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Abstract: COMT (catechol-O-methyltransferase) inhibitors are key therapeutic agents in the management of motor fluctuations (MF)
in patients with Parkinson’s disease (PD). As levodopa/DDCI add-on therapy, their main benefit lies in increasing ON-time and
reducing OFF-time for PD patients in the middle stages of the disease. Two of the three available COMT inhibitors, tolcapone and
entacapone, have been approved for over two decades.

Opicapone, a third-generation COMT inhibitor approved in 2016, was designed with the aim of overcoming specific challenges of
the earlier generation compounds, specifically hepatotoxicity and short effect duration. This review aims at highlighting the specific
properties and characteristics of opicapone, namely combining efficacy with good tolerability as demonstrated in the registration
studies and since then confirmed under real-world conditions. Opicapone has been shown to be effective in patients with early, as well
as late motor fluctuations. Whilst patients in the earlier Hoehn and Yahr stages benefit more than patients in later stages, the incidence
of dyskinesia in patients with recent onset MF is around half that of patients with more established fluctuations. With the added
advantage of a once-daily administration, this particular COMT inhibitor provides a simple, yet effective therapy for patients with
Parkinson’s disease and MF.
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Introduction

In drug therapy of Parkinson’s disease (PD), various substance classes and quite a few drugs have been introduced in the
last five decades, most of which directly or indirectly improve dopaminergic stimulation. Since the causes of the
degenerative process have not yet been definitively determined, symptomatic therapy continues to be used to date.
Levodopa remains the lynchpin of drug therapy.® In order to reduce decarboxylation, levodopa is always given in
combination with a dopa decarboxylase inhibitor (DDCI).’

However, motor complications inevitably occur as the disease progresses, and the half-life and duration of levodopa/
DDCI continue to converge. Inhibitors of catechol-O-methyltransferase (COMT) have been available as add-on therapy
for over 20 years. They improve the availability of levodopa, as COMT becomes the main metabolizing enzyme of
levodopa when only DDC is inhibited, catalysing its conversion to 3-O-methyldopa (3-OMD) in the brain and periphery.

The first approved COMT inhibitor was tolcapone. Tolcapone has shown very good efficacy data and is the only
COMT inhibitor to date showing central inhibitory properties in addition to peripheral COMT inhibition. Due to its
relatively short half-life, it must be taken three times daily. Tolcapone therapy is limited by its side effects, namely drug-
induced liver damage, which on rare occasions has led to fulminant hepatitis. In addition, severe diarrhea has also been
reported. Therefore, according to EMA approval, tolcapone may only be used in patients who do not respond to or are
intolerant of other COMT inhibitors* and is thus only recommended a “second-line” treatment after entacapone or
opicapone.

Entacapone, the second COMT inhibitor to be approved,” also has a relatively short half-life and therefore must be
taken several times a day, usually simultaneously with levodopa. Severe diarrhea has also been observed during therapy
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with entacapone. In addition, a colour-intensive degradation product is formed during the catabolism of entacapone, with
resulting urine discoloration. The latter is considered unpleasant and embarrassing by many patients and caregivers.

In 2016, opicapone, a third-generation COMT inhibitor, was approved as add-on therapy to levodopa/DDCI in adult
patients with PD and motor “end-of-dose” fluctuations. It is currently available in Germany, Italy, Portugal, Spain, the
UK, Republic of Ireland, Norway, Sweden, Finland, Denmark, Switzerland, Czech Republic, Japan, the USA and South
Korea. The recommended dose is 50 mg daily, except for Japan, where 25 mg are recommended.

Opicapone combines several advantages: Its potency is similar to that of tolcapone,® it only needs to be taken once
daily and it provides long-lasting COMT-inhibition due to the high binding affinity and a slow dissociation rate of the
opicapone-COMT-complex. After 24 h, COMT activity is only reduced by approx. 65%. It is this long duration of action
which leads to a long-lasting stable COMT inhibition and allows once daily dosing.” The typical COMT-induced diarrhea
has not been observed for opicapone, and it does not cause discoloration of the urine. Most importantly, opicapone does
not exhibit liver toxicity. Moreover, in studies, opicapone has shown to be more effective than entacapone with regards to
parameters such as absolute ON-time gain, less OFF-time, more ON- and OFF-time responders, and clinician’s and
patient’s global impression of change (CGI-C, PGI-C).® A recent meta-analysis concluded that opicapone is superior to
both entacapone and tolcapone in terms of efficacy and safety.’

Pharmacokinetics and Pharmacodynamics of Opicapone
Opicapone (2,5-dichloro-3-[5-(3,4-dihydroxy-5-nitro-phenyl]-1,2-4-oxadiazol-3-yl)-4,6-dimethylpyridine-1-oxide) has
a pyridine N-oxide in position 1 (Figure 1), which leads to high COMT affinity and also prevents cell toxicity.”'® At
a dosage of 50 mg, the drug has a very high protein binding affinity in plasma (99.9%) and, as a consequence, a low
complex dissociation rate constant and a long duration of action (>24 hours) in vivo.''"'* The strong binding of
opicapone to plasma proteins remains unaffected even in the presence of warfarin, diazepam, digoxin or tolbutamide.'
In patients taking levodopa and a peripheral DDCI such as carbidopa or benserazide, opicapone increases plasma
levodopa levels, thereby improving clinical response to levodopa. Compared with placebo, opicapone increases the
bioavailability of levodopa by up to 55% following single oral administration of either 100/25 mg levodopa/carbidopa or
100/25 mg levodopa/benserazide, taken 12 hours after the opicapone dose. This results in a dose-dependent reduction in
OFF-time."”

