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Abstract
Objective To investigate the high-resolution computed to-
mography (HRCT) features that distinguish lung adenocarci-
nomas in situ (AISs) and minimally invasive adenocarci-
nomas (MIAs) from invasive adenocarcinomas (IACs)
appearing as ground-glass nodules (GGNs), and to select can-
didates for sublobar resection.
Methods Two hundred and twenty-nine patients with 237
GGNs of less than 2 cm (139 AIS-MIA nodules and 98 IAC
nodules) confirmed by surgery and pathology were retrospec-
tively reviewed. The HRCT features of the AIS-MIAs and
IACs were analysed and compared. Receiver operating char-
acteristic (ROC) analyses were conducted to determine the
cutoff values for the qualitative variables and their diagnostic
performances.
Results Significant differences were found in the density, nod-
ule and solid component diameters, CT values of the ground-
glass and solid components, lobulated shape, spiculated mar-
gin, abnormal pulmonary vein and artery, air bronchogram,
and pleural indentation of the GGNs between the two groups.
Multivariate and ROC analyses revealed that larger diameter
of nodules (≥12.2 mm) and solid components (≥6.7 mm), and

higher CT values of the solid components (≥ -192 HU) in the
GGNs with air bronchogram were significantly associated
with IACs.
Conclusions HRCT can identify distinguishing morphologi-
cal features between AIS-MIAs and IACs, and is helpful for
selecting candidates for sublobar resection.
Key Points
• IACs appearing as GGNs were often ≥ 12.2 mm in diameter.
• IACs were often ≥ 6.7 mm in solid component diameter.
• The solid components of the IACs often exhibited ≥ -192 HU.
• IACs exhibited air bronchogram more frequently than AIS-
MIAs.
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Abbreviations
AIS Adenocarcinoma in situ
MIA Minimally invasive adenocarcinoma
IAC Invasive adenocarcinoma
AAH Atypical adenomatous hyperplasia
GGN Ground-glass nodule
PGGN Pure ground-glass nodule
MGGN Mixed ground-glass nodule
HRCT High-resolution computed tomography

Introduction

Ground-glass nodules (GGNs) are becoming a major concern
due to their possible association with lung adenocarcinomas
[1]. In a newmultidisciplinary classification of lung adenocar-
cinomas that was introduced in 2011 [2], the terms
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adenocarcinoma in situ (AIS) and minimally invasive adeno-
carcinoma (MIA) were introduced due to the 100 % and near
100 % 5-year disease-free survivals, respectively, of these
conditions following complete resected [2]. In contrast, the
5-year disease-free survival of invasive adenocarcinomas
(IACs) of pathological stage IA is 74.6 % [3].

The introductions of AIS and MIA for pulmonary adeno-
carcinomas imply the possibility of sublobar resection involv-
ing anatomical segmentectomy and wedge excision for these
lesions [4–6]. Recently, sublobar resection and lobectomy
were shown to elicit comparable survival rates in stage IA
lung cancer patients with nodules less than 2 cm [7, 8], and
systematic lymph node dissection is not always required [9].
Thus, it is important to accurately discriminate AISs and
MIAs from IACs prior to or during surgery, because lobecto-
my is required for IACs.

Several studies [2, 10, 11] have revealed that lung adeno-
carcinomas appearing as GGNs on high-resolution computed
tomography (HRCT) also exhibit synchronous multiplicity
(23 %-34 % or higher); therefore, patients with multiple

nodules require bilobectomy, lobectomy with wide wedge re-
section, multiple wide wedge resections or segmentectomies
[4], underlining the need to preserve as much lung parenchy-
ma as possible to maintain normal pulmonary function. There-
fore, the purpose of our study was to investigate the HRCT
features that distinguish AIS-MIAs from IACs amongst
GGNs of less than 2 cm, and to define criteria for the selection
of candidates for sublobar resection.

