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ERN’s perspective: the unmet need in RDs: +7000 RDs, 30Mi PLWRD in Europe

Few reference centers

275 (5%) RDs with treatment
2,600 designations, 230 authorized, 180 available
30% of phase III fail to meet enrollment targets 

Most best practice documents are expert 
consensus opinion or recommendations

Underdiagnosis, misdiagnosis, 
and/or delayed diagnosis

Real-world evidence (RWE): scarce, 
fragmented, and unstructured

Lack of a sufficient number of 
patients or patient groups

Insufficient basic, translational, 
and clinical research

Lack of evidence to develop treatments and 
clinical practice guidelines

Dispersed knowledge and 
experience

50% of RDs without a precise diagnosis 
5–7 years in average to get a diagnosis

Lack of population-based studies, natural 
history studies and registries; 

Fragmented healthcare records; 

Type 2 Diabetes Mellitus = 5 M in ES 
Hereditary anemia = 150–1,000 in ES

No country has enough cases 

<15% of paediatric rare-disease patients can account for up to 50% of hospital care processes and costs



Synthetic data generation in Rare Hematological Diseases

• Synthetic cohorts for better stratification
Create synthetic longitudinal datasets combining EHR, genomic, and omics data to improve AML and SCD 
sub groups classification, identify rare patient subgroups, and enable AI-driven phenotype–genotype
matching. 

•Synthetic data for biomarker and endpoint discovery
Integrate synthetic clinical and omics data to identify prognostic biomarkers, predict disease progression, and 
develop better clinical endpoints for precision hematology. 

• Synthetic external control arms for faster clinical trials
Use synthetic patient populations generated based on real-world data from registries as external control 
arms to optimize recruitment, simulate trials, and accelerate evaluation of new AML and SCD therapies. 

• Synthetic data augmentation to improve quality and reduce bias
Apply generative AI to address missing or imbalanced data, improve dataset representativeness, and 
support patient-centered and regulatory-grade real-world evidence analyses. 
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(RHD) and conditions that require highly
specialized treatment in Europe.
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European Rare Blood Disorders Platform - ENROL

Facilitate 
epidemiological 

surveillance 

Enhance health 
planning 

Promote research & 
innovative therapies 

Enable the identification 
of patients’ cohorts

18
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• European Directory of Registries
• Central Metadata Repository
• Pseudonymization tool

Aggregated data 
is shared

FAIR principles

DATA PROVIDERS

INDIVIDUAL CENTRES

EUROPEAN REGISTRIES
NATIONAL REGISTRIES/
NETWORKS

EU RD Platform

ERDRI
The European Rare Disease Registry Infrastructure

• Epidemiological & disease burden surveillance
• Promotion of best practices & health planning
• Identification of trial cohorts for Clinical trials
• Promote research and innovative therapies

• Re-use and linkage of clinical data with -omics & functional analysis
• Data-driven research & AI federated platform
• Clinical research & PASS & PAES

CLINICAL OUTCOME RESEARCH PLATFORM

Pseudonymised
data is shared

ERNs Research collaborative projects

Member States

Real World Data
• Leverage primary and 

population-based data for rare 
disease outcome research

• Integrate patient cohorts and 
develop regulatory-grade 
natural history data resources

• Model disease progression, 
identify prognostic biomarkers, 
and enable clinical trial 
simulation

Clinical Outcome Assessment
• Develop and implement 

patient-centered COA/PROMs 
tools

• Assess the socioeconomic 
impact of RDs

• Development of an 
efficient patient 
enrolment system

• New methodologies for 
clinical trials

• Generation of synthetic 
data cohorts

VIRTUAL PLATFORM
3 levels of access from directory to federation

• Common Data Elements
• EHR extraction, data ETLs, interoperability

Industry partnership

ERN’s perspective: opportunities to accelarate research through RWE

EMA Quality Frame
EHDS Data quality and utility label



Synthema Use cases & objectives

Sickle cell disease (SCD)
The disease
SCD is an inherited chronic disorder caused by the presence 

of abnormal adult haemoglobin.

