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Pimavanserin for patients with Parkinson’s disease
psychosis: a randomised, placebo-controlled phase 3 trial
Jeﬀrey Cummings, Stuart Isaacson, Roger Mills, Hilde Williams, Kathy Chi-Burris, Anne Corbett, Rohit Dhall, Clive Ballard

Summary

Background Parkinson’s disease psychosis, which includes hallucinations and delusions, is frequent and debilitating
in people with Parkinson’s disease. We aimed to assess safety and eﬃcacy of pimavanserin, a selective serotonin
5-HT2A inverse agonist, in this population.
Methods In our 6 week, randomised, double-blind, placebo-controlled study, we enrolled adults (aged ≥40 years) with
Parkinson’s disease psychosis. Antipsychotic treatments were not permitted during the study, but controlled
antiparkinsonian medication or deep brain stimulation was allowed. Eligible participants entered a 2 week nonpharmacological lead-in phase to limit the placebo response, after which they were randomly allocated (1:1) to receive
pimavanserin 40 mg per day or matched placebo. The primary outcome was antipsychotic beneﬁt as assessed by
central, independent raters with the Parkinson’s disease-adapted scale for assessment of positive symptoms (SAPSPD) in all patients who received at least one dose of study drug and had a SAPS assessment at baseline and at least
one follow-up. We assessed safety and tolerability in all patients who received at least one dose of study drug. This
study is registered with ClinicalTrials.gov, number NCT01174004.
Findings Between Aug 11, 2010, and Aug 29, 2012, we randomly allocated 199 patients to treatment groups. For
90 recipients of placebo and 95 recipients of pimavanserin included in the primary analysis, pimavanserin was
associated with a −5·79 decrease in SAPS-PD scores compared with −2·73 for placebo (diﬀerence –3·06, 95% CI
–4·91 to –1·20; p=0·001; Cohen’s d 0·50). Ten patients in the pimavanserin group discontinued because of an adverse
event (four due to psychotic disorder or hallucination within 10 days of start of the study drug) compared with two in
the placebo group. Overall, pimavanserin was well tolerated with no signiﬁcant safety concerns or worsening of
motor function.
Interpretation Pimavanserin may beneﬁt patients with Parkinson’s disease psychosis for whom few other treatment
options exist. The trial design used in this study to manage placebo response could have applicability to other studies
in neuropsychiatric disease.
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Introduction

7–10 million people worldwide have Parkinson’s
disease.1 The combined global cost of the disorder is
estimated to be nearly £41 billion per year. Parkinson’s
disease is a synucleinopathy resulting in progressive
neurodegeneration marked by motor dysfunction and
non-motor symptoms including psychosis. More than
50% of patients with Parkinson’s disease have psychosis
at some time.2 Psychosis aﬀects up to 75% of patients
with Parkinson’s disease dementia, and symptoms are
more intractable in this group.3 Such psychosis is
expressed primarily as hallucinations and delusions,
which can cause great distress for patients and their
caregivers. These episodes present a major challenge
for treatment and care, increase the likelihood of
placement in nursing homes, and are associated with
increased mortality.2
Best-practice treatment guidelines promote initial consideration of comorbidities and reduction of dopaminergic therapy. However, these approaches are often
insuﬃcient and few other therapeutic options exist.
Typical antipsychotics can cause profound dopamine D2

antagonism and worsen parkinsonism. Therefore,
atypical antipsychotics are commonly used. Among these
drugs, risperidone and olanzapine are poorly tolerated.
Quetiapine seems better tolerated, with a small trial of
16 patients showing some clinical beneﬁt.4 However, the
four largest randomised controlled trials of quetiapine
(including 153 patients) showed no evidence of eﬃcacy,5–8
suggesting that quetiapine is not eﬃcacious for control of
Parkinson’s disease psychosis.
Clozapine has shown antipsychotic beneﬁt without
worsening motor symptoms in several randomised
controlled trials, including two 4 week trials that had
large eﬀect sizes (Cohen’s d >0·8) in the treatment
groups and in one longer trial.9–11 However, clozapine is
associated with increased risk of agranulocytosis,
mortality, seizures, myocarditis and other cardiovascular
and respiratory eﬀects. These risks have particular
relevance for frail elderly people with neurodegenerative
disease and require strict monitoring protocols. The
UK’s National Institute for Health and Care Excellence
(NICE) Parkinson’s disease guideline indicates that
clozapine is rarely used. Thus, safe and eﬃcacious
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Parkinson’s disease psychosis provide preliminary
evidence of pimavanserin’s antipsychotic beneﬁts and
good tolerability.19,20 We aimed to assess eﬃcacy and
safety of pimavanserin for treatment of Parkinson’s
disease psychosis in a phase 3 trial, incorporating
design features on the basis of results of a previous
trial20 intended to minimise placebo response and
optimise trial quality.

