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Purpose: To evaluate the effectiveness of using a modified lung imaging reporting and data
system (Lung-RADS) for risk stratification of pure ground-glass nodules (pGGNs) in low-
dose computed tomography (LDCT) for lung cancer (LC) screenings in China.

Patients and Methods: Eight subjects with nine pGGNs originating from a Cancer
Screening Program were enrolled as training set and 32 asymptomatic subjects with 35
pGGNs were selected as validation set from November 2013 to October 2018. The com-
plementary Lung-RADS categories were set based on the GGN-vessel relationship (GVR).
The correlations between GGN-vessel relationships and pathology were evaluated, and the
diagnostic value of complementary Lung-RADS version 1.1 in discriminating malignant
pGGNs were analyzed.

Results: The inter-reader agreements for Lung-RADS 1.1 (intraclass correlation coefficient
(ICC=0.999) and complementary Lung-RADS 1.1 (ICC= 0.971) displayed good reliability. The
combined incidence of invasive adenocarcinoma in type III and IV was more than that of benign
and preinvasive diseases (30% vs 75%, P=0.013). Type II GVR between two benign (66.7%),
seven preinvasive (53.8%), and six invasive (21.4%) GGN cases was statistically significant
(*=5.415, P=0.019). GGN pathological groups and GVR had a significant correlation (r=0.584,
P=0.00). Compared to Lung-RADS 1.1, complementary Lung-RADS 1.1 had better performance
in the training set, with its sensitivity increased from 33.3% to 88.9%, accuracy increased from
44.4% to 88.9%, false-negative proportion (FNP) decreased from 66.7% to 11.1%, and the
sensitivity to predict malignant nodules increased from 13.8% to 93.1%, accuracy increased
from 28.6% to 80.0%, and FNP decreased from 86.2% to 6.9% in validation set. The detection
rate of preinvasive disease and adenocarcinoma was increased from 12.5% to 90.6% and that of
missed diagnosis decreased from 87.5% to 9.4% in the validation set, P=0.004.

Conclusion: Complementary Lung-RADS 1.1 is superior to Lung-RADS 1.1 and would be
beneficial for LC screening of LDCT in China.

Keywords: low-dose computed tomography, lung neoplasms, lung-RADS, mass screening,
ground-glass nodules

Introduction

Early detection and treatment of lung cancer through screening is a promising
strategy for improving the detection rate of early lung cancer (LC) and reducing
the associated mortality." LC screening using chest low-dose computed tomography

submit your manuscript

Dove n

http:

in 3

Cancer Management and Research 2020:12 189198 189
© 2020 Meng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
FamrTm 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati g/li /by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0003-4749-7467
http://orcid.org/0000-0002-2644-3905
http://orcid.org/0000-0003-0844-2287
http://orcid.org/0000-0001-6124-7312
http://orcid.org/0000-0002-0822-2578
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Meng et al

Dove

(LDCT) is recommended for high-risk individuals,” lung
imaging reporting and data system (Lung-RADS) screen-
ing interpretation, proposed by the American College of
Radiology (ACR)® for LDCT risk stratification, has been
used to reduce the false-positive rate with only a small
corresponding decrease in sensitivity.*> Due to the popu-
larity of low-dose, multi-detector spiral computed tomo-
graphy (CT) in LC screening,® the number of ground-glass
nodules (GGNs) or focal ground-glass opacities (fGGOs)
detected has increased dramatically. GGN lesion is defined
as hazily increased attenuation in the lung with the pre-
servation of intact bronchial and vascular structures, as
observed in lung CT imaging. GGNs can be further clas-
sified as either mixed ground-glass nodules (mGGNs) or
pure ground-glass nodules (pGGNs). The disease spectrum
of GGNs includes neoplasms such as pulmonary adeno-
carcinoma, atypical adenomatous hyperplasia (AAH), and
adenocarcinoma in situ (AIS), or benign diseases such as
focal fibrosis, inflammation, or alveolar hemorrhages.
Screen-detected cancer cases that appear as pGGN and
would have been missed or underdiagnosed by Lung-
RADS 1.1, were either smaller than 6 mm or were
GGNs <30 mm (14,137.2 mm?®). Moreover, a long period
of follow-ups recommended by Lung-RADS version 1.1
increases the use of medical resources, causes additional
radiation exposure, and leads to patient anxiety.”®
Furthermore, Lung-RADS was designed to be used in the
United States where screening programs target high-risk
smokers. The diagnostic performance of Lung-RADS in
populations with a high prevalence of non-smoking asso-
ciated LC is unclear, such as in China, Korea, and Japan.9
Given the significant differences of LC demographics in
Asia and the predominance of subsolid nodules (SSNs)
and adenocarcinoma spectrum lesions, the criteria for LC
screening and the associated nodule classification and
reporting systems requires appropriate adjustments, espe-
cially for countries such as China due to its severe air
pollution. It is important to provide a personalized harm/
benefit assessment of LDCT LC screening to make
informed screening decisions, rather than uniformly
recommending or withholding a recommendation for eli-
gible patients.'® Hence, we modified Lung-RADS 1.1 for
use in the clinical practice. The aim of our pilot study was
to evaluate the effectiveness and feasibility of the modified
Lung-RADS 1.1 for pGGNs risk stratification in a large
number of screening participants.