Red blood cells become rigid and sickle-shaped, breaking 
down or blocking normal blood circulation, resulting in acute 
and chronic pain and progressive organ-specific clinical 

complications. 

Kidney disease 

Cohort
1,000+ patients with genetic diagnosis for SCD disorder, 

including paediatric (1+ year-olds) and adult patients.

Acute myeloid leukaemia (AML)
The disease
AML is a type of blood cancer that starts in immature 
myeloid cells (blasts) in the bone marrow. 

These abnormal cells grow and divide too quickly, 
interfering with normal blood cell production.

Overall survival analysis 

Cohort
2,500+ patients with “de novo” AML 
(2016 WHO classification criteria).



Synthema Clinical partners

SCD AML



Sickle cell disease Use case



Sickle cell disease Use Case 

Disease mechanism & Clinical outcomes

❑ Monogenic disorder 

autosomal recessive

○ Different genotypes

○ Genetic modifiers 1000+ ❑ Complex and interconnected 

physio pathological pathways 

❑ High heterogeneity of clinical 

outcomes

○ Chronic disease

○ Multi systemic involvement

○ Decreased life expectancy

○ Low QoL



Sickle cell disease Use Case 
Treatments

❑ Curative: 

○ Hematopoietic stem cell 

transplanation

○ Gene Therapy

❑ Disease modifying: 

○ Hydroxyurea: All SCD Patients

genotypes SS/Sb0 from 1 yo

❑ Many new drugs in the pipeline

○ HbS polimerization & sickling

○ Inflamation & vasculopathy

○ Complications / organ damage



Sickle cell disease Use Case 

Unmeet medical needs 

❑ Monogenic disorder 

autosomal recessive

○ Different genotypes

○ Genetic modifiers 1000+ ❑ Complex and interconnected 

physio pathological pathways 

❑ High heterogeneity of clinical 

outcomes

○ Chronic disease

○ Multi systemic involvement

○ Decreased life expectancy

○ Low QoL

Disease classification: 

o Lack of reliable biomarkers for classification of patients groups according to 

clinical phenotypes and severity

Prognosis: 

o To whom perform HSCT or gene therapy?

o Chronic Organ damage: how to prevent it or detect it very early? 

Response to treatment:

o What is the optimal treatment/combination for each patient?



Sickle cell disease Use case
Disease population year 2023 – SCD Patients distribution

Country Centres SCD Total % Pediatric %Female

Belgium 14 1.570 53,4 57,0

Cyprus 3 71 23,9 49,2

Czech Republic 4 15 53,3 41,7

Denmark 2 98 36,7 50,0

Finland 1 86 52,3 -

France 30 17.513 40,5 53,1

Germany 35 1.776 82,1 47,9

Greece 23 1.543 9,5 58,4

Hungary 1 6 0,0 50,0

Ireland 1 578 58,5 54,6

Italy 36 2.007 48,2 51,2

Netherlands 6 1.239 43,7 56,7

Norway 5 84 48,8 52,4

Portugal 8 952 76,9 54,3

Spain 53 1.089 75,9 44,3

Sweden 11 214 72,7 48,6

TOTAL 233 28.841 45,9 53,0

Data source: RADeep



Sickle cell disease Use case

Disease population year 2023 – Clinical outcomes heterogeneity

Country distribution of SCD patients by 

genotype

Country distribution of SCD patients by severity: % of 

patients with 2 or more VOC per year, on Hydroxyurea (HU) 

treatment, on regular transfusion treatment



SCD - Strategy for data collection: RADeep



RADeep: EMA Data Quality Framework

Public dashboard Private dashboards



RADeep - RADiANT

ERN- EuroBloodNet
Rare Anemia Disorders registry

Federated platform registry

GDPR / EHDS
GDPR / EHDS / Drug and MD Regulations / AI Act

Federated platform: 4 nodes in 4 countries

11 Ongoing collaboration agreements involving 
180 (117 active) HCPs in 10 EU countries:
12 Member States

• Belgium
• Cyprus
• Denmark
• France (2)
• Greece
• Italy
• Portugal
• Spain
• The Netherlands
• + Norway

