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Pimavanserin (Nuplazid)

A Treatment for Hallucinations and Delusions
Associated With Parkinson’s Disease
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INTRODUCTION

Parkinson’s disease (PD) causes a
gradual degeneration of nerve cells
in a portion of the midbrain called the
substantia nigra, which results in a con-
stellation of motor abnormalities, such as
bradykinesia, resting tremor, cogwheel
rigidity, and postural instability, as well
as neuropsychiatric symptoms, includ-
ing depression, dementia, apathy, hal-
lucinations, and delusions. In patients
with PD, neurons die, leading to a lack
of the available dopamine in the brain
that is responsible for transmitting sig-
nals between the areas of the brain that
control the coordination of smooth and
balanced muscle movement.

Although PD is classified as a move-
ment disorder, approximately 20% to 50%
of PD patients develop psychosis, with
the most common symptoms being hal-
lucinations and/or delusions.-® This may
be intrinsic to the disease or a result of
adverse effects from the drugs used to
treat the motor symptoms (i.e., dopamine
agonists, anticholinergics). For some
patients, the neuropsychiatric symptoms
cause greater morbidity than the motor
complications.”

PD-associated psychosis is often not
recognized, and very few patients report
these symptoms to their providers.®
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Regardless of its severity, PD-associated
psychosis leads to significantly increased
disability, caregiver burden, nursing
home placement, morbidity, and mortal-
ity, and can negatively affect a patient’s
quality of life.>' Its clinical features do
not resemble other psychotic disorders,
such as schizophrenia, because it is
developed after a primary diagnosis of
PD and primarily consists of paranoid
delusions, visual hallucinations, and/or
other sensory disturbances, all of which
worsen over time. Visual hallucinations
of people, animals, or inanimate objects
are the most commonly reported symp-
toms and are mostly observed during
the evening hours when stimulation is
low.> Although they occur less frequently,
auditory, tactile, olfactory, and gusta-
tory hallucinations have been reported
to accompany visual hallucinations.!-12
Currently, no assessment scale for
psychosis in PD has been well established.

The absence of standardized diagnostic
criteria for PD-associated psychosis, even
in the most recent Diagnostic and Statis-
tical Manual of Mental Disorders, led to
the formation of the Parkinson’s Disease
Working Group in 2007, sponsored by the
National Institute of Neurological Dis-
orders and Stroke and the National Insti-
tute of Mental Health. The group’s pri-
mary goal is to distinguish PD-associated
psychosis from other forms of psychosis. "

Underlying medical conditions (e.g.,
infection in the elderly), pre-existing psy-
chiatric disorders, particularly in the early
stages (e.g., dementia with Lewy bodies),
and polypharmacy should be considered
and ruled out prior to initiating treatment
of psychosis in PD.#-16

The first-line strategy in the manage-
ment of psychosis in PD is the gradual
removal of the multiple medications
used to manage motor symptoms in the
following order: anticholinergics, sele-
giline, amantadine, dopamine agonists,
catechol-O-methyltransferase inhibitors,
and lastly, levodopa/carbidopa.'”'

Despite their boxed warnings, second-
generation antipsychotics have often been
used off-label for treating the psychosis
associated with PD, but they have led
to the worsening of motor symptoms.?
Although it was recommended for the
treatment of PD psychosis in a 2007 meta-
analysis,?! clozapine is not approved by
the Food and Drug Administration (FDA)
to treat PD-associated psychosis. In addi-
tion, clozapine is often avoided due to its
potential for drug-induced agranulocyto-
sis and its risk evaluation and mitigation
strategy (REMS) program.?

Pimavanserin (Nuplazid, Acadia
Pharmaceuticals, Inc.), approved by the
FDA in 2016, is a first-in-class atypical
antipsychotic that does not induce clini-
cally significant antagonism of dopami-
nergic, adrenergic, histaminergic, or
muscarinic receptors. It is the first FDA-
approved drug indicated for the treatment
of the hallucinations and delusions in
PD-associated psychosis.?

