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Abstract

Objectives. To present a snapshot of experimental cardiovascular research with a focus on
geographical and temporal patterns of early termination due to poor accrual.

Setting. The Aggregate Analysis of ClinicalTrials.gov (AACT) database, reflecting
ClinicalTrials.gov as of March 27, 2016.

Design. The AACT database was searched for all cardiovascular clinical trials that started from
January 2006 up to December 2015.

Results. Thirteen thousand seven hundred twenty-nine cardiovascular trials were identified. Of
these, 8,900 (65%) were classified as closed studies. Globally, 11% of closed trials were terminated.
This proportion varied from 9.6% to 14% for trials recruiting from Europe and America,
respectively, and was quite stable over the study period. The most common reason for trials failing
to complete was poor accrual (41%). Intercontinental trials exhibited lower figures of poor accrual
(28%) as the reason for their early stopping, as compared to trials recruiting in a single continent
(44%).

Conclusions. Poor accrual significantly challenges the successful completion of cardiovascular
clinical trials. Findings are suggestive of a positive effect of globalization of cardiovascular clinical

research on the achievement of enrolment goals within a reasonable timeframe.

Strengths and limitations of this study

o To identify cardiovascular clinical trials terminated early because of poor accrual, this study
relies on the most updated release of ACCT database and on automated and replicable text

mining techniques.
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o By analysing early termination due to poor accrual by continent of recruitment over time,
the study shows that poor accrual exhibits geographical heterogeneity with lower figures for

intercontinental trials.

©CoO~NOUTA,WNPE

10 o In interpreting results it must be acknowledged that ClinicalTrials.gov is representative of
12 registered trials recruiting from Europe and Americas. On the contrary, it cannot be ruled
14 out that some selection bias occurred for trials recruiting from Asia and Oceania since they

16 are increasingly registered at other regional registries.
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Introduction

Clinical trials may terminate for a variety of reasons, some of which correctly envisaged in the
study protocol [1 2] and others unforeseen and attributable to failures in the trial conduct. Examples
of appropriate reasons for terminating a trial prior to completion include unequivocal evidence of
futility or harm [3]. In this case early stopping may prevent additional patient exposure to
ineffective or harmful treatments and limit further expenditure of resources on unsuccessful
approaches. Conversely, premature termination due to poor accrual clearly reflects a failure of the
trial process since trials completed with less than expected enrollment, are usually delayed and
unable to meet their intended objectives meaningfully.

Clinical trials that fail to recruit successfully or in a timely manner their target number of
participants pose ethical, financial and statistical issues [4]. They are a major concern in research
areas where the acuity of the disease and the quickly evolving treatment paradigm render original
research questions obsolete if not implemented in a timely manner. This partially explains why poor
accrual and its consequences have been extensively investigated in some areas, mostly in oncology
[5-7], and less in others.

Unsuccessful recruitment has been recently acknowledged [8 9] as the leading factor in
cardiovascular trial failure, generating resource consuming underpowered trials which provide only
inconclusive data with no or little return on investments.

Given the fast growth in cardiovascular research seen in the past decade [10], documenting to which
extent poor accrual affects cardiovascular trials, also in terms of geographical and temporal trends,

can provide important insights to inform future trials.
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The development of clinical trial registries, such as ClinicalTrials.gov, affords a remarkable
opportunity to better understand the extent of early termination in cardiovascular trials. In the
beginning, ClinicalTrials.gov was set to increase public awareness of clinical trials and its
systematic evaluation was hindered by a lack of access to the complete, annotated data. This
registry now serves as a mandatory repository for information on most clinical studies run under US
regulations and registration with ClinicalTrials.gov is mandatory for publishing study results in
many peer-reviewed journals. In addition, the database for Aggregate Analysis of ClinicalTrials.gov
(AACT)[11], a high-quality, searchable database of the information contained in ClinicalTrials.gov
is now publicly available.

By leveraging information available through the AACT database, reflecting ClinicalTrials.gov as of
March 27, 2016, we present a snapshot of the last 10 years of cardiovascular research, with a focus

on geographical and temporal patterns of early termination due to poor accrual.

Material and Methods

AACT database, reflecting ClinicalTrials.gov as of March 27, 2016, is the data source. A
comprehensive dictionary for the data elements in AACT is available online[12].

The MeSH code field in the AACT database was queried for at least one of the following MeSH
codes: AQ7 Cardiovascular System, C14 Cardiovascular Diseases; D27.505.954.411 Cardiovascular
Agents; E01.370.370 Diagnostic Techniques, Cardiovascular, E04.100 Cardiovascular Surgical
Procedures; E04.928.220 Cardiac Surgical Procedures; E04.936.450.475 Heart transplantation;
G09.330 Cardiovascular Physiological Phenomena and H02.403.429.163 Cardiology, with the aim
to identify all studies dealing with a cardiovascular condition. The final sample was limited to all
such studies, started in the past decade - from January 2006 to December 2015 - and classified as

“Interventional”, therein referred to as cardiovascular trials.
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Study characteristics that have been considered are Year of start date, Phase (available only for drug
and biologics trials), Type of intervention, Number of arms, Primary purpose, Endpoint
classification, Intervention model, Masking, Number and location of the facilities involved, Number
of patients enrolled.

The rate of studies that have stopped recruiting or enrolling participants early and will not start
again, defined “terminated” studies, was estimated on studies that are no longer recruiting
participants because they have enough participants already, have ended, or have been stopped for
some reason and referred to as “closed” studies. The latter definition embraces also withdrawn
studies, intended as studies closed with no patients enrolled.

Study duration was calculated as the difference between start date and completion date, only for
closed studies and “actual” completion date type.

To establish the reason for stopping, text mining was applied to the narrative field of reason for
study termination. The following text pre-processing procedures were applied in the following
order: conversion to lowercase, removing numbers, removing punctuation, removing stop-words,
stemming words, removing stemmed uninformative terms (“studi”, “clinical”, “trial”, “patient”,
“subject”, “approach”, “termin”, “stop”), treating the stemmed terms “accrual” and “recruit” as
synonyms of “enrol”, stripping white space, and building a sequence of two adjacent words from
the text (bigrams).

A randomly selected sample of about 10% of terminated trials was extracted to assess the accuracy
of automated text mining in identifying poor accrual as compared to manual review (gold standard).
AACT was downloaded in pipe delimited text format and managed in R software, version 3.3.0.
The location of each facility, expressed as country in AACT database, was ascribed to a region and
to one of the five continents through R packages “countrycode” and “rworldmap”. Text mining was

performed with “tm” R package.
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Results

In a 10-year time span, from 2006 to 2015, 13,729 cardiovascular trials were identified.

As shown in Figure 1, cardiovascular trials were prevalently run in Northern America (41%),
followed by Eastern and Western Europe (25%) and Eastern Asia (8%). The regions that together
contributed to less than 0.5% were Middle, Eastern and Western Africa and Central Asia.
Single-centre studies accounted for the majority (60%) of cardiovascular trials. Among
intercontinental trials (n= 1,089), the most likely collaborations were bilateral between Americas
and Europe (32%), trilateral between Americas, Asia and Europe (14%), quadrilateral between
Americas, Asia, Europe and Oceania (11%), and worldwide (8%).

Overall, the most common interventional model was parallel design (60%). Of studies reporting
number of arms (n=13,419), 27% were single-armed and 57% had two arms. Multi-arm studies (n=
9,735), were typically randomized (89%) and blinded (38% double-blinded and 20% single-
blinded). Phase II and III trials together accounted for 4,500 studies and 5052 recorded the phase as
“not applicable”. The most frequently observed intervention was drug (n= 6,334), followed by
device (n= 2,736) and procedure (n= 1,405).

Eight thousand nine hundred cardiovascular trials (65%) were classified as closed studies. Of these,
11% were terminated. The reason for termination was missing for 141 studies.

The single stemmed term “enrol” occurred in 404 reasons for study termination and it was most
associated with the adjectives “poor”, “low” and “slow”, making poor accrual the most common
reason for trials failing to complete. The second most common substantive was “fund”, with 85
occurrences and it was associated with the term “lack”, followed by “sponsor”, with 70
occurrences, and associated with the term “decis”. Table 1 reports the most frequently used bigrams

in the reason for termination field.

Table 1. Stemmed bigrams occurring in the reason for stopping field at least 10 times. Terminated cardiovascular trials, 2006-2015.

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



P OO~NOUILAWNPE

trials by study characteristic.

BMJ Open
Bigrams N
slow enrol 78
low enrol 69
lack enrol 41
poor enrol 36
difficult enrol 25
enrol rate 25
interim analysi 23
lack fund 23
safeti concern 23
insuffici enrol 22
sponsor decis 20
left institut 15
busi decis 14
inabl enrol 14
unabl enrol 14
detail descript 11
safeti issu 10

proportion of trials terminated because of lack of accrual (% poor) by study characteristics.

