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ABSTRACT 

Accurate diagnosis of tumors is crucial to the treatment and prognosis of patients. Pathological 
diagnosis is regarded as the "gold standard" of tumor diagnosis, which helps to detect the disease 
at an early stage and formulate precise treatment plans for patients. However, traditional pathology 
diagnosis relies heavily on the expertise and diagnostic experience of physicians, making the quality 
and accuracy of pathology diagnosis largely dependent on their individual capabilities. With the 
popularization of Whole Slide Image (WSI) technology, the application of AI in pathology has gained 
significant momentum. With its powerful analyzing ability, AI has been widely used in computational 
pathology, especially in pathology-assisted diagnosis, showing great potential. This paper first 
explores two core tasks of AI in the field of pathology image analysis - image segmentation and 
image classification. Finally, it looks at the challenges and opportunities facing the field. 
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1. INTRODUCTION 

Cancer, as a serious disease, poses a great threat to both individuals and society and has become a 

global health problem. According to the International Agency for Research on Cancer (IARC), in 

2020, there were 19.29 million new cancer cases and as many as 9.96 million deaths worldwide. 

Histopathology is an important branch in the field of diagnostic pathology, which is mainly used to 

examine the changes in the morphology of patient tissues, and by observing the information of tissue 

structure and morphology, doctors can further determine the type and grade of the tumor, so 

histopathological diagnosis is the gold standard for clinical diagnosis [1-2]. In the traditional 

pathological diagnosis process, pathologists usually need to examine pathological sections with the 

help of a microscope. By observing the presence of lesions in the sections and their distribution, the 

doctor can make a pathologic diagnosis and prognostic assessment. However, this approach is highly 

dependent on the doctor's professional knowledge and diagnostic experience, making the quality and 

accuracy of the pathology diagnosis entirely dependent on the doctor's personal ability. At present, 

the pathology departments of major hospitals are facing the problems of a long training cycle for 

doctors and a huge gap in the talent pool, and at the same time, with the increasing number of patients, 

the pathology departments are generally overloaded. This situation is likely to lead to omissions and 

misdiagnosis in the diagnostic process, which will have a negative impact on the treatment and 

prognosis of patients. 

 In recent years, with the continuous improvement of computing power and medical data, computer-

aided diagnosis (CAD) systems have seen rapid development in the field of pathology image analysis 

[3-5]. By utilizing CAD systems, doctors' work efficiency has been significantly improved, and the 
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problem of inconsistent diagnostic results due to subjective judgment has also been reduced to a 

certain extent [6]. 

The purpose of this paper is to provide an in-depth and systematic overview of the state-of-the-art 

research on the application of artificial intelligence techniques in the field of pathology, especially in 

pathology-assisted diagnosis. The paper first introduces the importance of whole slide digital 

scanning technology, and then describes the current research status of image segmentation and 

classification in pathology image analysis. Finally, it summarizes the full paper and looks forward to 

the future challenges and opportunities in this field. 

2. WHOLE SLIDE DIGITAL SCANNING TECHNOLOGY 

Whole slide digital scanning technology is a technology that organically combines computer 

technology with the traditional field of pathology. As shown in Fig. 1, it first scans the tissue section 

through a scanner, converts it into a digital image, and then applies a computer to seamlessly stitch 

multiple pathology images together, thus obtaining high-quality whole-slide pathology image data to 

form a digital section or virtual section. 

 

Figure 1. Process of digitizing pathology slides [7] 

The advent of WSI technology has gradually transformed pathology slides, which could only be 

viewed through a microscope, into data that can be stored on a hard disk. This change has made it 

easier to store and transport pathology slides, and has also opened up the possibility of using 

computers to assist physicians in pathology diagnosis. Pathology images usually have complex and 

diverse features, and in order to better display tissue structure and cellular morphology, the most 

common method used today is to process pathology sections using hematoxylin eosin (H&E) staining, 

which is simple to produce and less expensive [8]. However, H&E-stained sections from different 

batches or between different institutions can suffer from staining differences, so the traditional image 

processing methods are not effective in coping with complex pathology images and cannot be used 

for practical auxiliary diagnosis. 

3. APPLICATION OF ARTIFICIAL INTELLIGENCE IN PATHOLOGY 
IMAGE ANALYSIS 

In recent years, there have been a number of researchers attempting to analyze digitized pathology 

images using AI techniques [9], which has improved the diagnostic efficiency and accuracy of doctors 

to a certain extent. In this section, we will delve into the research progress related to the two 

algorithms of classification and segmentation in the task of pathology image analysis. 
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3.1. Application of Classification Algorithms in Pathology Image Analysis 

Image classification is a fundamental task in the field of computer vision, which aims to automatically 

label or classify images into predefined categories based on the semantic information in the images. 

In recent years, deep learning has been widely used in pathology image classification. Deep learning 

models can automatically extract features by learning a large amount of pathology image data and 

construct more complex classifiers. This method can greatly improve the accuracy and efficiency of 

classification and provide more reliable support for the classification and analysis of pathology 

images. 

