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Abstract.

Background: Safinamide is a novel �-aminoamide with dopaminergic and non-dopaminergic properties developed as adjunctive

therapy for patients with PD. Results from a 24-month double-blind controlled study suggested that as add-on to levodopa (and

other PD medications) the benefits of safinamide on dyskinesia may be related to severity of dyskinesia at baseline.

Objective: This post-hoc analysis further characterized the effects of safinamide on dyskinesia in mid- to late-stage PD patients.

Methods: Patients were stratified by the presence or absence of dyskinesia at baseline, and by whether or not the dose of levodopa

had been changed during the 24-month treatment period. Differences between safinamide and placebo were evaluated using the

Wilcoxon rank-sum test.

Results: For the overall treated population (with or without baseline dyskinesia), safinamide 100 mg/day significantly improved

the dyskinesia rating scale score, compared with placebo, in the subgroup of patients with no change in levodopa dose (p = 0.0488).

For patients with baseline dyskinesia, improvements over placebo were also significant (p = 0.0153) in patients with or without

changes in levodopa dose, and nearly significant (p = 0.0546) in patients with no change in levodopa dose, suggesting that these

improvements were not due to levodopa dose reductions.

Conclusions: While no statistically significant difference in mean DRS scores was seen between safinamide and placebo in the

original study population, the present post-hoc analysis helps to provide a meaningful interpretation of the long-term effects of

safinamide on dyskinesia. These results may be related to safinamide state- and use-dependent inhibition of sodium channels

and stimulated glutamate release, and are unlikely due to reduced dopaminergic stimulation.
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INTRODUCTION

Levodopa (L-dopa) remains the mainstay for treat-

ment of the motor symptoms of Parkinson’s disease

(PD) [1]. However, as the disease progresses, initial
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therapy becomes less effective and motor complica-

tions, including dyskinesia and fluctuations, eventually

develop [2]. About 40% of patients will experience

motor fluctuations and dyskinesia after 4–6 years of

levodopa therapy [3]. Unfortunately, levodopa-induced

dyskinesia remains difficult to treat: the efficacy of

levodopa decreases with time and disease symptoms

recur with subsequent impairment on motor function

and quality of life [4]. There are different strategies

usually adopted to control motor complications: use
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of slow-release levodopa formulations, or start with

an adjunctive therapy such as a dopamine agonist, a

COMT-inhibitor or a MAO-B inhibitor [5, 6]. However,

treatmentofPDshouldnotbelimitedtosimplytargeting

the dopaminergic system [7]. In particular, overactive

glutamate transmission plays a role in the progression

of PD [8–10]. Targeting non-dopaminergic systems is

thus a complementary approach to improve and con-

trol such motor complications, while maintaining the

efficacy of levodopa [7]. A variety of medications may

be considered in the attempt to reduce dyskinesia, but

onlyamantadinehasaweakevidence-basedrecommen-

dation for dyskinesia, with an effect that is generally

considered to be modest and relatively short-lasting [4].

Safinamide (Xadago™, Zambon S.p.A.) is a novel

�-aminoamide that has been developed as adjunctive

therapy for PD as add-on to dopamine therapy in early

PD [11–13] and as add-on to levodopa in mid- to late-

stage PD [14, 15]; safinamide 50 and 100 mg/day has

been approved in EU for the treatment of adult patients

with idiopathic PD as add-on therapy to a stable dose

of levodopa, alone or in combination with other PD

medicinal products, in mid-to late-stage fluctuating

patients.

Safinamide is a unique compound with a novel

dual mechanism of action (dopaminergic and non-

dopaminergic) that includes reversible and highly

selective monoamine oxidase-B (MAO-B) inhibition,

sodium channel blockade and N-type calcium chan-

nel modulation. The sodium channel inhibition is both

concentration- and state-dependent (different potency

at different states of the channel), thus inhibiting the

excessive presynaptic release of excitotoxic amino

acids like glutamate without influencing the physio-

logical activity [16–20]. Safinamide does not affect

L-type calcium channels (no effects on blood pres-

sure or heart rate) [16, 17, 21, 22], is well tolerated

with a favorable side effect profile, has no major

drug–drug interactions, and no diet restrictions [20,

23, 24].

