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A B S T R A C T   

Objective: Electronic Health Record (EHR) systems are digital platforms in clinical practice used to collect pa-
tients’ clinical information related to their health status and represents a useful storage of real-world data. EHRs 
have a potential role in research studies, in particular, in platform trials. Platform trials are innovative trial 
designs including multiple trial arms (conducted simultaneously and/or sequentially) on different treatments 
under a single master protocol. However, the use of EHRs in research comes with important challenges such as 
incompleteness of records and the need to translate trial eligibility criteria into interoperable queries. In this 
paper, we aim to review and to describe our proposed innovative methods to tackle some of the most important 
challenges identified. This work is part of the Innovative Medicines Initiative (IMI) EU Patient-cEntric clinicAl 
tRial pLatforms (EU-PEARL) project’s work package 3 (WP3), whose objective is to deliver tools and guidance for 
EHR-based protocol feasibility assessment, clinical site selection, and patient pre-screening in platform trials, 
investing in the building of a data-driven clinical network framework that can execute these complex innovative 
designs for which feasibility assessments are critically important. 
Methods: ISO standards and relevant references informed a readiness survey, producing 354 criteria with cor-
responding questions selected and harmonised through a 7-round scoring process (0–1) in stakeholder meetings, 
with 85% of consensus being the threshold of acceptance for a criterium/question. ATLAS cohort definition and 
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Cohort Diagnostics were mainly used to create the trial feasibility eligibility (I/E) criteria as executable inter-
operable queries. 
Results: The WP3/EU-PEARL group developed a readiness survey (eSurvey) for an efficient selection of clinical 
sites with suitable EHRs, consisting of yes-or-no questions, and a set-up of interoperable proxy queries using 
physicians’ defined trial criteria. Both actions facilitate recruiting trial participants and alignment between study 
costs/timelines and data-driven recruitment potential. 
Conclusion: The eSurvey will help create an archive of clinical sites with mature EHR systems suitable to 
participate in clinical trials/platform trials, and the interoperable proxy queries of trial eligibility criteria will 
help identify the number of potential participants. Ultimately, these tools will contribute to the production of 
EHR-based protocol design.   

1. Electronic Health records and platform Trials: An overview 

Electronic health record (EHR) systems allow the collection of 
patient-level real-world data (RWD) in the context of decision-making 
for patient clinical care (US Department of Health and Human Services 
[1]). However, their main domain has recently expanded and EHRs are 
now seen as an attractive tool in research. 

EHRs store patient care data that could be leveraged in generating 
real-world evidence (RWE) and ultimately, help facilitate the design, 
planning, and conduct of large-scale and complex approaches, as in the 
case of platform trials, where a continuous influx of trial participants 
needs to be ensured. Platform trials have multiple trial arms with a 
single common master protocol, allowing the investigation of multiple 
targeted therapies, simultaneously or sequentially [2,3], in a continuous 
manner with trial treatments entering or leaving the study based on a 
decision algorithm [4,5]. 

One of the benefits of platform trials is that a lower proportion of all 
recruited trial participants are in a (shared) control arm or standard of 
care arm, and a greater number of trial participants have the potential to 
benefit from an innovative treatment. It is also possible to discontinue a 
study arm (e.g., due to safety issues or poor efficacy) and to transfer trial 
participants after a suitable washout period to a different intervention 
arm. Platform trial designs are therefore ideally suited to rare diseases, 
where patient numbers are small to start with. So far, successful plat-
form trials have been reported in oncological research or, more recently, 
in coronavirus disease (COVID-19)-related research. The advantages of a 
well-established design in these fields can be leveraged in other research 
areas. The Investigation of Serial Studies to Predict Your Therapeutic 
Response through Imaging and Molecular Analysis 2 (I-SPY2- 
NCT01042379) is a platform trial investigating high-risk clinical stage II 
or III breast cancer, and it is a well-known representative of the potential 
of platform design in research. A mainstay of I-SPY2 is offering new 
tailored and targeted rapid treatments (or combination of treatments), 
thus enabling a prompt assessment of the efficacy for specific subtypes of 
trial participants based on predictors established in I-SPY1 [6,7,8]. 
Furthermore, the platform trial design has been recently adopted to 
evaluate potential COVID-19 therapies. A valuable review of the ad-
vantages of platform trials in COVID-19 research has been delivered by 
Stallard et al. [9]. The authors described the advantages of having an 
adaptive design available when information such as the progress of a 
disease and the features of patients is uncertain. Valuable examples are 
the Randomised Evaluation of COVID-19 Therapy (RECOVERY) study 
and the Platform Randomised Trial of Treatments in the Community for 
Pandemic and Epidemic Illnesses (PRINCIPLE) study [10,11]. 

