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Impact of copy number variant and single nucleotide
polymorphism of the programmed death-ligand 1 gene,
programmed death-ligand 1 protein expression and
therapy regimens on overall survival in a large group of
Caucasian patients with non-small cell lung carcinoma
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Abstract. Anti-programmed death-1 or anti-programmed
death-ligand 1 (PD-LI) blockade may be ineffective in some
patients with non-small cell lung cancer (NSCLC) with high
percentage of tumor cells with PD-L1 expression. In addi-
tion, immunotherapy may provide great benefits in patients
without PD-L1 expression. The present study assessed
PD-L1 protein expression by immunohistochemistry, copy
number variation (CNV) of PD-LI and two single nucleotide
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polymorphisms (SNPs),rs822335 and rs822336, in the promoter
of PD-LI by quantitative PCR in 673 patients with NSCLC.
Overall survival time of patients with NSCLC depending on
the assessed predictive factors (PD-L1 CNV or SNP) and the
treatment methods (immunotherapy in first/second line of
treatment or chemotherapy) was analyzed. The present study
revealed significantly higher PD-L1 copies number in patients
with =10% and =50% of tumor cells with PD-L1 expression
compared to patients with lower percentage of PD-L1-positive
tumor cells (P=0.02 and P=0.0002, respectively). There was
a significant positive correlation (R=0.2; P=0.01) between
number of PD-L1 copies and percentage of tumor cells with
PD-L1 protein expression. Percentage of tumor cells with
PD-L1 expression was lower in patients with TT genotype
of the rs822335 polymorphism compared to those with CC
genotype (P=0.03). The present study observed significantly
higher risk of death in patients treated with chemotherapy
compared to those treated with immunotherapy (P<0.0001;
hazard ratio=2.4768; 95% confidence interval, 2.0120-3.0490).
The present study demonstrated a close relationship between
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PD-LI copies number, genotype of rs822335 PD-L1 polymor-
phism and PD-L1 protein expression on tumor cells. However,
the impact of CNV and SNPs of PD-LI on overall survival of
patients with NSCLC requires further investigation.

Introduction

Lung cancer (LC) is one of the most common causes of death
in the world and is the cause of 20% of cancer-associated
deaths (1). The incidence of LC in Europe is >410,000
cases/year (1-3). Occurrence of LC is in second place
(>200,000 cases/year in Europe) in men after prostate cancer
and third in women (~100,000 cases/year) after breast and
colorectal cancer (2). Non-small cell LC (NSCLC) is the
most frequent histopathological type of LC (~85% of all LC
cases) (3). At present, the most effective therapeutic option for
NSCLC seems to be immunotherapy targeting immune check-
points (4). One of these checkpoints involves programmed
death-ligand 1 (PD-L1); PD-L1 expression on neoplastic cells
allows them to escape from immune surveillance by interacting
with programmed death-1 (PD-1) located on T cells (4,5).
Immunotherapies using anti-PD-1 or anti-PD-L1 monoclonal
antibodies block the PD-1/PD-L1 pathway and make cancer
cells visible to the immune system, which can now recognize
and destroy them (4,5). Suitability for immunotherapy is based
on the evaluation of protein expression on tumor cells using
immunohistochemical methods (4-7).

Examination of PD-L1 expression using immunohisto-
chemistry (IHC) serves an important role in the qualification
of patients with NSCLC for first line immunotherapy (6-10).
Patients with PD-L1 expression on =50% of tumor cells may be
treated with first line pembrolizumab therapy (6,7). Currently,
monoclonal antibodies clone 22C3 (DAKO) or clone SP263
(Ventana) are recommended for assessing PD-L1 expression on
tumor cells (TCs) (8). However, five different antibody clones
(SP142, SP263,22C3, 28-8, 73-10) and IHC tests were used for
assessment of PD-L1 expression in clinical trials with different
anti-PD-1 or anti-PD-L1 immune-check points inhibitors (such
as nivolumab, pembrolizumab and durvalumab) (9-12). These
resulted in divergent evaluation of PD-L1 expression on tumor
and immune cells (9,10). From a technical point of view, the
differences in IHC tests results are due to the different affinity
strength of particular antibodies and due to their different
binding site in PD-L1 molecule (extracellular or intracellular
domain of PD-L1 protein) (11,12). The expression of PD-L1
protein on cancer cells may also depend on PD-LI expression,
single nucleotide polymorphisms (SNPs) or the number of
PD-LI copies [copy number variation (CNV)].

There are several SNPs of PD-LI described in litera-
ture, such as rs2297136, rs4143815, rs4143815, rs822336 or
rs822337 (13-22). They have different locations in the gene
(introns, exons, promoters), however majority of them are
located in 3'-untranslated region (3'-UTR) and are closely
related to posttranscriptional regulation of gene expression
(related to microRNA activity) (15-22). There is some evidence
that PD-LI polymorphisms may be independent predic-
tive biomarkers in patients with NSCLC receiving first-line
chemotherapy with paclitaxel and cisplatin (15). Studies
on PD-LI polymorphisms are conducted mainly in Asian
populations (15,16). The promoter region is involved in the

initial regulation of gene expression (transcription). Specific
transcription factors, recognizing the promoter sequence,
attach and recruit other proteins, including polymerases
involved in transcription initiation. Therefore, the sequence of
promoter region is crucial for the attachment of proteins, and
polymorphisms of the promoter region may affect the binding
strength of transcription complex, which may change PD-L1
expression (23).

