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Abstract.
Background: Pain, a frequent non-motor symptom in Parkinson’s Disease (PD), significantly impacts on quality of life.
Safinamide is a new drug with dopaminergic and non-dopaminergic properties, approved in Europe as adjunct therapy to
levodopa for the treatment of fluctuating PD patients. Results from two 24-month, double-blind, placebo-controlled studies
demonstrated that safinamide has positive effects on both motor functions and quality of life in PD patients.
Objective: To investigate the effects of safinamide on pain management in PD patients with motor fluctuations using pooled
data from studies 016 and SETTLE.
Methods: This post-hoc analysis evaluated the reduction of concomitant pain treatments and the changes in the scores of the
items related to pain of the Parkinson’s Disease Quality of Life Questionnaire (PDQ-39). A path analysis was performed in
order to examine direct and indirect associations between safinamide and PDQ-39 pain-related items assessed after 6-months
of treatment.
Results: The percentage of patients with no pain treatments at the end of the trials was significantly lower in the safinamide
group compared to the placebo group. Safinamide 100 mg/day significantly reduced on average the individual use of pain
treatments by ≈24% and significantly improved two out of three PDQ-39 pain-related items of the “Bodily discomfort”
domain.
Path analysis showed that the direct effect of safinamide on pain accounted for about 80% of the total effect.
Conclusions: These results suggest that safinamide may have a positive effect on pain, one of the most underestimated
non-motor symptoms. Prospective studies are warranted to investigate this potential benefit.
Keywords: Safinamide, glutamate, pain, Parkinson’s disease

INTRODUCTION
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Parkinson’s Disease (PD) is generally associated
with characteristic motor symptoms (resting tremor,
rigidity, bradykinesia and postural instability), caused
by the degeneration of the dopaminergic nigrostriatal
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cells [1]. However, patients with PD also experience
many non-motor symptoms (NMS), that might be at
least as debilitating as the movement disorders and
have a strong impact on patients’ quality of life [2].
The pathophysiology of NMS is still poorly understood, and a dysfunction of both dopaminergic and
non-dopaminergic systems contributes to their development. Drugs that focus only on the dopaminergic
system are unable to alleviate non-motor symptoms,
while agents that interact with several neurotransmission systems might be very helpful for the treatment
of PD [3].
Pain is an important non-motor symptom of
PD, often underestimated and inadequately treated
[4]. The neurobiology of pain in PD is complex
and appears to involve serotonergic, noradrenergic, glutamatergic and gamma-aminobutyric acid
(GABA)-ergic neurotransmission, in addition to the
dopaminergic systems [5].
Safinamide is a new compound with a unique
dual mechanism of action (dopaminergic and nondopaminergic), recently approved by the European
Medicines Agency (EMA) for the treatment of midto late-stage fluctuating PD patients as add-on therapy to levodopa (alone or in combination with other
antiparkinson drugs).
As safinamide has been shown to inhibit state- and
use-dependent sodium channels [6] and since sodium
channels inhibitors have been shown to improve neuropathic pain [7, 8], a post-hoc analysis of the pooled
data from trials 016 and SETTLE was performed to
evaluate the effects of safinamide 100 mg/day on pain
management in PD patients with motor fluctuations.

MATERIALS AND METHODS
Patients
Studies 016 (NCT01187966) [9] and SETTLE
(NCT00627640) [10–12] were phase III, 24-week,
double blind, placebo-controlled, parallel-group,
randomized, multicenter and multinational trials
designed to evaluate the efficacy and safety of safinamide compared to placebo as add-on therapy
to stable doses of levodopa (alone or with other
antiparkinson drugs) in patients with mid- to latestage PD and motor fluctuations.
Study 016 was conducted in 52 centers in 3 countries, while study SETTLE was conducted in 126
centers in 21 countries. Baseline demographics and
clinical characteristics were similar between studies (Table 1). Both protocols and patient materials
were approved by Independent Ethics Committees
and Health Authorities in all the participating countries. All patients signed an informed consent form
and the studies were conducted according to the Declaration of Helsinki.
Key inclusion criteria were: male or female
patients, age 30 to 80 years, a diagnosis of idiopathic
PD of ≥3 years duration, Hoehn and Yahr stage I–IV
during OFF time and motor fluctuations (>1.5 hours’
OFF time/day). Key exclusion criteria were: patients
with late-stage PD experiencing severe, disabling
peak-dose or biphasic dyskinesia, or unpredictable
or widely swinging symptom fluctuations, evidence
of dementia, major psychiatric illnesses, severe and
progressive medical illnesses.

