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ABSTRACT

Motor fluctuations (MF) are deemed by patients
with Parkinson’s disease (PD) as the most trou-
blesome disease feature resulting from the
increasing impairment in responsiveness to
dopaminergic drug treatments. MF are charac-
terized by the loss of a stable response to levo-
dopa over the nychthemeron with the
reappearance of motor (and non-motor)
parkinsonian clinical signs at various moments
during the day and night. They normally appear
after a few years of levodopa treatment and with
a variable, though overall increasing severity,
over the disease course. The armamentarium of
first-line treatment options has widened in the
last decade with new once-a-daily compounds,

including a catechol O-methyltransferase inhi-
bitor – Opicapone-, two MAO-B inhibitors plus
channel blocker – Zonisamide and Safinamide
and one amantadine extended-release formula-
tion – ADS5012. In addition to apomorphine
injection or oral levodopa dispersible tablets,
which have been available for a long time, new
on-demand therapies such as apomorphine
sublingual or levodopa inhaled formulations
have recently shown efficacy as rescue therapies
for Off-time treatment. When the management
of MF becomes difficult in spite of oral/on-de-
mand options, more complex therapies should
be considered, including surgical, i.e. deep brain
stimulation, or device-aided therapies with
pump systems delivering continuous subcuta-
neous or intestinal levodopa or subcutaneous
apomorphine formulation. Older and less
commonly used ablative techniques (radiofre-
quency pallidotomy) may also be effective
while there is still scarce data regarding Off-time
reduction using a new lesional approach, i.e.
magnetic resonance-guided focused ultrasound.
The choice between the different advanced
therapies options is a shared decision that
should consider physician opinion on con-
traindication/main target symptom, patients’
preference, caregiver’s availability together with
public health systems and socio-economic
environment. The choice of the right/first add-
on treatment is still a matter of debate as well as
the proper time for an advanced therapy to be
considered. In this narrative review, we discuss
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all the above cited aspects of MF in patients
with PD, including their phenomenology,
management, by means of pharmacological and
advanced therapies, on-going clinical trials and
future research and treatment perspectives.

Keywords: Parkinson’s disease; Off-time;
Add-on therapies; Non-motor fluctuations;
Advanced therapies

Key Summary Points

• Motor fluctuations (MFs) are deemed by
patients with Parkinson’s disease (PD) as
the most troublesome disease feature.

• In this narrative review, we discuss MF
phenomenology and management, by
means of pharmacological and advanced
therapies, touching upon on-going
clinical trials, future research, and
treatment perspectives.

• Oral treatment for MF reposes on
levodopa adjustments, including the IR
and ER formulations and wide
armamentarium of add-on and on-
demand therapies whose choice is based
on patients’ age, cognitive status, previous
and on-going treatments, considering
their different effectiveness, tolerability
profile and ease of use.

• Advanced treatments for MF include
surgical (neuromodulation or lesional
approch) and device-aided therapies
(DAT), that can be proposed only to sub-
set of advanced PD patients, based on
patients’ preferences, caregivers
availability and clinical contraindications.

INTRODUCTION

Parkinson’s disease (PD) is the second most
common neurodegenerative disorder, with an
estimated 6 million people affected worldwide.

PD prevalence is expected to further increase by
two- to threefold until 2040, following the
trend of recent decades [1].

PD treatment is based on symptomatic
pharmacological and non-pharmacological
options, with levodopa (LD) being the main
stain of the pharmacological armamentarium
[2, 3]. Nevertheless, after a few or several years
of LD treatment, most patients with PD expe-
rience motor complications (MC), including
mainly wearing-off (end-of-dose deterioration)
and peak-dose dyskinesias, with a variable but
usually consistent impact on activities of daily
living (ADLs) [4, 5]. Ultimately, troublesome
MC may cause extreme fluctuations of the
motor state of patients, representing one of the
main sources of patients’ disability and
impaired quality of life (QoL). Of note, wearing-
off is indicated by patients with PD as the most
disabling motor symptom, even worse than
dyskinesia [6, 7].

Risks factor for MC development include a
variable list of phenotypic, clinical, genetic and
pharmacologic factors, such as longer disease
duration, younger age at onset, being carriers of
genetic mutations such as parkin, PINK1, and
DJ-1, higher LD cumulative dose, female gen-
der, and low body weight [5, 8].

From a pathophysiological point of view,
intermittent oral delivery of levodopa, as
opposed to continuous physiological dopamin-
ergic stimulation, along with delayed or erratic
gastric emptying and the relentless loss of
nigrostriatal nerve terminals and reduced
endogenous dopamine storage/release capacity,
contribute to the appearance of MC, with
symptomatic benefit becoming progressively
dependent on oral levodopa intake and plasma
bioavailability [9].

Nowadays, a wide armamentarium of oral
and second-line treatments is available for the
management of motor fluctuations (MF),
including some new compounds approved over
the last decade, the appearance of a few new
rescue therapies and a new formulation of sub-
cutaneous levodopa, which is still waiting for
market approval.

In this narrative review, we expressively
focus on MF, i.e. Off-time, of patients with PD,
discussing their phenomenology, management,
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by means of pharmacological and advanced
therapies, on-going clinical trials and future
research and treatment perspectives.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

MOTOR FLUCTUATIONS:
EPIDEMIOLOGY
AND PHENOMENOLOGY

It has been estimated that, after initiation of
dopaminergic treatment, on average 10% of
patients per year will developed motor compli-
cations. Previous works have found a prevalence
of around 50% of MF after 5 years of disease,
although a prevalence as high as 88% and as low
as 20% have also been reported [10, 11]. MF were
initially thought to be advanced-disease features,

occurring in patients with long-disease duration.
However, it has been reported that up to 50% of
patients may have the onset of MF within 2 years
of starting LD therapy [5]. In addition, in the
ELLDOPA trial, by the end of the 9-month trial
period, almost a third (29.7%) of patients
receiving the highest daily dose of levodopa
(600 mg/day) experienced wearing-off [12].

