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INTRODUCTION

Histopathology is one of the basic parts of medical science, which relies on the microscopic
examination of tissue to detect pathological changes and help diagnose a wide range of diseases,
including cancer. The traditional approach to histopathological diagnosis is to assess the morphology
of cells, tissue architecture and features of any disease in stained tissue sections, which is done by
pathologists [ 1]. This method is still the standard for the diagnosis of many diseases, but may be labor
intensive and prone to interobserver variability, diagnostic error, and differences in experience.
Pathological specimens are becoming more complicated and demand for quick and accurate diagnosis
is growing, leading to the need for advanced diagnostic technologies [2].

Artificial Intelligence (AI) has come to the fore as a potential, effective solution for increasing the

accuracy, efficiency and uniformity of histopathological assessment. Al is a field of computing
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technology that allows machines to execute tasks which normally require human intelligence [3]. In
histopathology, machine learning and deep learning algorithms, especially convolutional neural
networks, can process digital tissue images, detect intricate morphological patterns, and determine
abnormalities linked to various diseases [4]. These technologies can help in the identification of
malignant cells, tumor subtyping, tumor grading, identification of biomarkers, and prediction of
clinical outcomes.
The combination of Al and digital pathology has also broadened its diagnostic capabilities by
facilitating the automatic analysis of whole slide images at high resolution. Al systems can analyze
extensive amounts of tissue data, identify suspicious areas, measure cell features, and assist
pathologists with more consistent and evidence-based diagnostics [5]. In addition, these systems
could potentially alleviate the burden of diagnostics and speed up the decision-making process,
especially in laboratories lacking specialized knowledge of pathology.
While these benefits are promising, the clinical adoption of Al in histopathology is hindered by
several challenges such as tissue preparation variability, image variability, representativeness of the
datasets, interpretability of the algorithms, and external clinical validation. Thus, Al should be viewed
as a tool to help rather than take the place of pathologists. This review summarizes the principles,
applications, diagnostic efficacy, limitations, and future of the use of Al in histopathology with a
focus on the potential of Al in the future to assist with accurate diagnosis of disease and improve
patient care.

FUNDAMENTALS OF A1 AND DEEP LEARNING IN HISTOPATHOLOGICAL

DIAGNOSIS

Artificial intelligence (Al) is a significant technological breakthrough that has found its place in
histopathology with novel strategies to analyze tissue samples and enhance the diagnostic process.
Al is the technology powering the computer systems that can mimic human intelligence.Al is the
technology that allows computer systems to mimic human intelligence, such as pattern recognition,
classification, and decision-making [6]. In histopathology, Al systems process digital microscopic
images and recognize morphological features linked to normal tissues, inflammatory diseases,
infections, benign lesions and malignant tumors. Implementing these technologies will assist
pathologists in identifying minute abnormalities and in obtaining uniform diagnostic results [7].
Machine learning (ML) is one of the key areas of Al that allows machines to learn from data and
make predictions without being explicitly programmed for each task. Many traditional ML methods
rely on handcrafted features derived from histopathologic images, such as the size, shape, texture,

and staining intensity of cells and nuclei [8]. These features then serve as input for a classification
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algorithm such as support vector machine, decision tree, and random forest to differentiate the various
pathological conditions [9]. These techniques can be successful, but the quality and significance of
the features chosen will greatly affect the techniques' success.

