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Abstract

Levodopa treatment remains the gold standard for Parkinson’s disease, but shortcomings related to the pharmacological
profile, notably, oral administration and the consequent occurrence of motor complications, have led to the development of
several add-on levodopa treatments or to research to improve the method of delivery. Motor fluctuations, and to a lesser extent
non-motor fluctuations, concern half of the patients with Parkinson’s disease after 5 years of disease and patients identified
them as one of their most bothersome symptoms. Catechol-O-methyl transferase inhibitors (COMT-Is) are one of the recom-
mended first-line levodopa add-on therapies for the amelioration of end-of dose motor fluctuations in patient with advanced
Parkinson’s disease. Currently, two peripheral COMT-Is are considered as first-line choices - entacapone (ENT), which was
approved by the US Food and Drug Administration in 1999 and the European Committee in 1998; and opicapone (OPC),
which was approved by the European Committee in 2016. A second-line COMT-I that requires regular hepatic monitoring,
tolcapone (TOL), was approved by the Food and Drug Administration in 1998 and the European Committee in 1997. Of
note, OPC also received Food and Drug Administration approval in 2021, but it is still only marketed in a few countries,
including Germany, UK, Spain, Portugal, Italy, Japan, and USA, while ENT and TOL have a wider market. Our narrative
review summarizes the pharmacokinetic/pharmacodynamic properties, clinical efficacy in terms of motor fluctuations,
motor/non-motor symptoms, quality of life, and safety data of these three COMT-Is, as evidenced by randomized clinical
trials, as well as by real-life observational studies. Overall, a phase III non-inferiority trial showed a similar effect between
ENT and OPC on off-time (—60.8 min/day and —40.3 min/day, vs placebo, respectively), with a possible additional off-time
reduction of 39 min/day, obtained when there is a switch from ENT to OPC. Concomitantly, TOL can reduce off-time by an
average of 98 min/day. A significant though discrete concomitant reduction on the Unified Parkinson's Disease Rating Scale
motor section (2—3 points) is obtained with all three drugs vs placebo. Data on quality of life are fewer and more heteroge-
neous, with positive results obtained especially in open-label studies. Effects on non-motor symptoms were investigated as
secondary outcome only in a few studies, frequently by means of non-specific scales and a benefit was observed in open-
label studies. Dopaminergic adverse effects were the most frequent, dyskinesia being the most common for the three drugs
eventually requiring levodopa dose reductions. No urine discoloration and a very low incidence of diarrhea were found with
OPC compared with ENT and TOL. Regular hepatic monitoring is needed only for TOL. A combination of COMT-Is with
new formulations of levodopa, including the subcutaneous, intrajejunal, or new extended-release formulation, merits further
exploration to improve the management of both mild and severe motor fluctuations.

1 Introduction Currently, no disease-modifying therapies are available,

and levodopa (L-dopa) treatment is still the gold standard
Parkinson’s disease (PD) is the second most common, age-  for the control of parkinsonian motor symptoms [2]. How-
related neurodegenerative disorder after Alzheimer’s dis-  ever, because of the short pharmacologic half-life of L-dopa,

ease. In 2015, the Global Burden of Disease Study estimated ~ Which is about 60-90 min, there are fluctuations in plasma
that 6.2 million individuals had PD and that considering the ~ levels, leading to clinically bothersome motor fluctuations
growth rate, this number will double to up to 12.9 million ~ and L-dopa-induced dyskinesia (LID) [2].
affected people by 2040 [1]. End-of-dose motor fluctuations at the end of inter-dose
intervals are the most common motor complications, occur-
ring in 22% of the patients by 2.5 years, 50% or more of
D4 Olivier Rascol patients with PD treated for longer than 5 years, and increas-
olivier.rascol @univ-tlse3.fr ing up to 70% of patients after 9 years [3]. At the same
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Catechol-O-methyl transferase inhibitors (COMT-Is)
are one of the treatments that can be combined with
levodopa to improve motor fluctuations in Parkinson’s
disease.

Three COMT-Is are currently available: the first choices
are entacapone, which is administered with each dose of
levodopa, and opicapone, which is administered once a
day, at bedtime, 1 h after the last dose of levodopa. The
second choice is tolcapone, which is more efficacious on
motor fluctuation than entacapone, but which has limited
practical utility because of required frequent liver func-
tion monitoring.

Opicapone has been shown to be non-inferior compared
to entacapone on off-time reduction and to provide a
possible additional reduction on off-time while switch-
ing from entacapone to opicapone. However, opicapone
is only available in a few European countries, Japan, and
the USA.

The use of COMT-Is in combination with device-aided
treatment and new levodopa formulations merits further
investigations.

time, a survey of 320 patients with PD found early morning
off-time periods among 44% of the patients in early disease
stages and an overall prevalence of 60% [4], enlarging the
spectrum of possibly early motor complications.

Numerous pharmacological efforts have been made to
overcome the limitations related to the short half-life of
L-dopa, aimed at smoothing L-dopa-related motor com-
plications and extending the effect. They include the use
of L-dopa add-on strategies or the development of newer
apomorphine and L-dopa formulations, including new oral
extended-release (ER) formulations such as IPX066 [5] or
subcutaneous infusions. In fact, issues related to the oral
route and intestinal absorption of L-dopa in later disease
stages may render this route lengthy and inefficacious [2].
Subsequently, a subcutaneous continuous apomorphine infu-
sion and L-dopa intestinal gel treatments have been devel-
oped and proved their efficacy in the treatment of motor
complications and, recently, two other on-demand therapies
have been approved for sudden off-time episodes, i.e., sub-
lingual apomorphine film and inhaled L-dopa [6]. At the
same time, we should bear in mind that continuous delivery
of L-dopa-carbidopa intestinal gel (LCIG) is effective but
invasive, and cannot be employed in all patients. Several
contraindications and constraints should also be considered
for continuous apomorphine infusion (CAI) [7].
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Regarding oral treatment, several add-on L-dopa treat-
ments are currently available and are recommended by the
International Parkinson and Movement Disorder Society
(MDS) to manage motor fluctuations, including dopamine
agonists (DAs), monoamine oxidase type B inhibitors
(MAO-B-Is), and catechol-O-methyl transferase inhibitors
(COMT-Is) [8]. The choice is often based on the patients’
clinical profile, the previous treatment regimen/response,
and the physician’s experience [8]. Two COMT-Is are cur-
rently used as first-line L-dopa add-on therapy to improve
end-of dose motor fluctuations and a third is used as a “sec-
ond-line choice” [9]: (i) entacapone (ENT), a peripheral
COMT-I approved by the US Food and Drug Administra-
tion (FDA) in 1999 and widely used since then [10, 11]; (ii)
opicapone (OPC, known as BIA 9-1067 and commercialized
as Ongentys®), a third-generation COMT-I approved by the
European Commission (European Union) in June 2016 [12];
and (iii) tolcapone (TOL), a central and peripheral COMT-I
approved by the FDA in 1998 and currently considered a
second-line treatment as it has a less favorable safety profile
compared with other COMT-Is and requires continuous liver
function monitoring [13].

This is a narrative review that focuses on the role of
COMT-Is in the management of PD. The three drugs that
are marketed are considered, along with the key differences
in pharmacological profiles and the available efficacy, safety,
and tolerability data from clinical trials and real-world
studies. Practical clinical and future implications are also
discussed.

2 Chemistry and Mechanism of Action

Levodopa is rapidly metabolized mainly by peripheral aro-
matic L-amino acid decarboxylase (70%) and O-methylation
(10%) and only 1% of an oral dose of L-dopa reaches the
brain [2]. As a result, L-dopa is administered with dopa
decarboxylase inhibitors (DDCIs), such as carbidopa and
benserazide. Catechol-O-methyl transferase inhibitors
also act on L-dopa metabolism [14]. Catechol-O-methyl
transferase is an intracellular enzyme, widely distributed
in peripheral tissues, such as the liver, kidney, and intes-
tinal tract [15]. The substrates of COMT include L-dopa,
catecholamines, catecholestrogens, and some drugs, such
as benserazide, carbidopa, dobutamide, and isoprenaline.
The COMT enzyme catalyzes the O-methylation of L-dopa
to yield 3-O-methyldopa (3-OMD), which competes with
L-dopa for transport at the blood-brain barrier (BBB) [15].
3-0O-methyldopa has a long elimination half-life of 15-18
h [16], which leads to an accumulation during long-term
L-dopa treatment. Therefore, COMT-Is are usually used to
peripherally inhibit L-dopa metabolism by reducing 3-OMD
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levels and increasing the delivery of L-dopa to the brain [15]
(Fig. 1).

2.1 TOL

The chemical name for TOL is 3,4-dihydroxy-4¢-methyl-5-
nitrobenzophenone, also known as Ro 40-7592. Tolcapone is
areversible selective COMT-I that can cross the BBB and is
considered both a peripherally and centrally acting COMT-I.

