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Context Request + Clinical Context



Visual-based Observation



Glass slide



Sample



Output



Process



Input



Anatomic Pathology (AP) Report AP Diagnostic +/- AP grades/scores



Annotated Slide



Time-consuming, Complex, Cognitive, Expertise, Reasoning Competence



Histopathological Knowledge Rules for diagnostic & pronostic evaluation



AP Diagnostic (APD) Qualitative or quantitative AP observations (APO)



Current scenario for the exploration of a Glass slide in a Anatomic Pathology Laboratory Context
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Hypothesis



A UMLS-based formal integrative representation of both quantitative anatomic pathology (AP) observations and image analysis tasks in the context of the grading/scoring of malignant tumors will contribute to



• Develop explicit, unambiguous knowledge sources for innovative computer assisted diagnosis systems • Provide a knowledge base for better collaboration between humans and computers in the process of grading/scoring malignant tumors In order to enhance the inter, intra AP diagnostic reproducibility



Hypothesis
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Objective Image Analysis Domain Anatomic Pathology (AP) Domain Termino-Ontology Termino-ontology BRIDGING



APQF APD



Context of the scoring/gradin g process



APO



Quantitative AP Observations involved in the scoring/grading process



AP Quantitative Features



Objective



PIPTO



Practical Image Processing Tasks (Image Analysis modules)
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Problematic & Challenge Reproducibility & Sustainable management of the semantics



To Annotate histopathology images with labels complying with reference vocabularies and semantic standards



Problematic & Challenge



To Formalize associated knowledge for diagnostic interpretation of histopathology images by both humans and machines
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2. State of Art
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Existing Standards & Initiatives



Reference Terminologies



Information model & Interoperability initiatives



Existing Standards & Initiatives
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Literature Zillner et al. classify patients with lymphoma automatically in a spatioanatomical context, based on staging system, medical image annotation, Radlex and FMA, image metadata reasoning and ontological model. [2012]



➙ Organ specific ➙ Domain specific Racoceanu et al. describe a prototype that controls histological image analysis protocol developed in MICO* in order source to improve the Whole ➙ Local knowledge Slide Image (WSI) analysis protocol for a reliable assessment of breast cancer classification. [2014]



ü Broad consensus with application Cross-disciplinary Gurcan & Smith et al. propose anü ontology to represent imaging data and methods used in pathologicalüimaging analysis. The semantic ontology Reuseandof existing sources is named as « Quantitative Histopathological Imaging Ontology – QHIO ». On-going and aims to foster organized, cross-disciplinary, information-driven collaborations in the pathological imaging field. [Feb, 2017] Literature



9



Introduction



State of Art



Methodology



Results



Concluding Remarks



3. General Methodology
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Positioning our Approach Relevant application base with the College of American Pathologists Cancer Checklists & Protocols (CAP CC&P) àbroad consensus and ensure links to existing standards Multidisciplinary concern : Pathology + Image Analysis àfacilitate the adoption by professionals in a larger scope Reuse of reference ontologies and existing semantic sources àsustainable maintenance of the generated knowledge, crucial in a rapidly evolving domain



Positioning our Approach
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MANUAL



AUTOMATIC



Identification Quantifiable Parameters



Corpus annotation



1 2



Annotation by AP Expert



Identification Top 5 Reference by Recommender Ontologies vs. original algorithms



Conceptualisation by Annotator



Complement Metadata by UMLS Terminology Services
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3



Extracted Concepts



4



Formalisation Visualisation



SEMI-AUTOMATIC



SEMI-AUTOMATIC / AUTOMATIC Main steps of the process
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Semantic repositories & Tools (1/2)
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Semantic repositories & Tools (2/2)
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UMLS Metathesaurus – Semantic Types & Semantic Network
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College of American Pathologists Cancer Checklists & Protocols – CAP CC&P



Histopathology Corpus
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Imaging corpus issued from contest Conference -> challenge->winners->methods->articles->extracted corpus * Corpus index C#1



