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Abstract
The objective of this study was to compare the effectiveness of subcutaneous (SC) and sublingual (SL) formulations of apo-
morphine for the treatment of motor fluctuations in Parkinson’s disease using a pharmacokinetics (PK)/pharmacodynamics 
(PD) modeling approach. The PK of SC and SL apomorphine are best described by a one-compartment model with first-order 
absorption and a two-compartment model with delayed absorption, respectively. The PK/PD model relating apomorphine 
plasma concentrations to the Unified Parkinson’s Disease Rating Scale (UPDRS) motor scores was described by a sigmoidal 
 Emax model assuming effective concentration = drug concentration in an effect compartment. Apomorphine concentrations 
and UPDRS motor scores were simulated from the PK/PD models using 500 hypothetical subjects. UPDRS motor score 
change from baseline was evaluated using time to clinically relevant response, response duration, area under the curve, 
maximal response, and time to maximal response. Higher doses of each apomorphine formulation were associated with 
shorter time to response, longer response duration, and greater maximal response. Although the mean maximal responses to 
SC and SL apomorphine were comparable, the time to response was four times shorter (7 vs. 31 min) and time to maximal 
response was two times shorter (27 vs. 61 min) for 4 mg SC vs. 50 mg SL. Thus, faster onset of action was observed for the 
SC formulation compared to SL. These data may be useful for physicians when selecting “on demand” therapy for patients 
with Parkinson’s disease experiencing motor fluctuations.
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Introduction 

Oral levodopa remains the mainstay of symptomatic ther-
apy for Parkinson’s disease, although its prolonged use is 
associated with the development of motor complications 
such as motor fluctuations and dyskinesia [1]. Approxi-
mately 40% of patients develop motor fluctuations and dys-
kinesia within 4–6 years and 70% after ≥ 9 years of treat-
ment with levodopa [2]. Patients can experience multiple 
OFF-episodes per day with cumulative daily OFF-time 

accounting for up to 50% of a patient’s waking day [2], 
with significant impact on quality of life [3, 4]. There are 
three main approaches to managing levodopa-related motor 
complications; the addition of oral adjuncts, continuous 
drug delivery (e.g. infusion), and the use of ‘on demand’ 
medications designed to rapidly abort OFF episodes. Apo-
morphine, a short-acting dopamine (D)1 and  D2 receptor 
agonist, is the only medication proven to have an efficacy 
equal to that of levodopa in reducing motor symptoms; 
it has a more rapid onset of action than levodopa, but a 
shorter effect duration [5]. Two types of ‘on demand’ 
apomorphine therapy have been approved for use in the 
US, namely the subcutaneous (SC) formulation and the 
sublingual (SL) formulation [6, 7]; the SL formulation is 
no longer commercially supported in the US. The recom-
mended apomorphine dose for SC administration is 2 mg 
to 6 mg and 10 mg to 30 mg for SL administration.
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Both ‘on demand’ apomorphine formulations were devel-
oped to overcome the limitations of oral apomorphine, 
which has a short half-life and undergoes extensive metabo-
lism in the gastrointestinal tract, and both have demonstrated 
efficacy in clinical trials [5]. However, factors such as for-
mulation effectiveness and route of administration-related 
adverse effects, may influence patient experience and clini-
cal utility. In terms of efficacy, time to onset, reliability of 
effect, and duration of effect sufficient to last until onset 
of regularly scheduled medication are important features 
for an on-demand therapy [8]. From a safety perspective, 
SC administration of apomorphine may cause injection site 
reactions such as bruising (16%), granulomas (4%) or itch-
ing (2%), but these typically do not lead to discontinuation 
(≤ 5% of patients). In contrast, SL apomorphine may cause 
oropharyngeal irritation, including tissue swelling (~ 15%), 
pain (~ 13%), ulceration (~ 7%) or erythema (~ 7%), that is 
a more frequent cause of discontinuation (~ 17% of patients 
in a 12-week trial) and can prevent continued use of the 
product [9].

