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Abstract

Background—ClinicalTrials.gov is an NIH-sponsored registry of federally and privately funded

trials. We sought to determine fundamental characteristics of registered pediatric cardiovascular

trials (PCVTs).

Methods—A data set including 68134 interventional clinical trials was downloaded from

ClinicalTrials.gov and entered into a relational database. Aggregate data from PCVTs were

compared with other trial specialties. Multivariable logistic regression was used to evaluate factors

associated with improved trial quality metrics including blinding and randomization.

Results—Between 7/01/2005 and 9/27/2010, 5035 (7%) registered trials targeted pediatric

populations, including 213 PCVTs (4.2%), 1176 pediatric infectious disease trials (23%), 664

pediatric mental health trials (13%) and 346 pediatric hematology/oncology trials (7%). Median

(IQR) PCVT enrollment was 65 subjects (36–186) and median study duration was 2.3 years (1.3–

3.7). The most common PCVTs targeted acquired diseases including hypertension (n=41, 14%),

obesity (n=26, 9%), pulmonary hypertension (n=25, 9%) and dyslipidemia (n=19, 7%). Important

factors associated with improved quality metrics included: NIH as opposed to industry funding

(OR=1.9, p<0.0001); trial location (trials with both U.S.and foreign enrollment vs. trials with US

only or foreign only enrollment, p=0.02) and trials restricted to younger children as opposed to

trials including adolescents (OR=1.4, p<0.0001).

Conclusion—PCVTs represent a small proportion of clinical trials relative to other pediatric

sub-specialties. Most PCVTs tend to parallel adult morbidities while there is a relative paucity of
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trials focused on congenital heart disease. These data may be useful to stakeholders in informing

decisions regarding the conduct of PCVTs, and to provide insight into mechanisms to advance

PCVT infrastructure.
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Introduction

Nearly 40,000 children are born with congenital heart defects each year and an estimated 1.6

million children and adults are living in the United States with congenital heart disease. This

latter number is expected to increase by 1–5% annually due to improved survival.1

Furthermore, childhood acquired cardiovascular diseases, such as hypertension and obesity,

have quadrupled in prevalence over the preceding several decades.2 Thus childhood

cardiovascular diseases are an important and increasing contributor to the societal health

care burden.1, 3, 4

Clinical trials are the most effective means for evaluating preventive, diagnostic and

therapeutic strategies and therefore reducing the health care burden.5 For decades pediatric

clinical trials have been neglected with pediatrics described as the “therapeutic orphan”.6

While congressional passage of the Best Pharmaceuticals for Children Act (BPCA) created

mandates and incentives that have stimulated a much-needed commitment to pediatric

clinical trials, the incentive structure favors study of blockbuster adult agents and not

necessarily the most needed pediatric agents.7–9 This has sparked recent debate regarding

whether the pediatric clinical trial landscape appropriately represents the burden of pediatric

disease.10, 11

ClinicalTrials.gov is a registry of clinical trials that was mandated by Congress and

implemented in 2000 by the National Library of Medicine, NIH. Since July 1, 2005, the

International Committee of Medical Journal Editors (ICMJE) has required registration of

interventional trials in a public trials registry (such as ClinicalTrials.gov) as a condition for

publication.12, 13 In addition, in 2007, Congress passed legislation (Section 801 of the U.S.

Food and Drug Administration [FDA] Amendments Act) expanding the legal requirements

to register trials and report key data elements and basic trial results at ClinicalTrials.gov.14

We sought to describe the pediatric cardiovascular trial (PCVT) portfolio using

ClinicalTrials.gov data. Secondary aims included comparing PCVT characteristics with

other major pediatric sub-specialties and with adult cardiovascular trials, to describe trends

in PCVTs over time, and to assess factors associated with trial quality metrics.

Methods

Data Source

A data set of 96 346 clinical studies registered at ClinicalTrials.gov was downloaded on

September 27, 2010. The data set was locked, and a relational database was subsequently

designed to facilitate analysis.15
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Study Selection

FIGURE I outlines criteria and methods for study selection. All trials entered as a study type

of “interventional” registered from July 1, 2005 (the date ICMJE guidelines took effect) to

September 27, 2010, were eligible for inclusion. PCVTs enrolling only those ≤ 18 years of

age were compared with other pediatric specialty trials as well as with adult cardiovascular

trials (those restricting enrollment to ages ≥ 18 years).

