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FAIR Health Data

o [uality data (exams. laboratory tests, research) needed for prevention, diagnosis and treatment of diseases

« To extract value from data, it must be:

F Al R
RN
« Why is FAIR data impartant? SF Q“‘”
« [Dbjective of FAIR healthcare data (European Commission) ""4‘{’”@0 )

* Exchange of FAIR data within European Health Data Space (EHDS)

* How FAIR is my data?
« Need for FAIR data validation tools
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FAIR Prl"ﬂlples Box 2 | The FAIR Guiding Principles

To be Findable:

I— F1. (meta)data are assigned a globally unique and persistent identifier

F2. data are described with rich metadata (defined by R1 below)

F3. metadata clearly and explicitly include the identifier of the data it describes
F&. (meta)data are registered or indexed in a searchable resource

To be Accessible:

Al. (meta)data are retrievable by their identifier using a standardized communications protocol
A1l the protocol is open, free, and universally implementable

Al.2 the protocol allows for an authentication and authorization procedure, where necessary
A2. metadata are accessible, even when the data are no longer available

To be Interoperable:

I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.
12. (meta)data use vocabularies that follow FAIR principles

13. (meta)data include qualified references to other (meta)data

To be Reusable:

R1. meta(data) are richly described with a plurality of accurate and relevant attributes
R1.1. (meta)data are released with a clear and accessible data usage license

R1.2. (meta)data are associated with detailed provenance

R1.3. (meta)data meet domain-relevant community standards

Source: Wilkinson MD, Dumontier M, Aalbersberg IJJ, Appleton G, Axton M, Baak A et al. Comment: The FAIR Guiding Principles for scientific data management and
AThelnstituteDH #MEDINFO?3 stewardship. Scientific data. 2016 Mar 15:3. 1600I8. https://doi.org/10.1038/sdata.2016.18
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F-UJl - An Automated FAIR Data Assessment

o Developed by the FAIRSFAIR project,
launched in 03/2019

« Wahebised RESTul service: FAIRness

assessment based on metrics (17)

« Source code available on GitHub
(free license)

EThelnstituteDH #MEDINFDZ3

Metrics

FsF-F1-01D Data is assigned a globally unique identifier

FsF-F1-02D Data is assigned a persistent identifier

FsF-F2-01M Metadata includes descriptive core elements to support data findability.
FsF-F3-01M Metadata includes the identifier of the data it describes.

FsF-F4-01M Metadata is offered in such a way that it can be retrieved by machines.
FsF-A1-01M Metadata contains access level and access conditions of the data.

FsF-A1-02M Metadata is accessible through a standardized communication protocol
FsF-A1-03D Data is accessible through a standardized communication protocaol

FsF-A2-01M Metadata remains available, even if the data is no longer available.

FsF-11-01M Metadata is represented using a formal knowledge representation language.
FsF-11-02M Metadata uses semantic resources.

FsF-13-01M Metadata includes links between the data and its related entities.

FsF-R1-01MD Metadata specifies the content of the data.

FsF-R1.1-01M Metadata includes license information under which data can be reused.
FsF-R1.2-01M Metadata includes provenance information about data creation or generation.
FsF-R1.3-01M Metadata follows a standard recommended by the target research community of the data.
FsF-R1.3-02D Data is available in a file format recommended by the target research community.

Modified from: https://www.f-uji.net/index.php?action=methods
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Whecker

o Developed by the Interoperability working group at French Institute of Bioinformatics

o Web-based tool; 4-step process

« Semantic web technologies used to check for use of standards

. Knowledge graph build from semantic annotations (in metadata)
2. Existent knowledge graphs used to complete graph
3. Test if classes/properties in graph are recognized using OLS/L0V/ Bioportal

4 Validation of metadata against Bioschemas community profiles

EThelnstituteDH #MEDINFDZ3

Principle |Name
F1A Unique IDs
F1B Persistent IDs
F2A Structured metadata
F2B Shared vocabularies for metadata
A1 Open resolution protocol
| Machine readable format
12 Use shared ontologies
13 External links
R1.1 Metadata includes license
R1.2 Metadata includes provenance
R1.3 Community standards
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htins

1. Identify available FAIR data validation tools
through literature search

2. Select two validation tools for testing

3. Test both tools using three variant data
files with different formats (JSON, TXT, CSV)

EThelnstituteDH #MEDINFDZ3

FAIRassist website

F-U]JI| - Automated FAIR Data Assessment Tool

&
FAIR-Checker
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Methods - Resources tested (1/3)

. Example FHIR® Observation resource of a detected genetic variant

» Fast Interoperability Healthcare Resources (FHIR[R)
o « Standard exchange format (JSON/XML) for healthcare data
s e Structures information into building blocks = ,resources”
T o Source: German Medical Informatics Initiative (MII)
e potneere * m: JSON

