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Article summary
Strengths and limitations of this study

- This paper assesses the role of pilot and feasibility studies funded by the NIHR HTA
programme

- The study reviews the different ways pilot and feasibility studies funded by the HTA
programme and how they inform the design of a trial (review of study elements)

- The study contributes to the limited literature in this area whilst maximising the value and
importance to adding value research agenda

- Although the data covers a five year period, the number of eligible studies are small
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Abstract

Objectives: To assess the value of pilot and feasibility studies to Randomised Controlled Trials
funded by the National Institute for Health Research (NIHR) Health Technology Assessment
(HTA) programme. To explore the methodological components of pilot and/or feasibility studies
and how they go on to inform full RCTs.

Study design: Retrospective cohort study

Setting: Cohort one: Standalone pilot/feasibility studies published in the HTA Journal or
accepted for publication. Cohort two: all funded RCT applications funded by the HTA
Programme, including reference to an internal and/or external pilot/feasibility study. Both
cohorts included studies with fund decision date between 1 January 2010 and 31 December
2014. The methodological components were assessed using an adapted framework from a
previous study.

Main outcome measures: The proportion of standalone pilot and feasibility studies which
recommended proceeding to full trial and determine what study elements were assessed. The
proportion of HTA funded trials which used internal and external pilot and feasibility studies to
inform the design of the trial.

Results: Cohort 1 identified 15 standalone pilot/feasibility studies. Study elements most
commonly assessed were testing recruitment (100% in both groups), feasibility (83%, 100%)
and suggestions for further study/investigation (83%, 100%). Cohort 2 identified 161 HTA
funded applications: 59 cited an external pilot/feasibility study where testing recruitment (50%,
73%) and feasibility (42%, 73%) were the most commonly reported study elements. Ninety-two
reported an internal pilot/feasibility study where testing recruitment (93%, 100%) and feasibility
(44%, 92%) were the most common study elements reported.

Conclusions: HTA funded research which is inclusive of pilot and feasibility studies assess a
variety of study elements. It is clear that pilot and feasibility studies serve an important role in
determining the most appropriate design of a trial. However, caution is required about when it is
not appropriate to conduct this type of study.

Keywords: Randomised Controlled Trials, Pilot studies, Feasibility studies, Health Technology
Assessment
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INTRODUCTION

Pilot and feasibility studies have an important role to play in the development of Randomised
Controlled Trials (RCTSs). If appropriately used, pilot and feasibility studies can provide sufficient
methodological evidence about the design planning and justification of a trial. They are often
undertaken to inform elements of the main trial design, but they can also be used to reduce or
eliminate problems that limit the successful delivery of trials. In 2009, the Lancet published a
paper that highlighted the extent to which research is wasted, and that loss is as much as 85%
of research investment." Given the cost and time of investment from researchers and major
health research funders, there is now a growing demand to assess and examine the factors
associated with how research is wasted.? Poor research design has been associated with
factors such as non-reference to a pre-existing systematic literature review or bias generated by
inadequate concealment of treatment allocation." Much attention has focused on the design,
conduct and analysis of clinical research, primarily since much of the wastage is as a result of
poor and inadequate methods.’

Over the last ten years, we have seen how pilot and feasibility studies have become an
important feature in terms of gathering evidence to inform the development of a full trial.
Conducting a pilot or feasibility study to determine any uncertainties prior to the main trial may
help to eradicate issues and thus inform the definitive trial. More importantly perhaps, is the role
pilot and feasibility studies can have in modifying the design and conduct, and therefore
increasing the value of the research, helping to avoid methodological design flaws and reducing
the burden of research waste.

Despite the growing importance of pilot and feasibility studies there is still a lack of clarity about
the use of the two terms.*® In 2008, the Medical Research Council (MRC) published guidance
on developing and evaluating complex interventions to demonstrate the value and importance of
pilot and feasibility studies as a key element in the development and evaluation process.
However, the guidance did not attempt to explain or provide any definition for the terms ‘pilot’
and ‘feasibility’.® It was not until two years later that Thabane et al. reviewed the key aspects of
pilot studies and provided a detailed account of pilot studies which included a number of
definitions.® Around the same time (2009), the National Institute for Health Research,
Evaluation, Trials and Studies Coordinating Centre (NETSCC) published a support document
detailing what feasibility and pilot studies are.

- Feasibility studies are defined as “pieces of research done before a main study in order
to answer the question “Can this study be done?”. They are used to estimate important
parameters that are needed to design the main study...feasibility studies do not evaluate
the outcome of interest.”

- Pilot studies are defined as “a version of the main study that is run in miniature to test
whether the components of the main study can all work together. It is focused on the
processes of the main study...it will therefore resemble the main study in many
respects.”

(https://www.nihr.ac.uk/funding-and-support/documents/funding-for-research-studies/research-
programmes/PGfAR/Feasibility%20and%20Pilot%20studies.pdf — accessed 06/02/2018).

These definitions have gone some way to aid the understanding for when it is appropriate to do
pilot or feasibility studies as part of the definitive trial. These definitions are now widely used
across NIHR.

Despite the importance of the role of pilot and feasibility studies in informing RCTs, there is little
empirical evidence about the use of these studies in informing future trials. For example, the
Lancet series in 2014 did not make reference to the usefulness of pilot and feasibility studies in
the context of increasing value and reducing waste in research design, conduct or analysis.®
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Lancaster et al. and Arain et al. provided a methodological framework to assess how pilot
studies are used to inform the conduct and reporting of pilot studies.* ” Both described the
challenges and complexities in the reporting of pilot studies. Arain et al. further explored these
complexities in relation to feasibility studies and full trials.

The aim of this study is to contribute evidence to this important gap in the current literature. The
purpose of this paper is to describe the process and results of how, and in what way, pilot and
feasibility studies have been used to inform full RCTs.
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METHODS

The Health Technology Assessment (HTA) Programme has a long history of commissioning
pilot and feasibility studies. Therefore, the published reports of standalone pilot and feasibility
studies were examined to determine which elements of research design are most often
assessed. Applications for funded HTA ftrials were also assessed to establish how full trials are
informed by previously completed pilot / feasibility studies as well as pilot studies embedded
within the trial.

Data source
An assessment of the NIHR HTA Programme over a five-year period (2010-2014) was
conducted using two retrospective cohorts. In order to identify the included studies for both
cohorts we
1. Firstly reviewed the project / journal title. If it was not possible to confirm the inclusion of
a pilot / feasibility study;
2. We then assessed the abstract, to confirm the citation of or main study type as pilot /
feasibility study. If it was still not possible to determine;
3. We then reviewed the full Journal article or application form

Cohort 1: Standalone pilot and feasibility studies

Standalone pilot / feasibility studies funded by the HTA Programme with a fund decision date
from 01 January 2010 to 31 December 2014, which have published in the HTA Journal or are
currently being prepared for publication and have been signed off by the editors (only those in
production were included). The published Journal/approved final version of the published report
was used as the source for data extraction. The standalone studies were categorised into ‘pilot
study’, ‘feasibility study’ or ‘both’.

Cohort 2: Randomised Controlled Trials

Trials funded through the HTA Programme with a fund decision date between 01 January 2010
to 31 December 2014. The application form of a funded trial was used as the source for data
extraction. The trials were categorised based on the type of pilot and/or feasibility: ‘external /
previous pilot study’, ‘external / previous feasibility study’, ‘internal pilot study’, ‘internal feasibility
study’ or ‘other (mixed study)’.

NETSCC’s research management databases were used to identify the two cohorts. Search
terms were used to search for relevant data to ensure the feasibility of future replications. The
key search terms used were: pilot, feasibility, preliminary work, earlier/previous study.

In addition to the search using key terms, a targeted search was carried out on specific areas of
the application form. Focusing on specific areas of the application was relevant in identifying
where the elements of the study design would most likely be described in relation to the pilot
and/or feasibility study.

Classification systems

The definition of pilot and feasibility studies agreed by NIHR for four Programmes was used for
the purpose of this study (see: https://www.nihr.ac.uk/funding-and-support/documents/funding-for-
research-studies/research-programmes/PGfAR/Feasibility%20and%20Pilot%20studies.pdf). These
definitions were also used by Arain et al.”

The classification systems developed by Arain et al. and Bugge et al. were adapted to
determine what elements of a study design were assessed or used to inform the full trial (see
Table 1).”® In both cohorts, the elements of the study design were examined in terms of
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a. Did the study explicitly state it assessed any of these elements? (yes/no)

b. Were there any recommended changes as a result of the assessment? A yes response
was defined as: the authors reported a change / recommendation to be considered but
did not necessarily report what that change was. If the authors did not explicitly state a
recommendation, it was assumed that no changes were required.

The text pertaining to the pilot and/or feasibility study was also extracted for quality assurance
purposes.

Insert Table 1 here

Two additional study elements were included in cohort two which were not reported in cohort
one. These were ‘delivery of intervention’ and ‘testing/developing materials’.

Piloting

Data extraction tables for cohort 1 and cohort 2 were piloted with an initial sample of 10 studies.
No changes were required to the classification system previously adopted by Arain et al. as a
result of the pilot work.

Data quality and assurance

Our approach to quality assurance was guided by the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE), which although designed for observational
studies, could be applied to the processes we used in this current study.

For both cohorts, WP extracted all data and a second person assessed and reviewed the data
to ensure the accuracy of data extraction. All of cohort 1 was assessed followed by 15% of
cohort 2 (purposive sampling of 5% of the cohort followed by 10% randomly selected application
forms). The remaining 85% was subsequently reviewed by MAK to determine the reliability and
validity of the data extraction and usability of the adapted template. All disagreements were
discussed by the team and were resolved by consensus. Data management was undertaken by
WP with support from ABJ.

Data analysis

The classification system adapted from Arain et al. was captured using Microsoft Access.” A
separate Access form was developed to extract data independently for both cohorts. Both
cohorts were exported into Microsoft Excel and then subsequently into IBM SPSS V.22. Excel
was used to calculate the median and the inter-quartile range for cohort 1 only. Data were
analysed and interpreted using descriptive and inferential statistics to determine the frequency
of the study design elements and how often changes were recommended for full trials.
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Results

In cohort 1 we identified 47 published standalone pilot and/or feasibility studies and in cohort 2
we identified 303 HTA funded RCTs during the five-year period (01 January 2010 — 31
December 2014). Fifteen standalone studies were identified and eligible for cohort 1 and 161
funded HTA applications were identified and eligible for cohort 2.

Cohort 1

A total of 47 standalone studies were identified. Thirty-two were excluded on further
examination due to not being a pilot or feasibility study. The remaining 15 studies were
categorised into three separate groups (see Figure 1). We found that 13 of the 15 study
elements included in the adapted framework were assessed in standalone pilot studies
compared to nine study elements in feasibility studies.

