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Background: Inflammation is involved in the progression of oral squamous cell carcinoma. 
We therefore postulate that a blood-based inflammatory marker, the neutrophil-to- 
lymphocyte ratio, could help to predict the prognosis in patients with oral squamous cell 
carcinoma receiving chemo-radiotherapy, and build a prognostic nomogram.
Methods: In 111 cases of oral squamous cell carcinoma, several baseline variables, including 
inflammatory markers and lactate dehydrogenase, were measured within the week of chemo- 
radiotherapy initiation as predictors of mortality and separate risk scores were developed.
Results: Dichotomized neutrophil-to-lymphocyte ratio was found to be associated with AJCC 
stage (p<0.001). Patients with oral squamous cell carcinoma with a low neutrophil-to- 
lymphocyte ratio survived longer than those with a high neutrophil-to-lymphocyte ratio (over-
all survival HR=2.39, 95% CI 1.24–4.61, p=0.009). The Harrell’s concordance (C)-statistic of 
the nomogram was 0.74 and the calibration curve demonstrated the goodness of fit.
Conclusion: The inflammatory marker neutrophil-to-lymphocyte ratio, obtained before 
chemo-radiotherapy, was an independent factor of survival prediction for oral squamous 
cell carcinoma. The nomogram incorporating immunological markers could more accurately 
predict individualized survival probability than the existing models. These findings are 
significant for the creation of personalized treatment strategies in the clinical setting.
Keywords: nomogram, oral squamous cell carcinoma, LDH, platelet-to-lymphocyte ratio, 
neutrophil-to-lymphocyte ratio

Introduction
Oral squamous cell carcinoma (OSCC), referring to cancer occurring between the 
vermillion border of the lips and the junction of the hard and soft palates or the posterior 
third of the tongue, is a malignancy with high morbidity and mortality, resulting in 
177,384 deaths worldwide annually.1 Advanced OSCC is typically treated with multi-
modal therapy including surgery, radiotherapy and chemotherapy; however, the survival 
outcome differs considerably among the patients.2 Chemo-radiotherapy (CRT) has been 
one of the most effective treatment options for patients with resectable or unresectable 
tumors. The identification of prognostic factors can help improve survival estimation and 
guide treatment decisions in patients with OSCC. Different clinical and laboratory 
characteristics have been proposed in the past as being related to prognosis in cancer 
patients.3–5 However, studies of potentially prognostic variables investigating the mor-
tality of OSCC were inconsistent and varied widely. Inflammation is one of the hallmarks 
of cancer.6 Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio 
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(PLR), as inflammation-associated indices, have been evalu-
ated to predict survival for a variety of malignancies.7–9 Lactate 
dehydrogenase (LDH) is tightly linked to tumor cell load and 
distant metastasis.10,11 In particular, NLR, PLR and LDH can 
be obtained from routine blood analysis and have been 
assessed to be cost-effective biomarkers for cancer survival. 
Previous studies suggested that preoperative peripheral neu-
trophil and lymphocyte counts were correlated with survival in 
oral cancer.12,13 But the prognostic value of inflammatory 
markers has not been fully elucidated in patients with advanced 
OSCC undergoing CRT. Thus, it is necessary to assess the 
available pretreatment parameters in order to develop 
a prognostic model for the prediction of survival outcomes in 
OSCC patients. In addition, little evidence has demonstrated 
the clinical efficacy regarding predictors in OSCC patients 
undergoing CRT.

Therefore, the present study retrospectively included 
patients with OSCC who were admitted and treated in 
our center since 2014, to investigate the predictors of 
mortality in patients with OSCC and to determine whether 
NLR is independently correlated with prognosis in OSCC.

Materials and Methods
Patient Selection
The study retrospectively included a total of 111 patients 
diagnosed with primary OSCC and undergoing CRT in 
Tongji Hospital of Tongji Medical College, Huazhong 
University of Science and Technology, between April 2014 
and January 2018. Eligible patients were included if they 
were aged ≥18 years and had a cytologically or histologically 
confirmed diagnosis of OSCC, while patients with other 
primary tumors and autoimmune diseases were excluded. 
Depending on the clinical condition of the patients, patients 
received radiotherapy or concurrent CRT. Conventional frac-
tionation radiation therapy was administered as 60–66 Gy to 
the isocenter using intensity-modulated radiation therapy 
(IMRT), divided over 2 Gy daily fractions, five times 
a week. Follow-up was typically scheduled for a month 
after initial treatment, every 3 months within the first 2 
years, and every 6 months thereafter.

Data Collection
We collected clinicopathological data, including TNM 
stage (based on version 7 of the International Association 
for the Study of TNM staging System), as well as patient’s 
age, gender and smoking history. The laboratory data, 
including LDH, neutrophil, platelet and lymphocyte levels, 

were obtained within the week leading up to CRT. The 
NLR was calculated as the neutrophil count divided by the 
lymphocyte count and the PLR was defined as the platelet 
count divided by the lymphocyte count. Follow-up was 
performed until January 2020. Outcome variables included 
overall survival (OS). OS was defined as the date of CRT 
to the time of death, or the time of last contact. To reduce 
the potential bias, the five patients who died within 
a month from the start of initial therapy were excluded 
from the analysis. The study was granted approval by the 
Institute Research Medical Ethics Committee of Tongji 
Hospital of Tongji Medical College, Huazhong 
University of Science and Technology. All data were col-
lected in accordance with the principles of the Declaration 
of Helsinki. Using electronic medical records, we searched 
the information on each patient. Individual patient infor-
mation was protected and has not been shown. The Ethics 
Committee waived the need for informed consent for the 
collection, analysis and publication of the retrospectively 
obtained and anonymized data for this non-interventional 
study.