Platform trials may contain a large observational cohort fulfilling a 
set of eligibility criteria documented within a master protocol for that 
disease area. Each trial compound may introduce a refinement to the 
generic eligibility criteria, documented within supplementary protocols 
annexed to the master protocol. The concept of platform trials is 
extremely relevant nowadays, as precision medicine is becoming the 
preferred approach, in both research and clinical practice. This study 
design provides the opportunity to be adaptable in terms of replacing 
interventions based on the effectiveness of the study arms, with an 
enhanced prospect of success. The intervention arms in a platform trial 

do not necessarily have to run synchronously: new products, and 
therefore new intervention arms, can be added at any point and popu-
lated with trial participants who are still in the longitudinal observation 
cohort who are not already enrolled in a different intervention arm. 

1.1. Identifying challenges and current objectives 

Even though EHRs might be significant assets in large-scale ap-
proaches, their use is not straightforward, and some challenges need to 
be considered. Overall, as highlighted by Corrigan-Curay et al. [12], 
EHRs have not been primarily designed to be used in clinical research 
and thus, they often present data organised in a non-research-friendly 
way, with important inconsistencies throughout the systems [12]. 
Therefore, EHRs need to be appropriately and correctly implemented to 
be able to be used in support of potential participants pre-screening in 
clinical trials and platform trials. Hence, the main aim of this paper is to 
discuss the use of EHR data in research. Specifically, we aim to discuss 
their use in clinical platform trials, by describing the challenges and the 
application of innovative EHR-based methods to improve the planning 
and execution of platform trials. 

2. EU-PEARL project and work package 3 

2.1. EU-PEARL Project: An overview 

The innovative EHR-based methods have been developed as part of 
the Innovative Medicines Initiative (IMI) EU Patient-cEntric clinicAl 
tRial pLatforms (EU-PEARL, http://eu-pearl.eu). As described by Sfor-
zini et al. [2], EU-PEARL is a European project funded by the IMI aiming 
to create a design of an integrated research platform (IRP). The project 
aims to develop methodologies and tools to support the large-scale up-
take of platform trial designs across Europe, and potentially globally. It 
aims to develop generic approaches but focuses on four major clinical 
areas of high public health relevance: major depressive disorder (MDD), 
tuberculosis (TB), non-alcoholic steatohepatitis (NASH), and neurofi-
bromatosis (NF) [13]. During the EU-PEARL General Assembly Meeting, 
representatives from other well-known running platform trials have 
been invited to share their experience in setting up their own research 
platforms, by sharing lessons they learned and the challenges they faced 
(A Randomised, Embedded, Multi-factorial, Adaptive Platform Trial for 
Community-Acquired Pneumonia (REMAP-CAP) [14], the HEALY 
Amyotrophic Lateral Sclerosis (ALS) platform trial [15], and Beat Acute 
Myeloid Leukemia (AML) platform trial [16]. The Leukaemia and 
Lymphoma Society leading the Beat AML platform has shared how they 
are successfully leveraging the data from the EHR to screen trial par-
ticipants and direct them to the best available sub-study based on their 
specific information. One of the major advantages of this European 
project is the presence of various stakeholders within this reality: cli-
nicians, patient representatives, clinical sites, regulators, solution pro-
viders, and pharmaceutical companies, with Janssen and Sanofi co- 
authors representing their perspectives. There is an important cooper-
ation between all work packages (WPs) and, as highlighted by Cowie 
et al. [17], the collaboration between different perspectives is an 
essential step towards the effective use of EHRs in clinical research. 
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Furthermore, a master protocol in each disease-specific area is being 
developed and may be reported in future publications. 

2.2. Work package 3: Specific aims 

Within the EU-PEARL project, WP3 is designing an innovative 
method to inform the protocol designers for the selection of clinical sites 
through evidence of existing patients matching protocol eligibility 
criteria in high-quality EHR systems. WP3 is developing a generic pro-
cess for interrogating EHRs to accelerate the processes of site selection 
and potential participant recruitment, in compliance with the General 
Data Protection Regulation (GDPR) requirements for the protection of 
personal data (679/2016) [18]. The outcomes would allow querying of 
EHR data for healthcare organisations not connected to a central 
federated data platform, mainly using the Observational Medical Out-
comes Partnership Common Data model [19] (OMOP CDM) to translate 
the master protocols eligibility criteria into computable elements. 
OMOP CDM is a central component of The Observational Health Data 
Sciences and Informatics (OHDSI) program, a multi-stakeholder, inter-
disciplinary, and collaborative ecosystem aimed to bring out the value of 
health data through large-scale analytics [20]. In OHDSI, all solutions 
are open-source. This would make it easy to be run against hospital EHRs 
already mapped to the OMOP data model, as well as against hospital 
EHRs not yet mapped to the OMOP data model, facilitating the con-
version of the queries to the hospital-specific EHR format. To be able to 
do so, as the hospitals are the main providers of data, it is essential to 
identify sites capable of using their EHRs for research, referred to as 
EHRs-enabled sites, from those who cannot. 

