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About us
THE PROJECT IN A NUTSHELL

At GenoMed4All, we are the European initiative to
transform the response to Hematological Diseases by
seizing the power of Artificial Intelligence.

The project represents a quantum leap in advanced
precision medicine, pooling genomic/-omics data
through secure and trustworthy Federated Learning
platform.

Our disruptive Al models, scaled up by High-
Performance Computing, will boost the processing
capacity of data repositories from 10 clinical sites across
Europe, empowering forward-thinking research of
common and rare hematological diseases.




The context

HEMATOLOGICAL DISEASES

A

Most hematological diseases have a genetic background

There are up to 450 variants (oncological and non-oncological), resulting from
abnormalities in blood cells, lymphoid organs and coagulation factors

They represent a growing public health challenge

Accounting for 5% of cancers, most can cause chronic health issues, and many are life-
threatening conditions. In 2016, the European Haematology Association (EHA) evaluated
the financial burden of blood disorders on European society at €22.5 billion per year

EU repositories are unconnected

The number of available samples remains small and there are no centralized Big Data
repositories in Europe



Our vision
THE END GOAL

An open hub for clinicians and researchers to work together
defining, developing and validating Al models to improve the way
we currently diagnose and treat hematological diseases

(
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Our privacy-by-design approach relies A new paradigm built on robust,
on a Federated Learning framework ethical agreements to bring
to ensure that no patient data ever community members together
leaves clinical sites and offering through explainable Al, enabling
security in all data exchanges, collaborative, cross-border data sharing

model training and storage that is standard-compliant
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'Our ambition
THE NUMBERS f

00

86%

Clinical repositories with genomics data
connected across 15 EU countries

20%

Boost in the adoption of open standards
for -omics data at clinical sites

15%

Accuracy improvement in specific genomic
markers for prognosis and treatment

80%

Time reduction in Al analysis and model
training through supercomputing



Unleashing the power of-Al
OUR FOCUS BREAS

Diagnosis

Al algorithms for early
identification of
high-risk individuals

Prognosis

Predictions for
insight on disease
development

O
O

Treatment

Clinical decision
support models for
risk stratification



Meet the team!
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Experts from the sector, and research,
, disruptive and provision
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ERN-EuroBloodNet

Our project benefits from the support, resources and
active participation of 10 clinical partners from ERN-
EuroBloodNet, the European Reference Network for * ERN EuroBloodNet
oncological and non-oncological rare hematological
diseases.

ERN-EuroBloodNet is a joint effort between the 3\ European

L o3 Reference
European Hematology Association (EHA), the European 00350 Network
Network on Rare and Congenital Anemias (ENERCA), forrare orlow prevalence

the European hematology patient organisations et
represented in both the EURORDIS European Patient S R
Advocacy Groups (ePAGs) and the EHA Patient

Organisations Workgroup.




AdvanC| ng research on At GenoMed4All, we are devoted to
rare diseases to enhance diagnostic

capacity, assess treatment options and predict outcomes in rare

OUR COMMITMENT diseases.

Seen under a global lens, we find that

rare diseases are not actually rare.
Data scarcity

Their impact might seem small on
paper but in reality, the numbers are

staggering: roughly 30 million people
are living with a rare disease in the EU,
and conservative estimations speak of
a total of 300 million worldwide.

Data fragmentation

Privacy & consent

This is exactly why precision medicine
is key: when we shift our focus to the

individual, all diseases become unique. Data quality




Validating Al in Hematological Diseases

OUR USE CASES
White box Al models for common and rare
oncological and non-oncological hematological diseases
Myelodysplastic Multiple Sickle Cell

Syndromes Myeloma Disease




Myelodisplastic Syndromes

Myelodysplastic syndromes (MDS) are a group of
bone marrow failure disorders that typically affect
the elderly.

Patients suffer from blood cytopenia (low blood
cell counts) since their bone marrow is no longer
able to produce enough healthy blood cells.

The disease is also known as a form of blood
cancer, and in some patients can evolve into acute
myeloid leukemia (AML), which is usually fatal if
not treated.

CLINICAL AIMS

Prevention based on genomic screening
Investigate factors that influence the development of MDS,
enabling early-stage identification of individuals at risk.

