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Abstract: We performed a 39-week, randomized, double-
blind, multicenter study to compare the efficacy, safety, and
tolerability of levodopa/carbidopa/entacapone (LCE, Stalevo)
with levodopa/carbidopa (LC, Sinemet IR) in patients with
early Parkinson’s disease (PD). Four hundred twenty-three
patients with early PD warranting levodopa were randomly
assigned to treatment with LCE 100/25/200 or LC 100/25
three-times daily. The adjusted mean difference in total Uni-
fied Parkinson’s disease Rating Scale (UPDRS) Parts II and
III between groups using the analysis of covariance model
(prespecified primary outcome measure) was 1.7 (standard
error 5 0.84) points favoring LCE (P 5 0.045). Significantly
greater improvement with LCE compared with LC was also
observed in UPDRS Part II activities of daily living (ADL)

scores (P 5 0.025), Schwab and England ADL scores
(blinded rater, P 5 0.003; subject, P 5 0.006) and subject-
reported Clinical Global Impression (CGI) scores (P 5
0.047). There was no significant difference in UPDRS Part
III or investigator-rated CGI scores. Wearing-off was
observed in 29 (13.9%) subjects in the LCE group and 43
(20.0%) in the LC group (P 5 0.099). Dyskinesia was
observed in 11 (5.3%) subjects in the LCE group and 16
(7.4%) in the LC group (P 5 0.367). Nausea and diarrhea
were reported more frequently in the LCE group. LCE provided
greater symptomatic benefit than LC and did not increase motor
complications. � 2008 Movement Disorder Society
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Levodopa is considered the most efficacious medica-

tion for the treatment of Parkinson’s disease (PD). It

was developed as an antiparkinsonian agent in the

1960’s.1–4 However, treatment with levodopa alone

was plagued by a high incidence of nausea and vomit-

ing and low central nervous system (CNS) bioavaila-

bility because of extensive first-pass metabolism and

rapid peripheral decarboxylation to dopamine.5,6 Con-

comitant administration of a dopa-decarboxylase inhib-

itor (DDCI), such as carbidopa or benserazide, was

later demonstrated to markedly reduce nausea and

vomiting,7,8 and increase levodopa CNS bioavailability.9
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The combination of levodopa and benserazide became

commercially available in 1973 and the combination of

levodopa and carbidopa became commercially available

in 1975.10 When administered with carbidopa, the

peripheral half-life of levodopa is prolonged from 60 to

90 minutes and the required levodopa dose is reduced

by 90%.11 Today, levodopa/carbidopa (LC) is the most

commonly prescribed PD medication.

When levodopa is administered with a DDCI, the

predominant route of levodopa metabolism is via cate-

chol-O-methyltransferase (COMT). The concomitant

administration of a peripheral COMT inhibitor with

LC extends the serum levodopa half-life and allows

more levodopa to enter the brain over a longer period

of time. Entacapone is a peripheral COMT inhibitor

that when administered with LC extends the levodopa

half-life to approximately 2.25 hours.12 The addition of

entacapone to levodopa/DDCI in patients with wear-

ing-off motor fluctuations was demonstrated in multi-

ple double-blind pivotal trials to decrease OFF-time,

increase ON-time, improve Unified Parkinson’s Dis-

ease Rating Scale (UPDRS) motor scores and reduce

levodopa dose requirements.13–17 Levodopa/carbidopa/

entacapone (LCE) in a single tablet became commer-

cially available in 2003.18

The major limitation of LC treatment for PD is the

development of motor fluctuations and dyskinesias. It

has been hypothesized that the development of these

motor complications is related to the short peripheral

half-life of levodopa, which leads to pulsatile stimula-

tion of postsynaptic dopamine receptors.19 In the N-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine marmoset

model of PD, the administration of LC and entacapone

on a four-times daily dosing schedule reduced motor

disability scores and was associated with less dyskine-

sia than the same regimen of LC administered without

entacapone.20

These observations suggested that LCE be investigated

for treatment of patients with early PD, as it may provide

greater symptomatic benefit with a lower incidence of

dyskinesia than LC. The US Food and Drug Adminis-

tration stipulates that for a fixed-combination product,

approval in a patient population is contingent on

demonstrating that the added component provides

enhanced efficacy. The current study was designed as a

registration trial and evaluated the safety, tolerability,

and efficacy of LCE compared with LC in early PD.

