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Statistical models to predict recruitment in clinical trials were rarely used by statisticians in UK and European networks
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Objective: Identify the current practice for recruitment prediction and monitoring within clinical trials. Study Design and Setting: Chief investigators (CIs) were surveyed to identify data sources and adjustments made to support recruitment prediction. Statisticians were surveyed to determine methods and adjustments used when predicting and monitoring recruitment.

Introduction

Clinical trials are a major financial investment with the time to recruit to the required sample size being a key driver of associated costs. Failure to successfully recruit clinical trial participants as predicted at the design stage has many negative consequences. These range from incurring increased costs and time to answer the clinical question of interest to abandoning the research with the question remaining unanswered. There may also be negative impact on the planning and roll out of future research.

Despite investment aimed at reducing difficulties in recruitment to clinical trials [START_REF] Treweek | Methods to improve recruitment to randomised controlled trials: cochrane systematic review and meta-analysis[END_REF][START_REF] Ross | Barriers to participation in randomised controlled trials: a systematic review[END_REF], there has been no demonstrable improvement and 45% of trials supported by two prestigious UK funding bodies, Health Technology Assessment and Medical Research Council (HTA & MRC), continue to fail to meet their original recruitment targets [START_REF] Sully | A reinvestigation of recruitment to randomised, controlled, multicenter trials: a review of trials funded by two UK funding agencies[END_REF].
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What is new?

Key findings

Statistical models to predict recruitment are rarely used. Uptake is limited by the absence of evidence regarding their benefit over more simplistic approaches. Predictions allowed for variation in site recruitment rates and staggered site openings, whereas seasonal variation and holiday periods were less frequently considered.

Respondents in European network had greater awareness of statistical methods to predict recruitment in comparison with the UK respondents; however, numbers are small, and the European sample is subject to potential response bias.

Approximately, one-third of UK and half of the European Clinical Research Infrastructure Network (ECRIN) respondents in the Chief Investigators' survey reported a need to be optimistic about the predicted recruitment rate, to be attractive to the funder.

What this adds to what is known?

Prediction of recruitment in clinical trials continues to represent a formidable challenge. This survey identifies data sources and factors used to adjust recruitment rates. It identifies that simplistic approaches to predict recruitment are favored over more complex statistical models. Barriers to uptake of the statistical methods include complexity of their implementation and absence of evidence that the time taken to implement them will result in improving the accuracy of recruitment prediction.

What is the implication and what should change now?

Evidence demonstrating superiority of statistical methods over simplistic methods needs to be established on a prospective cohort of trials. Subsequently, relevant software and training courses should be made available. Multiple data sources are being used, and further work on the quality of this data is needed. Balance of expectations between funders and applicants needs further exploration.

A prioritization exercise was undertaken to identify uncertainties related to trial recruitment as a focus for future methodological research [START_REF] Healy | Identifying trial recruitment uncertainties using a James lind alliance priority setting partnershipethe PRioRiTy (prioritising recruitment in randomised trials) study[END_REF]. Recruitment prediction was identified as a top 10 priority area. Despite the fact that every clinical trial will require such predictions to be made, little is known about how this is achieved either in terms of data sources or methods used. This is unlikely to change given that reporting requirements for recruitment within a main clinical trial article are minimal [START_REF] Schulz | CONSORT 2010 statement: updated guidelines for reporting parallel group randomized trials[END_REF] and grant applications are generally not publicly available.

To determine current practice within the United Kingdom and Europe, we undertook a survey of Chief Investigators (CIs) and a survey of statisticians across a UK and a European network.

Methods

Design

EG led the design of each survey with input from all coauthors. Questions targeted data sources and methods used for recruitment prediction, identifying team members contributing to the process, and awareness and implementation of the statistical models (statisticians survey only). Multiple choice answers were informed by relevant publications about statistical models [START_REF] Barnard | A systematic review of models to predict recruitment to multicentre clinical trials. A systematic review of models to predict recruitment to multicentre clinical trials[END_REF][START_REF] Gkioni | A systematic review describes models for recruitment prediction at the design stage of a clinical trial[END_REF] and other approaches that could be used for recruitment prediction and monitoring, as well as by a number of factors that impact recruitment rate that should be considered [8e11].

