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Objective: L-dopa is the most widely used and most effective therapy for Parkinson disease (PD), but chronic
treatment is associated with motor complications in the majority of patients. It has been hypothesized that
providing more continuous delivery of L-dopa to the brain would reduce the risk of motor complications, and that
this might be accomplished by combining L-dopa with entacapone, an inhibitor of catechol-O-methyltransferase, to
extend its elimination half-life.
Methods: We performed a prospective 134-week double-blind trial comparing the risk of developing dyskinesia
in 747 PD patients randomized to initiate L-dopa therapy with L-dopa/carbidopa (LC) or L-dopa/carbidopa/enta-
capone (LCE), administered 4� daily at 3.5-hour intervals. The primary endpoint was time to onset of dyskinesia.
Results: In comparison to LC, patients receiving LCE had a shorter time to onset of dyskinesia (hazard ratio, 1.29;
p � 0.04) and increased frequency at week 134 (42% vs 32%; p � 0.02). These effects were more pronounced
in patients receiving dopamine agonists at baseline. Time to wearing off and motor scores were not significantly
different, but trended in favor of LCE treatment. Patients in the LCE group received greater L-dopa dose equiv-
alents than LC-treated patients (p � 0.001).
Interpretation: Initiating L-dopa therapy with LCE failed to delay the time of onset or reduce the frequency of
dyskinesia compared to LC. In fact, LCE was associated with a shorter time to onset and increased frequency of
dyskinesia compared to LC. These results may reflect that the treatment protocol employed did not provide
continuous L-dopa availability and the higher L-dopa dose equivalents in the LCE group.
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L -dopa is the most effective symptomatic therapy for
Parkinson disease (PD). No other medical or surgical

intervention has been shown to provide greater antipar-
kinsonian efficacy. However, chronic L-dopa therapy is
associated with the development of potentially disabling

motor complications, consisting of fluctuations in the
motor response and involuntary movements or dyskine-
sias.1–5

The pathophysiologic basis of L-dopa–induced mo-
tor complications is not known, but current evidence sug-
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gests that they may be related to nonphysiologic, discon-
tinuous stimulation of striatal dopamine receptors.6

Under normal circumstances, dopamine neurons in the
substantia nigra pars compacta fire continuously, and stri-
atal dopamine is maintained at a relatively constant lev-
el.7–10 However, in PD, where there is degeneration of
striatal dopamine terminals, striatal dopamine levels are
dependent on peripheral L-dopa availability. As L-dopa
has a relatively short half-life (60–90 minutes), intermit-
tent doses do not restore striatal dopamine in a physio-
logic manner.10,11 Rather, this pulsatile stimulation of do-
pamine receptors causes molecular changes in striatal
neurons, physiologic changes in basal ganglia output neu-
rons, and motor complications.6 Nonetheless, L-dopa is
routinely initiated with 2 to 3 daily doses, although there
is no scientific basis for this treatment regimen. It has
been proposed that more continuous delivery of L-dopa
might be more physiologic and reduce the risk of motor
complications; this concept is known as continuous dopa-
mine stimulation (CDS). Indeed, continuous infusion of
L-dopa has been shown to reduce both off time and dys-
kinesia in advanced PD patients.12–17 Initiation of L-dopa
in early PD with a strategy that provides more continuous
availability of the drug might provide all of its benefits
while reducing the risk of motor complications and avoid-
ing the need for polypharmacy and surgical intervention.
Surprisingly, there have been very few controlled studies
evaluating how to initiate L-dopa. The ELLDOPA study
demonstrated that higher doses of L-dopa are associated
with greater symptomatic effects, but increased motor

complications.18 A controlled release formulation of L-do-
pa/carbidopa did not reduce the risk of dyskinesia com-
pared with standard L-dopa,19 but this formulation has
variable absorption and is unlikely to have provided con-
tinuous L-dopa availability. Long-acting dopamine ago-
nists are associated with a reduced risk of inducing motor
complications,20,21 but have less efficacy than L-dopa and
are associated with other side effects such as psychosis and
impulse control disorders.22 Furthermore, nearly all dopa-
mine agonist-treated patients eventually require L-dopa
and develop dyskinesias at a rate similar to what is ob-
served when L-dopa is initiated without dopamine ago-
nists.23,24 Thus, the development of a treatment strategy
that provides the benefits of L-dopa with reduced motor
complications remains among the major unmet medical
needs in PD.

