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Abstract
Objective
To investigate whether increased ﬁxed carbidopa doses of 65 or 105 mg (ODM-101/65 and
ODM-101/105) in combination with 75, 100, 125, or 150 mg of levodopa and 200 mg of
entacapone might improve “oﬀ” time in ﬂuctuating Parkinson disease (PD) compared to the
standard combination of 4:1 levodopa/carbidopa with the usual 200 mg of entacapone (LCE)
during a 4-week treatment period.
Methods
This was a randomized, double-blind, double-dummy, active-controlled, crossover, multicenter, phase II, proof-of-concept study in patients with ﬂuctuating PD.
Results
One hundred seventeen patients were randomized into the study (mean age 67.0 years; daily
“oﬀ ” time 5.3 hours; mean daily levodopa dose 610 mg). Carryover-adjusted mean changes
from baseline “oﬀ ” times were during ODM-101/65, −1.53 hours (p = 0.02 vs LCE), during
ODM-101/105, −1.57 hours (p = 0.01 vs LCE), and during LCE −0.91 hours. Changes in daily
“on” time without dyskinesia were 1.54 hours (p = 0.005 vs LCE), 1.38 hours (p = 0.0214 vs
LCE), and 0.69 hours, respectively. Changes in “on” time with troublesome dyskinesia were
<0.1 hours and not signiﬁcantly diﬀerent between treatments. In patients with high-activity
COMT genotypes Val/Met or Val/Val, “oﬀ ” time was reduced more with ODM-101/65 and
ODM-101/105 than with LCE (p = 0.015 and p = 0.006). No diﬀerence between the treatments
was seen in safety and tolerability. The most common treatment-related adverse eﬀects were
nausea, dizziness, drug-eﬀect decrease, and dyskinesia, which were in most cases mild or
moderate in severity. Treatment-related serious adverse events were diarrhea (ODM-101/105
and LCE), and myocardial ischemia and blood creatine kinase increase (LCE).
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Conclusion
Increasing the dose of carbidopa in combination with levodopa and entacapone should be
considered in the treatment of ﬂuctuating PD to improve daily “oﬀ ” times. Genotyping patients
with PD according to COMT activity may improve individual treatment strategies.
ClinicalTrials.gov identifier
NCT01766258.
Classification of evidence
This study provides Class II evidence that an increased dose of carbidopa improves motor
ﬂuctuations when administered with levodopa and entacapone.
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Glossary
AUC = area under the curve; CK = creatine kinase; COMT = catechol-O-methyltransferase; DDC = dopa decarboxylase;
DDCI = dopa decarboxylase inhibitor; LCE = levodopa/carbidopa/entacapone; PD = Parkinson disease; UPDRS = Uniﬁed
Parkinson’s Disease Rating Scale.

Dopa decarboxylase inhibitors (DDCIs) carbidopa and benserazide have been used for decades in Parkinson disease
(PD) to reduce peripheral adverse eﬀects and to increase
levodopa uptake into the brain.1 It was reported in the early
1980s that changing the levodopa/carbidopa ratio from 10:1
to 5:1 or 4:1 increased the area under the curve (AUC) of
levodopa by up to 25%2,3 with improved antiparkinsonian
eﬀects in some patients.2,4,5 Thereafter, it has been generally
accepted that a 75 to 150-mg daily dose of carbidopa administered over 3 dosages is enough to fully inhibit peripheral
dopa decarboxylase (DDC).4,6 Indeed, the Martindale Complete Drug Reference still states that the “full inhibition of peripheral dopa-decarboxylase is reported to be achieved with
70–100 mg of carbidopa daily.”7

study was conducted in 24 centers in Germany, Finland,
Latvia, Lithuania, and Romania.

The introduction of peripheral catechol-O-methyltransferase
(COMT) inhibitors entacapone, tolcapone, and opicapone
represented a major advance in the treatment of wearing-oﬀ in
PD due to their ability to prolong the eﬀect of levodopa.8–10 We
hypothesized that adding a COMT inhibitor to levodopa/DDCI
therapy might change the balance between the DDC and
COMT pathways, making the commonly used 4:1 levodopa/
carbidopa ratio insuﬃcient in inhibiting peripheral DDC.
Therefore, we increased the dose of carbidopa to 65 or 105 mg
with the expectation that this modiﬁcation might improve the
treatment response in ﬂuctuating PD. We also assessed the eﬀect
of genetic polymorphisms of COMT as entacapone has shown
to inhibit COMT activity, levodopa elimination, and improve
clinical eﬃcacy more in patients with PD who have the highactivity COMT genotype Val/Val compared to the low-activity
Met/Met genotype.11

At study entry, patients were allowed to be on 3 to 8 regular
daily doses of levodopa/DDCI with or without entacapone.
One evening dose of controlled-release levodopa/DDCI was
allowed. Use of soluble levodopa/benserazide preparations
up to 4 doses per week (not on diary days) was also allowed as
a rescue therapy. All standard levodopa preparations were to
be switched to study medications at randomization.

