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A B S T R A C T

Objectives: Prediction of prognosis based on the ground-glass opacity (GGO) ratio for small (≤2 cm) lung ade-
nocarcinomas is not completely accurate. The aim of this study was to clarify the diversity of small adeno-
carcinomas and to identify ways to more accurately predict prognosis.
Materials and methods: We retrospectively reviewed 62 patients (64 lesions) that underwent lobectomy for small
(≤2 cm) lung adenocarcinoma. Proportions of histological components were measured and the presence of
tumor spread through air spaces (STAS) was assessed. The correlations between GGO and histological compo-
nents were examined. Furthermore, histological components of pure GGO lesions were analyzed using CT values.
The intratumor heterogeneity of programmed death ligand 1 (PD-L1) expression was analyzed in 40 lesions.
Furthermore, the relationship between CT/histological findings and prognoses was analyzed.
Results: In 13 pure GGO lesions, 7 (53.8%) lesions contained invasive components such as papillary, acinar,
solid, and colloid. Tumor spread through air spaces (STAS) was also found in pure GGO lesions. Pure GGO
lesions containing invasive components (p= 0.002) and STAS-positive lesions (p= 0.011) demonstrated
strongly higher CT value. Differences in expression of PD-L1 among histological subtypes were observed in four
of six (66.7%) PD-L1 positive lesions. Patients with papillary component, positivity for STAS, or CT value ≥
-140.6 Hounsfield units (HU) had significant poorer prognoses than patients without those in disease-free sur-
vival analyses (p= 0.007, p= 0.048, p=0.012). Patients with the CT value< -383.4 HU and GGO≥ 50% did
not have recurrence.
Conclusions: Invasive component and STAS can be present even in small GGO lesions, and patients with papillary
components or STAS showed significantly poorer prognoses. STAS-positive lesions were strongly associated with
a high CT value, and combined use of GGO ratio and CT value may be able to predict recurrences of lung cancer
more accurately.

1. Introduction

Lung cancer is the leading cause of cancer-related death and third
most common cancer in Japan [1]. Lung adenocarcinoma is the most
common histological type of lung cancer [2]. Adenocarcinomas shows
diversity across both the radiologic and pathologic spectrums.

Additionally, the internal structure of adenocarcinomas is hetero-
geneous. Radiologically, adenocarcinoma often consists of various ra-
tios of ground-glass opacity (GGO) and solid components. GGO is de-
fined as an opacity that does not obscure the underlying structures or
vasculature on high-resolution computed tomography (CT) [3],
whereas solid components are defined by an increase in attenuation
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that obscures the underlying vascular markings. Pathologically, ade-
nocarcinoma consists of multiple components and is divided into sub-
types according to the predominant pattern [4]. In general, lepidic
components, which commonly exist during early phases, correspond to
GGO on a chest CT [5]. A high proportion of GGO is considered to be a
favorable prognosis indicator.

In recent years, the incidence of small GGO lesions has increased
due to the widespread use of high-resolution CT. Surgical resection is
the only curative therapy for early-stage lung cancer. The standard
surgical procedure for lung cancer is lobectomy with lymph node dis-
section. Sometimes, limited resection is conducted for peripheral, small
lung cancers [6,7]. Several trials have explored limited resection based
on the proportion of GGO. Although the prediction of postoperative
prognosis is currently based on the proportion of GGO, the accuracy is
not fully satisfactory. In clinical practice, even for early-stage adeno-
carcinomas that were preoperatively considered to be associated with a
good prognosis, such as those with a high proportion of GGO or small
lesions, recurrence and postoperative nodal metastasis sometimes
occur.

The diversity of adenocarcinoma characteristics may make pre-
operative prediction of prognosis difficult. A non-lepidic, invasive
component is sometimes present on postoperative histology in pure
GGO lesions [8–13]. In addition, tumor spread through air spaces
(STAS) was newly described as a pattern of invasion and novel poor
prognostic factor in the 2015 WHO classification [14]. Which patients
will benefit from limited resection presently remains a subject of re-
search and debate. Elucidation of adenocarcinoma diversity may allow
more accurate prognostic prediction and improve treatment outcomes.

