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To determine the efficacy, safety and tolerability of nebicapone, a new
catechol-O-methyltransferase inhibitor for the treatment of motor fluctua-
tions in Parkinson’s disease (PD), we conducted a multicenter, randomized,
8-week double-blind, placebo- and active-controlled, parallel-group study
comparing nebicapone 50 mg, 100 mg, or 150 mg, entacapone 200 mg (ac-
tive control) or placebo administered concomitantly with levodopa/carbidopa
or levodopa/benserazide. Two hundred and fifty-two PD patients with mo-
tor fluctuations treated with levodopa/carbidopa or levodopa/benserazide
(4–8 daily doses) were enrolled and 250 patients were eligible for intention-
to-treat (ITT) analysis on the basis of having at least one efficacy assess-
ment. The primary endpoint was 8-week change from baseline in absolute
“Off” time duration noted in self-scoring diaries. At 8 weeks of treatment the
mean daily “Off” time decreased significantly compared to placebo for neb-
icapone 150 mg (−106 min; 95%CI: −192; −21) and entacapone 200 mg
(−81 min; 95%CI: −142; −19). The decrease in “Off” time with nebicapone
50 mg or 100 mg did not reach statistical significance. Treatment-emergent
adverse events were reported by 32% to 49% of patients in any treatment
group, with no observed dose relationship in the nebicapone groups. Clinically
relevant elevations in aspartate transaminase (AST) and/or alanine transam-
inase (ALT) were observed in 4 of 46 patients with the nebicapone 150 mg
dose. The results of this study show that nebicapone 150 mg is efficacious
for the treatment of motor fluctuations in PD patients. However, the risk
of increasing liver transaminases and its clinically relevance deserves further
evaluation.

Introduction

Although the number of available efficacious drugs for
the treatment of Parkinson’s disease (PD) has continu-
ously increased in the last 50 years, levodopa remains
the most efficacious antiparkinsonian drug and almost
all patients at any disease stage will benefit from its

administration [1,2]. Unfortunately, its long-term use is
associated with the development of unavoidable motor
complications, which occur in up to 80% of patients
[3,4]. Several pharmacologic options to minimize the
“wearing-off’’ phenomenon can be used, including
adjustment of levodopa treatment, the use of dopamine
agonists, monoamine oxidase type B inhibitors, or
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catechol-O-methyl-transferase (COMT) inhibitors in
combination with levodopa/dopa decarboxylase inhibitor
(DDCI) [5,6].

There are two COMT inhibitors used in clinical practice
at present: tolcapone and entacapone. They are both effi-
cacious in reducing ”Off” time and increasing ”On” time
duration, and in improving motor scores in fluctuators,
compared to placebo [7]. However, due to known cases of
fatal hepatic toxicity in patients taking tolcapone, its use
is now restricted to patients who failed other treatments
and requires close monitoring of liver function [8].

Nebicapone is a new reversible and mainly peripher-
ally acting COMT inhibitor currently being developed for
use as an adjunct to levodopa/DDCI in the treatment of
PD [9–14]. A previous study in 16 PD patients showed
that multiple doses of 75 and 150 mg nebicapone inhib-
ited COMT activity, increased the levodopa bioavailabil-
ity, and were efficacious and well tolerated when admin-
istered concomitantly with standard release 100/25 mg
levodopa/carbidopa [15]. The dose of 75 mg nebicapone
was shown to be noninferior and the dose of 150 mg neb-
icapone was shown to be superior to 200 mg entacapone
in increasing the plasma level of levodopa [15]. On the
basis of these results, a 5-arm, phase II study was con-
ducted to evaluate the efficacy, safety and tolerability of
three different doses of nebicapone compared with en-
tacapone and placebo when administered concomitantly
with levodopa/DDCI in PD patients with motor fluctua-
tions.

