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Abstract

Background Healthcare system data (HSD) are increasingly used in clinical trials, augmenting or replacing tradi-
tional methods of collecting outcome data. This study, PRIMORANT, set out to identify, in the UK context, issues to be
considered before the decision to use HSD for outcome data in a clinical trial is finalised, a methodological question
prioritised by the clinical trials community.

Methods The PRIMORANT study had three phases. First, an initial workshop was held to scope the issues faced

by trialists when considering whether to use HSDs for trial outcomes. Second, a consultation exercise was under-
taken with clinical trials unit (CTU) staff, trialists, methodologists, clinicians, funding panels and data providers. Third,
a final discussion workshop was held, at which the results of the consultation were fed back, case studies presented,
and issues considered in small breakout groups.

Results Key topics included in the consultation process were the validity of outcome data, timeliness of data capture,
internal pilots, data-sharing, practical issues, and decision-making. A majority of consultation respondents (=78,
95%) considered the development of guidance for trialists to be feasible. Guidance was developed following the dis-
cussion workshop, for the five broad areas of terminology, feasibility, internal pilots, onward data sharing, and data
archiving.

Conclusions We provide guidance to inform decisions about whether or not to use HSDs for outcomes, and if so,

to assist trialists in working with registries and other HSD providers to improve the design and delivery of trials.
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Background

Healthcare systems data (HSD) refers to health care
information, gathered from providers including primary
and secondary care, for the delivery of healthcare but not
purposely designed for its use in research. Such data are
sometimes referred to as routinely collected health data
(RCHD). These data may come from administrative, sur-
veillance, registry or audit systems, and may facilitate
research, with potential benefits such as a reduction in
the burden on patients and health professionals of col-
lecting research-specific data [1].

Between 2013 and 2018, less than 5% of all UK RCTs
were granted HSD access from registries [2]. As of 2019,
47% of the 216 in-progress clinical trials in the NIHR
Journals library planned to use HSD [3]. Recent estimates
show that in 2022, this percentage has increased to 62%
[4].

Methodological research priorities for the use of HSD
within trials have previously been established through
a Delphi study [5]. Stakeholders, including trialists,
research funders, regulators, data-providers and the
public, identified 40 unique research questions that were
ranked in importance via a survey and a virtual consen-
sus meeting. The top seven priorities, in order, relate to
data collection method; outcome selection; communica-
tion with participants; regulatory approvals; data access
and receipt; data quality; and data analysis. A summary is
available on the COMORANT study website [6], with full
details published [4].

The PRIMORANT study aimed to explore two of the
COMORANT methodological research questions by
(1) addressing an area of need to establish best practice
through methodology work and (2) addressing an area
where best practice is clear but not yet implemented
through training. This paper describes the work under-
taken to address the first of these and focuses on the
COMORANT priority question relating to outcome
selection at the trial design stage: ‘How should the tri-
als community decide when routinely -collected data for
outcomes are of sufficient quality and utility to replace
bespoke data collection?. The aim was to identify issues
to be considered before the decision to use HSD for out-
come data in a clinical trial is finalised.

Methods

Initial workshop

An initial workshop was hosted online on 28th Septem-
ber 2022 and comprised three presentations followed
by breakout group discussions. Invitations were distrib-
uted in the UK among the COMORANT, Trial Meth-
odology Research Partnership—Health Informatics
Working Group (TMRP HI WG@G), NIHR Methodology
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Incubator HI subgroup, UK Clinical Research collabo-
ration — Clinical Trials Unit (UKCRC CTU) Network
Statistics group, and SPIRIT-Routine lists; 27 people
attended. The presentations covered the use of HSD
in trials, SPIRIT Extension for trials using routine data
and terminology and data integrity. During the break-
out groups, it was proposed to discuss, in the context
of case studies, how the decision to use HSD was made,
alongside lessons learned and relevant guidance. The
aim was to identify existing relevant guidance on using
HSD data for clinical trial outcomes and to explore
areas to consider when using or deciding whether to
use HSD.

Consultation exercise

Based on the six topics identified from the initial work-
shop, crosschecked for consistency against the existing
Medicines and Healthcare Products Regulatory Agency
(MHRA) guidance on HSD use in clinical trials for regu-
latory decisions, [7, 8] 16 questions were developed for
the consultation.