The objective of the present study is to clarify the reasons that some
lesions with a high GGO ratio are associated with a poor prognosis by
contrasting histologic findings and CT findings, and also considering
the presence of STAS. In addition, we also investigate a method of
predicting GGO-predominant lesions associated with a poor prognosis
using CT values. Furthermore, we examine intratumor heterogeneity by
programmed death ligand 1 (PD-L1) immunohistochemistry (IHC) as-
says. In this study, we focused on small lung adenocarcinomas with a
maximal diameter of ≤2 cm, and evaluated their diversity.

2. Materials and methods

2.1. Patients

This retrospective study was approved by the Ethics Committee of
Toho University School of Medicine (No. A18021_27085), and informed
consent was obtained from all patients. Between 2008 and 2016, 64
lesions in 62 patients who underwent lobectomy for small (≤2 cm)
lung adenocarcinomas were evaluated retrospectively. Three lesions
were resected from one patient. Medical records were reviewed to in-
vestigate clinical characteristics, CT features, pathological findings, and
outcomes. The diagnosis of adenocarcinoma was made according to the
2015 WHO Classification of Lung Tumors [14].

2.2. Radiological evaluation on thin-section CT

All lesions were evaluated using a 64-detector CT row scanner
(Aquilion, Toshiba, Japan or Somatom Definition Flash, Siemens,
Germany) with a section thickness of 1.0 mm. All scanners were
equipped with automatic exposure control (AEC) systems. Target thin-
section helical CT scans (1.0 mm collimation, 0.5-second gantry rota-
tion time, 120 kVp) were obtained. All images were viewed with lung
window settings (window width, 1600 Hounsfield units [HU]; window
level, 1600 HU). GGO and solid components were evaluated in the slice
of maximum area on the lung window by a radiologist with 17 years of
experience who was unaware of clinical data and pathological findings.
The definition of GGO is a hazy increase in lung attenuation that does
not obscure the underlying vascular markings. Based on the presence or
absence of GGO or solid components, lesions were classified as either
pure GGO lesions, part solid GGO lesions, and solid lesions. Pure GGO
lesions were defined as lesions without a solid component, part solid
GGO lesions were defined as lesions with both GGO and solid compo-
nents, and solid lesions were defined as lesions without a GGO com-
ponent. The proportion of GGO was measured using ImageJ software
(NIH) (Fig. 1A,B). The CT values of the GGO and solid regions were
calculated by use of AZE Virtual Place (AZE Ltd, Tokyo, Japan). When
two regions of different density were observed in a pure GGO lesion, the
CT value of each region was calculated; the highest value among GGO
and solid regions was determined to be the CT value of the lesion. The
difference between CT values in pure GGO lesions with and without a
non-lepidic invasive components was evaluated. The difference be-
tween CT value in lesions with and without the specific histological
component was also evaluated. Prediction probability for presence of
the specific histological component was analyzed using a receiver op-
erating characteristic curve (ROC).

2.3. Histological evaluation

All specimens were inflated and fixed with formalin, and stained
using hematoxylin-eosin (H-E) and Elastica van Gieson staining. All
slides for each case were reviewed by two of the authors, one of whom
is a pathologist, who were unaware of both clinical data and radi-
ological findings. The histological findings were classified according to
the 2015 WHO Classification of Lung Tumors. Then, the glass slides
were retrieved using a vertical slide system (TOCO, Claro Inc., Hirosaki,
Japan) and converted into digital files. The occupancy ratio of each
component (lepidic, papillary, acinar, solid, micropapillary, pattern of
variants, fibrosis, necrosis, pleural thickening, inflammation, edema,
cavities, vessels, and bronchi) in the whole lesion was measured using
the digital image files and ImageJ software, and recorded in 0.1% in-
crements (Fig. 1C,D). Pleural thickening, inflammation, edema, cav-
ities, vessels, and bronchi ≥1mm in diameter were classified as ‘other
components.’ In addition, the presence or absence of STAS was re-
corded. STAS was defined as tumor cells within air spaces in the lung
parenchyma at a distance of at least one alveolus away from the main

