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Abstract
Background and Objective Safinamide is a novel anti-parkinsonian drug with possible anti-dyskinetic properties. Parkinson’s 
disease (PD) is a complex disease. The objective of this systematic review and meta-analysis is to evaluate the efficacy and 
safety of safinamide administration compared to placebo in PD patients on multiple outcomes.
Methods PubMed, EMBASE, Cochrane CENTRAL, LILACS, and trial databases were searched up to 23 December 2020 
for randomized controlled studies (RCTs) comparing safinamide to placebo, alone or as add-on therapy in PD. Data were 
extracted from literature and regulatory agencies. Primary outcomes were ON-time without troublesome dyskinesia, OFF-
time, and Unified Parkinson’s Disease Rating Scale (UPDRS) section III (UPDRS-III). Secondary outcomes included any 
dyskinesia rating scale (DRS), ON-time with troublesome dyskinesia, UPDRS-II, and Parkinson’s Disease Questionnaire 39 
(PDQ-39). In order to estimate mean difference (MD) and odds ratios with 95% confidence intervals (CI), generic inverse 
variance and Mantel–Haenszel methods were used for continuous and dichotomous variables, respectively. Analyses were 
performed grouping by PD with (PDwMF) or without (PDwoMF) motor fluctuations, safinamide dose, and concomitant 
dopaminergic treatment. Summary of findings with GRADE were performed.
Results Six studies with a total of 2792 participants were identified. In PDwMF patients, safinamide 100 mg as add-on to 
levodopa (l-dopa) significantly increased ON-time without troublesome dyskinesia (MD = 0.95 h; 95% CI from 0.41 to 1.49), 
reduced OFF-time (MD = − 1.06 h; 95% CI from − 1.60 to − 0.51), and improved UPDRS-III (MD = − 2.77; 95% CI from 
− 4.27 to − 1.28) with moderate quality of evidence. Similar results were observed for the 50 mg dose. However, the quality 
of evidence was moderate only for ON-time without troublesome dyskinesia, whereas for OFF-time and UPDRS-III was 
low. In PDwoMF patients taking a single dopamine agonist, safinamide 100 mg resulted in little to no clinically significant 
improvement in UPDRS-III (MD = − 1.84; 95% CI from − 3.19 to − 0.49), with moderate quality of evidence. Conversely, 
in PDwoMF patients, the 200 mg and 50 mg doses showed nonsignificant improvement in UPDRS-III, with very low and 
moderate quality of evidence, respectively. In PDwMF patients taking safinamide 100 mg or 50 mg, nonsignificant differences 
were observed for ON-time with troublesome dyskinesia and DRS, with high and low quality of evidence, respectively. In 
the same patients, UPDRS-II was significantly improved at the 100 mg and 50 mg dose, with high and moderate quality of 
evidence. In PDwoMF, UPDRS-II showed a little yet significant difference only at 100 mg, with low quality of evidence. 
PDQ-39 resulted significantly improved only with the 100 mg dose in PDwMF, with low quality of evidence.
Conclusion Overall, safinamide is effective in PDwMF patients taking l-dopa both at 100 and 50 mg daily. Evidence for 
efficacy in early PD is limited. Further trials are needed to better evaluate the anti-dyskinetic properties of safinamide.
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Key Points 
to play a role in the development of these manifestations. 
When motor complications occur, useful treatment strategies 
include blocking dopamine metabolism with monoamine-
oxidase-B inhibitors (MAOB-Is), which can also be used in 
the early stages of PD as monotherapy, and the administra-
tion of amantadine, an antagonist of the glutamate N-methyl-
d-aspartate (NMDA) receptor, involved in the development 
of dyskinesias [5, 7].

Safinamide is a potent, selective, yet reversible MAOB-
I that also modulates  Na+ and  Ca2+ channels activity and 
reduces stimulated glutamate release, therefore acting on 
both the dopaminergic deficit and on a mechanism involved 
in dyskinesias. Safinamide has an elimination half-life rang-
ing between 20 and 30 h, reaching steady-state in about 1 
week, and its metabolites are inactive. A single safinamide 
dose of about 20–40 mg can achieve an almost complete 
inhibition of MAOB (about 91%), and at doses of ≥ 600 μg/
kg the enzyme is fully inhibited [9, 10]. Since 2015, safina-
mide is approved in Europe at 50–100 mg daily dosages for 
the treatment of mid- to late-stage PD with motor fluctua-
tions, as an add-on to a stable dose of l-dopa alone or in 
combination with other PD medications. In 2017, safinamide 
was approved by the US Food and Drugs Administration 
(FDA) as add-on therapy to l-dopa/carbidopa in PD patients 
experiencing “off” episodes [7, 11, 12].

So far, two network meta-analyses on MAOB-I and 
dopamine agonists, including safinamide, evaluated only 
Unified Parkinson’s Disease Rating Scale (UPDRS) total 
score and safety [13, 14]. A systematic review without 
meta-analysis concluded that safinamide was effective 
and safe in increasing ON-time and ameliorating motor 
function [15]; a systematic review without meta-analysis 
concluded for the efficacy of safinamide as an adjunct to 
l-dopa in treating motor fluctuations [16]; and one sys-
tematic review with meta-analysis showed that overall 
safinamide treatment significantly improved motor symp-
toms and QoL of PD patients [17]. No published system-
atic review and meta-analysis has evaluated the efficacy 
and safety of safinamide in PD using multiple outcomes in 
relation to different dose regimens, the enrollment patients 
with Parkinson’s disease with motor fluctuations (PDwMF) 
or without (PDwoMF) motor fluctuations, different con-
comitant dopaminergic treatment, and presenting summary 
of findings.

