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ABSTRACT
Introduction: Oral cancer is a disease resulting from an abnormal growth cell found in the mouth region such as in lips, 

tongue or throat. Furthermore, oral cancer commonly occurs at the buccal mucosa (cheek), tongue, the floor of the mouth and 
lip. The previous study shows that many studies focus especially on detecting the factors with the highest probability of cancer 
but the study which emphasizes the prediction of the tumor size category is still less from the point of computational biostatisti-
cal.

Objective: The aim of this research paper is to build the methodology for computing ordinal regression model through SAS 
language by considering the clinical pathological prognostic factors in patients who attended Hospital Universiti Sains Malaysia 
(HUSM) from 2005 to 2015 (based on secondary data).

Method: In this paper, there are three main methodologies proposed in this study. The first and second methodology is on the 
ordinal regression methodology and followed by bootstrap method, and the second is a nonlinear programming (NLP) method-
ology, which aims to obtain fuzzy regression modeling for the prediction purposed.

Results: The result from ordinal regression had shown that smoking and nerve invasion factors contributing significantly to 
the growth of a tumor. The significant result from this finding (output based) can be used to educate people or stakeholder of 
how important this factor toward patients management.

Conclusion: From a statistical point of view, the integration of computing methodology can expose and provide the research-
er with an integrated method of analysis.
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INTRODUCTION 

The aim of ordinal regression is to model a dependent variable in 
terms of one or more independent variables. The method that used for 
the parameter estimation is maximum likelihood estimation (MLE). The 
dependent variable may consist of two or more than two categories 
(e.g., tumor less than 2 cm/between 2cm to 4 cm/more than 4 cm). The 
ordinal regression model, also known as ordered logistic regression and 
sometimes referred to as the constrained cumulative logit model and 
later called proportional odds model by (Ananth C.V. & D.G. 
Kleinbaum, 1997; McCullagh P., 1980; Agresti A., 2007; Hosmer D.W. 
& S. Lemeshow, 2000). Ordered logistic regression estimates the proba-
bility of a certain event occurring and their goal is to gain the correctly 
predict the category of outcome for individual cases. Besides that, this 
ordered model can be used to determine the predictor factor associated 
with the focus studied parameter. The best model can be created by con-
sidering all the significant predictor variable. There is a lot of research 

have been conducted on ordinal regression models. Most of the research 
involved is on emphasizing the application of ordinal regression, but 
less in the prediction of the outcome category. Ordered logistic regres-
sion also had been used in various disciplines which includes science 
and non-science disciplines. As an example of scientific discipline 
(Dong Y., 2007) had applied the ordinal regression model for a self-effi-
cacy in colorectal cancer screening and for non-science (social science) 
(Adepoju A.A. & M. Adegbite, 2009) also used the ordinal logistic 
model to study the relationship between staff categories (as outcome 
variable) Gender, Indigenous status, educational qualification, previous 
experience and age as explanatory variables. This study is more focused 
on ordinal regression modeling. Oral cancer is a disease resulting from 
abnormal cell growth in the mouth, lips, tongue or throat. Oral cancer is 
basically an abnormal growth found in the mouth region. This abnormal 
growth can be detected easily by a dentist at your regular check-up 
appointment. Oral cancer commonly occurs at the buccal mucosa 
(cheek), tongue, the floor of the mouth and lip (Ahmad W.M.A.W. et 
al., 2018). Many studies had been made, especially in detecting the fac-
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tors with the highest probability of cancer. However, the study which 
emphasizes on the prediction of the tumor size category is still less from 
the point of computational biostatistical. So, this current study is trying 
to attempt the prediction of outcome category using computational of 
ordinal regression. To improve the predictability of parameter estimate, 
the fuzzy method will be constructed on the basis of minimizing the 
least square errors (Fuzzy Least Square Method). The utmost outcome 
of the research is to develop the fundamental programming using SAS 
programming language with fuzzy approached. It is hoped that this pro-
gramming will assist the researcher to gain an optimal output in deci-
sion making in the future.

