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evodopa is the cornerstone of therapy for Parkinson’s disease (PD) and remains the most effective treatment available. Over time,

however, the beneficial motor response to levodopa gradually shortens (this is known as ‘wearing off’) and motor complications

(motor fluctuations and dyskinesias) increasingly affect so-called ‘on-time’. The risk of developing motor complications is strongly
linked to levodopa dose, independently of other predictive factors including disease severity. This provides a strong rationale for using other
drugs, either alone or in combination with low-dose levodopa, to preserve the efficacy of levodopa for as long as possible. Several classes
of drugs, including dopamine agonists, catechol-O-methyltransferase inhibitors, and monoamine oxidase B (MAO-B) inhibitors, are used
as add-ons to levodopa, but all have significant drawbacks. Recently, safinamide (Xadago®) was approved for the treatment of PD patients
as an add-on therapy to levodopa alone or in combination with other PD agents in mid- to late-stage fluctuating patients. Safinamide has
a dual mechanism of action that includes modulation of dopaminergic metabolism through selective, reversible inhibition of MAO-B, and
blockade of voltage and use-dependent sodium (Na+) channels, leading to inhibition of stimulated glutamate release. This article reviews
the pathophysiology of PD and current treatment options, together with a comprehensive discussion of the pharmacokinetic, preclinical
and clinical data relating to safinamide, including results from the 016/018 and the Safinamide in Idiopathic Parkinson’s Disease With Motor
Fluctuations, as add-on to Levodopa (SETTLE) studies and exploratory post hoc analyses. In these pivotal studies, safinamide 50-100 mg/day
demonstrated efficacy in the treatment of motor fluctuations and motor symptoms in stabilised levodopa patients (improving the Unified
Parkinson’s Disease Rating Scale Il score, and motor complications, as indicated by a significant reduction versus placebo in the primary
endpoint of on-time without troublesome dyskinesias). Safinamide treatment was also effective for improving other motor complications
(such as "off-time’, early-morning akinesia), motor symptoms, hon-motor symptoms, activities of daily living and quality of life. These effects
have been proved in the short term (six months) and maintained in the long term (24 months). Together, the data suggest that safinamide
could be an appropriate choice as a first-line add-on therapy to levodopa in PD patients experiencing motor fluctuations.
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Overview of Parkinson’s disease

Epidemiology

Parkinson’s disease (PD) is a common, chronic and progressive
neurological condition. It is estimated to affect 100-180 people
per 100,000 of the population and has an annual incidence of 4-20 per
100,000 people.” The prevalence of PD rises sharply with age, from a
mean of 41 per 100,000 in those aged 40-49 years to 1,903 per 100,000 in
those aged over 80 years.? The prevalence and incidence of PD is higher
in men than in women.!

Risk factors for Parkinson’s disease

A number of putative risk factors for developing PD have been identified
from systematic review and meta-analysis of observational studies. These
include genetic and environmental risk factors, associated comorbidities
and medication exposures, as well as early non-motor features that may
represent the earliest stages of PD. The strongest risk factors associated
with later PD diagnosis are having a family history of PD or tremor, and
lack of smoking history. Other risk factors may include a history of mood
disorder, exposure to pesticides, rural living, employment in farming or
agriculture.® Factors associated with the development of classic motor
features of PD, which may represent an early pre-motor stage of the
disease, include impaired sense of smell, sleep disturbances, rapid-eye
movement (REM) behaviour disorder and constipation. A reduced risk of
developing PD is associated with smoking, coffee-drinking, hypertension,
and use of non-steroidal anti-inflammatory drugs (NSAIDs) or calcium
(Ca?) channel blockers.?
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Figure 1: Cardinal symptoms of Parkinson’s disease*

Figure 2: Prevalence of non-motor symptom domains
according to patients’ clinical status’
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Fisher exact test p<0.0042 (with Bonferroni’s correction) for the following non-motor
symptom domains: gastrointestinal, urinary symptoms, pain, sleep disorders, skin.
Reproduced with permission from Barone et al., 2009.”7

Table 1: UK Parkinson’s Disease Society Brain Bank criteria
for the diagnosis of Parkinson’s disease?

shuffling
steps

Adapted from information presented in Rodriguez-Oroz et al., 2009.*

Clinical Features
The cardinal motor symptoms of PD are (see Figure 1):*

e bradykinesia (poverty/slowness of movement),
o rigidity;

e rest tremor; and

e postural and gait disturbance.

Patients with PD may present with all four cardinal symptoms or
just one or two. However, a diagnosis of PD cannot be firmly made
without features of bradykinesia with sequence effect, usually with
asymmetry. Tremor is the presenting symptom in 70% of patients.’

Although PD is predominantly a disorder of motor function, patients with
PD frequently develop non-motor symptoms. Non-motor symptoms are
now recognised as a major determinant of quality of life and overall
burden of disease.” Non-motor symptoms in PD include:¢

e sensory disorders (hyposmia and pain);
e autonomic dysfunction (orthostatic hypotension,
bladder disturbance, erectile dysfunction, constipation);
e neuropsychiatric symptoms (anhedonia, apathy, anxiety, depression,
bradyphrenia, frontal executive dysfunction, dementia, psychosis); and
sleep disorders (sleep fragmentation, reduced sleep efficiency,
reduced slow-wave sleep, reduced REM sleep, REM sleep behavioural
disorders, excessive daytime sleepiness, nocturnal akinesia/tremor,
restless legs syndrome, periodic limb movements during sleep).

neurogenic

Non-motor symptoms were assessed in the Parkinson and Non Motor

Step 1. Diagnosis of a parkinsonian syndrome

Bradykinesia and at least one of the following:

e Muscular rigidity
e Rest tremor (4-6 Hz)
e Postural instability unrelated to primary visual, cerebellar, vestibular or

proprioceptive dysfunction

Step 2. Exclusion criteria for Parkinson’s disease

History of:

o Repeated strokes with stepwise progression

e Repeated head injury

e Antipsychotic or dopamine-depleting drugs

¢ Definite encephalitis and/or oculogyric crises on no drug treatment
e More than one affected relative

e Sustained remission

o Negative response to large doses of levodopa (if malabsorption

excluded)

o Strictly unilateral features after three years

e Other neurological features: supranuclear gaze palsy, cerebellar signs, early
severe autonomic involvement, Babinski sign, early severe dementia with
disturbances of language, memory or praxis

e Exposure to known neurotoxin

e Presence of cerebral tumour or communicating hydrocephalus or
neuroimaging

Step 3. Supportive criteria for Parkinson'’s disease

Three or more required for diagnosis of definite PD:
e Unilateral onset
e Rest tremor present
e Progressive disorder
o Persistent asymmetry affecting the side of onset most
¢ Excellent response to levodopa
e Severe levodopa-induced chorea
e Levodopa response for over five years
e Clinical course of over 10 years

Symptoms (PRIAMO) study, a cross-sectional cohort of more than 1,000
patients with PD.” In all, 98.6% of patients reported the presence of non-
motor symptoms, with a mean number 7.8 per patient (range 0-32). The
most common were fatigue (58%), anxiety (56%), leg pain (38%), insomnia
(37%), urgency and nocturia (35%), drooling of saliva and difficulties in
maintaining concentration (31%). The frequency of non-motor symptoms
increased in line with disease duration and severity (see Figure 2).
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Diagnosis

The diagnosis of PD is primarily clinical, based on the history and
examination.” An example of a widely accepted diagnostic criteria is
that developed by the United Kingdom Parkinson’s Disease Society

(UK PDS) Brain Bank (see Table 7).
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In 2015, clinical diagnostic criteria for PD were published by the
Movement Disorder Society (MDS).? Again, the benchmark for these
criteria is expert clinical diagnosis; the criteria aim to systematise
the diagnostic process, to make it reproducible across centres and
applicable by clinicians with less expertise in PD diagnosis. Although
motor abnormalities remain central, increasing recognition has been
given to non-motor manifestations; these are incorporated into both
the current criteria and separate criteria for prodromal PD.°

The new MDS diagnostic criteria retain motor parkinsonism as the
core feature of the disease, defined as bradykinesia plus rest tremor
or rigidity, and include explicit instructions for defining these cardinal
features. After documentation of parkinsonism, determination of PD
as the cause of parkinsonism relies on three categories of diagnostic
features: absolute exclusion criteria (which rule out PD), red flags
(which must be counterbalanced by additional supportive criteria to
allow diagnosis of PD), and supportive criteria (positive features that
increase confidence of the PD diagnosis). The MDS criteria define two
levels of diagnostic certainty: clinically established PD (maximising
specificity at the expense of reduced sensitivity) and probable PD
(which balances sensitivity and specificity).’”

