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Background: Adenocarcinoma in situ, minimally invasive adenocarcinoma, and invasive adenocarcinoma
(TA) can all appear as a ground glass opacity (GGO) on chest computed tomography (CT). However, their
respective prognoses are considerably different. This study aimed to predict IA in radiological examinations
of patients with GGO lesions.

Methods: We retrieved the clinical records and high-resolution CT (HRCT) images of 124 patients with
GGO lesions, who underwent various lung resections between 2016 and 2017. Correlations between the
imaging features of preoperative HRCT and the postoperative pathology were analyzed. Receiver-operating
characteristic (ROC) curve analysis, chi-square test, and one-way analysis of variance and multiple logistic
regression were performed. A nomogram was developed and analyzed using a multiple logistic model.
Results: The maximum sensitivity and specificity were obtained at a cutoff value of -410 Hounsfield units
(HU) for the mean CT value (m-CT), 10 mm for the maximum tumor dimension (MTD), and 0.25 for
the consolidation tumor ratio (CTR). Further, there were significant differences in MTD, CTR, margin
characteristics, air bronchogram, pleural indentation, and multiple GGOs (P<0.05). The independent
predictive factors of IA included MTD [risk ratio (RR), 5.047; P=0.018], air bronchogram or vacuole sign
(RR, 4.054; P=0.025), pleural retraction (RR, 4.742; P=0.008), and m-CT value (RR, 5.874; P =0.005).
The scoring nomogram model was as follows: -3.50744 + 1.26374 x (MTD>10 mm=1) + 2.41978 x (m-
CT value>-410 HU=1) + 1.77779 x (with air bronchogram or vacuole sign=1) + 1.60913 x (with pleural
retraction=1). The area under the ROC curve was 0.9. The cutoff score was -0.5502 with a sensitivity of
86.8% and a specificity of 78.9%.

Conclusions: IA in patients with GGO lesions can be predicted by evaluating the MTD, m-CT value, air

bronchogram, and pleural retraction on HRCT by using a nomogram model.
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Introduction common pathological type globally. The new pathological
Lung cancer is one of the most common tumors, with classification system suggested some new types such as
morbidity and mortality rates ranking in the top 3 among adenocarcinoma in situ (AIS) and minimally invasive
all cancers worldwide (1). Adenocarcinoma is the most adenocarcinoma (MIA) (2). The invasive status of a tumor

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2020;9(3):1660-1669 | http://dx.doi.org/10.21037/tcr.2020.01.55


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2020.01.55

Translational Cancer Research, Vol 9, No 3 March 2020

1,687 patients diagnosed of lung
cancer after surgery

1,128 patients excluded for Not lung
adenocarcinoma
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559 patients diagnosed of lung
adenocarcinoma (include Als,
MIA, and LA)

435 patients excluded for:
* Nodules larger than 3 cm
* With history of tumors or chest
surgery
* No HRCT in our hospital
* Nodules without GGO component
* Preoperative imaging examination
overone month

\

\ 4

124 patients with GGO and
preoperative HRCT image

Figure 1 Selection process for patients with lung adenocarcinoma
with pure or mixed ground glass opacity on high-resolution

computed tomography (HRCT).

has a considerable impact on prognosis, as has been
verified in many studies (3,4). Most AIS and MIA cases
appear as a ground glass opacity (GGO) on computed
tomography (CT), whereas pure GGO nodules are less
frequently associated with invasive adenocarcinoma (IA) (5).
However, it is very difficult for pathologists to differentiate
the pathological types on a preoperative examination
such as endobronchial biopsy, fine-needle aspiration, or
intraoperative frozen section (6). The consolidation tumor
ratio (CTR) and maximum tumor dimension (M'TD) have
been used to predict tumor invasiveness and prognosis
(4,7,8). Lesions with MTD <2 c¢cm and CTR <0.5 tend to
be less invasive cancers, such as AIS and MIA. However,
a recent study showed that the CTR and MTD could not
accurately predict the invasive status preoperatively (9).