Materials and Methods
Study Population

This retrospective single-center study was approved by the
institutional review board of affiliated cancer hospital of
Zhengzhou university, patient consent was waived and all
of the patient’s data were anonymized or maintained with
confidentiality. Eight subjects underwent LDCT with 9
pGGNs originated from Cancer Screening Program in
Urban China from November 2013 to October 2018 were
also selected as training set, which, included 1 male, 7
females with mean age of 58.6 years+11.3 (range, 42-73
years). A total of 32 asymptomatic subjects with 35
pGGNs were enrolled and grouped as validation set at
the corresponding period which included 14 males and
17 females with mean age of 53.1 years+9.6 (range,
42-73 years)., all of whom underwent a routine CT before
operation. All lesions were confirmed by postoperative
pathology. The inclusion criteria were as follows: 1) phy-
sical examination or lung cancer screening subjects with
pGGN of lung; 2) those who underwent routine CT or
LDCT with a thin slice reconstruction (1.25 mm) and
had their image quality should be assessed; 3) those with
pGGNs possessing well-circumscribed interface, stable
after 6 to 12 months of follow-up and pathologically con-
firmed; 4) those with no history of tuberculosis or inflam-
mation. The exclusion criteria were pGGNs cases without
any pathology, poor image quality, subject suffering from
dysfunction/apparent damage of important organs and with
respiratory symptoms, such as irritable cough, hemoptysis,
and chest pain (Figure 1). The clinical characteristics of
pGGNs are summarized in Table 1.

Routine CT and LDCT Scanning

All the subjects of the training set underwent LDCT scanning
using a 16-slice multidetector CT (LightSpeed-16, GE,
America) and subjects of validation set underwent a routine
CT using multidetector CT analyzer (LightSpeed-16, GE,
America; iCT-256, Siemens, Germany) device. The protocol
parameters were 120 KVp and 200 mAs for routine CT, 120
KVp and 30 mAs for LDCT, 512 x 512 matrix, field of view
400 mm x 400 mm or 500 mm % 500 mm, collimation 128 x
0.625 mm or 16 x 1.25 mm, rotation 0.5 s, pitch 0.8 or 1.02,
1.25 mm section width with a 1.25 mm reconstruction inter-
val and duration of scan 3s-10s. Unenhanced spiral acquisi-
tions were obtained with a breath-hold from the thoracic inlet
to lung bases with images. Images were reconstructed using
a standard algorithm. All images were sent to a GE ADW 4.5
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Figure | Flowchart shows risk stratification of nodules by complementary Lung-RADS and Lung-RADS scheme in our study between training set and validation set.
Abbreviations: pGGN, pure grand-glass nodule; SN, solid nodule; PSN, part solid nodule; LDCT, low-dose CT; Lung-RADS, lung imaging reporting and data system.

workstation and underwent multiplanar reconstruction
(mipPR). All studies were reviewed on a PACS workstation
with the window level of —500 to =700 HU and width of
1400 HU.

