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Background: This study was undertaken to investigate the expression of programmed death-ligand 1 (PD-
L1) in the pulmonary primary tumor and brain metastases (BM) tumor as well as neutrophil-to-lymphocyte 
ratio (NLR) in preoperative peripheral blood samples in advanced non-small cell lung cancer. The potential 
association between both PD-L1 expression and NLR value and therapeutic sensitivity along with prognosis 
was explored.
Methods: Eleven patients pathologically confirmed as non-small cell lung cancer (NSCLC) with BM 
were enrolled. The expression of PD-L1 in pulmonary primary tumor and BM tumor was evaluated with 
immunohistochemistry. NLR value was calculated from blood cell count. DFS and OS were calculated using 
the Kaplan-Meier method, and the log-rank test was used to assess differences between groups. 
Results: High expression of PD-L1 was observed in 4 pulmonary primary tumors and 3 BM tumors 
respectively. The NLR in peripheral blood before brain surgery was shown to be efficient to discriminate 
patients whose brain metastatic lesion reached disease control from others (AUC: 0.917 95% CI: 0.731–
1.000, P=0.041). Five patients had an NLR value higher than the cutoff value of 3.0553. Eight patients with 
low expression of PD-L1 in BM lesions had 27 months of median OS, which was signifcantly longer than 
patients with high expression of PD-L1 with 10 months of median OS (Log-Rank, P=0.012). Five patients 
with both low expression of PD-L1 in BM lesions and low NLR value (≤3.0553) reached 36 months mOS 
significantly longer than others with only 10 months of mOS (Log-Rank, P=0.034, HR =0.133, 95% CI: 
0.861–65.819, P=0.068).
Conclusions: High expression of PD-L1 along with high NLR value is associated with less sensitivity of 
response to treatment and poor prognosis.
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Introduction

Brain metastases (BM) are found about 23–65% of patients 
with lung cancer, constituting around half of all brain 
metastasis (1). Improved diagnosis and therapy for non-
small cell lung cancer (NSCLC) have increased the diagnosis 
rate of NSCLC with BM. Once brain metastasis occurs, the 
prognosis is poor with a survival time of only 2–4 months (2). 
Although whole-brain radiotherapy (WBRT), stereotactic 
radiosurgery (SRS), surgical removal of single BM and other 
methods are used, satisfactory local control and survival 
remains difficult to achieve as chemotherapy drugs do not pass 
through the blood-brain barrier, and therefore have limited 
therapeutic effects on BM. The recent gradual improvements 
in comprehensive NSCLC treatment have resulted in clinical 
oncology research focusing on improving survival and quality 
of life for patients with NSCLC with BM.

Programmed cell death ligand 1 (PD-L1) also known 
as cluster of differentiation 274 (CD274) or B7 homolog 1 
(B7-H1) is encoded by gene CD274 and belongs to type I 
transmembrane protein with molecular weight 40 kDa (3). 
Under the normal physiological circumstance, the human 
immune system is enabled to sense exogenous antigens 
accumulated in node or spleen and induce proliferation 
of cytotoxic killer T lymphocyte (CD8+ T lymphocyte). 
However, binding of PD-L1 to PD-1 leads to initiate 
inhibitory signaling to decrease proliferation of CD8+ T 
lymphocyte. Meanwhile, PD-1 can control aggregation of 
antigen-specific T cells through regulation of Bcl-2 gene (4).

The overexpression of PD-L1 has been observed in 
different kind of cancers including non-small cell lung 
cancer (5,6). Both preclinical researches and meta-analysis 
suggested that overexpression of PD-L1 is associated 
with worse prognosis and shorter overall survival (OS)  
(7-10). Recently, several clinical trials have been carried 
out to evaluate efficiency and safety of immune checkpoint 
inhibitors against PD-/PD-L1 in various solid tumors and 
revealed encouraging results. However, not all patients 
uniformly response to immune checkpoint inhibitors and 
few biomarkers including immunohistochemical test of 
PD-L1 have become routinely used in clinical practice for 
selection of patients potentially benefited from immune 
checkpoint therapy. Furthermore, the effectiveness 
of currently used biomarkers is still limited and other 
accompanied biomarkers are eagerly needed.

Growing evidence revealed that inflammatory response 
to cancerous cells is associated with antitumor immune 
response in the tumor microenvironment (11). Amongst 

prognostic evaluation systems based on inflammatory 
response is the neutrophil-to-lymphocyte ratio (NLR) 
which has greatly attracted attention (12-14). Several 
studies have suggested that high NLR is closely relevant to 
worse prognosis in different cancers such as gastric cancer, 
non-small cell lung cancer and colorectal cancer (15-17). 
A retrospective study comprised of 58 cases with advanced 
non-small cell lung cancer revealed that the patients with 
NLR ≥4 before treatment exhibit shorter DFS and OS 
compared those with NLR <4 (DFS: 10.1 vs. 11.4 months; 
OS: 19.5 vs. NS months). This result provided evidence that 
NLR could be utilized as a predictive factor for PD-1/PD-
L1 immune checkpoint therapy.

