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Abstract. A proportion of patients with locally advanced non-
small‑cell lung cancer (NSCLC) may benefit from anti-angiogenic 
therapy combined with concurrent chemoradiotherapy; however, 
effective prognostic biomarkers are required for prognosis. In 
this study, we aimed to establish whether inflammation-based 
factors offer a prognostic benefit in terms of response rate (RR) 
and overall survival (OS) in stage III NSCLC patients treated 
by Endostar with concurrent chemoradiotherapy (CCRT). We 
retrospectively investigated an unselected cohort of stage III 
NSCLC patients, who were treated by combined Endostar and 
CCRT. The log‑rank test was used to analyze the association 
between each clinical variable and OS. Cox regression models 
were fitted to identify risk factors associated with OS. A total of 
82 patients with stage III NSCLC were treated with a combina-
tion of Endostar and CCRT and 78 patients were included in 
the data analysis. A total of 13 patients achieved a complete 
response, 49 achieved a partial response, 6 had stable disease, 
8 had progressive disease and 2 patients could not be evaluated. 
The median progression‑free survival of the entire group was 
10.50 months (95% CI: 6.298-14.702), while the median OS 
was 22.83 months (95% CI: 19.156-26.504). On χ2 test analysis, 
the neutrophil‑to‑lymphocyte ratio (NLR) exerted a significant 
effect on RR (P=0.048). The univariate analysis identified the 
factors associated with OS, including NLR (P=0.004) and 
monocyte count (P=0.001), whereas the multivariate analysis 
confirmed NLR [P=0.043, hazard ratio (HR)=0.502] and 

monocyte count (P=0.011, HR=0.387) as independent prog-
nostic factors for OS. Our results indicated that, in patients with 
stage III NSCLC treated by a combination of Endostar and 
CCRT, pre-treatment elevated NLR and monocyte number are 
negatively associated with OS.

Introduction

Lung cancer is the most common type of cancer worldwide (1). 
Concurrent chemoradiotherapy (CCRT) is the standard 
treatment strategy for locally advanced non-resectable 
non‑small‑cell lung cancer (NSCLC)  (2). However, the 
clinical outcome is disappointing, with a 5-year survival 
rate of only ~20% (range, 15-40%) (3,4). Recently, combined 
treatment with anti-angiogenic therapy and chemotherapy 
or radiotherapy has shown a survival advantage (5). Among 
all anti-angiogenic drugs, recombinant human endostatin 
(Endostar), when administered with traditional CRT in 
patients with locally advanced NSCLC, showed promising 
results (6-10). We previously conducted a phase II clinical trial 
of endostatin combined with CCRT in patients with locally 
advanced NSCLC, achieving improved local control and 
survival rate (11). However, previous research has demonstrated 
that not all patients benefit from anti-angiogenic therapy (11). 
Thus, suitable case selection for Endostar treatment is crucial 
to avoid excessive medical treatment.

It has been demonstrated that inflammation‑mediated 
interaction between endothelial cells and the innate immune 
system plays an important role in resistance to anti-angiogenic 
therapy (12,13). Neutrophil‑to‑lymphocyte ratio (NLR), as 
estimated by the number of neutrophils/lymphocytes in the 
peripheral blood, is a hallmark of systemic inflammation. It 
was found that, in sunitinib‑treated metastatic renal cell carci-
noma patients, NLR was associated with response rate (RR), 
progression‑free survival (PFS) and overall survival (OS) (14). 
Furthermore, previously published studies indicate that 
inflammatory markers in bevacizumab‑treated NSCLC 
patients may be used as prognostic indicator (15). However, no 
reports have been published regarding the prognostic value of 
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inflammation-based factors in Endostar‑based first‑line treat-
ment in locally advanced NSCLC.

Therefore, a retrospective analysis was conducted on the 
basis of clinical trials (recombinant human endostatin in 
combination with CCRT in patients with stage III NSCLC), 
to determine the association of NLR with RR, PFS and OS in 
patients treated with Endostar plus CCRT for locally advanced 
NSCLC.

