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Abstract

Background: Poor recruitment of patients is the predominant reason for early termination of randomized clinical
trials (RCTs). Systematic empirical investigations and validation studies of existing recruitment models, however, are
lacking. We aim to provide evidence-based guidance on how to predict and monitor recruitment of patients into
RCTs. Our specific objectives are the following: (1) to establish a large sample of RCTs (target n = 300) with
individual patient recruitment data from a large variety of RCTs, (2) to investigate participant recruitment patterns
and study site recruitment patterns and their association with the overall recruitment process, (3) to investigate the
validity of a freely available recruitment model, and (4) to develop a user-friendly tool to assist trial investigators in
the planning and monitoring of the recruitment process.

Methods: Eligible RCTs need to have completed the recruitment process, used a parallel group design, and
investigated any healthcare intervention where participants had the free choice to participate. To establish the
planned sample of RCTs, we will use our contacts to national and international RCT networks, clinical trial
units, and individual trial investigators. From included RCTs, we will collect patient-level information (date of
randomization), site-level information (date of trial site activation), and trial-level information (target sample
size). We will examine recruitment patterns using recruitment trajectories and stratifications by RCT
characteristics. We will investigate associations of early recruitment patterns with overall recruitment by
correlation and multivariable regression. To examine the validity of a freely available Bayesian prediction
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model, we will compare model predictions to collected empirical data of included RCTs. Finally, we will user-
test any promising tool using qualitative methods for further tool improvement.

Discussion: This research will contribute to a better understanding of participant recruitment to RCTs, which
could enhance efficiency and reduce the waste of resources in clinical research with a comprehensive,
concerted, international effort.
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Background
Randomized clinical trials (RCTs) are considered standard
to evaluate benefits and harms of healthcare interventions.
RCTs are major undertakings that require enormous
resources and coordination of multiple stakeholders. One
out of four RCTs is prematurely discontinued because of
poor recruitment of participants, other reasons suggesting
futility, unexpected harm, early superiority, or administra-
tive problems [1–4]. The leading reason for discontinuation
is poor recruitment [5]. In particular, investigator-initiated
RCTs with smaller sample size carry the highest risk for
premature discontinuation due to poor patient recruitment.
Such discontinued RCTs are also less likely to be published
in medical journals [5].
Early discontinuation for poor recruitment is problem-

atic: First, the pertinent research question typically re-
mains unanswered. Second, precious resources for clinical
research are wasted if costly RCTs need to be discontin-
ued because of overoptimistic recruitment assumptions, in
particular, if whatever results and lessons learned remain
unpublished [6]. Third, public and patients’ trust and will-
ingness to participate in clinical studies are compromised
if RCTs are not professionally planned and conducted to
minimize the risk for insufficient recruitment.
A central question for investigators during planning

and conducting RCTs is: Given the expected number of
participating centers and number of patients per center,
how long will it take to recruit the target number of
patients? Once the trial has started recruiting, the
central question changes into: Given the recruitment
data we have so far, how long will it take to recruit the
target number of patients now, and do we have to adjust
our initial estimates and plans?
Therefore, evidence-based guidance and tools to

predict and monitor recruitment of patients to RCTs are
needed [7]. Methodological research on recruitment to
clinical trials has increasingly become of interest to
clinical researchers; exemplary initiatives are the working
group by the Medical Research Council (UK) [8], the
Clinical Trials Transformation Initiative (CTTI) [9], and
the Trial Forge-collaboration [10].
A recent systematic review on recruitment models

identified 13 articles reporting on different recruitment
models and provides a comprehensive exploration on

recruitment topics from a statistical perspective [11]. Of
note, while in some of the studies a validation of
proposed models is reported, systematic empirical inves-
tigations and validation studies of proposed recruitment
models with large datasets are still lacking.
One of the identified models was a Bayesian model de-

veloped by Jiang et al. [12] with an open source package
for the statistical program R [13]. This model requires
only input information that is readily available to trialists
and trial coordinators, such as planned sample size,
anticipated time needed for total trial recruitment,
number of patients recruited to date, and interim time
point (e.g., 6 months after trial initiation). Given the
recruitment process until the interim time point, the
program allows either calculating the time needed to
recruit the remaining number of patients or predicting
anticipated recruitment over a given period of time. The
program provides a predicted time accompanied by a
prediction interval and illustrative plots.
We initiated the international collaborative project on

