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Entacapone is beneficial in both fluctuating and
non-fluctuating patients with Parkinson’s disease: a
randomised, placebo controlled, double blind, six month
study
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Objective: To study the effect of entacapone, a specific peripherally acting catechol-O-
methyltransferase (COMT) inhibitor used in combination with levodopa treatment, in cases of Parkin-
son’s disease with both fluctuating and non-fluctuating response to treatment.
Methods: A randomised, placebo controlled, double blind, six month study was undertaken in 172
fluctuating and 128 non-fluctuating patients. The clinical efficacy and safety of 200 mg entacapone
given with each daily levodopa dose was studied. Efficacy was examined using home diaries, the uni-
fied Parkinson disease rating scale (UPDRS), and recording of daily levodopa dose.
Results: The primary efficacy variable for fluctuating patients—the proportion of daily ON
time—showed a significant increase compared with placebo (p < 0.05). The absolute ON time (mean
(SD)) increased from 9.5 (2.5) to 10.8 (2.4) hours (p < 0.01), and the daily OFF time was correspond-
ingly reduced from 7.0 (2.6) to 5.9 (2.5) hours (p < 0.05 v placebo). This improvement was achieved
despite a reduction in daily levodopa requirements. The effect was rapidly lost on withdrawal of enta-
capone. In non-fluctuating patients, the primary efficacy measure was part II of the UPDRS (activities of
daily living; ADL). In this group of patients, ADL scores improved in the entacapone group (p < 0.01 v
placebo), and there was also a 40 mg reduction in levodopa requirement (p < 0.01 v placebo). Enta-
capone was well tolerated by both fluctuating and non-fluctuating patients.
Conclusions: The ability of entacapone to provide additional benefits to levodopa treatment in
increasing ON time in fluctuating Parkinson’s disease patients was confirmed. A novel finding was that
patients without fluctuations also obtained benefit from the addition of entacapone to their levodopa
treatment, as evidenced by improved ADL scores and a relatively reduced levodopa requirement.

The combination of levodopa and a peripherally acting
dopa decarboxylase (DDC) inhibitor continues to be the
mainstay and most effective symptomatic treatment of

Parkinson’s disease.1 2 It provides relief from the symptoms
and signs of this condition in both the early and the late stages
of the disease. During the years of disease progression,
however, the therapeutic plasma levodopa window becomes
narrowed, leading to various motor complications,3 the most
common of which are end-of-dose motor fluctuations (wear-
ing off) and peak dose dyskinesias. The prevalence of wearing
off varies markedly according to different reports, ranging
from 20% to 60% within five years,4–7 The older and higher fig-
ures seem, however, to be an overestimate.

In order to reduce these motor complications, several levo-
dopa regime modification strategies have been used.1 8 9

Increasing the size of individual levodopa doses usually leads
to increased severity of dyskinesias, without marked prolon-
gation of the benefit of levodopa. Studies with controlled
release (CR) levodopa preparations have shown conflicting
results, some reporting a significant clinical benefit, others
reporting no difference at all in comparison with standard
levodopa preparations.10–13 Current practice is therefore to
increase the dosing frequency and to use the smallest possible
individual doses of levodopa.1 8 9 While this can reduce
fluctuations for some patients, it may lead to intermittent
re-emergence of symptoms because of suboptimal levodopa
exposure.

Thus one of the most important goals in levodopa treatment
is to prolong the duration of its antiparkinsonian effects with-
out increasing peak plasma concentrations, in order to provide

a longer duration of benefit without disabling dyskinesias.
This may be achieved by giving levodopa and a DDC inhibitor
in combination with a peripheral inhibitor of the enzyme
catechol-O-methyltransferase (COMT).1 8 9 14 15 When co-
administered with a DDC inhibitor, levodopa is mainly
metabolised by COMT in the periphery. Two COMT inhibitors
have recently been developed, the peripherally-only acting
entacapone, and tolcapone, which probably also has some
central activity.1 14–17 When entacapone or tolcapone is given in
combination with standard levodopa preparations, single
doses prolong the plasma half life of levodopa, thus increasing
its bioavailability without altering the peak concentration
(Cmax).1 18 In levodopa treated patients with motor fluctuations,
a COMT inhibitor prolongs the therapeutic response compared
with levodopa alone.19–23

Administration of a COMT inhibitor concomitantly with
levodopa reduces the peak–trough levodopa variations com-
pared with levodopa alone.20 24 This leads to more stable
plasma levodopa concentrations through the day and to fewer
daily fluctuations in the patient’s clinical condition. In
summary, COMT inhibitors have been reported to produce a
more stable pharmacokinetic profile of levodopa and so
improve the management of patients with motor fluctuations.

