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Abstract.

Background: Long-term levodopa administration for treating Parkinson’s disease (PD) may shorten the duration of effect
and cause dyskinesias, inducing the need for catechol-O-methyltransferase (COMT) inhibitors as adjuvant therapy.
Objective: We provide pooled scientific evidence highlighting the efficacy and safety of opicapone, a newly approved COMT
inhibitor, as an adjuvant to levodopa.

Methods: We searched Ovid Medline, Embase, and Cochrane databases for relevant reports. Efficacy and safety were
evaluated as off-time reduction and risk ratio (RR) of dyskinesia, respectively. Data were independently extracted using
predefined criteria. Selected placebo-controlled trials were divided into double-blind and open-label periods. Using a random-
effects model, the mean difference (MD) of the off-time reduction (efficacy), RR for the occurrence of dyskinesia, and on-time
without/with troublesome dyskinesia (TD; safety assessment) were compared between opicapone and placebo groups.
Results: Five studies from three randomized controlled trials were included, and a meta-analysis was performed with 407
patients receiving opicapone 50 mg and 402 patients receiving placebo. Compared with the placebo, opicapone (50 mg)
reduced off-time by 49.91 min during the double-blind period (95% confidence intervals [CIs] =-71.39, —28.43; I* =0%).
The RR of dyskinesia was 3.43 times greater in the opicapone 50 mg group than in the placebo group (95% CI=2.14, 5.51;
1=0%). Compared with the placebo, opicapone increased the on-time without TD by 44.62 min (95% CI=22.60, 66.64;
I? =0%); the on-time increase with TD did not differ between treatments.

Conclusion: Opicapone can play a positive role as an adjuvant to levodopa in patients with PD by reducing off-time and
prolonging on-time without PD.
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INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerative
disease characterized by the loss of dopamine-
producing (“dopaminergic”) neurons in the substan-
tia nigra of the brain, resulting in motor dysfunction
[1]. PD is the second most common neuropatho-
logical disorder worldwide, following Alzheimer’s
disease, and has been associated with severe disabil-
ity and poor quality of life. In 2020, the total number
of patients with PD was estimated at 9.4 million
globally, increasing by 55% from 2016 to 2020 [2].
According to a meta-regression analysis, the preva-
lence of PD increases with age, and males exhibit a
1.5 times higher risk of developing PD than females
[3, 4].

Levodopa is the most commonly employed first-
line drug therapy for PD, increasing dopamine
levels by acting on nerve cells in the brain and
consequently improving major cardinal symptoms,
including resting tremor, rigidity, and bradykine-
sia [5]. These symptoms are well controlled by
dopamine replacement therapy using levodopa. How-
ever, the efficacy of levodopa therapy decreases
gradually, and most patients develop fluctuating
responses and dyskinesia. It has been reported
that approximately 30-50% of patients with PD
experience troublesome motor fluctuation after long-
term (five years) levodopa therapy, which could be
attributed to the shortened half-life of levodopa [6].
Motor fluctuations are alterations between periods
marked by a positive response to levodopa (“on”
and periods marked by reappearance of Parkinso-
nian symptoms (“‘off””). These motor fluctuations
significantly impact the performance of day-to-
day activities in patients with PD. Accordingly,
catechol-O-methyltransferase (COMT) inhibitors are
co-prescribed as an adjunct therapy to levodopa to
reduce “off” time in patients with PD. COMT extends
the duration of action of levodopa by inhibiting
its peripheral metabolism, thus enhancing bioavaila-
bility [7].

In 2020, the US Food and Drug Administra-
tion (FDA) approved opicapone, a third-generation
COMT inhibitor, and compared to second-generation
COMT inhibitors such as entacapone, it non-
inferiorly prolongs the duration of levodopa action
[8] with a favorable safety profile [9]. Side effects
known to occur with other COMT inhibitors (enta-
capone and tolcapone), such as severe diarrhea,
urine discoloration, and hepatotoxicity, were not
observed following opicapone administration [10].

Additionally, opicapone is relatively convenient than
second-generation COMT inhibitors for maintaining
efficacy as it requires administration only once-
a-daily [11]. However, prolonging the duration of
levodopa with opicapone could induce dopaminer-
gic side effects such as “levodopa-induced dyskinesia
(LID)” [12].

