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Markus D. Herrmann, MD, PhD

* Interdisciplinary physician-scientist at the intersection of T T TR . W s Ty
medicine, biology, and computer science with a ' T et £ S S
specialization in biomedical imaging, machine learning, and

clinical informatics.

e Studied medicine at Ulm University in Germany, where he

also received his first PhD.

e Joined the faculty of MGH Pathology to lead the
Computational Pathology division in 2019.

* Research focuses on the development and evaluation of
digital imaging technologies and image analysis software as

well as their translation into safe and effective clinical

services.
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Disclaimer

« The CAP does not permit reproduction of any substantial portion of the
material in this Webinar without its written authorization. The CAP hereby
authorizes attendees of the CAP Webinar to use the PDF presentation
solely for educational purposes within their own institutions. The CAP
prohibits use of the material in the Webinar — and any unauthorized use of
the CAP’s name or logo — in connection with promotional efforts by
marketers of laboratory equipment, reagents, materials, or services.
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Disclaimer

* Opinions expressed by the speaker are the speaker’s own and do not
necessarily reflect an endorsement by the CAP of any organizations,

equipment, reagents, materials, or services used by participating
laboratories.
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Disclaimer

* | have no conflicts of interests related to this presentation.
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Outline

1. Limitations of current approach to machine learning model
development and deployment

2. Proposed solution to develop turnkey models that can be
readily deployed for clinical application

3. Proof-of-concept use case
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Ingredients of a machine learning project
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The ideal machine learning project

Software Engineering> Clinical Service

Concept Prototype
Clinical Need Data Science > Publication
Data Set Model Development> Model

Model Deployment > Medical Device

Research
Open-source Software Tools
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Clinical Practice
Commercial Software Systems
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The computational pathology gap

Development: Data Scientists
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Data communication in machine learning
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Bridging the data communication gap

Goal
Develop turnkey, deployment-ready models (plug & play)

Proposed solution M

* Apply consistent data management throughout the model

development and deployment process

* Rely on a standard interface to achieve interoperability
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“The ability of two or more systems or components
to exchange information and to use the information
that has been exchanged.”

Institute of Electrical and Electronics Engineers (IEEE) Standard Computer Dictionary

© College of American Pathologists 10 June 2021 12




“Secure exchange of electronic health information
with, and use of electronic health information from,
other health information technology without special

effort on the part of the user.”

21st Century Cures Act, Section 4003 (A)
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Outline

1. Limitations of current approach to machine learning model
development and deployment

2. Proposed solution to develop turnkey models that can be
readily deployed for clinical application

3. Proof-of-concept use case
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Digital Imaging and Communications in Medicine

Model of the Real World Information Model Communication Services
Entities and Relationships Digitial Objects with Attributes Operations on Digital Objects
Information Entity (IE) Information Object Definition (I0D) Service Object Pair (SOF)
*
VL Whale Slide Microscopy Image Client Server
| I
) () Patient Study Series I SearchForStudies L
. . e e L]
| Study Specimen P e gf:::i;::e""mm Sones Bt application/dicam-+jsan :
? Palient Birlhday Sludy Time Sariag Time |
- SearchForSeries !
Equipment —{ Series Container Specimen Equipment Image e ________"[]
$ Spacinen ldentiliar Manulactires Instanes Mumber application/dicom+json |
Conlainar ldentifier Device Sarial Number Calumng
Specimen Dascriptian Software Versions Raws !
Image J SearchForlnstances |
e - ————< O
L Encoding application/dicom+json I
; . [
* Specimen Preparation Steps
B . Data Set RetrieveMetadata |
Patient <> Part ~ Block —< Section Pixel Data e e m - ]
‘ c o g | I application/dicom+json I
- - 1
e Tl , !
O Electronic Health Record == T e RetrieveFrames L
O Laboratory Information System |_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_I_|_U —€ - - == e T T _|T|
O Microscope Metadata | magepegieip) i
Semantics Vocabulary and Syntax Protocol and Formats

Herrmann et al. 2018
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Image annotations and model outputs in DICOM

Comprehensive 3D SR VL Whole Slide Microscopy Image Segmentation
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DICOM-enabled machine learning platform
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Demo of slim viewer with Google Healthcare API







