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Abstract
Amantadine extended release (ER)  [GOCOVRI®], an NMDA receptor antagonist, is an important treatment option in the 
management of levodopa-induced dyskinesia (LID) and OFF episodes in patients with Parkinson’s disease (PD). Taken at 
bedtime, amantadine ER provides low plasma levels overnight and high plasma concentrations during the waking day (i.e. 
delayed release). In randomized, double-blind, placebo-controlled phase III trials in adults with PD, once-daily amantadine 
ER was effective in improving LID, reducing OFF time and increasing ON time without troublesome dyskinesia, compared 
with placebo. Control of motor complications with amantadine ER was evident throughout the day, with fewer transitions 
between motor states. The clinical benefits of amantadine ER in reducing the duration and impact of dyskinesia and OFF 
episodes were durable with long-term treatment. Amantadine ER is generally well tolerated, including in the long term, with 
the majority of adverse events being mild or moderate in severity.

Plain Language Summary
Parkinson’s disease (PD), a common neurodegenerative disease, is associated with motor and non-motor symptoms and thus 
exerts a considerable burden on the health system. Levodopa is considered the gold standard treatment for PD; however, 
prolonged use is associated with reduced efficacy in the setting of more advanced disease and the emergence of motor com-
plications of dyskinesia and OFF episodes. Management of these motor complications often involves the trade-off between 
treating one or the other. Amantadine extended release (ER) capsules  (GOCOVRI®), administered once daily at bedtime, are 
the first to be approved in the USA to treat both dyskinesia and OFF episodes in PD. Evidence for the efficacy of amantadine 
ER has been demonstrated in two randomized, placebo-controlled phase III trials in PD patients with levodopa-induced dys-
kinesia (LID), where it reduced dyskinesia and OFF time and increased ON time without troublesome dyskinesia, relative to 
placebo. Benefits with amantadine ER were durable over long-term treatment. Amantadine ER is generally well tolerated in 
patients with LID, with no new safety concerns identified during longer-term use. Given its efficacy and tolerability profile, 
amantadine ER is an important treatment option for the management of LID and OFF episodes in PD patients.

 * Zaina T. Al-Salama 
 dtp@adis.com

1 Springer Nature, Private Bag 65901, Mairangi Bay, 
Auckland 0754, New Zealand

Digital Features for this Adis Drug Q&A can be found at https:// 
doi. org/ 10. 6084/ m9. figsh are. 19546 876.

What is the rationale for using amantadine 
extended release (ER)  [GOCOVRI®] 
in Parkinson’s disease (PD)?

The incidence of Parkinson’s disease (PD), the second most 
frequent neurodegenerative disease, is expected to continue 
to rise over the next decade, and with it the burden it places 
on the health system [1, 2]. Nigral dopaminergic degenera-
tion leads to the cardinal motor symptoms of the disease 
(including bradykinesia, rigidity, resting tremor, and pos-
tural instability), while non-motor symptoms (e.g. depres-
sion or apathy) of the disease may reflect non-dopaminergic 
neurotransmitter derangements and can sometimes be treated 

http://crossmark.crossref.org/dialog/?doi=10.1007/s40267-022-00912-y&domain=pdf
https://doi.org/10.6084/m9.figshare.19546876
https://doi.org/10.6084/m9.figshare.19546876
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Adis evaluation of amantadine ER  (GOCOVRI®) in 
the management of LID and OFF episodes in PD 

Delayed-release, extended-release (DR/ER) oral formu-
lation administered once daily at bedtime

Significantly improves dyskinesia and OFF time relative 
to placebo

Significantly increases ON time without troublesome 
dyskinesia relative to placebo

Durable clinical benefits with long-term treatment

Generally well tolerated

An extended-release (ER) capsule formulation of aman-
tadine  (GOCOVRI®), an NMDA receptor antagonist, was 
the first drug to be approved in the USA for the treatment 
of dyskinesia in patients with PD receiving levodopa-based 
therapy, with or without dopaminergic medications; the 
use of amantadine ER in this indication has been reviewed 
previously [7]. Amantadine ER has since been approved in 
the USA as adjunctive treatment to levodopa/carbidopa in 
patients with PD experiencing OFF episodes, and is the first 
agent to be approved for both dyskinesia and OFF episodes 
in patients with PD [8]. Table 1 provides a summary of the 
US prescribing information for the use of amantadine ER for 
the approved indications in patients with PD. Consult local 
prescribing information for further details. Discussion of 
the use of other oral amantadine formulations [including IR 
 (SYMMETREL® [9]) and IR/ER  (OSMOLEX® [10]) for-
mulations] in their approved indications (i.e. the treatment of 
PD and the treatment of drug-induced extrapyramidal reac-
tions) is beyond the scope of this article.

How should amantadine ER  (GOCOVRI®) be 
used?

Amantadine ER, available as an ER capsule for oral admin-
istration, should be swallowed whole once daily at bedtime 
at the recommended dosage (Table 1) [8]. Alternatively, the 
contents of the capsule may be sprinkled on a small amount 
of soft food (e.g. applesauce) and swallowed immediately 
without chewing; the drug/food mixture should not be stored 
for future use. Sudden discontinuation of amantadine ER 
should be avoided, and to avoid adverse reactions associated 
with a rapid dose reduction or withdrawal, the dosage of 
amantadine ER should be reduced by half for the final week 
of dosing (if possible) in patients who have been receiving 
the drug for longer than 4 weeks. Amantadine ER is not 
interchangeable with other amantadine IR or ER products 
[8].

Given the antiviral properties of amantadine ER and its 
potential interference with the efficacy of live attenuated 
influenza vaccines, the use of these vaccines is not recom-
mended during treatment. Inactivated influenza vaccines 
may be used, as appropriate [8].

What are the pharmacological properties 
of amantadine ER  (GOCOVRI®)?

