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ABSTRACT
Background: Lung adenocarcinoma (AD) is a common variant of non-small cell 

lung cancer (NSCLC). Programmed cell death protein 1/programmed cell death ligand 
1 (PD1/PD-L1) are promising immunotherapy targets and its expression may be an 
important biomarker of predicting clinical response. In this study, we evaluated PD-
L1 expression in conjunction with clinicopathological characteristics and outcomes 
in resected lung adenocarcinoma.

Results: This study included 133 cases of lung adenocarcinoma. PD-L1 expression 
rate in lung adenocarcinoma was 16.5% at the mRNA level and 13.5% at the protein 
level, and the kappa coefficient of the two examination methods was 0.824 (P = 0.219, 
highly correlated). PD-L1 was highly expressed in male patients and smokers with 
lung adenocarcinoma (P = 0.019 and 0.002, respectively), while no associations were 
identified between PD-L1 expression and age, tumor size, clinical stage, positive 
pleural invasion, lymph node metastasis, or therapy methods. Overexpression of 
PD-L1 was a significant indicator of shorter recurrence free survival time and overall 
survival (P = 0.000 and 0.000, respectively). Multivariate analysis revealed that PD-
L1 expression was an independent risk factor for poor recurrence free survival and 
overall survival (P = 0.009 and 0.016, respectively). 

Materials and Methods: Expression of PD-L1 was examined with 
immunohistochemistry, using the VENTANA PD-L1 (SP263) rabbit monoclonal 
antibody. mRNA levels of PD-L1 were evaluated using in situ hybridization. 

Conclusions: PD-L1 overexpression is more frequently observed in male patients 
and smokers in lung adenocarcinoma. PD-L1 expression is an indicator of worse 
prognosis in surgically resected lung adenocarcinoma patients. 

INTRODUCTION

Lung adenocarcinoma is a common variant of non-
small cell lung cancer (NSCLC). In recent years, there 
have been dramatic advances in the treatment of lung 
adenocarcinoma because of the development of therapies 
targeting driver oncogene alterations, for example, drugs 
targeting the epidermal growth factor receptor (EGFR) 
mutation or the anaplastic lymphoma kinase (ALK) 

fusion [1, 2]. However, most patients will inevitably 
develop acquired resistance to the targeted therapy [3–5]. 
Therefore, exploration into new lung cancer treatments is 
ongoing. Recently, immune check-point inhibition therapy 
has shown promising results in several kinds of malignant 
tumors, including NSCLC [6].

Immune checkpoints are inhibitory pathways that 
can maintain self-tolerance and protect peripheral tissues 
by modulating immune response [7]. Overexpression 
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of immune checkpoint proteins in tumor cells or tumor-
infiltrating lymphocytes (TILs) can help tumor cells 
escape surveillance by the immune system. Immune 
checkpoint inhibitor therapy can block the ligand- receptor 
interaction and activate a T cell immune response to 
attack the tumor cells. Programmed cell death protein 1/
programmed cell death ligand 1 (PD-1/PD-L1) is a major 
immune checkpoint signaling pathway. The binding of 
PD-L1 to PD-1 can block the immune response of T cells 
to the tumor cells. There are several ongoing clinical trials 
targeting NSCLC with PD-L1 protein. Pre-released data 
has shown that in unselected patients treated with anti–
PD-1/PD-L1 antibodies, roughly 20% had a meaningful 
response to therapy [8]. PD-L1 protein expression is 
reported to be a potential predictor of therapy response 
[9]. Careful selection of the specific population who 
will benefit from the targeted therapy is urgent. There 
are several commercial immunohistochemical (IHC) 
antibodies that have been designed as accompanying 
diagnostic tools for different clinical trials. However, 
owing to diverse examination methods and cutoff values, 
a unified standard examination method is needed for the 
selection of suitable targeted populations.

In this study, we evaluated PD-L1 expression 
using immunohistochemistry at the protein level 
and by in situ hybridization at the mRNA level. 
Furthermore, we compared the expression of PD-L1 with 
clinicopathological characteristics and outcomes in lung 
adenocarcinoma.