Materials and methods

Patients

The Institutional Review Board approved this retrospective
study, and informed consent was waived. From April 2012
to April 2013, 229 consecutive patients with 237 GGNs < 2
cm were reviewed. All of the nodules underwent surgical re-
section and were pathologically confirmed to be AISs, MIAs
or IACs (80 AISs, 59 MIAs, and 98 IACs). Among the

Table 1 Morphological features
of the GGNs in the AIS-MIA and
IAC groups on HRCT

Features AIS-MIAs (n = 139) IACs (n = 98) P Value

Density (PGGN/MGGN) 81/58 7/91 0.000§

Diameter of nodule (mm) 11.1 ± 3.4 15.2 ± 3.1 0.000†

Diameter of solid component (mm) 6.1 ± 3.2 10.3 ± 4.1 0.000†

CT value of ground glass component (HU) -545.8 ± 123.6 -395.7 ± 185.2 0.000†

CT value of solid component (HU) -230.5 ± 111.3 -130.3 ± 109.3 0.000†

Lobulated shape 21 (15.1 %) 45 (45.9 %) 0.000§

Spiculated margin 4 (2.9 %) 11 (11.2 %) 0. 009§

Abnormal pulmonary vein 43 (30.9 %) 74 (75.5 %) 0.000§

Abnormal pulmonary artery 21 (15.1 %) 58 (59.2 %) 0.000§

Air bronchogram 47 (33.8 %) 76 (77.6 %) 0.000§

Bubble lucency 9 (6.5 %) 11 (11.2 %) 0.195§

Pleural indentation 22 (15.8 %) 38 (38.8 %) 0.000§

GGN: ground-glass nodule; PGGN: pure GGN; MGGN: mixed GGN; AIS: adenocarcinoma in situ; MIA:
minimally invasive adenocarcinoma; IAC: invasive adenocarcinoma
†Two-sample Wilcoxon rank-sum test
§ Pearson χ2 test
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Fig. 1 A 57-year-old woman with multiple GGNs in the left lung. Axial
HRCT image showing a 6.1-mm diameter GGN in the lower lobe with a
CT value of -566 HU that was proven to be a AIS (a). Image of the upper

lung showing a 6.5-mm diameter GGN in the upper lobe with a bubble
lucency and a CT value of -700 HU (white arrow); this nodule was not
resected (b)



patients, 222 had single pulmonary nodules (128 AISs or
MIAs and 94 IACs), and the remaining seven patients had
multiple nodules (two patients had one MIA and one AIS,
three patients had one IAC and one AIS, one patient had
two AISs, and one patient had two AISs and one IAC). The
patients ranged in age from 25 to 80 years (average 55.5 ± 9.9
years) and included 59 males and 170 females.

In the 229 enrolled patients, 77 (34 %) patients exhibited
synchronous multiple pulmonary nodules on routine CT. Only
15 synchronous nodules in seven of the 77 patients met the
inclusion criteria of this study. The remaining synchronous

nodules were not enrolled because they were AAHs or larger
than 2 cm, or because the patient had not undergone a target
HRCT scan.

Among the 128 enrolled patients with single AIS-MIA
nodules and 94 enrolled patients with single IAC nodules,
the lobectomy, segmentectomy, and wedge resection were
performed in 98, 14, and 16 patients; and in 87, two, and five
patients, respectively. Of the seven enrolled patients with mul-
tiple resected nodules, multiple nodules in the same lobe were
observed in six patients, and these patients underwent lobec-
tomies (five patients) or wedge resection (one patient), and the
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Fig. 2 A 34-year-old woman with a MIA in the right lower lobe of the
lung. Axial HRCT image showing a 11.2-mm diameter oval PGGN with
a bubble lucency and a CT value of -654 HU (a). Photomicrograph of the

resected specimen showing lepidic predominant lesion consisting of an
invasive area of less than 5 mm in diameter with an acinar growth pattern
[b, hematoxylin and eosin (H & E), ×100]

Fig. 3 A 46-year-old man with a
lepidic predominant IAC in the
right lower lobe of the lung. Axial
HRCT images (a, b) showing a
16.7-mm diameter lobulated
PGGN with a bubble lucency and
a CT value of -668 HU. Photo-
micrograph of the resected speci-
mens showing a lepidic growth
pattern with a slight papillary
growth pattern (c, H & E, ×100)
and non-lung architecture that
correlated with the bubble lucen-
cy area (d, H & E, ×20) (asterisk)



nodules involved multiple lobes in the remaining patient who
underwent simultaneous lobectomy and wedge resection. Two
patients exhibited pathological invasion of the visceral pleura,
and no patients exhibited regional lymph node metastasis.