Few researches have been undertaken to explore the 
consistency of PD-L1 expression level between lung 
primary lesion and brain metastatic lesions and association 
between PD-L1 expression level and NLR. More 
importantly, the predictive efficiency of the combination 
of PD-L1 expression and NLR are still not evaluated up 
to now in advanced NSCLC. Our current study presents 
the status of PD-L1 expression in paired lung primary 
lesions and brain metastatic lesions and NLR in peripheral 
blood in 11 patients with advanced NSCLC underwent 
surgery to uncover the relationship between NLR and PD-
L1 expression and their capacity as prognostic biomarkers 
for improvement of life quality and survival for advanced 
NSCLC with brain metastasis.

Methods

Patients

Eleven patients treated at Daping Hospital and Research 
Institute of Surgery (Chongqing, China) for the period 
between January 2010 and January 2015, inclusive, provided 
clinical data. The patients had PPT and BM that had 
been surgically removed and pathologically confirmed as 
NSCLC with BM. Ages ranged from 26–72 years with a 
median age of 58. There were 3 females (27.3%) and 8 
males (72.7%). Two patients had squamous carcinoma 
(18.2%) and 9 patients had adenocarcinoma (81.8%). 
This study was conducted rigorously according to the 
Declaration of Helsinki and the principle of International 
Ethical Guidelines for Biomedical Research Involving 
Human constituted by the World Health Organization 
(WHO) and the Council for International Organizations of 
Medical Sciences (CIOMS) and was approved by the Ethics 
Committee of the Daping Hospital. The written consensus 
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was obtained from all participants.
Patient information including age, sex, height, weight, 

smoking history and family history; disease information 
including histological type, clinical stage (18,19), Eastern 
Cooperative Oncology Group (ECOG) performance status 
(PS) score and surgery history; initial treatment details 
including chemotherapy regimen and cycles, radiotherapy 
regimen and cycles, efficacy evaluation and side effects; and 
follow-up information including the follow-up period, time 
of the last follow-up, disease-free survival (DFS) and OS of 
patients with pulmonary and cerebral disease, was obtained 
from clinical records and questionnaires. Smoking history 
was defined as follows: never smoking, those who had 
smoked ≤100 cigarettes and those who had never smoked; 
former smokers, those who had smoked >100 cigarettes in 
total and quit smoking ≥1 year previously; present smoker, 
those who had smoked >100 cigarettes in total and quit  
≤1 year previously or current smokers.

Expression of  PD-L1 in PPT and BM detected by 
immunohistochemistry

Patient PPT and BM specimens were obtained via complete 
tumor resection, fixed with 10% formalin, embedded in 
paraffin and divided into 4-μm sections.11 matched pairs 
of PPT and BM specimens from the same patients were 
subjected to immunohistochemistry analysis. The working 
dilution of Rabbit anti-human PD-L1 monoclonal antibody 
(ab213524) was 1:100. PBS was used as a negative control. 
An EnVision two-step method (#33535.GB/T16494-1996; 
Agilent Technologies, Inc., Santa Clara, CA, USA) was used 
according to the manufacturer’s protocol. Continuous 4-μm 
paraffin sections were deparaffinized with xylene, hydrated 
by ethanol gradients, and incubated with 3% H2O2 in 
methanol at room temperature for 10 min. Antigen retrieval 
method was performed by microwave heating. The sections 
were incubated with the primary antibodies overnight at  
4 ℃. Then 50 μL of compound [HRP conjugated anti-
rabbit/mouse IgG goat antibody (working solution), 
KIT-5020, 160415407F] was added. The sections were 
then incubated at 37 ℃ for 30 min, developed using 
diaminobenzidine-H2O2 and stained with hematoxylin. PBS 
was used as a negative control.

Determination of immunohistochemical analysis of PD-L1 
expression

A positive PD-L1 expression signal was determined as 

brown-yellow fine granules. Five representative fluorescence 
microscopy images of various fields of view (magnification, 
×400) were randomly selected for each slice. The positive 
region was selected using the automatic image analysis 
system in Image-pro Plus 5.1 software (Media Cybernetics, 
Inc., Rockville, MD, USA), which calculated the integral 
absorbance values to evaluate PD-L1 protein expression 
levels, in which − and + were recorded as low expression, 
whereas ++ was recorded as high expression. Cancer 
cells with a cytoplasm or nucleus stained at >10% were 
deemed to have positive cytoplasmic or nuclear expression 
of cytoplasm. Cytoplasmic expression, or nucleoplasm 
co-expression, is referred to as “shift-from-nucleus-to-
cytoplasm”.

NLR value determination before surgery

Peripheral venous blood samples were collected before 
surgery. The neutrophils and lymphocytes count was 
obtained from routine blood examination and NLR value 
was calculated from count values. Receiver operating 
characteristic (ROC) curve analysis was used to select 
optimal cutoff value based on Youden index.

