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Abstract

Introduction Pimavanserin is approved in the USA to treat hallucinations and delusions associated with Parkinson’s disease
psychosis (PDP).

Objectives We evaluated mortality in patients with PDP after initiation of pimavanserin or comparator atypical antipsychot-
ics, overall, over time, and across subgroups.

Methods A cohort of patients aged >65 years in the USA with PDP newly initiating pimavanserin or a comparator atypi-
cal antipsychotic (clozapine, quetiapine, risperidone, olanzapine, aripiprazole, brexpiprazole) was identified in 2016-2019
Medicare claims data. All-cause mortality in the propensity score—matched treatment groups was compared with hazard ratios
(HRs) and 95% confidence intervals (CIs) estimated with Cox-proportional hazards models. Cumulative incidence curves
and time period—specific models evaluated risk over time. Subgroup and sensitivity analyses were performed, including a
sub-cohort of long-term care (LTC) or skilled nursing facility (SNF) residents.

Results We identified 2892 pimavanserin initiators and 19,083 comparator initiators (overall 47% female, mean
age = 80.9 years, LTC/SNF residents = 30%). Before matching, pimavanserin users had fewer severe comorbidities and
more anti-Parkinson medication use than comparators. Matching resulted in 2891 patients in both groups, and all covari-
ates were well balanced. In the matched cohort, the HR for mortality for pimavanserin versus comparator was 0.78 (95%
CI10.67-0.91), with the lowest time period—specific HRs in the first 180 days. Hazard ratios were similar across sensitivity
analyses and subgroups. In LTC/SNF residents, the HR was 0.78 (95% CI 0.60-1.01).

Conclusion The observed mortality rates were lower among patients treated with pimavanserin compared with those treated
with other atypical antipsychotics.

Study registration European Union Post-authorization Study (EU PAS) register number 46331.

We observed a lower mortality rate in patients with Par-
kinson’s disease-related psychosis taking pimavanserin
compared with patients taking other atypical antipsy-
chotics.
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1 Introduction

Pimavanserin is a selective serotonin 5-HT2A inverse ago-
nist, and it is the only medication approved in the USA for
the treatment of hallucinations and delusions associated
with Parkinson’s disease psychosis (PDP). Psychosis is
common in patients with Parkinson’s disease (PD), with
a reported prevalence of 60% or more over the disease
course [1, 2]. Parkinson’s disease psychosis can contribute
to increased patient and caregiver burdens, poor clinical
outcomes, and increased risk of institutionalization and
mortality [3-7].

The receptor selectivity of pimavanserin offers antip-
sychotic advantages without the common motor adverse
effects associated with other antipsychotics, including
atypical antipsychotics [8, 9]. Other antipsychotic medi-
cations are sometimes used off-label for PDP treatment,
but questions have arisen regarding the risk of mortal-
ity associated with antipsychotic treatment among older
patients with neurodegenerative diseases, such as PD
and dementia. Many earlier antipsychotics have demon-
strated increased risks of death compared with placebo
[10]. In 2005, based on the results of a 17-study meta-
analysis, the US Food and Drug Administration (FDA)
issued a public health advisory that established a boxed
warning in all antipsychotic medication labeling stating
that older patients with dementia-related psychosis treated
with antipsychotic medications were at increased risk of
mortality [11, 12]. The boxed warning of mortality risk in
those with dementia-related psychosis was expanded in
2008 to include the entire antipsychotic class [13].

Upon approval of pimavanserin in the USA for PDP
in 2016, the class-level warning regarding mortality in
dementia-related psychosis was also applied to pimavan-
serin [14]; dementia is a common comorbidity in patients
with PDP [15], and many patients using pimavanserin for
PDP may have concurrent dementia. Following early con-
cerns regarding mortality risk after release of pimavan-
serin in the USA, an FDA analysis of post-marketing data
reaffirmed a favorable risk-benefit profile of pimavanserin
[16]. A recent study compared all-cause mortality among
Medicare beneficiaries with PD who initiated pimavan-
serin or atypical antipsychotics — approximately 60% of
whom had dementia — during the first 3 years of marketing
[17]; pimavanserin use was associated with lower mortal-
ity compared with that resulting from the use of atypical
antipsychotics (hazard ratio [HR], 0.77; 95% confidence
interval [CI], 0.66—0.90) and was similar in patients with
and without dementia, although results were null for nurs-
ing home residents (HR, 1.05; 95% CI not reported) [17].
Another recent analysis evaluated patients with PD treated
with pimavanserin and residing in long-term care (LTC)
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facilities compared with patients with PD who were not
treated with pimavanserin (the use of other antipsychotics
was permitted in both groups, and no evidence of psycho-
sis was required for inclusion); that study suggested an
increased risk of mortality [18].

As part of continued safety monitoring of pimavanserin,
this study—an observational (noninterventional), popula-
tion-based cohort study—evaluated mortality in older adults
with PDP using antipsychotics in the general population and
those residing in LTC or skilled nursing facilities (SNFs).
The objectives of this study were to compare the risk of
mortality among patients with PDP after initiation of pima-
vanserin with the risk of mortality after initiation of com-
parator atypical antipsychotics (i.e., clozapine, quetiapine,
risperidone, olanzapine, aripiprazole, or brexpiprazole), and
to evaluate whether the risk varies over time or in clinically
meaningful subgroups, including those residing in LTC or
SNFs.

