Rate of Termination in Clinical Depression Trials
by
Sai Priya Marrapu

Research Project

Submitted to the School of Health Sciences
Eastern Michigan University
in partial fulfillment of the requirements

for the degree of

MASTER OF SCIENCE
in
Clinical Research Administration

Submitted to:
Irwin Martin, Ph.D.

March 2020
Ypsilanti, Michigan

RATE OF TERMINATION IN CLINICAL DEPRESSION TRIALS

Abstract
Clinical trials are essential for determining the efficacy and safety of a treatment, and many
drugs fail this process due to trial termination. Among all trials, those for clinical depression
have yielded higher termination rates. This study investigated reasons for trial failure by
comparing terminated clinical depression trials against all terminated trials across conditions in
order to ascertain whether three specific issues—placebo effect, sample size, and the use of
composite scores—were unique concerns for clinical depression trials. Major findings show that
higher termination rates in clinical depression trials were directly correlated with the use of
composite scores as primary outcome measures. Common reasons cited for trial termination
were toxicity, insufficient accrual rate, and lack of funding. While these results followed
expectations, one issue not proven to contribute to higher clinical depression trial termination
was sample size, which was found to be an issue in all types of terminated trials.
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Introduction
Clinical Trials
Clinical trials are necessary for ascertaining the efficacy and safety of a drug. However,
each trial is often costly and can take a long time, and not all clinical trials are able to reach
completion. False leads and unverifiable impressions represent principal reasons that many drugs
do not successfully make it through the rigorous process of clinical trials and onto pharmacy
shelves (Leon et al., 2011).
The existence of the perfect clinical trial design remains elusive. In fact, only a small
proportion of clinical trials actually reach a marketing application with the Food and Drug
Administration (FDA), with many trials ending in termination for a variety of reasons (Khan et
al., 2018). Moreover, trial termination and flawed clinical trial designs and methodologies are
especially common among trials for pharmacological therapies geared towards patients that have
depression (Khan et al., 2018). Therefore, in order to further investigate the reasons for high
termination rates among clinical depression trials, this study critically examined the history of
clinical trials in depression, their termination and specific concerns leading to termination, and a
comparison of clinical trials across conditions.
History of Clinical Depression Trials
There exists a long history of clinical trials for depression, dating back to the 1950s in
Switzerland (Brown et al., 2015). In the late 1950s, the psychiatrist Roland Kuhn administered a
test drug that was later named imipramine. This had differential effects on the treatment of
schizophrenia, but some of Kuhn’s patients exhibited an alleviation of their depression
symptoms. While these effects were not tested in a controlled setting, their observation set the
stage for the continued examination of the efficacy of drugs in treating psychiatric conditions
1
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such as depression (Berna et al., 2017). Further momentum was gained in the early 1960s, with
additional pharmaceutical compounds being developed and tested in patients with depressive
symptoms. In fact, at this time, several antidepressants were regularly being prescribed to
patients, although none of these treatments had been clinically investigated for efficacy or safety
(Khan et al., 2018). Furthermore, many depression diagnoses being treated through these drugs
may have been determined solely based on the subjective evaluation of individual psychiatrists
and other clinicians. Despite the progress psychiatrists were making in treating some patients’
depressive symptoms, there was still no systematic way of addressing the safety of these
experimental compounds (Williams et al., 2015).
Loosely defined guidelines for the treatment of depression during this era meant that
patients may have suffered from negative effects. Side effects of antidepressant drugs at this time
were not well documented, and potential outcome measurements were not well defined (Berna et
al., 2017). Similar issues abounded in the treatment of other types of conditions, as well, and in
1962 these unsafe practices of prescribing drug treatments to patients without appropriate testing
were halted. Following this time, the FDA began mandating that a drug be proven not only safe
but also effective before it could be marketed to the public, and this included the requirement
that all sponsoring pharmaceutical companies first obtain FDA approval on their trial design
before pressing forward with a new pharmacological agent (Berna et al., 2017; Khan et al.,
2018). Naturally, this led to a significant change in how clinical trials were conducted for
antidepressants, as well.
