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ABSTRACT

Introduction: Parkinson’s disease (PD) is a progressive, chronic neurodegenerative disorder. The main
neuropathological cause of the disease is the death of dopaminergic neurons in the substantia nigra.
Unfortunately, there is no curative treatment yet. The gold-standard of the treatment is levodopa (LD).
During the course of the disease, motor complications develop, which postulates the addition of
entacapone (ENT) to the dopaminergic medication. Previous studies have suggested that patients
have a better quality of life when entacapone is added in a combination with LD.

Areas covered: A systematic literature search was performed. Articles were identified through PubMed
(MEDLINE), Web of Science, Ovid, and ClinicalTrials.gov databases. The following search terms were
used: ‘Levodopa’ AND ‘Carbidopa’ OR ‘Benserazide’ AND ‘Entacapone’. The search period was between
2000 and 2020. Twenty randomized and 10 non-randomized clinical trials (12,893 subjects) were
included in the qualitative analysis. The systematic review was written in line with the PRISMA
guideline.

Expert opinion: ENT administered in combination with LD resulted in a better quality of life compared
to separate tablets. Therefore, in PD patients where impaired motor performance develops and the
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application of entacapone is necessary, it is suggested to be administered in a single tablet form.

1. Introduction

Parkinson’s disease is the second most common neurodegen-
erative disorder [1]. The estimated prevalence is around
10-18 per 100 000 [2]. The most important motor symptoms
are bradykinesia, tremor, and/or rigidity [2]. The main neuro-
pathological cause of the disease is the death of the dopami-
nergic neurons in the substantia nigra [3]. Unfortunately, there
is no curative treatment yet, however extensive preclinical and
clinical studies are ongoing [4]. Today, the focus of treatment
is on the compensation of the hypodopaminergic state of the
brain with exogenous levodopa (LD) substitution [5]. In gen-
eral, a significant proportion of levodopa is rapidly metabo-
lized by the peripheral aromatic amino-acid decarboxylase
(AADCQ) [6-8]. To prevent this process, dopa-decarboxylase
inhibitors (DDCI) have been introduced in daily clinical prac-
tice (benserazide (B) and carbidopa (CD)) [6-8]. However,
AADC is not the only enzyme which is involved in this meta-
bolic pathway [6-8]. Catechol-O-methyltransferase (COMT) can
also convert LD to 3-O-methyldopa (3-OMD) [6-8]. To block
this pathway as well, three widely known COMT inhibitors
(entacapone (ENT), tolcapone (TLC), and opicapone (OPQ))
have been introduced [6-8]. Although ENT is the most widely
used COMT inhibitor, it requires multiple daily doses. In con-
trast, it is sufficient to administer OPC once a day. The only

central acting COMT inhibitor is TLC; however, due to its
hepatotoxic effects, it should be closely monitored [6]. The
treatment of patients with Parkinson’s disease becomes very
complicated as the disease progresses [5]. The ‘ON'-time will
get shorter and the number of hours with inappropriate
movement increases [5]. Fractionation and intensification of
the LD treatment gradually become necessary [5]. If end-of-
dose motor fluctuations develop, an option is to introduce the
COMT-inhibitors in combination with LD/DDCI [5]. In addition
to the motor symptoms of the disease, many non-motor
symptoms, including Parkinson’s dementia are known [9].
Given that the treatment strategy gets more complicated as
the disease progresses and, simultaneously, the condition of
the patient gradually deteriorates, combination therapies play
a major role in achieving optimal compliance and therapeutic
response [5]. Furthermore, the cost-effectiveness of combina-
tion therapies is not negligible [10].

For the reasons mentioned above, the primary aim of this
systematic review is to summarize the efficacy data on enta-
capone as an adjunct therapy to LD on motor fluctuations (in
line with PRISMA criteria [11]). Furthermore, the secondary
objective is to compare the pharmacological and quality of
life effects of two modes of oral ENT administration (LD/DDCI
plus ENT separately versus LD/DDCI/ENT). An additional pur-
pose of our study is to demonstrate the importance of
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Article highlights

o Parkinson’s disease is the second most common neurodegenerative
disorder with an estimated prevalence of around 10-18 persons per
100 000.