The exact mechnism by which amantadine exerts its effi-
cacy in the treatment of LID or OFF episodes in patients 
with PD is unknown [8]. Amantadine, a weak uncompetitive 
antagonist of the NMDA receptor, may exert its efficacy by 
reducing excessive glutamergic activity which contributes to 

by directly targeting the relevant neurotransmitter [1–4]. 
Some non-motor symptoms remain a treatment challenge 
as they are poorly understood [2].

Levodopa, the gold standard treatment option for PD, is 
initially highly effective in improving motor symptoms but 
prolonged use is associated with reduced efficacy in more 
advanced PD and the appearance of motor complications 
including periods of dyskinesia (mainly arising when symp-
toms are controlled, i.e. ON time) and OFF episodes [1, 2]. 
OFF episodes are periods within a day when the current 
levodopa dose wears off and parkinsonian signs and symp-
toms return and functional status declines; motor fluctua-
tions occur between ON times (periods within a day when 
PD signs and symptoms are reduced and functional status is 
improved) and OFF episodes [3]. After 10 years of levodopa 
treatment, up to 90% of treated patients will have levodopa-
induced dyskinesia (LID) and/or OFF episodes, both of 
which have an adverse effect on health-related quality of 
life, activities of daily living, care-partner burden, incidence 
of fall risk and healthcare costs [3, 5].

Peak-dose dyskinesia is the most common type of LID, 
and its management involves decreasing individual doses 
of levodopa; increasing the frequency of a lower dose of 
levodopa; adding a dopamine agonist while decreasing 
the dose of levodopa; switching to immediate-release (IR) 
formulations; and reducing the doses of or discontinuing 
dopamine-enhancing medications (e.g. monoamine oxidase 
B inhibitors) [6]. Conversely, the management of OFF epi-
sodes typically involves increasing the dosage or frequency 
of levodopa with or without the addition of adjunctive dopa-
minergic medication; however, such adjustments can cause 
an increase in the incidence of dyskinesia and thus presents 
a challenge when treating patients with both OFF episodes 
and dyskinesia [2]. The different approaches to treating dys-
kinesia and OFF episodes has meant that a trade-off between 
managing one or the other was necessary.
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Table 1  Summary of the prescribing information of amantadine extended release  (GOCOVRI®) in Parkinson’s disease in the USA [8]

AEs adverse events, CNS central nervous system, ER extended release, PD Parkinson’s disease, ↑ increase(d/s) , ↓ decrease(d)

What are the approved indications for amantadine ER?
For the treatment of dyskinesia in patients with PD receiving levodopa-based therapy, with or without concomitant dopaminergic medications
Adjunctive treatment to levodopa/carbidopa in patients with PD experiencing OFF episodes
How is amantadine ER available?
ER capsules for oral administration containing 68.5 mg or 137 mg of amantadine
How should drug be administered?
Method of administration Capsules should be swallowed whole, or the entire contents sprinkled on a teaspoonful of soft food 

and consumed immediately without chewing
Initial dosage 137 mg administered once daily at bedtime for 1 week
Maintenance dosage After 1 week, ↑ to 274 mg (2 × 137 mg capsules) once daily at bedtime
Timing of administration With or without food
What are the contraindications to the use of amantadine ER?
End-stage kidney disease
How should amantadine ER be used in special populations?
Kidney impairment Mild (creatinine clearance: 60–89 mL/min/1.73  m2): no dosage adjustment required

Moderate (30–59 mL/min/1.73  m2): initial dosage of 68.5 mg once daily at bedtime; can ↑ after 1 
week (if needed) to a maximum of 137 mg once daily at bedtime

Severe (15–29 mL/min/1.73  m2): 68.5 mg once daily at bedtime
End stage kidney disease (<15 mL/min/1.73  m2): contraindicated

Pregnant patients Inadequate data in pregnant women
The effects of amantadine on foetal development have not been evaluated in animal studies conducted 

using currently recommended methodology; however, literature studies suggest a potential risk for 
foetal harm.

Breastfeeding patients No information on the risk to breastfed infants; amantadine is excreted in breast milk (not quantified)
Effect on milk supply has not been evaluated in nursing mothers, although data from published stud-

ies indicate that amantadine may alter production and excretion of breast milk
Consider benefits of breastfeeding alongside benefits of amantadine ER for mother and any potential 

adverse effects of amantadine ER or underlying maternal condition on breastfed infant
Paediatric patients Efficacy and safety in this patient population have not been established
Geriatric patients No dosage adjustment required; carefully select dose and monitor kidney function as elderly patients 

likely to have ↓ kidney function
What clinically relevant drug interactions may potentially occur with amantadine ER?
Other anticholinergic drugs Anticholinergic AEs (including hallucinations or confusions [11, 12]) may be potentiated when 

amantadine and agents with anticholinergic properties are concomitantly used
↓ dose of amantadine ER or anticholinergic drugs if atropine-like effects appear when concomitantly 

used
Drugs affecting urinary pH Excretion of amantadine is influenced by the pH of urine, which can be altered by diet, drugs (e.g. 

sodium bicarbonate) or the patient’s clinical state (severe urinary tract infection)
Excretion of amantadine ↑ rapidly when urine pH is acidic (i.e. ↑ elimination and ↓ efficacy); ↑ accu-

mulation of amantadine when urine pH is alkaline (and ↑ AEs)
Monitor for efficacy and AEs when urine pH is altered towards acidic or alkaline conditions, respec-

tively
Live attenuated influenza vaccines Amantadine may interfere with the efficacy of the live attenuated vaccine, due to its antiviral proper-

ties
Live vaccines are not recommended during treatment; inactivated influenza vaccines can be used (as 

appropriate)
Alcohol May ↑ potential for CNS effects and may result in dose-dumping

Concomitant use with alcohol is not recommended
Pharmacokinetic interactions See Table 2
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dyskinesia or OFF episodes [13, 14]. Amantadine also has 
dopamine reuptake inhibiting properties [15]. In humans, 
amantadine is associated with dopaminergic-like adverse 
events (AEs) such as hallucinations and dizziness, indicating 
that it may directly and indirectly affect dopamine signalling 
[8]; these AEs may also be due to antiglutamatergic and/or 
anticholinergic activity [16, 17]. In animal studies, aman-
tadine has not demonstrated direct anticholinergic activity; 
however, anticholinergic-like AEs have been observed with 
amantadine in humans [8]. The potential for central nervous 
system effects may be increased with concomitant alcohol 
consumption, and is thus not recommended [8].