SUBJECTS AND METHODS

This was a 39-week, multicenter, randomized, dou-

ble-blind, parallel-group study to compare the efficacy,

safety, and tolerability of LCE (Stalevo1, Orion Cor-

poration Orion Pharma, Espoo, Finland) with LC [im-

mediate-release (IR) Sinemet1, Merck Co., White-

house Station, NJ] administered at the same daily levo-

dopa dosage in patients with early PD warranting

levodopa treatment. An institutional review board

approved the protocol at each site, and all subjects pro-

vided written informed consent before study participation.

Subjects

Eligible subjects had PD with at least two of three

cardinal signs (bradykinesia, rigidity, and rest tremor)

and impairment warranting treatment with levodopa, as

assessed by the investigator. Additional eligibility cri-

teria included age 30–80 years at diagnosis, total

UPDRS Part II activities of daily living (ADL) plus

Part III motor score ‡ 18 at screening and baseline,

and modified Hoehn-Yahr stage 1.0–2.5. Exclusion cri-

teria included diagnosis of PD > 5 years, previous use

of levodopa, entacapone or tolcapone for > 30 days or

within 4 weeks prior to baseline, use of a dopamine

agonist within 4 weeks prior to baseline, Mini-Mental

State Examination (MMSE) score � 26, Beck Depres-

sion Inventory (BDI) score ‡ 15, atypical or secondary

parkinsonism, prior neurosurgery for PD, clinically sig-

nificant medical disorder within the last 5 years, use of

medications that could induce parkinsonism and treat-

ment with an investigational agent within 30 days of

baseline. Amantadine, anticholinergics, selegiline, rasa-

giline, and coenzyme Q10 were permitted at stable

dosages for at least 30 days prior to baseline and

continuing through the study.

Design

Subjects meeting eligibility criteria were randomized

1:1 to treatment with LCE 100/25/200 mg (Stalevo

100) three-times daily (TID) or LC 100/25 mg

(Sinemet IR) TID. Treatment assignment was stratified

as to whether the subject was taking other allowed PD

medications or not.

The study medication dosage was escalated to the

target dose over 3 weeks and then maintained for the

remaining 36 weeks. Each dose consisted of one cap-

sule containing LCE 100/25/200 mg or LC 100/25 mg.

The dosage schedule was one dose per day adminis-

tered with dinner during the first week, two doses per

day administered with lunch and dinner during the sec-

ond week, and three doses per day administered with

breakfast and approximately 5 and 10 hours later with

lunch and dinner during the third week and throughout

the maintenance period. During the titration period, if
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subjects experienced nausea they could be treated with

trimethobenzamide (Tigan1, Monarch Pharmaceuticals,

Bristol, TN) in the United States and domperidone

(Motilium1, McNeil Products, J&J, NJ) in other countries.

Study medication dose reductions were permitted at

any time during the trial as an alternative to premature

study drug discontinuation. If intolerable PD symptoms

emerged during the maintenance period, open-label LC

could be added, up to a total daily levodopa dose not

exceeding 750 mg/day. Data for subjects receiving

open-label LC rescue medication was censored from

analysis from the time open-label treatment was initi-

ated. Retained drop-out (RDO) subjects consisted of

those who discontinued study treatment before Week

39, but remained in the study and underwent efficacy

assessments (UPDRS Parts II and III). Subjects who

could not tolerate the lowest dose of study medication

(one dose per day) or who required a total daily levo-

dopa dose greater than 750 mg/day did not qualify for

RDO efficacy assessments.

