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Abstract This was a retrospective pooled analysis of data
from four comparably designed, double-blind, placebo-
controlled, Phase III studies and their long-term open-label
extensions. Patients on levodopa and a dopa decarboxylase
inhibitor (DDCI) were randomized to entacapone or to
placebo in the 6-month, double-blind phase, with all
patients subsequently receiving entacapone in the exten-
sion phase. UPDRS III motor scores improved by —2.1
points during the first 6 months of levodopa/DDCI and
entacapone therapy, and remained below baseline for up to
2 years. Increased daily ‘ON’ time, together with response
duration to a single morning dose of levodopa and clinical
global evaluation, also supported the long-term efficacy of
levodopa/DDCI and entacapone. The mean daily dose of
levodopa did not increase over the 5-year follow-up period.
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Introduction

Levodopa remains the most effective and best-tolerated
treatment for Parkinson’s disease (PD) (Olanow et al.
2004), and is the only agent with a proven positive impact
on the mortality rates of PD patients (Rajput 2001). A
number of double-blind, levodopa-controlled trials of early
dopamine agonist monotherapy have consistently shown
that levodopa provides superior symptomatic efficacy as
assessed by Unified Parkinson’s Disease Rating Scale
(UPDRS) II (activities of daily living [ADL]), III (motor)
and total scores. However, chronic treatment with levodopa
is associated with an increased risk of motor complications,
such as wearing off and dyskinesia (Bracco et al. 2004;
Holloway et al. 2004; Oertel et al. 2006; Rascol et al.
2000).

Longitudinal studies of levodopa in PD patients dem-
onstrate a gradual decline in patient function (assessed by
UPDRS scores) over time and the continual need to adjust
dopaminergic medications (Alves et al. 2005; Goetz et al.
2000). With advancing disease, PD patients are often pre-
scribed increasingly higher and more frequent levodopa
doses in an attempt to provide them with sustained levo-
dopa bioavailability and to maintain symptom control over
the course of the day. However, although these modifica-
tion strategies can be useful in the short-term, there is
general agreement that they are insufficient in the long-
term (Stocchi 2006; Olanow et al. 2006). For example,
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dose fractionation may lead to suboptimal levodopa
exposure, which is often associated with wearing-off
symptoms. On the other hand, continually increasing the
size of individual levodopa doses usually leads to increased
severity of dyskinesias without marked prolongation of
therapeutic benefit (Stocchi 2006).

Four placebo-controlled, randomized, double-blind, 6-
month, Phase III studies have demonstrated that levodopa/
dopa decarboxylase inhibitor (DDCI) and entacapone
therapy is an effective management strategy for PD
patients experiencing re-emergence of symptoms due to
wearing-off, providing significant benefits in terms of
symptom control compared with conventional levodopa/
DDCI therapy (Brooks et al. 2003; Poewe et al. 2002; PSG
1997; Rinne et al. 1998). In these studies, daily ‘ON’-time
increased by up to 1.4 h compared with levodopa/DDCI
and placebo, with a corresponding reduction in ‘OFF’-time.
In some instances this was accompanied by up to three-
point reductions in UPDRS III scores measured during the
best ‘ON’ (Rinne et al. 1998). These clinically relevant
improvements were seen despite efforts to optimize
levodopa and other antiparkinsonian therapy prior to ran-
domization, and subsequent reductions in mean daily
levodopa dose during the trials.

As part of the design of these double-blind Phase III
trials, open-label safety and efficacy extension periods
were included. To date, safety and efficacy data have been
published from only one of these open-label extension
studies covering a period of 3 years (Larsen et al. 2003).
Here we present a pooled analysis of the four double-blind
Phase III studies and their open-label extensions, in order

to evaluate the efficacy and safety of long-term levodopa/
DDCI and entacapone therapy in patients with PD.

