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ABSTRACT
This study aims to develop an applicable prognostic index with conventional 

factors for predicting outcome of patients with oral squamous cell carcinoma (OSCC). 
We performed a prospective study in a large cohort of 892 OSCC patients in Fujian, 
China. All patients were randomly divided into a discovery group and validation 
group. A prognostic index was developed based on β value of each significant variable 
obtained from the multivariate Cox regression model. The results from discovery 
and validation set demonstrated that the model-4(included clinical stage, tumor 
differentiation, ill-fitting denture, oral hygiene and cigarette smoking) was the optimal 
model. The optimal cutoff points of prognostic index (1.88 and 2.80) were determined 
by X-tile program which categorized all subjects into low, middle and high risk subsets. 
Patients in high risk group were at the greatest risk of death compared with those 
in low risk group (HR: 6.02; 95%CI: 4.33-8.38). Moreover, there was a significant 
tendency of the worse overall survival with the higher prognostic index (Ptrend <0.001). 
The discriminatory capacity of prognostic index was 0.661(95%CI: 0.621-0.701). This 
study developed and validated a prognostic index that is an economical and useful 
tool for predicting the clinical outcomes of OSCC patients in Southeast China. Future 
randomized trials with larger cohort are required to confirm our results.

INTRODUCTION

Oral squamous cell carcinomas (OSCC) is the 
predominant histological type in oral carcinomas and has 
a rising morbidity and mortality in many countries [1, 2]. 
Despite many advances in the diagnosis and treatment, 
long-term survival of OSCC only improved slightly over 
the past few decades, with 5-year survival rate still around 
50% [3, 4]. It is therefore essential to explore prognostic 
factors which would be better to predict OSCC patients’ 
prognosis.

Various parameters have been reported in 
previous studies for predicting the prognosis of OSCC, 
including clinicopathologic features (clinical stage, 

tumor differentiation, tumor size, and treatment types, 
etc.) [5-7], serum biomarkers (C-reactive protein (CRP), 
neutrophil to lymphocyte ratio (NLR), etc.) [8, 9], human 
papillomavirus (HPV) infection [10] and patients’ lifestyle 
factors (smoking, alcohol drinking, oral hygiene, etc.) [11, 
12]. However, few studies incorporate these prognostic 
parameters into a comprehensive index to evaluate the 
joint contribution to the prognosis of this disease.

Recently, prognostic prediction model with different 
independent prognostic factors has been proposed and 
became a promising method for reliable prediction of 
cancer prognosis. Tertipis et al. [13] utilised HLA class 
I, CD8+ TILs and clinical characteristics to predict the 
outcomes of tongue cancer patients. Rietbergen et al. [14] 
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established a prognostic model included HPV infection, 
comorbidity and nodal stage for oropharyngeal squamous 
cell carcinoma. Almangush et al. [15] combined tumor 
budding and depth of invasion into a predictive model for 
tongue cancer. However, most of previous models contain 
costly biomarkers and not sufficiently validated with small 
sample size and short-term follow up. 

Therefore, we performed a prospective study with 
large samples size and long-term follow-up to develop and 
validate a practical prognostic index (PI) using simple and 
easily available clinical parameters to predict the outcomes 
of OSCC patients in Southeast  of China.

RESULTS

The demographic characteristics of discovery 
group and validation group are listed in Table 1. The 
5-year overall survival (OS) rate for all OSCC patients 
was 67.6% (69.6% for discovery group and 66.0% for 
validation group). There was no significant difference in 

demographic characteristics between two groups (all P > 
0.05).

Table 2 presents the HRs of potential prognosis 
factors for OSCC in discovery group. Advanced tumour 
stage was significantly associated with worse survival: 
the HRs were 4.57 (95% CI: 2.30-9.11) for stage IV, 4.36 
(95% CI: 2.15-8.8) for stage III and 2.05 (95% CI: 1.01-
4.15) stage II. Moreover, patients with moderate and poor 
histological differentiation had an increased risk for death 
(HR: 1.60 (95% CI 1.07-2.39) and 3.19 (95% CI: 1.98-
5.15), respectively). Additionally, cigarette smoking, ill-
fitting denture and poor oral hygiene also significantly 
elevated risk of death.

