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ABSTRACT: Background: Inhibiting catechol-O-
methyltransferase extends the plasma half-life of levodopa,
potentially allowing physicians to optimize the levodopa
regimen in patients with Parkinson’s disease (PD)
experiencing motor fluctuations.
Objectives: To evaluate the effects of once-daily
opicapone on levodopa plasma pharmacokinetics and
motor response when added to two different levodopa
dosing regimens.
Methods: A total of 24 patients with PD and motor fluc-
tuations were enrolled in an exploratory, open-label,
modified cross-over trial. Participants first received levo-
dopa/carbidopa 500/125 mg (five intakes) for 2 weeks
and were then randomly assigned (1:1) to levodopa/
carbidopa 400/100 mg given over either four or five daily
intakes plus opicapone 50 mg for an additional 2 weeks.
Levodopa 12-hour pharmacokinetics was the primary
outcome (ie, excluding the effect of last/evening levo-
dopa/carbidopa intake), with motor complications evalu-
ated as secondary outcomes.
Results: Over 12-hour pharmacokinetics and compared
with five-intake levodopa/carbidopa 500/125 mg without

opicapone, maximal levodopa concentrations were similar
or nonsignificantly higher on both levodopa/carbidopa
400/100 mg regimens plus opicapone. Despite a 100 mg
lower total levodopa/carbidopa daily dose, adding
opicapone 50 mg at least doubled the levodopa plasma
half-life and minimal concentrations, with a significant
≈30% increase in total exposure. The levodopa fluctuation
index was only significantly lower for the five intakes plus
opicapone regimen (difference of �71.8%; P < 0.0001).
Modifications to levodopa pharmacokinetics were associ-
ated with decreased off time and increased on time.
Conclusions: Combining opicapone 50 mg with a 100 mg
lower daily dose of levodopa provides higher levodopa bio-
availability with avoidance of trough levels. Despite the lower
levodopa dose, modifying the levodopa pharmacokinetic
profile with opicapone was associated with decreased off
time and increased on time. © 2022 The Authors.Movement
Disorders published by Wiley Periodicals LLC on behalf of
International Parkinson and Movement Disorder Society
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There is agreement that levodopa (LD) is the gold
standard treatment for Parkinson’s disease (PD) and
that virtually all patients will require its unrivaled
symptomatic efficacy during their disease manage-
ment.1-3 Although LD is well tolerated and efficacious,
its clinical utility over time is often limited by the devel-
opment of response fluctuations, such as wearing-off
and motor fluctuations, and other LD-induced compli-
cations, such as dyskinesia.4 The short half-life of LD
(≈90 minutes) and its erratic gastrointestinal absorption
are key factors responsible for the fluctuating plasma
concentrations of LD,5-8 which give rise to pre- and
postsynaptic changes in dopaminergic function in the
striatum and decreased control of dopaminergic trans-
mission at the synaptic level.5,6,9-12

Adjustments of LD dose size and/or frequency are
common approaches to manage response fluctuations.13

However, increasing the LD total daily dose by increas-
ing dosing frequency may worsen the severity of dyski-
nesia, whereas fragmenting the total daily dose into
more frequent, smaller doses may be associated with
the intermittent reemergence of symptoms attributed to
oscillations of plasma concentration over and below the
threshold governing LD clinical response.14 As neither
approach addresses the issue of the short half-life of
conventional LD in the long-term, an alternative phar-
macological approach is to optimize LD delivery to the
brain and manage LD-related complications by admin-
istering LD/dopa decarboxylase inhibitor (DDCi) with
catechol-O-methyltransferase (COMT) inhibitors that
increase the plasma half-life of LD, thus extending the
duration of clinical effect.15,16 COMT inhibition is key
to determining the amount of LD reaching the brain
and the extent and duration of its therapeutic effect.
Opicapone, a third-generation, once-daily COMT inhibi-

tor, was developed to fulfill the need for a more potent,
longer acting COMT inhibitor.5,6 In the opicapone pivotal
trials, opicapone reduced off time by an average of 1 hour
relative to placebo; a significant increase in on time without
dyskinesias was also observed without a significant
increase in troublesome dyskinesias.17,18 In patients with
PD, the administration of opicapone was shown to
increase LD bioavailability and trough concentrations with
decreased peak-to-trough fluctuations.9,16,19

In prior clinical studies,17,18 patients entered on a wide
variety of LD regimens, and the effect of the LD treat-
ment regimen (both total daily dose and frequency of
daily intakes) on the clinical effectiveness of opicapone
in the management of motor fluctuations is still
unknown. Understanding the role of LD total and indi-
vidual doses and the frequency of intakes is important
for optimizing pharmacological adjunctive treatments in
the management of motor fluctuations. This study aimed
to evaluate the effects of opicapone on LD pharmacoki-
netics and motor fluctuations in two fixed and arbitrarily
defined 400 mg LD plus opicapone 50 mg treatment

regimens when compared with 500 mg LD (distributed
in five daily intakes each of 100 mg) without opicapone.

