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Abstract 

Background: Expression of PD-L1 is the most investigated predictor of benefit from immune checkpoint blockade in 
advanced NSCLC but little is known about the association of PD-L1 expression and clinicopathological parameters of 
patients with unresectable stage III NSCLC.

Methods: National registry data was searched for medical records of consecutive inoperable stage III NSCLC patients 
treated with ChT and RT from January 2012 to December 2017. Totally 249 patients were identified that met inclusion 
criteria and of those 117 patients had sufficient tissue for PD-L1 immunohistochemical staining.

Results: Eighty patients (68.4%) expressed PD-L1 of ≥ 1% and 29.9% of more than 50%. Median PFS was 15.9 months 
in PD-L1 negative patients and 16.1 months in patients with PD-L1 expression ≥ 1% (p = 0.696). Median OS in PD-L1 
negative patients was 29.9 months compared to 28.5 months in patients with PD-L1 expression ≥ % (p = 0.888). 
There was no difference in median OS in patients with high PD-L1 expression (≥ 50%) with 29.8 months compared 
to 29.9 months in those with low (1–49%) or no PD-L1 expression (p = 0.694). We found that patients who received 
a total dose of 60 Gy or more had significantly better median OS (32 months vs. 17.5 months, p < 0.001) as well as 
patients with PS 0 (33.2 vs. 20.3 months, p = 0.005).

Conclusions: In our patients PD-L1 expression had no prognostic value regarding PFS and OS. Patients with good 
performance status and those who received a total radiation dose of more than 60 Gy had significantly better mOS.
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Introduction
For decades, treatment of patients with surgically unre-
sectable, locally advanced non-small cell lung cancer 
(NSCLC) had revealed no substantial progress. Recently, 
the results of the Pacific trial of maintenance therapy 
with Programmed Death Ligand 1 (PD-L1) antibody dur-
valumab in patients without progression after concurrent 

chemoradiotherapy have revolutionized the management 
of patients and opened great interest in new developing 
field of research in stage III NSCLC [1–3]. PD-L1 path-
way is one of the most important mechanisms for tumor 
cells to escape the immunosurveillance of tumor-infil-
trating lymphocytes (TILs) in NSCLC [4, 5]. Expression 
of PD-L1 on tumor cells is one of the most investigated 
predictors of benefit from immune checkpoint blockade 
in advanced NSCLC but little is known about the associa-
tion of PD-L1 expression and clinicopathological param-
eters including prognosis of patients with unresectable 
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stage III NSCLC [6–10]. In our previous research, we 
assessed the impact of PD-L1 expression on tumor cells 
from patients with unresectable stage III NSCLC who 
were treated in our institution between 2005 and 2010 in 
prospective trial with concurrent chemotherapy (ChT) 
and radiotherapy (RT) [11]. We found significant shorter 
progression free survival (PFS) and overall survival (OS) 
in patients with PD-L1 expression. Since only small 
number of patients were evaluable, the findings were 
not conclusive. However, the prognostic value of PD-L1 
expression is still unclear with some suggesting data that 
is more frequently detected in higher stages [12, 13]. In 
present retrospective analysis, we investigated the clinical 
importance of PD-L1 expression in consecutive patients 
with unresectable stage III NSCLC treated with RT and 
ChT in our institution from 2012 to 2017 and correlated 
their expression with clinical characteristics, including 
patients’ outcomes. In addition, since systemic inflam-
matory response to cancer has been described as a poor 
prognostic factor in NSCLC, we correlated the serum 
C-reactive protein (CRP) level and neutrophil to lym-
phocyte ratio (NLR) as most investigated inflammatory 
markers with PFS and OS [14, 15].

Methods
Patients
National registry data was searched for medical records 
of consecutive inoperable stage III (according to the Stag-
ing Manual in Thoracic Oncology, version 8, of the Inter-
national Association for the Study of Lung Cancer [16]) 
NSCLC patients treated with ChT and RT with radical 
intent from January 2012 to December 2017. Inclusion 
criteria for retrospective analysis were three-dimensional 
computed tomography (CT)—based conformal RT with 
a linear accelerator photon beam of 5–10 MV with a 
minimum total dose of 54 Gy or more in 2 Gy fractions 5 
times weekly. All included patients were treated with 1–5 
cycles of induction and/or concomitant cisplatin based 
ChT. Totally 249 patients were identified that met inclu-
sion criteria for tumor sample investigation and of those 
117 patients had sufficient tissue for immunohistochemi-
cal staining.

Tumor tissue
Archived tumor tissue of small biopsy samples were 
collected from patients with histologically confirmed 
diagnosis of NSCLC in a diagnostic work-up before 
any tumor directed treatment. At least 100 viable 
tumor cells was regarded as a sufficient tumor content 
to perform immunohistochemistry (IHC). The speci-
mens were formalin-fixed (6–48  h), paraffin embed-
ded (FFPE), freshly cut into 4 µm sections and stained 
for PD-L1 with a rabbit monoclonal antibody SP263 

as part of the Ventana PD-L1 SP263 assay (Ventana/
Roche, USA) on an automated platform (Benchmark, 
Ventana/Roche, USA). An OptiView DAB Detection 
Kit with Amplification Kit (Ventana, Roche, USA) was 
used according to the manufacturer’s instructions for 
visualization. Percentage of PD-L1 positive immunohis-
tochemical reaction was evaluated in tumor cells, rang-
ing from 0 to 100%. Tumor cells with circumferential or 
partial membranous staining of any intensity were con-
sidered positive. Staining threshold for PD-L1 positivity 
was set at 1% or higher in tumor cells. Human placenta 
and tonsil served as a positive control tissue for PD-L1 
expression.

Statistical analysis
Baseline characteristics of patients, including age, 
gender, histologic type, smoking status, CRP before 
and after treatment, neutrophil and lymphocyte lev-
els before and after treatment, tumor node metastases 
(TNM) stage, and dates of progression were collected 
retrospectively from medical records. The NLR was cal-
culated as neutrophil-to-lymphocyte ratio and the cut-
off in our analysis was 5. All patients were reclassified 
according to  8th TNM classification. Dates of diagnosis 
and death were obtained from National registry data.

