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Introduction: Opicapone (OPC) was efficacious in reducing OFF-time in two pivotal trials in patients with Parkinson's disease (PD) and end-of-dose motor fluctuations (BIPARK-I and -II). Post-hoc analyses of these trials evaluated the efficacy of OPC following pre-defined segmentation of the wide spectrum of motor fluctuations in PD.

Methods: Data from matching treatment arms in BIPARK-I and -II were combined for the placebo (PLC) and OPC 50-mg groups, and exploratory post-hoc analyses were performed to investigate the efficacy of OPC 50 mg vs. PLC in subgroups of patients who were in “earlier” vs. “later” stages of both their disease course (e.g., duration of PD <6 years vs. ≥6 years) and levodopa treatment pathway (e.g., number of daily levodopa intakes <4 vs. ≥4). Efficacy variables included changes from baseline in absolute OFF-time and total ON-time.

Results: The Full Analysis Set included 517 patients (PLC, n = 255; OPC 50 mg, n = 262). OPC 50 mg was significantly more effective than PLC in reducing OFF-time and increasing ON-time in the majority of subgroup analyses (p < 0.05). Moreover, patients in “earlier” stages of both their disease course and levodopa treatment pathway experienced numerically greater efficacy when using OPC 50 mg, in comparison with those in “later” stages.

Conclusion: OPC 50 mg was efficacious over the whole trajectory of motor fluctuation evolution in PD patients. There was also a signal for enhanced efficacy in patients who were earlier vs. later in their disease course and levodopa treatment pathway.
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INTRODUCTION

More than 50 years since its introduction, levodopa (L-DOPA) remains the most efficacious treatment for Parkinson's disease (PD) (1). The long-term success of L-DOPA is compromised by the development of motor complications, but recent studies have shown that delaying the initiation of L-DOPA results in a reduced quality of motor control that is not offset by longer-term benefits (2–5). Indeed, longer disease duration at the start of L-DOPA therapy is an independent and important risk factor for the development of motor fluctuations and dyskinesias, as is the dose (but not the duration) of L-DOPA used (6, 7).

It has been proposed that the emergence of response fluctuations and drug-induced dyskinesias in the course of sustained treatment with L-DOPA results from discontinuous drug delivery and pulsatile stimulation of striatal dopamine receptors, which result in downstream changes in the basal ganglia (8, 9). Furthermore, response fluctuations are attributed to increasing loss of buffering capacity in progressively diminishing neurons (9). Hypothetically, improving bioavailability and steadiness of exogenous L-DOPA may result in a more extended ON-time period and less troublesome dyskinesia in patients in early stages of PD when the pulsatile stimulation of the system is not yet severe, and the priming effect is less profound compared to patients with more advanced disease. Once established, such motor complications can be difficult to treat, but a variety of pharmacological and non-pharmacological interventions have shown efficacy in clinical trials (10, 11). A common initial approach to wearing-off effects is to modify the administration of L-DOPA, often by using smaller, more frequent doses of L-DOPA, increasing the total dose of L-DOPA, or switching to controlled-release or modified-release L-DOPA preparations. In most patients, these strategies are at best successful for a year or two (12, 13). Prolongation of the clinical effect of L-DOPA by co-administering with a long-acting dopamine agonist (DA) (14) or catechol-O-methyltransferase (COMT) inhibitor (15), or by preventing dopamine degradation in the brain with a selective monoamine oxidase inhibitor (MAO-BI) (16), are other effective strategies.

COMT inhibitors extend the half-life and bioavailability of L-DOPA and may lead to a more continuous delivery of L-DOPA to the brain (15). Opicapone (OPC) is a third-generation, once-daily COMT inhibitor developed to fulfill the need for a more potent, longer-acting COMT inhibitor, with a well-established safety profile (17–20). OPC has been shown to be generally well-tolerated and efficacious in reducing OFF-time in two pivotal trials in patients with PD and end-of-dose motor fluctuations (BIPARK-I and -II) (21, 22). On the basis of these trials, OPC was first approved in the European Union as adjunctive therapy to preparations of L-DOPA/dopa decarboxylase inhibitors in adult patients with PD and end-of-dose motor fluctuations who cannot be stabilized on those combinations (23). Presently, it is also approved and marketed in the USA, Japan, South Korea, Australia, and other countries.

We have now conducted exploratory post-hoc analyses of data from the BIPARK-I and -II trials (21, 22) to evaluate the efficacy of OPC following a pre-defined segmentation of the wide spectrum of motor fluctuations in PD, based on baseline disease- and therapy-related characteristics.



