Received: 9 November 2020

Revised: 12 January 2021

Accepted: 5 February 2021 Published online: 30 March 2021

DOI: 10.1002/trc2.12157

RESEARCH ARTICLE

Translational Research
Clinical Interventions

Pharmacological treatment trials of agitation in Alzheimer’s
disease: A systematic review of ClinicalTrials.gov registered

trials

Kathy Y. Liu®
Melanie Knowles* |

1 Division of Psychiatry, University College
London, London, UK

2 |nstitute of Psychiatry, Psychology and
Neuroscience, King’s College London, London,
UK

3 University College London Medical School,
London, UK

4 Camden and Islington NHS Foundation Trust,
London, UK

5 Birmingham and Solihull Mental Health NHS
Foundation Trust, Birmingham, UK

Correspondence

Kathy Y. Liu, Division of Psychiatry, University
College London, 6th Floor Maple House, 149
Tottenham Court Road, London W1T 7NF, UK.
E-mail: kathy.liu@ucl.ac.uk

1 | INTRODUCTION

| Anya Borissova® |
Peter Bentham® |

Thomas Elliott* |
Robert Howard!

Jansher Mahmood® |
Suzanne Reeves! |

Abstract

Introduction: There is increasing emphasis on the importance of optimizing and stan-
dardizing clinical trials of agitation in Alzheimer’s disease (AD), but the risks of bias aris-
ing from published trials and the number and design of unpublished studies are poorly
understood.

Methods: Using the ClinicalTrials.gov database, we systematically reviewed all regis-
tered investigational clinical trials for agitation in AD to describe the landscape of agi-
tation drug treatment trials and to assess their quality and generalizability.

Results: We included 52 clinical studies registered over the past 25 years. Within pub-
lished randomized controlled trials (RCTs), there was a high rate of participant dropout,
poor reporting of randomization procedures, and inconsistent definitions of the sample
included for analysis. There was also evidence of publication and funder bias.
Discussion: We discuss factors that limit the internal and external validity of published
RCTs and make additional recommendations for the conduct and reporting of future

clinical trials of agitation in AD.
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care home?® settings, agitation reduces quality of life,” precipitates

earlier institutionalization® and more rapid disease progression’ and

Agitation, defined as observed or inferred evidence of emotional dis-
tress associated with excessive motor activity, and verbal or physi-
cal aggression,! is a common, distressing, and difficult-to-treat neu-
ropsychiatric syndrome. In Alzheimer’s disease (AD), the most com-
mon cause of dementia,? agitation prevalence increases with disease
severity,? affecting around 80% of care home residents.* As well as

substantially increasing the costs of patient care in community® and

possibly earlier death.’® The best treatment evidence for agitated
people with dementia who do not respond to non-pharmacological
approaches!?! is short-term use of atypical antipsychotic drugs, which
are moderately effective but associated with significant harms (seda-
tion, falls, parkinsonism, stroke) and increased mortality.2%13 There has
been a move away from antipsychotic prescribing in the past decade.*

The need for effective and safer pharmacological treatments for
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agitation in AD, to understand the neurobiology underlying this con-
dition and investigate valid biomarkers as targets of new prevention or
treatment monitoring strategies, is clear.”

Clinical trials generate important data on drug safety and efficacy,
which can have significant medical, financial, and political implications.
Yet, the search for effective drug therapies for agitation in AD may have
been limited by the methodological heterogeneity of studies, leading
to several published recommendations of ways to optimize clinical trial
methodology in this field. 618 For example, although a consensus “pro-
visional” definition of agitation in cognitive disorders now exists,! there
is no standardized tool to assess agitation, no consensus definition of
what constitutes a caregiver and a lack of agreed severity thresholds
for baseline agitation in AD for qualification for entry into clinical trials.
Earlier reviews have described the methodologies of ongoing or com-
pleted randomized controlled trials (RCTs)1¢17 or novel pharmacologi-
cal treatments, 1?20 but have not systematically assessed study quality.
Givenincreasing awareness of the limitations of RCTs, in terms of inter-

nal and external validity,2122

and including concerns about publication
and funder bias, 3 it would be important to assess the risk of bias within
reported RCTs, understand the extent and nature of unpublished stud-
ies, and discuss how the conduct and reporting of future clinical trials
could be further optimized.