The bioavailability of the two on demand formulations are 
very different. The SC formulation is 100% bioavailable with 
similar absorption, volume of distribution, plasma clearance, 
and half-life characteristics to intravenous infusion [10]. 
However, several factors can influence the SC absorption, 
such as state of the skin at the injection site, as well as injec-
tion depth and volume [5]. The SL apomorphine, on the 
other hand, has bioavailability of only 17%–18%, which can 
be explained by nonexclusive absorption via the SL or buc-
cal routes, when part of it is being swallowed and absorbed 
in the stomach [11, 12]. These differences in PK character-
istics can lead to differences in the time course of the effect 
intensity between different formulations [13].

The models describing PK characteristics of SC and SL 
apomorphine formulations, as well as the PK/PD model of 
apomorphine, have been previously developed [12, 14, 15]. 
The objective of this analysis was to compare the effective-
ness of the SC and SL formulations of apomorphine for the 
treatment of motor fluctuations in Parkinson’s disease using 
a PK/PD modeling approach.

Methods

To evaluate clinical response associated with the SC and 
SL administration of apomorphine, we used the PK/PD 
model relating the circulating apomorphine concentra-
tions to the changes in the Unified Parkinson’s Disease 
Rating Scale (UPDRS) motor scores (UPDRS Part III), a 
standardly used rating scale in Parkinson’s disease clinical 
trials [16]. Part III of the scale is a clinical evaluation of 
motor symptoms with score changes from full OFF to full 
ON exceeding 10 or more points [12, 17]. The PK model 

developed by the FDA for SC apomorphine, the recently 
published PK model for SL apomorphine, and the FDA-
developed PK/PD model of apomorphine were used in the 
analysis [12, 14, 15].

The recommended dose for the SC administration of 
apomorphine ranges from 2 to 6 mg, and the recommended 
dose for the SL administration ranges from 10 to 30 mg [6, 
7]. Given the differences in the PK characteristics between 
two formulations [12, 14, 15], the PK/PD relationships were 
explored at a range of dose levels: 1 mg, 2 mg, 3 mg, and 
4 mg for the SC administration and 20 mg, 30 mg, 40 mg, 
and 50 mg for the SL administration. The goal in including 
higher than recommended doses for SL and lower than rec-
ommended doses for SC was to demonstrate that the results 
of the model apply even at the highest levels of exposure for 
SL and lowest levels of exposure for SC. This comparison 
serves to advantage the SL dosage form and disadvantage 
the SC dosage form by comparing efficacy for what could be 
considered supratherapeutic doses of SL and subtherapeutic 
doses of SC. The expected apomorphine plasma concentra-
tions and UPDRS motor scores (Part III) for the SC and the 
SL formulations of apomorphine were simulated for 500 
subjects for each dose level.

To evaluate the impact of the inter-individual variability 
(IIV) in the predicted PK and in the PK/PD time course, 
three levels of IIV were considered (with 15%, 30%, and 
45% coefficient of variation [CV]). Simulations were per-
formed for each formulation, dose level, and level of IIV.

The clinical benefit was evaluated by comparing param-
eters qualifying the response to treatment (change from base-
line UPDRS motor score) estimated for SC and SL admin-
istration over the interval 0 to 90 min post-dose using trial 
simulations. These parameters included: 1) time to clinically 
relevant response (defined as a change from baseline in the 
UPDRS motor score of − 3.25 units [18]); 2) response dura-
tion (a time period during which the change from baseline 
in the UPDRS motor score remained ≥  − 3.25 units); 3) 
area under the curve for the change from baseline in the 
UPDRS motor score; 4) maximal change from baseline in 
the UPDRS motor score; and 5) time to the maximal change 
from baseline of the UPDRS motor score.

The simulations were conducted using NONMEM® 
software (version 7.4, ICON Development Solutions). The 
analyses were conducted using R (version 4.0.0); the sum-
mary statistics were generated using SAS® (version 9.4).

