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Abstract

Background Although levodopa is considered the most

effective pharmacotherapy for motor symptoms of

Parkinson’s disease (PD), chronic use is associated with

motor complications, including fluctuating response and

unpredictable, involuntary movements called dyskinesia.

ADS-5102 (amantadine) extended-release (ER) capsules

(GOCOVRITM) is a recent US FDA-approved treatment for

dyskinesia in PD patients. ADS-5102 is a high-dose, ER

formulation of amantadine, administered orally once daily

at bedtime, that achieves high plasma drug concentrations

throughout the day.

Objective In this study, we present pooled results from two

randomized, double-blind, placebo-controlled, phase III

ADS-5102 trials.

Patients and Methods The two studies in PD patients with

dyskinesia shared design and eligibility criteria, differing

only in treatment duration. Results from common assess-

ment time points were pooled.

Results At 12 weeks, the least squares (LS) mean change

in total score on the Unified Dyskinesia Rating Scale

among 100 patients randomized to ADS-5102 and 96

patients randomized to placebo was - 17.7 (standard error

[SE] 1.3) vs. - 7.6 (1.3) points, respectively (- 10.1 points,

95% confidence interval [CI] - 13.8, - 6.5; p\0.0001).

The relative treatment difference between groups was

27.3% (p\0.0001). At 12 weeks, the LS mean change in

OFF time was - 0.59 (0.21) vs. ?0.41 (0.20) h/day, a

difference of - 1.00 h/day (95% CI - 1.57, - 0.44;

p = 0.0006). For both efficacy measures, a significant

difference from placebo was attained by two weeks, the

first post-baseline assessment, and was maintained

throughout 12 weeks. In the pooled ADS-5102 group, the

most common adverse events were hallucination, dizzi-

ness, dry mouth, peripheral edema, constipation, falls, and

orthostatic hypotension.

Conclusions These analyses provide further evidence

supporting ADS-5102 as an adjunct to levodopa for treat-

ing both dyskinesia and OFF time in PD patients with

dyskinesia.

Clinicaltrials.gov identifier: NCT02136914 and

NCT02274766

The original version of this article was revised: Table 2, column heads

‘Placebo’ and ‘ADS-5102’ under the ‘Pooled’ section were

incorrectly transposed. The column heads are now corrected.
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Key Points

ADS-5102 extended-release capsules are an oral

formulation of amantadine administered once daily

at bedtime in patients with Parkinson’s disease (PD)

to treat dyskinesia associated with the use of

levodopa.

Pooled results from two randomized, double-blind,

placebo-controlled, phase III trials confirm that

treatment with ADS-5102 is associated with a

significant improvement over placebo for dyskinesia

in as early as two weeks and maintained over

12 weeks (relative treatment difference between

groups = 27.3%; p\0.0001). A significant

improvement in the total daily duration of OFF time

was also achieved.

These results provide further evidence supporting

ADS-5102 as an adjunct to levodopa for both

dyskinesia and OFF time in PD patients with

dyskinesia.

1 Introduction

Parkinson’s disease (PD) is characterized by the loss of

dopaminergic neurons and reduced dopamine-mediated

signaling from the substantia nigra [1]. To suppress the

resulting motor symptoms, levodopa, a precursor of

dopamine, is considered the most effective treatment [2, 3].

However, chronic levodopa use is associated with the

eventual development of motor complications, consisting

of fluctuations in therapeutic motor benefit, and dyskinesia

[4–6]. During an ON period, PD motor symptoms are

generally well-controlled, whereas during an OFF period

(often referred to as ‘wearing off’, or OFF time) PD

symptoms re-emerge, despite levodopa treatment [6–8].

Dyskinesia is another component of motor complications,

and consists of unpredictable, involuntary movements that

typically occur during the patient’s ON time [5, 6]. Motor

fluctuations and dyskinesia are typically experienced by

approximately 35–40% of patients with PD after approxi-

mately 4–6 years of dopaminergic treatment. After

10 years of treatment, approximatelyC 90% of patients

will be experiencing motor complications [5]. These

problems may be severely detrimental to a patient’s daily

activities, quality of life, and healthcare utilization [9–12].

Attempts to manage dyskinesia by reducing a patient’s

antiparkinsonian regimen may succeed only at the risk of

increasing OFF time [6, 13, 14]. Dyskinesia is suspected to

result from dysregulated striatal excitation by glutamate, a

neurotransmitter acting at N-methyl-D-aspartate (NMDA)

glutamate receptors [15, 16].