EThelnstituteDH #MEDINFDZ3
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Methods - Resources tested (2/3)

|

2. Example of a Single Nucleotide Polymorphism (SNP) in the BRCA gene
hDC_Aliquot Chromosome Start End Num_Probes Segment_Mean
e50f848e-a469-41c1-b44b-4dbc283fdeaé 1 62920 3298168 737 -9.0858
e50f848e-2a469-41cl-b44b-4dbc283fdeaé 1 3381765 15547828 7446 -9.1723 . . . "L .
Eoranne e b e 1 e e s e | ONP: genomic variant at a single base position in DNA
e50f848e-a469-41cl-b44b-4dbc283fdeaé 1 16569132 16583114 3 -1.7836
e50f848e-a469-41c1-bd4b-4dbc283fdBat6 1 16684834 16782786 46 -9.364
e50f848e-a469-41c1-bd44b-4dbc283fd@ab 1 16784801 16788139 5 -1.7637
e50f848e-a469-41cl1-b44b-4dbc283fdoab 1 16855942 17018382 82 9.9859
e50f848e-ad469-41c1-bd4b-4dbc283fdoab 1 17014383 17016429 4 -1.6115
e50fB848e-ad469-41c1-bd44b-4dbc283fdeas 1 17018588 21992508 3311 -9.1641
e50f848e-ad469-41c1-bd4b-4dbc283fdoab 1 21996664 22001786 2 -2.9341
e50fB848e-ad469-41c1-b44b-4dbc283fdeas 1 22802025 252308200 19e7 -0.1583
e50f848e-ad469-41cl-b44b-4dbc283fdoas 1 25232069 25328455 35 9.3834
e50f848e-a469-41¢1-b44b-4dbc283fdeas 1 25336819 28740003 1413 -0.1428 . . .
e50f348e-a469-41c1-badb-4dbc283Fd0a6 1 28753159 34626073 3532 8.2274 [ ] SDU[‘EE Nat”]nal EBnEE[‘ ||'|St|tutE EE”[”T”E Data Eummuns (EDE) Data
e58f848e-a469-41c1-b4db-4dbc283fdeas 1 34637053 34649941 22 -0.41 - L
e50f848e-a469-41c1-b44b-4dbc283fdeaé 1 34650960 61661425 16476 8.213
e50f848e-2a469-41cl-b44b-4dbc283fdeaé 1 61661912 61676223 15 8.6696
e50f848e-a469-41c1-b44b-4dbc283fdeaé 1 61676425 65419674 276@ 8.2119 P |
e50f848e-2a469-41cl-b44b-4dbc283fdeaé 1 65419886 65442811 14 8.6801 u r‘ta
e50f848e-a469-41c1-b44b-4dbc283fdeab 1 65444442 72284670 4480 8.288 —
e50f848e-a469-41cl-b44b-4dbc283fdead 1 72290430 72297687 9 -9.6471
e50f848e-ad469-41c1-b44b-4dbc283fd0ab 1 72302735 72345465 48 1.0941 . . .

e Project: TCGA-BRCA, Breast Invasive Carcinoma
e Format: TXT

EThelnstituteDH #MEDINFDZ3
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Methods - Resources tested (3/3)

|

3. Breast Cancer Gene Expression Profiles (METABRIC) dataset
I “ MASTECTOMY 59% Breast Cancer 100% Breastln.vasive Du.. 79% High 49% [ ] SDUFEE: MDIEEU'EF Taxunnmy uf BrEESt
0 7209 219 96.3 Other (22) 1% B 0':::?“(19';: - 10% Dlo?‘\:l‘r::‘il 13% 0 . .
a 75.65 MASTECTOMY Breast Cancer Breast Invasive a EanEEF |ntEFnat|Dna| Ennsurtlum

Ductal Carcinoma

2 43.19 BREAST CONSERVING Breast Cancer Breast Invasive High ]
Ductal Carcinoma

5 48.87 MASTECTOMY Breast Cancer Breast Invasive High 1
Ductal Carcinoma

6 47.68 MASTECTOMY Breast Cancer Breast Mixed Ductal Moderate 1 L] []atESEt IJy Pr‘nf E Ealdas’ fr‘um BIDPDPtEl

and Lobular

Carcinoma

8 76.97 MASTECTOMY Breast Cancer Breast Mixed Ductal High 1 ° F t' ESV
ana Lovular rormat:

1@ 78.77 MASTECTOMY Breast Cancer Breast Invasive Moderate a

Ductal Carcinoma

56.45 BREAST CONSERVING Breast Cancer Breast Invasive Moderate 1
Ductal Carcinoma

#MEDINFDZ3


https://www.cbioportal.org/

'INFO5

2073 | SYDNEY, AUSTRALIA

RESUlt I: Example FHIRE Jeservationresource, Il (JSON)

