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ABSTRACT

Introduction: In a pivotal study, apomorphine
sublingual film (APL; KYNMOBI�) was an
effective and generally well-tolerated on-
demand treatment of ‘‘OFF’’ episodes in patients
with Parkinson’s disease (PD), approved across
the dose range of 10–30 mg. Pharmacokinetics

and comparative bioavailability of APL and two
subcutaneous (SC) apomorphine formulations
(SC-APO [APOKYN�] and SC-APO-GO [APO-go�

PEN]) were evaluated in a randomized, three-
way crossover, open-label study
(NCT03292016).
Methods: Patients with PD and ‘‘OFF’’ episodes
received an open-label randomized sequence of
single doses of SC-APO and SC-APO-GO at the
currently prescribed dose (2/3/4/5 mg) and APL
doses with similar plasma exposure (15/20/25/
30 mg) with C 1-day washout between formu-
lations. Plasma pharmacokinetics of apomor-
phine and apomorphine sulfate (major inactive
metabolite) were measured 0–6 h postdose.
Results: Median time to maximum plasma
concentration (tmax) of apomorphine was
0.63–0.75 h for APL and 0.25–0.38 h for SC-APO
and SC-APO-GO. Geometric mean maximum
plasma concentration (Cmax) of apomorphine
was 4.31–11.2 ng/ml across APL doses and was
generally lower compared with SC apomor-
phine formulations within dose groups. Area
under the concentration-time curve from time 0
to infinity (AUC?) was similar across apomor-
phine formulations within most dose groups.
Relative bioavailability of APL was * 17% of SC
apomorphine by AUC?; SC-APO and SC-APO-
GO had similar bioavailability (98% and 83% by
AUC? and Cmax, respectively). Apomorphine
sulfate exposure was * three-fold higher for
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APL versus SC-APO and SC-APO-GO by AUC?

and Cmax.
Conclusion: In patients with PD and ‘‘OFF’’
episodes, APL demonstrated lower Cmax and
relative bioavailability but similar exposures
(AUCs) versus SC apomorphine within the
approved dose range.
Trial Registration: ClinicalTrials.gov, NCT032
92016.

Keywords: APL-130277; APL; Apomorphine
sublingual film; Bioavailability; Exposure;
‘‘OFF’’ episodes; Parkinson’s disease;
Pharmacokinetics; Subcutaneous apomorphine

Key Summary Points

Why carry out this study?

Parkinson’s disease (PD) is a
neurodegenerative disorder for which oral
carbidopa/levodopa (CD/LD) is the
mainstay of treatment; however, many
patients develop episodes of suboptimal
response to medication after years of CD/
LD treatment, resulting in the
reappearance or worsening of their
symptoms (‘‘OFF’’ episodes).

Administration of apomorphine is an
accepted approach for the treatment of
‘‘OFF’’ episodes associated with PD, with
several formulations approved for
administration, including subcutaneous
(SC) injection (SC-APO), a multiple-dose
pen injector (SC-APO-GO), and a
minipump/syringe driver. Apomorphine
sublingual film was recently approved for
this indication with a recommended dose
range of 10–30 mg.

Considering the lack of studies comparing
the pharmacokinetics and bioavailability
of apomorphine sublingual film, SC-APO,
and SC-APO-GO, the objective of this
study was to evaluate these parameters in
patients with PD and ‘‘OFF’’ episodes
across the effective dose range for these
treatments.

What was learned from the study?

Apomorphine sublingual film is absorbed
quickly, achieves a peak concentration
(Cmax) that is generally lower, has similar
systemic exposure as described by the area
under the concentration-time curve
(AUC), and has lower relative
bioavailability compared with
subcutaneous apomorphine at
comparable dose levels across the
approved dose range of 10–30 mg.

The similar overall exposure of
apomorphine sublingual film compared
with subcutaneous apomorphine, without
a rapid early rise in drug concentration,
may contribute to a more favorable safety
profile.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14394227.

INTRODUCTION

Parkinson’s disease (PD) is a chronic, progres-
sive neurodegenerative disorder [1] that affects
nearly 1 million people in North America and
6.1 million globally [2, 3]. The mainstay of
treatment for PD is oral carbidopa/levodopa
(CD/LD) to replenish striatal dopamine levels
[4]; however, 70% of patients develop motor
fluctuations after 9 years of CD/LD treatment
[5] that are characterized by episodes of subop-
timal response to medication, resulting in the
reappearance or worsening of their symptoms
(‘‘OFF’’ episodes) [1]. Different types of ‘‘OFF’’
episodes can occur, including upon awakening
(morning ‘‘OFF’’ or morning akinesia), at the
end of a CD/LD dose (wearing ‘‘OFF’’), with
delay in onset of effect from a CD/LD dose
(delayed ‘‘ON’’), with failure of a CD/LD dose
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(suboptimal ‘‘ON,’’ dose failure), and unexpect-
edly, without an apparent dose relationship
(unpredictable ‘‘OFF’’) [1, 6].

