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Abstract. The National Research Data Infrastructure for Personal Health Data 

(NFDI4Health) uses Local Data Hubs (LDHs) to manage locally research studies, 
documents and sensitive personal data to support controlled data sharing. While 

research data management (RDM) systems facilitate the storage and preparation of 

data and metadata as well as organizational access, they often lack support for 
interoperability standards of the application domain. To support the exchange with 

external registries of research studies, we chose 17 attributes to characterize the most 

relevant aspects of clinical trials (in the following named “metadata profile”). We 
implemented the metadata profile in the RDM system FAIRDOM SEEK using core 

attributes and SEEK’s extended metadata feature and created a mapping conforming 

to the Health Level 7 Fast Healthcare Interoperability Resources (FHIR) standard 
version R4. Finally, we implemented a prototype application interface for exports 

in FHIR-JSON format. We plan to extend the interface to serve central registries 

and support specific FHIR Implementation Guides from various use cases. 
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1. Introduction 

A research data management (RDM) system fulfills a variety of functionalities to support 

the entire life cycle of research data. The most important point is undoubtedly the 

persistent storage of data and metadata in a repository. The inclusion of new assets should 

be governed by consensus-based processes and conventions in order to capture all 

important information on the one hand and to minimize the effort for data producers on 

the other. However, further points are crucial for the broad reuse of research data 

repositories, including by third parties: In particular, the findability of datasets through 

indexing or suitable metadata, functions for access control and security to ensure that 

only authorized users can access certain data, support for international standards for data 
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exchange and analysis and the citability of artefacts gained in importance in recent years 

as part of the FAIR (findability, accessibility, interoperability and reusability) principles 

[1]. 

The National Research Data Infrastructure for Personal Health Data (NFDI4Health) 

is one of 27 scientific consortia that aim to establish overarching infrastructures for 

scientists in Germany. In addition to central services and offers for privacy-preserving 

distributed computing [2], local data repositories‒so called Local Data Hubs (LDHs)‒ 

manage sensitive data requiring special protection. Such sensitive data is generated in 

many areas of health research, and cannot be simply shared with regard to legal 

requirements and the consent of the subject/participants. The LDHs are enhancements of 

the FAIRDOM-SEEK software, which is widely used in the field of bioinformatics [3]. 

One large instance is the Leipzig Health Atlas [4]. SEEK is based on an adaptation of 

the Investigation-Study-Assay model (ISA). ISA is a framework for describing the 

experimental metadata of biological and biomedical studies, ensuring consistency and 

facilitating data sharing and integration. For research studies, a so-called archive 

information package according to ISO 14721, also known as the Open Archival 

Information System (OAIS) Reference Model, was developed, which defines important 

data packages and documents for the understanding of the experiment by third-party 

researchers [5]. An extension to include W3C DCAT (a standard for describing and 

sharing metadata about data catalogs and datasets) has already been implemented as a 

prototype [6]. Although SEEK has a JSON API, it only supports specific web or health 

information technology (IT) standards to a limited extent. SEEK’s extended metadata 

feature enables to create and curate additional metadata, ensuring adaptability to project 

requirements and the integration of further standards. However, in recent years, Health 

Level 7 Fast Healthcare Interoperability Resources (FHIR®) has established itself as the 

most important standard in the field of health(care) IT, and presents ongoing 

developments in the area of (clinical) research [7]. 

As part of the use of LDHs as registers for local data use projects in data integration 

centres at university hospitals, there is a need to be able to reference research studies 

directly and process them automatically, for example when patients are recruited as study 

participants. Infrastructures in healthcare are currently converting their information 

systems to FHIR as the main data exchange standard, so there is a requirement for FHIR-

based communication. This paper presents the development of a prototype application 

interface enabling FHIR exports from SEEK in FHIR-JSON format. 