In this cohort, it was found that seven studies used the terms “pilot” and “feasibility”
interchangeably and it was difficult to determine, even with the NIHR definition, what type of
study was undertaken. Therefore, it was not possible to accurately determine which study
elements belonged to which, and in some cases the authors described the conduct of both pilot
and feasibility work. The team agreed to combine pilot and feasibility together in this instance,
which was also found in Arain et al.

Insert Figure 1 here

The median number of participants for the standalone studies (n=15) was 46, with an inter-
quartile range 29 to 98. Of the 15 eligible standalone pilot and/or feasibility studies, the most
commonly reported study design element was testing recruitment. In all three groups (pilot
studies, feasibility studies and pilot/feasibility studies), all 15 studies assessed recruitment (6/6,
2/2 and 7/7 respectively) (see Table 2). Half of these also reported recommended changes to
recruitment (3/6, 1/2 and 3/7 respectively). Interestingly, both feasibility studies only (2/2) and
pilot/feasibility groups (7/7) assessed the need for further study and suggested recommended
changes (further study referred to whether further investigation was required using a large RCT
and where future trial data could be of benefit).

Insert Table 2 here

Cohort 2

A total of 303 HTA funded applications were identified. Eighty-two were excluded upon
examination as they were not RCTs (for example cohort studies, diagnostic accuracy test
studies) and a further 60 applications were excluded due to not being informed by any external
or internal pilot and/or feasibility study. The remaining 161 applications were reviewed and
subsequently grouped into five categories (see Figure 2). As the application was used as the
source of data extraction, the outcome of the internal pilot/feasibility study was not available
(n=92). Not all citations included the number of participants in the external pilot / feasibility study
and we did not go back to the originally cited reference (n=59). Therefore, it was not appropriate
to estimate the median or inter quartile range for this cohort.

The others group comprised of applications that were informed by a combination of more than
one preliminary study (e.g. internal and/or external pilot study and/or feasibility study). Of those
10 applications,

- Six of the ten were informed by external pilot studies,
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- Seven of the ten were informed by external feasibility studies,
- Seven of the ten were informed by internal pilot studies and
- One of the ten was informed by an internal feasibility study.

No further analysis was conducted on these 10 applications due to the diverse nature of the
study types in this subgroup.

Insert Figure 2 here

External pilot and feasibility studies

Of the 161 applications, 29.8% (48/161) reported or cited a previous external pilot study not
recently done by the applicant and 6.8% (11/161) reported an external feasibility study. For this
subset, all of the study elements (n=17) were assessed by external pilot studies but no single
study assessed all 17 elements. By comparison, 13 of the 17 study elements were assessed by
external feasibility studies (see Table 3).

In terms of the study elements, testing recruitment, determining the sample size and numbers
available, and the feasibility were the most commonly reported criteria assessed in both external
pilot and feasibility studies (see Figure 3). The number of reported recommended changes
based on the results of the external pilot or feasibility study were however minimal. Although, in
some applications it was possible to detect a change, the authors did not explicitly state a
recommended change. Therefore, it was not possible to determine whether this was based on
the pilot or feasibility study, or some other factor.

Insert Table 3 here

Insert Figure 3 here

Internal pilot and feasibility studies

Of the 161 applications, 49.7% (80/161) reported an internal pilot study and 7.5% (12/161)
reported an internal feasibility study. Due to the source of data extraction (the application form)
it was not possible to determine whether the funded internal pilot or feasibility study had made
any recommended changes: as the internal study had not yet been conducted.

For the internal studies, we found 14 of the 17 study elements were being assessed by internal
pilot studies compared to 10 study elements in feasibility studies. Based on assessment only,
the most common study element to be reported was testing recruitment (74/80 and 12/12
respectively) and feasibility (35/80 and 11/12 respectively) for both internal pilot and feasibility
study (see Table 4). As Figure 4 shows, there were several similarities between a number of
study elements assessed by both pilot and feasibility studies.

Insert Table 4 here

Insert Figure 4 here
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Discussion

This study found that pilot and feasibility studies do play a role in the development and design of
definitive RCTs. In both cohorts it was clear that two study elements were commonly assessed:
testing recruitment and feasibility. This has important implications for the success of a trial,
given that many trials struggle with recruitment and often request extensions or become at risk
of closure.? ' Our findings showed how trials use pilot and/or feasibility studies in an attempt to
assess and evaluate prior to a full trial, whether it is likely to be able to recruit its target sample
size and whether the study is indeed feasible as a full trial. In both cohorts, we found pilot
studies assessed more study elements than feasibility studies. This also applied to the internal
and external study groups in cohort 2; external and internal pilot studies were used to assess
more study elements than that of feasibility studies.

Strengths and weaknesses of the study and in relation to other studies

The main strength of the study was the inclusion of all HTA funded studies over a five-year
period. Although cohort one (standalone) only included 15 studies, this was as expected. For
this cohort, we identified an increase in almost all of the study elements being assessed
compared to earlier work by Arain et al.” In cohort two, over half of the HTA funded applications
included a pilot and/or feasibility study (internal and/or external) (161/303). Compared to Arain
et al.” the findings were similar for the external pilot and feasibility studies cited in terms of the
number of study elements assessed and the number of studies included. For example, testing
recruitment was the most frequently reported element for pilot studies in both the current study
and Arain et al., and determining the sample size and the numbers available was identical in
both studies. However, randomisation, clinical outcomes and feasibility were reported more
frequently by Arain et al. than the current study. For the external feasibility studies, the current
study found more study elements being assessed than that of Arian et al. in terms of testing
recruitment, determining the sample size and the numbers available, randomisation,
acceptability, feasibility and follow up/drop out.

For the internal pilot studies, similar findings were found when comparing Arain et al. to the
current study: determining the sample size and the numbers available, randomisation and
clinical outcomes were assessed more in Arain et al. than the current study. As with the internal
feasibility studies, we found the current study to report more study elements being assessed
than that of Arain et al.: testing recruitment, determining the sample size and the numbers
available, follow up/drop out, randomisation, acceptability and feasibility. These differences,
particularly found with the feasibility studies could be associated with changes over time in the
use and understanding of feasibility studies.

This study relied on an adapted version of the Arain et al. framework. As some of the study
elements were expanded and new ones were added a direct comparison with Arain et al.
findings is limited.” Given the subjective nature of some of the study elements, we chose to
quality assure all data to eradicate and reduce any known errors. Since the analysis was based
explicitly on the reporting of the applicants, and did not include any subjective account or
interpretation of what was reported, we may have under reported the number of study elements
assessed and/or recommended.

We also noted a mismatch in numbers between those assessing study elements and those
where recommendations were made in cohort one. This was due, in part, to how each study
element was reported by the applicants. For example if a study did not specify that they had
assessed these elements but made recommendation for changes, we only inferred that they
assessed it, but it could not be recorded in the data, hence the mismatch in the findings. This
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does however highlight the importance of clearly reporting how, what and where the pilot and/or
feasibility study had an impact on the design of the definitive trial.

Implications

The level of appropriateness in the reporting of pilot and feasibility studies could largely be
affected by the lack of clarity and awareness of the different study requirements. Despite the
growing literature on improving the quality of research to reduce waste in research, there is
limited literature pertaining to how pilot and feasibility studies fit into this agenda for change.
From what literature there is on pilot and feasibility studies, there is still some confusion about
when, why and how it is appropriate to conduct a pilot and/or feasibility study. The findings in
this study, even with the use of a well-defined definition by NIHR, we still found evidence where
applicants did not adhere to the HTA definitions for “pilot” and “feasibility” study on research
applications. The terminology is still being used interchangeably. Although the commentary on
pilot studies by Thabane et al. gives a detailed account of the appropriateness of why and how
to conduct a pilot study, a comparison with feasibility studies is lacking.® It would be helpful to
have a more formal distinction between these two terminologies as suggested by Arain et al. A
recent study by Eldridge et al. goes some way to rectify this by developing a conceptual
framework for defining pilot and feasibility studies." The conceptual framework shows
promising results, by being compatible with the MRC guidance on complex interventions,® and
their descriptor of pilot studies is similar to that of the NIHR (NIHR definition). However, it is
important to note that the Eldridge et al. conceptual framework is slightly different to that
adopted by the NIHR."

Having clear definitions of when to use pilot and feasibility studies is clearly important for
confirming the progression to a full trial. However, it is also imperative to note the limitations of
the use of pilot and feasibility studies and when it is not appropriate to conduct this type of
study. Pilot and feasibility studies are to assist and direct the design stage of a trial, they should
not be used to assess effectiveness, make claims about whether the treatment works or not, or
to perform sample size calculations. They should be explicitly defined as a pilot or feasibility
study in the study protocol. Both pilot and feasibility studies have a role to play and are
extremely important to the design stage of a trial. However, how they are reported and in what
cont?zxt, requires caution especially when interpreting the findings and delivering a definitive
trial.

Conclusion and recommendations

HTA funded research which is inclusive of pilot and feasibility studies are very likely to assess a
variety of study elements, which have been evidence-based through this current study using an
adapted version of Arain et al. framework.” However, not reviewing the impact of the preliminary
work once the trial commences, we have no way of knowing whether the pilot and/or feasibility
studies recommendations were instrumental in the successful completion of the trial. If we are
able to demonstrate the value of pilot and feasibility studies we need to place greater emphasis
on not only their role in the design stage of a trial but also how this preliminary work predicted
favourably, or not, to the completion of the definitive trial. The internal pilot and/or feasibility
studies reported in cohort 2 could be used for the basis of continual work in this area. By
following up on this cohort we would be able to analyse the successful delivery of the definitive
trial and whether the preliminary work had any bearing on this success.
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Recommendations include a larger sample of studies across other UK health research funding
agencies to determine the frequency and importance of those study elements reported here. A
further assessment between the study elements noted in the pilot and feasibility studies and
how this impacted on the eventual design and conduct of the definitive trial would certainly add
value. This could be achieved by prospectively evaluating the ongoing use of pilot and feasibility
studies in cohort two (specifically the internal pilot and/or feasibility studies) as well as future
funded applications to the HTA programme. Highlighting the need for better reporting of pilot
and feasibility studies should be regarded as relevant to all research funding bodies. And as
such, better guidelines for the design, conduct, analysis and reporting of pilot and feasibility
studies are still needed.

Future work could therefore include widening the study outcomes presented here to other NIHR
funded programmes such as Programme Grants for Applied Research (PGfAR). Funders might
want to consider the use of Arain et al. framework when considering the funding of pilot /
feasibility studies. Thus, maximising the benefit of research and reducing the extent to which
research is wasted. If we find ways to appropriately address the flaws detected at the design
and conduct stages of research, then we could start to see how research adds value and
reduces the amount of research waste. In order to achieve this, we need clearly defined
terminology which is inclusive of funding agencies and researchers’ perspective; empirical
evidence on the reporting and appropriate use of pilot and feasibility studies, in terms of
favourable study elements and; evaluation of the contribution to definitive trial outcomes.
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Table 1: Elements of a study design adapted from Arain et al.