Methods

Study Participants

Study participants were enrolled at 40 sites in Europe
and South America. Eligibility criteria included: age be-
tween 30 and 80 years, diagnosis of PD according to
the UK Parkinson’s Disease Society Brain Bank Clini-
cal Diagnostic Criteria [16], modified Hoehn and Yahr
staging <5 during the “Off” time, treatment with lev-
odopa plus DDCI for at least 1 year with good clinical
response, treatment with 4–8 daily doses of standard lev-
odopa/DDCI (bedtime dose of a slow-release formulation
was permitted), a stable regimen of levodopa/DDCI and
other antiparkinsonian drugs for at least 4 weeks before
screening, and signs of “wearing-off” phenomenon (end-
of-dose deterioration) with an average total daily “Off”
time while awake of at least 1.5 h excluding the early
morning prefirst dose “Off” period. Individuals were in-
eligible to participate if they had a dyskinesia disabil-
ity score >3 in the Unified Parkinson’s Disease Rating
Scale (UPDRS item 33), a major depressive episode within
the 6 months before screening, being treated with enta-

capone, tolcapone, neuroleptics, antidepressants (except
serotonin-specific reuptake inhibitors or imipraminics
[desipramine, imipramine, clomipramine, and amitripty-
line]), monoamine oxidase inhibitors (except selegiline
up to 10 mg/day in oral formulation or 1.25 mg/day
in buccal absorption formulation or rasagiline up to
1 mg/day), or antiemetics (except domperidone) within
the 3 months before screening, and apomorphine within
the month before screening, a clinically relevant electro-
cardiogram abnormality and a history or current evidence
of relevant heart disease. An additional exclusion crite-
rion was pregnancy or lactation.

Local independent ethics committees approved the
protocol and all patients signed an informed consent be-
fore initiating the study.

Study Design

A double-blind, randomized, parallel-group design was
used. The study design is summarized in Figure 1. Af-
ter a screening visit, patients began a 1- to 2-week,
single-blind, placebo run-in period (Period 1). Eligible
patients who satisfactorily completed the run-in period
were randomized to an 8-week double-blind treatment
period (Period 2) with 1 of 5 different study treat-
ments (50 mg, 100 mg, or 150 mg nebicapone, 200 mg
entacapone, placebo) in addition to their usual lev-
odopa/DDCI treatment. Participants were randomized ac-
cording to a block-balanced computer-generated (using
SAS R© software, version 9.1.3) randomization scheme
that was stratified by study site. At randomization, each
patient was allocated to 1 of the 5 treatment groups
(50 mg, 100 mg, or 150 mg nebicapone, 200 mg enta-
capone, placebo) in the ratio of 1:1:1:1:1. The lowest ran-
domization number available in the center was assigned.
This randomization number identified the patient from
randomization until study completion.

Study treatments were administered orally as encapsu-
lated tablets that were identical in appearance and were
to be taken concomitantly with each levodopa/DDCI
dose.

During Period 1 and Period 2, patients were ad-
ministered the investigational product in addition to
their usual levodopa/DDCI treatment (4–8 daily doses
of levodopa/DDCI). The levodopa/DDCI dosage regimen
should be kept stable during the whole study. However,
during Weeks 1 to 4 of Period 2, the investigator could
decrease the total daily dose of levodopa (while main-
taining the number of daily intakes) in case of unac-
ceptable adverse events (AEs), e.g., increased intensity or
incidence of dyskinesia. If such levodopa daily dosage
reduction was considered excessive, the dose could be
increased again up to the baseline level. Concomitant
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Figure 1 Study design.

anti-Parkinsonian medication other than levodopa/DDCI
remained unchanged during the whole study.

Outcome Measures

The patient (alone or with the family’s or caregiver’s as-
sistance) was instructed to record the “On/Off” times in
his or her diary chart [17] on the 3 days preceding Vis-
its V3, V4, V5, V6, and V7. For each 30 min period dur-
ing the day, the patients were to rate their mobility as
1 of the following: “Off”– poor mobility or complete im-
mobility (able to move only slowly, or not at all); “On”
with troublesome dyskinesia – limited mobility (able to
move around despite presence of troublesome dyskine-
sia); “On” with nontroublesome dyskinesia– good mobil-
ity (able to move around relatively well despite presence
of dyskinesia); “On” without dyskinesia– excellent mobil-
ity (able to move around well); asleep.