Pharmacodynamic Profile

Opicapone exhibits higher and longer-lasting efficacy compared to the other COMT inhibitors. Because of this effective,
continuous COMT inhibition over 24 hours, the active ingredient only needs to be taken once a day.'®'* This makes
COMT inhibition more predictable and has a constant influence on the pharmacokinetics of levodopa.

A comparison of the three COMT inhibitors in animal models showed COMT inhibition of 99% with opicapone
versus 82% with tolcapone and 68% with entacapone 1 hour after administration.'® Nine hours after application, there
was no COMT inhibition with entacapone and only minimal COMT inhibition of 16% with tolcapone, whereas
opicapone continued to achieve a sustained COMT inhibition of 91%.
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Figure | Structural formula of opicapone.
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Figure 2 Average profile of plasma levodopa concentration-time at day |12 with subsequent single daily oral administration of 50 mg opicapone (OPC) or placebo for | | days
(days | to | l) or concomitant administration of 200 mg entacapone (ENT) or placebo with each levodopa/carbidopa dose (n=16) (mod. from Rocha et al's). *Compared to
ENT, OPC 50 mg showed a statistical difference in the increase in levodopa AUC. The comparison of ENT with placebo showed no statistical difference in the extent of
exposure to levodopa (after estimation of the AUC).

In healthy subjects, due the long-lasting and consistent COMT inhibition, opicapone (25 and 50 mg) showed higher
levodopa bioavailability throughout the day compared with entacapone (Figure 2).'*'> This does not relate to maximum
levels, which could increase the risk of dyskinesia, but to the area under the degradation curve (AUC) of levodopa.'”

Elimination

In healthy volunteers, the elimination half-life (t;,,) of opicapone after repeated once-daily administration of up to 50 mg
opicapone was 0.7 to 3.2 hours. The inactive metabolite opicapone sulfate has a long terminal phase with t;, of 94 to 122
hours."”

The major route of excretion of opicapone and its metabolites is the feces (70%) and urine (17%). In urine, the major
metabolite is the glucuronide metabolite of opicapone, while concentrations of parent compound and other metabolites
are generally below the limit of quantitation. Overall, it can be concluded that the kidney plays only a minor role in
excretion.'®

Pharmacokinetics in Special Patient Populations

No clinically relevant effects are present for opicapone exposure with respect to age or weight. In the range of 40 to
100 kg there is no correlation between opicapone exposure and body weight.'® Pharmacokinetics was studied in healthy
volunteers and patients with moderate chronic liver dysfunction after a single dose of 50 mg. The bioavailability of
opicapone was significantly higher in the latter. No safety problems were observed.'® Thus, no dose adjustment is
generally necessary in moderate chronic hepatic impairment. However, since opicapone is to be given in addition to
levodopa therapy, dose adjustments may be considered due to a potentially increased dopaminergic response to levodopa
and corresponding tolerability.'® No clinical experience is available in patients with severe hepatic impairment (Child—
Pugh class C), and therefore, opicapone is not recommended in this setting.'’

The pharmacokinetics of opicapone has not been directly studied in patients with chronic renal impairment. However,
an evaluation of kinetic data was performed for 50 mg opicapone in patients included in the pivotal studies who had
moderately reduced renal elimination capacity. Plasma levels of the major metabolite of opicapone were unaffected in
these patients; thus, no dose adjustment needs to be considered.

Cytotoxicity

Substance-induced liver toxicity is one of the most common reasons for drug non-approval or withdrawal from the
market. Because tolcapone, the first COMT inhibitor, rarely has severe liver toxicity which limits the use of the drug,
a risk assessment for the remaining COMT inhibitors is of great importance. In an in vitro comparison of hepatotoxic
risk, opicapone and entacapone (up to 200 pM) did not affect HepaRG cell viability or caspase activity, nor did they
deplete glutathione.’ In contrast, tolcapone (200 uM) significantly damaged cell health and decreased hepatic glutathione
levels.
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Clinical Studies with Opicapone
several clinical trials.'* These included 28 Phase I studies with more than 900 subjects, two Phase II studies and two
Phase III studies.

The Pivotal Studies of Opicapone

Evidence of efficacy and safety and approval of opicapone are based on the two double-blind, placebo-controlled,
randomized Phase III BIPARK-I and -II studies.®***' They involved 1027 adult patients with PD treated with levodopa/
DDCI (alone or in combination with other anti-parkinsonian drugs) who had end-of-dose motor fluctuations for up to 15
weeks. At screening, the mean age in all treatment groups was comparable in both studies and ranged from 61.5 to 65.3
years. Patients had disease stages I to III in the ON phase (modified Hoehn and Yahr staging), received three to eight
levodopa/DDCI doses daily, and had an average daily OFF-time of at least 1.5 hours.

