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Abstract

Real-world evidence from multinational disease registries is becoming increasingly important not only for
confirming the results of randomised controlled trials, but also for identifying phenotypes, monitoring
disease progression, predicting response to new drugs and early detection of rare side-effects. With new
open-access technologies, it has become feasible to harmonise patient data from different disease registries
and use it for data analysis without compromising privacy rules. Here, we provide a blueprint for how a
clinical research collaboration can successfully use real-world data from existing disease registries to
perform federated analyses. We describe how the European severe asthma clinical research collaboration
SHARP (Severe Heterogeneous Asthma Research collaboration, Patient-centred) fulfilled the harmonisation
process from nonstandardised clinical registry data to the Observational Medical Outcomes Partnership
Common Data Model and built a strong network of collaborators from multiple disciplines and countries.
The blueprint covers organisational, financial, conceptual, technical, analytical and research aspects, and
discusses both the challenges and the lessons learned. All in all, setting up a federated data network is a
complex process that requires thorough preparation, but above all, it is a worthwhile investment for all
clinical research collaborations, especially in view of the emerging applications of artificial intelligence
and federated learning.

Introduction

Targeted biologic therapies have significantly improved the lives of many patients with chronic
inflammatory diseases such as rheumatoid arthritis, ulcerative colitis and asthma [1-3]. Unfortunately,
biologic therapies are expensive and it is often unclear which patients benefit most from a particular
biological agent [4-6]. National disease registries have therefore been set up in many countries at the
initiative of governments, insurers or medical associations to monitor the effectiveness, costs and
side-effects of biologics [7].

In the case of severe asthma, individual national registries have yielded interesting publications, although
many important research questions including rare adverse effects or comparative effectiveness of different
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biologics could not be answered due to a lack of sufficient statistical power and reproducibility [8-12]. In
addition, real-world evidence from multinational disease registries became increasingly important not only
for confirming the results of randomised controlled trials, but also for identifying phenotypes, monitoring
disease progression and targeting the right biologic to the right patient [13].

Meanwhile, the European Respiratory Society (ERS) had encouraged and financially supported the
establishment of a clinical research collaboration (CRC) called SHARP (Severe Heterogeneous Asthma
Research collaboration, Patient-centred) [14]. The ambition of SHARP was to connect all existing severe
asthma registries in Europe. To that end, patient data from different registries had to be harmonised to
allow data analyses in such a way that would not compromise the privacy of patients. Because some
registries were reluctant to transfer patient data outside the institution where it was collected, SHARP opted
for a federated analysis approach, which uses patient-level data from different sources without actually
pooling the data together in a central database.

Several harmonisation and federation approaches, platforms and structures were considered [15-20].
SHARP decided to use the open-source Observational Medical Outcomes Partnership (OMOP) Common
Data Model (CDM), developed by Observational Health Data Sciences and Informatics (OHDSI), which is
currently one of the top-rated models for sharing medical data [21]. This model best meets criteria such as
content coverage, integrity, flexibility, ease of retrieval, compatibility of standards, and ease/scope of
implementations, privacy and connectivity [22, 23]. Importantly, the OHDSI/OMOP CDM is the standard
used by European Health Data Evidence Network (EHDEN), which is a key initiative that sets the pace for
federated analytics in Europe and the USA [24]. Thus, the OHDSI/OMOP CDM offered great potential for
connection to this fast-growing network.

Here, we describe the harmonisation process that SHARP has gone through and provide a blueprint for
how to successfully use real-world data from existing disease registries to perform federated analysis. The
blueprint covers organisational, financial, conceptual, technical, analytical and research aspects, and
discusses both the challenges and the lessons learned. The blueprint can be used as a guide for other
clinical research networks with a similar ambition to link registries containing patient data.

Harmonisation of severe asthma registries

SHARP’s initiative to link data from disease registries from different countries was not only ambitious, but
also innovative and unique, as no previous examples of this had been published before. Initially, the whole
project seemed unfeasible due to the incompatibility of the local data models. Each country had its own
electronic case report forms and database structure, in its own language. In addition, legal and regulatory
requirements and strict data protection and privacy regulations (e.g. the European Union General Data
Protection Regulation (GDPR)) restricted the transfer of patient-level data outside a healthcare provider [25].
Transfer of data outside the country of origin was excluded.

