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ABSTRACT

Purpose Regulatory authorities including the Food and
Drug Administration and the European Medicines Agency
are encouraging to conduct clinical trials using routinely
collected data. The aim of the TransFAIR experimental
comparison was to evaluate, within real-life conditions, the
ability of the Electronic Health Records to Electronic Data
Capture (EHR2EDC) module to accurately transfer from
EHRs to EDC systems patients’ data of clinical studies in
various therapeutic areas.

Methods A prospective study including six clinical trials
from three different sponsors running in three hospitals
across Europe has been conducted. The same data from
the six studies were collected using both traditional
manual data entry and the EHR2EDC module. The outcome
variable was the percentage of data accurately transferred
using the EHR2EDC technology. This percentage was
calculated considering all collected data and the data

in four domains: demographics (DM), vital signs (VS),
laboratories (LB) and concomitant medications (CM).
Results Overall, 6143 data points (39.6% of the data

in the scope of the TransFAIR study and 16.9% when
considering all data) were accurately transferred using
the platform. LB data represented 65.4% of the data
transferred; VS data, 30.8%; DM data, 0.7% and CM data,
3.1%.

Conclusions The objective of accurately transferring at
least 15% of the manually entered trial datapoints using
the EHR2EDC module was achieved. Collaboration and
codesign by hospitals, industry, technology company,
supported by the Institute of Innovation through Health
Data was a success factor in accomplishing these results.
Further work should focus on the harmonisation of data
standards and improved interoperability to extend the
scope of transferable EHR data.

INTRODUCTION

Clinical trials complexity increased over the
last decade, leading to a growing amount
of data to be collected. Meantime hospitals
transitioned from paper records to electronic
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Several articles reported on use of electronic health
records (EHR) as eSource for clinical trials, however,
they were performed in single centre, with a single
EHR system, a single electronic data capture (EDC)
system and most often not in an actual clinical study.

WHAT THIS STUDY ADDS

= This is the first study that proved the ability to use
EHRs data as eSource in actual studies conducted
by different sponsors at different sites using differ-
ent EHRs systems, in different countries in Europe.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The results provide practical insights to enable use
of EHR2EDC technologies in actual clinical trials
and help policy-makers to promote regulations to
encourage adoption of EHRs as eSource in clinical
trials.

health records (EHRs), making it possible for
reuse in clinical research. Previous studies
reported that 13%-75% of the trial data
points are redundantly captured in EHR and
the electronic data capture (EDC) system and
might sometimes be present in a third paper
copy." * This results in time-consuming redun-
dant data entry, data cleaning and source data
verification, leading to an increase burden
and costs.

For almost a decade, in addition to regu-
lators, industry forums are recommending
the broad implementation of EHRs as
eSource in clinical trials.”" A recent litera-
ture review identified attempts to use EHR
data as an eSource through direct electronic
transfer into EDC systems.'* '° Most of the
EHR-EDC integration initiatives are usually
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one-time-only, not scalable solutions limited to a single
site, single vendor, single pharmaceutical company
context, not using standards for data representation.'®"®

Several obstacles require to be addressed to enable
use of EHR data as source data in multicentric clinical
trials. The main obstacles are the lack of integrated work-
flow between care and clinical research conducted in
silos and of intersystem interoperability. Other barriers
include resistance to change, and poor quality of EHR
data that could influence assessment of outcomes. To
improve the transparency and completeness of publi-
cations of the results of clinical trials conducted using
cohorts or routinely collected data, a reporting guideline,
the CONSORT-ROUTINE (extension for the reporting
of randomised controlled trials conducted using cohorts
and routinely collected data), has been recently devel-
oped, including a checklist to facilitate the compliance."

A widely acceptable and cost-effective approach to
interoperability between EHRs and clinical research
systems operating under different legal frameworks across
Europe' ***' was developed by the Innovative Medicines
Initiative EHRs for Clinical Research (EHR4CR) project
conducted between 2011 and 2016.

The EHR2EDC project, which is a continuation of
EHR4CR, is a public—private partnership, funded by the
European Institute of Innovation and Technology (EIT)
Health involved in improving FEuropean healthcare
systems. This initiative was led by Sanofi and included
three other pharmaceutical companies (AstraZeneca,
Janssen, UCB Pharma), a clinical research organisa-
tion (ICON), a health data technology company (InSite
network platform, Custodix a TriNetX company), four
European hospital organisations (Assistance Publique-
Hopitaux de Paris (AP-HP) in Paris, France; Istituto
Scientifico Romagnolo per lo Studio e la Cura dei Tumori
(IRST) in Meldola, Italy; Medizinische Hochschule
Hannover (MHH) in Hannover, Germany and Hospital

Universitario 12 de Octubre, (12 de Octubre) in Spain)
and the European Institute for Innovation through
Health Data (a non-for-profit organisation). The aim of
this project was to design, develop and evaluate a tech-
nology enabling use of EHRs as eSource in clinical trials.”

