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Abstract

Background Subthalamic nucleus deep brain stimulation (STN-DBS) is an effective surgical treatment for advanced Parkin-
son’s disease (PD). However, some patients still experience motor fluctuations or dyskinesia after STN-DBS. Safinamide is
approved as add-on treatment to levodopa in fluctuating PD patients. In this study, we evaluated the effect of safinamide as
adjunctive therapy in PD patients still experiencing motor fluctuations and dyskinesias after STN-DBS.

Methods PD patients treated for at least 2 years with bilateral STN-DBST and with troublesome motor fluctuation and/
or dyskinesias were examined by means of the Movement Disorders Society—Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS), the quality of life questionnaire Parkinson’s Disease Questionnaire-8 (PDQ-8) and the Non-Motor Symp-
toms Scale (NMSS) at baseline (TO0), after 1 month of treatment with safinamide 50 mg daily (T1) and after another month
of treatment with safinamide 100 mg daily (T2).

Results Twenty-nine PD patients were examined. An improvement of the MDS-UPDRS IV score (motor complications)
was observed between TO and T1, TO and T2, and T1 and T2. The time spent in the OFF state, the functional impact and the
complexity of motor fluctuations significantly improved between TO and T1 and TO and T2. The mean levodopa equivalent
daily dose significantly decreased from TO to T1 and from TO to T2. Regarding non-motor symptoms, an improvement on
mood and pain was observed.

Conclusions Safinamide seems to be an effective adjunctive treatment in PD patients treated with bilateral STN-DBS, lead-
ing to an improvement of motor complications, mood and pain.
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Subthalamic nucleus deep brain stimulation (STN-DBS)

is an effective surgical treatment for advanced Parkinson’s
disease (PD) patients with troublesome motor complica-
tions or refractory tremor despite the optimization of medi-
cal therapy [1]. STN-DBS proved an average 60% reduction
in levodopa-related motor complications [2, 3] and 40-60%
improvement in quality of life (QoL) [4, 5]. Nonetheless, the
clinical outcomes following DBS show a significant variabil-
ity, and a notable number of patients still experience motor
. o fluctuations or dyskinesias despite a correct lead placement
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improvement of motor fluctuations, by increasing the on
time without troublesome dyskinesia [§—11]. Moreover,
an improvement of non-motor symptoms (NMS) has been
reported, probably related to its dual effect on both dopamin-
ergic and glutamatergic systems [12-15].

The aim of this study was to evaluate the effect of safina-
mide as adjunctive therapy in PD patients still experiencing
motor fluctuations and dyskinesia notwithstanding undergo-
ing STN-DBS, and to assess eventual further improvement
of motor complications. In addition, we have also evaluated
the role of safinamide in improving motor symptoms, NMS,
activities of daily living (ADL) and QoL.

Methods

We recruited 29 consecutive PD patients at two experienced
DBS centres: San Pio X Clinic (Milan) and Movement Dis-
orders Clinic of the University of Turin. The inclusion cri-
teria were:

e diagnosis of idiopathic PD [16]

e atleast 2 years of treatment with bilateral STN-DBS

e persistence of troublesome motor fluctuation and/or
dyskinesias despite the best medical treatment (defined
as the anti-parkinsonian therapy allowing the best con-
trol of symptoms with tolerable side effects; the treat-
ment was best tailored to the individual patients and
their responses), and the optimization of the stimulation
parameters, defined as a score > 2 at one or more of the
items 4.1 (dyskinesia duration), 4.2 (functional impact of
dyskinesia), 4.3 (time of waking day spent in OFF) or 4.4
(functional impact of fluctuations) of the MDS-UPDRS
[17]

e acquisition of written informed consent

The details of DBS surgery were described elsewhere
[18]; position of the electrodes was verified with post-
operative CT scan or MRIL.

Patients were examined at baseline (T0O) by means of
the MDS-UPDRS. A subgroup of 10 patients (6 females,
4 males) was further investigated by means of the QoL
questionnaire PDQ-8 [19] and the Non-Motor Symp-
toms Scale (NMSS) [20]. Levodopa equivalent daily
dose (LEDD) was calculated according to the recognized
standard conversion [21].

At TO, safinamide 50 mg daily was added to therapy
in all patients. Patients were re-assessed after 1 month of
treatment (T1) with the same scales used at TO. At this
point, the dosage of safinamide was increased to 100 mg
daily, and patients were re-assessed after 1 month (T2).

