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Objectives 

• Review of the revolution of digital pathology 
(DP) and its impact on precision medicine 

• Discuss lessons learned and challenges 

• Looking forward to future opportunities and 
collaboration 



Digital Pathology (DP) 
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One of the most promising 

fields of digital medicine • Connectivity & 

accessibility 

• Image analysis, 

artificial 

intelligence and 

automation  

• Improved quality & 

efficiency 

• Integrated pathology 

informatics 

• Transform pathology 

data into clinically 

actionable knowledge 
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Digital Pathology & Artificial Intelligence 



A patient’s medical journey begins with their diagnosis… 

…Pathologists provide forecast of 
Diagnosis 
Prognosis 

& Prediction of therapeutic response  



Artificial Intelligence - The Third Revolution in Pathology 

Courtesy Dr. Andy Evans 



Artificial Intelligence - The Third Revolution in Pathology 

• Hereby we stress the importance of certified pathologists having learned 

from the experience of previous revolutions and be willing to accept such 

disruptive technologies, ready to innovate and actively engage in the 

creation, application and validation of technologies and oversee the safe 

introduction of AI into diagnostic practice. 

 

 



DP & AI in Precision Medicine Delivery 

Application 
• Detection 

• Quantification 

• Classification 

• Prognosis 

• Prediction  

Materials & Methods 
• HE, special stain, IHC, 

fluorescence, live cells, etc. 

• Image analysis through machine 
learning, deep learning/artificial 
intelligence  

Desirable Results 

• Improved quality & 

efficiency 

• Pathology data → 

clinically actionable 

knowledge  

Digital pathology is not just the transfer of histopathological slides into digital 
representations. The combination of different data sources (images, patient records, 
and *omics data) together with current advances in artificial intelligence/machine 
learning enable to make novel information accessible and quantifiable to a human 
expert, which is not yet available and not exploited in current medical settings. 

Explainable Artificial Intelligence in Digital Pathology by 
Holzinger, Malle, Kieseberg, Roth, Muller, Reihs, Zatloukal 

https://arxiv.org/pdf/1712.06657.pdf 

Augmented 
Pathologist 



Deep Learning in Breast Pathology 

Automated classification of patients with metastatic  
breast cancer in lymph node 

1. Babak Ehteshami Bejnordi, Mitko Veta, Paul Johannes van 
Diest, et al. and the CAMELYON16 Consortium. Diagnostic 
Assessment of Deep Learning Algorithms for Detection of 
Lymph Node Metastases in Women With Breast Cancer. JAMA. 
2017;318(22):2199–2210. DOI: 10.1001/jama.2017.14585 

2. Peter Bandi, Oscar Geessink, Quirine Manson, et al. From detection of individual metastases 
to classification of lymph node status at the patient level: the CAMELYON17 challenge. IEEE-
TMI (Early Access) DOI: 10.1109/TMI.2018.2867350 

CAMELYON16 and CAMELYON17 data 
sets are open access and shared 
publicly on GigaScience, Google 
Drive and on Baidu Pan. 

https://jamanetwork.com/journals/jama/article-abstract/2665774
https://doi.org/10.1109/TMI.2018.2867350


Prognostication Criteria for Diffuse Gliomas 

• A deep learning approach for learning survival directly from 
histological images and created a unified framework for 
integrating histology and genomic biomarkers for predicting 
time-to-event outcomes.  

• Systematically evaluated the prognostic accuracy of this 
approaches in the context of the current clinical standard based 
on genomic classification and histologic grading of gliomas. 

• This  approach rivals or exceeds the accuracy of highly trained 
human experts in predicting survival. 

• Improving the accuracy and objectivity of grading will directly 
impact patient care. 



Deep Learning in Lung Cancer 



Assessment of PD-L1 Expression & Immune Cell Infiltrates 



Multiplex IHC for Clinical Trials 

Courtesy of Susan McCarthy of Moffitt Cancer Center using Vectra in a CLIA lab for clinical trials 



• Regulatory 

• Financial 

• Technical 

• Cultural 

Barriers to DP Adoption 



Breaking Regulatory Barriers 

• Leading digital pathology companies have recently received FDA 
approval for whole slide imaging system for primary diagnosis in US or 
CE certification for routine pathology applications in the European 
Union under the In vitro diagnostic medical devices directive. 