ClinicalTrials.gov is the largest clinical trials database and is run by
the US National Library of Medicine at the National Institutes of Health
(NIH). It has been publicly available since February 2000, with man-
dated registration, results, and adverse events reporting for all clini-
cal trials since 2007. The present study aimed to systematically review
all registered investigational clinical trials for agitation in AD (including
unpublished, ongoing, or terminated studies, and not limited to RCTs),
to describe the landscape of agitation drug treatment trials and to
assess their quality and generalizability.

2 | METHODS

To identify relevant studies, two authors (AB and KL) independently
searched ClinicalTrials.gov initially up to November 26, 2019 using the
search terms “Alzheimer’s disease” AND (“neurobehavioral” OR “agita-
tion” OR “aggression” or “BPSD” or “neuropsychiatric”). The search was
updated on September 28, 2020. AB and KL independently screened
studies for inclusion based on the following criteria: drug interven-
tion studies that assessed agitation in patients with AD were included;
observational studies and studies that used non-pharmacological inter-
ventions or did not primarily aim to measure agitation or time in rela-
tion to agitation symptoms were excluded.

Each of the included studies was assessed by two authors (out of
AB, JM, TE, MK, and KL), who independently extracted data on study
characteristics and methodology and, for completed studies, the out-
comes. All published, completed controlled intervention studies were
also assessed for quality using the freely available online NIH Qual-
ity Assessment of Controlled Intervention Studies tool?* and given a
dichotomous quality assessment rating of higher or lower quality. This

was based on the accompanying guidance that assessed a study to

RESEARCH IN CONTEXT

1. Systematic review: The authors searched ClinicalTri-
als.gov for all registered drug intervention studies that
assessed agitation in patients with Alzheimer’s disease
(AD).

2. Interpretation: Our findings are consistent with those
from previous reviews that found methodological het-
erogeneity in studies and update an earlier review of
novel pharmacological agents. We incorporated unpub-
lished registered studies and assessed the quality of pub-
lished randomized controlled trials to report on the land-
scape of pharmacological treatment trials of agitation in
AD.

3. Future directions: The study identified several potential
sources of selection, exclusion, and reporting biases and
made recommendations to further improve the internal
and external validity of future agitation clinical trials in
AD.

have a “fatal flaw” if it had a high dropout rate (> 20% of the num-
ber allocated to treatment) or included no intention-to-treat analysis.
We did not assess the quality of unpublished studies due to insuffi-
cient information available to make informed judgments. Discrepan-
cies were resolved by discussion and/or re-extraction of the relevant
data by AB or KL. If a hyperlink to the published study was not available
on ClinicalTrials.gov, the registry number (NCT identifier) and/or study
authors’ names were searched using PubMed and Google Scholar. If no
published results were obtained, the email address associated with the
ClinicalTrials.gov registration, if available, was used to request informa-
tion on study status or outcomes. If no relevant results were obtained,
the study was classified as unpublished. Study characteristics were
described using means and standard deviations (SD) or frequencies and

proportions, as appropriate.

3 | RESULTS

The searches identified 608 potential studies, 52 of which met inclu-
sion criteria for data extraction (Figure 1).

3.1 | Characteristics of included studies

Of the 52 included studies that started (or were registered, for
those few without declared start dates) between 1995 and 2020,
30 (58%) were completed to study end, 20 (38%) were published,
16 (31%) were ongoing, 4 (8%) had been terminated early, and 2
(4%) had unknown status (Figure 2). Table 1 shows the extracted

data from included studies, divided into repurposed and novel
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pharmacological treatment categories. The majority of published stud-
ies (65%; N = 13) did not report significant findings for their pre-
specified primary measures, and ~33% of completed studies (that had
started by 2015) remained unpublished (N = 11), of which only three
had posted results on ClinicalTrials.gov. The average duration of com-
pleted studies (time between study start and completion dates) was
~3.3(SD 1.9) years.

