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Abstract 
The aim of this research paper is to discuss the basic idea of the methodology building of the prognostic model for Oral 
Squamous Cell Carcinoma (OSCC) through the Radial Basis Function (RBF) model and Principle Component Analysis (PCA). 
This combined methodology is our main focus for the OSCC factor determination. Results from the RBF model will be 
verifying through PCA for validation purposes. Through the PCA plots, special characteristics or patterns of the tumor size 
will be assessed. The gained pattern will be studied for the characteristic association. This combined technique had led to 
successful research, giving the best results for decision making especially among the decision-maker and provide very 
important information for health science education. The utmost finding from this study, it provides a very useful 
information about the tumor size and their association and also gives an idea for further active treatment. 

 

1. Introduction 

Oral cavity squamous cell carcinoma (OCSCC) is the 

sixth most prevalent malignant tumour (Ajila, 2015) 

and is a virulent disease with up to 50% of mortality 

rate although modalities in treatment (Mehrotra, 

2006). The incidence of OCSCC varies from region to 

region, habits, prevention and awareness. Worldwide 

GLOBOCAN in 2012 estimates that incidence of new 

cases of oral cavity cancer were 300373. Furthermore, 

estimation of oral cavity cancer is highest in South 

Asia World Health Organization (WHO). The 

mortality rate of oral cancer was 2.7 per 100000 

worldwide (Ferlay, 2015). Oral cancer dynamic risk 

factors have been identified which include tobacco, 

alcohol, betel nut, human papilloma virus (HPV) 
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environmental factors, infection agent, life style, and 

epigenetic changes (Gillison, 2000). An essential 

difficulty with better survival rate of OCSCC patients 

is that, majority of cases are diagnosed in the late 

stage. In this view, it is essential that estimation be 

developed for the easy determination of risk factor 

(Yaaqob, 2019). The outcome of patient’s prognostic 

factors is one of the pivotal challenges in the 

management of oral squamous cell carcinoma (OSCC) 

(Almangush, 2015). TNM staging classification and 

site of tumor are commonly used the criteria for 

prognosis and management of OSCC (Dissanayaka, 

2012). The prognosis of OSCC is not consistent 

although tumor site, stage and treatment is similar. In 

view of these challenges, it has been suggested that 

assessing the high potential prognostic factors could 

help the clinicians in decision making during 

management that leads towards improvement of 

prognosis of OSCC (Brandwein, 2005). 

2. Material and Methods 

The archive of medical unit record of Hospital 

Universiti Sains Malaysia (USM) was reviewed and 

related information was extracted. A total of 16 

eligible cases were selected from the list of a patient 

diagnosed with OSCC. The selected variables are 

shown in Table 1 as follows: 

 

Table 1: Data Description of the variable in study. 

No. Variables Explanation of user variables 

1 Smoking  Smoking Status 

1 = Never, 2 = Stop, 3 = Current 

2 Tumour_Size Tumour Site 

1 = Gum, 2 = Tongue, 3 = Cheek, 4 = Lip 

3 Betel_Quid Betel Quid Status 

1 = Never, 2 = Stop, 3 = Current 

4 Tumour_Size Tumour Size 

1 = <2cm, 2 = 2cm - 4cm, 3 = >4cm 

 

2.1 Radial Basis Function (RBF) 

Radial Basis Function (RBF) consists of an input 

layer, one or several hidden layers and an output 

layer. The neurons in (RBF) are generally grouped 

into layers. Signals flow in one direction from the 

input layer to the next, but not within the same layer 

(Mehrotra 2006). In this research, the output node is 

fixed at one since there is only one independent 

variable. Thus, for the Radial Basis Function (RBF) 

with N input nodes, H hidden nodes, and one output  
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 . Here, jiv  the 

output weight from input node i  to hidden node j , 

0jv  is the bias for hidden node j , ix  is the 

independent variables where 1...i N= … and k  is 
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an activation function. The architecture of the (RBF) model is illustrated in Figure 1.

 

 

Figure 1 Radial Basis Function (RBF) model with N input nodes, H hidden nodes and one output node. 

2.2 Principle Component Analysis (PCA) 

PCA is a well-established multivariate analysis 

technique which concerned with data sets that have 

more than one dependent variables (Khaled, 2006). 

The PCA model can be represented as 

1 1m m d du W X  =  with u , m-dimensional vector, is a 

projection of x-the original d-dimensional data vector 

( )m d . It can be presented that the m  projection 

vectors that maximize the variance u , called the 

principal axes, are given by the eigenvectors 

1 2, ,.., me e e  of the data set’s covariance of matrix S , 

where ( )( )
1

1

1

n
T

i

s
n

   
−
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corresponding to the m largest non-zero eigenvalues 

1 2, ,..., m   . The data set’s covariance matrix S is 

given as ( )( )
1

1

1

n
T

i

s
n

   
−

= − −
−
 ,where   

is the mean vector of  . The eigenvectors ie  can be 

found by solving the set of equations: 

( ) 0i iS I e− = 1, 2,...,i d=  where i  are the 

eigenvalues of S. After calculating the eigenvectors, 

they are sorted by the magnitude of the corresponding 

eigenvalues. Then, the m vectors with the largest 

eigenvalues are chosen. The PCA projection matrix is 

then calculated as 
TW E= , where E  has the m 

eigenvectors. Here W is a m d  matrix. The 

dimensionality reduction is achieved by calculating 

the first few principal components representing the 

highest variance in the components of the input 

feature vector, without the need to perform any 

transformations on the input space (Khaled, 2006). 