2 Methods
2.1 Setting

This active comparator, new-user cohort study identified
patients initiating pimavanserin or a comparator atypical
antipsychotic between April 1, 2016, and December 31,
2019, as pimavanserin was launched in the USA in April
2016. The study used Medicare claims and assessment data,
including Medicare enrollment information, Part A (hospital
insurance), Part B (physician and professional services), Part
D (outpatient prescription drug coverage), and MDS (Mini-
mum Data Set 3.0 and Minimum Data Set — Swing Bed 3.0)
assessment information about beneficiaries in LTC settings.
Medicare data from before the study period (2010-2016)
were used to define patient characteristics before treatment
initiation.

2.2 Population

The study population included adults (aged > 65 years
at the time of treatment initiation) with PDP who initi-
ated treatment with an atypical antipsychotic. Patients
were identified at the first pharmacy dispensing record for
pimavanserin or one of the comparator atypical antipsy-
chotics during the study period (Fig. 1). The date of the
antipsychotic initiation was considered the index date for
cohort entry. Patients were required to have at least 365
days of continuous, fee-for-service enrollment in Medicare
Parts A, B, and D before the index date; have enrolled in
Medicare due to age or have reached their 65th birthday
before 2010 (the first year of available data); have no use
of any antipsychotic (atypical or conventional) during the
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Index Date

(First prescription of pimavanserin or comparator antipsychotic during the study period)

Exclusion Assessment Window

Day 0

(Concurrently initiate pimavanserin and comparator,
aged < 65 years, reside outside US states or DC)

Days [0, 0]

Exclusion Assessment Window

(Ineligible baseline Medicare coverage?)

Days [-365, 0]

Exposure Washout Window
(No antipsychotic use)
Days [-365, -1]

Inclusion Assessment Window

(Parkinson’s disease and psychosis diagnoses)

Days [-all available, 0]

Exclusion Assessment Window

(Psychiatric diagnosis®)
Days [-365, 0]

Exclusion Assessment Window
(Hospice or palliative care)
Days [-365, -1]

Covariate Assessment Window

(Demographic characteristics, prescriber specialty)

Days [0, 0]

Covariate Assessment Window

(Comorbidities, comedications, healthcare utilization)

Days [-365, -1]

Covariate Assessment Window
(Comorbidities, comedications)
Days [-all available, -1]

Follow-up Window
Days [0, censore]
. 2

Fig. 1 Study design schematic illustrating cohort eligibility and inclu-
sion criteria. DC District of Columbia. See Online Resource eTable 2
for covariate details. “Initial Medicare enrollment other than enti-
tlement due to age (65 years) or aged 65 years before 2010; enroll-
ment in a managed care plan; incomplete or intermittent enrollment

year before the index date; and have diagnoses of both PD
and psychosis at any point on or before the date of atypical
antipsychotic treatment initiation. Patients were excluded
if they had use of multiple antipsychotics on the index
date or another psychiatric condition typically treated with
antipsychotics, including bipolar disorder, schizophrenia
or schizoaffective disorder, and major depressive disor-
der with psychotic symptoms. To ensure medical stabil-
ity at the time of treatment initiation, patients were also

Time

in Medicare Parts A, B, and D. "Bipolar disorder, schizophrenia,
schizoaffective disorder, or major depressive disorder with psychotic
symptoms. “Death, end of available data, disenrollment from eligible
Medicare plan, end of continuous use period of index medication,
switching to or adding a different study medication

excluded if they had claims for hospice care or palliative
care in the 365 days before the index date.

To qualify as being diagnosed with PD, patients must
have met one of the following criteria: 1) one inpatient or
SNF claim with a recorded diagnosis of PD in any coding
position; 2) two outpatient claims with recorded diagnoses
of PD separated by at least 30 days but within 365 days; or
3) one outpatient claim with a recorded diagnosis of PD with
at least two pharmacy dispensing claims on different days for
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a PD treatment [19]. Diagnosis codes for PD included 332.0
in International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) or G20 in Interna-
tional Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM). Psychosis was identified with
diagnoses in Medicare claims or from recorded MDS 3.0
assessment information for hallucinations or delusions. The
ICD-9-CM and ICD-10-CM codes for identifying a psycho-
sis diagnosis are displayed in Online Resource eTable 1.

Follow-up for each patient started at the index date (date
of atypical antipsychotic treatment initiation) and ended on
the date of death or censoring at the earliest occurrence of
one of the following events: end of available data (December
31, 2019); disenrollment from fee-for-service Medicare Parts
A, B, or D; discontinuation of the index study drug; or use
of a different study medication (patients in the pimavanserin
group receiving a different atypical antipsychotic, or patients
in the comparator group receiving a prescription for pima-
vanserin or a different comparator antipsychotic).

2.3 Exposure Assessment

The primary exposure was initiation of antipsychotic treat-
ment with pimavanserin, and the comparator was initiation
of oral formulations of clozapine, quetiapine, risperidone,
olanzapine, aripiprazole, or brexpiprazole (“comparator
atypical antipsychotic”). Treatment initiation and use were
assessed by identifying study medications from pharmacy
dispensing information.

