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Abstract: We aimed to investigate whether treatment with
levodopa/carbidopa/entacapone when compared with levo-
dopa/carbidopa improves quality of life in Parkinson’s disease
(PD) patients with no or minimal, nondisabling motor fluctu-
ations. This is a multicenter, randomized, double-blind study.
One hundred eighty-four patients on 3 to 4 equal doses of
100/25 to 200/50 mg levodopa/carbidopa or levodopa/bensera-
zide, 0 to 3 hours of nondisabling OFF time over a 48 hour
period and no dyskinesia were randomized to levodopa/carbi-
dopa/entacapone or levodopa/carbidopa treatment for 12
weeks. The primary outcome measure was quality of life as
assessed by the PDQ-8. Secondary outcome measures were the
UPDRS parts I–IV, and the Wearing Off Card. Treatment with
levodopa/carbidopa/entacapone resulted in significantly greater
improvements in PDQ-8 scores compared to treatment with

levodopa/carbidopa (mean difference 1.4 points, P � 0.021).
Statistically significant improvements were seen predominantly
in nonmotor domains (depression, personal relationships, com-
munication, stigma, all P � 0.05; dressing P � 0.056). Patients
who were randomly assigned to levodopa/carbidopa/entaca-
pone also showed significantly greater improvement in UPDRS
part II scores (P � 0.032) with UPDRS part III scores showing
borderline significance. Differences in UPDRS parts I and IV
and Wearing Off Card scores were not significant. Treatment
with levodopa/carbidopa/entacapone results in improved qual-
ity of life compared with levodopa/carbidopa in PD patients
with mild or minimal, nondisabling motor fluctuations. © 2008
Movement Disorder Society
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One of the primary aims of treatment of early stage
Parkinson’s disease (PD) is to reverse motor and non-
motor symptoms while avoiding side effects. Levodopa
with a dopa decarboxylase inhibitor (DDCI), dopamine

agonists and monoamine oxidase B inhibitors are the
current mainstays of therapy.1-3

In patients with more advanced PD who experience
motor fluctuations, the addition of a catechol-O-methyl
transferase (COMT) inhibitor reduces off-time and in-
creases on-time by extending the half-life of levodopa.4,5

Entacapone has also been shown to improve mobility
and activities of daily living (ADL) in patients without
motor fluctuations.6

In the last few years, the importance of nonmotor
symptoms in determining quality of life (QOL) in PD has
been emphasized, irrespective of the presence or absence
of motor fluctuations.7,8 Both motor and nonmotor fluc-
tuations may be under-recognized during routine clinical
assessments.9

There are at least two reasons why it might be bene-
ficial to initiate entacapone therapy in early stage PD
before the onset of motor fluctuations. First, it has been
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proposed that reducing or eliminating pulsatile dopami-
nergic stimulation of the brain (“continuous dopaminer-
gic stimulation”) might reduce the incidence of drug-
induced dyskinesia.10 Second, there may be immediate
clinical benefits through ameliorating either nonmotor
symptoms or more subtle motor or nonmotor fluctua-
tions. To address the second hypothesis, the aim of the
present study was to investigate whether treatment with
levodopa/carbidopa/entacapone (L/C/E) when compared
with levodopa/carbidopa (L/C) improves QOL, as mea-
sured by the PDQ-8,11 in PD patients with no or minimal,
nondisabling motor fluctuations.

PATIENTS

A total of 184 PD patients from 19 centers in Austra-
lia, the Philippines, Taiwan, and Thailand were enrolled
in the study from July 2005 to March 2006. Male and
female patients were eligible if they were �30 years of
age, had idiopathic PD with modified Hoehn and Yahr
stage of 1.0 to 2.5, and 0 to 3 hours of nondisabling (as
defined by the patient) off-time over a consecutive 48
hour period measured with a patient home diary. Patients
were required to be taking 3 to 4 stable equal doses of
levodopa/DDCI with a total daily levodopa dose of 300
to 800 mg/day for at least 1 month before study entry.

