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Abstract of the manuscript Recently, Anatomic Pathology (AP) has seen the introduction of several tools such as highresolution histopathological slide scanners, efficient software viewers [1]–[3] for large scale histopathological images and virtual slide technologies. These initiatives created the conditions for a broader adoption of computer-aided diagnosis based on whole slide images (WSI) with the hope of a possible contribution to decreasing inter-observer variability. Beside this, automatic image analysis algorithms represent a very promising solution to: - support pathologist’s laborious tasks during the diagnosis process - create a quantification-based second opinion - enhance inter-observer agreement. In particular, there have been amazing advances in terms of recognition rate and accuracy by recent developments [1], [4], [5]. Similarly, in order to reduce inter-observer variability between AP reports of malignant tumours, the College of American Pathologists edited 67 organ-specific Cancer Checklists and associated Protocols (CAP-CC&P) [6]. Each checklist includes a set of AP observations that are relevant in the context of a given organ-specific cancer and have to be reported by the pathologist. The associated protocol includes interpretation guidelines for most of the required observations. All these changes and initiatives bring up a number of scientific challenges such as the sustainable management of the available semantic resources associated to the diagnostic interpretation of AP images by both humans (pathologists) and computers (image analysis algorithms). In this context, reference vocabularies and formalization of the associated knowledge are especially needed to annotate histopathology images with labels complying with semantic standards. Current terminology systems for AP structured reporting (APSR) gather terms of very different granularity [7], [8] and have not yet been compiled in a systematic approach. Moreover, the Integrating Healthcare Enterprise (IHE) APSR template provides a formal representation of only high-level AP observations resulting from human interpretation of lowlevel morphological abnormalities. There is still a need to extend the scope of IHE APSR and to integrate in a unique formal representation both high-level AP entities observable by humans and the corresponding low-level morphological abnormalities, especially those that can be quantified using image analysis tools. In this research work, we present our contribution in this direction. We propose a sustainable way to bridge the content, features, performance and usability gaps [9][10] between histopathology and WSI analysis. Our multi-disciplinary approach covers the histopathology and imaging domains. It is structured as follow: Histopathology domain: i. Identify and extract relevant quantifiable observations from the College of American Pathologists (CAP) organ-specific Cancer Checklists and associated Protocols (CC&P) ii. Identify within the reference biomedical ontologies made accessible by the NCBO Bioportal [11], [12] and within the UMLS metathesaurus [13] the available histopathological formalized knowledge covering the scope of CAP-CC&Ps iii. Build a sustainable visual representation of this knowledge using the semantic types of the UMLS metathesaurus [14], [15].
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iv.



Initiate a formal representation of this knowledge under the AP Quantifiable Observation termino-ontology



Imaging domain: i. Identify effective histopathology imaging methods highlighted by recent Digital Pathology (DP) contests ii. Identify relevant imaging formalized knowledge within the reference biomedical ontologies in NCBO Bioportal [11], [12] and within the UMLS metathesaurus [13] iii. Extract the imaging terms and functionalities issued from major biomedical-imaging software (MATLAB, ITK, ImageJ) iv. Initiate a formal representation by integrating this imaging knowledge (issued from contests and biomedical-imaging software) under the Practical Image Processing Tasks termino-ontology In both histopathology and imaging approaches, a semi-automatic annotation process was used to label the quantitative parameters and relevant terms with codes from predefined reference semantic resources. In the histopathology domain, two (2) medical experts independently identified relevant terms corresponding to “gold standard” quantitative parameters observed by pathologists to score