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Abstract.
Background: Apomorphine sublingual film (SL-APO) and subcutaneous apomorphine (SC-APO) have been used for the
treatment of OFF episodes in Parkinson’s disease (PD). No study has prospectively compared efficacy and safety of these
formulations.
Objective: To compare SL-APO with SC-APO for treatment of OFF episodes in PD.
Methods: An open-label, randomized, crossover study assessed SL-APO versus SC-APO in patients with PD and OFF
episodes (N = 113). Doses were optimized in randomly assigned order. SL-APO dose initiation (10 mg) occurred in clinic;
further dose optimization (15–30 mg; 5-mg increments) occurred primarily at home. SC-APO dosing (2–6 mg; 1-mg incre-
ments) occurred entirely in clinic. After a 3–7-day washout, patients were randomized 1 : 1 to 4 weeks of treatment with their
optimized dose of SL-APO or SC-APO, followed by washout and 4 weeks of crossover treatment.
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Results: No difference was observed between SL-APO and SC-APO for change from predose to 90 minutes postdose in
Movement Disorder Society Unified Parkinson’s Disease Rating Scale Part III score at week 4 (primary endpoint), assessed
by a blinded rater (–13.6 vs. –13.8, respectively; p = NS). Overall, 72.2% of patients preferred SL-APO compared with SC-
APO/no preference (p = 0.0002) per the Treatment Preference Questionnaire (secondary endpoint). Patients reported greater
satisfaction with SL-APO compared with SC-APO, per mean scores of convenience (73.7 vs. 53.5) and global satisfaction
(63.9 vs. 57.6) on the Treatment Satisfaction Questionnaire for Medication (other endpoint). The safety profiles of both
treatments were generally comparable and were well-tolerated.
Conclusions: Patients reported overall preference for and greater satisfaction with SL-APO over SC-APO.

Keywords: Apomorphine sublingual film, subcutaneous apomorphine, carbidopa/levodopa, Parkinson’s disease, OFF episode

INTRODUCTION

Oral carbidopa/levodopa (CD/LD) is the corner-
stone of Parkinson’s disease (PD) treatment [1, 2].
Over time, many patients develop OFF episodes,
defined as periods where motor and/or nonmotor
symptoms reappear or worsen [3]. Different strate-
gies are applied to manage OFF episodes [4–8];
however, despite CD/LD adjustments, combinations
of different drugs, and/or use of “ON-extenders,”
patients may continue to experience 4–5 h of daily
OFF time [7–17].

Apomorphine, a D1-family and D2-family agonist
with an affinity similar to dopamine, is used for the
treatment of OFF episodes in patients with PD [2,
18, 19]. Apomorphine has been shown to provide
motor benefit that is comparable to CD/LD, but with
a more rapid onset of effect [2]. Currently, the fol-
lowing two apomorphine formulations are used for
the acute, intermittent treatment of OFF episodes:
subcutaneous apomorphine (SC-APO), the “classic”
formulation, and apomorphine sublingual film (SL-
APO), a novel formulation [6]. In the pivotal SL-APO
study, a significant improvement in Movement Disor-
der Society Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS) Part III score from predose to 30 min
postdose was observed with SL-APO versus placebo
(–11.1 vs. –3.5; p < 0.0002) [20]. In the pivotal study
for SC-APO, the Unified Parkinson’s Disease Rat-
ing Scale (UPDRS) Part III score was significantly
improved from baseline for SC-APO versus placebo
at 20 min postdose (–23.9 vs. –0.1; p < 0.001) [21].
Both SL-APO and SC-APO were associated with
dopaminergic class-related adverse events (AE), as
well as route of administration AEs [20, 21].

SC-APO is a reliable, effective treatment option
for managing OFF episodes; however, its utilization
has been limited. SC-APO is administered by subcu-
taneous injection and involves a multistep product
assembly for administration, which may be chal-
lenging for patients experiencing decreased motor

function [20]. SL-APO was designed to maintain
the clinical benefits associated with SC-APO while
addressing limitations by providing a convenient sub-
lingual formulation with a rapid treatment effect
that circumvents the challenges associated with an
injection [20]. A previous study showed the extent
of exposure based on area under the concentration-
time curve (AUC) was found to be comparable for
both SL-APO and SC-APO [22]. However, no study
has prospectively compared the efficacy, safety, and
patient preference of SL-APO and SC-APO for the
treatment of OFF episodes.

