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Background: Lung cancer is a major cause of death, and adenocarcinoma is the most common histologic
subtype. Precise diagnosis and treatment of invasive adenocarcinoma (IAC) can substantially improve the
survival of patients. However, early-stage adenocarcinomas frequently appear as subsolid nodules (SSN) on
computed tomography (CT), and the optimal cut-off CT value for differentiating the invasiveness of SSNs
in emphysematous patients is unclear.

Methods: High-resolution CT targeted scans of 187 pulmonary SSNs in 175 patients with emphysema as
confirmed by surgery and histology were retrospectively reviewed. The mean CT value, the relative CT (rCT)
values of 1 (nodule CT value - lung CT value), and 2 (nodule CT value/lung CT value), and the size of the
SSNs were measured and calculated. The differentiating performance of the CT values between pre-invasive
and invasive tumors was evaluated using a receiver operating characteristic (ROC) curve.

Results: Significant differences were found in the rCT values of 1 and 2 among pure ground-glass nodules
(GGNs) with different levels of invasiveness, in the rCT values of 1 and 2 for the ground-glass component
(GGC) and the mean CT value of the solid component (SC) of part-solid nodules (PSNs) between minimally
invasive adenocarcinoma (MIA) and TAC (all P<<0.05). The size was significantly different among pure
GGNs with different invasiveness (P<0.05). The cut-off rCT values of 1, 2 and nodule size for differentiating
between pre-invasive and invasive pure GGNs were 293.82 [sensitivity 58.0%, specificity 94.7%; area under
the curve (AUC) 0.783], 0.68 (sensitivity 89.5%, specificity 58.0%, AUC 0.742) and 1.10 cm (sensitivity
74.0%, specificity 79.0%, AUC 0.796), respectively. The AUCs of combining rCT values 1 and 2 with the
size of nodule were 0.795 (sensitivity 62.5%, specificity 89.5%) and 0.845 (sensitivity 71.6%, specificity
89.5%) respectively. There were no significant differences in the mean CT values between pure GGNs with
different levels of invasiveness and between the GGC of PSNs of MIA and IAC.

Conclusions: In patients with emphysema, the rCT values are more useful than the mean CT values for

differentiating between SSNs with different invasiveness and can be valuable for patient management.
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Introduction

Lung cancer accounts for approximately 27% of all cancer
deaths (1), and adenocarcinoma is the most common
histologic subtype (2). In 2011, a new international
multidisciplinary classification was proposed to subdivide
pulmonary adenocarcinoma into pre-invasive lesions
(PL) [including atypical adenomatous hyperplasia (AAH)
and adenocarcinoma in situ (AIS)], minimally invasive
adenocarcinoma (MIA), and invasive adenocarcinoma
(IAC), according to increasing invasiveness (3). Each stage
has different management strategies, and precise diagnosis
and treatment can substantially improve the survival rate
of patients (4). However, early-stage adenocarcinomas with
different levels of invasiveness have overlapping computed
tomographic (CT) morphology and frequently appear as
subsolid nodules (SSN), which are defined as hazy, nodular
increased attenuation of the lung with preservation of the
bronchial and vascular margins and includes pure ground-
glass nodule (GGN) and part-solid nodule (PSN) depending
on whether there is a solid component (SC) (2). More small
SSNs are being encountered with the increased use of low-
dose CT screening, which poses a significant diagnostic
challenge to radiologists (5,6).

The CT attenuation value (CT value) of SSN is
significantly associated with the extent of lepidic tumor
growth at histopathologic examination (7-9). In the pre-
invasive stage of the lesion, tumor cells proliferate and
extend along the alveolar septa, leading to thickened
neoplastic septa, diminished alveoli, and pure GGN tumor
on CT. As the tumor grows, the alveoli are progressively
diminished and obliterated to varying degrees. The lepidic
tumor evolves into a mixed lepidic and hilic tumor, resulting
in a PSN on CT. Thus the CT value can be used as a
discriminatory parameter for different stages of IAC (10).