The JISC Online Survey tool [9] was used to create,
host, and distribute the consultation. All questions were
optional, allowing the responder to engage with topics
that aligned with their expertise. All responses were pro-
vided anonymously. A copy of the consultation questions
can be found in Additional file 1.

Between December 2022 and January 2023, the con-
sultation was sent to over 200 individuals, including UK
CTU staff, trialists, methodologists, clinicians, funding
panels and data providers. Consultation recipients were
identified and selected from initial workshop attendees,
HTA funding committee members, Chief Investigators
(ClIs) of RCTs using HSD funded by NIHR and attendees
of the SPIRIT Extension report meeting. Recipients were
encouraged to distribute the consultation to others with
relevant expertise.

Discussion workshop

The results from the consultation were used to iden-
tify issues to be discussed at a face-to-face workshop in
March 2023. Respondents to the consultation were asked
to note their interest in attending this second workshop,
and whether they could present a case study. Findings
from the first two stages were summarised descriptively,
with free-text responses grouped into topics (initially
A-MT and verified by PRW and AF), and presented dur-
ing the discussion workshop.

Case study presentations were selected by the study
team from those offered, based on the range of issues
they highlighted and ensuring a diversity of trial designs,
trial populations, trial outcomes and data sources. The
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speakers were asked to prepare a short PowerPoint
presentation describing the case study, and the issues
related to HSD, alongside their recommendations.

The second part of the workshop focused on the
list of issues to consider that arose from the consul-
tation. The participants were divided into six break-
out groups and discussed the completeness of the list
and generated recommendations for trial teams about
points to consider when deciding whether to use HSD
for trial outcomes.

Results

Initial workshop

The initial workshop was attended by 27 participants.
Key topics identified to include in the subsequent consul-
tation process were validity of outcome data, timeliness
of data capture, internal pilots, data sharing, practical
issues, and decision-making (Fig. 1). The conclusion from
the meeting was that the development of practical guid-
ance to be used when considering the use of HSD for out-
comes would be helpful.

Consultation exercise

Responses were received from 82 individuals invited.
A majority of responders (n=70) considered that evi-
dence from previous feasibility studies would be suf-
ficient evidence to confirm the validity of outcome data
from HSD. Most responders (n=72, 89%) agreed that a
Standard Operating Procedure (SOP) for data providers
for the handling and resolution of discrepancies in the
HSD would be helpful; but fifty responders (61%) consid-
ered that such an SOP would not be feasible. In contrast,
a template SOP or guidance for trialists was considered
feasible by 78 (95%) responders. Further results are
shown in Additional file 2.

Many responders (n=64) suggested several elements
specifically related to the use of HSD for outcomes to
be appropriate for inclusion in trial progression criteria.
These included: data availability and completeness; time
to access the data; data quality; linkage; the potential
for any bias or confounding. Details to be made public
by trial teams included: cost of acquiring the data; time
needed for each step of the data acquisition and linkage
process; and information regarding the quality and valid-
ity of data.

Issues to be considered when deciding between using
HSD, more traditional data collection through bespoke
trial CRFs, or a hybrid approach for collecting outcome
data were taken as the starting point for presentations
and discussions at the subsequent workshop (Fig. 1).
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Discussion workshop

Invitations were issued to 45 individuals, including the
14 members of the PRIMORANT team, with 35 (78%)
able to attend in person, with 5 from the PRIMORANT
team. Six case studies and further areas of investigation
were presented in 7 talks, and these are summarised in
Additional file 3. The key messages across the studies
were as follows.

— The need for clear outcome definitions and the use of
validated code lists.

— Feasibility assessments can provide assurance about
the validity and availability of HSD for outcomes.

— HSD can improve outcome data collection, but chal-
lenges include classification; subsequent changes to
datasets and linkage; retention and archiving require-
ments of the clinical trial versus routine data pro-
vider; specialist knowledge and resource to analyse
hospital episode statistics (HES) data; and adapting
traditional data management processes to handle
HSD.

— Assessing the utility of HSD against medical records,
or through data linkage to other sources, is important
in order to understand whether HSD is appropriate
for both clinical and health economic outcomes in an
individual trial.

— The impact of HSD availability on timing for trial
reporting and interim analysis requirements should
be considered.

— The volume and types of incomplete data within
HSD should be assessed.