Next, we performed a multivariate Cox regression 
analysis to develop different models by incorporating 
potentially significant or important factors obtained from 
Table 2. As shown in Table 3, the model-4 (including 
tumor stage, histologic grade, cigarette smoking, ill-
fitting denture, oral hygiene) showed the highest Harrell’s 
c-statistic (0.743), which had significant differences with 
model-1 (P < 0.001), model-2 (P = 0.036) and model-3 

Table 1: Distribution of demographic characteristics between discovery and validation groups
Variables Discovery group(n = 446) Validation group(n = 446)  Pb 

Sex 0.158
  Female 163(36.55) 143(32.06)
  Male 283(63.45) 303(67.94)
Age (years) 0.177
  <60 242(54.26) 262(58.74)
  ≥60 204(45.74) 184(41.26)
BMI a (kg/m2) 0.385
  18.5-23.9 280(62.78) 264(59.19)
  <18.5  71(15.92)  86(19.28)
  ≥24  95(21.30)  96(21.53)
Occupation 0.625
  Farmer 174(39.02) 184(41.26)
  Worker  96(21.52) 100(22.42)
  Staff and others 176(39.46) 162(36.32)
Residence 0.310
  Urban 249(55.83) 264(59.19)
  Rural 197(44.17) 182(40.81)
Education level 0.579
  Primary and below  57(12.78)  47(10.54)
  Middle school 325(72.87) 334(74.89)
  College and above 64(14.35)  65(14.57)
Family history of cancer 0.784
  No 376(84.30) 373(83.63)
  Yes  70(15.70)  73(16.37)

a Body mass index (weight in kg/[height in m]2), BMI groups according to the classification criteria for Chinese adults; b Chi-
square test
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Table 2: Univariate analysis of potential prognosis factors for OSCC patients in discovery group
Variables Number of Censored (%) Number of death (%) 5-year OS (%) HR(95 % CI) Log-rank P

Sex

  Female 122(38.01) 41(32.80) 67.91 1.00 0.344 

  Male 199(61.99) 84(67.20) 71.58 1.20(0.82-1.74)

Age (years)

  <60 177(55.14) 65(52.00) 72.80 1.00 0.295

  ≥60 144(44.86) 60(48.00) 66.88 1.21(0.85-1.71)

BMI (kg/m2)

  18.5-23.9 196(61.06) 84(67.20) 69.25 1.00 0.077 

  <18.5  46(14.33) 25(20.00) 65.78 1.19(0.76-1.86)

  ≥24  79(24.61) 16(12.80) 75.03 0.59(0.35-1.01)

Occupation

  Farmer 113(35.21) 61(48.80) 67.88 1.00 0.399 

  Worker  62(19.31) 34(27.20) 69.93 0.94(0.62-1.43)

  Staff and others 146(45.48) 30(24.00) 75.87 0.74(0.48-1.15)

Residence

  Urban 154(47.98) 63(50.40) 71.74 1.00 0.967 

  Rural 167(52.02) 62(49.60) 68.49 0.99(0.70-1.41)

Education level

  Primary and below  44(13.71) 13(10.40) 65.56 1.00 0.983 

  Middle school 229(71.34) 96(76.80) 70.82 1.01(0.57-1.81)

  College and above  48(14.95) 16(12.80) 70.07 1.06(0.51-2.21)

Family history of cancer

  No 272(84.74) 104(83.20) 72.11 1.00 0.774

  Yes  49(15.26) 21(16.80) 68.21 1.03(0.60-1.79)

Stage

  I  65(20.25) 10(8.00) 88.89 1.00 <0.001

  II 109(33.95) 33(26.40) 77.58 2.05(1.01-4.15)

  III  97(30.22) 38(30.40) 58.98 4.36(2.15-8.83)

  IV  50(15.58) 44(35.20) 58.84 4.57(2.30-9.11)

T stage

  T1 75(23.36) 19(15.20) 89.77 1.00 0.002 

  T2 126(39.25) 49(39.20) 70.10 1.81(1.07-3.08)

  T3 90(28.04) 33(26.40) 67.48 2.39(1.35-4.23)

  T4 30(9.35) 24(19.20) 50.83 3.00(1.64-5.46)

N stage

  N0 241(75.08) 70(56.00) 78.57 1.00 <0.001 

  N1 46(14.33) 26(20.80) 55.48 2.68(1.69-4.25)

  N2-3 34(10.59) 29(23.20) 44.07 3.13(2.02-4.85)

M stage

  M0 318(99.07) 120(96.00) 70.51 1.00 0.114 

  M1 3(0.93)  5(4.00) 50.00 2.03(0.83-4.99)

Histologic grade 

  Well 159(49.53) 42(33.60) 81.14 1.00 <0.001

  Moderate 132(41.12) 55(44.00) 65.43 1.60(1.07-2.39)
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  Poor 30(9.35) 28(22.40) 48.63 3.19(1.98-5.15)

