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Abstract

Background: The prognostic role of PD-LI expression in surgically resected lung adenocarcinoma
(ADC) remains controversial. The present study was aimed to clarify the role of PD-L1 expression
in predicting prognosis and to investigate its biological function in ADC.

Materials and Methods: The association between PD-L1 expression and clinical outcomes in
patients with resected ADC was analyzed using immunohistochemistry (IHC) in our cohort
(n=104), externally validated by a meta-analysis of 13 published studies. The biological role of PD-L1
in ADC was explored using gene set enrichment analysis (GSEA).

Results: Positive PD-LI expression in tumor cells was observed in 38.5% (40/104). High PD-LI1
expression levels were significantly correlated with poor overall survival (P=0.008). Furthermore,
the meta-analysis also showed that positive PD-L1 expression was associated with shorter OS than
negative PD-L1 expression (HR=1.75, 95% CI: 1.26-2.42; P<0.001). In subgroup analysis stratified
according to ethnicity, the pooled results demonstrated that increased PD-L1 expression was an
unfavorable prognostic factor for Asian populations (HR=2.11, 95% CI: 1.48-3.02; P<0.001), but not
for non-Asian populations (HR=1.16, 95% CI: 0.63-2.11, P=0.64). The pooled odds ratios (ORs)
indicated that PD-L1 expression was associated with positive lymph node metastasis (OR=1.74, 95%
Cl: 1.23-2.46; P=0.002) and male (OR=1.56, 95% CI: 1.02-2.37; P=0.04). GSEA revealed PD-LI
expression levels positively correlated with immune process or immune-related pathways.

Conclusion: PD-LI expression is an important negative prognostic factor in resected ADC. This

finding has important implications for immunotherapy targeting the PD-1/PD-L1 pathway in patients
with resected ADC.
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Introduction

Lung cancer, especially non-small cell lung
cancer (NSCLC), is the most prevalent cancer
worldwide [1]. Among NSCLC; adenocarcinoma is
the most common type of NSCLC. Despite recent
advances in screening, minimally invasive techniques
for surgery, radiation therapy, targeted therapies, and
immunotherapies, the prognosis of NSCLC remains

poor [2].Complete surgical resection is the preferred
treatment modality for patients with early stage
NSCLC. Although patients with early stage NSCLC
underwent complete resections, they are not cured,
and the 5-year survival rate varies from 73% in stage
IA to 9% in stage IIIB [3]. Adenocarcinoma is the most
frequently diagnosed form of NSCLC. To improve
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prognosis, it is of great importance to identify
effective biomarker to predict the progression of
resected ADC patients.

More recently, the blockade of programmed
death 1 (PD-1)/ programmed death ligand 1 (PD-L1)
immune checkpoint has been demonstrated a
remarkable clinical efficacy through increasing host
antitumor immunity [4-7]. PD-1/PD-L1 pathway
inhibitors were approval for the treatment of
metastatic NSCLC patients [2]. Unfortunately;
PD-1/PD-L1 pathway inhibitors are only effective in
some patients with NSCLC. It is critically important to
effectively screen out patients who may benefit most
from PD-1/PD-L1-targeted therapy. A meta-analysis
indicated that PD-L1 expression level on tumor cells
might be a predictive biomarker of therapeutic
response to PD-1/PD-Ll-targeted therapy [8].
Therefore, it is essential to fully understand PD-L1
expression in NSCLC and the relationship between
PD-L1 expression and prognosis. PD-L1 expression
has been found in several cancers, including breast
cancer [9], lung cancer [10], gastric cancer [11],
colorectal cancer [12], ovarian cancer [13], and
prostate cancer [14]. Our previous study showed that
positive PD-L1 expression was associated with poor
prognosis in gastric cancer [15], breast cancer [16] and
surgical lung squamous cell carcinoma [17]. However,
data on the prognostic role of PD-L1 expression and
the mechanism of progression for resected ADC
remains controversial.