Disease progression and prognosis

PD is a chronic, progressive disorder for which there is presently no
cure. Although PD typically presents with the cardinal motor symptoms,
it is likely that the pathological process starts many years before
these symptoms develop and it is likely they are reflected by the early
appearance of non-motor features as described above.

Longitudinal assessment of newly diagnosed PD patients
indicates that motor symptoms progress fastest in the early stages of
disease.cThisis in agreement with pathological studies in PD patients
that show an exponential decline in neurons in the substantia
nigra over time."

In a pathology study involving autopsy findings from 18 patients with
PD or dementia with Lewy bodies, the average loss of neuronal density
was 7% per year.® A 29% loss was found to correlate with first motor
symptoms and a 50% loss was present after five years of symptomatic
disease. By extrapolation, the length of the presymptomatic phase was
estimated at approximately five years.™

Recent studies have used non-biased stereologic counting methods
to quantify substantia nigra pars compacta (SNc) neurons and striatal
dopamine innervation.” These demonstrate a complete loss of staining
for dopamine terminals in the dorsal striatum within four years from
initial diagnosis, suggesting completely degenerate or dysfunctional
dopamine innervation by this time point.

The Sydney Multicenter Study of Parkinson's Disease is one of the
longest prospective studies, following 136 patients with PD from
diagnosis (see Box 1).2% Long-term follow-up reveals the increasing
burden of non-motor and non-dopaminergic symptoms as the disease
progresses, with a very high prevalence of dementia by 20 years post-
diagnosis.™>® Virtually all patients also experience levodopa-induced
motor complications during this time period.

While disease progression in PD is inevitable, not all patients progress
at the same rate. For example, patients with prominent tremor tend to
progress at a much slower rate than those with the akinetic rigid form
of the disease.” Further, patients who have a mutation in the parkin

gene generally have earlier onset and a slower course of PD.* Currently,
while the course of PD can be extended through treatment, progression
cannot be halted.

Box 1: The Sydney Multicenter Study of Parkinson’s
Disease - Insights at 15 and 20 Years Post-diagnosis

At 15 years since diagnosis:™

*  62% of patients had died;

e 100% of patients had progressive disease, a predominance of
non-dopamine-responsive symptoms and declining quality of life;

e 81% of patients had experienced falls, 23% had suffered fractures;

e 84% had cognitive decline, 48% fulfilled criteria for dementia;

e 50% experienced hallucinations and depression;

e 50% experienced choking;

o 35% suffered symptomatic postural hypotension;

e 41% suffered urinary incontinence;

e 40% were in aged care facilities;

e 95% reported levodopa-induced dyskinesia/dystonia and end-of-
dose failure of medication; mean duration of treatment before
levodopa-induced dyskinesia was 5.3 years;

e 0% were in employment.

At 20 years since diagnosis:™

o 74% of patients had died;

e 71% had urinary incontinence;

e 17% had faecal incontinence;

e 40% had constipation requiring daily laxatives;

e 81% had dysarthria;

e 48% had choking;

* 87% had suffered falls; 35% had sustained fractures;

* 83% had dementia; the mean time until dementia developed was
10.9 years and once dementia was diagnosed, median survival
was 54 months;

e most patients had dyskinesia at end of dosage and five patients
out of 30 did not have daily ‘on’ periods.

Assessing the features of Parkinson'’s disease

The multiple manifestations of PD can be assessed with the Unified
Parkinson’s Disease Rating Scale (UPDRS), which was created in the
1980s and revised by the MDS-UPDRS Task Force in 2008." The MDS-
UPDRS consists of four parts (see Table 2) and the questions are
designed to assess the clinical features of PD. All UPDRS questions
have a response on a five-point scale (0=normal, 1=slight, 2=mild,
3=moderate, and 4=severe). The MDS-UPDRS total score (all parts)
provides a comprehensive assessment of a patient with PD.

The examiner can also make a global assessment of the patient using
the Hoehn and Yahr (H-Y) scale of clinical staging (see Table 3), which
originated in the 1960s.7"® The H-Y scale primarily captures physical
disability and is widely used to establish eligibility for clinical studies
and to track the progressive course of PD; its advantage is simplicity
— patients are rated on a scale of 1 to 5. The disadvantage of the H-Y
scale is that it does not capture comorbidities or the full spectrum of PD
disability, such as depression, sleep disorders or dementia.®

Pathophysiology

An early pathologic hallmark of PD is a decline in dopamine-producing
neurons in the SNc (see Figure 4).” Neurologic signalling from this
region of the mid-brain, through projection to the corpus striatum, is

EUROPEAN NEUROLOGICAL REVIEW
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Table 2: MDS-Unified Parkinson’s Disease Rating Scale'

Part Rater Topics Covered in Questions

Part I: non-motor aspects of Patient/caregiver Cognitive impairment, hallucinations and psychosis, depressed mood, anxious mood, apathy, features

experiences of daily living of dopamine dysregulation syndrome, night-time sleep problems, daytime sleepiness, pain and other
sensations, urinary problems, constipation problems, lightheadedness on standing and fatigue

Part IIl: motor aspects of experiences | Patient/caregiver Speech, salivation and drooling, chewing and swallowing, eating tasks, dressing, hygiene, handwriting,

of daily living doing hobbies and other activities, turning in bed, tremor, getting out of bed, car or deep chair, working
and balance and freezing

Part Ill: motor examination Examiner Speech, facial expression, rigidity of neck and four extremities, finger taps, hand movements, pronation/
supination, toe tapping, leg agility, arising from chair, gait, freezing of gait, postural, global spontaneity of
movement, postural tremor of hands, kinetic tremor of hands, rest tremor amplitude and constancy of
rest tremor

Part IV: motor complications Patient/caregiver Time spent with dyskinesia, functional impact of dyskinesia, time spent in the ‘off’ state, functional
impact of fluctuations, complexity of motor fluctuations, painful off-state dystonia

Table 3: Clinical staging of patients with Parkinson’s disease’®

Hoehn and Yahr Scale Modified Hoehn and Yahr Scale

1: Only unilateral involvement, usually | 1.0: Unilateral involvement only
with minimal or no functional disability | 1.5: Unilateral and axial involvement

2.0: Bilateral involvement without
impairment of balance

2.5: Mild bilateral disease with recovery
on pull test

2: Bilateral or midline involvement
without impairment of balance

3.0: Mild to moderate bilateral disease;
some postural instability; physically
independent

3: Bilateral disease: mild to moderate
disability with impaired postural
reflexes; physically independent

4.0: Severe disability; still able to walk
or stand unassisted

4: Severely disabling disease; still able
to walk or stand unassisted

5.0: Wheelchair bound or bedridden
unless aided

5: Confinement to bed or wheelchair
unless aided

integral to the regulation of normal movement. The striatum is the main
input region of the basal ganglia for cortical information and plays an
important role in motor control. Post-mortem pathology studies of PD
patients’ brains show that even mildly affected patients have lost about
60% of their dopamine-producing neurons in the substantia nigra,
particularly in the lateral portion.™Itis this loss, in addition to dysfunction
of the remaining neurons, that accounts for the approximately 80% l0ss
of dopamine in the corpus striatum in advanced patients.?

Another pathologic hallmark of PD is the presence of neuronal inclusions
called Lewy bodies (see Figure 4).” These structures contain misfolded
aggregates of a-synuclein and ubiquitin. The Braak hypothesis suggests
that a-synuclein inclusions may begin peripherally and spread to involve
the mid-brain and then the cortex.?

Non-dopaminergic neurons are also involved in the pathology of PD
and may account for many of the non-dopamine clinical features
of the disease. Involvement can include neurons in the cerebral
hemisphere, upper and lower brainstem, spinal cord, and peripheral
autonomic nervous system, as well as those in the SNc. A raft of other
non-dopaminergic neurotransmitter systems including acetylcholine,
serotonin and norepinephrine neurons are also involved in the motor
features of PD (see Figure 5).

