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Objective: To characterize otologic clinical trials and examine otologic clinical trial trends from 2008 to
2018 using the clinicaltrials.gov database.
Methods: Data was collected from clinicaltrials.gov and included all clinical trials that focused on otology
from 2008 to 2018. Outcome measures include status of trials, funding sources, details regarding otologic
conditions studied, and trends in clinical trials.
Results: There were 992 otology clinical trials from 2008 to 2018.457 (46.1%) were completed and 94
(9.5%) were discontinued. Industry remained the highest (76.5%) contributor to otology clinical trials. The
otologic conditions studied, from most common to least common, include hearing loss (40.6%), vesti-
bulopathy (18.8%), tinnitus (18.8%), and otitis media (15.1%). The number of otology clinical trials
increased by an average of 12.0 trials per year from 2008 to 2018 (p < 0.001). The number of otology
clinical trials focusing on hearing loss and vestibulopathy significantly increased over the studied period
(p < 0.001), while those focusing on tinnitus and otitis media did not (p ¼ 0.09 and p ¼ 0.20, respec-
tively). The majority of clinical trials on each of these four conditions focused on treatment options.
Conclusion: Our study describes trends in otology clinical trials registered on clinicaltrials.gov from 2008
through 2018. The total number of clinical trials over this time period increased significantly, driven by
trials investigating hearing loss and vestibulopathy. Furthermore, most clinical trials were industry-
sponsored and focused on treatment modalities. Our study provides an outline of otology clinical tri-
als registered in a US web-based database, which may be of use for the development of future clinical
trials.

© 2020 PLA General Hospital Department of Otolaryngology Head and Neck Surgery. Production and
hosting by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Otologic complaints, such as hearing loss, tinnitus and otitis
media, are very commonplace in our society and can place a sig-
nificant burden on emergency departments (ED) in the United
States. According to the National Hospital Ambulatory Medical Care
Survey, over 2 million patients were seen in an ED for otitis media
and eustachian tube disorders in 2010 alone which accounts for
1.0% of all adult and 6.8% of all pediatric ED visits (Kozin et al., 2015).
Hearing loss alone is the most common sensory impairment
worldwide affecting greater than one-half of a billion individuals
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(Brown et al., 2018). The economic burden of this is significant in
the United States, with costs associated with hearing loss approach
175 billion US dollars each year (Brown et al., 2018). Hearing loss
has also been shown to be a modifiable risk factor for dementia,
falls, depression, social isolation, unemployment, and functional
dependence in the older population (Ramsey et al., 2018).
Furthermore, Agrawal et al. demonstrated that the lifetime cost of
vestibular diseases in patients older than 60 in the US is 227 billion
dollars (Agrawal et al., 2018).

In an effort to reduce this economic burden and improve hear-
ing health, further inquiry is needed to guide the scientific com-
munity on the gaps in otologic research. Our objective for this study
was to characterize otologic clinical trials and examine otologic
clinical trial trends from 2008 to 2018 using the clinicaltrials.gov
database.
rgery. Production and hosting by Elsevier (Singapore) Pte Ltd. This is an open access
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2. Methods

The data for this study was collected from clinicaltrials.gov, a
United States (US) web-based resource funded by the US National
Institutes of Health (NIH) that provides information on past and
current clinical trials on human volunteers. Our comprehensive
database was compiled to include all otologic clinical trials on
clinicaltrials.gov from 2008 to 2018. Our search terms included
“otology” and “neurotology”. The requirement to register clinical
trials conducted in the US on clinicaltrials.gov occurred in 2007, so
we used 2008 as the starting time point when compiling our
database. Clinical trials conducted outside the US are not required
to register on clinicaltrials.gov, however, this does not prevent them
from doing so. Studies based outside the US that were registered on
clinicaltrials.gov were included in our study in addition to the US-
based studies. Trials posted prior to January 1, 2008 or after
December 31, 2018, or those that did not focus on otologic condi-
tions were excluded. We recorded the following variables as they
pertained to each clinical trial: trial status, results status, funding
source(s), study design, otologic condition studied, number of
participants, and study focus. We manually reviewed and recorded
study parameters that were not automatically populated into our
database by clinicaltrials.gov to ensure accuracy and consistency.