In the primary analysis, patients were considered exposed
only during time on medication. Current use of pimavan-
serin and comparator atypical antipsychotics was defined as
the duration of the days’ supply of medication prescriptions
plus a grace period of 30 days, and patients were considered
to have discontinued treatment 30 days after the end of the
days’ supply of the previous prescription without receipt of
an additional prescription.

2.4 Outcome Assessment

The primary outcome of all-cause mortality (including the
date of death) was evaluated from Medicare enrollment and
beneficiary summary data for both treatment groups.

2.5 Covariates

Patient characteristics for both treatment groups were identi-
fied from Medicare enrollment, claims, and MDS assessment
data for descriptive analyses and as covariates in compara-
tive analyses. Considered covariates included demographic
characteristics, psychiatric diagnoses, comorbidities (includ-
ing components of the Charlson Comorbidity Index, frailty
indicators [20], substance use, infections, and other chronic
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and acute conditions), comedication use, and healthcare uti-
lization (complete list of characteristics shown in Online
Resource eTable 2).

Demographic characteristics and prescriber specialty
were measured on the index date. Healthcare utilization and
most comorbidities and comedications were evaluated in the
365 days before and not including the index date, although
some chronic conditions were defined using all available
baseline data before the index date. The lack of claims con-
taining evidence of the condition was interpreted as a lack of
the condition; no covariate information was explicitly miss-
ing (race/ethnicity was occasionally recorded as unknown).

2.6 Statistical Methods

The characteristics of all patients meeting the eligibility cri-
teria were reported by treatment group; the extent of imbal-
ances in the relative distribution of characteristics across
treatment groups was estimated with absolute standardized
differences (ASDs) [21]. To account for confounding arising
from differences in characteristics between treatment groups,
we implemented propensity score (PS) matching. Propensity
scores, or the predicted probability of initiating pimavanserin
treatment based on the observed covariates, were estimated
for each patient using multivariable logistic regression, with
all covariates included as independent variables. The dis-
tributions of the estimated PSs were plotted by treatment
group to evaluate the extent of overlap, with greater overlap
indicating better comparability between treatment groups.
A PS-matched cohort was created in which one comparator
patient was matched to each pimavanserin patient using a
greedy-matching 5- to 1-digit algorithm with a maximum
caliper of 0.2 times the standard deviation (SD) of the PS
[22-24] (initially, a 2:1 comparator-to-pimavanserin match-
ing ratio was attempted, but less than 90% of pimavanserin
patients were retained because of failure to find two com-
parator matches; thus, a 1:1 match was implemented). The
covariate distributions and ASDs were reevaluated in the
matched cohort to ensure balance of confounders.

The incidence rates (IRs), 95% CIs, and cumulative inci-
dence of mortality during follow-up were estimated, by treat-
ment group, in the cohorts before and after matching. Time
to mortality was compared between treatment groups, with
HRs and 95% ClIs estimated with Cox-proportional hazards
models. The proportionality assumption was tested through
visual inspection of the smoothed hazard curves [25, 26].
As a measure of absolute difference between the matched
treatment groups, the incidence rate difference (IRD) was
estimated by subtracting the treatment group—specific IRs,
and 95% Cls were estimated by using the Wald method [27].

Previous studies of pimavanserin use have suggested
different risk profiles between nursing home residents and
community dwelling populations or increased mortality risk
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among patients in nursing homes [17, 18]. Thus, eligible
patients in the PDP cohort who were residing in LTC or
SNFs on the index date were identified and evaluated sepa-
rately as an LTC/SNF sub-cohort.

Previous studies have suggested an increased risk of
mortality among users of antipsychotics during the initial
180 days of use [28] and potential differences in the risk
between users of pimavanserin and users of other antipsy-
chotics or untreated patients in the first 30, 90, or 180 days
of treatment [17, 18]. Therefore, time period—specific HRs
were estimated in the matched cohort for the first 30, 90,
180, and 365 days of follow-up to evaluate potential changes
in mortality risk over time.

Additionally, subgroup analyses were performed to evalu-
ate the potential effect measure modification in clinically
relevant subgroups, including sex, age groups, and dementia
diagnosis. The overall cohort before matching was restricted
to each subgroup, and new PSs were estimated and used to
match 1:1 within each subgroup; HRs were estimated within
each subgroup.

Two separate sensitivity analyses were performed. First,
we implemented an “intent-to-treat” analysis, in which treat-
ment discontinuation was removed from the list of censor-
ing criteria to evaluate potentially lagged events after dis-
continuation and to address potential informative censoring
if treatment was discontinued in anticipation of a patients’
imminent death. Second, we removed the requirement for
patients to have a recorded psychosis diagnosis, as many
psychosis symptoms may be under-recorded in claims data
[29-31], and other recent studies of pimavanserin have not
required psychosis diagnoses [17, 18]. As a post hoc analy-
sis, the E-value was estimated as a measure of the potential
impact of unmeasured confounding (Online Resource Sup-
plementary Methods) [32].

All analyses were performed using SAS Version 9.4
(SAS Institute Inc.; Cary, NC). This study was performed
using US Medicare data, which are available for use upon
approval and licensing under a data use agreement with the
US Centers for Medicare and Medicaid Services (CMS).
The study protocol was registered in the European Union
Post-authorisation Study (PAS) Register (EU PAS register
number 46331) [33].