The precise mechanism accounting for the decrease in dopamine-
producing neurons is not fully understood. It is generally thought that
genetic and environmental factors may both play a role in causing
neuronal death. While gene mutations account for as many as 15-20%

EUROPEAN NEUROLOGICAL REVIEW

Figure 3: Structures of the basal nuclei and anatomical
position of the corpus striatum™
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Reproduced with permission from Saladin, 2009."

Figure 4: Substantia nigra from patient with Parkinson’s
disease?’

‘ L s

Nerve cell with four Lewy bodies, three of which are double-stained for a-synuclein
and ubiquitin, whereas one is immunoreactive only for a-synuclein (rightward arrow);
Lewy neurite is stained only for a-synuclein (leftward arrow, bar 30 um). Reproduced
from Spillantini et al., 1998. 2" Copyright (1998) National Academy of Sciences.

of cases, a genetic predisposition associated with an environmental
trigger may be a far more common cause.** The best documented and
most widely investigated genetic causes are mutations in the LRRK2
(coding for leucine-rich repeat kinase 2), SNCA (coding for a-synuclein)
and parkin genes.?
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Figure 5: Non-dopaminergic neurotransmitter systems
involved in the motor features of PD%
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Str = striatum, TH = thalamus. Reproduced with permission from Duty, 2012.%

Figure 6: Summary of recommended Parkinson’s disease
therapies by disease stage and patient age'?%%
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COMT-i = catechol-O-methyltransferase inhibitor; CR/Duo = controlled release Duopa;
DA = dopamine agonist; MAOB-i = monoamine oxidase-B inhibitor.

The current treatment paradigm in Parkinson’s disease
Symptomatic treatment for PD is typically initiated once the diagnosis is
made or once motor symptoms become problematic. There is also much
interest in drugs that might slow the rate of disease progression, and
such a therapy, if it were established to be effective, would be started in
all patients as soon as a diagnosis was made.

There are several possible approaches to the initial treatment of
patients with PD (see Table 4).» The choice is individualised, taking into
account clinical and lifestyle characteristics and patient and physician
preference. Monoamine oxidase-B (MAO-B) inhibitors are a reasonable
first therapy because of their efficacy, good safety profile and potential
disease-modifying effect. Others prefer to start with dopamine agonists
because of their potential to avoid levodopa-induced dyskinesia;
however, it is now clear that these agents can be associated with leg
swelling, psychosis, sudden-onset sleep episodes, and impulse control
disorders. Levodopa remains the most effective treatment for PD, but
it is associated with the development of motor complications (motor

Table 4: Options for initial therapy of Parkinson’s disease®

Levodopa Dopamine MAO-B
Agonists Inhibitors

Efficacy +++ ++ +

Acute side effects ++ + i
Motor Complications ++ +
Neuroprotection +/- +/- +

Toxicity /-

Convenience + -

MAO-B = monoamine oxidase-B. + mild advantage; ++ moderate advantage;
+++ marked advantage, +/- uncertain.

Table 5: Options for adjuvant pharmacotherapy in later
Parkinson'’s disease’

‘ ‘ Possible Risk of Side Effects

Other
Adverse
Events

Adjuvant Therapy for First-choice Symptom Motor

Later PD Option Control Complications

Dopamine Agonists | v/ -+ | i
COMT Inhibitors v ++ | 1
MAO-B inhibitors v ++ | 1
Amantadine X NS | 1
Apomorphine X + | i

COMT = catechol-O-methyltransferase; MAO-B = monoamine oxidase B,

NS = non-significant result. +++ = good degree of symptom control; ++ = moderate
degree of symptom control,; + = limited degree of symptom control; t = evidence of
increased motor complications/other adverse events, | = evidence of reduced motor
complications/other adverse events.

fluctuations and dyskinesia), although recent studies show that this risk
can be markedly reduced with low doses.” Regardless of what is chosen
as initial therapy, most patients end up with polypharmacy, usually
in low doses (see Figure é and Table 4)."## QOther medication choices
include amantadine and anticholinergics; however, these drugs are not
particularly effective and are associated with cognitive impairment.

With advanced disease, apomorphine infusion or penject, deep brain
stimulation or intraduodenal levodopa infusion may be considered
(see Table 5). However, it should be noted that these therapies are
primarily designed to treat motor complications and do not provide
anti-parkinsonian benefits that are superior to levodopa. Non-motor
symptoms of the disease that may need to be managed include
depression, sleep disorders, fatigue, psychosis/hallucinations, falls and
dementia. Exercise/physiotherapy, disease education, occupational
therapy, and speech and language therapy may all be helpful in
individual patients.®

Unmet needs in mid- to late-stage Parkinson’s
disease patients
The major unmet medical needs in the treatment of PD include:

e a dopaminergic therapy that provides the benefits of levodopa
without worsening motor complications;

e atherapy for the non-dopaminergic features of PD such as falling and
dementia; and

o adisease-modifying therapy that slows the rate of clinical progression.

Among these, motor complications appear to be the most readily
treatable or preventable with available or future therapies. In early-

EUROPEAN NEUROLOGICAL REVIEW
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Figure 7: Changes in motor response associated with
chronic levodopa treatment®°

Figure 8: Kaplan-Meier curves showing association
between levodopa dose and risk of any motor complication
(dyskinesia or wearing-off)?’
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stage PD, dopaminergic treatment is extremely effective in controlling
motor symptoms, with a single dose of levodopa providing benefit
for many hours, despite the relatively short half-life of the drug. As
the disease progresses, however, the beneficial motor response to
levodopa gradually shortens (‘wearing off’) and dyskinesias increasingly
complicate on-time (see Figure 7). Since the risk of developing both
wearing-off and dyskinesias is increased by the use of high-dose
levodopa, many physicians choose to use MAO-B inhibitors and/or
dopamine agonists to delay the introduction of levodopa, and most
eventually employ polypharmacy with low doses of levodopa combined
with both of these agents.

Motor complications — such as wearing-off and dyskinesias — are
related to a variety of factors, including age, duration and dosage
of levodopa, disease severity, gender and weight, as well as other
pharmacokinetic and pharmacodynamic mechanisms.#3" The majority
of patients, particularly those with early disease, experience levodopa-
related adverse effects after just a few years of treatment.®

The mechanism that is responsible for motor complications is not
precisely known, but it is thought to relate to multiple factors including
pulsatile delivery associated with administration of intermittent
doses of standard levodopa.®® These in turn lead to altered gene
expression in striatal input neurons, neurophysiologic alterations in
pallidal output neurons and, ultimately, the development of motor
complications. Current therapies for off periods include levodopa
titration and supplemental doses of catechol-O-methyltransferase
(COMT) inhibitors, dopamine agonists and MAO-B inhibitors. Attempts
to control dyskinesia include titrating the dose of levodopa, and
glutamatergic antagonists; amantadine is currently the only agent
that provides antidyskinetic effects without worsening parkinsonism
in double-blind studies, although it is associated with a number of
adverse effects.®

Rationale for early add-on with safinamide to
levodopa in mid- to late-stage Parkinson'’s disease
Levodopa is the most widely used and most effective therapy for PD,
but chronic treatment is associated with motor complications. The risk
of developing motor complications is strongly linked to levodopa dose,
independently of other predictive factors, including UPDRS measures of
disease severity.Z Both dyskinesia and wearing-off become significantly
more frequent at higher levodopa doses, particularly at doses greater
than 400 mg/day (see Figure 8).7

In order to minimise the risk of motor complications in patients taking

levodopa, it has been recommended that physicians should use the
lowest dose of levodopa that provides satisfactory clinical control.