Table 1
Baseline patient demographics and clinical characteristics
Characteristic

Age, years, mean (SD)
H&Y stage, mean (SD)
Disease duration, years, mean (SD)
Daily OFF time, hours, mean (SD)
Daily ON time with no/non-troublesome
dyskinesia, hours, mean (SD)
UPDRS III score, mean (SD)
UPDRS IV score, mean (SD)
GRID-HAMD total score, mean (SD)
PDQ-39 BD score, mean (SD)
L-dopa dose, mg/day, mean (SD)

Study 016

Study SETTLE

safinamide
100 mg/day
(n = 224)

placebo
(n = 222)

safinamide
100 mg/day
(n = 274)

placebo
(n = 275)

60.1 (9.2)
2.8 (0.6)
8.2 (3.8)
5.3 (2.1)

59.4 (9.4)
2.8 (0.7)
8.3 (3.8)
5.2 (2.2)

61.7 (9.0)
2.5 (0.6)
8.9 (4.3)
5.3 (2.0)

62.1 (8.9)
2.5 (0.6)
8.9 (4.6)
5.4 (2.0)

9.5 (2.4)
28.3 (13.3)
5.6 (2.7)
6.0 (3.5)
28.0 (21.4)
579.6 (310.0)

9.3 (2.2)
28.7 (12.0)
5.6 (2.8)
5.9 (3.7)
28.8 (22.0)
618.5 (335.7)

9.3 (2.4)
22.4 (11.8)
5.9 (2.9)
4.7 (4.0)
36.1 (22.9)
760.8 (445.9)

9.1 (2.5)
23.2 (12.9)
5.9 (2.8)
5.0 (4.1)
34.2 (21.9)
792.3 (400.7)

GRID-HAMD = Grid version of the Hamilton Rating Scale for Depression; H&Y = Hoehn and Yahr; L-dopa = levodopa; n = number
of patients; PDQ-39 BD = Parkinson’s Disease Questionnaire 39 items; Bodily discomfort domain; SD = standard deviation; UPDRS
III = Unified Parkinson’s Disease Rating Scale part III; UPDRS IV = Unified Parkinson’s Disease Rating Scale part IV.
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Treatments
In study 016 patients were randomized to safinamide 50 mg/day, 100 mg/day or placebo, while in
the SETTLE trial patients in the safinamide group
started at 50 mg/day and after two weeks increased
the dose to 100 mg/day. For this reason in the
present post-hoc analysis we have considered only
the 100 mg dose. The doses of levodopa and other PD
treatments were optimized during the pre-treatment
stabilization phase, with the aim of remaining stable during the treatment period. However, in both
studies the dose of levodopa could be increased, or
additional PD drugs [except monoamine oxidase-B
(MAO-B) inhibitors] could be used as ‘rescue medication’ if a patient experience deterioration in motor
symptoms. In addition, the dose of levodopa could
be decreased in response to the patient’s condition or
the occurrence of adverse events.
Treatments with tri-tetracyclic antidepressants,
MAO-B inhibitors, serotonin-norepinephrine reuptake inhibitors (SNRIs), opioids, neuroleptics,
barbiturates and phenothiazines were not permitted
in both studies. The use of selective serotonin reuptake inhibitors (SSRIs) was allowed, provided that the
dose was kept as low as possible and remained stable
throughout the trial; dextromethorphan was permitted
if used for treating cough.
Pain treatments included analgesics, antiinflammatory, anti-rheumatic drugs and topical
products for joint and muscular pain.
Outcome measures
This is a post-hoc analysis of the pooled data from
studies 016 and SETTLE, evaluating the effects of
safinamide 100 mg/day oral tablets versus placebo
on the reduction of concomitant pain treatments and
on the scores of pain-related items of the PDQ-39
“Bodily discomfort” domain. Considering the large
number of patients enrolled and the similarity of trial
design between the two studies, a post-hoc analysis can provide important and clinically relevant
information about the effect of adjunctive safinamide
treatment on pain.
A path analysis model was implemented in order
to differentiate the direct treatment effects of safinamide on pain reduction from effects mediated
indirectly through alleviation of motor symptoms, as
recorded on the PDQ-39 “Bodily discomfort” domain
assessed after 6-month of treatment. Path analysis
is generally designed to test linkages and the causal