Treatment
  Surgical 129(40.19) 35(28.00) 67.91 1.00 0.390 
  Surgical+CT 74(23.05) 28(22.40) 76.80 0.74(0.45-1.23)

  Surgical+RT 37(11.53) 15(12.00) 70.19 0.99(0.54-1.81)

  Surgical+CRT 81(25.23) 47(37.60) 65.90 1.12(0.72-1.74)

Smoking status 

  No 221(68.85) 75(60.00) 70.78 1.00 0.014 

  Yes 100(31.15) 50(40.00) 68.92 1.57(1.09-2.24)

Drinking status 

  No 254(79.13) 97(77.60) 71.27 1.00 0.574 

  Yes 67(20.87) 28(22.40) 69.04 1.13(0.74-1.72)
Oral hygiene

  Well 81(25.23)  24(19.20) 88.34 1.00 0.004 

  Poor 240(74.77) 101(80.80) 64.59 1.92(1.22-3.02)
Ill-fitting denture

  No 189(58.88) 78(62.40) 74.22 1.00 0.006 

  Yes 132(41.12) 47(37.60) 65.26 1.67(1.15-2.42)

Comorbidity a

  No 161(50.16) 57(45.60) 75.54 1.00 0.124 
  Yes 160(49.84) 68(54.40) 64.97 1.32(0.93-1.88)

Abbreviations: CT, chemotherapy; RT, radiotherapy; CRT, chemoradiotherapy.
a Comorbidity, the simultaneous existence of other medical conditions.

Table 3: Multivariate analysis of potential prognosis factors in four models in discovery group

Variables
Model-1a Model-2 b Model-3 c Model-4 d

β HR(95 % CI) β HR(95 % CI) β HR(95 % CI) β HR(95 % CI)
Stage
  I 1.00 1.00 1.00 1.00

  II 0.58 1.79(0.87-3.65) 0.82 2.26(1.10-4.65) 0.61 1.84(0.90-3.76) 0.73 2.08(1.01-4.29) 

  III 1.35 3.86(1.89-7.90) 1.32 3.73(1.82-7.64) 1.47 4.35(2.11-8.95) 1.25 3.50(1.67-7.31) 

  IV 1.44 4.24(2.11-8.51) 1.56 4.75(2.36-9.56) 1.48 4.38(2.15-8.91) 1.52 4.58(2.26-9.31) 

Histologic grade
  Well 1.00 1.00 1.00 1.00

  Moderate 0.43 1.53(1.01-2.32) 0.45 1.57(1.04-2.36) 0.43 1.53(1.01-2.31) 0.46 1.59(1.05-2.40) 

  Poor 1.20 3.33(2.04-5.43) 1.22 3.39(2.07-5.55) 1.05 2.86(1.74-4.71) 1.28 3.61(2.17-6.03) 

Smoking status
  No 1.00 1.00
  Yes 0.53 1.69(1.16-2.46) 0.58 1.78(1.13-2.79) 

Ill-fitting denture
  No 1.00 1.00
  Yes 0.59 1.80(1.18-2.74) 0.56 1.75(1.12-2.74) 

Oral hygiene
  Well 1.00 1.00
  Poor 0.57 1.76(1.09-2.84) 0.59 1.81(1.12-2.92) 

Harrell’s c-statistic (95 % 
CI)

0.709(0.659-
0.758)

0.714(0.666-
0.762)

0.713(0.666-
0.759) 0.743(0.697-0.788)

AIC 1264.644 1264.201 1265.276 1250.115

a Model-1 include age, sex, BMI, comorbidity, treatment, tumor stage, histologic grade and cigarette smoking; b Model-2 
include age, sex, BMI, comorbidity, treatment, tumor stage ,histologic grade and ill-fitting denture; c Model-3 include age, sex, 
BMI, comorbidity, treatment, tumor stage ,histologic grade and oral hygiene; d Model-4 include age, sex, BMI, comorbidity, 
treatment, tumor stage ,histologic grade, cigarette smoking, ill-fitting denture and oral hygiene.
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(P = 0.026), respectively. Moreover, the model-4 had 
the highest discriminatory ability for 5-year OS, with 
the lowest Akaike information criterion (AIC) value 
(1250.115). The above-mentioned data indicated that 
model-4 was a superior prognostic model for OSCC 
compared to other models. 

