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Abstract

Digital pathology, enhanced by advancements in artificial intelligence (Al), has
revolutionized diagnostic practices in pathology. This research paper explores the integration
of Al in digital pathology and its impact on diagnostic accuracy. The application of Al in
image analysis, data processing, and decision-making is improving the precision and
efficiency of pathological diagnoses. This paper reviews current developments, challenges,
and the future potential of Al-enhanced digital pathology in clinical practice. The findings
indicate that Al-driven approaches are transforming pathology workflows, providing faster
and more accurate results that assist pathologists in making informed decisions. However,
barriers such as data quality, algorithm transparency, and ethical considerations remain

critical for the widespread adoption of these technologies.
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1. Introduction

The field of pathology has undergone significant transformations over the past decade,
particularly through the development and integration of digital technologies. Digital
pathology refers to the process of converting traditional glass slides into digital images,
enabling the electronic management, analysis, and sharing of pathology data. Coupled with
advances in artificial intelligence (Al), digital pathology has the potential to vastly improve

the diagnostic accuracy and efficiency of pathological evaluations (Zhou et al., 2020).

Artificial intelligence, particularly machine learning (ML) and deep learning (DL), is
increasingly being applied in digital pathology to assist pathologists in making more accurate
and timely diagnoses. This paper examines the integration of Al in digital pathology,
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focusing on its contributions to diagnostic accuracy, challenges in implementation, and the

future outlook for Al in clinical pathology.

2. Advancements in Digital Pathology

Digital pathology has undergone significant advancements over the past decade, propelled by

technological innovations and the integration of artificial intelligence (Al). These

advancements have enhanced the efficiency, accuracy, and accessibility of pathological

evaluations, transforming traditional practices in the field. Below are some key advancements

in digital pathology as discussed in the research paper:

Whole Slide Imaging (WSI) : Whole slide imaging (WSI) is a core technology that has
revolutionized digital pathology. WSI involves the scanning of traditional glass slides to
produce high-resolution, digitized images of tissue samples. This technology enables
pathologists to view, analyze, and share pathology images electronically, overcoming
limitations of traditional methods, such as the need for physical slides. WSI allows for
more efficient storage, management, and remote consultation of pathology slides,
facilitating telepathology and enabling collaboration across geographic boundaries
(Tizhoosh & Pantanowitz, 2018). By digitizing pathology slides, WSI has improved
access to expert opinions and has expanded research opportunities (Khan et al., 2019).

Al Integration in Image Analysis : The integration of artificial intelligence, particularly
machine learning (ML) and deep learning (DL) algorithms, in digital pathology has
played a crucial role in improving diagnostic accuracy. Al technologies can analyze vast
datasets of digital pathology slides to identify subtle patterns, abnormalities, or disease
markers that may be challenging for human pathologists to detect. Al systems can be
trained on large annotated datasets of pathological images to identify features such as
cancerous cells, tissue abnormalities, or other diseases. Studies have shown that Al can
outperform human pathologists in tasks such as detecting breast cancer or assessing tumor
grades (Campanella et al., 2019; Liu et al., 2020).

Automation of Pathology Tasks : One of the significant advantages of Al in digital
pathology is the automation of routine tasks. Tasks such as tumor detection, biomarker
quantification, and grading can be automated, reducing the time pathologists spend on
manual slide examination. This results in faster diagnoses and the ability to handle larger

21| Page


https://scholarsdigest.org.in/index.php/sdjpa

Scholar’s Digest : Journal of Pathology
Vol. 1, No. 1, Year 2025
Website : https://scholarsdigest.org.in/index.php/sdjpa
PUBLISHED: 2025-04-17
volumes of cases with greater efficiency (Graham et al., 2020). Automation also reduces

the risk of human error, contributing to more reliable diagnostic results.

. Improvement in Diagnostic Accuracy : Al integration has contributed to significant
improvements in diagnostic accuracy. Al models are capable of analyzing pathology
images quickly and accurately, identifying subtle changes or features that might be
overlooked by human observers. For example, deep learning models have demonstrated
diagnostic performance comparable to dermatologists in classifying skin cancer from
images (Esteva et al., 2017). By enhancing diagnostic precision, Al reduces the likelihood

of false positives and negatives, leading to better patient outcomes.