WP3 has developed an EHR system and data readiness requirements 
survey (eSurvey) as a continuation of prior work in the Electronic Health 
Records to Electronic Data Capture systems (EHR2EDC) project [21]. 
This readiness assessment survey is for EHR-enabled site network 
membership, confirming through a formalised self-assessment process 
that their EHR systems can inform protocol design. See Table 1 for the 
Statement of Significance. 

3. The value of hospital EHRs for the design of platform trial 
protocols 

Clinical trials are the bedrock of evidence generation to demonstrate 
the efficacy and safety of a new medicinal product, in order to gain 
regulatory licensing approval, and EHRs can be utilised within research, 
as an extremely useful resource to improve potential participant selec-
tion and recruitment. One of the purposes of the EU-PEARL project is to 
address the limitations of the current state of EHRs in assisting recruit-
ment, in particular in platform trials. Participant recruitment often faces 
difficulties in meeting the initial target sample size of participants with 
50 % of trials failing to meet their expected progress [22] and a third of 
trials being terminated due to insufficient recruitment [23], possibly 
producing underpowered trials. Even though EHRs are not systemati-
cally recommended to perform the eligibility screening for candidate 

participants in research, when the EHR infrastructure is entrenched, the 
cost per participant might be lower than the cost per participant in the 
case of manual search [24]. This brings to light the potential cost-wise 
advantage of the use of EHRs in recruitment upon the presence of a 
well-established infrastructure [24]. 

Traditional recruitment estimations often rely on informal, simplistic 
assessments of participants with the condition, rather than precise 
eligibility criteria matching. Manual chart reviews, while accurate, are 
time-consuming and resource-intensive, posing challenges for most trial 
sites. Leveraging the computable data within the hospital EHRs has long 
been recognised as a desirable alternative. Implementing the search on 
EHRs with automated queries (i.e., using of informatics tools in the 
screening process of potential candidates) can drastically lower the 
amount of work to identify potential participants, as highlighted by Ni 
et al. [25]. The capability to embed feasibility queries into in-house EHR 
systems was demonstrated in the late 1990 s, for example, at the Royal 
Marsden Hospital in London (unpublished, on-site demonstration seen 
by author Kalra in 2000). Evidence of improved recruitment through 
EHR querying has also been well documented [26,27,28]. 

The first major generic methodology to implement this feasibility 
querying independently of the EHR system in use, including appropriate 
data protection, governance, interoperability specification, and Appli-
cation Programming Interfaces (APIs), was published and piloted by the 
Electronic Health Records for Clinical Research project (EHR4CR) 
2012–2015 [29]. The EHR4CR specifications have stimulated a growing 
market of health information and communication technology (ICT) 
products that can connect through a federated network to multiple 
hospital sites and cascade candidate protocol feasibility queries to 
obtain participant counts (e.g., The TriNetX Platform [30], The Cline-
rion query builder [31], ACT Network [32]). These counts, that provide 
an aggregated number of participants, can often be generated rapidly in 
near to real time and allow a protocol designer (e.g., within a pharma-
ceutical company) to iteratively adapt the eligibility criteria until there 
is a sufficient predicted number of potential participants to make the 
trial viable. Although every clinical trial has some unique criteria, there 
is a common core of eligibility criteria that are frequently recurring 
across protocols, across therapeutic areas, which makes the imple-
mentation of these federated query tools and the mapping of data from 
hospital EHR systems relatively tractable [33]. There has been more 
recent work to explore the possibility of incorporating protocol feasi-
bility queries into the OHDSI [20] tools and network, which could 
greatly increase the scale of the available hospital sites whose data could 
be examined [34]. However, it should be noted that not all eligibility 
criteria are capable of being represented as computable query expres-
sions as some require subjective interpretation by a domain expert [35]. 
Investment is needed to better educate clinical trial protocol designers 
about the kinds of data that are realistic to find in hospital EHRs, and 
how that information is structured and coded, in order to encourage a 
higher proportion of eligibility criteria to be capable of computable 
representation. 

