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Abstract. An increased neutrophil‑to‑lymphocyte ratio (NLR) 
is associated with poorer prognostic outcomes in numerous 
types of cancer. However, a small number of studies have 
demonstrated the prognostic role of NLR in patients with 
laryngeal cancer. The present study evaluated the association 
between NLR and survival outcomes in patients with laryngeal 
squamous cancer. All patients were scheduled for follow‑up 
visits. The levels of cytokines from tumor tissues were analyzed 
by ELISA. A classification and regression tree (CART) was used 
to determine the optimal cutoff values of NLR. The clinical 
features and NLR were determined using Kaplan‑Meier anal-
ysis and Cox regression to analyze the survival outcomes and 
associated risks. Of the total 654 patients, 70 patients (70/654; 
10.7%) failed to receive follow‑up. Blood and biochemical 
parameters, including NLR, platelet‑to‑lymphocyte ratio 
and albumin‑to‑globulin ratio were associated with clinical 
characteristics of the patients, with the exception of histologic 
grade. Only one node with NLR at 3.18 divided patients into 
different categories, according to CART analysis. Survival 
analysis demonstrated that NLR at cutoff values subdivided 
patients into different survival outcomes (P<0.001). Subsequent 
to adjustments for age and other clinical features, NLR was 
identified to be an independent prognostic factor for overall 
survival and progression‑free survival (P<0.05). Increased 

levels of cytokines, including IL‑6 and IL‑8, in tumor tissues 
were associated with NLR values. In summary, pre‑treatment 
NLR was associated with the prognostic outcomes for patients 
with laryngeal cancer, and may assist to establish prognostic 
factors for these patients.

Introduction

According to the current estimates of the American Cancer 
Society, laryngeal cancer is one of the most common types of 
cancer of the upper aerodigestive tract (1). It was estimated that 
~13,360 incident cases of laryngeal cancer and 3,660 mortali-
ties would occur by 2017 in the United States (2). Changes in 
diagnostic and therapeutic approaches have increased the rates 
of larynx preservation and survival (3). However, the 5‑year 
survival rate of patients with advanced‑stage laryngeal cancer, 
particularly stage IV patients, remains low globally, including 
China (4,5). In addition, patients undergoing aggressive treat-
ments experience a significant reduction in quality of life, 
including speech, eating, social disruption and aesthetics (4). 
Therefore, prognostic evaluation and treatment decisions 
based on clinical pathological features should be implemented 
according to novel risk stratification, which is based on 
novel markers for patients with laryngeal cancer, including 
inflammation‑based prognostic scores including the Glasgow 
Prognostic Score, neutrophil‑to‑lymphocyte ratio (NLR) and 
Prognostic Nutritional Index (6).

The inflammatory response serves a vital role in the 
development and progression of a number of solid tumors. 
Neutrophils and platelets supply the required bioactive 
molecules, including angiogenic, epithelial, and stromal 
growth factors and matrix‑remodeling enzymes, for neoplastic 
progression (7,8). In addition, conditions that induce compro-
mised cell‑mediated immunity, such as lymphocytopenia and 
an impaired T‑lymphocytic response, reflect imbalances in 
the innate and adaptive immune systems, which compromises 
effective host‑tumor immune responses (9,10). Therefore, the 
combination of neutrophils, platelets and lymphocytes, as 
markers of host inflammation, has been identified to be an inde-
pendent prognostic factor in different malignancies (11,12). 
An increased NLR or platelet‑to‑lymphocyte ratio (PLR) is 
associated with poor outcomes in various tumors, including 
colorectal, primary liver, lung, urinary, cervical, oropharyngeal 
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squamous cell or advanced esophageal cancer  (13‑15). 
Furthermore, serum albumin has been identified to be a sensi-
tive and reliable marker of systemic inflammation in patients 
with cancer (16). However, the application and credibility of 
albumin level as a marker is limited owing to its interference by 
numerous factors, including the peritoneal burden of vascular 
endothelial growth factor (17). The albumin‑to‑globulin ratio 
(AGR), which takes into account the level of albumin and 
globulin, reflects the body nutritional status (18,19). AGR was 
also identified to be an effective prognostic factor for advanced 
malignancies, including non‑small cell lung cancer (20). Risk 
stratification based on these factors and clinical pathological 
features may underlie the optimal treatment decision‑making 
and prognostic evaluation.

