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Abstract

Artificial intelligence is reshaping the landscape of tissue-based analysis, but the
trajectory of adoption diverges sharply between pharmaceutical research environments
and clinical hospital laboratories. In preclinical and drug development settings, Al
technologies integrate naturally into workflows designed for discovery, operating within
regulatory frameworks that accommodate innovation and supported by budgets that
reward acceleration. In clinical histopathology, the same technologies confront a
fundamentally different operating environment defined by diagnostic liability,
reimbursement constraints, capital scarcity, and professional culture resistant to
perceived surveillance.

This paper examines both sides of that divide from the perspective of a practicing
histotechnologist with three decades of experience spanning pharmaceutical,
preclinical, and clinical laboratory operations. It argues that Al’s success in research
environments cannot be extrapolated to predict clinical adoption without accounting for
the structural, economic, and cultural barriers unique to hospital-based pathology. The
paper concludes with an analysis of the conditions under which clinical adoption is most
likely to occur and the institutional forms it will take.
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1. Introduction

The application of artificial intelligence to histological analysis has generated significant
enthusiasm across the biomedical sciences. Whole-slide imaging, deep learning
algorithms for pattern recognition, and computational tools for biomarker quantification
have demonstrated measurable improvements in throughput, reproducibility, and
analytic depth in laboratory settings where tissue analysis supports drug development
and preclinical research.

The digital pathology market continues to expand, with increasing investment in Al-
driven platforms for both research and diagnostic applications.’ Regulatory bodies have
begun establishing frameworks for Al-enabled devices, though the pace and scope of
clearance remain subjects of ongoing discussion.?

Yet enthusiasm in one sector of the laboratory industry does not automatically translate
to adoption in another. The pharmaceutical research laboratory and the hospital
histology laboratory, while performing overlapping technical functions, operate within
fundamentally different institutional ecosystems. Their regulatory obligations diverge.
Their financial models are structured around different incentives. Their professional
cultures carry different assumptions about technology’s role in expert judgment.

This paper examines Al’s current role in histotechnology by distinguishing between the
environment where it works cleanly and the environment where it encounters structural
resistance. The analysis draws on three decades of direct experience in pharmaceutical
and clinical histology operations, with particular attention to the practical realities that
technology discussions often overlook.

1Digi’tal Pathology Association. Market Analysis Report, 2024.
2FDA. Cleared Al/ML-Enabled Medical Devices. U.S. Food and Drug Administration, updated 2024.

Page 3



Al in Histotechnology: Promise in Research, Friction in the Clinic

2. Al in Pharmaceutical and Preclinical Research

2.1 The Natural Fit

In pharmaceutical research settings, Al addresses concrete operational problems.
Immunohistochemistry quantification at scale, detection of subtle toxicity patterns in
animal models, integration of histological data with genomic and proteomic datasets,
and standardization of pathologist reads across global trial sites are all areas where
computational tools provide measurable improvements.

These environments operate under Good Laboratory Practice regulations and
International Council for Harmonisation guidelines that provide structured validation
frameworks for new technologies.® The regulatory pathway for introducing Al tools into
preclinical workflows, while not trivial, is well-defined and understood by the
organizations that navigate it.

2.2 The Economic Logic

The economics of pharmaceutical research create favorable conditions for Al adoption.
Drug development timelines are measured in years and billions of dollars. Any
technology that compresses timelines, reduces variability in data quality, or improves
signal detection has a calculable return on investment. Companies allocate specific
budgets for innovation and technology adoption, and the cost of a digital pathology
platform can be justified against the cost of a delayed or failed clinical trial.

In this context, Al is not an optional enhancement. It is a competitive necessity.
Companies that can extract more information from tissue samples, faster and more
consistently, hold a structural advantage in pipeline development. The insight produced
by Al tools has direct financial value that can be measured against development costs.

2.3 Regulatory Integration

GLP and GCP frameworks provide a natural home for Al validation. These regulatory
structures already require documented standard operating procedures, method
validation, data integrity controls, and audit trails. Introducing Al-assisted analysis into a
GLP-compliant laboratory requires extending existing validation protocols rather than
creating entirely new regulatory categories.*

The ICH guidelines, particularly those governing toxicology studies and carcinogenicity
testing, have begun incorporating language that accommodates computational

3Good Laboratory Practice Regulations, 21 CFR Part 58.
4|CH Guideline S1 B(R1). Testing for Carcinogenicity of Pharmaceuticals, 2022 revision.
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approaches to tissue analysis. This regulatory receptivity reflects an understanding
within the pharmaceutical regulatory ecosystem that Al tools, properly validated,
enhance rather than compromise data quality.

