Drugs - Real World Outcomes (2022) 9:9-22
https://doi.org/10.1007/540801-021-00284-1

ORIGINAL RESEARCH ARTICLE ;')

Check for
updates

Falls and Fractures in Patients with Parkinson’s Disease-Related
Psychosis Treated with Pimavanserin vs Atypical Antipsychotics:
A Cohort Study

J. Bradley Layton'® . Joan Forns?® . Mary Ellen Turner® - Colleen Dempsey? - Jennifer L. Bartsch'
Mary S. Anthony'® . Heather E. Danysh*® - Mary E. Ritchey'*® . George Demos®

Accepted: 6 October 2021 / Published online: 30 October 2021
©The Author(s) 2021

Abstract

Background Parkinson’s disease-related psychosis increases patients’ risk of falls. Pimavanserin is an atypical antipsychotic
approved in the USA in 2016 for the treatment of hallucinations and delusions associated with Parkinson’s disease-related
psychosis.

Objective We aimed to compare the risk of falls/fractures among patients with Parkinson’s disease-related psychosis treated
with pimavanserin vs other atypical antipsychotics.

Patients and Methods We identified a cohort of patients with Parkinson’s disease-related psychosis aged > 40 years initiating
either pimavanserin or a comparator antipsychotic (clozapine, quetiapine, risperidone, olanzapine, aripiprazole, brexpipra-
zole) in US commercial insurance and supplementary Medicare claims (2015-2019). Comparators were propensity score
matched 2:1 with pimavanserin initiators; incidence rates of falls/fractures were compared using incidence rate ratios (IRRs)
and 95% confidence intervals (CIs).

Results We identified 112 eligible pimavanserin initiators and 982 comparators. Pimavanserin initiators were younger and
had fewer severe comorbidities, indicators of impairment, and healthcare encounters, though they had higher Parkinson’s
disease medication use. The crude incidence rates [cases/100 person-years] (95% CI) for composite falls/fractures were 17.8
(7.7-35.0) for pimavanserin and 40.8 (35.0-47.4) for comparators. Matching retained 108 pimavanserin initiators and 216
comparators—all characteristics were well balanced after matching—with a matched IRR (pimavanserin vs comparator) of
0.71 (95% CI 0.27-1.67). Sensitivity analysis IRR estimates were consistently below 1.00, with a sensitivity analysis not
requiring a diagnosis of psychosis resulting in an IRR estimate of 0.55 (95% CI 0.34-0.86).

Conclusions The results of this study do not suggest an increase in the risk of falls or fractures associated with pimavanserin
compared with other antipsychotics in patients with Parkinson’s disease-related psychosis. Sensitivity analyses suggest a
decreased risk.

R _
Patients with Parkinson’s disease (PD) are at increased risk

for falls and fractures [1], with many features of PD being Patients with Parkinson’s disease psychosis have a high
predisposing risk factors for falls and fractures, including risk of fractures and falls requiring medical attention.
cognitive and motor impairment, postural instability, hypo-
tension, unsteady gait, bradykinesia, rigidity, and frailty.
Additionally, psychosis may occur in up to 75% of patients
with PD [2], particularly in more advanced stages of the
disease, and patients with PD-related psychosis (PDP) are Sensitivity analyses suggested a decreased risk of falls
or fractures associated with pimavanserin compared with
patients taking other antipsychotics.

Patients with Parkinson’s disease psychosis being treated
with pimavanserin did not have an increased risk of falls
compared with patients taking other antipsychotics.
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at even higher risks for falls and fractures than patients with
PD without psychosis [3].

Pimavanserin is a selective serotonin inverse agonist pref-
erentially targeting 5-hydroxy-tryptamine-2A receptors that
was approved in the USA in 2016 for the treatment of hal-
lucinations and delusions associated with PDP [4]. Later that
year, the US Food and Drug Administration introduced a
labeling update for antipsychotic medications that required a
warning of falls in patients treated with antipsychotics, espe-
cially for patients with potentially exacerbating conditions
or medication use. Although pimavanserin was not included
in this class warning, falls are included in the US label of
pimavanserin as part of the postmarketing experience [4].
To better understand the risk of falls and fractures in users
of pimavanserin relative to other antipsychotic treatments,
we conducted an observational study in a large, US-based
insurance claims database to compare the risk of falls and
fractures among patients with PDP initiating pimavanserin
vs those initiating other atypical antipsychotics.

2 Methods
2.1 Data Source

This study was conducted using two of the IBM Market-
Scan Research Databases (Copyright 2019 IBM Inc., all
rights reserved): Commercial Claims and Encounters,
and Medicare Supplemental and Coordination of Ben-
efits. These US-based commercial insurance databases
contain information about diagnoses, procedures, and
pharmacy-dispensed medications from insurance billing
data for employees, their spouses, and their dependents
with employer-based commercial insurance from large
employers across the USA and retirees with employer-
based Medicare supplementary insurance. Both Interna-
tional Classification of Diseases, Ninth Revision, Clinical
Modification ICD-9-CM) and International Classification
of Diseases, Tenth Revision, Clinical Modification (ICD-
10-CM) diagnosis coding systems were used at various
points during the study period. Diagnosis-based code
lists for study characteristics were developed using either
ICD-9-CM or ICD-10-CM codes and then were mapped
to the other system with General Equivalence Mapping
[5]; mapped code lists were manually reviewed to ensure
conceptual consistency after mapping [6].