¢ The gold-standard of the treatment is levodopa (LD). However, dur-
ing the course of the disease, motor complications develop which
often leads the prescription of entacapone (ENT) in addition to the
dopaminergic medication.

e ENT is a peripherally acting COMT-inhibitor.

e ENT administered in combination (LD/CD/ENT) results in a better
quality of life compared to the drugs administered separately (LD/
CD + ENT or LD/B + ENT)

¢ The cost-effectiveness of combination formulations may be an impor-
tant future aspect for the patient’s and health insurance’s budget,
especially as an increased QoL could increase a patient’s number of
active years and reduce the need for hospital care.

This box summarizes key points contained in the article.

combination therapies in Parkinson’s disease, using the exam-
ple of LD/CD/ENT.

2. Methods
2.1. Eligibility criteria

English language, available online reviews, editorial articles, and
original publications have been included in the systematic lit-
erature analysis, as well as clinical trials with accessible results.
The search period was between 2000 and 2020 (January).
Clinical trials on individuals below the age of 18 are not included
in the analysis. The main focus of the literature search was on
the effect of ENT on the motor performance of Parkinsonian
patients. Due to the lack of LD combination formulation for OPC
and TLC, it was not possible to compare these with ENT combi-
nations. For this reason, OPC and TLC were beyond the scope of
this article. Furthermore, the studies addressing the impact of
ENT on levodopa-induced hyperhomocysteinemia and vitamin
B12 deficiency were also excluded.

2.2. Information sources and search strategy

Articles were identified through PubMed (MEDLINE), Web of
Science, Ovid, and ClinicalTrials.gov databases. The following
search terms were used in all applied online databases:
‘Levodopa’ AND ‘Carbidopa’ OR ‘Benserazide’ AND ‘Entacapone’.

2.3. Data items

The following information was searched in the identified pub-
lications: (1) type of the trial; (2) participant characteristics
(number of included subjects, inclusion, and exclusion criteria);
(3) purpose of the study; (4) intervention and groups; (5)
duration of the study; (6) clinical assessment scales; (7) out-
come measures (primary and secondary); (8) main findings.

3. Results
3.1. Study selection process

Through PubMed (MEDLINE) searches 179 items were identi-
fied (Figure 1). Using the Web of Science, Ovid, and
ClinicalTrials.gov databases, we identified an additional 497
items. Duplications were removed using Mendeley software
(n = 208). After screening the 468 identified findings (titles and
abstracts were read), 39 articles were eligible for full-text
review. After the detailed evaluation of the above-mentioned
texts, 30 studies were included in this systematic analysis.

3.2. Study characteristics

Study type - 20 randomized (double-blind, cross-over (n = 8);
double-blind, parallel-group (n = 5); single-blind, cross-over
(n = 1); single-blind, parallel-group (n = 1); open-label, cross-
over (n = 2); open-label, parallel-group (n = 3)) and 10 non-
randomized (open-label) clinical trials were identified (Table 1).

Number and characteristics of participants — 12,893 subjects
(male and female patients) were involved in these studies (PD
patients = 12,784; healthy subjects = 109). Age range: 30 to
80 years.

Inclusion and exclusion criteria (PD population) — The most
widely used inclusion criteria were the following: (1) - idiopathic
PD; (2) - Hoehn-Yahr stage 1 to 3; (3) - motor fluctuation
information (absent; no or minimal, nondisabling motor fluctua-
tion; ‘end-of-dose type’; wearing-off; on-off phenomenon; early
end-of-dose wearing-off defined by QUICK questionnaire; mild
wearing-off phenomena; without unpredictable fluctuations;
wearing-off with or without mild dyskinesia; at least 1 ‘yes’ on
the Motor Fluctuation Questionnaire) (4) — LD dose (stable dose;
not optimally treated) and formulation information (standard; IR;
SR; RR). The main exclusion criteria used in the studies were the
following: (1) — secondary or atypical parkinsonism; (2) — severe
systemic or psychiatric iliness; (3) — previous or current treatment
which interferes with the tested drug; (4) - previous treatment
with ENT; (5) — motor performance information (unpredictable
dyskinesia; unpredictable "OFF” periods; painful dyskinesia; dis-
abling dyskinesia; unpredictable fluctuations; complex motor
fluctuations; severe dyskinesia; more than mild dyskinesia).