Methods
Study design and participants

In our randomised, double-blind, parallel group, placebocontrolled trial, we enrolled participants at 52 centres
(academic hospitals or other experienced neurology
research centres) in the USA and two centres in Canada.
Eligibility criteria were unchanged throughout. Eligible
participants had to be aged 40 years or older, meet
established diagnostic criteria for Parkinson’s disease
psychosis,21 including idiopathic Parkinson’s disease
consistent with UK Brain Bank criteria22 lasting at least
1 year, and have psychotic symptoms that developed after
Parkinson’s disease diagnosis that were present for at
least 1 month, occurred at least weekly in the month
before screening, and were severe enough to warrant

314 individuals screened beginning in
August, 2010
115 excluded
53 did not meet SAPS/NPI entry criteria
14 declined to participate
48 other reason*
199 randomly allocated treatment
(randomisation completed by Aug 29, 2012)

94 assigned placebo
0 did not receive ≥1 dose

105 assigned pimavanserin 40 mg
1 did not receive ≥1 dose

4 discontinued before post-baseline
SAPS assessment
1 adverse event
1 withdrew consent
2 other†

9 discontinued before post-baseline
SAPS assessment
6 adverse events
2 withdrew consent
1 other†

90 included in the full analysis set

Electronic Distribution Only

treatment options for Parkinson’s disease psychosis are
a clinical priority.
Pimavanserin (ACADIA Pharmaceuticals, San Diego,
CA, USA) is a selective serotonin 5-HT2A inverse agonist without dopaminergic, adrenergic, histaminergic, or
muscarinic aﬃnity, and is in development as a treatment
for Parkinson’s disease psychosis.12 In Parkinson’s
disease, the binding of 5-HT2A receptors is increased in
the neocortex, and visual hallucinations are associated
with increased numbers of 5-HT2A receptors in visual
processing areas.13 Post-mortem and genetic studies also
suggest that in Parkinson’s disease dementia, dementia
with Lewy bodies, and Alzheimer’s disease, delusions
and hallucinations are linked to alterations in the 5-HT
system.14,15 Polymorphisms of 5-HT2A, 5-HT2C, and the
5-HT transporter are linked to psychosis, and possibly
with treatment response to atypical antipsychotics in
Alzheimer’s disease.16–18 Atypical antipsychotics target the
5-HT2A pathway but at varying levels and also aﬀect
other receptor families. With its receptor selectivity,
pimavanserin has been developed to provide antipsychotic beneﬁt without the adverse eﬀects of current
antipsychotics. Previous randomised controlled trials
and ongoing open-label safety extension studies in

95 included in the full analysis set

3 discontinued from study
1 adverse event
1 withdrew consent
1 investigator decision

6 discontinued from study
4 adverse events
1 withdrew consent
1 non-compliant

87 completed study treatment

89 completed study treatment

Figure 1: Trial proﬁle
SAPS=scale for assessment of positive symptoms. NPI=neuropsychiatric inventory. *Did not meet mini-mental status examination criteria, was using prohibited
medications, had unstable medical conditions, caregiver was unwilling, discretion of sponsor, QTc or laboratory test results did not meet study inclusion criteria.
†Discontinued at the discretion of the sponsor (participants did not meet the SAPS-PD entry criterion and were randomly allocated in error).
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treatment with antipsychotics. Patients had to have a
mini-mental status examination (MMSE) score of at least
21 points out of 30 and no delirium. A caregiver (usually
a spouse or family member) was required at all visits.
We excluded potential participants if their psychosis was
secondary to other toxic or metabolic disorders, if
dementia was diagnosed concurrent with or before
Parkinson’s disease, or if the psychosis occurred after
ablative stereotaxic surgery. For participants receiving
antiparkinsonian drugs or having deep brain stimulation,
stable dosage and settings were required throughout the
trial and for 1 month before enrolment. No reductions in
dopaminergic drugs were required at study entry. Other
exclusion criteria included stroke or other uncontrolled
serious medical illness, myocardial infarction within
6 months of baseline, congestive heart failure, history of
long QT syndrome, a long QTcB (>460 ms for men or
>470 ms for women), or clinically signiﬁcant laboratory
abnormalities. Antipsychotics drugs were prohibited (with
discontinuation ≥5 half-lives), as were centrally acting
anticholinergics and drugs prolonging QT interval.
In compliance with the Declaration of Helsinki,
patients provided written informed consent. Caregivers
also provided consent. Participating centres received
institutional review board approval.

