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Abstract: 

  

Oral cancer (OC) is among the top ten cancers worlwide, with more than 90% being 

squamous cell carcinoma. Despite diagnostic and therapeutic development in OC patients' 

mortality and morbidity rates remain high with no advancement in the last 50 years. Development 

of diagnostic tools in identifying pre-cancer lesions and detecting early-stage OC might 

contribute to minimal invasive treatment/surgery therapy, improving prognosis and survival rates, 

and maintaining a high quality of life of patients. For this reason, Artificial Intelligence (AI) 

algorithms are widely used as a computational aid in tumor classification and segmentation to 

help clinicians in the earlier discovery of cancer and better monitoring of oral lesions. In this 

paper, we propose an AI-based system for automatic segmentation of the epithelial and stromal 

tissue from oral histopathological images in order to assist clinicians in discovering new 

informative features. In terms of semantic segmentation, the proposed AI system based on 

preprocessing methods and deep convolutional neural networks produced satisfactory results, 

with 0.878 ± 0.027 mIOU and 0.955 ± 0.014 F1 score. The obtained results show that the 

proposed AI-based system has a great potential in diagnosing oral squamous cell carcinoma, 

therefore, this paper is the first step towards analysing the tumor microenvironment, specifically 

segmentation of the microenvironment cells. 
 

Key words: Artificial Intelligence, DeepLabv3+, Histopathology, Semantic Segmentation 

 

 

1. Introduction  

 

Oral squamous cell carcinoma (OSCC) is the most common histological neoplasm of head 

and neck cancers, and while it is located in an easily visible area and can be detected early, this 

usually does not occur [1]. OSCC frequently develops from pre-existing lesions of the oral 

mucosa, which have an increased risk of malignant transformation in cancer. This cancer type is 

distinguished by epithelial squamous tissue differentiation and aggressive tumor growth that 

disrupts the inner cheek basement membrane [2]. Clinical examination, conventional oral 

examination, and histopathological evaluation following biopsy are currently standard methods 
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for detecting oral cancer (OC) and the gold standard which can detect cancer in the stage of 

established lesions with significant malignant changes [3]. The main issue with using 

histopathological examination for tumor differentiation, and similarly as a prognostic factor, is 

the subjective component of the examination. Using Artificial Intelligence (AI) algorithms to 

reduce inter- and intra-observer variability could have a direct impact on patient-specific 

treatment intervention by identifying patients' outcomes. Many AI algorithms demonstrated to be 

successful in medical image analysis as well as other fields of science [4 - 7]. Medical image 

analysis is one of the fields in which histological tissue patterns are combined with computer-

aided image analysis to aid in disease detection and classification. Using histopathological images 

for analysis Tabibu et al. (2019) showed how deep learning algorithms can be used to classify 

pan-renal cell carcinoma and predict survival outcomes. The proposed method proved to be the 

best performing method and resulted in 0.93 slide-wise AUC [8]. Sharma and Mehra (2020) 

proposed a deep learning-based model for automatic multiclass classification of breast cancer 

based on histopathological images. Among the different combinations of classifiers, their 

proposed method resulted in the highest micro- and-macro average (0.93) [9]. 

 

The main contribution of this paper is an AI-based system for tumor segmentation on 

epithelial and stromal regions that can assist clinicians in discovering new informative features. It 

has a lot of potential in terms of quantifying qualitative clinicopathological features to predict 

tumor invasion and metastasis. Furthermore, in the case of semantic segmentation, a new 

preprocessing methodology based on the stationary wavelet transform is proposed to extract low-

level features. This method allows for more accurate predictions and increases the overall 

robustness of the AI-based system. 

 

2. Materials and Methods 

 

2.1 Dataset Description 

 

Dataset of 322 histopathology images obtained through biopsy and reviewed by two 

pathologists is used to develop a diagnostic AI-based system. The formalin-fixed, paraffin-

embedded oral mucosa tissue blocks of histopathologically reported cases of OSCC were 

retrieved from the archives of the Clinical Department of Pathology and Cytology, Clinical 

Hospital Center in Rijeka. Images were captured using the light microscope (Olympus BX51, 

Olympus, Japan) equipped with a digital camera and transmitted to a computer by CellF software. 

Furthermore, the segmentation masks were created by a health professional and validated by a 

second independent pathologist. 

 

2.2 SWT and DeepLabv3+ 

 
 

A feature extraction algorithm, Stationary Wavelet Transform (SWT), is used to achieve 

robust classification. A pre-processing approach like this can reduce the computational 

complexity of AI algorithms, resulting in a shorter training time and potentially better 

performance [10]. The SWT coefficient mapping function is used to enhance important features 

of an image, such an approach is proposed in [11]. 

 

Semantic segmentation refers to the process of assigning a semantic label to each part of an 

image. Due to Chen et al.’s (2018) paper, DeepLabv3+ without any postprocessing achieves a 

performance of 89% mIOU on the PASCAL VOC 2012 dataset for semantic segmentation task 

[12]. Deeplabv3+ combines encoder-decoder pathway and Atrous Spatial Pyramid Pooling in 
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order to achieve a more precise delineation of object boundaries. Moreover, it can use 

architectures such ResNet, MobileNet or Xception as backbones. 

 

3. Results and Discussion 

 

 

DeepLabv3+ with Xception_65 as backbone was used to perform semantic segmentation. 

Before training on the oral carcinoma dataset, the model was pre-trained on the Cityscapes 

dataset. Original images and SWT approximations were used along with corresponding ground 

truth masks as input to a model. In the case of semantic segmentation, data preprocessing is 

limited to a low-frequency subband. The predictions for the three cases of new and unseen data 

were made using data preprocessed with SWT at level one using a Haar wavelet function and a 

fully-trained DeepLabv3+ model, as shown in Fig.1.  

 

 

Fig. 1. Semantic segmentation of histopathology images; The first column represents obtained samples 

of OSCC from KBC Rijeka, the second column is the corresponding ground truth mask while the third 

column represents samples after preprocessing. The last column shows the prediction for three cases where 

the black color represents stromal tissue and the red color represents epithelial tissue. 
 

DeepLabv3+, when combined with Xception_65 as a backbone, produced satisfactory results 

in multiclass semantic segmentation of tumor tissue. In terms of performance measures, low-

frequency features obtained at SWT decomposition level one using Haar wavelet achieve the 

highest mIOU (0.879), F1 (0.955), and Accuracy (0.941) values. 

 

 

4. Conclusions 

 

This paper highlights the enormous potential of using image processing techniques in 

conjunction with Artificial Intelligence algorithms to achieve an accurate prognosis of OSCC and 

increase people's chances of survival. The authors demonstrate the integration of DeepLabv3+ 
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and Xception_65 as backbone along with low-frequency subband. Based on the results of the 

proposed methodology, such an approach proved to be successful in terms of segmenting 

epithelial and stromal tissue and has a high potential for clinical application in predicting tumor 

invasion and outcomes in patients with OSCC. 
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