3 Results

3.1 Overall PDP Cohort

After application of all eligibility criteria, 21,975 patients
with PDP initiating atypical antipsychotic treatment were

included in the study cohort before matching (Fig. 2): 2892
(13%) pimavanserin initiators and 19,083 (87%) comparator

initiators. Quetiapine was the comparator that was initiated
by most patients (75.8%) (Online Resource eTable 3).

Selected characteristics of the final study cohort before
matching are displayed in Table 1. Distributions of all
measured characteristics are shown in the Online Resource
(eTable 4 through eTable 8). Key differences were observed
between the treatment groups, as demonstrated by the
larger ASD values. Some comorbidities were present less
frequently in the pimavanserin group than in the compara-
tor group (i.e., congestive heart failure [34.8% vs 46.7%],
chronic pulmonary disease [20.0% vs 28.9%], renal disease
[19.8% vs 28.7%], use of ambulance/life support services
[45.7% vs 61.0%], chronic cardiovascular disease [79.8% vs
87.1%], hypertension/hypertensive heart disease [79.0% vs
86.5%], lower respiratory tract infections [12.2% vs 21.3%],
and serious hospitalized infections [11.2% vs 20.1%]). The
pimavanserin group also had a lower mean number of hos-
pitalizations (0.6 vs 1.0) and emergency department (ED)
visits (1.6 vs 2.3) than the comparator group. However, the
results indicated that the pimavanserin group contrasted
with the comparator group had a larger proportion of anti-
Parkinson drug users (95.4% vs 75.8%) and a higher mean
number of days with non-hospitalization or non-ED clinic
visits (12.1 vs 10.8). With regard to the specialty of the
index medication prescriber, neurologists were more often
the prescribers in the pimavanserin than comparator groups
(61.9% vs 23.1%); patients in the comparator group were
most often prescribed medications by prescribers in spe-
cialties other than neurology or psychiatry (70%). Dementia
diagnoses were less common in the pimavanserin group than
in the comparator group (71.3% vs 80.1%).

Patients were followed for a total of 11,147 person-years
(mean per patient, 0.5 years [SD, 0.58]) from treatment ini-
tiation until death or censoring. Overall, most patients (55%)
ended follow-up due to discontinuation of the index drug,
but pimavanserin patients were censored less frequently for
discontinuing the index antipsychotic (i.e., and not initiat-
ing another antipsychotic) than comparator patients (42% vs
57%) and were censored more frequently for switching to or
adding a different antipsychotic than comparator users (21%
vs 11%) (Online Resource eTable 9).

Death occurred in 317 patients in the pimavanserin group
(IR = 18.9 deaths per 100 person-years; 95% CI, 16.9-21.1)
and 2880 in the comparator group (IR = 30.4 deaths per 100
person-years; 95% CI, 29.3-31.5) during follow-up (Table 2).
In the full cohort before matching, cumulative incidence curves
of mortality after treatment initiation suggested a generally
reduced risk of mortality in pimavanserin initiators throughout
follow-up (Fig. 3a), although the number of observable patients
was substantially reduced after approximately 1 year. The unad-
justed HR for mortality in the full cohort before matching was
0.63 (95% CI, 0.57-0.71) (Table 2).
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Pimavanserin users
N =6,565

Aged < 65 years, N =80

Not a resident of 50 US states or DC, N <11

Ineligible baseline Medicare coverage?®, N = 1,428 <+
Recorded death date prior to index date, N=0

Previous antipsychotic use, N = 334

v
Pimavanserin initiators
N =4,895

No Parkinson’s disease diagnosis, N = 272
No psychosis diagnosis, N = 1,531

A4
Pimavanserin initiators with PDP
N=3,207

Other psychiatric diagnoses typically
treated with antipsychotics®, N =163 <+
Hospice or palliative care, N = 161

G

Unmatched Pimavanserin group
cohort N=2,892
Matched Pimavanserin group
cohort N=2,891

P aiched Pimavanserin group
LTC/SNF N = 665
subcohort

I Pimavanserin group
LTC/SNF N = 652
subcohort

Fig.2 Attrition of patients with Parkinson’s disease psychosis ini-
tiating treatment with atypical antipsychotics after selection into
the study cohort. DC District of Columbia, LTC long-term care,
PDP Parkinson’s disease psychosis, SNF skilled nursing facility. *Pa-
tients lacking 365 days of continuous fee-for-service coverage with

Propensity scores were estimated, and the PS overlap
indicated reasonable exchangeability between the pima-
vanserin group and the comparator group (Online Resource
eFig. 1). After PS matching comparator initiators to pima-
vanserin initiators in a 1-to-1 ratio, 2891 pimavanserin
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Users of an atypical antipsychotic during the study period, N = 1,460,098

Use of multiple study medications on index date, N = 13,675

Comparator antipsychotic users
N =1,439,858

Aged <65 years, N = 85,489

Not a resident of 50 US states or DC, N = 1,264

— Ineligible baseline Medicare coverage?, N = 498,650
Recorded death date prior to index date, N = 167
Previous antipsychotic use, N = 602,242

v
Comparator antipsychotic initiators
N=561,041

|, NoParkinson’s disease diagnosis, N = 516,026
No psychosis diagnosis, N = 340,306

v

Comparator antipsychotic initiators with PDP

N =24,843

Other psychiatric diagnoses typically treated
—>  with antipsychotics®, N = 3,434
Hospice or palliative care, N = 2,633