Given the complexity of PD and its treatment, the objec-
tive of this systematic review and meta-analysis is the evalu-
ation of the efficacy and safety of safinamide administration 
compared to placebo in PD patients on multiple outcomes. 
In particular, our interest is the evaluation of motor, non-
motor, and quality of life outcomes based on different avail-
able safinamide doses, the presence (or not) of motor fluc-
tuations, and concomitant dopaminergic treatment.

Safinamide 100 mg and 50 mg daily is effective as 
add-on to l-dopa in improving ON-time without trouble-
some dyskinesia, OFF-time, UPDRS-III, UPDRS-II, 
and PDQ-39 in Parkinson’s disease patients with motor 
fluctuations.

In patients with motor fluctuations, ON-time with 
troublesome dyskinesia and DRS were not significantly 
different between safinamide and placebo, with limited 
evidence. Dyskinesia should be better investigated as a 
primary outcome in future studies.

Safinamide showed little to no difference in improving 
UPDRS-III in non-fluctuating patients taking a dopa-
mine agonist.

1 Introduction

Parkinson’s disease (PD) is a neurodegenerative movement 
disorder that presents with rigidity, bradykinesia, and rest 
tremor. In 2015, PD prevalence has increased by 15.7% com-
pared to 1990, and by 2040 the number of people affected 
by PD is projected to exceed 12 million worldwide [1–3]. 
PD clinical course is characterized by an increasing wors-
ening of motor symptoms, which become less responsive 
to treatments, with the concomitant emergence of motor 
complications (e.g. dyskinesia, motor fluctuations, postural 
instability, freezing), consistently affecting quality of life 
(QoL). Non-motor symptoms could also be present during 
the whole disease course as prodromal symptoms [4, 5].

PD is caused by a reduced dopamine release due to the 
loss of dopaminergic neurons in the pars compacta of the 
substantia nigra [4]. The role of other neurotransmitters, 
such as glutamate, is also gaining evidence in the develop-
ment of dyskinesias [6, 7]. PD therapy’s goal is to increase 
the post-synaptic dopamine receptor stimulation with the 
dopamine precursor levodopa (l-dopa) and dopamine ago-
nists. l-Dopa is the most effective PD treatment, used in 
association with carbidopa, benserazide, and often with 
catechol-O methyl-transferase inhibitors (e.g. tolcapone, 
entacapone) to prolong its half-life, thus increasing l-dopa 
availability with the inhibition of its metabolism [8]. Long-
term l-dopa administration is associated with the develop-
ment of motor and non-motor fluctuations and dyskinesias. 
Loss of tonic dopaminergic regulation, changes in dopamin-
ergic synaptic plasticity, the relatively short l-dopa half-life, 
and the development of the wearing-off effect are thought 
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2  Methods

2.1  Search Strategy and Selection Criteria

A literature search was performed. We included randomized 
controlled trials (RCTs), published until 23 December 2020, 
satisfying the following criteria: the diagnosis was PD; the 
interventional drug was safinamide, alone or in association 
with another PD drug; the study control was placebo, alone 
or in association with another PD drug. Narrative or system-
atic reviews, or other studies not matching the prespecified 
inclusion criteria were excluded. No language exclusion was 
applied in the research and screening process.

The following databases were searched for relevant 
studies using “Parkinson’s disease” and “safinamide” as 
search terms: MEDLINE (PubMed) (1966 to 23 Dec 2020); 
EMBASE (Embase.com) (1974 to 23 Dec 2020); Cochrane 
Central Register of Controlled Trials (CENTRAL 2020, 
Issue 12); and Latin American and Caribbean Health Sci-
ence Information Database (LILACS) (Bireme) (1982 to 
23 Dec 2020). For trial databases, clinicaltrials.gov (http://
www.clini caltr ials.gov); World Health Organization (WHO) 
International Clinical Trials Registry Platform (apps.who.
int/trialsearch) for ongoing or completed trials not yet pub-
lished were searched. EU and USA regulatory agencies doc-
uments for drug approvals were also searched for missing 
data of published and unpublished studies.

Retrieved citations were screened independently by two 
pairs of authors. Full texts of potentially relevant studies 
were consulted for inclusion or exclusion. Disagreements 
were resolved by collegial discussion. All studies fulfilling 
inclusion criteria were included in the qualitative analysis 
of this systematic review. Two review authors independently 
extracted data with basic information of each study and 
results. All studies were intended to be included in meta-
analysis but two were excluded for methodological and sta-
tistical reasons. For papers with unavailable data, authors 
were contacted after the search. No answers were received 
till the submission of the manuscript. The manuscript was 
written accordingly to the PRISMA statement.

2.2  Data Extraction

Data were extracted independently by two authors and 
discrepancies were resolved by discussion. The following 
information was extracted: year of publication, countries 
involved, recruitment period, study duration, patients age 
and gender, inclusion and exclusion criteria, Hoehn and Yahr 
stage, total patients randomized and in which treatment arm, 
and results of prespecified review outcomes.