At the beginning of their appearance, MF
usually have a somehow recurrent, pre-
dictable pattern, appearing in a time-dependent
manner from the last levodopa intake (initially
4 h from the last intake). Such end-of-dose
phenomena have been described as the most
common, first-presentation form of MF, along
with the presence of PD symptoms in the
morning before the first dose of levodopa
(‘morning akinesia’), occurring among 54–70%
patients with PD [13] (Fig. 1). Nocturnal akine-
sia is associated with worst sleep quality,
decreased sleep efficiency, and decreased QoL,
often accompanied by a painful posture, gen-
erally on the lower limb-off-dystonia [14]. As
highlighted by the CALM-PD study, the

Fig. 1 Motor complications appearance over the disease course. MF motor fluctuations
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wearing-off phenomenon may not be only the
first MC to occur but could also be a predictor
for the development of dyskinesia, as MF and
dyskinesias appear to be interrelated, with the
presence of one associated with the earlier
development of the other [15]. This may indi-
cate that the emergence of the wearing-off may
sign the beginning of a more complex,
advanced phase of the disease [10, 16]. With
disease progression, MF become more and more
intense and unpredictable, widening the phe-
notype of possible MF. On–off phenomenon may
then arise, and represent rapid switches
between the On and Off states, along with sud-
den-Off, seemingly without obvious relationship
to levodopa dosing [13]. Patients can notice an
increased latency after LD intake for the begin-
ning of the clinical benefit (delayed-On) (Fig. 1),
even after the first-day dose (‘‘prolonged morn-
ing akinesia’’) [14, 17] or a complete failure to
respond to a LD dose (No-On) [13]. More rarely,
patients present a transient worsening of
symptoms at the beginning of LD dose, often
related to delay in gastric emptying, often pre-
senting as an increase in tremor (‘‘beginning of
dose worsening’’) or a random ‘‘yo-yoing’’ effect
switching from being On with dyskinesia to Off
and then to On again in a rapid and unpre-
dictable way [13].

Despite MF being more commonly reported
and recognized both by patients and clinicians,
the re-emergence of non-motor symptoms
(NMS) before each LD intake, can also occur and
even precede the emergence of the motor
wearing-off phenomenon [18]. Non-motor
fluctuation (NMF) are often underestimated and
their recognition is facilitated if tagged along
with MF. Large cross-sectional studies have
shown that 60–100% of patients with PD report
NMF, appearing to have an impact on patient
independence and QoL possibly even greater
than MF [18, 19]. Pain, diffuse or restricted to a
body part, and mood symptoms are the NMF
with the greatest impact on QoL. Other NMF
may occur, including autonomic ones, i.e. tho-
racic and abdominal pain, possibly mimicking
medical emergencies, dyspnea, constipation,
urinary urgency diaphoresis and visual com-
plaints, neuropsychiatric fluctuations, such as
forgetfulness, slowness of thinking, attention

problems, anxiety, depression, irritability, fati-
gue, apathy, mutism and hallucinations, and
others such as akathisia and mutism [19].

MF pathophysiology is strictly related to the
pharmacokinetics and pharmacodynamics of
LD which are dominated by two features: the
short plasma half-life of the drug and the short-
duration response which represents the portion
of the antiparkinsonian response that parallels
the plasma LD levels [11]. These pharmacolog-
ical features are the basis of MF. Concomitantly,
LD treatment induce a long-duration response
that builds up over weeks and likewise dissipates
slowly. The long-duration response may par-
tially account for the absence of MF in early
patients with PD treated with LD [20]. Numer-
ous pharmacological efforts have been made to
overcome the limitations related to LD short
half-life, to increase the long-duration response,
aiming to smooth LD-related motor complica-
tions and extend its effect, and to limit the
issues related to the oral route and intestinal
absorption of LD, that, later in the disease, may
render this route lengthy and inefficacious.
These efforts include the use of LD add-on
strategies and the development of newer apo-
morphine and LD formulations, including
extended release (ER) formulations or infusion
ones [21].

ORAL TREATMENT OPTIONS

Oral treatment options for motor fluctuations
include optimization of levodopa dosage and
frequency of administration, change of levo-
dopa formulation and the use of adjunct ther-
apies, classically including dopamine agonists
(DAAs), monoamine oxidase type-B inhibitors
(MAO-B Is) and COMT inhibitors (COMT-Is)
[2, 22]. More recently, a formulation of aman-
tadine ER (ADS-5012) [23] and a channel
blocker, i.e. Adenosine A2A receptor antagonists
(AA2AA), have also shown their efficacy for MF
treatment [24, 25].
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Levodopa

Overview
LD administration can be increased in terms of
dose at each intake if wearing-off is the main
symptom, or frequency, if dyskinesia are also
present [22].

There is no evidence to switch from IR to
controlled-release (CR) formulations in case of
diurnal MF, while CR is usually indicated at
bedtime for night-time or morning akinesia
[22]. LD is also available in dispersible prepara-
tions, which are designed to have faster onset of
symptomatic effect (see ‘‘On-Demand’’ section).

In the last decade, three new ER LD formula-
tions have been investigated for the treatment of
MF, with positive results for two of them, IPX066
and IPX203 [26, 27]. Conversely, results were
inconsistent for the Accordion Pill�, a gastric-
retention oral delivery platform based on folded
multilayer films, with an initial positive Phase II
[28], but followed by a negative Phase III with
consequent development interruption.

So far, IPX066 (Rytary�) is the only marketed
one. It is a multiparticulate, ER formulation of
carbidopa and LD in a 1:4 ratio [29, 30]. This
compound, which is approved only in the
United States (US), is usually administered t.i.d.,
and is designed to dissolve at different rates to
ensure the release and absorption of LD over a
longer time frame than that provided by stan-
dard LD, with consequent dosing intervals of
approximately 6 h. The recommended starting
dosage of IPX066 naı̈ve patients is 23.75 mg/
95 mg taken orally three times a day up to a
maximum recommended dose of 97.5 mg/
390 mg taken three times.

IPX203 is a multiparticulate oral capsule
formulation of CD/LD (ratio 1:4), which has
been specifically designed to provide the desired
LD plasma profile of a rapid initial rise in plasma
LD followed by prolonged, steady concentra-
tions that extend beyond currently available
formulations [27]. Indeed, after a single dose of
IPX203, LD concentrations were sustained
above 50% of peak concentration for 4.6 h ver-
sus 1.5 h for IR carbidopa-LD.

Efficacy on Off-time Reduction There is no
randomized clinical trial (RCT) that has

investigated the effect of LD/carbidopa IR dose/
intake adaptations on Off-time reduction versus
placebo. Even if not specifically designed to
evaluate the effect of oral LD adaptations, we
can infer its effect on Off-time reduction by
looking at the data of RCTs comparing device-
aided therapies/surgical therapies versus oral
treatment. Most of the trials adopted an open-
label design and showed some benefit on MF
when carefully adjusting the dose/intake regi-
men, also including other oral add-on therapies,
although it could also be related to the fact that
patients are more adherent in such trial condi-
tions. At the same time, looking at the double-
blind double-dummy trail comparing standard
LD/carbidopa versus levodopa/carbidopa
intestinal gel (LCIG), a reduction of - 2.14
(0.66) h/day over 12 weeks [31] was observed for
oral treatment. Additionally, two RCTs have
shown the efficacy of IPX066 on Off-time
reduction versus LD/carbidopa IR and versus
LD/carbidopa plus entacapone (ENT), with a
reduction of 1.17 h/day and about 1.4 h/day,
respectively [32, 33].