— The potential for delay in accessing HSD should be
considered against trial timelines.

— Work on demonstrating the integrity and prov-
enance of data is ongoing through collaboration
between NHS England (formerly NHS Digital) and
HDR UK.

Feedback from breakout group discussions

Table 1 provides a list of considerations for trialists at the
design stage. The content was iteratively discussed and
developed during the workshop break-out groups, and
subsequently finalised by email.

Discussion

To address an agreed methodological research evidence
gap prioritised by the research community, we have sys-
tematically developed a comprehensive and easy-to-use
list of issues to consider when deciding whether to use
HSD for trial outcomes. Discussions emphasised the
need for careful planning/exploration of the datasets
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Fig. 1 Diagram

before making the decision. Discussions with funders regarding the quality of HSD data [10]. The CODE-
around phased approaches and contingency planning are  EHR best practice framework for the use of electronic
recommended. healthcare records in clinical research highlighted sev-

The FDA has an ongoing Real World Evidence Pro- eral key challenges and paths to improvement that can
gram, which highlights areas where guidance is needed impact the sustainability of using EHR, by focusing on
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Table 1 Issues to consider. The table describes issues to be considered before the decision to use HSD for collecting outcomes in an
RCT is finalised are described here. The aim is to help the trial team make an informed judgement based on an understanding of the
suitability of HSD for outcome data in the context of the specific clinical trial, and to build in mitigation, for example including the
option to supplement with data directly from participants or sites

Working through the items below may highlight ways trialists can work with HSD providers to improve how such trials are designed and delivered
« Trialists should consider additional incurred costs or unanticipated workarounds required during trial, e.g. changes in legislation, delays in data
release, periodic renewal of data sharing agreements
- Strategies to address uncertainties might include building contingency fund or agreeing phased project plan with funder
« Researchers are encouraged to risk assess a broad range of possible scenarios and consider potential mitigation strategies

(1) Terminology

« Be aware terminology within data access applications will likely differ between providers; seek clarification/ examples from provider
« Ensure awareness of how terms can be interpreted by individuals involved across multiple organisations

(2) Feasibility
2.1 Team

- Seek to include in trial team: trial operations professionals, data and health specialists with experience of completing data access forms and analys-
ing data from provider/s for relevant health research question
- Ideally needs to include individuals who:
(1) understand datasets, structure, interpretation and quality;
(2) understand how and when data are collected at source;
(3) have skills to handle dataset when provided;
(4) will undertake statistical and health economic analysis
- Where knowledge gaps are identified, seek funding for training and development activities

2.2 Data

- Trialists should be aware of how HSD are entered &, coded, QA processes, how data are validated at point of upload and how transferred

- Data providers should be approached to provide this information

- Trialists should justify the use of healthcare systems datasets in the trial protocol and, in greater detail, in the appropriate section of the Trial Master
File (https://doi.org/10.1016/52589-7500(22)00122-4; https://zenodo.org/records/6047155 and Appendix 2 of https://zenodo.org/records/6047938/
files/Routine_dataset_justification_template_v1.0_2022-02-15.docx?download=1)

2.2.a Does the HSD include what the trial needs?

- Using data provider’s available data dictionary, establish which outcome measures are collected “routinely”

« Ascertain costs of data provision

- Ascertain data provider timelines for data verification/release

- Consider need for repeated data releases and costs relating to data retention

- Discuss processes for data linkage if linking to trial cohort and/or multiple data sources are sought

- If time and resources permit, interrogate for limitations before deciding to use HSD

- Dataset may cover only subset of outcomes relevant to trial question. Consider how other outcome data will be collected, or whether benefit
of using single approach to data collection outweighs value of collecting data across multiple sources

- Additionally, take into consideration the follow-up outcomes, and their availability form HSD

- For registry-based trials, discuss whether registry team could adapt or supplement routine HSD collection to meet trial’s needs without compromis-
ing integrity of registry

- Whether HSD may be appropriate for aspects of safety reporting depends on clinical trial risk profile. Consider during trial design and define clearly
in protocol. Likely to be appropriate in low-risk trials where adverse events are not informing emergent safety profile of treatment

- Timeliness of data provision should be considered in relation to safety monitoring plans