References:  
1. U.S. Department of Health and Human Services, Food and Drug Administration, Center for Devices and Radiological Health, Office 
of In Vitro Diagnostics and Radiological Health, Division of Molecular Genetics and Pathology MP and CB. [Internet]. Technical 
performance assessment of digital pathology whole slide imagingdevices; 2016. Available from: http://www.fda.gov/ 
downloads/MedicalDevices/DeviceRegulationandGuidance/ GuidanceDocuments/UCM435355.pdf 
2. Directive 98/79/EC of the European Parliament and of the Council of 27 October 1998 on in vitro diagnostic medical devices. 
https:// ec.europa.eu/growth/single-market/european-standards/ harmonised-standards/iv-diagnostic-medical-devices_en.  

Quality and reliability of the imaging system 



Breaking Regulatory Barriers 

• College of American Pathologists (CAP) set general guidelines on 

how to validate the imaging system to ensure the consistency of 

diagnose made by pathologists using the systems. 

 

First step from computational pathology to clinical diagnosis 



Breaking Financial Barriers 

~12-13% (published) efficiency gain 
at pathologist level 

~Saving on retrieval of archived slides 

~Merger of departments/labs with 
flexible pathologist availability 

~Reduced turn around time changes 
patient pathways 
• reducing visits and in-patient time 

• better more efficient use of resources 

~Facilitates review improving 
diagnostic accuracy 



Breaking Technical Barriers 

• Image quality 

• Open software solutions 

– Open to many scanners 

– Open to many image analysis suites 

• System (LIS/LIMS) integration 

• Speed, file storage and IT infrastructure 

 



Breaking Technical Barriers 

• Integrating the Heath Care Enterprise (IHE) Pathology and Laboratory 
Domain (PALM) 

     An initiative by healthcare professionals and industry to improve the way computer 

 systems in healthcare share information; an international standards organization that 

 bundles existing standards into profiles that solve particular medical communication 

      problems  

• Digital Imaging and Communication in Medicine (DICOM) 

 The standard file format definition and  

       communication profile for radiological  

       and many other medical images 

• IHE/PLAM & DICOM collaborative digital pathology 

    initiative starting in 2017 to create  

    interoperability for digital pathology 



Breaking Cultural Barriers 

 
Phase 1 
Planning 

 
Phase 2 

Scan Lab  
On-line 

 
Phase 4 
Review/ 

Consult Scans 

 
Phase 3 

Retrospective  
Scanning 

 
Phase 5 
Primary  

Diagnosis 

Proven Phased Adoption Strategy 

over ~18-24 months 



Learning from early adopters  

who publish results 

Lessons Learned 



Opportunities 

Arch Pathol Lab Med. 2018;142:369–382; doi: 10.5858/ arpa.2017-0139-OA 

• The digitization of pathology in WSI will provide a huge source of data that will ultimately lead to computer-assisted 
diagnostics. 

• The integration of all the various data obtained in laboratories is the future of pathology. 
• The pathologist is a trained physician who has expertise in making the correct diagnosis, determining the likely 

prognosis, and, with the additional information derived from multiple tests, providing a consultative opinion about 
treatment approaches.  

• As laboratory testing plays an increasing role in the era of personalized medicine, the role of the pathologist 
increases, and the need for consolidated interpretive reporting becomes critical.  

• The depth of knowledge required to integrate these various ancillary technologies demands the insight of 
subspecialty pathology and promotes a critical role for pathologists in the implementation of precision medicine. 



Opportunities 

Mitosis analysis Nuclear analysis 

Tubule analysis TIL analysis 

Lloyd, Monaco ASCO 2018 

• Workflow efficiency; review current & 
priors cases instantly 

• Telepathology and case sharing 

 

• Image analysis 



 TO DIGITAL WORKFLOW 

 Integrated Digital Pathology Solutions 

Dispersed, generalist Optimised & patient centric 

FROM PHYSICAL WORKFLOW 

Under Loaded 
Over Loaded 

Generalists 

Patient 
Level Loaded 

Specialization 



What’s next? 
 ~ Cancer finding tool 

~ Region of interest finder tool 

~ Mitotic count tool 

~ Pre-screening of IHC slides with 
quantitative scores 

~ Bug finder (e.g. mycobacteria) 

~ More accurate, faster 
measurements 

~ Tumor grading tools  

~ Application of image 
analysis to routine practice 

~ Image capture and export 
to the report 

 

 

Developing 
value-added tools 

26 



Opportunities: The Cancer Genome Atlas  

The Cancer Genome Atlas (TCGA) 

• A collaboration between the National Cancer 
Institute (NCI) and the National Human Genome 
Research Institute (NHGRI). 

• Free public dataset with comprehensive, multi-
dimensional maps of the key genomic changes in 
33 types of cancer.  

• Comprising more than two petabytes of genomic 
data. 

