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ABSTRACT

Introduction: Dementia-related psychosis
(DRP) is characterized by hallucinations and
delusions, which may increase the debilitating
effects of underlying dementia. This network
meta-analysis (NMA) evaluated the comparative
efficacy, safety, and acceptability of atypical
antipsychotics (AAPs) commonly used off label
to treat DRP.

Methods: We included 22 eligible studies from
a systematic literature review of AAPs (quetiap-
ine, risperidone, olanzapine, aripiprazole, and
brexpiprazole) used off label to treat DRP. Study
outcomes were: (1) efficacy—neuropsychiatric
inventory-nursing home (NPI-NH psychosis
subscale), (2) safety—mortality, cerebrovascular
events (CVAEs), and others (somnolence, falls,
fractures, injuries, etc.), and (3) acceptability—
discontinuations due to all causes, lack of
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efficacy, and adverse events (AEs). We used
random-effects modeling to estimate pooled
standardized mean differences (SMDs) for NPI-
NH psychosis subscale scores and odds ratios
(OR) for other dichotomous outcomes, with
their respective 95% confidence intervals (ClIs).
Results: Compared with placebo, aripiprazole
(SMD —0.12; 95% CI —0.31, 0.06), and olan-
zapine (SMD —0.17; 95% CI —0.04; 0.02)
demonstrated small, non-significant numerical
improvements in NPI-NH psychosis scores (5
studies; n = 1891), while quetiapine (SMD 0.04;
95% CI —0.23, 0.32) did not improve symp-
toms. The odds of mortality (15 studies,
n = 4989) were higher for aripiprazole (OR 1.58;
95% CI 0.62, 4.04), brexpiprazole (OR 2.22; 95%
CI 0.30, 16.56), olanzapine (OR 2.21; 95% CI
0.84, 5.85), quetiapine (OR 1.68; 95% CI 0.70,
4.03), and risperidone (OR 1.63; 95% CI 0.93,
2.85) than for placebo. Risperidone (OR 3.68;
95% CI 1.68, 8.95) and olanzapine (OR 4.47;
95% CI 1.36, 14.69) demonstrated significantly
greater odds of CVAEs compared to placebo.
Compared with placebo, odds of all-cause dis-
continuation were significantly lower for arip-
iprazole (OR 0.71; 95% CI 0.51, 0.98; 20 studies;
5744 patients) and higher for other AAPs.
Aripiprazole (OR 0.5; 95% CI 0.31, 0.82) and
olanzapine (OR 0.48; 95% CI 0.31, 0.74) had
significantly lower odds of discontinuation due
to lack of efficacy (OR 12 studies; n = 4382)
compared to placebo, while results for quetiap-
ine and risperidone were not significant.
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Compared with placebo, the odds of discon-
tinuation due to AEs (19 studies, n = 5445) were
higher for olanzapine (OR 2.62; 95% CI 1.75,
3.92), brexpiprazole (OR 1.80; 95% CI 0.80,
4.07), quetiapine (OR 1.25; 95% CI 0.82, 1.91),
aripiprazole (OR 1.38; 95% CI 0.90, 2.13), and
risperidone (OR 1.41; 95% CI 1.02, 1.94).
Conclusions: Overall results demonstrate that,
compared with placebo, quetiapine is not asso-
ciated with improvement in psychosis in
patients with dementia, while olanzapine and
aripiprazole have non-significant small numer-
ical improvements. These off-label AAPs (que-
tiapine, risperidone, olanzapine, aripiprazole,
and brexpiprazole) are associated with greater
odds of mortality, CVAEs, and discontinuations
due to AEs than placebo. These results under-
score the ongoing unmet need for newer phar-
macological options with a more favorable
benefit-risk profile for the treatment of DRP.

Keywords: Dementia-related psychosis;
Hallucination; Delusions; Atypical
antipsychotics; Network meta-analysis;

Efficacy; Safety; Acceptability

Key Summary Points

All atypical antipsychotics used off label to
treat dementia-related psychosis included
in the analysis were associated with

greater odds of mortality, cerebrovascular
adverse events, and discontinuations due
to adverse events compared with placebo

Compared to placebo, olanzapine, and
aripiprazole demonstrated a small, non-
significant improvement in symptoms of
psychosis

Although olanzapine improved psychosis
symptoms, it was associated with a greater
risk of mortality and cerebrovascular
adverse events than placebo

INTRODUCTION

Dementia is a progressive, disabling condition
which causes a decline in the cognitive and
functional abilities [1]. Currently, there are
about 50 million people living with dementia
worldwide and about 7.9 million in the US [2].
This number is expected to increase substan-
tially in the coming years given the rise in the
geriatric population and increasing life expec-
tancy. The most common types of dementia
include Alzheimer’s disease (AD) dementia,
vascular dementia (VaD), dementia with Lewy
bodies (DLB), frontotemporal dementia (FTD),
and Parkinson disease (PD) dementia. Dementia
patients suffer from a host of neuropsychiatric
symptoms (NPS) such as depression, anxiety,
aggression, and agitation as well as delusions
and hallucinations, a characteristic hallmark of
dementia-related psychosis (DRP) [3]. It is esti-
mated that 20-70% of dementia patients suffer
from DRP [4]. While delusions can cause anxi-
ety and fear that can adversely impact the
patient’s daily activities, communication, and
patient relationships, hallucinations can result
in limited participation in social activities. This
results in a decline in the quality of life of
patients, increased caregiver burden, and
increased hospital stays, which consequently
increase the chances of early institution place-
ments [5].