CT screening

CT scans were obtained with a 64-detector row scanner (Bril-
liance, Philips, USA) at the end of inspiration during a single
breath hold. The routine CT scans were initially performed
with a collimation of 64 × 0.625 mm and a FOVof 400 mm.
When a lung nodule was identified, target HRCT was per-
formed with the following parameters: collimation, 64 ×
0.625 mm; pitch, 0.64; section thickness and interval, 1.0
and 1.0 mm, respectively; 1-3 second scan time; matrix,
1024×1024; FOV, 180 mm; 120 kVp; and 300 mA. The re-
construction algorithms for the routine and target HRCTscans
were Bstandard^ and Bsharp^, respectively.

Evaluation of the HRCT features

The qualitative variables were assessed on the target HRCTs
in the lung windows (width, 1450 HU; level, -520 HU) inde-
pendently by two observers (Y.Z. and Y.S. who had 5 and 16
years of experience in chest imaging, respectively), and

discrepancies were resolved by consensus. The HRCT find-
ings for each nodule were analysed according to the following
parameters: (1) density (pure or mixed GGN, PGGN or
MGGN); (2) lobulated shape; (3) spiculated margin; (4) air
bronchogram; (5) abnormal vascular change (dilated, rigid,
convergent or tortuous; single observations were recorded
when multiple changes were observed. We traced the vessel
from the nodule to the hilum to determine its source as pul-
monary or bronchial, and determined whether it was an artery
or vein); (6) bubble lucency (round or oval air attenuation
inside the GGN that eliminated the air bronchogram); and
(7) pleural indentation. The quantitative variables included
the following: the CT values of the pure ground-glass and
solid components of the GGN (assessed in the largest region
of interest that excluded pulmonary vessels), and the diame-
ters of the nodule and solid component (the largest diameters
on the axial sections). The measurements were performed by a
single radiologist (Y.Z.), repeated three times and averaged.

Pathological evaluation

The surgically resected nodules were histopathologically
analysed and classified by two experienced lung pathologists
by consensus according to the 2011 classification of lung
adenocarcinomas.
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Fig. 5 A 56-year-old man with a lepidic predominant IAC with a papil-
lary component in the right lower lobe of the lung. Axial HRCT images
showing a MGGN of 13.6 mm in diameter with a 6.8-mm diameter solid

component, a rigid pulmonary vein (thin arrow) in the upper plane (a), a
mildly dilated and rigid pulmonary artery (thick arrow) and a pleural
indentation in the lower plane (thin arrow) (b)

Fig. 4 A 48-year-old man with a MIA in the left lower lobe of the lung.
Axial HRCT image showing a 14-mm diameter oval MGGN with a 3.8-
mm diameter solid component, a CT value of -553 HU in the ground-

glass component and a CT value of -160 HU in the solid component (a).
Photomicrograph of the resected specimen showing an acinar growth
pattern (b, H & E, ×100)



Statistical analysis

The HRCT features of the two groups of lung nodules were
compared. The quantitative variables were compared using
two-sample Wilcoxon rank-sum tests, and the qualitative var-
iables were compared with Pearson χ2 tests. The variables that
exhibited statistically significant differences were included in
a multivariate logistic regression analysis. Receiver operating
characteristic (ROC) analyses were conducted for the vari-
ables that exhibited statistically significant differences in the
multivariate logistic regression. The cutoff values were de-
fined as those for which the sensitivity plus specificity value
was maximal. The interobserver agreements regarding the
qualitative HRCT features were investigated using weighted
κ statistics. P values < 0.05 were considered statistically sig-
nificant. All statistical data were analysed using the SPSS 16.0
software program.

Results

The comparisons of the morphological features of the GGNs
in AIS-MIAs with the IACs on HRCT are summarized in
Table 1. Compared with the AIS-MIA group, the IACs exhib-
ited larger nodule (15.2 mm vs. 11.1 mm, p = 0.000) and solid
component diameters (10.3 mm vs. 6.1 mm, p = 0.000),
higher CT values for the ground-glass components (-396
HU vs. -546 HU, p = 0.000) and solid components of the
GGNs (-130 HU vs. -231 HU, p = 0.000) (Figs. 1, 2, 3 and
4), and greater frequencies of lobulated shape (p = 0.000),

spiculated margin (p = 0.009), abnormal pulmonary artery (p
= 0.000), abnormal pulmonary vein (p = 0.000), air
bronchogram (p = 0.000) and pleural indentation (p = 0.000)
(Fig. 5). The results of the multivariate logistic regression
analysis of the GGNs in the AIS-MIAs and IACs are illustrat-
ed in Table 2. This table indicates that larger nodule and solid
component diameters, higher CT values of the solid compo-
nents, and air bronchogram were significantly associated with
the IACs (p = 0.005, 0.044, 0.037 and 0.040, respectively).
The cutoffs and their diagnostic performances in
distinguishing the AIS-MIA and IAC groups as determined
by ROC analyses are summarized in Table 3 (Fig. 6). The
cutoff nodule and solid component diameters were 12.2 mm
(sensitivity: 85 %, specificity: 62 %) and 6.7 mm (sensitivity:
79 %, specificity: 62 %), respectively, and the cutoff CT value
for the solid components was -192 HU (sensitivity: 77 %,
specificity: 62 %).