Furthermore, the term “enrol” occurred as the reason for stopping of 90 withdrawn trials and 18

suspended trials. Table 2 reports the proportion of trials terminated for poor accrual over terminated

Table 2. Characteristics of closed cardiovascular interventional trials - 2005-2015. Proportion of terminated trials (% terminated) and

N % %

terminated  poor

Year 2006-2007 1078 7.0 423
2008-2009 1893 6.6 43.0

2010-2011 1955 6.0 433

2012-2013 1596 49 328

2014-2015 624 4.2 442

Facility location (#) Africa 32 3.2 100.0
Americas 3769 140 463

Americas Asia Europe 129 13.2 17.6

Americas Asia Europe Oceania 89 7.9 14.3

Americas Europe 256 18.0 347

Asia 1079 56 333

Europe 2454 9.6 404

Oceania 71 18.3 30.8

Other 374 42 508

Missing 647 59 237

Phase Phase 0 1479 8.6 143
Phase 1 81 99 329
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Phase 1/Phase 2 736 113 298
Phase 2 415 15.1 36.5
Phase 2/Phase 3 1542 11.7 444
Phase 3 231 132 369
Phase 4 1419 11.0 515
N/A 2997 82 46.6
Intervention type Behavioral 603 4.5 1.8
Biological 294 102 333
Device 1679 119 427
Dietary Supplement 266 5.3 50.0
Drug 4309 134 398
Genetic 26 7.7 0.0
Procedure 44 13.6 45.1
Radiation 784 10.5 83.3
Other 895 54 479
Number of arms 1 2474 112 420
2 4725 11.7 435
>2 1466 85 2938
Missing 235 13.6 344
Primary purpose Basic Science 250 48 250
Diagnostic 491 11.0  50.0
Health Services Research 197 41 375
Prevention 1008 9.5 375
Screening 46 4.3 0.0
Supportive Care 280 103 75.0
Treatment 6264 12.1 39.7
Missing 364 8.0 483
Allocation Non-Randomized 1052 11.0  31.0
Randomized 6039 11.0 419
Missing 1809 112 441
Endpoint classification Bio-availability 18 5.6 0.0
Bio-equivalence 38 79  66.7
Efficacy 2668 10.7 472
Pharmacodynamics 121 11.6 357
Pharmacokinetics 124 4.0 0.0
Pharmacokinetics/Dynamics 111 12.6  28.6
Safety 625 9.1  36.8
Safety/Efficacy 3811 12.8 372
Missing 1384 85 475
Masking Double Blind 2775 126 36.7
Open Label 4798 112 43.1
Single Blind 1287 7.1 46.2
Missing 40 150 333
Intervention model Crossover 713 7.4 39.6
Factorial 156 8.3 38.5
Parallel 5246 114 415
Single Group 2727 114 408
Missing 58 155 333
N. enrolled (0,100] 5521 140 453
(100,1000] 2832 63 274
(1000,20000] 467 56 107
>20000 53 3.8 0.0
Missing 27 192 40.0
N. facilities (per study) 1 4934 10.3 44 .4
(1,10] 1876 144 441
(10,50] 1047 1.5 35.0
(50,100] 204 142 172
>100 191 94 167
Missing 648 59 237
N. Conditions (per study) 1 6703 11.8 413
2 1584 82 440
>2 613 13.8 329
Conditions (*) Acute Coronary Syndrome 205 122 483
Atrial Fibrillation 380 134 372
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Cardiovascular Diseases 481 54 346
Coronary Artery Disease 609 8.7 50.9
Coronary Disease 341 10.0 323
Heart Failure 644 13.8 53.9
Hypertension 901 102 293
Multiple Myeloma 620 158 429
Myocardial Infarction 216 9.7 382
Myocardial Ischemia 414 109  20.0
Stroke 477 109 346
Overall 8900 1.1 41.1

(#): Facility location describes the study-level location of enrolling sites. It results in a single continent for single-centre trials and

multi-centre multinational trials and in a combination of continents for intercontinental trials.

(*): the number of MeSH conditions sums to 13501 across the 8900 closed trials. Only the conditions exceeding an absolute

frequency of 200 are listed.

On a random sample of 85 terminated trials, where the reason for termination was manually
reviewed by one of the authors (I.B.), the prevalent reason was poor accrual (47%). Stopping
occurred for lack of funding and sponsor decision in 8% and 6% of the sampled trials, respectively.
Appropriate reasons for termination based on internal or external evidence of futility or lack of
safety accounted for 26% of all reasons. The sensitivity and specificity of the stemmed term “enrol”
in identifying poor accrual were 97.5% and 100%, respectively.

Terminated trials actually involved a total of 114,609 enrolled subjects (plus 44,513 scheduled) and
more than 10,500 facilities worldwide. Eighteen thousand eight hundred eight patients and 2,319
facilities actually took part in trials terminated because of poor accrual.

The patterns of premature termination shown in Figure 2, varying from 14% to 9.6% among the two
most contributing continents, Americas and Europe, indicated geographical heterogeneity but were
quite stable over the study period.

Intercontinental trials exhibited higher figures of termination and lower figures of unsuccessful
accrual as the reason for their early stopping, as compared to intracontinental trials (13% vs. 11%
termination, of whom 28% vs. 44% due to poor accrual, respectively). Figure 3 shows the time

trend of poor accrual for intercontinental trials.

10
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A median actual duration of 24 months was observed both on closed trials and on the subset of
terminated trials. Only a slight difference emerged in the third quartile, ranging from 38 to 39
months for closed and terminate trials, respectively. For this reason, time trends were truncated at
the last biennium under study.

Poor accrual accounted for more than 40% of reasons for early stopping in trials recruiting from
Americas and Europe. This proportion was by far inferior for all other continents of recruitment,
although caution must be taken in interpreting these figures since they rely on small absolute

numbers (Table 2).

Conclusion

Clinical trials are a key step in advancing new therapeutic concepts for the management of chronic
cardiovascular diseases from the research setting to the clinical practice[13]. Despite this
achievement, the successful recruitment of the targeted number of participants in a given time frame
remains a significant challenge to clinical trials [14]. Delayed and abandoned trials represent a
waste of scarce human and economic resources which may slow the advancement of medical
progress or reduce its timely impact on patient health and wellbeing.

Therefore, a thorough understanding of the nature of trial enrolment patterns, from an overview on
aggregate data through to the working of individual trials, is of paramount importance.

This study contributes to a growing body of research on early termination due to poor accrual in
cardiovascular trials[2 3 9], providing further insights into geographical and temporal patterns.
Among study findings, about 11% of all closed trials were terminated, which is consistent with
other cross-sectional studies using the ClinicalTrials.gov registry[9 15]. When restricted to phase II
and phase III trials together, the proportion of early termination (14%) was slightly inferior to that
reported on a recent study[4] based on the National Library of Medicine clinical trial registry

(19%).
11
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Consistently with existing literature [8 9], the most common reason for cardiovascular trials failing
to complete was poor accrual (41%). Common logistical reasons were related to lack of funds and
sponsor decision. Since reason for termination was automatically characterized by word patterns
through text mining, we may just speculate that the concepts underlying “safety concerns”, “safety
issue” and “interim analysis” pertain to appropriate termination because of excessive toxicity or in
accord with early stopping rules.

Almost all trials are dependent on the willingness of patients and professionals to give their time
and effort to participate and we estimated that the human dimension of poor accrual involved more
than 8,000 patients and the staff of 2,000 sites.

Not only the overall patterns of early termination but also those concerned with poor accrual
exhibited geographical variations. Cardiovascular trials recruiting in the two most contributing
continents, exhibited the highest and lowest proportion of early termination due to unsuccessful
accrual in Americas and Europe, respectively, across all the study period.

Nevertheless, time trends should be interpreted with caution, since the decrease seen in the last
biennium of the evaluation may be an artifact, reflecting both a delay in updating trial status in
ClinicalTrials.gov and a selection of trials with a short duration and less likely to suffer from low
accrual. However, comparisons between continents of recruitment per year appear to be appropriate
and reliable.

It is interesting to notice that intercontinental trials, particularly those in bilateral collaboration with
Americas and Europe, suffer more from early termination and less from termination due to lack of
accrual, as compared to studies completely run in only one of the participating continents.

On the one hand, this probably allows to recognize the achievement of enrolment goals within a
reasonable timeframe as one of the numerous advantages of globalization of cardiovascular clinical
trials[16], but on the other hand it highlights that other organizational and financial issues challenge

this process. Intercontinental trials represent a valuable attempt to harmonize the generation of

12
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clinical evidence across continents. Their implementation is particularly promising in device
trials[17], where the comparison of procedural outcomes, using similar devices in different
environments, makes it possible to disentangle the effects of practice patterns and procedural
technique on clinical results.