In the BIPARK-I study,®**° opicapone was evaluated at three doses for efficacy and tolerability in patients with motor
fluctuations compared with entacapone and placebo. The primary endpoint was the absolute reduction in OFF-time as assessed
by patient diaries, and secondary endpoints were ON- and OFF-time responder rates, ie, the percentage of patients with at least
1 hour of ON or OFF-time change. Additional endpoints included quality of life (Parkinson’s Disease Questionnaire, PDQ-39),
global assessment (CGI-C/PGI-C), assessment of non-motor symptoms (Non-Motor Symptoms Scale, NMSS), general course
assessment (Unified Parkinson’s Disease Rating Scale, UPDRS), and sleep quality (Parkinson’s Disease Sleep Scale, PDSS).

The study enrolled 590 patients who were randomly allocated in equal proportions to five parallel treatment arms (placebo,
entacapone, and 5 mg, 25 mg, or 50 mg opicapone). In total, 542 of the participants completed the study. The patients, aged 30 to
83 years, had had PD for at least 3 years, had been on levodopa for at least 1 year, and were in ON status on the Hoehn and Yahr
scale at level 1 to 3. They were OFF for at least 1.5 hours per day, not including morning akinesia before the first levodopa
administration. After a 2-week screening period, patients received either a daily single dose of opicapone, placebo, or 200 mg of
entacapone with each levodopa dose in addition to their levodopa medication. If the patient received other medications, their
dosage remained constant throughout. The actual treatment phase lasted 15 weeks, with the levodopa dosage being individually
adjusted during the first 3 weeks of treatment. After these 15 weeks, a 2-week follow-up phase followed.

Opicapone at 50 mg significantly reduced daily OFF-time versus placebo by 1.1 hours (LS hours: least square means).
The difference in change in LS mean in OFF-time between entacapone and placebo was —0.7 hours. The difference in
change in LS mean in OFF-time between opicapone 50 mg and entacapone was —0.4 hours. Noninferiority of opicapone
50 mg versus entacapone 200 mg was demonstrated (95% confidence interval [95% CI]: —61.4—11.8). Unlike entacapone,
both OFF-time reduction and ON-time prolongation were significant with opicapone 50 mg versus placebo. Compared
with entacapone, opicapone resulted in a 20% increase in ON-time (in hours per day) (Figure 3).
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Figure 3 Effect of |5-week treatment with opicapone (OPC), entacapone (ENT), or placebo (PLC) on the duration of OFF or ON-time. *p<0.05; **p<0.001. Data from
Ferreira et al.
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Treatment with opicapone also resulted in significant improvement in patients’ global assessments of both, CGI-C and
PGI-C, in contrast to the use of entacapone or placebo.

The rate of adverse events in the BIPARK-I study was 50% with placebo and ranged from 52% to 55% with
opicapone in a dose-dependent manner. The rate for entacapone was 57%. The most common adverse events experienced
with opicapone compared with placebo were dyskinesia (16% vs 4%), insomnia (6% vs 1%), and drowsiness (5% vs
1%). Compared with entacapone, opicapone had a fundamentally similar side effect profile, with entacapone more often
resulting in nausea (3% vs 7%). Dyskinesias occurred more frequently with opicapone than with entacapone. Diarrhea
was not experienced by any of the patients treated with opicapone.

The BIPARK-II study was another multinational, multicenter, double-blind, placebo-controlled, phase III study of two
doses of opicapone.”’ Subjects were randomized into three study groups and treated for 14—15 weeks with placebo
(n=135), opicapone 25 mg (n=125), or opicapone 50 mg (n=147). As in BIPARK I, the primary endpoint was the change
in absolute OFF-time based on patient diary entries.

In both opicapone groups (25 and 50 mg), the mean reduction in absolute OFF-time was significantly greater (1.7 and 2.0
hours, respectively) than in the placebo group (1.1 hours). Despite the good placebo effect, the group receiving 50 mg opicapone
showed a significant improvement in OFF-time compared to placebo (p<0.05). In both groups (25 or 50 mg opicapone),
significantly more patients achieved the OFF-time responder endpoint compared to placebo (62.4%; p<0.05 and 66.0%,
respectively; p<0.05 vs 50.4%), as well as a higher OFF-time reduction (11.0%; p<0.05 and 12.1%, respectively; p<0.05 vs
6.7%). In addition, in both opicapone groups (25 and 50 mg), the mean prolongation of absolute ON-times without or with non-
disruptive dyskinesias was significantly greater (1.4 and 1.43 hours, respectively) than in the placebo group (0.8 hours).

A total of 758 patients (placebo n=255, opicapone 25 mg n=241, opicapone 50 mg n=262) were treated in both
studies.”>** Meta-analysis of the two pivotal trials showed that the additional administration of opicapone (25 and 50 mg,
respectively) significantly reduced OFF-time (—35.1 and —58.1 minutes vs placebo, respectively; p<0.05 and p<0.0001,
respectively) and prolonged ON-time without distressing dyskinesia (42.7 and 64.7 minutes vs placebo, respectively;
p<0.05 and p<0.0001, respectively). In addition, a significantly higher proportion of patients on opicapone 25 mg
(61.4%; p<0.05) or 50 mg (67.6%; p<0.0001) achieved OFF-time reductions of >1 hour compared to placebo (49%).
Similar results were obtained for ON-time response rate.”