In 1965, one specific clinical depression trial utilized a double-blind, randomized,
placebo-controlled trial design to demonstrate the advantages of several active drug treatments
over a placebo as well as differential responses across treatment arms (British Medical Research
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Council, 1965). Despite the limitations later observed in this study, the trial’s FDA approval and
success made a large impact on the way antidepressant trials would be conducted from then on.
Importantly, sponsors seemed to equate this trial design with receiving FDA approval and thus
proving efficacy in their experimental treatments. Consequently, alternate trial designs were
largely abandoned, and another issue—sample size—still remained to be addressed (Khan et al.,
2018). Sample size was not being given adequate attention and having fewer participants in each
treatment group would negatively affect a study’s ability to detect differences between the
treatment group and the control group (Blackford, 2017; Khan et al., 2018; Williams, 2015).
Issues with Clinical Depression Trial Termination
While trial termination is not an unusual occurrence among experimental treatments
across all conditions, the rate of termination is especially high among clinical depression trials
(Khan et al., 2018). Frequently across the literature, lack of efficacy due to a placebo effect has
been cited as the primary reason for this higher trial termination rate. Randomized controlled
trials in clinical depression have historically utilized placebo arms as a way of determining the
efficacy of new drug treatments (Walsh et al., 2002). Patients who are assigned to the placebo
arm of a clinical depression trial believe that they are receiving treatment, and the placebo effect
occurs when some of these patients respond with a relieving of their depression symptoms
despite not receiving the active drug treatment (Frank et al., 1991; Leuchter et al., 2014).
However, not all participants benefit from the placebo effect, and those patients who do not are
then receiving no treatment for a condition that requires it (Bird et al., 2010; Nugent et al., 2017).
Those who oppose the use of the placebo in clinical trials claim it is unethical to assign any
patient to a placebo rather than to a known treatment proven to be effective (Kraemer, 2000;
Michels, 2000; World Medical Association, 2000).
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Beecher (1955) first documented the trend of placebo response among clinical trial
patients, and the scientific community assumed for more than half a century that a large
proportion of patients would experience an improvement in their depression symptoms through
placebo treatment. In fact, clinical depression trials saw a varied placebo response, ranging from
about 10% to over 50% (Walsh et al., 2002). With this variable and often significant response to
placebo treatment, it became expected that patients’ placebo response would be similar to that of
an antidepressant treatment (Ghosh & Kramer, 1999; Leber, 1989; Robinson & Rickels, 2000).
By the early 2000s, the 50% termination rate among clinical depression trials was fully attributed
to placebo effect (Walsh et al., 2002; Khan et al., 2003).
Furthermore, the degree of placebo response in clinical depression trials has increased
over time. From 1981 to 2000, there was a 7% increase each decade (Walsh et al., 2002), and a
continuation of this trend was observed after 2000, as well (Khan et al., 2017). This latter
investigation, which compared pre-2000 and post-2000 antidepressant clinical trials, reviewed 85
acute, parallel-group, double-blind, placebo-controlled trials for investigational antidepressants
that had been registered for new drug application (NDA) in adult patients diagnosed with clinical
depression. After excluding any treatment arms for active comparators or investigational
antidepressants not approved by the FDA, the investigators compared placebo response to
antidepressant response in the 115 active treatment arms that remained: 67 from before 2000,
and 48 from after 2000. Based on their findings, placebo response increased from 29.8% in pre2000 trials to 36.2% in post-2000 trials, or 6.4% (Khan et al., 2017). Researchers have not been
able to pinpoint an exact association between this rise and clinical trial design (Khan et al.,
2011; Khan et al., 2017). On the other hand, it is known that the length of randomized controlled
trials has increased over time, making it possible that the proportion of patients exhibiting the
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placebo effect is directly associated to the length of the study (Khan et al., 2000; Quitkin et al.,
1987; Quitkin et al., 1996; Walsh et al., 2002). In a meta-analysis by Hrobjartsson and Gotzsche
(2001), little evidence was found to support the idea that patients receiving a placebo fared much
differently over time than those who received no treatment. A longer study may simply provide
patients with an overall benefit accumulated throughout the study’s interventions as well as a
