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Abstract
In 2019, Transcelerate ran a hackathon as part of their Digital Data Flow (DDF) initiative. This has 
subsequently been expanded with a collaboration with CDISC for a new standard, the Unified Study 
Definitions Model (USDM).

This presentation links to the Transcelerate / CDISC work integrating the emerging study design model 
with other standards such as Biomedical Concepts (BCs) and CDISC SDTM to form an integrated industry 
knowledge graph. 

This knowledge graph allows for the integration of not only traditional data sources such as CRF data with 
the study design but also handles other sources such as Real-World Evidence (HL7 FHIR) data, bringing 
data and the study design together into one coherent knowledge graph. The resulting graph can then be 
used to generate a variety of outputs: not only the SDTM submission artefacts but any desired view of our 
data for secondary use; from silos to knowledge.
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Solid Foundation
A well defined set of definitions sourced from the CDISC library and elsewhere 
combined with a Biomedical Concept (BC) library. BCs are a unit of knowledge, 
representing a real-world concept, pre-defined and bound to terminology that 
are ready to be linked into studies. The BCs provides reusable components 
that bring data consistency across study builds and data collection and thus 
subsequent processing. The BCs protect our study data against future capture 
technology change.

Study Build
Combining the power of a study design model, e.g. the TransCelerate

Digital Data Flow (DDF) Unified Study Design Model (USDM), and BCs 
allows for complete and well structured machine-readable study 

designs to be constructed. The combination provides for a precise 
study data contract that benefits the data collection process. It also 

allows for study artefacts such as define.xml and study annotated 
CRFs to be produced in an automated manner prior to a single data 

point being captured.

Import Data
Data can be imported from a variety of sources in a range of formats 

including tabular (e.g. lab) formats and from other sources such as 
HL7 FHIR (RWE). The use of a ”translation” model (the Clinical 

Recording Model) allows for a variety of input sources to be 
accommodated. 
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And We Gain …

Other desired outputs such as OMOP can be 
produced (queried) from the same graph. We 
achieve a repository of searchable “studies”, both 
the metadata and the data, all linked.

Old studies can be imported and brought back to 
life to prevent data decay and the model will allow 
for translations between SDTM versions. Multiple 
studies can be held together and thus searched and 
queried. We achieve our goal of better data: better 
data quality (from the BCs being more precise) and 
better data utility (from the linking into a single 
graph and access to the study design).

Data

CDISC Library +

Automate SDTM
A precise and well structured study design linked to the subject data via BCs provides for a complete 
study graph from which SDTM can be queried and the datasets produced. Edge cases and 
supplemental qualifiers need consideration but the BC design allows for such flexibility.

Data Utility

SDTM Export
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Study Design & Configuration
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Data Complexity & Technology

• Observations that make up a study are 
varied, are complex, with complex result 
types, qualifiers etc.

• Traditional data sources like CRF, Lab are 
being augmented with a set of increasingly 
diverse data sources, such as wearables, 
Real World Evidence (RWE) …

• Desire to decouple the presentation (e.g. 
SDTM) from the data’s natural form so allow 
greater reuse (utility) of the data

• And so …
• Focus on the “observations” to enable 

better data handling and technology 
integration

• Place data into context, link it to the 
design
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Data Centric
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Study 
Design

(DDF & 
USDM)

The Data
(BCs)

Varied 
Data 

Sources

Data 
Views & 
Exports

Increasingly varied data 
sources. Not just the traditional 
CRF but wearables, Real World 
Evidence using standards such 

as FHIR. What will the future 
bring?

We want to be in the position 
that a new technology does not 

have a significant impact.

The emerging Transcelerate Digital 
Data Flow (DDF) study design model 
(the Unified Study Definitions Model –
USDM). Defines the study design in a 
machine readable way but also can be 
linked to the BCs to provide a detailed, 
data-focused, specification of a study, 
a “study data contract”

The data, held in a “neutral” 
form that is use-case agnostic. 

Linked to the study design to 
provide context

The data outputs. SDTM and all 
the other  demands placed on 
the data. The data should be 

reusable for multiple purposes



The Work

• The work has been undertaken 
as a private research project
• Driven by the desire to 

document the theory behind 
biomedical concepts and how 
BCs can be used
• Supported by implementation 

work
• 2018 PHUSE paper
• Paper & Prototype
• Technical Demonstrator
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https://www.linkedin.com/posts/daveibersonhurst_biomedic
al-concepts-activity-6986233355474239488-pMRj/



The Model
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Clinical Recording Model. Defines what a recording is 
in a generic, standards independent, manner. Allows 
for multiple standards to be linked using a common 
understanding of what a clinical recording is.

CDISC CT as currently defined. Required by 
SDTM and Biomedical Concept definitions. CT 
is a foundational building block. 

Biomedical Concepts. Small, reusable, units of knowledge 
defining a single “observation” with associated terminology 
bindings. Linked to the CT and the CRM. In the future we want 
these to be industry-standard, provided by CDISC via the library. 

BCs are not new, they are simply a better structure for the 
content used by every sponsor today. Allows for easier 
consistent use of definitions and focuses on WHAT the data is 
not HOW I capture the data.

CRM

The emerging Transcelerate Digital 
Data Flow study design model. 
Defines the study design in a machine 
readable way but also can be linked to 
the BCs to provide a “study data 
contract” and a more detailed, data –
focused, specification of a study

Study Design 2

Study Data 2 Study Design  for a study. A machine-readable combination 
of the DDF USDM linked with BCs that provides a precise 

definition of a study including a detailed data contract. Can 
be used to configure downstream systems. 