RESULTS

Clinicopathological characteristics of lung 
adenocarcinoma

The clinicopathological characteristics of the lung 
adenocarcinoma patients are summarized in Table 1. The 
median age was 58.94 years old (range, 32–84). Fifty-three 
(39.8%) patients were male and 80 were female. Ninety-
seven (74.0%) had never smoked and 34 were smokers. 
The average tumor size was 3.2 cm (range, 1.5–7.0 cm).  
Tumors of stages I, II, III, and IV were observed in  
65 (48.9%), 16 (12.0%), 42 (31.6%), and 10 (7.5%) cases, 
respectively. Post-operative therapy was performed in 
65 patients: 64 patients received chemotherapy; 6 were 
exposed to radiation therapy, and 5 received both types 
of therapy.

The growth pattern of lung adenocarcinoma was 
classified into lepidic (16 tumors), acinar (65), mucinous 
(8), solid (18), papillary (19), and micropapillary (7) 
patterns. Pleural involvement was identified in 92 cases. 
Positive node metastasis was present in 53 cases. 

Comparison of PD-L1 expression examined 
by immunohistochemistry and RNA in situ 
hybridization methods

Of the 133 cases of lung adenocarcinoma 
examined in this study, the PD-L1 expression rate in 

Figure 1: Representative results of PD-L1 expression in lung adenocarcinoma. (A) Positive result of PD-L1 examined via 
immunohistochemistry method. (×40) (B) Negative result of PD-L1 examined via immunohistochemistry method. (×40). (C) Positive result 
of PD-L1 examined via RNA in situ hybridization method. (×40). (D) Negative result of PD-L1 examined via RNA in situ hybridization 
method. (×40)
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lung adenocarcinoma detected by IHC and ISH was 
13.5% (18/133) and 16.5% (22/133), respectively. The 
two techniques were consistent in identifying 110 cases 
as PD-L1 negative, and 17 cases as PD-L1 positive. 
Representative cases of IHC and ISH results are shown 
in Figure 1. The concordance between IHC and mRNA 
ISH results was near perfect at 95.5% (127/133), with a 
κ‑coefficient of 0.824 (Table 2). No significant difference 
between the two methods was detected with the McNemar-
Bowker test (P = 0.219).

PD-L1 expression and its association with 
clinicopathological characteristics 

Expression of PD‑L1 was significantly higher 
in male patients than in female patients (P = 0.019); in 
smokers than non-smokers (P = 0.002); and in solid, 
papillary, or micropapillary growth pattern tumors 

compared to acinar and lepidic growth pattern tumors 
(P = 0.000). No significant association was detected 
between expression of PD‑L1 and patient age (≥ 70 
versus < 70 years, P = 1.000), tumor size (≤ 3 cm versus 
> 3 cm, P = 0.613), clinical stage (I + II versus III+IV, 
P = 0.067), pleural involvement (P = 0.553), or lymph 
node metastasis (P = 0.439).

Prognostic significance of PD-L1 expression in 
lung adenocarcinoma 

In the 133 patients with lung adenocarcinoma, the 
median recurrence free survival (RFS) and overall survival 
(OS) times were 32.00 and 34.70 months, respectively. 
Forty-eight patients experienced recurrence at a median 
follow-up time of 14.00 months. Twenty-one patients 
died at a median follow up time of 22.60 months. Kaplan–
Meier analysis revealed that PD-L1 expression was 

Table 1: Relationship between PD-L1 IHC expression and clinicopathological characteristics of 
lung adenocarcinoma patients

Characterisitcs
(N = 133) No. of patients (Percentage)