Patients information that were assessed accord-
ing to PD-L1 expression were patient demographics, 
pathological features, TNM stage, Eastern Cooperative 
Oncology Group performance status (ECOG PS), com-
pleted treatment, PFS and OS. The association between 
the PD-L1 expression and the clinicopathological vari-
ables of patients were tested using the Pearson’s chi-
squared test or Fisher’s exact test. OS and PFS curves 
were estimated using Kaplan–Meier method. PFS and 
OS of patients were compared using the log-rank test. 
The Cox proportional hazards model was used to assess 
the association between OS, PD-L1 status and treat-
ment characteristics. Results with values of p < 0.2 
in univariate analysis were calculated in multivariate 
analysis. All tests were two tailed. A p value less than 
0.05 was considered statistically significant. All p values 
reported were based on the two-sided hypothesis. The 
statistical analyses were calculated using SPSS-21 (IBM 
Corporation, Armonk, NY, USA).

PFS was defined as the time from the beginning of 
treatment to disease progression or death. OS was cal-
culated as the time from the start of the treatment to 
death from any cause. Censoring was defined as the 
time from the beginning of treatment to the last con-
tact with the patient and for alive patients, as the time 
from the beginning of treatment to the end of follow-
up (January 2020).
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Results
Seven hundred sixty seven patients with unresectable 
NSCLC stage III were treated in our institution between 
January 2012 to December 2017. During that period 249 
(32.5%) had combined sequential or concomitant chemo 
radiotherapy, 147 (19.2%) were treated with radical radio-
therapy only and 371 (48.3%) had palliative radiotherapy. 
However, in 2017 palliative radiotherapy was reduced to 
35.4% in favour of radical combined chemo radiotherapy 
in 45.6% of patients. The percentage of patients treated 
with radical radiotherapy only were similar, 19%.

Altogether, 117 patients of 249 treated with combined 
chemo radiotherapy had available tissue for PD-L1 IHC 
testing and were included in current analysis, of whom 

80 (68.4%) expressed PD-L1 positivity of ≥ 1%. Median 
age of all patients was 61  years and the majority were 
male (67.5%), current or former smokers (96.5%). The 
most common histologic type was squamous cell car-
cinoma (60.7%) followed by adenocarcinoma (33.3%) 
and most patients had stage IIIB NSCLC (64.1%). Basic 
characteristics of patients are presented in Table  1. 
There were no significant differences between groups 
according PD-L1 expression and age, gender, histology, 
smoking status, TNM stage and ECOG PS. Considering 
the treatment completion, median biologically equiva-
lent dose (EQD2) of RT was 60 Gy and median number 
of ChT cycles was 3 in both groups. The median follow-
up was 45.3 months.

Table 1 Clinical characteristic of patients regarding PD-L1 expression

ChT chemotherapy, ECOG PS Eastern Cooperative Oncology Group performance status, n number, RT radiotherapy, CRP C-reactive protein, ULN upper limit of normal

Characteristics All, n PD-L1 ≥ 1%, n (%) PD-L1 negative, n (%) p

All patients 117 80 68.4 37 31.6

Age (years) 0.106

 Median 61 62 60

 Range 47–77 47–77 50–69

Gender 0.392

 Female 38 28 35 10 27

 Male 79 52 65 27 73

Histology 0.820

 Squamous ca 71 47 58.8 24 64.9

 Adenoca 39 28 35 11 29.7

 Other 7 5 6.2 2 5.4

Smoking status 0.829

 Current 67 44 56.4 23 62.2

 Former 44 31 39.8 13 35.1

 Never 4 3 3.8 1 2.7

Stage 0.079

 IIIA 30 25 31.3 5 13.5

 IIIB 75 46 57.5 29 78.4

 IIIC 12 9 11.3 3 8.1

ECOG PS 0.806

 0 58 39 48.7 19 51.4

 1 57 40 50 17 45.9

 2 2 1 1.3 1 2.7

RT dose (Gy) 0.793

 Median 60 60

 Range 54–66 55–66

ChT (number of cycles) 0.406

 Median 3 3

 Range 1–5 1–5

CRP after ChT/RT 0.242

 ≤ 2 × ULN 74 53 67.9 21 56.8

 > 2 × ULN 41 25 32.1 16 43.2
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Median PFS (mPFS) was 15.9  months in PD-L1 
negative patients and 16.1  months in patients with 
PD-L1 ≥ 1% expression (p = 0.696) (Fig.  1). Median OS 
(mOS) in PD-L1 negative patients was 29.9 months com-
pared to 28.5 months in patients with PD-L1 ≥ 1% expres-
sion (p = 0.888) (Fig. 2). The OS rates at 1, 2 and 5 years 
were 86.5%, 56.8% and 30.2% for PD-L1 negative patients 
and 81.3%, 58.7% and 29.1% for patients with PD-L1 ≥ 1% 
expression, respectively. At the time of last evaluation in 
January 2020, 43 patients were alive, 12 (32.4%) PD-L1 
negative and 27 (33.7%) with PD-L1 ≥ 1% expression.

The percentage of patients with PD-L1 tumor cells 
expression of more than 50% was 29.9%. There was 
no association between ≥ 50% PD-L1 expression and 
age, gender, histology, smoking status and ECOG PS 
(Table 2). Regarding the stage, between the subgroups of 
PD-L1 ≥ 50% and less, the unbalance was noticed in the 
subgroups of the stage III but the higher PD-L1 was not 
associated with higher stage (p = 0.0230). There was no 
difference in mOS in patients with ≥ 50% PD-L1 expres-
sion with 29.8 months compared to 29.9 months in those 
with < 50% or no PD-L1 expression (p = 0.694).

According completion of the treatment no difference 
was revealed regarding the number of ChT cycles. How-
ever, the total dose of 60 Gy or more was associated with 
significantly better mOS (32 vs. 17.5  months, p < 0.001, 
HR 0.38). OS rates at 1, 2 and 5 years were 88.4%, 64.2% 
and 38.7% for doses ≥ 60  Gy compared to 59.1%, 31.8% 
and 0% for lower doses (Fig. 3).

In further evaluation, we analyzed pre-treatment and 
post-treatment inflammatory markers, NLR and serum 
CRP as the marker of systemic inflammatory response 
regarding outcome of patients. With cut-off 5 for pre-
treatment NLR we found limited association between 
high NLR level and poorer OS (p = 0.059) as for increased 
CRP level more than two times of normal (p = 0.063). 
After the completion of treatment increased CRP level 
more than two times of normal was associated with sig-
nificantly shorter mPFS (12.5 vs. 19.5 months, p = 0.009) 
and mOS (20.3 vs. 34.0 months, p = 0.005) compared to 
lower levels of CRP in univariate analysis, but this was 
not confirmed in the multivariate analysis.

