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Purpose To develop models to predict programmed death ligand 1 (PD-L1) expression in pul-
monary squamous cell carcinoma (SCC) using CT.

Materials and Methods A total of 97 patients diagnosed with SCC who underwent PD-L1 ex-
pression assay were included in this study. We performed a CT analysis of the tumors using
pretreatment CT images. Multiple logistic regression models were constructed to predict PD-L1
positivity in the total patient group and in the 40 advanced-stage (= stage IlIB) patients. The
area under the receiver operating characteristic curve (AUC) was calculated for each model.
Results For the total patient group, the AUC of the ‘total significant features model’ (tumor
stage, tumor size, pleural nodularity, and lung metastasis) was 0.652, and that of the ‘selected
feature model’ (pleural nodularity) was 0.556. For advanced-stage patients, the AUC of the ‘se-
lected feature model’ (tumor size, pleural nodularity, pulmonary oligometastases, and absence
of interstitial lung disease) was 0.897. Among these factors, pleural nodularity and pulmonary
oligometastases had the highest odds ratios (8.78 and 16.35, respectively).

Conclusion Our model could predict PD-L1 expression in patients with lung SCC, and pleural
nodularity and pulmonary oligometastases were notable predictive CT features of PD-L1.

Index terms Lung Squamous Cell Carcinoma; Immunotherapy; Programmed Death Ligand 1;
Computed Tomography
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INTRODUCTION

Lung cancer is the leading cause of cancer-related deaths worldwide, and squamous cell
carcinoma (SCC) of the lungs accounts for 30% of all lung cancer cases (1, 2). In cases of pul-
monary adenocarcinoma (ADC), the identification of epidermal growth factor receptor
(EGFR) mutations and anaplastic lymphoma kinase (ALK) rearrangements has led to the de-
velopment of drugs that specifically target these proteins; thus, more treatment options are
available. However, unlike in ADC, genetic mutations are less prevalent in SCC, and targeted
therapies for SCC have not been established (3, 4). Immune checkpoint inhibitors that target
programmed cell death protein 1 (PD-1) or programmed death ligand 1 (PD-L1) have recently
been discovered (5). This immune checkpoint inhibitor promotes T cell activity and inhibits
the PD-1/PD-L1 pathway by directly binding to PD-1 or its ligand (PD-L1), consequently lead-
ing to the destruction of tumor cells (6-9). Currently, this immune checkpoint inhibitor is gain-
ing attention as a novel immunotherapy tool for the treatment of both ADC and SCC because
it demonstrates superior treatment efficacy and improves prognosis compared with existing
chemotherapeutic agents (4, 8, 10, 11). Consequently, measurement of PD-L1 expression in
tumors has become very important for treatment planning, as it can be used to predict the
response to immune checkpoint inhibitors (12, 13). Therefore, there is an ongoing effort to
identify biomarkers of PD-L1 expression in pulmonary SCC and ADC (14-18).

Currently, PD-L1 expression can only be evaluated in specimens obtained via biopsy or sur-
gical resection (19, 20). However, specimens obtained using these methods often do not con-
tain sufficient tissue for PD-L1 staining. Furthermore, invasive sampling methods for detect-
ing PD-L1 expression may not be suitable for patients with advanced disease because of the
associated intrinsic limitations and risks. Therefore, the development of noninvasive tech-
niques for predicting PD-L1 expression is gaining importance (21). Several studies have dem-
onstrated correlations between CT imaging features and PD-L1 expression in pulmonary
ADC. PD-L1 expression has been found to be associated with the pathological invasiveness of
ADCs and CT features, suggesting the possibility of using imaging features to predict PD-L1
expression status (10, 14, 22). As such, PD-L1 expression may be correlated with certain CT
imaging features in pulmonary SCC, and CT findings may aid in identifying patients suitable
for immune checkpoint inhibitor treatment, even when insufficient quantities of tissue have
been obtained using invasive techniques (10, 14). Prediction of PD-L1 expression based on CT
imaging features of SCC, which are relatively weakly associated with EGFR and ALK, is partic-
ularly valuable (9, 23, 24). However, few studies have investigated the association between SCC
and CT findings.