METHODS

Study design and participants

This multicenter, open-label, randomized,
crossover study assessed SL-APO compared with
SC-APO in patients with PD and OFF episodes
and was conducted in Europe (EudraCT: 2016-
003456-7). Herein we provide a brief review of
methods, with full methodology available in the
Supplementary Methods. Eligible patients were ≥18
years of age with idiopathic PD responsive to and
being treated with stable doses of CD/LD and any
additional PD medications for ≥4 weeks (>8 weeks
for monoamine oxidase-B inhibitors), were stage
1–3 by modified Hoehn and Yahr scale when ON,
had ≥1 OFF episode/day and ≥2 h of total daily
OFF time, and had a Mini-Mental State Examination
score >25. Key exclusion criteria included atypical
or secondary parkinsonism; major psychiatric
disorder; mouth cankers/sores; prior device-aided
treatments; permanent discontinuation of prior SC-
APO administration or prior exposure to SL-APO;
currently taking selective 5-HT3 antagonists, selec-
tive dopamine antagonists (excluding quetiapine
or clozapine), or dopamine-depleting agents; and
history of clinically significant impulse control
disorders, symptomatic orthostatic hypotension
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requiring medication, or severe dyskinesia based on
MDS-UPDRS Part IV.

The study was designed, conducted, and monitored
in accordance with the World Medical Association
Declaration of Helsinki (1989) and International
Council for Harmonisation guidelines. The study
protocol and study procedures were approved by
institutional review boards and independent ethics
committees at each study site (Supplementary
Methods).

Procedures

The study consisted of open-label dose-
optimization and open-label treatment phases
(Fig. 1). During dose optimization, doses of both
medications were optimized in a randomly assigned
order to determine the dose that provided a FULL
ON (benefit with regard to mobility, stiffness, and
slowness and the patient having adequate motor
function to perform normal daily activities) within
30 min when patients were in a practically defined
OFF (no antiparkinson medications after midnight
the night before). A washout of 3–7 days occurred
between treatment periods.

SL-APO (Supplementary Figure 1) was initi-
ated at 10 mg in clinic, with monitoring of vital
signs assessed predose and within 60 min postdose.
If a FULL ON was not achieved within 30 min,

up-titration (5-mg dose increases; 30-mg dose max-
imum) during subsequent practically defined OFF
episodes could continue at home without direct in-
person observation or vital sign monitoring. Clinic
staff contacted patients daily by phone during home
dose optimization to monitor progress and assess tol-
erability based on patient self-report. An in-clinic
dose-confirmation visit took place after the patient
identified their optimal dose at home to confirm the
effectiveness and tolerability of the selected dose. If
the investigator determined the FULL ON response to
be inadequate (based on effectiveness) or there were
tolerability concerns, dose adjustment could continue
either in clinic or at home, followed by additional
dose-confirmation visits, as needed.

Dose optimization of SC-APO (Supplementary
Figure 2) was initiated at 2 mg for patients with no
previous SC-APO experience and took place entirely
in clinic under direct supervision, with monitoring
of vital signs predose and within 60 min postdose.
Patients with previous SC-APO experience com-
pleted a washout of ≥1 day before study enrollment
and began dose optimization at the same dose of SC-
APO they were taking before screening. If a FULL
ON was not achieved within 30 min, up-titration in
1-mg increments continued in clinic during subse-
quent OFF episodes, no earlier than 60 min after the
prior dose. If a FULL ON was not achieved at the
4-mg dose, the patient returned to the clinic the next

Fig. 1. Study design. aPatients in a practically defined OFF received 10 mg of SL-APO in the clinic and if a FULL ON (defined as the
period when medication provided benefit with regard to mobility, stiffness, and slowness and the patient having adequate motor function
to perform normal daily activities) was not achieved within 30 min, up-titration (5-mg dose increases; 30-mg dose maximum) during
subsequent practically defined OFF episodes could continue at home without in-person observation. If a FULL ON was achieved at home,
patients returned to the clinic for a dose-confirmation visit, during which the investigator could adjust the dose, if necessary. bPatients in a
practically defined OFF received 2 mg of SC-APO in the clinic and if a FULL ON was not achieved within 30 min, up-titration (1-mg dose
increases; 6-mg dose maximum) during subsequent OFF episodes continued in the clinic. cPatients could administer study drug for up to 5
OFF episodes per day, with doses separated by ≥2 h. dTreatment Preference Questionnaire was performed at week 4 after both regimens
had been completed. SC-APO, subcutaneous apomorphine; SL-APO, apomorphine sublingual film.
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day. Dose optimization continued in the same manner
until a FULL ON was achieved (maximum 6 mg).

Initially, use of the antiemetic domperidone was
optional if clinically warranted and was not to be
used prophylactically. After a protocol amendment,
domperidone use remained optional but could also be
used prophylactically or if clinically warranted at the
discretion of the investigator. If initiated, antiemetic
therapy was discontinued when judged clinically
appropriate.

After a 3- to 7-day washout, patients entered the
treatment phase and were randomized in a 1 : 1 ratio to
4 weeks of treatment with the optimized dose of SL-
APO or SC-APO, followed by a washout and 4 weeks
of crossover treatment. Patients continued their regu-
lar PD medication regimen and could self-administer
study treatment for ≤5 OFF episodes per day when
needed. Clinic visits occurred every 2 weeks, with
the patient presenting in a practically defined OFF
episode.

