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Artificial Intelligence for Pathologists Is Not Near It: A Deep Dive Into the
Current Landscape

In the age of rapid technological change, the phrase “artificial intelligence for pathologists is not near it" has
become a rallying cry for many in the medical community. While the promise of Al to transform diagnostic pathology
is undeniable, the reality on the ground shows that widespread adoption is still a distant horizon. This article
explores why Al integration into pathology lags behind other medical specialties, examines the challenges and
opportunities, and offers a realistic roadmap for the future.

What Does “Artificial Intelligence for Pathologists Is Not Near It” Really
Mean?

The statement underscores a gap between the hype surrounding Al and the actual readiness of pathology
departments to embrace these technologies. It reflects a combination of technical, regulatory, educational, and
financial hurdles that collectively keep Al from becoming a routine part of a pathologist’s workflow.

Key points that illustrate this gap include:

« Limited availability of validated Al tools for routine diagnostics.

¢ Inadequate integration of Al systems with existing laboratory information systems.
e Scarcity of pathologists trained to interpret Al outputs.

¢ High upfront costs and uncertain return on investment.

¢ Regulatory uncertainty and slow approval processes.

The Promise of Al in Pathology

Speeding Up Diagnostic Turnaround

Al algorithms can process thousands of image tiles in seconds, dramatically reducing the time required to review
whole-slide images. This speed can be crucial for time sensitive diagnoses such as acute leukemia or metastatic
cancers.

Improving Diagnostic Accuracy

Machine learning models trained on vast datasets can detect subtle patterns that may escape even experienced
pathologists. Studies have shown Al's ability to match or surpass human performance in tasks like identifying
mitotic figures or grading prostate cancer.

Standardizing Interpretations

Human interpretation is inherently variable. Al offers a consistent, reproducible approach that can reduce
inter observer variability, especially in complex cases such as rare tumor subtypes.

Enhancing Research and Drug Development

Digital pathology combined with Al can accelerate biomarker discovery, facilitate large scale clinical trials, and
enable real time monitoring of therapeutic responses.



Why Is Al Still Far From Routine Use in Pathology?

Technical Maturity and Validation

While prototype Al models have shown impressive performance in controlled studies, they often fail to generalize
across different institutions, scanners, and staining protocols. Validation across multi center datasets is still in its
infancy.

Integration with Existing Workflows

Most pathology labs rely on traditional glass slides and manual review. Transitioning to a digital workflow that
incorporates Al requires:

e High resolution whole slide scanners.

¢ Robust image storage and retrieval systems.

e Seamless interfaces between Al platforms and laboratory information systems.
Regulatory Hurdles

Al tools intended for clinical use are classified as medical devices and must undergo regulatory approval. In the
United States, the FDA's 510(k) and de novo pathways are time consuming and require extensive evidence of safety
and efficacy.

Data Privacy and Security

Patient data used to train Al models must be de identified and stored securely. Compliance with HIPAA and GDPR
adds layers of complexity to data handling processes.

Financial Constraints

High initial costs for scanners, servers, and software licenses can be prohibitive for many institutions, especially
smaller community hospitals. Moreover, the return on investment is not always clear, leading to reluctance from
administrators.

Human Factors and Training

Pathologists must learn to interpret Al outputs, understand algorithmic limitations, and integrate these insights into
their diagnostic reasoning. This requires targeted training programs that are currently lacking in many pathology
residency curricula.

Current Al Applications in Pathology: Where Are We?

Digital Slide Review Platforms

Companies like PathAl, Proscia, and Histomicshave developed platforms that provide real time assistance in
identifying regions of interest and quantifying biomarkers. These tools are often used in research settings and are
gradually being adopted in clinical labs.

Automated Grading Systems
Al models for grading breast cancer (e.g., Nottingham histologic score) and prostate cancer (e.g., Gleason scoring)
are under development. While promising, they have yet to achieve the reliability required for routine clinical use.

Diagnostic Decision Support

Al can flag atypical findings and suggest differential diagnoses. However, these systems are typically used as
adjuncts rather than replacements for pathologist judgment.



Quality Control and Workflow Optimization

Al can monitor slide preparation quality, detect missing slides, and prioritize urgent cases, thereby improving overall
laboratory efficiency.

Case Studies: Al in Action (And Its Limitations)

Case Study 1: Al Assisted Gleason Scoring

In a multicenter trial, an Al model achieved a concordance rate of 94% with expert pathologists in assigning
Gleason scores to prostate biopsies. Despite this high accuracy, the model struggled with rare variants and
required manual oversight in 15% of cases.

