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Abstract

Parkinson’s disease is associated with motor complications, especially dyskinesias, which limit dopaminergic replacement therapy. Safinamide
is a water-soluble, orally active a-aminoamide derivative that modulates dopaminergic and glutamatergic neurotransmission with a unique
dual mechanism of action. It improves motor symptoms, motor complications, quality of life and ‘on” and ‘off’ time even in combination
with other Parkinson’s disease (PD) medications, such as dopamine agonists and levodopa (LD). Safinamide reduces ‘off’ time and extends
‘on’ time without troublesome dyskinesia. Furthermore, safinamide maintains its effects after long-term treatment and has a favourable
pharmacokinetic and side-effect profile. It therefore has the potential to become an important drug in PD management. This review will
summarise data from animals, healthy human subjects and patients with PD on the long-term efficacy and safety of safinamide.
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Parkinson'’s disease (PD) is a neurodegenerative disorder characterised
by the loss of dopaminergic neurons in the substantia nigra pars
compacta — non-dopaminergic neurotransmission is also involved.
In the basal ganglia circuitry there are many non-dopaminergic
neurotransmitters and neuromodulators involved in the control of motor
symptoms and implicated in the development of motor complications
following long-term levodopa (LD) therapy.™ Indeed, PD is no longer
seen purely as a disease of the dopaminergic system.s In particular,
overactive glutamate transmission plays a role in the progression of PD.¢®
Targeting non-dopaminergic systems is thus a complementary approach
to improve and control such motor complications, removing the need for
further increases in LD, which may otherwise worsen motor fluctuations.*

Safinamide (see Figure 1) is an oral, once-a-day adjunctive therapy
developed for any stage of PD. Safinamide is a unique molecule with
novel mechanisms of action (dopaminergic and non-dopaminergic)
that include monoamine oxidase-B (MAOB) inhibition, sodium channel
blockade and calcium channel modulation, thus inhibiting the excessive
glutamate release. The sodium channel inhibition is concentration- and
state-dependent, and does not influence physiological activity, avoiding
depressant effects on the central nervous system (CNS). Safinamide
does not affect L-type calcium channels (no effects in blood pressure
and heart rate).”?

Safinamide is more selective for MAO-B versus MAO-A than selegiline
and rasagiline: 1,000-fold in humans, compared with 127-fold for
selegiline and 103-fold for rasagiline.®™'s This higher selectivity
is related to the absence of diet restrictions pertaining to the
clinical use of the drug. Moreover, the MAO-B inhibition is totally
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reversible, allowing better clinical manageability and limiting possible
drug-drug interactions.

In animal models, safinamide has been shown to reduce LD-induced
dyskinesias.™ It may also have neuroprotective effects.® Safinamide
inhibits a-1 receptors in the endoplasmic reticulum.” These receptors
are believed to be multifunctional regulatory proteins with a role in
CNS development, plasticity and neurodegeneration. Safinamide has
been shown to completely prevent forebrain dopamine depletion and
neuronal cell death in the gerbil substantia nigra when administered prior
to 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine.® In animal epilepsy
models, safinamide was shown to counteract neuronal death that
had been induced by excitotoxin.” Possible mechanisms of action for
safinamide’s potential neuroprotective properties are MAO-B inhibition®
and reduction in glutamate release.’o"

The efficacy and safety of safinamide has been evaluated in clinical
studies as add-on therapy to dopamine agonists (DAS) in early-stage
PD# and as add-on to LD (with possibly other anti-Parkinson’s drugs)
in mid- to late-stage PD.»#

Evidence from Healthy Volunteers

Four clinical trials in male, healthy volunteers, which included a food
interaction trial, covering doses from 25 pg/kg to 10 mg/kg were
carried out to investigate the pharmacokinetics, pharmacodynamics
and tolerability of safinamide, administered in single or repeated
doses to steady state.” The trials showed that near complete inhibition
of MAO-B is achieved with a safinamide dose of 0.3 mg/kg and that
enteral absorption of the drug is linear and proportional to the doses
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administered. The drug is cleared from the body with a half-life (t, )
approximately equal to 22 h, without producing any clinically relevant
accumulation at steady state. No evident MAO-A inhibition was
observed at doses up to 10 mg/kg.