Study Assessments

Study visits were conducted at screening, baseline

and Weeks 2, 4, 13, 26, and 39. Assessments per-

formed by blinded raters at all study visits included

UPDRS Parts I (mentation, mood, and behavior), II

and III, modified Hoehn-Yahr staging, Schwab and

England ADL scale, and motor complications assess-

ment. Wearing-off motor fluctuations and dyskinesias

were assessed by blinded raters at all scheduled visits

using both direct observation and standardized ques-

tions (Fig. 1). Raters were blinded to the subject’s

medical history, dosing information, concomitant medi-

cation use and safety data, including adverse events

(AEs) and chromaturia. UPDRS assessments were to

be conducted 90 minutes or less before the scheduled

third study medication dose of the day. Subjects also

provided Schwab and England ADL assessments at

each visit. MMSE and BDI were performed at screen-

ing and at Week 39, and the 39-item Parkinson’s

Disease Questionnaire (PDQ-39) and Clinical Global

Impression (CGI) (subject and treating investigator)

scores were completed at baseline, Week 4 and 39. A

blindness questionnaire was completed by the rater,

treating physician and subject at Week 39.

Study Medication

LCE 100/25/200 mg (Stalevo 100) was manufac-

tured by Orion Corporation Orion Pharma and LC 100/

25 (Sinemet IR) was manufactured by Merck & Co.

Study medication was over encapsulated by Cardinal

Health Germany.

Statistical Analyses

Data were analyzed by PPD International, Wilmington,

NC, under the direction of Novartis Biostatistics, using

SAS version 8.2. All statistical tests were conducted

against a two-sided alternative hypothesis employing a

significance level of 0.05 unless otherwise noted.

The primary outcome measure was the change from

baseline to Week 39 in total UPDRS (Parts II and III)

scores. This was analyzed using analysis of covariance

(ANCOVA) with treatment and pooled centers as fac-

tors and baseline total UPDRS score as the covariate.

The primary analysis was performed on the intent-to-

FIG. 1. Assessment of motor complications.
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treat (ITT) population using last observation carried

forward for missing values. If a subject required open-

label LC, the last-observed measures before the intro-

duction of open-label LC were carried forward. If a

subject had discontinued study medication and had an

RDO assessment performed at Week 39 then it was

used as the endpoint measure, provided that the subject

had not required open-label LC.

Secondary outcome analyses evaluated change from

baseline in individual UPDRS subscale scores, PDQ-39

and PDQ-8 scores, modified Hoehn-Yahr stage and

Schwab and England ADL score (blinded rater and

subject). For CGI scores (investigator and subject),

treatment group differences were assessed using a pro-

portional odds model that included treatment group

and pooled center as independent variables. Responder

rate was compared between the two treatment groups

using logistic regression with treatment and pooled

center as factors, and baseline total UPDRS score as a

covariate. Treatment response was defined as a reduc-

tion of baseline total UPDRS score ‡ 8 points at end-

point.21 Treatment group differences were analyzed

using a logistic regression model that included treat-

ment group, pooled center and baseline UPDRS score

as independent variables. Odds ratios and 95% confi-

dence intervals (CIs) were computed using this model.

A sample size of 424 subjects (212 per group) was

calculated to provide 90% power to detect a treatment

group difference of 3.0 points in the primary efficacy

variable, assuming a standard deviation (SD) of 9.0

points and anticipating a withdrawal rate of 10%, using

a t test and a two-tailed significance level of 5%.

RESULTS

Population

The study was conducted from August 2005 through

September 2007 at 53 centers in Canada, the Czech

Republic, Israel, Italy, Poland, Portugal, Turkey, and

FIG. 2. Study flow. ITT, intent-to-treat; RDO, retained drop-outs; LCE, levodopa/carbidopa/entacapone; LC, levodopa/carbidopa.
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the United States. A total of 423 subjects were ran-

domly assigned (Fig. 2) and comprise the ITT popula-

tion. Demographic and baseline characteristics of the

ITT population are presented in Table 1. The gender

distribution was significantly different between treat-

ment groups, with 69.2% male and 30.8% female in

the LCE group compared with 59.5% male and 40.5%

female in the LC group.