2.2 ENT

The chemical name for ENT is (E)-2-cyano-N, N-diethyl-
3-(3,4-dihydroxy-5-nitrophenyl) propenamide, also known
as OR-611. Entacapone is poorly lipophilic and does not
penetrate the BBB to any significant extent. Therefore, the
clinical effects are due to peripheral, selective, and reversible
COMT inhibition.

2.3 OPC

The chemical name for OPC is 2,5-dichloro-3-[5-(3,4-dihy-
droxy-5-nitrophenyl]-1,2,4-oxadiazol-3-yl)-4,6-dimethylpyr-
idine 1-oxide, also known as BIA 9-1067. Opicapone is a
hydrophilic 1,2,4-oxadiazole analog with a pyridine N-oxide
residue at position 3 intended to provide high COMT inhibi-
tory potency and avoid the risk of cell toxicity [17]. Opi-
capone has a long duration of action in vivo due to a high
binding affinity (sub-picomolar Kd), resulting in a long

Fig. 1 Metabolism of levodopa
(L-DOPA) and dopamine: CNS
effects of catechol-O-methyl-
transferase (COMT) inhibition
by opicapone (OPC), tolcapone
(TOL), and entacapone (ENT).
3-MT 3-methoxytyramine,
3-OMD 3-O-methyldopa, AAD
aromatic amino acid decarboxy-
lase, DOPAC 3,4-dihydroxyphe-
nylacetic acid, HVA homovan-
illic acid, MAO monoamine
oxidase

3 OMD
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residence time of the reversible COMT-OPC complex, man-
ifested by a slow complex dissociation rate constant [18].
In liver homogenates of Wistar rats, OPC led to complete
inhibition of COMT, with higher inhibition periods (99%
after 1 h of administration) than both TOL (82%) and ENT
(68%), and resulted in sustained increase of L-dopa plasma
levels (up to 24 h) when administrated with L-dopa/benser-
azide [19]. These properties allow once-daily administration.
Opicapone does not cross the BBB and [20] has been defined
as a peripheral COMT enzyme inhibitor (see Table 1).

3 Pharmacokinetics

3.1 TOL

Tolcapone reaches peak concentration approximately 2 h
(range 1-3.1 h) after administration of a 200-mg dose, with
stable linear pharmacokinetics at up to 200 mg three times
daily (t.i.d). The pharmacokinetic profile of TOL 100 mg
or 200 mg, alone or in combination with L-dopa/DDCI is
similar. It undergoes extensive metabolism, with 0.5% of the
drug excreted unchanged, as it is primarily glucuronidated
to inactive 3-O-f,D-glucuronic acid conjugate [21]. The ter-
minal elimination half-life is 2 h after a single oral 200-mg
dose (1.7 h for 5 mg to 3.4 h for 800 mg). With multiple
dosing of 400—800 mg, TOL accumulation can be observed,
resulting in a prolongation of up to 19.0 h of the terminal
elimination half-life [22]. Approximately 3% of TOL is

. PERIPHERY
' )
TOL } TOL
22 3 0MD

COMT-I 2
l 0 Z ENT
TOL

L-DOPA

ADD }_23_ Carbidopa
Benserazide

Dopamine

3-MT .

MAO -23—{\ / 53— ToL .

HAV YA )

A\ Adis



264

M. Fabbri et al.

O-methylated into 3-O-methyltolcapone (Ro 40-7591),
which has poor COMT-I activity and a dose-independent
terminal elimination half-life (30—40 h) [23]. However, only
minor accumulation of 3-O-methyltolcapone occurs. Addi-
tionally, TOL has two oxidated metabolites but because of
their low concentration (less than 3%), they minimally con-
tribute to the inhibitory effect. Finally, approximately 30%
of TOL is combined to glucuronides, which do not inhibit
COMT. The pharmacokinetics of TOL does not vary in the
presence of food, after single vs repeated doses, or accord-
ing to age.

3.1.1 Effect on .-Dopa Pharmacokinetics

In healthy volunteers, it has been shown that single graded
doses (10800 mg) of TOL dose-dependently decrease the
area under the plasma concentration—time curve (AUC) of
3-OMD and concomitantly double the L-dopa AUC and the
terminal elimination half-life, without affecting the maxi-
mum concentration (C,,,,) or time to C,,, (f,...) [24]. This
maximum two-fold increase in L-dopa AUC is reached at
100-200 mg of TOL and maintained throughout 1 week of
multiple dosing. Concomitantly, an 800-mg dose of TOL
t.i.d. decreases the AUC of 3-OMD by up to 98% and 200
mg t.i.d. by 64-93% [22]. Nevertheless, TOL 400-800 mg
tends to prolong the absorption and 7, of L-dopa [22, 24].

max

3.2 ENT

In healthy volunteers, it has been shown that ENT has dose-
proportional pharmacokinetics for a dose range of 5-800 mg
and is absorbed in a #,,,,, of 44 min for a 200-mg dose [25].
In fact, the C,,,, and the AUC are dose related and systemic
availability increases with the dose. Entacapone is metabo-
lized mainly in the liver, and it is eliminated mainly by the
kidneys, but also via the biliary route and undergoes entero-
hepatic circulation. After oral administration, the elimina-
tion half-life is 0.5-0.7 h for 90% elimination and 2.4-3.5 h
for 10% elimination.

The main metabolite of ENT is the Z-isomer. The AUC
of the Z-isomer accounts for only 5% of the total AUC [26].
The Z-isomer is as effective a COMT-I such as ENT in vitro,
but it barely contributes to the ENT-induced COMT inhi-
bition because of the low plasma levels in humans. Only
about 10% of an oral dose of ENT is excreted in the urine
mainly as ENT glucuronides and its Z-isomer. Therefore,
ENT seems to be eliminated more by biliary than by urinary
excretion [27].

3.2.1 Effect onL-Dopa Pharmacokinetics

After administration of ENT 200 mg, an increase of 32-75%
(25 min) in the elimination half-life and 29-48% in the AUC
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o4 n Oof L-dopa is obtained, compared with a placebo (Plc)
[15]. The C,,,, and t,,, of L-dopa remain virtually unaffected
after a single dose of ENT 200 mg, but repeated ENT dosing
results in increased inter-dose trough L-dopa concentrations
for 1 day and decreased variability in concentrations. Single
doses of ENT do not usually influence the plasma 3-OMD
levels or the AUC in L-dopa-treated patients, but repeated
administration of ENT 200 mg along with each L-dopa dose
decreases the plasma 3-OMD levels by 43-63% as well as

the AUC [28-30].

3.3 OPC

The apparent terminal elimination half-life OPC is between
0.8 (for 50 mg) and 3.2 h (for 1200 mg), with an increase
in the extent of systemic exposure in an approximately
dose-proportional manner. Sulfation is the main metabolic
pathway in humans [31]. Opicapone metabolites recovered
in urine account for less than 3% of the amount of OPC
administered, thereby suggesting that bile is probably the
main route of excretion. Because of the stable and long
duration of COMT inhibition at steady state, OPC can be
administered concomitantly with a moderate meal without
the soluble COMT (S-COMT) activity inhibition being
affected. However, both a high-fat/high-calorie and a mod-
erate meal decreases the rate and extent of OPC absorption,
with delayed peak plasma concentrations compared with
drug administration under fasting conditions [32, 33].

3.3.1 Effect on L-Dopa Pharmacokinetics

Among healthy volunteers, OPC 25-50-75 mg administered
once daily increased the minimum plasma concentration of
L-dopa without significant differences in the peak of L-dopa
systemic exposure (C,,,,) compared with Plc [34]. An incre-
ment in AUC probably occurred with all OPC doses com-
pared with Plc, and with both OPC 50 and 75 mg, compared
with ENT [34]. Additionally, the concomitant administration
of OPC with repeated doses of 100/25 L-dopa/carbidopa,
at a steady state, increases the bioavailability of L-dopa
in a dose-dependent manner and reduces the formation of
3-OMD [35]. Phase I pharmacokinetic studies have shown
that when OPC 25-50-75 mg is administered concomitantly
with L-dopa, it increases the rate of L-dopa absorption (C,,,,)
in a dose-dependent manner and with a possible risk of LID.
Conversely, when OPC 50 mg is administered 1 h after the
L-dopa dose, it reduced the C,,, of L-dopa by ~10% and
increased the extent of absorption (AUC,,_,) also by ~10%.
In light of these data, the practical advice was to give OPC at
bedtime, 1 h after the last dose of L-dopa [36] (see Table 2).
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4 Pharmacodynamics
4.1 TOL

Compared with ENT, TOL induces longer lasting COMT
inhibition in erythrocytes, reversibly decreasing S-COMT
activity in a dose-dependent manner. In fact, in erythrocytes
of healthy subjects, a single TOL dose causes a COMT inhi-
bition of 20% at 5 mg and 80% at 200 mg, whereas 90%
inhibition for approximately 4 hours is reached with an 800-
mg dose. Complete recovery of COMT activity occurs 24
hours after the doses of 5-800 mg [37, 38]. Additionally,
repeated dosing of TOL 200 mg t.i.d. during L-dopa/car-
bidopa administration induces approximately a maximum
of 80% COMT inhibition in erythrocytes in healthy elderly
subjects [39]. No pharmacodynamic study comparison was
performed for TOL vs OPC.

