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superior to intraoperative frozen section in the diagnosis of
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Abstract
Background: At present, lobectomy is still the standard treatment for lung cancer.
Judging whether a lesion is invasive adenocarcinoma (IA) has important guiding sig-
nificance for determining the scope of surgical resection. The commonly used
methods are intraoperative frozen sections and computed tomography (CT) signs.
There is still controversy about the accuracy of both in judging the invasiveness of
ground-glass nodules (GGNs).
Methods: The clinical data of patients with GGNs who underwent surgery were col-
lected. According to the results of univariate analysis, the variables with statistical dif-
ferences were selected and included in logistic regression multivariate analysis. The
predictive variables were determined and the receiver operating characteristic (ROC)
curve was drawn in order to achieve the area under the curve (AUC) value.
Results: According to the results of logistic regression analysis, the longest diameter
and maximum CT value of nodules were independent risk factors for IA. The mathe-
matical prediction model of CT signs was determined, and the ROC curves of CT
signs and intraoperative frozen sections (FS) were drawn, respectively. The AUC
values under the curves were calculated to be 0.873 and 0.807, respectively. The math-
ematical prediction model of intraoperative frozen section combined with CT signs
was established. A ROC curve was drawn and the AUC was calculated to be 0.925.
Conclusions: The diagnostic accuracy of CT signs in judging whether nonbenign
GGNs were IA was higher than that of intraoperative FS. Combined with CT signs
and intraoperative FS to establish a mathematical prediction model, the diagnostic
accuracy of judging whether nonbenign GGNs are IA is significantly improved.
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INTRODUCTION

Lung cancer has become the malignant tumor with the
highest mortality rate in the world.1,2 Early detection, together
with early treatment can effectively reduce lung cancer
mortality,2 and therefore lung cancer screening is particularly
important in clinical practice. According to the results of the

National Lung Screening Trial (NLST), low-dose computed
tomography (LDCT) is an effective screening method for
high-risk groups.3 With the popularity of lung computed
tomography (CT) screening, the incidence of pulmonary nod-
ules has significantly increased, and “speckled” lesions in the
lung area are defined as pulmonary nodules. According to the
content of solid components, pulmonary nodules can be
divided into solid nodules and ground-glass nodules (GGNs).
A GGN is defined as a slightly hyperdense shadow on CT,
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which does not mask the bronchial and vascular texture,4,5

including pure ground-glass nodules (pGGNs) and mixed
ground-glass nodules (mGGNs). In clinical practice, GGNs
on CT are more challenging because of their potential malig-
nancy and heterogeneity.6

According to the 2011 International Association for the
Study of Lung Cancer (IASLC)/American Thoracic Society
(ATS)/European Respiratory Society (ERS) standard classifica-
tion of lung adenocarcinoma,7 GGNs are often diagnosed as
atypical adenomatoid hyperplasia (AAH), adenocarcinoma in
situ (AIS), minimally invasive adenocarcinoma (MIA), and
invasive adenocarcinoma (IA) in pathological diagnosis.8

Although the radiological “GGN-type” lung adenocarcinoma
has the histological and morphological characteristics of lung
adenocarcinoma, it is a relatively inert subtype and its manage-
ment and treatment should be different than that of “solid
nodular” lung adenocarcinoma. Intraoperative frozen sections
(FS) are most often used to evaluate uncertain lung lesions and
guide surgical treatment,9 but there is still room for improve-
ment in the accuracy of intraoperative FS, especially for the
differentiation of AAH, AIS, MIA and IA. In recent years, with
the rapid development of CT, the evaluation of benign, malig-
nant and invasive CT signs of pulmonary nodules has become
very useful. The most common signs of nodules are nodule
size, lobulation sign, spiculation sign, pleural traction, vascular
convergence sign, air bronchial sign and so on.

FS and CT signs are of great significance in the manage-
ment and surgical treatment of GGNs, but have their own
limitations. The purpose of this study was to compare the
accuracy of FS and CT signs mathematical prediction model
in the diagnosis of GGN invasiveness, and to establish a
mathematical prediction model combined with FS and CT
signs.