PK model for SC apomorphine

The PK time course of apomorphine after SC administration 
was best described by a one-compartment model with first-
order absorption and elimination processes (Fig. 1a) [14, 
15]. The model was defined by two differential equations:
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A and C are the amounts of drug in the depot and cen-
tral compartments, ka and kel are the first-order absorp-
tion and elimination rate constants, V/F is the volume 
of distribution, F is the bioavailability (assumed equal 
to one), and Cp is the drug concentration in the central 
compartment.

dA

dt
= −ka ⋅ A

dC

dt
= ka ⋅ A − kel ⋅ C

Cp =
C

V∕F

PK model for SL apomorphine

The PK time course of apomorphine after a SL adminis-
tration was best described by a two-compartment model 
with a delayed absorption process, which was described 
by a transit compartments model, a first-order distribu-
tion from/to a peripheral compartment, and a first-order 
elimination rate constant (Fig. 1b) [12]. The model was 
defined by five differential equations:

Fig. 1  a Schematic of the 
apomorphine PK model fol-
lowing subcutaneous admin-
istration. Abbreviations: B0, 
baseline motor score; Ce, 
drug concentration at the site 
of action; EC50, drug con-
centration that causes 50% 
of the maximum effect; Emax, 
maximum inhibitory effect; g, 
Hill’s sigmoid coefficient; ka, 
first-order absorption constant; 
ke0, first-order plasma-effect-
site equilibration rate constant; 
kel, elimination constant; PK, 
pharmacokinetics. b Sche-
matic of the apomorphine PK 
model following sublingual 
administration. Abbreviations: 
B0, baseline motor score; Ce, 
drug concentration at the site 
of action; EC50, drug concen-
tration that causes 50% of the 
maximum effect; Emax, maxi-
mum inhibitory effect; g, Hill’s 
sigmoid coefficient; k12 and k21, 
first-order transfer rate con-
stants between the central and 
peripheral compartments; ka, 
first-order absorption constant; 
ke0, first-order plasma-effect-
site equilibration rate constant; 
kel, elimination constant; PK, 
pharmacokinetics
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T1, T2, and T3 are the amount of drug in the transit 
compartments, C and P are the amount of drug in the 
central and peripheral compartments, ka and kel are the 
first-order absorption and elimination rate constants, k12 
and k21 are the first-order transfer rate constants between 
the central and peripheral compartments, V/F is the vol-
ume of distribution, F is the bioavailability, and Cp is the 
drug concentration in the central compartment.

PK/PD model

The model relating the apomorphine plasma concen-
tration to the UPDRS motor scores was developed 
based on the observation that the UPDRS time course 
was not directly related to the time course of apomor-
phine plasma concentrations. Therefore, a "link model" 
approach was used to implement the PK/PD model and 
to estimate the drug concentration in the effect-site 
compartment [19]. The basic assumption of this model 
is that the rate of drug distribution to/from the hypo-
thetical effect site determines the rate of onset/offset 
of the effect.

B0 is the baseline motor score, Emax is the maximum 
inhibitory effect, Cp is the apomorphine plasma concen-
tration predicted by the PK model, Ce is the drug concen-
tration at the site of action, EC50 is the drug concentration 
that causes 50% of the maximum effect, g is the Hill’s 
sigmoid coefficient, and ke0 is the first-order plasma-
effect-site equilibration rate constant.

The mean population PK parameters used for these 
simulations were estimated in the reference publications 
describing the respective PK model for each formulation 
(Table 1) [12, 14, 15]. There were no covariates used in 
the simulations.

dT
1

dt
= −ka ⋅ T1

dT
2

dt
= ka ⋅

(

T
1
− T

2

)

dT
3

dt
= ka ⋅

(

T
2
− T

3

)

dC

dt
= ka ⋅ T3 − kel ⋅ C − k

12
⋅ C + k

21
⋅ P

dP

dt
= k

12
⋅ C − k

21
⋅ P

Cp =
C

V∕F

dCe

dt
= ke0 ⋅ (Cp − Ce)

Eff = B
0
⋅

(

1 −
Emax ⋅ Ce

g

Ceg + EC
50

g

)

Additionally, the mean population PK/PD parameters 
describing the longitudinal change in the UPDRS motor 
score as a function of apomorphine exposure estimated 
in the reference publications are summarized in Table 2 
[14, 15].

