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Markus D. Herrmann, MD, PhD
• Interdisciplinary physician-scientist at the intersection of 

medicine, biology, and computer science with a 
specialization in biomedical imaging, machine learning, and 
clinical informatics.

• Studied medicine at Ulm University in Germany, where he 

also received his first PhD.

• 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. 

10 June 2021 3



© College of American Pathologists

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
• I 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
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The computational pathology gap
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Model Model

Development: Data Scientists Deployment: Software Engineers

https://cloud.google.com/healthcare
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Data communication in machine learning
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Use ground truth
for model training

Render predictions 
upon model inference

Model Development Model Deployment

Interpret model outputsEstablish ground truth
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Bridging the data communication gap

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

Proposed solution
• 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
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“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
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Herrmann et al. 2018
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Image annotations and model outputs in DICOM
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Bridge et al. In preparation
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DICOM-enabled machine learning platform
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Demo of slim viewer with Google Healthcare API
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The future of bioimaging research in the cloud
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https://datacommons.cancer.gov

Image Data Repository
• Radiological images

• Slide microscopy images

• Image annotations

• Image-derived measurements

Image Management
DICOMweb interface of the 
Google Healthcare API
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Lung cancer detection in whole slide images
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Collections of whole slide images in DICOM format
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https://portal.imaging.datacommons.cancer.gov
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Collections from The Cancer Imaging Archive
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TCGA   (n=3114)

• LUAD (n=1541)

• LSCC (n=1573)

CPTAC (n=790)

• LUAD (n=496)

• LSCC (n=294)
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DICOM-based model training and inference
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Bridge et al. In preparation
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Model outputs for selected tumor tissue sections

10 June 2021 25



© College of American Pathologists

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

10 June 2021 27

Qualitative Evaluations
Coded concepts

Region of Interests (ROI)
Frame of reference

Measurements
Units

https://whobluebooks.iarc.fr/
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Encoding of model outputs in DICOM
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Review of model outputs in slim viewer
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DICOM-enabled machine learning platform
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Open-source software available on GitHub

10 June 2021 31



© College of American Pathologists

Participation in DICOM WG-26 Connectathon
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DICOM WG-26 Pathology
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DICOM WG-26 Hackathon
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Collaborative development of open standards
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Integrating the Healthcare Enterprise (IHE)
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Dash et al. 2021

IHE PaLM
Digital Pathology Image Acquisition
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Resources of Digital and Computational Pathology 
Committee

• List resources
o SPECs

o Resources Guides

o Topic Center Pages & AI pages

o AI@CAP.ORG email address
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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 
AI@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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