2.3  Assessed Outcomes

The primary outcomes of this study were: daily ON-time 
without troublesome dyskinesia, daily OFF-time [18], 
and UPDRS-III during ON-time (UPDRS subsection for 
clinician-assessed motor evaluation). Secondary outcomes 
were: ON-time with troublesome dyskinesia, any scales rat-
ing dyskinesia, UPDRS-II (UPDRS subsection for motor 
experiences of daily living evaluation), and Parkinson’s Dis-
ease Questionnaire 39 (PDQ-39), evaluating QoL. Tertiary 
important non-motor outcomes were dysautonomia, sleep 
disorders, and pain. Assessed safety outcomes were patients 
experiencing any serious AE (SAE), treatment discontinua-
tions due to AEs, and dyskinesia as a reported AE.

2.4  Assessment of Risk of Bias

Two groups of three authors each independently assessed the 
risk of bias of included trials according to Cochrane Rob 2 
tool, which encompasses randomization process, deviations 
from the intended interventions, missing outcomes data, and 
selection of the reported result as evaluated domains [19]. 
The risk of bias was assessed both at study and outcome 
levels. For the latter, only subjective variables were assessed 
since all efficacy outcomes selected are of this nature. Disa-
greements were resolved with collegial discussion.

2.5  Statistical Analysis

Meta-analysis was performed when there were at least two 
included studies with available data for assessed outcomes. 
For continuous outcomes, weighted generic inverse vari-
ance on mean difference (MD) method was used to estimate 
MD and 95% confidence intervals (CI). For dichotomous 
outcomes, Mantel–Haenszel method was used to calculate 
measures of effect as odds ratios (ORs) with 95% CI. Both 
for continuous and dichotomous data, random effects model 
was applied. Analysis was performed by pooling treatment 
arms with the same safinamide dosage compared to placebo, 
and by the presence of motor fluctuations. For the evaluation 
of dyskinesia, included studies used a modified version of 
the Dyskinesia Rating Scale, which does not have a minimal 
clinically important difference (MCID) [20]. Thus, we used 
the Standardized Mean Difference (SMD) method and per-
formed a conversion into Unified Dyskinesia Rating Scale 
(UdysRS) units. UdysRS has available MCID [21]. Hetero-
geneity was tested through I2. Meta-analysis and creation of 
forest plots were performed using Rev Man 5.4 (Cochrane 
Community, London, UK). Sensitivity analyses were per-
formed excluding studies administering safinamide doses 
according to body weight. An exploratory safety analysis 

http://www.clinicaltrials.gov
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was performed on single AEs causing treatment discon-
tinuation. ORs and 95% CI were estimated only if a single 
reported AE caused discontinuation in at least 2% of a treat-
ment arm.

2.6  Summary of Findings

Summary of findings was performed using GRADE-
proGDT; GRADE was performed by two review authors 
independently and discrepancies were resolved by discus-
sion, according to the GRADE Handbook [22]. MCIDs 
for imprecision and clinical significance evaluation were 
searched from literature for efficacy outcomes [23–27].

2.7  Role of the Funding Source

There was no funding source for this study. The correspond-
ing author had full access to all the data in the study and had 
final responsibility for the decision to submit for publication.

3  Results

3.1  Search Results and Study Characteristics

We identified 307 references from literature and nine from 
clinical trial databases. After the removal of duplicates, 
231 records were found. Of these, 216 were excluded by 
screening their titles and abstracts. The remaining 15 studies 
were examined; nine studies were excluded with reasons. 
Therefore, six studies met the inclusion criteria for qualita-
tive and quantitative synthesis (009, 015, 016, MOTION, 
SETTLE, and ME2125-3) (Fig. 1) [28–32]. The screening 
process retrieved one completed study with not yet published 
data, NCT00605683 (MOTION). Since this trial was not 
published in peer-reviewed journals, data were obtained by 
researching regulatory agencies documents [33, 34]. Two 
extensions of 015 and 016 studies (017 and 018, respec-
tively) were excluded since new inclusion and exclusion cri-
teria were applied to the originally randomized population 
for the enrollment of patients [35, 36].

We identified one ongoing RCT (NCT03881371) evaluat-
ing safinamide versus placebo in Chinese PD patients with 

Fig. 1  PRISMA flow diagram 
for search strategy
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motor fluctuations while taking l-dopa, recruiting, with 
expected completion in September 2021. We also identified 
another RCT (NCT03841604) evaluating safinamide meth-
anesulfonate in PDwMF patients and chronic pain, which is 
currently active, not recruiting.

Included RCTs were published between 2004 and 2020. 
All studies compared safinamide to placebo. Selected study 
characteristics are presented in Table 1.

The overall population consisted of 2729 participants 
with clinically diagnosed PD. A total of 1725 patients were 
treated with safinamide. The control population included 
1004 participants, all treated with placebo. A total of 1116 
patients had PDwoMF and were treated with safinamide or 
placebo as an add-on to a single dopamine agonist (015 and 
MOTION studies), whereas PDwoMF patients of 009 study 
received safinamide, alone or as an add-on to a single dopa-
mine agonist, or placebo [28]. A total of 1613 patients had 
PDwMF (016, SETTLE, and ME2125-3 studies) and were 
treated with safinamide or placebo as an add-on to L-dopa 
with or without other PD medications. Included studies 
assessed the efficacy of safinamide at 50 (016, MOTION, 
and ME2125-3 studies), 100 (015, 016, MOTION, SETTLE, 
and ME2125-3 studies), and 200 (015 study) mg daily.

