
Clinical pharmacology studies investigating novel
formulations of dopaminergic drugs
Thijssen, E.

Citation
Thijssen, E. (2024, June 12). Clinical pharmacology studies
investigating novel formulations of dopaminergic drugs. Retrieved from
https://hdl.handle.net/1887/3763512
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of
doctoral thesis in the Institutional Repository of
the University of Leiden

Downloaded from: https://hdl.handle.net/1887/3763512
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3763512


76  CliniCal pharmaCology studies investigating novel formulations of dopaminergiC drugs

Chapter 4

Clinical trial evaluating 
apomorphine oromucosal 
solution in Parkinson’s 
disease patients
Submitted to Clinical and Translational Science in December 2023.

Eva Thijssen1,2, Bert Tuk3, Michel Cakici1,2, Veerle van Velze1,2,  
Erica Klaassen1, Frans Merkus4, Teus van Laar5, Philip H.C. Kremer1,2, 
Geert Jan Groeneveld1,2

1 Centre for Human Drug Research, Leiden, NL 
2 Leiden University Medical Centre, Leiden, NL 
3 Criceto IKM, NL 
4  Innotesto BV, BE 
5 Groningen University Medical Center, Groningen, NL

32 G. Ardolino, E. D’Adda, E. Nobile-Orazio, Recurrent 
atrial fibrillation after subcutaneous apomorphine, 
Parkinsonism Relat. Disord. 14 (2008) 173–174. https://
doi.org/10.1016/J.PARKRELDIS.2007.05.012.

33 P.A. LeWitt, W.G. Ondo, B. Van Lunen, P.B. Bottini, 
Open-label study assessment of safety and adverse 
effects of subcutaneous apomorphine injections 
in treating “off” episodes in advanced Parkinson 
disease, Clin. Neuropharmacol. 32 (2009) 89–93. 
https://doi.org/10.1097/WNF.0B013E31816D91F9.

34 D. Cannata, N.B. Narbone, Clinical Observations on 
the Role of the Vegetative Nervous System in the 
Pathogenesis of Atrial Fibrillation, Cardiology. 32 
(1958) 329–345. https://doi.org/10.1159/000165836.

35 P. Coumel, Cardiac Arrhythmias and the 
Autonomic Nervous System, J. Cardiovasc. 
Electrophysiol. 4 (1993) 338–355. https://doi.
org/10.1111/J.1540-8167.1993.TB01235.X.

36 M. Luinstra, A.W.F. Rutgers, H. Dijkstra, F. Grasmeijer, 
P. Hagedoorn, J.M.J. Vogelzang, H.W. Frijlink, A.H. De 
Boer, Can Patients with Parkinson’s Disease Use Dry 
Powder Inhalers during Off Periods?, PLoS One. 10 
(2015) e0132714. https://doi.org/10.1371/JOURNAL.
PONE.0132714.

37 M. Luinstra, V. Isufi, L. de Jong, A.W.F. Rutgers, P. 
Hagedoorn, J. Puttenstein, T. van Laar, H.W. Frijlink, 
Learning from Parkinson’s patients: Usability of 
the Cyclops dry powder inhaler, Int. J. Pharm. 
567 (2019) 118493. https://doi.org/10.1016/J.
IJPHARM.2019.118493.

38 K.A. Grosset, N. Malek, F. Morgan, D.G. Grosset, 
Inhaled Apomorphine in Patients with “on-off” 
Fluctuations: A Randomized, Double-blind, Placebo-
controlled, Clinic and Home Based, Parallel-group 
Study, J. Parkinsons. Dis. 3 (2013) 31–37. https://doi.
org/10.3233/JPD-120142.



78  CliniCal pharmaCology studies investigating novel formulations of dopaminergiC drugs Chapter 4 – apomorphine oromuCosal solution in pd patients79

abStraCt

Background Apomorphine is used to treat off episodes in patients 
with Parkinson’s disease (pd). Unlike subcutaneous injections, 
administration of an oromucosal solution is a non-invasive, easy 
route of administration.

Objectives To assess the safety, tolerability, pharmacokinetics (pK), 
and dose proportionality of a novel apomorphine hydrochloride 
(HCl) oromucosal solution, as well as its relative bioavailability to 
subcutaneous apomorphine injection and apomorphine sublingual 
film. 

Methods In part A of the study, 12 patients with pd received 2 
mg oromucosal apomorphine (4% weight/volume) and 2 mg 
subcutaneous apomorphine in a randomized order, followed by 4 
and 8 mg oromucosal apomorphine. In part B of the study, 13 patients 
with pd received 7 mg oromucosal apomorphine (7% weight/
volume) and 30 mg sublingual apomorphine in a randomized order, 
followed by 14 mg oromucosal apomorphine. Washout between 
dose administrations in both study parts was at least 2 days. Safety, 
tolerability and pK were assessed pre- and post-dose. 

Results Oromucosal apomorphine was generally well tolerated. 
Observed side effects were typical for apomorphine administration 
and included asymptomatic orthostatic hypotension, yawning, 
fatigue and somnolence. Oromucosal apomorphine exposure 
increased with dose, although less than dose proportional. The 
mean (sd) maximum exposure reached with 14 mg oromucosal 
apomorphine was 753.0 (298.6) ng·min/mL for auC0-inf and 8.0 (3.3) 
ng/mL for Cmax. This was comparable to exposure reached after 2 mg 
subcutaneous apomorphine and approximately half of the exposure 
observed with 30 mg sublingual apomorphine.