However, limited data are available on the prognostic 
role of these indices in patients with laryngeal squamous 
cancer (21,22). Rassouli et al (21) demonstrated that systemic 
inflammatory markers NLR and PLR were independent 
prognostic factors of head and neck squamous cell carcinoma. 
However, this was a heterogeneous study that included only a 
small number of patients with laryngeal cancer. Kum et al (22) 
indicated that the mean NLR of patients with precancerous 
laryngeal lesion and laryngeal squamous cell carcinoma was 
significantly increased compared with patients with benign 
laryngeal lesion and without prognostic evaluation. At present, 
there is a lack of data on the evaluation of prognosis with these 
readily available and inexpensive biomarkers for patients with 
laryngeal squamous cancer. The present study evaluated the 
association between these indices and survival outcomes of 
patients with laryngeal squamous cell cancer.

Materials and methods

Patients and data collection. Patients identified with laryngeal 
cancer confirmed by pathological diagnosis at the West China 
Hospital (Chengdu, China) between September 2008 and 
September 2013 were enrolled in the retrospective study. All 
the cases were scheduled for regular follow‑up visits (1, 2, 3, 
6, 12, 24, 36 and 60 months post‑operation) at an outpatient 
department in West China Hospital (Chengdu, China). Patients 
absent from regular follow‑up visits received follow‑up by 
telephone, and the end‑point of these patients were collected by 
the Disease Surveillance Point System in the Sichuan Province 
Center for Disease Control and Prevention. The current status 
(succumbed, recurrent or in remission), date of recurrence, date 
of mortality, and associated cause of recurrence or mortality 
were recorded.

The inclusion criteria were as follows: i) Pathological diag-
nosis of squamous cell cancer; and ii) routine complete blood 
counts (CBCs) tests with differential counting and serum 
biochemical analysis. The exclusion criteria were: i) Presence 
of infection, connective tissue diseases or any other disease 
affecting blood cells; ii) patients who discontinued treatment 
or were treated outside of West China Hospital; iii) absence 
of CBC and serum biochemical analysis prior to treatment; 
iv) patients who succumbed prior to discharge from hospital 
following initial treatment; v) presence of symptoms and signs 
of hepatic function damage that may affect AGR; and vi) and 
presence of other tumors. The present study was approved by 
the Institutional Ethics Committee of the West China Hospital, 

Sichuan University (Chengdu, China), and written informed 
consent were obtained.

A total of 654 patients were enrolled for the present study, 
and 85 patients were enrolled for cytokine testing in tumor 
tissues. Patient characteristics such as age, sex, American Joint 
Committee on Cancer histologic grade (23), pathological diag-
nosis [including Tumor Node Metastasis (TNM) Classification 
of Malignant Tumors staging] (23), tumor location, date of 
diagnosis and treatment were recorded from the electronic 
hospital information system (HIS). In addition, hospital exam-
ination included CBC with differential counting, and several 
biochemical indices such as globulin and albumin were also 
recorded from HIS at the West China Hospital.

Freshly obtained laryngeal cancer tissue specimens, 
obtained during the operation, were processed and assayed for 
interleukin (IL)‑6 and IL‑8 levels. Briefly, the samples were 
homogenized and centrifuged at 3,000 x g for 10 min at 4˚C, 
and the supernatants were stored at ‑80˚C until analysis. The 
samples were assayed for IL‑6 (cat. no. D6050; R&D Systems 
China Co., Ltd., Shanghai, China) and IL‑8 (cat. no. D8000C; 
R&D Systems China Co., Ltd.) using commercially available 
ELISA kits (R&D Systems China Co., Ltd.), according to the 
manufacturer's protocol.

NLR and PLR ratio. NLR was calculated by dividing the 
number of neutrophils by the number of lymphocytes obtained 
from the CBCs. PLR was calculated by dividing the number 
of platelets by the number of lymphocytes, and AGR was 
calculated by dividing the level of albumin by the level of 
globulin obtained from biochemical analysis of the blood. All 
three ratios were obtained from the CBCs prior to the initia-
tion of treatment. Progression‑free survival (PFS) and overall 
survival (OS) are presented in months.

