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1   |   Introduction

In November 2020, the MINERVA (Metadata for data dIscov-
erability aNd study rEplicability in obseRVAtional studies) 
project (EUPAS39322) was initiated in response to the Heads 
of Medicines Agencies–European Medicines Agency (HMA–
EMA) joint Big Data Task Force recommendation on “the iden-
tification of metadata” for regulatory decision-making on the 
choice of data source [1–3].

The project primarily aimed at defining a set of metadata and 
developing a good practice guide describing the metadata and 
recommendations on the use and sustainability of metadata 
collection. The second objective was to pilot a proof-of-concept 
metadata catalogue. The metadata list and the proof-of-concept 
metadata catalogue were designed to assist investigators, re-
search partners, and other evidence consumers in understand-
ing the data flow in data sources. This understanding supports 
the whole research process: data source discoverability, study 
feasibility assessment, study design and execution, and interpre-
tation of study results.

The project's methods and results are fully reported in the ac-
companying article in this issue of Pharmacoepidemiology and 
Drug Safety [4]. This commentary goes beyond the project or the 
European setting and focuses on possible general application of 
the results, lessons learnt, and recommendations.

2   |   Applications

2.1   |   Use Cases

The metadata list generated by the project was designed to sup-
port multiple-use cases, including

•	 Supporting data access partners (DAPs) in incorporating 
their knowledge about the data source.

•	 Supporting discoverability of data source(s) suitable for con-
ducting of a given study.

•	 Assisting investigators in designing single-database or 
multi-database studies, and interpreting the results.

•	 Supporting analysts with programming analyses in a study.

•	 Helping readers of study reports to interpret results and 
understand limitations of reproducibility across different 
studies.

•	 Allowing institutions that initiate or maintain data source 
catalogues adopting the same standards to map their meta-
data list to the MINERVA metadata list (or a subset thereof) 
and reuse metadata.

Examples of such use cases are reported in the accompa-
nying article by Pajouheshnia et al. [4], in a 2022 EMA 
draft Guidance document [5], and in the final report of the 
MINERVA study [6]. To best support such use cases, metadata 
would need to cover both data sources and registrations of 
studies. Therefore, the metadata list was designed to address 
both domains.

2.2   |   Implementations of the Metadata List

The metadata list is a standalone tool, available in a ready-to-use 
spreadsheet form (Pajouheshnia et al. [4], supplementary mate-
rial 2), which provides a standard for describing real-world data 
sources and studies. As an example, submissions to the ongo-
ing special section of this journal, Real-World Data Sources for 
Pharmacoepidemiologic Research, could complete and submit (a 
subset of) the metadata list.

The open-source software Molgenis was used during the proj-
ect to implement the metadata list in a catalogue prototype 
that could be accessed and updated online. The same software 
can be used by others to build additional implementations and 
collect their metadata  [7]. However, in principle, other soft-
ware can be used to implement the metadata list as an online 
catalogue.

Several implementations of this metadata list, or subsets thereof, 
in catalogues of real-world data sources are described in the ac-
companying the article by Pajouheshnia et al. [4].

3   |   Populating and Maintaining Catalogues: 
Lessons Learnt and Recommendations

This section collects lessons learnt, structured under several 
subsections leading to the final considerations on sustainability.

3.1   |   A Community of FAIR Metadata Catalogues

Several past initiatives (e.g., GRiP, ADVANCE/AIRR, EMIF 
[8], IMI-ConcePTION, Vaccine Monitoring Collaboration for 
Europe-VAC4EU [9]) coexist in Europe that involve a struc-
tural collection of metadata on data sources. In February 2024, 
the EMA launched the HMA–EMA Catalogues of real-world 
data sources and studies, which enhance both the European 
Union electronic Register of Post-Authorisation Studies (EU 
PAS Register) [10] and the ENCePP (European Network of 
Centres for Pharmacoepidemiology and Pharmacovigilance) 
Resources Database [1]. The challenge identified in the HMA–
EMA Joint Big Data Taskforce Phase II report has been to 
create sustainable and FAIR data sources and metadata cata-
logues [11]. The acronym FAIR refers to four principles: find-
able, accessible, interoperable, and reusable [1]. Systematic 
interoperability among catalogues might reduce metadata 
entry frequency, increase quality, foster perceived value, and 
increase sustainability.