- Establish whether any precedent, or evidence of public support for accessing these data for research, exists, or alternatively whether issues have
arisen previously. Consider trial participants’ needs for understanding of the use of their HSD for outcomes in research and how that may vary according
to study populations

2.2.b Data quality assurance

- Establish whether provider can provide information regarding data provenance, integrity, and completeness

- Understand timeliness of collection of data held by provider, e.g. whether there is lag between site data collection and entry into provider system,
or whether data is only released at certain time of year

+ Understand how provider receives and processes data, and how changes in processing and coding are handled and communicated

- Consider what is known, from previous literature, about validity and completeness of outcome data, which may include national audit reports

- Assess whether it is realistic to be able to provide funder with accurate idea of HSD data quality at application, or whether it is possible to build
in approaches to examine uncertainty during trial

2.2.cTime

- Ask provider how long it will take from point of request and then from point of approval to supply specified dataset to trial team

- Determine if contract includes binding timelines and decide what is acceptable delay for delivery of data for first occasion and subsequent deliveries

- Establish whether this time will reduce if datasets are requested on multiple occasions during trial. Consider in relation to whether interim analyses
are planned or when using HSD for monitoring safety outcomes
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Table 1 (continued)

2.2.d Algorithms for deriving outcomes

- Explore whether validated algorithm for deriving outcomes from HSD exists
- If not, consider whether to include time to develop and test proposed algorithm, within utility comparison

2.2.e Considerations around missing data

- Be aware of timing of data entry processes into HSD resource by clinical teams and data entry clerks, and subsequent availability or missingness,
which may vary across sites. For example, within registries outcomes may be entered on annual basis or annual reviews may be delayed

- Be aware of how long data may take from local collection into national or collated set, and how long it takes for latter to be released

- Discuss whether possible to go back to participating sites to collect missing data

- Otherwise consider imputation from other available variables, or other HSD datasets, with collection of extra variables to maximise effectiveness
of imputation method. This may be where contingency fund for unanticipated workarounds would be helpful

2.2.f Consideration of potential reporting errors/discrepancies

- Discuss mechanism and opportunity for resolution of discrepancies with provider

- Ask provider whether they have guidance on range of possible solutions based on experience (e.g. rules of precedence, windows for ‘same dates,
impossible events)

- Always cost for managing data queries — could be part of contingency management

2.2.g Preparation of trial dataset

- Discuss with provider whether raw data or analysis-ready data will be provided. For example, it may be useful to consider whether trial team will
need to do additional analyses for primary analysis, implying raw data more appropriate

- However, if the trial team has limited statistical support or only need one or two defined analyses, analysis-ready data might be more appropriate

- Cost and time may be a factor — access to analysis-ready data could be more costly or take longer to receive

- Additional considerations might be ability to verify derivation of analysis-ready data undertaken by third party. Raw data might be more appropriate
here, where the trial team has control over analysis steps provided local statistical expertise exists

(3) Internal pilot

- If internal pilot to be undertaken, determine how use of HSD compares to collecting outcome data traditionally, e.g. in terms of sufficiency, timeli-
ness, completeness, and cost-effectiveness. Trial team needs to consider whether setting up trial using both approaches justified in terms of cost
and complexity, e.g. by providing added value for health area more widely than individual trial

- If internal pilot felt to be valuable and feasible, consider progression criteria to be applied to aspects related to use of HSD

(4) Onward data sharing

- Discuss funder’s requirements for onward data sharing and whether provider can approve, considering it can facilitate further research and extend
efficiency gains

- Ensure issues around onward sharing or subsequent access considered in data sharing agreement/contract as well as any resources involved

- Consider prospectively who (in broadest sense, e.g. trial oversight committees, trial team, industry partners, future meta-analysts) needs to see HSD,
as raw or aggregated data

- Explore legal, ethical and governance responsibilities in advance within appropriate timeframes. There may also be implications for consent forms
for the trial, allowing further use of data past initial trial

- Ensure any ethical or governance issues regarding the sharing of data from the registry are addressed

(5) Data destruction and archiving

- Discuss regulatory requirements for archiving period with data provider, ensuring archiving agreements compliant with clinical trials regulations
- Discuss costs associated with holding data for archiving period, and permissions to retain anonymised data, in original or derived format,
beyond archive period

disseminating aspects about the EHR used [11]. The cur-  will also allow trial teams to meet the reporting standards
rent work expands on prior literature, creating compre-  of the CONSORT-Routine guideline [14].