Evaluations

The primary efficacy endpoint was change from
predose to 90 min postdose in MDS-UPDRS Part
III score after 4 weeks of dosing in each crossover
period, assessed in clinic by a rater blinded to
treatment assignment. The blind was maintained by
ensuring that the rater did not witness in-clinic dos-
ing, that visible injection sites were covered, and that
source data and electronic clinical report forms were
protected. Because SL-APO can leave a blue residue
on the tongue, a sublingual placebo was admin-
istered upon SC-APO in-clinic dosing. Secondary
endpoints were evaluated in a hierarchical order and
included the following: investigator-rated durabil-
ity of response (defined as investigator-confirmed
achievement of a FULL ON within 30 min post-
dose and maintenance of that response at 90 min
postdose); treatment preference for SL-APO, mea-
sured with a 9-item patient self-reported Treatment
Preference Questionnaire (TPQ [23]; Supplemen-
tary Table 1); patient-rated durability of response;
and Patient Global Impression of Change (PGI-C).
Other endpoints included change in MDS-UPDRS
Part III score over time (15–120 min); investigator-
rated time to FULL ON and time to partial ON
(period of time where medication is providing some
improvement with regard to mobility, stiffness, and
slowness but the patient does not have adequate
motor function to perform normal daily activi-
ties); and patients’ general level of satisfaction with

medication using the validated 14-item Treatment
Satisfaction Questionnaire for Medication (TSQM)
[24].

Pharmacokinetic (PK) concentration-time data for
apomorphine and metabolites (apomorphine sulfate,
norapomorphine) were evaluated and PK parameters,
including maximum observed plasma concentra-
tion (Cmax), time to maximum plasma concentration
(tmax), AUC, and parent-to-metabolite ratios of Cmax
and AUC were estimated by noncompartmental
methods from plasma samples using actual elapsed
time from dosing. PK sample collection took place
just before dosing and at 15, 30, 60, 90, 120, 180,
and 240 min postdose (±5 min) at clinic visits during
the treatment phase.

Unblinded safety evaluations conducted during
both study phases included assessments of AEs, phys-
ical examinations, 12-lead electrocardiograms, and
vital signs.

Statistical analysis

The primary objective of the study was to demon-
strate superiority of SL-APO over SC-APO in
improving motor function assessed as change from
predose to 90 min postdose in MDS-UPDRS Part
III score for SL-APO compared with SC-APO after
4 weeks of dosing in each crossover period (pri-
mary endpoint). The sample size calculation was
based on randomization of 106 patients in the dose-
optimization phase and ≥80 patients in the treatment
phase, with ≥55 patients expected to complete treat-
ment; this would provide 90% power to detect a
mean treatment difference between SL-APO and SC-
APO of 5.5 points for the change in MDS-UPDRS
Part III score, assuming a standard deviation (SD)
of 12 points for the period differences in treatment.
The primary endpoint was analyzed in the treatment
phase modified intention-to-treat (mITT) population
(all patients who were randomized and received ≥1
dose of either study drug in the treatment phase) and
was compared between treatment groups using a lin-
ear mixed model, with treatment group, visit week
(0, 2, 4), treatment by visit week interaction, treat-
ment phase sequence, and period as fixed factors and
the week 0 visit predose MDS-UPDRS Part III score
as a covariate. The primary and secondary endpoints
were tested in a hierarchical order to maintain an
overall type I error rate of 0.05. AEs were summa-
rized descriptively for both the dose-optimization and
treatment phase safety populations (all patients who
received ≥1 dose of either study drug for each phase).



F. Stocchi et al. / Sublingual vs. Subcutaneous Apomorphine 1333

Fig. 2. Consort flow diagram. aPatients can be included in more than 1 category of ineligibility. bThe dose-optimization safety population
was defined as all patients who received ≥1 dose of study medication in the open-label dose-optimization phase (N = 112). cEarly termination
at sponsor request. mITT, modified intention-to-treat; SC-APO, subcutaneous apomorphine; SL-APO, apomorphine sublingual film.
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RESULTS

Patients

Patients were enrolled and evaluated from Decem-
ber 2018 through August 2021. A total of 143
patients were assessed for eligibility. Of these,
113 patients were randomized into the open-label
dose-optimization phase (57 patients randomized to
receive SL-APO followed by SC-APO; 56 patients
randomized to receive SC-APO followed by SL-
APO; Fig. 2). A total of 112 patients received
≥1 dose of either study medication during dose
optimization (dose-optimization phase safety popu-
lation). A similar proportion of patients completed
both periods of the dose-optimization phase for each
treatment sequence (SL-APO/SC-APO, 68.4%; SC-
APO/SL-APO, 71.4%). Five patients completed dose
optimization but were not randomized into the open-
label treatment phase (4 due to lack of efficacy, 1
due to protocol deviation). A total of 74 patients
were randomized into the treatment phase (treatment
phase mITT population: 37 patients randomized to
receive SL-APO followed by SC-APO; 37 patients