RECRUITment In Trials (RECRUIT-IT) to investigate
performance of the Bayesian recruitment model developed
by Jiang et al. [12] to provide evidence-based recommenda-
tions for the planning and monitoring of patient recruit-
ment in RCTs.
We aim to accomplish this goal through four specific

objectives:

1. To establish a large database with empirical
individual patient recruitment data from a
variety of RCTs.

2. To investigate overall participant recruitment
patterns of RCTs and recruitment patterns at
individual study sites and their association with the
overall recruitment process.

3. To investigate the validity of the freely available
Bayesian recruitment model [12] to predict
participant recruitment into RCTs.

4. To refine the recruitment model from objective
3 or to develop a new model based on the
findings from objectives 1–3 for an interactive
and user-friendly tool to assist trial investigators
in the planning and monitoring of the
recruitment process.
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Methods/design
Study design and eligibility criteria
This project will be based on empirical recruitment data
from RCTs. We will include parallel group RCTs that
have completed or terminated the recruitment process
for all participating trial sites, evaluating any healthcare
intervention where participants had the free choice to
participate. Ideally, individual recruitment data (the date
of randomization for each patient) are available; however,
RCTs with recruitment data aggregated on a monthly
basis will also be included. There will be no limitation
with respect to sample size, medical field, intervention,
jurisdiction, or funding source. However, we will exclude
RCTs if they meet one of the following criteria, of which
we assume that such studies are less attractive for partici-
pants than other trials, with inherent implications for
recruitment patterns:

1. The trial investigated pharmacokinetics only.
2. The trial was actually a sub-study of a trial (e.g.,

whereby the main outcomes are biomarker studies).
3. The trial was a pilot trial (e.g., whereby the main

outcomes are related to feasibility).

Selection of RCTs and sample size
We aim to include RCTs from the following research
groups that we approached through our personal networks:
(i) AIDS Clinical Trials Group (ACTG) [14, 15], (ii) Paris
Hospital Network (Assistance publique – Hôpitaux de
Paris), (iii) Swiss Group for Clinical Cancer Research
(SAKK), (iv) Johns Hopkins Medical Institutions, (v) clinical
researchers from the university hospitals Basel and Bern
(Switzerland), (vi) Canadian Critical Care Trials Group, and
(vii) University of Kansas Cancer Center (KUCC) research
group. Further networks are being contacted. In addition,
we also plan to include RCTs via the clinicalstudydatare-
quest.com website.
Considering the abovementioned sources of RCTs, we

estimate that individual patient recruitment data of at
least 300 RCTs will be available for this project. This is a
convenience sample. We aim to include as many RCTs
from different fields of healthcare as possible.

Data collection and research ethics
We will collect the following data (among other):

1. Patient-level: Date of randomization.
2. Site-level: Date when a trial site was activated and

when it was closed (if available), country, total of
recruited/randomized patients, number of eligible
patients who declined to participate (if available),
and whether the site is at the institution of the
principal investigator (if available).

3. Trial-level (trial characteristics): Patient population,
medical field, type of intervention (e.g., drug
intervention), blinding status, target sample size
(includes statistical sample size and overall
recruitment goal [if available]), anticipated
recruitment time, number of trial sites, involved
countries, setting of recruitment (e.g., intensive
care), primary endpoint, trial completion status (if
discontinued, reason for the discontinuation), and
funding sources. Information on trial characteristics
is taken from the recruitment data source, trial
protocols (preferred option if available), journal
publications, or trial registries.

