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A B S T R A C T

Objective: This study assessed the ability of conventional computed tomography (CT) features (including pri-
mary tumors, metastatic lesions, lymph nodes, and emphysema) to predict epidermal growth factor receptor
(EGFR) mutations in advanced pulmonary adenocarcinoma.
Methods: Patients who were diagnosed with advanced pulmonary adenocarcinoma between January 2017 and
August 2017 and had undergone a chest CT and EGFR mutation testing were enrolled in this retrospective study.
Qualitative and quantitative CT-features and clinical characteristics evaluated in this study included: primary
tumor location, size, and morphology (including degree of lobulation, density, calcification, cavitation, vacuole
sign, and air bronchogram), size and distribution of lung and pleural metastatic nodules, size and status of hilar
and mediastinal lymph nodes, emphysema, organs with distant metastasis, and patient age, sex, and smoking
history.
Results: Of 201 patients, 107 (53.23%) were EGFR-mutation positive. The multivariate logistic regression in-
dicated that EGFR mutations were significantly associated with smaller lymph nodes, a lower percentage of deep
lobulation of the primary tumor and partial fusion of lymph nodes, and absence of emphysema. The area under
the curve of logistic regression model for predicting EGFR mutations was 0.898.
Conclusions: Conventional CT-features, including emphysema, degree of primary tumor lobulation, and lymph
node size and status, help to predict the presence or absence of EGFR mutations in advanced pulmonary ade-
nocarcinoma. Additionally, these same CT-features demonstrated that the CT manifestations of the EGFR mutant
group were of relatively lower malignancy and less invasive as compared to the wild-type EGFR group.

1. Introduction

Lung cancer is one of the leading causes of death worldwide. More
than 85% of lung cancers are non-small cell lung cancer (NSCLC);
adenocarcinoma is the most common subtype of NSCLC [1]. Due to the
lack of early specific signs and symptoms, most lung cancer patients are
diagnosed at advanced stages and thus are not eligible for curative
surgery; hence, the prognosis for these patients is usually poor [2]. In
the last decade, the advent of novel therapeutics that target genetically-
altered signaling pathways has revolutionized treatment options for
NSCLC patients [3]. Epidermal growth factor receptor tyrosine kinase
inhibitor (EGFR TKI) targeted therapy has shown promising benefits for

patients with advanced NSCLC. Mutations in the gene encoding EGFR
are strong predictors of how well patients with advanced NSCLC will
respond to EGFR TKIs [4,5].

CT-imaging plays an important role in diagnosing lung cancer and
evaluating responses to treatment. Previous studies suggested that
features of CT or CT-based radiomics may be associated with EGFR
mutations [6–15]. To date, most studies of CT-features or CT-based
radiomics of EGFR mutations focused on early-stage and resectable
NSCLC or on all stages of NSCLC. However, the main patient population
that received EGFR TKI targeted therapy had advanced NSCLC. Ad-
ditionally, different stages of NSCLC contain different CT-features.
Furthermore, these studies mainly focused on primary tumors; only a

https://doi.org/10.1016/j.ejrad.2019.01.005
Received 4 August 2018; Received in revised form 10 December 2018; Accepted 5 January 2019

⁎ Corresponding author at: Department of Radiology,Shanghai Pulmonary Hospital,Tongji University School of Medicine,507 Zhengmin Road, Shanghai,200433,
China.

E-mail address: sh2010gx2013@163.com (X. Sun).
1 These authors contributed equally to this work.

European Journal of Radiology 112 (2019) 44–51

0720-048X/ © 2019 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/0720048X
https://www.elsevier.com/locate/ejrad
https://doi.org/10.1016/j.ejrad.2019.01.005
https://doi.org/10.1016/j.ejrad.2019.01.005
mailto:sh2010gx2013@163.com
https://doi.org/10.1016/j.ejrad.2019.01.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejrad.2019.01.005&domain=pdf


few of them studied metastatic lesions or lymph nodes. However, de-
velopment of lung cancer targeted therapies and validation of ther-
apeutic response biomarkers will require analysis of both primary and
metastatic cancers, based on evidence of intra-tumor genetic hetero-
geneity and genetic heterogeneity between primary and metastatic tu-
mors in lung cancers [16,17].