To date, no FDA-approved pharmacological
treatment exists for the treatment of NPS,
including symptoms of DRP. However, AAPs
have been prescribed off label for treating NPS
in about a third of patients with dementia [6].
While AAPs such as quetiapine, risperidone,
olanzapine, aripiprazole, and brexpiprazole are
commonly used in patients with dementia,
clinical evidence suggests that they exhibit
only modest NPS improvements while impos-
ing a significant safety liability in this vul-
nerable population. Additionally, research
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suggests that patients treated with AAPs have
an elevated risk of mortality and cerebrovas-
cular adverse events (CVAEs); the risk of
mortality may increase with their longer
duration of use [7]. In recognition of the
safety risks associated with these AAPs, the
FDA issued a boxed warning about the
increased risk of mortality [7]. In addition to
increased risk of mortality, AAPs may also
impose high treatment-emergent adverse
effect burden related to weight gain, lipid
abnormalities, glucose abnormalities, prolactin
elevation, sedation, extrapyramidal symptoms
(EPS), gait disturbance, and parkinsonism,
among others [8, 9].

While limited randomized head-to-head
clinical trials of these AAPs have demonstrated
comparative efficacy, safety, and acceptability
in treating NPS on a broad range of outcomes,
previous pairwise and network meta-analyses
suggest that no AAP is more beneficial or safe
than another in treating NPS [10, 11]. Two
separately conducted network meta-analyses
(NMA) that examined the role of AAPs in
dementia (Yunusa 2019, Watt 2017) [10, 11]
have confirmed similar findings. Specifically,
Yunusa et al. found that AAPs showed
numerical, non-significant improvements in
NPS compared to placebo; however, they were
significantly associated with higher risks of
CVAEs and death. Surprisingly, no NMAs have
evaluated the comparative acceptability of
AAPs on a broad range of outcomes related to
discontinuations due to all causes, lack of
efficacy, and adverse events in patients with
DRP. Given this void in the literature and the
increasing focus on the appropriate use of
AAPs in patients with DRP, it is crucial to
quantitatively estimate the comparative effi-
cacy, safety, and acceptability of AAPs in the
treatment of DRP. Such research may also be
well served by an NMA using data from a
comprehensive systematic literature review
(SLR) that includes non-randomized observa-
tional studies and open-label trials. Thus, the
objective of this study was to estimate the
comparative efficacy, safety, and acceptability
of AAPs for the treatment and management of
DRP through an NMA.

METHODS

Study Selection and Data Extraction

We conducted this NMA using data from a SLR
[12]. The SLR followed the preferred reporting
items for systematic reviews and meta-analyses
(PRISMA) statement [13], aligned with the
Centre for Reviews and Dissemination guide for
conducting systematic reviews [14], with sear-
ches from January 2000 up to March 2021
(Fig. 1). The searches identified randomized
controlled trials (RCTs), open-label trials, and
observational studies of atypical antipsychotic
monotherapy in the DRP population. Trials
included patients (> 40 years of age, those liv-
ing in the community or nursing home) with
dementia of the different subtypes (AD, VaD,
FTD, DLB, PD, or mixed dementia) who were
diagnosed with symptoms of DRP. Searches
were performed in MEDLINE/PubMed, Psy-
cINFO, EMBASE, and Cochrane Central Register
of Controlled Trials. Only studies published in
English were included. All abstracts were ini-
tially reviewed for eligibility, and full texts were
reviewed only for relevant studies by two indi-
vidual researchers. Discrepancies about includ-
ing studies were resolved by consultation with a
senior reviewer. All selected studies were asses-
sed for quality using the Cochrane Collabora-
tion’s tool for assessing risk of bias [15] for
randomized trials to utilize low, unclear, or high
risk of bias using seven domains (namely
sequence generation, allocation concealment,
blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome
data, selective outcome reporting, and ‘other
sources of bias’), while non-randomized obser-
vational studies were assessed using the New-
castle-Ottawa scale by two independent
researchers, results for which have been repor-
ted elsewhere [16].