MATERIALS AND METHODS


Study Design

BIPARK-I and -II were Phase III, multicenter, randomized, double-blind, placebo (PLC)-controlled trials of OPC as an adjunct to L-DOPA in patients with PD with end-of-dose motor fluctuations, details of which have been published previously (21, 22). The trials had similar designs (Figure 1), eligibility criteria, and methods. In BIPARK-I, patients were randomized to treatment with OPC (5, 25, or 50 mg once daily), PLC, or entacapone (200 mg with every L-DOPA intake) for 14–15 weeks (21). In BIPARK-II, patients were randomized to treatment with OPC (25 or 50 mg once daily) or PLC for 14–15 weeks (22). In both trials, the primary efficacy endpoint was change from baseline to endpoint in absolute OFF-time vs. PLC, based on patient diaries (21, 22).


[image: Figure 1]
FIGURE 1. Study design. DDCI, dopa decarboxylase inhibitor; L-Dopa, levodopa; PSV, post-study visit; V, visit.


In the current study, data from matching treatment arms in BIPARK-I and -II were combined for the PLC and OPC 50-mg groups and exploratory post-hoc analyses were performed to investigate the efficacy and safety/tolerability of OPC 50 mg vs. PLC in patients who were divided on the basis of baseline disease- and therapy-related characteristics into representative subgroups of patients who were in “earlier” or “later” stages of both their disease course and L-DOPA treatment pathway, within the motor fluctuations spectrum of PD.



Study Population

In BIPARK-I and -II, eligible patients were male or female, aged 30–83 years, with a ≥3-year diagnosis of idiopathic PD, Hoehn and Yahr (H&Y) 1–3 at ON-state, who were receiving L-DOPA treatment for ≥1 year and experiencing end-of-dose motor fluctuations. Details of the full inclusion/exclusion criteria from the trials have been published previously (21, 22). These post-hoc analyses included all patients treated with OPC 50 mg and PLC in BIPARK-I and -II.



Study Assessments

Baseline characteristics, efficacy, and safety/tolerability were assessed for each patient pairwise baseline subgroup, defined on the basis of a putative segmentation of the motor fluctuations spectrum, for both disease- and therapy-related characteristics. Disease-related characteristics comprised duration of PD (<6 years vs. ≥6 years; <7 years vs. ≥7 years; <8 years vs. ≥8 years; <9 years vs. ≥9 years), H&Y staging (<2.5 vs. ≥2.5), and timing of onset of motor fluctuations ( ≤ 1 year [termed “recent motor fluctuators”] vs. >1 year; ≤ 2 years [termed “early motor fluctuators”] vs. >2 years). Treatment-related characteristics consisted of number of L-DOPA intakes (<4 vs. ≥4; <5 vs. ≥5; <6 vs. ≥6), L-DOPA daily amount (<500 vs. ≥500 mg; <600 vs. ≥600 mg; <700 vs. ≥700 mg; <800 vs. ≥800 mg), use of L-DOPA only (i.e., without a DA or MAO-BI) (Yes vs. No), use of L-DOPA plus a DA (Yes vs. No), and use of L-DOPA plus a MAO-BI (Yes vs. No). Baseline characteristics were summarized for the above subgroups and included age, sex, absolute OFF-time, duration of PD, time since onset of motor fluctuations, H&Y staging at ON, L-DOPA daily dose, and duration of L-DOPA therapy.

Efficacy variables consisted of absolute OFF-time, total ON-time, and ON-time with troublesome dyskinesia, evaluated in patients treated with OPC 50 mg or PLC. Safety/tolerability is not addressed here as it is planned to publish this separately.



Statistical Analyses

Patient disposition and demographic/baseline characteristics were assessed for the Safety Set, which included all patients who received at least one dose of study drug. Efficacy assessments were conducted for the Full Analysis Set (FAS), which included all randomly assigned patients who took at least one dose of study drug and had at least one post-baseline efficacy assessment.

Subgroup analyses were performed via an analysis of covariance (ANCOVA) that modeled the change of each efficacy variable from baseline to endpoint as a linear fixed-effect model of study and geographical area as factors and baseline respective pairwise variables as covariate in the FAS. Each pairwise comparison was analyzed separately, so multiple comparison correction was not required. Ninety-five percent confidence intervals and matching p-values were derived for the least square (LS) mean estimates and their differences. The last observation carried forward (LOCF) was applied to handle missing diary data. Forest plots are presented to visually assess differentiation for each pairwise subgroup.