Apomorphine is a non-ergoline dopamine
agonist approved as a subcutaneous (SC) injec-
tion at doses of 2–6 mg for the acute intermit-
tent treatment of ‘‘OFF’’ episodes [7, 8].
Subcutaneous apomorphine (APOKYN� [herein
referred to as SC-APO]) is administered by a
multiple-dose pen injector in the US [8] and
Europe (APO-go� PEN [herein referred to as SC-
APO-GO]) or as a minipump/syringe driver in
Europe (APO-go� PFS) [7, 9]; additional formu-
lations of SC apomorphine have been approved
in other regions. Apomorphine SC injection was
developed to avoid first-pass metabolism as
apomorphine is almost completely metabolized
when delivered orally (\ 4% of the total dose is
bioavailable) [10]. In a phase 2 study of 16
patients with PD treated with SC-APO, phar-
macokinetic (PK) parameters measured in eight
patients at doses of 2, 3, 5, and 6 mg were
associated with a time to maximum plasma
concentration (tmax) of 0.367–0.383 h, maxi-
mum plasma concentration (Cmax) of
7.5–22.6 ng/ml, terminal elimination phase
half-life (t1/2) of 0.520–0.793 h, and area under
the concentration-time curve (AUC) from 0 to
2 h of 5.770–22.04 lg/l�h [11]. To date, clinical
utilization of SC apomorphine may be limited
because of difficulty with device assembly and
use, injection site reactions, and other adverse
effects [12, 13].

To overcome limitations associated with SC
apomorphine such as challenging injection pen
assembly, psychological resistance to the idea of
injection, and injection site reactions [14–16],
apomorphine sublingual film (APL; KYN-
MOBI�) was developed to deliver apomorphine
through systemic absorption from the oral
mucosa, thereby bypassing extensive first-pass
metabolism associated with oral administration
of the compound [10, 12]. Apomorphine sub-
lingual film consists of a thin bilayer film
designed to ensure drug stability, rapid drug
diffusion, and bioavailability [12]. The first layer
contains apomorphine, and the second layer
contains a buffer designed to neutralize acid
generation after drug absorption [12].

The efficacy and safety of apomorphine
sublingual film were evaluated in a phase 3,
randomized, double-blind, placebo-controlled
trial of levodopa-responsive patients with PD
and ‘‘OFF’’ episodes [17]. Apomorphine sublin-
gual film at doses of 10–35 mg (n = 109; dosed
as 10 mg [18%], 15 mg [27%], 20 mg [21%],
25 mg [19%], 30 mg [8%], and 35 mg [6%;
administered as one 20-mg film followed by one
15-mg film]) significantly improved motor
function 30 min postdose at week 12 as assessed
by the Movement Disorder Society Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS)
Part III score compared with placebo (- 11.1 vs.
– 3.5, respectively; least squares mean differ-
ence, - 7.6; p = 0.0002) [17, 18]. Separation
from placebo was seen as early as 15 min and
persisted up to the 90-min time point. The self-
rated FULL ‘‘ON’’ response rate within 30 min
postdose at week 12 was significantly higher for
apomorphine sublingual film compared with
placebo (35% vs. 16%, respectively; p = 0.043)
[17]. The most common adverse reactions
(incidence C 10%) in patients treated with
apomorphine sublingual film, and with an
incidence greater than placebo, were nausea,
oral/pharyngeal soft tissue swelling, oral/pha-
ryngeal soft tissue pain and paresthesia, dizzi-
ness, and somnolence [18]. Apomorphine
sublingual film is approved for the acute,
intermittent treatment of ‘‘OFF’’ episodes in
patients with PD across a dose range of
10–30 mg [18] in the US and Canada.

In a previous phase 1, crossover, bioavail-
ability study that evaluated 15 mg of apomor-
phine sublingual film versus 2 mg of SC-APO-
GO, respectively, apomorphine sublingual film
showed a longer tmax (0.85 vs. 0.38 h), longer
t1/2 (1.75 vs. 0.90 h), lower Cmax (4.95 vs.
6.15 ng/ml), and higher AUC from time 0 to the
last measurable plasma concentration (AUClast;
9.79 vs. 7.61 h�ng/ml) and AUC from time 0
extrapolated to infinity (AUC?; 10.4 vs.
7.87 h�ng/ml), indicating that a 15-mg dose of
apomorphine sublingual film was approxi-
mately equivalent to a 2-mg dose of SC-APO-GO
[19]. Estimated bioavailability of apomorphine
sublingual film relative to SC-APO-GO was
approximately 11% and 19% for Cmax and
AUC?, respectively (unpublished). No studies
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comparing the PK and bioavailability of apo-
morphine sublingual film [18], SC-APO [8], and
SC-APO-GO [9] at higher dosages have been
reported to date.

The objective of this current study was to
evaluate the PK and comparative bioavailability
of a single dose of apomorphine sublingual film
compared with SC-APO and SC-APO-GO in
patients with PD and ‘‘OFF’’ episodes across the
effective dose range for these treatments.

METHODS

This was a randomized, three-way crossover,
open-label study (ClinicalTrials.gov:
NCT03292016) conducted at three sites in the
US. The study was designed, conducted, and
monitored in accordance with the World Med-
ical Association Declaration of Helsinki (1989)
and International Council for Harmonisation
guidelines. The study protocol and patient
informed consent form were approved by an
institutional review board (Copernicus Group,
IRB, reference number INC1-17-218 [Cary, NC,
USA]).