During the whole duration of the study, LEDD adjust-
ments were allowed based on clinical assessment. The
stimulation parameters remained unchanged; the mean
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voltage was 3.6 + 0.9 V, the mean frequency was 115.7
+ 23.4 Hz and the mean pulse width was 60.3 + 0.7 ps.
The primary outcome was the assessment of the
improvement of motor complications, as per the changes
of the MDS-UPDRS part IV score (and related sub-
scores) at two different time points: 1 month after start-
ing treatment with safinamide 50 mg (T1) and 1 month
after starting treatment with safinamide 100 mg (T2).
The secondary outcome measures were:

e motor symptoms, as per the changes at the MDS-UPDRS
part IIT at TO, T1 and T2 in the Stimulation On-Medica-
tion On condition

e ADL, as per the changes at the MDS-UPDRS part II at
TO, T1 and T2

e LEDD changes at TO, T1 and T2

e NMS, as per the changes at the MDS-UPDRS part I (all
patients), and at the NMSS at TO, T1 and T2 (10 patients)

e QoL improvement, as per the PDQ-8 questionnaire (10
patients).

The statistical analysis was performed by the Wilcoxon
signed-rank test for non-parametric data with Bonferroni’s
correction for multiple comparisons, using the IBM-SPSS
Statistics software version 25. It was considered significant
ap level > 0.05.

All patients gave their informed consent for genetic test-
ing and participation in the study. The study was performed
in agreement with the principles of the Declaration of Hel-
sinki and was approved by the local ethics committee.

Results

Twenty-nine PD patients, 13 females and 16 males, were
included in the study.

The demographic and clinical features of patients are
listed in Table 1 section A.

The demographic and clinical features of 10 patients who
were assessed also for NMS and QoL are listed in Table 1
section B, showing no significant differences compared to
the whole group of patients for age, disease duration, DBS
duration, LEDD and MDS-UPDRS IV score.

Side effects

The therapy was well tolerated, also after the increase of
dose. No side effects were reported.

Motor fluctuations and dyskinesias

A significant improvement of the MDS-UPDRS IV score
was observed between TO and T1 (36.1 %; p < 0.001), TO
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Table 1 Demographic and clinical features of the 29 patients who
underwent motor evaluation (A) and of the subgroup of 10 patients
that underwent non-motor evaluation and completed quality of life
questionnaire (B) at TO. LEDD, levodopa equivalent daily dose;
MDS-UPDRS, Movement Disorders Society—Unified Parkinson’s
Disease Rating Scale

A B

29 patients 10 patients

Mean SD Mean SD
Age (y) 9.2 562  +9.1
Disease duration (y) 17.1 +6.7 19.3 +5.6
DBS duration (y) 6.5 +5.3 8.1 +4.5
LEDD (mg) 974.7 +416.9 970.0 +206.1
MDS-UPDRS I score 11.2 +5.2 7.4 +2.7
MDS-UPDRS II score 13.2 +6.5 12.8 +4.3
MDS-UPDRS III score 17.2 +10.8 26.0 +11.2
MDS-UPDRS 1V score 8.3 +2.7 7.0 +1.5

Table 2 Differences in the LEDD and MDS-UPDRS scores between
TO, T1 and T2 in the group of 29 patients. LEDD, levodopa equiva-
lent daily dose; MDS-UPDRS, Movement Disorders Society—Uni-

and T2 (66.3 %; p = 0.001), and T1 and T2 (47.2 %; p <
0.001) (Table 2).

Regarding MDS-UPDRS part IV sub-scores (Table 2),
the main significant improvements were observed for the
time spent in the OFF state (50.0% between TO and T1 and
70.0% between TO and T2; p < 0.001), for the functional
impact of fluctuations (45.5% between TO and T1 and 72.7%
between TO and T2; p < 0.001) and for the complexity of
motor fluctuations (31.3% between TO and T1 and 56.3%
between TO and T2; p = 0.002 and p = 0.001, respectively).
A significant improvement was also observed for the func-
tional impact of dyskinesias, with an improvement of 27.3%
between TO and T1 (p = 0.035) and an improvement of
54.5% between T1 and T2 (p = 0.031). The time spent with
dyskinesias decreased from TO to T1 and even more to T2,
but the difference was not significant. The painful off-state
dystonia score remained almost unchanged.

