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Introduction

Laryngeal squamous cell carcinoma (LSCC) is a common 
head and neck cancer that remains as a major reason of 
morbidity and mortality. Estimates of 26,400 new cases 
of laryngeal cancer and 14,500 laryngeal cancer-related 
deaths in each year in China were reported (1), and the 
estimates of 13,430 and 3,620, respectively, in the United 
States (2). Treatment choices for LSCC include operation, 
radiotherapy, and chemotherapy either used alone or in 
combination (3-7). In spite of the progresses in diagnostic 
and treatment methods, the clinical prognosis of LSCC 

has not been significantly improved in the past 30 years. 
Finding effective biomarkers to identify patients who 
are prone to relapse or metastases and administering 
personalized therapy may improve the clinical outcomes.

 Recently, many studies have revealed on the association 
between inflammation and malignancies. Inflammation and 
activation of the immune system have antitumor activity. 
They also play roles in carcinogenesis and the progression 
of cancers (8). The neutrophil-lymphocyte ratio (NLR) 
and the platelet-lymphocyte ratio (PLR) are simple and 
effective markers of inflammation and immunity. NLR 
was studied in few cardiovascular diseases and different 
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cancers and was found to be related with recurrence, 
tumor aggressiveness, and poor prognosis (9-12). Platelets 
can activate tumor growth by accumulating angiogenesis, 
improving microvascular permeableness, and facilitating the 
extravasation of cancer cells (13). PLR was also validated 
to have prognostic value in several types of cancer such as 
esophageal squamous cell cancer, gastric cancer and lung 
cancer (14-16). The prognostic values of NLR and PLR 
in LSCC has also been reported, but none of the studies 
focused on the prognostic value of the combination of NLR 
and PLR in LSCC. Therefore, we conducted the present 
study to assess the prognostic values of preoperative NLR 
and PLR in LSCC patients.

Methods

Patient population

The clinical data of patients with LSCC who underwent 
radical resection at the Guangdong General Hospital & 
Guangdong Academy of Medical Sciences between January 
2006 and August 2011 and the Sun Yat-sen University 
Cancer Center between October 2007 and December 
2009 were collected. Staging of LSCC was based on the 
American Joint Committee on Cancer (AJCC) TNM 
staging system (7th edition, 2010) (17). The diagnosis of 
LSCC was validated by postoperative pathological analysis. 
The selective standards for the patients were as follows: 
(I) older than 18 years; (II) complete clinical, laboratory, 
imaging, and follow-up data; (III) no chronic infectious 
diseases; (IV) no hematological disorders or treatment 
that can result in an elevated NLR and PLR, for example, 
administration of hematopoietic drugs such as granulocyte-
colony stimulating factor (G-CSF) within one month before 
operation; (V) no autoimmune disease or preoperative 
usage of steroids; (VI) no preoperative treatments such 
as chemotherapy and radiotherapy. Routine blood tests 
were implemented on the day before operation. NLR and 
PLR were calculated as the absolute neutrophil or platelet 
counts, respectively, divided by the absolute lymphocyte 
counts. Patients were followed up every 3 months until 
30th September 2014 in the Guangdong General Hospital 
and 31st May 2015 in the Sun Yat-sen University Cancer 
Center. The overall survival (OS) was calculated from the 
time of operation to the date of death or the last visit. The 
study was approved by the Research Ethics Committee 
of Guangdong General Hospital & Guangdong Academy 
of Medical Sciences and Sun Yat-sen University Cancer 

Center [No. GDREC2013245H (R1)]. All participants 
signed informed consent.

Statistical analysis

All statistical analyses were accomplished with Statistical 
Product and Service Solutions (SPSS) version 19.0 software 
(Chicago, IL, USA). The sensitivity and specificity of 
the NLR and PLR for predicting OS using by receiver 
operating characteristic (ROC) curve analysis. The Youden 
index was estimated to select the best cut-off value of NLR 
and PLR. The relationship between clinicopathologic 
features and dichotomized NLR and PLR was compared 
by the chi-square test. Survival analysis were calculated by 
the Kaplan-Meier method then compared using the log-
rank test. The multiple Cox proportional hazards model 
(a forward stepwise procedure) was performed to identify 
independent prognostic factors based on variables selected 
on univariate analysis (factors analyzed by univariate 
analysis with P<0.05). P<0.05 was considered significant.