Management of Lung Nodules and

Pathology Diagnosis of LC
Each pGGN on routine CT or LDCT was independently
interpreted by three thoracic radiologists with 7, 10, and

15 years of experience, respectively, who were blinded to
the pathological results. For the initial session, all observa-
tions were assessed for major and ancillary features in
combination according to Lung-RADS V1.1, and then
repeated using the complementary Lung-RADS V1.1 algo-
rithm for the second time. In cases of a disagreement on the
LI-RADS categories between the three readers, images were
re-reviewed together and a consensus categorization was

achieved. The nodule size and density were defined accord-
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Table | Clinical Characteristics of Patients Between Training Set
and Validation Set (Means * Standard Deviations (SD); n (%))

Characteristics Training | Validation | P
Set Set

Gender 0.221

Male 1(12.5) 14(43.75)

Female 7(87.5) 18(56.25)

Age (y) 58.6x11.3 | 53.1£9.6 0.383

Family history of lung cancer 0.277

Yes 1(12.5) 1(3.1)

No 7(87.5) 31(96.9)

Family history of other cancer 1.00

Yes 0(0.00) 2(6.25)

No 8(100.0) 30(93.75)

Chronic obstructive pulmonary disease 1.00

Yes 1(12.5) 5(15.6)

No 7(87.5) 27(84.4)

Size of pGGNs 20.0+9.4 12.5+6.9 0.010

Distribution of nodules in patients 0.775

One 8(88.89) 29(90.63)

Two I 2(6.25)

Three 0(0.00) 1(3.12)

Lung-RADS I.1 0.111
6(66.67) 31(88.57)

3 2(22.22) 1(2.86)

4x I((ANE)) 3(8.57)

Lung adenocarcinoma spectrum 0.649

Benign disease 0(0.00) 3(8.57)

Preinvasive disease(AAH+AIS) 3(33.33) 10(28.56)

Adenocarcinoma (MIA 6(66.66) 22(91.43)

+adenocarcinoma)

Lung cancer stage 0512

Stage 0 3(33.33) 6(17.14)

Stage | 6(66.67) 28(80.0)

Stage lla 1(2.86)

Abbreviations: pGGNs, pure ground-glass nodules; Lung-RADS, The ACR Lung
Imaging Reporting and Data System; AAH, atypical adenomatous hyperplasia; AlS,
adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma.

ing to the Fleischner Society Guidelines.'' The GGN-vessel
relationships were categorized into four different types
according to imaging features:'? Type I (pass-by), vessels
passing by pGGNs without any detectable supplying
branches to the lesions; Type II (pass-through), vessels
passing through the lesions without obvious morphological

changes in traveling path or size; Type III (distorted/
dilated), vessels within lesions appeared tortuous or rigid
without an increase in amount; Type IV (complicated), more
complicated vasculature than others described in the afore-
mentioned types within pGGNs, for instance, coexistence of
irregular vascular dilation and vascular convergence from
multiple supplying vessels (Figure 2). Nodule numbers,
sizes, GGN-vessel relationship, and characteristics (pleural
indentation, air bronchogram, or vocule sign) were recorded
in the structured reports. The average diameters of pGGNs
were measured using manual calipers from the largest nod-
ular area for the long- and short-axis diameters in lung
window images. Lung-RADS version 1.1 was used to cate-
gorize pGGN for risk stratification according to the CT or
LDCT images. The pathological diagnosis and categoriza-
tion of AAH, adenocarcinoma in situ (AIS), microinvasive
adenocarcinoma (MIA) and invasive adenocarcinomas
(IAC) were made based on the pulmonary adenocarcinoma
classification, 2011 edition.'> The eighth edition of the
TNM Classification for Lung Cancer was used as the histo-
pathology and stage of LC."*