With the OHDSI/OMOP CDM it seemed feasible to meet these challenges [21]. Following the initiative of
EHDEN, research studies would be conducted in a federated manner so that personal data would remain
on the local sites, thus retaining full control over what happened to their data and what studies they would
participate in [24]. In particular, the harmonisation process would remove patient identifiers and,
furthermore, only aggregated summary statistics would be exported for meta-analysis. Since aggregated
data are privacy-proof by nature, federated analyses comply with the GDPR and ethical research guidelines.

Without previous examples on how to harmonise nonstandardised disease registries and build a federated
analysis platform (FAP), SHARP was not quite sure what to expect. On paper, the procedure seemed
simple (figure 1): match the field names from the local database with concepts in the CDM; create an
Extract, Transform, Load (ETL) procedure to automate the mapping of the local database to a unified
format; make the translated data available for local analysis; perform an identical analysis on each registry;
combine the aggregated results. However, the reality was that we had to overcome challenges at the
organisational, financial, conceptual, technical, analytical and research levels.

Key learnings

In the course of the harmonisation process, SHARP learned a number of important lessons, which it would
like to share here with other CRCs that also have the ambition to implement such harmonisation. These
lessons are listed in the following subsections by category.
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FIGURE 1 Architecture of the federated analysis platform. Field names of the different national registries are
mapped to concepts in the Observational Health Data Sciences and Informatics (OHDSI)/Observational Medical
Outcomes Partnership (OMOP) Common Data Model. An Extract, Transform, Load (ETL) procedure is created to
automate the mapping from the local database into a unified format; the harmonised data are made available
for local analysis using the OHDSI toolset or R code; an identical analysis is run on each registry; the results
are combined using federated analysis tools. SHARP: Severe Heterogeneous Asthma Research collaboration,
Patient-centred.

Basic operational prerequisites

In order for a harmonisation process between existing disease registries to be successful, a number of
general preconditions must be met. These concern professional project management, availability of
sufficient financial resources and signed collaboration agreements between all parties. In addition, it must
be ensured that the local ethics committees, the institutions and the patients have given written informed
consent for the use of their medical data for scientific research.

As the first to gain experience with this complex harmonisation process, SHARP was not well prepared for
these preconditions. Until then, it had only collected summary data from the various European registries
with little financial support [26]. The administrative burden quickly became a challenge for the limited
support of the ERS and a dedicated, full-time project manager had to be appointed. In addition, legal
services in order to establish service and research agreements, a professional statistician, and the
EHDEN-trained small and medium-sized enterprises (SMEs) responsible for the mapping of variables in
the local databases to the OHDSI/OMOP CDM and for the building of a FAP were all necessary and all
had to be paid. All in all, a budget of around EUR 200 000 per annum was required to cover these expenses.

Understanding the OHDSI/OMOP CDM
An absolute requirement for successfully building a FAP is that every stakeholder understands the
harmonisation concept well and has no doubts or hesitation in participating in its implementation.

For SHARP, the use of the OHDSI/OMOP CDM for the harmonisation of patient-level data was new and

conceptually different from the traditional use of such data for scientific research [27]. Time and again,
SHARP encountered lack of confidence in the OHDSI/OMOP concept. This was mainly due to
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insufficient familiarity with the concept, and lack of knowledge and understanding. Clinicians were
concerned that patients’ privacy was not sufficiently guaranteed. Local legal officers were unsure whether
the data handling was secure enough, registry owners were unsure about data ownership, researchers were
concerned that their data could be misused by competitors and information technology (IT) administrators
were reluctant to give third parties access to their servers, due to regulatory concerns or internal IT
procedures. Only intensive and repeated education and communication allowed the various parties and
partners to ultimately be convinced and enthusiastically take part in the project.