Chief investigators' survey

The CIs' survey targeted those collaborating within UK and European research infrastructures. The survey aimed to be brief to maximize return rates collecting information not available from publicly available sources covering data sources used to predict recruitment and how these were applied to trial and site requirements. The survey was reviewed within the study team before circulation across the UK and the European Clinical Research Infrastructure Network (ECRIN, https://www.ecrin.org/).

A prize equivalent to £75 in vouchers was offered as an incentive to participation. The full list of survey questions and the invitation email are provided in the Additional file 1.

2.1.1.1. UK chief investigators. UK CIs of recently funded clinical trials were surveyed as identified from the National Institute for Health Research (NIHR) journals library (https://www.journalslibrary.nihr.ac.uk/programmes/ hta/, searched in May and October 2018). The NIHR is the largest funder of health and care research within the United Kingdom. To be eligible for inclusion projects were required to be randomized with the trial status listed as ''waiting to start''. CI details were obtained from the projects' website and each contacted by EG via email, containing an invitation to participate and the survey attached as a Word document. CIs were also given the option of delegating completion to a trial team member. If no response was obtained within 2 weeks then a reminder email was sent and a further reminder followed 3 weeks later, within which we gave them the option to answer the survey via a phone call. A final attempt was made to contact nonrespondents by phone to ensure the correct contact details. based within each member or observer country, distributed the survey within their respective countries. The survey context and purpose was explained to the EuCos via a Web-based meeting before contacting CIs of ECRINsupported studies via email. The email contained an invitation to participate and the survey as an attached Word document. Two reminders were sent to the EuCos requesting recirculation of the survey.

Statisticians' survey

We surveyed statisticians within UKCRC-registered CTUs and ECRIN. The aim of the survey was to establish current practice, and knowledge and implementation of available statistical models. The survey was reviewed within the study team and piloted with a senior statistician before circulation across the UKCRC-registered CTU Statistics Group and ECRIN. A prize equivalent to £75 in vouchers was offered as an incentive to participation.

The full list of questions for the online survey and the invitation email are provided in the Additional file 1.

UK CTU Statisticians.

The UKCRC-registered CTU secretariat distributed the survey via email to the nominated senior statistician within each registered CTU. The email contained an invitation to participate and a link to an online survey, which was constructed using SelectSurvey.NET (http://selectsurvey.net/). The statistician could discuss responses within the wider statistical team of their CTU, but only a single response per CTU was required. Email reminders were sent after 1, 2, and 4 weeks. Nonrespondents also had the opportunity to respond by completion of a paper copy of the survey distributed during the UKCRC-registered CTU Statistics Operational Group Network statisticians meeting in October 2018.

ECRIN Statisticians.

The EuCos at ECRIN circulated the email invitation with the link to the online survey to the statisticians identified within their national network. The same procedure was followed as for the CIs' survey with the EuCos sending two reminders.

Analysis

Quantitative data from closed-ended questions were analyzed using RStudio, version 3.5.0 [START_REF] Team | RStudio: integrated development environment for R[END_REF]. Due to the restricted sample sizes, statistical testing was not planned and results are reported as frequencies and percentages. EG, SD, and CG reviewed responses to open-ended questions identifying themes within the free text answers and categorized them in groups.

Results

Chief investigators' survey

The CIs' survey was conducted between 24 October 2018 and 30 November 2018 within the United Kingdom and between 18 October 2018 and 8 March 2019 within ECRIN with results summarized in Table 1. A total of 32 studies were identified as eligible for inclusion in the UK cohort, and 17 responses were received (53%) from the CIs contacted. Two CIs completed the survey twice each allowing for the multiple trials which they led as the CI. Nineteen studies were identified via the ECRIN EuCos with six responses (32%) received.