2.2 Population
We identified patients aged > 40 years at their first phar-

macy dispensing claims for pimavanserin or another
atypical antipsychotic (clozapine, quetiapine, risperidone,
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olanzapine, aripiprazole, brexpiprazole) occurring between
1 May 2015, and 31 December 2019. The medication ini-
tiation date became the study index date (Fig. 1). To iden-
tify first initiation of either pimavanserin or a comparator
antipsychotic, all available baseline information before the
index date for each patient was evaluated to identify any
prior antipsychotic use; patients with prior use of any atypi-
cal or conventional antipsychotic medication were excluded,
as were patients who received more than one different study
drug on the index date. Medication initiators were also
required to have a minimum of 180 days of baseline enroll-
ment before and including the index date, although if > 180
days of baseline enrollment information was available for a
patient, all of the available baseline data were used to define
patient characteristics (Fig. 1). There are no specific diagno-
sis codes for PDP; therefore, PD and psychosis were identi-
fied separately, and patients were required to have recorded
diagnoses of both PD and psychosis at any point before or
on the index date. We did not require specific ordering of the
PD and psychosis diagnoses.

We identified psychosis in patient records using diag-
nosis codes for delusions, hallucinations, psychosis, or
paranoia in the inpatient or outpatient setting in any diag-
nosis position (Table S1 of the Electronic Supplementary
Material [ESM]). Parkinson’s disease diagnoses were
identified in patient records without regard to new-onset
or existing disease. A diagnosis of PD required a patient
to meet any of the following three criteria fully before the
index date: (1) one inpatient claim with a diagnosis of PD
in any position (Table S2 of the ESM); (2) two outpatient
claims with diagnoses of PD in any position, separated by
at least 30 days but within 365 days; and (3) at least two
pharmacy prescription dispensing claims for a PD-related
medication (levodopa-carbidopa, anticholinergics, dopa-
mine agonists, monoamine oxidase B inhibitors, catechol-
O-methyltransferase inhibitors, amantadine, or istradefyl-
line) within 6 months before or after an outpatient claim
with a PD diagnosis code in any position. For criterion
3, the medication and diagnosis claims were permitted
to occur on the same date; two medication claims on the
same date were permitted only if they were for different
medications.

We additionally excluded patients with diagnoses of bipo-
lar disorder, schizophrenic disorders, or Huntington’s dis-
ease before the index date to avoid disease misclassification,
as these conditions may also be treated with antipsychotics.
Additionally, patients were excluded if they had diagnoses of
pathologic fracture that may have resulted from conditions
such as cancer, infection, osteomalacia, and Paget’s disease
before the index date.

Two sensitivity analyses were performed to observe the
robustness of the results after altering the study’s inclu-
sion/exclusion criteria. All patients in the primary analysis
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(No antipsychotic use)
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(Baseline healthcare utilization?)
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Fig. 1 Identification of eligible pimavanserin or comparator atypi-
cal antipsychotic initiators for inclusion in the study cohort. Note:
The duration of each assessment window is given in days relative to
the cohort entry date (day 0). Square brackets indicate the window
is inclusive of the stated date. Similar sets of criteria (e.g., washout
windows, exclusion assessment windows, covariate assessment win-
dows, follow-up windows) are shown in the same color. Figure tem-
plate available at www.repeatinitiative.org. PD Parkinson’s disease.
# Comorbid conditions that were exclusion criteria were bipolar dis-
order, schizophrenic disorders, Huntington’s disease, and pathologic
fracture. ® Baseline conditions included wheelchair use, ambulance
transport or life support, bladder dysfunction, coagulopathy, home
oxygen, paralysis, dementia, cancer screening, heart failure, lipid
abnormality, vertigo, difficulty walking, podiatric care, rehabilita-
tion services, arthritis, skin ulcer, sepsis, stroke/brain injury, weak-
ness, diabetes mellitus complications, home hospital bed, myocardial
infarction, peripheral vascular disease, chronic obstructive pulmonary
disease, peptic ulcer disease, liver disease, diabetes mellitus, hemi-
plegia, chronic kidney disease, tumor, leukemia, lymphoma, human
immunodeficiency virus/acquired immune deficiency syndrome,

met the strict criteria for a PD diagnosis, described earlier,
but the first sensitivity analysis also excluded patients with
at least one claim with a diagnosis code for secondary PD,
including drug-induced or vascular PD, in any setting to
remove patients potentially misclassified as having PD.

m—
Time

delirium, osteoporosis, multiple sclerosis, celiac disease, Crohn’s dis-
ease, ulcerative colitis, ankylosing spondylitis, depression, hyperthy-
roidism, Cushing’s syndrome, hyperparathyroidism, vitamin D defi-
ciency, malnutrition, impaired vision, and orthostatic hypotension.
¢ Baseline comedications included osteoporosis treatment, androgen
deprivation therapy, nonsteroidal anti-inflammatory drugs, cyclooxy-
genase-2 inhibitors, systemic glucocorticoids, enzyme-inducing anti-
convulsants, thiazolidinediones, benzodiazepines, sedatives, digoxin,
diuretics, anticholinesterase inhibitors, antidepressants, and Parkin-
son’s disease drugs (levodopa-carbidopa, anticholinergics, dopamine
agonists, monoamine oxidase B inhibitors, catechol-O-methyltrans-
ferase inhibitors, amantadine, and istradefylline). 4 Baseline health-
care utilization included number of hospitalizations and number of
emergency department visits. ¢ Earliest occurrence of administrative
study end (31 December 2019); disenrollment from the MarketScan
databases; pathological fracture that may have resulted from condi-
tions such as cancer, infection, osteomalacia, and Paget’s disease;
diagnosis of bipolar disorder, schizophrenic disorders, or Hunting-
ton’s disease; discontinuation of index medication; and initiation of a
different study antipsychotic other than the index treatment