greater amount of time in which to achieve spontaneous recovery (Walsh, 2002).
Khan et al. (2018) argue, however, that this focus on the placebo effect is misplaced
when there are other factors that should be considered as the reasons for the high rate of
termination among clinical depression trials. In particular, modern clinical trial design and its
assumption that all conditions and drug classes can be tested through the same methods may be a
greater source of concern for clinical depression trial termination. According to Khan et al.
(2018), the sample size and primary outcome measures used in many clinical depression trials
are flawed—and thus the leading cause of their trial termination rate—and these will be
discussed below.
Sample size. Underpowering, or when a clinical trial has too few participants in each
treatment arm for the results to reach the statistical power necessary for reliable results, is a
major concern for clinical depression trials (Khan et al., 2018). Smaller studies are by nature less
precise and have been clearly linked to results with greater placebo effect (Fletcher, 2008;
Gibertini et al., 2012). In comparison, larger trials show a more stable, less variable placebo
response (Fletcher, 2008; Khan et al., 2018). In fact, the success rate of clinical depression trials
has increased alongside sample sizes, and even when larger trials have yielded a larger placebo
response, the active drug treatment maintained an approximate 10% superiority over the placebo
treatment (Fletcher, 2008). Khan et al. (2018) asserts that if smaller sample size is causing this
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trend toward lack of efficacy due to placebo effects, it should actually be sample size and not
placebo response that receives greater attention.
Composite scores. Depression outcome measurement based on composite scores is
another major concern for clinical depression trial terminations (Khan et al., 2018). Clinical
depression trial design has seen a historical trend away from using single-factor outcome
measures to complex composite outcome measures (Khan et al., 2018). Single-factor outcome
measures are discrete measurements taken to summarize the patient’s condition. In contrast,
composite scores, such as the HAM-D or Montgomery-Asberg Depression Rating Scale,
combine multiple symptom measurements to come to a total score aimed at capturing the
patient’s overall condition. The clinical depression trial shift toward using composite outcome
measures assumes that patients with similar composite scores have a uniform severity in their
overall condition, which would appear flawed given that composite scores themselves are not
uniform in the depression symptoms that they measure (Khan et al., 2018). According to Fried
and Nesse (2015), it is possible for patients with similar composite scores to represent as many
as 1,000 different symptom combinations, and some of those patients may not even share a
single symptom with others in the group. Moreover, any one symptom can come with varying
degrees of impairment effects on the patient (Fried et al., 2014). Furthermore, antidepressants do
not necessarily exhibit uniform effects on all patients’ symptoms throughout a clinical trial, and
this can influence the composite score, as well (Ballard et al., 2018). For instance, a single
antidepressant may lead to sedation effects in a patient with hypersomnia or even more severe
sleep loss for a patient with insomnia (Ballard et al., 2018).
Another vulnerability in using composite outcome measures in clinical depression trials
is that this kind of measurement relies on patient recall of information and self-reporting (Fried,
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2015; Khan et al., 2018). This requires the use of complicated, indirect interview questions, and
yet these questions are being asked of individuals who are already cognitively impaired by the
depression for which they are being included in the trial. It cannot be expected that all patients
will be able to recall their symptoms accurately and report them uniformly (Fried, 2015).
Essentially, clinical depression trials have been expected to measure a single condition
with a diversity of symptom patterns using a technique that is unlikely to be measuring the same
thing across patients, making the use of composite outcome measures incompatible with clinical
depression trials (Fried and Nesse, 2014; Fried et al., 2016). If a composite score were to be used
appropriately, it would require a significantly larger sample size in order to yield meaningful
analysis and results (Ballard et al., 2018), yet as stated previously, underpowering is an issue
among clinical depression trials. For these reasons, Khan et al. (2018) argue that it is sample size
and the use of composite outcome measures—not lack of efficacy due to placebo effect—that are
responsible for the high rate of termination among clinical trials for depression.
Purpose of this Study
Various evidence has been presented as to the reasons for the higher rate of termination
among clinical depression trials. These potential reasons include lack of efficacy due to placebo