Several small studies suggest that the immediate-release

(IR) formulation of amantadine, a glutamate antagonist,

ameliorates dyskinesia [17–20]; however, the IR drug has

not been extensively studied in well-controlled trials [21]

and the durability of its effect remains [22] disputed, par-

ticularly for those patients previously naive to amantadine

treatment [22]. ADS-5102 (GOCOVRITM) is an orally

administered, extended-release (ER) formulation of aman-

tadine HCl [23]. Once-daily ADS-5102 treatment at bedtime

is expected to achieve an amantadine pharmacokinetic pro-

file unattainable with amantadine IR [24], including a slow

rate of initial rise in plasma drug concentration during sleep

to a high drug concentration throughout the day, when

dyskinesia can be most troublesome. In a phase II/III dose-

finding study of ADS-5102, mean amantadine plasma con-

centrations of approximately 1500 ng/mL were associated

with reduction in dyskinesia [24]. This was followed by two

randomized, double-blind, placebo-controlled, phase III

clinical trials of ADS-5102 that confirmed reduction of

dyskinesia, and in which an additional benefit of reduced

daily OFF time was observed [25, 26].

In this study, we present the results of a pooled analysis

of these two phase III trials using prespecified

methodology.

2 Methods

EASE LID (ClinicalTrials.gov identifier: NCT02136914)

was conducted at 44 North American sites between May

2014 and July 2015, and EASE LID 3 (NCT02274766) was

conducted at 39 sites in the US and Western Europe

between October 2014 and December 2015. Except for a

longer treatment duration in EASE LID (up to 25 weeks)

than in EASE LID 3 (up to 13 weeks), the studies had the

same design and the same criteria for patient enrollment.

The results from these studies have been published sepa-

rately [25, 26]. For the pooled efficacy evaluations pre-

sented here, the analyses were restricted to the assessment

time points common to both studies (baseline and the

double-blind treatment weeks 2, 8, and 12). For the pooled

safety evaluations presented here, descriptive statistics

encompass the full duration of study-drug exposure.

2.1 Study Participants

Patients were required to be aged 30–85 years, to have a

clinical diagnosis of PD by United Kingdom Parkinson

Disease Society Brain Bank criteria [27], and to be
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receiving treatment with levodopa at least three times daily

in an antiparkinsonian regimen that had been stable for at

least 30 days. They had to be experiencing at least 1 h/day

(two half-hour periods) of ON time with troublesome

dyskinesia between 9:00 am and 4:00 pm, as documented

on two consecutive days prior to treatment day 1 (baseline)

by patient entries in a 24-h PD home diary [28]. The

dyskinesia was required to cause at least mild functional

impairment, as documented at screening and baseline by a

score C 2 on item 4.2 of the Movement Disorder Society–

Unified Parkinson’s Disease Rating Scale (MDS–UPDRS)

[29]. On this scale, the scoring is 0 = no impact, 1 = slight,

2 = mild, 3 = moderate, and 4 = severe.

Patients were excluded for reasons including atypical

parkinsonism, acute or major psychiatric disorder that would

affect the subject’s ability to complete study assessments,

neurosurgical intervention in PD, dyskinesia not caused by

dopaminergic stimulation in PD, an estimated glomerular

filtration rate (eGFR)\50 mL/min/1.73 m2, and use of

amantadine within the previous 30 days.

2.2 Study Design

By a centralized, interactive, web-based response system,

enrolled patients in each study were randomized in a 1:1

ratio to take ADS-5102 or matching placebo once daily at

bedtime. ADS-5102 was administered at 137 mg for the

first week (administered as one capsule containing active

drug, or one capsule containing placebo), and 274 mg (two

137-mg capsules) thereafter. For the two-capsule dose, the

274 mg amantadine content is equivalent to 340 mg of

amantadine HCl. For the final week, the dose was reduced

to 137 mg. Throughout the studies, each patient’s regimen

of antiparkinsonian medications, including levodopa,

remained unchanged.

2.3 Efficacy Measures

During screening, each patient was trained in PD home-

diary completion and received diaries to be completed on

the two days preceding the baseline visit. Patients also

completed diaries on the two days preceding each subse-

quent visit. The diaries [28] required patients to categorize

their predominant clinical status during each half-hour

interval of the 24-h day as ‘asleep’, ‘OFF’, ‘ON with no

dyskinesia’, ‘ON with nontroublesome dyskinesia’, or ‘ON

with troublesome dyskinesia’.