A review of the literature revealed heterogeneity in the NLR, 
PLR and AGR cutoff points used in various malignances (14,24), 
including head and neck squamous cancer (21,22). Patients 
were grouped according to the cut‑off points for NLR, PLR, 
AGR and age. The classification and regression tree (CART) 
algorithm was used to produce predictive rules and improve the 
accuracy of survival prediction (25‑27).

Statistical analysis. All parameters including CBCs with 
differential counting, biochemical indices, and NLR, PLR 
and AGR were compared among different clinical character-
istics by Kruskal‑Wallis test. CART analysis was performed 
in SPSS (version no. 17.0; SPSS, Inc., Chicago, IL, USA) to 
generate predictive rules and optimal cutoff points. Survival 
outcomes were compared using Kaplan‑Meier analyses with 
log‑rank tests. All the clinical pathological features and NLR 
were included in the univariate analysis, and then factors 
with significance values of P<0.10 in a univariate analysis 
were included in the multivariable analyses using Cox's 
proportional hazards model to determine the hazard ratio of 
survival. The differences in the level of cytokines between 
groups with different NLR values were compared using the 
Mann‑Whitney test, and the correlation between cytokines 
with NLR was analyzed using Pearson's correlation test. For 
statistical analysis, Statistical Package for Social Sciences 
(version 18.0; SPSS, Inc.) was used. P<0.05 was considered to 
indicate a statistically significant difference.
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Results

Patient characteristics. Of the total 654 patients enrolled 
in the present study, 70  patients (70/654; 10.7%) were 
not followed up for overall survival (median follow‑up, 
36 months; interquartile range (IQR), 28‑46 months). A total 
of 49 patients (7.5%) failed to receive follow‑up for PFS at a 
median follow‑up of 33 months (IQR, 18‑41 months). Overall, 
200 patients (200/654; 30.6%) exhibited disease progression, 
and 128 patients (128/654; 19.6%) succumbed to cancer. The 
5‑year survival rates were 85, 81, 70 and 51% for patients with 
laryngeal cancer at TNM stages I, II, III and IV, respectively. 

Additionally, the 3‑year survival rate was 87%, and the 
survival rate of glottic carcinoma was increased significantly 
compared with other types of cancer in the larynx, which were 
87 and 53% (P<0.05), respectively. Finally, factors, including 
age >60 years, non‑glottic carcinoma, high histologic grade, 
high staging, extensive treatment and recurrence were associ-
ated with increased probability of overall mortality (Fig. 1) 
and disease progression (data not shown).

Association of blood and biochemical parameters with 
clinical characteristics of patients with laryngeal cancer. 
There were no differences observed among the histologic 

Figure 1. Association between clinical features of patients and increased probability of overall mortality. The patients were divided distinct overall survival 
outcomes by (A) age (cutoff value, age ≤60 and >60), (B) whether recurrence occurred, (C) pathology grades, (D) tumor‑node‑metastasis stages and 
(E) treatment methods. AT, adjuvant therapy; OS, overall survival; S, stage.
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grades for the median of whole white blood cell (WBC) and 
various differential counts from CBC analysis, including 
hemoglobin, globulin and albumin levels, and NLR, PLR 
and AGR. All increased parameters (including WBC 
count and various differential counts from CBC analysis, 
including hemoglobin, globulin and albumin levels, and 
NLR, PLR and AGR) were associated with the higher 
T  classification and TNM stage (P<0.01). All increased 
parameters, with the exception of WBC, lymphocyte and 
monocyte counts, were associated with higher N classifications 
(P<0.01; Table I).

NLR value categorizes patients into groups with different 
survival and clinical features. Using the recursive partitioning 
statistical approach, with OS status as a dependent variable, 
while age, NLR, PLR and AGR were independent variables, 
only one node with a NLR value of 3.18 divided patients 
into different groups. Patients with a NLR >3.18 exhibited 
significantly decreased OS and PFS compared with patients 
with ≤3.18, as demonstrated by the Kaplan‑Meier survival 
curve (Fig. 2). Patients with NLR ≤3.18 exhibited lower prob-
ability of overall mortality compared with patients with NLR 
>3.18 (3‑year OS for NLR ≤3.18 vs. >3.18, 84.36 vs. 58.58%; 
log‑rank, P<0.001; Fig. 2A) and disease progression (3‑year 
PFS for NLR ≤3.18 vs. >3.18, 71.87 vs. 48.41%; log‑rank, 
P<0.001; Fig. 2B).