The CNV of different genes is another genetic factor
affecting protein expression. Some studies have indicated that
the number of PD-LI copies detected by fluorescence in-situ
hybridization (FISH) or quantitative (qQ)PCR is associated
with PD-L1 protein expression detected using IHC, which is
the only method approved in daily practice to assess PD-L1
expression in qualifying patients for immunotherapy (24-29).
gPCR is a simpler method compared with FISH for assessing
PD-L]I copies number. However, correlation between PD-L1
protein expression and PD-LI copies number has not always
been statistically significant using these two methods (26,27).

Currently, IHC for assessing PD-L1 expression on TCs
is the gold standard in qualification of patients with NSCLC
to first-line immunotherapy (11,14,24). However, anti-PD-1
or anti-PD-L1 blockade may be ineffective in some patients
with NSCLC with high percentage of TCs with PD-L1 expres-
sion (10,11,25). In addition, immunotherapy may provide
great benefits in patients without expression of this protein
(10,11,25). Moreover, to the best of our knowledge, there are
no clinical trials comparing the efficacy of the first-line of
immunotherapy used in patients with a high percentage of
PD-L1-positive TCs to the second-line of immunotherapy
used after first-line chemotherapy, regardless of the status
of PD-L1 expression on TCs. It may be that both methods
of treatments have similar effect on overall survival (OS) of
patients with NSCLC (10,11,14,24,25). This may suggest that
PD-L1 expression on TCs is a useful marker in qualification of
patients to first-line immunotherapy, but may not be predictive
of OS in patients treated with first- or second-line immuno-
therapy. Hence, the present study investigated the molecular
background of PD-L1 expression on TCs in a large group of
Caucasian patients with NSCLC and aimed to identify new,
potential predictive factors for immunotherapy. In addition,
the present study assessed the effect of selected predictive
factors and the type of treatment [best supportive care (BSC),
Ist, and 2nd line of immunotherapy] on OS in patients with
NSCLC.

Materials and methods

Studied group. A total of 673 locally advanced or advanced
patients with NSCLC without epidermal growth factor
receptor (EGFR) gene mutations and anaplastic lymphoma
kinase (ALK) gene rearrangement were enrolled. The present
study was a multicenter study, and materials were collected
between March 2017 and February 2019 at the following
centers: Independent Public Clinical Hospital No. 4 (Lublin,
Poland), Saint John of Dukla Oncology Centre of the Lublin
Region (Lublin, Poland), Specialist Hospital for Lung Diseases
(Zakopane, Poland), Poland Lord's Transfiguration Clinical
Hospital (Poznan, Poland), Mazovian Center for the Treatment
of Lung Diseases and Tuberculosis (Otwock, Poland),
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Provincial Hospital Center of the Jeleniogérska Valley (Jelenia
Gora, Poland), Independent Public Provincial Hospital Pope
John Paul II (Zamo$¢, Poland), Independent Public Group of
Tuberculosis and Pulmonary Diseases (Olsztyn, Poland) and
Regional Hospital for Lung Diseases (Szczecin-Zdunowo,
Poland). The mean age of the patients was 67+7.7 years (age
range, 36-88 years). There were 428 (64%) male and 245 (36%)
female patients. The patients provided written consent prior to
enrollment in the study. The study was approved by the Ethics
Committee of the Medical University of Lublin (Lublin, Poland)
(approval no. KE-0254/95/2018). Adenocarcinoma (AC) was
diagnosed in 370 patients (55%), squamous cell carcinoma
(SqCC) in 266 patients (40%), large cell carcinoma (LCC) in
9 patients (1%) and NSCLC not otherwise specified (NOS) in
28 patients (4%). Genetic and THC assays were performed in
formalin-fixed paraffin-embedded (FFPE) tissue specimens
(476; 71% cases) or in cell blocks (197; 29% cases) obtained
via routine hospital procedures. FFPE material was prepared
from forceps biopsy carried out during bronchoscopy or from
surgical materials, while cell blocks were prepared mostly from
materials obtained in endobronchial ultrasound transbronchial
needle aspiration (EBUS-TBNA) or endoscopy ultrasound
fine-needle aspiration (EUS-FNA) procedures. 499 samples
were primary tumor, while 174 were lymph node metastases or
distant metastases. Data on methods of treatment and overall
survival were available for 662 patients, who were included
in the study. In the studied group, 131 (20%) patients received
immunotherapy as one of the treatment lines (as first-line
therapy or after chemotherapy) and 489 (73%) patients only
chemotherapy. A total of 42 (6%) patients did not receive any
systemic treatment. Of the immunotherapy group, a total of
57 (44%) patients received pembrolizumab as first-line therapy
and 74 (56%) patients received atezolizumab or nivolumab in
the second-line of treatment. A total of 44 of the aforemen-
tioned patients had the second-line of chemotherapy after
pembrolizumab failure and 46 patients had the third-line of
chemotherapy after failure of atezolizumab or nivolumab. OS
time was calculated from diagnosis to death or last observation.
Median follow-up was 24 months, with follow-up performed
on the basis of patients' visits to the hospital, analysis of data
from the medical system and telephone information.