Additional study characteristics relating to methodologies, inclusion
criteria, and agitation outcome measures are summarized in Table S1in

supporting information.

3.1.1 | Location and sponsorship

Most studies (67%; N = 35) were conducted in the United States (US).
Other countries/regions of trials sites were: Canada (N = 10), United
Kingdom (N = 6) and other European countries (N = 7), China/Taiwan
(N = 4), Australia/New Zealand (N = 3), Japan (N = 2), South Africa
(N =1),Israel (N = 1), and Chile (N = 1). More than half of all registered
studies (54%; N = 28) were fully or partially sponsored by industry but
proportionally fewer of these were published (40%; N = 8 of 20). All tri-

als of novel agents were fully sponsored by pharmaceutical companies.
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FIGURE 2 Investigated drugs by trial start date and size (number
of Alzheimer’s disease participants), grouped by study status.
(Active_not = active, not recruiting; Completed_pub = completed and
published; Completed_unpub = completed and unpublished;

Not_yet = active and not yet recruiting). The published memantine
2003 study was terminated early

3.1.2 | Data from published studies

We extracted actual participant data reported in the 20 published stud-
ies. The mean number of participants was 198 (SD 142) who were
treated for an average of 15.8 (SD 21.9) weeks. On average, partici-
pants were 79.2 (SD 4.1) years old with a Mini-Mental State Exami-
nation (MMSE) score of 11.7 (SD 4.3); 53.5% (SD 18.9%) were female;
and most were community dwelling, including in long term care facil-
ities (residential and nursing care homes and assisted living facilities).
Only three studies enrolled hospital inpatients. Seven studies enrolled
participants who on average had moderate dementia (MMSE 13 to 18)
and eight enrolled participants with severe dementia (MMSE < 12).
Study populations with mild dementia (MMSE > 18) were only iden-
tified in two brexpiprazole studies, in which they made up 9% and
23% of the study population, respectively. All but one study mea-
sured baseline cognitive impairment using the MMSE, five studies also
used the Alzheimer’s Disease Assessment Scale-Cognitive Subscale
(ADAS-Cog), and three also used the Clinical Dementia Rating (CDR)
scale. Four of the eight studies that enrolled severe AD patients mea-
sured cognition using the Severe Impairment Battery (SIB). In terms
of mean baseline agitation levels measured using the three most com-
monly reported outcomes, where reported, these were Neuropsychi-
atric Inventory (NPI) total 34.6 (SD 6.1), Cohen-Mansfield Agitation
Inventory (CMAI) total 61.6 (SD 14.1), and NPI-agitation/aggression
8.5 (SD 4.1), which indicated moderate agitation severity.

Compared to studies with no industry funding, a lower proportion of
studies that were fully or partially sponsored by pharmaceutical com-
panies reported negative findings, (67% vs. 50%). In addition, one of the
industry-sponsored studies?> reported a positive finding, but on closer
inspection, the pre-specified primary outcome from the primary analy-

sis was not significant.

3.2 | Pharmacological treatment strategies

Most (79%; N = 42) studies investigated or were investigating repur-
posed drugs (already approved for other conditions), and 10 stud-
ies of six novel agents were registered in the past decade (Table 1).
The most common types of pharmacological treatment under inves-
tigation for agitation in AD included (see Table S2 in supporting
information for a detailed summary): antipsychotics (including six
studies of risperidone and four of brexpiprazole), antidepressants
(three studies each of citalopram and escitalopram and one mirtaza-
pine study), dextromethorphan-containing compounds (seven stud-
ies), anti-dementia drugs (four memantine studies and one donepezil
study), cannabinoids (five studies), and an a4-blocker (three prazosin

studies).