There were no significant differences between males and
females.

fied Parkinson’s Disease Rating Scale. Values are expressed as mean
+ SD. The value of p is in bold if p < 0.05

TO T1 T2 p(T0vsTl) p(TOvsT2) p(T1lvsT2)
LEDD 9747 + 4169 846.7 +388.7 874.1 +402.5 0.000 0.003 0.628
MDS-UPDRS I score 112+£5.2 103 £5.2 10.1 +£5.3 0.009 0.007 0.341
Item 1.1 (cognitive impairment) 1.0+12 0.8+1.2 08+12 0.083 0.083 1.000
Item 1.2 (hallucinations and psychosis) 05+1.0 03 +09 0.3+09 0.083 0.083 1.000
Item 1.3 (depressed mood) 1.8 +0.8 1.7+ 0.9 1.6 = 0.9 0.083 0.025 0.065
Item 1.4 (anxious mood) 09+1.0 09+1.0 09+1.1 1.000 1.000 1.000
Item 1.5 (apathy) 1.6+12 1.5+1.2 1.5+13 0.317 0.317 1.000
Item 1.6 (features of DDS) 0.3+0.6 03+0.6 03+06 1.000 1.000 1.000
Item 1.7 (sleep problems) 0.6 +£0.9 0.6 + 0.9 0.6 +0.9 1.000 1.000 1.000
Item 1.8 (daytime sleepiness) 0.5+0.8 0.7+0.8 0.5+0.8 0.180 1.000 0.083
Item 1.9 (pain and other sensations) 09+1.1 0.6 +£0.8 0.5+0.7 0.020 0.015 0.317
Item 1.10 (urinary problems) 09+1.0 0.8 +0.9 09+1.0 0.157 1.000 0.317
Item 1.11 (constipation problems) 14+09 14+09 14+09 1.000 0.317 0.564
Item 1.12 (light headedness on standing) 02+0.7 02+0.6 02+0.5 0.317 0.317 1.000
Item 1.13 (fatigue) 0.7+0.9 0.6 +0.8 0.6 +0.8 0.317 0.414 1.000
MDS-UPDRS II score 132 +6.5 112 +64 11.2+55 0.001 0.006 0.206
MDS-UPDRS III score 17.2 +£10.8 15.0 £ 10.1 16.5+10.2  0.001 0.006 0.185
MDS-UPDRS IV score 8327 53x27 28 +£2.7 0.000 0.001 0.000
Item 4.1 (time spent with dyskinesias) 1.1+1.1 1.0+ 1.1 0.6+0.8 0.739 0.141 0.206
Item 4.2 (functional impact of dyskinesias) 1.1+1.2 0.8+1.0 0.5+0.8 0.035 0.031 0.102
Item 4.3 (time spent in the OFF state) 20+04 1.0+£0.5 0.6+0.6 0.000 0.000 0.011
Item 4.4 (functional impact of fluctuations) 22+09 1.2+0.7 0.6 +0.6 0.000 0.000 0.028
Item 4.5 (complexity of motor fluctuations) 1.6 £ 0.8 1.1 +£0.6 0.7+ 0.6 0.002 0.001 0.033
Item 4.6 (painful off-state dystonia) 03+05 02+04 02+04 0.083 0.083 1.000
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Motor symptoms and ADL

Both the MDS-UPDRS II-1II scores in the Stimulation On-
Medication On condition significantly improved from TO to
T1 (p = 0.001) and from TO and T2 (p = 0.006), whereas
no significant differences were observed between T1 and
T2 (Table 2).

There were no significant differences between males and
females.

LEDD

In more than 50% of patients (16/29), LEDD was low-
ered after safinamide treatment and the mean LEDD value
decreased significantly from TO to T1 (p < 0.001) and
from TO to T2 (p = 0.003), while no significant differences
between T1 and T2 were observed (Table 2).

There were no significant differences between males and
females.

Non-motor symptoms

The MDS-UPDRS I score significantly decreased from TO
to T1 (p = 0.009), with no further changes at T2 (Table 2).
A slight improvement was observed for depression compar-
ing TO and T1, and also TO and T2 (p = 0.025). In addition,

Table 3 Differences in the NMSS and PDQ-8 scores between TO, T1
and T2 in the subgroup of 10 patients. NMSS, Non-Motor Symptoms
Scale; PDQ-8, Quality of Life Questionnaire for Parkinson’s Dis-

the score relative to pain and other sensations significantly
improved at T1 (p = 0.020) and T2 (p = 0.015). A trend of
improvement was also observed for the scores relative to
cognitive impairment, hallucinations and psychosis, apathy,
and fatigue.