The mean CT (m-CT) values have also been used to
predict tumor invasiveness in many studies (10-12). However,
there has been no study investigating the m-CT value in
GGO to differentate TA from MIA and AIS, which is of great
significance in making treatment decisions. Likewise, few
reports have described the relationship between histological
types and CT imaging features, such as margin characteristics
(smooth or spiculated), air bronchogram or vacuole sign,
pleural retraction, lobulated sign, vessel convergence sign,
and multiple GGOs in patients with GGO lesions.

A retrospective analysis was performed to estimate the
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correlation between the imaging features in high-resolution
CT (HRCT) and the postoperative pathology of GGO in a
Chinese population. Some independent risk factors among
imaging features were investigated to establish treatment
strategies for GGO nodules of the lung.

Methods

We retrospectively evaluated the clinical records of patients
who underwent surgical resection at the Fourth Hospital
of Hebei Medical University between 2015 and 2016. The
research conformed to the Declaration of Helsinki and
was authorized by the Human Ethics and Research Ethics
Committee of the Fourth Hospital of Hebei Medical
University. Informed consent was obtained from all patients.
The inclusion criterion was a diagnosis of lung cancer after
surgery, HRCT showed no mediastinal metastatic lymph
nodes, the minimum diameter of GGNs is 8 mm, CT scans
performed with the same scanner and same reconstruction
protocol; thin-section 1 mm axial lung window images in
DICOM format. The exclusion criteria were tumors other
than adenocarcinoma, nodules >3 cm, nodules without a
GGO component, lack of HRCT scans obtained at our
hospital, or preoperative imaging examination >1 month,
we also excluded patients with oncologic history and lung

surgery history (Figure I).

Histological evaluation

Tumors were classified as AIS, MIA, or IA, according
to the 2011 International Association for the Study of
Lung Cancer/American Thoracic Society/European
Respiratory Society (IASLC/ATS/ERS) classification of
lung adenocarcinomas. In our study, AIS and MIA were
classified in the noninvasive group and IA was classified
in the invasive group. All tumors were staged using the
8th edition Union for International Cancer Control/
American Joint Committee on Cancer TNM (tumor, node,
metastasis) staging system. Each specimen was evaluated by
3 pathologists with >10 years of experience.

CT acquisition

All patients were scanned using a dual-source CT machine
(SOMATOM Definition Flash; Siemens Healthcare,
Forchheim, Germany). A standard scanning protocol was
applied in single mode (64x0.6 mm section collimation,
0.5 s rotation time, 120 kVp, pitch 1.0, matrix size 512x512,
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Table 1 Clinical and pathological characteristics

Variables Total (n=124)
Age, n (%)

>60 years 49 (39.5)

<60 years 75 (60.5)

Median [range] 59 [44-72]
Gender, n (%)

Male 55 (44.4)

Female 69 (55.6)
Smoking, n (%)

Yes 42 (33.9)

No 82 (66.1)
Family history, n (%)

Yes 16 (12.9)

No 108 (87.1)
Tumor location

Left upper lobe 20 (16.1)

Left lower lobe 38 (30.6)

Right upper lobe 26 (21.0)

Right middle lobe 18 (14.5)

Right lower lobe 22 (17.7)
Surgical procedures

Wedge resection 11 (8.9)

Segmentectomy 8 (6.5)

Lobectomy 105 (84.6)
Histological subtype

Adenocarcinoma in situ 20 (16.1)

Minimally invasive adenocarcinoma 51 (41.1)

Invasive adenocarcinoma 53 (42.7)
Pathologic N stage

NO 119 (96.0)

N1 3(2.4)

N2 2(1.6)

and automatic exposure control (CARE Dose) with a quality
reference value of 200 mAs, covering the thorax). Axial
images were reconstructed by FBP with a slice thickness of
1.0 mm and a lung reconstruction kernel with mediastinal
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[level: 40 Hounsfield units (HU), width: 350 HU] and lung
(level: —-600 HU, width: 1,200 HU) window settings.