Materials and methods
Study design

Pooled data of four comparably designed, randomized,
double-blind, placebo-controlled Phase III studies (Brooks
et al. 2003; Poewe et al. 2002; PSG 1997; Rinne et al.
1998) and their long-term, open-label extensions (up to
5 years), were analysed. An overview of the design of
these four studies in presented in Table 1. The protocols of
the original studies were all designed to ensure that results
were reflective of a broad range of PD patients experi-
encing wearing-off whilst treated with conventional
levodopa and other antiparkinsonian therapies. All four
studies had a 6-month, double-blind phase when patients
on levodopa/DDCI were randomized to entacapone or to
placebo. Following a washout period of approximately
2 weeks, all patients consenting for the extension phase
subsequently received open-label levodopa/DDCI and
entacapone treatment for up to 5 years. The open-label
extension phase was administratively terminated country-
by-country, when marketing approval for the study medi-
cation (entacapone, Orion Pharma, Espoo, Finland) was
granted. Written informed consent was obtained from each
patient. The studies followed the guidelines of the Decla-
ration of Helsinki and were approved by the Ethics
Committees of the participating centres.

Table 1 Overview of the design of four Phase III studies evaluating the efficacy and safety of long-term levodopa/DDCI and entacapone therapy

in patients with PD

Study/Author Double-blind (DB) phase Open-label phase Population Number of patients
enrolled in DB/open
label phase
PSG 1997 Two parallel groups: Open-label entacapone with ~ Levodopa-responsive patients DB: 103 4 102
levodopa/DDCI with levodopa/DDCI for up to with motor fluctuations Open: 170
entacapone or placebo 60 months
(1:1) for 6 months

Rinne et al. 1998 Two parallel groups: Open-label entacapone with Levodopa-responsive patients DB: 85 + 85
levodopa/DDCI with levodopa/DDCI for up to with motor fluctuations Open: 132
entacapone or placebo 56 months
(1:1) for 6 months

Poewe et al. 2002 Two parallel groups: Open-label entacapone with ~ Levodopa-responsive patients DB: 197 + 104
levodopa/DDCI with levodopa/DDCI for up to with or without motor Open: 186
entacapone or placebo 28 months fluctuations (14 % without
(2:1) for 6 months motor fluctuations)

Brooks et al. 2003 Two parallel groups: Open-label entacapone with ~ Levodopa-responsive patients DB: 203 + 97
levodopa/DDCI with levodopa/DDCI for up to with or without motor Open: 161

entacapone or placebo
(2:1) for 6 months

24 months

fluctuations (43% without
motor fluctuations)

DDCI dopa decarboxylase inhibitor
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Patient population and study treatment

Details of the inclusion and exclusion criteria, similar
across the four studies, have been reported elsewhere
(Brooks et al. 2003; Poewe et al. 2002; PSG 1997; Rinne
et al. 1998). Briefly, levodopa-responsive patients with
idiopathic PD aged 30-80 years were included. Patients
were also required to have PD symptoms that were not
adequately controlled by their individually tailored levo-
dopa/DDCI therapy, and other antiparkinsonian therapies.
Both carbidopa and benserazide preparations were allowed.
Controlled-release (CR) levodopa was permitted in two of
the double-blind studies (Brooks et al. 2003; Poewe et al.
2002) and all safety extension studies (Larsen et al. 2003).

Concomitant treatment with amantadine, anticholiner-
gics, the MAO-B inhibitor selegiline and dopamine
agonists (except apomorphine) was permitted. The doses of
all these antiparkinsonian drugs along with levodopa/DDCI
were to be kept constant for at least 4 weeks prior to
randomization. The use of neuroleptics, neuroleptic antie-
metics, catechol-structured drugs, MAO-A inhibitors or
non-selective MAO inhibitors was prohibited.

The levodopa regimen (and other individual antipar-
kinsonian medications) was optimized according to the
treating physicians’ normal clinical practice prior to study
entry. Entacapone 200 mg (or placebo in double-blind
studies) was given concomitantly with each daily dose of
levodopa. During each study, the levodopa dose could be
individually adjusted, when clinically indicated, by either
changing the levodopa dose or dosing frequency.