4.2 ENT

Entacapone has been shown to be an effective COMT inhibi-
tor both in healthy volunteers [25] and in patients with PD
[28] in a dose-dependent manner. Entacapone 200 mg causes
rapid inhibition of 65% of S-COMT in erythrocytes, which
increases to 82% at the highest dose of 800 mg. In patients
with PD 1 h after administration of ENT 200 mg and r-dopa/
DDCI, the inhibition is 38% [28, 40]. Erythrocyte S-COMT
activity recovers within 8 h of the doses of 5-800 mg of
entacapone.

4.3 OPC

Opicapone allows a maximum COMT inhibition (E,,)
range from 34.5% (10 mg) to 100% (1200 mg), including an
inhibition of 25.1-76.5% that persisted 24 h post-dose [32,
41]. In Wistar rats, a single administration of OPC increased
the L-dopa plasma levels with a concomitant reduction in
3-OMD from 2 h up to 24 h post-administration, and was
superior to TOL, as assessed by evaluating COMT activ-
ity and L-dopa pharmacokinetics in the periphery through
microdialysis [19].

In a randomized double-blind (DB) phase II study of 40
patients with PD with oral administration of Plc, 5 mg, 15
mg, or 30 mg of OPC still exerted relevant inhibition at 24
hours, with a maximum S-COMT inhibition (E,,,,) range
from 52.0% (OPC 5 mg) to 79.8% (OPC 30 mg) and occur-
ring between 0.9 h (OPC 30 mg) and 2.6 h (OPC 15 mg)
post-dose (tE,,,) [42], a significant increase in the L-dopa
AUC with both OPC 15 mg and 30 mg. Therefore, despite
the short half-life, OPC exerts a very long-lasting effect
because of the slow dissociation of the tightly bound COMT-
OPC complex.

When concomitantly administered with ER/immediate-
release (IR) 100/25 L-dopa/carbidopa or ER/IR 100/25
L-dopa/benserazide, OPC 25-100 mg increases the L-dopa
and benserazide C,,,, and extent (AUC), but not this is not
the case for carbidopa. The increase was higher with IR than
with ER formulations [36] (see Table 1).

5 Clinical Evidence
5.1 Search Strategy and Methodology

As explained in the Introduction, this is a narrative review
with no intention to perform a systematic analysis or a meta-
analysis, but rather to summarize the evidence of the main
clinical trials or meta-analyses on efficacy and safety data
for TOL, ENT, and OPC in the management of patients with
PD. Evidence is divided into five different clinical topics: (a)
reduction in daily off-time; (b) motor complication delay; (c)
improvement in Unified Parkinson’s Disease Rating Scale
(UPDRS) motor score; (d) reduction in the daily dose of
L-dopa; (e) quality-of-life (QoL) benefit; and (f) non-motor
symptoms (NMS) effect. As expected, clinical evidence
related to TOL and ENT was obtained from older rand-
omized clinical trials (RCTs) or even older meta-analyses,
while data on OPC are more recent, i.e., published within
the past 6 years. Therefore, because of its recent appearance
on the market and recent literature data, a specific section on
ongoing or expected phase IV studies is dedicated to OPC
alone.

Regarding efficacy and safety data, we searched PubMed
for clinical trials (randomized, DB and/or open-label [OL]),
observational studies, and meta-analyses prior to 1 July,
2021 with data on patients diagnosed with idiopathic PD
treated with TOL, ENT, or OPC, using the following search
strings: “tolcapone AND Parkinson’s disease,” “entacapone
AND Parkinson’s disease,” and “opicapone AND Parkin-
son’s disease”. Only studies on human subjects published
in English were considered.

5.2 Reduction in Daily Off-Time

Considering that COMT-Is were developed primarily to
overcome motor fluctuations, a reduction in daily off-time
has been the main primary outcome of phase III efficacy
trials in this drug category, and the clinical outcome for
which we have the most data. Despite an expected differ-
ence in terms of publication dates, the main RCTs on TOL
and ENT having been published between 1998 and 2010,
while those on OPCs date back to the past 6 years, the study
populations of patients with PD share quite common clini-
cal features among the trials for the three drugs. In fact, the
study patients are usually at Hoehn and Yahr (H&Y) stages
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1-3 for L-dopa treatment (with a mean of four doses per day)
and do present with motor fluctuations, but the severity of
which varies among the trials. At the same time, older tri-
als on ENT and TOL do not often specify the duration of
motor fluctuations required for patient inclusion and patients
at H&Y stages 4-5 may have been included, which is not the
case for more recent studies. This could result in a certain
degree of heterogeneity in baseline characteristics. Unfor-
tunately, we only have one trial in which COMT-Is were
formally compared, i.e., ENT vs OPC (see below in the OPC
paragraph on clinical efficacy) [43], which highlights the fact
that there are few studies on the performances of different
COMT-Is on the same population.

5.2.1 TOL

In 2020, a systematic review of the efficacy and safety profile
of TOL summarized the results of 12 studies (nine RCTs,
one cross-over trial, one before-and-after study, and one
prospective cohort study), for a total of 967 patients with
a median follow-up of 1.7 months (range 0.7-7) [13]. The
median reduction in off-time/day was 126 min/day, with a
range from 1 to 192 min/day. The TOL dose ranged from
100 mg t.i.d to 200 mg t.i.d. The effect of TOL plus L-dopa
on off-time reduction was compared to L-dopa plus Plc or
L-dopa plus bromocriptine/pergolide/ENT. A significantly
higher reduction of off-time in the TOL group was noted
compared with the ENT group [44], while a similar effect
was noted compared to pergolide and bromocriptine [45,
46]. In addition, a Cochrane systematic review published
in 2010 found evidence of a difference between ENT and
TOL with participants randomized to a TOL arm achieving
a reduction of almost an hour of off-time (—96 min/day, con-
fidence interval [CI] —122.4 to —69; p < 0.00001) compared
with those randomized to ENT (—36.6 min/day, CI —51 to
—22.2; p < 0.00001) [47].

5.2.2 ENT

A pivotal randomized DB trial on ENT, among 301 patients
with PD, showed that ENT administration with each dose
of L-dopa could decrease off-time by 54 min/day compared
with Plc over a period of 24 weeks, with a concomitant
increment of 72 min/day in on-time [48]. In 2017, a meta-
analysis on the efficacy and safety of ENT reported the
main findings based on 14 RCTs that compared ENT with
Plc or another add-on therapy (pramipexole or rasagiline)
[11] in patients with advanced PD. Compared to Plc, ENT
200 mg in combination with L-dopa significantly reduced
patients’ off-time (mean difference —58.8 min/day, 95% CI
—79.8 to —37.8, p < 0.01) [11]. The RCTs included in this
meta-analysis were published between 1998 and 2010. In
2010, a slightly lower effect was reported in the Cochrane

meta-analysis, with a —36.6 min/day reduction in off-time
[47]. Comparable results have been obtained when ENT was
used with Sinemet controlled release [48, 49].

5.2.3 OPC

Two global randomized, DB, Plc-controlled, phase III tri-
als with 1027 patients with advanced PD have shown the
efficacy of OPC; the BIPARK I [43] and BIPARK II [50]
studies, and one Japanese randomized, DB, phase IIb trial
(COMFORT-PD) with 437 patients and a 14- to 15-week
follow-up [51]. The main methodological difference among
the trials was the use of OPC 5 mg and ENT arms in the
BIPARK I trial, as a comparator to prove the non-inferi-
ority of OPC vs ENT. Arms with OPC 25 mg and OPC
50 mg were included in all three trials. Opicapone trials
included patients with PD with H&Y stages 1-3 (during the
ON state) and a mean total awake time in the OFF state of
>1.5 h (excluding morning akinesia), but excluded patients
with severe LIDs (a score of >3 on the UPRS item 33),
severe and/or unpredictable periods in the OFF state, and
previous or planned deep brain stimulation (DBS) for PD.
Overall, DB trials found a reduction in absolute time in the
OFF state (range from —37.2 min/day in the Japanese trial
[51] to —54.3 min/day and —60.8 min/day in the BIPARK
IT [50] and I [43], respectively, compared with Plc). The
reduction in off-time was mirrored by significant increases
in ON time without bothersome LIDs and no significant dif-
ferences were observed for ON time with bothersome LIDs.
Regarding ENT, OPC 50 mg proved to be non-inferior for a
reduction in off-time (—26.2 min/day; p = 0.0051).