Definitions
The “recruitment target” is the planned number of
patients to be randomized as reported in the latest
version of the respective RCT protocol; the primary
journal publication, i.e., the one reporting the primary
outcome results; or the latest update of the trial registry
entry (in descending order in case of discrepancies). In
case no target sample size, but target number of events
is reported (e.g., in case of a time-to-event outcome), we
will take the approximate number of patients needed if
reported; otherwise, the RCT will be excluded from the
analyses outlined below. We will record the calculated
sample size as well as the recruitment target. This is to
account for the fact that trial teams often inflate the
calculated sample size to allow for some losses-to-
follow-up, which means the statistically required sample
size is typically smaller than the recruitment target.
“Recruitment time” is defined as the time (in days/

months) from the date of the first patient randomized to
the date of last patient randomized. Where available, we
will also consider the time from trial activation until the
date of last patient randomized to account for the
possible gap between trial activation and first patient
randomized.
“Anticipated recruitment time” is defined as the total re-

cruitment time the investigators anticipated for complet-
ing patient recruitment at the planning stage before the
RCT was initiated (i.e., before first patient randomized).
The “cumulative participant recruitment” is the

participant total recruited over the recruitment time
(absolute number) or the proportion of the target
sample size recruited over the recruitment time.
We define “interim landmarks” based on the recruit-

ment time and the proportion of target sample size (and
recruitment target) recruited during the RCT recruit-
ment time. For the interim landmarks based on time, we
will use months 1, 3, 6, 9, and 12 after RCT initiation.
For the landmarks based on the proportion of target
sample size, we will use 10% intervals (e.g., 10%, 20%, or
30% of target sample size recruited).
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We will consider an RCT to be prematurely discontinued
if the investigators who provide individual recruitment data
indicate recruitment discontinuation for one of the follow-
ing or any other reasons:

1. Poor recruitment (less than 90% of the statistical
sample size; 80% or less for sensitivity analysis)

2. Benefit
3. Futility (for reason other than poor recruitment)
4. External evidence
5. Harm
6. Other administrative reasons

If no direct contact to the investigators is possible, we
will rely on published reports (e.g., journal publications,
trial registries) to determine the reason for discontinu-
ation. In case the achieved sample size is below 90% of
the target sample size (or 80% for sensitivity analysis)
and no reason is identifiable, we will categorize the RCT
as discontinued and record “due to unknown reason.”
All other RCTs not meeting abovementioned criteria
will be considered completed.

Analysis
We will summarize and present the characteristics of all in-
cluded RCTs using descriptive statistics (means, medians,
ranges, and frequencies or proportions as appropriate).
For each RCT, we will calculate the total recruitment

time in months. Data on cumulative recruitment of
participants will be presented by plotting the number of
patients—expressed as proportion of the original recruit-
ment target to facilitate comparison across trials—over
time separately for each RCT; the resulting plots we will
call recruitment trajectories. We will also provide overall
averaged recruitment rates (total number of recruited
patients/recruitment time [months]) for each RCT.
For the following analyses, we will mainly consider

RCTs that have been completed or where recruitment
has been discontinued due to poor recruitment. RCTs
stopped for other reasons than poor recruitment will be
included for additional sensitivity analyses.
We aim to examine the following (inspired by findings

from Haidich and Ioannidis [14–16]): (1) associations
between study site recruitment and speed of participant
recruitment (e.g., recruitment trajectories for RCTs with
more than 80% of recruiting sites ready to recruit partic-
ipants within the first month versus those RCTs with
less than 80%), (2) investigation of seasonal differences
of participant recruitment rates [16], (3) associations
between early recruitment trajectory slopes and overall
recruitment success (i.e., achievement of more than 90%
of the target sample size), and (4) investigation of how
the recruitment time matches the anticipated recruit-
ment time at the planning stage. However, based on our

previous experience [5, 17], we assume that the antici-
pated time of patient recruitment will not be available
for most RCTs (be it on protocol or journal publication
level).
In further analyses, we will check whether the findings

