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AlphaGo vs. Lee Sedol §



Lee Sedol played an historic five game match against Google DeepMind's AlphaGo computer program in March 2016. AlphaGo won the match, making it the first time a computer Go program had defeated a world class human player on even terms: AlphaGo 4 – Lee Sedol 1
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DeepMind Health § https://deepmind.com/applied/deepmind-health/
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DeepMind Health § Latest research projects
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Will Deep Learning solve all our medical problems in the near future … ?!



What is the concrete feedback for the MDs from the use of deep learning technologies ? ú Difficult to formalize since DL is working as a black box …   What is the motivation then for MDs to give us all the knowledge and data f they get in exchange only black boxes they will need to endorse?   How about the Transfer Learning issues ?   How about the Traceability of the Decision Assistance ?   The Context of use is essential to be known and mastered !



Future of the Computational Support in Medicine Ethics & Dynamics for the benefit of the Patients ú Ethics   Traceability   References   Validation ¨



Dynamics: Understand for a better Prognosis • Tumour heterogeneity • Morphogenesis / Pathogenesis • Tumour growing assessment / estimation / simulation • Life expectance estimation



Future of the Computational Support in Medicine Ethics & Dynamics for the benefit of the Patients ú Ethics   Traceability – Semantics   References – Challenges   Validation – Clinical assesment ¨



Dynamics: Understand and Prognose • Tumour heterogeneity – Imaging & Omics • Morphogenesis / Pathogenesis – Dynamic models • Tumour growing assessment / estimation / simulation • Life expectance estimation – Simulations



Big Data vs. Business Intelligence Business Intelligence helps find answers to questions you know. Big Data helps you find the questions you don’t know you want to ask.



Eric D. Brown – June 2014 http://ericbrown.com/whats-difference-business-intelligence-big-data.htm



« Big Data » - Methodological added-value •



More ambitious/complex topics/objectives, unimaginable before • Virtual Physiological Human, Connectomics, Genomics, • Integrative Digital Pathology



•



Test Complex hypothesis, often in real-time situations



•



Design of highly Scalable, parallelisable algorithms



•



Essential role of the Metadata and, consequently, of the Semantics, in data/results management/interpretation



•



Deep learning - in addition to the semantic analysis - for the understanding of complex / functional systems.
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BUILDING A SUSTAINABLE ONTOLOGY FOR HISTOPATHOLOGY



Towards a Sustainable ontology for histopathology Identification Quantifiable Parameters



66 CAP-CC&P Corpus annotation



1



2



Annotation Process AP Expert



Identification of Reference ontologies for 5 organs by NCBO Recommender



Top 5 Reference Ontologies



3 Conceptualisation Automatic annotation of quantifiable observations With reference ontologies by NCBO Annotator



Formalisation of Nottigham grade with reference ontology metadata + UMLS semantic ressources (CUIs, STYs)



5 Web Queries : REST services



4 Mental Map: Visual representation of concepts with their metadata from source ontologies (class definition, properties, relations ,,) + UMLS semantic resources (CUIs, STYs)



Extraction of metadata in reference ontologies (classes, intra relationships, properties, definitions, ect)



Since 2012 …



BENCHMARKING IN DIGITAL PATHOLOGY …



MITOSIS DETECTION - FIRST INTERNATIONAL BENCHMARKING IN DIGITAL PATHOLOGY – MITOS @ ICPR 2012



ICPR 2012, Tsukuba, Japan - 130 enterprises / institutes / universities, 40 countries 5 publications @ Journal of Pathology Informatics, vol. 4, n° 1, May 2013
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Call for Participation — MITOS & ATYPIA Contest 2 IPAL CNRS UMI 2955, A*STAR/Iand R, University Joseph – Piti´ e-Salpˆetri` ere Hospital Detection of Mitosis Evaluation ofFourier Nuclear Atypia Score MITOS & ATYPIA BENCHMARKING @ ICPR 2014 in Breast Cancer Histological Images Objective of the Contest 2 The objective of the contest is two fold: to detect accurately mitosis the one –hand, to eevaluate nuclear IPAL CNRS UMI 2955, A*STAR/I R, University JosephonFourier Piti´eand -Salpˆ tri`ere Hospital atypia score on the other hand. Both tasks will be performed on images of H&E stained slides of breast cancer. Detection of Mitosis and Evaluation of Nuclear Mitotic count and nuclear atypia are two important criteria in breast cancer grading. Objective ofathe Contest This contest is follow-up and an extension of a first successful contest that ICPR 2012. Atypia Score inoccurred Breast during Cancer Histological Images