Thus, in this study, we aimed to identify the associations between clinicopathological fac-
tors, CT findings, and PD-L1 expression in SCC based on biopsy or surgical findings, develop
models to predict PD-L1 expression based on CT imaging features, and evaluate their perfor-

mance in predicting PD-L1 positivity.
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MATERIALS AND METHODS

PATIENTS

Our Institutional Review Board approved this retrospective study and waived the require-
ment for informed consent (IRB No. 2021-01-024). We initially identified 110 patients diag-
nosed with pulmonary SCC between January 2015 and 2020 whose pathological reports in-
cluded a tumor proportion score (TPS) based on a PD-L1 expression assay. Among the 112
patients, 13 were excluded for the following reasons: 1) recurrent tumors (n = 6), 2) presence
of other malignancies (n = 1), 3) multiple primary lung cancers (n = 5), and 4) unavailability of
preoperative CT images (n = 1). A total of 97 patients who were diagnosed with pulmonary SCC
on pathological examination and whose tissue samples were subjected to immunohistochemi-
cal analysis to assess PD-L1 expression were included in the study. The patient selection pro-
cess isillustrated in Fig. 1. Clinicopathological data were collected from electronic medical re-
cords at the time of the diagnostic work-up. The patients’ sex and age, method used to obtain
tissue samples and site, TNM stage according to the eighth edition of the International Asso-
ciation for the Study of Lung Cancer (IASLC) guidelines (25), presence of extrathoracic me-

tastases, EGFR mutation status, and tumor differentiation were recorded.

CT IMAGE ACQUISITION

For all patients, contrast-enhanced chest CT scans of the thoracic inlet to the subcostal
plane were performed before pathological confirmation using one of the following multide-
tector row scanners: Revolution Discovery CT, Discovery CT750 HD (GE Healthcare, Milwau-
kee, WI, USA), or SOMATOM® Definition Flash (Siemens Medical Solutions, Forchheim, Ger-
many). Details of the scanning parameters were as follows: detector collimation, 1.25 or 0.625
mm; field of view, 34-36 cm; beam pitch, 0.992-1.531; beam width, 80 mm; gantry speed, 0.35
seconds per rotation; 120 kVp; 80-650 mA; reconstruction interval, 2 mm; and matrix, 512 X
512 mm. A bolus of 50-90 mL (1.5 mL/kg body weight) of Optisure or Bonorex was injected
intravenously at a flow rate of 3 mL/s for enhanced imaging using an automated bolus-track-
ing technique. Axial and coronal images were reconstructed with soft tissue and bone ker-

nels, and a slice thickness of 2-3 mm.

EVALUATION OF CT IMAGING FEATURES
The CT images of the patients were analyzed independently by two thoracic radiologists

(with 3 and 12 years of experience in chest CT imaging, respectively) who were blinded to the
clinical information and histological findings. When there was a disagreement between the
two readers regarding imaging features, the final decisions were determined by consensus.
Axial and coronal views of the CT images were analyzed using mediastinal (width, 400 Houn-
sfield units [HUJ; level, 20 HU) and lung (width, 1500 HU; level, -700) window settings. The
following CT imaging features were evaluated: 1) size (maximal diameter), lesion type (nod-
ule or mass, endo/peribronchial lesion, mixed), distribution (central or peripheral), location,
tumor margin (smooth, spiculated, or lobulated) and shape (round, lobular, or irregular) of
the primary mass, 2) internal characteristics of the tumor (presence of calcification, cavita-

tion or necrosis, pre/post enhanced HU and AHU), 3) associated findings (pleural retraction
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or invasion, presence of pleural effusion, pleural nodularity, presence of lung metastasis,
and lymph node [N] stage), and 4) external characteristics of the tumor (emphysema and in-
terstitial lung disease).

Radiologists also analyzed CT features, such as the presence of lung metastasis and the
pattern of lung metastasis if present (oligometastases [defined as 1-5 metastases in the lung],
multiple, or lymphangitic) for advanced-stage pulmonary SCC (= stage IIIB according to the
TNM classification according to the eighth edition of the TASLC guidelines) (25).

ANALYSIS OF PD-L1 EXPRESSION
PD-L1 expression in histopathological specimens was determined using a PD-L1 22C3 phar-

mDx antibody (Dako North America Inc., Carpinteria, CA, USA) or a Ventana PD-L1 SP263 an-
tibody (Ventana Medical Systems, Tucson, AZ, USA) as a companion diagnosis. Tumor cells
with complete circumferential or partial cell membrane staining were defined as PD-L1-posi-
tive cells. Cytoplasmic staining and tumor-associated immune cells (such as macrophages)
were excluded from scoring. Finally, TPS was calculated as the percentage of PD-L1-positive
tumor cells relative to the total number of tumor cells. We defined tumor tissue specimens as
“PD-L1-expression-positive” when 5% or more viable tumor cells exhibited membrane stain-
ing at any intensity (TPS = 5%) (6, 12, 26-30). The 97 enrolled patients were divided into two
groups according to PD-L1 expression: a “PD-L1-positive” group and a “PD-L1-negative” group.
Additionally, 40 advanced-stage patients among the 97 patients were divided into two groups
according to PD-L1 expression. The median (interquartile range [IQR]) time interval between
the CT acquisition and tissue sampling for analysis of PD-L1 expression was 16 days (9.5-28.5).