EUROPEAN NEUROLOGICAL REVIEW
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Figure 9: Chemical structure of safinamide methansulfonate

\ NH,
H2
F 0
0
o, 0
S
~ "0

This ‘levodopa-sparing” approach may involve delaying the introduction
of levodopa and/or maintaining lower doses of levodopa by adding-on
therapies that are effective inimproving PD symptoms to avoid the need
to increase the levodopa dose. As a consequence, most PD patients
ultimately receive a combination therapy with low-dose levodopa plus
one or more other anti-parkinsonian agents.* The goal is to provide
good clinical efficacy with a reduced risk of side effects.*

A new approach to treating relatively early PD patients involves giving low-
dose levodopa together with therapies that have multiple mechanisms
of action, such as the recently European Medicines Agency (EMA)-
approved drug safinamide (Xadago®).* Safinamide is an oral therapy that
is indicated 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 has a dual mechanism of action that includes modulation
of dopaminergic metabolism through selective, reversible inhibition
of MAO-B, and blockade of voltage and use-dependent sodium (Na*)
channels leading to inhibition of stimulated glutamate release.”

Safinamide

Chemical structure

Safinamide methansulfonate is the international proprietary name for the
specific active enantiomer in safinamide. The International Union of Pure
and Applied Chemistry (IUPAC) name for it is (S)-(+)-2-[4-(3-fluorobenzyl)
oxybenzyl] aminopropanamide methanesulfonate. Safinamide is a
member of the a-aminoamide chemical class. It is a small molecule that
is chemically and metabolically stable and water soluble (see Figure 9).
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Figure 10: Safinamide — a unique molecule with a novel
mode of action®’:3
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Figure 11: In vitro effects on MAO-A and MAO-B in rat brain
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MOA-A = Monoamine oxidase-A; MOA-B= Monoamine oxidase-B. Reproduced with
permission from Caccia et al., 2006.*°

Mechanism of action

Safinamide acts through both dopaminergic and non-dopaminergic
mechanisms (see Figure 10). Safinamide is a highly selective and
reversible MAO-B inhibitor, leading to an increase in extracellular
levels of dopamine in the striatum. Safinamide is also associated with
state-dependent blockade of voltage-gated Na+ channels, resulting
in modulation of calcium (Ca*) channels and inhibition of stimulated
release of glutamate.”*

Monoamine oxidases (MAOs) A and B are mitochondrial bound
isoenzymes that catalyse the oxidative deamination of monoamine
neurotransmitters, such as serotonin, norepinephrine, dopamine
and dietary amines. In the human brain, the MAO-B isoform is a key
enzyme in the oxidative catabolism of dopamine; MAO-B inhibition
blocks dopamine breakdown, increases synaptic dopamine levels,
and enhances dopaminergic transmission in the brain. There is also
evidence to suggest that MAO-B inhibition may have a disease-
modifying effect and may slow the rate of clinical progression.»<

Safinamide is a highly selective and potent MAO-B inhibitor. It is 1,000
times more selective for MAO-B than MAO-A in the human brain (see
Figure 11), which precludes the need for any dietary restrictions. Non-
selective MAO inhibitors and MAO-A inhibitors can lead to a potentially
fatal hypertensive crisis known as the ‘cheese effect’, which results

from failing to metabolise excess levels of dietary tyramine. Moreover,
MAO-B inhibition with safinamide is completely reversible, thereby
limiting potential drug—drug interactions and toxicity.*

Other dopaminergic mechanisms are relatively unaffected by
safinamide. Safinamide does not display affinity for dopamine receptors
and does not interfere with enzymes involved in the metabolism of
levodopa: aromatic L-amino-acid decarboxylase (AADC) and COMT.
Safinamide also has low affinity for 5-HT, glutamate, nicotinic, muscarinic
and gamma-aminobutyric acid (GABA) receptors.”

Anti-glutamate activity

Safinamide can cause blockade of voltage- and use-dependent Na-
channels in activated neurons, leading to inhibition of excessive
glutamate release.® The Na+ channel inhibition is concentration- and
state-dependent and does not influence physiological activity, thereby
avoiding depressant effects on the central nervous system with the risk
of side effects such as cognitive impairment and psychosis. Safinamide
also does not affect L-type Ca? channels, which means that it has no
effect on blood pressure or heart rate.

Safinamide was originally studied as a putative anti-epileptic agent.”
In several central nervous system disorders, including epilepsy,
schizophrenia and PD, neuronal over-excitation due to membrane
depolarisation leads to Na+ channel opening. Profound depolarisation
due to persistent Na+ channel opening leads to glutamate release and
activation of voltage-dependent Ca? channels, allowing Ca? entry into
the cell that triggers overactive release of glutamate.

When administered to rats, safinamide inhibited stimulated glutamate
release in the hippocampus. This effect was dose-dependent and
observed at levels proven to effectively block Na+ channels; importantly,
however, safinamide did not affect basal glutamate release.* Animal
studies also suggest that safinamide has a differential impact on
stimulated glutamate release in different regions of the basal ganglia
complex. Specifically, when administered to rats, safinamide had no
effect on stimulated glutamate release in the dorsolateral striatum, a
partial inhibitory effect in the globus pallidus but near-total suppression
in the substantia nigra pars reticulata and subthalamic nucleus.®

Safinamide preclinical development
Pharmacokinetics and metabolism

Absorption

Safinamide is rapidly absorbed after single and multiple oral dosing,
reaching T, Within 1.8-2.8 hours post-dose under fasting conditions.
Absolute bioavailability is high (95%), showing that safinamide is almost
completely absorbed after oral administration and that first-pass
metabolism is negligible.* The high absorption classifies safinamide as a
highly permeable substance.®

Distribution

The volume of distribution (Vss) of safinamide is approximately 165 L,
which is 2.5-fold of body volume, indicating extensive extravascular
distribution.® Total clearance was determined to be 4.6 L/hour, classifying
safinamide as a low-clearance substance.* Plasma protein binding of
safinamide is 88-90%.%

Biotransformation

In humans, safinamide is almost exclusively eliminated via metabolism
(urinary excretion of unchanged safinamide was <10%) mediated
principally through high-capacity amidases, which have not yet

EUROPEAN NEUROLOGICAL REVIEW
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been characterised.®* Safinamide’s metabolism is not dependent on
cytochrome P450 (CYP)-based enzymes.*

Metabolite structure elucidation revealed three metabolic pathways
of safinamide. The principal pathway involves hydrolytic oxidation
of the amide moiety, leading to the primary metabolite ‘safinamide
acid"  (NW-1153).% Other metabolites include 'O-debenzylated
safinamide’ (NW-1199) and ‘N-dealkylated acid” (NW-1689). None of
these metabolites are pharmacologically active.®

Safinamide does not appear to significantly induce or inhibit enzymes
at clinically relevant systemic concentrations.® In vitro metabolism
studies have indicated that there is no meaningful induction or
inhibition of CYP450, CYP2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1 and 3A3/5
at concentrations which are relevant (C,,, of free safinamide 0.4 uM
at 100 mg/day) in humans.* Dedicated drug-drug interaction studies
performed with ketoconazole, levodopa and CYP1A2 and CYP3A4
substrates (caffeine and midazolam) did not detect any clinically
significant effects on the pharmacokinetics of safinamide, or levodopa,
caffeine and midazolam.*

A mass balance study showed that the plasma area under
curve (AUC) of the unchanged "“C-safinamide accounted for
approximately 30% of the total radioactivity AUC, ,,, indicative of an
extensive metabolism.*

Transporters

Preliminary in vitro studies have shown that safinamide is not a
substrate for the transporters P-gp, BCRP, OAT1B1, OAT1B3, OATP1A2
or OAT2P1.* Metabolite NW-1153 is not a substrate for OCT2, or
OAT1, but it is substrate for OAT3. This interaction has the potential to
reduce the clearance of NW-1153 and increase its exposure; however,
the systemic exposure of NW-1153 is low (1/10 of parent safinamide),
and as it is metabolised to secondary and tertiary metabolites, it is
unlikely to be of any clinical relevance.*

Safinamide transiently inhibits Breast Cancer Resistance Protein (BCRP)
in the small intestine.* This could lead to clinically relevant drug—drug
interactions with medicinal products that are substrates for BCRP and
have a T, Of <2 hours. At concentrations of 50 UM, safinamide inhibited
organic anion-transporting polypeptide 1A2 (OATP1A2) and OATP2P1.%
The relevant plasma concentrations of safinamide are substantially
lower, therefore, a clinically relevant interaction with co-administered
substrates of these transporters is unlikely.*

Linearity/non-linearity
The pharmacokinetics of safinamide are linear after single and repeated
doses. No time-dependency was observed.*

Elimination

Safinamide undergoes almost complete metabolic transformation
(<10% of the administered dose was found unchanged in urine).*
Substance-related radioactivity was largely excreted in urine (76%)
and, to a lesser extent, in faeces (1.5%) after 192 hours. The terminal
elimination half-life of total radioactivity was approximately 80 hours.*
The elimination half-life of safinamide is 20-30 hours. Steady-state is
reached within one week.*

Patients with hepatic impairment

Safinamide exposure in patients with mild hepatic disease increased
marginally (30% in AUC), while in patients with moderate hepatic
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impairment exposure increased by approximately 80%.% The drug should
thus be used with some caution in patients with hepatic insufficiency.

