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ABSTRACT
Objective: This research aimed at the application of canonical correspondence analysis (CCA) towards the cases of oral 

squamous cell carcinoma patients who attended Hospital Universiti Sains Malaysia (USM) from 2011 to 2017 (based on second-
ary data).

Design: Retrospective study design.
Materials and Methods: This study was conducted using descriptive analysis and canonical correspondence analysis (CCA) to 

get the pattern of the associated factors according to the categories among the 117 oral cancer patients in the study. The associ-
ated TNM staging with the sites of oral cancer were assessed using graphical mapping approach.

Results: The stage IV (TNM staging) oral cancer most commonly occurred at the tongue region of the patients being studied, 
for both male and female patients.

Conclusion: Through this study, we addressed the issues such as the global concept and interpretation of the CCA model. 
The significant result from this finding (output based) is very important especially toward oral cancer patients management.
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INTRODUCTION  TO  CANONICAL  
CORRESPONDENCE  ANALYSIS  (CCA)

Correspondence analysis is an exploratory data technique used to 
analyze categorical data. Canonical correspondence analysis is a map-
ping technique used to examine data because of its ability to extract the 
most important dimensions, allowing simplification of the data matrix 
(Palmer, 1993). This technique allows us to investigate the relationship 
between two nominal variables graphically in a multidimensional space, 
it computes row and column scores and produces plots based on the 
scores. Categories that are similar to each other appear close to each 
other in the plot (Hasan, 2016).

Oral cancer is one of the highly prevalent cancers worldwide and 
highly relevant problem of global public health, especially for dental 
surgeons. Oral cancer is the most frequent cancer type for head and neck 
region, with squamous cell carcinoma being the most commonly-seen 
oral cancer (Juliana, Carolina, Gustavo, Victor, Thais, Celina, Daniel, 
2012). In terms of gender distribution, it is noted that male has higher 
risk of being afflicted with oral cancer compared to the female (Suba, 
2007; La Vecchia, Lucchini, Negri, 2004; Neville, Day, 2002; Rich, 
Radden, 1984; Krolls, Hoffman, 1976). Tobacco and alcohol use were 
identified as main etiological factors in oral cancer (Chaturvedi, 2012; 

Vargas-Ferreira, Nedel, Etges, Gomes, Furuse, Tarquinio, 2012; Ali, 
Sabiha, Jan, Haider, Khan, Ali, 2017; Pablo, Snehal GP, 2015; Blot et 
al., 1988). In order to identify the stage of the oral cancer, Tumor-Node-
Metastasis (TNM) staging system is the most commonly-used prognos-
tic system to assess the primary tumor size, then neck nodes involve-
ment and distant metastases (Sobin, Gospodarowicz, Wittekind, 2009; 
Ribeiro, Kowalski, Latorre, 2000; Fan, Tang, Lin, Chen, Li, Huang, 
Yang, Wang, Zhang, Wang, Dias-Ribeiro, Cai, Wang, 2011; Robbins, 
Medina, Wolfe, 1991). TNM staging system is user-friendly and simple 
to use (Pablo, Snehal, 2015). The gold standard in treatment of oral can-
cer is surgical resection of the affected site, as it will provide the infor-
mation of tumor spread, margin status, histopathological features that 
can be used for further management in oral cancer (Pablo, Snehal, 
2015). There are several anatomical subsites of oral cavity, namely lip, 
tongue, floor of mouth, buccal mucosa, palate, maxilla and mandible. 
Even though these sites are in close proximity to each other, each has its 
own unique anatomical features and must be taken into considerations 
during the planning of treatment for oral cancer patients. Thus it is 
imperative for us to identify the distribution of these oral cancer sites 
and TNM staging in relation to gender.
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DATA  AND  METHODS

Data 
Data from the medical unit record, Hospital USM were reviewed 

and related information was extracted from 2011 to 2017. The sampling 
frame was the list of patients, which diagnosed with oral cancer admit-
ted to in Hospital USM. The data consists of three variables which are 
TNM staging, gender and site of lesion. The description of data in this 
study as shown in Table 1.

Methodology
CCA is a method of multivariate analysis which permits simultane-

ous plots of the different groups to be compared but with the intrinsic 
characteristics of biplot methods. In correspondence biplot, it is 
involves two categorical variables, which respectively with I and J cate-
gories, a simple contingency table nij with i = 1 to I and j = 1 to J leads 
to the joint distribution of the two qualitative variables: pij = nij/N, where 

