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1+MG Initiative and GDI

e GDl isrealising the 1+MG Data Infrastructure required to provide access to
high-quality genomic and health data across borders to make progress
towards the practice of Personalised Medicine across Europe

e Building in the 1+MG Framework https:./framework.onemilliongenomes.eu/

representing the collective consensus of experts from 27 countries
ELSI

Data quality

Data models standards and ontologies

Technical infrastructure and open source reference implementation

Domain use cases: Cancer, Genome of Europe, infectious diseases, PGx, Rare diseases

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.



https://framework.onemilliongenomes.eu/

EHDS and GDI

e 1+MG CRC use cases included in 4

Healthdata@EU pilot project

o Accessing EHDS participants data
m BE, DKHUNO
m BBMRI-ERIC
o WGS, Phenotypic and, socioeconomic data

e Demonstrate use of 1+MG/GDI standard to
manage genomic and health data within the
Healthdata@EU

Identify genomic signatures
characteristic of different types of
colorectal cancers

o ®

elixir )

anli—a 4

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




HealthData@EU: vision and reference architecture

Data Sharing
Infrastructures

Health Data
Access Bodies

CORE Services
provided by EC

GENERIC Services

LOCAL Services
8 D provided by/to local partners

EHDS

b HealthData@EU Pilot

provided by authorised participants

@ Secure Processing Environments

Health Data
Access Body

< Data Holders >
Electronic Health Records
Health Data Registries
Administrative Data
Claims Data

20231115 - 1+MG HealthData@EU pilot presentation

< Data Users >
Researcher

Health Professional
Public Health Authority
Regulator

Innovator

@® New infrastructure for secondary
uses of health data

@® Connecting health data access

bodies and data sharing
infrastructures

® Several health data access bodies

are established, or in the process,
across Member States




EHDS and GDI

e 1*MG use case on colorectal cancer leveraging data infrastructure
participation in EHDS (ELIXIR & BBMRI)

e Common interests on crucial issues such as data discovery, data
access, etc.

e GDI and Healthdata@EU pilot projects are complementary and
synergetic projects for secondary use of health data. Close
collaboration a key success factor for both projects

e By delivering GDI we are also contributing to deliver EHDS

el GDI project receives funding from the European Union's Digital Europe
B Programme under grant agreement number 101081813.




EUCAIM and GDI

e Genomics, cancer image and phenotypic data

e Deployment and enhance of 1+MG/GDI standards and
reference implementations

o Beacon v2 for Image (DICOM)

m Data discovery based on genomic, phenotypic or image
metadata query
e Collaboration on enabling Al on image and genomic data
o Developing federated learning approaches

Ml GDI project receives funding from the European Union's Digital Europe
i Programme under grant agreement number 101081813.




*# Synergies and collaborations across
projects and initiatives

Project / Collaboration Project / Initiative Collaboration

Initiative

GA4GH Establishment of GDI as a driver project (on going). DARWIN Exploratory discussions took

Observers in the GA. place

Alignment at different levels with DG Sante e.g. data HealthData@EU 1+MG CRC use case

catalogue

Sharing knowledge and experience on moving from Australia Biocommons Observer in GA

design and testing to scale up

Outreach to GAIA-X community Genome Canada Observer in GA
EUCAIM Linking genomics and image data, expanding beacon 20130 @ e Tl I M| ET [« Observer in GA

discovery capacities, federated learning

Support the management of Genomic Information Swiss Institute of Observer in GA

Bioinformatics

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




€€ Thanks!

juan.arenas@elixir-europe.org

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.
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1+MG data infrastructure

Onboarding
Addressing national
challenges for deployment

Croatia, Cyprus, Hungary,
Ireland, Malta, Romania

Deployment

National node operational
but not connected to EU level
operations

Bulgaria, Latvia, Lithuania

e Infrastructure has been
demonstrated PoCs in rare
disease and cancer (B1IMG)

e Countries have committed to

reach a target phase in
European Genomic Data
Infrastructure by 2026

Operational

Fully deployed national node
interconnected to EU
services, able to provide
access to data across
borders following 1+MG
Governance

Belgium, Czech Republic,
Denmark, Estonia, Finland,
France, Germany, Italy,
Luxembourg, Portugal,
Slovenia, Spain, Sweden, The
Netherlands, Norway

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




1+MG Long term sustainability

e 18 countries submitted the Eol for the establishment of the 1+MG EDIC
e O countries submitted the pre-notification (due to time constraints)

e EDIC WG established and supported from GDI Pillar | and MCP
Accelerator

e Research data governance workflow endorsed by GDI Pillar |

GDI project receives funding from the European Union's Digital Europe Programme
y under grant agreement number 101081813.




1+MG minimal datasets: status

e Rare disease: 16 agreed upon
Common Data Elements (CDESs)

e Cancer: 140 items (37 mandatory,
40 recommended and 63
optional) organised in eight

= conceptual domains
( g dise@s® ! ® : '
/o 82 / GoE 3 manqatory items |
o e Infectious disease: work in

progress (24 -> 27 items)

o, GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.



https://eu-rd-platform.jrc.ec.europa.eu/set-of-common-data-elements_en
https://zenodo.org/doi/10.5281/zenodo.8239362

*# Synergies and collaborations across
projects and initiatives

Project / Collaboration Project / Initiative Collaboration

Initiative

GA4GH Establishment of GDI as a driver project (on going). DARWIN Exploratory discussions took

Observers in the GA. place

Alignment at different levels with DG Sante e.g. data HealthData@EU 1+MG CRC use case

catalogue

Sharing knowledge and experience on moving from Australia Biocommons Observer in GA

design and testing to scale up

Outreach to GAIA-X community Genome Canada Observer in GA
EUCAIM Linking genomics and image data, expanding beacon 20130 @ e Tl I M| ET [« Observer in GA

discovery capacities, federated learning

Support the management of Genomic Information Swiss Institute of Observer in GA

Bioinformatics

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




“ Enhanced influence and value:
GDI as a GA4GH Driver Project

influence: European

developing global
standards

e GDI leading the way
with the first
end-to-end demo of
international data
sharing based on a
framework GA4GH

o/lncreased global \

experts collaboratively

_

THE GLOBAL REACH OF GA4GH

. GAA4GH Driver Projects are active in 113 countries

Global Alliance
for Genomics & Health

4 h

e Global reference:
Canada & Australia
seeking to align with
GDI via Pillar Il
solutions built on
GAL4LGH standards

e Enhances the value of
our infrastructure by
connecting Europe
globally

\_ /

\standards

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.
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Gaps - Innovation
and Data
Technologies

**
*

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




o Pillar [l

Application and innovation solutions

Provide realistic disease scenarios for the implementation and testing of
federated analysis and federated learning technologies

e Contribute to interoperability of genomics and health data

e Monitor the technical development of the project, in the search for gaps,
missing elements and technologies that required adaptation or could be ported
to other environments as they constitute opportunities for innovation

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




Federated/distributed analysis

- 3 technological demonstrators on federated/distributed analysis
o Federated/distributed analysis of infectious diseases (pks) data
o Data mobilization across analysis platform (Cancer use-case)

o 5-safes RO-Crate compatible Trusted Research Environment (HUTCH + WfEXS)

=> Evaluate the alignment of the federated analysis technologies with the
data governance workflows to identify gaps and define possible
iImplementations scenarios.

= Work towards evaluation of technology readiness.

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




Solving gaps will require...

e Collaborative efforts (researchers, clinicians, policy makers and
technology developers)

e Continued innovation in both genomics and technology to unlock the full
potential of human genomics - for improving both scientific knowledge
and human healthcare

= We want industrial partners to contribute and/or benefit from the GDI
Implementations/project outputs

GDI project receives funding from the European Union's Digital Europe Programme
y under grant agreement number 101081813.




Interaction with
Industry

**
*

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




RC
GDI: Interfaces with Industry

Pillar I: Sustainability
® Business models
e Creating flexibility & structure for countries to use different innovative
solutions

Pillar lI: Technical infrastructure
e Finding gaps in core infrastructure
e Open toinnovative solutions: REMS

Pillar Ill: Applications and innovation solutions
® Proposing Use Case-based challenges to the innovative industries
e Lookingto the future: making sure the infrastructure can handle next-gen
technology

Funded by
the European Union

Make it last

Make it work

Make it useful




¢ Influencing the genomic medicine ecosystem

GDI as a project works on part of the big Genomics integrated
picture into national

@ healthcare systems f)

Innovation Evidence
Industry required to fill the gaps in the

genomic medicine ‘infinity loop to GENOMICS TO BENEFIT ALL
ensure it rotates effectively

Diagnostics, treatments,
personalised medicine
approaches, prevention

Industry may also want to access data or f)

contribute to generating data
Evidence

Research

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




Summary of current respondents of the industry
mapping exercise in human genomics

_ & owkin
SCENXT (1) Intelliseq

ra @ esg
:Zella Congenica

Treatments/ diagnostics/
prophylactics (e.g. pharma)

i JADBIC Technology providers
ontoFoRrce it JADBio (e.g. Software/analytical \
GHIOCOSM|C E‘ tOO|S)
W8 Roseman Citizen/Patient engagement (e.g.
'I 2 3 GENOM Genomics to benefit all hospitals, citizen mobile apps)
STEP STEP I STEPl Consultancy (the segments c'>f the circle .
represent different .
" blish th sectors)
: ree to publish the
Add your company's Add your opinion " P : o} owian Data generators (e.g. oo
= Zetta
Hardware provides
Purpose (e.g. lab equipment)

ELIXIR would like to map out the industrial ecosystem in
genomics and the resources the companies offer.




Companies shared their views on what they think is missing
from the ecosystem

Need for skills: Need for awareness:
e (Computational capabilities and skilled workforce to e More communication with clinicians of actionable data.
handle genomic data. e Public engagement for awareness of patient benefit
e Training opportunities for clinicians and other and application of genomics in frontline care.
sta.ke.holders to |r?tegrate genomlc.s data su.ccessfull\/ Need for best practices respecting privacy rules:
e Training and funding on collaborative Al projects & ML
analysis standards e Slow adoption of novel privacy-enhancing

technologies.

Need for harmonized standards: . _
e legal concerns, data privacy, data security - lack of

e Harmonized data sharing, legal, and ethical trust and blocked collaborations, even if privacy
frameworks across geographies. assurances in place.
e Encouragement for the adoption of standards for e Furthering research into leading data privacy topics.

data interoperability, sharing, and quality control.