Methods related
Testing Recruitment
Determining the sample size / numbers available
Follow up / dropout
Hypothesis testing
Resources
Randomisation

Blinding

Outcome measures
Control group

Data collection

Further study suggested

Intervention related
Dose / efficacy / safety
Clinical outcomes
Acceptability
Feasibility

In addition to the above, Cohort 2 included:
Delivery of the intervention
Testing/developing materials

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Table 2: Cohort1 - Study elements captured in pilot studies, feasibility studies and pilot/feasibility studies

Criteria

Testing
recruitment
Determining
SSandn
available
Follow
up/dropout
Hypothesis
testing
Resources
Randomisation
Blinding
Outcome
measures
Control group
Data collection
Clinical
outcomes
Dose/efficacy/
safety
Acceptability
Feasibility
Suggests
further study
Median
number of
participants
(IQR)

Pilot studies only (n=6) Feasibility studies only (n=2)

Assessed Recommende @A and Assessed Recommende A and Assessed (A): Recommende
(A): d RC: (A): d changes RC: Number (%) d changes
Number changes Number Number (RC): Number = Number (RC): Number
(%) (RC): Number (%) (%) (%) (%) (%)
(%)
6 (100.0) 3 (50.0) 3 (50.0) 2 (100.0) 1 (50.0) 1 (50.0) 7 (100.0) 3 (42.9)
5(83.3) 1(16.6) 0 1 (50.0) 2 (100.0) 1 (50.0) 5(71.4) 1(14.3)
4 (66.6) 3 (50.0) 3 (50.0) 0 1 (50.0) 0 5(71.4) 2 (28.6)
2 (33.3) 0 0 1 (50.0) 0 0 1(14.3) 0
4 (66.6) 3 (50.0) 2 (33.3) 2 (100.0) 0 0 5(71.4) 1(14.3)
4 (66.6) 0 0 0 0 0 6 (85.7) 1(14.3)
0 0 0 0 0 0 2 (28.6) 0
5(83.3) 4 (66.6) 4 (66.6) 2 (100.0) 1 (50.0) 1 (50.0) 6 (85.7) 4 (57.1)
0 0 0 0 0 0 1(14.3) 0
3 (50.0) 0 0 0 1 (50.0) 0 3 (42.9) 1(14.3)
3 (50.0) 2(33.3) 1(16.6) 1 (50.0) 0 0 3 (42.9) 0
2 (33.3) 1(16.6) 1(16.6) 0 0 0 2 (28.6) 0
4 (66.6) 0 0 1 (50.0) 0 0 6 (85.7) 0
5 (83.3) 0 0 2 (100.0) 0 0 7 (100.0) 0
5(83.3) 4 (66.6) 4 (66.6) 2(100.0) 2(100.0) 2 (100.0) 7 (100.0) 7 (100.0)
47.5 NA NA 14 (7-21, NA NA NA
(39.25-85, being equal 58 (35.5-173,
being equal to 14) being equal to
to 45.75) 137.5)
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Pilot/Feasibility studies (n=7)

A and RC:
Number
(%)
3(42.9)

1(14.3)

1(14.3)
0
1(14.3)
1(14.3)
0
3 (42.9)
0
0
0
0
0
0
7 (100.0)

NA
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Table 3: Cohort 2 - Study elements captured in external pilot and feasibility studies
External feasibility study (n=11)

s Assessed Recommended
Criteria Number (%) changes
Number (%)

Testing recruitment 24 (50.0) 3(6.3)
Determining SS and n 24 (50.0) 1(2.1)
available

Follow up/dropout 16 (33.3) 0
Hypothesis testing 10 (20.8) 0
Resources 2(4.2) 0
Randomisation 7 (14.6) 0
Blinding 4 (8.3) 1(2.1)
Outcome measures 10 (20.8) 1(2.1)
Control group 3(6.3) 0
Data collection 6 (12.5) 0
Clinical outcomes 12 (25.0) 0
Dosel/efficacy/safety 14(29.2) 1(2.1)
Acceptability 17 (35.4) 0
Feasibility 20 (41.7) 0
Suggests further study 8 (16.6) 1(2.1)
Delivery of intervention 8 (16.6) 2(4.2)
Testing/developing 3 (6.3) 0
materials

External pilot study (n=48)

Assessed

Number (%)

8 (72.7)
4 (36.4)

3 (27.3)
2 (18.2)
1(9)
3 (27.3)
0
1(9.1)
0
2 (18.2)
1(9.1)
0
4 (36.4)
8 (72.7)
1(9.1)
0
1(9.1)

Table 4: Cohort 2 - Study elements captured in internal pilot and feasibility studies
Internal feasibility study (n=12)
Assessed No. (%)

Criteria

Testing recruitment

Determining SS and n available

Follow up/dropout
Hypothesis testing
Resources
Randomisation
Blinding

Outcome measures
Control group

Data collection

Clinical outcomes
Dosel/efficacy/safety
Acceptability
Feasibility

Suggests further study
Delivery of intervention
Testing/developing materials

Internal pilot study (n=80)

Assessed No. (%)

74 (92.5)
21 (26.3)
28 (35.0)

Page 16 of 21

Recommended
changes (n)

0
1(9.1)

[eNellollololellelleolelolellollolelo]

12 (100.0)
4 (33.3)
5 (41.7)

0
1(8

3)

4 (33.3)

0

2 (16.7)

0

2 (16.7)

0
1(8

3)

7 (58.3)

11 (9
0
0
0
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Abstract

Objectives: To assess the value of pilot and feasibility studies to randomised controlled trials
(RCTs) funded by the National Institute for Health Research (NIHR) Health Technology
Assessment (HTA) programme. To explore the methodological components of pilot / feasibility
studies and how they inform full RCTs.

Study design: Retrospective cohort study.

Setting: Both cohorts included NIHR HTA Programme funded studies in the period 1 January
2010-31 December 2014 (decision date). Cohort 1: Standalone pilot/feasibility studies published
in the HTA Journal or accepted for publication. Cohort 2: all funded RCT applications funded by
the HTA Programme, including reference to an internal and/or external pilot/feasibility study.
The methodological components were assessed using an adapted framework from a previous
study.

Main outcome measures: The proportion of standalone pilot and feasibility studies which
recommended proceeding to full trial and what study elements were assessed. The proportion
of ‘HTA funded’ trials which used internal and external pilot and feasibility studies to inform the
design of the trial.

Results: Cohort 1 identified 15 standalone pilot/feasibility studies. Study elements most
commonly assessed were testing recruitment (100% in both groups), feasibility (83%, 100%)
and suggestions for further study/investigation (83%, 100%). Cohort 2 identified 161 ‘HTA
funded’ applications: 59 cited an external pilot/feasibility study where testing recruitment (50%,
73%) and feasibility (42%, 73%) were the most commonly reported study elements: 92 reported
an internal pilot/feasibility study where testing recruitment (93%, 100%) and feasibility (44%,
92%) were the most common study elements reported.

Conclusions: ‘HTA funded research which includes pilot and feasibility studies assesses a
variety of study elements. Pilot and feasibility studies serve an important role when determining
the most appropriate trial design. However, how they are reported and in what context, requires
caution when interpreting the findings and delivering a definitive trial.

Keywords: Randomised Controlled Trials, Pilot studies, Feasibility studies, Health Technology
Assessment

Page 2 of 19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 23



Page 3 of 23

oNOYTULT D WN =

BMJ Open

Article summary
Strengths and limitations of this study

- This paper assesses the role of pilot and feasibility studies funded by the NIHR HTA
programme

- The study found that pilot and feasibility studies share common elements when
contributing to the design of a trial

- The study contributes to the growing literature in this area and demonstrates the value of
pilot and feasibility studies to the progression to full RCTs

- Although the data covers a five year period, the number of eligible studies are small and
only report from one NIHR Programme
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INTRODUCTION

Pilot and feasibility studies have an important role to play in the development of Randomised
Controlled Trials (RCTSs). If appropriately used, pilot and feasibility studies can provide sufficient
methodological evidence about the design planning and justification of a trial. They are often
undertaken to inform elements of the main trial design, but they can also be used to reduce or
eliminate problems that limit the successful delivery of trials. In 2009, the Lancet published a
paper that highlighted the extent to which research is wasted, and that loss is as much as 85%
of research investment." Given the cost and time of investment from researchers and major
health research funders, there is now a growing demand to assess and examine where
improvements need to be made to the design and conduct of trials.? Poorly designed trials could
include non-reference to a pre-existing systematic literature review or bias generated by
inadequate concealment of treatment allocation. Research by Cooper et al. has also shown
variability between external pilots and the prediction for randomisation and attrition rates.® As a
result, much attention has primarily focused on the design, conduct and analysis of clinical
research to determine where improvements are needed to reduce waste in research.

Over the last ten years, we have seen how pilot and feasibility studies have become an
important feature in terms of gathering evidence to inform the development of a full trial. There
is now an extension to the Consolidated Standards of Reporting Trials (CONSORT) which
provides guidance for pilot and feasibility studies being conducted prior to a main trial.*
Conducting a pilot or feasibility study to determine any uncertainties prior to the main trial may
help to eradicate issues and thus inform the definitive trial. More importantly perhaps, is the role
pilot and feasibility studies can have in modifying the design and conduct, and therefore
increasing the value of the research, helping to avoid methodological design flaws and reducing
the burden of research waste.

Despite the growing importance of pilot and feasibility studies there is still a lack of clarity about
the use of the two terms.*” In 2008, the Medical Research Council (MRC) published guidance
on developing and evaluating complex interventions to demonstrate the value and importance of
pilot and feasibility studies as a key element in the development and evaluation process.
However, the guidance did not attempt to explain or provide any definition for the terms ‘pilot’
and ‘feasibility’.” It was not until two years later that Thabane et al. reviewed the key aspects of
pilot studies and provided a detailed account of pilot studies which included a number of
definitions.® Around the same time (2009), the National Institute for Health Research,
Evaluation, Trials and Studies Coordinating Centre (NETSCC) published a support document
detailing what feasibility and pilot studies are.

- Feasibility studies are defined as “pieces of research done before a main study in order
to answer the question “Can this study be done?”. They are used to estimate important
parameters that are needed to design the main study...feasibility studies do not evaluate
the outcome of interest.”

- Pilot studies are defined as “a version of the main study that is run in miniature to test
whether the components of the main study can all work together. It is focused on the
processes of the main study...it will therefore resemble the main study in many
respects.”®

These definitions have gone some way to aid the understanding of when it is appropriate to do
pilot or feasibility studies as part of the definitive trial. These definitions are now widely used
across NIHR.