Descriptive statistics were used to analyze categorical variables.
Study variables that did not fit into any of the most common sub-
categories were subcategorized as “other” on each table. Simple
linear regression was used to analyze trends of otologic clinical
studies from 2008 to 2018. Such trends were represented graphi-
cally and were determined to be statistically significant at the
p < 0.05 level.
3. Results

There were 992 otology clinical trials, dating from 2008 to 2018,
that met the criteria for analysis. Table 1 highlights the general
characteristics of the trials included in this study. Of these trials,
457 (46.1%) were completed, 94 (9.5%) were discontinued and 286
(28.8%) were ongoing. The otologic conditions studied, from most
Table 1
General characteristics of otologic clinical trials listed on clinicaltrials.gov from 2008
to 2018.

Status of trial Complete 46.1%
Discontinued 9.5%
Ongoing 28.8%
Unknown 10.7%

Otologic condition studied Hearing loss 40.6%
Vestibulopathy 18.8%
Tinnitus 18.8%
Otitis media 15.1%
Other 6.6%

Results posted Yes 11.8%
No 88.2%

Number of participants in trial <50 46.8%
51e100 21.1%
101e150 6.4%
151e200 6.9%
>200 14.7%

Funding source Industry 76.5%
NIH 12.6%
Federal 10.9%

Randomized Yes 50.1%
No 49.9%

Study Design Single-blinded 11.3%
Double-blinded 9.2%
Triple-blinded 6.6%
Quadruple-blinded 8.0%
Other 65.0%
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common to least common, include hearing loss (40.6%), vestibul-
opathy (18.8%), tinnitus (18.8%), and otitis media (15.1%). Industry
represented the funding source for the majority of trials (76.5%). Of
the 992 clinical trials, 50.1% were randomized and 35.0% were
blinded.

Table 2 highlights the study focus and treatment categories
examined in these trials. In all four of the common otologic con-
ditions studied, the study focus was onmainly on treatment (rather
than prevention, risk factors, diagnosis, epidemiology, and etiol-
ogy). Device treatments were most commonly investigated in
hearing loss trials (63.6%) and tinnitus trials (50.7%). However,
medication treatments were most commonly investigated in ves-
tibulopathy trials (44.0%) and otitis media trials (54.8%).

Our data illustrates a steady increase in the number of clinical
trials in otology reported on clinicaltrials.gov, with Fig. 1 demon-
strating an average increase of 12.0 trials per year from 2008 to
2018 (p< 0.001). The trends in disease focus of otology clinical trials
from the years 2008e2018 are summarized in Fig. 2. The number of
clinical trials focusing on hearing loss increased by an average of 6.6
trials per year from 2008 to 2018 (p < 0.001). The number of clinical
trials focusing on vestibulopathy has increased by an average of 2.6
trials per year from 2008 to 2018 (p < 0.001). The number of clinical
trials focusing on tinnitus or otitis media did not significantly
change from 2008 to 2018 (increased by an average of 0.7 trials per
year, p ¼ 0.09 and increased by an average of 0.6 trials per year,
p ¼ 0.20, respectively).

4. Discussion

In order to improve clinical care for patients with otologic
conditions, it is imperative that clinical trials are developed,
completed, and disseminated to the public and healthcare pro-
fessionals in a timely fashion. In this review, we highlighted sig-
nificant trends in the focuses of clinical trials in otology registered
on clinicaltrials.gov, a US web-based database funded by the US
NIH. This is the first analysis, to our knowledge, to comprehensively
characterize the scope of all otology clinical trials registered on
clinicaltrials.gov. It also exposes gaps and redundancies in otologic
research in order to offer a framework for future clinical trials. As
funding and resources for otologic research are finite, physicians
should carefully select topics for clinical trials with the aim of
maximizing potential patient benefit.