IHC. Analysis of PD-L1 protein expression was performed
on FFPE or cell block materials cut into 3-um-thick sections.
These were put on Thermo Scientific Superfrost Plus™
(Thermo Fisher Scientific, Inc.) glass slides and preheated at
59°C on a hotplate for at least 3 h prior to staining. The Ventana
PD-L1 clone SP263 antibody (1.61 pg/ml; cat. no. 790-4905;
Ventana Medical Systems, Inc.; Roche Diagnostics) was
used as a primary antibody for PD-L1 protein IHC staining.
[HC was performed using automated Ventana Benchmark
GX equipment (Ventana Medical Systems, Inc.; Roche
Diagnostics) according to the manufacturer's instructions in
a closed, fixed programme. OptiView DAB THC detection kit
(Ventana Medical Systems, Inc.; Roche Diagnostics) was used
as a detection system. Counterstaining using hematoxylin II
(Ventana Medical Systems, Inc.; Roche Diagnostics), was
included in the staining protocol. Rabbit monoclonal negative
control immunoglobulin (10 xg/ml; cat. no. 790-4795; Ventana
Medical Systems, Inc.; Roche Diagnostics) was used as a

negative control. After staining all glass slides were washed
and dehydrated in a series of 2 96% ethanol and 2 xylene
washing steps and then cover-slipped. Next, the slides were
assessed by 2 pathologists (Medical University of Lublin,
Lublin, and Specialist Hospital for Lung Diseases ‘Rebirth’
Klara Jelska, Zakopane; Poland) using an Olympus BX41 light
microscope. The assessment was based on whole stained slide
analysis, with at least 50 viable TCs available. The percentage
of PD-L1 positive TCs was determined according to the
presence or absence of staining of TCs, under consecutive
magnifications (from x40 to x400) depending on the intensity
of the staining. Comparison of corresponding haematoxylin
and eosin (H&E) and PD-L1 IHC slides was made to make
sure the material had enough TCs to get a proper diagnosis.

DNA extraction. Genomic DNA (gDNA) was isolated from
FFPE and cell blocks using QIAamp DNA FFPE Tissue kit
(Qiagen GmbH) according to the manufacturer's instruc-
tions. The quality and quantity of DNA was assessed using
BioPhotometer UV/Vis Spectrophotometer (Eppendorf). The
quality (ratio 260/280) of the isolates was 1.7-2.0 and the
concentration was in the range 20-192 ng/ul.

qPCR. A total of 2 polymorphisms, rs822335 (C_7590674_10;
cat.no.4351379; Applied Biosystems; Thermo Fisher Scientific,
Inc.) and rs822336 (C_1348559_10; cat. no. 4351379; Applied
Biosystems; Thermo Fisher Scientific, Inc.) in the PD-LI
promoter region were studied. In the present study, 2 SNPs
of PD-L1 promoter region were selected from the PubMed
dbSNP database (https://www.ncbi.nlm.nih.gov/snp/). PCR
mixture contained: 5.5 ul of Genotyping MasterMix (Applied
Biosystems; Thermo Fisher Scientific, Inc.), 4 ul of afore-
mentioned gDNA (5 ng/ul) and 0.5 ul of TagMan SNP Assay
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
following conditions were used for denaturation and enzyme
activation: 95°C for 10 min, and 40 cycles of 95°C for 15 sec
and 62°C for 60 sec.

CNYV of PD-LI were studied by qPCR using TagMan™
Copy Number Assay (Hs03704252_cn; cat. no. 4400291;
Applied Biosystems; Thermo Fisher Scientific, Inc.) and
RNazeP was used as a housekeeping gene (TagMan™
Copy Number Reference Assay; cat. no. 4403326; Applied
Biosystems; Thermo Fisher Scientific, Inc.). CNV was scored
using the 244% method (28). The thermocycling conditions
were as follows: 10 min initial denaturation at 95°C followed
by 40 cycles of 95°C for 15 sec and 62°C for 90 sec. qPCR
was performed on Illumina Eco Real-Time PCR equipment
(Illumina, Inc.). Each qPCR reaction was performed in dupli-
cate. qPCR results were analyzed using the EcoStudy-v4.0.4420
software (Illumina, Inc.). Three copies of PD-L1 were adopted
as an exponent of abnormal amplification.

Statistical analysis. Statistical analysis was carried out
using Statistica 13.1 (TIBCO Software, Inc.) and MedCalc
(MedCalc Software bvba) softwares. The data were presented
as the mean = SE. Each qPCR reaction was performed in
duplicate. The unpaired Student's t-test was used to assess the
differences in means of PD-LI copies number and percentage
of tumor cells with PD-L1 expression in groups of patients
with different SNPs and clinical factors. Associations between
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Figure 1. Examples of the evaluation of PD-L1 protein expression on TCs (magnification, x8). Case 1 (A) H&E staining, (B) control staining (negative) and
(C) PD-L1 expression on 1% of TCs. Case 2 (D) H&E staining, (E) control staining (negative) and (F) PD-LI expression on 10% of TCs. Case 3 (G) H&E
staining, (H) control staining (negative) and (I) PD-L1 expression on 50% of TCs. PD-L1 protein expression (in formalin-fixed paraffin-embedded or cell
block materials cut into 3-pm-thick sections put on Thermo Scientific Superfrost Plus™ glass slides and preheated at 59°C on a hotplate for =3 h prior to
staining) was assessed using the Ventana PD-L1 clone SP263 antibody. IHC was performed on Ventana Benchmark GX equipment according to the manufac-
turer's instructions in a closed, fixed programme. PD-L1, programmed death-ligand 1; H&E, hematoxylin and eosin; TCs, tumor cells.