Image analysis

Two radiologists with 10 years of experience and one
thoracic surgeon with 5 years of experience retrospectively
interpreted the HRCT images independently. In the case
of differing opinions, a third radiologist was consulted. And
we analyzed some characteristics of nodules including air
bronchogram, vessel convergence sign, pleural retraction,
MTD, CTR, etc. MTD was defined as the largest diameter
of the lesion on the lung window setting, and the diameter
of consolidation was also measured on the lung window
setting. A pure GGO had a CTR of 0, the CTR was 1
in a solid nodule. The m-CT value was measured at the
maximum diameter of the solid component.

Statistical analysis

The roles of the m-CT value, CTR, and MTD in
predicting IA were compared through receiver-operating
characteristic (ROC) curve analysis. Statistical analysis was
performed using one-way analysis of variance (ANOVA)
for continuous variables and the chi-square test or Fisher’s
exact test for categorical variables. We used a logistic
regression model for multivariate analysis to analyze the
relationship between imaging features and histological
types. All statistical analyses were 2-tailed, and P values
<0.05 were deemed statistically significant. Statistical
analysis was conducted using Statistical Product and Service
Solutions version 22.0 (SPSS Inc., Chicago, IL, USA). The
nomogram was established with R (http://www.R-project.
org) and Empower Stats (www.empowerstats.com; X&Y
Solutions Inc., Boston, MA, USA) software.

Results
Clinical and pathological characteristics

The clinical features are summarized in Tible 1. According to
the IASLC/ATS/ERS classification, there were 20 patients
with AIS (16.1%), 51 patients with MIA (41.1%), and
53 patients with IA (42.7%) (Tuble 1). There were 53
patients (42.7%) in the invasive group and 71 patients
(57.3%) in the non-invasive group (Zable 2). Lymph node
metastases were detected in 5 patients, including 3 (2.4%)
with N1 metastasis and 2 (1.6%) with N2 metastasis (Table
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Table 2 The association between clinical and pathological
characteristics and invasive condition

Invasive Non-invasive

Factors (n=53) (n=71) P
Age, n (%) 1.195 0.274
>60 years 49 18(34.0) 31 (43.7)
<60 years 75 35 (66.0) 40 (56.3)
Gender, n (%) 0.034 0.853
Male 55 23 (43.4) 32 (45.1)
Female 69 30 (56.6) 39 (54.9)
Smoking, n (%) 0.133 0.715
Yes 42 17 (32.1) 25(35.2)
No 82 36(67.9) 46 (64.8)
Family history, n (%) 0.206 0.65
Yes 16 6 (11.3) 10(14.1)
No 108 47 (88.7) 61 (85.9)
Tumor location, n (%) 3.039 0.551
Left upper lobe 20 10(18.9) 10(14.1)
Left lower lobe 38 18(34.0) 20(28.2)
Right upper lobe 26 8(15.1) 18(25.4)
Right middle lobe 18 9(17.00 9(12.7)
Right lower lobe 22 8(15.1) 14 (19.7)
Pathologic N stage, n (%) 0.013
NO 119 48(90.6) 71 (100.0)
N1/N2 5 5(9.4) 0(0)
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I). The lymph node metastatic rate was significantly higher
in the invasive group (9.4%) than in the non-invasive group

(0%) (P=0.013) (Tible 2).

Correlation between CT characteristics and pathological
subtypes

The examples of GGO lesions are presented in Figure 2.
Figure 24 shows pure GGO, the m-CT value of which
was -666 HU and the postoperative pathology was AIS.
Figure 2B presents mixed GGO, with IA as the postoperative
pathology. Figure 2C shows mixed GGO with vacuole and
speculation, with a postoperative pathology of IA.