The treatment of patients without motor fluctuations is less
complicated. However, in a recent population based study,
Larsen et al showed that non-fluctuators still experienced sig-
nificant disability (bradykinesia, fatigue, sleep disturbances,
depression) despite drug treatment,7 and that their quality of
life was markedly poorer than in an age and sex matched gen-
eral population.25 Indeed, while patients without fluctuations
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treated with small doses of dopaminergic drugs gain relief,

they can still remain bradykinetic.25 In studies testing the effi-

cacy of tolcapone in non-fluctuating patients with Parkinson’s

disease, quality of life (measured as activities of daily living,

ADL) and motor scores on the unified Parkinson’s disease rat-

ing scale (UPDRS) both improved, suggesting that COMT

inhibitors may also benefit these patients.26 27

So far, four randomised, placebo controlled, double blind,

long term (6–12) month studies with entacapone have been

reported.28–31 Although one of these studies included a small

sample of non-fluctuating patients,31 most of the patients

studied showed typical wearing off type motor fluctuations.

Entacapone given in combination with levodopa has been

shown to be clinically and statistically superior to placebo in

prolonging ON time in those studies.

The present randomised, placebo controlled, double blind,

six month study was designed to evaluate the effect of entaca-

pone in both fluctuating and non-fluctuating patients in par-

allel. In fluctuating patients, the efficacy of entacapone was

evaluated by home diary data detailing ON and OFF times. In

the non-fluctuating patients, efficacy was judged by the ADL

scores of the UPDRS. The effect of withdrawal of entacapone

(and placebo) was also measured.

METHODS
Patients
Three hundred patients with idiopathic Parkinson’s disease

were included in the study. The patients were recruited from

29 neurology and movement disorder clinics in the United

Kingdom and the Republic of Ireland. Patients without

fluctuations as well as those with more advanced disease

associated with fluctuating motor responses to levodopa, as

classified by home diaries, were included. All patients were

being treated with levodopa, either as a standard formulation

alone, as a CR levodopa preparation alone, or as a combination

of these. Other antiparkinsonian drugs, such as dopamine

agonists and selegiline, were also allowed, whereas apomor-

phine was not (table 1). The patients’ antiparkinsonian drug

treatment had to remain stable for at least four weeks before

randomisation. Before study entry, the treatment was

stabilised individually for each patient to optimal clinical

response according to the normal clinical practice of the

patients’ physicians. However, despite this optimisation the

physicians considered that the patients could benefit from

combining entacapone with their current levodopa treatment

because of different parkinsonian symptoms.

Patients excluded from the trial included those with symp-

toms suggestive of atypical parkinsonism, dementia, other

significant neurological diseases, psychiatric disorders, or

severe systemic illnesses. Fertile women and patients with

clinically relevant laboratory values outside the normal range

or ECG findings not related to a chronic stable disease were

also excluded. Patients were not allowed to use non-selective

monoamine oxidase inhibitors or drugs having an anti-

dopaminergic action.

The study was conducted according to the principles of the

Declaration of Helsinki, and was approved by the ethics com-

mittees of all participating centres. All patients gave their

signed informed consent after receiving verbal and written

information about the study.

Study design
The study followed a randomised, double blind, placebo

controlled, parallel group design over six months. The patients

were also stratified into two groups—fluctuators and non-

fluctuators. The study started with a two to four week screen-

ing period, which was followed by a six month, double blind

period of study treatment, and a two week washout period

without study treatment. Study visits were at baseline (visit

1), and at 0.5, 1.5, 4, and 6 months (visits 2 to 5) after the

baseline visit. The post-study visit (visit 6) was two weeks

after the visit 5.

The investigational treatment was 200 mg entacapone

(Comtess, Orion Pharma, Espoo, Finland) or an identical pla-

cebo tablet, taken concomitantly with each scheduled daily

levodopa dose, the intake varying from two to 10 tablets a day.

At visit 1, the patients were randomised in a 2:1 ratio to enta-

capone or placebo. Occasional booster doses of levodopa were

allowed to relieve unpredictable OFF periods in fluctuating

subjects, but the study drug was not taken with these booster

doses.

Criteria for withdrawal from the study included an adverse

event or a serious adverse event requiring discontinuation of

study treatment; use of any prohibited concomitant drugs;

withdrawal of consent at any time; or at the investigator’s

discretion.