Additionally, the primary analysis required all included
patients to have a recorded diagnosis of psychosis; how-
ever, as psychosis symptoms may not be consistently
coded in claims data [7-9], the second sensitivity analy-
sis did not require patients to have a psychosis diagnosis.
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2.3 Treatment Assessment

The treatment group consisted of patients with PDP initi-
ating antipsychotic treatment with pimavanserin, and the
comparator group consisted of patients with PDP initiat-
ing antipsychotic treatment with one of the study atypical
antipsychotics (clozapine, quetiapine, risperidone, olan-
zapine, aripiprazole, brexpiprazole). Continuous exposure
to the index antipsychotic treatment was defined by assum-
ing that the duration of each dispensed prescription was
equal to the prescription’s days’ supply as indicated on the
claim. A 30-day supply was imputed if the claim’s days’
supply information was missing or implausible (< 1 day or
> 90 days). At the end of the prescription’s days’ supply, a
grace period equal to 50% of the days’ supply began. If the
patient refilled the prescription during the grace period, the
continuous exposure period was extended by the duration of
the new prescription from the date of the new prescription.
If the patient did not refill the medication by the end of the
grace period, the patient was considered to have discontin-
ued the medication on the last day of the grace period. If a
patient refilled the prescription before the end of the previ-
ous prescription’s days’ supply (i.e., before the start of the
grace period), overlaps in days’ supply between consecutive
prescriptions were added to the end of a continuous exposure
period (i.e., stockpiled).

Patients were followed from the date of drug initiation
and were censored at the first occurrence of any of the fol-
lowing: administrative study end (31 December 2019), dis-
enrollment from the database, diagnosis of one of the origi-
nal study exclusion criteria (pathological fracture, bipolar
disorder, schizophrenic disorders, or Huntington’s disease),
discontinuation of index medication, and initiation of a dif-
ferent study antipsychotic other than the index treatment.

2.4 Outcome Assessment

We identified falls and fractures occurring during follow-up,
and patients could experience multiple fall and/or fracture
outcome events. As in previous assessments of this popula-
tion [1, 3], falls and fractures were assessed as both com-
posite and separate outcomes in the following groupings:
(1) composite falls/fractures, (2) falls, (3) any fracture, and
(4) site-specific fractures of key interest (femur, hip, pelvis,
upper limb, vertebrae).

Falls were identified from diagnosis codes for accidental
falls occurring in any setting or diagnosis position (Table S3
of the ESM). To reduce the potential for double counting
events if a single fall resulted in multiple encounters or
claims, all additional codes for falls occurring within 7 days
of the initial code were considered part of the same event,
and patients did not contribute at-risk person-time during
this 7-day period; the date of the first diagnosis during this
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period was assigned as the fall event date. The occurrence of
falls before the index date was evaluated to distinguish new
falls during the follow-up from continuing care for falls that
occurred before the beginning of the follow-up; 30 days of
pre-index time was used to account for multiple consecutive
7-day periods to define recurrent falls, if required.

Fracture outcome events were categorized and evaluated
both as overall “any fracture” and also as individual site-spe-
cific fractures of interest. Fracture events were defined using
inpatient and outpatient diagnosis codes in any diagnostic
position (Table S3 of the ESM), and each fracture diagno-
sis was categorized by body site (skull, vertebrae, trunk,
upper limb, hand/wrist, pelvis, hip, femur, lower leg, or foot/
ankle). To ensure identification of new fractures, diagnosis
codes were required to be paired with a site-specific frac-
ture repair procedure code occurring within 7 days before
or after the diagnosis code, with the earlier of the diagnosis
and repair code dates assigned as the fracture event date.
To avoid double counting return visits for the same frac-
ture, all subsequent fracture diagnoses occurring at the
same site within 1 year after the initial site-specific fracture
were considered part of the same event, and individuals did
not contribute at-risk person-time for fractures at the same
site during that 1-year period [1]. Site-specific fractures in
the year before the index date were evaluated to accurately
define patients’ at-risk status at the beginning of follow-up.
Site-specific fractures were identified first and then collapsed
into the overall “any fracture” category. As a single incident
may result in fractures at multiple sites, fractures at different
sites occurring within 7 days of each other were considered
part of the same event for the “any fracture” outcome. If this
occurred, the date of the earliest fracture was assigned as the
“any fracture” event date, and the patient was not considered
at risk for 7 days after that date. However, a patient could
experience a site-specific fracture (e.g., upper arm fracture)
and, although the patient would not be at risk for fractures
at the same site for 1 year, the patient would continue to be
at risk for fractures at other sites (e.g., hip fracture) after a
7-day not-at-risk period.