In an investigation of the absorption, disposition, elimination and
metabolic pathways, a single oral dose of 400 mg 'C-safinamide (as
methanesulphonate salt), uniformly labelled in metabolically stable
positions, was administered to healthy volunteers.® Six male, non-
smoking healthy male volunteers were included. Maximum concentration
was achieved at 1 h (plasma, median T__) for parent drug and at 7
and 1.5 h for plasma and whole blood ™C radioactivity, respectively.
Terminal t,, was about 22 h for unchanged safinamide. By contrast,
"4C radioactivity decreased in a biphasic manner with a terminal t,, of
80 h. The differences in t,, observed between parent safinamide and *C
radioactivity in plasma can be explained by the presence of a varying
mixture of metabolites that are cleared from the body compartments at
different rates. Safinamide deaminated acid and the N-dealkylated acid
were identified as major metabolites in urine and plasma. These results
indicated that safinamide can be administered as a single daily dose.

Non-selective MAO inhibitors or MAO A inhibitors can lead to a life-
threatening hypertensive crisis through the potentiation of peripheral
adrenergic stimulation caused by tyramine ingested with food such as
seasoned cheese or chicken liver, i.e. the ‘cheese effect’.” To assess
the risk of inducing this cheese effect, the effect of safinamide on
the pressor response to tyramine was compared with placebo in
healthy male volunteers.® The amount of tyramine needed to reach
a blood pressure increase was the same after safinamide 2 mg/kg
oral load versus placebo, suggesting that dietary restrictions for food
high in tyramine should not be necessary with safinamide treatment.
Furthermore, in healthy volunteers safinamide 300 mg administered
o.d. under fasting conditions did not change the tyramine pressor
response at steady state after 6-7 days of treatment.*

Evidence Base from Clinical Trials of Early
Parkinson’s Disease

A dose-finding phase Il study was carried out in 172 patients with early
PD, of whom four were not treated: 56 were randomised to placebo;
56 to safinamide 0.5 mg/kg; 56 to safinamide 1 mg/kg (Study 009).*
Patients who improved their motor scores, as measured by the Unified
Parkinson'’s Disease Rating Scale [UPDRS] Ill, by >30 % after 3 months
compared with baseline were classified as responders. The median
daily administered safinamide dose in the 0.5 mg/kg group was 40 mg
(range: 20-40 mg) and 70 mg (range: 40-90 mg) in the 1.0 mg/kg group.
A responder rate of 37.5 % was reported for patients in the higher
safinamide dose group compared with 21.4 % for placebo (p<0.05).

A sub-analysis was performed in DA-treated patients (n=101). A
responder rate of 47.1 % was achieved in the 1.0 mg/kg safinamide
dose group compared with a 20.6 % responder rate with placebo. The
1.0 mg/kg dose induced an average UPDRS-IIl improvement of 4.7 points
compared with 1.4 points for placebo (p<0.05).

In patients with early-stage PD, the efficacy and safety of 50-100 mg/
day or 150-200 mg/day safinamide in comparison with placebo were
evaluated as add-on therapy to a single stable dose of DA (Study 015;
NCT00643045). The primary endpoint was the change in UPDRS part Il
motor scores relative to baseline.” In total, 269 patients were enrolled.
Mean improvements from baseline to week 24 in UPDRS Il total scores
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Figure 1: Chemical Structure of Safinamide
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Figure 2: MOTION Study
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Safinamide
50 mg/day
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-2.09*
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*p=0.0396 versus placebo (ANCOVA) (50 mg/day: LS mean difference
versus placebo [SE] -0.65 [0.58]; 95 % Cl —1.79, 0.48; p=0.259)

Note: Analysis on ITT population, including protocol violators,
showed similar results (p=0.07).

Change from baseline at week 24 in Unified Parkinson Disease Rating Scale (UPDRS) Il
total score in early PD with safinamide 50 mg/day, safinamide 100 mg/day and placebo
in on-treatment, intent-to-treat (ITT) dopamine-agonist monotherapy population.
ANCOVA = analysis of covariance; Cl = confidence interval; LS = least squares, SE =
Standard error.

were -3.90 for safinamide 200 mg, —6.0 for safinamide 100 mg and
-3.60 for placebo. The difference between 100 mg/day and placebo
was significant (point estimate: —1.9; 95 % confidence interval [CI] 3.7
to -0.1; p=0.0419). No clinically meaningful differences in comparison
with placebo were observed for any safety variables.