Associated conference ICPR 2012



Selected challenges MITOSIS (Mitosis detection in breast cancer histological images) AMIDA (Assessment of algorithms for mitosis detection in breast cancer histopathology images)



# of methods Word counts 4



181



11



405



C#2



MICCAI 2013



C#3



ICPR 2014



MITOS-ATYPIA (Detection of mitosis and highgrade atypia nuclei in breast cancer histology images)



4



627



C#4



MICCAI 2015 ISBI 2016



GlaS (Gland Segmentation in Colon Histology Images) Camelyon16 (cancer metastasis detection in lymph node) 5 International benchmarking Challenges



6



501



4



896



C#5



TOTAL



29 Top ranking Methods



*Source: “grand-challenges - Home.” [Online]. Available: https://grand-challenge.org/. [Accessed: 25-Oct-2016].



Imaging Corpus
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4. Results
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AP Diagnosis (APD) of tumor pathology



Histopathology domain
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AP Quantifiable Observations Annotation Corpus • 55/67 CAP protocols related to Malignant tumor analysis • 83 quantifiable Observations



Experts identification Content Result of identification of relevant terms and groups of terms by medical experts



Total Number of pertinent Terms Total Number of « Group of Terms »



Histopathology domain



Expert 1



Expert 2



(114) 11 103



(103) 11 92
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Inter-expert agreement analysis F-measure • 134 quantifiable parameters • 82 common to both experts • F-measure 76%



« Gold standard » • 91 Quantifiable Parameters



Histopathology domain
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Results of the BioPortal ontologies giving the best coverage rate for AP quantifiable parameters Reference Ontologies (Coverage %)



Gold Standard Type of Cancer



# of Concepts



NCIT



SNOMED CT



LOINC



RADLEX



PATHLEX



Colon & rectum



6



94%



48%



39%



38%



31%



Œsophagus



20



75%



41%



51%



28%



17%



Prostate



13



85%



61%



49%



7%



27%



Breast



66



70%



52%



54%



26%



15%



Melanoma



19



66%



51%



51%



22%



9%



78%



50%



49%



24%



20%



Average Coverage/Ontologie



Histopathology domain
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Mental Maps in the context of Breast Cancer Histopathology domain
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APD, APO and APQF organisation in the context of Breast Invasive Carcinoma prognosis Histopathology domain
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Proposal of an organ dependent hierarchical organization of APQF taking into account the Breast AP diagnostic context



Histopathology domain
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Proposal of an organ independent hierarchical organization of APQF taking into account generic quantifiable features Histopathology domain
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Top 5 BioPortal unrestricted “biomedical ontologies” #



Name



Category



Classes



1



Logical Observation Identifier Names and Codes (LOINC) 



Health



187123



2



Material Rock Igneous (MATRROCKIGNEOUS)



Upper Level Ontology



3535



3



Medical Subject Headings (MESH)



Health



261990



4



Material Natural Resource (MNR)



Upper Level Ontology



3554



5



National Cancer Institute Thesaurus (NCIT)



Vocabularies



118941



The coverage results with Corpus#1 were : 57.7% for single ranked ontology (NCIT) 75.2% for ontology sets (NCIT, SNOMEDCT, SWEET and LOINC) Imaging domain
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Formal world



Introduction



Operational world



Visualisation



Practical Image Processing Tasks Ontology - PIPTO OWL to OWL/RD F



Identified Concept Number • Matlab: 565 • ITK: 348 • ImageJ: 259 TXT to OWL



Sources from (3) Image Analysis Communities Imaging domain
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PIPTO issued from imaging community software libraries



Imaging domain
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Practical Image Processing Task Ontology (PIPTO) issued from the State Of the Art Imaging domain
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Bridging the semantic gap between histopathology and imaging domains



Bridging the Gap
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Formal world



Analysis Rules



Conversion Rules



Visualisation



APQF



Operational world



Conversion Rules



Analysis Rules



Breast cancer use-case: • 23 concepts from the • 5 different ontologies • 11 UMLS STY



