LEAPfROG Milestone 1.2 - Inventory of models and
vocabularies and criteria to assess suitability

In this report we briefly assess ways to represent data in a harmonized way. Data harmonization
involves the selection of a common data model, and of vocabularies to be used in such model.

First, current models are described, then, an overview on common vocabularies is given. Finally, we
present a short set of criteria to drive the process of selection of a model and of one or more
preferred vocabularies.

Information models

This part of the report is based on work that we performed previously in the context of the CAPABLE
project, covered in section 7.2 of CAPABLE Deliverable 2.1. '

Representation of stored data should facilitate capture of data collected in different environments,
including data from different electronic health records. Hence, these data need to be stored in a
harmonized way, conforming to standards, preferably international standards. This implies that a
standard information model and standardized vocabularies are applied. Currently, there is a variety
of models that are commonly used:

e CDISC - The Clinical Data Interchange Standards Consortium provides an Operational Data
Model (ODM) “to facilitate the regulatory-compliant acquisition, archival and interchange of
metadata and data for clinical research studies”.? CDISC is among the leading standards
development organizations (SDOs) in the area of clinical trials. Its aim to enable compliance
to regulations in clinical trials puts “Study” in the heart of the model, together with
administrative information, e.g., about users, and clinical data, such as subject data, which
is described in terms of (case report) forms and items on these forms.

e 12b2 - Informatics for Integrating Biology & the Bedside. This “enables effective
collaboration for precision medicine, through the sharing, integration, standardization and
analysis of heterogenous data from healthcare and research; through engagement and
mobilization of a life sciences focused open-source, open-data community”.? The i2b2
model has been implemented in the open-source tranSMART data warehouse,* which has
been actively developed until 2018 but seems to lose traction since 2019. A community is
currently actively working on software, though,® and also the github is active.® While of
relevance, the focus on precision medicine and life sciences may render this a suboptimal
solution.

e OMOP CDM - The Observational Medical Outcomes Partnership, now called Observational
Health Data Sciences and Informatics (OHDSI) is a global collaborative intending to facilitate
large-scale distributed data analyses. To this end, a common data model (CDM) has been
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developed, that aims at providing a generic model for representation of observational, real-
world, data. The CDM is complemented by a vocabulary, Athena, in which links to about 100
proprietary as well as international vocabularies are being provided. In addition to the data
model and vocabularies, a suite of tools is provided to support the extract-transform-load of
proprietary data into OMOP CDM, and for performing quality assessment as well as
federated analysis on the data.

e OpenEHR / ISO13606; 1SO13940; 1SO12967 - OpenEHR provides specifications and reference
implementations of the I1SO13606 “Electronic Health Record Communication” standard.
1SO13940 “System of concepts for the continuity of care”, provides a conceptual framework
to represent the elements of importance for realizing continuity of care. I1S012967 “Health
Informatics Service Architecture” provides an architectural viewpoint on electronic health
records. Together, these 3 standards provide a generic description for representation of data
in healthcare information systems. Being generic and conceptual provides the rigor required
for such foundational standards, but also leaves a relatively large implementation gap to be
filled. For example, no allowed or preferred vocabularies are specified.

e PCORnet - The (USA) National Patient-Centred Clinical Research Network provides a
Common Data Model that “defines a standard organization and representation of data for
the PCORnet Distributed Research Network”. This network aims to integrate data from
heterogeneous networks. In practice, these heterogeneous networks first harmonize to
other CDMs from this list, i2b2 and OMOP.” PCORnet adheres to use of those terminologies
that are most common in the USA, i.e., ICD-9-CM, ICD-10-CM, ICD-11-CM and SNOMED CT for
conditions, and ICD-9-CM, ICD-10-PCS, ICD-11-PCS, CPT (Current Procedural Terminology) or
HCPCS (Healthcare Common Procedure Coding System) for procedures.?

e PhenoPackets - Phenopackets is an open standard for sharing disease and phenotype
information. It aims to cater for the domain of rare diseases but can also be used for
representing information about common diseases. Through Phenopackets, phenotype
descriptions can be linked with disease, patient, and genetic information.

e HL7 FHIR - Health Level 7 Fast Healthcare Interoperability Resources. While HL7 FHIR is a
messaging standard rather than an information model, the resources are provided in this
standard provide a framework based on which a representation can be designed.
Implementations, including open-source implementations, that provide storage of resources
exist, such as Fhirbase. °

The overview above shows that these models are not competitors, but rather overlapping and
complementing.'® This is also demonstrated by collaborative efforts, such as the Biomedical
Research Integrated Domain Group (BRIDG) that develops a model to harmonize among CDISC, HL7,
and IS0 standards,! and IHE (integrating the healthcare enterprise), that specifies implementation
profiles based on a broad range of modelling and other standards. '2