97

relations among variables by measuring the contribution of direct and indirect effects of one variable
on others, and often used to explore which treatment pathways contribute to the overall efficacy of
a drug [13].
The path diagram reported in Fig. 1 depicts the
hypothesized relationships among the variables with
a single headed arrow representing the causal order
between two variables, with the head pointing to the
effect (endogenous variable) and the tail to the cause
(exogenous variable).
Four endogenous variables were: 6-month OFF
time, 6-month Unified Parkinson’s Disease Rating
Scale part IV (UPDRS IV) score, 6-month Grid version of the Hamilton Rating Scale for Depression
(GRID-HAMD) score, and 6-month PDQ-39 “Bodily
discomfort” score.
Five exogenous variables were: baseline OFF time,
baseline UPDRS IV score, baseline GRID-HAMD
score, baseline PDQ-39 “Bodily discomfort” score
and randomized treatment (safinamide 100 mg/day
or placebo).
OFF time, UPDRS IV and GRID-HAMD were
used to determine the indirect effects of safinamide
on pain, mediated by the improvements in these variables. Pain, in fact, is known to be associated in PD
with motor complications (including motor fluctuations, dystonia and dyskinesia), that are measured
by OFF time and UPDRS IV, while no association
has been clearly detected with motor symptoms as
measured by UPDRS III [14].
Depression (measured by GRID-HAMD) is a
variable with a potentially confounding effect on
pain [14].
The main assumption of the path analysis was that
relations between variables are linear and the effects
observed on pain are additive (i.e., the direct plus
the indirect effect results in the total effect). Additional assumptions include adequate sample size, low
multicollinearity and that error terms should not be
correlated to any variable.
Statistical methods
The comparison of the percentage of patients not
using concomitant pain drugs after 6-months treatment was performed using conventional Pearson’s
Chi-Square. The reduction in the number of pain treatments associated with safinamide 100 mg/day versus
placebo was estimated by means of a Negative Binomial regression model obtained with a Generalized
Linear Model parameterized with logarithmic link
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Fig. 1. Path analysis diagram of variables contributing to pain in patients. BD = Bodily discomfort domain; PDQ-39 = Parkinson’s Disease
Questionnaire 39 items; GRID-HAMD = Grid version of the Hamilton Rating Scale for Depression; UPDRS IV = Unified Parkinson’s Disease
Rating Scale part IV.

function and negative binomial distribution and with
“Treatment” (safinamide 100 mg/day or placebo) and
“Study indicator” (016 or SETTLE) as fixed effects.
The analysis was performed using the GENMOD
Procedure of SAS software version 9.4.
The analyses of PDQ-39 domain “Bodily discomfort” and PDQ-39 individual items related to
pain were performed using an ANCOVA model with
PDQ-39 scores changes from baseline as dependent
variable, with “Treatment” (safinamide 100 mg/day
or placebo) and “Study indicator” (016 or SETTLE)
as fixed effects and with baseline values as covariate.
Regarding the path analysis, standard procedures
were followed to test whether the data fit the theoretical path model and ensuring that conditions
were satisfied for unbiased parameter estimation and
interpretation of path model fit [15]. Standardized
summary of the average covariance residuals [Root
Mean Square Error of Approximation (RMSEA)],
standardized difference between the observed correlation and the predicted correlation [standardized
root mean square residual (SRMSR)], Bentler Comparative Fit Index (BCFI), the proportion of the
observed covariance, and Adjusted Goodness of
Fit Index (AGFI) were used to evaluate whether
a path model meets the modeling requirement
[16]. Generally accepted values for fit indices are

RMSEA < 0.10, SRMSR < 0.08, BCFI > 0.90, and
AGFI > 0.90. In our analysis the values were the following: RMSEA = 0.07, SRMSR = 0.04, BCFI = 0.94
and AGFI = 0.95, confirming the accuracy of the path
model used.
The sample size in this study was adequate based
on the recommendation by Kline [15] that 10–20
times as many cases as parameters is sufficient for
significance testing of path analysis model effects.
The path analysis was performed using Proc CALIS
of SAS 9.4 (SAS Institute, Cary, NC, USA).