Pulmonary emphysema is the morphologic enlargement
of the airspaces distal to the terminal bronchiole because
of dilatation or destruction of the alveoli (11). Studies have
shown that patients with CT-detected emphysema are at a
high risk of developing lung cancer, especially male smokers
(12,13). SSNs in patients with emphysema have a large
air-containing space and, consequently, a low CT value as
well as an unusual morphology (14). Therefore, the CT
value of SSNs is influenced by emphysema (15), and the
differentiating CT values of SSNs from previous studies in
ordinary patients may not be applicable for patients with
emphysema.

To our knowledge, the CT values of SSNs in patients
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with emphysema have not been investigated. This study
aimed to assess whether the relative CT (rCT) values,
which combine both the nodule and lung densities, can
help distinguish the invasiveness of SSNs in patients with
emphysema.

Methods
Patients

The institutional review board of Shanghai Chest Hospital
approved this retrospective study, and informed consent was
waived. A search for patients with pulmonary SSNs on chest
CT from January 2014 to October 2018 was performed
in the hospital’s picture archiving and communication
and radiology information system (PACS). The inclusion
criteria were as follows: (I) SSNs <3.0 cm; (II) patients had
high-resolution computed tomography (HRCT) target scan
images of SSNs; (III) diagnostic reports included the terms
“SSN” and “emphysema”; (IV) patients underwent surgical
resection, and there was histological confirmation of AAH,
AIS, MIA or IAC; and (V) the excised lung tissue with
nodule showed emphysema histologically. Patients who
had a history of chemotherapy or a biopsy for SSN were
excluded. Finally, 175 consecutive patients with 187 SSNs
were reviewed. AAH and AIS were classified as PL; MIA

and TAC were classified as invasive.

CT scanning

CT scans were obtained with a 64-detector row scanner
(Brilliance, Philips, Cleveland, OH, USA) at the end
of inspiration during one breath hold. The scanning
parameters of the routine CT were as follows: collimation,
0.625 mm; pitch, 1.08; section thickness, 5.0 mm; interval,
5.0; scan time, 5-7 s; matrix, 512x512; the field of view
(FOV), 400 mm; 120 kVp; and 250 mA. When a lung
nodule was found, a non-contrast HRCT target scan was
performed with the following parameters: collimation,
0.625 mm; pitch, 0.64; section thickness, 1.0 mm; interval,
1.0 mm; scan time 1-3 s; matrix, 1,024x1,024; FOV,
180 mm; 120 kVp; and 300 mA.

Image measurements

CT images were reviewed individually by two radiologists
(BWZ and YZ, who had 3 and 8 years of experience in
chest imaging, respectively) on the PACS. The CT values
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Figure 1 Lung adenocarcinoma appearing as pure GGN. (A) Axial CT image shows a pure GGN in the right upper lobe. Histology
confirmed it as IAC. (B) Mean CT values of pure GGN and lung tissue are -521.89 and -897.38 HU, respectively. The relative CT values 1
and 2 are 375.48 HU and 0.58, respectively. Coronal (C) and sagittal (D) images of the nodule. CT, computed tomography; GGN, ground-

glass nodule; IAC, invasive adenocarcinoma.

[Hounsfield units (HU)] of the ground-glass component
(GGC) and emphysematous lung were measured on a lung
window setting (width, 1,450 HU; level, -520 HU) by using
a round or oval region of interest (ROI), covering at least
one-half of the largest area of the nodule and excluding
apparent vessels and bronchi (Figure 1). The CT value
of the SC was measured on a mediastinal window setting
(width, 350 HU; level, 40 HU) in the same way (Figure 2).
The size of the SSN was defined as the maximal diameter
in the axial section on the lung window setting, and the
size of the SC of the PSN was defined as the maximal
diameter in the axial section on the mediastinal window
setting. All measurements of CT values were repeated
three times in the nodule or four times in the nonneoplastic
lung around the nodule (which histopathologically proven
emphysematous lung) for each of the maximal nodule
section, the adjacent upper and lower sections, respectively.
The average values of 9 or 12 measurements from the first
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radiologist (BWZ) were selected as the representative values
for the nodule and emphysematous lung. Two rCT values
were adopted: 1 (nodule CT value - lung CT value) and 2
(nodule CT value/lung CT value).