Table 1 Demographics at baseline and history of Parkinson’s disease

Variable

Fluctuating patients
(n=172)

Non-fluctuating patients
(n=128)

Entacapone
(n=115)

Placebo
(n=57)

Entacapone
(n=88)

Placebo
(n=40)

Sex (n (%))
Male 69 (60.0%) 40 (70.2%) 63 (71.6%) 28 (70.0%)
Female 46 (40.0%) 17 (29.8%) 25 (28.4%) 12 (30.0%)

Age (years) 65.9 (8.9) 64.7 (8.5) 67.8 (9.4) 68.1 (8.9)
Weight (kg) 68.4 (14.3) 70.3 (13.6) 73.9 (14.7) 75.7 (12.1)
Age at onset of PD (years) 56.9 (10.3) 56.2 (9.0) 62.9 (11.0) 63.1 (9.0)
Duration of PD (years) 9.6 (5.1) 9.1 (5.3) 5.4 (4.8) 5.6 (4.6)
Occurrence of dyskinesias* (n (%)) 60 (54.4%) 38 (71.7%) 11 (12.6%) 8 (21.1%)
Duration of levodopa treatment (years) 8.1 (4.6) 7.7 (4.9) 3.7 (3.9) 3.8 (3.8)
Daily levodopa dose (mg) 682 (390) 712 (369) 500 (259) 524 (335)

Standard levodopa only (n (%)) 46 (40.7%) 29 (53.7%) 43 (51.8%) 29 (72.5%)
CR levodopa only (n (%)) 31 (27.4%) 12 (22.2%) 17 (20.5%) 4 (10.0%)
Standard and CR levodopa (n (%)) 36 (31.9%) 13 (24.1%) 23 (27.7%) 7 (17.5%)

Other antiparkinsonian drugs (n (%)) 77 (67.0%) 41 (71.9%) 28 (31.8%) 14 (35.0%)
Dopamine agonists 46 (40.0%) 20 (35.1%) 8 (9.1%) 8 (20.0%)
Selegiline 38 (33.0%) 26 (45.6%) 16 (18.2%) 4 (10.0%)
Anticholinergics 16 (14.0%) 10 (17.6%) 5 (5.7%) 6 (15.0%)
Amantadine 4 (3.5) − 4 (4.5%) 1 (2.5%)

Values are mean (SD) or n (%).
*UPDRS, question 32.
CR, controlled release; PD, Parkinson’s disease.
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Treatment assignment
The patients were randomised separately for each centre.

Patients were first stratified into two groups according to fluc-

tuating and non-fluctuating symptoms, and then separately

randomised within these groups to the two parallel treatment

groups. The randomisation was carried out by the department

of biostatistics of Orion Pharma, using a computerised

method.

Before the start of the study, the patients who described

having a fluctuating response to levodopa were given 24 hour

home diaries. These patients with symptoms indicative of

motor fluctuations (end-of-dose deterioration)—including

early morning akinesia, nocturnal akinesia, or wearing

off—were asked to record ON, OFF, or ASLEEP time in 30

minute intervals for the three days before each visit.

ON state was defined as the time when the patients were

free of many parkinsonian symptoms. OFF state was defined

as the time when the patients had parkinsonian symptoms

from which they were free when they had benefit from their

antiparkinsonian drugs.

Those patients who had > 0.5 hours OFF time on each day,

and whose cumulative OFF time was > 4.5 hours over the

three diary days at baseline were classified as fluctuators. All

other patients were classified as non-fluctuators.

Primary and secondary outcome measures
Fluctuating patients
The primary efficacy variable for the fluctuating patients was

the proportion of daily ON time (%) while awake, collected

from home diaries and counted over three consecutive days

before each study visit. Secondary efficacy variables were

absolute ON and OFF times as well as daily levodopa dosages

recorded on home diaries. Data from the UPDRS subscores of

parts I, II, III, the total score (parts I to III), and the scheduled

daily levodopa dose were also recorded.32 Part III was

evaluated in the ON state on an average two hours after the

intake of levodopa. A clinical seven point global score (+3,

very well to −3, very poorly) characterising the patient’s

condition during the week preceding the study visit was com-

pleted by the investigators, based on information received

from the patient.

Non-fluctuating patients
The primary efficacy variable for non-fluctuating patients was

the ADL subscale score (part II) of the UPDRS. In addition,

parts I and III, the sum of parts I to III, and the scheduled daily

levodopa dose were used as secondary efficacy variables. The

motor score (part III) was evaluated on an average two and a

half hours after the intake of levodopa. The global score as

described above was completed by the investigators.