Open Extension Studies of the Registration Studies

The open-label (OL), 1-year extension phases (BIPARK-I-OL and BIPARK-II-OL), in which the treatment of the double-
blind studies was continued, confirmed the maintenance of the effect of opicapone achieved in the double-blind study
phases in 862 patients.>*?> In the open-label studies, treatment was initiated in all patients in the first week (7 days) with
a dose of 25 mg opicapone, regardless of their pretreatment in the double-blind phase. If motor “end-of-dose”
fluctuations could not be adequately controlled and tolerability permitted, the opicapone dose could be increased to
50 mg. If unacceptable adverse dopaminergic events occurred, the levodopa dose was to be adjusted.

The one-year BIPARK-I-OL open-label study enrolled 495 patients after completion of the double-blind (DB)
phase.** The primary end point was the change in absolute OFF-time based on patient diary entries. Statistical analysis
was performed by a linear mixed-effects model of repeated measures. P-values were calculated post hoc.

In the DB phase, a reduction in OFF-time of more than 2 hours (—127 minutes) was achieved compared to baseline.
At the end of the OL-phase, the mean OFF-time had decreased by a further 34 minutes compared to the start of the OL
phase. Patients who had been switched from placebo and entacapone to opicapone showed a significant reduction in
OFF-time (placebo —65 minutes, p<0.0001; entacapone —39 minutes, p<0.05) and a significant increase in ON-time
without dyskinesia (placebo 43 minutes, p<0.05; entacapone 46 minutes, p<0.05). Patients who had previously received
opicapone still showed improvements in OFF and ON-time, but without statistical significance (Figure 4).

The BIPARK-II-OL study used the NMSS to evaluate the efficacy of opicapone on non-motor symptoms.>® The mean
NMSS scores at the beginning of the DB phase of the BIPARK-II trial were 36.7 in the opicapone 50 mg group and 38.2
in the opicapone 25 mg and placebo groups, respectively. At the end of the DB phase, the total NMSS score had
improved slightly for all groups (opicapone: —2.02 [25 mg] and —4.9 [50 mg], respectively, —5.2 [placebo]). Differences
between groups were not significant. Numerical differences in favor of opicapone were seen for the sleep/fatigue domain.
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Figure 4 Significant reduction in OFF-time when patients switched from placebo or entacapone to opicapone in an open-label extension study of the BIPARK | trial. Data
from Ferreira et al.2*

At the end of the one-year OL period, the mean score on the NMSS total scale had improved by —4.2. No deterioration
was observed in any domain.

Subgroup Analyses on Syndrome-Relevant Questions
Efficacy in Patients with Early Morning off

To investigate the impact of opicapone and entacapone on early morning OFF (EMO), which can affect up to 80% of
patients, diary data from 235 patients stratified by hour of day were analysed in a post hoc analysis of the BIPARK
I study.”” *° At baseline, less than 15% of these patients with end-of-dose motor fluctuations awoke in the ON state and
the time to ON was more than 1 hour. EMO patterns were present between 6 and 8 am at this time.

Treatment with opicapone resulted in a greater increase in the proportion of patients who awoke in the ON state
compared with treatment with entacapone. In addition, opicapone shortened the time to ON onset from the first-morning
levodopa intake by 17.7%, whereas entacapone shortened it by only 1.9%. Because morning OFF-time was significantly
reduced in patients treated with opicapone, no EMO patterns were detected, in contrast to entacapone.

Efficacy in Patients at Different Stages of Disease
The efficacy of opicapone was also investigated in the BIPARK-I and II trials stratified by disease stage.’*>' This showed
that patients in early Hoehn and Yahr (H and Y) stages benefited more than patients in later stages. For example, the time
in OFF under opicapone vs placebo was reduced by 82.1 minutes (p<0.0001) in patients in H and Y stages <2.5. Patients
in H and Y stages >2.5 also benefited from opicapone. However, here the OFF-time reduction vs placebo was only 41.1
minutes (p<0.05).

Similar results were seen with respect to disease duration. Patients with disease duration <8 years achieved
a reduction in OFF-time of 66.7 minutes (p<0.0001) versus placebo. For disease duration >8 years, the reduction in OFF-
time versus placebo was lower at 47.4 minutes (p<0.05).

Efficacy with Various Doses of Levodopa

The efficacy of opicapone was evaluated in a post hoc analysis of the two pivotal trials in combination with different
levodopa dosing regimens (300-400, 400-500, and 500—-600 mg/day).>'~** Overall, this evaluation demonstrates the
efficacy of opicapone 50 mg for all levodopa dosing regimens: the decrease in OFF-time was at least twice as high as
with placebo in each case, regardless of the levodopa dosing regimen (Figure 5).
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Figure 5 OFF-time reduction under opicapone vs placebo at different levodopa dosing regimens (300—400, 400-500, and 500-600 mg/day). Data from LeWitt et al®?