DATA  AND  METHODS

Data from the medical unit record, Hospital USM were reviewed 
and related information was extracted. The sampling frame was the list 
of patients, which diagnosed with oral cancer admitted to in Hospital 
USM. The data consists of several variables which is tumor size, smok-
ing status, and nerve invasion. The description of data in this study as 
shown in Table 1.

Logistic regression is useful when we are trying to model a categor-
ical dependent variable (more than two categories) as a function of one 
or more independent variables. Ordinal logistic regression (OLR) is a 
type of logistic regression analysis when the response variable has more 
than two categories with having natural order or rank. In ordinal logistic 
regression, we need to have ordinal-scaled for the dependent variable. 
The tumor size has a ratio scale of measurement, we need to convert the 
tumor size into a three-scaled ordinal variable. Then, we are going to fit 
the ordinal regression after converting the values of tumor size into an 
ordinal scale. The maximum likelihood method will be applied to esti-
mate the value of the regression parameter. The model for ordinal is 
given by 

y*
i = xiβ + εi            

       (1)

However, since the dependent variable is categorized, we must 
instead use:

Cx (x) = ln 〔 P (Y ≤ j| x) 〕 P (Y > j| x)

and
ln Σ pr(event)      = β0 + β1X1 + β2X2 + β3X3 + β4X4 + βkXk

    1 - Σ pr(event)

It can be summarized as 

ln 〔 P(Y ≤  j| x)    〕 = αj + βiXk , 
      1 -P(Y ≤  j| x)
                 (2)                                                 i = 1...k, j = 1,2,...p -1

where 

αj = called threshold or intercept
βi = Parameter in the model
Xil = Set of factors or independent variables.

Equation (2) above is an ordinal logistic model for k predictors with 
the p-1 levels response variable (Adeleke K.A. & Adepoju A.A., 2010). 
Model fitting and statistical software: The above model is fit to the data 
in Table 1 using SAS software with ordinal outcomes (ordered logit) 
link function specification. The model is fitted through the procedure of 
Maximum Likelihood Estimation (MLE). Below is the SAS Syntax for 
the analysis

Step 1: Fitting Ordinal Regression Model Using SAS Algoritma 
with Bootstrap Approach

/* PROGRAMMING FOR ORAL CANCER MODEL BASED ON ORDINAL 
REGRESSION */                                                                     

%MACRO bootstrap(data=_last_, booted=booted, boots=10, seed=1234);                                                                      
DATA &booted;                                                                                                                           
** randomly picks an integer from 1 to n;                                                                                               
pickobs = INT(RANUNI(&seed)*n)+1;                                                                                                       
** POINT tells SAS to read value pickobs                                                                                                
** NOBS sets n to number of obs in &Data;                                                                                               
** when the point option is used SAS will loop through the data step forever;                                                           
SET &data POINT = pickobs NOBS = n;                                                                                                     
** saves number of current bootstrap;                                                                                                   
REPLICATE=int(i/n)+1;                                                                                                                   
i+1;                                                                                                                                    
** stop will leave data set when n*&boots obs have been created;                                                                        
IF i > n*&boots THEN STOP;                                                                                                              
RUN;                                                                                                                                    
%MEND bootstrap;                                                                                                                        

/* INPUT DATA */                                                                                                                        
/*DATA DESCRIPTION       
  Smoking '0'='Never''1'='Stop''2'='Current';                                                                                           
  Nerve  '0'='No''1'='Yes';                                                                                                             
  Size    '1'='Small refer Less than 2cm                                                                                                
          '2'='moderate refer Between 2cm and 4cm'                                                                                      
          '3'='large refer More than 4cm'; */                                                                                           
Data OralCancer;                                                                                                                        
Input size smoking nerve;                                                                                                               
Datalines;                                                                                                                              
3      0      0                                                                                                                         
2      0      0                                                                                                                         
1      1      0                                                                                                                         
1      2      0                                                                                                                         
1      2      0                                                                                                                         
2      2      0                                                                                                                         
3      0      1                                                                                                                         
3      0      1                                                                                                                         
1      0      0                                                                                                                         
2      0      0                                                                                                                         
3      0      0                                                                                                                         
1      1      0                                                                                                                         
2      2      0                                                                                                                         
2      0      1                                                                                                                         
2      1      1                                                                                                                         
2      0      1                                                                                                                         
;                                                                                                                                       
ods rtf file='abc.rtf' style=journal;                                                                                                   
/**GENERATE BOOTSTRAP SAMPLE**/                                                                                                         
%bootstrap(data= OralCancer, boots=2);                                                                                                  
run;                                                                                                                                    
;                                                                                                                                       
/**PRINT DATA **/                                                                                                                       
proc print data=booted;                                                                                                                 
run;                                                                

