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Abstract
Background: To explore the diagnostic method in assessing the malignancy of pul-
monary adenocarcinoma characterized by ground glass opacities (GGO) on com-
puted tomography (CT).
Methods: Preoperative CT data for preinvasive and invasive lung adenocarcinomas
were analyzed retrospectively. GGO lesions that were detected on lung windows but
absent using the mediastinal window were subject to adjustment of the window
width, which was reduced with the fixed interval of 100 HU until the lesions were no
longer evident, with a fixed mediastinal window level of 40 HU. The shape, smoking
habits, size of the lesion on the lung window, and window width at which lesions dis-
appeared were compared and receiver operating characteristic curves were used to
determine the optimal cut-off of the lesion size and window width to differentiate
between these invasive and preinvasive lesions.
Results: Of the 209 lung adenocarcinomas, 102 were preinvasive (25 atypical
adenomatous hyperplasia and 77 adenocarcinoma in situ), while 107 were invasive
(78 minimally invasive adenocarcinoma and 29 invasive adenocarcinoma). The
shape, lesion size, and window width at which lesions were no longer evident dif-
fered significantly between the two groups (P < 0.05). The size of 8.9 mm and a
window width of 1250 HU were the optimal cut-off to differentiate between prein-
vasive and invasive lesions.
Conclusion: The shape, size of the lesion, and window width on high-resolution
CT may be useful in assessing the invasiveness of lung adenocarcinoma that mani-
fests as GGO. Irregular lesions that disappear at window width <1250 HU, with a
diameter of > 8.9 mm are more likely to be invasive.

Introduction

A ground glass opacity (GGO) is defined using high-
resolution computed tomography (HRCT) imaging as a pul-
monary shadow comprised of hazy increased attenuation
with preservation of the bronchial and vascular margins.
Only the solid component of a GGO is evident using the
mediastinal window.1 Although the etiology of a GGO is
varied, pulmonary malignancy must be considered and
adenocarcinoma is the most common histologic type.2 The
International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory Society
(IASLC/ATS/ERS) proposed a new classification for lung
adenocarcinoma which divided lung adenocarcinoma into

two main groups: preinvasive lesions, including atypical
adenomatous hyperplasia (AAH) and adenocarcinoma in
situ (AIS); and invasive lesions, such as minimally invasive
adenocarcinoma (MIA), invasive adenocarcinoma, and vari-
ants of invasive adenocarcinoma.3

Early lung adenocarcinoma detected on HRCT often
manifests as GGOs. Many studies have assessed the relation-
ship between radiographic and pathologic data in lung
adenocarcinoma, evaluating lesion prognosis by changes in
the size of a lesion between the lung and mediastinal
windows.4–6 However, the invasiveness of GGOs, which are
visible on lung windows but not on mediastinal windows,
cannot be judged by changes in size between these two
windows. Clinically, we observed that the apparent size of the
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tumor can be adjusted with a changing window width and
this has led us to study the impact of window width in pre-
dicting the invasiveness of lung adenocarcinoma.

Materials and methods

Ethics

The study was performed in accordance with the Declaration
of Helsinki and was approved by the ethical committees of
Shanghai Pulmonary Hospital and the Tongji University
School of Medicine. All participants provided written
informed consent.

Clinical cases

The CT images and correlated clinical data of 209 patients
with lung adenocarcinoma who attended our hospital from
January 2013 to May 2014 were retrospectively collected. Cri-
teria for inclusion into the study included the presence of a
GGO with a diameter of less than 2 cm on lung windows but
not evident using mediastinal windows, and all cases were
diagnosed with lung adenocarcinoma by pathology after sur-
gical treatment. The range of the duration between CT scan
and surgical diagnosis was 1–25 days and the mean duration
was 5.3 ± 4.3 days. Of the 102 cases of preinvasive lesions, 25
were classed as AAH and 77 were AIS. Of the 107 invasive
lesions, 78 were MIA and 29 were invasive adenocarcinoma.
Sixty-nine patients were men, and 140 were women; the
average age was 55.01 ± 10.48 years; and the average lesion
size was 0.94 ± 0.39 cm.