Chemotherapy and radiotherapy regimens

Patients received a platinum-containing doublet regimen 
as follows: TP regimen, Taxol (135 mg/m2, day 1) plus 
cisplatin (75 mg/m2, day 1); DP regimen, docetaxel  
(75 mg/m2, day 1) plus cisplatin (75 mg/m2, day 1). 
The targeted treatment  regimen was  as  fo l lows: 
Erlotinib hydrochloride tablets, 150 mg/day, once a 
day; temozolomide capsules, 75 mg/m2 per day, during 
radiotherapy. The patient radiotherapy regimen was as 
follows: two irradiation fields (DT40 Gy/20 f/4 w) and SRS.

Prognosis and therapeutic effect evaluation

The main outcome measures were DFS and OS. DFS 
was defined as the time post-medication or treatment to 
recurrence, whereas OS was the time from treatment start 
to mortality or to the date of last follow-up.

Secondary outcome measures were objective response 
rate (ORR) and disease control  rate (DCR).  The 
therapeutic effect evaluation criteria were whether local 
disease progressed following surgery and were detected 
by computed tomography, magnetic resonance imaging 
or other imaging methods to target lesions or metastases 
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following conventional treatment. The therapeutic effect 
was evaluated according to Response Evaluation Criteria 
in Solid Tumors, version 1.1 (20), which includes complete 
response (CR), partial response (PR), stable disease (SD) 
and progressive disease (PD). ORR was defined as the sum 
of CR and PR. DCR was defined as the sum of CR, PR, 
and SD.

Follow-up

Patients received follow up every month in the first six 
months and every 2 months thereafter until mortality. 
Quality of life, weight loss, and other indicators were 
evaluated. The follow-up deadline was December 2016. No 
patients were lost to follow-up.

Statistical analysis

All the material and data were processed according to 
the same standard prior to statistical analysis, input into 
Windows Excel (Microsoft Corporation, Redmond, WA, 
USA) tables and checked several times. Code data were 
generated according to a statistical analysis format. All 
data were analyzed using software package SPSS 19.0 
(IBM SPSS, Armonk, NY, USA). ORR, DCR and side 
effects were compared using the Pearson χ2 test and 
Fisher’s exact test. Median DFS and OS and corresponding 
95% confidence intervals were evaluated with Kaplan-
Meier estimate with differences between each factor 
level compared with the log-rank test. Analysis of factors 
associated with prognosis was performed using the Cox 
proportional hazards model and hazard ratios. A 95% 
confidence interval for each factor was calculated. ROC 
curve analysis was performed to assess the discriminative 
ability of NLR prior brain surgery for disease control of 
brain metastatic lesions. Under the significance level α=0.05, 
a two-tailed P<0.05 was considered to indicate a statistically 
significant difference.

Results

Clinical data and clinical outcomes of patients

PPT and BM from 11 patients with NSCLC were surgically 
removed. There were 8 males (72.7%) and 3 females 
(27.3%). The median age was 58 (range, 26–72 years). Two 
patients had squamous carcinoma (18.2%) and 9 patients 
had adenocarcinoma (81.8%). The initial diagnosis staging 

was: 1 patient (9.1%) IIIA stage; 4 patients (36.4%) IIIB 
stage; 6 patients (54.5%) IV stage with an ECOG score ≤2. 
There were 5 patients (45.4%) who had never smoked, 3 
former smokers (27.3%) and 3 current smokers (27.3%). 
There were 4 patients (36.3%) with BM at the initial 
diagnosis with the remaining 7 patients (63.7%) developing 
BM during treatment (Table 1).

There were 8 patients (72.7%) with an adopted TP 
regimen, 2 patients (18.2%) with erlotinib administered 
orally and 1 patient (9.1%) with temozolomide administered 
orally. The median chemotherapy cycle number was 4 
cycles, one cycle was 28 d, include treatment period and 
treatment-free period. The treatment period was one day, 
treatment-free period was 27 days (2–8 cycles). Therapy 
was performed with WBRT on 2 patients (18.2%), 
SRS in 4 (36.3%) and SRS + WBRT in 1 (9.1%). Four 
patients (36.3%) received no brain lesion radiotherapy. 
The evaluation of chemotherapeutic effects on pulmonary 
lesions identified a CR in 3 patients (27.3%), PR in 6 
(54.5%) and SD in 1 (9.1%), whilst 1 patient developed 
PD (9.1%). The response rate to chemotherapy was 81.8% 
(Table 1).

The evaluation of WBRT and SRS therapeutic effects on 
brain lesions identified CR in 3 patients (27.3%), PR in 4 
(36.3%) and SD in 1 (9.1%), whilst 3 patients developed PD 
(27.3%). The response rate to local treatment was 63.6%.

Follow-up ended Dec 1st, 2016. The median follow-
up time was 20 months (range, 6–38 months). All patients 
succumbed to disease during follow-up. The median 
DFSlung was 12 months (95% CI, 5.934–18.066 months) 
and median DFSbrain was 7 months (95% CI, 0.526– 
13.474 months). The median OS was 20 months (95% CI, 
9.045–30.955 months) (Table 1).

