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Abstract
Background: The neutrophil to lymphocyte ratio (NLR) was recently shown to be a
remarkable prognostic factor in tumors. Moreover, some studies have indicated that
the combination of NLR and platelet to lymphocyte ratio (PLR) could be a better
prognostic factor. As the combined prognostic value of NLR and PLR in non-small
cell lung cancer (NSCLC) is not clear, we conducted this study to explore this further.
Methods: A total of 366 primary NSCLC patients with stage III or IV were finally
included. The neutrophil, platelet, and lymphocyte counts were recorded before
treatment was initiated. NLR and PLR were calculated and NLR > 2.68 or PLR >
119.50 was defined as elevated. Univariate and multivariate survival analyses were
conducted to test their prognostic value.
Results: The median of NLR and PLR were 3.14 and 152.63, respectively, in all
patients. It was indicated that PLR is linearly associated with NLR. PLR is associated
with survival, but is not an independent prognostic factor. Removing NLR, PLR is an
independent prognostic factor (overall survival [OS]: hazard ratio [HR] = 1.918, P =
0.003; progression-free survival [PFS]: HR = 1.822, P = 0.007 in condition of NLR ≤
2.68). It was also indicated that elevated NLR is an independent prognostic factor
(OS: HR = 1.778, P = 0.009; PFS: HR = 1.535, P = 0.022) in all patients.
Conclusions: PLR is a useful complement of NLR, thus, advanced NSCLC patients
could be divided into three prognostic groups prior to treatment: poor: NLR > 2.68;
moderate: NLR ≤ 2.68 and PLR > 119.50; and good: NLR ≤ 2.68 and PLR ≤ 119.50.

Introduction

Regardless of the fact that a number of biomarkers have been
found to be related to the prognosis of non-small cell lung
cancer (NSCLC), they are still not routinely used in clinical
practice, partially because of high costs or the lack of suffi-
cient evidence and standardization.1 Thus, it is worthwhile
and necessary to make full use of routine clinical analysis to
better predict prognosis. Increased systemic inflammatory
response (SIR) has been demonstrated to be associated with
poor prognosis and some parameters of SIR can easily be
obtained in clinical practice.2 A recent high-quality meta-
analysis indicated that the neutrophil to lymphocyte ratio
(NLR), a SIR indicator, was a prognostic factor in different

solid tumors, including NSCLC.3 Despite this, patients with
elevated NLR could only account for 25–55% of all NSCLC
patients and the number of patients with no elevated NLR
could not be further stratified.4,5 Therefore, NLR optimiza-
tion is necessary.

Platelet to lymphocyte ratio (PLR), another SIR indicator
based on routine blood analysis, was also shown to be associ-
ated with survival in NSCLC patients.6,7 A number of studies
have demonstrated that the platelet is a complement of neu-
trophil in cancer angiogenesis and metastasis.8,9 In other
studies, it was also shown that the combination of NLR and
PLR (CNP) and the combination of platelet count and NLR
(COP-NLR) were better predictors of survival in patients
with esophageal and colorectal cancers.10,11 Until now, no
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study has been conducted to evaluate the combined value of
NLR and PLR in NSCLC patients. The aims of this study were
to identify the combined prognostic value of NLR and PLR in
NSCLC patients and whether PLR could make NLR a better
prognostic indicator.

Materials and methods

Patient selection

This study was conducted at the Department of Respiratory
Medicine, Jinling Hospital (Nanjing, China) and was
approved by the Jingling Hospital’s Institutional Review
Committee on Human Research. We conducted this retro-
spective study comprising 366 patients diagnosed with
NSCLC from January 2007 to August 2012. The inclusion cri-
teria were: (i) all included patients received no chemothera-
peutics before routine blood and C-reactive protein (CRP)
analysis; (ii) patients were diagnosed as primary NSCLC by
pathologic examination (histology and/or cytology examina-
tion) and staged according to the tumor node metastasis
(TNM) criteria of NSCLC (Union for International Cancer
Control, 7th edition); and (iii) patients were diagnosed with
stage IIIB or IV, including those in stage IIIA who were not
suitable for surgery. The TNM stage assessment was based on
computed tomography (CT) scans of the thorax and upper
abdomen, magnetic resonance imaging (MRI) or CT scans of
the brain, and bone emission CT scans. Patients with a history
of other tumors and autoimmune diseases, evidence of
current infection, or treated with immunomodulation drugs,
were excluded from this study. A total of 384 patients were
primarily enrolled and 18 patients were excluded: one patient
had been diagnosed with renal pelvic carcinoma; two had

been diagnosed with connective tissue disease; seven patients
had received immunomodulation up to one month before
blood analysis; and eight patients had current fungal or bac-
terial infections. Finally, 366 NSCLC patients were included
in this study.

