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algorithms enabling and supporting an extensive collaborative telepathology initiative intended to address a large community of pathologists, mainly coming from 27 pathology laboratories in the Paris region (coordinated by the public hospital system of the city of Paris and its suburbs – APHP: Assistance Publique - Hôpitaux de Paris). A first glance of the assessment by the pathologists is given. Project organization and consortium At the very early stage of the project, one major event occurred which slightly modified the initial goals. ARSIDF, a second project launched by APHP with the involvement of a subset of FlexMIm consortium, was labeled and funded in the field of Telepathology, for a collaborative pathologists’ work on common medical cases. This gave the opportunity to specialize both projects on complementary goals. Therefore, ARSIDF focused on pathologists’ collaborative work including web conferences sessions, secure hosting of digital medical images in the case of image sharing and remote diagnosis for 2nd opinion in difficult cases. Accordingly, the FlexMIm project became a pure research project, aiming at improving the global workflow of digital pathology and targeting development and use of the necessary smart digital algorithms facilitating pathologists’ work. Orange led the project management (WP0) and the associated communication (WP7). WP1, led by APHP, was dedicated to the constitution and coordination of the cluster of pathologists’ working groups, and to the preparation of a full information document that would tailor the platform specifications in accordance with the pathologists’ requirements. WP2, led by Orange, consisted in administration of a hosting platform in cloud mode, and the development of an innovative algorithm for image best transport in situations where network conditions could be subcritical. WP3, led by the UPMC University Paris 6, was dealing with semantics and images and involved Pertimm, a company specialized in data indexing and retrieval. WP4 was driven by TRIBVN (a medical software company with large expertise in whole slide imaging), which developed dedicated image analysis algorithms, and integrated on the hosting platform all of the algorithms developed by the partners, including (but not limited to) the blur detection algorithm developed by Paris 7 University. WP5, dealing with coworking activities, was actually transferred in the ARSIDF project, as previously explained. WP6, led by APHP, consisted in permanent advice during the algorithms development phase, by including the current (six month - started in December 2015) phase of full assessment of all the algorithms produced by partners (and the potential upgrade requests by the partners after this evaluation) during the project.



Algorithms and achievements This section gives an overview of the algorithms developed by FlexMIm partners and integrated in the Teleslide-FlexMIm platforms since the beginning of this project. The details, goals and the operation modes are listed in accordance with a possible query in the medical process workflow. In order to avoid uploading unusable slides, the platform is able to filter potential flare or scanning defects in the slides. During the FlexMIm initiative, this was achieved by the development of a robust blur detection algorithm by University Paris 7 [5]. The algorithm was first tested in standalone mode and found successful with nearly any slide file format (JPEG, PNG, TIFF, SVS, NDPI and MRXS) prior to its integration in the project platform. Once integrated, optimizations were made in order to remain compatible with most of the existing slide file format. The optimization of the pathologists’ access to WSI using their terminals, by providing this access as a natural function of their actual environment (defined by pathologist localization on the network, the network bandwidth, the type of terminal used, the medical use of the image e.g. diagnosis or training), is insured by a “smart transport” algorithm, developed by Orange. Tested first in standalone mode and then integrated on the FlexMIm platform, it allows the pathologist to define a quality and a time thresholds, for an efficient image access, in accordance with these thresholds. An important improvement of displaying speed has been shown, as much as 10 to 50 times faster in poor bandwidth context, while the displaying speed was almost identical with or without this smart transport algorithm in good bandwidth context. In order to deal with possible staining variations (mainly due to interhospitals variations in the dye chemicals used for slide preparation), a powerful coloration correction algorithm was developed by TRIBVN. In the field of automatic detection for some specific cases, an analysis algorithm allowing help for identification of possibly critical (dysplastic) / uncritical areas was developed for Inflammatory Bowel Diseases (IBD) by TRIBVN and tested. It was further integrated to CaloPix Server and then made available on the collaborative platform. Virtual slides can be annotated on line due to several value-added functions developed by TRIBVN on the CaloPix server. Besides, Ki 67 index marker being essential in Breast cancers or in neuroendocrine tumors, a specific algorithm allows counting stained and unstained nuclei. Indeed, the ratio of stained/stained+unstained cells (Ki67 index) represents an important criterion for assessing the prognosis in tumors. For both IBD cases and prostate cancer cases, a contextual graph method has been elaborated and implemented with the support of UPMC Univ.



Paris 06, and the derived vocabulary put online on the project platform. Besides, mitosis detection algorithm has been built and tested. This H&EWSI based algorithm can be launched off-line for specific localized second opinion requests. In the same spirit of the above described tools - designed to provide quantification support to pathologists, on line semantics service / vocabulary has been produced to annotate IBD slides, with the ontology repository built by UPMC Univ. Paris 6 and an external search engine developed by Pertimm. The whole platform is linked through APIs used by the Pertimm’s search engine to communicate with this ontology, and to grab and index annotations. The ontology has an editing interface designed to allow pathologists feeding it with data, that will enrich it and improve the annotation, indexing and retrieval tools, as making possible converging towards a strong semantics tools open to everyone. Moreover, a moderating mechanism is being implemented to improve the overall acceptability of the ontology updates by all pathologists of the project. Algorithms assessment and methodological approach In order to assess the performance of the above-described algorithms, a complete system of on-line forms has been implemented by TRIBVN, upon recommendations of project pathologists in the “build” phase. During the evaluation pathologists “users” can thus provide quantitative and qualitative answers to specific questions without interruption of their tests and no risk to lose their written answers. A statistical treatment of these answers can then be derived, provided that enough pathologists are enrolled in the evaluation. All algorithms evaluations are performed on usual PC but pathologists were also provided with some touchscreen tablets to assess its ease of use in Digital Pathology. For efficiency reasons, in order to reach a minimal consistent cohort from the 27 pathology laboratories in the Paris region involved in the project, a focused number of laboratories were equipped with a new-dedicated slide scanner. For these services, an engineer is fully assigned to the support of the pathologists of these laboratories during the “build” and “run” phases of the assessment. First results, conclusions and follow-up In view of the very first results coming out from the beginning of the evaluation phase, we can conclude that most algorithms, which have been tested by the “FlexMIm” cohort of pathologists, have great potential for the development of Digital-Pathology and Telepathology. However, the most interesting resides in the fact that the complete combination of digital tools,



methods, and algorithms creates a genuine arsenal of added value functions, which will support the pathologists in their medical practice, in a very near future. Acknowledgment Authors and FlexMIm partners acknowledge the support from the following Funding partners: BPIFrance, Regional Council ÎLE DE FRANCE, Department of Paris. References [1] [2] [3] [4] [5]
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