effects, insufficient sample size, and the appropriateness of the primary outcome measures being
used. Then, this study investigated these and other reasons for trial termination by comparing
terminated clinical depression trials against all terminated trials across an array of conditions in
the human population. Since February 2000, the National Institute of Health (NIH) has
maintained a registry of all clinical trials at ClinicalTrials.gov. It is mandated that the sponsor or
principal investigator for every clinical trial submit an initial protocol as well as summary results
of the trial within one year of the completion date in order to keep an accurate record of all trials
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on the registry (Zarin et al.,2007; Zarin et al., 2011). By quantifying the degree with which the
three concerns—placebo effect, sample size, and the use of composite outcome measures—are
unique to clinical depression trials in this registry, this study seeks to ascertain which of the
reasons are truly significant to the rate of termination in clinical depression trials.
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Methods
Study Sample
Clinical trials to be examined in this study were collected from ClinicalTrials.gov, which
contains all clinical trials regardless of their recruitment status and organizes them within nine
different categories. See Table 1 for all recruitment status categories.

Table 1: ClinicalTrials.gov Recruitment Status Categories.
Recruitment Status Categories
1. Not yet recruiting
2. Recruiting
3. Enrolled by invitation

4. Active but not recruiting
5. Suspended
6. Terminated
7. Completed
8. Withdrawn
9. Unknown status

Inclusion criteria for this study sample were that the clinical trial both have data collected
from study participants and also be terminated; thus, focus was placed on terminated clinical
trials only. Terminated studies, by definition, are those where the trial was halted prematurely,
will not resume, and the participants are no longer being examined or receiving intervention.

This implies that the study included at least one or more participants and involved data collection
but was terminated or ended without any final results that are meaningful for advancement.
9
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Suspended and withdrawn studies were also initially considered for inclusion, although it
was eventually determined that they should be excluded from the sample. Suspended trials are
those that were halted prematurely but may potentially resume in the future. These trials do not
reflect those that have a final termination status; therefore, it cannot yet be known if they will be
terminated at a later stage. Thus, any conclusions regarding these trials are indeterminate.

Similarly, withdrawn trials are those where the study was halted prematurely prior to the
enrollment of any participants. With this type of trial, no results could be obtained due to there
being no study participants; therefore, trials with this recruitment status also fail the inclusion
criteria for further consideration. Since only terminated trials were considered for this particular
study, it was possible to compare the failure rate and reasons for failure among clinical
depression trials with those of trials across all conditions.
Study Attributes
For trials that met the inclusion criteria, the reasons for termination were examined. The
entry for each terminated clinical trial includes an optional field with a limit of 160 characters,
where the sponsor or principal investigator can provide more details regarding the reasons for
termination. For this study’s data analysis, information was extracted from these 160 characters

and then organized into three potential categories. The first category included scientific reasons,
under which there were both “lack of efficacy” and “toxicity” as sub-categories. Second, some
trials provided no reason or the information could not be codified. In the third category, all other
reasons were grouped into six sub-categories: lack of funding, insufficient accrual rate, low
funding and insufficient accrual, strategic reason/business decision, existence of competing
clinical trials, and trial administration issues (see Table 2).
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Table 2: Reasons for Termination and Further Categorizations.
Reason for Termination
Scientific Reasons

Sub-Categories
1. Lack of efficacy
2. Toxicity

Reason not provided/not available (NA)

Not sub-categorized

All Other Reasons

1. Lack of funding
2. Insufficient accrual rate
3. Low funding and insufficient accrual
4. Strategic reason/business decision
5. Existence of competing clinical trials
6. Trial administration issues