For the composite falls/fractures outcome, the fall and
fracture events described earlier were combined into one
composite measure. Patients experiencing either a fall or
site-specific fracture were categorized as having a composite
event on the date of the qualifying claim. The patient was
not considered at risk for a recurrence of the same event type
(fall or site-specific fracture) until after the event-specific,
not-at-risk period (7 days for falls, 1 year for site-specific
fractures), although the patient continued to be at risk for
different events, which would be considered a composite
event during that period (e.g., a patient experiencing a hip
fracture would be at risk for a fall or other site-specific frac-
ture after 7 days but would not be at risk for another hip
fracture for 1 year).
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2.5 Covariates

We identified patient characteristics using all diagnosis,
procedure, and medication dispensing information available
before a patient’s index date for use in descriptive analyses
and as covariates in the propensity score models. Charac-
teristics included patient demographics (age, sex), frailty
indicators [10, 11], components of the Charlson Comorbid-
ity Index [12, 13], risk factors of falls or fractures, comedica-
tions (assessed using a maximum of 1 year of baseline data
before the index date), and measures of healthcare utilization
(hospitalizations and emergency department visits) in the
180 days before the index date (Fig. 1).

2.6 Statistical Approach

Baseline characteristics were compared between patients
with PDP initiating pimavanserin and those initiating other
atypical antipsychotics. Counts and proportions of patients
with each covariate were presented for categorical variables,
while continuous variables were summarized using means
and standard deviations (SDs). Absolute standardized dif-
ferences were used to quantify imbalances in baseline
covariate distributions between treatment groups [14] in the
unmatched and matched populations, with standardized dif-
ference values closer to 0 indicating better covariate balance.

Propensity score matching was used to control for base-
line confounders. The probability of being treated with
pimavanserin as opposed to a comparator antipsychotic was
estimated using multivariable logistic regression including
a priori-identified covariates; comorbidities and comedica-
tion variables were included as binary terms, and age was
included with linear, quadratic, and cubic terms. Covariates
were not included in the model if they were not present in
at least one patient in both treatment groups. After propen-
sity scores were estimated, comparator antipsychotic initia-
tors were matched to pimavanserin initiators in a 2:1 fixed
matching ratio without replacement by using a greedy near-
est neighbor, a 5-digit to 1-digit matching algorithm [15],
and with a maximum caliper of 0.2 times the SD of the
estimated logit of the propensity score [16].

Within the unmatched and matched cohorts, we esti-
mated crude incidence rates by treatment group for the fall,
fracture, and composite outcomes as the number of cases
divided by the duration of follow-up with accompanying
95% confidence intervals (ClIs) [17]. For comparisons of the
incidence rates across treatment groups, incidence rate ratios
(IRRs) and 95% ClIs were estimated [18] in the unmatched
and matched cohorts. Incidence rate ratios were estimated
across the entire follow-up period and for each year incre-
ment of follow-up (0-1 year, > 1-2 years, > 2 years).

All analyses were performed using SAS version 9.4 or
higher (SAS Institute, Inc., Cary, NC, USA). This analysis of

deidentified data was determined to not constitute research
of human subjects by the Institutional Review Board of RTI
International.

3 Results

We identified 1094 eligible patients diagnosed with PDP
who initiated antipsychotic treatment. Of these included
patients, 112 (10%) were initiators of pimavanserin, and
982 (90%) were initiators of a comparator antipsychotic
(Fig. 2); the comparator group consisted primarily of
quetiapine users (79%), followed by risperidone (12%),
olanzapine (6%), aripiprazole (3%), and clozapine and
brexpiprazole (< 1% each). Users of low-dose quetiapine
were by far the largest proportion of the comparator group
(90% of the quetiapine users never had dispensed strengths
of greater than 50 mg during the follow-up period). The
pimavanserin treatment group was 31% female and had a
mean (SD) age of 76.1 (8.1) years. The comparator antip-
sychotic group was 38% female, with a mean (SD) age of
78.4 (9.8) years.

There were differences in patient characteristics
between the unmatched treatment groups (Fig. 3). Pima-
vanserin initiators were younger and had fewer severe
comorbidities and indicators of major impairment, includ-
ing delirium (77% vs 85%), use of ambulance/life support
services (61% vs 77%), stroke/brain injury (45% vs 58%),
heart failure (34% vs 45%), paralysis (6% vs 15%), and
hemiplegia (5% vs 11%), and had fewer hospitalizations
(mean, 0.3 vs 0.6) and emergency department visits (mean,
1.2 vs 2.0) (Table 1). Pimavanserin initiators also had a
notably lower prevalence of depression diagnoses (51%
vs 63%) and a lower use of antidepressants (49% vs 61%).
However, pimavanserin initiators had a higher prevalence
of PD treatments than comparator antipsychotic initiators,
including the use of PD medications (96% vs 83%) and
anticholinesterase inhibitors (51% vs 39%).

In the crude unmatched cohort, 181 composite fall/
fracture events were identified during 469 person-years
of follow-up (45 in the pimavanserin group and 424 in the
comparator group). The majority of identified outcomes
were falls (Table 2; Table S4 of the ESM). The crude inci-
dence rates of composite falls/fractures (events per 100
person-years) were 17.8 (95% CI 7.7-35.0) among pima-
vanserin initiators and 40.8 (95% CI 35.0-47.4) among
comparator antipsychotic initiators for a crude IRR of 0.44
(95% CI 0.19-0.88) when comparing pimavanserin with
comparator antipsychotics.