The objective of the EHR2EDC consortium was to
prove that at least 15% of data entered in the EDC can
be semiautomatically transferred from its source EHRs.
To evaluate this the TransFAIR study was designed, within
relevant context of use, by including six different clinical
studies across three research sites in Europe. The primary
endpoint was the ability to achieve 15% of correct and
accurate data transfer from EHRs to study EDC. This
percentage was agreed as a consensus, and based on
published work on this subject, such as the RE-USE
project.!

METHODS

Study design

The TransFAIR study consisted in the experimental
comparison of two data collection methods: the
EHR2EDC module implementing a semiautomatic

transfer of EHR data to an EDC system versus the usual
manual data collection (protocol available in online
supplemental material). We included real ongoing clin-
ical trials (support CT). Selected trials were conducted
according to their protocol and were not affected by the
TransFAIR study. FAIR refers to the FAIR principles: Find-
ability, Accessibility, Interoperability and Reuse of data
assets guided the design of the EHR2EDC module.”

Data were shared between partners according to the
European Union General Data Protection Regulation.
The interoperability implementation and data flow were
performed within a solution compliant with data privacy
and good clinical practice regulations.
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Figure 1 General organisation of the TransFAIR study. AP-HP, Assistance Publique-Hopitaux de Paris; EHR2EDC, Electronic

Health Records to Electronic Data Capture; PI, principal investigator ; eCRF, electronic Case Report Form.
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Figure 2 Mirror study representation. EHR2EDC, Electronic Health Records to Electronic Data Capture.

EHR2EDC data in scope, module setup, study and patient
selection

The data domains of interest were selected based on
the frequency of data types collected in a large pool of
studies (N=120) and present across multiple therapeutic
areas. The results were reviewed by members of the
project experts in clinical data standards with extensive
experience in designing study eCRFs, including experts
from the clinical research organisation (CRO) ICON,
for their experience across sponsors and therapeutic
areas. The four data domains selected are: demographics
(DM), vital signs (VS), laboratory (LB) and concomitant
medication (CM), from where a core set of 48 Clinical
Data Interchange Standards Consortium (CDISC) data
elements was identified and the 20 associated CDISC
code lists were mapped to selected terminologies (Inter-
national Classification of Diseases, 10th Revision (ICD-
10), Logical Observation Identifiers Names and Codes
(LOINC), Anatomical Therapeutic Chemical (ATC)
Classification and Systematised Nomenclature of Medi-
cine Clinical Terms (SNOMED-CT)). CDISC standard is
the destination format selected as it is used by pharma-
ceutical companies or CRO for their eCRF. The semantic
mappings developed for this project is accessible at the
following site:

It covers four CDISC domains: DM, LB analysis, VS and
CM. LOINC is the main reference terminology used on
hospital side, however, it has sometimes been necessary to
use other terminologies.

Four Fast Healthcare Interoperability Resources
(FHIR) profiles associated with a list of standardised
value sets were defined to support data extraction spec-
ification and guide mappings done by hospitals termi-
nology experts.

The EHR2EDC module, from the InSite platform has
been installed successfully in: AP-HP, 12 de Octubre,
IRST and MHH.

Six studies from three different Sponsors (AstraZeneca,
Janssen and Sanofi) were selected by the consortium
according to the following criteria: support CT had to
be conducted in a hospital partner with principal inves-
tigators agreeing to support the TransFAIR study, it had
to include patients during the evaluation period (July
to December 2019) and preferably collecting a large
number of LB data.

The selected studies were conducted in three hospitals:
AP-HP, 12 de Octubre and IRST. MHH only started to
map on SNOMED-CT, with weekly data refresh from the
clinical live systems, hence was not included.

Data collection and management

For each clinical trial selected for the TransFAIR
study, a mirrored EDC database, replicating the study
specific EDC database, was set up and connected to
the EHR2EDC module of the InSite platform installed
at each site. The mirror EDC database represents the
‘experimental’ database while the original database
was used as a ‘control’ (figure 1). The data collected
in each EDC system of participating clinical trials were
captured in the study eCRF (Medidata Classic Rave
V.2020.2.0) using traditional manual data entry by a
study coordinator or an investigator. In the mirrored
database, the same data were collected through the
InSite platform (figure 2). Once connected to the
InSite platform data, the study coordinator/investi-
gator selects a clinical trial, a subject and a visit (as
defined in the protocol). Then he/she must associate
the visit to the actual date of the patient’s visit. The
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Data points manually entered clinical eCRF:

- AP-HP: 8198 (7004 Lariboisiére — 7 patients, 1194 Bichat — 2 patients)
- 12 de Octubre: 4396 (13 patients)

- IRST: 31859 (19 patients)

Data points OUT OF SCOPE
- AP-HP: 6293

- 12 de Qctubre: 2758

- IRST: 14709

Data points in the study scope :

- AP-HP: 1805 ( 1572 Lariboisiére — 7 patients, 333 Bichat — 2 patients)
- 12 de Octubre: 1638 (13 patients)

- IRST: 17150 (19 patients)

Data points present in clinical eCRF and in
TransFAIR but different:

- AP-HP: 156

- 12 de Octubre: 135

- IRST: 204

Data points present in clinical eCRF but missing
in TransFAIR

= AP-HP: 1727

- 12 de Octubre: 883

- IRST: 4312

Data points with no

difference: Data points present in TransFAIR but missing in

- AP-HP: 22 cinical eCRE.
- 12 de Octubre: 495 .
IRST: 5648 - 12 de Octubre: 61
- - IRST: 1510
—— . app2 |

Data points with no
difference:

- 12 de Octubre: 495
- IRST: 5648

| ! ! l

Ccr‘\jcor?iiam Vital sign Laboratories
medications vs) Le)

(CM)
a7 1950 4118

Demographics
(DM}
38

Figure 3 Study flow chart. AP-HP, Istituto Scientifico
Romagnolo per lo Studio e la Cura dei Tumori; IRST, Istituto
Scientifico Romagnolo per lo Studio e la Cura dei Tumori;
eCREF, electronic Case Report Form.

platform provides an interface, with fields prefilled
with EHR data (required by study protocol) at the
selected date. The study coordinator/investigator
can, therefore, review and validate data before their
transfer to the mirror EDC.

Several patients were included, and visits completed
before the TransFAIR study started. Data were trans-
ferred, retrospectively for completed visits and for
new visits. Investigators supervised the automated data
collection by reviewing, validating and transferring
data to the experimental database. Experimental and
control databases were then reconciled by the sponsor
to identify discrepancies. An absence of difference
between data points collected in both databases was
classified as OK, while a difference was classified as
NOK. Each discrepancy was investigated by the inves-
tigator by checking source documents to verify the
actual value of the data point for which a discrepancy
was identified and to document the reason.

Study endpoints

The primary endpoints are the percentage of data points
accurately processed.

» Per individual studies.

» Across studies.

3

The secondary endpoints are the percentage of data
points in scope accurately processed.
» Per individual study.
» Pooled across studies.
» Per data domain pooled across studies.

Statistical analysis

Since the TransFAIR was a proof-of-concept study, neither
a sample size calculation nor a power consideration was
performed. The only hypothesis to be tested was that at
least 15% of the datapoints could be semiautomatically
and accurately transferred by the EHR2EDC module.
Results were analysed individually, for each study and
pooled together to be presented across studies.

The percentage of data accurately transferred was
calculated as the number of data correctly transferred
in the experimental database divided by the total
number of data manually entered into the control
database.

The hypothesis of transferring at least 15% of the
data was tested using a one-sided exact binomial test.
An estimate of proportions with their 95% CI was
provided. The exact calculation method was used if
the approximation of the Normal law was not possible.
Subgroup analyses were planned on the following
variables: study site and data domain (DM, VS, LB and
CM).

The statistical significance level was set at p<0.05 (two
sided). The global statistical analysis was carried out with
the R software (release V.3.6.3; R Foundation for Statis-
tical Computing, Vienna, Austria), by the Clinical Trial
Unit of each site and by ICON.

RESULTS

Presentation of the studies and patient data

The EHR2EDC transfer module of the InSite platform
was active from 20 September 2019 to 30 November 2019.
The analysis included the data points of five of the six
selected studies: AZ D169CC, PCR3001 and TED14856
at 12 de Octubre in Madrid, BCL30003 and D19BC at
IRST. The data from the EFC14875 study at AP-HP were
excluded from the overall analysis. Most data collected
for that study, at that site, were captured using paper as
a source.

The data from the five studies databases were pooled
and represented a total of 41424 data points. The subset
of data in the scope of the study (ie, DM, VS, LB and
CM) represented 19240 data points, 46.4% of total data
collected (figure 3).

Primary endpoint: percentage of data accurately transferred
(all data)
» Per individual studies

Studies TED14856 and AZ D19BC had reached higher
results than set objective of 15%. They achieved, respec-
tively, 26.5% (one-sided 95% CI 24.0%) and 22.8% (one-
sided 95% CI 22.2%) (table 1).