Patients and methods

Patients and therapy. Between 2009/03/11 and 2015/06/10, 
82 patients with untreated pathologically confirmed inoper-
able stage IIIA or IIIB NSCLC were enrolled in this study. 
The patients received a combined Endostar and CCRT 
regimen at the Sun Yat-Sen University Cancer Center 
and the Zhejiang Cancer Hospital. Endostar (Simcere 
Pharmaceutical, Nanjing, China) was administered 
according to the protocol of the clinical trials  (11). Each 
patient received four cycles of Endostar, with each cycle 
lasting for 1 week. The patients received an intravenous (i.v.) 
loading dose of Endostar (7.5 mg̸m2̸day) over 4 h for 7 days, 
or the same dose continuously pumped for 120 h on weeks 
1, 3, 5 and 7. Endostar was administered 1 week prior to the 
administration of chemotherapy and thoracic radiotherapy, 
during the concurrent part of the treatment. Patients received 
two cycles of platinum‑based chemotherapy with concur-
rent thoracic three-dimensional conformal radiation or 
intensity‑modulated radiotherapy at 60‑66 Gy in 30‑33 frac-
tions for 6‑7 weeks. For chemotherapy, docetaxel (65 mg̸m2) 
and cisplatin (65 mg̸m2) on days 8 and 36 (TP regimen), 
or etoposide (50 mg̸m2) on days 1-5 and 29‑33 and ciplatin 
(50 mg̸m2) on days 1, 8, 29 and 36 (EP regimen) were used. 
Peripheral blood samples were collected at baseline, prior to 
any treatment initiation. Of the 82 patients, 4 did not complete 
treatment; thus, a total of 78 cases qualified for analysis. 
Data were extracted from patient medical records. The data 
collected for our analysis included age, gender, pathological 
type, performance status (PS), pre-treatment laboratory find-
ings (in particular neutrophil, lymphocyte, monocyte and 
platelet counts), and treatment outcome in terms of RR, PFS 
and OS. The responses were assessed according to Response 
Evaluation Criteria in Solid Tumors, version 1.1 (16). The 
study was performed according to bioethics standards of the 
participating institutions and the patients provided written 
informed consent to data management at trial enrollment.

Statistical analysis. A total of 78 patients were evaluated for 
OS and PFS. OS was defined as the time from the initiation 
of Endostar treatment to death, while PFS was defined as 
the time from the initiation of Endostar to disease progres-
sion or death. OS and PFS were considered as the primary 
endpoints. All potential prognostic factors were transformed 
into categorical variables. The patients were grouped as 
male vs. female, squamous vs. non-squamous cell carcinoma, 
neutrophil count  >7,000  vs. ≤7,000̸mm3 (upper limit of 
normal), lymphocyte count ≥1,100 vs. <1,100̸mm3 (lower limit 
of normal), monocyte count >600 vs. ≤600̸mm3 (upper limit 
of normal), platelet count >350x103 vs. ≤350x103̸mm3 (upper 
limit of normal), NLR <5 vs. ≥5 (ratio between neutrophil and 

lymphocyte counts at baseline) and platelet‑to‑lymphocyte 
ratio (PLR) <300 vs. ≥300 (ratio between platelet and lympho-
cyte counts at baseline). The cut‑off values of PLR and NLR 
were determined as previously described (17). Survival curves 
and medians were estimated with the Kaplan-Meier method 
and the association between each variable and survival was 
assessed by the log‑rank test in the univariate analysis. The 
Cox proportional hazards model was used subsequently in 
the multivariate analysis to assess the contribution of each 
potential prognostic factor to survival. The most significant 
variables were entered in the model through a stepwise 
method. Two‑category comparisons were performed with the 
χ2 test. The analysis was performed using the SPSS statistical 
package, version 16.0 (SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics. The patients' characteristics at baseline 
are summarized in Table I. A total of 78 patients who received 
treatment with combined Endostar and CCRT were analyzed 
in our study, including 64 men and 14 women, with a median 
age of 57 years (range, 31-71 years). A total of 25 patients had 
stage IIIA and 53 patients stage IIIB disease; 25 patients had 
a performance status (PS) of 0 and 53 patients had a PS of ≥1. 
As regards pathological type, 47 patients had squamous cell 
carcinoma and 31 patients non‑squamous cell carcinoma. We 
observed complete response (CR) after treatment in 13 patients, 
partial response (PR) in 49 patients, stable disease (SD) in 
6 patients and progressive disease (PD) in 8 patients, whereas 
2 patients could not be evaluated. An NLR of ≥5 was found in 
23 patients (29.48%), while only 7 patients (8.97%) had a PLR 
of ≥300. The RR in the NLR <5.0 group was significantly higher 
compared with that in the NLR ≥5 group (87.27 vs. 60.87%, 
respectively; P=0.048).

Inflammation-based indices and survival. The median 
follow‑up time was 21.48 months (range, 0.20-52.97 months). 
The overall median PFS of the entire group was 10.50 months 
(95% CI: 6.298-14.702), while the median OS was 22.83 months 
(95% CI:19.156-26.504) (Fig. 1).