Several systematic reviews have been conducted
to confirm the efficacy and safety of opicapone based
on existing evidence [11, 13—-17]. However, these
earlier reviews are limited in scope, as they failed
to comprehensively include existing studies or per-
form a quantitative synthesis of existing evidence.
Accordingly, we conducted a systematic review and
meta-analysis to summarize accumulated evidence
on the efficacy and safety of opicapone treatment,
measured by the decrease in off-time and increase in
the risk of LID.

MATERIALS AND METHODS
Search strategy and data source

This study was conducted in accordance with the
guidelines of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis (PRISMA) [18].
We developed a study protocol that specified the
objective, outcome, eligibility criteria, search strat-
egy, methods for study selection, data extraction, and
data synthesis for this meta-analysis.

We defined a first key question to examine the
efficacy of opicapone as levodopa adjuvant therapy
following the Population, Intervention, Compari-
son, Outcome, Study design (PICO-SD) format: “In
advanced patients with Parkinson’s disease (Popula-
tion), does taking third-generation COMT inhibitor,
opicapone (Intervention), compared with placebo
(Comparison) improve the off-time reduction effect
(Outcome) in randomized controlled trial (RCT)
settings (Study design)?” We also set up a sec-
ond research question to determine the safety of
opicapone. Safety outcomes were defined as three
endpoints: incidence of dyskinesia, on-time without
troublesome dyskinesia (TD), and on-time with TD.
Except for defining the outcome, the PICO-SD for-
mat for the second question was the same as in the
first research question.

We searched three core databases (Ovid Med-
line, Embase, and Cochrane) on April 21, 2021.
The following search terms were used: ‘“Parkinson’s
disease” for population; “opicapone” and “Catechol



N. Kwak et al. / Efficacy and Safety of Opicapone 775

O-methyltransferase inhibitors” for intervention;
“Randomized controlled trial. Search items belong-
ing to each group (population, intervention, and study
design) were combined using “OR,” while popula-
tion, intervention, and outcome were combined via
“AND.” The detailed search strategy is provided in
Supplementary Tables 1-3.

Study selection

Study selection was performed in two steps,
according to predefined inclusion and exclusion crite-
ria. After duplicate removal, titles and abstracts were
independently screened by two reviewers (N.K. and
J.P.). Subsequently, the full texts of identified studies
that potentially met inclusion criteria were evaluated
to decide on final inclusion for meta-analysis. Any
disagreements were resolved by reaching a consensus
through mutual discussion.

Studies were included if they met the following eli-
gibility criteria: 1) studies on PD patients with motor
fluctuations; 2) studies that employed opicapone as
a therapeutic agent; 3) studies using placebo as a
comparator; 4) studies including off-time as outcome
indicators; 5) clinical research. Additionally, stud-
ies on animal experiments, reviews, gray studies,
and duplicate publications were excluded, along with
studies not written in English.

Data extraction and quality assessment

Two independent reviewers extracted data on the
following items from selected articles: the first author,
year of publication, country where the study was con-
ducted, type of study design (i.e., double-blind or
open-label study), comparator, study duration, and
outcome (off-time and dyskinesia). Quality assess-
ment was performed using the risk of bias (RoB)
tool of the Cochrane group [19], which assesses
the risk of bias in RCTs and consists of seven
domains with different potential risks of bias as fol-
lows: randomization sequence generation, allocation
concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome
data, selective reporting, and other risks that can
threaten the validity [20]. Two reviewers indepen-
dently assessed the risk of bias as ‘high risk,” ‘low
risk,” and ‘unclear risk’ according to the contents of
the text of studies for each domain. Any disagree-
ments were resolved by reaching a consensus through
mutual discussion.

Statistical analysis

From each of the included studies, we extracted the
mean change of ‘duration of off-time (in min)’ before
and after treatment for opicapone and placebo arms,
respectively. We then calculated the mean difference

Mean difference =

difference (opicapone) — difference (placebo)
ey

difference (opicapone) = % Z;’:l(offtimeaﬂer—
offtimepse) in the opicapone group.

difference (placebo) = % Soiy(offtimeqfier—
offtimepase) in the placebo group.

where, i=1, ..., nth patient.

