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Abstract. The OMOP Common Data Model (OMOP CDM) is an option to store
patient data and to use these in an international context. Up to now, rare diseases
can only be partly described in OMOP CDM. Therefore, it is necessary to
investigate which special features in the context of rare diseases (e.g. terminologies)
have to be considered, how these can be included in OMOP CDM and how
physicians can use the data. An interdisciplinary team developed (1) a Transition
Database for Rare Diseases by mapping Orpha Code, Alpha ID, SNOMED, ICD-
10-GM, ICD-10-WHO and OMOP-conform concepts; and (2) a Rare Diseases
Dashboard for physicians of a German Center of Rare Diseases by using methods
of user-centered design. This demonstrated how OMOP CDM can be flexibly
extended for different medical issues by using independent tools for mappings and
visualization. Thereby, the adaption of OMOP CDM allows for international
collaboration, enables (distributed) analysis of patient data and thus it can improve
the care of people with rare diseases.
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1. Introduction

In Europe, a disease is defined as rare if it concerns fewer than 5 in 10,000 people. With
an estimated count of 6,000 to 8,000 different rare diseases, it is assumed that around
13.5 million people in Europe suffer from a rare disease [1, 2]. The combination of the
high estimated number of people affected, the variability of the diseases and the
complexity of their manifestations (like chronic illnesses, physical disabilities, mental
illnesses) poses a major challenge for the health care system [3]. Diagnosis and adequate
therapy of rare diseases are made more difficult due to the lack of expertise on the
multitude of clinical pictures as well as the geographically dispersed experts and country-
specific documentation. It was determined that patients with rare diseases get diagnosed
only after 5 to 30 years and approximately 69 % of patients with rare diseases are initially
misdiagnosed in Germany [4].

Clinical decision support systems (CDSS) could be an option to overcome these
challenges. A recent study shows that currently 19 CDSS are available to support the
diagnosis and therapy of rare diseases [5], for which reliable information and data are
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needed. However, studies show the lack of a large amount of real world data in the
context of rare diseases [2, 6, 7].

Another chance accelerating diagnosis is to strengthen international research and
collaboration by connecting medical experts and thus also their data. This might enhance
the common understanding of rare diseases, for example by using the same terminology
(semantic level). Furthermore, the data could be available in a harmonized form to
facilitate corporate research and distributed analysis (syntactic level).

One way to achieve the necessary standardization is to map clinical data into the
Observational Medical Outcome Partnership Common Data Model (OMOP CDM) [8].
In the context of rare diseases, the adaption of OMOP CDM is essential due to the current
lack of catalogs with the needed terminologies (e.g. Orpha Code, Alpha ID). In this paper,
we demonstrate an approach, which imports the terminologies and makes use of the data
to provide a dashboard for physicians in the field of rare diseases.

2. Methods

The proposed approach was discussed and consented in an interdisciplinary team of data
scientists, computer scientists and physicians. Developing the concept, the following
special characteristics of rare diseases were taken into account:

e Coding rare diseases with ICD-10 is not sufficient; in 2015, about 335 of 6.000
to 8.000 rare diseases could be documented with ICD-10 [9]. Therefore,
alternative coding options, such as Orpha Codes [10] and the German Alpha ID
[11], are used. Often, physicians and medical documentation officers work with
multiple codes of different catalogs in order to guarantee correct accounting and
the clearest possible designation.

e No restrictions are made to specific medical specialties (e.g. neurology) or
domains (e.g. laboratory values, conditions), to provide an overall picture of the
health status of patients.

The Vocabulary Team of OHDSI, the community that provides OMOP CDM, by
including them in ATHENA, does the insertion of additional terminologies for the use of
OMOP CDM. This tool covers the standardized, OMOP-conform vocabularies, which
links the data with uniform concepts [12]. In order to use the mappings of the
terminologies without dependencies of OHDSI and ATHENA, we developed the
Transition Database for Rare Diseases. It is based on the idea of the “German Transition
Database” for harmonizing German claim data and OMOP-conform concepts [13]. In
the context of rare diseases, we used files from Orphadata [14] and the German Federal
Institute for Drugs and Medical Devices [15] and mapped the different expression to the
Orpha Number, which is unique and clearly identifies a rare disease.