RESULTS
As previously described, safinamide 100 mg/day
increased ON time with no/non-troublesome dyskinesia and improved the secondary endpoints related
to motor function, quality of life and OFF time. The
incidence of treatment-emergent adverse events and
serious adverse events was similar in safinamide and
placebo groups [9, 11, 12].
After 24 weeks, the proportion of patients not
using concomitant pain treatments was significantly
greater in the group receiving safinamide 100 mg/day
than in the placebo group (Fig. 2), with a reduction of the number of concomitant pain treatments of
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23.6% [95% confidence interval (CI): 41.1%, 1.0%;
p = 0.0421] compared with placebo.
Moreover, safinamide 100 mg/day significantly
improved 2 of the 3 PDQ-39 items related to musculoskeletal and neuropathic pain (Fig. 3). The
difference for the changes from baseline in the overall
“Bodily discomfort” domain score was also significant: –5.28 (95% CI: –6.78, –3.79) in the safinamide
100 mg/day group compared to –1.59 (95% CI: –3.09,
–0–10; p = 0.0007) for the placebo group.
In Table 2 the standardized regression coefficients (path coefficients) with associated standard
errors and P-values estimated with the path analysis are reported. Contrary to classic multivariable
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regression models, statistical significance of path
coefficients is not essential to validate a path model
or to rank the importance of variables in order to
decide for their inclusion/exclusion. Nevertheless
it is worthy of note that all the path coefficients
between the variables included in the model are statistically significant or at least statistically borderline
(p < 0.1). In particular the association of treatment
with 6-month pain (measured by 6-month Bodily discomfort score) still remains statistically significant
(path coefficient = –0.0674, p = 0.00761) supporting
the hypothesis of a direct effect of safinamide on pain.
The path analysis showed that 79.7% of pain reduction ascribed to safinamide was attributable to a direct

Improvement

p=0.03053*

p=0.0060*
p=0.1585*

p=0.0009*

Fig. 2. Trials 016 and SETTLE (pooled data): concomitant use of
pain treatments.

Fig. 3. Trials 016 and SETTLE (pooled data): changes (LS
means ± SE) from baseline to week 24 of the PDQ-39 items 37-39.
LS = least squares; SE = standard error of the mean.

Table 2
Results of path analysis (pooled data from trials 016 and SETTLE)
Path coefficient (SE)†

p-value

Interpretation

6-month BD score
6-month OFF time
6-month GRID-HAMD score
6-month UPDRS IV score
6-month OFF time
6-month BD score

0.5698 (0.021)
0.5520 (0.022)
0.6172 (0.020)
0.6834 (0.017)
–0.1658 (0.026)
0.0516 (0.025)

0.00000
0.00000
0.00000
0.00000
0.00000
0.04092

Path coefficients estimating the
magnitude of the effects of
baseline values

Treatment
6-month GRID-HAMD score

6-month GRID-HAMD score
6-month BD score

–0.0451 (0.025)
0.1017 (0.025)

0.07172
0.00006

Treatment
6-month UPDRS IV score

6-month UPDRS IV score
6-month BD score

–0.0394 (0.023)
0.1028 (0.026)

0.09092
0.00006

Treatment

6-month BD score

–0.0674 (0.025)

0.00761

Exogenous variable

Endogenous variable

Baseline BD score
Baseline OFF time
Baseline GRID-HAMD score
Baseline UPDRS IV score
Treatment
6-month OFF time

† Path

The magnitude of the indirect effect
on pain mediated by OFF time is
estimated by multiplying the two
path coefficients
The magnitude of the indirect effect
on pain mediated by GRID-HAMD
is estimated by multiplying the two
path coefficients
The magnitude of the indirect effect
on pain mediated by UPDRS IV is
estimated by multiplying the two
path coefficients
Direct effect on pain

coefficients are standardized regression coefficients ranging from –1 to 1 and measuring the magnitude (importance) of the effect
of a variable (exogenous variable) on another one (endogenous variable). A path coefficient equal to 0 means no effect. A path coefficient
equal to 1 or to –1 means that the endogenous variable is totally (positively or negatively) predicted by the exogenous variable. BD = Bodily
discomfort domain; GRID-HAM-D = Grid version of the Hamilton Rating Scale for Depression; SE = standard error; UPDRS IV = Unified
Parkinson’s Disease Rating Scale part IV.
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Fig. 4. Path analysis of direct and indirect effects of safinamide on
pain. Values represent the path coefficients derived from regression
analyses with the proportional contribution to the total treatment
effect shown in parentheses.

