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Background: Patients with consistent lung pure ground-glass nodules (pGGNs) have a high incidence
of lung adenocarcinoma that can be classified as adenocarcinoma in situ (AIS), minimally invasive
adenocarcinoma (MIA), or invasive adenocarcinoma (IAC). Regular follow-up is recommended for AIS and
MIA, while surgical resection should be considered for IAC. This study sought to develop a multi-parameter
prediction model to increase the diagnostic accuracy in discriminating between IAC and AIS or MIA.
Methods: The training data set comprised consecutive patients with lung pGGNs who underwent resection
from January to December 2017 at the Zhongshan Hospital. Of the 370 resected pGGNs, 344 were
pathologically confirmed to be AIS, MIA, or IAC and were included in the study. The 26 benign pGGNs
were excluded. We compared differences in the clinical features (e.g., age and gender), the content of serum
tumor biomarkers, the computed tomography (CT) parameters (e.g., nodule size and the maximal CT value),
and the morphologic characteristics of nodules (e.g., lobulation, spiculation, pleura indentation, vacuole
sign, and normal vessel penetration or abnormal vessel) between the pathological subtypes of AIS, MIA,
and JAC. An abnormal vessel was defined as “vessel curve” or “vessel enlargement”. Statistical analyses were
performed using the chi-square test, analysis of variance (ANOVA), and rank test. The IAC prediction model
was constructed via a multivariate logistical regression. Our prediction model for lung pGGNs was further
validated in a data set comprising consecutive patients from multiple medical centers in China from July to
December 2018. In total, 345 resected pGGNSs were pathologically diagnosed as lung adenocarcinoma in the
validation data set.

Results: In the training data set, patients with pGGNs =10 mm in size had a high incidence (74.5%) of
TAC. The maximal CT value of IAC [-416.1£121.2 Hounsfield unit (HU)] was much higher than that of
MIA (-507.7+138.0 HU) and AIS (-602.6+93.3 HU) (P<0.001). IAC was more common in pGGNs that
displayed any of the following CT manifestations: lobulation, spiculation, pleura indentation, vacuole sign,
and vessel abnormality. The IAC prediction model was constructed using the parameters that were assessed

as risk factors (i.e., the nodule size, maximal CT value, and CT signs). The receiver operating characteristic
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(ROC) analysis showed that the area under the curve (AUC) of this model for diagnosing IAC was 0.910,
which was higher than that of the AUC for nodule size alone (0.891) or the AUC for the maximal CT value

alone (0.807) (P<0.05, respectively). A multicenter validation data set was used to validate the performance

of our prediction model in diagnosing IAC, and our model was found to have an AUC of 0.883, which was
higher than that of the AUC of 0.827 for the module size alone model or the AUC of 0.791 for the maximal

CT value alone model (P<0.05, respectively).

Conclusions: Our multi-parameter prediction model was more accurate at diagnosing IAC than models

that used only nodule size or the maximal CT value alone. Thus, it is an efficient tool for identifying the IAC

of malignant pGGNs and deciding if surgery is needed.
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Introduction

Lung cancer is the leading malignant tumor threatening
human health and accounts for 30% of total cancer deaths
worldwide (1). Fortunately, early stage lung cancer can
be detected via low-dose computed tomography (LDCT)
screenings in high-risk patients, and the mortality of
lung cancer rate is decreasing (2-5). However, the large
amounts of lung nodules detected by LDCT have become
a new health problem for patients and continue to trouble
physicians (6,7). There is an increasing trend of non-
smoking-related lung adenocarcinoma spectrum lesions in
the Asian population, most of which are detected as pure
ground-glass nodules (pGGNs) in lung cancer LDCT
screenings (8-10). On computed tomography (CT) scans,
lung pGGNss are the nodules that have low density and
a ground-glass opacity with a clear pulmonary vascular
texture (11). A high proportion of persistent pGGNs are
lung adenocarcinomas (12). PGGNs are recognized as
a slowly progressing disease; however, they can display
various growth patterns and invasive degrees during the
different pathological phases of adenocarcinoma in situ
(AIS), minimally invasive adenocarcinoma (MIA), or invasive
adenocarcinoma (IAC) (13-16). According to pooled analyses,
the 5-year survival rates of AIS and MIA after resection
are as high as 100% and nearly 100%, respectively (17).
If resected, IAC with a ground-glass component has a very
high 5-year overall survival rate (18). A pGGN <20 mm in
size is generally AIS or MIA. The National Comprehensive
Cancer Network (NCCN) lung cancer screening guidelines
of 2020 recommend regular follow-up screenings for patients
with these types of pPGGN.