Patients with renal impairment
Moderate or severe renal impairment did not alter the exposure to
safinamide, compared to healthy subjects.®

Preclinical safety data

Retinal degeneration was observed in rodents after repeated safinamide
dosing, resulting in systemic exposure below the anticipated systemic
exposure in patients given the maximal therapeutic dose.* No retinal
degeneration was noted in monkeys despite higher systemic exposure
than in rodents or in patients at the maximum human dose.*

Long-term studies in animals have shown convulsions (1.6 to 12.8 times
human clinical exposure, based on plasma AUC).%* Liver hypertrophy
and fatty changes were seen only in rodent livers at exposures similar
to humans. Phospholipidosis was seen mainly in the lungs in rodents
(at exposures similar to humans) and monkeys (at exposures greater
than 12-fold higher than human).*

Safinamide did not present genotoxic potential in in vivo and in several
in vitro systems using bacteria or mammalian cells.®

The results obtained from carcinogenicity studies in mice and rats
showed no evidence of tumorigenic potential related to safinamide at
systemic exposures up to 2.3 to 4.0 times, respectively, the anticipated
systemic exposure in patients given the maximal therapeutic dose.*

Fertility studies in female rats showed a reduced number of
implantations and corpora lutea at exposures in excess of three times
the human exposure. Male rats showed minor abnormal morphology
and reduced speed of sperm cells at exposures in excess of 1.4 times
the anticipated human exposure.* Male rat fertility was not affected. In
embryo-foetal developmental studies in rats and rabbits malformations
were induced at safinamide exposures two- and three-fold above
human clinical exposure, respectively. The combination of safinamide
with levodopa/carbidopa resulted in additive effects in the embryo-
foetal development studies, with a higher incidence of foetal skeletal
abnormalities than seen with either treatment alone.*

In a pre- and postnatal developmental rat study, pup mortality, absence
of milk in the stomach and neonatal hepatotoxicity were observed at
dose levels similar to the anticipated clinical exposure.®* Toxic effects
on the liver and accompanying symptoms such as yellow/orange skin
and skull, in pups exposed to safinamide during lactation are mediated
mainly via in utero exposure, whereas exposure via the mother's milk
had only a minor influence.®

Safinamide dosing and administration

Treatment with safinamide should be started at 50 mg/day. This daily
dose may be increased to 100 mg/day on the basis of individual clinical
need.* No dose adjustment is required for elderly patients, patients
with renal impairment or patients with mild hepatic impairment. The
lower dose of 50 mg/day is recommended for patients with moderate
hepatic impairment.®

Safinamide has a low risk of drug-drug interactions and can be used
safely without any dietary tyramine restrictions.* No dose adjustment
is required with concomitant use of CYP1A2 and CYP3A4 substrates.*
Safinamide may be used with selective serotonin reuptake inhibitors
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Figure 12: 016/018 study design?*e*8

Figure 13: 016/018 study patient disposition*
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Reproduced with permission from Borgohain et al., 2014.%

at the lowest effective dose. Concomitant use of safinamide and
fluoxetine or fluvoxamine should be avoided or, if concomitant treatment
is necessary, these drugs should be used at low doses.* Safinamide
must not be administered along with other MAO inhibitors (including
moclobemide) or pethidine.

Safinamide clinical development in mid- to late-
stage Parkinson’s disease

Overview of phase Il studies

The clinical efficacy of safinamide 50 mg/day and 100 mg/day as add-on
therapy to levodopa in mid- to late-stage PD patients experiencing motor
fluctuations was evaluated in two 24-week, multicentre, double-blind,
placebo-controlled trials: study 016 and the SETTLE study.*” The long-
term efficacy and safety of safinamide 50-100 mg/day in this patient
population were evaluated in study 018, an 18-month, double-blind,
placebo-controlled extension to study 016.%

Study 016/018 - rationale and design

Study 016 was a 24-week double-blind, placebo-controlled, randomised,
multicentre, multinational, phase Il trial comparing oral once-daily
safinamide 50 mg/day (n=223), safinamide 100 mg/day (n=224) versus
placebo (n=222) for 24 weeks (see Figure 12).* The primary efficacy
endpoint of study 016 was the change from baseline to Week 24 in
mean daily total on-time with no or non-troublesome dyskinesia, as
recorded by patients or their caregivers in a home diary recorded at
30-minute intervals. Secondary efficacy variables include total daily
off-time, UPDRS scores; Clinical Global Impression-Change (CGI-C)
and -Severity (CGI-S) ratings; Patient Global Impression-Change (PGI-C)
ratings, Parkinson’s Disease Questionnaire (PDQ-39) scores; EuroQoL
Five-Dimension (EQ-5D) scores; change in levodopa daily dosage;
Dyskinesia Rating Scale (DRS) scores; and Cogtest PD Battery scores.”

On completion of the 24-week treatment period, patients continued
on their randomised study medication in an 18-month double-blind,
placebo-controlled extension study (study 018), except for those
patients experiencing dose-limiting side effects or clinically significant
worsening.” The objective of study 018 was to assess the long-term
efficacy and safety of safinamide as add-on therapy to levodopa in
patients with PD and motor fluctuations.” The primary endpoint of
study 018 was the change in dyskinesia over 24 months, as indicated
by total DRS score during on-time. Patients continued to take the same
dose of safinamide that they took at the end of study 016; patients
who were unable to tolerate safinamide 100 mg/day had their dose
decreased to 50 mg/day. Fifty of the 594 patients who completed study

669 Randomised into

study 016
223 Safinamide 224 Safinamide
222 Placebo 50 mg/day 100 mg/day

222 Randomised (ITT)
197 completed

223 Randomised (ITT)
202 completed

224 Randomised (ITT)
195 completed

544 Enrolled into
study 018

189 Safinamide 180 Safinamide
175 Placebo 50 mg/day 100 mg/day
175 Safety 189 Safety 180 Safety
| |
| | | |
142 Completed 33 Withdrawn 148 Completed| | 41 Withdrawn 150 Completed || 30 Withdrawn

Reasons for withdrawal: Reasons for withdrawal: Reasons for withdrawal:

13 withdrawal of
consent
4 lost to follow-up

9 withdrawal of
consent
7 lost to follow-up

22 withdrawal of
consent
7 lost to follow-up

3 SAE 2 SAE 5 SAE

6 Death 3 Death 5 Death

1 Nonserious AE 4 Nonserious AE 3 Nonserious AE
4 Other 2 Other 1 Other

2 Noncompliance 1 Noncompliance 0 Noncompliance

The ITT population was composed of all randomised patients from Study 016 (primary
analysis population for efficacy). None of the deaths reported during the study were
considered related to the study drug. AE = adverse event; ITT = intention to treat,

SAE = serious adverse event. Reproduced with permission from Borgohain et al., 2014.%

Figure 14: Safinamide significantly increased daily on-time
with no/non-troublesome dyskinesia when used as add-on
to levodopa“®

Months

Study 016 Study 018

10.7

Safinamide = Safinamide
50 mg/day 100 mg/day

Total daily on-time without
troublesome dyskinesia (hours)

90|93 LS mean EOS 1.01 118
LS difference versus placebo 0.67 0.83
8.5 95% CI of LS difference (0.23,1.11)|(0.39, 1.27)
p-value versus placebo 0.0031 0.0002

Baseline 016 24 48 76
Time points (Week)
—e- Safinamide 50 mg/day (n=223) -m- Safinamide 100 mg/day (n=224)

102-EOS

—— Placebo (n=222)

EQS = end of study; LS = least squares. Reproduced with permission from Borgohain
etal., 2014.%

016 did not enter study 018, 65.8% of study 016 patients completed
the whole two-year treatment period, and 80.9% of study 018 patients
completed the 18-month extension period (see Figure 13).%4®

Study 016/018 — main efficacy results

On-time with no/non-troublesome dyskinesia

Safinamide was significantly superior compared to placebo for
the primary endpoint of on-time with no/non-troublesome dyskinesia
(see Figure 14).e7%

Off-time

Safinamide significantly reduced off-time compared with placebo
at 24 weeks (primary endpoint of the 016 study), and this effect was
maintained for two years (secondary endpoint of the 018 study).