METHODS

The clinical data of patients who underwent surgery in our
hospital from June 1, 2018 to June 30, 2020 were collected
continuously during this period. All patients underwent com-
prehensive examination before operation. Inclusion criteria
were as follows: (i) chest CT imaging showed GGNs, (ii) the
interval between chest CT scan and surgery was within one
month, (iii) there was no preoperative radiotherapy and
chemotherapy, and (iv) intraoperative frozen and paraffin-
embedded tissue sections for pathological evaluation were
available. Exclusion criteria were: (i) the quality of the CT
image was poor, and (ii) clinical data was incomplete.
According to the inclusion and exclusion criteria, a total of
272 patients were enrolled in the study, and CT images and
pathological data (frozen and paraffin-embedded tissue sec-
tions) were collected. The study was approved by the Institu-
tional Review Board of Beijing Friendship Hospital of Capital
Medical University (No: 2020-P2-260-01).

The examination was performed with a GE Revolution
256 row spiral CT. The patient was asked to lay on their
back with hands placed near their head. Images were

collected from the entrance level of the chest to below the
base of the lung. Scanning mode: the tube voltage was
120 kV, automatic tube current, pitch of 0.984:1, rotation
time of 0.5 s, image thickness of 1.25 mm, and the interval
between layers was 1.25 mm. The image was obtained by set-
ting the mediastinal window (width 400 HU; level 40 HU)
and lung window (width 1600 HU; level-700 HU). Two chest
radiologists examined the CT data of all patients and were
unaware of the pathological findings of the lesions. Differ-
ences in interpretation, if any, were resolved through negotia-
tion. The following features of the lesions were evaluated on
CT images: nodular type, nodular morphology, longest diam-
eter of nodules, longest diameter of solid components, solid
components of mediastinal window, vascular convergence
sign, air bronchus sign, lobulation sign, spiculation sign, pleu-
ral traction, and maximum CT value (lung window).

According to the paraffin-embedded tissue section pathol-
ogy, 272 patients were divided into two groups: the IA group
and AAH/AIS/MIA groups. The clinical data of each group
were statistically analyzed. Continuous variables are expressed
as mean � standard deviation (mean � SD), while classified
variables are expressed as absolute numbers. Independent sam-
ple t-test was used to compare the age, the longest diameter of
nodules, the maximum CT value and the longest diameter of
solid components among different groups. χ2 test was used to
compare the sex, nodule type, nodule shape, solid composition
of mediastinal window, vascular convergence sign, air bron-
chus sign, lobulation sign, spiculation sign, pleural traction and
intraoperative frozen sections of patients in each group. Binary
logistic regression analysis was used to screen independent risk
factors for IA and to establish a mathematical predictive model.
The receiver operating characteristic (ROC) curve was used to
calculate the accuracy of the mathematical prediction model
for the prediction of IA. All statistical analyses were performed
using SPSS (IBM SPSS, Statistics for Windows, Version 22.0).
All data statistics were conducted using a bilateral test, and sta-
tistical significance was set at p < 0.05.

RESULTS

According to the paraffin-embedded tissue section pathology,
there were 166 cases in the AAH/AIS/MIA group (AAH
10 cases, AIS 69 cases, MIA 87 cases) and IA group (106 cases).
Among the quantitative variables, there were significant differ-
ences in age (p = 0.002), longest diameter of nodules
(p < 0.001), maximum CT value (p = 0.008) and longest diame-
ter of solid components (p < 0.001) between the AAH/AIS/MIA
and IA groups. Among the qualitative variables, there were sig-
nificant differences in lobulation sign (p < 0.001), spiculation
sign (p < 0.001), pleural traction (p < 0.001), intraoperative fro-
zen section (p < 0.001), nodule type (p < 0.001), nodule shape
(p < 0.001), mediastinal window solid component (p < 0.001)
and air bronchus sign (p < 0.001) between the two groups.
There was no significant difference in gender (p = 0.275) and
vascular convergence sign (p = 0.058). Further details are given
in Table 1 and Table 2.
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According to the results of univariate analysis, two
groups of mathematical prediction models were established.
One group was not included in the FS, and the longest
diameter, maximum CT value, pleural traction, nodular
type, nodular shape, age, longest diameter of solid compo-
nents, solid components of mediastinal window, lobulation
sign, spiculation sign and air bronchus sign were included in
the logistic regression analysis. The results showed that the