DATA MANAGEMENT AND STATISTICAL ANALYSES

All statistical analyses were performed using R software, version 4.1.2 (R Foundation for
Statistical Computing, Vienna, Austria; http://www.R-project.org). The development of pre-
dictive models for PD-L1 expression was based on data from 97 patients with lung SCC and
40 advanced-stage patients (Fig. 1). Categorical variables are presented as numbers and per-
centages. Continuous variables are presented as medians (IQR). Clinicopathological and CT
imaging features of the PD-L1-positive and -negative groups were compared using the chi-
square test or Fisher’s exact test for categorical variables and the independent t-test (variables
with normality) or Mann-Whitney U test (variables without normality) for continuous vari-
ables. Firth's logistic regression analysis was performed to determine the association be-
tween PD-L1 expression and clinicopathological and CT features to overcome the issues of
separation (31, 32). To develop a predictive model of PD-L1 expression, features with p < 0.2
in univariate analysis and/or clinical significance based on our clinical experience were se-
lected as ‘total significant features’ for PD-L1 expression status. We calculated the generalized
variance inflation factor (GVIF) to detect multicollinearity. To make the GVIFs comparable
across dimensions, we also calculated the GVIFY? * ¢ where df is the degrees of freedom of
the variable. A GVIFY? * 4 higher than 2 was regarded as a sign of multicollinearity, and no
variables were greater than 2. All total significant features were used in the multiple logistic re-
gression analyses. For final feature selection, multiple regression was performed using the total

significant features through a backward process until the smallest Akaike information criterion
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Fig. 1. Development of a predictive model of PD-L1 expression in pulmonary squamous cell carcinoma.

Patients who were diagnosed as lung squamous cell carcinoma and who had
PD-L1 expression testresult from January 2015 to December 2020 (n=110)

« Recurrent tumor (n=6)
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« Multiple primary lung cancer (n=5)
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expression in total lung squamous cell carcinomas expression in advanced stage squamous cell carcinomas

PD-L1=programmed death ligand 1

(AIC) value was reached ('selected features’) (33-35). Receiver operating characteristic curves
were generated, and area under the receiver operating characteristic curve (AUC) were calculat-
ed to evaluate the predictive performance of the models.

We performed similar statistical analyses to evaluate the clinicopathological and CT fea-
tures according to PD-L1 expression and developed a predictive model for advanced-stage
pulmonary SCCs (= stage I1IB), focusing on associated CT features (presence of pleural effu-
sion, pleural nodularity, presence of lung metastasis, pattern of lung metastasis if present,

and N stage).

RESULTS

Among the 97 patients, 67 (69.1%) were PD-L1-positive and 30 (30.9%) were PD-L1-negative.
Surgery was performed in 31 patients (32.0%), percutaneous transthoracic cutting needle bi-
opsy in 27 (27.8%), and transbronchial lung biopsy with or without endobronchial ultrasound-
guided transbronchial needle aspiration in 39 (40.2%). All 97 samples were lung tissues.
Among the 40 advanced-stage patients, 29 (72.5%) were PD-L1-positive and 11 (27.5%) were
PD-L1-negative. The demographic information and tumor characteristics of the total and ad-

vanced-stage patients are listed in Tables 1 and 2, respectively.

ASSOCIATIONS OF CLINICOPATHOLOGICAL AND CT FEATURES WITH
PD-L1 EXPRESSION IN THE STUDY PATIENT POPULATION

Comparisons of clinicopathological and CT features according to PD-L1 expression and the

results of univariate analysis in the 97 patients included in the study are presented in Table 1.
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Table 1. Comparison of Clinicopathological and CT Features according to PD-L1 Expression and Univariate Analysis in Total Patients

Total Negative Positive . Univariate
(n=97) (n=30) (n=67) p-Value OR (95% Cl) p-Value

Age, median (IQR), years 73.0(71.0-77.0)  73.5(71.0-80.0) 73.0(71.0-76.5  0.359  0.97(0.89,1.04) 0.360
Sex, male 97 (100.0) 30(100.0) 67 (100.0)
Tissue obtain method 0.387

