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Abstract. The present study aimed to identify a high‑risk 
population with non‑small cell lung cancer (NSCLC) and 
to predict TNM stages using the neutrophil‑to‑lymphocyte 
ratio (NLR) and the platelet‑to‑lymphocyte ratio (PLR). This 
retrospective study included preoperative data of 171 patients 
and 105 controls. Compared with healthy controls, patients 
with NSCLC had higher levels of NLR and PLR (NLR, 
2.719±0.183 vs. 1.813±0.079, P<0.01; PLR, 135.800±4.778 
vs. 112.000±5.651, P<0.01, respectively). The associations 
between Tumor‑Node‑Metastasis stages and the aforemen-
tioned parameters were detected (both P<0.01). NLR and PLR 
improved the rate of early diagnosis of NSCLC, particularly 
for stages III and IV with a higher area under curve value 
(0.752 and 0.759, respectively) compared with stage I and II 
NSCLC. In addition, PLR with a T stage‑dependent increase 
may be a potential and independent predictive marker for T 
stage (P<0.05); the NLR exhibited an N stage‑dependent 
increase (except for stage N3) and was identified as a marker 
for N stage (P<0.0001). It was subsequently concluded that 
NLR and PLR are useful biomarkers in the early diagnosis of 
NSCLC; that these two parameters were capable of indicating 

advanced stages, III and IV; and that PLR and NLR were inde-
pendent predictors for T and N stages, respectively.

Introduction

Lung cancer is the leading cause of cancer‑associated 
mortality worldwide, with the highest rate of morbidity and 
mortality of all cancer types (1). Non‑small cell lung cancer 
(NSCLC) accounts for >80% of newly diagnosed patients (2), 
with an overall 5‑year survival rate of ~17% (3). Unfortunately, 
majority of patients with NSCLC are diagnosed at an advanced 
stage (4), and only 20% of patients have the opportunity to 
undergo surgical therapy (5). Therefore, early diagnosis is 
important, and a reliable and inexpensive biomarker is required 
to identify accurate staging.

For clinicians, the Tumor‑Node‑Metastasis (TNM) staging 
system provides reliable guidelines for the routine prognosis 
prediction and treatment of NSCLC (6). This system character-
izes the tumor itself, the regional lymph nodes and potentially 
metastatic sites. Furthermore, TNM stages provide a standard 
by which patients are classified into different groups with 
similar prognoses for each staging category (6). The TNM 
staging system is capable of improving the prediction of 
outcomes for patients with cancer, including lung cancer, renal 
cell carcinoma and colorectal cancer (7‑9). In addition to early 
detection, accurate TNM staging exhibited more significant 
clinical effects.

It is widely acknowledged that inflammation contributes 
to the development of numerous types of cancer and inflam-
mation is the seventh hallmark of cancer (10), and systemic 
inflammatory response is important in tumorigenesis and 
carcinogenesis. Accumulating evidence has suggested that the 
neutrophil‑to‑lymphocyte (NLR) and the platelet‑to‑lympho-
cyte ratio (PLR), are potential indicators of systemic 
inflammation and immune response (11,12). These ratios are 
easily calculated based on the full blood count and have been 
recognized as convenient, reliable and inexpensive markers 
to predict the prognosis, progression, survival, metastasis and 
regional lymph node invasion of patients with various types 
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of solid tumors  (13‑15). Several meta‑analyses with large 
sample sizes have evaluated the prognostic role of preopera-
tive NLR and PLR in different types of cancer, revealing that 
these two ratios are associated with tumor progression and 
overall survival (OS), including prostate cancer, esophageal 
cancer and breast cancer (13,16,17). Although a number of 
studies have confirmed the role of cancer‑related inflammation 
markers, the majority of studies have focused on prognosis and 
treatment outcomes (18,19).