At each visit, the Unified Dyskinesia Rating Scale

(UDysRS) [30] and the MDS–UPDRS [29] were completed

by a qualified rater during the patient’s ON time, at least

30 min after a routine levodopa dose, while the patient was

experiencing typical dyskinesias. If possible, the same rater

performed each patient’s ratings at approximately the same

time of day. The Clinician’s Global Impression of Change

(CGI–C) [31] was completed at each visit and required the

investigator to rate how much the patient’s PD had

improved or worsened after treatment relative to the

baseline state. The UDysRS is a 26-item assessment of

involuntary movements, with two primary sections: His-

torical (Part I and Part II, patient reported) and Objective

(Part III and Part IV, physician assessed). Part I assesses

the presence and impact of ON dyskinesia on patient’s

experiences of daily living, Part II assesses the presence

and impact of OFF dystonia on experiences of daily living,

and Parts III and IV assess the intensity and disability of

dyskinesia in seven body regions. The overall score can

range from 0 to 104 points, with higher scores reflecting

greater disease severity [30]. The MDS–UPDRS is a 4-part,

multi-item rating scale intended to assess non-motor

experiences of daily living (Part I), motor experiences of

daily living (Part II), motor function (Part III), and motor

complications (motor fluctuations and dyskinesia; Part IV)

in patients with PD. Part IV, item 4.1, determines the

percentage of time spent per waking day with dyskinesia,

while item 4.2 measures the functional impact of the

dyskinesia by determining the degree to which dyskinesias

impact daily activities and social interactions. Part IV, item

4.3, measures the amount of time spent in the OFF state,

while item 4.4 measures the functional impact of motor

fluctuations (impact on activities and social interactions).

Higher scores indicate greater disability [29].

2.4 Efficacy Analyses

In each study, the primary efficacy measure was change

from baseline to 12 weeks in each patient’s UDysRS total

score. Secondary assessments included change at 12 weeks

in each patient’s PD-diary-based clinical states: OFF time,

and ON time without troublesome dyskinesia (the sum of

ON time with no dyskinesia and ON time with nontrou-

blesome dyskinesia), UDysRS historical (Parts I and II)

and objective (Parts III and IV) scores, MDS–UPDRS, and

CGI–C.

For each efficacy measure, mean change in each treat-

ment group was tested for a statistically significant differ-

ence between ADS-5102 and placebo using a linear mixed

model with repeated measures, with change from baseline

as the dependent variable and baseline value as a covariate.

The model included categorical effects for treatment group,

study visit (weeks 2, 8, and 12), and interaction between

treatment group and visit. The prespecified efficacy anal-

ysis population was the modified intent-to-treat (mITT)

population, comprising all randomized patients who were

exposed to the study drug and providing at least one post-

baseline UDysRS assessment. All analyses were set at a

two-sided, 5% significance level.
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Secondary assessments were analyzed using a fixed-se-

quence hierarchical gatekeeping procedure to control the

overall type 1 error rate. For the hierarchical analysis, the

comparisons of ADS-5102 versus placebo for ON time

without troublesome dyskinesia and ADS-5102 versus

placebo for OFF time at week 12 were performed using

linear mixed models with repeated measures methods using

two-sided tests at the 5% level of significance. A specified

comparison was considered confirmatory only if the pri-

mary efficacy analysis and all previously conducted sec-

ondary analyses were statistically significant (p\ 0.05).

As descriptive analyses, UDysRS data from patients

who provided such data at both baseline and 12 weeks

were utilized to calculate the placebo-corrected change in

UDysRS total score in patient subgroups stratified by sex,

age, median baseline UDysRS total score, median baseline

MDS–UPDRS item 4.2 score, and median baseline OFF-

time duration.

Diary data from all patients who provided such data at

both baseline and 12 weeks were utilized to characterize

the proportions of patients with specified magnitudes of

improvement in each PD-diary-based clinical state, and the

proportion of those who experienced complete resolution

(i.e. reduction to 0.0 h/day) of OFF time and ON time with

troublesome dyskinesia.

2.5 Safety Measures

The safety-analysis population included all patients

exposed to the study drug. Safety parameters included

adverse events (AEs), serious AEs (SAEs), and adverse

drug reactions (ADRs), defined as those events that were

expected to occur as a result of ADS-5102 treatment and

reported by the investigators, throughout study-drug

exposure.

2.6 Ethical Conduct

Each study was conducted in accordance with the Decla-

ration of Helsinki and Good Clinical Practice guidelines.

Before the start of each study, each site received approval

from an Institutional Review Board, Research Ethics

Board, or Independent Ethics Committee. Prior to any

study procedures, written informed consent was obtained

from each patient.

3 Results

3.1 Study Participants

Among 189 patients screened in EASE LID, 126 were

randomized. The study’s mITT population comprised 121

patients, of whom 63 received ADS-5102 and 58 received

placebo. In these groups, 52 and 51 patients, respectively,

completed 12 weeks. Among 114 patients screened in

EASE LID 3, 77 were randomized. The study’s mITT

population comprised 75 patients, of whom 37 received

ADS-5102 and 38 received placebo. In these groups, 29

and 35 patients, respectively, completed 12 weeks. Across

the two studies, the pooled mITT population comprised

100 patients randomized to ADS-5102 and 96 randomized

to placebo. The pooled safety population included an

additional two patients, both in EASE LID, who received

placebo but did not provide a post-baseline UDysRS

assessment (Fig. 1).