DESCRIPTION

Pimavanserin, an atypical anti-
psychotic, is present in Nuplazid as pima-
vanserin tartrate salt with the chemical
name urea, N-[ (4-fluorophenyl) methyl]-
N-(1-methyl-4-piperidinyl)-N’-[ [4-(2-
methylpropoxy) phenyl]methyl]-, 2R,3R)-
2,3-dihydroxybutanedioate (2:1). The
drug’s chemical structure is illustrated
in Figure 1. Pimavanserin tartrate is freely
soluble in water. Its molecular formula is
(Co5H34FN309) 2 ® C4HgOg, and its molec-
ular weight is 1005.20 (tartrate salt). The
molecular formula of pimavanserin free
base is CosH34FN309, and its molecular
weight is 427.55.2

Pimavanserin is a round, white to off-
white, immediate-release, film-coated,
once-daily oral tablet containing 20 mg of
pimavanserin tartrate, which is equivalent
to 17 mg of pimavanserin free base, and
inactive ingredients.?



Figure 1 Chemical Structure of Pimavanserin??
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MECHANISM OF ACTION
Although the exact mechanism of
action of pimavanserin is unknown,
a combination of inverse agonist and
antagonist activity at the serotonin 2A
receptors (5-HT»4) and, to a lesser extent,
at the 5-HTyc receptors, has been theo-
rized. During clinical trials, pimavanserin
showed no appreciable binding affinity
for dopamine (including Do), histamine,
muscarinic, or adrenergic receptors.?

PHARMACOKINETICS

Pimavanserin and its major active
N-desmethylated metabolite AC-279
have demonstrated a time to maximum
plasma concentration of six hours (range,
four to 24 hours) with mean plasma half-
lives of approximately 57 hours for pima-
vanserin and 200 hours for AC-279. In the
presence of high-fat meals, its maximum
plasma concentration and area under
the curve were decreased by 9% and
increased by 8%, respectively. Pimavan-
serin has dose-proportional pharmaco-
kinetics after single oral doses from
17 to 255 mg (0.5-7.5 times the dosage
recommendation) and yields similar
results in both patients with PD and
healthy individuals. The bioavailability
of pimavanserin oral tablets and oral
solution is identical.?

Pimavanserin had a mean (SD) appar-
ent volume of distribution of 2,173 (307) L
following the administration of one 34-mg
dose. It is approximately 95% plasma-
protein—bound, which is dose-dependent
and demonstrates no significant change
over dosing time from days 1 through 14.
The drug is metabolized predominantly
by cytochrome P450 (CYP) 3A4 and
CYP3AS5 and to a lesser extent by CYP2]2,
CYP2D6, and other CYP and flavin-
containing monooxygenase enzymes.
It does not cause clinically significant
CYP3A4 inhibition or induction.?

Approximately 0.55% and 1.53% of
pimavanserin are eliminated unchanged
in the urine and feces after 10 days,
respectively, following a 34-mg dose;
pimavanserin and AC-279 were detected
in the urine at less than 1% of the
administered dose.?

Patients with normal renal function
and those with mild-to-moderate renal
dysfunction demonstrated similar pima-
vanserin exposure based on population
pharmacokinetic analysis. No studies
were conducted in patients with severe
renal impairment or mild-to-severe
hepatic dysfunction. The pharmaco-
kinetics of pimavanserin were not affected
by age, gender, ethnicity, or weight.
The maximum plasma concentration
and area under the curve for pimavanse-
rin increased by 1.5-fold and threefold,
respectively, during drug interaction
studies with a strong CYP3A4 inhibitor
(i.e., ketoconazole) .2

