FAIR in Action

From application-centric to data-centric
using

AHR.asahitectures and resources

Data and Information Architect

Data and Analytics

Pharma Research and Early Development
Roche Innovation Center Basel

EOSC SYMPOSIUM

15 November 2022, EOSC Symposium 2022, 14-17 November 2022
Prague



1. Business Case for FAIR & Data
Quality

FAIR and Roche Data Commons

3. FAIR in action: Semantic Product
Line

Table of contents 4. Transformationless Data Integration:

Roche R&D Dataset portal

5. Conclusions
6. Acknowledgements




Business Case for FAIR and Data Quality



Harnessing Connections Drives Business Value

Digital Transformation Megatrends

y , 7 . -

Data Driven Discovery Hyper Enhanced Decision Massive Data Al & Machine
& Innovation Personalization Making Integration Learning
Drug Discovery Product Recommendations Fraud Prevention 360 view of customer Price optimization
Intelligence and Crime Detection Personalized Health Care Network Analysis Compliance Product Recommendations
Product & Process Innovation Media and Advertising Law Enforcement Optimize Operations Resource allocation
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The Semantic Web is Dead - Long Live the Semantic Source: Rik van Bruggen,
Web! Neo4J



https://youtu.be/eA4_qMXnnd8
https://youtu.be/eA4_qMXnnd8
https://github.com/GavinMendelGleason/blog/blob/main/entries/semantic_future.md
https://github.com/GavinMendelGleason/blog/blob/main/entries/semantic_future.md

Planned/ Visible Costs
 FTEs creating Data Asset
« Material procurement (sample, reagent, compounds
etc.)
* Infrastructure
Unplanned/ Invisible Costs
 ETL processes
« Searching & accessing
« Data Cleansing
« Data Curation/ Semantic Data Integration
* |IT Infrastructure supporting unplanned activities

Backcharge the costs for processing to the data
producers




FAIR and Roche Data Commons



Terminology, Metadata,

Dataset Model, Ontology

Variable Navigator

» O HDAP Adverse Event
» £ HDAP Clinical Study
» O3 HDAP Concomitant Medication
HDAP Digital Biomarker

HDAP Disposition

HDAP Expression

HDAP Flow Cytometry

HDAP Informed Consent
HDAP Medical History

HDAP Patient

HDAP Sample

HDAP Study

HDAP Substance Use

HDAP Variant

HDAP Vital Signs

Reference Data Services

»
»
»
»
»
»
»
»
»
»
»
»
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Layer 5: Analytics & Visualization Tools
Provides the interfaces to the user and open a
playground for experts as well as non-experts.

Layer 4: Integrated Data Sets

Allows individuals to integrate data primarily
from layer 3 into a meaningful dataset

Layer 3: Harmonized Data Access Points
Provides an abstraction of key data from layer 2 to
facilitate searching for data

Layer 2: Scientific Data Assets
Enables data storage and transformation activities
so that data can be made available for sharing

Layer 1: Infrastructure
Provides high performance infrastructure and lays
the foundation for the various layers in the RDCM
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HDAPs organize data
in

Information Types
Interoperability (URIs):

semantic data
dictionary

semantic models
Data FAIRIification

only in layer 2 & 3

No more
transformation
between layer 3 & 4,5

Reference Data Services

Layer 5: Analytics & Visualization Tools
Provides the interfaces to the user and open a
playground for experts as well as non-experts.

Layer 4: Integrated Data Sets
Allows individuals to integrate data primarily
from layer 3 into a meaningful dataset

Layer 3: Harmonized Data Access Points
Provides an abstraction of key data from layer 2 to
facilitate searching for data

Layer 2: Scientific Data Assets
Enables data storage and transformation activities
so that data can be made available for sharing

Layer 1: Infrastructure
Provides high performance infrastructure and lays
the foundation for the various layers in the RDCM
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Roche Data Commons (RDC)

Semantic Infrastructure of FAIR Data, Services and Applications

How FAIR are our
applications?

Layer 5: Analytics & Visualization Tools
Provides the interfaces to the user and open a
playground for experts as well as non-experts.

Layer 4: Integrated Data Sets
Allows individuals to integrate data primarily
from layer 3 into a meaningful dataset

Layer 3: Harmonized Data Access Points
Provides an abstraction of key data from layer 2 to

How FAIR are our facilitate searching for data

services?