The propensity score distributions demonstrated a good
overlap between the treatment groups (Fig. 4). After pro-
pensity score matching, almost all pimavanserin initiators
were successfully matched to two comparators, with 108
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New users receiving a study medication during a
continuous enrollment period in the study period

N=39,200

Patients receiving only one study medication

on potential index date
N=38,942

Potential pimavanserin users
N =365

No PD diagnosis
before index date
N =23 of 365 (6.3%)

No psychosis diagnosis before
potential index date
N =200 of 342 (58.5%)

<180 days of
baseline enrollment

N = 10 of 142 (7.0%)

Index date before May 1, 2015
N =0 of 132 (0.0%)

Diagnosis of bipolar disorders,
schizophrenic disorders, or
Huntington disease before

eligibility date
N =4 of 132 (3.0%)

Diagnosis of pathological
fractures before index date
N =110f 128 (8.6%)

<40 years old
N =0 of 117 (0.0%)

Prior use of any
antipsychotic medications

N =5 of 117 (4.3%)

Patients who met all inclusion criteria

N=112 Unmatched Cohort

Matched
N=108

Matched Cohort

PD = Parkinson’s disease.

Potential comparator antipsychotic users
N = 38,577

No PD diagnosis before index date
N = 21,751 of 38,577 (56.4%)

No psychosis diagnosis
before potential index date
N = 11,354 of 16,826 (67.5%)

<180 days of baseline enrollment
N =342 of 5,472 (6.3%)

Index date before May 1, 2015
N = 3,877 of 5,130 (75.6%)

Diagnosis of bipolar disorders,
schizophrenic disorders, or
Huntington disease before

eligibility date
N =97 of 1,253 (7.7%)

Diagnosis of pathological
fractures before index date

N =110 of 1,156 (9.5%)

<40 years old
N =3 of 1,046 (0.3%)

Prior use of any
antipsychotic medications
N = 610f 1,043 (5.8%)

Patients who met all inclusion criteria
N =982

Matched
N=216

Note: Exclusion criteria were applied hierarchically, and patients were counted as excluded at the first exclusion
criterion they met. The denominators for percentage excluded updated at each step, as shown.

Fig.2 Attrition of the study cohort by application of eligibility criteria

pimavanserin initiators and 216 comparator antipsychotic
initiators retained in the matched cohort. The character-
istics of the matched pimavanserin group remained very
similar to those of the unmatched pimavanserin group, as
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very few pimavanserin users were excluded by the match-
ing. However, much of the comparator group was excluded
by the matching (Fig. 2). The characteristics of the
matched comparator group differed from the unmatched
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Fig.3 Relative balance of patient characteristics between the pimavanserin and comparator atypical antipsychotic treatment groups among
patients with Parkinson’s disease (PD) psychosis, before and after matching
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comparator group (e.g., fewer serious comorbidities than
the unmatched group) but were well balanced with the
matched pimavanserin group. There were no meaning-
ful differences in patient characteristics remaining in the
matched cohort (Fig. 3; Table S5 of the ESM).

The patients in the matched cohort contributed 43 per-
son-years of follow-up in the pimavanserin group and 80
person-years of follow-up in the comparator group. When
comparing the matched treatment groups, the incidence
rate estimate for the pimavanserin group for composite
falls/fractures (18.7 events per 100 person-years; 95% CI
8.1-36.9) was lower than the rate in the comparator antip-
sychotic group (26.4 events per 100 person-years; 95%
CI 16.3-40.3), though the small number of cases resulted
in a relatively imprecise matched IRR of 0.71 (95% CI
0.27-1.67) (Table 2). Most of the composite events were
falls—very few fracture events were identified—result-
ing in imprecise incidence rate and IRR estimates for the
analyses of overall and site-specific fractures.

When evaluating the incidence of falls and fractures over
time during the follow-up, the majority of follow-up time
in both groups occurred during the first year after treatment
initiation, and very little follow-up time was observed after
1 year. All outcome events in the pimavanserin group were
falls that occurred in the first year of follow-up, as were most
events in the comparator antipsychotic group (Table S6 of
the ESM).

The sensitivity analysis excluding patients with a diag-
nosis of secondary PD resulted in a matched cohort that
included 83 pimavanserin initiators (33 person-years of
follow-up) and 166 matched comparators (62 person-years
of follow-up) [Fig. S1 of the ESM]. The balance of charac-
teristics between the matched treatment groups was gen-
erally good as indicated by the low absolute standardized
mean differences (Fig. S2 of the ESM). The number of out-
comes identified in this sensitivity analysis was smaller than
in the primary analysis, with only 35 fall/fracture events.
The resulting IRR estimate of 0.46 (95% CI 0.17-1.09) was
reduced even further than in the primary analysis, though it
was imprecise with wide CIs (Table S7 of the ESM).

In the sensitivity analysis where patients were not
required to have a psychosis diagnosis before the index date,
the sample size was much larger (Fig. S3 of the ESM); the
unmatched pimavanserin group contained 276 patients, 40%
of whom had a recorded diagnosis of psychosis, while the
comparator group had 2763 patients, 33% of whom had a
psychosis diagnosis (Table S8 of the ESM). The matched
cohort for this analysis included 264 pimavanserin (102
person-years of follow-up) and 528 comparator (212 per-
son-years of follow-up) atypical antipsychotic initiators, and
the characteristics of these groups were well balanced after
matching (Fig. S4 of the ESM). In this sensitivity analysis,
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the incidence rates of falls/fractures were much higher than
those in the primary analysis (Table S9 of the ESM), though
the incidence rate was lower in the pimavanserin group than
in the comparator group, with a matched IRR estimate of
0.55 (95% C1 0.34-0.86).

4 Discussion

The results of this study did not suggest an increased risk of
falls or fractures associated with pimavanserin use compared
with other atypical antipsychotics among patients with PDP.
The primary and the two sensitivity analyses consistently
resulted in IRR point estimates less than 1, though the small
size of some analyses resulted in wide Cls.