In SETTLE study, patients started with a 50 mg dose, to 
be increased to 100 mg, if tolerated. Since 90.9% and 94.1% 
of patients in the safinamide and placebo group assumed 
the 100 mg dose, respectively, we considered patients in the 
safinamide arm of this trial to be all treated with this dosage 
for analysis purposes. In 009 study, patients received safina-
mide according to body weight or placebo. Safinamide was 
administered at 0.5 mg/kg or 1.0 mg/kg daily doses. Median 
safinamide intake was 40 mg (range from 20 to 40 mg) and 
70 mg (range from 40 to 90 mg) for the lower and higher 
dose, respectively [28]. For our meta-analysis, we consid-
ered the 0.5 mg/kg dose in the 50 mg daily group and the 1.0 
mg/kg dose in the 100 mg daily group. Sensitivity analyses 
were performed excluding this study and are detailed in the 
following sections.

3.2  Risk of Bias

All included studies were considered at low risk of bias for 
randomization process and deviations from intended inter-
ventions. ME2125-3 was considered at low risk of bias for 
missing outcome data; 009, 016, SETTLE, and MOTION 
studies received some concerns of risk of bias due to sig-
nificant withdrawal from the study. However, reasons were 
balanced across treatment groups. The 015 study was con-
sidered at high risk of bias for missing outcome data due 
to significant withdrawal, which was unbalanced between 
groups and more frequent in the 200 mg daily arm. All 
studies were considered at low risk of bias for measurement 
of the outcome domain. The 009 study was considered at 

high risk of bias for selection of the reported result since 
the prespecified statistical plan was not followed. Over-
all, ME2125-3 study was considered at low risk of bias, 
016, MOTION, and SETTLE studies were received some 
concerns of risk of bias. Both 009 and 015 studies were 
considered at high risk of bias (Fig. S1). Besides, in 015 
study, patients randomized to placebo received a mixture 
of safinamide and placebo tablets for a considerable period 
of the trial due to contamination of bulk placebo bottles 
with safinamide tablets. This was most frequently detected 
in the 8- (78% of patients) and 12- (58% of patients) week 
pharmacokinetics analyses [29].

3.3  Primary Outcomes

Daily ON-time without troublesome dyskinesia (Fig. 2) and 
daily OFF-time (Fig. 3) were assessed in PDwMF patients 
treated with l-dopa [30–32]. Safinamide 100 mg signifi-
cantly increased ON-time without troublesome dyskinesia 
(MD = 0.95 h; 95% CI from 0.41 to 1.49; p = 0.0006; I2 = 
70%) and decreased OFF-time (MD = − 1.06 hours; 95% CI 
from − 1.60 to − 0.51; p = 0.0001; I2 = 76%). Safinamide 
50 mg significantly improved ON-time without troublesome 
dyskinesia (MD = 0.90 h; 95% CI from 0.04 to 1.76; p = 
0.04; I2 = 76%) and OFF-time (MD = − 0.86 h; 95% CI 
from − 1.49 to − 0.24; p = 0.007; I2 = 65%). 

In PDwMF, safinamide showed a significant improve-
ment in UPDRS-III during ON-time both at 100 mg (MD 
= − 2.77; 95% CI from − 4.27 to − 1.28; p = 0.0003; I2 
= 69%) and 50 mg (MD = − 2.93; 95% CI from − 5.16 
to − 0.71; p = 0.01; I2 = 78%) (Fig. 4). In PDwoMF, safi-
namide significantly improved UPDRS-III during ON-time 
only at 100 mg dosage (MD = − 1.84; 95% CI from − 3.19 
to − 0.49; p = 0.007; I2 = 34%), whereas nonsignificant 
improvement was observed for the 200 mg (MD = − 0.30; 
95% CI from − 2.22 to 1.62; p = 0.76; I2 = not applicable) 
and 50 mg (MD = − 1.29; 95% CI from − 3.28 to 0.70; p = 
0.20; I2 = 44%) dosages (Fig. 4). The results of the sensitiv-
ity analyses on UPDRS-III performed excluding 009 study 
were consistent with the primary analyses (Fig. S8).

3.4  Secondary Outcomes

ON-time with troublesome dyskinesia was evaluated only in 
two studies in PDwMF [30, 32]. Nonsignificant differences 
were observed for both safinamide 100 mg (MD = 0.14 h; 
95% CI from − 0.03 to 0.30; p = 0.10; I2 = 0%) and 50 mg 
(MD = 0.00 h; 95% CI from − 0.17 to 0.18; p = 0.96; I2 = 
0%) (Fig. S2).

DRS was assessed only in PDwMF patients from 016 and 
SETTLE studies [30, 31]. Re-expressed SMD using UdysRS 
points showed no significant difference in DRS between safi-
namide and placebo both at 100 mg (re-expressed SMD = 
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0.42; 95% CI from − 4.34 to 5.04; p = 0.88; I2 = 0%) and 
50 mg (re-expressed SMD = − 1.4; 95% CI from − 7.56 to 
4.76; p = 0.66; I2 = not applicable) (Fig. S3).

UPDRS-II data were available for all included studies 
except for 009 study [28]. Safinamide 100 mg showed a sig-
nificant improvement in UPDRS-II both in PDwMF (MD 
= − 0.65; 95% CI from − 1.03 to − 0.27; p = 0.0009; I2 = 
0%) and in PDwoMF (MD = − 0.55; 95% CI from − 1.01 
to − 0.09; p = 0.02; I2 = 0%). The 50 mg dose significantly 
improved UPDRS-II in PDwMF (MD = − 0.59; 95% CI 
from − 1.09 to − 0.09; p = 0.02; I2 = 0%) whereas a nonsig-
nificant difference was observed in PDwoMF for the 200 mg 
(MD = − 0.2; 95% CI from − 1.12 to 0.72; p = 0.67; I2 = not 
applicable) and 50 mg (MD = − 0.38; 95% CI from − 0.89 
to 0.13; p = 0.14; I2 = not applicable) doses (Fig. S4).