“Kolmogorov-Smirnov” in SPSS was used to test the
distribution of the mean-CT value. The result showed a
Non-normal distribution. From the ROC curve analysis,
the cutoff value was -410 HU for the m-CT value, 10 mm
for the MTD, and 0.25% for the CTR. The area under
ROC curve (AUC) value was 0.818 [95% confidence
interval (CI), 0.738-0.881] for the m-CT value, 0.697 (95%
CI, 0.608-0.776) for MTD, and 0.795 (95% CI, 0.713-
0.862) for CTR (Figure 3).

The comparison of imaging features between lesions
in IA and AIS or MIA are summarized in Table 3. After
univariate analysis with one-way ANOVA, the significant
factors including MTD, CTR, margin invasion, air
bronchogram, pleural indentation, multiple GGOs, and
m-CT value were entered into multivariate analysis (7able
4). Multivariate analysis revealed that M'TD [risk ratio (RR),
5.047; 95% CI, 1.325-19.223; P=0.018], air bronchogram

k=

Figure 2 High-resolution computed tomography (CT) findings of typical ground glass opacity (GGO) lesions. (A) Pure GGO whose mean

CT value is -666 Hounsfield units and whose postoperative pathology is adenocarcinoma in situ. (B) Mixed GGO whose postoperative

pathology is invasive carcinoma (IA). (C) Mixed GGO with vacuole and speculation whose postoperative pathology is IA.
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Figure 3 Receiver-operating characteristic (ROC) curves
predicting less invasive cancer. CTR, consolidation tumor ratio;

m-CT value, mean computed tomography value.

or vacuole sign (RR, 4.054; 95% CI, 1.191-13.798;
P=0.025), pleural retraction (RR, 4.742; 95% CI, 1.489-
15.105; P=0.008), and m-CT value (RR, 5.874; 95% CI,
1.716-20.101; P=0.005) were independent predictive factors
of TA (Table 4).

Nomogram and its predictive performance

The regression coefficients (B) from the multivariate logistic
model were used to construct the model for estimation of
the IA risk. The scoring model was as follows: -3.50744 +
1.26374 x (MTD >10 mm =1) + 2.41978 x (m-CT value
>-410 HU =1) + 1.77779 x (with air bronchogram or
vacuole sign =1) + 1.60913 x (with pleural retraction =1)
(Figure 4). A nomogram for predicting the probability of
IA was developed using the following variables: MTD,
m-CT value, air bronchogram or vacuole sign, and pleural
retraction. Each point can be established by drawing a line
from each variable to the point axis, and the total point
is calculated as the sum of the 4 points. Then, a line is
drawn from the axis of the total points to determine the
IA probabilities at the lower line of the nomogram. The
performance of the nomogram was measured using ROC
curves, and the AUC was 0.9 (95% CI, 0.8482-0.9512) in
the model from the observed data. The cutoff score was
-0.5502 with a sensitivity of 86.8% and a specificity of
78.9% (Figure 5).
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Discussion

In the present study, we retrospectively studied the HRCT
features and postoperative pathological types of <3 cm lung
nodules with GGO components. Studies have observed
that women without a history of smoking account for the
majority of lung adenocarcinoma, however, the results of
group comparison did not show statistical differences (13).
Consistent with this result, women accounted for 55.6% of
the overall patients and 66.1% of nonsmokers in this study.
We also tried to include gender and smoking history in a
multivariate analysis, but the analysis results showed no
change from the current results.

Contrary to some previous studies that combined AIS
and atypical adenomatous hyperplasia into a single group
and MIS and IA into another group, we categorized MIA
and AIS into the noninvasive group and IA into the invasive
group based on lymph node metastasis and prognosis.
This grouping method is more conducive to predicting
the prognosis of patients, and has more guiding value for
clinical decisions. The lymph node metastatic rate was 0%
in the noninvasive group and 9.4% in the invasive group.
In this study, lymph node sampling was used in some
cases of sublobectomy (wedge resection and segmental
lung resection), which may have a certain influence on the
results. The results of this study are consistent with those of
some recent studies (14).