2.4 Workforce Dynamics

Pharmaceutical research laboratories typically employ staff with advanced training and
comfort with computational tools. Study directors, pathologists, and senior
histotechnologists in these environments interact regularly with image analysis software,
laboratory information management systems, and statistical analysis platforms. The
introduction of Al-assisted tools represents an extension of existing digital literacy rather
than a paradigm shift.

Additionally, pharmaceutical companies can invest in training and change management
in ways that hospital systems, operating under different financial pressures, often
cannot.
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3. The Bridge: When Tissue Leaves Discovery and Enters
Care

The distinction between research and clinical tissue analysis is not merely institutional.
It reflects a fundamental difference in the relationship between the specimen and its
purpose.

In research, a tissue specimen is a data point. It contributes to a body of evidence that
may, over time, influence therapeutic development. The specimen serves a population-
level function. Its analysis can tolerate iteration, reprocessing, and the controlled
uncertainty inherent in scientific investigation.

In clinical medicine, a tissue specimen belongs to a person. A biopsy from a patient
does not ask for insight. It demands an answer. Diagnosis. Treatment direction.
Turnaround time measured in hours or days, not weeks or months. The stakes of that
analysis are immediate, personal, and legally consequential.

This difference in the specimen’s ontological status creates divergent requirements for
every technology that touches it. Al tools optimized for research throughput must be re-
evaluated against an entirely different set of performance criteria when applied to
diagnostic tissue.
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4. The Clinical Reality: Structural Barriers to Al Adoption

4.1 Regulatory Environment

Clinical histology laboratories in the United States operate under a regulatory framework
fundamentally different from pharmaceutical research. The College of American
Pathologists accreditation standards, Clinical Laboratory Improvement Amendments
requirements, and FDA clearance processes for diagnostic devices create a layered
compliance environment that any new technology must navigate.®

Unlike the GLP framework, which accommodates validated computational tools within
existing protocols, the clinical regulatory landscape requires Al diagnostic tools to
undergo device-level clearance. The FDA’s approach to Al in diagnostics has evolved
but remains cautious, particularly regarding algorithms that function as decision-support
tools in pathology. Each application requires specific clearance, and the process is
neither fast nor inexpensive.

For a hospital laboratory evaluating Al adoption, the regulatory burden is not abstract. It
translates directly into staff time for validation, documentation for accreditation surveys,
and ongoing compliance monitoring that competes with existing operational demands.

4.2 The Reimbursement Problem

In clinical medicine, reimbursement determines institutional survival. Hospital
laboratories operate within fee schedules defined by the Centers for Medicare and
Medicaid Services and negotiated with private insurers.® The economic viability of any
technology is measured against its ability to generate billable services or reduce
operational costs.

Al in histopathology currently occupies an uncomfortable position in the reimbursement
landscape. There is no dedicated CPT code for Al-assisted slide analysis in most
applications.” Al does not, in most implementations, increase Relative Value Units. It
does not reliably reduce staffing costs in the short term. And while it may improve
diagnostic accuracy, quantifying that improvement in terms that payers recognize as
billable remains a challenge.

The contrast with pharmaceutical research is stark. Research budgets tolerate
experimentation because the potential return is measured against drug development

5College of American Pathologists. Laboratory Accreditation Standards, 2024 Edition.
8Centers for Medicare and Medicaid Services. Clinical Laboratory Fee Schedule, 2024.
" American Medical Association. CPT Code Application Summary for Digital Pathology, 2023.
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value. Hospital budgets do not tolerate experimentation because the margin between
revenue and operational cost is already thin.

4.3 Capital Competition

Hospital systems face constant pressure to allocate capital across competing priorities.
When leadership must choose between replacing aging imaging equipment, updating
cybersecurity infrastructure to meet evolving compliance requirements, or purchasing
Al-enabled slide triage software, Al typically loses.®

This is not a failure of vision. It is rational prioritization under constraint. Equipment
replacement prevents immediate operational failures. Cybersecurity investment
prevents catastrophic data breaches with regulatory and financial consequences. Al
adoption, by contrast, offers diffuse and long-term benefits that are difficult to quantify in
capital budget presentations.