In the present study, we explored the prognostic
significance of PD-L1 expression by the IHC
evaluation in patients with resected ADC, externally
validated by a meta-analysis of 13 published studies.
Furthermore, we elucidated the molecular pathways
associated with PD-L1 expression by gene set
enrichment analysis (GSEA) on RNA-sequencing data
from The Cancer Genome Atlas (TCGA)

Materials and Methods

Clinical specimen analysis

One hundred and four patients who underwent
complete surgical resection lung adenocarcinoma
were enrolled at Harbin Medical University Cancer
Hospital from January 2009 to December 2012. None
of the patients received preoperative chemotherapy,
target therapy or radiotherapy. Clinicopathological
variables were obtained from medical records.
Sixty-three patients (60.6%) were male, and the
median age was 629 years (range 32-81). This
population included 49 smokers (47.1%) and 55
non-smokers (52.9%). Sixty-nine patients (66.3%)
presented with pathological stage I-Il disease, 35
patients (33.7%) with stage III-IV. This study was
approved by the Ethics Committee of Harbin Medical

3490
University Cancer Hospital.
Immunohistochemical analysis of PD-L1
expression
Immunohistochemical (IHC) analysis was

performed on formalin-fixed paraffin-embedded
(FFPE) blocks. Briefly, 4pm-thick sections were
dewaxed with xylene, and rehydrated with a graded
series of ethanol solutions, and treated with H>O; in
methanol to inhibit endogenous peroxidase activity.
Each slide was incubated with rabbit monoclonal
antibodies to human PD-L1 (Abcam, Cambridge, UK).
The PD-L1 immunostaining results were divided into
two groups based on staining intensity and the
percentage of tumor cell positivity. Patients with
weak staining or less than 5% of tumor cells were
considered negative. Patients with moderate or strong
staining and more than 5% of tumor cells were
considered positive. The 5% cutoff value was chosen
based on the result of a previous clinical trial [18]. The
detailed protocol used in this study was described in
our previous study [17].

Meta-analysis analysis

We conducted a comprehensive electronic
database search for published articles using the
PubMed, Embase, and Cochrane library databases (up
to 31 May, 2017).The following text words were used:
(PD-L1 OR B7-H1 OR CD274 OR programmed cell
death 1 ligand 1 protein OR CD274 Antigen OR
PD-L1 costimulatory protein OR B7H1 Antigen) AND
(lung cancer OR non-small cell lung cancer OR lung
adenocarcinoma). The inclusion criteria for the
present study were as follows: (1) all patients
underwent complete pulmonary resection and were
histologically confirmed as lung adenocarcinoma; (2)
PD-L1 expression was detected by IHC in primary
lung adenocarcinoma tissue; (3) Studies provided the
correlation between PD-L1 expression and
clinicopathological features. (4) Studies provided
sufficient information to extract hazard ratio (HR) and
95% confidence interval (CI) date for OS; and (5)
Studies were written in English. When duplicate
publications were identified, only the most recent
article was included in the analysis.

Two independent investigators extracted the
relevant data, and any discrepancy was resolved by
consensus involving a third investigators. The
following data was collected: name of the first author,
year of publication, country, number of ADC patients,
TNM stage, PD-L1-positive expression, endpoint, HR
estimation and outcome.

Public datasets analysis

In order to further investigate the prognostic
impact of PD-L1 mRNA gene expression data in lung
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adenocarcinoma. KM plotter was used to analyze the
correlation of PD-L1 mRNA expression to OS
(http:/ /kmplot.com/analysis/index.php?p=service&
cancer=lung).

Gene set enrichment analysis (GSEA)

Gene expression profile of Lung
adenocarcinoma was from The Cancer Genome Atlas
(TCGA) database (https://tcga-data.nci.nih.gov/
tcga/). The association between gene expression and
biological processes was analyzed using GSEA. We
used lung adenocarcinoma RNA-seq data generated
by TCGA and sorted the samples into the top and
bottom quartiles of PD-L1 expression (high and low
PD-L1 expression, respectively). Default settings were
used and thresholds for significance were determined
by permutation analysis (1000 permutations). The
gene sets showing FDR of 0.25, a well-established
cutoff for the identification of biologically relevant
gene, were considered enriched between classes
under comparison. The nominal P value and
normalized enrichment score (NES) were used to sort
the pathways enriched in each phenotype. The KEGG
gene sets, GO gene sets biological process database
and Canonical pathways from the Molecular
Signatures Database-MsigDB were wused for
enrichment analysis.