Purpose

ELIXIR would like to map out the industrial ecosystem in
genomics and the resources the companies offer.

1 2 3 .
s o ) How to get involved
Join the Miro board:
Add your company’s . o Agree to publish the https://miro.com/app/board/uXjVM-DkWma=/?moveToWidget=3458764565652264717&cot=14
services Y CHIORINON information provided
Contact

Despoina Sousoni (ELIXIR Industry and Innovation officer;
despoina.sousoni@elixir-europe.org) if you have any questions.



https://miro.com/app/board/uXjVM-DkWmg=/?moveToWidget=3458764565652264717&cot=14

Breakout session

**
*

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




Breakout Rooms on Innovation Gaps

Topic: How can industry contribute in the genomics ecosystem to support the 1+Million Genomes (1+MG)
initiative ambition to enable secure access to high-quality genomics and the corresponding clinical data
across Europe for better research, personalised healthcare and health policy making

Discussion point 1

How can industry help to mobilise genomic and health data from healthcare/a clinical setting into the
European Genomic Data Infrastructure for secondary use?

Discussion point 2
How industry can facilitate the analysis of data - federated analytics/learning to generate evidence
Discussion point 3

How can industry bridge the innovation gap between research results and a healthcare setting based on
the data made available by 1+MG/GDI?

GDI project receives funding from the European Union's Digital Europe 1 3
Programme under grant agreement humber 101081813.




GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




\

e _o° European
°® Genomic Data

.e% Infrastructure

GDI Stakeholder
Forum

imy di i1li /
/3 gdl.onemt 1ongenomes.eu

GDI project receives funding from the European Union's Digital Europe Programme y @6DI_EUproject
under grant agreement number 101081813.
m /company/gdi-euproject

23rd November 2023

* %
* 4 *

* 5k




Welcome to the GDI Stakeholder Forum!

Thank you for joining the meeting
We will start promptly at 12:.00 CET

Please ensure that you have named yourself correctly
Your full hname (stakeholder type)
E.g. Nikki Coutts (GDI Coordination)
E.g. John Smith (SME)

To do this, click on the ‘Participants’ icon, hover over your name until the ‘More’' box appears,
then click on ‘Rename”

9/

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.
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This meeting is being recorded FOR
MINUTING PURPOSES ONLY and will be
uploaded to the GDI project folder

O

We follow the ELIXIR Code of Conduct
at all our events. For more info visit the
ELIXIR Europe website

2\
NS

Please send in your questions for speakers
- through Slido Q&A: GDI-SF2023

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.



https://drive.google.com/drive/u/0/folders/1Z6Ov2boV2ZrTw1VMquFtjtDvLNDnyHGP
https://elixir-europe.org/events/code-of-conduct

Project information, updates, and outcomes:
deploying European Genomic Data
Infrastructure

Discussion on how industry could provide
innovative solutions to some of the gaps and
challenges we face

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




Introduction to the GDI project and achievements to date
Coffee break

Building an ecosystem that boosts innovation in
genomics and healthcare research.

Industry involvement, innovation, gaps and challenges
Lunch break
Innovation gaps and industry
Breakout session

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




How can industry contribute in the genomics
ecosystem to support the 1+Million Genomes
(1+MQG) initiative ambition to enable secure access
to high-quality genomics and the corresponding
clinical data across Europe for better research,
personalised healthcare and health policy making

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.
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Pt GDI project receives funding from the European Union's Digital Europe Programme
Sl under grant agreement number 101081813.
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Pt GDI project receives funding from the European Union's Digital Europe Programme
g under grant agreement number 101081813.
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# GDI project overview

Cross-border access to genomic data, implementation of genomics-based

health. Supported by 27 countries to date

Austria
Belgium
Bulgaria

Croatia

Cyprus

Czech Republic
Denmark
Estonia
Finland

France
Germany

Greece
Hungary

Ireland

Italy

Latvia
Lithuania
Luxembourg
Malta
Netherlands

Norway
Portugal
Romania
Slovenia

Spain

Sweden

Supports the 1+Million Genomes (1+MG)
initiative ambition to enable secure
access to high-quality genomics and
the corresponding clinical data across
Europe for better research, personalised
healthcare and health policy making

Observer countries

GDI project receives funding from the European Union's Digital Europe Programme European |
under grant agreement number 101081813. Updated 22 May 2023 | F




% 1+MG Roadmap

- L

@ https://ec.europa.eu/newsroom/dae/redirection/document/99974

European 1+ Million Genomes initiative

1+MG Roadmap
2023-2027

Scale up and sustainability

Supported by the Beyond One Million Genomes "E 3 ( M
) /

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement humber 101081813.
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1+MG Roadmap 2023-2027

5 implementation tracks

1+MG framework — development and maintaining
= - - o=

1+MG proof accessible data
I Y $ Y Y
National Mirror Groups — contribution, engagement, alignment
I I I N

Contribution, alignment and integration with EHDS-2 other European projects and intiatives

Synthetic data Genome of Europe Rare Diseases Cancer Complex diseases Infectious diseases

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




Journey to the 1+MG Data Infrastructure

Cross-border access to genomic data, implementation of genomics-based

health. Supported by 27 countries to date

2020 2022 2023 2026 2027
| : : : : : | : —

Scale-up & Sustainability
N

M| oo

T s o g0, European ‘

B ‘.C.’ Genomic Data

s Infrastructure

e® ¢

Population Genomics

Genome ;A
of Europe o (g

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




DI project overview

Establishes a federated, sustainable and

e o European
o‘é’ Genomic Data
.o Infrastructure

secure infrastructure based on open
community standards to access genomic and
related phenotypic and clinical data across
Europe

Builds on the Beyond 1 Million Genomes
(BIMG) project outputs

under grant agreement number 101081813.

GDI project receives funding from the European Union's Digital Europe Programme



# GDI In numbers

€40M (50% co-funded)
45 Project Beneficiaries %‘\j‘;
6 Affliated Entities
7 Associated Partners
B8 Total Project Partners
20 European countries
At least © countries technically operational by 2024
At least 15 countries technically operational by 2026

2 International Organisations®

"EMBL and BBMRI-ERIC

Cyprus, Hungary, Malta and Romania joining GDI soon

GDI project receives funding from the European Union's Digital Europe )
Programme under grant agreement number 101081813. o




GDI Project overview

WP1 - Project coordination & support

[ Make sure it gets done } [ Genome of Europe }

N [ N i ] f
i Pillar 1 | | Pillar 2 | | Pillar 3 |
—— ——— r————

[ Make it last }[ Make it work }[ Make it useful }

[ Governance J ! Starter kit f LEproringfederatedj

model - EDIC T learning

Data mgmt policy

\ 4

C ) C ) C )

; g 5 g ; d

C ) C

2 L 2

| | | | I |

L\
N
[\

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement humber 101081813.




*# 1+MG Framework

Brings together the specific recommendations, guidelines and best practices
that can be use to realise the 1+MG vision encompassing:

Data governance & ELSI @ Implementation of Genomics into Healthcare
Data models and data quality =?) Use Cases
Technical Infrastructure @ National implementation

Plus alignment with other key European projects such as EHDS
For all stakeholders to use

framework.onemilliongenomes.eu

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




s 1+MG Framework

https://framework.onemilliongenomes.eu/

¥1:MG Framework

The 1+MG Framework is a series of components based on the output of the 1+MG projects that provide guidance on ELSI, data quality, data

N ENETRIY  Aboutw  Contribute

© GitHub Q  search

standards, and technical infrastructure standards and APIs.

Core 1+MG Framework

Technical framework

Sequencing guidelines

Sequence data generation and quality
requirements for WGS/WES data to be labelled as
1+MG complaint

Implementation

&

Data governance and ELSI
Guidance and recommendations on how to
address data governance and ELSI aspect to
ensure data can be made available.

(€

Data models, standards & ontologies

1+MG minimal data models for different use cases
and recommendations on ontologies and data
standards

R’
o
Genomics into healthcare

Assessment Maturity Level Model to guide
healthcare systems on their journey to implement
genomic medicine.

5z

Technical Infrastructure
Stack of standards, open source references
implementations, synthetic data and proof of
concepts that can be used to establish a 1+MG
node.

P

National implementation
Find pointers to country specific information
resources and national research data
management practices

Applying the Framework

PN =4

=
o000 =]
EHDS Alignment Use cases

Learn about data management tasks that affect your domain or research
community, and the solutions adopted to address them.

Outlining how the elements of the 1+MG Framework align with the European
Health Data Space User Journey and Data Life Cycle

0.0 1+MG Framework Editorial Guidelines
The content is approved and maintained by working group leads o their deputies. Requests for changes
( 2 : : Start ¢ uf
or additions to the core content are open to all members of the consortium. National Implementations can
D be contributed by all member states. For more detail, please click here

« About .
« Contact N BIMG has been received funding from European
Union's Horizon 2020 Research and Innovation

* At il
ccessibi programme under grant agreement No. 951724. The

« Privacy / development of the 1+MG Framework has been
funded by BIMG.

The 14MG framework s licensed under a Creative Commons Attribution 4.0 International License, except where otherwise noted. Built with @

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement humber 101081813.
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@ XY European
o‘xa Genomic Data

= wasmcwe (_onnecting to relevant EU Initiatives

Aiming to connect to European Health

initiatives and Data Spaces Data Space
to ensure interoperability 15
at all levels - I EHDS
HealthData@EU Pilot

European

Genomic Data

Infrastructure L: E U C A | M
CANCER IMAGE EUROPE

1+MG Initiative

European partnerships: Personalised Medicine, Rare Diseases; Digital Twins, Cancer mission .....

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.
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e o European
0‘$ Genomic Data
oY% Infrastructure

- . i P/ \
y @GDI_EUproject m /company/gdi-euproject l‘=’l GDI website

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.
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Building an ecosystem that boosts innovation in
genomics and healthcare research.

Use cases and federated analysis

Salvador Capella-Gutierrez, BSC

GDI project receives funding from the European Union's Digital Europe Programme
y under grant agreement number 101081813.
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e _o° European
°® Genomic Data

.e% Infrastructure

imy di i1li /
/3 gdl.onemt 1ongenomes.eu

GDI project receives funding from the European Union's Digital Europe Programme y @6DI_EUproject
under grant agreement number 101081813.
m /company/gdi-euproject
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* |Introduction to Pillar Il

Pillar lli
77 ) Provide innovative solutions for clinicians, researchers and innovators
Pillar { VPillare N N
| I e
ensure testing Consider application of infrastructure across disease

use cases, including the use of available data (from the
GoE project) as a control population for research.