© Journal of Thoracic Disease. All rights reserved.

Thus, discriminating between IAC and AIS or MIA
among lung pGGNs is important in clinical settings.
Former studies of the different characteristics of AIS, MIA,
and IAC have mainly focused on single CT parameters,
such as the nodule size or the CT value (19,20). Recent
studies have demonstrated that radiomic features have
superior diagnostic performance over conventional features
in the diagnosis of IAC in lung sub-solid ground-glass
nodules (GGNSs) (21). This study sought to develop a multi-
parameter model using training and validation data sets to
improve the diagnostic accuracy of IAC in lung pGGNs
and facilitate further clinical-management decisions, such
as whether a shorter CT follow-up interval or a biopsy or
surgery is required.

We present the following article in accordance with the
TRIPOD reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-786).

Methods
Study design

From January 2017 to December 2017, a total of 1,579
consecutive patients were clinically diagnosed with
malignant lung nodules that were surgically resected at the
Zhongshan Hospital, Fudan University, Shanghai, China.
Of the 370 pGGNs resected from 309 patients, 344 pGGNs
were pathologically confirmed to be lung adenocarcinoma
and were enrolled in the training data set (Figure 1A4).

The validation data set, which was used after the
construction and training of the IAC predicting model was
complete, comprised data of patients hospitalized from July
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Jan 2017 to Dec 2017 in Zhongshan Hospital
1,597 consecutive patients with
1,823 lung nodules resected

1,453 excluded for:
1. Mixed ground-glass nodule (n=990)
— 2. Solid nodules (n=234)
3. No CT DICOM data (n=35)
4. CT scan slice thickness >1 mm (n=194)

A
370 resected pGGNs

26 nodules in 18 patients excluded for:
benign nodules

A

344 pGGNs resected proved to be lung
adenocarcinoma

y

76 nodules: AIS
135 nodules: MIA
133 nodules: IAC

IAC prediction model
development

B
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July 2018 to Dec 2018 in 4 medical centers in China
1,723 consecutive patients with
1,956 lung nodules resected

1,567 nodules excluded for:
1. Mixed ground-glass nodule (n=976)
— 2. Solid nodules (n=356)
3. No CT DICOM data (n=32)
4. CT scan slice thickness >1 mm (n=203)

Y

389 pGGNSs: IAC probability evaluated with
prediction model

44 nodules excluded for:
benign nodules

Y

345 pGGNs resected proved to be lung
adenocarcinoma

Y

51 nodules : AIS
181 nodules : MIA
113 nodules : IAC

IAC prediction model
validation

Figure 1 Overview of this study. (A) The training data set comprised 344 malignant pGGNs from Zhongshan Hospital. (B) The validation

data set comprised 345 malignant pGGNs from four medical centers in China. CT, computed tomography; pGGNs, pure ground-glass

nodules; AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; TAC, invasive adenocarcinoma.

to December 2018. A total of 1,723 consecutive patients
with clinically diagnosed malignant lung nodules at four
medical centers in Shanghai, Wuhan, Yunnan province of
China were screened. From these patients, 389 pGGNs
were evaluated using the IAC prediction model before
resection. In total, 345 resected pGGNSs were pathologically
diagnosed to be lung adenocarcinoma and were enrolled in
the validation data set (Figure 1B). The study was conducted
in accordance with the declaration of Helsinki (as revised in
2013). The study was approved by the Institutional Ethics
Committee of Zhongshan Hospital (NO. B2017-201), and

individual consent for this retrospective analysis was waived.