• This genomic information helps the cancer 
research community to improve the prevention, 
diagnosis, and treatment of cancer. 

http://cancer.digitalslidearchive.net/ 
 https://wiki.nci.nih.gov/display/TCGA/Introduction+to+TCGA 



Opportunities: TCGA Data 

TCGA Overview TCGA Tissue Procurement 



Opportunities: TCGA Image Analysis 



Future Collaborations 

Future clinical demands will be best met by  

• Dedicated research at the interface of pathology and bioinformatics, 

supported by professional societies 

• Integration of data sciences and digital image analysis in the professional 

education of pathologists. 

 



Preanalyticals Affect H&E 



Preanalyticals Affect Immunostains 



Preanalyticals Affect H&E and Immunostains 

• HistoQIP is a quality assurance program for histopathology, jointly sponsored by the 
National Society for Histotechnology and the College of American Pathologists. 

• To improve the quality of histologic preparations routinely performed in the histology 
laboratory through education.  

• For each set of slides submitted, participants will receive an evaluation specific to their 
laboratory, an educational critique, and a participant summary report that includes 
peer comparison data, performance benchmarking data, and information regarding 
best-performing procedures and techniques. 



 

CAP ER/PR and HER2 IHC TMA Survey 

 

• The Centers for Medicine & Medical Services (CMS) 
regulates all lab testing preformed on humans in US 
through the Clinical Laboratory Improvement 
Amendments (CLIA) 

• Proficiency Testing (PT) is one way that CMS monitors 
laboratories performance 

• CAP Proficiency Testing (PT) specimens must be tested 
with the laboratory’s regular workload, using routine 
methods, and testing the PT specimens the same 
number of times it routinely tests patient specimens.  



Analyticals Affect Immunostain Interpretation 

• CAP ER/PR and HER2 Immunohistochemistry (IHC) Tissue Microarray (TMA) Survey 

 
http://10.6.20.83/virtuoso/Analysis.seam?conversationId=596 

One TMA for ER 
IHC containing 10 
samples 
 
PM2-02-2017-A 
 
Stained at Moffitt 
Cancer Center  
(SP1 with antigen 
retrieval) 
 
http://capatholo.gy/TMA1 

 

 
 
 
 

One TMA for HER2 
IHC containing 10 
samples 
 
HER2-01-2017-A  
 
Stained at Moffitt 
Cancer Center 
(4B5 PATHWAY) 
 
 
http://capatholo.gy/TMA2 

http://capatholo.gy/TMA1
http://capatholo.gy/TMA2
http://capatholo.gy/TMA2
http://capatholo.gy/TMA2


HER2 Quantiative Image Analysis Algorithms 

A good quantitative image analysis (QIA) algorithm 
produces accurate, precise and reproducible result. 



 
http://10.6.20.83/virtuoso/Analysis.seam?conversationId=596 





• In conclusion, the system for DIA evaluated here was in most 
aspects a superior alternative to manual biomarker scoring. 

• It also has the potential to reduce time consumption for 
pathologists, as many of the steps in the workflow are either 
automatic or feasible to manage without pathological expertise.  



HER2 Quantitative Image Analysis (QIA) 

• QIA has been shown to improve consistency and accuracy of interpretation than 

manual scoring by pathologists, but has not gained widespread acceptance 
 

In 2016, 183 (22.1%) of the 826 laboratories enrolled in the CAP HQIP-A mailing,  

reported using QIA 

 

• While the ASCO/CAP HER2 testing guidelines addressing the key pre-analytical and 

IHC related issues, there is a need of guideline for HER2 IHC QIA  

 
CAP QIA Guideline Scope:  
• to provide recommendations for improving accuracy, precision and 

reproducibility in the interpretation of HER2 IHC where QIA is employed 
 



CAP Center Guideline Methods  

 Submit and Select Ideas 

Determine Scope and Form 
Workgroup 

Research and Review 
Evidence/Draft 

Recommendations 

Solicit  Comment 

Complete Recommendations  

Review and Approve 

Publish and Implement 

Maintain 



CAP HER2 QIA Guideline Key Questions 

2. What training of staff and pathologists is required? What are the 

competency assessments needs over time?  

3. How does one select or develop an appropriate algorithm for 
interpretation?  

4. How does one determine the performance of the image analysis?  

5. How should image analysis be reported? 



CAP HER2 QIA Guideline 

https://digitalpathologyassociation.org/_data/files/API/QIA_-

_API_2017_CAP_DPA_Bui.pdf 

Bui M, Riben MW, Allison KH, et al. Quantitative 
image analysis of HER2 immunohistochemistry for 
breast cancer: guideline from the College of 
American Pathologists. Arch Pathol Lab Med. In press. 