Methods

This was a phase 2, randomized, open-label study of
once-daily opicapone as adjunct to different LD/carbidopa
(CD) dose regimens in patients with PD and end-of-dose
motor fluctuations conducted between January 12, 2021,
and July 13, 2021 (EudraCT number: 2020–003139-12).

Study Population
Eligible patients were men and women aged ≥30 years

with a clinical diagnosis of idiopathic PD20 and disease
severity stages I to III (modified Hoehn & Yahr staging)
at on and signs of “wearing-off.” Patients had to be
treated with LD/DDCi for at least 1 year with clear clini-
cal improvement. Although there were no specific
requirements in terms of LD dose frequency, all patients
recruited were already receiving a daily treatment regi-
men of five-intake LD/CD 500/125 mg. Patients were
excluded if they were experiencing severe and/or
unpredictable off periods, had received treatment with
sustained release LD/DDCI in the past 4 weeks prior to
screening, were taking prohibited medication (neurolep-
tics, venlafaxine, monoamine oxidase [MAO] inhibitors
[except selegiline, safinamide, or rasagiline], or antiemetics
with antidopaminergic action [except domperidone]), or if
they had previously received any COMT inhibitor
(entacapone, tolcapone, or opicapone).

Study Design
The study design is illustrated in Figure 1. Following

screening, all patients received a daily LD/CD dose of
500/125 mg for 2 weeks, administered as LD/CD
100/25 mg five times a day (five-intake LD/CD
500/125 mg), fixed every 3 hours (from 8 AM to 8 PM) at
pharmacokinetic day. Patients were then randomly
assigned (1:1) to receive two different regimens of
opicapone 50 mg plus LD/CD (400/100 mg daily) for
an additional 2 weeks.

• Patients on opicapone regimen 1 received LD/CD
100/25 mg four times a day plus opicapone 50 mg at
least 1 hour after the last administration of LD/CD
each day (four-intake LD/CD 400/100 mg plus
opicapone 50 mg), fixed every 4 hours (from 8 AM
to 8 PM) at pharmacokinetic day.

• Patients on opicapone regimen 2 received alternating
LD/CD 100/25 mg and 50/12.5 mg doses (ie,
100/25 mg, 50/12.5 mg, 100/25 mg, 50/12.5 mg,
and 100/25 mg) five times a day plus opicapone
50 mg at least 1 hour after the last administration of
LD/CD each day (five-intake LD/CD 400/100 mg
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plus opicapone 50 mg), fixed every 3 hours (from
8 AM to 8 PM) at pharmacokinetic day.

After completing the two 2-week LD/CD 400/100 mg
plus opicapone 50 mg regimens, patients were followed
up for 1 to 2 weeks (poststudy visit). The total duration
of study participation was 7 to 8 weeks.

Study Assessments
The primary objective of the study was to evaluate the

pharmacokinetics of LD in the two opicapone LD/CD
400/100 mg dosing regimens (four and five intakes)
when compared with the five-intake LD/CD 500/125 mg
regimen without opicapone. The pharmacokinetics study
endpoint was set after 2 weeks of each treatment regi-
men (ie, at the end of the initial five-intake LD/CD
500/125 mg treatment regimen and at the end of the
LD/CD 400/100 mg plus opicapone treatment). Pharma-
cokinetic evaluation occurred over 12 hours with
sampling every 30 minutes, except for the last sample
following each LD dose in the opicapone plus four LD
intake regimen, which was sampled at 1 hour. The main
pharmacokinetics parameters assessed included maxi-
mum observed plasma concentration (Cmax), time to
achieve peak plasma levels (tmax), minimum observed
plasma concentration (Cmin), plasma elimination half-life
(t1/2), area under the curve (AUC), and fluctuation index
(FI; as an expression of peak-to-trough fluctuation, Cmax,
and Cmin, relative to average concentration [Cavg]). The
pharmacokinetics of the LD metabolite 3-O-methyldopa
(3-OMD) was also evaluated.