Findable and accessible means that the catalogues should be 
accessible to the public as an online tool. In the MINERVA 
project, we observed a lack of clarity over whether the experts 
involved in creating the metadata (DAPs) were authorized to 
release the metadata content in public, and clarification is 
needed. Indeed, normally other organizations (“data origina-
tors”) generate the data for other purposes, while the phar-
macoepidemiology expertise of DAPs is needed to identify 
strengths and limitations for secondary use. We advocate for 
DAPs to be able to make their scientific assessments publicly 
available in future catalogues.
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Based on the experience of the MINERVA proof-of-concept cat-
alogue, we identified three key requirements for interoperability 
across catalogues.

First, persistent identifiers (PIDs) for the key objects, and in 
particular institutions, data sources and data banks need to be 
created and maintained by an authority [12]. While there are mul-
tiple authorities whose mandate is compatible with supporting 
PIDs for institutions, there is a need for authorities specifically 
interested in data reuse to take responsibility to support PIDs 
for data sources and data banks. The MINERVA recommenda-
tions highlighted that EMA was in a position of providing such a 
service, and the new HMA–EMA Catalogues of real-world data 
sources do indeed support PIDs for data sources. This may pos-
sibly prove to be an additional added value in the context of the 
European Health Data Space ecosystem [13]. It must be noted 
that, while the focus of the HMA–EMA Catalogues is Europe, 
they also accept registration of non-European data sources [14].

Second, metadata lists need to be mapped one to another: the 
metadata list of the MINERVA project is a candidate master data 
model for this purpose.

Third, global ontologies need to be established for many meta-
data: it was a consistent finding by the MINERVA project that 
for many metadata global ontologies are lacking or incon-
sistent. This finding is consistent with the result of a recent 
scoping review that provides a foundation for guidance on re-
porting data source diversity by the International Society of 
Pharmacoepidemiology [15]. The scientific community is ac-
tively working on this, and alignment should be sought.

Those three elements also support reusability of metadata al-
ready collected, thus avoiding duplication of the effort required 
to maintain high-quality and up-to-date metadata, ultimately 
supporting sustainability. A recent review issued a similar rec-
ommendation and extended it to the case of data primarily gen-
erated for research [16].

3.2   |   Catalogue Population and Maintenance: 
Qualitative Metadata

Based on our experiences in the MINERVA proof-of-concept cat-
alogue, we recommend that metadata for new catalogue entries is 
collected in an interview, where the data expertise of the DAP is 
met with the expertise on the metadata list of a metadata expert. 
In line with this, we recommend that a Catalogue Quality Office 
(CQO) is maintained by the funders of a catalogue, that should also 
be supported by automated checks (for instance of the format of the 
entries). Update and maintenance of the catalogue requires both 
engagement from the DAPs and effort from the CQO (see recom-
mendations below under the sustainability header). Version con-
trol is essential, and content of each version should be attributed to 
an author. A robust authentication system—for example, ELIXIR 
Authentication and Authorisation Infrastructure (AAI) (https://
elixi​r-europe.org/servi​ces/compu​te/aai)—should be adopted.

If metadata describing data sources and studies are designed to 
be interoperable within (or between) catalogues, versions of the 
metadata describing the data source at the moment of the study 

could be created. This would allow knowledge about a data 
source gained during a study to be collected and help investiga-
tors to use the catalogue throughout a study.

Finally, a constant alignment with global alliances and initiatives 
for standards in labeling/annotating metadata should be sought, to 
keep the metadata list up to date and interoperable. In particular, 
alignment with PIDs and global ontologies should be sought.

3.3   |   Catalogue Population and Maintenance: 
Quantitative Metadata

In the final MINERVA metadata list, only simple quantitative 
metadata are included, such as yearly population size per gender 
and age. During the project, the case of computation of more com-
plex quantitative metadata was also assessed. They are metadata 
whose computation requires epidemiological expertise, such as 
the occurrence of a condition in a data source population. First, 
computation of such metadata requires that entrance and exit 
from the data source's underlying population are defined. The 
MINERVA list includes metadata describing the criteria for en-
trance and exit from the data source's underlying population. If 
dates are not collected primarily in the data source, surrogate 
dates must be defined and their limitations must be recorded to 
support interpretation. Second, the condition must be defined, 
considering the information available in the data source, which 
also may come with limitations that must be recorded (e.g., drug 
proxies may be used alongside diagnostic codes to detect some 
conditions in some data sources). Third, the distribution of im-
portant covariates in the underlying population must be con-
sidered to support comparability. The recommendation is that 
quantitative metadata that require epidemiological expertise are 
recorded in study protocols and signed off by a DAP for each 
data source.