Regarding clinical characteristics, our analysis revealed 
significant better mOS in patients with ECOG PS 0 
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compared to PS 1–2 (37.4 vs. 21.3 months, p = 0.002, HR 
1.87) (Fig. 4).

Multivariate analysis demonstrated that the PS and RT 
dose were independent and significant predictive factors 
of OS (Table 3).

Discussion
The objective of present analysis was the confirmation of 
our previously published data about prognostic value of 
PD-L1 expression on survival of patients with unresect-
able NSCLC in stage III that were treated with defini-
tive combined RT and ChT [11]. In present retrospective 
analysis, we found no difference between PFS and OS 
of patients with NSCLC neither in group of ≥ 1% nor 
in ≥ 50% PD-L1 expression. Our decision to analyze two 
groups, regarding PD-L1 cut-off value ≥ 1% or ≥ 50% was 
based on the results of two studies that have confirmed 
benefit of treatment with checkpoint inhibitors in first-
line setting for patients with metastatic NSCLC. [17, 18]. 
In addition, for inoperable stage III NSCLC patients, the 
results of the Pacific study have demonstrated signifi-
cantly higher PFS and OS with maintenance durvalumab 
after successful treatment with concomitant ChT and RT. 
In Europe, this combination became a new standard of 

care for inoperable stage III NSCLC with PD-L1 expres-
sion ≥ 1% [1–3].

The proportion of patients in our present analysis with 
68.4% of patients with ≥ 1% and 29.9% with ≥ 50% PD-L1 
expression is comparable to data from the literature. In a 
large, consecutive study of PD-L1 expression in all stages 
of NSCLC in Denmark, 791 patients were included [13]. 
Of those, 63% had PD-L1 ≥ 1% positive cells and 30% 
had PD-L1 ≥ 50% positive cells. Of 160 patients in stage 
III, the proportion was similar with 65% for PD-L1 ≥ 1% 
and 28% for PD-L1 ≥ 50% positive cells. However, the 
expression of PD-L1 in the largest global multicenter 
Express study with stage IIIB/IV NSCLC patients was 
lower than in our analysis [19]. Of 2368 patients from 
45 centers across 18 countries on different continents, 
52% had PD-L1 tumor proportion score ≥ 1% and 22% 
had score ≥ 50%. Of all cases, 831 were included from 
Europe and the prevalence of the PD-L1 expression was 
the same as for the entire group. Limitation of that study 
is retrospective nature of analysis from archival samples 
that might not be collected consecutively in all cases. In 
addition, cytological specimens were not included in the 
analysis. Recently, Gelatti et al. reported lower prevalence 
in Brazilian cohort with 43.46% of NSCLC patients with 
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score ≥ 1% of PD-L1 expression and 17.83 ≥ 50% [20]. In 
all four studies, PD-L1 expression was evaluated by stain-
ing with Dako PD-L1 IHC 22C3 pharmDx kit. PD-L1 
expression in our specimens was analyzed with the Ven-
tana PD-L1 SP263 assay. However, inter-assay concord-
ance of PD-L1 expression is reported to be high between 
standardized assays 22C3, 28-8 and SP263, while assay 
SP142 shows lower expression on tumor cells [21].

Our analysis of prognostic value of PD-L1 expression 
in consecutive homogenous group of 117 patients with 
stage III unresectable NSCLC, treated with combina-
tion of ChT and RT is the largest one published until 
now. Two other studies have investigated prognostic 
value of PD-L1 in homogenous group of unresectable 

patient in stage III NSCLC. In the first, Takito et  al. 
have demonstrated that PD-L1 expression was not cor-
related with PFS and OS in 74 consecutive patients in 
stage III NSCLC who had received concurrent chemo-
radiotherapy. [22] Positive tumor PD-L1 staining was 
present in 74% of the patients, similar as in our analy-
sis, but the cut-off value for negative tumors was set at 
5%. Their examination also included the immunohisto-
chemically evaluation of CD8+ TIL density and they 
demonstrated in univariate and multivariate analysis 
that it was independent and significant predictive fac-
tor for PFS and OS. Sub-analysis revealed that the 
patients with lack of PD-L1 expression in combination 
with high CD8+ TIL density had better survival. In the 

Table 2 Clinical characteristics of patients regarding PD-L1 expression

ChT chemotherapy, ECOG PS Eastern Cooperative Oncology Group performance status, n number, RT radiotherapy, CRP C-reactive protein, ULN upper limit of normal

Characteristics All, n PD-L1 < 50%, n (%) PD-L1 ≥ 50, n (%) p

All patients 117 82 70.1 35 29.9

Age (years) 0.236

 Median 61.0 60.5 64

 Range 47–77 47–77 50–75

Gender 0.117

 Female 38 23 28 15 42.9

 Male 79 59 72 20 57.1

Histology 0.201

 Squamous 71 48 58.5 23 65.7

 Adeno 39 27 32.9 12 34.3

 Other 7 7 8.5 0 0

Smoking status 0.702

 Current 67 49 60.5 18 52.9

 Former 44 29 35.8 15 44.2

 Never 4 3 3.7 1 2.9

Stage 0.0230

 IIIA 30 17 20.7 13 37.1

 IIIB 75 59 72.0 16 45.7

 IIIC 12 6 7.3 6 17.1

ECOG PS 0.625

 0 58 41 50.0 17 48.6

 1 57 39 47.6 18 51.4

 2 2 2 2.4 0 0

RT dose (Gy) 0.639

 Median 60 60

 Range 54–66 54–66

ChT (number of cycles) 0.666

 Median 3 3

 Range 1–5 1–5

CRP after ChT/RT 0.447

 ≤ 2 × ULN 74 51 62.2 23 69.7

 > 2 × ULN 41 31 37.8 10 30.3
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second analysis, recently published by Gennen et  al., 
31 patients with locally advanced (90.3%) and meta-
static (9.7%) NSCLC were included. [23] PD-L1 expres-
sion less than 1% on tumor cells was associated with 
improved OS, PFS and local control in patients treated 
with concurrent ChT and RT. In that study assessment 
of CD8+ TIL density was also performed and accord-
ing to both features, all patients were stratified to four 
different types of tumor immune microenvironment. 
The shortest OS had patients with PD-L1 expression 
and low CD8+ TIL density, which was in accordance to 
the previous mentioned study, but the longest OS had 
patients with negative PD-L1 expression and low CD8+ 
TIL density. However, limitation of both retrospective 
studies should be mentioned. Both cohorts were small, 
the threshold for positivity was not clearly defined and 
comparable, and various antibodies were used. Most 
importantly, the tumor samples size obtained from 
bronchoscopy might be too small to evaluate TILs den-
sity adequately.