Results

Demographic data

A total of 336 LSCC patients underwent radical resection. 
Among them, 9 patients received preoperative treatments, 
11 patients showed clinical evidence or hematological 
diseases and other infectious conditions, and 26 patients 
without the clinical data were excluded. Finally, 290 patients 
282 men and 8 women with a median age of 62 (interquartile 
range, 41–86) years were selected in this study. Of the 
290 patients, 214 (73.8%) had smoking history (18),  
and 72 (24.8%) had drinking history (19) 100 (34.5%) 
underwent total laryngectomy, 111 (38.3%) underwent 
partial laryngectomy, and 79 (27.2%) underwent CO2 laser 
surgery;184 (63.4%) were in stage T1–T2 and 106 (36.6%) 
in stage T3–T4; 226 (77.9%) had tumor located in the 
glottic region, 52 (17.9%) in the supraglottic region and 12 
(4.2%) in the subglottic region; 52 (17.9%) had lymph node 
metastasis. 

Determination of cut-off value of NLR and PLR

The results of ROC curve analysis showed that the optimal 
cut-off value of preoperative NLR was 2.22, with the 
maximum joint sensitivity of 50.5% and specificity of 71.7% 
[area under curve (AUC): 0.617; 95% confidence internal 
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(CI): 0.546–0.687; P=0.001]. Then, patients were divided 
into the NLR >2.22 (n=104) and NLR ≤2.22 (n=186) 
groups. Similarly, the best cut-off value of PLR was 114, 
with the sensitivity of 53.5% and specificity of 66.0% (AUC: 
0.597; 95% CI: 0.526–0.669; P=0.007). Then, patients were 
allocated into the PLR >114 (n=117) and PLR ≤114 (n=173) 
groups, respectively (Figure 1).

Relationships between NLR, PLR, and clinicopathologic 
characteristics 

The relationships between NLR, PLR, and clinicopathologic 
features of patients are showed in Tables 1 and 2. An increase 
in NLR was significantly related with more advanced T stage 
(P=0.022). An increase in PLR was also significantly related 
with more advanced T classification (P=0.002). Furthermore, 

more man patients were found in the low PLR group 
(P=0.043). No noteworthy difference in age, smoking history, 
drinking history, lymph node metastasis, histological grade, 
and primary location were discovered between the low and 
high NLR groups, or between the low and high PLR groups.

Prognostic features of LSCC patients 

To classify the risk factors affecting postoperative OS, we 
evaluated NLR, PLR, and clinicopathologic factors in univariate 
and multivariate analyses. Univariate analysis identified age, T 
stage, lymph node metastasis, NLR, PLR, histological grade, 
and primary tumor location as significant prognostic features of 
OS (Table 3). Multivariate analysis identified four parameters, 
including age, lymph node metastasis, histological grade, and 
NLR as independent prognostic factors of OS for LSCC 
patients (all P<0.05) (Table 4).

OS according to preoperative NLR and PLR 

The patients were followed up for a median of 64 months 
(range, 3–102 months). During follow-up period, 191 patients 
were alive, and 99 died. The 1-, 3-, and 5-year OS rates in 
the NLR ≤2.22 group were significantly higher than those 
in the NLR >2.22 group (98.4%, 86.0% and 75.3% vs. 
91.3%, 63.5% and 53.0%, P<0.001) (Figure 2A). Similarly, 
the 1-, 3-, and 5-year OS rates in the PLR ≤114 group  
were distinctly higher than those in the PLR >114 group 
(97.1%, 83.8% and 73.6% vs. 94.0%, 69.2% and 58.8%, 
respectively, P=0.001) (Figure 2B).

Prognostic value of the combination of NLR-PLR in LSCC 
patients

To analyze the prognostic value of NLR combined with 
PLR in LSCC after surgery, patients were divided into three 
groups: patients with normal NLR and normal PLR were 
allocated to group 1 (n=146), with elevated NLR or elevated 
PLR were allocated to group 2 (n=68), and with elevated 
NLR and elevated PLR were allocated to group 3 (n=76). 
The 1-, 3-, and 5-year OS rates of the group 1 were markedly 
higher than those in the groups 2 and 3 (97.9%, 85.6%, and 
75.8% vs. 97.1%, 80.9%, and 67.5% and 90.8%, 60.5%, and 
51.9%, respectively, P<0.001) (Figure 2C).