Case Study 2: Rapid Detection of Acute Leukemia

An Al system integrated into a hematopathology workflow identified blast cells in peripheral blood smears with 96%
sensitivity. However, the system’s performance dropped when applied to samples with atypical morphology or poor
staining, highlighting the need for robust training data.

Case Study 3: Al Driven Tumor Microenvironment Analysis

Researchers used Al to quantify immune cell infiltration in colorectal cancer tissues. The results correlated strongly
with patient outcomes, demonstrating Al's potential in prognostication. Nevertheless, the analysis was limited to
research settings and required manual curation of data.

Barriers to Adoption: A Deeper Look

Data Heterogeneity

Differences in staining protocols, scanner models, and tissue preparation techniques lead to variability in image
characteristics. Al models trained on one dataset often perform poorly on another, necessitating extensive domain
adaptation.

Algorithmic Transparency

Deep learning models are often described as “black boxes.” Pathologists require interpretability to trust Al outputs.
Explainable Al (XAl) techniques are emerging but are not yet widely integrated into clinical tools.

Ethical and Legal Concerns

Responsibility for diagnostic errors involving Al is unclear. Who is liable—the pathologist, the software vendor, or
the institution? These questions remain unresolved in many jurisdictions.

Workforce Resistance

Some pathologists fear that Al will replace their roles. While Al is designed to augment rather than replace, the
perception of threat can slow adoption.

Infrastructure Limitations

High performance computing resources are essential for running Al algorithms. Many laboratories lack the
necessary hardware or network bandwidth, especially in resource constrained settings.

Strategies to Accelerate Al Adoption in Pathology

Investing in Digital Infrastructure

Transitioning to a fully digital pathology workflow is a prerequisite for Al integration. This includes:



¢ Whole slide scanners with high resolution.

e Secure image repositories with adequate storage capacity.

¢ Robust network infrastructure to support real time data transfer.
Developing Multi Center Validation Cohorts

Collaborative efforts across institutions can generate diverse datasets that improve Al generalizability. Consortia
like the Digital Pathology Association and Al in Pathology Consortium are leading such initiatives.

Creating Standardized Data Formats

Adopting common image and metadata standards (e.g., DICOM for pathology) facilitates interoperability between
Al vendors and laboratory information systems.

Implementing Explainable Al Solutions

Integrating XAl methods such as heatmaps, saliency maps, and feature importance scores can help pathologists
understand how Al arrives at a particular conclusion.

Regulatory Engagement and Guidance

Early and continuous dialogue with regulatory bodies can streamline the approval process. Working groups that
provide clear guidelines on clinical validation and post market surveillance are essential.

Education and Training Programs

Residency curricula should include modules on Al fundamentals, digital pathology, and data science. Continuing
medical education (CME) courses can keep practicing pathologists up to date.

Economic Incentives and Reimbursement Models

Insurance payers and health systems must recognize the value Al brings in terms of accuracy, efficiency, and cost
savings. Developing reimbursement models for Al assisted diagnostics can accelerate adoption.

Fostering a Culture of Collaboration

Pathologists, data scientists, engineers, and administrators should work together in multidisciplinary teams to
ensure Al solutions meet clinical needs.

Future Outlook: When Will Al Become Routine?

Predicting a precise timeline is challenging, but several trends suggest incremental progress over the next decade:

1. 2025-2027: Continued refinement of Al models and increased regulatory approvals for specific applications
such as melanoma detection and prostate cancer grading.

2. 2028-2030: Integration of Al into routine diagnostic workflows in major academic centers and large hospital
systems.

3. 2031-2035: Widespread adoption of Al across community hospitals, driven by cost reductions in digital
infrastructure and standardized Al platforms.

4. 2035+: Al becomes a standard adjunct in pathology, comparable to how radiology embraced computer aided
detection decades ago.

While this roadmap is optimistic, the phrase “artificial intelligence for pathologists is not near it” remains a realistic
assessment of the present state. The journey from prototype to practice is long, but the potential benefits justify
sustained investment and collaboration.

Conclusion



The promise of artificial intelligence in pathology is immense—speeding diagnostics, enhancing accuracy, and
standardizing interpretations. Yet, the journey to routine clinical use is fraught with technical, regulatory, financial,
and human challenges. The statement that “artificial intelligence for pathologists is not near it” captures the current
reality: Al is a powerful tool, but it is still a way off from becoming an everyday part of a pathologist’s workflow.

Progress hinges on robust data sharing, regulatory clarity, infrastructure investment, and education. By addressing
these barriers, the pathology community can transform Al from a promising research endeavor into a reliable
clinical asset. Until then, the field must balance optimism with pragmatism, ensuring that Al's integration enhances
patient care without compromising quality or safety.
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