J
WP8 N

e Explore innovative approaches for federated
data access and federated learning, the
infrastructure. integration of genomics and phenotyping data,
e Identify missing elements in the technical
infrastructure pipeline that could be developed
\ at scale by innovative industries. /

and potential
implementation
of any emerging

\/

technological
solution in the

N A

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




~ Pillar Il

WP7: GDI use-cases Pillar il

Genome of Europe Demonstrator.

Building on the experience of the
1+MG/B1MG use-cases.

Computational approaches for
infectious diseases ...

Data-driven models for Cancer
research.

WP8: Application and Innovation
solutions

Exploration of techs for federated

access and federated learning

Advanced software solutions,

e.g. Federated Leaming Semantic interoperability package

Innovation in new data
technologies

Evaluated new technologies

Scientific and Industry Advisory Boards

>

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




https://www.elespanol.com/

- — £l -
e
=
& =
= =
= = ——
. ?; T

https://www.siemens.com

Independent, nuclear use-cases ...

.. able to run on common tracks

. ,’;ﬁ v

YD)

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.



# Jse Cases (WP7)

=>» Develop a selected set of disease-related use-cases for channelling questions of
concern from European and member state needs, which

) represent transnational scenarios,
II) are generalisable to other diseases, and
i) are addressable via infrastructure developments.

=> Catalyse and consolidate the developments of the 1+MG and other European and national
initiatives via the interactions with pillar ll, leading to the implementation and testing in the
specific disease use-cases.

> Provide guidance and instruments to EU projects and MSs for the implementation of the
technical developments across EU countries in a scalable, generalisable, and
ELSI-compliant manner.

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




% Application and innovation solutions (WP8)

= Provide realistic disease scenarios for the implementation and testing of federated data
and federated learning technologies based on previous developments, in particular those
concerning the use of Federated EGA technologies.

- Contribute to the consolidation and generalisation of the efforts of the 1+MG and related
initiatives in the area of interoperability of genomics and health data.

- Become a European industry reference point, in particular SMEs, related to the innovation in
new technologies for their possible implementation in the different health systems.

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




https://lwww.creativityatwork.com/busy-innovate/

GDI project receives funding from the European Union's Digital Europe Programme
under grant agreement number 101081813.




% \WP7: Conceptual pipeline

WP8
~ | Prototypical Technological
use cases Questions Requirements %ﬁ

Different maturity level
per each use-case Pillar Il

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




% \WP7: GDI Use Cases

Translation into technical requirements

For each of the questions, the following aspects are included:

Data reception (data preparation and inclusion)
Storage and interfaces (data storage and management)
Data discovery

Data access management tools

- Data processing

Also, the following questions are answered.:

e Do you need to access data transnationally? Are you considering a federated system? Or something else?

e Areyou already engaged with projects/efforts/initiatives beyond 1+MG/B1MG/GDI that are developing
infrastructures for tacking your needs?

e Areyou aware or any other use case requirements relevant for your use case?

e Areyou using structured pheno-clinical data?

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




% \WP7: GDI Use Cases

Genome of Europe

e Bring together different aspects on the implementation of the resources and information on
genomic data obtained by the 1*+MG and the GoE projects.

e Three specific research questions relevant to the Genome of Europe demonstrator were
collected through ad hoc meetings with 1+MG WG12 population genomics leadership involved
in task 7.1.

) Lookup of individual genetic variants
i) Recalibration of polygenic risk scores
i) Ancestry-specific imputation

e The Genome of Europe has been included in a Digital Europe work-program, with budget
made available to collect genome sequencing data for this project. The program specifically
includes the utilisation of GDI solutions to reach the goals of the Genome of Europe project.

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




% \WP7: GDI Use Cases
Building on the experiences of the 1+MG/B1MG
use-cases

e Ensure all lessons learnt in the context of the 1+MG/B1MG are taken up in this project.
Build the links with the use-cases on Rare diseases WG8) and Common complex

diseases (WG10).

e Take on board the experience and developments of the two 1+MG/B1MG PoC
demonstrators in rare diseases to implement to other use-cases. Concretely, this has

started for the cancer use case.

e [wo generic research questions on common complex diseases and pharmacogenomics
were formulated for MS26.

) Why do people with certain disease-specific genes not develop the disease?
il Why do some gene variants cause adverse side effects for medications?

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




% \WP7: GDI Use Cases

Infectious diseases with an initial focus in COVID-19

E-BY-COVID

e Build on the massive developments achieved during the COVID-19 pandemic,
including those of the 1+MG/B1MG use-case (WG11 leadership) and the BY-COVID
project linked to the European COVID-19 data portal and the Infectious Diseases

Toolkit (IDTk).

e Aim to build sustainable solutions that will enhance and complement national
projects, making them sustainable beyond the COVID-19 pandemic and applicable to
other infectious diseases.

e [wo generic scientific questions on infectious diseases were formulated for MS26.
1) GWAS (validation): risk variants of severe COVID-19 (research)
i) Variants that may guide prognosis and/or treatment (healthcare)

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




% \WP7: GDI Use Cases opeosc cancer 3

: EUCAIM
Data_drlven cancer ResearCh HE,tIh:!@QmSt L: CANCER IMAGE EUROPE

e Contribute to elaborate feasible technical solutions to facilitate the access to genomic and
phenotypic datasets provided by related projects (e.g EOSC4Cancer) and the technology and
recommendations of the 1+MG/B1MG cancer use-case (WG9 leadership).

o The finalisation of a Minimal Cancer Dataset.
o The generation of cancer use cases based on synthetic data, with the aim of testing the
GDI technical infrastructure.

e Alignment with the HealthData@EU and the cancer mission to guarantee the flux of
information and the sustainability of the access to medical data for secondary use in research.

e Joint work with EUCAIM on ensuring technical interoperability across domain and the use of
similar approaches for common challenges, e.g. extending beacon for clinical imaging using
OMOP extensions for radiology, extending the evaluation of federated learning frameworks to
incorporate genomics data.

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




% \WP7: GDI Use Cases oneosc cancer

. EUCAIM
Data-driven Cancer Research EHDS 8§ ElC2M

HealthData@EU Pilot

e Three scientific questions were formulated for the cancer use-case for MS26.
) for a patient diagnosed with NSCLC ROS1 fusion-positive cancer (T0) was treated with
standard of care TKI Crizotinib (T1),

ii) for a patient diagnosed with metastatic melanoma. Molecular standard analysis revealed a
BRAF V600E point mutation (To) and

iil) to determine MicroSatellite Instability score in ColoRectal Cancer.

Adoption of cBioPortal as an open source solution for the visualization and interpretation of Cancer
data.

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




% \WP7: GDI Use Cases

T7.1 Genome of Europe —mmmm>

T7.2:1+MG/B1MG use-cases I

T7.3: Infectious diseases —mmm—————>

T7.4: Cancer Research

* * *

E°BY-COVID oneosc | cancer Bt

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




* GDI approaches to federated analysis

Federated analysis allows researchers to send code to
decentralized data sources rather than moving the data. A researcher

e Data Stays Put
o No need to centralize data.
o Each data source maintains control of its data locally.

[ ] Diverse Data Settings ......... S code sent to TRE
o Ideal for studying data from various settings (eg. hospitals ~ “ &aa T o

nationwide). --

o Each setting creates and maintains its own data
environment,
e Remote Code Execution
o Researchers send their code to each location.
o Local analysis is conducted, ensuring data privacy and
security.
e Collaborative Results
o Analysis results, subject to disclosure control, are combined
for a comprehensive view.

L

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




® (Considerations

- Strong dependency on the data
governance framework for GDI.
= Availability of data types: individual-level

VS, aggregated datasets.

- Varying technology readiness levels.

~ cHeosc cancer

o_o% Eur n
'E’ ceoncoee EBY-COVID €0SC | Euro

Gateway

gl GDI project receives funding from the European Union's Digital Europe
i Programme under grant agreement humber 101081813.




# Federated/distributed analysis of infectious
diseases (pks) data

Description of the demonstrator

e FEach country has its own group of sequenced patients and a table
with the outcomes (Was this individual infected with SARS-CoV2?

What was the severity of the disease?)

e Aresearcherin a country wants to test the association of specific
genetic variants with prognosis (i.e., severity)., taking into account
possible confounders (e.g., sex, smoking status, ancestrality,
whatever is available in the common data model).

el CDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




“# Federated/distributed analysis of infectious
diseases (pks) data

Country 1 #CHROM POS ID REF SAMPLE1 SAMPLE2
E 1 1 o ACG 1/1:13 2/2:29 SAMPLE:I. Severe
= 1 2 . c 01 2/2
= 1 5 rsl2 A 1|0:16 2/2:20 ey SAMPLE2 Mild > Country 1 GLM
X 100 . T 1:12:. ©0/0:20:36
Country 2 #CHROM POS ID REF SAMPLE1 SAMPLE2
E 1 1 o ACG 1/1:13 2/2:29 SAMPLE:I. M||.d
= 1 2 . c 01 2/2
= 1 5 rsl2 A 1|0:16 2/2:20 Ay SAMPLE2 Mild > Country 2 GLM
variant effect_allele beta X lee . T 1:12:. 0/0:20:36
rs12 T -0.078507
rs13 A 0.16488
Country 3 #CHROM POS ID REF SAMPLE1 SAMPLE2
E 1 1 o ACG 1/1:13 2/2:29 SAMPLE:I. Severe
= 1 2 . c 01 2/2
= 1 5 rsl2 A 1|0:16 2/2:20 Ay SAMPLE?2 Severe > Country 3 GLM
X 100 . T 1:12:. ©0/0:20:36

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




“# Federated/distributed analysis of infectious

diseases (pks) data

Country 1 #CHROM POS ID REF SAMPLE1 SAMPLE2
— 1 1 . ACG 1/1:13  2/2:29
= 1 > ¢ o 575 -~ SAMPLE1 Severe
= 1 5 rs12 A 1|0:16  2/2:20 = SAMPLE2 Mild
X 100 . T  1:12:. 0/0:20:36
Country 2 #CHROM POS ID REF SAMPLE1 SAMPLE2
— 1 1 . ACG 1/1:13  2/2:29 :
= 1 3 ¢ o1 22 ~ SAMPLE1 Mild
= 1 5 rs12 A 1|0:16  2/2:20 = SAMPLE2 Mild
variant effect_allele beta X 100 . T 1:12:. 0/0:20:36
rs12 T -0.078507
rs13 A 0.16488
Country 3 #CHROM POS ID REF SAMPLE1 SAMPLE2
— 1 1 . ACG 1/1:13  2/2:29
= 1 > ¢ o 575 -~ SAMPLE1 Severe
= 1 5 rsl2 A 1]0:16 2/2:20 = SAMPLE2 Severe
X 100 . T  1:12:. 0/0:20:36

Whole cohort GLM?
(Joint analysis)

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




# Federated/distributed analysis of infectious
diseases (pks) data

Country 1 #CHROM POS ID REF

= 1 1. ACG

= 1 2 . C

=) 1 5 rsl2 A

/ X 100 . T

variant effect_allele beta
rs12 T -0.078507
rs13 A 0.16488

! G

A1B

1/ ——  Countryl GLM

=
\V/’!

i

|

e I|deally, the actual scores are not returned, as it would reveal the risk of an individual versus a
certain disease. But the researcher would have the summaries or fitting pooled GLM to assess
relationships between phenotypes and PRS scores,

e The researcher does NOT upload the dataset to Galaxy and send it to whatever country to
compute it. It sends the analysis request to a data that lives in that country and it does not see the
raw contents of it. It is a privacy-preserving federated analysis.