Immunohistochemical staining results of PD-L1 in PPT 
and BM

A PD-L1-positive reaction manifests as brown-yellow 
granules. Cytoplasm expression was found. There were 
certain differences in the PD-L1 expression intensity in 
PPT and BM. In PPT, PD-L1 expression intensities were 
++ in 4 patients (36.4%) (Figure 1A), + in 4 patient (36.4%) 
(Figure 1B), and − in 3 patients (27.3%) (Figure 1C). In 
BM, PD-L1 expression intensities were ++ in 3 patients 
(27.3%) (Figure 1D), + in 4 patient (36.4%) (Figure 1E) and 
− in 4 patients (36.4%) (Figure 1F). Matched-pair analysis 
(11 matched pairs of PPT and BM specimens from same 
patients were subjected to immunohistochemistry analysis) 
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Table 1 Clinical characteristics of patients with non-small cell lung 
cancer

Patient characteristics N (%)

Number of patients 11

Median age 58 [26–72]

Sex

Male 8 (72.7)

Female 3 (27.3)

ECOG PS

0 1 (9.1)

1 9 (81.8)

2 1 (9.1)

Tumor stage

IIIA 1 (9.1)

IIIB 4 (36.4)

IV 6 (54.5)

Histological type

Adenocarcinoma 9 (81.8)

Squamous cell 2 (18.2)

Smoking status

Never 5 (45.5)

Former smoker 3 (27.3)

Current smoker 3 (27.3)

BM time

Synchronous 4 (36.4)

Nonsynchronous 7 (63.6)

Number of BM

Single 7 (63.6)

Multiple 4 (36.4)

Chemotherapy regimens

Platinum-paclitaxel 8 (72.7)

EGFR-TKI 2 (18.2)

Temozolomide 1 (9.1)

Radiotherapy regimens

No 4 (36.4)

SRS/WBRT 7 (63.6)

Table 1 (continued)

Table 1 (continued)

Patient characteristics N (%)

Lung response

CR 3 (27.3)

PR 6 (54.5)

SD 1 (9.1)

PD 1 (9.1)

Brain response

CR 3 (27.3)

PR 4 (36.4)

SD 1 (9.1)

PD 3 (27.3)

BM, brain metastasis; TKI, tyrosine kinase inhibitors; SRS, 
stereotactic radiosurgery; WBRT, whole-brain radiotherapy; CR, 
complete response; PR, partial response; SD, stable disease; 
PD, progressive disease.

revealed a consistently expressed levels of PD-L1 in PPT 
and BM in 6 patients (54.5%), which consist of 5 cases 
with both low expression and one case with both high 
expressions. Whereas the inconsistently expressed levels of 
PD-L1 in PPT and BM was observed in 5 cases (45.6%), 
in which 3 cases exhibited high expression in PPT and low 
expression in BM lesions and other two cases had high 
expression in BT lesions and low in PPT lesions.

ROC curve analysis of NLR

The NLR in peripheral blood prior PPT surgery was 
2.97±1.26 and NLR prior BM surgery was. The ROC 
analysis was used to discriminate the patients achieving OR 
or DC from others based on NLR in peripheral blood prior 
PPT surgery. However, NLR in peripheral blood prior 
PPT surgery was completely failed with AUC of 0.778 (95% 
CI: 0.490–1.000, P=0.239). Meanwhile, NLR between 
patients achieving OR or DC and those who did not was 
totally not significant (P=0.239 and P=0.752 respectively, 
independent-samples Kruskal-Wallis test). So, the NLR 
in peripheral blood prior PPT surgery was not furtherly 
employed to analysis. In contrast, NLR prior BM surgery 
could be able to discriminate the patients achieving OR or 
DC from others with AUC of 0.917 (95% CI: 0.731–1.000, 
P=0.041). The cutoff value of 3.0553 based on Youden 
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index was chosen. The whole population was categorized as 
low NLR group with 6 cases and high NLR group with 5 
cases. The ROC curve was shown in Figure 2.

Association between expression of PD-L1 and ORR, DCR, 
DFS, and OS

All patients with low expression of PD-L1 in PPT 
achieved PR and CR with 100% DCR and ORR. The 

DCR and ORR in eight patients with high expression of 
PD-L1 was 87.5% and 75% respectively. The median 
OS in patients with low expression of PD-L1 was 38 
and 17 months in those with high expression (Log-Rank 
test, P=0.201). One case with low expression of PD-L1 
in PPT was not observed recurrence or progression in 
PPT lesions during follow up and reached 36 months of 
OS. Eight patients with low expression of PD-L1 in BM 
lesions had 62.5% ORR, 75% DCR and 7 months of 

Figure 1 Representative immunohistological images showing different expression intensities of PD-L1 in (A,B,C): pulmonary primary 
tumors and in (D,E,F): brain metastatic tumors. PD-L1 expression intensity was scored as ++ in (A), as + in (B) and negative in (C). PD-L1 
expression intensity was scored as ++ in (D), as + in (E) and negative in (F). PD-L1, programmed death-ligand 1.