Despite the importance of the role of pilot and feasibility studies in informing RCTs, there is little
empirical evidence about the use of these studies in informing future trials. For example, the
Lancet series in 2014 did not make reference to the usefulness of pilot and feasibility studies in
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the context of increasing value and reducing waste in research design, conduct or analysis.’
Lancaster et al. and Arain et al. provided a methodological framework to assess how pilot
studies are used to inform the conduct and reporting of pilot studies.® ' Both described the
challenges and complexities in the reporting of pilot studies. Arain et al. further explored these
complexities in relation to feasibility studies and full trials. More recently, research has begun to
explore the differences between internal and external pilot studies and their contribution to main
trials, and the appropriateness of pilot and feasibility studies for estimating the sample size.® "' '

The aim of this study is to contribute evidence to this important gap in the current literature. The
objective of this paper is to describe the process and results of how, and in what way, pilot and
feasibility studies have been used to inform full RCTs.
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METHODS

The Health Technology Assessment (HTA) Programme has a long history of commissioning
pilot and feasibility studies. Therefore, the published reports (NIHR HTA Journal) of standalone
pilot and feasibility studies were examined to determine which elements of research design are
most often assessed. Applications for funded HTA trials were also assessed to establish how
full trials were informed by previously completed pilot / feasibility studies as well as pilot studies
embedded within the trial.

Data source

An assessment of the NIHR HTA Programme over a five-year period (2010-2014) was
conducted using two retrospective cohorts. There were two cohorts due to the data being
homogenous (data for cohort 1 was taken from the published HTA journal article and data for
cohort 2 was taken from the HTA application form).

In order to identify the included studies for both cohorts we

1. Reviewed the project title in the application form and the journal article title
2. Reviewed the abstract / executive summary

3. Reviewed the full Journal article or HTA application form

Sample selection

Cohort 1: Standalone pilot and feasibility studies

Standalone pilot / feasibility studies funded by the HTA Programme with a fund decision date
from 01 January 2010 to 31 December 2014, which have published in the HTA Journal or are
currently being prepared for publication and have been signed off by the editors (only those in
production) were included. The published Journal/approved final version of the published report
was used as the source for data extraction. The standalone studies were categorised into ‘pilot
study’, ‘feasibility study’ or ‘both’.

Cohort 2: Randomised Controlled Trials

Trials funded through the HTA Programme with a fund decision date between 01 January 2010
to 31 December 2014 were included. The application form of a funded trial was used as the
source for data extraction. The trials were categorised based on the type of pilot and/or
feasibility: ‘external / previous pilot study’, ‘external / previous feasibility study’, ‘internal pilot
study’, ‘internal feasibility study’ or ‘other (mixed study)'.

NIHR Evaluation, Trials and Studies Management Information System (NETS MIS) was used to
identify the two cohorts and extract the relevant documents needed for data extraction. Search
terms were used to search for relevant data to ensure the feasibility of future replications. The
key search terms used were: pilot, feasibility, preliminary work, earlier/previous study.

In addition to the search using key terms, a targeted search was carried out on specific areas of
the application form. Focusing on specific areas of the application was relevant in identifying
where the elements of the study design would most likely be described in relation to the pilot
and/or feasibility study.

Piloting

Data extraction tables for cohort 1 and cohort 2 were piloted with an initial sample of 10 studies.
No changes were required to the classification system previously adopted by Arain et al. as a
result of the pilot work.
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Classification systems
The definition of pilot and feasibility studies agreed by NIHR for four Programmes was used for
the purpose of this study®. These definitions were also used by Arain et al.”

The classification systems developed by Arain et al. and Bugge et al. were adapted to
determine what elements of a study design were assessed or used to inform the full trial (see
Table 1)."° " In both cohorts, the elements of the study design were examined in terms of
a. Did the study explicitly state it assessed any of these elements? (yes/no)
b. Were there any recommended changes as a result of the assessment? A yes response
was defined as: the authors reported a change / recommendation to be considered but
did not necessarily report what that change was. If the authors did not explicitly state a
recommendation, it was assumed that no changes were required.

The text pertaining to the pilot and/or feasibility study was also extracted for quality assurance
purposes.

Insert Table 1 here

Two additional study elements were included in cohort two which were not reported in cohort
one. These were ‘delivery of intervention’ and ‘testing/developing materials’.

Patient and Public Involvement

There was no patient or public involvement in the design of the study due to the nature of the
project (part of a University of Southampton, Faculty of Medicine, BM5 Medicine, 4" Year
project). There was no participant recruitment involved in the project, as all data were taken
from the published article or the HTA application.

Data quality and assurance

Our approach to quality assurance was guided by the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE), which although designed for observational
studies, could be applied to the processes we used in this current study.

For both cohorts, WP extracted all data and a second person assessed and reviewed the data
to ensure the accuracy of data extraction. All of cohort 1 was assessed followed by 15% of
cohort 2 (purposive sampling of 5% of the cohort followed by 10% randomly selected application
forms). The remaining 85% was subsequently reviewed by MAK to determine the reliability and
validity of the data extraction and usability of the adapted template. All disagreements were
discussed by the team and were resolved by consensus. Data management was undertaken by
WP with support from ABJ.

Data analysis

Data for each study, based on the framework developed by Arain et al. (see Table 1), was
captured using Microsoft Access 2010 (Microsoft Corporation, Redmond, WA, USA)." The
study design elements were entered onto an Access form and where a study element was
reported a ‘yes’ response was captured. A separate Access form was developed for each
included study for both cohorts. Both cohorts were exported into Microsoft Excel 2010 (Microsoft
Corporation, Redmond, WA, USA) and then subsequently into Statistical Product and Service
Solutions (SPSS) version 22 (IMB Corporation, Armonk, NY, USA). Excel was used to calculate
the median and the range for cohort 1 only. Data were analysed and interpreted using
descriptive statistics to determine the frequency of the study design elements and how often
changes were recommended for full trials.
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Results

In cohort 1 we identified 47 published standalone pilot and/or feasibility studies and in cohort 2
we identified 303 ‘HTA funded’ RCTs during the five-year period (01 January 2010 — 31
December 2014). Fifteen standalone studies were identified as eligible for cohort 1 and 161
funded HTA applications were identified and eligible for cohort 2.

Cohort 1

A total of 47 standalone studies were identified. Thirty-two were excluded on further
examination due to not being a pilot or feasibility study (we did not categorise the excluded
studies by study design). The remaining 15 studies were categorised into three separate groups
(see Figure 1). We found that 13 of the 15 study elements included in the adapted framework
were assessed in standalone pilot studies compared to nine study elements in feasibility
studies.

In this cohort, it was found that seven studies used the terms “pilot” and “feasibility”
interchangeably and it was difficult to determine, even with the NIHR definition, what type of
study was undertaken. Therefore, it was not possible to accurately determine which study
elements belonged to which, and in some cases the authors described the conduct of both pilot
and feasibility work. The team agreed to combine pilot and feasibility together in this instance,
which was also found in Arain et al.

Insert Figure 1 here

The median number of participants for the standalone studies (n=15) was 46. Of the 15 eligible
standalone pilot and/or feasibility studies, the most commonly reported study design element
was testing recruitment. In all three groups (pilot studies, feasibility studies and pilot/feasibility
studies), all 15 studies assessed recruitment (6/6, 2/2 and 7/7 respectively) (see Table 2). Half
of these also reported recommended changes to recruitment (3/6, 1/2 and 3/7 respectively).
Interestingly, both feasibility studies only (2/2) and pilot/feasibility groups (7/7) assessed the
need for further study and suggested recommended changes (further study referred to whether
further investigation was required using a large RCT and where future trial data could be of
benefit).

Insert Table 2 here

Cohort 2

A total of 303 ‘HTA funded’ applications were identified. Eighty-two were excluded upon
examination as they were not RCTs (for example cohort studies, diagnostic accuracy test
studies and we did not categorise the excluded studies by study design) and a further 60
applications were excluded due to not being informed by any external or internal pilot and/or
feasibility study. The remaining 161 applications were reviewed and subsequently grouped into
five categories (see Figure 2).

External pilot studies (n=48)

External feasibility studies (n=11)

Internal pilot studies (n=80)

Internal feasibility studies (n=12)

Other (n=10)

abrown~

As the HTA application was used as the source of data extraction, the outcome of the internal
pilot/feasibility study was not available (n=92). For the 59 applications where an external pilot /
feasibility study was referenced, we found that not all of these studies provided information
relating to the number of participants that took part in the pilot/feasibility study. We did not go
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back to the original journal article to retrieve this information. Therefore, it was not appropriate
to estimate the median or inter quartile range for this cohort.
The others group comprised applications that were informed by a combination of more than
one preliminary study (e.g. internal and/or external pilot study and/or feasibility study). Of those
10 applications,

- Six of the ten were informed by external pilot studies,

- Seven of the ten were informed by external feasibility studies,

- Seven of the ten were informed by internal pilot studies and

- One of the ten was informed by an internal feasibility study.

No further analysis was conducted on these 10 applications due to the diverse nature of the
study types in this subgroup.

Insert Figure 2 here

External pilot and feasibility studies

Of the 161 applications, 29.8% (48/161) reported or cited a previous external pilot study not
recently done by the applicant and 6.8% (11/161) reported an external feasibility study. For this
subset, all of the study elements (n=17) were assessed by external pilot studies but no single
study assessed all 17 elements. By comparison, 13 of the 17 study elements were assessed by
external feasibility studies (see Table 3).

In terms of the study elements, testing recruitment, determining the sample size and numbers
available, and the feasibility were the most commonly reported in both external pilot and
feasibility studies. The number of reported recommended changes based on the results of the
external pilot or feasibility study were however minimal. Although, in some applications it was
possible to detect a change, the authors did not explicitly state a recommended change.
Therefore, it was not possible to determine whether this was based on the pilot or feasibility
study, or some other factor.

Insert Table 3 here

Internal pilot and feasibility studies

Of the 161 applications, 49.7% (80/161) reported an internal pilot study and 7.5% (12/161)
reported an internal feasibility study. Due to the source of data extraction (the application form)
it was not possible to determine whether the funded internal pilot or feasibility study had made
any recommended changes, as the internal study had not yet been conducted.

For the internal studies, we found 14 of the 17 study elements were being assessed by internal
pilot studies compared to 10 study elements in feasibility studies. Based on assessment only,
the most common study element to be reported was testing recruitment (74/80 and 12/12
respectively) and feasibility (35/80 and 11/12 respectively) for both internal pilot and feasibility
study (see Table 4). There were several similarities between a number of study elements
assessed by both pilot and feasibility studies.

Insert Table 4 here
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Discussion

This study found that pilot and feasibility studies do play a role in the development and design of
definitive RCTs. In both cohorts, it was clear that two study elements were commonly assessed:
testing recruitment and feasibility. This has important implications for the success of a trial,
given that many trials struggle with recruitment and often request extensions or become at risk
of closure.” ' Our findings showed how trials use pilot and/or feasibility studies in an attempt to
assess and evaluate prior to a full trial, whether it is likely to be able to recruit its target sample
size and whether the study is indeed feasible as a full trial. In both cohorts, we found pilot
studies assessed more study elements than feasibility studies. This also applied to the internal
and external study groups in cohort 2; external and internal pilot studies were used to assess
more study elements than feasibility studies.

