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Disclaimers

• The mention of commercial products, their sources, or their use in 
connection with material reported herein is not to be construed as either 
an actual or implied endorsement of such products by the Department of 
Health and Human Services. This is a contribution of the U.S. Food and 
Drug Administration and is not subject to copyright.

• This is a contribution of the U.S. Food and Drug Administration and is not 
subject to copyright.
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Outline

• HTT: High-Throughput Truthing project
– Overview
– Pilot Study: Pathologist Variability
– Deep Dive Expert Panel Sessions

• Training Materials
• Pivotal Study Data
• Data Curation
• Project Resources
• Summary
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Quantitative Biomarker
TILS: Tumor Infiltrating Lymphocytes
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High-Throughput Truthing (HTT) Project

• Clinical context:
• Breast cancer
• Quantitative Pathology Biomarker: Stromal 

Tumor Infiltrating Lymphocytes (sTILs)

• Clinical relevance of sTILs:
• Prognostic for survival
• Expected to inform patient management 
• Expected to reduce use of toxic 

chemotherapies

• Biomarker Evaluation by an Algorithm
• Reduce burden on pathologist
• Reproducible
• Quantitative
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• Deliverables/Tools
• Reference standard data set from pathologists
• Data-collection methods and platforms
• Methods to validate a quantitative algorithm
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Industry, International
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Data-Collection Platforms: Digital
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caMicroscope: Open Source
https://github.com/camicroscope/caMicroscope

PathPresenter:
https://pathpresenter.net/about

https://github.com/camicroscope/caMicroscope
https://pathpresenter.net/about
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Data-Collection Platforms: Microscope
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Registers stage 
coordinates with whole 
slide image via camera

Allows replication of 
the digital-mode study 

design

Computer drives the 
stage from ROI to ROI

Annotations are 
independent of the 
scanner and viewer
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Pilot Study

• Cases: 
– 64 H&E Slides
– 10 Regions of Interest (ROIs) per Slide
– Some ROIs are not appropriate for sTIL evaluation

• Evaluation Platforms:
– 2 digital and 1 microscope

• Readers:
– 37 readers
– 7 crowd readers with complete data
– 7 expert readers are on the collaboration team

• 7,898 Observations

5/24/2023 - The New Wave of AI in Healthcare - Create a Validation Dataset - GallasFDA.gov 9

R Data Package
https://github.com/DIDSR/HTT

https://github.com/DIDSR/HTT
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Variance of Pilot Study

Initial Analysis of Pilot Study

• Mean and Variance are 
averages over all readers

• Vertical dashed lines 
represent clinical bins
– low (≤ 10%)
– medium (>10% & ≤ 40%)
– high (>40%)Horizontal 

• To reduce study Variance, 
we used an Expert Panel 
to create new Training 
Materials
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Initial Analysis of Pilot Study

• Means and Variances are 
averages over all readers

• Vertical lines represent 
clinical bins
– low (≤ 10%)
– medium (>10% & ≤ 40%)
– high (>40%)

• Variance is increasing 
with the mean
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Pilot Study Deep Dive: Expert Panel Sessions

• Primary purpose
– Understand pathologist variability
– Improve instructions to reduce 

variability
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• Subsequent Opportunities
– Clinical practice training materials
– Reference standard for pilot study
– Explore analysis methods

Garcia et al. 2022, Cancers, “…Training Materials…”
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CME Course:
Assessment of Stromal Tumor-Infiltrating Lymphocytes

Objectives
• Describe the significance of 

stromal tumor-infiltrating 
lymphocytes in triple negative 
breast cancer.

• Demonstrate knowledge of the 
approach to determining the 
density of stromal tumor-
infiltrating lymphocytes.
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Faculty
• Victor Garcia, MD 
• Amy Ly, MD
• Matthew Hanna, MD  
• Dieter Peeters, MD, PhD  
• Roberto Salgado,  MD, PhD
• Xiaoxian Li,  MD, PhD