The objective of the contest is two fold: to detect accurately mitosis on the one hand, and to evaluate nuclear of Mitosis Evaluation ofstained Nuclear Atypia atypia score onDetection the other hand. Both tasks will/ be performed on images of H&E slides of breast cancer. ▸80 institutions labs registered worldwide Mitotic count and nuclear atypia are two important criteria in breast cancer grading. Mitotic count gives an evaluation of the aggressivity of Nuclear pleomorphism refers to nuclei shape variations This contest isof a follow-up contest that ICPR Detection Mitosis and an extension of a first successful Evaluation ofoccurred Nuclear Atypia as compared to normal epithelialduring nuclei. The 2012. more adthe tumour. vanced is the cancer, the more nuclei become atypical Detection of mitosis is a challenging task since mitosis in their shape, Detection of Mitosis Evaluation of Nuclear Atypia size, internal organisation... Mitotic count - aggressivity of the tumour. Nuclear pleomorphism - nuclei shape variations. have a large variety of shape configurations. Nuclear atypia score score can becan estimated fromvariations criteria Detection of gives mitosis a challenging task : Nuclear atypia be estimated from pleomorphism refers to nuclei shape Mitotic count an is evaluation of the aggressivity of Nuclear There is a very low density of mitosis in one image. computed onas nuclei such epithelial as size of nuclei, nucle- the large variety of shape configurations as criteria compared to normal nuclei. size Theofmore adtumour. oli, density of chromatin, thickness of nuclear memOther objects like apoptotic cells (process of provanced is the cancer, the more nuclei become atypical very low density of mitosis in one image size of nuclei, size of nucleoli Detectioncell of mitosis is a look challenging task since mitosis brane, regularity nuclear organisation... contour, anisonucleosis grammed death) can very similar to mitotic in their shape, size, internal other objects are very similar to mitotic cells density ofofchromatin, have a large variety of shape configurations. (size within population of nuclei)... cells.… Nuclear atypia score can be estimated from criteria - variation thickness ofanuclear membrane There is a very low density of mitosis in one image. computed on nucleiof such as size contour of nuclei, size of nucleregularity nuclear of chromatin, thickness of nuclear memOther objects like apoptotic cells (process of pro- oli,- density Anisonucleosis size variation within nuclei regularity of nuclear contour, anisonucleosis grammed cell death) can look very similar to mitotic brane, population (size variation within a population of nuclei)... cells.



Some examples of mitotic cells. Dataset



Example of Mitotic Cells



Examples of di↵erent degrees of nuclear atypia.



The training dataset is made up of frames at X20 and X40 magnification extracted from 10 slides of breast cancer. EachSome frameexamples is a RGBofimage corresponding to a surface of aboutof379 ⇥ 338 degrees µm2 on of thenuclear slide. atypia. mitotic cells. Examples di↵erent of different degrees ofHamamatsu nuclear atypia Slide have been scanned at 40X magnification by two slide Examples scanners: Aperio Scanscope XT and