Overview of Al and Deep Learning in Histopathological Diagnosis
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Figure 1. Overview of Al and Deep Learning in Histopathological Diagnosis

Deep learning (DL) is an advanced subset of ML that relies on multi-layered artificial neural networks
to learn complex patterns automatically from large amounts of data. In the context of histopathology,
convolutional neural networks (CNNs) play a crucial role in their ability to identify hierarchical
features within images, from simple edges and textures to more intricate details like cellular structures
and tissue patterns [ 10]. These models can be trained with annotated histopathological images for the
localization of cancerous areas and the subclassification of the tumor type as well as the assessment
of disease severity. Recently, transformer-based architectures have also attracted a lot of attention
owing to their capability of learning long-range dependence across regions in tissue images [11].
The various stages of development of Al-based diagnostic systems typically involve data collection,
image digitization, preprocessing, model training, validation, and performance evaluation. Good,
representative data sets are crucial for building trustworthy algorithms [12]. Sensitivity, specificity,
accuracy, precision and the area under the receiver operating characteristic curve (AUC) are

commonly used measures of diagnostic performance. Al and deep learning models can be powerful

but can be challenged by images taken on various laboratory platforms, staining methods, and
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scanners. Hence, stringent validation with independent data sets is required before clinical use [13].
Knowledge of these basic technologies is crucial to consider their potential use in enhancing
histopathological diagnosis, assisting pathologists and enabling more precise and efficient disease
detection.

DIGITAL PATHOLOGY AND WHOLE-SLIDE IMAGE ANALYSIS
Digital pathology is an advanced technique that uses the conversion of conventional glass slides to
high resolution digital images which are examined, stored and analyzed on computer. It is now
indispensable to the practice of modern histopathology and is vital in helping to bring artificial
intelligence (Al) into the mainstream of diagnostic work [14]. Digital pathology involves scanning
the entire tissue slide and then using specialized software to analyze the image, while conventional
histopathological diagnosis involves a pathologist looking at a section of a tissue sample under the
microscope [15]. This change is helpful for remote consultations, quantitative evaluation of images
and automated diagnosis systems.
Whole Slide Imaging (WSI) is one of the basic technologies in digital pathology for capturing tissue
samples at high magnification and converting them to digital images. These images provide
significant morphological information such as cellular morphology, nuclear morphology, tissue
morphology, and pathological abnormalities [16]. The WSI systems enable the pathologist to browse
through large tissue sections, zoom in to certain areas and view certain suspicious areas without
having to handle the physical slide a dozen times. Moreover, digital images can be uploaded to a
central repository and exchanged between institutions, providing the potential for further applications
of Al in research and clinical practice [17].
The combination of Al and whole slide image analysis has greatly contributed to the capacity of
digital pathology. Large digital slides can be used to identify abnormal areas, detect malignant cells,
classify tumour subtypes and quantify histological features with the help of machine learning and
deep learning algorithms [18]. Whole-slide images are very large in size and contain a lot of
information, which is why Al systems are usually divided into smaller image patches. These extracted
features are then used to make predictions of the presence of disease, tumor type and diagnostic
categories. Such features can help pathologists detect an abnormal area that needs to be examined in
detail; they can also help to save on repetitive analysis time [19].
In addition to helping develop computational biomarkers, digital pathology can quantify the density
of cells, the presence of infiltrating lymphocytes within the tumour, nuclear morphology, and tissue
organization. These measurements could be used for cancer grading, prediction of cancer prognosis,

and determining response to therapy [20]. Digital platforms aid in collaboration between pathologists
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and in offering remote diagnostic advice, especially in areas where there is a scarcity of specialised

knowledge.
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Figure 2. Digital Histopathology Transformation: Adoption Curves and Strategic Roadblocks
The drawbacks of digital pathology are that slide scanners are very expensive, there is a huge amount
of storage needed, and there are image-processing needs as well as problems with compatibility
between digital platforms [21]. The performance of the Al can also be influenced by differences in
image quality, staining protocols, and scanning methods. Thus, appropriate data security measures
and clinical validation are required for successful implementation [22].

Digital pathology and whole-slide image analysis are very good technological platforms for digital
histopathology. The integration of these may allow for more efficient diagnosis, better quantitative
analysis with reproducibility, and advanced disease classification [23]. These methods could enhance
diagnostic precision and patient management in the future, provided they undergo further
technological advancements and clinical trials.As technology advances and proper clinical testing is
carried out, these methods could help to improve diagnostic accuracy and patient care in the future
[24].

