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The main objective of pathologists is to achieve accurate lesion diagnoses, which has become increasingly challenging 
due to the growing number of pathological slides that need to be examined. However, using digital technology has made 
it easier to complete this task compared to older methods. Digital pathology is a specialized field that manages data from 
digitized specimen slides, utilizing image processing technology to automate and improve analysis. It aims to enhance 
the precision, reproducibility, and standardization of pathology-based researches, preclinical, and clinical trials through the 
sophisticated techniques it employs. The advent of whole slide imaging (WSI) technology is revolutionizing the pathology 
field by replacing glass slides as the primary method of pathology evaluation. Image processing technology that utilizes 
WSI is being implemented to automate and enhance analysis. Artificial intelligence (AI) algorithms are being developed 
to assist pathologic diagnosis and detection and segmentation of specific objects. Application of AI-based digital pathology 
in biomedical researches is classified into four areas: diagnosis and rapid peer review, quantification, prognosis prediction, 
and education. AI-based digital pathology can result in a higher accuracy rate for lesion diagnosis than using either a 
pathologist or AI alone. Combining AI with pathologists can enhance and standardize pathology-based investigations, 
reducing the time and cost required for pathologists to screen tissue slides for abnormalities. And AI-based digital pathology 
can identify and quantify structures in tissues. Lastly, it can help predict and monitor disease progression and response 
to therapy, contributing to personalized medicine. 
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INTRODUCTION 

 

The primary objective of tissue examination for patho- 

logists is to achieve accurate diagnoses of lesions. This 

task is critical for identifying the causes of diseases and 

developing effective treatments, thereby providing a rational 

foundation and guidance for these processes. 

The explosive growth in the number of pathological slides 

requiring diagnosis has placed a considerable burden on 

pathologists. Additionally, differences in the training and 

experience of researchers have resulted in inconsistencies 

in diagnostic outcomes. 

Despite efforts to establish diagnostic names and criteria, 

the subjective nature of pathology diagnosis may lead to 

variations in the names and criteria used (Mazer et al., 2019). 

Consequently, various diagnosis names and criteria may exist 

within a single diagnosis, making it necessary to systematize 

and standardize them (Morton et al., 2010). 
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Advent of digital pathology 

Digital pathology is a specialized area of pathology that 

emphasizes on managing data generated from digitized 

specimen slides. Pathological materials are consisted of wet 

tissue, tissue block, tissue slide and so on. Among them, 

analogue tissue slide is converted into digital image file, 

called whole slide image (WSI) using virtual slide scanner. 

Representative figure of whole slide imaging is presented 

in Fig. 1. 

A virtual slide scanner comprises various components, 

including an optical microscope, camera, storage system, 

and computer hardware. The time taken to scan a slide varies 

based on the tissue's size and the magnification used, but 

typically ranges between 1 to 10 minutes per slide. WSI tech- 

nology is used to digitize tissue slides for pathological assess- 

ment (Hamilton et al., 2012) and has replaced glass slides 

as the primary method of pathology evaluation (Bradley and 

Jacobsen, 2019). 

Additionally, image processing technology that utilizes 

WSI is being implemented to automate and enhance analysis. 

WSI has advantages over conventional tissue slides because 

it enables permanent data storage and the analysis of various 

information through image values stored in pixels. Successful 

implementation requires collaboration among pathologists, 

technologists, and executive leadership (Zarella et al., 2019). 

This approach has been applied to assess the classification of 

various cells, such as bone marrow hematopoietic lineages 

(Kozlowski et al., 2018b), and specific tissues, such as col- 

lagenous tissue (Liang et al., 2017). 

Digital pathology that employs WSI facilitates the utili- 

zation of digitized tissue slides for data management, image 

analysis software for quantitative analysis, and mathematical 

models for disease prediction. With the availability of WSI 

of tissue slides, image processing techniques have been 

employed to automate and optimize analysis. WSI-based 

digital pathology has been adopted to enhance time efficiency 

and reduce costs (Farahani et al., 2015) and eliminate poten- 

tial human bias (Aeffner et al., 2019). 

Artificial Intelligence (AI) 

Various applications incorporating AI are being developed 

to assist the process of pathologic diagnosis, and detection 

and segmentation of specific objects. AI is expected to show 

breakthrough potential in medical imaging, especially in the 

field of digital pathology (Tizhoosh and Pantanowitz, 2018). 

Several companies are working on developing AI algori- 

thms for screening digital slides to automate the classification 

of specific tissue lesions often observed in nonclinical and 

clinical studies. The growing number of AI algorithms is 

refining the pathology platform and enhancing the accuracy 

of diagnoses, which is especially beneficial for personalized 

medicine (Turner et al., 2020). Among them, deep learning 

has been successful in image classification and is expanding 

into medical image analysis (Brent and Boucheron, 2018). 

including CNN-based systems such as VGGNet or ResNet 

(Hoefling et al., 2021). 

Application of AI-based digital pathology in biomedical 

researches 

Application of AI-based digital pathology in biomedical 

researches is classified into four areas: diagnosis and rapid 

peer review, quantification, prognosis prediction, and edu- 

cation, as illustrated in Fig. 2. 