Discussion

To improve the prognosis of LSCC patients, great effort 
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Figure 1 Receiver operating characteristic curves for identifying 
the optimal cut-off values of neutrophil-lymphocyte ratio (NLR) 
(A) and platelet-lymphocyte ratio (PLR) (B), which are revealed by 
measuring the maximum area under the curve.
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was made to seek for effective prognostic markers of 
LSCC. NLR and PLR are simple and effective markers 
of inflammation and immunization. They reveal the 
inflammatory and immune condition of human body, 
increases the amounts of circulating neutrophils and 
promotes neutrophils secreting angiogenesis-regulating 
growth factors, chemokines and proteases (e.g., vascular 
endothelial  growth factor (VEGF),  interleukin-8  

(IL-8), intercellular adhesion molecule 1 and matrix 
metalloproteinase (MMP)) which may facilitate cancer 
progression and metastasis (20-23). NLR and PLR have also 
been presented to be valued prognostic indicators in several 
cancers, but all of these hadn’t investigated the relationship 
between NLR and PLR in LSCC, especially the prognostic 
value of their combination. The objective of this study was 
to develop a simple risk assessment model based on NLR and 

Table 1 Correlation between peripheral NLR and clinicopathologic variables of LSCC patients

Variables Cases (n=290)
NLR

P
NLR ≤2.22 (n=186) NLR >2.22 (n=104)

Age (years) 0.327

≤60 145 97 (66.9) 48 (33.1)

>60 145 89 (61.4) 56 (38.6)

Sex 0.162

Male 282 179 (63.5) 103 (36.5)

Female 8 7 (87.5) 1 (12.5)

Smoking history 0.943

Yes 214 137 (64.0) 77 (36.0)

No 76 49 (64.5) 27 (35.5)

Drinking history 0.738

Yes 72 45 (62.5) 27 (37.5)

No 218 141 (64.7) 77 (35.3)

T classification 0.022

T1–T2 184 127 (69.0) 57 (31.0)

T3–T4 106 59 (55.7) 47 (44.3)

Lymph node metastasis 0.285

Negative 238 156 (65.5) 82 (34.5)

Positive 52 30 (57.7) 22 (42.3)

Histological grade 0.818

Well 121 80 (66.1) 41 (33.9)

Moderately 125 79 (63.2) 46 (36.8)

Poorly 44 27 (61.4) 17 (38.6)

Primary location 0.900

Supraglottic 52 34 (65.4) 18 (34.6)

Glottic 226 145 (55.3) 81 (44.7)

Subglottic 12 7 (58.3) 5 (41.7)

Data are shown as number (%). NLR, neutrophil-lymphocyte ratio; LSCC, laryngeal squamous cell carcinoma.
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PLR to improve the prophecy of survival in LSCC patients, 
which were an innovation of our research. In previous 
studies, the cut-off value of NLR and PLR were different, 
including head and neck cancer (24). The cut-off value has 
been set empirically or basing on the median value.

 In the present study, to avoid the empirical bias, the 
cut-off values of NLR and PLR were selected according 
to ROC curve analysis. The best cut-off values of NLR 

and PLR were 2.22 and 114, respectively. We further 
analyzed the relationships between NLR, PLR and 
clinicopathological characteristics of LSCC patients, and 
found that both elevated NLR and elevated PLR were 
correlated with advanced T stage. The results indicated 
that NLR or PLR could not only reflect the tumor burden 
but also stimulate tumor progress by affecting the tumor 
metabolism and microenvironment. We discovered several 

Table 2 Correlation between peripheral PLR and clinicopathologic variables of LSCC patients

Variables Cases (n=290)
PLR

P
PLR ≤114 (n=173) PLR >114 (n=117)

Age (years) 0.402

≤60 145 90 (62.1) 55 (37.9)

>60 145 83 (57.2) 62 (42.8)

Sex 0.043

Male 282 171 (60.6) 111 (39.4)

Female 8 2 (25.0) 6 (75.0)

Smoking history 0.857

Yes 214 127 (59.3) 87 (40.7)

No 76 46 (60.5) 30 (39.5)

Drinking history 0.989

Yes 72 43 (59.7) 29 (40.3)

No 218 130 (59.6) 88 (40.4)

T classification 0.002

T1–T2 184 122 (66.3) 62 (33.7)

T3–T4 106 51 (48.1) 55 (51.9)

Lymph node metastasis 0.346

Negative 238 145 (60.9) 93 (39.1)

Positive 52 28 (53.8) 24 (46.2)

Histological grade 0.560

Well 121 73 (60.3) 48 (39.7)

Moderately 125 71 (56.8) 54 (43.2)

Poorly 44 29 (65.9) 15 (34.1)

Primary location 0.751

Supraglottic 52 31 (59.6) 21 (40.4)

Glottic 226 133 (58.8) 93 (41.2)

Subglottic 12 9 (75.0) 3 (25.0)

Data are shown as number (%). PLR, platelet-lymphocyte ratio; LSCC, laryngeal squamous cell carcinoma.
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Table 3 Prognostic factors for OS by univariate analysis

