I ORIGINAL CONTRIBUTION

Characteristics of Clinical Trials Registered
in ClinicalTrials.gov, 2007-2010

Robert M. Califf, MD

Deborah A. Zarin, MD

Judith M. Kramer, MD, MS
Rachel E. Sherman, MD, MPH
Laura H. Aberle, BSPH

Asba Tasneem, PhD

LINICAL TRIALS ARE THE CEN-
tral means by which preventive,
diagnostic, and therapeutic
strategiesare evaluated,' but the
US clinical trials enterprise has been
marked by debate regarding funding pri-
orities for clinical research, the design and
interpretation of studies, and protections
forresearch participants.>* Until recently,
however, we have lacked tools for com-
prehensively assessing trials across the
broader US clinical trial enterprise.

In 1997, Congress mandated the cre-
ation of the Clinical Trials.gov registry to
assist people with serious illnesses in gain-
ingaccess to trials.” In September 2004,
the International Committee of Medical
Journal Editors (ICMJE) announced a
policy, which took effect in 2005, of re-
quiring registration of clinical trials as a
prerequisite for publication.®’ The Food
and Drug Administration Amendment Act
(FDAAA)® expanded the mandate of
ClinicalTrials.gov to include most non—
phase 1 interventional drug and de-
vice trials, with interventional trials de-
fined as “studies in human beings in
which individuals are assigned by an in-
vestigator based on a protocol to re-
ceive specific interventions™ (eTable 1,
available at http://www.jama.com). The
law obliges sponsors or their desig-
nees to register trials and record key
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Context Recent reports highlight gaps between guidelines-based treatment recom-
mendations and evidence from clinical trials that supports those recommendations.
Strengthened reporting requirements for studies registered with ClinicalTrials.gov en-
able a comprehensive evaluation of the national trials portfolio.

Objective To examine fundamental characteristics of interventional clinical trials reg-
istered in the ClinicalTrials.gov database.

Methods A data set comprising 96 346 clinical studies from ClinicalTrials.gov was
downloaded on September 27, 2010, and entered into a relational database to ana-
lyze aggregate data. Interventional trials were identified and analyses were focused
on 3 clinical specialties—cardiovascular, mental health, and oncology—that together
encompass the largest number of disability-adjusted life-years lost in the United States.

Main Outcome Measures Characteristics of registered clinical trials as reported
data elements in the trial registry; how those characteristics have changed over time;
differences in characteristics as a function of clinical specialty; and factors associated
with use of randomization, blinding, and data monitoring committees (DMCs).

Results The number of registered interventional clinical trials increased from 28 881 (Oc-
tober 2004-September 2007) to 40 970 (October 2007-September 2010), and the number
of missing data elements has generally declined. Most interventional trials registered be-
tween 2007 and 2010 were small, with 62% enrolling 100 or fewer participants. Many
clinical trials were single-center (66 %; 24 788/37 520) and funded by organizations other
than industry or the National Institutes of Health (NIH) (47 %; 17 592/37 520). Hetero-
geneity in the reported methods by clinical specialty; sponsor type; and the reported use
of DMCs, randomization, and blinding was evident. For example, reported use of DMCs
was less common in industry-sponsored vs NIH-sponsored trials (adjusted odds ratio [OR],
0.11;95% Cl,0.09-0.14), earlier-phase vs phase 3 trials (adjusted OR, 0.83;95% Cl, 0.76-
0.91), and mental health trials vs those in the other 2 specialties. In similar comparisons,
randomization and blinding were less frequently reported in earlier-phase, oncology, and
device trials.

Conclusion Clinical trials registered in ClinicalTrials.gov are dominated by small trials
and contain significant heterogeneity in methodological approaches, including re-
ported use of randomization, blinding, and DMCs.
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data elements (effective September 27,
2007), report basic results (Septem-
ber 27,2008), and report adverse events
(September 27, 2009).*°

Recent work'!? highlights the inad-
equate evidence base of current prac-
tice, in which less than 15% of major
guideline recommendations are based
on high-quality evidence, often de-
fined as evidence that emanates from
trials with appropriate designs;
sufficiently large sample sizes; and

appropriate, validated outcome mea-
sures,'>!* as well as oversight by insti-
tutional review boards and data moni-
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toring committees (DMCs) to protect
participants and ensure the trial’s in-
tegrity."

In this article, we examine funda-
mental characteristics of interven-
tional clinical trials in 3 major thera-
peutic areas contained in the registry
(cardiovascular, mental health, and on-
cology), focusing on study character-
istics (data elements reported in trial
registration) that are desirable for gen-
erating reliable evidence from clinical
trials, including factors associated with
use of DMCs, randomization, and
blinding.

METHODS

The methods used by ClinicalTrials.gov
to register clinical studies have been de-
scribed previously.!>!” Briefly, spon-
sors and investigators from around the
world enter data through a web-based
data entry system. The country ad-
dress of each facility (ie, a site that can
potentially enroll participants) was used
to group sites into regions according to
rubrics used by Clinical Trials.gov.'® (In-
dividual countries included in each re-
gion are available.) The sample we ex-
amined includes studies registered to
comply with legal obligations, as well
as those registered voluntarily to meet
ICMJE requirements or for other rea-
sons. Similarly, data for registered stud-
ies include both mandatory and op-
tional elements. Over time, the types,
definitions, and optional vs manda-
tory status of data elements have
changed. Mandatory and optional data
elements for registration as of August
2011 are shown in eAppendix 1.

ClinicalTrials.gov Data Set

We downloaded an XML data set com-
prising all 96 346 clinical studies reg-
istered with ClinicalTrials.gov as of Sep-
tember 27, 2010—1 decade after the
registry’s launch and 3 years after en-
actment of the FDAAA. We loaded the
data set into a relational database
(Oracle RDBMS version 11.1g, Oracle
Corporation) to facilitate aggregate
analysis. This resource, the Database for
Aggregate Analysis of ClinicalTrials.gov
(AACT), as well as data definitions, and
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comprehensive data dictionaries, is
available at the Clinical Trials Trans-
formation Initiative website."