The prespecified primary efficacy endpoint was the 8-
week change from baseline in absolute “Off” time in the
intent-to-treat (ITT) population (all randomized patients
with at least one administration of investigational product
in Period 2 and at least one assessment of “On/Off” times
in the patient’s diary). “On/Off” times of the diaries com-
pleted before randomization (i.e., at the end of Period 1)
were considered as the baseline values.

The secondary efficacy endpoints included: changes
in waking hours spent in “On” time without trouble-

some dyskinesia, changes in the UPDRS, the Modified
Abnormal Involuntary Movement Scale (Modified AIMS)
[18], an investigator’s and patient’s global assessment of
changes. The UPDRS I scale was applied at screening, V2,
V3, and V7. The other UPDRS scales and modified AIMS
were applied at all visits. Dyskinesia was assessed by the
investigator using the Modified AIMS during the “best-
On” period of the patient. The investigator first observed
the patient sitting quietly at rest and then again while
the patient counted backwards. Evaluation was to be per-
formed at the same time of day, after the same levodopa
intake, by the same investigator each time.

Safety was assessed in all study visits and included
evaluation and assessment of treatment-emergent AEs
(TEAEs) and vital signs. It also included the review of
clinical laboratory tests (including complete blood cell
count, serum chemistry and urine analysis) performed
by a central laboratory at visits V1, V4, V6, and V7, 12-
lead ECG, physical/neurological examination and compli-
cations of therapy. Clinically relevant laboratory abnor-
malities were listed as adverse events.

Statistical Analysis

With a sample size of 50 evaluable patients per group
(total of 250 evaluable patients), the study was pow-
ered (two-sided; α = 0.05; β = 0.30) to detect a differ-
ence of 1.4 h/day in the primary efficacy endpoint. These
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calculations assumed a standard deviation of 2.2 h, which
was derived from the results of a previous pilot study with
nebicapone [15].

Change from baseline in absolute “Off” time until
the end of the 8-week treatment period was compared
between the placebo and the nebicapone groups by an
analysis of covariance (ANCOVA) with fixed effects treat-
ment, region, treatment-by-region interaction and with
the baseline value of absolute “Off” time as covariate.
Last observation carried forward (LOCF) was used for pa-
tients who did not complete Period 2. An adjustment for
the multiple treatment comparisons of nebicapone versus
placebo was performed using the Dunnett’s procedure.
A supportive analysis was made for the primary variable
including the use of concomitant anti-Parkinsonian med-
ication in the ANCOVA model. A secondary analysis
using these procedures was also done comparing the en-
tacapone 200 mg group to placebo. Further secondary
analyses were made descriptively for absolute “Off” time,
percentage “On” time without troublesome dyskinesia,
and total scores of the modified AIMS at each visit over
the 8-week treatment period. Except for the modified
AIMS, a repeated-measures ANCOVA was performed for
all these variables. Percentage “On” time without trou-
blesome dyskinesia and total scores of modified AIMS
were also analyzed by an ANCOVA at the end of the
8-week treatment period. For UPDRS, descriptive statis-

tics were presented for total scores and treatment com-
parisons were made by the Kruskal–Wallis test. Total
daily dose of levodopa was summarized using descriptive
statistics and was compared between treatment groups
by the Kruskal–Wallis test. Treatment comparisons for
investigator’s and patients’ global assessment of change
were made by a Cochran–Mantel–Haenszel (CMH)
test.

For safety, we compared treatment groups for the oc-
currence of TEAEs. Clinical laboratory variables and vi-
tal signs variables were summarized for each treatment
group by calculating summary statistics on the actual val-
ues and on the change from baseline.