RESULTS


Study Population

In total, 535 patients were randomized to receive PLC or OPC 50 mg in BIPARK-I and -II (Figure 2). The Safety Set included 522 patients (PLC, n = 257; OPC 50 mg, n = 265) and the FAS included 517 patients (PLC, n = 255; OPC 50 mg, n = 262). In the overall OPC 50 mg Safety Set, 60.4% of patients were male, mean (standard deviation [SD]) age was 64.5 (8.8) years, mean (SD) duration of PD was 7.6 (4.3) years, mean (SD) time since onset of motor fluctuations was 2.7 (2.9) years, mean (SD) H&Y staging at ON was 2.4 (0.5), mean (SD) absolute OFF-time at baseline was 6.2 (2.0) h, mean (SD) L-DOPA dose at baseline was 698.4 (322.1) mg/day, and mean (SD) duration of L-DOPA therapy was 6.3 (4.4) years. Baseline characteristics of the overall PLC Safety Set were similar to the OPC 50 mg Safety Set (24). Baseline characteristics by OPC 50 mg and PLC subgroups are summarized in Supplementary Tables 1, 2, respectively.


[image: Figure 2]
FIGURE 2. Flowchart of patient disposition. FAS, full analysis set; OPC, opicapone; PLC, placebo.




Efficacy

OPC 50 mg was significantly more effective than PLC in reducing OFF-time from baseline in the majority of subgroup analyses (p < 0.05), the exceptions being patients who received ≥6 L-DOPA intakes (p = 0.0623), patients with L-DOPA treatment duration ≥7 years (p = 0.1352), patients with L-DOPA treatment duration ≥8 years (p = 0.2309), and patients treated with ≥700 mg/day L-DOPA (p = 0.0640) (Table 1; Figure 3). Moreover, patients who were in “earlier” stages of both their disease course and L-DOPA treatment pathway experienced numerically greater efficacy when using OPC 50 mg, in comparison with those in “later” phases. OPC 50 mg demonstrated greater efficacy vs. PLC in each pairwise subgroup, with the following two exceptions: patients who received <5 L-DOPA intakes vs. ≥5 L-DOPA intakes (−57.5 vs. −60.8 min) and patients who received L-DOPA without an MAO-BI vs. those who received L-DOPA plus an MAO-BI (−58.6 vs. −63.7 min) (Table 1; Figure 3). Nevertheless, the OPC 50 mg magnitude of effect for these two exceptions was greater in each pairwise subgroup of patients who were in “earlier” phases of their motor fluctuation trajectory.


[image: Figure 3]
FIGURE 3. Change from baseline in absolute OFF-time in subgroups of patients defined on the basis of (A) baseline disease-related characteristics and (B) baseline therapy-related characteristics. Black squares indicate subgroups of patients who were “earlier” in their disease course and L-DOPA treatment pathway; open squares indicate the corresponding comparator subgroups of patients who were “later” in their disease course and L-DOPA treatment pathway. DA, dopamine agonist; H&Y, Hoehn and Yahr; L-DOPA, levodopa; MAO-BI, monoamine oxidase-B inhibitor; MF, motor fluctuations; PD, Parkinson's disease.



Table 1. Change from baseline in absolute OFF-time by subgroup (FAS).
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OPC 50 mg was also significantly more effective than PLC in increasing total ON-time from baseline in the majority of subgroup analyses (p < 0.05), excluding the following: patients with duration of PD ≥8 years (p = 0.0541), patients with onset of motor fluctuations >2 years previously (p = 0.0527), patients who received ≥6 L-DOPA intakes (p = 0.0767), patients with L-DOPA treatment duration ≥7 years (p = 0.4855), and patients with L-DOPA treatment duration ≥8 years (p = 0.4902) (Supplementary Table 3). As for OFF-time reduction, patients who were “earlier” regarding both their disease course and L-DOPA treatment pathway experienced numerically greater efficacy when using OPC 50 mg, in comparison with those in “later” phases. OPC 50 mg demonstrated enhanced efficacy vs. PLC in each pairwise subgroup, except for patients who received L-DOPA without an MAO-BI vs. those who received L-DOPA plus an MAO-BI (59.8 vs. 77.7 min) (Supplementary Table 3). Nevertheless, the OPC 50 mg magnitude of effect even for this exception was greater in the pairwise subgroup of patients who were in “earlier” phases.

