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Effective data sharing definitions

 ‘Effective data sharing’ —relies upon ‘high quality
structured data’ being fully shared, without limitations,
for open interrogation and for aggregation with
complementary data sets.

 ‘Effective data’ or ‘High quality structured data’ —
Implementation of a rigorous data standards
environment following approaches such as FAIR
(Findable, Accessible, Interoperable and Reuseable)
and The Dublin Core Interoperability levels.

* Semantic Interoperability — when high quality data is
inter-connected on the internet in a meaningful way to
create new knowledge and medical breakthroughs
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Recent history and the data sharing landscape

Enshrined in European Public Policy — ‘open access to
document’ Vienna agreement

Cochrane Institute and Ben Goldacre consistent voices
Reaction is EMA policy 0070 — ‘Study reports’ ‘summary
data and results’ next steps will be Patient Level Data
Pharma response — Datasphere.com
ClinicalStudyDataRequest.com , academic Yoda, AllTrials,
Vivali

European Commission making research data open by
default

WHO, Wellcome, Médecins Sans Frontieres etc statement



with good structured data we are creating knowledge
aggregating knowledge into wisdom is the aim
wisdom that leads to medical breakthroughs our goal
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Motivations/Why?

e Connect the worlds healthcare data (costs per year of
maintain and achieve of $300-700 million per year for
semantic interoperability but potential savings in
healthcare of $30 billion per year in the USA alone

* McKinsey have made other estimates for cost savings
for open data in healthcare of up to $300 billion.

 Why —to find cures, more precise medicines, improved
public Health, save lives, create efficiencies
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Level 4
+Fully standardized and
linked:Systems,
standards ,ontologies
and translations

+extensive coordination:
governments, industry,
academic, professional-
communities

+linked domain H o H
ool i oMY Linked: open data, domain models, systems
+linked Ontologies * data lakes - more reliable disease models, integrated data sources +broader data sharin
L | 3 +RDF * graph databases - easier & stronger data inferences and confidence, M
eve : X i & Merged collaborative
+broad data integration + Full lifecycle dataflow to inform Personalised

efforts i.e. datasphere

Medicine:RWD,Big,0mics,EHR,Clinical with CDSR and Opentrials

Collaboration: Metadata registries, repositories

+transport standards +wider collaboration:

(RESTFUL, ODM2,CTR2, (OpenTrials, CDSR, Datasphere, IMI etox, eTRIKS) high quality data sharing,
Le Vel 2 FHIR, *  Research efficiencies, shared biomarkers precompetitive focus,

+SHARE API *  Broader data aggregation biomarkers & public
+Domain Models (BRIDG) *  Rich and live data registries, MDRs disclosure

+data collection and analysis Structu rEd data:

standards (CDISC SEND,SDTM, * GCP & regulatory conformance + limited success in data

Le Vel 1 ADAM,metadata: Trace,define) « safety/efficacy improvements sharing with CROs +
+basic controlled vocab * Clearer signal detection Partners
+therapeutic area standards + Data reuse/efficiency

* Poor data reuse & aggregation .
Level 0 -minimum  « Degraded data inferences -minimum
+ Low % of reproducibility

Standards implementation Data sharing/Collaboration
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5 top problems

1. Data standards are not consistently
mandated/recommended by govt/funders/foundations

2. Standards are not applied consistently, implementation
curves too steep, current low MDR use,

3. Dataisn’t shared fully: fenestrated data or licencing or
anonymization issues

4. More resources: Creating and maintaining semantic
interoperability and standards is complex the sector needs
more hands, more funding, more government
support.500,000 data stewards.

5. More co-ordination less innovation - and less duplication of
terminologies and Domain Models.



+ data collection and analysis StrUCtU rEd data:

standards (CDISC SEND,SDTM, » GCP & regulatory conformance + limited success in data

Leuel 1 ADAM,metadata: Trace,define) » safety/efficacy improvements sharing with CROs +
+basic controlled vocab * Clearer signal detection Partners

+therapeutic area standards * Data reuse/efficiency

1. Creating data atoms quality high enough to be
Interoperable and Re-useable/reproducible, the
essential | & R of the FAIR data principles.