• Kim Blenman, PhD, MS  
• Katherine Elfer, PhD, MPH
• Bruce Werness, MD 
• Anna Ehinger, MD    
• Brandon Gallas, PhD

ceportal.fda.gov

https://ceportal.fda.gov/
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sTILs Reference Document and Pitfalls
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Example Pitfalls
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Interactive Test with Feedback and Proficiency Test
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Threshold = 
10

reader.
NotEvaluable

reader.
LE

reader.
GT

Fraction
Agree

Rate
Agree

expert.
GT 0 2 11 11/13 0.846

expert.
LE 3 15 4 15/22 0.682

expert.
NotEvaluable 0 0 0 4/4 NA

Pathologist-Specific Test Reports

Primary performance metrics

• Apply threshold

• Create 3x3 table

• Determine rates of agreement
– LE threshold
– GT threshold
– Not Evaluable

• Repeat for all experts
• Consider other thresholds
• Consider multiple thresholds
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Pathologist-Specific Test Reports
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Pathologist-Specific Test Reports
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• Black Triangles
– Reader vs. Experts Agreement

• Blue Circles:
– Experts vs. Experts Agreement

• Four criteria
– sTILs density ≤ 10
– sTILs density > 10
– sTILs density ≤ 40
– sTILs density > 40

• Pathologist-specific performance reports 
– Feedback test includes reader and expert 

data

• Requirements for HTT participants
– Take and pass CME course
– Take and pass proficiency test
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AI/ML model assessment
• Under development

– Model Distributions

• Multi-Expert Multi-Case (MEMC) analysis 
method
– Account for expert and case variability and 

correlations

– For each threshold and agreement above and 
below (multiple hypotheses) …

– Study result is the lower 97.5 percentile of
model-to-expert agreement

– Comparator is the lower 97.5 percentile of 
expert-expert agreement
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Expert Pathologists

Model
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Pivotal Study Data

• Inclusion Criteria
– Core biopsies of triple negative breast cancer (TNBC: ER/PR/HER2 negative)
– Slides that have been stained with hematoxylin and eosin within the last 7 years

• Exclusion Criteria
– Tissue collected after administration of any therapy (e.g., neoadjuvant, chemotherapy, radiation therapy).
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Feature Description Possible Values
Age Age of patient at time of sample 

acquisition.  If patient >89 years of 
age, Age reported as 90.

Continuous whole numbers

Sex Patient’s sex as defined in medical 
records. There was no differentiation 
for gender.

Female
Male
Intersex

Race Patient’s race. More than one 
response allowed.

American Indian or Alaska Native
Asian
Black or African American
Native Hawaiian or Other Pacific Islander
White

Ethnicity Patient’s ethnicity Hispanic or Latino
Not Hispanic or Latino

Breast Cancer 
Stage

Denotes breast cancer stage (tumor, 
lymph node, metastasis ) at time of 
biopsy

I
II
III
IV

• Clinical Metadata
– Need to demonstrate that dataset 

includes spectrum of clinical 
population

• ROI Selection
– Protocol gives instructions to target 

diverse morphology
– Collect study annotations
– Identify pitfalls



OSEL Accelerating patient access to innovative, safe, and effective medical devices through best-in-the-world regulatory science

Pivotal Study Data

• Determining reference standard is hard and takes resources
• Statistical precision determines study size

• Given a statistically determined study size, 
preferentially sample underrepresented cases
– Cases with ROIs with medium and high sTILs densities
– Cases from underrepresented groups
– Cases with rare pitfalls

• Data Curation – Batch Selection Protocol
– Priority Scoring of Cases
– Hierarchical Sort
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HTT Resources

Project presentations and publications
Pathologist training materials

Access to data-collection Platforms
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Pilot Study Data and Analysis Methods
Publicly Shared
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Summary and Thoughts

• A lot has been done. A lot still to 
do.

• Lessons learned from pilot study 
(and deep dive)
– Pathologist variability can be 

significant
– Pathologist variability can be reduced
– Pathologist variability is not well 

behaved
– Need tools to account for pathologist 

variability
10/25/2022 - OCE ImmunoOncology - Validation of AI/ML Models to assess TILsFDA.gov 31

• Tools (deliverables) from pilot 
study (and deep dive)
– Pathologist training materials
– Data to explore and model
– Data-collection tools

• Lessons and tools broadly support
– Biomarker validation
– AI/ML model validation
– Community is hungry for this research
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Amplifying Tools (Deliverables)

Regulatory Science Tool Catalog

• iMRMC software package
– Software to do multi-reader multi-case analysis of reader 

studies
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Medical Device Development Tools

• HTT dataset may reduce burden to sponsors
– Skip the design of the clinical trial
– Know performance evaluation methods FDA will accept
– Replace 40-70 pages of a submission with,