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




# Federated/distributed analysis of infectious
diseases (pks) data

2 New Incognito Tab X « Galaxy|Europe x « Galaxy|ESG

> C 0O @ o O @ incognito

* BookmarkMa... 4 Drive @ Gmail 1 Gmail2 @ Advanced Sea... PubMed % GoogleScholar @ Activity » m AllBookmarks

*Untitled Document 2 Save

*Untitled Document 1 *Untitled Document 2

Belglan datasets:

https://usegalaxy.esgwps.uno/restricted/country3_noduplicates
f asgwps.uno/restricted/country3 noduplicate

PlainText v Tab Width: 8 - Ln5, Col1

1. Data is restricted to only the Galaxy instance

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement humber 101081813.



https://docs.google.com/file/d/1HIAqxfj_VeTm-CHrdUQ8OXZAcJlWPKwJ/preview

# Data mobilization across analysis platform
(Cancer use-case)

Description of the demonstrator

Workflow from FastQ to data analysis and visualisation in cBioPortal. Then, the data in
cBioPortal, if it is well formatted, will be queried directly by Beacon (optional).

Analysis
(identification of variants)

MAF
FASTQs
C Galaxy A / %
e |2

/" Beacon

Clinical
\ / Structured data

=

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




# Data mobilization across analysis platform
(Cancer use-case)

e _»* European
o‘xa Genomic Data
.«% Infrastructure

Data mobilization across analysis
platform (Cancer use-case)

el GDI project receives funding from the European Union's Digital Europe
Taan Programme under grant agreement number 101081813.



https://docs.google.com/file/d/1f3lH8NPfyo3ClfMxjJrAX_R_VtnKSRE0/preview
https://drive.google.com/file/d/1f3lH8NPfyo3ClfMxjJrAX_R_VtnKSRE0/view

‘& 5-safes RO-Crate compatible Trusted Research
Environment (HUTCH + WfEXS)

What is a Trusted Research Environment (TRE)?

A Trusted Research Environment (TRE) / Secure Processing
Environment (SPE) / Secure Data Environment (SDE) is a highly
secure computer system where data is stored.

A researcher

TRE

Approved researchers can access this data remotely by using
secure logins and passwords. These environments are
designed to be safe, allowing only authorised individuals to

T F - . Safety

Safety 4
access the data. haeke 5 checks
Data cannot be added or removed without proper permissions, Sacure file k < |
ensuring transparency and accountability. Multiple sources of ~ transfer of

data can be combined in these environments to create a data

comprehensive dataset for research.

Researchers can apply to access and analyse the data using
computer programs they develop but organisations must still
follow legal requirements when sending data to a TRE.

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




‘& 5-safes RO-Crate compatible Trusted Research
Environment (HUTCH + WfEXS)

A more standardised approach
. 000
e How do we standardise the flow of /,/\\
information (metadata) for federated ¢ N
analysis within the Five Safes framework? Sale people

e Can we develop a mechanism of running e Wl
federated analytics workflows for the \ i
queries in the TREs that is technology y
agnostic?

Safe data Safe settings

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




5-safes RO-Crate compatible Trusted Research
Environment (HUTCH + WfEXS)

Federated Analytics

g )
3 Bitfount

Infrastructure

g HDRUK A

Health Data Research UK

TREs

/TREEHOOSE

5 3 ADRUK
%£§B§:l!n_|ce !:oll%mlaup ‘
ml Microsoft
Wl Azure
elixir .
DATABANK
[ 5% Global Alli ' )
277N Global Alliance
Standards !,:i ‘! for Genomics & Health {@}RO-Crate ﬁﬁ SeRP
WX J
PPIE [
HEEHAW! alterine VR!QNEEBJ
J
. %ﬁ LSJwanseta
8 | ™ f ZZF Universi
I | Rotiingham B @ Ll Y 0 UNIVERS Ty
T N LIVERPOOL ¥ BIRMINGHAM

NHS!

University Hospitals

Birmingham
NHS Foundation Trust

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.



‘& 5-safes RO-Crate compatible Trusted Research
Environment (HUTCH + WfEXS)

3 Bitfount= -

Reference implementations for
handling 5 Safes Digital Objects

Digital Objects
standardise the flow of
information for 5 Safes

>

TREs Integration with
~ ~, existing Workflow
FedNet | €Xecution systems

(Azure TRE)
& €y @D

N

Federated Analytics Tools
OOO =g BitFount

a@: ke

Y4

Queries Treehoose

(o) o (o Q==Y DataSHIELD . (AWSTRE) ‘ a
_ _ \ ) WorkflowHub
Results )
SAIL
O // \ (On-Prem TRE)J SACRO / SARA
k .
EOOD = N r D Synergy with
o authorisation and
ers .
(Any TREplatform) disclosure control
. J .
Enriched provenance model for 5 safes validation projects
Validation Vo ! ftow . Workflow Disclosure Publishing Receiving
[ Check Phase Phase Sign-off Phase execution H - Dhoc H Seenin ]

TRE

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




‘& 5-safes RO-Crate compatible Trusted Research
Environment (HUTCH + WfEXS)

You cant always get all the data into one TRE but analyses across multiple TREs is a pain

Federated Analytics Tools TREs ~ EaCh TRE
o | . develops a
< solution
o Queries
Results J
~
f % o) S SAIL Must be
(o) O — (On-Prem TRE) independently
J tested against the
\ ) Five Safes, and
, . validated by PPIE &
Each toolkit has its own (AnyTRg,,thf,fns) governance
unique exchange standards y

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.



What is next?

= Strengthen demonstrators exploring how
to couple existing technologies with the

GDI data governance framework,

-> Elaborate a map on available technologies

vs. data types associated with use-cases.

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement humber 101081813.
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Breakout Room 1

Topic: How can industry contribute in the genomics ecosystem to support the
1+Million Genomes (1+MG) initiative ambition to enable secure access to
high-quality genomics and the corresponding clinical data across Europe for
better research, personalised healthcare and health policy making

Discussion point 1

How can industry help to mobilise genomic and health data from healthcare/a

clinical setting into the European Genomic Data Infrastructure for secondary
use?

GDI project receives funding from the European Union's Digital Europe 2
s’ Programme under grant agreement number 101081813.
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Breakout Room 1

Topic: How can industry contribute in the genomics ecosystem to support the
1+Million Genomes (1+MG) initiative ambition to enable secure access to
high-quality genomics and the corresponding clinical data across Europe for
better research, personalised healthcare and health policy making

Discussion point 2

How industry can facilitate the analysis of data - federated analytics/learning
to generate evidence

e GDI project receives funding from the European Union's Digital Europe
s’ Programme under grant agreement number 101081813.
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Breakout Room 1

Topic: How can industry contribute in the genomics ecosystem to support the
1+Million Genomes (1+MG) initiative ambition to enable secure access to
high-quality genomics and the corresponding clinical data across Europe for
better research, personalised healthcare and health policy making

Discussion point 3

How can industry bridge the innovation gap between research results and a
healthcare setting based on the data made available by 1+MG/GDI?

e GDI project receives funding from the European Union's Digital Europe
s’ Programme under grant agreement number 101081813.
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K Breakout Room 1 - Summary Slide

Topic: How can industry contribute in the genomics ecosystem to support the 1+Million Genomes
(1+MG) initiative ambition to enable secure access to high-quality genomics and the corresponding
clinical data across Europe for better research, personalised healthcare and health policy making

e How can industry help to mobilise genomic and health data from healthcare/a clinical for
secondary use?
o Challenges: GDPR/Consent, data storage, inconsistent workflows
o Solutions: Sustainability of tools, supporting EC goals of encouraging innovation
e How industry can facilitate the analysis of data - federated analytics/learning to generate
evidence
o Challenges: Costing of computational capacity
o Solutions: Cloud services providers (e.g. Google, Azure) have costing model in place
e \What elements are required to facilitate innovation to improve the use of genomics in
personalised healthcare?
o Need clarity on where the gaps are in the infrastructure

10

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




RO Breakout Room 1 - Summary Slide

o Challenges faced when mobilising genomic and health data from healthcare/a clinical
setting into the European Genomic Data Infrastructure for secondary use?.
Wordcloud Poll 10 responses &5 participants

Big amount of data

Fear of commercial uses

Possibility to retract
Consent

Reluctance to share
Range of purposes EHDS x GDI

Doubts on data ownership GDPR  Data storage

Consistent Analysis protocols

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.




Breakout Room 1 - Summary Slide

= What are the solutions that industry could help facilitate?

Open text poll 2 responses S 2 participants

S Anonymous

Lobbying local governments to encourage the EU level legislation
o Anonymous
=)

Sustainability of tools

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.
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Breakout Room 2

Topic: How can industry contribute in the genomics ecosystem to support the
1+Million Genomes (1+MG) initiative ambition to enable secure access to
high-quality genomics and the corresponding clinical data across Europe for
better research, personalised healthcare and health policy making

Discussion point 1

How can industry help to mobilise genomic and health data from healthcare/a

clinical setting into the European Genomic Data Infrastructure for secondary
use?