Some study limitations must be acknowledged. First the generalizability of study results. From a
recent investigation[18] on trends in global clinical trial registration from 2005 to 2013, based on
International Clinical Trials Registry Platform data, emerged that registered trials conducted in
Northern America and Latin America and Caribbean were almost exclusively registered in
ClinicalTrials.gov. Also European trials were predominantly registered in ClinicalTrials.gov rather
than in the EU Clinical Trials Register. Conversely, trials conducted in Oceania and Asia were
increasingly registered at other regional registries such as the Australian New Zealand Clinical
Trials Registry and the Japan Primary Registries Network, respectively.

As a consequence, study results concerning Europe and Americas can be regarded as representative
of all registered trials recruiting from these continents. Moreover, differences in the extent of early
termination and of poor accrual, can be interpreted as genuine. On the contrary, it cannot be ruled
out that some selection bias occurred for trials recruiting from Asia and Oceania.

Furthermore, the identification of trials terminated for poor accrual relied on an automated process
with an estimated sensitivity of 97.5%, thus the extent of poor accrual may be underestimated.

Poor accrual is a significant barrier to the successful and timely completion of clinical trials and to
the advancement of medical knowledge. Although this issue may be addressed in a variety of ways,
a global collaborative perspective on the planning and conduct of some cardiovascular clinical trials

should be further encouraged|[19].

13
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Figures

Figure 1. Geographical distribution of the facilities involved in cardiovascular trials, 2006-2015.
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12 Figure 2. Proportion of early terminations by continents of recruitment over time. Cardiovascular

14 trials, 2006-2015.

20 Figure 3. Proportion of early terminations due to poor accrual for trials recruiting from a single

continent or from different continents over time. Cardiovascular trials, 2006-2015.

58 17

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



©CoO~NOUTA,WNPE

BMJ Open

N. Facilities
1-3
3-60
60-900

' 900-2000
2000-4000
>4000

Geographical distribution of the facilities involved in cardiovascular trials, 2006-2015.

101x101mm (300 x 300 DPI)

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

Page 18 of 20



Page 19 of 20 BMJ Open

©CoO~NOUTA,WNPE

—=&—  Americas (n=3769)

&-- Americas Asia Europeén=129)

~-©-- Americas Europe (n=256)
—|—*— Asia (n=1079

—A—  Europe (n=2454)

02 03 04 0.5

% terminated / closed studies

0.0 0.1

33 2006 2008 2010 2012

36 year of start date

40 Proportion of early terminations by continents of recruitment over time. Cardiovascular trials, 2006-2015.

42 101x101mm (300 x 300 DPI)

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



©CoO~NOUTA,WNPE

BMJ Open

1.0

-8- Same continent<(n=18888f
n:

—=— |ntercontinental

% poor / terminated studies

00 02 04 06 038

| | | | | | | |
2006 2008 2010 2012

year of start date

Proportion of early terminations due to poor accrual for trials recruiting from a single continent or from
different continents over time. Cardiovascular trials, 2006-2015.

101x101mm (300 x 300 DPI)

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

Page 20 of 20



BMJ Open

BM) Open

Early termination of cardiovascular trials as a consequence
of poor accrual: analysis of ClinicalTrials.gov 2006-2015

Journal: | BMJ Open

Manuscript ID | bmjopen-2016-013482.R1

Article Type: | Research

Date Submitted by the Author: | 10-Apr-2017

Complete List of Authors: | Baldi, Ileana; University of Padova, Cardiac, Thoracic and Vascular
Sciences

Lanera, Corrado; University of Padova, Cardiac, Thoracic and Vascular
Sciences

Berchialla, Paola; University of Torino, Clinical and Biological Sciences
Gregori, Dario; University of Padova, Cardiac, Thoracic and Vascular
Sciences

<b>Primary Subject

Heading</b>: Cardiovascular medicine

Secondary Subject Heading: | Epidemiology

Clinical trials < THERAPEUTICS, EPIDEMIOLOGY, STATISTICS & RESEARCH

Keywords: METHODS

\RONE’

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




Page 1 of 23 BMJ Open

Early termination of cardiovascular trials as a consequence of poor

accrual: analysis of ClinicalTrials.gov 2006-2015

©CoO~NOUTA,WNPE

Ileana Baldi', Corrado Lanera', Paola Berchialla®, Dario Gregori1

12 'Unit of Biostatistics, Epidemiology and Public Health, Department of Cardiac, Thoracic and

14 Vascular Sciences, University of Padova, Padova, Italy

17 *Department of Clinical and Biological Sciences, University of Torino, Torino, Italy

26 Correspondence to:

28 Dr. Ileana Baldi,

30 Unit of Biostatistics, Public Health and Epidemiology

Department of Cardiac, Thoracic and Vascular Sciences, University of Padova
35 Via Loredan, 18 - 35131 Padova, Italy

37 Email: ileana.baldi@unipd.it

39 Phone: +39 049 8275403 Fax: +39 02 700445089

49 Word count, excluding title page, abstract, references, figures and tables: 2268

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



©CoO~NOUTA,WNPE

BMJ Open

Abstract

Objectives. To present a snapshot of experimental cardiovascular research with a focus on
geographical and temporal patterns of early termination due to poor accrual.

Setting. The Aggregate Analysis of ClinicalTrials.gov (AACT) database, reflecting
ClinicalTrials.gov as of March 27, 2016.

Design. The AACT database was searched for all cardiovascular clinical trials that started from
January 2006 up to December 2015.

Results. Thirteen thousand seven hundred twenty-nine cardiovascular trials were identified. Of
these, 8,900 (65%) were classified as closed studies. Globally, 11% of closed trials were terminated.
This proportion varied from 9.6% to 14% for trials recruiting from Europe and America,
respectively, with a slightly decreasing trend (p-value = 0.02) over the study period. The most
common reason for trials failing to complete was poor accrual (41%). Intercontinental trials
exhibited lower figures of poor accrual as the reason for their early stopping, as compared to trials
recruiting in a single continent (28% vs. 44%, p-value = 0.002).

Conclusions. Poor accrual significantly challenges the successful completion of cardiovascular
clinical trials. Findings are suggestive of a positive effect of globalization of cardiovascular clinical

research on the achievement of enrolment goals within a reasonable timeframe.

Strengths and limitations of this study

o To identify cardiovascular clinical trials terminated early because of poor accrual, this study
relies on the most updated release of ACCT database and on automated and replicable text

mining techniques.
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o By analysing early termination due to poor accrual by continent of recruitment over time,
the study shows that poor accrual exhibits geographical heterogeneity with lower figures for

intercontinental trials.

©CoO~NOUTA,WNPE

10 o In interpreting results it must be acknowledged that ClinicalTrials.gov is representative of
12 registered trials recruiting from Europe and Americas. On the contrary, it cannot be ruled
14 out that some selection bias occurred for trials recruiting from Asia and Oceania since they

16 are increasingly registered at other regional registries.
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Introduction

Clinical trials may terminate for a variety of reasons, some of which correctly envisaged in the
study protocol [1 2] and others unforeseen and attributable to failures in the trial conduct. Examples
of appropriate reasons for terminating a trial prior to completion include unequivocal evidence of
futility or harm [3]. In this case early stopping may prevent additional patient exposure to
ineffective or harmful treatments and limit further expenditure of resources on unsuccessful
approaches. Conversely, premature termination due to poor accrual clearly reflects a failure of the
trial process since trials completed with less than expected enrollment, are usually delayed and
unable to meet their intended objectives meaningfully.

Clinical trials that fail to recruit successfully or in a timely manner their target number of
participants pose ethical, financial and statistical issues [4]. They are a major concern in research
areas where the acuity of the disease and the quickly evolving treatment paradigm render original
research questions obsolete if not implemented in a timely manner. This partially explains why poor
accrual and its consequences have been extensively investigated in some areas, mostly in oncology
[5-7], and less in others.

Unsuccessful recruitment has been recently acknowledged [8 9] as the leading factor in
cardiovascular trial failure, generating resource consuming underpowered trials which provide only
inconclusive data with no or little return on investments.

The past decade has seen a fast growth in cardiovascular research [10]. Documenting impact of
poor accrual on early termination of cardiovascular trials, also in terms of geographical and
temporal trends, is important as it can provide insights to inform future trials.

The development of clinical trial registries, such as ClinicalTrials.gov, affords a remarkable
opportunity to better understand the extent of early termination in cardiovascular trials. In the
beginning, ClinicalTrials.gov was set to increase public awareness of clinical trials and its

systematic evaluation was hindered by a lack of access to the complete, annotated data. This

4
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registry now serves as a mandatory repository for information on most clinical studies run under US
regulations and registration with ClinicalTrials.gov is mandatory for publishing study results in
many peer-reviewed journals. In addition, the database for Aggregate Analysis of ClinicalTrials.gov
(AACT) [11], a high-quality, searchable database of the information contained in ClinicalTrials.gov
is now publicly available.