Mitotic count gives an evaluation of the aggressivity of



to nucleitoshape variations as refers compared normal epithelial nuclei. The more adMitotic gives an evaluation of the aggressivity of Nuclear pleomorphism the count tumour. as compared to normal epithelial nuclei. The more adthe tumour. vanced is the cancer, the more nuclei become atypical the cancer, the more nuclei become atypical Detection of mitosis is a challenging task vanced since ismitosis Detection of mitosis is a challenging task since mitosis theirorganisation... shape, size, internal organisation... in their shape, size, in internal a variety large variety of shape configurations. havehave a large of shape configurations. Nuclear atypia score can be estimated from criteria Nuclear atypia score can be estimated from criteria There is a very density mitosis inofone image. in one computed on nuclei computed such as size ofon nuclei, size of nucleThere is alow very lowofdensity mitosis image. nuclei such as size of nuclei, size of nucleoli, density of chromatin, thickness of nuclear memOther objects like apoptotic cells (process of prodensity of chromatin, Othercellobjects like cells (process pro- ofoli,nuclear brane, of regularity contour, anisonucleosis thickness of nuclear memgrammed death) can lookapoptotic very similar to mitotic brane, regularity of nuclear contour, anisonucleosis (sizeto variation within a population of nuclei)... mitotic cells.grammed cell death) can look very similar



Consolidation of an international REFERENCE DATABASE IN DIGITAL PATHOLOGY MITOS @ ICPR 2012



MITOS & ATYPIA @ ICPR 2014



(size variation within a population of nuclei)...



cells.



Some examples of mitotic cells.



Examples of di↵erent degrees of nuclear atypia.



Dataset



AMIDA @ MICCAI 2013



The training dataset is made up of frames at X20 and X40 magnification extracted from 10 slides of breast Some examples of mitotic cells. Examples of di↵erent degrees of nuclear atypia. cancer. Each frame is a RGB image corresponding to a surface of about 379 ⇥ 338 µm2 on the slide. SlideDataset have been scanned at 40X magnification by two slide scanners: Aperio Scanscope XT and Hamamatsu NanoZoomer 2.0-HT. Images have a size of 1539 ⇥ 1376 pixels for Aperio scanner, and of 1663 ⇥ 1485 pixels for Hamamatsu scanner. dataset is made up of frames at X20 and X40 magnification extracted from 10 slides of breast The training Mitosis are annotated on images at X40 magnification. cancer. Each frame is a RGB image corresponding to a surface of about 379 ⇥ 338 µm2 on the slide. Nuclear atypia score is provided for images at X20 magnification, and values for six criteria related to nuclear Slide haveforbeen scanned at 40X magnification by two slide scanners: Aperio Scanscope XT and Hamamatsu atypia are given images at X40 magnification. Selection of images, nuclear atypia scores and mitosis annotations been pixels providedfor by Aperio two seniorscanner, pathologists NanoZoomer 2.0-HT. Images have a size of 1539have ⇥ 1376 and of 1663 ⇥ 1485 pixels for and Hamamatsu three junior pathologists of Piti´ e -Salpˆ e tri` e re Hospital and of Institut Curie, Paris France. scanner.



GlaS @ MICCAI'2015



Mitosis are annotated on images at X40 magnification. Nuclear atypia score is provided for images at X20 magnification, and values for six criteria related to nuclear http://mitos-atypia-14.comicframework.org/ TUPAC atypia are @ givenMICCAI'2016 for images at X40 magnification. @have ISBI Selection of images, nuclear atypia scores and mitosis annotations been2016 provided&by2017 two senior pathologists Important Dates and three junior pathologists of Piti´e-Salpˆetri`ere Hospital and of Institut Curie, Paris France. Website



Validation Histology Database



• December 2nd, 2013: Training data set available. • July 1st, 2014: Evaluation data set available. Website Participants send an abstract (one page) describing their method. • July 27th, 2014: Deadline for participants to send their results. •http://mitos-atypia-14.comicframework.org/ August 24th, 2014: Contest meeting will take place during ICPR 2014 in Stockholm, Sweden.



Acknowledgement Important Dates



MATERIALS Conference -> challenge->winners->methods->articles->extracted corpus Corpus index C#1



Associated conference ICPR 2012



C#2



MICCAI 2013



C#3



ICPR 2014



C#4



MICCAI 2015 ISBI 2016



C#5



TOTAL



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



# of methods 4



Word counts 181



11



405



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



4



627



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



6



501



4



896



29 Top ranking Methods



Sustainable formal representation of breast cancer grading histopathological knowledge, European Congress on Digital Pathology, The Diagnostic Pathology Journal 2016 2:109. Daniel RACOCEANU