Omics-based classification and prognosis
Personalized predictive models through integration of
comprehensive genomic and clinical information.

Omics-based clinical decision making
Al-based algorithms to stratify the individual probability
of response to specific treatments.

Drug repurposing
Build a rationale for drug repurposing in specific subsets
of MDS.




Sickle Cell Disease

Sickle Cell Disease (SCD) is a group of hereditary
red blood cell disorders.

It is a rare, chronic and life-threatening disease, in
which red blood cells become C shaped in
resemblance to a sickle, the farming tool the
disease is named after.

Sickle cells die early and tend to clog the blood
flow when going through small blood vessels, so
patients usually suffer from low red blood cell
counts, infections, acute chest syndrome and
strokes

CLINICAL AIMS

|dentify gene mutations linked to inflammation markers
Correlations between genetic inflammatory risk profiles CRP
level to develop high inflammation prediction models

Al allocation of patients to a sickling risk profile
Understand which genetic loci (GWAS) are associated with
patient-specific blood rheology and the point of sickling

Develop a combined model to predict clinical outcome
Expressing renal damage with microalbuminuria as gold
standard and other known genetic modifiers

Al-based radiomics
Build a probability score using Al-based brain MRI image
analysis to predict silent infarction in young patients




Multiple Myeloma

Multiple Myeloma (MM) is a type of bone marrow
cancer originating in plasma cells, a type of white
blood cell responsible for producing antibodies to
fight off infections.

In patients with MM, cancerous plasma cells
accumulate in the bone marrow and produce
abnormal proteins instead, which can lead to
decreased blood cell numbers, bone and kidney
damage

CLINICAL AIMS

Understand disease complexity
Describe the different layers of MM heterogeneity integrating
baseline genomic and imaging data

|dentify evolution dynamics
Define the quantitative and qualitative dynamics of the
disease in time

Study risk progression
Develop a prognostic risk score for the baseline and the
disease remaining after therapy

Integrate radiomics and radiogenomics
Develop and validate a model to predict treatment response
and determine progression free survival




Federated Learning

Registry control

Imacgj;rE EuroBloodNet
registry source
-omics
data EUPID
pseudo-id
Bio bank Genetic Crypt4GH
data encryption
Clinical Q
trials
Hospital
EHRs EUPID
Population pseudo-id
health @
Lab/ pharmacy )
subsystems Linked raw data
Other public store
data sources HL7 FHIR

Data sources Hospital control

High
Performance

Computing o

T Ethical Sy o

| v

Al
Project level
anonymised
data

eXplainable ﬁ

Al models

GEN@MEDA4

’

platform

Open Access

Data
FAIR principles

New care &
' treatment
pathways

Publications &
clinical guidelines



Operational modes

We envision

For

A local
to input new prospective and
retrospective patient data, extracting
insights from an ever-learning model

for our FL platform

For

An to explore datasets,
develop, test and train new models on
real-world data using our Federated
Learning environment



Clinical mode Research mode

Main actors /
Context

Retrospective (secondary) data, IT/data specialist from data

Pre-train redictive m inicians an ien . L L S .
SleeREs stiSnose e inisahsencipaticn e provider organization, clinical data scientist/researcher

Clinical data scientists perform an initial exploration with

e e e I EpatiSh AV local data to define the predictive model’s architecture and

Functionality possibly also through laboratory tests

hyperparameters
Clinicians then input individual patient’s data into the Data providers upload their data to be transformed to our
platform and select a specific predictive algorithm CDM

based on the patient's needs The predictive model is trained on the whole dataset,

The model outputs a prediction on the patient’s health including local contributions from several different
o status, which is interpreted by clinicians (alongside all organizations via the FL paradigm

glicr evigence they may haveicoteetecionimspatient) The global predictive model can be broadcasted back

to the sources and must be tested for generalization
capability and absence of bias

FL leverages data from multiple providers with minimal
degradation of model performance, thanks to its
non-standard training procedure

ﬁ FL provides clinicians access to predictive algorithms
that can support daily practice