PDQ-39 was available only for PDwMF patients from 
SETTLE and ME2125-3 studies, leading to a significant 
improvement in subjects treated with the 100 mg dose (MD 
= − 2.32; 95% CI from − 3.74 to − 0.89; p = 0.001; I2 = 
0%), while for the 50 mg dose the difference was nonsignifi-
cant (MD = − 0.33; 95% CI from − 2.69 to 2.03; p = 0.78; 
I2 = not applicable) (Fig. S5). RCTs assessing important 
non-motor symptoms were not retrieved.

3.5  Safety

In PDwMF, no significant differences in patients experi-
encing any SAE were observed in 100 mg (OR 1.02; 95% 
CI from 0.59 to 1.77; p = 0.94; I2 = 38%) or 50 mg (OR 
0.77; 95% CI from 0.35 to 1.69; p = 0.51; I2 = 30%) doses 
(Fig. S6). Treatment discontinuation due to AEs in PDwMF 
showed no significant differences for 100 mg (OR 1.02; 95% 
CI from 0.61 to 1.69; p = 0.94; I2 = 0%) or 50 mg (OR 0.78; 
95% CI from 0.41 to 1.50; p = 0.46; I2 = 0%) dosages (Fig. 
S7).

In PDwoMF, safinamide 200 mg (OR 5.17; 95% CI from 
0.24 to 109.26; p = 0.29; I2 = not applicable), 100 mg (OR 
1.62; 95% CI from 0.63 to 4.13; p = 0.31; I2 = 0%) or 50 
mg (OR 1.29; 95% CI from 0.47 to 3.51; p = 0.62; I2 = 
not applicable) doses showed no significant differences in 
patients experiencing any SAE (Fig. S6). Treatment dis-
continuation due to AEs in PDwoMF showed no significant 
differences between the study groups for 200 mg (OR 2.62; 
95% CI from 0.49 to 13.87; p = 0.26; I2 = not applicable) 
100 mg (OR 0.53; 95% CI from 0.21 to 1.31; p = 0.17; 
I2 = 0%) doses, and 50 mg doses (OR 0.68; 95% CI from 
0.09 to 5.14; p = 0.70; I2 = 72%) (Fig. S7). The results of 
the sensitivity analyses on treatment discontinuation due to 
AEs performed excluding 009 study were consistent with the 
primary analyses for 100 mg dose. Conversely, a significant 
reduction in the discontinuation due to AEs was observed for 
safinamide 50 mg dose (OR 0.26; 95% CI from 0.07 to 0.95; 
p = 0.04; I2=not applicable) (Fig. S9). For the exploratory AE
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analysis of single AEs causing treatment discontinuation, 
we managed to extract data only from 015, MOTION, 016, 
and SETTLE studies. The only AE reported more than 2% 
in treatment arms was dyskinesia, which caused 6, 14, and 
7 discontinuations in PDwMF patients treated with safina-
mide 50 mg, safinamide 100 mg, and placebo, respectively. 
Although the tendency favored placebo, nonsignificant dif-
ferences were observed between 50 mg and 100 mg doses 
and placebo (Table S1). Dyskinesia was reported as an AE 
mainly in 016, SETTLE, and ME2125-3 studies, including 
PDwMF patients taking l-dopa. Safinamide was associated 
with a significantly increased reporting of dyskinesia both 
at 100 mg (OR 2.50; 95% CI from 1.32 to 4.72; p = 0.005; 

I2 = 56%) and 50 mg (OR 2.20; 95% CI from 1.15 to 4.23; 
p = 0.02; I2 = 22%) in PDwMF compared to placebo. In 
PDwoMF, data on dyskinesia as an AE were available in a 
pooled analysis of 015 and MOTION studies in regulatory 
agencies documentation. Only one patient taking safinamide 
100 mg and one patient taking placebo reported dyskine-
sia, and the difference was nonsignificant (OR 1.00; 95% CI 
from 0.06 to 15.96; p = 1.00; I2 = not applicable) (Fig. S10). 
No PDwoMF reported dyskinesia while taking safinamide 
200 mg or 50 mg doses [33].

Summary of findings with GRADE application are 
presented in Table 2 for safinamide 200 mg in PDwoMF, 
Tables 3 and 4 for safinamide 100 mg daily in PDwoMF and 

Fig. 2  ON-time without troublesome dyskinesia  in PDwMF patients treated with safinamide plus L-dopa. PDwMF Parkinson’s disease 
with motor fluctuations

Fig. 3  OFF-time in PDwMF patients treated with safinamide plus L-dopa. PDwMF Parkinson’s disease with motor fluctuations



329Safinamide and Parkinson: A Systematic Review and a Meta-analysis

PDwMF, respectively, and Tables 5 and 6 for safinamide 50 
mg daily in PDwoMF and PDwMF, respectively.

4  Discussion

In this systematic review, efficacy and safety of safinamide as 
add-on treatment in PDwoMF and PDwMF were assessed.