A

C

E

B

D

F
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DFSbrain. Whereas three patients with high expression 
of PD-L1 in BM lesions had 66.7% ORR and DCR with 
only 3 months of DFSbrain. As to OS, Eight patients 
with low expression of PD-L1 in BM lesions had 27 
months of median OS, which was significantly longer than 
patients with high expression of PD-L1 with 10 months  
of median OS (P=0.012) (Figure 3A). Six patients with 
consistent expression of PD-L in both PPT and BM lesions 
had 36 months of median OS and only 17 months mOS was 
observed in rest patients (P=0.104) (Tables 2,3). This result 
could be attributed to fact that 83.8% patients had low 
expression in both PPT and BM lesions. Patients with low 
expression of PD-L1 was featured with early-stage, those 
with high expression was all classified III stage or higher.

Association between NLR in peripheral blood prior BM 
lesions surgery and ORR, DCR, DFS as well as OS

The cutoff value of NLR in peripheral blood prior BM 
lesions surgery based on Youden index was fixed on 3.0553, 
which categorized whole population into high NLR group 
with 5 cases (45.5%) and low NLR group with 6 cases 
(54.5%). In high NLR group, 4 patients had reached 
CR or PR with 80% ORR and 80% DCR. Six patients 
in low NLR group had all reached disease control with 
100% DCR, in which 5 patients had CR or PR exhibited 
83.8% ORR being slightly higher than high NLR group. 
DFSbrain was 3 months (95% CI: 0.583–5.147 months) 
in high NLR group, whereas the low NLR group had 
7 months of DFSbrain (95% CI: 3.399–10.601, Log-
Rank P=0.724). However, the OS in low NLR group was 
borderline significantly longer than high NLR group (mOS: 
27 vs. 10, Log-Rank P=0.091) (Figure 3B). One patient with 
lowest NLR had 9 months of DFSbrain and 38 months of 
mOS, in contrast, the patient with highest NLR had merely  
3 months of DFSbrain and 6 months of mOS (Tables 4,5).

Combined PD-L1 and NLR to predict DFS and OS 

To explore more efficient prognostic biomarker, NLR in 
peripheral blood prior BM lesions surgery and expression 
of PD-L1 in BM lesions were combined to evaluate 
performance. Amongst 8 patients with low expression of 
PD-L1 in BM lesions, 5 patients also exhibited low NLR 
(less than cutoff value of 3.0553), other 3 patients had 
high NLR. Low expression of PD-L1 in BM lesions was 
observed in 3 patients which consisted of only one patient 
with low NLR and two patient with high NLR. There 

were 5 patients with both low expression of PD-L1 and low 
NLR who had 9 months of DFSbrain profoundly longer 
than others who had only 3 months of DFSbrain (Log-
Rank, P=0.455), meanwhile, these 5 patients demonstrated 
about 60% reduced progression risk compared with others 
(HR =0.600, 95% CI: 0.437–6.348, P=0.455). Furthermore, 
these 5 patients reached 36 months of mOS significantly 
longer than others with only 10 months of mOS (Log-Rank, 
P=0.034, HR=0.133, 95% CI: 0.861–65.819, P=0.068) 
(Figure 3C, Table 6).

Discussion

Non-small cell lung cancer patients who have had brain 
metastasis usually possesses extreme poor prognosis with OS 
about 2–4 months (1). However, traditional treatments such 
as chemotherapy, whole-brain radiotherapy (WBRT), and 
stereotactic radiotherapy and even surgery to reset single 
lesion are all still disappointed for cure and improvement of 
survivals. Accordingly, many efforts have been focused on 
novel therapeutic targets and strategies to improve clinical 
outcomes of NSCLC with brain metastasis and utilization 
of immune checkpoint inhibitors against PD-/PD-L1 
pathway is becoming attractive field.

Both PD-1 and PD-L1 are immunosuppressive factors, 
and activation of the PD-1/PD-L1 pathway leads to the 
formation of immunosuppressive tumor microenvironment 
that allows tumor cells to escape immune surveillance and 
killing (3). Overexpression of PD-1 or/and PD-L1 was 
observed in many malignant tumors including NSCLC 
(5,6), breast cancer (21) and melanoma (22). The immune 
checkpoint inhibitor against PD-1/PD-L1 in advanced 
NSCLC showed remarkable curative effect both in the 
first and the second line treatment than chemotherapy. 
Moreover, the expression and the cellular distribution 
alteration of PD-L1 can be used as biological indicators 
of tumor invasion, the sensitivity to radiotherapy or 
chemotherapy and prognosis. But many of clinicopathologic 
characteristics including staging, pathological types, 
genomic mutations, expression of PD-L1 and therapeutic 
variables such as drug dosage, frequency, and combination 
with other chemotherapy or targeted therapy drugs could 
potentially influence response to immune checkpoint 
inhibitor against PD-1/PD-L1 in clinical practice. 
Therefore, like targeted therapeutic, it is very crucial to find 
the most powerful predictive biomarkers for the clinical 
precise treatment with PD-L1 inhibitors.