Lung-RADS Version 1.1 and lIts

Complementary Lung-RADS System

The Lung-RADS 1.1 of pGGNs were categorized as either 2
(size less than 30 mm) or 3 (size equal to or more than
30 mm) Table 1. Lung-RADS category 2 (benign appearance)
represents as negative screening results, while categories 3
(probably benign) and 4 (suspicious) represent positive
results.”> Since most of MIA or AIS, even part of invasive
adenocarcinoma may appear as pGGNs companied with
a well-circumscribed interface,'® the majority of pGGNs
were categorised as 2 or 3 according to the Lung-RADS
version 1.1, which might increase the rate of underdiagnosis.
Biological tumor studies have revealed that vasculature remo-
deling or neoangiogenesis is one of the first occurring events
in the early stage of tumor development. Gao et al'* categor-
ized GGN-vessel relationships (GVR) into four types and
found that type III and IV of GVR, especially type IV, were
strongly correlated with invasive adenocarcinomas. We there-
fore modified the Lung-RADS version 1.0 according to the
type of GVR. First of all, we selected the pGGN with suspi-
cious malignancy based on the CT morphological features of
the well-circumscribed interface, then 6-12months follow-up
CT scanning was recommended to exclude inflammation. If
the pGGN were stable, maximum intensity projection and
multiplanar reconstruction (mipPR) was recommended to
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Figure 2 Types of relationship between pGGNs and its vessels: (A1-2): An example of category 2 nodule according to the complementary Lung-RADS I.1. A 34-year-old
man with a 0.7 cm pGGN in right upper lobe (RUL) on the baseline LDCT (Al: axis; A2: coronary). The patient underwent video thoracoscopic subsegment resection of
RUL. Further pathologic report demonstrated AlS, Stage 0. (B1-2): A 62-year-old man had a 1.5 cm pGGN (complementary Lung-RADS 3) in RUL (BI: coronary; B2: sag).
The video thoracoscopic subsegment resection were operated and the pathologic report was MIA, Stage la. (C1-2): A 56-year-old woman, there was a pGGN with 2.5 cm
of complementary Lung-RADS 4. The pathologic report was MIA after the video thoracoscopic wedge resection of RML. (D1-2): A 56-year-old woman with multi-nodules
in the LUL (D1: coronary; D2: sag), the pathologic report pGGN in anterior segment with complementary Lung-RADS 4 was leptic adenocarcinoma stage | b.
Abbreviations: pGGN, pure ground-glass nodule; LDCT, low-dose computed tomography; Lung-RADS, the ACR Lung Imaging Reporting and Data System; MIA, minimally
Invasive adenocarcinoma; AlS, adenocarcinoma in situ.

Table 2 Summary of Lung-RADS Version |.| of pGGN and Its
Complementary Lung-RADS Categories

sizes with GGN of type III as Lung-RADS 4a and with type
IV as Lung-RADS 4b, Category 3 or 4 nodules with addi-

Category | Lung-RADS | Complementary Lung-RADS tional features or imaging findings that increased the suspi-
11 11 cion of malignancy were defined as Lung-RADS 4x (Table
Well-circumscribed interface, stable 2). Category 3 and 4 nodules were defined as positive. The
after 6 to 12 months follow-up risk stratification of 44 pGGNs in our study was reclassified
2 Size < 30 mm | Type | of GVR and Size < 30mm using complementary Lung-RADS 1.1 (Figure 2).
Size 2 30 mm Type | of GVR and Size230mm; type
Il'of GVR Statistical Analysis
;‘; 2:; e ::z: Z: :i'/ Z: 2\\;: Statistical analysis was performed with SPSS 24.0 (SPSS
4x Category 3 or 4 nodules with Inc, Chicago, IL) and MedCalc 15.2.2 (MedCalc Software,
additional features or imaging Ostend, Belgium). Data were reported as mean + standard
findings that increases the suspicion deviation (SD). An independent #-test was used to compare
of malignancy quantitative data. Counting data were described by frequency

Abbreviations: GVR, GGN-vessel relationship; Lung-RADS, lung imaging report- and percentage, and COl’l‘lpaI‘iSOIl between groups was con-

ing and data system.

ducted by Chi-square test. When the expected value was <1
or the pretest probability was approximately the same as the

evaluate the supplying blood vessels. We identified the type
I of GVR and size<30 mm as Lung-RADS 2, type I of GVR
and size>30 mm or type I of GVR as Lung-RADS 2, and any

test level, Fisher’s exact test was used instead. The inter-
reader reliability of Lung-RADS categories between three
readers were calculated by intraclass correlation coefficient

Cancer Management and Research 2020:12

submit your manuscript

193

Dove


http://www.dovepress.com
http://www.dovepress.com

Meng et al

Dove

(ICC). Correlation between pathological GGN findings and
GVR were examined using the Spearman rank test. The
validity and predictive value of complementary Lung-ADS
were calculated for sensitivity, accuracy, detection rate, and
rate of missed diagnosis, respectively. A P-value of less than
0.05 was considered significant.