There was no significant difference in median age and 
histologic grade between patients with NLR below and above 
the cutoff value (Table II). The NLR cutoff value subdivided 
patients into different proportion of T and N classification 
and TNM stage (P<0.001; Table II). Patients with a NLR 
>3.18 experienced significantly more invasive procedures 
including surgery (P<0.001) and neck dissection (P=0.012) 
(Table II).

Univariate and multivariable analysis indicates that NLR 
is a risk factor for OS and PFS. All the factors analyzed in 
univariate analysis with Cox's proportional hazards model 
were identified to be associated with an increased risk of 
mortality and disease progression, including histologic grade, 
pathological diagnosis, TNM staging, tumor location, recur-
rence, treatment and NLR (P<0.05; Tables III and IV). When 
adjusted in multivariable Cox's models, non‑glottic cancer, 
poor cancer cell differentiation, late stage, recurrence and NLR 
>3.18 were identified to be associated with an increased risk 
of mortality [NLR HR, 1.901; 95% confidence interval (CI), 
1.153‑3.135; P=0.012; Table III]. Furthermore, NLR >3.18 was 
also identified to be associated with increased risk of disease 
progression (NLR HR, 1.621; 95% CI, 1.094‑2.404; P=0.016; 
Table IV).

NLR is associated with the levels of IL‑6 and IL‑8. To confirm 
the association between NLR and the level of cytokines in 
tumor tissues, the levels of inflammatory mediators in laryn-
geal cancer tissues were examined. As indicated in Fig. 3, the 
levels of IL‑6 and IL‑8 were significantly increased in tumor 
tissues with higher NLR values (NLR >3.18) compared with 
lower NLR values (NLR ≤3.18) (P<0.01). Additionally, there 
was a significant association between the levels of cytokines 
and NLR value (P<0.001).

Table II. Patient characteristics.

A, Patient characteristics

	 NLR
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Total, (n=654)	 ≤3.18	 >3.18	 P‑value

Age
  Median	 61 (54‑67)	 60 (54‑67)	   62 (54‑68)	 0.184
  ≤60, n (%)	 324 (49.5)	 207 (52.1)	 117 (45.5)	 0.098
  >60, n (%)	 330 (50.5)	 210 (47.9)	 141 (54.7)	
Sex
  Female, n (%)	 17 (2.6)	 8 (1.8)	   9 (3.5)	 0.159
  Male, n (%)	 637 (97.4)	 436 (98.2)	 248 (96.5)	

B, Disease characteristics

	 NLR
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Total, (n=654)	 ≤3.18	 >3.18	 P‑value

Region, n (%)
Glottic laryngeal cancer	 478 (73.1)	 332 (81.9)	 144 (57.8)	 <0.001
Histologic grade
  Well‑differentiated	 149 (28.9)	 105 (32.1)	 44 (23.7)	 0.100
  Moderately differentiated	 224 (43.4)	 138 (42.2)	 83 (44.6)	
  Poorly differentiated	 143 (27.7)	 84 (25.7)	 59 (31.7)	
T stage, n (%)
  pT0, T1	 186 (29.2)	 136 (32.9)	 49 (22.4)	 <0.001
  pT2	 213 (33.4)	 159 (38.5)	 54 (24.7)	
  pT3	 103 (16.1)	 68 (16.5)	 35 (16)	
  pT4	 136 (21.3)	 50 (12.1)	 81 (37)	
N stage, n (%)
  pN0	 535 (82.7)	 357 (85.5)	 176 (78.2)	 0.011
  pN1	 57 (8.8)	 33 (7.9)	 22 (9.8)	
  pN2	 49 (7.6)	 24 (5.8)	 24 (10.7)	
  pN3	 6 (0.9)	 2 (0.5)	 3 (1.3)	
Stage, n (%)
  Early 0	 31 (4.8)	 20 (4.8)	 11 (4.7)	 <0.001
  I	 151 (23.3)	 114 (27.3)	 37 (15.9)	
  II	 199 (30.7)	 146 (35)	 53 (22.8)	
  Late III	 104 (16)	 71 (10.9)	 33 (14.2)	
  IV 	 164 (25.3)	 66 (15.8)	 98 (42.2)	
  Recurrence, n (%)	 157 (24)	 81 (20.4)	 76 (29.5)	 0.008