Data Collection

Trial data are reported by trial sponsors or investigators using a Web-based system.12 Each

record contains a set of data elements describing the study’s purpose, recruitment/

enrollment, design, eligibility criteria, location, sponsor, and other protocol information;

standard definitions are used.16 Publication of main trial results was assessed based on

review of publications reported on ClinicalTrials.gov. When this data field was incomplete,

a PubMed review using the ClinicalTrials.gov identifier was conducted by a single physician

to identify publications containing trial results. If no publications were identified then an

additional search was conducted using the listed principal investigator as well key study

identifiers.

Derived Variables

For pediatric trials, age eligibility was defined using the submitted minimum and maximum

age criteria. Funding source was derived using information about the lead sponsor (the

organization that oversees implementation of the study and data analysis) and collaborators

(organizations that provide support including funding). Funding source was defined as NIH

if the lead sponsor or any collaborators were from NIH, and the lead sponsor was not from

industry. Funding source was defined as industry if the lead sponsor was from industry or if

any collaborators were from industry and there was no NIH involvement. For the remaining

studies, funding source was defined as from non-NIH, non-industry sources. The primary

purpose of the trial was described as Treatment, Prevention or Diagnostic as entered in the

database, with Supportive Care, Screening, Health Services Research, and Basic Science

grouped with Other. Trials were classified as early phase (phase 0, 1, 1/2, or 2), late phase

(phase 2/3, 3, or 4), or phase not applicable. Each trial was assigned to a mutually exclusive

group based on the interventions listed: Procedure/Device if the trial included a procedure or

device intervention, Drug/Biological if the trial included a drug or biological intervention,

but not a procedure/device intervention, Behavioral if the trial included a behavioral

intervention but not a Procedure/Device/Drug/Biological intervention, and remaining studies

with dietary supplement, genetic, radiation, or other interventions were classified as having

Other interventions. The question about appointment of a data monitoring committee

(DMC) became available in April 2007, and is not a required field. Studies for which this

information was missing were classified as DMC Unknown, and included in analysis.

Analysis

Trial characteristics were described using standard summary statistics. Categorical variables

were reported as proportions and continuous variables as medians and interquartile ranges.

Missing values were excluded from analysis unless indicated. To describe trends in time,
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pediatric studies were evaluated over two time periods; 06-2005 to 09-2007 (era 1, before

the FDA Amendments Act registry requirements were implemented), and 10-2007 to

09-2010 (era 2, after implementation). Period was derived using the date the trial was first

registered with ClinicalTrials.gov. DMC use was summarized only for studies registered

from 10-2007 to 09-2010. Due to the descriptive nature of the study, formal statistical

comparisons were not made between trial types. However prior to data review, meaningful

differences were defined including: 1) for categorical variables, a difference of at least 5

percentage points, or a relative increment of at least 1.5; and 2) for enrollment, a shift in

median enrollment of at least 25 participants. Multivariable logistic regression was used to

evaluate factors associated with simultaneous use of blinding (single or double blind) and

randomization. These metrics have been previously reported as reasonable measures of trial

quality in the ClinicalTrials.gov dataset.17 This regression analysis was restricted to

pediatric trials enrolling those ≤ 18 years. Factors selected a priori for inclusion in the

regression model included: therapeutic area (PCVTs versus all other pediatric trials),

funding source, study phase, enrollment, intervention type, registration period, primary

purpose, U.S. / non-U.S. location of trial sites, and adolescent eligibility. Significant

interactions between therapeutic area and other covariates were identified by backward

variable selection, and retained in the model if the Wald chi-square p-value for the

interaction term was less than 0.05. A 2-tailed p value < 0.05 was considered statistically

significant, and associations between covariates and simultaneous use of randomization and

blinding were quantified with odds ratios and 95% confidence intervals.

Results

PCVT characteristics and comparison across age groups

From July 1, 2005 to September 27, 2010, 68 134 trials were registered at

ClinicalTrials.gov. Of these, 5035 were pediatric trials and of the pediatric trials, 213 (4.2%)

focused on pediatric cardiovascular interventions. After manual review, an additional 71

studies that enrolled both children and adults were classified as PCVTs. (FIGURE I).

Baseline PCVT characteristics and comparisons by age groups eligible for enrollment are

presented in TABLE I with additional details in eTABLE I. Median trial enrollment was 65

subjects with 6/284 (2%) trials enrolling > 1000 subjects. Median time to trial completion

was 2.3 years. Trial interventions included drugs/biologics (61%), procedures/devices (20%)

and behavioral interventions (11%). Overall there were relatively few differences across age

ranges. Notable exceptions were that: 1) more early phase trials were conducted in neonates/

infants; and 2) trials restricted to pediatric subjects (age ≤ 18 years) more often tested drugs

or biologics while a higher proportion of trials that included adult subjects tested procedures

and devices.

