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Aim: To assess the clinical efficacy and safety profile of opicapone (25 and 50 mg once daily) versus placebo.
Patients: Levodopa-treated adults with Parkinson’s disease. Material & methods: A systematic review and
meta-analysis were conducted. Results: Opicapone provided a greater reduction in the absolute OFF-time,
increased the chances of >1-h reduction in the OFF-time and >1-h increase in the ON-time compared
with placebo. Receiving opicapone more often facilitated levodopa dose reduction versus placebo. There
were no differences in the occurrence of adverse events (severe and leading to drug discontinuation), but
receiving opicapone increased the frequency of dyskinesia. Conclusion: Opicapone demonstrated superior
clinical efficacy to placebo, with a comparable general safety profile.
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Parkinson’s disease is a slowly progressing, incurable idiopathic neurodegenerative disorder. However, early diagnosis
and adequate treatment can improve the quality of life and reduce symptoms in these patients [1-3]. The disease
may present with motor symptoms such as bradykinesia, rest tremor and rigidity but may also have nonmotor
manifestations including anxiety, leg pain, sleep disturbances, urinary problems, concentration difficulties and
fatigue [4,5]. Parkinson’s disease affects > 10 million people globally (0.15-0.30% of the general population), and its
incidence increases with age (only about 4% of cases are diagnosed before the age of 50). Moreover, it is diagnosed
more often in men than in women [6].
The loss of dopaminergic neurons in the substantia nigra pars compacta is the main neuropathological feature
of Parkinson’s disease [4]. These neurons are the main source of dopamine in the central nervous system (CNS)
and are crucial for proper brain function, including control of voluntary movement, as well as control of various
behavioral processes such as addiction, mood, reward or stress [7]. Currently, as there is no curative therapy targeting
the loss of dopaminergic neurons, symptomatic treatment is used in patients with Parkinson’s disease. The gold
standard includes long-term supplementation with levodopa, a precursor of dopamine, as dopamine itself cannot
cross the blood-brain barrier (4,8,9]. Unfortunately, levodopa therapy is often associated with end-of-dose motor
fluctuations, which can prolong the time patients spend in the OFF state. OFF episodes are characterized by motor
symptoms such as tremor, stiffness, slowness, incoordination and weakness, and are often associated with some
nonmotor symptoms such as anxiety, a change in mood, difficulty thinking, pain, urinary problems, swallowing
difficulties and shortness of breath [10,11]. It was shown that after 4-6 years of levodopa therapy, about 40% of
patients experienced end-of-dose motor fluctuations. Therefore, the development of novel treatment strategies ~ Futu re'-t'-.;'.‘_-,.
aimed at reducing the rate of complications remains the crucial unmet need for patients with Parkinsons disease 5. Medicine
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However, the period when the symptoms of the disease are controlled and the levodopa is working well are referred
to as the ON-time [10].

Catechol-O-methyltransferase (COMT) inhibitors are a class of drugs that reduce the metabolism of levodopa,
thus prolonging its half-life. Consequently, they can be used as an addition to levodopa therapy to extend the
duration of its therapeutic effect. In addition, they promote the delivery and increase the availability of levodopa in
the CNS [51. COMT inhibitors have been shown to significantly improve the condition of patients with moderate
to advanced Parkinson’s disease, particularly by reducing the OFF-time and decreasing the frequency of end-of-dose
motor fluctuations [5,12-16). However, despite their considerable benefits, two currently available second-generation
COMT inhibitors, entacapone and tolcapone, were reported to have some limitations. In particular, entacapone
was shown to have a relatively low potency necessitating frequent administration. It is taken with each levodopa
dose, which can be administered between three—five-times a day (17]. This can be inconvenient both for patients
and their caretakers. Tolcapone, however, is a more potent and longer-acting drug, but its use was associated with
increased risk of hepatotoxicity necessitating frequent monitoring of liver function [13].

Some alternative options used to decrease the frequency of end-of-dose motor symptoms include dopamine
agonists, extended-release forms of carbidopa-levodopa and monoamine oxidase B inhibitors [18-20].