Randomisation and masking

Within each centre, randomisation was done in a double
blind manner by use of a preprogrammed kit randomisation schedule generated by PharmaNet (Princeton,
NJ, USA) in which pimavanserin or matched placebo
were randomly assigned in a 1:1 ratio with a block size
of four. We did not use any other stratiﬁcation factors.
Participants who met eligibility criteria were randomly
allocated to once-daily pimavanserin 40 mg (two 20 mg
tablets) or matched placebo. Tablets (and placebo in
concealed kits) were manufactured by ACADIA Pharmaceuticals and packaged in compliance with good manufacturing practice.

Procedures

At screening, participants had to have a combined score
of at least 6 or an individual score of at least 4 on the
neuropsychiatric inventory (NPI)23 items A (delusions)
and/or B (hallucinations). After screening, participants
entered a 2 week lead-in period during which nonpharmacological brief psychosocial therapy24 adapted for
Parkinson’s disease (BPST-PD) was used to help elicit a
placebo response ahead of baseline. BPST-PD consisted
of daily social interactions between participant and
caregiver based on a plan tailored to their interests and
capabilities. Follow-up was done after 3 days and 7 days.
Eligibility was conﬁrmed at baseline and required a score
of at least 3 on the scale for assessment of positive
symptoms (SAPS) hallucinations or delusions global
item25 and at least 3 on at least one other non-global item
on the Parkinson’s disease-adapted SAPS (SAPS-PD).26

Placebo (n=90)

Pimavanserin (n=95)

Age, years

72·4 (7·92)

72·4 (6·55)

Sex, female

38 (42%)

31 (33%)

Ethnic group, white

85 (94%)

90 (95%)

Body-mass index, kg/m²

26·4 (5·65)

26·2 (4·57)

Stereotactic surgery

3 (3%)

10 (11%)

Mini-mental status examination score

26·6 (2·40)

26·0 (2·61 )

UPDRS-II score

19·3 (6·77)

18·7 (6·62)

UPDRS-III score

33·3 (12·23)

32·8 (12·86)

Time since ﬁrst PDP symptoms, months

36·4 (39·57)

30·9 (30·01)

Antipsychotic exposure within 21 days before baseline

15 (17%)

18 (19%)

Clozapine

0

Quetiapine

13 (14%)

Risperidone

1 (1%)

Ziprasidone

1 (1%)

2 (2%)
16 (17%)
0
0

Use of dopaminergic drugs at baseline and throughout trial

89 (99%)

94 (99%)

Use of cholinesterase inhibitors at baseline and throughout trial

32 (36%)

31 (33%)

NPI total (H+D) score

12·2 (5·33)

11·8 (5·85)

SAPS-PD

14·7 (5·55)

15·9 (6·12)

SAPS-H+D

15·8 (6·52)

17·5 (7·57)

CGI-S

4·32 (0·91)

SCOPA-sleep (night-time score)

5·48 (3·82)

5·84 (3·84)

30·66 (15·92)

28·71 (14·23)

Caregiver burden scale score

4·27 (0·92)

Data are mean (SD) or n (%). The full analysis set consisted of all patients who received ≥1 dose and had SAPS assessments
at baseline and ≥1 post-baseline. UPDRS=uniﬁed Parkinson’s disease rating scale. PDP=Parkinson’s disease psychosis.
NPI=neuropsychiatric inventory. H+D=hallucinations and delusions. SAPS=scale for the assessment of positive symptoms.
SAPS-PD=sum of nine item Parkinson’s disease-adapted SAPS. CGI-S=clinical global impression severity. SCOPA=scale for
outcomes of Parkinson’s disease.

