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Background: Peripheral blood inflammation factor neutrophil-lymphocyte ratio (NLR),

platelet count (PLT) and nutritional factor serum albumin (ALB) have been proposed as

prognostic markers of head and neck squamous carcinoma cancer (HNSCC) in recent years.

In the current study, nomogram predict models based on pre-treatment hematological para-

meters and a modified risk-stratified score system have been built.

Methods: A total of 197 patients with oropharyngeal, hypopharyngeal and laryngeal cancers

receiving multimodality treatment between 2012 and 2014 were included. The pre-treatment

ALB, neutrophil, lymphocyte and platelet count (PLT) were detected. Cancer-specific survi-

val and locoregional recurrence (LRC) by 5 years’ follow-up in the cases were obtained. To

integrate clinical characteristics, we propose a modified risk-stratified score system. Kaplan–

Meier method, proportional hazards COX model, logistic models were used to establish

nomograms within external validation.

Results: Five-year LRC was decreased (p=0.004) for 140 patients with pre-treatment NLR

<2.77. Five-year LRC and 5-year cancer-specific survival were decreased (p=0.031,

p=0.021) with pre-treatment PLT ≥248×109/L. Comparison of univariate parametric models

demonstrated that pre-treatment NLR evaluation and PLT>248×109/L were better among

tested models. On Bayesian information criteria (BIC) analysis, the optimal prognostic

model was then used to develop nomograms predicting 3- and 5-year LRC. The external

validation of this predictive model was confirmed in 57 patients from another hospital.

Conclusion: Pre-treatment NLR elevation and PLT>248×109/L are promising predictors of

prognosis in patients with operable HNSCC. Nomograms based on the pre-treatment hema-

tological markers and modified risk-stratified score system provide distinct risk stratifica-

tions. There results provided the feasibility of anti-inflammatory and antiplatelet treatments

for HNSCC patients.

Keywords: head and neck squamous cell carcinoma, neutrophil-lymphocyte ratio, platelet

count, albumin, nomogram

Background
Head and neck squamous cell cancer (HNSCC) are diagnosed in approximately

500,000 people per year worldwide.1 The treatment for locally advanced head and

neck cancers is multimodal, with either definitive chemoradiation or surgery fol-

lowed by adjuvant chemoradiation based on pathological features.2–4 Unfortunately,

about 60% of HNSCCs are already moderately advanced (regional stage) or
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metastatic at the time of diagnosis.5 The 5-year survival

rates for oropharyngeal cancer, laryngeal cancer and hypo-

pharyngeal cancer are 65%, 61% and 26%, respectively.6,7

The major causes of HNSCC-related deaths are the locor-

egional recurrence (LRC) and distant metastasis.8–10

Considering distinct patterns of local control and survival

of HNSCC, it is urgent to identify effective indicators for

the prognosis prediction.

Based on solid evidence from numerous observational

studies, clinical parameters (Gender, AJCC TNM Staging,

smoking status, age, and sub-site of tumor) have comparatively

limited cancers predictive utility for HNSCC.11 Pre-treatment

prognostic indicators of therapy response and subsequent sur-

vival are of increasing importance.12,13 The process of inflam-

matory is precancerous phase of HNSCC. Cigarette is well-

known established risk factor for the development of HNSCC

originating from the oral cavity, pharynx, and larynx with their

chronic inflammatory effect. Multiple inflammatory markers

are emerging as surrogate biomarkers.14,15 Inflammation may

contribute to tumor growth, progression and metastasis

through inflammatory mediators and cytokine up-regulation,

and immune regulatory cytokines aberrant activation.16

Therefore, inflammatory is extraordinarily essential in

HNSCC carcinogenic process.