Increases from baseline in ON-time with troublesome dyskinesia were not significantly greater for OPC 50 mg in comparison with PLC in all subgroup analyses (p ≥ 0.05), with the following exceptions: patients who received ≥5 L-DOPA intakes (p = 0.0095), patients with L-DOPA treatment duration ≥4 years (p = 0.0295), and patients with L-DOPA treatment duration ≥6 years (p = 0.0148)—all in the pairwise subgroups of patients who were in “later” phases (Supplementary Table 4). Moreover, differences between OPC 50 mg vs. PLC in the increase from baseline in ON-time with troublesome dyskinesia were less in the majority of subgroups of patients who were “earlier” vs. “later” in both their disease course and L-DOPA treatment pathway, the exceptions being the following: patients with PD duration <9 vs ≥9 years (11.1 vs. 10.7 min), patients with L-DOPA treatment duration <8 vs. ≥8 years (12.4 vs. 8.8 min), patients whose daily L-DOPA amount was <700 vs. ≥700 mg (13.0 vs. 9.5 min), and patients who received L-DOPA without a DA vs. those who received L-DOPA plus a DA (12.0 vs. 11.1 min) (Supplementary Table 4). Nevertheless, none of the differences were more than 5 min between each pairwise subgroup.




DISCUSSION

These exploratory post-hoc analyses of BIPARK-I and -II demonstrated that OPC 50 mg is efficacious over the whole trajectory of motor fluctuation evolution in PD patients, with similar effect sizes in subjects with recent onset of wearing-off effects and those in more advanced stages. OPC 50 mg was significantly more effective than PLC in reducing OFF-time and increasing ON-time for nearly all the subgroups that were analyzed (p < 0.05). The patients with shorter disease duration and duration of motor fluctuations, and those who were relatively early in their L-DOPA treatment pathway, experienced greater efficacy when using OPC 50 mg than those with later PD stages. Even in the “early” subgroups for which statistical significance was not demonstrated, there was a trend toward superiority of OPC 50 mg over PLC (p-values between 0.05 and 0.1). Changes in ON-time with troublesome dyskinesia were small and did not differ significantly from PLC for nearly all subgroup analyses (p ≥ 0.05). Furthermore, differences between OPC 50 mg vs. PLC in the increase from baseline in ON-time with troublesome dyskinesia were less in most of the subgroups of patients who were “earlier” in both their disease course and L-DOPA treatment pathway. These findings not only indicate that OPC is efficacious across all stages of development of motor fluctuations in PD patients, but also that patients who are at an early stage of their disease course may especially benefit from its introduction.

L-DOPA is the most effective symptomatic treatment for PD from the early stages of the disease (2–4). The priority of treatment is therefore to obtain clinically meaningful benefit from each L-DOPA intake by facilitating its delivery to the brain. Optimization of the peripheral metabolism of L-DOPA through COMT inhibition is a rational first approach. When OPC is used, this also has the advantage of allowing a simplified drug regimen, since, unlike entacapone and tolcapone, OPC is administered once daily (20). In the prospective, multicenter, open-label OPTIPARK study, a total of 495 patients were treated with OPC 50 mg for 3 (Germany) or 6 (UK) months, in addition to their current L-DOPA and other anti-Parkinsonian treatments, and 393 (79.4%) patients completed 3 months of treatment (25). After 3 months, 71.3% of patients showed improvement on the Clinician's Global Impression of Change (primary endpoint) and 76.9% experienced improvement on the Patient Global Impressions of Change (25). These findings complement existing evidence from BIPARK-I and -II (21, 22), by demonstrating that the efficacy of OPC 50 mg observed in the clinical trials was also experienced by PD patients with motor fluctuations treated in everyday routine clinical practice.

The current study was exploratory in nature and involved a post-hoc analysis. The BIPARK trials were not powered for the subgroups included in the analysis and low patient numbers in some subgroups may have led to insufficient statistical power to detect differences. Moreover, there were differences in the magnitude of effect of both OPC and PLC between subgroups and it is therefore important to consider not only the overall treatment difference for OPC vs. PLC but also the magnitude of effect of both OPC and PLC when interpreting the findings for individual subgroups. Further analysis is planned to try to identify patient profile(s) that might particularly benefit (or not benefit) from OPC therapy.

In summary, this study supports the efficacy of OPC 50 mg, in comparison with PLC, across the entire trajectory of motor fluctuation development in PD, from very early fluctuation to those with more advanced stages. It also indicates that patients who were in “earlier” stages in relation to their disease duration and the time since first occurrence of motor fluctuations may have enhanced efficacy when using OPC; further work is required to establish this. The pathophysiological basis for this remains unclear but may relate to less advanced nigrostriatal denervation and less severe pulsatile stimulation of the system compared to later disease stages.
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