or grade malignant tumours. F-measure score were calculated to evaluate concordance between experts. In the imaging domain, relevant terms and functionalities issued from major biomedicalimaging software were extracted manually. Their hierarchization and integration were respectively performed with Protégé® and the Ontology Alignment Graphical User Interface[16] (OnAGUI). Based on NCBO Bioportal and UMLS semantic types, the concepts and metadata generated represent a sustainable vocabulary, dedicated to histopathology, being able to effectively support daily work on WSI. Semantic models and reference terminologies are essential in DP, being able to support the reproducibility and quality of the diagnostic, to assist and standardize anatomopathological reporting, and to enable multi-center clinical collaboration or research, especially in the context of cancer grading[7]. This research work is a step forward to organized, cross-disciplinary, information-driven collaborations in the histopathological imaging field. Future works should focus on further development toward realizing our longer term goals of advancing interoperability of histopathological imaging systems and reproducibility of histopathological imaging assays [17], [18]. References [1] A. Belsare, “Histopathological Image Analysis Using Image Processing Techniques: An Overview,” Signal Image Process. Int. J., vol. 3, no. 4, pp. 23–36, Aug. 2012. [2] D. Ameisen et al., “Towards better digital pathology workflows: programming libraries for high-speed sharpness assessment of Whole Slide Images,” Diagn. Pathol., vol. 9, no. Suppl 1, p. S3, Dec. 2014. [3] “Compression of medical volumetric datasets: Physical and psychovisual performance comparison of the emerging JP3D standard and JPEG2000 - art. no. 65124L,” ResearchGate. [Online]. Available: https://www.researchgate.net [Accessed: 04-Jun-2017]. [4] M. Veta, J. P. W. Pluim, P. J. van Diest, and M. A. Viergever, “Breast Cancer Histopathology Image Analysis: A Review,” IEEE Trans. Biomed. Eng., vol. 61, no. 5, pp. 1400–1411, May 2014. [5] V. Christlein et al., “Tutorial: Deep Learning Advancing the State-of-the-Art in
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Medical Image Analysis,” in Bildverarbeitung für die Medizin 2017, Springer Vieweg, Berlin, Heidelberg, 2017, pp. 6–7. [6] College of American Pathologists, “CAP - Cancer Protocol Templates.” [Online]. Available: http://www.cap.org [Accessed: 28-Jan-2016]. [7] C. Daniel et al., “Standards and specifications in pathology: image management, report management and terminology,” Stud Health Technol Inf., vol. 179, pp. 105–122, 2012. [8] G. Haroske and T. Schrader, “A reference model based interface terminology for generic observations in Anatomic Pathology Structured Reports,” Diagn. Pathol., vol. 9, no. Suppl 1, p. S4, Dec. 2014. [9] T. M. Deserno, S. Antani, and R. Long, “Ontology of gaps in content-based image retrieval,” J. Digit. Imaging, vol. 22, no. 2, pp. 202–215, Apr. 2009. [10] A. E. Tutac, [Formal representation and reasoning for microscopic medical imagebased prognosis] : [application to breast cancer grading]. Besançon, 2010. [11] M. A. Musen et al., “The National Center for Biomedical Ontology,” J. Am. Med. Inform. Assoc., vol. 19, no. 2, pp. 190–195, Mar. 2012. [12] P. L. Whetzel et al., “BioPortal: enhanced functionality via new Web services from the National Center for Biomedical Ontology to access and use ontologies in software applications,” Nucleic Acids Res., vol. 39, no. suppl, pp. W541–W545, Jul. 2011. [13] O. Bodenreider, “The Unified Medical Language System (UMLS): integrating biomedical terminology.” [Online]. Available: http://nar.oxfordjournals.org. [Accessed: 17Dec-2015]. [14] “Semantic Types and Groups.” [Online]. Available: https://metamap.nlm.nih.gov [Accessed: 17-Apr-2016]. [15] “Current Semantic Types.” [Online]. Available: https://www.nlm.nih.gov [Accessed: 17-Apr-2016]. [16] “OnAGUI - Ontology Alignment GUI,” SourceForge. [Online]. Available: https://sourceforge.net/projects/onagui/. [Accessed: 05-Jun-2017]. [17] B. Smith et al., “Biomedical imaging ontologies: A survey and proposal for future work,” J. Pathol. Inform., vol. 6, Jun. 2015. [18] M. N. Gurcan, J. Tomaszewski, J. A. Overton, S. Doyle, A. Ruttenberg, and B. Smith, “Developing the Quantitative Histopathology Image Ontology (QHIO): A case study using the hot spot detection problem,” J. Biomed. Inform., vol. 66, pp. 129–135, Feb. 2017.
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