This study included a comparison group consisting of
multiple different atypical antipsychotics of varying poten-
cies, dosage availabilities and ranges, anticholinergic effects,
and risk. Some atypical antipsychotics may be associated
with developing or worsening movement disorders, and the
risk of motor dysfunction may vary by substance [19, 20];
therefore, some of the comparator antipsychotics may not
routinely be recommended for use in PD [21, 22]. How-
ever, these antipsychotics were used in these patients during
the study period, thus we have included them in this analy-
sis profile to evaluate the real-world use of antipsychotics
among patients with PDP. Sample sizes were too small to
conduct stratified analyses by comparator drug substance.

Antipsychotic medications have previously been associ-
ated with an increased risk of falls and fractures [23, 24], and
a retrospective chart review of patients prescribed pimavan-
serin (88% of whom had a PD diagnosis) reported worsening
gait instability, which is highly associated with falls, in 5 of
91 patients [25]. However, no studies have been published
to date comparing the risk of falls and fractures in patients
initiating pimavanserin compared with other atypical antip-
sychotics. In a randomized placebo-controlled clinical trial
of pimavanserin in patients with PDP, falls were among the
most common adverse events, although there was no dif-
ference in fall risk between the pimavanserin (11% of 104
patients) and placebo (9% of 94 patients) arms in 43 days of
follow-up [26]. In addition, a systematic literature review of
atypical antipsychotic use in PDP [22] found that adverse
events such as falls were reported in four studies comparing
pimavanserin with placebo, but there were no differences in
falls between the pimavanserin and placebo arms of the stud-
ies. This review noted that quetiapine was associated with
an increased risk of somnolence, dizziness, and orthostasis,
which may all be associated with falls, and olanzapine may
exacerbate motor symptoms of PD. The authors of the litera-
ture review concluded that pimavanserin should be used as a
first-line treatment for PDP because of its risk-benefit profile
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Table 1 ]?e§criptive . i Characteristic Overall Pimavanserin Comparator
chara.ct.er.lst}m o.f patients Wlth N = 1094 N=112 antipsychotic
PDP initiating pimavanserin N =982
or a comparator antipsychotic
medication, unmatched cohort Age at index, mean (SD) 78.1 (9.62) 76.1 (8.08) 78.4 (9.76)
Sex, female, n (%) 404 (36.9) 35(31.3) 369 (37.6)
Frailty indicators, n (%)
Ambulance/life support 820 (75.0) 68 (60.7) 752 (76.6)
Arthritis 921 (84.2) 94 (83.9) 827 (84.2)
Bladder dysfunction 549 (50.2) 52 (46.4) 497 (50.6)
Cancer screening 555 (50.7) 61 (54.5) 494 (50.3)
Coagulopathy 131 (12.0) 12 (10.7) 119 (12.1)
Dementia 967 (88.4) 99 (88.4) 868 (88.4)
Diabetes mellitus complications 224 (20.5) 21 (18.8) 203 (20.7)
Difficulty walking 895 (81.8) 93 (83.0) 802 (81.7)
Heart failure 476 (43.5) 38 (33.9) 438 (44.6)
Home hospital bed 120 (11.0) 13 (11.6) 107 (10.9)
Home oxygen 55 (5.0) 2(1.8) 53 (5.4)
Lipid abnormality 910 (83.2) 93 (83.0) 817 (83.2)
Paralysis 151 (13.8) 7(6.3) 144 (14.7)
Podiatric care 445 (40.7) 42 (37.5) 403 (41.0)
Rehabilitation services 430 (39.3) 36 (32.1) 394 (40.1)
Sepsis 576 (52.7) 55 (49.1) 521 (53.1)
Skin ulcer 273 (25.0) 27 (24.1) 246 (25.1)
Stroke/brain injury 622 (56.9) 50 (44.6) 572 (58.2)
Vertigo 558 (51.0) 56 (50.0) 502 (51.1)
Weakness 685 (62.6) 71 (63.4) 614 (62.5)
Wheelchair use 181 (16.5) 16 (14.3) 165 (16.8)
Additional components of Charlson Comorbidity
Index, n (%)
Chronic kidney disease 273 (25.0) 20 (17.9) 253 (25.8)
Chronic obstructive pulmonary disease 421 (38.5) 37 (33.0) 384 (39.1)
Diabetes mellitus 416 (38.0) 36 (32.1) 380 (38.7)
Hemiplegia 117 (10.7) 54.5) 112 (11.4)
HIV/AIDS 3(0.3) 0 3(0.3)
Leukemia/lymphoma 26 (2.4) 1(0.9) 25 (2.5)
Liver disease 80 (7.3) 9 (8.0) 71 (7.2)
Myocardial infarction 151 (13.8) 12 (10.7) 139 (14.2)
Peptic ulcer disease 73 (6.7) 10 (8.9) 63 (6.4)
Peripheral vascular disease 513 (46.9) 52 (46.4) 461 (46.9)
Tumor 279 (25.5) 29 (25.9) 250 (25.5)
Other predictors of falls or fractures, n (%)
Ankylosing spondylitis 72 (6.6) 6(5.4) 66 (6.7)
Celiac disease 3(0.3) 0 3(0.3)
Crohn’s disease 9(0.8) 0 9(0.9)
Cushing’s syndrome 3(0.3) 1(0.9) 2(0.2)
Delirium 923 (84.4) 86 (76.8) 837 (85.2)
Depression 673 (61.5) 57 (50.9) 616 (62.7)
Hyperparathyroidism 27 (2.5) 4 (3.6) 23 (2.3)
Hyperthyroidism 46 (4.2) 7(6.3) 39 (4.0)
Impaired vision 50 (4.6) 3.7 47 (4.8)
Malnutrition 373 (34.1) 39 (34.8) 334 (34.0)
Multiple sclerosis 13 (1.2) 0 13 (1.3)
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Table 1 (continued)