Strengths and weaknesses of the study and in relation to other studies

The main strength of the study was the inclusion of all ‘HTA funded’ studies over a five-year
period. Although cohort one (standalone) only included 15 studies, this was as expected. For
this cohort, we identified an increase in almost all of the study elements being assessed
compared to earlier work by Arain et al.’’ In cohort two, over half of the ‘HTA funded’
applications included a pilot and/or feasibility study (internal and/or external) (161/303).
Compared to Arain et al.’’ the findings were similar for the external pilot and feasibility studies
cited in terms of the number of study elements assessed and the number of studies included.
For example, testing recruitment was the most frequently reported element for pilot studies in
both the current study and Arain et al.,, and determining the sample size and the numbers
available was identical in both studies. However, randomisation, clinical outcomes and feasibility
were reported more frequently by Arain et al. than the current study. For the external feasibility
studies, the current study found more study elements being assessed than that of Arian et al. in
terms of testing recruitment, determining the sample size and the numbers available,
randomisation, acceptability, feasibility and follow up/drop out.

For the internal pilot studies, similar findings were found when comparing Arain et al. to the
current study: determining the sample size and the numbers available, randomisation and
clinical outcomes were assessed more in Arain et al. than the current study. As with the internal
feasibility studies, we found the current study to report more study elements being assessed
than that of Arain et al.: testing recruitment, determining the sample size and the numbers
available, follow up/drop out, randomisation, acceptability and feasibility. These differences,
particularly found with the feasibility studies could be associated with changes over time in the
use and understanding of feasibility studies.

This study relied on an adapted version of the Arain et al. framework. As some of the study
elements were expanded and new ones were added a direct comparison with Arain et al.
findings is limited.’® Given the subjective nature of some of the study elements, we chose to
quality assure all data to eradicate and reduce any known errors. Since the analysis was based
explicitly on the reporting of the applicants, and did not include any subjective account or
interpretation of what was reported, we may have under reported the number of study elements
assessed and/or recommended.

We also noted a mismatch in numbers between those assessing study elements and those
where recommendations were made in cohort one. This was due, in part, to how each study
element was reported by the applicants. For example if a study did not specify that they had
assessed these elements but made recommendation for changes, we only inferred that they
assessed it, but it could not be recorded in the data, hence the mismatch in the findings. This
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does however highlight the importance of clearly reporting how, what and where the pilot and/or
feasibility study had an impact on the design of the definitive trial.

Implications

The level of appropriateness in the reporting of pilot and feasibility studies could largely be
affected by the lack of clarity and awareness of the different study requirements. Despite the
growing literature on improving the quality of research to reduce waste in research, there is
limited literature pertaining to how pilot and feasibility studies fit into this agenda for change.
From what literature there is on pilot and feasibility studies, there is still some confusion about
when, why and how it is appropriate to conduct a pilot and/or feasibility study. The findings in
this study, even with the use of a well-defined definition by NIHR, still found evidence where
applicants did not adhere to the HTA definitions for “pilot” and “feasibility” study on research
applications. The terminology is still being used interchangeably. Although the commentary on
pilot studies by Thabane et al. gives a detailed account of the appropriateness of why and how
to conduct a pilot study, a comparison with feasibility studies is lacking.® It would be helpful to
have a more formal distinction between these two terminologies as suggested by Arain et al. A
recent study by Eldridge et al. goes some way to rectify this by developing a conceptual
framework for defining pilot and feasibility studies.’® The conceptual framework shows
promising results, by being compatible with the MRC guidance on complex interventions,” and
their descriptor of pilot studies is similar to that of the NIHR (NIHR definition). However, it is
important to note that the Eldridge et al. conceptual framework is slightly different from that
adopted by the NIHR."® The clear lack of dichotomy between pilot and feasibility studies is an
area for future consideration, not only for funders to encourage more conformity to the published
definitions, but for researchers to make better use of the existing literature to better understand
the distinction between pilot and feasibility studies.

Having clear definitions of when to use pilot and feasibility studies is clearly important for
confirming the progression to a full trial. However, it is also imperative to note the limitations of
pilot and feasibility studies and when it is not appropriate to conduct this type of study. Pilot and
feasibility studies are to assist and direct the design stage of a trial, they should not be used to
assess effectiveness, make claims about whether the treatment works or not, or perform sample
size calculations to produce effect size estimates for a larger trial. Feasibility studies are not
adequately powered to assess effectiveness; the sample sizes are too small to give true effect
size estimates. Although, research focusing on pilot studies and the contribution to sample
sizes, randomisation and attribution rates provide promising results, the findings are not
applicable to all types of pilot and feasibility studies (internal, external) and requires minimal or
no change to the full trial.> ' ' So how generalisable these findings are should be used with
caution. Both pilot and feasibility studies have a role to play and are extremely important to the
design stage of a trial. However, how they are reported and in what context, requires caution
especially when interpreting the findings and delivering a definitive trial."”

Conclusion and recommendations

‘HTA funded’ research which is inclusive of pilot and feasibility studies is very likely to assess a
variety of study elements, which have been evidence-based through this current study using an
adapted version of Arain et al. framework.’® However, not reviewing the impact of the
preliminary work once the trial commences, we have no way of knowing whether the pilot and/or
feasibility studies recommendations were instrumental in the successful completion of the trial. If
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we are able to demonstrate the value of pilot and feasibility studies we need to place greater
emphasis on not only their role in the design stage of a trial but also how this preliminary work
contributed favourably, or not, to the completion of the definitive trial. The internal pilot and/or
feasibility studies reported in cohort 2 could be used for the basis of continual work in this area.
By following up on this cohort we would be able to analyse the successful delivery of the
definitive trial and whether the preliminary work had any bearing on this success.

Recommendations include a larger sample of studies across other UK health research funding
agencies to determine the frequency and importance of those study elements reported here. A
further assessment between the study elements noted in the pilot and feasibility studies and
how this impacted on the eventual design and conduct of the definitive trial would certainly add
value. This could be achieved by prospectively evaluating the ongoing use of pilot and feasibility
studies in cohort two (specifically the internal pilot and/or feasibility studies) as well as future
funded applications to the HTA programme. Highlighting the need for better reporting of pilot
and feasibility studies should be regarded as relevant to all research funding bodies. And as
such, better guidelines for the design, conduct, analysis and reporting of pilot and feasibility
studies are still needed.

Future work could therefore include widening the study outcomes presented here to other NIHR
funded programmes, for example Programme Grants for Applied Research (PGfAR). Funders
might want to consider the use of Arain et al. framework when considering the funding of pilot /
feasibility studies. Where appropriate this could contribute to maximising the benefit of research
and reducing the extent to which research is wasted. If we find ways to appropriately address
the flaws detected at the design and conduct stages of research, then we could start to see how
research adds value and reduces the amount of research waste. In order to achieve this, we
need clearly defined terminology which is inclusive of funding agencies and researchers’
perspective; empirical evidence on the reporting and appropriate use of pilot and feasibility
studies, in terms of favourable study elements and; an evaluation of the contribution to definitive
trial outcomes.
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Table 1: Elements of a study design adapted from Arain et al.

The methodological components included as
reported by and included from Arain et al:
Methods related

Testing Recruitment

Determining the sample size / numbers available
Follow up / dropout

Hypothesis testing

Resources

Randomisation

Blinding

Outcome measures

Control group

Data collection

Further study suggested

Intervention related
Dose / efficacy / safety
Clinical outcomes
Acceptability
Feasibility

In addition to the above, Cohort 2 included:
Delivery of the intervention
Testing/developing materials
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Table 2: Cohort1 - Study elements captured in pilot studies, feasibility studies and pilot/feasibility studies
Feasibility studies only (n=2)

Study
elements

Testing
recruitment
Determining
Sample Size
and/or number
available
Follow
up/dropout
Hypothesis
testing
Resources
Randomisation
Blinding
Outcome
measures
Control group
Data collection
Clinical
outcomes
Dose/efficacy/
safety
Acceptability
Feasibility
Suggests
further study
Median
number of
participants
(IQR) [Range]

Pilot studies only (n=6)

Assessed
(A):
Number
(%)

6 (100.0)

5 (83.3)

4 (66.6)
2(33.3)

4 (66.6)
4 (66.6)
0
5 (83.3)

0
3 (50.0)
3 (50.0)

2 (33.3)
4 (66.6)

5 (83.3)
5 (83.3)

Recommende
d
changes
(RC): Number
(%)

3 (50.0)

1(16.6)

3 (50.0)
0

3 (50.0)
0
0

4 (66.6)

0
0
2 (33.3)

1(16.6)
0

0
4 (66.6)

A and
RC:
Number
(%)

3 (50.0)

0

3 (50.0)
0

2 (33.3)
0
0

4 (66.6)

0
0
1(16.6)

1(16.6)
0

0
4 (66.6)

475 (39.25-85) [21-99)

Assessed
(A):
Number
(%)

2 (100.0)

1 (50.0)

0
1(50.0)

2 (100.0)
0
0

2 (100.0)

0
0
1(50.0)

0
1(50.0)

2 (100.0)
2 (100.0)

Recommende
d changes
(RC): Number
(%)

1 (50.0)

2 (100.0)

1 (50.0)

o

0
2 (100.0)

14 (7-21) [0-28]

A and
RC:
Number
(%)

1 (50.0)

1 (50.0)

o O o

1(50.0)

o O o

0
0
2 (100.0)

Pilot/Feasibility studies (n=7)

Assessed (A): Recommende
Number (%) d changes
(RC): Number
(%)
7 (100.0) 3(42.9)
5(71.4) 1(14.3)
5(71.4) 2 (28.6)
1(14.3) 0
5(71.4) 1(14.3)
6 (85.7) 1(14.3)
2 (28.6) 0
6 (85.7) 4 (57.1)
1(14.3) 0
3 (42.9) 1(14.3)
3 (42.9) 0
2 (28.6) 0
6 (85.7) 0
7 (100.0) 0
7 (100.0) 7 (100.0)

58 (35.5-173) [29-313]
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A and RC:
Number
(%)
3(42.9)

1(14.3)

1(14.3)
0
1(14.3)
1(14.3)
0
3 (42.9)
0
0
0
0
0

0
7 (100.0)
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Table 3: Cohort 2 - Study elements captured in external pilot and feasibility studies
External feasibility study (n=11)

Assessed Recommended
Study elements Number (%) changes
Number (%)
Testing recruitment 24 (50.0) 3(6.3)
Determining sample 24 (50.0) 1(2.1)
size and/or number
available
Follow up/dropout 16 (33.3) 0
Hypothesis testing 10 (20.8) 0
Resources 2(4.2) 0
Randomisation 7 (14.6) 0
Blinding 4 (8.3) 1(2.1)
Outcome measures 10 (20.8) 1(2.1)
Control group 3 (6.3) 0
Data collection 6 (12.5) 0
Clinical outcomes 12 (25.0) 0
Dose/efficacy/safety 14(29.2) 1(2.1)
Acceptability 17 (35.4) 0
Feasibility 20 (41.7) 0
Suggests further study 8 (16.6) 1(2.1)
Delivery of intervention 8 (16.6) 24.2)
Testing/developing 3(6.3) 0
materials