By leveraging information available through the AACT database, reflecting ClinicalTrials.gov as of
March 27, 2016, we present a snapshot of the last 10 years of cardiovascular research, with a focus

on geographical and temporal patterns of early termination due to poor accrual.

Material and Methods

AACT database, reflecting ClinicalTrials.gov as of March 27, 2016, is the data source. A
comprehensive dictionary for the data elements in AACT is available online [12].

The MeSH code field in the AACT database was queried for at least one of the following MeSH
codes: AQ7 Cardiovascular System; C14 Cardiovascular Diseases; D27.505.954.411 Cardiovascular
Agents (including Anti-Arrhythmia/Antihypertensive/Cardiotonic/Fibrinolytic/Natriuretic/
Vasoconstrictor/Vasodilator Agents, Calcium/Potassium/Sodium Channel Blockers, Cardioplegic/
Sclerosing Solutions and Nitric Oxide Donors); E01.370.370 Diagnostic Techniques,
Cardiovascular (including Angiography, Angioscopy, Blood Circulation Time, Blood Flow
Velocity, Blood Pressure/Volume Determination, Capillary Fragility, Carotid Intima-Media
Thickness, Heart Function Tests, Laser-Doppler Flowmetry, Microscopic Angioscopy,
Plethysmography, Pulse Wave Analysis and Tilt-Table Test); E04.100 Cardiovascular Surgical
Procedures (E04.100.376 Cardiac Surgical Procedures, E04.100.700 Reperfusion and E04.100.814
Vascular Surgical Procedures); G09.330 Cardiovascular Physiological Phenomena (including
Ventricular Function, Myocardial Contraction, Blood Circulation, Neovascularization,

Hemodynamics and Cardiovascular Deconditioning) and H02.403.429.163 Cardiology, with the
5
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aim to identify all studies dealing with a cardiovascular condition. The final sample was limited to
all such studies, started in the past decade - from January 2006 to December 2015 - and classified as
“Interventional”, therein referred to as cardiovascular trials.

Study characteristics that have been considered are Year of start date, Phase (available only for drug
and biologics trials), Type of intervention, Number of arms, Primary purpose, Endpoint
classification, Intervention model, Masking, Number and location of the facilities involved, Number
of patients enrolled.

The rate of studies that have stopped recruiting or enrolling participants early and will not start
again, defined “terminated” studies, was estimated on studies that are no longer recruiting
participants because they have enough participants already, have ended, or have been stopped for
some reason and referred to as “closed” studies. The latter definition embraces also withdrawn
studies, intended as studies closed with no patients enrolled.

Termination was used as the dichotomous outcome variable of a conditional inference tree built to
detect associations with the study characteristics listed above.

Study duration was calculated as the difference between start date and completion date, only for
closed studies and “actual” completion date type.

To establish the reason for stopping, text mining was applied to the narrative field of reason for
study termination. The following text pre-processing procedures were applied in the following
order: conversion to lowercase, removing numbers, removing punctuation, removing stop-words,
stemming words, removing stemmed uninformative terms (“studi”, “clinical”, “trial”, “patient”,
“subject”, “approach”, “termin”, “stop”), treating the stemmed terms “accrual” and “recruit” as
synonyms of “enrol”, stripping white space, and building a sequence of two adjacent words from
the text (bigrams).

A randomly selected sample of about 10% of terminated trials was extracted to assess the accuracy

of automated text mining in identifying poor accrual as compared to manual review (gold standard).

6
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AACT was downloaded in pipe delimited text format and managed in R software, version 3.3.0.
The location of each facility, expressed as country in AACT database, was ascribed to a region and
to one of the five continents through R packages “countrycode” and “rworldmap”. Text mining was

performed with “tm” R package. Tree-based models were fit with “party” R package.

Results

In a 10-year time span, from 2006 to 2015, 13,729 cardiovascular trials were identified.

As shown in Figure 1, cardiovascular trials were prevalently run in Northern America (41%),
followed by Eastern and Western Europe (25%) and Eastern Asia (8%). The regions that together
contributed to less than 0.5% were Middle, Eastern and Western Africa and Central Asia.
Single-centre studies accounted for the majority (60%) of cardiovascular trials. Among
intercontinental trials (n= 1,089), the most likely collaborations were bilateral between Americas
and Europe (32%), trilateral between Americas, Asia and Europe (14%), quadrilateral between
Americas, Asia, Europe and Oceania (11%), and worldwide (8%).

Overall, the most common interventional model was parallel design (60%). Of studies reporting
number of arms (n=13,419), 27% were single-armed and 57% had two arms. Multi-arm studies (n=
9,735), were typically randomized (89%) and blinded (38% double-blinded and 20% single-
blinded). Phase II and III trials together accounted for 4,500 studies and 5052 recorded the phase as
“not applicable”. The most frequently observed intervention was drug (n= 6,334), followed by
device (n= 2,736) and procedure (n= 1,405).

Eight thousand nine hundred cardiovascular trials (65%) were classified as closed studies. Of these,
11% were terminated. The reason for termination was missing for 141 studies.

According to the classification tree shown in Figure 2, termination was significantly associated with
facilities’ location (p<0.001). In addition, trials run in Americas and multinational trials run in

Americas and Europe or in Americas, Asia and Europe, showed different rates of early termination

7

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



©CoO~NOUTA,WNPE

BMJ Open

depending on the type of intervention (lowest for Behavioral and Dietary Supplement interventions
as compared to all other types, p-value<0.001). Among trials run in Europe, parallel trials were
more likely to terminate early than trials with other intervention models (7.3% vs. 11.7%, p-value =
0.012).

Low figures of early termination for trials run in Asia and for trials recently started should be
interpreted with caution since they may suffer from a selection bias.

The single stemmed term “enrol” occurred in 404 reasons for study termination and it was most
associated with the adjectives “poor”, “low” and “slow”, making poor accrual the most common
reason for trials failing to complete. The second most common substantive was “fund”, with 85
occurrences and it was associated with the term “lack”, followed by “sponsor”, with 70
occurrences, and associated with the term “decis”. Table 1 reports the most frequently used bigrams
in the reason for termination field. A network graph in Figure 3 shows the most frequent relations

(i.e., correlation > 0.15) between the (stemmed) terms “enrol”, “fund”, “sponsor”, “safety” and

“interim”, and the other words in the corpus of reason for termination text data.

Table 1. Stemmed bigrams occurring in the reason for stopping field at least 10 times. Terminated cardiovascular trials, 2006-2015.

Bigrams N
slow enrol 78
low enrol 69
lack enrol 41
poor enrol 36
difficult enrol 25
enrol rate 25
interim analysi 23
lack fund 23
safeti concern 23
insuffici enrol 22
sponsor decis 20
left institut 15
busi decis 14
inabl enrol 14
unabl enrol 14
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1
2
3 detail descript 11
g safeti issu 10
6
7
8 , . . .
9 Furthermore, the term “enrol” occurred as the reason for stopping of 90 withdrawn trials and 18
10
11 suspended trials. Table 2 reports the proportion of trials terminated for poor accrual over terminated
12
13 trials by study characteristic.
14
15
16
ig Table 2. Characteristics of closed cardiovascular interventional trials - 2005-2015. Proportion of terminated trials (% terminated) and
19 proportion of trials terminated because of lack of accrual (% poor) by study characteristics.
20
21
22 % %
23 N Terminated p-value (**) | Poor p-value (*¥)
24 Year 2006-2007 1078 7.0 <0.001 42.3 <0.001
25 2008-2009 1893 6.6 43.0
2010-2011 1955 6.0 433
26 2012-2013 1596 49 328
27 2014-2015 624 42 442
28 Facility location (#) Africa 32 3.2 <0.001 | 100.0 <0.001
29 Americas 3769 14.0 46.3
30 Americas Asia Europe 129 13.2 17.6
Americas Asia Europe Oceania 89 7.9 14.3
31 Americas Europe 256 18.0 34.7
32 Asia 1079 5.6 333
33 Europe 2454 9.6 40.4
34 Oceania 71 18.3 30.8
35 Other 374 4.2 50.8
36 Missing 647 5.9 23.7
Phase Phase 0 81 9.9 <0.001 329 0.012
37 Phase 1 736 113 29.8
38 Phase 1/Phase 2 415 15.1 36.5
39 Phase 2 1542 1.7 44.4
40 Phase 2/Phase 3 231 13.2 36.9
41 Phase 3 1419 11.0 51.5
Phase 4 2997 8.2 46.6
42 NA 1479 8.6 14.3
43 Intervention type Behavioral 603 4.5 <0.001 1.8 <0.001
44 Biological 294 10.2 33.3
45 Device 1679 119 42.7
46 Dietary Supplement 266 53 50.0
Drug 4309 134 39.8
a7 Genetic 26 7.7 0.0
48 Procedure 44 13.6 45.1
49 Radiation 784 10.5 83.3
50 Other 895 5.4 47.9
51 Number of arms 1 2474 11.2 0.004 42.0 <0.001
2 4725 11.7 43.5
52 > 1466 8.5 29.8
53 Missing 235 13.6 34.4
54 Primary purpose Basic Science 250 4.8 <0.001 | 25.0 0.002
55 Diagnostic 491 11.0 50.0
56 Health Services Research 197 4.1 375
57 Prevention 1008 9.5 37.5
58 9
59
60