The case for using hospital EHRs to assess the feasibility of a platform 
trial and of each newly introduced intervention arm is even stronger for 
platform trials, where the query may need to match individual partici-
pants to more than one arm, to allow participants to be suitably 
distributed across study arms so that they are all viable. 

One aspect of the EU-PEARL work plan is to examine the eligibility 
criteria being proposed for the four disease area master protocols in 
order to undertake some feasibility queries across the eight university 
hospitals that are part of the project consortium, and which are members 
of the European University Hospital Alliance (EUHA) (https://www.euh 
alliance.eu/). These pilot eligibility criteria will be modelled using the 
OHDSI tools (with support from the IMI EHDEN project [36]) and 
executed on exported data from each of the hospitals represented ac-
cording to the OMOP CDM [19,37,38,39]. The OMOP CDM has been 
developed to do observational healthcare research at a large scale, from 
drug utilisation to comparative effectiveness studies. In Europe, the 

Table 1 
Statement of Significance.  

Problem Leveraging electronic health records (EHRs) in platform 
clinical trials could improve the pre-screening process for 
participant recruitment, but several issues undermine their use 
in research. 

What is already 
known 

The process to select clinical sites which have harmonised 
EHRs has not been created yet, and the protocol eligibility 
criteria are not always fit to allow an efficient pre-screening 
process. 

What this paper 
adds 

The EU Patient-cEntric clinicAl tRial pLatforms (EU-PEARL) 
project has developed a readiness survey for the selection of 
clinical sites and trial feasibility criteria as interoperable 
queries to obtain the number of potential participants at those 
sites.  
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adoption of the OMOP CDM has been driven by the IMI EHDEN project 
consortium with 166 data partners from 27 countries using the OMOP 
CDM. To support research using the OMOP CDM, there is a collection of 
open-source software maintained by the OHDSI community [20]. 

The use of hospital EHRs described here focuses on the design of a 
trial, in particular a platform trial. However, there has been additional 
work to demonstrate that the data within the EHR of a patient who has 
given consent to participate in a trial and given consent for the reuse of 
their data can be soundly transferred from EHR to electronic data cap-
ture (EDC) systems used in clinical trials. The EHR2EDC [22] approach, 
including its data mappings and governance model, is also progressively 
being picked up by ICT companies and will become an increasingly 
valuable solution to diminish the current practice of manual data tran-
scription which is expensive and error-prone. EU-PEARL has benefited 
from the learning of EHR2EDC. 

4. WP3/EU-PEARL innovative methods to implement the 
application of EHR in RCTs/Platform trials 

4.1. Challenge #1: Readiness of EHRs 

The use of EHR data in clinical research and platform trials is asso-
ciated with various stakeholder benefits (see Table 2). However, some 
challenges need to be considered, such as the presence of non-research- 
friendly data [28], missing data, and discrepancies between study staff 
evaluation during computerised queries using EHR data. A large pro-
portion of data might be recorded in unstructured form (e.g., medical 
notes, free-text summaries) [39] or recorded from historic data using a 

coding system that has not been mapped to standard concepts. These 
features can limit the EHR search and cause a discrepancy in the 
numbers estimated from a computerised search of structured data versus 
a manual review of all available information. A valid method to over-
come the difficulties derived from the presence of unstructured data in 
EHRs is the use of Natural Language Processing (NLP) to detect relevant 
information from free-text sections. Meystre et al. [40] detected a key 
role of NLP in breast cancer clinical trials when considering the use of 
EHRs in extracting eligibility criteria and trial eligibility from clinical 
notes, making this method appealing to create an efficient screening 
process for trial participants [40]. NLP is indeed important to produce 
accurate queries crucial to understanding the process and its challenges. 
This service might be offered by commercial companies; however, we 
have not evaluated commercial offerings of NLP software in the context 
of this project. EHRs vary in complexity and readiness between orga-
nisations. To address this, there is a need for a tool to identify and select 
mature clinical sites with suitable EHR systems for platform trials, a goal 
that aligns with the aims of WP3/EU-PEARL. Once the EHR quality is 
confirmed, a second evaluation involves querying the system for 
potentially eligible patients for the IRP protocol using interoperable 
queries. In this way, researchers and clinicians can construct a network 
of clinical sites suitable for the development of complex clinical trials. 

