
Introduction
ClinicalTrials.gov is a web-based database maintained by the
National Institutes of Health and National Library of Medicine.
It is available to anyone worldwide for the registration of a clin-
ical trial. At inception of the database, the investigators were
not required to report trial results to the website. However,
this led to under-reporting of trial results. This can lead to neg-
ative consequences that include inhibiting propagation of

knowledge, limiting the understanding of how devices work, af-
fecting conclusions of meta-analyses, and failing to acknowl-
edge patient participation in helping to advance science. In
cases of therapeutic or procedural trials, not reporting negative
results or adverse events may even lead to patient harm. Selec-
tive reporting of clinical trial results or failure to report adverse
events can be due to the interests of the study sponsors [1].
Therefore, public disclosure of clinical trial results is critical to
achieving transparency [2] and is essential for ethical medical
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ABSTRACT

Background Under-reporting of clinical trial results can

lead to negative consequences that include inhibiting pro-

pagation of knowledge, limiting the understanding of how

devices work, affecting conclusions of meta-analyses, and

failing to acknowledge patient participation. Therefore clini-

cal trial transparency, through publication of trial results on

ClinicalTrials.gov or in manuscript form, is important. We

aimed to examine clinical trial transparency in endoscopic

clinical trials.

Methods The ClinicalTrials.gov database was searched for

endoscopy trials up to October 2019. Adherence to the re-

porting of results to the database or in publication form was

recorded for each trial.

Results The final analysis included 923 trials, of which 801

were completed and 122 were either terminated or suspen-

ded. Results were available either on ClinicalTrials.gov or in

publication for 751/923 trials (81.4%). Other fields have re-

ported a publication rate of 40%–63%. Results were avail-

able on ClinicalTrials.gov for 168 trials (18.2%) and in the

form of a publication for 720 trails (78.0%).

Conclusions Compared with other fields in medicine,

endoscopy clinical trials have a high rate of clinical trial

transparency. However, there is room for improvements as

close to one-fifth of trials fail to report results and 81.8% do

not report results to ClinicalTrials.gov.
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practice and population health concerns [3]. Section 801 of the
Food and Drug Administration Amendments Act (FDAAA) was
created to overcome this and expanded the legal requirements
for trial reporting at ClinicalTrials.gov. The FDAA requires the
submission of summary results data for trials registered on
ClinicalTrials.gov within 1 year of trial completion, irrespective
of peer-review publication [1, 4].

Overall, the literature has shown that trials registered on
ClinicalTrials.gov have an unacceptably low rate of adherence
to the FDAAA requirement. DeVito et al. examined 4209 such
registered trials from 2018 to 2019 [4]. The authors found that
results for only 40% of the trials were reported within the 1-year
timeline and only 64% were reported at any time. Industry
sponsors were more likely to be compliant than non-industry.
Other studies have shown similar results among clinical trials
registered at ClinicalTrials.gov [2, 5–8]. Recently our group ex-
amined the publication rates in registered gastroenterology
trials [9]. Of the 2429 trials, 1824 (75.1%, 95%CI 73.4%–76.8%)
had results available, but only 29% reported results at Clinical-
Trials.gov. We concluded that improvement in result reporting
at ClinicalTrials.gov was needed in gastroenterology.

In the aforementioned study by our group, gastrointestinal
endoscopy clinical trials were not included in the analysis.
Therefore, the extent of reporting of results for gastrointestinal
endoscopy clinical trials registered with ClinicalTrials.gov re-
mains unknown. Thus, the aim of our study was to examine
the reporting of results for endoscopy-based clinical trials on
ClinicalTrials.gov and in full publication.

Methods
Data source

The search for trials registered on ClinicalTrials.gov was con-
ducted on 30 September 2021. Trials were searched for any
endoscopic intervention. The search was conducted by a librar-
ian (S.L.T.) according to a pre-defined search strategy (see the
online-only Supplementary material).

Inclusion and exclusion criteria

All the registered trials for adults (age >18 years) marked as
completed, terminated or suspended up to 1 October 2019
were included. We allowed for a 2-year period from the time of
trial completion to allow time for reporting and publication of
the results [9, 10]. Exclusion criteria can be found in the Supple-
mentary material.

Transparency of studies and data abstraction

The type of data available in ClinicalTrials.gov can be found in
the Supplementary material. Four authors (A.R., D.W., A.R., F.
R., Y.R.) searched PubMed, Google Scholar, and Web of Science
for publication of trial results in a peer-reviewed journal using
the study title, listed investigators, clinical trial number (NCT
number), trial aim, and intervention. For trials that were initial-
ly reported as abstracts, a further search was conducted to
identify a peer-reviewed journal publication after the abstract
publication. Registered trials for which a publication could not

be found were searched by two additional authors (S.G. and A.J.
T.) to ensure a true negative result.