Opicapone is a COMT inhibitor that has been specifically designed to overcome the disadvantages associated
with the use of older-generation drugs. It is a long-acting and peripherally selective inhibitor (increases the half-
life of levodopa, whereas central inhibitors slow its metabolism within the CNS) that can be taken once daily,
which makes the therapy more convenient. Additionally, it is well tolerated and associated with a reduced risk of
hepatotoxicity and fulminant liver injury compared with tolcapone 9,211. In June 2016, opicapone was approved
for use by the Committee for Medicinal Products for Human Use of the European Medicines Agency [5,16]. In
2018, the International Parkinson and Movement Disorder Society described opicapone as ‘clinically useful” in their
updated evidence-based review of treatment options for motor symptoms in Parkinson’s disease [221. However, it is
still a relatively new drug, and every piece of new data regarding its clinical efficacy is extremely valuable. Moreover,
considering that curative treatment is still unavailable, symptomatic treatment options should be thoroughly
investigated. Detailed knowledge on a medical intervention can be derived from meta-analyses based on the results
from large populations of patients included in randomized controlled trials (RCTs).

There are some network meta-analyses comparing opicapone to other COMTs [23] or istradefylline (adenosine
A2A receptor antagonist) [24] or meta-analyses comparing opicapone to placebo [25]; however, they only consider
one opicapone dose (50 mg daily) and/or are also limited to a few selected end points such as a change in total
ON-time or OFF-time and change in Unified Parkinson’s Disease (UPDRS) part III (motor) score during the ON
state. Because of limitations of current existing meta-analyses, there is still a need for preparing one with deep
assessment and clarifying the relationship of the efficacy and safety of opicapone to placebo, because individual
clinical trials could bring slightly different conclusions regarding the significance of the analyzed intervention. To
fill up this gap, we conducted a systematic review and meta-analysis assessing the broad clinical efficacy and safety
of opicapone (50 and 25 mg daily) compared with placebo in levodopa-treated adult patients with Parkinson’s
disease.

Methods

Data sources & search

A systematic review of databases was conducted from 3 to 5 November 2021. Eligible studies published in English
were identified in MEDLINE (via PubMed), Embase and Cochrane Library. The search strategy was created
based on the medical subject heading (MeSH) terms or Emtree terms combined with Boolean logical operators
(Supplementary Table 1). No restrictions with regard to end points were applied to ensure that the search returned
all possible efficacy and safety results. Written informed consent from patients and ethical approval were not
required, because the study did not include personal patient information and did not influence patient care.

Selection criteria

Studies were identified by two reviewers (M Zegleti K and Sladowska) using the search strategy. The third reviewer
(P Kawalec) was involved to resolve potential disagreements at this stage of study selection. Studies were selected
based on the title, abstract and, where necessary, the full text of the article. All relevant RCTs were selected

and critically appraised according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [26].
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The inclusion criteria were as follows: adult patients (18 years or older) with a clinical diagnosis of Parkinson’s
disease; intervention assessed: opicapone used as an add-on to standard levodopa therapy; comparator: placebo;
study: prospective RCT. Two doses of opicapone, 25 mg and 50 mg once daily, were considered in the analysis.
Although the recommended dose is 50 mg once daily, 25-mg presentation is also available according to the Summary
of Product Characteristics for opicapone. In addition, 25-mg presentation can be used to modify the dose for patients
with increased safety risks, such as those with preexisting moderate hepatic impairment. Contraindications to use
opicapone, besides hypersensitivity, include hacochromocytoma, paraganglioma or other catecholamine-secreting
neoplasms, as well as the history of the neuroleptic malignant syndrome or nontraumatic rhabdomyolysis [27-29].
Full-text articles containing the required data were included in the analysis. Nonrandomized or uncontrolled studies,
non-English publications, unpublished studies, poster presentations and conference abstracts were excluded.

The titles and abstracts of studies identified in the search were independently reviewed by two investigators based
on prespecified inclusion and exclusion criteria. Full texts of the remaining articles were examined to determine
whether they contained information relevant to the study. Possible disagreements during this stage of study selection
were resolved by consensus. Nevertheless, there was a high degree of compatibility between the reviewers of search
results (95%). The references of the selected articles were also hand searched to identify any potential additional
studies.

Data extraction & quality assessment

Data were extracted from full-text publications independently by two reviewers (M Zegletr and K Sladowska) using
predefined data extraction forms. The following information was extracted: study design (methodology), inclusion
criteria, treatment regimen and duration, follow-up duration, sample and arms size, number of individuals lost to
follow-up, and the number of participants who achieved predefined outcomes. Extracted data were then inspected
independently by each investigator.

The risk of bias within individual studies and the methodological quality of eligible RCTs were assessed using the
Cochrane Risk of Bias tool recommended by the Cochrane Collaboration. Specifically, domain-based evaluation
was used, with ‘4’ denoting low risk of bias, ‘-’ denoting high risk of bias and ‘2 denoting unclear risk of
bias. Domain-based evaluation allows the assessment of specific domains, including sequence generation, allocation
concealment, blinding of participants, blinding of outcome assessment, incomplete outcome data, selective outcome
reporting and ‘other issues’ [30].