FIGURE II shows the broad diagnostic categories of trial focus segregated by trial sponsor.

Diagnostic categories with more than 20 reported trials included: hypertension (n=41, 14%),

intraoperative / bypass (n=33, 12%), obesity (n=26, 9%) and pulmonary hypertension (n=25,

9%). Industry support was more common for hypertension (n=24), device (n=15),

pulmonary hypertension (n=14) and dyslipidemia (n=9) trials, while trials more commonly

supported by NIH included obesity (n=11) and hypertension trials (n=9) (FIGURE 2).
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Comparison with adult cardiovascular (CV) and other pediatric sub-specialties

TABLE II (with additional details in eTABLE 2) compares selected characteristics of

PCVTs that restricted enrollment to age ≤ 18 years with adult CV trials (enrollment

restricted to age > 18 years) and also with other major pediatric trial specialties including

pediatric infectious disease (ID), mental health and hematology / oncology. There were > 25

times as many adult CV trials as PCVTs. Adult CV trials were also larger (median

enrollment 115 versus 68 subjects), more frequently sponsored by industry (45% versus

32%) and more often conducted in foreign only sites (59% versus 37%). Compared to trials

in other major pediatric sub-specialties, PCVTs were also less frequent with > 5 times as

many registered pediatric ID trials (n=1176), > 3 times as many registered mental health

trials (n=664) and almost twice as many pediatric hematology / oncology trials (n=346).

This relationship persists regardless of funding source.

Size and duration of PCVTs were similar to the other pediatric trial specialties with the

exception of ID trials which were larger (median enrollment 305 versus 60–80 for the other

subspecialties) and shorter in duration (median 1.3 years versus 2.2–2.9 years for other

specialties). ID trials were also more likely to focus on prevention (63%) while trials in the

other pediatric specialties were predominantly treatment-oriented (74–84%, depending on

specialty). Overall 37% of PCVTs were conducted only in foreign sites and 44% were

conducted only in the U.S. In comparison, ID trials were commonly conducted only in

foreign sites (72%) while mental health trials were largely conducted only in the U.S. (69%).

Compared to other trial specialties, PCVTs were more likely to include both U.S. and

foreign sites (20% versus 4–11% for the other specialties), however there was an

appreciable increase in foreign only PCVTs in the later years of trial reporting (33% foreign

only trials in era 1 versus 45% in era 2). Many of the other differences in trial characteristics

across pediatric specialties were anticipated including differences in eligible age ranges and

trial interventions.

Funding of PCVTs: trends over time and comparison with other pediatric sub-specialties
and adult cardiovascular trials

FIGURE III demonstrates the number of industry and NIH funded PCVTs in comparison to

other pediatric specialties and adult cardiovascular trials. Overall industry and NIH-funded

PCVTs account for 3.6% (n=69/2545) and 3.9% (n=24/619) of all industry and NIH-funded

pediatric trials respectively, substantially less than any of the other pediatric subspecialties

that were evaluated. Compared to cardiovascular trials restricting enrollment to adults

(n=5256), PCVTs were less likely to be funded by industry or NIH (44% funding for PCVTs

versus 50% for adult cardiovascular trials). The number of PCVTs funded by either NIH or

industry decreased by 40% in era 2 of the analysis (31 versus 19 registered trials with

funding / year for the earlier versus later eras respectively). This change in funding has been

most noticeable for NIH-funded trials, with a 76% decline in the average annual number of

NIH-funded PCVTs. While a similar decline was seen among registered adult

cardiovascular trials, the relative change was not as substantial (19% decline between eras).
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Factors influencing trial quality

For PCVTs that restricted enrollment to age ≤ 18 years, the majority reported randomization

(75%) and blinding (52%). A DMC was used in 54% of PCVTs entered into the registry

after this question was introduced in 2007 (eTABLE II). Multivariable regression analyses

of quality metrics (use of a randomized, blinded design) in pediatric trials are shown in

FIGURE IV. There was no difference in these quality metrics when comparing PCVTs to all

other pediatric trials. Also, there were no significant interactions between therapeutic area

and factors in terms of their association with randomization and blinding. For the subset of

all pediatric trials, important factors associated with improved quality metrics included: NIH

funding (OR=1.9, [95% CI=1.5–2.4] compared to industry); trial location (trials with U.S.

and foreign enrollment > trials with U.S. only or foreign only enrollment, p=0.02) and trials

restricted to younger children (OR=1.4, [95% CI 0.6–0.8] compared to trials including

adolescents). Other factors associated with these quality metrics could be anticipated and

included: later phase trials (OR 1.3 [95% CI=1.1–1.5] compared to early phase);

intervention type (drug / biologic trials > behavioral trials > procedure / device trials,

p<0.001); and primary purpose (treatment and prevention trials > diagnostic trials, p<0.001).