Duration of the study - the duration of the studies ranged
from 2 days to 136 weeks.

Clinical assessment scales - the following tests were generally
used in the identified clinical trials: (1) — UPDRS scale; (2) - PDQ-39
and -8; (3) - SF-36; (4) — PSI; (5) - VAS; (6) — Clinical Global
Impression (patient and investigator); (7) — Motor fluctuations
Questionnaire; (8) — QoL; (9) - ESS; (10) — MMSE; (11) — Schwab
and England ADL scores; (12) — BDI; (13) - Wearing Off Card; (14) -
Motor performance tests (grip strength, line tracing test, peg
insertion test); (15) — pharmacokinetic test; (16) — LD dose
equivalent.

3.3. Main findings

3.3.1. Pharmacokinetic data
The majority of the performed pharmacokinetic studies
focused on the effect of ENT on LD in different administration
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Figure 1. PRISMA flow diagram.

and combination settings. There was no relevant pharmacoki-
netic difference between LD/CD and LD/B after ENT adminis-
tration. However, other authors [16] suggested, that LD/B may
have more significant AADC inhibitory effects. Addition of ENT
to LD/CD or LD/B resulted in increased AUC and decreased
3-OMD levels (regardless of the type of the LD formulation
(e.g. RR, CR, IR; separately administered or single tablet form))
[17-24].

3.3.2. Scale-based assessments, motor performance

To estimate the alteration in motor performance, UPDRS scale
was the most widely used [26-37 and NCT00391898,
NCT00642356]. The overall conclusion of many of the identi-
fied studies was that regardless of the administration form of
ENT (administered separately or in single tablet form), motor
performance improved [20,25-27]. This positive effect is also
detectable in different subpopulations (e.g. in early-stage PD
patients) [25]. However, in the STRIDE-PD clinical trial, an ear-
lier appearance and increased frequency of dyskinesias were
detected in the ENT group [26]. Interestingly, in the SIMCOM
study, a pronounced improvement was found in the UPDRS
score (the mean UPDRS score (parts Ill) improved significantly
(from 24.0 by 1.9; p < 0.01)) with the single tablet LD/CD/ENT
group compared to LD/CD plus ENT (separately) group [28].
The repeated administration of ENT containing LD combina-
tion resulted in significantly better motor scores (UPDRS) and

performance in comparison to repeated administration of LD/
CD alone, meanwhile, there was lesser pronounced fluctuation
of movements [23]. In the START-M trial — similarly to the TC-
INIT study - a switch from the previous LD medication to LD/
CD/ENT resulted in a 29% reduction rate on the UPDRS [29].

3.3.3. Quality of life

The effect of entacapone addition to LD/DDCI and the formu-
lation-related effects (LD/DDCI + ENT vs. LD/CD/ENT) were also
examined from the perspective of QoL.

Hauser et al. found over 39 weeks, in early PD populations,
that LD/CD/ENT resulted in greater clinical improvement than
LD/CD alone [25]. The risk of motor complications was not
elevated in the ENT group [25]. ADL (Part Il, UPDRS, p = 0.025)
and Schwab and England scores (by patient: p = 0.006, by
rater: 0.003) were significantly better in the LD/CD/ENT group
[25]. There was a similar tendency with the PDQ-39 and PDQ-8
scores [25]. The p-CGI was significantly better as well in the
above-mentioned group (LD/CD group - 34.8% reported that
they were ‘much improved’; however, in the LD/CD/ENT group
it was 36.7%) [25]. Another study found that in patients with-
out motor complications, separately administering ENT for
21 weeks did not improve the ADL section of UPDRS scale
[30]. However, this treatment resulted in a significant improve-
ment in the QoL measures (PDQ-39 (p = < 0.01), SF-36 (vitality
domain - p = 0.04; physical component - p = 0.009), PSI
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10 A. SALAMON ET AL.