Definitions

Definitions used in this study can be found in the Supplemen-
tary material. Terms defined included: positive trial, interven-
tional trial, observational trial, interventions, unknown trials,
funding source, clinical end points, nonclinical end points, and
reasons for termination.

Statistical analysis

Availability of results (available vs. not available) was the de-
pendent variable of interest and all the trials included in the a-
nalysis were divided into two groups (i. e. results available and
results not available). Trial characteristics included as indepen-
dent variables in the analysis were trial end point (met vs. not
met), type of study (interventional vs. observational), study
status (completed vs. terminated or suspended), type of inter-
vention, study phase, funding source, type of study end point
(clinical vs. nonclinical), number of study sites, country of ori-
gin, and median duration of trials. Trials were divided into two
groups based on date of trial completion before or after 1 Janu-
ary 2008 to assess whether the FDAAA affected the reporting
of results at ClinicalTrials.gov. We hypothesized that any of
these variables could affect the trial result availability. Reason
for termination was analyzed separately for terminated or sus-
pended trials.

Descriptive statistics were used to analyze differences in trial
characteristics between the two study groups. Categorical vari-
ables were described as proportions and analyzed using chi-
squared test or Fisher’s exact test. Continuous variables were
described as median (interquartile range [IQR]) and analyzed
using Wilcoxon rank-sum test. Multivariate logistic regression
model with backward selection was used to analyze the effect
of various trial characteristics on result availability. Effect sizes
of variables associated with trial result availability were pres-
ented as odds ratios (OR), and precision of OR measurement
was assessed with 95%CIs. Result reporting or publication rate
for various endoscopic interventions were analyzed separately.
A two-sided P value of < 0.05 was considered significant. The
analysis was performed with SAS software, version 9.4 (SAS In-
stitute Inc., Cary, North Carolina, USA).

Results
A total of 12460 trials were found from the initial search, of
which 4276 were duplicates. Of 8184 unique registered trials,
3434 were ongoing as of 1 October 2019. Of the remaining
4750 trials, 1031 were excluded based on the study status,
446 were excluded because they were pediatric trials, 88 were
excluded because completion date was missing, and 2262 were
excluded for not being related to endoscopy. The final analysis
included 923 trials, of which 801 were completed and 122 were
either terminated or suspended (▶Fig. 1).
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Characteristics of trials with available results

Results were available either on ClinicalTrials.gov or in the form
of a publication for 751/923 trials (81.4%, 95%CI 78.7%–83.8%)
(▶Table1). Results were available on ClinicalTrials.gov for 168
trials (18.2%) and in the form of a publication for 720 trials
(78.0%). Among the 720 publications, 82 (11.4%) were ab-
stracts and 638 (88.6%) were peer-reviewed journal publica-
tions. Of the 82 abstracts, 29 (35.4%) were later published as
peer-reviewed journal articles. The primary end point was met
in 588 out of 751 trials (78.3%). Result availability on Clinical-
Trials.gov was low for positive trials compared with negative
trials (P <0.001). Result availability in the form of a publication
was high for positive trials compared with negative trials (P<
0.001). Interventional trials (573/685, 83.6%) were more likely
to have results available compared with observational trials
(178/238, 74.8%; P <0.01). Device-based trials (evaluating a
specific device) were more likely to be reported than proce-
dure-based trials (evaluating a new procedure using known
endoscopic tools) (P<0.001). Results were more likely to be
available for multicenter trials compared with single-center
trials (P<0.01) or trials without known status of study sites (P=
0.03). Trials registered from Europe (245/292, 83.9%) and Asia
(171/195, 87.7%) were more likely to report results than trials
registered from North America (269/352, 76.4; P=0.01). There

were no other differences noted in trial results reporting by
country of trial registration. Completion date before or after 1
January 2008, funding source, type of end point, or trial dura-
tion did not affect result availability (▶Table 1). Reason for ter-
mination did not affect result availability of the terminated
trials (▶Table1).

Result availability by type of endoscopy-based trials

Result availability by various types of endoscopy-based trials
was assessed (▶Table 2) and there was no statistically signifi-
cant difference between any two groups (P=0.17).