The correlations between the maximum diameter of
GGO and the pathological result and between CTR and
the pathological result have not been fully discussed because
different centers calculate the maximum diameter and CTR
of GGO with different methods. In the study conducted by
Suzuki et al, 0.5 was initially set as the grouping standard for
CTR, resulting in poor sensitivity. When CTR was tested
at 0.25 and 0.75, lower sensitivity and higher specificity
were observed at 0.25. Therefore, 0.25 was recommended
as the cutoff value of CTR, whereas the cutoff value of
the maximum diameter of the lesion was determined to
be 20 mm (15). In the study by Tamura et al, the CTR
was 0.5 and the maximum diameter was 15.6 mm (11).
Our study suggested that the cutoff values for CTR and
maximum diameter were 0.25 and 10 mm, respectively,
which differed from those in other studies because we
grouped IA separately.

Previous studies focused on the correlation between
CTR and MTD in GGO. Some even attempted to
predict the postoperative survival of patients based on
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Table 3 The basic clinical characteristics and the situation of invasion
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Variables N Invasive (n=53), n (%) Noninvasive (n=71, n (%) ' P
Maximum tumor dimension (mm) 21.758 0
0-10 48 8 (15.1) 40 (56.3)
10-30 76 45 (84.9) 31 (43.7)
CTR 34.749 0
<0.25 65 44 (83.0) 21 (29.6)
0.25-1 59 9(17.0) 50 (70.4)
Margin 26.989 0
Smooth 81 21 (39.6) 60 (84.5)
Spiculation 43 32 (60.4) 11 (15.5)
Air bronchogram or vacuole sign 21.356 0
+ 42 30 (56.6) 12 (16.9)
- 82 23 (43.4) 59 (83.1)
Pleural retraction 23.228 0
+ 45 32 (60.4) 13 (18.3)
- 79 21 (39.6) 58 (81.7)
Lobulated sign 0.532 0.635
i 4 1(1.9) 34.2)
- 120 52 (98.1) 68 (95.8)
Vessel convergence sign 0.566 0.452
+ 63 29 (54.7) 34 (47.9)
- 61 24 (45.3) 37 (52.1)
Multiple GGOs 6.865 0.009
+ 16 2(3.8) 14 (19.7)
- 108 51 (96.2) 57 (80.3)
m-CT value 32.043 0
<-410 69 14 (26.4) 55 (77.5)
>-410 55 39 (73.6) 16 (22.5)

CTR and MTD. The latest study suggested that the only
independent factor affecting the prognosis of patients was
the infiltration status of the tumor (IA vs. AIS/MIA), in
which IA resulted in worse lung cancer-specific overall
survival than AIS and MIA (9). Some studies have suggested
that m-CT values show superior sensitivity and specificity
over those of CTR and maximum diameter in predicting
the pathological type of GGO. However, different studies
used different measurement methods and groupings. In

© Translational Cancer Research. All rights reserved.

the study by Tamura et 4/., the m-CT value was measured
on the layer where the lesion density was the highest.
The efficiency of the m-CT value, CTR, and maximum
diameter was also compared using ROC analysis. The
maximum sensitivity and specificity of the m-CT value were
acquired at a cutoff value of -445 HU, whereas the AUC
of the m-CT value was 0.88, which was higher than that in
other studies (11). Peng e al. measured the m-CT value of
the lesion after 3-dimensional reconstruction, and found
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Table 4 Correlation between CT characteristics and pathologic subtypes

Zhang et al. A nomogram prediction of lung cancer

Univariate analysis

Multivariate analysis

Variables
P value RR 95% CI P value RR 95% CI

Maximum tumor dimension (mm)