Table 1: Baseline characteristics (full analysis set)

Assessments were done at baseline and days 15, 29,
and 43. The primary outcome was change in total SAPSPD26 score from baseline to day 43. The SAPS-PD
includes nine items, seven assessing individual symptoms, a global hallucinations item, and a global delusions
item. This measure was derived from the SAPS, which
was previously used in Parkinson’s disease psychosis
trials of pimavanserin and clozapine. It speciﬁcally
shows symptoms that occur frequently and are sensitive
to change in Parkinson’s disease psychosis.26 SAPS-PD
assessments were done by live video conference between
the participant and a centralised, independent rater who
was masked to treatment assignment.
Secondary outcomes included change by day 43 in
clinical global impression-severity (CGI-S) and improvement (CGI-I) scale scores,27 completed by a site investigator
who was masked to SAPS-PD scores. Exploratory
measures included the Zarit 22-item caregiver burden
scale (CBS), which was completed by the caregiver and
scales for outcomes in Parkinson’s disease-sleep (parts B
and C) assessing night-time sleep quality (SCOPA-NS)
and daytime wakefulness (SCOPA-DS).28 A key secondary endpoint assessed parkinsonism with the uniﬁed
Parkinson’s disease rating scale parts II and III (UPDRS II
and III).29 We routinely monitored safety throughout the
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Rater

Population

Analysis*

Day 43 outcome†

Treatment
change†‡

Placebo (n=90)

Pimavanserin
40 mg (n=95)

MMRM

−2·73 (0·67)

−5·79 (0·66)

95% CI

p value

Eﬀect
size§

0·0014

0·50
··

Anti-psychotic eﬃcacy
Primary analysis
SAPS-PD

Independent (central)

FAS

−3·06 (0·94)

−4·91 to –1·20

Sensitivity analysis
SAPS-PD

Independent (central)

PP

MMRM

−2·73 (0·68)

−5·91 (0·67)

−3·18

−5·07 to –1·28

0·0011

SAPS-PD

Independent (central)

FAS

LOCF

−2·65 (0·67)

−5·56 (0·65)

−2·91

−4·75 to –1·07

0·0021

··

SAPS-PD

Independent (central)

FAS

WOCF

−2·65 (0·67)

−5·43 (0·65)

−2·78

−4·63 to –0·93

0·0034

··

SAPS-PD

Independent (central)

All randomised

WOCF/BOCF

−2·56 (0·65)

−4·92 (0·61)

−2·36

−4·12 to –0·61

0·0084

··

SAPS-PD percentage change

Independent (central)

FAS

MMRM

−14% (4·7%)

−37% (4·6%)

−23% (6·6%)

SAPS-H+D

Independent (central)

FAS

MMRM

−3·14 (0·73)

−6·51 (0·72)

−3·37 (1·03)

SAPS-H+D percentage change

Independent (central)

FAS

MMRM

−15% (4·7%)

−38% (4·7%)

−24% (6·7%)

SAPS-H

Independent (central)

FAS

MMRM

Supportive analyses

−2·10 (0·49)

−36 to –10
−5·40 to –1·35
−37 to –10

−4·18 (0·49)

−2·08 (0·70)

−3·46 to –0·71
−2·22 to –0·10

SAPS-D

Independent (central)

FAS

MMRM

−1·12 (0·38)

−2·28 (0·38)

−1·16 (0·54)

SAPS-PD ≥20% reduction¶

Independent (central)

FAS

χ² test

47%

63%

17%

2 to 31

0·0006

··

0·0012

0·50

0·0005

··

0·0032

0·45

0·0325

0·33

0·0242

··

0·0011

0·51

Secondary analyses
CGI-I

Site investigator

FAS

MMRM

CGI-I responder

Site investigator

FAS

χ² test

26%

3·45 (0·14)

49%

2·78 (0·14)

−0·67 (0·20)
23%

CGI-S

Site investigator

FAS

MMRM

−0·44 (0·12)

−1·02 (0·12)

−0·58 (0·17)

−1·06 to –0·27
9 to 37

0·0015

··

−0·92 to –0·25

0·0007

0·52

Other exploratory eﬃcacy endpoints
SCOPA-night

Site investigator

FAS

MMRM

−0·49 (0·33)

−1·42 (0·32)

−0·93 (0·46)

−1·84 to –0·02

0·0446

0·31

SCOPA-day wake

Site investigator

FAS

MMRM

−0·99 (0·34)

−2·21 (0·34)

−1·22 (0·48)

−2·17 to –0·27

0·0120

0·39

Caregiver burden

Caregiver

FAS

MMRM

0·40 (0·96)