Results
Demographics and Clinical
Characteristics of pGGNs

The clinical characteristics of 39 study subjects with 44
pGGNs are shown in Table 1. Eight subjects with nine
pGGNs in the training set contained one subject with two
nodules and seven subjects with one nodule. Six pGGNs
were classified as category 2, 2 as category 3, and one as
category 4x and there were three AISs, three MIAs, and
three invasive adenocarcinomas according to the Lung ade-
nocarcinoma spectrum. In the validation set, there was one
subject with three nodules, one subject with two nodules and
29 subjects with only one nodule. It also had 37 pGGNs
classified as category 2, 3 as category 3, and 4 as category 4x
according to the Lung-RADS 1.1. The disease spectrum
included three inflammation diseases, 4 AAHs, 6 AlSs, 7
MIAs, and 15 invasive adenocarcinomas. Two participants
had a family history of LC, two cases had a family history of
other cancers and six participants were occupied with
chronic obstructive pulmonary diseases. The size of
pGGNSs between the training set and the validation set was
statistically significantly (P=0.010). No statistical signifi-
cance (PJ0.05) was observed between training set and
validation set for the Lung-RADS category, sex, subjects

with nodule number, the family history of LC, and other
malignant tumors, the history of other pulmonary chronic
diseases, lung adenocarcinoma spectrum and its tumor stage,
and lung benign spectrum of the subjects.

Inter-Reader Reliability Agreement for
pGGNs Category Based on LI-RADS
V1.l and Complementary Lung-RADS
Vil

The Lung-RADS categories of all observations for each
reader based on both v1.1 and complementary v1.1 algo-
rithm are shown in Table 3. The interreader agreements for
Lung-RADS 1.1 (0.999 [0.986—1.00]) and complementary
Lung-RADS 1.1 (0.971 [0.854-0.997]) exhibited good
reliability coefficients.

Correlations Between GVR and

Pathological Findings

In order to observe the relationship between types of GGN-
vessel relationship and its pathology, we divided GGN as the
benign disease group (3 inflammations), preinvasive group
(including 4 AAHs, 9 AISs), and adenocarcinoma group (28
cases) according to the pathologic findings. Of the 44 GGNss,
type I, I, 111, and IV GVR were observed in 5, 15, 7, and 17
cases, respectively (Figure 2). Compared to the incidence of
type III and IV relationships in benign and preinvasive
groups (combined type III + IV, 0.0% and 30%, respec-
tively), the combined incidence of type III (17.9%) and IV
(57.1%) relationships in the invasive adenocarcinoma group
reached 75.0% (x°=6.117, P=0.013). The total number of
GGNs with type III and IV was 24, including 3 preinvasive

Table 3 Lung-RADS Categories in Each Reader Based on Version |.I and Complementary Version |.1, and Inter-Reader Reliability

Assessment
Lung-RADS Version Category Readerl Reader2 Reader3 ICC P value
Lung-RADS I.1 0.999(0.986, 1.00) 0.000
2 36 38
3 3
4X 5
Complementary Lung-RADS 1.1 0.971(0.854, 0.997) 0.000
2 5 5 4
3 12 16 14
4a 8 6 7
4b 13 13 13
4x 6 4 6

Abbreviations: Lung-RADS, lung imaging reporting and data system; ICC, intraclass correlation coefficient.
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nodules and 21 adenocarcinomic nodules, indicating that the
presence of the type III and IV GGN-vessel relationship,
especially type IV, strongly suggested a high likelihood of
malignancy. Correlation analysis showed that a correlation
existed between the GGN pathological groups and the GVR
(r=0.584, P=0.00). Even though type II GGN-vessel rela-
tionship was one of the most common GVR, accounting for
27.3%, seen in two benign (66.7%), seven preinvasive
(53.8%) and six invasive (21.4%) GGN cases, but was
statistically significant among them (y’=5.415, P=0.019),
which may also inclined to benign or preinvasive diseases,
shown in Table 4.