Amantadine ER (68.5 mg, 137 mg and 274 mg) dem-
onstrated dose-porportional pharmacokinetics in healthy 
volunteers [8]. The ER formulation of amantadine has a 
markedly different pharmacokinetic profile to that of the IR 
formulation, with the latter showing a more rapid increase 
in the mean plasma amantadine concentration [18]. Follow-
ing administration of amantadine ER at bedtime, the mean 
plasma concentration-time profile for amantadine shows 
a ≈3 h lag time for absorption (i.e. delayed release) fol-
lowed by a slow rise in amantadine plasma concentrations 
(i.e. extended release); the maximum concentrations occur 
in the morning [18] and are sustained throughout the day 
[19], while lower concentrations occur in the evening [18]. 
The aforementioned distinctive pharmacokinetic profile of 
amantadine ER may contribute to its efficacy in reducing 
both dyskinesia and OFF time [19]. The pharmacokinetic 
properties of amantadine ER have been reviewed previously 
[7], and are summarized in Table 2.

What is the efficacy of amantadine ER 
 (GOCOVRI®) in PD?

Amantadine ER 274 mg capsules administered once daily at 
bedtime are effective in the treatment of LID in PD and as 
adjunctive treatment to levodopa/carbidopa in patients with 
PD experiencing OFF episodes. The efficacy of amantadine 
ER was demonstrated in the randomized, double-blind, 
placebo-controlled phase III, 13-week EASE LID 3 [21] 
and 25-week EASE LID [22] trials, and further supported 
by efficacy data from the long-term, open-label 101-week 
EASE LID 2 safety trial which included patients who had 
completed the double-blind studies [23]. The amantadine 
dose of 274 mg was selected for the phase III trials, based 
on results of an earlier phase II/III dose-ranging EASED 
trial [24].

The EASE LID and EASE LID 3 studies enrolled patients 
who were aged 30–85 years (mean age 63.9–65.5 years), 
diagnosed with PD based on the UK Parkinson Disease 
Society Brain Bank Clinical Diagnostic Criteria (mean time 
since PD diagnosis 9.0–10.7 years), had a score of ≥2 (i.e. 

at least a mild functional impact of dyskinesia) on a scale 
0–4 based on the Movement Disorder Society–Unified Par-
kinson’s Disease Rating Scale (MDS-UPDRS), part IV, item 
4.2, at screening and baseline, and at least two 0.5 h periods 
of ON time with troublesome dyskinesia between 9 a.m. and 
4 p.m. recorded in a 24-h PD patient diary on each of two 
consecutive days just before the first day of treatment (i.e. 
day 1) [21, 22].

All antiparkinsonian medications, including levodopa 
preparations (which were to be administered ≥3 time daily), 
were to remain unchanged for ≥30 days before screening 
and during participation in the trials [21, 22]. Among the 
key exclusion criteria in EASE LID and EASE LID 3 were 
amantadine use within 30 days before screening, or a docu-
mented intolerance or lack of dyskinesia response to aman-
tadine, neurosurgical intervention related to PD, current 
treatment with apomorphine hydrochloride or dopamine 
receptor blocking agents, rimantadine or medications that 
prolong the QT interval and having a known risk of torsades 
de pointes, atypical parkinsonism, levodopa or dopamine 
agonist-induced psychosis, and cognitive (Mini-Mental State 
Examination score of <24 during screening) or abnormal 
kidney function [estimated glomerular filtration rate (eGFR) 
< 50 mL/min/1.73  m2][21, 22].

Eligible patients in EASE LID and EASE LID 3 were 
randomized to receive amantadine ER or placebo, once daily 
at bedtime [21, 22]. In the amantadine ER arm, patients 
received 137 mg/day for the first week of treatment, fol-
lowed by 274 mg/day from the second week of treatment 
until the last week of treatment, when the dosage was 
reduced to 137 mg/day. The prespecified efficacy analy-
sis population was the modified intent-to-treat population 
(mITT) [Table 3], which included patients who received 
treatment and provided ≥1 postbaseline assessment of the 
Unified Dyskinesia Rating Scale (UDysRS). In EASE LID 
and EASE LID 3, the primary efficacy endpoint was change 
in UDysRS total score from baseline to week 12; key sec-
ondary endpoints were assessed hierarchically (Table 3) [21, 
22].

Amantadine ER significantly improved the UDysRS total 
score from baseline relative to placebo at week 12 (primary 
endpoint; Table 3) in EASE LID and EASE LID 3 [21, 22]; 
a significant improvement from baseline was also evident at 
week 24 in EASE LID (key secondary endpoint; Table 3) 
[22]. In the two trials, significant improvements in the 
UDysRS total scores with amantadine ER relative to placebo 
were consistent across several subgroups of patients based 
on age, baseline kidney function and dyskinesia severity, 
where the upper limit of the 95% confidence interval (CI) 
of the least-squares mean (LSM) for the treatment differ-
ence was <1 [21, 22]. The historical (duration and effect; 
patient-reported) and objective (impairment and disability; 
rater-assessed) UDysRS scores were significantly (p < 0.05) 
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improved with amantadine ER versus placebo at week 12 
in EASE LID and EASE LID 3 [21, 22], and at week 24 in 
EASE LID [22].

Treatment with amantadine ER significantly improved 
key secondary PD diary endpoints (ON time without trou-
blesome dyskinesia and OFF time) relative to placebo [22]. 
Amantadine ER significantly prolonged ON time without 
troublesome dyskinesia and reduced OFF time compared 
with placebo at week 12 in EASE LID and EASE LID 3 
(Table 3) [21, 22]; these improvements were maintained at 
week 24 in EASE LID (Table 3) [22].