GDI project receives funding from the European Union's Digital Europe 2
s’ Programme under grant agreement number 101081813.
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Breakout Room 2

Topic: How can industry contribute in the genomics ecosystem to support the
1+Million Genomes (1+MG) initiative ambition to enable secure access to
high-quality genomics and the corresponding clinical data across Europe for
better research, personalised healthcare and health policy making

Discussion point 2

How industry can facilitate the analysis of data - federated analytics/learning
to generate evidence

e GDI project receives funding from the European Union's Digital Europe
s’ Programme under grant agreement number 101081813.
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Breakout Room 2

Topic: How can industry contribute in the genomics ecosystem to support the
1+Million Genomes (1+MG) initiative ambition to enable secure access to
high-quality genomics and the corresponding clinical data across Europe for
better research, personalised healthcare and health policy making

Discussion point 3

How can industry bridge the innovation gap between research results and a
healthcare setting based on the data made available by 1+MG/GDI?

e GDI project receives funding from the European Union's Digital Europe
s’ Programme under grant agreement number 101081813.
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Breakout Room 2 - Summary Slide

Topic: How can industry contribute in the genomics ecosystem to support the 1+Million
Genomes (1+MG) initiative ambition to enable secure access to high-quality genomics and the
corresponding clinical data across Europe for better research, personalised healthcare and
health policy making

L Discussion Point 1 On Data mobilisation: Privacy - Public Trust (building citizens’ trust on 2ndary data use) - Fight the political bias against certain
pharmaceutical companies
° Ensure company is motivated, with a clear goal on benefits for the company. Need for staff redirection- need for change culture, approach & follow a model on
a greater scale for data mobilisation.
° Benefit of looking to other country activities and models on data generated from pharma.

Discussion Point 2 How industry will facilitate data analysis/generation and how industry can demonstrate their ideas? Raise awareness, precompetitive
projects (like OpenTargets), professional solutions is a key: democratising the systems for max impact - Developing cheaper storage systems-
commercialisation of research outputs but with transparency on investment and visibility on the market - EC encourages industry involvement to achieve
sustainability, but this is Work in Progress.

L Discussion Point 3 Elements required to facilitate innovation? Gaps? Industry: To bridge the gap: Need to feed data already in GDI, back to healthcare
professionals for access and use via an interface, to increase the user experience - Need to re-identify patients after data has been used; this is important for
moving back to clinical practice.

. Industry needs to be part of the overall research.
Need for a legal framework & solid regulations established by the EU, without GDPR to be neglected. Technology is currently ahead of Law

® Level of Readiness for the Healthcare System? What do we need there? Responsibility also on industries to increase awareness- a lot is happening via

Research Projects and industry is not invited to knowledge contribution, but use more traditional ways that do not promote the current needs. Need to keep
up with how the European landscape changes.

GDI project receives funding from the European Union's Digital Europe 10
Programme under grant agreement number 101081813.




#  Point 1

o Challenges faced when mobilising genomic and health data from healthcare/a clinical
setting into the European Genomic Data Infrastructure for secondary use?.
Wordcloud Poll 37 responses & 15 participants

Not incentivised to mobilise
Data access What does industry need not cl

Interoperability  training programs, legal issues Industry isn't 1 thing

legalissues, IP  Privacy motivation

. . Optin
Money Public trust (or lack of it)
Noincentive Political bias against?
Public trust
Limited staff resources
Consent

Does it work troels Standardisation of data
Data governance
Matching data from both and ps

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.
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Point 1

» What are the solutions that industry could help facilitate?

Open text poll 11 responses &5 participants

o
=

Bo

Bo

Bo

Bo

Qo

o
(=]

Anonymous
Benefit sharing - super important.

Anonymous
Specify requirements for multicountry clinical trials? Build tools to identify subjects

based on inclusion criteria?

Anonymous
Collaboration - so important. And we saw that through the pandemic.

Anonymous
Technology will surely never be the rate limiting factor in furthering genomics - surely

it's more likely to be how people work and think. There are conscious and
unconscious biases.

Anonymous
Industry means so many different things - great work you are doing to map that

Despoina.

Anonymous
Democratising the systems for maximising impact

Anonymous
Is European politicians ready to engage industry in the dilevery system of 1+MG?

EHDS?

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.

Bo

Bo

Bo

Bo

Anonymous
Eventually, implementing machine learning workflows in the infrastructure (e.g.

hugging face do great bionformatics work)

Anonymous
developing cheaper storage systems

Anonymous
Maximising user experience. Backend software is important but so is front end!

Anonymous
How can industry engage to demonstrate any of their ideas?



#  Point 2

o What are the gaps that exist in currently available federated analytical tools & services?
Wordcloud Poll 1response &1 participant

Pribably legal (GDPR)

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.
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% Point 3

2 What elements are required to facilitate innovation to improve the use of genomics in
personalised healthcare?

Open text poll 4 responses &3 participants

e Anonymous
Transparency in the analisis and explainability
8 Anonymous
Could you expose a practical exemple for this question ?
8 Anonymous
At the moment ehds is spilt strictly in 2 data spaces between primary and secondary.
Hence the legal barrieris definitive.
S Anonymous

Isn’t this a question only all those companies with these solutions can answer?

GDI project receives funding from the European Union's Digital Europe
Programme under grant agreement number 101081813.
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o o' European
o‘& Genomic Data

oY% Infrastructure

GDI Stakeholder Forum
GDI Starter Kit

Dylan Spalding

P7NS
23 November 2023 ame gditonemilliongenomes. eu/

GDI project receives funding from the European Union's Digital Europe y A0 HUERREE
Programme under grant agreement number 101081813. m / Jedi _
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# GDI Pillar I o

o _o" European :
> o‘é’ GenomicData <« >
oY% Infrastructure

Design & Testing Scale up & Sustainability Deployment & Feedback X
2020-2023 2022-2026 )

Deployment of 1+MG national nodes Considerations & Feedback

Operational National nodes interconnected ® National Strategy

National node fully operational ® Emerging technologies

)
)
Design and testing phase ® Pillar Il Use Cases

: ISRl Funded by
S the European Union




# Genomic Data Infrastructure

Countries in GDI.
- Will provide a node or Data Hub
- Each country manages their own data (e.g. regional hubs)

-+ Data hubs provide cross-border data analysis using a
common framework of standards & APIs

Overall data infrastructure provides 5 main functionalities as
defined by the 1+MG Scoping paper* in 2021

- e (- —]

Data Access Data Data Storage and
discovery management tools  processing reception interfaces
https.//zenodo.org/doi/10.5281/zenodo.6089582

GDI project receives funding from the European Union's Digital
Europe Programme under grant agreement number 101081813.




“# GDI Starter Kit

Defined at a workshop ==
in Sweden in March 1
2023

65 experts

18 countries

Successful deployment
and operation demo at
ELIXIR AHM in June
2023

N Funded by
B the European Union




Data Discovery
Function:

®  Public visibility and search of genomic data, requiring
descriptive non-sensitive metadata like summary level
descriptions of data

® Link to data access management where users can
apply for detailed data access. Where can | find the

GDI Starter Kit Elements: data | need? ',

F N

e Beacon: Beacon, DUO, phenopackets
e Beacon Network: Beacon
e User Portal: Data Catalogue

Data Access Data Data Storage
discovery management processing reception and
tools interfaces

GDI project receives funding from the European Union's Digital
Europe Programme under grant agreement number 101081813.




& (0
D

~ Data Access Management

Function:

® Management of data access according to Data Protection by
Design & Default, i.e. facilitation and audit of secure access

° __REMS__ >
Tools manage: e
* data access applications for data use Permissions

* data access authorisations from the data controllers
* communication of access rights

GDI Starter Kit Elements:
e LifeScience AAl: GA4GH Passports, AAl
e REMS: GA4GH Passports, AAl, DUO
e User Portal: Access management: AAl, DUO

. Data Access Data Data Storage
discovery management processing reception and

tools interfaces

‘—»{ =77+ LS LOGIN

5B [ Pe
((

GDI project receives funding from the European Union's Digital
Europe Programme under grant agreement number 101081813.




# Storage & Interfaces

Function:

®  Organisations store data and offer APIs that form the

interoperable (standard-based) infrastructure backbone

® Aimis to leverage existing investments in
e-infrastructure capacities that can provide data privacy T S——
and confidentiality Encrypted in 64K Blocks, each Block

beginning with Nonce, ending with MAC

GDI Starter Kit Elements: Header —

e Sensitive Data Archive: Crypt4GH
e Integration of user identity and data access: DRS,

Pa S sp ort ion | Encrypted Header Length | Header Method Péilli;f:)v Encrypted Header
Nonce Encryption Method Data Encryption Key MAC
@ - - [-- —1]
O] 0
Data Access Data Data Storage
discovery management processing reception and

tools interfaces

GDI project receives funding from the European Union's Digital
Europe Programme under grant agreement number 101081813.




* Data Reception

Function:
®  Uniform processes for quality control and standardisation

Receiving (e.g. upload) or access (e.g. API) to data and
metadata

* Adhering to global standards and principles
*  Genotypic and phenotypic data

Logical description of datasets

GDI Starter Kit Elements:
e Synthetic data: phenopackets, VCF, BAM/CRAM
e Transfer: htsget

Data Access Data Data Storage
discovery management processing reception and
tools interfaces

},' 1+MG  [Maps| crarts  surveys

Maps

Compare maps Ttolof5 W

% Number of genomic datasets across 1+MG

Webtools +© EC-GISCO + Leaflet| © contributors © © UN-FAO for the boundaries | Disclaimer

GDI project receives funding from the European Union's Digital
Europe Programme under grant agreement number 101081813.

https://dashboard.onemilliongenomes.eu/



* Processing (compute)

Function:

Local, high-performance and cloud computing with
security standards appropriate for 1+MG to analyse data

Processing happens locally or distributed in the
infrastructure

GDI Starter Kit Elements:
e Containerised & Federated computation - TES, WES, TRS

Data Access Data Data Storage
discovery management processing reception and
tools interfaces

LUMI datacenter Photo by Pekka Agarth

GDI project receives funding from the European Union's Digital
Europe Programme under grant agreement number 101081813.




“# Generalised end to end user Story from 1+MG

1. User discovers phenotypes of interest aggregate data in
1+MG data

2. User logs in via LS AAI (registered level), and discovers both
a genomic variant and treatment regime and/or phenotype of

interest _—

3

. User applies for data access to 1+MG data -
P

4. Data Access Committee grants access to a virtual cohort — p—
=

D. User executes analysis as a controlled access user on this
virtual cohort across federated locations

WG8 - RD: Do you have any individuals with a mutation in the RYR1 gene and a similar phenotype to congenital myasthenic syndrome?

