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Abstract
Objective To evaluate CT and histopathologic features of lung
adenocarcinoma with pure ground-glass nodule (pGGN)
≤10 mm in diameter.
Methods CT appearances of 148 patients (150 lesions) who
underwent curative resection of lung adenocarcinoma with
pGGN ≤10 mm (25 atypical adenomatous hyperplasias, 42 ade-
nocarcinoma in situs, 38 minimally invasive adenocarcinomas,
and 45 invasive pulmonary adenocarcinomas) were analyzed for
lesion size, density, bubble-like sign, air bronchogram, vessel
changes, margin, and tumour-lung interface. CT characteristics
were compared among different histopathologic subtypes.
Univariate and multivariate analysis were used to assess the re-
lationship between CT characteristics of pGGN and lesion inva-
siveness, respectively.
Results There were statistically significant differences among
histopathologic subtypes in lesion size, vessel changes, and
tumour-lung interface (P<0.05). Univariate analysis revealed sig-
nificant differences of vessel changes, margin and tumour-lung
interface between preinvasive and invasive lesions (P<0.05).
Logistic regression analysis showed that the vessel changes,
unsmooth margin and clear tumour-lung interface were signifi-
cant predictive factors for lesion invasiveness, with odds ratios

(95% CI) of 2.57 (1.17-5.62), 1.83 (1.25-2.68) and 4.25 (1.78-
10.14), respectively.
Conclusion Invasive lesions are found in 55.3% of
subcentimeter pGGNs in our cohort. Vessel changes, unsmooth
margin, and clear lung-tumour interface may indicate the inva-
siveness of lung adenocarcinoma with subcentimeter pGGN.
Key points
• Invasive lesions were found in 55.3% of lung adenocarci-
nomas with subcentimeter pGGNs

• Lesion size, vessel changes, and tumour-lung interface
showed different among histopathologic subtypes

• Vessel changes, unsmooth margin and clear tumour-lung
interface were predictors for lesion invasiveness
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CT Computed tomography
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Introduction

With the popularization of low-dose computed tomography (CT)
screening for lung cancer, pure ground-glass nodules (pGGNs)
are increasingly detected [1]. Persistent pGGNs for more than 3
months correspond to atypical adenomatous hyperplasia (AAH),
adenocarcinoma in situ (AIS) or invasive adenocarcinoma [2]. In
addition, previous literature [3, 4] reported that prognosis for lung
adenocarcinoma probably depended on the size of the invasive
component. So it is very important to distinguish the invasive-
ness of those pGGNs for appropriate management. Air
bronchogram, higher density or larger lesion size can indicate
the malignancy of pGGNs [5–7]. A 10 mm diameter is used as
a cutoff value to distinguish preinvasive and invasive lesions [8,
9]. However, some pGGNs ≤10 mmmay be minimally invasive
adenocarcinoma (MIA) or invasive pulmonary adenocarcinoma
(IPA) [10–13]. Controversy and uncertainty remain regarding the
management of pGGNs ≤10 mm. The correlation between CT
characteristics and histopathologic subtypes of lung adenocarci-
noma with pGGN ≤10 mm in diameter are not described clearly,
and the decision for either follow-up or resection is a dilemma for
both doctors and patients.

In this study, we aimed to clarify the CT features of lung
adenocarcinoma with pGGN ≤10 mm in different histopatho-
logic subtypes.

Materials and methods

This retrospective study was approved by the institutional review
board ofChinese PLAGeneralHospital, whichwaived the require-
ment for patients’ informed consent for the use of CT scanning

Patients

FromMarch 2011 to February 2016, a total of 7352 consecutive
patients who underwent curative resection of lung adenocarcino-
ma in our hospital were reviewed via the electronic medical
records and the radiology information systems. Our inclusion
criteria were as follows: (1) the presence of chest CT scan with
thin-slice thickness (1–1.5mm)within oneweek prior to surgery,
(2) lesions showed pure ground-glass opacity on lung window
images (level,−600Hounsfield unit [HU]; width, 1500HU), and
(3) pGGNs≤10mm in the longest diameter on axial images. One
hundred of sixty-five patients with lung adenocarcinoma showed
pGGN ≤10 mm. Seventeen patients were excluded from the
analysis, including nine patients without chest CT scan within
one week prior to surgery, and eight patients without thin-slice
CT images. A total of 148 patients (150 lesions)met the inclusion
criteria. Pure GGNs disappeared or decreased in size on follow-
up CTat 3 months were considered as infectious diseases. These
nodules were surgically removed in our hospital depending on
the size, the growth of pGGN and patients’ decision. As for the

multiple nodules, the dominant nodule(s) and the nodules in the
same lobe or side were usually selected for surgical resection. In
our sample, two patients who had two pGGNs ≤10 mm located
in the same lung lobe underwent resection simultaneously.