Methods
Classification of evidence
This study was designed to investigate the eﬃcacy of 2 increased
and ﬁxed carbidopa doses (65 and 105 mg) in combination with
the COMT inhibitor entacapone compared with levodopa/
carbidopa/entacapone (LCE) in patients with PD who have
end-of-dose wearing oﬀ. This study provides Class II evidence
that an increased dose of carbidopa improves motor ﬂuctuations
in patients with PD when administered with levodopa and
entacapone (daily carryover-adjusted “oﬀ” time −1.53 for 65 mg
[p = 0.02 vs LCE] and −1.57 for 105 mg [p = 0.01 vs LCE]
compared to −0.91 hours for LCE).
Study design and treatments
This was a randomized, double-blind, double-dummy, activecontrolled, crossover, multicenter, phase II, proof-of-concept
study using the intention-to-treat approach in its analysis. The
e1488
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Study population
Enrolled patients had idiopathic PD according to the UK
brain bank criteria and were at least 30 years of age. The
following were inclusion criteria: patients were required to
have an average of ≥3.0 hours of “oﬀ ” time, with a minimum
of 0.5 hours of “oﬀ ” time each day on 3 consecutive days (as
assessed with home diaries) with Hoehn and Yahr12 stage 2–4
during “on” time. The main exclusion criteria were severe
dyskinesia, severe orthostatic hypotension, currently active
hallucinations, a Mini-Mental State Examination score <24,
and problematic impulse control disorders.

Randomization and masking
The random allocation of treatment sequences to participants’ numbers was performed at Orion Pharma by Oracle
Clinical Randomization. The design was a 3-period crossover
that was stratiﬁed by study center and in blocks of 6 treatment
sequences according to a Williams13 design. The personnel at
the study sites used the Interactive Voice Response System to
allocate 3 treatments in randomized order.
To blind the study treatments, a double-dummy technique
with matching placebos was used. The ODM-101 tablets were
identical. The levodopa dose, however, was unblinded in all
ODM-101 and LCE preparations and labeled to ensure the
correct individual levodopa dosing for each patient.
None of the persons directly involved in the conduct of the study
had access to the treatment codes. The treatment code was
opened at Orion Pharma after the study database was locked.
Study conduct
The study consisted of a screening period, 3 treatment periods
of 4 weeks each, and a posttreatment period. There were no
washout periods between the treatment periods.
The patients’ individually optimized daily levodopa regimens
were kept stable for at least 2 weeks before randomization.
The patients were randomized to receive ODM-101 with
Neurology.org/N

200 mg of entacapone and 65 mg of carbidopa and 75, 100, 125,
or 150 mg of levodopa (ODM-101/65), ODM-101 with 200 mg
of entacapone and 105 mg of carbidopa and 75, 100, 125, or
150 mg of levodopa (ODM-101/105), and LCE. At each
levodopa intake, the patients received either ODM-101/65 or
ODM-101/105 and the corresponding placebo for LCE, or LCE
and the corresponding placebo for ODM-101.
The levodopa dosage in the study drug (75, 100, 125, or 150
mg) was determined by the patient’s individually optimized
levodopa regimen (3–8 daily doses including soluble and
controlled-release evening formulations if taken regularly).
Baseline 75 mg levodopa dosage without entacapone was
switched to 75 mg study-drug dosage, 100 mg was switched to
75 mg, 125 mg was switched to 100 mg, 150 mg was switched
to 125 mg, and 200 mg was switched to 150 mg. Baseline
levodopa dosage with entacapone was switched to the same
dosage of the study drug. During the ﬁrst 2 weeks of each
treatment period, the patient’s levodopa dosage (but not
frequency) was adjusted as needed by the investigator. For the
remaining 2 weeks of each treatment period, levodopa dosages were kept stable. The use of tolcapone was prohibited,
but stable doses of dopamine agonists (except apomorphine),
monoamine oxidase B inhibitors, amantadine, and anticholinergics were allowed.
The patients who had signed informed consent for pharmacogenetic studies (n = 76) were included in a substudy. Blood
samples for DNA extraction were taken at the screening visit from
these patients and checked for COMT Val158Met polymorphism.
Efficacy variables
The primary eﬃcacy criterion was the change in diary-recorded
“oﬀ ” time during 3 consecutive days from baseline compared
to the end of each crossover period. Patients (or caregivers if
needed) ﬁlled in the diary.14 A concordance training session of
at least 2 hours before the baseline visit was performed by all
patients. Secondary eﬃcacy variables were diary recorded as
“on” time without dyskinesia, “on” time with nontroublesome
dyskinesia, and “on” time with troublesome dyskinesia.14
Uniﬁed Parkinson’s Disease Rating Scale, Parts I–IV (UPDRS
I–IV), as well as Schwab and England scores were evaluated by
investigators at baseline and at the end of each study period.
UPDRS Part III was assessed 30 to 90 minutes after study-drug
intake during the presumed “on” stage at each visit. UPDRS
Part III was completed after the same study-drug dose of the
day. For example, if originally done after the second dose before
the randomization visit, then the following assessments were
done after the second dose at the end of the treatment periods
as well. The study also evaluated the use of electronic home
diaries (eDiary) to collect “on/oﬀ ” times.
Tolerability and safety assessments
Safety was determined by adverse-event documentation, vital
signs, ECG, safety laboratory parameters, and physical examination. The occurrence of sleep attacks was separately
assessed by asking: “In the past 4 weeks, have you
Neurology.org/N