Statistical methods

The correlation of PD-L1 expression with
clinicopathological characteristics was evaluated
using chi-square tests or Fisher’s exact test. DFS and
OS were assessed by the Kaplan-Meier method, and
comparison was conducted using the log-rank test.
Prognostic factors of OS were calculated by univariate
and multivariate analysis. Statistical analyses were

performed using SPSS software (version 17.0; SPSS,
Chicago, Illinois, USA).

In the meta-analysis, RevMan 5.3 software and
STATA version 12.0 was used for all of the
meta-analysis data. The odds ratio (OR) was pooled to
measure the correlation of PD-L1 expression with
clinicopathological parameters. HR was combined to
obtain the association between PD-L1 expression and
OS. If HR was not available, we calculated these data
points from Kaplan-Meier survival curves using
Engauge Digitizer version 4.1.The heterogeneity was
assessed using the Chi? test and I2. If Chi? P value< 0.1
or an I? statistic >50%, indicating the presence of
heterogeneity; In these cases, a random-effects model
was used. Otherwise, a fixed-effects model was used.
The potential publication bias was assessed by
Egger’s and Begg's tests.

Results

Correlations between PD-L1 expression and
clinicopathologic features

Staining for PD-L1 was mainly observed in the
membranes of tumor cells. Representative examples
of PD-L1 staining patterns are shown in Figure 1.
Positive PD-L1 protein expression was noted in 40 of
104 patients (38.5%). The relationship between PD-L1
expression and clinicopathological features are
presented in Table 1. Positive lymph node metastasis
tended to show high PD-L1 expression in ADC, but
this was not statistically significant (P = 0.081). There
were no significant correlations between PD-L1
expression levels and age, gender, smoking history,
tumor size, TNM stage.
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Figure 1. Representative immunohistochemical staining of PD-L1 in lung adenocarcinoma patients. (A) Positive PD-L1 expression (Magnification 200x). (B)

Negative PD-LI expression (Magnification 200x).
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Figure 2. Prognostic significance of PD-L1 expression in lung adenocarcinoma. (A) Disease free survival curves for patients with positive PD-L1 expression and
negative PD-L1 expression (P=0.018). (B) Overall survival curves for patients with positive PD-L1 expression and negative PD-L1 expression (P=0.008).

Table 1. Associations between clinicopathologic parameters and

PD-L1 expression

Clinicopathologic All patients PD-L1 expression P-value
characteristics n (%) Negative  Positive

Age 0.779
<65 58(55.8) 35 23

>65 46(44.2) 29 17

Gender 0.253
Male 63(60.6) 36 27

Female 41(39.4) 28 13

Smoking history 0.641
Smoker 49(47.1) 29 20

Non-Smoker 55(52.9) 35 20

Tumor size 0.361
<3 cm 68(65.4) 44 24

>3 cm 36(34.6) 20 16

Lymph node metastasis 0.081
Negative 63(60.6) 43 20

Positive 41(39.4) 21 20

TNM stage 0.164
I 69(66.3) 46 23

-1V 35(33.7) 18 17

Table 2. Univariate and multivariate analyses of prognostic
factors for overall survival

Factor Univariate analysis Multivariate analysis
HR (95%ClI) P-value HR (95%CI) P-value

Age(>65 vs <65) 1.353 (0.862-2.123) 0.188

Gender (Male vs Female)  1.231 (0.780-1.942) 0.373

Smoking status (Yes vs 1.184 (0.757-1.852) 0.460

No)