Patient characteristics

Clinical information on age and gender was collected. The
patients in the training data set had a mean age of 53.4 years
(38 patients were aged <40 years, 211 were aged 41-60 years
and 95 were aged >60 years) (Table I). Ninety-eight patients
were male, and the rest were female. In total, 344 nodules
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were pathologically assessed. Of these, 76 nodules were
confirmed to be AIS, 135 nodules were confirmed to be MIA,
and 133 were confirmed to be IAC.

In the validation data set, patients had a mean age of
53.7 years (42 patients were aged <40 years, 206 were
aged 41-60 years, and 97 were aged >60 years) (Table 1).
Of the 345 pGGNs, 95 were resected from males, and the
rest were resected from females. Fifty-one nodules were
pathologically confirmed to be AIS, 181 nodules were
confirmed to be MIA, and 113 were confirmed to be TAC.

Construction of an IAC prediction model using the
training data set

Serum tumor markers

The following five serum tumor markers were tested
in all participants: carcinoembryonic antigen (CEA),
cytokeratin 19 fragment (CYFRA21-1), squamous cell
carcinoma antigen (SCC), neuro-specific enolase (NSE),
and carbohydrate antigen 19-9 (CA19-9). The serum

7 Thorac Dis 2021;13(9):5383-5394 | https://dx.doi.org/10.21037/jtd-21-786



5386

Hu et al. Discriminating IAC among lung pGGNs

Table 1 The number of pGGNs across the age and gender subgroups (n/total %) in the training and validation data sets

Training data set

Validation data set

Parameter
AIS MIA IAC Total P value AIS MIA IAC Total P value
Age <0.01 <0.01
<40 6 (15.8%) 22(57.9%) 10 (26.3%) 38 8(19.1%) 29 (69.0%) 5(11.9%) 42
>40 and <60 54 (25.6%) 89 (42.2%) 68(32.2%) 211 32 (15.5%) 110(53.4%) 64 (31.1%) 206
>60 16 (16.8%) 24 (25.3%) 55 (57.9%) 95 11 (11.3%) 42 (43.3%) 44 (45.4%) 97
Gender <0.01 <0.01
Male 20 (20.4%) 26(26.5%) 52 (53.1%) 98 12(12.6%) 50(52.6%) 33(34.7%) 95
Female 56 (22.8%) 109 (44.3%) 81 (32.9%) 246 39 (15.6%) 131(52.4%) 80(32.0%) 250

pGGNSs, pure ground-glass nodules; AlS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; IAC, invasive adenocarcinoma.

tumor markers were tested with the Elescsys 2010 kits
(Roche Corp., Ltd., USA) and analyzed on an Elescsys 2010
electrochemiluminescence immunoanalyzer (Roche Corp.,

Ltd., USA).

High-resolution computed tomography (HRCT) scans

and computer-assisted analyses

All patients in the training data set underwent a non-
enhanced HRCT scan with an image slice thickness of
1 mm using Siemens Somatom Definition Flash Dual-Source
CT. All nodules were pGGNss with a size <3 cm. All the CT
data were recorded as Digital Imaging and Communications
in Medicine (DICOM) data, and the images were lung
algorithmically rebuilt. The pGGN features assessed
included the nodule size (average of the long and short
diameters), maximal CT value, and morphological
characters of the pGGNs. Vessels were avoided when
measuring the CT value. The CT morphological characters
of pGGNs included signs of lobulation, spiculation and
pleura indentation, vacuole sign, vessel abnormality, and
nodule vessel penetration. An abnormal vessel was defined
as “vessel curve” or “vessel enlargement”. The CT images of
the training data set were read, analyzed, and diagnosed with
PneuView lung DICOM analysis software 2.3 (Intrasense
Corp., Ltd., France) by two attending doctors at the
Zhongshan Hospital with more than 15 years of experience
in imaging diagnosis who were blind to the pathological
results. If any disagreement arose between the doctors, the
issue was discussed until a consensus was reached.

