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Abstract

early stage adenocarcinoma.

Purpose: We aimed to examine the characteristics of imaging findings of adenocarcinoma in situ (AIS) and minimally
invasive adenocarcinoma (MIA) in the lungs of smokers compared with those of non-smokers.

Materials and methods: We included seven cases of AlS and 20 cases of MIA in lungs of smokers (pack-years > 20)
and the same number of cases of AlS and MIA in lungs of non-smokers (pack-years =0). We compared the diameter
of the entire lesion and solid component measured on computed tomography (CT) images, pathological size and
invasive component diameter measured from pathological specimens, and CT values of the entire lesion and ground-
glass opacity (GGO) portions between the smoker and non-smoker groups.

Results: The diameters of AlS and MIA on CT images and pathological specimens of the smoker group were signifi-
cantly larger than those of the non-smoker group (p =0.036 and 0.008, respectively), whereas there was no significant
difference in the diameter of the solid component on CT images or invasive component of pathological specimens
between the two groups. Additionally, mean CT values of the entire lesion and GGO component of the lesions in the
smoker group were significantly lower than those in the non-smoker group (p =0.036 and 0.040, respectively).

Conclusion: AIS and MIA in smoker’s lung tended to have larger lesion diameter and lower internal CT values com-
pared with lesions in non-smoker’s lung. This study calls an attention on smoking status in CT-based diagnosis for

Introduction

Minimally invasive adenocarcinoma (MIA) and adeno-
carcinoma in situ (AIS) are subtypes of lung adeno-
carcinoma as defined by the 2015 WHO classification
[1]. These lesions have been shown to have significantly
better prognoses than those of invasive adenocarci-
noma [2, 3]. Generally, AIS is usually identified as a pure
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ground-glass nodule (GGN) on computed tomography
(CT) images, whereas MIA tends to be identified as a
part-solid nodule. Particularly, MIA is defined as a tumor
of predominantly lepidic growth with a <5 mm invasive
component on the pathological specimen; therefore, it is
typically observed as a part-solid nodule, which is pre-
dominantly ground-glass opacity (GGO) with a small
solid component in the center [4]. However, these tumors
can be challenging to diagnose because of their extremely
slow growth rate and consequent lack of significant inter-
val change on CT images [5, 6].
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Smoking has been shown to have a considerable
impact on background lung status and is considered
to be a specific risk factor for emphysema and intersti-
tial lung disease [7, 8]. With the presence of emphysema
or interstitial lung disease, histological patterns of lung
cancer tend to differ from those of non-smokers; moreo-
ver, imaging findings have shown to be different [9, 10].
Specifically, previous reports have shown that CT-based
diagnoses of malignant tumors are more difficult in the
emphysematous lung compared with the normal lung
[11].

As mentioned above, AIS and MIA are generally
detected as pure GGNs or part-solid nodules with a pre-
dominant GGO portion on CT images. Therefore, it can
be hypothesized that background lung changes may sig-
nificantly affect imaging findings. Because the prognoses
of AIS and MIA are good if surgically resected, determin-
ing the spectrum of imaging features of AIS and MIA
would be valuable to enable early diagnoses based on CT
images. To the best of our knowledge, there has not been
any report investigating imaging characteristics of AIS
and MIA in lungs of smokers. Therefore, this study aimed
to examine the characteristics of imaging findings of AIS
and MIA in smokers’ lungs compared with those in non-
smokers’ lungs.

Materials and methods

Study population

All procedures performed in studies involving human
participants were in accordance with the ethical stand-
ards of the institutional and/or national research commit-
tee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. This retro-
spective study was approved by the Institutional Review
Board of National Cancer Center Hospital, Tokyo, Japan.
The informed consent requirement for this retrospective
study was waived by the Institutional Review Board of
National Cancer Center Hospital, Tokyo, Japan.

We retrospectively searched for histologically diag-
nosed cases of AIS and MIA at a single institution
between January 2017 and December 2019 and identified
514 cases. Of these, we selected 241 patients with pack-
years (number of packs of cigarettes per day x number
of years of cigarette smoking) of 0 (non-smoker) and 189
patients with pack-years of 20 or higher [12, 13]. Patients
with pack-years of 1-19 were excluded.

AIS and MIA, particularly small AIS, are often iden-
tified incidentally, separately from the main lesion on
a pathological specimen. Because these incidentally
detected and multiple lesions are often small and make
CT-pathology comparisons difficult, we only included
cases with only one lesion in one surgical specimen. In
the smoker group, one case of AIS was excluded from
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analysis because all parts of the lesion showed soft tis-
sue density on CT images and was therefore considered
radiographically atypical. This resulted in 109 cases in the
non-smoker group and 27 cases in the smoker group.