Tumor size (>3cm vs 1.553 (0.975-2.475) 0.064  1.283(0.787-2.09) 0.318

<3cm)

Lymph node metastasis ~ 1.51 (0.963-2.370) 0.073  1.538(0.955-2.475) 0.077

(Yes vs No)

TNM stage (III-IV vs I-IT) * 1.902 (1.19-3.038)  0.007  1.922(1.182-3.124) 0.008

PD-L1 (Positive vs
Negative) *

1.811 (1.154-2.842) 0.01 1.571(0.982-2.513) 0.06

*P<0.05

PD-L1 expression was associated with clinical
outcomes

Kaplan-Meier analysis revealed that patients
with positive PD-L1 expression was significantly

correlated with poor disease-free survival (DFS)
(P=0.018) and overall survival (OS) (P=0.008) (Figure
2).The univariate Cox regression model showed that
TNM stage and PD-L1 expression were correlated
with OS, whereas age, gender, smoking status, tumor
size, and lymph node metastasis status were not
significantly correlated with OS. Further multivariate
analyses demonstrated that TNM stage was
significant independent predictors of OS (Table 2).

Meta-analysis confirmed the prognostic value
of PD-L1 expression

In this study, we identified a total of 2300
potentially relevant articles with our initial search
strategy. After screening these articles, we determined
that 13 trials met our inclusion criteria and thus
included these articles in the final analysis. A detailed
flowchart depicting the study selection is presented in
Figure 3. The characteristics of the included studies
are shown in Table 3. The meta-analysis showed that
positive PD-L1 expression was associated with
shorter OS than negative PD-L1 expression (HR=1.75,
95% CI: 1.26-2.42; P<0.001) (Figure 4). Significant
heterogeneity was observed (2 = 83%, P <0.001),
therefore, a random effects model was used for the
analysis. In addition; we performed subgroup
analyses according to ethnicity. The results showed
that the combined HRs of Asian studies and
non-Asian studies were 2.11 (95% CI: 1.48-3.02,
P<0.001) and 1.16 (95% CI: 0.63-2.11, P=0.64),
respectively, indicating that PD-L1 was an indicator of
the poor prognosis in Asian populations, but not in
non-Asian populations (Figure 5). In meta-analysis
study, we investigated the association between PD-L1
expression and clinicopathological characteristics. The
pooled results showed that PD-L1 expression was

http://lwww.jcancer.org



Journal of Cancer 2018, Vol. 9 3493

Record  identifid through Additional reconds identified (OR=1.74, 95% CI 1.23-2.46; P=0.002). However, we
database scarching (n=2300) through other resources (n=0) detected no significant relationships between PD-L1
expression and smoking status (OR=1.49, 95% CI
0.86-2.58; P=0.16), tumor size (OR=1.57, 95% CI
0.40-6.19; P=0.52), EGFR status (OR=0.62, 95% CI
0.26-1.45; P=0.27), ALK status (OR=1.52, 95% CI
0.63-3.67; P=0.35) and KRAS status (OR=1.27, 95% CI
Records excluded by sereening titles | ().74-2.16; P=0.38) (Figure 6). Heterogeneity was not
xalntiack () observed in the analysis of the relationships between
] PD-L1 expression and lymph node metastasis, ALK
Full text reviewed in detail (n=46) status and KRAS status; thus, a fixed effect model
was used. The other analyses were performed using
the random effects model.

y

Records screened after duplicates removed (n=1994)

2 , .
33 articles excluded Be'ggs funnel plot and the Egger’s linear
»| Review, meta-analysis (n=4) regression were performed to evaluate the
Lacking of original data (n=29) publication bias of the inclusion studies. The P

values for these tests were 0.081 and 0.3,
respectively, indicating that there was no significant
publication bias in the meta-analysis
(Supplementary Figure 1).

y

Final eligible studies (n=13)

Figure 3. Flow chart for this meta-analysis

increased in patients with male (OR=1.56, 95% CI
1.02-2.37; P=0.04) and positive lymph node metastasis