For ON time with troublesome dyskinesia, the LSM 
reductions from baseline with amantadine ER and placebo 
were –3.6 h versus –2.5 h (p = 0.09) in EASE LID 3 [21]. 
Conversely, in EASE LID, the improvement in ON time with 
troublesome dyskinesia was significantly (p < 0.01) greater 
among amantadine ER versus placebo recipients at weeks 
12 (LSM changes of –3.2 vs –1.6 h) and 24 (–3.3 vs –1.9 h) 
[22].

Amantadine ER significantly (p  ≤  0.001) improved 
motor complications, as assessed by the MDS-UPDRS part 
IV, compared with placebo at week 12 in EASE LID (LSM 
changes of –4.4 vs –2.5) [22] and EASE LID 3 (–4.3 vs –1.3) 
[21], and at week 24 in EASE LID (–4.2 vs –2.0) [22]. For 
assessments of non-motor and motor experiences of daily 
living and motor examination using the MDS-UPDRS parts 
I–III combined scores, amantadine ER was associated with 
significant (p < 0.05) improvements compared with placebo 
at week 12 in EASE LID 3 [21]. In contrast, there were no 
marked differences between amantadine ER and placebo in 
MDS-UPDRS parts I–III combined scores at weeks 12 and 
24 in EASE LID [22].

Improvements in overall PD symptoms, including dyski-
nesia, as assessed by the Clinician’s Global Impression of 
Change (CGI-C) scale were seen in significantly (p < 0.001 
for overall distribution) more amantadine ER than placebo 
recipients at week 12 in EASE LID (81% vs 36%) [22] and 
EASE LID 3 (68% vs 39%) [21]. At week 24 in EASE LID, 

Table 2  Key pharmacokinetic properties of amantadine extended release  (GOCOVRI®) [8]

ER extended release
a CYP1A2, 2B6, 2C19, 2C8, 2C9, 2D6, 2E1, 3A4 and 3A5
b One or more organic cation transporters (independent of OCT2) may be involved in the elimination of amantadine via the kidneys

Absorption Median time to maximum plasma concentration is ≈12 h, following a single bedtime dose of amantadine ER
Steady-state concentrations reached 4 days after dose initiation of amantadine ER, with an accumulation ratio of 

1.2–1.3
Pharmacokinetics of amantadine unaffected by high-fat or high-calorie meal, or by sprinkling the entire contents 

of amantadine ER capsule on applesauce
Extended- and immediate-release formulations are not bioequivalent [18]

Distribution Potential extravascular distribution (volume of distribution 3–8 L/kg) and ≈67% bound to plasma proteins (con-
centration range 0.1–0.2 µg/mL)

Elimination Mainly excreted in the unchanged form in the urine by glomerular filtration and tubular secretion
The ratio of amantadine kidney clearance to apparent plasma clearance is 0.79, and the apparent plasma clear-

ance of amantadine is ≈0.27 L/h/kg (healthy subjects)
The mean plasma half-life of amantadine at steady state is ≈16 h
Eight metabolites identified in human urine, one of which accounts for 0–15% of the administered dose (an 

N-acetylated compound); its role in drug efficacy or toxicity is unknown
Special populations Mean total amantadine clearance is 1.2-fold higher in males than females (body weight-adjusted), following 

administration of amantadine ER in healthy volunteers; no dosage adjustment required
Pharmacokinetics of amantadine not markedly different in subjects with abnormal kidney function and normal 

kidney function [18]
Kidney clearance of amantadine is significantly lower in patients with moderately or severely impaired kidney 

function than in healthy adults, and can result in a significant accumulation in the plasma; dosage adjustments 
are required (Table 1)

Pharmacokinetic interac-
tions

Negligible or no inhibitory activity against P-gp, BCRP, MATE2-K, OAT1, OAT3, OATP1B1 and OATP1B3 in 
patients with Parkinson’s disease receiving amantadine ER 274 mg; does not significantly inhibit the enzyme 
activity of drug metabolizing cytochrome P450  isoformsa

Amantadine is a poor substrate of OCT2 and MATE1; not a substrate of OAT1, OAT3 or MATE2-K
Quinidine (organic cation  transporterb inhibitor) decreased amantadine clearance by 33%; clinical significance 

unknown
Drug-drug interactions with cationic drugs which inhibit kidney tubular secretion may increase the risk of 

adverse reactions of amantadine [20]
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68% and 47% of amantadine ER and placebo recipients were 
considered to be improved from baseline, albeit no longer 
statistically significant [22].

Pooled analyses

Results of pooled analyses of EASE LID and EASE LID 
3 (pooled mITT population = 196) were consistent with 
results of the individual studies, for the primary and key 
secondary endpoints; the improvements in the UDysRS total 
score from baseline with amantadine ER compared with pla-
cebo were significant at each time point from week 2 and 
sustained through to week 12 [25].

In a subgroup of patients with substantial (≥2.5 h) OFF 
time at baseline (n = 102), the LSM between-group differ-
ence was significant (p < 0.01) in favour of amantadine ER 
at week 12 and was –1.2 h for OFF time and +3.4 h for ON 
time without troublesome dyskinesia [26]. At week 12 in 
the ≥2.5 h subgroup, amantadine ER was associated with 
improvements in overall PD symptoms (as assessed by CGI-
C; p < 0.0001), motor complications (MDS-UPDRS part 
IV) and motor experiences of daily living (MDS-UPDRS 
part II) relative to placebo; statistically significant differ-
ences favouring amantadine ER were evident at all double-
blind visits in the ≥2.5 h subgroup. There was no significant 
overall change in MDS-UPDRS parts I or III scores in the 
≥2.5 h subgroup [26].