Mapping registry data to the OHDSI/OMOP CDM

A key part of the harmonisation process is the mapping of source data to the OHDSI/OMOP CDM. Due to
the diversity of format and language of the SHARP registries, this had to be manually conducted for each
registry, one at a time. The process required fluent and efficient collaboration between the project manager,
clinical expert, source data expert, medical terminologist/mapping expert, developer/tester and statistician.

Not surprisingly, the mapping process faced several challenges, including incomplete registering at source,
e.g. the lack of start and stop dates of medications, and dates when various procedures had taken place.
Ideally, the mapping process should be performed on the basis of a registry “data dictionary”, i.e. a file
containing variable names, data types, units of measure, etc., because this enables the use of existing
mapping tools. In SHARP, the registries could not provide such a data dictionary. The mapping process
therefore required a more “iterative” approach than expected, as there were many “mismatches” between
the data types and the actual content of the source. All these issues could only be resolved by joining
forces. Unfortunately for SHARP, in-person communication was severely hampered by the coronavirus
disease 2019 (COVID-19) pandemic and the lockdown measures.

IT requirements and data access

The mapping of source data to the OHDSI/OMOP CDM is automated in an ETL procedure, reading the
source data and writing the harmonised data into an OHDSI/OMOP CDM-compatible database. Smooth
operation requires a server located in the registry’s data centre (or in a cloud environment, if local IT
regulations allow) for taking snapshots of de-identified source data. The server can also host the analytical
tools (R environment, OHDSI tools); alternatively, these tools can be hosted in a dedicated environment.
Of course, the local servers should be accessible by the SME, but for SHARP this proved to be difficult in
some cases due to local IT regulations. Nevertheless, it is highly recommended to establish access for the
SME, since otherwise local IT teams have to be trained to fulfil the job.

Data quality assessments

In order to obtain the best quality of harmonised data and minimal loss of original data, it is important that
source data comply with the rules of the data dictionary, which was not always the case. For a successful
mapping between registry data and the OHDSI/OMOP CDV,, it is therefore important to test and validate
the data quality. To this end, SHARP deployed a professional statistician who could form a bridge between
the clinicians and the mapping and source data expert. This statistician wrote R scripts for descriptive
statistical analysis that could be performed automatically by all local registers. Due to the diversity of the
registry structures and the different levels of completeness of each variable considered, the R script at each
stage had to include checks on the numerical range and to account for high levels of (or complete) missing
data. The local registries were then presented with their own data overviews in well-arranged tables and
graphic displays. Ideally such checks should eventually be performed on all variables of each registry
before finalising the mapping.

At SHARP, quality checks revealed unexpected missing data codes, impossible values and some
mismatches due to the use of free-text fields by the clinicians who had entered data. Where necessary,
changes were made to the mapping schema and in some cases to the source data in the local registry
database. Again, these solutions required time and close collaboration between clinicians, source data
experts, mapping experts and data analysts.

Data analytical aspects

Using a FAP and analysing real-world data from different disease registries in different countries requires
strong analytical skills. In fact, the person in question must unite epidemiological, biostatistical and
observational data science expertise, be a confident programmer, and be willing to learn the ins and outs of
the OHDSI/OMOP CDM. Also, the statistician should be able to perform an appropriate meta-analysis of
summary statistics to draw conclusions from all participating registers. Of course, and luckily, more than
one person may fulfil the different aspects of this role in the studies.
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While processing data from the SHARP registries, it became clear that a statistician be engaged at the
outset of the project and be involved in the writing of all protocols and analysis plans. This helps to ensure
that the necessary data are available and mapped across all relevant registries, and that any local
categorisation of data does not preclude the planned analysis.

Recommendations and blueprint
Table 1 shows the blueprint with recommendations for an optimal harmonisation process between disease
registry data and the OHDSI/OMOP CDM for multinational federated analyses.

A schematic summary of required steps for harmonising disease registries using the OHDSI/OMOP CDM
is given in figure 2. An estimate of the time required per item is given in supplementary table E1 and
supplementary figure E1. Registries that are currently connected or in the process of being connected are
listed in supplementary table E2.