Outcome Measures

The efficacy outcome measure was the Neu-
ropsychiatric Inventory-Nursing Home (NPH-
NH) version psychosis sub-scale score (sum of
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PubMed: 924
EMBASE: 271
Psychlinfo: 28
Cochrane: 165

Identification

Number of duplicates
removed: 73

‘

Records Screened:
1315

Screening

Records
excluded:

1116

;

Full-text articles
assessed for eligibility:
199

Eligibility

51 studies included

148 Full-text articles excluded, with reasons

Published before year 2000

Case reports; Case series; Duplicate studies
Systematic Literature Review & Meta-
analysis

Parkinson'’s disease-related psychosis trials
with no data on dementia subgroup

for this review

!

22 studies included in
meta-analysis

Included

Fig. 1 PRISMA study selection flowchart

hallucinations and delusions sub-scores). The
safety outcomes included all-cause mortality,
CVAEs (measured as of stroke or transient
ischemic attacks), somnolence, and falls, frac-
tures, and injuries (FFI). This NMA also allowed
for the comparative assessment of real-world
effectiveness related to real-world “acceptabil-
ity” among patients that is measured as dis-
continuations due to (1) all causes, (2) lack of
efficacy, and (3) adverse events. Additionally
secondary outcomes that were assessed inclu-
ded mini mental state examination (MMSE) and
cognitive impairment.

Network Meta-analysis and Data Synthesis

This NMA followed the PRISMA Extension
Statement for Reporting of Systematic Reviews

Incorporating Network Meta-analyses of Health
Care Interventions (PRISMA-NMA) [17]. The
NMA included studies of AAP treatment for DRP
in the elderly and was conducted using the
multivariate meta-analysis approach using the
Network meta package in Stata statistical soft-
ware (Stata version 15.1) [18, 19]. Transitivity
(i.e., distribution of patient and study charac-
teristics that are potential modifiers of treat-
ment effects and are sufficiently similar in
different sets of trials before an indirect com-
parison) is a fundamental assumption underly-
ing NMA [20]. Transitivity was analyzed by
qualitatively assessing the distribution of the
potential effect modifiers across the different
direct comparisons in our data [21], and we
assumed transitivity after studying the popula-
tion characteristics. All analyses were conducted
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by the lead author. All participants were diag-
nosed with DRP with a mean age of 80.3 years; >
50% were females. All outcomes were analyzed
using random effects models wherever possible.
Instances where random effects model was not a
good fit, fixed effect model was used to analyze
the outcomes. Loop-specific approach assuming
loop-specific heterogeneity was used to evaluate
consistency by examining the agreement
between direct and indirect treatment effects for
relevant outcomes [22-24]. The p-value for
inconsistency was 0.1 [22]. As inconsistency was
reported in a few outcomes, a design by inter-
action inconsistency model was fitted wherever
necessary and reported in the list of supple-
mentary material (Supplementary Table 5) [25].
For treatments that contrast in the network,
presence of inconsistency was evaluated using
the node-splitting analysis method to assess
agreement between direct and indirect evidence
on a specific node [26, 27].

To ensure homogeneity of results for efficacy
outcomes, the NMA was based on a comparable
follow-up period for the outcome or time points
of each trial as reported. Results for continuous
outcomes were reported as mean change from
baseline scores, standard deviation, and sample
size in each arm. Results for categorical out-
comes were reported as proportion of events
recorded and sample size in every arm. Results
for continuous outcomes were expressed as the
standard mean difference (SMD), based on
changes from baseline to the final endpoint,
with their associated confidence intervals (95%
ClIs). The clinical significance of these SMDs can
be interpreted as small, medium, and large
using Cohen’s rule of thumb (e.g., SMD = 0.2,
low; SMD = 0.5, medium; SMD = 0.8, large)
[28]. Since higher scores on the MMSE scale
meant lower level of cognitive impairment, the
algebraic signs for individual scores were
reversed before analysis. Therefore, lower SMDs
were equivalent to improvements across all
continuous outcomes. Results for binary or
dichotomous outcomes were expressed as odds
ratios (ORs) and their respective 95% ClIs. Sur-
face under cumulative ranking curve (SUCRA)
was used to rank treatments. SUCRA represents
the predicted percentage of efficacy, safety, or
acceptability for every treatment option to rank

the most favorable compared to a hypothetical
treatment option that will certainly rank the
best [29, 30]. SUCRA is a numeric representation
of an outcome’s overall treatment ranking that
assigns a single number to each therapy based
on values ranging from O to 100%. Along with
SMD and OR estimates, SUCRA was used to
ascertain treatment ranking where the closer a
treatment’s SUCRA value was to 100%, the
more likely it would be the more acceptable or
safe alternative; the lower and closer the SUCRA
value was to 0%, the less likely it would be the
most acceptable or safe alternative. This article
is based on previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors.