To the best of our knowledge, previous studies of advanced pul-
monary adenocarcinoma have not assessed the value of conventional
CT-features (including evaluation of primary tumors, metastatic lesions,
lymph nodes, and emphysema) in predicting EGFR mutations.
Therefore, the purpose of this study was to assess the value of using
conventional CT-features to predict the presence of EGFR mutations in
advanced pulmonary adenocarcinoma.

2. Materials and methods

2.1. Ethical approval

This study was approved by the Institutional Review Board of
Shanghai Pulmonary Hospital as a retrospective study; thus, the re-
quirement for patient informed consent was waived.

2.2. Patient selection

Patients with unresectable, advanced pulmonary adenocarcinoma
who were diagnosed between January 2017 and August 2017 and had
undergone a chest CT and EGFR mutation testing at Shanghai
Pulmonary Hospital were enrolled in this study. Staging was conducted
according to the staging system of the International Association for the
Study of Lung Cancer (version 8). All patients had no prior diagnosis of
lung cancer and had not been treated for lung cancer. Patients samples
were excluded from the study based on the following criteria: in-
adequate for EGFR mutation testing,> 1 month between CT imaging
and the EGFR mutation testing.

For each patient, the date of CT examination, cancer stage, presence
of distant metastases, sex, age, and smoking status (current smoker or
former smoking within previous 10 years) were extracted from medical
records.

2.3. Mutation detection

Tumor specimens were obtained via bronchoscopic biopsy or CT-
guided core biopsy before the initiation of therapy. EGFR mutations
were detected using commercially available kits from Amoy Diagnostics
(Xiamen, China). These kits are based on amplification refractory mu-
tation system (ARMS) real-time polymerase chain reaction (PCR)
technology. These kits can detect mutations in exons 18–21, including
G719X in exon 18, 19-del in exon 19, T790M, S768I, and 20-ins in exon
20, and L858R and L861Q in exon 21. All tests were performed ac-
cording to the manufacturer’s protocol.

2.4. CT image acquisition

CT examinations were randomly performed on a 128-detector row
Brilliance iCT (Royal Philips, Netherlands), a 64-detector row
SOMATOM Definition AS+ (Siemens Healthineers, Germany), or a 64-
detector row United Imaging uCT760 (United Imaging, China), with the
following parameters: collimation: 38.4 mm (64×0.6mm) to 80mm
(128×0.625mm), beam pitch: 0.804–1.2, tube rotation time: 0.5 s,
tube voltage: 120 kVp, tube current: 100–450mA, slice thickness:
0.6 mm or 0.625mm, reconstruction thickness: 1.0 mm, and re-
construction intervals: 0.7 mm or 1.0mm. Each CT image encompassed
the lower neck to the level of the adrenal glands; 72.41% of patients
were examined by CT after enhancement with an intravenous contrast
medium.

2.5. Evaluation of CT features

Two radiologists with 7 years and 26 years of experience in-
dependently interpreted the CT images of the target lesions. Both
radiologists were aware that the CT images corresponded to lung ade-
nocarcinoma patients but were unaware of the EGFR mutation status.
Interpretation of CT images was done on a mediastinal window (M, 40;
W, 400) and lung window (M, –450; W, 1500) using a picture archiving
and communication system. The images were analyzed for the fol-
lowing points: 1) site of the tumor, indicated as right upper lobe (RUL),
middle lobe (ML), right lower lobe (RLL), left upper lobe (LUL), left
lower lobe (LLL), or mixed when the tumor had infiltrated more than
one lobe, 2) location of the tumor described as central, peripheral, or
mixed when present in both central and peripheral parts, 3) tumor size,
noted as measurable or unmeasurable (i.e., the margin of the tumor was
obscured and unclear because of complications with atelectasis); for
measurable tumors, tumor size values corresponded to the mean of the
longest and shortest diameters on the largest axial surface of the pri-
mary tumor; 4) tumor density, described as ground glass opacity
(GGO), mixed GGO, or solid; 5) presence or absence of calcifications; 6)
presence or absence of cavitation; 7) presence or absence of vacuole
sign; 8) presence or absence of air bronchogram; 9) lobulation, de-
scribed as shallow lobulation, deep lobulation (i.e., lobulation with
chord distance/chord length> 0.4 and chord distance/tumor size>
0.4) (Fig. 1A–D), no lobulation, or obscured (i.e., tumor complicated
with pulmonary atelectasis); 10) distribution of pulmonary metastatic
nodules, indicated as ipsilateral lung (i.e., nodules in primary tumor
lung), contralateral lung (i.e., nodules in non-tumor lung), bilateral
lung, or none; 11) distribution of pleural metastatic nodules, indicated
as ipsilateral pleura, contralateral pleura, bilateral pleura, or none; 12)
presence or absence of pulmonary and/or pleural metastatic nodules;
13) pulmonary and pleural metastatic nodule size, indicated as the
mean value of the longest and shortest diameters on the largest axial
surface of the largest nodules; 14) presence or absence of swollen lymph
nodes in the hilar and mediastinum; 15) hilar and mediastinal lymph
node size; 16) hilar and mediastinal lymph node status, indicated as
solitary lymph nodes, partial fusion of lymph nodes, extensive fusion of
lymph nodes (fused lymph nodes/total lymph nodes> 2/3)
(Fig. 1E–P), or none (no swollen lymph nodes); and 17) presence or
absence of emphysema. If the examiners’ interpretations were different,
a joint session was held to reach a final decision by consensus.