effect of the drug (p = 0.0076), while the remaining
20.3% was an indirect effect mediated by the its activity on OFF Time (10.1%), GRID-HAMD (5.4%) and
UPDRS IV (4.5%) (Fig. 4).
DISCUSSION
The presence of painful symptoms is well documented in the earliest descriptions of PD [17, 18].
According to epidemiological studies, the prevalence
of chronic pain in PD patients is from 30 to 85% [19,
20]. Pain may precede the full expression of motor
symptoms of PD, has been shown to be associated
with impaired sleep, depressed mood and reduced
health-related quality of life and, in some patients,
can be the dominant symptom of PD [21].
The basal ganglia are involved in pain processing, and imbalance of dopaminergic and nondopaminergic systems within the basal ganglia and
cortex is believed to contribute to pain in PD [22].
The findings of this post-hoc analysis on the effects
of safinamide on pain extended the results obtained
in pivotal studies. At week 24, significantly more
patients in the safinamide 100 mg/day group were
free of pain medications, as compared with placebo
group.
The reduction of the number of concomitant pain
treatments was about 24% with safinamide versus
placebo, and was associated with significantly greater
improvements in 2 of the 3 specific items of the “Bodily discomfort” domain of the PDQ-39 questionnaire,
addressing musculoskeletal and neuropathic pain.
Patients with PD frequently report different types
of pain, that can be categorized based on their
clinical description into musculoskeletal, dystonic,
radicular-peripheral neuropathic and central pain [4].
Musculoskeletal and neuropathic pain are the most
common: musculoskeletal pain may be related to
rigidity, akinesia and pathologic postures such as

camptocormia, while neuropathic pain may lead to
a decrease of pain threshold [23].
The path analysis, performed to investigate the possibility that the observed improvements may be, at
least in part, attributable to improvements in motor
complications and mood, showed that the direct effect
of safinamide on pain was 79.7%, confirming that the
efficacy of the treatment on the pain-related items of
the PDQ-39 was not mediated by an alleviation of
other symptoms.
These results may be explained by the nondopaminergic mechanism of action of safinamide.
In vitro electrophysiological studies have shown that
safinamide is a state-dependent inhibitor of human
voltage-gated sodium channels (VGSC) in the inactivated state. Deregulation of VGSC expression is
thought to be contribute to both chronic inflammation
and neuropathic pain [24]. Moreover, dopaminergic denervation in PD leads to the hyperactivity of
the glutamatergic pathway, that represents the primary cause of excitotoxicity. Glutamate is released in
a calcium and sodium-dependent manner in response
to nerve terminal depolarisation. The selective inhibition of glutamatergic hyperactivity may be an
effective strategy for the treatment of some PD nonmotor symptoms not responding to L-dopa therapy, in
particular pain and neuropsychiatric symptoms [25].
There are several limitations to be considered in
this post-hoc analysis: the major limit is that the original trials were not designed to investigate pain as
a primary endpoint, so there was no direct evaluation
of pain but only indirect measures (quality of life
and consumption of pain relief medicines). Another
potential bias is the exclusion in the eligibility criteria
of concomitant therapies commonly used in routine
clinical practice for the treatment of pain in PD (opioids, barbiturates, antidepressants). These analyses
should therefore be considered as exploratory, and
their clinical relevance must be confirmed in larger
clinical trials.

CONCLUSION
Pain in PD frequently goes overlooked and undertreated in clinical practice.
The loss of dopaminergic neurons causes glutamatergic hyperactivity, the selective inhibition of
which could be an effective strategy for the treatment
of the PD non-motor symptoms.
Despite the limitations of this post-hoc analysis,
the results showed a favorable effect of safinamide
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100 mg/day on pain, accounting for about 80% of
the total effect, as shown by the path analysis. This
effect was aside from the effect on motor fluctuations
and dyskinesia, that accounted for about 20% of the
total effect. New prospective studies are warranted to
investigate the potential benefits of safinamide on PD
pain and their clinical relevance.
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