experienced any events in which you fell asleep suddenly or
unexpectedly?”
Statistical analysis
For the sample-size calculation, the assumption was to detect
a 1-hour decrease in “oﬀ” time, calculated as change from baseline, with either dose of ODM-101 compared to LCE with an
estimated SD of 2.5. When the signiﬁcance level was set to 5%,
and the power to 80%, the subsequent sample size was estimated
to be 13 patients per sequence. Considering up to a 20% dropout
rate, 16 patients per treatment sequence were to be randomized,
that is, in total approximately 100 patients.
Eﬃcacy variables were analyzed by 3 predeﬁned analyses:
crossover analysis (primary analysis), crossover analysis with
ﬁrst-order carryover adjustment, and parallel-group analysis for
the ﬁrst period. Carryover is the persistence of a treatment
applied during a certain period in a subsequent period of
treatment,15 and if simple carryover applies, then Williams
squares are optimal designs. The primary evaluations of eﬃcacy
variables were analyzed using mixed-eﬀects models for crossover design. The models included baseline, treatment, period,
and sequence as ﬁxed eﬀects and participant and residual error
as random eﬀects. In addition to crossover analysis, analyses
with ﬁrst-order carryover eﬀect in the model were performed
with an additional variable for carryover adjustment. Missing
data were not imputed. However, in the statistical analyses, all
the available data were utilized using mixed-model theory,
where both the patient error stratum (between patients) and
the residual stratum (within patients) can be utilized. Statistical
methods for the parallel-group analyses were analysis of covariance with the factors of treatment and baseline.
Standard protocol approvals, registrations,
and patient consents
For this study, we received approval from the appropriate
local and national ethical standards committees. Written informed consents from all patients participating in this study
were obtained before the start of study. The clinicaltrials.gov
identiﬁer is NCT01766258.
Data availability
The protocol and the statistical analysis plan are available on
request. Deidentiﬁed participant data are not available for
legal and ethical reasons.

Results
Demographics and other
baseline characteristics
In total, 137 participants were screened for the study between May 31, 2011, and April 3, 2012, during which 117
were deemed eligible for the study and randomized. One
hundred eleven participants completed period 1, 105 period 2, and 101 period 3 of the study. One participant was
excluded from the results, leaving in total 100 participants
Neurology | Volume 92, Number 13 | March 26, 2019
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for the ﬁnal analysis (ﬁgure 1). Baseline characteristics are
given in table 1.
Efficacy variables
Primary efficacy variable: “Off” time

In the primary crossover analysis, the estimated mean changes
from baseline in daily “oﬀ ” time were −1.51 (95% conﬁdence
interval: −1.97 to −1.05) for ODM-101/65 mg (n = 107,
p = 0.02 vs LCE), −1.29 (−1.75 to −0.83) for ODM-101/
105 mg (n = 110, p = 0.13 vs LCE), and −0.92 (−1.38 to
−0.47) hours for LCE (n = 110). There was a signiﬁcant carryover eﬀect (p = 0.048) and therefore a carryover-adjusted
statistical model for “oﬀ ” times was also applied: estimated mean
changes in “oﬀ ” times were −1.53 (−2.05 to −1.01) for ODM101/65 mg (p = 0.02 vs LCE), −1.57 (−2.08 to −1.05) for ODM101/105 mg (p = 0.01 vs LCE), and −0.91 (−1.37 to −0.46)
hours for LCE. In the ﬁrst-period parallel-group comparison, the
respective changes in “oﬀ ” time were −1.22 (−1.96 to −0.49) for
ODM-101/65 mg (n = 37, p = 0.29 vs LCE), −1.40 (−2.15 to
−0.65) for ODM-101/105 mg (n = 36, p = 0.17 vs LCE), and
−0.67 (−1.39 to 0.06) hours for LCE (n = 38) (ﬁgure 2A).
Predeﬁned, explorative subgroup analyses were also done for
“oﬀ ” time (crossover analyses). The number of patients in
Figure 1 Study participant disposition and treatment
allocations

Table 1 Baseline characteristics of the participants
(n = 117)
Characteristic

Value

Sex, F/M, %

44/56

Age, y, mean (SD)

67.0 (9.6)