genotypes of PD-LI and clinical factors, as well as PD-L1
CNYV and protein expression were examined using the Fisher's
exact test. Correlation between percentage of tumor cells with
PD-L1 expression and PD-L1 CNV was assessed using the
Spearman correlation test. The Kaplan-Meier log-rank method
was used to analyze the OS time for patients with different
predictive factors: type of treatment, line of immunotherapy,
percentage of PD-LI-positive tumor cells, CNV and SNPs
of PD-LI. P<0.05 was considered to indicate a statistically
significant difference.

Results

PD-LI protein expression analysis. In the entire patient
group, mean percentage of tumor cells with PD-L1 expression
was 25+30%. The patients were divided according to PD-L1
expression into 5 groups: i) Patients without PD-L1 expres-
sion (0% of TCs with PD-L1 expression, group 1); ii) patients
with any PD-L1 expression (=1% of PD-L1 positive tumor
cells, group 2); iii) patients with =5% of PD-L1 positive TCs

(group 3); iv) patients with =10% of PD-L1 positive TCs
(group 4); and v) patients with =50% of PD-LI1 positive TCs
(group 5). Group 1 consisted of 162 (24%) patients; group 2,
511 patients (76%); group 3, 440 patients (65%); group 4,
355 (53%) and group 5, 169 (25%) patients (Table I). Table I
presents the characteristics of patients from groups with
different percentage of tumor cells with PD-L1 expression.
Fig. 1 shows IHC staining results of single patients from the
groups described above.

A significantly higher percentage of patients with any
expression of PD-L1 on TCs was observed in the SqCC group
compared with the AC group (3*=18.039; P=0.0002; Table I). In
addition, it was also observed that the presence of PD-L1 expres-
sion on =10% of TCs was significantly more frequent in FFPE
materials compared to cellblocks (3*=4.088; P=0.043; Table I).
Tissue from primary tumors (most commonly obtained by
forceps biopsy or surgical resection) had significantly higher
expression of PD-L1 on =1% and =50% of TCs compared
with materials obtained from lymph node metastases (most
commonly obtained by EBUS-TBNA, EUS-FNA or other
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Table II. Clinicopathological and demographic features of patients according to PD-LI copy number variant.

Feature (n, %) <3 copies,n (%) =3 copies, n (%) > P-value
Total 571 (85) 102 (15) - -
Sex
Male (428, 64) 360 (81) 68 (19) 0.49 0.48
Female (245, 36) 211 (86) 34 (14)
Histopathological diagnosis
Adenocarcinoma, NSCLC NOS and large-cell carcinoma (407, 60) 356 (87) 51 (13) 5.51 0.02
Squamous cell carcinoma (266, 40) 215 (81) 51(19)
Tissue origin
Primary tumor (499, 74) 424 (85) 75 (15) 0.29 0.59
Lymph node or distant metastases (174, 26) 147 (84) 27 (16)
Material
FFPE (476,71) 405 (85) 71 (15) 0.07 0.79
Cell blocks (197, 29) 166 (84) 31 (16)

PD-L1, programmed death-ligand 1; NSCLC, non-small cell lung carcinoma; FFPE, formalin-fixed paraffin-embedded; NOS, not otherwise specified.
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Figure 2. Analysis of the relationship between PD-LI copies number and percentage of TCs expressing PD-L1 protein. Relationship between CN'V and percentage
of TCs with PD-L1 expression: (A) 0 vs. =1%, (B) <5 vs. =5%, (C) <10 vs. =10% and (D) <50 vs. =50% TCs with PD-L1 expression. (E) Relationship between
CNYV and histopathological diagnosis. Relationship between TCs with PD-L1 expression and allelic variants of rs822335: (F) CC vs. TT, (G) CC+CT vs. TT
and (H) CC vs. CT+TT. PD-L1, programmed death-ligand 1; TCs, tumor cells; CN'V, copy number variant; SNP, single nucleotide polymorphism; THC, immu-
nohistochemistry; g, quantitative; AC, adenocarcinoma; NOS, not otherwise specified; LCC, large cell carcinoma; SqCC, squamous cell carcinoma.

NSCLC (x*=5.51; P=0.02; Table II). In addition, significantly
higher number of PD-LI copies in were demonstrated in SqCC
compared with AC, NSCLC NOS, or LCC (P<0.01; Fig. 2E).
A significant positive correlation was found between
PD-L1 copies number and percentage of TCs with PD-L1
protein expression (R=0.2; P=0.01; data not shown). No
significant differences in number of PD-LI copies between
groups of patients with 0% and any percentage of tumor cells
with PD-L1 expression were found (P=0.7; Fig. 2A), as well
as between groups of patients with <5% and =5% of tumor
cells with PD-L1 expression (P=0.2; Fig. 2B). However, a
significantly higher number of PD-LI copies were observed

fine-needle aspiration procedures) (x*=7.296; P=0.007 and
v*=4.506; P=0.034, respectively; Table I). In conclusion, the
aforementioned results demonstrated that histological mate-
rials are more relevant for the analysis of PD-L1 expression
compared with materials from EBUS-TBNA or EUS-FNA.