Al PROCESSING AND FEATURE EXTRACTION

Artificial intelligence (Al) image processing and feature extraction are crucial technologies in the
field of modern histopathology, playing a vital role in the automated analysis of digital tissue images

for precise disease diagnosis [25]. These techniques are used to convert this complex micro-image
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into information that aids in the identification of pathological abnormalities, differentiating between
benign and malignant lesions, and in clinical decision making. While traditional histopathological
analysis relies on visual assessment of tissue structure by trained pathologists, Al-driven systems can
systematically analyze extensive sets of image features, providing greater consistency and efficiency
[26].

Typically, image processing is the first step of computational histopathological analysis. It is the
process of creating digital tissue images for further analysis, which includes several processes such
as image enhancement, noise reduction, color normalization, tissue segmentation, and removal of
tissue artifacts. It is especially crucial for color normalization as the staining procedure, lab workflow,
and image acquisition systems may influence the staining of slides [27]. Hematoxylin and Eosin
(H&E) staining can be performed in a variety of ways, which results in different variations of nuclear
and cytoplasmic staining. The use of Al-based preprocessing techniques can help reduce these
inconsistencies, promoting the reliability of downstream analysis [28]. Separation of relevant tissue
regions from background areas, folds and other unwanted artifacts, is also facilitated by the use of
tissue segmentation.

Feature extraction is the process of extraction of some specific features from histopathological
images. Traditional methods involve obtaining hand-crafted features such as nuclear size and shape,
cellular density, texture, glandular architecture and spatial relationships between cells [29]. These
features could be relevant to understanding tissue organization and disease progression. For instance,
change of nuclear size and shape, increase in cell density and disordered tissue structure may suggest
malignancy. It may be possible to quantify these features and use them to differentiate normal tissues
from abnormal ones and help grade tumors [30].

The ability to learn complex representations directly from image data has greatly improved through
the use of deep learning. Convolutional neural networks (CNNs) can automatically detect relevant
patterns at several levels such as cellular structure, tissue boundary, and tumor microenvironment
[31]. These also have the ability to identify subtle morphological changes that can be hard to spot
repeatedly by manual analysis [32]. Moreover, attention-based models can be used to help capture
relationships between distant tissue regions, which can give the broader context for a diagnostic
interpretation.

Applications of Al-based image processing and feature extraction include cancer detection and
classification, assessment of inflammatory diseases, and quantitative evaluation of biomarkers.
However, their performance is highly affected by the quality of the images, representative training

images and proper validation [33]. The sensitivity of the scanner and tissue preparation could add to
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the biases which can diminish model performance. Hence, to be clinically implementable, there is a
need to have standardized imaging protocols and strong validation procedures [34]. These
technologies offer valuable assistance in precision histopathology, and enable visual tissue features
to be transformed into reproducible quantitative measurements, thereby enhancing precision in
diagnosis.

APPLICATIONS OF AI IN CANCER DETECTION AND CLASSIFICATION
In the field of cancer detection and classification, artificial intelligence (AI) has made a substantial
leap forward by facilitating the automated analysis of digital tissue images, offering a positive
improvement over the histopathology process. Proper identification of the malignant cells and the
determination of the different tumor types are important for selecting treatment strategies and
changing patients' prognosis [35]. Histopathology is still the mainstay of the diagnosis of cancer, but
this process can be time-consuming and may require interpretation by different observers. These
technologies can help with the detection of suspicious tissue areas, the recognition of complex
morphological patterns and aid pathologists in making more consistent diagnostic decisions,
providing valuable assistance through the use of Al [36].
The use of deep learning, especially convolutional neural networks (CNNs), is a significant aspect of
Al-supported cancer diagnosis. They can be used to distinguish normal tissues from benign and
malignant lesions from histopathological images by means of these algorithms. They may be able to
detect changes in the shape of the nucleus, number of cells, and organization of cells and how the
glands are organized that are linked to the formation of cancer [37]. Al algorithms can help identify
cancerous cells, categorize invasive breast cancers, and spot metastasis in lymph nodes for breast
cancer diagnosis. Likewise, in the case of lung cancer, Al models can assist in distinguishing
adenocarcinoma from squamous cell carcinoma and other forms of cancer [38]. These systems can
detect abnormal glands, categorize the patterns of colorectal cancer, and aid in the determination of
colorectal cancer differentiation.
Al is playing a role in cancer detection in prostate, skin, gastric and hematological malignancies. Al
algorithms can analyze whole-slide images and mark suspicious areas for further investigation,
helping to prevent the missed discovery of small malignant areas. Furthermore, quantitative image
analysis allows for more standardized evaluation of tumor traits and could enhance intra-laboratory
and inter-laboratory tumor diagnostic reproducibility [39]. Advanced systems can combine molecular