Table 3. Characteristics of the studies included in the meta-analysis

First author Year Region No. of ADC patients TNM stage PD-L1 positive rate Endpoint HR estimation Outcome
Yang et al 2014  Asia 163 I 39.9% (65/163) 0os K-M NR
Cooper et al 2015 Non-Asia 276 111 5.1%(14/276) os K-M NR
Ameratunga et al 2016  Non-Asia 288 LI 48.6%(140/288) 0s K-M NR
Cha et al 2016  Asia 323 LIV 18.6%(60/323) 0s K-M Poor
Huynh et al 2016  Non-Asia 261 -1V 36.5%(95/261) (O] K-M Poor
Jietal 2016  Asia 100 v 40%(40/100) 0os K-M Poor
Shimoji et al 2016  Asia 165 -1V 22.4%(37/165) 0s K-M Poor
Song et al 2016  Asia 385 I-11I 48.3%(186/385) 0s K-M NR
Sun et al 2016  Asia 664 v 36.6% (243 /664) os HR NR
Toyokawa et al 2017  Asia 292 I 16.1%(47/292) os K-M NR
Uruga et al 2017  Non-Asia 109 1I-111 51%(56/109) 0s HR NR
Takada et al 2017  Asia 417 I-11I 20.4%(85/417) 0s HR Poor
Wu et al 2017  Asia 133 -1V 13.5%(18/133) 0os HR Poor

Abbreviations: OS=overall survival, HR= hazard ratio, K-M= Kaplan-Meier curve, NR= not relevant.

Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratiol SE_Weight IV, Random, 95% CI Year 1V, Random, 95% C
Yang 2014 -0.1625 0.7133  3.6% 0.85[0.21, 3.44] 2014
Cooper 2015 0.9555 03232 7.7% 2.60 [1.38, 4.90] 2015 S
Sun 2016 0.1484 0.1468 10.0% 1.16 [0.87, 1.55] 2016 ™
Song 2016 0.207 0.1264 10.2% 1.23[0.96, 1.58] 2016 B
Shimoji 2016 1.247 03996 6.7% 3.48 [1.59, 7.62] 2016 -
Ameratunga 2016 -0.3011 0.1514  9.9% 0.74 [0.55, 1.00] 2016 |
Ji 2016 0.8544 0392 6.8% 2.35[1.09, 5.07] 2016 -
Huynh 2016 0.5008 03758 7.0% 1.65[0.79, 3.45] 2016 =
Cha 2016 1.0886 0.2173 9.1% 2.97 [1.94, 4.55] 2016 -
Takada 2017 0.6881 0.1758 9.6% 1.99 [1.41, 2.81] 2017 R
Wu 2017 1.2223 05082 54% 3.39[1.25,9.19] 2017 -
Uruga 2017 -0.3857 0.2707 8.4% 0.68 [0.40, 1.16] 2017 —=l
Toyokawa 2017 1.9199 0.4804 57% 6.82 [2.66, 17.49] 2017
Total (95% Cl) 100.0% 1.75[1.26, 2.42] L

Heterogeneity: Tau? = 0.26; Chi* = 68.70, df = 12 (P < 0.00001); I* = 83% :

Test for overall effect: Z = 3.35 (P = 0.0008) 0.01 PSJ_.L i 1 e neg:aowe 100

Figure 4. Forest plot of hazard ratio (HR) for the association between PD-L1 expression and overall survival in patients with lung adenocarcinoma
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Hazard Ratio
Random, 9

Hazard Ratio

Random

Yang 2014 0.1625 07133  4.8% 0.85[0.21, 3.44] 2014 —

Sun 2016 0.1484 01468 15.7% 1.16 [0.87, 1.55] 2016 ™

Song 2016 0.207 01264 16.1% [0.96, 1.58] 2016 ™

Shimoji 2016 1247 03996 9.5% [1.59,7.62] 2016 —E—
Ji2016 0.8544 0392 9.7% [1.09, 5.07] 2016 =