Data analysis

The weighted mean difference (WMD) with 95% ClIs between opicapone and placebo was used for continuous
outcomes, whereas the odds ratio (OR) with 95% CIs was calculated for dichotomous outcomes. In cases where
only standard errors (SEs) were available for the continuous variables, they were converted to standard deviations
(SDs) according to the following formula: SD = SE x /N, where N is the number of participants in the analyzed
study group.

Sensitivity analysis was performed for the primary end point (change from baseline in the time spent in the OFF
state), excluding the COMFORT-PD study, which was conducted only in the Japanese population. The random
effects model was applied both for dichotomous and continuous variables. A p-value < 0.05 was determined as
the threshold of statistical significance. Obtained results were presented as forest plots. The I? statistic was used to
assess statistical heterogeneity. Review Manager v.5.4.1. and Microsoft Excel® were used for all analyses performed
in the study.

Results

Literature search

The resules of the database search are presented in Figure 1. Overall, 327 possibly relevant publications were
identified, of which 316 were excluded after the screening of the titles and abstracts. Eleven articles were included
in the full-text review, of which six were excluded, resulting in five references (three studies) to be included
in the meta-analysis: BIPARK-1 (31,521, BIPARK-2 33,34 and COMFORT-PD 35]. They were all double-blind,
parallel-group studies, which included adult patients who had Parkinson’s disease (Hoehn-Yahr stage 1-3) for at
least 3 years and who showed at least 1 year of clinical improvement following treatment with levodopa and/or a
DOPA decarboxylase inhibitor. In all of the included studies, the randomized treatment period lasted 14—15 weeks
(Supplementary Table 2). These three RCTs had an acceptable level of homogeneity in terms of methodology,
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— pooled data from BIPARK
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Figure 1. Results of the database search.
OLE: Open-label phase.

-~ | Random sequence generation (selection bias)

=9 . Allocation concealment (selection bias)

~ . Incomplete outcome data (attrition bias)

Figure 2. Results of the assessment of the methodological

BIPARK-1
BIPARK-2 | (2
COMFORT-PD| (2 |2 +

quality of the meta-analyzed studies performed according to
the Cochrane Risk of Bias tool.

‘ . ‘ Blinding of participants and personnel (performance bias)
@® | @ | @ | Blinding of outcome assessment (detection bias)

® @ | @ | selective reporting (reporting bias)

® @ | @ |Otherbias

population characteristics, selected end points and their definitions, as well as other applied methods, which
allowed performing the meta-analysis.

The methodological quality of studies included in the meta-analysis was assessed using the Cochrane Risk of
Bias tool (Figure 2). In the BIPARK-1, -2 and COMFORT-PD studies, the selection bias (random sequence
generation bias) was assessed as unclear due to the randomization method that included stratification and block
randomization. Additionally, in BIPARK-2, there was a different measure of dispersion for the main end point
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Opicapone 25 mg Placebo Weight  Mean difference Mean difference
Study or subgroup  Mean SD Total Mean SD Total (%) IV, random, 95% CI IV, random, 95% CI
BIPARK-1 -85.9 14755 120 -56 146.79 116 32.6  -29.90[-67.46, 7.66] —_— = —
BIPARK-2 -102.8 159.42 125 -64.5 155.35 135 31.4  -38.30[-76.61, 0.01] —_—
COMFORT-PD -69.6 157.85 147 -25.2 152,77 143 36.0 -44.40[-80.15, -8.65] I E—
Total (95% Cl) 392 394 100.0 -37.76 [-59.21, -16.30] =gl
Heterogeneity: Tau? = 0.00; Chi? = 0.30, df =2 (p = 0.86); I> = 0% T T T 1
Test for overall effect: Z = 3.45 (p = 0.0006) -100 -50 0 50 100

Favours [opicapone 25 mg] Favours [placebo]

Opicapone 50 mg Placebo Weight  Mean difference Mean difference
Study or subgroup  Mean SD Total Mean  SD Total (%) IV, random, 95% CI IV, random, 95% CI
BIPARK-1 -116.8 150.13 115  -56 146.79 120 31.9 -60.80[-98.78,-22.82] — &
BIPARK-2 -118.8 178.23 147 -64.5 15535 135 30.3 -54.30[-93.25,-15.35] —— &
COMFORT-PD -62.4 151.72 145 -25.2 152,77 147 37.7 -37.20[-72.12,-2.28] —_—
Total (95% Cl) 407 402 100.0 -49.92 [-71.38, -28.46] ey
Heterogeneity: Tau? = 0.00; Chi? = 0.87, df = 2 (p = 0.65); I = 0% I T T 1
Test for overall effect: Z = 4.56 (p < 0.00001) -100 -50 0 50 100