The safety of entacapone was assessed by safety laboratory

tests, ECG recording, vital signs, and adverse event recording.

Adverse events were defined according to the WHO classifi-

cation. The assessment of patient compliance was based on a

study drug tablet count. All variables were evaluated at each

visit.

Sample size
Originally, it was planned that 400 patients would be

recruited: half with and half without motor fluctuations. It

was estimated that 200 fluctuating patients would provide a

sufficient sample size for evaluating changes in the proportion

of daily ON time. This estimate was made on the following

assumption: to detect a difference of one hour in mean ON

time between the treatment groups (entacapone v placebo;

with a standard deviation of 1.3 hours, a two sided

significance level of 5%, and a power of 95%) at least 50

patients would be needed in each treatment group. The calcu-

lations were based on a two-sample t test, without adjusting

for multiple time points. The 2:1 randomisation between the

treatment groups (entacapone v placebo) was not considered

to decrease power, because the standard deviation in the

treatment groups was roughly the same.
In addition, it was planned that 200 non-fluctuators would

be recruited. No formal sample size calculation was done for
these patients, as at the time of planning this trial we had no
experience of the use of the ADL score in non-fluctuating
patients.

Eventually, 300 patients were randomised after the original
recruitment period had been extended by several months.
However, the sample size of 172 for fluctuating patients and
128 for non-fluctuating patients was considered adequate to
reach statistical conclusions.

Statistical methods
The evaluations of the primary efficacy variables in both fluc-

tuating and non-fluctuating patients were done according to

the intention to treat (ITT) principle using observed cases

(ITT-OC). Patients with at least one efficacy measurement on

study treatment were included in the efficacy analysis.
The efficacy variables (home diary data, UPDRS scores, and

levodopa dose) were evaluated by analysis of covariance
(ANCOVA) for repeated measures, using the response at
months 4 and 6 to estimate the treatment difference between
the groups. This approach was intended to minimise the pos-
sible bias caused by the variability of data over time, as the
influence of individual time points became smaller. The with-
drawal effects for all these variables were assessed by compar-
ing results from the post-study visit (visit 6) with those from
the final study visit (visit 5). The ANCOVA model controlled
for treatment, time, their interaction, centre, and centre by
treatment interaction. The baseline measurement was used as
a covariate. Patients with 0 hours of daily ON time were
excluded from the analysis of home diary variables.

Efficacy variables were analysed separately for fluctuating
and non-fluctuating patients. A two way significance level of
5% was considered statistically significant. All randomised
patients who had taken at least one dose of study drug were
included in the safety analysis.

RESULTS
Patient data
Of the 348 Parkinson’s disease patients originally recruited for

the study, 48 were excluded after screening: 20 did not fulfil

the inclusion criteria, 11 withdrew their consent, one had an

adverse event, one was unable to complete the home diary,

and no specific reason was given for 15 patients. Thus 300

patients were randomised. About 20% of all patients dropped

out during the study, mostly because of adverse events (table

2, fig 1).
Overall, 172 patients had fluctuations (57%) and 128 were

non-fluctuators (43%). The non-fluctuators were on average
two to three years older, and their age at onset of Parkinson’s
disease was six to seven years greater, than the fluctuators. The
mean duration of levodopa treatment was four to five years
longer, and the daily levodopa dose approximately 200 mg
higher in the fluctuating compared with the non-fluctuating
patients. Most patients used standard levodopa rather than CR
preparations. Most of the fluctuating patients were taking
other antiparkinsonian drugs in addition to levodopa—in par-
ticular dopamine agonists and selegiline—but this was less
common in the non-fluctuating patients. The baseline demo-
graphic characteristics of patients in the two entacapone
groups were comparable with their respective placebo control
groups and are presented in table 1. The average compliance as
determined by tablet count was good, varying from 98% to
101%.

Efficacy
Fluctuating patients
Entacapone significantly increased the proportion of daily ON

time, the primary efficacy variable, from 58% to 65% (p < 0.05
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v placebo) (table 3, fig 2). The absolute ON time increased sig-

nificantly (p < 0.01), with a difference of 1.2 hours between

the entacapone and placebo groups. The absolute OFF time

decreased correspondingly (table 3; p < 0.05 v placebo). Based

on home diaries, the mean daily levodopa dose was decreased

in the entacapone group by 33 mg and increased in the

placebo group by 26 mg (p < 0.001) (fig 3).