In addition, for each clinical trial, the actual number of participants enrolled in the study
was obtained in order to determine whether there may have been potential issues related to
conducting a trial that have low accrual rate. The type of primary outcome measure used, either
composite score or single outcome measure, was also obtained for further analysis.
Sample size determination for each of the clinical trials was compared between those that
were clinical depression trials with those across all conditions. Here, sample size refers to the
actual enrollment, and the clinical trials were divided into the following groups based on their
actual enrollment: <10, 10 – 50, 50 – 100, 100 – 150, and >150. The frequency distribution in the
proportion of all clinical depression trials meeting sample size categories were compared to those
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across all condition groups. Primary outcome measures were categorized as either composite
scores or single outcomes.
Potential Statistical Method Implemented
For calculating significant differences, this study used Cohen’s h for standardized mean
differences (ES) in proportions between groups. For relatively large sample groups, as with the

large group of terminated clinical trials across all conditions, statistical significance can occur
and present apparent differences by overpowering a smaller sample group, which in this study
was the group of terminated clinical depression trials. In response to this, Cohen’s h was used
with a difference cutoff of 0.1. Comparison of group proportions that exceed the difference
cutoff are considered statistically significant (Cohen et al., 2013). The effect size calculation uses
an arcsine and square root function approximation to determine the difference in proportions,
assuming that the proportions are within the interval from 0 to 1.
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Results
A total of 218 terminated clinical depression trials were identified. For the comparison
group, there were 4,625 terminated trials across all indications. For both clinical depression trials
and all trials, insufficient accrual rate and trial administration issues topped the reasons for
termination. When clinical depression trials were compared to all trials, a significant difference

was observed in the proportion terminated due to insufficient accrual rate. It was also found that
a significantly higher percentage of all trials were terminated due to toxicity. However,
termination attributable to lack of funding was substantially higher for clinical depression trials,
and clinical depression trials also had a significantly higher proportion whose termination reason
was not provided. See Table 3 below for all comparisons between groups.
Table 3: Comparison of Reasons for Trial Termination.
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With respect to the sample sizes in terminated trials, greater than 70% of all terminated
trials—and also of clinical depression trials only—had fewer than 50 participants, or what is
considered a small sample size. Conversely, though there was a general decrease in the
percentage of trials terminated as sample size increased, very large trials with more than 150
subjects participants represented over 10% of terminated trials for both clinical depression trials
and all trials. Therefore, both groups followed a similar frequency distribution of termination
across sample size/actual enrollment. See Table 3 for additional details.
Table 4: Comparison of Frequency Distribution.
Sample size / Actual Enrollment
<10
10 – 50
50 – 100
100 – 150
>150

Depression
(N=218)
81 (37.15%)
79 (36.23%)
23 (10.55%)
10 (4.58%)
25 (11.46%)

All Terminated Trials
(N=4625)
1750 (37.83%)
1833 (39.63%)
393 (8.49%)
173 (3.74%)
476 (10.29%)

A comparison of primary outcome measures yielded perhaps the clearest distinction
between terminated clinical depression trials and all terminated trials. A view of all terminated
trials shows that few used composite scores as their primary outcome measure, while a relatively
much larger proportion of these terminated trials used a single outcome measure. Conversely,
terminated clinical depression trials saw a much larger proportion using composite scores rather
than a single outcome measure. This indicates that far fewer clinical depression trials were
terminated if they had a single outcome measure, despite the opposite being true among clinical
trials across all conditions.
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Table 5: Comparison of Primary Outcome Measures.
Primary Outcome Measure

Depression (N=218)

Composite Scores

160 (73.39%)

All Terminated Trials
(N=4625)
574 (12.41%)

Single outcome measure

50 (22.93%)

4049 (87.54%)

Not available

8 (3.66%)