External pilot study (n=48)

Assessed

Number (%)

8 (72.7)
4 (36.4)

3 (27.3)
2 (18.2)
1(9)
3 (27.3)
0
1(9.1)
0
2 (18.2)
1(9.1)
0
4 (36.4)
8 (72.7)
1(9.1)
0
1(9.1)

Table 4: Cohort 2 - Study elements captured in internal pilot and feasibility studies
Internal feasibility study (n=12)
Assessed No. (%)

Study elements

Testing recruitment

Determining sample size and/or

number available
Follow up/dropout
Hypothesis testing
Resources
Randomisation
Blinding

Outcome measures
Control group

Data collection

Clinical outcomes
Dosel/efficacy/safety
Acceptability
Feasibility

Suggests further study
Delivery of intervention
Testing/developing materials

Internal pilot study (n=80)

Assessed No. (%)

Recommended
changes (n)

0
1(9.1)

[eNelollolleolleolelollelolelellolleolo]

12 (100.0)
4 (33.3)

5 (41.7)

0
1(8

3)

4 (33.3)

0

2 (16.7)

0

2 (16.7)

0
1(8

3)

7 (58.3)

11 (9
0
0
0
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Figure 1: The number of studies identified, excluded and categorised for Cohort 1
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Figure 2: Flow chart showing the number of HTA funded applications for Cohort 2

Figure 2: Flow chart showing the number of HTA funded applications for Cohort 2
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Item Page
No Recommendation No.
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1
abstract
(b) Provide in the abstract an informative and balanced summary of what was 2
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 5
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 6
Methods
Study design 4 Present key elements of study design early in the paper
Setting 5 Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 7
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and NA
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and NA
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 7,8
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias NA
Study size 10 Explain how the study size was arrived at 7
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, NA
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for NA
confounding
(b) Describe any methods used to examine subgroups and interactions NA
(c) Explain how missing data were addressed NA
(d) If applicable, explain how loss to follow-up was addressed NA
(e) Describe any sensitivity analyses NA
Results
Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially | 9,10,
eligible, examined for eligibility, confirmed eligible, included in the study, Figl,
completing follow-up, and analysed Fig2
(b) Give reasons for non-participation at each stage 9,10,
Figl,
Fig2
(c) Consider use of a flow diagram Figl,
Fig2
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) 9,10
and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest | NA
(c) Summarise follow-up time (eg, average and total amount) NA
Outcome data 15* | Report numbers of outcome events or summary measures over time NA
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates NA
and their precision (eg, 95% confidence interval). Make clear which confounders
were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized NA
(c) If relevant, consider translating estimates of relative risk into absolute risk for | NA
a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and NA
sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 11

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 11
imprecision. Discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 11
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 11-13

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if | 3
applicable, for the original study on which the present article is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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Abstract

Objectives: To assess the value of pilot and feasibility studies to randomised controlled trials
(RCTs) funded by the National Institute for Health Research (NIHR) Health Technology
Assessment (HTA) programme. To explore the methodological components of pilot / feasibility
studies and how they inform full RCTs.

Study design: Cross-sectional study.

Setting: Both groups included NIHR HTA Programme funded studies in the period 1 January
2010-31 December 2014 (decision date). Group 1: Standalone pilot/feasibility studies published
in the HTA Journal or accepted for publication. Group 2: all funded RCT applications funded by
the HTA Programme, including reference to an internal and/or external pilot/feasibility study.
The methodological components were assessed using an adapted framework from a previous
study.

Main outcome measures: The proportion of standalone pilot and feasibility studies which
recommended proceeding to full trial and what study elements were assessed. The proportion
of ‘HTA funded’ trials which used internal and external pilot and feasibility studies to inform the
design of the trial.

Results: Group 1 identified 15 standalone pilot/feasibility studies. Study elements most
commonly assessed were testing recruitment (100% in both groups), feasibility (83%, 100%)
and suggestions for further study/investigation (83%, 100%). Group 2 identified 161 ‘HTA
funded’ applications: 59 cited an external pilot/feasibility study where testing recruitment (50%,
73%) and feasibility (42%, 73%) were the most commonly reported study elements: 92 reported
an internal pilot/feasibility study where testing recruitment (93%, 100%) and feasibility (44%,
92%) were the most common study elements reported.

Conclusions: ‘HTA funded research which includes pilot and feasibility studies assesses a
variety of study elements. Pilot and feasibility studies serve an important role when determining
the most appropriate trial design. However, how they are reported and in what context, requires
caution when interpreting the findings and delivering a definitive trial.

Keywords: Randomised Controlled Trials, Pilot studies, Feasibility studies, Health Technology
Assessment
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Article summary
Strengths and limitations of this study

- This paper assesses the role of pilot and feasibility studies funded by the NIHR HTA
programme

- The study found that pilot and feasibility studies share common elements when
contributing to the design of a trial

- The study contributes to the growing literature in this area and demonstrates the value of
pilot and feasibility studies to the progression to full RCTs

- Although the data covers a five year period, the number of eligible studies are small and
only report from one NIHR Programme
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INTRODUCTION

Pilot and feasibility studies have an important role to play in the development of Randomised
Controlled Trials (RCTSs). If appropriately used, pilot and feasibility studies can provide sufficient
methodological evidence about the design planning and justification of a trial. They are often
undertaken to inform elements of the main trial design, but they can also be used to reduce or
eliminate problems that limit the successful delivery of trials. In 2009, the Lancet published a
paper that highlighted the extent to which research is wasted, and that loss is as much as 85%
of research investment." Given the cost and time of investment from researchers and major
health research funders, there is now a growing demand to assess and examine where
improvements need to be made to the design and conduct of trials.? Poorly designed trials could
include non-reference to a pre-existing systematic literature review or bias generated by
inadequate concealment of treatment allocation. Research by Cooper et al. has also shown
variability between external pilots and the prediction for randomisation and attrition rates.® As a
result, much attention has primarily focused on the design, conduct and analysis of clinical
research to determine where improvements are needed to reduce waste in research.

Over the last ten years, we have seen how pilot and feasibility studies have become an
important feature in terms of gathering evidence to inform the development of a full trial. There
is now an extension to the Consolidated Standards of Reporting Trials (CONSORT) which
provides guidance for pilot and feasibility studies being conducted prior to a main trial.*
Conducting a pilot or feasibility study to determine any uncertainties prior to the main trial may
help to eradicate issues and thus inform the definitive trial. More importantly perhaps, is the role
pilot and feasibility studies can have in modifying the design and conduct, and therefore
increasing the value of the research, helping to avoid methodological design flaws and reducing
the burden of research waste.

Despite the growing importance of pilot and feasibility studies there is still a lack of clarity about
the use of the two terms.*” In 2008, the Medical Research Council (MRC) published guidance
on developing and evaluating complex interventions to demonstrate the value and importance of
pilot and feasibility studies as a key element in the development and evaluation process.
However, the guidance did not attempt to explain or provide any definition for the terms ‘pilot’
and ‘feasibility’.” It was not until two years later that Thabane et al. reviewed the key aspects of
pilot studies and provided a detailed account of pilot studies which included a number of
definitions.® Around the same time (2009), the National Institute for Health Research,
Evaluation, Trials and Studies Coordinating Centre (NETSCC) published a support document
detailing what feasibility and pilot studies are.

- Feasibility studies are defined as “pieces of research done before a main study in order
to answer the question “Can this study be done?”. They are used to estimate important
parameters that are needed to design the main study...feasibility studies do not evaluate
the outcome of interest.”

- Pilot studies are defined as “a version of the main study that is run in miniature to test
whether the components of the main study can all work together. It is focused on the
processes of the main study...it will therefore resemble the main study in many
respects.”®

These definitions have gone some way to aid the understanding of when it is appropriate to do
pilot or feasibility studies as part of the definitive trial. These definitions are now widely used
across NIHR.

Despite the importance of the role of pilot and feasibility studies in informing RCTs, there is little
empirical evidence about the use of these studies in informing future trials. For example, the
Lancet series in 2014 did not make reference to the usefulness of pilot and feasibility studies in
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the context of increasing value and reducing waste in research design, conduct or analysis.’
Lancaster et al. and Arain et al. provided a methodological framework to assess how pilot
studies are used to inform the conduct and reporting of pilot studies.® ' Both described the
challenges and complexities in the reporting of pilot studies. Arain et al. further explored these
complexities in relation to feasibility studies and full trials. More recently, research has begun to
explore the differences between internal and external pilot studies and their contribution to main
trials, and the appropriateness of pilot and feasibility studies for estimating the sample size.® "' '

The aim of this study is to contribute evidence to this important gap in the current literature. The
objective of this paper is to describe the process and results of how, and in what way, pilot and
feasibility studies have been used to inform full RCTs.
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METHODS

The Health Technology Assessment (HTA) Programme has a long history of commissioning
pilot and feasibility studies. Therefore, the published reports (NIHR HTA Journal) of standalone
pilot and feasibility studies were examined to determine which elements of research design are
most often assessed. Applications for funded HTA trials were also assessed to establish how
full trials were informed by previously completed pilot / feasibility studies as well as pilot studies
embedded within the trial.

Data source

An assessment of the NIHR HTA Programme over a five-year period (2010-2014) was
conducted using two retrospective groups. There were two groups due to the data being
homogenous (data for group 1 was taken from the published HTA journal article and data for
group 2 was taken from the HTA application form).

In order to identify the included studies for both groups we

1. Reviewed the project title in the application form and the journal article title
2. Reviewed the abstract / executive summary

3. Reviewed the full Journal article or HTA application form

Sample selection

Group 1: Standalone pilot and feasibility studies

Standalone pilot / feasibility studies funded by the HTA Programme with a fund decision date
from 01 January 2010 to 31 December 2014, which have published in the HTA Journal or are
currently being prepared for publication and have been signed off by the editors (only those in
production) were included. The published Journal/approved final version of the published report
was used as the source for data extraction. The standalone studies were categorised into ‘pilot
study’, ‘feasibility study’ or ‘both’.

Group 2: Randomised Controlled Trials

Trials funded through the HTA Programme with a fund decision date between 01 January 2010
to 31 December 2014 were included. The application form of a funded trial was used as the
source for data extraction. The trials were categorised based on the type of pilot and/or
feasibility: ‘external / previous pilot study’, ‘external / previous feasibility study’, ‘internal pilot
study’, ‘internal feasibility study’ or ‘other (mixed study)'.