0-10

10-30 <0.000 7.258 2.992-17.609 0.018 5.047 1.325-19.223
CTR

<0.25

0.25-1 <0.000 11.640 4.830-28.055 0.238 2.224 0.589-8.395
Margin

Smooth

Spiculation <0.000 8.312 3.566-19.375 0.053 3.762 0.986-14.358
Air bronchogram or vacuole sign

+ <0.000 6.413 2.811-14.631 0.025 4.054 1.191-13.798
Pleural retraction

+ <0.000 6.799 3.008-15.364 0.008 4.742 1.489-15.105
Lobulated sign

+ 0.478 2.294 0.232-22.695
Vessel convergence sign

+ 0.452 0.76 0.373-1.553
Multiple GGOs

+ 0.019 0.16 0.035-0.737 0.055 0.142 0.019-1.039
m-CT value

<-410

>-410 <0.000 9.576 4.191-21.880 0.005 5.874 1.716-20.101

CTR, consolidation tumor ratio; RR, relative risk; Cl, confidence interval; GGO, Ground-glass opacity; m-CT value, mean computed

tomography value.

that the m-CT value has a good ability to identify MIA
and AIS (16). In our study, we measured the m-CT value
at the maximum diameter of the solid component, with a
measured discrimination threshold of -410 HU. According
to our experience, this method is more convenient than
other methods to use in different hospitals, and it is also

© Translational Cancer Research. All rights reserved.

convenient for doctor to compare the changes of GGO
solid components at same patient in different time.

GGO also exhibits some conventional CT characteristics,
such as pleural retraction, margin, and lobulated sign, which
have been used to identify malignant lesions (17,18). To
achieve better prediction of GGO properties, these CT
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Figure 4 Nomogram for estimating the risk of invasive adenocarcinoma (IA) in patients. To use the nomogram, find the position of each

variable on the corresponding axis, draw a line to the points axis of points for the number of points, add the points from all variables, and

draw a line from the axis of the total points to determine the IA probabilities at the lower line of the nomogram. For example, in 1 patient

with ground glass opacity (GGO) whose mean tumor dimension (MTD) is 20 mm, mean computed tomography (m-CT) value is -210

Hounsfield units, with pleural retraction and, without air bronchogram, each score value is 52, 100, 0, and 65. The total score is 217. The

corresponding TA probability is about 85% in the nomogram model.
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Figure 5 The AUC of the model from observed data (nomogram)
was 0.9. The cutoff score was -0.5502 with a sensitivity of 86.8%
and a specificity of 78.9%. AUC, area under the receiver-operating

characteristic curve.
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signatures combined with CTR, MTD, and m-CT value
were analyzed using univariate and multivariate regression.
Air bronchogram, pleural retraction, maximum lesion
diameter, and m-CT value were found to be independent
risk factors for pathology. A novel and practical nomogram
was established to accurately predict IA (AUC =0.9) in the
present study. To our knowledge, this is the first report
using a nomogram to predict IA. Given the impact of the
pathological type of adenocarcinoma on prognosis, this study
may conduct surgeons to make more accurate decisions.
However, there are some deficiencies in the research.
First, during the pathogenesis of GGO, the solid components
of pure GGO gradually increase, and the lesion could
become mixed GGO and finally a solid nodule. The long
course of GGO led to the lack of imaging data for long-
term observation of lesions. If follow-up imaging data were
available, time may be added as a variable to the model to
improve the accuracy. Second, this study did not provide a
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more detailed stratified analysis of patients, such as patients
with a smoking habit and patients with chronic lung disease,
whose HRCT results may be different. We plan to include
these factors in the next prospective study. Third, this is only
the result of a single center study, and it is very important to
perform multi-center researches in future.

Conclusions

In conclusion, a combination of m-CT value and HRCT
signatures such as MTD, CTR, margin, air bronchogram,
and pleural retraction may help researchers infer the
pathological type of GGO. Furthermore, a nomogram
based on a combination of MTD, m-CT value, air
bronchogram, and pleural retraction may accurately predict
IA in patients with GGO lesions.
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