The interobserver agreement results regarding the HRCT
features of the GGNs are listed in Table 4. The κ values ranged
from 0.645 to 0.977.

Discussion

Previous studies have found that PGGN does not necessarily
indicate AIS and vice versa [11, 12]. Our study produced the
similar results. We observed 58 AIS-MIAs appearing as
MGGNs and seven IACs appearing as PGGNs. Additionally,
the present study revealed that a larger nodule diameter was
one factor that was independently associated with IAC at a

Table 3 The diagnostic
performances of the cutoff values
for the different variables in
distinguishing the AIS-MIA and
IAC groups

Variables Cutoff value Sensitivity Specificity AUC 95% confidence interval

Diameter of nodule 12.2 mm 85 % 62 % 0.75 0.66 ~ 0.83

Diameter of solid component 6.7 mm 79 % 62 % 0.79 0.72 ~ 0.86

CT value of solid component -192 HU 77 % 62 % 0.74 0.66 ~ 0.82

Air bronchogram — — — 0.64 0.54 ~ 0.73

AUC: the area under the curve

Table 2 Multivariable logistic
regression analysis of the AIS-
MIA and IAC groups

Variables Odds Ratio 95% Confidence Interval P Value

Diameter of nodule 1.296 1.080–1.555 0.005

Diameter of solid component 1.181 1.005–1.387 0.044

CT value of ground glass component 1.004 1.000–1.009 0.054

CT value of solid component 1.005 1.000–1.010 0.037

Lobulated shape 1.099 0.342–3.537 0.874

Spiculated margin 0.997 0.171–5.825 0.998

Abnormal pulmonary vein 1.111 0.393–3.144 0.842

Abnormal pulmonary artery 1.457 0.556–3.817 0.443

Air bronchogram 2.841 1.047–7.711 0.040

Pleural indentation 0.579 0.209–1.603 0.293
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cutoff diameter of 12.2 mm, which yielded a sensitivity, spec-
ificity and area under the curve (AUC) of 85 %, 62 %, and
0.75, respectively. Kim et al. [12] found that the mean diam-
eter of GGNs of lung adenocarcinomas with predominant
BAC components is 13 mm ± 6.9, and that of AAHs is 8
mm ± 3.8. At a cutoff diameter of 10 mm for preinvasive
PGGN lesions, a sensitivity of 53 % and a specificity of 100
% have been reported, and the cutoff diameter of 14 mm for
MIA-IACs in MGGNs has been reported to yield a sensitivity
of 67 % and a specificity of 74 % [13]. Moreover, a cutoff
diameter of 11 mm for IACs in PGGNs has been reported to
yield a sensitivity of 96% and a specificity of 47% [14], and a
cutoff of 12.5 mm has been reported for MIA-IACs [15].
Because our study focused on differentiating AIS-MIAs and
IACs, it is reasonable that the identified cutoff diameter dif-
fered from those of previous studies. However, the optimal
cutoff value remains controversial.

The ROC curve revealed that the most powerful parameter
for predicting IAC was the diameter of the solid component
(6.7 mm), which yielded a sensitivity and specificity of 79 %

and 62%, respectively with an AUC of 0.79. Cohen et al. [16]
also concluded that the size of the solid component is the only
factor that is independently associated with IAC in Caucasian
patients. These authors reported a cutoff diameter of 9 mm for
the solid component, which is larger than our cutoff value
because larger nodules were observed in their study. There is
a strong correlation between the diameter of the solid compo-
nent on CT and the invasive component on pathology [17].
The solid component of a GGN usually represents the inva-
sive portion of the tumour, collapsed alveolar space or fibrotic
proliferation [18, 19].