Safety Data Possible dose-dependent adverse
events (AEs) of LD are well known, and classical
dopaminergic includes gastrointestinal side
effects, including nausea, vomiting, and con-
stipation, which tend to decrease over time, or
more rarely orthostatic hypotension (OH) and
hallucinations, especially among elderly
patients with cognitive impairment. Addition-
ally, long-term LD use is associated with MC
development, which increases at an estimated
rate of 10% per year [34].

News
In a small Phase II, open-label, rater-blinded,
multicenter, randomized crossover trial includ-
ing 28 patients with PD, IPX203 showed a
reduction of - 2.26 h/day (CI 95% - 3.17
to - 1.35) compared to standard LD, after
15 days of treatment [27]. Thereafter, two large
Phase 3 trials (NCT03670953, on 631 patients;
NCT03877510 on 420 patients) with positive
results on good On-time increment, have been
recently performed on IPX203 (RISE-PD trial).
Preliminary public results (Congress communi-
cation) informed that IPX203 provided 1.55
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more h/day of good On-time per dose and a
reduction from baseline in Off-time
of - 0.48 h/day (p = 0.0252) versus LD/car-
bidopa IR [35].

Add-on Oral Therapies

Overview
Dopamine Agonists Dopamine agonists
(DAAs) are divided into two classes: ergot-derived
and nonergot-derived, both acting directly on
striatal postsynaptic dopamine receptors. Due to
drug-related AEs, including retroperitoneal,
pleuropulmonar, and valvular heart fibrosis, the
ergot-derived DAAs (bromocriptine, cabergoline,
lisuride, dihydroergocryptine, and pergolide),
are not used anymore [36]. Pramipexole (D2, D3
agonist), ropinirole (D2, D3, D4 agonist), pir-
ibedil (D2, D3 agonist and a2 antagonist), and
rotigotine (D1, D2, D3 agonist), are nonergot-
derived DAAs. All agonists must be progressively
titrated to find the optimum dose and avoid AEs.
Classical and older formulations are usually
given t.i.d., al though more practical ER formu-
lations taken once daily are available and more
often used for ropinirole and pramipexole, as
well as for rotigotine (marketed as transdermal
formulations).

To date, DAAs, specifically pramipexole,
ropinirole and cabergoline, are the only oral
add-on therapies that have been shown to be
efficacious to delay MF appearance, based on
parallel group RCT versus LD [37].

Apomorphine, which is the oldest drug in
this class, is an aporphine alkaloid derived from
acidification of morphine. It is a nonselective
agonist for dopamine D2 and, to a lesser extent,
D1 receptors, but also functions as antagonist
for a-adrenergic and 5-HT2 receptors [38]. Due
to its limited oral bioavailability (\4%), differ-
ent parenteral administration routes have been
applied and apomorphine is currently admin-
istered non-orally (via subcutaneous or sublin-
gual routes) (see next paragraphs).

MAO-B inhibitors. These drugs are strong,
selective MAO-B inhibitors (MAO-B Is) that
reduce the catabolism of dopamine, thereby
increasing the availability of this neurotrans-
mitter at the synaptic level. There are two

classical MAO-B Is: selegiline and rasagiline [39].
Selegiline was the first marketed MAO-B. It is
administered at 5–10 mg, once daily; titration is
not required. Rasagiline is given at a dose of
1 mg once daily (0.5 mg only approved in the
US). In 2016, a new MAO-B I, safinamide, owing
both dopaminergic properties, namely highly
selective and reversible MAO-B I, and non-
dopamimetic properties, namely selective
sodium channel blockade and calcium channel
modulation, was introduced in Europe as an
adjunct therapy to L-dopa [40]. Safinamide
treatment is usually begun at the dose of
50 mg/day, once daily, with the possibility of
further increase up to 100 mg, after a month.

Zonisamide is another MAO-B I which has
multiple functions, including inhibition of
sodium channels, T–type calcium channels, and
striatal D1-receptor–associated gamma
aminobutyric acid–ergic transmission, and
activation of dopamine synthesis and dopamine
release. Zonizamide 50 mg has been shown to
be effective in reducing Off-time in a double-
blind RCT, but, currently, approval for MF
treatment has only been granted in Japan [41].

COMT-inhibitors. COMT is an enzyme that
catalyzes the metabolism of levodopa to 3-O-
methyldopa, prolonging the maintenance of
serum levodopa levels and hence producing a
longer and more stable clinical response [42].
There are three COMT-inhibitors (COMT-Is)
approved for the treatment of end-of-dose MF
in patients with PD: entacapone ENT, tolcapone
(TOL) and opicapone (OPC) [42]. TOL, a potent
and selective COMT-I, with both a central and
peripheral effect, was the first COMT-I to be
introduced in the market. Nevertheless, its
practical utility is limited due to the risk of liver
toxicity that implies mandatory repeated fre-
quent liver function monitoring during the first
6 months of therapy [43]. ENT is a peripheral
COMT-I, used as first-line strategy for MF man-
agement. It is given as an extra tablet with each
L-dopa dose (maximum recommended dose in
Europe is 200 mg ten times daily) or as triple
fixed-dose combination of levodopa/carbidopa/
entacapone (Stalevo�) [44]. OPC, approved in
Europe in 2016 as LD add-on therapy for the
treatment of end-of-dose MF, is a new long-
acting, peripherally selective, COMT-I. OPC
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50 mg should be taken once daily at bedtime, at
least 1 h before or after LD combinations [45].

Adenosine A2A Antagonist. Over the last
15 years, several RCT showed the efficacy of
Istradefylline, an adenosine A2A antagonist, in
the reduction of Off-time [25, 46]. So far,
Istradefylline is marketed only in Japan and US
and administered at 20 mg or 40 mg, in a once-
a-day intake in the morning.

Amantadine ER. In 2021, based on the post
hoc analysis of the EASE-LID trials powered for
dyskinesia reduction effect, the FDA has granted
the approval of ADS-5012, a new formulation of
amantadine ER, for the treatment of MF
[23, 47]. ADS-5012 is administered once a day,
at night, starting from the initial dose of 137 mg
up to 234 mg/day.

Efficacy on Off-time Reduction
Effect size on Off-time for oral treatment are
detailed in Table 1, while recommendations of
the International Movement Disorder Society
(MDS) for efficacy and clinical use of oral
treatments for the management of MF are
summarized on Table 4. Regarding effect size, in
2010, a Cochrane meta-analysis assessed,
through an indirect comparison, the benefits
and risks of the three main classes of drugs—
DAAs, COMT-Is and MAO-B Is—used as adju-
vant treatment for levodopa in patients with PD
having motor complications [48]. Based on that
Cochrane meta-analysis, DAAs seem slightly
more efficacious when compared to COMT-Is
and MAO-B Is. Indeed, when compared to pla-
cebo, the following values were met for each
class: - 1.54 h/day for DAAs, - 0.83 h/day for
COMT-Is and - 0.93 h/day for MAO-B Is [48].
However, the 2010 Cochrane meta-analysis did
not include Safinamide, OPC, Zonisamide,
Istradefylline and Amantadine ER, as they were
not licensed at the time.