Participants in BIPARK I and BIPARK II who completed
the DB part, participated in 1-year OL extension studies.
All patients received adjunctive OPC 25 mg once daily for
1 week, after which L-dopa and OPC dosages were adjusted
based on efficacy and tolerability. Open-label extensions
showed that the effect on off-time reduction was maintained
up to 1 year [50, 52]. Efficacy was maintained in patients
who were originally treated with OPC 50 mg in the DB
phase, while switching treatments from ENT to OPC led to
further decreases in off-time of about —39.3 min/day [53].
Similarly, during the OL extension of the COMFORT study
[54], the mean change in off-time from the DB baseline was
—106.68 min/day at 28 weeks and it was almost unchanged
at 52 weeks, i.e., 101.89 min/day.

5.3 Delay in Motor Complications

Not only the effect on motor fluctuations severity but also
the effect in their delay of appearance is a key point in PD
treatment management. Consequently, the Stalevo Reduc-
tion in Dyskinesia Evaluation in PD (STRIDE-PD) study
compared the initiation of antiparkinsonian treatment with
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L-dopa/carbidopa vs L-dopa/carbidopa/ENT in a prospective,
multicenter, DB, randomized study in patients with early PD
(mean disease duration = 2 years) requiring the initiation of
L-dopa therapy. Unfortunately, the STRIDE-PD study failed
to demonstrate that initiating L-dopa therapy in association
with ENT could delay the time of onset or reduce the fre-
quency of LIDs, compared with L-dopa treatment alone [55].
Conversely, the study showed that patients with PD in the
L-dopa/carbidopa/ENT arm had a shorter time to LID onset
vs those in the L-dopa/carbidopa arm. However, it should
be noted that no reduction in L-dopa dose was allowed dur-
ing the entire study period and the dose was progressively
titrated up to 100/25 or 150/37.5 mg X 4/day, administered
at 3.5-hour intervals, which does not reflect current clinical
practice for patients with early PD [55]. The same patients
subsequently participated in an OL study to investigate the
risks related to the development of LIDs and wearing-off,
which showed that these phenomena were positively cor-
related to the dose of L-dopa [56]. Along the same lines as
the STRIDE-PD study, the FIRST-STEP trial compared the
efficacy and tolerability of L-dopa vs L-dopa/carbidopa/ENT
in patients with early PD, and found a significant difference
in the UPDRS-II score in favor of the L-dopa/carbidopa/
ENT arm at week 4 and maintained through the 39th week,
with no difference in wearing-off or dyskinesia [57]. The
STRIDE-PD and FIRST-STEP Study Group are the only
published studies that aimed to better explicate the role
of COMT-Is in the delay of motor complications. Despite
the benefit in terms of activities of daily living reported in
these studies, the aggravation of LIDs with the early use of
ENT highlighted by STRIDE-PD, neither contributed to the
development of further studies nor justified the early use of
COMT-Is (see Expert Opinion section).

5.4 Improvement in UPDRS Motor Score

Modifications in UPDRS part III (motor score) are uni-
versally monitored in clinical trials on motor fluctuation
treatment. At the same time, when considering UPDRS-III
scores, clinicians should be aware of the possible impact of
dopaminergic medication on patients with motor-fluctuating
PD, the effect of which is not always strictly considered in
clinical trial evaluation, and on the impact of the disease
severity. In fact, an annual increase in motor impairment has
been estimated at approximately 2.4 points on the UPDRS-
IIT within the first 5 years of disease [58], with a standard-
ized annual progression rate of 2.4% at H&Y stages 1-2.5
[59], but possibly with a slower rate of progression in a more
advanced stage, and finally a tendency for greater deteriora-
tion in the score in the late stage of the disease [60]. On that
note, we should bear in mind that a reduction of at least 5
points on the UPDRS-III has been indicated as minimally
clinically meaningful in patients at H&Y stages 1-3 [61].
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Therefore, when comparing the effect on the UPDRS-III
score of different COMT-Is, we should fully consider the
clinical features of the study population and the trial design.

5.4.1 Motor Score Improvement in Patients with Stable PD

Regarding patients with early non-motor-fluctuating PD,
data on the UPDRS-III are available only for treatment with
TOL and ENT, while data for OPC should be published
in the next few years (see On-going trials section). TOL
at 100 or 200 mg t.i.d produced a significant reduction in
the UPDRS part III (—2.0 and —2.3 points, respectively vs
Plc) scores in patients with nonfluctuating stable PD over
6 months, with an effect that lasted 12 months without sig-
nificantly increasing motor fluctuations [62]. Conversely, no
difference was observed in the FIRST-STEP study, which
compared L-dopa/carbidopa/ENT vs L-dopa/carbidopa over
39 months, and no differences were noted in the STRIDE-
PD study either. However, data from the motor section are
presented together with the activities of daily living section
of the UPDRS [55].

5.4.2 Motor Score Improvement in Patients
with Fluctuating Advanced PD

5.4.2.1 TOL A recent systematic review reported a median
reduction in UPDRS-III in the OFF medication state of a
mean of —3.6 points (range: —1.1 to —6.5) [13]. This reduc-
tion was found by analyzing 12 RCTs, one cross-over trial,
one non-RCT, and one OL study, for a total of 1113 patients
and a median follow-up of 2.2 months (range: 0.7-12). The
UPDRS-III score changes obtained with L-dopa plus TOL
were vs L-dopa plus Plc or plus bromocriptine (n = 1) [46],
pergolide (n = 1) [45], or ENT (n = 3) [44, 63, 64]. Tol-
capone vs an active control showed no difference, while vs
Plc, 3/8 studies found a significant difference in favor of
TOL-treated patients.

5.4.2.2 ENT A statistically significant reduction in the
UPDRS-III was found when ENT was compared with Plc
(mean difference —2.38, 95% CI —3.42 to —1.34, p < 0.01),
based on a recent meta-analysis of six RCTs [11]. In the
2010 Cochrane meta-analysis that compared ENT with
TOL, no difference was noted with —2.14 points, CI —2.92
to —1.36 for ENT and —1.73 points, CI —2.96 to —0.51 for
TOL [47].

5.4.2.3 OPC In the BIPARK I DB trial, only the total
UPDRS score is reported, not the motor score, and it was
numerically improved from baseline in all treatment groups,
i.e., Plc, ENT, and OPC, but with no statistically significant
differences between groups. A non-statistical improvement
was reported for the UPDRS-III score in the BIPARK II DB
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trial with OPC vs Plc [-2.0 (0.5); p = 0.88] [43, 50]. The
Japanese COMFORT PD trial showed a significant reduc-
tion for OPC 50 mg vs Plc on the UPDRS-III score [—-3.6
(0.4); p =0.04] [51].

5.5 Reduction in the Daily Dose of L-dopa

When adding a new oral therapy to L-dopa, a reduction in
the dose may be required. A reduction in approximately half
of the L-dopa equivalent daily dose (LEDD) is also usually
reached early after subthalamic nucleus (STN)-DBS implan-
tation. Such reductions in LEDD may not have a particularly
practical clinical interest, but they could mirror the effective-
ness of the new treatment and imply a simplification in the
patient’s treatment regimen. It is also interesting to note that
an L-dopa dose reduction could be principally caused by the
occurrence of LIDs, which may both mirror the effectiveness
of treatment but is also an adverse event (AE) for the patient.

5.5.1 TOL

Based on the analysis of 16 studies (11 RCTs, one cross-
over trial, one non-RCT, two before-and-after studies, and
one case-control study), for a total of 995 patients treated
with TOL, Artusi and colleagues found a median reduction
in L-dopa of 108.9 mg (range: 1-251.5 mg) over a follow-
up period of 2.5 months (range 0.5-12) [13]. Six out of
eight studies vs Plc found a significantly lower daily dose
of L-dopa compared with TOL. Two studies vs ENT and
one study vs bromocriptine reported a significantly higher
reduction in L-dopa in the TOL group, while a comparable
L-dopa reduction was reported in one study vs pergolide. In
the 2010 Cochrane meta-analysis that compared TOL with
ENT, a greater reduction in the L-dopa dose was noted with
TOL (—116.47 mg/day, CI —140.62 to —92.32) than with
ENT (—41.62 mg/day, CI —51.35 to —31.89), but with sig-
nificant heterogeneity between trials that was not explained
by drug dose [47].

5.5.2 ENT

Based on a meta-analysis of eight RCTs, a significant reduc-
tion in L-dopa dose was reported with ENT compared with
Plc (mean difference: —37.82, 95% CI —64.80 to —10.83,
p < 0.01) [11] (see previous paragraph for a comparison
of TOL vs ENT for the L-dopa dose reduction). Data from
a 3-year OL extension of the 6-month DB-PLC-controlled
Nordic trial NOMECOMT) found a mean daily decrease in
L-dopa dose from 737 mg at baseline to 649 mg in 1 year,
which rose slightly to 696 mg in 3 years of ENT treatment,
which was still below the baseline dose [65].

5.5.3 OPC

In the pooled data of the dose adjustment period (3 weeks)
of the BIPARK I and BIPARK II DB phases, a reduction in
approximately 23% in L-dopa dose (~200 mg) was obtained
in the OPC 50-mg arm [66]. Thereafter, in the OL extension,
patients who switched from DB Plc to OPC 50 mg decreased
from L-dopa 701 mg/day at the DB baseline to 655 mg/day at
the end of the OL extension, while those treated with OPC
50 mg for the entire study period went from 718 mg/day to
679 mg/day.