Inhibition of catechol-O-methyltransferase (COMT)
blocks peripheral L-dopa metabolism and extends the
elimination half-life of the drug.25 In N-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP)-lesioned monkeys,
L-dopa combined with the COMT inhibitor entacapone
administered 4� daily at 3.5-hour intervals provided
enhanced motor responses with reduced dyskinesias in
comparison to treatment with L-dopa alone.26 In the
present, we performed a double-blind trial comparing the
risk of developing dyskinesia when patients with PD were
initiated on L-dopa/carbidopa/entacapone (LCE) versus a
standard formulation of L-dopa/carbidopa (LC) adminis-
tered four times daily at 3.5 hour intervals.

TABLE 1: Consort Table: Patient Disposition

Disposition LCE LC Total

Randomizeda 373 (100) 372 (100) 745 (100)

Discontinued study treatment 108 (29.0) 96 (25.8) 204 (27.4)

Primary reason for discontinuation

Adverse event(s) 38 (10.2) 24 (6.5) 62 (8.3)

Subject withdrew consent 37 (9.9) 24 (6.5) 61 (8.2)

Unsatisfactory therapeutic effect 14 (3.8) 33 (8.9) 47 (6.3)

Protocol violation 6 (1.6) 7 (1.9) 13 (1.7)

Lost to follow-up 6 (1.6) 4 (1.1) 10 (1.3)

Administrative problems 3 (0.8) 4 (1.1) 7 (0.9)

Death 3 (0.8) 0 3 (0.4)

No longer requires study drug 1 (0.3) 0 1 (0.1)

Completed Study 265 (71.0) 276 (74.2) 541 (72.6)

aTwo randomized patients (1 in each group) did not receive study medication.
LCE � L-dopa/carbidopa/entacapone; LC � L-dopa/carbidopa.
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Patients and Methods
Subjects and Design
The STRIDE-PD (Stalevo Reduction In Dyskinesia Evaluation
in Parkinson’s Disease) study was a multicenter, double-blind
study in patients with PD requiring the initiation of L-dopa
therapy. Eligible subjects were men or women aged 30 to 70
years with a diagnosis of PD based on UK brain bank criteria
and a disease duration of �5 years from time of diagnosis. Sub-
jects could be taking stable doses of a dopamine agonist or other
antiparkinsonian medications (no change in previous 4 weeks),
but could not have taken amantadine within the preceding 270

days (due to its known antidyskinesia effects). Prior exposure to
L-dopa for �30 days or within 8 weeks prior to entry, and
previous use of a COMT inhibitor, were not permitted. Exclu-
sion criteria included atypical or secondary parkinsonism, con-
comitant use of neuroleptic agents, prior neurosurgery for PD,
and medical or psychiatric conditions that could interfere with
the conduct of the study.

Subjects signed an institutional review board-approved in-
formed consent and were randomized to receive treatment with
identical capsules containing LC or LCE according to a central-
ized computer-generated randomization sequence. Treatment as-

TABLE 2: Baseline Demographics by Treatment (Intention to Treat Population)

Variable LCE, n � 373 LC, n � 372 Total, N � 745

Age, mean yr 60.6 � 8.7 59.8 � 8.2 60.2 � 8.4

Men, No. (%) 245 (65.7%) 222 (59.7%) 467 (62.7%)

Caucasian 352 (94.4%) 357 (96.0%) 709 (95.2%)