PD-L1 IHC
Positive (N = 18) Negative (N = 115) p-value

Age
1.000   > = 70 39 (29.3%) 5 34

  < 70 94 (70.7%) 13 81
Gender

0.019   Female 80 (60.2%) 6 74
  Male 53 (39.8%) 12 41
Smoking*

0.002   Smokers 34 (26.0%) 10 24
  Non- smokers 97 (74%) 7 90
Tumor Size (cm)

0.613    > 3 53 (39.8%) 6 47
  < = 3 80 (60.2%) 12 68
Stage

0.067   Early (I–II) 81 (60.9%) 7 74
  Advanced (III–IV) 52 (39.1%) 11 41
Invasion of pleural**

0.553   Yes 92 (70.2%) 14 78
  No 39 (29.8%) 4 35
Node metastasis

0.439   Yes 53 (39.8%) 9 44
  No 80(60.2%) 9 71
Histological subtype

0.000 Acinar+lepdic 81 (60.9%) 4 77
Others 52 (39.1%) 14 38

Abbreviations: AD, adenocarcinoma; PD-L1, programmed cell death ligand 1; IHC, immunohistochemistry.
*Two patients lost of follow-up; **Two patients lost of follow-up.
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significantly associated with a shorter RFS (P = 0.000) and 
OS (P = 0.000) (Table 3, Figure 2). PD-L1 overexpression 
and advanced clinical stage were identified as independent 
prognostic factors in multivariate analyses (Table 4). 

DISCUSSION

The clinical results show that monoclonal 
anti–PD-1/PD-L1 antibodies are powerful potential 
pharmaceutical therapy for advanced NSCLC. Careful 
selection of the targeted population is a prerequisite to 
protect patients from ineffective therapy and reduce side 
effects induced by the autoimmune system targeting the 
PD-1/PD-L1 axis. Preclinical data showed that PD-L1 
expression is correlated with an increased likelihood of 
response to PD-L1 targeted therapy [10]. Establishing a 
reliable detection method to select the right patients is an 
urgent issue. Our study showed that the SP263 antibody 
is a good examination antibody, because of the high 
correlation of PD-L1 expression between the protein and 
mRNA level. PD-L1 is more highly expressed in male 
patients and smokers; in solid, papillary or micropapillary 
growth patterns compared to acinar and lepidic patterns; 
and its expression is an independent indicator of early 
disease recurrence and worse OS.

Evaluating human epidermal growth factor 
receptor-2 in breast cancer by IHC, which is economic and 
time-saving, has been successful. Efforts are being made to 
establish a method to evaluate PD-L1 expression by IHC. 
A multitude of detection PD-L1 IHC antibodies have been 
utilized, including the Ventana SP263 and SP142 clones, 
and the Dako 28–8 and 22C3 clones [11–13]. Various 
clones are currently being used in clinical trials to evaluate 
PD-L1 expression following use of different drugs. There 
is no consensus on the definition of a PD‑L1 “positive” 
tumor, with different thresholds of cell expression used, 
e.g., 1%, 5%, 50%, and 25%. The lack of a standard 
examination method or a standard definition of a PD‑L1 
positive tumor following IHC staining is problematic. 
According to the central dogma of genetics, genes are first 
transcribed into mRNA and then translated into proteins. 
In the present study, the PD-L1 was detected and analyzed 
at the transcriptional level using mRNA ISH, and at the 
translational level using IHC. The concordance rate of 
the two methods was near perfect (95.5%; κ‑coefficient, 
0.824; P = 0.219). A recent study compared and validated 
6 commercially available PD-L1 monoclonal antibodies 
(SP142, E1L3N, 9A11, SP263, 22C3, and 28–8). Their 
results showed that all 6 antibodies had high levels of 
concordance (R2 = 0.76–0.99). They further suggested 

Table 2: Comparison of immunohistochemistry and in situ RNA detection methods for evaluation 
of PD-L1 expression

PD-L1 IHC
Kappa p-value

− +
PD-L1
RNA ISH

– 110 5
0.824 0.219

+ 1 17
Abbreviations: PD-L1, programmed cell death ligand 1; IHC, immunohistochemistry; ISH, in situ hybridization.