Key exclusion criteria included previous or current use
of entacapone or tolcapone, history of dyskinesia or
unstable daily levodopa dose. Treatment with dopamine
agonists, selegiline, anti-cholinergics, or amantadine at
stable doses were permitted.

Informed consent was obtained from all patients be-
fore study participation. Ethics committee approval was
gained at each site before study initiation. The study was
conducted in accordance with the International Confer-
ence on Harmonization Good Clinical Practice guide-
lines, and the Declaration of Helsinki. The study was
registered on clintrials.gov.

STUDY DESIGN

The study was a randomized, double-blind, parallel-
group, and active-controlled trial. The protocol consisted
of a screening visit (3–28 days before the baseline visit),
baseline visit, telephone follow-up on day 7, a study visit
at week 4, and a final study visit at week 12. Additional
unscheduled visits were allowed if required.

At the baseline visit, patients were randomly assigned
to either L/C/E or L/C treatment groups in a 1:1 ratio.
Investigators, patients and study monitors were blinded
to the treatment allocation of patients. No patient re-
quired study drug unblinding during the study.

Patients discontinued their commercial levodopa/
DDCI preparation and commenced their blinded study

drug at the equivalent dosage of levodopa/carbidopa,
with or without entacapone, on the day after the baseline
visit. Subsequent reduction in daily levodopa doses, ei-
ther through reduction in individual levodopa doses or
dose frequency, was permitted until Day 14, but patients
had to remain on at least three equal doses per day.

OUTCOME ASSESSMENTS

The primary outcome measure was the change from
baseline to week 12 in the total PDQ-8 score.11 This
questionnaire assesses eight motor and nonmotor do-
mains with a single question for each domain. A mini-
mum score of 0 denotes no impairment of QOL and a
maximum score of 32 denotes constant impairment in all
domains. The PDQ-8 is a validated measure of health-
related QOL and has been shown to be highly correlated
with PDQ-39 scores measured in the same population.11

It has been validated across different cultures, including
in a Chinese language version.12-14

Predetermined secondary outcome measures included
change from baseline to week 4 and 12 in the Unified
Parkinson’s Disease Rating Scale (UPDRS) Parts I, II,
III, and IV subscale scores,15 UPDRS Parts I–III scores
combined, as well as the number of wearing-off symp-
toms and the proportion of patients experiencing wear-
ing-off identified using the Wearing Off Card. The Wear-
ing Off Card was a questionnaire designed specifically
for patients to help identify the symptoms of wearing-off
containing 19 motor and nonmotor symptoms derived
from the study of Stacy et al.9

STATISTICAL ANALYSIS

On the basis of a standard deviation of the PDQ-8 of
4.0 points,16 a sample size of 156 subjects (78 per group)
was estimated to provide 80% power to detect a treat-
ment group difference of 1.8 points using a t-test and a
two-tailed significance level of 5%. To account for an
anticipated 10 to 15% withdrawal rate, a randomization
target was set of 180 patients.

All primary and secondary efficacy analyses were
determined during protocol development and prior to
study commencement. Analyses were on the intent-to-
treat population. The primary variable and key secondary
variables were analyzed using a linear regression model
with treatment as the factor of interest and with baseline
score as a covariate and country as a fixed effect. The
“Last Observation Carried Forward (LOCF)” technique
was used to impute missing data.

STUDY RESPONSIBILITY

The study design was conceived and organized col-
laboratively between the MDSCRTG Subcommittee and
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Novartis Australia, implemented by the QUEST-AP
Study Group and sponsored by Novartis Pharma AG,
Basel, Switzerland. Data management and analysis was
performed by Covance on behalf of the MDSCRTG
Subcommittee and the QUEST-AP Study Group accord-
ing to the predetermined statistical plan before
unblinding.

RESULTS

Patient Characteristics

A total of 184 patients were randomly assigned (see
Fig. 1). Baseline demographic and disease characteristics
were similar in the two groups (Table 1). At baseline,
70.7% of patients reported no fluctuations on their pa-
tient diaries and 29.3% reported (nondisabling) motor
fluctuations. The mean UPDRS part IV (dyskinesias,
clinical fluctuations, other complications) score at base-

line was only 1.3 (of a maximum of 23), consistent with
a target population of patients with no or minimal, non-
disabling fluctuations.