Efficacy

The mean (SD) change in total UPDRS scores from

baseline to Week 39 was 10.0 (9.64) points in the LCE

group and 8.5 (9.08) points in the LC group. The

adjusted mean difference between groups using the

ANCOVA model (predefined primary efficacy analy-

sis) was 1.7 [standard error (SE) 5 0.84, 95% CI

0.34–3.32] points favoring LCE (P 5 0.045). Mean

(SE) total UPDRS scores through the study are

depicted in Fig. 3. A significant difference between

groups was first observed at Week 4 and then main-

tained through the study. The maximum difference

between groups was observed at Week 26 with an

improvement from baseline of 11.4 (SD 5 9.45) points

in the LCE group and 9.1 (SD 5 9.08) points in the

TABLE 1. Baseline demographics and characteristics (intent-to-treat population)

Variable LCE (n 5 208) LC (n 5 215) Total (N 5 423)

Mean age, yr 6 SD 65.3 6 9.26 64.5 6 8.79 64.8 6 9.02
Age group, years (%)
‡ 30 to � 50 16 (7.7) 17 (7.9) 33 (7.8)
> 50 to � 65 86 (41.3) 91 (42.3) 177 (41.8)
> 65 to � 80 103 (49.5) 104 (48.4) 207 (48.9)
> 80 3 (1.4) 3 (1.4) 6 (1.4)

Mean duration of PD, years 6 SD 1.18 6 1.16 1.14 6 1.25 1.16 6 1.21
Sex, n (%)
Male 144 (69.2) 128 (59.5) 272 (64.3)
Female 64 (30.8) 87 (40.5) 151 (35.7)

Race, % Caucasian 96.2 97.2 96.7
Prior exposure to levodopa, n (%) 3 (1.4) 7 (3.3) 10 (2.4)
Prior exposure to dopamine agonists, n (%) 14 (6.7) 20 (9.3) 34 (8.0)
Use of permitted PD medications, n (%) 69 (33.2) 75 (34.9) 144 (34.0)
Total UPDRS score, mean 6 SD
Parts II and III 34.1 6 10.96 34.4 6 11.08 34.3 6 11.01
Part I 1.5 6 1.48 1.6 6 1.67 1.6 6 1.58
Part II 9.8 6 4.15 9.6 6 4.54 9.7 6 4.35
Part III 24.3 6 8.36 24.9 6 8.08 24.6 6 8.21

PDQ-39 score, mean 6 SD 21.55 6 13.32 22.12 6 13.68 21.84 6 13.49
Schwab and England ADL score, mean 6 SD
By rater 84.9 6 9.04 84.4 6 7.97 84.7 6 8.50
By patient 85.2 6 9.17 84.6 6 9.07 84.9 6 9.12

MMSE score at screening 6 SD 29.0 6 1.10 28.9 6 1.11 29.0 6 1.11
BDI score at screening 6 SD 6.8 6 4.32 7.6 6 4.62 7.2 6 4.49

LCE, levodopa/carbidopa/entacapone; LC, levodopa/carbidopa; SD, standard deviation; PD, Parkinson’s disease; UPDRS, Unified Parkinson’s
Disease Rating Scale; PDQ-39, 39-item Parkinson’s Disease Questionnaire; ADL, activities of daily living; MMSE, Mini-Mental State Examina-
tion; BDI, Beck Depression Inventory.

FIG. 3. Unified Parkinson’s Disease Rating Scale total score (Part II
activities of daily living and Part III motor). Values are mean total
score (6standard error) by treatment and visit in the intent-to-treat
population with last observation carried forward; UPDRS, Unified
Parkinson’s Disease Rating Scale.
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LC group, for an observed mean treatment difference

of 2.3 points (P 5 0.003).

Due to the uneven gender distribution across groups,

an additional analysis was performed that included

gender in the model for the primary efficacy variable.

Using this model, the estimated mean difference
between groups in total UPDRS from baseline to end-
point was 1.9 (SE 5 0.83; 95% CI 0.27–3.55) favoring
LCE (P 5 0.023).