2. For data sharing essential to used established
anonymization techniques i.e. Phuse — Feran, Emman et
al 2015

3. It is the clinical research findings that are shared which
are the foundation to stratifying medicines for precision
medicine

4. Controlled vocabularies and shared ontologies,
Biomedical concepts, CDISC RDF and RDFS and SKOS for
the semantic Web.
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Use Case: Improve registries via structured and connected
data: Clinical research & Patient/Disease

Avoiding Vioxx incident - Had the data for Vioxx and other similar cox2 inhibitor
drugs such as Naproxen been made available many of the estimated 40,000 deaths
might have been avoided and Merck would have avoided the 4.85 billion dollar joint
law suit.
* Reporting of clinical trials is now mandatory in USA and Europe but that reporting
must be timely — late submissions ignored for over 1billion in fines
e Standards exist for ingredients of drugs to be recorded in a structured format —
FDA working on IPD dictionary — so medicines using like ingredients can be cross
analysed
e Results for Preclinical studies are not mandated by law in Europe whereas
SEND is mandated in USA. pre-clinical data is an essential ethical right Anderson &
Kimmelman 2012
* Early detection of ADRs i.e. BIA 10-2474 preclinical studies showed deaths in
primates at high dosage, same in first in man studies — 1 death and several
serious ADRs.
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* C.Glenn Begley et al identified 53 preclinical ‘landmark’ oncology papers in top
journals. Only 47 of 53 could be replicated



2018 -
EUROPE INTERCHAN -

* ‘The loss of empirical studies are sinkholes in the medical landscape’
e Grave danger in clinical interventions being made on poor data assumptions
* With the future being Al and deeplearning data must be solid



Collaboration: Metadata registries, repositofies

+transport standards +wider collaboration:

(RESTFUL, ODM2,CTR2, (OpenTrials, CDSR, Datasphere, IMI etox, eTRIKS) high quality data sharing,
Leve I 2 FHIR, . Research efficiencies, shared biomarkers precompetitive focus,

+ SHARE API *  Broader data aggregation biomarkers & public

+Domain Models (BRIDG) *  Rich and live data registries, MDRs disclosure

Collaboration has already facilitated:

 Broad consensus on Domain Models : — BRIDG,
OMOP, CIMI, IDMP

* Implement Meta data registries for share
consistent standards implementation SHARE

e Data Sharing efforts OpenTrials,
CDSR,Datasphere

* Precompetitive efforts such as IMI| showing
success



Collaboration: Metadata registries, repositories

+transport standards +wider collaboration:

(RESTFUL, ODM2,CTR2, (OpenTrials, CDSR, Datasphere, IMI etox, eTRIKS) high quality data sharing,
Leve I 2 FHIR, . Research efficiencies, shared biomarkers precompetitive focus,

+ SHARE API *  Broader data aggregation biomarkers & public

+Domain Models (BRIDG) *  Rich and live data registries, MDRs disclosure

Deeper collaboration needed...

* Complete beginning to end standards:
extending protocol, trial registration and
results summaries

* Convergence of standards to enrich the
data i.e. CDISC with IDMP, ODM2.0/FHIR —

* Further sharing of pre-competitive data
for de-duplication of efforti.e. Drug
repurposing

* Elimination of placebo arms?
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CTR2 Case StUdy — https://www.cdisc.org/ctr2-project

* Registry information is key to informing decision
making:better registries means better business
analytics for pharma and future A.l initiatives,

* better pharmacovigilance,

* De-duplication of effort i.e. more effective drug

repurposing

* A CTR2 standard would better inform future EDC

templates

* Efficiency and cost savings in disclosure of trials


https://www.cdisc.org/ctr2-project
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Potential Clinical Trial Registry Improvements

100%
90%
80% '
70% ' =
60% '
50%
40% _
30% '
20% ' '
10%

0%

FHIR integration + (external

Extended Protocol automation

Integrated Health Record data
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Figure 3. Moving registries towards fully structured registries with broad integrated
data sources inkeeping with the ‘hierarchy of data returns’ paradigm
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B Support NDAs, BLAs
Regulatory submissions with IDMP =
Vocabularies Beginning to End structured data e
- Restful Services
SNomep or XML documents Sponsor
WHo
—
- RESTful services in XML or JSON
—— ODM 2.0 - CTR&R
CDISC CT —N = ~» © IDMP + Other Terminology \k\lSummary Results \/
AdAM/data -
- WXM\MD\SDTM» xlm 3
g 7/ )/ il
CDISC SHARE
- v
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CDISC CTR2 Project
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Py Resivey CIinicalTrials.gov ‘ | Deliverables outside

Figure 3.1 Moving registries towards fully structured registries with broad
integrated data sources inkeeping with the ‘hierarchy of data returns’ paradigm




+linked domain
models BRIDG,0MO

+linked Ontologies

Leve| 3 = +ror

+ broad data integration

+broader data sharing
& Merged collaborative
efforts i.e. datasphere
with CDSR and Opentrials

Cypher: MATCH (drug:Drug)<-[r1:DRUG_TARGET]-(p1:Protein)-[r2:SEQ_SIM]-
(p2:Protein)-[r3:BIOMARKER]-({DiseaseName:"ASTHMA"}) RETURN r1, r2, r3 limit 3(

Legend:
Nodes — concepts:
Asthma: red; proteins:
blue; drugs: green.
Edges — relationships
among concepts:
protein sequence
similarity, protein-
disease biomarker,
protein-drug-target.

“life sciences involves modeling of an incomplete and ever-changing
model of how our bodies work and what we know about it."