Surgery 31(32.0) 11 (36.7) 20(29.9) Reference

PCNB 27(27.8) 10 (33.3) 17 (25.4) 0.93(0.32,2.73) 0.902

TBLB £ EBUS-TBNA 39 (40.2) 9 (30.0) 30 (44.8) 1.80(0.64,5.10) 0.268
Tissue sample site

Lung 97 (100.0) 30(100.0) 67 (100.0)
Tumor stage 0.635

| 20 (20.6) 8(26.7) 12(17.9) Reference

[ 18(18.6) 5(16.7) 13(19.4) 1.67(0.43,6.47) 0.459

Il 26(26.8) 9 (30.0) 17 (25.4) 1.25(0.38,4.17) 0.713

v 33(34.0) 8(26.7) 25(37.3) 2.04(0.62,6.71) 0.241
Extrathoracic metastasis, yes 11 (11.3) 4(13.3) 7(10.4) 0.734  0.73(0.20,2.69) 0.636
EGFR mutation, yes 8(9.4) 3(11.5) 5(8.5) 0.696  0.68(0.15,3.04) 0.612
Tumor differentiation 0.063

Well 2(2.6) 0(0.0) 2(3.9) Reference

Moderate 56 (73.7) 15 (60.0) 41 (80.4) Inf (Inf-Inf)

Poor 18(23.7) 10 (40.0) 8(15.7) 0(0-0)
'(Dlg:)ary tumorsize (mm), median 10 000-600) 320(260-630)  48(305-600) 0142 102(099,104)  0.160
Lesion type 0.567

Nodule or mass 68 (70.1) 19 (63.3) 9(73.1) Reference

Endo/peribronchial lesion 10 (10.3) 4(13.3) 6(9.0) 0.57(0.15,2.23) 0.419

Mixed 19(19.6) 7(23.3) (17.9) 0.66 (0.23,1.91) 0.440
Distribution 0.774

Central 49 (50.5) 14 (46.7) 35(52.2) Reference

Peripheral 48 (49.5 16 (53.3) 32(47.8) 0.80(0.34, 1.90) 0.620
Location 0.04

Right upper lobe 29(29.9) 10 (33.3) 19 (28.4) Reference

Right middle lobe 6(6.2) 0(0.0) 6(9.0) 7.00(0.29,171.60)  0.233

Right lower lobe 28(28.9) 6(20.0) 22(32.8) 1.86 (0.58,6.01) 0.297

Left upper lobe 15 (15.5) 9 (30.0) 6(9.0) 0.37(0.10, 1.33) 0.127

Left lower lobe 14 (14.4) 3(10.0) 11(16.4) 1.77(0.41,7.58) 0.442

Right central bronchi 3(3.1) 2(6.7) 1(1.5) 0.32(0.03,3.78) 0.368

Left central bronchi 2(2.1) 0(0.0) 2(3.0) 2.69(0.06,119.90)  0.609
Margin 1

Smooth 1(1.2) 0(0.0) 1(1.8) Reference

Spiculated or lobulated 80 (98.8) 24 (100.0) 56 (98.2) 0(0-0)
Shape 0.978

Round 43 (44.8) 14 (46.7) 29 (43.9) Reference

Lobular orirregular 53(55.2) 16 (53.3) 37(56.1) 1.12(0.47,2.65) 0.802
https://doi.org/10.3348/jksr.2023.0011 399
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Table 1. Comparison of Clinicopathological and CT Features according to PD-L1 Expression and Univariate Analysis in Total Patients (Con-
tinued)

Total Negative Positive ) Univariate
(n=97) (n=30) =67 PV T R es%c)  pvalue

Calcification, yes 0(0) 0(0) 0(0)
Cavity or profuse necrosis, yes 38(39.2) 10 (33.3) 28 (41.8) 0.573  1.41(0.57,3.45) 0.451
Pre enhanced HU, median (IQR) 35.2(26.9-40.4) 36.3(24.4-40.1) 35.1(27.2-41.1) 0.682  1.01(0.97,1.05) 0.679
Post enhanced HU, median (IQR) 63.9 (55.4-75.5) 70.8(56.8-78.3) 62.4(55.2-73.4) 0.781  1.00(0.97,1.02) 0.781
AHU, median (IQR) 29.8(20.6-39.7) 32.5(25.6-42.6) 27.8(19.9-38.6) 0.534  0.99 (0.96,1.02) 0.530
Pleural retraction or invasion, yes 45 (46.4) 12 (40.0) 33(49.3) 0.532  1.44(0.60, 3.43) 0.414
Pleural effusion, yes 20(20.6) 6(20.0) 14(20.9) 1 1.02 (0.35,2.96) 0.969
Pleural nodularity, yes 14 (14.4) 2(6.7) 12 (17.9) 0.214  2.57(0.59, 11.26) 0.211
Lung metastasis, yes 16 (16.5) 3(10.0) 13(19.4) 0376  1.95(0.53,7.12) 0314
N stage 0.918