−3·94 (0·95)

−4·34 (1·35)

−7·00 to –1·67

0·0016

0·50

Caregiver burden (categorical)||

Caregiver

FAS

CMH

0·0036

··

35%

43%

··

··
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SAPS=Scale for assessment of positive symptoms. SAPS-PD=sum of nine item Parkinson’s disease-adapted SAPS. FAS=full analysis set (all patients who received ≥1 dose and had SAPS assessment at baseline
and ≥1 post-baseline). MMRM=mixed model repeated measures analysis. PP=per protocol. LOCF=last observation carried forward. WOCF=worst observation carried forward. BOCF=baseline observation
carried forward. SAPS-H+D=sum of 20 items for hallucinations plus delusions domains. SAPS-H=sum of seven items for hallucinations domain. SAPS-D=sum of 13 items for delusions domain. CGI-I=clinical
global impression improvement. CGI-S=clinical global impression severity. SCOPA=scale for outcomes of Parkinson’s disease. CMH=Cochran-Mantel-Haenszel. *MMRM refers to MMRM (observed cases)
analyses; ANCOVA was used for all LOCF, WOCF, and BOCF imputation methods. †For numerical outcomes, data are least squares means (standard error); for binary outcomes, data are the percentage of
individuals who met criteria. ‡Least squares means treatment change is pimavanserin minus placebo. §For select numerical outcomes, eﬀect sizes were estimated as the diﬀerence between least squares
means multiplied by the square root of ([1 / n1] + [1 / n2]) and divided by the standard error. ¶This analysis was done post-hoc; individuals with missing SAPS-PD outcome at day 43 are considered as not
achieving 20% reduction (missing counted as failures). ||Four categories exist for caregiver burden; proportions of individuals with little or no burden at day 43 are shown in this table; the p value is based on
a CMH row mean score test.

Table 2: Eﬃcacy outcomes

study and included review of concomitant drug use,
adverse events, physical examination ﬁndings, clinical
laboratory measures, vital signs, and electrocardiogram
results. Safety oversight included independent clinical
and cardiology review of masked data every 3 months.

Statistical analyses
We calculated that a sample size of 200 participants
(100 participants per group) would provide 90% power at
5% signiﬁcance level to detect a 3 point diﬀerence in
SAPS-PD between groups, assuming an SD of 6·5. We
assessed eﬃcacy in a full analysis set of randomly
allocated participants who received at least one dose of
study drug and had a SAPS assessments at baseline and
at least one after baseline. For all eﬃcacy measures, we
analysed change from baseline for numerical endpoints (observed cases) with the mixed model repeated
4

measures (MMRM) method. The model included
ﬁxed categorical eﬀects of treatment (pimavanserin or
placebo), visit (days 15, 29, or 43), and treatment-by-visit
interaction, and the continuous ﬁxed covariate of baseline
score. Missing values were not imputed. We used the χ²
test to compare the proportion of CGI-I responders (very
much improved or much improved) between groups and
also the proportion of individuals with at least 20%
improvement in SAPS-PD score. We did a categorical
analysis of CBS with a Cochran-Mantel-Haenszel row
mean score test, stratiﬁed by baseline category.
For change from baseline in UPDRS II and III score at
day 43, we tested non-inferiority of pimavanserin versus
placebo in the full analysis set with ANCOVA. The noninferiority margin of 5 was discussed with and agreed by
the US Food and Drug Administration (FDA) because it
had been deﬁned for Parkinson’s disease trials as the
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Results