Results

A total of 298 patients were enrolled in the study, 254
were randomized and 252 received study medication. Of
these, 53 participants were randomized to receive neb-
icapone 50 mg, 53 to nebicapone 100 mg, 46 to neb-
icapone 150 mg, 50 to entacapone and 50 to placebo
(Figure 2). Of the 298 patients enrolled, 44 prema-
turely discontinued from the study before randomiza-
tion (16 during screening and 28 during Period 1).
The most common primary reasons for discontinuation
before randomization were ineligibility (15 patients),

Figure 2 Flow-chart of participation in the study.
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withdrawal of consent (11 patients) and AEs (6 patients).
Two of the patients randomized to the placebo group also
discontinued the study before receiving the investiga-
tional treatment (one withdrew consent and the other
was lost to follow-up). An additional 27 patients dis-
continued the study after the start of the double-blind
phase (Period 2). The most common reasons for discon-
tinuation were AEs (12 patients) and withdrawal of con-
sent [placebo: n = 2 (4.0%), nebicapone 50 mg: n = 2
(3.8%), nebicapone 100 mg: n = 5 (9.4%), nebicapone
150 mg: n = 2 (4.3%), and entacapone 200 mg: n = 1
(2.0%)]. From the 252 study participants 2 patients were
excluded from the ITT efficacy analysis because there
were no assessments of “On” and “Off” time in their di-
aries during Period 2. All 252 study participants were in-
cluded in the safety analysis.

The baseline demographic and clinical characteris-
tics of the study participants randomized to the dif-
ferent treatment arms are presented in Table 1. There
were no marked differences between the treatment
groups.

Efficacy

Figure 3 displays the mean “On”/”Off” times in the differ-
ent treatment groups and Table 2 presents the results of
the ANCOVA of the primary variable. There was a dose-
dependent reduction in absolute “Off” time in the neb-
icapone treatment groups. After 8 weeks of treatment,
the largest improvement was achieved in the nebicapone
150 mg group with a least squares mean (LS mean)
change of −106 minutes compared to placebo (P < 0.05);
the differences in the other nebicapone groups were not
statistically significant. The reduction in absolute “Off”
time from baseline in the entacapone 200 mg group
was also statistically significant compared to placebo
(−81 min; P < 0.05). The significant decrease in mean
absolute “Off” time was also observed for nebicapone
150 mg (−112 min; 95%CI: −189; −34; P < 0.01) and
entacapone 200 mg (−65 min; 95%CI: −125; −5; P <

0.05) when the use of concomitant anti-Parkinsonian
medication other than levodopa/DDCI was included in
the ANCOVA model.

Table 1 Baseline characteristics of study participants (ITT population)

Characteristic Placebo (N = 49)

Nebicapone

50 mg (N = 53)

Nebicapone

100 mg (N = 52)

Nebicapone

150 mg (N = 46)

Entacapone

200 mg (N = 50)

Sex – N (%) patients

Male 32 (65.3) 29 (54.7) 31 (59.6) 26 (56.5) 27 (54.0)

Female 17 (34.7) 24 (45.3) 21 (40.4) 20 (43.5) 23 (46.0)

Age, years

Mean (SD) 64.1 (10.1) 65.4 (8.1) 62.9 (10.0) 64.5 (8.8) 65.3 (8.6)

Race – N (%) patients

Caucasian 49 (100.0) 52 (98.1) 52 (100.0) 46 (100.0) 49 (98.0)

African 0 1 (1.9) 0 0 1 (2.0)

Disease characteristics – Mean duration in years (SD)

PD 8.3 (3.98) 8.6 (5.42) 7.9 (4.15) 8.2 (4.72) 8.2 (4.37)

Dyskinesias 3.6 (2.58) 3.6 (2.85) 3.7 (2.94) 4.8 (3.69) 3.2 (2.29)

Motor fluctuations 3.3 (2.35) 3.1 (3.46) 2.8 (2.79) 2.7 (2.69) 2.7 (2.18)

Levodopa treatment 6.5 (4.23) 6.3 (4.88) 5.7 (4.09) 6.7 (4.62) 6.6 (4.33)