4 Ammour N, et al. BMJ Health Care Inform 2023;30:100602. doi:10.1136/bmjhci-2022-100602
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% of accurately transferred data

In the scope of the TransFAIR study
% (95% CI lower limit)

For the whole study
% (95% CI lower limit)

32.7% (30.3%)
26.2.% (22.4%)
25.6% (18.5%)
35.0% (31.9%)
55.6% (54.6%)
60.3% (56.5%);
55.2% (52.4%)

Table 1 Percentage of accurately transferred data, overall and by study
No of data
accurately

Hospital and study transferred (n)

12 de Octubre 495

AZ D169CC (AstraZeneca, NCT03619213) 143
PCR3001 (Janssen, NCT02257736) 35
TED14856 (Sanofi, NCT03284957) 317

IRST 5648

BCL30003 (Janssen, NCT03390504) 400
AZ D19BC (AstraZeneca, NCT02516241) 5248
Total 6143

39.6%

11.3% (10.3%)
7.8% (6.6%)
2.6% (1.8%)
26.5% (24.0%)
17.7% (17.3%)
6.7% (6.0%)
22.8% (22.2%)
16.9% (16.6%)

IRST, Istituto Scientifico Romagnolo per lo Studio e la Cura dei Tumori.

Other studies achieved less than 10.0% of correctly
processed data.
» Across studies

The EHR2EDC module was able to transfer accurately
16.9% of data points across studies, (one-sided 95% CI
16.6%) and represents 6143 data points.

Secondary endpoints (data in scope)

» Results per individual study varies between 26.6% and
60.3% (table 1).

The AZ DI19BC trials and TED14856 trial both had a

majority of VS and LB data (table 2).

» Results pooled across studies: The EHR2EDC module
was able to process accurately 39.6% (p<0.0001) of
data points in scope (N=6143 data points) (table 3).

» Results per data domain pooled across studies: Within
each data domain in scope, the percentage of data
correctly processed varies. The highest results are
observed for VS (40.9%), LB (40.6%) and for DM
(34.2%). Data from CM have the lowest percentage:
7.7% (table 4).

DISCUSSION
The concept of mirror study has proven to be an effective
method for validation of a novel technology to support

data collection, in a relevant context of use: different
EHRs, investigation sites, sponsors and studies.

The primary objective of the study was successfully met,
with over 15% (16.9%) of the data points entered in the
e-CRF correctly processed from EHR source records.

The four domains DM, VS, LB and CM selected by
the consortium represent 46.4% of the data collected
through the five trials in scope, this results validates the
consortium choice.

A per study analysis demonstrates the major contribu-
tion of the local LB data followed to a lesser degree by
the VS data to achieve an acceptable proportion of trans-
ferable data. This suggests that studies in oncology (ex:
TED14856 and the AZ D19BC), with high volume of local
LB data are best candidates for the early use of this digital
data collection technology in the near future.**

The two domains LB and VS covers around 40% of the
data in scope and represent more than 96% of accurately
transferred data. This reflects the availability and good
quality of these data at the hospitals EHRs.

The interoperability challenge has been success-
fully addressed through the implementation within the
EHR2EDC module of a core list of data elements and
its associated library of terminology mappings. The

Table 2 Data transferred per domain and per study

Break down of data points by data domain and by study

Hospitals and studies Patients (N) CM DM VS LB Total

12 de Octubre 13 385 90 564 599 1638
AZ D169CC (AstraZeneca, NCT03619213) 8 126 28 394 0 548
PCR3001 (Janssen, NCT02257736) 4 72 52 61 0 185
TED14856 (Sanofi, NCT03284957) 1 187 10 144 564 905

IRST 19 156 41 4541 12412 17150
BCL30003 (Janssen, NCT03390504) 2 156 41 40 449 686
AZ D19BC (AstraZeneca, NCT02516241) 17 0 0 4501 11963 16464

CM, concomitant medications; DM, demographics; IRST, Istituto Scientifico Romagnolo per lo Studio e la Cura dei Tumori; LB, laboratories;

VS, vital signs.
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Table 3 Number of data points per data domain

N (%) DM cM VS LB Total

No difference 38 (0.2) 37 (0.2) 1950 (12.6) 4118 (26.6) 6143 (39.6)
Missing in TransFAIR 73 (0.5) 432 (2.8) 2566 (16.6) 4373 (28. 2) 7444 (48.0)
Different 0(0.0) 4(0.0) 150 (0.1) 185 (1.2) 339 (2.2)
Missing in clinical eCRF* 0(0.0) 10 (0.1) 104 (0.7) 1457 (9.4) 1571 (10.1)
Total 111 (0.7) 483 (3.1) 4770 (30.8) 10133 (65.4) 15497 (100.0)

eCREF, electronic Case Report Form.
*Excluded from total.