Clinical data collection

Patients’ demographic data were recorded at admission. Data
on blood cell counts and CRP were extracted in a retrospec-
tive fashion from the electronic medical records database. All
data were recorded before diagnosis or one day prior to che-
motherapy. Progression-free survival (PFS) was defined as
the time from chemotherapy initiation until disease progres-
sion or death of any cause before disease progression. Overall
survival (OS) was defined as the time from chemotherapy ini-
tiation until the time of death by any cause or the time of last
follow-up (23 December 2013). The peripheral blood cell
counts were measured with a hematology analyzer (Sysmex
XE2100, Sys-mex, Kobe, Japan).

Neutrophil to lymphocyte ratio (NLR),
platelet to lymphocyte ratio (PLR), and
combination NLR and PLR (CNP) evaluation

The NLR was defined as the ratio of absolute neutrophil
count divided by the absolute lymphocyte count, and PLR
was defined as the ratio of absolute platelet count divided by
the absolute lymphocyte count. Receiver operating character-
istic (ROC) curves were separately plotted to verify the
optimum cut-off point for NLR and PLR. As shown in
Figure 1, the optimum cut-off values for NLR and PLR were
2.68 and 119.50, respectively. Patients were divided into four

Figure 1 The receiver operating characteristic (ROC) curves for (a) neutrophil to lymphocyte ratio (NLR) (b) and platelet to lymphocyte ratio (PLR) in non-
small cell lung cancer patients. (a) The area under the curve (AUC) is 0.643 and the cut-off value is 2.68, with a sensitivity of 0.683 and a specificity of
0.586; (b) The AUC is 0.596 and the cut-off value is 119.50, with a sensitivity of 0.730 and a specificity of 0.445 for PLR.
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groups based on NLR and PLR: group 1: NLR ≤ 2.68 and PLR
≤ 119.50; group 2: NLR ≤ 2.68 and PLR > 119.50; group 3:
NLR > 2.68 and PLR ≤ 119.50; and group 4: NLR >2.68 and
PLR >119.50.

Statistical analysis

All statistical analyses were performed using Predictive Ana-
lytics Software (PASW) Statistics 18.0 (IBM Corporation,

Table 1 Relationship between clinical characteristics and the CNP in advanced NSCLC patients

Variable Total

NLR ≤ 2.68 NLR > 2.86

PPLR ≤ 119.50 PLR >119.50 PLR ≤ 119.50 PLR > 119.50

Number of patients 366 87 37 66 176
Gender 0.007†

Female 120 31 7 32 50
Male 246 56 30 34 126

Age (years) 0.806†
<45 33 7 2 7 17
45–65 169 45 19 30 75
65–80 154 31 16 27 80
≥80 10 4 0 2 4

Smoking 0.024†
Non-smoker 157 40 12 38 67
Smoker 209 47 25 28 109

Histology 0.016†
AC 237 63 27 50 97
SCC 119 22 10 16 71
Others 7 1 0 0 6

Differentiation 0.062†
Well/moderate 85 27 9 19 30
Poor 253 55 28 41 129

Tumor stage 0.018†
T1 46 14 3 11 18
T2 125 36 10 28 51
T3 38 8 2 2 26
T4 154 29 22 25 78

Node stage 0.577†
N0 48 16 3 9 20
N1 33 6 5 8 14
N2 194 49 18 32 95
N3 90 16 10 17 47