Recent studies have shown that the occurrence 
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and development of malignant tumors are related to 
inflammatory response. Namely, tissue destruction caused 
by tumor infiltration leads to non-specific inflammatory 
reaction and abnormal phenotype of tumor cells also 
can promote inflammatory cells infiltration (23,24). The 
cytokines and other inflammatory mediators secreted by 
neutrophil granulocytes in tumor microenvironment provide 

good conditions for the growth and reproduction of tumor 
cells. Besides, neutrophil granulocytes can produce vascular 
endothelial growth factor to stimulate angiogenesis to 
promote tumor growth and invasion (25). Lymphocytes are 
mainly responsible for tumor-specific immune responses, 
especially CD3+T cells and natural killer cells which play 
an important role in the process of induced damage and 
apoptosis of tumor cells. T lymphocytes are also enabled to 
secrete cytokines to inhibit proliferation and metastasis of 
tumor cells (26). The decline in the number of lymphocytes 
indicates the abnormal immune system which could reduce 
the immunity to tumor. Many shreds of evidence provided 
the concept that when tumor cells grow rapidly to transcend 
the limitation of host antitumor immunity, the tumor cells 
can be adapted to exhibit immune tolerance and logarithmic 
reproduction and lead to micrometastasis (27).

In addition, the decrease of lymphocytes in the adjacent 
tissues is also beneficial to the invasion and development 
of tumor tissue. Therefore, increase of the neutrophil 
granulocytes and accompanying a decrease of lymphocytes 
in peripheral blood which leads to high value of NLR is 
usually observed in advanced cancers (24). Hirashima (28) 
and Gomez (29) found that patients with high NLR were 
often associated with decreased lymphocytes or natural 
killer cell activity, leading to dysfunction of lymphocyte-
mediated tumor immune. In addition, an elevated 
preoperative NLR in both blood and tissue has been shown 
to negatively correlate with the prognosis of patients with 
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HCC (30,31). At the same time, detection of preoperative 
blood cell classification and counting is used in clinical 
routine application with the advantages of being easy to 
operate and economical. So, NLR index is relatively easy 
to obtain and has considerable specificity and sensitivity. 
Therefore, NLR has attracted much attention as a new 
biomarker for the evaluation of the prognosis of solid 
tumors (12-14).

This study was a retrospective study of small samples 
of 11 patients who had received surgery of lung lesions of 

primary tumor and brain metastasis in NSCLC patients 
with BM. The association of ORR, DCR, DFS, and 
OS with expression pattern of PD-L1 in primary lung 
tumor and BM and NLR prior surgery were systemically 
analyzed in details. From our preliminary results, OS 
was significantly longer in patients with low PD-L1 
expression in BM lesions than those with high expression 
of PD-L1 (mOS: 27 vs. 10 months, P=0.012). Patients 
with clinicopathologic characteristics such as squamous 
cell carcinoma, female, never smokers, solitary BM were 

Table 2 Association between PD-L1 expression in PPT and BM and ORR, DCR

PD-L1 N=11 (%)
ORR (CR + PR) DCR (CR + PR+ SD)

n (%) P n (%) P

PD-L1 in PPT 1.000 1.000

Low 3 (27.3) 3 (100.0) 3 (100.0)

High 8 (72.7) 6 (75.0) 7 (87.5)

PD-L1 in BM 1.000 1.000

Low 8 (72.7) 5 (62.5) 6 (75.0)

High 3 (27.3) 2 (66.7) 2 (66.7)

Consistency in PPT and BM

Inconsistency 5 (45.5) – – – –

Consistency 6 (54.5) – –

PPT, pulmonary primary tumor; BM, brain metastasis; ORR, objective response rate; CR, complete response; PR, partial response; DCR, 
disease control rate; SD, stable disease.

Table 3 Association between PD-L1 expression in PPT and BM and DFS, OS

PD-L1 N=11 (%)
DFS (months) OS (months)

Median (95% CI) P Median (95% CI) P

PD-L1 in PPT 0.800 0.201

Low 3 (27.3) 8 38

High 8 (72.7) 12 (0.301–23.699) 17 (11.456–22.544)

PD-L1 in BM 0.208 0.012

Low 8 (72.7) 7 (2.842–11.158) 27 (12.026–41.974)

High 3 (27.3) 3 (0–6.201) 10 (6.799–13.201)

Consistency in PPT and BM – 0.104

Inconsistency 5 (45.5) – 36 (0–74.921)

Consistency 6 (54.5) – 17 (14.853–19.147)

PPT, pulmonary primary tumor; BM, brain metastasis; ORR, objective response rate; DCR, disease control rate; OS, overall survival; DFS, 
disease-free survival.
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more sensitive to treatment and exhibited higher local 
control and better prognosis. Compared with patients 
who received chemotherapy alone, patients who received 
targeted therapy had higher efficiency. These results 
of our study were in consistence with IPASS (32) and 
ECOG4599 and AVAil (33,34) which reported that for 
patients with EGFR mutations, the ORR was increased 
by 20% in patients treated with TKI drugs compared with 
those with the platinum-based regimens. Furthermore, 
in addition to the higher response rate, patients who 
received the targeted therapy reached 26 months of median 
DFSlung which is increased by 18 months compared with 
patients who received chemotherapy alone. However, 
progression-free survival regarding intracranial lesions was 
no difference between these two groups. It is speculated 
that both chemotherapeutic drugs and TKIs drugs do not 
effectively penetrate the brain metastasis through blood-
brain barrier resulting in low drug concentration. The 
result that final benefit concerning OS is from longer DFS 