Clinical and safety/tolerability outcomes were also
assessed as exploratory secondary outcomes. Clinical
outcomes included on and off time assessed using
patient-rated tools. The timing of on and off states was
registered (in real time) by the investigators during
the matching 12-hour pharmacokinetic evaluation
(as such applied on pharmacokinetics days only), and
patients also completed 24-hour patient Hauser on/off
diary charts21 (in 30-minute blocks) during the 3 days
before each pharmacokinetic visit. Diary states of
interest were off time and on time, including on with-
out dyskinesia, on with nontroublesome dyskinesia,
and on with troublesome dyskinesia. In addition, the
Patient Global Impression of Change (PGI-C) of
opicapone 50 mg was evaluated at the end of the
LD/CD 400/100 mg plus opicapone treatment com-
pared with before the start of opicapone treatment.22

Safety and tolerability endpoints included treatment-
emergent adverse events (TEAEs), serious TEAEs, and
TEAEs leading to discontinuation.
All study assessments were evaluated for each LD/CD

400/100 mg plus opicapone treatment regimen com-
pared with the LD/CD 500/125 mg without opicapone
regimen.

Ethical Approval and Consent
The clinical study protocol and the informed consent

form were reviewed and approved by the independent
ethics committees of the participating sites. All patients
included in the study signed a patient consent form.

FIG. 1. Study design. *Not included in the pharmacokinetics assessment. CD, carbidopa; LD, levodopa; PK, pharmacokinetics;
R, randomization; V, visit. [Color figure can be viewed at wileyonlinelibrary.com]
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Statistical Analyses
Pharmacokinetics Parameters

As this was an exploratory study in nature, no formal
sample size calculation was performed, but 12 patients
per treatment group were considered sufficient for a
pharmacokinetics study.
Descriptive statistics were used to summarize the phar-

macokinetics parameters for LD and 3-OMD for each of
the three regimens. LD and 3-OMD AUCtotal (AUC to
the last measurable time point of the last LD/CD dose),
Cmax,max (maximum Cmax observed during the first three
or four LD/CD doses), Cmin,min (minimum Cmin observed
during the first three or four LD/CD doses, excluding first
predose data), and FI were also summarized for each
treatment arm based on all patients with estimatable data
(patients must have had a minimum of three data points
after Cmax to estimate the terminal elimination rate con-
stant required to estimate the t1/2, Cavg, area under the
concentration-time curve over the dosing interval, and FI

percentage). No formal comparison was performed
between opicapone regimens. Pharmacokinetic parame-
ters were evaluated within the same population for each
LD/CD 400/100 mg plus opicapone treatment regimen
compared with the LD/CD 500/125 mg without
opicapone regimen. Geometric mean ratios and
corresponding 90% confidence intervals (CIs) for the LD
and 3-OMD log-transformed pharmacokinetics parame-
ters (AUCtotal, Cmax,max and Cmin,min [only for LD]) were
calculated using a paired t test for the comparison
between the five-intake LD/CD 500/125 mg treatment
without opicapone and each of the two LD/CD
400/100 mg plus opicapone regimens; only data from
completers (patients with data for both regimens) were
used for this analysis.

Clinical Outcomes

Clinical outcomes are also presented descriptively. A
paired t test was used for the comparison of 12-hour

TABLE 1 Baseline characteristics

Variable

Five-intake levodopa/
carbidopa 500/125 mg
followed by four-intake
levodopa/carbidopa
400/100 mg plus

opicapone 50 mg, n = 12

Five-intake levodopa/
carbidopa 500/125 mg
followed by five-intake
levodopa/carbidopa
400/100 mg plus

opicapone 50 mg, n = 12 Overall, N = 24

Male sex, n (%) 4.0 (33.3) 9.0 (75.0) 13.0 (54.2)

Mean age, y (SD) 63.3 (4.1) 61.0 (9.2) 62.2 (7.1)

Mean weight, kg (SD) 77.6 (13.2) 86.1 (17.9) 81.9 (16.0)

Mean height, cm (SD) 164.7 (11.2) 170.6 (6.6) 167.3 (9.5)

Mean PD duration, y (SD) 7.2 (3.8) 6.0 (2.3) 6.6 (3.2)