In a RCT Phase III OPC reached about
1 h/day of reduction compared to placebo,
which was about 26.2 min/day more of the
reduction obtained for ENT in the same trial,
resulting in a proof of superiority versus placebo
and non-inferiority versus ENT [49]. Open-label
extension of the first double-blind trial showed
that such an effect on Off-time reduction was
maintained up to 1 year [50], and that patients

who switched from ENT to OPC 50 mg had a
further decrease in Off-time of
about - 39.3 min/day [51]. Of note, a recent
pharmacokinetic study, evaluated the effect of
OPC 50 mg on LD bioavailability when switch-
ing from LD/carbidopa 500/125 mg (five
intakes) to LD/carbidopa 400/100 mg given over
either four or five intakes/day ? OPC 50 mg.
The addition of OPC, in spite of 100 mg LD
reduction, allowed a higher levodopa bioavail-
ability with avoidance of trough levels, with a
reduction in 24 h Off-time of - 42.5 min and
- 93.3 min, if LD was taken in four or five
intakes, respectively [52]

Regarding Safinamide, a Phase III double-
blind placebo-controlled RCT of 24 weeks
showed a reduction of about 0.62 h/day of Off-
time versus placebo [53]. The effect increased up
to 0.86 h/day, with safinamide 100 mg when
analyzing pooled data of two RCTs by means of
a post hoc analysis, without aggravation of
dyskinesia [53–55]. The efficacy of Zonisamide
50 mg has been also proved in a large Phase III
trial against placebo over 12 weeks, showing a
reduction of Off-time of - 0.719 h/day [95% CI
- 1.198, 0.219, p\0.005) versus placebo [41].
Zonisamide effect on Off-time reduction was
dose dependent as 25 mg obtained a lower effi-
cacy with - 0.436 ± 0.176 h/day (not versus
placebo that obtained a reduction of
- 0.011 ± 0.176 h/day) [41].

As said, the efficacy of Amantadine ER (ADS-
5012) on Off-time reduction has been only
evaluated by means of post hoc analysis, pool-
ing the data of two Phase III RCTs
(NCT02136914, NCT02274766). After 12 weeks
of treatment, mean placebo-subtracted treat-
ment difference in Off-time was - 1.00
[- 1.57, - 0.44] h/day[23]. Stratifying the pop-
ulation by baseline Off-time of C 2.5 h/day the
reduction in Off-time was - 1.2 [- 2.08, - 0.32]
h in the C 2.5 h subgroup (n = 102) and - 0.77
[- 1.49, - 0.06] in the\2.5 h subgroup (n = 94)
[23].

Finally, regarding istradefylline, the results
on Off-time reduction are conflicting. Eight 12-
or 16-week phase 2b/3 RCTs have been con-
ducted in North America and Japan, including
four positive RCTs but also four RCTs with
negative findings. RCT. A recent meta-analysis
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has analyzed the effect on Off-time reduction
relative to placebo, considering all eight RCTs
(2719 patients), finding a reduction of - 0.38 h
(95% CI - 0.61, - 0.15; p = 0.0011) for 20 mg
and - 0.45 h (95% CI - 0.68, - 0.22;
p\0.0001) for 40 mg [24]. Conversely, consid-
ering only the four positive RCTs that have been
used to granted istradefylline marketing in US,
Off-time reduction was - 0.75 h (95% CI
- 1.10, - 0.40) for 20 mg/day and - 0.82 h
(- 1.17, - 0.47) for 40 mg/day [24]. Based on a
global effect of about 40 min/day, and on four
negative RCTs, EMA confirmed its recommen-
dation to refuse marketing authorization.

Safety Data
The available evidence suggests that there are
minimal differences between formulations of
DAAs in the risk of dyskinesia, hallucinations,
and AE-related discontinuation, and that avail-
able DAAs, except for apomorphine, share the
same efficacy profile. The AEs of non-ergot
DAAs include nausea, daytime somnolence,
confusion, hallucinations, leg oedema, impulse
controls disorders (ICDs) and OH [56–58]. The
most reported ICDs are pathological gambling,
hypersexuality, compulsive shopping, and
compulsive eating, with a prevalence ranging
from 9% to about 18%, being higher among
young male patients with longer exposure
duration, a pre-PD history of an ICD, personal
or family history of substance abuse, and bipo-
lar disorder [58]. Treatment with DAAs is the
main risk factor for ICDs, even if they may also
occur with LD, MAO-B Is, and amantadine but
to a much lower extent [58]. Another safety
issue with DAA treatment is excessive daytime
sleepiness and sudden sleep attacks [58], whose
risk may increment by about threefold among
DAAs users compared with all other PD medi-
cation users, with no specific difference in sleep
attack prevalence among different DAAs [59].

Overall, discontinuation due to AEs occur-
rence may be an issue, especially if high dose is
reached, and particularly for young patients
with ICDs or elderly patients with PD with ini-
tial cognitive decline. In the PD MED study,
which included a relatively old population
(mean age = 71 years), 179 (28%) of 632
patients allocated to receive DAAs discontinued

treatment because of AEs compared with 11
(2%) of 528 patients on LD (p\0.0001) [60].

Lowering the dose of the causative DAA is
the first step in the management of the treat-
ment-related (TE) AE, but sometimes a complete
drug withdrawal is required. In that case, clini-
cians should be aware about the rare occurrence
of DAA withdrawal syndrome, whose risk is low
but may increase in advanced stages [61].
Managing DAA withdrawal syndrome often
requires restarting the DAA, but at a lower dose,
and then down-titrating again at a much slower
pace.

MAO-B Is are usually well-tolerated drugs.
Uncommon AEs include insomnia, nausea,
dizziness, and OH. Drug interactions leading to
a serotonin syndrome type may occur on very
rare occasions when MAO-B Is are combined
with serotonergic and other monoaminergic-
acting drugs, such as selective serotonin-reup-
take inhibitors, serotonin–norepinephrine
reuptake inhibitors and tricyclic drugs. How-
ever, the occurrence is extremely rare, ranging
from 0 to 0.2% as reported in a large cohort
Phase IV study or a survey study, respectively
[62, 63]. Finally, MAO-B Is are likely to be less
tolerated among elderly patients with PD as
highlighted by the PD-MED trail (mean age:
71 years). Indeed, the PD-MED trail showed
7-years probabilities for treatment discontinua-
tion of 72% for MAO-B I, 50% for DA, and 7%
for LD (p\0.0001) [60].