Statistical analysis

Quantitative variables are described as the mean + standard
deviation, and qualitative variables are described as
frequencies (percentages). The mean CT and rCT values
for different levels of SSN invasiveness were compared
using a one-way analysis of variance, followed by the
Student-Newman-Keuls post-test. The receiver operating
characteristic (ROC) curve was performed to determine
the optimal cut-oft CT values and diagnostic performance
for differentiating between SSNs with different levels of
invasiveness. The intraclass correlation coefficient (ICC)
was calculated to evaluate intraobserver variability (ICC:
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Figure 2 Lung adenocarcinoma appearing as PSN. (A) Axial CT image shows a PSN in the left upper lobe on the mediastinal window, and
histology confirmed IAC. (B) The mean CT value of the SC is -10.30 HU. (C) The mean CT value of the GGC is -640.58 HU. (D) The
mean CT value of the lung is -909.91 HU. The relative CT values 1 and 2 of the SC are 899.61 HU and 0.01, respectively. The relative
CT values 1 and 2 of the GGC are 269.33 HU and 0.70, respectively. CT, computed tomography; GGC, ground-glass component; HU,

Hounsfield units; TAC, invasive adenocarcinoma; PSN; part-solid nodule; SC, solid component.

Table 1 Features of 175 SSN patients with emphysema

Features n

Patient (cases) 175
Male 143
Female 32

Age (years) 33-82 (62.6+7.7)

SSN (n) 187
Pure GGN 107
PSN 80

CT value of lung (HU)* -907.8+27.5

*, CT values in the lung around the SSN represent
emphysematous lung (histopathologically proven). GGN,
ground-glass nodule; PSN, part-solid nodule; SSN, subsolid
nodule.
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0.00-0.20, poor correlation; 0.21-0.40, fair; 0.41-0.60,
moderate; 0.61-0.80, good; and 0.81-1.00, excellent) (16).
A P value <0.05 was considered to be statistically significant.
All statistical calculations were performed with SPSS 19.0
(Chicago, IL, USA).

Results

The 187 SSNs comprised 107 pure GGNs (7 AAHs,
12 AISs, 38 MIAs, and 50 TACs) and 80 PSNs (10 MIAs
and 70 TACs); 111 (59%) nodules were located in the right
upper lobe. The features of the 175 SSN patients with
emphysema are shown in Table 1.

For the pure GGNs, the comparisons of CT values and

the size of different invasive tumors are summarized in
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Table 2 Comparison of different CT values and sizes for stages of adenocarcinoma appearing as pure GGNs

Pre-invasive lesions Invasive lesions

CT value/size p? P1° p2° P3°
AAH(n=7)  AIS(n=12)  MIA(n=38)  IAC (n=50)

Mean CT value (HU) -643.5+61 -634.1+48 -622.8+45 -600.5+84 0.112 0.771 0.615 0.127

rCT value 1 (HU) 227.6+49 231.5+62 282.8+46 315.5+71 0.000 0.894 0.013 0.015

rCT value 2 0.74+0.06 0.73+0.07 0.69+0.05 0.65+0.08 0.000 0.897 0.047 0.026

Mean size (cm) 0.93+0.17 0.99+0.49 1.16+0.48 1.64+0.49 0.001 0.790 0.285 0.000

CT value of lung (HU) -871.1+21 -865.6+30 -905.6+20 -915.9+21 0.000 0.595 0.000 0.029

Cases of nodules shown in brackets. P: P value for pre-invasive versus invasive tumors; P1: P value for AAH versus AlS; P2: P value for
AIS versus MIA; P3: P value for MIA versus IAC. ?, two-tailed Student t-test; °, Student-Newman-Keuls post-test. AAH, atypical adenoma-
tous hyperplasia; AlS, adenocarcinoma in situ; GGN, ground-glass nodule; IAC, invasive adenocarcinoma; MIA, minimally invasive adeno-

carcinoma; rCT, relative CT value.
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Figure 3 Plot of the mean CT value in atypical adenomatous
hyperplasia (AAH), adenocarcinoma in situ (AIS), minimally
invasive adenocarcinoma (MIA), and invasive adenocarcinoma
(TAC) appearing as pure ground-glass nodules. CT, computed
tomography; HU, Hounsfield units.