The future of bioimaging research in the cloud

NATIONAL CANCER INSTITUTE Q)
{ |
Cancer Research Data Commons N i

Image Data Re pos ito ry ..1. - Home  About  Repositories  Data  Analyze  Learn  More  MemberLogin

- Radiological images

: : : Imaging Data
« Slide microscopy images Commons
(IDC)

® I mage an nOtationS access, visualization, and

multi-modal imaging data

* Image-derived measurements

Visit IDC

Image Management

Overview

L]
D I C O Mwe b I n te l I ace Of th e IDC connects researchers with publicly available cancer imaging data, often linked with other types of cancer data, and co-located with cloud-

based computational resources and big data analysis tools provided by the Google Cloud Platform. IDC will provide the tools to search and
visualize cancer imaging data, define cohorts and use those cohorts for cloud-based analysis to better understand the disease and evaluate

Google Healthcare API

https.//datacommons.cancer.gov
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Outline

1. Limitations of current approach to machine learning model
development and deployment

2. Proposed solution to develop turnkey models that can be
readily deployed for clinical application

3. Proof-of-concept use case
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M) Check for updates

Data-efficient and weakly supervised
computational pathology on whole-slide images

Ming Y. Lu©"** Drew F. K. Williamson©'%, Tiffany Y. Chen ®'%, Richard J. Chen®'%, Matteo Barbieri'*
and Faisal Mahmood (9'23%

Deep-learning methods for computational pathology require either manual annotation of gigapixel whole-slide images (WSls)
or large datasets of WSIs with slide-level labels and typically suffer from poor domain adaptation and interpretability. Here
we report an interpretable weakly supervised deep-learning method for data-efficient WSI processing and learning that
only requires slide-level labels. The method, which we named clustering-constrained-attention multiple-instance learning
(CLAM), uses attention-based learning to identify subregions of high diagnostic value to accurately classify whole slides and
instance-level clustering over the identified representative regions to constrain and refine the feature space. By applying CLAM
to the subtyping of renal cell carcinoma and non-small-cell lung cancer as well as the detection of lymph node metastasis, we
show that it can be used to localize well-known morphological features on WSIs without the need for spatial labels, that it
overperforms standard weakly supervised classification algorithms and that it is adaptable to independent test cohorts, smart-
phone microscopy and varying tissue content.

Lung cancer detection in whole slide images

10 June 2021
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Collections of whole slide images in DICOM format

[ ] Collections | IDC

e G w - cancer.gov;
NATIONAL CANCER INSTITUTE
m) Imaging Data Commons @ ™), oi @ [ pocumentation o) signin

[-] TCGA-LUSC Original Lung Squamous Cell Carcinoma CT, NM, PT, Pathology 37 Lung Clinical, Genomics

DOI: 10.7937/K9/TCIA.2016.TYGKKFMQ

The Cancer Genome Atlas-Lung Squamous Cell Carcinoma (TCGA-LUSC) data collection is part of a larger effort to enhance the TCGA http://cancergenome.nih.gov/ data set with characterized radiological images. The Cancer Imaging Program
(CIP) with the cooperation of several of the TCGA tissue-contributing institutions are working to archive a large portion of the radiological images of the LUSC cases.

Please see the TCGA-LUSC wiki page to learn more about the images and to obtain any supporting metadata for this collection.

[+] TCGA-KIRP Original Kidney Renal Papillary Cell Carcinoma CT, MR, PT, Pathology 33 Renal Clinical, Genomics

[+] TCGA-THCA Original Thyroid Cancer CT, PT, Pathology 6 Thyroid Clinical, Genomics

[+] TCGA-SARC Original Sarcomas CT, MR, Pathology 5 Chest-Abdomen-Pelvis, Leg, Clinical, Genomics

TSpine
[+] TCGA-ESCA Original Esophageal Carcinoma CT, Pathology 16 Esophagus Clinical, Genomics
[+] TCGA-CESC Original Cervical Squamous Cell Carcinoma and MR, Pathology 54 Cervix Clinical, Genomics
Endocervical Adenocarcinoma

[+] TCGA-STAD Original Stomach Adenocarcinoma CT, Pathology 46 Stomach Clinical, Genomics

[+] TCGA-COAD Original Colon Adenocarcinoma CT, Pathology 25 Colon Clinical, Genomics

[+] TCGA-KICH Original Kidney Chromaphobe CT, MR, Pathology 15 Kidney Clinical, Genomics