Efficacy in Patients with Recent Motor Fluctuations (<I| Year)

According to another post hoc analysis of the BIPARK I and II trials, opicapone 50 mg achieved significant superiority over
placebo in reducing OFF-time and prolonging ON-time in patients with both recent (<1 year) and prolonged (>1 year) motor
fluctuations (Figure 6).313 At the same time, the incidence of dyskinesia in patients with recent motor fluctuations (RMF) was

approximately half of that seen in patients with longer-standing motor fluctuations (LMF, Figure 7).
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Figure 6 Efficacy of opicapone vs placebo in patients with recent motor fluctuations (RMF, <| year) and with long-standing motor fluctuations (LMF > | year). Data from

Ebersbach et al.*
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Figure 7 Rate of dyskinesia on opicapone vs placebo in patients with recent (<| year) and with long-standing motor fluctuations (> year). Data from Ebersbach et al.*?

Within the subgroup of patients with recent motor fluctuations, the efficacy of opicapone 50 mg versus entacapone
was also evaluated in a group of patients who were not pretreated with a COMT inhibitor.** This post hoc analysis
included 97 COMT inhibitor-naive patients randomized to opicapone 50 mg (n=50) or entacapone (n=47). Opicapone
50 mg was found to significantly increase absolute ON-time by 64 minutes more than entacapone in this patient subgroup
(124.0 vs 60.0 minutes, p<0.05) (Figure 8).

Efficacy in Combination with DA or MAO-B Inhibitors
Another post hoc analysis of the BIPARK I and II trials investigated the efficacy of opicapone in the subgroup of patients who had
levodopa/DDCI and in addition a dopamine agonist (DA) or a monoamine oxidase B (MAO-B) inhibitor as baseline
treatment.”'

Of the total group, 521 patients (69%) had received an additional DA (placebo n=185, 25 mg opicapone n=158,
50 mg opicapone n=178) and 151 patients (20%) had received an additional MAO-B inhibitor (placebo n=49, 25 mg
opicapone n=46, 50 mg opicapone n=56). Pramipexole was the most common used DA (34.5%), followed by ropinirole
(26.8%). Of the MAO-B inhibitors, rasagiline was the most common used (12.5%), followed by selegiline (7.7%).

In patients receiving 50 mg opicapone in combination with a DA/levodopa/DDCI as baseline treatment, OFF-time
was reduced by 54.6 minutes (p<0.05) compared to baseline. In patients with additional 50 mg opicapone to a MAO-B

Opicapone 50 mg

+64.0 mins
P=0.0344

Entacapone

\ 4 \ 4 @ @ \ 4 9
0 25 50 75 100 125 150

Mean ( +SEM) increase in absolute
ON-time (mins)

Figure 8 Change in absolute ON-time in patients with recently diagnosed (<| year) motor fluctuations treated with opicapone 50 mg and entacapone from baseline to
endpoint. Data from Ferreira et al*
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inhibitor/levodopa/DDCI as baseline treatment, the OFF-time reduction was —63.7 minutes (p<0.05). The incidence of
adverse events with opicapone plus DA/levodopa/DDCI (59.6%) or opicapone plus MAO-B inhibitor/levodopa/DDCI
(73.3%) was comparable to the results for the entire patient population in the Phase III trials.

Opicapone in Elderly Patients

PD mainly affects older people and the incidence increases with age, making it the second most common neurodegen-
erative disease in Europe. Therefore, the combined data of the BIPARK I and II studies were also analysed in relation to
the age of the participants (<70 and >70 years).>® In total, data from 221 patients older than 70 years were analysed
(n=69, 66 and 86 for placebo, 25 mg, and 50 mg opicapone, respectively).

The mean OFF-time reduction from baseline for patients aged 70 years and older was —1.41 hours in the placebo
group, —1.77 hours in the 25 mg opicapone group (p<0.05 vs placebo) and —2.26 hours in the 50 mg opicapone group
(p<0.05 vs placebo). Patients treated with 25 mg and 50 mg opicapone also achieved OFF- and ON-time response
(improvement of at least 1 hour) more frequently than patients on placebo (p<0.05 for 50 mg OPC).

Studies After Market Approval
OPTIPARK Study

Approval studies always represent only part of reality. Therefore, it makes sense to investigate the efficacy and tolerability
under real conditions after approval. With the OPTIPARK study, this was tested under real-life conditions for opicapone.®’
Primary endpoint was the assessment of the treating physicians in the CGI-C. Secondary endpoints included treating patients’
assessment in the PGI-C, the UPDRS, patients’ quality of life in the PDQ-8, and non-motor symptoms in the NMSS.

The study enrolled 502 patients, of whom 386 completed the study. A total of 109 patients (21.5%) left the study.
Eighty-four (17.0%) patients left the study because of a TEAE. Of these, 66 (13.3%) had at least one TEAE related to
opicapone therapy. A total of 332 patients (69.9%) continued therapy with opicapone after the study.

After 3 months of treatment with opicapone, the majority of patients (71.3%) showed clinical improvement according to
the treating physicians. In 43% of the patients, the physicians reported that the clinical impression was very much or much
improved (Figure 9). The patients’ assessment was comparable to that of the treating physicians. And, 76.9% of patients noted
improvement as a result of treatment. Of these, 48.1% rated the clinical impression as very much or much improved (Figure 9).