There were no statistically significant differences between

the entacapone and placebo groups for parts II (ADL) and III

(motor) subscales of the UPDRS. Although part I scores

(mentation, behaviour, and mood) deteriorated in the entaca-

pone group, the mean change was minor and was felt to be of

little clinical significance. There was no difference in the glo-

bal scores between the entacapone and placebo groups.

The home diary variables deteriorated significantly within

two weeks of entacapone withdrawal, but no deterioration

occurred after withdrawal of placebo. Absolute ON time

decreased by 2.1 hours, from 10.9 to 8.8 hours (p < 0.001 v
placebo), while OFF time increased by 2.1 hours from 5.5 to

7.6 hours (p < 0.001 v placebo). In addition, the daily

levodopa dose requirement was increased by 26 mg after

entacapone withdrawal, although this change was not signifi-

cant.

A trend towards deterioration of UPDRS scores was also

seen after withdrawal of entacapone, but this was not statisti-

cally significant. The ADL score increased from 11.5 at the

month 6 visit to 13.4 at the post-study visit in the entacapone

group, while there was no difference in the placebo group.

Correspondingly, the motor score increased from 19.0 to 23.4

in the entacapone group, while no change occurred in the pla-

cebo group.

Non-fluctuating patients
The ADL score improved from 10.6 to 10.0 in the entacapone

group compared with a reduction of 0.1 in the placebo group

(p < 0.01; table 4, fig 4). There were no significant differences

in the other UPDRS scores or global scores between the enta-

capone and placebo groups.

The scheduled levodopa dose remained practically un-

changed (increased by 7 mg) in the entacapone group, while it

was increased by 47 mg in the placebo group; this difference of

40 mg between the groups was statistically significant

(p < 0.01; table 4, fig 3).

The ADL score increased (that is, worsened) from a month

6 visit value of 9.9 to a post-study value of 10.6 after

withdrawal of entacapone in the non-fluctuating patient

group (NS). There were no significant changes in the

scheduled daily levodopa doses in the washout period.

Safety
Overall, 19% of the patients in the entacapone group (n = 38)

and 14% (n = 14) in the placebo group dropped out of the

study because of adverse events. Other reasons for discontinu-

ation were reported in 5% of patients on entacapone and 2% of

patients on placebo (table 2, fig 1). Diarrhoea was the most

Table 2 Discontinuations in fluctuating and
non-fluctuating patients

Entacapone (n=203) Placebo (n=97)
Reason for
discontinuation n % n %

Completed 154 75.9 81 83.5
Discontinued (total) 49 24.1 16 16.5

Deaths 1* 0.5 0 0
AE 38 18.7 14 14.4
Dopaminergic AE 12 5.9 1 10

Dyskinesias 6 3.0 0 0
Hallucinations 3 1.5 1 1.0
Nausea 3 1.5 0 0

Non-dopaminergic AE 26 12.8 13 13.4
Intercurrent illness 1 0.5 0 0
Non-compliance 2 1.0 0 0
Protocol violation 3 1.5 2 2.1
Lost to follow up 1 0.5 0 0
Other 4 2.0 0 0

*Coronary artery bypass operation and later a massive myocardial
infarction and stroke about one month after completing the study.
AE, adverse events.

Figure 1 Disposition of all screened patients. AE, adverse event.
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Figure 2 Proportion of daily ON time (%) (left panel), and change in mean daily ON time (hours) (right panel) from baseline to months 4 and
6 in Parkinson’s disease patients with fluctuations. Error bars are SEM. *Comparison between treatment groups, mean of months 4 and 6.

Figure 3 Change in scheduled levodopa dose (mg/day) in Parkinson’s disease patients with fluctuations (left panel) and without fluctuations
(right panel) during the study. Error bars are SEM. Comparison between treatment groups, mean of months 4 and 6.

Table 3 Efficacy results for fluctuating patients

Variables

Entacapone (n=115) Placebo (n=57)

Entacapone v
placebo*

Baseline
(n=115)

Mean, months 4
and 6 (n=80)

Baseline
(n=57)

Mean, months 4
and 6 (n=44)

Primary efficacy variable
Home diary data

Proportion ON time (%) 57.6 (14.5) 64.8 (14.0) 59.3 (15.8) 60.6 (16.7) p<0.05

Secondary efficacy variables
Home diary data

ON time (h) 9.5 (2.5) 10.8 (2.4) 10.1 (2.8) 10.2 (2.9) p<0.01
OFF time (h) 7.0 (2.6) 5.9 (2.5) 6.9 (2.9) 6.6 (2.8) p<0.05
Levodopa dose (mg/d) 700 (429) 667 (322) 705 (368) 731 (377) p<0.001