from Haidich and Ioannidis (i.e., recruitment slope of
first 1–2months of a trial is highly predictive of further
patient recruitment) hold true for RCTs outside the
AIDS Clinical Trials Group. For this, we will split the
dataset into those RCTs used by Haidich and Ioannidis
and all others. Specifically, we will investigate the follow-
ing: (1) the extent to which speed of recruitment during
the first 3 months will correlate with the proportion of
RCTs for which the target sample size was attained; (2)
the extent to which recruitment during the first month
or two will correlate with subsequent recruitment; (3)
the extent to which the acceleration of recruitment in
the first 2 months (the ratio of second to first month
accrual) was also related significantly to the eventual
accrual; (4) whether the more patients were enrolled in
the first 2 months, the greater the absolute enrolment
and the proportion of target enrolment eventually
achieved; (5) whether all trials that recruit < 30% of their
target sample size after 10 months fail to reach their
target eventually; and (6) whether no trials show marked
acceleration of accrual over time.
Based on our systematic search and earlier reviews [7, 18],

the Bayesian model developed by Jiang et al. [12] is the
only model that comes with a freely available software
package (written for R [www.r-project.org]) dedicated
to predicting recruitment in clinical studies. We will there-
fore investigate the validity of this prediction model at base-
line (before start of recruitment) and at the mentioned
interim landmarks guided by the following questions:

– How large is the difference (in months) between the
model estimate and the actual recruitment time?

– In how many cases does the 95% credible interval
(of the predicted estimate) include the actual
recruitment time?

– How do the accuracy and precision of prediction
increase over time if model estimates are calculated
at interim landmarks (e.g., months 1, 3, 6, 9, 12) or
according to achieved recruitment (e.g., 10%, 20%,
or 50% of target sample size)?

– How do different assumptions (e.g., informative or
non-informative priors) influence prediction
accuracy?

– In case of multicenter trials, how does the
prediction change if the date of site activation is
considered in such a prediction model?

Simple linear regression models following a frequentist
approach are commonly used to predict the future
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recruitment process, which assume that the accrual rate
is constant for each individual trial or individual trial
sites. To investigate whether the more flexible Bayesian
recruitment model, which takes into account informa-
tion on accrual accumulated up to a monitoring point in
the study in addition to including prior information
from historical data, provides better estimates for re-
cruitment prediction, we will compare the two models
with respect to the following:

1. The accuracy of accrual prediction (number of
participants, n) at expected trial duration time (T).

2. The accuracy of recruitment duration prediction
(how long will the trial take, T) to reach the target
sample size of n participants.

For the prediction of number of patients recruited at a
specific time point, we will assume the information of
early accrual to be known. Based on the information from
the early recruitment frame, we will first calculate the ac-
crual prediction using both methods (simple linear model
versus Bayesian model). To quantify the respective model
performance, we will calculate the percent error (%Rbias)
statistic: %Rbias = |Predicted −True|/True × 100%.
Here, “Predicted” means the predicted value by the

model and “True” means the actual number of patients
recruited. We will calculate %Rbias at different time
points. In addition, the %Rbias will be visually displayed
over time. For example, we will compare the %Rbias of
the two methods from 1 to 12 months of recruitment
time for each RCT.
In addition, to predict the number of participants

recruited, Bayesian methods can also provide a 95% pre-
diction interval for the anticipated trial completion time,
which can be used to determine whether a trial is slow
or on-target with respect to accrual. The RCTs can be
identified as having slow accrual if their anticipated
completion time, T, is smaller than the lower bound of
the prediction interval of completion time TPred. Fur-
thermore, the Bayesian model can identify studies with
high risk of accrual failure by estimating the probability
that a trial will achieve its accrual target late. The
probability of being late by a given time (Plate) offers an
effective way of monitoring recruitment progress and
facilitates decision-making for strategically allocating
resources. For example, to estimate the risk for a trial,
we can draw 50,000 Markov-Chain Monte-Carlo
(MCMC) samples from the Bayesian posterior predictive
distribution for TPred. The percentage of posterior
predictive draws of TPred that are greater than the antici-
pated completion date T is the trial’s estimated risk of
accrual failure: PLate = Pr (TPred > T| Data).
Overall, we will summarize and compare these two