Our analysis was restricted to inter-
ventional studies registered with
ClinicalTrials.gov between October 2007
and September 2010. To identify inter-
ventional studies, we used the “study
type” field from the ClinicalTrials.gov
registry, which included the following
choices: interventional, observational, ex-
panded access, and not available (NA)
(eAppendix 1). Interventional trials were
defined as “studies in human beings in
which individuals are assigned by an in-
vestigator based on a protocol to re-
ceive specific interventions.” In this
study, the terms clinical trial, interven-
tional trial, and interventional study are
synonomous. Interventional studies were
regrouped within the downloaded, de-
rivative database according to the 3 clini-
cal specialties—cardiovascular, oncol-
ogy, and mental health—that together
encompass the largest number of dis-
ability-adjusted life-years lost in the
United States.?® For this regrouping, we
used submitted disease condition terms
and Medical Subject Heading (MeSH)
terms generated by a National Library of
Medicine (NLM) algorithm to develop
amethodology to annotate, validate, ad-
judicate, and implement disease condi-
tion terms (MeSH and non-MeSH) to cre-
ate specialty data sets.

A subset of the 2010 MeSH thesau-
rus from the NLM?' and a list of non-
MeSH disease condition terms pro-
vided by data submitters that appeared
in 5 or more interventional studies in the
analysis data set were reviewed and an-
notated by clinical specialists at Duke
University Medical Center (eAppendix
2). Terms were annotated according to
their relevance to a given specialty
(Y=relevant, N=not relevant). Spe-
cialty data sets were created and the re-
sults of algorithmic classifications were
validated by comparison with classifica-
tions based on manual review. Clinical
trials were classed according to date reg-
istered and by interventional status. De-
tails regarding the creation of these spe-
cialty data sets are provided in an article
describing the study methodology.?
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Within these specialty data sets, a few
data elements are missing because of
limitations in the data set or logistical
problems in obtaining analyzable in-
formation. Specifically, the data ele-
ment “human subject review” is not
present in the public download, and
data regarding primary outcomes and
oversight authority are not readily ana-
lyzable because of the presence of free-
text values.

Analytical Methods

Clinical trial characteristics were first
assessed overall, by interventional trials,
and by 2 temporal subsets: October
2004 through September 2007 and Oc-
tober 2007 through September 2010.
The percentage of trials registered be-
fore and after enrollment of the first par-
ticipant was also determined by com-
paring the date of registration to the
date that the first participant was en-
rolled. Other assessments included
clinical trial characteristics, enroll-
ment characteristics, funding source,
and number of study sites for all clini-
cal trials vs cardiovascular, mental
health, and oncology trials for the lat-
ter time period (October 2007-
September 2010). Funding sources in-
cluded industry, NIH, other US federal
(excluding NIH), and other. Frequen-
cies and percentages are provided for
categorical characteristics; medians and
interquartile ranges (IQRs) are pro-
vided for continuous characteristics.
Logistic regression analysis was per-
formed to calculate adjusted odds ra-
tios (ORs) with Wald 95% confidence
intervals for factors associated with
trials that report use of DMCs, random-
ization, and blinding. A full model con-
taining 9 prespecified characteristics
was developed. The first of these was
lead sponsor, which the NLM defines as
the primary organization that over-
sees study implementation and is re-
sponsible for conducting data analy-
sis.'” Collaborators are defined as other
organizations (if any) that provide ad-
ditional support, including funding, de-
sign, implementation, data analysis,
and reporting. The sponsor (or desig-
nee) is responsible for confirming all
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collaborators before listing them.
ClinicalTrials.gov stores funding orga-
nization information in 2 data ele-
ments: lead sponsor and collaborator.
The NLM classifies submitted agency
names in these data elements as indus-
try, NIH, US federal (excluding NIH),
or other. We derived probable funding
source from the lead sponsor and col-
laborator fields using the following al-
gorithm: if the lead sponsor was from
industry, or the NIH was neither a lead
sponsor nor collaborator and at least 1
collaborator was from industry, then the
study was categorized as industry
funded. If the lead sponsor was not from
industry, and NIH was either a lead
sponsor or a collaborator, then the
study was categorized as NIH funded.
Otherwise, if the lead sponsor and col-
laborator fields were nonmissing, then
the study was considered to be funded
by other.

Also included in the model were
phase (0,1, 1/2,2,2/3, 3,4, NA); num-
ber of participants; trial specialty—
cardiovascular, oncology, or mental
health (yes/no); trial start year; inter-
vention type (procedure/device, drug
or biological, behavioral, dietary supple-
ment, other); and primary purpose
(treatment, prevention, diagnostic,
other). For the purposes of this mod-
eling, studies reporting multiple inter-
vention types were categorized in the
following hierarchy: 1, procedure/
device; 2, drug/biological; 3, behav-
ioral; 4, dietary supplement; 5, other.
Studies missing a response to any of the
data elements used in the model were
excluded. The model predicting trials
with DMC was also run in 2 addi-
tional ways: (1) assuming that those
trials missing a response to the ques-
tion regarding DMC did in fact have a
DMC, and (2) assuming that those trials
missing a response to the question re-
garding DMC did not in fact have a
DMC.

When possible for all analyses, val-
ues of missing methodological trial
characteristics were inferred based on
other available data. For example, for
studies reporting an interventional
model of single group and number of
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groups as 1, the value of allocation was
designated as nonrandomized and the
value of blinding was designated as
open.

SAS version 9 (SAS Institute) was
used for all statistical analyses.

RESULTS

Basic characteristics of all studies reg-
istered with ClinicalTrials.gov as of Sep-
tember 27,2010 (N=96 346), all inter-
ventional trials registered during the
same period (n=79413), and 2 recent
subsets of interventional trials (Octo-
ber 2004—September 2007 and Octo-
ber 2007-September 2010) are shown
in TABLE 1. The number of trials sub-
mitted for registration increased from
28 881 to 40 970 during the 2 periods.
A decline in the numbers of missing
data elements occurred for some char-
acteristics. The rate of registered trials
not reporting use of DMCs decreased
from 57.9% to 18% between the 2 time
periods; not reporting either enroll-
ment number or type (anticipated or ac-
tual) decreased from 33.8% to 1.8%; not
reporting randomization decreased
from 5.6% to 4.2%; and not reporting
blinding decreased from 3.5% to 2.7%.
The rate of missing data for primary
purpose increased from 4.6% to 6.8%
during these periods. The proportion
of trials reporting an NIH lead spon-
sor decreased from 6.3% to 2.7% dur-
ing the during the 2 periods, and the
proportion of trials with at least 1 North
American research site decreased from
61.9% to 57.5%. Other characteristics
have not changed substantially.