. Efficient Workflow and Productivity : The adoption of digital pathology, particularly
with Al tools, has greatly improved the workflow in pathology labs. Al algorithms can
automate routine analysis, such as counting tumor cells or measuring biomarkers,
allowing pathologists to focus on more complex cases that require human expertise. This
not only speeds up the diagnostic process but also reduces the workload on pathologists,
making the entire pathology process more efficient and less labor-intensive (Graham et
al., 2020).

. Telepathology and Remote Consultations : Digital pathology has facilitated
telepathology, where pathology images can be shared remotely, enabling pathologists to
provide diagnoses or second opinions without being physically present at the site of the
patient. This is particularly beneficial in regions with limited access to pathology experts.
Al plays a supportive role in telepathology by enhancing diagnostic precision, ensuring
that pathologists can make informed decisions based on accurate image analysis (Khan et
al., 2019).

These advancements in digital pathology, particularly through the integration of Al, are
transforming diagnostic practices. By enhancing image analysis, automating repetitive tasks,
improving diagnostic accuracy, and enabling telepathology, digital pathology is playing a key
role in modernizing the field and improving patient care. However, challenges such as data
quality, algorithm transparency, and ethical concerns must be addressed to fully leverage
these technologies in clinical practice.

3. Benefits of Al in Digital Pathology
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The integration of artificial intelligence (Al) into digital pathology has brought about

numerous benefits that significantly enhance the accuracy, efficiency, and effectiveness of
pathological evaluations. Below are the key benefits of Al in digital pathology as highlighted

in the research paper:
3.1. Enhanced Diagnostic Accuracy

Al’s primary benefit in digital pathology is the enhancement of diagnostic accuracy. By
applying machine learning (ML) and deep learning (DL) algorithms to analyze pathology
images, Al can identify patterns, features, and abnormalities that may be difficult for human
pathologists to detect. For example, Al has demonstrated significant proficiency in detecting
cancers, assessing tumor grading, and identifying subtle tissue changes that are critical for
diagnosis (Liu et al., 2020). Al systems trained on large annotated datasets can accurately
identify disease markers, leading to more precise diagnoses and reduced error rates in
pathology interpretations. In a study by Esteva et al. (2017), Al models were shown to
achieve diagnostic performance comparable to that of dermatologists in classifying skin
cancer from images, exemplifying Al's potential to match or even surpass human accuracy in

certain tasks.
3.2. Time and Resource Efficiency

Al-driven automation in digital pathology greatly improves workflow efficiency. By
automating repetitive tasks such as image analysis, tumor detection, and quantification of
biomarkers, Al helps pathologists focus on more complex aspects of cases that require human
judgment and expertise. This reduces the time required to process and analyze pathology
slides, resulting in faster diagnostic turnaround times. As a result, pathology laboratories can
handle a higher volume of cases, which is particularly beneficial in busy clinical settings or in
regions with limited access to pathology services (Graham et al., 2020). Moreover, Al helps
reduce the strain on pathologists, enhancing their productivity and efficiency by minimizing

the manual effort involved in image evaluation.
3.3. Reduction of Human Error

Human error, such as misinterpretation of tissue slides or overlooking subtle abnormalities, is

an inherent risk in traditional pathology. Al can help mitigate this risk by providing a second
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opinion and supporting pathologists in decision-making. Al algorithms can identify patterns

in digital slides that may be missed by human observers, thereby reducing diagnostic errors
and improving the overall reliability of pathology reports. For instance, deep learning
algorithms have demonstrated the ability to identify melanoma and other types of cancer with
higher accuracy than human pathologists in some cases (Ciresan et al., 2013). By
supplementing pathologists’ expertise with Al tools, the risk of false positives and false

negatives can be minimized.
3.4. Consistency and Standardization

One of the challenges in traditional pathology is the variability in diagnoses between different
pathologists, especially in complex cases or when interpreting ambiguous features. Al can
provide a more consistent approach to image analysis, reducing interobserver variability.
Since Al algorithms are trained on large datasets, they can apply the same criteria across all
cases, ensuring that the diagnostic process is standardized. This consistency is particularly
important in multicenter studies, where pathologists may interpret cases differently due to
varying levels of experience or training. Al’s ability to standardize assessments improves the
reproducibility of diagnoses and contributes to higher quality care across healthcare systems
(Gao et al., 2020).