Levodopa daily dose, mg

Mean (SD) 712 (298) 671 (278) 622 (231) 633 (224) 709 (307)

Hoehn & Yahr score

Mean (SD) 2.6 (0.6) 2.5 (0.4) 2.6 (0.6) 2.6 (0.7) 2.7 (0.6)

UPDRS Part III score

Mean (SD) 30.2 (13.0) 27.6 (11.0) 26.5 (14.2) 30.1 (15.2) 29.8 (13.3)

Concomitant anti-Parkinsonian medication in at least 10% of patients in any treatment group – N (%) patients

Amantadine 14 (28.6) 12 (22.6) 12 (23.1) 11 (23.9) 13 (26.0)

Bromocriptine 2 (4.1) 3 (5.7) 4 (7.7) 1 (2.2) 6 (12.0)

Pramipexole 8 (16.3) 7 (13.2) 10 (19.2) 9 (19.6) 4 (8.0)

Ropinirole 7 (14.3) 6 (11.3) 4 (7.7) 5 (10.9) 6 (12.0)

Selegiline 9 (18.4) 7 (13.2) 12 (23.1) 2 (4.3) 6 (12.0)

Trihexiphenidyl 2 (4.1) 6 (11.3) 5 (9.6) 2 (4.3) 2 (4.0)

N, number of patients; SD, Standard deviation; PD, Parkinson’s disease; UPDRS, Unified Parkinson’s Disease Rating Scale; ITT, Intention-to-treat.
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Figure 3 Mean “On”/”Off” times at the baseline and over the 8-week treatment period in the different treatment groups (ITT population).

Table 2 Change in “Off” times after 8 weeks of treatment (ITT population)

Variable Placebo Nebicapone 50 mg Nebicapone 100 mg Nebicapone 150 mg Entacapone 200 mg

(N = 49) (N = 53) (N = 52) (N = 46) (N = 50)

Change in “Off” time (minutes)

LSMean ± SEM −35 ± 24.2 −58 ± 23.1 −75 ± 23.8 −142 ± 26.7 −123 ± 21.9

LSMean change to placebo − −23 −39 −106 −81

95%CI − −102; 56 −120; 41 −192; −21 −142; −19

Difference vs. placebo − n.s. n.s. P < 0.05 P < 0.05

N, number of patients; LSMean, Least square mean; SEM, Standard error of the mean; 95%CI, 95% confidence interval; n.s., not statistically significant; ITT,

Intention-to-treat.

The ANCOVA for change from baseline in percent-
age of time “On” without troublesome dyskinesia over
the 8 weeks of treatment compared to placebo showed
a 0.3% increase for nebicapone 50 mg (95%CI: –7%;
8%), 4% increase for nebicapone 100 mg (95%CI: –4%;

11%), 14% increase for nebicapone 150 mg (95%CI: 5%;
22%) and 8% increase for entacapone 200 mg (95%CI:
–0%; 16%). The increase of time “On” without trouble-
some dyskinesia attained statistical significance only for
the nebicapone 150 mg group (P < 0.01).
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Table 3 Change in UPDRS score from baseline after 8 weeks of treatment (ITT population)

Median (min, max)

UPDRS Section Timepoint Placebo (N = 49)

Nebicapone

50 mg (N = 53)

Nebicapone

100 mg (N = 52)

Nebicapone

150 mg (N = 46)

Entacapone

200 mg (N = 50)

UPDRS I Baseline 1.0 (0, 6) 1.0 (0, 8) 1.0 (0, 6) 1.0 (0, 6) 2.0 (0, 5)

Change at V7 0.0 (−5, 2) 0.0 (−4, 3) 0.0 (−4, 3) 0.0 (−3, 2) 0.0 (−2, 3)

UPDRS II at “Off” stage Baseline 18.0 (7, 32) 19.0 (6, 35) 18.0 (7, 38) 18.5 (5, 37) 17.5 (7, 34)