(frequency - p = 0.007) and subject clinical global assessment

§ a %‘%g - g (p = 0.02) [30]. The most affected domains of the PDQ-39 scale
g f Cc'v 3‘3: ; 5 g were mobility (p = 0.001) and ADL (< 0.001) [30]. The conver-
5 E %gé %E &4 sion from SR LD/CD to LD/CD/ENT resulted in a significant
5|8 :E e %é’ g improvement in QoL measures after 1 month [27]. The UPDRS
E E” %,—? § £ .E -%g (motor score, total score) and the ‘mobility’, ‘ADL’, ‘emotional’,
s ‘gfg -y = ‘cognition’ and ‘bodily discomfort’” domains of PDQ-39 scale
25 E.E égz improved significantly [27]. These patients also had better
v e scores on the Epworth Sleepiness Scale (ESS) [27]. In the
a 12 weeks study [31] (184 patients, no or minimal, nondisabling
| 23 ss motor fluctuation), the effect of LD/DDCI compared to LD/CD/
% < = g 2 —Q_i ENT on the quality of life was investigated. The applied PDQ-8
5% ~cg83 scale significantly improved in the LD/CD/ENT group
s - §% 25 (p = 0.021) [31]. The most affected parts of the PDQ-8 scale
i A were ‘depression’ (p = 0.025), ‘close personal relationship’
g 32 (p = 0.037), ‘communication’ (p = 0.007) and ‘social stigma’
3 %(_i (p = 0.033) [31]. In another comparative study [32], over 70%
o|BTEEE of the patients in both groups (LD/CD + ENT and. LD/CD/ENT)
% EE ; 2 felt that their clinical condition was better after the switch
ER= é 2¢ from the previously applied medication (LD/DDCI). Over 80%
o &E%T&; of patients experienced a reduction of fluctuations (87% -
§ _::j"‘«‘s_gg combination; 81% - separate ENT) [32]. In the SELECT-TC
S gg study [33], the effect of switching from IR LD/DDCI to LD/
g 28 CD/ENT on QoL was estimated in a 4 week study of patients

a.

with wearing-off. The total score of the PDQ-39 scale
improved significantly (p = < 0.001). Most of the patients
reported a slight improvement on the p-CGl scale (34.9%)
[33]. Consistently with these results in a similar study [29],
the activities of daily living improved by 25.1% as well. The
effect of the switch from different DDCI inhibitors (LD/CD or

Duration
8 weeks

_% a g A g E 3 LD/B) to LD/CD/ENT was tested as well [34]. It was found that
Q= 5 8 °s5e oD after switching 77% of patients reported ‘improvement’
_z£8iE n2ES a (p-CGl: LD/CD to LD/CD/ENT: p = 0.008; LD/B to LD/CD/ENT:
g 83; o ;§§g§§ 2 p = < 0.0001). There was a significant improvement in the
g I% = 2 g 23 % g gg i-CGI-C, UPDRS and QoL-VAS scales as well [34]. Furthermore,
E % ur—j =g E “3 S ) - it seems that an immediate switch (IS) from LD/CD to LD/CD/
E 5 %’E §§ 2 ?3 ENT, compared to a delayed switch, has more advantages in
o S é a_;’ S § P terms of QoL [35]. At week 8, the PDQUALIF (p = 0.0133) and
3 o PDQ-39 (p = 0.0136) total scores were significantly lower in the
5> wc IS group [35].
.| SE538 g In the SIMCOM study [28], the effect of the switch from
E EE ,‘ge 2 g‘é separately administered LD/CD + ENT to LD/CD/ENT (single
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(LD/CD/ENT) forms. The use of LD/CD/ENT vs. LD/CD + ENT
(separate tablets) resulted in better adherence (79% lower
mean non-adherence; 86% lower odds of unsatisfactory
adherence) [36]. As a conclusion, some studies suggest
that the single tablet form results in a better QoL; however,
no strong evidence is available so far.