Opicapone also resulted in improvements in patients’ quality of life and non-motor symptoms under everyday
conditions. The mean improvements (+ standard deviation) of —3.4 + 12.8 points in PDQ-8 and —6.8 + 19.7 points in
NMSS were statistically significant (p<0.0001 each). In the NMSS, most subscores remained stable or improved from
baseline. For example, there were mean improvements in sleep/fatigue by —1.3 £ 6.3 points (p<<0.0001) and in mood/
cognition by —1.5 £ 6.82 points (p<0.0001).

Real World Evidence Data

Under “real-world conditions”, 57 patients were followed for 3 months and 20 patients for 12 months after adjustment on
opicapone. The results of therapy on the different aspects of PD were measured with the UPDRS and the Wearing-OFF -
Questionnaire (WOQ-9).*® The WOQ-9 can be used to assess both motor and non-motor symptoms of Wearing-OFF.

After 3 months of therapy, the median UPDRS total score improved from 44 to 33, followed by a further decrease to
31 after 12 months. In detail, the majority of UPDRS subscores showed significant improvement at both three and 12
months (p<0.05) (Table 1). Wearing-OFF in the WOQ-9 total score improved in 75% of the patients at both three and 12
months (Figure 10), with significant improvement at 3 months in both the total score and the two subscores for motor and
non-motor symptoms (p<0.05 each).

Effect on the Microbiome
Parkinson’s also leads to changes in the composition of the gut microbiota. Not only PD but also drug therapy have an
influence on the gut microbiota. Therefore, the influence of medication on the microbiota in patients with PD is becoming

increasingly important.**~*?

Neuropsychiatric Disease and Treatment 2022:18 hetps: 1611
Dove


https://www.dovepress.com
https://www.dovepress.com

Jost Dove

Proportion of patients [%]

Clinician’s Global Impression of Change (n=477) Patient's Global Impression of Change (n=393)

@® Very muchimproved @ No change @® Very muchimproved @ No change
@® Much improved Minimal worse @® Much improved Minimal worse
@ Minimally improved Much worse @ Minimally improved Much worse
Very much worse Very much worse

Not specified

Figure 9 Attending physicians’ (CGI-C) and treated patients’ (PGI-C) assessment of treatment success under opicapone in the OPTIPARK study. Data from Reichmann et al.>”

In a previous study, Faecalibacterium prausnitzii was significantly reduced in diseased individuals.*’
Faecalibacterium prausnitzii belongs to the butyrate-producing bacteria.** ¢ There is evidence that butyrate has anti-
inflammatory and other positive properties on the intestinal epithelium.*’

Furthermore, it has been shown that COMT inhibitors may also be involved in altering the gut microbiota. Thus,
a significant negative correlation between treatment with entacapone and the frequency of Faecalibacterium prausnitzii
and butyrate in stool samples was found in Parkinson’s disease patients.*’

Therefore, the influence of the three available COMT inhibitors (entacapone, opicapone, tolcapone) on the gut
microbiota was investigated.*® Here, it was shown that opicapone and tolcapone — in contrast to entacapone — did not
reduce the number of Faecalibacterium prausnitzii (Figure 11) and also did not reduce the concentrations of its putative
biologically active metabolite butyrate.

Table | Improvement of UPDRS Subscores Under Therapy with Opicapone in Day-to-Day

Treatment
UPDRS Subscore Baseline | After 3 Months | After 12 Months | p-value*
| Cognitive functions, behavior and mood | | | | NS
Il (ON) Activities of daily living 12 10 9 <0.05
Il (OFF) Activities of daily living 19 14 12 <0.05
Ill Motor examination 26 20 19 <0.05
IV Complications of treatment 4 2 2 <0.05

Notes: *Wilcoxon Signed-Rank Test; data from Oehlwein et al.?®
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Figure 10 (A) The nine domains of the Wearing-OFF Questionnaire (WOQ-9). (B) Improvement in WOQ-9 during therapy with opicapone in day-to-day treatment. Data

from Oehlwein et al.*®
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Figure 11 Effect of COMT inhibitors on Faecalibacterium prausnitzii in the gut microbiota. Data from Griin et al.*®

Safety and Compatibility

The most frequently reported side effects of opicapone in the pivotal studies were nervous system disorders. In the case
of dyskinesias and PD symptoms, it should be noted that the usual adjustment of the levodopa dose in this situation was
not allowed in the study design.

In a pooled analysis of data from the BIPARK I and II pivotal trials, the safety profiles of 750 patients (n=257 for
placebo, n=244 and n=265 for 25 mg and 50 mg opicapone, respectively) were evaluated.”” The most common treatment-
emergent adverse events (TEAEs) were directly attributable to dopamine action and other parkinsonian symptoms.
Dyskinesias were the most common TEAEs (18.3% opicapone vs 6.2% placebo), but the incidence of severe cases was
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low (1.2% opicapone vs 0.8% placebo). Other TEAEs included constipation (5.7% vs 1.9%), insomnia (5.1% vs 1.6%),
and dry mouth (4.7% vs 1.2%). No dose-response relationship was available for most TEAEs. Serious adverse events
were observed in 4.9% of the patients on placebo and in 2% of the patients on opicapone.

No severe diarrhea, myocardial infarction, prostate cancer, melanoma, or liver dysfunction occurred in the opicapone
group. Impulse control disorders were reported by <1% of the opicapone-treated patients. Laboratory parameters, vital
signs, and ECG values were comparable in both groups.