CNV of PD-LI. The present study found that in 571 (85%)
cases, PD-LI copies number was <3 copies and in 102 (15%)
cases it was =3. Tables I and II were generated to characterize
groups of patients with different PD-LI copies number. It was
demonstrated that PD-L] amplification was more common in
patients with SqCC compared with patients with other types of
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Table III. Clinicopathological and demographic features of patients according to rs822335 genotype.

Feature (n, %) CC,n (%) CT, n (%) TT, n (%) y> P-value
Total 324 (48) 255 (38) 94 (14) - -
Sex
Male (428, 64) 213 (50) 153 (36) 62 (14) 2.29 0.32
Female (245, 36) 111 (45) 102 (42) 32 (13)
Histopathological diagnosis
Adenocarcinoma, NSCLC NOS and 184 (45) 165 (41) 58 (14) 4.34 0.11
large-cell carcinoma (407, 60)
Squamous-cell carcinoma (266, 40) 140 (53) 90 (34) 36 (14)
Tissue origin
Primary tumor (499, 74) 249 (50) 184 (37) 66 (13) 2.52 0.28
Lymph node or distant metastases (174, 26) 75 (43) 71 (41) 28 (16)
Material
FFPE (476,71) 243 (51) 171 (36) 62 (13) 548 0.06
Cell blocks (197, 29) 81 (41) 84 (43) 32 (16)

NSCLC, non-small cell lung carcinoma; FFPE, formalin-fixed paraffin-embedded; NOS, not otherwise specified.
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Figure 3. Kaplan- Meier curves of OS in patients with NSCLC. (A) Untreated, treated with immunotherapy or chemotherapy, (B) treated with first- or
second-line immunotherapy. OS, overall survival; NSCLC, non-small cell lung carcinoma.

in groups of patients with =10% and =50% of PD-L1 posi-
tive cancer cells compared with groups of patients with <10%
and <50% of tumor cells with PD-LI expression (P=0.02 and
P=0.0002; Fig. 2C and D, respectively). Differences in the
analyzed parameters are also shown in Table I.

SNPs of PDL-1 gene promoter region. Tables I, III and IV
represent the genotype distribution in the two analyzed SNPs
in the studied group. The percentage of TCs with PD-L1
protein expression was significantly lower in group of patients
with TT genotype in rs822335 compared with the CC geno-
type (P=0.03; Fig. 2F). A trend of lower percentage of TCs
with PD-L1 expression in group of patients with CT and TT
genotypes were observed compared with patients with CC
genotype in rs822335 (P=0.09; Fig. 2H). Similarly, a slightly

lower percentage of PD-L1 TCs was observed in carriers of TT
genotype compared with patients with CC and CT genotypes
rs822335 (P=0.06; Fig. 2G).

OS analysis. Median OS for the whole studied group was 9
months. Significantly higher risk of death was observed in
patients treated with chemotherapy (median OS, 8 months)
compared with those treated with any line immunotherapy
(median OS, 28 months) [P<0.0001; hazard ratio (HR)=2.4768;
95% confidence interval (CI), 2.0120-3.0490; Fig. 3A]. In
addition, a slightly greater risk of death in patients receiving
first-line immunotherapy (median OS, 19 months) compared
with those treated with second-line immunotherapy
(median OS, 28 months) was observed (P=0.06; HR=1.6834;
95% CI, 0.9697-2.9222; Fig. 3B).
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Table IV. Clinicopathological and demographic features of patients according to rs822336 genotype.

Feature (n, %) CC,n (%) CG, n (%) GG, n (%) a P-value
Total 157 (24) 258 (38) 258 (38) - -
Sex
Male (428, 64) 89 (20) 178 (42) 161 (38) 6.64 0.04
Female (245, 36) 68 (28) 80 (33) 97 (39)
Histopathological diagnosis
Adenocarcinoma, NSCLC NOS and 101 (25) 157 (38) 149 (37) 1.79 041
large-cell carcinoma (407, 60)
Squamous-cell carcinoma (266, 40) 56 (21) 101 (38) 109 (41)
Tissue origin
Primary tumor (499, 74) 118 (23) 193 (39) 188 (38) 0.36 0.83
Lymph node or distant metastases (174, 26) 39 (22) 65 (37) 70 (41)
Material
FFPE (476,71) 110 (23) 186 (39) 180 (38) 0.38 0.83
Cell blocks (197, 29) 47 (24) 72 (36) 78 (40)
NSCLC, non-small cell lung carcinoma; FFPE, formalin-fixed paraffin-embedded; NOS, not otherwise specified.
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i ST e i,
" wf “F P=0.02
’ g (::-uon-nl % % ' ’ ; e (3'"0°"‘h)h ) ) ) 0 ) Yrenn:xfzg:o:"m‘::]heraw ’ ;
D F
: B&.ﬂ—ﬂi P=0.8 ? .
ol P=0.3 P=0.5
z‘o ,,'0 + 5'0 . a'o ° * Time (:?onkh) ® ° Ov * Time (:nn:h) ® *
—_— Time (month) e ™ e