Table 1
Demographic and baseline clinical characteristicsa (dose-

optimization phase safety population)

Parameter Overall (N = 112)

Age, y, mean (SD) 64.4 (8.8)
≥65 y, n (%) 60 (53.6)

Male, n (%) 78 (69.6)
Modified Hoehn and Yahr score when ON,

n (%)
1 or 1.5 17 (15.2)
2 or 2.5 76 (67.8)
3 19 (17.0)

MDS-UPDRS Part III score when OFF at
screening, mean (SD)

51.1 (13.1)

Total daily levodopa dose, mg, mean (SD) 737.6 (431.9)
Time since PD diagnosis, y, mean (SD) 9.2 (4.2)
Time since motor fluctuations started, y,

mean (SD)
3.5 (2.5)

Number of OFF episodes experienced per
day, mean (SD)

4.1 (1.3)

Concomitant PD medications, n (%)
Dopamine agonists 91 (81.3)
Monoamine oxidase-B inhibitors 59 (52.7)
Catechol-O-methyltransferase inhibitors 36 (32.1)
Amantadine 21 (18.8)

aDetermined by detailed assessment of patient history. MDS-
UPDRS, Movement Disorder Society Unified Parkinson’s Disease
Rating Scale; PD, Parkinson’s disease; SD, standard deviation.

randomized to receive SC-APO followed by SL-
APO). The same proportion of patients completed
both periods of the treatment phase for each treatment
sequence (SL-APO/SC-APO, 81.1%; SC-APO/SL-
APO, 81.1%).

At study baseline (N = 112), patient mean age was
64.4 years, and 69.6% were male. Patients were diag-
nosed with PD a mean of 9.2 years prior, experienced
a mean of 4.1 OFF episodes per day, and were pre-
scribed a mean daily levodopa dose of 737.6 mg
(Table 1). Thirteen (11.6%) patients had received SC-
APO before study enrollment, with a median dose of
4 mg (range, 2–6 mg; data not available for 1 patient)
and continued on the same dose of SC-APO dur-
ing the dose-optimization phase. The mean optimized
dose of SL-APO for these patients was 25 mg (range,
10–30 mg).

At randomization into the treatment phase, 32.4%
(23/71) of patients received the highest dose of SL-
APO (30 mg) and 21.4% (15/70) of patients received
the two highest doses of SC-APO (5 or 6 mg; Table 2).
The mean (SD) number of daily doses during the
treatment phase based on patient diaries was 1.7 (1.0)
for SL-APO and 1.5 (1.0) for SC-APO.

Efficacy

The primary endpoint of change from predose to
90 min postdose in MDS-UPDRS Part III score at
week 4 was comparable for SL-APO and SC-APO
(least squares [LS] mean [standard error], –13.6 [1.5]
vs. –13.8 [1.5]; p = 0.8944; Fig. 3). As the primary
endpoint was not significant and efficacy analyses
were performed in a hierarchical order, nominal p
values are provided for subsequent endpoints. Motor
responses at all time points assessed through 120 min
were similar, and the LS mean treatment differences
at week 4 for all other time points did not reach
significance, except at 15 min (–3.2; p = 0.025) and
30 min (–2.8; p = 0.039) postdose (both in favor of
SC-APO). Investigator-rated time to FULL ON and
time to partial ON for SL-APO and SC-APO were
similar across all time points at week 4 (Supple-
mentary Figure 3). Investigator-rated FULL ON at
week 4 was achieved by 85.7% of patients treated
with SL-APO and 92.2% of patients treated with SC-
APO, with a median time to FULL ON (95% CI)
of 30.0 min (27.0–31.0) and 30.0 min (24.0–31.0),
respectively. Median (95% CI) time to partial ON
at week 4 was 15.0 min (15.0–18.0) for SL-APO
and 15.0 min (not evaluable [NE]–NE) for SC-APO.
A numerically greater proportion of patients treated
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Table 2
Extent of exposure

SL-APO (n = 102)
n (%) 10 mg 15 mg 20 mg 25 mg 30 mg

Dose at randomization for
treatment phase (n = 71)a

11 (15.5) 7 (9.9) 15 (21.1) 15 (21.1) 23 (32.4)

SC-APO (n=97)
n (%) 2 mg 3 mg 4 mg 5 mg 6 mg
Dose at randomization for

treatment phase (n = 70)a
21 (30.0) 20 (28.6) 14 (20.0) 8 (11.4) 7 (10.0)

aPercentages are based on the number of patients randomized into the open-label treatment phase and received
a dose of treatment. SC-APO, subcutaneous apomorphine; SL-APO, apomorphine sublingual film.