Diagnosis of AIS, MIA, and IAC
The diagnosis of pGGNs in the training data set was
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determined by the histopathological examination of the
resected specimens, and the lesions were classified as
AIS, MIA, or IAC according to the 2011 International
Association for the Study of Lung Cancer (IASLC),
the American Thoracic Society (ATS), the European
Respiratory Society (ERS), and the World Health
Organization (WHO) classifications of lung neoplasms.
Lepidic-predominant adenocarcinomas <3 cm in size were
classified as AIS, MIA, or IAC. AIS is a non-invasive lesion,
MIA has an invasive component < of 0.5 cm, and IAC has
an invasive component >0.5 cm. The diagnosis of these
nodules was discussed and confirmed by two pathologists at
the Zhongshan Hospital with more than 15 years of clinical
experience who were blind to the CT predictor factor
results.

Statistical analysis

The data of the training data set were analyzed with SPSS
19.0 (IBM Corp., Armonk, NY, USA). The count data are
presented as the number of cases and their percentage. A
chi-square test was used to analyze the associations between
age, gender, and the content of serum tumor markers
with the CT findings, including the signs of lobulation,
spiculation and pleural indentation, vacuole sign, vessel
abnormalities, and vessel penetration. An analysis of
variance (ANOVA) was used to compare the maximal CT
values between the various pathological diagnoses. A P value
of <0.05 was considered statistically significant. The IAC
prediction model was established using nominal dependent
variables for stepwise regression with a generalized logit
function. A receiver operating characteristic (ROC) analysis
was performed to evaluate the performance of the IAC
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prediction model and compare it to models that used only
nodule CT value or size.

Evaluation of the IAC prediction model using the
validation data set

The validation data set comprised 345 malignant pGGNs
from 4 medical centers in China (i.e., the Zhongshan
Hospital, Shanghai, the First People’s Hospital, Tianmen
City, Hubei Province, the Shanghai General Hospital,
Jiaotong University, Shanghai, and the People’s Hospital,
Yuxi City, Yunnan Province). All patients underwent
HRCT scans with an image slice thickness of 1 mm,
and the images were lung algorithmically rebuilt. Using
the IAC prediction model, we predicted IAC risk of the
389 nodules before surgery. Ultimately, 345 nodules were
pathologically confirmed to be lung adenocarcinoma and
44 benign nodules were excluded. The imaging analyses
and pathological diagnoses of the pGGNs were performed
by local physicians. A ROC analysis was performed to
evaluate the performance of the IAC prediction model.

Results
Construction of the IAC prediction model

Pathological results for pGGNs

Thirty-eight-point seven percent of the pathologically
confirmed malignant lung pGGNs were IACs. However,
most of the IACs of the pGGNs were not highly malignant.
Of the 133 TAC cases in the training dataset, there was no
nodal and remote metastasis, only 1 case of lymphovascular
invasion, and there were 11 cases of pleural invasion (PL1).
The pGGNs from older patients or those who were males
were more prone to be IACs. The pGGNs from patients
aged >60 years were more likely to be IACs (57.9%) than
those from patients aged <40 (26.3%) or those from patients
aged between 40-60 years (32.2%) (P<0.01). Additionally,
while a lower proportion of pGGNs was observed in male
than female patients, male patients had a higher incidence of
TAC (53.1%) than female patients (32.5%; P<0.01) (Table 2).

Serum tumor biomarkers

Our results revealed that the five serum tumor markers
had a low capability to diagnose early-stage lung
adenocarcinoma from pGGNs. The overall diagnostic
sensitivity of CEA, CYFRA21-1, SCC, NSE, and CA19-9
was 1.5%, 7.3%, 2.6%, 11.3% and 1.2%, respectively.

© Journal of Thoracic Disease. All rights reserved.
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Additionally, the blood levels of the five tumor biomarkers
for AIS, MIA, and IAC did not differ significantly (7able 2).