To examine the safety of opicapone, the risk ratio
(RR) for dyskinesia incidence was calculated as fol-
lows:

Risk ratio of dyskinesia =

Incidence of events in the Opicapone group

Incidence of events in the Placebo group

@)

For other safety outcomes, ‘on-time without TD’
and ‘on-time with TD,” MDs were computed as in
Equation 1.

Meta-analysis was performed by applying a
generic inverse-variance estimation method and a
random-effects model. The inverse-variance method
uses the inverse of the variance of the effect estimate
to the weight of each study and is the most commonly
used effect estimation method in meta-analysis. The
random-effects model assumes that there is no sin-
gle true value of the intervention effect in individual
studies and that it follows a normal distribution cen-
tered on the average value of the intervention effect
[21]. In addition, heterogeneity between studies was
assessed using the I? statistic, and a Chi-square test
was performed. All analyses were performed using
Review Manager software (version 5.3; Copenhagen,
Denmark, Cochrane Collaboration), and results were
presented in a forest plot.

RESULTS
Selection of studies
As shown in Fig. 1, 981 studies were initially

screened using the predetermined electronic data-
bases. After the two-step study selection procedure,
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Total (n=981)

Records identified through database searching
(391 Ovid Medline; 306 Embase; 284 Cochrane)

Y

Records after duplicates
removed
(n=742)

Records excluded, with reasons(n=701)
- Not relevant (n=483)
- Duplicates (n=6)

A

[ Screening ] [ Identification ]

Full-text articles assessed
for eligibility
(n=41)

A 4

- Not a full publication (n=212)

Full-text articles excluded, with
reasons(n=36)

- Not related on PD with dyskinesia (n=3)
- Duplicates (n=2)

A 4

Studies included in
final review process
(n=3)

»| - Not a clinical study (n=15)

- Not a full publication (abstract only) (n=7)
- Unable to obtain full-text article (n=2)

- Not related with off-time (n=4)

A 4

(meta-analysis)
(n=35)

Studies included in Quantitative synthesis

[ Included ] [ Eligibility ]

A 4

- Pooled analysis (n=1)
- Not compared with placebo (n=1)
- Not comparable drug dose (n=1)

Fig. 1. Flowchart for identifying relavant studies.

only eight studies that met eligibility criteria were
selected. For the final screening step to select stud-
ies for quantitative synthesis, three studies were
excluded for the following reasons: the study was
a pooled analysis; the study compared efficacy with
other than placebo; the study did not include com-
parable opicapone doses. Finally, five studies were
included in the meta-analysis.

Study characteristics and quality assessment result

The final five included studies were based on the
results of three clinical trials (BIPARK-I [8, 24],
BIPARK-II [22], and ONO-2370 [23, 25]). All three
trials provided efficacy and safety data measured
during both double-blind and open-label periods
(Table 1). The follow-up time for the double-blind
period was consistently 14—15 weeks in all three
trials. On pooling the three trials, 1,220 patients
were included in the analysis for the double-blind

period: 415 patients treated with opicapone 50 mg,
393 patients treated with opicapone 25mg, and
412 patients receiving placebo. After completing
the double-blind period, 1,056 subjects previously
assigned to each dose (i.e., 348 with opicapone
50 mg, 342 with opicapone 25 mg, and 366 receiv-
ing placebo) were switched to opicapone 50 mg and
followed-up for 52 weeks.

Table 2 presents the results of the risk of bias
assessment. In studies with double-blind periods,
there was a low risk of bias associated with blinding
of participants and personnel, whereas in open-label
studies, the risk of bias was rated as high.