Results

PK simulations

The mean apomorphine plasma concentration–time pro-
files for the SC and SL administration simulations are dis-
played in Fig. 2, demonstrating a dose-dependent increase 
in plasma concentration for both formulations.

The mean area under the concentration–time curve 
(AUC 0-90), maximum plasma concentration  (Cmax), and 
time to maximum plasma concentration  (Tmax) values by 
dose at 30% CV are shown in Table 3. Greater AUC 0-90 
and  Cmax values, and shorter  Tmax were found for 2 to 4 mg 

Table 1  Mean population PK values estimated in the reference publi-
cations for the SL and SC formulations of apomorphine [11–13]

Abbreviations: CL/F, drug clearance; F, bioavailability;  k12, elimi-
nation rate constant of drug from central compartment to peripheral 
compartment;  k21, elimination rate constant of drug from peripheral 
compartment to central compartment;  ka, absorption rate constant; 
PK, pharmacokinetics; V/F, volume of distribution

PK parameter Subcutaneous Sublingual

CL/F (L/h) 191 80.7
V/F (L) 153 438
Ka  (h−1) 14.9 6.58
K12  (h−1) - 0.613
K21  (h−1) - 0.0048
F (%) 1 0.206

Table 2  Mean population PK/PD values describing the longitudinal 
change in the UPDRS motor score as a function of the apomorphine 
exposure estimated in the reference publications [12, 13]

Abbreviations: B0, baseline motor score; EC50, drug concentration 
that causes 50% of the maximum effect; Emax, maximum inhibitory 
effect; g, Hill’s sigmoid coefficient; ke0, first-order plasma-effect-site 
equilibration rate constant; PD, pharmacodynamics; PK, pharmacoki-
netics. UPDRS, Unified Parkinson’s Disease Rating Scale

PK/PD parameter Estimate

ke0  (h−1) 5.36
EC50 (ng/mL) 10.7
B0 24.3
Emax 1
g 3
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doses of SC apomorphine versus 30 to 50 mg doses of SL 
apomorphine.

PK/PD simulations

The model-predicted mean longitudinal change from base-
line profiles in the UPDRS motor scores for SC and SL 
administration at the doses of 1 mg, 2 mg, 3 mg, and 4 mg, 
and 20 mg, 30 mg, 40 mg, and 50 mg, respectively, are 

plotted in Fig. 3, demonstrating dose-dependent changes 
in the UPDRS motor scores for both formulations.

The mean values qualifying the response to the treatment 
with the SC and SL apomorphine by dose at 30% CV are 
shown in Table 4 (for the full list of descriptive statistics at 
15%, 30%, and 45% CV, see Supplemental Table 1). Higher 
doses of each apomorphine formulation were associated 
with shorter time to response, longer response duration, and 
greater maximal response. The time to maximal response 
values were similar across different doses for each formu-
lation. Shorter mean time to response, greater mean area 
under the effect curve (AUEC), and shorter mean time to 
maximal response were observed for the SC formulation 
compared to SL, while the mean maximum response values 
were comparable. For example, mean time to response was 
more than four times shorter for 4 mg SC apomorphine com-
pared with 50 mg SL apomorphine (7 min vs. 31 min), and 
mean time to maximal response was more than two times 
shorter (27 min vs. 61 min).

Discussion

Comparison of two apomorphine formulations revealed sig-
nificant differences in the time course of the change from 
baseline in the UPDRS motor scores, demonstrating shorter 
time to response and shorter time to maximal response for 
SC administration compared to SL. The differences between 
these two routes of administration are likely to be related 
to the differences in the absorption routes of SC and SL 
apomorphine and are apparent even when comparing lower 
than recommended doses of SC apomorphine with higher 
than recommended doses for SL apomorphine.