NO 48 (49.5) 15 (50.0) 33(49.3) Reference

N1 16 (16.5) 6(20.0) 10 (14.9) 0.75(0.23,2.43) 0.628

N2 21(21.6) 6(20.0) 15(22.4) 1.10(0.36,3.37) 0.863

N3 12 (12.4) 3(10.0) 9(13.4) 1.26 (0.31,5.16) 0.752
Emphysema, yes 37(38.5) 9(31.0) 28 (41.8) 0.444  1.56(0.62,3.90) 0.345
Interstitial lung disease, yes 13(13.4) 5(16.7) 8(11.9) 0.533  0.66(0.20,2.21) 0.503

Unless otherwise indicated, data in parentheses are percentages.

*p-values obtained by chi-square test or Fisher’s exact test for categorical variables and independent t-test or Mann-Whitney U test for
continuous variables.

Cl = confidence interval, EBUS-TBNA = endobronchial ultrasound guided transbronchial needle aspiration, EGFR = epidermal growth fac-
tor receptor, HU = Hounsfield unit, Inf = infinite, IQR = interquartile range, OR = odds ratio, PCNB = percutaneous transthoracic cutting
needle biopsy, PD-L1 = programmed death ligand 1, TBLB = transbronchial lung biopsy

Based on the feature selection requirements in the univariate analyses for the prediction of
PD-L1 expression, higher tumor stage (stage IV, p = 0.241), larger primary tumor size (p =
0.160), presence of pleural nodularity (p = 0.211), and presence of lung metastases (p = 0.314)
were candidates for multivariate analysis. Although the p-values of higher tumor stage, pres-
ence of pleural nodularity, and presence of lung metastases were not < 0.2, we selected these
variables because they could reflect the invasiveness of the tumor with PD-L1 expression,
which has been noted in previous studies (10, 14, 22). The results of the multiple logistic re-
gression analyses are presented in Table 3. In multivariate analyses of total significant fea-
tures, the odds ratios (OR) for the presence of pleural nodularity and lung metastasis were
3.01 and 2.30, respectively. When we performed a multiple regression analysis using the total
significant features through a backward process until the smallest AIC value was obtained,
only pleural nodularity was selected (p =0.211, OR = 2.57).

ASSOCIATIONS OF CLINICOPATHOLOGICAL AND CT FEATURES WITH
PD-L1 EXPRESSION IN ADVANCED-STAGE PATIENTS

Comparisons of clinicopathological and CT features according to PD-L1 expression and the
results of univariate analysis in 40 patients with advanced-stage disease, defined as stage I1IB
or higher, are presented in Table 2. According to our feature selection requirements, in the
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Table 2. Comparison of Clinicopathological and CT Features according to PD-L1 Expression and Univariate Analysis in Advanced-Stage Pa-
tients

Total Negative Positive . Univariate
(n =40) (n=11) (n=29) p-Value OR(95%Cl)  p-Value

Age, median (IQR), years 74.0 (71.0-77.0) 73.0(71.5-82.0) 74.0(70.0-76.0) 0.501 0.96 (0.86, 1.08) 0.511
Sex, male 40 (100.0) 11 (100.0) 29(100.0)
Tissue sample method 0.868

Surgery 3(7.5) 1(9.1) 2(6.9) Reference

PCNB 15 (37.5) 5 (45.5) 10 (34.5) 1.15(0.09,14.95  0.917

TBLB * EBUS-TBNA 22 (55.0) 5 (45.5) 17 (58.6) 1.91(0.15,24.07)  0.617
Tissue obtain site 1

Lung 40 (97.6) 11 (100.0) 29 (96.7)
Tumor stage 0.369

1B 7(17.5) 3(27.3) 4(13.8) Reference

v 33(82.5) 8(72.7) 25(86.2) 2.33(0.43,12.63)  0.325
Extrathoracic metastasis, yes 11 (27.5) 4(36.4) 7(24.1) 0.445 0.56 (0.13, 2.45) 0.437
EGFR mutation, yes 1(2.8) 1(9.1) 0(0.0) 0.306 0(0-0)
Tumor differentiation 0.345

well 0(0.0) 0(0.0) 0(0.0)