Evaluation of the Improved Diagnostic
Value of Complementary Lung-RADS in
Discriminating Benign and Malignant

Pulmonary Nodules
As shown in Table 5, evaluation of the diagnostic value
showed that compared to Lung-RADS 1.1, the sensitivity

Table 4 The Incidence Rate of GGN-Vessel Relationship Types
of Three GGN Groups

Groups GGN-Vessel Relationship

Type | Typ Il Type Il | Type IV
Benign group 1%(33.3%)" | 2(66.7%) | 0(0.0%) 0(0.0%)
Preinvasive 3(23.1%) 7(53.8%) | 2(15.4%) 1(7.7%)
group
Adenocarcinoma | 1(3.6%) 6(21.4%) | 5(17.9%) 16(57.1%)
group

Notes: *Case(s) corresponding to particular type and group; *Proportion of
particular type in the corresponding group.

of complementary Lung-RADS 1.1 prediction for malignant
pulmonary nodules in the training set was increased from
33.3% to 88.9%, the accuracy increased from 33.3% to
88.9%, and false negative proportion (FNP) decreased
from 66.7% to 11.1%. The sensitivity of complementary
Lung-RADS
nodules in the validation set increased from 13.8% to
93.1%, accuracy increased from 28.6% to 80.0%, FNP
decreased from 86.2% to 6.9%. The optimal cut-off value
of the two methods was classified as 3, which meant that

1.1 prediction for malignant pulmonary

nodules categories 3 and above, including categories 4a, 4b,
and 4x, were defined as positive nodules. Whereas categories
below 3, including categories 1 and 2, were defined as
negative nodules. The detection rate of preinvasive disease
and adenocarcinoma in the training set was increased from
33.3% (12.1, 64.6) to 88.9% (56.5, 98.0) and the rate of
missed diagnosis decreased from 66.7% (35.4, 87.9) to
11.1% (2.0, 43.5), P=0.050 (Figure 3). The detection rate
of preinvasive disease and adenocarcinoma in the validation
set was increased from 12.5% (5.0, 28.1) to 90.6% (75.8,
96.8) and the rate of missed diagnosis decreased from 87.5%
(71.9, 95.0) to 9.4% (3.2, 24.2), P=0.004 (Figure 4).

Taken together, these results suggested that the comple-
mentary Lung-RADS 1.1 proposed in this study is an effec-
tive and better screening method than Lung-RADS 1.1.

Discussion

In this study, we modified the Lung-RADS 1.1 to categor-
ize the pGGNs according to the GGN-vessel relationship.
The results suggest that complementary Lung-RADS
1.1 performs better than Lung-RADS 1.1. While revising
the complementary Lung-RADS, one of the major

Table 5 Comparison of Diagnostic Value for Benign and Malignant of Lung Nodule with Lung-RADS |.I Or Complementary Lung

RADS I.1

Training Set Validation Set

Lung-RADS I.l1 | Complementary Lung-RADS 1.1 | Lung-RADS I.I | Complementary Lung-RADS 1.1
TP 3 8 4 27
FP 0 0 0 5
FN 6 | 25 2
TN 0 0 6 |
Sensitivity, % (95% CI) [ 33.3(12.1, 64.6) 88.9(56.5, 98.0) 13.8(5.5, 30.6) 93.1(78.03, 98.1)
FNP% (95% CI) 66.7(35.4, 87.9) 11.1(2.00, 43.5) 86.2(69.4, 94.5) 6.9(1.9, 22.0)
PPV, % (95% Cl) 100.0(43.9, 100) 100.0(67.6, 100) 100.0(51.0, 100) 84.4(68.3, 94.1)
NPV, % (95% CI) 0.0(0, 39.0) 0.0(0, 79.4) 19.4(9.2, 36.3) 33.3(6.2, 79.2)
Accuracy, % (95% Cl) | 33.3(12.1, 64.6) 88.9(56.5, 98.0) 28.6(16.3, 45.1) 80.0(64.1, 90.0)

Abbreviations: FN, false negative; FP, false positive; TN, true-negative; TP, true-positive; FNP, false negative proportion;

predictive value; 95% Cl, confidence interval.

PPV, positive predictive value; NPV, negative
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H Negative M Postive

Figure 3 Detection rate or missed diagnosis rate of preinvasive disease and adenocarcinoma in training set with threshold value of Lung-RADS 3 category. The detection
rate of preinvasive disease and adenocarcinoma in training set was increased from 33.3% (12.1, 64.6) to 88.9% (56.5, 98.0); as the rate of missed diagnosis decreased from

66.7% (35.4, 87.9) to 11.1% (2.0, 43.5), P=0.050.
Abbreviation: Lung-RADS, lung imaging reporting and data system.
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Figure 4 Detection rate or missed diagnosis rate of preinvasive disease and adenocarcinoma in Validation set with threshold value of Lung-RADS 3 category. The detection
rate of preinvasive disease and adenocarcinoma in validation set was increased from 12.5% (5.0, 28.1) to 90.6% (75.8, 96.8); as the rate of missed diagnosis decreased from