Variables n
OS

P
1-yr 3-yr 5-yr

Age (years) 0.010

≤60 145 95.2% 80.7% 75.2%

>60 145 96.6% 75.2% 60.3%

Sex 0.966

Male 282 95.7% 77.3% 67.5%

Female 8 100.0% 100.0% 71.4%

Smoking history 0.377

Yes 214 96.3% 77.6% 69.5%

No 76 94.7% 78.9% 60.8%

Drinking history 0.663

Yes 72 95.8% 75.0% 68.8%

No 218 95.9% 78.9% 67.2%

T classification <0.001

T1–T2 184 96.7% 84.8% 74.9%

T3–T4 106 94.3% 66.0% 55.0%

Lymph node metastasis < 0.001

Negative 238 97.1% 82.8% 74.3%

Positive 52 90.4% 55.8% 36.7%

NLR <0.001

≤2.22 186 98.4% 86.0% 75.3%

>2.22 104 91.3% 63.5% 53.0%

PLR 0.001

≤114 173 97.1% 83.8% 73.6%

>114 117 94.0% 69.2% 58.8%

Histological grade 0.003

Well 121 96.7% 89.3% 78.2%

Moderately 125 95.2% 72.8% 62.1%

Poorly 44 95.5% 61.4% 53.7%

Primary location 0.026

Supraglottic 52 100.0% 71.2% 54.6%

Glottic 226 95.1% 80.1% 71.6%

Subglottic  12 91.7% 66.7% 50.0%

OS, overall survival; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.
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prognostic factors of OS for LSCC patients, such as age, 
T stage, lymph node metastasis, NLR, PLR, histological 
grade, and primary tumor location by using univariate 
analysis. After multivariate analysis, we finally found that 
the independent prognostic factors of OS were age, lymph 
node metastasis, histological grade, and NLR.

We discovered that both high NLR and high PLR were 
associated with short OS of LSCC patients, which were in 
compliance with the results from previous studies (25-27). 
As we know that a combination of multiple markers might 
produce more information for predicting clinical outcome. 

Table 4 Prognostic factors for OS by multivariate Cox proportional 
hazards regression model

Variables
OS

P
HR 95% CI

Age 1.696 1.128–2.550 0.011

Lymph node metastasis 2.673 1.711–4.175 0.011

Histological grade 1.375 1.032–1.832 0.030

NLR 2.262 1.523–3.361 <0.001

HR, hazard ratio; CI, confidence interval; NLR, neutrophil-
lymphocyte ratio.
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Figure 2 Kaplan-Meier survival curves of LSCC patients after radical resection; estimates (A) neutrophil-lymphocyte ratio (NLR), (B) 
platelet-lymphocyte ratio (PLR) and (C) the combination of NLR and PLR. Group 1: with normal NLR and normal PLR (n=146); group 2: 
with elevated NLR or elevated PLR (n=68); group 3: with elevated NLR and elevated PLR (n=76). 
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We combined NLR with PLR to predict the prognosis of 
LSCC patients. We classified the patients into three groups 
and developed a simple risk assessment model according 
to the levels of NLR and PLR. Our results displayed that 
patients with both normal NLR and normal PLR had 
the best prognosis, whereas patients with both elevated 
NLR and elevated PLR had the worst prognosis. This 
risk model confirmed our hypothesis that the accuracy in 
predicting prognosis of LSCC can be boosted through the 
combination of NLR and PLR.

There are some limitations in the present study. First, 
it was a retrospective study with a relatively small size. 
And a well-designed, prospective study with a large 
number of patients is needed to confirm our findings. 
Second, postoperative radiotherapy or chemotherapy is an 
important prognostic factor. However, we only investigated 
the preoperative clinicopathological factors, and the post-
operative treatments were not considered in the present 
study. Third, although we found that elevated NLR or 
PLR predicted poor prognosis and that the accuracy in 
prognosis prediction can be enhanced by the combination 
of them and these patients might benefit from postoperative 
adjuvant treatments, we were not capable of verifying the 
assumption, which we desire to validate in future clinical 
trials.

Conclusions

This study demonstrates that preoperative elevated NLR 
and elevated PLR are prognostic factors for LSCC patients. 
Preoperative NLR and PLR provide us an effective support 
to discern patients at high hazard of death. Moreover, their 
combination can promote the prognostic accuracy for 
survival of LSCC patients. These results may advise us to 
take the therapy proposal thinking about not only TNM 
stage but also these prognostic markers associated blood 
routine. However, the exact mechanisms and function of 
NLR and PLR on LSCC should been elucidated. In the 
future, the simple preoperative prognosis assessment could 
be utilized to select patients for adapted treatment.
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