Metastasis stage 0.480†
M0 80 16 9 13 42
M1a 107 29 6 23 49
M1b 179 42 22 30 85

TNM stage 0.728†
III 80 16 9 13 42
IV 286 71 28 53 134

Routine blood analysis
Neutrophil (×109 cells/ml) 4.59 (2.40) 3.42 (1.74) 3.24 (1.47) 5.93 (2.50) 5.18 (2.52) <0.001‡
Platelet (×109 cells/ml) 213.00 (106.25) 181.00 (79.00) 259.00 (91.00) 154.00 (56.00) 225.00 (104.75) 0.003‡
Lymphocyte (×109 cells/ml) 1.42 (0.79) 2.01 (0.80) 1.53 (0.54) 1.70 (0.58) 1.13 (0.52) 0.109‡
NLR 3.14 (2.53) 1.73 (0.81) 2.16 (0.63) 3.20 (1.30) 4.55 (2.72) <0.001‡
PLR 152.63 (104.11) 95.67 (27.37) 152.40 (51.75) 90.87 (17.91) 203.4438 (100.12) <0.001‡
CRP (mg/L) 7.75 (31.13) 3.70 (5.90) 6.60 (11.60) 5.40 (28.20) 17.95 (54.33) <0.001‡
PFS (days) 165.00 (214.75) 230.0 (234.0) 173.0 (233.0) 149.0 (191.0) 125.0 (172.75) 0.001‡
OS (days) 359.00 (339.25) 459.0 (294.0) 376.0 (353.0) 321.0 (245.0) 311.0 (353.5) <0.001‡

Data were shown as absolute number or median (interquartile range); †Chi-squared or Fisher’s exact test; ‡Kruskal-Wallis test. AC, adenocarcinoma;
CRP, C-reactive protein; CNP, combination of NLR and PLR; NLR, neutrophil to lymphocyte ratio; NSCLC, non-small cell lung cancer; OS, overall survival;
PFS, progression-free survival; PLR, platelet to lymphocyte ratio; SCC, squamous carcinoma; TNM, tumor node metastasis.
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Armonk, NY, USA). Data were presented as mean ± standard
deviation (s.d) or the absolute number of subjects. ROC
curves were constructed to estimate the optimal cut-off value
of pretreatment NLR and PLR. Normality and variance
homogeneity tests were performed and the Kruskal-Wallis
test was applied when analysis of variance was not applicable.
Comparison of baseline clinical characteristics between
patients in different groups was conducted by chi-squared or
Fisher’s exact tests. A Cox regression model was utilized for
PFS and OS. The survival curve was estimated by Kaplan-
Meier analysis and the log-rank test was used to examine the
differences in survival between these four groups. Variables
with a p value of ≤0.05 were included in subsequent multi-
variate analysis. A Cox proportional hazards regression
model was used to verify independent prognostic factors. In
all analyses, a p value of ≤0.05 was considered statistically
significant.

Results

Baseline patient characteristics

A total of 366 stage III and IV NSCLC patients were finally
included in this study. As shown in Table 1, 246 of the 366
patients were male and the majority of patients (88.25%)
were aged between 45 and 80 years old. The median NLR and
PLR were 3.14 and 152.63, respectively, in all patients. The
median OS and PFS were 359 and 165 days, respectively. Of
the 366 patients, 237 had never smoked. Diagnoses included:
237 patients with adenocarcinoma (AC) and 119 with squa-
mous carcinoma (SCC). There were 80 patients with TNM
stage III and 286 patients with TNM stage IV.

NLR and PLR analysis

According to the area under the curve (AUC) in Figure 1,
the cut-off value is 2.68 with a sensitivity of 0.683 and a
specificity of 0.586 for NLR, and 119.50 with a sensitivity of
0.730 and a specificity of 0.445 for PLR. PLR is moderately
linearly associated with NLR (Fig. 2, R = 0.644, P < 0.001).
NLR gets better specificity (0.586 vs. 0.445) and PLR gets
better sensitivity (0.730 vs. 0.683). We divided patients into
four groups: group 1: NLR ≤ 2.68 and PLR ≤ 119.50, n = 87;
group 2: NLR ≤ 2.68 and PLR > 119.50, n = 37; group 3:
NLR > 2.68 and PLR ≤ 119.50, n = 66; and group 4: NLR >
2.68 and PLR > 119.50, n = 176. Among the patients, 213
(58.20%) had an NLR > 2.68 and 242 (66.12%) had a PLR >
119.50. The distribution of clinical characteristics for differ-
ent groups based on NLR and PLR is presented in Table 1.
There are no clinically significant differences among the
four groups, except for gender (P = 0.007), smoking status
(P = 0.024), histology (P = 0.016), and tumor stage (P =
0.018). Elevated NLR or PLR is associated with neutrophil

(P < 0.001) and platelet counts (P = 0.003), but not with
lymphocyte count (P = 0.109). Elevated NLR and PLR are
associated with increased CRP (P < 0.001) and decreased OS
(P < 0.001) and PFS (P < 0.001).