Fig. 3. Change from predose in MDS-UPDRS Part III score at week 4 over time (treatment phase mITT population). Data represent MDS-
UPDRS Part III scores achieved with the optimized dose of each apomorphine formulation at week 4 of the treatment phase. LS, least
squares; MDS-UPDRS, Movement Disorder Society Unified Parkinson’s Disease Rating Scale; mITT, modified intention-to-treat; SC-APO,
subcutaneous apomorphine; SE, standard error; SL-APO, apomorphine sublingual film.

with SC-APO versus SL-APO achieved investigator-
rated FULL ON and partial ON at 15 min postdose
at week 4 (FULL ON: 15.6% vs. 4.8%, respectively;
partial ON: 62.5% vs. 51.6%; Supplementary Fig-
ure 3).

The secondary endpoints of investigator- and
patient-rated durability of response were compa-
rable between SL-APO and SC-APO at week 4
(investigator-rated predicted response rate, 11.8% vs.
10.6% [p = 0.7777]; patient-rated predicted response
rate, 14.4% vs. 8.4% [p = 0.1769]; Fig. 4). Addi-

tionally, similar proportions of patients reported
improvement on the PGI-C with SL-APO compared
with SC-APO (83.1% vs. 77.1%; p = 0.3922).

The secondary endpoint of patient preference for
SL-APO over SC-APO was evaluated using the TPQ
at study end, after patients completed both treat-
ment periods. When patients were presented with
the following statement: “Overall, the treatment I
prefer for my OFF episodes is,” 72.2% preferred SL-
APO compared with SC-APO/no preference (95%
CI, 61.9–82.6; p < 0.0002). Patients reported greater
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Fig. 4. Investigator- and patient-rated durability of responsea at week 4 (treatment phase mITT population). aDefined as patient achievement
of a FULL ON within 30 min postdose and maintenance of that response at 90 min postdose. mITT, modified intention-to-treat; SC-APO,
subcutaneous apomorphine; SL-APO, apomorphine sublingual film.

Table 3
Overall summary of AEs (dose-optimization and treatment phase safety populations)

Open-label Open-label
dose-optimization phase treatment phase

SL-APO SC-APO SL-APO SC-APO
n (%) (n = 102) (n = 97) (n = 71) (n = 70)

Any AEs 64 (62.7) 54 (55.7) 38 (53.5) 48 (68.6)
AEs leading to discontinuation 4 (3.9) 5 (5.2) 4 (5.6) 2 (2.9)
SAEs 0 1 (1.0) 1 (1.4) 1 (1.4)
AEs leading to death 0 0 0 0

AE, adverse event; SAE, serious adverse event; SC-APO, subcutaneous apomorphine; SL-APO, apomor-
phine sublingual film.

satisfaction for SL-APO compared with SC-APO on
the TSQM (exploratory endpoint) based on mean
(SD) scores for convenience (73.7 [17.0] vs. 53.5
[19.1]) and global satisfaction (63.9 [24.9] vs. 57.6
[22.0]); comparable scores were observed for effec-
tiveness (61.0 [21.7] vs. 61.4 [20.1]) and side effects
(76.7 [27.9] vs. 75.4 [27.2]).

PK

The tmax of apomorphine occurred later for
SL-APO compared with SC-APO (0.5–1.0 h vs.
0.3–0.4 h, respectively). The tmax of associated
metabolites also occurred later with SL-APO
compared with SC-APO (1.0–2.1 h vs. 0.5–2.0 h,
respectively). Apomorphine Cmax and AUC were
similar between comparable doses of SL-APO and
SC-APO. Increases in Cmax and AUC were dose
proportional with SC-APO and approximately dose
proportional with SL-APO. The apomorphine rel-
ative bioavailability of SL-APO to SC-APO was
approximately 14% based on Cmax/dose and approx-
imately 20% based on AUC/dose. Variability in PK
parameters after both SL-APO and SC-APO admin-
istration ranged from moderate (≥30% coefficient of
variation [CV]) to <60% CV) to high (≥60% CV).

Safety

The rates of overall AEs were generally
comparable between SL-APO and SC-APO (dose-
optimization phase: 62.7% vs. 55.7%, respectively;
treatment phase: 53.5% vs. 68.6%; Table 3). In the
subgroup of patients with prior SC-APO exposure
(n = 13), rates of AEs with SL-APO and SC-APO
were 46.2% and 58.3%, respectively, during dose
optimization and 30.0% and 55.6%, respectively, dur-
ing the treatment phase.