Comparator antipsychotic group
N=19,083

Comparator antipsychotic group

)

Comparator antipsychotic group
N=5,893

Comparator antipsychotic group
N=652

Medicare Parts A, B, and D, and/or were not initially enrolled in
Medicare based on entitlement due to age. *Bipolar disorder, schizo-
phrenia or schizoaffective disorder, major depressive disorder with
psychotic symptoms

initiators (> 99.9%) and an equal number of compara-
tor initiators (15.1%) were retained in the matched cohort
(Fig. 2); of the matched comparator initiators, 85.7% were
quetiapine users. As only one pimavanserin patient failed
to match, characteristics of the matched cohorts cannot be
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Table 1 Selected characteristics of patients with Parkinson’s disease psychosis who initiated treatment with atypical antipsychotics, before pro-

pensity score matching

Characteristic Primary PDP cohort LTC/SNF sub-cohort
Pimavanserin, Comparator ASD Pimavanserin, n = 665 Comparator antip- ASD
n=12892 antipsychotics, sychotics,
n=19,083 n=5893
Age at treatment initiation, mean 79.3 (6.19) 81.1 (6.69) 0.29 81.3(6.32) 82.4 (6.64) 0.18

(SD), y
Female sex, n (%) 1300 (45.0) 9070 (47.5) 0.05 347 (52.2) 3060 (51.9) 0.01
Race/ethnicity, n (%) 0.00 0.06

Black 117 (4.0) 804 (4.2) 27 (4.1) 268 (4.5)

Other or unknown 269 (9.3) 1740 (9.1) 52 (7.8) 431 (7.3)

White 2506 (86.7) 16,539 (86.7) 586 (88.1) 5194 (88.1)

US geographic region, n (%) 0.13 0.15

Northeast 574 (19.8) 3768 (19.7) 170 (25.6) 1236 (21.0)

Midwest 577 (20.0) 4771 (25.0) 167 (25.1) 1851 (31.4)

South 1260 (43.6) 7392 (38.7) 250 (37.6) 2208 (37.5)

West 481 (16.6) 3152 (16.5) 78 (11.7) 598 (10.1)

LTC/SNF resident at treatment 665 (23.0) 5893 (30.9) 0.18

initiation®, n (%)

Prescriber specialty, n (%) 0.86 0.51

Neurology 1789 (61.9) 4404 (23.1) 122 (18.3) 156 (2.6)

Psychiatry 100 (3.5) 1387 (7.3) 42 (6.3) 288 (4.9)

Other 1003 (34.7) 13,292 (69.7) 501 (75.3) 5449 (92.5)
Anti-Parkinson drugs®, n (%) 2760 (95.4) 14,460 (75.8) 0.58 631 (94.9) 4142 (70.3) 0.69
Dementia, n (%) 2063 (71.3) 15,292 (80.1) 0.21 578 (86.9) 5338 (90.6) 0.12
Myocardial infarction®, n (%) 507 (17.5) 4712 (24.7) 0.18 158 (23.8) 1654 (28.1) 0.10
Congestive heart failure®, n (%) 1007 (34.8) 8908 (46.7) 0.24 335 (50.4) 3338 (56.6) 0.13
Peripheral vascular disease, n (%) 1013 (35.0) 7785 (40.8) 0.12 378 (56.8) 3211 (54.5) 0.05
Cerebrovascular disease °, n (%) 1882 (65.1) 13,884 (72.8) 0.17 488 (73.4) 4523 (76.8) 0.08
Chronic pulmonary disease, n (%) 578 (20.0) 5515 (28.9) 0.21 186 (28.0) 2049 (34.8) 0.15
Rheumatic disease, n (%) 116 (4.0) 1015 (5.3) 0.06 29 4.4) 297 (5.0) 0.03
Peptic ulcer disease, n (%) 46 (1.6) 527 (2.8) 0.08 14(2.1) 204 (3.5) 0.08
Liver disease, n (%) 122 (4.2) 1041 (5.5) 0.06 28(4.2) 323 (5.5) 0.06
Diabetes mellitus®, n (%) 1007 (34.8) 8173 (42.8) 0.16 302 (45.4) 2829 (48.0) 0.05
Renal disease, n (%) 572 (19.8) 5472 (28.7) 021 174 (26.2) 2079 (35.3) 0.20
Hemiplegia or paraplegia, n (%) 94 (3.3) 1018 (5.3) 0.10 44 (6.6) 447 (7.6) 0.04
Malignancy®, n (%) 808 (27.9) 5910 (31.0) 0.07 174 (26.2) 1766 (30.0) 0.08

ASD absolute standardized difference, LTC long-term care, PD Parkinson’s disease, SD standard deviation, SNF skilled nursing facility, y years

*Defined as a patient being a resident of a Medicare-certified nursing facility or SNF

®Including anticholinergic agents, dopaminergic agents, and other anti-Parkinson drugs

“Defined using all available lookback data. All other comorbidities and comedications defined using a 365-day lookback window

displayed due to CMS privacy policies, but the character-
istics of the matched groups were almost identical to those
of the unmatched pimavanserin group, and all covariates
were well balanced between treatment groups, as indicated
by ASD values near 0 (Online Resource eFig. 2).