Moderate 23(76.7) 5(62.5) 18 (81.8) Reference

Poor 7(23.3) 3(37.5) 4(18.2) 0.38(0.06,2.27) 0.290
Primary tumor size (mm), median (IQR)  59.5 (49.5-70.4) 52.0 (42.0-68.4) 60.0(52.0-68.0)  0.691  1.02(0.98,1.07)  0.236
Lesion type 1

Nodule or mass 30(75.0) 9(81.8) 21(72.4) Reference

Endo/peribronchial lesion 1(2.5) 0(0.0) 1(3.4) Inf (Inf-Inf)

Mixed 9 (22.5) 2(182) 7(24.1) 133(0.24,723)  0.745
Distribution 0.366

Central 21(52.5) 4(36.4) 17 (58.6) Reference

Peripheral 19 (47.5) 7(63.6) 12 (41.4) 0.43(0.10, 1.75) 0.239
Pleural effusion, yes 16 (40.0) 3(27.3) 13 (44.8) 0473  1.99(045,870)  0.362
Pleural nodularity, yes 12 (30.0) 2(182) 10 (34.5) 0451  2.05(0.40,10.53)  0.392
Lung metastasis, yes 13 (32.5) 2(18.2) 11 (37.9) 0.286 2.36(0.46,12.03)  0.301
Lung metastasis 0.19

No 27 (67.5) 9(81.8) 18 (62.1) References

Oligo 10 (25.0) 1(9.1) 9 (31.0) 3.25(0.45,23.41) 0242

Multiple 1(2.5) 1(9.1) 0(0.0) 0.17(0.00,16.96)  0.452

Lymphangitic 2(5.0) 0(0.0) 2(6.9) 2.57(0.06,115.14)  0.627
N stage 0.763

NO 10 (25.0) 4(36.4) 6(20.7) Reference

N1 7(17.5) 2(18.2) 5(17.2) 1.52(0.20,11.66)  0.685

N2 11(27.5) 2(182) 9 (31.0) 2.63(0.38,18.03)  0.325

N3 12 (30.0) 3(27.3) 9 (31.0) 1.88(0.31,11.29)  0.491
Emphysema, yes 13(33.3) 3(30.0) 10(34.5) 1 1.15(0.25,5.28) 0.854
Interstitial lung disease, yes 6(15.0) 4(36.4) 2(6.9) 0.039 0.15(0.02,0.97) 0.047

Unless otherwise indicated, data in parentheses are percentages.

*p-values obtained by chi-square test or Fisher’s exact test for categorical variables and independent t-test or Mann-Whitney U test for
continuous variables.

Cl = confidence interval, EBUS-TBNA = endobronchial ultrasound guided transbronchial needle aspiration, EGFR = epidermal growth fac-
tor receptor, HU = Hounsfield unit, Inf = infinite, IQR = interquartile range, OR = odds ratio, PCNB = percutaneous transthoracic cutting
needle biopsy, PD-L1 = programmed death ligand 1, TBLB = transbronchial lung biopsy
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Table 3. Multiple Logistic Regression Models for the Prediction of PD-L1 Positivity in Total Patients

Odds Ratio 95% Confidence Interval p-Value
Total significant features
Tumor stage
I Reference
Il 1.23 0.29-5.23 0.776
1l 0.91 0.24-3.45 0.885
I\ 0.66 0.12-3.69 0.638
Primary tumor size 1.01 0.99-1.04 0.288
Pleural nodularity 3.01 0.55-16.52 0.206
Lung metastasis 2.30 0.50-10.49 0.282
Selected feature
Pleural nodularity 2.57 0.59-11.25 0.211

PD-L1=programmed death ligand 1

Table 4. Multiple Logistic Regression Models for the Prediction of PD-L1 Positivity in Advanced-Stage Patients

