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Nowadays, artificial intelligence (AI) is an important part of our life and it is a field which 
continues to grow, to develop and to be implemented in many aspects of our daily tasks. In 
addition, it continues to conquer many domains of health care with huge progress maid 
especially in medical image analysis, like radiography, computer tomography, magnetic 
resonance imaging, digital breast tomosynthesis, positron emission tomography scans or 
retinal images. The purpose of our work is to analyze the current state of AI systems and 
software in the practice of pathology. The digitalization process of pathology was possible 
due to development and improvement of several whole slide images systems in the last 
decade which provide a vast and rich image data to pathologists and researchers. The 
algorithmic base of AI is represented by machine learning (ML) and the basis of AI software 
reside in different statistical model and methods on large set of data. Initially, different 
mathematical models were used as toolset for ML like supervised and unsupervised 
learning, random forest, clustering algorithms or component analysis. In the present, deep 
learning subfield of ML with its neural networks (NN), artificial and convolutional NN, are 
frequently used in machine vision field. Other tools used in image analysis of digital slide 
are data augmentation, probability heat maps, patching and computer-aided diagnosis. All 
of them lead to a high valuable output from which an algorithm can be extracted and can 
assist the pathologist to render a final diagnosis. Even if there are a lot of challenges in 
integrated AI solutions in pathology department, they can streamline the diagnosis process 
in pathology with improvement of workflow, boosting the performance with a better and 
quicker diagnosis. Image analysis in pathology continues to expend and new branches 
emerge (digital pathology and pathology informatics) with huge potential for innovative 
discoveries. 
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1. Introduction 

Nowadays, technical systems endowed with artificial intelligence (AI) applications are playing an 

important part in our life. AI is a technology that can mimic human intelligence and represents a field which 

continues to grow, to develop and to be implemented in many aspects of our daily tasks. In addition, it 

continues to conquer many domains of health care with huge progress made especially in medical image 

analysis, like radiography, computer tomography, magnetic resonance imaging, digital breast tomosynthesis, 

positron emission tomography scans or retinal images. This outstanding extension of AI applications into the 

medical field has been possible due to increasing computing capacity combined with available huge database 

and applying new algorithms [1]. 

AI implies different advanced algorithms applied on high technologies with the specific task of delivering 

robust results from large and complex database in a similar way as human cognitive functions. One of the 

most complete definition of artificial intelligence (AI) is postulated by the European Commission’s High-Level 

Expert Group on Artificial Intelligence in 2018: “AI refers to system designed by humans that, given a complex 

goal, act in the physical or digital world by perceiving their environment, interpreting the collected 

structured or unstructured data, reasoning on the knowledge derived from this data and deciding the best 

action(s) to take (according to pre-defined parameters) to achieve the given goal” [2].  
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The main purpose of our work is to analyze the current state of AI systems in the practice of pathology 

medical field rendering an up-date of image analysis and tools of AI designed specifically for surgical 

pathology. The second one is to layout the most important information needed to create a cross disciplinary 

bridge between medical doctors, biostatistics, computer scientist and specialists from other disciplines that 

are willing to be involved in a multidisciplinary team aimed to expand and to implement the AI tools in 

pathology work-flow.  

 

2. Background 

In the surgical pathology medical field, image analysis (extraction of meaningful information from 

images) through AI help represent one of the most important application and it has been facing a tremendous 

growth, especially in the last ten years. The roots of computerized image analysis extend to 1965, when 

Mendelson et al (1965) first had approached and had studied the advantages and utility of cell morphology 

evaluation with computational help [3]. After this moment, the evolution of AI in the pathology have been 

developed with small steps untilwhole slide scanners devices appeared in 1990sand computational capacities 

have been improved. These machines have the capacity to scan usualtissue or cytological glass slides from 

surgical pathology department and digitalized images of them are obtained. The process of digitalization of 

the usual slides allowed the pathologist to have access to high quality images used for computer image 

analysis in education, diagnosis, numerous studies and clinical researches or in telepathology. 