Patients

Eligible patients were males or
females C 18 years of age with a clinical diag-
nosis of idiopathic PD, consistent with UK Brain
Bank Criteria and modified Hoehn and Yahr
scale stage B 3 in the ‘‘ON’’ state. Patients had a
clinically meaningful response to oral CD/LD
with well-defined ‘‘OFF’’ episodes, as deter-
mined by the investigator. Patients were
required to be receiving SC-APO at B 5 mg per
dose for C 4 weeks and stable doses of CD/LD
(immediate or sustained release) adminis-
tered C 4 times daily or extended-release CD/
LD three times daily for C 4 weeks. Adjunctive
PD medications must have been maintained at a
stable dose for C 4 weeks except for mono-
amine oxidase-B inhibitors, which had to be
maintained at a stable dose for C 8 weeks.
Patients must have had well-defined ‘‘OFF’’ epi-
sodes in the morning and must have been
willing to delay morning doses on the three
study dosing days.

Patients were excluded if they had atypical or
secondary parkinsonism; major psychiatric dis-
orders; previous treatment with continuous SC
apomorphine infusion or CD/LD infusion;
contraindications or hypersensitivity to SC
apomorphine; received selective 5-HT3 antago-
nists, dopamine antagonists (excluding queti-
apine and clozapine), or dopamine-depleting
agents within the past 30 days; or mouth can-
kers or sores within the past 30 days.

Study Design

During the study period, patients received three
treatments with a minimum 1-day washout
interval between each visit. Patients were ran-
domized to an open-label sequence of single
doses of SC-APO (APOKYN�; US WorldMeds,
LLC, Louisville, KY, USA [8]) at their current
prescribed dose, SC-APO-GO (APO-go� PEN;
Britannia Pharmaceuticals Ltd, Berkshire, UK
[9]) at the same dose as SC-APO, and apomor-
phine sublingual film (KYNMOBI�; Sunovion
Pharmaceuticals Inc., Marlborough, MA, USA)
[18] at doses believed to achieve similar plasma
concentrations. The doses of apomorphine
sublingual film for this study (15, 20, 25, and
30 mg) were chosen to evaluate the PK and
comparative bioavailability of a range of pro-
posed doses of SC-APO and SC-APO-GO and
were based on results from an open-label, proof-
of-concept, phase 2 study [20] and a phase 1
bioavailability study [19]. The open-label, proof-
of-concept study demonstrated that patients
with PD and ‘‘OFF’’ episodes who received apo-
morphine sublingual film at doses of 10–30 mg
achieved a clinically confirmed FULL ‘‘ON’’ with
all responders turning FULLY ‘‘ON’’ between 15
and 30 min after administration (mean ‘‘ON’’
duration of 50 min) [20]. The bioavailability
study demonstrated that a 15-mg dose of apo-
morphine sublingual film is approximately
equivalent to a 2-mg dose of SC-APO [19]. In the
present study, the dosing algorithm included
four dose levels of apomorphine sublingual
film, SC-APO, and SC-APO-GO (Table 1), and
patients were randomized to one of six possible
treatment sequences (Table S1 in the electronic
supplementary material [ESM]).
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Patients were required to not administer SC
apomorphine for C 1 day before each study
period. Patients arrived in the clinic on each
study day after their prescribed morning dose of
PD medication but before taking their second
dose of medication. After confirmation by the
investigator that the patient was ‘‘OFF,’’ study
drug was administered according to the ran-
domized treatment sequence. Other PD medi-
cations were withheld until 60 min after study
drug dosing.

Assessments

The primary objective was to characterize the
PK profile of apomorphine and its inactive
metabolites, apomorphine sulfate and norapo-
morphine [21, 22]. Assessments of apomor-
phine PK parameters included Cmax, tmax, AUC
from time 0 to 24 h (AUC0–24), AUClast, AUC?,
and t1/2. Apomorphine metabolite PK parame-
ters included Cmax, tmax, AUClast, AUC?, and
metabolite-to-parent ratios of Cmax, AUClast,
and AUC?.

Comparative bioavailability among the three
study drugs was also evaluated using dose-
normalized Cmax, AUC0–24, AUClast, and AUC?.
Blood was collected for PK analyses at time
point 0 (right before dosing) and at 0.25, 0.5,
0.75, 1, 1.5, 3, and 6 h postdose.

Safety and tolerability were assessed via
evaluation of clinical laboratory tests, 12-lead
electrocardiograms, physical examinations,
vital signs, and treatment-emergent adverse
events (TEAEs).

Statistical Analysis

With a sample size of 12 patients, a two-sided
90% confidence interval for the difference in
paired PK parameter means on the log scale
would have had an interval that extended no
more than 0.221 units from the observed dif-
ference with 90% coverage probability. After an
unplanned interim analysis, it was determined
that sufficient data were obtained from eight
patients to meet the primary objective of the
study; therefore, additional patients were not
recruited.

The PK population included all patients who
received C 1 dose of study drug and had C 1
quantifiable PK concentration. The safety pop-
ulation included all patients who received C 1
dose of study drug.

Continuous variables were summarized
using the number of observations; arithmetic
mean; standard deviation (SD) of the arithmetic
mean, geometric mean; and percent coefficient
of variation of the geometric mean, median,
and range.