Weight, kg 79.7 � 15.8 79.1 � 16.9 79.4 � 16.4

Mean duration of PD, yr 2.0 � 1.6 2.0 � 1.7 2.0 � 1.7

UPDRS total (II � III) 32.7 � 12.6 31.5 � 11.9 32.1 � 12.3

UPDRS, Part II (ADL) 9.6 � 4.3 9.1 � 4.2 9.4 � 4.2

UPDRS, Part III (motor) 23.1 � 9.5 22.4 � 9.0 22.8 � 9.3

Hoehn & Yahr stage 1.9 � 0.5 1.9 � 0.5 1.9 � 0.5

Schwab & England score 86.4 � 7.3 86.3 � 8.6 86.4 � 7.9

PDQ-39 25.2 � 15.0 22.9 � 13.7 24.1 � 14.4

Previous antiparkinson medication, No. (%) 263 (70.5%) 266 (71.5%) 529 (71.0%)

Dopamine agonist use, No. (%) 217 (58.2%) 217 (58.3%) 434 (58.3%)

LCE � L-dopa/carbidopa/entacapone; LC � L-dopa/carbidopa; PD � Parkinson disease; UPDRS � Unified Parkinson Disease
Rating Scale; ADL � activities of daily living; PDQ-39 � Parkinson Disease Questionnaire.

TABLE 3: Baseline Demographics by Treatment and Dopamine Agonist Exposure (Intention to Treat Pop-
ulation)

Variable DA Exposure at Baseline No DA Exposure at Baseline

LCE, n � 217 LC, n � 217 LCE, n � 156 LC, n � 155

Age, mean yr 59.1 58.4 62.6 61.9

Men, No. (%) 151 (69.6) 132 (60.8) 94 (60.3) 90 (58.1)

Weight, mean kg 79.9 81.0 79.3 76.5

Duration of PD, mean yr 2.4 2.6 1.4 1.2

Hoehn & Yahr stage, mean 1.9 1.9 1.9 1.9

UPDRS Parts II � III, mean 33.0 31.1 32.2 32.2

UPDRS Part II, mean 9.7 9.2 9.4 9.0

UPDRS Part III, mean 23.3 21.9 22.8 23.2

DA � dopamine; LCE � L-dopa/carbidopa/entacapone; LC � L-dopa/carbidopa; PD � Parkinson disease; UPDRS � Unified
Parkinson Disease Rating Scale.
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signment was stratified by the use of dopamine agonists at base-
line. L-dopa/carbidopa in both groups was initiated at a dose of
50/12.5mg twice daily, and titrated to 100/25 (target dose) or
150/37.5mg 4� daily administered at 3.5-hour intervals. For
patients in the LCE group, entacapone 200mg was administered
with each LC dose. If further treatment was required by patients
in either group, an additional 50/12.5 or 100/25mg of open
label LC could be added to each of the 4 study doses. No ad-
ditional antiparkinsonian medication or change in dose of other
antiparkinsonian medications was permitted during the course
of the study. The study duration was 134 weeks; all subjects
were followed blind until the last subject had completed the
study. Visits were performed at baseline, weeks 1, 2, 6, 8, and
13, and at 13-week intervals thereafter. At each visit, a blinded
treating investigator assessed the need for additional medication
and performed safety assessments. Patients were also seen at each
visit by a separate blinded rater who assessed for dyskinesia and
performed the Unified Parkinson Disease Rating Scale (UPDRS)
evaluation. Prior to study onset, all raters and patients were
trained to identify dyskinesia.

Outcome Measures and Statistical Analysis
The primary endpoint was the time to onset of dyskinesia. Dys-
kinesia was determined by the blinded rater based on either di-
rect observation or by patient response to specific questioning.
Patients who did not have dyskinesia before discontinuing study
medication were censored on the date of last dose of study med-
ication. Kaplan-Meier curves with point-wise 95% confidence
intervals (CIs) for the percentage of dyskinesia-free patients at
each visit were provided. Analysis of time to onset of dyskinesia
was performed in the intention-to-treat population using the
2-sided log-rank test stratified by dopamine agonist exposure at
baseline and region at an alpha level of 5%. Time to dyskinesia
was also evaluated using a definition of dyskinesia based only on
direct observation or history. Predefined subgroup analysis based
on dopamine agonist exposure at baseline was performed for the
primary efficacy variable.

