cases, which might 
limit the generalizability of conclusions from our study. Fourthly, survival analysis 
was not performed. Finally, this paper examined the EGFR status in patients with 
ground-glass nodular lung adenocarcinoma, but there was no control group. 
Therefore, in future work, we will collect data about the elderly ( > 60 years of age), 
smoking men compared with middle-aged women (40-60 years old), and never-
smoking women to explore whether there are differences in HRCT signs between the 
two. As for the regional problem, our group can only collect data from Asian patients, 
but multicenter international studies could address this issue. Still, such studies will 
have to be carefully designed since scanners with a lower resolution might miss some 
features of EGFR mutations. International guidelines suggest that low-dose spiral CT 
screening should be carried out in high-risk groups[22,33-35]. Still, low-dose CT is only 
suitable for routine screening in high-risk groups. Once suspicious lesions are found 
during screening, routine HRCT examination should be performed to enable a more 
detailed assessment of lesions[22,33-35]. The present study only included patients who 
underwent HRCT as confirmation of regular lung cancer screening. Therefore, studies 
with larger sample sizes are warranted, and factors such as CT value, volume of 
GGNs, and lung adenocarcinoma subtype would be included to develop a more 
comprehensive and accurate model for predicting the mutation status of the EGFR 
gene, to provide a basis for clinical decision-making.

CONCLUSION
In conclusion, HRCT signs were associated with EGFR mutation status in lung 
adenocarcinoma, and nodule size combined with vacuole/honeycomb sign could 
predict EGFR mutation status to a certain extent. Future studies are warranted to 
confirm these findings and improve the non-invasive detection of EGFR gene 
mutations in lung cancer.

ARTICLE HIGHLIGHTS
Research background
Applying high-resolution computerized tomography (HRCT) for lung cancer 
screening, previous studies have shown that certain imaging characteristics could 
predict epidermal growth factor receptor (EGFR) mutation status to a certain extent.

Research motivation
Non-invasive methods to predict EGFR mutations are of high importance but 
currently lacking. The value of HRCT in predicting EGFR mutations remains unclear.

Research objectives
This study aimed to assess the associations of EGFR mutations with HRCT features in 
ground-glass nodular lung adenocarcinoma.
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Research methods
This study retrospectively assessed patients with ground-glass nodular lung adenocar-
cinoma diagnosed between January 2011 and March 2017. EGFR gene mutations in 
exons 18-21 were detected. The patients were classified into mutant EGFR and wild-
type groups, and general data and HRCT image characteristics were assessed.

Research results
Among 98 patients, 31 (31.6%) and 67 (68.4%) had mutated and wild-type EGFR in 
exons 18-21, respectively. Gender, age, smoking history, location of lesions, 
morphology, edges, borders, pleural indentations, and associations of nodules with 
bronchus and blood vessels were comparable in both groups (all P > 0.05). Patients 
with mutant EGFR had larger nodules than those with the wild-type (17.19 ± 6.79 and 
14.37 ± 6.30 mm, respectively; P = 0.047). Meanwhile, the vacuole/honeycomb sign 
was more frequent in the mutant EGFR group (P = 0.011). The logistic regression 
prediction model included the combination of nodule size and vacuole/honeycomb 
sign (OR = 1.120, 95%CI: 1.023-1.227, P = 0.014) revealed a sensitivity of 83.9%, a 
specificity of 52.2% and an AUC of 0.698 (95%CI: 0.589-0.806; P = 0.002).

Research conclusions
Nodule size and vacuole/honeycomb features could independently predict EGFR 
mutation status in ground-glass nodular lung adenocarcinoma.

Research perspectives
Future studies are warranted to confirm these findings and improve the non-invasive 
detection of EGFR gene mutations in lung cancer.
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