/**FITTING ORDINAL REGRESSION USING PROC LOGISTIC**/  
proc logistic  data= booted outest=betas covout;                                                                                        
model size = smoking nerve /cl;                                                                                                         
 output out=pred p=phat lower=lcl upper=ucl                                                                                             
          predprob=(individual crossvalidate);                                                                                          
run;                                                                                                                                    
proc print data=betas;                                                                                                                  
   title2 'Parameter Estimates and Covariance Matrix  ABC';                                                                             
run;                                                                                                                                    
proc print data=pred;                                                                                                                   
   title2 'Predicted Probabilities and 95% Confidence Limits ABC';                                                                      
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RESULTS  AND  DISCUSSION

The Result from Logistics procedure (using SAS)
The first section is the result which gains from the logistic proce-

dure. 
The association between tumor size among oral squamous cell car-

cinoma patients and independent variables was analyzed using an ordi-
nal regression model, adjusted for smoking and nerve invasion (from 
Table 2). The result was considered statistically significant for a p-value 
≤ 0.05. All statistical analyses in this study were performed using the 
statistical software SAS. 

Results from Genmod Procedure (using SAS)
The second section, the ordinal regression result will be discussed 

and the second section decision tree analysis result. Below is the output 
from the Genmod procedure (using SAS).

According to Table 3, there is an association between factors that 
affect tumor size. The estimated coefficient for smoking is -2.0918. The 
value of OR (0.123) is obtained exp (-2.0918) = 0.123. This can be 
explained, about 87.7% of those who were not smoking decrease the 
tumor size compared to those whores who are smoking. The estimated 
coefficient for smoking is 2.1545. The value of OR (8.62) is obtained 
exp (2.1545) = 8.62. The odds of achieving a bigger size of the tumor is 
approximately eight times in those "who used to stop smoking" com-
pared to "those who are currently smoking". The estimated coefficient 
for nerve invasion is 3.459. The value of OR (31.78) is obtained exp 
(3.459) = 31.78. The odds of achieving a bigger size of the tumor is 
approximately thirty-two times in those "patient without nerve invasion 
status" compared to "patient with the nerve invasion status".

The chi-square test statistics and associated p-values shown in the 
Table 4 indicates that each of the two variables in the model significant-
ly improves the model fit. 

Results from Nonlinear Procedure (using SAS)
Table 5 give the result of the fuzzy modeling. Upper and a lower 

width of the prediction interval for fuzzy linear regression model are 
computed respectable as 

Parameters: a0c  a0w  a1c  a1w  a2c  a2w  a3c  a3w 
Estimates: 2.00  0 -0.50  0.500 -1.00  5.55E-17  1.00  1.110E-16

Fuzzy model can be written as 

Y = (2.00 ± 0.00) + (-0.50 ± 0.500)* Smoking1 + (-1.00 ± 5.55E-
17)* Smoking2 + 

Step 2: Fitting Nonlinear Programming (NLP) Using SAS 
Algoritma for Ordinal Prediction

Ods rtf file='abc.rtf' style=journal;                                                                                                   
/* FOR SMOKING,NERVE */                                                                                                                
                  