Adverse events that occurred more frequently with opicapone than with placebo in elderly patients (>70 years) were
hallucinations (4.6% vs 0.1%), visual hallucinations (3.8% vs 0.1%), and weight loss (4.6% vs 1.1%). There were fewer
serious adverse events in patients on opicapone than in patients on placebo.*®

Concomitant medication with opicapone was generally safe and well tolerated. There is no apparent association with
any known risks associated with other COMT inhibitors or anti-parkinsonian drugs.

Opicapone has been on the market for several years. No other adverse reactions or risks have occurred during this
time. This is also reflected in the listing of the frequency of adverse reactions (MedDRA) in placebo-controlled Phase 3
studies in the Summary of Product Characteristics (Table 2)."

Interactions with Other Medicinal Products and Other Warnings

The combination of opicapone with MAO inhibitors could lead to the inhibition of most of the metabolic pathways
responsible for the metabolism of catecholamines. Therefore, the concomitant use of opicapone and MAO inhibitors (eg,
phenelzine, tranylcypromine, and moclobemide), with the exception of MAO inhibitors used in PD, is contraindicated"’
Concomitant use of opicapone and MAO-B inhibitors for the treatment of PD is permitted, eg, opicapone and rasagiline
(up to 1 mg/day) or selegiline (up to 10 mg/day in an oral dosage form or 1.25 mg/day in a buccal absorption dosage

Table 2 Frequency of Adverse Events (MedDRA) in Placebo-Controlled Phase 3 Trials

System Organ Class Very Frequent Occasionally
often
Metabolic and nutritional disorders Decreased appetite, hypertriglyceridemia
Psychiatric diseases Abnormal dreams, hallucinations, Anxiety, depression, auditory hallucination,
optical hallucinations, insomnia nightmare, sleep disorder
Diseases of the nervous system Dyskinesia | Dizziness, headache, somnolence Dysgeusia, hyperkinesia, syncope
Eye diseases Dry eye
Diseases of the ear and labyrinth Ear congestion
Heart disease Palpitations
Vascular diseases Orthostatic hypotension Hypertension, hypotension
Diseases of the respiratory tract, Dyspnea

chest and mediastinum

Diseases of the gastrointestinal Constipation, dry mouth, vomiting Distended abdomen, abdominal pain, pain in
tract the upper abdomen, dyspepsia
Skeletal muscle, connective tissue Muscle spasms Muscle twitching, musculoskeletal stiffness,
and bone disorders myalgia, pain in one limb
Diseases of the kidneys and urinary Chromuria, nocturia
tract
Investigations Creatine phosphokinase elevated in Decreased body weight
blood

Note: Data from SmPC.'”
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form). No study data are available on the concomitant use of opicapone with the MAO-B inhibitor safinamide. My
personal, clinical experience indicates that no interactions have occurred to date.

Dosage and Method of Use

The recommended dose of opicapone is 50 mg, taken once daily at bedtime, at least 1 hour before or after taking the
levodopa/DDCI preparation. If a dose is missed, the next dose should be taken at the scheduled time. The patient should
not take a double dose if the previous dose has been forgotten.

In a patient who has wearing-OFF several times a day on levodopa/DDCI, additional administration of opicapone may be
considered. If dyskinesias subsequently occur, these can be seen as a sign of the efficacy of the COMT inhibitor, as opicapone
potentiates the effect of levodopa. In this case, it may be necessary to adjust the levodopa dosage in the first few days to first
few weeks after starting treatment with opicapone.'® The levodopa dose should be reduced in this case.*’

In a subgroup of 41 patients in the BIPARK I and II trials, levodopa dose was reduced either because of dopaminergic
adverse events (n=30 [73.2%]) or proactively (n=11 [26.8%]).>° The reduction in dose averaged 192 mg/day (23.4%),
from 842 mg/day at baseline to 650 mg/day at the end of the adjustment period during the study.

In this subgroup of patients on reduced levodopa dose, mean OFF-time improved by —131.2 minutes and mean ON-
time improved by 125.4 minutes versus baseline. The mean changes in UPDRS subscores II and III versus baseline were
—3.3 points and —1.7 points, respectively. Quality of life, as measured by the PDQ-39 questionnaire, improved by —2.8
points versus baseline.

Discussion
What are the differences between the two first-line COMT inhibitors entacapone and opicapone?

What is immediately noticeable are the differences in peripheral COMT inhibition. While opicapone shows a COMT
inhibition of 99% directly after intake, entacapone inhibits the COMT by 68%.'*'* The increase in peripheral levodopa
levels is analogous.”’ Entacapone has a short half-life and must therefore be taken with each dose of levodopa.>
Although a combination tablet is available, which makes it easier for the patient to take, peripheral COMT inhibition
varies greatly between doses and thus several times a day, whereas the COMT inhibition with opicapone is almost
constant throughout the day.”'

Of course, this also has its price. Due to the stronger and longer duration of action, dopaminergic stimulation in the
upper therapeutic range can also result in dyskinesia and other adverse effects. In the BIPARK studies, the proportion of
patients with dyskinesia was higher with opicapone than with entacapone. With RMF, the proportion of patients with
dyskinesia was lower than with LMF, due to the larger therapeutic window. This argues for an early use of opicapone.

