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Some words about FAIR



FAIR Principles

Foundation for FAIR Maturity Models

The FAIR Guiding Principles for scientific data
. management and stewardshi
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nteroperable True FAIR implementations follow a methodology

/\ e FAIR is not only about the *THAT*
eusable e FAIR is above all about the *HOW*
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Data Management Value Chain - FAIR Data Mastery
Vision

An open public-private semantic
Infrastructure of fully standardized
FAIR applications, services & data

Applications have FAIR meta-models & data structures for FAIR digital assets (eg terminologies)
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Q FAIR APls for data exchange including semantics (community standards)

s
% FAIR data described by rich metadata (common vocabularies)



FAIR ldentifiers — The Beauty



FAIR Principles

Foundation for FAIR Maturity Models

The FAIR Guiding Principles

Findable:

F1 Data and metadata are assigned a globally unique and persistent identifier 4— LI :

F2 Data are described with rich metadata (defined by R1 below) To o) l kit P | St Olad //'\‘\ | | lance

F3 Metadata clearly and explicitly include the identifier of the data it describes

F4 Data and metadata are registered or indexed in a searchable resource

Accessible:

Al Data and metadata are retrievable by their identifier using a standardized
communications protocol

FAIR Guiding Principles

Al.1 The protocol is open, free, and universally implementable
A1.2 The protocol allows for an authentication and authorization procedure, where
necessary

A2 Metadata are accessible, even when the data are no longer available

Interoperable:

11 Data and metadata use a formal, accessible, shared, and broadly applicable language
for knowledge representation.

12 Data and metadata use vocabularies that follow FAIR principles
I3 Data and metadata include qualified references to other (meta)data

Reusable:
R1 Data and metadata are richly described with a plurality of accurate and relevant
attributes

R1.1 Data and metdata are released with a clear and accessible data usage license
R1.2 Data and metadata are associated with detailed provenance
R1.3 Data and metadata meet domain-relevant community standards 7
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Digital Objects & Identifiers
Making Digital Objects FAIR

Implementation and relevance of FAIR data

principles in biopharmaceutical R&D
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In a FAIR data ecosystem every digital object is represented by a resource (GUPRI)




FAIR Data & Identifiers

Global Unique Persistent Resolvable Identifiers (GUPRI)

LTI L

Globally Unique: Uniqueness means that any
identifier refers to exactly one Digital Object. Global
validity means that every Digital Object should have
exactly one identifier for reference where global is not
limited to our organization but ideally would also
include the external universe of discourse.

Persistent: An identifier never ever changes. An
identifier never gets deleted even if the related Digital
Object ceases to exist. The metadata of the identifier
should also be maintained.

Resolvable: Identifiers are resolved by a service that
returns the latest version of the object, including its
metadata.



Digital Objects & ldentifiers
Data Linkage & Data Quality comes with Identity
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Digital Objects/ Digital Assets are Resources

Resources represented by Global Unique Persistent Resolvable Identifiers (GUPRI)

A code list or a terminology is a resource

A code list element or a term in a terminology is a resource

A file on a file system is a resource

A database table or a table schema is a resource

A data model, a conceptual model or an ontology is a resource

A concept or a business glossary term is a resource

A data element or a metadata element is a resource
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The Data Science Dilemma



80/20 Data Science Dilemma
Data Science- and Analytics-Ready Data Assets

What data scientists spend the most time doing

® Building training sets: 3%

® (leaning and organizing data: 60%
® Collecting daota sets; 19%

* Mining data for patterns: 9%

® Refining algorithms: 4%

® Other:5%
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Disrupting our Industry — True FAIR Data Management



Data Management Value Chain
Breaking Up Silos? Integration Layers on top of Silos!

0pO 0pO

m} Ll

BI Application Dashboard
Datamart Data product

Integration Layers 2%}”

Data Silos

Data Access

Data Consumer/
Data Marketplace

Data Governance/
Data Cataloging/
Data Engineering

Data Producer
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Data Management Value Chain
Growing Volume and Variety — Integration efforts ever growing

0pO 0pO
Data A Application Dashboard
ata ACcess Datamart Data product Data Consumer/

Data Marketplace
Integration Layers Data Governance/
Data Cataloging/

Data Engineering

Data Silos Data Producer
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Data Management Value Chain
Technology Shift — Shifting Silos

Data
Fabric

Data - Data - Data Data
Warehouse Lake Lakehouse MeSH

Global System Integration Market

1487.5 Bn

XX.XX Knowledge
XX XX
XX.XX Graph
XX XK
XX XX
KAXX
XLXX
XX XX
XX XX
355.98 B I
. ' Source: Spherical Insights

2022 2023 2024 2025 2026 2027 2028 2029 2030 2081 zosz  1hanks to Dave McComb

Technology does not solve data integration issues inherent to missing FAIRness
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https://www.sphericalinsights.com/reports/system-integration-market#:~:text=1%20The%20Global%20System%20Integration%20Market%20Size%20was,to%20grow%20the%20fastest%20during%20the%20forecast%20period

Disrupting the Data Management Value Chain
Data Mastery — Eliminating Data Silos using Terminologies & Ontologies (FAIR
by Design)

0pO 0pO
Data A Bl Application Dashboard
ata Access Datamart Data product Data Consumer

Data Cataloging/
Data Engineering

Integration Layers

Data Producer/

Data Governance/
Knowledge Engineering/
Information Architecture

FAIR Reference Data

(Ontologies, Terminologies)

Study Registry data
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FAIR ldentifiers — The Beast (FAIR Silos)



FAIRsharing Catalog of Biomedical Resources

Proliferation and Fragmentation of Standards

Standards Contribute by adding a standard Any problems? Please tell us!