4.2. EU-PEARL/WP3: EHR readiness survey 

As a first step, WP3 has developed an online tool to be able to assess 
the maturity, quality, and suitability of hospital EHR systems to be used 
for research purposes. This tool named eSurvey was built from several 
already published references, the Investigator Site eSource Readiness 
Assessment 2020 (eSRA) from eClinicalForum [41], the EHR2EDC 
readiness survey v1 [29], the TransCelerate eSource Informatics Infor-
mation Reference Guide for Clinical Research sites 2019 [42], the Eu-
ropean Medicines Agency Reflection paper on Good Clinical Practice 
(GCP) compliance in relation to trial master files for management, audit 
and inspection of clinical trials 2015 [43], and the Medicines & 
Healthcare products Regulatory Agency (MHRA) Position Statement and 
Guidance on Electronic Health Records 2015 [44]. Moreover, ISO 
standards have together informed the readiness survey (ISO 13606:2019 
Electronic Health Record communication; ISO 18308: 2017 Re-
quirements for an Electronic Health Record Architecture; ISO 13940: 
2015 System of concepts to support continuity of care; ISO 21090: 2011 
Harmonised data types for information interchange; ISO 27789: 2021 
Audit trials for electronic health records). Two independent researchers 
screened all the criteria for duplicity from the referenced articles. This 
resulted in a set of 354 unique criteria. The criteria, the corresponding 
questions, and the defining of the subdomains were achieved in co- 
creation with all relevant stakeholders (public and private). In total 27 
individuals (EHR, Clinical Trial, ICT, technical experts, data experts 
from hospitals, and sponsors) selected the criteria and the corresponding 
questions. The criteria and the corresponding questions were selected 
and harmonized during interactive workshops, online meetings, and 1- 
to-1 site meetings. The following methodology was used: each stake-
holder had to score each question: score 1 (indicating a question to be 
kept) and score 0 (indicating a question that should be taken out of the 
questionnaire). The consensus was defined as follows: a question was 
accepted if at least 85 % of the stakeholders gave a score of 1. If less than 
85 % was achieved for a particular question, a consensus had to be 
reached during a teleconference. After seven rounds, a consensus was 
reached regarding whether to accept a criterium/question. Once the 
criteria and corresponding questions were defined, the “must-have” and 
“desirable” criteria and questions were determined following the same 
methodology. After two rounds, all criteria and questions were cat-
egorised into either “must have”, the “desirable”, or the “optional” 
category. Items under the “desirable” category are those which are not 
mandatory, but it is preferable to retrieve a response; whereas items 
under the “optional” category imply that there is no consequence 

Table 2 
Stakeholder benefits using EHR data in clinical research and platform trials.  

Stakeholder Benefits 

Patients & Ethics  
• Secure an adequate recruitment within allocated timelines and budgets, given that 

exposing patients to non-conclusive research is unethical as it would not be a 
reliable representation of the population of interest. 

Greater ease of determining patient eligibility. 
Increased opportunities to address longstanding underrepresentation of certain 

groups in clinical trials and thus, to produce evidence that is more informative for a 
broader patient population.Offering a treatment option, when diagnosed with a 
medical condition with no satisfactory treatment, in the case of paediatric popu-
lation and/or rare diseases (which are linked to slow recruitment rates and diffi-
culties in meeting target size) 

. 
Clinicians  
• Support in managing the increased complexity of patient recruitment e.g., complex 

inclusion and exclusion criteria. 
Select and accept protocols based on available and sufficient number of eligible 

participants matching the study protocols eligibility criteria. 
Make recruitment predictable with realistic recruitment targets based on RWD 

analysis. 
Align study budgets and timelines with realistic data-driven recruitment poten-

tial. 
Support the need for targeting undiagnosed patients that could be eligible for 

trials. 
Support the use of clinical trials as a treatment option for diseases with high 

unmet needs. 
Reduce workload and efforts to assess recruitment potential based on study 

eligibility criteria. 
Speed up recruitment and access to patients beyond the individual practice level, 

instead enabling institution-wide recruitment. 
Regulatory  
• Obtain data from under-represented populations of patients. 

Access evidence and data, in relation to the target patient population. 
Industry 
• Design protocols and eligibility criteria are real-world data-driven.Improve reli-

ability of study placement and enrolment plans: (i) more accurate recruitment 
planning and prediction, (ii) reduction of non-enrolling and low recruiting clinical 
sites, (iii) 

avoid zero enrolling study. 
Accelerate the clinical trial recruitment process to provide faster access for pa-

tients to innovative treatments.  
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incurred in the absence of a response. 
This online tool consists of yes-or-no questions (N = 115, counting 25 