NIHR Evaluation, Trials and Studies Management Information System (NETS MIS) was used to
identify the two groups and extract the relevant documents needed for data extraction. Search
terms were used to search for relevant data to ensure the feasibility of future replications. The
key search terms used were: pilot, feasibility, preliminary work, earlier/previous study.

In addition to the search using key terms, a targeted search was carried out on specific areas of
the application form. Focusing on specific areas of the application was relevant in identifying
where the elements of the study design would most likely be described in relation to the pilot
and/or feasibility study.

Piloting

Data extraction tables for group 1 and group 2 were piloted with an initial sample of 10 studies.
No changes were required to the classification system previously adopted by Arain et al. as a
result of the pilot work.

Page 7 of 19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

Classification systems
The definition of pilot and feasibility studies agreed by NIHR for four Programmes was used for
the purpose of this study®. These definitions were also used by Arain et al.”

The classification systems developed by Arain et al. and Bugge et al. were adapted to
determine what elements of a study design were assessed or used to inform the full trial (see
Table 1)."° " In both groups, the elements of the study design were examined in terms of
a. Did the study explicitly state it assessed any of these elements? (yes/no)
b. Were there any recommended changes as a result of the assessment? A yes response
was defined as: the authors reported a change / recommendation to be considered but
did not necessarily report what that change was. If the authors did not explicitly state a
recommendation, it was assumed that no changes were required.

The text pertaining to the pilot and/or feasibility study was also extracted for quality assurance
purposes.

Insert Table 1 here

Two additional study elements were included in group two which were not reported in group
one. These were ‘delivery of intervention’ and ‘testing/developing materials’.

Patient and Public Involvement

There was no patient or public involvement in the design of the study due to the nature of the
project (part of a University of Southampton, Faculty of Medicine, BM5 Medicine, 4" Year
project). There was no participant recruitment involved in the project, as all data were taken
from the published article or the HTA application.

Data quality and assurance

Our approach to quality assurance was guided by the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE), which although designed for observational
studies, could be applied to the processes we used in this current study.

For both groups, WP extracted all data and a second person assessed and reviewed the data to
ensure the accuracy of data extraction. All of group 1 was assessed followed by 15% of group 2
(purposive sampling of 5% of the group followed by 10% randomly selected application forms).
The remaining 85% was subsequently reviewed by MAK to determine the reliability and validity
of the data extraction and usability of the adapted template. All disagreements were discussed
by the team and were resolved by consensus. Data management was undertaken by WP with
support from ABJ.

Data analysis

Data for each study, based on the framework developed by Arain et al. (see Table 1), was
captured using Microsoft Access 2010 (Microsoft Corporation, Redmond, WA, USA)." The
study design elements were entered onto an Access form and where a study element was
reported a ‘yes’ response was captured. A separate Access form was developed for each
included study for both groups. Both groups were exported into Microsoft Excel 2010 (Microsoft
Corporation, Redmond, WA, USA) and then subsequently into Statistical Product and Service
Solutions (SPSS) version 22 (IMB Corporation, Armonk, NY, USA). Excel was used to calculate
the median and the range for group 1 only. Data were analysed and interpreted using
descriptive statistics to determine the frequency of the study design elements and how often
changes were recommended for full trials.
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Results

In group 1 we identified 47 published standalone pilot and/or feasibility studies and in group 2
we identified 303 ‘HTA funded’ RCTs during the five-year period (01 January 2010 — 31
December 2014). Fifteen standalone studies were identified as eligible for group 1 and 161
funded HTA applications were identified and eligible for group 2.

Group 1

A total of 47 standalone studies were identified. Thirty-two were excluded on further
examination due to not being a pilot or feasibility study (we did not categorise the excluded
studies by study design). The remaining 15 studies were categorised into three separate groups
(see Figure 1). We found that 13 of the 15 study elements included in the adapted framework
were assessed in standalone pilot studies compared to nine study elements in feasibility
studies.

In this group, it was found that seven studies used the terms “pilot” and “feasibility”
interchangeably and it was difficult to determine, even with the NIHR definition, what type of
study was undertaken. Therefore, it was not possible to accurately determine which study
elements belonged to which, and in some cases the authors described the conduct of both pilot
and feasibility work. The team agreed to combine pilot and feasibility together in this instance,
which was also found in Arain et al.

Insert Figure 1 here

The median number of participants for the standalone studies (n=15) was 46. Of the 15 eligible
standalone pilot and/or feasibility studies, the most commonly reported study design element
was testing recruitment. In all three groups (pilot studies, feasibility studies and pilot/feasibility
studies), all 15 studies assessed recruitment (6/6, 2/2 and 7/7 respectively) (see Table 2). Half
of these also reported recommended changes to recruitment (3/6, 1/2 and 3/7 respectively).
Interestingly, both feasibility studies only (2/2) and pilot/feasibility groups (7/7) assessed the
need for further study and suggested recommended changes (further study referred to whether
further investigation was required using a large RCT and where future trial data could be of
benefit).

Insert Table 2 here

Group 2

A total of 303 ‘HTA funded’ applications were identified. Eighty-two were excluded upon
examination as they were not RCTs (for example cohort studies, diagnostic accuracy test
studies and we did not categorise the excluded studies by study design) and a further 60
applications were excluded due to not being informed by any external or internal pilot and/or
feasibility study. The remaining 161 applications were reviewed and subsequently grouped into
five categories (see Figure 2).

External pilot studies (n=48)

External feasibility studies (n=11)

Internal pilot studies (n=80)

Internal feasibility studies (n=12)

Other (n=10)

abrown~

As the HTA application was used as the source of data extraction, the outcome of the internal
pilot/feasibility study was not available (n=92). For the 59 applications where an external pilot /
feasibility study was referenced, we found that not all of these studies provided information
relating to the number of participants that took part in the pilot/feasibility study. We did not go

Page 9 of 19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

back to the original journal article to retrieve this information. Therefore, it was not appropriate
to estimate the median or inter quartile range for this group.
The others group comprised applications that were informed by a combination of more than
one preliminary study (e.g. internal and/or external pilot study and/or feasibility study). Of those
10 applications,

- Six of the ten were informed by external pilot studies,

- Seven of the ten were informed by external feasibility studies,

- Seven of the ten were informed by internal pilot studies and

- One of the ten was informed by an internal feasibility study.

No further analysis was conducted on these 10 applications due to the diverse nature of the
study types in this subgroup.

Insert Figure 2 here

External pilot and feasibility studies

Of the 161 applications, 29.8% (48/161) reported or cited a previous external pilot study not
recently done by the applicant and 6.8% (11/161) reported an external feasibility study. For this
subset, all of the study elements (n=17) were assessed by external pilot studies but no single
study assessed all 17 elements. By comparison, 13 of the 17 study elements were assessed by
external feasibility studies (see Table 3).

In terms of the study elements, testing recruitment, determining the sample size and numbers
available, and the feasibility were the most commonly reported in both external pilot and
feasibility studies. The number of reported recommended changes based on the results of the
external pilot or feasibility study were however minimal. Although, in some applications it was
possible to detect a change, the authors did not explicitly state a recommended change.
Therefore, it was not possible to determine whether this was based on the pilot or feasibility
study, or some other factor.

Insert Table 3 here

Internal pilot and feasibility studies

Of the 161 applications, 49.7% (80/161) reported an internal pilot study and 7.5% (12/161)
reported an internal feasibility study. Due to the source of data extraction (the application form)
it was not possible to determine whether the funded internal pilot or feasibility study had made
any recommended changes, as the internal study had not yet been conducted.

For the internal studies, we found 14 of the 17 study elements were being assessed by internal
pilot studies compared to 10 study elements in feasibility studies. Based on assessment only,
the most common study element to be reported was testing recruitment (74/80 and 12/12
respectively) and feasibility (35/80 and 11/12 respectively) for both internal pilot and feasibility
study (see Table 4). There were several similarities between a number of study elements
assessed by both pilot and feasibility studies.

Insert Table 4 here
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Discussion

This study found that pilot and feasibility studies do play a role in the development and design of
definitive RCTs. In both groups, it was clear that two study elements were commonly assessed:
testing recruitment and feasibility. This has important implications for the success of a trial,
given that many trials struggle with recruitment and often request extensions or become at risk
of closure.” ' Our findings showed how trials use pilot and/or feasibility studies in an attempt to
assess and evaluate prior to a full trial, whether it is likely to be able to recruit its target sample
size and whether the study is indeed feasible as a full trial. In both groups, we found pilot
studies assessed more study elements than feasibility studies. This also applied to the internal
and external studies in group 2; external and internal pilot studies were used to assess more
study elements than feasibility studies.

Strengths and weaknesses of the study and in relation to other studies

The main strength of the study was the inclusion of all ‘HTA funded’ studies over a five-year
period. Although the standalone group only included 15 studies, this was as expected. For this
group, we identified an increase in almost all of the study elements being assessed compared to
earlier work by Arain et al.”’ In group two, over half of the ‘HTA funded’ applications included a
pilot and/or feasibility study (internal and/or external) (161/303). Compared to Arain et al.” the
findings were similar for the external pilot and feasibility studies cited in terms of the number of
study elements assessed and the number of studies included. For example, testing recruitment
was the most frequently reported element for pilot studies in both the current study and Arain et
al., and determining the sample size and the numbers available was identical in both studies.
However, randomisation, clinical outcomes and feasibility were reported more frequently by
Arain et al. than the current study. For the external feasibility studies, the current study found
more study elements being assessed than that of Arian et al. in terms of testing recruitment,
determining the sample size and the numbers available, randomisation, acceptability, feasibility
and follow up/drop out.

For the internal pilot studies, similar findings were found when comparing Arain et al. to the
current study: determining the sample size and the numbers available, randomisation and
clinical outcomes were assessed more in Arain et al. than the current study. As with the internal
feasibility studies, we found the current study to report more study elements being assessed
than that of Arain et al.: testing recruitment, determining the sample size and the numbers
available, follow up/drop out, randomisation, acceptability and feasibility. These differences,
particularly found with the feasibility studies could be associated with changes over time in the
use and understanding of feasibility studies.

This study relied on an adapted version of the Arain et al. framework. As some of the study
elements were expanded and new ones were added a direct comparison with Arain et al.
findings is limited.’® Given the subjective nature of some of the study elements, we chose to
quality assure all data to eradicate and reduce any known errors. Since the analysis was based
explicitly on the reporting of the applicants, and did not include any subjective account or
interpretation of what was reported, we may have under reported the number of study elements
assessed and/or recommended.

We also noted a mismatch in numbers between those assessing study elements and those
where recommendations were made in group one. This was due, in part, to how each study
element was reported by the applicants. For example if a study did not specify that they had
assessed these elements but made recommendation for changes, we only inferred that they
assessed it, but it could not be recorded in the data, hence the mismatch in the findings. This
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does however highlight the importance of clearly reporting how, what and where the pilot and/or
feasibility study had an impact on the design of the definitive trial.