CTexaminations

Chest CTwas performed using the following scanners: Siemens
Cardiac 64, and Philips Brilliance 256 iCTwith 120 kVp, 100–
200 mAs and a slice thickness of 5 mm. Then for contrast-
enhanced CT scan, a bolus of 60 ml of nonionic iodinated
(300 mg iodine per milliliter) contrast material (iopromidum,
Ultravist 300; Bayer Schering Pharma, Berlin, Germany) was
injected in an antecubital vein at a flow rate of 2.0-3.5 ml/s with
a power injector (Stellant; Medrad, Indianola, PA, USA). Then
image acquisition started 20–23 seconds after injection was fin-
ished. Images were reconstructed by using a medium sharp re-
construction algorithm with a thickness of 1–1.5 mm. CT scans
were obtained in the supine position at full inspiration.

CTand histopathologic features analysis

Two experienced radiologists with more than ten years of expe-
rience in chest CT diagnosis who were blinded to the histopath-
ologic results and clinical data independently evaluated the CT
images. When the opinions of the two radiologists were diver-
gent, the discrepancies were resolved by consensus. A pGGN
was defined as purely of ground-glass opacity on lung window
images (level, −600 HU; width, 1500HU) that had no soft-tissue
attenuation within the lesion on the mediastinal window images
(level, 40 HU; width, 400 HU). Each lesion was assessed with a
fixed lung window setting (level, −600 HU; width, 1500 HU) in
terms of lesion size, mean CT attenuation, bubble-like sign, air
bronchogram, vessel changes, margin, and tumour-lung inter-
face. The lesion size was the maximal diameter (mm) on axial
images. The mean CT attenuation (HU) was measured by plac-
ing a region of interest (ROI) of 8 mm2 in three different sites
within the nodule barring the vessels and bronchioles. Bubble-
like sign was depicted as air attenuation vesicle-like lucency
within the nodule. Vessel changes were defined as dilated/
distorted vessels, and vascular convergence seen within GGNs.
The margin was described as smooth, lobular, spiculated, and
lobular with spiculated. A lobular margin was defined when a
portion of the lesion’s surface showed a wavy or scalloped con-
figuration. A spiculated margin was defined as the presence of
strands extending from the nodule margin into the lung paren-
chyma without reaching the pleural surface. Tumour-lung inter-
face was recorded as clear if the nodules were well-defined.

One experienced chest pathologist reviewed the pathologic spec-
imens. According to the 2015 World Health Organization classifi-
cation of lung tumours, all lesions were classified into preinvasive
lesions (AAH and AIS) and invasive lesions (MIA and IPA).
Preinvasive lesions showed proliferation of mild to moderate cell
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atypia in type II pneumocytes and/orClara cells or a small neoplasia
with pure lepidic growth, along preexisting alveolar structures with-
out stromal, vascular, or pleural invasion. While invasive lesions
showed at least one focus of invasive adenocarcinoma.

Statistical analysis

All quantitative data were presented as mean ± standard devi-
ation. Lesion size and density were compared among histo-
pathologic subtypes using one-way analysis of variance
(ANOVA) followed by the Student-Newman-Keuls (SNK)
posttest. Lesion size and density were compared between
preinvasive and invasive groups by 2-independent samples t
test. Bubble-like sign, air bronchogram, vessel changes, mar-
gin, and tumour-lung interface were compared using Chi-

square test. Logistic regression analysis with the method of
forward stepwise (likelihood ratio) was used to assess the
relationship between CT characteristics of pGGN and lesion
invasiveness. A P-value less than 0.05 was considered statis-
tically significant. All statistical analyzes were performed by
using commercially available software (SPSS 22.0, IBM).