WGg - Cancer: Do you have any individuals with a mutation in the PTEN gene, who have BRAF biomarkers and are being treated with vemurafenib?

GDI project receives funding from the European Union's Digital
Europe Programme under grant agreement number 101081813.




#  GDI Infrastructure, user journey & standards

1 MG Data Data Access — Storage & (- —1 Data — Data -
5 FUNCTIONALITIES Discovery Management Interfaces Reception 0 Processing E

Sensitive
Data Archive
E.g. FEGA

Synthetic
Data

Containerised
Compute

~

PY \ )
0 ®
STARTER KiT
Be;‘;::;’: & LS ARI & Federated
Network REMS Compute
SO, SRR
¥ % ISQ | bvo Passports \F;g:nopackets TES
K NS Phenopackets DUO CRYPT4GH SAM/BAM/CRAM WESS
STANDARDS Beacon AAI htsget TR

GDI project receives funding from the European Union’s Digital
Europe Programme under grant agreement number 101081813.




#  GDI Infrastructure, user journey & standards

1 MG Data Data Access — Storage & (- —1 Data — Data -
5 FUNCTIONALITIES Discovery Management Interfaces Reception 0 Processing E

User Portal: T e Sensitive
) Access . Synthetic Containerised
Data Data Archive
Catalogue Management E.o. FEGA Data Compute
o S J &LS AAI &
0 ®
STARTER KIT

Beaconv2 &
Beacon
Network

LS AAI &
REMS

Federated
Compute

RN DUO

PR/ Phenopackets
5 e Passports TES
I\@so/ Phenopackets DUO CRYPTA4GH vek WES
Beacon AAI SAM/BAM/CRAM TRS
STANDARDS DCAT-AP htsget

GDI project receives funding from the European Union’s Digital
Europe Programme under grant agreement number 101081813.




EC GDI Starter Kit deployment

Beacon Network,

European connectivit Passports & AAl

DCAT-AP, elD & Fba
20 2 oWallet =" EHDS

1+MG National node

Centralised, distributed or fully federated
data storage and computation + technical
capacity

Nat

o I‘e ‘

S Funded by
S the European Union




# GDI Starter Kit = 1st demonstration software bundle released June 2023

Sensitive Data Archive Securely stores data Sweden
__-_
REMS Allows data access applications and decisions Finland
Beacon Genetic and phenotypic data discovery Spain
—_-—
Synthetic Data Artificial anonymous data Finland
htsget Secure genetic data distribution Sweden z’d
Containerised Computation Computation via virtualised portable software packages 4 Czechia
Federated Computation Interoperable distributed workflows
Packaging and Deployment Packaging and deployment of the starter kit Spain
User Portal — Data Catalogue European level catalogue of data within nodes Netherlands
User Portal — Access management European level application / access management Luxembourg

v - Product in production in another project (NB: Beacon V1 / ELIXIR Beacon Network)
https://qithub.com/GenomicDatalnfrastructure
Future - Due 01/2024 _

A
Funded by _ 52 b,’; Global Alliance
the European Union for Genomics & Health



https://github.com/GenomicDataInfrastructure

& \What's next

® Continuous development of Starter Kit products

o Compliance with Data Protection by Design and Default principles
o  Support GDI Nodes on the deployment and operations of the Starter Kit
m  Not pushing starter kit software to nodes, they may use compatible alternatives for
producing functionalities based on the chosen open standards

B Support diversity of node requirements
® Federated Analytics / Learning (Pillar lll) interaction

® Use cases demonstrators (Pillar II1)

o Genome of Europe
o Cancer
o Infectious diseases

S Funded by
S the European Union




ubuntu@gdi -starterkit-demo:-$ |

:"‘: Funded by
(L the European Union


https://docs.google.com/file/d/1ut5VSt8V1Z-H7tWBa0MUHUWT3TlJVM9I/preview

Follow our progress

= github.com/GenomicDatalnfrastructure

= gdi.onemilliongenomes.eu
= framework.onemilliongenomes.eu

https://www.youtube.com/watch?v=6MtlJA4xXdU

GDI project receives funding from the European Union’s Digital
Europe Programme under grant agreement number 101081813.


https://github.com/GenomicDataInfrastructure
https://gdi.onemilliongenomes.eu/
https://www.youtube.com/watch?v=6MtIJA4xXdU

GDI project receives funding from the European Union's
Digital Europe Programme under grant agreement
number 101081813.




Erasmus MC L N
-
t Instituto de Salud Carlos|Il

Finnish institute for
health and welfare

UPPSALA
UNIVERSITET

B 7>
<VIB ﬁ/sciensano

B MUNT Yoo @ SO

3 health Rl

* 22 enabling data driven health

BisData.pt [ I

Funded by

instituto_Nacional de Satde

O

universidade ﬁ UNIVERSITY
. OF MEDICINE
de aveiro RCS| 2o

Doutor Ricardo Jorge

csc

UNIVERSITETET @
10SLO DANISH NATIONAL

GENOME CENTER

dkfz.

i)
. University of Ljubljana

University of Maribor

-

EBERHARD KARLS

UNIVERSITAT
TUBINGEN

UNIVERSITY of TARTU
Institute of Computer Science

< ? REPUBLIC OF BULGARIA

Ministry of Education and Science

SCIENCES

(]
emplrfca
[}

the European Union




GDI Consortium (continued)

Health > A 7
I_RB Halh — Inserm IFB it UNIKLINIK - N e %

“mec

UniSR

Universita Vita-Salute
San Raffaele

®

R
b

* Federal Ministry
&0 of Health

REPUBLIC OF ESTONIA
MINISTRY OF SOCIAL AFFAIRS

Vilniaus universiteto ligoniné
SANTAROS KLINIKOS

% umcG

AEh

Veselibas ministrija

Barcelona
Supercomputing

Center

Centro Nacional de Supercomputacion

>§< BBMRI-ERIC® g

VINNOVA %

@ Consiglio Nazionale delle Ricerche

HOSPITAL OF LITHUANIAN NATIONAL CANCER INSTITUTE
UNIVERSITY OF HEALTH SCIENCES

NCI

* Federal Ministry
of Education
and Research

+

THE GOVERNMENT
OF THE GRAND DUCHY OF LUXEMBOURG
Ministry of Higher Education and Research

\"{; Helsedirektoratet

Funded by
the European Union




o o o l'
N B el

Bioinformatics Institute

®

Generating synthetic data for health applications
Alberto Labarga




Telecommunications Engineer
Head of Biomedical Data Hub @BSC
More than 20 years crunching data

open data - open source - open science

| am Alberto

yw alabarga Barcelona
Supercomputin
@® alabarga Ceflter i
: Centro Nacional de Supercomputacion
@ /in/albertolabarga



PLOS DIGITAL HEALTH

L))

Check far
updates

E QOPEMN ACCESS

Citetion: Gonzales A Guruswamy G, Smith 57
(2023 Synkhetic dafa in health care: A namatve
review. FLOS Digit Heakh 2(1): s0000082. Retpesy
doi ong"10. 137 1 joumral pdig. 0000052

Edibor: Atistar Johnson, SickKids: The Hospital for
Sck Chidren, GANADA

FReceived: June 29, 2122
Accapted: Decamber &, 2052
Pubilished: January &, AT23

Peer Review History: FLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publicaton of
all of the content of peer review and authar
respansas ongside final. publshed artices. The
editorial histony of Bis articke is avalable here:
hitps.idoi.org/10.1371 jounnal pdig. D0OD0E2

Copyright: This is an open access artcke, free of
copyTight, and may be fresly Feproduced,
distributed, transmitied, moditied, built upon., o
otheratse used by anyons for zny lawlul purpose.
The wiik & made svalable under the Creative
Commans CC0 pubbe domain dedication.

Data Awadlahiliy Statement: AN data are in the
manuscript.

Funding: The authors received no speciic funding
for this work.

RESEARCH ARTICLE

Synthetic data in health care: A narrative
review

Aldren Gonzales ©'*, Guruprabha Guruswamy®, Scott R. Smith’

1 Office of the Assistant Secretary Planning and Evaluatien, US Deparment of Health and Human Services,
Washinglon, Distriet of Celumbia. United States ol America, 2 Depariment of Health Administration and
Palicy. George Masan Universily, Virginia, United States of America

* aldren.gonzales @ hhs.gov

Abstract

Data are central to research, public health, and in developing health infermation technology
(IT) systams. Meverthelass, access to mest data in haalth care s tightly controlled, which
may limit innovation, development, and efficiant implementation of new research_ preducts,
services, or systems. Using synthatic data is one of the many innavative ways that can allow
organizations to share datasets with broader users. Howevear, only a limited set of Maratura
is available that explores its polentials and applications in health care_ In this review paper,
we examinad existing literature to bridge the gap and highlight the wtility of synthatic data in
health care. Wa ssarched PubMed. Scopus, and Google Schalar 1o identify peer-reviewed
articles, conferance papers_ raports, and thesis/dissertations articles related to the genera-
tion and use of synthetic datasats in haalth cara. The review identified Sevan use cases of
synithetic data in health care: a) simulation and prediction research. b) hypothesis, methods,
and algorithm testing, ) epidemiologypublic health research, d) health IT davelopment, &)
education and training, f) public release of datasets, and g) linking data. The review also
identifiad readily and publicly accessible health care datasets, databases, and sandboxes
containing synihatic data with varying dagrees of utility for research, education. and soft-
ware development. The review provided evidence that synthetic data are halpful in different
aspects of health care and resaarch. While the original real data remains the preferred
chaice, synthetic data hold possibilities in bridging data access gaps in research and evi-
danca-basad policymaking.

Author summary

Synthetic data or data that are artificially generated is gaining more attention in the recent
years becanse of its potential in making timely health care data more accessible for analysis
and technology development. In this paper. we explored how synthetic data are being
used by reviewing published literature and by looking at known synthetic datasets that are
available to the public. Based on the available literature, it was identified that synthetic
data address three challenges in making health care data accessible: it protects the privacy
of individuals in datasets, it allows increased and faster access of researchers to health care

PLOS Digital Health | hotps:/dsi org' 10,1371 joumal pdig D00D0EZ  January B 2023
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Synthetic Health Records
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generation
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Synthea: An approach, method, and software mechanism
for generating synthetic patients and the synthetic
electronic health care record
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Dylan Hall," Cariton Duffett,” Kudakwashe Dube,” Thomas Gallagher,® and
Scott McLachlan®
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ABSTRACT

Objective: Our objéctive s to create & source of synthetc alectronic health records that is readiby available;
suited 1o industrial, innovation, research, and educational uses: and free of legal, privacy. security. and intelles-
tual propery restrictions.