Mean daily off time, h (SD) 7.4 (1.6) 7.2 (1.7) 7.3 (1.6)

Presence of dyskinesia, n (%)a 7 (58.3) 9 (75.0) 16 (66.7)

PD medications given in addition to levodopa/
carbidopa, n (%)

9 (75.0) 8 (66.7) 17 (70.8)

Pramipexole 3 (33.3) 3 (37.5) 6 (35.3)

Selegiline 2 (22.2) 3 (37.5) 5 (29.4)

Ropinirole 3 (33.3) 1 (12.5) 4 (23.5)

Trihexyphenidyl 2 (22.2) 1 (12.5) 3 (17.6)

Amantadine 1 (11.1) 2 (25.0) 3 (17.6)

Patients receiving DA and MAO-Bib in addition
to levodopa/carbidopa, n (%)

Levodopa/carbidopa plus DA only 6 (50.0) 3 (25.0) 9 (37.5)

Levodopa/carbidopa plus MAO-Bi only 2 (16.7) 2 (16.7) 4 (16.7)

Levodopa/carbidopa plus DA and MAO-Bi 0 (0.0) 1 (8.3) 1 (4.2)

aPresence of dyskinesia as assessed by Hauser diary data at baseline.
bSome patients were receiving additional PD drugs that were not DA or MAO-Bi.
SD, standard deviation; PD, Parkinson’s disease; DA, dopamine agonists; MAO-Bi, monoamine oxidase inhibitors.
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off and on time, 24-hour off and on time, time to on,
and time to best on between each opicapone-containing
regimen and the regimen without opicapone. Estimates
of mean difference and corresponding 90% CIs were
reported for all main variables.

Results
Study Population

In total, 25 patients were recruited, but one did not
meet the inclusion criteria and was excluded at screen-
ing; the remaining 24 patients completed the study and
were included in all analyses. Baseline demographics
and disease characteristics were similar between treat-
ment arms (Table 1). In the overall population, the
mean age was 62.2 years, the mean duration of PD was
6.6 years, and the mean daily off time was 7.3 hours.
Approximately 30% of the patients were on LD/CD
monotherapy. Overall, 37.5% of patients were taking
dopamine agonists, 16.7% were on MAO type B inhib-
itors, and 4.2% were receiving both dopamine agonists
and MAO type B inhibitors as add-on medications to
their LD preparations.

Pharmacokinetics
The 12-hour pharmacokinetics of LD and 3-OMD

for the two different LD/CD 400/100 mg plus
opicapone regimens compared with the five-intake
LD/CD 500/125 mg without opicapone regimen are
shown in Figure 2 and Table 2 for LD and in
Supporting Information Figure S2 and Table S3
for 3-OMD.

Five-Intake LD/CD 500/125 mg Without Opicapone
Compared with Four-Intake LD/CD 400/100 mg
Plus Opicapone 50 mg

Overall, when compared with the five-intake LD/CD
500/125 mg without opicapone regimen, the four-
intake LD/CD 400/100 mg plus opicapone 50 mg regi-
men was characterized by a slightly higher LD Cmax,
with a 15% increase in Cmax,max (maximum Cmax

observed), which was not statistically different; a signif-
icantly higher (approximately twofold) LD Cmin,min

(P = 0.0016); and a nonsignificant difference in LD
tmax (of note, following an overnight washout, there
was an ≈12-fold increase in Cmin before the first
LD/CD intake). There was also a twofold higher LD
t1/2, resulting in a corresponding significant 27%
increase in LD AUCtotal (P = 0.0003; Tables 2 and 3).
Although the LD FI was reduced versus the five-intake
without opicapone regimen, the reduction of 10% was
not statistically significant (difference of �19.1% [90%
CI: �37.6, �0.6]; Tables 2 and 3). The four-intake
LD/CD 400/100 mg plus opicapone 50 mg regimen
was also associated with a significant 86% decrease in

3-OMD AUC (P < 0.0001; Supporting Information
Table S4; Fig. S2A).