Results

Patient demographics and histopathological diagnosis

Of the 150 lung adenocarcinomas, there were 25 AAHs
(16.7%), 42 AISs (28.0%), 38 MIAs (25.3%) and 45 IPAs

Fig. 1 CTand histopathologic photomicrograph of AAH a. Thin-section
CT image shows a pGGN located in the superior segment of the right
lower lobe (white arrow) with diameter of 9 mm, and unclear tumour-

lung interface; b. Photomicrograph of histopathologic specimen shows
atypical pneumocytes lining alveolar walls (black arrow)
(Hematoxylin-eosin stain; original magnification, ×100)

Fig. 2 CT and histopathologic photomicrograph of AIS a. Thin-section
CT image shows a pGGN located in the lateral basal segment of the left
lower lobe (white arrow) with diameter of 8 mm, nonuniform density
and unclear tumour-lung interface; b . Photomicrograph of

histopathologic specimen shows neoplastic cells lining preexisting alve-
olar structures without stromal, vascular, or pleural invasion (black arrow)
(Hematoxylin-eosin stain; original magnification, ×100)
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(30.0%) (Figs. 1, 2, 3 and 4). The 148 patients included 54
(36.5%) men and 94 (63.5%) women, with age ranging from
26 to 78 years (mean age 53.55 years ± 8.87 years). Of the 148
patients, 91 had no symptoms, 16 complained of chest pain,
22 had a cough, nine had cough and shortness of breath, and
ten patients presented with shortness of breath. Thirty nine of
the 148 patients were smokers.

CT Features among different histopathologic Subtypes

There were statistically significant differences among histopath-
ologic subtypes in terms of lesion size, vessel changes, and
tumour-lung interface (P < 0.05) (Table 1). Of the 150 lesions,

mean pGGN size was (8.0 ± 1.6) mm ranging from 4.0 mm to
10.0 mm. The lesion size differed significantly between AAH
and AIS, AAH and MIA, AAH and IPA (P < 0.05). The vessel
changes occurred in 12.0% of AAH, 26.2% of AIS, 39.5% of
MIA and 53.3% of IPA. Vessel changes differed significantly
between AAH and MIA, AAH and IPA, AIS and IPA (P <
0.05) (Fig. 5). Lesions with clear tumour-lung interface were
48.0% of AAH, 69.0% of AIS, 84.2% of MIA, and 86.7% of
IPA. Tumour-lung interface differed significantly between AAH
and MIA, AAH and IPA, AIS and IPA (P < 0.05) (Figs. 1, 2, 3
and 4). There were no statistically significant differences among
histopathologic subtypes in terms of density, bubble-like sign,
air-bronchogram, and margin (P > 0.05).

Fig. 3 CTand histopathologic photomicrograph of MIA a. Thin-section
CT image shows a pGGN located in the apical segment of the right upper
lobe with diameter of 9 mm, bubble-like sign inside the nodule (white
arrow), slightly lobular margin, and clear tumour-lung interface; b.

Photomicrograph of histopathologic specimen shows lesion consisting
of predominantly lepidic tumour growth with foci of invasive acinar
components of less than 5 mm in thickness (black arrow)
(Hematoxylin-eosin stain; original magnification, ×100)

Fig. 4 CT and histopathologic photomicrograph of IPA a. Thin-section
CT image shows a pGGN located in the apical posterior segment of the
left upper lobe (white arrow) with diameter of 9 mm, and clear tumour-
lung interface; b. Photomicrograph of histopathologic specimen shows

neoplastic cells lining preexisting alveolar structures with invasive
component measuring larger than 5 mm (black arrow) (Hematoxylin-
eosin stain; original magnification, ×100).
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CT features in preinvasive and invasive groups