PK parameters were derived using noncom-
partmental methods employing Phoenix
WinNonlin version 6.3 (Certara, Princeton, NJ,
USA). PK analysis was conducted using actual
time elapsed from dosing concentration-time
data for apomorphine, apomorphine sulfate,
and norapomorphine; PK profiles had to have at
least four quantifiable postdose concentrations
to be included.

To analyze comparative bioavailability of the
three study drugs, a mixed-effects model with
fixed effects for treatment and period, with
patients nested within sequence as a random
effect, was used to analyze the natural
log–transformed dose-normalized Cmax,
AUC0–24, AUClast, and AUC?. For each treat-
ment comparison, a point estimate and 90%
confidence interval were provided for the geo-
metric mean ratio upon back-transformation.

Table 1 Dosing algorithma

APL SC-APO SC-APO-GO

15 mg 2 mg 2 mg

20 mg 3 mg 3 mg

25 mg 4 mg 4 mg

30 mg 5 mg 5 mg

a The SC-APO dose was based on a patient’s current
prescribed dose; the SC-APO-GO dose was given at the
same dose as SC-APO; the APL dose was given at doses
with similar plasma exposure based on results from an
open-label, proof-of-concept, phase 2 study [20] and a
phase 1 bioavailability study [16]
APL apomorphine sublingual film, SC-APO subcutaneous
apomorphine injection, SC-APO-GO subcutaneous apo-
morphine prefilled injection pen
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RESULTS

Patient Disposition and Clinical
Characteristics

Eight patients were screened at three clinical
sites in the US and randomized into the three-
way crossover study. At enrollment, three
patients received 3 mg of SC-APO, two patients
received 4 mg of SC-APO, and three patients
received 5 mg of SC-APO (and corresponding
doses of SC-APO-GO and apomorphine sublin-
gual film); no patients were enrolled at the
lowest dose level of 2 mg of SC-APO (Table S2 in
the ESM). Of the eight patients randomized,
seven completed the study in their randomized
treatment sequence and one withdrew from the
study due to a TEAE of transient dyskinesia on
day 3 of period 2 after administration of 5 mg of
SC-APO-GO.

Patients had a mean (SD) time since PD
diagnosis of 11.3 (5.6) years and mean (SD) age
of 67.3 (8.7) years; 75.0% were male; and all
were White (Table 2). The mean (SD) time since
the onset of motor fluctuations was 5.9 (3.8)
years. ‘‘OFF’’ episodes included: wearing ‘‘OFF’’
(87.5%), delayed ‘‘ON’’ (87.5%), morning aki-
nesia (75.0%), sudden ‘‘OFF’’ (75.0%), and dose
failure (50.0%). The mean (SD) number of ‘‘OFF’’
episodes per day was 4.0 (1.8), and the mean
(SD) duration of ‘‘OFF’’ episodes was 50.6 (13.7)
min. All patients were receiving levodopa-
containing agents, and 87.5% were also receiv-
ing dopamine agonists; no patients were
receiving catechol-O-methyltransferase inhibi-
tors (Table 2).

Plasma Apomorphine PK Evaluation
(Summary Findings)

Seven of eight patients had quantifiable con-
centrations of plasma apomorphine by 0.25 h
after drug administration, and concentrations
remained quantifiable through the entire 6-h
sampling window. In one patient treated with
SC-APO, drug administration apparently failed
(either due to user error or device malfunc-
tioning), and no apomorphine concentration
was detectable postdose; on concentration-time

plots, Cmax of apomorphine generally occurred
by 0.25–0.5 h with SC-APO and SC-APO-GO and
by 0.5–1.0 h with apomorphine sublingual film
(Fig. 1). Mean concentrations of apomorphine
were similar across all three formulations
beginning at about 0.75–1.0 h postdose.

Table 2 Patient demographics and baseline clinical
characteristics

Overall
(N = 8)

Age, years 67.3 (8.7)

Male 6 (75.0)

White race 8 (100.0)

Weight, kg 77.4 (15.9)

BMI, kg/m2 25.9 (2.8)

Time since PD diagnosis, years 11.3 (5.6)

Time since motor fluctuations started,

years

5.9 (3.8)

Modified Hoehn and Yahr score when

‘‘ON’’

2.4 (0.4)

Number of ‘‘OFF’’ episodes per day 4.0 (1.8)

Type of ‘‘OFF’’ episodes experienced

Wearing ‘‘OFF’’ 7 (87.5)

Delayed ‘‘ON’’ 7 (87.5)

Morning akinesia 6 (75.0)

Sudden ‘‘OFF’’ 6 (75.0)

Dose failure 4 (50.0)

Concomitant PD medications

Levodopa-containing agents 8 (100.0)

Dopamine agonists 7 (87.5)

Monoamine oxidase-B inhibitors 3 (37.5)

Amantadine 1 (12.5)

Rivastigmine 1 (12.5)

Data are n (%) or mean (SD)
BMI body mass index, PD Parkinson’s disease, SD stan-
dard deviation
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Fig. 1 Plasma apomorphine concentration time data for
a APL 20 mg, b APL 25 mg, and c APL 30 mg and
corresponding doses of SC-APO and SC-APO-GO. APL
apomorphine sublingual film, SC-APO subcutaneous

apomorphine injection, SC-APO-GO subcutaneous apo-
morphine prefilled injection pen, SD standard deviation.
a Data were missing for one patient at the 6-h time point
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Median tmax values occurred later across the
20-, 25-, and 30-mg doses of apomorphine
sublingual film compared with the 3-, 4-, and
5-mg doses of SC-APO and SC-APO-GO
(0.63–0.75 h vs. 0.25–0.38 h, respectively;
Table 3). For apomorphine sublingual film,
geometric mean t1/2 ranged from 1.09 to 1.21 h,
whereas the mean t1/2 was generally shorter
(0.75–1.17 h) for the SC apomorphine formu-
lations (Table 3).