prediction outcomes. We will use different visualization

methods to illustrate the differences between the
Bayesian and the linear frequentist prediction models,
and the comparison between Plate and the recruitment
time of trial actually running.
This final step will bring together all the results from

the analyses described under points 1–3 into a freely
accessible tool. This tool should be user-friendly, and
the parameters needed to provide estimates should be
readily available for trial teams. The tool should help
trialists to (1) estimate required time for completion of
enrolment when planning the trial and (2) monitor and
adjust planning while conducting the trial. For instance,
if an investigator wants to estimate how long it will take
to recruit 400 participants to a surgical RCT comparing
two techniques for wound closure, it would be import-
ant to know how many sites were included in similar
trials and which recruitment rate one can expect at each
site. Also, the time lag between site activation and first
patients enrolled would be important information. The
tool could first provide clinical researchers with
estimates based on recruitment data from similar
surgical RCTs, preferably conducted in the same country
(depending on our findings whether medical field and
country are important predictors of recruitment time).
With these estimates, one could then build a recruit-
ment projection by adding sites and also by adding
uncertainties to account for various issues related to the
community (e.g., different degrees of interest and equi-
poise in the research question) or the center (e.g., differ-
ent research personnel and capacity). Uncertainties
could be modeled (e.g., + 10% time lag between approval
and first patient enrolled). During the conduct of the
trial, one could then step by step replace the initial
estimates by real-world recruitment data from the trial
to improve estimates on the time needed to recruit the
required number of patients or to simulate how much
time one could save if more sites were added. We will
develop such a tool with input from recruitment experts
and future users (trialists and trial coordinators), employ
user testing [19, 20], and will also compare the tool’s
usability and performance to another recently described
web-based tool [21].

Discussion
This project will address questions that clinical researchers,
funding bodies, and research ethics committees are often
confronted with: What are the chances that a specific trial
achieves its recruitment target? How long will it take to
recruit the target statistical sample size? When should
researchers decide about changes in their recruitment
strategy or about early trial discontinuation? The proposed
project aims to provide reliable answers to these questions
and an easy-to-apply tool for recruitment planning and
monitoring in order to successfully complete RCTs and to
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allow for the most efficient allocation of scarce research
resources. The current waste of valuable resources in
clinical research is a huge international challenge [22, 23],
and the need to increase efficiency of patient recruitment is
a fundamental problem for trial investigators [5]. Trials that
last longer than anticipated typically incur excessive
management and trial unit resources and, importantly,
delay the answer to research questions.
The strengths of our project include the fact that we

use an empirical, international, comprehensive, and con-
certed approach to tackle the global practical challenge
of reliably predicting and monitoring patient recruitment
in RCTs. To the best of our knowledge, there is no other
project comparable in size and scope. We will include a
broad variety of recent RCTs increasing the external
validity of our findings. By making our results, methods,
and the resulting tool accessible through a dedicated
website, we aim to further encourage other investigators
sharing recruitment data to further optimize the model
and broaden external validity.
Our project has several potential limitations. First,

within our data collection, we do not capture the
comprehensive planning and administrative process to
set up an RCT on national or international level. These
processes and speed of administration vary among coun-
tries (e.g., the time between ethical approval and the
start of the trial). Therefore, this part of the planning
phase cannot be part of our investigations and we can-
not adjust for regional differences. Second, several RCTs
with time to event outcomes (e.g., progression-free
survival) are planned and powered based on the number
of events observed over time and not a specific number
of patients needed to be recruited [24]. Different models
have been proposed to predict the occurrence of events
of interest in a study population [18]. Based on our data,
we cannot investigate this approach, because such time
to event data are not available to us in this cohort of
RCTs. Third, we anticipate that we will have only limited
information on the time points when centers have been
initiated and approved to recruit patients. As outlined
previously, recruitment of centers for multicenter RCTs
is also an important part of planning the recruitment
process [7]. However, we anticipate that we can only in-
vestigate this issue of site recruitment in a sub-sample of
RCTs where date of center activation is available.
Fourth, we cannot systematically capture and consider
the choices, rationale, or expertise of the investigators,
staff, or the research network in conducting RCTs,
which likely also affects the speed and ultimate success
of the patient recruitment process. Finally, we do not
have information on center characteristics that may also
influence recruitment performance.
In summary, we will investigate the process of