Fig. 1. (A and B) Measurement of GGO pro-
portion. Axial CT image showing a part solid
lesion (A). The whole lesion and solid compo-
nent were manually outlined and areas were
measured using the texture analysis software
ImageJ (B). Using these values, the proportion
of GGO was calculated.
(C and D) Measurement of the histological
component proportion. This part solid lesion
was revealed to be a papillary predominant
adenocarcinoma (including fibrosis, lepidic,
and papillary components) (C). Fibrosis
(marked by yellow dots), lepidic components

(marked by black dots), and papillary components (marked by blue dots) were manually outlined on a digitized image of the histology slide and the areas were
measured using ImageJ (D). Using these values, the proportion of each component was calculated.
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tumor, and has been previously described by Kadota et al [15].

2.4. Immunostaining

PD-L1 expression was analyzed in 40 of the 64 lesions by IHC.
Samples were stained using the PD-L1 IHC 22C3 pharmDx staining kit
(Agilent, Santa Clara, CA). The PD-L1 expression rate and components
in which PD-L1 was expressed were examined. The relationship be-
tween PD-L1 expression and histological subtype was also analyzed.

2.5. Statistical analysis

Statistical analysis was performed using SPSS software version 22.0
(SPSS Inc; Chicago, IL, USA). The Shapiro-Wilk test was used to assess
the normality of the data. Spearman rank correlation coefficients were
calculated between the GGO and lepidic pattern ratios. Student’s t-test
and the Mann–Whitney U test were used to compare the differences in
CT value. The effect of the following factors on the disease-free survival
(DFS) were evaluated: pathological stage, lymph node metastasis, each
histological component, STAS, CT findings, CT value. DFS was calcu-
lated from the date of surgery to the date of recurrence or death. DFS
were calculated using the Kaplan–Meier method and survival curves
were compared using log-rank test. p values< 0.05 were considered to
indicate statistically significant differences.

3. Results

3.1. Radiological and histological characteristics

Radiological and histological characteristics are summarized in
Table 1. A total of 64 lesions in 62 patients were evaluated. Of these,
three lesions occurred in one patient. CT findings revealed 13 pure GGO
lesions (20.3%), 9 part solid GGO lesions (14.1%), and 42 solid lesions
(65.6%). The predominant histological subtype was lepidic in 25

lesions (39.0%), papillary in 21 lesions (32.8%), acinar in 5 lesions
(7.8%), solid in 9 lesions (14.1%), and other variants in 4 lesions
(6.3%); all 4 variant lesions were colloid predominant adenocarci-
nomas. No micropapillary predominant lesions were observed. The
most common histological components present in the 64 lesions were
lepidic in 41 lesions (64.1%), followed by papillary in 39 lesions
(60.9%), acinar in 23 lesions (35.9%), fibrosis in 21 lesions (32.8%),
solid in 15 lesions (23.4%), other in 10 lesions (15.6%), colloid in 4
lesions (6.3%), micropapillary in 4 lesions (6.3%), and necrosis in 3
lesions (4.7%). Of all lesions, 78.1% had more than two components,
not including the other components category (pleural thickening, in-
flammation, edema, cavities, vessels, and bronchi). Five, four, three,
and two components were present in 1 (1.5%), 8 (12.5%), 17 (26.6%),
and 24 (37.5%) tumors, respectively. STAS was observed in 18 (28.1%)
lesions. Lymph node metastasis was found in 3 (4.8%) patients. The
pathologic stage was 0 in 11 (17.1%) lesions, IA1 in 29 (45.3%) lesions,
IA2 in 13 (20.3%) lesions, IA3 in 2 (3.1%) lesions, IB in 6 (9.4%) le-
sions, and IIB 3 (4.7%) lesions.