N = Σij nij = n.. N = Σij nij = n.. is the total sample size. Testing the inde-
pendence of the two variables, that is comparing pij with p̂ij = pi.p.j., can 
be performed using the chi-square statistic, measuring the lack of inde-
pendence by: χ2 / N = Σij pi.p.j (pij - p̂ij / pi.p..j )2. This equation is also iner-
tia, the sum of the eigenvalues, of a particular principal component anal-
ysis (PCA) decomposition, in fact a singular value decomposition 
(SVD), of the I x J matrix Z, Zij = (pij - p̂ij / pi.p..j)with diagonal metrices 
DI and DJ made from the margins respectively pi.'s and p.j's of the matrix 
P. This multidimensional analysis, therefore provide a break down of 
the lack of independence between the two variables with quantitative 
evaluation of the revealed associations (the eigenvalues and percentage 
of inertia they represent) and with scores for each categories on each 
dimensions (eigenvectors) linked to their contribution to the departure 
from independence.Because the I x J matrix P = t(VI ) VJ, where VI is the 
N x I matrix identifying the categories for each of the N observations 
(individuals) and idem for Vj, the FCA of P and the FCA of the concate-
nation these two matrices of 0's and 1's, that is the FCA of U = (V1⁝Vj ) or 
also the FCA of B = t(U)U have the same results for the scores (re-stan-
dardised) of each categories and the eigenvalues have a simple relation-
ship: λu = √λB = (λp + 1)/2.

Table 1. Description of Data
Variable Code Description

TNM Stage Y
 1 = Stage 1, 2 = Stage 2, 

  3 = Stage 3, 4 = Stage 4

Gender, χ1 1 = Male, 2 = Female

  1 = Tongue, 2 = Buccal, 3 =  

Site of Lesion χ2

  Palate, 4 = Lip, 5 = Floor of
  Mouth, 6 = Salivary Gland,
  7 = Mandible, 8 = Maxilla

Figure 1. TNM Staging with site of lesion

Figure 2. TNM Staging With Site of Lesion According to Male 

Figure 3. TNM Staging With Site of Lesion According to Female

Table 2. Summary of the TNM Staging According to Lesion 
Site and Gender 

 TNM Staging Overall Result Male Female
  (Site of lesion) (Site of lesion) (Site of lesion)

 Stage I Maxilla, Lip No Data Available Mandible, Lip

 Stage II Salivary Gland Mandible Palate

 Stage III Buccal, Palate Palate Salivary Gland

 Stage IV Tongue, Floor  Tongue, Buccal Tongue
  of Mouth 
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RESULTS  AND  DISCUSSION

Figure 1 shows the biplot analysis for the whole analysis.
Biplot techniques, allows us to investigate the relationship between 

two nominal variables graphically in a multidimensional space Amir et 
al. (2011). In our case, at the Stage I most of the patients having lesion 
sites at lip and maxilla, at the stage II studied patients have lesion at sal-
ivary gland, at the stage III patients usually having lesions at buccal 
mucosa and palate and at the stage IV most of the patients having les-
sions at tongue and floor of the mouth. For a detailed analysis, data was 
split into two groups according to the gender factor. The finding is being 
summarized as follows. 

The finding according to male factor.
Figure 2 shows that the biplot techniques for the male patients. At 

the stage IV, the most of the patients having lesions at buccal mucosa, 
tongue, lip, floor of mouth and maxila. While at the stage III most of the 
patients having lesion at palate. While at the stage II, they are having 
the lesion at mandible.

Finding according to female factor.
Figure 3 shows that the biplot techniques for the female patients. At 

the stage I most of the female patients having lesions at mandile and lip. 
At the stage II most of the patients having lesions at palate and salivary 
gland. While at the stage III most of the patients having lesions at buc-
cal mucosa and floor of mouth. Whereas for stage IV, most of the 
patient were having lesion at tongue which is showing similar trend in 
male patients.

SUMMARY  AND  CONCLUSION

This paper is focusing on the application based on biplot analysis. 
This paper examines the pattern of the TNM staging with their relation-
ship of lesion site. This paper provides only a preliminary overview of 
the studied problem. The main purpose of this paper is to demonstrate 
different techniques that can be employed to explain such relationships. 
Due to data limitations, some of the important variables could not be 
used. At first analysis, we are trying to assess the relationship between 
the TNM staging according to the site of lesion without focusing the the 
gander factor. At the second analysis we have divide the analysis 
according to the gender. The finding of the study can be summarized as 
follows.

In the management of oral cancer, the site of lesion, TNM staging 
and general health condition of the patient would affect the treatment 
modalities employed. Oral cancer has a survival rate of ≤ 50% after 5 
years, nevertheless, if the cancer can be diagnosed at early stage such as 
stage I and intervened early, the survival rate can be increased up to 
80% (Honorato J. et al, 2009; Rogers S.N. et al, 2009; Kowalski L. P., 
2005). The finding of our study showed that tongue is the most common 
site of oral cancer found among both male and female patients, which is 
similar to several studies that showed tongue is the most-commonly 
affected site, with floor of the mouth being the second most-commonly 
affected site (Honorato J. et al, 2009; Liao C. T. et al, 2006; Milk I. C. 
& Koifman S., 1998). And in our centre, the patient with tongue cancer 
usually presented at advanced stage (stage IV). These findings demon-
strate the great need for awareness and education among both patients 
and health professionals, so that oral cancer lesion can be identified, 
diagnosed and managed at early stage to improve the quality of health-
care and quality of life of patients.
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