The extension study to Study 015 (Study 017, NCT00642889) was a 52-
week, randomised, double-blind, placebo-controlled pre-planned study
to investigate the long-term efficacy and safety of safinamide as add-
on therapy for early PD. The primary efficacy endpoint was the time
from baseline (Study 015 randomisation) to ‘intervention’, defined as:
increase in DA dose; addition of another DA, LD or other PD treatment;
or discontinuation due to lack of efficacy.? The pooled data from the
safinamide groups did not show a statistically significant difference
versus placebo for the primary endpoint of median time from baseline
to intervention. This may have been due to a lack of response in
patients receiving the higher dose of safinamide (150-200 mg/day).” A
post-hoc analysis revealed that patients who had received safinamide
100 mg/day experienced a significantly lower rate of interventions
compared with patients receiving DA monotherapy (25 % versus
51 %, respectively) and delay in median time to intervention of 9 days
(p<0.05; 240-540-day analysis). No new safety concerns emerged with
safinamide in this study.

The MOTION study (NCT00605683) is a 24-week randomised placebo-
controlled trial evaluating the safety and efficacy of oral 50 mg/day
and 100 mg/day of safinamide as add-on to stable DA monotherapy
and who were LD naive.? The study randomised 679 patients with
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Figure 3: Mean Change from Baseline in
Total Daily on Time without Troublesome
Dyskinesia in the SETTLE Study
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Figure 4: Primary Endpoint from Study 016

Safinamide 50 mg Safinamide 100 mg

LS mean 1.23 1.28

LS difference versus placebo 0.51 0.55

95 % Cl or LS difference (0.07, 0.94) (0.12, 0.99)
p value versus placebo 0.0233 0.0130

Total daily ON time, h (meanz SE)

Baseline  Week 4 Week 8 Week 12 Week 18 Week 24/E0S*
*ON time = ON time without dyskinesia + ON time with minor dyskinesia
—e— Safinamide 100 mg == Safinamide 50 mg == Placebo

Mean change standard error (SE) in on time with no or minor dyskinesia (patient diary
data). Using analysis of covariance (ANCOVA) analysis (mixed model repeated measures
[MMRM]), all time points after baseline were statistically significant compared with
placebo, with the exception of safinamide 50 mg/day at week 18 (p=0.0974). *p<0.05
versus placebo. CI = confidence interval; EOS = end of study; LS = least squares.

early PD (i.e. diagnosed with PD within 5 years), 666 of whom were
receiving dopamine-agonist monotherapy (safinamide 50 mg/day,
n=223; safinamide 100 mg/day, n=221; placebo, n=222). Safinamide
100 mg/day significantly improved motor symptoms (as assessed
using UPDRS IIl; p=0.04) (see Figure 2). Safinamide 100 mg/day also
significantly improved quality of life (as assessed using EuroQoL [EQ-
5D] and Parkinson’s Disease Questionnaire [PDQ-39]) compared with
placebo in patients taking a single DA (n=666). These results further
support safinamide, at a 100 mg/day dose, as an efficacious add-on
treatment in early-stage PD.

Evidence Base from Clinical Trials of Mid- to
Late-stage Parkinson’s Disease

The SETTLE trial (NCT00627640) was a 6-month (24-week), randomised,
double-blind, placebo-controlled trial that evaluated the efficacy and
safety of a dose range of safinamide (50-100 mg) versus placebo as
add-on therapy to a stable dose of LD and other anti-Parkinson drugs
in patients with mid- to late-stage idiopathic PD (i.e. diagnosed with
PD more than 5 years earlier).* In the SETTLE trial, 549 patients with
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advanced idiopathic PD and motor fluctuations were randomised: 274
to safinamide; 275 to placebo.

The primary efficacy measure was the change from baseline to 24 weeks
in daily ‘on" time without troublesome dyskinesia as recorded by patients
or caregivers in an 18-hour diary. Responders were taken to be patients
with clinically relevant improvements from baseline in motor fluctuations
(‘'on" and 'off’ time, as determined from the patient diary) and in motor
function (UPDRS Ill score) at 24 weeks. The analyses of clinical relevance
were performed using cut-off of 30 and 60 minutes for motor fluctuations,
20 % and 30 % improvement in motor symptoms. In particular, clinically
relevant improvements in motor fluctuations were defined by a change
>30 and =60 minutes in ‘on’ time (increase) and ‘off’ time (decrease) at
24 weeks versus baseline. Clinically relevant improvements in motor
function were defined by a >20 % and a >30 % decrease in the UPDRS
Il score at 24 weeks compared with baseline. At 24 weeks, the mean
(xstandard deviation [SD]) change in daily ‘on’ time from baseline for the
safinamide group was 1.42 (+2.80) hours, whereas the placebo group
had a mean (+SD) change of 0.57 (+2.47) hours (p<0.001) (see Figure 3).*