OR 95% CI p-Value OR 95% CI p-Value
Model 1 (total significant features) Model 1* (selected features)
Primary tumor size 1.06 1.00-1.12 0.159 Primary tumor size 1.06 1.00-1.12 0.060
Distribution 0.43 0.05-4.03 0.461
Pleural effusion 141 0.14-14.59 0.773
Pleural nodularity 6.75 0.46-99.70 0.165 Pleural nodularity 8.78  0.78-98.95 0.079
Lung metastasis Lung metastasis
No No
Oligo 17.69  1.03-304.19  0.048 Oligo 1635 1.10-243.27  0.043
Multiple 0.14  0.00-15.97 0.411 Multiple 0.18 0.00-18.91 0.469
Lymphangitic 259  0.04-156.23  0.650 Lymphangitic 255 0.05-119.76  0.634
Interstitial lung disease 0.17  0.02-1.87 0.147 Interstitial lung disease 0.10 0.01-0.95 0.045
Model 2 (total significant features) Model 2* (selected features)
Primary tumor size 1.04 0.99-1.10 0.116 Primary tumor size 1.04 0.99-1.10 0.094
Distribution 0.82  0.12-5.72 0.838
Pleural effusion 114 0.16-8.39 0.896
Pleural nodularity 5.62 0.50-63.25 0.162 Pleural nodularity 6.86 0.75-62.31 0.087
Lung metastasis 5.54 0.78-39.48 0.088 Lung metastasis 6.06  0.82-44.95 0.078
Interstitial lung disease 0.19 0.02-1.86 0.155 Interstitial lung disease 0.15 0.02-1.14 0.067

Cl = confidence interval, OR = odds ratio, PD-L1 = programmed death ligand 1

univariate analyses for prediction of PD-L1 expression, tumor size (p = 0.236), distribution (p =
0.239), pleural effusion (p = 0.362), pleural nodularity (p = 0.392), presence of lung metastasis
(p =0.301), pulmonary oligometastases (p = 0.242), and presence of interstitial lung disease (p =
0.047) were candidates for multivariate analyses. The p-values of tumor size, pleural effusion,
pleural nodularity, presence of lung metastasis, and pulmonary oligometastases were not < 0.2,
but they were selected as significant features because they could reflect the invasiveness of the

tumor with PD-L1 expression. Distribution (central or peripheral) and pulmonary oligometas-
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tases were also selected because tumors expressing PD-L1 tend to be centrally located and
show pulmonary oligometastases on CT.

The results of the multiple logistic regression analysis are presented in Table 4. Two sepa-
rate models were developed for the multivariate analysis of lung metastases. Model 1 catego-
rized lung metastasis type into “oligometastases, multiple metastases, and lymphangitic me-
tastases,” while Model 2 simply categorized the presence of lung metastasis as “yes or no.”
When we performed multiple regression analysis using the total significant features through
a backward process until the smallest AIC value was obtained, larger primary tumor size (p =
0.060, OR = 1.06), presence of pleural nodularity (p = 0.079, OR = 8.78), pulmonary oligometas-
tases (p = 0.043, OR = 16.35), and absence of interstitial lung disease (p = 0.045, OR = 0.10) were
selected for Model 1 (Fig. 2), while larger primary tumor size (p =0.094, OR = 1.04), presence of
pleural nodularity (p = 0.087, OR = 6.86), presence of lung metastases (p = 0.078, OR = 6.06),
and absence of interstitial lung disease (p = 0.067, OR = 0.15) were selected for Model 2.

PREDICTIVE PERFORMANCE FOR MODEL PD-L1 POSITIVITY
For the 97 study patients, the AUC value of the ‘total significant features model’ (tumor

stage, primary tumor size, pleural nodularity and lung metastasis) was 0.65 and the AUC val-
ue of the ‘selected features model’ (pleural nodularity) was 0.556 (Fig. 3A).
For the 40 advanced-stage patients, the AUC of the total significant features model (primary

Fig. 2. The representative CT images of a 74-year-old male show pulmonary squamous cell carcinoma posi-
tive for PD-L1 expression.

A. A mediastinal setting image of a contrast-enhanced CT scan shows a central primary lung cancer in the
left upper lobe (white arrow) and pleural nodularity (black arrows) with pleural effusion (arrowhead) in the
ipsilateral hemithorax.

B. Alung setting image shows a metastatic nodule in the right lower lobe (arrow).

PD-L1=programmed death ligand 1
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Fig. 3. Receiver operator characteristic curves of the predictive models developed for the total study patient population (A), Model 1 (B),
and Model 2 (C) of the advanced-stage patients.
AUC = areas under the curve
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tumor size, distribution, pleural effusion, pleural nodularity, pulmonary oligometastases, and
interstitial lung disease) and the selected features model (primary tumor size, pleural nodular-
ity, pulmonary oligometastases, and interstitial lung disease) in Model 1 were 0.906 and 0.897,
respectively, whereas those for the total significant features model (primary tumor size, distri-
bution, pleural effusion, pleural nodularity, presence of lung metastasis, and interstitial lung
disease) and the selected features model (primary tumor size, pleural nodularity, presence of
lung metastasis, and interstitial lung disease) in Model 2 were 0.850 and 0.840, respectively
(Fig. 3B, C).