Recently, an increasing amount of evidence has demon-
strated that systemic inflammation is involved in stages of 
solid tumor development  (20,21). The NLR and PLR, as 
biomarkers conveying information regarding systematic 
inflammatory response, are described to be used as valuable 
predictive parameters for tumor stages (20,22). For example, 
in papillary thyroid cancer, significant elevation of NLR was 
correlated with an advanced disease stage  (20). However, 
the association between these two ratios and TNM stages in 
patients with NSCLC has not been fully elucidated. Therefore, 
the present study aimed to exclusively investigate whether 
these two indicators may provide useful information for the 
early detection of NSCLC and may serve important roles in 
predicting disease stages.

Materials and methods

Patient selection. This retrospective analysis included data 
from the hospital records of 171 patients with NSCLC who 
had undergone surgical treatment at Huashan Hospital, Fudan 
University (Shanghai, China) between October  2013 and 
March 2016. This included 104 male patients and 67 female 
patients, with a mean age of 59.313 and an age range of 
33‑80  years old. The patient exclusion criteria were as 
follows: Any sign of inflammatory condition, blood transfu-
sion within 3 months, active bleeding during the preceding 
2 months, bleeding diathesis, hyperthyroidism or hypothy-
roidism, connective tissue diseases, anti‑coagulant therapy or 
anti‑inflammatory treatment during the preceding week, or 
receipt of any cancer‑specific pretreatment.

The data of healthy controls were obtained from the 
Physical Examination Center of Huashan, Fudan University. 
Annual health examinations were performed at the hospital. 
The exclusion criteria were as described earlier. Additionally, 
participants with any other diseases or conditions that may 
confound the interpretation of data (e.g., cancer, immune 
diseases or pregnancy) were not recruited.

The present study was approved by the Ethics Committee 
of Huashan Hospital, Fudan University. Written informed 
consent was obtained from every participant according to the 
institutional guidelines of Huashan Hospital, Fudan University 
when they were enrolled.

Data collection and calculation. The records of patients were 
collected when they first attended the hospital, including iden-
tification number, name, age, sex, and TNM stages (according 
to the seventh edition of the American Joint Committee on 
Cancer guidelines), and blood counts were routinely measured 
on the first day the patients were hospitalized. The data of the 
healthy controls were collected from online medical reports. 
Next, the NLR ratio was calculated as ratio of the absolute 

neutrophil number and the absolute lymphocyte number per 
microliter of whole blood; and the PLR ratio was calculated as 
ratio of the absolute platelet number and the absolute lympho-
cyte number per microliter of whole blood.

Statistical analysis. For comparisons between cancer patients and 
healthy controls, all data were expressed at as the mean ± stan-
dard error of mean or median and maximum/minimum or 
median and interquartile range (25‑75%). Student's t‑tests and 
Mann‑Whitney U tests were used to compare normally and not 
normally distributed variables, respectively. One‑way analysis 
of variance, followed by Bonferroni's post hoc test, was used 
for the comparison between different stages. Statistical analyses 
were performed using GraphPad Prism 6 (GraphPad Software, 
Inc., La Jolla, CA, USA) and SPSS version 19 (IBM Corp., 
Armonk, NY, USA) software. Receiver operating characteristic 
(ROC) analyses were used to predict the efficacy of NLR and 
PLR. The associations between NLR or PLR and TNM stages 
were evaluated using the Kruskal‑Wallis test and a multivariate 
regression model. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Patient characteristics. There were ultimately 171 patients 
and 105 controls available with complete clinical data who 
were subsequently enrolled in the present study. Table  I 
demonstrates the patient characteristics. The percentages 
of patients with different stages of cancer were as follows: 
80 (46.78%) with Stage I disease, 24 (14.04%) with Stage II 
disease, 43 (25.14%) with Stage III disease and 24 (14.04%) 
with Stage IV disease. According to the T, N and M stages, 
23.39% patients exhibited deep tumor infiltration (T stage>2), 
38.60% exhibited lymphatic invasion (N stage>0) and distant 
metastasis was observed in 12.28% of patients (M stage=1).