The standards in FAIRsharing are manually curated from a variety of sources, including and the

_/

Search Standards Q PECAN  Advanced

Showing records 1 - 50 of 1299.

View as Table View as Grid _ A - )
" 1 3 4 5 6 7 8 9 10 o - o o : o 19 20 21 22 23 24 25 26
Sort by
Nzame Related Related Related
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Recommended Records ; 7 = == == 3
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Bioportal has grown from 700 ontologies to 1081 ontologies in the last 6-8 years (15th Nov 2023)



Managing FAIR Reference Data

Proliferation and Fragementation of Concept Identifiers

¥ ChEB| EERec:

SNOMED CT sNoMED:412261005

Thegl
lang

e SNOMED:777006006

aNAV RxNORM:260101

Navigating RxNorm Drugs

DB:00198 @RUGBANK

KEGGC:C08092
KEGGD:D08306

Moa

:,% MeSH:D053139
MeSH

Anatomical Therapeutic

Chemical Classification ATC:JO5AHO02

System
= NCIt:C29305
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Plethora of GUPRIs for the same semantic concept: welcome back to map & merge




Data Standards & Interoperability
CDISC vs OMOP OHDSI - Proliferation (Meta-)Data Elements/ Semantic
Schemas

\/ v

Demographics Domain cdisc Patient Model

(OBSERVATIONAL HEALTH DATA SCIENCES AND INFORMATICS

Field Required  Type Description
person_id £ Yes integer A unique identifier for each person.
; . A foreign key that refers to an identifier in the CONCEPT table
gender_concept_id Yes integer forih . i G th
Study Identifier for the unique gender of the person.
The year of birth of the person. For data sources with date of
. N birth, the year is extracted. For data sources where the year of
4 year_of_birth Yes integer Gl 3 : i s
DOMAIN Domain Abbreviation birth is not available, the approximate year of birth is derived
il 1 based on any age group categorization available.
The month of birth of the person. For data sources that provide
month_of_birth No integer the precise date of birth, the month is extracted and stored in

Unique Subject Identifier

uslt

this field.

The day of the month of birth of the person. For data sources
day_of_birth No integer that provide the precise date of birth, the day is extracted and

D Subject Identifier for the Study i
= stored in this field.
birth_datetime No datetime The date and time of birth of the person.
BRTH Date/Time of Birth death_datetime No datetime  The date and time of death of the person.

A foreign key that refers to an identifier in the CONCEPT table

race_concept_id Yes integer for the unique race of the person, belonging to the ‘Race’
AGE Age vocabulary.
A foreign key that refers to the standard concept identifier in
ethnicity_concept_id Yes integer the Standardized Vocabularies for the ethnicity of the person,
Age Units

belonging to the ‘Ethnicity’ vocabulary.

A foreign key to the place of residency for the person in the

location_id No integer . . . A
= 9 location table, where the detailed address information is stored.
Sex
A foreign key to the primary care provider the person is seein:
provider_id No integer ; 9 A Y P o P P 9
in the provider table.
R care site.id No - A foreign key to the site of primary care in the care_site table,
N ite_i i _ N
RACE |ce - 3 where the details of the care site are stored.
An (encrypted) key derived from the person identifier in the
person_source_value No varchar(50)  source data. This is necessary when a use case requires a link
back to the person data at the source dataset.
The source code for the gender of the person as it appears in
the source data. The person’s gender is mapped to a standard
gender_source_value No varchar(50) 5 8 : p
gender concept in the Standardized Vocabularies; the original
value is stored here for reference.
o A foreign key to the gender concept that refers to the code
gender_source_concept_id  Yes Integer

used in the source.

Creation of insights & analytics blocked: different schemas, variables and values




EMBL-EBI Ontology OXO (Xref Service)
Creating Referential Identity by Ontology Mapping

Source: EMBL-EBI OxO

Welcome to the EMBL-EBI Ontology Xref Service (OxO).

OxO is a service for finding mappings (or cross-references) between terms from ontologies, vocabularies and coding standards. OxO imports mappings from a variety of
sources including the Ontology Lookup Service and a subset of mappings provided by the UMLS. We're still developing the service so please get in touch if you have any
feedback.

Allocating significant resources to inflate a problem

Allocating significant resources to reduce a problem
(loss of information & interoperability)


https://www.ebi.ac.uk/spot/oxo/

FAIR Data Master & Mastering FAIR



FAIR Data Mastery & Mastering FAIR
Refining the Vision - Productivity Boost for Life Sciences R&D

Standardizing FAIR to implement an
open public-private semantic
infrastructure of fully connected
FAIR applications, services & data

Govern & manage FAIR reference resources to make data machine-actionable




E2E Mastery of Data Management Value Chain
FAIR Digital Assets & Standardized FAIR

Significantly reducing global data integration efforts by truly eliminating data silos
(cost avoidance)

Reducing time to make data assets consumable by transformation-less integration
(time to market)

Making digital objects true data assets and machine-actionable
(monetizing data assets)

Increasing productivity by better and more reliable insights
(quantity & quality)
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Conclusions



Conclusions

FAIR Data First for true Disruption !
Digital Transformation requires FAIR Data Strategy at community level.

Intrinsically linked FAIR data ecosystem.
More reliable insights in less time and at lower costs.

Pistoia Alliance (Data Driven Value) developing the community Master Plan.
Umbrella & Driver for standardizing FAIR reference data (Ontologies, DataFAIRYy).
Connecting Content & Service Providers: FAIR applications, services & data.

It is all about Semantics !

Transformation-less data integration using FAIR machine actionable digital assets.



Doing now what patients need next