5.6 QoL Benefit

Patients’ QoL is becoming a recognized relevant outcome
in pharmacological, non-pharmacological, and surgical PD
trials. Nevertheless, it is not usually the primary but rather
a secondary outcome, although it may support the benefit, if
any, showed by the primary endpoint analysis. Considering
that the power of a study is not calculated on the basis of
secondary endpoints, the effect on QoL should be cautiously
interpreted, especially if negative.

5.6.1 TOL

In the recent systematic review by Artusi and colleagues,
the results of nine studies on the effect of TOL on QoL were
reported. They included four RCTs, with data vs Plc and one
vs pergolide [13]. Two of the four studies vs Plc [62, 67-69]
and one study that compared TOL vs pergolide [45] found a
significantly greater improvement in QoL in patients treated
with TOL compared with Plc or an active control, although
based on different QoL measures. The study vs pergolide
lasted 3 months, and reported a greater benefit with TOL on
the Sickness Impact Profile and on the Parkinson’s Disease
Questionnaire (PDQ)-39 scores [45]. One trial with a short
follow-up of 42 days vs Plc reported an improvement in QoL
on the Sickness Impact Profile [68] and the other found no
improvement on the Sickness Impact Profile, only on the
UPDRS-II [62] over a follow-up period of 6 months.

5.6.2 ENT

In a DB Plc-controlled phase IV study of 270 patients with
PD randomized to receive either ENT 200 mg or Plc, no
differences were found for QoL measures, i.e., PDQ-39,
the Short-Form-36, or the European Quality of Life five-
dimension questionnaire (EQ-5D), over a period of 13
weeks [70]. Similar results were found in a randomized,
DB, Plc-controlled, 3-month study of 162 patients with PD,
based on Short Form-36 scales [71]. Conversely, OL stud-
ies or observational studies found an improvement on QoL
scales during ENT treatment for a short-term follow-up. A
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prospective, multicenter, observational, 12-month study
found a mild and statistically significant improvement on the
Parkinson’s Disease Questionnaire-8 (PDQ-8) [from 12.1 +
5.7 at baseline to 9.2 + 5.2 at 12 months] [72], with a more
significant improvement among patients at H&Y stages 2 or
3 at baseline, compared to patients at H&Y stage 4. Simi-
larly, an uncontrolled OL study of 479 patients with PD with
wearing-off found a statistically significant improvement of
4 points (range: —5.9; —2.2) on the PDQ-39 after 8 weeks
of treatment [73], especially for “mobility,” “activities of
daily living,” “emotional well-being,” and “bodily discom-
fort” domains. Similar results were obtained in a multicenter
observational study of 498 patients with PD, with QoL
improved by a mean of 10% in all categories of the PDQ-39
(p <0.001), except for social support and cognition, after 8
weeks of ENT treatment [74].

5.6.3 OPC

The randomized, DB, PLC-controlled phase III BIPARK
1 [43] and BIPARK II [50] trials and the randomized, DB,
phase IIb Japanese COMFORT-PD [51] trial found no sta-
tistically significant improvement in QoL, as measured by
the PDQ-39, nor vs ENT or vs Plc, over a period of 14-15
weeks. Recently, a phase IV prospective, OL trial, OPTI-
PARK trial was conducted in Germany (3 months) and the
UK (6 months) under normal conditions of clinical practice,
including a heterogeneous population of 495 patients with
PD with motor fluctuations [75]. Patients were treated with
OPC 50 mg, in addition to L-dopa and a small but statisti-
cally significant improvement on the PDQ-8 (—3.4 + 12.8
points) was reported [75].

5.7 Effect on Non-Motor Symptoms

The importance of parkinsonian NMS, their impact on
patient QoL, and the effect of dopaminergic and non-
dopaminergic treatments on these symptoms have become
recognized factors in PD over the past 15 years [76]. This
time-line bias highlights obvious limitations in comparing
the effects of three COMT-Is, considering that for TOL and
ENT most of the trials were conducted before 2005. Con-
versely, one on-going trial on OPC specifically targets NMS
(see "Section 6").

5.7.1 TOL

The recently published systematic review on TOL reported
on ten studies that investigated the effect of the drug on
NMS and included six RCTs vs Plc, one switch-over
trial, one OL study on a group of patients enrolled from
the RCT, one before-and-after study, and one prospective
cohort study [13]. Only one study adopted a specific scale
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validated for the assessment of NMS, i.e., the ‘Non-Motor
Symptoms Scale for Parkinson’s Disease’ (NMSS), another
study focused on sleep assessment and a third on cognitive
functions, but none of these studies had a control group.
The others only used the UPDRS-I. The switch-over trial
found no improvement on the UPDRS-I in the TOL or the
ENT group [64]. The only study that adopted the NMSS was
on an observational trial that found a mean improvement
of 15 points on the total score after 4 weeks of treatment,
which was statistically significant for the following scale
domains: cardiovascular, sleep/fatigue, mood/cognition,
gastrointestinal, urinary, and pain/smell/weight/sweating
[77]. One prospective cohort study was specifically focused
on sleep and reported a significant improvement on the PD
Sleep Scale, from 21.6 + 8.1 at baseline to 16.3 + 7.7 on the
final assessment, mirrored by a reduction on the Epworth
Sleepiness Scale after 4 weeks of treatment [78]. A study
that specifically assessed cognitive functions, although only
eight patients with PD were included, found an improve-
ment in attentional task, auditory verbal short-term memory,
visuo-spatial recall, and constructional apraxia after 6 weeks
of treatment [79].

5.7.2 ENT

No study has specifically explored the effect of ENT on
NMS. In a 6-month randomized Plc-controlled DB study of
301 patients with PD with motor fluctuations, no differences
were found in the UPDRS-I score comparing ENT with Plc
after 24 weeks of treatment, but there was a statistically sig-
nificant worsening after 2 weeks of ENT withdrawal [48].
The BIPARK-I trial was the only one that analyzed NMS
changes by means of a specific scale, and found a mean
reduction of —4.7 + 1.5 on the NMSS, which was not statis-
tically significant, as was the case for OPC (-2 + 1.5) [43].

5.7.3 OPC

No study has specifically explored the effect of OPC on
NMS, but the BIPARK I and II studies explored its effect on
NMS by analyzing the NMSS data [43, 50]. Overall, a non-
significant improvement in NMSS total score was observed
and was more evident with OPC 50 mg, with numerical
differences in favor of OPC for the sleep/fatigue domains.
This trend was confirmed during the OL phase, with a mean
improvement of —4.2 in the NMSS total score and no wors-
ening in any specific domain [80]. In the phase IV prospec-
tive OL trial, OPTIPARK, a significant mean reduction of
—6.8 + 19.7 points in the NMSS total score was found after
3 months of treatment with OPC 50 mg, which was signifi-
cant for all scale domains except for “perceptual problems/
hallucinations”, which showed a non-significant aggravation
of 2.01 + 17.0 [75].
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6 OPC: Ongoing and Expected Phase IlI-IV
Trials and Observational Studies

Several phase III-IV trials are currently ongoing or about
to start in a short time, which focus mainly on NMS and
patients with PD at the stage of early motor complications:

(1) ADOPTION, NCT04990284, a prospective, OL,
exploratory, low-interventional 1-month trial aimed at evalu-
ating the add-on effect of OPC 50 mg or L-dopa 100 mg as
a first-line strategy for the treatment of wearing-off in early
fluctuators.

(2) OCEAN, NCT04986982, a DB, randomized, Plc-
controlled 6-month trial aimed at investigating the efficacy
of OPC 50 mg in patients with PD with end-of-dose motor
fluctuations and associated pain. A change from baseline to
month 6 in Domain 3 (fluctuation-related pain) of the King’s
Parkinson’s Disease Pain Scale is the primary outcome,
while changes in anxiety, depression, sleep, and wakeful-
ness will be secondary efficacy measures.

(3) OASIS, NCT04986995, a pilot, prospective, OL, sin-
gle-arm, interventional 6-week study aimed at evaluating the
effect of OPC 50 mg in patients with PD with sleep disor-
der and end-of-dose motor fluctuations. A change in the PD
Sleep Scale-2 total scores will be the primary endpoint while
secondary measures will include the change from baseline
on the PD Fatigue Scale (PFS-16) and in Domain K (sleep
and wakefulness) of the MDS-sponsored Non-motor Rating
Scale.

(4) Early ParkinSon wlth L-dopA and OpicapoNe [EPSI-
LON] study NCT04978597; EudraCT number 2020-005011-
52, a phase III, DB, randomized, Plc-controlled 24-week
phase trial to evaluate the efficacy and safety of OPC 50 mg
in early PD, without any motor complications, followed by
an OL extension phase of 1 year. Patients included should
be treated with three to four daily oral doses (up to 500 mg
of L-dopa) and have signs of treatable motor impairment but
no motor complications. During the DB phase, the patients’
current L-dopa/DDCI regimen should remain stable. The
change in the MDS-UPDRS Part III score from baseline to
the end of the DB period is the primary endpoint.