More extensive data regarding prognostic value of 
PD-L1 expression are available from retrospective 
reports, systematic reviews and meta-analysis in resected 
NSCLC patient. Few of the analysis that included large 

numbers tissue samples from resected NSCLC patients 
(289, 705, 1016 and 982 patients) reported no impact 
of PD-L1 expression on PFS and OS [24–27]. On the 
contrary, some reported significant impact of PD-L1 
expression on prognosis. Recently, results of a sin-
gle institutional study of clinicopathological features 
regarding PD-L1 with a large number of patients of the 
Polish population were published [28]. A cohort of 866 
patients with stage I to IV NSCLC that underwent sur-
gery from January 2007 to December 2011 reveled asso-
ciation of higher PD-L1 expression with higher grade of 
malignancy, higher N stage and higher stages of NSCLC. 
Additionally, adenocarcinoma patients with high PD-L1 
expression (≥ 50%) had shorter survival compared to 
those with low PD-L1 expression (p = 0.0332) but this 
difference was lost when patients were divided into 
two groups with or without PD-L1 expression. Other 
researchers reported PD-L1 expression as a poor prog-
nostic factor for patients with NSCLC, mostly in Asian 
patient cohorts. [29–35] On the contrary, three studies 
of Western and Australian patient cohorts found PD-L1 
expression as a favorable prognostic factor [36–38]. In 
the largest Western cohort of surgically resected stage 
I–III NSCLC cases in European Thoracic Oncology 
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Platform (ETOP) Lungscape Project, 2008 evaluable 
cases were assessed regarding PD-L1 expression [36]. 
PD-L1 positivity prevalence of 1% and 50% cut-off was 
43.4% and 16.6%, respectively, but was significantly more 
frequent in higher stages. PD-L1 positivity was associ-
ated with better prognosis for non-metastatic NSCLC 
patients and for adenocarcinoma patients, but no effect 
was found for the squamous cell carcinoma. Cooper et al. 
reported that high PD-L1 expression was associated with 
younger patient age and high tumor grade and in multi-
variate analysis, those patients had significantly longer 
overall survival [37].

Despite conflicting data about prognostic value of 
PD-L1 expression, results regarding higher PD-L1 
expression in patients with higher stage of NSCLC are 
more convincing. In a Denmark study, stage was reported 
as the most important predictor of PD-L1 expression 
with higher stages having higher prevalence of PD-L1 
expression and odds ratio of 0.31 for stage I vs. stage 
IV [13]. Similarly, in a study of Wang et  al. the stage of 
NSCLC in 483 patients was significantly associated with 
PD-L1 positivity [12]. PD-L1 expression ≥ 50% was 2.3-
fold higher in metastatic NSCLC compared to early and 

locally advanced NSCLC. In a large cohort study of Sun 
et  al., 1070 patients with NSCLC surgically resected 
between 2001 and 2010 of a single institution in Korea, 
were included [39]. PD-L1 expression in a multivariate 
analysis was more common in squamous cell carcinoma 
and higher stage. The prevalence of high as well as low 
PD-L1 expression versus no expression was statistically 
higher in patients with more advanced NSCLC than in 
early-stage disease. In our analysis, we could not con-
firm the difference regarding higher PD-L1 expression in 
higher stages. Probably, the number of patients was too 
small to detect difference between subgroups of stage III. 
Additionally, most other studies reported the differences 
between stages I–IV.

In the light of inconsistent prognostic value of PD-L1 
expression in NSCLC patients, it is likely that the prog-
nostic significance relates to the overall balance of the 
host anti-tumor immune response and tumor-mediated 
immunosuppression. PD-L1 expression might be only 
one of the players in this equilibrium. We should look 
into the broader picture because more molecular mark-
ers of tumor microenvironment and the host immune 
response might be considered as a predictor of NSCLC 
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patient’s prognosis. There is evidence that expression of 
PD-L1 is an adaptive mechanism and may be a marker of 
tumor response to the host immunity rather than intrinsi-
cal tumor marker [40]. This might explain the findings of 
those studies that associate prevalence of PD-L1 expres-
sion with higher stages [12, 13, 28, 39]. The host immune 
response to tumor growth can also include inflammation 

and an increase in serum CRP. Systemic inflammation 
and elevated CRP is linked to poor outcome in NSCLC 
patients [41, 42]. Serum CRP is a sensitive marker of 
acute-phase systemic inflammation. Elevated CRP as a 
response to elevated cytokine levels after inflammatory 
stimulus is mainly produced by hepatocytes [43]. On the 
other hands, cancer cells have been shown to express 

Table 3 Univariate and multivariate analyses of clinicopathologic factors according to PFS and OS

Results with values of p < 0.2 in univariate analysis were calculated in multivariate analysis. A p-value less than 0.05 was considered statistically significant

ECOG PS Eastern Cooperative Oncology Group performance status, n number, PFS progression free survival, OS overall survival, RT radiotherapy, NLR neutrophil 
lymphocyte ratio, CRP C reactive protein, pre pre-treatment, post post-treatment

Factor n PFS OS

Median 
(months)

Univariate
p value

Multivariate
p value (95% CI)

Median 
(months)

Univariate
p value

Multivariate
p value (95% CI)

Age

 ≤ 61 59 15.9 0.549 28.5 0.533

 > 61 58 16.1 29.9

Sex

 Male 79 15.9 0.908 24.1 0.267

 Female 38 16.5 32.0

Stage

 IIIA 30 19.5 0.306 34.6 0.269

 IIIB 75 13.9 26.5

Histology

 Squamous 71 15.9 0.740 24.1 0.190

 Adeno 39 16.7 34.0

ECOG PS

 0 58 18.6 0.078 0.273 37.4 0.002 0.013
 1–2 59 14.2 (0.830–1.936) 21.3 (1.145–3.066)

PD-L1

 Negative 37 15.9 0.696 29.9 0.830

 Positive 80 16.1 28.5

PD-L1

 < 50% 82 14.7 0.362 29.9 0.689

 ≥ 50% 35 19.4 29.8

RT dose

 < 60 Gy 22 10.6 0.014 0.019 17.5  < 0.001 0.001
 ≥ 60 Gy 95 18.6 (0.321–0.905) 32.0 (0.218–0.667)

NLR pre

 < 5 87 17.2 0.532 34.0 0.059 0.087

 ≥ 5 23 13.8 21.4 (0.933–2.810)