Methods

In all patients included in the study, a thin-section CT was
performed preoperatively at least once. In all individuals,
thin-section CTs were performed using a Sensation-64
scanner (Siemens, Munich, Germany) with 120 kVp, auto-
matic mAs, bone reconstruction algorithm, a pitch of 1.2,
scan field of view of 350 mm, matrix of 512 × 512, and colli-
mation of 128*0.6 mm. Images were reconstructed with
1 mm thickness. For the lung window, the width was 1500
HU, and the level was −450 HU. For the mediastinal window,
the width was 400 HU and the level was 40 HU. All images
were taken without the use of contrast medium. All CT
images were reviewed independently by three senior radiolo-
gists with specialist experience in diagnostic imaging on a
three million pixel resolution medical display with a fixed
mediastinal window level and adjustable mediastinal window
width. Vessels within the GGO should be excluded from the
regions of interest and the highest density part should be
included. Multiplanar reconstruction was performed when
necessary. Results were calculated as the average of the report

findings of the three independent radiologists who were
unaware of the pathological diagnosis. Where necessary, dis-
crepancies were resolved by team review involving all three
radiologists.

Statistical methods

All data were processed using SPSS 20.0 statistical software
(IBM Corp.,Armonk, NY, USA). The Pearson χ2 test was used
for comparison of the lesion shape and patient’s smoking
habits between preinvasive and invasive lesions. The sample
mean of the lesion size on lung window and the window
width at which lesions were no longer evident between prein-
vasive and invasive lesions was tested (if the sample followed
normal distribution and homogeneity of variance, a t-test
was used, otherwise, a nonparametric rank sum test was
used), and receiver operating characteristic (ROC) curves
were drawn according to the results. The area under the curve
(AUC), sensitivity, and specificity were obtained using
various cut-off points and the optimal cut-off point was
defined as that having the greatest AUC. Measurement data
were written in x ± s. The difference was considered statisti-
cally significant if P < 0.05.

Results

Of 209 cases of lung adenocarcinoma, 102 cases were preinva-
sive and 107 were invasive lesions. The basic characteristics of
these lesions are shown in Table 1. The size of the lesion on
the lung window and window width at which preinvasive and
invasive lesions were no longer evident did not conform to
normal (P < 0.05, Table 2). The Pearson χ2 and nonparamet-
ric rank sum test were performed and showed that the shape,
size of lesion, and window width at which lesions were no
longer apparent differed between preinvasive and invasive
lesions (P < 0.05, Table 3). The ROC curves showed that
lesion size and window width were good indicators for the
invasiveness of pulmonary adenocarcinoma (P < 0.05), with a
size of 8.9 mm and a width of 1250 HU being the optimal the
cut-off for differentiating between invasive and noninvasive
lesions (Table 4). Lesions that disappeared with a window

Table 1 The basic characteristics of preinvasive and invasive lesions

Preinvasive
lesions

Invasive
lesions Total

Gender
Male 36 33 69
Female 66 74 140

Mean age (years) 53.61 ± 10.75 56.36 ± 10.08 55.01 ± 10.48
Number of lesions

Solitary 52 62 114
Multiple 50 45 95
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width >1250 HU and a size of < 8.9 mm were more likely to be
preinvasive, while those that disappeared with a window
width <1250 HU and size of > 8.9 mm were more likely to be
invasive lesions (Figs 1, 2).

Discussion

The relationship between the new classification of lung
adenocarcinoma proposed by IASLC/ATS/ERS and the CT
features of GGO, which were visible on lung windows but
invisible on mediastinal windows, was investigated. We have
demonstrated that the size of the tumor as adjusted by the
change of the window width can assist in the differential diag-
nosis of preinvasive and invasive lesions. We measured the
size of the lesion on the lung window and window width at
which lesions were no longer evident in the context of a fixed
mediastinal window level of 40 HU, and subjected our results
to the nonparametric rank sum test. A Pearson χ2 test was
used to compare the shape and smoking habits. The results
demonstrated that shape, lesion size, and window width at

which lesions were no longer evident differed significantly
between the two groups (P < 0.05). From the resulting ROC
curves, lesion size and window width were found to be good
predictors for the diagnosis of the invasiveness and, therefore,
the prognosis of the tumor (P < 0.05). The AUC was the
largest at a size of 8.9 mm and window width of 1250 HU.
Irregular lesions that had a size of >8.9 mm and disappeared