The proportion of trials registered be-
fore beginning participant enrollment
increased over the 2 time periods: from
33% (9041/27 667) in October 2004—
September 2007 to 48% (19347/
40333) in October 2007-September
2010.

The majority of clinical trials were
small in terms of numbers of partici-
pants. Overall, 96% of these trials had
an anticipated enrollment of 1000 or
fewer participants and 62% had 100 or
fewer participants (eFigure). The me-
dian number of participants per trial
was 58 (IQR, 27-161) for completed

trials and 70 (IQR, 35-190) for trials
that have been registered but not com-
pleted.

TABLE 2 shows selected characteris-
tics of all interventional trials regis-
tered from October 2007 through Sep-
tember 2010 (n=40970), as well as
characteristics for oncology, cardiovas-
cular, and mental health trials com-
pared with all other trials. Of these 3
categories, oncology trials were most
numerous (n=8992,21.9%) and com-
prised the largest proportion of trials
listed as currently recruiting: 31.5% vs
9.3% and 10% for cardiovascular and
mental health trials, respectively. On-
cology trials also constituted the larg-
est proportion of trials that were ac-
tive but not yet recruiting (25.8% vs
7.4% for cardiovascular and 7.5% for
mental health) and that were oriented
toward treatment (25.7% vs 8% for car-
diovascular and 9.6% for mental
health). Among trials oriented toward
prevention, cardiovascular trials com-
prised the largest group: 10.4% vs 8.1%
for oncology and 5.9% for mental
health. Cardiovascular trials also ac-
counted for the largest proportion of
trials assessing medical devices: 20.2%
vs 7.0% for oncology and 3.8% for men-
tal health. As expected, among trials in-
corporating behavioral interventions,
mental health trials were most com-
mon: 33.4% vs 8.1% for oncology and
7.2% for cardiovascular.

Enrollment and design characteris-
tics for all interventional trials regis-
tered from October 2007 through Sep-
tember 2010 are displayed in TABLE 3.
There was heterogeneity in median
anticipated trial size according to spe-
cialty. Cardiovascular trials (median an-
ticipated enrollment, 100; IQR, 42-
280) tended to be nearly twice as large
as oncology trials (median, 54; IQR, 30-
120), with mental health trials (me-
dian, 85; IQR, 40-200) residing be-
tween these 2. Cardiovascular and
mental health trials were more ori-
ented toward later-phase research (ie,
phases 3 and 4) while oncology trials
displayed a higher relative proportion
of earlier-phase trials (ie, phases 0O
through 2). Trials restricted to women
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]
Table 1. Characteristics for All Studies Registered in ClinicalTrials.gov, All Interventional Studies, and Interventional Trials From October 2004

Through September 2007 and From October 2007 Through September 2010

No./Total No. (%)

All Studies
(N = 96 346)

Interventional Trials

All, 2000-2010
(n=79413)2

Oct 2004-Sept 2007
(n = 28881)

|
Oct 2007-Sept 2010
(n = 40970)

Primary purpose

Treatment 59200/75778 (78.1)  59200/75198 (78.7)  22242/27 565 (80.7) 28605/38 199 (74.9)
Prevention 8092/75778 (10.7) 8092/75198 (10.8) 3313/27 565 (12.0) 4152/38199 (10.9)
Diagnostic 2655/75778 (3.5) 2655/75198 (3.5) 1013/27 565 (3.7) 1489/38 199 (3.9)
OtherP 5831/75778 (7.7) 5251/75198 (7.0) 997/27 565 (3.6) 3953/38199 (10.3)
Missing 20568/96 346 (21.3) 4215/79413 (5.3) 1316/28881 (4.6) 2771/40970 (6.8)
Intervention type®
Drug 53441/84614 (63.2) 52162/79410 (65.7) 19851/28881 (68.7) 24751/40970 (60.4)
Procedural 10911/84614 (12.9) 9635/79410 (12.1) 3807/28881 (13.2) 4104/40970 (10.0)
Biological 6841/84614 (8.1) 6657/79410 (8.4) 2049/28881 (7.1) 2948/40970 (7.2)
Behavioral 7134/84614 (8.4) 6582/79410 (8.3) 2781/28881 (9.6) 3307/40970 (8.1)
Device 6662/84614 (7.9) 6012/79410 (7.6) 2092/28881 (7.2) 3799/40970 (9.3
Radiation 2361/84614 (2.8) 2292/79410 (2.9) 494/28881 (1.7) 928/40970 (2.3)
Dietary supplement 2067/84614 (2.4) 2036/79410 (2.6) 330/28881 (1.1) 1603/40970 (3.9)
Genetic 1096/84 614 (1.3) 712/79410 (0.9) 261/28881 (0.9) 381/40970 (0.9)
Other 8211/84614 (9.7) 6625/79410 (8.3) 1339/28 881 (4.6) 5110/40970 (12.5)
Region®
Africa 2091/86 404 (2.4) 1904/72149 (2.6) 892/25924 (3.4) 817/37520 (2.2)
Asia and Pacific 11659/86404 (13.5) 9953/72149 (13.8) 3725/25924 (14.4) 5768/37 520 (15.4)
Central and South America 3953/86 404 (4.6) 3565/72149 (4.9) 1240/25924 (4.8) 1793/37 520 (4.8)
Europe 23853/86404 (27.6) 20337/72149 (28.2) 8006/25924 (30.9)  11311/37 520 (30.1)
Middle East 3587/86 404 (4.2) 2852/72149 (4.0) 1152/25924 (4.4) 1545/37 520 (4.1)
North America 54257/86404 (62.8) 45745/72149 (63.4) 16044/25924 (61.9)  21581/37 520 (57.5)
Missing 9942/96 346 (10.3) 7264/79413 (9.1) 2957/28881 (10.2) 3450/40970 (8.4)
Anticipated enrollment, No. of participants
1-100 29510/51066 (57.8) 25405/41177 (61.7) 6415/10611 (60.5) 17 726/28458 (62.3)
101-1000 18252/51066 (35.7)  13997/41177 (34.0) 3669/10611 (34.6) 9629/28 458 (33.8)
>1000 3304/51 066 (6.5) 1775/41177 (4.3) 527/10611 (5.0) 1103/28548 (3.9)
Study registration

Before first participant enrolled

9041/27 667 (32.7)

19347/40333 (48.0)

After first participant enrolled

18626/27 667 (67.3)