3.2. Correlations between GGO components on CT and histological
components

Fig. 2A shows the plots of correlation between the proportion of
GGO and lepidic components for all 64 lesions. The correlation coeffi-
cient between the proportion of GGO and lepidic components was
0.579 (p<0.001). Histological components corresponding to the GGO
component were also assessed. Fig. 2B shows the construction of his-
tological components within the tumor for each of the 13 pure GGO
lesions. A total of seven (53.8%) lesions contained non-lepidic invasive
components, such as papillary, acinar, solid, and colloid components. In
six lesions, > 40% of the GGO component corresponded to a non-le-
pidic component. Among four of six lesions,> 70% of the GGO com-
ponent corresponded to a non-lepidic component. In one of these, the
lesion was composed entirely of a papillary component, with no lepidic
component.

3.3. Prediction of non-lepidic invasive components in pure GGO lesions

Fig. 2C compares the CT values of pure GGO lesions with and
without non-lepidic invasive components. In three pure GGO lesions,
the GGO density was heterogeneous. The average of the CT value in
pure GGO lesions was -492.9 HU (range, -881.8 to -216.0 HU). The CT
value was -355.5 ± 129.4 HU in the lesions containing non-lepidic
invasive components and -653.1 ± 135.9 HU in lesions not containing
non-lepidic invasive components. Lesions containing non-lepidic in-
vasive components were strongly associated with a high CT value (p=
0.002).

We specifically assessed the lesions containing non-lepidic invasive
components. Fig. 3 shows the radiological and histological findings of a
pure GGO lesion that relapsed as multiple lung metastases 3 years after
lobectomy. Fig. 3A shows a pure GGO lesion with heterogeneous den-
sity. A high concentration of GGO components was observed in the
center. The CT value of the high concentration portion was -216 HU,
while the CT value of the low concentration area was -414 HU (Fig. 3B).
Fig. 3C shows a lepidic-predominant adenocarcinoma. A papillary
component was seen at the center of the tumor, and a lepidic compo-
nent was observed around the papillary component (Fig. 3D).

3.4. Association between CT findings and STAS

STAS was present in 18 of 64 (28.1%) lesions. Among these lesions,
solid lesions were the most prevalent CT finding. STAS was present in
16 of 42 (38.0%) solid lesions. Although the frequency was low, STAS
was present in 1 of 9 (11.1%) partly solid lesions. Moreover, STAS was
also present in 1 of 13 (7.6%) pure GGO lesions, which contained no
solid components.

Table 1
Radiological and Histological Characteristics of 64 lesions.

Variable n %

CT findings
Pure GGO 13 20.3
Part solid 9 14.1
Solid 42 65.6
Predominant histological subtypes
Lepidic 25 39.0
Papillary 21 32.8
Acinar 5 7.8
Solid 9 14.1
Micropapillary 0 0
Variants (colloid) 4 6.3
Histological components
Lepidic 41 64.1
Papillary 39 60.9
Acinar 23 35.9
Solid 15 23.4
Micropapillary 4 6.3
Colloid 4 6.3
Fibrosis 21 32.8
Necrosis 3 4.7
Others 10 15.6
The numbers of components except others
5 1 1.5
4 8 12.5
3 17 26.6
2 24 37.5
1 14 21.9
STAS
Positive 18 28.1
Negative 46 71.9

GGO, ground glass opacity; STAS, tumor spread through air space.
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The CT value was -107.7 ± 112.7 HU in the STAS-positive lesions
and -235.0 ± 215.7 HU in STAS-negative lesions. STAS-positive le-
sions showed significantly higher CT value than STAS-negative lesions
did (p= 0.011). The optimal threshold value for presence of STAS was
-140.6 HU (area under the ROC curve, 0.70; 95% CI, 0.57-0.84) with a
sensitivity of 77.8% and specificity of 69.6%.

