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Abstract: Although lung adenocarcinomas (LADs) with ground-glass opacity (GGO; part-solid
tumors) have been shown to differ from those without GGO (pure-solid tumors) in clinicopathological
features and prognoses, whether programmed death ligand-1 (PD-L1) protein expression differs
between these two tumor types is unclear. This study included 124 patients with clinical T1a–c LAD
who received pulmonary resections during 2007–2009. The E1L3N antibody was used to stain for
PD-L1 in primary LAD specimens. The specimens were considered PD-L1+ if ≥1% of tumor cells
showed membrane staining, and were classified as having a high PD-L1+ tumor proportion score
(TPS) if ≥50% of the tumor cells did so. Among the 124 patients, 45 had part-solid tumors and 79 had
pure-solid tumors. These two groups did not significantly differ in terms of clinical factors. However,
the rates for PD-L1 positivity (4% vs. 25%, p < 0.01) and high PD-L1+ TPS (2% vs. 16%, p = 0.02) were
significantly higher in the pure-solid tumors. The multivariate analyses (logistic regression model)
showed that the odds ratios for PD-L1 positivity and high PD-L1+ TPS in pure-solid LADs were
5.9 (95% CI; 1.2–29.7) and 8.0 (95% CI; 1.0–63.8), respectively. In conclusion, LADs with GGO were
correlated with a lower incidence of PD-L1 expression than pure-solid tumors.
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1. Introduction

Adenocarcinoma is the most common histological subtypes of non-small cell lung cancer (NSCLC).
Although ground-glass opacity (GGO) is a common finding in lung adenocarcinoma (LAD) on
chest computed tomography (CT), some LADs do not have GGO components. These are termed
pure-solid tumors.

The eighth edition of the TNM classification of lung cancer defined clinical T staging by radiological
sizes of the solid components, excluding GGO components [1]. This change from the seventh edition
was supported by the fact that solid component sizes correspond better with pathologic invasiveness
than do all-tumor sizes [2]. However, even among patients with tumors in the same clinical T categories
in the eighth edition, those with LAD tumors that harbored GGO components (i.e., part-solid tumors)
reportedly had better prognosis than those with pure-solid tumors, which indicates that pure-solid
LADs had higher malignant potential [3,4]. Other studies associated even small GGO components
with longer survival, even if solid components predominated [5,6].

Based on such prognostic differences, this study evaluated the differences in the programmed death
ligand-1 (PD-L1) expression status (which is often used as a predictive biomarker for immunotherapy
response), between these two LAD tumor types.
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2. Results

2.1. PD-L1 Expression Status between Part-Solid and Pure-Solid Tumors

Among the 124 patients, 45 had part-solid tumors and 79 had pure-solid tumors. There were no
significant differences observed between these two groups in terms of sex, age, or smoking status.
However, the rate of PD-L1 positivity was significantly lower for the part-solid tumors than for the
pure-solid tumors (4% vs. 25%, p < 0.01; Table 1). In addition, only 2% of the part-solid tumors had
high PD-L1 TPS, compared with 16% of the pure-solid tumors (p = 0.02).

Table 1. Characteristics of patients with part-solid or pure-solid lung adenocarcinomas (LAD).

Factors Part-Solid LAD (n = 45) Pure-Solid LAD (n = 79) p-Value

Age
≤68 year/≥69 year 20 (44%)/25 (56%) 44 (56%)/35 (44%) 0.23

Sex
Male/Female 20 (44%)/25 (56%) 37 (47%)/42 (53%) 0.80

Smoking status *
Smokers/Never smokers 13 (33%)/27 (67%) 30 (47%)/34 (53%) 0.15

PD-L1 Expression
≥1%/<1% 2 (4%)/43 (96%) 20 (25%)/59 (75%) <0.01

PD-L1 strong expression
≥50%/<50% 1 (2%)/44 (98%) 13 (16%)/66 (84%) 0.02

* Data not available for 20 patients.

2.2. Multivariate Analysis Using Clinical Factors

Next, a multivariate analysis was performed to evaluate the correlation between the presence of
GGO and the PD-L1 expression status, by adjusting for clinical factors that reportedly affect PD-L1
expression. Even after adjusting for clinical factors, the presence of GGO was significantly correlated
with a lower incidence of PD-L1 positivity (Table 2). The part-solid tumors were also correlated with a
lower incidence of high PD-L1 TPS tumors. The difference was marginally significant (p = 0.05; Table 3).