longest diameter and maximum CT value of nodules were
independent risk factors for IA, and the risk ratios
were 4.426 (95% CI: 2.391–8.191, p < 0.001), 1.006 (95% CI:
1.004–1.008, p < 0.001), respectively. Pleural traction, nodu-
lar type, nodular shape, age, longest diameter of solid com-
ponents, solid components of mediastinal window,
lobulation sign, spiculation sign and air bronchial sign were
not independent risk factors for IA (p > 0.05) (Table 3).

T A B L E 1 The quantitative variables and results of univariate analysis

Quantitative variables
AAH/AIS/MIA (n = 166)
(mean � SD, range)

IA (n = 106)
(mean � SD, range) p-value

Age (year) 58.00 � 11.12 62.12 � 9.89 0.002

(28–83) (35–81)

Longest diameter (cm) 1.18 � 0.43 1.95 � 0.78 <0.001

(0.55–2.67) (0.60–4.44)

Maximum CT value (HU) of ROI �304.81 � 208.91 �56.08 � 130.73 0.008

(�749–60) (�445–90)

Longest diameter of solid components (cm) 0.30 � 0.40 0.92 � 0.63 <0.001

(0–1.88) (0–3.23)

Abbreviations: AAH, atypical adenomatoid hyperplasia; AIS, adenocarcinoma in situ; CT, computed tomography; IA, invasive adenocarcinoma; MIA, minimally invasive
adenocarcinoma; ROI, region of interest.

T A B L E 2 The qualitative variables and the results of univariate analysis

Variables
AAH/AIS/MIA
(n = 166) IA (n = 106) p-value

Gender Male 49 38 0.275

Female 117 68

Lobulation Yes 50 67 <0.001

No 116 39

Spiculation Yes 57 71 <0.001

No 109 35

Pleural traction Yes 44 62 <0.001

No 122 44

Type pGGN 89 11 <0.001

mGGN 77 95

Shape Quasicircular 85 14 <0.001

Irregular 81 92

Solid components of mediastinal window Yes 40 80 <0.001

No 126 26

Vascular convergence Yes 97 74 0.058

No 69 32

Air bronchial Yes 15 37 <0.001

No 151 69

Intraoperative frozen section AAH/AIS/MIAIA 163 39 <0.001

3 67

Abbreviations: AAH, atypical adenomatoid hyperplasia; AIS, adenocarcinoma in situ; IA, invasive adenocarcinoma; mGGN, mixed ground-glass nodule; MIA, minimally invasive
adenocarcinoma; pGGN, pure ground-glass nodule.
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According to the results of logistic regression analysis, a
mathematical prediction model of invasiveness of GGNs
was established, and the ROC curve was drawn. The area
under the curve (AUC) value was calculated to be 0.873 (95%
CI: 0.833–0.913 p < 0.001), the sensitivity was 69.8%, the
specificity was 82.5%, the positive predictive value was 71.8%,
and the negative predictive value was 81.1% (Figure 1).

