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Data Economics



Source: Rik van Bruggen, Neo4J

Data Standards: Terminology, Metadata, Dataset Models & Ontology (FAIR+Q Data)
The Semantic Web is Dead - Long Live the Semantic Web!

Megatrends in Digitilization
FAIR plus Q Data

https://youtu.be/eA4_qMXnnd8
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
• Business Analysis
• ETL processes/ Data Cleansing
• Searching & accessing
• Data Curation/ Semantic Data Integration
• IT Infrastructure supporting unplanned activities

Backcharge the costs for processing to the data producers

   

Planned and unplanned Costs in Data Management
Business Case for Prospective FAIRification and High Data Quality



Standards in Pharma Industry



FAIRification at Scale using Community Standards
Vision

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



Terminology, Metadata,
Dataset Model, Ontology

Roche Data Commons
From Application-Centric to Information-Centric



No more transformation
between layer 3 & 4,5  

Data FAIRification 
only in layer 2 & 3

HDAPs organize data in
Information Types

Interoperability (URIs):
semantic data 
dictionary
semantic models

Roche Data Commons
FAIR by Design - Reference by Global Unique Persistent & Resolvable Identifiers (GUPRI)

URI

URI

URI

URI



Term
inology (RTS)

M
odelling

Roche Data Commons
Semantic Infrastructure of FAIR Applications, Services & Data



FAIR Toolkit

FAIR Assessment
FAIR Maturity

https://fairtoolkit.pistoiaalliance.org/methods/reusability-maturity-indicators/


https://fairtoolkit.pistoiaalliance.org/

FAIR is about data *and* metadata

FAIR Assessment
FAIR Maturity

https://fairtoolkit.pistoiaalliance.org/


Standards in Pharma Industry



FAIR scientific data management
FAIR guiding principles

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)

by Olivier Roche (pREDi)
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Subject 
ID Sex Age 

Value
Age 
Unit

Substance 
Name

Dose 
Value

Dose 
Unit

Dosage 
Form Route Dosage 

Frequency

S32345 male 230 day bevacizumab 50 mg/ml tablet oral daily

S93784 female 11 year oseltamivir 100 mg/l solution intravenous weekly

S11324 male 88 year trastuzumab 35 g/l solution subcutaneous hourly

S92833 unknown 1 year MabThera 50 umol/L solution intraocular hourly

S33021 female 11 month Polivy 12.5 mg/ml inhalant intrabronchial weekly

FAIR data architecture
Terminology & Concepts

Concept

ROX1380015111414

http://ontology.roche.com/ROX1380015111414
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Subject 
ID Sex Age 

Value
Age 
Unit

Substance 
Name

Dose 
Value

Dose 
Unit

Dosage 
Form Route Dosage 

Frequency

S32345 male 230 day bevacizumab 50 mg/ml tablet oral daily

S93784 female 11 year oseltamivir 100 mg/l solution intravenous weekly

S11324 male 88 year trastuzumab 35 g/l solution subcutaneous hourly

S92833 unknown 1 year MabThera 50 umol/L solution intraocular hourly

S33021 female 11 month Polivy 12.5 mg/ml inhalant intrabronchial weekly

FAIR data architecture
Terminology & Concepts

Sex 
Terminology

ROX37210752443769243

http://ontology.roche.com/ROX1380015111414
http://ontology.roche.com/ROX1380015111414
http://ontology.roche.com/ROX1380015111414
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Subject 
ID Sex Age 

Value
Age 
Unit

Substance 
Name

Dose 
Value

Dose 
Unit

Dosage 
Form Route Dosage 

Frequency

S32345 male 230 day bevacizumab 50 mg/ml tablet oral daily

S93784 female 11 year oseltamivir 100 mg/l solution intravenous weekly

S11324 male 88 year trastuzumab 35 g/l solution subcutaneous hourly

S92833 unknown 1 year MabThera 50 umol/L solution intraocular hourly

S33021 female 11 month Polivy 12.5 mg/ml inhalant intrabronchial weekly

FAIR data architecture
Variable & Schema

Variable 
Concept

ROX37507104443803061

Sex 
Terminology

http://ontology.roche.com/ROX37507104443803061
http://ontology.roche.com/ROX1380015111414
http://ontology.roche.com/ROX1380015111414
http://ontology.roche.com/ROX1380015111414
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Subject 
ID Sex Age 