The data source most commonly used to predict trial recruitment was audit data from across multiple sites with the impact of specific eligibility criteria being the most frequently adjusted factor (Table 1, Question 1). Although no respondents reported adjusting for ethnic minorities, one respondent elaborated that not adjusting for this factor negatively impacted their predictions.

Allowing for variation in recruitment rates at individual sites was also common (13/17 UK, 6/6 ECRIN) with comments supporting the need for this practice based on variation in patient numbers and knowledge of site research activity infrastructure and experience. The majority of UK respondents (15/17, 88%) did not assume that all sites would be open for the same length of time in comparison with only one of the six ECRIN respondents (17%). Free text responses reported staggered opening times to reflect variation in time required at each site to obtain approvals.

Eleven (65%) UK respondents searched a trial registry for competing trials compared with 100% of ECRIN respondents (Table 1, Question 6). Thirty-five percent of UK and fifty percent of ECRIN respondents were aware of other trials competing to recruit the same patient population. Co-enrolment was considered for only half of UK and one-third of ECRIN respondents. One-third of UK and half of ECRIN respondents reported a need to be optimistic about the predicted recruitment rate for the trial to be attractive to the funder. Free text comments highlighted the difficulties this practice would lead to during trial conduct. Additional comments stated that the estimates were reflective of recruitments rates if things went well, accepting that this may not be the case with an inability to accurately predict researcher performance and stability of local clinical services.

Statisticians' survey

The survey was conducted between 18 September 2018 and 6 November 2018 among the 51 UKCRC-registered CTUs of whom 50 (98%) responded (46 responses completed online, four responses completed at the network meeting). The ECRIN EuCos circulated the survey between 13 November 2018 and 29 January 2019 to 53 participants of whom 19 (36%) responded.

Table 2 summarizes the survey results. The majority believe that statisticians should be involved in predicting recruitment (86% UK, 68% ECRIN); however, statisticians were reported to have been involved in leading the process in only just over half of the studies. Respondents from ECRIN reported were less confident than UK respondents in their awareness of other trials competing to recruit from the same patient population (12% UK, 63% ECRIN) and were less likely to adjust for staggered site openings (96% UK, 68% ECRIN).

Use of statistical models to predict recruitment was low overall (10%) but higher within ECRIN respondents (6% UK, 21% ECRIN) who also had greater awareness of the individual statistical approaches with 48% of UK respondents not aware of any method compared with 21% within ECRIN.

At the pre-trial planning, only 32% of respondents sometimes simulated data to support recruitment prediction, whereas 67% of them never did (Table 2, Question 8). The time investigators would need to dedicate to perform simulations is an additional challenge, especially if they are not convinced of their value.

The majority of respondents who sometimes simulated data are at least aware of the Poisson model (73%, 16/ 22), whereas six of them are not aware of any statistical model for recruitment prediction (27%, 6/22). On the other hand, almost half of respondents who never simulated data, are not aware of any model (48%, 22/46), whereas 43% of them are at least aware of the Poisson model (20/46). However, because of the small sample size, we cannot conclude a definitive correlation between knowledge of statistical models and use of recruitment simulations.

A sizable proportion of respondents (44% UK, 42% ECRIN) preferred to use a simple approach rather than statistical distributions to predict recruitment. Slightly over half of UK respondents were unconvinced of the value of implementing these methods in comparison to only 11% of ECRIN respondents (Table 2, Question 9).

A minority of respondents were aware of existing software or Web platforms to support planning and monitoring of patient recruitment with over a quarter of respondents being interested in such a resource for predicting recruitment and over half interested for both prediction and monitoring (Table 2, Question 12). Free text responses indicated that time to learn how to use such an application and funder willingness to support any associated costs were a concern. Other participants expressed an interest in comparing any methods alongside those already used in practice to determine whether any time or resource investment was worthwhile. One participant expressed concerns on whether the requirements of more complex clinical trials could be met by such a resource.

Response to the free-text question about further practices, tools or resources that could potentially improve prediction accuracy are provided in Box 1, with suggestions for how funders/trial teams could monitor recruitment progress/milestones summarized in Box 2.