As add-on to levodopa, safinamide improved motor

symptoms and controlled motor complications in the

short term, maintaining the benefits in the long term.

Results from a long-term (24 months) double-blind

controlled study (study 018) suggest that safinamide

significantly increased daily ON time without increas-

ing the risk of developing troublesome dyskinesia, and

significantly improved the activities of daily living and

the quality of life [15]. For the overall population of

study 018, the rather low baseline dyskinesia score

values allowed little room for improvement, and no sta-

tistically significant difference in DRS scores was seen

between safinamide and placebo; in fact, a significant

improvement in favor of safinamide was seen only in

patients with moderate to severe dyskinesia at baseline.

A post-hoc analysis of study 018 is presented herein

in order to summarize the full set of results in order

to provide a clinically-meaningful interpretation about

the long-term effects of safinamide on the evolution of

dyskinesia in mid- to late-stage PD patients.

MATERIALS AND METHODS

Trial 018 was a multicenter, multinational, double-

blind, placebo-controlled, extension study of a pivotal

24-week Phase III trial 016 [14] in 669 mid- to

late-stage PD fluctuating patients on a stable lev-

odopa dose. Patients were included in the extension

study (study 018) if they had completed the ini-

tial study, were treatment compliant and willing to

continue, or if they had discontinued but had com-

pleted the scheduled efficacy evaluations at weeks

12 and 24. They were excluded if they had experi-

enced clinically significant adverse events or shown

clinically significant deterioration in motor symptoms

during study 016. Both protocols and patient materi-

als were approved by Independent Ethics Committees

and Health Authorities in all three participating coun-

tries (India, Romania, Italy). All patients signed an

informed consent form and the study was conducted

according to the Declaration of Helsinki. Study 018 is

registered on Clinicaltrials.gov (NCT01187966). After

completing the initial treatment period, patients willing

to participate in the extension phase continued on their

randomized study medications and were followed-

up during an additional period of 18 months [15].

Safinamide (50 or 100 mg/day p.o.) or placebo were

given as add-on to levodopa and other PD therapies

(dopamine agonists, COMT inhibitors, amantadine,

and/or anticholinergics). In case of motor symptom

deterioration, dose increases of levodopa or additional

PD drugs, except MAO-B inhibitors, were permit-

ted. The levodopa dose could also be decreased based

on patient conditions or the occurrence of adverse

events.

The primary variable of study 018 was the mean

change from baseline (study 016 start) to study end in

the total dyskinesia rating scale (DRS) score during

ON time. The DRS is an easy-to-use and practical tool

used to rate the severity of dyskinesia and to identify the

most disabling dyskinesia [25]. The primary analysis

estimated the mean difference between placebo and

safinamide in the primary variable.
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Study design and statistical analysis

The present study was a post-hoc analysis of study

018 that evaluated the categorical changes in DRS

scores at the end of study 018 after stratifying patients

based on the presence or absence of dyskinesia (DRS

score >0 or DRS score = 0, respectively) at baseline,

and by additional subgroups based on whether or

not the dose of levodopa had been changed during

the entire treatment period of 24 months. Proportions

of patients with categorical changes in DRS scores

were evaluated, since DRS score distributions were

ill-conditioned (because of skewness and the presence

of outliers). Changes in DRS scores were classi-

fied as “decreased”, “unchanged”, and “increased”,

and patients were classified according to changes in

DRS scores during the study using a 3-point ordinal

scale (1 = improved, DRS score decreased; 2 = stable;

3 = worsened, DRS score increased). The compar-

isons of active treatments (safinamide 100 mg and

safinamide 50 mg) versus placebo were performed

using the Wilcoxon rank-sum test for independent

samples. Since in the original protocol of study 018

[23] the multiplicity issue (over treatment groups) was

handled by using a pre-specified “sequence of com-

parisons” approach [26], no adjustment of type I error

was needed for the multiple comparisons. All statis-

tical analyses were performed using SAS software

version 9.4.