Primary Endpoint

Patients randomly assigned to L/C/E showed a mean
improvement in PDQ-8 of 0.8 point, whereas patients
randomly assigned to L/C showed a mean deterioration
in PDQ-8 of 0.6 point (see Fig. 2). This 1.4 point differ-
ence between the two groups was statistically significant
(P � 0.021). Subgroup analysis showed that the differ-
ence in improvement in PDQ-8 between fluctuators and
nonfluctuators as defined by patient diary was not sig-
nificant (P � 0.41).

A treatment effect was also noted at the individual
question level of the PDQ-8. The treatment difference
favored L/C/E in all eight questions compared with L/C
group (see Fig. 3). Statistically significant differences in
mean change were seen for Question 3 (depression, P �
0.025), Question 4 (close personal relationships, P �
0.037), Question 6 (communication; P � 0.007), and
Question 8 (social stigma, P � 0.033). The difference in
mean change of Question 2 (dressing) was marginally
significant (P � 0.056), while differences in the mean
change for Question 1 (mobility), Question 5 (concen-
tration), and Question 7 (muscle cramps or spasms) were
not statistically significant.

Secondary Endpoints

The differences in mean change in UPDRS scores
between the two groups are shown in Figure 4. Mean
UPDRS part II (ADL) scores improved in the L/C/E but
not L/C groups, with the difference approaching statis-
tical significance at Week 4 (P � 0.057) and reaching

FIG. 1. Patient flow diagram.

TABLE 1. Patient characteristics at baseline

Variable
Levodopa/carbidopa/entacapone

(n � 93)
Levodopa/carbidopa

(n � 91)
Total

(n � 184)

Age (yr) Mean (SD) 64.8 (10.2) 62.9 (9.45) 63.9 (9.87)
Gender n (%) Male 57 (61.3) 50 (54.9) 107 (58.2)
Race n (%) Oriental 56 (60.2) 50 (54.9) 106 (57.6)

Caucasian 37 (39.8) 39 (42.9) 76 (41.3)
Other 0 (0) 2 (2.2) 2 (1.1)

Duration of PD (yr) Mean (SD) 3.6 (3.18) 3.7 (2.99) 3.7 (3.08)
Daily levodopa dose Mean (SD) 395.2 (146.9) 420.3 (143.6) 407.6 (145.4)
LD/benserazide n (%) 28 (30.1) 27 (29.7) 55 (29.9)
Dopamine agonist n (%) 31 (33.3) 34 (37.4) 65 (35.3)
PDQ-8 Mean (SD) 5.4 (4.45) 6.5 (4.35) 5.9 (4.42)
UPDRS total score
Part I Mean (SD) 1.2 (1.40) 1.5 (1.44) 1.3 (1.43)
Part II 6.2 (4.12) 6.6 (3.96) 6.4 (4.04)
Part III 14.0 (8.49) 16.1 (10.11) 15.1 (9.36)
Part IV 1.3 (1.45) 1.3 (1.48) 1.3 (1.46)
Total Parts I–III 21.3 (11.98) 24.3 (13.58) 22.8 (12.85)
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statistical significance at week 12 (P � 0.032). UPDRS
part III (motor) scores improved from baseline at Week
4 and Week 12 in both treatment groups with the differ-
ence in mean change approaching but not reaching sta-
tistical significance at Week 4 (P � 0.059) and at Week
12 (P � 0.087). The combined UPDRS part I-III scores
improved in both treatment groups at Week 4 and Week
12 with the difference in mean change approaching sta-
tistical significance at Week 4 (P � 0.071) and Week 12
(P � 0.047). Mean UPDRS part I and IV scores were

very low at baseline and did not change significantly
over the 12-week treatment period.