The role of surgical pathology in providing an accurate diagnosis and a correct classification of a disease 

to the clinician is a well-established fact. In addition, the histopathological reports deliver also important 

prognostic and predictive morphological, immunohistochemical and molecular features which will guide the 

clinicians to apply the proper and tailored therapy to the patient especially for different types of cancer or 

other chronic disease. Even if at the beginning of the pathology department the diagnosis was made only on 

the usual Hematoxylin-Eosin (HE) stain of the tissue slides, nowadays pathologists must reach to a conclusion 

after evaluating numerous slides from which they must extract a multitude of parameters with predictive and 

prognostic role (e.g. - grading and staging of a tumor, angiolymphatic invasion, number of atypical 

mitosis,tumor budding, the presence of tumor infiltrating lymphocytes – TILs,  the presence of lymph node or 

distant metastases). In addition, doctors frequently must quantify different biomarkers on their immuno-

histochemical expression which have an important role for establishing an accurate diagnosis and for the 

initiation of a personalized therapy (e.g. estrogen and hormone receptors expression, overexpression for 

HER2neu protein, proliferate rate based on KI67 index). All of these tasks overload the amount of work for 

the pathologist and AI tools can help them to provide a complete, quick, accurate and objective morpho-

pathological and immunohistochemical diagnosis reducing inter- and intra -pathologist variability. 

AI, through its applications (machine learning and deep learning), has been involved in the diagnosis, 

research and teaching processes in pathology for the last two decades. More than that, due to new global 

health threats which haunts the well-being of mankind, the informatization of different domains increases its 

beneficial role and digitalization of pathology is also included in this process. It is an expansion domain with 

tremendous capacity to grow and we can already speak about a new branch of pathology field, like pathology 

informatics or computational pathology. For this reason, Salto-Tellez et al (2019) affirmed that integration of 

AI in pathology may represent “the third revolution in pathology” since the second one was considered to be 

implementation of molecular pathologyand the first revolution being immunohistochemical evaluation of 

biomarkers [4]. Awareness of the benefits of implementing AI lead to the launching of different public 

challenges on specific subjects and great results were obtained which further emphasized the importance of 

AI in pathology [5].  

 

3. Methods and results 
The current study used the most important web source for academic research, like PubMed [6] or Google 

Scholar [7].The following keywords were used for the research: „ digital pathology”, „artificial inteligence”, 

„deep learning” and the period of time selected was between 2010-2020. The highligted data by these 

internet sources are overwhelming with 7 273 on PubMed and 346 000 on Google Scholar for „artificial 

intelligence” and „pathology”. „Digital pathology” is mentioned in 25 700 journals and booksaccording to 

Google Scholar and 13 300 by PubMed. Searching „artificial intelligence” and „ digital pathology” on PubMed 

we noticed that the number of sources obtained is almost double between 2016 and 2020 (295 sources), 

comparing with 2010 – 2015 (155 sources). Searching for „deep learning” and „pathology” revealed 1224 

https://scholar.google.com/
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articles on PubMed and Google Scholar. The most important, recent and with high impact articles were 

selected and the most updated information which highlighted the most relevant data regarding artificial 

intelligence in pathology was extracted. The present study is both a descriptive research, presenting the 

benchmark data depicted in the references, and an observational and transversal type, interweaving the data 

regarding artificial intelligence, machine learning and digital pathology in the surgical pathology medical field 

 

4. Discussion 

For a long period of time, the workflow of a pathological laboratory remained unchanged even if some 

specific tasks of this process had been automated. Adoption of digital pathology is a slow and ongoing process 

and integrating AI tools in the pathology workflow is not an easy process all the time [8]. The digitalization 

process of pathology was possible due to development and improvement of several whole slide images 

(WSIs) systems in the last two decade which provide a vast, rich and high-resolution images to pathologists 

and researchers. Based on WSIs, the deployment image analysis techniques for analyzing and quantification 

of tissues slides was possible, which facilities and takes over some of the pathologist work [9]. 