Characteristic Overall Pimavanserin Comparator
N =10%4 N=112 antipsychotic
N =982

Orthostatic hypotension 257 (23.5) 30 (26.8) 227 (23.1)
Osteoporosis 226 (20.7) 19 (17.0) 207 (21.1)
Ulcerative colitis 23 (2.1) 2 (1.8) 21 (2.1)
Vitamin D deficiency 342 (31.3) 44 (39.3) 298 (30.3)

Comedications,® n (%)
Androgen deprivation therapy 3(0.3) 1(0.9) 2(0.2)
Anticholinesterase inhibitors 438 (40.0) 57 (50.9) 381 (38.8)
Antidepressants 651 (59.5) 55 (49.1) 596 (60.7)
Benzodiazepines 383 (35.0) 38 (33.9) 345 (35.1)
Cyclooxygenase-2 inhibitors 23 (2.1) 1(0.9) 22 (2.2)
Digoxin 17 (1.6) 0 17 (1.7)
Diuretics 338 (30.9) 28 (25.0) 310 (31.6)
Enzyme-inducing anticonvulsants 49 (4.5) 0 49 (5.0)
Glucocorticoids® 120 (11.0) 15 (13.4) 105 (10.7)
Nonsteroidal anti-inflammatory drugs 150 (13.7) 19 (17.0) 131 (13.3)
Osteoporosis treatment 40 (3.7) 4 (3.6) 36 (3.7)
PD drugs® 921 (84.2) 108 (96.4) 813 (82.8)
Sedatives 65 (5.9) 327 62 (6.3)
Thiazolidinediones 5(0.5) 0 5(0.5)

Healthcare utilization, mean (SD)¢
Number of hospitalizations 0.6 (0.83) 0.3 (0.69) 0.6 (0.84)
Number of emergency department visits 1.9 (2.30) 1.2 (1.65) 2.0 (2.35)

HIV/AIDS human immunodeficiency virus/acquired immune deficiency syndrome, PD Parkinson’s disease,
PDP Parkinson’s disease-related psychosis, SD standard deviation

Note: All characteristics were assessed during the look-back period using all available time before the

index date unless otherwise stated

4Assessed in a look-back period of up to 1 year

®Comprised all systemic glucocorticoids (excluded non-systemic administration routes such as topical or

inhaled applications)

“Comprised levodopa-carbidopa, anticholinergics, dopamine agonists, monoamine oxidase B inhibitors,
catechol-O-methyltransferase inhibitors, amantadine, and istradefylline

dAssessed in the 6 months before the corresponding cohort entry/eligibility date

and ability to improve psychotic symptomatology without
worsening motor function.

This study identified pimavanserin users with PD in the
time period closely following the introduction of pimavan-
serin in 2016. Pimavanserin users appeared to be younger
and generally healthier, but they had more medication use
for PD motor symptoms before antipsychotic initiation than
users of comparator antipsychotics, potentially indicating a
differing baseline risk for falls; this pattern was consistent
with a recent study of pimavanserin users compared with
atypical antipsychotic users conducted in US Medicare data
[27]. There may be key differences between early users of a
more recently introduced medication compared with users of
an established class that are difficult to predict [28], includ-
ing differences in underlying disease state, healthcare access,
healthcare-seeking behavior, and quality of care between
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the treatment groups. Although the effects of residual con-
founding by unmeasured factors cannot be ruled out in the
present study, all measured characteristics were well bal-
anced between the treatment groups after propensity score
matching, indicating that confounding due to measured char-
acteristics was well addressed by the study approach.

The results of the present study should be evaluated in
view of its potential limitations. This study was conducted
with existing administrative claims data, which are gener-
ated primarily for billing purposes rather than for clinical
diagnoses or research; this may introduce the potential for
missing or misclassified study variables, which may poten-
tially change over time because of the transition in coding
systems from ICD-9-CM to ICD-10-CM during the study
period [8]. The absence of claims for a condition was
interpreted as the condition not being present. Falls were
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Table 2 IRs and IRRs of falls and fractures for the unmatched and matched cohorts
Outcome Treatment group Number of Number of IR (95% CI) per 100 PYs IRR (95% CI)
patients events
Unmatched cohort
Composite falls/fractures Pimavanserin 112 8 17.77 (7.67-35.02) 0.44 (0.19-0.88)
Comparator 979* 173 40.82 (34.97-47.38) Reference
Falls Pimavanserin 112 8 17.77 (7.67-35.02) 0.48 (0.20-0.97)
Comparator 979 157 37.02 (31.46-43.29) Reference
Any fracture Pimavanserin 112 1 2.21 (0.06-12.34) 0.33 (0.01-1.97)
Comparator 982 29 6.80 (4.55-9.76) Reference
Matched cohort
Composite falls/fractures Pimavanserin 108 8 18.74 (8.09-36.93) 0.71 (0.27-1.67)
Comparator 215 21 26.38 (16.33-40.32) Reference
Falls Pimavanserin 108 8 18.74 (8.09-36.93) 0.88 (0.33-2.15)
Comparator 215 17 21.34 (12.43-34.16) Reference
Any fracture Pimavanserin 108 2.34 (0.06-13.01) 0.31 (0.01-2.56)
Comparator 216 6 7.50 (2.75-16.33) Reference