Finally, a distributed approach to the computation of quantita-
tive metadata is recommended for efficiency and transparency 
[17]. Multiple common data models can be supported by the cen-
tral procedure, as demonstrated during the MINERVA project.

A separate recommendation included in the final MINERVA 
good practice guide is also pertinent to this topic: that the ability 
of cross-linking each data source to the studies that have been 
conducted in the past, including reports of results, may be of 
help to understand suitability of the data source for a new study. 
This recommendation suggests that, in some sense, results from 
older studies may play themselves the role of “complex quantita-
tive metadata” for the data source. This is indeed possible in the 
HMA–EMA Catalogues of real-world data sources and studies, 
which provide a direct link between a study and the data sources 
used in the study.

3.4   |   Legal Context

Metadata catalogues must adhere to data protection regulations. 
For Europe, the General Data Protection Regulation poses im-
portant requirements, including defining and communicating 
the purpose and use of the catalogue as well as the duration of 
the availability of metadata; obtaining approval for metadata to 
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be reused, reedited, and published under an appropriate license 
prior to entry; ensuring a technical option to delete metadata; 
and establishing appropriate measures to protect the privacy of 
institutions and individuals.

In Europe, the legislation around secondary use of data 
for research purposes is evolving, especially around the 
European Health Data Space [13], an initiative of the European 
Commission.

3.5   |   Sustainability

Set-up and maintenance of a catalogue is costly, requiring ef-
fort and engagement by the CQO and by the DAPs. In the final 
study report of the MINERVA study, section 3.9, an exercise of 
quantification of effort was conducted, both for the implemen-
tation and for the maintenance phase [6]. For example, during 
maintenance, a yearly update of overall metadata content of a 
data source was estimated to require a person-day for each data 
source, to be provided by the corresponding DAP.

This could be partly mitigated if the task of entering metadata in 
a publicly available FAIR catalogue is included among the tasks 
of funded studies. Future catalogues should be designed with 
sustainability at the forefront. This would allow investigators 
to include catalogue maintenance among the activities funded 
by studies. This strategy is included in the draft document 
“Reflection paper on use of real-world data to generate world evi-
dence in non-interventional studies” that the EMA recently issued 
for public consultation. In the draft, a recommendation is made 
to marketing authorization holders (MAHs), applicants, and con-
cerned stakeholders to register in the HMA–EMA Catalogues of 
data sources the data sources used in non-interventional studies 
submitted to regulators (most of these studies should also be reg-
istered in the catalogue of studies); if the data source is already 
registered, it would be appropriate to update the information if 
the last update was performed more than 12 months ago. This 
provision may be included in the contractual agreement between 
the MAH or applicant and the DAP, as relevant.

As mentioned above, interoperability among FAIR catalogues 
would then support sustainability.

4   |   Conclusion

We listed a series of recommendations to address the challenges 
of creating and maintaining a FAIR metadata catalogue, also 
addressing the critical challenge of sustainability. Collaboration 
across research networks and stakeholders within Europe and 
across the world is needed. To achieve sustainability, interoper-
ability in a community of FAIR metadata catalogues should be 
enabled.

Author Contributions

Authors worked collaboratively and contributed to the work performed 
throughout the duration of the project and were also involved in the 
preparation or review of the manuscript.

Ethics Statement

The research conducted did not involve human subjects and as such eth-
ics reviews or approvals were not required.

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The information that supports the findings of this project, includ-
ing main deliverables and the metadata list, is available through the 
European Union Post-Authorisation Studies Register (EU PAS Register) 
at https://www.encepp.eu/encep​p/viewR​esour​ce.htm?id=49345.

References

1. M. Wilkinson, M. Dumontier, I. Aalbersberg, et al., “The FAIR 
Guiding Principles for Scientific Data Management and Steward-
ship,” Scientific Data 15, no. 3 (2016): 160018, https://doi.org/10.1038/
sdata.2016.18.

2. HMA–EMA, “Priority Recommendations of the HMA-EMA 
Joint big Data Task Force,” HMA-EMA Big Data Steering Com-
mittee Group, accessed May 14, 2024, https://www.ema.europa.
eu/en/docum​ents/other/​prior​ity-recom​menda​tions​-hma-ema-joint​
-big-data-task-force_en.pdf.