C, Treatment characteristics

	 NLR
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Total, (n=654)	 ≤3.18	 >3.18	 P‑value

Surgery, n (%)
  Larynscopy	 227 (32.3)	 170 (41)	 66 (28.1)	 <0.001
  Partial laryngectomy	 253 (36)	 180 (43.4)	 73 (31.1)	
  Total laryngectomy	 164 (23.3)	 65 (15.7)	 96 (40.9)	
Neck dissection, n (%)
  None	 515 (78.7)	 310 (74.9)	 159 (66.2)	 0.012
  Unilateral	 117 (16.6)	 71 (17.1)	 45 (18.8)	
  Bilateral	 71 (10.1)	 33 (8.0)	 36 (15.0)	
Chemotherapy, n (%)
  Yes	 96 (14.7)	 62 (14.4)	 34 (18.0)	 0.253
Radiotherapy, n (%)
  Yes	 59 (9.0)	 32 (7.9)	 27 (10.8)	 0.212

For each index, some data could not be collected, thus the total number differs. All 
data are presented as the median (interquartile range) or number (percent). NLR, 
neutrophil‑to‑lymphocyte ratio; pT, pathological T stage; pN, pathological N stage.
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Discussion

Association of systemic inflammation with adverse outcomes 
in malignancies. Systemic hematological markers that represent 
the inflammatory response of the body, including neutrophils, 
lymphocytes and platelet counts, either alone or expressed as 
ratios, have been used as prognostic factors associated with 
malignancies  (28). The prognostic role of these markers is 
attributed to the infiltration of the immune cells such as neutro-
phils and lymphocytes in solid tumors and inflammation at the 

majority of cancer stages (28). Previously, studies on different 
malignancies have demonstrated that higher NLR and PLR 
values were associated with poorer prognoses in terms of 
mortality and recurrence (24,29). Serum albumin and globulin 
belong to a separate class of biochemical markers included in 
clinical routine blood examinations. These are also used as 
prognostic factors in various types of cancer. Serum albumin 
generally reflects the severity of disease and the nutritional status 
of the body (30). In addition, it is also used to assess the progres-
sion and prognosis of certain malignancies such as operable 

Figure 2. Survival curves for OS and PFS between patients with NLR ≤3.18 and >3.18. The cutoff values of NLR differentiated patients into two survival 
outcomes with log‑rank P<0.001. NLR at cutoff value subdivided the patients into distinct (A) OS outcomes and (B) PFS outcomes. HR, hazard ratio; OS, 
overall survival; PFS, progression‑free survival; NLR, neutrophil‑to‑lymphocyte ratio.

Table III. Univariate and multivariable analyses of hazard ratio for overall survival.

	 Univariate analysis	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factors	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

NLR
  >3.18 vs. ≤3.18	 3.254 (2.171‑4.877)	 <0.0001	 1.901 (1.153‑3.135)	 0.012
Age, years
  >60 vs. ≤60	 1.720 (1.153‑2.567)	 0.008		  0.077
Tumor location
  Glottic vs. non‑glottic	 4.833 (3.260‑7.163)	 <0.001	 1.858 (1.071‑3.223)	 0.028
Histologic grade 			   1.528 (1.036‑2.254)	 0.032
  Moderately vs. well differentiated	 2.822 (1.281‑6.220)	 0.010
  Poorly vs. well differentiated	 5.662 (2.552‑12.565)	 <0.001
TNM stage			   1.582 (1.208‑2.072)	 0.001
  II vs. I	 1.163 (0.538‑2.515)	 0.701
  III vs. I	 3.464 (1.654‑7.255)	 0.001
  IV vs. I 	 6.654 (3.524‑12.566)	 <0.001
Recurrence
  Yes vs. no	 2.610 (1.745‑3.904)	 <0.001	 1.884 (1.122‑3.163)	 0.017
Surgery				    0.842
  Total LE vs. partial LE	 3.669 (2.397‑5.616)	 <0.001
  Non‑surgery vs. Partial LE	 6.968 (3.975‑12.217)	 <0.001
Neck dissection
  Yes vs. no	 3.391 (2.224‑5.168)	 <0.001		  0.075
Chemotherapy
  Yes vs. no	 2.396 (1.422‑4.037)	 0.001		  0.402
Radiotherapy
  Yes vs. no	 2.474 (1.608‑3.808)	 <0.001		  0.239