Significantly more patients in the safinamide group (59/274, 21.5 %) than
in the placebo group (37/275, 13.5 %) had an improvement >30 minutes
inboth ‘on” and ‘off" time and a >20 % improvement in the UPDRS Il score,
from baseline to 24 weeks (odds ratio 1.77, 95 % CI 1.13-2.77, p=0.0134).
The difference between treatment groups in the rates of patients
achieving clinically relevant results was also significant when defined by
more stringent criteria: a total of 37/274 (13.5 %) patients treated with
safinamide versus 20/275 (7.3 %) patients in the placebo group had their
on and off time improved by >60 minutes with an improvement in the
UPDRS Il score >30 % (odds ratio 2.00, 95 % Cl 1.13-3.55; p=0.0180).*
The significant benefit of safinamide over placebo in patients with
advanced PD observed in the SETTLE study was therefore clinically
relevant as it allowed more patients to achieve improvements of at least
1 hour in motor fluctuations and a percentage of improvement of 30 %
and more in motor symptoms.

Study 016 (NCT01187966) is a phase lll, multicentre, double-blind,
placebo-controlled, parallel group study that evaluated the efficacy and
safety of safinamide as add-on to LD in the treatment of patients with
PD and motor fluctuations.® The primary endpoint was the change in
daily ‘on’ time with no or non-troublesome dyskinesia, as recorded by
patients’ diaries. Secondary endpoints included ‘off’ time, UPDRS part
Il (motor score) and the Clinical Global Impression scale (CGI-Change).

In Study 016, 669 patients with idiopathic PD on a stable dose of LD
therapy were randomised to receive 50 mg/day safinamide (n=223),
100 mg/day safinamide (n=224) or placebo (n=222) for 6 months. The
6 months of treatment with safinamide (50 or 100 mg/day) compared with
placebo significantly improved motor function, increased the average
duration of ‘on’ time with no dyskinesia or with minor dyskinesia and
decreased the average duration of the ‘off' time (see Figure 4). Patients
considered ‘on’ time with no or non-troublesome dyskinesia as ‘good’ on
time correlated with a good response to the treatment throughout the
day. Moreover, both safinamide doses did not increase the troublesome
dyskinesia despite the significant increase in ‘on’ time.»

Study 018 (NCT01286935) was an 18-month, placebo-controlled
extension to Study 016 that aimed to assess the long-term safety and
efficacy of safinamide as add-on to LD in patients with PD and motor
fluctuations. In total, 81.3 % (544 out of 669) patients initially randomised

EUROPEAN NEUROLOGICAL REVIEW



Emerging Role of Safinamide in Parkinson’s Disease Therapy

for study 016 entered this extension trial. The primary endpoint was the
change from baseline in Dyskinesia Rating Scale (DRS)® total score during
‘on’ time over 24 months. Other efficacy endpoints included the change
in ‘on” time without troublesome dyskinesia, changes in individual diary
categories, depressive symptoms and quality of life measures. At month
24, there was no significant difference in the primary endpoint between
safinamide and placebo, despite observed mean DRS decreases of 31 %
and 27 %, respectively, for 50 mg/day and 100 mg/day; whereas the
other efficacy measures improved. However, baseline DRS scores were
low (the mean DRS score was lower than 4) and this may have accounted
for this finding. In a post hoc analysis of the subgroup of patients with
DRS >4 (a value considered clinically relevant), safinamide 100 mg/day
improved DRS scores versus placebo (p=0.0317).

Improvements observed at week 24 of study 016 in motor function,
quality of life, ‘on” time with no or non-troublesome dyskinesia and
‘off” time, were confirmed after 24 months.” This can be considered as
further evidence that safinamide improves motor fluctuations without
worsening dyskinesia, maintaining its efficacy in the long term (see
Figure 5). Both doses were well tolerated during 2 years of treatment,
with a similar incidence of adverse events versus placebo.

The clinical studies in patients with mid- to late-stage PD*#* thus
support the use of safinamide 100 mg/day as add-on treatment to LD
and other anti-Parkinsonian drugs.

Summary of Safety and Tolerability

common side effects (reported in >5 % of patients in any group)
included worsening of Parkinson'’s disease, cataract, back pain, pyrexia
and hypertension.?? No clinically significant differences between
safinamide and placebo were observed for any safety variables in
the clinical trials of safinamide.’»#2#% |n Study 015, the incidence of
treatment-emergent adverse events (TEAES ) was <10 % for each group
and the number of patients with TEAES rated as severe was 2.2 % for
the safinamide 100 mg group, 10.1 % for the safinamide 200 mg group
and 6.7 % for placebo.” Incidences of serious drug-related TEAS in
Study 017 were 7.5 % for the safinamide 100 mg/day group, 1.4 %
for safinamide 200 mg/day and 5.1 % for placebo.? The incidence
of TEAES, both newly emergent and re-emergent, in the combined
016 and 018 study population were likewise similar across groups.
Number of patients experiencing any serious TEAES in the placebo
group were 16 %, 16.9 % in the safinamide 50 mg/day group and 18.9 %
in the safinamide 100 mg/day group. No dose response for safinamide
on the frequency of AEs has been reported although further study is
still needed.