A notable portion of the studies (9.5%) were discontinued. This is
problematic because reporting causes for trial discontinuation is
important for informing the design of and resource allocation for
future trials. In our study, the reasons for study discontinuation
were unclear. Some potential causes include recruitment failure,
trial adverse events and institutional staff changes. In a study by
Briel M et al., there were 28 reasons for recruitment failurewith the
most common being overestimation of prevalence of eligible par-
ticipants and prejudiced views of recruiters and participants (Briel
et al., 2016; Johnson et al., 2019). Therefore, clinical trials should
plan protocols carefully to avoid waste of medical resources. Ideally,
this planning should focus on estimating the number of eligible
participants in a given population so as to ensure an adequately
powered study.

In our study, we found that industry (76.5%) was the highest
contributor to otology clinical trials, and this remained constant
during the studied time interval. Multiple studies have shown that
industry funded trials are more likely to produce positive results
and more frequently compare their products to placebo instead of
pre-existing drugs or devices available on the market. Among the
various subspecialties within otolaryngology, otology ranks second
highest in payments from industry based on the Centers for
Medicare & Medicaid Services Open Payments. Therefore,
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Table 2
Study focus and treatment options examined in otologic clinical trials listed on clinicaltrials.gov from 2008 to 2018.

Type of Study Type of Treatment

Diagnosis
(%)

Etiology
(%)

Prevention
(%)

Risk Factors
(%)

Epidemiology
(%)

Treatment
(%)

Behavioral
(%)

Medication
(%)

Device
(%)

Procedure
(%)

Hearing Loss (n ¼ 264) 8.5 4.2 4.2 2.7 0.5 78.3 19.7 12.1 63.6 4.6
Vestibulopathy

(n ¼ 116)
11.5 4.2 0.0 2.4 0.0 77.7 23.3 44.0 15.5 17.2

Tinnitus (n ¼ 136) 4.6 3.5 0.6 0.6 0.6 82.7 17.7 22.1 50.7 9.6
Otitis Media (n ¼ 93) 8.9 8.2 11.9 3.7 1.5 63.0 0.0 54.8 31.2 14.0
Total (n ¼ 992) 8.4 5.0 4.2 2.4 0.7 75.4 13.7 33.3 40.3 11.4

Fig. 1. Trends of Otology Clinical Trials from 2008 to 2018. The number of clinical trials
conducted from 2008 to 2018 increased by an average of 12.0 trials per year
(p < 0.001).
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otologists should be aware that industry involvement may affect
their practice patterns and publication bias (Cho and Bero, 1996;
Davidson, 1986; Morse et al., 2018; Rochon et al., 1994). In the
United States, the industry contributes enormously to developing
new drugs and devices, with an average of 75% of all clinical trial
funding coming from industry (Bodenheimer, 2000). Drugs devel-
oped by the industry play a significant role to the growth and
advancement of medicine. Physicians employed by the industry
have an important task of evaluating drug safety and efficacy prior
to their introduction to the market.
Fig. 2. Trends in otologic disease studies from 2008 to 2018. The number of studies focusi
number of clinical trials focusing on vestibulopathy increased by an average of 2.6 trials per y
significantly change from 2008 to 2018 (increased by an average of 0.7 trials per year, p ¼
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It is important to determine whether the focus of clinical trials
reflects the prevalence of disorders most commonly seen. The
greatest portion of otology clinical trials we found focused on
hearing loss, followed by vestibulopathy, tinnitus, and otitis media.
These diseases continue to impact patient quality of life and carry a
significant financial burden (Roche et al., 2013; Shekelle et al.,
2002). The shift in focus of clinical trials towards hearing loss
could potentially be explained by newer technologies geared to-
ward hearing rehabilitation (i.e. cochlear implants). The continued
demands for improvements in design and expansion in candidacy
in cochlear implant likely contribute to this rising trend (Boerner
et al., 2018; Ear Foundation, 2020; Leigh et al., 2013, 2016).