For lesion classification of cervical precancerous pathology images, AlMubarak et al [10] used an 

approach that fuses deep learning and traditional image processing. They first used a distance 

transform method to identify the mid-axis of the cervical epithelium, followed by dividing the cervical 

epithelium into 10 vertical segments using the mid-axis as a baseline. Then, by using the modeling 

approach proposed by the authors, they were able to extract depth features and hand-designed features 

for each vertical segment. Finally, by integrating these features, they trained Support Vector Machine 

(SVM) and Linear Discriminant Analysis (LDA) classifiers to achieve accurate classification of 

cervical precancerous pathology images. Araújo et al [11], in a study on breast cancer tissue 

classification, in order to improve the sensitivity to the cancer category, the authors divided the 

original image into 12 consecutive, non-overlapping image chunks, and then used a CNN+SVM 

scheme to calculate the probability of each image chunk. Finally, by employing a probabilistic fusion 

method, the authors effectively fused the probabilistic information from different image chunks to 

produce the final classification results of the images. 

3.2. Application of Segmentation Algorithms in Pathology Image Analysis 

Segmentation algorithms play a crucial role in the field of pathology-assisted diagnosis. These 

algorithms are able to accurately segment key basic elements and tissue regions from complex 

pathology images, providing doctors with important reference information to assist them in accurate 

diagnosis and condition assessment. Taking colorectal cancer as an example, by applying advanced 

segmentation algorithms, we are able to accurately extract glandular regions and further analyze the 

morphological features of these glands, such as size, number and other key indicators. This 

information not only helps doctors better understand the lesion process, but also effectively assess 

the disease progression of colorectal cancer, providing strong support for the development of accurate 

treatment plans. 

During the traditional semantic segmentation period, in order to be able to accurately segment the 

glandular region, Wu et al [12] designed a segmentation algorithm based on binary images, which 

used an adaptive thresholding approach to more accurately separate the nucleus and cytoplasm. After 

completing the initial segmentation, the authors also optimized the final segmentation results by 

removing pseudo-glands. With the continuous improvement of medical data, more and more 

researchers have begun to apply deep learning techniques to the field of medical image segmentation, 

which has led to a significant improvement in the accuracy and speed of medical image segmentation 

[13-14].Feng et al [15], in order to accelerate the training speed of the model, they used a migration 

learning strategy during the training process, which used the pre-trained VGG-16 as the model's 

encoder, which can not only accelerate the training speed of the model, but also effectively improve 

the segmentation performance of the model. In addition, to address the problem of the imbalance in 

the number of benign and malignant samples in the dataset, the authors also designed a specific loss 

function, which can better deal with the data with imbalance in categories in the segmentation task. 

Yu [16] et al. took into account that the annotation process of medical data is difficult, so they 

proposed an enhancement method of cell nucleus segmentation based on the diffusion model. Firstly, 

they trained an unconditional diffusion model to synthesize cell nucleus structures defined as pixel-

level semantic and distance transformed representations, and these synthesized cell nucleus structures 
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will be used as constraints for the synthesis of histopathology images; then, they trained a conditional 

diffusion model to synthesize histopathology images based on cell nucleus structures. Finally, the 

synthesized constraints are paired with the synthesized histopathology images and added to the real 

dataset for training the segmentation model. The experimental results show that segmentation results 

comparable to those of fully supervised networks can be obtained using datasets composed of 

synthetic samples. 

4. SUMMARY AND OUTLOOK 

Pathological diagnosis, as the "gold standard" of clinical diagnosis, is an important reference for 

doctors to make accurate diagnosis for patients, but with the increasing number of patients, the 

pathology department is generally overloaded with work. At the same time, traditional pathology 

diagnosis is also highly dependent on the doctor's professional knowledge and diagnostic experience, 

which makes the quality and accuracy of pathology diagnosis depend largely on the doctor's personal 

ability, and this situation can easily lead to the doctor's diagnosis in the diagnostic process of omission 

and misdiagnosis. This paper firstly describes the application prospect of artificial intelligence 

technology in the field of pathology assisted diagnosis, then introduces the development of whole 

slide digital scanning technology for the application value of pathology assisted diagnosis, and finally 

introduces the current research status of classification algorithms and segmentation algorithms in 

pathology assisted diagnostic models respectively. 

Currently, the application of artificial intelligence in the field of pathology-assisted diagnosis is still 

in the budding stage, and although many scholars have already achieved preliminary results through 

image processing technology, a complete set of intelligent assisted diagnosis process has not yet been 

formed. However, with the continuous enrichment and improvement of pathology data, more and 

more researchers are actively engaging in the cutting-edge exploration of this field, with a view to 

promoting the intelligent development of pathology diagnosis. Meanwhile, the deep integration of 

artificial intelligence and pathology diagnosis will greatly promote innovation and progress in the 

field of computer-aided diagnosis (CAD). This combination not only improves the accuracy and 

efficiency of diagnosis, but also makes the application of CAD technology in the medical field more 

extensive and in-depth. With the continuous development and improvement of the technology, we 

have reason to believe that the union of artificial intelligence and pathology diagnosis will play an 

even more important role in the future of smart healthcare. 
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