Baseline characteristics of the pooled mITT population

are summarized by study and treatment group in Table 1.

On average, the patients were aged 64.7 years (range

34–82 years), with a 9.7-year duration of PD (range

1.0–26.8), a 7.7-year duration of levodopa treatment (range

0.1–14.0), a 3.8-year duration of dyskinesia (range

0.1–14.0), and a mean UDysRS total score of 40.1 points

(range 8.0–76.0). They reported a mean 2.8 h/day of OFF

time (range 0.0–9.5) and 4.9 h/day of ON time with trou-

blesome dyskinesia (range 0.0–13.3). Except for levodopa

dosage, which, on average, was higher in EASE LID than

in EASE LID 3, and baseline use of dopamine agonists and

monoamine oxidase-B (MAO-B) inhibitors, which was less

common in EASE LID than in EASE LID 3, the ADS-5102

and placebo groups were well-balanced across the studies

and between the groups in each study.

63 assigned
ADS-5102

189 patients
screened

EASE LID

126 patients
randomized

96 pooled placebo group

100 pooled ADS-5102 group

63 assigned
placebo

63 included in
mITT population

58 included in
mITT population

39 assigned
placebo

144 patients
screened

EASE LID 3

77 patients
randomized

38 assigned
ADS-5102

38 included in
mITT population

37 included in
mITT population

 mITT POOLED ANALYSISa

Fig. 1 Pooled population used in this analysis arising from the EASE

LID and EASE LID 3 trials. aThe pooled safety population included

an additional two patients, both in EASE LID, who received placebo

but did not provide a post-baseline UDysRS assessment. mITT

modified intent-to-treat, UDysRS Unified Dyskinesia Rating Scale
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3.2 Efficacy: Unified Dyskinesia Rating Scale

The time course of change from baseline in UDysRS total

score is presented by pooled treatment group in Fig. 2a. At

each assessment time point, the least squares (LS) mean

change was significantly greater in the ADS-5102 group

than in the placebo group (p\ 0.0001 at each time point).

At 12 weeks, the LS mean (standard error [SE]) change

was - 17.7 (1.3) vs. - 7.6 (1.3) points in the placebo

group, an LS mean difference of - 10.1 (1.8) points (95%

confidence interval [CI] - 13.8, - 6.5; p\ 0.0001). This

represents a relative LS mean change from baseline to

week 12 of 41.1% for the ADS-5102 group and 13.9% for

the placebo group, a percentage treatment difference of

27.3% (p\ 0.0001) [Table 2]. For the historical, patient-

reported portions of the UDysRS (Parts 1 and 2), the LS

mean change was - 10.7 (0.9) vs. - 5.1 (0.8) points, an LS

mean difference of - 5.6 (1.2) points (95% CI - 8.0, - 3.3;

p\ 0.0001). For the physician-rated portions (Parts 3 and

4), the LS mean change was - 7.0 (0.8) vs. - 2.5 (0.8), an

LS mean difference of - 4.5 (1.1) points (95% CI - 6.6,

- 2.4; p\ 0.0001).

The cumulative distribution of change in UDysRS total

score at 12 weeks is presented by pooled treatment group

in Fig. 3. Approximately half of the ADS-5102 group had a

score reduction (improvement) of 17 points or more, while

approximately half of the placebo group had a reduction of

8 points or more. Every degree of score reduction was more

frequent for ADS-5102 than for placebo, producing a

leftward shift (signifying improvement) of the entire ADS-

5102 curve relative to the placebo curve.

Subgroup analyses of 12-week change in UDysRS total

score are presented in Fig. 4a. The treatment effect of

ADS-5102 was consistent across the following predefined

subgroups: sex, age, and baseline dyskinesia severity

(baseline UDysRS total score and baseline MDS–UPDRS,

Table 1 Baseline demographic and PD characteristics for the mITT populations

Variable EASE LID EASE LID 3 Pooled groups

ADS-5102

[n = 63]

Placebo

[n = 58]

ADS-5102

[n = 37]

Placebo

[n = 38]

ADS-5102

[n = 100]

Placebo

[n = 96]

Age, years [mean (SD)] 63.9 (9.4) 65.5 (8.7) 64.7 (9.7) 64.9 (9.1) 64.2 (9.5) 65.3 (8.8)

Sex [n (%)]

Male 35 (55.6) 35 (60.3) 19 (51.4) 20 (52.6) 54 (54.0) 55 (57.3)

Female 28 (44.4) 23 (39.7) 18 (48.6) 18 (47.4) 46 (46.0) 41 (42.7)

Race [n (%)]

White 60 (95.2) 51 (87.9) 36 (97.3) 38 (100.0) 96 (96.0) 89 (92.7)

Other 3 (4.8) 7 (12.1) 1 (2.7) 0 4 (4.0) 7 (7.3)