@ThelnstituteDH

Reusable . R1.3/F1 Findable
R1.2 F2
R1.1 F3
R1 1 4 F4
13
%
12 Al
Interoperable 1 Accessible
Score earned: Fair level:
Findable: 250f7 o
Accessible: 1of 3 10)
Interoperable: Oof 4 O
Reusable: 0 of 10 O

#MEDINFDZ3

FAIR-Checker =13~

Findable
100
20
80
70
60
50
40

Mcns‘b‘@A

Reusable

Interoperable

Principle |[Name Score Result
F1A  |Unique IDs 2 Success
F1B  |Persistent IDs 0 Failure
F2A  |Structured metadata 0 Failure
F2B  |Shared vocabularies for metadata 0 Failure
Al.1 [Open resolution protocol 2 Success

11 Machine readable format 0 Failure
12 Use shared ontologies 0 Failure
13 External links 0 Failure
R1.1 |Metadataincludes license 0 Failure
R1.2 |Metadataincludes provenance 0 Failure
R1.3 |Community standards 0 Failure
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Result 2: eample SNe. T i)

|
F-UJI FAIR-Checker =%
100
Reusable, R1.3[F1 Findable EY
R1.2 F2 80
R1.1 F3 Zg
R1 4 F4 o
13
% i é
1 Al Accessibi Interoperable
Interoperable 11 Accessible
Reusable
Principle [Name Score Result
F1A  |Unique IDs 2 Success
Score earned: Fair level: F1B  |Persistent IDs 0 Failure
F2A  |Structured metadata 0 Failure
Findable: 10f7 O F2B  Shared vocabularies for metadata 0 Failure
Al.1 [Open resolution protocol 2 Success
Accessible: 0of3 [e) 11 Machine readable format 0 Failure
12 Use shared ontologies 0 Failure
Interoperable: 0of4 O 13 External links 0 Failure
R1.1 |Metadataincludes license 0 Failure
Reusable: 00of 10 o) R1.2 |Metadata includes provenance 0 Failure
R1.3  [Community standards 0 Failure
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RESUlt 3: Gene expression profiles, Kaggle (CSV)

|
F-UJI FAIR-Checker =13~
100
90
Fieusablstzm 3L FzFindab\e a
R1.1 ‘
Ri 56 F4
13
% Interoperable
12 Al
Interoperable 11 PELESSTble
Reusable

Principle [Name Score Result
F1A  |Unique IDs 2 Success
Score earned: Fair level: F1B  |Persistent IDs 2 Success
F2A  [Structured metadata 2 Success
Findable: 350f7 0O F2B  [Shared vocabularies for metadata 2 Success
Al.1 |Open resolution protocol 2 Success
Accessible: 30of3 O advanced 11 Machine readable format 2 Success
12 Use shared ontologies 2 Success
Interoperable: 3of4 0 advanced 13 External links 2 Success
R1.1 |Metadataincludes license 2 Success
Reusable: 4 0f10 o R1.2 |Metadataincludes provenance 0 Failure
R1.3 |Community standards 2 Success

EThelnstituteDH #MEDINFDZ3
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Summary

F-UdI Tool
JSON file: FAIRness low (14%); contrary to expectations

TXT file: FAIRness low (4%); lower than expected
LSV file: moderately FAIR (56%)

—> Tool detected characteristics specific to all 4 FAIR principles in files
—>Lurrent version not suitable for FHIR JSON format

EThelnstituteDH #MEDINFDZ3
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Summary

FAIR-Checker
JSON file: Unique IDs (FIA) & open resolution protocol (Al1) detected, others failed
TXT file: Unique IDs (FIA) & open resolution protocol (ALY) detected, others failed
CSV file: Meets findability, accessibility and interoperability principles, but 2/3 reusability principles

—> Tests highlight reusability & interoperability of data can be ensured through:

o lse of RDF-compliant metadata &
* Providing license and provenance information within metadata

EThelnstituteDH #MEDINFDZ3
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Discussion

. Tests performed with F-UJ! and FAIR-Checker are only indicative of the true potential of the tools; they are
still in development (demo versions were used)

2. |t would be useful if guidance on expected resource format were provided to users

3. Facilitating FAIRness of genomic data could be assisted if tools were compatible with genomic file formats
(e.g. VCF)

o [Jutput of the tools differed and was dependent on the submitted file format.

o [nly one of the tools provided an aggregate FAIR score, both tools recorded scores for each FAIR principle

EThelnstituteDH #MEDINFDZ3
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