UPDRS
Mentation, behaviour, mood (part I) 1.7 (1.9) 2.0 (2.2) 1.4 (1.6) 1.5 (1.7) p<0.01
ADL (part II) 12.5 (5.7) 12.0 (5.6) 13.7 (6.9) 12.6 (7.4) NS
Motor score (part III) 24.3 (12.2) 19.8 (11.6) 23.6 (12.6) 19.3 (12.6) NS
Total score (I, II, and III) 38.4 (17.3) 33.7 (17.0) 38.7 (17.9) 33.2 (20.0) NS

Scheduled levodopa dose (mg/d) 684 (393) 667 (334) 683 (356) 705 (369) p<0.001

Values are mean (SD).
*Intention to treat-observed cases analysis.
ADL, activities of daily living; UPDRS, unified Parkinson’s disease rating scale.
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frequent adverse event leading to discontinuation in the enta-

capone group (4%), followed by various dopaminergic effects.

Aggravation of parkinsonism (worsening of parkinsonian

symptoms) led to discontinuation in 3% of the placebo group

and in 1% of the entacapone group. In the entacapone group,

comparable numbers of fluctuating and non-fluctuating

patients reported adverse events (91% v 90%). In the placebo

group adverse events were reported more often by fluctuating

than by non-fluctuating patients (84% v 70%) (table 5).

According to UPDRS question 32 (complications of treat-

ment; occurrence of dyskinesias), 54% of the patients with

fluctuations in the entacapone group and 72% in the placebo

group had dyskinesias at baseline, whereas in patients

without fluctuations the corresponding figures were 13% and

21% (table 1). Increased dyskinesia was the most common

adverse event for fluctuating patients, reported by 30% in the

entacapone group and by 12% in the placebo group. Dyskine-

sias were reported as a new adverse event in the nine patients

in the entacapone group (10%) and in three patients in the

placebo group (8%). In patients on entacapone with fluctua-

tions, the levodopa dose was reduced in about half the cases;

dyskinesias resolved or improved in most of these. In the other

half, the levodopa dose was kept practically unchanged. The

reduction in daily levodopa dose was in the range of 10–20%.

Pergolide was stopped in one patient and dyskinesias resolved.

In fluctuating patients on placebo, the levodopa dose was

reduced in three subjects and kept unchanged in six. In non-

fluctuating patients, increased dyskinesias were reported in

10% of the patients in the entacapone group and in 8% in the

placebo group. In the patients on entacapone, the levodopa

dose was reduced in three subjects and kept unchanged in

nine. Only three subjects had dyskinesia in the corresponding

patient group on placebo; no changes were made to their levo-

dopa dose.

In patients with fluctuations, one each in the entacapone

and placebo groups reported hallucinations as an adverse

event at baseline. Neither of these had worsening of the

symptoms during the study period. Six patients (5%) in the

entacapone group and three (5%) in the placebo group

reported getting hallucinations during the study. One patient

with fluctuations in the entacapone group and two with fluc-

tuations in the placebo group dropped out of the study

because of hallucinations. In three patients on entacapone, the

levodopa dose was reduced, and in one, pergolide was discon-

tinued. The problems resolved in all these patients. One

patient in the placebo group had mild hallucinations; no

action was taken and the hallucinations remained unchanged.

In patients without fluctuations, one in the entacapone but

none in the placebo group reported hallucinations at baseline.

Six patients (7%) in the entacapone group and one (3%) in the

placebo group reported getting hallucinations during the

study. Two patients on entacapone and one on placebo

dropped out of the study. The levodopa dose was reduced in

one patient on entacapone and the hallucinations disap-

peared. In the patient in the placebo group, the mild

hallucinations resolved spontaneously.

Table 4 Efficacy results for non-fluctuating patients

Variables

Entacapone (n=87) Placebo (n=38)

Entacapone v
placebo*

Baseline
(n=87)

Mean, months 4
and 6 (n=78)

Baseline
(n=38)

Mean, months 4
and 6 (n=37)

Primary efficacy variable
UPDRS

ADL† (part II) 10.6 (5.7) 10.0 (5.7) 9.5 (4.2) 9.4 (5.7) p<0.01

Secondary efficacy variables
UPDRS

Mentation, behaviour, mood (part I) 1.5 (1.5) 1.8 (1.5) 1.2 (1.3) 1.1 (1.1) NS
Motor score (part III) 23.4 (11.7) 20.9 (12.4) 22.4 (9.8) 17.4 (10.2) NS
Total score (I, II, and III) 35.2 (16.6) 32.7 (17.5) 33.0 (12.5) 27.8 (14.5) NS

Scheduled levodopa dose (mg/d) 503 (259) 510 (253) 522 (343) 569 (365) p<0.01

Values are mean (SD).
*Intention to treat-observed cases analysis.
ADL, activities of daily living; UPDRS, unified Parkinson’s disease rating scale.