The smoker group included seven cases of AIS and 20
cases of MIA. Because we intended to compare average
internal CT values between smoker and non-smoker
group, which can be significantly affected by the propor-
tion of AIS to MIA lesions, we decided to include the
same proportion of AIS to MIA in the non-smoker group.
Therefore, we randomly selected seven cases of AIS and
20 cases of MIA from the non-smoker group. None of
the 27 cases in the randomly selected non-smoker group
showed entire soft tissue density.

Figure 1 shows flowchart of patient inclusion criteria.

CT data acquisition

CT images were acquired on an 80-row or 160-row CT
scanner (Aquilion PRIME and Aquilion Precision, Canon
Medical Systems, Otawara, Japan). The scan parameters
were detector collimation, 0.5x 80 mm; tube voltage,
120 kVp; pitch, 0.637; gantry rotation, 0.5 s; and scan field
of view (FOV), 320-350 mm, depending on patient body
size. Auto exposure control was used to determine tube
current with a target noise index of 10. A high-frequency
reconstruction algorithm was used for lung image recon-
struction, with an iterative reconstruction algorithm
(AIDR) for denoizing. Images with a reconstructed FOV
of 210 mm, focusing on the tumor, and a slice thickness
of 1.0 mm were used for tumor analyses.

Radiological analysis

Two board-certified diagnostic radiologists (reader 1:
8 years of experience; reader 2: 34 years of experience)
independently measured the size and density of tumors
using commercially available software (ShadeQuest/
Report, FUJIFILM Medical Solutions, Tokyo, Japan),
being blinded to the clinical information of patients,
which included smoking status and pathology. The radi-
ologists first measured the longest diameter of the entire
lesion that included the GGO portion (Fig. 2a) and then
measured the longest diameter of the solid component
(Fig. 2b), which was done in the same way as the routine
clinical reporting. If the radiologist concluded that there
was no solid component, the diameter of solid compo-
nent was recorded as 0 mm. They then independently
chose the axial slice of the lesion that they thought had
the largest proportion of solid components, and sur-
rounded the whole lesion at the determined axial slice,
including the GGO portion, with a polygonal region
of interest (ROI) and calculated the average CT value
inside the ROI (Fig. 2c). Additionally, two circular ROIs
of approximately 10 mm? were placed in the GGO area
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Histologically diagnosed as AlIS or MIA from 1st Jan 2017 to 31th Dec 2019
n=>514
Pack-years = 0 Excluded; smoking index 1-399 Pack-years= 20
n = 241 n =84 n =189

Exclude Exclude
- Multiple lesions in the — | - Multiple lesions in the
same surgical specimen same surgical specimen

n=132 n=161
- Pathological diagnosis
n =109 ‘ was AlIS but entirely solid

l

7 AIS and 20 MIA were randomly
selected

Non-smoker group
AlS;n=7
MIA; n =20

Fig. 1 Flowchart of patient inclusion criteria

mass on CT images
n=1

Smoker group
AlS;n=7
MIA; n =20

of the lesion, and the CT values inside each were aver-
aged (Fig. 2d). The two ROIs were placed with as little
overlap as possible, and were allowed to be placed on dif-
ferent axial slices. All analyses were conducted on axial
images with 1.0-mm-slice thickness. The entire lesion
diameters, solid component diameters, CT values of the
entire lesion, and CT values of the GGO portion meas-
ured by the two radiologists were averaged for subse-
quent analyses.

These values were compared between the non-smoker
and smoker groups. Furthermore, we also conducted
secondary analyses to compare values between AIS and
MIA within each group.

Pathological diagnosis

AIS and MIA were histologically diagnosed according to
the 2015 WHO classification for pulmonary adenocar-
cinoma [1]. AIS was defined as a purely lepidic-growing
small (<3 c¢m) adenocarcinoma without stromal, vascu-
lar, alveolar space, or pleural invasion. MIA was defined
as a small (<3 c¢m) adenocarcinoma with predominantly
lepidic growth with a <5 mm invasive component along
the longest dimension without lymphatic, vascular, alveo-
lar space, or pleural invasion.

Pathological tumor size was recorded following
the standard procedure. Briefly, the gross sizes of the
resected specimens and tumors were noted three-dimen-
sionally. Dimensions were adjusted under a microscope

based on sections stained with hematoxylin and eosin. If
the tumor had a non-invasive component and/or inflam-
mation, the largest diameter of the invasive component
was also measured. All pathological tumor sizes were
obtained from pathology reports.