Duration of PD, y, mean (SD)

9.0 (4.6)

Duration of “off”, h, mean (SD)

5.3 (2.4)

UPDRS-II, mean (SD)

12.1 (6.1)

UPDRS-III, mean (SD)

24.9 (13.7)

H&Y, mean (SD)

2.6 (0.5)

Levodopa dose, mg, mean (SD)

610 (193)

No. of levodopa doses, mean (SD)

4.8 (1.0)

Monoamine oxidase B inhibitor use, %

40.5

DA use, %

78.4

Abbreviations: DA = dopamine agonist; H&Y = Hoehn and Yahr scale; PD =
Parkinson disease; UPDRS = Unified Parkinson’s Disease Rating Scale.

diﬀerent subgroups varied signiﬁcantly depending on the analysis. Estimated treatment eﬀects between the 2 ODM-101
combinations vs LCE were numerically higher (−0.76 for ODM101/65 and −0.85 hours for ODM-101/105) in patients who
had a higher daily levodopa dose at baseline (mean 812 [SD
144] mg (n = 43) compared to patients with a lower levodopa
dose (482 [79] mg [n = 65, −0.49, and 0.08 hours]). In addition,
patients taking 5 (n = 38) or more frequent (n = 21) doses of
levodopa at baseline had numerically higher treatment diﬀerences (−0.97 and −0.86 or −0.70 and −0.86 hours) favoring
ODM-101 combinations compared to LCE than patients taking
less than 5 doses a day (n = 51, −0.31 and 0.04 hours). Patients
who did not have entacapone at baseline (n = 22) had numerically higher treatment diﬀerences favoring ODM-101 combinations compared to LCE (−1.43 and −1.37 hours) when
compared to those on entacapone at baseline (n = 85, −0.34 and
−0.11 hours). Treatment eﬀects were similar (−0.57 and −0.48,
−0.66 and −0.58, or −0.51 and −0.10 hours) between ODM-101
combinations and LCE in patients with diﬀerent durations of
“oﬀ ” time at baseline (<3, 3–5, or >5 hours; n = 8, 47, or 52).
“On” time without dyskinesia

In the primary crossover analysis, the estimated mean changes
from baseline in daily “on” time without dyskinesia were 1.37
(0.83, 1.90) for ODM-101/65 mg, 1.01 (0.47, 1.55) for ODM101/105 mg, and 0.69 (0.16, 1.23) hours for LCE. The respective carryover-adjusted changes were 1.54 (0.93, 2.14) for
ODM-101/65 mg (p = 0.005 vs LCE), 1.38 (0.79, 1.98) for
ODM-101/105 mg (p = 0.0214 vs LCE), and 0.69 (0.16, 1.23)
hours for LCE (ﬁgure 2B).
“On” time with nontroublesome dyskinesia
AE = adverse event; LCE = levodopa/carbidopa/entacapone.
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In the primary crossover analysis, the estimated mean changes
from baseline in daily “on” time with nontroublesome dyskinesia
Neurology.org/N

Figure 2 Effect of carbidopa increase on “off” and “on” times

(A) Mean changes (−SEM) from baseline in daily “off”
time. (B) Mean changes (+SEM) from baseline in daily
“on” time without dyskinesia. 65 mg = ODM-101/65;
105 mg = ODM-101/105; LCE = levodopa/carbidopa/
entacapone.

were 0.09 (−0.33, 0.52) for ODM-101/65 mg, 0.29 (−0.14, 0.71)
for ODM-101/105 mg, and 0.32 (−0.11, 0.74) hours for LCE.
The respective carryover-adjusted changes were 0.02 (−0.44,
0.49) for ODM-101/65 mg (p = 0.15 vs LCE), 0.23 (−0.23,
0.69) for ODM-101/105 mg (p = 0.69 vs LCE), and 0.69 (0.16,
1.23) hours for LCE (table 2).
“On” time with troublesome dyskinesia

At the baseline of each treatment period, the duration of “on”
time with troublesome dyskinesia varied between 0.68 and 0.73
hours. The changes from baseline were <0.1 hours for all 3
treatments in the crossover analyses with or without carryover
adjustments. All comparisons between the treatments (including
ﬁrst-period parallel comparison) were statistically nonsigniﬁcant
(table 2).
“Off” time by COMT enzyme rs4680 genotype

Val158Met genotyping data were available for 76 of 117 patients
of whom 18 (24%) presented a low-COMT-activity Met/Met
genotype, 31 (41%) were of heterozygous Val/Met, and 27
Neurology.org/N

(36%) of homozygous Val/Val genotype. “Oﬀ ” time from
baseline was reduced signiﬁcantly more during ODM-101/
65 and ODM-101/105 treatments than during LCE treatment (p = 0.015 and p = 0.006) in patients with highCOMT-activity Val/Met or Val/Val genotypes. In patients
with the low-COMT-activity genotype Met/Met, no such
diﬀerences were seen (p = 0.679 and p = 0.890; table 3).
“Oﬀ ” time reduction in patients with the Val/Val genotype
was seen with the ODM-101/65 and ODM-101/105 treatments but not with the LCE treatment (table 4).
UPDRS Parts I–IV and Schwab and England