• • • • •



SVG to OWL/R DF



XML to SVG



66 CAP protocols 20 organ specific 133 UMLS STY 54 relations 580 ontologies in Bioportal



Anatomopathology Domain



PIPTO OWL to OWL/R DF



Imaging concepts • Matlab: 565 • ITK: 348 • ImageJ: 259



TXT to OWL



Image Processing Domain
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Matching low-level AP Quantifiable features to Specific imaging Tasks For Score prognostic evaluation Bridging the Gap
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Computer Aided Quantification Module



ObjectEntity: Image, ROI



has for agent



has for Quantitative Features



Quantitative Features (computable in WSI) APQF



AP Diagnosis APD



has for Computer Aided Quantification Module has for context



has for object



AP Expert



Methodology



AP Observation (e.g: Score, Grade)



Is part of



AP Structured Report APO



has for evidence



Annotated WSI + Quantitative Features



Bridging the Gap for a score/grade prognostic evaluation Bridging the Gap
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Computer Aided Quantification Module (PIPTO): • MeasureCorrelation (e.i: Correlation coefficients between hematoxylin and eosin stained nucleus regions) • MeasureImageAreaOccupied • MeasureObjectIntensity (e.i: cell, nuclei) • MeasureObjectSizeShape



has for agent



has for Computer Aided Quantification Module



BreastInvasiveCarcinoma (APD)



Notthingham histologic score



has for context



Nuclear Pleomorphism



Is part of



AP Structured Report (APO)+Annotated WSI: Score1, 2 or 3 (e.i: Score2: cells larger than normal with, open vesicular nuclei, visible nucleoli, and moderate variability in both size and shape)



ObjectEntity: Image, ROI has for QuantitativeFeatures has for (raw) data/images • • • • •



Quantitative Features (APQF): Pixel Correlation of the nuclei Area occupied by nuclei Pixel intensity of the nuclei Cell size and shape Nucleus size and shape



AP Data Warehouse: Semantically enriched AP Report Annotated WSI+AP Quantitative Features (evidences)



Example of Nottingham Nuclear Pleomorphism Score prognostic evaluation Bridging the Gap
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5. Concluding Remarks
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Contributions (1/3) The development of two standard-based terminological systems in the AP domain to àbridge the semantic gap between diagnostic histopathology and image analysis The scientific state-of-the-art in the fields of Medical Informatics, Image analysis, Information Systems, and Biomedical Engineering. 
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Contributions (2/3) We proposed a semi-automated workflow for selecting candidate ontologies/semantic sources for semantic annotation of textual documents in a given domain. àthis workflow was applied on the AP Quantifiable Features (APQF). Proposed an Approach, Tool (Mental Maps) and Formal representation based on the CAP-CC&Ps, àto support AP experts in building a standard-based representation of low-level morphological abnormalities.



Contributions
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Contributions (3/3) We built a formal model of AP Quantifiable Features (APQF) in which concepts are organized àby feature categories and defined in the context of each organ specific grade/score system. We identified key imaging knowledge and concepts issued from different community sources: Matlab, ImageJ, ITK and histopathology imaging contests. à initiate a formal model PIPTO by integrating this knowledge with existing semantic resources in NCBO and UMLS.



Contributions
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Publications Traoré L, Kergosien Y, Racoceanu D, “Bridging the Semantic Gap Between Diagnostic Histopathology and Image Analysis,” Medical Informatics Europe Stud. Health Technol. Inform., vol. 235, pp. 436–440, 2017.