The financial return on Al in clinical histology is indirect. It may reduce diagnostic
turnaround time, improve consistency, or enable subspecialty consultation at scale. But
these benefits are distributed across multiple budget lines and time horizons, making
them difficult to capture in the ROI frameworks that hospital capital committees require.

4.4 Comparative Analysis: Research vs. Clinical Environments

Dimension ' Pharmaceutical Research Clinical Histopathology
Regulatory Framework GLP/GCP; validation-based CAP/CLIA/FDA,; clearance-
based

Financial Model Innovation budgets; ROI Fee-for-service; margin-
against pipeline value constrained

Specimen Purpose Data generation; population- Individual diagnosis;
level insight immediate clinical action

Liability Shared across study team; Direct; pathologist/clinician
regulatory risk sign-out

Al Tolerance High; iterative validation Low; must demonstrate
accepted immediate clinical value

Technology Adoption Proactive; competitive Reactive; cost-justified

Cycle advantage necessity

Workforce Readiness Digitally fluent; trained in Variable; workflow-disruption
analytics concerns

8American Hospital Association. Underpayment by Medicare and Medicaid Fact Sheet, 2024.
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Table 1. Structural comparison of Al adoption environments in pharmaceutical research
and clinical histopathology.
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5. The Patient Care Value Chain

From the patient’s perspective, the diagnostic process reduces to two questions: What
is my diagnosis? What are my treatment options?

The visible value chain serving those questions runs through the clinician who orders
the test, the pathologist who renders the diagnosis, and the treating physician who
guides therapy. The histotechnologist ensures quality tissue preparation, functioning as
the critical but largely invisible infrastructure supporting diagnostic accuracy.

Al does not easily insert itself into this visible value chain. If it does not clearly improve
diagnostic accuracy, reduce turnaround time, or demonstrably lower cost, its role
remains background. And background technologies, however valuable in principle,
struggle for funding in resource-constrained systems.®

The challenge is compounded by the fact that patients, clinicians, and hospital
administrators typically cannot distinguish between a diagnosis supported by Al and one
rendered through traditional microscopic review. Unlike imaging technologies that
produce visible output, Al in histopathology operates at a level of abstraction that makes
its contribution difficult to communicate to non-specialist stakeholders.

9Bera, K. et al. Artificial intelligence in digital pathology: Challenges and opportunities. J Pathol Inform, 2019.
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6. Liability, Professional Culture, and the Human Role

6.1 The Liability Question

Even when Al is deployed in clinical settings, diagnostic responsibility remains with the
pathologist. The pathologist signs the report. The clinician bears treatment
responsibility. The hospital carries legal risk. Al does not eliminate liability. It introduces
an additional layer that must itself be validated, monitored, and defended in the event of
adverse outcomes.

This creates a paradox for adoption. If Al improves diagnostic accuracy, the pathologist
may benefit from its support. But if Al contributes to an incorrect diagnosis, the
pathologist cannot transfer responsibility to the algorithm. The asymmetry of benefit and
risk creates rational caution among the professionals who would be most directly
affected by adoption.

6.2 Professional Culture

Pathology as a discipline values experience, pattern recognition, nuance, and
professional judgment. These are qualities developed over years of training and
practice. Tools that appear to function as surveillance mechanisms or that imply a
diminishment of expert judgment can face resistance that is not merely emotional but
professionally grounded.®

The most effective Al implementations in clinical settings have been those that position
the technology as an enhancement to the pathologist’s workflow rather than an
evaluation of it. Screening tools that flag areas of interest, quantification algorithms that
reduce manual counting, and triage systems that prioritize cases by complexity are
more readily accepted than tools perceived as second-guessing diagnostic conclusions.

This distinction matters enormously for adoption strategy. Al tools designed by
engineers who understand image analysis but not laboratory culture will face barriers
that have nothing to do with technical performance. Understanding the professional
identity of the pathologist and the histotechnologist is as important as understanding the
algorithm’s sensitivity and specificity.