3.5. Facilitates Telepathology and Remote Consultations

Al-enabled digital pathology supports telepathology, which allows pathologists to remotely
share images for consultations, second opinions, or collaborative diagnoses. This capability is
especially valuable in regions where access to specialized pathologists is limited. Al tools can
enhance the speed and accuracy of these remote consultations by automating the initial
analysis of pathology images, enabling pathologists to provide more reliable and timely
diagnoses. The ability to leverage Al in telepathology helps expand access to expert
pathology opinions, especially in underserved or remote areas (Khan et al., 2019). As a result,

patients can benefit from expert consultations without the need for physical consultations.
3.6. Improved Workflow and Productivity

The automation of routine tasks in digital pathology, such as tissue segmentation, cell

counting, and pattern recognition, significantly streamlines the pathology workflow. Al
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algorithms can process large volumes of pathology images rapidly and with high accuracy,

allowing pathologists to focus on more critical aspects of diagnosis and treatment planning.
This improved workflow helps reduce bottlenecks and delays in the diagnostic process.
Additionally, Al can optimize resource allocation within pathology labs, making it possible to
handle a larger caseload with the same resources. Consequently, pathologists can work more

efficiently, enhancing overall productivity in clinical settings (Graham et al., 2020).
3.7. Support for Personalized Medicine

Al in digital pathology contributes to the development of personalized medicine by helping
pathologists and clinicians better understand the individual characteristics of diseases, such as
cancer. Al algorithms can identify molecular and morphological features within tissue
samples that are indicative of specific disease subtypes, which helps in tailoring treatments to
individual patients. For example, Al can assist in identifying cancer biomarkers that are
critical for determining the appropriate therapeutic interventions. By providing a deeper and
more nuanced analysis of pathology data, Al enables more precise and individualized

treatment plans, ultimately improving patient outcomes (Tizhoosh & Pantanowitz, 2018).

The integration of Al in digital pathology offers transformative benefits, including enhanced
diagnostic accuracy, time and resource efficiency, reduced human error, greater consistency,
and the ability to support telepathology. By automating routine tasks and assisting in complex
decision-making, Al tools improve workflow productivity and contribute to more reliable and
standardized diagnoses. As Al continues to evolve, its role in digital pathology is expected to

expand, driving further improvements in diagnostic practices and patient care.
4. Challenges and Barriers

While the integration of artificial intelligence (Al) in digital pathology holds great promise
for improving diagnostic accuracy and efficiency, there are several challenges and barriers
that must be addressed before Al can be fully embraced in clinical practice. Below are the

key challenges and barriers discussed in the research paper:
4.1. Data Quality and Standardization

One of the primary challenges in applying Al to digital pathology is ensuring the quality and
consistency of the data used to train Al algorithms. Pathology slides vary significantly in
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terms of quality, including differences in slide preparation, staining protocols, and imaging

techniques. Such variability can lead to inconsistencies in the data, which may, in turn, affect
the performance of Al models. For Al systems to function effectively, they require high-
quality, standardized datasets that are both diverse and representative of the clinical scenarios
they are intended to address. However, obtaining such datasets can be difficult due to
challenges such as data privacy regulations, limited access to annotated pathology slides, and
the high cost of data collection (Gao et al., 2020).

Additionally, pathology slides from different institutions may have different preparation and
imaging protocols, which can lead to discrepancies in the data that affect the model's ability
to generalize across diverse clinical settings. Without standardization of these procedures, Al
algorithms may be less effective when deployed in real-world clinical environments, where

conditions and protocols can vary widely.
4.2. Algorithm Transparency and Trust

Another significant challenge is the transparency and interpretability of Al algorithms,
especially those based on deep learning models. Deep learning algorithms are often referred
to as "black boxes™ because they can make accurate predictions without explaining how they
arrived at those conclusions. This lack of transparency is a critical issue in healthcare, where
trust and accountability are paramount. For Al to be widely accepted in clinical practice, it is
essential for the algorithms to be interpretable and for pathologists to understand how

decisions are being made.