RESULTS

Included Trials and Patient Characteristics

The initial SLR [12] search strategy included all
AAPs to ensure a comprehensive search. Upon
screening articles for eligibility, a total of 51
full-text studies of quetiapine, risperidone,
aripiprazole, brexpiprazole, olanzapine, and
ziprasidone contributed to the SLR’s qualitative
synthesis. This NMA included all AAPs from
studies with comparative quantitative data on
the outcomes of interest. A total of 22 [7, 31-51]
published studies (18 double-blinded RCTs, 1
rater blinded RCT, 2 open-label studies and 1
observational study) were included in the NMA.
The PRISMA diagram depicts the study selection
process (Fig. 1). Thirteen studies were con-
ducted in a nursing home or institutionalized
setting, one study each in an outpatient setting
and hospital setting, and seven studies in a
mixed setting (i.e., nursing home, inpatient or
outpatient setting). The average study duration
in the included trials was 13 weeks with a
median of 10 weeks and range of 6-48 weeks,
and the mean age was 80.1 + 3.6 years among
the total number of patients (n = 5971). Further
details of the study designs and baseline char-
acteristics from the included trials are presented
in Supplementary Table 1. The baseline NPI-NH
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NPI-NH Psychosis Subscale

Drug Favors Treatment Favors Placebo  SMD (95% CI)
Aripiprazole vs. Placebo — -0.12 (-0.31, 0.06)
Olanzapine —— -0.17 (-0.37, 0.02)
Quetiapine —_— 0.04 (-0.23,0.31)

05 0.0 o5

Fig. 2 Forest plot for efficacy outcome of atypical
antipsychotics in comparison with placebo. Forest plot
for NPI-NH psychosis subscale, representing pooled
standard mean differences comparing each treatment

psychosis score appeared similar across all the
included studies ranging from 6.1 to 10.75.

Outcomes

Efficacy Outcomes

NPI-NH Psychosis Subscale Supplementary
Figure 1 depicts the network diagram and Fig. 2
depicts the forest plot for the NPI-NH psychosis
subscale. Of the five studies [34, 43, 47, 48, 51]
(n = 1891 patients) included for analysis, arip-
iprazole (SMD — 0.12; 95% CI — 0.31 to 0.06)
and olanzapine (SMD — 0.17; 95% CI — 0.04 to
0.02) demonstrated small numerical improve-
ments in NPI-NH psychosis subscale scores,
while quetiapine (SMD 0.04; 95% CI — 0.23 to
0.32) did not improve psychosis symptoms.
Results for all AAPs compared to each other
were not statistically significant (Supplementary
Table 2). SUCRA results suggest that olanzapine
(81.4%) had the highest probability of improv-
ing psychosis based on the NPI-NH psychosis
subscale.

Safety Outcomes

Primary Safety Outcomes (Mortality, CVAEs,
Somnolence, Falls, Fractures, and
Injuries) Supplementary Figure 1 depicts the
network diagram, and Fig. 3 depicts the forest
plots for primary safety outcomes. For the
analysis of mortality, a total of 15 studies
[31-36, 39, 40, 42, 43, 46, 48, 50, 51] (n = 4989
patients) demonstrate that the odds of mortal-
ity were numerically higher for brexpiprazole

option with placebo. The diamonds denote the point
estimate for each treatment compared to placebo, while the
horizontal line denote the 95% CIL. If the 95% CI does not
cross 0 (null value), the results imply statistical significance

(OR 2.22; 95% CI 0.30, 16.66), olanzapine (OR
2.21; 95% CI 0.84, 5.85), aripiprazole (OR 1.58;
95% CI1 0.62, 4.04), quetiapine (OR 1.68; 95% CI
0.70, 4.03), and risperidone (OR 1.63; 95% CI
0.93, 2.85) compared to placebo. SUCRA results
show that placebo (87.4%) had the highest
probability of being the safest for mortality.

For CVAEs, a total of 12 studies
[32, 33, 35, 36, 41-43, 46, 48-51] (n =3414)
showed that the odds of CVAEs were signifi-
cantly higher for olanzapine (OR 4.47; 95% CI
1.35, 14.69) and risperidone (OR 3.88; 95% CI
1.68, 8.95) than for placebo. SUCRA results
show that placebo (87.72%) had the highest
probability of being the safest for CVAEs.

For somnolence, a total of 13 studies
[32, 35, 38-40, 42-44, 46-48, 50, 51] (n = 3853
patients) show that, compared to placebo, the
odds of somnolence were significantly higher
for aripiprazole (OR 2.73; 95% CI 1.20, 6.18),
olanzapine (OR 3.79; 95% CI 2.17, 6.62), que-
tiapine (OR 6.65; 95% CI 2.76, 16.02), and
risperidone (OR 2.44; 95% CI 1.72, 3.47). The
odds of somnolence were comparatively lower
for brexpiprazole (OR 1.70; 95% CI 0.52, 5.61)
compared to placebo; however, the results were
non-significant. SUCRA results show that pla-
cebo (96.4%) had the highest probability of
being the safest for somnolence.

