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ABSTRACT

Introduction: A clinical trial in advanced
Parkinson’s disease (APD) has established the
superiority of carbidopa/levodopa enteral sus-
pension (CLES) in reducing total patient ‘‘off’’
time (OFF) and increasing total ‘‘on’’ time
without troublesome dyskinesia (ON-woTD)
over orally administered immediate-release
carbidopa/levodopa tablets (IR–CL). However,
temporal patterns of these improvements
throughout the waking day have not been
examined. In this analysis, time to ON-woTD
after waking and patterns of motor-symptom

control throughout the waking day were com-
pared between CLES and IR–CL.
Methods: Post hoc analyses of APD patient-di-
ary data from the phase 3 randomized con-
trolled trial were used to compare changes in
time to ON-woTD after waking, motor-symp-
tom control throughout the waking day,
occurrence of extreme fluctuations between
OFF and ‘‘on’’ with troublesome dyskinesia, and
motor-state transitions with CLES versus IR–CL
from baseline to week 12.
Results: The sample included 33 CLES-treated
and 30 IR–CL-treated patients. Among the CLES
group, the percentage of patient days achieving
ON-woTD within 30 min of waking was three
times higher at week 12 versus baseline (33% vs.
11%, p = 0.0043); no significant change occur-
red with IR–CL. When the waking day was
divided into four 4-h periods, CLES versus
IR–CL treatment produced significantly greater
reductions in OFF during three periods, and two
periods had increased ON-woTD. Fewer CLES-
treated patients had extreme fluctuations at
week 12 (3% vs. 23%, p = 0.0224) compared to
IR–CL-treated patients. From baseline to
week 12, CLES-treated patients had greater
reductions in the average number of motor-
state transitions compared to IR–CL-treated
patients (- 1.6, p = 0.0295).
Conclusion: CLES-treated patients experienced
a more rapid onset of ON-woTD after waking
and greater consistency of ON-woTD
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throughout their waking day than IR–CL-trea-
ted patients.

PLAIN LANGUAGE SUMMARY

In advanced Parkinson’s disease, patients’
motor-symptom states (such as ‘‘on’’ time
without troublesome dyskinesia [good ‘‘on’’
time] and ‘‘off’’ time), and the timing at which
they occur, can impact patients’ quality of life
and ability to complete activities of daily living.
Carbidopa/levodopa enteral suspension is
administered continuously into the jejunum,
potentially reducing some of the motor-state
variation that is common with orally adminis-
tered carbidopa/levodopa, including delayed
‘‘on’’ time after waking and transitions between
‘‘off’’ and ‘‘on’’ throughout the day. In post hoc
analyses of clinical trial data, patterns of motor-
states across the waking day were compared
between carbidopa/levodopa enteral suspension
and orally administered immediate-release car-
bidopa/levodopa at week 12. Outcomes inclu-
ded time to good ‘‘on’’ after waking; occurrence
of extreme fluctuations between ‘‘off’’ time and
‘‘on’’ time with troublesome dyskinesia; time in
each motor-state during 4-h intervals across the
day; and frequency of motor-state transitions.
Three times as many carbidopa/levodopa ent-
eral suspension-treated patients achieved good
‘‘on’’ within 30 min of waking after 12 weeks
versus baseline, whereas no significant change
was observed for the orally administered
immediate-release carbidopa/levodopa group.
Compared to orally administered immediate-
release carbidopa/levodopa-treated patients,
fewer carbidopa/levodopa enteral suspension-
treated patients experienced extreme fluctua-
tions, had greater reductions in motor-state
transitions, and greater reductions in duration
of ‘‘off’’ during three of the four intervals in the
day. These findings provide a first look at the
impact of carbidopa/levodopa enteral suspen-
sion on motor-state patterns throughout the

day, and suggest that carbidopa/levodopa ent-
eral suspension provides more consistent
motor-symptom control and predictable benefit
throughout the day than orally administered
carbidopa/levodopa.

Keywords: Carbidopa/levodopa; Carbidopa/
levodopa enteral suspension; Carbidopa/
levodopa intestinal gel; Duopa; Duodopa;
Dyskinesia; Parkinson’s disease

Key Summary Points

Why carry out this study?