Table 2. The mean CT values in AAH, AIS, MIA, and
IAC are shown in Figure 3. No significant differences in
the mean CT values were observed between the different
invasive pure GGNs (all P>0.05). The rCT values of 1 and
2 in AAH, AIS, MIA, and IAC are shown in Figures 4,5. The
differences in the rCT values of 1 and 2 between AIS and
MIA, MIA, and TAC and between noninvasive and invasive
tumors were statistically significant (all P<0.05). However,
no significant differences in rCT values were observed
between AAH and AIS (all P>0.05). The sizes in AAH, AIS,
MIA, and TAC are shown in Figure 6. The differences in
size between MIA and IAC and between noninvasive and
invasive tumors were statistically significant (P<0.05).
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Figure 4 Plot of the relative CT value 1 in atypical adenomatous
hyperplasia (AAH), adenocarcinoma in situ (AIS), minimally
invasive adenocarcinoma (MIA), and invasive adenocarcinoma
(TIAC) appearing as pure ground-glass nodules. CT, computed
tomography; HU, Hounsfield units.

The diagnostic performance of the rCT values, size
of the nodules, and their combination for predicting the
invasiveness of pure GGNs are shown in 7able 3. The cut-
off rCT values of 1 and 2 for differentiating between pre-
invasive and invasive pure GGNs was 293.82 HU, with
a sensitivity of 58.0%, the specificity of 94.7% and area
under the curve (AUC) of 0.783; and 0.68, with a sensitivity
of 89.5%, the specificity of 58.0% and AUC of 0.742,
respectively. The cut-off size for differentiating between
pre-invasive and invasive pure GGNs was 1.10 c¢m, with
a sensitivity of 74.0%, the specificity of 79.0%, and AUC
of 0.796. The rCT values of 1 and 2 combined with size
yielded higher AUCs of 0.795 (sensitivity 62.5%, specificity
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Figure 5 Plot of the relative CT value 2 in atypical adenomatous
hyperplasia (AAH), adenocarcinoma in situ (AIS), minimally
invasive adenocarcinoma (MIA), and invasive adenocarcinoma

(TAC) appearing as pure ground-glass nodules. CT, computed

tomography.
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Figure 6 Plot of the size of a nodule in atypical adenomatous
hyperplasia (AAH), adenocarcinoma in situ (AIS), minimally
invasive adenocarcinoma (MIA), and invasive adenocarcinoma

(IAC) appearing as pure ground-glass nodules (GGN).

89.5%) and 0.845 (sensitivity 71.6%, specificity 89.5%),
respectively.

For PSN, the comparisons of various types of CT values
between MIA and IAC are summarized in Table 4. In the
GGC of the PSN, a significant difference between MIA
and TAC was shown for rCT values of 1 and 2 (all P<0.05),
but was not observed for the mean CT value. In the SC of
PSNs, the mean CT value was -89.79+15.34 HU in MIA
and -49.8+61.94 HU in IAC, with a significant difference
(P<0.05); no significant difference between MIA and IAC
was found for rCT values of 1 and 2 (all P>0.05). No
significant differences in all sizes of nodules were observed
between MIA and TAC (all P>0.05).

ICCs for the quantitative variables are presented in
Table 5. The measurement agreements were good for the
CT values of pure GGN, GGC and SC of PSN, the CT
value of lung, and the size of SSN, with ICCs of 0.947,
0.897, 0.931, 0.825, and 0.886, respectively.

Discussion

Management of lung cancer in patients with emphysema is
challenging, and being able to predict the invasiveness of
pulmonary SSNs would be an essential tool in the care of
these patients (5). In our study, rCT values in patients with
emphysema were better predictors than the mean CT value
for the invasiveness of a tumor appearing as a pure GGN.
Two rCT values for the GGC, as well as the mean CT value
of the SC, were useful for differentiating between MIA and
TAC in PSNs.