NLR post

 < 5 48 19.5 0.408 34.6 0.120

 ≥ 5 65 13.5 24.1

CRP pre

 ≤ 10 54 20.7 0.093 0.217 37.5 0.063 0.105

 > 10 56 13.3 (0.855–1.990) 24.1 (0.919–2.416)

CRP post

 ≤ 10 74 19.5 0.009 0.221 34.0 0.005 0.250

 > 10 41 12.5 (0.842–2.099) 20.3 (0.808–2.265)
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CRP and produce various cytokines [44]. Among them, 
IL-6 was reported to be the only inflammatory cytokine 
independently associated with serum CRP concentra-
tions in patients with advanced-stage NSCLC [44]. The 
data suggests serum CRP as a useful substitute marker 
of IL-6 activity in NSCLC patients. IL-6 was reported to 
importantly contribute in cancer growth and progres-
sion by activating IL6R-JAK-STAT3 signaling pathway 
[45]. Over-activation of STAT3 pathway increases cell-
cycle progression, tumor invasion, angiogenesis, meta-
static spread and suppress apoptosis [42]. Data shows 
that STAT-3 activation as a mediator of inflammation 
plays an important role in tumorigenesis as well [46, 47]. 
In addition, there are data that STAT-3 has a pivotal role 
in regulating PD‐L1 expression, triggered via IL‐6 and 
IL‐10 [48]. Systemic inflammatory response in cancer 
involves many organ systems, and usual clinical labora-
tory measurements besides acute phase inflammatory 
proteins, it also include circulating white cells [14, 15, 
49]. In particular, blood cell counts such as neutrophil, 
lymphocyte and platelet counts, NLR, platelet lympho-
cyte ratio and Glasgow Prognostic Score based on serum 
CRP and albumin have been reported to have prognostic 
value [14, 15, 50–52]. However, there has been no refer-
ence cut-off point for NLR that could be used for clini-
cal use till now. The range of cut-off points reported to 
have prognostic impact varied from 2.5 to 5 in different 
studies. [15] In our present analysis, NLR was not asso-
ciated with survival, but we found that patients after the 
completion of RT had longer mOS when CRP is under 10 
(2 × ULN) compared to patients with higher values (34.0 
vs. 20.3 months, p = 0.005). However, the difference was 
not significant in multivariate analysis.

As expected, RT dose ≥ 60 Gy and good PS were inde-
pendent and significant predictive factors of better mOS 
in our multivariate analysis [53–56].

One important limitation of our present analysis is its 
retrospective design. Only patients with stage III unre-
sectable NSCLC that completed radiotherapy with 54 Gy 
or more were included. We have no data of patients that 
never completed intended radical treatment due to pro-
gression or adverse events and might influenced the 
results of this analysis. In addition, the archival samples 
acquired from 2012 to 2017, were analyzed in 2019 and 
PD-L1 expression could be compromised over the years 
of storage. Moreover, possible important issue was small 
biopsy samples and intra-tumoral heterogeneity of PD-L1 
expression.

Conclusion
In our cohort of 117 consecutive unresectable NSCLC 
patients in stage III treated with chemoradiotherapy 
PD-L1 expression from biopsy samples taken before 

therapy had no prognostic value regarding PFS and OS, 
neither comparing the groups of patients with more or 
less than 1% PD-L1 expression or groups with more or 
less than 50%. Patients with PS 0 and those who received 
more than 60 Gy of radiation dose had significantly bet-
ter OS.

Acknowledgements
The piece has not been previously published and is not under consideration 
elsewhere. The persons listed as authors have given their approval for the 
submission.

Authors’ contributions
All authors designed the study. MV and KS collected clinical data, IK performed 
PD-L1 testing and interpreted the results. MV performed the statistical analysis 
and wrote the manuscript. All authors helped in drafting the manuscript 
and editing the manuscript. All authors read and gave their approval for the 
submission of the final version of the manuscript.

Funding
The analysis of PD-L1 immuno-histochemical staining was supported by grant 
from AstraZeneca (number: ERID-KSOPKR/47). Medical writing including statis-
tical analysis is exclusively work and opinion of the named authors.

Availability of data and materials
The datasets used and analysed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
All patients gave written informed consent. This retrospective analysis is in 
compliance with the principles of the Declaration of Helsinki and its subse-
quent amendments. This retrospective analysis was approved by Institutional 
Review Board Committee and Institutional Ethics Committee of the Institute 
of Oncology Ljubljana, Slovenia (ERID-EK/172).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Radiotherapy, Institute of Oncology Ljubljana, Zaloska 2, 
1000 Ljubljana, Slovenia. 2 Department of Pathology, University Clinic of Res-
piratory and Allergic Diseases Golnik, Golnik 36, 4202 Golnik, Slovenia. 3 Faculty 
of Medicine, University of Ljubljana, Vrazov trg 2, 1000 Ljubljana, Slovenia. 

Received: 16 September 2020   Accepted: 21 October 2020

References
 1. Antonia SJ, Villegas A, Daniel D, et al. Durvalumab after chemoradiother-

apy in stage III non-small-cell lung cancer. N Engl J Med. 2017;377:1919–
29. https ://doi.org/10.1056/NEJMo a1709 937.

 2. Antonia SJ, Villegas A, Daniel D, et al. Overall survival with durvalumab 
after chemoradiotherapy in stage III NSCLC. N Engl J Med. 2018;379:2342–
50. https ://doi.org/10.1056/NEJMo a1809 697.

 3. Gray JE, Villegas A, Daniel D, et al. Three-year overall survival with 
durvalumab after chemoradiotherapy in stage III NSCLC—update from 
PACIFIC. J Thorac Oncol. 2020;15:288–93. https ://doi.org/10.1016/j.
jtho.2019.10.002.

 4. Casaluce F, Sgambato A, Sacco PC, et al. Emerging drugs targeting PD-1 
and PD-L1: reality or hope? Expert Opin Emerg Drugs. 2014;19:557–69. 
https ://doi.org/10.1517/14728 214.2014.96468 2.

https://doi.org/10.1056/NEJMoa1709937
https://doi.org/10.1056/NEJMoa1809697
https://doi.org/10.1016/j.jtho.2019.10.002
https://doi.org/10.1016/j.jtho.2019.10.002
https://doi.org/10.1517/14728214.2014.964682


Page 11 of 12Vrankar et al. Radiat Oncol          (2020) 15:247  

 5. Domingues D, Turner A, Silva MD, et al. Immunotherapy and lung cancer: 
current developments and novel targeted therapies. Immunotherapy. 
2014;6:1221–35. https ://doi.org/10.2217/imt.14.82.