In fact, multiple inflammatory markers have been long

since emerging as surrogate biomarkers and as prognostic

indicators for patients with oral cavity/oropharyngeal carci-

noma and other solid cancers,14,15 such as neutrophil, lym-

phocyte, monocyte, platelet counts, either as individual

values or ratios to each other.17–20 As it is well known,

platelet count (PLT) is critical in coagulation and inflamma-

tion. Moreover, activated platelets are linked to increased

cancer risk through various mechanisms.21 NLR was defined

as the absolute neutrophil count divided by the absolute

lymphocyte count. NLR has been proven to predict better

than individual parameters and other ratios. It is increasingly

recognized as an important role in carcinogenesis and tumor

progression.22–24

Besides inflammatory parameters, various indicators

containing nutritional variables were previously introduced

to predict the surgical risks and prognosis for head and neck

cancer as well as the esophagus cancer patients.25 Serum

albumin (ALB), the most acceptable marker of nutrition, has

been used to predict survival among patients with cancer

who received chemotherapy or radiotherapy. Combination

nutritional with inflammatory variables is used to assess

immune-nutritional status, such as serum ALB concentration

and lymphocyte count. The prognostic value is higher than

that of either index alone.20

Despite the recognized contribution of hematologic,

inflammatory and nutritional parameters,7,17,26 several cru-

cial puzzles were remained to be unsolved: so far, there

was limited data in hypopharyngeal and laryngeal cancer.

Besides, most research focused on patients with inopera-

tive head and neck cancer or patients received definitive

chemoradiation therapy.14,18,20,26 What’ more, it is still

unclear whether a single indicator has the highest predic-

tive value, or whether a combination of multiple indicators

has better performance.

In current study, we evaluated the potential associa-

tions between NLR, ALB, PLT and oncologic outcomes in

HNSCC including hypopharynx and larynx patients

receiving surgical treatments, based on database from

two large medical centers. We aimed to

- Risk-stratify patient using the pre-treatment clinical

characteristics data and oncologic outcomes, then deter-

mine the additive value of NLR, ALB, platelet as potential

covariates of LRC.

- Develop a visualized reliable prediction model for LRC.

- Be supportive for the hypothesis, that is, combination

of anti-inflammatory and anti-platelet treatment and nutri-

tion management could modify the recurrence risk of

HNSCC patients.

Materials and Methods
Setting, Design, and Data Sources
This study was in accordance with Declaration of Helsinki

and approved by the Research Ethic Committees of The

Affiliated Sir Run Run Shaw Hospital, Zhejiang University

medical college and The Second Affiliated Hospital of

Nanchang University Medical College. Both the institutional

review board approved data extraction from an existing

HNSCC.

Series treated with radical resection and adjuvant che-

moradiation between 2012 and 2014 were selected for

analysis, and personal and therapeutic demographics

were tabulated. The detailed inclusion criteria were listed

as follows: (a) primary cancers of the oropharynx, hypo-

pharynx, and larynx; (b) patients receiving radical surgical

ablation with/without reconstruction (elective or therapeu-

tic neck dissection as indicated); (c) patient informed con-

sent signed.

Dahlstrom-Sturgis risk schema (post-1994 part) was

modified for stratifying patients into four risk groups.18
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The survival stratification was established based on recur-

sive partitioning analysis and had been proven to be much

better than traditional TNM staging.

Matched data were extracted via a custom script from

the medical records of Sir Run Run Shaw hospital,

Zhejiang University Medical College and The Second

Affiliated Hospital of Nanchang University Medical

College. All pre-treatment platelet, neutrophil, lymphocyte

counts, hemoglobin and ALB were extracted. Cases were

excluded from the study, if evidences listed as follows in

medical records (a) hemorrhage; (b) massive transfusions;

(c) cardiopulmonary resuscitation. Patients that received

induction chemotherapy were also excluded.

Measures
Ordinal and nominal data were performed using χ-square
analysis for proportional agreement between cohorts.