One of the most useful utility of AI for surgical pathology resides in automated image analysis, but the 

implementation of AI was not a smooth process like in radiology due to the vast variables and difficulties 

present in a pathology image.Firstly, the scanned images are very large and must be broken in small tiles for 

processing them in both low or high magnification which finally must be integrated [10].Secondly, the 

variability of different patterns and tissues present in a WSI of usual tissue slide (different color, tissue and 

cell morphology which includes target tissue, stroma, angiolymphatic vessels, inflammatory cells, tumor cells 

and other complex phenotypes)require a trained pathologist for annotation of the regions of interest (ROI) 

[11]. Different computer vision techniques have been applied in order to detect ROI, like color space 

conversion, edge detection, image blurring, sharpening, pixel value quantization, clustering and thresholding 

[12]. Delimitation of ROI by a trained pathologist is very important as different morphological and 

immunohistochemical markers reside only in specific compartments of the surgical tissue [13]. Once a ROI is 

established than an algorithm is proposed and validated. 

On the other hand, even if pathologists are highly trained to depict all the important features required to 

elaborate a diagnose and to evaluate the prognosis and the predictive markers, still they are prone to errors 

and some information from an image can’t be easily extracted by the human visual system [11]. AI may 

intervene and come up with informatic algorithms in order to eliminate the biases and to help pathologists to 

fulfill their daily task s from the pathology laboratory and for this reason a lot of software tools provide 

nowadays numerous solutions [11].The base of AI in analyzing a WSIconsists in quantitatively mapping the 

image pixels into defined classes designated for different components of tissue structure [4].If, for a study, the 

images used are obtained by different image acquisition devices, it is strongly recommended that a 

normalization formula should be applied since there is some variability in the pixel sizes of the images [14]. 

The algorithmic base of AI is represented by machine learning (ML) and the basis of AI software consist in 

different statistical models and methods on large set of data. According to Ibrahim A. et al (2020) ML 

represents a “subfield of AI that develops algorithms that allows computer toadapt to a new problem without 

being reprogrammed”, meaning that the computer is able to provide an output based on the available data 

through statistical methods [15]. ML compresses adaptive system that enable computers to learn from 

experience, by example or by analogy [16]. 

Initially, different mathematical models were used as toolset for ML which can be included in one of the 

three following categories (Figure 1): supervised learning which comprises classification and regression 

approaches [17]; unsupervised learning represented by clustering and dimensionality reduction algorithms 

[18]; reinforcement learning represented by policy algorithm [17]. The type of algorithm must be choose 

based on the type of the input data, which in medicine can be either images, text or numbers. In surgical 

pathology, images represent the most frequent type of input data and for this reason, visual recognition 

platforms were intensely developed. 
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Figure 1. Diagram of machine learning algorithms according to Rashidi et al (2019)  

Source: Rashidi, H.H., Tran, N.K., Betts, E.V., Howell, L.P., Green, R. (2019) “Artificial Intelligence and Machine Learning in Pathology: 

The Present Landscape of Supervised Methods.” Academic Pathology, 6:2374289519873088. 

 
Unsupervised deep learningis characterized by the ability to extract a meaningful histologically feature 

without a “training” or “labeled” data sets, being able to find patterns only from the input data distribution 

[19]. From this category of deep learning (DL), the most frequent algorithms included are hierarchical 

clustering and k-means [19]. 

Reinforcement learning has the main scope to facilitate the interaction between computational agents 

and the environment by learning through trial and error, by demonstration or both [20]. Zhu et al (2020) 

defined reinforcement learning as “a reward system for the computer program to maximize the rewards in 

order to search for the best solution” [19]. 