Additionally, our study found that the number of otitis media
clinical trials has not increased, despite its contribution to a sig-
nificant proportion of otologic ED visits each year. This may be due
to a shift in focus to other ear diseases that deserve further
research, such as vestibular migraines or temporal bone encepha-
loceles, or because the otologic community has reasoned that otitis
media has been studied redundantly. Such redundancy could create
waste and divert resources away from important groundbreaking
studies. If researchers are interested in studying otitis media, they
may consider examining prevention techniques and non-
medication therapies as previous clinical trials have not focused
on this. Similarly, tinnitus affects up to 30% of adults above 55 years
old and was the most common service-related disability among
veterans in 2013, but currently treatment approaches are unsatis-
factory. The static trends of tinnitus clinical trials found in our study
are concerning; therefore, studies on tinnitus treatment, perhaps
ng on hearing loss increased by an average of 6.6 trials per year (p < 0.001), and the
ear (p < 0.001). The number of clinical trials focusing on tinnitus or otitis media did not
0.09 and increased by an average of 0.6 trials per year, p ¼ 0.20, respectively).
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those focused on procedure or behavioral options, should continue
to be pursued to reduce its burden (Hesse, 2016; Sindhusake et al.,
2003). Although hearing loss is a common cause of tinnitus and
trials investigating hearing loss have increased significantly, there
are many other causes (i.e. head trauma, loud noise exposure,
eustachian tube dysfunction) of which clinical trials may investi-
gate for potential treatments.

The limitationsof this studyare inherent in thedatabaseweused.
First, clinicaltrials.gov is a US web-based database and may not
house a complete listing of all otologic clinical trials. Clinical trials
conducted outside of the US are not required to register on
clinicaltrials.gov, so the scope of our study is limited to those which
were registered voluntarily. However, the requirement for trials
conducted inside the US to register occurred in 2007, so this lawwas
in place throughout our study time period. Some investigators may
also fail to update the progress of their studies, which could lead to
underestimating the number of discontinued studies. Moreover,
industry-driven clinical trials were required to be listed on
clinicaltrials.gov earlier than institutional-driven trials, and thus our
funding sources may be skewed toward industry sponsors.
Furthermore,many studiesmayhave overlappingobjectives such as
new hearing aid devices that may help reduce tinnitus and improve
hearing loss. Therefore, the classification on study focuses is not
always clear. However, we categorized the focus of each study based
on its first objective. Also, although our study shows a shift in the
focus of otologic conditions studied, it does notdirectly compare this
shift with changes in the prevalence of these conditions over the
same timeperiod. Therefore, this studycannotdefinitivelycomment
onwhether this change in shift was appropriate or not. Additionally,
manyother countries haveweb-based clinical trial registries, several
of which contribute their data to the World Health Organization
International Clinical Trials Registry Platform (ICTRP). A future study
of otologic clinical trials registered in the ICTRP may provide a
broader analysis of research efforts on an international scale.

5. Conclusion

Our study demonstrates that the total number of otology clinical
trials registered on clinicaltrials.gov has increased significantly
from 2008 through 2018. The number of otology clinical trials
focusing on hearing loss and vestibulopathy has significantly
increased over this time period, while the number of studies
focusing on tinnitus and otitis media has not significantly changed.
Treatment was the most common study focus for all four of these
disease conditions. Clinicians should consider that most otology
clinical trials are industry sponsored when using their data to
inform clinical decision making. Future studies combining our data
from clinicaltrials.gov with other national and international clinical
trial registries may help further characterize otology research
efforts.
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