Results of secondary efficacy analyses are presented
in Table 2. Significantly greater improvement with LCE

compared with LC was observed in UPDRS Part II
scores (P5 0.025), Schwab and England scores (blinded
rater, P 5 0.003; subject, P 5 0.006) and subject-
reported CGI scores (P 5 0.047). In addition, there was
a trend for a higher responder rate in the LCE group
(63.9%) than in the LC group (56.3%) (P5 0.086).

Motor Complications

Wearing-off motor fluctuations and dyskinesias were

not significantly different across groups (Table 3).

TABLE 2. Secondary outcomes at Week 39

Variable LCE (n 5 208) LC (n 5 215) P

Mean change from baseline in UPDRS scores 6 SDa

Part I mentation 0.2 6 1.61 0.3 6 1.42 0.820b

Part II ADL 3.0 6 3.42 2.3 6 3.36 0.025b

Part III motor 7.0 6 7.47 6.2 6 7.19 0.108b

Responderc, n (%) 133 (63.9) 121 (56.3) 0.086d

Modified Hoehn-Yahr scores, n (%)e 0.229f

0
1.0 0 (0.0) 0 (0.0)
1.5 40 (19.2) 36 (16.7)
2.0 21 (10.1) 29 (13.5)
2.5 101 (48.6) 89 (41.4)
3.0 18 (8.7) 36 (16.7)
4.0 2 (1.0) 2 (0.9)
5.0 0 (0.0) 0 (0.0)

0 (0.0) 0 (0.0)
Mean change from baseline in Schwab and England ADL scores 6 SDc

By rater 25.6 6 8.44 24.2 6 7.36 0.003b

By patient 25.2 6 9.12 23.8 6 9.04 0.006b

Mean change from baseline in overall PDQ-39 scores 6 SDa 4.26 6 10.966 3.90 6 10.251 0.581b

Mean change from baseline in overall PDQ-8 scores 6 SDa 1.38 6 4.063 1.15 6 3.856 0.470b

CGI scores by patient, n (%)c 0.047d

1 Very much improved 37 (18.6) 29 (14.0)
2 Much improved 73 (36.7) 72 (34.8)
3 Minimally improved 55 (27.6) 53 (25.6)
4 No change 20 (10.1) 28 (13.5)
5 Minimally worse 12 (6.0) 19 (9.2)
6 Much worse 2 (1.0) 6 (2.9)
7 Very much worse 0 (0.0) 0 (0.0)

CGI scores by investigator, n (%)c 0.625d

1 Very much improved 20 (10.0) 21 (10.1)
2 Much improved 88 (44.0) 88 (42.5)
3 Minimally improved 62 (31.0) 63 (30.4)
4 No change 18 (9.0) 24 (11.6)
5 Minimally worse 10 (5.0) 10 (4.8)
6 Much worse 2 (1.0) 1 (0.5)
7 Very much worse 0 (0.0) 0 (0.0)

Mean change from baseline MMSE, scores 6 SDg 0 6 1.40 0.1 6 1.51 0.332
Mean change from baseline BDI, scores 6 SDg 0.1 6 5.21 0.7 6 4.77 0.401

aITT-LOCF population.
bP value from comparisons of LS means from the primary ANCOVA model: change 5 baseline 1 treatment 1 centre.
cResponder is defined as having a reduction of at least 8 points from baseline in UPDRS total score (Part II and Part III) at Week 39.
dP value of between-treatment comparison of responders from the logistic regression model.
eITT-OC population.
fP value of between-treatment comparison from the proportional odds model.
gSafety population with LOCF.
LCE, levodopa/carbidopa/entacapone; LC, levodopa/carbidopa; UPDRS, Unified Parkinson’s Disease Rating Scale; SD, standard deviation; ADL, activ-

ities of daily living; PDQ, Parkinson’s Disease Questionnaire; CGI, Clinical Global Impression; MMSE, mini-mental state examination; BDI, Beck Depres-
sion Inventory; LS, least square; ANCOVA, analysis of covariance; ITT, intent-to-treat; LOCF, last observation carried forward; OC, observed cases.
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There was a trend for less wearing-off in the LCE

group (29 subjects, 13.9%) than in the LC group (43

subjects, 20.0%; P 5 0.099). Dyskinesias were

observed in 11 (5.3%) subjects in the LCE group and

in 16 (7.4%) subjects in the LC group (P 5 0.367).