For the analysis of falls, fractures, and inju-
ries, a total of 15 studies
[32, 33, 35, 36, 39, 40, 42, 43, 45-51] (n = 4509
patients) demonstrate that the odds of falls,
fractures, and injuries were lowest for
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a Mortality
Drug Favors Treatment | Favors Placebo OR (95% CI)
Aripiprazole vs. Placebo H— 1.58 (0.62, 4.04)
Brexpiprazole 2.22 (0.3, 16.56)
Olanzapine = 2.21(0.84, 5.85)
Quetiapine ™ 1.68 (0.7, 4.03)
Risperidone — 1.63 (0.93, 2.85)
02 0 2:0.0
b Cerebrovascular Adverse Events
Drug Favors Treatment Favors Placebo OR (95% CI)
Aripiprazole vs. Placebo Lo 1.26 (0.23, 6.89)
Olanzapine 4.47 (1.36, 14.96)
Quetiapine T 1.91(0.72, 5.1)
Risperidone —_— 3.88 (1.68, 8.95)
0.21.0 150
¢ Somnolence
g Favors treatment Favors Placebo OR (95% CI)
Aripiprazole vs. Placebo P 2.73(1.2,6.18)
Brexpiprazole H— 1.7 (0.52, 5.61)
Olanzapine —_— 3.79 (2.17, 6.62)
Quetiapine 6.65 (2.76, 16.02)
Risperidone —— 244 (1.72,3.47)
02 1.0 20.:0
d Falls, Fractures, and Injuries
—— | —p
Drug Favors treatment | Favors Placebo OR (95% CI)
Aripiprazole vs. Placebo —_—— 1.06 (0.72, 1.55)
Brexpiprazole —_— 0.4 (0.06, 2.12)
Olanzapine H— 1.27 (0.9, 1.78)
Quetiapine ——T 0.77 (0.48, 1.24)
Risperidone —— 0.79 (0.63, 0.99)

0.05 1.0

Fig. 3 Forest plots for primary safety outcomes of a typical
antipsychotics compared with placebo. a Forest plot for
mortality, representing pooled odds ratio comparing each
treatment option with placebo. The diamonds denote the
point estimate for each treatment compared to placebo,
while the horizontal line denoted the 95% CI. If the 95%
CI does not cross 1 (null value); the results imply statistical
significance. b Forest plot for CVAE, representing pooled
odds ratio comparing each treatment option with placebo.
The diamonds denote the point estimate for each treatment
compared to placebo, while the horizontal line denoted the
95% CI. If the 95% CI does not cross 1 (null value); the

results imply statistical significance. ¢ Forest plot for

5.0

somnolence, representing pooled odds ratio comparing
cach treatment option with placebo. The diamonds denote
the point estimate for each treatment compared to placebo,
while the horizontal line denoted the 95% CIL. If the 95%
CI does not cross 1 (null value); the results imply statistical
significance. d Forest plot for falls, fractures, and injuries,
representing pooled odds ratio comparing each treatment
option with placebo. The diamonds denote the point
estimate for each treatment compared to placebo, while the
horizontal line denoted the 95% CIL If the 95% CI does
not cross 1 (null value); the results imply statistical
significance
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a All-Cause Discontinuation
Drug Favors Treatment Favors Placebo OR (95% CI)
Aripiprazole  vs. Placebo ——e 0.71 (0.51, 0.98)
Brexpiprazole O Bam— 1.17 (0.71, 1.95)
Olanzapine ——— 1.14 (0.86, 1.5)
Quetiapine — 1.01 (0.73, 1.38)
Risperidone —— 0.99 (0.79, 1.25)
0.05 1.0 2.0
b Discontinuation due to Lack of Efficacy
Drug Favors Treatment Favors Placebo OR (95% ClI)
Aripiprazole vs. Placebo —_— 0.50 (0.31, 0.82)
Olanzapine —_— 0.48 (0.31, 0.74)
Quetiapine —_—t 0.76 (0.48, 1.19)
Risperidone —_ 0.65 (0.42, 1.02)
02 1.0 2:.0
c Discontinuation due to Adverse Events
Drug Favors Treatment Favors Placebo OR (95% CI)
Aripiprazole vs. Placebo H—— 1.38 (0.9, 2.13)
Brexpiprazole 1.8 (0.8, 4.07)
Olanzapine —_— 2.62 (1.75, 3.92)
Quetiapine ——— 1.25 (0.82, 1.91)
Risperidone —— 1.41 (1.02, 1.94)
02 1.0 5.0