Carbidopa/levodopa enteral suspension
(CLES) has demonstrated superiority to
immediate-release carbidopa/levodopa
tablets (IR–CL) in reducing OFF time and
increasing ‘‘on’’ time without troublesome
dyskinesia (ON-woTD) in patients with
advanced Parkinson’s disease, but the
temporal patterns and consistency of
these improvements throughout a waking
day have not been examined.

This post hoc analysis compared patterns
of motor-symptom control during the
day, time to ON-woTD after waking, and
occurrence of extreme motor-state
fluctuations between CLES and IR–CL at
week 12 of a randomized controlled trial.

What was learned from the study?

CLES-treated patients experienced a more
rapid onset of ON-woTD after waking,
greater consistency of motor-symptom
control, and fewer patients had extreme
motor-state fluctuations throughout their
waking day than IR–CL-treated patients.

These findings suggest that CLES provides
more consistent symptom control and
more predictable benefit throughout the
day for patients with advanced
Parkinson’s disease than IR–CL.
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DIGITAL FEATURES

This article is published with digital features,
including a video, to facilitate visualization of
motor state transitions across the day at base-
line and week 12 by treatment group. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.19070354.

INTRODUCTION

Medication management of advanced Parkin-
son’s disease (APD) involves a balance between
reducing ‘‘off’’ time (OFF) and dyskinesia [1].
With oral carbidopa/levodopa (CL) therapies
and advancing disease, patients continue to
experience OFF time, ‘‘on’’ time with trouble-
some dyskinesia (ON-wTD), dose failures, early-
morning OFF, and delayed time to ON. These
often arise from a combination of factors
including gastrointestinal dysmotility, the short
half-life of orally administered immediate-re-
lease (IR) levodopa, and progressive striatal
denervation with loss of buffering capacity and
pulsatile stimulation of postsynaptic receptors
[2–4]. This can result in disruptive troublesome
dyskinesia that can emerge when levodopa
levels are higher (peak-dose dyskinesia) [5, 6].
Troublesome dyskinesia can also emerge at the
beginning and end of a levodopa dose with
lower levodopa levels (diphasic dyskinesias).
Types of OFF include end-of-dose wearing OFF
[7], early-morning akinesia [8], delayed ON, and
dose failures. OFF episodes occurring with oral
levodopa therapy can significantly impact
activities of daily living (ADL) and quality of life
(QoL), including patients physical, social, and
mental well-being [9–12].

Unlike orally administered CL, carbidopa/
levodopa enteral suspension (CLES) is adminis-
tered via a PEG-J tube that is connected to a
portable pump. The pump delivers CLES into
the jejunum, where levodopa transport pri-
marily occurs, bypassing gastric dysmotility and
avoiding issues with delayed gastric emptying
common in APD [13–16]. Through continuous
infusion directly to the jejunum, CLES enables
steadier blood plasma levels with less variable
absorption of levodopa compared to orally

administered levodopa, potentially providing
more continuous dopaminergic stimulation.

CLES has demonstrated greater efficacy over
orally administered immediate-release car-
bidopa/levodopa tablets (IR–CL) in reducing
OFF and increasing ON without troublesome
dyskinesia (ON-woTD, ‘‘Good ON’’) [17, 18]. A
randomized, double-blinded, double-dummy,
parallel group clinical trial assessed CLES versus
IR–CL over 12 weeks of treatment [17]. Overall,
CLES provided a larger decrease in mean total
OFF during the 16-h waking day than IR–CL
(change from baseline of - 4.04 h for CLES vs.
- 2.14 h for IR–CL; OFF difference between
CLES and IR–CL, - 1.91 h [95% CI - 3.05 to
- 0.76]; p = 0.0015), and a larger increase in
mean total ON-woTD than IR–CL (change from
baseline of ? 4.11 h for CLES vs. ? 2.24 h for
IR–CL; ON-woTD difference between CLES and
IR–CL, ? 1.86 h [95% CI 0.56–3.17];
p = 0.0059). However, the temporal pattern of
improvements in motor-symptom control
throughout the day has not been examined
previously. For the present analyses, we
hypothesize that CLES treatment compared to
IR–CL provides a more predictable motor-
symptom response through reductions of early-
morning akinesia, quicker onset to initial ON-
woTD, and fewer transitions between OFF and
ON states.