Different COMT-Is, conversely from what
described for DAAs and MAO-B Is, do not share
the same safety profile [42]. Indeed, safety
concerns and regular hepatic enzyme surveil-
lance related to the potential hepatotoxicity of
TOL have limited its use in clinical practice over
the past decades, due to four cases of liver fail-
ure described in 1998 [43]. Beyond those four
cases were found in the literature [43]. For this
reason, TOL is a second-line treatment for end-
of-dose MF. Additionally, in the 2010 Cochrane
Review, the intraclass comparison considering
ENT and TOL for any AE versus placebo found a
higher odds for TOL compared to ENT (ENT: OR
1.85, CI 1.47–2.33; p\0.00001 vs. TOL: OR
2.89, CI 1.74–4.79; p\0.0001) [48].

Since ENT increases the bioavailability of LD,
dopaminergic AEs are the most frequent,
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dyskinesia being the most common, at times
requiring an extension of the dose interval or a
reduction in the dose of LD. The second most-
common dopaminergic AE is nausea, followed
by insomnia and hallucinations, whose fre-
quency is higher among elderly patients ([70
years) [45]. Some of the most frequent non-
dopaminergic AEs are abdominal pain, diarrhea,
and harmless urine discoloration. The latter
may appear within weeks or months after
starting ENT and may disappear during therapy
[42]. OPC share the same safety profile as ENT,
with dyskinesia being the most common AE,
but with much lower cases of diarrhea and no
urine discoloration [64]. For both OPC and ENT,
there are no hepatic concerns.

News. In the last 2 years, a few new add-on
compounds for the treatment of MF have been
evaluated in Phase 2 and Phase 3 trials. Early in
2022, a Phase III randomized double-blind trial
has shown the efficacy of a new drug, P2B001,
which combines a low dose of pramipexole with
a low dose of rasagiline, in a population of de
novo patients with PD [65]. P2B001 has shown
to have a similar efficacy on the UPDRS-III (no
data on Off-time/day), compared to marketed
titrated dose of pramipexole ER but a better
safety profile, with lower occurrence of sleepi-
ness and OH [65]. Nevertheless, it has never
been used in advanced patients with PD with
MF, but only in an early disease stage.

Another new DAA, Tavapadon, which is
specifically a selective partial agonist of dopa-
mine type 1 (D1 and D5) receptors administered
orally once daily is under evaluation in a Phase
III at the dose of 5–15 mg/day, for patients with
MF (TEMPO 3 study, NCT04542499). The
results are still pending.

A negative Phase II trial has recently halted
the development of Foliglurax, a positive allos-
teric modulator of the mGlu4R, for the treat-
ment of patients with PD with MF [66].

Finally, we are expecting for the results of
two Phase II trials, one recently concluded on
Bumetanide, a sodium/potassium/chloride
cotransporter isoform 1 antagonist (CUREPARK,
NCT03899324) and one on CVN424
(NCT04191577), a selective and novel GPR6
inverse agonist.

On-demand Therapies

Overview
Despite the above-mentioned available add-on
therapies, MF continue to be a clinical need,
with many patients presenting residual Off-
time, even when the available best medical
treatment is applied. Indeed, add-on treatment
may provide a reduction in daily Off-time that
ranges from 0.5 to 2 h/day versus placebo.
Considering that placebo usually reduce Off-
time of about 1 h/day, in a patient population
with a baseline of about 5–6 h/day of Off-time
[48], we arrive at an overall reduction of about
50% of the total Off-time, thus making their
introduction not sufficient for good control of
motor symptoms. The persistence of trouble-
some or unpredictable MF is an indication for a
device-aided treatment initiation to be consid-
ered (see next paragraph), but only a subset of
patients with PD accept or are good candidates
for second-line treatments [67]. Oral LD typi-
cally takes about 60 min to show a benefit, this
delay being too long when a patient is experi-
encing an acute disabling Off episode, with an
effect often unreliable, due to possible delayed
or partial-On. Dispersible oral formulations of
LD/benserazide and LD methylester/carbidopa
may reach the duodenum more quickly than
standard LD tablets [68, 69]. However, they
have not been specifically studied in this indi-
cation, with the exception of one negative
randomized double-blind trial [70], are available
only in some European countries, and their
‘‘rapid’’ effect, which is observed as starting the
morning on a fasting stomach, is much less
reliable during the day in fed conditions.

Consequently, on-demand rapid therapies
have been developed with the aim to rapidly
alleviate the Off episode in bypassing the
obstacle of the stomach. There are currently
three possible on-demand therapies for patients
with PD: subcutaneous (SC) apomorphine
injection, inhaled LD – CVT 301 (already
approved by the FDA and EMA), and sublingual
(SL) apomorphine (approved only in US) [71]
(Table 2). Intranasal delivery of LD has been also
investigated [72], but no efficacy study is still
available.
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Subcutaneous Apomorphine Injection Apo-
morphine is highly lipophilic and is quickly
absorbed. Intermitted subcutaneous injection of
apomorphine ensures rapid bioavailability,
avoiding issues associated with gastrointestinal
transit time and first-pass liver metabolism.
Despite its efficacy, it is usually underused, as
administration of a SC injection can be chal-
lenging for patients in the Off condition. The
injections are administered by a multidose pen.
Usually, the formulation is a solution of apo-
morphine hydrochloride of 10 or 20 mg/ml.
The dose ranges from 2 to 6 mg, up to 5–6
injections/day, starting with the lowest dose,
combined with domperidone and increasing
with a slow titration [73]. If patient need more
injections, it is generally recommended to
consider the switch to continuous subcuta-
neous apomorphine infusion (CSAI) (see
‘‘Device-aided therapies’’ paragraph).

Sublingual Apomorphine Other routes of
administration, except the SC one, have been
investigated for apomorphine, including intra-
venous, intranasal, rectal, sublingual, inhaled
and transdermal [74]. None of these has been
approved for the market except a SL formula-
tion (APL-1302277) [75]. Of note, in 2013, a
small parallel double-blind placebo-controlled
group showed the efficacy of inhaled apomor-
phine 1.5–4.5 mg in rapidly switching the
patients from the Off- to On-state in a mean of
5.5 min, although without a significant reduc-
tion of total Off-time compared to placebo [76],
but no Phase III study was later preformed. SL
apomorphine is composed of a soluble bilayer
film containing apomorphine in one layer and a
pH-controlling buffer that is designed to mini-
mize the risk of skin or mucosal irritation in the
other. This formulation is conceived to sys-
temically deliver the drug via absorption from
the oral cavity mucosa, thus bypassing the
extensive first-pass liver metabolism. Titration
can be started at a 5–10 mg dose, which could
be increased on subsequent days in 5–10 mg
increments to a maximum of 40 mg until a full
On-response is achieved [77]. The optimal dose
is determined based on individual response,
with a titration that can be performed at home

without medical supervision, while anti-nausea
therapy is not necessary.