RESULTS

In the original 018 trial, safinamide maintained a

statistically significant improvement in ON time with-

out dyskinesia over 2 years of treatment, confirming

the results obtained in the initial 6-month study 016.

After 2 years, there was a decrease from baseline in

mean DRS score during ON time of 31% and 27% with

safinamide 50 and 100 mg/day, respectively, compared

to a decrease of only 3% with placebo. However, the

primary endpoint was not met [least-squares mean dif-

ference vs. placebo, –0.51 score points (95% CI: –1.32

to 0.29, p = 0.2125) for safinamide 50 mg, and –0.59

(95% CI: –1.40 to 0.21, p = 0.1469) for safinamide

100 mg] [15].

The proportions of patients with reduced levodopa

dose were higher in both safinamide groups com-

pared to placebo, while the proportions of patients

with an increase in levodopa dose had an opposite

trend (Fig. 1). Over the study period, the overall mean

dose of levodopa increased in the placebo arm and

in the safinamide 50 mg/day group, and decreased in

Fig. 1. Proportions of patients with changes in L-dopa dose over

2 years [15].

Table 1

Changes in the mean (± SD) dose of L-dopa from baseline to

24 months [15]

Placebo Safinamide Safinamide

(N = 222) 50 mg/day 100 mg/day

(N = 223) (N = 224)

Baseline (mg/day) 618.5 ± 335.7 621.4 ± 329.7 579.6 ± 310.0

Month 24 (mg/day) 650.6 ± 338.0 635.2 ± 410.4 556.0 ± 381.9

the safinamide 100 mg/day group (Table 1). Such dose

changes do not appear to be clinically relevant [15].

An already published initial post-hoc analysis of

the changes in DRS in patients with moderate to

severe dyskinesia at baseline (DRS total score >4,

n = 242/594) showed a more consistent decrease in

DRS scores from baseline to study end in all treatment

groups. Notably, the least-squares (LS) mean change

in DRS scores from baseline to study end for the safi-

namide 100-mg group was significantly different from

the placebo group [LS mean difference vs. placebo,

–1.22 (95% CI, –2.33 to –0.11, p = 0.0317)] [15].

Post-hoc analysis

Both doses of safinamide (50 and 100 mg/day)

were generally well tolerated over 2 years by patients

who were receiving polypharmacy. In the subgroup

of patients (with or without dyskinesia at baseline,

DRS ≥0) with no changes in their levodopa dose

during the entire treatment period (n = 431), the pro-

portion of those with an improvement (decrease) in

DRS scores was higher in both safinamide groups

compared with placebo (Fig. 2). Concurrently, the pro-

portion of patients with a worsening (DRS increase)

of dyskinesia was lower in both safinamide groups

compared with placebo. The difference between safi-

namide 100 mg and placebo, considering the 3-point

ordinal scale (decreased, unchanged, increased), was
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Fig. 2. Proportions of patients with different categorical changes in DRS score (decrease, no change, increase). Subgroups of patients whose

dose of L-dopa was not changed throughout the study.

Fig. 3. Proportions of patients with different categorical changes in DRS score (decrease, no change, increase). Subgroups of patients with

dyskinesia at baseline.

statistically significant (p = 0.0488). This suggests that

the beneficial effect of safinamide 100 mg on DRS

scores was not dependent on changes in the levodopa

dose, as this analysis excluded patients with a dose

reduction.

When the subgroup of patients with dyskine-

sia at baseline (DRS >0, n = 334) was considered

(Fig. 3), more patients treated with 100 mg or 50 mg

safinamide vs. placebo had a decrease in DRS scores.

This finding was paralleled by lower proportions of

patients in both safinamide groups who showed an

increase in the DRS score compared with placebo.