In the matched cohort, the mortality IRs for the pimavan-
serin group were 18.9 deaths per 100 person-years (95% CI
16.9-21.1)—unchanged from the unmatched analysis—and
24.1 deaths per 100 person-years (95% CI 21.6-26.8) for

the comparator group. The matched HR was 0.78 (95% CI
0.67-0.91) (Table 2), with an absolute IRD of —5.2 deaths
per 100 person-years (95% CI —8.5 to —1.8).

Similar to the full cohort, cumulative incidence curves
for the matched cohort demonstrated generally reduced
risks of mortality in the pimavanserin group throughout
follow-up (Fig. 3b). Cumulative incidence curves became
somewhat unstable after approximately 2 years of follow-up
due to small sample sizes. Time period-specific HRs were
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Table 2 Incidence rates and
hazard ratios of mortality

in patients with Parkinson’s
disease psychosis who initiated
treatment with atypical
antipsychotics, primary overall
cohort and patients residing

in long-term care or skilled
nursing facilities at treatment
initiation

Study cohort and treatment Patients Events Person-years IR per 100 person- HR (95% CI)

group years (95% CI)

Primary PDP cohort

Unmatched cohort
Pimavanserin 2892 317 1674.87 18.93 (16.90-21.13) 0.63 (0.57-0.71)
Comparator antipsychotic 19,083 2880  9472.50 30.40 (29.30-31.53) -

Matched cohort
Pimavanserin 2891 317 1674.70 18.93 (16.90-21.13) 0.78 (0.67-0.91)
Comparator antipsychotic 2891 336 1395.14 24.08 (21.58-26.80) —

LTC/SNF sub-cohort

Unmatched sub-cohort
Pimavanserin 665 110 336.41 32.70 (26.87-39.41) 0.80 (0.66-0.97)
Comparator antipsychotic 5893 1200  2913.71 41.18 (38.89-43.58) —

Matched sub-cohort
Pimavanserin 652 110 332.81 33.05 (27.16-39.84) 0.78 (0.60-1.01)
Comparator antipsychotic 652 125 290.31 43.06 (35.84-51.30) —

CI confidence interval, HR hazard ratio, IR incidence rate, LTC long-term care, PDP Parkinson’s disease
psychosis, SNF skilled nursing facility

estimated. No difference was observed between the treat-
ment groups in the first 30 days after treatment initiation.
The largest differences in mortality risk between treatment
groups were observed in the first 180 days of follow-up,
and the HR was attenuated somewhat for follow-up periods
longer than 180 days (Figs. 3, 4).

When mortality was evaluated separately within sub-
groups (i.e., sex, age groups, dementia diagnosis), all
covariates were well balanced within each subgroup (Online
Resource eFig. 3). Hazard ratio estimates were consistent
across all levels of sex, age, dementia diagnosis, and LTC/
SNF residence (Fig. 5).

The results of sensitivity analyses were consistent with
those of the primary analysis (Fig. 6). The sensitivity analy-
sis that continued follow-up after treatment discontinuation
to evaluate the potential for informative censoring yielded a
HR estimate almost identical to that of the primary analysis.

Given that lacking a psychosis diagnosis resulted in the
exclusion of the largest number of pimavanserin patients
in the primary analysis (Fig. 2), the sensitivity analysis
that removed the requirement for a psychosis diagnosis
included a far larger sample size than the primary analysis
(4248 pimavanserin initiators and 35,994 comparator ini-
tiators). The resulting HR when not requiring a psychosis
diagnosis was very similar to that of the primary analysis
(Fig. 6).

3.2 Long-Term Care/Skilled Nursing Facility
Sub-cohort

Of the identified patients in the overall PDP cohort,

30% were LTC or SNF residents on the index date and
were included in the LTC/SNF sub-cohort—665 in the
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pimavanserin group and 5893 in the comparator group
(Fig. 2). In both treatment groups, these patients generally
had a higher comorbidity burden than the overall cohort.
The pimavanserin users generally had fewer severe comor-
bidities than the comparator patients, similar to the overall
primary analysis; however, the extent of the differences was
not as large as that in the primary analysis (Table 1, Online
Resource eTable 10 to eTable 14).

Death was experienced by 1310 patients in the LTC/
SNF sub-cohort during follow-up (Table 2). Cumulative
incidence curves of mortality after treatment initiation sug-
gested that the largest differences in survival between treat-
ment groups occurred within the first year, but small sam-
ple sizes led to unstable incidence estimates in time periods
after approximately 1 year (Online Resource eFig. 4). The
unadjusted HR for mortality in the full sub-cohort before
matching was 0.80 (95% CI 0.66-0.97) (Table 2). After PS
estimation and 1-to-1 matching (Online Resource eFig. 5),
all covariates were well balanced between treatment groups
(Online Resource eFig. 6), and the matched HR for mortal-
ity was 0.78 (95% CI, 0.60-1.01), with an absolute IRD of
—10.0 deaths per 100 person-years (95% CI, —19.8 to —0.3).