Associations between CT characteristics and AIS/MIA
and JAC

Larger nodule sizes were strongly associated with an
increased risk of IAC. Of the 45 nodules, <6 mm in size, the
incidence of IAC other than AIS or MIA was as low as 4.4%.
Concerning the nodules 6-8, 8-10, and >10 mm in size, the
incidence of IAC was 7.9%, 17.5%, and 74.5 %, respectively,
indicating an increasing trend. The ROC curve showed that
a cut-off value of 9.85 mm could be used to diagnose IAC
with a sensitivity of 85.7% and a specificity of 81.5% [area
under the curve (AUC) =0.891].

The maximal CT value of the pGGNs was determined
without assessing the vascular structure. The maximal
CT values of pGGNs diagnosed as AIS, MIA, and IAC
were —-602.6+93.3, -507.7+138.0, and -416.1+121.2 HU,
respectively. The variance analysis indicated that the
maximal CT value was associated with a risk of TAC
(P<0.001). The ROC curve showed that a maximal CT
value of -482.5 HU diagnosed IAC with a sensitivity of
72.9% and a specificity of 73.0% (AUC =0.807).

Of the pGGNs that displayed lobulation or spiculation,
72.6% and 63.1% were identified as IACs, respectively,
higher than AIS or MIA (P<0.001). Pleural indentation
(58.6%) and vacuole signs (64.0%) also indicated a higher
risk of IAC compared with AIS or MIA (P<0.001). There
was no statistical difference in vessel penetration between
TAC and AIS or MIA. However, pGGNs with vessel
abnormity had a significantly higher IAC risk (58.9%) than
those without vessel abnormity (16.5%; P<0.01) (Table 2).

Methods of IAC prediction model construction

An IAC prediction model was established using the risk
factors defined in the training data set. The results showed
that a nodule >8 mm in size was a strong predictive factor
of IAC (odds ratio: 11.494). Additionally, five signs that
could be observed on HRCT, scans (i.e., vessel abnormality,
pleural indentation, lobulation, spiculation, and vacuole
sign) and the highest CT value were also significant
predictive factors of IAC (Figure 24,2B). Using our
logistics regression model, we first calculated the possibility
of MIA and TAC compared to AIS, and found that AIS and
MIA were similar and difficult to identify. However, the
logistics regression model showed a statistically significant
difference when IAC was compared to AIS combined with
MIA. Thus, a model in which TAC discriminated from
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Table 2 The clinical and CT characteristic differences among AIS, MIA and IAC in the training data set

AIS MIA IAC Total
Parameter P value
n % n % n % n %
Total 76 221 135 39.2 133 38.7 344 100.0
Tumor biomarker
CEA (ng/mL) 0.993
Normal 75 221 133 39.2 131 38.6 339 98.5
Abnormal 1 20.0 2 40.0 2 40.0 5 1.5
CYFRA21-1 (ng/mL) 0.237
Normal 70 21.9 129 40.4 120 37.6 319 92.7
Abnormal 6 24.0 6 24.0 13 52.0 25 7.3
SCC (ng/mL) 0.712
Normal 70 20.9 132 39.4 130 38.8 335 97.4
Abnormal 3 33.3 3 33.3 3 33.3 9 2.6
NSE (ng/mL) 0.958
Normal 68 223 119 39.0 118 38.7 305 88.7
Abnormal 8 20.5 16 41.0 15 38.5 39 11.3
CA19-9 (U/mL) 0.289
Normal 76 22.4 134 39.4 130 38.2 340 98.8
Abnormal 0 0.0 1 25.0 3 75.0 4 1.2
CT characteristic
Size (mm) <0.001
<6 26 57.8 17 37.8 2 4.4 45 131
>6 and <8 30 33.7 52 58.4 7 7.9 89 25.9
>8 and <10 10 17.5 37 64.9 10 17.5 57 16.6
>10 10 6.5 29 19.0 114 745 153 44.5
Highest CT value (HU) -602.6+93.3 -507.7+138.0 -416.1+121.2 <0.001
Lobulation <0.001
Yes 10 11.9 13 15.5 61 72.6 84 24.4
No 66 25.4 122 46.9 72 27.7 260 75.6
Spiculation <0.001
Yes 7 8.3 24 28.6 53 63.1 84 24.4
No 69 26.5 111 42.7 80 30.8 260 75.6
Pleural indentation <0.001
Yes 11 12.6 25 28.7 51 58.6 87 25.3
No 65 25.3 110 42.8 82 31.9 257 74.7