Secondary endpoints included frequency of dyskinesia,
change from baseline in total UPDRS (Parts II and III), and
time to, and frequency of, wearing-off episodes. UPDRS scores
were analyzed using an analysis of covariance model with treat-
ment, previous dopamine agonist exposure, region, and baseline
score included as covariates in the model. Last observation car-
ried forward was used to account for missing data. Incidence of
dyskinesia and wearing off were analyzed using a logistic regres-
sion model with treatment group, duration of PD, region, and
dopamine agonist exposure at baseline as factors in the model.

Safety variables were presented by treatment group using
summary statistics. Following initiation of the study, the proto-
col was amended to assess the frequency of impulse control dis-
orders such as pathological gambling, hypersexuality, and com-
pulsive shopping in English-speaking patients in North America
(LCE � 97, LC � 95) using the Modified Minnesota Impul-
sive Disorders Interview questionnaire.

Sample size calculations were based on previous trials in-
dicating that L-dopa-induced dyskinesia occurs in approximately

30% of patients after 2 years of treatment.20,21 With a
follow-up time of 134 weeks and an estimated dropout rate of
15%, a sample size of 740 patients provided �80% power to
detect a 25% reduction in dyskinesia frequency using the
2-sided log-rank test at an alpha level of 5%. All statistics are
presented � standard deviation unless otherwise specified.

Results
A total of 747 patients from 77 centers in 14 countries in
Europe and North America participated in the study. En-
rollment required 74 weeks, so the maximum duration a
subject was followed in the blinded phase was 208 weeks.
Patient disposition and reasons for withdrawal are pro-
vided in Table 1. A total of 541 subjects (72.6%) com-
pleted their study drug treatment as planned; 265
(71.0%) in the LCE group and 276 (74.2%) in the LC
group. Discontinuations due to adverse events and with-
drawal of consent were higher in the LCE group, whereas
discontinuation due to unsatisfactory therapeutic effect
was higher in the LC group.

Baseline demographic data are provided in Tables 2
and 3. There were no significant differences between
treatment groups. There was a slight imbalance of men in
the LCE group, and LCE patients had slightly worse
UPDRS and Parkinson Disease Questionnaire-39 scores.
The groups were comparable with respect to the percent-
age of patients taking PD medications, and 58.3% of pa-
tients in each group were receiving a dopamine agonist.
Patients on dopamine agonists were younger (58.7�8.6
vs 62.3� 7.8 years; p � 0.001), had longer disease dura-
tion (2.5�1.6 vs 1.3�1.5 years; p � 0.001), and were

FIGURE 1: Kaplan-Meier survival curves show that patients
randomized to L-dopa/carbidopa/entacapone (LCE) had
greater risk of developing dyskinesia than patients receiv-
ing L-dopa/carbidopa (LC) (Cox proportional hazard ratio,
1.29; 95% confidence interval [CI], 1.0–1.65; p � 0.038).
Survival time estimates for the first quartile of patients
were 90.7 weeks (95% CI, 65.3–104.0) for the LCE group
and 117.1 weeks (95% CI, 92.1–132.6) for LC-treated pa-
tients.
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almost 5 years younger at time of disease onset than those
not receiving a dopamine agonist.

Patients treated with LCE had an increased risk of
developing dyskinesia compared to those receiving LC
(hazard ratio, 1.29; p � 0.04). Kaplan-Meier curves
showing survival rates with respect to remaining dyskine-
sia free are shown in Figure 1. The same results were seen
when dyskinesia was defined based on direct observation

alone, history alone, or presence on consecutive visits.
Dyskinesia occurred more frequently in LCE patients
through week 134 and week 208. Analyses by subgroup
are provided in Table 4. Dyskinesias were more common
in patients younger than 65 years, and LCE was associ-
ated with an increased risk of dyskinesia in younger, but
not older, patients. Dyskinesias were more common in
women than men, but LCE was more likely to induce

TABLE 4: Dyskinesia by Treatment Group and by Subgroup

Variable LCE, n � 373 LC, n � 372 pa

Dyskinesia Frequency by ITT Group

Frequency [208 weeks], No. (%) 144 (38.6) 123 (33.1) 0.110

Survival time observed cases, mean wk 74.2 � 47.9 79.1 � 51.5

Survival time observed cases, median wk 73.6 78.3

Survival time observed cases Q1
estimates, wk (95% CI)