16



16



BRIDGING THE GAP BETWEEN ANATOMOPATHOLOGY AND IMAGING ONTOLOGIES



Bridging the semantic gap between diagnostic histopathology and image analysis



Sustainable formal representation of breast cancer grading histopathological knowledge, European Congress on Digital Pathology, The Diagnostic Pathology Journal 2016 2:109. Bridging the semantic gap between diagnostic histopathology and image analysis, Informatics for Health 2017, UK



ONTOLOGY AT THE HELM



Ontology-Driven Integrated Approach Personalized Data BIOMEDICAL DATA üClinical üBiological üMicroscopic üMultimodal Imagery



SYSTEMIC BIOMEDICAL MODEL üMolecular, Cellular üCytology, Histology üPhysiology üModel



MODALITIES GUIDED BY MODELS üInstrumentation üTechnologies üExploration strategy



Ontologies and Reasoning at the Helm INFORMATICS, COMPUTER SCIENCE üMulti granular images analysis üOntologies, Semantic Annotation, Reasoning üContent-Based Indexing üInteractive Query Strategies (Relevance Feedback) üLearning, Classification, Regression, Prognosis



Cognitive Virtual Microscopy: Semantics at the helm



Semantic exploration of Whole Slide Images



Reasoner & Ontology



Imaging tools D. Racoceanu, F. Capron, Towards Semantic-Driven High-Content Image Analysis. An Operational Instantiation for Mitosis Detection in Digital Histopathology, CMIG, 2015.



SEMANTICS AT THE HELM in digital histopathology § Traceability ú Help histopathologists to make decisions by providing quantitative statements about medical diagnosis ú Semantic reasoning takes place in a formal world, each inference and decision are proven.



§ System understanding & Decision support ú Tedious and time consuming tasks. User in the loop.



§ Flexibility and maintenance ú Full semantic approach, all the facts and processes are expressed in an open manner. ú Full description and easy understanding.



§ Technology acceptance ú Semantic web technologies help the user to understand what the system truly does. ú Increasing the system perceived ease of use and usefulness.



§ Improved image processing ú Expert knowledge used to guide image processing algorithms, target interesting spots in order to



improve and speed the overall gradation support.
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Interaction between ontologies and images Coupling between knowledge and pattern recognition Role sharing and interaction between AI and Pattern Recognition Driving by the Ontologies and the Knowledge



Verification by the Ontologies and the Knowledge



Pattern Recognition and image exploration



Gradation, ● Mitotic Count Validation of the results ● Cognitif safeguard ●



•



Selection of frames, scale, magnification Driving and parameterization of the imaging modules •
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Imaging tasks New modality generation Multi-scales approaches Nuclei detection Mitosis detection Counting Grading -



-
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Domain Ontologies



OPERATIONAL WORLD



FORMAL WORLD



Analysis Rules



Domain Ontology according to the Developer



Analysis Rules



Conversion Rules



Conversion Rules



Conversion Rules



Algorithms Data Definition Ontology



User Data Definition Ontology



XML to N3



XML to N3



XML Data



IMAGE PROCESSING DOMAIN
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Domain Ontology according to the Expert



XML Data



HISTOPATHOLOGY DOMAIN
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DIGITAL PROTOCOL - BC GRADING Mitotic count DP protocol



DIGITAL PROTOCOL – BC GRADING Nuclear atypia grading DP protocol



An Exploration Scheme for Large Images: application to Breast Cancer Grading, Int. Conf. Pattern Recognition, 2010



Mitosis Detector/Extractor WideFieldUniqueID: string SlideTitle: string ObservationLocation: string ObservationComputerHostname: string



OUT



IN



pixelDimensionX: double (μm) pixelDimensionY: double (μm)



OUT



AreaCalculator



WideFieldUniqueID: string SlideTitle: string Observer: string FullTime: xsd:date ObservationType: string = MitosisExtraction ObservationMethod: string Version: double ObservationLocation: string ObservationComputerHostname: string ObservationConfidence: double setOf(area: double (μm²))



IN OUT IN IN



frameTopLeftCorner: (double, double) (μm) frameSize: double (μm)