PIVOTAL CLINICAL TRIAL

A six-week, randomized, placebo-
controlled, parallel-group study (N = 199)
was conducted to establish the efficacy
of pimavanserin 34 mg once daily as a
treatment for hallucinations and delu-
sions associated with PD psychosis. The
trial included men and women 40 years
of age and older in the outpatient set-
ting with a diagnosis of PD established
at least one year prior to the study who
had severe and frequent psychotic symp-
toms (hallucinations and/or delusions)
that started after diagnosis and warranted
antipsychotic treatment. Patients were
randomized 1:1 to receive pimavanserin
34 mg once daily or placebo once daily.
Inclusion criteria included Folstein Mini—
Mental State Examination score of 21 or
greater, ability to self-report symptoms,
and stability on PD medications prior to
and throughout the study period.?
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Primary efficacy was evaluated based
on change from baseline to week 6 total
score using the PD-Adapted Scale for
the Assessment of Positive Symptoms
(SAPS-PD), a nine-item assessment for
which each item is scored on a scale of
0 to 5 (0 = no symptoms; 5 = severe/
frequent symptoms), with a total score
ranging from 0 to 45. Higher SAPS-PD
total scores indicate greater severity of
illness.?

As measured by central, independent,
and blinded raters using the SAPS-PD
scale, pimavanserin 34 mg (n = 95)
demonstrated significant efficacy over
placebo (n = 90) in decreasing the fre-
quency and/or severity of hallucinations
and delusions. An effect was seen on both
the hallucination and delusion compo-
nents of the SAPS-PD. Using the Unified
Parkinson’s Disease Rating Scale Parts II
and III during the six-week double-blind
treatment period, pimavanserin 34 mg
did not show an effect on motor function
when compared with placebo.?

SAFETY PROFILE
Warnings and Precautions

The prescribing information for pima-
vanserin contains a boxed warning for
increased mortality in elderly patients
(65 years of age or older) with dementia-
related psychosis. Elderly patients with
dementia-related psychosis treated with
antipsychotic drugs are at an increased
risk of death. Pimavanserin is not indi-
cated for the treatment of patients with
dementia-related psychosis unrelated
to PD-associated hallucinations and
delusions.?

Pimavanserin prolongs the QT inter-
val, and its use should be avoided in
patients with known QT prolongation or
in combination with other drugs known
to prolong the QT interval. This includes
some antiarrhythmics (e.g., quinidine,
procainamide, amiodarone), certain anti-
psychotic medications (e.g., ziprasidone,
chlorpromazine, thioridazine), and cer-
tain antibiotics (e.g., gatifloxacin, moxi-
floxacin) (Table 1). See the full prescrib-
ing information for details about clinically
important drug interactions.?

Pimavanserin should also be avoided in
patients with a history of cardiac arrhyth-
mias, as well as other circumstances that
may increase the risk of the occurrence
of torsades de pointes and/or sudden
death, including symptomatic bradycardia,
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Table 1 Drug Interactions With Pimavanserin?
Clinical Effect

Drugs

Intervention

QT Interval Prolongation

Class 1A antiarrhythmics
(quinidine, procainamide, disopyramide)

Class 3 antiarrhythmics
(amiodarone, sotalol)

Antipsychotics
(ziprasidone, chlorpromazine, thioridazine)

Antibiotics
(gatifloxacin, moxifloxacin)

Pimavanserin may potentially add to

the effects of increased QT interval when
administered with these drugs, increasing
the risk of cardiac arrhythmia

Avoid the combination of pimavanserin
and drugs known to prolong QT interval

Strong CYP3A4 Inhibitors

Itraconazole, ketoconazole,
clarithromycin, indinavir

Pimavanserin plasma level may be
increased when administered with
a strong CYP3A4 inhibitor

Reduction of pimavanserin dosage may be
needed when administered concomitantly
with a strong CYP3A4 inhibitor

Strong CYP3A4 Inducers

Rifampin, carbamazepine,
phenytoin, St. John’s wort

Pimavanserin plasma level may be
decreased when administered with
a strong CYP3A4 inducer

Increase of pimavanserin dosage may be
needed when administered concomitantly
with a strong CYP3A4 inducer

CYP3A4 = cytochrome P450 3A4

hypokalemia or hypomagnesemia, and
the presence of congenital prolongation
of the QT interval.?