Proc nlp;                                                                                                                               
Min Size;                                                                                                                               
decvar a0c a0w a1c a1w a2c a2w a3c a3w;                                                                                                 
bounds a0w>=0, a1w>=0, a2w>=0, a3w>=0;                                                                                                  
lincon a0c+0*a1c+1*a2c+0*a3c-a0w-0*a1w-1*a2w-0*a3w<=1;                                                                                  
lincon a0c+0*a1c+1*a2c+0*a3c-a0w-0*a1w-1*a2w-0*a3w<=1;                                                                                  
lincon a0c+0*a1c+0*a2c+0*a3c-a0w-0*a1w-0*a2w-0*a3w<=2;                                                                                  
lincon a0c+0*a1c+0*a2c+0*a3c-a0w-0*a1w-0*a2w-0*a3w<=2;                                                                                  
lincon a0c+0*a1c+0*a2c+1*a3c-a0w-0*a1w-0*a2w-1*a3w<=3;                                                                                  
lincon a0c+0*a1c+0*a2c+1*a3c-a0w-0*a1w-0*a2w-1*a3w<=3;                                                                                  
lincon a0c+0*a1c+0*a2c+0*a3c-a0w-0*a1w-0*a2w-0*a3w<=2;                                                                                  
lincon a0c+0*a1c+0*a2c+0*a3c-a0w-0*a1w-0*a2w-0*a3w<=2;                                                                                  

lincon a0c+1*a1c+0*a2c+1*a3c+a0w+1*a1w+0*a2w+1*a3w>=2;                                                                                  
lincon a0c+0*a1c+1*a2c+0*a3c+a0w+0*a1w+1*a2w+0*a3w>=1;                                                                                  
lincon a0c+0*a1c+1*a2c+0*a3c+a0w+0*a1w+1*a2w+0*a3w>=1;                                                                                  
lincon a0c+0*a1c+1*a2c+0*a3c+a0w+0*a1w+1*a2w+0*a3w>=1;                                                                                  
lincon a0c+0*a1c+1*a2c+0*a3c+a0w+0*a1w+1*a2w+0*a3w>=1;                                                                                  
lincon a0c+1*a1c+0*a2c+0*a3c+a0w+1*a1w+0*a2w+0*a3w>=2;                                                                                  
lincon a0c+1*a1c+0*a2c+0*a3c+a0w+1*a1w+0*a2w+0*a3w>=2;                                                                                  
Size =a0w*64+12*a1w+18*a2w +16*a3w;                                                                                                     
run;                                                                                                                                    
ods rtf close;

Step 3: Checking Agreement between Original Data with 
Prediction Data

Data Oralcancer;                                                                                                                       
 input Read1 Read2 pid;                                                                                                                 
Datalines;                                                                                                                                  
1      1      1                                                                                                                         
1      1      2                                                                                                                         
2      2      3                                                                                                                         
2      2      4                                                                                                                         
3      3      5                                                                                                                         
3      3      6                                                                                                                         
1      1      9                                                                                                                         
1      1      10                                                                                                                        

2      1      61                                                                                                                        
2      1      62                                                                                                                        
1      1      63                                                                                                                        
1      1      64                                                                                                                        
;                                                                                                                                       
run;                                                                                                                                    
data Oralcancer_long;                                                                                                                   
  set Oralcancer;                                                                                                                       
  array s(2) Read:;                                                                                                                     

run;                                                                                                                                    
                                                                                                                                        
/**PERFORMING ORDINAL REGRESSION USING GENMOD MODEL **/                                                                                 
proc genmod  data=booted  ;                                                                                                             
class smoking nerve;                                                                                                                    
model size = Smoking nerve/dist=multinomial link=clogit lrci type3;                                                                     
run;                                                                                                                                    
ods rtf close;                                                                                                                          
run;     

  do judge = 1 to 2;                                                                                                                    
     y = s(judge);                                                                                                                      
     output;                                                                                                                            
   end;                                                                                                                                 
run;                                                                                                                                    
ods output CovParms = covp;                                                                                                             
proc mixed data = Oralcancer_long;                                                                                                      
   class judge pid;                                                                                                                     
   model y = ;                                                                                                                          
   random intercept /subject=pid;                                                                                                       
run;                                                                                                                                    
                                                                                                                                        
data icc;                                                                                                                               
  set covp end=last;                                                                                                                    
  retain bvar;                                                                                                                          
  if subject~="" then bvar = estimate;                                                                                                  
  if last then icc = bvar/(bvar+estimate);                                                                                              
run;                                                                                                                                    
proc print data = icc;                                                                                                                  
run;
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        (1.00 ± 1.110E-16)* Nerve