3.3 | Quality ratings of published controlled
intervention studies

Approximately half of all published controlled intervention studies
(52%, N = 10 of 19) were judged to be of lower quality due to
their reported dropout rates at the endpoint being > 20% of the
number allocated to treatment (Table 1 and Table S3 in supporting
information). Of these, two studies also had a difference in dropout
rate of > 15% between treatment groups at endpoint. Four studies
had < 50 participants in each arm despite reporting having at least
80% power to detect a difference in the primary outcome between
groups.

All published controlled intervention studies were described as ran-
domized trials, but several (16%; N = 3) did not adequately describe
their randomization method and only one third (N = 6) reported
concealment of treatment allocation. The majority (N = 14) of pub-
lished controlled intervention studies used a modified intention-to-
treat (mITT) approach, in which only randomized participants who had
taken at least one dose of study medication, and/or had a baseline
and/or at least one post-baseline assessment (had to be endpoint data
in one study), were included in the final primary analysis.

For trials that included a run-in period, it has been suggested that
incomplete reporting of any excluded patients during this period could
affect study validity.2¢ Of seven published RCTs that described a run-in
or screening period prior to randomization, during which certain con-
comitant medications were stopped and/or placebo was provided, two
trials did not report the number of excluded participants during this
period. None of the studies reported the reasons for excluding these
participants, or their baseline characteristics.

Eleven published studies reported allowing the use of rescue med-
ication, most commonly lorazepam, during the study. Of these, two
studies did not provide data on how/whether these medications were
used, and three did not statistically compare rates of use between
groups. Of the six studies that compared rates of rescue medication
initiation between groups, four reported no significant differences, one
reported more frequent use in the placebo group (vs. risperidone), and
one in the drug (mibampator) versus placebo group.
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4 | DISCUSSION

This review analyzed 52 clinical studies registered in the ClinicalTri-
als.gov database over the past 25 years to report on the landscape of
pharmacological treatment trials of agitation in AD. Our findings are
consistent with those from previous reviews that found methodolog-
ical heterogeneity in studies,’®1” and update earlier reviews of novel
pharmacological agents.1?2° We discuss our findings, which incor-
porated unpublished registered studies, the limitations and quality
of published RCTs, and make additional recommendations for future
studies in agitation in AD.

All published controlled studies were described as randomized, but
random generation assignment was not always reported, and few stud-
ies adequately reported blinding to treatment allocation. As randomly
generated assignments did not prevent unequal distribution of base-
line differences between treatment groups in some studies, future
studies may attempt to further mitigate the risk of selection bias by
using larger samples and/or stratified randomization techniques.?2 We
also recommend that future trials adequately describe their random-
ization process and transparently discuss the risks of selection bias that
may be present in their methodology.

Many of the drugs that were reported to be more effective ver-
sus placebo were associated with significantly higher rates of adverse
effects, which may have been specific enough to identify treatment
allocation and consequently led to a degree of outcome rater unblind-
ing. For example, the benefit of citalopram (around one point differ-
ence vs. placebo on the Neurobehavioral Rating Scale for agitation)
was reported to be clinically significant, as a higher proportion of par-
ticipants were judged to have moderate or marked improvement from
baseline severity.2” However, there was also a higher rate of adverse
effects in this group, consistent with known selective serotonin reup-
take inhibitor (SSRI)-mediated effects in the citalopram group, includ-
ing prolonged QT intervals on electrocardiogram readings. We rec-
ommend that future studies transparently discuss the extent to which
treatment-related adverse effects may have contributed to unblind-
ing, or use tests for blinding to determine and report on the success of
blinding, which is only rarely performed.28