Conclusions Apomorphine oromucosal solution was generally well 
tolerated and resulted in clinically relevant plasma concentrations in 
pd patients.

introduCtion

Apomorphine is a non-ergoline dopamine agonist. Subcutaneous 
injections of apomorphine are indicated for the acute, intermittent 
treatment of “off” episodes in patients with Parkinson’s disease 
(pd). In general, apomorphine treatment is initiated when patients 
suffer from off periods despite optimized oral/transdermal 
dopaminergic treatment. Notwithstanding its well-known safety and 
efficacy profile, apomorphine is currently underutilized.1 This is likely 
because the available licensed products are mostly administered as 
subcutaneous injections (apoKyn® and apo-go®), presenting several 
impracticalities. These include the challenge of self-administering 
injections during an off state, along with the potential for needle 
phobia. Another delivery mode of apomorphine is the sublingual film 
(KynmoBi®), which can cause oropharyngeal side effects and takes 
longer to reach maximum plasma concentrations than subcutaneous 
administration.2 The administration of both formulations requires 
good finger dexterity and muscle coordination, which is often 
impaired in patients with pd.3 

Over the years, other non-invasive apomorphine administration 
routes have been investigated, such as oral, transdermal, intranasal, 
and inhaled routes.4-8 Due to the extensive first-pass metabolism of 
apomorphine, oral administration results in too low bioavailability 
(< 4%) to allow for clinically relevant apomorphine exposures.9 
Furthermore, due to the delayed absorption from the gastrointestinal 
tract, oral administration is not suited for use as rescue medication. 
Transdermal delivery has not been developed so far, although 
administration via an iontophoretic patch showed promising results 
and the use of lipophilic di-ester prodrugs may hold promise for the 
future.7,10 Intranasal administration, although efficacious, results in 
nasal irritation.6 Lastly, inhaled apomorphine looks promising with a 
rapid absorption and onset of effect.4,5,8 However, collection of long-
term safety data of pulmonary exposure to apomorphine is essential 
to confirm suitability for long-term use. 

To overcome the disadvantages associated with the available 
licensed and experimental apomorphine formulations, a highly con-
centrated apomorphine hydrochloride (HCl) oromucosal solution 
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(aporon) has been developed which is intended for self-administra-
tion by the patient, using an easy-to-operate device. This formulation 
is designed to enable an easy buccal delivery of efficacious doses 
of oromucosal apomorphine without local side effects. With the 
recent global discontinuation of the sublingual apomorphine film, 
the development of a novel non-invasive apomorphine administra-
tion has become even more relevant.

In this two-part crossover study, the safety, tolerability, pharmaco-
kinetics (pK), and dose proportionality of the novel apomorphine HCl 
oromucosal solution was assessed, as well as its relative bioavailability 
compared to subcutaneous apomorphine injection and apomor-
phine sublingual film. In the first study part, three ascending doses of 
apomorphine oromucosal solution (4% weight/volume (w/v)) and a 
single dose of 2 mg subcutaneous apomorphine were evaluated. In 
the second study part, a higher percentage (7% w/v) apomorphine 
oromucosal solution was evaluated at two dose levels, and compared 
with apomorphine sublingual film. 

methodS

The study is registered in the Netherlands Trial Register (Trial 
nl9540), and was conducted at the Centre for Human Drug Research 
(Leiden, the Netherlands) between May and August 2021 (study part 
A), and between June and August 2022 (study part B). The study was 
conducted in accordance with Good Clinical Practice guidelines 
and approved by the Independent Ethics Committee of Foundation 
Beoordeling Ethiek Biomedisch Onderzoek. Prior to any study-
related activity, all participants provided written informed consent. 

Study design
This study consisted of two sub-studies, part A and part B. For a 
depiction of their study design, refer to Figure 1. Part A of the study was 
an open-label, two-way crossover study in 12 patients with Parkinson’s 
disease to characterize and compare the pK of apomorphine after 
oromucosal and subcutaneous administration, and to assess the 

dose proportionality of oromucosal apomorphine. Patients received 
2 mg oromucosal and 2 mg subcutaneous apomorphine during 
two different visits in a randomized order, followed by 4 mg and 
lastly 8 mg oromucosal apomorphine (the highest dose (6 or 8 mg 
depending on emerging data) was chosen after review of pK and 
safety/tolerability data of at least 6 patients). The washout period 
between dose administrations was a minimum of 3 days and a 
maximum of 3 weeks. A sample size of 12 was chosen since this could 
confirm dose proportionality of oromucosal apomorphine with 80% 
power (one-sided alpha = 0.05), assuming an intra-individual Cv of 
20%.11 A one-sided alpha was chosen since higher dose levels (i.e., 
volume) are expected to increase the chance of swallowing and 
thereby result in lower oromucosal absorption and exposure.

Safety, tolerability and pK data were examined during a dose 
level evaluation meeting before proceeding to study part B. Based 
on the oromucosal apomorphine exposure observed in part A, a 
percentage of 7% apomorphine w/v in the oromucosal solution was 
selected for use in part B.