Box 1 Further practices or tools to improve recruitment prediction

Question 13: Please give details of any further practices or tools/resources that you think could influence your future practice, in terms of prediction accuracy in patient recruitment.

Training (e.g., work with CIs to show the value of involving statistics for recruitment purposes before and during the trial/workshops for trial statisticians/challenge the clinicians, etc.) (8/69, 12%)

Better engagement (e.g., with potential sites, using standard questionnaires to elicit proposed recruitment target/easily accessible & timely input from clinical communities & access to relevant patient groups, etc.) (5/69, 7%) Raising awareness of the available approaches (2/69, 3%) Current challenges and conflict with NIHR CRN targets (e.g., sites come back and ask to change their local recruitment target to ensure they are not challenged/providing the funding for realistic timelines/building in flexibility with timelines for project management and funding/allowing for reallocation of research resources to new studies toward the end of the study, etc.) (3/69, 4%) Recommendations to improve prediction (e.g., building up a database of actual recruitment in our studies that could be referred to in future/use anonymized registry of patients with relevant disease along with demographic information/valid international data on disease incidence and prevalence/comparing predictions and targets to what actually happened so future predictions can be improved/comparing recruitment in pilot studies with that in full trials/getting funders to request more rigorous methods to estimate recruitment, etc.) (10/69, 14%)

Tool/model (a tool that automatically integrates recruitment predictions for individual sites in a multicentre trial into an overall prediction for the trial/simple, robust methods yielding accurate results/a smoothed time-autocorrelated prediction might be helpful/any tool that helps to maintain engagement/enthusiasm) (8/69, 12%) Demonstrating evidence that these models actually work in practice (e.g., it is important to show that prediction ability of a model/tool is better than the simpler ways/it can be cumbersome to gather all information to feed into prediction tools and it would require further input from a statistician, etc.) (2/69, 3%)

No response (35/69, 51%)

Response not clear (3/69, 4%)

Discussion

This survey is the first to identify current practice on methods to predict recruitment in clinical trials and raises hypotheses about different practices in the United Kingdom compared with Europe and the perceived value of more complex statistical approaches.

Survey responses clearly indicate that the statistical models available are not being implemented. The absence of a robust demonstration of their benefits in comparison with simple approaches is a key barrier to their uptake. The statistical literature is restricted to the evaluation of these models in simulations or in retrospective trials [START_REF] Gkioni | A systematic review describes models for recruitment prediction at the design stage of a clinical trial[END_REF][START_REF] Baldi | Accrual monitoring in cardiovascular trials[END_REF][START_REF] Lan | Statistical modeling and prediction of clinical trial recruitment[END_REF]. It lacks a real-time prospective evaluation using the same limited information sources to support parameter estimation across models at the design stage, which are then used to monitor actual accrual. Furthermore, the survey suggested that this evidence is required before trial statisticians being able to justify the time required to understand and implement the methodology, suggesting that software availability on its own is insufficient to change practices.

There are many factors to be taken into account when predicting recruitment and in turn defining a trial's duration. Recruitment targets cannot be realized if based on overoptimistic expectations and unrealistic timelines. The overoptimistic expectations of the research team have been reported previously [START_REF] Briel | A systematic review of discontinued trials suggested that most reasons for recruitment failure were preventable[END_REF]; however, this survey highlights the tension felt by a sizable proportion of investigators to be optimistic about their recruitment rates, for the trial to be attractive to funders. Despite this tension, there was a clear appreciation of the difficulties this would cause at later time points, with calls for funders' expectations of trial set up times and recruitment rates to be more realistic, less rigid and to allow for unforeseen delays outside the control of the trial management team.

The importance of adhering to the site initiation schedule is key and our anecdotal experience is that deviations from this often explain a substantial proportion of under recruitment. The time required to complete the administrative arrangements which need to be made to open participating sites can vary and be impacted by site engagement and capacity or by regulatory changes [16e20]. The survey indicated that staggered site openings are more commonly allowed for within the United Kingdom than across the ECRIN network. However, although the rate of site initiations may be informed by past experience, there is an inherent assumption regarding the stability of site resources to deliver the research, remaining stable throughout the trial. Although a potential solution is to improve site feasibility and capability assessments, the variables that need to be included and how they are used within resulting predictions, needs further scrutiny.