“must-have” and 90 “desirable” items) divided into specific domains (N 
= 6), each one important in establishing the digital possibility of finding 
eligible participants and the data needed to comply with the trial pro-
tocol design. The six domains are the following: (i) general information 
related to the hospital site (e.g., the main point of contact and author-
isation to share information); (ii) patient pre-identification to detect 
potential trial participants (i.e., unique patient identifier and detecting 
individuals participating in other studies); (iii) electronic data capture 
for studies (i.e., the digital connection between EHR and other internal 
and external patient data systems); (iv) EHR quality management, good 
clinical practice (GCP), and general data protection regulation (GDPR) 
(e.g., back-up, retention periods, revision cycles); (v) EHR2EDC 
component (e.g., coding and mapping systems, data format types); (vi) 
data quality management (e.g., on internal and external generated data, 
data quality requirements in service level agreements, data quality do-
mains). The scoring system is as follows. Score 3 was given for questions 
that are mandatory to be answered with a yes for a site to qualify as a 
mature EHR site to participate in platform trials. Score 2 questions are 
desirable and score 1 questions are optional for a site. Given that each of 
the 115 questions has a score, it is possible to visualise per hospital site 
the overall score and the scores per domain. This allows for compiling a 
catalogue of EHR mature sites ready to participate in platform trials. By 
developing this tool, we would like to allow each hospital and site to be 
able to take this survey to self-assess their maturity in using their EHR 
for research, therefore enabling them to join the EHR-enabled sites 
network. This online questionnaire can also be used by the sites as a 
roadmap for future improvement of their EHR systems. 

Validation of the survey was the main objective of piloting the 
eSurvey Readiness Survey (eSurvey) in nine partnering hospitals from 
Spain, United Kingdom, France, Belgium, Germany, Netherlands, and 
Austria. As the eSurvey Readiness survey has different categories of 
questions to be answered by different roles within the hospital sites, the 
main responder of each specific domain was identified. The hospitals 
had five months to complete the survey. Six hospitals completed the 
survey, one hospital only partially completed the survey, and two hos-
pitals did not start the survey. The objectives of piloting the survey were: 
i) the validation of the criteria and corresponding questions, ii) checking 
the phrasing of the questions, iii) checking whether there were missing 
questions, iv) checking whether there were missing domains, and v) 
checking whether specific domains were addressed in dedicated func-
tions by the correct persons. 

It was not the intention to benchmark the hospital sites; however, as 
we could analyse the results of the completed surveys, it was possible to 
generate some general but very interesting conclusions in an anonymous 
way. The overall maturity score (% yes answers, indicating they are 
compliant with the criteria) of the six hospitals that completed surveys is 
49 %, 18 %, 28 %, 31 %, 6 % and 55 % respectively, indicating a very 
low eSurvey maturity score. The scores for the mandatory criteria (% yes 
compliant answers to all mandatory criteria) are 60 %, 40 %, 45 %, 50 
%, 10 %, 80 %. 

4.3. Challenge #2: Trial eligibility criteria 

It is essential to compare, and adjust if necessary, information con-
tained in these records and the eligibility criteria, a procedure that may 
have severe limitations as not all eligibility criteria could always be 
reliably captured in the EHRs causing inconsistencies between a given 
trial and potentially eligible trial participants [45]. 

The EHR-driven phenotyping is based on the selection of trial par-
ticipants through specific criteria [46], and the presence of missing data 
might further increase the risk of bias. Even within one site, there is huge 
heterogeneity in completeness, depending on patient handling; in-
patients will have a lot more information than outpatients will, and the 
selection of participants through querying healthcare datasets can be 

associated with an over-representation of “less-healthy individuals” 
[47]. There is a need for EHR-friendly selection criteria in a structured 
layout [27], and to adopt the use of major eligibility criteria for the pre- 
screening process (i.e., a small set of machine-readable standardised 
significant eligibility criteria) [48]. 

4.4. EU-PEARL/WP3: Building queries for protocol feasibility and 
participant counts 

The first step to interrogate EHR-enabled clinical sites is to adapt trial 
eligibility criteria to increase the re-use of EHR data for research. The 
use of eligibility criteria in clinical trials refines the cohort of interest to 
better assess the effect of an intervention. Leveraging EHR data for 
feasibility counts during the trial protocol design process can enable the 
successful achievement of the recruitment target and can help to avoid 
protocol amendments due to unrealistic inclusion/exclusion (I/E) 
criteria. In EU-PEARL, one of the most important missions is to guar-
antee interoperability between clinical sites [49] and to replace manual 
processes with automatic ones, where possible, using informatics tools. 
This replacement would help avoid possible human errors, save time, 
and significantly improve overall efficiency, 

This is a complex challenge, primarily because hospitals have 
implemented their EHRs in customised ways and using different EHR 
solutions (i.e., developers and vendors). In this situation, the best solu-
tion is to have the warehouse data of the eligible sites (selected through 
the use of the EHR readiness survey) translated to some CDM. In EU- 
PEARL, the OMOP CDM has been selected to facilitate interoperability 
between sites. OMOP is created for observational studies; thus, an 
innovative aspect here is to leverage this data model in the case of 
interventional studies. This data standard can also be used in the EU- 
PEARL context of site selection and clinical trial feasibility. 