CM, concomitant medications; DM, demographics; LB, laboratories; VS, vital signs.

EHR2EDC module has been efficiently deployed in
the four hospitals and the different users trained. The
mapping and its implementation were designed to be
reusable across studies, with limited (re)verification activ-
ities, to provide operational efficiencies, both for the
sponsor and for site staff.

The limitations on the results for data in scope highlight
a combination of factors affecting the ability to achieve
higher performance. Among those factors, we have iden-
tified several root causes with possible remediations:

Regulations

For DM data (DM domain), legal limitations in collecting
ethnicity in Europe produces an artefact as this informa-
tion is collected during trials. When analysing only legally
acceptable DM data, the result was 100%. This suggests
that calculation methods and possible automatic quality
controls must consider local regulations to be accurate.

Case report form design

The primary cause of missing data for the VS and LB
domains arises for specific data points collected in study
eCRFs to document the execution of the procedure. Most
of the empty fields expect a ‘yes’ value for the question
‘Has the test been performed?’/‘Was the blood sample
taken?’. This could be resolved by using auto populated
fields (updated to a ‘yes’ value if results are present).

Local investigator’s team practices

Unlike IRST, other hospitals did not routinely train their
staff to filliin structured forms of the EHRs, and so the
proportion of data accurately transferred was adversely
affected by the proportion of data collected in EHR as

Table 4 Proportion of data collected and not collected for
the four domains in the TransFAIR study scope

% of data correctly % of missing

Data domain transferred data
Demographics 34.2 65.8
Laboratories 40.6 59.4
Vital signs 40.9 59.1
Concomitant medications 7.7 92.3

free text or in paper source documents when running a
clinical trial.

Special attention should be focused on staff using EHRs
to collect patient data associated with a clinical study for
preventing free text data entry or paper source. This
includes training hospital staff in data quality standards,
upgrading quality assurance measures and strengthening
data governance activities, to enable EHR data to be trust-
worthy reused in research.

In the TransFAIR study, the low percentage of CM data
correctly transferred reflects that they are more often
recorded as free text, for example, in unstructured docu-
ments (eg, doctor’s letters) and a large part is prescribed
outside of the investigational site and is consequently not
captured in the EHR.

Clinical site maturity/readiness

Other factors influencing the level of performance
include the site maturity in using their EHRs for clinical
trials activities. Site organisational capabilities, best prac-
tices (EHR data quality assurance, use of EHRs as eSource
in clinical trials, just-in-time data flow), skilled staff (data
integration, data management) are essential to benefit
from this new method of digital data collection.

Guided work effort is needed to augment the propor-
tion of data recorded as eSource in EHRs to be collected
using EHR2EDC solutions. Initial focus would expand
transferability of structured data in EHRs, and work at
rendering unstructured data to be collected. We envision
this effort to be made possible through the development
of consensus on ‘high-value data sets’, representing the
data most commonly collected in clinical trials.

Nevertheless, not all data collected in clinical trials
has its correspondence in patients’ EHRs sources. For
example, specific forms in eCRFs collect data in relation
with the management and evaluation of investigational
medicinal products (tracking, patient’s compliance,
pharmacokinetic data, etc).

CONCLUSION

Overall, a 16.9% successful transfer rate was achieved
across the five trials included in the TransFAIR study. A
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transfer rate of 26.5% of data used as eSource EHRs was
achieved in one of the trials.

Clinical investigational sites, CRO staff and sponsor
personnel involved in the planning and the execution
of trials, as well as those involved in the management of
EHR, EDC and EHR2EDC technologies must join forces
for success. It is recommended to promote coordina-
tion and synchronisation of all actors to align, not only
on the European EHR technology standards, but also on
addressing the following different dimensions: change
management, and new roles, needed to achieve routine
use of EHR data as eSource in clinical trials.

A roadmap to transition use EHR2EDC in clinical
trials would include the following recommendations: (1)
Sponsors should further develop sets of high value data,
combining structured and unstructured data to help
guide and prioritise the efforts needed for scalability. (2)
Clinical sites should initially focus on structured data,
such as LB, DM, VS and CM using common data models,
for example, HL7 FHIR, increasingly implemented in
clinical research®?’ and reference terminologies for
example, ICD10, LOINC, ATC, SNOMED, etc. (3) Clin-
ical sites should develop capabilities to leverage data
from unstructured format (free text, clinical documents,
images), not standardised data, using natural language
processing technologies and efforts to enhance both data
interoperability and data quality controls. and (4) Collab-
orative effort at the ecosystem level should be encour-
aged to create the right incentives to develop and grow
the market with technology providers to offer EHR2EDC
services to sponsors’ organisations.