For all formulations, geometric mean apo-
morphine plasma concentrations were lower
overall in the lowest dose group (Fig. 1a) com-
pared with the higher dose groups (Fig. 1b, c).
Geometric mean Cmax values of apomorphine
sublingual film ranged from 4.31 to 11.2 ng/ml
across doses and were generally lower than Cmax

levels of SC-APO (6.01–12.4 ng/ml) and SC-
APO-GO (6.95–16.8 ng/ml) within each dose
group (Table 3). Exposure levels as described by
observed and extrapolated estimation (AUC0–24,
AUClast, and AUC?) were similar across the
three apomorphine formulations within each
dose group (Table 3).

Plasma Apomorphine PK Evaluation
(Apomorphine Sublingual Film vs. SC-APO
and SC-APO-GO)

Within each of the three dose levels of apo-
morphine (i.e., 20 mg sublingual/3 mg SC,
25 mg sublingual/4 mg SC, and 30 mg sublin-
gual/5 mg SC), Cmax of apomorphine occurred
later after sublingual administration (Fig. 1),
with tmax values occurring roughly 15 min later
than after SC-APO and SC-APO-GO adminis-
tration (Table 3). Geometric mean Cmax values
were approximately 30–70% lower in the 20-
and 30-mg apomorphine sublingual film dose
groups compared with the 3- and 5-mg doses of
SC-APO and SC-APO-GO, whereas the Cmax

value for 25 mg of apomorphine sublingual film
was approximately 3% lower to 8% higher ver-
sus 4 mg of SC-APO and SC-APO-GO. Geometric
mean apomorphine AUC values (AUC0–24,
AUClast, and AUC?) were similar for 20- and
30-mg doses of apomorphine sublingual film
and for 3- and 5-mg doses of SC-APO and SC-
APO-GO, whereas 25 mg of apomorphine

sublingual film led to AUC values that were
approximately 40% higher compared with 4 mg
of SC-APO and SC-APO-GO. Interpatient vari-
ability in observed Cmax and AUClast values was
greatest in the 25-mg apomorphine sublingual
film and the 4-mg SC-APO and SC-APO-GO
dose groups (Fig. 2a, b). Dose-normalized PK
parameters (Cmax, AUC0–24, AUClast, and AUC?)
for apomorphine sublingual film were approxi-
mately 10–20% of those observed after SC-APO
and SC-APO-GO administration (Table 4).

When AUClast values of apomorphine for
apomorphine sublingual film were plotted
against SC-APO, a clear positive linear relation-
ship was observed with a slope of approximately
0.9 and 0.8 between apomorphine AUClast val-
ues for apomorphine sublingual film versus SC-
APO, with and without substitution for missing
SC-APO data from SC-APO-GO, respectively,
suggesting that apomorphine sublingual film
and SC-APO exposures are similar (Fig. 3a, b).
Geometric mean t1/2 values were approximately
1 h after both apomorphine sublingual film and
SC-APO and SC-APO-GO across dose levels
(Table 3).

Plasma Apomorphine PK Evaluation (SC-
APO vs. SC-APO-GO)

For SC-APO-GO versus SC-APO, exposures (AUC
and Cmax) across all three dose levels were
nearly identical (Table 3). Cmax was observed
within 30 min of administration for both SC
formulations (Fig. 1). Geometric mean Cmax

values were higher for SC-APO-GO in each dose
group, but values were within 35% of each
other (Table 3). Geometric mean AUC values
were similar for the 3-mg and 4-mg dose levels
but were about 20% higher for SC-APO-GO for
the 5-mg dose. Dose-normalized apomorphine
PK parameters were comparable for SC-APO-GO
versus SC-APO (Table 4). When AUClast values
of apomorphine for SC-APO-GO were plotted
against SC-APO, a positive linear relationship
was observed with a slope of approximately 1
(Fig. 3c). Geometric mean t1/2 was approxi-
mately 1 h for both treatments across dose
levels (Table 3).
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Fig. 2 Plot of individual apomorphine a Cmax and
b AUClast values vs. dose of apomorphine sublingual film,
SC-APO, and SC-APO-GO. Symbols denote the individ-
ual values and the line denotes the mean. APL apomor-
phine sublingual film, AUClast area under the

concentration-time curve from time 0 to the last measur-
able plasma concentration, Cmax maximum plasma con-
centration, SC-APO subcutaneous apomorphine injection,
SC-APO-GO subcutaneous apomorphine prefilled injec-
tion pen
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Relative Bioavailability of Apomorphine
Sublingual Film, SC-APO, and SC-APO-GO

The relative bioavailability of apomorphine
exposure after sublingual administration was
approximately 17% for AUC? and approxi-
mately 10% for Cmax compared with SC-APO
and SC-APO-GO (Table 5). The two SC formu-
lations of apomorphine were nearly identical to
each other, with relative bioavailability of
approximately 98% for AUC? and approxi-
mately 83% for Cmax, indicating similar PK for
SC-APO and SC-APO-GO.