A major issue, affecting more than half of published RCTs, was par-
ticipant dropout rates of more than 20% of the number allocated
to treatment, a proportion proposed to challenge study validity and
increase the risk of attrition bias that may not be sufficiently addressed
by ITT analyses.?? As participant dropout was common, future trials
could consider using participant dropout as the primary or secondary
endpoint, which was done in one study,*° as this may provide an inte-
grated clinical outcome measure of drug efficacy, safety, and toler-
ability. Because the average time to study endpoint was 14 weeks,
and some patients with agitation may require acute interventions to
improve symptoms, another potential strategy to minimize dropout
would be to shorten trial duration. This would have to be balanced
against the need to obtain longer term data on efficacy and safety.
A run-in period could potentially increase study power by exclud-

ing non-compliers or placebo-responders, but this may affect trial

validity due to subsequent differences between the study and clinical
populations,?® which can only be meaningfully assessed if studies ade-
quately report the number, reasons for exclusion, and baseline charac-
teristics of the excluded participants.

Regarding data analysis, the intention-to-treat principle requires
that all participants who are randomized must be included in the final
analysis and analyzed according to the group to which they were orig-
inally assigned, regardless of the treatment received, withdrawals, or
loss to follow-up. However, nearly all published RCTs used a mITT
approach, that is, specified that only participants who had received at
least one dose of medication and/or had a baseline and/or at least one
follow-up measure were included in the primary analyses. Therefore,
the analyzed population was inconsistently defined across different
studies. It has been proposed that a mITT approach may increase the
likelihood of post-randomization exclusions and subsequent attrition
bias, and was associated with industry funding and authors’ conflicts
of interests.3! Reporting of rescue medication initiation was inconsis-
tent across published RCTs, and of those that did, only ~half analyzed
group differences in their use. Rescue medication potentially reduces
the observed treatment effect in ITT analysis if their use substantially
differs between groups and this should be explored through the use
of sensitivity analyses.3? Another potentially relevant aspect of data
analysis identified was that many published RCTs only accounted for
(differences in) group characteristics at baseline and assumed these
remained constant throughout the study. While this may have been the
case for participant sex and age, we recommend that variables such as
MMSE scores are collected at study endpoint, to account for potential
differential changes between groups at study end. We noted that the
MMSE was used to measure cognition in almost all published trials, but
other measures such as ADAS-Cog, SIB (in severe dementia), and CDR
may provide greater precision®334 (and for the CDR, a more global
measure of disease severity), but these were used in only a minority of
studies.

We found evidence of publication bias, as although more than half of
published studies reported negative findings, two thirds of completed
studies were unpublished so the true proportion of negative findings
was likely to be higher. We also found that a lower proportion of stud-
ies sponsored by pharmaceutical industries was published or reported
negative findings, compared to those with no industry funding, sup-
porting the presence of potential funder bias.

Pharmacological agents that were reported to show efficacy over
placebo included 200 mg/d quetiapine, 2 mg/d brexpiprazole, 30 mg/d
citalopram, AVP-923/Nuedexta, prazosin, and nabilone. On closer
inspection, quetiapine only showed significant benefit over placebo in
the pre-specified secondary and not the primary measures/analyses.?>
The prazosin and nabilone studies had < 50 participants and there were
subsequent larger and ongoing RCTs investigating these drugs. Not all
studies reported whether the significant differences in agitation scores
between groups were clinically meaningful.1® For example, the ben-
efit of brexpiprazole over placebo was 3.77 points on the CMAI, but
Clinical Global Impressions (CGI)-C scores (indicating clinical improve-
ment) did not significantly differ between the groups.3® This has led to
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recommendations to incorporate adjunctive rating scales for overall
clinical improvement such as the CGl into future studies.'®

In terms of generalizability, most published studies enrolled
community-residing patients living in North America who, on aver-
age, had moderate-severe dementia, moderate agitation symptoms,
and were treated for 16 weeks. Thus, their findings may not apply to
patients with more severe agitation or dementia symptoms or those
living in other settings such as hospitals or health-care systems in other
countries/regions, who may require more acute (or substantially longer
term) treatment. More studies in these patient populations are needed.