2 (0.04%)
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Discussion
Several key findings were obtained through this study, the principal ones being that the
use of composite scores as primary outcome measures is widely more prevalent among
terminated clinical depression trials than among all other terminated trials, as well as the fact that
sample size was not significantly more frequent a reason for termination among clinical
depression trials, specifically. Additionally, while lack of efficacy was cited as the reason for
termination in nearly 10% of terminated clinical depression trials, the data provided does not
prove why efficacy was not shown and thus cannot sufficiently link this lack of efficacy to
placebo effect. Apart from these specific considerations under study, it was also found that
toxicity, insufficient accrual rate, and lack of funding represented statistically significant
differences between terminated clinical depression trials and all terminated trials. As well,
despite the high termination rate among clinical trials for depression, it was unfortunate that no
specific reason for termination was provided for a large portion of these trials.
First, it was found that the use of composite scores as the primary outcome measure was
substantially more common among terminated clinical depression trials than among all
terminated trials. This may indicate that using composite scores to define the outcome is more
likely to lead a clinical depression trial to eventual termination, and that single outcome
measures may be more effective in leading a clinical depression trial towards completion. In
order to further examine this point, future studies could closely scrutinize the frequency of
composite scores and single outcome measures in terminated clinical depression trials against
those in non-terminated trials.
With regards to sample size, there are no salient features particular to terminated clinical
depression trials, and this implies that all clinical trials are subject to issues with sample size or
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insufficient enrollment. Though it was not explicitly examined in this study, there could be
potential differences in termination reasons between small and large clinical trials. For instance,
it may be possible that scientific and financial reasons for termination among smaller clinical
trials are different than those for termination among large clinical trials. Future studies could
consider examining these differences and drawing further speculation on design, organizational,
and structural reasons for termination.
Lack of efficacy was not found to be a statistically significant reason for the termination
of clinical trials, although it was slightly more common among clinical depression trials than
among trials across all conditions. Interestingly, nowhere across the terminated trials at
ClinicalTrials.gov is it specifically mentioned that the appearance of a placebo effect was the
reason for lack of efficacy. This may in fact be the case; however, this cannot be known for
certain without examining the prevalence of the placebo effect among non-terminated trials that
yielded unsuccessful results in the active drug treatment. Within the scope of this study,
examining all the non-terminated trials at ClinicalTrials.gov was not feasible.
Finally, coming to the reasons for termination, toxicity, insufficient accrual rate, and lack
of funding to continue the trial each presented interesting differences between terminated clinical
depression trials and terminated trials across all conditions. Toxicity, in particular, represented a
much lower percentage among terminated clinical depression trials than among all terminated
trials. Since these trials are shown to be less toxic, it would appear that exposing additional
participants to antidepressants in clinical trials poses minimal risk. If clinical researchers can
manage to improve sample size or increase the accrual rate of their trials, it could lead to a
greater number of clinical depression trials progressing to completion without risk of toxicity to
the participating subjects.
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As well, though insufficient accrual rate represented a slightly lower percentage among
terminated clinical depression trials than among all terminated trials, it was still the single most
cited reason for trial termination in both groups. With insufficient accrual rate comes the higher
probability of smaller sample sizes, which are already known to more frequently lead to trial
termination.
This study’s strengths included the use of the ClinicalTrials.gov registry, a trusted data
source representative of all clinical trials across the nation. Furthermore, the study compared
clinical depression trials against all others for a strong reference category, and the sample size of
trials was sufficiently large enough to perform significant comparisons. Alongside these
strengths, the study also faced two specific limitations. The first was the lack of statistical power
behind each termination reason, given the relatively small sample size of clinical depression
trials (N=218) compared with the sample size of all trials across conditions (N=4625). The
second and more important limitation was the data source’s lack of information regarding why
efficacy was not demonstrated in the clinical depression trials that cited lack of efficacy as the
reason for termination. It may be that a large placebo effect was the primary reason for
termination in those trials; however, additional data sources would be necessary to support this
position.
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Conclusion
This study examined terminated clinical trials collected from ClinicalTrials.gov,
concentrating on sample size, primary outcome measures, and identified reasons for termination
across both clinical depression trials and all trials across conditions. Based on these comparisons,
one major finding among terminated clinical depression trials was the prevalence of composite
scores being used as primary outcome measures. Conversely, sample size was not proven to be
correlated to termination in clinical depression trials specifically. Significant reasons identified
for the termination of clinical depression trials were found to be insufficient accrual rate and lack
of funding, but one reason for termination of clinical depression trials that did not yield
conclusive findings for this study was lack of efficacy due to placebo effects. Future
investigation into the exact nature of lack of efficacy exhibited in clinical trials for depression
would be required in order to ascertain a clearer picture on this matter. Clinical depression trials
remain an important part of addressing and developing drugs for mental health conditions, and
more research is necessary to support these trials through to completion.
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