Comparison of NLR and PLR in patients with NSCLC and 
healthy controls. As demonstrated in Table  I, compared 
with controls, NSCLC patients had higher white blood cell 
(WBC), neutrophil and platelet counts (all P<0.05), but a lower 
lymphocyte count (P<0.05). Despite this, as demonstrated 
in Fig. 1 and Table II, there were significant differences in 
the levels of NLR and PLR between the patient and control 
groups (NLR, 2.719±0.183 vs. 1.813±0.079, P<0.01; PLR, 
135.800±4.778 vs. 112.000±5.651, P<0.01, respectively). ROC 
analyses were performed to evaluate the accuracy of NLR and 
PLR in diagnosing NSCLC. The AUC values for NLR and 
PLR were 0.633 and 0.639, respectively (Fig. 2). These data 
suggested that these two markers had certain predictive value 
for the presence of NSCLC.

Association between NLR or PLR and TNM stages in patients 
with NSCLC. In patients with NSCLC, there were significant 
differences among the four stages in NLR and PLR (both P<0.01, 
Fig. 3). Therefore, as demonstrated in Table II and Fig. 3A, a 
significant increase in the NLR was observed in patients with 
stage III or IV disease, compared with those with stage I disease 
(both P<0.05). For the PLR values, an increasing trend following 
the tumor stages was observed (Fig. 3B). In comparison with 
stage I, there was a significantly higher PLR value in stage II 
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(Fig. 3B, P<0.05). Compared with the control group, the levels 
of NLR and PLR were significantly raised in patients with 
stage III or IV disease (all P<0.01; Table II). There was no 
detectable interaction between stage I or II disease and either of 
these two markers (all P>0.05; Table II).

Evaluation of the diagnostic efficacy for NLR and PLR. Table II 
demonstrates that levels of NLR and PLR were higher in the 
patients with stage III or IV disease, compared with the healthy 
controls (all P<0.01). In addition, significant increases in NLR 

and PLR were observed in patients with stage III/IV disease, 
compared with those with stage I/II disease (NLR, 2.115±0.1207 
vs. 3.657±0.4031; P<0.0001; PLR, 123.6±4.961 vs. 154.9±9.025, 
P=0.0012, respectively; Fig. 4. Notably, ROC analysis revealed 
AUC values for NLR and PLR at 0.752 and 0.719 (Fig. 5), in 
identifying patients with advanced‑stage (III and IV) NSCLC.

Association between NLR or PLR and independent T, N and M 
stages in patients with NSCLC. Following the aforementioned 
results that NLR and PLR are independently associated with 

Table I. Demographic information of patients with non‑small cell lung cancer and healthy controls.

Variable	 Cancer patients	 Controls	 P‑value

All cases, n	 171	 105	
Age, mean ± SEM	 59.313±0.7335	 46.11±0.8590	 <0.0001a

Sex, n			 
  Male	 104	   85	 0.0008
  Female	   67	   20	
Smoking history, n			 
  Yes	   48	   38	 0.1811
  No	 123	   67	
Histology, n			 
  Adenocarcinoma	 116		
  Squamous cell carcinoma	   45		
  Large cell carcinoma	 1		
  Adenosquamous carcinoma	 7		
  Pleomorphic carcinoma	 2		
TNM stage, n (%)			 
  I	 80 (46.78)		
  II	 24 (14.04)		
  III	 43 (25.14)		
  IV	 24 (14.04)		
T stage, n (%)			 
  T1	 41 (23.99)		
  T2	 90 (52.63)		
  T3	 29 (16.96)		
  T4	 11 (6.43)		
N stage, n (%)			 
  N0	 105 (61.40)		
  N1	 28 (16.37)		
  N2	 24 (14.04)		
  N3	 14 (8.19)		
M stage			    
  M0	 150 (87.72)		
  M1	 21 (12.28)		
WBC, median (range)	 6.370 (2.82‑18.31)	 5.790 (3.37‑9.76)	 0.0020a