Author affiliations

"Clinical Innovation Office, Sanofi SA Recherche & Developpement, Paris, France
2DSI-WIND, Assistance Publique - Hopitaux de Paris, Paris, France

SLIMICS, INSERM U1142, Paris, France

“Unité de Recherche Clinique, AP-HP, Hopital Européen Georges Pompidou, Paris,
France

SUnité de Recherche Clinique, Assistance Publique - Hopitaux de Paris, Paris, France
SUniversité de Paris, Paris, France

"Janssen Pharmaceutica NV, Beerse, Belgium

®nstituto de Investigacion, Hospital 12 de Octubre, Madrid, Spain

%Biostatistics and Clinical Trials, IRCCS Istituto Romagnolo per lo Studio dei Tumori
Dino Amadori, Meldola, Italy

"Medizinische Hochschule Hannover, Hannover, Germany

"'Data sciences Al, Biopharmaceuticals RD, AstraZeneca FoU Géteborg, Goteborg,
Sweden

"2ICON plc, Dublin, Ireland

Acknowledgements Auréle N'Dja, Christina Mueller, David Voets, Elias Neri,
Frédéric Billois, Greet Byttebier, Gregory Navarro, Jacques Hilbey, Jean Charlet,
Karen Fanouillere, Laurent Luttenauer, Khalid Benhammou, Lars Fransson, Mikael
Forsby, Nicola Gentili, Noelle Moly, Pablo Serrano, Pascal Coorevits, Philippe Rocolle,
Prathima Surabhi, Sabri Miled, Trisha Simpson, Yannick Girardeau, Khalil Lechheb.

Contributors NA contributed to the launch of the consortium and acted as the
project director, contributed to the TransFAIR study protocol design, supervised

the execution of the study and is guarantor. NG contributed to the data analysis.
JD-P wrote the statistical analysis plan, contributed to the study submission,
execution, and the data analysis at AP-HP. GC contributed to the protocol design.
MT coordinated the study execution. AGdIC contributed to the study submission,
execution at 12 de Octubre. MTGM contributed to the study submission, execution,
the data analysis at 12 de Octubre. ST contributed to the study submission,
execution, the data analysis at IRST. CS reviewed the protocol. MS contributed

to the protocol desig. AG reviewed the manuscript. TV performed the statistical
analysis. MC contributed to the protocol design, coordinated the study execution,
performed the statistical analysis. CD contributed to the protocol design.

Funding Funded by a grant from the EU (EIT Health Activity No 18269).

Competing interests The ElThealth funds the EHR2EDC project in which the
experimentation described in the article took place. EIT reimburse hospitals for
the expenses related to the project.And Sanofi, Janssen and ICON provided partial
financial support to hospital consortium partners to attend workshops, covering
travel and meal related-costs.

Patient consent for publication Consent obtained directly from patient(s)

Ethics approval A TransFAIR study protocol was submitted and received approval
form each site’s ethics committee (approval numbers: AP-HP: CSE-EDS no 19-16;
12de0: 19/324; IRST: 5802/2019). Patients included in the selected support CTs
were asked for their oral or written consent to process their data for the TransFAIR
study.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available. Data are not available as
sharing the data as public acess was not part of the inform consent signed by
patients.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs
Juliette Djadi-Prat http://orcid.org/0000-0003-4949-9474
Manon Cariou http://orcid.org/0000-0003-3212-3446

REFERENCES

1 ElFadly A, Rance B, Lucas N, et al. Integrating clinical research with
the healthcare enterprise: from the RE-USE project to the EHR4CR
platform. J Biomed Inform 2011;44 Suppl 1:5S94-102.

2 Nordo A, Eisenstein EL, Garza M, et al. Evaluative outcomes in direct
extraction and use of EHR data in clinical trials. Stud Health Technol
Inform 2019;257:333-40.

3 Food and Drug Administration (FDA). Guidance for industry:
electronic source data in clinical investigations. Rockville, MD FDA;
2013. Available: https://www.fda.gov/media/85183/download

4 Food and Drug Administration (FDA. Use of electronic health record
data in clinical investigations guidance for industry. Rockville, MD
FDA; 2018. Available: https://www.fda.gov/media/97567/download

5 European Commission. Commission recommendation on a European
electronic health record exchange format (C(2019)800); 2019.
Available: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=
CELEX:32019H0243&rid=2

6 European Medicines Agency (EMA). Reflection paper on
expectations for electronic source data and data transcribed to
electronic data collection tools in clinical trials. London EMA; 2010.
Available: https://www.ema.europa.eu/en/documents/regulatory-
procedural-guideline/reflection-paper-expectations-electronic-
source-data-data-transcribed-electronic-data-collection_en.pdf