METHODS

Study Design and Participants

Data were used from CLES’s pivotal trial (Clin-
icalTrials.gov identifiers NCT00660387 and
NCT0357994) that was conducted at 26 centers
in Germany, New Zealand, and the USA
between January 2009 and October 2011. Trials
conformed with the Helsinki Declaration of
1964, as revised in 2013, and were approved by
an independent ethics committee or institu-
tional review board at each participating study
site. All patients provided informed consent
prior to study participation. Patients were adults
(aged 30 years or older) with APD complicated
by OFF periods under optimized medical ther-
apy. Patients completed a Parkinson’s disease
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(PD) home diary, which captured five possible
motor states—OFF, ON without dyskinesia, ON
with non-troublesome dyskinesia, ON-wTD,
and asleep—experienced by 30-min increments
over 3 days before each study visit. The second
and third days prior to each visit were used in
the analyses in order to ensure wake-up time
was calculable for all patient diary days. Details
about eligibility criteria and study design were
previously reported [2, 17]. The present analysis
included all patients with evaluable 24-h PD
home-diary assessment of motor status in the
trial. For these patients, outcomes were com-
pared between the CLES and IR–CL groups at
baseline and week 12.

Outcome Measures

The patient diary data were used to construct
the outcome measures for this analysis. As with
previous studies, the motor states ON without
dyskinesia and ON with non-troublesome
dyskinesia were merged and renamed as ON
without troublesome dyskinesia (ON-woTD) for
the present analyses [3]. For each patient diary
day, the waking day was defined as a 16-h per-
iod starting at wake-up time, corresponding to
the daily time period of the continuous infusion
of CLES [17]. Wake-up time was defined for each
diary day as the start of the patient’s first 2 h
reported with no sleep after 3 AM [18].

Four outcomes were studied. The first of
these was time to reach ON-woTD after waking,
to help evaluate morning akinesia [9]. This
outcome was evaluated via the percentage of
patient days achieving ON-woTD at four sepa-
rately assessed time points—the first four half-
hours of the day, namely, the time points 30,
60, 90, and 120 min after waking, respectively.
The second outcome was consistency of motor-
symptom control throughout the day. This was
evaluated using two separately assessed mea-
sures—(1) average duration in OFF and (2)
average duration of ON-woTD—during the 16-h
waking day, as split into four equal intervals of
4 h each: from waking to 4 h after waking, from
4 to 8 h after waking, from 8 to 12 h after wak-
ing, and from 12 to 16 h after waking. The third
outcome was presence of extreme fluctuations,

which was measured as the percentage of
patients with occurrence of an extreme fluctu-
ation (i.e., a transition from OFF to ON-wTD)
during any of their waking days. The fourth
outcome was stability of motor states through-
out the day and was assessed in two ways. The
first definition measured the average number of
motor-state transitions across the patient’s
waking days. The second definition assessed the
proportion of patients with (1) 3 or fewer tran-
sitions, (2) 3–6 transitions, (3) 6–9 transitions,
(4) 9–12 transitions, and (5) more than 12
transitions on average across their waking days.

Statistical Analyses

For time to onset of ON-woTD after waking,
comparisons were conducted between the
treatment groups at each time point using
z tests; z tests also assessed change from baseline
(CFB) to week 12 within the treatment groups.
For consistency of motor-symptom control and
number of motor-state transitions during the
waking day, Wilcoxon rank-sum tests compared
the treatment groups at each time point; Wil-
coxon signed-rank tests assessed CFB to week 12
within each treatment group. Treatment effects
(i.e., CFB) were compared between the treat-
ment groups using analysis of covariance
(ANCOVA) models including effects for treat-
ment, country, and with the corresponding
baseline value as a covariate. For extreme fluc-
tuations, chi-squared tests compared the treat-
ment groups at each time point, and
McNemar’s tests assessed CFB to week 12 within
each treatment group. For the distribution of
motor-state transitions during the waking day,
Fisher’s exact tests compared the treatment
groups at each time point, and multinomial
logit models assessed CFB to week 12 within
each treatment group with clustering for repe-
ated observations.

Sensitivity Analyses

Sensitivity analyses assessed and compared
average use of CL (evaluated as daily plus rescue
CL use) between the two treatment groups at
week 12 for the following three time periods: (1)
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first 4 h after awakening, (2) during the patient’s
16-h waking day, and (3) nighttime (defined as
from pump-off time to at least 2 h prior to
pump-start time for the next day). Comparisons
were performed using Wilcoxon rank-sum tests.
Average CL use during the first 4 h after waking
and during the patient’s waking day were
assessed to understand whether improvements
throughout the day could be attributed to dif-
ferences in dosage between the treatment
groups. Average CL use during the nighttime
was assessed to understand whether differences
in nighttime CL use could explain outcome
differences between CLES and IR–CL, particu-
larly for time to onset of ON-woTD after
waking.