Part B was an open-label comparative pK study evaluating the more 
concentrated oromucosal apomorphine solution and a sublingual 
apomorphine film in 12 patients with Parkinson’s disease. Patients first 
received 7 mg oromucosal and 30 mg sublingual apomorphine in 
a randomized order, followed by 14 mg oromucosal apomorphine. 
There was a 2-day washout period between dose administrations. No 
formal sample size calculation was performed due to the exploratory 
nature of the study.

Participation in the trial consisted of a screening visit, pretreatment 
with 20 mg domperidone three times daily12,13 from 2 days prior to 
dosing until last dose (max. 9 consecutive days in part A, and max. 7 
days in part B), followed by 4 visits (part A) or 3 visits (part B) of 1 day 
each to the clinical research unit, and a follow-up phone call.

Participants
In study parts A and B, pd patients aged 30-85 years with Hoehn and 
Yahr stage i-iv and with clear, self-described motor fluctuations as 
assessed by the 9-symptom Wearing-off Questionnaire,14 were eligi-
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ble for participation. Patients were excluded if they had symptomatic 
clinically relevant and/or medically uncontrolled orthostatic hypo-
tension, a history of long QT syndrome and/or a QTcF of >450 ms 
(male) or >470 ms (female), or aphthous ulcers or mouth sores within 
6 months prior to the screening visit. 

Investigational drugs 
Apomorphine HCl oromucosal solutions (aporon®, Supplemental 
Figure 1) containing 2.0 mg (4% weight/volume) or 3.5 mg (7% 
weight/volume) apomorphine HCl per 50 μL-spray pump actuation, 
were administered to alternating buccal cheeks. Varying the number 
of spray device actuations allowed for the administration of doses 
ranging from 2 mg to 14 mg apomorphine HCl. aporon is a non-
aqueous solution containing apomorphine HCl, one or more organic 
solvents of which at least 50% is propylene glycol, and one or more 
antioxidants (us patent 9,737,526 B2). The 4% solution was used in 
part A, and the 7% in part B of the study.

In part A, patients received 2, 4 and 8 mg oromucosal apomorphine 
HCl. Patients were instructed to swallow their saliva prior to the 
buccal administration of the oromucosal solution, and to not swallow 
or speak for 2 minutes after dosing. In part B, patients received 7 
and 14 mg respectively. Patients were given the same instructions as 
in part A, with the exception that they should not swallow or speak 
for 3 minutes after dosing (increased to 3 minutes to be consistent 
with the instructions in the patient leaflet of apomorphine sublingual 
film). When 14 mg was administered, the first 7 mg was administered 
at t=0, and the second 7 mg at t=4 minutes. 

In part A, 2 mg subcutaneous apomorphine HCl (apo-go® 10 
mg/ml solution for injection) was injected in the abdomen as 
active comparator. In part B, 30 mg apomorphine HCl sublingual 
film (KynmoBi®) was used as active comparator. When receiving 
sublingual film, patients were instructed to moisten their mouth just 
prior to administration and to not swallow or speak for 3 minutes after 
administration. If not fully dissolved after 3 minutes, patients were 
instructed to not swallow or speak for 1 additional minute.

In clinical practice, subcutaneous apomorphine is initiated at a 
dose of 2 mg. Hence, 2 mg was considered a safe dose for study part A.  

As apomorphine oromucosal solution was expected to have lower 
bioavailability than subcutaneous apomorphine, 2 mg apomorphine 
oromucosal solution was considered a safe starting dose. 
Furthermore, in clinical practice, sublingual apomorphine is initiated 
at 10 mg and titrated to a dose that is both safe and efficacious (max. 
30 mg). In study part B, a dose of 30 mg was considered to be safe, 
since it was expected to result in a similar or lower maximum plasma 
concentration (Cmax) than 2 mg subcutaneous apomorphine in part 
A (which was well tolerated).2,15,16 

Safety 
Patients were medically screened to confirm their eligibility. 
Screening included an assessment of the patient’s medical history, 
concomitant medications, electrocardiogram (ECG), vital signs, 
routine laboratory assessments, and physical and neurological 
examination. QTcF was assessed at screening (prior to domperidone 
initiation) and again at baseline (after domperidone initiation and 
prior to apomorphine administration). During the study, safety 
was evaluated by monitoring of adverse events (AEs) (classified by 
Medical Dictionary for Regulatory Activities (MedDRA) version 25.0), 
vital signs, ECGs, physical and neurological examination, and clinical 
laboratory tests. The buccal mucosa was assessed by a physician pre-
dose, 1 hour post-dose and prior to leaving the clinical research unit. 
For AE reporting, a decrease in systolic blood pressure (Bp) of ≥20 
mmHg or in diastolic Bp of ≥10 mmHg upon standing accompanied 
by dizziness was documented as symptomatic orthostatic 
hypotension. A decrease in Bp of ≥20 mmHg or in diastolic Bp of 
≥10 mmHg upon standing without dizziness was documented as 
asymptomatic orthostatic hypotension. If a patient reported dizziness 
upon standing without the abovementioned drop in Bp, this was 
documented as postural dizziness. 