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



P OO~NOUILAWNPE

BMJ Open Page 10 of 23

Screening 46 43 0.0
Supportive Care 280 10.3 75.0
Treatment 6264 12.1 39.7
Missing 364 8.0 48.3

Allocation Non-Randomized 1052 11.0 0.986 | 31.0 0.155
Randomized 6039 11.0 419
Missing 1809 11.2 44.1

Endpoint classification Bio-availability 18 5.6 <0.001 0.0 0.155
Bio-equivalence 38 7.9 66.7
Efficacy 2668 10.7 47.2
Pharmacodynamics 121 11.6 35.7
Pharmacokinetics 124 4.0 0.0
Pharmacokinetics/Dynamics 111 12.6 28.6
Safety 625 9.1 36.8
Safety/Efficacy 3811 12.8 37.2
Missing 1384 8.5 47.5

Masking Double Blind 2775 12.6 <0.001 | 36.7 0.119
Open Label 4798 11.2 43.1
Single Blind 1287 7.1 46.2
Missing 40 15.0 333

Intervention model Crossover 713 7.4 0.009 | 39.6 0.148
Factorial 156 83 38.5
Parallel 5246 11.4 41.5
Single Group 2727 114 40.8
Missing 58 15.5 333

N. enrolled (0,100] 5521 14.0 <0.001 | 453 <0.001
(100,1000] 2832 6.3 274
(1000,20000] 467 5.6 10.7
>20000 53 3.8 0.0
Missing 27 19.2 40.0

N. facilities (per study) 1 4934 10.3 <0.001 | 44.4 <0.001
(1,10] 1876 14.4 44.1
(10,50] 1047 11.5 35.0
(50,100] 204 14.2 17.2
>100 191 9.4 16.7
Missing 648 5.9 23.7

N. Conditions (per study) 1 6703 11.8 0.068 413 0.228
2 1584 8.2 44.0
>2 613 13.8 329

Conditions (*) Acute Coronary Syndrome 205 12.2 - | 483 -
Atrial Fibrillation 380 13.4 37.2
Cardiovascular Diseases 481 5.4 34.6
Coronary Artery Disease 609 8.7 50.9
Coronary Disease 341 10.0 323
Heart Failure 644 13.8 53.9
Hypertension 901 10.2 293
Multiple Myeloma 620 15.8 429
Myocardial Infarction 216 9.7 382
Myocardial Ischemia 414 10.9 20.0
Stroke 477 10.9 34.6

Overall 8900 11.1 41.1

frequency of 200 are listed.
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On a random sample of 85 terminated trials, where the reason for termination was manually
reviewed by one of the authors (I.B.), the prevalent reason was poor accrual (47%). Stopping
occurred for lack of funding and sponsor decision in 8% and 6% of the sampled trials, respectively.
Appropriate reasons for termination based on internal or external evidence of futility or lack of
safety accounted for 26% of all reasons. The sensitivity and specificity of the stemmed term “enrol”
in identifying poor accrual were 97.5% and 100%, respectively.

Terminated trials actually involved a total of 114,609 enrolled subjects (plus 44,513 scheduled) and
more than 10,500 facilities worldwide. Eighteen thousand eight hundred eight patients and 2,319
facilities actually took part in trials terminated because of poor accrual.

The patterns of premature termination shown in Figure 4, varied from 9.6% to 14% (p-value <
0.001) among the two most contributing continents, Europe and Americas and were slightly
decreasing over the study period (p-value = 0.02).

Intercontinental trials exhibited comparable figures of termination and lower figures of unsuccessful
accrual as the reason for their early stopping, as compared to intracontinental trials (13% vs. 11%,
p-value = 0.24, termination, of whom 28% vs. 44%, p-value = 0.002, due to poor accrual,
respectively). Figure 5 shows the time trend of poor accrual for intercontinental trials (p-value for
trend = 0.02, p-value for the difference = 0.001).

A median actual duration of 24 months was observed both on closed trials and on the subset of
terminated trials. Only a slight difference emerged in the third quartile, ranging from 38 to 39
months for closed and terminate trials, respectively. For this reason, time trends were truncated at
the last biennium under study.

Poor accrual accounted for more than 40% of reasons for early stopping in trials recruiting from
Americas and Europe. This proportion was by far inferior for all other continents of recruitment,
although caution must be taken in interpreting these figures since they rely on small absolute

numbers (Table 2).
11
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Conclusion

Clinical trials are a key step in advancing new therapeutic concepts for the management of chronic
cardiovascular diseases from the research setting to the clinical practice [13]. Despite this
achievement, the successful recruitment of the targeted number of participants in a given time frame
remains a significant challenge to clinical trials [14]. Delayed and abandoned trials represent a
waste of scarce human and economic resources which may slow the advancement of medical
progress or reduce its timely impact on patient health and wellbeing.

Therefore, a thorough understanding of the nature of trial enrolment patterns, from an overview on
aggregate data through to the working of individual trials, is of paramount importance.

This study contributes to a growing body of research on early termination due to poor accrual in
cardiovascular trials [2 3 9], providing further insights into geographical and temporal patterns.
Among study findings, about 11% of all closed trials were terminated, which is consistent with
other cross-sectional studies using the ClinicalTrials.gov registry [9 15]. When restricted to phase II
and phase III trials together, the proportion of early termination (14%) was slightly inferior to that
reported on a recent study [4] based on the National Library of Medicine clinical trial registry
(19%).

Consistently with existing literature [8 9], the most common reason for cardiovascular trials failing
to complete was poor accrual (41%). Common logistical reasons were related to lack of funds and
sponsor decision. Since reason for termination was automatically characterized by word patterns
through text mining, we may just speculate that the concepts underlying “safety concerns”, “safety
issue” and “interim analysis” pertain to appropriate termination, possibly on data safety and

monitoring board advice, because of excessive toxicity or in accord with early stopping rules.

12
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Almost all trials are dependent on the willingness of patients and professionals to give their time
and effort to participate and we estimated that the human dimension of poor accrual involved more
than 8,000 patients and the staff of 2,000 sites.

Not only the overall patterns of early termination but also those concerned with poor accrual
exhibited geographical variations. Cardiovascular trials recruiting in the two most contributing
continents, exhibited the highest and lowest proportion of early termination due to unsuccessful
accrual in Americas and Europe, respectively, across all the study period.

Nevertheless, time trends should be interpreted with caution, since the decrease seen in the last
biennium of the evaluation may be an artifact, reflecting both a delay in updating trial status in
ClinicalTrials.gov and a selection of trials with a short duration and less likely to suffer from low
accrual. However, comparisons between continents of recruitment per year appear to be appropriate
and reliable.

It is interesting to notice that intercontinental trials, particularly those in bilateral collaboration with
Americas and Europe, suffer more from early termination and less from termination due to lack of
accrual, as compared to studies completely run in only one of the participating continents. Clearly,
intercontinental trials are often resource-intensive large-scale randomised controlled clinical trials,
recruiting thousands of patients from large numbers of trial sites (i.e., megatrials).

On the one hand, this probably allows to recognize the achievement of enrolment goals within a
reasonable timeframe as one of the numerous advantages of globalization of cardiovascular clinical
trials, often evolving into megatrials [16], but on the other hand it highlights that other
organizational and financial issues challenge this process. Intercontinental trials represent a valuable
attempt to harmonize the generation of clinical evidence across continents. Their implementation is
particularly promising in device trials [17], where the comparison of procedural outcomes, using
similar devices in different environments, makes it possible to disentangle the effects of practice

patterns and procedural technique on clinical results.

13
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Some study limitations must be acknowledged. First the generalizability of study results. From a
recent investigation [18] on trends in global clinical trial registration from 2005 to 2013, based on
International Clinical Trials Registry Platform data, emerged that registered trials conducted in
Northern America and Latin America and Caribbean were almost exclusively registered in
ClinicalTrials.gov. Also European trials were predominantly registered in ClinicalTrials.gov rather
than in the EU Clinical Trials Register. Conversely, trials conducted in Oceania and Asia were
increasingly registered at other regional registries such as the Australian New Zealand Clinical
Trials Registry and the Japan Primary Registries Network, respectively.