During the study, 44 (21.2%) subjects in the LCE

group and 36 (16.7%) subjects in the LC groups were

receiving amantadine. Of subjects receiving amanta-

dine, 2 (4.5%) in the LCE group and 2 (5.6%) in the

LC group experienced dyskinesia.

Safety and Tolerability

Twenty-four (11.6%) subjects in the LCE group and

18 (8.4%) subjects in the LC group withdrew from the

study due to an AE. Diarrhea more frequently led to

discontinuation in the LCE group (8 subjects, 3.9%)

than in the LC group (0 subjects, 0.0%). In contrast,

discontinuations due to nausea or vomiting were simi-

lar in both groups (nausea 5, 2.4% LCE; 5, 2.3% LC:

vomiting 2, 1.0% LCE; 4, 1.9% LC).

The incidence of AEs is displayed in Table 4. Nau-

sea was reported by 26.6% of subjects in the LCE

group and 13.5% of subjects in the LC group. Diarrhea

was reported in 8.7% of subjects in the LCE group and

2.8% of subjects in the LC group.

Blindness Evaluation

Blinded raters correctly identified treatment assign-

ments in 20.1% of cases and incorrectly identified

treatment assignment in 12.3% of cases (with the re-

mainder marked as ‘‘could not say’’). Blinded raters

reported that they considered sustained improvement in

PD symptoms as the primary reason driving their

assessment. Subjects correctly identified their treatment

assignment in 18.7% of cases and incorrectly identified

their treatment assignment in 9.0% of cases. Subjects

in the LCE group most commonly based their assess-

ment on the appearance, taste or odor of the study

medication, or urine color. Subjects in the LC group

most commonly based their assessment on sustained

improvement in PD symptoms. Treating investigators

correctly identified treatment assignment in 29.8% of

cases and incorrectly identified treatment assignment in

11.8% of cases. The primary reason driving treating

investigators’ assessments was appearance, taste or

odor of the study medication, or urine color.

DISCUSSION

Results of this study demonstrate that over 39

weeks, in early PD patients, LCE 100/25/200 mg TID

provides greater clinical benefit than LC 100/25 mg

TID without increasing the development of motor com-

plications. A significant difference in total UPDRS

scores in favor of LCE was first observed at Week 4

and was maintained through the 39-week observation

period, with the greatest difference occurring at Week

26. A clinically meaningful difference between groups

at Week 39 is suggested by the greater improvement

with LCE than LC in Schwab and England ADL

scores, UPDRS ADL scores and subject-reported CGI

TABLE 3. Incidence of motor complications at any visit during the study (intent-to-treat-observed cases)

LCE (n 5 208), n (%) LC (n 5 215), n (%) Total (N 5 423), n (%) P* (LCE vs. LC)

Incidence of dyskinesia 11 (5.3) 16 (7.4) 27 (6.4) 0.367
Incidence of wearing-off 29 (13.9) 43 (20.0) 72 (17.0) 0.099

*P value of between-treatment comparison based on the logistic regression model. The maximum likelihood estimate of the logistic regression
may not exist. Results shown are based on the last maximum likelihood iteration.

LCE, levodopa/carbidopa/entacapone; LC, levodopa/carbidopa.

TABLE 4. Adverse events (safety population)

LCE
(n 5 207),

n (%)

LC
(n 5 215),

n (%)

Total
(N 5 422),

n (%)

Total AEs 170 (82.1) 130 (60.5) 300 (71.1)
Most frequent AEs (‡ 4%)
Chromaturia 78 (37.7) 7 (3.3) 85 (20.1)
Nausea 55 (26.6) 29 (13.5) 84 (19.9)
Diarrhea 18 (8.7) 6 (2.8) 24 (5.7)
Dizziness 18 (8.7) 11 (5.1) 29 (6.9)
Constipation 16 (7.7) 10 (4.7) 26 (6.2)
Weight decreased 11 (5.3)a 0 (0.0) 11 (2.6)
Back pain 9 (4.3) 10 (4.7) 19 (4.5)
Vomiting 9 (4.3) 8 (3.7) 17 (4.0)
Tremor 5 (2.4) 9 (4.2) 14 (3.3)