EUROPEAN NEUROLOGICAL REVIEW
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Figure 15: Change in DRS score with long-term treatment
with safinamide in the overall population and the subgroup
of patients with moderate-severe dyskinesia at baseline*

Figure 16: Proportions of patients with different categorical
changes in DRS score (decrease, no change, increase) and
with no change in levodopa dose*’
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DRS = dyskinesia rating scale; ITT = intention to treat; LS = least squares.
*p-value versus placebo. Reproduced with permission from Borgohain et al., 2014.%

Table 6: Changes in the mean dose of levodopa from
baseline to 24 months*

Baseline

Placebo (n=222)

618.5 (= 335.7)

Safinamide 50

mg/day (n= 223)
621.4 (+ 329.7)

Safinamide 100
mg/day (n=224)

579.6 (+ 310.0)

Month 24

650.6 (+ 338.0)

635.2 (+ 410.4)

556.0 (x 381.9)

p=0.0488 for safinamide 100 mg versus placebo Baseline DRS >0
p=0.1942 for safinamide 50 mg versus placebo No change in
levodopa dose
N=431
m Placebo

m Safinamide 50 mg/day
m Safinamide 100 mg/day

Patients (%)

Decrease No change Increase
in DRS score in DRS score in DRS score
Variable Placebo Safinamide 50 mg Safinamide 100 mg
Decrease 27.2 % (37/136) 33.8 % (50/148) 39.5 % (58/147)
No change 43.4 % (59/136) 41.9 % (62/148) 36.7 % (54/147)
Increase 29.4 % (40/136) 24.3 % (36/148) 23.8 % (35/147)

DRS = dyskinesia rating scale. Reproduced with permission from Cattaneo et al., 2015.%

Table 7: Treatment-emergent adverse events during the
two-year treatment period in the combined 016/018 study
safety population*®

At baseline, mean daily off-time was 5.2 hours in each group. At
two years, daily off-time was reduced by 0.62 and 0.75 hours with
safinamide 50 and 100 mg/day, respectively, versus placebo.®

Safinamide was also associated with a significant improvement in
off-time following the first morning dose of levodopa, assessed from
patient-completed daily diaries.* At six months, the mean difference
versus placebo in off-time change after the first morning dose of
levodopa versus baseline was -0.5 hours with safinamide 50 mg/day
(p=0.0031) and —0.6 hours with safinamide 100 mg/day (p=0.0011).%

Dyskinesia

Safinamide failed to meet its primary endpoint, a reduction in dyskinesia,
in the 018 study. However, subjects were initially recruited based on
having off-time, and not all subjects had dyskinesia. Therefore, it was a
high hurdle to demonstrate a reduction in dyskinesia. Nonetheless, for
patients who had moderate-severe dyskinesia (approximately 25%),
there was a significant improvement in DRS scores over the course of
two years of treatment.

In the 018 study, for the entire population of patients, DRS scores were
reduced from baseline by 31% and 27%, with safinamide 50 and 100 mg/
day, respectively, versus 3% with placebo, but this was not significant.® In
a post-hoc analysis, safinamide 100 mg treatment effect was statistically
significant versus placebo in the subgroup of patients with moderate—
severe dyskinesia (DRS score >4) at baseline (see Figure 15).® This
contrasts with most other studies, which aim to show that a reduction
in off-time is not associated with an increase in troublesome dyskinesia.
In the 018 study, not only was the reduction in off-time not associated
with any increase in troublesome dyskinesia, but for the subgroup that
had moderate-to-severe dyskinesia there was a significant reduction in
dyskinesia score. This is consistent with safinamide’s dual mechanism of
action, in which the MAO-B inhibition component improves parkinsonian
features and reduces off-time, while the anti-glutamate component has
the potential to lead to a reduction in dyskinesias. Interestingly, levodopa
dose changes during the 24-month study did not differ among treatment
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Adverse Event Category, Placebo Safinamide 50 Safinamide 100
n (%) (n=175) mg/day (n=189)  mg/day (n=180)
Any TEAE 160 (91.4) 168 (88.9) 163 (90.6)
Newly emergent during 149 (85.1) | 145 (76.7) 141 (78.3)

study 018

Re-emergent during study 21 (12.0) 18(9.5) 19 (10.6)

018

Most frequent TEAES (occurring in >5% of patients in any group)
Worsening of Parkinson’s 42 (24.0) 42(22.2) 43(23.9)
disease

Dyskinesia 38(21.7) 59 (31.2) 50 (27.8)
Cataract 27 (15.4) 27 (14.3) 25(13.9)

Back pain 21(12.0) 17 (9.0) 12 (6.7)
Asthenia 21 (12.0) 14 (7.4) 21(11.7)
Pyrexia 21(12.0) 22 (11.6) 15(8.3)
Insomnia 11(6.3) 21(11.) 13(7.2)
Headache 13(7.4) 20(10.6) 15(8.3)

Fall 17.(9.7) 20 (10.6) 15(8.3)
Hypertension 12 (6.9) 19 (10.1) 18 (10.0)

TEAE = Treatment-emergent adverse event.

groups (see Table 6). A post hoc analysis in the subgroup of patients
with no reduction of the levodopa dose showed a statistically significant
effect of safinamide 100 mg, suggesting that the antidyskinetic effect of
safinamide seen in the subpopulation was independent of the levodopa
dose reduction (see Figure 16).”

The beneficial effect of safinamide on dyskinesia is unlikely to be related
to a reduced dopaminergic stimulation, as demonstrated by statistically
significant effects of safinamide during off-time, as discussed above.
Rather, as noted above, glutamate has been suggested to play a role
in the development of dyskinesia.® Thus, the favourable effect on
dyskinesia in the long term may be explained by inhibition of state- and
use-dependent Na+ channels and stimulated glutamate release that are
thought to contribute to the development of dyskinesia.”

11
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Table 8: Serious treatment-emergent adverse events and
discontinuations during the two-year treatment period in
the combined 016/018 study safety population*®

Figure 19: SETTLE study — at six months, safinamide
significantly increased daily on-time when used as an add-
on to levodopa®’

Adverse Event Category, Placebo  Safinamide 50  Safinamide 100
n (%) (n=175)  mg/day (n=189) mg/day (n=180)
Any Serious TEAE 28(16.0) | 32(16.9) 34(18.9)
Discontinuation Due to TEAES | 10 (5.7) 10 (5.3) 12(6.7)

TEAE = treatment-emergent adverse event.

Figure 17: SETTLE study design*’
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Figure 20: At six months, safinamide significantly reduced
daily off-time when used as add-on to levodopa in the
SETTLE study*’

Reproduced with permission from Schapira et al., 2016.4

Figure 18: SETTLE study patient disposition — consort
diagram*

851 patients screened

302 ineligible
249 screening
failures

53 other?