[+] TCGA-READ Original Rectum Adenocarcinoma CT, MR, Pathology 3 Rectum Clinical, Genomics

[+] ISPY1 (ACRIN 6657) Original Breast Cancer MR, SEG 222 Breast Clinical, Image Analyses
[+] QIN-HeadNeck Original Head and Neck Carcinomas PT, CT, SR, SEG, RWV 156 Head-Neck Clinical, Image Analyses
[+] LIDC-IDRI Original Lung Cancer CT, CR, DX 1010 Chest Image Analyses, Clinical
-] TCGA-LUAD Original Lung Adenocarcinoma CT, PT, NM, Pathology 69 Chest Clinical, Genomics, Image

Analyses

DOI: 10.7937/K9/TCIA.2016.JGNIHEP5

Note: This collection has special restrictions on its usage. See Data Usage Policies and Restrictions.

Portal. Currently this large CT multi-sequence image collection of lung adenocarcinoma (LUAD) patients can be matched by each unique case identifier with the extensive gene and expression data of the same case from The Cancer Genome
Atlas Data Portal to research the link between clinical pnenome and tissue genome.

https.//portal.imaging.datacommons.cancer.gov
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Collections from The Cancer Imaging Archive
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DICOM-based model training and inference

SEG Image SEG Image
A =5 ad Frame #12 FRACTIONAL BINARY
x| |

M_ 0.000 W Segment #1 - Tissue

] I0d O : _ 0.000 W
Series of - : Frame #27
SM Images 20x K

Segment #2 - LUAD

SM Image

Ao Segment #3 - LUSC
.;\*
0282 W
0416 W
Pixel Matrix
SR Document Coordinate System
TID 1500 Measurement Report TID 1410 Planar ROl Measurements and Qualitative Evaluations i
Observation Context Finding [DCM, 121071] Neoplasm [SCT, 108369006] _
Finding Site [SCT, 363698007] | Lung [SCT, 39607008] Slide
Algorithm Identification _ Coordinate System
Morphology [SCT, 116676008] | Adenocarcinoma, NOS [ICD03, 8140/3]
Imaging Measurements Topography [SCT, 116677004] | Brochus and lung [I10C, C34]
Image Region [DCM, 111030] | POLYGON x,y,z, X,¥,Z, ... X, ¥, Z, |4—
Area [SCT, 42798000] 12.07 Square millimeter [UCUM, mm2] Bridge et al. In preparation
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Model outputs for selected tumor tissue sections

Tissue Tissue
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40
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Model outputs for selected tumor tissue section
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Exchange of model outputs in DICOM format

Comprehensive 3D SR

Patient

Study

Series

Equipment

Document

Observation Context

Algorithm Identification

Imaging Measurements

Measurement Group

Measurement Group
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ConceptNameCodeSequence 9; GraphicType: POLYGON

"|'3J > CodeValue: 111030 E GraphicData: [X,, Y, Z, .., X, Y, Z ]

8 | > CodingSchemeDesignator: DCM 8 | FrameOfReferenceUID: 1.2.3....
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ConceptNameCodeSequence ConceptCodeSequence

W > CodeValue: 363698007 W > CodeValue: 39607008

8 > CodingSchemeDesignator: SCT 8 > CodingSchemeDesignator: SCT
> CodeMeaning: Finding site > CodeMeaning: Lung
ConceptNameCodeSequence ConceptCodeSequence

g > CodeValue: 116676008 3 > CodeValue: 8140/3

8 > CodingSchemeDesignator: SCT 8 > CodingSchemeDesignator: ICDO3
> CodeMeaning: Morphology > CodeMeaning: Adenocarcinoma, NOS
ConceptNameCodeSequence ConceptCodeSequence

& | > CodeValue: 116677004 8 | > CodeValue: C34

8 > CodingSchemeDesignator: SCT 8 > CodingSchemeDesignator: 110C
> CodeMeaning: Topography > CodeMeaning: Bronchus and lung
ConceptNameCodeSequence MeasuredValueSequence

& | > CodeValue: 42798000 > NumericValue: 12.07

8 > CodingSchemeDesignator: SCT % > MeasurementUnitsCodeSequence
> CodeMeaning: Area Z | >> CodeValue: mm2