and clinical data with morphological data to provide more comprehensive tumor classification.
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Workflow of Al in Cancer Detection and Classification
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Figure 3. Workflow of Al in Cancer Detection and Classification
However, there are also numerous challenges to Al-driven cancer detection, such as the scarcity of
training data, inconsistencies in staining methods, differences in scanner technologies, and potential
algorithmic bias. The performance of models trained on data from a particular institution may not be
the same in other clinical settings [40].
Al IN GRADING, STAGING, AND PREDICTION OF PROGNOSIS

Recent applications of artificial intelligence (Al) in histopathology include tumor grading, cancer
staging, and prediction of prognosis. These processes play a critical role in assessing disease severity,
estimating disease potential and deciding on proper treatment strategies [41]. Traditional pathological
assessment is based on morphology and cellular differentiation of tissues, tumor invasion and other
histological features. But there could be some variability in diagnosis between pathologists.
Conventional assessment can be complemented with Al based systems to produce quantitative,
reproducible and data-driven histopathological specimen assessment [42].

Tumor grading is the assessment of the level of abnormality, differentiation and tissue architecture,
to assess the aggressiveness of a malignancy. Digital histopathological images can be analyzed using
deep learning algorithms to detect differences in nuclear shape, the number of mitoses, glandular
structures and the degree of tumor differentiation [43]. In prostate cancer, for instance, Al systems

can help identify architectural patterns that are significant for Gleason grading and Grade Group
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assignment. Likewise, in breast and colorectal cancers, Al can measure tumor features that affect the
histological grade [44]. They could help in improving consistency and decrease in variability in
grading, but it is essential to have expert pathological review in place.
Cancer staging identifies the extent of disease — size of the tumour, spread to local tissues,
involvement of lymph nodes and spread to other organs or tissues. While full staging may involve
clinical and radiological data and in some cases molecular analysis, Al can play a role in identifying
the invasion of the tumour, presence of any metastatic deposits in lymph nodes, and quantifying and
analyzing tissue features [45]. Whole slide imaging and automated analysis of hematoxylin and eosin
stained slides could aid pathologists in detecting small areas of metastasis. However,
histopathological Al is not enough to define all the parameters of cancer stage.
Another crucial use of Al in histopathology is prognosis prediction. Machine learning models, when
combined with clinical information, molecular markers, and clinical outcomes, can accurately predict
recurrence, disease progression, treatment response, and survival [46]. There are some deep learning
methods that can detect fine-grained patterns in the tissue that can indicate more aggressive tumor
behavior, which cannot easily be seen with traditional microscopic examination. These forecasts can
be used to inform individual risk assessment and treatment planning [47].
Although these applications are promising, there are some barriers that hinder the clinical use of
Artificial Intelligence (Al) grading and prognosis models. These include low diversity of datasets,
inconsistent annotation standards, model interpretability, and low external validation. In addition, the
reliability of these prognostic predictions needs to be assessed to prove their validity in various patient
groups and healthcare settings [48]. There is significant potential for Al to advance tumor grading,
aid in histopathological staging, and facilitate improved prognostic predictions. The implementation
of it could aid in the adoption of more consistent assessments and individualized treatment strategies
[49]. However, for these technologies to be reliable tools for better care for patients, they need to be
validated in practice, reported openly and shared information between pathologists and computational
scientists.