Value
Age 
Unit

Substance 
Name

Dose 
Value

Dose 
Unit

Dosage 
Form Route Dosage 

Frequency

S32345 male 230 day bevacizumab 50 mg/ml tablet oral daily

S93784 female 11 year oseltamivir 100 mg/l solution intravenous weekly

S11324 male 88 year trastuzumab 35 g/l solution subcutaneous hourly

S92833 unknown 1 year MabThera 50 umol/L solution intraocular hourly

S33021 female 11 month Polivy 12.5 mg/ml inhalant intrabronchial weekly

FAIR data architecture
Variable & Schema

Subject 
Schema

ROX37643616443820633

http://ontology.roche.com/ROX37507104443803061
http://ontology.roche.com/ROX1380015111414
http://ontology.roche.com/ROX37643616443820633
http://ontology.roche.com/ROX37643616443820633
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Subject 
ID Sex Age 

Value
Age 
Unit

Substance 
Name

Dose 
Value

Dose 
Unit

Dosage 
Form Route Dosage 

Frequency

S32345 male 230 day bevacizumab 50 mg/ml tablet oral daily

S93784 female 11 year oseltamivir 100 mg/l solution intravenous weekly

S11324 male 88 year trastuzumab 35 g/l solution subcutaneous hourly

S92833 unknown 1 year MabThera 50 umol/L solution intraocular hourly

S33021 female 11 month Polivy 12.5 mg/ml inhalant intrabronchial weekly

FAIR data architecture
Simple Graph Generation

Subject Predicate

Object

S32345 - hasSex - male
S32345 - ageValue - 230 
S32345 - ageUnit - day

http://ontology.roche.com/ROX37507104443803061
http://ontology.roche.com/ROX1380015111414
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FAIR data architecture
Semantic Graph Generation
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Subject 
ID Sex Age 

Value
Age 
Unit

Substance 
Name

Dose 
Value

Dose 
Unit

Dosage 
Form Route Dosage 

Frequency

S32345 male 230 day bevacizumab 50 mg/ml tablet oral daily

FAIR data architecture
Semantic Graph Generation

http://ontology.roche.com/ROX37507104443803061
http://ontology.roche.com/ROX1380015111414


FAIR is ugly and complex



FAIRsharing Catalog of Biomedical Resources
Proliferation and Fragmentation of Standards

1299 entries for
Standards 

Manually done- 
no smart interfaces
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Clinical Data vs FHIR

Interoperability - Standards

IF deceasedBoolean = “false” THEN SurvivalStatus = “alive”



Data Standards & Interoperability Challenges
CDISC vs OMOP/ OHDSI

Demographics Domain Patient Model

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



Data Standards & Interoperability Challenges
CDISC vs OMOP/ OHDSI vs DICOM

Demographics 
Domain

Patient 
Model

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



EMBL-EBI Ontology Xref Service 
Creating referential identity by ontology mapping

1. Allocating significant resources to inflate a problem 

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

Source: EMBL-EBI 
OxO

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


Interoperability for Ontology Mappings
RDF standard for a FAIR representation of OM

Reference: SSSOM

Not fully FAIR (dct:creator & dct:created)
No guidelines on property labels
Linked Open Vocabularies

https://arxiv.org/abs/2112.07051
https://lov.linkeddata.es/dataset/lov/


Linked Open Data Cloud
The Linked Data Illusion

Data in the Linked Data Cloud is not linked 

Linkage comes with referential identity

Referential identity comes with interoperability

LODD is not FAIR



Pharma Interoperability Hub & Knowledge Graphs



Pharma 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. 



Reference Data Services for Data Management
Terminology Management  - Contextualize Concepts (FAIR)

-> More than 110 productive applications 
integrated



Reference Data Services for Data Management
Metadata Registry/ Dataset Models – Metadata Harmonization (FAIR)



Reference Data Services for Data Management
Concptual Model - Purpose-build FAIR Ontologies



M
odelling

Term
inology M

anagm
ent (RTS)

Dataset M
odel (M

DR)

FAIR Unified Domain Model (KG)

Semantic Interoperability Hub - Capability Stack
Data Management Value Chain - From Terminologies to a Unified Domain Model

C
onceptual M

odel



Infectious Disease Ontology
Instantiation of a Knowledge Graph



FAIR Data Integration
Federation of Knowledge Graphs (Zero Integration)

I2O Knowledge Graph

Competitor Information  
Knowledge Graph



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) 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