Lymphocyte, median (range)	   1.802 (0.508‑3.604)	     1.989 (0.482‑3.639)	 0.0278a

Neutrophil, median (range)	       3.74 (0.790‑16.050)	     3.259 (1.381‑6.127)	 0.0020a

PLT, median (range)	 205 (84‑324)	 219 (74‑520)	 0.0088a

aComparison was performed using a Student's t‑test. All other P‑values were obtained using Pearson's χ2 test. SEM, standard error of the mean; 
TNM, Tumor‑Node‑Metastasis; WBC, white blood cell count; PLT, platelet count.
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TNM stages, the present study further investigated whether 
NLR and PLR are independently associated with T, N or M 
stages. As demonstrated in Fig. 6A‑D, Kruskal‑Wallis analysis 
revealed an association between T stage and increased levels of 
PLR (P<0.05), and NLR (P<0.0001) and PLR (P<0.05) exhib-
ited an N stage‑dependent increase. There was an increasing 
tendency, but not any significant association, between NLP or 
PLR and an M stage of M1 (both P>0.05, Fig. 6E and F).

Furthermore, multivariate linear regression (MLR) anal-
yses were employed to evaluate the association between NLR 
or PLR and T or N stage. MLR detected significant associa-
tions between PLR and T stage (P<0.0001), and between NLR 
and N stage (P<0.0001). However, there was no significant 
association between PLR and N stage (P=0.768).

Discussion

As stated previously, systemic inflammation serves a critical 
role in the pathogenesis and progression of cancer (23). As 
biomarkers of systemic inflammation, NLR and PLR are 
known to be associated with the progression of different 
types of cancer (22,24). Notably, previous studies (20‑22) have 
focused on the prognostic role of inflammation. The present 
study revealed that preoperative levels of NLR and PLR were 
generally significantly associated with TNM stages. Compared 
with healthy individuals, patients with NSCLC exhibited higher 
levels of NLR and PLR. Furthermore, NLR was revealed 
to be significantly elevated from stage III and IV while PLR 
was associated with a stage‑dependent increase from stage I to 
stage IV. Additionally, PLR and NLR were independent predic-
tors for T and N stage, respectively. Taken together, the results of 
the present study indicated that NLR and PLR were involved in 
different stages of NSCLC and provided important information 
for advanced disease stages, III and IV.

To the best of our knowledge, the present study was the 
first to evaluate the association between these two parameters 
and TNM stages in NSCLC. Accurate staging is not only 
prognostic, but also helps determine the most appropriate treat-
ment (25,26). To date, TNM stages are determined depending 
on surgery, pathology, computed tomography (CT) or positron 

emission tomography (PET)‑CT (27,28). At present, great 
progresses have been made in investigating measures for novel 
predictive factors, including genetic tests (29). However, they 
are of high heterogeneity, and are complex and expensive 
which limits their usage (30). NLR and PLR are fairly simple, 
convenient and inexpensive as blood parameters for routine 
clinical monitoring without specialized equipment (31). With 
regards to NLR and PLR, several published studies have 
reported that they served reliable roles in predicting and iden-
tifying cancer (24,32).

In line with the results of a previous study (32,33), the present 
study detected that the levels of NLR and PLR were higher in 
the lung cancer patient group than in the control group, and that 
NLR and PLR served an important role in the diagnosis of lung 
cancer. In addition, the results of the present study indicated 
that these factors were associated with advanced disease stages 

Figure 1. NLR and PLR in patients with NSCLC and healthy controls. Patients with NSCLC had higher preoperative (A) NLR and (B) PLR than healthy 
controls (both P<0.0001). NLR, neutrophil‑to‑lymphocyte ratio; PLR, platelet‑to‑lymphocyte ratio; NSCLC, non‑small cell lung cancer.