Figure 4 Change in activities of daily living (ADL) score (UPDRS part II) (left panel) during the study, and change from baseline to months 4
and 6 (right panel) in Parkinson’s disease patients without fluctuations. Error bars are SEM. *Comparison between treatment groups, mean of
months 4 and 6.
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Diarrhoea occurred in 12% of patients receiving entacapone

(fluctuators and non-fluctuators) and in 3% of patients on

placebo. Diarrhoea was reported several weeks after the intro-

duction of entacapone, in contrast to dopaminergic adverse

events, in which the onset is more rapid. Diarrhoea was the

cause of discontinuation in five patients with fluctuations in

the entacapone group (4%), and in one (2%) in the placebo

group. Of the non-fluctuating patients, four (5%) on

entacapone and none on placebo dropped out of the study

because of diarrhoea.

There were only occasional minor abnormalities in the

individual haematological, clinical chemistry, or urine values

in the entacapone group compared with baseline; the few of

these considered to be of clinical significance are not reported

as being connected with entacapone treatment. Neither vital

signs nor ECG tracings raised safety concerns. No drug–drug

interactions were reported.

DISCUSSION
The results of this double blind, placebo controlled, six month

study confirm that treatment with entacapone improves the

efficacy of levodopa treatment in patients with Parkinson’s

disease who are experiencing motor fluctuations. The study

also suggests that the benefits afforded by combining

levodopa with entacapone may be extended to patients who

are not experiencing motor fluctuations.

The beneficial effects of combining entacapone with

levodopa on the management of fluctuating Parkinson’s

disease seen in our study are in accordance with reported

results from four other phase III, randomised, double blind,

placebo controlled studies in patients on entacapone.28–31 The

results are also in accordance with phase III tolcapone studies

in fluctuating patients.31–37 In the present study, the daily ON

time was significantly improved by 1.2 hours, and the OFF

time correspondingly reduced, with entacapone compared

with placebo. This was despite apparent individual optimisa-

tion of the levodopa and other antiparkinsonian drug

treatment before entry to the trial. Previous phase III trials

have found that the use of entacapone increases ON time with

levodopa by 1.0 to 1.7 hours. In the present trial, these benefits

were achieved despite a significant reduction in the daily levo-

dopa dose, as seen in other phase III controlled entacapone

studies as well .28 29 31

Both standard and CR levodopa preparations were used in
the present study. Previous trials have shown that entacapone
prolongs the clinical response to standard and CR levodopa
preparations to a similar degree, as evaluated by levodopa
challenges38 39 and home diaries.31 Thus the use of these differ-
ent levodopa preparations in this trial should not have been a
confounding factor.

A methodological challenge in choosing the primary end
point for the non-fluctuator patient population was the selec-
tion of the most appropriate efficacy index, given that no
applicable home diary data were available. In the absence of a
validated Parkinson’s disease specific quality of life scale when
the trial was designed, the ADL score was regarded as a
relevant primary efficacy index.40 In a tolcapone study in Par-
kinson’s disease patients without fluctuations, Waters et al also
used the ADL score as the primary end point.26 In the present
study, the a priori selected ADL score improved in patients
with non-fluctuating disease given entacapone compared
with placebo. This is in agreement with results with tolcapone
in the placebo controlled trial reported by Waters et al,26 which
had a similar patient population and a similar study design. In
that study, the daily levodopa dose was also significantly
reduced.

Recent evaluations have shown a strong association
between measures of ADL and health related quality of life,41

indicating that it may be possible to improve these patients’
quality of life further by adding a COMT inhibitor. This will
need to be confirmed with additional trials in non-fluctuating
patients using disease specific quality of life scales—for exam-
ple, the Parkinson’s disease questionnaire 39 (PDQ-39)
scale42—which have shown in previous studies that the
benefits of entacapone treatment translate into improvements
in quality of life in patients experiencing motor fluctuations.43

There was no difference in the motor score of the UPDRS
between the entacapone and placebo groups in the present
study. This was not unexpected, as entacapone increases the
bioavailability of levodopa by prolonging its elimination but
not by affecting its peak concentrations; this leads to a longer
duration of effect of levodopa.21–23 The motor score indicates
function scored at a particular time point, while the ADL
depicts the state of the patient over a longer period.