Statistical analysis
For patient characteristics (age, pack-years, sex, presence
of contrast, and histology), significant differences were
tested using a chi-square test for categorical variables and
a t-test for continuous variables. Measurements from CT
images and pathological specimens were tested for sig-
nificance using a non-parametric test (Mann—Whitney
U Test) because some of the variables were not normally
distributed according to the results of the Shapiro—Wilk
test.

Statistical analyses were conducted using statistical
software R (version 3.6.3). Statistical significance was set
ata p<0.05.

Results

Patient population

The mean age was 67.7+11.3 years (mean = standard
deviation) for the non-smoker group and 71.8+13.4
for the smoker group, which did not differ significantly
between groups. The average pack-years was 39.7 +16.2
in the smoker group.
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(GGO) portion on axial slices (d)

Fig. 2 74-year-old non-smoker woman who was pathologically diagnosed with minimally invasive adenocarcinoma. Longest diameter of the entire
lesion (a), longest diameter of the solid component (b), average CT value of the entire lesion (c), and average CT value of the ground-glass opacity

Six out of 27 were men in the non-smoker group, and
20 out of 27 were men in the smoker group; there was
a significantly smaller proportion of men in the non-
smoker group (p <0.001). Table 1 summarizes the patient
information.

Tumor diameter and internal density

Tumor diameter measured from CT images and
pathological specimens of the non-smoker group
were 14.6+4.7 mm (mean=standard deviation) and
124+4.5 mm, respectively, which were significantly
smaller than those of the smoker group (17.1£4.0 mm
for CT images, p=0.036 and 16.3+5.5 mm for patho-
logical specimens, p=0.008). However, there was no
significant difference in the size of the solid component

measured on CT images or the diameter of the invasive
component on pathological specimens between the non-
smoker and smoker groups.

The mean CT value of the entire lesion was — 536 105
Hounsfield unit (HU) in the non-smoker group and
—594+78 HU in the smoker group and was significantly
lower in the smoker group (p=0.036). The CT value of
GGO was also significantly lower in the smoker group
(p=0.040): —549+126 HU in the non-smoking group
and —611+105 HU in the smoking group. Table 2 sum-
marizes the radiological and pathological findings and
Fig. 3 shows examples of CT images of lesions.

Since it has been reported that contrast material
administration can affect the measurement of tumor
diameters and CT values [14, 15], we conducted a
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Table 1 Patient characteristics

Non-smoker Smoker  p-value
(n=27) (n=27)
Age 67.7£11.3 71.84+135 p=0.121
pack-years 0 3974162 p<0001"
Sex p<0.001"
Male 6 20
Female 21 7
Contrast material p=1.000
Enhanced 19 18
Unenhanced 8 9
Histological subtype p=1.000
Adenocarcinoma in situ 7 7
Minimally invasive adenocar- 20 20
cinoma
Values are shown as means =+ standard deviations
" Significant difference
Table 2 Radiological and pathological findings
Non-smoker Smoker p-value
(n=27) (n=27)

Longest diameter of the entire lesion (mm)

CT measurement 14647 171440 p=0.036"

Pathological measurement 124+45 163+55 p=0.008"
Longest diameter of solid/invasive component (mm)

CT measurement 22427 24+29 p=0975

Pathological measurement 23+19 21+1.7 p=0.740
Internal CT value (HU)

CT value of entire lesion —536+£105 —594478 p=0036

CT value of ground-glass —5494126 —6114105 p=0.040"

opacity

If the radiologist concluded that there was no solid component, the diameter
of solid component was calculated as 0 mm. for pathological measurement,
invasive component of AlS was calculated as 0 mm by definition

Values are shown as means + standard deviations
HU Hounsfield unit

* Significant difference

subgroup analysis by dividing the population into either
unenhanced or contrast-enhanced. Overall, a similar
trend was observed in this subgroup analysis. Although
not statistically significant, the CT value of the entire
lesion and the CT value of the ground-glass opacity
tended to be lower in the smoker group for both the
unenhanced and contrast-enhanced subgroups. In the
contrast-enhanced subgroup, the longest diameter of
the entire lesion was significantly larger in the smoker
group for both the CT and pathological measurements
(p=0.029 and p<0.001, respectively). However, no

Page 5 of 10

significant difference was observed in the unenhanced
subgroup. These results are summarized in Table 3.