In pathology, where the stakes are high, clinicians need to feel confident that Al tools are
reliable and provide understandable, explainable outputs. The inability to explain Al's
reasoning makes it difficult for pathologists to trust the system and to use it as a supportive
tool in making diagnostic decisions (Hao et al., 2020). Furthermore, the lack of transparency
may prevent regulatory agencies from approving Al systems for clinical use, as they require a

clear understanding of how algorithms function.
4.3. Ethical and Legal Concerns

The adoption of Al in digital pathology raises several ethical and legal questions, particularly

regarding data privacy, informed consent, and accountability. Pathology images often contain

26| Page


https://scholarsdigest.org.in/index.php/sdjpa

Scholar’s Digest : Journal of Pathology
Vol. 1, No. 1, Year 2025
Website : https://scholarsdigest.org.in/index.php/sdjpa
PUBLISHED: 2025-04-17
sensitive patient data, and there are stringent regulations governing the privacy and protection

of this information, such as the Health Insurance Portability and Accountability Act (HIPAA)
in the United States. Ensuring that Al systems comply with privacy laws and maintain data

security is critical to their acceptance in clinical practice.

Additionally, as Al becomes more involved in diagnostic decision-making, questions arise
about who is legally responsible for errors made by Al systems. If an Al algorithm
misdiagnoses a condition or leads to incorrect treatment decisions, who is accountable—the
developers of the Al system, the pathologist who used the tool, or the healthcare institution?
These legal ambiguities create significant challenges in the widespread implementation of Al
in clinical settings (Garcia et al., 2019).

Furthermore, the use of Al in healthcare requires informed consent from patients, especially
when Al tools are involved in the analysis of their medical data. Clear guidelines and
procedures for obtaining patient consent, as well as ensuring that patients understand the role

of Al in their diagnosis, are crucial to the ethical deployment of these technologies.
4.4. Regulatory and Approval Challenges

The regulatory approval process for Al-driven technologies in healthcare is another barrier to
their widespread adoption. Al systems used in digital pathology are subject to regulation by
governmental bodies such as the U.S. Food and Drug Administration (FDA) and the
European Medicines Agency (EMA). These regulatory agencies require comprehensive data
and clinical trials to demonstrate the safety, efficacy, and reliability of Al systems before they

can be approved for clinical use.

The regulatory process for Al in healthcare is still evolving, and there is a lack of clear
guidelines for how Al technologies should be validated and approved. The approval process
can be lengthy and costly, which may discourage smaller companies and startups from
developing Al tools for pathology. Moreover, the rapid pace of innovation in Al means that
new models and tools may outpace existing regulatory frameworks, leading to delays in their

introduction to clinical practice (Graham et al., 2020).

4.5. Interoperability and Integration with Existing Systems

27 |Page


https://scholarsdigest.org.in/index.php/sdjpa

Scholar’s Digest : Journal of Pathology
Vol. 1, No. 1, Year 2025
Website : https://scholarsdigest.org.in/index.php/sdjpa
PUBLISHED: 2025-04-17
Digital pathology systems and Al tools need to be integrated into existing healthcare

infrastructures and workflows. This integration presents a significant challenge due to the
diversity of systems used in hospitals, pathology labs, and medical imaging centers.
Interoperability issues arise when different systems (such as laboratory information systems,
electronic health records, and digital pathology platforms) do not communicate effectively

with each other.

Al tools must be compatible with a wide range of hardware and software platforms to ensure
smooth integration into the pathology workflow. Without seamless integration, the potential
benefits of Al in digital pathology may be limited, and clinicians may encounter difficulties
in using these tools in their daily practice. Ensuring that Al systems work in concert with
other clinical tools is essential to maximizing their impact on patient care (Tizhoosh &
Pantanowitz, 2018).

4.6. Bias in Al Algorithms

Al algorithms are highly dependent on the data used to train them. If the training datasets are
not representative of the diverse patient population, there is a risk that the Al model will be
biased. For example, if an Al system is trained primarily on data from a particular
demographic group, it may perform poorly when applied to patients from different ethnic or
socioeconomic backgrounds. This bias could lead to misdiagnoses or inequitable care,

particularly in underrepresented populations.

Addressing algorithmic bias requires careful curation of training datasets to ensure diversity
and representativeness. It also requires continuous monitoring of Al system performance
across various demographic groups to identify and mitigate potential biases (Gao et al.,
2020).