 6. Garon EB, Rizvi NA, Hui R, et al. Pembrolizumab for the treatment of 
nonesmall-cell lung cancer. N Engl J Med. 2015;372:2018–28. https ://doi.
org/10.1056/NEJMo a1501 824.

 7. Herbst RS, Baas P, Kim DW, et al. Pembrolizumab versus docetaxel for 
previously treated, PD-L1-positive, advanced nonesmall-cell lung cancer 
(KEYNOTE-010): a randomised controlled trial. Lancet. 2016;387:1540–50. 
https ://doi.org/10.1016/S0140 -6736(15)01281 -7.

 8. Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus docetaxel in 
advanced nonsquamous non-small-cell lung cancer. N Engl J Med. 
2015;373:1627–39. https ://doi.org/10.1056/NEJMo a1507 643.

 9. Brahmer JR, Hammers H, Lipson EJ. Nivolumab: targeting PD-1 to 
bolster antitumor immunity. Future Oncol. 2015;11:1307–26. https ://doi.
org/10.2217/fon.15.52.

 10. Carbognin L, Pilotto S, Milella M, et al. Differential activity of nivolumab, 
pembrolizumab and MPDL3280A according to the tumor expression of 
programmed death-ligand-1 (PD-L1): sensitivity analysis of trials in mela-
noma, lung and genitourinary cancers. PLoS ONE. 2015;10:e0130142. 
https ://doi.org/10.1371/journ al.pone.01301 42.

 11. Vrankar M, Zwitter M, Kern I, Stanic K. PD-L1 expression can be regarded 
as prognostic factor for survival of non-small cell lung cancer patients 
after chemoradiotherapy. Neoplasma. 2018;59:101–6. https ://doi.
org/10.4149/neo_2018_17020 6N77.

 12. Wang H, Agulnik J, Kasymjanova G, et al. Cytology cell blocks are suitable 
for immunohistochemical testing for PD-L1 in lung cancer. Ann Oncol. 
2018;29:1417–22. https ://doi.org/10.1093/annon c/mdy12 6.

 13. Skov B, Rørvig SB, Jensen THL, Skov T. The prevalence of programmed 
death ligand-1 (PD-L1) expression in non-small cell lung cancer in an 
unselected, consecutive population. Mod Pathol. 2020;33:109–17. https ://
doi.org/10.1038/s4137 9-019-0339-0.

 14. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. 
Nature. 2008;454:436–44. https ://doi.org/10.1038/natur e0720 5.

 15. Templeton AJ, McNamara MG, Šeruga B, et al. Prognostic role of 
neutrophil-to-lymphocyte ratio in solid tumors: a systematic review and 
meta-analysis. J Natl Cancer Inst. 2014;106:1–11. https ://doi.org/10.1093/
jnci/dju12 4.

 16. Goldstraw P, Chansky K, Crowley J, et al. The IASLC Lung Cancer Staging 
Project: proposals for revision of the TNM stage groupings in the forth-
coming (eighth) edition of the TNM classification for lung cancer. J Thorac 
Oncol. 2016;11:39–51. https ://doi.org/10.1016/j.jtho.2015.09.009.

 17. Reck M, Rodríguez-Abreu D, Robinson AG, et al. Pembrolizumab versus 
chemotherapy for PD-L1–positive non–small-cell lung cancer. N Engl J 
Med. 2016;375:1823–33. https ://doi.org/10.1056/NEJMo a1606 774.

 18. Mok TS, Wu Y-L, Kudaba I, et al. Pembrolizumab versus chemotherapy for 
previously untreated, PD-L1-expressing, locally advanced or metastatic 
non-small-cell lung cancer (KEYNOTE-042): a randomised, open-
label, controlled, phase 3 trial. Lancet. 2019;393:1819–30. https ://doi.
org/10.1016/S0140 -6736(18)32409 -7.

 19. Dietel M, Savelov N, Salanova R, et al. Real-world prevalence of pro-
grammed death ligand 1 expression in locally advanced or metastatic 
non-small-cell lung cancer: the global, multicenter EXPRESS study. Lung 
Cancer. 2019;134:174–9. https ://doi.org/10.1016/j.lungc an.2019.06.012.

 20. Gelatti ACZ, de Lima VCC, Freitas H, et al. Real world prevalence of 
PD-L1 expression among tumor samples from non-small cell lung 
cancer patients. Clin Lung Cancer. 2020. https ://doi.org/10.1016/j.
cllc.2020.04.007.

 21. Hirsch FR, McElhinny A, Stanforth D, et al. PD-L1 immunohistochemistry 
assays for lung cancer: results from phase 1 of the Blueprint PD-L1 IHC 
Assay Comparison Project. J Thorac Oncol. 2017;12:208–22. https ://doi.
org/10.1016/j.jtho.2016.11.2228.

 22. Tokito T, Azuma K, Kawahara A, et al. Predictive relevance of PD-L1 
expression combined with CD8+ TIL density in stage III non-small cell 
lung cancer patients receiving concurrent chemoradiotherapy. European 
J Cancer. 2016;55:7–14. https ://doi.org/10.1016/j.ejca.2015.11.020.

 23. Gennen K, Käsmann L, Taugner J, et al. Prognostic value of PD-L1 expres-
sion on tumor cells combined with CD8+ TIL density in patients with 
locally advanced non-small cell lung cancer treated with concurrent 
chemoradiotherapy. Radiat Oncol. 2020;15:1–12. https ://doi.org/10.1186/
s1301 4-019-1453-3.

 24. D’Arcangelo M, D’Incecco A, Ligorio C, et al. Programmed death ligand 
1 expression in early stage, resectable non-small cell lung cancer. 
Oncotarget. 2018;10:561–72. https ://doi.org/10.18632 /oncot arget 
.26529 .

 25. Edlund K, Madjar K, Mattsson JSM, et al. Prognostic Impact of tumor 
cell PD-L1 expression and immune cell infiltration in NSCLC. J Thorac 
Oncol. 2019;14:628–40. https ://doi.org/10.1016/j.jtho.2018.12.022.

 26. Lin G, Fan X, Zhu W, et al. Prognostic significance of PD-L1 expres-
sion and tumor infiltrating lymphocyte in surgically resectable 
non-small cell lung cancer. Oncotarget. 2017;8:83986–94. https ://doi.
org/10.18632 /oncot arget .20233 .