549 randomised

| |
274 assigned to 275 assigned to
safinamide placebo

29 prematurely discontinued 34 prematurely discontinued
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13 other® 20 otherc
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TEAE = treatment-emergent adverse event. Withdrawal of consent in 38, and
sponsor decision in five. Another three patients were excluded for screening period
exceeded, two were lost to follow-up, two were noncompliant with protocol, one
had a transport problem, one had incorrect data entry, and one died. *Withdrawal
of consent in six, inclusion/exclusion criteria not met in four, noncompliance in

one, investigator/medical-monitor decision in one, and transport problem in one.
‘Withdrawal of consent in 18 and investigator/medical-monitor decision in two.
Reproduced with permission from Schapira et al., 2016.%

Study 016/018 — safety and tolerability

The overall safety profile of safinamide is based on the clinical development
programme performed in over 3,000 subjects, of whom over 500 were
treated for more than two years.®

Overall tolerability

In the 016/018 study, safinamide at doses of 50 or 100 mg/day was
generally well tolerated with an adverse event (AE) rate similar to that of
placebo (see Table 7).%
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LS = least squares; SE = standard error. Reproduced with permission from Schapira et
al., 2016.“7

The most common treatment-emergent adverse event (TEAE) in
patients receiving safinamide was dyskinesia.* It should be noted that
dyskinesia can increase with the introduction of any dopaminergic
therapy; in this study, dyskinesia was mostly seen at the initiation of
therapy and was much less pronounced with continuous treatment.
Dyskinesia led to discontinuation in very few patients (approximately
1.5%) and did not require a dose reduction in any patient.®* The
incidence of new-onset dyskinesia was 12.7% with safinamide 50 mg/
day, 13.2% with safinamide 100 mg/day and 15.4% with placebo.*

No clinically relevant differences in vital signs, laboratory tests,
ophthalmological evaluations and electrocardiograms were observed
among treatment groups.”

Discontinuations and serious adverse events

In the 016/018 study, rates of serious TEAES and discontinuations due to
TEAES were similar in the three treatment groups (see Table 8). There were
no treatment-related deaths.”

The SETTLE study - rationale and design

The SETTLE study was a 24-week double-blind, placebo-controlled,
parallel-group, randomised, multicentre, multinational, phase Il
trial comparing oral once-daily safinamide (n=274) with placebo
(n=275) as add-on therapy to a stable dose of levodopa in
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Table 9: Serious treatment-emergent adverse events in the
SETTLE safety population*

Table 11: Cardinal symptoms during on-time in the SETTLE
and 016 studies (pooled analysis)>°

Adverse Event Category, n (%) Placebo Safinamide Studies 016 and Safinamide 100 mg ' Placebo (n=479) p-value*
(n=275) (n=274) SETTLE (n=482)
Any TEAE 190 (69.1%) 186 (67.9%) Mean + SE (95% Cl) | Mean + SE (95% Cl)
Mild 161 (58.5%) 163 (59.5%) Bradykinesia -2.06 +0.184 -1.39 £ 0.185 0.0102
Moderate 2 (26.2%) 85 (31 0%) (-2.42,-1.7) (-1.75,-1.02)
severe 25(9.1%) (6.9%) Rigidity 124 +0.103 074 +0.103 0.0006
Any study-drug related? TEAE 76 (27.6%) 78 (28.5%) (-1.44,-1.04) (-0.94, -0.54)
Any SAE 26 (9.5%) 8 (6.6%) Tremor -1.48 £0.11 -0.88 £0.111 0.0001
Any study-drug related SAE 6(2.2%) 3(1.1%) (-1.7,-1.27) (-1.09, -0.66)
Any TEAE causing discontinuation from study 0 (3.6%) 2 (4.4%) Postural stability -0.18 = 0.037 -0.16 +0.037 0.7374
-0.25,-0.11 -0.24,-0.09)
Death 2(0.7%) 1(0.4%) : (-0.25,-0.11) (-0.24,-0.09)
SAE = serious adverse event; TEAE = treatment-emergent adverse event. “Recorded Gait -0.56 +0.063 -0.34 +0.064 0.0118
relation to study drug was ‘probable’, ‘possible’, or missing. (-0.69,-0.44) (-0.46,-0.21)

Table 10: Most frequent treatment-emergent adverse events,
by preferred term, in the SETTLE safety population#”

TEAE, n (%) Placebo (n=275) Safinamide (n=274)
Dyskinesia 5(5.5%) 40 (14.6%)

Fall 0 (3.6%) 18 (6.6%)

Urinary tract infection 2 (4.4%) 7 (6.2%)

Nausea 5(5.5%) 6 (5.8%)

Headache 7 (6.2%) 12 (4.4%)

Back pain 4 (5.1%) 9 (3.3%)

TEAE = treatment-emergent adverse event. ?Listed types, by Medical Dictionary for
Regulatory Activities (Version 13.0) preferred term, are all those reported in >5.0% of
either treatment group.

patients with PD and motor fluctuations (daily off-time >1.5 hours)
(see Figures 16, 17 and 18). Safinamide was started at a dose of 50 mg
and increased to 100 mg after two weeks. The study allowed the
inclusion of patients taking other concomitant PD medications (except
other MAO-B inhibitors) at a stable dose.” The primary efficacy
endpoint was the change from baseline to week 24 in daily on-time,
defined as on-time without dyskinesia and/or non-troublesome
dyskinesia, as assessed by the patient-completed daily diary cards
(18 hours/day).”

SETTLE study — main efficacy results
Safinamide was superior comparedwith placeboforthe primaryendpoint
of on-time with no or non-troublesome dyskinesia (see Figure 19).” At
100 mg/day, safinamide significantly increased mean daily on-time
without troublesome dyskinesia, by 0.96 hours compared with placebo.
Among key secondary outcomes, safinamide significantly reduced off-
time, by 1.03 hours compared with placebo (see Figure 20).” Safinamide
also significantly improved motor function (UPDRS Ill), quality of life
(PDQ-39, EQ-5D) and showed global benefit (CGI). Early-morning off-
time was also reduced.”

SETTLE study — safety and tolerability

Safinamide was generally well tolerated in the SETTLE study, as
indicated by high study completion rates (~89%) and low rates
of safinamide discontinuation due to TEAES (~5%). Overall, 67.9% of
the safinamide group and 69.1% of the placebo group reported at
least one TEAE (see Table 9). Among the most frequently reported
TEAES (see Table 10), dyskinesia was more common in the safinamide
group than in the placebo group (14.6% versus 5.5%). The incidence of
TEAES rated as severe was lower in the safinamide group than in the
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SE = Standard error. *Bold value indicates a statistically significant result.

Table 12: Clinical Global Impression-Change responder
analyses (post hoc) of the 016 and 016/018 studies®¢

Study 016 (24 weeks)

Placebo

016/018 (2 years)
Safinamide Placebo Safinamide
50 100 50 100

Dose (mg/day)®

CGI-C much/very 42 (19.8) 72 78 46 (21.7) 62 64
much improved n (%) (332 | (36.1) (28.6) | (29.6)
p-value® 0.0017 | 0.0002 0.0962  0.0575

CGI-C = Clinical Global Impression-Change. Analysis population (mITT); MMRM model
for change from Baseline to Endpoint includes treatment, region, and visit as fixed
effects, and baseline value as a covariate, *Daily targeted dose; “Chi-square test of the
0dds ratio of the treatment groups compared to placebo using a logistic regression
model, with fixed effects for treatment and country.

placebo group (6.9% versus 9.1%). However, dyskinesia was reported
as severe in five patients (1.8%) on safinamide, compared with one
patient (0.4%) on placebo.”

Post hoc and Pooled Analyses

A number of post-hoc analyses have been performed on data from
the 016, 018 and SETTLE studies, including analyses of pooled data.
Some of the most interesting exploratory and hypothesis-generating
findings from the post-hoc analyses—including data on motor symptoms,
non-motor symptoms, activities of daily living (ADL) and quality of life —
are summarised below.