20986/40333 (52.0)

Missing enrollment number or type (anticipated or actual)

20926/96 346 (21.7)

16934/79413 (21.3)

9757/28881 (33.8)

756/40970 (1.8)

Blinding?
Op%n 40520/72475 (65.9)  40520/72 475 (55.9) 156571/27880 (65.9) 22234/39871 (55.8)
Single blind 7006/72 475 (9.7) 7006/72 475 (9.7) 2364/27 880 (8.5) 4457/39871 (11.2)
Double blind 24949/72 475 (34.4)  24949/72 475 (34.4) 9945/27880 (35.7)  13180/39871 (33.1)
Missing 23871/96 346 (24.8) 6983/79413 (8.7) 1001/28 881 (3.5) 1099/40970 (2.7)
Allocation status
Randomizedd 49762/71046 (70.0) 49762/70953 (70.13)  19218/27 265 (70.5) 27 027/39 240 (68.9)
Nonrandomizedd 21191/71046 (29.83) 21 191/709583 (29.87) 8047/27 265 (29.5)  12213/39240 (31.1)
Missing 25300/93 346 (26.3) 8460/79413 (10.7) 1616/28 881 (5.6) 1730/40970 (4.2)
DM
CS;tudy has DMC 22572/56856 (39.7)  19886/46699 (42.6) 5711/12153 (47.0)  13644/33615 (40.6)
Study does not have DMC 34284/56856 (60.3) 26813/46699 (57.4) 6442/12153 (63.0) 19971/33615 (59.4)
Missing 39490/96346 (41.0) 32714/79413 (41.2) 16728/28881 (57.9) 7355/40970 (18.0)
LLead sponsor
Industry 31173/96346 (32.4) 28264/79413 (35.6) 10783/28881 (37.3)  15248/40970 (37.2)
NIH 9215/96 346 (9.6) 5878/79413 (7.4) 1825/28 881 (6.3) 1106/40970 (2.7)
US federal 1715/96 346 (1.8) 1473/79413 (1.9) 644/28881 (2.2) 547/40970 (1.3)
Other 54243/96 346 (56.3)  43798/79413 (55.2) 15629/28881 (54.1)  24069/40970 (58.7)

Abbreviations: DMC data monitoring committee; NIH, National Institutes of Health.

8Includes 9562 interventional trials registered before October 2004.

Includes supportive care, screening, health services research, and basic science.
CPercentages may not sum to 100% as categories are not mutually exclusive.

d Only collected for interventional studies.
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were almost twice as common as trials
restricted to men (9.1% vs 5.4%), a dif-
ference driven largely by oncology trials
(13.8% exclude men, compared with
2.0% [cardiovascular] and 5.8% [men-
tal health]).

There were also differences in age dis-
tribution among therapeutic areas. Men-
tal health trials were most likely to per-
mitinclusion of children (17.9%vs 11.3%
for oncology and 10.5% for cardiovascu-
lar) but were also most likely to exclude
elderly participants: 56% of mental health
trials excluded participants older than 65
years compared with 8.1% for oncology
and 13.3% for cardiovascular.

Geographical differences were also
apparent. Cardiovascular trials showed
the smallest proportion of studies with
atleast 1 North American research site
(47.9%, vs 65.1% for oncology and
69.1% for mental health) and the most
substantial proportion of trials with at
least 1 European site (39.9% vs 27.6%
and 20.9%, respectively).

Differences in trial design were also
evident among therapeutic areas
(Table 3). Oncology trials were more
likely to involve a single group of par-
ticipants with no randomization of treat-
ment assignment (64.7% vs 26.2% for
cardiovascular and 20.8% for mental

health), and the majority of oncology
trials (87.6%) were not blinded. Men-
tal health trials, on the other hand, were
more likely to be blinded (60.0%, vs
12.4% for oncology and 49.0% for car-
diovascular), to use parallel-group de-
sign (65.9% vs 32.5% for oncology and
63.2% for cardiovascular), and to use
randomization (80.1%, vs 36.3% for on-
cology and 73.7% for cardiovascular).
Data on funding source and number
of sites were available for 37 520 of
40970 clinical trials registered during the
2007-2010 period (eTable 2). The larg-
est proportion of these trials were not
funded by industry or the NIH (47%,

- ___________________________________________________________________________________________________]
Table 2. Clinical Trial Attributes by Therapeutic Area for All Interventional Trials, October 2007-September 2010

No./Total No. (%)

All Trials Oncology Cardiovascular Mental Health
(n=40970) (n=8992) (n=3437) (n = 3695)
Overall status

Not yet recruiting 3725/40970 (9.1) 744/8992 (8.3) 362/3437 (10.5) 366/3695 (9.9)
Recruiting 17348/40970 (42.3) 5456/8992 (60.7) 1609/3437 (46.8) 1727/3695 (46.7)
Completed 12265/40970 (29.9) 961/8992 (10.7) 855/3437 (24.9) 1005/3695 (27.2)
Suspended 254/40970 (0.6) 101/8992 (1.1) 16/3437 (0.5) 11/3695 (0.3)
Terminated 1180/40970 (2.9) 265/8992 (2.9) 91/3437 (2.6) 111/3695 (3.0)
Withdrawn 307/40970 (0.7) 84/8992 (0.9) 18/3437 (0.5) 22/3695 (0.6)
Active, not recruiting 4985/40970 (12.2) 1286/8992 (14.3) 371/3437 (10.8) 372/3695 (10.1)
Enrolling by invitation 906/40970 (2.2) 95/8992 (1.1) 115/3437 (3.3) 81/3695 (2.2)

Primary completion type?
Actual

12428/37912 (32.8)

1194/8373 (14.9)

881/3218 (27.4)

992/3435 (28.9)