3.5. Intratumor heterogeneity of PD-L1 expression

PD-L1 was expressed in 6 of 40 (15.0%) lesions evaluated. The
percentage of tumor cells that expressed PD-L1 was 5% in four lesions,
10% in one lesion, and 90% in one lesion. PD-L1 was heterogeneously
expressed within the tumor in all six lesions. Fig. 4A shows a re-
presentative image of heterogeneous PD-L1 expression. Fig. 4B shows
the relationship between histological subtype and PD-L1 expression for
each of the six PD-L1 positive lesions. In two of these six lesions, PD-L1
expression was observed in two different subtypes. Differences in PD-L1
expression among histological subtypes were observed in four lesions.
PD-L1 expression was observed in all of the solid and papillary com-
ponents of six lesions, while it was not observed in any of the acinar
components of six lesions.

3.6. Survival analysis

The mean follow-up time of 62 patients was 50.1 months (range,
10–124 months). The 5-year DFS rate was 82.7%. The recurrence was
observed in 8 patients. On the histological factors, patients with pa-
pillary component had a significantly poorer DFS rates than patients
without that (5-year DFS rate, 71.5% vs 100%, p= 0.007, Fig. 5A).
Patients with STAS-positive lesion had a significantly poorer DFS rates
than patients without that (5-year DFS rate, 67.6% vs 87.9%, p=
0.048, Fig. 5B). On the radiological factors, we performed survival
analyses on CT value using the optimal threshold value for presence of
STAS because there are no differences on CT value between positive-
papillary components and negative-papillary components and we could
not decide the optimal threshold value for presence of papillary

components. The analysis of DFS revealed significant differences be-
tween CT value ≥ -140.6 HU and< -140.6 HU (5-year DFS rate, 69.6%
vs 93.2%, p= 0.012, Fig. 5C). Two cases with recurrence were in-
cluded in the low CT value (< -140.6 HU) lesion.

In order to assess recurrence more accurately, we used both CT
values and GGO ratios to assess recurrence. Although we evaluated the
prognosis divided into 2 groups based on CT value - 140.6 HU, we could
not divide patients with recurrence clearly. Therefore, we used -383.4
HU, which is the lowest CT value in the STAS-positive lesion. Patients
were divided into CT value< -383.4 HU and GGO≥ 50% group and CT
value ≥ -383.4 HU or GGO < 50% group. No recurrences were ob-
served in patients with the CT value< -383.4 HU and GGO≥ 50%
group although DFS curves did not reveal significant difference be-
tween patients with the CT value< -383.4 HU and GGO≥ 50% group
and patients with CT value ≥ -383.4 HU or GGO < 50% group (5-year
DFS rate, 100% vs 80.0%, p= 0.195, Fig. 5D).

4. Discussion

The present study aimed to provide a more accurate prediction of
prognosis in small (≤2 cm) lung adenocarcinomas presenting as GGO-
predominant lesions by clarifying the diversity of these adenocarci-
nomas. Even small (≤2 cm) lung adenocarcinomas are sometimes as-
sociated with postoperative nodal metastasis [16] and poor prognosis in
clinical practice. In this study, we showed that radiological, histolo-
gical, and molecular diversity exist even among small lung adeno-
carcinomas, GGO on CT does not always correspond to lepidic com-
ponents, non-lepidic, invasive components can correspond to GGO.
Moreover, CT values are useful in predicting the non-lepidic invasive
components that correspond to GGO, and STAS was related with CT
value and prognoses. This information is important when considering
postoperative prognosis. Therefore, we think that predicting the post-
operative prognosis and selecting to perform limited resection only by
analyzing the proportion of GGO is problematic. One strength of the
present study is its fine classification of histological components. We
evaluated histological components in pure GGO lesions. Previous

Fig. 2. (A) Correlation between the proportion
of GGO and lepidic components of all 64 le-
sions (correlation coefficient, 0.579;
p<0.001).
(B) Distribution of histological component
percentages of 13 pure GGO lesions.
(C) Comparison of the CT values between pure
GGO lesions with and without non-lepidic, in-
vasive components.