90.7 (65.3–104.0) 117.1 (92.1–132.6) 0.038

Disabling dyskinesia, No. (%) 32 (8.6) 23 (6.2) 0.201

Direct observation, No. (%) 130 (34.9) 110 (29.6) 0.118

Patient history, No. (%) 141 (37.8) 113 (30.4) 0.031

Direct observation or patient history on
2 consecutive visits, No. (%)

120 (32.2) 99 (26.6) 0.092

Direct observation on 2 consecutive
visits, No. (%)

84 (22.5) 77 (20.7) 0.550

Frequency [134 weeks], No. (%) 128 103 0.016

Dyskinesia frequency by subgroup

On dopamine agonist

Frequency 91 � 41.9 68 � 31.3

Time to onset, Q1 (95% CI) 78.9 (64.0,104.0) 117.4 (91.1,143.1) 0.006

Not on dopamine agonist

Frequency 53 � 34.0 55 � 35.5

Time to onset, Q1 (95% CI) 92.1 (65.1,129.9) 105.1 (82.1,143.0) 0.957

Age �65 yr, No./total (%) 102/223 (45.7) 95/253 (37.5) 0.021

Age �65 yr, No./total (%) 42/150 (28.0) 28/119 (23.5) 0.162

Men, No./total (%) 90/245 (36.7) 65/222 (29.3) 0.043

Women, No./total (%) 54/128 (42.2) 58/150 (38.7) 0.191

�75kg, No./total (%) 61/142 (43.0) 67/164 (40.9) 0.374

�75kg, No./total (%) 83/231 (35.9) 56/208 (26.9) 0.018

Disease duration �2yr, No./total (%) 75/157 (47.8) 50/168 (29.8) �0.001

Disease duration �2yr, No./total (%) 69/216 (31.9) 73/204 (35.8) 0.514

Without MAO-B inhibition, No./
total (%)

123/335 (36.7) 115/343 (33.5) 0.170

With MAO-B inhibition, No./total (%) 21/38 (55.3) 8/29 (27.6) 0.005

ap values are post hoc, are not corrected, and are for descriptive purposes only.
LCE � L-dopa/carbidopa/entacapone; LC � L-dopa/carbidopa; ITT � intention to treat; CI � confidence interval; MAO-B �
monoamine oxidase type B.
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dyskinesia in men. Patients with lower body weight
(�75kg) had more dyskinesia, but LCE was more likely
to induce dyskinesia in heavier patients. Dyskinesias were
more common in those with disease duration �2 years,
and LCE was more likely to cause dyskinesia in those
with a shorter duration of disease(p � 0.01). Finally, pa-
tients receiving monoamine oxidase type B inhibitors
were more likely to have dyskinesia than those who were
not, and although numbers were small, had a much
greater chance of having dyskinesia if they were receiving
LCE (p � 0.005).

The analysis of the primary endpoint was repeated
in the subgroup stratified for dopamine agonist exposure
at baseline (Fig 2A and B). In patients receiving dopa-
mine agonists, LCE-treated patients had a greater risk of
dyskinesia (hazard ration, 1.55; p � 0.006), and a greater
frequency of dyskinesia (41.9% vs 31.3%). However,
there was no difference in the time to onset (hazard ratio,
0.99; 95% CI, 0.68–1.45; p � 0.96) or frequency (34%
vs 35.5%) of dyskinesia between patients in the LCE and
LC groups for those not receiving dopamine agonists.

Secondary endpoints are provided in Table 5. There
was a trend to improved UPDRS scores in LCE-treated
subjects (difference at final visit, 1.2 points; p � 0.1).
The adjusted mean difference in change from baseline to
final visit in UPDRS score between the LCE and LC
groups was greater in those receiving concomitant dopa-
mine agonists (difference, 1.8; p � 0.08) than in those
who were not (difference, �0.1; p � 0.95). Wearing off
occurred more frequently in LC than LCE patients
(50.8% vs 44.2%; p � 0.07), but time to onset of wear-
ing off was similar in the 2 groups. This result was not
affected by use of dopamine agonists.