Correlation Between Changes in PDQ-8 and
UPDRS Scores

There was a moderate correlation between the change
in PDQ-8 and UPDRS ADL scores (Spearman correla-
tion coefficient � 0.38, 95% confidence intervals 0.25–
0.52) but no correlation between the change in PDQ-8

FIG. 2. Change in PDQ-8 score at week 12.

FIG. 3. Changes from baseline of individual domains of PDQ-8.

FIG. 4. Changes in UPDRS scores at week 12.
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and UPDRS motor scores (Spearman correlation coeffi-
cient � 0.10, 95% confidence intervals �0.06 to 0.25).

Wearing Off Card

The percentage of patients who reported at least one
wearing off symptom in the L/C/E group was 78.5% at
baseline, and fell to 69.8% at 4 weeks and 61.8% at 12
weeks. The percentage of patients who reported at least
one wearing off symptom in the L/C group was 84.6% at
baseline, and fell to 61.5% at 4 weeks and 61.5% at 12
weeks. There was no significant difference in the reduc-
tion between the two groups. The mean number of wear-
ing off symptoms across all patients at baseline was 4.4
and reduced to a mean of 3.1 at 12 weeks. There was no
significant difference in the reduction in number of wear-
ing-off symptoms in the two treatment groups at 12
weeks. Subgroup analysis revealed no difference in treat-
ment effect if only fluctuators or nonfluctuators (as de-
fined by patient diary) were considered. Tremor was the
most common motor wearing-off symptom at baseline,
and was reported by 63% of patients. Anxiety was the
most commonly reported nonmotor wearing-off symp-
tom, affecting 23% of patients.

SAFETY AND TOLERABILITY

Both the L/C/E and L/C treatment regimens were safe
and well tolerated over the study period. Five patients
adjusted their levodopa dose during the first two weeks
of the study (as permitted in the protocol).

Adverse events (AEs) were similar to those reported in
previous studies of entacapone.4 Fourteen (7.6%) pa-
tients discontinued the study. Of these, an AE related to
study medication was considered the reason in 6 patients
in the L/C/E group and 4 in the L/C group. Serious AEs
were reported in 1 patient in the L/C/E group and 3
patients in L/C group, however none was considered
causally related to the study medication. There were no
deaths. The percentage of patients with at least one AE
was 66% in the L/C/E group and 56% in the L/C group.
The most commonly reported AEs were urine discolor-
ation (23% L/C/E vs. 6% L/C), nausea (12% L/C/E vs.
8% L/C), dizziness (5% L/C/E vs. 7% L/C), constipation
(5% L/C/E vs. 3% L/C), and diarrhea (5% L/C/E vs. 4%
L/C). Mild dyskinesia was reported in 5 patients (5.4%)
in the L/C/E group and 1 patient (1.1%) in the L/C group
and did not result in study discontinuation. The possible
unblinding effects of these adverse events was not
assessed.

DISCUSSION

We hypothesized that entacapone might be helpful in
the treatment of PD patients with no or minimal, non-

disabling motor fluctuations through ameliorating either
nonmotor symptoms or more subtle motor or nonmotor
fluctuations. A novel aspect of our study was the use the
PDQ-8 as a primary outcome measure. QOL is an evolv-
ing concept that includes both health and nonhealth re-
lated, patient-derived measures of well-being.17,18 The
PDQ-8 combines elements of both health-related QOL
and health status.17 It was chosen as the primary outcome
measure to detect changes in both motor and nonmotor
aspects of PD that negatively impact on health-related
QOL. We found that improvements occurred with L/C/E
compared to L/C therapy predominantly in the nonmotor
rather than motor domains of the PDQ-8. The 1.4 point
mean difference in PDQ-8 scores between the two
groups represented a 24% change in the low mean base-
line score of 5.9.