hensive guidance to be considered at the design stage of Several areas of potential concern, which are likely to
the clinical trial. be more commonly encountered, were discussed:

The list also complements other resources available or (i) Finding data specialists with experience with HSD
planned for trialists using HSD for trial outcomes, includ- can be difficult. If unavailable, identifying appro-
ing MHRA guidance, CTTI guidance [12], and the HDR priate training and funding for this should be
UK ‘Route Map’ described in Additional file 4. Trialists built into grant applications, also recognising
should be aware of the reviewers of the planned trial pro- the increased risk on research delivery and time
tocol, which may differ according to intervention type required.
and bear in mind their standards, if available, eg. MHRA. (i) Sample datasets are not always available. Early dis-
Forthcoming SPIRIT-Routine guidance is anticipated to cussion with HSD controllers may be useful, both
highlight some of these issues to be considered in trial for them and for the users. Al-generated sample

protocols [13]. Consideration of the issues described here datasets could be developed by the data providers
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to showcase the dataset, while preventing patient
information leakage.

(iii) There are examples of registry trials which supple-
ment core registry data with add-on modules which
collect trial-specific outcomes. If this approach is
used, data management processes require careful
consideration in advance to ensure that the integrity
of registry data is not compromised [15].

(iv) When choosing outcome measures, the poten-
tial limitations of choosing only those where HSD
exists, which may exclude some agreed to be of
core importance, e.g. in core outcome sets [16],
needs to be considered. Currently, subjective out-
come measures, like PROs, are not commonly
available from HSD, but over 90% of the RCTs
using HSD collected PRO data directly from par-
ticipants [4]. For PRO data choosing a valid meas-
urement instrument is key, with data utility com-
parison more challenging.

Several areas were identified where further work would
be helpful.

(v) Validation studies to demonstrate HSD quality are
needed in terms of integrity and provenance (Mur-
ray 2022) and utility (under review). One ques-
tion raised was whether data providers should be
responsible for providing information about the
validity of the data they provide. Expansion of the
work to demonstrate integrity and provenance of
data [17, 18] to cover more providers will be useful.

(vi) Examples of helpful discussions with research
funders were given, whereby phased feasibility
studies to assess uncertainties related to HSD were
agreed. A point for further discussion with funders
is whether a different costing model should be
applied to access data for feasibility and pilot stud-
ies. It was considered helpful to explore this con-
cept with funders and HSD providers, to see how it
might be potentially supported.

Strengths of this work include the range of stakehold-
ers engaged, and the breadth of examples and case stud-
ies discussed. The responses to the consultation allowed
the exploration of a range of potential areas for consid-
eration that mapped onto issues across the lifecycle of
the trial and covered topic areas that were likely to be
relevant to the range of disciplines and roles involved in
trial design. Limited representation of funders and data
providers, both public and from industry, at the discus-
sion workshop, is recognised as a limitation; however,
planned dissemination activities will be aimed at greater
engagement, with potential for future revisions to the list
of issues to consider. The main focus of this work was on

Page 7 of 9

UK practice and datasets, although some of the findings
may be considered to be generalisable outside the UK.

The focus of the PRIMORANT study was on issues to
consider during the design phase of a clinical trial. It is
important to note however that there are other aspects of
conduct and reporting in relation to using HSD for trial
outcomes. For example, algorithms used within trials
should be well-documented to enhance reproducibility.
Code list and data fields provided may change over time,
so algorithms will need to change, and those changes will
also need to be documented. If data are sourced from mul-
tiple providers, consistency of coding across the datasets
should be checked and reconciliation clearly documented.
Code lists and/or algorithms should be made publicly
available to improve efficiency for future researchers, for
example in the HDR UK phenotype library.

Conclusion

In summary, the issues identified here should strengthen
the decision-making process for trialists when consider-
ing the use of HSD for trial outcomes. The work should
also inform discussions with funders to build in miti-
gation (e.g. include an option to supplement with data
directly from participants or sites) and allow for addi-
tional costs that could be incurred or unanticipated
workarounds required (e.g. for changes in legislation,
delays in data release, periodic renewal of data sharing
agreements), as well as discussions with HSD-providers
about how to improve the design and delivery of trials
using HSD.
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