Demographic information and a comparison of clinicopathological and CT features accord-
ing to PD-L1 expression in the 29 patients who underwent surgical resection without neoadju-
vant chemotherapy are presented in Supplementary Table 1.

DISCUSSION

Our study demonstrated that significant CT features were associated with PD-L1 expression
in pulmonary SCC tissue specimens, and we were able to develop predictive models. For the
total study patient population, the AUC of the total significant features model (tumor stage,
primary tumor size, presence of pleural nodularity, and lung metastasis) and the selected fea-
tures model (pleural nodularity) were 0.652 and 0.556, respectively. Among the selected fea-
tures, the OR for pleural nodularity was 2.57. For advanced-stage patients, the AUC of the total
significant features model (primary tumor size, distribution, presence of pleural effusion,
pleural nodularity, pulmonary oligometastases, and interstitial lung disease) and the selected
feature model (primary tumor size, presence of pleural nodularity, pulmonary oligometastases,
and absence of interstitial lung disease) in Model 1 were 0.906 and 0897, respectively. Among the
selected features, the ORs for pleural nodularity and pulmonary oligometastases were high at
8.78 and 16.35, respectively. Based on these results, we found that pleural nodularity and pulmo-
nary oligometastases are valuable predictive CT features in advanced-stage patients.

In our study, we selected CT features, including higher tumor stage, primary tumor size,
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presence of pleural nodularity, and lung metastasis, found in the study patient population
through univariate analyses and used them as input variables for multivariate analyses based
on clinical significance and p-value. Although the p-values of these features were not very low
in the univariate and multivariate analyses, comparative analyses of clinicopathological and
CT features according to PD-L1 expression showed a tendency toward a higher tumor stage,
larger tumor size, presence of pleural nodularity, and pulmonary metastases. In addition, the
differentiation performance of the models obtained by combining these factors was obtained
through multivariate regression using a backward process until the smallest AIC value was
sufficient to predict PD-L1 expression. However, because a significant number of the study
patients had resectable tumors, they showed relatively low statistical power for application as
prediction models.

Therefore, we developed separate predictive models for advanced-stage patients with signif-
icant CT features, using the same method as that used for the total patient group. Compared
with the total patient group, the AUCs of total significant features and selected features in
Model 1 for advanced-stage patients were 0.906 and 0.897, respectively, indicating a high pre-
dictive value of the models of PD-L1 expression. Among the selected features of Model 1, pul-
monary oligometastases had a very high OR of 16.35, and the presence of pleural nodularities
also had a high ORs (8.78 in Model 1 and 6.86 in Model 2). These results are novel and have not
been reported previously. Several previous studies have assessed radiological predictive mark-
ers of PD-L1 expression, but these were limited to pulmonary ADC (10, 14, 22). Further studies
are needed to validate whether targeted PD-L1 immunotherapy is indicated for advanced-
stage pulmonary SCC when CT findings show pulmonary oligometastases and pleural nodu-
larity. Nevertheless, we believe our findings and the radiologic phenotype approach described
herein are meaningful in terms of building baseline research data for future studies and dem-
onstrated that CT features may have potential utility as predictive markers of PD-L1 expres-
sion and advanced-stage SCC in patients who are not suitable for invasive sampling.

This study had several limitations. First, it was conducted retrospectively using patient data
from a single center, which may have led to a selection bias. All patients were men over the age
of 70 years due to the skewed patient population of the Veterans Hospital. Second, the sample
size was small (97 patients and 40 advanced-stage patients); therefore, the statistical power
was low, especially for the statistical analysis of 40 advanced-stage patients. Therefore, we
consider our findings as preliminary. Third, the statistical results are prone to overfitting ow-
ing to the lack of internal and external validation. Fourth, smoking history, which is an impor-
tant clinical risk factor in patients with lung cancer, was not included as a clinical variable.

In conclusion, our CT-based model was able to predict PD-L1 expression in patients with
pulmonary SCC, especially in advanced stages. Among the CT features assessed, primary tu-
mor size, pleural nodularity, pulmonary oligometastases, absence of interstitial lung disease,
and presence of pleural nodularities and lung metastases were considered strongly predic-
tive of PD-L1 expression in patients with advanced-stage pulmonary SCC based on high ORs.
Furthermore, with respect to metastases, pulmonary oligometastases are a predictive factor
for PD-L1 expression in advanced-stage pulmonary SCC. A predictive model based on CT fea-

tures may facilitate the non-invasive assessment of PD-L1 expression.
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