AI MODELS AND THEIR CLINICAL VALIDATION
In order to ensure the reliability and effectiveness of Artificial Intelligence (AI) models in
histopathology, diagnostic accuracy and clinical validation are crucial. While these Al-based systems
have shown impressive promise in detecting and classifying diseases, their real-world application is
reliant on their capacity to generate accurate, consistent, and reproducible outcomes in clinical
practice [50]. The evaluation of these systems is especially relevant because the choice of treatment,

disease management and patient outcome, depend directly on the histopathological diagnosis.
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Al models can be evaluated for their diagnostic accuracy through various statistical metrics, such as
accuracy, sensitivity, specificity, precision, and the area under the receiver operating characteristic
curve (AUC). The level of accuracy is a percentage of the number of cases correctly classified, and
the sensitivity of a model is a percentage of patients it correctly identifies as having a specific disease.
Specificity means its ability to identify correctly those who do not have the disease [51]. In cancer
screening, high sensitivity is particularly crucial as false-negative results can lead to delayed
diagnosis and treatment. In contrast, a high specificity can minimize false positive results, causing
unnecessary investigations and patient anxiety [52]. The AUC is a global measure which reflects the
model's performance over all classification thresholds and across all diagnostic categories.

To ensure that Al models are both accurate and clinically applicable, they require clinical validation
through the use of datasets that encompass the diversity and complexity of real clinical practice. While
developing, typically models are trained on annotated histopathological images and tested with the
help of validation and test sets. However, results obtained on a self-made data-set do not necessarily
translate into reliable results in other hospitals or laboratories [53]. Therefore, there is a need for
external validation to assess if a model works well in other patient populations, in other ways of tissue
preparation, with other staining protocols, and on other digital scanning platforms. Future clinical
trials could yield more insights into the applicability of Al-aided diagnosis [54].

The other crucial aspect to consider is when to compare the performance of Al with expert
pathologists.The final crucial point to consider is when to compare the performance of Al with
experienced pathologists. Research will be conducted to assess if Al systems can perform at a
comparable or better level of diagnostic accuracy, as well as see if they could enhance performance
with human experts [55]. Al-powered workflows can be useful in certain environments to detect
suspicious areas of tissue, minimize repetitive work, and ensure consistency in diagnosis [56].
However, these systems should be evaluated based on not only statistical performance, but also their
impact on diagnostic turnaround, workflow efficiency, and patient outcomes.

While progress has been made, there are still many obstacles to overcome, such as inconsistent
reference measures and the limited interpretability of models, as well as biased training datasets and
fluctuating model accuracy from institution to institution. Post deployment monitoring and re-
calibration may be necessary [57]. To ensure safe integration of Al in histopathology, rigorous
diagnostic evaluation and clinical validation of the technology are essential.Safe integration of Al in
histopathology requires thorough diagnostic evaluation and clinical validation. To ensure reliable
systems and systems that support disease diagnosis in a reliable manner, standardized performance

metrics, independent external validation, prospective studies and collaboration between pathologists
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and the Al developers are required [58].