The mean L-dopa dose at the end of the titration
period was 305.2 and 306.8mg/day in the LCE and LC
groups, respectively, and they remained comparable
throughout the study. However, pharmacokinetic studies
show that the addition of entacapone causes a 1.32- to
1.39-fold increase in the plasma L-dopa area under the
curve.25 Accordingly, we calculated L-dopa dose equiva-
lents by multiplying the L-dopa dose in LCE patients by
1.3. This analysis indicates that LCE-treated patients re-
ceived significantly more L-dopa dose equivalents than
LC patients at the completion of titration, at the time of
onset of dyskinesia, and at the final study visit (see Table
5). Further, higher doses of L-dopa in both LC and LCE
groups were associated with increased dyskinesias (26.4%
of 375 patients receiving �400mg/day of L-dopa com-
pared with 45.4% of 370 patients receiving �400mg/day;
p � 0.01).

Adverse events are provided in Table 6. LCE pa-
tients had an increased frequency of dopaminergic side
effects (nausea, vomiting, and dyskinesia), as well as the
anticipated increase in diarrhea and chromaturia. Myocar-
dial infarction and prostate cancer were more common in
LCE patients, and skin cancers were more common with
LC. Three patients died while receiving study treatment
(all LCE patients) due to metastatic lung adenocarcinoma,
cardiac arrest, and pneumonia. Three patients died within
30 days of discontinuing treatment (LCE: 1 gastric can-
cer; LC: 1 malignant lung neoplasm, 1 chronic obstruc-
tive pulmonary disease). None of the deaths was consid-

FIGURE 2: (A) Kaplan-Meier survival curves show that
among patients who were receiving dopamine agonists at
baseline, those randomized to L-dopa/carbidopa/entaca-
pone (LCE) had greater risk of developing dyskinesia than
those receiving L-dopa/carbidopa (LC) (Cox proportional
hazard ratio, 1.55; 95% confidence interval [CI], 1.13–2.13;
p � 0.006). The estimated first quartile time to onset of
dyskinesia was 78.9 weeks for the LCE group and 117.4
weeks for LC. (B) Kaplan-Meier survival curves show that
among patients who were not receiving dopamine agonists
at baseline, those randomized to LCE did not have a
greater risk of developing dyskinesia than those receiving
LC (Cox proportional hazard ratio, 0.99; 95% CI, 0.68–
1.45; p � 0.96).
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ered to be related to the study drugs. Impulse control
disorders were detected in 14 of 103 (13.6% ) evaluable
LCE patients and 15 of 102 (14.7%) evaluable LC pa-
tients (see Supplementary Table for further details). Of
these, 12 LCE patients (85.7% ) and 10 LC patients
(66.7%) were receiving a dopamine agonist.

Discussion
The STRIDE-PD study failed to demonstrate that initia-
tion of LCE in early PD patients was associated with a
reduced frequency of dyskinesia in comparison to stan-
dard LC when administered 4� daily at 3.5-hour inter-
vals. Indeed, LCE was associated with a shorter time to
onset and increased frequency of dyskinesia. LCE showed
a trend toward improved UPDRS scores and reduced
wearing off compared to LC, consistent with the ap-
proved indication of entacapone as an adjunct to
L-dopa.27,28

It is possible that LCE failed to demonstrate less
dyskinesia than LC as had been hypothesized because the
CDS theory is not correct. Alternatively, the dosing fre-
quency of LCE employed in this trial may not have pro-
vided CDS. Indeed, twice daily administration of L-dopa
with entacapone increased the risk of L-dopa–induced
dyskinesias in MPTP-lesioned monkeys,29 whereas dyski-
nesia frequency was reduced when the same dose was ad-
ministered at more frequent intervals so as to presumably