Figure 2: Prognostic significance of PD-L1 expression in lung adenocarcinoma. (A) Recurrence free survival in patients with 
positive or negative programmed cell death ligand (PD-L1) expression. (B) Overall survival in patients with positive or negative PD-L 
expression.
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that previously described differences in PD-L1 expression 
in tissue are independent of the antibody used and likely 
attributable to tumor heterogeneity, assay- or platform-
specific variables, or other factors [14]. Nowadays, the 
National Comprehensive Cancer Network guidelines 
have been updated to include the treatment of lung cancer 
by anti PD-L1 therapy, clinicians should choose different 
drugs according to the approved accompanied diagnostic 
methods before definitive conclusions can be drawn.

The PD-L1 expression rate in lung adenocarcinoma 
samples in our study was about 13%. Previously reported 
expression rates of PD-L1 using different IHC antibodies 
range from 8% to 55% in lung adenocarcinoma or 
NSCLC patients [15–18]. This variation might be caused 
by the use of different antibodies, different interpretation 
criteria, and the lack of a consensus PD-L1 IHC method 
at present, or different population and tumor types. For 

example, in the Keynote-024 clinical trial which included 
1653 patients, PD-L1 expression rate was 30.2% with 
a cut-off value of 50% or greater in NSCLC patients, 
which included adenocarcinoma and squamous cell 
carcinoma [19]. Our results are towards the lower limit 
of the previous results, mainly owing to ethnic group 
differences, and the relatively stricter evaluation criteria, 
i.e. only defining tumor positivity when more than 25% 
of the tumor cells were positive. In actuality, the clinical 
response rates in unselected patients across early trials 
have ranged from 10% to 20% in NSCLC [6, 8]. Further 
validation of this examination method and the clinical 
response is needed to test if this is suitable for selecting 
targeted patients. 

In our study, we observed significant correlation of 
PD-L1 expression with clinicopathological characteristics. 
PD-L1 expression is associated with smoking habits. 

Table 3: Univariate analysis for recurrence free survival and overall survival
Variables Median RFS (months) p-value Median OS (months) p-value

Age 0.178 0.842
≥ 70 39.30 45.17
< 70 36.04 46.31
Gender 0.047 0.077
  Female 40.19 42.82
  Male 32.25 47.99
Smoking 0.138 0.292
  Smokers 32.69 42.98
  Non- smokers 39.29 47.39
Tumor Size (cm) 0.309 0.459
   > 3 34.14 44.57
  ≤ 3 39.08 47.36
Stage 0.000 0.000
  Early (I–II) 42.58 49.59
  Advanced (III–IV) 28.50 40.33
Invasion of pleural 0.181 0.408
  Yes 35.96 46.00
  No 40.25 46.54
Node metastasis 0.032 0.066
  Yes 32.18 42.55
  No 40.31 48.16
Post-operative 
therapy 0.129 0.188

Yes 37.74 38.11
No 35.81 36.41
PD-L1 expression 0.000 0.000
  Positive 19.88 32.61
  Negative 39.74 48.11

Abbreviations: PD-L1, programmed cell death ligand 1; RFS, recurrence free survival; OS, overall survival.
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Smoking exposure may induce inflammatory as well as 
suppressive effects on the immune system [20]. Others 
have hypothesized that smoking-associated lung cancers 
have a higher mutational load, resulting in the creation 
of more tumor neoantigens and increased immunogenicity 
[21]. The results of the clinical trials showed that a history 
of smoking appears to impact the probability of response 
to anti–PD-1/PD-L1 monoclonal antibodies: the response 
rates in current/former smokers versus non/light smokers 
were associated with a stronger response to treatment 
[11, 13]. Besides smoking, our results also showed that 
PD-L1 expression is more frequent in male patients. The 
main reason for this is that male patients (31/53) were 
more likely to be smokers than the females (3/80). Other 
studies have also observed this correlation [22]. Previous 
studies have shown that overexpression of PD-L1 is 
much more common in poorly differentiated or higher 
pathological grades of lung adenocarcinoma [17, 23]. In 
our study, we also confirmed that papillary, micropapillary, 
and solid growth patterns are significantly associated 
with overexpression of PD-L1 compared to lepidic or 
acinar growth patterns. Besides these clinicopathological 
characteristics, others have also found that PD-L1 
expression is associated with lymphovascular invasion, 
advanced lymph node stage, or pleural invasion, which 
we did not observe in our study [24].