Of the 150 lung adenocarcinomas, 67 (44.7%) were
preinvasive, while 83 (55.3%) were invasive. In univariate
logistic regression analysis, there were differences between
preinvasive and invasive groups in terms of the vessel changes
(area under ROC curve (AUC), 0.630; sensitivity, 47.0%;
specificity, 79.1%), margin (AUC, 0.641; sensitivity, 67.5%;
specificity, 55.2%), and tumour-lung interface (AUC, 0.622;
sensitivity, 85.5%; specificity, 38.8%) (P < 0.05). The vessel
changes were demonstrated in 20.9% of preinvasive lesions
and 47.0% of invasive lesions. The preinvasive lesions with
smooth margin were up to 55.2%, while invasive lesions with
smooth margin were about 32.5%. Lesions with clear tumour-
lung interface were 61.2% of preinvasive lesions and 85.5%
of invasive lesions. Lesion size, density, bubble-like sign, and
air-bronchogram were not significantly different between the

two groups (P > 0.05) (Table 2). Multivariate logistic regres-
sion analysis showed that the vessel changes, unsmooth mar-
gin and clear tumour-lung interface were significant predictive
factors for lesion invasiveness. Odds ratio (OR) for vessel
changes, margin, and tumour-lung interface were 2.57 (95%
CI 1.17-5.62; P=0.018), 1.83 (95% CI 1.25-2.68; P=0.002),
and 4.25 (95% CI 1.78-10.14; P=0.001), respectively.

Discussion

According to the 2011 IASLC/ATS/ERS and 2015 World
Health Organization lung adenocarcinoma classification [4,
14, 15], AIS and MIA have a 100% 5-year disease-free sur-
vival [16, 17]. So determining the invasiveness of pGGN be-
comes very important. Despite the overlapping CT character-
istics of different histopathologic subtypes, we found that the

Fig. 5 Illustration of an invasive pulmonary adenocarcinoma (IPA) Note
the presence of a dilated vessel within the pure ground-glass nodule
(white arrow)

Table 1 CT features in different
histopathologic subtypes CT Features Histopathologic Subtypes P value

AAH AIS MIA IPA

Number of pGGNs 25 (16.7) 42 (28.0) 38 (25.3) 45 (30.0)
Size ( ± SD, mm) * 7.0±2.0 8.0±1.5 8.3±1.2 8.4±1.7 0.020
Density ( ± SD, HU) * −541.6±125.0 −506.2±151.5 −488.3±112.2 −487.3±142.0 0.325
Bubble-like sign 8 (32.0) 11 (26.2) 15 (39.5) 12 (26.7) 0.544
Air bronchogram 6 (24.0) 15 (35.7) 9 (23.7) 13 (28.9) 0.626
Vessel changes 3 (12.0) 11 (26.2) 15 (39.5) 24 (53.3) 0.003
Margin Smooth 15 (60.0) 22 (52.4) 11 (28.9) 16 (35.6) 0.085

Lobular 4 (16.0) 12 (28.6) 14 (36.8) 10 (22.2)
Spiculated 5 (20.0) 6 (14.3) 6 (15.8) 10 (22.2)
Lobular+Spiculated 1 (4.0) 2 (4.8) 7 (18.4) 9 (20.0)

Clear tumour-lung interface 12 (48.0) 29 (69.0) 32 (84.2) 39 (86.7) 0.002

pGGN=Pure ground-glass nodule; AAH=Atypical adenomatous hyperplasia; AIS=Adenocarcinoma in situ;
MIA=Minimally invasive adenocarcinoma; IPA= Invasive pulmonary adenocarcinoma; HU=Hounsfield unit;
SD=Standard deviation. Except where indicated, data are the number (%) of nodules. * Data are means±standard
deviation

Table 2 CT features between the two histopathologic groups

CT Features Histopathologic Groups P value

Preinvasive Invasive

Number of pGGNs 67 (44.7) 83 (55.3)

Size ( ± SD, mm) * 7.6±1.7 8.4±1.5 0.269

Density ( ± SD, HU) * −519.4±142.3 −487.8±128.5 0.472

Bubble-like sign 19 (28.4) 27 (32.5) 0.582

Air bronchogram 21 (31.3) 22 (26.5) 0.515

Vessel changes 14 (20.9) 39 (47.0) 0.001

Margin Smooth 37 (55.2) 27 (32.5) 0.010
Lobular 16 (23.9) 24 (28.9)

Spiculated 11 (16.4) 16 (19.3)

Lobular+Spiculated 3 (4.5) 16 (19.3)

Clear tumour-lung interface 41 (61.2) 71 (85.5) 0.001
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occurrence rate of vessel changes and clear tumour-lung inter-
face tended to increase from AAH to IPA. In addition,
preinvasive pGGNs demonstrate more smooth margin.