The most common AEs during dose optimization
for SL-APO versus SC-APO were nausea (31.4% vs.
22.7%), somnolence (8.8% vs. 13.4%), and fatigue
(5.9% vs. 10.3%; Table 4). During dose optimization,
the majority of AEs of nausea were mild to moder-
ate for both formulations, and similar rates of severe
AEs of nausea were observed with SL-APO (2.0%)
compared with SC-APO (1.0%). Nausea resulted in
drug withdrawal in similar proportions of patients
receiving SL-APO (2.0%) and SC-APO (1.0%) dur-
ing dose optimization. No serious AEs of nausea
were observed for either SL-APO or SC-APO dur-
ing dose optimization. Rates of vomiting during dose
optimization were relatively low for both SL-APO
(4.9%) and SC-APO (4.1%). In the treatment phase,
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Table 4
Most common (≥5%) adverse events in any treatment group (dose-optimization and treatment phase

safety populations)

Open-label Open-label
dose-optimization phase treatment phase

SL-APO SC-APO SL-APO SC-APO
n (%) (n = 102) (n = 97) (n = 71) (n = 70)

Nausea 32 (31.4)a 22 (22.7)a 10 (14.1) 11 (15.7)
Dizziness 10 (9.8) 4 (4.1) 2 (2.8) 3 (4.3)
Somnolence 9 (8.8) 13 (13.4) 3 (4.2) 4 (5.7)
Dyskinesia 8 (7.8) 7 (7.2) 8 (11.3) 14 (20.0)
Fatigue 6 (5.9) 10 (10.3) 4 (5.6) 4 (5.7)
Vomiting 5 (4.9) 4 (4.1) 1 (1.4) 2 (2.9)
Orthostatic hypotension 4 (3.9) 5 (5.2) 3 (4.2) 4 (5.7)
Yawning 3 (2.9) 5 (5.2) 0 1 (1.4)
Fall 1 (1.0) 1 (1.0) 4 (5.6) 1 (1.4)
Injection site erythema 0 6 (6.2) 1 (1.4) 5 (7.1)
Injection site hematoma 0 2 (2.1) 0 19 (27.1)

aAntiemetic therapy could be initiated if clinically warranted. During the dose-optimization phase, 56.9%
of patients on SL-APO and 53.6% on SC-APO did not use antiemetics, with nausea being reported during
dose optimization by 15.5% and 9.6% of these patients, respectively. During the treatment phase, 56.3% of
patients on SL-APO and 57.1% on SC-APO did not use antiemetics, with nausea being reported during the
treatment phase by 5.0% and 5.0% of these patients, respectively. SC-APO, subcutaneous apomorphine;
SL-APO, apomorphine sublingual film.

the most common AEs for SL-APO versus SC-APO
were nausea (14.1% vs. 15.7%), dyskinesia (11.3%
vs. 20.0%), and injection site hematoma (0 vs. 27.1%;
Table 4).

Overall, there was no apparent dose-dependent
relationship for AEs with SL-APO or SC-APO for-
mulation in either study phase. In both the dose
optimization phase and treatment phases, the fre-
quency of AEs leading to discontinuation were
generally comparable between the two formulations
(Table 5). Serious AEs occurred in a low number of
patients and no deaths were reported during the study.

DISCUSSION

This open-label, randomized, crossover study was
designed to meet regulatory requirements as a regis-
trational study in the European Union. The purpose
was to compare efficacy, safety, tolerability, and
patient preference for SL-APO and SC-APO, with
the 90-min primary endpoint chosen based on prior
PK studies [22]. While the study did not achieve
its primary endpoint or confirm the hypothesis of
superiority of SL-APO over SC-APO for MDS-
UPDRS Part III scores at 90 min postdose (defined
as an improvement of 3.25 points [25]), valuable
lessons can be gathered from the results. Overall,
SL-APO and SC-APO demonstrated comparable effi-
cacy across multiple endpoints. Motor responses on
the MDS-UPDRS Part III at all time points assessed

through 120 min were generally comparable between
the two formulations. However, at 15 and 30 min
postdose, the differences in MDS-UPDRS Part III
scores were nominally significant and favored SC-
APO, which may be expected based on the PK profile
of SC-APO compared with SL-APO. More than 85%
of patients in both groups achieved FULL ON by
90 min postdose, demonstrating that both formula-
tions are efficacious. Investigator- and patient-rated
durability of response and patient-reported improve-
ment on the PGI-C were comparable for SL-APO and
SC-APO. Patients reported an overall preference for
and greater global satisfaction and convenience with
SL-APO compared with SC-APO.

Prior studies have demonstrated a rapid onset of
effect of SL-APO as early as 15 min postdose, which
was chosen as the earliest time point against which
differences between SL-APO and SC-APO were
measured in this study [20, 26, 27]. Although the
median time to partial ON and FULL ON were com-
parable for SC-APO and SL-APO at 15 and 30 min,
results on other endpoints suggested a faster onset of
action for SC-APO. A nominally significant differ-
ence in motor response favoring SC-APO was seen
at 15 and 30 min postdose; at 15 min postdose, the
difference nearly met the clinically important differ-
ence of improvement in the MDS-UPDRS Part III
score [25]. Further, there were numerically greater
proportions of patients treated with SC-APO versus
SL-APO who achieved FULL ON and partial ON at
time points earlier than 20 min postdose. These find-
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Table 5
Patients in any treatment group with adverse events leading to discontinuation (dose-optimization and treatment phase

safety populations)

Open-label Open-label
dose-optimization phase treatment phase

SL-APO SC-APO SL-APO SC-APO
n (%) (n = 102) (n = 97) (n = 71) (n = 70)