Duration of PD, years [mean (SD)] 9.5 (4.4) 9.0 (3.9) 10.4 (5.1) 10.7 (4.3) 9.8 (4.7) 9.7 (4.1)

Duration of levodopa treatment, years

[mean (SD)]

7.8 (3.7) 6.8 (3.3) 7.7 (4.1) 8.5 (4.8) 7.8 (3.9) 7.6 (4.1)

Levodopa dosage, mg/day [mean (SD)] 905.6 (482.2) 813.8 (513.5) 671.9 (465.7) 635.8 (446.7) 819.1 (487.2) 743.3 (493.5)

Duration of dyskinesia, years [mean (SD)] 4.1 (3.1) 3.3 (2.5) 3.8 (3.2) 4.0 (2.6) 4.0 (3.1) 3.6 (2.5)

UDysRS total score [mean (SD)] 40.9 (13.3) 38.5 (11.2) 40.2 (13.1) 41.2 (10.3) 40.6 (13.2) 39.6 (10.9)

MDS–UPDRS item 4.2 score [mean (SD)] 2.6 (0.6) 2.5 (0.5) 2.5 (0.6) 2.5 (0.5) 2.6 (0.6) 2.5 (0.5)

OFF time, hours/day [mean (SD)] 3.2 (2.4) 3.0 (2.1) 2.6 (2.0) 2.0 (1.7) 3.0 (2.3) 2.6 (2.0)

ON time with troublesome dyskinesia,

hours/day [mean (SD)]

4.7 (2.5) 4.5 (2.0) 4.7 (2.5) 6.0 (3.4) 4.7 (2.5) 5.1 (2.7)

ON time without troublesome dyskinesia,

hours/day [mean (SD)]

8.3 (3.5) 8.5 (2.8) 8.8 (2.5) 7.8 (3.2) 8.2 (3.0) 8.5 (3.1)

Patients with OFF time [n (%)] 57 (91.5) 52 (89.7) 29 (86.5) 35 (84.2) 86 (86.0) 87 (90.6)

Use of concomitant PD drugs [n (%)]

Dopamine agonist 29 (46.0) 34 (56.7) 21 (56.8) 25 (65.8) 50 (50.0) 59 (61.5)

MAO-B inhibitor 26 (41.3) 24 (40.0) 17 (45.9) 20 (52.6) 43 (43.0) 44 (45.8)

COMT inhibitor 7 (11.1) 9 (15.0) 3 (8.1) 1 (2.6) 10 (10.0) 10 (10.4)

Anticholinergic 2 (3.2) 3 (5.0) 0 2 (5.3) 2 (2.0) 5 (5.2)

COMT catechol-O-methyltransferase, MAO-B monoamine oxidase type B, MDS–UPDRS Movement Disorder Society–Unified Parkinson’s

Disease Rating Scale, PD Parkinson’s disease, SD standard deviation, UDysRS Unified Dyskinesia Rating Scale, mITT modified intent-to-treat
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Part IV, item 4.2 score). Among 46 ADS-5102 recipients

and 40 placebo recipients with UDysRS baseline scores

below the median (\40), the LS mean difference in

UDysRS total score change at 12 weeks was - 6.6 points

(95% CI - 11.7, - 1.6), favoring ADS-5102. Among 54

ADS-5102 recipients and 56 placebo recipients with

baseline scores equaling or exceeding the median (C 40),

the LS mean difference in score change was - 12.4 points

(95% CI - 17.7, - 7.2), also favoring ADS-5102. For

patient subgroups stratified by baseline MDS–UPDRS item

4.2 score, a similar pattern was seen. Among 49 ADS-5102

recipients and 48 placebo recipients with a baseline score

of 2, the LS mean difference in UDysRS total score change

at 12 weeks was - 8.4 points (95% CI - 12.9, - 3.9),

while among 51 ADS-5102 recipients and 48 placebo

recipients with a baseline score of 3 to 4, the difference was

- 12.1 points (95% CI - 17.8, - 6.3).

3.3 Efficacy: Movement Disorder Society–Unified

Parkinson’s Disease Rating Scale

At week 12, changes in MDS–UPDRS showed a statisti-

cally significant treatment effect for ADS-5102 for the Part

IV total score (p\ 0.0001), as well as for the item 4.1

(p = 0.0015), item 4.2 (p\ 0.0001), item 4.3

(p\ 0.0001), and item 4.4 scores (p = 0.0166) [Table 3].

The treatment difference from baseline to 12 weeks was

not statistically significant for the MDS–UPDRS Parts I, II,

and III combined (- 3.2; p = 0.1275), nor for Parts II and

III combined (- 2.2; p = 0.2282).

