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In the past 12 months, I have not had any significant financial interest or 
other relationship with the manufacturers of the products or providers 
of the services that will be discussed in my presentation.

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.
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Outline

• High-Throughput Truthing (HTT) Project
• Pilot Study

• Expert Panel Sessions
• New Training Materials
• Upcoming Pivotal Study
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High-Throughput Truthing (HTT) Project

• A collaboration of international  
volunteers

• Create a dataset of Whole Slide Images 
(WSI) of Triple Negative Breast Cancer 
(TNBC) with pathologist annotations of 
the stromal TILs assessment

• To be used for the validation of AI/ML 
and computational pathology models

• Pursuing qualification as a medical device 
development tool (MDDT)

Pathologists

Academia

Health 
SystemsAssociations

Industry

https://ncihub.org/groups/eedapstudies

NCI Hub - Group: eeDAP studies ~ Wiki: 
Presentation 2021: Pathology Informatics 

Summit - HTT project
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HTT Pilot Study
• 29 Pathologists

• 2 modalities
• a light microscope system (eeDAP)
• two digital whole slide image (WSI) viewing and annotation platforms 

• caMicroscope
• PathPresenter

• WSI scanned 40x equivalent magnification (0.23 µm/pixel)
• Hamamatsu Nanozoomer 2.0-RS C10730 series

• February 2020 – May 2021

Pilot Study

Pathologist Variability

64 Breast Cancer Slides

640 Regions of Interest (ROIs)

7,373 sTIL Annotations

Garcia et al., (2022)
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HTT Pilot Study

• Pilot Study data and Expert Panel annotations are publicly 
available from our GitHub repository: 
https://github.com/DIDSR/HTT

• Dudgeon SN, Wen S, Hanna MG, et al. A Pathologist-
Annotated Dataset for Validating Artificial Intelligence: A 
Project Description and Pilot Study. J Pathol Inform. 
2021;12:45. Published 2021 Nov 15. 
doi:10.4103/jpi.jpi_83_20

Pilot Study

Pathologist Variability

64 Breast Cancer Slides

640 Regions of Interest (ROIs)

7,373 sTIL Annotations

Garcia et al., (2022)
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caMicroscope Platform
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Collected Annotations
• Region of Interest (ROI) Label

• Describes the tissue within the ROI

• % Tumor-Associated Stroma
• The percentage of tumor-associated stroma present within the ROI 

Area of Tumor−Associated Stroma
Area of Entire ROI

× 100%

• sTILs Density
• The percentage of TILs area within tumor-associated stroma

Area of Tumor−Infiltrating Lymphocytes
Area of Tumor−Associated Stroma

× 100%

Garcia et al., (2022)
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Initial Analysis of Pilot Study
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• Mean and Variance are averages 
over all readers

• Vertical dashed lines represent 
clinical bins

• low (≤ 10%)
• medium (>10% & ≤ 40%)
• high (>40%)

• Horizontal lines:
• Average Variance in 10% bins of 

the data (57 ROIs per bin)

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

Expert Panel

72 ROIs

Pilot Study

Collected annotations and 
commentary

Garcia et al., (2022)

• 72 “Select” ROIs

• 8-member expert panel

• 8 recorded, one-hour virtual 
sessions

• Collect annotations independently
• Digital mode: caMicroscope
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ROI Selection: Variance and Entropy

• Variance
• Variance over pathologist’s sTILs Density estimates

• Entropy
• Measure of variance for categorical data (ROI Type)
• Captures the number of different ROI Types and 

the frequency of the chosen ROI Types.

Entropy = −∑i=14 pilog pi
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High

Sort

Low

Identifying 
“Select”
ROIs

640 Pilot Study ROIs
(scored by the Crowd)

570 ROIs

70 ROIs crowd determined
- No calculated variance
- “Not Evaluable for sTILs”

> 40% 
(N=33)

10% < % ≤ 40% 
(N=152)

≤ 10%
(N=385)

72 Select ROIs

Variance Entropy

8

4

8

4

Variance Entropy

8

4

8

4

Variance Entropy

8

4

8

4

Selected 
Highest and 

Lowest

2:1 Ratio

sTILs Density 

High

Sort

Low

15

https://policyoptions.irpp.org/magazines/january-2020/technology-isnt-shaping-work-the-way-we-think/technology-isnt-shaping-work-the-way-we-think/
https://creativecommons.org/licenses/by-nd/3.0/