Five-Intake LD/CD 500/125 mg Without Opicapone
Compared with Five-Intake LD/CD 400/100 mg
Plus Opicapone 50 mg

Overall, when compared with the five-intake LD/CD
500/125 mg without opicapone regimen, the five-intake
LD/CD 400/100 mg plus opicapone 50 mg regimen
was characterized by a significantly higher (≈2.5-fold)
LD Cmin,min (P < 0.0001; of note, following an over-
night washout, there was an ≈8.5-fold increase in Cmin

of the first LD/CD intake) and a more than twofold
longer LD t1/2, resulting in a corresponding significant
29% increase in LD AUCtotal (P < 0.0001; Tables 2 and
3). There were no significant differences in Cmax or tmax

(Table 3). The stabilized Cmax together with the signifi-
cantly increased Cmin led to a significant 40% lower
LD FI ratio (last/evening LD/CD intake was not
included in the analysis; P < 0.0001; difference of
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�71.8% [90% CI: �93.4, �50.2]; Table 3). The five-
intake LD/CD 400/100 mg plus opicapone 50 mg
regimen was also associated with a significant 86%
decrease in 3-OMD AUC (P < 0.0001; Supporting
Information Table S4; Fig. S1B).

Clinical Outcomes
Five-Intake LD/CD 500/125 mg Without Opicapone
Compared with Four-Intake LD/CD 400/100 mg
Plus Opicapone 50 mg

The 12-Hour Patient On/Off Monitoring. A 16%,
nonsignificant decrease in off time and a 16% increase
in on time were observed with four-intake LD/CD
400/100 mg plus opicapone 50 mg compared with five-
intake LD/CD 500/125 mg without opicapone (Fig. 2,
Table 3, and Supporting Information Table S1). Time
to on and time to best on decreased by 12% and 18%,
respectively (decrease was significant for time to best
on; P = 0.0439; Table 3).

The 24-Hour Patient Hauser On/Off Diary. A signif-
icant 12% decrease in total off time (P = 0.0336; differ-
ence of �42.5 minutes [90% CI: �69.4, �15.6]; Table 3)
and a significant 11% increase in on time (P = 0.0015;
Table 3) were observed with four-intake LD/CD
400/100 mg plus opicapone 50 mg compared with five-
intake LD/CD 500/125 mg without opicapone (see addi-
tional Supporting Information Table S2). On time with
troublesome dyskinesia decreased by ≈15% following the
four-intake LD/CD 400/100 mg plus opicapone 50 mg reg-
imen (Supporting Information Table S2).

Patient Global Impression of Change. Approximately
70% of patients reported an improvement (very much/
much/minimal improvement) on the PGI-C with the
four-intake LD/CD 400/100 mg plus opicapone 50 mg
regimen, with ≈33% of patients experiencing “very
much/much improvement” (Supporting Information
Fig. S3A).

Five-Intake LD/CD 500/125 mg Without Opicapone
Compared with Five-Intake LD/CD 400/100 mg
Plus Opicapone 50 mg

The 12-Hour Patient On/Off Monitoring. A signifi-
cant 45% decrease in off time (P = 0.0013; Table 3) and
a significant 47% increase in on time (P = 0.0002;
Table 3) were observed with five-intake LD/CD
400/100 mg plus opicapone 50 mg (Fig. 2 and Supporting
Information Table S1). Time to on and time to best on
decreased by 34% and 15%, respectively (decrease was
significant for time to on; P = 0.0420; Table 3).

The 24-Hour Patient Hauser On/Off Diary. A sig-
nificant 24% decrease in total off time (P = 0.0056;
difference of �93.3 minutes [90% CI: �139.6,

�47.1]; Table 3) and a significant 20% increase in
on time (P = 0.0007; Table 3) were observed with
five-intake LD/CD 400/100 mg plus opicapone 50 mg
(see Supporting Information Table S2). On time
with troublesome dyskinesia decreased by ≈36%
(Supporting Information Table S2).

Patient Global Impression of Change. Approximately
92% of patients reported an improvement (very much/
much/minimal improvement) on the PGI-C with the
five-intake LD/CD 400/100 mg plus opicapone 50 mg
regimen, with 41.7% of patients experiencing “much
improvement”; worsening was not reported (Supporting
Information Fig. S3B).