Anticipated 25484/37 912 (67.2) 7179/8373 (85.7) 2337/3218 (72.6) 2443/3435 (71.1)
Missing 3058/40970 (7.5) 619/8992 (6.9) 219/3437 (6.4) 260/3695 (7.0)
Primary purpose
Treatment 28605/38 199 (74.9) 7353/8744 (84.1) 2284/3285 (69.5) 2750/3489 (78.8)
Prevention 4152/38199 (10.9) 338/8744 (3.9) 431/3285 (13.1) 247/3489 (7.1)
Diagnosis 1489/38 199 (3.9) 470/8744 (5.4) 244/3285 (7.4) 71/3489 (2.0)
Supportive care 1290/38 199 (3.4) 377/8744 (4.3) 75/3285 (2.3) 119/3489 (3.4)
Screening 195/38 199 (0.5) 63/8744 (0.7) 18/3285 (0.5) 21/3489 (0.6)
Health services research 733/38199 (1.9) 64/8744 (0.7) 73/3285 (2.2) 107/3489 (3.1)
Basic science 1735/38 199 (4.5) 79/8744 (0.9) 160/3285 (4.9) 174/3489 (5.0)
Missing 2771/40970 (6.8) 248/8992 (2.8) 152/3437 (4.4) 206/3695 (5.6)
Intervention typeP
Drug 24.751/40970 (60.4) 6485/8992 (72.1) 1629/3437 (47.4) 2172/3695 (58.8)
Procedure 4104/40970 (10.0) 1420/8992 (15.8) 449/3437 (13.1) 124/3695 (3.4)
Biological 2948/40970 (7.2) 1109/8992 (12.3) 86/3437 (2.5) 36/3695 (1.0)
Behavioral 3307/40970 (8.1) 269/8992 (3.0) 238/3437 (6.9) 1103/3695 (29.9)
Device 3799/40970 (9.3) 267/8992 (3.0) 766/3437 (22.3) 145/3695 (3.9)
Radiation 928/40970 (2.3) 811/8992 (9.0) 20/3437 (0.6) 17/3695 (0.5)
Dietary supplement 1603/40970 (3.9) 171/8992 (1.9) 141/3437 (4.1) 09/3695 (2 7)
Genetic 381/40970 (0.9) 313/8992 (3.5) 13/3437 (0.4) 8/3695 (0.2

Other

5110/40970 (12.5)

1369/8992 (15.2)

439/3437 (12.8)

434/3695 (11 .7)

2 Allowable values for this field are actual and anticipated. “Primary completion date” denotes the date that the final research participant was examined or received an intervention for the
purposes of final collection of data for the primary outcome, whether the clinical trial concluded according to the prespecified protocol or was terminated.
Percentages may not sum to 100% as categories are not mutually exclusive.
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]
Table 3. Trial Characteristics and Summary of Designs for All Interventional Trials, Registered October 2007-September 2010

No./Total No. (%)

All Clinical Trials Oncology Cardiovascular Mental Health
(n =40970) (n=8992) (n=3437) (n = 3695)

58.0 (27.0-161.0) 43.0 (18.0-100.0) 73.5 (34.0-200.0) 61.0 (29.0-216.5)

Actual enroliment, median (IQR),
No. of participants

1-100 7566/11671 (64.8) 853/1139 (74.9) 475/807 (58.9) 584/968 (60.3)
101-1000 3744/11671 (32.1) 259/1139 (22.7) 291/807 (36.1) 359/968 (37.1)
>1000 361/11671 (3.1) 27/1139 (2.4) 41/807 (5.1) 25/968 (2.6)
Anticipated enrollment, median (IQR), 70.0 (35.0-190.0) 54.0 (30.0-120.0) 100.0 (42.0-280.0) 85.0 (40.0-200.0)
No. of participants®
1-100 17 726/28 467 (62.3) 5597/7728 (72.4) 1331/2569 (51.8) 1494/2675 (55.8)
101-1000 9629/28 467 (33.8) 1937/7728 (25.1) 1041/2569 (40.5) 1086/2675 (40.6)
>1000 1103/28 467 (3.9) 194/7728 (2.5) 197/2569 (7.7) 95/2675 (3.6)
Sex, %
Female only 3730/40970 (9.1) 1240/8992 (13.8) 68/3437 (2.0) 215/3695 (5.8)
Male only 2228/40970 (5.4) 542/8992 (6.0) 120/3437 (3.5) 170/3695 (4.6)
Both 35012/40970 (85.5) 7210/8992 (80.2) 3249/3437 (94.5) 3310/3695 (89.6)
Includes children (<18'y) 7113/40970 (17.4) 1015/8992 (11.3) 362/3437 (10.5) 663/3695 (17.9)
Excludes elderly (>65y) 13047/40970 (31.8) 727/8992 (8.1) 458/3437 (13.3) 2071/3695 (56.0)
Regional distribution®:
Africa 817/37520 (2.2) 76/8358 (0.9) 53/3164 (1.7) 43/3384 (1.3)
Asia and Pacific 5768/37 520 (15.4) 1347/8358 (16.1) 538/3164 (17.0) 361/3384 (10.7)
Central and South America 1793/37 520 (4.8) 211/8358 (2.5) 172/3164 (5.4) 111/3384 (3.3)
Europe 11311/37 520 (30.1) 2308/8358 (27.6) 1261/3164 (39.9) 707/3384 (20.9)
Middle East 1545/37 520 (4.1) 204/8358 (2.4) 134/3164 (4.2) 127/3384 (3.8)
North America 21581/37 520 (57.5) 5445/8358 (65.1) 1516/3164 (47.9) 2338/3384 (69.1)
Interventional group
Single group 12144/38969 (31.2) 4822/7451 (64.7) 890/3394 (26.2) 754/3620 (20.8)
Parallel 21782/38969 (55.9) 2422/7451 (32.5) 2145/3394 (63.2) 2386/3620 (65.9)
Crossover 4351/38969 (11.2) 140/7451 (1.9) 205/3394 (8.7) 353/3620 (9.8)
Factorial 692/38969 (1.8) 67/7451 (0.9) 64/3394 (1.9) 127/3620 (3.5)
Missing 2001/40970 (4.9) 1541/8992 (17.1) 43/3437 (1.3) 75/3695 (2.0)
Blinding
Open 22234/39871 (55.8) 7342/8386 (87.6) 1731/3394 (51.0) 1451/3629 (40.0)
Single blind 4457/39871 (11.2) 288/8386 (3.4) 484/3394 (14.3) 538/3629 (14.8)
Double blind 13180/39871 (33.1) 756/8386 (9.0) 1179/3394 (34.7) 1640/3629 (45.2)
Missing 1099/40970 (2.7) 606/8992 (6.7) 43/3437 (1.3) 66/3695 (1.8)
Allocation
Randomized 27 027/39240 (68.9) 2919/8035 (36.3) 2481/3366 (73.7) 2893/3612 (80.1)
Nonrandomized 12213/39240 (31.1) 5116/8035 (63.7) 885/3366 (26.3) 719/3612 (19.9)
Missing 1730/40970 (4.2) 957/8992 (10.6) 71/3437 (2.1) 83/3695 (2.2)
Phase
0 316/40970 (0.8) 69/8992 (0.8) 29/3437 (0.8) 47/3695 (1.3)
1 6222/40970 (15.2) 1884/8992 (21.0) 210/3437 (6.1) 391/3695 (10.6)
1/2 2105/40970 (5.1) 950/8992 (10.6) 109/3437 (3.2) 124/3695 (3.4)
2 8484/40970 (20.7) 3436/8992 (38.2) 471/3437 (13.7) 678/3695 (18.3)
2/3 1055/40970 (2.6) 124/8992 (1.4) 113/3437 (3.3) 118/3695 (3.2)
3 6197/40970 (15.1) 1025/8992 (11.4) 531/3437 (15.4) 559/3695 (15.1)
4 5559/40970 (13.6) 234/8992 (2.6) 761/3437 (22.1) 584/3695 (15.8)
NA 11032/40970 (26.9) 1270/8992 (14.1) 1213/3437 (35.3) 1194/3695 (32.3)
Study has DMCH 13644/33615 (40.6) 3322/6316 (52.6) 1578/3125 (50.5) 1334/3189 (41.8)