Figure 1. Overall survival (OS) curves for all patients. The median OS was 
22.83 months.
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We analyzed the effect of potential clinical prognostic 
variables (including age, gender, PS, histology, stage, neutro-
phil count, lymphocyte count, monocyte count, platelet count 
and NLR) on OS (Table II). In the univariate analysis, NLR 
and monocyte count were found to be of significant prognostic 
value (P=0.004 and P=0.001, respectively). The OS of the 
NLR ≥5.0 and the NLR <5.0 groups was 19.23±3.563 months 
(95%  CI:  12.246‑26.214) and 27.93±2.654  months 
(95%  CI:  22.727‑33.133). In patients with a monocyte 
count >600̸mm3 and those with a monocyte count ≤600̸mm3, 
the OS was 11.3±6.166 months (95% CI: 0.000‑23.386) and 
25.87±2.50  months (95%  CI:  20.97‑30.77) (Fig.  2). Other 
factors, including age (P=0.712), gender (P=0.804), PS 
(P=0.492), stage (P=0.498), histology (P=0.955), neutrophil 
count (P=0.157), lymphocyte count (P=0.867), platelet count 
(P=0.990) and PLR (P=0.962), exerted no significant effect 
on OS. The multivariate analysis confirmed NLR (P=0.043, 
HR=0.502) and monocyte count (P=0.011, HR=0.387) as inde-
pendent risk factors predicting patient mortality. As regards 
T and N stage, the patient sample was too small to perform 
a statistical analysis (data not shown). In addition, NLR also 
exerted a significant effect on PFS (P<0.001), with a PFS of 
6.17±1.23 months (95% Cl:3.76‑858) and 13.27±2.113 months 
(95% Cl:9.129‑17.411) in the NLR ≥5.0 and NLR <5.0 groups, 
respectively.

Discussion

In the present study, we analyzed the potential correlation 
between clinical variables and clinical outcome in patients 
with locally advanced NSCLC treated with combined first‑line 
therapy with the anti-angiogenic drug Endostar and CCRT. 
A total of 82 patients with locally advanced NSCLC were 
enrolled in the study; 4 patients did not complete treatment 
and, finally, 78 patients qualified for data analysis. The median 
PFS of the entire group was 10.50 months, while the median 
OS was 22.83 months. A total of 13 patients achieved CR after 
treatment, 49 achieved PR, 6 had SD, 8 developed PD, and 
2 patients could not be evaluated. On χ2 test analysis, NLR 

exerted a significant effect on RR (P=0.048). The univariate 
analysis revealed a correlation of low NLR and low monocyte 
count with longer OS. The multivariate analysis confirmed 
NLR and monocyte count as independent prognostic factors 

Table I. Baseline characteristics of the patients (n=78).

Characteristics	 Values

Age, years [median (range)]	 57 (31-71)
Gender (male/female)	 64/14
PS (0/1/2)	 25/52/1
Histology (Sq/non-Sq)	 47/31
Stagea (IIIA/IIIB)	 25/53
Neutrophil count (mean ± SD/mm3)	 6,453±3,394 (1,200-2,000)
Lymphocyte count (mean ± SD/mm3)	 1,454±585 (260-3,380)
Monocyte count (mean ± SD/mm3)	 541±295 (100-1,820)
Platelet count (mean x 103 ± SD/mm3)	 267±92 (111-534)
NLR (≥5.0/<5.0)	 23/55
PLR (≥300/<300)	 7/71

aAccording to the guidelines of the Union for International Cancer Control, 6th edition. SD, standard deviation; PS, performance status; Sq, 
squamous cell carcinoma; NLR, neutrophil‑to‑lymphocyte ratio; PLR, platelet‑to‑lymphocyte ratio.

Figure 2. Correlation of overall survival (OS) with (A) neutrophil‑to‑lympho-
cyte ratio (P=0.004) and (B) monocyte number (P=0.001) were analyzed by 
Kaplan-Meier curves.
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predicting patient mortality. Keizman et al reported a correla-
tion between low NLR and higher PFS, OS and RR in sunitinib 
treatment of metastatic renal cell carcinoma (14). In addition, 
Botta et al also found that a systemic inflammatory status at 
baseline is an important prognostic factor for PFS and OS in 
bevacizumab‑treated patients with advanced NSCLC (15). 
These results all suggest that systemic inflammation is corre-
lated with resistance to anti-angiogenesis.