Continuous predictors were modelled as a linear associa-

tion in a regression mode. Locoregional control (coding

recurrent or persistent disease in the primary tumor field

or cervical lymph node as an event. Data for patients

without disease progression or who were lost to follow-

up were censored at the time of last tumor imaging for

estimation of progression-free survival) and cancer-

specific survival (coding death as an event, data for

patients who were alive or lost to follow-up were cen-

sored at the time of last contact for estimation of overall

survival) were calculated using the Kaplan–Meier

method for specified hematologic covariates, log-rank

for differences in actuarial data.

Statistical Analysis
Univariate and multivariate Cox proportional hazards

assessments were performed to determine whether the

following variables were correlated with LRC and Cancer-

specific surviving: age, sex, AJCC TNM Staging, smoking

status, age, tumor sub-site, pre-treatment NLR and platelet

evaluation (as a binary variables and continuous vari-

ables). In initial assessment, continuous predictors were

dichotomized (categorization or a certain cut-off).

The second simplified multivariate model specifying

dichotomized binary parameters was constructed for the

following variables: risk criteria cohorts (as four categor-

izations), PLT (as continuous variables), NLR (as a cut-

off), ALB (as continuous variables).

Furthermore, to evaluate the optimal cut-off value of

the platelet, NLR and ALB, ROC (receiver operating

characteristic) curves were generated and the area under

ROC curve (AUC) was measured and compared. NLR was

defined as the absolute neutrophil count divided by the

absolute lymphocyte count.

After multivariate analysis, best categorical model

selected based on experimental Bayesian information

Table 1 Patient, Clinical Characteristics and Treatments

Characteristic No. of Patients (%)

Sex

Female 10(7.1)

Male 130(92.9)

Age

Median (range) 62.15

Clinical T stage

T1 64(45.7)

T2 20(14.3)

T3 16(11.4)

T4 40(28.6)

Clinical N stage

N0 75(53.6)

N1 30(21.4)

N2a 2(1.4)

N2b 21(15.0)

N2c 12(8.6)

Smoking history at diagnosis

Never 55(39.3)

Smoker (current/former) 85(60.7)

Disease site

Hypopharyngeal 34(24.2)

Laryngeal 95(67.9)

Oropharyngeal 11(7.9)

Surgical procedure

Without reconstruction 122(87.1)

With reconstruction 18(12.9)

Concomitant therapy

None 90(64.3)

Chemoradiation 32(22.9)

Radiation 18(12.8)

3-year locoregional recurrence

No 92(65.7)

Yes 48(34.2)

5-year locoregional recurrence

No 67(47.9)

Yes 73(52.1)

5-year cancer-specific survival

Survive 105(75.0)

Death 35(25.0)
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(BIC) for model optimization and selection were con-

verted into visual nomograms of 3- and 5-year LRC

using the open-source statistical software R (http://

www.R-project.org) with the aid of Harrell’s Regression

Modeling Strategies package (http://biostat.mc.vander

bilt.edu/rms).

Results
Patients, Clinical Characteristics and Risk

Criteria Cohorts
Of the 197 patients included in this study, 140 cases were

used for validity of the prediction model, while 57 cases

from another hospital for external calibration. All patients

Figure 1 Risk criteria cohorts (A), with 5-year LRC free (B), and 5-year cancer-specific survival (C), stratified by said cohorts. Solid lines represent Kaplan–Meier curves

and short vertical lines represent censored data.

Abbreviation: LRC, locoregional recurrence.
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had surgical resection of a primary HNSCC lesion and

individualized neck dissection, followed by adjuvant radio-

therapy/chemoradiotherapy. The median follow-up time

was 51.7±0.34 months. Clinical parameters and treatment

for the entire HNSCC cohort are summarized separately in

Table 1 and Supplementary Table 1. Risk criteria cohorts

are illustratively categorized into four groups (Figure 1A)

and presented with 5-year LRC and 5-year cancer-specific

survival in Figure 1B and C. The difference in the risk was

statistically significant between all groups, of which the

p-value is 0.000,0.005, 0.008 by Log-Rank by Log-Rank

(Mantel-Cox). Patients in group 1 has better prognosis

compared with the others. Those in Group 2 had one time

the risk of 5-year LRC (HR,1.1; 95% CI,0.9–10.3), those in

group 3 had almost 3 times the risk of 5-year LRC (HR,2.7;

95% CI,1.7–13.2), and those in group 4 had 7 times

(HR,6.9; 95% CI,5.9–21.2).