More advanced patients or those with dementia and high risk of delirium can also be treated with opicapone.
However, these patients should be treated with caution to avoid dopaminergic overstimulation. It is advisable to lower
the levodopa dose first and then carefully adjust it if necessary, before adjusting to opicapone.

Opicapone has been on the market for 6 years and thus there are many patients treated with opicapone. Opicapone is
well tolerated. Most adverse effects can be attributed to the increase in peripheral levodopa levels. Of course, it cannot be
ruled out, but it is not to be expected that other, yet unknown, adverse effects will occur.

Conclusion and Outlook
COMT inhibitors are invaluable in the management of MF in patients with PD.

The first ever approved COMT inhibitor, tolcapone, was already so effective that further development of this drug-
group would not have been required, had it not been for the very rare cases of drug induced fulminant hepatitis observed
shortly after its marketing authorization.

Whilst entacapone has an improved safety profile with regards to liver toxicity, the drawback is reduced COMT-
inhibition and efficacy. In addition, sometimes troublesome diarrhea or urine discoloration are treatment-limiting.

In contrast, opicapone combines potent COMT inhibition, in par with tolcapone, with good tolerability. It does not
cause diarrhea, does not discolor urine, and has no negative effect on liver function. In addition to the improvement of
motor and non-motor symptoms, positive effects on quality of life were shown. Long-lasting COMT-inhibition has the
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added advantage of once-daily administration, allowing for tailored levodopa therapy. Furthermore, as the single daily
dose is taken in the evening, sleep architecture is improved through increased mobility during sleep.

In the pivotal trials, opicapone reduced OFF-time and increased ON-time compared to placebo and entacapone.
Furthermore, opicapone also showed positive effects on early-morning-Off (EMO), which affects up to 80% of the
patients with PD and can be very distressing.

Since first gaining market authorization, the efficacy of opicapone was further investigated in post hoc analyses of the
BIPARK studies with particular focus on relevant subgroups. Here, patients in an early H and Y stage or with a shorter disease
duration were shown to benefited more from treatment with opicapone, than patients in a later H and Y stage or with a longer
disease duration. Superiority of opicapone over placebo was also observed in patients receiving low doses of levodopa (<300-
400 mg/day): Those with recent and those with longer-standing fluctuations. For COMT naive patients recently diagnosed
with MF, On-time was significantly increased in those receiving opicapone compared to those receiving entacapone.

Once levodopa has been introduced, the goal of any therapy adjustment is to increase dopamine bioavailability,
smoothen dopamine levels, and restore continuous dopaminergic stimulation to achieve the best possible quality of life,
ideally without inducing dyskinesias. The therapeutic window for levodopa is wider during the earlier stages of the
disease and conversely, the incidence of dykinesias is reduced. It is therefore perhaps unsurprising that the incidence of
dyskinesia in patients receiving opicapone or placebo, was about twice as high in patients with longstanding MF
compared to those with recent MF.

Bearing in mind the above, commencing opicapone at the onset of MF is a realistic and reasonable choice with clear
advantages for both patient and practitioner. Patients have now entered the middle stages of the disease and typically receive
3—4 levodopa intakes per day. By adding opicapone, the established treatment regimen can be maintained over a long period of
time, and only the levodopa dose needs to be adjusted as the disease progresses further. This provides patients with a simple
and very effective therapy in the middle stages of Parkinson’s disease, when putative becomes difficult and complicated.

Whilst opicapone has been shown to increase the bioavailability of levodopa as well as to smoothe levodopa serum
levels,>® Bial is currently conducting a phase II pharmacokinetics study (“203 study”)’* to investigate this further in the
context of different levodopa/carbidopa-sparing treatment regimens.

Furthermore, to demonstrate the benefit of early use of opicapone in patients with recent motor fluctuations, the
ADOPTION study is currently underway. This is a randomized, prospective, open-label, Phase IV pilot study. Patients
with 3—4 daily oral doses of levodopa and evidence of Wearing-Off (<2 years) will be included and receive either
opicapone or 100 mg levodopa. Primary endpoint is change in Off-time from baseline.>>**°

Pulsatile stimulation is considered to be a factor contributing to the damage of dopaminergic neurons. Following their
demise, the therapeutic window for levodopa becomes smaller and smaller with time. In both BIPARK studies, the
fluctuation index was decreased in patients treated with opicapone.” Thus, opicapone may have neuroprotective
properties by directly reducing pulsatile stimulation of dopaminergic neurons. To investigate this aspect further in
patients in the early stages of PD, the EPSILON study is currently underway. Patients with idiopathic PD and 3—4
daily oral doses of levodopa — but without motor complications — are included. In this two-arm, double-blind,
randomized, Phase III study, patients receive either opicapone or placebo. The primary endpoint is the change in MDS-
UPDRS Part III from baseline.””*®

In summary, opicapone combines excellent efficacy with good tolerability and has contributed to a substantial
improvement in the treatment of PD with regards to motor as well as non-motor symptoms. Patients treated with
opicapone achieved clinical improvement in symptoms and showed a significant increase in quality of life.
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