Statistical Analysis
The associations between serum marker level (including LDH, 
NLR and PLR) and the clinicopathological parameters were 
evaluated by a Χ2-test. For the univariate analysis, the primary 
end point was evaluated by the Kaplan–Meier method. 
Forward stepwise multivariate Cox proportion hazard analysis 
was conducted to clarify the impact of age, gender, smoking 
history and TNM stage on OS. Hazard ratios (HRs) with 
corresponding 95% confidence intervals (CIs) were estimated 
from the Cox analysis. We also plotted the nomogram to assess 
the models with the prognostic factors and employed Harrell’s 
concordance index (C-index) to determine the model’s prog-
nostic accuracy (PA) in the multivariate analysis. The goodness 
of fit was evaluated by the Akaike information criterion. 
A two-sided p-value of less than 0.05 was considered signifi-
cant for all the statistical tests. Data analysis was calculated 
using the R language, version 4.0.2, with the rms and survival 
libraries (The R Foundation for Statistical Computing, Vienna, 
Austria, http://www.r-project.org/).

Results
Patient Characteristics
Clinical characteristics of the 111 patients are detailed in 
Table 1. Eligible patients were pathologically diagnosed as 
OSCC. The cohort included 34 (30.6%) females and 48 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2020:12 12330

Sun et al                                                                                                                                                               Dovepress

http://www.r-project.org/
http://www.dovepress.com
http://www.dovepress.com


(43.2%) never-smokers, with an age range of 28–81 years 
(average 56 years). Of these 111 patients, 29 (26.1%) were 
diagnosed with cT1–2 stage disease and 82 (73.9%) with 
cT3–4 stage disease.

Applying clinical criteria set up by the department of 
laboratory medicine in our institute, we differentiated the 
serum biomarker LDH as below or above the reference 
range. The NLR and PLR were dichotomized by the cut-off 
values of NLR and PLR in survival outcome prediction of 
OSCC. The best cut-off for NLR (3.1) was defined as the value 
with the best relative risk coefficient. The area under the curve 
(AUC) of the dichotomized NLR was calculated in the time- 
dependent ROC curve. Compared to all other indicators, NLR 
achieved the largest AUC of 0.66, suggesting that it had the 
highest predictive value (Supplemental Figure 1).

Survival
To investigate whether the serum markers were associated 
with the survival outcome of OSCC patients, univariable 
and multivariate Cox regression analyses for OS were 
performed (Table 2). The median follow-up period was 
38 months (range 4–84 months). During follow-up, tumor 
progression was observed in 74.8% of patients, with 
a median time to disease progression of 19 months (2–63 
months). Then, 40.1% of patients with disease progression 
received subsequent chemotherapy. Figure 1 showed the 
Kaplan–Meier curves for OS, and revealed that inflamma-
tory factors had an obvious impact on the OS of OSCC 
patients (NLR: HR=2.39, 95% CI 1.24–4.61, p=0.009; 
PLR: HR=2.13, 95% CI 1.05–4.34, p=0.037), whereas 
high LDH level was not related to the outcome of OSCC 
patients.

To confirm whether NLR was an independent factor 
influencing outcome, multivariate Cox regression was con-
ducted by the forward LR method. NLR level had 
a decisive impact on the OS of the patients (HR=2.08, 
95% CI 1.03–4.19, p=0.04), which was more distinct than 
the effect of PLR on their survival. Importantly, we estab-
lished a nomogram which applied the prognostic factors, 
including age, sex, smoking history, TNM staging, NLR 
and PLR, to evaluate the prognostic value of the inflam-
matory marker in the specific setting of patients (Figure 2). 
The Harrell’s concordance indices for OS in the clinico-
pathological multivariate model were 0.721. Notably, the 
addition of NLR and PLR to the clinicopathological model 
significantly improved the PA for OS to 0.74. The model 
displayed moderate levels of discrimination and adequate 
calibration.

Discussion
OSCC is the most common malignant tumor in the oral 
cavity and CRT is the regular treatment for OSCC.2 In 
recent years, with the development of targeted drugs, the 
prognosis for patients with OSCC has been extended.14,15 

Immune checkpoint inhibitors have also shed light on the 
treatment of OSCC, and inflammation and immunity have 
been involved in the development of OSCC.16 However, 
the immunological characteristics of OSCC are still largely 
uncovered.