Between Aug 11, 2010, and Aug 29, 2012, we screened
314 participants, of whom 199 were randomly allocated to
treatment and 185 were included in the full analysis set
(ﬁgure 1). Demographics and clinical characteristics
did not diﬀer at baseline (table 1). Mean duration of
symptoms of Parkinson’s disease psychosis was
30·9 months (SD 30·01) in the pimavanserin group and
36·4 months (39·57) in the placebo group.
In the primary analysis, SAPS-PD scores at day 43
showed a signiﬁcant improvement in psychosis for pimavanserin compared with placebo (table 2, ﬁgure 2).
Patients who received pimavanserin had a mean change
equating to a 37% improvement from baseline compared
with 14% for placebo (table 2; p=0·0006). Pimavanserin
also conferred beneﬁt compared with placebo in terms of
the full 20 item SAPS-hallucinations plus delusions
(H+D) scale and on the separate hallucinations and
delusions domains (table 2). Additionally, more patients
in the pimavanserin group had a greater than 20%
reduction in SAPS-PD scores (table 2). A sensitivity
analysis including all randomly allocated patients was
consistent with the full analysis set, as were ANCOVA
analyses with the last, baseline, or worst observation
carried forward (table 2). Additionally, subgroup analyses
suggested that treatment with pimavanserin was eﬀective
irrespective of age (65–75 years vs >75 years), sex, and
screening MMSE score (<25 vs ≥25; appendix).
Compared with placebo, patients in the pimavanserin
group had greater improvements in investigator-assessed
measures of antipsychotic beneﬁt, including CGI-S and
CGI-I (table 2, ﬁgure 2).
In exploratory analyses, caregivers of patients in the
pimavanserin group also reported reduction in burden
compared with caregivers of patients who received
placebo, and participants reported improvements on
night-time sleep and daytime wakefulness for pimavanserin compared with placebo (table 2, ﬁgure 3)
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A

Change in CGI-severity score

Electronic Distribution Only

minimal clinically important change in part II and III of
UPDRS score. We did descriptive safety analyses on
randomised participants who received at least one dose
of study drug. We calculated standardised eﬀect sizes
with Cohen’s d. All statistical analysis was done by BDM
Consulting (Somerset, NJ, USA) with SAS version 9.3.
This study is registered with ClinicalTrials.gov, number
NCT01174004.
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p=0·0007
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1

Study day

15

29

43

Study day

Figure 2: Treatment eﬀects on psychosis severity reduction in the 6 week study period in the full analysis set
The full analysis set includes all patients who received ≥1 dose and had a SAPS assessment at baseline and at least
one afterwards. Datapoints show least squares means (standard error). (A) SAPS-PD improvement. (B) Change in
CGI-severity score. (C) CGI-improvement scores. SAPS=scale for assessment of positive symptoms. CGI=clinical
global impression.

In the safety analyses, we noted no evidence of
treatment-related impairment of motor function in either
group. We noted small non-signiﬁcant improvements in
motor performance in participants in both groups in
terms of UPDRS II and III composite score (–1·69 in the
pimavanserin group vs –1·40 in the placebo group;
95% CI –2·14 to 2·72) and individual UPDRS II scores
(−0·88 vs −0·52; −0·66 to 1·24) and UPDRS III scores
(−0·86 vs −0·80; −2·22 to 0·60).
Table 3 summarises treatment-emergent adverse events
occurring in at least 5% of patients in either treatment
group. 11 (11%) participants in the pimavanserin group
and four (4%) patients in the placebo group had a serious
adverse event. Ten patients in the pimavanserin group
discontinued because of an adverse event compared with
two in the placebo group. Six discontinuations in the
pimavanserin group were for psychosis, but we noted no
other patterns, and discontinuations did not inﬂuence the
primary outcome in a sensitivity analysis. Three deaths
occurred (one in the placebo group from sudden cardiac
death and two in the pimavanserin group from sepsis and
septic shock); all were regarded as unrelated to study
drug. Laboratory assessments were unremarkable and no
safety signals were reported. With pimavanserin, a mean
increase of 7·3 ms in QTcB interval from baseline to
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Caregiver burden score
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Figure 3: Treatment eﬀects on SCOPA-sleep (night-time sleep and daytime wakefulness measures) and
caregiver burden in the full analysis set
The full analysis set includes all patients who received ≥1 dose and had a SAPS assessment at baseline and at least one
afterwards. Data are least squares means (standard error), from mixed model repeated measures analysis (observed
cases). SCOPA=scale for outcomes of Parkinson’s disease. SAPS=scale for assessment of positive symptoms.
Placebo
(n=94)

Pimavanserin 40 mg
(n=104)

Nausea

6 (6%)

Peripheral oedema

3 (3%)

7 (7%)

11 (12%)

14 (13%)

Fall

8 (9%)

11 (11%)

Confusional state

3 (3%)

6 (6%)

Headache

5 (5%)

1 (1%)

Hallucination (including visual)

4 (4%)

7 (7%)

Urinary tract infection

6 (6%)

Data are n (%).

Table 3: Treatment-emergent adverse events group in all participants who
received ≥1 dose of study drug (occurring in ≥5% in either treatment)

day 43 was reported compared with no change for placebo.
No clinical events were associated with this increase.