Cha 2016 10886 02173 14.0% [1.94,4.55] 2016 _—

Wu 2017 12223 05082 7.4% 3.39(1.25,9.19) 2017 —=
Toyokawa 2017 19199 04804 7.9%  6.82[2.66,17.49] 2017 .
Takada 2017 06881 0.1758 15.0% 1.99 [1.41, 2.81] 2017 -
Subtotal (95% Cl) 100.0% 2.11 [1.48, 3.02] &

Heterogeneity: Tau? = 0.19; Chi? = 35.51, df = 8 (P < 0.0001); = 77%

Test for overall effect: Z = 4.10 (P < 0.0001)

2.1.2 Non-Asia
Cooper 2015 0.9555 0.3232 23.5% 2.60[1.38,4.90] 2015 —
Ameratunga 2016 -0.3011 0.1514 29.5% [0.55, 1.00] 2016 -
Huynh 2016 0.5008 0.3758 21.5% 1.65[0.79, 3.45] 2016 i =T
Uruga 2017 -0.3857 0.2707 25.5% 0.68 [0.40, 1.16] 2017 —=7
Subtotal (95% Cl) 100.0%  1.16[0.63, 2.11] -
Heterogeneity: Tau? = 0.30; Chi? = 16.06, df = 3 (P = 0.001); I* = 81%
Test for overall effect: Z = 0.47 (P = 0.64)
0.01 0.1 1 10 100

PD-L1 positive PD-L1 negative

Figure 5. Forest plot describing subgroup analysis of the association between PD-L1 expression and overall survival stratified by patient source.

The prognostic value of PD-L1 mRNA
expression in public datasets

We used K-M plotter and determined the
prognostic value of PD-L1 mRNA expression in the
database. The Affymetrix IDs is valid: 227458_at
(PD-L1). Survival curves are drafted in
www.kmplot.com for only surgical margins negative
adenocacinoma of lung (n =204).PD-L1 mRNA high
expression was significantly associated with worse OS
(P=0.018) (Supplementary Figure 2).

The molecular mechanisms of PD-L1 in ADC

Our results noted that increased PD-L1
expression was associated with poor prognosis in
patients with resected ADC; however. The molecular
mechanisms were not clear. In order to assess whether
the expression levels of PD-L1 were associated with
known gene signatures, we used lung
adenocarcinoma RNA-seq data generated by TCGA
and sorted the samples into the top and bottom
quartiles of PD-L1 expression. According to the
results of the GSEA, we can see that the 20 most
prominent pathways are immune-related gene sets
which indicate PD-L1 expression levels positively
correlated with immune process or immune-related
pathways (Figure 7). Some typical pathways were
listed below: natural killer cell mediated cytotoxicity,
toll like receptor signaling pathway, cytokine-
cytokine receptor interaction and chemokine
signaling pathway. In order to further confirm our
findings, we also analyzed a background set of
Canonical pathways, as well as the background set
with GO biological process, we found that GSEA
analysis based on the gene set of Canonical pathways
was quite similar with the result of KEGG,

Immune-related signaling pathways occupied the
most significant of the first four pathways. In
addition, the GO biological process analysis also get a
similar result, the most significant enrichment of the
first four processes, were closely related with the
immune (Supplementary Figure 3). By comparing the
results of the three background sets, we found that
immune-related signaling pathways were
significantly enriched in different background sets
and were ranked very well, suggesting that the
function of PD-L1 in ADC may have a link between
immune-associated factors.