3.4 Efficacy: Parkinson’s Disease-Diary Findings

The time courses of change from baseline in OFF time, in

ON time with troublesome dyskinesia, and in ON time
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Fig. 2 Time course of change from baseline in a UDysRS total score, b OFF time, c ON time with troublesome dyskinesia, and d ON time
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without troublesome dyskinesia are presented by pooled

treatment group in Figs. 2b–d, respectively. For OFF time,

the LS mean treatment difference for ADS-5102 was a

reduction of 1.00 h/day (95% CI - 1.57, - 0.44;

p = 0.0006) [Table 3]. For ON time with troublesome

dyskinesia, the treatment effect of ADS-5102 was a

reduction of 1.46 h/day (95% CI - 2.25, - 0.67;

p = 0.0003), and for ON time without troublesome dysk-

inesia, there was an improvement of 2.42 h/day (95% CI

?1.48, ?3.37; p\ 0.0001) for the ADS-5102 group over

placebo.

For each state, the distribution of 12-week change is

presented by pooled treatment group in Figs. 5a–c. By

week 12, 25% of the ADS-5102 group had a complete

resolution of OFF time, compared with 14% in the placebo

group; 68% of the ADS-5102 group had an increa-

se[2.0 h/day in ON time without troublesome dyskinesia,

compared with 40% in the placebo group; and 52% of the

ADS-5102 group had a complete resolution of ON time

with troublesome dyskinesia, compared with 23% in the

placebo group. Across the distributions, increase in ON

time without troublesome dyskinesia reflected decreases

both in ON time with troublesome dyskinesia and OFF

time.

In the pooled mITT population, the median amount of

OFF time at baseline was 2.5 h/day. Among 45 ADS-5102

recipients and 49 placebo recipients with baseline OFF

time below the median, the LS mean difference in OFF-

time decrease at 12 weeks was - 0.8 h/day (95% CI

- 1.49, - 0.06), favoring ADS-5102 (Fig. 4b). Among 55

ADS-5102 recipients and 47 placebo recipients with

baseline OFF time equaling or exceeding the median, the

LS mean difference was - 1.2 h/day (95% CI - 2.08,

- 0.32), also favoring ADS-5102.

3.5 Efficacy: Clinician’s Global Impression

of Change

After 12 weeks of treatment, 36 subjects (37.5%) in the

placebo group and 76 subjects (76.0%) in the ADS-5102

group showed improvement in PD symptoms relative to

baseline. Fifteen subjects (15.6%) in the placebo group and

57 subjects (57.0%) in the ADS-5102 group showed

moderate to marked improvement. The difference between

the treatment groups was statistically significant

(p\ 0.0001 from the Cochran–Mantel–Haenszel mean

score test [using equally spaced scores] stratified by study)

[Fig. 6].

3.6 Safety

ADRs reported by the investigators throughout study-drug

exposure (up to 25 weeks in EASE LID and up toT
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13 weeks in EASE LID 3) are summarized by study and

treatment group, as well as for the pooled treatment groups,

in Table 4. Most ADRs were of mild to moderate intensity,

and transient. In the pooled ADS-5102 group, the most

common ADRs (reported in[10% of pooled patient data)

were hallucination (visual or auditory), dizziness, dry

mouth, peripheral edema, constipation, falls, and ortho-

static hypotension.

In the pooled ADS-5102 group, ADRs led to premature

discontinuation of treatment by 20 patients (20.0%) com-

pared with 8 patients (8.2%) in the placebo-treated group.

ADRs that led to treatment discontinuation in at least 2% of

patients were hallucinations (8 vs. 0% placebo), dry mouth

(3 vs. 0% placebo), peripheral edema (3 vs. 0% placebo),

blurred vision (3 vs. 0% placebo), postural dizziness and

syncope (2 vs. 0% placebo), abnormal dreams (2 vs. 1%

placebo), dysphagia (2 vs. 0% placebo), and gait distur-

bance (2 vs. 0% placebo).

In the pooled ADS-5102 group, SAEs were reported in

11 patients (11.0%). The only SAEs considered to be

related to the study drug were constipation and urinary

retention, in the same patient (1.0%). One patient died of

advanced PD during hospice care in the ADS-5102 group

(not related).

Visual hallucinations were reported by 18 patients in the

ADS-5102 group compared with 3 patients in the placebo

group. In 9 of the 18 patients reporting visual hallucination,

the first occurrence was within the first 30 days of study-

drug exposure. Of the 18 patients who reported visual

hallucinations, 7 discontinued treatment, 3 had a dose

interruption or reduction (to 137 mg), and 8 continued

treatment at 274 mg (5 of these 8 patients experienced

spontaneous resolution). Overall, for 9 of the 18 patients,

the visual hallucinations resolved within two weeks of

onset, and no patient required hospitalization or treatment

with an antipsychotic medication. In the ADS-5102 group,

the frequency of visual hallucination as a reported ADR

showed no marked relation to use versus non-use of

dopamine agonists or MAO-B inhibitors.