As described in the introduction, we focus on the calculation of the 
number of potential patient (NPP) counts matching the lists of I/E 
criteria for the four diseases under study, defined by the clinicians and 
corresponding to their IRP needs. Even in the case of all sites using 
OMOP CDM, we have made several local adjustments due to the 
complexity and heterogeneity of the EHR structures on each clinical site. 
This challenging situation prompted us to adopt an incremental strategy 
to assess the feasibility of any of the disease-specific protocols to build, 
export, execute, and validate the queries across multiple hospitals (see 
Fig. 1). 

We used the ATLAS cohort definition module from OHDSI [21] to 
create the trial feasibility eligibility I/E criteria as executable queries 
which can be shared between sites. ATLAS facilitated the creation of 
cohorts by integrating vocabulary search terms in structured data such 
as medical conditions or exposure to medicines to define cohorts. Sites 
using the OMOP CDM can execute these queries directly on their data to 
retrieve patient counts. In addition to ATLAS, we evaluated Cohort Di-
agnostics [50], a software package written in the R platform [51] for 
combining results for all cohort definitions from different sites. Cohort 
Diagnostics is fully interoperable with ATLAS cohort definitions and 
data in the OMOP CDM. 

When lacking OMOP databases at any site, alternative queries may 
be constructed in Structured Query Language (SQL) or other computa-
tional languages compatible with local data warehouses, and aligned, to 
the extent possible, with those queries performed in the ATLAS tool. 
However, even OMOP-structured databases might require a modifica-
tion of the query scripts. The current heterogeneity of the databases at 
the different sites usually forces the development of specific additional 
“ad-hoc” tools or scripts to align the querying strategies. Informaticians 
from different areas (data architects, software developers, bio-
informaticians) must have a constant dialogue to supervise these tasks. 
To reach this objective we introduced a previous step for all queries, 
constructing “pre-code” texts in collaboration with medical experts in 
plain language and understandable to the informatics actors that have 
direct contact with their own EHR system. We followed a similar 
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sequence of statements and prioritisations of rules and lapse times, and 
we called them the “harmonised pre-code queries” (to be published), 
which may serve as guidance for future users. 

Another important decision we made in the construction of the 
queries is that, in some cases, there is not sufficient or complete infor-
mation in the warehouse databases to extract the NPP. Some diseases 
were described or codified recently, or there is an absence of defined 
“biomarkers” to guarantee the suspected diagnosis or that information is 
included in medical notes in free text (i.e., unstructured data) that 
cannot be captured in most of the cases. In these cases, the NPP may give 
zero counts, despite the clinicians knowing to have patients with those 
specific medical conditions. We should be prepared to further refor-
mulate the query construction, changing or combining conditions to 
have results appropriate to known clinical prevalence. The results ob-
tained using our approximate queries (“proxy queries”) should be dis-
cussed with experienced clinicians and clinical teams to arrive at a 
consensus to select study participants, whether the calculated NPP 
matches the number of known patients in the specific disease areas, at a 
reasonable level of tolerance, and depending on the indication. 

Our working group (WP3) has implemented the following process to 
translate trial eligibility criteria into computerised query criteria. For 
every step in the process, we involved clinicians from the Disease- 
Specific Work Packages (DSWP) to provide input on the definitions. 
We defined the anchor event, which is the first record of diagnosis for a 
disease-specific cohort over a specified observation period. Phenotypes 
were created for the disease conditions as these conditions may be 
recorded by more than one diagnosis code. Moreover, we further 
defined eligibility criteria like age and exclusion diagnoses with tem-
poral reference to the date of the anchor event (e.g., no record of 
competing diagnosis in the two years prior to the inclusion diagnosis). 
These cohort definitions can be exported in different formats (e.g., SQL 
and JavaScript Object Notation (JSON)) which are interoperable with 
other sites using the OMOP CDM and ATLAS tools. Future publications 
with details on the creation and execution of queries, and results, are 
currently under production. 

All the cohort definitions created in the EU-PEARL project will be 
shared in a publicly accessible repository, GitHub. GitHub (https://gith 
ub.com) is a web service where version-controlled open-source software 
repositories can be hosted for collaboration. It can be freely downloaded 
for future users, who may use and change them to particular needs on 
their own sites. 

