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Disclosures of COI for 2017 for MJB

Startup/Public Companies Royalties/Licensing, Equity):
ï De-ID Data Corp ïde-identification software (licensing agreement) 

http://www.de-idata.com/
ï SpIntellx ïSpatial Intelligence for Cancer Diagnostics (founder equity)

Consultancy (honoraria)
ï Cancer Center Consulting ïBaylor, CINJ, U Colorado, U NM
ï CTSA Consulting ïMCW, Northwestern, UC Davis, U Chicago, U IN, UC 

Davis, U NM, U WI
ï Biomedical Informatics Consulting ïMUSC, Northwestern, UC Davis, U 

Chicago, U FL

Federal Grants
ï CDC NIOSH ïNational Mesothelioma Virtual Bank
ï NCI - CCSG, ITCR and SPORE
ï NCATS - CTSA and ACT
ï NHGRI - BD2K
ï NLM - BMI TP
ï PCORI - CDRN



Take Home Messages

ÅFDA approval of whole slide imaging is driving 

Computational Pathology and AI in Pathology

ÅInformatics is key to implementing Computational 

Pathology and AI in clinical practice

ÅPathology and Radiology partnership can be 

enabled through:

ïTIES ïText Information Extraction System

ïTCRN ïTIES Cancer Research Network

ÅAI will be enabled through image & data sharing 

via TCRN and NCIôs Cancer Imaging Archive



Whole Slide Imaging (WSI) Workflow



FDA Approval for Whole Slide Imaging 

From Pantanowitz, Path Info Summit, 2017



Computational Pathology ïWhat is it?
Computational Path = Big Data Science Meets Pathology

ÅMassive Increases in Volume of Digital Data Generated 

from WSI PLUS genomic sequencing data ï

ÅHeralds the rise of computational pathology

ÅCritical for Personalized Medicine, Learning Health 

Systems, Basic Research and ñBig Data/Data Scienceò

From Fuchs, 2017



Definition of Computational Pathology

ÅAn approach to diagnosis that 

incorporates multiple sources of data 

(H&E, IHC, IF & genomic data)

ÅPresents clinically actionable knowledge 

(big data to knowledge)

ÅAdvanced decision support for precision 

(personalized) medicine

ÅHelps to redefine Pathology from an 

observational to knowledge engineering 

discipline hence critical to healthcare data 

science
(Louis et al Arch Path Lab Med 2014)





What is TIES?
ÅAn NLP and Information Retreival system for 

de-identifying, annotating, storing and 
retrieving pathology and radiology documents

ÅA system for indexing research resources 
(FFPE, FF, WSI) with document annotations

ÅAn GUI for querying large repository of 
annotated documents and obtaining resources 
locally, using an honest broker model

ÅA platform to support data, biospecimen and 
both Pathology and Radiology images for 
sharing among networks of cancer centers 
and other institutions



Text Information Extraction System (TIES)

http://ties.upmc.com/



TIES Cancer Research Network (TCRN)
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https:// cancerdatanetwork.org 







Causal Network Discovery = Computational Pathology
A probabilistic network approach to uncover genetic drivers of melanoma 

using data on copy number variation and gene expression*

Akavia UD , et al. Cell 143 (2010) 1005-1017.

(The figure above appears in this paper)
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Computational Pathology Algorithms like those in CCD 

for imaging and genomics are key enablers!!!
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Structural Genetics: 

e.g. SNPs, haplotypes

Functional Genetics: 

Gene expression 

profiles

Proteomics and other

effector molecules

Decisions by Clinical 

Phenotype

From William Stead: http://courses.mbl.edu/mi/2009/presentations_fall/SteadV1.ppt 

& http://www.mbl.edu/education/courses/special_topics/pdf/med_sched09_fall.pdf



1. Intra-tumoral spatial heterogeneity

16Nature Reviews Cancer (2009) 9:239ï252 



1. Quantify Heterogeneity for Diagnostics, Prognostics & Immunotherapy

17Marusyk A. Nat Rev Cancer. 2012 Apr 19;12(5):323-34



2. Integration of H&E, IHC and IF

18

H&E in transmitted light Multi to hyperplexed

ÅUniversal method 

ÅLimited molecular measurements 

in transmitted (IHC)

ÅComplex tissue ñscenesò

ÅEmerging method with potential to 

measure many DNA/RNA/proteins in 

the same tissue section/TMA

ÅStructural biomarkers

ÅQuantify biomarker expression 

levels and tissue based spatial 

relationships.



3. Histopatholomics: Spatial ITH

Epigenomics
Genomics

Proteomics
Metabolomics

1 mm 

Multi to hyperplexed fluorescence imaging of whole 

section for higher spatial resolution and tissue context

H&E stained whole tissue section

from FFPE tumor sample
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Thanks to Dr. Joe Ayoob for HPlomics



4. Ground-truth & Annotation

20



4. òCallableò ID of Histologic Features



5. Triaging ROIs

22



6. Computational Pathology and AI

23

Error over time

Intervention



Pathology and Radiology Must Partner!

From Fuchs, 2017



End of Talk ïe-mail me at becich@pitt.eduif you have 

questions/clarifications not covered in the discussion.

NOTE: E-mail me if you want PDFs of articles or presentation.

Thank you for organizing NCPF



Slide 26

Association for Pathology Informatics (API)

http://www.pathologyinformatics.org

ñéto advance 

the field of 

pathology 

informatics as an 

academic and a 

clinical 

subspecialty of 

pathologyéò

http://www.pathologyinformatics.org/index.html
http://www.pathologyinformatics.org/index.html
http://www.pathologyinformatics.org/index.html
http://www.pathologyinformatics.org/index.html


Journal of Pathology Informatics
Co-Editors Liron Pantanowitz, MD PhD and Anil Parwani, MD PhD

http://www.jpathinformatics.org

Please support JPI, 

API and 

Pathology 

Informatics as the 

Home for Digital 

Pathology -

Great Academic 

and Strategic 

Partnership with

Multiple 

Benefits!!!



Thanx to the Pitt team!



http://www.csb.pitt.edu/comppath/

29

YoutubeChannel for Lectures

https://www.youtube.com/watch?v=Xrvxc0YNcAM&feature=youtu.be

Thanx to Chakra Chennubhotla, PhD & Burak Tosun, PhD

http://www.csb.pitt.edu/comppath/