Discussion

Here, we described our experience in harmonising patient data from different European severe asthma
registries using the OHDSI/OMOP CDM. Based on the lessons learned, we put together a blueprint that
can be used by researchers in other disease areas where there is a desire to establish federated data
networks of real-world patient data already collected in nonstandardised registries. The harmonisation
process was not without challenges, but it was above all a unique experience to connect colleagues and
partners from different countries, specialties and disciplines in one large federated project.

To date, most studies on the OHDSI/OMOP CDM were related to architectural concepts and tool
development [27]. However, over the last couple of years, an increasing number of publications have
appeared using the OHDSI/OMOP CDM in prospective network studies with observational patient data, in
particular related to the COVID-19 pandemic [28-32]. Other studies have used large administrative claims
databases [33, 34] or electronic medical records databases [35, 36]. A recent study described the
technicalities of harmonising standardised disease registries [37]. Our study is the first that used the
OHDSI/OMOP CDM to harmonise nonstandardised national disease registries.

When the SHARP CRC was founded in 2017, its vision was to incrementally change the research culture
across Europe, emphasising ambitions that serve the collective needs of the asthma research community
and bringing people with asthma to the centre of the research environment into a reality context [14].
SHARP’s goals included better understanding the mechanisms of severe asthma, improving treatment for
severe asthma and exploring ways to prevent severe asthma. It wanted to achieve this by establishing a
platform that would allow the integration of local national asthma registries into a pan-European
multicentre registry of patients with severe asthma [21]. At the same time, the scientific community
expressed the increasing need for more large-scale real-world research; not only for confirming the results
of randomised controlled trials, but also for identifying phenotypes, monitoring disease progression,
predicting response to new drugs and detecting rare side-effects [38, 39]. However, due to concerns
regarding data privacy, data security, data access rights and data ownership, some SHARP registries were
reluctant to transfer patient-level data to one central database, as was the case with other international
registries such as the International Severe Asthma Registry [40]. However, in order not to lose the precious
data from these existing registries, it was then decided to establish a federated data platform and use the
OHDSI/OMOP CDM to harmonise the databases [21].

At that time, the use of the OHDSI/OMOP CDM was relatively new and had never been applied to
existing disease registries. Since there was no example of how to approach the harmonisation process, it
was not surprising that SHARP encountered multiple challenges and obstacles, from which it ultimately
learned a lot.

In retrospect, the unfamiliarity and misunderstanding of the OHDSI/OMOP CDM concept among doctors,
researchers, legal entities and IT administrators was perhaps the main reason why the process was
sometimes unnecessarily delayed. There were concerns that data privacy would not be guaranteed, data
would fall into the wrong hands and the security of data centres would be compromised. Therefore, we
cannot emphasise enough the need to repeatedly explain the concept and process of harmonisation to all
stakeholders, through meetings, presentations and personal discussions.

Furthermore, it appeared that collaboration between clinicians, IT technicians, registration holders and legal

entities was essential, and that they all should be able to devote sufficient time and attention to the project.
Not only for the initial harmonisation process, but also prior to any future research project, such
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TABLE 1 Blueprint for harmonising disease registries using the Observational Heath Data Sciences and

Informatics (OHDSI)/Observational Medical Outcomes Partnership (OMOP) Common Data Model (CDM)