The prediction model can be write as 

Y = (2.00) + (-0.50)* Smoking1 + (-1.00)* Smoking2 + (1.00)* 
Nerve

Further, for fuzzy regression model, the prediction equations for 
computing upper and lower limits, is obtained as follows

The upper p is given by

Y = (2.00) + (-0.50 +0.500)* Smoking1 + (-1.00 + 5.55E-17)* 
Smoking2 + 

 (1.00+ 1.110E-16)* Nerve
= (2.00) + (-1.00)* Smoking2 + (1.00)* Nerve

The lower width is given by

Y = (2.00) + (-0.50-0.500)* Smoking1 + (-1.00-5.55E-17)* 
Smoking2 + 

 (1.00-1.110E-16)* Nerve
= (2.00) + (-1.00)* Smoking2 + (1.00)* Nerve

Checking Agreement between Original Data with Prediction 
Data

Table 6 shows the ICC value between the real categorical values 
against the predicted value using ordinal fuzzy nonlinear regression. 
The ICC value is 0.72 which under the moderate category. The predic-
tion of the new observation is in acceptable for the prediction purpose.

SUMMARY  AND  CONCLUSION

This paper is focusing on two major parts, which methodology 
based and the application based. The idea of a methodology based is 
being synchronized with the application through the SAS algorithm. In 
this study, an algorithm of tumor size estimation is obtained with 
emphasizing step-by-step calculation procedure. The first step of an 
algorithm is emphasized on the ordered logistic regression syntax with 
the combining methodology of bootstrap. After the bootstrapping meth-
od, the basic ordered regression was fixed using proc logistic and proc 
genmod procedure. Through the proc logistic procedure, we can assess 

Table 3. Analysis of Maximum Likelihood Parameter Estimates
Analysis Of Maximum Likelihood Parameter Estimates

     Likelihood Ratio 
    Standard 95% Confidence   Wald Chi-
Parameter  DF Estimate Error Limits  Square p-value

Intercept1  1 -3.1819 1.4270 -6.5450 -0.6141 4.97 0.0258
Intercept2  1 0.0209 1.4659 -3.3424 2.8463 0.00 0.9886
Smoking 0 1 -2.0918 1.0210 -4.3392 -0.2197 4.20 0.0405
Smoking 1 1 2.1545 1.4922 -0.4385 5.7063 2.08 0.1488
Smoking 2 0 0.0000 0.0000 0.0000 0.0000 . .
Nerve 0 1 3.4591 1.2560 1.3166 6.6124 7.58 0.0059
Nerve 1 0 0.0000 0.0000 0.0000 0.0000 . .
Scale  0 1.0000 0.0000 1.0000 1.0000  

       Smoking: 0 = Never, 1 = Stop, 2 = Current

       Nerve Invasion 0 = No, 1 = Yes

Table 4. Analysis of Effects
LR Statistics For Type 3 Analysis

Source DF Chi-Square p-value

Smoking 2 15.18 0.0005
Nerve 1 11.29 0.0008

Table 5. Analysis of Effects
Optimization Results
Parameter Estimates

  Gradient Objective Active Bound
N  Parameter Estimate Function Constraint

 1  a0c 2.000000 0
 2  a0w 0 64.000000 Lower BC
 3  a1c -0.500000 0
 4  a1w 0.500000 12.000000
 5  a2c -1.000000 0
 6  a2w 5.551115E-17 18.000000 Lower BC
 7  a3c 1.000000 0
 8  a3w 1.110223E-16 16.000000 Lower BC

Value of Objective Function = 6

Table 6. Table of Intraclass Correlation (ICC)
Obs CovParm Subject Estimate bvar icc

1 Intercept pid 0.4209 0.42088 .
2 Residual  0.1563 0.42088 0.72927

Table 1. Description of Data
Variable Code Description

Tumour_size Y Size of tumor, 1 = less than 2 cm, 2 = between 2 
  cm to 4 cm, 3 = more 4 cm

Smoking χ
1
 0 = Never, 1 =  Stop, 2 =  Current

Nerve Invasion χ
2
  0 = No, 1 =  Yes

Table 2. Analysis of Parameter Estimate n procedure will be 
applied in order to obtain a detailed result according to 
their categories