Table 2 (continued)

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2021;13(9):5383-5394 | https://dx.doi.org/10.21037/jtd-21-786



Journal of Thoracic Disease, Vol 13, No 9 September 2021 5389
Table 2 (continued)
AIS MIA IAC Total
Parameter P value
n % n % n % n %
Vacuole sign <0.001
Yes 5 5.6 27 30.3 57 64.0 89 25.9
No 71 27.8 108 42.4 76 29.8 255 741
Vessel (normal) <0.001
Yes 56 18.0 125 40.2 130 41.8 311 90.4
No 20 60.6 10 30.3 3 9.1 33 9.6
Vessel (abnormal) <0.001
Yes 10 5.6 60 33.3 106 58.9 180 52.3
No 66 40.2 71 43.3 27 16.5 164 47.7

CT, computed tomography; AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; IAC, invasive adenocarcinoma; CEA,
carcinoembryonic antigen; CYFRA21-1, cytokeratin 19 fragment; SCC, squamous cell carcinoma antigen; NSE, neuro-specific enolase;
CA19-9, carbohydrate antigen 19-9; HU, Hounsfield unit.

A IAG risk factor Ajusted OR P value
Diameter >=8mm ——i 11.494(5.014-26.350) <0.001
Lobutation p-—i 3.282(1.599-6.376) <0.001
Spiculation Ho-t 1.916(0.962-3.815) <0.001
Pleural indentation e 2.516(1.250-5.063) <0.001
Vacoule sign Fed 1.898(0.974-3.698) <0.001
Abnormal vessle ot 2.199(1.129-4.282) <0.001

—_
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-602.6
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Figure 2 The IAC risk factor for malignant pGGN:s in this prediction model. (A) The HRs of six clinical characteristics were used distinguish
TAC form AIS or MIA. (B) The different highest CT values of IAC, MIA, and AIS. TAC, invasive adenocarcinoma; CT, computed tomography;

pGGN:s, pure ground-glass nodules; HRs, hazard ratios; MIA, minimally invasive adenocarcinoma; AIS, adenocarcinoma in situ.

AIS or MIA was successfully established. In the prediction

model, a nodule >8 mm in size was recorded as “2” and a

nodule <8 mm in size was recorded as “1”. The presence or

absence of a specific CT sign in the model was recorded as

“1” or “0”, respectively. The following function (f) was used

to calculate the incidence of IAC (other than AIS or MIA):
S =1.9903+1.2209 x size(> 8 mm or not)+0.00476 CT value( HU )

+0.5942 x lobulation +0.3251x spiculation
+0.3940 % pleural indentation

(1]
+0.3204 x vacuole sign+0.4613 x abnormal vessel

The possibility of IAC was calculated as P:
P= exp(f)/‘:1+exp(f):|

© Journal of Thoracic Disease. All rights reserved.

Figure 3 shows two typical IAC prediction processes of
this model and the pathological results for two lung pGGN.
This model effectively predicted the risk of IAC among
pGGN:ss in the training data set with an AUC as high as
0.910 (CI: 0.879-0.942), which was higher than the AUC of
0.891 for the nodule size alone model or the AUC of 0.807
for the highest CT value alone model (P<0.05, respectively)
(Figure 44). The TAC possibility with the cut-off value of
0.42 calculated in the training data set by the IAC prediction
model exhibited a high diagnostic efficiency with a sensitivity
of 83.7% and a specificity of 83.9%. The process was easily
calculated using the Excel template (Table S1).