RESULTS

Study Participants and Baseline
Characteristics

Of 69 patients in the full analysis sample, six
patients were excluded from this analysis. Three
patients (one from the CLES group and two
from the IR–CL group) were excluded because of
missing data at week 12, and three patients (two
from the CLES group and one from the IR–CL
group) were excluded because of one or more
invalid diary data on days that would be used in
the calculation of all outcomes. The final anal-
ysis sample included 63 patients, 33 CLES-trea-
ted patients and 30 IR–CL-treated patients.

Baseline characteristics of the evaluable
patients are summarized in the Supplementary
Material Table S1. There were no significant
differences in demographic, clinical, or treat-
ment characteristics between the two treatment
groups at baseline. At baseline, CLES- versus
IR–CL-treated patients were, on average, 64.0
versus 64.9 years of age, and male patients
comprised 66.7% versus 70.0% of these groups,
respectively. CLES-treated patients had an
average PD duration of 10.2 years versus
11.8 years in the IR–CL group. The numeric
difference in baseline daily dose of levodopa
between the two groups was small and non-
significant.

Time to Onset of ON-woTD After Waking

CLES was associated with greater improvements
in onset of ON-woTD after waking than IR–CL.
Among the CLES group, 11% of patient days
achieved ON-woTD within 30 min of waking at
baseline, whereas at week 12, 33% achieved ON-
woTD within 30 min of waking (p = 0.0043). In
the IR–CL group, there was no significant
change from baseline in the percentage of
patient days achieving ON-woTD within 30 min
of waking (Fig. 1). Comparing the two treat-
ment groups, after 12 weeks, 49% of the patient
days among the CLES group achieved ON-woTD
within 1 h of waking. However, only 27% of the
patient days among the IR–CL group achieved
ON-woTD within 1 h after waking, and it took
2 h for 49% of the patient days from the IR–CL
group to achieve ON-woTD (Fig. 1).

Consistency of Motor-Symptom Control:
Duration of OFF Throughout the Day

CLES treatment was associated with significant
reductions in OFF from baseline to week 12 that
were observed for all four periods throughout
the 16-h waking day. By contrast, IR–CL treat-
ment produced significant decreases in OFF
from baseline to week 12 for only two of the
four 4-h periods (Fig. 2a). The reductions from
baseline to week 12 in the average amount of
OFF experienced during each 4-h period for
CLES-treated patients ranged from 34 to 52 min
across the four periods, whereas these reduc-
tions ranged from 4 to 46 min across the four
periods for IR–CL-treated patients (Fig. 2a). The
greater range in IR–CL demonstrated less con-
sistent effect throughout the day.

Comparative analyses controlling for coun-
try and baseline values showed that CLES pro-
duced significantly greater reductions in OFF
from baseline to week 12 than IR–CL for the first
12 h after waking. The greatest relative reduc-
tion in OFF was in the first 4 h after waking—
during this period, the reduction in OFF among
CLES patients was 82 min greater than the OFF
reduction among IR–CL-treated patients
(p = 0.0008) (Supplementary Material
Table S2a).

Neurol Ther (2022) 11:711–723 715



At week 12, the percentage of patient days
with OFF among the CLES group was numeri-
cally lower across almost all of the 30-min
intervals throughout the day compared to that
of the IR–CL group (Fig. 2b). Additionally, for
nearly half of the 30-min intervals throughout
the day (i.e., 15 of 32 intervals), the odds of
experiencing OFF versus another motor state
were more than twice as high for the IR–CL
group than for the CLES group. Figure 3, which
shows individual patient days for the analysis
sample, further reinforces the CLES group’s
lower OFF across all periods of the waking day at
week 12 relative to the IR–CL group.

Consistency of Motor-Symptom Control:
Duration of ON-woTD Throughout
the Day

Similar to OFF, significant improvements in
ON-woTD from baseline to week 12 were
observed across all four periods of the day in
CLES-treated patients, but for only two of the
four periods of the day in IR–CL-treated
patients. In the CLES-treated patients, increases

in the average duration of ON-woTD from
baseline to week 12 ranged from 33 to 58 min
across the four 4-h periods, while in the IR–CL-
treated patients these ranged from 8 to 46 min
across these periods, suggesting less consistent
improvement in ON-woTD throughout the day
(Fig. 2c). Figure S1 shows a dynamic visualiza-
tion of the increase in ON-woTD time and
reduction in OFF time across the waking day for
CLES-treated patients at week 12 by depicting
the motor states that patients experienced dur-
ing each half-hour of the day.