patient recruitment to reduce the risk of RCTs being

discontinued for poor recruitment and produce a tool
to support recruitment planning. We hope to contrib-
ute to the evidence base that will inform the conduct
of clinical research, and enhance its efficiency by the
comprehensive, concerted, international effort motiv-
ating this project.

Trial status
Data collection of the study is still ongoing (started
December 2016), and we anticipate finishing the pro-
ject by end of 2021.

Abbreviations
ACTG: AIDS Clinical Trials Group; CTTI: Clinical Trials Transformation Initiative;
EKNZ: Research ethics committee North West and Central Switzerland;
KUCC: University of Kansas Cancer Center; MCMC: Markov-Chain Monte-Carlo;
RCT: Randomized clinical trial; SAKK: Swiss Group for Clinical Cancer Research

Acknowledgements
Not applicable.

Authors’ contributions
BK and MB have designed the study. BK has drafted the manuscript and
coordinated review by all co-authors. JHL, YJ, BG, and CW have provided
substantial input to the strategy of analyses. EvE, SS, GM, ST, AMS, AH, VG, BS,
SH, LGH, CS, KMcG (will provide individual recruitment data), MM (will
provide individual recruitment data), DC (will provide individual recruitment
data), FL, JMT (will provide individual recruitment data), ABH, JPAI, and ST
have edited and reviewed the manuscript. The author(s) read and approved
the final manuscript.

Funding
BK has received a project specific grant from the University of Basel to realize
this project. In addition, this study is supported by the Swiss National
Science Foundation (grant 320030_149496/1) and the Gottfried and Julia
Bangerter-Rhyner Foundation. The provided work by BG, JHL, CW, and JY has
been supported by the National Cancer Institute Cancer Centre Support
Grant P30 CA168524 and used BISR core. The Health Services Research Unit,
University of Aberdeen, receives core funding from the Chief Scientist Office
of the Scottish Government Health Directorates. DC is supported by a
Research Chair from the Canadian Institute for Health Research. The
mentioned funding sources have no role in the design and conduct of the
study; the collection, management, analysis, and interpretation of the data;
the preparation, review, or approval of the manuscript; or the decision to
submit the manuscript for publication.

Availability of data and materials
Not applicable, because this manuscript does not include any data; however,
we aim to make individual data available on publicly accessible data
repositories after complete data collection and analyses have been finished
and published.

Ethics approval and consent to participate
We explicitly do not collect any patient identifying information or clinical
outcome data (e.g., mortality); information identifying trial sites will not be
disclosed. The research ethics committee North West and Central
Switzerland (EKNZ) appraised this project (EKNZ-2017-0005) concluding that
the project fulfills all standards for ethical research conduct and that it does
not require ethical approval as per the Swiss Federal Act on Research
Involving Humans, Article 2.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Kasenda et al. Trials          (2020) 21:731 Page 6 of 7