Inhaled Levodopa To overcome the limit of
oral LD due to delayed gastric emptying,
inhalation powder was developed, allowing the
delivering of LD directly into the bloodstream
by way of the pulmonary alveoli [78]. This
results in a more predictable and faster peak of
plasma concentrations following each dose,
compared with oral LD. The delivery system
consists of dry powder placed into a plastic
inhaler, administered in two sequential inhala-
tions, each containing a 42-mg capsule of LD,
without carbidopa, as routinely administered
with the oral formulation. Up to five daily
administrations are allowed. The total LD pow-
der of 84 mg is bioequivalent to 90–100 mg of
oral LD.

Efficacy on Off-time Reduction
The efficacy on Off-time reduction of On-de-
mand therapies, after a single dose is typically
seen: (1) within 10–15 min of injection and
lasting for 45–60 min for SC apomorphine but
possible lasting up to 90 min at the dose of 4 mg
[79]; (2) within 30 min, lasting 90-min for SL
apomorphine [75]; and (3) within 30 min, last-
ing for 60 min after LD inhalation [80] (Table 2).
In an open-label study, SC apomorphine has
also been shown to be effective in reducing the
time to ON among patients with PD with
morning akinesia compared to oral LD
(23.72 ± 14.55 min, reduced from
60.86 ± 18.11 min with levodopa; p\0.0001)
[74]. There is no randomized head-to-head RCT
comparing one of the On-demand therapies
with another, but a recent open-label trial sug-
gested a similar efficacy on motor symptom
improvement (based on the MDS-UPDRS part
III) at 15 and 90 min for the SC and SL forms of
apomorphine, even if patient satisfaction is
higher for the SL one [81]. Overall, SC apo-
morphine is quicker to rapidly switch from the
Off- to the On-state compared to SL for inhaled
LD, but it can be difficult to manipulate.
Regarding inhaled LD, a recent Phase III RCT
highlighted that this treatment was effective to
improve motor symptoms (UPDRS part III) at
30 min, but not at 20 min, compared to
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placebo, with higher efficacy for the 84 mg
versus 60 mg but with no reduction of total
daily Off-time, as assessed by means of a Hauser
diary [80]. Of note, in the trial. the drug was not
used for the morning akinesia, as it does not
contain carbidopa, which could be one of the
reasons for its failure on total Off-time reduc-
tion, along with the fact that patients used it
only twice a day and not up to five times, as
allowed [82]. Whether a higher dose of CVT-301
could be well tolerated and more effective
remain to be clarified [82].

Safety Data
Overall, for on-demand therapies, local adverse
reactions related to the administration route are
the most frequent and the principal reason for
treatment discontinuation.

SC apomorphine injection is a quite under-
used rescue therapy, probably due to several
constraints, including multiple supervised
titration visits, the need to assemble the device
and to perform an injection during the Off
period, and the classical dopaminergic AEs,
including nausea, vomiting, hypotension, and
somnolence, summed to local skin reactions
[73]. Conversely, no ICDs appearance or incre-
ment have been reported. It has been suggested
that a lower prevalence of ICD in apomorphine-
treated patients compared to orally-treated
patients with DAA may be related to the higher
affinity of apomorphine for D1 and D2 recep-
tors, in contrast to other DAAs which have a
more marked affinity for D3 receptors, but this
aspect has been specifically addressed in large
cohorts [83].

For SL apomorphine, oropharyngeal mild
AEs, including lip/oropharyngeal swelling and
oral mucosal erythema, are the most common
(up to 31.5%) related to treatment discontinu-
ation in 16.7% of the patients [75]. Other AEs
include nausea, somnolence, paraesthesia and
dizziness, but no orthostatic hypotension or
ICD have been reported. Overall, the frequency
of dopaminergic AEs seems to be lower com-
pared to SC administration, probably due to
relatively low Cmax.

Finally, inhaled LD has been associated with
cough, upper respiratory tract infection, spu-
tum discoloration and nausea, but with no

severe pulmonary problems up to 1-year follow-
up [84].

News LC-5, a dispersible micro-tablet formu-
lation for oral intake, containing 5/1.25 mg of
LD/carbidopa, has been approved in Sweden
since 2014 and in the European Union since
2016. LC-5 allows to fractionate LD in small
doses, taken at the onset of MF. The dose is
released from the dispenser, preferably into a
glass of water where the microtablets are
immediately dispersed. The dispenser is equip-
ped with an alarm to facilitate treatment
adherence and an optional diary-like function
for self-reporting, allowing the individualiza-
tion and fine tuning of the dose size and inter-
val, as well as a more stable LD plasma
concentration compared to standard LD for-
mulation [85]. Of note, in Sweden, LC-5 is
reimbursed only for patients with PD who
would otherwise be treated with apomorphine
or LD infusions.

SURGICAL AND DEVICE-AIDED
THERAPIES

Once MF cannot be adequately managed with
oral medication, advanced therapies such as
surgical and device-aided therapies (DAT)
should be considered [86, 87]. Surgical therapies
can be divided into non-lesional [deep brain
stimulation (DBS) on the subthalamic (STN)
and globus pallidum internum (GPi) nucleus]
and lesional ones [radiofrequency unilateral
pallidotomy and magnetic resonance imag-
ing–guided focused ultrasound (MRgFUS)].
Approved DATs for patients with PD with MF
include LCIG and CSAI, while foslevodopa/fos-
carbidopa continuous subcutaneous infusion
(FCSI) is still waiting its formal marketed
approval (see ‘‘News’’ section for DAT therapies).
All these therapeutic strategies aim to reduce
dopaminergic sensitivity by delivering contin-
uous (instead of a pulsatile) stimulation of the
dopaminergic terminals.

Overall, all advanced therapies can be pro-
posed for patients with troublesome MC, who
respond well to LD, without dementia, with a
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threshold limit age established at 70, rarely
75 years, only for DBS.

Until now, no RCT comparing the available
advanced therapies has been performed, and
the question of which advanced therapy should
be chosen is one that, for now, has no definitive
or well-supported answer [86, 87]. Indeed,
decision-making regarding the choice of the
treatment to adopt should follow an individu-
alized approach considering patient clinical
features and preference and the device-specific
applicability, as well as economic costs,
depending on the country/health care system.
It has been estimated that around 66% of
advanced patients with PD may be eligible for at
least one advanced therapy [67]. Among them,
probably a smaller percentage would be eligible
to only one of them due to absolute con-
traindications, and a higher percentage eligible
for more than one of the available therapies. At
the end, the choice should be shared between
the treating physician, the patient, and the
caregiver/family, after a careful and informed
discussion about the risks and benefits of each
treatment option. Efficacy on MF and recom-
mendations of the MDS and European Academy
of Neurology (EAN) for DATs and surgical indi-
cations are summarized in Tables 3 and 4,
respectively.