Following SC administration into the fatty area of the abdo-
men, the subcutis (the layer of skin directly below the dermis and 

Fig. 2  Mean apomorphine 
concentration–time profiles for 
the 1 mg, 2 mg, 3 mg, and 4 mg 
SC administration and 20 mg, 
30 mg, 40 mg, and 50 mg SL 
administration. The recom-
mended dose for SC administra-
tion is 2 mg to 6 mg and 10 mg 
to 30 mg for SL administration. 
Abbreviations: min, minute; SC, 
subcutaneous; SL, sublingual

Table 3  Mean apomorphine AUC 0-90,  Cmax, and  Tmax values for SC 
and SL formulations by dose, at 30% inter-individual variability

*Falls outside the recommended dosing. The recommended dose for 
SC administration is 2 mg 6 mg and 10 mg to 30 mg for SL adminis-
tration
Abbreviations: AUC 0-90, area under the concentration–time curve for 
0 to 90 min;  Cmax, maximum plasma concentration; PK, pharmacoki-
netics; SD, standard deviation;  Tmax, time to maximum plasma con-
centration

Subcutaneous Sublingual

Dose, mg PK parameter,
mean ± SD

Dose, mg PK parameter,
mean ± SD

AUC 0-90, ng*h/mL 1* 224.49 ± 58.90 20 58.62 ± 33.91
2 451.08 ± 121.06 30 91.19 ± 50.70
3 682.48 ± 177.69 40* 119.02 ± 68.44
4 898.98 ± 236.12 50* 147.37 ± 86.53

Cmax 1* 5.28 ± 1.38 20 5.59 ± 1.65
2 10.63 ± 2.81 30 8.56 ± 2.63
3 16.05 ± 4.18 40* 11.37 ± 3.39
4 21.13 ± 5.46 50* 13.96 ± 4.51

Tmax 1* 11.10 ± 2.74 20 47.57 ± 11.39
2 11.13 ± 2.91 30 45.88 ± 12.39
3 10.93 ± 2.68 40* 47.78 ± 11.72
4 11.09 ± 2.71 50* 47.16 ± 12.06
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Fig. 3  Mean longitudinal change from baseline profiles in the 
UPDRS motor scores for the 1 mg, 2 mg, 3 mg, and 4 mg SC admin-
istration and 20  mg, 30  mg, 40  mg, and 50  mg SL administration. 
The horizontal dashed line represents the MCIC for the UPDRS. The 
MCIC value was used to define the time to response as the time to 
achieve MCIC and the duration of response as the time elapsed below 

the MCIC line. *Falls outside the recommended dosing. The recom-
mended dose for SC administration is 2  mg to 6  mg and 10  mg to 
30 mg for SL administration. Abbreviations: MCIC, minimum clini-
cally important change; min, minute; SC, subcutaneous; SL, sublin-
gual; UPDRS, Unified Parkinson’s Disease Rating Scale

Table 4  Mean parameters 
qualifying response to treatment 
for SC and SL formulations by 
dose, at 30% inter-individual 
variability

The time to response is the time to achieve MCIC and the duration of response is the time elapsed below 
MCIC line.
Abbreviations:  AUEC0-90, area under the effect curve for 0 to 90 min; MCIC, minimum clinically impor-
tant change; min, minute; SD, standard deviation.