Author details
1Basel Institute for Clinical Epidemiology and Biostatistics, Department of
Clinical Research, University Hospital Basel and University of Basel, Basel,
Switzerland. 2Department of Medical Oncology, University Hospital and
University of Basel, Basel, Switzerland. 3Department of Biostatistics & Data
Science, University of Kansas Medical Center, Kansas City, KS 66160, USA.
4University of Kansas Cancer Center, University of Kansas Medical Center,
Kansas City, USA. 5Division of Epidemiology, Biostatistics, and Environmental
Health, School of Public Health, University of Memphis, Memphis, TN 38152,
USA. 6Department of Statistics, Kansas State University, Manhattan, KS 66506,
USA. 7Cochrane Switzerland, Center for Primary Care and Public Health
(Unisanté), University of Lausanne, Lausanne, Switzerland. 8Department of
Health Research Methods, Evidence, and Impact, McMaster University,
Hamilton, Canada. 9Department of Mathematics and Computer Science,
University of Basel, Basel, Switzerland. 10CTU Bern, University of Bern, Bern,
Switzerland. 11Centre for Statistics in Medicine, Nuffield Department of
Orthopaedics, Rheumatology and Musculoskeletal Sciences, University of
Oxford, Oxford, UK. 12Clinical Trial Unit, Department of Clinical Research,
University Hospital Basel and University of Basel, Basel, Switzerland. 13Nursing,
Midwifery, and Allied Health Professionals Research Unit, Glasgow
Caledonian University, Glasgow, UK. 14Centre de recherche du CHU de
Sherbrooke and Université de Sherbrooke, Sherbrooke, Canada. 15Assistance
Publique-Hopitaux de Paris, Hopitaux Universitaires Paris Centre, Unité de
Recherche clinique, 27 rue du Faubourg Saint-Jacques, 75014 Paris, France.
16Department of Hygiene, Social-Preventive Medicine & Medical Statistics,
School of Medicine, Faculty of Health Sciences, Aristotle University of
Thessaloniki, Thessaloniki, Greece. 17Meta-Research Innovation Center at
Stanford (METRICS) and Departments of Medicine, of Health Research and
Policy, of Biomedical Data Science, and of Statistics, Stanford University,
Stanford, USA. 18Health Services Research Unit, University of Aberdeen,
Aberdeen, UK.

Received: 8 December 2019 Accepted: 9 August 2020

References
1. Campbell MK, Snowdon C, Francis D, Elbourne D, McDonald AM, Knight R,

et al. Recruitment to randomised trials: strategies for trial enrollment and
participation study. The STEPS study. Health Technol Assess Winch Engl.
2007;11(48):iii, ix–105.

2. Easterbrook PJ, Matthews DR. Fate of research studies. J R Soc Med. 1992;
85(2):71–6.

3. Decullier E, Lhéritier V, Chapuis F. Fate of biomedical research protocols and
publication bias in France: retrospective cohort study. Br Med J. 2005;
331(7507):19.

4. Toerien M, Brookes ST, Metcalfe C, de Salis I, Tomlin Z, Peters TJ, et al. A
review of reporting of participant recruitment and retention in RCTs in six
major journals. Trials. 2009;10:52.

5. Kasenda B, von Elm E, You J, Blümle A, Tomonaga Y, Saccilotto R, et al.
Prevalence, characteristics, and publication of discontinued randomized
trials. JAMA. 2014;311(10):1045–51.

6. Ioannidis JP, Greenland S, Hlatky MA, Khoury MJ, Macleod MR, Moher D,
et al. Increasing value and reducing waste in research design, conduct, and
analysis. Lancet Lond Engl. 2014;383(9912):166–75.

7. Barnard KD, Dent L, Cook A. A systematic review of models to predict
recruitment to multicentre clinical trials. BMC Med Res Methodol.
2010;10:63.

8. MRC. Methodology Hubs - MRC. Available from: http://www.
methodologyhubs.mrc.ac.uk/research/working-groups/recruitment/.
Accessed 8 Dec 2019.

9. Huang GD, Bull J, Johnston McKee K, Mahon E, Harper B, Roberts JN, et al.
Clinical trials recruitment planning: a proposed framework from the Clinical
Trials Transformation Initiative. Contemp Clin Trials. 2018;66:74–9.

10. Treweek S, Altman DG, Bower P, Campbell M, Chalmers I, Cotton S, et al.
Making randomised trials more efficient: report of the first meeting to
discuss the Trial Forge platform. Trials. 2015;16:261.