Mononuclear cells differentiate into tumor‑associated 
macrophages (TAMs) in the tumor tissue. Under certain condi-
tions, TAMs undergo tumor‑promoting M2-like macrophage 
polarization, and secrete angiogenic factors, such as vascular 
endothelial growth factor, interleukin‑8 and fibroblast growth 

factor, to induce vascular formation, thus promoting angiogen-
esis (18,19).

A high level of NLR has been previously reported to be 
associated with prognosis in various tumor types, including 
renal cell carcinoma, malignant mesothelioma, colorectal 
liver metastases, advanced pancreatic cancer, ovarian cancer 
and gastric cancer  (20-26). Previously published studies 
reported the prognostic value of pretreatment NLR in NSCLC 
patients  (27-30), although other studies reported negative 
results (31-33). The opposite conclusions may have resulted 
from the variability of the investigated cases. Thus, although 
our study demonstrated that NLR is a prognostic factor in 
stage III NSCLC patients treated with Endostar combined 

Table II. Univariate analysis associated for OS.

Variables	 OS (months)	 95% CI	 P-value

Age, years			   0.712
  <65	 22.57±2.53	 17.612-27.528
  ≥65	 23.83±2.829	 18.285-29.375
Gender			   0.804
  Male	 22.83±2.159	 18.598-27.062
  Female	 25.00±2.690	 19.727-30.273
PS			   0.492
  0	 27.53 ±3.768	 20.145-34.915
  ≥1	 20.50 ±1.770	 17.030-23.970
Histology			   0.955
  Sq	 22.57±2.308	 18.046-27.094
  Non-Sq	 22.30±1.306	 19.741-24.895
Stage			   0.498
  IIIA	 25.87±8.203	 9.791-41.949
  IIIB	 22.57±1.472	 19.684-25.456
Neutrophil count, /mm3			   0.157
  ≤7,000	 24.00±3.438	 17.261-30.739
  >7,000	 20.63±4.579	 11.655-29.605
Lymphocyte count, /mm3			   0.867
  <1,100	 22.330±1.575	 19.243-25.417
  ≥1,100	 23.83±2.144	 19.628-28.032
Monocyte count, /mm3			   0.001
  ≤600 cells	 25.87±2.50	 20.97-30.77
  >600 cells	 11.30±6.166	 0.000-23.386
Platelet count, /mm3			   0.990
  ≤350x103	 23.830±3.287	 17.384-30.273
  >350x103	 22.33±2.082	 18.249-26.411
NLR			   0.004
  <5.0	 27.93±2.654	 22.727-33.133
  ≥5.0	 19.23±3.563	 12.246-26.214
PLR			   0.962
  ≥300	 19.70±1.898	 15.979-23.421
  <300	 22.57±2.152	 18.352-26.788

Values are presented as mean ± standard deviation. OS, overall survival; CI, confidence interval; PS, performance score; Sq, squamous cell 
carcinoma; NLR, neutrophil‑to‑lymphocyte ratio; PLR, platelet‑to‑lymphocyte ratio.
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with CCRT, this conclusion requires validation by further 
clinical studies.

The association between NLR and clinical outcome is 
complex and remains to be elucidated. NLR reflects systemic 
inflammation status to a certain extent. A high NLR reflects 
an increased neutrophil‑dependent inflammatory response and 
a reduced lymphocyte‑mediated antitumor immune response 
reaction, in turn leading to enhanced tumor invasiveness, 
thus resulting in tumor progression and poor prognosis (12). 
Anti‑angiogenic therapy results in vascular normalization, 
but increased local hypoxia recruits bone marrow‑derived 
cells, including dendritic cells, endothelial cells and pericyte 
progenitor cells and TAMs. These cells may produce a number 
of different angiogenic factors, and acquire drug resistance by 
hypoxic environment adaptation (34,35).

The findings of this study should be interpreted with 
caution. First, this retrospective analysis did not investigate 
other indices of inflammation, such as C‑reactive protein, 
erythrocyte sedimentation rate, or plasma inflammatory cyto-
kines. These indicators are not conventional items for clinical 
detection and, therefore, their effect on treatment cannot 
be evaluated. In addition, considering patient diversity and 
sample size, we did not identify other statistically significant 
clinicopathological factors. Finally, neutrophil and lympho-
cyte count may also be affected by inflammation and drugs; 
however, these factors were not taken into account.

Despite these considerations, we consider high pretreat-
ment NLR and monocyte count as indicators that patients with 
locally advanced NSCLC may benefit less from combined 
therapy with Endostar and CCRT. These markers may provide 
useful information for treatment decision‑making, patient 
selection and the design of clinical trials. However, our results 
require validation by further prospective studies.
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