Box 2 Suggestions for monitoring recruitment progress

Question 14: Do you have any comments or suggestions on how funders/trial teams monitor recruitment progress/milestones? Educate funders (e.g., Funders' expectations of trials set up and recruitment rate should be more realistic/they should be less rigid in setting targets and monitoring against those targets/funders want more for less/funding panels to define the feasibility of recruitment rates and convince the administrative funders that studies need more time to be successfully delivered, etc.) (3/69, 4%) Educate Chief Investigators (CIs tend to be overoptimistic/Methodologists/statisticians usually try to be conservative but this is challenged by CIs, etc.) (2/69, 3%) Build on skills and experience gained from previous trials (e.g., pass on the skills and experience of trials teams that manage to recruit to time and budget/ a sort of rule of thumb is that 20-40% of potentially eligible people approached to take part will consent to inclusion/in cancer trials we tend to expect about 50% of eligible patients to consent etc.) (2/69, 3%) Take into account factors related to trial/outcomes/intervention/condition being studied (e.g., seasonal factors/clinic frequency/TTE 1 considerations/staggered entry assumptions etc.) (4/69, 6%) Allow for delays outside of the control of the trial management team during the course of the trial (e.g., due to budgeting/staffing/resources/new trials opening/delays in agreeing contracts/whole centers dropping out etc.) (2/69, 3%) Central database with recruitment information from previous trials to accompany the online tool (1/69, 1%) Uncertainty to be considered (e.g., any recruitment estimates at the onset of a trial will be based on assumptions, e.g., average recruitment rate per site or something similar/there are so many variables involved and I am not sure there are any decent ways of getting around that/initial recruitment predictions tend to be very inaccurate/any prediction or monitoring of recruitment using sophisticated modeling may not be any better than using simple projections, etc.) (5/69, 7%) Generic programming (programming something generic is important, because statisticians are already under a lot of time pressure and deadlines, so they want to avoid an overload of duties) (1/69, 1%)

No response (52/69, 75%)

Response not clear (3/69, 4%) 1 TTE: time to event.

The survey demonstrates that investigators and statisticians are using a wide variety of information sources to predict their recruitment rates. However, in practice the extrapolation of these data to a specific multicenter trial often requires adjustments to be used. The size of the adjustments may be considered to be arbitrary or based on guess work, and this may in part reduce the number of factors investigators feel able to include. In addition, as the availability of routinely collected data increases to support clinical trial planning, the assessment of such sources and how they are used will be of increasing importance.

The main focus of our survey was the prediction of recruitment; however, we also aimed to ascertain how this was monitored against observed accrual. The responses demonstrated that this information is considered in multiple ways per trial with comparisons of observed recruitment rates against those predicted in graphical or tabular form, at individual site level and across all sites, and covering the entire recruitment period or restricting to recent months. Although eight respondents indicated ''other'' methods were used, the free text provided, demonstrated that the approach was consistent with the closed response categories. The limitation with these approaches is that they do not allow understanding of whether the observed variation is within reasonable limits of the prediction. This may lead to delays in remedial actions. A potential benefit of using a statistical model is the prespecification of a quantile to act as a trigger when the observed recruitment rate is inconsistent with that prespecified. One respondent commented that the use of statistical models would ''simply give a distribution of recruitment rates from which we would need to pick a final number which would be the mean, so simple multiplication would seem as appropriate given the uncertainty about the assumptions.'' This suggests that even if the uncertainty they elude to is not welcome within prediction, there is potential for their use within monitoring.