Fig. 3. A pure GGO lesion associated with a
relapse of multiple lung metastases 3 years
after lobectomy.
(A and B) Axial CT image shows the pure GGO
lesion. The density of GGO was heterogeneous
(A). The central area of the lesion was denser
than the peripheral area (B).
(C and D) This pure GGO lesion revealed le-
pidic predominant adenocarcinoma (including
lepidic and papillary components) (C). The
central area of the lesion shows a papillary
component (marked by blue dots), and a le-
pidic component (marked by black dots) is
seen around the papillary component (D).
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studies evaluated predominant subtypes of adenocarcinoma presenting
as pure GGO, and only one study evaluated histological components in
pure GGO [10]. A second strength of the present study is the use of
resected specimens to evaluate intratumor heterogeneity of PD-L1 ex-
pression and the histological components in which PD-L1 is expressed
throughout the whole tumor. Previous studies evaluated predominant
subtypes related to PD-L1 expression. Only one study evaluated the
histological components of resected specimens [17].

Predicting prognosis before surgery is important for selecting the
optimal surgical procedure. A prospective radiological study revealed
that small lesions (≤2.0 cm in diameter) with ≤0.25 consolidation to

the maximum tumor diameter can be defined as radiologically non-
invasive adenocarcinoma without nodal involvement, vascular inva-
sion, or lymphatic invasion [18]. Although sublobar resection is per-
formed based on consolidation/tumor ratio, i.e., the GGO ratio,
currently no definitive criteria exist for limited resection. Recently,
Moon et al. showed that non-lepidic invasive components such as acinar
and papillary components in pure GGO lesions do not influence prog-
nosis after resection [10]. These investigators reported that invasive
adenocarcinomas presenting as GGO-predominant tumors were asso-
ciated with a 100% 5-year relapse-free survival rate following sublobar
resection. However, in the clinical setting, small adenocarcinomas that

Fig. 4. Intratumor heterogeneity of PD-L1 ex-
pression.
(A) An example of a lung adenocarcinoma de-
monstrating heterogeneous PD-L1 expression.
This lesion revealed solid predominant adeno-
carcinoma (including solid and acinar compo-
nents). PD-L1 expression was observed in part
of the solid component areas, while no PD-L1
expression was observed in acinar component
areas.
(B) Association between histological subtype
and PD-L1 expression in six PD-L1–positive
lesions.
Lep; lepidic component, Pap; papillary com-
ponent, Aci; acinar component, Sol; solid
component, Mpp; micropapillary component.

Fig. 5. Kaplan-Meier survival curves for disease-free survival (DFS).
(A) There was a significantly poorer DFS rate in patients with papillary component than without (5-year DFS, 71.5% vs 100%, p = 0.007).
(B) There was a significantly poorer DFS rate in patients with STAS-positive lesions than with STAS-negative lesions (5-year DFS, 67.6 vs 87.9%, p= 0.048).
(C) There was a significantly poorer DFS rate in patients with CT value> -140.6 HU than CT value< -140.6 HU lesion (5-year DFS, 69.6% vs 93.2%, p=0.012).
(D) No recurrence was observed in the patients in the CT value< -383.4 HU and GGO≥ 50% group although there were no significant differences between in the CT
value< -383.4 HU and GGO≥ 50% group and CT value ≥ -383.4 HU or GGO < 50% group (5-year DFS, 100% vs 80.0%, p= 0.195).
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are considered to have a good prognosis with a high proportion of GGO
may actually have occult histological nodal involvement and a poor
prognosis. In the present study, a small adenocarcinoma appearing as a
pure heterogeneous GGO lesion in which a papillary component was
observed in a portion associated with a high CT value metastasized to
bilateral lungs 3 years after surgery, and the correlation between GGO
and lepidic pattern ratios was not very strong. The GGO component of
seven (53.0%) pure GGO lesions corresponded to non-lepidic invasive
components such as papillary, acinar, solid, and colloid components.
These results were consistent with those of previous reports that stated
that GGO does not always correspond to lepidic components [8–13].
Prior reports demonstrated that the papillary and acinar subtypes of
non-lepidic invasive adenocarcinoma accounted for 5.5–52.2% and
1.8–45.0% of pure GGO lesions, respectively [8–13]. The present results
also demonstrated that it is not unusual for GGO to correspond to in-
vasive components other than lepidic components. Moon et al. eval-
uated the histological components in pure GGO lesions in the same
manner as done in this study, and found only lepidic, papillary, and
acinar components [10]. Our study adds to previous knowledge that
GGO corresponds not only to acinar and papillary components, but also
to other invasive components such as solid and colloid components.