Pharmacokinetics
In part A, whole blood was collected pre-dose and 4, 8, 12, 16, 20, 24, 
28, 32, 40, 50, 60, 90, 120 and 240 min post-dose. In part B, collection 
took place pre-dose and 5, 10, 15, 20, 25, 35, 40, 45, 50, 55, 60, 75, 
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90, 120, 240 and 360 min post-dose. A longer sampling duration 
was used in part B to ensure that the apparent terminal half-life (t½), 
and hence the exposure as area under the plasma concentration-
time curve from zero to infinity (auC0-inf), could be calculated for all 
patients since the t½ of sublingual and oromucosal apomorphine 
was expected to be longer than for subcutaneous apomorphine.2,15 
Ascorbic acid was added to the plasma samples prior to freezing to 
prevent apomorphine oxidation. 

Apomorphine was extracted from plasma by Liquid Liquid 
Extraction, after which apomorphine was quantified using a 
validated liquid chromatography–tandem mass spectrometry (lC-
ms/ms) method. Non-compartmental analysis was used to calculate 
apomorphine’s Cmax, time to Cmax (tmax), t½ and auC0-inf. Dose 
proportionality of oromucosal apomorphine over the dose range 2-8 
mg in part A was tested by regression of Ln(dose) on Ln(auC0-inf) and 
Ln(Cmax) with subject as random factor where the 90% confidence 
interval (Ci) of the slope of the regression had to fall between 1+ 
(Ln(0.8)/Ln(dose ratio)) < slope < 1 + (Ln(1.25)/Ln(dose ratio)) to 
conclude for dose proportionality.17 In part B, dose proportionality 
between 7 and 14 mg oromucosal apomorphine was tested for 
dose-normalized Ln(Cmax) and Ln(auC0-inf) with an anova with 
treatment as fixed factor and subject as random factor. The 90% Ci 
of the ratio of the geometric means between the two dose levels 
needed to be within 0.8 and 1.25 to conclude dose proportionality.17 
Bioequivalence between sublingual and oromucosal apomorphine 
was tested for Ln(Cmax) and Ln(auC0-inf) with a linear model analysis 
with treatment as fixed factor and subject as random factor. The 90% 
Ci of the ratio between the two treatments needed to be within 0.8 
and 1.25 to be bioequivalent. In this analysis, only patients receiving 
both treatments were included.

reSultS
Demographics
Table 1 provides an overview of baseline patient characteristics, 
and Supplemental Figure 2 and 3 for Consort flow diagrams of 
both study parts. In part A, 12 pd patients were enrolled in the study, 

of whom 10 patients completed the full study. Two patients were 
discontinued early, i.e., after the second and third dosing day, due 
to adverse events that were considered unrelated to apomorphine 
(refer to Supplemental Figure 2). In part B, 12 pd patients completed 
the full study, and 1 patient completed only the first study visit. After 
this visit, the patient withdrew consent due to increased pd symptoms 
and fatigue. In part A, the majority of participants (83%) had Hoehn 
and Yahr stage i, 8% had stage ii and 8% had stage iii. In part B, 15% 
had stage i, 54% stage ii and 31% stage iii. No other differences in 
demographic and baseline characteristics were noted between 
participants in part A and B. 

Pharmacokinetics
In part A, a single dose of subcutaneous apomorphine and three 
ascending doses of 4% apomorphine oromucosal solution were 
compared (Figure 2a, Table 2). Subcutaneous apomorphine was 
more readily available systemically than oromucosal apomorphine; 
the median tmax (range) was 19 (8-40) and 32 (16-120) minutes 
respectively. The ratio of the geometric least squares mean (90% Ci) 
of 2 mg oromucosal to 2 mg subcutaneous apomorphine was 0.28 
(0.24-0.33) for auC0-inf and 0.20 (0.15-0.26) for Cmax. Over the dose 
range 2-8 mg, oromucosal apomorphine exposure increased less 
than dose-proportionally (Figure 2C-d), resulting in 8 mg oromucosal 
apomorphine having a lower exposure than 2 mg subcutaneous 
apomorphine. 

In part B, a 7% apomorphine oromucosal solution was compared to 
sublingual apomorphine (Figure 2B, Table 2). These administrations 
showed a similar pK profile with a median tmax (range) of 45 (15-
75) minutes for sublingual, and 45 (25-77) minutes for oromucosal 
apomorphine (7 mg). Moreover, oromucosal apomorphine had 
a similar dose-normalized exposure as sublingual apomorphine 
(Figure 2C-d). The ratio of the geometric least squares mean 
(90% Ci) of 7 mg oromucosal apomorphine to 30 mg sublingual 
apomorphine was 0.30 (0.25-0.36) for auC0-inf and 0.28 (0.23-
0.34) for Cmax. The ratio of the geometric least squares mean 
(90% Ci) of 14 mg oromucosal apomorphine to 30 mg sublingual 
apomorphine was 0.51 (0.45-0.57) for auC0-inf and 0.52 (0.45-0.61) 
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for Cmax. Oromucosal apomorphine exposure increased less than 
dose-proportionally from 7 to 14 mg for Cmax and auC0-inf, while Cmax 
showed a trend towards dose proportionality with a 90% Ci of the 
geometric mean ratio of both dose levels of 0.77-1.12.