Secondary analyses by histological subtypes
In the non-smoker group, the CT value of the entire
lesion for AIS was — 612+ 87 HU, which was significantly
lower than that for MIA, which was —510+100 HU. By
contrast, in the smoker group, the CT value for AIS was
—596+62 HU and for MIA was — 594 £84 HU, which
was not significantly different. The longest diameter of
the solid/invasive component (mm) on the CT image of
MIA was significantly larger (2.94+2.8 mm) than that of
AIS (0.2+0.4 mm) in the non-smoker group (»p=0.012).
However, no significant difference was observed in the
smoker group (1.7£2.7 mm for AIS; and 2.6 £3.0 mm
for MIA, p=0.547). The longest diameter of the entire
lesion (mm) on the CT image was not significantly differ-
ent between AIS and MIA in both the smoker and non-
smoker groups.

Table 4 summarizes these results. Figure 4 shows exam-
ples of CT images of lesions.

Discussion

In this study, AIS and MIA arising from smoker’s lung
had larger diameter, higher proportion of GGO portions,
and lower internal CT value compared with those arising
from non-smoker’s lung.

Typically, AIS shows pure GGN on CT images and
MIA appears as a part-solid nodule [4]. Although MIA
has an invasive component, prognosis after resection is
good [2, 3]; thus, early diagnosis of MIA is considered
extremely important. Several previous studies have
reported that the invasiveness of lung adenocarcinomas
can be differentiated by internal CT values [16, 17]. In
other words, the extent of invasion is represented by the
solid components on CT and higher internal CT values
in MIA and adenocarcinoma. However, we found that
AIS and MIA arising from smoker’s lung tended to
have lower internal CT values than those arising from
non-smoker’s lung. Therefore, when GGO or part-solid
GGO is present in a smoker’s lung, differentiation of
invasiveness based on internal CT values alone may be
misleading. Additionally, AIS and MIA in the lungs of
smokers had significantly larger diameters than those
in the lungs of non-smokers; however, there were no
significant differences in solid component size on CT
or invasiveness diameter on pathological specimens.
Although it has been reported that contrast material
administration can affect the measurement of tumor
diameters and CT values [14, 15], we observed a simi-
lar trend in the subgroup analysis based on the contrast
material administration. In the subgroup analysis, the
CT values in the smoker group tended to be lower than
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Fig.3 a A non-smoker's MIA with 3 mm invasiveness. b A non-smoker’s MIA with 5 mm invasiveness. ¢ A smoker’s MIA with 2 mm invasiveness. d A
smoker’s MIA with 5 mm invasiveness. CT values tended to be lower in lesions arising from smoker’s lungs

those in the non-smoker group, but the p-value was
not significant. This may be due to the lower detection
power caused by the smaller sample size in the sub-
group analysis.

Although previous studies have shown that invasive-
ness of early-stage adenocarcinomas can be distin-
guished by the ratio of solid portion to GGO portion
[18, 19], our result suggested that smoking status also
affects this ratio and should be taken into account when
making CT-based diagnoses.

Furthermore, as reported previously, average CT val-
ues were significantly smaller in AIS than in MIA in
non-smoker’s lungs [16, 17]. Surprisingly, in the present
study, there was no significant difference in average CT
values between the two histological subtypes in the

smoker group, which demonstrated that differentiat-
ing AIS from MIA based on CT values is challenging in
smoker’s lungs. Additionally, in line with previous stud-
ies, the longest diameter of the solid/invasive compo-
nent on the CT image of MIA was significantly larger
than that of AIS in the non-smoker group, but no sig-
nificant difference was observed in the smoker group,
which could make CT-based differentiation of AIS and
MIA even more challenging. A possible explanation
may be that AIS and MIA in the smoker group tended
to have a larger proportion of GGO, which may result in
lower overall CT values. Additionally, previous reports
have shown that the solid part on CT images does not
always reflect cancer cells but may reflect a fibroblastic
change or alveolar collapse [20, 21]. In smoker’s lungs,
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Table 3 Subgroup analysis based on unenhanced and contrast-enhanced CT
Unenhanced examination Non-smoker Smoker p-value
(n=8) (n=9)
Longest diameter of the entire lesion (mm)
CT measurement 16.3+£4.1 171+£54 p=0.888
Pathological measurement 15.0+52 17381 p=1.000
Longest diameter of solid/invasive component (mm)
CT measurement 23430 28426 p=0.807
Pathological measurement 22417 20+16 p=0.799
Internal CT value (HU)
CT value of entire lesion —569+43 —603+72 p=0.265
CT value of ground-glass opacity —550+£82 —623+83 p=0.093
Contrast-enhanced examination Non-smoker Smoker p-value
(n=19) (n=18)
Longest diameter of the entire lesion (mm)
CT measurement 139+49 172+£33 p=0029"
Pathological measurement 11.4+£37 15.7+37 p<0001"
Longest diameter of solid/invasive component (mm)
CT measurement 22426 22431 p=0.834
Pathological measurement 23+21 22+18 p=0.849
Internal CT value (HU)
CT value of entire lesion —523+£121 —590+82 p=0.096
CT value of ground-glass opacity — 550142 —606+116 p=0.196