PK Evaluation of Apomorphine
Metabolites

Cmax of the apomorphine sulfate metabolite
occurred between 1 and 3 h postdose across the
three study drugs (Fig. S1 in the ESM). Across all
apomorphine formulations, apomorphine

sulfate exposure was much greater than that of
the parent, apomorphine, based on geometric
mean metabolite-to-parent ratios of Cmax (apo-
morphine sublingual film: 32- to 62-fold higher;
SC-APO and SC-APO-GO: 7- to 15-fold higher)
and AUCs (apomorphine sublingual film: 46- to
98-fold higher; SC-APO and SC-APO-GO: 16- to
37-fold higher; Table S3 in the ESM).
Metabolite-to-parent ratios based on Cmax or
AUCs were approximately three- to four-fold
higher with apomorphine sublingual film than
with SC apomorphine at all dose levels (Table S3
in the ESM). No quantifiable concentrations of
norapomorphine were detected in the analyses.

Safety

Overall, across all treatment periods, the most
common TEAEs that occurred in the study were
nausea (n = 3; 38%), dyskinesia, somnolence,
injection site bruising, fall, rib fracture, splenic
rupture, and hyperhidrosis (n = 1; 13% for
each). Safety findings were similar across the
three apomorphine formulations. No unex-
pected or oral adverse reactions were reported
with apomorphine sublingual film in this
single-dose study of patients on a stable dose of
SC apomorphine. Vesicular eruption was noted
on exam with a corresponding injection site
bruising TEAE in one (13%) patient receiving
SC-APO-GO at 2 h postdose; there were no
other postdose abnormal findings on examina-
tion of the injection site following administra-
tion of SC-APO or SC-APO-GO. Overall, changes
in mean vital sign values (systolic blood pres-
sure and diastolic blood pressure, pulse rate,
respiration rate, body temperature, and body
weight) were minimal and not clinically
meaningful. Change from period baseline for
supine and standing systolic blood pressure was
greater for SC-APO and SC-APO-GO compared
with apomorphine sublingual film at 15 and
45 min postdose (Table S4 in the ESM).

DISCUSSION

Subcutaneous apomorphine (SC-APO and SC-
APO-GO) and apomorphine sublingual film are
approved treatments for ‘‘OFF’’ episodes

Table 4 Dose-normalized PK parameters for apomor-
phine by treatment group

PK parameter APL
(n = 8)

SC-APO
(n = 6)

SC-APO-
GO (n = 7)

Cmax/dose,

ng/ml/mg

0.28 (57.5) 2.34 (60.8) 2.89 (80.9)

AUC0–24/dose,

h�ng/ml/mg

0.52 (66.4) 3.03 (57.9) 3.28 (61.4)

AUClast/dose,

h�ng/ml/mg

0.50 (66.0) 2.97 (57.5) 3.23 (62.2)

AUC?/dose,

h�ng/ml/mg

0.52 (66.4) 3.03 (58.0) 3.28 (61.4)

Data are geometric mean (geometric CV%)
Geometric CV% indicates (sqrt [exp (variance for log e
transformed data) - 1])�100
APL apomorphine sublingual film, AUC area under the
concentration-time curve, AUC0–24 AUC from time 0 to
24 h, AUC? AUC from time 0 extrapolated to infinity,
AUClast AUC from time 0 to the last measurable plasma
concentration, Cmax maximum observed plasma concen-
tration, CV coefficient of variation, PK pharmacokinetics,
SC-APO subcutaneous apomorphine injection, SC-APO-
GO subcutaneous apomorphine prefilled injection pen
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associated with PD [8, 9, 18]. Apomorphine
sublingual film was developed in part to provide
a more convenient, easy-to-use formulation
that bypasses extensive first-pass metabolism
associated with oral administration of apomor-
phine [10, 12]. In a pivotal phase 3 trial, apo-
morphine sublingual film was shown to be an
effective and generally safe and well-tolerated
treatment for multiple ‘‘OFF’’ episodes, includ-
ing morning akinesia, wearing ‘‘OFF,’’ delayed
‘‘ON,’’ dose failure, and sudden ‘‘OFF’’ [17]. To
date, there have been no previous studies com-
paring the PK and bioavailability of these apo-
morphine formulations.

In this crossover study of patients with PD
and ‘‘OFF’’ episodes treated with SC-APO, PK
comparisons showed that Cmax occurred quickly
(\1 h) after administration of all three apo-
morphine formulations, but Cmax occurred
15 min later after apomorphine sublingual film
administration, likely a result of differences in
the drug dissolution and absorption processes.
In addition, Cmax was approximately 30–70%
lower in the 20- and 30-mg apomorphine sub-
lingual film dose groups than with SC-APO and
SC-APO-GO, and compared with both SC apo-
morphine formulations, the relative bioavail-
ability of apomorphine sublingual film was
approximately 17% based on AUC?. Despite
these differences, the overall systemic exposure
to apomorphine was similar between the three
formulations based on AUC levels (AUC0–24,
AUClast, and AUC?) within dose groups; t1/2
values were also similar. The consistency of
these findings across dose groups provides evi-
dence that apomorphine sublingual film is