UPDRS llI

In the 016 study, both doses of safinamide were effective in improving
motor symptoms. Between baseline and week 24, UPDRS Ill scores at 24
weeks were improved by 6.1 and 6.9 points with safinamide 50 mg and
100 mg, respectively, versus a reduction of 4.3 with placebo.* UPDRS
Il scores remained significantly lower with safinamide versus placebo
at two years (mean reduction from baseline versus placebo: -2.13,
p<0.001), indicating that safinamide is associated with a sustained
improvement in motor control.*

Other cardinal symptoms of Parkinson’s disease

Post hoc analyses of the pooled data from the SETTLE and 016 studies
indicate that safinamide 100 mg/day was significantly effective in
improving the cardinal features of PD including bradykinesia, rigidity,
tremor and gait, as evaluated by the motor items of the UPDRS IlI
scores. This was observed despite patients being on stable doses of
dopaminergic treatments (see Table 11).*
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Table 13: Unified Parkinson’s Disease Rating Scale Il scores
in the 016 and 016/018 studies?*

Study 016 (24 weeks) 016/018 (2 years)

Placebo Safinamide Placebo  Safinamide

Dose (mg/day)°

Table 14: Changes in Parkinson’s disease quality of life
questionnaire-39 scores from baseline to 24 weeks in the
SETTLE and 016 trials (pooled data)’’

PDQ-39 domain

Safinamide
100 mg/day

Placebo

50 50
Baselinet 12269 118 121 12269 118 | 12.1 LS Means + SE(n) LS Means =+ (n)
G769 G7) 59 Mobility -5.52+0.73 (n=483) -2.13+0.73(n=483) 0.0011
Change LSM (SE) -1204) <19 23 -14(03) 20 25 Activities of daily living | -5.34 + 0.74 (n=482) | -1.75 + 0.74 (N=482) | 0.0007
04 04 03 103 Emotional wellbeing | -4.04 + 0.64 (N=484) | -1.13+0.64 (=483) | 0.0014
LS Diff VS Placebo 07 1 06 1 Stigma -356 +0.81 (N=484) | -2.52 +0.81 (N=483) | 0.3649
p-value 0.03¢67 | 0.0007 0.0676 [ 00010 social Support -0.78 +0.70 (N=484) | -0.50 + 0.70 (N=483) | 0.7767
LS Diff = least square difference vs placebo, LSM = least square mean, SD = standard i . _ N _
deviation; SE = standard error. ?Analysis population (miTT), MMRM model for change Cognition 0.93 059 (n=484) | 072+ 0.59 (n=483) | 0.8068
from Baseline to Endpoint includes treatment, region, and visit as fixed effects, and Communication -2.28 £ 0.70 (n=484) | -0.28 + 0.70 (n=483) | 0.0452
baseline value as a covariate, "Daily targeted dose, “Mean (SD). o
Bodily Discomfort -5.28 £ 0.76 (n=484) | -1.59 + 0.76 (n=483) | 0.0007
PDQ-39 index score -3.47 £ 0.47 (n=481) -1.34 +0.47 (n=482) | 0.0013

CGI-C

In the 016 and 016/018 studies, the proportion of patients who were
rated by their physician as 'much/very much improved’ on the CGI-C
was significantly higher with safinamide 50 or 100 mg/day than with
placebo (see Table 12).%

UPDRS Il
Safinamide 100 mg/day resulted in a significant reduction in UPDRS I
scores versus placebo at both 24 weeks and 24 months (see Table 13).%

PDQ-39

In a post hoc analysis of pooled data from the SETTLE and 016 studies,
the PDQ-39 index score improved between baseline and week 24
significantly more with safinamide 100 mg/day than with placebo. The
safinamide treatment effect was statistically significant versus placebo
for five of the eight PDQ-39 domains (see Table 14).5

Safinamide also significantly improved quality of life when used as add-
on to levodopa over the long term.® At 24 months, the mean difference
versus placebo in total PDQ-39 score reduction versus baseline was
-10.48 with safinamide 50 mg/day and —18.36 with safinamide 100 mg/day
(p=0.0195) (PDQ-39 scores at baseline were 225 in the safinamide
50 mg/day arm, 229 in the safinamide 100 mg/day arm and 230 in the
placebo group).” Statistically significant improvements in PDQ-39 subscale
scores were observed with safinamide 100 mg/day versus placebo
in ADL, emotional wellbeing, communication and bodily discomfort.

Pain

A post hoc analysis of pooled data from the SETTLE and 016 studies
found that patients treated with safinamide 100 mg as compared
with placebo were significantly less likely to require concomitant pain
treatments at six months. Furthermore, safinamide-treated patients
showed significantly greater improvements in five domains of the PDQ-
39 (namely: mobility; ADL; emotional wellbeing, communication; bodily
discomfort) and on items of the PDQ-39 ‘bodily discomfort’ domain
related to musculoskeletal and neuropathic pain.®

Mood

A post hoc analysis of data from the 016/018 studies suggest that
safinamide 100 mg/day may be effective in improving wellbeing
and mood, as assessed with the PDQ-39 ‘emotional wellbeing’
domain and the GRID Hamilton Rating Scale for Depression (GRID-
HAMD).*2 Furthermore, over the two-year treatment period, significantly
fewer patients receiving safinamide experienced depression as

LS = least squares, n = number of patients, PDQ-39 = Parkinson’s Disease Quality
of life questionnaire-39, SE = standard error. ‘Bold value indicates a statistically
significant result. Analysis of covariance (ANCOVA).

an AE compared with patients receiving placebo.® Since depression
was an exclusion criteria for entry into the trials, the results
suggest that mood deteriorates with the progression of PD and
that safinamide has a beneficial impact on mood that is maintained
over two years of treatment.® It is hypothesised that the favourable
effect of safinamide on mood may be explained by modulation of
glutamatergic hyperactivity.®

Summary

PD is a common, age-related progressive neurological disease that
is most prevalent in the elderly, but can be seen in patients of all
ages. The cardinal features are slowness of movement (bradykinesia/
akinesia), rigidity, resting tremor and postural and gait disturbances.

Although predominantly a movement disorder, PD is also associated
with a wide range of non-motor symptoms such as alterations in mood
and cognition, which can be an important source of morbidity. The
pathologic hallmark of PD is a decline in the number of dopamine-
producing neurons in the substantia nigra but pathology can be
widespread, involving the cortex, brain stem, spinal cord and peripheral
autonomic nervous system. Other key features are proteinaceous
inclusions called Lewy bodies.

Treatment of patients with early-stage PD focuses on amelioration
of motor symptoms with dopaminergic therapies. Current clinical
guidelines recommend an escalating approach, frequently using
polypharmacy that includes MAO-B inhibitors, dopamine agonists and
low-dose levodopa based on symptom severity and age.” Low doses
of levodopa are recommended to try to avoid motor complications,
but most patients eventually develop these problems after chronic
levodopa treatment.®

In patients with mid- to late-stage PD, add-on therapies to levodopa
may be needed to control motor symptoms. Add-on therapies may also
allow lower doses of levodopa to be used, potentially offering good
clinical efficacy while delaying the onset of levodopa-induced motor
complications (dyskinesias and fluctuations). Further important goals of
therapy in mid- to late-stage disease are the relief of non-dopaminergic
symptoms, non-motor symptoms and levodopa-induced motor
complications. Achieving these goals can be extremely challenging.
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Safinamide is an important new medicine in the therapeutic
armamentarium for fluctuating patients with mid- to late-stage PD,
despite optimised pharmacotherapy including levodopa.

Safinamide has a unique dual mechanism of action on the dopaminergic
and non-dopaminergic systems. Its mechanisms of action include
modulation of dopaminergic metabolism through selective, reversible
inhibition of MAO-B, blockade of voltage and use-dependent Nat
channels, Ca* channel modulation and inhibition of stimulated
glutamate release.

Safinamide has been evaluated in a comprehensive clinical study
programme involving more than 3000 patients with mid- to late-stage
PD, of whom more than 500 were treated for two years. In these studies,
safinamide 50-100 mg/day demonstrated efficacy in the treatment of
motor fluctuations and motor symptoms in stabilised levodopa patients
(improving UPDRS Il score, and motor complications, as indicated by

a significant reduction versus placebo in the primary endpoint of on-
time without troublesome dyskinesias). Safinamide treatment was
also effective for improving other motor complications (off-time, early
morning akinesia), motor symptoms, non-motor symptoms, ADL and
quality of life. There was also a suggestion of reduction in dyskinesia in
a post hoc analysis of a subpopulation of patients. These effects have
been proved in the short term (six months) and maintained in the long
term (24 months).

In the pivotal studies, safinamide 50-100 mg/day was generally well
tolerated with an AE rate similar to that of placebo. Safinamide dosing
is relatively simple, with a low risk of drug-drug interactions, little need
for dose adjustment and no need for dietary tyramine restrictions.

In conclusion, the clinical data suggest that safinamide could be
an appropriate choice as a first-line add-on therapy to levodopa in
patients with PD who are experiencing motor fluctuations. Q
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