As a consequence, study results concerning Europe and Americas can be regarded as representative
of all registered trials recruiting from these continents. Moreover, differences in the extent of early
termination and of poor accrual, can be interpreted as genuine. On the contrary, it cannot be ruled
out that some selection bias occurred for trials recruiting from Asia and Oceania. Therefore, the
extent of early termination for trials run in these two continents may be underestimated.
Furthermore, the identification of trials terminated for poor accrual relied on an automated process
with an estimated sensitivity of 97.5%, thus the extent of poor accrual may be underestimated.

Poor accrual is a significant barrier to the successful and timely completion of clinical trials and to
the advancement of medical knowledge. Although this issue may be addressed in a variety of ways,
a global collaborative perspective on the planning and conduct of some cardiovascular clinical trials

should be further encouraged [19].

14
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Figures

Figure 1. Geographical distribution of the facilities involved in cardiovascular trials, 2006-2015.

Figure 2. Conditional inference tree predicting early termination. Retained variables: Facility
Location (Americas (AM), Americas Europe (AM-EU), Americas Asia Europe (AM-ASIA-EU),
Asia, Europe (EU), Other), Year of start date, Intervention type (Behavioral (Behav), Biological
(Bio), Device, Dietary Supplement (Diet), Drug, Genetic (Gene), Procedure (Proc), Radiation

(Rad), Other), Intervention model (Crossover (Cr), Factorial (Fac), Parallel (Paral), Single group

(Sing)).

Figure 3. Network graph showing the most frequent relations (i.e., correlation > 0.15) between the
(stemmed) terms “enrol”, “fund”, “sponsor”, “safety” and “interim”, and the other words in the

corpus of reason for termination text data. Solid lines identify associations with a correlation > 0.15

and dotted lines identify tautological associations.

Figure 4. Proportion of early terminations by continents of recruitment over time. Cardiovascular

trials, 2006-2015.

Figure 5. Proportion of early terminations due to poor accrual for trials recruiting from a single

continent or from different continents over time. Cardiovascular trials, 2006-2015.
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Figure 3. Network graph showing the most frequent relations (i.e., correlation > 0.15) between the
(stemmed) terms “enrol”, “fund”, “sponsor”, “safety” and “interim”, and the other words in the corpus of
29 reason for termination text data. Solid lines identify associations with a correlation > 0.15 and dotted lines

30 identify tautological associations.
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Abstract

Objectives. To present a snapshot of experimental cardiovascular research with a focus on
geographical and temporal patterns of early termination due to poor accrual.

Setting. The Aggregate Analysis of ClinicalTrials.gov (AACT) database, reflecting
ClinicalTrials.gov as of March 27, 2016.

Design. The AACT database was searched for all cardiovascular clinical trials that started from
January 2006 up to December 2015.

Results. Thirteen thousand seven hundred twenty-nine cardiovascular trials were identified. Of
these, 8,900 (65%) were classified as closed studies. Globally, 11% of closed trials were terminated.
This proportion varied from 9.6% to 14% for trials recruiting from Europe and America,
respectively, with a slightly decreasing trend (p-value = 0.02) over the study period. The most
common reason for trials failing to complete was poor accrual (41%). Intercontinental trials
exhibited lower figures of poor accrual as the reason for their early stopping, as compared to trials
recruiting in a single continent (28% vs. 44%, p-value = 0.002).

Conclusions. Poor accrual significantly challenges the successful completion of cardiovascular
clinical trials. Findings are suggestive of a positive effect of globalization of cardiovascular clinical

research on the achievement of enrolment goals within a reasonable timeframe.

Strengths and limitations of this study

o To identify cardiovascular clinical trials terminated early because of poor accrual, this study
relies on the most updated release of ACCT database and on automated and replicable text

mining techniques.
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o By analysing early termination due to poor accrual by continent of recruitment over time,
the study shows that poor accrual exhibits geographical heterogeneity with lower figures for

intercontinental trials.

©CoO~NOUTA,WNPE

10 o In interpreting results it must be acknowledged that ClinicalTrials.gov is representative of
12 registered trials recruiting from Europe and Americas. On the contrary, it cannot be ruled
14 out that some selection bias occurred for trials recruiting from Asia and Oceania since they

16 are increasingly registered at other regional registries.
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Introduction

Clinical trials may terminate for a variety of reasons, some of which correctly envisaged in the
study protocol [1 2] and others unforeseen and attributable to failures in the trial conduct. Examples
of appropriate reasons for terminating a trial prior to completion include unequivocal evidence of
futility or harm [3]. In this case early stopping may prevent additional patient exposure to
ineffective or harmful treatments and limit further expenditure of resources on unsuccessful
approaches. Conversely, premature termination due to poor accrual clearly reflects a failure of the
trial process since trials completed with less than expected enrollment, are usually delayed and
unable to meet their intended objectives meaningfully.

Clinical trials that fail to recruit successfully or in a timely manner their target number of
participants pose ethical, financial and statistical issues [4]. They are a major concern in research
areas where the acuity of the disease and the quickly evolving treatment paradigm render original
research questions obsolete if not implemented in a timely manner. This partially explains why poor
accrual and its consequences have been extensively investigated in some areas, mostly in oncology
[5-7], and less in others.

Unsuccessful recruitment has been recently acknowledged [8 9] as the leading factor in
cardiovascular trial failure, generating resource consuming underpowered trials which provide only
inconclusive data with no or little return on investments.

The past decade has seen a fast growth in cardiovascular research [10]. Documenting impact of
poor accrual on early termination of cardiovascular trials, also in terms of geographical and
temporal trends, is important as it can provide insights to inform future trials.

The development of clinical trial registries, such as ClinicalTrials.gov, affords a remarkable
opportunity to better understand the extent of early termination in cardiovascular trials. In the
beginning, ClinicalTrials.gov was set to increase public awareness of clinical trials and its

systematic evaluation was hindered by a lack of access to the complete, annotated data. This

4
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registry now serves as a mandatory repository for information on most clinical studies run under US
regulations and registration with ClinicalTrials.gov is mandatory for publishing study results in
many peer-reviewed journals. In addition, the database for Aggregate Analysis of ClinicalTrials.gov
(AACT) [11], a high-quality, searchable database of the information contained in ClinicalTrials.gov
is now publicly available.

By leveraging information available through the AACT database, reflecting ClinicalTrials.gov as of
March 27, 2016, we present a snapshot of the last 10 years of cardiovascular research, with a focus

on geographical and temporal patterns of early termination due to poor accrual.

Material and Methods

AACT database, reflecting ClinicalTrials.gov as of March 27, 2016, is the data source. A
comprehensive dictionary for the data elements in AACT is available online [12].

The MeSH code field in the AACT database was queried for at least one of the following MeSH
codes: AQ7 Cardiovascular System; C14 Cardiovascular Diseases; D27.505.954.411 Cardiovascular
Agents (including Anti-Arrhythmia/Antihypertensive/Cardiotonic/Fibrinolytic/Natriuretic/
Vasoconstrictor/Vasodilator Agents, Calcium/Potassium/Sodium Channel Blockers, Cardioplegic/
Sclerosing Solutions and Nitric Oxide Donors); E01.370.370 Diagnostic Techniques,
Cardiovascular (including Angiography, Angioscopy, Blood Circulation Time, Blood Flow
Velocity, Blood Pressure/Volume Determination, Capillary Fragility, Carotid Intima-Media
Thickness, Heart Function Tests, Laser-Doppler Flowmetry, Microscopic Angioscopy,
Plethysmography, Pulse Wave Analysis and Tilt-Table Test); E04.100 Cardiovascular Surgical
Procedures (E04.100.376 Cardiac Surgical Procedures, E04.100.700 Reperfusion and E04.100.814
Vascular Surgical Procedures); G09.330 Cardiovascular Physiological Phenomena (including
Ventricular Function, Myocardial Contraction, Blood Circulation, Neovascularization,

Hemodynamics and Cardiovascular Deconditioning) and H02.403.429.163 Cardiology, with the
5
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aim to identify all studies dealing with a cardiovascular condition. The final sample was limited to
all such studies, started in the past decade - from January 2006 to December 2015 - and classified as
“Interventional”, therein referred to as cardiovascular trials.

Study characteristics that have been considered are Year of start date, Phase (available only for drug
and biologics trials), Type of intervention, Number of arms, Primary purpose, Endpoint
classification, Intervention model, Masking, Number and location of the facilities involved, Number
of patients enrolled.

The rate of studies that have stopped recruiting or enrolling participants early and will not start
again, defined “terminated” studies, was estimated on studies that are no longer recruiting
participants because they have enough participants already, have ended, or have been stopped for
some reason and referred to as “closed” studies. The latter definition embraces also withdrawn
studies, intended as studies closed with no patients enrolled.

Termination was used as the dichotomous outcome variable of a conditional inference tree built to
detect associations with the study characteristics listed above.

Study duration was calculated as the difference between start date and completion date, only for
closed studies and “actual” completion date type.