(5) NCT04821687, a phase IV multicenter randomized,
OL trial to evaluate the add-on effect of OPC 50 mg or
L-dopa 100 mg for the treatment of wearing-off as a first-
line strategy.

(6) NCT04787965, OPTI-ON, an observational study
to describe the treatment patterns and clinical outcomes
observed with OPC as an add-on treatment to L-dopa/carbi-
dopa in patients with PD experiencing “off” episodes with
motor fluctuations. The Non-Motor Fluctuation Assessment
(NoMoFa) will be used to better quantify the severity of both
static and fluctuating NMS.

(7) A phase II, open-label trial with 203 patients to assess
the effect of OPC 50 mg on L-dopa pharmacokinetics in dif-
ferent L-dopa/carbidopa treatment regimens among patients
with end-of-dose motor fluctuations. Twenty-four patients
will receive five doses of 500/125 mg L-dopa/carbidopa for 2
weeks, and will be randomized to either four or five doses of
400/100 mg L-dopa/carbidopa plus OPC 50 mg for 2 weeks.
The pharmacokinetics of L-dopa at the end of both 2-week
treatment periods will be the primary endpoint.

7 COMT-I Genetic Polymorphism
and Treatment Implications

A single autosomal locus with two codominant alleles
regulates COMT activity. The variability in COMT activ-
ity is due to a polymorphism in the COMT gene (rs4608)
that results in the conversion in the enzyme of valine 158
to methionine (Vall58Met). The 158Val allele is associ-
ated with higher enzymatic activity (COMT! allele) and
the 158Met allele with lower activity (COMT allele).
When a Caucasian population of patients with PD was
compared to the general population, a similar distribution
of the COMT! and COMT alleles was found, including
25% low (COMT™™"), 50% intermediate (COMT""), and 25%
high (COMT") activity [81]. Regarding ENT, a small DB
crossover trial with 33 patients with PD demonstrated higher
COMT inhibition by ENT in COMT"" than in COMT.t
patients, by means of a L-dopa challenge test [82]. Regarding
OPC and TOL, at present, we do not know to what extent
the COMT genotype modulates the magnitude of response,
but the role of pharmacogenetics in PD treatment could gain
relevance in the next years. Indeed, a pre-treatment stratifica-
tion of patients according to COMT polymorphisms could
further improve COMT-I treatment management and should
be further explored for OPC and TOL.

8 COMT-Is and L.-dopa Carbidopa Intestinal
Gel/Subcutaneous L.-dopa Combination

L-dopa/carbidopa intestinal gel is a treatment developed for
patients with advanced PD and motor complications that
cannot be optimally treated by oral drugs [83]. Continuous
infusion of L-dopa, resulting in a more stable plasma concen-
tration, stabilizes motor fluctuations (on—off phenomenon)
and decreases LID time [83].

More recently, the new combination of L-dopa/ENT/car-
bidopa intestinal gel (LECIG) has been proposed. In fact,
a pilot study showed that the addition of oral ENT or TOL
(every 5 hours) to LCIG treatment allowed a decrement
of approximately 20% in the LCIG dose, with the plasma
concentrations at steady state (0.5-8 hours) that were not
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different from LCIG administered alone without a dose
adjustment [84]. At the same time, a small pharmacokinetic
study on 11 patients with PD, all genotyped for rs4680 (pol-
ymorphism of the COMT gene), 1s921451, and rs3837091
(polymorphisms of the DDC gene), suggested that the con-
tinuous maintenance dose of LECIG should be decreased by
approximately 35% regardless of the COMT rs4680 geno-
type, but individuals with higher DDC and COMT enzyme
activity had a tendency towards higher L-dopa estimated
apparent clearances [85]. As a result, LECIG was approved
by the Swedish Medical Products Agency in 2018 and has
been reimbursed in Sweden since 2019. More recently, an
observational study on LECIG, with half of the patients
switched directly from LCIG, showed that this new pump
is probably more user friendly owing to the lower weight
and size [86]. However, one third of 21 patients stopped the
treatment because of diarrhea [86].

Regarding TOL, a unique case series of four patients
reported its use among patients with persistent severe motor
fluctuations despite a high dose of LCIG [87]. The authors
suggested the early need to reduce the LCIG dose by up to
50% once TOL was introduced, to prevent dopaminergic
AEs, especially among older patients. Finally, this combi-
nation was recently tested with OPC in a small retrospec-
tive analysis of 11 patients with PD, which showed that a
consistent reduction of approximately 25% in LEDD was
reached over 1 month, when OPC 50 mg was combined with
LCIG, with a consequent cost reduction [88]. Overall, the
combination of COMT-Is and LCIG is still anecdotally rec-
ommended in the case of persistent motor fluctuations and
suboptimal motor control once this device-aided treatment
is started. [88].

Similarly, it would be particularly interesting to combine
COMT-Is with continuous subcutaneous infusions of solu-
ble L-dopa/carbidopa (ND0O612 and ABBV-951), for which
trials are ongoing or recently completed, but results are not
yet published. In fact, these formulations do not allow the
infusion of a daily dose of L-dopa above 700 mg/day to 1000
mg/day, and the combination with a COMT-I could enhance
the applicability and effectiveness. Moreover, a recent ran-
domized, Plc-controlled, DB, phase Ila trial reported an
increase in L-dopa exposure reached by a combination of
ENT plus ND0612 compared with ND0612 monotherapy
[89].

9 Tolerability and Safety
9.1 TOL
Safety issues have characterized the marketing and utiliza-

tion patterns of TOL in the past 20 years. In fact, safety
concerns related to the potential hepatotoxicity of TOL
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have limited its use in clinical practice over the past dec-
ades, owing to four cases of liver failure described in 1998
[90-92]. The four patients in question developed liver fail-
ure 9—12 weeks after starting TOL treatment, although one
patient remained taking TOL until death, while the other
three stopped treatment soon after liver enzymes increased.
Only one patient recovered from symptoms, three died [92].
This led to a marketing ban imposed in Europe and Canada
for 7 years and later remarketing with some restrictions
including frequent liver enzyme monitoring. Because of
these events, TOL is currently indicated only for patients
with L-dopa-responsive idiopathic PD with motor fluctua-
tions, who did not respond to or are intolerant to another
COMT-I. As a result, the main safety data related to TOL
concern liver enzyme elevation or liver failure.

As mentioned, a recent systematic review on safety and
tolerability data up to February 2020, concerning interven-
tional and non-interventional studies on TOL treatment, was
published on PubMed in January 2021 [13]. Beyond the four
cases of liver failure described in 1998, no other cases were
found in the literature, which analyzed 21 studies with 4182
patients [13]. Additionally, the authors retrieved AE reports
in the FDA Adverse Event Reporting System and “EudraV-
igilance” and identified 61 reports of hepatitis, liver failure,
liver toxicity, and jaundice, 19 of which described the co-
occurrence of major diseases or syndromes [13].

Regarding liver enzyme elevation, the authors identi-
fied 17 studies with a mean follow-up of approximately 2
months, reporting liver enzyme elevation in 0-27.5% of the
study population, although only 0.9% of the patients had a
consistent elevation of liver enzymes >2 at the upper limit
of normal. Because of liver enzyme elevation, 0.6% of the
patients withdrew from the studies. Interestingly, 13 reviews
targeted liver enzyme elevation among controls and three
studies were found (two on ENT and one on pergolide as
active controls) with liver enzyme elevation in up to 20%
of the patients.

Of all the AEs, the most common were LIDs (1-95%),
followed by nausea (0-68%), diarrhea (up to 29%), halluci-
nations (0-24%), liver enzyme elevation (up to 27%), urine
discoloration (up to 23%), and dizziness (up to 16%) [13].
Since the systematic review published by Artusi and col-
leagues, no other trials or observational studies have been
published on TOL treatment. In the 2010 Cochrane Review,
the intra-class comparison considered ENT and TOL for any
AE and found no significant differences between these two
COMT-Is (ENT: odds ratio 1.85, CI 1.47-2.33; p < 0.00001
vs TOL: OR 2.89, CI 1.74-4.79; p < 0.0001) [47].