Logistic regression

Logistic regression showed that result availability was higher
for completed trials than for terminated or suspended trials
(OR 7.58, 95%CI 4.86–11.83; P<0.001) (▶Table 3). Trials with
device-based interventions (OR 5.65, 95%CI 3.18–10.02; P<
0.01), procedure-based interventions (OR 3.47, 95%CI 2.02–
5.99; P<0.001), drug-based interventions (OR 6.95, 95%CI
2.97–16.26; P=0.01), and miscellaneous (OR 3.28, 95%CI
1.62–6.68; P <0.001) interventions were more likely to be re-
ported than trials with unknown interventions. Phase III (OR
3.46, 95%CI 1.19–10.05; P=0.02) or IV (OR 3.24, 95%CI 1.04–
10.11; P=0.02) trials and trials with phase status listed as not

Duplicates (n = 4276) Records identified through database searching
(n = 12460)

Ongoing trials as of 1 Oct 2019 (n = 3434) Records after duplicates removed (n = 8184)

Trials with children excluded (n = 446) Eligible study status (n = 3719)

Completion date not available (n = 88) Trials with adults (n = 3273)

Trials without any endoscopic intervention (n = 2262) Completion date available (n = 3185)

Trials included in final analysis (n = 923)

Completed trials
(n = 801)

Terminated or 
suspended trials 

(n = 122)

Excluded based on study status (n = 1031)
Active, not recruiting (n = 7)
Available (n = 7)
No longer available (n = 1)
Not yet recruiting (n = 2)
Recruiting (n = 7)
Temporarily not available (n = 1)
Unknown status (n = 844)
Withdrawn (n = 162)

Screened for eligibility (n = 4750)
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▶ Fig. 1 Flow diagram showing search results, details of included and excluded trials.
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▶Table 1 Characteristics of trials by result availability.

Total trials (n=923) Results available (n=751) Results not available

(n=172)

P value

Study date, n (%)

▪ Before 1 January 2008 47 (78.3) 13 (21.7) 0.53

▪ After 1 January 2008 704 (81.6) 159 (18.4)

Primary end point met, n (%) Yes (n =588) No (n =163) –

On ClinicalTrials.gov < 0.001

▪ Yes 115 (19.6) 53 (32.5)

▪ No 473 (80.4) 110 (67.5)

In publication < 0.001

▪ Yes 583 (99.2) 137 (84.0)

▪ No 5 (0.8) 26 (16.0)

Study type, n (%) < 0.01

▪ Interventional 573 (83.6) 112 (16.4)

▪ Observational 178 (74.8) 60 (25.2)

Study status, n (%) < 0.001

▪ Completed 689 (86.0) 112 (14.0)

▪ Terminated or suspended 62 (50.8) 60 (49.2)

Intervention, n (%) < 0.001

▪ Procedure 231 (80.5) 56 (19.5)

▪ Device 268 (87.6) 38 (12.4)

▪ Drug 101 (82.8) 21 (17.2)

▪ Miscellaneous 84 (83.2) 17 (16.8)

▪ Unknown 67 (62.6) 40 (37.4)

Phase, n (%) 0.09

▪ I 19 (66.3) 11 (36.7)

▪ II 31 (79.5) 8 (20.5)

▪ III 66 (83.5) 13 (16.5)

▪ IV 53 (86.9) 8 (13.1)

▪ Not known/not applicable 575 (81.9) 127 (18.1)

Funding source, n (%) 0.48

▪ NIH or federal 37 (78.7) 10 (21.3)

▪ Industry 152 (78.8) 41 (21.2)

▪ Other 562 (82.3) 121 (17.7)

End point, n (%) 0.33

▪ Clinical 681 (90.7) 70 (9.3)

▪ Nonclinical 160 (93.0) 12 (7.0)

Centers, n (%) < 0.01

▪ Single 504 (79.4) 131 (20.6)

▪ Multiple 245 (86.6) 38 (13.4)

▪ Not known 2 (40.0) 3 (60.0)

Garg Shashank et al. Clinical trial transparency… Endoscopy 2023; 55: 36–41 | © 2022. Thieme. All rights reserved. 39

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



known or not applicable (OR 4.07, 95%CI 1.58–10.49; P=0.02)
were more likely to have result availability than phase I trials.
Multicenter trials were more likely to have result availability
than trials with unknown status of study sites (OR 16.67, 95%CI
1.30–213.49; P=0.02).

Discussion
In this study, we examined the rate of result availability for gas-
trointestinal endoscopy-based trials registered with Clinical-
Trials.gov. Transparency in endoscopy clinical trials is extremely
important given the invasive nature of the trials. It is important
for the community to be aware of devices that did not meet pri-
mary end points or that had unintended adverse events, so that
these trials are not repeated and cause undue harm to patients.
Overall we found 81.4% of included trials had available results.
Overall this rate is higher that the result availability rate for
clinical trials in general gastroenterology (75%) and other fields

(ranging from 40% to 63%) [3, 9–11]. However close to 20% of
completed trials did not have any results published in a journal
or reported on ClinicalTrials.gov, and thus there is room for im-
provement. We did find certain factors associated with higher
result availability, namely completed trials, trials with well-de-

▶Table 1 (Continuation)

Total trials (n=923) Results available (n=751) Results not available

(n=172)