Fig. 4 Forest plots for acceptability outcomes of a typical
antipsychotics compared with placebo. a Forest plot for all
cause discontinuation, representing pooled odds ratio
comparing each treatment option with placebo. The
diamonds denote the point estimate for each treatment
compared to placebo, while the horizontal line denoted the
95% CL If the 95% CI does not cross 1 (null value); the
results imply statistical significance. b Forest plot for
discontinuation due to lack of efficacy, representing pooled
odds ratio comparing each treatment option with placebo.
The diamonds denote the point estimate for each

brexpiprazole (OR 0.40; 95% CI 0.08, 2.12),
followed by quetiapine (OR 0.77; 95% CI 0.48,
1.24) and risperidone (OR 0.79; 95% CI 0.63,
0.99) compared to placebo. Results for risperi-
done were significant. Odds were shown to be
higher than placebo for aripiprazole and

treatment compared to placebo, while the horizontal line
denoted the 95% CL If the 95% CI does not cross 1 (null
value); the results imply statistical significance. ¢ Forest
plot for discontinuation due to adverse events, representing
pooled odds ratio comparing each treatment option with
placebo. The diamonds denote the point estimate for each
treatment compared to placebo, while the horizontal line
denoted the 95% CIL. If the 95% CI does not cross 1 (null
value); the results imply statistical significance

olanzapine (Supplementary Table 2). SUCRA
results show that brexpiprazole (84.4%) had the
highest probability of being the safest for falls,
fractures, and injuries. The SUCRA results for
primary safety outcomes are reported in Sup-
plementary Fig. 3. Additionally, results of all
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secondary outcomes in the analysis (cardiovas-
cular AEs, EPS, akathisia) are reported in Sup-
plementary Table 6.

Acceptability Outcomes

Discontinuations: All Cause, Lack of Efficacy,
and Adverse Events Supplementary Figure 2
includes the network diagram, and Fig. 4
depicts the forest plots for all acceptability
outcomes. For the analysis of all-cause discon-
tinuations, a total of 20 studies
[31-36, 38-43, 45-51] (n=5744 patients)
showed that odds of all-cause discontinuation
were significantly lower for aripiprazole (OR
0.71; 95% CI 0.51, 0.98) compared to placebo.
Results for all other AAPs were not statistically
significant compared with each other. SUCRA
results show that aripiprazole (95.6%) had the
highest probability of not being discontinued
because of all causes.

For the analysis of discontinuations due to
lack of efficacy, a total of 12 studies
[33-35, 40, 42, 43, 45, 47-51] (n=4382
patients) showed that aripiprazole (OR 0.5; 95%
CI 0.31, 0.82) and olanzapine (OR 0.48; 95% CI
0.31, 0.74) had significantly lower odds of dis-
continuation while quetiapine (OR 0.76; 95%
CI 0.48, 1,19) compared to placebo, while
risperidone (OR 0.65; 95% CI 0.42, 1.02) did
not. SUCRA results show that olanzapine
(85.2%) had the highest probability of not being
discontinued because of lack of efficacy.

For discontinuations due to adverse events, a
total of 19 studies [31, 33-36, 39-51] (n = 5445
patients) show that the odds of discontinua-
tions were higher than placebo for olanzapine
(OR 2.62; 95% CI 1.75, 3.92), brexpiprazole (OR
1.80; 95% CI 0.80, 4.07), quetiapine (OR 1.25;
95% CI 0.82, 1.91), aripiprazole (OR 1.38; 95%
CI0.90, 2.13), and risperidone (OR 1.41; 95% CI
1.02, 1.94) (Supplementary Table 3). SUCRA
results show that placebo (94.2%) had the
highest probability of not being discontinued
because of adverse events. Supplementary Fig. 3
report SUCRA diagram for acceptability
outcomes.

Other Outcomes

MMSE, Cognitive Impairment Supplementary
Figure 2 shows the network diagram for other
outcomes. For the analysis of MMSE, a total of
nine studies [33, 37, 41-43, 45, 46, 48, 50]
(n = 1447) reported that aripiprazole (SMD
—0.09; 95% CI — 0.23, 0.06), quetiapine (SMD
—0.05; 95% CI —0.26, 0.16), and risperidone
(SMD —-0.15; 95% CI (- 0.39, 0.09) demon-
strated small numerical improvements in MMSE
scale, while olanzapine (SMD 0.23; 95% CI
—0.71, 1.17) did not show improvements
compared to placebo.

For the analysis of cognitive impairment, a
total of three studies [38, 41, 49] (n =501
patients) demonstrated that, compared to pla-
cebo, the odds of cognitive impairment were
significantly higher for olanzapine (OR 7.29;
95% CI 1.39, 38.24) (Supplementary Table 4).