Favours [opicapone 50 mg]  Favours [placebo]

Figure 3. Meta-analysis results for primary end point. Least-squares mean change from baseline in absolute time in
the OFF state for (A) 25 mg and (B) 50 mg of opicapone versus placebo.
SD: Standard deviation.

given in the abstract and in the text (SE vs SD), whereas the value remained the same. Finally, there is no clear
information in COMFORT-PD that the allocation code was hidden, hence the risk was assessed as unknown.

Primary end point: least-squares mean change from baseline in the absolute time in the OFF state
In all three studies, a change from baseline in the absolute time spent in the OFF state was considered a primary
end point, and its analysis was based on symptom diaries completed by patients. The meta-analysis revealed that
patients receiving either dose of opicapone as an add-on to their standard levodopa treatment had a significantly
greater reduction in the absolute time in the OFF state at the end of the study. However, this effect was numerically
stronger for the dose of 50 mg (WMD: -49.92 min [95% CI: -71.38 to -28.46]) compared with that of 25 mg
(WMD: 37.76 min [95% CI: -59.21 to -16.30]; Figure 3).

Secondary end points

The number of patients with a >1-h reduction in the time spent in the OFF state and an increase of >1 h in the
time spent in the ON state was assessed in all three studies. The evaluation was based on the diaries of symptoms
completed by patients.

Patients receiving either dose of opicapone as an add-on to their standard levodopa treatment were significantly
more likely to achieve at least 1 h of reduction in the time spent in the OFF state as compared with the placebo
group (OR: 1.60 [95% CI: 1.21-2.13] for 25 mg of opicapone and OR: 1.89 [95% CI: 1.42-2.52] for 50 mg of
opicapone). Moreover, they were significantly more likely to achieve an increase in the ON-time (OR: 1.84 [95%
CI: 1.39-2.45] for 25 mg of opicapone and OR: 1.91 [95% CI: 1.44-2.53] for 50 mg of opicapone). However, it
should be stressed that the observed effects were dose dependent (Figure 4).

The change from baseline in the absolute time spent in the ON state at the end of treatment was assessed
in all three studies. In addition, two studies (BIPARK-1 and COMFORT-PD) analyzed the change in the time
spent in the ON state with troublesome dyskinesia. The meta-analysis revealed that patients receiving either dose
of opicapone had a significantly higher increase in the absolute time in the ON state at the end of the study as
compared with the placebo group (WMD: 43.37 min [95% CI: 21.51-65.23] for 25 mg of opicapone and WMD:
54.63 [95% CI: 33.15-76.11] for 50 mg of opicapone). However, there were no significant differences between
opicapone and placebo groups with regard to changes in the time spent in the ON state with troublesome dyskinesia
(WMD: 2.09 [95% CI: -5.37-9.55] for 25 mg of opicapone and WMD: 6.15 [95% CI: -1.32-13.62] for 50 mg
of opicapone; Figure 5).

Due to some discrepancies between studies in terms of the definition of end points, no meta-analysis has been
conducted for the time without dyskinesia, but the results of individual studies indicate a significant extension of
the ON-time without dyskinesia in opicapone treated patients.
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@ Opicapone 25 mg Placebo Weight Mean difference Mean difference

Study or subgroup  Mean SD Total Mean SD Total (%) IV, random, 95% CI IV, random, 95% CI

BIPARK-1 -8.8 15.08 116 -5.6 1534 120 51.8 -3.20[-7.08, 0.68] — &

BIPARK-2 -11 1677 125 -6.7 1627 135 482 -4.30[-8.32,-0.28] —

Total (95% Cl) 241 255 100.0 -3.73[-6.52,-0.94] oS —

Heterogeneity: Tau? = 0.00; Chi? = 0.15, df = 1 (p = 0.70); I = 0% r T T ]
Test for overall effect: Z = 2.62 (p = 0.009) -10 -5 0 5 10

Favours [opicapone 25 mg]  Favours [placebo]