In this study, we measured the occupancy ratio of each component
(lepidic, papillary, acinar, solid, micropapillary, pattern of variants,
fibrosis, necrosis, pleural thickening, inflammation, edema, cavities,
vessels, and bronchi) in the whole lesion area, and found that 78.1% of
the lesions had more than two histological components, and lesions
consisted of at most five components. We also demonstrated that ade-
nocarcinoma of the lung was composed of a variety of components,
even within small lesions. The present results are comparable with
those of a previous report [2] that demonstrated histological diversity
in> 80% of lung adenocarcinomas. Few reports of the histological
components within tumors being divided finely and aggregated as done
in this study have been reported.

Predominant histological subtypes are significantly associated with
prognosis [19–21]. Moreover, minor components may also affect
prognosis. Recently, several studies reported that even minor propor-
tions of solid or micropapillary components are associated with worse
outcomes [22–25]. The histological criteria for invasive components
are any histologic subtype other than lepidic. The identification of non-
lepidic invasive components, particularly solid and micropapillary
components, could help better predict prognosis. We found that in-
vasive components such as papillary components were observed at a
high frequency (60.9%) and solid/micropapillary components were
seen in 23.4%/6.3% of tumors. Because papillary component was ne-
gative prognostic factors, it is better to consider not only predominant
subtypes but also minor components in the same lesions.

STAS is also an important factor when considering postoperative
prognosis and selecting a surgical strategy. STAS has newly been re-
ported as a pattern of tumor invasion that spreads within air spaces
beyond the edge of the main tumor. Previous studies reported that STAS
was a risk factor for recurrence and a poor prognostic factor in ade-
nocarcinomas [15,26–28], in this study also, patients with STAS-posi-
tive lesions showed a significantly poorer DFS rate. Several studies re-
ported that pure solid lesions on CT were significantly associated with
the presence of STAS [29,30]. However, in the present study, STAS was
also observed in one case among pure GGO lesions, and STAS-positive
lesion revealed significantly higher CT values.

Simultaneously, our study showed that the CT value of pure GGO
lesions is useful for predicting the presence of non-lepidic invasive
components. Adenocarcinoma frequently progresses stepwise, devel-
oping to invasive carcinoma through atypical adenomatous hyperplasia
(AAH), adenocarcinoma in situ (AIS), and minimally invasive adeno-
carcinoma (MIA) [31]. CT findings of early-stage adenocarcinoma are
also diverse, reflecting heterogeneous histological components. At early
stages, tumors often consist entirely of GGO. As they progress, the GGO
becomes heterogeneous. GGO is defined as an opacity that does not

obscure the underlying structures or vasculature [3]. This definition is
not associated with an objective numerical value, so it is sometimes
difficult to distinguish between dense GGO and solid components.
Several studies have reported the use of CT values of pure GGO or part
solid GGO lesions to differentiate between pathological types such as
AAH, AIS, MIA, and invasive adenocarcinoma. Yagi et al. [32] reported
that AIS-MIA was associated with significantly lower mean CT values
compared to invasive adenocarcinoma, and Tamura et al. [33] reported
that AAH-AIS was associated with significantly lower mean CT values
compared to MIA-invasive adenocarcinoma. Tamura et al. showed that
the mean CT value could better predict invasive adenocarcinoma than
the C/T ratio in small (< 2 cm) lung adenocarcinomas [33]. To the best
of our knowledge, no studies have examined histological components
correlated with GGO using CT values. We have demonstrated that CT
values of pure GGO lesions can help accurately predict non-lepidic in-
vasive components that correspond to GGO.

