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Abstract: Oral cancer (OC) is a type of head and neck cancer in which malignant cells appear on the 
lips or in the oral cavity (in the mouth). Early detection of OC may increase the chances of survival in 
individuals, but new technologies may be expensive and time-consuming. Lately, the possibility of 
automated medical diagnosis with the aid of Artificial Intelligence (AI) tools has been receiving much 
attention. In this research, the integration of preprocessing techniques along with Xception algorithm is 
proposed for oral squamous cell carcinoma classification. The dataset was obtained from the Clinical 
Hospital Center in Rijeka and consists of 257 histopathology images. The proposed system achieved 
satisfactory results in terms of multiclass classification. 
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1. Introduction 
 
Oral cancer belongs to the group of head and neck cancers and most commonly affects the tissues and 
mucous membranes of the mouth and throat [1]. It is one of the most common neoplasms occurring in 
both sexes, where oral squamous cell carcinoma (OSCC) leads this group of malignancies [2]. 
Consumption of tobacco and alcohol are major risk factors for the development of the OC, and their 
synergistic effect increases the risk of developing OC by up to 15 times than in the population that does 
not consume these products. The standard oral cancer diagnostic procedure is based on histopathologic 
examination, however, the major issue in this type of procedure is tumor heterogeneity. Clinician 
subjective component of the examination could have a direct impact on the patient-specific treatment 
intervention. For this reason, image processing techniques and Artificial Intelligence (AI) algorithms 
can be used to enhance objectivity and reproducibility in order to improve survival rates and treatment 
[4]. Recently, numerous AI algorithms have proven to be successful in the field of medicine as well as 
other various fields [5-13]. 
 
The main aim of this research is the multiclass classification of OSCC which could assist the clinician 
in reducing the time needed for histopathological examination as well as reducing inter- and intra- 
observer variability. The overview of the proposed methodology is given in Figure 1. 
 

 
Figure 1. Block diagram of the proposed framework. 
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2. Methodology 
 
The formalin-fixed, paraffine-embedded oral mucosa tissue blocks of histopathologically reported cases 
of oral lichen planus (OLP), oral leukoplakia (OL) and oral squamous cell carcinoma (OSCC) were 
retrieved from the  
 
archives of Clinical Department of Pathology and Cytology, Clinical Hospital Center in Rijeka. 
Sections were graded into multiple pathologic categories (inflammation, mild OED, moderate OED, 
severe OED architectural and cytological changes in neoplastic epithelium) according to the World 
Health Organization criteria for architectural and cytological changes in epithelium. The OSCC group 
includes well-differentiated OSCC, moderately and poorly differentiated OSCC (grade I, grade II, grade 
III) shown in Figure 2. 
 

 
Figure 2. OSCC group of well-differentiated OSCC, moderately differentiated OSCC and poorly 

differentiated OSCC (grade I, II, and III respectively) 
 
Images were captured using the light microscope (Olympus BX51, Olympus, Japan) equipped with a 
digital camera and transmitted to a computer by CellF software. Histopathology images of OSCC are 
used as input data for AI algorithm to create a diagnostic system for multiclass classification of OSCC. 
When it comes to image data for classification, the data availability can be problematic. To address 
concerns like time-consuming collecting or the small number of images, data augmentation was 
performed. By utilizing augmentation techniques, a new set of 1799 images has been created, which 
gives a total of 2056 images. 
 
In order to achieve robust classification, a feature extraction algorithm, Stationary Wavelet Transform 
(SWT) is used. Such pre-processing approach can reduce the computational complexity of the AI 
algorithms which will result in shorter training time and potentially better performance. To enhance 
important features of an image, SWT coefficient mapping function is utilized. Such function is proposed 
and mathematically described in [14]. Classification algorithm takes a set of digital images obtained by 
experts and returns a class. Xception is convolutional neural network architecture used in this research 
for diagnosis and outcome prediction of oral cancer. It consists of 36 convolutional layers structured in 
14 modules [15]. 
 
3. Results and Discussion 
 
This section demonstrates the obtained experimental results achieved with Xception architecture, which 
is pretrained on ImageNet. To determine the quality of the model statistical measures such as Micro- 
and Macro- Area Under the Curve (AUC) are adopted. 
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The first experimental results achieved with Xception trained with three optimizers: Stochastic Gradient 
Descent (SGD), Adam, and RMSprop are shown in Figure 3.  
 

 
Figure 3. Comparison of mean AUCmacro and -micro values of three optimizers on pre-trained 

Xception 
 
According to the 5-fold cross-validation results, in the case of multiclass classification with no 
preprocessing, it can be concluded that high values of 0.929 AUCmacro and 0.942 AUCmicro are 
achieved in a combination with the RMSprop optimizer. 
 
With the help of SWT, the images were decomposed on the LL, LH, HL, and HH subbands which 
allowed coefficient weighting. LL represents approximation coefficients while LH, HL, and HH 
represent detail coefficients of an image. After the decomposition process, detail coefficients are 
weighted using the mapping function, which resulted in new, modified LH’, HL’, HH’ subbands. 
Modified subbands along with unmodified LL subband were used for SWT reconstruction in order to 
obtain input image for AI algorithm. Using Bayesian optimization, the aim was to find optimal values 
of wavelet mapping function constants, by which the maximum value of the performance measure is 
reached. The most effective constant configuration is shown in Table 1. 
 

Table 1. Constants of coefficient mapping function along with wavelet function and the 
corresponding value of performance measure. 

 
Parameters Xception + SWT 

a b c d wavelet AUCmacro ± σ AUCmicro ± σ 

0.0084 0.0713 0.0599 0.0566 sym2 0.956 ± 0.054 0.964 ± 0.040 
0.0091 0.0301 0.0086 0.3444 db2 0.963 ± 0.042 0.966 ± 0.027 
0.0063 0.0021 0.0771 0.3007 db2 0.947 ± 0.092 0.954 ± 0.069 

 

If the performances, in the case of multiclass classification with preprocessing, are compared, it can be 
noticed that the highest AUCmacro value of 0.963 and AUCmicro value of 0.966 with a standard 
deviation of 0.042 and 0.027, respectively, are achieved with the optimal selection of wavelet 
coefficient mapping function constants and wavelet function. Moreover, when all results are summed 
up, it can be concluded that the highest values of performance measure are achieved using the Xception 
in combination with SWT as a preprocessing technique. 
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The training-validation-testing process during the research was performed on Z4 server. It is a GPU 
based High Performance Computing (HPC) server. The server consists of two Intel Xeon Gold CPUs 
(24C/48T, at 2.4Ghz), 768 GB of ECC DDR4 RAM, and five Nvidia Quadro RTX 6000 GPUs, with 
24 GB of RAM, 4,608 CUDA and 576 Tensor cores. 

 
4. Conclusion 
 
This research highlights the huge potential of the application of AI algorithms and preprocessing 
techniques in order to achieve an effective prognosis of OSCC.  From obtained results, it can be 
concluded that integration of Xception and SWT resulted in the highest performance value of 0.963 
AUCmacro and 0.966 AUCmicro. Future work should use a dataset with more histopathological 
images, in order to achieve a more robust classification system. 
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