3. Results 

The model Radial Basis Function (RBF) was 

constructed based on the recommendation proposed 

by IBM SPSS Modeler 18.0 to ensure that this model 

fits the data. From the result, the accuracy analysis of 

the RBF is 75% 
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Figure 2 The Accuracy of Radial Basis Function (RBF). 

The Radial Basis Function (RBF) architecture is 

composed of the number of inputs, hidden and output 

nodes. There are four selected variables, which were 

smoking, tumour site, betel quid and tumour size. The 

output node in this study is one  

 

node since we have one dependent variable which is 

refer to tumour size. The studied data was partitioned 

into three parts which are training partition size 

(60%), testing partition size (30%) and validation 

(10%). Below is the path which using SPSS Modeler 

to obtain the neural network analysis.

 

Figure 3 Radial Basis Function (RBF) path in SPSS Modeller. 

Since we consider all three independent variables 

(Figure 4) as inputs for the RBF, then input nodes are 

three nodes and as tumour size is considered as the 

output (output node). We then apply the RBF to find 

the best number of hidden nodes (automatically 

computer number of units). 

 

Figure 4 Predictor Importance for RBF in SPSS Modeler. 
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Predictor important through the RBF procedure shows 

that smoking factor 41% contribute to the size of 

tumour. Tumour site contribute about 33% to tumour 

size, while betel quid consumption contributes 26% 

towards tumour size. 

 

 

Figure 5 The architecture of the best (RBF) model with one hidden layer, three input variables, seven hidden nodes 

and one output node. 

Table 2: The results of Mean Error and Mean Absolute Error for Training and Testing. 

Input Variables Mean Correct 

Training 

Mean Correct 

Testing 

Mean Correct for 

Validation 

Betel quid, Tumour Site, 

Smoking 

82.9% 83.1% 60.8% 

 

This paper extended the idea of RBF neural network 

to examine the significant variables that influencing 

the tumour size. The output node in this study is one 

node since we have one dependent variable which is 

the tumour size. To find the appropriate number of 

hidden nodes and best  

 

combination of input variables, the model selection 

strategies is set by recommendations proposed by 

SPSS modeler. This is to ensure that the suggested 

model fits the principle component analysis (PCA). 

Below  is the  result obtained from the principle 

component analysis.  
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Figure 6 Principle component analysis plot according to the tumour size. 

Figure 6 shows the principle components analysis plot 

on both dimensions (classification tumour size and 

classification of tumour site with a classification of 

taking betel quid and classification of smoking status 

between the male and female). According to result 

that suggested by the principle components analysis 

plot above, the tumour size less than 2 cm is near 

toward tumour site at tongue, never taking betel quid 

and male. Then, the tumour size greater than 2 cm but 

less than 4 cm is near toward the Indian. Besides that, 

the tumour size greater than 4 cm is associated with 

current taking betel quid, never smoking and female. 

At the overall of an assessment, there was no having 

tumour size for Malay and Chinese, no stop betel 

quid, no tumour site at the gum, cheek, and lip and 

smoking status was stop smoking and current smoking 

were found. 

4. Summary and Discussion 

The main focus of this paper is to illustrate the 

association of tumor size, with gender, site of tumor 

and habit of risk factors including smoking, alcohol 

and betel quid users. For this purpose, we performed 

the PCA plot in this study. From the PCA plots, tumor 

less than 2 cm was associated with male, never used 

betel quid and present on tongue. Moreover, tumor 

greater than 4cm were associated with female and 

never smoking habits. As a conclusion, tumor size 

was not associated with habit of smoking and betel 

quid user among Malaysian population. This indicated 

that less than 2cm tumor size is associated with male 

as compare to female which are associated with 

increase tumor size. Although the habit of smoking 

and betel quid associated with OCSCC, within this 

study we have not found any relation with size of 

tumor to smoking habit and betel quid users. These 

finding were consistent with study in which traditional 

risk factors were not associated with OSCC (Vargas, 

2012). Furthermore, these results suggested that, it is 

important to screening the patients without the 

potential risk factors, since this observation may help 

to determine other features associated with the oral 

cancer, enabling an adequate management strategies, 

monitoring and decision making. Further studies 

recommended for assessing the tumor size association 

factors which might play a pivotal role in better 

prognosis of OCSCC. 
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