7 Pharmaceuticals and Medical Devices Agency (PMDA). Technical
conformance guide on electronic study data submissions. Tokyo
PMDA; 2015. Available: https://www.pmda.go.jp/files/000215352.pdf

8 Medicines and Healthcare products Regulatory Agency (MHRA).
MHRA position statement and guidance electronic health records.
London MHRA; 2015. Available: https://assets.publishing.service.
gov.uk/government/uploads/system/uploads/attachment_data/file/
470228/Electronic_Health_Records_MHRA_Position_Statement.pdf

Ammour N, et al. BMJ Health Care Inform 2023;30:100602. doi:10.1136/bmjhci-2022-100602


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-4949-9474
http://orcid.org/0000-0003-3212-3446
http://dx.doi.org/10.1016/j.jbi.2011.07.007
http://dx.doi.org/30741219
http://dx.doi.org/30741219
https://www.fda.gov/media/85183/download
https://www.fda.gov/media/97567/download
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019H0243&rid=2
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019H0243&rid=2
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/reflection-paper-expectations-electronic-source-data-data-transcribed-electronic-data-collection_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/reflection-paper-expectations-electronic-source-data-data-transcribed-electronic-data-collection_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/reflection-paper-expectations-electronic-source-data-data-transcribed-electronic-data-collection_en.pdf
https://www.pmda.go.jp/files/000215352.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/470228/Electronic_Health_Records_MHRA_Position_Statement.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/470228/Electronic_Health_Records_MHRA_Position_Statement.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/470228/Electronic_Health_Records_MHRA_Position_Statement.pdf

Open access

9

10

11

12

13

14

15

eClinical Forum. EDC site survey: investigational site perspectives
on clinical trial information systems. 2012. Available: https://
eclinicalforum.org/DesktopModules/EasyDNNNews/
DocumentDownload.ashx?portalid=0&moduleid=433&articleid=26&
documentid=56

eClinical Forum EDC Hosting Task Force. Checklist for electronic
data capture systems in clinical trials using service providers.

2015. Available: https://eclinicalforum.org/downloads/white-paper-
checklist-and-task-ownership-matrix-for-electronic-data-capture-
systems-in-clinical-trials-using-service-providers

eClinical Forum. The future vision of electronic health records as
eSource for clinical research. 2006. Available: https://eclinicalforum.
org/DesktopModules/EasyDNNNews/DocumentDownload.ashx?
portalid=0&moduleid=433&articleid=9&documentid=75

Using health records to help clinical research [Innovative Medicines
Initiative web site]. 2017. Available: https://www.imi.europa.eu/
projects-results/success-stories-projects/using-health-records-help-
clinical-research

Parab AA, Mehta P, Vattikola A, et al. Accelerating the adoption of
eSource in clinical research: a transcelerate point of view. Ther Innov
Regul Sci 2020;54:1141-51.

Garza M, Myneni S, Nordo A, et al. Nordo A et al. eSource for
standardized health information exchange in clinical research: a
systematic review. Stud Health Technol Inform 2019;257:115-24.

El Fadly A, Lucas N, Rance B, et al. The REUSE project: EHR as
single datasource for biomedical research. Stud Health Technol
Inform 2010;160:1324-8.

Nordo AH, Eisenstein EL, Hawley J, et al. A comparative
effectiveness study of eSource used for data capture for a clinical
research registry. Int J Med Inform 2017;103:89-94.

Wang B, Hao X, Yan X, et al. Evaluation of the clinical application
effect of eSource record tools for clinical research. BMC Med Inform
Decis Mak 2022;22.

18

20

21

22

23

24

25

26

27

Garza MY, Rutherford M, et al. Evaluating site-level
Implementations of the HI7 FHIR standard to support eSource
data exchange in clinical research. AMIA Annu Symp Proc
2021;2020:472-81.

Kwakkenbos L, Imran M, McCall SJ, et al. CONSORT extension
for the reporting of randomised controlled trials conducted using
cohorts and routinely collected data (CONSORT-ROUTINE): checklist
with explanation and elaboration. BMJ 2021;373:n857.

De Moor G, Sundgren M, Kalra D, et al. Using electronic health
records for clinical research: the case of the EHR4CR project.

J Biomed Inform 2015;53:162-73.

Coorevits P, Sundgren M, Klein GO, et al. Electronic health
records: new opportunities for clinical research. J Intern Med
2013;274:547-60.

Griffon N, Pereira H, Djadi-Prat J, et al. Performances of a solution
to semi-automatically fill eCRF with data from the electronic health
record: protocol for a prospective individual participant data meta-
analysis. Stud Health Technol Inform 2020;270:367-71.