Reference Data Services

Layer 2: Scientific Data Assets
Enables data storage and transformation activities
so that data can be made available for sharing

How FAIR are our

data? Layer 1: Infrastructure
Provides high performance infrastructure and lays
the foundation for the various layers in the RDCM
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FAIR scientific data management
FAIR guiding principles
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i Ability for scientist/data consumer to find, access and understand the

data
(without the presence of the data owner)

Ability for a machine to automatically find and semantically use the data

(machine actionable) oy Olvir Roche
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Toolkit

m FAIR & Life Science Industry ¥  Use Cases Methods About ¥

The FAIR Toolkit for Life
Science Industry

Use cases and methods have been collated by data science
professionals from leading companies in the pharmaceutical,
agrifood and biotechnology sectors

Contact Us

>

IR
Toolkit



https://fairtoolkit.pistoiaalliance.org/methods/reusability-maturity-indicators/
https://fairtoolkit.pistoiaalliance.org/methods/reusability-maturity-indicators/
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Home FAIR & Life Science Industry ¥  Use Cases About ¥ [

https://fairtoolkit.pistoiaalliance.org

F1 Data and metadata are assigned 11 Data and metadata use a formal,
separate globally universal identifiers accessible, shared & broadly applicable

F1A identifi SS— language for knowledge representation
laentitiers are unique

I1A Relaxed: has any
F1B identifiers are persistent® structured information*

11B Strict: has ontological and

F2 Data are described by metadata machine-resolvable formats*

F2A Metadata are structured* Interopera bility I12A Data and metadata use
Findability F2B Metadata are “grounded” vocabularies/ontologies that are FAIR

in shared vocabularies™ I2A Relaxed: has vocabulary terms

” : e which are human-readable*
F3 Metadata contains its own identifier

and a separate identifier* for the data I2B Strict: has vocabulary terms which
are machine-readable*

F4 Data and metadata can be found S I3 Linked data and metadata contain
l Maturity Indicators* ] using web-based search engines* Maturity Indicators* external links* to other data and metadata

‘ FAIR is about data *and*
metadata



https://fairtoolkit.pistoiaalliance.org/
https://fairtoolkit.pistoiaalliance.org/

FAIR in action: Semantic Product Line



Scientific Interoperability Hub & Data Harmonization Service
FAIR by Design to support FAIRIfication at Scale

Product Line “Scientific Interoperability Hub” offering three products: terminology
management, semantic dataset definition & conceptual modeling (purpose-driven ontologies)

Products are FAIR by design supporting FAIRIfication at scale for the entire Roche organization.
Data Harmonization Service ensures semantic interoperability & high data quality.

Products serve as reference data for standardized terminologies, metadata & conceptual models
semantically linking internal and external data assets for data acquisition and data integration.

Supporting more than 100 productive applications across all Roche functions and sites.
The Data Harmonization Services guarantees currency and ongoing support.
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Semantic Interoperability Hub - Capability Stack

Data Management Value Chain - From Terminologies to a Unified Domain Model

FAIR Unified Domain Model (KG)
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EDIS E2E Engine

RTS Integration (born FAIR)
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Roche Data Commons
Fully Integrated Transformationless FAIR Architecture (FAIR by Design)
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Transformationless Data Integration:
Roche R&D Dataset portal



R&D Dataset Portal
Data Catalog of Data Catalogs
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@, | R&D Dataset Portal

https://data.roche.com
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Biomedical datasets from
Roche R&D data catalogs
e.g. biomarker, clinical, digital,
imaging, omics or real world
datasets

N\

J

(

Cataloged and stored in source
systems
published to the R&D Dataset
Portal as a central place to search &

~N

\__access corporate data assets ___/

r

.

Scientists in Roche
can search for
Biomedical datasets

from PD, pRED, gRED,

DIA, etc.

J



https://phc-datacatalog-us.science.roche.com/

Roche Dataset Portal
Find Biomedical Datasets Across R&D
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‘ R&D Dataset Portal Dotasets  Publshers  Collectioms  About

Biomedical Datasets from muliple publishers
listed based on the posted Metadata Description
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Search datasets...