Materials and Methods: \We developed Synthea, an open-source soltware package that simulates the lilespans
of synthetic patients, modeling the 10 most frequent reasons for primary care sncounters and the 10 chronic
canditions with the highest marbidity in the United States.

Results: Synthea adheres lo a previously developed conceptual Framewark, seales via open-source deployrment
on the Internet, and may be extended with additional disease and treatment modules developed by ilts user
cammunity. One million Synthetic patient records ane now Ireely available onling, encoded in standard formats
leg, Health Level-T [HL7] Fast Healthcare Interoperability Resounces [FHIR] and Consolidated-Clinical Docurnent
Architecture], and accessible thraugh an HLT FHIR application program interface.

Discussion: Health care lags other industries in information technology, data exchange, and interoperability.
The lack of freely distributable health records has long hindered innovation in health care. Apgroaches and
tools are available o inexpensively generate synthetic health records at scabe withoul accidental disclosure risk,
lewsering currant barriers to entry for promising early-stage developments. By engaging a growing community
of users, the synthetic data generated will become increasingly comprehensive, detailed, and realistic over
tirme,

Conclusion: Synthelic patients can be simulated with models of dissase progression and corresponding
standards of care o produce risk-frae realistic synthetic health care records at scale.

Key wends: electranic haslih recards, computer sirilation, patent-specific modeling, chrical pathvways, RS-EHR

BACKGROUND AND SIGNIFICAMNCE access to large repositories of high-guality health datasets tor a

range «f secondary uses that have no clinkcal or med;
Health care lags other industries in information technology, data ex tions, including saftware development, testing, and <
«change, and interoperabiliry. To close these gaps, developers require ing.'™ However, access to real elecrronic health record |
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https://github.com/synthetichealth/synthea/wiki/Module-Gallery
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events:
- name: A
description: Patient creation
type: person

values:
- name: person_id
type: seq
- name: gender_concept_id
type: list
params:
- val: 8532
prob: 0.45
- val: 8157
prob: 0.55
- name: age
type: dist
params:
mean: 70
std: 0.45

pysynth

description: First visit
type: visit_occurrence
values:
- name: person_id
type: parent
- name: visit_occurrence_id
type: seq
- name: visit_datetime
type: date_between
params:
start: '2019-01-01'
end: '2021-12-31"'
- name: visit_concept_1id
type: list
params:
- val: 9203
prob: 0.15
- val: 9201
prob: 0.85

- name: C

type: condition_occurrence
description: Diagnosis

values:
- name: condition_occurrence_id
type: seq

- name: person_id
type: parent
- name: visit_occurrence_1id
type: parent
- name: condition_start_datetime
type: parent
params:
field: visit_datetime
- name: condition_concept_id
type: list
params:
- val: 432837
prob: 0.15
- val: 4247719
prob: 0.14

_

Observation_Period

I

Visit_Occurrence

Death

Condition_Occurrence
Drug_Exposure
Procedure_Occurrence
Device_Exposure

Measurement

Observation

Standardized clinical data
¢ {

Fact_Relationship




Generative Adversarial Nets

lan J. Goodfellow, Jean Pouget-Abadie! Mehdi Mirza, Bing Xu, David Warde-Farley,
Sherjil (Ozair] Aaron Courville, Yoshua Bengio®
Diépartement d informatique et de recherche opérationnelle
Université de Montréal
Montréal, QC H3C 317

Abstract

We propose a new framework for estimating generative models via an adversar-
ial process, in which we simultanecusly train two models: a generative model (7
that capiures the data distribution, and a discriminative model [ that estimates
the probability that a sample came from the training data rather than (5. The train-
ing procedure for €7 is to maximize the probability of [ making a mistake. This
framework corresponds 1o a8 minimax two-player game. In the space of arbitrary
functions (7 and 17, a unique solution exists, with 7 recovering the training data
distribution and £ equal to 3'- everywhere. In the case where (3 and 7 are defined
by multilayer perceptrons, the entire svstem can be trained with backpropagation.
There is no need for any Markov chains or unrolled approximate inference net-
works during either training or generation of samples. Experiments demonstrate
the potential of the framework through qualitative and quantitative evaluation of
the generated samples.

1 Introduction

The promise of deep learning is to discover rich, hierarchical models [2] that represent probability
distributions over the kinds of data encountered in artificial intelligence applications, such as natural
images, awdio waveforms containing speech, and symbols in natural language corpora. 5o far, the
muost striking successes in deep leaming have involved discriminative models, wsually those that
map a high-dimensional, rich sensory input w a class label [14, 22]. These striking successes have
primarily been based on the backpropagation and dropout algorithms, using piecewise linear units
[14. %, 10] which have a particularly well-behaved gradient . Dieep generative models have had less
of an impact, doe to the difficulty of approximating many intractable probabilistic computations that
arise in maximum likelihood estimation and related strategies, and due wo difficulty of leveraging
the benefits of piecewise linear units in the generative context. We propose a new generative model
estimation procedure that sidesteps these difficulties. !

In the proposed adversarial nets framework. the generative model is pitted against an adversary: a
discriminative model that learns to determine whether a sample is from the model distribution or the
data distribution. The generative model can be thought of as analogous o a team of counterfeiters,
trying o produce fake cummency and wse it without detection, while the discriminative model is
analogoas to the police. trying to detect the counterfeit currency. Competition in this game drives
both teams o improve their methods until the counterfeits are indistigouishable from the gennine
articles.

" lean Pouger-Abadie is vising Universitg de Montréal from Ecole Polyiechnigue.

" Sherjil Ozar 15 visiting Universaté de Moniréal from Indian Instte of Technology Delbh

" Yoshua Bengio is a CIFAR Sentor Fellow.

' Al eode and hyperparameters available al http:/ fwww . github. com/goodfeli/adversarial




GANS

Generative Adversarial Networks (GANs) are a way to make a generative
model by having two neural networks compete with each other.

The generator turns noise into an imitation

of the data to try to trick the discriminator. D

The discriminator tries to identify real
data from fakes created by the generator.

Xreal
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A review of Generative Adversarial Networks for
Electronic Health Records: applications, evaluation

measures and data sources
Ghadeer Ghosheh’, Jin Li", and Tingting Zhu'
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ABSTRACT

Electronic Health Records (EHRs) are a valuable asset to facilitate clinical research and point of care applications; however,
many challenges such as dala privacy concermds impede its optimal utlization, Deep generalive models, particularly, Generative
Adversarial Networks (GANS) show greal promise in generating synthetic EHR data by learning underlying data distributions
while achieving excellen! performance and addressing these challenges. This work aims 1o review the major developments
in various applications of GANs for EHRs and provides an overview of the propesed methodologies. For this purpose, we
combine perspeciives from healthcare applications and machine kearning technigues in terms of source datasels and the
fidakty and privacy evaluation of the generated synthefic datassts. We also compile a list of the mefrics and datasets used by
the reviewed works, which can be ulilized as benchmarks for future research in the field. We conclude by discussing challenges
in GAMs for EHRs development and proposing recommended practices. We hope that this work motivaies novel research
developmeant directions in the intersection of healthcare and machine learning.

1 Introduction

Orver the past decade, machine learning (ML) models have proven 1o have a high potential for supporting medical applications
by wsing data collected in electronic health records (EHRs) [ 1. 2]. Hospitals and medical providers are increasingly adopting
and deploying EHR systems. In the US alone. 4% of hospitals adopted EHR svstems as of 2015, which is a 9-fold increase
since 2008 [3]. The widespread recording of structured EHRs is paving the way for research opportumities in healthcare
applications, such as patient-stratification [4], drug repurposing [5]. public health surveillance [6]. as well as the novel discovery
of disease mechanisms and correlations s seen in the early COVID-19 applications [7]. EHRs also provide a valuable aseet o
develop data-driven and patient-specific clinical decizion suppaort sysiems (CDS8) for diagnostic, prognostic, healtheare cost
containment and workflow improvement applications [8-10]. However. the full wilization of the wealth of the EHR data in
such applications is impeded by several challenges. including data shanng and privacy concems |1 1], where data protection
guidelines nnd regulations such as the Health Insurance Portability and Accountability Act { HIPAA) [12] in the United States,
and the General Dt Protection Regulation (GDPR) [13] in Europe have detailed controlling measures that prevent direct
access o much of the data for patient privacy purposes. Other data-specific challenges that make EHR processing burdensome
include class imbalance [ 14]. data missingness [ 15]. noise [ 16], heterogeneity | 17] and imegular sampling [18]. To mitigate
these challenges, decp generative models have been proposed o gencrate synthetic data | 19]. notably vanational autoencoders
(VAE) [20]. and Generative Adversurinl Networks (GANs) [21]).

In this paper, we review GANs as one of the most widely-used yer under-siudied deep generative frameworks, specifically
in the domain of EHR applications. There exist several reviews related o GANs evaluation [22], GANs applications for
medical imaging [23], and for time-series signals [24] and observational health data [25]. However, in this review, we focus
on GANs for structured EHRs. their applications. evaluation and challenges, which serves as a basis for a reading audicnce
with diverse backgrounds. Furthermore. we provide a comprehensive and up-to-date review of the current works and group
them based on their target application for healthcare applications, not only for generating symibetic samples, but also mitigating
many of the data challenges of EHRs. To the best of our knowledge, this is the first work o diseuss and categorise the wide
range of evaluation metrics used for evaluating the quality of the synthetic EHRs data generated by GANs. We discuss several
open-cnded challenges and themes in the current works to motivate new research directions in both the computational and
healthcare ficlds. Relevant literature was identified by searching Google Scholar using the keywords "GAN® AND "ENE". or
"symthetic health daga”. and "GAN™ AND "Health™ up until January 2022, We then fillered out papers that used generative
muxdels oiher than GANs, and any duplicate papers.

The outline of the paper is as follows. In section 2, we briefly review the working principles and architecture of GANs and
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BEHRT: Transformer for Electronic
Health Records

Yikuan Li%?, Shishir Rao(3 %", José Roberto Ayala Solares?, Abdelaali Hassaine?,
Rema Ramakrishnan®, Dexter Canoy (5, Yajie Zhu(»*, Kazem Rahimi® &
Gholamreza Salimi-Khorshidim?