To further evaluate the prognostic value of model-4, 
we developed a composite PI according to five significant 
factors in model-4 (PI = 0.73×stage II +1.25×stage 
III +1.52×stage IV +0.46×moderate differentiation 
+1.28×poor differentiation +0.58×cigarette smoking 
+0.56×ill-fitting denture+0.59×oral hygiene). The median 
of PI was 2.30 ranging from 0 to 4.53, and the higher 
the PI, the poorer the survival. Then, the X-tile program 
determined 1.88 and 2.80 as the optimal cutoff values 
with the minimum P value (χ2 = 85.14, P < 0.001), which 
divided the cohort into low, middle and high risk subsets 
(Figure 1a-1b). Moreover, patients in high-risk group had 
the significantly worst OS than low-risk group (P < 0.001, 
Figure 1c; Table 4).

Furthermore, we re-examined the four model to 
validate the above results in an independent set. The 
model-4 still had the highest Harrell’s c-statistic (0.738, 

95%CI: 0.695-0.781; data not shown). Moreover, no 
significant difference of Harrell’s c-statistic was observed 
between discovery group and validation group (P > 0.05). 
The overall survival rates were significantly different in 
the different PI groups, with P < 0.001 by log-rank test 
(Figure 2).

We then estimated the clinical prediction value of PI 
in all OSCC patients. As shown in Table 4, patients in high 
risk group were at the greatest risk of death compared with 
those in low risk group (HR: 6.02; 95%CI: 4.33-8.38). 
There was also a significant linear trend in the risk (Ptrend 
< 0.001). The 5-year OS rates for three risk subsets were 
84.6%, 65.2% and 40.7%, respectively. Kaplan-Meier 
curve analysis also showed the similar results (Figure 3). 
For death prediction, the area under the receiver operating 
characteristic curve (AUROC) of PI was 0.661(95%CI: 
0.621-0.701).

DISCUSSION

In this large cohort prospective study, we developed 
and validated a novel prognostic index based on a superior 

Table 4: Association between PI value and the prognosis of patients with OSCC

Variable
Discovery group Validation group All patients

N HR(95%CI)a N HR(95%CI)a N HR(95%CI)a

PI

Median(quartile) 446 2.30(1.61,2.92) 446 2.33(1.63,3.10) 892 2.30(1.62,3.05)

subgroup

0-1.88 (low risk) 184 1.00 180 1.00 362 1.00 

1.89-2.80 (moderate risk) 136 1.90(1.14,3.16) 128 2.48(1.52,4.04) 266 2.06(1.46,2.88)

≥2.81 (high risk) 126 7.47(4.57,12.22) 138 5.30(3.28,8.56) 264 6.21(4.43,8.70)

P for trend <0.001 0.005 <0.001

AUROC 0.639(0.581,0.697) 0.677(0.623,0.731) 0.661(0.621,0.701)

Figure 1: X-tile analysis on the optimal cutoff points of prognostic index for the discovery group. The optimal cut-point 
marked by the black point in the (a) is displayed on a histogram of the cohort (b), and a Kaplan-Meier plot (c). 
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Figure 3: Kaplan-Meier curves for overall survival according to prognostic index in all patients.

Figure 2: Kaplan-Meier curves for overall survival according to prognostic index in validation group.
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prognostic model for OSCC. The model consisted of 
five significant factors: tumour stage, histologic grade, 
cigarette smoking, ill-fitting denture and oral hygiene. 
Moreover, there was a significant tendency of the worse 
OS with the higher PI value. 

Among the significant prognostic factors in 
the present study, high clinical stage and poor tumor 
differentiation showed strong associations with risks of 
mortality among OSCC patients, which are traditional 
prognostic predictors and have been well-documented in 
many previous studies [16]. Cigarette smoking was found 
to be an independent predictor of survival in OSCC, which 
is consistent with other studies [11]. The carcinogens 
contained in tobacco smoke may affect the prognosis 
of OSCC by changing the oral microenvironment and 
inducing recurrent inflammatory responses [17, 18]. 
Additionally, ill-fitting dentures could give rise to chronic 
mucosal irritation, and subsequently cause trauma and 
recurrent oral inflammation, which results in release of 
inflammatory mediators and growth factors that may 
be associated with a high rate of recurrence and a poor 
response to radiotherapy [19, 20]. The possible mechanism 
of poor oral hygiene on the worse outcome of OSCC may 
be that poor oral hygiene may induce the imbalance of oral 
flora and lead to postoperative inflammation easily, which 
may activate the specific chemokine that can regulate cell 
proliferation, survival and metastasis [20, 21].