Cut-Off Value of NLR and PLT
By using ROC curve analysis, the optimal cut-off value of

continue NLR and PLT for LRC was determined. For 5-year

LRC, the area under the ROC curves for NLR was 0.69 (95%

CI, 0.60–0.77), and 0.56 (95% CI, 0.46–0.66) for PLT. ROC

plots revealed that NLR was a superior prognosis marker to

PLT and ALB as measured by AUC (Supplementary

Figure S1). An NLR cut-off value of 2.77 showed

a sensitivity of 67.1% and a specificity of 65.7% for LRC. It

was associated with the strongest Youden index (sensitivity 1+

specificity –1) (Supplementary Figure S2). A platelet cut-off

value of 248×109 /L showed a sensitivity of 30.1% and

a specificity of 96.6% for LRC (Supplementary Figure S3).

The ROC curve as well as the cut-off value are obtained from

the online-tool easyROC (Goksuluk D, Korkmaz S, Zararsiz

G, Karaağaoğlu AE (2016). easyROC: An Interactive Web-

tool for ROCCurveAnalysisUsingRLanguage Environment.

The R Journal, 8(2):213–230).

Figure 2 LRC and cancer-specific survival in patients with PLT<248×109/L versus patients with PLT >248×109/L and in patients with NLR <2.77 versus patients with NLR

>2.77. Solid lines represent Kaplan–Meier curves and short vertical lines represent censored data.

Abbreviations: PLT, platelets; NLR, neutrophil–lymphocyte ratio; LRC, locoregional recurrence.
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Figure 3 LRC free and cancer-specific survival in composite NLR-platelet cohorts: pre-treatment PLT<248×109/L/ NLR <2.77, PLT<248×109/L/ NLR ≥2.77, PLT≥248×109/L/ NLR

<2.77, PLT≥248×109/L/ NLR ≥2.77. Solid lines represent Kaplan–Meier curves and short vertical lines represent censored data.
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The Correlation of NLR and PLTwith the

Prognostic Parameters
Log-rank testing of actuarial curves demonstrated that

5-year LRC (p=0.004) was significantly decreased for

patients with NLR ≥2.77. However, there was no statistical
difference between cancer-specific surviving and NLR

≥2.77. Likewise, patients with PLT ≥248×109 /L exhibited

comparatively decreased 5-year LRC (p=0.038) and OS

(p=0.021) (Figure 2). Patients with concurrent PLT

≥248×109 /L and NLR ≥2.77 had substantively worse

oncologic outcomes for 5-year LRC (p=0.004) than those

with NLR ≥2.77 or PLT ≥248×109 /L alone or those with

NLR <2.77 and PLT <248×109 /L(Figure 3, above).

However, there was no statistical difference between can-

cer-specific survival (Figure 3, below).

Prognostic Nomogram for 3-Year LRC

and 5-Year LRC
Table 2 shows the hazard ratios (HRs) for all studied

variables in the univariate Cox regression analysis.

Multivariate analysis showed that NLR (HR 2.16; 95%

CI 1.30–3.5; p=0.003) and PLT ≥248×109 /L (HR 2.16;

95% CI 1.30–3.5; p=0.003) were independent predictor

of poor prognosis in addition to ALB value and risk

criteria cohorts. Validation plots for assessing the pre-

dictive ability of model through split-sample internal

validation (data not shown) and external validation

(data from The Second Affiliated Hospital of Nanchang

University Medical College). C-statistic values were

incredible excellent 0.95 (Supplementary Figure S4,

Supplementary Figure S5). Figure 4 shows 3-year and

5-year LRC nomograms based on the lowest BIC model

(Supplementary Table 2). PLT≥248×109 /L and NLR

evaluation as potential covariate of LRC for pre-

treatment risk stratifications. What is needed to be paid

attention is that, on post hoc Bayesian model selection,

a resultant univariate BIC was inferior to presented for

the current model within continues NLR evaluation.