Main analysis results

Efficacy: Off-time reduction in the double-blind
period

Three studies reported the off-time reduction with
opicapone 50 mg treatment during the double-blind



Table 1

Characteristics of the studies included

Type Author (y) Clinical study Number of Intervention (# of Comparator Sex (male %) / mean Outcome
(duration) Patients patients)T (# of patients) Age (y) Efficacy Safety
(change from baseline in Event
absolute OFF-time (min), SE) (Dyskinesia)
Double-blind Ferreira BIPARK-I 600 PD capsule OPC (5, 25, Placebo (121) Placebo: 59% / 64.3 Placebo: -56.0 (13.4) Placebo: 5
period et al. [8] (14-15 weeks) patients 50mg): (122,119, 116)  ENT (122) ENT: 62% / 63.7 ENT: -96.3 (13.4) ENT: 10
Smg: 58% / 63.6 Smg:-91.3 (13.5) Smg: 17
25mg: 56% / 64.4 25mg: -85.9 (13.7) 25mg: 9
50 mg: 60% / 63.5 50 mg: -116.8 (14.0) 50 mg: 18
Lees et al. BIPARK-II 427 PD capsule OPC (25, Placebo (144)  Placebo: 52.6% / 61.5  Placebo: —64.5 (14.4) Placebo: 11
[22] (14-15 weeks) patients 50mg): (129, 154) 25mg: 65.6% / 62.5 25mg: -101.7 (14.9) 25 mg: 30
50 mg: 60.5% / 65.5 50 mg: —118.8 (13.8) 50 mg: 36
Takedaetal. ONO-2370 437 PD tablet OPC (25, 50 mg):  Placebo (147) Placebo: 38.1% / 68.5  Placebo: —25.2 (12.6) Placebo: 4
[23] (14-15 weeks) patients (145, 145) 25mg: 40% / 67.9 25mg: —69.6 (13.2) 25mg: 13
50mg: 41.4% / 67.4 50mg: —62.4 (12.6) 50mg: 18
Open-label Ferreira BIPARK-I (52 495 PD capsule OPC 50 mg Placebo (99) - previous Placebo: —64.9(14.8) -
period et al. [24] weeks) patients ENT (100) previous ENT: -39.9 (14.4)
5Smg (100) previous 5 mg: —27.5 (14.3)
25mg (98) previous 25 mg: -23.0 (14.4)
50mg (98) previous 50 mg: —1.8 (14.6)
Lees et al. BIPARK-II (52 376 PD capsule OPC 50 mg Placebo (130) - —126.3 min at 52 weeks -
[22] weeks) patients 25mg (118)
50mg (128)
Takedaetal. ONO-2370 (52 385 PD tablet OPC 50 mg Placebo (137) - previous Placebo: —75.6(11.4) -
[25] weeks) patients 25 mg (126) previous 25 mg: —22.2 (12.0)
50mg (122) previous 50 mg: 4.2 (12.6)

auodpord( Jo K1afvS puv Lovovff7g /v 12 ypmy "N

TITT, Intention to treatment; *No report of open-label off-time by treatment group. Off-time reduction was sustained throughout the open-label. DB, double-blind; OPC, opicapone; ENT, entecapone;
SE, standard error; CI, confidence interval; PD, Parkinson’s disease.

LLL
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Table 2
Risk of bias assessment results
Study Type of Bias
Random Allocation concealment  Blinding of Blinding of outcome Incomplete Selective Other bias
sequence participants assessment outcome data reporting
generation and personnel
Ferreiraetal.  Low risk Low risk (randomization ~Low risk Low risk Low risk Low risk (all Unclear risk
(2016) [8] (randomized was performed by (double-blind (double-blind (outcome data outcome
trial) computer-generating study) study) were collected measures
scheme) from all reported)
participants)
Ferreiraetal.  Low risk Low risk (randomization  High risk High risk Low risk Low risk (all Unclear risk
(2018) [24] (randomized was performed by (Open-label (Open-label study) (outcome data outcome
trial) computer-generating study) were collected measures
scheme) from all reported)
participants)
Lees et al. Low risk Low risk (randomization ~ Low risk Unclear (includes Low risk Low risk (all Unclear risk
(2017) [22] (randomized was performed by (double-blind both Double-blind (outcome data outcome
trial) computer-generating study) and Open-label were collected measures
scheme) period) from all reported)
participants)
Takeda et al. Low risk Low risk (permuted Low risk Low risk Low risk Low risk (all Unclear risk
(2021) [23] (randomized block method) (double-blind (double-blind (outcome data outcome
trial) study) study) were collected measures
from all reported)
participants)
Takeda et al. Low risk Low risk (permuted High risk High risk Low risk Low risk (all Unclear risk
(2021) [25] (randomized block method) (Open-label (Open-label study) (outcome data outcome
trial) study) were collected measures
from all reported)
participants)
Table 3
Change from baseline to endpoint of the different on-time state in Double-blind period
Parameter Study Treatment group
Placebo  OPC 25mg OPC 50 mg
On-time without dyskinesia or with non-troublesome dyskinesia (min) Ferreira et al. (2016) [8] 46.5 (14.2) 84.7 (14.6) 109.1 (14.9)
LS mean change from baseline (SE) Lees etal. (2017) [22] 48.1(15.3) 84.1(14.8) 85.6(14.1)
Takeda et al. (2021) [23] 23.4 (12.6) 66.6 (12.6) 60 (12.6)
On-time with troublesome dyskinesia (min) Ferreira et al. (2016) [8] 0.6 (6.0) 1.4 (6.2) 9.9 (6.3)
LS mean change from baseline (SE) Lees et al. (2017) [22] 11.2(8.2) 19.4(8.6) 25.6 (7.9)
Takeda et al. (2021) [23] -0.6 (3.0) 1.8 (3.0) 4.8 (3.0)