Adverse Events

In clinical trials, the most common
adverse events that occurred in 5% or
more of pimavanserin-treated patients and
at twice the rate of placebo were periph-
eral edema, nausea, and confusional
state. Hallucinations, constipation, and
gait disturbances were also observed at an
incidence of 2% or greater in pimavanserin-
treated patients and at twice the rate of
placebo. Treatment was discontinued in
8% (16 of 202) of pimavanserin-treated
patients and in 4% (10 of 231) of placebo-
treated patients due to hallucinations
(2% versus less than 1%, respectively),
urinary tract infection (1% versus less
than 1%, respectively), and fatigue (1%
versus 0%, respectively).?

Use in Specific Populations

Pregnancy and Lactation

No data are available regarding
pimavanserin-induced major congenital
malformations, miscarriage, or other
birth defects in humans. In animal
studies, no developmental effects were
observed when oral pimavanserin was
administered at up to 10 or 12 times the
maximum recommended human dose
(MRHD) of 34 mg daily to rats and
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rabbits, respectively. However, mater-
nal toxicity and lower pup survival and
body weight were reported following
administration of two times the MRHD
of pimavanserin to pregnant rats during
pregnancy and lactation.?

Pimavanserin has not been studied
for excretion in human milk, the effects
on the breastfed infant, or the effects on
milk production. The manufacturer rec-
ommends weighing the risks versus the
benefits of treatment prior to the initiation
of pimavanserin during lactation.?

Renal and Hepatic Impairment

Dose adjustment of pimavanserin in
patients with mild-to-moderate renal
impairment (creatinine clearance [CrCl]
of 30 mL/min or greater) is not required,
but use of the drug in patients with
severe renal impairment (CrCL of less
than 30 mL/min) or with any hepatic
impairment is not recommended.?

Drug-Drug Interactions
Coadministration of pimavanserin
and strong CYP3A4 inhibitors (e.g.,
itraconazole, ketoconazole, clarithro-
mycin, indinavir) increases the plasma
concentration of pimavanserin; there-
fore, a dose reduction of pimavanse-
rin is recommended. Patients should
be monitored for efficacy, and a dose
increase may be needed if pimavanse-

rin is administered with strong CYP3A4
inducers (e.g., rifampin, phenytoin,
carbamazepine, St. John’s wort) .

No dosage adjustment is required
when carbidopa/levodopa is adminis-
tered concomitantly with pimavanserin
based on pharmacokinetic studies.?

DOSAGE AND ADMINISTRATION

The recommended dose of pimavanse-
rin is 34 mg taken orally as two 17-mg tab-
lets once daily with or without food and
without titration. With strong CYP3A4
inhibitors (e.g., ketoconazole), the recom-
mended dose of pimavanserin is 17 mg
once daily. Monitor patients for reduced
efficacy and potentially increase the dose
when pimavanserin is administered with
strong CYP3A4 inducers.?

P&T COMMITTEE
CONSIDERATIONS

Pimavanserin significantly reduced PD-
associated psychotic symptoms compared
with placebo in clinical studies and is the
only FDA-approved treatment for this
condition. Other atypical antipsychotics
have shown efficacy, but have been found
to worsen patients’ motor symptoms.*
Although clozapine has demonstrated
efficacy in treating PD-associated psycho-
sis in clinical studies, it is not approved
by the FDA for this indication. In
addition, the boxed warning for clozapine
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is extensive and includes a REMS require-
ment,” making pimavanserin an alterna-
tive worthy of formulary consideration.

The average wholesale price for a
one-month supply of pimavanserin at
the recommended daily dose of 34 mg
(as two 17-mg tablets) is $2,560.2

CONCLUSION

Psychotic symptoms are common in
Parkinson’s disease as a result of patho-
physiological changes involving many
factors, including the motor symptoms
of the disease; the drug-related adverse
effects of treatment; multiple neuro-
chemicals (i.e., dopamine, serotonin,
acetylcholine); changes in sleep and
perception; and the patient’s genetics.
PD-associated psychosis, which is
associated with significantly increased
morbidity and mortality, had no FDA-
approved treatment until the agency
OK’d pimavanserin in 2016. Although
this new treatment has demonstrated
its efficacy and relative safety, additional
studies—including those of longer
duration, larger sample size, and more
specific patient populations—are needed
to enhance pimavanserin’s safety and
efficacy profile.
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