AE discontinuations 24 (11.6) 18 (8.4) –
Nonfatal serious AEs 13 (6.3) 16 (7.4) –
Serious AE discontinuations 1 (0.5) 5 (2.3) –
Deaths 0 (0.0) 1 (0.5)b –

Preferred terms are presented in descending order based on LCE
group; a subject with multiple occurrences of an AE under one treat-
ment is counted only once in the AE category for that treatment.

aSeven of 11 events of weight loss were associated with nausea
and/or diarrhea.

bOne additional subject in the LC group died within 30 days after
discontinuing the study and is not included in this tabulation.

LCE, levodopa/carbidopa/entacapone; LC, levodopa/carbidopa;
AE, adverse event.
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scores. Greater clinical efficacy with LCE is consistent

with the observation that dual inhibition of levodopa

peripheral metabolism with both carbidopa and entaca-

pone increases central bioavailability of levodopa to a

greater extent than carbidopa alone.22

Changes in Hoehn-Yahr, PDQ-39 and PDQ-8 scores

were not significantly different across groups. This

could potentially reflect the relative insensitivity to

change of these measures in early PD and the fact that

the study was not powered to evaluate these measures.

That subject, but not investigator, CGI scores were sig-

nificantly improved in the LCE compared with the LC

group may indicate that subjects are better able to

recall their baseline status and provide a more accurate

assessment of change than the investigator.

There was a trend for less wearing-off in the LCE

group, consistent with the extended half-life of levo-

dopa when administered with carbidopa and entaca-

pone compared with carbidopa alone. Multiple studies

have demonstrated that higher daily dosages of LC are

associated with increased development of dyskine-

sia.23,24 In this study, although greater clinical efficacy

was observed in the LCE group, LCE treatment was

not associated with an increase in dyskinesia through

the 39-week observation period. It is not known

whether a similar effect could be achieved with a

slightly higher dosage or more frequent administration

of LC.

Both LCE and LC were generally well tolerated

with more than 85% of subjects completing the study.

Chromaturia was the most commonly reported side

effect in the LCE group, but this is a benign event

related to the color of entacapone metabolites elimi-

nated in the urine. Nausea and diarrhea were reported

more frequently in the LCE than in the LC group.

However, only 3.2% more subjects in the LCE group

withdrew from the study due to an AE, with this dif-

ference completely accounted for by withdrawals due

to diarrhea (LCE 8, 3.9%; LC 0, 0.0%). Withdrawals

due to nausea or vomiting were similar in both groups.

An important limitation of this study is the potential

for unblinding. Blinded raters correctly guessed a

smaller proportion of subject assignments than treating

investigators, but still had more correct than incorrect

guesses. They reported that the primary reason behind

their guesses was observed benefit, and unblinding due

to superior benefit may be unavoidable.

In this study, the observed benefits of LCE were

counterbalanced by a higher incidence of AEs, includ-

ing nausea and diarrhea. However, these side effects

are usually easily managed. Nausea may be reduced

with a dose reduction or treatment with an antiemetic.

Indeed, in this trial, withdrawals due to nausea were

similar in both groups. The mechanism by which

COMT inhibitors cause diarrhea is unknown and some

patients do require discontinuation if antidiarrheals are

insufficient.25,26 In contrast, motor complications seem

to be caused by intrinsic, long-lasting changes in the

basal ganglia that are not easily resolved.27 Although

motor complications can often be managed with medi-

cation manipulations, they limit the effectiveness of

treatment and are associated with decreased quality of

life.28 Thus, the observation that over 39 weeks, LCE

provides greater symptomatic benefit without increas-

ing the development of motor complications suggests

that LCE is a viable treatment option for the manage-

ment of early PD.
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