LS mean, least square mean; SE, standard error; OPC, opicapone.

period, with 407 patients in the opicapone 50 mg
group and 402 patients in the placebo group. As
shown in Fig. 2, the meta-analysis revealed that the
off-time reduction was higher in the opicapone 50 mg
group than in the placebo group, and the MD was sta-
tistically significant (-49.91 min [95% CI: -71.39,
—28.43], p<0.001), without statistical heterogeneity
(1% =0%).

For the 25 mg group, 384 patients in the opicapone
group and 402 patients in the placebo group were
included in three studies. Compared with placebo,
opicapone 25 mg showed significant efficacy in terms
of off-time reduction (-37.42 min [95% CI: -59.25,
-15.58], p=0.0008, 1> =0%). (Supplementary Fig-
ure. 1A).

Efficacy: Off-time reduction in the open-label
period

Although three studies reported off-time reduc-
tion during the open-label period, only two studies
were quantitatively synthesized, as these provided
dose-specific results after switching treatment to opi-
capone 50 mg (Ferreira [24], Takeda [25]). In total,
220 and 236 patients were previously assigned to the
opicapone 50 mg group and placebo group, respec-
tively. As shown in Fig. 3, the meta-analysis revealed
that the reduction in the off-time during the open-
label period was higher in the placebo group than
in the group already taking opicapone 50 mg, and
the MD was statistically significant (68.08 min [95%
CI: 42.29, 93.86], p-value <0.001) without statisti-
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OPC 50mg PLA Mean Difference Mean Difference Risk of Bias
Study Mean Total n 1 i n 1 0 | 3
Fereira, 2016 -116.8 1501333 115 -56 146.7896 120 32.0% -6080(-98.78,-2282) —
Lees, 2017 -1188 167.3161 147 -645 16731290 135 30.2% -54.30(-93.39,-15.21] =
Takeda, 2021-a -62.4 151.7241 145 -252 1527669 147 378% -37.20(72.12,-2.28] L —
Total (95% CI) 407 402 100.0% -49.91[-71.39,-28.43] i
Heterogeneity: Tau™= 0.00; Chi®= 0.87, df= 2 (P = 0.65); F= 0% 1 00 50 5:0 100:

Testfor overall effect: Z= 4.55 (P < 0.00001)

Risk of bias legend

(AR quence g 1 (
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

bias)

Greater reduction in OPC  Greater reduction in PLA

Fig. 2. The mean difference of off-time change in opicapone 50 mg versus placebo group in double-blind period. (CI, confidence interval;

OPC, opicapone; PLA, placebo).