 27. Tsao M-S, Le Teuff G, Shepherd FA, et al. PD-L1 protein expression 
assessed by immunohistochemistry is neither prognostic nor predic-
tive of benefit from adjuvant chemotherapy in resected non-small cell 
lung cancer. Ann Oncol. 2017;28:882–9. https ://doi.org/10.1093/annon 
c/mdx00 3.

 28. Pawelczyk K, Piotrowska A, Ciesielska U, et al. Role of PD-L1 expression 
in non-small cell lung cancer and their prognostic significance accord-
ing to clinicopathological factors and diagnostic markers. Int J Mol Sci. 
2019;20:824. https ://doi.org/10.3390/ijms2 00408 24.

 29. Kim SH, Go SI, Song DH, et al. Prognostic impact of CD8 and pro-
grammed death-ligand 1 expression in patients with resectable 
non-small cell lung cancer. Br J Cancer. 2019;120:547–54. https ://doi.
org/10.1038/s4141 6-019-0398-5.

 30. Wang A, Wang HY, Liu Y, et al. The prognostic value of PD-L1 expression 
for non-small cell lung cancer patients: a meta-analysis. Euro J Surg 
Oncol. 2015;41:450–6. https ://doi.org/10.1016/j.ejso.2015.01.020.

 31. Zhou C, Tang J, Sun H, et al. PD-L1 expression as poor prognostic factor 
in patients with non-squamous non-small cell lung cancer. Oncotarget. 
2017;8:58457–68. https ://doi.org/10.18632 /oncot arget .17022 .

 32. Zhou ZJ, Zhan P, Song Y. PD-L1 over-expression and survival in patients 
with non-small cell lung cancer: a meta-analysis. Transl Lung Cancer 
Res. 2015;4:203–8. https ://doi.org/10.3978/j.issn.2218-6751.2015.03.02.

 33. Ma J, Chi D, Wang Y, et al. Prognostic value of PD-L1 expression in 
resected lung adenocarcinoma and potential molecular mechanisms. J 
Cancer. 2018;9:3489–99. https ://doi.org/10.7150/jca.26155 .

 34. Mandarano M, Bellezza G, Belladonna ML, et al. Assessment of TILs, 
IDO-1, and PD-L1 in resected non-small cell lung cancer: an immuno-
histochemical study with clinicopathological and prognostic implica-
tions. Virchows Arch. 2019;474:159–68. https ://doi.org/10.1007/s0042 
8-018-2483-1.

 35. Shimoji M, Shimizu S, Sato K, et al. Clinical and pathologic features of lung 
cancer expressing programmed cell death ligand 1 (PD-L1). Lung Cancer. 
2016;98:69–75. https ://doi.org/10.1016/j.lungc an.2016.04.021.

 36. Kerr KM, Thunnissen E, Dafni U, et al. A retrospective cohort study of 
PD-L1 prevalence, molecular associations and clinical outcomes in 
patients with NSCLC: results from the European Thoracic Oncology 
Platform (ETOP) Lungscape Project. Lung Cancer. 2019;131:95–103. https 
://doi.org/10.1016/j.lungc an.2019.03.012.

 37. Cooper WA, Tran T, Vilain RE, et al. PD-L1 expression is a favorable 
prognostic factor in early stage non-small cell carcinoma. Lung Cancer. 
2015;89:181–8. https ://doi.org/10.1016/j.lungc an.2015.05.007.

 38. Velcheti V, Schalper KA, Carvajal DE, et al. Programmed death ligand-1 
expression in non-small cell lung cancer. Lab Invest. 2013;94:107–16. 
https ://doi.org/10.1038/labin vest.2013.130.

 39. Sun JM, Zhou W, Choi YL, et al. Prognostic significance of PD-L1 in 
patients with non-small cell lung cancer: a large cohort study of surgi-
cally resected cases. J Thorac Oncol. 2016;11:1003–11. https ://doi.
org/10.1016/j.jtho.2016.04.007.

 40. Taube JM, Anders RA, Young GD, et al. Colocalization of inflammatory 
response with B7–H1 expression in human melanocytic lesions supports 
an adaptive resistance mechanism of immune escape. Sci Transl Med. 
2012;4:127–37. https ://doi.org/10.1126/scitr anslm ed.30036 89.

 41. Scott HR, McMillan DC, Forrest LM, et al. The systemic inflammatory 
response, weight loss, performance status and survival in patients with 
inoperable non-small cell lung cancer. Br J Cancer. 2002;87:264–7. https ://
doi.org/10.1038/sj.bjc.66004 66.

 42. Forrest LM, Mcmillan DC, McArdle CS, et al. Evaluation of cumula-
tive prognostic scores based on the systemic inflammatory response 
in patients with inoperable non-small cell lung cancer. Br J Cancer. 
2003;89:1028–30. https ://doi.org/10.1038/sj.bjc.66012 42.

https://doi.org/10.2217/imt.14.82
https://doi.org/10.1056/NEJMoa1501824
https://doi.org/10.1056/NEJMoa1501824
https://doi.org/10.1016/S0140-6736(15)01281-7
https://doi.org/10.1056/NEJMoa1507643
https://doi.org/10.2217/fon.15.52
https://doi.org/10.2217/fon.15.52
https://doi.org/10.1371/journal.pone.0130142
https://doi.org/10.4149/neo_2018_170206N77
https://doi.org/10.4149/neo_2018_170206N77
https://doi.org/10.1093/annonc/mdy126
https://doi.org/10.1038/s41379-019-0339-0
https://doi.org/10.1038/s41379-019-0339-0
https://doi.org/10.1038/nature07205
https://doi.org/10.1093/jnci/dju124
https://doi.org/10.1093/jnci/dju124
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/j.lungcan.2019.06.012
https://doi.org/10.1016/j.cllc.2020.04.007
https://doi.org/10.1016/j.cllc.2020.04.007
https://doi.org/10.1016/j.jtho.2016.11.2228
https://doi.org/10.1016/j.jtho.2016.11.2228
https://doi.org/10.1016/j.ejca.2015.11.020
https://doi.org/10.1186/s13014-019-1453-3
https://doi.org/10.1186/s13014-019-1453-3
https://doi.org/10.18632/oncotarget.26529
https://doi.org/10.18632/oncotarget.26529
https://doi.org/10.1016/j.jtho.2018.12.022
https://doi.org/10.18632/oncotarget.20233
https://doi.org/10.18632/oncotarget.20233
https://doi.org/10.1093/annonc/mdx003
https://doi.org/10.1093/annonc/mdx003
https://doi.org/10.3390/ijms20040824
https://doi.org/10.1038/s41416-019-0398-5
https://doi.org/10.1038/s41416-019-0398-5
https://doi.org/10.1016/j.ejso.2015.01.020
https://doi.org/10.18632/oncotarget.17022
https://doi.org/10.3978/j.issn.2218-6751.2015.03.02
https://doi.org/10.7150/jca.26155
https://doi.org/10.1007/s00428-018-2483-1
https://doi.org/10.1007/s00428-018-2483-1
https://doi.org/10.1016/j.lungcan.2016.04.021
https://doi.org/10.1016/j.lungcan.2019.03.012
https://doi.org/10.1016/j.lungcan.2019.03.012
https://doi.org/10.1016/j.lungcan.2015.05.007
https://doi.org/10.1038/labinvest.2013.130
https://doi.org/10.1016/j.jtho.2016.04.007
https://doi.org/10.1016/j.jtho.2016.04.007
https://doi.org/10.1126/scitranslmed.3003689
https://doi.org/10.1038/sj.bjc.6600466
https://doi.org/10.1038/sj.bjc.6600466
https://doi.org/10.1038/sj.bjc.6601242