Benefits

ﬁ The architecture of FL is designed in such a way that it is very

. _— , ; The final models can be expected to have better
natural to retrain predictive models with each new data point ﬁ

generalization properties and less bias
FL supports the personalization of predictive models for

@ each individual patient while also incorporating global
information from all other samples in the dataset

FL enables clinical data providers to contribute to the
training of predictive models while respecting patients’
privacy and GDPR regulations



Becoming an Associate Member

ACTION #1 ACTION #2

Fighting against data scarcity & fragmentation Advocating for data quality and reliability

National approaches for are often ineffective, due to the relative low Data quality and reliability is key in providing solutions to unmet needs.
number of patients per disease, and the high number of unconnected Automatic tools and Al algorithms help in the pre-processing of

clinical entities with relevant data information and data curation

ACTION #3 ACTION #4

Pushing the boundaries on multimodal data pooling Leading the way in distributed scaling up

Pooling and contributing high quality data: clinical, multi-omics Scaling up research in a distributed manner so data is always kept in your
(radiomics, genomics, metabolomics...) and real-world data (PROMs, fitness hospital or entity, and providing secure and trustworthy options for
information, nutrition, environment...) storage

ACTION #5

Building and nurturing an active community

Offering access to a network of experts and researchers per disease, joint publications, funding opportunities and clinical trials



What do we offer?

Al sandbox Privileged access to GenoMed4All's platform, models, algorithms for rare hematological diseases
Visibility Dedicated section on our website showcasing Associated Members (e.g. profile, expertise, main contacts)
Credit Full academic credit and co-author status on publications where Associated Members’ data plays a role

Open Science | Possibility to contribute to our EOSC connection with metadata and aggregated data

©000




Specific requirements

Local edge — Healthcare premises

for onboarding
OUR ARCHITECTURE

Local medical

Cohort
extractor

Common Data Model
(CDM)

We believe that accountability,
transparency and usefulness of Al gl
tools is key to build trust among

healthcare professionals.

Pseudonymization
Feature
extraction

Local

model
Thus, we envision a clinical validation
flow for these tools that successfully
undergoes the meets the required Urlndoflocal - Centralsengtr |
standards for performance excellence e | oataser Model |,
manager manager

in a clinical setting.

General model

aggregation Update of local

parameters from
aggregated model




Specific requirements
for onboarding

These are the core functionalities of
GenoMed4All's Federated Learning
platform regarding the Machine
Learning lifecycle.

An Al workplace

Researchers can explore datasets,
develop, test & train new models
using the FL environment

Continuous training & monitoring
Researchers can monitor & control the
training of the model (shift)

IO L DO D

Explore the catalogue of datasets available for training federated
learning models

Extend the federation by including new nodes

Validate models by running several checks when they are
uploaded

Run federated learning tasks by combining models with data
chunks with coommon schemas. Tasks get queued up and
automatically run when they are scheduled

Gather the resulting parameters
Secure the federation through access control mechanisms via IAM

Explore the lists of available models in the model registry

View the logs of federated learning tasks



Necessary provisions for contributing data

D

(I A Ay

U U

Demographic data (e.g,, age, sex, race, ethnicity, height, weight, other)

Clinical parameters (e.g,, previous diagnoses, treatment plans and
medications, conditions/clinical manifestations, medical history, clinical
trials data, other)

Laboratory parameters
Imaging data (e.g., MRI sequences, collection frequency)
GWAS data

Genomic data (e.g,, Next Generation Sequencing, Microarray, Genome Wide
Association, Copy Number Variations, DNA sequencing, RNA sequencing)

Biobank samples
Point of sickling data
Other




The onboarding process
TIMELINE & STEPS

\ 4

Step 3 — Signing the agreement

» Step 1—Online form application
J Institution name - Legal considerations (e.g.
2 Pl confidentiality, IP) Onboarding
O #datasets ) Signatures completel
) Data formats
1 Consents
O 0O ) =
U/ N
Step 2 — Evaluation Step 4 — Preparing the data
J Data assessment — ) Data dictionary
relevance, scope, quality 1 Specific data provisions

1 Consensus
1 Additional clarifications



Follow us!

WWW. genomedd4all.eu

X @genomedd4all
in /genomed4all
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