Common treatment practice is to wait until the patient
begins to experience motor fluctuations before initiating
treatment with a COMT inhibitor.8 However, the improvement

Table 5 Adverse events (> 5% incidence in either the entacapone or placebo
group) in fluctuating and non-fluctuating patients

Adverse event

Fluctuating patients (n=172) Non-fluctuating patients (n=128)

Entacapone
(n=115)

Placebo
(n=57)

Entacapone
(n=88)

Placebo
(n=40)

n % n % n % n %

Dyskinesia 35 30.4 7 12.3 9 10.2 3 7.5
Parkinsonism aggravated* 21 18.3 15 26.3 8 9.1 2 5.0
Urine abnormal 20 17.4 0 0 10 11.4 0 0
Nausea 17 14.8 5 8.8 15 17.0 2 5.0
Constipation 14 12.2 1 1.8 7 8.0 3 7.5
Dizziness 13 11.3 3 5.3 7 8.0 1 2.5
Diarrhoea 13 11.3 2 3.5 12 13.6 1 2.5
Depression 8 7.0 4 7.0 3 3.4 2 5.0
Pain 8 7.0 2 3.5 3 3.4 3 7.5
Fall 8 7.0 7 12.3 2 2.3 0 0
Hallucination 6 5.2 3 5.3 6 6.8 1 2.5
Abdominal pain 6 5.2 3 5.3 4 4.5 0 0
Fatigue 5 4.3 4 7.0 8 9.1 1 2.5

Patients with any AE 105 91.3 48 84.2 79 89.9 28 70.0

Adverse events were classified according to the International Monitoring of Adverse Reactions to Drugs,
Adverse Reaction Terminology, the Uppsala Monitoring Centre, Uppsala, Sweden, 1999.
*Aggravation of parkinsonism, worsening of parkinsonian symptoms.
AE, adverse event.
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in ADL score achieved with entacapone in non-fluctuating

disease suggests that the general condition of these less

severely affected patients is not optimal despite their apparent

response to levodopa. Interestingly, an increase in daily

levodopa dose by 40 mg in the placebo treated compared with

entacapone treated non-fluctuating patients did not result in

a similar improvement in ADL scores. Thus starting entaca-

pone may prove beneficial at this stage of the disease, if future

studies confirm the present findings.

Entacapone was well tolerated in our present study in both

fluctuating and non-fluctuating patients. COMT inhibition is

thus an alternative for increasing the dosing frequency of

levodopa in this particular patient group.

Dyskinesias usually emerge some years after the emergence

of motor fluctuations. However, in some patients the order

may be reversed.7 In the present study some 10–20% of the

non-fluctuating patients were already reporting mild peak

dose dyskinesias at baseline. Again, even in this respect the

patient population in our study resembles that described by

Waters et al.26 The safety profile was similar to that previously

reported in other controlled, double blind, phase III

studies.28–31 As expected, dopaminergic adverse events were the

most common. Thus the prevalence of dyskinesias increased

during the first days after initiating entacapone, but reverted

to baseline with a reduction in the levodopa dose. As in previ-

ous studies, diarrhoea was the most common non-

dopaminergic adverse event. About 4% of the patients with

diarrhoea dropped out of the study—comparable to the 2–3%

in previous long term studies. Diarrhoea did not usually occur

immediately after starting entacapone but rather after some

weeks, in contrast to the appearance of dopaminergic adverse

events. There were no clinically relevant safety problems in the

haematological or biochemical laboratory tests, vital signs, or

ECG changes. As in previous studies, no indication of liver

toxicity was found. Entacapone was initially licensed about

four years ago in many countries, and over 100 000 patients

have been safely treated with this agent to date.

Conclusions
The results of this UK-Irish trial confirm that peripheral

COMT inhibition with entacapone improves the management

of levodopa treated patients with Parkinson’s disease and

motor fluctuations. As entacapone is easy to take, well

tolerated, and potentially reduces the development of motor

complications,44 it appears logical to employ levodopa com-

bined with entacapone routinely for the effective manage-

ment of this group of patients. Moreover, as evidenced by an

improvement in their ADL scores, levodopa treated patients

who are not yet suffering from clear motor fluctuations may

also benefit from entacapone.
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