A sensitivity analysis, excluding all device trials demonstrated no significant change in the

findings (results not shown). Among adult and pediatric cardiovascular trials, similar factors

were associated with use of randomization and blinding (results not shown), although adult

cardiovascular trials were more likely (OR=1.6, p=0.002) to have these quality metrics than

pediatric cardiovascular trials, after accounting for other factors.

Publication of completed trials

Overall 90 PCVTs were listed as “completed” as of 09-27-2010. Although only 24% (n=21)

of these trials included results on the ClinicalTrials.gov registry, a PubMed citation

reporting the main results was located for 73% (n=66) of these trials. Time to publication

could be determined for 53 of these trials with 30 (33% of completed trials) published within

2 years of the listed study completion date.

Discussion

This analysis provides a descriptive assessment of the pediatric cardiovascular clinical trials

landscape, and a comparison with adult cardiovascular trials and trials within other pediatric

specialties. Thus this analysis presents a unique opportunity to evaluate the PCVT trial

landscape and identify areas of relative strength or weakness. With respect to PCVTs, the

ClinicalTrials.gov data raises several concerning issues.

Similar to prior ClinicalTrials.gov analyses in adults and in the broader subset of pediatric

trials,11, 17 most PCVTs are smaller trials and a majority are not funded by either industry or

NIH. Perhaps most concerning, however, is that the number of registered pediatric

cardiovascular trials is relatively low - substantially smaller than the number of adult

cardiovascular trials and also smaller than for other pediatric sub-specialties. This does not

seem to be representative of the relative public health burden. Congenital heart diseases

account for more life years lost than leukemia and asthma combined and acquired heart
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diseases of childhood (e.g. hypertension, dyslipidemia) are increasing contributors to

childhood morbidities.1, 3, 4

Surprisingly, PCVTs rarely focused on specific congenital malformations and more

commonly focused on diseases and conditions typically considered high impact adult

cardiovascular diseases. Hypertension, pulmonary hypertension and dyslipidemia trials

combined accounted for 1/3rd of all PCVTs. There are several potential explanations for this

finding. First there are unique challenges to conducting trials in children with congenital

heart disease. These diseases are rare, heterogeneous conditions that often require procedural

interventions. This introduces unique challenges related to trial design, patient enrollment

and end point determination. These difficulties incur added expense and can prolong trials,

potentially serving as a disincentive to trial conduct. Secondly, the 2002 BPCA financial

incentive structure for industry favors trials focused on blockbuster drugs9, 18. These drugs

have often been developed to treat high impact adult cardiovascular conditions. According

to the FDA website 24/31 pediatric cardiovascular drugs that have been granted exclusivity

under the BPCA program are agents used to treat hypertension (n=17) and dyslipidemia

(n=7).19 Approval of each of these agents typically requires several trials, potentially

accounting for many of the registered industry-sponsored trials in our analysis. Pulmonary

hypertension was added to the FDA priority list only in 2008 therefore these trials may be

registered but have not yet been completed and granted exclusivity. In support of this

potential explanation, trials focused on hypertension, dyslipidemia and pulmonary

hypertension were largely supported by industry rather than NIH or other sponsor sources.

Overall relatively few PCVTs were funded by industry or NIH – a combined total of 93

trials over the 5-year time period studied. By comparison there were 792 industry or NIH

funded ID trials and 2651 industry or NIH funded adult cardiovascular trials. Furthermore

the annual number of NIH funded PCVTs declined by 76% (from 34 / year to 19 / year) in

the latter era of reporting. To assess whether this might be an isolated temporal finding, we

subsequently reviewed the number of NIH funded PCVTs reported between 10/2010 and

08/2013. Although this analysis was conducted post-hoc we adhered to the same criteria for

defining PCVTs and derived NIH sponsorship. The declining trend in NIH-funding persists

with even fewer (n=23 total, average annual number = 8) registered NIH-sponsored PCVTs

in this reporting time frame. The exact reason for this decline is unclear but we speculate

that this reflects the financial climate associated with the great recession and the more recent

sequestration of federal funds. Across pediatric and adult specialties, the annual number of

NIH funded awards decreased by ~ 5% between 2005 and 2010 with more than 2300 fewer

total NIH grants awarded in 2010 versus 2005.20 Pediatric cardiovascular trials appear to

have been disproportionately affected by this decline. This is particularly concerning as

NIH-funded trials more frequently demonstrate positive trial quality metrics when compared

to other funding sources.