There have been some reports regarding subcentimeter
lung cancer in the literature [11, 12, 18, 19]. Imaging reports
regarding pGGN ≤10 mm are very rare after the new classifi-
cation. Kato et al. reported that 54.55% subcentimeter adeno-
carcinomas were invasive [18]. There has been no unified
consensus on the indications for surgical resection in
pGGNs, especially pGGNs ≤10mm [20–22]. Previous studies
showed the cut-off value of 10 mm for predicting invasive
lesions, and the majority of pGGNs ≤10 mmwere preinvasive
lesions with a specificity of 100% [8, 9, 23]. However,
pGGNs ≤10 mm also included MIA and IPA [10–13]. In our
study, we found that 83 (55.3%) of the 150 lesions with pGGN
≤10 mm were invasive, including 45 (30.0%) IPAs. There
were various prognosis in different histopathologic subtypes,
which required accurate diagnosis even in subcentimeter
lesions.

In a previous study, AAH size was commonly less than
5 mm [14]. However, in our study, mean AAH size was (7.0
± 2.0) mm. A previous study showed that with the increase in
invasiveness of lung adenocarcinoma with GGN, the lesion
size increased accordingly [24]. We also found that the lesion
size differed significantly between AAH and AIS, AAH and
MIA, AAH and IPA, which indicate that benign lesions were
relatively smaller than malignant lesions. The nodules includ-
ed in this study were small in size, and the size differences
among the four histopathologic subtypes were also too small.
So the lesion size was not a reliable CT sign for indicating
histopathologic subtypes. According to the 2013 Fleischner
guidelines [21], solitary pGGNs ≤5 mm required no CT fol-
low-up. However, in our previous study [25], we found that
three pGGNs ≤5 mm increased in size or appeared solid com-
ponent during the follow-up.

The CT characteristics of preinvasive and invasive GGNs
were reported in previous studies [5–8, 26]. Gao et al. catego-
rized the GGN-vessel relationships into four types and found
they could help to distinguish malignant or invasive lesions
from benign or preinvasive lesions [27]. Differing from Gao’s
study which mixed GGNs and benign lesions were included,
our study only included subcentimeter pGGN adenocarcino-
ma, we believed that type I and type II GGN-vessel relation-
ships in Gao’s study were normal conditions and vessel
changes within the GGN were earlier and more accurate to
reflect the histopathologic process. So the distorted/dilated
vessel and vascular convergence within the pGGN were de-
fined as vessel changes in this study, our results showed that
the vessel changes were associated with lesion invasiveness,
and the vessel changes occurred in 53.3% of IPA, while only
occurring in 12.0% of AAH. We also found that there were
significant differences among histopathologic subtypes in
terms of margin and tumour-lung interface. The preinvasive

lesions manifested smoother margins (55.2%) than invasive
lesions (32.5%). Invasive lesions often showed clear tumour-
lung interface (85.5%). So the pGGN with clear tumour-lung
interface and lobular with spiculated margin had a tendency
for invasiveness; those were correlated with previous studies
[20, 28, 29]. There were no significant differences among
histopathologic subtypes in terms of CT attenuation, bubble-
like sign and air bronchogram, and those might due to our
study population in which the CT attenuation varied relatively
small and occurrence rates of bubble-like sign and air
bronchograms were relatively low.

The present study has several limitations. First, this study
had patient selection bias, since only surgical resected pGGNs
were enrolled, the CT characteristics of which could more
likely be a malignancy. In addition, since the 2013
Fleischner guidelines were published, little change may have
taken place in the management of the sub-solid nodules.
Second, the size measurement of pGGNs ≤10 mm was some-
times difficult, especially with unclear tumour-lung interface
lesions. Finally, the AUC, sensitivity and specificity values
were not very high in general.

Conclusion

Invasive lesions are found in 55.3% of subcentimeter pGGNs
in our cohort, the vessel changes within the lesion, unsmooth
margin and clear tumour-lung interface may indicate the inva-
siveness of lung adenocarcinoma with pGGNs ≤10 mm in
diameter.
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