Survival analysis

To verify possible prognostic factors, we conducted univariate
survival analyses of OS and PFS. Gender (P = 0.023), age (P =
0.006), smoking status (P = 0.005), tumor stage (P = 0.001),
node stage (P = 0.017), metastasis stage (P < 0.001), TNM
stage (P = 0.001), neutrophil count (P = 0.001), NLR (P <
0.001), PLR (P = 0.003) and CRP (P < 0.001) are possible
prognostic factors (Table 2). The Kaplan-Meier survival
curves in Figure 3 also indicate that elevated NLR and PLR
are associated with decreased OS and PFS.

We then conducted multivariate survival analyses of OS
and PFS using the same factors to verify independent prog-
nostic factors. As TNM stage is the combination of T, N, and
M stages, it was not included in multivariate survival analyses.
As shown in Table 3, NLR is an independent prognostic factor
(OS: P = 0.009; PFS: P = 0.022) while PLR is not (OS: P =
0.705; PFS: P = 0.309). Previous studies have conflicting
results on PLR in multivariate survival analyses. Some have
reported that PLR was an independent prognostic factor in
NSCLC,6,12 while others have not.13 In our present study, more
patients were involved than any previous study by our group
and NLR is included in the multivariate survival analyses. As
NLR is moderately linearly associated with PLR, we specu-
lated that NLR might partially neutralize the effect of PLR
and, thus, conducted further analyses.

Figure 2 Correlation between neutrophil to lymphocyte ratio (NLR) and
platelet to lymphocyte ratio (PLR) in non-small cell lung cancer patients.
There was a positive correlation between NLR and PLR: r = 0.644,
P < 0.001.
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Table 2 Univariate survival analyses in relation to PFS and OS in NSCLC patients

Variables

PFS OS

HR 95% CI lower 95% CI upper P HR 95% CI lower 95% CI upper P

Gender
Female 1 1
Male 1.294 0.972 1.724 0.077 1.397 1.048 1.863 0.023

Age (years)
<45 1 1
45–65 1.261 0.732 2.172 0.403 1.551 0.900 2.647 0.114
65–80 1.570 0.912 2.702 0.104 2.142 1.244 3.689 0.006
≥80 2.319 1.013 5.311 0.047 3.116 1.315 7.384 0.010

Smoking
Non-smoker 1 1
Smoker 1.269 0.971 1.659 0.081 1.477 1.128 1.933 0.005

Differentiation
Well/ Moderate 1 1
Poor 1.208 0.877 1.665 0.247 1.190 0.863 1.640 0.289

Histology
AC 1 1
SCC 1.043 0.793 1.373 0.761 1.200 0.911 1.579 0.194
Others 0.725 0.268 1.959 0.526 0.716 0.265 1.940 0.512

Tumor stage
I 1 1
II 0.937 0.598 1.470 0.778 1.039 0.662 1.631 0.868
III 1.991 1.185 3.345 0.009 2.417 1.432 4.080 0.001
IV 1.236 0.802 1.907 0.337 1.265 0.820 1.952 0.287

Node stage
N0 1 1
N1 1.855 1.052 3.268 0.033 1.996 1.132 3.521 0.017
N2 1.472 0.942 2.298 0.089 1.496 0.958 2.337 0.077
N3 1.882 1.159 3.055 0.011 1.682 1.036 2.730 0.035

Metastasis stage
M0 1 1
M1a 1.558 1.045 2.321 0.029 1.470 0.987 2.190 0.058
M1b 2.166 1.511 3.106 <0.001 1.937 1.351 2.755 <0.001

TNM stage
III 1
IV 1.913 1.354 2.702 <0.001 1.749 1.239 2.470 0.001

Neutrophil (cells/ml)
≤3.41 × 109 1 1
>3.41 × 109 1.783 1.279 2.486 0.001 1.756 1.260 2.447 0.001

Platelet (cells/ml)
≤177.5 × 109 1 1
<177.5 × 109 1.248 0.923 1.687 0.150 1.221 0.903 1.651 0.195

Lymphocyte (cells/ml)
≤2.70 × 109 1 1
>2.70 × 109 1.002 0.472 2.128 0.996 0.883 0.415 1.878 0.747