>> CodingSchemeDesignator: UCUM
>> CodeMeaning: Square Millimeter

Region of Interests (ROI)
Frame of reference

Qualitative Evaluations
Coded concepts

Thoracic Tumours

https://whobluebooks.iarc.fr/

Measurements
Units
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Encoding of model ou

import numpy as np
import highdicom as hd
from pydicom.sr.codedict import codes

# Encode bounding box enclosing the tumor region using 3D spatial coordinates
region_item = hd.sr.ImageRegion3D (
graphic_type=hd.sr.GraphicTypeValues3D.POLYGON,
graphic_data=np.array ([
[45., 34.,
[49., 34.,
[49., 42.,
[45., 42.,
[45., 34.,

o O o oo

o]
1,
-1
-1
D,

frame_of_reference_uid="1.2.3.4"

# Encode a qualitative evaluation describing the "morphology" as "adenocarcinoma"
morphology_item = hd.sr.CodeContentItem(
name=codes .SCT . Morphology,
value=hd.sr.CodedConcept(
value="8140/3",
scheme_designator="ICD0O3",
meaning="Adenocarcinoma, NOS"

# Encode a measurement with name "area" and of unit "square millimeter"
area_item = hd.sr.NumContentItem(

name=codes .SCT. Area,

value=12.07,

unit=codes.UCUM. SquareMillimeter

© College of American Pathologists

tputs in DICOM

import highdicom as hd
from pydicom.dataset import Dataset
from pydicom.sr.codedict import codes

def load_image () -> Dataset:

source_image = load_image ()

# Describe the device that is reporting the observation
observation_context = hd.sr.0ObservationContext (
observer_device_context=hd.sr.0ObserverContext (
observer _type=codes.DCM.Device,
observer_identifying_attributes=hd.sr.DeviceObserverIdentifyingAttributes(
uid=hd.UID(),
name="GPUO1"

)
)
)
# Describe the region of interest finding and associated measurements and evaluations
roi_description = hd.sr.PlanarROIMeasurementsAndQualitativeEvaluations (

finding_type=codes.SCT.Neoplasm,
finding sites=[hd.sr.FindingSite(anatomic_location=codes.SCT.Lung)],
referenced_region=region_item,
measurements=[area_item],
qualitative_evaluations=[morpholo

)
# Construct a measurement report from the ROI(s)
measurement_report = hd.sr.MeasurementReport(

observation_context=observation_context,
procedure_reported=codes.SCT. ImagingProcedure,
imaging_measurements=[roi_description]
)
# Construct an SR document containing the measurement report
report_document = hd.sr.Comprehensive3DSR(
evidence=[source_image],
content=measurement_report [0],
series_number=1,
series_instance_uid=hd.UID(),
sop_instance_uid=hd.UID(),
instance_number=1,
manufacturer="MGH Computational Pathology",
manufacturer_model_name="Object Detection Model",
software_version="v1",
device_serial _number="XYZ"
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Review of model outputs in slim viewer







DICOM-enabled machine learning platform
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a e |:| Image Display System I:I -------------------- : [ dicom-microscopy-viewer :
. - slim i = — S [ . .
H . P N Web-based viewer for DICOM Visible Light Whaole
|nter0perﬂb|e slide r‘niL‘rﬂEcop}" viewer for thin H dicom-microscopy-Viewer (JavaSCFIpt) E Slide MinDSCDDY |mages E
clients : Data Decision : _ :
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.............................................. + + + : [] dicomweb-client Ho]E
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+ * * o : @Python Yres %20
dicomweb-client (Python) :
Model Model : B highdicom
Training Inference :
highdicom (Python) High-level DICOM abstractions for the Python
N J programming language
Image Analysis System @g ...................... @®Python ¥3E %5
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Open-source software available on GitHub

S MeH Computational Pathology

Department of Pathology, Massachusetts General Hospital
@ Boston, MA

B Repositories 10 () Packages . People 5 A Teams 2  ['l|] Projects ! Settings

Pinned repositories Customize pinned repositories

& slim i ] dicom-microscopy-viewer i ] dicomweb-client
Web-based viewer for DICOM Visible Light Whole Python client for DICOMweb RESTful services
Slide Microscopy Images

Interoperable slide microscopy viewer for thin
clients

@ TypeScript 1x7 %4 JavaScript Yr46 %13 @Python Tre6 % 20

B highdicom

High-level DICOM abstractions for the Python
programming language

@Python Y739 %8
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Participation in DICOM WG-26 Connectathon