DISCUSSION

This NMA evaluated the outcomes of AAPs in
treating psychosis in patients with dementia
and builds on a previous study by Yunusa et al.
[11]. While this NMA assessed the efficacy,
safety, and acceptability of AAPs in treating
characteristic symptoms of DRP such as hallu-
cinations and delusions, the previous study
evaluated the efficacy and safety of AAPs on the
broader gamut of NPS. Also, the previous study
included only randomized, blinded clinical tri-
als, while the current NMA included blinded
and unblinded randomized and non-random-
ized trials and observational studies. Of the total
22 studies, 2 (Devanand, Ellingrod) were not
RCTs. Given the small number, addition of
these did not impact the results of the studied
outcomes. Additionally, this study represents
the most recent and comprehensive NMA of
AAPs in DRP to date. Interestingly, this NMA
confirms the previous findings that no single
AAP showed better efficacy and safety results
compared to another across all studied out-
comes, and all AAPs were associated with an
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increased risk of adverse events. Furthermore,
this study adds to the previous NMAs in the
following ways: First, this study included brex-
piprazole in addition to aripiprazole, olanzap-
ine, quetiapine, and risperidone because the
trial of brexpiprazole was published in 2020,
after the previous NMA of Yunusa et al. was
published. Of note, this NMA only used the
safety and acceptability outcomes of brex-
piprazole because the trial’s efficacy outcome
was based on agitation, measured using differ-
ent domains on the NPS scale. Second, it eval-
uated the acceptability of AAPs in the form of
treatment discontinuation outcomes. Given
that treatment discontinuations are considered
to reflect possible real-world effectiveness, it
may provide a window into understanding the
potential comparative effects of these treat-
ments in routine clinical practice.

Our study results suggest that, compared
with placebo, olanzapine demonstrated the
greatest numerical non-significant symptom
improvement on the NPI-NH psychosis sub-
scale, followed by aripiprazole. On the other
hand, quetiapine did not demonstrate numeri-
cal improvements compared with placebo. The
previous NMA [11] reported all the AAPs
showed small numerical improvements in the
NPI total score compared to placebo, out of
which aripiprazole had a significant improve-
ment. Given that this study focused on the DRP
population, we examined the NPI-NH psychosis
subscale, which assessed the hallucination and
delusion subset of the total NPI-NH question-
naire score. The difference in the outcomes
measures between the two studies might
explain why the acceptability of aripiprazole in
this study was lower than what was reported by
Yunusa et al. (SMD = — 0.2).

Consistent with previously published NMAs
and pairwise meta-analyses [10, 11, 52-55], this
study affirmed that all existing AAPs have a
greater risk of mortality compared to placebo.
The previous study by Yunusa et al. reported
risperidone to have the least risk of mortality,
while this study showed that aripiprazole is
associated with the least risk followed by
risperidone, quetiapine, and olanzapine. This
study found that brexpiprazole was associated
with the highest risk of mortality. None of the

AAP-AAP comparisons for mortality outcome
showed a statistically significant difference. The
reported difference in the size of the odds of
mortality with risperidone vs. placebo between
Yunusa’s previous research and the current
study may be due to the differences in the
number of studies as the previous study [11]
included seven risperidone trials, while the
current NMA included a total of eight risperi-
done studies. Nonetheless, the wide confidence
intervals indicate a broad variability in esti-
mates and suggest the need for more studies
with a larger sample size. According to previ-
ously published NMA by Watts [10], APs had a
higher risk of CVAEs compared to placebo.
Consistent with other previous NMAs and
pairwise meta-analyses, this study also reported
that risperidone and olanzapine are signifi-
cantly associated with CVAEs compared to pla-
cebo [9, 10, 52-55]. A fourfold increased risk of
CVAEs was reported in this study, while the
European Medical Agency and other studies
reported that olanzapine has three times more
risk of CVAEs compared to placebo [56]. Over-
all, according to current results, even though
olanzapine showed improvements in efficacy, it
demonstrated an alarming risk of mortality and
CVAEs and should be avoided in patients with
history of CVAEs or cardiovascular conditions.
Like the previous findings of Yunusa et al. [11],
olanzapine had the highest risk of FFI, followed
by aripiprazole. In contrast, risperidone, queti-
apine, and brexpiprazole had lower risk of FFI
compared to placebo. Watt et al. reported APs to
have lower odds of fractures but higher odds of
falls compared to placebo. In this study, all
AAPs had higher odds of somnolence compared
to placebo. Quetiapine has the highest risk fol-
lowed by olanzapine, aripiprazole, and risperi-
done, which was statistically significant and
consistent with the previous findings [11]. It is
plausible that quetiapine’s sedative effect may
be the reason for its frequent prescription
potentially to induce sleep and temporarily
calm symptoms [57, 58]. Olanzapine demon-
strated a decrease in the MMSE scores as well as
a potential increase in the cognitive impair-
ment suggesting that cognitive decline may be
accelerated with its use. Given the worsening of
cognition associated with olanzapine from the
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two outcomes, they may need to be avoided in
persons with moderate-to-severe DRP.