Change at V7 −1.0 (−12, 8) −3.0 (−15, 5)∗ −4.0 (−15, 7)∗ −4.0 (−23, 2)∗∗ −2.0 (−14, 8)

UPDRS II & III at “On” stage Baseline 36.0 (9, 80) 39.0 (11, 81) 33.0 (4, 95) 36.5 (6, 80) 36.5 (11, 89)

Change at V7 −3.0 (−27, 15) −6.0 (−30, 12) −5.0 (−39, 14) −11.0 (−44, 4)∗∗ −6.5 (−29, 28)

UPDRS III at “On” stage Baseline 27.0 (8, 62) 28.0 (7, 62) 25.5 (4, 67) 27.5 (6, 61) 29.0 (10, 68)

Change at V7 −2.0 (−24, 11) −5.0 (−20, 11) −4.0 (−22, 10) −9.0 (−31, 4)∗ −4.0 (−23, 17)

Statistically significant treatment differences vs. placebo: ∗P < 0.05; ∗∗P < 0.01.

N, number of patients; UPDRS, Unified Parkinson’s Disease Rating Scale; ITT, Intention-to-treat; min, minimum; max, maximum.

As observed in Table 3, changes in UPDRS scores were
statistically significant for the nebicapone 150 mg group
compared to placebo for all scores except UPDRS I (men-
tation, behavior and mood).

The treatment groups were comparable with regard to
UPDRS II (activities in daily living) total score at “Off”
stage at baseline; decreases from baseline were more
pronounced in the active treatment groups than in the
placebo group. In general, the UPDRS II total scores de-
creased over time, with values stabilizing from visitV6
to visitV7. Improvements in single items reflected total
scores, with no notable difference between different sin-
gle items.

The treatment groups were comparable with regard to
total score for combined UPDRS II plus UPDRS III(motor
examination) at “On” stage at baseline. Decreases from
baseline to Visit V7 were more pronounced in the ac-
tive treatment groups than in the placebo group. Com-
pared to placebo, the largest decrease was observed in
the nebicapone 150 mg group (P < 0.01). Change in total
score showed a similar pattern over time in all treatment
groups, with a decrease until visit V6 and a slight increase
from visit V6 to visit V7. With the exception of a slight de-
terioration in “swallowing” (UPDRS II) in the nebicapone
50 mg group, scores for single items generally reflected
the improvements observed for the total score. Results in
UPDRS III at “On” stage were generally similar to those
for the combined UPDRS II plus III total score at “On”
stage.

Only small changes were observed in the modified
AIMS test in any treatment group. The ANCOVA of
change showed no differences between active treatment
groups and placebo.

All active treatment groups showed statistically signifi-
cant improvement to placebo after 8 weeks of treatment
in the investigator’s and patients’ global assessments of

change. Results were best in the nebicapone 150 mg
group, followed by the entacapone group.

Mean values for levodopa dosage at baseline were
broadly comparable in all treatment groups (Table 1).
Only a small number of patients had a change in levodopa
dosage at any visit. The greatest number of patients with a
change was observed in the nebicapone 50 mg group. Up
to visit V7, changes in levodopa dosage were reported in
4 (8.2%) patients with placebo, 14 (26.9%) patients with
nebicapone 50 mg, 6 (11.5%) patients with nebicapone
100 mg, 4 (8.7%) patients with nebicapone 150 mg
and 6 (12.8%) patients with entacapone 200 mg. In 3 pa-
tients of the placebo group, 1 patient of the nebicapone
50 mg group and 1 patients of the nebicapone 150 mg
group the change in levodopa/DDCI dose was an
increase, corresponding to a protocol violation. The
levodopa/DDCI dose was decreased in the remaining
patients who reported a change.

Safety

The incidence of TEAEs in the different treatment groups
is presented in Table 4. The overall frequency of TEAEs
varied between 32% and 49% of patients across the treat-
ment groups.