Subcutaneous Sublingual

Dose, mg Parameter,
mean ± SD

Dose, mg Parameter,
mean ± SD

Time to response, min 1 14.93 ± 5.06 20 39.88 ± 11.82
2 12.27 ± 5.33 30 36.82 ± 11.11
3 8.65 ± 3.60 40 33.40 ± 10.78
4 7.34 ± 3.34 50 30.53 ± 9.63

Duration of response, min 1 28.82 ± 16.49 20 43.76 ± 15.42
2 44.49 ± 19.18 30 48.98 ± 14.85
3 64.59 ± 17.05 40 55.40 ± 12.40
4 72.23 ± 14.69 50 58.63 ± 10.78

AUEC0-90 1 109.16 ± 88.64 20 11.77 ± 11.86
2 176.98 ± 141.75 30 16.22 ± 17.18
3 321.12 ± 188.65 40 23.98 ± 23.23
4 428.95 ± 211.84 50 31.37 ± 29.40

Maximal response 1  − 6.05 ± 3.13 20  − 7.07 ± 3.47
2  − 9.12 ± 4.64 30  − 9.28 ± 4.85
3  − 14.46 ± 4.97 40  − 12.50 ± 5.31
4  − 17.48 ± 4.71 50  − 14.83 ± 5.46

Time to maximal response, min 1 25.06 ± 5.35 20 59.93 ± 12.33
2 26.49 ± 5.68 30 60.02 ± 11.36
3 26.91 ± 5.65 40 61.77 ± 11.62
4 27.09 ± 5.75 50 61.39 ± 11.70
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epidermis, collectively referred to as the cutis), apomorphine is 
rapidly absorbed and the  Tmax ranges from 10 to 40 min. Apo-
morphine exhibits linear PK over a dose range between 2 and 
8 mg following a single SC injection in patients with idiopathic 
Parkinson’s disease. The bioavailability of SC apomorphine is 
equal to that of an intravenous administration [6, 14, 15]. This 
is different from the oral administration route, which has a low 
bioavailability due to a first-pass metabolism of the drug [20].

Apomorphine SL film consists of two layers: (1) a drug layer 
designed for stability, rapid diffusion, and maximal bioavailabil-
ity, and (2) a buffer layer designed to neutralize acid generation 
and enhance drug permeability [21]. Following SL adminis-
tration, the  Tmax of apomorphine ranges from 30 to 60 min, 
with a bioavailability of ~ 20% [7, 12]. After SL administra-
tion, part of the drug will be swallowed and absorbed through 
the gastrointestinal wall, which explains the low bioavailability 
compared to complete drug absorption after SC administration. 
Apomorphine exhibits less than a dose proportional increase in 
exposures over a dose range of 10 mg to 35 mg following a sin-
gle SL administration in patients with Parkinson's disease [7].

The lack of dose proportionality observed in SL apomor-
phine exposure appears to be more pronounced in patients 
with Parkinson’s disease compared to healthy subjects, 
which may be attributed to extrinsic factors, such as SL film 
contact time under the tongue and dry mouth [12]. Given the 
lack of dose proportionality, the exposure and the clinical 
response predicted in the current simulations represent the 
best-case scenario for the SL formulation. At the highest 
dose of apomorphine, the real exposure and the real clinical 
response is expected to be inferior to the reported values 
by a factor related to the less-proportional increase in the 
exposure with the increase of the apomorphine dose.

The results of this analysis also included greater mean 
AUEC, and shorter mean time to maximal response observed 
for the SC formulation compared to SL, while the incremen-
tal mean maximum response values for ascending doses of 
the two formulations were roughly comparable. The AUC 
was estimated over the interval of 0–90 min (Table 4), which 
corresponds to the duration of effect seen in clinical trials 
but may affect the interpretation of the results. Apomorphine 
administration can be repeated if needed (within 2 h inter-
vals based on US prescribing information) [6, 7].

These results are generally consistent with a published 
head-to-head PK trial in individuals with Parkinson’s disease 
and OFF episodes that also showed higher  Cmax and shorter 
 Tmax with the SC compared to SL formulation [12]. That 
study did not report efficacy outcomes, and estimated expo-
sure over 24 h (AUC 0-24 h), whereas our analysis estimated 
exposure over the effectiveness window (AUC 0-90 min) which 
may be more relevant for PK/PD comparisons. Still, a visual 
inspection of their data shows higher apomorphine exposure 
for the SC relative to SL formulation over the first 90-min 
post-dosing, which is consistent with our analysis [12].