We also identified several reassuring findings. Pediatric cardiovascular trials performed

relatively well with respect to trial quality metrics. Use of randomization and a blinded

design have been used in prior analyses to assess overall quality of the clinical trials

landscape, and specific factors associated with trial quality.17 These measures are certainly

not required for all high quality trials and certain trials (e.g. early phase trials, device trials,
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pharmacokinetic trials) may be readily, or out of necessity, conducted without blinding or

randomization. Nonetheless it is reassuring that 75% of PCVTs reported using a randomized

design and more than half used blinding and a data monitoring committee. Interestingly

foreign only trials demonstrated improved quality metrics when compared to U.S. only

trials. This may represent a registration bias with lower quality U.S. trials more likely to be

registered than lower quality foreign trials because FDA amendments act registration

requirements do not necessarily apply to early phase trials conducted at non-U.S. sites.

A second positive finding is that a relatively large percentage of completed PCVTs have

already been published in the peer review literature. Historically there has been a bias

towards publication of only positive trial results.21–23 The 73% track record of publication

of completed PCVTs that we demonstrate is a significant improvement over prior analyses

focused on pediatric trials.24

There are important limitations to this analysis. First, there is a significant amount of

missing or unsubmitted data for certain data fields. This limits the comprehensiveness of

analyses that can be performed with these data. Second, temporal differences in reporting

requirements could affect analyses of trends over time; however, we restricted our analysis

of trends to comparison with adult cardiovascular trials, anticipating that reporting

requirements would equally affect PCVTs and adult cardiovascular trials. Third, no standard

or comprehensive classification scheme is used for pediatric disease type or therapeutic area

(e.g. cardiovascular versus other pediatric sub-specialties), such that we characterized this

factor through manual evaluation of the key words and conditions entered for the study.

Fourth, we did not include studies in this analysis that reported that age criteria were not

applicable for enrollment. Finally, there are undoubtedly some trials that are not registered

in ClinicalTrials.gov or any other publicly accessible registry, and these studies were not

included in our evaluation. In particular, current federal guidelines do not require

registration of Phase I trials, trials not involving a drug, biological, or device, and trials not

under U.S. jurisdiction.

In conclusion, we found that the number of PCVTs seems disproportionately small relative

to disease burden in comparison with trials in other pediatric sub-specialties. Most PCVTs

are well-conducted, meeting standard quality metrics, but as industry and NIH funding for

PCVTs has declined in recent years, concerns arise about future quality. Importantly PCVT

focus does not seem to broadly affect the overall pediatric cardiovascular disease burden and

may be influenced by inherent difficulties associated with conduct of PCVTs, as well as an

incentive structure that favors study of high impact adult cardiovascular drugs. Looking

forward, it will be critically important to focus PCVTs on diseases and conditions with the

highest disease burden.
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Figure I.
Consortium diagram: Inclusion criteria and methods for study selection.

*Clinical Trials refers to those trials registered as “interventional studies” on

ClinicalTrials.gov. Interventional studies are defined by ClinicalTrials.gov as those in which

an investigator assigns an intervention (including diagnostic, therapeutic or other types of

interventions) based on a protocol.16

† Non-interventional or observational studies were excluded because there are no current

registration requirements at ClinicalTrials.gov.

‡Methods for identification of adult cardiovascular trials described previously. These trials

exclude trials enrolling participants < 18 years.15

§ Trials classified into pediatric subspecialties based on manual review of the trial

characteristics as previously reported.11

||A pediatric cardiologist reviewed all adult cardiovascular trials that also enrolled subjects <

18 years of age and identified those that focused on pediatric cardiovascular diseases or

conditions.
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Figure II.
Pediatric Cardiovascular Trial intervention categories and funding source. PDA = Patent

Ductus Arteriosus; CPR = Cardiopulmonary Resuscitation; CHD = Congenital Heart

Disease.
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Figure III.
Industry and NIH funded pediatric cardiovascular trials compared to other pediatric sub-

specialties and adult cardiovascular trials. Funding source is derived from the submitted lead

sponsor and collaborator information. Pediatric cardiovascular trials restricted to those

excluding participants > 18 years while adult cardiovascular trials restricted to those

excluding participants < 18 years.
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Figure IV.
Multivariable logistic regression for use of randomization and blinding in pediatric trials.

Era 1: July05–Sep07 (before the FDA Amendments Act registry requirements were

implemented), and era 2: Oct07–Sep10 (after implementation)
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