OUT



relativePixelToAbsolute μmConverter



OUT



IN



OUT



MitosisExtractor



IN IN



OUT



MaskCreator



OUT



IN IN



OutputFolder: string mitosisWindowSize: double (μm)



setOf(MitosisFeature) : grayLevel: double, circularity: double, energy: double Inertia: double InverseDifferenceMomentum: double longRunHighGreyLevelEmphasis: double confidence : double ... setOf(maskWindowFilePath: string)



setOf(extractedWindowFilePath: string)



WindowExtractor OUT



IN



OUT
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setOf(centroid: (double, double) (μm)) nbMitosis: int



IN



setOf(relativeCentroid: (double, double) (px)) setOf(setOf(relativeMitosisPoint: (int,int) (px)))



frameImageFilePath: string



AnalysedFrameTopLeftCorner: (double, double) (μm) AnalysedFrameSize: double (μm)



Figure 5.8: MitosisExtractor 27
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setOf(windowTopLeftCorner: (double, double) (μm)) setOf(windowSize: double (μm))



MICO imaging modules



Semantic & Formal World XML



Algorithm



Notation 3



Queries Results



Self description XML shell Semantic profile to achieve semantic shell
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Web portal / services for Computational Pathology Histopathology Knowledge Web Service



CAP Cancer Checklists and Protocols ticipation — MITOS & ATYPIA Contest (evolving)



Web Portal



DP Semantic Repository Ontology : facts, rules



Sustainable Enrichment



Knowledge Acquisition



CallFourier for Participation MITOS *STAR/I2 R, University Joseph – Piti´e-Salpˆetri`ere— Hospital



& ATYPIA Contest MIA and ofML Yellow Pages Detection Mitosis and Evaluation of Nuclear Atypia Score in hand, Breast Histological Images wo fold: to detect accurately mitosis Web on the one and toCancer evaluate nuclear Service



itosis



Joseph Fourier – Piti´e-Salpˆetri`ere Hospital



Effective / Efficient Computational Pathology Technologies



User



Query / Retrieval



Order execution & Acknowledgement



Results Results



2. Clinical trials and medical research (knowledge consolidation, state of the art, query-based research, similarities and causalities exploration, meta-reporting)



Reasoning Web Service



Objective of the Contest of Nuclear Atypia Evaluation



Nuclear of pleomorphism nuclei Theofobjective the contest refers is twotofold: toshape detectvariations accurately mitosis on the one hand, and to evaluate nuclear n of the aggressivity as compared normal epithelial nuclei. The adatypia score on the to other hand. Both tasks will bemore performed on images of H&E stained slides of breast cancer. thenuclear cancer,atypia the more become atypical Mitoticvanced count is and arenuclei two important criteria in breast cancer grading. ing task since mitosis in their shape, size, internal organisation... This contest is a follow-up and an extension of a first successful contest that occurred during ICPR 2012. figurations. Nuclear atypia score can be estimated from criteria itosis in one image. computedDetection on nuclei such as size of nuclei, size of nucleof Mitosis Evaluation of Nuclear Atypia ells (process of pro- oli, density of chromatin, thickness of nuclear memregularity of nuclearof contour, anisonucleosis ery similar to mitotic Mitoticbrane, count gives an evaluation the aggressivity of Nuclear pleomorphism refers to nuclei shape variations (size variation within a population of nuclei)... as compared to normal epithelial nuclei. The more adthe tumour.



totic cells.



Queries & Inferences



Reasoner



tosis and Evaluation of Nuclear Atypia Score reast Cancer Histological Images



Both tasks will be performed on images of H&E stained slides of breast cancer. a are two important criteria in breast cancer grading. IPAL CNRS UMI 2955, A*STAR/I2 R, University n extension of a first successful contest that occurred during ICPR 2012.