Our study also revealed the mean CT values of the solid
components were -231 HU for the AIS-MIAs and -130 HU for
the IACs, and these values were significantly associated with
IAC at the cutoff CT value of -192 HU. Our previous study
revealed that the mean CT values of the solid components of
GGNs of AAH-AISs and MIAs are -318 HU and -195 HU,
respectively, and that this valuewas an independent differentiator
of MIAs and AAH-AISs [11]. The odds ratio for the CT values
of the ground-glass and solid components was not very high in
our study; thus, further studies need to be performed.

AlthoughGGNswith lobulated shape and spiculatedmargin
were found to be significantly more frequent in the IACs in the
univariate analyses, these factors were not significant in the
multivariate analyses. These findings are inconsistent with
those of previous studies that have investigated the HRCT fea-
tures that differentiate IACs and pre-invasive lesions appearing
as pulmonary GGNs and the features that differentiate malig-
nant and benign pulmonary GGNs [13, 20]. Our purpose was
to investigate the HRCT features that distinguish AIS-MIAs
from IACs, which could explain the differences in the findings.

In our previous study [11], we found that abnormal pulmo-
nary vein changes were more frequent in MIAs than pre-
invasive lesions. However, in the current study, we found that
pulmonary artery changes were more frequent in IACs than in
AIS-MIAs. We infer that the walls of the pulmonary veins
were thinner and less elastic and therefore more susceptible
to shrinkage due to fibrosis compared with the arteries in the
MIAs. With increases in invasiveness and angiogenesis and
consequent increase in the blood supplies to the tumours, the
differences between the AIS-MIA and IAC groups in abnor-
mal pulmonary vein changes decreased, and the differences in
the pulmonary artery changes increased [15, 21].

The relationships between solitary pulmonary nodules and
bronchi have been described as abruptly obstructive, patent,
tapered and narrowing and running around with an intact lu-
men [22]. Moreover, patent bronchi are more common in ad-
enocarcinoma than squamous carcinoma patients [23].
Intratumoural bronchi were visualized in 37 % of nodules <
2 cm in the study by Cui et al. [23]. Yoshino et al. [24] indi-
cated that an air bronchogram is a good independent prognos-
tic factor. In contrast, our study found that this sign was asso-
ciated with more invasive adenocarcinomas (34 % of the AIS-

Table 4 Interobserver agreements for the CT features of the GGNs

Variables Observer 1 Observer 2 k value

Density (PGGN/MGGN) 89/148 93/144 0.911

Lobulated shape 73 65 0.837

Spiculated margin 18 12 0.645

Abnormal pulmonary vein 128 117 0.739

Abnormal pulmonary artery 84 77 0.840

Air bronchogram 139 122 0.805

Bubble lucency 22 24 0.759

Pleural indentation 60 58 0.977

Fig. 6 Graph illustrating the ROC curves results for the variables found
to be significant in the multivariate logistic regression. The areas under
the curves for the nodule and solid component diameters, the CT value of
the solid component, and the presence of an air bronchogram were 0.75,
0.79, 0.74, and 0.64, respectively
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MIAs versus 78 % of the IACs). We infer that air
bronchogram is associatedwith the shrinkage of intratumoural
fibrosis, and that IACs are associated with more intratumoural
fibrosis. Further studies are required to understand the rela-
tionship between air bronchogram and tumour invasiveness.

Pleural indentation on CT is not pathologically equivalent
to pleural invasion [25, 26], but it is an independent predictor
of poor prognoses [24]. Our study revealed that pleural inden-
tation was more frequently associated with IAC than with AIS
and MIA. We infer that this sign is also associated with
intratumoural desmoplastic reactions.

Among the 128 patients with resected single AIS-MIA
nodules, only 30 patients underwent segmentectomy or wedge
resection. If HRCT can be used to confidently discriminate
IACs from AISs and MIAs prior to surgery, segmental and
wedge resection procedures can be conductedmore frequently
and benefit more patients. Therefore, our results will play an
important role in the selection of the optimal surgical
procedure.

This study had several limitations. First, only small num-
bers patients with IACs in PGGNs were enrolled. Second,
because the nodules were small, some HRCT features, such
as spiculated margin, were less typical, and inter-observer
agreements were not perfect.

Conclusions

In conclusion, lung IACs appearing as GGNs frequently ex-
hibited nodule and solid component diameters ≥ 12.2 mm and
6.7 mm, respectively, solid component CT values of -192 HU
or greater, and an air bronchogram. Therefore, these GGNs
cannot be candidates for sublobar resection. In contrast, GGNs
that do not exhibit these characteristics are likely candidates
for sublobar resection.
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