Table 2. Univariate and multivariate analyses for factors related to programmed death ligand-1 (PD-L1)
positivity ≥ 1%.

Factors
Univariate Analysis p-Value Multivariate Analysis p-Value

Odds Ratio 95% CI Odds Ratio 95% CI

Age
≤68 year vs. ≥69 year 8.0 (2.2–28.6) <0.01 7.0 (1.7–28.6) <0.01

Sex
Male vs. Female 1.5 (0.6–3.8) 0.38 - - -

Smoking status
Smoker vs. never

smoker 4.3 (1.4–13.5) 0.01 4.0 (1.2–13.9) 0.03

CT findings
Pure-solid LAD * vs.

part-solid LAD 7.3 (1.6–32.9) <0.01 5.9 (1.2–29.7) 0.03

* LAD: lung adenocarcinoma.
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Table 3. Univariate and multivariate analyses for factors related to high PD-L1+ TPS (≥50%).

Factors
Univariate Analysis p-Value Multivariate Analysis p-Value

Odds Ratio 95% CI Odds Ratio 95% CI

Age
≤68 year vs. ≥69 year 3.9 (1.0–14.9) 0.04 3.6 (0.9–13.9) 0.06

Sex
Male vs. Female 1.7 (0.5–5.1) 0.38 - - -

Smoking status
Smoker vs. never

smoker 2.3 (0.6–8.8) 0.22 - - -

CT findings
Pure-solid LAD * vs.

part-solid LAD 8.7 (1.1–68.7) 0.04 8.0 (1.0–63.8) 0.05

* LAD: lung adenocarcinomas.

2.3. Histological Features and PD-L1 Expression Status

The correlation between histological features and PD-L1 expression status in part-solid LAD and
pure-solid LAD was also analyzed. In terms of histological subtype, all three tumors with lepidic
predominant LAD in part-solid tumors and one invasive mucinous LAD in pure-solid tumors showed
negative staining for PD-L1. The rates of PD-L1 positivity in papillary predominant LAD were 3.8%
and 13.6% in the part-solid and pure-solid tumors, respectively. The rates of PD-L1 positivity in
acinar predominant LAD were 6.7% and 15.4% in the part-solid and pure-solid tumors, respectively.
Although there was only one patient with solid-predominant LAD in part-solid tumors, the rates of
PD-L1 positivity were 0% and 64.7% in the part-solid and pure-solid LAD with solid predominant
histology (Figure 1). A similar result was obtained when the part-solid LADs and pure-solid LADs
were classified based on the tumor differentiation (Figure 2).
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Figure 1. The correlation between PD-L1 positivity and histological subtypes in part-solid LADs and
pure-solid LADs. PD-L1+ indicates tumors with PD-L1 membrane staining in 1–49% of tumor cells
and high PD-L1+ indicates those with PD-L1 membrane staining in ≥50% of tumor cells.
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Figure 2. The correlation between PD-L1 positivity and tumor differentiation in part-solid LADs and
pure-solid LADs. PD-L1+ indicates tumors with PD-L1 membrane staining in 1–49% of tumor cells
and high PD-L1+ indicates those with PD-L1 membrane staining in ≥50% of tumor cells.

2.4. Prognostic Impact of PD-L1 Expression

Lastly, the prognostic effect of PD-L1 expression (1% or higher) was evaluated. As expected,
the patients with the part-solid LADs had significantly better overall survival compared with the
patients with the pure-solid LADs (Figure 3A). In terms of the PD-L1 expression status (Figure 3B),
there was a trend of longer survival among the patients with negative PD-L1 expression, although
this difference did not reach statistical significance (p = 0.17). When the cohort with the pure-solid
LADs was evaluated, it was observed that the survival curves of the two groups were almost identical
(Figure 3C). As there were only two patients with PD-L1 positivity in the part-solid LAD group, there
was no event in the overall survival analysis (Figure 3D).
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Figure 3. The Kaplan-Meier curves showing the overall survivals. Comparisons of the part-solid LADs
versus the pure-solid LADs (A) and PD-L1 positive tumors (1% or higher) versus negative tumors (B)
are shown. The prognostic impact of PD-L1 expression status was also analyzed in pure-solid LADs
(C) and in part-solid LADs (D).
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3. Discussion