Discussion

The PD-1/PD-L1 pathway plays an important
role in immune escape. Previous studies already
revealed that high PD-L1 expression is associated
with the poor prognosis of many tumors
[9,11-14].However, the function of PD-L1 in resected
ADC is still disputed. Some studies showed that high
PD-L1 expression was associated with poor prognosis
[19-24]; however, other studies did not confirm this
result [25-31].The following aspects might be possible
reasons causing these different results: (1) PD-L1
protein expression was determined using different
antibodies in the different studies; (2) the criteria for
determining positive PD-L1 expression in different
studies were not consistent; (3) the stages and
intervention factors of enrolled patients in different
studies were different; and (4) the different specimen
collection times affected PD-L1 detection. Therefore,
establishment of a unified PD-L1 detection platform
and standardization of the determination criteria for
positive PD-L1 expression have high significance for
future PD-L1 detection. The current commonly used
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PD-L1 antibodies include clone 28-8, clone 22c3, clone
SP142, and clone SP163. Our previous studies showed

that clones 28-8, 22c3,
consistency [32].

and SP163 had

higher
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A Top 20 positive pathway
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Figure 7. Correlations between PD-L1 expression and predefined gene signatures by Gene set enrichment analysis in The Cancer Genome Atlas (TCGA)
dataset. (A), GSEA analysis showed that PD-L| expression levels positively correlated with immune process or immune-related pathways. Such as (B) natural killer cell mediated
cytotoxicity, (C) toll like receptor signaling pathway, (D) cytokine-cytokine receptor interaction, (E) chemokine signaling pathway.

We found 104 cases of patients with resected  associated with poor prognosis of the patients. To
ADC in our center using IHC. The study results further validate the association between PD-L1
showed that positive PD-L1 expression was  expression and prognosis in ADC, the PubMed,
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Embase, and Cochrane databases were searched to
identify all relevant studies evaluating the PD-L1
expression and overall survival of resected ADC. The
combined analytic results also showed that high
PD-L1 expression was associated with poor prognosis
for patients with resected ADC. The results of
subgroup analyses based on populations with
different races showed that high PD-L1 expression
was associated with poor prognosis for ADC in the
Asian population, whereas PD-L1 expression was not
associated with the prognosis in non-Asian
populations. A recent meta-analysis also showed that
PD-L1 overexpression was closely associated with the
prognosis in NSCLC in the Asian population [33]. In
addition, our previous meta-analysis showed that
PD-L1 expression was associated with poor prognosis
(HR=1.40, 95% CI: 1.19-1.65, P< 0.001). In subgroup
analysis stratified according to histology types, the
pooled results demonstrated that PD-L1 expression
was an unfavorable prognostic factor for NSCLC and
pulmonary  lymphoepithelioma-like  carcinoma
(LELC) rather than small cell lung cancer (SCLC) [34].
However, the previous meta-analysis did not
investigate the correlation between PD-L1 expression
and prognosis in resected lung adenocarcinoma.
Currently, the largest study analyzed 1,070 cases of
operable NSCLC [29].The results showed that the
PD-L1 positive expression group was more prone to
relapse than the PD-L1 negative expression group,
which was consistent with our results. In addition,
our results from analyzing public databases showed
that high PD-L1 mRNA expression is associated with
poor prognosis. These results indicate that high PD-L1
expression could promote tumor relapse and
metastasis.

Clinical trial has confirmed that PD-1/PD-L1
inhibitors have better efficacy in the treatment of lung
adenocarcinoma [35]. Studies also showed that the
PD-L1 protein expression level in tumor cells is
closely associated with efficacy and is a predictive
factor of efficacy [36]. Therefore, understanding the
expression of PD-L1 in ADC and its association with
clinical parameters can allow better screening to
identify the population that is more suitable for
PD-1/PD-L1 inhibitor treatment. Our study showed
that the proportion of patients with ADC who were
positive for PD-L1 expression was 38.5% (40/104).
This result of our study was similar to that of Huynh
et al [20], who showed that the proportion of patients
who were positive for PD-L1 expression was 36.5%.
The determination criterion of positive PD-L1
expression in that study was consistent with that in
our study; both studies required the percentage of
tumor cells to be greater than 5% for the
determination criterion. Our previous studies showed

that the positive rate of PD-L1 in patients with lung
squamous cell carcinoma who were positive for
PD-L1 was 58.3% (49/84), which was higher than that
for patients with adenocarcinoma [17]. Tsao et al also
showed that the proportion of patients with ADC who
were positive for PD-L1 was lower than that of
patients with lung squamous cell carcinoma [37]. Our
analyses on combined data showed that PD-L1
expression was associated with gender and lymph
node metastasis and that the proportion of patients
who were positive for PD-L1 expression was higher in
male and lymph node-positive patients. The results of
our validation using clinical specimens also showed
that the PD-L1 expression in patients positive for
lymph node metastasis was higher; however, the
difference was not statistically significant. The
association between PD-L1 expression and lymph
node metastasis indicates that the activation of the
PD-1/PD-L1 pathway allows tumor cells to escape
immune system surveillance; thus, metastasis was
more likely to occur.