4 in negotiation 
• France
• Ireland 
• Sweden 
• Switzerland 

Countries onboard in RADiANT
4 EU countries 

• France 
• Italy 
• Spain 
• The Netherlands 

2 in negotiation
• Belgium 
• Portugal 
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Kidney Injury- Real World Evidence



Kidney Injury- Real World Evidence

• Kidney Injury in SCA patients



Kidney Injury
Use case: Augmentation of SCD patients with Kidney injury (KI) based on real world data

- 64 clinical variables related to KI
- 10 SNPs related to HbF
- 13 metabolites related to glycolysis, energy metabolism, TCA cycle, purine turnover, oxidative 

stress, nitric oxide, vascular function, pentose phosphate pathway, HU treatment marker



Kidney Injury- Synthetic data

• CTGAN • VAE
• Bayesian networks



Validation repositories

SCD – Statistical Fidelity and Clinical Utility

Repository link: https://github.com/synthema-project/scd-fidelity-utility-metrics

Fidelity Metrics

• Hellinger distance
• Mann-Whitney & Chi-

Squared tests
• Correlation preservation

• ML Distinctiveness (AUC-
ROC)

Utility Metrics

• Feature importance rank 
correlation

• Odds ratios & SMD
• Range validation compliance

• Branching logic compliance

Clinical Validation

• Albuminuria distribution tests
• Kidney injury × genotype

• Kidney injury × country
• Domain-specific SCD rules

Multi-Country 
Evaluation metrics

• UBL – aggregated evaluation
• LBL – per-country evaluation

• Config-driven (JSON)
• Batch processing support

https://github.com/synthema-project/scd-fidelity-utility-metrics
https://github.com/synthema-project/scd-fidelity-utility-metrics
https://github.com/synthema-project/scd-fidelity-utility-metrics
https://github.com/synthema-project/scd-fidelity-utility-metrics
https://github.com/synthema-project/scd-fidelity-utility-metrics
https://github.com/synthema-project/scd-fidelity-utility-metrics
https://github.com/synthema-project/scd-fidelity-utility-metrics
https://github.com/synthema-project/scd-fidelity-utility-metrics
https://github.com/synthema-project/scd-fidelity-utility-metrics


Validation of Synthetic SCD MRI

Evaluation Pipeline Overview

• Dataset FLAIR + T1 MRIs with possible

presence of White Matter Hiperintensities (WMH)

• Segmentation Tools WMH segmentator

model developed in GenoMed4All

• Generator Tools 3D-Diffusion Model, Movie-

based generator

• Evaluation Comparison of segmentation tools 

results onto real and synthetic MRIs



Validation of Synthetic SCD MRI

Evaluation Schema

Synthetic Train 

Model

Test on 

Synthetic

Test on 

Real

Evaluate

Evaluate

Real Train 

Model

Test on 

Synthetic

Test on 

Real

Evaluate

Evaluate

• Train segmentation model onto synthetic/real data and 

test it onto synthetic/real data comparing performances

• Blinded calssification of synthetic and real imagesto

identify any perceptual discrepancies.

• Compute standard metrcis (i.e. Frechet Inception

Disntace) to measure similarity between real and 

synthetic data



Keep in touch!

Thanks!
Any questions?

@ERNEuroBloodNeteurobloodnet.eu /ERNEuroBloodNet @erneurobloodnet.bsky.social

@SYNTHEMA_EUsynthema.eu /synthema @synthemaeu.bsky.social
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