Many studies have shown that the mean CT value
of nodules is useful for differentiating between various
invasive lung cancers, with a higher CT value indicating

Table 3 Diagnostic performance of different rCT values, size of the nodule and their combination in distinguishing between pre-invasive and

invasive adenocarcinoma appearing as pure GGNs

Variable Cut-off value Sensitivity Specificity AUC (95% ClI)

rCT value 1 (HU) 293.82 58.0% 94.7% 0.783 (0.69-0.88)
rCT value 2 0.68 89.5% 58.0% 0.742 (0.63-0.85)
Mean size (cm) 1.10 74.0% 79.0% 0.796 (0.68-0.90)
rCT 1-size NA 62.5% 89.5% 0.795 (0.70-0.89)
rCT 2-size NA 71.6% 89.5% 0.845 (0.76-0.93)

rCT 1/2-size: combining relative CT value and mean size. AUC, area under the curve; CT, computed tomography; GGN, ground-glass

nodule; HU, Hounsfield units.
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Table 4 Comparison of different CT values and nodule sizes between MIA and IAC appearing as PSNs

Variable MIA (n=10) IAC (n=70) P value
CT value of GGC (HU) -630.0+34.1 -612.0+66.7 0.407
rCT value 1 of GGC (HU) 282.6+11.8 301.5+63.3 0.029*
rCT value 2 of GGC 0.69+0.02 0.67+0.07 0.042*
CT value of SC (HU) -89.79+15.34 -49.8+61.94 0.047*
rCT value 1 of SC (HU) 822.81+48.07 863.67+83.4 0.135
rCT value 2 of SC 0.10+0.02 0.06+0.07 0.067
Size of PSN (cm) 1.88+0.60 1.95+0.62 0.736
Size of SC (cm) 0.84+0.43 0.90+0.49 0.711
SC/GGC ratio 0.44+0.16 0.45+0.17 0.854
CT value of lung (HU) -912.6+34 -913.5+26 0.923

Cases of nodules shown in brackets. *, P<0.05. CT, computed tomography; GGC, ground-glass component; HU, Hounsfield units; PSN,

part-solid nodule; SC, solid component.

Table 5 Intraclass correlation coefficient (ICC) between two observers

Variable ICC 95% ClI

Mean CT value of pure GGN 0.947 0.923-0.964
Mean CT value of GGC in PSN 0.897 0.843-0.932
Mean CT value of SC in PSN 0.931 0.894-0.955
Mean CT value of lung 0.825 0.773-0.866
Nodule size 0.886 0.857-0.909

Cl, confidence interval; CT, computed tomography; GGC, ground-class component; GGN, ground-glass nodule; PSN, part-solid nodule;

SC, solid component.

a greater possibility for malignancy (17-19). Ikeda ez al.
demonstrated that a CT cut-off value of -584 HU was
useful for differentiating between AAH and AIS, and
—472 HU was effective for differentiating between AIS and
invasive adenocarcinoma (20). Another study by Eguchi
et al. (21) found that pure GGNs grew slowly during long-
term follow-up and that the mean CT value was useful for
predicting the growth of pure GGNs. Their cut-off value
was set at -670 HU. However, these previous studies did
not mention whether patients with SSN had emphysema
(17-21). In the present study of patients with emphysema,
the mean CT value was not significantly different between
pre-invasive and invasive SSNs. One study has verified a
strong negative association between CT attenuation and
retained air space in tumors (22).

The mean CT value is the average attenuation of all
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pixels in the ROI and a comprehensive voxels representative
of the alveolar walls, septa, air, and interstitial tissue. The
mean CT value is approximately -850 HU according to
inspiratory status in normal lungs (23), ranges from -900
to -1,024 HU in emphysematous areas (24), and was
-907.82+27.53 HU in this study’s 175 emphysematous
patients with SSN. Nonneoplastic lung was also
emphysematous on histopathology, and according to the CT
values, the present study’s patients had mild emphysema.
The mean CT value of SSN mainly depends on the number
of tumor cells, the retained alveolar air, and collapsed
interstitial stroma mixed in a mosaic pattern. Between the
same invasive SSNs of ordinary and emphysematous lung
cancer patients, there should not be a significant difference
in the number of tumor cells. However, there should
be a significant difference in the amount of alveolar air,
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according to common histopathologic sense. Differences
in the CT values of SSNs among the various invasive types
may be influenced by the amount of alveolar air in the lung
tissue. More air was retained within the emphysematous
alveoli of invasive SSNs, which could compromise the
attenuation difference among the various invasive SSNs,
and consequently, the differentiating performance of the
mean CT values, as was observed in this study. Therefore,
we developed two rCT values to eliminate the negative
effect of emphysema and to quantify the number of tumor
cells and their proportion with alveolar air in SSNs. The
rCT value of 1 represented the number of tumor cells,
which was positively correlated with the invasiveness of
SSN. The rCT value of 2 reflected the relative density of
the SSN.