Abbreviations: DMC, data monitoring committee; IQR, interquartile range; NA, not applicable.

@Denominators represent number of trials with information available on enroliment. Out of 40 970 trials, 756 (1.8%) were missing information on enroliment or on whether it was actual or
anticipated; 107/8992 (1.2%) oncology trials, 30/3437 (1.7 %) cardiovascular trials, and 43/3695 (1.2%) mental health trials were missing information on enrollment or on whether it was
actual or anticipated.

Denominators represent number of trials with information available on region. Out of 40970 trials, 3450 (8.4%) were missing region information; 634/8992 (7.1%) of oncology trials,

273/3437 (7.9%) of cardiovascular trials, and 311/3695 (8.4%) mental health trials were missing region information.

CPercentages may not sum to 100% as categories are not mutually exclusive.

dDenominators represent number of clinical trials that reported information on DMCs. Out of 40 970 trials, 7355 (18.0%) were missing information on DMC status; 2676/8992 (29.8%)

oncology trials, 312/3437 (9.1%) cardiovascular trials, and 506/3695 (13.7%) mental health trials were missing DMC information.
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n=17592) with 16 674 (44%) funded by
industry, 3254 (9%) funded by the NIH,
and 757 (2.0%) funded by other US
federal agencies. The majority of trials
were single site (24 788, 66%); 12 732
(34%) were multisite trials. The largest
proportion of trials (39%, 14 637/
37 520) comprised single-site trials that
were not funded by the NIH or by in-
dustry (see eTable 2; note: this ex-
cluded 3450 trials [8%] with missing data
on facility location). These single-site
trials not funded by the NIH or indus-
try were typically small: approximately
70% had enrolled or planned to enroll
fewer than 100 participants. They were
characterized primarily by North Ameri-
can (46.1%) and European (30.1%) rep-
resentation. Industry-funded multi-
center trials included Asian and Pacific
sites in 27% of trials and European sites
in41.2% of trials, with 33.4% of trials not
involving any North American sites.

Regression analyses comparing trial
characteristics as they relate to use of
DMCs, blinding, and randomization are
displayed in TABLE 4. Compared with
trials in which industry was the lead
sponsor, other types of lead sponsors
were more likely to report use of DMCs
with DMCs most common among NIH-
sponsored trials (adjusted OR, 9.09;
95% CI, 7.28-11.34). Reported use of
DMCs was less common in industry-
sponsored vs NIH-sponsored trials (ad-
justed OR, 0.11; 95% CI, 0.09-0.14).
Relative to phase 3 trials, earlier- and
later-phase trials were less likely to re-
port use of DMCs (adjusted OR, 0.83;
95% CI, 0.76-0.91 [earlier phase]; ad-
justed OR, 0.52; 95% CI, 0.47-0.58
[later phase]). Compared with cardio-
vascular and oncology trials, mental
health trials were less likely to report
use of DMCs. When compared with
trials evaluating drugs or biologics, trials

of behavioral interventions were less
likely to report use of DMCs.

There were small differences in re-
porting of blinding or randomization by
different lead sponsor organizations. For
example, trials in which a US federal
agency (excluding the NIH) or another
sponsor was the lead sponsor were less
likely to report use of blinding (ad-
justed OR, 0.65;95% CI, 0.51-0.83; and
adjusted OR, 0.90; 95% CI, 0.84-0.96, re-
spectively). Relative to phase 3 trials, ear-
lier- and later-phase trials were also less
likely to report use of blinding (ad-
justed OR, 0.66; 95% CI, 0.60-0.72 [ear-
lier phase]; adjusted OR, 0.50; 95% CI,
0.45-0.55 [later phase]) and randomiza-
tion (adjusted OR, 0.28; 95% CI, 0.25-
0.31[earlier phase]; adjusted OR, 0.37;
95% CI, 0.33-0.42 [later phase]). On-
cology trials were less likely to use ran-
domization (adjusted OR, 0.20; 95% CI,
0.19-0.22) and blinding (adjusted OR,

]
Table 4. Regression Analyses of Interventional Trials Registered in ClinicalTrials.gov, October 2007-September 2010, and the Reported Use of

DMC, Blinding, and Randomization

Adjusted OR (95% Cl)