Discussion
Recently varieties of evidence suggested proinflammatory

mediators associated with the different stages of HNSCC

carcinogenesis and contribute to HNSCCs proliferation, neo-

angiogenesis, metastasis, and resistance to cancer therapy,

regardless of HNSCC subsite.12,27,28 The important role of

unresolved inflammation in HNSCC progression and metas-

tasis is well established in previous studies.12,17,27,28

Firstly, elevated blood neutrophil counts in an inflam-

matory microenvironment have been shown to contribute

to tumor angiogenesis. It induces the resistance to anti-

vascular endothelial growth factor (anti-VEGF) therapy.20

Secondly, the decreased lymphocyte count plays important

roles in inflammatory reaction to tumor.8 This can explain

why increased NLR acts as an independent prognostic

Table 2 Univariate Analysis

Covariate Strata Hazard

Ratio

95% CI P value

Age Continues 1.0 0.9–1.0 0.124

Age (binary) <66 – – –

≥66 1.0 0.7–1.7 0.870

Disease site Laryngeal

Oropharyngeal 1.2 0.5–2.8 0.64

Hypopharyngeal 1.5 0.9–2.5 0.11

Surgery

procedure

Without

reconstruction

– – –

With

reconstruction

0.7 0.1–1.3 0.017

Smoking Never – – –

Smoker 1.5 0.9–2.1 0.01

Concomitant

therapy

None – – –

Radiation 0.1 −0.4–0.6 0.690

Chemoradiation 1.3 0.8–2.2 0.307

Clinical

T stage

T1 – – –

T2 1.5 0.9–2.4 0.001

T3 1.9 1.4–2.6 0.001

T4 1.4 0.8–2.2 0.001

Clinical

N stage

N0 – – –

N1 0.4 0.2–0.9 0.18

N2a 1.2 0.6–2.3 0.01

N2b 0.2 0.2–0.9 0.48

N2c 0.4 0.5–1.3 0.35

NLR Continues 2.2 1.3–3.6 0.003

NLR (binary) <2.77 – – 0.001

≥2.77 1.1 1.0–1.1

PLT Continues 1.0 0.9–1.0 0.245

PLT (binary) <248×109 – – 0.011

≥248×109 1.9 1.2–3.1

Risk criteria Group 1 – –

Group 2 1.1 0.9–10.3 0.001

Group 3 2.7 1.7–13.2 0.001

Group 4 6.9 5.1–21.2 0.001

ALB Continues 0.96 0.92–0.99 0.038

Note: P value <0.05 are in bold type.
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factor. There were evidence that showed an early diminu-

tion in NLR may be associated with more favorable out-

comes and higher response rates, whereas an increase in

NLR in the first weeks of treatment had the opposite

effect.8 Thirdly, platelets direct tumor cell growth,

vascular invasion, hematogenous dissemination, immune

system evasion and establishment of a metastatic niche.

Fourthly, nutrition parameters must be taken into consid-

eration. Many head and neck cancer patients have difficul-

ties in oral food intake due to dysphagia and/or

Figure 4 Nomograms for LRC. A vertical line is drawn from each of the covariates to the “Points” line. The sum of the points from all covariates determines the “Total

Points” score. Another vertical line is drawn from the “Total Points” line to the bottommost line to give the probability of individual HNSCC patient 3-year, and 5-year LRC.
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aspiration.25,29 Ablative surgery or radiation-induced

mucositis may cause iatrogenic exacerbation of these

problems.20

The biochemistry research in this filed is strongly suppor-

tive for a laboratory-clinical transition; meanwhile, the reliable

clinical data well statically categorified are urgently needed.