Opicapone 50 mg Placebo Weight Mean difference Mean difference
Study or subgroup  Mean SD Total Mean SD Total (%) IV, random, 95% Cl IV, random, 95% CI
BIPARK-1 -121 15.01 115 -5.6 15.34 120 50.0 -6.50[-10.38, -2.62] —a—
BIPARK-2 -121 1697 147 -6.7 1627 135 50.0 -5.40[-9.28,-1.52] —
Total (95% Cl) 262 255 100.0 -5.95[-8.69,-3.21] —=zagime—
Heterogeneity: Tau? = 0.00; Chi? = 0.15, df = 1 (p = 0.69); I = 0% T T T T
Test for overall effect: Z = 4.25 (p < 0.0001) -10 -5 0 5 10
Favours [opicapone 50 mg] Favours [placebo]

Figure 6. Meta-analysis results for change from the baseline in percentage of the time in the OFF state. (A) 25 mg
and (B) 50 mg of opicapone versus placebo.
SD: Standard deviation.

Two studies (BIPARK-1 and -2) assessed the change from baseline in the percent of time spent in the OFF
state. Our results suggest that patients treated with opicapone had a significantly greater reduction in the percent
of the time spent in the OFF state compared with placebo (WMD: -3.73 [95% CI: -6.52 to -0.94] for 25 mg of
opicapone and WMD: -5.95 [95% CI: -8.69 to -3.21] for 50 mg of opicapone; Figure 6).

The UPDRS, Parkinson’s Disease Sleep Scale (PDSS) and Non-Motor Symptoms Scale (NMSS) scores were
reported in two trials, whereas all three trials assessed the change in the Parkinson’s Disease Questionnaire (PDQ-
39) score. There were no significant differences between study and placebo groups in any of the obtained scores:
UPDRS (WMD: -1.16 [95% CI: -2.69-0.37] for 25 mg of opicapone and WMD: -0.20 [95% CI: -1.80—1.27] for
50 mg of opicapone), PDSS (WMD: 0.98 [95% CI: -5.98-7.93] for 25 mg of opicapone and WMD: -0.53 [95%
CI: -5.13-4.08] for 50 mg of opicapone), PDQ-39 (WMD: 0.63 [95% CI: -0.61-1.87] for 25 mg of opicapone
and WMD: 0.03 [95% CI: -1.26-1.33] for 50 mg of opicapone) and NMSS (WMD: 2.27 [95% CI: -0.71-5.25]
for 25 mg of opicapone and WMD: 2.09 [95% CI: -1.24-5.42] for 50 mg of opicapone; Figure 7).

The number of patients receiving a reduced levodopa dose was assessed in two studies (BIPARK-1 and
COMFORT-PD). Modifications of the levodopa dose were possible in the first 2-3 weeks of each study. The
meta-analysis revealed that patients treated with opicapone were more likely to have their levodopa dose reduced as
compared with the placebo group (OR: 3.52 [95% CI: 1.36-9.11] for 25 mg of opicapone and OR: 5.40 [95%
CI: 1.42-20.60] for 50 mg of opicapone). Additionally, a trend was found in favor of the higher opicapone dose
of 50 mg (Figure 8).

Safety profile
The meta-analysis was performed for all treatment-emergent adverse events, serious adverse events and adverse
events leading to the discontinuation of the study drug, as well as dyskinesia. It revealed no significant differences
between opicapone (either dose) and placebo in terms of serious adverse events (OR: 0.95 [95% CI: 0.18-4.98]
for 25 mg of opicapone and OR: 1.21 [95% CI: 0.56-2.59] for 50 mg of opicapone) and adverse events leading to
discontinuation of the study drug (OR: 0.95 [95% CI: 0.46-1.93] for 25 mg of opicapone and OR: 1.49 [95% CI:
0.66-3.34] for 50 mg of opicapone). Interestingly, any treatment-emergent adverse events were more frequent in
patients treated with an opicapone dose of 25 mg than in those receiving placebo (OR: 1.38 [95% CI: 1.04-1.83]).
Our results suggest that patients receiving 25 mg and 50 mg of opicapone are significantly more likely to
experience dyskinesia compared with the placebo-treated group (OR: 3.08 [95% CI: 1.79-5.30] for 25 mg of
opicapone and OR: 4.06 [95% CI: 2.41-6.83] for 50 mg of opicapone; Figure 9).