Expression of PD-L1 was reported to be correlated 
with poor clinical outcomes in a number of human 
cancers, including lung, melanoma, breast, bladder, 
ovarian, pancreatic, esophageal adenocarcinoma, and 
kidney tumors [25]. In our study, we identified PD‑
L1 as an independent indicator of early recurrence and 
shorter survival duration in lung adenocarcinoma. Others 
have also observed an association of PD-L1 with poorer 
prognosis in lung adenocarcinoma. For example, Zhang 
et al. discovered that in lung adenocarcinoma both PD-
L1 expression and PD-L2 expression were independent 
predictors of poor OS [26]. Chung et al. showed that 
PD-L1 and PD-L2 expression predicted poor prognosis 
for pulmonary adenocarcinoma [18]. The clinical trial 
results showed that PD-1 and PD-L1 blockade could 

prolong survival in patients with advanced lung cancer. 
All the above evidence indicated that overexpression of 
PD-L1 in tumor cells can help the tumor cells to escape 
the surveillance of T cells, in turn acquiring resistance and 
becoming more prone to proliferation or metastasis.

In conclusion, we have demonstrated that expression 
of PD-L1 was present in 13.5% of lung adenocarcinoma 
patients and was associated with a poorer prognosis. 
Further studies are warranted to confirm PD‑L1 
expression, and the therapeutic effect of PD-1/PD-L1 
blockade, in clinical trials. 

MATERIALS AND METHODS

Patient information

One hundred and thirty-three patients were enrolled 
in this study, and underwent a surgical operation with a 
final diagnosis of lung adenocarcinoma at Peking Union 
Medical College Hospital (PUMCH, Beijing, China) 
between January 2012 and December 2015. For poorly 
differentiated cases, additional immunostaining for 
Napsin A and thyroid transcription factor 1 (TTF-1) was 
performed to confirm the final results. 

Clinical information for the patients was retrieved 
from the PUMCH digital database, including age, gender, 
smoking habit, clinical stage, treatment methods, RFS, and 
OS. Clinical stage was determined at the time of surgery, 
according to the American Joint Commission on Cancer 
(AJCC), 7th edition, tumor-node-metastasis staging 
system. RFS was defined as the time from operation 
to relapse or until the endpoint of the study. OS was 
calculated as the time from surgery to death or until the 
endpoint of the research, which was April 30th, 2016. 

For each tumor sample, hematoxylin-eosin staining 
(HE) slides were all re-reviewed by two experienced 
pathologists to confirm the final diagnosis. The growth 
pattern of lung adenocarcinoma was defined according to 
the guidelines of the 2011 International Association for 
the Study of Lung Cancer/American Thoracic Society/
European Respiratory Society classification system that 

Table 4: Multivariate analysis of prognostic factors of recurrence free survival and overall survival

Characteristic
Recurrence free survival Overall survival
HR (95% CI) p-value HR (95% CI) p-value

PD-L1 expression
 (Positive vs. negative) 2.522 (1.257–5.058) 0.009 3.395 (1.254–9.194) 0.016

Gender
(Female vs male) 0.729 (0.403–1.321) 0.298 0.654 (0.262–1.632) 0.363

Stage
(Advanced vs early) 2.939 (1.425–6.063) 0.004 3.688 (1.192–11.407) 0.023

Node metastasis
(Yes vs. no) 0.881 (0.434–1.789) 0.725 0.976 (0.349–2.735) 0.964

Abbreviations: PD-L1, programmed cell death ligand 1.
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includes lepidic, acinar, papillary, micropapillary, and solid 
predominant patterns. Both pathologists had no knowledge 
of the clinical information or PD-L1 expression status of 
these cases during the review. Additionally, the following 
pathological characteristics were evaluated: tumor size, 
pleural invasion, and node metastasis status.