Traoré L, Daniel C, Jaulent MC, Schrader T, Racoceanu D, Kergosien Y “Modélisation sémantique d'un outil d'exploration et d'analyse d'images histopathologiques”, Oral communication to 1st Forum Franco-Québécois d’innovation en Santé 11-12 Oct. 2016, Montréal



Traoré L, Daniel C, Jaulent MC, Schrader T, Racoceanu D, Kergosien Y "A sustainable visual representation of available histopathological digital knowledge for breast cancer grading" Diagnostic Pathology Journal, vol. 2, no.1, Jun. 2016



Declaration of Invention, UPMC's Directorate for Research & Technology Transfer (DGRTT) office ongoing
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Limits Proposed taxonomic organizations & hierarchy are subject to the validation of domain specific experts and organizations (by Organ for AP, by Task for imaging) Greater participation of the AP community is needed in the development, adoption, and maintenance of such a source in a sustainable manner



Limits
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Perspectives (1/2) Considering high-level ontologies such as - BFO (Basic Formal Ontology) - DOLCE (Descriptive Ontology for Language and Cognitive Engineering) à Provide the basic entities and relationships for a better overall coherence.



Consolidation of the semantic modeling (properties, relations, rules) to à Carry out reasonings within the framework of the project Smart'GRADE



Integrate CAP biomarker protocols as these certainly à Play a crucial role in diagnostic or prognostic decision-making



Perspectives
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Perspectives (2/2) Process



Input Request Clinical Context



Output



Visual-based+Computer-assisted observations



WSI



Rules for defining grades/scores to (AP quantitative observations (APO) to compute in the context of a given AP Diagnostic (APD)



Anatomic Pathology (AP) Report AP Diagnostic +/- AP grades/scores



Annotated WSI



Automated analysis of AP quantitative features (APQF)



Rules for deriving quantitative observations (APO) from quantitative features (APQF)



Scenario of a computer-assisted process in the era of digital pathology for the exploration of a WSI in an Anatomic Pathology Laboratory Perspectives
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Identifier & Extraire les observations ACP dans les fichiers CAP 67 Protocoles : 55 protocoles: 83 Questions Quantifiables + « Gold Standard» 12 protocoles: NO Quantifiable Questions 1. BoneMarrow_12protocol_3011 2. HodgkinLymphoma_13protocol_3100 3. Mesothelioma_12protocol_3100_PasDeGrade 4. NonHodgkinLymph_13protocol_3200 5. OcularAdnexa_12protocol_3000 6. PlasmaCell_15Protocol_1000 7. Testis_13protocol_3300_PasDeGrade 8. Thymus_12protocol_3100 9. Thyroid_16Protocol_3200_final 10. Trophoblast_15Protocol_3100_final_PasDeGrade 11. UvealMelanom_16Protocol_3300_Final_PasDeGrade 12. Wilms_12protocol_3102_PasDeGrade
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Main Components of Smart’Grade Computer Aided quantification platform for AP laboratory Perspectives
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Finding reference ontologies Results of the BioPortal ontologies giving the best coverage rate for AP quantifiable parameters Reference Ontologies (Coverage %)



Gold Standard Type of Cancer



# of Concepts



NCIT



SNOMED CT



LOINC



RADLEX



PATHLEX



Colon & rectum



6



94%



48%



39%



38%



31%



Œsophagus



20



75%



41%



51%



28%



17%



Prostate



13



85%



61%



49%



7%



27%



Breast



66



70%



52%



54%



26%



15%



Melanoma



19



66%



51%



51%



22%



9%



78%



50%



49%



24%



20%



Average Coverage/Ontologie
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Top 5 Bioportal restricted to “imaging category” ontologies #



Name



Category



Classes



1



Radiation Oncology Ontology (ROO)



Development, Health, Human, Imaging, Vocabularies



1183



2



DICOM Controlled Terminology (DCM)



Imaging



3476



3



Information Artifact Ontology (IAO)



Biomedical Resources, Imaging, Other



180



4



Biomedical Informatics Research Network Project Lexicon (BIRNLEX)



Anatomy, Imaging



3580



5



Neural ElectroMagnetic Ontology (NEMO)



Anatomy, Biological Process, Experimental Conditions, Human, Imaging



1851



The coverage results with Corpus#1 were : 9.0% for single ranked ontology 21.8% for ontology sets 58
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