The most useful and successfully used algorithm model for automated image analysis is supervised ML 

algorithm in which a “training” image data set and an output also known as “labeled” data are used to predict 

future unknown pathological images [17].The presence of this “ground truth” is essential for supervised ML 

model in order to allow computers to develop algorithms without programmed instructions [11]. The most 

useful algorithms of the supervised DL used for classification and regression functions are: linear and logistic 

regression [21], gradient boosting [22], classification trees and random forest [19].The classifications models 

are depended to pixel-wise or sliding-window (patch central on a pixel of interest) approaches in order to 

fulfill objects detection, like cells, glands tubules, nuclei or images classification tasks [23;24]. Regression 

models have the role to detect and predict the position of objects, like cells or nuclei which is a challenging 

task as these morphological features are both extremely variable in shape and color and have the tendency to 

overlap making their separation difficult [25;10]. To overcome this issue, the regression model was used by 

enforcing topological constraints (the pixels far away from object centers have lower probability values than 

those closer to centers) [10]. Another role of regression models is to provide a prognostic value for cancer, 

like H-scores in WSI for breast cancer [26] by enforcing topological/spatial constraints in deep neural 

network models [10].Another DL model used for supervised ML in digital pathology is segmentation based 

model which proved its efficiency in fully convolutional network based approaches [10]. This model is useful 

in solving instance segmentation problems in image analysis [10].The output of supervised ML can be 

discrete (qualitative) when the “classification” model is used for identification and classification of 

histopathology images, or continuous (quantitative), numerical output when “regression” model is used [17]. 

The main advantage of unsupervised ML model isthe ability to quickly identify unknown and unidentifiable 

patterns by humans in a scanned image or from a database.  

In the present, deep learningneural network, a subfield of ML structured on a form of neural 

network,is frequently used in machine vision field. Neural networks (NNs) have the quality to be very flexible 

as they can rely on either supervised or unsupervised machine learning [19].A NN is thought to be analogue 

to the thinking model of the human brain [16] and it is composed by artificial neurons similar in structure as 

a biological neuron [19].  

The morphological and functional unit of the brain is the neuron, a nerve-cell which can be designated as 

an information-processing unit (Figure 2a) [16]. These neurons are connected by synapses and the signals 

are transmitted from one neuron to another by releasing electro-chemical reactions. Ten billion neurons and 

60 trillion synapses make the cognitive capability of the human brain to be difficult to replicate. An artificial 

NN tries to replicate the network of neurons of the brain and it is composed by different number of simple 
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and highly interconnected processors also called neurons. The connection between them is made through 

weighted links (similar to a synapse): each neuron receive several inputs, like the biological dendrite of the 

neuron, and the output, which correspond to the axon, is single but it is splitting before reaching to other 

neurons, without fragmenting the signal (Figure 2b) [16]. In the artificial NNs the raw data represents the 

input data for one neuron or an output for other [16]. 

From the first AI application till present, there are several approaches and using a model similar with the 

human brain, in which the simpler structure is represented by a “perceptron” – a simple form of artificial 

neural network designed to recognize different patterns, is one of the most common [14]. Soft computing 

approach (fuzzy logic systems, evolutionary algorithms), based on artificial NN, is also frequently used when 

is enough to provide an approximate solution to problems [14]. Nowadays, the statistical learning approach is 

predominantly used in AI and for artificial NN linear regression [14]. In this situation, each artificial neuron 

has a weight value and is updated by gradient descent algorithm during backpropagation to minimize global 

loss function followed by nonlinearity to activate function [19; 27; 28]. As a result, it is possible to extract 

important features without the presence of “the ground truth” [19]. 

 

  

Figure 2a.  Biological neural network 
Source: Negnevitsky, M. (2005) „Artificial intelligence: a guide to 

intelligent systems”, 2nd ed. 

Figure 2b. Architecture of a typical artificial NN 
Source: Negnevitsky, M. (2005) „Artificial intelligence: a guide to 

intelligent systems”, 2nd ed 

 