CHALLENGES AND LIMITATIONS OF AI IN HISTOPATHOLOGY
In the field of histopathology, Al has shown significant promise for enhancing diagnostic accuracy
and efficiency, but there are various challenges and limitations that hinder its broader adoption.
Challenges include data quality, algorithmic performance, interpretability, technical infrastructure
and clinical integration [59]. Solving these problems is crucial for the reliable, reproducible, and
clinically interpretable results of Al-driven diagnostic systems.
The problem is the lack of quality and diversity in available histopathological datasets with accurate
annotations. Machine learning algorithms for deep learning need a significant amount of labeled data
to identify the patterns of the diseases effectively. These datasets are not easily available however, as
tissue annotation is a time consuming and labour intensive process that requires considerable skill
and experience from trained pathologists [60]. Also, data from these smaller numbers of institutions
might not be representative of the diversity of patient populations, disease prevalence, tissue types
and clinical context. This means that Al models can perform less well in diagnosing populations that
are different from the population used for training [61].
Variability in tissue preparation, staining procedure and scanning systems for digitization is another
critical drawback. Variations in staining, image resolution, and tissue artifacts can impact the
appearance of the histopathology specimen and impact algorithm performance. Such variations can
be further mitigated through pre-processing and normalisation processes but they can be difficult to
completely remove from the image [62]. Hence, standardized lab protocols and strong model
validation is required for enhanced generalizability.
Interpretability is another major issue related to Al models. Many deep learning algorithms are black-
box algorithms, where it is hard to understand how they come to specific diagnostic decisions. The
lack of transparency can make it harder for pathologists to trust the Al predictions, particularly in
complicated or unclear instances [63]. Explainable Al techniques, such as heatmaps and attention
visualization, can draw attention to parts of the image that affect predictions, but can't offer a full
explanation of model behavior [64].
Other implementation barriers include high implementation costs, computational needs, data privacy
concerns, cybersecurity concerns, and the need for specialized technical expertise. It can be difficult
for smaller laboratories to obtain digital scanners, computers and trained staff [65]. Additionally, Al
systems can generate false-positives or false-negatives, which means there is a need for human
oversight for safe clinical use.

The additional challenges include regulatory clearance and clinical proof. For the successful
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implementation of AI models in clinical practice, they need to perform well consistently across
various patient groups and institutions [66]. Before widespread clinical adoption, Al models need to
show consistency in performance across institutions and patient groups. Ongoing monitoring is also
required due to the possibility of changes in clinical practice, data characteristics and technology that
could impact performance over time [67].
While Al holds promise for revolutionizing histopathology, it is essential to recognize and address
several key technical, ethical, financial, and clinical challenges. To achieve this, multiple data sets are
needed, algorithms must be transparent and standardized, workflows must be strictly validated, and
collaboration among pathologists, researchers and technology developers is required [68]. These can
help facilitate the safe and effective adoption of Al in everyday diagnostics.

FUTURE DIRECTIONS AND PERSPECTIVES
The integration of Al in histopathology has the potential to significantly enhance diagnostic precision,
streamline workflows, and drive personalized medicine, making it a key area of future research and
development. Advances in deep learning, digital pathology and computational image analysis are
opening up new opportunities for automated interpretation of tissue specimens [69]. Al-powered
systems could be more adept at recognizing minute morphological irregularities, categorizing
complex diseases, and assisting pathologists in efficient and accurate diagnosis in the future.
An exciting area of research is the creation of multimodal Al systems combining histopathological
images with clinical data, molecular markers, genetic data, and radiological features. The integration
of these different forms of data could offer a more complete picture of the biology of disease and aid
in more accurate forecasts of how patients will respond to treatment, recur and survive [70].
Moreover, the foundation models learnt from a vast mass of histopathological images can help to be
more versatile at the organ, disease, and clinical setting. These models could help to minimize the
need for large training sets of examples specific to the task, and enable the creation of more general
diagnostic tools [71].
Explainable Al will also be a key future development, as it seeks to make algorithmic predictions
more transparent and interpretable. Explainable systems can explain the relevant regions of the tissue
and identify the morphological characteristics related to the diagnostic process, which can assist
pathologists in understanding and assessing Al-generated diagnostic findings [72]. What could make
diagnostic workflows even easier is with integration of automatic whole slide imaging, cloud-based
platforms, and laboratory information systems. This could be especially useful in resource-limited
environments, where there is limited availability of specialized pathology expertise [73].