3. HMA–EMA, “Big Data Steering Group. Workplan,” accessed May 
14, 2024, https://www.hma.eu/filea​dmin/datei​en/HMA_joint/​00-_
About_HMA/03-Worki​ng_Group​s/Big_Data/2020_09_HMA-EMA_
Big_Data_SG_Workp​lan.pdf.

4. R. Pajouheshnia, R. Gini, L. Gutierrez, et al., “Metadata for Data 
dIscoverability aNd Study rEplicability in obseRVAtional Studies: Defi-
nition and Recommendations of Use From the MINERVA Project in 
Europe,” Pharmacoepidemiology and Drug Safety (2024), https://doi.
org/10.1002/pds.5871.

5. European Medicines Agency, “Good Practice Guide for the Use of 
the Metadata Catalogue of Real-World Data Sources V 1.0,” accessed 
December 19, 2023, https://www.ema.europa.eu/en/docum​ents/regul​
atory​-proce​dural​-guide​line/good-pract​ice-guide​-use-metad​ata-catal​
ogue-real-world​-data-sourc​es_en.pdf.

6. EU PAS Register, “European Network of Centres for Pharmacoepide-
miology and Pharmacovigilance. MINERVA Deliverable 9, Final Good 
Practice Guide for Metadata Collection for Real-World Data Sources,” 
accessed December 19, 2023, https://www.encepp.eu/encep​p/openA​
ttach​ment/study​Resul​t/45315;jsess​ionid​=WSmD0​hsat-YOzKO​XWFJb​
yVHKP​vgt8k​iUQrE​3kkq3​TasxF​iQrYe​-w!-13997​92416.

7. M. A. Swertz, M. Dijkstra, T. Adamusiak, et al., “The MOL-
GENIS Toolkit: Rapid Prototyping of Biosoftware at the Push of 
a Button,” BMC Bioinformatics 11, no. 12 (2010): S12, https://doi.
org/10.1186/1471-2105-11-S12-S12.

8. J. L. Oliveira, A. Trifan, and L. A. Bastião Silva, “EMIF Catalogue: 
A Collaborative Platform for Sharing and Reusing Biomedical Data,” 
International Journal of Medical Informatics 126 (2019): 35–45.

9. VAC4EU, “Toolbox Catalogue,” accessed December 19, 2023, https://
vac4eu.org/catal​ogue/.

10. X. Kurz, S. Perez-Gutthann, and ENCePP Steering Group, “Strength-
ening Standards, Transparency, and Collaboration to Support Medicine 
Evaluation: Ten Years of the European Network of Centres for Phar-
macoepidemiology and Pharmacovigilance (ENCePP),” Pharmacoepi-
demiology and Drug Safety 27, no. 3 (2018): 245–252.

 10991557, 2024, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pds.5884, W

iley O
nline L

ibrary on [15/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.encepp.eu/encepp/viewResource.htm?id=49345
https://doi.org/10.1038/sdata.2016.18
https://doi.org/10.1038/sdata.2016.18
https://www.ema.europa.eu/en/documents/other/priority-recommendations-hma-ema-joint-big-data-task-force_en.pdf
https://www.ema.europa.eu/en/documents/other/priority-recommendations-hma-ema-joint-big-data-task-force_en.pdf
https://www.ema.europa.eu/en/documents/other/priority-recommendations-hma-ema-joint-big-data-task-force_en.pdf
https://www.hma.eu/fileadmin/dateien/HMA_joint/00-_About_HMA/03-Working_Groups/Big_Data/2020_09_HMA-EMA_Big_Data_SG_Workplan.pdf
https://www.hma.eu/fileadmin/dateien/HMA_joint/00-_About_HMA/03-Working_Groups/Big_Data/2020_09_HMA-EMA_Big_Data_SG_Workplan.pdf
https://www.hma.eu/fileadmin/dateien/HMA_joint/00-_About_HMA/03-Working_Groups/Big_Data/2020_09_HMA-EMA_Big_Data_SG_Workplan.pdf
https://doi.org/10.1002/pds.5871
https://doi.org/10.1002/pds.5871
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/good-practice-guide-use-metadata-catalogue-real-world-data-sources_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/good-practice-guide-use-metadata-catalogue-real-world-data-sources_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/good-practice-guide-use-metadata-catalogue-real-world-data-sources_en.pdf
https://www.encepp.eu/encepp/openAttachment/studyResult/45315;jsessionid=WSmD0hsat-YOzKOXWFJbyVHKPvgt8kiUQrE3kkq3TasxFiQrYe-w!-1399792416
https://www.encepp.eu/encepp/openAttachment/studyResult/45315;jsessionid=WSmD0hsat-YOzKOXWFJbyVHKPvgt8kiUQrE3kkq3TasxFiQrYe-w!-1399792416
https://www.encepp.eu/encepp/openAttachment/studyResult/45315;jsessionid=WSmD0hsat-YOzKOXWFJbyVHKPvgt8kiUQrE3kkq3TasxFiQrYe-w!-1399792416
https://doi.org/10.1186/1471-2105-11-S12-S12
https://doi.org/10.1186/1471-2105-11-S12-S12
https://vac4eu.org/catalogue/
https://vac4eu.org/catalogue/