Previous studies have reported intratumor heterogeneity of PD-L1
expression in adenocarcinomas [17,34,35]. Gagné et al. used micro-
arrays to show that PD-L1 expression varied in different areas of the
same surgical specimen [17]. Discordant expression of PD-L1 has also
been reported between biopsy specimens and corresponding resected
specimens [34]. Consistent with previous reports, we revealed a het-
erogeneous distribution of PD-L1 expression within a single tumor. We
also observed variability in PD-L1 expression among the different his-
tological subtypes within a single tumor. Many researchers have re-
ported that PD-L1 expression is significantly higher in solid and mi-
cropapillary predominant adenocarcinomas [35–37]. In contrast, few
studies have focused on the association between PD-L1 expression and
histological components. Gagné et al. used tissue microarrays to show
that in five different cores within the same surgical specimen, PD-L1
expression was significantly higher in the solid and micropapillary
components and was lower in acinar, papillary, and lepidic components
[17]. However, these authors did not evaluate the entire tumor. Herein
we evaluated PD-L1 expression in the whole tumor area using a surgical
specimen. In our study, PD-L1 expression was observed in all of the
solid and papillary components. Our findings of PD-L1 expression in
solid components are consistent with those of previous reports; how-
ever, the present findings of papillary component PD-L1 expression
differ from those of previous reports. We have demonstrated intratumor
heterogeneity by analyzing PD-L1 expression in small adenocarci-
nomas. These results indicate that intratumor heterogeneity might im-
pact the accuracy of prognostic prediction.

For clinical use of this study, we assessed the combination of GGO
ratio and highest CT value inside the tumor and examined whether the
prognosis could be predicted by the combination of GGO ratio and
highest CT value. Although STAS-positive lesions were strongly asso-
ciated with a high CT value, lesions containing papillary component
were not associated with a high CT value. In the study based on the CT
value -140.6 HU in STAS, we could not divide patients with recurrence
clearly. Therefore, we used -383.4 HU, which is the lowest CT value in
the STAS-positive lesion, and we could differentiate patients without
recurrences from patients with those clearly.

The present study also had some limitations. First, this study con-
sisted of a relatively small number of lesions. The histological hetero-
geneity was proved in cases with pure GGO but this study consisted of a
relatively small number of pure GGO lesions. Second, CT findings were
compared in a single slice of the maximum area, with histological
findings observed in a single slice of the maximum split surface, lim-
iting the accuracy of correlation between CT values and histological
findings. For lung adenocarcinomas, CT images and histological find-
ings are both diverse within the same tumor, and further examination is
needed to accurately compare images with pathological tissues. Third,
PD-L1 was expressed in few tumors. Previous studies have shown that
the prevalence of PD-L1 expression was statistically higher in patients
with more advanced tumors than in those with early-stage disease
[36,38]. We believe that this limitation can be overcome in future
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studies, in which PD-L1 expression will be evaluated in many large
tumors. Based on these findings, we believe that the present results will
be helpful in predicting prognosis and improving outcomes.

In conclusion, radiological/pathological diversity and intratumor
heterogeneity makes it difficult to predict prognosis of small (≤2 cm)
adenocarcinomas. GGO can be indicative of invasive components and
STAS can be present even in small GGO lesions. The CT values can be
helpful for predicting non-lepidic invasive components of pure GGO
lesions, STAS, and prognosis. Based on these findings, combined use of
GGO ratio and CT value may help predict the prognosis of GGO lesions
and allow better selection of surgical procedures.
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