This study was approved by the Institutional 
Review Board of Peking Union Medical College Hospital. 
Informed consent was obtained from all patients before 
they underwent the operation.

Tissue microarray construction

The selected area of representative morphology was 
labeled on the HE slides. The corresponding formalin-
fixed paraffin‑embedded (FFPE) primary tumor specimens 
were obtained from the Department of Pathology. A tissue 
microarray (TMA) construction machine (Tissue Array 
minicore, Mitogen, England) was used. Three core-tissue 
biopsies, 1.0 mm in diameter, were collected for each case. 

PD-L1 immunohistochemical examination

The IHC study was performed on formalin‑fixed, 
paraffin‑embedded TMA sections, with a thickness of 
4 µm, using standard autostaining protocols on a Ventana 
Benchmark ULTRA autostainer (Ventana Medical 
Systems, Inc., Tucson, AZ, USA). The PD‑L1 antibody 
used in our study was SP263 (Roche Ventana, Tucson, AZ, 
USA). Tumors with positive membrane staining in more 
than 25% of the whole tumor were deemed positive, as 
suggested in a study by Ratcliffe et al. [27]. 

PD-L1 mRNA detection by in situ hybridization

For detection of PD-L1 expression, at the mRNA 
level, we used in situ hybridization (ISH). An RNAscope 
FFPE 2.0 HD detection kit (Brown, Advanced Cell 
Diagnostics, Hayward, CA, USA) was used according 
to the manufacturer’s instructions. Briefly, 5 μm‑sections 
were deparaffinized, boiled with pre‑amplification reagent 
for 15 minutes and submitted to protease digestion 
followed by hybridization for 2 h with a mixture containing 
target probes against human PD‑L1, ubiquitin C (UBC) 
as a positive control, and the bacterial gene DapB as a 
negative control. Hybridization signals were detected with 
3,3′‑diaminobenzidine. Positive staining was indicated by 
brown punctate dots in the cytoplasm or nucleus. PD-L1 
mRNA expression levels were categorized into 5 grades 
according to the manufacture’s scoring guideline: score 0, 
no staining or < 1 dot per cell; score 1, 1–3 dots per cell 
(visible at 20–40X); score 2, 4–10 dots per cell (visible at 
20–40X); score 3, > 10 dots per cell and < 10% positive 
cells have dot clusters (visible at 20–40X); score 4, > 10 
dots per cell and > 10% positive cells have dot clusters 
(visible at 20–40X). We grouped score 0, 1, 2 as negative, 
3 and 4 as positive.

Statistical analysis 

The relationship between PD-L1 expression and 
clinicopathological characteristics was analyzed using 
the chi-squared test. Survival analysis was calculated by 
the Kaplan-Meier method, the log rank test was used to 
compare the difference of two groups, and multivariate 
analysis using the Cox regression model was conducted 
to analyze the related clinicopathological features. All 
tests were 2-sided. P < 0.05 was considered statistically 
significant. The statistical analyses were performed using 
SPSS software (version 21; SPSS, Chicago, IL, USA). 

For analysis of concordance between the results of 
IHC and RNA ISH, the kappa value was calculated. The 
significance of the κ-value was considered as follows: 
value ≤ 0.40, poor to fair concordance; 0.41–0.60,  
moderate concordance; 0.61–0.80, substantial 
concordance; 0.81–1.00, almost perfect concordance.

Abbreviations

NSCLC: non-small cell lung cancer; EGFR: 
epidermal growth factor receptor; ALK: anaplastic 
lymphoma kinase; TILs: tumor‑infiltrating lymphocytes; 
Programmed cell death protein 1: PD-1: Programmed cell 
death protein 1; PD-L1: Programmed cell death ligand 
1; IHC: Immunohistochemistry; RFS: Recurrence free 
survival; OS: Overall survival; FFPE: Formalin‑fixed 
paraffin‑embedded; TMA: Tissue microarray.
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