In PDwMF safinamide at 100 mg daily dose significantly 
increased ON-time without troublesome dyskinesia, reduced 
OFF-time, and increased UPDRS-III with moderate quality 
of evidence. Similar results were obtained for the 50-mg 
dose but the evidence was lower. A significant slight reduc-
tion of UPDRS-II was observed both at 100 mg and 50 mg in 
the same patients. ON-time without troublesome dyskinesia 

improvement was similar to that observed in LARGO trial 
patients receiving rasagiline as an add-on to l-dopa com-
pared to placebo (MD = 0.82; p < 0.001) [23]. A meta-
analysis showed a similar, yet slightly superior, reduction 
in OFF-time in patients treated with rasagiline as add-on 
to l-dopa (MD = − 0.93; 95% CI from − 1.17 to − 0.69; p 
< 0.001) [37]. A 2017 meta-analysis on rasagiline, both as 
monotherapy and as add-on to l-dopa or dopamine agonists, 
in PD showed that rasagiline treatment improved UPDRS-
III (MD = − 2.04; 95% CI from − 2.47 to − 1.61; p < 
0.001). This result is similar to our findings in safinamide-
treated patients. The same meta-analysis showed a similar 
but slightly higher improvement in UPDRS-II in rasagiline-
treated patients [38]. A network meta-analysis of published 
RCTs on MAOB-I (selegiline, rasagiline, and safinamide) 

Fig. 4  UPDRS-III in PDwMF and PDwoMF patients. PDwMF Parkinson’s disease with motor fluctuations, PDwoMF Parkinson’s disease with-
out motor fluctuations  
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and dopamine agonists (cabergoline, pramipexole, ropin-
irole, and rotigotine) showed that all these compounds asso-
ciated with l-dopa were superior to placebo in the response 
measured with UPDRS. Comparative effectiveness showed 
that selegiline was the most effective and safinamide less 
effective, immediately preceded by rasagiline [14].

Two long-term studies on safinamide provided additional 
data on motor outcomes in PDwMF patients. In 018 study, 
extending observation of 016 study up to 2 years, safina-
mide improved ON-time without troublesome dyskinesia 
and OFF-time, compared to placebo [36]. ME2125-4 was 
a single-arm, 52-week, safety and efficacy trial in 203 Japa-
nese PDwMF patients. In the 194 patients efficacy popula-
tion, safinamide significantly increased ON-time without 
troublesome dyskinesia (MD = 1.42; 95% CI from 0.97 to 
1.87) and UPDRS-III (MD = − 6.20; 95% CI from − 7.34 
to − 5.05) and reduced OFF-time (MD = − 1.40; 95% CI 
from − 1.84 to − 0.96). In ME2125-4 study, the initial dose 
was 50 mg and could be increased to 100 mg during the trial. 
This increase was performed in 107 patients due to poor 

response to the lower dose, indicating that safinamide 100 
mg could provide further clinical benefit [39]. In the SYN-
APSES (“European multicentre retrospective-prospective 
cohort StudY to observe safiNAmide safety profile and pat-
tern of use in clinical Practice during the firSt post-commEr-
cialization phaSe") trial, a significant clinical improvement 
was observed in UPDRS total score (39.0% of responders) 
and UPDRS-III (45.0% of responders) at 12 months [25, 
40]. Another observational study on 165 patients with PD 
showed significant improvements in motor and non-motor 
experiences of daily living assessed through the Movement 
Disorder Society-sponsored revision of UPDRS (MDS-
UPDRS) part I and II [41].

In our study, safinamide showed no significant differ-
ence in DRS compared to placebo in PDwMF patients. This 
observation agrees with the finding that ON-time with trou-
blesome dyskinesia was not modified by safinamide. How-
ever, this could be due to the use of a modified DRS version. 
Indeed, a study published in 2013 underlined that DRS is 
not sensitive to changes in dyskinesia [42]. In future RCTs 

Table 2  Summary of findings for safinamide 200 mg in PDwoMF as add-on to a single dopamine agonist

The risk (95% CI) in the intervention group is based on the assumed risk in the comparison group and the relative effect of the intervention (and 
its 95% CI)
AE adverse event, CI confidence interval, MD mean difference, OR odds ratio, RCTs randomized controlled trials, SAEs serious adverse events, 
UPDRS unified Parkinson’s disease rating scale
a Risk of bias due to the majority of PBO patients in 015 study also assumed safinamide due to contamination of bulk placebo tablet bottles and 
high unexplained dropout rate in the 200 mg arm
b Imprecision due limited sample not meeting the optimal information size criterion
c Imprecision due to few events reported and 95% CI that includes both substantial benefit and harm

Outcomes Anticipated absolute effects (95% CI) Relative effect 
(95% CI)

No. of 
participants 
(studies)

Certainty of 
the evidence 
(GRADE)

Comments

Risk with placebo Risk with safina-
mide 200 mg

UPDRS-III 
assessed with: 
UPDRS

The mean UPDRS-
III was 17.1 
Points

MD 0.3 Points 
lower (− 2.22; 
1.62)

– 179 (1 RCT) ⨁◯◯◯
VERY  LOWa,b

The evidence is very 
uncertain about the 
effect of safina-
mide 200 mg on 
UPDRS-III

UPDRS-II assessed 
with: UPDRS

The mean UPDRS-
II was 6.9 Points

MD 0.2 Points 
lower (− 1.12; 
0.72)

– 179 (1 RCT) ⨁◯◯◯
VERY  LOWa

The evidence is very 
uncertain about the 
effect of safina-
mide 200 mg on 
UPDRS-II

Patients experienc-
ing any SAE

22 per 1000 105 per 1000 
(5–713)

OR 5.17 (0.24; 
109.26)

179 (1 RCT) ⨁◯◯◯
VERY  LOWa,c

The evidence is very 
uncertain about the 
effect of safinamide 
200 mg on patients 
experiencing any 
SAE

Treatment discon-
tinuation due to 
AEs

22 per 1000 56 per 1000 
(11–240)

OR 2.62 (0.49; 
13.87)

179 (1 RCT) ⨁◯◯◯
VERY  LOWa,c

The evidence is very 
uncertain about the 
effect of safinamide 
200 mg on treat-
ment discontinua-
tion due to any AE
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and observational studies, the use of a more robust tool to 
evaluate dyskinesia such as UdysRS could provide better 
estimates of safinamide efficacy on dyskinesias [21].