Data analyzed using Cox's proportional hazard regression model. HR for multivariate analyses for categories with a P>0.05 (age, surgery, neck dissection, chemotherapy 
and radiotherapy) were not calculated. CI, confidence interval; NLR, neutrophil‑to‑lymphocyte ratio; LE, laryngectomy; TNM, tumor‑node‑metastasis; HR, hazard ratio.
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colorectal cancer, advanced non‑small cell lung cancer and 
ovarian cancer (16,27,28). Concurrently, globulin was identified 

to be associated with certain types of hormone‑associated 
cancer with poor survival outcomes (19,31,32), and AGR (serum 

Table IV. Univariate and multivariable analyses of hazard ratio for progression‑free survival.

	 Univariate analysis	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

NLR				  
  >3.18 vs. ≤3.18	 2.191 (1.582‑3.035)	 <0.001	 1.621 (1.094‑2.404)	 0.016
Age				  
  >60 vs. ≤60		  0.081		  0.609
Tumor location				  
  Non‑glottic vs. glottic	 2.518 (1.867‑3.398)	 <0.001	 1.604 (1.062‑2.422)	 0.025
Histologic grade			   1.485 (1.139‑1.938)	 0.004
  Moderately vs. well differentiated	 1.576 (0.978‑2.539)	 0.061		
  Poorly vs. well differentiated	 2.821 (1.731‑4.598)	 <0.001		
TNM stage				    0.692
  II vs. I	 0.839 (0.530‑1.329)	 0.454		
  III vs. I	 1.609 (0.985‑2.629)	 0.058		
  IV vs. I	 2.548 (1.702‑3.814)	 <0.001		
Surgery			   1.445 (0.967‑2.159)	 0.073
  Total LE vs. partial LE	 2.158 (1.560‑2.986)	 <0.001		
  Non‑surgery vs. partial LE	 3.323 (2.009‑5.494)	 <0.001		
Neck dissection				  
  Yes vs. no	 1.665 (1.207‑2.298)	 0.002		  0.596
Chemotherapy				  
  Yes vs. no	 1.999 (1.298‑3.079)	 0.002		  0.063
Radiotherapy				  
  Yes vs. no	 1.755 (1.224‑2.516)	 0.002		  0.221

Data analyzed using Cox's proportional hazards regression model. HR for multivariate analyses for categories with a P>0.05 (age, surgery, neck dissection, chemotherapy 
and radiotherapy) were not calculated. CI, confidence interval; NLR, neutrophil‑to‑lymphocyte ratio; LE, laryngectomy; TNM, tumor‑node‑metastasis; HR, hazard ratio.

Figure 3. NLR is associated with the level of IL‑6 and IL‑8. (A) The level of IL‑6 was significantly increased in tumor tissues with higher NLR values 
(NLR >3.18) compared with lower NLR values (NLR ≤3.18). (B) There was a significant association between the levels of IL‑6 and NLR values. (C) The level 
of IL‑8 was significantly increased in tumor tissues with higher NLR values compared with lower NLR values. (D) There was a significant association between 
the levels of IL‑8 and NLR values. NLR, neutrophil‑to‑lymphocyte ratio; IL, interleukin.
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chemistry indexes for globulin and albumin levels together) has 
been identified to function as an effective prognostic factor for 
patients with cancer (20). In the present study, the levels of cyto-
kines (IL‑6 and IL‑8) were examined in tumor tissues, and it was 
identified that the level of NLR was associated with the levels 
of IL‑6 and IL‑8 in tumor tissues. As previously reported (33), 
cytokines may be secreted into blood as chemokines of neutro-
phils to elevate neutrophil levels.