In the pooled ADS-5102 group, hallucination (visual or

auditory) was reported in 16 of 52 (30.8%) patients

agedC 65 years, compared with 5 of 48 (10.4%) patients

aged B 65 years. ADS-5102 patients with a baseline eGFR

of 50–89 mL/min/1.73 m2 had an increased rate of visual

hallucinations (26.1%), compared with 6 of 54 patients

(11.1%) with baseline eGFRC 90 mL/min/1.73 m2.

Patients with major psychiatric disorders, including

suicidal ideation, were excluded from the studies, although

two patients receiving ADS-5102 experienced suicidal

ideation—one was assessed as related to the study drug,

and the other was assessed as not related to ADS-5102. The

second patient, who attempted suicide, had stopped the
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Fig. 4 Subgroup analyses of 12-week change in a UDysRS total

score and b OFF time (2.5 h is the median baseline OFF time).
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and 41 for placebo. cn = 54 for ADS-5102 and 55 for placebo.
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49 for placebo. CI confidence interval, LS least squares, MDS–

UPDRS Movement Disorder Society–Unified Parkinson’s Disease

Rating Scale, UDysRS Unified Dyskinesia Rating Scale
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study drug 4 days prior to the attempt. Both patients dis-

continued the study drug.

In general, vital signs and laboratory test results

remained consistent with baseline values and were similar

between treatment groups throughout the studies.

4 Discussion

ADS-5102 is an ER formulation of amantadine, and, when

administered once-daily at bedtime, achieves high plasma

drug concentrations (approximately 1500 ng/mL)

throughout the day. These plasma concentrations cannot be

obtained with amantadine IR when administered conven-

tionally [24], and a phase II/III dose-finding study and two

phase III clinical trials have shown that ADS-5102 reduces

dyskinesia and also reduces daily OFF time [24–26]. As the

phase III studies shared the same selection criteria and

study design (except that EASE LID 3 had a longer treat-

ment period) and the patient populations were comparable

(Table 1), pooling of the patients allowed for further useful

analysis.

This pooled analysis confirms that ADS-5102 showed a

significant improvement over placebo for dyskinesia, as

measured by the primary analysis of UDysRS total score,

as early as two weeks (the first post-baseline assessment

time point), and maintained this improvement over

12 weeks, with a mean treatment difference versus placebo

of - 10.1 points at week 12 (Fig. 2a). More ADS-5102-

treated subjects achieved any given level of UDysRS total

score improvement, as seen by the leftward shift of the

cumulative percentage curve (Fig. 3). For example, 50% of

ADS-5102 patients achieved a score reduction of 17 points

or more, versus approximately 20% of placebo patients. In

addition, patient-reported and physician-rated UDysRS

subscores (Parts I and II, and Parts III and IV, respectively)

at 12 weeks showed comparable benefit versus placebo

(Table 2).

No statistically significant change was observed in

MDS–UPDRS Parts I, II, and III scores, showing that

ADS-5102 has no significant effect of worsening the

underlying PD, nor does it significantly impact the motor

activities of daily living. The MDS–UPDRS Part IV score

and the scores for time spent with dyskinesia (item 4.1) and

functional impact of dyskinesia (item 4.2) both showed a

significant beneficial treatment effect for ADS-5102, sup-

porting the finding of the primary analysis. There was also

significant improvement in the MDS–UPDRS Part IV

items relating to motor fluctuations (items 4.3 and 4.4),

which supports the observed decrease in OFF time due to

ADS-5102 treatment.

For all the measured subgroups, the ADS-5102 group

showed a greater benefit over placebo (Fig. 4). In addition,

the benefit versus placebo was independent of baseline

dyskinesia severity, as judged by the overlap in 95% CIs

for the 12-week change in UDysRS total score in patient

subgroups stratified by baseline UDysRS total score or

baseline MDS–UPDRS item 4.2 score. However, the mean

benefit was numerically greater in patients with more

severe dyskinesia (baseline UDysRS total scoreC 40, and

MDS–UPDRS item 4.2 score 3–4).