This kind of evaluation was planned in the NCT03987750 
trial assessing safinamide methanesulfonate on l-dopa 
induced dyskinesias in PD, but the trial has been withdrawn 
due to changes in the drug development plan by the sponsor. 
The trial projected assessments included UdysRS, ON-time 
without troublesome dyskinesia, ON-time with troublesome 
dyskinesia, and MDS-UPDRS; inclusion criteria specified 
that participants should have at least mild severity dyskinesia 
and at least two 30-min periods of ON-time with trouble-
some dyskinesia in the two pre-randomization days [43]. 
In our meta-analysis ON-time with troublesome dyskinesia 
showed nonsignificant differences between safinamide at 100 
mg or 50 mg doses compared to placebo, further corroborat-
ing the observation that safinamide does not increase dys-
kinesias. Nevertheless, it has to be noted that ON-time with 
troublesome dyskinesia is not a specific tool, such as a scale 
like DRS and UdysRS, for the impact and severity measure-
ment of dyskinesias and their changes. A further reason for 
the observed lack of DRS reduction is that 016 and SETTLE 
trials enrolled fluctuating patients with an overall low DRS 
score [30, 31]. Besides, the post hoc analysis performed in 
the 016 extension study showed an improvement in DRS 
in patients with higher scores at baseline taking safinamide 
100 mg [36]. Considering the multiple pharmacological 
activities of safinamide as MAOB-I, ion-channel and gluta-
mate release modulator [7, 11, 12], the conduction of future 
RCTs and observational studies enrolling PD patients with 
dyskinesias, similar to NCT03987750 trial, could better 
clarify safinamide potential anti-dyskinetic, or at least non-
pro-dyskinetic properties, which could be of great value for 
l-dopa-induced dyskinesias.

In PDwoMF, safinamide 100 mg resulted in a statistically 
significant, yet modest and with limited clinical importance, 
improvement in UPDRS-III and UPDRS-II, with moderate 
and low quality of evidence, respectively. MDs were lower 
than MCIDs, but 95% CI included MCID. At 200 mg or 
50 mg, safinamide showed no significant differences in 
UPDRS-III and UPDRS-II. The quality of the evidence was 
very low for the 200 mg dose, and moderate and low, respec-
tively, for 50 mg. The 017 study was a 12-month extension 
of 015 trial evaluating long-term efficacy and safety of safi-
namide compared to placebo in PDwoMF. At the end of the 
study, nonsignificant differences were observed in UPDRS-
III and UPDRS-II between safinamide pooled treatment 
arms and placebo. Similarly, nonsignificant differences were 
observed in time-to-intervention (PD treatment escalation or 
discontinuation due to lack of efficacy) in the intention-to-
treat population, which was the primary study outcome [35].

In PDwoMF, 200, 100 or 50 mg doses showed no 
significant differences in SAE reporting and treatment 

discontinuation with overall low quality of evidence. In 
PDwoMF RCTs, the risk of bias was more important than 
in PDwMF, in particular for 015 trial, in which for a period 
the majority of placebo patients assumed a mixture of safina-
mide and placebo tablets and there was a significant dropout 
rate in the 200-mg arm, being possibly related to AEs or 
lack of efficacy.

PDQ-39 was analyzed only in RCTs enrolling PDwMF 
patients treated with l-dopa, resulting in a significant 
reduction of the score in treated patients, indicating a likely 
improvement in QoL both at 100 mg and 50 mg dose. 
This outcome was assessed in MOTION, 016, SETTLE, 
and ME2125-3 trials, but only data from the SETTLE and 
ME2125-3 were available and could be used for meta-anal-
ysis. Thus, the quality of the evidence for PDQ-39 results 
was considered low due to imprecision and risk of bias. 
However, 016 study reported an improvement in PDQ-39 
with safinamide 100 mg daily [30]. Other important spe-
cific outcomes for patient’s QoL, such as pain, sleep distur-
bances, or dysautonomia, were not present in included RCTs 
and should be better investigated in future clinical trials. 
Included studies did not assess QoL measures in primary 
outcomes. Future studies should consider the patient’s QoL 
as a primary outcome, in particular with the use of patient-
reported outcomes, similar to the NCT03841604 trial, which 
is intended to evaluate safinamide methanesulfonate in pain 
reduction in PDwMF patients taking l-dopa.