Review of the most frequent individual TEAEs with
regard to time of onset in Period 2 showed that nearly
all cases of diarrhea were reported between Day 28 and
Day 56 of treatment, no relationship could be identi-
fied between duration of study treatment and onset of
headache, nausea was noted mainly between Day 0 and
Day 13, and cases of abnormal urine color were generally
noted between Day 0 and Day 13.

The vast majority of TEAEs were classified by the in-
vestigator as of mild or moderate intensity. One pa-
tient in the nebicapone 50 mg group experienced severe
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Table 4 TEAEs occurring in at least 5% of patients of any treatment group (Safety population)

Number (%) of patients

Preferred term Placebo (N = 50)

Nebicapone

50 mg (N = 53)

Nebicapone

100 mg (N = 53)

Nebicapone

150 mg (N = 46)

Entacapone

200 mg (N = 50)

Any TEAE 17 (34.0) 17 (32.1) 26 (49.1) 18 (39.1) 18 (36.0)

Diarrhoea 1 (2.0) 0 4 (7.5) 1 (2.2) 1 (2.0)

Headache 0 0 3 (5.7) 1 (2.2) 1 (2.0)

Nausea 1 (2.0) 1 (1.9) 3 (5.7) 0 0

Urine colour abnormal 1 (2.0) 2 (3.8) 1 (1.9) 3 (6.5) 5 (10.0)

Transaminase increase 0 0 0 4 (8.7) 0

TEAE, treatment-emergent adverse event; N, number of patients.

dyskinesia. Severe TEAEs observed in the nebicapone
100 mg group were two cases of pain and one case each
of diarrhea, dyskinesia, anxiety, insomnia and hallucina-
tion. Severe TEAEs reported in the nebicapone 150 mg
group were one case each of metatarsalgia and hyper-
tension, and one case of prostate cancer. Severe TEAEs
reported in the entacapone 200 mg group were one case
each of diarrhea, dyskinesia and hallucination. One pa-
tient in the placebo group reported severe myalgia.

Transaminase elevations were reported as a TEAE in 1
patient with nebicapone 50 mg and 5 patients with neb-
icapone 150 mg. In 4 of the 5 patients in the nebicapone
150 mg group these were clinically relevant elevations
in aspartate transaminase (AST) and/or alanine transam-
inase (ALT). Clinically relevant transaminase elevations
were predefined as values of AST ≥117 IU/L in men and
≥111 IU/L in women (normal range: 11–39 U/L in men
and 11–37 U/L in women) and/or values of ALT ≥135
IU/L in men and ≥129 IU/L in women (normal range:
8–45 U/L in men and 8–43 U/L in women). No changes in
serum bilirubin were reported and hepatitis viral serology
showed negative results. Transaminase abnormal values
rapidly decreased to normal after cessation of the investi-
gational product.

TEAEs leading to withdrawal occurred in 12 patients: 2
(4.0%) placebo, 4 (7.5%) nebicapone 100 mg, 3 (6.5%)
nebicapone 150 mg, and 3 (6.0%) entacapone patients.
The only TEAE leading to withdrawal that occurred in
more than 1 patient was an increase in ALT reported by
2 (4.3%) patients in the nebicapone 150 mg group; in-
creases in ALT or AST levels leading to discontinuation
were not reported by patients in any other nebicapone
group.

Discussion

This double-blind, randomized, parallel-group study in-
vestigated the efficacy and safety of three doses of a new

COMT inhibitor nebicapone as compared to placebo and
entacapone in fluctuating PD patients. Following 8 weeks
of concomitant administration with levodopa/DDCI, the
highest dose of nebicapone (150 mg) was associated with
the greatest decrease in “Off” time. This nebicapone dose
reduced “Off” time at 8-weeks of treatment by 106 min
compared to placebo. These results replicated the ef-
fect found in a previous pilot study, after one week of
treatment with nebicapone 150 mg (103 min) [15]. The
200 mg entacapone dose, used in this study as an ac-
tive control arm, also showed a significant decrease in
“Off” time, thus confirming the integrity of the trial de-
sign. Globally, the study does not support the results of
the prior pilot study suggesting that nebicapone 75 mg
was not inferior and nebicapone 150 mg was superior to
entacapone in increasing plasma level of levodopa [15].
In the present study only nebicapone 150 mg and en-
tacapone 200 mg (standard dose) significantly modified
“On” and “Off” times. The lower doses of nebicapone (50
mg and 100 mg) showed to decrease “Off” time, but not
significantly different from placebo. In most efficacy vari-
ables the effect size of entacapone 200 mg was smaller
than that of nebicapone 150 mg, but the overall results
show no superiority of nebicapone 150 mg over enta-
capone 200 mg.