2.6. Statistical analysis

CT features and clinical characteristics were expressed as mean ±
standard deviation (SD) for continuous variables and as frequency and
percentage for categorical variables.

The inter-observer agreement for qualitative CT-features was as-
sessed by k statistics. The k value was ranked as follows: 0.00-0.20:
poor; 0.21-0.40: fair; 0.41-0.60: moderate; 0.61-0.80: good; and
0.81–1.00: excellent.

Univariate analysis was performed to assess the association of
clinical characteristics and CT features with EGFR mutations, using the
Mann-Whitney U test for continuous variables and the chi-square test
for categorical variables. Subsequent multivariate analysis was per-
formed and odds ratios (OR) with 95% confidence intervals (CI) were
calculated by a multivariate logistic regression model with stepwise
selection of variables. The receiver operating characteristic (ROC) curve
was constructed for the prediction of EGFR mutations according to each
significant feature and with the full model, and the corresponding area
under the curve (AUC) was calculated. P-values< 0.05 were con-
sidered significant. Bonferroni test corrected results of post-hoc com-
parison of single groups. A retrospective power analysis was conducted
in the procedure of logistic regression. All statistical analyses were
performed with the SPSS 17.0 software package (SPSS Inc., Chicago, IL,
United States) or PASS 11.0 software (PASS 11. NCSS, LLC. Kaysville,
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Utah, USA).

3. Results

3.1. Clinical characteristics of the study population

Clinical characteristics of the patient population are shown in
Table 1. After applying inclusion and exclusion criteria, 201 patients
were included in the study (mean age 63.00 ± 9.35 years;
M:F=117:84). EGFR mutations were detected in 107 of 201 patients
(53.23%). The percentage of smokers in the patient population was
38.31%.

3.2. Interobserver agreement of CT interpretations

The concordance between the two observers was excellent, with k
coefficients ranging between 0.810 and 0.976.

3.3. Relevance of clinical characteristics, CT features, and EGFR mutations

Based on univariate analysis, a significantly larger percentage of
EGFR+patients were female (P < 0.001), non-smokers (P < 0.001),
and did not have emphysema (P < 0.001) (Table 2). Additionally,

Fig. 1. CT features in advanced pulmonary adenocarcinoma patients. (A) shallow lobulation (arrow), (B) deep lobulation (arrows), (C) shallow lobulation (arrow)
and cavitation (∗), (D) deep lobulation (arrow) and vacuole sign (arrowhead), (E–H) status of solitary lymph nodes (arrows) at different CT levels in the same patient,
(I–L) status of partial fusion of lymph nodes (arrows) at different CT levels in the same patient, and (M–P) status of extensive fusion of lymph nodes (arrows) at
different CT levels in the same patient.

Table 1
Clinical Characteristics of the Study Population (N=201).