There were small diﬀerences between LCE and the 2 ODM-101
combinations in UPDRS Parts I–IV scores. UPDRS-I changes
from baseline were −0.03, −0.09, and 0.07 for ODM-101/65,
ODM-101/105, and LCE. UPDRS II–IV changes were −1.54,
−1.62, and −1.19; −3.74, −4.13, and −3.95; and −0.72, −0.59, and
−0.64, respectively. All comparisons with the 3 predeﬁned
analyses were statistically nonsigniﬁcant. The same was the case
for the Schwab and England score (data not shown).
Neurology | Volume 92, Number 13 | March 26, 2019

e1491

Table 2 “Off/on” time changes from baseline: Difference between treatments
Estimated difference
between treatments, h

95% Confidence interval

p Value

ODM-101/65 vs LCE

−0.59

(−1.064 to −0.108)

0.017

ODM-101/105 vs LCE

−0.37

(−0.842 to 0.105)

0.127

ODM-101/65 vs LCE

−0.62

(−1.143 to −0.096)

0.021

ODM-101/105 vs LCE

−0.65

(−1.179 to −0.129)

0.015

ODM-101/65 vs LCE

−0.56

(−1.585 to 0.475)

0.288

ODM-101/105 vs LCE

−0.73

(−0.1.774 to 0.311)

0.167

ODM-101/65 vs LCE

0.46

(−0.062 to 0.979)

0.084

ODM-101/105 vs LCE

0.30

(−0.214 to 0.818)

0.249

ODM-101/65 vs LCE

0.56

(−0.008 to 1.132)

0.053

ODM-101/105 vs LCE

0.63

(0.053 to 1.197)

0.033

ODM-101/65 vs LCE

0.77

(−0.356 to 1.895)

0.178

ODM-101/105 vs LCE

0.81

(−0.329 to 1.956)

0.161

ODM-101/65 vs LCE

0.67

(0.135 to 1.206)

0.014

ODM-101/105 vs LCE

0.32

(−0.216, 0.845)

0.244

ODM-101/65 vs LCE

0.84

(0.257 to 1.425)

0.005

ODM-101/105 vs LCE

0.69

(0.103 to 1.275)

0.021

ODM-101/65 vs LCE

1.14

(−0.006 to 2.290)

0.051

ODM-101/105 vs LCE

0.45

(−0.699 to 1.600)

0.439

ODM-101/65 vs LCE

−0.221

(−0.575 to 0.133)

0.219

ODM-101/105 vs LCE

−0.028

(−0.378 to 0.323)

0.877

ODM-101/65 vs LCE

−0.290

(−0.683 to 0.103)

0.147

ODM-101/105 vs LCE

−0.080

(−0.474 to 0.315)

0.691

Population comparison
“Off” time
Crossover analysis

Crossover analysis with carryover adjustment

Parallel-group analysis of the first period

“On” time without troublesome dyskinesia
Crossover analysis

Crossover analysis with carryover adjustment

Parallel-group analysis of the first period

“On” time without dyskinesia
Crossover analysis

Crossover analysis with carryover adjustment

Parallel-group analysis of the first period

“On” time with nontroublesome dyskinesia
Crossover analysis

Crossover analysis with carryover adjustment

Continued
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Table 2 “Off/on” time changes from baseline: Difference between treatments (continued)
Estimated difference
between treatments, h

95% Confidence interval

p Value

ODM-101/65 vs LCE

−0.439

(−1.459 to 0.582)

0.396

ODM-101/105 vs LCE

0.128

(−0.892 to 1.147)

0.804

ODM-101/65 vs LCE

0.080

(−0.189 to 0.350)

0.557

ODM-101/105 vs LCE

0.080

(−0.187 to 0.347)

0.557

ODM-101/65 vs LCE

0.016

(−0.283 to 0.315)

0.916

ODM-101/105 vs LCE

0.095

(−0.205 to 0.395)

0.535

ODM-101/65 vs LCE

−0.479

(−1.024 to 0.066)

0.084

ODM-101/105 vs LCE

−0.267

(−0.816 to 0.281)

0.336

Population comparison
Parallel-group analysis of the first period

“On” time with troublesome dyskinesia
Crossover analysis

Crossover analysis with carryover adjustment

Parallel-group analysis of the first period

Abbreviation: LCE = levodopa/carbidopa/entacapone.