bFig. 3 Plot of apomorphine AUClast for a SC-APO vs.
APL with substitution of missing SC-APO data for SC-
APO-GO, b SC-APO vs. APL without substitution of
missing SC-APO data for SC-APO-GO, and c SC-APO-
GO vs. SC-APO. The black line denotes the linear
regression line and the equation represents the slope.
APL apomorphine sublingual film, AUClast area under the
concentration-time curve from time 0 to the last measur-
able plasma concentration, SC-APO subcutaneous apo-
morphine injection, SC-APO-GO subcutaneous
apomorphine prefilled injection pen
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bioavailable, and the extent of apomorphine
exposure after sublingual administration at all
dose levels in this study was approximately
equal to the corresponding SC apomorphine
dose levels within each dose group evaluated
(i.e., 20 mg to 3 mg, 25 mg to 4 mg, and 30 mg
to 5 mg). Overall, the two SC apomorphine
formulations showed a similar rate and com-
parable extent of exposure. Concentrations
peaked at 30 min, and Cmax values and AUCs
were higher for SC-APO-GO versus SC-APO but
were within a range of 20–35% of each other.
The relative bioavailability of the two SC for-
mulations was * 98% based on AUC?, indi-
cating that they have indistinguishable PK.

The observed PK profile and relative
bioavailability of apomorphine sublingual film
and SC-APO and SC-APO-GO compare well with
observations from the phase 1, crossover,
bioavailability study where the tmax of apo-
morphine sublingual film was longer, Cmax was
lower, and the relative bioavailability based on
Cmax and AUC? were 11% and 19%, respec-
tively [19]. One difference between the two
studies was the 25% higher AUC with apomor-
phine sublingual film versus SC-APO in the
phase 1 study, which mirrored the current
study’s findings observed in the middle dose
group (25 mg of apomorphine sublingual film
and 4 mg of SC-APO and SC-APO-GO), but not

Table 5 Comparative bioavailability of apomorphine sublingual film and subcutaneous apomorphine formulations

PK parameter APL (n = 8) SC-APO (n = 6) SC-APO-GO (n = 7)

Cmax/dose, ng/ml/mg

LS meana (90% CI) 0.28 (0.19–0.41) 2.29 (1.46–3.59) 2.74 (1.82–4.13)

GMRb (90% CI) vs. SC-APO 12.3 (7.5–20.3) – –

GMR (90% CI) vs. SC-APO-GO 10.3 (6.5–16.3) 83.4 (50.5–137.6) –

AUC0–24/dose, h�ng/ml/mg

LS mean (90% CI) 0.52 (0.36–0.76) 2.97 (2.01–4.39) 3.04 (2.08–4.45)

GMR (90% CI) vs. SC-APO 17.6 (13.7–22.5) – –

GMR (90% CI) vs. SC-APO-GO 17.2 (13.7–21.6) 97.8 (76.6–124.8) –

AUClast/dose, h�ng/ml/mg

LS mean (90% CI) 0.50 (0.34–0.73) 2.91 (1.97–4.30) 3.00 (2.05–4.39)

GMR (90% CI) vs. SC-APO 17.2 (13.1–22.5) – –

GMR (90% CI) vs. SC-APO-GO 16.7 (13.0–21.3) 96.9 (74.2–126.4) –

AUC?/dose, h�ng/ml/mg

LS mean (90% CI) 0.52 (0.36–0.76) 2.97 (2.02–4.39) 3.04 (2.08–4.45)

GMR (90% CI) vs. SC-APO 17.6 (13.7–22.5) – –

GMR (90% CI) vs. SC-APO-GO 17.2 (13.7–21.6) 97.8 (76.6–124.8) –

APL apomorphine sublingual film, AUC area under the concentration-time curve, AUC0–24 AUC from time 0 to 24 h,
AUC? AUC from time 0 extrapolated to infinity, AUClast AUC from time 0 to the last measurable plasma concentration,
CI confidence interval, Cmax maximum observed plasma concentration, GMR geometric mean ratio, LS least squares,
PK pharmacokinetics, SC-APO subcutaneous apomorphine injection, SC-APO-GO subcutaneous apomorphine prefilled
injection pen
a LS mean and 90% CI for LS mean have been exponentiated
b Estimates of the mean and CI limits for the natural log values were exponentiated and multiplied by 100
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the lowest and highest dose groups where AUCs
were similar between sublingual and SC apo-
morphine formulations. The basis for this dif-
ference is unclear but may reflect interpatient
variability in absorption, which was greatest for
the 25-mg dose in the current study due to one
patient within this dose group with higher
exposures after all three treatments.

Although sufficient data were obtained to
meet the primary objective of characterizing the
PK profile of apomorphine and its inactive
metabolites, we were not able to formally eval-
uate dose proportionality in this study because
of the overall small number of patients evalu-
ated at each dose level. However, the available
evidence suggests that apomorphine sublingual
film shows PK characteristics that are less than
dose proportional across the approved thera-
peutic dose range, most likely attributable to
interpatient differences in absorption, which
may be more pronounced in patients with PD
(i.e., swallowing the dose before absorption,
reduced contact time of the film under the
tongue) [23]. Additional PK studies of apomor-
phine sublingual film may provide further
clarification on dose proportionality.