Safety and local tolerability
Oromucosal apomorphine administration was generally well 
tolerated with mostly mild and transient AEs (Table 3). The type 
of AEs that were reported were comparable with subcutaneous 
and sublingual apomorphine, and are typically associated 
with apomorphine administration. Asymptomatic orthostatic 
hypotension, yawning and fatigue and/or somnolence were 
most frequently reported. There was no clear dose-dependent 
or exposure-dependent increase in the incidence and severity of 
AEs. No oropharyngeal AEs were reported and no abnormalities 
of the buccal and sublingual mucosa were observed after the 
administration of oromucosal apomorphine for up to 3 treatment 
days and a single dose of 30 mg sublingual apomorphine.

Seven AEs that were moderate in severity were reported. In two 
subjects the AEs were considered possibly or probably related to 
apomorphine administration. One patient reported somnolence 
moderate in severity approximately 30 minutes after sublingual 
apomorphine administration that resolved spontaneously within 
1.5 hours. Another patient reported postural dizziness and vomited 
repeatedly, starting 1.5 hours after 14 mg oromucosal apomorphine 
administration. In addition, the patient’s 6 hours post-dose lab 
showed thrombocytopenia that was moderate in severity (pre-dose 
219; 6 hours post-dose 136·109/L). Upon retest approximately 1 week 
later, the thrombocyte count had returned to normal. The patient had 
tolerated both 30 mg sublingual and 7 mg oromucosal apomorphine 
well except for some mild asymptomatic orthostatic hypotension 
and somnolence.

Almost all patients reported that the oromucosal solution had a 
bitter taste. Two patients also reported a slightly sweet taste on one 
occasion, and 4 patients reported a (bitter/)sour taste. Taste did not 
affect the patients’ ability to follow the dosing instructions.

diSCuSSion

For over two decades, subcutaneous apomorphine injections and 
infusions have been used as an efficacious treatment for managing 
off episodes.18,19 However, intermittent subcutaneous administra-
tion is still a suboptimal delivery route, especially since it requires a 
good dexterity, which is typically impaired during an off episode. 
Moreover, the need to self-administer injections in areas like the arms, 
legs and abdominal wall, all typically covered by clothing, makes the 
use of injections less practical in public settings. The buccal adminis-
tration of the oromucosal apomorphine solution is expected to solve 
most of these impractical issues of apomorphine delivery. 

After the buccal administration of oromucosal apomorphine, 
maximum plasma concentrations were observed between 32 and 
53 minutes (median tmax over dose groups). The median tmax in 
study part A (32 minutes) was lower than in study part B (45 minutes 
(7 mg) and 53 minutes (14 mg)). This is likely a chance finding due 
to variability in pK, i.e. tmax in part A ranged from 16 to 120 minutes, 
and in part B from 25 to 82 minutes. The somewhat later tmax 
following 14 mg compared to 7 mg oromucosal apomorphine can 
be partly ascribed by the 14 mg dose being administered as 2x 7 
mg at t=0 and t=4 minutes. tmax is calculated counting from the first 
dose administration. Sublingual apomorphine had a median tmax 
of 45 minutes, which was comparable to the tmax of oromucosal 
apomorphine. As expected, subcutaneous apomorphine was 
more readily absorbed with a median tmax of 19 minutes and had 
a higher bioavailability compared to oromucosal and sublingual 
apomorphine.15,16 Moreover, as has also been described for 
sublingual apomorphine, oromucosal apomorphine exposure 
increased less than dose-proportionally.16 This might be attributed to 
the fact that higher doses are administered as larger volumes. These 
volumes are closer to the volume that triggers a swallowing reflex,20-22 
and hence more of the drug might be swallowed prematurely at 
the higher oromucosal doses. Since apomorphine has a low oral 
bioavailability, swallowing may have significantly contributed to the 
lower bioavailability at higher doses.
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Based on the observed bioavailability of oromucosal apomorphine in 
part A of the study, the formulation in part B was changed by increasing 
the apomorphine concentration from 4 to 7%. Moreover, patients 
in part B who received 4 spray pump actuations were given these 
as 2 actuations at t=0 and 2 actuations at t=4 minutes, as opposed 
to 4 consecutive spray pump actuations in part A. Figure 2 shows 
that the increased apomorphine concentration led to an increased 
apomorphine exposure in part B. Four spray pump actuations with 
the 7% oromucosal apomorphine formulation (14 mg) resulted in 
a comparable exposure as 2 mg subcutaneous apomorphine, and 
about half of the exposure to 30 mg sublingual apomorphine. The 
exposure to 30 mg sublingual apomorphine observed in this study 
was higher than reported in the literature.15,16 However, the sample 
size of our study was relatively small and apomorphine exposure is 
known to be highly variable between patients receiving identical 
doses. Furthermore, sublingual apomorphine in our study was 
administered to a non-titrated patient population, whereas the 
literature reports patients being titrated to an effective and tolerable 
dose.16 Therefore, titration can lead to enrichment of patients with 
lower pK exposure in the higher dose groups. This hypothesis is 
supported by a different dose-Cmax relationship reported by Agbo 
et al. in titrated pd patients with off episodes versus untitrated 
healthy volunteers.16 The titrated patient population had a lower 
regression coefficient (i.e., less steep dose-Cmax relationship), and 
their exposure tended to plateau at higher doses. In our study, the 
Cmax values of 30 mg sublingual apomorphine administered to 
untitrated patients followed the dose-Cmax relationship described 
for untitrated healthy volunteers receiving 10 to 25 mg sublingual 
apomorphine.16 This implies that pK exposure in healthy volunteers 
and untitrated pd patients is comparable, and differences reported 
between healthy volunteers and pd patients are likely the result of 
dose titration, but not pathophysiological differences. 