To establish the reason for stopping, text mining was applied to the narrative field of reason for
study termination. The following text pre-processing procedures were applied in the following
order: conversion to lowercase, removing numbers, removing punctuation, removing stop-words,
stemming words, removing stemmed uninformative terms (“studi”, “clinical”, “trial”, “patient”,
“subject”, “approach”, “termin”, “stop”), treating the stemmed terms “accrual” and “recruit” as
synonyms of “enrol”, stripping white space, and building a sequence of two adjacent words from
the text (bigrams).

A randomly selected sample of about 10% of terminated trials was extracted to assess the accuracy

of automated text mining in identifying poor accrual as compared to manual review (gold standard).

6
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AACT was downloaded in pipe delimited text format and managed in R software, version 3.3.0.
The location of each facility, expressed as country in AACT database, was ascribed to a region and
to one of the five continents through R packages “countrycode” and “rworldmap”. Text mining was

performed with “tm” R package. Tree-based models were fit with “party” R package.

Results

In a 10-year time span, from 2006 to 2015, 13,729 cardiovascular trials were identified.

As shown in Figure 1, cardiovascular trials were prevalently run in Northern America (41%),
followed by Eastern and Western Europe (25%) and Eastern Asia (8%). The regions that together
contributed to less than 0.5% were Middle, Eastern and Western Africa and Central Asia.
Single-centre studies accounted for the majority (60%) of cardiovascular trials. Among
intercontinental trials (n= 1,089), the most likely collaborations were bilateral between Americas
and Europe (32%), trilateral between Americas, Asia and Europe (14%), quadrilateral between
Americas, Asia, Europe and Oceania (11%), and worldwide (8%).

Overall, the most common interventional model was parallel design (60%). Of studies reporting
number of arms (n=13,419), 27% were single-armed and 57% had two arms. Multi-arm studies (n=
9,735), were typically randomized (89%) and blinded (38% double-blinded and 20% single-
blinded). Phase II and III trials together accounted for 4,500 studies and 5052 recorded the phase as
“not applicable”. The most frequently observed intervention was drug (n= 6,334), followed by
device (n= 2,736) and procedure (n= 1,405).

Eight thousand nine hundred cardiovascular trials (65%) were classified as closed studies. Of these,
11% were terminated. The reason for termination was missing for 141 studies.

According to the classification tree shown in Figure 2, termination was significantly associated with
facilities’ location (p<0.001). In addition, the type of intervention had an effect on the rate of early

termination (lowest for Behavioral and Dietary Supplement interventions as compared to all other

7
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types, p-value<0.001) for trials run in Americas and multinational trials run in Americas and
Europe or in Americas, Asia and Europe. Among trials run in Europe, parallel trials were more
likely to terminate early than trials with other intervention models (7.3% vs. 11.7%, p-value =
0.012).

Low figures of early termination for trials run in Asia and for trials recently started should be
interpreted with caution since they may suffer from a selection bias.

The single stemmed term “enrol” occurred in 404 reasons for study termination and it was most
associated with the adjectives “poor”, “low” and “slow”, making poor accrual the most common
reason for trials failing to complete. The second most common substantive was “fund”, with 85
occurrences and it was associated with the term “lack”, followed by “sponsor”, with 70
occurrences, and associated with the term “decis”. Table 1 reports the most frequently used bigrams
in the reason for termination field. A network graph in Figure 3 shows the most frequent relations
(i.e., correlation > 0.15) between the (stemmed) terms “enrol”, “fund”, “sponsor”, “safety” and

“interim”, and the other words in the corpus of reason for termination text data.

Table 1. Stemmed bigrams occurring in the reason for stopping field at least 10 times. Terminated cardiovascular trials, 2006-2015.

Bigrams N
slow enrol 78
low enrol 69
lack enrol 41
poor enrol 36
difficult enrol 25
enrol rate 25
interim analysi 23
lack fund 23
safeti concern 23
insuffici enrol 22
sponsor decis 20
left institut 15
busi decis 14
inabl enrol 14
unabl enrol 14
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1
2
3 detail descript 11
g safeti issu 10
6
7
8 , . . .
9 Furthermore, the term “enrol” occurred as the reason for stopping of 90 withdrawn trials and 18
10
11 suspended trials. Table 2 reports the proportion of trials terminated for poor accrual over terminated
12
13 trials by study characteristic.
14
15
16
ig Table 2. Characteristics of closed cardiovascular interventional trials - 2005-2015. Proportion of terminated trials (% terminated) and
19 proportion of trials terminated because of lack of accrual (% poor) by study characteristics.
20
21
22 % %
23 N Terminated p-value (**) | Poor p-value (*¥)
24 Year 2006-2007 1078 7.0 <0.001 42.3 <0.001
25 2008-2009 1893 6.6 43.0
2010-2011 1955 6.0 433
26 2012-2013 1596 49 328
27 2014-2015 624 42 442
28 Facility location (#) Africa 32 3.2 <0.001 | 100.0 <0.001
29 Americas 3769 14.0 46.3
30 Americas Asia Europe 129 13.2 17.6
Americas Asia Europe Oceania 89 7.9 14.3
31 Americas Europe 256 18.0 34.7
32 Asia 1079 5.6 333
33 Europe 2454 9.6 40.4
34 Oceania 71 18.3 30.8
35 Other 374 4.2 50.8
36 Missing 647 5.9 23.7
Phase Phase 0 81 9.9 <0.001 329 0.012
37 Phase 1 736 113 29.8
38 Phase 1/Phase 2 415 15.1 36.5
39 Phase 2 1542 1.7 44.4
40 Phase 2/Phase 3 231 13.2 36.9
41 Phase 3 1419 11.0 51.5
Phase 4 2997 8.2 46.6
42 NA 1479 8.6 14.3
43 Intervention type Behavioral 603 4.5 <0.001 1.8 <0.001
44 Biological 294 10.2 33.3
45 Device 1679 119 42.7
46 Dietary Supplement 266 53 50.0
Drug 4309 134 39.8
a7 Genetic 26 7.7 0.0
48 Procedure 44 13.6 45.1
49 Radiation 784 10.5 83.3
50 Other 895 5.4 47.9
51 Number of arms 1 2474 11.2 0.004 42.0 <0.001
2 4725 11.7 43.5
52 > 1466 8.5 29.8
53 Missing 235 13.6 34.4
54 Primary purpose Basic Science 250 4.8 <0.001 | 25.0 0.002
55 Diagnostic 491 11.0 50.0
56 Health Services Research 197 4.1 375
57 Prevention 1008 9.5 37.5
58 9
59
60
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Screening 46 43 0.0
Supportive Care 280 10.3 75.0
Treatment 6264 12.1 39.7
Missing 364 8.0 48.3

Allocation Non-Randomized 1052 11.0 0.986 | 31.0 0.155
Randomized 6039 11.0 419
Missing 1809 11.2 44.1

Endpoint classification Bio-availability 18 5.6 <0.001 0.0 0.155
Bio-equivalence 38 7.9 66.7
Efficacy 2668 10.7 47.2
Pharmacodynamics 121 11.6 35.7
Pharmacokinetics 124 4.0 0.0
Pharmacokinetics/Dynamics 111 12.6 28.6
Safety 625 9.1 36.8
Safety/Efficacy 3811 12.8 37.2
Missing 1384 8.5 47.5

Masking Double Blind 2775 12.6 <0.001 | 36.7 0.119
Open Label 4798 11.2 43.1
Single Blind 1287 7.1 46.2
Missing 40 15.0 333

Intervention model Crossover 713 7.4 0.009 | 39.6 0.148
Factorial 156 83 38.5
Parallel 5246 11.4 41.5
Single Group 2727 114 40.8
Missing 58 15.5 333

N. enrolled (0,100] 5521 14.0 <0.001 | 453 <0.001
(100,1000] 2832 6.3 274
(1000,20000] 467 5.6 10.7
>20000 53 3.8 0.0
Missing 27 19.2 40.0

N. facilities (per study) 1 4934 10.3 <0.001 | 44.4 <0.001
(1,10] 1876 14.4 44.1
(10,50] 1047 11.5 35.0
(50,100] 204 14.2 17.2
>100 191 9.4 16.7
Missing 648 5.9 23.7

N. Conditions (per study) 1 6703 11.8 0.068 413 0.228
2 1584 8.2 44.0
>2 613 13.8 329

Conditions (*) Acute Coronary Syndrome 205 12.2 - | 483 -
Atrial Fibrillation 380 13.4 37.2
Cardiovascular Diseases 481 5.4 34.6
Coronary Artery Disease 609 8.7 50.9
Coronary Disease 341 10.0 323
Heart Failure 644 13.8 53.9
Hypertension 901 10.2 293
Multiple Myeloma 620 15.8 429
Myocardial Infarction 216 9.7 382
Myocardial Ischemia 414 10.9 20.0
Stroke 477 10.9 34.6

Overall 8900 11.1 41.1

frequency of 200 are listed.
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multi-centre multinational trials and in a combination of continents for intercontinental trials.
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(*): the number of MeSH conditions sums to 13,501 across the 8,900 closed trials. Only the conditions exceeding an absolute
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On a random sample of 85 terminated trials, where the reason for termination was manually
reviewed by one of the authors (I.B.), the prevalent reason was poor accrual (47%). Stopping
occurred for lack of funding and sponsor decision in 8% and 6% of the sampled trials, respectively.
Appropriate reasons for termination based on internal or external evidence of futility or lack of
safety accounted for 26% of all reasons. The sensitivity and specificity of the stemmed term “enrol”
in identifying poor accrual were 97.5% and 100%, respectively.