4 Discussion

This large study of pimavanserin compared with atypical
antipsychotic use among patients aged >65 years with PDP
in the USA demonstrated that pimavanserin was associated
with a lower risk of mortality compared with that for other
atypical antipsychotics. This observed association was con-
sistent across subgroups and sensitivity analyses, although
some variation over time was observed.
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Fig.3 Cumulative incidence a 0.6 1
of mortality by time since
atypical antipsychotic initiation

0.5

— Pimavanserin I
—— Comparator atypical antipsychotic

among patients with Parkinson’s
disease psychosis, before and
after matching. Panel A displays
the cumulative incidence of
mortality in the sample before
propensity score matching.
Panel B displays the cumulative
incidence of mortality in the
sample after propensity score
matching. Note that non-zero
cell counts of <11 are masked
per the privacy policy of the 0.0
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When evaluating a sub-cohort of LTC or SNF residents,
we observed a very similar result to the analysis of the over-
all population. We observed differences in the characteristics
of antipsychotic use between the overall population (where
the majority of pimavanserin was prescribed by neurolo-
gists) and the LTC/SNF sub-cohort (where the majority of
pimavanserin was prescribed by non-specialists). However,
the sub-cohort analysis was limited by the relatively small
sample size.

Other recent studies have evaluated mortality in pima-
vanserin users [17, 18], both in the general population and
in nursing home residents. A previous study of Medicare
beneficiaries with PD reported an overall decreased risk
of mortality associated with pimavanserin compared with
other atypical antipsychotics (Mosholder et al. [17], overall

824 327 126 35 <1
609 220 80 25 <M

HR = 0.77 [95% CI, 0.66-0.90]), which is a similar result
as that observed in our study (overall HR = 0.78 [95% CI,
0.67-0.91]). However, despite the similar HR results for
the overall populations in both studies, the previous study
observed a null effect in the nursing home population (HR
= 1.05, 95% CI not reported), and we observed results in
the LTC/SNF sub-cohort that were very consistent with
the overall population (HR = 0.78 [95% CI, 0.60-1.01]).
The observed differences in the nursing home results may
be accounted for by differences in the study populations
between the 2 studies (e.g., 15% of the previous Medicare
study sample were nursing home residents, while 30% of our
sample were LTC/SNF residents). We required a psychosis
diagnosis for study inclusion to avoid off-label antipsychotic
use for non-PDP indications, as LTC/SNF residents and

A\ Adis



J.B. Layton et al.

Fig.4 Matched hazard ratios

Hazard ratio

of mortality comparing patients (95% CI)
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Fig.6 Matched hazard ratios of mortality in patients with Parkin-
son’s disease psychosis who initiated treatment with pimavanserin
compared with those initiating treatment with other atypical antipsy-
chotics, primary and sensitivity analyses. CI confidence interval, LTC

patients with PD or dementia may have substantial off-label
use of antipsychotics and other psychiatric medications.
Additional differences in inclusion and exclusion criteria
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long-term care, LTC/SNF sub-cohort residents of long-term care or
skilled nursing facilities at treatment initiation, PDP Parkinson’s dis-
ease psychosis, SNF skilled nursing facility

(e.g., PD definition differences, exclusion of SNF residents
in the previous Medicare study) resulted in our study popula-
tion generally having more comorbidities than those in the
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previous study. However, in both studies, the pimavanserin
users were generally healthier at treatment initiation than the
comparator antipsychotic users [17].

A different study of nursing home residents with PD
based in CMS MDS data compared those treated with pima-
vanserin with those not treated with pimavanserin and found
an increased risk of hospitalization and death in various time
intervals among patients taking pimavanserin compared with
patients not using pimavanserin [18]. In that study, PD was
defined using a single recorded PD diagnosis or prescription
for a PD medication; the reported low positive predictive
value (33.0%) [34] for this definition may result in inclu-
sion of many patients without true PD. Additionally, the
CMS MDS study compared pimavanserin-treated patients
with pimavanserin-untreated patients without requiring evi-
dence of psychosis or aligning treatment groups on antipsy-
chotic treatment history and, therefore, may potentially be
comparing treated patients with PDP to untreated patients
with PD without psychosis; these large differences in dis-
ease state and severity between the treatment groups may
lead to selection bias that is challenging to control for with
confounder adjustment alone. The previous Medicare study
concluded that a comparison of pimavanserin users with
untreated individuals was not feasible due to the inability to
reliably identify patients with PDP who were not receiving
medication for their PDP diagnosis [17]. The present study
required evidence of psychosis in the primary analysis and
considered only patients initiating antipsychotic treatment
for inclusion in the study to align the treatment groups in
their disease trajectory and treatment histories [35]. Differ-
ent scientific and clinical questions are addressed when com-
paring pimavanserin use with other treatment options, such
as in the current study and in the previous Medicare study
[17], as opposed to comparison of pimavanserin with being
untreated with pimavanserin, such as in the CMS MDS study
[18]. However, as antipsychotics are widely used in patients
with PDP, understanding the comparative safety of different
treatment options is important for effective management of
patients with PDP; however, our study does not address the
question of the safety of pimavanserin use compared with
no treatment.