1. Daily work (second opinion, annotation and quantification assistance, pre-filled report generation)



Query / Retrieval



vanced is the cancer, the more nuclei become atypical Detection of mitosis is a challenging task since mitosis in their shape, size, internal organisation... have a large variety of shape configurations. Nuclear atypia score can be estimated from criteria There is a very low density of mitosis in one image. computed on nuclei such as size of nuclei, size of nucleOther objects like apoptotic cells (process of pro- oli, density of chromatin, thickness of nuclear memgrammed cell death) can look very similar to mitotic brane, regularity of nuclear contour, anisonucleosis (size variation within a population of nuclei)... cells. Examples of di↵erent degrees of nuclear atypia.



p of frames at X20 and X40 magnification extracted from 10 slides of breast age corresponding to a surface of about 379 ⇥ 338 µm2 on the slide. magnification by two slide scanners: Aperio Scanscope XT and Hamamatsu ve a size of 1539 ⇥ 1376 pixels for Aperio scanner, and of 1663 ⇥ 1485 pixels for



Sustainable Enrichment



at X40 magnification. Some examples of mitotic cells. Examples of di↵erent degrees of nuclear atypia. for images at X20 magnification, and values for six criteria related to nuclear Dataset 40 magnification. a scores and mitosis annotations have been provided by two senior pathologists The training dataset is made up of frames at X20 and X40 magnification extracted from 10 slides of breast Piti´e-Salpˆetri`ere cancer. HospitalEach and offrame Institut is aCurie, RGB Paris imageFrance. corresponding to a surface of about 379 ⇥ 338 µm2 on the slide.



DP Challenges (evolving)



Slide have been scanned at 40X magnification by two slide scanners: Aperio Scanscope XT and Hamamatsu NanoZoomer 2.0-HT. Images have a size of 1539 ⇥ 1376 pixels for Aperio scanner, and of 1663 ⇥ 1485 pixels for Hamamatsu scanner. cframework.org/ Mitosis are annotated on images at X40 magnification. Nuclear atypia score is provided for images at X20 magnification, and values for six criteria related to nuclear atypia are given for images at X40 magnification. raining data set available. Selection of images, nuclear atypia scores and mitosis annotations have been provided by two senior pathologists n data set available. and three junior pathologists of Piti´e-Salpˆetri`ere Hospital and of Institut Curie, Paris France.
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nts send an abstract (one page) describing their method. e for participants to send their results. Website test meeting will take place during ICPR 2014 in Stockholm, Sweden.



http://mitos-atypia-14.comicframework.org/



Important the French National ResearchDates Agency ANR, project MICO under reference



Query



Query



Web Portal



Machine Learning (ML) Web-Services



Medical Image Analysis (MIA) Web-Services



Distributed Imaging and Learning Web Services 29



…



Advantages of this scheme § Traceability § Scalability § Precise context defined for each tool / use case § Solving the privacy and safety issues for medical databases § Each service provider is able to keep his IP and his know-how § Tool validation using reference medical database
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An interesting option induced ontology-driven Call forfrom Participation — MITOS & ATYPIAapproach Contest for Participation — MITOS ATYPIA Contest of Mitosis and Evaluation of Nuclear Atypia DL) Score MultiCallTask Learning for&Detection a generic neural network (incl. Detection of Mitosis and Evaluation of Nuclear Atypia Score Cancer Histological Images in Breast in Breast Cancer Histological Images 2



IPAL CNRS UMI 2955, A*STAR/I R, University Joseph Fourier – Piti´e-Salpˆetri`ere Hospital



IPAL CNRS UMI 2955, A*STAR/I2 R, University Joseph Fourier – Piti´e-Salpˆetri`ere Hospital Objective of the Contest Glandular structures (various staining) Objective of the Contest



The objective of the contest is two fold: to detect accurately mitosis on the one hand, and to evaluate nuclear on one the hand, other and hand. tasks will be performed on images of H&E stained slides of breast cancer. TtonBoth The objective of the contest is two fold: to detect accuratelyatypia mitosisscore on the evaluate nuclear …… Mitotic count and nuclear atypia are two important criteria in breast cancer grading. atypia score on the other hand. Both tasks will be performed on images of H&E stained slides of breast cancer. T3 This contest is a follow-up and an extension of a first successful contest that occurred during ICPR 2012. Mitotic count and nuclear atypia are two important criteria in breast cancer grading. This contest is a follow-up and an extension of a first successful contest that occurred during ICPR 2012.