In alignment with the efficacy findings, the
NMA results also demonstrated that olanzapine
and aripiprazole are associated with lower odds
of discontinuation due to lack of efficacy com-
pared to placebo. Aripiprazole also demon-
strated lower odds of all discontinuations.
However, given their results on the safety out-
comes, all the AAPs had high odds of discon-
tinuation due to adverse events. All AAPs were
associated with a high risk of mortality, CVAE,
and somnolence, while risperidone showed
significantly lower odds of FFIs. Regarding dis-
continuation of AAP as an acceptability mea-
sure, overall, no one drug gave lower odds of
discontinuations due to all causes, lack of effi-
cacy, and adverse reactions compared to pla-
cebo. Aripiprazole was the only drug that
showed significantly better results compared to
placebo for all-cause discontinuations. The
lower odds of all-cause discontinuation with
aripiprazole found in the study are not that
surprising given that it is reported to be a rela-
tively weight neutral antipsychotic, albeit with
significant EPS liability such as akathisia [59].
Placebo comparisons showed that olanzapine
and aripiprazole had significantly lower odds of
discontinuation due to lack of efficacy followed
by quetiapine and risperidone. These results are
consistent with published evidence that con-
sistently shows olanzapine to be a potent
antipsychotic by improving neuropsychiatry
scores, albeit with significant weight gain and
other safety issues [60, 61]. None of the studied
AAPs demonstrated a better profile for discon-
tinuation due to adverse events compared to
placebo. In fact, results suggest that olanzapine
demonstrated the highest odds of discontinua-
tion due to AE, which were significant, followed
by brexpiprazole and risperidone. Due to lower
adverse event outcomes, aripiprazole has the
lowest odds for discontinuation due to AEs.
Even though all AAPs are associated with some
improvement in efficacy outcomes, they all are
associated with some risk of AEs compared to
placebo. Previously published literature sug-
gested that discontinuation of AAP leads to
worsening of symptoms in patients with greater
baseline symptoms in the long run [62-64].

The high risk of AEs with AAPs reported in
this NMA appears to support the American
Geriatrics Society (AGS) Beers’ criteria and APA
guidelines regarding potentially inappropriate
medication use with these off-label AAP use in
older adults. While the Beers criteria suggest
that AAP use should be avoided until all non-
pharmacological treatment options have been
exhausted or if patients are at risk of harm to
self or to others [65], the APA guidelines suggest
the use of non-pharmacological interventions
prior to consideration of AAP use. The guideli-
nes also recommend that treating physicians
should assess the potential benefit and risks
associated with the off-label AAPs and ensure
that a shared decision-making about AAP
treatment choice is made in discussion with
patients or caregivers, as appropriate [66].

Strengths and Limitations

This NMA provides the most recent and com-
prehensive assessment of the comparative
effects of the commonly used off-label AAPs.
The NMA included more studies than previ-
ously published meta-analyses and was also
intended as a comparative assessment of indi-
vidual AAPs rather than an evaluation of the
AAP class of drugs. This study was also the first
to evaluate the acceptability of AAPs for the
DRP population based on discontinuations.
Remaining consistent with comparative efficacy
and safety results reported here and elsewhere,
the acceptability results demonstrate that no
single AAP was more acceptable than any other
or placebo on all three measures of discontinu-
ations (all cause, lack of efficacy, and adverse
events).

Despite its strengths, this NMA also has some
limitations. Only articles that were published in
the English language were included in the
study, which may have introduced a language
bias [67]. However, studies have shown that
excluding articles not published in English
language has little impact on summary treat-
ment effect estimates [68, 69]. The study inclu-
ded a total of 22 studies, which led to small
sample sizes for individual drug comparisons
and consequently wider 95% ClIs for some
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estimates. It is also plausible that inclusion of
non-RCTs in the analyses may have affected the
results. We were unable to provide evidence on
time to death because of the paucity of infor-
mation from studies included in this NMA.
Despite these limitations, this study may help
recognize the comparative effects of commonly
used off-label AAPs and their individual benefit-
risk profiles as it relates to treating the elderly
population with DRP.

CONCLUSIONS

Overall results demonstrate that, compared
with placebo, quetiapine is not associated with
improvement in psychosis in patients with
dementia, while olanzapine and aripiprazole
show small numerical improvements that are
not significant. These off-label AAPs (quetiap-
ine, risperidone, olanzapine, aripiprazole, and
brexpiprazole) are associated with greater odds
of mortality, CVAEs, and discontinuations due
to adverse events than placebo. The results
suggest an existing gap in clinical decision-
making given the need to systematically con-
sider the AAP benefit-risk profile in making
appropriate treatment selection among patients
with DRP. Furthermore, these results under-
score the ongoing unmet need for AAP treat-
ment options with a more favorable benefit-risk
profile for the treatment of DRP among patients
with underlying dementia.
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