Daily DDCI doses during the study treatments

The daily carbidopa doses (mean [10th, 90th percentiles])
derived from the study medications were 115 (100, 150) mg,
298 (260, 390) mg, and 479 (420, 630) mg during LCE,
ODM-101/65, and ODM-101/105 treatments, respectively.
Total daily DDCI doses (carbidopa and benserazide) including controlled-release preparations not switched to study
Table 3 Carbidopa effect on “off” times by patient COMT
genotype

Population comparison

Estimated
difference
between
treatments, h

95%
Confidence
interval

p
Value

“Off” time reduction
from baseline by COMT
enzyme rs4680 genotype
(crossover analysis)
Low-activity genotype
(Met/Met)
ODM-101/65 vs LCE

−0.275

(−1.584 to
1.035)

0.679

ODM-101/105 vs LCE

−0.091

(−1.390 to
1.208)

0.890

ODM-101/65 vs LCE

−0.976

(−1.760 to
−0.192)

0.015

ODM-101/105 vs LCE

−1.101

(−1.888 to
−0.314)

0.006

Neurology.org/N

Electronic home diaries

This study also evaluated the feasibility of using electronic home
diaries. All patients started with the electronic system. Forty
patients (35.4%) reported that they were able to use electronic
diaries, whereas 72 patients (63.7%) were not able to use the
system. No response was given by 1 patient. The main reasons for
patients being unable to complete electronic diaries were “other”
(25 patients), PD motor status (24 patients), and technical
problems with the device (20 patients). Only 37 patients (32.7%)
were willing to use an electronic diary in future studies. Diaries
were completed with the electronic device by 29.7% of patients
(28.8%, 34.0%, and 28.0% of diaries during treatment with
ODM-101/65, ODM-101/105, and LCE, respectively). Patients
not able to use electronic diaries were allowed to use traditional
paper diaries. The treatment eﬀects were comparable between
patients using electronic and paper diaries (data not shown).
Tolerability and safety

High-activity genotype
(Val/Met or Val/Val)

Abbreviation: LCE = levodopa/carbidopa/entacapone.

medications were 123 (100, 175) mg, 308 (260, 400) mg, and
488 (420, 630) mg during LCE, ODM-101/65, and ODM101/105 treatments, respectively.

One hundred one patients (86.3%) completed all 3 crossover
periods. One hundred ten, 113, and 110 patients were exposed to
ODM-101/65, ODM-101/105, and LCE, of whom 30 (27.3%),
30 (26.5%), and 27 (24.5%) were reported to have treatmentrelated adverse events, respectively. Of these events, 95.8% were
mild or moderate in severity, and the most common (related and
unrelated) are presented in table 5.
Seven patients experienced a total of 11 serious adverse events (4
related and 7 unrelated) during the treatment periods: 1 patient
Neurology | Volume 92, Number 13 | March 26, 2019
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Table 4 “Off” time analysis of change from baseline by subgroups of COMT enzyme rs4860 genotype: Crossover
population
Treatment

Genotype

“Off” time change, h

95% Confidence interval

p Value

Met/Met

−1.316

(−2.592 to −0.041)

0.043

Val/Met

−1.980

(−2.990 to −0.971)

0.000

Val/Val

−0.843

(−1.960 to 0.273)

0.138

Met/Met

−1.123

(−2.387 to 0.141)

0.081

Val/Met

−1.944

(−2.940 to −0.948)

0.000

Val/Val

−1.149

(−2.246 to −0.051)

0.040

Met/Met

−1.038

(−2.275 to 0.198)

0.099

Val/Met

−1.110

(−2.074 to −0.146)

0.024

Val/Val

0.209

(−0.798 to 1.217)

0.682

“Off” time change from baseline by
genotype and by treatment
ODM-101/65

ODM-101/105

LCE

Comparison

Genotype and patients,
n (%)

Estimate

95% Confidence interval

p Value

Met/Met, 18 (23.68)

−0.278

(−1.594 to 1.038)

0.677

−0.085

(−1.391 to 1.222)

0.898

−0.870

(−1.897 to 0.156)

0.096

−0.834

(−1.870 to 0.203)

0.114

−1.053

(−2.182 to 0.077)

0.068

−1.358

(−2.467 to −0.249)

0.017

“Off” time change from baseline, difference
between treatments by genotype
ODM-101/65–LCE
ODM-101/105–LCE
ODM-101/65–LCE

Val/Met, 31 (40.79)

ODM-101/105–LCE
ODM-101/65–LCE

Val/Val, 27 (35.53)

ODM-101/105–LCE
Abbreviation: LCE = levodopa/carbidopa/entacapone.