Detection of Mitosis Detection of Mitosis Mitotic count gives an evaluation of the aggressivity of the tumour. Detection of mitosis is Tubular a challenging task since mitosis formations have a large variety of shape configurations.



(various staining)



There is a very low density of mitosis in one image. Other objects like apoptotic cells Mitosis (process of programmed cell death) can look very similar to mitotic (various staining) cells.



Evaluation of Nuclear Atypia



Evaluation of Nuclear Atypia



Mitotic count gives an evaluation of the aggressivity of Nuclear pleomorphism refers to nuclei shape variations as compared to normal epithelial nuclei. The more advanced is the cancer, the more nuclei become atypical in their shape, size, internal organisation... Nuclear atypia score can be estimated from criteria computed on nucleiatypia such as size of nuclei, size of nucleNuclear oli, density of chromatin, thickness of nuclear mem(various staining) brane, regularity of nuclear contour, anisonucleosis (size variation within a population of nuclei)...



Nuclear pleomorphism refers to nuclei shape variations the tumour. as compared to normal epithelial nuclei. The more adDetection of mitosis is a challenging taskatypical since mitosis vanced is the cancer, the more nuclei become have a large variety of shape configurations. in their shape, size, internal organisation... Nuclear scorelow candensity be estimated from Thereatypia is a very of mitosis in criteria one image. computed on nuclei such as size of nuclei, size of nucleOther objects like apoptotic cells (process of prooli, density of chromatin, thickness of nuclear memgrammed cell death) can look very similar to mitotic brane, regularity of nuclear contour, anisonucleosis (size variation within a population of nuclei)... 2cells.



T



T1 Neurons involved in the classification tasks (fully connected layer(s)) Some examples of mitotic cells. Dataset



examples Examples of Some di↵erent degrees of of mitotic nuclear cells. atypia.



Examples of di↵erent degrees of nuclear atypia.



Dataset



The training dataset is made up of frames at X20 and X40The magnification extracted from 10 of breast training dataset is made upslides of frames at X20 and X40 magnification extracted from 10 slides of breast 2 cancer. Each frame is a RGB image corresponding to a surface of about 379 ⇥ 338 µm on the slide. cancer. Each frame is a RGB image corresponding to a surface of about 379 ⇥ 338 µm2 on the slide. Slide have been scanned at 40X magnification by two slide Slide scanners: Scanscope Hamamatsuby two slide scanners: Aperio Scanscope XT and Hamamatsu haveAperio been scanned at XT 40Xand magnification NanoZoomer 2.0-HT. Images have a size of 1539 ⇥ 1376 pixels for Aperio scanner, and of 1663 ⇥ 1485 pixels for ⇥ 1376 pixels for Aperio scanner, and of 1663 ⇥ 1485 pixels for NanoZoomer 2.0-HT. Images have a size of 1539 Hamamatsu scanner. Hamamatsu scanner.



Why does MTL work ? § Implicit data augmentation § Attention focusing § Eavesdropping (spying) § Representation bias § Regularization



Common hidden layer(s) representation …



Sebastian Ruder : http://ruder.io/multi-task/ Daniel RACOCEANU
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Why does MTL work ? § Implicit data augmentation § Attention focusing § Eavesdropping (spying) § Representation bias § Regularization



Common hidden layer(s) representation …
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33



Why does MTL work ? § Implicit data augmentation § Attention focusing § Eavesdropping (spying) § Representation bias § Regularization



Common hidden layer(s) representation …
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Why does MTL work ? § Implicit data augmentation § Attention focusing § Eavesdropping (spying) § Representation bias § Regularization



Common hidden layer(s) representation …
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Why does MTL work ? § Implicit data augmentation § Attention focusing § Eavesdropping (spying) § Representation bias § Regularization



Common hidden layer(s) representation …
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Why does MTL work ? § Implicit data augmentation § Attention focusing § Eavesdropping (spying) § Representation bias § Regularization



Common hidden layer(s) representation …
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