The efficacy of amantadine ER was also demonstrated 
in patients meeting the 5-2-1 (≥5 levodopa doses, ≥2-h 
OFF and ≥1-h dyskinesia per day) criteria for advanced PD 
(n = 64; mITT), at week 12 [27]. The 5-2-1 criteria iden-
tify patients with PD who are uncontrolled on oral therapies 
and may therefore benefit from device-aided therapies. In 
the 5-2-1 cohort, amantadine ER significantly (p ≤ 0.002) 
improved the UDysRS scores (LSM between-group differ-
ence −9.57) and ON time without troublesome dyskinesia 
(LSM between-group difference +2.90 h) from baseline rela-
tive to placebo at week 12. At week 12, amantadine ER was 
also associated with significant (p < 0.05) improvements 
from baseline relative to placebo in OFF time, ON time with 
troublesome dyskinesia and MDS-UPDRS parts II and IV 
[27].

With respect to the effects of amantadine ER in PD 
patients beyond the primary and secondary outcomes in the 
phase III trials, amantadine ER offered the following ben-
efits over placebo at week 12 in pooled analyses:

• Item analysis of the UDysRS (n = 196) Amantadine ER 
significantly (p < 0.05) improved the patient-rated impact 
of dyskinesia from baseline compared with placebo for 
6/10 activities of daily living (ADLs) [walking and bal-
ance, eating tasks, doing hobbies and other activities, 
public and social settings, exciting or emotional settings 
and speech] itemised in UDysRS part IB [28]. Treat-

Table 3  Summary of key trials demonstrating the efficacy of amantadine extended release  (GOCOVRI®) in patients with Parkinson’s disease

Reductions in the UDysRS total score and OFF time indicate improvements
BL baseline, ER extended release, LSM least squares mean, mITT modified intent-to-treat population, UDysRS Unified Dyskinesia Rating Scale, 
wk week
*p < 0.05, **p < 0.001, ***p < 0.0001 vs placebo
a Key secondary endpoints were assessed hierarchically in the following order in EASE LID 3: change from baseline in ON time without trouble-
some dyskinesia and OFF time at week 12
b Key secondary endpoints were assessed hierarchically in the following order in EASE LID: change from baseline in UDysRS total score at 
week 24, ON time without troublesome dyskinesia at weeks 12 and 24, and OFF time at weeks 12 and 24

Study details Key efficacy results (amantadine ER vs placebo)

EASE LID 3 (13-wk randomized, double-blind and placebo-controlled phase III trial) [21]
Treatment [no. of pts (mITT)] Amantadine ER (37); placebo (38)
Primary efficacy endpoint UDysRS total score (LSM change from BL at wk 12): −20.7*** vs −6.3
Key secondary  endpointsa ON time without troublesome dyskinesia (LSM change from BL at wk 12): +4.0* vs +2.1

OFF time (LSM change from BL at wk 12): −0.5* vs +0.6
EASE LID (25-wk randomized, double-blind and placebo-controlled phase III trial) [22]
Treatment [no. of pts (mITT)] Amantadine ER (63); placebo (58)
Primary efficacy endpoint UDysRS total score (LSM change from BL at wk 12): −15.9** vs −8.0
Key secondary  endpointsb UDysRS total score (LSM change from BL at wk 24): −15.6** vs −6.3

ON time without troublesome dyskinesia (LSM change from BL at wk 12): +3.6** vs +0.9
ON time without troublesome dyskinesia (LSM change from BL at wk 24): +3.6** vs +1.4
OFF time (LSM change from BL at wk 12): −0.6* vs +0.3
OFF time (LSM change from BL at wk 24): −0.6* vs +0.2



209

ment differences for all scale items numerically favoured 
amantadine over placebo. Significant (p < 0.05) improve-
ments were also observed for the clinician-rated inten-
sity of dyskinesia in all seven body regions itemised in 
UDysRS part III and clinician-rated disability during 3/4 
ADLs (ambulation, dressing and drinking) tasks itemised 
in part IV. UDysRS parts IB, III and IV total scores were 
also significantly (p < 0.05) improved [28], as was dys-
tonia on UDysRS part II [29].

• The number and duration of daily episodes of OFF and 
troublesome dyskinesia, and the number of daily transi-
tions between PD states (n = 162 with evaluable diary 
data) Amantadine ER offered a greater reduction from 
baseline than placebo in the mean number of episodes 
and mean duration of an individual episode of OFF 
(treatment difference vs placebo: –0.4 episodes and 
–0.3 h, respectively) and troublesome dyskinesia (–1.0 
episodes and –0.6 h), assessed in 30-min intervals [30]. 
The mean duration of an episode of ON without trouble-
some dyskinesia was increased by 5.0 h from baseline 
(vs 2.0 h for placebo). Relative to baseline, amantadine 
recipients experienced 49% fewer transitions between 
states (vs 26% for placebo). A greater proportion of 
amantadine ER than placebo recipients reported no epi-
sodes of OFF time (27.3% vs 20.0%), no episodes of ON 
time with troublesome dyskinesia (57.1% vs 24.7%) and 
neither OFF time nor troublesome dyskinesia (19.5% vs 
3.5%) [30].

• ON time without any dyskinesia (n = 165) Treatment 
with amantadine ER increased ON time without (trou-
blesome or non-troublesome) dyskinesia from baseline, 
with an LSM increase relative to placebo of +2.9 h [31]; 
a significantly (p = 0.003) higher proportion of amanta-
dine ER recipients spent ≥50%, ≥75%, and 100% of their 
waking day without any dyskinesia relative to placebo 
(56% vs 23%, 22% vs 8%, and 4% vs 0%, respectively) 
[31, 32]. Moreover, amantadine ER reduced ON time 
with (troublesome + non-troublesome) dyskinesia from 
baseline, with a treatment difference relative to placebo 
of –1.9 [31]. Relative to placebo, significantly (p < 0.05) 
more patients in the amantadine group had ≥50% and 
≥75% reduction of ON time with any dyskinesia (53% 
vs 26% and 27% vs 14%); notably, 13% and 7% of aman-
tadine ER and placebo recipients had 100% reduction in 
ON time with dyskinesia (i.e. no dyskinesia) [31, 32]. 
The treatment effects with amantadine ER with respect 
to ON time with or without dyskinesia relative to placebo 
were significant (p ≤ 0.002) from week 2 and sustained 
through to week 12 [31].