(back pain) during the ODM-101/65 period, 4 patients (cataract, cataract operation complication, diarrhea, bronchospasm,
myocardial infarction leading to death) during the ODM-101/
105 period, and 3 patients (myocardial ischemia, creatine kinase
[CK] increase, hypertension, diarrhea) during the LCE period.
Five (fall, drug eﬀect decreased, nausea, anxiety, anxiety), 4
(dyskinesia, bradykinesia, diarrhea, death), and 1 (myocardial
ischemia) patients discontinued the study because of an adverse
event during ODM-101/65, ODM-101/105, and LCE treatment, respectively.
The death during ODM-101/105 treatment (76-year-old man
with a history of hypertension and asthma) due to a severe
myocardial infarction was judged as not treatment-related by the
investigator. Two patients were reported to have had treatmentrelated serious adverse events: 1 patient with myocardial ischemia and CK increase during LCE treatment and 1 patient
with diarrhea with both LCE and ODM-101/105 treatment.
There were no diﬀerences in vital signs, ECG, or laboratory
tests between the 3 treatments. Four patients reported sudden
e1494
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sleep attacks during the screening period, and 6, 4, and 4
patients during ODM-101/65, ODM-101/105, and LCE
treatments, respectively.

Discussion
In the present study, the tested carbidopa doses (both 65 and 105
mg), which were both higher than the currently applied 4:1 ratios
used in marketed levodopa preparations and in LCE, generally
improved both “oﬀ ” and “on” times in patients with ﬂuctuating
PD compared to LCE. In predeﬁned carryover-adjusted crossover and parallel-group comparisons (of the ﬁrst treatment period), ODM-101 combinations with either 65 or 105 mg of
carbidopa resulted in approximately 0.6 to 0.7 hours better “oﬀ”
times compared to LCE.
Based on explorative subgroup analyses of “oﬀ ” time, estimated treatment eﬀects between the 2 ODM-101 combinations vs LCE were higher in patients who at baseline received
a higher daily levodopa dose, took at least 5 doses of levodopa,
and did not receive entacapone. However, subgroup analyses
Neurology.org/N

Table 5 Most common adverse events in at least 2% of
patients during any treatment period

Adverse event

LCE (n = 110)

ODM-101/
65
(n = 110)

ODM-101/
105
(n = 113)

Nausea

3 (2.7)

10 (9.1)

3 (2.7)

Dyskinesia

2 (1.8)

1 (0.9)

6 (5.3)

Dizziness

3 (2.7)

5 (4.5)

4 (3.5)

Headache

2 (1.8)

5 (4.5)

3 (2.7)

Diarrhea

2 (1.8)

1 (0.9)

4 (3.5)

Anxiety

1 (0.9)

1 (0.9)

4 (3.5)

Drug effect decreased

3 (2.7)

3 (2.7)

4 (3.5)

Insomnia

2 (1.8)

3 (2.7)

2 (1.8)

Asthenia

2 (1.8)

1 (0.9)

3 (2.7)

Fatigue

2 (1.8)

—

3 (2.7)

Abdominal pain,
upper

3 (2.7)

—

1 (0.9)

Back pain

1 (0.9)

2 (1.8)

3 (2.7)

Abbreviation: LCE = levodopa/carbidopa/entacapone.
Data represent n (%).

must be interpreted cautiously, because the number of patients
in the diﬀerent subgroups varied considerably and the analyses
were not corrected for carryover eﬀects. Diﬀerences in “oﬀ ”
time decrease between LCE and ODM-101 combinations were
largely of similar magnitude than diﬀerences in daily “on”-time
increase, without patients suﬀering more from either troublesome or nontroublesome dyskinesias. Patients who were homozygous or heterozygous for the high-activity COMT gene
had a more pronounced treatment eﬀect following the carbidopa dose increase. These results may be explained by the
results of a pilot trial investigating the eﬀect of high- and lowactivity COMT polymorphism measured in erythrocytes,
which showed enhanced eﬀects of entacapone on the pharmacodynamics and pharmacokinetics of levodopa in patients
with the high-COMT-activity genotype.11 This ﬁnding may
explain the clinical variation observed in patients with PD when
starting entacapone and may be relevant for future application
of COMT inhibitors in general as a step to precision medicine.
The use of electronic diaries did not aﬀect the results. However, only approximately a third of the patients were willing to
use electronic diaries, making the used electronic diaries an
unviable option for recording “on” and “oﬀ ” times.
In healthy controls and in the presence of COMT inhibition,
increasing carbidopa doses up to 65 or 105 mg with each
levodopa dose elevates levodopa exposure and minimum
concentrations (data on ﬁle, Orion Pharma). Levodopa
concentration has been earlier shown to correlate with
symptom control in PD, and in this study, we saw similar
Neurology.org/N