OPC 50mg PLA Mean Difference Mean Difference Risk of Bias
Study Mean SD_Total Mean
Ferreira, 2018 1.8 1445326 98 -64.0 147.2581 00 40.0% 63.10[22.35,10385] —— 90000e
Takeda, 2021-b -42 1384715 122 -756 13343368 137 60.0% 71.40[38.10,104.70) —i— 900068&
Total (95% C1) 220 236 100.0% 68.08 [42.29,93.86] i
Heterogeneity: Tau®= 0.00; Chi*= 0.10,df= 1 (P = 0.76); = 0% 60 e S 0 00

Testfor overall effect Z= 517 (P < 0.00001)

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Greater reduction in previous OPC  Greater reduction in previous PLA

Fig. 3. The mean difference of off-time change in previous opicapone 50 mg versus previous placebo group in open-label period. (CI,

confidence interval; OPC, opicapone; PLA, placebo).

OPC 50mg PLA Risk Ratio Risk Ratio
Study Total Total Weight IV , 95% Cl IV, Random, 95% Cl
Fereira, 2016 18 115 5 121 244%  3.79[1.45,987] B E—
Lees, 2017 3B 150 11 136 556%  2.97[1.57,559 ——
Takeda, 2021-a 18 145 4 147 200%  4.56[1.58,13.15] . e—
Total (95% Cl) 410 404 100.0% 3.43[2.14,5.51] “"
Total events 72 20
Heterogeneity; Tau®= 0.00; Chi®= 0.52, df= 2 (P = 0.77); F= 0% n=1 0=2 0:5 3 5 é fn

Testfor overall effect Z=5.11 (P < 0.00001)

Higher incidence in PLA Higher incidence in OPC

Fig. 4. The relative risk of dyskinesia in opicapone 50 mg versus placebo group in double-blind period. (CI, confidence interval; OPC,

opicapone; PLA, placebo).

cal heterogeneity between studies (I> =0%) for the
meta-analysis.

The efficacy of opicapone for off-time reduction
was significant in two open-label studies conducted
at a reduced dose (25 mg). The 236 patients who
switched from placebo to 50 mg opicapone displayed
an additional reduction in the off-time reduction
of 48.18 min (95% CI: 20.90, 75.45; p=0.0005;
I =0%) when compared with the 224 patients who
switched from 25 mg to 50 mg opicapone. (Supple-
mentary Figure 1B).

Safety of dyskinesia during the double-blind
period

Three studies reported the development of dyskine-
sia during the double-blind period. The meta-analysis
revealed that opicapone had a higher risk of dysk-
inesia than placebo at 50mg (RR=3.43 [95% CI:
2.14,5.51]; p<0.0001, I =0%) (Fig. 4). Even in the
opicapone 25 mg group, the risk of dyskinesia was
statistically significantly higher than that of placebo
group. (Supplementary Figure 1C).
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A O ot T OPC 50mg PLA Mean Difference Mean Difference
n-time without Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV. Random, 95% Cl
Fereira, 2016 1001 150.7847 115 465 1555632 120 20.8% 62.60(22.26,102.94) ——
Lees, 2017 856 1707756 147 481 1707756 135 305%  37.50[-2.40,77.40) T
Takeda, 2021-a 80 151.7241 145 234 1527660 147 39.8%  36.60 [1.68,71.52) ———
Total (95% CI) 407 402 100.0% 44.62 [22.60, 66.64] ~—
Heterogeneity. Tau®= 0.00; Chi*=1.09, df=2 (P=0.58), F= 0% -160 -50 Sb 160

Testfor overall effect Z= 3.97 (P < 0.0001)

Greater increase in PLA Greater increase in OPC

B On-time with TD OPC 50mg PLA ) Mean Difference Mean Difference
Aean SD Total Mean SD Total Weight IV, Random, 95% C| IV, Rand 95%Cl
Ferreira, 2016 99 6756 115 06 657267 120 17.3% 9.30[7.75,26.35)
Lees, 2017 256 95874 147 11.2 95874 135 10.0% 14.40[-8.00,36.80]

Takeda, 2021-a 48 361248 145

Total (95% CI) 407 402 100.0%

Heterogeneity: Tau*= 0.00; Chi*= 0.63, df=2(P=0.73), F= 0%
Test for overall effect: Z= 1.93 (P = 0.05)

-0.6 363731 147 72.7%

540[2.92,13.72]

6.98 [-0.11, 14.07]

~100 -50 0 50 100
Greater increase in PLA Greater increase in OPC

Fig. 5. The mean difference of on-time change in opicapone 50 mg versus placebo group in double-blind period. Plot A (A), on-time without
troublesome dyskinesia, minutes per day; plot B (B), on-time with troublesome dyskinesia, minutes per day. (CI, confidence interval; OPC,

opicapone; PLA, placebo; TD, Troublesome Dyskinesia).