The other group included FS. The longest diameter, maxi-
mum CT value, pleural traction, nodular type, nodular shape,
age, longest diameter of solid component, solid component of
mediastinal window, lobulation sign, spiculation sign, air
bronchus sign and FS were included in the logistic regression
analysis. The results showed that the longest diameter, maxi-
mum CT value and FS were independent risk factors for IA,
and the risk ratios were 4.450 (95% CI: 2.183–9.071,
p < 0.001), 1.004 (95% CI: 1.001–1.006, p = 0.002), 45.502
(95% CI: 12.617–164.097, p < 0.001), respectively. Pleural
traction, nodular type, nodular shape, age, longest diameter of
solid components, solid components of mediastinal window,

lobulation sign, spiculation sign and air bronchus sign were
not independent risk factors for IA (p > 0.05) (Table 4).
According to the logistic regression analysis results, a mathemat-
ical model for predicting the invasiveness of GGNs was
established, and the probability of IA P = ex/(1 + ex) was
established. X = –2.881 + (1.493 � longest diameter of
nodules) + (0.004 � maximum CT value) + (3.818 � FS).
Where e is the natural logarithm, FS: IA = 1, AAH/AIS/
MIA = 0. Based on the modeling data, the ROC curve was
drawn, and the AUC value was calculated to be 0.925 (95% CI:
0.893–0.957, p < 0.001), the sensitivity was 75.5%, the specificity
was 94.0%, the positive predictive value was 88.9%, and the neg-
ative predictive value was 85.7% (Figure 2).

Taking the FS as a single predictive factor to establish a
prediction model, the ROC curve was drawn, and the AUC
value was calculated to be 0.807 (95% CI: 0.747–0.867
p < 0.001), the sensitivity was 63.2%, the specificity was

T A B L E 3 Binary logistic regression analysis of AAH/AIS/MIA group
and IA group (not included in intraoperative frozen section)

Item OR 95% CI p-value

Longest diameter 4.426 2.391–8.191 <0.001

Maximum CT value of ROI 1.006 1.004–1.008 <0.001

Abbreviations: AAH, atypical adenomatoid hyperplasia; AIS, adenocarcinoma in situ;
CT, computed tomography; IA, invasive adenocarcinoma; MIA, minimally invasive
adenocarcinoma; ROI, region of interest.

TAB L E 4 Binary logistic regression analysis of AAH/AIS/MIA group
and IA group (included in intraoperative frozen section)

Item OR 95% CI p-value

Longest diameter 4.450 2.183–9.071 <0.001

Maximum CT value of ROI 1.004 1.001–1.006 0.002

Intraoperative frozen section 45.502 12.617–164.097 <0.001

Abbreviations: AAH, atypical adenomatoid hyperplasia; AIS, adenocarcinoma in situ;
CT, computed tomography; IA, invasive adenocarcinoma; MIA, minimally invasive
adenocarcinoma; ROI, region of interest.

F I G UR E 2 The receiver operating characteristic (ROC) curves for the
mathematical prediction model (included in the intraoperative frozen
section). The area under the curve (AUC) value using the prediction model
was 0.925

F I G U R E 1 The receiver operating characteristic (ROC) curves for the
mathematical prediction model (not included in the intraoperative frozen
section). The area under the curve (AUC) value using the prediction model
was 0.873
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98.2%, the positive predictive value was 95.7%, and the neg-
ative predictive value was 80.7% (Figure 3).

DISCUSSION

With an increase in the incidence of GGNs in clinical prac-
tice, it is very important to diagnose the nature of GGNs.
GGNs are not a specific radiological feature. On CT images,
GGNs may represent alveolar changes, interstitial changes,
pulmonary infection, pulmonary edema or interstitial dis-
eases. However, there is no doubt that “GGN-type” lung
adenocarcinoma must be our focus. During GGN surgery,
the scope of resection is often determined according to the
results of FS, and the accuracy of FS becomes very impor-
tant. Since the latest revised classification of lung adenocar-
cinoma was put forward by IASLC/ATS/ERS in 2011, FS in
our hospital have been divided into AAH, AIS, MIA and
IA. Previous studies have reported no difference in
recurrence-free survival (RFS) and overall survival (OS) of
AAH, AIS and MIA.10–12 They are classified as AAH/AIS/
MIA group in this study.