The integration of Al into digital pathology offers immense potential to improve diagnostic
accuracy, efficiency, and patient care. However, several challenges and barriers must be
addressed to fully realize this potential. Data quality, algorithm transparency, ethical
concerns, regulatory hurdles, interoperability issues, and bias in Al models are among the key
obstacles to the widespread adoption of Al in clinical pathology. Overcoming these

challenges will require collaboration between researchers, clinicians, regulators, and
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policymakers to establish clear guidelines, improve data quality, and ensure the responsible

deployment of Al technologies in healthcare.
5. Future Outlook

The future of digital pathology lies in further integrating Al technologies to enhance
diagnostic workflows. Advances in Al, particularly in explainable Al and federated learning,
will likely address some of the current challenges related to data privacy, model
interpretability, and algorithm transparency (Brink et al., 2021). Furthermore, ongoing
collaborations between clinicians, researchers, and Al developers will continue to refine Al

models, ensuring their clinical applicability and safety.

As Al algorithms become more accurate and transparent, the role of pathologists will evolve
from purely diagnostic interpreters to overseers of Al systems. This collaborative approach
will enable faster, more accurate diagnoses while maintaining human oversight in the
decision-making process. The future of artificial intelligence (Al) in digital pathology looks
promising, with significant advancements expected to further transform the field and improve
patient outcomes. As Al technologies continue to evolve, their integration into digital
pathology will likely lead to more precise diagnoses, personalized treatment plans, and
enhanced workflows in healthcare. However, several challenges remain, and the pathway to
full integration requires careful consideration of technical, ethical, regulatory, and clinical
factors. Below are some key aspects of the future outlook for Al in digital pathology, as

discussed in the research paper:
5.1. Increased Diagnostic Precision and Accuracy

One of the most exciting prospects for Al in digital pathology is its potential to improve
diagnostic precision and accuracy. With continued advancements in deep learning and
machine learning algorithms, Al models will become even more capable of detecting subtle
abnormalities that human pathologists may miss. The integration of multi-modal data, such as
combining pathology images with genomic, molecular, and clinical data, will enable Al
systems to make more accurate predictions and provide deeper insights into disease

mechanisms.
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As Al algorithms are trained on increasingly diverse and high-quality datasets, they will

likely achieve diagnostic performance that surpasses current standards. This may lead to
earlier detection of diseases such as cancer, where timely intervention is critical to improving
patient outcomes. Moreover, Al's ability to consistently analyze large volumes of data
without fatigue will help eliminate variability between different pathologists and reduce
diagnostic errors (Liu et al., 2020). In the future, Al systems could be integrated into daily
pathology practice, acting as "virtual pathologists” that augment human expertise in making

more accurate diagnoses.
5.2. Personalized Medicine and Tailored Treatment Plans

Al’s role in digital pathology will also contribute to the growing trend of personalized
medicine. By analyzing pathology slides in conjunction with molecular data, such as genomic
sequencing and proteomics, Al can help identify specific disease subtypes, genetic mutations,
and molecular markers. This enables the development of personalized treatment plans that are
tailored to the individual patient's disease profile. For example, in oncology, Al could help
predict how a patient’s cancer will respond to certain therapies, allowing clinicians to select
the most effective treatment options based on the tumor’s genetic and molecular

characteristics.

As Al systems become better at identifying subtle and complex patterns within pathology
images, they could also play a critical role in discovering new biomarkers and therapeutic
targets, further advancing personalized treatment options (Gao et al., 2020). The future of Al
in digital pathology could involve Al-driven platforms that assist clinicians in making
individualized treatment decisions, ultimately leading to more effective and less toxic

therapies.
5.3. Integration with Other Medical Technologies

The future of Al in digital pathology will likely see increased integration with other medical
technologies, such as radiology, genomics, and electronic health records (EHRs). The
combination of multi-disciplinary data—ypathology images, radiographic scans, genetic
information, and patient history—will allow for a more comprehensive understanding of

patient health. Al systems capable of integrating these diverse data sources will provide
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clinicians with holistic, real-time insights into a patient's condition, leading to more informed

and accurate decision-making.

For example, Al algorithms could cross-reference radiology images with pathology slides to
provide a more complete view of a tumor's location, size, and molecular characteristics,
facilitating precise diagnosis and treatment planning. The seamless integration of Al tools
into healthcare systems could streamline workflows and reduce redundant testing, improving
the efficiency of care delivery (Tizhoosh & Pantanowitz, 2018). This kind of integrated, Al-
powered system has the potential to transform the way clinicians approach diagnosis and

treatment, moving toward a more holistic and personalized care model.
5.4. Automation and Workflow Optimization

Al will continue to play a significant role in automating and optimizing pathology workflows.
Routine tasks such as tissue segmentation, cell counting, and histopathological analysis can
already be automated by Al systems, and future innovations will likely expand these
capabilities. Automation will not only reduce the time pathologists spend on tedious tasks but

will also minimize the risk of human error, leading to more reliable and reproducible results.