In the subgroup of 10 patients, the NMSS evaluation
(Table 3) showed that the mood/cognition score was sig-
nificantly improved at T1 and T2 (p = 0.042). The sleep/
fatigue and the attention/memory scores also improved at
T1 and T2 but without reaching a significant difference as
well as the urinary score; the gastrointestinal tract function
assessment showed a mild, not significant worsening. The
miscellaneous score was unchanged comparing TO and T1,
while the comparison between TO and T2 showed a slight,
not significant, improvement.

There were no significant differences between males and
females.

Quality of life

The PDQ-8 was administrated to the subgroup of 10 patients
(Table 3). A significant improvement was observed for the
depression score at T2 (p = 0.046), while the improvement
at T1 was not significant. The communication and the pain
scores progressively improved from TO to T1 and T2, but no
significant differences were observed. The other items of the

ease—3. Values are expressed as mean + SD. The value of p is in
bold if p < 0.05

TO T1 T2 p (TOvs T1) p (TOvs T2) p (T1vs T2)
NMSS
Cardiovascular/falls 03+0.5 01+04 0.6+1.1 0.317 0.655 0.317
Sleep/fatigue 8.6 +6.8 79 +8.7 43+34 0.581 0.058 0.068
Mood/cognition 16.0 + 14.7 14.6 +15.3 9.1+87 0.285 0.042 0.138
Perceptual problems/hallucinations 09+15 09+1.5 04+1.1 1.000 0.317 0.317
Attention/memory 41+3.1 26+ 1.4 19+1.6 0.285 0.138 0.157
Gastrointestinal tract 03+0.5 24 +3.6 24+32 0.180 0.066 1.000
Urinary 4077 19+33 1.0+ 1.7 0.180 0.180 0.180
Sexual function 1.3+34 1.1 +3.0 1.1 +3.0 0.317 0.655 1.000
Miscellaneous 7.3 +89 77+ 11.6 3.6+3.7 0.715 0.465 0.593
PDQ-8

Getting around in public 1.6+1.1 1.6+15 22+0.8 1.000 0.180 0.276
Dressing 1.3+0.8 1.3+1.4 12+1.6 1.000 1.000 0.317
Depression 09+ 0.7 0.7+0.8 03+0.5 0.317 0.046 0.083
Personal relationships 09+ 0.7 06+0.5 0.7+0.5 0.414 0.157 0.317
Concentration 03+0.5 03+0.8 03+0.8 1.000 1.000 1.000
Communication 24+1.0 19+1.1 1.5+0.8 0.157 0.180 0.785
Pain 0.7+0.8 03+0.5 03+0.5 0.180 0.083 1.000
Felt embarrassed in public 14+1.1 1.7+1.1 1.5+0.8 0.157 1.000 0.157
Single index % 29.7 26.3 25.0
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PDQ-8 remained unchanged, apart from the “getting around
in public” score that slightly worsened at T2.

There were no significant differences between males and
females.

Discussion

The main challenge of advanced PD treatment is represented
by the motor complications related to the progression of the
disease and to the chronic administration of levodopa [22].
Bilateral STN-DBS is an effective and safe treatment [2,
3]; however, some patients may still show motor fluctua-
tions and dyskinesia after surgery with a clinically negative
impact [6, 7].

Safinamide is an aminoamide derivative with a dopamin-
ergic and non-dopaminergic mechanism of action [23]. The
dopaminergic properties derive from its powerful, reversible
and highly selective inhibition of the monoamine oxidase B
(MAO-B), while the non-dopaminergic activity is related
to the reduction of the sodium channels activity through a
state- and use-dependent blockade, and to the inhibition of
the glutamate release by N-type calcium channels [24].

Preclinical studies showed potential role of safinamide in
PD by maintaining sustained dopamine levels and balancing
the impaired dopaminergic-glutaminergic neurotransmis-
sion: safinamide has shown to potentiate levodopa-mediated
increase in dopamine levels in dopamine-depleted mice,
and to improve motor complications in levodopa treated
6-hydroxydopamine (6-OHDA)-treated rats [24]. Moreover,
in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-
lesioned dyskinetic macaque monkey, safinamide reduced
levodopa-induced dyskinesias while increasing the duration
of the antiparkinsonian response of levodopa [25].