Chills 0 0 1 (1.4) 0
Dysphagia 0 0 1 (1.4) 0
Fatigue 0 1 (1.0) 0 0
Freezing phenomenon 0 0 1 (1.4) 0
Glossodynia 0 0 1 (1.4) 0
Hyperhidrosis 1 (1.0) 0 0 0
Hypotension 1 (1.0) 1 (1.0) 0 0
Lip swelling 0 0 1 (1.4) 0
Nausea 2 (2.0) 1 (1.0) 0 0
ON and OFF phenomenon 0 0 1 (1.4) 0
Orthostatic hypotension 0 1 (1.0) 0 1 (1.4)
Somnolence 0 0 0 1 (1.4)
Swollen tongue 0 0 1 (1.4) 0
Syncope 0 1 (1.0) 0 0
Vomiting 2 (2.0) 2 (2.1) 0 0

SC-APO, subcutaneous apomorphine; SL-APO, apomorphine sublingual film.

ings were not unexpected given that SC-APO has
been shown to have a faster time to peak plasma
concentration compared with SL-APO, which was
corroborated with current data and suggests a poten-
tially faster time to ON for SC-APO [22]. Data in
this study were not collected before 15 min post-
dose; thus, additional studies would be needed to
demonstrate differential effects at time points before
15 min postdose. Overall, the differences in efficacy
observed at time points before and at 30 min in
the current study were small and did not meet the
threshold of being clinically meaningful, suggesting
relatively similar clinical benefit for patients with
either treatment at these time points.

The 90-min time point chosen for the primary
endpoint was based on differences in PK observed
between SL-APO and SC-APO and previous findings
from SC-APO studies. In a randomized, open-
label, 3-way crossover study, Cmax was reached
approximately 0.5–1.0 h postdose for SL-APO and
0.25–0.5 h postdose for SC-APO, yet the extent of
exposure based on AUC was found to be compara-
ble for both treatments [22]. Further, a randomized,
placebo-controlled study of SC-APO demonstrated
no difference between SC-APO and placebo at 90 min
for change from predose in UPDRS Part III score
[28]. Together, these findings suggested that SL-APO
may have a longer duration of effect than SC-APO.
The current head-to-head study demonstrated com-
parable changes in MDS-UPDRS Part III scores
at 60, 90, and 120 min postdose for SL-APO and

SC-APO. Despite higher plasma apomorphine con-
centrations for SL-APO compared with SC-APO at
these later time points, the clinical efficacy results
do not support the hypothesis of a longer duration
of effect for SL-APO and suggest a potential disso-
ciation between the PK and pharmacodynamics of
the two treatments. Therefore, rather than the actual
plasma concentration, clinical efficacy may depend
on whether the plasma concentration has risen above
a minimum level where benefit from apomorphine
would be expected.

Clinical guidance extrapolated from the results of
this study suggest that while dose optimization is
highly individualized, generally a factor of 5 to 10 can
be used to determine a comparable dose when con-
verting a patient from SC-APO to SL-APO. Based
on prior PK studies [22], at the 2-mg dose of SC-
APO, the approximate equivalent dose of SL-APO
was expected to be 10 or 15 mg, while at doses of 3
and 4 mg SC-APO, the comparable dose of SL-APO
was expected to be 20 and 25 mg, respectively. Five-
and 6-mg doses of SC-APO were generally compara-
ble to 30-mg doses of SL-APO. In the current study,
dose optimization was based on the achievement of
a FULL ON within 30 min; considering the rapid
rate of absorption and earlier tmax for SC-APO ver-
sus SL-APO, patients treated with SC-APO at lower
dose levels may have more easily reached FULL ON
within 30 min of drug administration, whereas higher
dose levels of SL-APO may have been needed to
achieve the same effect within the same time period.
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Indeed, 50% of patients were optimized at the two
highest doses of SL-APO (25 and 30 mg), while
>50% of patients were optimized at the two lowest
doses of SC-APO (2 and 3 mg).

An overall preference for SL-APO was observed
based on the TPQ. These results are particularly
robust considering the crossover design of the study,
in which patients were treated with both formulations
and provided their response regarding preference for
treatment at study end. This finding was supported
by a numerically higher level of satisfaction with
SL-APO compared with SC-APO on the TSQM for
convenience and global satisfaction. Although the
TPQ was developed for this study and has not been
formally validated, alignment between the TPQ and
TSQM findings supports the content validity of the
TPQ. These results align with a previous finding
that, for OFF treatment modes associated with AEs,
patients with PD reported a preference for a hypothet-
ical sublingual film associated with mouth/lip sores
versus a hypothetical injectable medication associ-
ated with injection site reactions [29]. Further, an
indirect treatment comparison based on a system-
atic literature review suggested that SL-APO and
SC-APO are comparable in efficacy but additional
factors, including mode of administration, may influ-
ence treatment decisions [30]. Although a difference
in dose-optimization protocols may have influenced
preference and satisfaction results (SL-APO dose
optimization could be continued at home without
direct observation, whereas SC-APO dose optimiza-
tion took place in clinic), the totality of results from
this study and others support patient preference for
sublingual administration of apomorphine and may
be useful for clinicians when selecting an acute, inter-
mittent treatment for OFF episodes.