Vocabularies

Many vocabularies exist, for many purposes. Currently, BioPortal '3 contains over 1,100 biomedical
vocabularies, also called ontologies. For practical purposes, harmonized representation of data for
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LEAPfROG should minimize the number of vocabularies used, where it is infeasible to limit this to
the use of just a single vocabulary. The most relevant vocabularies are:

e LOINC ™ - Logical Observation Identifiers, Names and Codes. This vocabulary aims to provide
unambiguous codes for observations, i.e., patient attributes that can be measured or
determined, such as date of birth (21112-8), body weight (29463-7), or eGFR based on MDRD
(77147-7).

e SNOMED CT - SNOMED Clinical Terms is a vocabulary that contains over 300,000 active
concepts in domains including clinical findings, procedures, organisms, and body structures.
Concepts are defined based on formal logic, enabling flexible search, aggregation and
inference capabilities on the contents.

e ICPC - International Classification of Primary Care. This is a classification provided by the
World Health Organization (WHO). In the Netherlands, ICPC-1 is still the version used by
general practitioners. '* Internationally, ICPC-2, published in 2003, is more commonly used,
and since 2021, ICPC-3 is available.

e |CD-10 - International Classification of Diseases. A classification provided by the WHO. In the
Netherlands, in 2015, ICD-9 was retired in favour of ICD-10.

e ATC - Anatomical Therapeutic Chemical (ATC) Classification. A classification provided by the
WHO. Active substances are divided into different groups according to the organ or system
on which they act and their therapeutic, pharmacological and chemical properties. ¢ This
way of categorizing substances leads to a single substance having multiple codes, depending
on the therapeutic use.

e G-Standaard - The Dutch medicines standard (Geneesmiddelen standaard) is a database
aiming to support drug prescription, ordering and financial procedures. 7

Criteria for suitability

A “perfect fit” for the LEAPfROG project depends on many aspects, including: practical utility and
available support by tooling, alignment with the intended goals and domain in LEAPfROG, and
support for use of those standards that are most applicable.

Models and vocabularies are to fulfil these requirements

MUST adhere to national and preferably international standards. l.e., one of the models above, or
another broadly accepted model is to be selected.

MUST provide an extension mechanism, so that data elements or values not covered natively by the
model or vocabulary can be included.

SHOULD cater for capture of the vast majority of information to be represented.

SHOULD provide unambiguous representation of information, i.e., restrict freedom of interpretation
or implementation.

COULD be available for use throughout Europe, and preferably globally.

COULD provide implementation guidance in the form of guidelines and or tooling.
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Conclusion

Information model

Based on the current status of standards, and given the fact that LEAPfROG uses data coming from
either a hospital’s electronic health record or from repositories containing data from a large number
of sites, we can come to recommendations.

e CDISC is excluded because of its focus on clinical trials, which is a mismatch with the
LEAPfROG use case

e 12b2 is excluded because of its focus on life sciences and precision medicine, and the
seeming loss of traction, at least in Europe, where OMOP-CDM is being preferred.

e OpenEHR provides a rigorous model, which is primarily geared towards representation of
clinical data at the source. Given that LEAPfROG largely relies on secondary data (through
repositories and EHR extracts), OpenEHR is a less suitable standard for this use case.
Therefore, OpenEHR is excluded.

e PCORnet aims to support a Distributed Research Network, which closely relates to the
intents of LEAPfROG. However, it doesn’t seem to have uptake beyond the USA, and given
that harmonization is first performed through i2b2 or OMOP CDM, PCORnet is excluded.

e PhenoPackets are excluded for their focus on biological and genotypic data. This results in a
suboptimal fit for the LEAPfROG use case.

Consequently, for LEAPfROG data, the clinical models provided by OMOP-CDM and HL7 FHIR are the
prime candidates to use for data harmonization. Both are supported by large communities, and for
both ample tooling is available. Of note is that a collaboration among HL7 International and OHDSI
was announced early 2021,'® aiming to provide a single common data model. However, progress on
this matter is unclear. Given that OMOP-CDM has a focus on storage, and provides an infrastructure
for federated analysis, in so-called network studies, we will start with exploring harmonization
using OMOP-CDM.

Vocabularies

The choice for OMOP-CDM has some impact on the use of vocabularies. The OHDSI-community has
developed Athena,'® a repository of more than 120 vocabularies. This repository includes ATC, ICD-9,
ICD-10, LOINC, and SNOMED CT. This repository does currently not include ICPC and G-standaard.
However, extension mechanisms can be used to include vocabularies that are not supported by
default. Alternatively, codes can be mapped to codes in those vocabularies that are included in
Athena, such as ICD-10 as an alternative for ICPC, and ATC as an alternative for G-standaard.
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