Sensitivity analysis

The results of sensitivity analysis for the primary end point, excluding the COMFORT-PD trial, were in line with
the results of the main analysis. Patients receiving opicapone as an add-on to their standard levodopa treatment had
a significantly greater reduction in the absolute time spent in the OFF state at the end of the study. Similar to the
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Opicapone 25 mg Placebo Weight Odds ratio Odds ratio

Study or subgroup Events Total Events Total (%)  M-H, random, 95% CI M-H, random, 95% CI

BIPARK-1 13 116 5 120 797 2.90[1.00, 8.42]

COMFORT-PD 7 143 1 147 203 7.51[0.91, 61.88]

Total (95% CI) 259 267 100.0 3.52[1.36,9.11] s

Total events 20 6

Heterogeneity: Tau? = 0.00; Chi? = 0.64, df = 1 (p = 0.43); > = 0% [ T T ]

Test for overall effect: Z = 2.60 (p = 0.009) 0.01 0.1 1 10 100
Favours [placebo] Favours [opicapone 25 mg]

Opicapone 25 mg Placebo Weight Odds ratio Odds ratio

Study or subgroup Events Total Events Total (%) M-H, random, 95% CI M-H, random, 95% CI

BIPARK-1 15 115 5 120 68.6 3.45[1.21,9.83]

COMFORT-PD 13 145 1 147 314 14.38 [1.86, 111.42] d

Total (95% Cl) 260 267 100.0 5.40 [1.42, 20.60] e

Total events 28 6

Heterogeneity: Tau? = 0.39; Chi?2 = 1.57, df =1 (p = 0.21); I> = 36% [ T T T

Test for overall effect: Z = 2.47 (p = 0.01) 0.01 0.1 1 10 100
Favours [placebo] Favours [opicapone 50 mg]

Figure 8. Meta-analysis results for the number of patients with decreased levodopa dose. (A) 25 mg and (B) 50 mg
of opicapone versus placebo.

results of the main analysis, there was a trend in favor the opicapone dose of 50 mg (WMD: -57.63 min [95% CI:
-84.82 to -30.44]) than for the dose of 25 mg (WMD: -34.02 min [95% CI: -60.84 to -7.20]).

Heterogeneity analysis
For interpretation, we quantified heterogeneity as low, moderate and high, with upper limits of 25, 50 and 75%
for I?, respectively. The meta-analysis showed that there was low or moderate heterogeneity among studies for most
assessed end points (including primary end point with I* = 0%), with the exception of change from the baseline
results in the PDSS for opicapone 25 mg (I* = 74%) and the number of patients with serious adverse events for
opicapone 25 mg (I? = 67%), where the heterogeneity was high.

We conducted a sensitivity analysis excluding the COMFORT-PD study as a probable source of heterogeneity.
When the study was removed, we found that the heterogeneity decreased (I* = 43%), but there were still no
differences between opicapone 25 mg and placebo in terms of serious adverse events.

Discussion
Parkinson’s disease affects 2-3% of the population aged 65 years or older, thus constituting the second most
common neurodegenerative disorder. Hallmarks of the disease include striatal dopamine deficiency caused by
the neuronal loss in the substantia nigra, as well as intracellular inclusions containing aggregates of a-synuclein,
resulting in typical Parkinson’s symptoms [29,36]. Supplementation of levodopa is the main therapeutic strategy in
Parkinson’s disease, but the end-of-dose phenomenon is the major disadvantage of this treatment. Fortunately, it
can be reduced or prevented with the use of COMT inhibitors, such as opicapone [37].

The findings of this meta-analysis suggest that opicapone (25 and 50 mg once daily) used in BIPARK-1, BIPARK-
2 and COMFORT-PD studies as an add-on to standard levodopa therapy resulted in a significantly greater reduction
in the absolute time spent in the OFF state as compared with placebo. This is a meaningful finding, particularly
for the 25-mg dose of opicapone, because the WMD for this end point did not differ significantly between study
and control groups in two of the three studies. A substantial reduction in the time spent in the OFF state and a
subsequent increase in the ON-time was also confirmed by the greater number of patients with a > 1-h reduction or
increase in these end points, respectively, in the opicapone compared with the placebo group. This is an important
result, especially for the 25-mg dose of opicapone, because there were no significant differences when ORs for the
decrease in the OFF-time were calculated for separate studies. Moreover, the meta-analysis of the BIPARK-1 and
BIPARK-2 studies suggested a significantly greater reduction in the percent of the OFF-time in the study group
compared with placebo, which further confirms a significant positive effect of add-on opicapone on the time spent
in the OFF state.
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The minimal clinically important difference for the OFF-time in Parkinson’s disease, which is about 1 h, was
not reached for the opicapone dose of 25 mg. However, the sensitivity analysis revealed that the minimal clinically
important difference was almost achieved for the opicapone dose of 50 mg [3s].