Of note, despite their great efficacy in
improving motor symptoms, MF, and QoL, the
effect of advanced therapies remains symp-
tomatic, and no disease-modifying effect has
been proved. However, some authors have
recently suggested that long-term controlled
studies seem to suggest that STN-DBS may delay
some of the late-stage disability milestones and
slightly prolong survival compared with mat-
ched medically-treated patients [88].

Surgical Non-lesional Therapies

Deep Brain Stimulation
Overview Introduced by Benabid and col-
leagues more than 30 years ago, DBS revolu-
tionized the chirurgical treatment for PD. Due
to the improvement in tremor upon lesioning
of the thalamic ventralis intermedius (Vim), this
nucleus was chosen as the first target for

neuromodulation in patients with PD. How-
ever, and despite the dramatic benefit in tremor,
Vim-DBS had no effect on other parkinsonian
motor symptoms. After the discovery of the
pathophysiologic role of the STN in PD [89],
DBS electrodes were implanted in this nucleus.
Later, GPi was also introduced as a target for
STN-DBS, upon observations of motor
improvement after unilateral pallidotomy [90].

In DBS surgery, electrodes are implanted into
the deep structures of the brain in order to
electrically stimulate specific structures, thereby
modulating the dysregulated neural circuits
[91]. DBS enables a continuous stimulation,
where three main parameters can be adjusted in
order to obtain the maximal benefit with the
least AEs (larger therapeutic window) [92].
Therapeutic amplitudes for DBS (across all tar-
gets) normally range between 1 and 3.6 V.
Above that, minimal clinical improvements are
observed and there is a significant increase of
energetic cost. Frequency is normally set at
130 Hz. Except for tremor, little additional
benefit is seen above that, and no additional
benefit is seen on frequencies above 200 Hz
[92]. Lower frequencies (\10 Hz) may aggravate
parkinsonian signs, but stimulations above
50 Hz can improve some axial symptoms. Pulse
width seems to have the least important role in
improving clinical signs in DBS patients. It is
recommended to start stimulating with the
lowest possible pulse width of 60 ls [92].

Recent technological developments with
new electrodes enabling directional stimulation
will allow innovations in stimulation algo-
rithms and new programming strategies that
will further improve the management of
patients with DBS-PD [93].

The criteria for the main RCT having evalu-
ated the effect of DBS on Off-time were based on
the presence of diagnosis of PD (for more than
5 years), the presence of troublesome MC not
controlled by optimal oral medication, the
presence of improvement of motor symptoms
upon administration of LD and the absence of
moderate–severe cognitive impairment or sev-
ere and active psychiatric dysfunction [94–96].
Patients older than 70–75 years were excluded.
These cohorts of patients typically present long
disease duration at the time of surgery of
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Table 4 Summary of the recommendations of the MDS-EBM Committee (Fox et al. [2]) and the EAN Committee
(Deuschl et al. [145]) on oral, device-aided treatments and lesional approaches for patients with troublesome motor
fluctuations

MDS/EAN summary recommendations

Levodopa/
peripheral
decarboxylase
inhibitor

DAAs COMT-I MAO-B Is Others

First-line, oral

Efficacious, clinically

useful and no

specialized monitoring

for safety concerns

Standard formulation

Extended release

Non-ergot DAAs

(pramipexole

IR/ER,

ropinirole IR/

PR, rotigotine,

apomorphine sc)

Entacapone,

Opicapone

Rasagiline,

Safinamide,

Zonisamide

Second-line, oral

Efficacious, clinically

useful but with

specialized monitoring

Ergot DAA

(Pergolide)

Tolcapone

Efficacious, possibly

useful and with

specialized monitoring

Ergot DAAs

(Bromocriptine

and

Cabergoline)

Likely efficacious, possibly

useful and no

specialized monitoring

for safety concerns

Istradefylline

Insufficient evidence,

investigational use

Controlled-

formulation, rapid

onset

Non-ergot DAA

(Piribedil)

Selegiline and

oral

disintegrating

selegiline

Amantadine

IR (not

analyzed for

Amantadine

ER)

Device-aided therapies or lesional therapies

Pumps Deep brain

stimulation

Lesional

Efficacious, clinically

useful but with

specialized monitoring

Intestinal

levodopa/cabidopa

gel infusion

Bilateral STN-

DBS

Bilateral Gpi-DBS
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11–14 years, with severe disease-associated
motor disability.

Efficacy on Off-time Reduction
The benefit of STN-DBS versus best-medical

treatment (BMT) has already been proved in
several RCTs [94, 95, 97–99], with one addi-
tional study comparing both STN- and GPI-
stimulated patients with a BMT group [96]. In
all of them, stimulation-treated-patients pre-
sented larger improvements in the ‘‘worst
mobility’’ scores and QoL than the BMT group.
Just three of these studies reported the benefits
of DBS on Off-time reduction compared to the
BMT group [94, 95, 99]. Of note, only the STN
target allows a tapering of about 50% of oral
dopaminergic medication, which also helps in
the management of dyskinesia, while the GPi
target does not allow the lowering of oral
medications.

In the cohort of Deuschl and colleagues, DBS
patients presented a significant Off-time reduc-
tion versus BMT of 4.2 h/day versus 0.0 h/day
(p\0.001) [94], while in Weaver’s study, DBS
reduced the Off-time by 2.5 h/day (95% CI

1.7–3.2, p\0.001) when compared to the BMT
group [95]. In the EarlySTIM trial, a 1.8-h/day
reduction in the Off-time was obtained in the
DBS-STN group when compared to BMT (95%
CI 0.5–3.1, p = 0.006) [99]. No RCT comparing
DBS-GPI to BMT is available, but two RCTs
comparing DBS-GPI with DBS-STN found no
between-group differences regarding Off-time
reduction [96, 100].

Safety AEs are commonly separated into those
related to the surgical procedure (intracranial
haemorrhage, postoperative seizures), those
that are hardware-related (infections, fracture,
dislocation lead, implanted pulse generator
malfunction) and those associated with the
stimulation itself or with the modification of
oral treatment. The prevalence of AEs have been
evaluated in several reviews and multicentric
retrospective studies, adding to the data inclu-
ded in the RCT. AEs occur in less than half of
patients, but the coexistence of more than one
AE per patient is not uncommon [101, 102].
Intracerebral hemorrhage is one of the most

Table 4 continued

MDS/EAN summary recommendations

Levodopa/
peripheral
decarboxylase
inhibitor

DAAs COMT-I MAO-B Is Others

Likely efficacious, possibly

useful, with specialized

monitoring for safety

concerns

Apomorphine SC

infusion

Efficacious, clinically

useful but with

specialized monitoring;

to be considered only if

DBS or pumps are not

possible

Unilateral pallidotomy

Insufficient evidence, no

data

MRg-focused ultrasound

Not recommended Radiosurgery (VIM, Gpi, STN), radiofrequency

lesioning of STN and thalamotomy
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feared complications. The risk of a symptomatic
hemorrhage has been reported to be lower than
1% [103], with a recent review reporting an
average rate of 3.4% of intracranial complica-
tions including intracerebral hemorrhage, cere-
bral edema and cerebral abscess [102]. Infection
of the hardware is a severe hardware-related
complication with an incidence ranging for
1.5–22%. There is no consensus about the best
way to manage hardware infections that ulti-
mately can result in hardware removal. An
annual average rate of 2.4% of hardware
removal and a 2.6% rate of lead revision have
been reported [103].