clinical eﬀects of increased levodopa concentrations.16 In
studies with other levodopa treatments, increased levodopa
exposure has been shown to correlate with clinical
eﬃcacy.17–20 In randomized studies, “oﬀ ” time was reduced
about 1 hour more with test treatments than with placebo but
no signiﬁcant diﬀerence was found when compared with
entacapone.20
In a recent clinical study in levodopa-treated patients with
ﬂuctuating PD, the daily carbidopa dose was increased from
75 to 450 mg.6 The study failed to ﬁnd diﬀerences between
the 2 carbidopa doses in the AUC of tapping/walking speed,
tremor, and dyskinesia scores. However, 11 patients reported
clinical eﬀects during the outpatient phases suggesting that
they may have had increased levodopa levels during the
treatment period with higher carbidopa. In any case, the daily
carbidopa dose of 450 mg appeared to be safe.
The mean daily carbidopa (or DDCI) doses in the present
study were approximately 120 mg during LCE treatment. The
same doses were approximately 300 and 480 mg during the 2
ODM-101 combinations with 65 mg and 105 mg of carbidopa, respectively. However, the clinical eﬀects on “on” and
“oﬀ ” times were similar between the ODM-101 combinations. This may be attributable to the fact that diﬀerences in
repeated-dose levodopa pharmacokinetics were relatively
small between 65 and 105 mg doses of carbidopa (data
on ﬁle).
The safety and tolerability of the LCE and ODM-101 combinations were acceptable. Reported adverse events were
those commonly seen in PD studies and most of them were
mild or moderate in severity. Discontinuations were numerically higher during ODM-101 combinations compared to
LCE. One patient died during ODM-101/105 due to severe
treatment-unrelated myocardial infarction and 1 patient experienced myocardial ischemia during LCE treatment. Myocardial ischemia, blood CK increase, and diarrhea on LCE,
and diarrhea on ODM-101/105 were reported as related serious adverse events. Vital signs, ECG, and laboratory tests did
not include any new ﬁndings. Seven patients reported sleep
attacks without any diﬀerences between the treatments. The
limitations of this study include a short duration of treatment
with only 4 weeks of treatment in each period. Therefore,
long-term eﬃcacy and possible long-term safety aspects of
increased carbidopa dosages remain to be determined. As this
is a pilot, crossover, phase II trial, carryover eﬀects may interfere with some treatment eﬀects because of the design.
It is known that the pharmacokinetics of levodopa correlates
well with motor symptoms in patients with PD who have endof-dose motor ﬂuctuations.21 Repeated-dose pharmacokinetic
studies in patients with PD and healthy controls have shown
that entacapone increases daily levodopa AUC by approximately 30% to 35% when administered with levodopa/
carbidopa in a 4:1 ratio.22,23 Based on a pooled analysis of 4
phase III entacapone trials, this increase in levodopa exposure
Neurology | Volume 92, Number 13 | March 26, 2019
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by entacapone has translated into improved (placebo vs
entacapone) daily “on/oﬀ ” times at 6 months by an average of
0.8 hours.24 Although no direct comparisons can be made, the
present study with ODM-101 combinations demonstrated that
increased carbidopa doses administered with levodopa and
entacapone almost doubled the treatment eﬀect on “on/oﬀ ”
times previously shown between entacapone and placebo.24
In closing, we report that higher doses of carbidopa administered with levodopa and entacapone can improve daily “on”
and “oﬀ ” times in a clinically meaningful manner compared to
the currently used LCE combination. The present study also
repeats the earlier ﬁnding that daily carbidopa doses up to
about 500 mg do not worsen parkinsonism.6 These results
need to be conﬁrmed in longer, randomized, parallel-arm
studies.
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Kuoppamäki M, Vahteristo M, Ellmén J, et al. Pooled analysis of phase III with
entacapone in Parkinson’s disease. Acta Neurol Scand 2014;130:239–247.

Neurology.org/N

Increased dose of carbidopa with levodopa and entacapone improves ''off'' time in a
randomized trial
Claudia Trenkwalder, Mikko Kuoppamäki, Mikko Vahteristo, et al.
Neurology 2019;92;e1487-e1496 Published Online before print March 1, 2019
DOI 10.1212/WNL.0000000000007173
This information is current as of March 1, 2019
Updated Information &
Services

including high resolution figures, can be found at:
http://n.neurology.org/content/92/13/e1487.full

References

This article cites 22 articles, 2 of which you can access for free at:
http://n.neurology.org/content/92/13/e1487.full#ref-list-1

Citations

This article has been cited by 1 HighWire-hosted articles:
http://n.neurology.org/content/92/13/e1487.full##otherarticles

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Clinical trials Randomized controlled (CONSORT agreement)
http://n.neurology.org/cgi/collection/clinical_trials_randomized_contro
lled_consort_agreement
Parkinson's disease/Parkinsonism
http://n.neurology.org/cgi/collection/parkinsons_disease_parkinsonism

Permissions & Licensing

Information about reproducing this article in parts (figures,tables) or in
its entirety can be found online at:
http://www.neurology.org/about/about_the_journal#permissions

Reprints

Information about ordering reprints can be found online:
http://n.neurology.org/subscribers/advertise

Neurology ® is the official journal of the American Academy of Neurology. Published continuously since
1951, it is now a weekly with 48 issues per year. Copyright Copyright © 2019 The Author(s). Published by
Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.. All rights reserved. Print
ISSN: 0028-3878. Online ISSN: 1526-632X.