87.5% (71.9, 95.0) to 9.4% (3.2, 24.2), P=0.004.
Abbreviation: Lung-RADS, lung imaging reporting and data system.

problems was the relationship correlation between the
pathology of pGGN and the GVR, the fundamental
mechanism of which was vasculature remodelling or
neoangiogenesis occurring in the early stage of tumor
development and the tumoral angiogenesis or neovascular-
ization could be the driving factors of vascular abnormal-

1718 and appeared

ities, as observed in several other studies
as distorted, rigid or concentrated toward the lesions in the
CT images. Our results showed that GRV had a better
correlation with GGN pathological groups (1=0.584,
P=0.00), and type III and IV GGN-vessel relationship,
especially type 1V, strongly suggested a high likelihood

of malignancy similar to previous studies.''*?° First,

malignant lesions with greater growth and metabolism
require more blood flow and therefore induce the sur-
rounding vessels to broaden. Second, Noguchi’s et al*!
stated that fibrosis reaction and subsequent tissue contrac-
tion was the main mechanism for generating vascular
convergence signs (VCS), and with the invasive grade of
the tumor increasing, fibrotic foci enlarge to cause vessel
contraction. In our study, type II GGN-vessel relationship
had a correlation to benign or preinvasive diseases. Gao
et al'” also showed that the type Il GGN-vessel relation-
ship was common among benign and malignant GGN
groups. Based on the above results, we defined the type
II relationship of pGGNs as a hallmark of a lesion,
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possessing an independent blood supply, with momentums
of continuous and accelerated progression, and caution for
potential malignancy.

In our study, the inter-reader agreements for Lung-
RADS categories for v1.1 (0.999 [0.986-1.00]) and com-
plementary v1.1 (0.971 [0.854-0.997]) all displayed
good reliability coefficients, which proves the good
application of complementary Lung-RADS 1.1 in
a clinical setting. Nine pGGNs were selected as the
training set from the 137 pGGNs screened from the
Cancer Screening Program in China and were followed
up for a long time to repeat LDCT screening.*> This may
have added additional emotional stress and ultimately
affected the cost-effectiveness of screening. Persistent
pGGNs or mGGNs are often lung adenocarcinoma spec-
trum lesions and include invasive adenocarcinoma or its
precursors. A recent systematic review of the psycholo-
gical burden of LDCT revealed that LDCT screening
might be associated with a short-term psychological bur-
den in participants,” A female NELSON study reported
a worse health-related quality of life outcomes among
females compared to males.”> Our study results showed
that compared to the Lung-RADS 1.1, the sensitivity and
accuracy of complementary Lung-RADS 1.1 to predict
malignant pulmonary nodules both in the training set and
the validation set were remarkably increased. The detec-
tion rate of preinvasive disease and adenocarcinoma in
training set was increased from 33.3% (3/9) to 88.9% (8/
9); while the rate of missed diagnosis decreased from
66.7% (6/9) to 11.1% (1/9). This suggests that comple-
mentary lung-RADS 1.1 is a better screening method
than lung-RADS 1.1.

Our study did have some limitations. The study is
retrospective and single-centered, which may be affected
by the bias of design. For example, pGGNs without
pathology were excluded, therefore, there was a lack
of further confirmed validation of complementary Lung-
RADS 1.1 due to only a few cases of pGGNs being
enrolled. The small sample size was the other limitation
of this study, especially in the benign group, which may
have compromised the diagnostic power. In the end,
LDCT screening with modified Lung-RADS 1.1 cannot
avoid the risk of overdiagnosis and overtreatment as
these pGGNs may be indolent and clinically insignif-
icant resulting in the remainder of the patient’s life
being subclinic. However, Henschke et al found that
nearly 90% of the diagnosed but untreated stage 1A non-
small cell LC as small as 10 mm in diameter has

a malignant natural course and is fatal if not treated.**
Therefore, further evaluation of the effectiveness of
complementary Lung-RADS 1.1, with more pGGNs
cases, is warranted.

Conclusion

Complementary Lung-RADS is an effective method for
LDCT screening of LC cases in the Chinese population. Its
effectiveness should be further verified in a large-scale study.
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