Efficacy assessments

Long-term efficacy was assessed by comparing follow-up
data with baseline values. Baseline for the patient popu-
lation in this pooled analysis was defined as the first visit
prior to the start of levodopa/DDCI and entacapone treat-
ment (i.e. at the start of the double-blind phase for patients
on levodopa/DDCI initially randomized to receive ent-
acapone, and at the start of open-label phase for patients on
levodopa/DDCI initially randomized to receive placebo).
All patients enrolled to the open-label studies were inclu-
ded in the efficacy analysis until the time point when only
ten or fewer patients were available for follow up (average
of 56 months).

Here we present the results of the efficacy measures
which were evaluated during both the double-blind and
open-label extension phases. UPDRS III motor scores
(n = 485 at baseline) were available from three of the
studies (Poewe et al. 2002; PSG 1997; Rinne et al. 1998).
UPDRS scores were recorded on average 1.7 h after intake
of levodopa when patients were at their best ‘ON’-state.

Global clinical impression scores (n = 647 at baseline)
and mean daily levodopa doses (n = 649 at baseline)
were recorded in all studies (Poewe et al. 2002; PSG
1997; Rinne et al. 1998). The response duration of the
first single morning dose of levodopa/DDCI and entaca-
pone (n = 129) was measured in one double-blind study
and its open-label extension phase (Larsen et al. 2003;
Rinne et al. 1998).

Safety and tolerability

All patients having received at least one dose of levodopa/
DDCI and entacapone were included in the safety analysis.
Safety and tolerability were assessed at every visit by
monitoring laboratory safety parameters, vital signs, ECG
and adverse events (AEs). Particular attention was paid to
hepatic safety, including analyses of SGOT/AST (aspartate
amino transferase), SGPT/ALT (alanine amino transfer-
ase), GGT (gamma-glutamyl transferase), alkaline
phosphatase and bilirubin. Potential clinically significant
increases in these parameters were defined as levels three
times above upper normal limits. Adverse events were
classified by System Organ Classes and by Preferred Term
using the WHO coding system.

Statistical analysis

The current analysis includes all patients enrolled in the
double-blind and open-label extension periods of the four
large-scale Phase III trials. All data were included in all the
efficacy analyses with no selection of patients. All patients
enrolled to the open-label studies were included in the
efficacy analysis and all patients who received at least one
dose of study medication, regardless of their participation
into the extension study, were included in the safety
analysis. Only observed cases were used, with no imputa-
tions for missing data.

Results
Baseline data

Of the 806 patients who completed the double-blind period,
649 patients (402 male, 247 women) continued in the open-
label extension period of the studies, and were included in
the efficacy analysis (Fig. 1). At baseline, the mean age
(SD) of the patients was 63.1 (£9.4) years and the duration
of PD was 9.5 (£5.2) years. The mean daily dose of
levodopa was 678 (£363) mg. More than half of patients
(54.5%) were using dopamine agonists and 41.4% were
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Randomized to double-blind
studies: n=977

Table 2 Patient demographics at the start of entacapone treatment

v

v

Entacapone in the
double-blind study: n=588
® 470 completed

* 118 discontinued

Placebo in the
double-blind study: n=389
* 336 completed

¢ 53 discontinued

l

l

Enrolled to open-label
study: n=376

Enrolled to open-label
study: n=273

v

Included in the pooled analysis:
Efficacy: n=649 (376+273)
Safety: n=861 (588+273)

Fig. 1 Patient flowchart

using selegiline. A total of 83.9% of patients showed
Hoehn and Yahr staging of 2-3. The mean UPDRS part III
(motor) score was 24.2 (£12.8) points at baseline and the
mean response duration to a morning dose of levodopa was
2.2 (£0.7) hours (Table 2).

Efficacy

Pooled analysis of the UPDRS III scores showed an initial
mean improvement of —2.1 (£7.3) points during the first
6 months of levodopa/DDCI and entacapone therapy.
Thereafter, UPDRS III scores deteriorated at a rate of
approximately 1.0 point/year, remaining below baseline for
up to 2 years (Fig. 2).

The duration of response to the first single morning dose
of levodopa/DDCI and entacapone treatment increased
from 2.2 &+ 0.7 at baseline to 2.8 & 0.6 h at 6 months, and
was consistently longer compared with baseline throughout
the follow-up period (Fig. 3).