• Motor aspects of experiences of daily living (n = 196) 
Amantadine ER significantly improved MDS-UPDRS 
part II total score compared with placebo, with a pla-
cebo-adjusted treatment difference for the overall LSM 

change from baseline in MDS-UPDRS part II in favour 
of amantadine ER (–2.0; 95% CI –3.3 to –0.7; p = 0.004) 
[33]. The change in score from baseline for amantadine 
ER (–3.4) exceeded the threshold for a minimal clinically 
important difference for improvement of MDS-UPDRS 
part II of –3.05 (previously published [34]) [33]. Several 
motor activities (MDS-UPDRS part II item scores) were 
significantly (p < 0.05) improved with amantadine ER 
relative to placebo, including eating tasks, tremor, getting 
out of bed/car/chair and freezing; tremor and freezing of 
gait represent unmet needs in patients with PD [33].

• Non-motor symptoms (n = 196) The LSM treatment dif-
ference significantly (p < 0.05) favoured amantadine ER 
over placebo for the daytime sleepiness and depressed 
mood items in MDS-UPDRS part I, but favoured 
(p < 0.05) placebo for hallucinations and psychosis and 
cognitive impairment [35]. For the MDS-UPDRS part I 
total score, the LSM treatment difference between aman-
tadine ER and placebo was –0.8 (in favour of amantadine 
ER) [p = 0.2]. In the amantadine ER group, a correla-
tion was observed between improvement in non-motor 
symptoms and improvement in dyskinesia (r +0.39; 
p < 0.001), whereas no correlation was evident in the 
placebo group (r +0.12; p = 0.29) [35].

Further to the aforementioned pooled analyses, amanta-
dine ER also demonstrated additional clinical benefits in PD 
patients as a first/early add-on to levodopa in subgroups of 
patients who, at baseline, were receiving levodopa mono-
therapy (n = 44) and who were diagnosed with PD ≤5 years 
(n = 27) [36]. Results of an evaluation of the collective inter-
ference of dyskinesia and OFF time across daily activities 
and the ability of amantadine ER to reduce this interfer-
ence indicate that multiple areas of function are impacted 
by dyskinesia and OFF time [37]. Reductions in dyskinesia 
and OFF time resulting from treatment with amantadine ER 
were accompanied by significant (p < 0.01) reductions from 
baseline in the mean number of UDysRS part IB and MDS-
UPDRS part II items affected, at week 12 [37].

Long‑term efficacy

Amantadine ER provided a sustained reduction in motor 
complications (dyskinesia and OFF time) through ≈2 years 
of treatment in patients continuing therapy after double-
blind use in EASED, EASE LID and EASE LID 3 [23]. 
Sustained improvements in dyskinesia and OFF time were 
also observed for amantadine ER-naïve patients [23].

The open-label EASE LID 2 safety trial enrolled patients 
who had previously received amantadine ER (n = 60; con-
tinuing amantadine ER group) or placebo (n = 78; previous 
placebo) in EASE LID or EASE LID 3 and entered the cur-
rent trial without interruption; patients who had completed 
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treatment in EASED, EASE LID or EASE LID 3 but were 
enrolled following a time gap (n = 24; participation-gap 
group); and patients who were excluded from double-blind 
amantadine ER trials due to deep brain stimulation surgery 
(DBS) [n = 61; DBS group] [23]. Patients were treated 
with amantadine ER once daily at bedtime for up to 101 
weeks, and received 137 mg/day for the first week treatment, 
274 mg/day from the second week of treatment through 
week 100, then 137 mg/day for the last week of treatment 
(i.e. week 101). Changes to PD medications (including levo-
dopa dosage) were permitted. The use of other amantadine 
formulations was not permitted [23].

The median duration of exposure to amantadine ER in 
EASE LID 2 was 1.9 years; of enrolled patients, 76% com-
pleted ≥52 weeks of treatment and 58% completed the trial 
[23].

In the continuing amantadine ER group, improvements in 
the MDS-UPDRS part IV achieved during the double-blind 
trials were maintained for up to 100 weeks in EASE LID 
2 [23]. At 52 and 100 weeks, the mean MDS-UPDRS part 
IV change from double-blind baseline was –4.7 and –4.0, 
respectively; similar changes were evident at other visits. 
In the groups with no previous exposure to amantadine ER, 
marked improvements in the MDS-UPDRS part IV scores 
were evident and resulted in total scores comparable to 
those in patients continuing amantadine ER by week 8, and 
maintained at other visits throughout the study. A sustained 
improvement from baseline in the MDS-UPDRS part IV 
scores was also evident in a subgroup of patients who were 
receiving amantadine IR at the time of enrollment (n = 32; 
from the participation-gap and DBS groups). The major-
ity (71–87%) of patients in the four groups had ≥ 1-point 
improvement in MDS-UPDRS score from pre-amantadine 
ER baseline, at week 100, and 50–76% of patients had ≥ 
2-point improvement from baseline [23].

When evaluating the individual MDS-UPDRS part IV 
subscores relating to dyskinesia and OFF (4.1 time spent 
with dyskinesia, 4.2 functional impact of dyskinesia, 4.3 
time spent with OFF and 4.4 functional impact of OFF), 
results indicate that improvements in MDS-UPDRS part 
IV derived from improvements in both dyskinesia and OFF 
items [23]. The overall change for all subscores remained 
below pre-amantadine ER baseline, at week 100; functional 
impact of dyskinesia demonstrated the largest reductions 
[23].

Amantadine ER improved mean MDS-UPDRS part IV 
scores at weeks 52 and 100 from baseline, regardless of 
levodopa dose adjustments (i.e. unchanged, increased or 
decreased dose) [23].

For all four groups, fluctuations in the MDS-UPDRS 
parts I–III scores were seen across study visits and mean 
scores had increased by the end of the trial [23].