Figure 4. Kaplan-Meier curves of survival analysis in patients with NSCLC. According to percentage of TCs with PD-L1 expression (group with =50%
PD-L1 positive TC vs. group with <50% PD-L1 positive TC). (A) Entire cohort of patients, (B) immunotherapy treated patients, (C) patients who received
chemotherapy. According to (D) PD-LI copies number, (E) genotype of the rs822335 polymorphism, (F) genotype of the rs822336 polymorphism. PD-L1, pro-
grammed death-ligand 1; TCs, tumor cells; NSCLC, non-small cell lung carcinoma.

There were no statistically significant differences in
median OS between patients who had below and above 50%
of PD-L1 positive TCs (median OS, 9 months; P=0.6; Fig. 4A).
However, in the group of patients treated with immunotherapy,
patients with =50% PD-L1 positive tumor cells had greater risk
of death compared with patients with <50% tumor cells with
PD-LI expression (P=0.02; HR=1.9299,95% CI, 1.1221-3.3192;
Fig. 4B). This relationship was probably due to the surprisingly

greater effectiveness of second-line immunotherapy compared
with first-line immunotherapy (only patients with =50% of
tumor cells with expression of PD-L1 could receive pembro-
lizumab in the first-line therapy). There were no differences
in median OS depending on percentage of TCs with PD-L1
expression in group of patients treated with chemotherapy
(P=0.2; Fig. 4C). No significant differences in risk of death in
groups of patients with PD-L] copies number above and below
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3 were observed (P=0.8; Fig. 4D). No relationship was found
between CNV of PD-L] and risk of death in both groups of
patients receiving chemotherapy or immunotherapy. It was
demonstrated that patients with the TT genotype in rs822335
polymorphism had only slightly higher median OS compared
to patients with CC and CT genotypes (P=0.3; Fig. 4E). This
was particularly evident in patients receiving immunotherapy
(P=0.1). Patients with different genotypes in rs822336 poly-
morphism treated with chemotherapy or immunotherapy had
a similar risk of death (P=0.5; Fig. 4F).

Discussion

Differences in DNA of cancer cells, such as SNPs and CNV,
affect PD-L1 expression on tumor cells (15,16,27,29,30). In
the present study, 2 SNPs of PD-LI promoter region were
selected from the PubMed dbSNP database (31). The results
of the present study indicated that the rs822335 polymorphism
may be a predictor for PD-L1 protein expression on TCs in
Caucasian patients with NSCLC. In the present study, the
presence of T allele in rs822335 polymorphism of PD-L]
promoter was related to a lower percentage of TCs with PD-L1
protein expression, which confirmed our earlier on a smaller
group of patients (29). In this previous study in 47 patients with
NSCLC, CC genotype in rs822335 predisposed to significantly
higher percentage of TCs with PD-L1 expression tested with
22C3 antibody (29). In the present study, similar results were
obtained with the use of the clone SP263 antibody. In addi-
tion, the present study to the best of our knowledge is one of
the largest conducted in the world on this topic (673 patients).
Most of the existing studies about SNPs in PD-LI have been
conducted in Asian populations (15-17). In addition, a signifi-
cant part of studied polymorphisms is located in the 3'UTR of
PD-LI (16).

Large studies of the impact of PD-LI polymorphisms
on PD-LI1 protein expression and on prognosis in patients
with NSCLC have been conducted by Ma et al (16) and
Lee et al (17). Ma et al (16) analyzed SNPs in genes coding
the immune-check point proteins [Cytotoxic T-Lymphocyte
Associated Protein 4 (CTLA-4), PD-1 and PD-LI1] in
528 patients with NSCLC and in 600 healthy people. Using
PCR-RFLP (restriction fragments length polymorphism)
method, the aforementioned study demonstrated that the distri-
bution of polymorphic variants of CTLA-4 and PD-1 genes
in the group of patients with NSCLC and healthy volunteers
was similar (16). However, the incidence of AC genotype and
the presence of C allele in rs2890658 polymorphism of PD-L]
was significantly higher in patients with NSCLC compared
with healthy subjects (16). In addition, the C allele was more
common in smokers compared with non-smokers (16). Further
analysis indicated that this allele increased the risk of lymph
node metastases (16). Studies suggested that the CC genotype
in rs2890658 polymorphism may have a significant impact on
the development and progression of NSCLC (16,20,22).

In 2017, Lee et al (17) presented an analysis of SNPs of
PD-L]I in 354 patients with early stage NSCLC. The occur-
rence of different alleles in rs822336, rs822337 and rs4143815
(the first 2 SNPs are located in the promoter and the third in
the 3'UTR of PD-LI) affected OS of patients NSCLC (11).
In addition, they demonstrated that low mRNA expression

of PD-LI was a negative prognostic factor for patients with
NSCLC (17). The luciferase test in the aforementioned study
demonstrated that the presence of the G allele in rs4143815
provided lower transcription activity of PD-LI compared
with C nucleotide (17). In addition, the presence of C allele in
rs822336 and A allele in rs822337 decreased promoter activity
compared with the presence of G allele in rs822336 and
T allele in rs822337 polymorphism of PD-LI (17). However,
no significant correlation was observed between the rela-
tive mRNA expression (measured by qPCR) for PD-L1 and
the rs4143815, rs822336 and rs822337 polymorphisms (17).
The results presented by Lee er al (17) are consistent with
the results of the present study, which demonstrated that the
rs822336 polymorphism had no effect on PD-L1 expression
on TCs.