The safety profiles of SL-APO and SC-APO were
generally comparable and well tolerated. During dose
optimization, rates of overall AEs, serious AEs, and
AEs leading to discontinuation were comparable
between SL-APO and SC-APO. The most common
AEs were also generally similar. However, higher
rates of nausea were observed during dose optimiza-
tion with SL-APO (31.4%) compared with SC-APO
(22.7%). Despite higher rates of nausea for patients
treated with SL-APO, the majority of events were
mild or moderate in severity and did not lead to dis-
continuation of treatment, and none were considered
serious. Rates of vomiting during dose optimization
were relatively low. Daily solicitation of tolerability
during SL-APO dose optimization may have con-
tributed to a bias towards higher rates of nausea in

patients receiving SL-APO during that study phase,
as rates of nausea were comparable during the treat-
ment phase (SL-APO, 14.1%; SC-APO, 15.7%).
Although domperidone use could have mitigated nau-
sea and vomiting, its use was not standardized across
the study; however, the proportions of patients who
did not utilize antiemetics were similar during treat-
ment with SC-APO and SL-APO in both phases of
the study. Further, it is not possible to draw conclu-
sions about prophylactic versus reactive antiemetic
use as the database did not capture the time or rea-
son an antiemetic was taken. A previously published
study demonstrated that among 43.7% of patients
who did not use an antiemetic during SL-APO dose
optimization, 86.2% achieved an effective and toler-
able dose [31]. Likewise, an interim analysis of the
recently completed, open-label, long-term, phase 3
study of SL-APO (N = 425) demonstrated that nausea
and vomiting rates were similar in patients who did
versus did not use antiemetics [32]; additional infor-
mation about antiemetic use and nausea and vomiting
may be analyzed in the future.

Expected differences in route of administration
AEs were also noted. Among patients treated with
SC-APO, 6.2% of patients reported injection site ery-
thema and 2.1% reported injection site hematoma
during dose optimization, and 7.1% and 27.1%,
respectively, reported these events during the treat-
ment phase. In patients treated with SL-APO, no
individual events in the category of oral application-
related AEs occurred at a rate >3% during either study
phase; the most frequent oral application-related AEs
were lip swelling, mouth ulceration, and stomati-
tis. The combined incidence of all oral AE terms
was 1.0% during dose optimization and 9.9% dur-
ing the treatment phase. The shorter, 4-week duration
of exposure in this study may have influenced the
occurrence of oral AEs as compared with a pre-
viously published SL-APO study that involved an
open-label titration phase followed by a 12-week
double-blind maintenance phase [20]. An open-label,
long-term study of SL-APO (NCT02542696) was
recently completed, and results may provide addi-
tional information on the occurrence of oral AEs
during long-term SL-APO treatment.

There are several limitations to consider. The pri-
mary and secondary endpoints were assessed using
a statistical hierarchy. As the primary endpoint was
not statistically significant, all subsequent endpoints
were evaluated descriptively. Efficacy endpoints were
assessed by a rater blinded to treatment assignment,
and every effort was made to maintain that blind by
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preventing the rater from witnessing dosing, cover-
ing visible evidence of route of administration, and
protecting source data and electronic clinical report
forms. However, the open-label administration of SL-
APO and SC-APO may have introduced bias. As
a direct head-to-head study, there was no placebo
group and all patients were on active treatment. As
previously discussed, there was no specific data col-
lection method for the use of antiemetics; therefore,
the impact of antiemetic use on nausea and vomiting
rates is confounded. As SL-APO dose optimization
was performed at home by patients, investigators may
have been more inclined to increase the dose, whereas
this bias may not have been evident for SC-APO dos-
ing performed in clinic under supervision. For a dose
to be considered optimal, FULL ON had to occur
within 30 min, which may have impacted the opti-
mal dose. Furthermore, doses to which patients were
optimized may reflect the investigator and patient’s
levels of experience with the treatments, as some
patients had experience with SC-APO before study
enrollment. Similar to previous studies, patients in
the current study administered apomorphine approx-
imately 1.6 times per day, despite reporting four OFF
episodes per day, demonstrating that patients do not
administer treatments at the same frequency at which
they experience OFF episodes [20–22]. This suggests
there may be variability in the disability that warrants
intervention and/or that patients may have waited for
their next dose of maintenance medication rather than
treating the OFF episode acutely.

In conclusion, SL-APO demonstrated comparable
efficacy for the treatment of OFF episodes associ-
ated with PD and a similar safety profile to SC-APO,
with patients reporting an overall preference for and
greater satisfaction with SL-APO.
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