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Objective: To find patients with rare diseases in hospitals who 
have not been diagnosed.

Conditions to success:

No additional work for the physicians => Based on raw data collected in hospitals

Ability to screen all the patients of a hospital

What type of data should we use? 

 How to access all the data of all the patients? 

 How to compute the data to find the patients? 

 How to find the patients? Especially with few patients 
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Getting access to all data through an hospital data warehouse 

Patients data in hospitals:

- Administrative data

- Clinical reports (free text): consultation, hospitalisation, imaging, etc

- Lab results: structured data

- Specific forms

Most of the phenotypic information are only in free texts (Neuraz et al 2020)

We built in 2014, the first data warehouse oriented toward documents, inspired by 

Google search engine, to help physicians to easily search for patients: Dr Warehouse®.

Neuraz A et al.Natural Language Processing for Rapid Response to Emergent Diseases: Case Study of Calcium Channel Blockers and 

Hypertension in the COVID-19 Pandemic. J Med Internet Res. 2020 Aug 14;22(8):e20773.
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Getting access to all data through an hospital data warehouse 

Dr Warehouse®

Hospital data

Extract 
Transform Load

Database
Software to 

explore the data

End user

Garcelon N, Neuraz A, Salomon R, Faour H, Benoit V, Delapalme A, Munnich A, Burgun A, Rance B. A clinician 

friendly data warehouse oriented toward narrative reports: Dr. Warehouse. J Biomed Inform. 2018 Apr;80:52-63.

Example of Necker hospital: 940 000 patients records, 10 
millions documents from 35 sources

Creation of codoc in 2017, Imagine’s spin off to industrialise 
and deploy Dr Warehouse® in other hospitals

Search engine
Cohort creation
Data exploration
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Primary data search engine

Garcelon N et al. Improving a full-text search engine: the importance of negation detection and family history context to 
identify cases in a biomedical data warehouse. J Am Med Inform Assoc. 2017 May 1;24(3):607-613. 

Using AI to improve search (negation 
detection and family history)

Capture Suite codoc, 
Example with fake data
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How to make free text machine-readable (and human-readable) ?

Automatic extraction of clinical signs and diagnosis from hospital reports

Garcelon et al, Orphanet J Rare Dis, 2018 ; Vincent M et al, MedInfo, 2022

• Fever
• Anaemia
• Immuno-deficiency
• infection

Affirmation 
Negation
Affirmation
Affirmation

Patient 
Patient
Family
Patient

ContextPolarityClinical signs

Natural language 
processing Automatic phenotyping & normalisation with 

international thesaurus (HPO)

• Each patient is represented by a list of clinical signs, phenotypes, diagnosis extracted from their reports
• With frequencies of the phenotypes, age at first mention, polarity and context. 
• In Necker Hospital we extracted a total of 50 millions phenotypes from 5 millions hospital reports. 
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What can we do with computational patient records ?

Automatic description of cohorts based on the 
aggregation of phenotypes (PheWAS)

Compute similarity between patients for 
clustering or diagnosis

Lo Barco T et al, epilepsia, 2023 ; Yang D et al Orphanet J Rare Dis, 2022 ; Chen et al 2024
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Concepts Nb   TF-IDF
Diabetis 2      0.02
Cataract 4      0.2
Fever 5      0.001
Proteinuria 3      0.02
Cytopenie 2      0.03
Asthenia 1      0.01940,000 

patients

Diagnosed patient

Concepts   Certainty
Lowe syndrome 1
Anemia -1
Kidney failure 1
Cataract 1

Anemia
Cataract

Kidney failure

Patient

Patient index

Similarity : cosine
Top30  similar 

patients

distance

if ≥ k concepts 
in common

Garcelon N, Neuraz A, Benoit V, Salomon R, Kracker S, Suarez F, Bahi-Buisson N, Hadj-Rabia S, Fischer A, Munnich A, Burgun A. Finding patients using similarity
measures in a rare diseases-oriented clinical data warehouse: Dr. Warehouse and the needle in the needle stack. J Biomed Inform. 2017 Sep;73:51-61. doi: 
10.1016/j.jbi.2017.07.016. 

Reducing diagnosis wandering through phenotypic similarity

In Necker Hospital 
data warehouse

In average  51% patients with same rare disease 
in top30

Improvement of the methods on ciliopathies with 
the C’IL-LICO project (Faviez & Chen)

Evaluation on 5 rare diseases: Lowe 
Syndrome, Dystrophic Epidermolysis Bullosa, 
Activated PI3K delta Syndrome, Rett 
Syndrome, Dowling Meara
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Hully et al Genetics in Medicine 2021

Similarity algorithm available for Physicians in the hospital
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How to export this concept in other hospitals ? 

Spin off codoc has industrialised Dr Warehouse and 
already deployed it in several hospitals in France and 
Belgium. 

We want to use this network to apply the similarity 
algorithms in these hospitals. 

But we cannot use real patients (confidentiality, ethic). 
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Build an archetypal patient for a specific disease

Instead of computing similarity with an existing 
patient, creation of a disease specific archetype

Based on:

- Experts and physicians

- Knowledge databases (Orphanet, OMIM etc)

- Real world data (health reports)

- Patient knowledge

Example of APDS, built 
with Dr Nizar Mahlaoui
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Screen all patients in a hospital data warehouse

Display the top 100 most similar patients, and cluster on the results

Each dot is a patient similar 
to the Archetype
In red, patients have “APDS” 
written in there reports
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Aim : to find undiagnosed patient in hospitals

1) Build a data warehouse to gather all the data in several hospitals   

2) Transform patient data to make it computable : natural language processing methods to extract clinical signs  

3) Create an archetype for specific diseases (e.g. APDS)   

4) Develop an algorithm to compute similarity between the archetype and all the patients of a hospital data 

warehouse but to adapt and evaluate for each disease

5) Apply the algorithm in hospitals and explore the top N patients maybe undiagnosed  

Conclusion 
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