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The 3rd Revolution
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Arch Pathol Lab Med. 2018;142:1383–1387



So what 
does 
Digital 
Pathology 
look like ?







Digital Pathology Components



Am J Surg Pathol 2018;42:39–52

Arch Pathol Lab Med. 2013;137:1710–1722



Fully Automated Labs

• Sweden – 2 labs completely digital for primary diagnosis

• Department of Pathology at the Utrecht University Medical Center – 2016 
• All the Netherlands Pathology Centers to become digital

• Memorial Sloan Kettering Cancer Center (MSKCC), NY – retrospective

• University Hospital Centre of Montreal (CHUM) – moving towards 
digitization 

• ……. 



WSI Telepathology 
• UPMC Experience: 

• Transplant biopsies from Italy (Mediterranean transplant Institute) are read at 
UPMC

• Excellent concordance

• International WSI Telepathology Consultations – iPath (Univ of Basel)
• UPMC – KingMed, China TeleConsultation Center
• A digital pathology consultation portal (https://pathconsult.upmc.com/)

Pantanowitz L, Wiley CA, Demetris A et al. Experience with multimodality telepathology at the University of 
Pittsburgh Medical Center. J. Pathol. Inform. 2012; 3; 45
Zhao C, Wu T, Ding X, Parwani AV, et al. International telepathology consultation: Three years of experience between the 
University of Pittsburgh Medical Center and KingMed Diagnostics in China. J Pathol Inform 2015;6:63

https://pathconsult.upmc.com/


(Top left) recurrent acral 
myxoinflammatory
fibroblastic sarcoma. The 
clinical image shown in this 
case was supplied by 
KingMed upon request. 

(Top right) Extraskeletal
mesenchymal 
chondrosarcoma. 

(Bottom left) retiform 
hemangioendothelioma. 

(Bottom right) Pleomorphic 
hyalinizing angiectatic
tumor



Canadian Experience

• The Eastern Quebec Telepathology 
Network is the largest network in 
the World - 2011

• 22 sites 
• Primary diagnosis

• Intraoperative consultation 

• 2nd opinions
• Eductaion

Pare G, Meyer J, Trudel MC, Tetu B. Impacts of a large decentralized telepathology network in 
Canada. Telemed. J. E. Health. 2016; 22; 246–250.



KHSC Experience
• Intraoperative frozen section consultation with UHN for Neurosurgery 

cases 



Challenges in digital pathology

• Cost – additive to glass slides
• Large image size – technical issues, storage issues
• Challenges related to tissue processing
• Specific diagnostic categories 

• Dysplasia – focal, high power changes altered 
• Focal findings/ diagnostic changes

• Pathologist confidence in the technology

Bethany J. Williams, Philip DaCosta, Edward Goacher, and Darren Treanor (2017) A Systematic Analysis of 
Discordant Diagnoses in Digital Pathology Compared With Light Microscopy. Archives of Pathology & 
Laboratory Medicine: December 2017, Vol. 141, No. 12, pp. 1712-1718



Digital 
Pathology

Machine 
Learning

“Creativity is intelligence having fun.”
Albert Einstein



Philips and Paige team up to bring Artificial Intelligence (AI) to clinical 
pathology diagnostics: Dec 2019





(Arch Pathol Lab Med. doi: 10.5858/arpa.2018-0147-OA)

• Camelyon16 and 17 challenges
• LYNA algorithm

Diagnostic Assessment of Deep Learning Algorithms for 
Detection of Lymph Node Metastases in Women With 
Breast Cancer
(JAMA. 2017;318(22):2199-2210)



• TCGA tissue sets
• AdenoCa vs Sq Ca vs normal lung tissue – AUC 0.97
• Potential to predict 6/10 most common mutations in adenoca
• STK11, EGFR, FAT1, SETBP1, KRAS and TP53



http://tupac.tue-image.nl

Google - Similar Medical Images Like Yours 
(SMILY)

Mitoses 



Scientific REPORTS | (2018) 8:17343 

Althammer et al. Journal for ImmunoTherapy of 
Cancer. (2019) 7:121

Automated
Double staining – CD8/PD-L1

PD-L1 Staining Assessment



Clinical Trials 



1. The image analysis predicts PAM50 subtypes 
2. Also identified significant heterogeneity within the 
slides/ cases to predict survival (luminal A vs basal-
like)

Breast Cancer Research (2020) 22:12



Challenges and Limitations of AI



Annotation of digital images 
– biggest time intensive step

•Garbage in 
garbage out



Large-Scale Annotation of Histopathology 
Images
from Social Media

Memorial Sloan Kettering Cancer Center and the Tri-Institutional Training Program in
Computational Biology and Medicine, NY, USA
Weill Cornell Graduate School of Medical Sciences, NY, USA
Weill Cornell High School Science Immersion Program
Manhattan/Hunter Science High School, NY, USA
Hospital Universitario La Paz, Madrid, Spain
Mayo Clinic, Department of Laboratory Medicine and Pathology, MN, USA
Hospital Universitario HM Sanchinarro, Laboratorio de Dianas Terap´euticas, Madrid, Spain
Virgen de Altagracia Hospital, Manzanares, Spain
Centre Hospitalier de Mouscron, Belgium
Allama Iqbal Medical College, Lahore, Pakistan
Konya Training and Research Hospital, Konya, Turkey
BC Cancer, British Columbia, Canada
Sunnybrook Health Sciences Centre, Toronto, Ontario, Canada
Royal Victoria Infirmary, Department of Cellular Pathology, England, UK
Universit´e Paris Est Cr´eteil, Facult´e de m´edecine de Cr´eteil, France
University of Iowa, Department of Pathology, IA, USA
HRP Labs, San Juan, Puerto Rico, USA
Memorial Sloan Kettering Cancer Center, Department of Pathology, NY, USA
Columbia University, Department of Psychology, NY, USA



Limitations 

• Some algorithms are black boxes
• Overfitting and other inherent errors
• Over-reliance without clinical context 

• ESR, CRP, high platelets or any  number of examples

• Ethics issues
• Data confidentiality, data ownership, data sharing
• Digitization and storage of data are new facets for REBs
• Evolving standardized guidelines



Will I be 
replaced ?



NO

• ML is a screening and support tool for Pathologists
• Validation, appropriate clinical query and integration
• New roles integrating computation and pathology  

Leeds Teaching Hospitals NHS Trust, Leeds, UK



Uses 

• Screening 
• Measurements – tumor size, distance from margins etc
• Prognostication – mitotic count
• Predictive  - assess the immune infiltrate and help with the scoring 

(PD-L1 inhibitor)
• Decision support tool – e.g. fibroadenoma vs benign phyllodes tumor



Thank You
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