Variable DMC Va{I)ue Blinding Va’Tue Randomization Veﬁue
Sponsoring agency (vs industry)
NIH 9.087 (7.279-11.343) <.001 1.055 (0.880-1.265) .02 1.337 (1.061-1.685) .02
Other 2.984 (2.773-3.211) .07 0.895 (0.836-0.959) .80 1.031 (0.959-1.109) .39
US federal 2174 (1.697-2.784) .01 0.653 (0.512-0.831) <.001 0.975 (0.727-1.308) .38
Study phase (vs phase 3)
NA 0.503 (0.452-0.559) <.001 0.539 (0.487-0.598) <.001 0.365 (0.322-0.413) 71
0 0.623 (0.440-0.881) .25 0.622 (0.432-0.895) 77 0.200 (0.136-0.295) <.001
1 0.685 (0.607-0.772) A1 0.382 (0.341-0.428) <.001 0.162 (0.143-0.183) <.001
1/2 0.961 (0.830-1.113) <.001 0.516 (0.442-0.601) <.001 0.185 (0.159-0.216) <.001
2 0.868 (0.786-0.958) <.001 0.843 (0.767-0.926) <.001 0.362 (0.325-0.404) .80
2/3 0.974 (0.808-1.174) <.001 1.172 (0.968-1.419) <.001 0.917 (0.712-1.179) <.001
4 0.525 (0.470-0.588) <.001 0.502 (0.453-0.555) <.001 0.375 (0.331-0.425) .35
Study size (per 1000 additional participants) 1.030 (1.009-1.051) .004 1.005 (0.993-1.018) 40 1.022 (1.000-1.045) .05
Cardiovascular (yes vs no) 1.745 (1.583-1.923) <.001 0.966 (0.881-1.060) A7 0.970 (0.869-1.081) .58
Oncology (yes vs no) 1.591 (1.470-1.723) <.001 0.102 (0.093-0.112) <.001 0.202 (0.187-0.218) <.001
Mental health (yes vs no) 1.079 (0.976-1.194) 14 1.428 (1.299-1.569) <.001 1.026 (0.915-1.151) .66
Intervention type (vs drug or biological)
Behavioral 0.691 (0.611-0.782) <.001 0.629 (0.558-0.710) <.001 3.216 (2.691-3.844) <.001
Dietary supplement 0.901 (0.763-1.064) .88 2.945 (2.449-3.541) <.001 2.651 (2.097-3.352) <.001
Other 0.900 (0.797-1.016) .86 0.669 (0.591-0.758) <.001 1.078 (0.944-1.231) <.001
Procedure/device 1.009 (0.926-1.100) <.001 0.513(0.471-0.558) <.001 0.756 (0.692-0.825) <.001
Start year (increment of 1) 1.063 (1.049-1.078) <.001 1.023 (1.012-1.035) <.001 1.005 (0.993-1.018) 41
Primary category (vs treatment)
Diagnostic 0.639 (0.542-0.754) <.001 0.569 (0.477-0.679) <.001 0.229 (0.193-0.270) <.001
Other 0.737 (0.659-0.823) <.001 1.112 (1.000-1.237) <.001 1.013 (0.900-1.140) <.001
Prevention 1.172 (1.058-1.299) <.001 1.151 (1.045-1.268) <.001 1.449 (1.282-1.638) <.001

Abbreviations: DMC, data monitoring committee; NA, not applicable; NIH, National Institutes of Health; OR, odds ratio.
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0.10; 95% CI, 0.09-0.11) while mental
health trials were not more likely to use
randomization (adjusted OR, 1.03;95%
CI, 0.92-1.15) but were more likely to
use blinding (adjusted OR, 1.43;95% CI,
1.30-1.57). When compared with trials
evaluating drugs or biologics, trials of be-
havioral interventions were less likely to
report use of blinding (adjusted OR, 0.63;
95% (I, 0.56-0.71) but more likely to use
randomization (adjusted OR, 3.22; 95%
CI, 2.69-3.84). Trials of dietary supple-
ments were more likely to use blinding
(adjusted OR, 2.95; 95% CI, 2.45-3.54)
and randomization (adjusted OR, 2.65;
95% ClI, 2.10-3.35) and procedure and
device trials were less likely to use blind-
ing (adjusted OR, 0.51; 95% ClI, 0.47-
0.56) and randomization (adjusted OR,
0.76; 95% CI, 0.69-0.83).

More recent trials (reference: per
1-year increment) were more likely to
report use of DMCs (adjusted OR, 1.06;
95% CI, 1.05-1.08) and blinding (ad-
justed OR, 1.02;95% CI, 1.01-1.04) but
no more likely to use randomization
(adjusted OR, 1.01; 95% CI, 0.99-
1.02). Larger trials were more likely to
report use of DMCs (adjusted OR, 1.03;
95% CI, 1.01-1.05) and randomiza-
tion (adjusted OR, 1.02;95% CI, 1.00-
1.05). Diagnostic trials were less likely
to report use of all 3 methods (DMCs:
adjusted OR, 0.64; 95% CI, 0.54-0.75;
blinding: adjusted OR, 0.57; 95% CI,
0.48-0.68; randomization: adjusted OR,
0.23;95% CI, 0.19-0.27) while preven-
tion trials were more likely to use all 3
compared with treatment trials (DMCs:
adjusted OR, 1.17;95% CI, 1.06-1.30;
blinding: adjusted OR, 1.15; 95% CI,
1.05-1.27; randomization: adjusted OR,
1.45; 95% CI, 1.28-1.64). Finally, an
analysis of blinding using only random-
ized trials produced results similar to
the blinding analysis using all inter-
ventional trials, and oncology trials in
particular were less likely to report use
of blinding in the context of a random-
ized design (x*=933; P<.001).

COMMENT

Clinical studies registered in the
ClinicalTrials.gov database are domi-
nated by small, single-center trials, many

CLINICAL TRIALS REGISTERED IN CLINICALTRIALS.GOV

of which are not funded by the NIH or
industry. Many registered trials contain
significant heterogeneity in methodologi-
cal approaches, including reported use
of randomization, blinding, and DMCs.
Although ClinicalTrials.gov has a num-
ber of limitations, it is the largest aggre-
gate resource for informing policy analy-
sis about the US clinical trials enterprise.
We anticipate that the “sunshine” on the
national clinical trials portfolio brought
about by ClinicalTrials.gov, coupled with
the greater ease of obtaining an analysis
data set from the database for AACT,"
will engender much-needed debate about
clinical trial methodologies and fund-
ing allocation.

Many of the differences noted in the
present study have been identified be-
fore and likely represent variation in ap-
propriate approaches for particular dis-
eases. Reviews of samples from the
literature in 1980% and 2000** raised
similar questions, for which this re-
port provides a contemporary and more
comprehensive sample. Despite con-
cerns previously articulated by Mein-
ert et al”® and Chan and Altman*'—
concerns that included a relatively high
prevalence of clinical trials with inad-
equate sample sizes and insufficiently
described methodologies—disparities
still remain across specialties. This in
turn raises questions about why such
heterogeneity persists, whether the
portfolio documented by this analysis
suffices to address gaps in evidence, and
the reasons underlying differences in
trial methodology. It is particularly im-
portant to identify cases in which such
methodological differences lack ad-
equate scientific justification, as they
may present an opportunity for im-
proving the public health through ad-
justments to research investment strat-
egies and methods.