Implications

The level of appropriateness in the reporting of pilot and feasibility studies could largely be
affected by the lack of clarity and awareness of the different study requirements. Despite the
growing literature on improving the quality of research to reduce waste in research, there is
limited literature pertaining to how pilot and feasibility studies fit into this agenda for change.
From what literature there is on pilot and feasibility studies, there is still some confusion about
when, why and how it is appropriate to conduct a pilot and/or feasibility study. The findings in
this study, even with the use of a well-defined definition by NIHR, still found evidence where
applicants did not adhere to the HTA definitions for “pilot” and “feasibility” study on research
applications. The terminology is still being used interchangeably. Although the commentary on
pilot studies by Thabane et al. gives a detailed account of the appropriateness of why and how
to conduct a pilot study, a comparison with feasibility studies is lacking.® It would be helpful to
have a more formal distinction between these two terminologies as suggested by Arain et al. A
recent study by Eldridge et al. goes some way to rectify this by developing a conceptual
framework for defining pilot and feasibility studies.’® The conceptual framework shows
promising results, by being compatible with the MRC guidance on complex interventions,” and
their descriptor of pilot studies is similar to that of the NIHR definition. However, it is important to
note that the Eldridge et al. conceptual framework is slightly different from that adopted by the
NIHR.' The clear lack of dichotomy between pilot and feasibility studies is an area for future
consideration, not only for funders to encourage more conformity to the published definitions,
but for researchers to make better use of the existing literature to better understand the
distinction between pilot and feasibility studies.

Having clear definitions of when to use pilot and feasibility studies is important both in terms of
their purpose and for clarifying progression to a full trial. However, it is also important to note the
limitations of pilot and feasibility studies and when it is not appropriate to conduct this type of
study. Pilot and feasibility studies provide valuable information to inform the design of any
subsequent definitive study including for example, approaches to consent, willingness to recruit
and randomisation, and adherence to any proposed intervention. Although they are not usually
sufficiently powered to provide estimates of effect size they can provide data that may be useful
in helping define the final size of any subsequent study. However, how they are reported, and in
what context, requires caution especially when interpreting the findings and extrapolating these
to the delivery of a definitive trial.”" ' 12

Conclusion and recommendations

‘HTA funded’ research which is inclusive of pilot and feasibility studies is very likely to assess a
variety of study elements, which have been evidence-based through this current study using an
adapted version of Arain et al. framework.”” However, not reviewing the impact of the
preliminary work once the trial commences, we have no way of knowing whether the pilot and/or
feasibility studies recommendations were instrumental in the successful completion of the trial. If
we are able to demonstrate the value of pilot and feasibility studies we need to place greater
emphasis on not only their role in the design stage of a trial but also how this preliminary work
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contributed favourably, or not, to the completion of the definitive trial. The internal pilot and/or
feasibility studies reported in group 2 could be used for the basis of continued work in this area.
By following up on this group we would be able to analyse the successful delivery of the
definitive trial and whether the preliminary work had any bearing on this success.

Recommendations include a larger sample of studies across other UK health research funding
agencies to determine the frequency and importance of those study elements reported here. A
further assessment between the study elements noted in the pilot and feasibility studies and
how this impacted on the eventual design and conduct of the definitive trial would certainly add
value. This could be achieved by prospectively evaluating the ongoing use of pilot and feasibility
studies in group two (specifically the internal pilot and/or feasibility studies) as well as future
funded applications to the HTA programme. Highlighting the need for better reporting of pilot
and feasibility studies should be regarded as relevant to all research funding bodies. And as
such, better guidelines for the design, conduct, analysis and reporting of pilot and feasibility
studies are still needed.

Future work could therefore include widening the study outcomes presented here to other NIHR
funded research programmes. Funders might want to consider the use of Arain et al. framework
when considering the funding of pilot / feasibility studies. Where appropriate this could
contribute to maximising the benefit of research and reducing the extent to which research is
wasted. If we find ways to appropriately address the flaws detected at the design and conduct
stages of research, then we could start to see how research adds value and reduces the
amount of research waste. In order to achieve this, we need clearly defined terminology which is
inclusive of funding agencies and researchers’ perspective; empirical evidence on the reporting
and appropriate use of pilot and feasibility studies, in terms of favourable study elements and;
an evaluation of the contribution to definitive trial outcomes.

Page 14 of 19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 23



Page 15 of 23

oNOYTULT D WN =

BMJ Open

Table 1: Elements of a study design adapted from Arain et al.

The methodological components included as
reported by and included from Arain et al:
Methods related

Testing Recruitment

Determining the sample size / numbers available
Follow up / dropout

Hypothesis testing

Resources

Randomisation

Blinding

Outcome measures

Control group

Data collection

Further study suggested

Intervention related
Dose / efficacy / safety
Clinical outcomes
Acceptability
Feasibility

In addition to the above, group 2 included:
Delivery of the intervention
Testing/developing materials
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Table 2: Group 1 - Study elements captured in pilot studies, feasibility studies and pilot/feasibility studies
Feasibility studies only (n=2)

Study elements

Testing
recruitment
Determining
Sample Size
and/or number
available
Follow
up/dropout
Hypothesis
testing
Resources
Randomisation
Blinding
Outcome
measures
Control group
Data collection
Clinical
outcomes
Dose/efficacy/s
afety
Acceptability
Feasibility
Suggests further
study

Median number
of participants
(1QR) [Range]

Pilot studies only (n=6)

Assessed
(A):
Number (%)

6 (100.0)

5(83.3)

4 (66.6)
2(33.3)

4 (66.6)
4 (66.6)
0
5(83.3)

0
3(50.0)
3(50.0)

2(33.3)
4 (66.6)

5(83.3)
5(83.3)

47.5 (39.25-85) [21-99)

Recommended
changes (RC):
Number (%)
3 (50.0)

1(16.6)

3 (50.0)

2 (33.3)
1(16.6)
0

0
4 (66.6)

A and
RC:
Number
(%)
3(50.0)

0

3 (50.0)

1(16.6)
1(16.6)
0

0
4 (66.6)

Assessed

(A):

Number (%)

2 (100.0)

1 (50.0)

1(50.0)

2 (100.0)
0
0

2 (100.0)

0
0
1(50.0)

1(50.0)
2 (100.0)
2 (100.0)

Recommended

changes (RC):
Number (%)

1 (50.0)

2 (100.0)

1(50.0)

0
0
0

1 (50.0)

0
1(50.0)
0

0
0
2 (100.0)

14 (7-21) [0-28]

A and RC:

Number
(%)

1 (50.0)

1 (50.0)

oo

1 (50.0)

o

0
0
2 (100.0)

Pilot/Feasibility studies (n=7)

Assessed (A): Recommended A and RC:
Number (%) changes (RC): Number (%)
Number (%)
7 (100.0) 3(42.9) 3 (42.9)
5(71.4) 1(14.3) 1(14.3)
5(71.4) 2 (28.6) 1(14.3)
1(14.3) 0 0
5(71.4) 1(14.3) 1(14.3)
6 (85.7) 1(14.3) 1(14.3)
2 (28.6) 0 0
6 (85.7) 4(57.1) 3 (42.9)
1(14.3) 0 0
3 (42.9) 1(14.3) 0
3(42.9) 0 0
2 (28.6) 0 0
6 (85.7) 0 0
7 (100.0) 0 0
7 (100.0) 7 (100.0) 7 (100.0)

58 (35.5-173) [29-313]
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Table 3: Group 2 - Study elements captured in external pilot and feasibility studies
External feasibility study (n=11)

Assessed Recommended
Study elements Number (%) changes
Number (%)
Testing recruitment 24 (50.0) 3(6.3)
Determining sample 24 (50.0) 1(2.1)
size and/or number
available
Follow up/dropout 16 (33.3) 0
Hypothesis testing 10 (20.8) 0
Resources 2(4.2) 0
Randomisation 7 (14.6) 0
Blinding 4 (8.3) 1(2.1)
Outcome measures 10 (20.8) 1(2.1)
Control group 3 (6.3) 0
Data collection 6 (12.5) 0
Clinical outcomes 12 (25.0) 0
Dose/efficacy/safety 14(29.2) 1(2.1)
Acceptability 17 (35.4) 0
Feasibility 20 (41.7) 0
Suggests further study 8 (16.6) 1(2.1)
Delivery of intervention 8 (16.6) 24.2)
Testing/developing 3(6.3) 0
materials

External pilot study (n=48)

Assessed

Number (%)

8 (72.7)
4 (36.4)

3 (27.3)
2 (18.2)
1(9)
3 (27.3)
0
1(9.1)
0
2 (18.2)
1(9.1)
0
4 (36.4)
8 (72.7)
1(9.1)
0
1(9.1)

Table 4: Group 2 - Study elements captured in internal pilot and feasibility studies
Internal feasibility study (n=12)
Assessed No. (%)

Study elements

Testing recruitment

Determining sample size and/or

number available
Follow up/dropout
Hypothesis testing
Resources
Randomisation
Blinding

Outcome measures
Control group

Data collection

Clinical outcomes
Dosel/efficacy/safety
Acceptability
Feasibility

Suggests further study
Delivery of intervention
Testing/developing materials

Internal pilot study (n=80)

Assessed No. (%)

Recommended
changes (n)

0
1(9.1)

[eNelollolleolleolelollelolelellolleolo]

12 (100.0)
4 (33.3)

5 (41.7)

0
1(8

3)

4 (33.3)

0

2 (16.7)

0

2 (16.7)

0
1(8

3)

7 (58.3)

11 (9
0
0
0
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Figure 2: Flow chart showing the number of HTA funded applications for Cohort 2
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Item Page
No Recommendation No.
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1
abstract
(b) Provide in the abstract an informative and balanced summary of what was 2
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 5
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 6
Methods
Study design 4 Present key elements of study design early in the paper
Setting 5 Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 7
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and NA
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and NA
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 7,8
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias NA
Study size 10 Explain how the study size was arrived at 7
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, NA
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for NA
confounding
(b) Describe any methods used to examine subgroups and interactions NA
(c) Explain how missing data were addressed NA
(d) If applicable, explain how loss to follow-up was addressed NA
(e) Describe any sensitivity analyses NA
Results
Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially | 9,10,
eligible, examined for eligibility, confirmed eligible, included in the study, Figl,
completing follow-up, and analysed Fig2
(b) Give reasons for non-participation at each stage 9,10,
Figl,
Fig2
(c) Consider use of a flow diagram Figl,
Fig2
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) 9,10
and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest | NA
(c) Summarise follow-up time (eg, average and total amount) NA
Outcome data 15* | Report numbers of outcome events or summary measures over time NA
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates NA
and their precision (eg, 95% confidence interval). Make clear which confounders
were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized NA
(c) If relevant, consider translating estimates of relative risk into absolute risk for | NA
a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and NA
sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 11

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 11
imprecision. Discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 11
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 11-13

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if | 3
applicable, for the original study on which the present article is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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