CI confidence interval, IR incidence rate, /RR incidence rate ratio, PYs person-years

#Sample sizes at the index date were reduced because of fall events occurring before the index date, resulting in patients being not at risk at the

beginning of the follow-up

Fig.4 Propensity score
distributions of the pimavan-
serin and comparator atypical
antipsychotic treatment groups
among patients with Parkinson’s
disease psychosis

Patients (%)

identified with diagnosis codes alone, though not all falls
may be medically attended; thus, only more severe falls may
be identified with diagnosis codes. Similarly, we required
both fracture diagnosis and procedure codes (e.g., reduction
or repositioning with open, closed, percutaneous, or percu-
taneous endoscopic approaches) to ensure identification of
newly treated fractures, though not all fractures may require
repair or be repaired immediately, potentially resulting in
undercounting of fracture events. Additionally, while we cat-
egorized all fractures by site, not all diagnosis codes used in
the study specified laterality, thus we could not differentiate
between site-specific fractures occurring on opposite body
sides (e.g., between a left and right lower limb), potentially

0.2 0.4 0.6
Propensity Score

B Comparator ~®  Pimavanserin

resulting in undercounting of fracture events. Because of the
relatively small number of fractures identified in the study,
estimates of individual fracture sites were imprecise and
relatively uninformative. Patients with evidence of patho-
logic fractures were excluded or censored, but claims data
may lack the granularity to determine etiology of all frac-
ture events or differentiate accidental falls/fractures from
those with external causes. In addition, pharmacy claims for
medications indicate that a prescription has been dispensed,
but it may not reflect actual use of the medication by the
patient. These insurance claims do not contain information
on patient death; while death would result in disenrollment
from the database, mortality status or cause of death cannot
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be evaluated in these data. Last, this study used data from
those with employer-based commercial insurance or sup-
plementary Medicare plans; while these databases are large,
they may not be generally representative of all patients with
PDP, including those without insurance, with Medicaid
coverage, or with other non-employer-sponsored insurance
coverage.

Sensitivity analyses evaluated the impact of different eli-
gibility criteria, as PD and psychosis may be slow or difficult
to diagnose and may not be recorded reliably in claims data.
All patients met a relatively strict definition of PD based on
inpatient diagnoses, outpatient diagnoses, or pharmacy medi-
cation claims—similar definitions have been shown to have
very good validity [29]; however, we excluded patients with a
recorded diagnosis of secondary PD in a sensitivity analysis to
reduce potential misclassification of PD. Previous researchers
have applied a similar exclusion criterion when attempting to
compare patients with and without PD [1], although both treat-
ment groups in the current study comprised patients with PD
being treated for PDP. In this sensitivity analysis, the exclusion
criterion of secondary PD disproportionately excluded patients
in the pimavanserin group (20.5% of identified pimavanserin
users with a PD diagnosis vs 13.3% of comparators with a PD
diagnosis), which was surprising given that receiving a pre-
scription of pimavanserin from a specialty pharmacy required
healthcare providers to submit a treatment form confirming
a diagnosis of PDP. While misclassification of PD in pima-
vanserin users seems unlikely, pimavanserin users were more
likely to have diagnoses of PD-related symptoms and more
PD medication use, thus the diagnoses of secondary PD may
have been part of a diagnostic workup before arriving at a final
diagnosis of PD.

The identification of a clinical diagnosis of psychosis
might be challenging in an administrative claims database
using coded diagnoses, [7, 9] and it has been reported that
recorded psychosis diagnoses may have decreased after
transitioning to ICD-10-CM coding systems [8]; thus,
a recorded diagnosis of psychosis was not required in
an additional sensitivity analysis where the presence of
PDP was inferred by the use of antipsychotic medications
among patients with PD. This analysis resulted in a larger
sample size, and it may have included additional patients
with true PDP but who lacked a recorded psychosis diag-
nosis in the available data before antipsychotic treatment
initiation. The incidence rates of falls and fractures were
higher in the treatment groups when a diagnosis of psy-
chosis was not required, perhaps because of the inclusion
of some patients using antipsychotics off-label for treat-
ment of non-psychosis symptoms. Related research of
pimavanserin use in PDP has not required patients to have
a psychosis diagnosis [27, 30], but antipsychotics may
frequently be used for the treatment of behavioral symp-
toms of dementia, sleep disorders, or other non-psychosis
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conditions [31]; thus, this sensitivity analysis may have
also included additional patients using antipsychotics
without true psychosis. Because of prescribing restric-
tions on pimavanserin, misclassified psychosis status may
be more common in the comparator group. The combina-
tion of inconsistent recording of psychosis symptoms in
claims data with the relatively common off-label use of
antipsychotics for non-psychosis symptoms may indicate
that the primary analysis requiring a psychosis diagnosis
was overly restrictive, while the sensitivity analysis not
requiring a psychosis diagnosis was overly broad. How-
ever, the relative consistency of the IRR estimates from
these analyses is reassuring.

5 Conclusions

Results of this study do not suggest an increased risk of falls
or fractures among patients with PDP taking pimavanserin
compared with those taking other atypical antipsychotics,
and the sensitivity analyses suggest a decreased risk of falls/
fractures. While small sample sizes resulted in imprecision in
some estimates, IRR estimates were consistently below the
null across all analyses. Additional research is warranted when
pimavanserin is more widely used among patients with PDP.
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