Association of NLR, PLR and AGR with the severity of laryngeal 
cancer. The results of the present study indicated that the 
medians of NLR, PLR and AGR were significantly increased 
with increased T and N classifications as well as TNM stage, 
respectively. Additionally, patients with NLR above the cutoff 
values (NLR >3.18) demonstrated higher proportions of higher 
T, N and clinical stage tumors. However, NLR was not associ-
ated with histologic grades. The findings of the present study 
were different from the results by Rassouli et al (21), where 
NLR and PLR values were analysed in head and neck squamous 
cell carcinoma. Rassouli et al (21) demonstrated that there was 
no significant increase in NLR values with high T and N classi-
fications, and TNM stage. It was also demonstrated that a higher 
NLR was associated with an increased proportion of higher T 
classification in patients with other types of cancer (21), which 
was consistent with the data of the present study.

Identification of optimal cutoff with minimum bias with 
CART analysis. CART analysis has been used to estimate the 
survival probability of individual patients with tumor (breast, 
head and neck tumor) and to select immune markers for 
tumor diagnosis (25‑27). CART analysis also has been used 
in the study of unknown primary carcinoma to estimate the 
survival probability of individual patients and additionally in 
the analysis of recurrence in breast cancer following radia-
tion and chemotherapy (24,25). A number of previous studies 
have revealed the heterogeneity of NLR (cut‑off, 1.9‑7.2) (29) 
and PLR (cut‑off, 100‑300) (24) when predicting prognostic 
outcomes (23,28). This may be attributed to the use of different 
approaches in determining cutoff values in different popula-
tions. In a study on head and neck squamous cell carcinoma by 
Rassouli et al (21), a recursive partitioning statistical approach 
was used to determine the cut‑off points of NLR (cut‑off 
value, 3) and PLR (cut‑off value, 170).

However, in other studies investigating cancer, mean (22), 
median (34) and ROC curve (20) were used to determine the 
cut‑off points, which may have led to heterogeneity in data. 
These cut‑off values may differ from the optimal original 
values for adverse outcomes. The present study used a CART 
algorithm to produce the predictive rules. Age, NLR, PLR and 
AGR were entered into the analysis as independent variables, 
while overall survival status was considered as a dependent 
variable, and only one node with NLR at 3.18 divided patients 
into different groups. PLR, AGR and age were excluded. 
Therefore, in the present study, the optimal cutoff for NLR 
was identified as 3.18.

NLR predicts prognosis in patients with laryngeal cancer. To 
the best of our knowledge, the present study investigated the 
largest sample size for the prognostic ability of NLR as an 
independent factor in patients with laryngeal squamous cell 

cancer. NLR, at the determined cutoff points (NLR ≤3.18 and 
>3.18), was able to differentiate the patients into two groups 
with significantly different prognoses for OS and PFS. The 
groups above the cutoff value (NLR >3.18) exhibited poorer 
prognoses in the survival analysis. This result is consistent with 
previous studies in a number of other malignancies (24,29). 
Furthermore, NLR above the cutoff points was also associated 
with an increased risk of mortality and disease progression in 
the univariate analysis with Cox's regression model. Subsequent 
to adjustment for age, pathological grade, TNM stage, treat-
ment and recurrence, a higher HR for OS was demonstrated 
for NLR values above the cutoff point (NLR >3.18).

Previous studies with large patient populations have 
also indicated the prognostic role of NLR in various 
malignancies (29). Therefore, the authors of the present study 
hypothesized that with a large sample size, collection of more 
detailed information and reduction in the loss of follow‑up, 
consistent or more accurate results may be obtained. The 
results of the present study indicate that NLR, as an index of 
the systemic inflammatory response, may predict prognosis in 
patients with laryngeal cancer.

In conclusion, the results of the present study have demon-
strated that pretreatment NLR, PLR and serum AGR may be 
associated with the severity of laryngeal cancer, and NLR 
may serve as a useful prognostic predictor for patients with 
laryngeal cancer. With these readily available and inexpensive 
biomarkers, prognostic factors may be established for clinical 
decisions, including stringent follow‑up and additional adjunc-
tive therapy, to improve the stratification of patients with 
laryngeal cancer.
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