achieve CDS.26 Pharmacokinetic studies demonstrate that
the addition of entacapone to L-dopa administered 5�
per day at 3-hour intervals avoids the low trough levels
seen with standard LC in PD patients and provides more
continuous L-dopa availability.30 We nonetheless chose
4� daily administration at 3.5-hour intervals in this study
because this dosing regimen was associated with reduced
dyskinesias in MPTP-lesioned monkeys26; because we be-
lieved that the relative preservation of striatal dopamine
terminals in early PD patients might provide a greater ca-
pacity to buffer fluctuations in L-dopa/dopamine concen-
tration than in MPTP-lesioned monkeys, where there is
more severe neurodegeneration, and because we believed
that fewer doses would enhance the likelihood of compli-
ance.31 In retrospect, this may not have been a good de-
cision, although there is no assurance that administering
L-dopa 5� daily at 3-hour intervals would have been suc-
cessful. Although the LCE dosing regimen chosen in this
study failed to reduce dyskinesia, we believe that contin-
ued efforts to develop a long-acting oral formulation of
L-dopa are worthwhile in an attempt to obtain the drug’s
benefits without motor complications.

We believe that the shorter time to onset and in-
creased frequency of dyskinesia in the LCE group are
likely due to the higher L-dopa dose equivalents admin-
istered in this group combined with a failure to achieve
CDS. Indeed, LCE-treated patients had a higher fre-

TABLE 5: Secondary Endpoints (Intention to Treat Population)

Characteristic LCE LC pa

UPDRS II � III, � from BL to week 130 8.4 7.2 0.18

Wearing off

Frequency [208 wks], No. (%) 165 (44.2%) 189 (50.8%) 0.07

Frequency [130 wks], No. (%) 139 (45.6%) 161 (48.3%) 0.53

Time to Wearing off, mean wk 72.9 � 50.9 78.5 � 51.5 0.53

Time to wearing off, Q1 estimate, wk 78.0 76.0 0.6

Time to wearing off, hazard ratio (95% CI) 0.94 (0.76–1.17)

Hoehn & Yahr stage (� from BL) 0.4 0.3 NS

Schwab & England score (� from BL) �1.4 �1.4 0.95

PDQ-39 (� from BL) 2.2 2.4 0.77

L-dopa dose equivalents

End of titration 533.4 420.1 0.001

At onset of dyskinesia 659.9 535.2 0.001

At final study visit 524.1 432.6 0.001

ap values are post hoc, are not corrected, and are for descriptive purposes only.
LCE � L-dopa/carbidopa/entacapone; LC � L-dopa/carbidopa; UPDRS � Unified Parkinson Disease Rating Scale; BL �
baseline; NS � not significant; PDQ-39 � Parkinson Disease Questionnaire.
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TABLE 6: Number (%) of Patients with Most Frequent AEs (>5% in any Treatment Group) and Other
Important AEsa

AE LCE, n � 373,
No. (%)

LC, n � 371,
No. (%)

Total, N � 744,
No. (%)

Total No. of patients with an AE 348 (93.3) 336 (90.6) 684 (91.9)

Nausea 114 (30.6) 71 (19.1) 185 (24.9)

Diarrhea 66 (17.7) 28 (7.5) 94 (12.6)

Dizziness 59 (15.8) 46 (12.4) 105 (14.1)

Depression 58 (15.5) 51 (13.7) 109 (14.7)

Constipation 51 (13.7) 44 (11.9) 95 (12.8)

Back pain 47 (12.6) 54 (14.6) 101 (13.6)

Insomnia 47 (12.6) 53 (14.3) 100 (13.4)

Fatigue 40 (10.7) 42 (11.3) 82 (11.0)

Arthralgia 39 (10.5) 44 (11.9) 83 (11.2)

Pain in extremity 37 (9.9) 32 (8.6) 69 (9.3)

Somnolence 37 (9.9) 28 (7.5) 65 (8.7)

Anxiety 37 (9.9) 27 (7.3) 64 (8.6)

Headache 37 (9.9) 26 (7.0) 63 (8.5)

Nasopharyngitis 34 (9.1) 43 (11.6) 77 (10.3)

Fall 33 (8.8) 41 (11.1) 74 (9.9)

Edema peripheral 27 (7.2) 34 (9.2) 61 (8.2)

Abnormal dreams 25 (6.7) 17 (4.6) 42 (5.6)

Vomiting 22 (5.9) 10 (2.7) 32 (4.3)

Urinary tract infection 21 (5.6) 24 (6.5) 45 (6.0)

Dyskinesia 21 (5.6) 10 (2.7) 31 (4.2)