The findings in the present study are subject to limitations
common to studies conducted in existing health-care data
sources, such as the potential for confounding and misclas-
sification. This noninterventional study observed real-world
use of pimavanserin approximately 3.5 years after its intro-
duction in the USA. When comparing users of relatively
newly marketed medications to users of an established class
of medication(s), users of the newer treatments may differ
in systematic ways, which may be difficult to predict [36],
resulting in confounding. Consistent with patterns observed
in other studies of pimavanserin users compared with users
of other atypical antipsychotics [17, 37], the pimavanserin

users in the present study generally had fewer comorbidi-
ties, and a higher proportion of patients used anti-Parkinson
drugs and had their index antipsychotic prescribed by a neu-
rologist. To account for confounding by differences in frailty,
access to health care, health-seeking behavior, and other
differences between groups, this study balanced treatment
groups with respect to demographic, clinical, and health-
care utilization variables through PS matching; almost all
pimavanserin users were successfully matched, and all meas-
ured baseline characteristics were very well balanced after
matching. While consistent differences were present between
the treatment groups before matching, it appears that within
the broader and larger comparator group, there was a sub-
set of patients comparable to the pimavanserin patients, as
evidenced by the PS overlap and high degree of matching.
The lack of difference in mortality risk between the treat-
ment groups in the first 30 days of treatment is consistent
with the findings from previous research comparing pima-
vanserin to other antipsychotics [17] and generally suggests
that confounding by immediate or acute health status has
been addressed. Mortality among older adults, particularly
those with complex diseases like PDP, may be influenced by
various clinical or behavioral characteristics, and differences
in antipsychotic treatment choice, dosing, and underlying
conditions may contribute to potential confounding [38, 39].
Increased restriction of the study population based on requir-
ing a recorded psychosis diagnosis (i.e., evidence of patients
having the medications’ indication) may have reduced dif-
ferences between treatment groups and contributed to con-
founding control [40]. However, it is possible that confound-
ing from unmeasured or unreported factors may remain;
the post hoc E-value analysis suggests that an unmeasured
confounder that approximately doubles the chance of being
prescribed pimavanserin versus another antipsychotic and
doubles the risk of mortality (i.e., with a risk ratio of 1.9
or higher with both the treatment group and the outcome)
could result in the observed association of pimavanserin on
mortality compared with comparator atypical antipsychotics
if the difference was truly null (Online Resource 1).
Information contained in Medicare is recorded for billing
purposes rather than for clinical or research purposes, and
information on some key study variables may be recorded
with errors, resulting in misclassification. Some potentially
important risk factors for mortality — including body mass
index, smoking status, alcohol or illicit drug use, diet, exer-
cise, and/or family history — are not well captured in claims
data. Additionally, our primary analysis required patients to
have a recorded diagnosis of psychosis to ensure that antip-
sychotic use was for PDP treatment. However, psychosis
severity cannot be measured in claims data, and psychosis
symptoms may not be reliably recorded in claims data (i.e.,
underreported); therefore, patients with true psychosis with-
out a recorded diagnosis may have been excluded from the
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primary analysis sample. We performed different analyses
requiring and not requiring psychosis diagnoses for inclu-
sion. Removing the requirement of a psychosis diagnosis
may have included additional pimavanserin and compara-
tor atypical antipsychotic users with PDP who lacked a
recorded psychosis diagnosis, but this approach may also
have included patients with PD without psychosis using
antipsychotics off-label, thereby potentially introducing
additional confounding (i.e., it would be expected that the
comparator atypical antipsychotics would be used off-label
more frequently than pimavanserin). Regardless, the HR
estimates were similar whether or not we required a psy-
chosis diagnosis in the overall population.

Exposure information was based on pharmacy dispensing
and prescription claims and may not reflect actual patient-
level use if patients are nonadherent to prescribed treat-
ments. Another limitation is that discontinuation of antip-
sychotics is common in patients with PD [41], and although
we evaluated mortality over time, the majority of patients
had been lost to follow-up by 1 year after treatment initia-
tion, limiting sample sizes in longer periods of follow-up.

This sample drawn from US Medicare data should be
broadly generalizable to older patients with PDP initiating
antipsychotic treatment in the USA. Older patients without
Medicare fee-for-service coverage, younger patients with
PDP, and those switching from other antipsychotics are not
included in this sample; thus, descriptive results about drug
utilization and patient characterization apply to the specific
patient population identified in the Medicare fee-for-service
data. However, mortality risk among those using pimavan-
serin should be generalizable to patients with PDP using
pimavanserin in the absence of as-yet unidentified biological
mediators [42, 43]. The comparator group in this study con-
sisted of other atypical antipsychotics considered together as
one group; quetiapine was by far the most commonly used
comparator antipsychotic in this study population, particu-
larly after matching, somewhat limiting the generalizability
of the results to the lesser-used antipsychotics. The analyses
of SNF/LTC residents were also limited by relatively small
sample sizes; future analyses will benefit from the accumula-
tion of additional data in this important subgroup.

5 Conclusion

This retrospective, active-comparator, new-user study sug-
gests a lower mortality risk among older patients with PDP
patients treated with pimavanserin compared with those
treated with other atypical antipsychotic drugs. During this
early period after US approval of pimavanserin, patient char-
acteristics differed between pimavanserin and comparator
users; although matching balanced all measured character-
istics, the potential for residual confounding by unmeasured
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characteristics remains. While continued safety monitoring
of pimavanserin and other atypical antipsychotics is war-
ranted in this older population—particularly among patients
in LTC/SNF settings—we observed a consistently decreased
mortality risk associated with pimavanserin compared with
other atypical antipsychotics across subgroups and sensitiv-
ity analyses.
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