The lack of standardized scales and caregiver definitions has
been raised previously.® We found that although most studies used
caregiver-provided ratings (N = 42 used CMAI or NPI) to measure agi-
tation, only 15 defined a caregiver in terms of their level of contact with
the participant. In addition to variability in caregiver relationships and
its impact on the accuracy of retrospective agitation symptom report-
ing, it has also been reported that there is variability in how raters were
trained to administer and score agitation scales,3¢ which can affect the
reliability of findings. We support recent calls to measure and investi-
gate potential biomarkers of agitation,'® which may augment or even-
tually replace existing rating scales.

Three studies were terminated early due to recruitment or fund-
ing issues and two other studies were underpowered due to under-
enrollment or a higher than expected dropout rate. As large clinical tri-
als can be expensive, time-consuming, and burdensome on participants,
the conduct of underpowered studies has previously been described
as unethical.3” Factors that could help increase the chance of success-
ful recruitment and retention in future studies include consideration of
study site selection; the qualities and enthusiasm of the lead investi-
gator and study coordinator; and ensuring that patient and caregiver
concerns, expectations, and burdens are adequately addressed.38

Drugs under investigation in active RCTs included brexpiprazole,
mirtazapine, escitalopram, prazosin, gabapentin enacarbil (for night-
time agitation), cannabinoids (dronabinol, nabilone, and cannabidiol),
and novel dextromethorphan-containing medications (AVP-786 and
AXS-05), which were all placebo-controlled. A potential limitation in
interpreting these studies in the future is that it will not be clear how
the drug compares to conventional treatment, for example, risperi-
done, in terms of safety and efficacy. It may be more informative for
future trials to compare a new drug to placebo and an antipsychotic
such as risperidone, so that any positive findings can inform policy.

ClinicalTrials.gov is the largest database of registered clinical tri-
als, providing useful information about unpublished clinical trials that
were completed, terminated, or were currently active, relevant to our
study. However, limitations of this study included that we may have
missed studies that were not registered on ClinicalTrials.gov or for
which the search terms used did not apply. Clinical trial registration
has been mandated since 2007 and reporting of results mandated since
2008, so earlier studies or non-US-based studies may have been more
likely to have been missed. We only assessed the quality of published
controlled studies so cannot comment on the quality of other stud-
ies, including unpublished trials. The distinction between “lower” and

“higher” quality studies was based on recommendations from the NIH

Clinical Interventions

Quality Assessment tool, which was not specific to agitation in demen-
tia studies so, for example, the 20% dropout cut-off may have been
too strict for this population. For unpublished trials, we were not able
to verify the accuracy of the data reported on ClinicalTrials.gov or
confirm whether the data was consistent with the actual study. We
chose to focus on participant inclusion criteria so did not include anal-
yses on participant exclusion criteria, such as medical conditions or
concomitant medications, which have previously been shown to vary
between studies,!” and need to be evaluated for potential adverse
effects/interactions depending on the specific drug under investiga-
tion. We also did not include observational studies, which can comple-
ment and enhance findings from RCTs. Although we assessed whether
drug studies were fully or partially sponsored by pharmaceutical com-
panies, we did not ascertain whether individual authors had docu-
mented conflicts of interests, thus we may have underestimated the
potential for industry influence on study quality. Two AVP-786 trials
that started in 2015 and were classed as unpublished, completed in
2019, so it is possible that these will be published in the near future.

In conclusion, the landscape of agitation clinical trials in AD has
changed over time, with a recent emergence of novel therapies and
newly repurposed drugs, although it remains to be seen whether
these will be better and safer than conventional treatments. Given
the increasing emphasis on the importance of standardized definitions
and methodologies to optimize the methodology of agitation trials in
AD, our review has identified several factors that may help to further
improve the internal and external validity of future agitation clinical tri-
alsin AD.
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