Al will also support real-time decision-making by flagging potential issues or abnormalities
as pathologists review images. This assistance can improve workflow efficiency and help
pathologists prioritize cases that require immediate attention. As Al technologies evolve, they
will become better at predicting disease progression and identifying potential complications,
further enhancing the diagnostic process (Graham et al., 2020). Pathology departments could
see a significant increase in capacity, allowing for quicker diagnoses and the ability to handle

larger volumes of cases with fewer resources.
5.5. Expansion of Telepathology and Remote Collaboration

The integration of Al with digital pathology will continue to support telepathology, enabling
remote consultations and collaborations between pathologists across geographic regions. This
will be particularly beneficial in underserved or rural areas, where access to specialized
pathology expertise may be limited. Al could help pathologists remotely diagnose cases more
quickly and accurately by providing automated analysis of pathology images, reducing the

time and resources required for traditional second opinions.
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As Al tools become more sophisticated, they may also facilitate international collaborations,

enabling pathologists in different regions to work together on challenging cases or participate
in large-scale research studies. The future could see the development of global Al platforms
for pathology, enabling faster sharing of knowledge, expertise, and data across borders. This
could have a profound impact on reducing diagnostic disparities and ensuring that patients

worldwide benefit from expert-level diagnoses (Khan et al., 2019).
5.6. Ethical, Legal, and Regulatory Developments

As Al systems become more integrated into clinical practice, there will be an increased need
for robust ethical, legal, and regulatory frameworks to ensure their safe and responsible use.
Future developments will focus on ensuring transparency, interpretability, and accountability
in Al algorithms, especially in high-stakes fields like pathology. Efforts will be made to make
Al models more explainable, so that clinicians and patients can trust the decisions made by

these systems.

Regulatory bodies, such as the FDA and EMA, will likely continue to refine their guidelines
for the approval of Al-driven diagnostic tools. In addition, there will be a focus on addressing
issues of data privacy, security, and bias in Al algorithms, ensuring that Al systems are
ethical and equitable. The development of international standards for Al in healthcare will
help ensure that these technologies are used responsibly and consistently across different

healthcare systems (Garcia et al., 2019).
5.7. Ongoing Research and Innovation

The future of Al in digital pathology will be shaped by ongoing research and technological
innovation. Researchers will continue to explore new Al algorithms, improve existing
models, and uncover new applications for Al in pathology. As the field progresses, Al will
likely become more advanced, with capabilities such as multi-dimensional analysis,
predictive modeling, and autonomous decision-making. Collaborative efforts between
academia, industry, and healthcare providers will drive the development of novel Al tools

and techniques that address specific clinical needs and challenges.

Al may eventually be able to perform complex diagnostic tasks without human intervention

in certain situations, although human oversight will remain essential for critical decision-
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making. With ongoing innovation and collaboration, Al will play a key role in advancing the

future of digital pathology, enabling more accurate, efficient, and accessible healthcare for

patients worldwide.

The future outlook for Al in digital pathology is bright, with Al technologies poised to
revolutionize diagnostic practices, improve personalized care, and optimize workflows in
pathology labs. While challenges remain, particularly regarding data quality, algorithm
transparency, and regulatory frameworks, the continued evolution of Al promises to
significantly enhance the precision and efficiency of pathology diagnostics. As Al systems
become more integrated with other medical technologies and as research continues to evolve,
Al will play an increasingly important role in shaping the future of healthcare.

6. Conclusion

Advancements in digital pathology, fueled by the integration of artificial intelligence, are
poised to revolutionize the field of diagnostic pathology. Al’s ability to enhance diagnostic
accuracy, improve efficiency, and assist in decision-making holds significant promise for the
future of healthcare. However, challenges related to data quality, algorithm transparency, and
ethical concerns must be addressed before Al can be fully integrated into clinical practice. By
overcoming these barriers, Al has the potential to become an invaluable tool for pathologists,

improving patient outcomes and advancing medical science.
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