Implications for Policy

and Strategy

The fact that 50% of interventional stud-
ies registered from October 2007 to Sep-
tember 2010 by design include fewer
than 70 participants may have impor-
tant policy implications. Small trials
may be appropriate in many cases (eg,

©2012 American Medical Association. All rights reserved.

earlier-phase drug evaluations, or in-
vestigations of biological or behav-
ioral mechanisms, rather than clinical
outcomes). Particularly in oncology,
there is a growing sense that small trials
based on genetics or biomarkers can
yield definitive results.” However, small
trials are unlikely to be informative in
many other settings, such as establish-
ing the effectiveness of treatments with
modest effects and comparing effec-
tive treatments to enable better deci-
sions in practice.’** Preliminary ob-
servations suggest that many small
clinical trials were designed to enroll
more participants, raising questions
about their ultimate power (D. A. Za-
rin, MD, written communication,
March 28, 2012), but an accurate de-
piction of these issues requires a more
in-depth analysis. These findings raise
important issues that should be ad-
dressed by detailed, specialty-
oriented assessments of the utility of the
large number of small trials.

A comprehensive collection of all
clinical trials on a global basis would
enable the most effective examination
of evidence to support medical deci-
sions. The effect of the globalization of
clinical research has been debated,*->?
and emerging evidence of differential
regional involvement as a function of
therapeutic area also raises questions
relevant to policy and strategy. Al-
though the World Health Organiza-
tion (WHO) provides a portal for many
trial registries from around the world,
unacknowledged duplicate entries
make it difficult to determine a unique
list of clinical trials; in addition, the
overall data set is not available for elec-
tronic download, rendering the data un-
available for aggregate analysis.*

Attention to standards for nondrug in-
terventions (eg, biologics, devices, and
procedures) as well as study design
would also enhance the ability to de-
scribe and understand the clinical trials
enterprise.** Indeed, as Devereaux and
colleagues® point out, concepts as fun-
damental as blinding are shrouded in ter-
minological confusion and ambiguity.
Furthermore, lack of clarity surround-
ing the naming of devices and biolog-
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ics makes examination of specific medi-
cal technologies difficult.

Although the industry is the lead
sponsor in only about 36% of interven-
tional trials in this study, these ac-
counted for 59% of all trial partici-
pants. Further analysis of trials in each
specialty may help elucidate this com-
plex mix of funding, trial size, and lo-
cation so that policies might be en-
acted to improve the responsiveness of
trials to the needs of public health and
the overall research community.

Methodological differences across
therapeutic areas are also of interest.
The greater focus on earlier-phase trials
and biomarker-based personalized
medicine® may explain some of the dif-
ferences in approach evident with on-
cology trials, but substantial differ-
ences in the use of randomization and
blinding across specialties persist af-
ter adjustment for phase, raising fun-
damental questions about the ability to
draw reliable inferences from clinical
research conducted in that arena.

The reporting of use of a DMC is an
optional data element within the
ClinicalTrials.gov registry. The appro-
priate criteria for determining when a
DMC is useful or required remain con-
troversial. Yet the heterogeneity ob-
served by trial phase, disease cat-
egory, and lead sponsor category in this
study (eg, industry vs government
sponsorship) may represent an oppor-
tunity for mutual learning and com-
promise among disparate views. The
trend toward increased reporting of use
of DMCs over time in this study is no-
table, but clear policies would be use-
ful to those researchers designing trials.
For example, many different arrange-
ments can be made for monitoring
safety in clinical trials, and the cur-
rent data only reflect the presence of a
typical, well-defined DMC.

Limitations

Several limitations of our study should be
noted. First, ClinicalTrials.gov does not
includeall clinical trials. Within the United
States, legal requirements for registration
donotinclude phase 1 trials, trials not in-
volving a drug or device, and trials not
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under US jurisdiction. Also, although
many trialists from other countries use
ClinicalTrials.gov to satisfy ICMJE reg-
istration requirements,” other registries
around the world may be used.'” However,
ClinicalTrials.gov still accounts for more
than 80% ofall clinical studies in the WHO
portal, as based on comparisons of the
number of clinical studies appearing in
the ClinicalTrials.gov registry divided by
the number of unique studies appearing
in the WHO portal.

Second, there have been changes over
time in the data collected, the defini-
tions used, and the rigor with which
missing data are pursued. As de-
scribed in the “Methods” section, some
data elements were either missing or
unavailable because of practical or lo-
gistical limitations. Some of these is-
sues can be addressed by focused analy-
ses in which ancillary data sets are
created or review of primary protocols
and studies is done. In addition, the po-
tential for serious sanctions for incom-
plete data under the FDAAA may have
improved data collection for those fields
in recent years. As noted earlier, we
used the study type field from the
ClinicalTrials.gov registry to identify in-
terventional studies; however, we did
not perform additional manual screen-
ing to identify and exclude possibly mis-
classified observational studies.

Third, the need for a standard ontol-
ogy to describe clinical research remains
apressing concern. Current definitions
were developed to help individuals find
particular trials or were legally mandated
without necessarily involving experts or
allowing time for testing. Consequently,
some data remain ambiguous, compli-
cating efforts to combine and analyze re-
sultsina given therapeutic area oracross
areas. For example, the terms interven-
tional trial and clinical trial are critical
for distinguishing purely observational
studies from those that assign partici-
pants to an interventional therapy. Fur-
ther refinement of this definition’ could
be helpful to those interested in differ-
entiating high-risk invasive interventions
from low-risk interventions or distin-
guishing specific types of behavioral,
drug, or device interventions.

CONCLUSIONS

The clinical trials enterprise as revealed
by the contents of ClinicalTrials.gov is
dominated by small clinical trials and
contains significant heterogeneity in
methodological approaches, includ-
ing the use of randomization, blind-
ing, and DMCs. Our analysis raises
questions about the best methods for
generating evidence, as well as the
capacity of the clinical trials enterprise
to supply sufficient amounts of high-
quality evidence needed to ensure con-
fidence in guideline recommenda-
tions. Given the deficit in evidence to
support key decisions in clinical prac-
tice guidelines'"'? as well as concerns
about insufficient numbers of volun-
teers for trials,* the desire to provide
high-quality evidence for medical deci-
sions must include consideration of a
comprehensive redesign of the clinical
trial enterprise.
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