While these opportunities exist, there are several priorities that need to be tackled before Al can be
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widely used in the clinic. They involve creating alternative and diverse data sets, performing
prospective multicenter validation studies, enhancing the transparency of algorithms, safeguarding
patient privacy and creating suitable regulatory frameworks. There also needs to be monitoring in
order to detect changes in performance and ensure that performance is reliably diagnosed in various
healthcare providers [74]. Importantly, Al should be used in addition to, not instead of, pathologists,
and decisions made clinically based on the clinical context and professional expertise.
Al-powered histopathology is a groundbreaking development in the field of pathology and has a great
potential in enhancing the detection, classification, grading, and prognosis of diseases. Existing
technologies have the potential to provide valuable diagnostic capacity, but the efficacy of their use
will rely on thorough validation, responsible implementation and incorporation of the technologies
into existing clinical procedures [75]. To ensure maximum benefits from these technologies, there
will need to be collaboration amongst pathologists, computational scientists, clinicians, and
regulatory authorities. In the end, the integration of Al in histopathology could lead to more precise,
consistent, efficient, and patient-centered disease diagnosis, thereby contributing to the overall vision
of precision medicine and better healthcare outcomes [76].

CONCLUSION
In histopathology, artificial intelligence (AI) has proven to be a powerful tool for enhancing
diagnostic precision, efficiency, and consistency in disease detection and classification.Artificial
intelligence (Al) is a game-changing technology in histopathology, providing great potential to boost
diagnostic accuracy, efficiency, and uniformity in disease identification and classification. Al's
application to digital pathology, combined with machine learning and deep learning, has transformed
the way histopathological images are analyzed, with the ability to automatically detect cellular
abnormalities, architectural changes in tissue, and the presence of disease-related morphological
patterns. In the field of cancer diagnosis, the ability to detect cancer in its early stages, classify the
tumour, grade it and assess the prognosis are crucial to successful treatment planning and better
outcomes for patients.
Advanced deep learning architectures, including convolutional neural networks (CNNs), can process
vast amounts of digital tissue images and detect minute pathological changes that might otherwise
not be regularly recognized by traditional microscopy. They are used in various fields such as cancer
diagnosis, tumour grading, detection of lymph node metastasis, evaluation of biomarkers and
prediction of prognosis. Additionally, Al technologies for image processing and feature extraction
can be used to analyse tissue characteristics quantitatively, which may help to minimise interobserver

variability and also enable more uniform diagnostic approaches. The combination of the
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histopathological images with clinical, molecular and genomic data can provide additional diagnostic
accuracy which can be useful for personalized medicine.
Yet, there are a number of hurdles that need to be overcome before the use of Al could become
commonplace in the routine histopathological workflow. However, the scarcity of good annotated
data, differences in tissue preparation and staining methods, algorithmic bias, poor model explanatory
power, and the cost of implementing the models pose serious challenges. Furthermore, Al models
need to be validated clinically to ensure their reliability and generalizability at different institutions
and patient groups. Ethical issues, patient privacy, regulatory standards, and ongoing performance
monitoring are also vital to secure and responsible implementation.
Moving forward, there is a need for more comprehensive, clear, and clinically validated AI models
that can operate effectively in various diagnostic scenarios. The true impact of technological
developments will need to be achieved through the use of multicenter studies, standardisation of data
collection, explainable artificial intelligence (XAI) techniques, and integration with current
laboratory workflows. In addition, partnership between pathologists, researchers, clinicians and
computational scientists will help develop reliable diagnostic tools.
Al is a supplementary tool that can enhance the capabilities of pathologists, not supplant them. The
clinical integration of its successful application into histopathology could result in better diagnostic
reproducibility, faster diagnosis reporting, more efficient clinical workflows and better evidence-
based treatment. As Al continues to evolve and undergo rigorous testing and validation, and as more
responsible Al tools are integrated into the clinical workflow, the technology can be a valuable asset
for modern histopathology, potentially aiding in earlier diagnosis, more precise diagnostics, and better
patient outcomes.
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