7 Thorac Dis 2021;13(9):5383-5394 | https://dx.doi.org/10.21037/jtd-21-786


https://cdn.amegroups.cn/static/public/JTD-21-786-Supplementary.pdf

5390 Hu et al. Discriminating IAC among lung pGGNs

8.43 mm

Area =0.03363 cm” (8 px) -
9.10 mm -

5.88 mm
Mean =-624.00 SD =42.88
Max =-570 Min =-670
Area =0.01133 cm* (4 px)

5.98 mm

Figure 3 Typical IAC prediction results for two lung pGGNs under this model: one high TAC possibility and one low IAC possibility.
(A) PGGN No. 1: 9.10x8.43 mm in size with a maximum CT value of -423 HU; the predicted IAC possibility was 0.47 (cut off: 0.42);
(B) typical “vessel curve” of pPGGN No.1; (C) pathological result of pPGGN No. 1: IAC of acinar type (HE x200); (D) pGGN No. 2:
5.98x5.88 mm in size with a normal vessel and a maximum CT value of -570 HU; the predicted IAC possibility was 0.02 (cut off: 0.42); (E)

pathological result of pPGGN No. 2: AIS (HE x200). IAC, invasive adenocarcinoma; pGGNs, pure ground-glass nodules; CT, computed
tomography; HU, Hounsfield unit; AIS, adenocarcinoma in situ.

A Development dataset B Validation dataset
1001
R <
£ z
% —— CT value £ 504 —— CT value
[72) .

5 — Diameter S —_— Dlameterl .
@ — IAC prediction model D — IAC prediction model

01 T ; 0 . :

0 50 100 0 50 100

1-Specificity % 1-Specificity %

Figure 4 The diagnosis ability of the IAC prediction model in the training and validation data set. (A) The IAC prediction model in the
training data set. This model was more accurate at predicting IAC (AUC =0.910) than models that included size only (AUC =0.891) or
highest CT value only (AUC =0.807). (B) The IAC prediction model in the validation data set. This model was more accurate at predicting

TAC (AUC =0.883) than models that included size only (AUC =0.827) or highest CT value only (AUC =0.791). CT, computed tomography;
TAC, invasive adenocarcinoma; AUC, area under the curve.
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Validation of the IAC prediction model

The prediction model also performed well in the validation
data set and exhibited a significant ability to differentiate
between IAC and AIS or MIA. The calculated IAC possibility
of the pGGNs was compared to the pathological results;
benign nodules were excluded. The AUC of the prediction
model was 0.883 (CI: 0.847-0.919), which was higher than
that of the nodule size alone model (AUC =0.827) or the
maximal CT value alone model (AUC =0.791) (P<0.05,
respectively). The IAC possibility with a cut-off value of 0.45
calculated in the validation data set by the IAC prediction
model exhibited a high diagnostic efficiency with a sensitivity
of 81.4% and a specificity of 82.3% (Figure 4B).

Discussion

An increasing number of the non-smoker—related early
stage lung cancer cases manifest as lung pGGNs in LDCT
screenings in Asia. Our view is that the differential diagnosis
of lung pGGNs by CT scans is essential to differentiate
between IAC and AIS or MIA and thus avoid many
unnecessary operations. The present study showed that the
percentage of IAC in malignant pGGNs was 38.7% in the
training data set and 32.8% in the validation data set. Our
findings are similar to those of several studies with smaller
sample sizes that reported that the possibility of IAC was
16-67% in malignant lung pGGN’s (22-24).

In the training data set, we found that being male and
aged >60 years were two risk factors of IAC. Notably, these
two risk factors have not been well recognized before.
These results suggest that clinicians should be alert when
pGGNs are found in males or patients aged >60 years. Such
patients should have CT follow-up scans more frequently,
and consideration should be given to whether a biopsy or
surgery is necessary.