956 datasets found
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R&D Dataset Portal
FAIR Representation of Metadata & Data

Release 2021-03-09

This version:
http//identifiers.roche com/pharmafair/1.0.6
Latest version:
http://identifiers.roche . com/pharmafair

Previous version:

http-//identifiers.roche com/pharmafair/1.0.5
Revision:

106

Authors:
Hugo De Schepper, (Pharma Informatics)
Oliver Steiner, (Pharma Informatics)
Contributors:
Rama Balakrishnan, (PD Biometrics)
Weiwei Chu, (QRED DevSci)
Diya Das, (gRED DevSci)
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FAIR R&D Datasets: Metadata Standards

Guillemette Duchateau-Nguyen, (pRED PS BiOmics)

.
. - response: {
Concept Entity View numFound: 1,

Label:

ID:

Terminolo;

Status:

Definition:

identifier.roche.com

dct:hasPart p ur

sion

dcat:Dataset

Catalog Scat:dataset Sumsn;ryelzevel
as

Version Level
Dataset

—/

dct:isVersionOf

dct:hasVersion

dcat:distribution

Concept Details

oy:

Distribution

Relations

start: o,
- docs: [

user_defined_job_title: "Senior Principal Scientist”,

preferred_last_first: "Romacker Martin”,
unix_id: “romacken",

x_id_ngram: “romacken”,
email: “martin.romacker@roche.con",
preferred_full_name: "Hartin Romacker”,

Pharma Informatics

ROX38029824443945995

Roche Organization
Active

Pharma Informatics organization led by Steve Guise.
1_name: “"Rupp, Joachim”,

or Principal Scientist”,
63

employee_ty, 2
preferred_last_name: "Romacker”,

-_dn: "gnedn=mjfosaga,ou=people,dc=gene, dc=com”,

i_first_name: "Martin”,
: "06.NBHOL",
_version_: 1700869243876147260,

# | Terminology

Code lists

language en

1e,dc=gene, dc=con”,

FAIR R&D Datasets: Controlled Terminologies defined in RTS

ADaM dataset code list

Assay specimen type code list

Collection specimen type code list ADaM dataset code list (Rox37836288443843950)

Data category code list Published: 2021-03-10 00:43:15

An ADaM dataset is a particular type of analysis dataset that either:

The information below was extracted from RTS on: 2021-05-27

Data classification code list (1) is compliant with one of the ADaM defined structures and follows the ADaM fundamental principles; or

(2) follows the ADaM fundamental principles defined in the ADaM model document and adheres as closely as possible to the ADaMIG
Data level code list variable naming and other conventions (e.g. CDISC) (R&D Dataset Portal Team)
Ditaimoialsoidiic Value RTS-RoxID Definition

AAG ROX37836288443843974 An analysis dataset containing adverse event grouping definitions.
Data model version code list It uses the ADaM "Other" Data Structure definitions as a basis for
representing the data (R&D Dataset Portal team).

DatE e acy Vel sodelist ADAE ROX37836288443843963 An analysis dataset for the analysis of adverse event data. It uses

Dataset supplier code list

the ADaM "Occurrence Data Structure" definitions as a basis for
representing the data (R&D Dataset Portal team).



Standardized Dataset Metadata & Data (Terminology)
JSON-LD format specified in R&D Dataset Metadata Standards (Data contracts)

Clinical Biomarker
Data Repository

7S Genestack

Quasar e Sy

Transformationless data integration based on fully FAIRified machine-actionable data and dataset models (no data
connctors)



R&D Dataset Metadata

"@context": "http://identifiers.roche.com/con

xt",
"id": "http: he . com, 0/cat10010", i ifi
Catalog "title": "Curated Clinical Datasets", Unlque Identlfler
"type": "dcat:Catalog",
"description":
"dataset": [
{

"CDSE Catalog of Curated Clinical Datasets. Curated Clinical Datasets are managed by the PD Curators.",

: "http://clinical.roche.com/dataset/cid6736602936710987776"

Lo s Asterg Cato dlot PO RATE M P e L Leated K

e AL B )

ot

Unique Identifier

Gl studies e -

"http://clinical.roche.com/dataset/cid6736602936710987777" ,

"hasCurrentVersion":
"hasVersion": [

{ . '
D t t "id": "http://clinical.roche.com dlatu et cid673§_§! 02936710987777" , Un|que Ident|f|er
atase T TLse lave :\s"‘m;: B sl PORATION Fonled (Leated

- fear

Version

arit seris s 00 wear, Title and Description
Standard Metadata
"license": "http://identifiers.roche.com/license/red" .
bl using Controlled
"id": "http://clinical.roche.com/study/GB29260",

"label": "GB29260",

"inScheme": {
"id": "http://clinical.roche.com/study/studies"
"label": "studies"

Terminologies, e.g.
License or Study

s
., "isVersionOf": "http:

JSON-LD API (served by all data catalogs based on prospective FAIRIfication)

Standard Metadata,

e.g.
Data Classification

"id": "http://ontology.roche.com/ROX37: 12443789553",
"label": "Clinical Data",
"inScheme":