9.2 ENT

The safety of ENT has been extensively investigated and is
based on large-scale controlled trials [48, 93-96], long-term
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follow-up studies and Plc-controlled [71] and uncontrolled
studies [73, 74], post-marketing surveillance, and a few more
recent meta-analyses [11, 97]. As ENT increases the bio-
availability of L-dopa, dopaminergic AEs are the most fre-
quent, dyskinesia being the most common, at times requiring
an extension of the dose interval or a reduction in the dose
of L-dopa. The second most-common dopaminergic AE is
nausea. Some of the most common non-dopaminergic AEs
are abdominal pain, diarrhea, and harmless urine discolora-
tion, which may appear within weeks or months after start-
ing ENT and may disappear during therapy. Interestingly,
in a 6-month OL observation study with 132 patients with
fluctuating PD, ENT 200 mg at each L-dopa dose induced
mainly sleep and neuropsychiatric AEs with quite a high rate
of insomnia (29.5%) and hallucinations (14.4%), associated
with an early incidence of LIDs (12%) and nausea (19.7%)
and managed by LEDD reduction [65]. In older trials, such
as in the pooled safety data of the first phase III trials on
ENT, which including an entire population of 806 patients,
a higher percentage of 30.4% LIDs is reported, followed by
nausea (13.6%) and diarrhea (10.3%) [98]. Conversely, in a
recent meta-analysis published between 2005 and 2014 on
L-dopa/ENT/carbidopa treatment, which analyzed six RCT
results for a total of 1938 patients, the frequencies for the
following lower percentage of AEs were reported: nausea
23%, diarrhea 12.9%, dyskinesia 5.9%, dizziness 10.6%, and
urine abnormality 13.6%, which were significantly higher
compared with the control group [97], but with no mention
of hallucinations. This probably indicates better knowledge
in LID management or the clinical indication for ENT treat-
ment over the years.

9.3 OPC

To date, there has been no hepatic safety concerns related
to OPC, as is the case for ENT. The most frequent AEs are
dopaminergic, namely, LIDs. In fact, in the DB and OL
BIPARK I and BIPARK II trials, 24% of the patients were
reported to have LIDs (vs 8.1% taking Plc, BIPARK II, DB)
[12]. At the same time, the frequency and intensity of LIDs
seems to decrease with subsequent L-dopa adjustments, as
observed in the OL extensions, with frequency decreasing to
14.5% and 21.5% in the BIPARK I and II, respectively [50,
52]. The second most frequent dopaminergic AE was nau-
sea, which was present in approximately 3% of the patients
(and 7% in the ENT arm of BIPARK-I). For common non-
dopaminergic events noted in BIPARK I and II, we identified
constipation, insomnia, dry mouth, and hypertension [99].
Conversely, whereas severe diarrhea was described as the
most frequent cause of treatment discontinuation with TOL
(up to 10%) and ENT, a lower incidence (<2%) and no urine
discoloration were noted with OPC [99, 100]. When data are
stratified by age (<70 years vs >70 years), OPC continued

to maintain a good safety profile compared to Plc, but with
a slightly higher incidence of TEAEs among older (age >70
years) compared with younger patients (age <70 years), with
regard to constipation (9.3% vs 5%), nausea (5.2% vs 3%),
dizziness (7.2% vs. 2.2%), hallucinations (4.6% vs 0.6%),
and weight loss (7% vs 2.2%).

The data from the OL clinical study OPTIPARK are
similar to that of the DB trial; LIDs were the most frequent
treatment-emergent AE [TEAE] (11.5%), followed by dry
mouth (6.5%), dizziness (4.8%), nausea (4.4%), constipation
(4.0%), insomnia (2.4%), hallucination (2.2%), falls (2.0%),
and diarrhea (0.6%). An OPTIPARK post-hoc analysis
showed that the majority of potential drug-related TEAEs
were reported during the first week of OPC treatment, LIDs
being the most common (6.5%), but with a very low impact
on patient discontinuation (<0.5%). From the third week
onwards, the incidence of these TEAESs was consistently low
(<4%) [101].

10 COMT-Is in the Portfolio of Advanced PD
Management: Expert Opinion

As previously stated in the introduction, COMT-Is, includ-
ing TOL, ENT, and OPC, are all considered as “efficacious”
in the treatment of motor fluctuations in patients with PD
by the recently published MDS Evidence-Based Medicine
Review [9]. At the same time, TOL is actually considered a
“second-line” treatment owing to the requirement for liver
enzyme monitoring, although quite reassuring safety data
have been recently summarized [13]. The same level of
MDS recommendations related to the treatment of motor
fluctuations has been assigned to other add-on oral treat-
ments including several DAs, rasagiline, and L-dopa/DDC
formulations, including a new formulation of ER L-dopa,
i.e., IPX066 [9]. Conversely, there are no indications for
COMT-I treatment for patients with early-stable PD to date,
such as the treatment of stable motor or non-motor parkin-
sonian symptoms or to prevent L-dopa-induced motor com-
plications and, in keeping with good clinical practice, clini-
cians usually avoid them in the management of patients with
late-stage PD and dementia who are already experiencing
or are at high risk for experiencing hallucinations [8]. As
previously illustrated regarding the prevention of LIDs, in
2010, the STRIDE PD study failed to support the early use
of add-on ENT therapy to L-dopa in patients with early PD
(disease duration = 2 years) [55] compared to L-dopa alone.
To date, no similar study has been conducted on TOL and
OPC regarding LID prevention. The same could be inferred
for the prevention/delay of motor fluctuations, although there
is some pharmacodynamic hypothesis that justified a study
to verify the utility/efficacy of OPC in early fluctuators (see
below). In fact, a phase III trial (NCT04978597) is underway
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to verify the efficacy in patients with PD with no motor fluc-
tuations, with the intention of using COMT-I to promote
continuous dopaminergic stimulation (see below).

Overall, in pragmatic terms, the main questions for clini-
cians are:

(a) When to introduce a COMT-I/what is the best patient
profile?

As previously mentioned, COMT-Is are indicated as add-
on therapy for patients with PD with motor fluctuations. For
patients with motor fluctuations, several treatment strategies
can be adopted, usually based on the patient’s profile (ten-
dency to develop certain AEs and his/her preference) and
the treatment already established, including the increment
of L-dopa doses and number of doses. Should a DA be added
or the dose incremented, or should a MAO B-I or a COMT-I
be added? Over the past decade, physicians have developed
the tendency to be more aware of the possibility of TEAEs
and are more cautious about incrementing the dose if treat-
ment with DAs is already established. Compared with the
past, the preference is now to add a COMT-I or incrementing
the L-dopa dose. Recently, IPX066, an ER L-dopa/carbidopa
formulation, showed its efficacy in off-time reduction vs IR
L-dopa/carbidopa in a phase IIIl DB RCT with 391 patients
with H&Y stages 1-4 PD who had a baseline mean value of
5.9 hours/day of motor fluctuations (—2.18 [2.91] vs —1.01
[2.53] hours/day, p < 0.0001), with a concomitant reduction
in L-dopa doses/day [102]. However, IPX066 is currently
approved by the FDA and used in USA, but not in Europe.
Regarding the efficacy in terms of the reduction in motor
fluctuations, there are no head-to-head trials that have sys-
tematically compared COMT-Is efficacy with DAs or MAO
B-Is, with the exception of: (a) an old trial that compares
ENT with cabergoline, which found a similar efficacy pro-
file but a safer profile for ENT [103]; (b) two old trials that
compare TOL with pergolide [45] and bromocriptine [46],
and which found no differences. Additionally, one phase
IIT cross-over trial showed that IPX066 was more effective
in off-time reduction over 2 weeks, compared with L-dopa/
carbidopa/ENT (—3.8 vs —5.2 h/day; p < 0.0001) [104].
According to a Cochrane meta-analysis, overall, DAs may
have the highest impact on off-time reduction (up to —1.81
h/day for pramipexole), followed by TOL (1.6 h/day), safina-
mide (0.86 h/day), rasagiline (0.84 hour/day), and ENT (0.61
hour/day) [47]. Additionally, despite a lack of recommen-
dations, more cautious use of L-dopa add-on therapy with
COMT-Is, MAO B-Is, or DAs is usually adopted as good
clinical practice in elderly patients with PD (age >75-80
years) in the presence or with risks of hallucinations, ortho-
static hypotension, as well as cognitive decline. Therefore,
if an elderly patient starts complaining of motor fluctuations,
the first-line treatment that physicians should adopt is an
increase in the L-dopa dose, IR or ER formulations, and as
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a second choice a COMT-I or MAO B-I can be added, but
with careful monitoring of TEAESs.

(b) How to choose from the different COMT-1s?

One randomized trial, one longitudinal observational
study, and one switch-over study have compared ENT with
TOL in terms of the efficacy in motor fluctuations and con-
firmed a slightly higher efficacy of TOL [44]. Concerning
OPC, no head-to-head trial vs TOL has been performed.
However, the primary non-inferiority BIPARK I trial showed
that OPC 50 mg is non-inferior compared with ENT [43].
In addition, the OL BIPARK I trial extension has shown a
further benefit in terms of off-time reduction (approximately
39 min/day) when switching from ENT to OPC, with OPC
appearing to be also efficacious in ENT non-responders,
with similar additional benefits in off-time reduction [53].
In fact, for the ENT non-responders in the BIPARK I trial,
as assessed by PGI-C at the end of the DB phase, 45% (over
100 on ENT) were classified as non-responders. After 1
year of treatment with OPC, ENT-treated patients defined
as ‘non-responders’ at the DB endpoint who switched to
OPC showed a statistically significant additional reduction
in off-time (—45.3 min, p = 0.0399) [105]. Even in terms of
night-time/morning akinesia, we found some data in favor
of OPC. In the post-hoc analysis of BIPARK I data, reduc-
tions of 14%, 46%, and 64% were noted for the Plc, ENT,
and OPC 50-mg arms, respectively, for night-time akinesia
[106]. Regarding morning akinesia, a post-hoc analysis of
the BIPARK I trial found a reduction in morning off-time
that was twice the percentage for OPC 50 mg vs ENT (20%
vs 10%) and no early morning OFF was observed for OPC
50 mg, but rather for ENT [107].