The present study also showed that the sensitivity of the
five serum tumor biomarkers (i.e., CEA, CYFRA21-1, SCC,
NSE, and CA19-9) at diagnosing malignant pGGNs was
quite low. Indeed, the five serum tumor biomarkers had no
significant value in discriminating between AIS, MIA, and
IAC. The reason for their ineffectiveness may be that early
stage lung adenocarcinoma rarely secrets tumor proteins
into the blood.

In the training data set, nodule size was positively
correlated with the possibility of IAC. PGGNs <6 mm in
size were mostly identified as AISs by the pathology results,
and only a very few were IACs. IAC was observed in 17.5%
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of the pGGNs 8-10 mm in size and 74.5% of the pGGNs
>10 mm in size. Our results are similar to those of another
study in China that showed that the possibility of IAC
was 88.73% in pGGNs >10.5 mm in size (25). Notably,
the incidence of IAC in pGGNs in China is higher than
the incidence of IAC in pGGNs of a similar size (39%) in
western countries (24). Previous studies have shown that
a GGN size 210 mm is the optimal diagnostic threshold
for IAC lesion prediction with a high positive prediction
value (PPV) (26). Our results also support previous
reports that pGGNs >10 mm in size showed significantly
increased growth than those <10 mm in size (27). These
results indicate that a biopsy or surgery should primarily be
considered when pGGNs are >10 mm in size because of the
high risk of IAC.

In our study, the maximal CT value was able to
predict the invasiveness of lung pGGNs. A previous
study confirmed that a mean CT value <-520 HU was an
indicator of alveolar-epithelial atypical hyperplasia (AAH) or
AIS rather than MIA (24). Other studies have demonstrated
that CT values are significantly different between AAH/AIS
and IAC (19,26). The CT value of a pGGN may indicate
the invasiveness of the nodule and can serve as a parameter
to discriminate between IAC and AIS or MIA.

Previous studies have shown that CT manifestations,
such as spiculation and pleural indentation, are important
indicators that help clinicians assess the invasiveness of
lung nodules before surgery (28-30). Our data showed that
the presence of any of the five CT signs (i.e., lobulation,
spiculation, pleura indentation, vacuole sign, and vessel
abnormality) indicated a higher risk of IAC. Additionally,
a combination of these CT signs increased the accuracy of
diagnosing IAC in pGGN:s.

Finally, using logistic regression and risk factors, we
successfully established a multi-parameter IAC prediction
model for malignant lung pGGNSs. Unlike previous studies,
we combined risk factors to increase the CT diagnosis
accuracy of IAC in malignant lung pGGNs. Our IAC
prediction model based on nodule size, the maximal CT
value, and CT characteristics can more accurately diagnose
TAC (AUC =0.910) than models based on nodule size or
maximum CT value alone. Further, the diagnostic ability
of our model was validated using a multicenter validation
data set for which our model also exhibited higher accuracy
(AUC =0.883) than models that were based on nodule size
or maximum CT value alone. Our multi-parameter IAC
prediction model can improve the accuracy of diagnosing
IAC from lung pGGN:s, inform clinical decisions about
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whether further management is needed, and ensure that
unnecessary operations for pGGNs of AIS or MIA are
avoided.

This study had several limitations. First, due to a
selection bias, the patients (nodules) were more likely to
be at high risk of IAC and undergo surgery. Second, the
definition of pGGNs and the criteria for pathological
diagnosis may differ among physicians. Third, the
subjectivity of radiologists may result in different judgments
of the CT characteristics, such as vessel curve or vessel
enlargement, of lung nodules. Finally, it is possible that
there was a deviation in the CT value measurement as
different software or CT rebuilding methods were used.
These limitations may reduce the diagnosis accuracy of IAC
in this prediction model and should be considered in clinical
applications.

Conclusions

The present study showed that clinical information and
CT characteristics were predictors of IAC in patients with
malignant lung pGGNs. This multi-parameter prediction
model appears to be more accurate at identifying IAC in
malignant lung pGGNs than the formerly recommended
single-parameter models that are based on nodule size or
CT value alone. This model can inform clinical decisions
as to whether a biopsy or surgery is needed for lung

pGGNEs.
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