Page 12 of 12Vrankar et al. Radiat Oncol          (2020) 15:247 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 43. Volanakis J. Human C-reactive protein: expression, structure, and func-
tion. Mol Immunol. 2001;38:189–97. https ://doi.org/10.1016/S0161 
-5890(01)00042 -6.

 44. McKeown DJ, Brown DJ, Kelly A, et al. The relationship between circulat-
ing concentrations of C-reactive protein, inflammatory cytokines and 
cytokine receptors in patients with non-small-cell lung cancer. Br J 
Cancer. 2004;91:1993–5. https ://doi.org/10.1038/sj.bjc.66022 48.

 45. Aggarwal BB, Kunnumakkara AB, Harikumar KB, et al. Signal transducer 
and activator of transcription-3, inflammation, and cancer: how intimate 
is the relationship? Ann N Y Acad Sci. 2009;1171:59–76. https ://doi.org/10.
1111/j.1749-6632.2009.04911 .x.

 46. Desrivieres S, Kunz C, Barash I, et al. The biological functions of the ver-
satile transcription factors STAT3 and STAT5 and new strategies for their 
targeted inhibition. J Mamm Gland Biol Neoplasia. 2006;11:75–87. https ://
doi.org/10.1007/s1091 1-006-9014-4.

 47. Pfitzner E, Kliem S, Baus D, et al. The role of STATs in inflammation and 
inflammatory diseases. Curr Pharm Des. 2004;10:2839–50. https ://doi.
org/10.2174/13816 12043 38363 8.

 48. Wölfle SJ, Strebovsky J, Bartz H, et al. PD-L1 expression on tolerogenic 
APCs is controlled by STAT-3. Euro J Immunol. 2011;41:413–24. https ://
doi.org/10.1002/eji.20104 0979.

 49. Gabay C, Kushner I. Acute-phase proteins and other systemic responses 
to inflammation. N Engl J Med. 1999;340:448–54. https ://doi.org/10.1056/
NEJM1 99902 11340 0607.

 50. Roxburgh CS, McMillan DC. Role of systemic inflammatory response 
in predicting survival in patients with primary operable cancer. Future 
Oncol. 2010;6:149–63. https ://doi.org/10.2217/fon.09.136.

 51. Guthrie GJK, Charles KA, Roxburgh CSD, et al. The systemic inflammation-
based neutrophil-lymphocyte ratio: experience in patients with cancer. 
Crit Rev Oncol Hematol. 2013;88:218–30. https ://doi.org/10.1016/j.critr 
evonc .2013.03.010.

 52. McMillan DC. The systemic inflammation-based Glasgow Prognostic 
Score: a decade of experience in patients with cancer. Cancer Treat Rev. 
2013;39:534–40. https ://doi.org/10.1016/j.ctrv.2012.08.003.

 53. Stinchcombe TE, Bogart JA. Novel approaches of chemoradiotherapy in 
unresectable stage IIIA and stage IIIB non-small cell lung cancer. Oncolo-
gist. 2012;17:682–93. https ://doi.org/10.1634/theon colog ist.2012-0020.

 54. Van Meerbeeck JP, Meersschout S, De Pauw R, et al. Modern radiotherapy 
as part of combined modality treatment in locally advanced non-small 
cell lung cancer: present status and future prospects. Oncologist. 
2008;13:700–8. https ://doi.org/10.1634/theon colog ist.2007-0196.

 55. Alexander M, Wolfe R, Ball D, et al. Lung cancer prognostic index: a risk 
score to predict overall survival after the diagnosis of non-small-cell 
lung cancer. Br J Cancer. 2017;117:744–51. https ://doi.org/10.1038/
bjc.2017.232.

 56. Giaj-Levra N, Ricchetti F, Alongi F. What is changing in radiotherapy for 
the treatment of locally advanced nonsmall cell lung cancer patients? 
A review. Cancer Invest. 2016;34:80–93. https ://doi.org/10.3109/07357 
907.2015.11141 21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/S0161-5890(01)00042-6
https://doi.org/10.1016/S0161-5890(01)00042-6
https://doi.org/10.1038/sj.bjc.6602248
https://doi.org/10.1111/j.1749-6632.2009.04911.x
https://doi.org/10.1111/j.1749-6632.2009.04911.x
https://doi.org/10.1007/s10911-006-9014-4
https://doi.org/10.1007/s10911-006-9014-4
https://doi.org/10.2174/1381612043383638
https://doi.org/10.2174/1381612043383638
https://doi.org/10.1002/eji.201040979
https://doi.org/10.1002/eji.201040979
https://doi.org/10.1056/NEJM199902113400607
https://doi.org/10.1056/NEJM199902113400607
https://doi.org/10.2217/fon.09.136
https://doi.org/10.1016/j.critrevonc.2013.03.010
https://doi.org/10.1016/j.critrevonc.2013.03.010
https://doi.org/10.1016/j.ctrv.2012.08.003
https://doi.org/10.1634/theoncologist.2012-0020
https://doi.org/10.1634/theoncologist.2007-0196
https://doi.org/10.1038/bjc.2017.232
https://doi.org/10.1038/bjc.2017.232
https://doi.org/10.3109/07357907.2015.1114121
https://doi.org/10.3109/07357907.2015.1114121

	Prognostic value of PD-L1 expression in patients with unresectable stage III non-small cell lung cancer treated with chemoradiotherapy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Patients
	Tumor tissue
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