A substantial reduction in the time spent in the OFF state and a subsequent increase in the time spent in the ON
state are particularly important, because the OFF state is associated with significant impairment of mobility, thus
compromising not only the activities of daily living but also the emotional well-being of patients (39]. In addition,
as reported in previous research, long exposure to levodopa is typically accompanied by a reduction in the ON-time
and an increase in the OFF- time (40]. Furthermore, the development of new treatments that would maximally
reduce the duration of the OFF-time and delay the onset of the OFF state is consistent with the preferences of
patients with Parkinson’s disease, who reported this to be one of the most important characteristics of a treatment
strategy [39].

The current meta-analysis also revealed that reduced OFF-time led to a significantly higher increase in the
absolute time spent in the ON state in patients receiving either dose of opicapone compared with the placebo
groups. Similar results were obtained by Kwak ez al. [25]. However, there were no significant differences between
opicapone and placebo with regard to changes in the ON state with troublesome dyskinesia. This indicates that
add-on opicapone does not increase the risk of troublesome dyskinesia, which is a promising finding. Moreover,
in individual studies, there was a significant increase in the time spent in the ON state without dyskinesia. This
result has important implications, especially because troublesome dyskinesia has been shown to increase the level
of disability, leaving some of the patients housebound. In addition, severe dyskinesia can severely hamper a safe
mobilization of patients, especially outdoors, and can as well make it extremely difficult for the patient to maintain
any level of independence (41]. Thus, increasing the time spent in the ON state, particularly without aggravating
troublesome dyskinesia, can prevent a reduction in the level of independence and the quality of life.

Importantly, the open-label phases of the studies included in the meta-analysis showed a consistent reduction in
the OFF-time and an increase in the ON-time over a long-term treatment [42,43).

It should also be mentioned that it has been shown in previous research that switching to opicapone from
other COMT inhibitors (e.g., entacapone) allows for shortening of the OFF-time while increasing the ON-time
in patients with Parkinson’s disease with, as well as without, motor complications [44-47]. Therefore, it can be
concluded that opicapone can be a great treatment option not only for COMT-naive patients but also for those
who have not responded to previous therapy with COMT inhibitors.

In the present study, the meta-analysis of the results from two trials revealed that patients treated with opicapone
were more likely to have their levodopa dose reduced as compared with the placebo groups. This suggests that
adding opicapone to the therapeutic strategy can promote the safety of treatment by decreasing the incidence of
adverse events associated with levodopa, among others. Moreover, this finding suggests that the use of opicapone
can make it possible to tailor the levodopa regimen and thus offer a more personalized treatment to patients with
Parkinson’s disease [37]. Another important advantage of using opicapone as an add-on to levodopa treatment is
cost effectiveness. For example, in the UK, it allowed a significant reduction of healthcare costs related to the
management of patients with Parkinson’s disease while maintaining high clinical effectiveness [48].

In our meta-analysis, there were no significant differences in UPDRS, PDSS, NMSS and PDQ-39 scores between
patients receiving opicapone and placebo. This suggests that add-on opicapone does not have a significant negative
effect on any of the aspects assessed by these scales. Importantly, however, as the studies included patients who were
most suitable for symptomatic control with levodopa, it is not surprising that there were no considerable changes
in the UPDRS score. Similarly, it should be noted that it is particularly challenging to show improvement in the
quality of life in studies that include patients with quite advanced stages of the disease (and thus often heavily
affected by impaired cognitive status, depression and other nonmotor symptoms) [32].

Opverall, the meta-analysis revealed no significant differences between opicapone and placebo in terms of serious
adverse events and events leading to the discontinuation of the study. However, it should be noted that a p-
value for any adverse events for the opicapone dose of 50 mg approached statistical significance, whereas for
the opicapone dose of 25 mg, adverse events were significantly more frequent compared with the control group.
This suggests that opicapone-treated patients experienced more adverse effects of therapy than those receiving
placebo. The most common adverse reactions associated with the use of opicapone, which were highlighted in
the Summary of Product Characteristics, are nervous system disorders, with dyskinesia being the most frequently
reported treatment-emergent adverse reaction (17.7%) [27].
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Dyskinesia was considered an adverse event of special interest. This is due to the potent dopaminergic effect of
opicapone, which can increase the risk of dyskinesia [37]. As expected, our results suggest that patients receiving
either dose of opicapone were significantly more likely to suffer from dyskinesia compared with control groups.
Similar results were obtained in the study of Kwak et 4/. 25]. However, it should be stressed that dyskinesia did not
affect adherence to medication in any of the included studies. Moreover, as mentioned earlier, opicapone did not
increase the time with troublesome dyskinesia in any of the studies.