According to a meta-analysis of the on-time
according to accompanying TD, the on-time without
TD was longer in the opicapone 50 mg group than
in the placebo group, and the MD between the two
groups was statistically significant (44.62 min [95%
CI: 22.60, 66.64], p <0.0001, 12 = 0%) (Fig. SA). The
results of opicapone 25 mg also revealed that on-
time without TD was significantly increased in the
opicapone group when compared with the placebo
group (39.60 min [95% CI: 17.38, 61.82]; p<0.001,
1> =0%). (Supplementary Figure 1D).

Values for the on-time with TD were extracted
from the same three studies that reported on-time
without TD. As shown in Fig. 5B, the meta-analysis
revealed that the MD of the on-time with TD between
the opicapone 50 mg and placebo groups was not
statistically significant (6.98 min [95% CI: -0.11,
14.07], p=0.05). As a result of additional analysis
for the opicapone 25 mg dose, the on-time with TD
was slightly increased in the opicapone group, with
no significant difference observed between the two
groups (2.64 min [95% CI: —4.20, 9.48], p=0.45)
(Supplementary Figure 1E).

DISCUSSION

Based on results of the present systematic review
and meta-analysis, opicapone 50 mg, the standard
dose, reduced the off-time of levodopa in patients
with PD by 4991 min (on average) when com-
pared with the placebo (95% CI: —71.39, -28.43,
heterogeneity: p=0.87, I =0%) during the double-
blind period. In addition, patients who switched from
placebo to opicapone 50 mg exhibited an off-time
reduction of 68.08 min (95% CI: 42.29, 93.86, hetero-

geneity: p =0.76, 1> = 0%) when compared with those
who continued taking opicapone 50 mg. Although the
RR of dyskinesia as a side effect of opicapone was
3.43 times (95% CI: 2.14, 5.51) higher in the opi-
capone 50 mg group than in the placebo group, the
on-time without TD significantly increased in the opi-
capone group, whereas the on-time with TD did not
differ among treatment groups.

Additional meta-analysis was performed for opi-
capone 25 mg dose in the double-blind period, and
the use of opicapone significantly reduced the off-
time. By altering the drug dose from that previ-
ously assigned (placebo, 25 mg, 50 mg) to opicapone
50mg, the long-term effects of opicapone use were
confirmed during the open-label period. Accordingly,
the additional decrease in off-time in the placebo
group and the maintenance of treatment effect in the
50 mg group ascertained the efficacy of opicapone.

However, the risk of dyskinesia, a side effect of
opicapone, was higher in the opicapone group than
in the placebo group. The secondary endpoint associ-
ated with this adverse event, the on-time without TD,
was increased in the opicapone group, whereas the
on-time with TD did not differ from that observed in
the placebo group. COMT inhibitors can increase the
half-life of levodopa and consequently increase blood
levels of levodopa more rapidly [26]. Consequently,
this could result in the most common dopaminer-
gic adverse events, such as dyskinesia, which tend
to occur transiently and immediately after taking
COMT inhibitors. The reduced frequency of dyskine-
sias corresponds with a decrease in the levodopa dose
[27]. Thus, the risk of dyskinesia can be considered
a reflection of the levodopa-induced dopaminergic
activity. Some previous studies recommended reduc-
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ing the dose of levodopa when administering COMT
inhibitors, such as tolcapone and entacapone, in
patients who already had dyskinesia. [7, 28]. How-
ever, those studies only allowed dose reduction of
levodopa within a certain-period (2-3 weeks after
baseline) due to methodological necessity [8, 22, 23].
Therefore, further long-term studies are required to
determine the optimal dose of levodopa and OPC in
PD patients with pre-existing dyskinesia.