5 of 5

11. Heads of Medicines Agencies, European Medicines Agency, “HMA-
EMA Joint Big Data Taskforce Phase II Report: Evolving Data-Driven 
Regulation,” accessed October 11, 2022, https://www.ema.europa.eu/
en/docum​ents/other/​hma-ema-joint​-big-data-taskf​orce-phase​-ii-repor​
t-evolv​ing-data-drive​n-regul​ation_en.pdf.

12. European Commission, “Directorate-General for Research and In-
novation,” in A Persistent Identifier (PID) Policy for the European Open 
Science Cloud (EOSC), eds. M. Hellström, A. Heughebaert, R. Kotarski, 
et al. (Luxembourg: Publications Office of the EU, 2020), https://data.
europa.eu/doi/10.2777/926037.

13. EHDS, “The European Health Data Space,” accessed December 19, 
2023, https://www.europ​ean-healt​h-data-space.com/.

14. European Medicines Agency, “RWD Catalogues: Support. FAQ No. 
57,” accessed May 14, 2024, https://catal​ogues.ema.europa.eu/support.

15. R. Gini, R. Pajouheshnia, H. Gardarsdottir, et al., “Describing Diver-
sity of Real World Data Sources in Pharmacoepidemiologic Studies: The 
DIVERSE Scoping Review,” Pharmacoepidemiology and Drug Safety 33, 
no. 5 (2024): e5787.

16. M. Swertz, E. van Enckevort, J. L. Oliveira, et al., “Towards an In-
teroperable Ecosystem of Research Cohort and Real-World Data Cata-
logues Enabling Multi-Center Studies,” Yearbook of Medical Informatics 
31, no. 1 (2022): 262–272.

17. R. Gini, M. C. J. Sturkenboom, J. Sultana, et al., “Different Strategies 
to Execute Multi-Database Studies for Medicines Surveillance in Real-
World Setting: A Reflection on the European Model,” Clinical Pharma-
cology and Therapeutics 108, no. 2 (2020): 228–235.

 10991557, 2024, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pds.5884, W

iley O
nline L

ibrary on [15/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.ema.europa.eu/en/documents/other/hma-ema-joint-big-data-taskforce-phase-ii-report-evolving-data-driven-regulation_en.pdf
https://www.ema.europa.eu/en/documents/other/hma-ema-joint-big-data-taskforce-phase-ii-report-evolving-data-driven-regulation_en.pdf
https://www.ema.europa.eu/en/documents/other/hma-ema-joint-big-data-taskforce-phase-ii-report-evolving-data-driven-regulation_en.pdf
https://doi.org/10.2777/926037
https://doi.org/10.2777/926037
https://www.european-health-data-space.com/
https://catalogues.ema.europa.eu/support

	Metadata for Data dIscoverability aNd Study rEplicability in obseRVAtional Studies (MINERVA): Lessons Learnt From the MINERVA Project in Europe
	1   |   Introduction
	2   |   Applications
	2.1   |   Use Cases
	2.2   |   Implementations of the Metadata List

	3   |   Populating and Maintaining Catalogues: Lessons Learnt and Recommendations
	3.1   |   A Community of FAIR Metadata Catalogues
	3.2   |   Catalogue Population and Maintenance: Qualitative Metadata
	3.3   |   Catalogue Population and Maintenance: Quantitative Metadata
	3.4   |   Legal Context
	3.5   |   Sustainability

	4   |   Conclusion
	Author Contributions
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement

	References