 

1) Diagnosis & rapid peer review 

AI-based digital pathology can be used for diagnosis & 

rapid peer review. Combining AI with pathologists can result 

in a higher accuracy rate for lesion diagnosis than using 

either a pathologist or AI alone. For instance, AI algorithms 

have been used to detect cancer and achieve similar accuracy 

in diagnosing skin cancer biopsies (Esteva et al., 2017) and 

distinguishing between benign and malignant breast tumors 

Fig. 1. Representative figure of whole slide imaging in kidney of 
rat. 
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(Radiya-Dixit et al., 2017). Additionally, AI can perform 

multiple functions, including identifying nuclear, epithelial, 

and tubular divisions and finding interrelationships among 

various pathological parameters that researchers may over- 

look (Janowczyk and Madabhushi, 2016). 

With a substantial amount of WSI and the aid of AI in 

retrieving similar lesion images, it is anticipated that the 

duration of slide examination can be shortened and precise 

pathology diagnosis can be achieved. It can enhance and 

standardize pathology-based investigations through advanced 

techniques, including unifying input criteria and improving 

test endpoint accuracy (Pell et al., 2019). 

Additionally, it can reduce the time and cost required for 

pathologists to screen tissue slides for abnormalities, leading 

to more efficient diagnosis and potentially increased accuracy 

(Schaer et al., 2019). For instance, AI can help to shorten 

the time for differential diagnosis in difficult tumor cases 

and improve the accuracy and consistency of diagnosis by 

reducing the differences between individual pathologists and 

laboratories (Mazer et al., 2019). Furthermore, it decreases 

inter- and intra-laboratory variability. 

Peer reviews conducted through AI can significantly 

reduce the time required for the process in case of errors or 

conflicting opinions among pathology experts. Actually, AI 

can supplement pathology data and evaluations from experi- 

enced pathologists to ensure accurate and consistent lesion 

diagnosis, speeding up the peer review process (Morton et 

al., 2010). 

 

2) Quantification 

Lesions in pathology are graded on a scale, but the sub- 

jective nature of human analysis can affect the accuracy of 

the grading system. To overcome this, AI classifiers are 

being developed to grade lesions objectively. 

AI-based digital pathology using classifiers can accurately 

and rapidly quantify pathological lesions. It is anticipated 

that it has the potential to detect differences in cellularity 

that may be difficult for humans to distinguish, especially 

when cellularity is less than 10%. In addition, it can isolate 

and count cells in tissues, such as bone marrow cells, to 

detect bone marrow decline (Kozlowski et al., 2018a). 

Moreover, AI-based digital pathology can identify and 

quantify structures in tissues. For example, it can automat- 

ically count glomeruli in kidneys (Sheehan and Korstanje, 

2018) and detect and segment tubules in kidney tissue 

(Kannan et al., 2019). Collagen can also be quantified through 

AI analysis, and specific tissue types can be estimated (Liang 

et al., 2017). AI has also shown efficiency in quantitatively 

interpreting special stained slides (Segnani et al., 2015) and 

immunostained slides (Sheikhzadeh et al., 2018). 

 

3) Prognosis prediction 

AI-based digital pathology can assist in predicting pro- 

gnosis by allowing direct analysis of tissue slides, reducing 

the time needed for genomic analysis. This not only de- 

creases the workload of pathologists but also lowers the cost 

of diagnostic tests while potentially increasing diagnostic 

sensitivity. Moreover, it can integrate complex genomic, 

transcriptomic, and metabolomic data from slide images, 

enabling molecular-level analysis that can be translated into 

clinical trials involving blood and urine samples. 

AI-based digital pathology can predict genetic mutations 

and microsatellite instability (MSI) by analyzing images and 

genetic profiles, improving clinical outcomes. For instance, 

it can identify and classify subtypes of lung cancer and 

predict cancer-specific gene mutations (Coudray et al., 2018), 

and predict MSI in gastrointestinal cancer (Kather et al., 

2019). This approach has been found to be effective in 

identifying cases with molecular alterations. 

Fig. 2. Application of AI-based digital pathology in biomedical 
researches. 
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4) Education 

The current education system for pathology in biomedical 

researches, which requires extensive training and experience, 

is insufficient to meet the growing demands of this field 

(Kuo and Leo, 2019). As more substances require patho- 

logical analysis, the demand for trained pathologists is 

increasing. To address this shortage and improve diagnostic 

accuracy, a new education system incorporating AI tech- 

nology is needed. 

AI-based digital pathology can be used to train pathology 

trainees, students, and even current pathologists or technical 

staff. The traditional light microscopy can be replaced with 

WSI, which produces high-fidelity digital representations of 

entire histological glass slides, offering numerous educational 

possibilities (Saco et al., 2016). 

With the aid of WSI, trainees can acquire knowledge, prac- 

tice diagnosis-related tasks, and obtain specialist licenses for 

precise diagnoses in a shorter time. In addition, the creation 

of a database using WSI and big data technology, combining 

data from various tests and generating large datasets for 

pathological research, is expected to have a significant impact 

on education. 

 

CONCLUSION 

 

The use of AI-based digital pathology in biomedical re- 

searches is gaining popularity in various pathological tasks. 

When pathologists work alongside AI and combine their 

knowledge, the accuracy of lesion interpretation can improve 

and errors can be reduced. 

Experts in pathology should actively incorporate AI to 

advance lesion evaluation technology. It is expected that 

the collaboration between computer science and pathology 

will become more common, and an AI-based platform will 

be necessary to establish diagnostic criteria in pathology. 

AI-based digital pathology is a promising approach that 

can provide accurate diagnosis and rapid peer review, as well 

as precise quantitative analysis of various tissue structures. 

Moreover, it enables prognostic prediction and ongoing 

education through further examination. 
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