As discussed, eligibility criteria are often documented in unstruc-
tured text, making it challenging for an automated cohort definition 
process. Translation of trial eligibility criteria into EHR phenotypes is a 
complex and time-consuming process [45]. Guiding antecedents on the 
translation of medical to informatics language may be found in the work 
of Boxwala et al. [52]. However, this work is focused on computer-based 
decision support (CDS) which does not align with the objectives of our 
work. Recent advancements in NLP and the adoption of CDMs have 
enabled cohort definitions to be executable and sharable across in-
stitutions more efficiently. The unstructured eligibility criteria of clin-
ical trials can be translated into computable queries with a tool like 
Criteria2Query [53]. First, the information extraction pipeline parses 
eligibility criteria in free-text format into standardised data elements 
such as medical condition measurement or drug temporal and numerical 
values. Second, the query formulation pipeline generates automated 
cohort definitions. Lastly, this query may be exported to ATLAS which 
has a user-friendly web-based interface where manual review and 
editing can be performed prior to executing the query to obtain patient 
feasibility counts. Although the Criteria2Query approach is interesting, 
there are some limitations, including information extraction errors 
which would need a larger training data set for further improvements. 

The WP3/EU-PEARL work will guide future studies in leveraging 
EHRs in clinical research. However, one of the limitations of the eSurvey 
is the difficulty in answering all the questions, as highlighted by several 
hospitals during a closing teleconference. This issue should be further 
investigated. In addition, there was no possibility to assess the sensi-
tivity of the eSurvey and thus determine whether it can yield the desired 
patient cohort. An additional value of this manuscript is the elucidation 
of the methods and description of the newly developed tools. As future 

Fig. 1. Query procedures in the Main (OMOP) and Alternative (non-OMOP) roadmap Note: Input (I/E criteria defined by clinicians); outputs (Number of Potential 
Patients (NPP)). Close dialogue with informaticians or data scientist were necessary for Main or Alternative procedures. Main: in OHDSI-OMOP schema, we used the 
ATLAS Demo Site to derive JSON source code. Then, this JSON query was sent by email and was executed at VHIR and EMC respective OMOP databases, finally, each 
NPP was retrieved. An optimal reuse scheme is to have JSON queries at a repository open to the research community according to FAIR principles. Alternative: in a 
non-OMOP database, we had several rounds of discussions with local informaticians, and an “informatics-friendly” list of requirements was derived. Then, they 
executed their SQL code, highly dependent on the local EHR system. SLAM BRC was consulted in this way and its NPP was retrieved. The difference in set-up and 
turnaround time across centres varied from weeks to months between the main and alternative procedures. 
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directions, the use of an NLP tool is necessary to implement the 
screening process for trial participants. A desirable step forward is also 
the incorporation of genetic, genomic data, assessments from digital 
phenotyping tools, and patient-reported outcomes in EHRs. This will 
improve both patient monitoring and care, and characterisation of trial 
cohorts, offering the possibility of precision medicine with a deepened 
knowledge of the genetic nature of diseases [54,55,56]. 

5. Conclusion 

The leveraging of EHR in clinical research and platform trials faces a 
fundamental step: to assess the maturity, quality, and suitability of 
hospital EHR systems to be used for research purposes. EU-PEARL 
developed a self-completion online survey to help classify clinical sites 
and identify which ones may be part of the clinical networks partici-
pating in the complex trials. 

Next, it is relevant to highlight the challenge of the use of protocol 
eligibility criteria as an input to convert the aforementioned criteria into 
a standardised (here: OMOP CDM based) query. The criteria are origi-
nally designed with the aim of randomisation and recruitment, and they 
are based on the ability to perform the required investigations during the 
screening visit, independently of what is already documented in the 
study participants’ EHRs. On the other hand, some criteria need to be 
added to generate results that are reflective of the number of potential 
candidates in a given time frame (i.e., how many patients currently 
treated with this condition meet these additional criteria), and thus, to 
estimate the most accurate number of eligible trial participants. 

Finally, some key criteria might not be available for querying the 
hospital EHRs. Then the protocol criteria should be used to define some 
surrogate “proxy” criteria based on data more likely to be available in 
the EHRs. Ideally, the query should include some specific conditions 
allowing the count of patients actively seen at the institution during a 
specific period of time. EU-PEARL developed queries using I/E (or 
approximated I/E) criteria to extract the count number of potential 
participants in the complex trials. These queries were exported and used 
locally in the appropriate sites. Some of the queries developed will be 
made publicly accessible after the final acceptance of that publication. 

In conclusion, the tools developed by WP3/EU-PEARL have the po-
tential to leverage EHRs in complex clinical trials/platform trials with a 
focus on EHR-based protocol design and feasibility assessment, clinical 
site selection, and patient pre-screening for platform trials. 
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