N/Total (％)

Age (years)a 63.00 (±9.35)
Sex
Male 117/201 (58.21)
Female 84/201 (41.79)

Smoking history
Yes 77/201 (38.31)
No 124/201 (61.69)

Stage
IIIB 36/201 (17.91)
IIIC 9/201 (4.48)
IV 156/201 (77.61)

Mutation type
EGFR 107/201 (53.23)
EGFR wild-type 94/201 (46.77)

Distant metastases
Bonebb 68/200 (34.00)
Brainc 25/200 (12.50)
Adrenals 6/201 (2.99)
Liver 10/201 (4.98)

a Mean (± SD).
b Bone metastasis was not assessed in 1 patient.
c Brain metastasis was not assessed in 1 patient.
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Table 2
Relevance of Clinical Characteristics, CT Features, and EGFR Mutations (N=201).

EGFR

+N/Total (％) −N/Total (％) Univariate p-value Multivariate Odds Ratiob (95％CI)

Age (years)a 62.21 (± 9.65) 63.88 (± 8.96) 0.185
Sex <0.001
Male 48/107 (44.86) 69/94 (73.40)
Female 59/107 (55.14) 25/94 (26.60)

Smoking 24/107 (22.43) 53/94 (56.38) <0.001
Stage 0.018
IIIB 14/107 (13.08) 22/94 (23.40)
IIIC 2/107 (1.87) 7/94 (7.45)
IV 91/107 (85.05) 65/94 (69.15)

Lobe 0.170
RUL 67/107 (62.62) 46/94 (48.94)
ML 0 0
RLL 1/107 (0.93) 2/94 (2.13)
R mixed 1/107 (0.93) 1/94 (1.06)
LUL 36/107 (33.64) 45/94 (47.87)
LLL 0 0
L mixed 2/107 (1.87) 0

Tumor locatione 0.033
Central 5/107 (4.67) 14/94 (14.89) 0.013
Peripheral 72/107 (67.29) 61/94 (64.89) 0.72
Mixed 30/107 (28.04) 19/94 (20.21) 0.197

Tumor size (cm)a 3.30 (± 1.30) 3.89 (±1.64) 0.011
Measurable 99/107 (92.52) 80/94 (85.11)
Unmeasurable 8/107 (7.48) 14/94 (14.89)

Tumor density 0.051
Solid 98/107 (91.59) 92/94 (97.87)
Mixed GGO 9/107 (8.41) 2/94 (2.13)

Calcifications 7/107 (6.54) 5/94 (5.32) 0.715
Cavitation 4/107 (3.74) 3/94 (3.19) > 0.999
Vacuole sign 6/107 (5.61) 7/94 (7.45) 0.597
Air bronchogram 14/107 (13.08) 5/94 (5.32) 0.06
Lobulatione <0.001
Deep 32/107 (29.91) 60/94 (63.83) <0.001 0.056 (0.013–0.233)
Shallow 67/107 (62.62) 20/94 (21.28) <0.001 1.00 (Reference)
Obscured 8/107 (7.48) 13/94 (13.83) 0.142
None 0 1/94 (1.06)

Distribution of pulmonary metastatic nodules 0.215
Ipsilateral 6/107 (5.61) 7/94 (7.45)
Contralateral 13/107 (12.15) 8/94 (8.51)
Bilateral 38/107 (35.51) 23/94 (24.47)
None 50/107 (46.73) 56/94 (59.57)

Distribution of pleural metastatic nodules 0.133
Ipsilateral 40/107 (37.38) 23/94 (24.47)
Contralateral 0 0
Bilateral 7/107 (6.54) 6/94 (6.38)
None 60/107 (56.07) 65/94 (69.15)

Pulmonary and/or pleural metastatic nodules 0.006
Yes 79/107 (73.83) 52/94 (55.32)
No 28/107 (26.17) 42/94 (44.68)

Pulmonary and pleural metastatic nodule size (cm)a 0.96 (± 0.63) 1.22 (±0.76) 0.021
Swollen lymph nodes 0.628
Yes 101/107 (94.39) 91/94 (96.81)
No 6/107 (5.61) 3/94 (3.19)

Lymph node size (cm)a 1.74 (± 0.86) 2.55 (±1.15) <0.001 0.272 (0.099–0.748)
Lymph node statuse 0.003
Extensive fusion 7/107 (6.54) 5/94 (5.32) 0.715 1.00 (Reference)
Partial fusion 13/107 (12.15) 32/94 (34.04) < 0.001 0.031 (0.002–0.522)
Solitary 81/107 (75.70) 54/94 (57.45) 0.006
None 6/107 (5.61) 3/94 (3.19) 0.628