6.3 The Histotechnologist’s Perspective

For histotechnologists, Al introduces questions about role evolution that are rarely
addressed in technology discussions. If Al can assess slide quality, flag preparation
artifacts, or predict staining outcomes, what happens to the professional judgment that

1ONiazi, M.K.K. et al. Digital pathology and artificial intelligence. Lancet Oncol, 2019.
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histotechnologists currently exercise in those domains? Does Al enhance the
histotechnologist’s role by freeing time for complex preparation tasks, or does it erode
the expertise-based identity that defines the profession?

These are not hypothetical concerns. In pharmaceutical laboratories where Al tools
have been deployed for quality assessment, histotechnologists report both increased
efficiency and decreased autonomy. The net effect on professional satisfaction depends
heavily on how the technology is introduced, how feedback loops are structured, and
whether histotechnologists are positioned as partners in Al validation or passive
recipients of automated oversight.
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7. Conditions for Clinical Adoption

7.1 Where Adoption Is Most Likely

Clinical Al adoption in histotechnology will not arrive as disruption. It will arrive as
infrastructure, embedded incrementally into platforms and workflows where it can be
economically justified. The conditions that favor adoption include institutional scale
sufficient to amortize technology costs, case volumes that create bottlenecks amenable
to computational solutions, and subspecialty practices where Al tools address well-
defined diagnostic questions.

Large academic medical centers, high-volume reference laboratories, and subspecialty
practices in dermatopathology, oncology, and cytology represent the most likely early
adoption sites.! These environments combine the case volume, technical
infrastructure, and institutional culture that can absorb new technology without
operational disruption.

7.2 The Integration Model

The most sustainable path for clinical Al does not involve standalone software products
purchased as capital equipment. Instead, Al is increasingly bundled into digital
pathology platforms, whole-slide scanners, and laboratory information systems. This
integration model reduces the procurement decision from a technology evaluation to a
platform upgrade, lowering both the political and financial barriers to adoption.

When Al arrives as a feature of equipment the laboratory is already purchasing, it
bypasses the capital committee debates that standalone Al products typically lose. This
embedded approach also distributes validation requirements across the platform
vendor, reducing the compliance burden on the laboratory itself.'?

7.3 The Reimbursement Catalyst

The most significant accelerant for clinical Al adoption will be reimbursement reform.
When CMS or commercial payers establish specific codes for Al-assisted analysis, or
when Al demonstrably enables higher-value services that carry improved
reimbursement, the economic equation changes fundamentally. Until that point, Al in
clinical histopathology will remain a cost that must be justified through operational
savings rather than revenue generation.

11Retamero, J.A. et al. Complete digital pathology for routine histopathology diagnosis. Am J Surg Pathol, 2020.
12Abels, E. et al. Computational pathology definitions, best practices, and recommendations. J Pathol, 2019.
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The history of laboratory medicine suggests that reimbursement changes lag
technology capability by years or decades. Molecular diagnostics, flow cytometry, and
digital imaging all followed this pattern. Al in histopathology is likely following the same
trajectory, with eventual reimbursement recognition preceded by a period of adoption
limited to institutions that can absorb the cost.
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8. Conclusion

Al's promise in pharmaceutical research is clear because discovery rewards
acceleration. The regulatory environment accommodates validated computational tools,
the financial model justifies technology investment against pipeline value, and the
professional culture embraces digital innovation as competitive advantage.

Al’s challenge in clinical histopathology is structural because patient care rewards
stability. The regulatory framework demands device-level clearance, the financial model
penalizes investments without immediate billable return, and the professional culture
values expert judgment in ways that resist algorithmic supplementation.

Histotechnology sits at the boundary between these worlds. Practitioners in both
environments perform technically similar work, but the institutional context transforms
every aspect of how that work is evaluated, regulated, and funded.

The future of Al in histotechnology is not a replacement story. It is a negotiation
between innovation and infrastructure, between what is technically possible and what is
institutionally sustainable. That negotiation will be shaped not primarily by algorithm
performance but by reimbursement policy, regulatory evolution, and the willingness of
technology developers to understand the operational realities of the laboratories they
aim to serve.

In that negotiation, the human role remains central. The pathologist’s diagnostic
judgment, the histotechnologist’s preparation expertise, and the clinician’s therapeutic
reasoning are not obstacles to automation. They are the framework within which any
meaningful automation must operate. Al that respects that framework will find adoption.
Al that ignores it will find resistance.

The distinction is not between progress and conservatism. It is between innovation that
understands its operating environment and innovation that does not.
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