In PDwMF, 100 or 50 mg doses resulted in little-to-no 
difference in patients experiencing any SAE and treatment 
discontinuation due to AEs, with moderate quality of evi-
dence. Similar results were observed in PDwoMF patients 
at 200 mg, 100 mg, and 50 mg doses, but the quality of 
the evidence was lower. Recently, the SYNAPSES trial 
provided further real-world data on safinamide safety [40]. 
After a 12-month follow-up of 1558 PD patients, 92.2% 
having motor fluctuations, no differences were observed in 
the quality of reported AEs. Compared to pivotal 016 and 
SETTLE trials, the percentage of patients experiencing any 
AE was 30% lower. AEs were mild or moderate in 90.0% 
of patients and the most frequently reported AE was dyski-
nesia, albeit less frequently (13.7%) compared to 016 and 
SETTLE studies (18.0%). Authors report that the majority 
of patients complaining of dyskinesia were already present-
ing dyskinesias from the study beginning and experienced 
no further worsening. About 10.3% of patients discontin-
ued safinamide due to AEs, a percentage superior to that 
observed in our meta-analysis of 100 mg and 50 mg doses 
in PDwMF. However, the SYNAPSES trial included a real-
life population of PD patients, which generally present more 
comorbidities than patients included in RCTs [40].

In 203 PDwMF Japanese patients included in the safety 
population of ME2125-4 study, the safinamide safety pro-
file was similar to 016, SETTLE, and ME2125-3 trials [39]. 
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Following nasopharyngitis (20.7%), dyskinesia was the sec-
ond most frequent AE (17.7%) reported. Overall, 38 dyski-
nesia AEs were reported, mostly in the early study period, 34 
of which were resolved with dose adjustment of safinamide 
or other concomitant PD drugs, while 4 led to safinamide 
discontinuation. ON-time with troublesome dyskinesia was 
non-significantly changed in this study, compared to baseline 
(MD = − 0.02; 95% CI from − 0.16 to 0.11) [39].

Our meta-analysis showed an increased risk of dyskinesia 
as an AE with safinamide treatment at 100 mg and 50 mg 
doses in PDwMF patients. This observation is in contrast 
to the observed increase in ON-time without troublesome 
dyskinesia in safinamide-treated patients and the absence 
of difference between safinamide and placebo in ON-time 
with troublesome dyskinesia. However, reported dyskine-
sia events were mostly mild or moderate in severity and all 
patients had PDwMF and were taking l-dopa.

Previously, some authors hinted at the possibility of a dis-
ease-modifying role of MAOB-I in PD. However, in ADA-
GIO trial in PDwoMF patients treated with rasagiline, this 
effect could not be fully ruled out [44]. Similarly, evidence 
of significant delay in PD progression with selegiline was 
not ruled out [45]. No RCTs assessing this possible effect on 
safinamide were found.

Safinamide monotherapy was not assessed in RCTs 
except in a subgroup of participants of the 009 trial. In this 
study, safinamide at 1.0 mg/kg daily dose was superior (p = 
0.016) to placebo in UPDRS-III response rate at 12 weeks, 
defined as an improvement of at least 30% from baseline, 
whereas for the 0.5 mg/kg daily dose the difference was non-
significant (p = 0.132). Similar results were also observed 
for the difference in UPDRS-III, which is included in our 
meta-analysis. Notably, in the subset of naïve patients treated 
with safinamide alone in the 009 study, no significant dif-
ferences between active treatment arms were observed, 
compared to placebo, in UPDRS-III response rate [28, 33]. 
Consequently, all clinical development of safinamide was 
continued only as add-on treatment [33]. Indeed, a network 
meta-analysis on MAOB-I and dopamine agonists evaluat-
ing UPDRS responders and SAE showed that safinamide 
was the only drug to be ineffective compared to placebo if 
administered alone [14].

A possible limitation of the present analysis is the small 
number of patients in evaluated outcomes. This limitation 
is due to the choice to perform the analysis grouping on the 
basis of the presence of motor fluctuations, the concomitant 
dopaminergic treatment (dopamine agonists or l-dopa), and 
different safinamide doses. Estimating the real effect of dif-
ferent safinamide doses in different PD stages is of great 
importance in clinical decision making, especially because 
it could be useful to define which patient would achieve 
major benefits from a treatment. We believe this constitutes 
an added value of our study since a similar analysis was 

not performed in previous meta-analyses [17]. Additionally, 
and different from previous studies [17], we excluded from 
analyses the extension studies of 015 and 016 trials (017 and 
018, respectively), since their inclusion would have dupli-
cated a consistent part of participants. Further added values 
of our study are the inclusion in the meta-analysis of data 
from the MOTION and ME2125-3 studies, not included in 
previous systematic reviews [13, 14, 17], and the presenta-
tion of summary of findings with grading of the evidence. 
Future studies could reduce imprecision and better define 
the safinamide effect, in particular on dyskinesia and non-
motor symptoms. All included RCTs were company founded 
and registered in clinical trial databases. Although MOTION 
study is so far unpublished in peer-reviewed journals, data 
were extracted from regulatory agencies approval files, limit-
ing the possible risk of publication bias.

5  Conclusion

In conclusion, the results of this systematic review and 
meta-analysis support safinamide treatment at 100 mg and 
50 mg daily as an add-on to l-dopa in PDwMF patients. 
Evidence for safinamide efficacy in PDwoMF as an add-on 
to dopamine agonists is limited. Overall, safinamide showed 
a good safety profile at all evaluated doses, with no differ-
ences in SAE reporting and treatment discontinuation due to 
AEs. The evaluation of dyskinesia with different outcomes 
in our meta-analysis provided, at least partially, conflicting 
results. The possible pharmacological activity of safinamide 
on dyskinesia as a primary outcome should be assessed with 
validated scales in future RCTs and observational studies. 
Important non-motor symptoms should also be better inves-
tigated. Direct comparisons with other PD drugs were not 
retrieved and could provide further evidence of efficacy and 
safety. Two RCTs are currently ongoing and could provide 
further data for the efficacy and safety of safinamide in the 
future.
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