In pure GGNs, our study found that rCT values of 1
and 2 were better markers than the mean CT value for
differentiating between AIS and MIA, between MIA and
IAC and between pre-invasive and invasive tumors. The
optimal cut-off values of the invasiveness of pure GGNs
were >293.82 HU and <0.68, with a sensitivity of 58.0%
and 89.5%, the specificity of 94.7% and 58.0%, and AUC
of 0.783 and 0.742, respectively. The rCT value of 1 was the
better marker of the two rCT values, with higher sensitivity
and AUC because it quantified the amount of tumor
tissue by excluding the negative effect of the background
emphysematous lung. Zhao ez a/. (25) described the “relative
density” as the lung CT value divided by the nodule CT
value. They found that the “relative density” was higher
in the TAC than in the pre-invasive/MIA group, and a
“relative density” >1.60 can increase the risk of IAC in pure
GGNs by 4.4-fold. They thought that the “relative density”
could eliminate the confounding of the contrast agent and
reduce the effect of respiratory status. Also, we found no
differences in the two rCT values between AAH and AIS,
which is likely due to the little difference between AAH
and AIS in histopathologic appearance (26). The diagnosis
of AIS cannot be firmly established without a histological
sampling of the entire tumor (3).

In PSNs, our study showed that the rCT values for the
GGC and the mean CT value of the SC were significantly
different in MIA and IAC. No significant differences were
found for the mean CT of the GGC, or the two rCT values
of the SC, between MIA and IAC. The rCT values were
more sensitive markers for the attenuation difference of
the GGC, whereas the mean CT value better reflected the
attenuation difference of the SC between MIA and IAC. The

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

results were following the findings of previous studies that
showed that the mean CT value of the SC of the PSNs was
significantly higher in MIA than in AAH-AIS and in IAC
than in AIS-MIA (8,27). A reasonable explanation is that SC is
usually considered to represent the invasive component of the
tumor (28). Lim et 4l. (29) showed that the size of the
SC of PSNs on CT was significantly smaller than the
size of the invasive component on pathology in patients
with emphysema. That result means that the GGC of
PSNs on CT could reflect an invasive lesion. Due to
emphysema in our study, however, the differences in the
absolute CT values between MIA and IAC in the GGC
were too small to be identified by mean CT values, and
the SC of PSNs reflected the absence of retained alveolar
air and thus was not influenced by emphysema. Some
studies suggest that a vacuole is associated with more IACs
and is found more frequently in IAC than in AAH and
ATS (30,31).

A large number of studies have confirmed that the size of
SSN is an independent predictor for differentiating benign
from malignant nodules (32-34). Size has played a crucial
role in SSN management of several lung cancer screening
trials (5). In our study, the size of pure GGN was significantly
different between pre-invasive and IACs, but there were no
significant differences in the size of pure GGNs between
AIS and MIA and in the size of PSNs and SCs between MIA
and IAC. These differences are also likely due to the smaller
size differences existing between different invasive tumors
in patients with emphysema, as mentioned before (29). Also,
it is challenging to differentiate hyperplastic tissue between
dilated alveoli from real invasive components on CT (35).
However, by combining the rCT value 2 with size, greater
AUCs were achieved for differentiating invasive from pre-
TAC:s than by the size only (0.845 vs. 0.796).

This study had several limitations. First, it was
retrospective, and only histologically proven SSN patients
with emphysema were included. Therefore, selection
bias was inevitable. Second, the method for assessing
the CT attenuation values was fundamental (2D, round
ROI without segmentation), though efforts were made to
avoid measurement bias, including the average of multiple
measurements from multiple ROIs and sections, and two
independent radiologists. Third, although emphysema
in the patients with nodules was proved by both CT and
histopathology and was found in the same lung segment, no
point-to-point correlation between CT and histopathology
was performed.
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Conclusions

In patients with emphysema, rCT values are more useful
than the mean CT value for differentiating between SSNs
with different invasiveness and can be valuable for patient
management. A combination of rCT value 2 and size can
achieve better performance than the rCT value or size
alone.
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