That’s why we aim to establish prediction model combing

NLR, PLTand ALB for operable HNSCC patients with exter-

nal validation. In this study, an elevated pre-treatment NLR

was associated with a shorter LRC but not with disease survi-

val. Different from Sara et al and Yoshie et al reported data18,20

which were anatomically consistent (only oropharyngeal can-

cers) and homogenous therapeutic regimens (chemotherapy/

Radiation/radiochemotherapy),11 our dataset is comprised of

oropharyngeal, laryngeal and hypopharyngeal with surgical

and concomitant systemic therapy.

Modifying the post-1994 Dahlstrom-Sturgis risk

schema, we established a risk criterion score system for

integrating novel clinical characteristics, which including

primary tumor site (oropharyngeal, hypopharynx, and lar-

ynx), age, cigarette history, clinical T stage and N stage. At

later model developing phase, we categorized them into

four groups. Pre-treatment NLR and PLT in addition to

ALB and Risk categories led to the development of nomo-

gram with superior performance.

The results from current study demonstrated that

HNSCC patients could be benefited from low NLR value

and platelet count. The combination of baseline PLT with

NLR value emerged as a promising biomarker for nonin-

vasive detection of cancer surveillance. Aspirin has been

demonstrated to have a significant effect protecting against

cancer through diverse mechanisms such as blocking the

formation of metastatic intravascular.21,30 Antiplatelet

agents that also impact inflammatory pathways would be

more intensively recommended, such as purinergic

antagonists.31 The mechanisms by which platelets partici-

pate in inflammation are diverse and offer numerous

opportunities for future drug intervention.32 Combination

aspirin with other non-steroidal anti-inflammatory drugs

(NSAIDs) has been associated with reduced risk of breast

cancer, endometrial cancer and cholangiocarcinoma.33–36

Furthermore, nutritional screening should be carried out

for each HNSCC patient. Peri-operative individualized

balanced nutrition plans should be made accordingly.

Our data have several limitations. In order to meet

“standard multimodality protocols”, cases receiving sur-

gery and adjuvant therapy (chemoradiation and radiation)

were included. To avoid the impact of tumor pathological

heterogeneity on inflammatory measures,36,37 this model is

specific for head and neck cancer patients pathologically

diagnosed with squamous cell carcinoma. Reasonably,

patients using thrombolytic agents (like aspirin), NSAIDs

could not be included. Consequently, the study has a small

sample size of 198 patients. Finally, long-term follow-up

of the patients was not available.

Nonetheless, the prediction model represents, to our

knowledge, is the double-center series ever to evaluate

the relationship between pre-treatment NLR, PLT, ALB

and oncologic outcomes in mix-subsite HNSCC patients

receiving radical surgical ablation and chemoradiation. It

serves as a benchmark for outcome estimation, as well as

a steppingstone to further efforts. The analyses performed

show pre-treatment hematological inflammatory para-

meters provide distinct risk stratification indicators for

HNSCC patients. Continuing efforts will be made to accel-

erate the laboratory-clinical transition by assessing com-

prehensive systemic inflammatory factors and optimizing

the survivorship program.

Conclusion
Pre-treatment NLR elevation, PLT >248×109/L and ALB

are promising predictors of prognosis in patients with

operable HNSCC. The analyses performed show that

nomograms including pre-treatment hematological para-

meters provide distinct risk stratifications. The results pro-

vided the feasibility of anti-inflammatory, antiplatelet

treatments and nutrition management in modifying recur-

rence risk of HNSCC patients.

Abbreviations
AUC, area under ROC curve; BIC, Bayesian information

criteria; HNSCC, head and neck squamous carcinoma cell

cancer; LRC, locoregional recurrence; NLR, neutrophil-

lymphocyte ratio; 4NQO, 4-nitroquinoline-1 oxide; PLT,

platelets.
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