Safety and Tolerability
Two TEAEs (n = 2) were reported for two patients

receiving the four-intake LD/CD 400/100 mg plus
opicapone 50 mg regimen (16.7%; Supporting Informa-
tion Table S5): an increase in blood glucose levels (one
event observed in one patient) and an increase in
gamma-glutamyltransferase (GGT) levels (one event
observed in one patient). Both events were assessed by
the investigator as mild and not related to LD or
opicapone and did not result in any changes to the
study medication. The patient who reported an increase
in blood glucose was diagnosed with type 2 diabetes
≈2 years before study enrollment. The patient who
reported an increase in GGT was diagnosed with
chronic cholecystitis ≈9 days before study enrollment.
At screening, GGT was elevated but not clinically rele-
vant (41 U/L; reference range: 0–38 U/L). At the end of
the LD/CD 400/100 mg plus opicapone treatment,
GGT was elevated (147 U/L) and recorded as an
adverse event (AE); at the poststudy visit, the GGT level
was 54 U/L and was considered resolved. Serious
TEAEs and discontinuations attributed to TEAEs were
not reported for any treatment regimen.

Discussion

This phase 2 study evaluated the effects of once-daily
opicapone on LD plasma pharmacokinetics and motor
response when added to two different LD dosing regi-
mens (400 mg LD, administered in either four or five
daily intakes), in comparison with 500 mg LD, admin-
istered in five daily intakes. Our results suggest that,
despite the lower LD dose (100 mg less/d), adding
opicapone 50 mg to LD therapy resulted in a higher
LD bioavailability with the avoidance of trough levels
when compared with the LD-only regimen. Despite the
limited time period, modifying the pharmacokinetic
profile of LD by the addition of opicapone was associ-
ated with reduced off time and increased on time.
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In accordance with its known mechanism of action,
once-daily opicapone 50 mg significantly reduced the
peripheral metabolism of LD, as also demonstrated by
the reduced 3-OMD plasma levels. Despite a reduced
daily LD/CD dose (400/100 mg instead of 500/125 mg
LD/CD), opicapone 50 mg at least doubled the t1/2 of
LD when compared with the LD/CD 500/125 mg with-
out opicapone regimen. The impact on t1/2 triggered two
immediate consequences: a similar significant twofold
increase in LD trough concentrations (Cmin) and a
corresponding significant ≈30% increase in LD systemic
exposure (AUCtotal). Indeed, our AUC results support the
LD equivalent dose conversion factor of 0.5 proposed for
opicapone.23 Furthermore, adding opicapone 50 mg to
either LD/CD 400/100 mg regimen had no impact on the
time to reach (tmax) maximum LD concentrations (Cmax).
Although no significant impact on Cmax was observed
when adding opicapone 50 mg to either LD/CD
400/100 mg regimens, a nonsignificantly higher (15%)
LD Cmax was observed with four-intake LD/CD
400/100 mg plus opicapone 50 mg. A recent cross-over
study of relatively infrequent (4 hour interval) LD dosing
found that opicapone increased the LDCmax,

24 highlight-
ing the complex interplay between LD dosing and
COMT inhibition and lending support to the idea that
fractionating into more frequent dosing may be benefi-
cial. The increase in LD Cmin combined with a steady
Cmax resulted in reduced (up to 40%) LD plasma fluctua-
tions (as assessed by LD fluctuation index), although sta-
tistical significance was reached only with five-intake
LD/CD 400/100 mg plus opicapone 50 mg.
The current study was not designed to directly compare

the two LD/CD 400/100 mg plus opicapone regimens;
however, our results suggest that regimens with the
shortest LD dosing interval presented the smoothest LD
pharmacokinetic profile. This was observed with the five-
intake LD/CD 400/100 mg plus opicapone 50 mg regi-
men, as one LD dose of 100 mg was split in two equal
intakes administered in a shorter interval. This treatment
regimen might allow less fluctuation in the plasma levels
of LD when compared with the four-intake LD/CD regi-
men with longer dosing intervals. This suggests that more
frequent LD daily dosing frequency might offer some
advantages in terms of motor fluctuations over less fre-
quent dosing perhaps because of an associated reduction
in LD plasma variability. For patients primed for dyskine-
sia, it is likely that the process of dose regimen optimiza-
tion will require more fine tuning.
In this study, the effect of opicapone on clinical out-

comes was only exploratory; however, it should be noted
that the increase in LD trough concentrations was associ-
ated with less time needed to achieve the on state follow-
ing each LD dose. Simultaneously, the increase in LD
systemic exposure was accompanied by a significant
decrease (up to ≈20%) in off time (although statistical sig-
nificance was not achieved for the 12-hour off time

monitoring with the four-intake LD/CD 400/100 mg plus
opicapone 50 mg) mirrored in on time. Although our
interpretations are limited by the short follow-up dura-
tion, the improved pharmacokinetic profile appeared to
be associated with a relevant decrease in the on time spent
by patients with troublesome dyskinesia and also by the
lack of reports of dyskinesia as an AE (Fig. S4).
Although ≥4 daily intakes of LD are commonly