The apomorphine concentration at which a patient shows clinical 
improvement is also subject to high inter-patient variability. However, 
a previous study in a small group of pd patients has reported a 
mean minimal effective concentration (mmeC) of 4.7 ng/mL.23 Using 
this cut-off, 11 out of 12 pd patients treated with 14 mg oromucosal 

apomorphine reached plasma concentrations exceeding this 
mmeC. Moreover, 8 out of 12 patients remained above this mmeC for 
≥40 minutes. Therefore, this study has provided clinically relevant 
plasma concentrations after the administration of 14 mg oromucosal 
apomorphine. The time to reach the mmeC varied between patients. 
For subcutaneous apomorphine it ranged between 8-20 minutes 
and for oromucosal apomorphine between 14-59 minutes. This 
indicates that not all patients using subcutaneous apomorphine 
will show a similar onset of efficacy with oromucosal apomorphine. 
The pK exposure of oromucosal apomorphine is comparable to the 
exposure of efficacious sublingual apomorphine doses as reported 
in literature.24 Consequently, it is expected that the onset of efficacy 
of oromucosal apomorphine will be comparable to that of sublingual 
apomorphine in most patients.

In this two-part study, pd patients received oromucosal 
apomorphine solution in ascending doses up to 14 mg, and 
its safety was compared with subcutaneous and sublingual 
apomorphine. Oromucosal apomorphine up to 14 mg was generally 
well-tolerated with AEs comparable to those observed after 
single doses of apomorphine sublingual film and subcutaneous 
injection. All AEs that were considered at least possibly related to 
oromucosal apomorphine were mild in severity, with the exception 
of the observation of thrombocytopenia, postural dizziness, and 
vomiting which was reported by one patient in the 14 mg group. 
Nausea, vomiting and (postural) dizziness are known side effects of 
apomorphine.18 For this reason, all patients were instructed to take 
an anti-emetic three-times daily from two days prior to dosing. 

Apomorphine undergoes autooxidation in aqueous environments 
at neutral pH such as saliva.25 This autooxidation process results in 
the formation of quinone derivatives and reactive oxygen species 
which have been associated with cytotoxicity.26,27 Therefore, 
apomorphine that remains in the oropharyngeal space long enough 
to undergo autooxidation in the saliva, has the potential to induce 
oropharyngeal irritation via the formed apomorphine quinones. For 
apomorphine sublingual film, it is known that oropharyngeal AEs 
occur after repeated exposure. A phase 3 study with apomorphine 
sublingual film reported oropharyngeal AEs as the most common 
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tabLe	1	 Demographics of participants with Parkinson’s disease in study 
parts A and B. 

Demographic variables part a
(N=12)

part b
(N=13)a

Age (years)

Median (range) 66 (48-79) 67 (55-79)

Bmi (kg/m2)

Median (range) 26 (21-30) 26 (19-32)

Sex (n/n (%/%))

Female/Male 5/7 (41.7/58.3) 4/9 (30.8/69.2)

Race (n (%))

White 12 (100) 10 (76.9)

Asian 0 (0) 1 (7.7)

Mixed 0 (0) 2 (15.4)b

mmse

Median (range) 30 (27-30) 29 (25-30)

Hoehn and Yahr stage

Stage 1 10 (83.3) 2 (15.4)

Stage 2 1 (8.3) 7 (53.8)

Stage 3 1 (8.3) 4 (30.8)

Stage 4 0 (0) 0 (0)

Concomitant pd medication (n (%))

Levodopa-containing agents 12 (100.0) 13 (100.0)

Dopamine agonists 6 (50.0) 10 (76.9)

Comt inhibitors 3 (25.0) 1 (7.7)

mao-B inhibitors 1 (8.3) 1 (7.7)

Amantadine 2 (16.7) 4 (30.8)

Other 2 (16.7)c 0 (0)

a. One drop-out after the first dosing (30 mg sublingual apomorphine); refer to Supplemental 
Figure 3 for a ConsoRt flow diagram. / b. Mixed, i.e., White/Asian and White/African. / c. 
Trihexyfenidyl and glycopyrronium, both N=1.  
Bmi, body mass index; mmse, Mini Mental State Examination; Pd, Parkinson’s disease, Comt, 
catechol-O-methyltransferase; mAo-B, monoamine oxidase B.

AEs with an incidence of 31% for sublingual apomorphine compared 
to 7% in the placebo group. These oropharyngeal AEs led to 
treatment discontinuation in the 12-week maintenance phase in 17% 
of the patients in the sublingual apomorphine group compared 
to 2% in the placebo group.28 The side effects of sublingual 
apomorphine are likely related to apomorphine particles in the dual 
layer film that can remain in the vallecula where they degrade into 
reactive oxygen species in the presence of saliva. For oromucosal 
apomorphine, it is hypothesized that degradation into reactive 
oxygen species in the oropharyngeal space is limited since the 
apomorphine is administered as a dissolved solution and will be 
swallowed together with the saliva thereby preventing prolonged 
presence in the oropharyngeal space. The current study did not 
show any oropharyngeal AEs, including buccal/sublingual mucosa 
abnormalities for both oromucosal apomorphine solutions (up to 14 
mg/day) during up to three treatment days, nor for a single dose 
of 30 mg sublingual apomorphine. Further verification is needed to 
confirm the local tolerability of oromucosal apomorphine HCl during 
longer exposures.