Analysis of Maximum Likelihood Estimates
    Standard Wald 
Parameter  DF Estimate Error Chi-Square P-value

Intercept 1 1 -1.3964 0.5299 7.6387 0.0057
Intercept 2 1 1.3558 0.3512 1.1917 0.2750
Smoking  1 1.1912 0.3251 6.3013 0.0121
Nerve  -1 -2.2885 0.6561 4.2824 0.0385
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the significance level of a studied factor. If the factor is significant at the 
level of 0.05, we can include them as a factor which contributes to the 
tumor size category. By doing this, only significant factors will be 
entered to the model. After assessement using proc logistic procedure, 
proc genmod were applied to the set of data, in order to get the detail of 
estimation about the information of the studied data. The statistic infer-
ence of the finding can be assessed at this time point. The next step is 
more focusing on fitting fuzzy nonlinear programming (NLP) using 
SAS algorithm for ordered logistics prediction category the new obser-
vation. To check the reliability of the prediction value, the original sam-
ple will be used, by predicting the outcome category. The new outcome 
category will be matched with the original value, this is to make sure 
that the gained result is reliable. From the analysis, we found a strong 
relationship between tumor size category with smoking status and status 
of nerve invasion. This technique had led to successful research and 
give the best results for the decision making especially for the decision 
maker.

Ordered logistics regression model shows that there is two signifi-
cant factors which is leading to the prediction of tumor size. The first 
factor is the smoking factor. There are several reasons need to be con-
sidered in the prediction of the tumor size as such continued smoking 
might adversely affect the prognosis of patients who already have can-
cer (Aveyard F. et al., 2002; Browman G.P. et al., 1993; Richardson 
G.E. et al., 1993; Sioris T. et al., 2000). A study conducted in 2013 had 
shown that people who are smoking is associated with lower age, higher 
grade, higher stage, and larger size of bladder tumors at diagnosis the 
grade of tumors in current smokers was found to be higher than that of 
never smokers (mean difference: 0.15, 95% CI: 0.00-0.30). This differ-
ence almost reached statistical significance. In addition, they found that 
in former smokers' grade, stage, and tumor size at diagnosis were higher 
compared to never smokers, although the effects were less pronounced 
than in current smokers (Van Roekel E.H. et al., 2013). 

According to Warren 2017, tumor size > 2 cm was significantly 
associated with increased rates of perineural invasion (PNI) (p < 0.001). 
Tumor defect size was higher in the PNI-positive cases compared to 
PNI-negative, and this reflects both the diffuse pattern of spread along 
nerves and also the nature of MMS technique of gradual excision by 
levels using horizontal sections (Warren T.A., 2017). It is hoped that, 
through this integrated methodology, the applied researcher can obtain a 
more reliable output with a highly confidence. (Pytynia K.B. et al., 
2004) found that patients with head and neck SCC who did not smoke 
showed a longer mean time of general, disease-free survival compared 
to smokers. According to Girod A. et al., 2009, female smokers with a 
diagnosis of oral and oropharynx cancer show a worse prognosis. 
Patients who smoke also show greater rates of recurrence of the lesion 
in comparison to non-smokers. Ex-smokers, in turn, show intermediate 
rates between the above groups (Khuri F.R. el at., 2001). (Do K.A. el 
at., 2003; Sassi L.M. el at., 2010) observed that smokers and alcohol 
drinkers had a significantly greater risk of developing a second primary 
tumor in comparison to non-smokers, especially if they continued the 
habit after diagnosis of the lesion. OSCC is associated with severe mor-
bidity, recurrence, and reduced survival rates. Its prognosis is affected 
by several clinicopathologic factors, one of which is a perineural inva-
sion (PNI). It is a form of tumor spread exhibited by neurotropic malig-
nancies that correlate with aggressive behavior, disease recurrence, and 
increased morbidity and mortality. PNI is due to tropism of tumor cells 
for nerve bundles in the surrounding stroma (Binmadi N.O. el at., 2011). 
The incidence of PNI in head and neck cancer is as high as 80% (Liebig 
el at., 2009).
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