Emphysema 15/107 (14.02) 50/94 (53.19) <0.001 24.338 (4.955–119.548)
Bone metastasis 39/107 (36.45) 29/93 (31.18)c 0.433
Brain metastasis 16/106 (15.09)d 9/94 (9.57) 0.239
Adrenals metastasis 2/107 (1.87) 4/94 (4.26) 0.564
Liver metastasis 6/107 (5.61) 4/94 (4.26) 0.909

Note: significant ORs and p-values are in bold.
a Mean (± SD).
b Obtained by multiple logistic regression model with stepwise selection of variables.
c One patient was not evaluated for bone metastasis.
d One patient was not evaluated for brain metastasis.
e Regarding the univariate analysis, the Bonferroni correction alpha for tumor location, lobulation, and lymph node status is 0.0167, 0.0083, and 0.0083,

respectively.
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EGFR+ patients had smaller primary tumors (P=0.011), pulmonary
and pleural metastatic nodules (P＝0.021), and lymph nodes
(P < 0.001) (Table 2). A higher percentage of EGFR+ patients had
pulmonary and/or pleural metastatic nodules (P＝0.006), solitary
lymph nodes (P＝0.006), and shallow lobulation of primary tumors (P
＝<0.001); whereas a lower percentage of EGFR+ patients had cen-
trally located primary tumors (P＝0.013), deep lobulation of primary
tumors (P < 0.001), and partial fusion of lymph nodes (P < 0.001)
(Table 2). Subsequent multivariate analysis confirmed the significance
of the following CT-features: absence of emphysema (OR, 24.338;
95%CI, 4.955–119.548), deep lobulation of primary tumors (OR, 0.056;
95%CI, 0.013-0.233), lymph node size (OR, 0.272; 95%CI, 0.099-
0.748), and partial fusion of lymph nodes (OR, 0.031; 95%CI, 0.002-
0.522). Fig. 2 shows the ROC curves for the prediction of EGFR muta-
tions (the AUC for the full model was 0.898).

The final variables included lymph node size, lymph node status,
emphysema, and lobulation. The power value of them was 0.99, 0.99,

0.99, and 0.99 respectively. Using the bonferroni method, the power
value of the regression model was 0.97.

4. Discussion

This study demonstrated that emphysema, degree of primary tumor
lobulation, and lymph node size and status were significantly associated
with EGFR mutation status in cases of advanced pulmonary adeno-
carcinoma. Statistical analysis of these CT-features suggested they may
be useful for predicting EGFR mutation status (the AUC of the ROC
curve was 0.898). Prediction of EGFR mutations may be useful in de-
ciding whether an invasive examination is suitable in some high-risk
patients and whether repeat biopsy should be attempted in patients
with discordant clinical features. Prediction of EGFR mutations may
facilitate early planning and cost-effective treatments.

By univariate analysis, our study showed that EGFR mutations in
advanced pulmonary adenocarcinomas were significantly associated

Fig. 2. Comparison between receiver operating characteristic curves for EGFR mutation prediction according to each significant feature and with the full model.
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with females, non-smokers, and absence of emphysema; however,
subsequent multivariate analysis only confirmed the significance of
absence of emphysema. Previous studies showed that EGFR mutations
are more frequent in tumors with adenocarcinoma histology, in non-
smokers or light smokers, and in women with NSCLC [10,11,18,19].
However, other studies reported no association between the presence of
EGFR mutations and sex or non-smoking status [12,20]. The differences
between these studies may have been due to the heterogenous patho-
logic profiles of the patients leading to selection bias, different research
parameters, and different statistical methods (e.g., some of these studies
did not use multivariate analysis). Numerous studies have shown that
smoking is associated with emphysema and that both are risk factors for
lung cancer; additionally, emphysema as a lung cancer risk factor may
not be entirely dependent on smoking [21–24]. Although squamous cell
carcinoma is the most prevalent histopathological feature in emphy-
sema- and smoking-related lung cancer, the presence of emphysema is
also a risk factor for lung adenocarcinoma [23,24]. A large number of
studies have investigated the correlation between smoking and EGFR
mutations, but very few studies evaluated the correlation between
emphysema and EGFR mutations [11]. Thus, further studies that ex-
amine correlations between smoking, emphysema, and EGFR-mutated
NSCLC are needed.