16
16

Variance

Garcia et al., (2022)Mean sTILs density %

Va
ria

nc
e 

sT
IL

s 
de

ns
ity

 

Mean sTILs density %

16



17

Expert Panel Annotations: Reduction in Variance

Garcia et al., (2022)

High Variance 
with Experts

No Variance with 
Experts

Mean sTILs density %
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Expert Panel Annotations:
Reduction in Variance

All Densities ≤ 10% 10% < % ≤ 40% > 40%

Crowd - Pilot 48.10
[20.58 - 110.31]

30.70
[15.07 - 59.50]

111.50
[56.30 - 245.13]

324.55
[278.17 - 627.50]

Crowd - Select 212.24
[39.33 - 549.50]

44.67
[4.05 - 225.28]

246.80
[67.58 - 646.18]

358.75
[210.17 - 762.73]

Experts - Select 14.17
[4.23 - 178.67]

3.07
[0.98 - 4.32]

70.00
[14.17 - 224.17]

96.67
[39.42 - 275.03]

Garcia et al., (2022)

Legend:

Median [IQR]
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Identifying
“Select”
ROIs

640 Pilot Study ROIs
(scored by the Crowd)

570 ROIs

70 ROIs
- No calculated variance
- “Not Evaluable for sTILs”

> 40% 
(N=33)

10% < % ≤ 40% 
(N=152)

≤ 10%
(N=385)

72 Select ROIs
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Expert Panel Annotations: Reduction in Entropy

Garcia et al., (2022)
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Expert Panel Annotations:
Reduction in Entropy

All Densities ≤ 10% 10% < % ≤ 40% > 40%

Crowd – Pilot 0.23 
[0.00 - 0.45]

0.23 
[0.00 - 0.41]

0.24 
[0.00 - 0.50]

0.00 
[0.00 - 0.45]

Crowd - Select 0.56 
[0.00 - 0.86]

0.64 
[0.45 - 0.99]

0.64 
[0.24 - 0.92]

0.45 
[0.00 - 0.52]

Experts - Select 0.00 
[0.00 - 0.45]

0.00 
[0.00 - 0.45]

0.00 
[0.00 - 0.45]

0.00 
[0.00 - 0.50]

Garcia et al., (2022)

Legend:

Median [IQR]
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New Training Materials

• sTILs Reference Document

• Training Test with Feedback

• Proficiency Test

640 Pilot Study 
ROIs

72 “Select” 
ROIs

Expert Panel 
Annotations

36 Proficiency 
Test

36 Training Test 
with Feedback
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Pilot Study Training Materials
• Recorded webinar from 2020 USCAP Annual 

Meeting data collection event
• 20200219 HTTdataCollectionWebinar TILsEvaluation –

YouTube
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sTILs Reference Document

• Collective of experts’ annotations, comments, and pitfalls

• Introduction
• Performing the sTILs Assessment
• Pitfalls in sTILs Assessment

• Clinical Pearls for Approaching sTILs Assessment
• Annotations and Discussions
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sTILs Reference Document
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sTILs Reference Document
Comments: A challenging ROI. The DCIS in the center of 
the ROI is excluded from the calculation. Crushed tumor 
cells  may be confused for lymphocytes. There are few 
small foci of invasive tumor (e.g. in upper third of ROI) 
that would be the focus of assessment.  The lower part of 
ROI is also not reliable for scoring  due to marked crush 
artifact. Crushed cells in  the lower right quarter are 
suspicious for carcinoma, and not TILs, based on 
architecture similar to tumor cells outside of this ROI. 