A meta-analysis of some second-generation
COMT inhibitors showed that tolcapone has greater
efficacy than entacapone in increasing on-time and
decreasing off-time [29, 30]. Howeyver, tolcapone has
safety concerns owing to fulminant hepatotoxicity
[31, 32]; thus, entacapone is currently more widely
used than tolcapone in patients with advanced PD
[33]. Another recent network meta-analysis showed
that opicapone and entacapone were slightly inferior
to tolcapone in on-time increase; however, the main
outcomes of the present study, including off-time
reduction and on-time increase without troublesome
dyskinesia, were not analyzed [34]. According to
the BIPARK-I trial, the reduction in off-time was
higher in the opicapone 50 mg group (-116.8 min)
than in the entacapone 200 mg group (-96.3 min) [8].
The MD between the two groups was statistically
significant (-26.2, 95% CI: —63.8, 11.4, p=0.005).
The incidence of dyskinesia was higher in the opi-
capone 50 mg group (16%) than in the entacapone
group (8%), but most dyskinesias were deemed non-
troublesome by patients. However, since only one
head-to-head comparison study of opicapone and
entacapone (BIPARK-1) has been conducted [8], fur-
ther studies on the efficacy and safety of several
COMT inhibitors are required. According to a cost-
effectiveness simulation study comparing opicapone
with entacapone, opicapone was more effective in
reducing off-time than entacapone and had a 60-65%
probability of being cost-effective [35].

The present study had the following limitations.
First, the statistical power may be weak owing to
the small number of selected studies. However, the
number of patients included in each study was large,
which would have higher power than individual stud-
ies. Second, there were differences in opicapone
formulations employed among studies. For example,
Takeda et al. [23] used a tablet, and Ferreira et al. [8]
dispensed a capsule formulation. Despite these dif-
ferences in formulations, the direction of opicapone
efficacy and the magnitude of safety were similar.
Third, all studies included in this meta-analysis
were supported by pharmaceutical companies; hence,

potential bias in establishing study protocols may
exist, necessitating careful attention while interpret-
ing obtained data. Fourth, there were differences
in the demographic characteristics of patients and
study settings among studies included in this meta-
analysis. For example, in the study by Takeda et al.
[23], the average age of subjects, who were Japanese,
was approximately 67-68 years, and the propor-
tion of males was approximately 40%; however, in
BIPARK-I and II, the study subjects were 2—5 years
younger on average, and the proportion of males was
10-20% higher. Additionally, the Takeda study used a
lower levodopa dosage (408—445 mg) than BIPARK-
I and II (642-806 mg). The combined use rate of
selegiline (a monoamine oxidase B inhibitor used in
Japan) in the Japanese patient group was approxi-
mately 50% during the study period [23]; this rate
was 11.1-14.7% for rasagiline in BIPARK-I [8] and
IT [22]. Although there was clinical heterogeneity,
the statistical heterogeneity of most meta-analyses
was reported as 0 (no heterogeneity), and accord-
ingly, the effect of differences in study settings on
results was deemed negligible. Despite the limita-
tions of the present study, this is the first meta-analysis
to quantitatively synthesize the effect of opicapone,
a third-generation COMT inhibitor, on the off-time
and safety aspects in patients with PD presenting
dyskinesia. Therefore, the results of this study are
expected to provide scientific evidence for the selec-
tion of levodopa adjuvant therapy in patients with
advanced PD.

CONCLUSIONS

In the present study, a meta-analysis was per-
formed to quantitatively synthesize the efficacy of
the new third-generation COMT inhibitor, opicapone,
and found that opicapone 50 mg shortened the off-
time by 49.91 min when compared with placebo;
however, the pooled RR of dyskinesia was 3.43 times
higher in the opicapone 50 mg group than in the
placebo group. In addition, opicapone increased the
on-time without TD by 44.62 min when compared
with the placebo group, whereas the on-time with
TD did not differ from the placebo group. These
findings indicated that opicapone is more effective
than placebo for symptom control in patients with
advanced PD without TD. Therefore, this study pro-
vides evidence to support the view that opicapone
is a clinically useful treatment for patients with
advanced PD [36] by quantitatively demonstrating
the efficacy of opicapone. Furthermore, additional
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head-to-head trials with an existing COMT inhibitor
(i.e., entacapone) are needed to compare efficacy with
conventional COMT inhibitors.
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