Global clinical assessment indicated that, compared
with baseline, 77.1% of patients on levodopa/DDCI and
entacapone therapy were either improved or unchanged at
6 months. This proportion remained stable (range 67.8—
84.0%) for up to 52 months.

Figure 4 shows the mean daily levodopa dose in patients
during the study period. Following initiation of levodopa/
DDCI and entacapone, the mean daily levodopa dose could
be reduced by 68 (£169) mg by 3 months and remained
below baseline levels for up to 56 months.

Figure 5 shows the mean number of daily levodopa
doses in patients during the study period. The mean number
of levodopa doses remained stable throughout the study

@ Springer

Parameter Efficacy population
(n = 649)
Age (years) 63.1 (9.4)
Gender (male/female) 62/38
Duration of PD (years) 9.5 (5.2)
Duration of levodopa treatment (years) 7.9 (4.8)
Levodopa dose (mg) 678 (363)
Number of daily levodopa doses (mg) 5.5 (2.0)
Dopamine agonist users (%) 55
Selegiline users (%) 41
Amantadine users (%) 15
Anticholinergics users (%) 14
Other anti-PD medication users (%) 1
DDCI (carbidopa/benserazide/both) 56/38/6
CR levodopa user (%) 25
H&Y stage 2.4 (0.7)
UPDRS part IIT 24.2 (12.8)
Total UPDRS 37.7 (17.7)
Response duration® (h) 2.2 (0.7)

Data are mean (standard deviation), or

% where indicated

* Response duration after a single morning dose of levodopa/DDCI
and entacapone; DDCI dopa decarboxylase inhibitor, PD Parkinson’s
disease, CR controlled release, H&Y Hoehn and Yahr, UPDRS
Unified Parkinson’s Disease Rating Scale

12 4

©
L

UPDRS part lll
I
1

Mean (SEM) change from baseline in

-4 T T T T T T T

B 3 6 9

12 16 20 24 28 32 36 40 44 48 52 56

Month
n= 485 450 438 415 387 269 256 100 94 88 111 67 92 44 43 39

Fig. 2 Change in Unified Parkinson’s Disease Rating Scale (UP-
DRS) part III (motor) score for the efficacy population; SEM standard

error of mean, B baseline

and did not change by more than 0.6 of a dose at any time
point during the study, compared with baseline (Fig. 5).

Safety and tolerability

A total of 861 patients received at least one dose of levo-
dopa/DDCI and entacapone therapy during the double-
blind period or the extension phase, and were included in
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Fig. 3 Change in response duration following a single morning dose
of levodopa during therapy with levodopa/DDCI and entacapone;
SEM standard error of mean, B baseline
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Fig. 4 Change in daily levodopa dose; SEM standard error of mean,
B baseline

the safety analysis. Maximum follow-up time for safety
was over 5 years.

Adverse events and premature discontinuation

In general, levodopa/DDCI and entacapone therapy was
well-tolerated. Table 3 summarises the AEs that occurred
in >10% of patients. The most commonly reported AEs
were aggravation of parkinsonism (worsening of parkin-
sonian symptoms), dyskinesia and nausea. The majority of
the dopaminergic AEs were encountered within the first
4 weeks of exposure to treatment and were generally mild-
to-moderate, transient and often managed by adjustment of
the levodopa dose. Patient withdrawal due to dopaminergic
AEs was uncommon, with low rates of discontinuations
due to dyskinesia (2.7%) and nausea (2.0%). Overall,
approximately one third (36%) of dyskinesia events
occurred within 1 week and about one fifth (22%) occurred
>1-4 weeks after initiation of study medication. Similarly,
the figures for nausea were one third (34%) of patients
within 1 week and one fifth (19%) >1-4 weeks. The most

MH

-14

Mean (SEM) change from baseline in
number of daily levodopa doses (mg)
o
H
h
HH

-2

B 3 6 9

T T
12 16 20 24 28 32 36 40 44 48 52 56

Month
n= 649 574 556 422 440 411 452 373 300 217 175 142 136 88 77 58

Fig. 5 Change in number of daily levodopa doses; SEM standard
error of mean; B baseline