The difference considering the 3-point ordinal scale

(decreased, unchanged, increased) between safinamide

100 mg and placebo was statistically significant

(p = 0.0153).
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Fig. 4. Proportions of patients with different categorical changes in DRS score (decrease, no change, increase). Subgroups of patients with

dyskinesia at baseline, whose dose of L-dopa was not changed throughout the study.

Fig. 5. Proportions of patients with different categorical changes in DRS score (decrease, no change, increase). Subgroups of patients without

dyskinesia at baseline.

In the subgroup of patients with dyskinesia at base-

line (DRS >0) and no change in L-dopa dose (n = 273),

the proportion of patients with a decrease in the DRS

score was again greater in both safinamide groups com-

pared with placebo, while the proportion of patients

with an increase in the DRS score was lower in both

safinamide groups vs. placebo (Fig. 4). The distribu-

tion difference considering the 3-point ordinal scale

(decreased, unchanged, increased) between the safi-

namide 100 mg and placebo groups showed a trend

towards significance (p = 0.0546).

Considering the subgroup of patients without dysk-

inesia at baseline (DRS = 0, n = 201), DRS scores

remained unchanged throughout the 2-year treatment

period for the majority (≥75%) of patients in all

treatment groups; the proportions of patients with
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Fig. 6. Proportions of patients with different categorical changes in DRS score (decrease, no change, increase). Subgroups of patients without

dyskinesia at baseline, whose dose of L-dopa was not changed throughout the study.

worsening of dyskinesia were low and similar across

treatment groups (Fig. 5). A similar trend was seen in

the subgroup of patients with no change in L-dopa dose

(n = 158; Fig. 6). None of the observed differences was

statistically significant.

DISCUSSION

In study 018, safinamide 100 mg/day was adminis-

tered as add-on to levodopa and other PD medications

in patients with mid- to late-stage PD and motor fluc-

tuations over 2 years of treatment: DRS score mean

changes from baseline were not significantly different

between safinamide and placebo in the original study

018 analysis, even if scores decreased with safinamide

and were almost unchanged with placebo.

In terms of categorical changes of DRS scores (pro-

portions of patients showing worsening, no changes

and improvements), the present post-hoc analysis

showed that safinamide 100 mg was associated with

significant differences compared with placebo in the

subgroup of patients with no changes in L-dopa dose,

suggesting that these improvements were not due to

a reduction in the dose of levodopa, but rather to the

effects of safinamide itself. Furthermore, this effect is

unlikely to be related to reduced dopaminergic stimula-

tion, as demonstrated by statistically significant effects

of safinamide on motor fluctuations (ON and OFF

times) over 2 years [14, 15].

Several neurotransmitters, in addition to dopamine,

contribute to the appearance of levodopa-induced

dyskinesia [27], and overactive glutamate transmis-

sion has been shown to play a role in the progression

of PD [8, 10]. Moreover, altered neurotransmission

is regulated by signal transduction cascades involv-

ing glutamatergic receptors belonging to the NMDA

and AMPA classes [10, 28]. The results of the present

post-hoc analysis may be explained by the blockade of

sodium channels and modulation of calcium channels

by safinamide, which inhibits altered glutamatergic

neurotransmission. At the dose of 100 mg/day, the

effective safinamide concentration is expected to be

fully active on the glutamate transmission; this may

further support the hypothesis that the higher dose is

needed to maximize both the dopaminergic and non-

dopaminergic effects of safinamide.

Safinamide is a unique treatment for PD that

exhibits a combined non-dopaminergic and dopamin-

ergic mode of action. Unlike other drugs that can

improve motor functions, safinamide does not worsen

dyskinesia: this effect may be related to its dual

mechanism, which modulates dopaminergic and glu-

tamatergic pathways. The present post-hoc analysis,

in terms of categorical changes of DRS scores (pro-

portions of patients), helps to provide a meaningful

interpretation of the long-term effects of safinamide

100 mg/day on dyskinesia.
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