This study evaluated the correlation of pretreatment vari-
ables, including LDH and inflammatory markers, with mor-
tality rates among patients with OSCC. The LDH, an enzyme 
facilitating the formation of lactic acid in the glycolytic 

Table 1 Clinicopathological Characteristics in 111 patients with 
OSCC

Characteristics Total

Number 111

Age (years)
<56 48

≥56 63

Gender

Female 34
Male 77

Smoking history
Never 48

Ever 63

Alcohol consumption

Never 39

Ever 72

Primary site

Tongue 47
Mandible 29

Maxilla 19

Buccal mucosa 16

cT stage

T1–2 29
T3–4 82

cN stage
N0 37

N+ 74

Differentiation

Good 33

Poor, moderate 78
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pathway, is often used as an indicator to monitor and assess 
the state of disease in patients. Although LDH was uncovered 
in a variety of types of tissue damage, as well as in different 
malignant entities, there is still controversy about the 

predictive value of NLR, PLR and LDH for patients with 
OSCC.17–19 In the present study, low levels of NLR and PLR 
suggested favorable survival outcomes, while LDH was not 
associated with survival. The NLR was confirmed to be 

Table 2 Univariate and Multivariate Cox Regression Analyses of Multiple Variables for OS in Patients with OSCC 
(n=111)

Characteristics OS

Univariate Analysis Multivariate Analysis

HR (95% CI) p-Value HR (95% CI) p-Value

Age (years)
<56 1 (Reference) 1 (Reference)
≥56 1.70 (0.85,3.39) 0.136 1.44 (0.70,2.97) 0.318

Gender
Female 1 (Reference) 1 (Reference)

Male 0.56 (0.26,1.23) 0.150 0.74 (0.22,2.48) 0.627

Smoking history
Never 1 (Reference) 1 (Reference)

Ever 1.74 (0.87,3.48) 0.117 1.38 (0.47,4.05) 0.554

AJCC stage
III 1 (Reference) 1 (Reference)
IV 5.36 (1.64,17.51) 0.005 5.50 (1.67,18.16) 0.005

LDH level
≤225.0 U/L 1 (Reference) 1 (Reference)

>225.0 U/L 0.74 (0.38,1.43) 0.366 0.45 (0.22,0.91) 0.026

NLR level
≤3.1 1 (Reference) 1 (Reference)

>3.1 2.39 (1.24,4.61) 0.009 2.08 (1.03,4.19) 0.040

PLR level
≤185 1 (Reference) 1 (Reference)
>185 2.13 (1.05,4.34) 0.037 1.77 (0.86,3.67) 0.123

Figure 1 Prognosis analysis of serum indicators in OSCC. (A) Kaplan–Meier curve for OS revealed that high NLR was significantly associated with low OS rate in OSCC. 
(B) Kaplan–Meier curve for OS revealed that high PLR was significantly associated with low OS rate in OSCC. (C) Kaplan–Meier curve for OS revealed that LDH was not 
associated with OS rate in OSCC. 
Abbreviations: OSCC, oral squamous cell carcinoma; OS, overall survival; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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a useful predictive prognostic indicator for OSCC, consistent 
with previous studies of other kinds of cancer.

Our study indicated that NLR level was associated with 
AJCC stage. The mechanism behind an inflammation-driven 
tumorigenesis is not well defined, but our data suggest that 
tumor stage influences the counts of peripheral neutrophils 
and lymphocytes, which implies that the lymphocyte- 
associated immune response may be decreased as the tumor 
grows. Recent studies have revealed that blood biomarkers 
have predictive value in the immunotherapy of NSCLC, with 
higher inflammation, indicating worse survival in patients 
treated with checkpoint inhibitors.20–22 Whether NLR holds 
promise as a biomarker for the prediction of immunotherapy 
efficacy in OSCC is worthy of further study.

The present study developed the first prognostic model for 
the prediction of survival in OSCC patients undergoing CRT. 
However, this study has several limitations, including selec-
tion bias owing to the retrospective design and short follow-up 
period, as well as the heterogeneity of clinical parameters (eg, 
high percentage of men and stage IV patients), which may 
have resulted in shorter survival times compared with those 

shown in randomized clinical trials. Nevertheless, we con-
ducted a thorough real-world study that provided preliminary 
evidence on the potential prognostic predictive value of serum 
inflammation markers in OSCC, and proposed a hypothesis 
which should be validated by prospective studies in order to 
distinguish the most appropriate cut-off for clinical use.

The present study collected data from 111 cases of 
OSCC, covering a period of 5 years, and indicated that 
the immunological marker NLR has the potential to be 
a predictive factor for the mortality of OSCC. Dynamic 
monitoring of NLR during treatment could be more effec-
tive in predicting OSCC prognosis, but we proved that 
NLR testing before CRT also has a prognostic predictive 
value for OSCC patients. The predictive value of NLR in 
immunotherapy is worthy of further evaluation in future 
clinical trials. Additional prospective studies are required 
to validate this prognostic model.

Data Sharing Statement
The data are contained within the article and/or its 
supplementary materials.

Figure 2 Nomogram predicting risk of mortality in OSCC patients. The nomogram is used by adding up the points identified on the points scale for each variable. The total 
projected on the bottom scale indicates the probability of mortality. 
Abbreviations: OSCC, oral squamous cell carcinoma; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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