In 2016, Lee et al (15) published a study on the relationship
between 12 SNPs of PD-1, PD-LI and CTLA-4, and response
to first-line chemotherapy (paclitaxel and cisplatin), and OS
in 379 patients with advanced NSCLC. The rs2297136 poly-
morphism in the 3'UTR of PD-LI was significantly associated
with response to chemotherapy and median OS. In addition,
rs4143815 in the 3'UTR of the same gene was significantly
associated with response to chemotherapy (15). The authors
concluded that these SNPs may affect the expression of PD-L]
as a result of modification of miR-324-5p, miR-570-3p binding
site in 3'UTR of mRNA (9).

Du et al (18) also studied single nucleotide polymorphisms
in the miR binding sites located in the 3'UTR of PD-LI. They
demonstrated that rs2297136 and rs4742098 polymorphisms
were associated with risk of NSCLC, lymph node metastases,
tumor invasion, and presence of distant metastases (18). In
addition, they proved that both SNPs could influence the
development of lung cancer through the changes in action of
miR-296-5p, miR-138 and mRNA expression of PD-LI (18).

Yeo et al (19) investigated the prognostic value of rs4143815
(3'UTR), rs822336 (promoter), rs822337 (promoter) polymor-
phisms of PD-LI in 147 patients with NSCLC. Examined
group included 84 AC patients and 63 SqCC patients treated
with chemotherapy (19). The aforementioned study used the
pyrosequencing method for PD-L1 genotyping. In AC cases,
the GG genotype of rs4143815 polymorphism was associated
with shorter OS and progression free survival (PFS) compared
with patients with other genotypes of this SNP. CC genotype
in rs4143815 significantly increased PD-L1 expression on TCs
detected by the 22C3 antibody (three clones of antibodies
were used: SP142, 22C3 and SP263). No relationship between
the genotype of 1s822336 and rs822337 and the expression of
PD-L1I was observed (19). The results of the present study,
regarding the rs822336 polymorphism presented are consis-
tent with the findings of the aforementioned study.

To the best of our knowledge, the present study demon-
strated for the first time that patients with TT genotype
of rs822335 polymorphism had slightly higher median
OS compared with patients with CC and CT genotypes.
This result is notable and interesting, as the findings of the
present study also demonstrated that the presence of the TT
genotype was associated with lower percentage of PD-L1
positive TCs compared with the CC variant in rs822335. The
explanation for this phenomenon may be lower effectiveness
of the first-line immunotherapy used in patients with PD-L1
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expression on =50% of TC compared with the second-line
immunotherapy used in patients with lower percentage of
PD-L1 positive TCs. Differences in effectiveness of first and
second-line immunotherapy could explain why patients with
PD-L1 expression in =50% of TC had slightly lower median
OS compared with patients with <50% of PD-L1 positive TCs
in the present study. However, the findings of the present study
require further investigation.

The higher effectiveness of immunotherapy over chemo-
therapy is beyond doubt (7,24). This fact is confirmed by the
results of the present study and the results of numerous clinical
trials (11,13,14,24,25). However, in clinical trials assessing
the effectiveness of first-line immunotherapy compared with
first-line chemotherapy, a number of patients after termina-
tion of chemotherapy received second-line immunotherapy
(crossover). KEYNOTE-024 (7) and KEYNOTE-042 (24)
studies compared the effectiveness of pembrolizumab versus
platinum-based chemotherapy in patients with =50% or =1% of
PD-LI positive tumor cells, respectively. In KEYNOTE-024,
median OS was 30 months for patients treated with
pembrolizumab and 14 months in patients who received chemo-
therapy (7). For a subgroup of patients with =50% of PD-L1
positive TCs enrolled in KEYNOTE-042 study, there was
also a significant benefit for pembrolizumab compared with
chemotherapy (median OS, 20 vs. 12 months) (24). Percentage
of patients receiving a subsequent PD-1 inhibitor after progres-
sion in chemotherapy arm was 65% in KEYNOTE-024 study
and 20% in KEYNOTE-042 study (7,24).