When comparing these results with data available
from other COMT inhibitor trials, the magnitude of the
“Off” time reductions with nebicapone (150 mg) ap-
pear closer to the effects reported with tolcapone than
to entacapone. In a Cochrane Collaboration review, a
meta-analysis of four entacapone versus placebo studies
estimated an “Off” time reduction of 41 min (95% CI:
13 min, 68 min) [19]. Although it was not possible to
perform a similar meta-analysis for the tolcapone trials
the descriptive analysis of the data suggested that tol-
capone produced slightly larger significant reductions in
“Off” time, levodopa dose and improvements in “On”
time [19].
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The overall frequency of TEAEs varied between 32%
and 49% of patients across the treatment groups, but no
dose relationship was observed in the nebicapone groups.
The highest incidence was in the nebicapone 100 mg
group. TEAEs reported by at least 5% of patients were di-
arrhea, headache, nausea, and urine discoloration. These
TEAEs had been reported in other clinical trials with neb-
icapone and are known adverse effects of other COMT
inhibitors such as entacapone and tolcapone [20]. The
discoloration is presumed to be due to the presence of
the COMT inhibitor and its metabolites in urine [21].

Clinically relevant elevations in AST and/or ALT were
observed in 4 of 46 patients with the highest nebicapone
dose (150 mg). No clinically relevant elevations in AST or
ALT occurred in any of the other treatment groups, in-
cluding nebicapone 50 mg and nebicapone 100 mg. No
cases of hepatitis or other serious liver failure cases have
been reported with entacapone [22]. Abnormal liver en-
zyme levels were reported by 1–3% of patients in tol-
capone phase II/III trials [23–25]. Later in the tolcapone
postmarketing period, the occurrence of several cases of
acute hepatotoxicity with three fatalities that were at-
tributed to tolcapone, led to tolcapone being suspended
in the EU (late 1998), and labelling was tightened in the
US [26]. A recent reanalysis of tolcapone safety data con-
cluded that, since the labeling restrictions in 1998, there
have been more than 40,000 patient-years of tolcapone
treatment worldwide, with only three reports of severe,
but reversible, liver injury and no reports of hepatic fa-
tality [8]. The cause of hepatotoxicity with tolcapone has
not been clearly established, although current hypothesis
suggests a possible interference with mitochondrial respi-
ration in hepatocytes, by uncoupling oxidative phospho-
rylation [27].

Several studies with nebicapone in healthy subjects
[9–14,28] and in PD patients [15], in which more than
180 subjects were exposed to different dosage regimens
of nebicapone, did not raise any liver safety concerns.
In a placebo-controlled study (submitted to publication)
in which healthy subjects were administered a relatively
high daily dose of nebicapone for 7 days, a clinically sig-
nificant increase in ALT values was observed in 1 subject
treated with nebicapone 6 × 100 mg/day and 1 subject
treated with 6 × 200 mg/day, for 7 days. However, in
both cases the ALT levels were found to be above the up-
per limit of the normal range at admission to the study
and bilirubin values remained within the normal range.

Overall, the previous data do not suggest a potential
hepatotoxic effect of nebicapone. However, the results of
the current study raise a concern about its liver safety.

In conclusion, the results of this study show that neb-
icapone 150 mg is efficacious for the treatment of mo-
tor fluctuations in PD patients. However, the risk of in-

creasing liver transaminases and its clinically relevance
deserves further evaluation.
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