Figure 2. ROC analysis of NLR (blue) and PLR (green) for the occurrence 
of NSCLC. To discriminate between patients with NSCLC and healthy 
controls, the AUC values for NLR and PLR obtained from ROC analysis 
were 0.633 and 0.639, respectively. ROC, receiver operating curve; NLR, 
neutrophil‑to‑lymphocyte ratio; PLR, platelet‑to‑lymphocyte ratio; NSCLC, 
non‑small cell lung cancer; AUC, area under the ROC.
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Figure 3. NLR and PLR levels in patients with different TNM stages of disease. (A) There was a significant association between the levels of NLR and TNM 
stages (P=0.0002). (B) There was a significant association between the levels of PLR and TNM stages (P=0.0055). NLR, neutrophil‑to‑lymphocyte ratio; PLR, 
platelet‑to‑lymphocyte ratio; TNM, Tumor‑Node‑Metastasis.

Figure 4. NLR and PLR levels were compared between patients with stage I+II and those with stage III+IV disease. The levels of (A) NLR and (B) PLR in patients' 
stage III+IV disease were significantly higher than in those with stage I+II disease (P<0.0001 and P=0.0012, respectively). NLR, neutrophil‑to‑lymphocyte 
ratio; PLR, platelet‑to‑lymphocyte ratio; TNM, Tumor‑Node‑Metastasis.

Table II. Association between NLR or PLR and TNM stages in lung cancer.

Variable	 n (%)	 NLR, mean (IQR)	 PLR, mean (IQR)

Lung cancer 			 
  TNM stage I	 80 (46.78)	 1.613 (1.222‑2.435)	 106.800 (87.480‑137.600)
  TNM stage II	 24 (14.04)	 2.170 (1.597‑3.294)	 110.300 (97.700‑168.100)
  TNM stage III	 43 (25.14)	 2.307 (1.636‑3.559)b	 136.100 (93.890‑177.600)
  TNM stage IV	 24 (14.04)	 3.108 (1.990‑4.285)b	 139.900 (105.100‑196.100)b

Total	 171 (100)	 2.096 (1.466‑2.892)	 125.100 (93.890‑161.700)
Control	 105 (100)	 1.668 (1.231‑2.085)	 103.200 (85.250‑123.600)
P value		  <0.0001a	 <0.0001a

aComparisons were performed using a Student's t‑test; P<0.05 compared with controls. bComparisons were performed using analysis of 
variance; P<0.05, compared with patients with stage I disease. NLR, neutrophil‑to‑lymphocyte ratio; PLR, platelet‑to‑lymphocyte ratio; IQR, 
interquartile range; TNM, Tumor‑Node‑Metastasis. 
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(stages III and IV), for which the AUC values were 0.752 and 
0.719, respectively, highlighting the precise value of the two 
markers in the detection of NSCLC, particularly for advanced 
NSCLC.

Furthermore, growing evidence has suggested an 
association between inflammatory response and disease 
stage (20,21,34,35). Elevated preoperative NLR was associ-
ated with advanced TNM stage, advanced T stage and lymph 
node metastasis  (20,36). Consistent with previous studies, 
the results of the present study provided further evidence 
supporting the notion that NLR and PLR were associated 
with advanced stages of NSCLC. Notably, the results of the 
present study expanded on previous findings and revealed that 
PLR and NLR were independent factors for T and N stage, 
respectively, in MLR analyses (both P<0.0001), which was 
in accordance with the results of a recent published study 
by Jia et al (21). Other factors, including NLR and different 
disease stages of the included patients, may have influenced 
PLR, as there was no significant difference between PLR and 
N stage in MLR analysis (P=0.768). In line with the aforemen-
tioned results, a high PLR has been revealed to be associated 
with advanced disease stages (37) and to be a complement of 
NLR (38).