Comparative analyses controlling for coun-
try and baseline values showed that CLES pro-
duced significantly greater increases in ON-
woTD than IR–CL for two of the four periods of
the day. Compared to IR–CL, CLES-treated
patients had a 44-min greater increase in ON-
woTD during the first 4 h after waking
(p = 0.0058), and a 35-min greater increase in
ON-woTD during the 4-h period from the 8 to
12 h post-waking (p = 0.0240) (Supplementary
Material Table S2a).

At week 12, the percentage of patient days
with ON-woTD among the CLES group was

Fig. 1 Percentage of patient days achieving ‘‘on’’ time without troublesome dyskinesia (ON-woTD) after waking
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numerically greater across almost all of the
30-min intervals throughout the day compared
to that of the IR–CL group (Fig. 2d). Addition-
ally, for more than a third of the 30-min inter-
vals throughout the day (i.e., 12 of 32 intervals),
the odds of experiencing ON-woTD versus
another motor-state was more than twice as
high for the CLES group than for the IR–CL
group. Patient motor states across the day may
also be seen in Video 1 in the online/HTML
version of the manuscript, or by following the
digital features link under the abstract.

Extreme Fluctuations

At baseline, there was no significant difference
between the treatment groups in the proportion
of patients experiencing extreme fluctuations at
baseline (21.2% in the CLES group vs. 36.7% in
the IR–CL group, p = 0.1751). At week 12, only
one CLES-treated patient experienced an
extreme fluctuation compared to seven IR–CL-
treated patients (3.0% vs. 23.3%, respectively,
p = 0.0224). The change from baseline to
week 12 in the percentage of patients experi-
encing an extreme fluctuation was significant

Fig. 2 a Change in ‘‘off’’ time (OFF) from baseline to
week 12 by time of the day. b Percentage of patient days
with ‘‘off’’ time (OFF) at week 12. c Change in ‘‘on’’ time
without troublesome dyskinesia (ON-woTD) from

baseline to week 12 by time of the day. d Percentage of
patient days having ‘‘on’’ time without troublesome
dyskinesia (ON-woTD) at week 12

Neurol Ther (2022) 11:711–723 717



with CLES (- 18.2%, p = 0.0143), but not IR–CL
(- 13.3%, p = 0.2059) (Supplementary Material
Table S2b).

Motor-State Transitions During
the Waking Day

At baseline, both treatment groups experienced
approximately eight motor-state transitions on
average during their waking day, and there was
no significant difference in the distribution of
motor-state transitions between the groups. At
week 12, the percentage of patients with three
or fewer transitions on average during their
waking day was three times greater in the CLES
group than in the IR–CL group (39.4% vs.
13.3%, respectively). Moreover, at week 12,
87.9% of CLES-treated patients had six or fewer
transitions on average during their waking day
compared to only 56.6% of IR–CL-treated
patients (Fig. 4).

Comparative analyses showed that from
baseline to week 12, the reduction in the aver-
age number of motor-state transitions during
the waking day was greater in CLES-treated
patients than in IR–CL-treated patients (- 3.5
versus - 2.0, respectively). This treatment dif-
ference was significant (LS mean difference,
- 1.6; p = 0.0295).

Sensitivity Analyses

There were no significant differences in morn-
ing, daytime, or nighttime CL between the
CLES and IR–CL groups at week 12. Results for
these analyses can be found in the Supplemen-
tary Material Table S3.

Fig. 3 Individual patient diary plots
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DISCUSSION

This is the first analysis of its kind evaluating
temporal patterns of motor-symptom control
throughout the day with CLES compared to
IR–CL. The diary data enabled granular analysis
of motor fluctuations and temporal patterns in
motor states throughout the day. The phase 3
clinical trial data provided close patient moni-
toring, follow-up, and well-measured outcomes.
Additionally, the randomized study design of
the phase 3 trial mitigated bias from potential
unobservable differences between the groups.
This analysis revealed three main findings in
CLES-treated patients compared to patients
treated with IR–CL.