Although several previous studies have created 
prognostic prediction models with different discriminatory 
ability for the prognosis of oral cancer [13-15, 22], the 
limitations of small sample size and short-term follow-up 
could not be avoided. Moreover, some of the parameters 
incorporated are not routine clinical measurements, which 
may limit the use of these models in clinical practice. In 
this study, we incorporated five conventional prognostic 
parameters to develop an easy applied prognostic 
prediction model, which is a credible tool to evaluate 
outcome as these variables are inexpensive and can be 
simple to calculate by physicians. The PI value with 
high discriminatory ability would better assess clinical 
prognosis and facilitate the development of individual 
treatment.

Nevertheless, there are several limitations in 
our study. First, we only included clinical features and 
lifestyle factors in the model, and did not consider serum 
markers and other novel biomarkers, which may limit 
the discriminatory capacity of PI within a certain range. 
However, taking more factors into account would increase 
the additional measurement cost, and make the model 
cannot gain widespread acceptance. Hopefully, other 
routine clinical measurements will also be considered to 
improve our model in future studies. Second, the variables 
were measured only at the start of the study but not at 
follow-up. It therefore needs further studies to get a further 
validation.

In conclusion, we developed and validated a 
prognostic index determined by a superior prognostic 

model for predicting the clinical outcomes of OSCC 
patients in Southeast  China. The PI may be an economical, 
widely available and useful tool to plan therapeutic 
strategies and guide the schedule of individualized 
treatment. Future randomized trials with larger cohort are 
required to confirm our results.

MATERIALS AND METHODS

Study design and population

All study subjects were consecutively recruited 
between December 2003 and December 2015 at The 
First Affiliated Hospital of Fujian Medical University 
(Fujian, China). As described previously [23], subjects 
were included if they met the following conditions: (1) all 
patients were primary OSCC patients with histologically 
diagnosed; (2) all patients had underwent surgical 
resection; (3) all patients are all Chinese Han population 
who aged 20-80 years and reside in Fujian Province. 
Those who had other synchronous malignancies, or were 
diagnosed with recurrent oral cancer or metastasized 
cancer, were excluded from this study. The final analysis 
dataset consisted of 892 OSCC patients (26 lip, 447 
tongue, 122 gingiva, 63 palate, 119 buccal, 66 floor of 
mouth, and 49 unspecified or overlapping). Informed 
consents were obtained from all patients. Our study 
was approved by the Institutional Review Board (IRB) 
of Fujian Medical University (Fuzhou, China) and 
conducted in line with the ethical standards described in 
the Declaration of Helsinki. 

Data collection

Information on demographics and lifestyle habits 
were obtained by trained interviewers through face-to-
face interview with a structured questionnaire. Clinical 
characteristics (clinical stage, treatment types, tumor 
differentiation, histological types, comorbidity, etc.) were 
collected from medical records. Smokers were defined as 
those who had smoked at least 100 cigarettes during their 
lifetime. Oral hygiene status at diagnosis was evaluated 
by physicians through oral inspection. Ill-fitting denture 
refers to the denture with sharp or rough surfaces, or 
having overextended flanges, or lacking of stability and 
retention.

Prospective follow-up

Follow-up data were obtained by telephone 
interview and medical records of readmission. Telephone 
interview was conducted every six months until the patient 
died or the final follow-up dated June 31, 2016. 892 OSCC 
patients were followed up for 3,124 person years. The 
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median follow-up time was 70.7 months for all patients. 
During the follow-up period, a total of 271(30.38%) 
patients died (262 deaths from OSCC), 113(12.67%) were 
lost to follow up and 508(56.95%) were still alive. Those 
who were still alive or who died from other causes or who 
were lost to follow up were considered to be censored 
data. The primary endpoint was OS, which was calculated 
from the date of diagnosis to the date of death from any 
cause or the last follow up.

Statistical analysis

Two-stage analyses were performed through 
randomly divided 892 patients into a discovery set (n 
= 446) and a validation set (n = 446). Univariate Cox 
regression model was utilized to estimate the associations 
between variables and OS. Four different multivariate Cox 
regression models were used to assess independent factors 
in OSCC prognosis. The superior prognostic model was 
evaluated and validated using Harrell’s c-statistic and AIC. 
Then, a PI for OSCC was developed based on β value 
of each significant variable obtained from the superior 
model. The optimal cutoff points PI were identified using 
the X-tile program [24]. Trend test for PI was performed 
by entering PI subgroup as continuous variable in the 
regression model, and P value was obtained from Wald 
chi-square test. AUROC was calculated to evaluate the 
clinical prediction value and discriminatory capacity of 
PI. Survival curves were generated by the Kaplan-Meier 
method, and compared by the log-rank test. Statistical 
significance was defined when P < 0.05. All statistical 
analyses were conducted with R software (version 3.1.1).
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