P value

Country of trial origin, n (%) 0.01

▪ North America 269 (76.4) 83 (23.6)

▪ Europe 245 (83.9) 47 (16.1)

▪ Asia 171 (87.7) 24 (12.3)

▪ Other 32 (76.2) 10 (23.8)

▪ Multiple countries 33 (82.5) 7 (17.5)

Trial duration, median (IQR), days 760 (427–1280) 912.5 (441.5–1432.50) 0.09

Reason for termination for terminated or suspended trials (n = 122), n (%) 0.06

▪ Enrollment issues 19 (41.3) 27 (58.7)

▪ Safety concern, adverse events, in-
terim analysis

13 (81.2) 3 (18.8)

▪ Medical futility or lack of efficacy 9 (60.00) 6 (40.0)

▪ Issues related to funding, personnel,
supplies, local or federal regulation

14 (51.8) 13 (48.2)

▪ Unclear 7 (38.9) 11 (61.1)

NIH, National Institutes of Health; IQR, interquartile range.

▶Table 2 Result availability by specific gastrointestinal endoscopy
type included in the study.

Type of endoscopy-based trials Result availability,

n/N (%)

1. Esophagogastroduodenoscopy 201/261 (77.0)

2. Colonoscopy 215/255 (84.3)

3. Small-bowel endoscopy 81/99 (81.8)

4. Pancreaticobiliary 254/308 (82.5)

▶Table 3 Logistic regression model for trial characteristics affecting
trial result availability.

Trial characteristics OR (95%CI) P value

Completed vs. terminated or
suspended trials

7.58 (4.86–11.83) < 0.001

Interventions

▪ Device vs. unknown 5.65 (3.18–10.02) < 0.01

▪ Procedure vs. unknown 3.47 (2.02–5.99) < 0.001

▪ Drug vs. unknown 6.95 (2.97–16.26) 0.01

▪ Miscellaneous vs. unknown 3.28 (1.62–6.68) < 0.001

Phase

▪ III vs I 3.46 (1.19–10.05) 0.02

▪ IV vs I 3.24 (1.04–10.11) 0.02

▪ Not known/ not applicable vs. I 4.07 (1.58–10.49) 0.02

Center

▪ Multicenter vs. unknown study
site status

16.67
(1.30–213.49)

0.02

OR, odds ratio.
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fined interventions (i. e. devices, procedure or drugs), phase 3
or phase 4 trials, and multicenter trials. Of these, the associa-
tions for completed trials and interventional trials were strong
and precise (OR>3 with narrow 95%CsI), whereas associations
with trial phase and study sites were weak and imprecise (OR
close to 1 and very wide 95%CIs). The latter could be due to
small sample size or chance associations.

Despite the encouraging high publication rate, only 18% of
study results were reported to the ClinicalTrials.gov website.
Ideally, this should be 100% as trials that do not report results
are not compliant with federal law. It is important for the
endoscopy community to have ease of access to clinical trial
protocols and results in one easy-to-find location, without hav-
ing to perform a separate search for a publication in a journal.
In addition, ClinicalTrials.gov is freely available whereas many
publications require a subscription or charge for their articles
to be viewed.

Endoscopy clinical trial transparency can improve through
the following mechanisms. Individuals who perform research
should be aware of the FDAAA requirement and adhere to it. In-
stitutions should monitor the ClinicalTrials.gov page for trials
performed at their institutions and ensure the trials are upda-
ted. Journals could require the ClincialTrials.gov page (or
equivalent trial reporting website) to be updated prior to sub-
mission of the trial manuscript. Finally, the government could
implement enforcement policies that all clinical trials conduct-
ed adhere to the FDAAA regulations.

Our study does have limitations. We chose to evaluate only
the ClinicalTrials.gov database to examine registered clinical
trial result reporting in endoscopy. There are other databases
used outside the United States that were not included in this
study and such databases could be studied to assess result
availability rates in other countries. However, over 48% (448/
923) of the trials included in the current study originated from
outside the USA and no difference in result reporting was noted
between countries on multivariate logistic regression. Despite a
detailed search, it is possible that a publication could have been
missed, which would introduce bias and a lower publication
rate. However, this is unlikely to change the overall message
given the high publication rate found. Finally, it is possible that
our search missed trials focused on endoscopy.

In conclusion, we found endoscopy trials registered on Clin-
icalTrials.gov to have higher publication rates compared with
other fields (81%). However, there is room for improvement
for publication of trials results in any form (19% of trials), and

for publication of trial results specifically to the ClinicalTrials.
gov database (81.8% of trials). With greater awareness for this
requirement by researchers and enforcement by institutions,
journals, and the government, higher reporting rates (and
thus greater clinical trial transparency) would be expected.
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