Table 3 Most common treatment emergent adverse events (>10%)
in patients treated with levodopa/DDCI and entacapone during over
5 years of follow-up

Adverse event Patients (n = 861)

n %
Parkinsonism aggravated 278 323
Dyskinesia 267 31.0
Nausea 159 18.5
Dizziness 130 15.1
Insomnia 125 14.5
Hallucination 124 14.4
Diarrhoea 121 14.1
Constipation 118 13.7
Depression 100 11.6
Hypokinesia 99 11.5
Tremor 99 11.5
Hyperkinesia 98 11.4
Urine abnormal 97 11.3
Pain 97 11.3
Fall 94 10.9

DDCI dopa decarboxylase inhibitor

commonly reported non-dopaminergic AE was diarrhoea
(14%). This was never explosive and only 1.5% of patients
on levodopa/DDCI and entacapone discontinued treatment
due to diarrhoea over the 5-year period.

During the 5-year study period a total of 478 serious
AEs (SAEs), including 31 deaths, were reported in 274
patients (31.8%). The most frequently reported SAEs were
falls (24 patients, 2.8%) and hallucinations (18 patients,
2.1%). No cases of hepatotoxicity or other unexpected
serious safety concerns were reported as SAEs.

A total of 248 (28.8%) patients discontinued the study
treatment during the 5-year study period due to an AE,
most of which were dopaminergic and/or PD-related in
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nature. An additional one fifth (19.5%; n = 168) of
patients discontinued for other reasons such as protocol
deviation or were lost to follow up. The remaining decline
in the number of patients was not due to discontinuations
but due to the administrative termination of the open-label
study phase on a country-by-country basis, when marketing
authorisation for entacapone was granted.

Vital signs and laboratory parameters

During the 5-year study period, most patients (>80%)
showed no clinically relevant changes in blood pressure or
heart rate. Similarly, few clinically significant changes in
liver function tests, haematological parameters or urinaly-
sis occurred during study treatment, with most changes
being transient in nature (Table 4).

Discussion

This analysis is the first to present long-term efficacy
(n = 649) and safety (n = 861) data for levodopa/DDCI
and entacapone for a period of up to 5 years in a large
cohort of PD patients. The benefits of levodopa/DDCI and
entacapone therapy seen in the present analysis are con-
sistent with the findings reported in previous studies with
shorter duration (Brooks et al. 2003; Larsen et al. 2003;
Mpyllyla et al. 2001; Poewe et al. 2002; PSG 1997; Rinne
et al. 1998).

Analysis of the UPDRS III motor scores showed an
initial significant improvement on initiation of entacapone,
despite optimization of patients’ conventional levodopa/
DDCI regimen prior to study entry. Thereafter, UPDRS III
motor scores remained below baseline values for up to
2 years despite progression of disease. As the UPDRS III
scores were determined during the patients’ best ‘ON’-time
(a mean of 1.7 h following drug intake), the results indicate

Table 4 Number (%) of patients with clinically significant changes
in liver function tests (total safety population)

Parameter n (%)

SGOT/AST? (n = 837) 2 (0.2)
SGPT/ALT? (n = 840) 3(0.4)
GGT? (n = 837) 11 (1.3)
Alkaline phosphatase® (n = 838) 3(0.4)
Total bilirubin® (n = 819) 4 (0.5)

# >3x upper limit of normal
® >34.2 pmol/L

ALT alanine amino transferase, AST aspartate amino transferase, GGT
gamma-glutamyl transferase, SGOT serum glutamic-oxaloacetic
transaminase, SGPT serum glutamate pyruvate transaminase