Pitfalls: DCIS is excluded from the numerator when 
calculating the percentage of tumor-associated stroma. 
Non-lymphocytes may be confused for lymphocytes if 
there is tissue fixation/preservation artifacts. Comparison 
with areas outside of the ROI may help overcome 
tissue/fixation artifacts.
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Pitfalls in Percent 
Tumor-Associated 

Stroma

• Exclude thick-walled vessels, benign glandular 
elements, adipocytes, carcinoma in situ, and 
necrosis from the area of tumor-associated 
stroma

• Calculate with respect to the entire ROI area

• Variations in tumor cell morphology can make it 
difficult to distinguish stroma from tumor
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Exclude thick-walled vessels, benign glandular 
elements, adipocytes, carcinoma in situ, and 

necrosis from the area of tumor-associated stroma

AdipocytesBenign glandular elementsThick-walled vessels
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Pitfalls in 
sTILs Density

• Cells with small/pyknotic nuclei and/or 
perinuclear clearing can be difficult to categorize

• Non-lymphoid cells may be confused for 
lymphocytes

• Error in the percent tumor-associated stroma 
can affect the sTILs density

• Sparsely distributed tumor cells may be more 
challenging to quantitate
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Cells with small/pyknotic nuclei and/or 
perinuclear clearing can be difficult to categorize

Perinuclear clearing Pyknotic tumor cells
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New Training Materials

• sTILs Reference Document

• Training Test with Feedback

• Proficiency Test

640 Pilot Study 
ROIs

72 “Select” 
ROIs

Expert Panel 
Annotations

36 Proficiency 
Test

36 Training Test 
with Feedback
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Training Test with Feedback

• 36 ROIs from Expert Panel

• “Evaluable for sTILs” or 
“Evaluable”

• The ROI should be considered 
for the sTILs assessment
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Training Test with Feedback

• 36 ROIs from Expert Panel

• “Evaluable for sTILs” or “Evaluable”
• The ROI should be considered for 

the sTILs assessment

Expert Panel Annotations:

Mean Percent Stroma: 68.5 
Mean sTIL Density: 30

ROI Type
% Tumor-

Associated Stroma
% sTIL
Density

Evaluable 75 30
Evaluable 35 60
Evaluable 86 15
Evaluable 75 30
Evaluable 70 25
Evaluable 70 20

Comments: NA

Pitfalls: The stromal percentage is 
calculated with respect to the area of 
the entire ROI. Negative/empty space 
is to be included in the total ROI area, 
the denominator or percent stroma.34
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Proficiency Test

• 36 ROIs from Expert Panel 
• Separate from Training Test with Feedback

• Assess ROIs without any feedback
• sTILs assessment performance compared against Expert’s annotations

• Participants who perform above a specified metric can complete the 
pivotal study
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Updates to data collection tools / methods

• Made improvements to digital platforms
• Required registration
• Workflow updates

• New hardware for faster operation of eeDAP

• Updated ROI Type data element for Pivotal Study
• “Evaluable for sTILs” and “Not evaluable for sTILs”

• ROI images (Github) and full WSI (caMicroscope) can now be downloaded
• Soon to have bulk WSI download option

36

https://creativecommons.org/licenses/by-nd/3.0/


Lincensed under CC BY-ND

David L. Lawrence 
Convention Center
The Westin Pittsburgh

Upcoming Pivotal Study

• Actively sourcing slides

• Working on an application for a CME course

• Curate and prepare data

• Pivotal study launch this summer
• Looking for expert pathologists
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Get Involved!

• Want to learn more?
• Visit our eeDAP NCI Hub public page 

https://ncihub.org/groups/eedapstudies

• Want to collaborate?
• Join our team in PIcc 
Truthing & Validations — PIcc Alliance (pathologyinnovationcc.org)
• Slide sourcing for our pivotal study

• Contact 
• Brandon D. Gallas, PhD 

• Brandon.gallas@fda.hhs.gov

• Victor Garcia, MD
• Victor.Garcia@fda.hhs.gov
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QUESTIONS?

David L. Lawrence Convention Center
The Westin Pittsburgh
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Additional ROI Examples
Pitfalls in Percent Tumor-Associated Stroma
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Exclude thick-walled vessels, benign glandular 
elements, adipocytes, carcinoma in situ, and 

necrosis from the area of tumor-associated stroma

NecrosisCarcinoma in situ
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Calculate with respect to the entire ROI area
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Variations in tumor cell morphology can make it 
difficult to distinguish stroma from tumor
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Additional ROI Examples
Pitfalls in sTILs Density
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Non-lymphoid cells may be confused for 
lymphocytes

Fixation/preservation artifact Cross-sectionally cut fibroblasts
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Error in the percent tumor-associated 
stroma can affect the sTILs density
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Sparsely distributed tumor cells may be more 
challenging to quantitate
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