NLR
≤2.68 1 1
>2.68 1.974 1.494 2.608 <0.001 2.148 1.624 2.841 <0.001

PLR
≤119.50 1 1
>119.50 1.573 1.175 2.105 0.002 1.568 1.171 2.099 0.003

CRP (mg/L)
≤10.4 1 1
>10.4 2.230 1.683 2.955 <0.001 2.281 1.724 3.019 <0.001

AC, adenocarcinoma; CI, confidence interval; CRP, C-reactive protein; HR, hazard ratio; NLR, neutrophil to lymphocyte ratio; NSCLC, non-small cell lung
cancer; OS, overall survival; PFS, progression-free survival; PLR, platelet to lymphocyte ratio; SCC, squamous carcinoma; TNM, tumor node metastasis.
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To further explore the association of NLR and PLR, we
conducted Kaplan-Meier survival curves of PLR in NLR
elevated patients (NLR > 2.68) and NLR non-elevated
patients (NLR ≤ 2.68). Elevated PLR is associated with
decreased OS and PFS only when NLR is ≤2.68 (Fig. 4). These
results indicated that PLR might be a complement of NLR,

thus, we conducted further multivariate survival analyses of
OS and PFS in patients with an NLR ≤ 2.68. As shown in
Table 4, PLR is an independent prognostic factor (OS: P =
0.020; PFS: P = 0.035) when NLR is ≤ 2.68. As shown in
Table 1, there is a significant decrease in OS and PFS in PLR-
elevated patients compared with PLR-non-elevated patients

Figure 3 Kaplan-Meier survival curves stratified by neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) in non-small cell lung
cancer patients. (a) Overall survival (OS) stratified by NLR; (b) progression-free survival (PFS) stratified by NLR; (c) OS stratified by PLR; and (d) PFS stratified
by PLR. , NLR <= 2.68; , NLR > 2.68; , NLR <= 2.68-censored; , NLR > 2.68-censored.
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when NLR is ≤2.68. All of these results show that PLR is a
complementary prognostic factor of NLR when NLR is
≤2.68. Patients were divided into three groups prior to treat-
ment based on the combination of pretreatment NLR and
PLR (Fig. 5): (i) poor survival: NLR > 2.68; (ii) moderate sur-
vival: NLR ≤ 2.68 and PLR > 119.50; and (iii) good survival:
NLR ≤ 2.68 and PLR ≤ 119.50.

To verify the reliability of the combination of NLR and PLR
in survival indication, involved patients were divided into 2
randomized groups and Kaplan–Meier survival curves were
plotted in both groups. It was shown that the log rank P value
was less than 0.005 in either group (Fig. 6) and this model is
reliable.

Discussion

In this study, we demonstrate that PLR, which is moderately
linearly associated with NLR, is a complementary prognostic
factor of NLR when NLR is not elevated for the first time.
Patients with PLR > 119.50 had poorer survival than patients
with PLR ≤ 119.50 when NLR is ≤2.68.We also confirmed that
elevated NLR (NLR > 2.68) is independently associated with
poor survival in stage III and IV NSCLC patients. Thus,
advanced NSCLC patients were divided into three prognostic
groupspriortotreatmentwithcombinationsof NLRandPLR.

Since 2007, NLR has been investigated in a number of
tumors by over 100 separate studies. Over half of these were

Table 3 Multivariate survival analyses in relation to PFS and OS in NSCLC patients

Variables

PFS OS

HR 95% CI lower 95% CI upper P HR 95% CI lower 95% CI upper P

Gender
Female 1 1
Male 1.148 0.757 1.740 0.517 1.029 0.663 1.597 0.900

Age (years)
<45 1 1
45–65 0.955 0.549 1.659 0.870 0.708 0.399 1.258 0.239
65–80 1.222 0.701 2.127 0.479 0.872 0.484 1.569 0.647
≥80 2.237 0.949 5.275 0.066 1.552 0.601 4.009 0.364

Smoking
Non-smoker 1
Smoker 1.111 0.757 1.630 0.592 1.298 .845 1.996 0.234

Tumor stage
I 1 1
II 1.002 0.631 1.592 0.992 1.004 0.621 1.623 0.986
III 1.497 0.869 2.581 0.146 1.540 0.843 2.815 0.160
IV 1.140 0.724 1.795 0.571 1.028 0.640 1.650 0.910

Node stage
N0 1 1
N1 1.519 0.831 2.776 0.174 1.549 0.804 2.986 0.191
N2 1.280 0.797 2.056 0.308 1.108 0.667 1.842 0.691
N3 1.410 0.836 2.378 0.198 0.898 0.510 1.582 0.711

Metastasis stage
M0 1 1
M1a 1.882 1.232 2.874 0.003 1.841 1.148 2.953 0.011
M1b 2.321 1.602 3.362 <0.001 2.264 1.477 3.473 <0.001

Neutrophil (cells/ml)
≤3.41 × 109 1 1
>3.41 × 109 1.160 0.753 1.788 0.501 1.020 0.655 1.586 0.931