"label": "Data classification code list",

"id": "http://ontology.roche.com/R0X37987488443939162"
}

5 Data Model
?'{ssued": "2020-11-25T14:55:54.7532", Privacy Level

"createdWith": [

o153 0lot ranten

clinical roche. com/dataset cid67: 710987776" ,
o

15

"hasPart": [

”"distribution": DiStribUtiO
{

"id": “http://clinical.ro te.com/dataset/cid6736602937906364416",
"title": "AE.csv",

"type": “dcat:Distribution"”,

"description": "4494718010340446ace5f3c0b7656d48",

"created": "2020-11-23T711:35:00.464Z",

"accessURL "http://clinical.roche.com/dataset/cid6736602937906364416/access" ,

ni

"downloadURL": "http://clinical.roche.com/dataset/cid6736602937906364416/download"”,
"creator": [
{
Details about the actual file(s)
p://ontology.roche.com/R0X37769760443831449" ,

"csv",

e.g.
Download URL

File format code list",
"id": "http://ontology.roche.com/ROX37694592443824593"

¥ File Format
l;:i:i:s'r ‘:l:Ap://identifiersrochemom/license/red", Data Model Vel"Sion
"id": "http://ontology.roche.com/ROX37820736443840854" ,

"label": “SDTMv 3.1.2",

"inScheme": {

"label Data model version code list",

"id": "http://ontology.roche.com/R0OX37819008443840562"

Digital Repository

}

"retrievedFrom": {
"id": "http://ontology.roche.com/ROX37450080443796718" ,
"label "BEE",
"inScheme"
"label
b L
}
}

Digital repository code list",
http://ontology.roche.com/ROX37718784443828346"

2}



Roche Dataset Portal

Machine-Actionable Data - Automatic FAIR Assessment

.,.R&D Dataset Portal

# / Publishers / test publisher

test publisher

FAIR

W W

Followers Datasets

0 22

Publishers

v

v

Collections

v

Use or Show Case

v

Study Number

v

Study Acronym

v

Clinical Phase

v

Indication

v

Therapeutic Area

Datasets Publishers Collections

Datasets @ Activity Stream © About * FAIR Assessment

Search datasets...

22 datasets found

Dataset version level (v2)
Second draft with substantial updates after the first review.

FAIR WWW

Dataset version level (v2) - testing MI-A1.1 (0.3 unreachable accessURL)
A draft to test MI-A1.1

FAIR W

Dataset version level (v2) - testing MI-A1.1 (0.6 reachable accessURL)
A draft to test MI-A1.1

FAIR T ve

Dataset version level (v2) - testing MI-A1.1 (0.5)
A draft to test MI-A1.1

FAIR SRRl HTML |

-

Order by:

# Manage

Relevance v

* FAIR representation of Model, Metadata

and Data
« Entirely machine-readable

FAIR Data Standards
 Automated FAIR Assessment

test publisher

Followers

1]

FAIR

b

Datasets

22

Datasets

FAIR Assessment

© Activity Stream

© About

% FAIR Assessment

# Manage

The FAIR guiding principles were designed to ensure that all digital resources can be Findable, Accessible, Interoperable and
Reusable by machines and humans and were published by Wilkinson et al 2016 [1] . In more detail the FAIR guiding principles

that are considered are:
Findable

F1: Data and metadata 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

F4: Data and data are

Accessible

A1: Data and metadata are
retrievable by their identified
using a standardized

Interoperable

11: Data and metadata use a
formal, accessible, shared,
and broadly applicable

for

protocol

A1.1: The protocol is open,
free, and universally
implementable

A1.2: The protocol allows for
an authentication and
authorization procedure,
Wwhere necessary

A2: data are

registered or indexed in a
searchable resource

The Average Score

even when the data are no
longer available

representation

12: Data and metadata use
vocabularies that follow
FAIR principles

13: 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 metadata 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

This publisher's datasets are considered to be FAIR with the overall score of 2.83 out of possible 5.0



Conclusions



Conclusions

Successful and value-generating Digitilization requires true machine-actionable data,
machine-readability is not sufficient. Application of FAIR principles is mandatory.

FAIR data principles intrinsically tie Data Management to Semantic Technologies.
(usage of terminologies, dataset definitions & ontologies )

Transformationless data integration based on fully harmonized and standarized
machine-actionable data assets (FAIR by design/ Data born FAIR) results in fully linked data
ecosystem to produce more reliable insights in less time at lower costs.

Data Management Value Chain: new architectural approaches around data and information.
Semantic Interoperability of terminologies, dataset definitions and ontologies is key to make
our data assets machine-actionable.

It's all about Semantics.
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Doing now what patients need next