11 recommendations 
7 recommendations (based on 
laboratory accreditation requirements) 
4 expert consensus opinions 

https://digitalpathologyassociation.org/_data/files/API/QIA_-_API_2017_CAP_DPA_Bui.pdf
https://digitalpathologyassociation.org/_data/files/API/QIA_-_API_2017_CAP_DPA_Bui.pdf
https://digitalpathologyassociation.org/_data/files/API/QIA_-_API_2017_CAP_DPA_Bui.pdf


CAP Helps Pathologists and Laboratories Adopting DP  

• Digital Pathology Committee 

• Pathology and Laboratory Quality Center Committees  

    CAP Evidence-Based Guidelines –  

– Revisions to whole slide imaging validation guidelines  

– Quantitative imaging analysis of HER2 immunohistochemistry for breast cancer 

guidelines  

 



CAP Helps Pathologists and Laboratories Adopting DP  

Digital Pathology Committee  

 

Charge:  

To advance the adoption of digital 

pathology within the CAP and to 

serve as a respected resource for 

information and education for 

pathologists, patients, and the public 

on the practice and science of digital 

pathology.  

 

Digital Pathology Topic Center  



CAP and Other Pathology Societies Guidelines  

http://www.archivesofpathology.org/doi/full/1

0.5858/arpa.2013-0093-CP 

http://www.jpathinformatics.org/article.asp?issn=2153-

3539;year=2014;volume=5;issue=1;spage=39;epage=39

;aulast=Pantanowitz 

Updated CAP WSI validation guidelines.  

http://www.archivesofpathology.org/doi/full/10.5858/arpa.2013-0093-CP
http://www.archivesofpathology.org/doi/full/10.5858/arpa.2013-0093-CP
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http://www.archivesofpathology.org/doi/full/10.5858/arpa.2013-0093-CP
http://www.jpathinformatics.org/article.asp?issn=2153-3539;year=2014;volume=5;issue=1;spage=39;epage=39;aulast=Pantanowitz
http://www.jpathinformatics.org/article.asp?issn=2153-3539;year=2014;volume=5;issue=1;spage=39;epage=39;aulast=Pantanowitz
http://www.jpathinformatics.org/article.asp?issn=2153-3539;year=2014;volume=5;issue=1;spage=39;epage=39;aulast=Pantanowitz
http://www.jpathinformatics.org/article.asp?issn=2153-3539;year=2014;volume=5;issue=1;spage=39;epage=39;aulast=Pantanowitz


CAP DP Committee 

http://capatholo.gy/2Agehmu 

 

http://capatholo.gy/2Agehmu


CAP DP Committee 



2011     2012     2013      2014        2015       2016       2017       2018  

Hosted FDA at DPA 
PathVisions 

DPA Formed 
Industry sub-
subcommittee 
 

DPA pathologists 
meet w FDA to 
discuss risk/benefit, 

DPA actively engage 
FDA on classification 
clarity 

DPA establish unified 
response to Draft 
guidance 

DPA Hired external 
FDA regulatory firm to 
counsel DPA 

FDA reverse class III 
designation and decide on 
de novo pathway (class II)  

DPA clarifies special 
controls 

First DeNovo Clearance of 
WSI for Primary Dx 

FDA holds public 
hearings, class III 
designated (2009) 

DPA in Advocacy for Regulatory Path Clarity 



Next Task: Regulatory Path for AI  

https://nciphub.org/groups/wsi_working_group 

Facilitate bringing safe 
and state-of-the art 
pathology algorithms to 
the market in an 
efficient way.  

https://nciphub.org/groups/wsi_working_group


DPA, in collaboration with 
NSH, developed the first ever 
certificate program for digital 
pathology 

174 Course Registrations 
In 8 months! 

DPA in Education Partnership with NHS 



• DPA hosted the first Connectathon at 
Pathology Visions 2017 

• Formation of DICOM & Standards Task 
Force 

 

 

“We learned more in this one event than we did 
in the past 7 year”  
 

Dr. David Clunie,  DICOM WG 26 Co-chair 
 

DPA in Interoperability with DICOM 



DPA in Education and Awareness 

Publication & White Papers 

• Abstracts of all Pathology Visions presentation are published in the Journal of 

Pathology Informatics since 2017. 

• Member publication posting on DPA website is available per request. 

• Previous white paper presentations are on DPA website. 

• Various new white papers are in progress.  

Webinars & Blogs 

• DPA members have access to all archived webinars. 

• DPA members are welcome to post blogs. 



Pathology Visions 





     Conclusions 

• Digital pathology and artificial 

intelligence are here to stay and will 

continuously transform the delivery of 

precision medicine. 

• Collaboration of pathologists, scientists 

and industry are important to move the 

field forward in an impactful way.   

• Each individual can make a difference. 
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