If the radiologist concluded that there was no solid component, the diameter of solid component was calculated as 0 mm. for pathological measurement, invasive

component of AlS was calculated as 0 mm by definition
Values are shown as means + standard deviations
HU Hounsfield unit

" Significant difference

Table 4 CT values of the entire lesion (HU) for adenocarcinoma in situ (AIS) and minimally invasive adenocarcinoma (MIA)

Non-smoker Smoker
(n:27) (n:27)
CT value of entire lesion
Adenocarcinoma in situ (AlS) (n=7) — 612487 —596+62
Minimally invasive adenocarcinoma (MIA) (n=20) —510+100 —594484
p-values p=0.018* p=0.901
Longest diameter of the entire lesion (mm) on CT image
Adenocarcinoma in situ (AIS) (h=7) 126+£58 170+£34
Minimally invasive adenocarcinoma (MIA) (n =20) 153442 172443
p-values p=0.16 p=1.000
Longest diameter of solid/invasive component (mm) on CT image
Adenocarcinoma in situ (AlS) (n=7) 024+04 1.7+27
Minimally invasive adenocarcinoma (MIA) (n =20) 29+£28 26+£30
p-values p=0.012*% p=0.547

* Significant difference

it may be possible that these non-neoplastic solid com-
ponents are more frequently observed in AIS because
of chronic inflammation.

Several factors may contribute to these atypical imag-
ing features of AIS and MIA that occur in smoker’s lungs.
First, emphysematous changes often occur in the lungs of
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Fig.4 Adenocarcinoma in situ (AlS) (@) and minimally invasive adenocarcinoma (MIA) (b) arising from a non-smoker’s lung. The MIA arising from a
non-smoker’s lung shows relatively typical radiological findings with GGO at the periphery and a solid component in the center. Conversely, AlS (c)
and MIA (d) arising from a smoker’s lung show relatively low density and are difficult to differentiate

smokers. Even with mild changes that are less detectable
on CT images, the density of tumor cells showing lepidic
growth may be decreased because of the enlargement of
air space and destruction of alveolar structures [22]. In
fact, in the present study, it was not only the CT value
of the entire lesion that was lower in smokers compared
with non-smokers but also the CT value of the GGO por-
tion. This suggests that the background lung status itself
may affect CT values of lesions showing lepidic growth.
Genetic factors may also explain the imaging features
of AIS and MIA that develop in smoker’s lungs. Previ-
ous studies have suggested that AAH, AIS, and MIA

that occur in smoker’s lungs may be associated with
mutations of the KRAS gene, whereas those occur-
ring in non-smoker’s lungs may be associated with
EGFR mutations [23, 24]. These genetic features have
also been associated with the tendency for lesions to
increase in size [25]. In fact, a previous study has shown
that GGOs identified on CT images are more likely to
increase in the lungs of smokers than in those of non-
smokers [6]. In the present study, the overall diameter,
which included the GGO portion of the lesion, tended
to be larger in lesions arising from smoker’s lung, and it
may be possible that the differences in imaging features
reflect different genetic characteristics.
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There were several limitations to this study. Firstly,
this was a single center retrospective study, which
could incur selection bias, and therefore the results
cannot be overgeneralized. Secondly, as for multi-
ple lesions, many lesions were found incidentally on
pathological specimens and could not be identified by
CT due to their extremely small size. For this reason,
we excluded multiple lesions from our analysis, which
resulted in a relatively small number of cases. Thirdly,
in this study, only lesions that were surgically resected
were included. The results of the present study sug-
gest that the internal density on CT images of AIS and
MIA occurring in smoker’s lung tends to be low. If this
is influenced by potential emphysematous changes, AIS
and MIA arising from severe and advanced emphyse-
matous lung, may not have been included in the cur-
rent study because of the difficulty in diagnosing the
presence of the lesions themselves.

In conclusion, AIS and MIA arising from smoker’s
lung tended to have a larger lesion diameter and lower
internal CT values compared with lesions arising from
non-smoker’s lungs.
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