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Disclosures

• A portion of the presentation represents work supported in part by the 
MTS Foundation and the NIH. J. Gaut may receive royalty income based 
on technology developed by Drs. Gaut, Swamidass, and Marsh and 
licensed by Washington University to PlatformSTL. That technology is 
evaluated in this research.

• J. Gaut is listed as a co-inventor on a US patent regarding acute kidney 
injury biomarkers.
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What is Pathology?

Pathology is the study of disease. It is the bridge between science and medicine.

It underpins every aspect of patient care, from diagnostic testing and treatment 
advice to using cutting-edge genetic technologies and preventing disease.

In the U.S., pathology laboratories conduct approximately 14 billion laboratory 
tests every year

70 percent of medical decisions depend on laboratory test results
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The art and science of predicting biologic behavior in the 
future by examining a snapshot of the present.
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Diagnosis

Surgical 
Pathology
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Microbiology

Cytopathology
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Pathology Subspecialties

• Anatomic
– Surgical Pathology

– Hematopathology

– Dermatopathology

– Cytopathology

– Neuropathology

– Pediatric Pathology

– Autopsy Pathology

– Forensic Pathology

– Informatics

• Clinical (Laboratory Medicine)
– Transfusion Medicine

– Clinical Chemistry

– Microbiology

– Genetics & Genomics

– Informatics

– Histocompatibility
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Surgical Pathology
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From Tissue to Slide
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Pathology Imaging Evolution
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Digital Pathology Workflow



12

Why Digitization?

• Improved efficiency and scalability

• Minimizes risk of damage/loss during transport

• Better patient care
– Faster results
– Easy and fast consultation

• Enables AI deployment

• Improved system integration

• Develops infrastructure for growth

• Essential for training future pathologists
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LAB

LAB LAB

LAB

Dash = specimen transport
Solid = slide transport
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LAB

LAB LAB

LAB

Dash = specimen transport
Dot = Digital slide transfer
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Artificial Intelligence in Anatomic Pathology

This Photo by Unknown Author i s l icensed under CC BY

https://www.frontiersin.org/articles/10.3389/fmolb.2021.672531/full
https://creativecommons.org/licenses/by/3.0/
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• Perform quantitative tasks

• Diagnosis

• Screening lymph nodes for metastatic cancer

• Outcome prediction

• Identify subvisual features indicative of molecular changes

• Report generation

Use Cases for AI in Anatomic Pathology
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Preimplantation Kidney Biopsies - 
Challenges

• Interpreted by on call 
pathologists

• Majority lack expertise in renal 
pathology

• Use frozen sections to ensure 
rapid TAT
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Is Artificial Intelligence Capable of Improving On-
Call Pathologist Performance?

S. Joshua Swamidass, MD, PhD Jon Marsh, PhD Victoria Swamidass
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AI Quantitation of Glomeruli
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Model Performance

ModelOn Call Pathologists

0.9330.884 < < 0.958
Model + Pathologists

r =
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Practice Transformation

Manual

Tedious

Error-prone

Time-
consuming

Automated

Liberating

Accurate and 
precise

Rapid
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Cancer 
Diagnosis, 
Typing, 
Grading
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Prostate Cancer

• Biopsies performed in patients with 
elevated PSA

• Time intensive saturation biopsy 
procedures
– 40-50+ slides per patient

• Pathologist identifies, grades, and 
quantifies cancer on every slide

• Modest reproducibility – less so with higher 
grade cancer
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• Trained on 549 slides, 
1,357,480 image patches

• Validated on 1627 
external slides (100 cases) 
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• Above example was missed by the pathologist

• Overall AUC = 0.991 for cancer detection on external validation set

• Now FDA approved for clinical use

Prostate Cancer Detection
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• Assist pathologists with diagnosis and 
classification of breast lesions

• AUC 0.976 for detecting breast cancer

• Pathologist accuracy improved from 
97.1% to 100% with AI support.