11. Gkioni E, Rius R, Dodd S, Gamble C. A systematic review describes models
for recruitment prediction at the design stage of a clinical trial. J Clin
Epidemiol. 2019;115:141–9.

12. Jiang Y, Simon S, Mayo MS, Gajewski BJ. Modeling and validating Bayesian
accrual models on clinical data and simulations using adaptive priors. Stat

Med. 2015;34(4):613–29 Available from: http://www.ncbi.nlm.nih.gov/
pubmed/25376910 http://www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=PMC4314351.

13. Jiang Y, Guarino P, Ma S, Simon S, Mayo MS, Raghavan R, et al. Bayesian
accrual prediction for interim review of clinical studies: open source R
package and smartphone application. Trials. 2016;17(1):336.

14. Haidich AB, Ioannidis JP. Patterns of patient enrollment in randomized
controlled trials. J Clin Epidemiol. 2001;54(9):877–83.

15. Haidich AB, Ioannidis JP. Effect of early patient enrollment on the time to
completion and publication of randomized controlled trials. Am J
Epidemiol. 2001;154(9):873–80.

16. Haidich AB, Ioannidis JP. Determinants of patient recruitment in a
multicenter clinical trials group: trends, seasonality and the effect of large
studies. BMC Med Res Methodol. 2001;1:4.

17. Kasenda B, von Elm EB, You J, Blümle A, Tomonaga Y, Saccilotto R, et al.
Learning from failure - rationale and design for a study about
discontinuation of randomized trials (DISCO study). BMC Med Res Methodol.
2012;12(1):131.

18. Heitjan DF, Ge Z, Ying G. Real-time prediction of clinical trial enrollment and
event counts: a review. Contemp Clin Trials. 2015;45(Pt A):26–33.

19. Kuniavsky M, Goodman E, Moed A. Observing the user experience: a
practitioner’s guide to user research. 2nd ed. Amsterdam; Boston: Morgan
Kaufmann; 2012. p. 585.

20. Preece J, Rogers Y, Sharp H. Interaction design: beyond human-computer
interaction. 4th ed. Chichester: Wiley; 2015. p. 567.

21. Liu J, Wick JA, Mudaranthakam DP, Jiang Y, Mayo MS, Gajewski BJ. Accrual
prediction program: a web-based clinical trials tool for monitoring and
predicting accrual for early-phase cancer studies. Clin Trials. 2019:
174077451987147 Available from: http://journals.sagepub.com/doi/10.11
77/1740774519871474. Cited 2019 Oct 5.

22. Ioannidis JP. Clinical trials: what a waste. BMJ. 2014;349(dec10 14):g7089.
23. Salman RA-S, Beller E, Kagan J, Hemminki E, Phillips RS, Savulescu J, et al.

Increasing value and reducing waste in biomedical research regulation and
management. Lancet. 2014;383(9912):176–85.

24. Lachin JM, Foulkes MA. Evaluation of sample size and power for analyses of
survival with allowance for nonuniform patient entry, losses to follow-up,
noncompliance, and stratification. Biometrics. 1986;42(3):507–19.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Kasenda et al. Trials          (2020) 21:731 Page 7 of 7

http://www.methodologyhubs.mrc.ac.uk/research/working-groups/recruitment/
http://www.methodologyhubs.mrc.ac.uk/research/working-groups/recruitment/
http://www.ncbi.nlm.nih.gov/pubmed/25376910
http://www.ncbi.nlm.nih.gov/pubmed/25376910
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC4314351
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC4314351
http://journals.sagepub.com/doi/10.1177/1740774519871474
http://journals.sagepub.com/doi/10.1177/1740774519871474

	Abstract
	Background
	Methods
	Discussion

	Background
	Methods/design
	Study design and eligibility criteria
	Selection of RCTs and sample size
	Data collection and research ethics
	Definitions
	Analysis

	Discussion
	Trial status
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