Several study designs together provide a means to query 
across the studies. 

Study data linked to the study 
design. This provides the full 

context for an item of data 
within the study

SDTM linked to the CRM. This binds our 
SDTM view of the data to the actual data 

held with its context.

Allows for a bi-directional transmission of 
the data, SDTM can be extracted but also, 

SDTM can be imported.

Other models linked to the CRM. This 
binds our other standards to the 

model allowing for bi-directional use.



Example Use Cases
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Study Design 2

Study Data 2

Data Capture 

SoA

CT Registry

Common Protocol 
Template (CPT)

Data Decay

Scoring

Feasibility

Data Import

Automate the setup of data capture systems ,incl. RWE, and 
capture the data.

Use the study design to build the FHIR SoA message.

The provision of study information to a CT registry.

Re-import data using the USDM as a framework to rebuild a 
study design & data using the SDTM Trial Design Domains.

Generation of the CPT from a study design.

The “scoring” of a study for such purposes as site impact, 
subject impact, environmental impact etc.

The use of the design to determine study feasibility including 
subject recruitment. A study data template.

Import data from a variety of sources . Can be re-exported 
thus allowing for conversion across versions.

FAIR Data The use of the design to aid Findability, Accessibility, 
Interoperability, and Reusability.

Query Having multiple studies that have a common structure allows 
for  data export and query across the  set of studies

CTMS, TMF … The provision of protocol information to down stream 
systems needing “study” information.



PHUSE, FHIR & 2018 

9© data4knowledge ApS

Paper
https://www.lexjansen.com/phuse/2018/si/SI12.pdf

Prototype system that could ingest a form definition, 
build a mini study design based in it, populate it with 
data from an EHR and extract partial SDTM domains.

This did not use the concept of the CRM.



Initial Proof of Concept

• A combination of: 
• Jupyter notebook
• Neo4j database
• Neo4j Dash dashboard

• Build just enough to make it real and prove the 
concepts

• Generation of DM domain, findings, events 
and interventions

• Contains examples of derived data, 
supplemental qualifiers
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Neo4j dashboard using the NeoDash tool. A “no code” 
mechanism for viewing data



Microservices Demonstrator
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Export
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DL DL

DL Data Loader

User Interface
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DL

CT Existing Service

CT Planned Service

CRM

• Technical Aspects:
• Developed in Python 
• A series of cooperating micro services, 

each tasked with a focused area of 
functionality. 

• Based on FastAPI for API / 
Microservices support

• HTMX for User Interface work
• Neo4j database

• Build a more complete demonstrator 
than the proof-of-concept

• Evolve into useable toolsets once 
principles have been proved

• Iterative approach

Microservices Paper
Towards Collaboration

Dave Iberson-Hurst, 2021



The FHIR Use Case – 2018

• Focused on 
• Using BC & Form metadata to drive the 

EHR request (CDISC test code -> LOINC)
• The CT challenge of results not being in 

CDISC CT (e.g. UCUM units)

• Used bespoke code to ”convert” / ”map” 
FHIR resources to target format
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FHIR 
“glue”

Capture
System

Study 
Data 

Store

A CRF constructed from BCs. BC metadata used to translate form data 
requirements into LOINC codes with CT mapping on the return to place 

the data into a study data warehouse for extraction as SDTM



The FHIR Use Case – Proof of Concept

• Much more focused on using the model 
approach. Combination of
• Clinical Recording Model (CRM)
• BC model linked to the CRM
• FHIR resource model linked to the CRM

• Used generic, model driven, approach to 
”convert” / ”map” FHIR resources to the 
target
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FHIR 
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Capture
System

Study 
Data 

Store

A study design constructed from BCs. BC metadata used to translate form 
data requirements into LOINC codes. Less attention on the CT aspects



The FHIR Use Case – Microservices

• Focused on use cases
• Easing (semi-automated) data import of 

varied input formats (typically Excel) into 
a study design

• SDTM generation

• Using the DDF USDM Study Design model 
linked with BCs
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FHIR 
“glue”

Capture
System

Study
Data 

Store

The FHIR work is not the current focus but the generic facility will be added 
based on the previous two prototypes / proof of concept with improved 

models. But the system contains a CRM service to provide the CRM support 
needed. BCs and SDTM are linked to the CRM.



Next Steps

• Continue with the microservices 
demonstrator work to complete:
• Semi automation of data import
• Automated generation of SDTM domains

• Then …
• Import of data from other technologies, 

incl. FHIR with associated CT Mappings in 
a technology agnostic manner

• General Controlled Terminology issues
• Observational Medical Outcomes 

Partnership Common Data Model (OMOP) 
Export

• Associated Person 
• FAIR data 
• Update the paper!
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Summary

• It is time to look towards automation, 
including RWE / FHIR, using technology 
agnostic models

• Pieces are beginning to fall into place, 
e.g. the DDF work provides the study 
design piece

• Move to a data-centric approach 
supported by better models

• As we link up our world we see the 
complexity

• Controlled Terminology will always be 
one of the significant challenges

16© data4knowledge ApS

dih@data4knowledge.dk

https://www.linkedin.com/in/daveibersonhurst/

mailto:dih@data4knowledge.dk
https://www.linkedin.com/in/daveibersonhurst/