Discussion
In our study, pimavanserin was able to signiﬁcantly
reduce psychotic symptoms in patients with moderate to
severe Parkinson’s disease (panel). The 6 week duration
is consistent with the accepted precedent for psychosis
studies according to the FDA and is longer than most
trials of other antipsychotics in Parkinson’s disease
6

psychosis. Notably, eﬃcacy was achieved without
worsening parkinsonism and without other tolerability
or safety concerns.
Although hallucinations are more common than delusions in Parkinson’s disease psychosis, delusions are
often a hallmark of more advanced disease and comorbid
dementia. Beneﬁts in terms of both symptom types
might translate into therapeutic advantages relevant to
long-term disease progression. The eﬀect sizes we noted
suggest that the magnitude of beneﬁt of pimavanserin is
clinically meaningful,30 which is further supported by the
consistency of results across datasets, subgroups, and
sensitivity analyses. This suggestion is reinforced by the
improvements noted in global measures of psychosis
and reduction of caregiver burden. Our three main
outcome measures provide independent support for the
clinical beneﬁts of pimavanserin treatment as each was
assessed by a diﬀerent person, who was masked to other
ﬁndings: centralised independent raters assessed SAPSPD, experienced site-based raters assessed CGI, and
caregivers assessed CBS. Improvement on night-time
sleep without increasing daytime sedation is consistent
with the 5-HT2A mechanism and previous trial data31 and
suggests additional beneﬁt for people with Parkinson’s
disease who commonly have sleep disturbances and
excessive daytime somnolence. SAPS-PD scores were
strongly correlated with CGI-I scores (Spearman’s r 0·6,
95% CI 0·5–0·7) and CGI-S scores (0·5, 0·4–0·6),
whereas improvements in sleep and psychosis were
not (r<0·2), suggesting improvement in sleep was an
independent eﬀect of treatment. Caregiver burden score
did not strongly correlate with psychosis (r<0·3), or sleep
(r<0·1) suggesting that a broader range of eﬀects might
have contributed to the beneﬁt noted. In view of the
established link between Parkinson’s disease psychosis
and nursing-home placement, improving caregiver
burden could have important beneﬁts for patients.
The antipsychotic beneﬁts reported with pimavanserin
are smaller in magnitude than were those reported
with clozapine. However, the clozapine trials were
small and undertaken in patients with more advanced
Parkinson’s disease psychosis. Therefore, comparisons
with pimavanserin should be interpreted cautiously.
Furthermore, safety concerns and monitoring requirements have meant that in practice few patients receive
clozapine treatment.
Consistent with previous studies, pimavanserin was
well tolerated in our study. Although we noted an
increase in discontinuation because of adverse events in
the pimavanserin group compared with placebo, the
number of patients who dropped out was low compared
with other reported studies in Parkinson’s disease
psychosis and similar neuropsychiatric conditions. More
patients dropped out of the pimavanserin group than
the placebo group because of a psychotic disorder or
hallucination. Four of six discontinuations occurred
within 10 days of start of the study drug (and before
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steady state). Four occurred in participants in both
groups who had been washed out of a previous antipsychotic before baseline. No similar pattern of discontinuations has occurred in previous studies of
pimavanserin. Three deaths occurred, none of which was
ascribed to study medication. The only sudden death
occurred in a patient who received placebo. The most
common adverse events were urinary tract infections and
falls, which are common in the population, and incidence
did not diﬀer between groups. A small but clear increase
in QT interval without association to cardiac adverse
events was noted in the pimavanserin group. Motor
control improved slightly and to the same extent in both
groups. We noted no evidence of increased sedation or
drowsiness in either group.
Major concerns associated with use of antipsychotics
in Parkinson’s disease include exacerbation of motor
symptoms and severe neuroleptic sensitivity reactions.
Antipsychotics also raise safety concerns even with shortterm use because they are associated with severe adverse
outcomes, including a 1·5–1·8 times increased risk
of mortality, stroke, and pulmonary embolism, and
accelerated cognitive decline. However, we did not note
these outcomes in this short study of pimavanserin.
Our sample size provided a well powered study with
robust outcomes. Although the study did not reach the
planned sample size, the strongly signiﬁcant outcomes
mitigates this issue and removes any concern about type II
error (failure to reject null hypothesis). Furthermore,
although the power calculation was based on a t test, the
ﬁnal analysis was done with a MMRM method that uses
repeated correlated measurements, and would therefore
provide higher power. The use of BPST-PD and other
methodological techniques might have been eﬀective in
moderating the placebo response, which has been a
confounding issue in previous studies. The consistency of
multiple sensitivity analyses reinforces the robustness of
the primary outcome. Internal validity was supported
across diﬀerent measures and done by independent raters,
each masked to the other study data. The 6 week duration
was adequate to show eﬃcacy and is longer than most
previous randomised controlled trials in Parkinson’s
disease psychosis. In view of the distressing nature of
symptoms of Parkinson’s disease psychosis, treatment
beneﬁt needs to be conferred within this timeframe and
maintenance of patients in a placebo-controlled trial for
longer would be complex. However, a limitation of our
study is that it does not provide safety data or evidence
regarding durability of response beyond 6 weeks. The
modest duration of our trial also restricts our ability to
capture longer-term beneﬁts such as reduced nursing
home admission that might arise from symptom improvement and reduced caregiver burden. The usefulness of
pimavanserin for chronic use in Parkinson’s disease
psychosis is supported by ongoing open-label safety
studies, in which the longest duration of treatment is more
than 8 years and total exposure exceeds 700 patient-years.