• Reduced review time by 16.5%

• Decreased IHC usage by 33%

Breast Cancer Detection
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Breast Cancer Grading

Mitotic activity

• Important for pathologic grading of 
many types of cancer

• Difficult and tedious

• Reproducibility is modest at best

• Results help drive therapy and provide 
prognostic information

Examples of mitoses in breast cancer

Lashen A, et al. Mod Pathol. 2022:35:1341-1348.
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Automated Mitotic Counting

• Mitotic counting across tumor types

• F1 score = 0.84 for pan-cancer mitoses

• Improved reproducibility – kappa 
0.457 to 0.726 with AI

Mahmoud T, et al. J Clin Med. 2020:9(3):749.
Simmat C, et al. Diagnostics (Basel). 2025:15(9):1127.

Shen Z, et al. Comm Biol. 2024:7:1674.



31

• Essential component of staging many types of cancer

• Manual review of lymph node slides to find small foci of cancer

• Cancer metastatic to lymph nodes alters therapy

Lymph Node Screening

Chuang, W-Y, et al. Mod Pathol. 2021:34:1901-1911.
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• Trained using >32,000 breast sentinel 
lymph node whole slide images

• >8000 patients

• Pathologists examined a subset of 
lymph nodes with and without AI 
assistance

• Speed improved by 55%

• Sensitivity improved for 2 of the 3 
pathologists by 20%



33

Screening Lymph Nodes

Pathologists

• Challenge competition (CAMELYON16)

• WSI with (n=110) and without (n=160) 
lymph node metastasis

• Validated in independent test set n=129

• Best algorithm AUROC = 0.994

• Pathologists AUROC = 0.966
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Predicting Outcomes
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• Trained on 1,039 patients

• Model 1 – recognize tumor

• Model 2 – predict 21 gene 
recurrence score from 
histopathology

• Combined model developed

• AUROC = 0.83 for predicting 
recurrence

Cancer Recurrence
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Foundation Models

This Photo by Unknown Author i s l icensed under CC BY-SA

https://thechoice.escp.eu/tomorrow-choices/how-artificial-intelligence-will-transform-decision-making/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
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• 100 million images from 100,000 H&E slides

• Slides primarily from 2 institutions

• 20 tissue types

• Self-supervised learning

• Assessed performance on 34 clinical tasks such as 
classification of cancer types

Foundation Models
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Selected Results

Prostate cancer detection and grading

Lung cancer detection and subtyping

Kidney cancer detection and subtyping
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Foundation Model Performance
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Foundation Model 
Comparison
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• Model performance for detection tasks

• Thyroid cancer, breast ductal carcinoma in situ, inflammatory bowel 
disease, and others

• All models show validation AUC >0.9 (best above 0.96)

Performance Comparison of 
Foundation Models - Detection
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Beyond Human Vision
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• Prediction of breast cancer biomarkers

• Estrogen receptor, progesterone receptor, 
Her2

• Majority of models show validation AUC 
0.96-0.98

Performance – Biomarker Prediction
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Future Digital Pathology
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Virtual Slide Staining
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Implementation Challenges
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Model Performance in the Field
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Foundation Model Performance

• Evaluated AI driven image retrieval

• 11,444 WSI from 9,339 patients

• 23 organs, 117 cancer types

• Average F1 scores and 95% confidence 
intervals for whole slide image obtained 
from The Cancer Genome Atlas – 
previously not seen by the models 
under evaluation
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• Challenges to clinical use

– Clinical validation
• Randomized controlled trials

– Heterogeneous data in real world

– Black box nature

– Reimbursement

– Workflow integration

– Digitization required

– Major hardware investment to 
run large foundation models

Still Early Days for Pathology 

Aggarwal A. et al. Nat Rev Clin Oncology. 2025:22:283-291.
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• Additional single task models FDA approved beyond prostate and breast 
cancer

• Further evolution of foundation models with larger and more 
representative datasets

• Multimodal models using generative AI technology to assist pathologists

– PathChat

Looking to the Future
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