Table 3 Secondary outcome measures

Parameter LS mean change from baseline (SE) p valueb

ADS-5102

[n = 100]

Placebo

[n = 96]

Treatment differencea

[95% CI]

ON time without troublesome dyskinesia, hours/day 3.80 (0.35) 1.37 (0.34) - 2.42 (1.48, 3.37) \0.0001

OFF time, hours/day - 0.59 (0.21) 0.41 (0.20) - 1.00 (- 1.57, - 0.44) 0.0006

ON time with troublesome dyskinesia, hours/day - 3.34 (0.29) - 1.88 (0.28) - 1.46 (- 2.25, - 0.67) 0.0003

Total time with dyskinesia, hours/day - 4.14 (0.43) - 2.24 (0.42) - 1.90 (- 3.07, - 0.74) 0.0015

MDS–UPDRS, Part IV (motor complications) - 4.4 (0.31) - 2.1 (0.30) - 2.3 (- 3.2, - 1.5) \0.0001

MDS–UPDRS, Part IV, item 4.1 (time spent with dyskinesia) - 1.0 (0.11) - 0.6 (0.10) - 0.5 (- 0.8, - 0.2) 0.0015

MDS–UPDRS, Part IV, item 4.2 (functional impact of

dyskinesia)

- 1.5 (0.11) - 0.8 (0.15) - 0.8 (- 1.0, - 0.5) \0.0001

MDS–UPDRS, Part IV, item 4.3 (time spent in OFF state) - 0.3 (0.06) 0 (0.06) - 0.3 (- 0.5, - 0.2) \0.0001

MDS–UPDRS, Part IV, item 4.4 (functional impact of

fluctuations)

- 0.8 (0.12) - 0.4 (0.11) - 0.4 (- 0.7, - 0.1) 0.0166

CI confidence interval, LS least squares, MDS–UPDRS Movement Disorder Society–Unified Parkinson’s Disease Rating Scale, SE standard error
aADS-5102–placebo
bP values are based on the comparison of ADS-5102 versus placebo from the mixed effect model repeat measurement model
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As measured by PD home-diary entries, significant

improvements in the total daily durations of PD clinical

states were also achieved by two weeks, and were main-

tained through 12 weeks. At the end of 12 weeks, the

placebo-corrected mean decrease in OFF time was

approximately 1 h/day, irrespective of baseline OFF-time

duration, and complete resolution of OFF time (and ON

time with troublesome dyskinesia) was approximately

twice as frequent in the ADS-5102 group as in the placebo

group. A decrease in mean OFF time was associated with a

decrease in mean ON time with troublesome dyskinesia,

supporting the clinical relevance of the observed change in

UDysRS total score. The subgroup analysis shows that the

improvement occurs irrespective of the baseline OFF time,

although the effect is slightly numerically greater for

patients with longer (C 2.5 h) OFF times at baseline.

The mechanism of action by which ADS-5102 reduces

OFF time is unknown, although it could be related to the

NMDA receptor antagonism by amantadine, which may

block overactive glutamate transmission in the pathway

that favors the OFF state in patients with motor compli-

cations, resulting in a reduction of OFF time [32].

Changes in the CGI–C also supported the primary

analysis findings by showing a statistically significant

treatment effect for ADS-5102 at week 12 compared with

placebo (p\ 0.0001), with 57.0% of subjects in the ADS-

5102 group showing moderate to marked improvement in

PD symptoms versus 15.6% of subjects in the placebo

group.

In general, ADS-5102 was safe and well tolerated.

Although visual hallucinations were a reported ADR pri-

marily among patients receiving ADS-5102, hallucinations

are a frequent occurrence in PD. Factors such as age, PD

progression, cognitive impairment, sleep disorders,

comorbidities, and concomitant medications are known to

influence the risk of such events [33]. In this study, there

was a higher number of ADRs of hallucinations in

patientsC 65 years, as well as in those with eGFR

50–89 mL/min/1.73 m2.

In the pooled ADS-5102 group, the frequency of visual

hallucination showed no marked relation to the use of

dopamine agonists or MAO-B inhibitors. However, across

the individual studies, the frequency of visual hallucination

among ADS-5102 recipients was higher in EASE LID than

in EASE LID 3 (23.8% vs. 8.1%, respectively). Although

concomitant medication use was less frequent in EASE

LID than in EASE LID 3 (46.0% vs. 56.8% for dopamine

agonists, and 41.3% vs. 45.9% for MAO-B inhibitors,

respectively), mean levodopa dosage was higher in EASE

LID (905.6 vs. 671.9 mg/day). Use of anticholinergics was

low in both studies, and all other baseline characteristics

had similar values across the studies [25, 26]. Patients

receiving ADS-5102 should be monitored for
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hallucinations, especially at the inception of treatment and

after dose increases. Lastly, the ADRs of dry mouth, con-

stipation, and nausea appear to be predicted by the anti-

cholinergic activity of ADS-5102.

5 Conclusions

The unique pharmacokinetic characteristics of ADS-5102

may be important for its efficacy in reducing OFF time and

dyskinesia, and its favorable tolerability [24]. There is a

need for a pharmacotherapy that ameliorates dyskinesia

and OFF time, potentially enabling optimization of levo-

dopa dosing. The present analyses further support ADS-

5102, administered once daily at bedtime, as an adjunct to

levodopa for treating both dyskinesia and OFF time in PD

patients.
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