Conclusions

The cause of PD is multifactorial and the pathomechanism of the disease
is not completely understood. The basal ganglia circuitry involves many
non-dopaminergic neurotransmitters and neuromodulators in the control
of motor symptoms and in the development of motor complications
following long-term LD therapy. In particular, overactive glutamate
transmission plays arole in the progression of PD.~*There is a need for new
PD treatments combining dopaminergic and non-dopaminergic effects,
able to prevent the onset of motor complications keeping unchanged the
efficacy and with a simple, well-tolerated treatment regime.

Safinamide is a potent, highly selective, reversible MAO-B inhibitor with

anti-glutamatergic effects. It blocks fast sodium currents and modulates
N-type calcium currents in a concentration- and state-dependent manner
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Figure 5: Principal Secondary Endpoint from
Study 018

Safinamide 50 mg Safinamide 100 mg

LS mean (h) 1.01 1.18
LS difference versus placebo (h) .47 0.83
95 % Cl or LS difference (h) (0.23,1.11) (0.39,1.27)
p value versus placebo 0.0031 0.0002
11.5
Study 016 Study 018

Total daily ON time, h (hours)

Week 24 Week 48 Week 76 Week 102-EOS

Baseline 016

Time points (study week)
—e— Safinamide 100 mg —e= Safinamide 50 mg —e= Placebo

Mean change in ‘ON’ time without troublesome dyskinesia over 2 years (from baseline
of Study 016 to end of Study 018 — patient diary data). Cl = confidence interval, EOS =
end of study; LS = least squares.

(different potency at different states of the channel), thus inhibiting
the presynaptic release of excitotoxic amino acids like glutamate.

Safinamide does not affect L-type calcium channels (no effects in blood
pressure and heart rate) and can be given without food restrictions
related to tyramine. Moreover, safinamide has a dose-dependent, dose-
proportional and linear favourable pharmacokinetic profile.

Safinamide was investigated in phase Il clinical trials as adjunct
therapy to DAs for patients with early stage PD and to LD therapy for
patients in the mid-to-late stages of PD. Safinamide, at a 100 mg/day
dose, improves fluctuations and controls motor symptoms and motor
complications in the short term maintaining the benefits in the long
term (up to 2 years). Results from long-term (24 months) double-blind
controlled studies suggest that safinamide does not increase the risk of
developing troublesome dyskinesia despite significantly increasing the
daily ‘on’ time. Importantly, long-term results suggest that safinamide
treatment improves dyskinesia in patients with moderate to severe
dyskinesia. Safinamide reduces daily ‘off’ time and early morning
akinesia, improving quality of life and functionality and significantly
improves in the long-term motor functions as evaluated by UPDRS I
score. It is well tolerated with a favourable side-effect profile and is
easy to use: once-daily dose, no need of LD adjustment, no major drug—
drug interactions, no diet restrictions due to its higher MAO-B/MAO-A
selectivity (1,000-fold more selective in humans for MAO-B compared
with 127 for selegiline and 103 for rasagiline).

Safinamide, unlike other drugs that can improve motor function and act
on the dopaminergic pathway in PD, does not aggravate dyskinesias.
This positive effect may be related to its dual mechanism acting on
both the dopaminergic and the glutamatergic pathways. Contrary to
selegiline and rasagiline, which show dyskinesia as a secondary effect
in patients with advanced PD, safinamide has no methamphetamine
metabolites (i.e. in contrast to selegiline)* and acts on the glutamatergic
pathway (i.e. in contrast to rasagiline).

111



Movement Disorders Parkinson's Disease

Safinamide is a unique compound exhibiting a combined non-
dopaminergic and dopaminergic mode of action, which modulates
altered dopaminergic and glutamatergic neurotransmission in PD
patients; therefore, it has the potential to become an important
drug for PD management, in all stages of the illness. More data, in

particular, from independent clinical trials, are needed to assess the
compound in more detail. Overall, preclinical and clinical data with
safinamide support the view that it may serve as a valuable choice for
add-on therapy to DAs and LD in the early and the mid-to-late stage
disease, respectively. &
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