Consistent efficacy of amantadine ER in terms of MDS-
UPDRS part IV scores improvements from baseline was also 
evident throughout open-label treatment to week 100 in the 
≥2.5h subgroup [26], as well as patients meeting the 5-2-1 
criteria [27].

What is the tolerability profile 
of amantadine ER  (GOCOVRI®)?

Amantadine ER 274 mg administered once daily is generally 
well tolerated in patients with PD and LID, based on data 
from the 13-week EASE LID 3 trial [21], 25-week EASE 
LID trial [22], their pooled analysis [8, 25] and the 101-
week, open-label EASE LID 2 safety trial [23].

The safety population in the pooled analysis of data from 
the EASE LID and EASE LID 3 trials included 100 aman-
tadine ER and 98 placebo recipients [8, 25]. Adverse events 
(AEs) occurred in 87.0% of amantadine ER recipients and 
56.1% of placebo recipients [21, 22], and led to treatment 
discontinuation in 20% [most commonly (incidence >3%) 
due to hallucinations (8%), dry mouth, peripheral oedema 
and blurred vision (3% each)] and 8% of patients in these 
respective groups [8]. The majority of AEs were mild or 
moderate in severity [21, 22].

The most common AEs in the pooled analysis (occurring 
in >10% of patients in either treatment group) were hal-
lucination (visual and auditory; 21% in the amantadine ER 
group vs 3% in the placebo group), dizziness (16% vs 1%), 
dry mouth (16% vs 1%), peripheral oedema (16% vs 1%), 
falls (13% vs 7%), constipation (13% vs 3%) and orthostatic 
hypotension (including orthostatic hypotension, postural diz-
ziness, syncope, presyncope and hypotension; 13% vs 1%) 
[8].

A number of adverse reactions were reported more 
frequently in patients aged ≥65 years (n = 52) compared 
with those aged <65 years (n = 48) in the pooled analysis, 
including hallucinations (31% vs 10%), falls (17% vs 8%) 
and orthostatic hypotension (8% vs 2%) [8]. Similarly, there 
was a difference in the frequency of adverse reactions by 
gender; dry mouth (22% in women vs 11% in men), nau-
sea (13% vs 4%), livedo reticularis (13% vs 0%), abnormal 
dreams (9% vs 0%) and cataracts (7% vs 0%) occurred more 
frequently in women (n = 46) than men (n = 54), while diz-
ziness (20% in men vs 11% in women), peripheral oedema 
(19% vs 11%), anxiety (11% vs 2%), orthostatic hypotension 
(7% vs 2%) and gait disturbance (6% vs 0%) were reported 
more frequently in men than women [8]. Visual halluci-
nations were reported more frequently in patients with an 
eGFR of 50–89 mL/min/1.73  m2 than in in those with an 
eGFR of ≥90 mL/min/1.73  m2 (26% vs 11%) [25].

Serious AEs (SAEs) occurred in 11% of amantadine ER 
recipients; constipation and urinary retention that occurred 
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in one patient were the only SAEs considered to be related 
to treatment [25]. One death occurred in the amantadine ER 
group, which was due to advanced PD during hospice care 
(i.e. not treatment-related) [25].

A number of warnings and precautions pertain to the use 
of amantadine ER (Table 4) [8]. In addition to hallucina-
tions, dizziness and orthostatic hypotension, other clini-
cally relevant adverse drug reactions included depression 
and depressed mood (6% of amantadine ER recipients vs 1% 
of placebo recipients), somnolence and fatigue (4% vs 1%), 
confusional state (3% vs 2%) and apathy (2% vs 0%). Where 
specified, monitoring is recommended with subsequent dos-
age modifications as required (Table 4) [8].

Long‑term safety

The long-term tolerability and safety profile of amanta-
dine ER in patients with PD in EASE LID 2 was consistent 
with that identified in double-blind phase III trials and their 
pooled analysis, with no new safety signals identified during 
the open-label safety trial [23].

In EASE LID 2, although the majority (92%) of patients 
reported at least one AE, most of these AEs were mild or 
moderate in severity [23]. The most commonly (≥10% inci-
dence) reported AEs were falls (33%), hallucinations (24%; 
mostly visual), peripheral oedema (16%), constipation (14%) 
and urinary tract infection (10%); these AEs were reported 
more frequently in patients aged ≥65 years compared with 
patients <65 years. Other AEs of specific interest to PD 
patients included orthostatic hypotension and/or hypoten-
sion (3%), impulse control disorder (2%; most of whom were 

concomitantly using dopamine agonists) and suicidality (1%; 
attempted suicide and suicide ideation with intent to self-
harm). Drug-related AEs were reported in 56% of patients, 
with the most common (≥5% incidence) being visual hallu-
cinations (18%), peripheral oedema (11%), livedo reticularis 
(8%), dry mouth (7%) and falls (6%) [23].

In the safety population, AEs that led to study-drug dis-
continuation or death occurred in 22% [most commonly 
(≥2% incidence) due to visual hallucinations (3%) and falls 
(2%)] of patients, and were considered to be related to study 
drug in 14% of patients [23]. AEs that led to treatment dis-
continuation occurred more frequently amongst patients who 
initiated amantadine ER treatment in EASE LID 2 compared 
with those who continued amantadine ER treatment from the 
phase III trials [23].

SAEs occurred in 27% of the safety population, with 
the most common (≥2% incidence) being fractures (6%; 
typically due to falls) and worsening PD symptoms (2%); 
SAEs considered to be related to treatment occurred in five 
patients (suicidal ideation, postoperative confusion, worsen-
ing PD symptoms, urinary tract infection and confusional 
state) [23]. There were nine deaths during EASE LID 2, 
none of which were considered to be treatment-related [23].

One-year post-launch pharmacovigilance data were 
generally consistent with those reported in phase III 
clinical trials; an age-event relationship was evident for 
the majority of AEs [38]. Seizures were identified as an 
adverse reaction during post-approval use of amantadine 
ER and, consistent with other preparations of amantadine 
[2], have subsequently been included in the prescribing 
information [8].