First, CLES provides greater and more con-
sistent improvements in OFF and ON-woTD
throughout the day than IR–CL. Unpre-
dictability and inconsistency in motor-

symptom control constitute well-known limi-
tations of oral therapies that burden patients
and their families by limiting patients’ ability to
plan activities in advance and be on time,
decreasing their independence, and inducing
changes in social life [19]. By improving con-
sistency in motor-symptom control, CLES
treatment may improve both patients’ and
caregivers’ QoL.

Second, CLES was associated with more rapid
onset of ON-woTD in the morning than IR–CL.
Prior studies have repeatedly found CL oral
therapies to provide inadequate benefit for
morning akinesia [8, 19, 20]. The advantage of
CLES over IR–CL in speed of ON-woTD onset is
consistent with CLES’s direct infusion into the
jejunum [3, 14–16]. A prior study found that
patients receiving subcutaneous apomorphine
injection had faster time to ON following
morning apomorphine injection than when

Fig. 4 Average number of transitions between health states during the waking day at baseline vs. week 12. Baseline vs.
week 12 for a CLES and b IR–CL
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receiving oral levodopa therapy [21]. The results
of our analysis are similar in demonstrating
benefits of alternative treatment administration
methods over oral levodopa treatment in speed
of ON time onset. By accelerating ON-woTD
onset, CLES may improve patients’ QoL, as
morning akinesia is correlated with non-motor
symptoms and has been found to decrease QoL
on several dimensions and to impair ADL, such
as the ability to arise from bed, dress, bath,
toilet, prepare breakfast, and continue with the
day’s activities [8, 9, 12].

Third, CLES-treated patients experienced
fewer extreme fluctuations from OFF to ON-
wTD and had fewer motor-state transitions than
IR–CL. In the absence of differences in CL dos-
ing at week 12 between the two groups
(demonstrated by the sensitivity analyses), the
better patient outcomes with CLES versus IR–CL
may be attributed to the difference in delivery
modes between the treatments, in that CLES
bypasses gastric dysmotility. This analysis thus
provides empirical support for the benefit of
continuous dopaminergic delivery in terms of
motor fluctuations throughout the day [13, 22].
These benefits are also clinically important
given the negative effects of extreme fluctua-
tions and motor-state transitions on patients’
well-being [23, 24]. Fewer extreme fluctuations
and other motor-state transitions can provide
patients with more stability and predictability
of their ON state, thus allowing them to more
reliably plan ADL and other activities, and
hopefully positively impacting their QoL
[9, 25].

Prior pharmacokinetic studies in the pivotal
clinical trials from which this analysis uses data
found that as a result of continuous infusion
and delivering medication directly into the
jejunum, CLES results in lower variability and
fluctuations in levodopa and carbidopa plasma
concentrations [26]. This provides a possible
explanation for the observed results of CLES
being associated with more consistent symptom
control and more predictable benefit through-
out the day than IR–CL.

This analysis is subject to some limitations.
First, the data used in this analysis came from a
clinical trial consisting of patients that met
specific inclusion and exclusion criteria.

Therefore, generalizability of results may be
limited, as patients enrolled in the trial may
differ from patients with APD in the real world.
This concern may be mitigated by the fact that
subjects in the trial were very typical of those
with APD. Second, IR–CL treatment was opti-
mized to the full extent for patients in the trial,
which may not occur in real-world settings;
thus, this analysis may overestimate the bene-
fits of IR–CL in real-world settings and under-
estimate the superiority of CLES over IR–CL.
Third, the diary data are patient-reported. As a
result, some variation may exist across individ-
ual patients’ reported motor states because of
the patient-reported nature of these outcomes.
Finally, as typical with randomized controlled
trials involving device-aided therapies, study
sample size was somewhat limited, which may
have reduced the power for certain analyses.
Nevertheless, treatment effects for CLES were
still observed.

CONCLUSIONS

This post hoc analysis provides insight for the
first time into the effect of CLES compared to
IR–CL on the temporal patterns of patients’
motor-states throughout the day. Findings sug-
gest that among patients with APD, CLES pro-
vides more consistent symptom control and
more predictable benefit throughout the day
compared to IR–CL. This can have a profound
impact on improving patients’ QoL and inde-
pendence to perform ADLs. Future research
should evaluate the effectiveness of CLES on
temporal patterns over longer time periods and
among a real-world population.
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