Recent studies have highlighted the clinical and prognostic differences between LADs with
and without GGO [3,4,7,8]. This study observed that these two types of tumors are also different
immunologically. Regarding the correlation between the CT appearance and PD-L1 expression,
Toyokawa et al. reported that PD-L1 positivity (5% cut-off using SP142 antibody) was significantly
associated with the presence of convergence, notching, speculation, and cavitation, and the absence of
surrounding GGOs [9]. However, the staining pattern of SP142 antibody is quite different from other
PD-L1 antibodies as reported by several comparison studies [10,11]. Therefore, our current results are
more substantial than simply confirming the aforementioned study, as the PD-L1 antibody (E1L3N)
used in this study has shown a staining pattern similar to that of clinically well-validated antibodies,
such as 22C3 [11]. Additionally, clinically meaningful cut-off values (1% and 50%) [12,13] were used in
this study. It is of note that this study also suggests that the difference in the PD-L1 status between the
part-solid LADs and the pure-solid LADs was not due to the difference in histological subtypes or the
difference in tumor differentiation (Figures 1 and 2). In addition, our results may provide important
suggestions regarding the prognostic impact of PD-L1 expression which was controversial in previous
studies [14]. This study suggests that the prognostic impact of PD-L1 expression is minimal among
pure-solid LADs (Figure 3C). However, if the part-solid LADs are combined in the survival analysis,
PD-L1 expression may become a poor prognostic factor, since many of the part-solid LADs are negative
for the PD-L1 expression (Table 1) and are related to a better prognosis (Figure 3A).

The PD-L1 expression is an important predictor of the efficacy of immunotherapy in patients
with metastatic or unresectable NSCLC [15]. Currently, three drugs—pembrolizumab, nivolumab,
and atezolizumab—have been approved to treat clinical Stage IV NSCLC. In addition, an anti-PD-L1
antibody drug, durvalumab, has also been approved to treat unresectable Stage III NSCLC after
concurrent platinum-based chemotherapy and radiation therapy. Following these successes of
immunotherapies in lung cancers, researchers and clinicians are trying these drugs to treat earlier-stage
NSCLC in neoadjuvant or adjuvant settings [16]. For example, Forde and colleagues reported, in
their pilot study, that two preoperative doses of the PD-1 inhibitor, nivolumab, conferred a major
pathological response in 9 of 20 resected tumors (45%) [17]. This study suggests that neoadjuvant
or adjuvant immunotherapy is more effective in pure-solid LADs than part-solid tumors, which is
meaningful since the pure-solid LADs have significantly higher recurrence risks compared with the
part-solid LADs [3,4]. However, the roles of neoadjuvant or adjuvant immunotherapies in earlier-stage
NSCLC should be confirmed in clinical trials.

In conclusion, this study found that the incidences of PD-L1+ tumors and high PD-L1 TPS lesions
were significantly lower in LADs with a part-solid appearance at CT imaging. This pattern may be
related to biological differences between these two LAD tumor types.

4. Materials and Methods

4.1. Patients

This retrospective study included 124 patients with clinical T1a–c LAD (per 8th TNM edition) who
received pulmonary resections during 2007–2009. (These patients were also subjects in our previous
study [17]). All patients did not receive immunotherapy. This study was approved by the Institutional
Review Board of Kindai University Faculty of Medicine (No. 24-253).

4.2. Staining

The PD-L1 staining was performed using the E1L3N antibody for tissue microarray samples in
our previous study, and was evaluated by a tumor proportion score (TPS). Two cut-offs were used: The
PD-L1 status was classified as positive if ≥1% of the tumor cells showed membrane staining; and as
high PD-L1 if ≥50% of the tumor cells did so. As the intra-tumor heterogeneity of the PD-L1 expression
was anticipated, two cores (with different histological subtypes if applicable) for each specimen were
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independently analyzed. When the scores of the two cores were different, the higher score for each
tumor was adopted. Fifty-seven patients (46.0%) were men, and 43 (40.2%) were smokers. Their
median age was 68 years old.