In addition, preclinical studies have suggested that safina-
mide might have neuroprotective and neuro-rescuing effects
in the mouse MPTP model, in the rat kainic acid model and
in the gerbil ischemia model, although this has not been
confirmed in humans [24].

Based on these preclinical findings, the beneficial role
of safinamide has been tested in clinical trials for PD [26].
Borgohain et al. showed the efficacy of safinamide 50 or
100 mg daily in the reduction of off time together with the
improvement of motor complications with the dosage of 100
mg daily [8]. Furthermore, an improvement of motor fluctu-
ations without a worsening of dyskinesias was also observed
[9, 10] suggesting that the modulation by safinamide 100 mg
daily of glutamate receptors could play a specific role for the
improvement of dyskinesias [27]; the same mechanism has
been proposed for the improvement of NMS [15].

Our findings showed a significant improvement of motor
complications with safinamide at both 50 and 100 mg daily
dosage. The main effect was related to the reduction of the

time spent in off and to the impact and complexity of motor
fluctuations, mainly with the 100 mg daily dosage. A sig-
nificant improvement was also observed in the functional
impact of dyskinesias, while the on time with dyskinesias
decreased for a lesser extent; in both cases, the improvement
was greater for the 100 mg daily dosage. The efficacy of
safinamide as add-on therapy in reducing off time has been
clearly demonstrated [8—10], while its effect on dyskinesias
is still debated. An increase in on time without troublesome
dyskinesia has been reported, probably related to the glu-
tamatergic inhibition [24], but a role of the reduction of
levodopa dosage cannot be excluded. Our findings showed
an improvement of dyskinesias scores at T1 (safinamide 50
mg daily) with a concomitant 13% reduction of LEDD; at
T2 (safinamide 100 mg daily), dyskinesias further improved
while LEDD was substantially unchanged (3% increase
respect to T1). Probably, the LEDD reduction played a role
at T1 while the further improvement at T2 was probably
related to the specific glutamatergic inhibitory effect of safi-
namide [27].

NMS are one of the major determinants of quality of life
in PD patients [28], and they are related to dopaminergic and
non-dopaminergic neurotransmission [29]. We observed a
slight but significant improvement of MDS-UPDRS I score
both with safinamide 50 and 100 mg daily, with no differ-
ences between the two dosages. The main differences were
observed in mood and pain scores for both dosages, although
the effect was greater with 100 mg daily. Other non-motor
aspects, as cognition and hallucinations, showed a trend
towards an improvement.

Among NMS, we have also observed a significant
improvement in mood and cognition with safinamide 100
mg daily, as well as a positive trend for sleep/fatigue and
other items, including pain evaluation. Notably, depression
showed a significant improvement with safinamide 100 mg
daily.

A positive effect of safinamide on mood has been already
reported [13, 15] possibly related to its glutamatergic mech-
anism of action [30, 31].

Moreover, it has been suggested that the positive effect of
safinamide on pain [12, 14] could be related to the action at
the voltage-gated sodium channels which are involved in the
pathophysiology of chronic inflammation and neuropathic
pain [32, 33], as well as to the modulation of the glutamater-
gic system [34, 35]. The efficacy of safinamide on pain has
been already reported with a consistent effect mainly related
to a direct drug effect rather than to an indirect effect medi-
ated by motor or mood improvement [12].

In conclusion, our findings confirm the efficacy of safi-
namide on fluctuating PD patients with some limitations
mainly due to the small size of our sample and to the short
follow-up. Moreover, the PD patients assessed in our study
have some specific features: indeed, they are patients in
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the advanced phase of the disease, with motor fluctuations
and dyskinesia not completely controlled by a highly effec-
tive therapy such as STN-DBS. The efficacy of safinamide
showed in these selected and severely affected patients
further support the improvement of motor complications
observed in patients with a less severe disease.

Finally, albeit in a small cohort of patients with a short
follow-up, our study suggests that safinamide, mostly at the
dosage of 100 mg daily, is an effective adjunctive treatment
in PD patients treated with bilateral STN-DBS with residual
motor fluctuations that leads to an improvement of motor
complications with a concurrent positive effect on mood
and pain. Further studies, in larger cohorts and with longer
follow-up, are needed to confirm our findings.
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