(16 vs. 26 months, P=0.608) was consistent with results 
from NEJGSG002 and OPTIMAL trials in which the first-
generation EGFR-TKIs drugs had shown an important 
role in promoting OS in advanced NSCLC patients 
harboring EGFR sensitive mutations (32-37). The results of 
multivariate analysis of DFS and OS showed the expression 
of PD-L1 in lung lesions, NLR prior surgery, gender, age, 
smoking status, histological type, T stage, PS score and 
brain metastasis time were all not significantly associated 
with DFS and OS. Only the expression of PD-L1 in brain 
metastatic lesion was the independent prognostic factors for 
OS, high expression of PD-L1 was relevant with a worse 
prognosis.

The expression pattern of PD-L1 in primary lung 
lesions and brain metastasis lesions in 11 patients 
showed cytoplasmic expression. It was found that the 
high expression of PD-L1 is associated with resistance 
to radiotherapy or chemotherapy and poor prognosis. 
Meanwhile, for patients had BM occurred during the 

Table 6 Analysis of combined PD-L1 expression and NLR before brain surgery for DFS and OS

NLR before brain surgery
DFSbrain (months) OS (months)

Median (95% CI) P Median (95% CI) P

−/− 9 (4.706–13.294)
0.432

36 (21.962–50.038)
0.034

Others 3 (1.491–4.509) 10 (0.398–19.602)

−/−, low expression of PD-L1 and low NLR (less than cutoff value of 3.0553). NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; 
DFS, disease-free survival.

Table 4 Association between NLR before metastatic brain lesion surgery and ORR, DCR

NLR before brain surgery N=11 (%)
ORR (CR + PR) DCR (CR + PR + SD)

n (%) P n (%) P

>3.0553 5 (45.5) 4 (80.0)
1.000

4 (80.0)
0.455

≤3.0553 6 (54.5) 5 (83.3) 6 (100.0)

NLR, neutrophil-to-lymphocyte ratio; ORR, objective response rate; CR, complete response; PR, partial response; DCR, disease control 
rate; SD, stable disease.

Table 5 Association between NLR before metastatic brain lesion surgery and DFS, OS

NLR before brain surgery N (%)
DFS (months) OS (months)

Median (95% CI) P Median (95% CI) P

>3.0553 5 (45.5) 3 (0.583–5.147)
0.724

10 (5.706–14.294)
0.091

≤3.0553 6 (54.5) 7 (3.399–10.601) 27 (8.756–45.244)

NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; DFS, disease-free survival.
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treatment process, there was a significant correlation 
between the expression intensity of PD-L1 in primary lung 
tumor and time of brain metastasis merged: the higher 
expression intensity of PD-L1, the more prone to brain 
metastasis, which indicated that overexpression of PD-
L1 promotes invasion and metastasis. The correlation 
between PD-L1 expression and DFS and OS was the 
main purposes of this research, regardless of pulmonary 
primary or brain metastatic tumors, higher expression of 
PD-L1 was always associated with shorter DFS and more 
prone to local recurrence; But PD-L1 expression in brain 
metastasis lesions was an only independent prognostic 
factor for OS. It was worth noting that there is a case with 
negative expression of PD-L1 in primary lung lesions and 
BM. The lung lesions of this patient remained stable during 
the whole period of follow up. The distant metastasis 
led to the treatment failure, with final 39 months of OS. 
Taken together, the above results indicated that the higher 
expression of PD-L1 caused more invasiveness of cancer 
cells, more resistance to treatment and the worse prognosis. 
In addition, we also found that the relationship between the 
expression of PD-L1 and T, N stage, the low expression of 
PD-L1 was found enriched in patients with earlier T and N 
stage, whereas, patients with late-stage T4 or N2, clinical 
stage III or more were found to have the high expression of 
PD-L1. These results revealed close relationship between 
the invasiveness and prognosis of tumor and the expression 
intensity of PD-L1: the low expression is always associated 
with the earlier T stage, less lymph node metastasis and 
good prognosis, on the contrary, the high expression is 
associated with poor prognostic factors.