The current meta-analysis has several limitations. First, studies included in the analysis had a relatively short
treatment period, and the use of long-term open-label phases was not possible due to the single-armed protocol.
This limitation should be considered particularly in the context of levodopa (and thus also opicapone) being a
long-term treatment. Second, the number of studies included in the meta-analysis was relatively small. However,
they are the only RCTs currently available on this topic. Third, the meta-analysis focused mainly on end points
related to the OFF and ON states, as well as the safety profile. Nevertheless, it should be mentioned that these end
points were directly related to the specific goal of using COMT inhibitors, namely a reduction in the OFF-time
and a decrease of end-of-dose motor fluctuations. In addition, these end points are clinically significant and have
been used in studies assessing other COMT inhibitors. Finally, due to differences in the definitions of the end
point, no meta-analysis has been conducted so far for the ON-time without dyskinesia. However, the results of
individual studies were reported. One more limitation is that COMFORT-PD study was conducted in Japanese
population with a different formulation, and these two variables (Japanese population and different formulation)
could somehow introduce bias to the analysis. However, the meta-analysis also includeso a sensitivity analysis that
was carried out excluding the COMFORT-PD study. The results of sensitivity analysis were in line with the results
of the main analysis. Both BIPARK-1 and BIPARK-2 studies were funded by BIAL — the marketing authorization
holder of opicapone (Ongentys®), whereas the study COMFORT-PD was funded by Ono Pharmaceutical Co,
Ltd (Osaka, Japan). Nevertheless, regardless of the sponsor of the study, the results are consistent.

The main strength of the study is the fact that it is the aggregation of results specifically concerning the use of
opicapone in Parkinson’s disease, including the newest COMFORT-PD study and providing complex information
including many end points regarding clinical effectiveness, as well as the safety profile of the analyzed drug. This
gap prompted us to perform a meta-analysis, which is an objective measure of the integrated quantitative evidence.
The study by Kwak ez al. (251, despite the similar objective, assessed only a few efficacy end points (OFF-time
change, risk of dyskinesia, ON-time without troublesome dyskinesia). In our study, we additionally conducted an
extensive efficacy analysis with assessment of change from the baseline in the results in clinically relevant efficacy
scales: UPDRS, PDSS, NMSS and PDQ-39, time in the ON state and also the number of patients with decreased
levodopa dose. In addition, we conducted a broader safety profile analysis, including assessment of number of
patients with any treatment-emergent adverse events and serious adverse events, as well as adverse events leading
to discontinuation of the study, which has not been included in the study of Kwak ez 4/. [25]. Moreover, to our
knowledge, no clinical trials on large groups of patients are currently scheduled to be conducted. Therefore, a
meta-analysis seems to be the optimal/best way to provide data on the efficacy and safety of opicapone versus
placebo.

Conclusion

Opicapone at a dose of 25 and 50 mg once daily consistently decreased the time spent in the OFF state and
increased the time spent in the ON state, including the period without troublesome dyskinesia. Importantly, it also
allowed a reduction of the levodopa dose, which can be beneficial not only in clinical terms but also economically
from the perspective of the national healthcare provider. Additionally, no significant differences in primary and
secondary end points were discovered between active treatment doses (25 mg and 50 mg). A higher incidence of
dyskinesia with opicapone than with placebo is in line with a potent dopaminergic effect of this drug. However, it
should be noted that dyskinesia did not affect treatment adherence. Moreover, there were no significant differences
between opicapone and placebo in terms of serious treatment-emergent adverse events and adverse events leading
to the discontinuation of the study. This indicates that opicapone as an add-on to standard levodopa therapy is well
tolerated and has a favorable safety profile.

Meta-Analysis

future science group www.futuremedicine.com

901



Meta-Analysis

Zeglen, Sladowska, Kawalec & Brzostek

Future perspective

The obtained results are essential for clinical practitioners. Further research is needed to confirm long-term
effectiveness of opicaopne in real world setting, preferably large observational studies as well as studies with direct
comparison with other COMT.

Summary points

Opicapone provides a greater reduction in the absolute OFF-time compared with placebo.

Opicapone increases the chances of >1-h reduction in the OFF-time compared with placebo.

Opicapone increases the chances of >1-h increase in the ON-time compared with placebo.

Receiving opicapone more often facilitates levodopa dose reduction versus placebo.

There are no differences in the occurrence of adverse events, including severe and leading to drug
discontinuation, between opicapone and placebo, but receiving opicapone increases the frequency of dyskinesia.
e Opicapone demonstrates superior clinical efficacy to placebo and a comparable general safety profile.
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