Today, despite decades of developments in medicine and the growing interest in precision healthcare,
wvast majority of diagneses happen once patients begin to show noticeable signs of illness. Early
indication and detection of diseases, however, can provide patients and carers with the chance of early
intervention, better disease management, and efficient allocation of healthcare resources. The latest
developments in machine learning (including deep learning) provides a great opportunity to address
this unmet need. In this study, we introduce BEHRT: A deep neural sequence transduction model for
electronic health records (EHR), capable of simultaneously predicting the likelihood of 301 conditions:
in one's future visits. When trained and evalvated on the data from nearly 1.6 million individvals,
BEHRT shows a striking improvemnent of 8.0-13.2% (in terms of average precision scores for different
tasks), over the existing state-of-the-art deep EHR models. In addition to its scalability and swperior
accuracy, BEHRT enables personalised interpretation of its predictions; its flexible architecture enables
it to incorporate multiple heterogeneous concepts (e.g., diagnosis, medication, measurements, and
more) to furtherimprove the acouracy of its predictions; its (pre-Jtraining results in disease and patient
representations can be useful for future studies (i.e., transfer learning).

The field of precision healthcare aims to improve the provision of care through precise and personalised pre-
diction, prevention, and intervention. In recent years, advances in deep learning (DL} - a subfield of machine
Iearning (ML) - has led to great pmgn:is1owards|£]mmal:istd.}u:diclions in cardiovascular medicine, radiology,
neurslogy, dermatology, aphthalmelogy, and pathelogy. For instance, Ardila ef al' introduced a DL mode] that
can predict the risk of lung cancer from a patient’s tomography images with 94.4% accuracy: Poplin ef al.* showed
that DL can predict a range of cardiovascular risk factors from just a retinal fundus photograph, and more exam-
ples can be found in other works**. A key contributing factor to this success, in addition to the developments in
DL algorithms, was the massive influx of large multimadal biomedical data, including but not limited to, elec-
tronic health records (EHR)®

The adoption of EHR systems has greatly increased in recent years: hospitals that have adopied EHE systems
now excords B4% and %4% in the US and UK, respectively™”. As a result, EHR systems of a national (and/or a
large) medical organisation now are likely to capture data from millions of individuals aver many years. Each
indrvidual’s EHR can link data from many sources (e.g., primary and hospital care) and hence contain “concepts”
such as diagnus:s. interveniions, lab tests, clinical narratives, and more. Each instance of a concept can mean a
single or multiple data points. Just a ilnﬁl: hospitalisation, for instance, can generate thousands of data points for
an individual, whereas a diagnosis can be a single data point (ie., a disease code). This makes large-scale EHR a
uniquely rich source of insight and an unrivalled data for training data-hungry ML mosdels.

In traditional rescarch on EHR data (including the ones using ML), individuals are represented by models as
avector of attributes. or “features™. This approach relies on expents” sbility to define the appropriate features and
design the model's structure (ie., answering questions such as “what are the key features for this prediction?” or,
“which features should have interactions with one another?”™). Recent developments in deep learning, however,
provided us with models that can learn useful representations {e.g.. of individuals or concepts) from raw or
minimally-processed data. with minimal need for expert guidance”. This happens through a sequence of layers,
cach emploving a large number of simple linear and nonlinear transformations to map their corresponding inputs
to a represendation; this progress across layers results in a final representation in which the data points form dis-
tinguishable patierns.

'Deep Medicine, Oxfard Martin Schaal, University of Oxford, Owfard, United Kingdom. *These authees contributed
equally: ¥ikuen Li and Shishir Rao. Pe-mail; shishir.reo @stcstz. axac.uk
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Embedding Diagram and BEHRT Architecture
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Generating Synthetic Data from OMOP-CDM
Databases for Health Appllcal:lon

Analysis of Electronic Health Records (EHE) has a tremendous potential for enhancing patient care, quantitatively measuring performance of
clinical practices, and facilitating clinical research. Statistical estimation and machine learning (ML) models trzined on EHR data can be used
to predict the probability of various diseases (such as diabetes), track patient wellness, and predict how patients respond to specific drugs.
For such models, researchers and practitioners need access to EHR data. However, it can be challenging to leverage EHR data while ensuring
data privacy and conforming te patient confidentiality regulations. Here we present an approach fo generating synthetic health data from an
OMOP-COM. The goal of this study was to develop and evaluate a madel for simulating longitudinal healthcare data that adequately captures
clinical data kemporal and conditional complexities.

Synthetic data generation

random vectes

cenerating synthetic data comes down to learning the joint probability distribution in an original, real dataset to generate a new dataset with the same distribution.
Deep lezrning models such 5 generative adwersarial networks (GAN) and varistional autoencoders (VAE) zre well suited for synthetic data generation buk have
prohlems tapturing tempaoral and causa| dependencies in the data or generating cateqorical variables comman in clinical data.

\we propose a novel generative modeling framework that combines GaNs with a hidirertional encoder rep from (BERT) architecture. We first
train the encoder-decoder model using a reconstruction loss. Then, we use the trained encoder to transform the nnglml inputs intn latent space {encoder states). Lastly,
we train the GAN framework using an adversarial Loss in the latent space to incorporate temporal data across multiple clinical domains. We use a hybrid approach by
augmenting the input bo BERT using artificial time tokens, incorpoerating time, age, and concept embeddings, and introducing 2 new second learning objective for visit

type.

Quality evaluation e -~
2l
FIDELITY UTILITY PRIVACY f
o /
on T
How similar is this synthetic How useful is this synthetic Has any sensitive data R i J
data as compared to the data for our downstream been inadvertently
original training sets machine learning applications synthesized by our model v

Kul hcrk -Leibler (KL}

Accuracy, Fl-score, ROC, and Membership inference,
AUC-ROC re-identification and
attribute inference attacks
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Synthetic notes



Acude con dolor abdominal derecho de 2 dias de
duracién. Pauta de vacunacion completa.

Finding dolor abdominal.

Spatial Concept derecho.
Temporal Concept 2 dias, duracion.
Therapeutic or Preventive Procedure vacunacion.

Qualitative Concept completa.
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Denoising Diffusion Probabilistic Models

Jonathan Ho Ajay Jain Pieter Abbeel
UC Berkeley UC Berkeley UC Berkeley
jonathanho@berkeley.edu ajayjlberkeley.edu pabbeeléice . berkeley.edu

Abstract

We present high quality image synthesis results using diffusion probabilistic models,
a class of latemt variable models inspired by considerations from nonegu il
thermodynamics. Owr best results are obtained by training on a weighted vari
bound designed according to a novel connection between diffusion probabilistic
models and denoising score matching with Langevin dynamics., and our models nat-
urally admit a progressive ossy decompression scheme that can be interpreted as a
aeneralization of antoregressive decoding. On the unconditional CIFAR 10 dataset,
we obtain an Inception score of 9.46 and a state-of-the-an FID score of 3.17. On
256x256 LSUMN, we obtain sample quality similar to ProgressiveGAN. Our imple-
mentation is available athttpe://github. com/hojonathanhe/diffuzion|

1 Introduction

Deep generative models of all kinds have recently exhibited high quality samples in a wide variety
of data modalities. Generative adversarial networks (GANs), autoregressive models, flows, and
variational autoencoders {VAEs) have synihesized striking image and audio samples [T4 27, &
(58, (38 [Z5. [I0L [33, [F9L (57 (276 [F2 [35]). and there have been remarkable advances in energy-based
madeling and score matching that have produced images comparable to those of GANs [TI1[E5).

e

Figure 1: Generated samples on CelebA-HQ 256 3 256 (left) and uncondiional CIFAR 1O {right)

Hth Conference on Newral Information Processing Systems (MearlPS 20201, Vancouver. Canada.
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Synthetic genomic data
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Accurate read count + + + :
: B (slightly under-
(over-sampled) {over-sampled) sampled)
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+ all other models) + all other models)
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Evaluation

FIDELITY UTILITY PRIVACY
How similar is this synthetic How useful is this synthetic Has any sensitive data
data as compared to the data for our downstream been inadvertently
original training sets machine learning synthesized by our
. applications model
Kpllback—Lelblgr (KL) Accuracy, F1-score, ROC, Membership inference,
divergence, pairwise and AUC-ROC re-identification and
correlation difference attribute inference

attacks
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Infrastructure for synthetic health data
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Center, Leiden, Netherlands

Introduction

Machine learning (ML) methods are becoming ever more prevalent across all domains of life
sciences. However, a key component of effective ML is the availability of large datasets that
are diverse and representative. In the context of health systems, with significant heterogeneity
aof clinical phenotypes and diversity of healthcare systems, there exists a necessity to develop
and refine unbiased and fair ML models. Synthetic data are increasingly being used to protect
the patient’s right to privacy and overcome the paucity of annotated open-access medical data.
Synthetic data and generative models can address these challenges while advancing the use of
ML in healthcare and reszarch.

Following up the efforts currently undertaken in the ELIXIR Health Data and the Machine
Leaming Focus Groups asound the synthetic health-data |landscape, this project focuses on the
health data providers' need for a ready-to-use synthetic data platform assessed by health data
experts, researchers, and ML specialists. Aligned with ELIXIR Health Data Focus Group's
objectives, we aim at building an infrastructure for synthetic health data offering 2 containerised
synthetic data generator based on the open-source libraries Synthetic Data Vault (50V) and

a-synthetic with state-of-the-art ML methods. This framework will enable users to generats
synthetic data that have the same structure and statistical properties as the original dataset
from a wariety of sources (clinical, variational, or omics). Despite the capacity to generate their
cwn datasets, a set of exemplary datasets will be publicly available in appropriate repositories
and will include rich metadata descriptions according to the DOME recommendations and
GCAAGH standards. OpenEBench will host a community of practice for comparing different
approaches for synthetic data generation. Here, we present our proof of concapt for the
generation of synthetic health data and our propossd FAIR implementation of the generated
synthetic datasets. The work was developed during and after the one-week-long BioHackathon
Europe, by together 20 participants (10 new to the project), from different countries (ML, ES,
LU, UK, GR, FL, DE, ...).

Infrastructure for synthetic health data

For test and stress development of new ML methods /tools, we need suitable data to properly
demonstrate the method ‘tools application. However, ML developers without health data
access are not able to see how the tool performs for its intended application. One way to
enable this is to generate synthetic data, where new “fake" data is created from real data using
a specifically designed generation model. Importantly, the generation model must maintain the

Niria Queralt-Rosinach et ai., Synthetic health data [2023). BioHackrdv org 1
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