4.3. Statistical Analysis

The correlations between the tumor types (part-solid versus pure-solid) and the clinical factors
or the PD-L1 expression status were analyzed using the X2 test. The cut-off value of age was set at
the median (68 years old, range 39–83). The univariate and multivariate analyses for factors related
to the PD-L1 expression were performed using a logistic regression analysis. The overall survival of
the patients in each group was estimated using the Kaplan-Meier method, and the differences were
compared using the log-rank test. p < 0.05 was considered significant. All analyses were performed
using StatView software (v5).

Author Contributions: Conceptualization, K.S. (Kenichi Suda); data curation, M.S., S.S., K.S. (Katsuaki Sato);
formal analysis, K.S. (Kenichi Suda) and J.S.; funding acquisition, K.S. (Kenichi Suda); investigation, K.S. (Kenichi
Suda); methodology, S.S. and K.S. (Kenichi Suda); resources, K.S. (Kenichi Suda), M.C., K.T., T.T., and T.M.;
supervision, T.M.; visualization, K.S. (Kenichi Suda); writing-original draft, K.S. (Kenichi Suda); writing—review
& editing, all the authors.

Funding: Our study was partially supported by a Grant-in-Aid for Scientific Research from the Japan Society for
the Promotion of Science (18K07336 to K.S.) and by a grant from the Uehara Memorial Foundation to K.S. We
thank M.B., from Edanz Group (www.edanzediting.com/ac), for editing a draft of this manuscript.

Conflicts of Interest: The authors have no conflicts of interest related to this study.

References

1. Travis, W.D.; Bankier, A.A.; Beasley, M.B.; Flieder, D.B.; Goo, J.M.; MacMahon, H.; Naidich, D.; Powell, C.A.;
Prokop, M.; Yatabe, Y.; et al. The IASLC Lung Cancer Staging Project: Proposals for Coding T Categories for
Subsolid Nodules and Assessment of Tumor Size in Part-Solid Tumors in the Forthcoming Eighth Edition of
the TNM Classification of Lung Cancer. J. Thorac. Oncol. 2016, 11, 1204–1223. [CrossRef] [PubMed]

2. Aokage, K.; Miyoshi, T.; Ishii, G.; Kusumoto, M.; Nomura, S.; Katsumata, S.; Sekihara, K.; Hishida, T.;
Tsuboi, M. Clinical and Pathological Staging Validation in the Eighth Edition of the TNM Classification for
Lung Cancer: Correlation between Solid Size on Thin-Section Computed Tomography and Invasive Size in
Pathological Findings in the New T Classification. J. Thorac. Oncol. 2017, 12, 1403–1412. [CrossRef] [PubMed]

3. Aokage, K.; Miyoshi, T.; Ishii, G.; Kusumoto, M.; Nomura, S.; Katsumata, S.; Sekihara, K.; Tane, K.; Tsuboi, M.
Influence of Ground Glass Opacity and the Corresponding Pathological Findings on Survival in Patients
with Clinical Stage I Non–Small Cell Lung Cancer. J. Thorac. Oncol. 2018, 13, 533–542. [CrossRef] [PubMed]

4. Hattori, A.; Hirayama, S.; Matsunaga, T.; Hayashi, T.; Takamochi, K.; Oh, S.; Suzuki, K. Distinct
Clinicopathologic Characteristics and Prognosis Based on the Presence of Ground Glass Opacity Component
in Clinical Stage IA Lung Adenocarcinoma. J. Thorac. Oncol. 2019, 14, 265–275. [CrossRef] [PubMed]

5. Hattori, A.; Matsunaga, T.; Takamochi, K.; Oh, S.; Suzuki, K. Importance of Ground Glass Opacity Component
in Clinical Stage IA Radiologic Invasive Lung Cancer. Ann. Thorac. Surg. 2017, 104, 313–320. [CrossRef]
[PubMed]

6. Berry, M.F.; Gao, R.; Kunder, C.A.; Backhus, L.; Khuong, A.; Kadoch, M.; Leung, A.; Shrager, J. Presence
of Even a Small Ground-Glass Component in Lung Adenocarcinoma Predicts Better Survival. Clin. Lung
Cancer 2017, 19, e47–e51. [CrossRef] [PubMed]