Bronchitis 20 (5.4) 21 (5.7) 41 (5.5)

Muscle spasms 20 (5.4) 21 (5.7) 41 (5.5)

Orthostatic hypotension 20 (5.4) 13 (3.5) 33 (4.4)

Hypertension 19 (5.1) 27 (7.3) 46 (6.2)

Upper respiratory tract infection 19 (5.1) 17 (4.6) 36 (4.8)

Musculoskeletal pain 19 (5.1) 16 (4.3) 35 (4.7)

Dry mouth 19 (5.1) 13 (3.5) 32 (4.3)

Dyspepsia 14 (3.8) 20 (5.4) 34 (4.6)

Rash 13 (3.5) 19 (5.1) 32 (4.3)

Tremor 11 (2.9) 26 (7.0) 37 (5.0)

Myocardial infarction 7 (1.9) 0 (0.0) 7 (0.9)

Prostate cancer 9 (2.4) 2 (0.5) 11 (1.5)

Skin cancer 7 (1.9) 12 (3.2) 19 (2.6)

Basal cell carcinoma 6 (1.6) 5 (1.3) 11 (1.5)

Squamous cell carcinoma 0 4 (1.1) 4 (0.5)

Melanoma 0 1 (0.3) 1 (0.1)

aAE where at least 1 was thought to be related to study treatment.
AE � adverse event.
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quency of dopaminergic side effects, greater improvement
in UPDRS scores, and less dropout for reason of lack of
efficacy than LC-treated patients. These results are consis-
tent with other trials demonstrating that higher doses of
L-dopa are associated with an increased frequency of dys-
kinesia.18

Patients receiving dopamine agonists had a higher
frequency of dyskinesias, and LCE was significantly more
prone than LC to induce dyskinesias in this subpopula-
tion. This is likely because patients on dopamine agonists
were younger at baseline, were about 5 years younger at
disease onset, had longer disease duration, and probably
had greater disease severity as they had comparable base-
line UPDRS scores despite receiving dopamine agonists.
Increased dyskinesia in the LCE group on dopamine ago-
nists might also relate to administration of greater L-dopa
dose equivalents without achieving CDS, as the addition
of entacapone has been shown to reduce the risk that
L-dopa will induce dyskinesia in MPTP-lesioned monkeys
receiving a dopamine agonist if CDS is achieved.32 It is
interesting that LCE did not increase the frequency or
shorten the time to onset of dyskinesia in patients not on
dopamine agonists, despite higher L-dopa dose equiva-
lents, similar to what was observed in the FIRST-STEP
study.33 There is no obvious explanation for this, al-
though patients not on dopamine agonists may have been
less prone to develop dyskinesia in general because they
were older, had shorter disease duration, and probably
had less severe disease.

Adverse events of LC and LCE were similar to those
seen in previous studies. Surprisingly, LCE was associated
with increased myocardial infarction and prostate cancer,
whereas LC was associated with increased skin cancer.
This has not been observed in other clinical trials (al-
though they have not been as long in duration) or in po-
stapproval surveillance studies and are being further inves-
tigated.

There are important clinical implications of this
study. STRIDE-PD does not support the early adminis-
tration of L-dopa in combination with entacapone to re-
duce the risk of motor complications using the dosing
regimen employed in this trial. This study did not, how-
ever, solve the problem of how to optimally administer
L-dopa in early PD patients to prevent motor complica-
tions. Further studies will be required to assess whether
the CDS hypothesis is valid, and whether more frequent
LCE dosing at shorter time intervals or other longer-
acting L-dopa preparations might provide superior results.
The study confirms that higher doses of L-dopa are asso-
ciated with an increased risk of dyskinesia, and supports
careful L-dopa dose titration, using the lowest dose of

L-dopa that provides satisfactory clinical control. In this
regard, the availability of 50, 75 and 125, 150 mg LCE
doses may prove of value in determining the optimal dose
for individual patients in order to maximize efficacy while
minimizing the risk of dyskinesia. However, the authors
caution physicians against withholding the optimal
L-dopa dose from patients who cannot be satisfactorily
controlled with other medications.
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