Using these algorithms allowed the AI to be empowered with features regarding identification of tissue 

patterns which were reserved to human visual cortex till now [4; 29] .DL is considered to be the next 

generation of ML, which is able to reproduce the human senses and is used not only in medical imaging but 

also for other tasks reserved only to human like face or voice recognition [30]. DL can be considered as a 

combination between traditional computer vision methods and modern ML approaches, in which the 

computer has the ability to select intermediate features and to apply a single model [11]. It can be 

differentiated from ML by the number of NNs which are from ten to hundreds compared with three or four 

layers encountered in ML. Another important feature which differentiate DL from ML refers to the way of 

learning: DL is able to give an output in a more independent way compared to ML which requires hard coded 

features to learn from [30]. All of these improvements allowed AI to move forward, completing tasks which 

were not possible in the past. Zarella et al. (2019) synthesized the application of DL as image segmentation, 

object classification, object recognition and clinical outcomes prediction [11]. Thus, at present, AI with these 

new tools manages to surpass the performances of the pathologist in certain aspects of this field of medicine, 

a fact that will be consolidated and expanded in the future [29]. 

Deep learning with its convolutionneural network (NN) algorithms are frequently used in the medical 

research. For structured data, fully connected NN are applied and for sequential data (text, audio), recurrent 

NN (RNN) are used; for image data convolutional NN (CNN) are considered [14; 19]. Nowadays, CNN are 

considered to be “the gold standard” for image classification and they are always taken into consideration 

when a lot of images are required to be evaluated, like in pathology medical field [17]. Jiang et al (2020) 

beautifully explained in its study the workflow of DL-based AI in pathology (Figure 3) in which the WSIs, 

obtained by scanning the usual tissue slides, are used to extract features from the patching images by 

different networks algorithms. All these features are then classified and, at the end of this machine hidden 

process, either a diagnosis or a prognostic model is deliver [31].The main advantage of them are the capacity 

to identify non-linear relationships but the risk of overfitting and the need for higher computational power 

and time are the main limitations [17]. 
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Applications of DL architectures in pathology target some of the most common tasks performed by 

pathologist in the daily practice. It is used to differentiate a normal morphological tissue from an abnormal 

one, to establish the biological potential of different tumor cells proliferations (benign versus malignant), to 

establish the morpho-pathological type of the tumor and to grade it [32]. Another great feature ofDL 

algorithm is that it has the capacity to extract valuable information from the digitalized image that are not 

recognized by the human eyes and offer a new insight over the disease and discover unknown patterns from 

WSI (next generation morphology) [32;4].  

 

Figure 3. A schematic representation of the steps of DL-based AI in pathology according to Jiang et al 
(2020) 

Source: Jiang, Y., Yang, M., Wang, S., Li, X., Sun, Y., (2020), “Emerging role of deep learning-based artificial intelligence in tumor 

pathology”, Cancer Communications, 40, pp: 154–166. 
 

If the first generation of AI was considered to be the traditional statistical analytics and the second one 

being attributed to DL with artificial NNs, the third generation of AI is considered to be represented by deep 

reinforcement learning which aimed to be similar to the human motor cortex and to be able to learn from 

errors. It can be considered that we are already in this phase as there are applications like Google DeepMind 

and GO, which fulfill the aforementioned criteria. 

 

5. Conclusion 

Even if there are a lot of challenges regarding integration ofartificial intelligence solutions in the 

pathology department, it can streamline the diagnosis process in pathology with improvement of workflow, 

boosting the performance with a better and quicker diagnosis.Almost all the tools of AI are ready to be 

applied for automated image analysis and to be integrated into digital pathology systems. Digital microscopy 

in conjunction with AI provides quantitative data, reproductible analysis and a high throughput which help 

the pathologist to overcome all the present tasks required in the daily work of the pathology laboratory. 

Image analysis in pathology continues to expand and new branches are emerging (digital 

pathology/pathology informatics) with huge potential for innovative discoveries.Deep learning is intensely 

applied in the medical field because is a very flexible model which accept different formats of data. 

Developing DL models suitable for WSIs analysis continues to represent a challenge task for digital pathology 

which is conquered day by day by due to pathologists and computer scientists dedicated to this field. 

Pathologists and physicians must make the most of these new tools offered by computational 

development and the application of new algorithmic models. Artificial intelligence will make its presence felt 

more and more in the specialty of surgical pathology and it is important that everyone which come in contact 

with this new branch of medicine gets involved and stays informed with all the advances in technology and 

information. 
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