In summary, the buccal administration of the novel oromucosal 
apomorphine solution evaluated in this two-part clinical study was 
generally well tolerated and resulted in clinically relevant plasma 
concentrations in pd patients. It is expected to offer a promising 
new administration route for the delivery of apomorphine. Due to 
the use of dissolved apomorphine, it is hypothesized to result in 
fewer oropharyngeal side effects than sublingual apomorphine. 
Moreover, oromucosal apomorphine solution administration will be 
an easier and more user-friendly way to administer apomorphine 
than the recently discontinued sublingual film and currently available 
subcutaneous injections.
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tabLe	3	 Summary of the number of AEs and the number and percentage of participants (n 
(%)) with any, mild, moderate and severe AE and with a specific AE as indicated per treatment 
group and study part. 

part a part b
2 mg 

sc
(N=12)

2 mg 
om 

(N=12)

4 mg 
om

(N=11)

8 mg 
om

(N=10)

30 mg 
sl

(N=13)

7 mg 
om

(N=12)

14 mg 
om

(N=12)
n (%) n (%) n (%) n (%) n (%) n (%) n (%)

#AEsa 19 12 14 14 28 27 24

Any AEs 12 (100.0) 8 (66.7) 10 (90.9) 9 (90.0) 11( 84.6) 9 (75.0) 8 (66.7)

Mild AEs 11 (91.7) 8 (66.7) 9 (81.8) 9 (90.0) 11( 84.6) 9 (75.0) 8 (66.7)

Moderate AEs 1 (8.3) - 1 (9.1) - 4 (30.8) - 1 (8.3)

Severe AEs - - - - - - -

Most common AEsb

Nausea - - - - 1 (7.7) 1 (8.3) 2 (16.7)

Fatigue 3 (25.0) 1 (8.3) 3 (27.3) 2 (20.0) 4 (30.8) 1 (8.3) 1 (8.3)

Headache 1 (8.3) 1 (8.3) 1 (9.1) - 2 (15.4) 3 (25.0) 1 (8.3)

Orthostatic 
hypotension
• Asymptomatic 
• Symptomatic

7 (58.3)
-

5 (41.7)
1 (8.3)

3 (27.3)
-

3 (30.0)
-

3 (23.1)
-

6 (50.0)
-

3 (25.0)
-

Dizziness 
posturalc

1 (8.3) - - - 1 (7.7) 1 (8.3) 2 (16.7)

Increased 
Parkinson’s 
disease 
symptoms

1 (8.3) - - - 2 (15.4) 1 (8.3) -

Dyskinesia - - - - 1 (7.7) 2 (16.7) -

Somnolence - - - - 3 (23.1) 4 (33.3) 3 (25.0)

Yawning 4 (33.3) 2 (16.7) 5 (45.5) 8 (80.0) 4 (30.8) 3 (25.0) 3 (25.0)

a. Not expressed as n (%). This parameter describes the total number of AEs reported, and hence is unitless. /  
b. AEs reported by ≥3 participants in part A or B. / c. Dizziness upon standing but no significant blood pressure  
drop measured at scheduled standing blood pressure measurement.  
AE, adverse event; sc, subcutaneous apomorphine; om, oromucosal apomorphine; sl, sublingual apomorphine. 

tabLe	2	 Pharmacokinetic parameters of apomorphine after 2 mg subcutaneous and 2, 4 and 
8 mg oromucosal apomorphine administration (part A), and 30 mg sublingual and 7 and 14 mg 
oromucosal apomorphine administration (part B) to Parkinson’s disease patients. 

part a part b
2 mg sc
(N=12)

2 mg om
(N=12)

4 mg om
(N=11)

8 mg om
(N=10)

30 mg sl 
(N=13)

7 mg om  
(N=12)

14 mg oma 
(N=12)

Tmax (min)

Median (range) 19 (8-40) 32 (16-60) 32 (24 –90) 32 (20-120) 45 (15-75) 45 (25-77) 53 (29-82)

Cmax (ng/mL)

Mean (sd) 10.5 (6.5) 2.0 (1.2) 3.3 (0.9) 4.3 (1.8) 15.5 (5.7) 4.5 (2.4) 8.0 (3.3)

Median (range) 9 (3-24) 2 (1-5) 3 (2-5) 4 (1-7) 15 (9-25) 5 (2 -10) 7 (3-14)

Geometric lsm ratio 
om/sc (part A) or om/
sl (part B) (90% Ci)

0.20 
(0.15-0.26)

0.39 
(0.30-0.49)

0.53 
(0.42-0.66)

0.28 
(0.23-0.34)

0.52 
(0.45-0.61)

AUC0-inf (min·ng/mL)

Mean (sd) 617.8 
(182.6)

178.3 (75.5) 303.4 
(51.2)b

431.6 
(116.5)b

1524.1 
(533.2)

454.4 
(174.0)