Table 2 Shapiro-Wilk test for the normality of size and window width

Statistics Degrees of freedom P

Size
Preinvasive lesions 0.914 102 0
Invasive lesions 0.915 107 0

Window width
Preinvasive lesions 0.948 102 0.001
Invasive lesions 0.956 107 0.001

Table 3 The comparision between preinvasive and invasive lesions

Preinvasive lesions Invasive lesions Statistics P

Shape*
Round 99 92 8.142 0.004
Irregular 3 15

Smoking habits*
Smoker 24 27 0.082 0.774
Non-smoker 78 80

Lesion size (mm)† 8.3 ± 2.9 1.04 ± 3.7 −4.571 0.000
Window width† 1306.5 ± 188.8 1085.0 ± 188.8 −6.297 0.000

*Pearson χ2 test. † Nonparametric rank sum test.

Table 4 Area under the ROC curve of lesion size and window width

Area P

95% confidence interval

Optimal cut-offLower limit Upper limit

Lesion size 0.683 0.000 0.611 0.755 8.9 mm
(sensitivity = 0.607, specificity = 0.716)

Window width 0.749 0.000 0.682 0.816 1250 HU
(sensitivity = 0.578, specificity = 0.850)

ROC, receiver operating characteristic.

Figure 1 Receiver operating characteristic (ROC) curve analysis, size
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at a window width of >1250 HU were more likely to be prein-
vasive compared with those that disappeared at <1250 HU.

The window level is the center gray level in the image dis-
played on CT. It is this level that the CT attenuation of the
structures being observed should be set, to permit the proper
evaluation of structural detail. Window width can affect the
contrast of the image. Many researchers have investigated the
relationship between window settings and the form of
nodules, and have determined that the adjustment of the
window width and window level can highlight tissue bound-
aries, and individualized window widths and levels can
provide more precise detail.7,8 In this study, we investigated
the relationship between the window width at which lesions
were no longer apparent and the invasiveness and prognosis
of lung adenocarcinoma, and found that window settings
could assist in the differential diagnosis of subtypes of lung
adenocarcinoma. Window width is the range of CT value
shown on CT images; the range of CT value decreases with
the decrease of window width, which can explain the differ-
ence between visibility of preinvasive and invasive lesions. In
our study, the imaging was observed with a fixed mediastinal
window level of 40 HU, and the component that had a low CT
value disappeared when the window width decreased with a
fixed interval of 100 HU and the component of lesion that
could be visible decreased. Tsutani et al. found that the solid
component was related to the malignance of lung adenocar-
cinoma.9 The choice of window settings is an important con-
sideration when CT is used to assess the size of pulmonary
nodules: previous studies have variously reported that tumor
prognosis may be estimated by the size of the tumor, or that

tumor size did not correlate with disease stage or prognosis in
lung tumors of size <30 mm.10,11 In our clinical experience,
the size of a tumor will be adjusted with the change of the
window width. Moreover, the adjustment of window width
required to cause lesions to become invisible varied between
different types of lung adenocarcinoma (Figs 3–6). Manage-
ment of the different types of lung adenocarcinomas varies,
in part because of their different prognoses; therefore, it is

Figure 2 Receiver operating characteristic (ROC) curve analysis, width.

Figure 3 A 63 year-old male patient with a pathological diagnosis of
atypical adenomatous hyperplasia (hematoxylin-eosin stain, ×200). The
computed tomography image shows a 4 mm ground glass opacity in the
right lower lobe. From left to right, followed by lung window, mediastinal
window width of 1800 HU, 1600 HU, and 1500 HU. The size of the lesion
decreased gradually and was invisible at a mediastinal window width of
1500 HU.