The initial choices of COMT-Is are ENT and OPC. The
main reason to choose ENT first is related to availability.
Opicapone is still not marketed in many countries all over
the world, although it is available in Italy, Germany, Spain,
the UK, Japan, and the USA, while ENT has a wider market.
However, if OPC is available, some factors should be con-
sidered: (a) a worldwide economic comparison is difficult to
make, as costs for patients may vary according to the health
insurance system. A recent medico-economic USA analysis
estimated that OPC is more cost effective despite a higher
total life cost, based on a quality-adjusted life-year analysis
[107, 108]. However, it should also be borne in mind that
in the USA, the cost of ENT (four times a day) is estimated
at US$141, and OPC at US$1875; (b) OPC offers a single
daily administration, which could be convenient compared
with taking ENT with each L-dopa dose, especially if a con-
comitant reduction in L-dopa doses is possible. At the same
time, a triple L-dopa/carbidopa/ENT formulation is available
in a single tab at variable doses, which could be particularly
convenient for a fine adjustment of the dose of 25 mg of
L-dopa. (c) Opicapone and ENT have similar efficacy on
motor fluctuations as shown in the non-inferiority BIPARK I
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trial. At the same time, OPC has been shown to perform bet-
ter vs ENT on the Clinician and Patients Global Impression
of Change scale, and an additional benefit in off-reduction is
obtained when switching from ENT to OPC. (d) No severe
diarrhea and the lowest rate of urine discoloration or none
at all were reported with OPC treatment compared to ENT.
Urine discoloration is a harmless AE, although it is some-
time perceived as bothersome by patients. In addition, no
studies on OPC non-responders have been published so far
and we do not currently know the percentage of patients with
PD who may not benefit from its initiation. Further treatment
strategies should be developed for COMT-Is non-responders,
and the role of new ER L-dopa formulations should also be
considered.

(c) How to manage potential TEAEs?

The first rule that should be adopted when prescribing
COMT-I is caution in terms of selecting the right patient
profile and knowing the most common AEs. Physicians
should carefully monitor the incidence of LIDs, which are
the most common dopaminergic AEs for all three COMT-
Is and may require a LEED reduction to improve patients’
adherence to treatment. However, if OPC 50 mg has the
desired effect on on-time without bothersome LIDs, accord-
ing to pooled data of DB and OL extension trials, an incre-
ment of approximately 64 minutes can be expected vs PLC
(without increment of on-time with bothersome LIDs).
These data on OPC simply confirm the possibility to man-
age LIDs appropriately, even during COMT-I treatment.
Additionally, the availability of several intermediate doses
of L-dopa/carbidopa/ENT simplifies a fine dose adjustment.

Constipation, nausea, dizziness, hallucinations, and
weight loss probably related to LIDs or disease progression,
may also be most common among elderly patients, compared
with patients aged younger than 70 years, as reported for
OPC [12]. Of note, one of the main concerns related to DAs,
especially among young patients with PD, is impulse control
disorder. However, there were no particular impulse con-
trol disorder issues with any of the three COMT-Is, except
for a low rate of approximately 0.2-05% with OPC treat-
ment. The recent approval of OPC and its availability on the
market have stimulated the possibility for further clinical
research, which implies the use of COMT-Is to better exploit
their effects and explore some aspects that might deserve
clarification.

From a clinical research point of view, the main key
points are:

(a) The role of COMT-Is in patients with stable non-fluc-
tuating PD

From a clinical standpoint, there are two potential goals
for early use of COMT-Is: (a) to improve motor symptoms
and stabilize the disease and (b) to delay the appearance of
L-dopa-induced motor complications. While the STRIDE-
PD study has clearly shown how multiple daily ENT doses

failed to prevent the appearance of dyskinesia in stable
early PD, a motor benefit, manifested by an improvement
in activities of daily living has been shown with early use
of TOL and ENT (FIRST-STEP study) [57]. The same
motor improvement can be expected with OCP. Concern-
ing the delay in the appearance of motor complications,
some authors have suggested that it might be interesting to
verify whether a daily administration of OCP could pro-
mote a continuous dopaminergic stimulation, smoothing out
the peaks and troughs of L-dopa delivery and the pulsatile
stimulation of post-synaptic dopamine receptors [109, 110].
This hypothesis should be verified. With regard to this, the
EPSILON study that aims to investigate the motor effects
of OPC 50 mg in patients with early non-fluctuating PD, is
currently underway. Particular attention should be paid to
the dose of concomitant L-dopa treatment and a decrement
should be considered. In fact, in the STRIDE-PD study, a
significantly higher LEDD was noted in the L-dopa/ENT arm
(659 mg) compared with the L-dopa alone arm (535 mg),
which consequently resulted in higher percentages of LIDs.

(b) The role of COMT-Is in NMS and NMS Fluctuations

We can safely conclude that the data on NMS and COMT-
Is are scarce, and often not assessed by specific NMS ques-
tionnaires. The role of OPC on pain and sleep is currently
under investigation in phase IV trials, based on the ben-
efit observed in the BIPARK trials. Considering the role
of COMT-Is in treating motor fluctuations, a benefit could
also be expected for non-motor fluctuations. Non-motor
fluctuations are often underestimated, although they occur
alongside motor fluctuations and less frequently, even in the
absence of motor off-time, in 17-100% of patients with PD
according to different studies [111]. Sensory (diffuse pain,
neuralgic pain, dysesthesia, akathisia, burning sensation,
sensation of dyspnea, and restless legs) and behavioral non-
motor (depression, apathy, fatigue, anxiety, attacks of pain,
attention disorders, hallucinations, irritability, and drowsi-
ness) fluctuations may be more bothersome than cardinal
parkinsonian motor symptoms. A potential role of COMT-
I treatment in patients with PD with both motor and non-
motor fluctuations would be worth exploring.

(c) The usefulness of COMT-Is as a first-line treatment
in early fluctuators

So far, there is no evidence to support the use of COMT-
Is as a first-line treatment for motor fluctuations compared
to other add-on therapies, nor for its use as soon as motor
fluctuations start. According to a personalized medicine
approach, instead of conducting a head-to-head trial to
compare the effectiveness of each COMT-I vs each DA
or rasagiline/safinamide, a long-term observational study
aimed at determining the best clinical profile for each add-
on L-dopa therapy could be helpful in choosing the best
prescription, according to the patient’s preference and the
safety profile. Concerning the early use of COMT-Is in
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early-mid fluctuators, we only have data on OPC that could
support its use, although they are based on exploratory post
hoc analyses. In fact, when the efficacy of OPC 50 mg in
patients with L-dopa-treated PD with motor fluctuation peri-
ods of 1 year (‘recent motor fluctuators’) or more than 1
year (“long-standing motor fluctuators”) is compared to Plc,
it is significant and comparable in both arms in reducing
off-time (—65.2 minutes [p = 0.00135] and —60.5 minutes
[p =0.0014], respectively, vs Plc) with a lower incidence of
LIDs among patients with a shorter period (11.8%) of motor
fluctuations compared to >1 year of fluctuations (23.5%), as
expected [112].

(d) The role of COMT-Is in the management of patients
with PD with device-aided treatments

As mentioned in the text, few reports on the co-adminis-
tration of LCIG and COMT-Is (TOL, ENT, and OPC) have
noted any success with this combination, which is aimed at
improving the control of resistant motor fluctuations when
there is a need to reduce the dose of L-dopa gel to prevent
dopaminergic AEs. Moreover, there are no data on the
efficacy and tolerability of concomitant administration of
COMT-Is and other device-aided treatments, including CAI
and DBS. It is well known that CAl is an effective treatment
for L-dopa motor complications, but it can be less effective in
terms of off-time reduction compared with LCIG and DBS
[8]. A combination of COMT-Is, CAI, and an L-dopa subcu-
taneous liquid formulation could be interesting for patients
who are not optimally treated for motor fluctuations and who
are not suitable for or do not want to be submitted to DBS
or LCIG. Moreover, we should consider that bothersome/
severe and unpredictable motor fluctuations, and severe
LIDs remain a clinically unmet need, with Level A evidence
assigned only to DBS [113], but with no effective oral treat-
ment available. At the same time, no RCTs on COMT-Is
have specifically included/targeted patients with PD with
unpredictable motor fluctuations or severe LIDs. The use of
COMT-Is in combination with device-aided treatments for
this subgroup of patients with advanced PD merits further
investigation.
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