753.0 
(298.6)

Median (range) 572 
(296-892)

132 
(116-316) 

296 
(225–390)b

384 
(294-633)b 

1546 
(773-2573)

497 
(177-703)

780 
(302-1320)

Geometric lsm ratio 
om/sc (part A) or om/
sl (part B) (90% Ci)

0.28 
(0.24-0.33)

0.53 
(0.44-0.63)

0.75 
(0.59-0.94)

0.30 
(0.25-0.36)

0.51 
(0.45-0.57)

T½ (min)

Mean (sd) 48 (7) 44 (6) 45 (4)b 47 (6)b 54 (8) 51 (7) 54 (7)

Median (range) 46 (39-60)  43 (38-57) 44 (39-54)b 48 (37-55)b 54 (45-67) 50 (43-63) 51 (45-65)

a. Administered as 2 spray pump actuations at t=0 and another 2 spray pump actuations at t=4 minutes. Calculations 
are done from t=0. / b. N=9 due to inability to calculate t½ because of insufficient span ratio (i.e., time interval over 
which t½ can be determined) (N=2), and due to one early discontinuation during the visit (N=1)   
tmax, time to maximum plasma concentration; Cmax, maximum plasma concentration; sd, standard deviation; lsm, 
Least Squares Mean; om, oromucosal; sc, subcutaneous; sl, sublingual; Ci, confidence interval; AUC0-inf, area under 
the plasma concentration-time curve from zero to infinity; t½, apparent terminal elimination half-life.
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Figure	2	 Mean (standard deviation) apomorphine concentration time profiles of 2 mg 
subcutaneous and 2-8 mg oromucosal apomorphine (a), and 30 mg sublingual and 7-14 mg 
oromucosal apomorphine (b). Dose-normalized auC0-inf and Cmax (C-d); number of spray 
pump actuations indicated above the whiskers.
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Figure	1	 Overview of study designs of part A and B. 
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suppLementaL	Figure	2 ConSort flow diagram study part A.

Assessed for eligibility (n=21)

Randomised (n=12)

Excluded (n= 9)
● Did not meet inclusion

criteria (n= 9)

Allocated to treatment sequence: 2 mg sc, 

● Received full treatment sequence (n=5)
● Received part of treatment sequence (n=1)

     - discontinued intervention after second
dosing; patient wanted to discontinue
domperidone (patient expected this 
to be the cause of aggravated PD
symptoms), but this was not considered
tolerable, therefore patient was early
discontinued.

● Did not receive treatment sequence (n=0)

c Lost to follow-up (n=0)

Analysed (n=12)
● Excluded from analysis (n=0)

ENROLLMENT

Allocated to treatment sequence 2 mg om, 
2 mg sc, 4 mg om and 8 mg om apo (n=6)
● Received full treatment sequence (n=5)
● Received part of treatment sequence (n=1)

     - discontinued intervention after third
dosing; patient experienced hefty
pain during PK sampling and was
therefore early discontinued. 
PK samples were collected up to 
50 minutes post third dose.

● Did not receive  treatment sequence (n=0) 

FOLLOW UP

ANALYSIS

ALLOCATION

STUDY PART A
APOMORPHINE HCL OROMUCOSAL SOLUTION (4%) AND SUBCUTANEOUS INJECTION

2 mg om, 4 mg om and 8 mg om apo (n=6)

·

ConsoRt, Consolidated Standards of Reporting Trials; sc, subcutaneous; om, oromucosal; Pd, Parkinson’s disease; PK, 
pharmacokinetics.

Supplementary material
suppLementaL	Figure	1 Buccal administration of apomorphine hydrochloride 
oromucosal solution, to be administered to alternating cheeks. 
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suppLementaL	Figure	3 ConSort flow diagram study part B.

Lost to follow-up (n=0)

Assessed for eligibility (n=17)

Randomised (n=13)

Excluded (n=4)
● Did not meet inclusion

criteria (n=3)
● Planning – availability (n=1)

Allocated to  treatment sequence: 30 mg sl, 
7 mg om, 14 mg om apo (n=7) 
● Received full treatment sequence (n=6)
● Received part of treatment sequence (n=1)

     - discontinued intervention  after first 
dosing; patient withdrew consent
due to aggravation of Parkinson’s  
symptoms and fatigue after the 
first visit

● Did not receive treatment sequence (n=0)

Lost to follow-up (n=0)

Analysed (n=13)
● Excluded from analysis (n=0)

STUDY PART B
APOMORPHINE HCL OROMUCOSAL SOLUTION (7%) AND SUBLINGUAL FILM

ENROLLMENT

Allocated to treatment sequence: 7 mg om, 

● Received full treatment sequence (n=6)
● Received part of treatment sequence (n=0)
● Did not receive treatment sequence (n=0)

FOLLOW UP

ANALYSIS

ALLOCATION

30 mg sl, 14 mg om apo (n=6)

ConsoRt, Consolidated Standards of Reporting Trials; sl, sublingual; om, oromucosal; Pd, Parkinson’s disease; PK, 
pharmacokinetics.
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Chapter 5 

Touchscreen-based finger 
tapping: repeatability and 
configuration effects on 
tapping performance
PLoS One. 2021;16(12):e0260783. doi: 10.1371/journal.
pone.0260783
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