needed in advanced PD in response to motor fluctua-
tions, there are no formal recommendations on the fre-
quency of LD intakes at the start of LD therapy, which
is still usually initiated with three daily doses. Our find-
ings suggest that, in patients with advanced PD, a higher
LD dosing frequency is associated with reduced fluctua-
tions of LD levels in the plasma, likely resulting in
reduced fluctuations of LD levels in the brain. Similar
plasma level oscillations have also been shown to occur
in early PD with three daily doses of LD, when they do
not yet translate into clinical manifestations. Our find-
ings reemphasize the need for long-term studies of opti-
mized delivery of LD, including the use of enzyme
inhibitors for the prevention or delay of motor complica-
tions at the beginning of treatment in LD-naïve
patients.25 STRIDE-PD (STalevo Reduction In Dyskine-
sia Evaluation) is still the only controlled trial to investi-
gate this possibility and has failed to demonstrate that
initiating LD therapy with a COMT inhibitor
(entacapone) can delay the time of onset or reduce the
frequency of dyskinesia compared with LD-only ther-
apy.26 However, that trial has been criticized for its
forced LD dose titration to 400 mg per day and beyond
as well as for a fixed four-times-daily frequency regimen.
It is conceivable that a study design of a similar trial that
would adjust for LD equivalent doses and allow more
frequent LD dosing might produce a different outcome.
This study has several limitations. First, as it was

designed as an open-label, short-term, fixed-sequence,
modified cross-over pharmacokinetic trial, the number
of patients was too low to accurately assess clinical
outcome. Although the trial design allowed a partial
comparison between treatment regimens, a classic cross-
over analysis with a comparison between opicapone
regimens was not performed because patients were
randomly assigned to receive only one of the two LD
plus opicapone 50 mg regimens. Although we did not
include a placebo arm, a separate exploratory study is
underway to evaluate the effect of adding once-daily
opicapone in patients with PD with early motor fluctua-
tions compared with adding an extra 100 mg dose of
LD (standard of care) during a 1-month evaluation
period.9 A by-intake comparison could not be carried
out because of the different LD dosing intervals and
amount of LD for some daily intakes. Pharmacokinetic
sampling was limited to 12 hours because of limits on
how much blood could be taken and also because a
longer period would require an overnight stay. Thus, we
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did not check for any accumulation of LD (potentially
affecting Cmax) past the 12-hour assessment period.
However, significant increases in Cmax were observed
already after the third and fourth LD doses with
entacapone,27,28 and we did not see this with once-daily
dosing of opicapone in this study. Furthermore, this
study was pragmatically designed to include patients
who were already receiving treatment with five-intake
LD/CD 500/125 mg. It should be noted that the need to
receive this treatment was not designed to mimic the day-
to-day clinical reality of a patient treatment journey within
the entire motor fluctuation spectrum. As this was a phar-
macokinetics study in nature with relevant exploratory
motor complication outcomes, there was a need to main-
tain some key fixed variables to minimize bias when ana-
lyzing the results; therefore, the same adjustments on LD
intakes and dosing intervals were applied to all patients. It
should also be noted that the impact of a higher LD bio-
availability on patients’ activities of daily living and quality
of life was not evaluated. The current study did not evalu-
ate the effect of opicapone on extended-release LD; how-
ever, this should be assessed in future studies.
In summary, this study presents evidence from a phar-

macokinetic and efficacy standpoint that the modifications
in LD plasma profile following the addition of opicapone
50 mg to LD/CD are associated with a reduction in motor
fluctuations at a lower daily LD dose (four or five intakes)
when compared with a LD/CD-only regimen with a
higher total daily LD dose. These findings may have impli-
cations for the treatment of patients with early signs of
wearing-off where adding opicapone 50 mg may be con-
sidered as an alternative option to increasing the LD dos-
ing frequency and total daily dose.29 Our findings also
suggest that a higher number of intakes of LD may influ-
ence the response to this type of adjuvant treatment. This
will allow physicians to individually adjust the LD regi-
men that best suits patients’ needs without necessarily hav-
ing to start increasing the LD dose. Such a treatment
regimen may not only be useful as a first approach to treat
motor fluctuations when diagnosed but also may enable
physicians to optimize the management of motor fluctua-
tions at a later stage.
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