4. Conclusions

The identified clinical trials provided data on the clinical and
pharmacokinetic efficacy of ENT addition. Only a minority of
the identified studies ([28,32,36]) compared the administration
mode of ENT. The SIMCOM study proved that 69% of the
patients preferred (54%, not significant) or considered equiva-
lent (15%) the LD combination in a single tablet [28].
Additionally, they felt their own clinical condition (85%) was
significantly improved [28]. As opposed to separate dosing,
patients found it easier to swallow (59%), handle (84%) or
remember (67%) [28]. In the TC-INIT study, it was demon-
strated that the QoL measures were significantly better in
the LD/CD/ENT group compared to the LD/CD + ENT group
[32]. Furthermore, the only one involved cohort study (which
included 8646 patients) found better patient adherence in the
LD/CD/ENT combination group [36]. In conclusion, in PD
patients where impaired motor performance justifies the addi-
tion of ENT to the previously applied treatment regimen,
administration of the single tablet form is suggested.

5. Expert opinion

Although many factors (e.g. familial, financial, social) influence
the adherence of a PD patient to the applied medication, the
importance of non-motor symptoms should be emphasized.
The prevalence of depression in Parkinson’s disease is 30-40%
[37] and furthermore, around 30-40% of patients fulfill the
diagnostic criteria of cognitive impairment (cumulative preva-
lence: up to 78%) [38]. These two non-motor symptoms have
been demonstrated to have a relation with drug non-
adherence in Parkinson’s disease, and therefore optimization
and simplification (single pills) of dopaminergic therapy is very
important to achieve the optimal therapeutic effects [39,40].

This systematic review summarizes the most important
comparative studies regarding ENT administered separately
and in combination. During these studies, the administered
medicines were closely controlled (no medication error
remained unexplained), the UPDRS score did not differ signifi-
cantly between the LD/CD/ENT versus LD/CD + ENT (sepa-
rately) groups [32]. Nonetheless, the majority of patients
strongly preferred the combination products [28,32]. They
felt it easier to handle, swallow, and to remember the appro-
priate dose [28]. The majority of the performed studies
showed a reduction of daily levodopa dose, not only in PD
patients who previously were not treated with ENT, but also
after switching between separately administered ENT to
a combination tablet [18,20-34,36,41-43].

From the pharmacokinetic perspective, there is a need for
optimal timing of the oral administration of ENT to achieve
the highest bioavailability of LD [16]. The possibility of incor-
rect administration (e.g. less frequent) of ENT is higher with

separate tablets [36]. Furthermore, the widely applied pro-
ducts, which have distinct drug-releasing profiles (e.g.
extended-, controlled-release), could make the pharmacoki-
netics more complex with an additionally increased preva-
lence of suboptimal LD brain concentration and
inappropriate motor symptom control [44]. These facts sup-
port the hypothesis that ENT administered in combination
yields better bioavailability. ENT addition has a risk of worsen-
ing dyskinesia intensity. Dyskinesia was one of the most
important factors behind the dropouts (Table 2). The majority
of studies showed a discrete reduction in the ‘OFF’' time;
however, we think that ‘ON’ time is more relevant in judging
the efficacy of the ENT treatment.

Examining the cost-effectiveness of combination formulations
can be a very important future aspect for the patient’s and health
insurance’s budget. A significantly better quality of life, as docu-
mented by clinical studies, is capable of increasing the number of
active years and reducing the need for hospital care.

In summary, combination treatments (in particular, ENT
combinations in the current work) have been shown to be
more effective in terms of quality of life compared to sepa-
rately administered drugs. During the disease course, cogni-
tive and other non-motor problems, along with motor
symptoms, become the leading reasons for non-adherence
to medication and not appropriate movement control [36].
The final conclusion of this systematic literature review is
that switching to combination ENT treatment in PD patients
with end-of-dose wearing-off phenomena is a good option to
achieve better QoL. However, patients with motor complica-
tions should be reevaluated from time to time regarding
instrumental therapies for advanced disease stages [45].
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