NLR
≤2.68 1 1
>2.68 1.535 1.064 2.212 0.022 1.778 1.157 2.732 0.009

PLR
≤119.50 1 1
>119.50 1.189 0.852 1.658 0.309 1.079 0.729 1.596 0.705

CRP (mg/L)
≤10.4 1 1
>10.4 1.766 1.264 2.467 0.001 1.774 1.270 2.477 0.001

AC, adenocarcinoma; CI, confidence interval; CRP, C-reactive protein; HR, hazard ratio; NLR, neutrophil to lymphocyte ratio; NSCLC, non-small cell lung
cancer; OS, overall survival; PFS, progression-free survival; PLR, platelet to lymphocyte ratio; SCC, squamous carcinoma; TNM, tumor node metastasis.
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published in the last two years.3 PLR, another systemic
inflammatory indicator, has also been revealed to be a sur-
vival indicator in different types of tumors.14–16 Recent meta-
analyses of NLR3 and PLR17 have also verified that elevated
NLR or PLR is associated with poor survival. In NSCLC, 14
studies on NLR and five studies on PLR have been conducted

to evaluate their prognostic value (Table 5).4–7,12,13,18–26 These
studies used different criteria of elevated NLR and elevated
PLR and the number of included patients varied from 23 to
388. Most of these studies used a value of 5.0 for NLR as the
threshold. Using this value may obtain ideal specialty but
poor sensitivity, and a considerable number of patients with

Figure 4 Kaplan–Meier survival curves stratified by a combination of neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) in non-
small cell lung cancer patients. (a) Overall survival (OS) stratified by PLR when NLR is ≤2.68; (b) OS stratified by PLR when NLR is > 2.68; (c) progression-
free survival (PFS) stratified by PLR when NLR is ≤2.68; and (d) PFS stratified by PLR when NLR is > 2.68. , PLR <= 119.50; , PLR > 119.50; , PLR
<= 119.50-censored; , PLR > 119.50-censored.
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increased risk of death might be excluded from the NLR
elevated group. Thus, we conducted ROC curves and
obtained a cut-off value of 2.68 for NLR, which is very close to
our previous study.5 Among the five previous studies of PLR
in NSCLC demonstrating that elevated PLR is associated with
decreased survival, only two studies reported that PLR is a
potential independent survival indicator by multivariate sur-
vival analyses. It seems that other factors might have an influ-
ence on PLR. Our study indicated that PLR is not an
independent prognostic factor in all NSCLC patients. This
may be because of the different staging of included patients
(III or IV vs. II or III) and the addition of NLR in multivariate
survival analyses. As PLR is linearly associated with NLR
(Fig. 2), we further analyzed the influence of NLR on PLR.We
found that elevated PLR was independently associated with

poor survival in patients with NLR ≤ 2.68. As shown in
Figure 4 (a & c), PLR enables us to distinguish patients that
should be defined as “low risk,” because their NLR was not
elevated. Thus, PLR is a useful complement to NLR in NSCLC
in this sense, and makes discrimination of patients with
“moderate survival” possible.

Although a number of studies have been conducted on
NLR and/or PLR in NSCLC, few of them have studied the
association of NLR and PLR in NSCLC patients. Further-
more, previous studies have revealed that the combination of
platelet count and NLR10 and the combination of PLR and
NLR6 were better than NLR alone. In our study, we found that
the combination of platelet count and NLR was no better
than NLR in NSCLC patients (Fig. 5); however, using the
combination of PLR and NLR, PLR could further stratify the

Table 4 Multivariate survival analyses in relation to PFS and OS when NLR ≤ 2.68

Variables

PFS OS

HR 95% CI lower 95% CI upper P HR 95% CI lower 95% CI upper P

Gender
Female 1 1
Male 1.689 0.689 4.143 0.252 1.396 0.600 3.252 0.439

Age (years)
<45 1 1
45–65 0.157 0.050 0.492 0.001 0.204 0.067 0.620 0.005
65–80 0.179 0.057 0.561 0.003 0.270 0.086 0.843 0.024
≥80 0.219 0.045 1.052 0.058 0.496 0.104 2.373 0.380

Smoking
Non-smoker 1
Smoker 1.006 0.409 2.476 0.989 1.544 0.672 3.545 0.306

Tumor stage
I 1 1
II 0.774 0.357 1.679 0.517 0.842 0.385 1.842 0.668
III 1.841 0.437 7.756 0.406 0.900 0.193 4.191 0.893
IV 0.847 0.366 1.961 0.699 0.865 0.381 1.962 0.728