Our study found a significant association between the degree of
primary tumor lobulation and EGFR mutations status (P < 0.001).
Shallow lobulation was present in 62.62% of EGFR+ primary tumors
but only in 21.28% of primary tumors with wild-type EGFR. Deep lo-
bulation was present in 63.83% of tumors with wild-type EGFR but only
in 29.91% of EGFR+ tumors. Several studies attempted to describe the
relationship between CT-features and EGFR mutation status. However,
only a small portion of these previous studies included the evaluation of
lobulation, and almost all of them reported no association between
EGFR mutations and lobulation, which was simply described as pre-
sence or absence of lobulation [11–13]. In our study, only one patient
lacked lobulation based on a presence/absence interpretation; thus,
based on this qualitative assessment, there was no association between
EGFR mutation status and lobulation, which is concordant with pre-
vious studies. However, when we graded lobulation (by defining the
edge types of the “lobulated” class), EGFR+patients had significantly
higher percentages of shallow lobulation and lower percentages of deep
lobulation. To the best of our knowledge, no previous study used
graded lobulation to evaluate the association between lobulation and
EGFR mutations. Hasegawa et al. found a significant association be-
tween EGFR mutations and notch on multivariate analysis
(p= 0.0428), although there was no statistically significant difference
based on univariate analysis (p= 0.9722) (the “notch sign” is a parti-
cular form of lobulation defined as an abrupt bulging of the lesion
contour) [10]. Some studies equated the notch with lobulation [25–27];
thus, our results are not comparable with these studies. Hsu et al. re-
ported that an irregular shape of primary tumor was more common in
adenocarcinomas with wild-type EGFR than in those with EGFR mu-
tations [12]. We postulate that the irregular shape may be similar to or
reflect the sign of deep lobulation.

It has been observed that cancer patients with EGFR gene mutations
have longer survival times than those without EGFR gene mutations
[28,29], which agrees with our results. The lobulation sign has the
appearance of uneven arcs in the edge of tumors, which is attributable
to different or uneven growth rates and is strongly associated with
malignancy and invasiveness [30–32]. Relative to shallow lobulation,
deep lobulation indicates greater malignancy and invasiveness and
therefore reflects a worse prognosis.

Our study demonstrated that smaller lymph node size and lower
percentages of partial fusion of lymph nodes were significantly asso-
ciated with EGFR-mutation positive adenocarcinoma, based on both
univariate and multivariate analyses. However, when lymph nodes
were described as presence or absence of swollen lymph nodes, there
was no association between EGFR mutations and lymph nodes. To the

best of our knowledge, this finding has not been previously reported.
However, Guan et al. reported that EGFR+ patients had an earlier N
stage than the group with wild-type EGFR based on PET/CT scans [33],
which may be similar to our findings. This observation also reflects the
lower malignancy and invasiveness of tumors in the EGFR+ group as
compared with the group with wild-type EGFR. The mechanism of this
finding was uncertain and its value on clinical application needs to be
further investigated.

Previous studies demonstrated that cancer patients with EGFR
mutations, including NSCLC and thyroid carcinoma, often developed
multiple pulmonary metastases, particularly miliary metastases
[34–36]. Our study showed that EGFR mutations were associated with
the presence of pulmonary and/or pleural metastatic nodules
(P= 0.006) and with small metastatic nodule sizes (P= 0.021) based
on univariate analysis, but subsequent multivariate analysis completely
negated these associations. No significant associations between EGFR
mutations and the distribution of metastatic nodules in lungs and pleura
were observed in this study. Guan et al. reported that EGFR mutations
in patients with NSCLC are associated with a higher incidence of distant
brain and bone metastases but are not associated with distant liver and
adrenals metastases [33]. In contrast to the study by Guan et al., our
study showed no significant association between EGFR mutations and
organs that are common sites of distant metastasis, such as bone, brain,
adrenals, and liver. However, it is worth noting that the subjects in our
study all had advanced pulmonary adenocarcinoma (stage IIIB, IIIC, or
IV) whereas the Guan et al. study included patients with all stages of
NSCLC (stage I-IV), which may account for the observed differences
between our study and the Guan et al. study.