Neutrophils and lymphocytes are predominant propor-
tions of total circulating leukocytes serving vital roles in 
the systemic inflammatory response. They may inhibit or 
promote cancer progression by regulating microenvironment 
immune interactions. It is more emphasized now that routinely 
available markers of the systemic inflammatory response, 
including the NLR and PLR, are associated with tumor length, 
T stage, cancer development and progression (16,24). Patients 
with high NLR and PLR have neutrophilia and relative 
lymphocytopenia, measurable in the peripheral blood (39). 
It is well known that T‑lymphocytes are important compo-
nents mediating the immune response to cancer cells (40). 
CD8+ T cells serve a substantial role in inhibiting tumor 

growth by killing cytotoxic cells and producing cytokine (41). 
A relative lymphocytopenia is indicative of an immunosup-
pressive status that inhibits proliferation and metastatic 
activity of tumor cells (42). By contrast, an increased level 
of neutrophils represents the host inflammation status, which 
provides an appropriate environment for tumor growth (43). 
Numerous lines of evidence have indicated that cancer cells 
may induce platelet activation and, in turn, that the activated 
platelets promote cancer cell proliferation, angiogenesis and 
metastasis and protect tumor cells from apoptosis (44,45). 
Additionally, platelets are associated with cancer growth 
and progression  (45). NLR and PLR are novel composite 
inflammatory markers reflecting the immune status of an 
individual (17,46). Furthermore, it is now indisputable that 
NLR and PLR provide information regarding the activity of 
tumor cells, and metastasis and invasion in patients, and that 
they reflect the degree of cancer progression (22,24,32).

The present study has certain limitations. To begin with, 
the sample size was relatively small. Additionally, it was a 

Figure 5. ROC analysis for the NLR (blue) and the PLR (green). ROC analysis 
revealed a notable AUC value for NLR and PLR at 0.752 and 0.719, respec-
tively, in identifying patients with advanced‑stage (III and IV) NSCLC. 
ROC, receiver operating curve; NLR, neutrophil‑to‑lymphocyte ratio; PLR, 
platelet‑to‑lymphocyte ratio; NSCLC, non‑small cell lung cancer; AUC, area 
under the ROC.

Figure 6. NLR and PLR were compared with T, N and M stages in patients 
with non‑small cell lung cancer. No significant associations were identified 
between (A) T stage and NLR level (P>0.05); while significant associations 
were detected between (B) PLR and T stage (P=0.0110). (C) An increased 
NLR was intrinsically associated with N stage (P<0.0001), with significant 
differences between N0 and N1 subgroups, and N0 and N2 subgroups 
(both P<0.001). (D) Significant differences were observed between N stage 
and PLR (P=0.0185); especially, PLR was higher in the N2 subgroup than 
in the N0 subgroup (P<0.05). There was no differences were between (E) M 
stages and NLR levels, or between (F) M stage and PLR (both P>0.05). NLR, 
neutrophil‑to‑lymphocyte ratio; PLR, platelet‑to‑lymphocyte ratio; TNM, 
Tumor‑Node‑Metastasis.
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retrospective and single‑center study, with certain bias in 
recruiting participants. Finally, due to the retrospective nature 
of the study, it was not possible to control potential factors 
affecting inflammatory response, including occult infection. 
Therefore, it is necessary to further investigate the associa-
tions between NLR or PLR and the TNM stages of NSCLC in 
a prospective, large sample, multi‑center study.

To conclude, the present study demonstrated that a higher 
level of NLR and PLR was observed in patients with NSCLC, 
compared with healthy controls, and that NLR and PLR served 
vital roles in the early diagnosis of NSCLC, particularly for 
patients with advanced stages of disease. Therefore, the results 
of the present study have provided evidence that NLR and PLR 
were significantly associated with TNM stages in NSCLC. In 
addition, PLR and NLR may be potential and independent 
predictive markers for T and N stage, respectively. These 
observations may provide insight for clinical practice for 
the diagnosis of NSCLC and for determining an appropriate 
treatment regimen.
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