Node stage
N0 1 1
N1 1.334 0.423 4.200 0.623 1.167 0.371 3.668 0.792
N2 0.991 0.406 2.417 0.984 0.596 0.242 1.472 0.262
N3 0.900 0.318 2.546 0.843 0.339 0.107 1.078 0.067

Metastasis stage
M0 1 1
M1a 2.408 0.832 6.966 0.105 1.816 0.632 5.218 0.268
M1b 4.164 1.499 11.569 0.006 3.724 1.339 10.358 0.012

Neutrophil (cells/ml)
≤3.41 × 109 1 1
>3.41 × 109 1.211 0.692 2.120 0.503 1.087 0.607 1.947 0.779

PLR
≤119.50 1 1
>119.50 1.879 1.047 3.374 0.035 2.046 1.122 3.732 0.020

CRP (mg/L)
≤10.4 1 1
>10.4 2.786 1.374 5.648 0.004 3.014 1.490 6.099 0.002

CI, confidence interval; CRP, C-reactive protein; HR, hazard ratio; NLR, neutrophil to lymphocyte ratio; OS, overall survival; PFS, progression-free survival;
PLR, platelet to lymphocyte ratio.
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Figure 5 Kaplan-Meier survival curves stratified by a combination of platelet to lymphocyte ratio (PLR) and neutrophil to lymphocyte ratio (NLR) in non-
small cell lung cancer patients. (a) Progression-free survival (PFS); (b) overall survival (OS). , NLR ≤ 2.68 and PLR ≤ 119.50; , NLR ≤ 2.68 and PLR >
119.50; , NLR > 2.68 and PLR > 119.50; , NLR ≤ 2.68 and PLR ≤ 119.50-censored; , NLR ≤ 2.68 and PLR > 119.50-censored; , NLR > 2.68
and PLR > 119.50-censored.

Table 5 Summary of studies on NLR and/or PLR in NSCLC

Study Country
No. of
patients

Cut-off value

Details of patientsNLR PLR

Sarraf, 2009 UK 177 † ‡ Ia-IV, 33% stage Ib¶; 59% male; 49% AC§; all underwent surgical resection
Teramukai, 2009 Japan 388 2.093, 2.914

and 4.744
‡ IIIb-IV, 82% stage IV¶; 71% male; 70% AC§; all received chemotherapy

Sakai, 2011 Japan 23 † ‡ Ia-IIIb, 60.9% stage Ib¶; 60.9% male; 100% AC§; all underwent surgical
resection

Tomita, 2012£ Japan 284 2.5 ‡ I-III, 63.5% stage I; 63.5% male; 72.8% AC§; all underwent surgical resection
Forget, 2013 Belgium 255 5.0 ‡ I-II, 76% stage I¶; 82.4% male; 53.3% AC§; all underwent surgical resection
Unal, 2013 Turkey 94 3.44 194 II-IIIb, 47.9% stage IIIb¶; 93.6% male; 70.2% SCC§; all received chemotherapy,

partial received radiotherapy
Kacan Turkey 270 5.0 ‡ I-IV, 66.7% stage III¶, 90% male; 41% SCC§; therapy strategy was not stated
Cedres, 2012 Spain 171 5.0 ‡ 100% stage IV¶; 83% male; 40.5% AC§; all patients received first-line

chemotherapy
Lee, 2012 Korea 199 3.25 ‡ III b-IV, 92% stage IV¶; 8.5% male; 100% AC§; all patients received first-line

chemotherapy; never smokers
Jafri, 2013 USA 173 5.0 ‡ 100% stage IV¶; 67% male; 52% AC§; 66% received chemotherapy
Kaya, 2013 Turkey 156 5 150 IIIa-IV, 40.4% stage IIIa¶; 51.3% male; 54.8% SCC§; 66% received

chemotherapy
Yao, 2012 China 182 2.63 ‡ III-IV, 68.1 % stage IV¶; 65.4 % male; 70.3 % AC§; all patients received

first-line chemotherapy
Liu, 2013 China 210 ‡ 152.6 III-IV, 70.5 % stage IV¶; 66.2 % male; 66.2 % AC§; all patients received

first-line chemotherapy
Sanchez-Lara, 2012 Mexico 119 5.0 150 IIIb-IV, 72.3 % IIIb; 46.2 % male; No histology information; all patients received

first-line chemotherapy
Pinato, 2014 UK 220 5.0 300 Ia-IIIa, 34 % Ia; 50 % male; 60 % AC§; all underwent surgical resection