At present, there have been relatively few studies that evaluated
potential correlations between pulmonary and pleura metastases, hilar
and mediastinal lymph nodes, and organs associated with distant me-
tastasis and EGFR mutations [33,34,37]. Further research on these re-
lationships is needed, which may help to identify the similarities and
differences between blood and lymphatic metastases and between wild-
type EGFR and EGFR+NSCLC, which may help guide diagnosis and
treatment.

In our study, none of the other primary tumor CT-features (location,
lobe, size, density, calcifications, cavitation, vacuole sign, and air
bronchogram) significantly associated with EGFR mutations based on
multivariate analysis. Several published studies of the relationship be-
tween primary tumor size and EGFR mutations yielded inconsistent
results; some studies demonstrated a significant association between
EGFR mutations and smaller primary tumors [6,11,12,33,38], whereas
other studies did not reach the same conclusion [13,19,39]. One study
showed a significant correlation between EGFR mutations and larger
tumors [40]. Currently, GGO is the most extensively studied CT-feature
of tumor density, in terms of identifying correlations with EGFR mu-
tations, but the results are controversial. Many retrospective studies
have reported that GGO, a GGO ratio ≥50%, or higher GGO volume
percentages were more frequent in tumors with EGFR mutations
[6,7,38,41], but some studies revealed no significant associations be-
tween GGO and EGFR mutations [11,12]. Additionally, across these
same studies, inconsistent calcifications, cavitation, and air broncho-
gram results were reported [9–13]. These differences may have been
due to selection bias resulting from the heterogenous pathologic pro-
files of the patients, different patient stages, different research para-
meters, and different statistical methods.

In addition, the CT features of EGFR+ pulmonary adenocarcinoma
illustrated in this study can be exploited for pattern recognition by
artificial intelligence (AI) systems that rely on big data and deep
learning and also provide a basis for using AI systems to predict EGFR
mutations based on CT images of advanced pulmonary adenocarci-
noma. Although associations between CT-based radiomics or deep
learning and mutations have been previously explored, most studies
focused on early-stage or all stages of NSCLC and on primary tumors
[14,42,43].This study demonstrated that emphysema, degree of
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primary tumor lobulation, and lymph node size and status were sig-
nificantly associated with EGFR mutation status in cases of advanced
pulmonary adenocarcinoma. This suggests that when using deep
learning or radiomics to predict EGFR mutation based on CT images of
advanced pulmonary adenocarcinoma patients, we should not only
focus on the primary tumor but also on lymph nodes and emphysema,
which may improve the accuracy of diagnosis. At the same time, the
significance of assessing the degree of primary tumor lobulation also
puts forward higher requirements for the accurate detection and seg-
mentation of images by an AI system. Huang et al. reported that in-
terobserver variability of tumor contouring affects the use of radiomics
for predicting EGFR mutation status [43], which was similar to our
findings.

This study has several limitations. First, the retrospective design
introduced selection bias that may have influence the final overall ef-
fect. Second, the sample size (n=201) was relatively small; thus, the
CT imaging features associated with EGFR mutations in advanced
pulmonary adenocarcinoma need further confirmation with a sub-
sequent larger study. Third, some of the CT features were evaluated
only with qualitative procedures that may have lacked accuracy and
repeatability. Finally, because not all CT examinations used a standard
contrast enhancement protocol and only 72.41% of patients were ex-
amined by CT after enhancement, our analysis did not include CT
features related to contrast enhancement of the lesions. The degree and
type of enhancement is widely recognized as an important differential
point in the differential diagnosis of lung cancer, but it is not clear
whether it is related to EGFR mutations.

5. Conclusion

We found a significant correlation between CT imaging features
(smaller lymph nodes, a lower percentage of deep lobulation of primary
tumor and partial fusion of lymph nodes, and absence of emphysema)
and EGFR mutations in advanced pulmonary adenocarcinoma.
Evaluation of conventional CT features, including emphysema, degree
of primary tumor lobulation, and lymph node size and status, helps to
predict EGFR mutations status in advanced pulmonary adenocarci-
noma. Moreover, these CT features suggest that the CT manifestations
of the EGFR-mutation positive group were of lower malignancy and less
invasive as compared to the wild-type EGFR group.
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