2. Methods 

A minimal set of relevant study metadata (in the following named “metadata profile”) 

was defined in a consensus-based iterative process based on expert requirements and 

FHIR knowledge. The metadata profile was implemented to SEEK using core attributes 

and SEEK’s extended metadata feature via a seed file. We mapped the metadata profile 

to FHIR Release 4 (R4) and stored the map in SEEK. A prototype application interface 

was developed to enable users to enter study metadata through a user-friendly web-based 

interface. We integrated the FHIR map into the export function of SEEK to support the 

creation of FHIR-JSON files compliant with “ResearchStudy”, “Practitioner”, 

“Organization” and “Group” FHIR resources. We validated the resulting structures with 

prominent FHIR validators. 
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3. Results  

The metadata profile contains 17 attributes to describe studies: We used seven core 

attributes and thirteen extended metadata attributes to represent it. Table 1 presents the 

mapping between FHIR R4 elements and the core SEEK attributes supplemented by 

attributes from the metadata profile. 

Table 1. Elements and references used from FHIR ResearchStudy populated from SEEK core attributes or 

user-defined metadata profile 

FHIR R4 element / reference SEEK core attribute Extended metadata profile 
attribute 

ResearchStudy Investigation and / or Study  

--identifier Study.ID study_identifier 
--title Study.Title  

--partOf Study.Investigation  

--status  study_status 
--category  study_type 

--condition  study_condition 

--contact  study_homepage 
--keyword Study.Tags  

--description Study.Description  

--enrollment (Group)  study_sample_size 

--period  

study_start_date 

study_end_date 

--sponsor (Organization)  study_sponsor 

--principalInvestigator (Practitioner)  study_pi 
(Extension)  study_acronym 

(Extension)  study_sites_number 

(Extension)  study_dmp 

 

Currently, the prototype uses the ResearchStudy, Group, Organization, Practitioner 

FHIR resources. The code can be retrieved from the GitHub repository [8]. 

Figure 1 shows the overview page of a research study in an LDH including the 

metadata profile (without other artifacts such as data sets or study documents). 

 

Figure 1. Clinical study in a SEEK Local Data Hub (cropped to emphasize the relevant content) 
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Figure 2 shows an excerpt from the generated FHIR structures that can be retrieved 

and consumed by external agents. While ResearchStudy is an independent resource, the 

others are exported as contained resources. 

.
Figure 2. Representation of a clinical study in FHIR R4.0.1 (excerpt) 

4. Discussion 

RDM and FHIR are two separate but related concepts in the field of healthcare and 

medical research. RDM systems are more oriented towards the human user and tend to 

address the findability, access and secondary use of data. FHIR-based systems focus on 

smooth, permanent machine data exchange and interoperability. RDM platforms can use 

FHIR to enable seamless integration with other healthcare systems. The presented export 

functions as a READ API and serves as a FHIR-compliant data source that can be 

seamlessly integrated into other systems. It allows any LDH to expose their studies so 

that they can be captured by FHIR-based study registries.  

While an ISA-to-FHIR mapping has already been developed in the past [9], it could 

not be used for this study, as SEEK deviates in many areas from the original ISA model. 

Our prototype currently covers only the basic attributes required for a minimal FHIR 

ResearchStudy as requested by clinical users. We plan to include further artifacts to 

support the metadata of e.g., study documents and datasets that are available for a study 

in the LDH. Furthermore, it would be useful to provide an export of a complete study as 

a JSON bundle, which can be uploaded directly to a target FHIR server and takes into 

account existing artifacts such as existing persons and organizations (conditional 

creates). Supporting profiles from Implementation Guides of popular use cases instead 

of manual mapping would be worth considering. However, detailed study metadata 

should be stored in a structured manner in special trial registries rather than in SEEK. 

Interventional clinical studies are predominantly recorded in study registries, but the 

majority of academically driven research studies are not. Furthermore, the current 

comprehensive further development of FHIR in the area of (clinical) research is 
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challenging: FHIR R5, the current version, brings major improvements, but many 

projects are still dependent on R4 to remain compatible with national base profiles and 

other FHIR data. In addition, the new, richer constructs allow for multiple alternative 

modeling options, and best practices have yet to emerge. 

5. Conclusions 

We are currently in the process of coordinating with the German Medical Informatics 

Initiative's Medical Research Data Portal [10], which, as a national transparency register, 

aims to track all research projects with patient data from university hospitals. This aligns 

with RDM’s growing focus on patients and subjects as active participants that want to 

know what research projects their data is being used for and being involved in decisions 

about its use. 
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