The median OS in patients receiving the second-line of
immunotherapy is usually 10-12 months, which is calculated
from the start of the second-line of immunotherapy (7,24,25).
The time from diagnosis to death should be calculated for esti-
mation of OS of patients treated with chemotherapy followed
by immunotherapy. Second-line immunotherapy usually begins
10-12 months after chemotherapy failure. Hence, OS calculated
from the diagnosis in patients treated with chemotherapy with
subsequent immunotherapy could reach 20-24 months. This
would mean that first and second-line immunotherapy have
comparable efficacy (7,24,25). Of course, it is unacceptable
to use first-line chemotherapy instead of immunotherapy in
patients NSCLC with PD-L1 expression on =50% of tumor
cells. The best systemic treatment should be used at the begin-
ning of treatment. Numerous patients initially treated with
chemotherapy after progression are not able to receive further
treatment lines due to poor performance status. This phenom-
enon may also explain the longer median OS in patients treated
with second-line immunotherapy compared with patients
receiving first-line immunotherapy. These two groups of patients
may have completely different clinical characteristics. Patients
who receive two lines of treatment are still in good performance
status and the course of the disease is usually slow. Progression
(including hyperprogression) and deterioration of performance
status in patients treated with pembrolizumab in the first-line of
treatment could prevent the use of second-line chemotherapy.
Hence, patients treated with the first-line pembrolizumab are
patients who received only one treatment line (7,24,25).

The present study demonstrated that PD-LI copies number
was higher in the group of patients with a higher compared
with a lower percentage of TCs with PD-L1 expression
detected by the IHC method. In the present study, there was

significant positive correlation between PD-LI copies number
and percentage of TCs with PD-L1 expression. In addition,
PD-LI copies number was higher in SqCC compared with
ACC, NOS and LCC. This was consistent with the fact that
PD-L1 expression detected by the IHC method was signifi-
cantly more frequently found on TCs in patients with SqCC
compared with patients with other types of NSCLC. However,
the present study demonstrated that CNV of PD-LI was not a
good marker for the estimation of OS in patients treated with
immunotherapy, chemotherapy or BSC. Yoshimura ez al (26)
stated that the assessment of PD-L] copies number alterations
provided more reproducible results than protein expression
examination especially regarding intratumoral heterogeneity.
The aforementioned study was performed in material from
EBUS-TBNA of primary tumors, resected primary tumors and
resected metastases. They used fluorescent in sifu hybridization
to score the CNV of PD-LI and a positive correlation between
PD-L]I copies number and PD-L1 protein expression in corre-
sponding materials was found (26). CNV of PD-L] was less
heterogeneous compared with protein expression in different
parts of the tumor (26). Similarly, Inoue ez al (27) examined
differences in PD-LI copies number between primary tumors
and synchronous regional lymph nodes metastases of patients
with NSCLC. The aforementioned study revealed that the anal-
ysis of CNV of PD-L1 was highly consistent and reproducible
compared with PD-L1 expression assessment. Inoue ef al (27)
also studied PD-LI CNV by FISH method in correlation
with PD-L1 expression on tumor cells detected by the IHC
method and demonstrated that there is a positive correlation
between PD-LI CNV and protein expression on TCs. Both,
high PD-LI copies number and high protein expression were
predictors of poor survival in untreated patients (27). However,
they postulated that increasing PD-LI copies number may be
a feasible, alternative biomarker for prediction of response to
anti-PD-1 or anti-PD-L1 antibodies (27).

The aforementioned studies used the FISH method for
examination of PD-L]I status in TCs (26,27). The alternative to
FISH method is PCR method used for CNV of PD-L]I analysis
by Ikeda ef al (30) and the present study. Ikeda et al (30) exam-
ined 94 surgically resected lung cancer samples and found
5 samples (5%) with PD-L1 amplification. Patients with PD-L]
amplification had poorer outcomes compared with patients
with normal number of PD-LI (30). The aforementioned study
adopted 3 PD-LI copies as the cut-off threshold for recognition
of PD-LI amplification (30). In the present study, amplifica-
tion of PD-LI (=3 copies) was observed in 15% of patients
with NSCLC. These discrepancies in percentage of patients
with PD-LI amplification could result from the large size of
patients' group analyzed in the present study. George et al (32)
studied CNV of different genes in patients with small cell lung
cancer using whole-genome sequencing and observed ampli-
fication of PD-LI, which may indicate the sensitivity of small
cell lung cancer patients to immune-check point blockade.
The aforementioned study included a particularly important
methodological approach, next generation sequencing and
analyzed DNA and mRNA simultaneously (32), which is
definitely a good approach enabling a deeper understanding
of molecular background of tumor escape mechanisms from
immune surveillance in the context of the implementation of
immunotherapy in patients with lung cancer.
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The present study demonstrated that the expression of
PD-LI1 on tumor cells depends on extremely complex genetic
mechanisms. The findings of the present study demonstrated
that the rs822335 polymorphism and CNV of PD-L] influ-
enced PD-L1 expression on TCs, but was not related to the
OS of locally advanced or advanced patients with NSCLC.
Of course, patients benefit from the use of immunotherapy
instead of chemotherapy. The use of immunotherapy as the
best first line of treatment depends on the presence of PD-L1
expression on =50% of tumor cells (7,10,11). Unfortunately,
not all patients treated with pembrolizumab in the first-line
of treatment were able to receive a second-line of therapy in
the present study. Therefore, a longer OS calculated from the
time of diagnosis was recorded in patients treated with the
second-line of immunotherapy in whom the percentage of
TCs with PD-LI1 expression was usually <50%. However, the
present study presents some limitations. For example, analysis
of PD-L1 mRNA expression and its epigenetic regulators
should be further analyzed to provide additional information.
Therefore, further studies should be performed to investigate
the molecular background of PD-L1 expression and to identify
additional predictive factors for immunotherapy.
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