In a survey of the UKCRC-registered CTUs, the top inefficiency from recruitment of the first participant to the publication of results, was identified as the failure to meet recruitment targets due to overoptimistic or inaccurate recruitment estimates [START_REF] Duley | What are the main inefficiencies in trial conduct: a survey of UKCRC registered clinical trials units in the UK[END_REF]. Some statisticians reported being under pressure to project optimistic recruitment rates. This is likely due to the perception that realistic rates are associated with increased budgets, beyond what funders are willing to provide. This issue was raised by our survey respondents, with participants' suggestions that training should be provided for both CIs and funders. Increasing funders' flexibility in setting timelines would be helpful and reflects additional calls on requirements with adaptive designs [START_REF] Kairalla | Adaptive trial designs: a review of barriers and opportunities[END_REF].

The majority of our respondents believe that a statistician should be involved in the recruitment prediction process but do not model recruitment as a stochastic process. This may be in part explained by time pressures, as recruitment prediction is undertaken during the unfunded preparation time of a grant application. This will be compounded given investigators and statisticians are unconvinced that the models described in the literature are worthy of the additional time required to support their use. However, the survey demonstrates the majority would be interested if the benefits were found to justify the additional time and statistical expertise required.

Limitations of the studies

This survey aimed to elicit current recruitment practice across the United Kingdom and Europe. The high-response rates from the United Kingdom are a strength of the survey; however, this means that the findings predominantly represent current practice within the United Kingdom.

The network structure within the United Kingdom facilitated survey distribution in a controlled approach using the network secretariat ensuring a targeted delivery and response, whereas the ECRIN approach used a more fluid hub and spoke model where the CIs and the statisticians were contacted by the EuCos in each country. Other surveys targeting statisticians across the UKCRC CTU network have achieved similarly high-response rates [23e25], and we have been unable to identify similar surveys across ECRIN. The lower response rates from ECRIN may be a result of these different network infrastructures; however, they may also impacted by the survey being restricted to the English language.

The comparison of practices between the United Kingdom and Europe therefore needs to be interpreted with caution as this could reflect response bias within ECRIN with those with particular interests in recruitment prediction taking part. This may be an explanation for the greater awareness of the statistical methods in the ECRIN respondents.

Furthermore, the investigators in the UK survey were identified from the website of the largest public funder of clinical trials in the United Kingdom. The sampling framework for investigators across ECRIN was by identification of the EuCos and therefore not restricted to a funding source. However, knowledge of both networks suggests that the portfolio of studies represented is restricted to noncommercial research. It would be of interest to understand differences in methods used in comparison with industry sponsored studies, with research suggesting recruitment for industry-sponsored studies being less problematic [START_REF] Kasenda | Prevalence, characteristics, and publication of discontinued randomized trials[END_REF]. Yet, it is likely that the resources allocated and incentives provided are dissimilar and this complexity of factors warrants further detailed exploration in future research.

Conclusions

Approaches used to predict and monitor recruitment remain frequently unreported, and this survey provides insight from both statisticians and investigators on methods and data sources used. This study indicates that the majority of respondents did not recognize recruitment as a stochastic process in the approaches used and stated a preference for using simple approaches. However, they consider the involvement of statisticians in the recruitment prediction process to be essential. Simple approaches will continue to be used despite the advancement of more complex statistical models until their value in improving prediction can be more robustly demonstrated. Until then, their complexity, time, and training required to aid their implementation will remain a barrier despite the potential for their added benefits in monitoring of recruitment. 
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Table 1 .

 1 Survey results of the Chief Investigators' survey (UK & ECRIN) 50% of what the Principal Investigator estimates; eligible Vs consent rate, e.g., we expect the recruitment to be something between 30 and 50% of the eligible population depending on the trial question; impact of recruiters.

	Question

a Local patient survey; data compiled by a specific NIHR biomedical research unit; national data on disease activity; multiple sources. b Difficulties in recruiting; logistics of recruitment; availability of research nurses; data on rates of recruitment from previous studies; a general rule:

Table 2 .

 2 Survey results to closed-ended questions of the Statisticians' Survey (UK and ECRIN)

	Question

7) Are you aware of any of the statistical approaches listed below for use in recruitment prediction? Please select all that apply.

Table 2 .

 2 Continued

	Question

a Free-text responses have been categorized into common themes. b Patient and Public Involvement.
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