To give physicians a broad view of patient data, we connected OMOP CDM to a
dashboard tool. For this, we used the tool DashBuilder [16]. This approach is developed
as an addition to ATLAS, which is an OHDSI tool for secondary data use through
cohorting [17]. Unlike ATLAS, the Rare Diseases Dashboard provides an insight into the
current health status of patients with defined indicators and so without defining inclusion
and exclusion criteria for medical cohorts. In cooperation with the University Center for
Rare Diseases in Dresden, requirements were analyzed, mockups implemented and
evaluated by physicians to set up the dashboard.
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3. Results

The Transition Database includes mappings between Orpha Code, Alpha ID, SNOMED,
ICD-10-GM and ICD-10-WHO (see Figure 1). It covers about 10,500 mappings of
Orpha Code, SNOMED, ICD-10-GM and ICD-10-WHO as well as about 7,200
mappings of Orpha Code and Alpha ID.
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Figure 1. Screenshot of the Transition Database; left side: mapping of Orpha Number, ICD-10-WHO, ICD-
10-GM and SNOMED, right side: mapping of Orpha Number and Alpha-ID
Figure 2 shows a screenshot of the Rare Diseases Dashboard. It present indicators
like the number of medical cases with rare diseases by diagnosis status (confirmed,
tentative, excluded) or number of medical cases per number of rare diseases.
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Figure 2. Screenshot of the Rare Diseases Dashboard (based on synthetic data)

4. Discussion

The concept described is limited by German specifics, such as the documentation of rare
diseases with the German Alpha-ID. Nevertheless, international terminologies such as
SNOMED and Orpha Code are also included. Furthermore, the quality of the mappings
depends on the quality of source files developed, quality assured and provided by
different institutes for medical research (e.g. the German Federal Institute for Drugs and
Medical Devices). A further quality assurance by physicians or by means of medical
ontologies or metathesaurus (e.g. Unified Medical Language System) are still pending.
The Transition Database is productively used to specify mappings of German
terminologies. We are using it to ensure semantic and syntactic interoperability between
the clinical data warehouse and different research data repositories like OMOP. By
applying mappings to SNOMED, the terminologies could be mapped to a standardized
vocabulary and thus utilized in OMOP CDM. This demonstrates the extensibility of the
CDM to further areas of medical research. Extensions of the standard OMOP vocabulary
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with national terminologies or terminologies for specific medical domains are common
in the OHDSI environment, as recent studies show [18, 19]. The described approach
enables the storage and maintainability of mappings independent of ATHENA. The
combination of a custom dashboard and OMOP CDM shows that the CDM can be used
as a basis of other visualization approaches independent of ATLAS. It is also conceivable
that other dashboard tools can be connected, like e.g. Superset [20].

The aforementioned characteristics of rare diseases are taken into account by
mapping the terminologies and transferring them to OMOP CDM and by presenting the
relevant data within a dashboard. An evaluation of the entire concept as well as a proof-
of-concept will be done in the future.

5. Conclusion

The presented approach shows possibilities for adapting OMOP CDM in the context of
rare diseases: Both an extension with specific terminologies and a connection to a
dashboard for the visualization of indicators for a German Center for Rare Diseases were
demonstrated. It is shown that an external database for storing transitions is also usable
outside of the OHDSI community (e.g. see [13]. Thus, while the mappings can be used
for OMOP CDM, they can also be used independently for other use cases, such as in the
clinical data warehouse. The interaction of OMOP CDM and the Transition Database
forms the basis for interoperable data on a semantic and syntactic level. This can
empower secondary data use, e.g., for CDSS as well as for international research and
distributed analysis. The connection to a dashboard shows the applicability of the CDM
to individual medical questions.

Future work will investigate how the Transition Database can be expanded: (1) when
arare disease is suspected but cannot yet be designated, the Human Phenotype Ontology
(HPO) can be included to code phenotypic abnormalities [21]. (2) In combination to the
documentation of phenotypes, the storage of genetic data is important as well, because
about 80 % of rare diseases are genetic [2]. For this purpose, it is possible to add four
additional tables under the name “OMOP G-CDM” [22].

Furthermore, it is necessary to check options to include additional data like imaging
data; possibly through the connection of XNAT [23], a platform to manage and explore
medical imaging. Also it will be scrutinized how OMOP CDM could be used to give a
more detailed insight in the current health status of patients with rare diseases by
visualizing the treatment pathway. In addition to empower collaborative research, it
should be reviewed how distributed analyses can be run based on the proposed concept;
e.g. with the help of DataShield [24]. The connection between the mentioned
technologies and OMOP CDM forms the prerequisite for the better insight into rare
diseases in general and the status of patients with such illnesses in particular.
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