Graph view of potential clinical and
preclinical data connections

Pharma RDF N

A mash up of active substance codes viz UNII and
clinical research publications aggregation,

Nashup
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JournalCitationDOI

BIA 10-2474-101 <hasEvent>  Event - death
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Figure 4.1 ‘Effective Data Sharing’ Houston , Callahan et al , GRAPH USE CASE FOR BIA 10-2474-101 fatty acid amide
hydrolase inhibitor




RDF Triples GRAPH USE CASE FOR BIA 10-2474-101

You can keep the primary sources of data in standard relational or
XML-database format, but export key “facts” as triples in RDF.

https://www.w3.0org/2001/sw/sweo/public/UseCases/Pfizer/

o sl ok

Drug Z
2 ZINC113812628
2 UNII-5AP1ZW859M
4 BIA10-2474-101
5 Journal DOI
6 DeathofMonkeys
7 DeathofMonkeys

<hasActiveSubstanc
e>

<hasMappings>

<HasPrefferedName
>

<hascitations>
<hasEvents>

<haspreclinicalissues
>
<haspreclinicalissues
>

ZINC113812628

UNII-5AP1ZW859M

BIA10-2474-101

Journal DOI

Event:Death of
Monkeys

DosageThreshold

PK data ignored


https://www.w3.org/2001/sw/sweo/public/UseCases/Pfizer/
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Adverse Event Reporting cntology
Creator: Melanie Courtot

Last modified: 2013-10-10
Triples: 5154

https://datahub.io/dataset/bioportal-aero” in a new tab

by September 2011 there were 31 billion RDF statements, 504 million RDF links
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Today, we even have medical doctors playing with Cypher queries,
demonstrating another important implication of this project: a shift in
mindset towards truly interdisciplinary effort of clinicians and data scientists.
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http://graphgist.neo4j.com/#!/gists/ef5951d21c21765f62f7e85df38789b4/summary
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RDF potential

* Once expressed in RDF, information can be
represented, accessed, computed, integrated, and
exchanged without the need for any translations

 provides a universal, mathematically precise, and
computable language that can express a wide range
of information — ideal for integrating wide data
sources

* platform independence and semantic interoperability
are inherent
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The CDISC Mission and Principles :

* Recognize the ultimate goal of creating regulatory
submissions that allow for flexibility in scientific content
and are easily interpreted, understood, and navigated
by regulatory reviewers.

* Acknowledge that the data content, structure, and
quality of the standard data models are of paramount
importance, independent of implementation strategy
and platform.

* Work with other professional groups to encourage that
there is maximum sharing of information and minimum
duplication of efforts.
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Top 5 Recommendations (romthe 2s

recommendations of the publication)

1. Improve registries via structured and connected
data:clinical research & Patient/Disease

2. Merge siloed data sharing efforts through collaborative
models.

3. Wider publication and sharing of data concepts and
semantic relationships particularly between ontologies ; a
formal LOD diagram

4. Increase investment in precompetitive data and knowledge
sharing (too many RDF data sets not updated regularly)

5. Validating the representations of the terminology using
constraints
e expressed in RDF Data Shapes using SHACL - extend CDISC RDF
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Level 4 is an achievable pot of gold at the end of the rainbow

Level 4

+Fully standardized and
linked:Systems,
standards ,ontologies
and translations

+extensive coordination:
governments, industry,
academic , professional-
communities

P, Linked: open data, domain models, systems
+ linked Ontologies * data lakes - more reliable disease models, integrated data sources +broader data sharin
|. | 3 +RDF + pgraph databases - easier & stronger data inferences and confidence, iy
- Leve . X X & Merged collaborative
+ broad data integration * Full lifecycle dataflow to inform Personalised

efforts i.e. datasphere

Medicine:RWD, Big,Omics, EHR, Clinical with COSR and Opentrials

Collaboration: Metadata registries, repositories

+transport standards +wider collaboration:

(RESTFUL, ODM2,CTR2, (OpenTrials, CDSR, Datasphere, IMI etox, eTRIKS) high quality data sharing,
Le Vel 2 FHIR, *  Research efficiencies, shared biomarkers precompetitive focus,

+SHARE API *  Broader data aggregation biomarkers & public
+Domain Models (BRIDG) *  Rich and live data registries, MDRs disclosure

+data collection and analysis Structured data:

standards (CDISC SEND,SDTM, * GCP & regulatory conformance + limited success in data

LEVE| 1 ADAM,metadata: Trace,define} + safety/efficacy improvements sharing with CROs +
+basic controlled vocab * Clearer signal detection Partners
+therapeutic area standards * Data reusej/efficiency

* Poor data reuse & aggregation .
Level 0 -minimum  + Degraded data inferences ~ ~MINIMUM
* Low % of reproducibility

Standards implementation Data sharing/Collaboration

But we all need to be on board with selling the data sharing agenda
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