“We used the MDDT dataset and our algorithm performance was 
…”

• Reduce burden to FDA
– Qualify data and analysis methods once to support multiple 

sponsors
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State of the Project

• We are on the home stretch to launch the pivotal study

• Pivotal study slide and metadata sourcing
– Huge effort
– RCAs with 2 sites, one more in process (1 year to execute, 1 year to receive data)
– Chart reviews to find TNBC and metadata
– Received first set of slides and metadata (n=86)
– Target n=200

• Statistical analysis plan under development

• Future: “Share pivotal data”
– Create a pipeline for doing AI/ML performance assessment
– Host data on https://grand-challenge.org/ platform or https://precision.fda.gov/
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https://grand-challenge.org/
https://precision.fda.gov/
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Collaborative Community: Engage with FDA

• Pathology Innovation Collaborative Community
– Face-to-face Meeting 
– June 27,28
– Arlington, VA
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https://pathologyinnovationcc.org/events/picc23-unlocking-the-potential-
of-digital-pathology-and-ai-through-regulatory-science

https://pathologyinnovationcc.org/events/picc23-unlocking-the-potential-of-digital-pathology-and-ai-through-regulatory-science
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Title and content (black background)
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CDRH Mission

.. protect and promote the health of the public by ensuring the safety and 
effectiveness of medical devices and the safety of radiation-emitting 
electronic products…

We facilitate medical device innovation by 
advancing regulatory science, providing industry 
with predictable, consistent, transparent, and 
efficient regulatory pathways, and assuring 
consumer confidence in devices marketed in the 
U.S.
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CDRH in Perspective

EMPLOYEES

22k/year
Premarket
Submissions
includes supplements 
and amendments

18k
Medical Device 
Manufacturers

570k
Proprietary 
Brands

25k
Medical Device 
Facilities 
Worldwide

1900 183k 
Medical Devices
On the U.S. Market

Reports on 
medical device 
adverse events and 
malfunctions

1.4 MILLION/year
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• Conduct laboratory-based regulatory research to facilitate development and innovation 
of safe and effective medical devices and radiation emitting products

• Provide scientific and engineering expertise, data, and analyses to support regulatory 
processes

• Collaborate with colleagues in academia, industry, government, and standards 
development organizations to develop, translate, and disseminate science and 
engineering-based information regarding regulated products

• https://www.fda.gov/about-fda/cdrh-offices/office-science-and-
engineering-laboratories

Office of Science and Engineering Laboratories (OSEL)

385/24/2023 - The New Wave of AI in Healthcare - Create a Validation Dataset - GallasFDA.gov

https://www.fda.gov/about-fda/cdrh-offices/office-science-and-engineering-laboratories
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OSEL in Perspective

FEDERAL EMPLOYEES
Up to 180 visiting scientists

2,500k/year

Premarket
Regulatory consults

140 Projects
In 27 Laboratories 
and Program 
Areas

75
Standards and 
conformity 
assessment 
committees

70%
Staff with post 
graduate degree

183 400/year
Peer reviewed presentations, 
articles, and other public disclosures

55,000 ft2
Lab facilities

5/24/2023 - The New Wave of AI in 
Healthcare - Create a Validation Dataset -
Gallas

FDA.gov
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• Develop least burdensome approaches for regulatory evaluation of 
imaging and big-data devices
– Efficient clinical trials accounting for reader variability, simulation tools, in silico 

phantoms and imaging trials, addressing issues related to imperfect / missing 
reference standards, and limited data for training/testing of machine classifiers 

• Develop measures of technical  effectiveness of imaging and big-data 
technologies
– Phantoms, laboratory measurements, computational models

Division of Imaging, Diagnostics and Software Reliability 
(DIDSR)
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DIDSR in Perspective

FEDERAL EMPLOYEES
14 Fellows/Students
3 Open Staff Positions

550/year

Premarket
Regulatory consults

4 Program Areas
• AI/ML
• Medical Imaging and 

Diagnostics 
• Digital Pathology
• Mixed Reality 

(AR/VR/XR)

35 145/year
Peer reviewed articles, code and 
presentations

~15,000 ft2
DIDSR Lab and facilities

5/24/2023 - The New Wave of AI in 
Healthcare - Create a Validation Dataset -
Gallas

FDA.gov
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