Although caution needs to be taken in interpreting the
results of individual domain scores of the PDQ-8, our
finding of an improvement largely in nonmotor domains
of QOL in early PD patients following increased dopa-
minergic therapy is a novel but not necessarily surprising
finding. Nonmotor symptoms have a major impact on
QOL in PD independently of motor disability.7,8 Tradi-
tionally, depression in PD has not been thought to
respond to dopaminergic treatment19,20 although
pramipexole, which acts primarily as a dopamine ago-
nist, can improve depression in both PD and non-PD
patients.21-24 Entacapone has not been studied as a treat-
ment for depression and tolcapone has been the subject
of only a small, open label study in non-PD patients.25

However, there is emerging evidence that COMT geno-
types and by implication, the resulting influence on cat-
echolamine metabolism, may influence susceptibility to
psychiatric disorders.26

A previous study in a similar population of nonfluc-
tuators also demonstrated improved QOL during levo-
dopa, carbidopa, and entacapone treatment.6 However, in
the study of Olanow et al., significant differences were
detected in the motor (ADL and mobility) but not in the
nonmotor domains of the PDQ-39. Although not identi-
cal, the shorter PDQ-8 QOL scale used in our study is
directly derived from the PDQ-39 and has been shown to
capture comparable information.12 Therefore this is un-
likely to be the explanation for the difference in results.
One potential explanation for the difference is that al-
though the patient population in the two studies were
similar, they were not identical. Patients in both studies
had similar average levodopa doses of approximately
400 mg/day at study entry, but in the Olanow et al. study
had slightly longer duration of disease (approximately
4.5 years compared to 3.7 years in our study) and were
slightly more disabled from a motor point of view as
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measured by the mean UPDRS ADL (9 compared with
6.4) and motor (19.7 compared with 15.1) scores. It is
therefore possible that in our patients with relatively
earlier and milder disease, nonmotor symptoms had a
higher impact on QOL. Of interest, the improvement in
PDQ-8 in our study correlated with improvement in
ADL but not motor scores.

Our results did not directly support the hypothesis that
entacapone was improving nonmotor fluctuations (as op-
posed to nonmotor symptoms). There is increasing evi-
dence for a high prevalence of nonmotor fluctuations in
PD that can be detected using measurement tools such as
the Wearing Off Card used in this study,9 but not stan-
dard clinical assessments or PD assessment tools such as
the UPDRS. However, in our study the percentage of
patients who changed from being classified as fluctuators
(defined as having one or more positive symptoms on the
Wearing Off Card) to nonfluctuators did not differ, and
there was no difference in the reduction in number of
wearing off symptoms between the treatment groups.
Given that entacapone prolongs the response to levo-
dopa, we cannot exclude the possibility of a difference in
effect on the duration, as opposed to number, of wearing-
off nonmotor symptoms between the two treatment
groups, as the Wearing Off Card does not capture this
variable.

A question that arises in studies of COMT inhibition
in PD is whether the same benefits can be achieved by
simply increasing the total levodopa/DDCI dose, espe-
cially by increasing dose frequency. However, increasing
dose frequency may not necessarily achieve the same
pharmacokinetic effects on blood levodopa levels as
adding entacapone27 and therefore cannot be assumed to
give the same therapeutic benefits. Furthermore, given
the improvement in nonmotor symptoms of PD demon-
strated in this study, we cannot exclude the possibility
that the therapeutic benefit of entacapone might be partly
mediated through other effects on catecholamine metab-
olism, as discussed earlier.

As expected from previous studies of entacapone in
both fluctuating and nonfluctuating PD patients, the drug
was well tolerated with only 10% withdrawal rate in both
groups. Importantly, the incidence of dyskinesia in our
L/C/E treated group was low (5.4%), mild in severity and
did not result in study discontinuation in any patient.

In conclusion, the results of this study suggest that
treatment with L/C/E improves QOL in early PD patients
with no or minimal, nondisabling motor fluctuations
compared to treatment with L/C. Given the positive
safety profile of entacapone, it can be argued that com-
bining this with LD/DDCI should be considered as stan-
dard symptomatic therapy. However, the cost effective-

ness of this approach is an important consideration. The
medium-long term sustainability of the symptomatic
benefits of this approach and effects on motor and non-
motor complications are additional important consider-
ations and currently under investigation.10
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