@ Springer

that levodopa/DDCI and entacapone improved patients’
quality of ‘ON’-time. After two years of treatment (up to
5 years), UPDRS III scores deteriorated by about 1.0 point/
year. This finding is in line with the average annual dete-
rioration rate reported previously with levodopa in a
similar patient population in normal clinical practice
(Goetz et al. 2000). Indeed, results from a study by Goetz
et al. demonstrated that parkinsonian impairment was lin-
ear over time, despite significant increases in both levodopa
and dopamine agonist doses over 4 years. Moreover, these
increases were progressive over each year of the 4-year
study (Goetz et al. 2000). However, in contrast to the study
by Goetz et al, no increases in levodopa dose were
observed in the present analysis, despite the fact that
investigators were encouraged to adjust treatment of their
patients during the open-label phase according to the
patients’ clinical condition. Overall, the mean daily dose of
levodopa was maintained below the baseline levels for a
period of up to 56 months, extending the 3 year findings
from the study reported by Larsen et al. (2003). Thus, in
general, levodopa/DDCI and entacapone showed long-term
efficacy without a need to increase levodopa doses. In
addition, the benefits of levodopa/DDCI and entacapone
were well perceived by patients throughout treatment, as
reflected by the fact that the number of patients with sim-
ilar or improved global evaluation scores remained at a
high level (70-80%) throughout the follow-up period.

Our present results indicate that levodopa/DDCI and
entacapone treatment not only improved patients’ quality
of ‘ON’-time, but also increased the duration of ‘ON’-time.
This was shown by assessing the response duration of the
morning dose of levodopa. Previously published 3-year
results demonstrated that the administration of a single
dose of entacapone prolonged the levodopa-induced ‘ON’-
time by approximately 40 min compared with baseline
(Larsen et al. 2003). Our findings further extend these
results demonstrating that the prolonged levodopa-induced
‘ON’-time was maintained for up to 56 months. It should
be noted that the current analysis only includes ‘ON’-time
data after the first morning dose of levodopa. A previous
double-blind study found that the proportion of ‘ON’-time
increased towards the end of the day (PSG 1997), sug-
gesting that determining daily ‘ON’- and ‘OFF’-time by
patient diary during long-term follow-up (which was
unfortunately not available in the extension studies ana-
lyzed here) would have shown the full benefit of the study
treatment in this respect.

The present long-term safety data did not reveal any
new, unexpected safety concerns attributable to levodopa/
DDCI and entacapone. Levodopa/DDCI and entacapone
was generally well tolerated with most AEs being mild or
moderate in intensity. Aggravated parkinsonism was often
reported, but this is most likely due to disease progression
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rather than treatment. As expected, the most common AEs
reported with levodopa/DDCI and entacapone therapy were
those associated with increased dopaminergic stimulation
(e.g. dyskinesia and nausea). The majority of these AEs
were encountered within the first 4 weeks of exposure and,
in general, were transient and managed by levodopa dose
reduction, as shown by the low rates of discontinuations
due to dyskinesia and nausea of 2.7 and 2.0%, respectively.
The most commonly reported non-dopaminergic AE was
diarrhoea (14%), comparable to the incidence reported at
6 months (Brooks et al. 2003; Poewe et al. 2002; PSG
1997; Rinne et al. 1998) and 3 years (Larsen et al. 2003).
However, only 1.5% of patients discontinued treatment
with levodopa/DDCI and entacapone due to diarrhoea over
the 5-year assessment period.

Analysis of vital signs and laboratory parameters rarely
revealed any clinically significant changes over the 5-year
period. In particular, long-term use with levodopa/DDCI
and entacapone was only rarely associated with significant
changes in liver function tests; all of these were transient in
nature.

There are limitations associated with the retrospective
analysis of this pooled data. Although the designs of the
individual studies were comparable, they were not identical
and there were variations such as in the use of CR levo-
dopa. In addition, the open-label extensions were primarily
designed for the collection of long-term safety data, and the
lack of a control group precludes comparative statistical
analysis. However, both the current efficacy and safety
findings provide valuable long-term experience with levo-
dopa/DDCI and entacapone therapy that is relevant to
clinical practice.

In conclusion, the present analysis demonstrates that
levodopa/DDCI and entacapone therapy offers long-term
efficacy for up to 5 years in a safe and well-tolerated
manner without the need to increase levodopa doses.
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