Table 4  Summary of warnings and precautions in the prescribing information of amantadine extended release  (GOCOVRI®) in the USA [8]

ER extended release ↓ decrease(d), ↑ increase(d/ing)

Falling asleep during  
activities of daily living  
and somnolence

Advise patients of the potential to develop drowsiness and ask about factors that may ↑ the risk of somnolence 
with amantadine ER, before initiating treatment

Discontinue treatment if patient develops daytime sleepiness or episodes of falling asleep during activities that 
require full attention

Advise patients not to drive and to avoid other potentially dangerous activities, if a decision is made to continue 
treatment despite daytime sleepiness/episodes of falling asleep during activities

The impact of a dose ↓ is not established
Suicidality and depression Monitor patients for depression (including suicidal ideation or behaviour); consider whether benefits outweigh 

the risk with amantadine ER in patients with a history of suicidality or depression
Hallucinations/psychotic 

behaviour
Observe patients for these effects throughout treatment, especially at initiation and after dose ↑

Dizziness and orthostatic 
hypotension

Monitor patients for these effects, especially after starting amantadine ER or ↑ the dose; coadministration of 
alcohol is not recommend

Withdrawal-emergent hyper-
pyrexia and confusion

Avoid abrupt discontinuation of amantadine ER

Impulse control/compulsive 
behaviours

Ask patients or their caregivers about new or ↑ gambling or sexual urges, uncontrolled spending or other urges 
during treatment

Consider a ↓ dose or discontinuation of amantadine ER if patient develops such urges during treatment
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What is the current clinical position 
of amantadine ER  (GOCOVRI®) in PD?

Amantadine ER is an important treatment option in the man-
agement of motor complications and fluctuations in patients 
with PD, offering the advantage of being clinically effective 
in reducing both dyskinesia as well as OFF episodes. Taken 
at bedtime, this delayed-release ER formulation of amanta-
dine provides low plasma levels overnight so as to minimise 
negative impact on sleep, with higher plasma concentrations 
(and therefore, efficacy) occurring during the waking day 
[2].

Dyskinesia and/OFF episodes are commonly reported 
by persons with PD and adversely impact their everyday 
life. In a Parkinson and Movement Disorder Alliance sur-
vey designed to evaluate the impact of motor complications 
for persons with PD or their care partners, dyskinesia, OFF 
episodes or both (at least occasionally) were reported by 
51%, 76% and 48% of evaluable respondents (n = 775), 
respectively [39]. In those acknowledging dyskinesia or OFF 
episodes, 86% and 90% reported motor complications were 
present daily, and 61% and 60% reported having to change 
plans and activities to accommodate these complications. 
Motor complications can also make interactions difficult, be 
isolating and lead to feelings of loneliness [39].

Overcoming the usual challenge of treating dyskinesia 
and OFF episodes has traditionally required a trade-off due 
to opposing treatment approaches [40], until the approval 
of amantadine ER. Amantadine ER reduces both dyskinesia 
and OFF episodes and increases ON time without trouble-
some dyskinesia, without a requirement to adjust existing 
levodopa or other dopaminergic therapies [21, 22]. In addi-
tion, amantadine ER provides control of motor complica-
tions throughout the day, and is associated with fewer and 
shorter episodes of troublesome dyskinesia and OFF with a 
resultant increase in the duration of ON time without trou-
blesome dyskinesia and fewer transitions between motor 
states [30]. The efficacy of amantadine ER in reducing the 
duration and functional impact of dyskinesia and OFF epi-
sodes is evident with up to ≈2 years of treatment in the 
open-label safety trial, and regardless of previous therapy 
[23].

The efficacy of amantadine ER in patients with PD and 
motor complication was further evaluated using indirect 
treatment comparisons [41, 42]. Amongst amantadine for-
mulations (including IR administered 2–3 times/day and IR/
ER administered in the morning), only the delayed-release 
formulation of amantadine ER administered at bedtime was 
associated with significant (p ≤ 0.0006) improvements in 
both dyskinesia and OFF time [41]. Similarly, amantadine 
ER improved time with dyskinesia by 30% and OFF time by 
36% from baseline, whereas oral dopaminergic treatments 

and levodopa/carbidopa intestinal gel (CLIG) improved 
OFF by 15–29% and worsened (increased by 12–31% with 
oral treatments) or did not impact (CLIG) dyskinesia [42]. 
Improvements in dyskinesia and OFF time were also seen 
with DBS [42].

Amantadine ER is generally well tolerated [8], including 
during long-term treatment [23], with the majority of AEs 
being mild or moderate in severity. The EASE LID [22] 
and EASE LID 3 [21] trials excluded patients with cogni-
tive impairment who are at a higher risk of mental status 
changes and agitational states [43]; therefore, the safety of 
amantadine ER should be carefully considered in such real-
life settings.

When using a cost-utility model with a 10-year base-
case patient time horizon from a US payer perspective to 
assess the potential cost-effectiveness of amantadine ER 
for the treatment of dyskinesia, the incremental cost-utility 
ratio was $US98,905/quality-adjusted life year in the base 
case, and varied by time horizon ($US166,201 at 1 year and 
$US123,261 at 5 years) [44]. This appears to be accept-
able by commonly-cited thresholds of societal willingness 
to pay. Results were sensitive to PD patient utilities (OFF 
time, ON time and ON time with dyskinesia), rate of disease 
progression, adjustment for placebo effects and impact on 
supportive case costs [44]. Further cost-effectiveness analy-
ses would be of interest.

Current treatment guidelines precede the approval of 
amantadine ER for the treatment of dyskinesia and OFF 
episodes [45]. The guidelines indicate that although many 
treatment options are available for motor fluctuations, there 
are only a few clinically available pharmacological options 
that specifically target dyskinesia; there are no recommen-
dations for the use of a single agent to treat both dyskinesia 
and motor fluctuations [45]. Head-to-head trials compar-
ing extended- and immediate- formulations of amantadine 
would be of interest, as would trials exploring the use of 
amantadine ER in early PD.
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