Topic Recommendations

Basic conditions » Selection of a legal body for CRC
* Securing sufficient financial resources for >3 years
* Appointment of a full-time dedicated project manager
« Establishment of a contract with an SME specialising in OHDSI, OMOP CDM
and mapping
» Establishment of a contract with a hands-on statistician with
programming skills
* Written confirmation from each registry that patients have given written
consent to use their medical data for (international) clinical research
* Identification for each local registry of named individuals in the following
roles: registry owner, legal officer, clinical expert, source data expert IT
contact/administrator, translator of medical terminology and platform/
system user
» Conclusion of collaboration agreements between CRC and registries
Conceptual aspects * Production of a document and a PowerPoint presentation explaining the
OHDSI/OMOP CDM and the federated approach to all stakeholders
* Organisation of a plenary kick-off meeting with all stakeholders
* Organisation of regular team meetings for each registry to monitor progress
Technical aspects * Provision/hire of a dedicated Linux server for each registry (local data centre
or cloud environment) for the installation and set-up of the FAP, with access
to a local copy of the source database
* Provision to all required parties of access to the Linux registry servers
* Testing of the functioning of the FAP on local Linux servers by SME
Mapping aspects * Checks source data quality
* Provision of registry data dictionary to SME by source data experts
* Provision of a representative, but anonymised registry data sample by local
team to smoothen the ETL process and avoid “black box mapping”
* Assistance by clinical experts in optimising the mapping
* Provision by SME to statistician(s) of a codebook of the variables mapped
Analytical aspects and * Learning by statistician(s) on the principles of OHDSI and OMOP CDM
quality control * Provision by SME of access to the FAP for statistician(s)
» Creation by statistician of scripts in R (or OHDSI tools) for the production of
descriptive summary statistics
* Execution by local analyst in each country of the pre-written R script via
the FAP
* Checks by clinicians on the validity of the output and provision of feedback
to statistician and SME
* Revision by source data expert and SME of any mapping issues
* Creation of a second round of data summaries and a repeat of the quality
control process
* Production of final OHDSI/OMOP CDM tables
Research studies * Creation of research protocol, and approval by CRC, local clinical experts and
registry owners
* Identification of dedicated local teams for each registry, comprising clinical
experts, source data experts and data analysts
* Creation of a formal analysis plan by statistician, for review and approval by
representatives of all participating registries
» Creation by statistician of analysis scripts in R (or OHDSI tools)
* Execution by local data analysts of pre-written scripts in R (or OHDSI tools)
using the FAP
* Fostering of collaboration between best practices for statisticians and data
analysts via workshops to discuss issues such as imputation rules, filters
and exclusions
* Production of final statistical tables and graphics for each registry singly,
according to the analysis plan
* Meta-analysis by statistician of summary statistics from all registries
* Writing and submission of manuscript

CRC: clinical research collaboration; SME: small and medium-sized enterprise; IT: information technology; FAP:
federated analysis platform; ETL: Extract, Transform, Load.
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FIGURE 2 Schematic summary of steps to be taken for a successful harmonisation process of local
nonstandardised disease registries to the Observational Health Data Sciences and Informatics (OHDSI)/
Observational Medical Outcomes Partnership (OMOP) Common Data Model for federated analyses. SME: small
and medium-sized enterprise; IT: information technology; FAP: federated analysis platform.

multidisciplinary dedicated teams should be set up for each registry. Team members should be able to
consult each other easily and ad hoc, preferably by mobile phone.

Investing in building the FAP and achieving the harmonisation of severe asthma registries has brought
many benefits to the SHARP CRC. First, thanks to the joint effort and overcoming adversity, it has created
a strong and solid partnership between many stakeholders, including patients, clinicians, researchers,
pharmaceutical industries, IT technicians, data analysts and consultants. Second, it now features a
state-of-the-art platform that allows for innovative and large-scale real-word studies with relatively little
effort. Finally, and perhaps most importantly, because of its privacy-protected structure, scalability and
generalisation, the SHARP FAP is now perfectly equipped for the future in which artificial intelligence
and federated learning will play an increasingly important role in generating evidence with real-world
data [41-43].

Conclusions

We have provided a blueprint for what it takes as a nonprofit CRC to successfully use real-world data from
existing disease registries for executing federated analyses. The open-access OHDSI/OMOP CDM has
enabled patient data from different disease registries to be harmonised and used for data analysis without
compromising privacy rules. We have learned that building a FAP to enable large-scale analysis of
patient-level data from nonstandardised registries is a complex process, and can only be successful if all
parties fully understand and support the concept. At the same time, it ensures strong collaboration and
builds an enriching network that enhances the knowledge and interrelationships of all partners with the
common goal of using real-word data efficiently. We believe that, especially given the increasing adoption
of artificial intelligence and federated learning, the harmonisation of disease registry data to a CDM is a
worthwhile investment, which we can certainly recommend to other CRCs. Ultimately, the rewards of such
efforts will manifest in terms of improved disease understanding and better patient care.
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