EPAT HOLOGY

VIJI\- s
Connectathon Participants #PathVisions20

Syodcare  PEEENSEL  nference®

PATHOLOGY

Il HURON  ®3pHISTECH NEAGEN

B&Pathcore PHILIPS ©DICOM
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DICOM WG-26 Pathology

éDICOM O, Search Login

Digital Imaging and Communications in Medicine

ABOUT STANDARD ACTIVITY USING DICOM RESOURCES CONFERENCES CALENDAR NEWS CONTACT

DICOM /[ Activity / Working Groups & Minutes /[ WG-26: Pathology

WG-26: Pathology

Secretariat (U.S) College of American Pathologists (CAP)
Kevin Schap, wg26chairs@dicomstandard.org

Secretariat (Europe) Sociedad Espafiola de Informatica de la Salud (SEIS)

Marcial Garcia Rojo, wg26échairs@dicomstandard.org

Co-Chairs Markus Herrmann, Massachusetts General Hospital
Mikael Wintell, Vastra Gotalands Regionen

wg2échairs@dicomstandard.org

Last strategy update 2019-10-02
Minutes WG-26 minutes
Scope:

® \WG26's scope is to support and develop the DICOM Standard so the Pathology Domain can handle their whole slide images and also the macros when it
comes to produce, store and communicate. We also want to make it possible for the domain to be a part of the whole healthcare process by open up
those system when it comes to interoperability using global Standards to create workflows.
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DICOM WG-26 Hackathon

Pathology Hackathon &*DICOM

Digital Imaging and Con

Develop interoperable computational tools
for whole slide image annotation and analysis

May 1st - June 18th 2021 (finale at ECDP 2021 congress)

https://github.com/DICOMWG26 AnnotationAHG/hackathon
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Collaborative development of open standards

H DICOMWG26AnnotationAHG / hackathon

<> Code (1) Issues 4 Il Pullrequests T Discussions () Actions  [U]] projects [0 wiki () Security [~ Insights 1 Settings
¥ main ~ ¥ 1branch © 0tags Go to file Add file =
* hackermd Add documentation of data collections and origin servers (#7) .. deda537 13 days ago %) 11 commits
[0 .github/ISSUE_TEMPLATE Update README and issue template 2 months ago
[ README.md Add documentation of data collections and origin servers (#7) 13 days ago
%  data.md Add documentation of data collections and origin servers (#7) 13 days ago
% servers.md Add documentation of data collections and origin servers (#7) 13 days ago
‘= README.md 4

DICOM WG-26 WSI Annotation Hackathon

A virtual Hackathon for collaborative development and testing of software for the generation, exchange, and use of
whole slide image (WSI) annotations in DICOM SR, SEG or Sup 222 format, in which anyone (vendors, academics
and individuals) can participate freely and openly.

The event will be held virtually over the internet and coordinated via this repository. It will start May 1st 2021 and
end with a grand finale at the European Congress on Digital Pathology (ECDP) June 15th-18th, 2021. There will be
opportunities at the ECDP conference to demo software and present results to an international audience of experts
in digital and computational pathology.
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Integrating the Healthcare Enterprise (IHE)

I H E Pa L M Acquisition

Manager

Digital Pathology Image Acquisition

IWOS IWOS | IWOS Status
Broadcast Query |Change
[LAB-80] [LAB-81]| [LAB-82]
| 1 1

1 I

Acquisition Storage Commitment
Modality [RAD-10] — Image Manager
Modality Image Stored _
[RAD-8] — Image Archive

WADO-RS Retrieve [RAD-107] —

QIDO-RS Query [RAD-129] —

Image Display

Dash et al. 2021
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Resources of Digital and Computational Pathology
Committee

i i st s e
 List resources o B
o SPECs
o Resources Guides Wb

o Topic Center Pages & Al pages
o AI@CAP.ORG email address

VERSSION 7.0 | ISSUE NG | 2010
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THANK YOU!

Thank you for attending our webinar “Realizing Artificial
Intelligence in Pathology — Streamlining Machine
Learning Model Development and Clinical Deployment”
by Markus D. Herrmann, M.D., Ph.D.

For comments about this webinar or suggestions for upcoming webinars, contact
Al@cap.org

NOTE: There is no CME/CE credit available for today’s complimentary webinar. The pdf
of the presentation will be sent out in about 1 week.
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