Figure 4 A 39 year-old female patient with a pathological diagnosis of
adenocarcinoma in situ (hematoxylin-eosin stain, ×100). The computed
tomography image shows a 6 mm ground glass opacity in the right
middle lobe. From left to right, followed by lung window, mediastinal
window width of 1800 HU, 1600 HU, 1400 HU, and 1300 HU. The size of
the lesion decreased gradually and was invisible on the mediastinal
window with a window width of 1300 HU.
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critical to form an accurate judgment of the invasiveness and
prognosis of the tumor preoperatively.12,13 Previous studies
have found that the size of the tumor, the size of the solid
tumor component, the extent of pathologic invasion, and the
GGO ratio are important predictors of prognosis.14–18 The
length, area, modified length, and vanishing ratio method for
predicting five-year relapse-free survival have been evaluated
using ROC analysis, with the vanishing ratio method being

found to be the most accurate predictor.19 Tumors have also
been classified into air-containing and solid-density type
according to the attenuation of the tumor opacity between
the lung and mediastinal windows, with the air-containing
type having a better prognosis than solid-density type adeno-
carcinomas.20 However, this method is not suitable for assess-
ing the invasiveness and prognosis of GGOs that are only
visible on lung windows.

Atypical adenomatous hyperplasia and AIS gradually
develop into invasive adenocarcinomas in a dynamic process
that is thought to involve the accumulation of mutations in
several genes.21,22 The new classification of lung adenocarci-
noma proposed by IASLC/ATS/ERS classifies lung adenocar-
cinoma into preinvasive and invasive lesions. Relevant
scholars have suggested that comparing the CT value of dif-
ferent subtypes could lead to a diagnosis of lung adenocarci-
noma.23,24 The CT value and the adjustment of window width
methods changed according to the different densities of dif-
ferent subtypes of lung adenocarcinoma, with the CT value
easily affected by partial volume effect.

In addition, we found that an irregular lesion with a
maximum diameter of >8.9 mm was helpful to distinguish
between preinvasive and invasive lesions. Jin et al. suggested
that the optimal cut-off value for discriminating preinvasive
from MIA was 8.17 mm, which is consistent with our find-
ings.25 A GGO that disappeared at a window width of <1250
HU with an irregular shape, in addition to a diameter of >
8.9 mm, was more likely to be an invasive adenocarcinoma.

This study aimed to predict the presence of an invasive
component in lung adenocarcinoma by observing the
window width at which lesions were no longer visible. The
method chosen in the present study was reproducible and
simple, and would be suitable for providing guidance for pre-
operative diagnosis. However, there were several limitations
to our study. First, the finding of early lung adenocarcinoma
on HRCT was centrilobular GGO in the context of vessel
involvement, yet vessels within the GGO should be excluded
from the regions of interest. Second, we were unable to extend
our findings to an analysis of the specific differences between
enhanced and routine scans. The reasons the differences in
lesion window width were no longer evident between invasive
and preinvasive lesions may be attributed to variation in scan-
ning parameters between different instruments, the resolu-
tion of the display, or simple observer error.

Conclusions

The results of our study have significance for clinical practice,
permitting a more rational radiologic approach to the specific
pathological subtypes of lung adenocarcinoma through the
manipulation of window widths. We anticipate that further
prospective study and the generation of more precise soft-
ware will extend our observations.

Figure 5 A 57 year-old male patient with a pathological diagnosis of
minimally invasive adenocarcinoma (hematoxylin-eosin stain, ×100). In
the right upper lobe there was a 6.5 mm ground glass opacity on com-
puted tomography. From left to right, followed by lung window, medias-
tinal window width of 1800 HU, 1600 HU, 1400 HU, 1200 HU, and 1000
HU. The size of the lesion decreased gradually and was invisible with a
mediastinal window width of 1000 HU.

Figure 6 A 55 year-old male patient with a pathological diagnosis of
invasive adenocarcinoma (hematoxylin-eosin stain, ×100). The computed
tomography image shows a 12-mm ground glass opacity in the right
upper lobe. From left to right, followed by lung window, mediastinal
window width of 1800 HU, 1600 HU, 1400 HU, 1200 HU, 1000 HU, and
900 HU. The size of the lesion decreased gradually and was invisible at a
mediastinal window width of 900 HU.
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