Combined analysis of expression pattern of PD-L1 in 
paired primary lung lesions and BM showed that PD-L1 
expression is not consistent in 5 patients with BM. Patients 
with consistent expression had significant longer OS than 
those inconsistent in expression of PD-L1 (36 vs. 17 months,  
P=0.104). The explanation to this may rely on the fact 
that 83.3% of the patients with consistent expression are 
low expression of PD-L1 which leads to the less immune 
escape and the better efficacy and prognosis. Some studies 
(38,39) reported patients with brain metastasis have higher 
incidence of primary lung tumor EGFR mutation. Recent 
study (40) revealed that 70 single nucleotide variants (SNVs) 
detected in the primary tumor is lost and other 83 SNVs. 
are merged in metastatic tumor through 1,264 cancer-
related genes sequencing in 47 primary and metastatic 
tumor samples from 21 cases of colorectal cancer. These 
83 new mutations play an important role in several key 

pathways which are more appropriate for selectin of 
patients with corresponding targeted therapy, and the 
metastatic tumor is more faithful to reflect tumor genome. 
In conclusion, the genetic variations between the primary 
and metastatic tumor are inconsistent. Therefore, it is 
inadequate using the expression of one gene in the lung 
primary tumor to predict the status of the same gene in 
brain metastatic lesion or therapeutic response. At present, 
reconstructing subclonal composition and evolution of brain 
metastasis in NSCLC patients is worthy of further study. 

In our study, the low NLR group had much longer OS 
than the high NLR group (27 vs. 10 months, P=0.091). 
This may be due to the release of proangiogenic factors by 
neutrophils which can further stimulate tumor angiogenesis 
contributing to tumor progression. At the same time, 
increased neutrophils caused depression of lymphocytes 
resulting in decreased antitumor immune response. The 
systemic inflammatory response provided further condition 
to promote tumor development and poor prognosis. This is 
consistent with other reports in lung cancer (41-43).

Both PD-L1 and NLR represents the immune and 
inflammatory state of the human body and can affect each 
other. There was evidence that PD-L1 was overexpressed 
on tumor cells (44), Kupffer cells (45) and TAMs (46), 
which induced apoptosis of T cells and immune tolerance 
in the case of HCC. The interruption of the interaction 
between PD-L1 and PD-1 could be able to reduce cancer 
development and enhance the T cell-mediated anti-
tumor activity. Taken together, PD-L1/PD-1 signaling 
pathway had an important role in the development of 
HCC. Whereas, Neutrophils have been considered non- 
professional antigen-presenting cells (APCs). Recent studies 
have demonstrated the induced expression of co-inhibitory 
molecules, such as PD-L1, following in vitro exposure 
to cytokines (47) or after stimulation by LPS or toll-like 
receptors (TLRs) (48). PD-L1 expression on neutrophils 
was also observed to be increased in vivo in patients with 
active tuberculosis (TB) or HIV infection while it was 
decreased in patients who received anti-TB therapy (49) or 
anti-viral treatment (48). These reports suggested the effect 
of PD-L1 expression on neutrophils function. A combined 
analysis revealed that patients with low NLR were found 
in 62.5% of the patients with low expression of PD-L1, 
and the patients with high NLR value in 66.7% of high 
expression of PD-L1 which indicated there is a correlation 
between the expression level of PD-L1 and NLR. High 
expression of PD-L1 was always accompanied by higher 
NLR and had more invasive behavior and poor prognosis. 
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The patients with both low expression of PD-L1 and low 
NLR are much superior to the rest of the patients regarding 
response to treatment and prognosis. This is also consistent 
with the conclusion reported by Ha et al. that high sPDL1 
and high NLR is independent poor prognostic factors in 
the advanced BTC (50). A retrospective study of 58 patients 
with advanced NSCLC found that patients with ≥4 NLR 
before immune checkpoint inhibitors against PD-L1 
treatment possess shorter OS and disease progression (DFS: 
11.4 vs. 10.1 months; OS: NR vs. 19.5 months). NLR may 
be a predictor for the efficacy of PD-1/PD-L1 antibody 
treatment. Although no patients received PD-L1 treatment 
in our study, the fact that NLR and PD-L1 have obvious 
correlation highly suggests that the value of preoperative 
NLR can not only predict therapeutic response and 
prognosis but also can be used as biomarkers for predicting 
the efficacy of PD-L1 treatment.

Taken together, regardless of the primary lung lesion or 
BM lesions, the higher expression of PD-L1 is associated 
with worse prognosis, while patients with low PD-L1 
expression have prolonged survival. Deteriorated response 
to treatment is mainly observed in patients with high 
preoperative NLR value. Both high expression of PD-L1 
and high value of preoperative NLR value indicate more 
aggressive malignant biological behavior, whereas both low 
values indicate good prognosis.

In conclusion, our study demonstrated that the 
preoperative PD-L1 expression and NLR value is associated 
with response and prognosis in advanced NSCLC. Both 
high expression of PD-L1 and high NLR value confers less 
sensitivity to treatment and associated with poor prognosis. 
The limitation of this research is rather limited sample size 
which needs to be further verified by expanding the sample 
size. Since the PD-L1 antibody has not yet been marketed in 
China, all patients in this study did not receive anti-PD-L1 
treatment. The prospective studies should be conducted 
after PD-L1 listing to further validate the findings of this 
study. Besides, functional molecular variations conferring 
to response to immune checkpoint inhibitors should be 
also investigated to provide a theoretical fundamental for 
personalized therapy in the future.
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