Increasing amounts of evidence have already
shown that high PD-L1 protein expression in tumor
cells is associated with poor prognosis for patients
with ADC. However, the specific molecular
mechanism is still not clear. It is currently thought
that several possible action mechanisms exist for the
PD-1/PD-L1 pathway in tumors. PD-L1 induces
apoptosis in activated T cells through binding to the
PD-1 expressed in activated T cells. Blocking the
PD-1/PD-L1 signaling pathway can reduce apoptosis
in tumor-specific T cells to exert anti-tumor effects
[38]. The activation of the PD-1/PD-L1 signaling
pathway can inhibit signaling pathways, such as
RAS/MEK/ERK and PI3K/AKT, to suppress T cell
proliferation [39]. In the tumor microenvironment,
PD-L1 expression can induce depletion of infiltrating
T lymphocytes to cause infiltrating T lymphocytes to
lose the immune surveillance function [40]. PD-L1
induces the production of regulatory T cells (Treg),
maintains and strengthens their negative regulation
functions, and inhibits the activity of effector T cells
[41]. PD-L1 can induce the epithelial-mesenchymal
transition (EMT) to cause tumor cell invasion and
metastasis [42]. The increase in HIF-1 expression can
increase PD-L1 expression to downregulate the
functions of activated T cells [43]. The activation of the
JAK/STAT3, NF-«xB, PI3K/AKT, EGFR/HER2, and
KRAS pathways can increase PD-L1 expression to
induce immune tolerance [44-48]. To comprehen-
sively understand the association between high PD-L1
expression and signaling pathways, we considered
the results of GSEA, which showed that the PD-L1
expression was mainly associated with immune
signaling, such as natural killer cell-mediated
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cytotoxicity, “Toll-like receptor signaling pathway”,
“cytokine receptor interaction”, “chemokine receptor
interaction”, and “T cell receptor signaling pathway”.
In addition to immune-related signaling, we also
discovered that PD-L1 expression was associated with
signaling pathways, such as apoptosis and
JAK/STATS3. To further validate these results, we also
analyzed a background set of canonical pathways, as
well as the background set, with GO biological
process, and the analytic results were similar. The
discovery of these pathways can provide certain
theoretical support for subsequent basic research
studies.

We admit that our study has many limitations.
First, the amount of clinical resected ADC specimens
included was relatively small. To obtain more
convincing results, we performed combined analyses
on relevant published studies of the association
between PD-L1 expression and the prognosis of
patients with resected ADC. Second, this study
mainly analyzed patients with ADC at the early stage
and did not analyze patients with advanced ADC.
The main reason for this choice was that the amount
of advanced lung adenocarcinoma specimens was
limited and that these specimens might provide
useful information for subsequent treatment of
patients; therefore, our center strictly restricted the
use of specimens from patients with advanced ADC.
Third, we discovered pathways associated with high
PD-L1 expression using GSEA; however, validation
was not performed. We will perform mechanism
validation in future studies.

In summary, our study showed that high PD-L1
expression was a predictive indicator of poor
prognosis for patients with resected ADC. PD-L1
expression was closely associated with gender and
lymph node metastasis. This population may have a
relative advantage in PD-1/PD-L1 treatment, and
their treatment results may generate references for
clinical drug selection. Furthermore, we found that
PD-L1 expression was mainly associated with
immune pathways. The underlying mechanism
should be confirmed in basic studies.
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