Terminated trials actually involved a total of 114,609 enrolled subjects (plus 44,513 scheduled) and
more than 10,500 facilities worldwide. Eighteen thousand eight hundred eight patients and 2,319
facilities actually took part in trials terminated because of poor accrual.

The patterns of premature termination shown in Figure 4, varied from 9.6% to 14% (p-value <
0.001) among the two most contributing continents, Europe and Americas and were slightly
decreasing over the study period (p-value = 0.02).

Intercontinental trials exhibited comparable figures of termination and lower figures of unsuccessful
accrual as the reason for their early stopping, as compared to intracontinental trials (13% vs. 11%,
p-value = 0.24, termination, of whom 28% vs. 44%, p-value = 0.002, due to poor accrual,
respectively). Figure 5 shows the time trend of poor accrual for intercontinental trials (p-value for
trend = 0.02, p-value for the difference = 0.001).

A median actual duration of 24 months was observed both on closed trials and on the subset of
terminated trials. Only a slight difference emerged in the third quartile, ranging from 38 to 39
months for closed and terminate trials, respectively. For this reason, time trends were truncated at
the last biennium under study.

Poor accrual accounted for more than 40% of reasons for early stopping in trials recruiting from
Americas and Europe. This proportion was by far inferior for all other continents of recruitment,
although caution must be taken in interpreting these figures since they rely on small absolute

numbers (Table 2).
11

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



©CoO~NOUTA,WNPE

BMJ Open

Conclusion

Clinical trials are a key step in advancing new therapeutic concepts for the management of chronic
cardiovascular diseases from the research setting to the clinical practice [13]. Despite this
achievement, the successful recruitment of the targeted number of participants in a given time frame
remains a significant challenge to clinical trials [14]. Delayed and abandoned trials represent a
waste of scarce human and economic resources which may slow the advancement of medical
progress or reduce its timely impact on patient health and wellbeing.

Therefore, a thorough understanding of the nature of trial enrolment patterns, from an overview on
aggregate data through to the working of individual trials, is of paramount importance.

This study contributes to a growing body of research on early termination due to poor accrual in
cardiovascular trials [2 3 9], providing further insights into geographical and temporal patterns.
Among study findings, about 11% of all closed trials were terminated, which is consistent with
other cross-sectional studies using the ClinicalTrials.gov registry [9 15]. When restricted to phase II
and phase III trials together, the proportion of early termination (14%) was slightly inferior to that
reported on a recent study [4] based on the National Library of Medicine clinical trial registry
(19%).

Consistently with existing literature [8 9], the most common reason for cardiovascular trials failing
to complete was poor accrual (41%). Common logistical reasons were related to lack of funds and
sponsor decision. Since reason for termination was automatically characterized by word patterns
through text mining, we may just speculate that the concepts underlying “safety concerns”, “safety
issue” and “interim analysis” pertain to appropriate termination, possibly on data safety and

monitoring board advice, because of excessive toxicity or in accord with early stopping rules.
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Almost all trials are dependent on the willingness of patients and professionals to give their time
and effort to participate and we estimated that the human dimension of poor accrual involved more
than 8,000 patients and the staff of 2,000 sites.

Not only the overall patterns of early termination but also those concerned with poor accrual
exhibited geographical variations. Cardiovascular trials recruiting in the two most contributing
continents, exhibited the highest and lowest proportion of early termination due to unsuccessful
accrual in Americas and Europe, respectively, across all the study period.

Nevertheless, time trends should be interpreted with caution, since the decrease seen in the last
biennium of the evaluation may be an artifact, reflecting both a delay in updating trial status in
ClinicalTrials.gov and a selection of trials with a short duration and less likely to suffer from low
accrual. However, comparisons between continents of recruitment per year appear to be appropriate
and reliable.

It is interesting to notice that intercontinental trials, particularly those in bilateral collaboration with
Americas and Europe, suffer more from early termination and less from termination due to lack of
accrual, as compared to studies completely run in only one of the participating continents. Clearly,
intercontinental trials are often resource-intensive large-scale randomised controlled clinical trials,
recruiting thousands of patients from large numbers of trial sites (i.e., megatrials).

On the one hand, this probably allows to recognize the achievement of enrolment goals within a
reasonable timeframe as one of the numerous advantages of globalization of cardiovascular clinical
trials, often evolving into megatrials [16], but on the other hand it highlights that other
organizational and financial issues challenge this process. Intercontinental trials represent a valuable
attempt to harmonize the generation of clinical evidence across continents. Their implementation is
particularly promising in device trials [17], where the comparison of procedural outcomes, using
similar devices in different environments, makes it possible to disentangle the effects of practice

patterns and procedural technique on clinical results.
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Some study limitations must be acknowledged. First the generalizability of study results. From a
recent investigation [18] on trends in global clinical trial registration from 2005 to 2013, based on
International Clinical Trials Registry Platform data, emerged that registered trials conducted in
Northern America and Latin America and Caribbean were almost exclusively registered in
ClinicalTrials.gov. Also European trials were predominantly registered in ClinicalTrials.gov rather
than in the EU Clinical Trials Register. Conversely, trials conducted in Oceania and Asia were
increasingly registered at other regional registries such as the Australian New Zealand Clinical
Trials Registry and the Japan Primary Registries Network, respectively.

As a consequence, study results concerning Europe and Americas can be regarded as representative
of all registered trials recruiting from these continents. Moreover, differences in the extent of early
termination and of poor accrual, can be interpreted as genuine. On the contrary, it cannot be ruled
out that some selection bias occurred for trials recruiting from Asia and Oceania. Therefore, the
extent of early termination for trials run in these two continents may be underestimated.
Furthermore, the identification of trials terminated for poor accrual relied on an automated process
with an estimated sensitivity of 97.5%, thus the extent of poor accrual may be underestimated.

Poor accrual is a significant barrier to the successful and timely completion of clinical trials and to
the advancement of medical knowledge. Although this issue may be addressed in a variety of ways,
a global collaborative perspective on the planning and conduct of some cardiovascular clinical trials

should be further encouraged [19].
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Figures

Figure 1. Geographical distribution of the facilities involved in cardiovascular trials, 2006-2015.

Figure 2. Conditional inference tree predicting early termination. Retained variables: Facility
Location (Americas (AM), Americas Europe (AM-EU), Americas Asia Europe (AM-ASIA-EU),
Asia, Europe (EU), Other), Year of start date, Intervention type (Behavioral (Behav), Biological
(Bio), Device, Dietary Supplement (Diet), Drug, Genetic (Gene), Procedure (Proc), Radiation

(Rad), Other), Intervention model (Crossover (Cr), Factorial (Fac), Parallel (Paral), Single group

(Sing)).

Figure 3. Network graph showing the most frequent relations (i.e., correlation > 0.15) between the
(stemmed) terms “enrol”, “fund”, “sponsor”, “safety” and “interim”, and the other words in the

corpus of reason for termination text data. Solid lines identify associations with a correlation > 0.15

and dotted lines identify tautological associations.

Figure 4. Proportion of early terminations by continents of recruitment over time. Cardiovascular

trials, 2006-2015.

Figure 5. Proportion of early terminations due to poor accrual for trials recruiting from a single

continent or from different continents over time. Cardiovascular trials, 2006-2015.
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Figure 2. Conditional inference tree predicting early termination. Retained variables: Facility Location
(Americas (AM), Americas Europe (AM-EU), Americas Asia Europe (AM-ASIA-EU), Asia, Europe (EU), Other),
Year of start date, Intervention type (Behavioral (Behav), Biological (Bio), Device, Dietary Supplement
(Diet), Drug, Genetic (Gene), Procedure (Proc), Radiation (Rad), Other), Intervention model (Crossover
(Cr), Factorial (Fac), Parallel (Paral), Single group (Sing)).
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Figure 3. Network graph showing the most frequent relations (i.e., correlation > 0.15) between the
(stemmed) terms “enrol”, “fund”, “sponsor”, “safety” and “interim”, and the other words in the corpus of
29 reason for termination text data. Solid lines identify associations with a correlation > 0.15 and dotted lines

30 identify tautological associations.
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