Results of the current model also align with published 
clinical trials. Administration of apomorphine by SC injec-
tion may have advantages of providing a more reliable ON 
response (95% of OFF episodes aborted), whereas reported 
reliability of ON response has been lower and more vari-
able with SL administration (35%–79%) [9, 17]. Similarly, 
the reported onset appeared faster with the SC formulation 
in clinical trials of SC (5–10 min) relative to trials of SL 
(15–30 min), with numerically larger reductions in UPDRS 
scores at early timepoints (SL: < 10 points at 15  min, 
SC: ~ 18 points at 15 min) [9, 17, 22].

It has been suggested that differences in product PK profiles 
might translate into safety advantages for the SL formulation 
due to slower rise in plasma concentrations and lower peak 
concentrations [12]; data from a recently presented cross-over 
trial showed generally similar rates of common adverse events 
for the two formulations during initial titration and mainte-
nance. Conversely, clinical trial data suggest formulation-spe-
cific adverse events might be less well tolerated during longer-
term use with the SL formulation. In a three-month study, 
oropharyngeal adverse events occurred in 31% of patients and 
led to discontinuation in 50% of individuals who experienced 
them [9]. For SC apomorphine, bruising (15%) or ecchymoses 
(10%) at the injection site were the most common injection-
site adverse events in long-term apomorphine SC trials; these 
typically do not lead to discontinuation [17, 22]. With respect 
to ease of administration and preferences, hesitancy to inject 
is often brought up as a theoretical concern and patients in 
general prefer oral dosage forms; however, patients are more 
willing to self-inject than physicians may perceive if it poses 
potential for greater efficacy [23]. Apomorphine injection 
showed good patient acceptance in a long-term open-label trial 
with more than 50% of the 546 enrolled subjects remaining in 
treatment at 12 months, and > 75% administering apomorphine 
injections daily [24].

The principal limitation of our study was that it is based 
on modelled data, though as outlined above, our results show 
good alignment with clinical studies, and model-based PK/
PD simulations are a common way to evaluate formulation 
dose–effect relationships for comparative analysis in the 
absence of head-to-head studies [19]. Additionally, we did 
not initially consider duration of response in modelling our 
analysis as both apomorphine SC and SL are indicated for 
the acute treatment of OFF episodes, and the primary goal 
of therapy is to provide immediate symptom relief until the 
patient’s regularly scheduled medication resumes effect. 
Based on a minimum clinically important change (MCIC) of 
just over 3-point improvement in UPDRS, the current model 
shows an approximate duration of effect for approved doses 
of SC apomorphine of 60 to 90 min, and just under 90 min 
for the approved 30-mg dose of SL apomorphine (Fig. 3). 
The 30-mg dose was the only approved SL dose to reach 
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an MCIC in the current model. These estimates align with 
reported reliability and duration of effect in clinical studies.

The findings from this analysis can have important 
clinical implications, considering that the daily duration 
of off-time for patients with Parkinson’s disease can nega-
tively impact their quality of life and that even a small 
change in the UPDRS motor scores can be clinically rel-
evant [8, 18]. Specifically, time-to-on, or a latency from 
the treatment intake to the patient turning to on-state has 
been recognized as a major contributor to total daily off-
time [25], and SC apomorphine treatment has been shown 
to rapidly and significantly reduce time-to-on in patients 
with Parkinson’s disease experiencing delayed onset of 
their morning levodopa dose [22], which is consistent 
with the present data. Therefore, the effectiveness of “on 
demand” therapy for motor fluctuations may play a criti-
cal role in patient’s wellbeing and potentially influence 
patient’s preference and clinician’s choice of treatment, 
as well as medication adherence.

Conclusions

Faster onset of action was observed for the SC formulation 
compared to SL in reducing motor fluctuations measured 
with the UPDRS motor score. These data may be useful 
for clinicians when selecting an “on demand” treatment 
for patients with Parkinson’s disease experiencing motor 
fluctuations.
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