†It was investigated but not offered; ‡It was not investigated in this study; §The largest portion of histological sub-type was presented; ¶The largest
portion of non-small cell lung cancer (NSCLC) stage was presented; £This author conducted two studies in this field and the latter with more patients was
chosen. AC, adenocarcinoma; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; SCC, squamous carcinoma.
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patients with poor survival with NLR ≤ 2.68. In survival
analysis, no significant difference was found between PLR
elevated and PLR non-elevated patients when NLR is > 2.68.
However, poorer survival rates were found in PLR elevated
patients than in PLR non-elevated patients when NLR
is ≤2.68. This indicated that an elevated NLR partially
offset the effect of PLR on survival prediction. Thus,
we speculated that PLR was a complementary prognostic
factor of NLR, but not an independent prognostic factor
in all advanced NSCLC patients and the combination of
PLR and NLR was a better prognostic indicator than NLR
alone.

Chronic inflammation has long been proven to contribute
to cancer initiation and progression in a number of
studies.2,27–29 Neutrophils, lymphocytes, and platelets are the
three main subpopulations in peripheral blood. Neutrophils
play the role of a double-edged sword in tumor progression.
Previous studies have indicated that although CD11b+/Ly6G+

tumor-associated neutrophils (TANs) are cytotoxic to tumor
cells, the tumor microenvironment could also induce pro-
tumor phenotype TANs by tumor growth factor -beta (TGF-
beta)30 and, thus, increase tumor angiogenesis.31 It has also
been demonstrated that circulating neutrophils could
promote metastasis by the release of neutrophil extracellular

Figure 6 Verification of the combination of platelet to lymphocyte ratio (PLR) and neutrophil to lymphocyte ratio (NLR) in non-small cell lung cancer.
Patients were divided into two groups at random and Kaplan-Meier survival curves of progression-free survival (PFS) and overall survival (OS) were plotted
by the combination of PLR and NLR. (a) PFS in randomized group 1, P = 0.002; (b) OS in randomized group 1, P < 0.001; (c) PFS in randomized group 2,
P = 0.001; and (d) OS in randomized group 2, P = 0.001. , NLR ≤ 2.68 and PLR ≤ 119.50; , NLR ≤ 2.68 and PLR > 119.50; , NLR > 2.68; ,
NLR ≤ 2.68 and PLR ≤ 119.50-censored; , NLR ≤ 2.68 and PLR > 119.50-censored; , NLR > 2.68-censored.
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traps (NETs), sequestering circulating tumor cells.8 On the
other hand, CD8+ T cells are shown to be key modulators of
cytotoxic to tumor cells caused by neutrophils.30 Other sub-
populations of lymphocytes, including T helper and NK cells,
are also key anti-cancer cells affecting growth and/or metasta-
sis in different cancers.32–34 This might partially explain why
an elevated NLR is associated with poor survival. Further-
more, previous studies have demonstrated that platelets,
another population of pro-inflammatory cells, might interact
with neutrophils and contribute to the release of NETs.35 This
might also partially explain the mechanism that PLR comple-
ments NLR.

Our present study confirmed the previous study by our
group and the recent meta-analysis, which indicated that
NLR is a potential biomarker of shorter PFS and OS for
advanced NSCLC patients.3,5 There are some differences
between our two studies. One main difference is that CRP was
an independent prognostic factor in the present study, but
not in the previous study. This might be a result of different
inclusion criteria and the addition of PLR and other factors in
the multivariate survival analyses. Some other recent studies
have also demonstrated that elevated CRP is independently
associated with poor survival.36

This study was a single-center, retrospective study and the
number of included subjects was moderate to small.
However, we confirmed our previous findings by involving
more patients, and, for the first time, found that PLR could
stratify patients with non-elevated NLR. The clinical utility
of NLR and PLR still needs to be confirmed by future
prospective analysis.

Conclusion

In summary, we have demonstrated that PLR is a useful
complement to NLR. Using the combination of NLR and
PLR, advanced NSCLC patients were able to be divided into
three different prognostic groups prior to treatment: poor
(NLR > 2.68), moderate (NLR ≤ 2.68 and PLR > 119.50) and
good survival (NLR ≤ 2.68 and PLR ≤ 119.50). Future
well-designed, prospective studies are needed to verify this
conclusion.
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