7. Kinoshita, F.; Toyokawa, G.; Matsubara, T.; Kozuma, Y.; Haratake, N.; Takamori, S.; Akamine, T.; Hirai, F.;
Takenaka, T.; Tagawa, T.; et al. Prognosis of Early-stage Part-solid and Pure-solid Lung Adenocarcinomas.
Anticancer Res. 2019, 39, 2665–2670. [CrossRef] [PubMed]

8. Miyoshi, T.; Aokage, K.; Katsumata, S.; Tane, K.; Ishii, G.; Tsuboi, M. Ground-glass opacity is a strong
prognosticator for pathologic stage IA lung adenocarcinoma. Ann. Thorac. Surg. 2019, 108, 249–255.
[CrossRef] [PubMed]

www.edanzediting.com/ac
http://dx.doi.org/10.1016/j.jtho.2016.03.025
http://www.ncbi.nlm.nih.gov/pubmed/27107787
http://dx.doi.org/10.1016/j.jtho.2017.06.003
http://www.ncbi.nlm.nih.gov/pubmed/28627462
http://dx.doi.org/10.1016/j.jtho.2017.11.129
http://www.ncbi.nlm.nih.gov/pubmed/29246833
http://dx.doi.org/10.1016/j.jtho.2018.09.026
http://www.ncbi.nlm.nih.gov/pubmed/30368010
http://dx.doi.org/10.1016/j.athoracsur.2017.01.076
http://www.ncbi.nlm.nih.gov/pubmed/28433219
http://dx.doi.org/10.1016/j.cllc.2017.06.020
http://www.ncbi.nlm.nih.gov/pubmed/28743420
http://dx.doi.org/10.21873/anticanres.13391
http://www.ncbi.nlm.nih.gov/pubmed/31092466
http://dx.doi.org/10.1016/j.athoracsur.2019.01.079
http://www.ncbi.nlm.nih.gov/pubmed/30876742


Biomolecules 2019, 9, 456 7 of 7

9. Toyokawa, G.; Takada, K.; Okamoto, T.; Shimokawa, M.; Kozuma, Y.; Matsubara, T.; Haratake, N.;
Takamori, S.; Akamine, T.; Katsura, M.; et al. Computed Tomography Features of Lung Adenocarcinomas
with Programmed Death Ligand 1 Expression. Clin. Lung Cancer 2017, 18, e375–e383. [CrossRef] [PubMed]

10. Hirsch, F.R.; McElhinny, A.; Stanforth, D.; Ranger-Moore, J.; Jansson, M.; Kulangara, K.; Richardson, W.;
Towne, P.; Hanks, D.; Vennapusa, B.; et al. PD-L1 Immunohistochemistry Assays for Lung Cancer: Results
from Phase 1 of the Blueprint PD-L1 IHC Assay Comparison Project. J. Thorac. Oncol. 2017, 12, 208–222.
[CrossRef] [PubMed]

11. Rimm, D.L.; Han, G.; Taube, J.M.; Yi, E.S.; Bridge, J.A.; Flieder, D.B.; Homer, R.; West, W.W.;
Wu, H.; Roden, A.C.; et al. A Prospective, Multi-institutional, Pathologist-Based Assessment of 4
Immunohistochemistry Assays for PD-L1 Expression in Non-Small Cell Lung Cancer. JAMA Oncol.
2017, 3, 1051–1058. [CrossRef] [PubMed]

12. Herbst, R.S.; Baas, P.; Kim, D.-W.; Felip, E.; Perez-Gracia, J.L.; Han, J.-Y.; Molina, J.; Kim, J.-H.; Arvis, C.D.;
Ahn, M.-J.; et al. Pembrolizumab versus docetaxel for previously treated, PD-L1-positive, advanced
non-small-cell lung cancer (KEYNOTE-010): A randomised controlled trial. Lancet 2016, 387, 1540–1550.
[CrossRef]

13. Reck, M.; Rodríguez-Abreu, D.; Robinson, A.G.; Hui, R.; Csőszi, T.; Fülöp, A.; Gottfried, M.; Peled, N.;
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