FAIR principles. n.d. Available: https://www.go-fair.org/fair-
principles/

Vattikola A, Dai H, Buckley M, et al. Direct data extraction

and Exchange of local LABS for clinical research protocols: a
partnership with sites, Biopharmaceutical firms, and clinical research
organizations. JSCDM 2021;1.

Cheng AC, Duda SN, Taylor R, et al. Redcap on FHIR: clinical data
interoperability services. J Biomed Inform 2021;121:103871.
Vorisek CN, Lehne M, Klopfenstein SAl, et al. Fast healthcare
Interoperability resources (FHIR) for interoperability in health
research: systematic review. JMIR Med Inform 2022;10:e35724.
Duda SN, Kennedy N, Conway D, et al. HI7 FHIR-based tools and
initiatives to support clinical research: a scoping review. J Am Med
Inform Assoc 2022;29:1642-53.

Ammour N, et al. BMJ Health Care Inform 2023;30:100602. doi:10.1136/bmjhci-2022-100602


https://eclinicalforum.org/DesktopModules/EasyDNNNews/DocumentDownload.ashx?portalid=0&moduleid=433&articleid=26&documentid=56
https://eclinicalforum.org/DesktopModules/EasyDNNNews/DocumentDownload.ashx?portalid=0&moduleid=433&articleid=26&documentid=56
https://eclinicalforum.org/DesktopModules/EasyDNNNews/DocumentDownload.ashx?portalid=0&moduleid=433&articleid=26&documentid=56
https://eclinicalforum.org/DesktopModules/EasyDNNNews/DocumentDownload.ashx?portalid=0&moduleid=433&articleid=26&documentid=56
https://eclinicalforum.org/downloads/white-paper-checklist-and-task-ownership-matrix-for-electronic-data-capture-systems-in-clinical-trials-using-service-providers
https://eclinicalforum.org/downloads/white-paper-checklist-and-task-ownership-matrix-for-electronic-data-capture-systems-in-clinical-trials-using-service-providers
https://eclinicalforum.org/downloads/white-paper-checklist-and-task-ownership-matrix-for-electronic-data-capture-systems-in-clinical-trials-using-service-providers
https://eclinicalforum.org/DesktopModules/EasyDNNNews/DocumentDownload.ashx?portalid=0&moduleid=433&articleid=9&documentid=75
https://eclinicalforum.org/DesktopModules/EasyDNNNews/DocumentDownload.ashx?portalid=0&moduleid=433&articleid=9&documentid=75
https://eclinicalforum.org/DesktopModules/EasyDNNNews/DocumentDownload.ashx?portalid=0&moduleid=433&articleid=9&documentid=75
https://www.imi.europa.eu/projects-results/success-stories-projects/using-health-records-help-clinical-research
https://www.imi.europa.eu/projects-results/success-stories-projects/using-health-records-help-clinical-research
https://www.imi.europa.eu/projects-results/success-stories-projects/using-health-records-help-clinical-research
http://dx.doi.org/10.1007/s43441-020-00138-y
http://dx.doi.org/10.1007/s43441-020-00138-y
http://dx.doi.org/30741183
http://dx.doi.org/20841899
http://dx.doi.org/20841899
http://dx.doi.org/10.1016/j.ijmedinf.2017.04.015
http://dx.doi.org/10.1186/s12911-022-01824-7
http://dx.doi.org/10.1186/s12911-022-01824-7
http://dx.doi.org/10.1136/bmj.n857
http://dx.doi.org/10.1016/j.jbi.2014.10.006
http://dx.doi.org/10.1016/j.jbi.2014.10.006
http://dx.doi.org/10.1111/joim.12119
http://dx.doi.org/10.3233/SHTI200184
https://www.go-fair.org/fair-principles/
https://www.go-fair.org/fair-principles/
http://dx.doi.org/10.47912/jscdm.21
http://dx.doi.org/10.1016/j.jbi.2021.103871
http://dx.doi.org/10.2196/35724
http://dx.doi.org/10.1093/jamia/ocac105
http://dx.doi.org/10.1093/jamia/ocac105

	TransFAIR study: a European multicentre experimental comparison of EHR2EDC technology to the usual manual method for eCRF data collection
	Abstract
	Introduction﻿﻿
	Methods
	Study design
	EHR2EDC data in scope, module setup, study and patient selection
	Data collection and management
	Study endpoints
	Statistical analysis

	Results
	Presentation of the studies and patient data
	Primary endpoint: percentage of data accurately transferred (all data)
	Secondary endpoints (data in scope)

	Discussion
	Regulations
	Case report form design
	Local investigator’s team practices
	Clinical site maturity/readiness

	Conclusion
	References


