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1 Scientific context 

Electronic health records (EHRs) have the potential to catalyze biomedical research. Large 

observational healthcare datasets are a promising resource for comparative effectiveness 

research, outcomes research, epidemiology, phenome-genome associations, drug 

surveillance, public health research and clinical research (1–3). There is especially a 

tremendous potential value in the large volume of medical images collected in the course of 

clinical care. Recent publications have demonstrated that algorithms based on deep 

machine learning computed on medical images, including digital slides, may have high 

sensitivity and specificity for diagnostic or prognostic evaluation (4–6). The lack of 

publicly available ground-truth data has been identified as the major challenge for 

transferring recent developments in deep learning to the biomedical imaging domain (6,7).  

The first challenge in using EHR data for research is to reliably identify a cohort of 

patients that have conditions of interest – a trait or disease, a phenotype of interest, a 

specific exposure, etc. In cancerology, precise identification of patients suffering of 

specific histologic types of malignant tumors is usually not possible in hospitals due to the 

lack of structured anatomic pathology (AP) data in EHRs and of up to date reference 

classification of histologic diagnoses(2,8). The second challenge is that digital slides in 

hospitals are difficult to access for secondary research studies. Picture Archiving and 

Communication Systems (PACS) are designed to optimize clinical operations and workflow 

and search capabilities in PACS are basic, limiting their use for annotation by multiple 

pathologists and for running at scale machine learning, including deep learning, on large 

sets of images(9). The third challenge is to involve medical experts for time-consuming 

revision and annotation of large scale image bases and to assess the final quality of the 
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resultant data set. Recent works propose to outsource the annotation task to non-expert 

users leading to noisy annotations (6). A major concern is that data not collected 

systematically for research may be poorer quality and result in suboptimal data analytics 

processes, biased or ungeneralizable research results or even inaccurate strategic and 

healthcare decisions. The fourth challenge is to assess the quality of large clinical image 

collection for successful data reuse(10). 

2 Research hypothesis 

Our research hypothesis is that a context dependent and robust data quality assessment 

method can be defined to facilitate the building of ground-truth collections of digital 

slides and foster the effective application of pattern recognition approaches and deep 

learning in digital pathology. 

3 Objective 

Our goal is to i) design and build digital slides collections for data reuse in biomedical 

research on cancer and ii) to assess their quality and relevance in the research context. 

The applicative goal is to design and built the process and tools for building image 

collections within the AP-HP Clinical Data Repository and to set up a secured portal in the 

AP-HP intranet to allow the data-scientists to explore the image collections on the 

platform, investigate their quality and run machine learning and deep learning at scale on 

the selected image collections. 

4 Data 

The data of the AP-HP Clinical Data Repository (CDR) will be used for this work. The AP-

HP CDR (7M patients), aggregates day-to-day clinical data captured by clinical databases 

and supports the use of real-world data based for epidemiology studies, pragmatic clinical 

trials, comparative effectiveness studies as well as for supporting prospective randomized 

controlled trials, or educational uses.  

Data collected during routine clinical care are made available to translational investigators 

in the context of IRB-authorized uses in compliance with the institutional Data 

Governance rules and French regulation on data protection and in minimizing impact on 

clinical systems.  

AP-HP is running an instance of the Integrating Biology and the Bedside (i2b2) open source 

software and the IT platform of the AP-HP CDR has been upgraded to support Big Data 

storage and analytics. 

The AP-HP scientific committee of pathologists will be involved in the design of the 

solutions built during the doctoral work. 

5 Methods 

Our approach will consist in: 
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Step 1 (M1-M3): Review the state-of-the-art about the definition of phenotyping 

algorithms in cancer. Design and build a method for identifying patients with specific 

histologic types within clinical data repositories. 

Publication P1: Electronic Healthcare Records driven phenotyping of malignant tumor 

based on ICD-O. 

Step 2 (M3-M12): Review the state-of-the-art about high throughput tools to access 

digital slides from clinical archives for research. Design and build a method for accessing 

digital slides, performing collaborative annotation by panels of pathologists and running 

machine learning at scale on digital slides. 

Step 3 (M12-M24): Review the state-of-the-art about data quality assessment methods, 

with a special focus on multi-source images and inter-observer annotation. Define the 

foundations of a framework for the generic assessment of biomedical image bases. 

Publication P2: Using a data quality framework to build ground-truth image collections 

has for transferring recent developments in deep learning to digital pathology. 

Step 4 (M24-M32): Validate the digital slide collections built by applying deep learning 

for automatic scoring and grading of malignant tumors (breast, prostate) and 

demonstrating their prognostic value : i) train a specific type of neural network optimized 

for image classification on a collection of digital slides previously graded by a panel of 

licensed pathologists with high intragrader consistency. ii) validate the resultant 

algorithms using a separate virtual slide collection. The sensitivity and specificity of the 

algorithm for grading or scoring malignant tumors will be generated based on the 

reference standard of the majority decision of the pathologist panel. The algorithms will 

be evaluated at 2 operating points selected from the development set, one selected for 

high specificity and another for high sensitivity. 

Publication P3: Deep learning from routine digital slides to score or grade malignant 

tumors. 

Step 5 (M32-M36): writing and defense of the thesis  
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