The metabolism of apomorphine occurs via
sulfation, glucuronidation, andN-demethylation,
resulting in norapomorphine, apomorphine
sulfate, and apomorphine glucuronide [21].
Apomorphine sulfate is a major inactive
metabolite in plasma that represents approxi-
mately 63% of exposure by AUC; therefore,
analysis of the PK profile of apomorphine sul-
fate was of interest [21]. Apomorphine sulfate
Cmax occurred later than apomorphine Cmax;
however, concentrations were similar across all
three treatments. The exposure ratio of apo-
morphine sulfate (inactive metabolite) to apo-
morphine (active parent) was higher with
apomorphine sublingual film than with either
SC apomorphine formulation where the levels
were comparable. This may be due in part to the
large sublingual dose needed to achieve com-
parable exposure levels to the SC formulation
(e.g., 15-mg apomorphine sublingual film dose
vs. 2-mg SC-APO dose) assuming that a large
fraction of the dose (up to 80%) may be swal-
lowed and undergoes first-pass metabolism to
produce more inactive metabolite.

Clinical Relevance

Compared with the SC apomorphine formula-
tions, Cmax was lower, tmax was longer, and
overall systemic apomorphine exposure (AUCs)
was similar with apomorphine sublingual film.
These PK properties may contribute to a more
favorable safety profile for apomorphine sub-
lingual film (i.e., lower incidence of class effects
[nausea, vomiting, somnolence, etc.]), as similar
overall exposure is achieved without a rapid
early rise in drug concentration. In the double-
blind maintenance phase of the pivotal trial of
apomorphine sublingual film, nausea, somno-
lence, and vomiting occurred in 28%, 13%, and
7% of patients, respectively, whereas in the
pivotal study of SC-APO, nausea, or vomiting
occurred in 30% of patients and drowsiness or
somnolence occurred in 35% of patients [8, 18].
Moreover, the overall similarity in apomor-
phine exposures across formulations within a
dose level, combined with evidence of interpa-
tient variability in absorption, supports the use
of apomorphine sublingual film as a treatment
of ‘‘OFF’’ episodes across the approved thera-
peutic dose range of 10–30 mg.

Although not specifically measured in
this subgroup of patients, clinical and patient-
reported findings from studies of apomorphine
sublingual film help contextualize the PK find-
ings of this report. In a post hoc analysis of the
pivotal phase 3 trial, patients receiving apo-
morphine sublingual film experienced a * two-
fold higher magnitude of motor response at
15 min postdose versus patients treated with
CD/LD, the gold standard of therapy for PD
[24]. In the pivotal trial, 37% of patients
receiving apomorphine sublingual film noted
improvement in their condition compared with
20% receiving placebo, as measured by the
Patient Global Impression of Improvement
scale; patients also reported improvement in
their quality of life compared with placebo as
measured by European Quality of Life–5
Dimensions instrument [17]. Additionally, an
online survey of patients with PD and ‘‘OFF’’
episodes who were asked about their prefer-
ences for hypothetical ‘‘OFF’’ episode
on-demand treatments suggested that patients
rated a dissolvable sublingual film as the easiest
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potential route of administration (vs. inhaled or
injected medication) and preferred administra-
tion via dissolvable sublingual film versus the
alternative routes of administration, despite the
potential for mouth/lip sores [25]. Taken toge-
ther, the comparable PK parameters of apo-
morphine formulations presented herein, along
with demonstration of a rapid onset of action
for apomorphine sublingual film that resulted
in patient-reported improvements in disease
outcomes, tied to previous patient preference
findings, suggest that apomorphine sublingual
film may be a valuable option to patients with
PD as a treatment for their ‘‘OFF’’ episodes.

Study Limitations

This study was conducted in a small number of
patients. However, interim analyses suggested
that the data were sufficiently consistent to
meet the primary objective of the study.
Nonetheless, larger samples at each dose level
may provide additional evidence for interpa-
tient differences in absorption related to disease
state and further explain differences in dose
levels required to achieve efficacy among
patients with PD. Exposure-response modeling
based on data from [ 600 patients with PD
enrolled across several apomorphine sublingual
film studies demonstrated substantial interpa-
tient variability in both plasma levels of apo-
morphine and changes in the MDS-UPDRS Part
III scores, suggesting that a plasma concentra-
tion to achieve FULL ‘‘ON’’ will vary by patient
[26]. In other clinical trials and in real-world
use, at initiation of treatment, apomorphine
sublingual film is titrated to the maximum
efficacious and tolerated dose to provide a
clinical benefit for the individual patient, thus
overcoming some of the interpatient variability
concerns observed in this small, single-dose
study [17, 18, 24].

Because the design of the current study was
based on each patient’s current prescribed dose
of SC-APO, some commonly used dosages of
apomorphine sublingual film (\ 20 mg
and[ 30 mg) were not evaluated, although
results from an earlier phase 1 bioavailability
study comparing the observed PK profile and

relative bioavailability of 15 mg of apomor-
phine sublingual film to 2 mg of SC-APO-GO
were generally consistent with those reported
herein [19].

CONCLUSIONS

In patients with PD and ‘‘OFF’’ episodes, apo-
morphine sublingual film demonstrated lower
Cmax, similar exposures (AUCs), and lower rel-
ative bioavailability compared with SC apo-
morphine and is a practical treatment across the
approved dose range.
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