In this study, the accuracy of FS diagnosis of IA was
80.7%. Compared with previous studies, this result is not
satisfactory. The main reason for the low accuracy was the
underestimation of IA. Liu et al.13 retrospectively studied
the clinical data of 803 patients and found that the total
coincidence rate between FS and final pathology was 84.4%.
When AAH, AIS and MIA were classified as low-risk
groups, the total coincidence rate between FS and final
pathology reached 95.9%. The main consideration for the

low accuracy of FS in judging the invasiveness of GGNs in
this study is that (i) a total of 804 patients were included
in the study by Liu et al. and only 272 patients were included
in our study. The small number of cases included may be the
reason for the low diagnostic accuracy of FS. (ii) Liu et al. stud-
ied benign nodules in AAH, AIS, MIA and IA. This study did
not include cases of benign nodules diagnosed by paraffin-
embedded tissue section pathology. (iii) Liu et al. studied solid
nodules, pGGNs and m GGNs. All cases included in this study
were pGGNs and mGGNs (excluding solid nodules). The above
studies are all in agreement that FS is an effective method to
guide the resection strategy of GGNs, but its accuracy still needs
to be improved. The common causes of FS include large tumor
size, tumor close to visceral pleura, interstitial inflammation or
fibrosis and no obvious atypia.14

In this study, we observed the important CT signs of
GGNs. Using univariate analysis, we found that there were
significant differences in the longest diameter, maximum CT
value, pleural traction, nodular type, nodular morphology,
age, longest diameter of solid components, solid components
of mediastinal window, lobulation sign, spiculation sign, air
bronchus sign and FS in the AAH/AIS/MIA and IA groups.
CT signs with statistical differences were analyzed by binary
logistic regression analysis, and it was found that the longest
diameter and maximum CT value of nodules were indepen-
dent risk factors of IA. According to the results of the analy-
sis, a mathematical prediction model of CT signs was
established (not included in FS). The accuracy of diagnosis
of IA was 87.3%, which was significantly higher than that of
FS. Yin et al. retrospectively analyzed the CT signs of
200 patients with pGGNs.15 The results of statistical analysis
showed that mean diameter and shape were independent risk
factors for lung pGGN pathology as IA. The AUC value of
the mathematical prediction model based on independent
risk factors was 0.839. The accuracy of the mathematical pre-
diction model of CT signs obtained in this study was higher
than that of Yin et al. in the diagnosis of IA. The main rea-
sons were that (i) we had a larger sample size, (ii) our obser-
vation of CT signs was more comprehensive, and (iii) the
cases we included were pGGN and mGGN, not just pGGN.
The results of this study show that the accuracy of the mathe-
matical prediction model of CT signs (not included in FS) in
the diagnosis of IA was higher than that of FS.

Previous studies have focused on the accuracy of CT
signs or FS in the diagnosis of GGN invasiveness, and this
study compared the CT signs with FS; the results are there-
fore not ideal. We combined CT signs and FS, and carried
out binary logistic regression analysis. According to the
results of the analysis, a mathematical prediction model
(including FS) was established, and the diagnostic accuracy
of IA was as high as 92.5%. Compared with the mathemati-
cal prediction model of FS and CT signs (not included in
FS), the diagnostic accuracy of the mathematical prediction
model (including FS) was significantly improved.

In conclusion, there are a variety of models for
predicting the invasiveness of lung GGNs. However, the
existing prediction models and data analysis methods still

F I G U R E 3 The receiver operating characteristic (ROC) curves for the
mathematical prediction model (single factor of intraoperative frozen
section). The area under the curve (AUC) value using the prediction model
was 0.807
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have limitations. Through this study, we found that the
accuracy of observing CT signs to predict whether GGNs
were IA was higher than that of FS. Combined with CT
signs and FS to predict whether GGNs are IA, the diagnostic
accuracy is significantly improved. At present, our research
has some limitations. First, we have observed few kinds of
CT signs. Increasing the frontier of CT signs may further
improve the results of the mathematical prediction model.
Second, the sample size of this study was small, and further
prospective, multicenter studies on a large number of cases
are needed to verify the current predictive model.
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