Panel: Research in context
Systematic review
Parkinson’s disease psychosis, which includes hallucinations and delusions, is frequent and
debilitating in people with Parkinson’s disease. We searched PubMed and Medline
electronic databases for articles published in English after Jan 1, 1990, with the search
terms “Parkinson’s”, “psychosis”, “antipsychotic” AND “clinical trial”. This search identiﬁed
several key publications including ﬁve randomised controlled trials of quetiapine, of which
the four largest reported no eﬃcacy, and three of clozapine, which reported the most
signiﬁcant beneﬁt (Cohen’s d >0·8). Importantly, all previous trials of existing typical and
atypical antipsychotics report high levels of adverse events, which are well established
throughout the published work.
Interpretation
In our trial, the ﬁrst in a new class of selective 5-HT2A inverse agonists, pimavanserin, was
eﬃcacious for treatment of Parkinson’s disease psychosis. We showed beneﬁt to
symptoms of psychosis through three independently measured outcomes, in addition to
secondary outcomes including sleep and caregiver burden. These data support the notion
that this drug confers clinically signiﬁcant beneﬁt within a timescale that is relevant and
meaningful to the context of the disorder. It shows that pimavanserin is a viable
alternative for the treatment of psychosis in Parkinson’s disease, in which previously the
only available option was the use of unlicensed atypical antipsychotics with an unknown
eﬃcacy and safety proﬁle. By comparison with other antipsychotics, pimavanserin’s
treatment eﬀects were not associated with exacerbation of motor disability, sedation, or
other safety challenges. In view of the success of this drug in this group of patients,
assessment of its eﬀectiveness in other groups where psychosis will be important,
especially in Alzheimer’s disease and other dementias. This study also emphasises the
importance and urgency of development of better treatment options for behavioural and
psychological symptoms to remove the dependency on antipsychotic drugs. Additionally,
this study supports the use of a non-pharmacological lead-in stage to reduce placebo
response, and this approach should be considered for future trials of this type.

These data suggest continued tolerability and long-term
safety and suggest potential durability of response.
Psychotic symptoms are frequent, burdensome, and
distressing in people with Parkinson’s disease, posing a
major challenge to clinical management because no safe
and eﬀective therapies exist. Our 6 week randomisedcontrolled trial suggests that pimavanserin is eﬃcacious
compared with placebo in Parkinson’s disease psychosis,
showing clinically meaningful improvements within a
practical timescale for clinical utility. Beneﬁts on sleep
and caregiver burden suggest a broader eﬀect on wellbeing of patients. Across measures, beneﬁts were
reported by masked central raters, experienced site raters
masked to centrally assessed SAPS-PD scores, family
caregivers, and the study participants themselves. This
robust approach conﬁrms the integrity and relevance of
the ﬁndings. By comparison with other antipsychotics,
pimavanserin’s treatment eﬀects were not associated
with exacerbation of motor disability, sedation, or other
safety challenges. As a selective 5-HT2A inverse agonist,
pimavanserin is to our knowledge the ﬁrst in a new class
of therapeutic agents able to confer antipsychotic beneﬁt
in Parkinson’s disease psychosis without unnecessary
receptor activity that compromises safety and tolerability.
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