Weight gain may also occur in DBS-treated
patients, with PD likely due to an interplay
between decrease energy consumption (im-
proved dyskinesia) and stimulation-induced
effects on the hypothalamic [104]. Possible
mood/behavioral disorder may occur soon after
the implantation. The occurrence of apathy
after surgery is thought to be related to the
reduction of dopaminergic medication, espe-
cially with reduction and withdrawal of DAAs,
considering their positive effect on apathy
[105]. Affective disorders such as depression and
(hipo) mania have also been described, and an
increased risk of suicide has also been found in
patients after DBS surgery, with higher risks for
young or single patients with postoperative
depression and a previous history of ICDs or
compulsive medication use [106–108]. To avoid
those AEs, a close surveillance of mood modifi-
cations and a stepped increment of stimulation
voltage, without aggressive medication reduc-
tion, is highly recommended in the next month
after implantation [109]. Of note, ICD can both
improve after surgery or be induced by the
stimulation [110]. Other possible AE stimula-
tion-related are dysarthria, gait disorders, dysk-
inesia, dystonia and decreased verbal fluency
[111].

Surgical Lesional Therapies

Overview
Radiofrequency pallidotomy is an ablative proce-
dure where a localized unilateral lesion on GPi
can be performed using thermocoagulation.

Unilateral posteroventral pallidotomy has been
historically replaced by DBS, as it allows only a
unilateral procedure due to safety concerns for
bilateral intervention, with no effect on axial
symptoms and no possibilities to taper
antiparkinsonian medications, but it is well
effective on MC, with lower risk of infections
and surely remain a less expensive attractive
approach, for developing countries, or for
patients with no possibilities of closed follow-
up visits for stimulation setting [112, 113].

Magnetic Resonance Imaging–Guided Focused
Ultrasound (MRgFUS) Subthalamotomy is a
lesional procedure, that integrates ultrasonic
waves with magnetic resonance imaging for
therapeutic transcranial ablation. Being an
image guided procedure, no incision is per-
formed during the procedure [114]. (40) Its non-
invasiveness is a major advantage as well as the
fact that the patients don’t need multiple ses-
sions for programming [115].

Efficacy on Off-time Reduction
Two RCTs have compared unilateral pallido-
tomy with BMT in patients with PD [112, 113],
with just one assessing the effect on Off-time
reduction [112]. A non-significant Off-time
reduction of - 1.4 h/day (95% CI - 3.3 to 0.6,
p = 0.15) was observed on the pallidotomy-
treated group compared with the BMT group
[112]. The efficacy of unilateral subthalamo-
tomy using MRgFUs has been studied in one
randomized controlled study [114]. Patients
were recruited if they had a highly asymmetric
parkinsonism, while the presence of severe
dyskinesia was an exclusion criteria. Mild scores
on the UPDRS-part IV were observed in these
cohort. The amount of Off-time reduction was
not assessed, but MF, evaluated using the MDS-
UPDRS part IV score, had a reduction of 1.5
points (CI 95% 0.2, 2.7) in the MRgFUS patients
compared to the BMT group [63].

Safety In radio-frequency pallidotomy, tran-
sient AEs such as peri-operative confusion and
delirium, transitory hemiparesis contralateral to
the intervention site and focal seizures may
occur rarely [112]. AEs persisting for more than
3 months after surgery have also been reported,
with increased dysarthria, dysphagia and
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sialorrhea being the most commonly reported
[112, 113]. Intracerebral hemorrhage has also
been reported in a limited number of patients.

Regarding MRgFUS subthalamotomy, 22% of
the patients presented Off-medication state
dyskinesia [114]. Dyskinesia appeared during
the first week after the procedure and, despite
progressive improvement in the majority of
patients, dyskinesias persistent up to 1 year in
some. Intraprocedural adverse events such as
headache, dizziness and nausea were common,
but resolved completely after the procedure
[114]. Hemiparesis contralateral at the treated
site was present in 19% of the patients, with the
majority progressively recovering completely or
almost completely. Dysarthria (56%), gait dis-
turbances (48%) and hemiparesis contralateral
to the treated site (19%) appeared shortly after
the procedure, with the majority resolving
progressively during the follow-up [114].

Device-Aided Therapies

Overview
Continuous Subcutaneous Apomorphine Infusion.
CSAI is provided in 10-mL pre-filled glass syr-
inges and delivered as a 5-mg/mL solution for
infusion through an infusion pump. Perfusion
doses of 3–8 mg/h are normally used, with
patients staying on the infusion only during the
waking hours, to a total maximum of
16–18 h/day [116]. To achieve the optimal dose
for each individual patient, apomorphine is
normally started at a 0.5–1 to 1 mg/h and slowly
titrated daily at 0.5–1.0 mg/h [116], with the
possibility to use extra-bolus on-demand over
the day. Exceptionally, perfusion during the
whole 24 h can be performed [116]. Several
factors can influence its subcutaneous absorp-
tion and consequently its efficacy: injection
site, state of the skin, volume and depth of
injection and the presence of subcutaneous
nodules [116]. A recent study highlighted its
possible role in improving sleep disturbance
when used only as a night-time perfusion
among patients with PD with motor complica-
tions and insomnia [117].

Levodopa/carbidopa intestinal gel. LCIG is a
methylcellulose gel suspension of

levodopa/carbidopa specifically created for
continuous enteral infusion [118]. The delivery
system is comprises a jejunal or duodenal tube
placed by a percutaneous endoscopic gastros-
tomy procedure, and connected to a
portable pump and medication cassette con-
taining the gel which is worn attached to the
waist or over the shoulder [118]. This continu-
ous mode of administration of levodopa limits
the pulsatile stimulation associated with oral
administration and reduces variability in levo-
dopa plasma levels [119]. A 16-h levodopa per-
fusion is normally recommended, although
longer times can be used if needed. In addition
to the continuous perfusion, a morning-bolus is
also given, and additional boluses (on-demand)
can also be given throughout the perfusion time
[120].

More recently, thanks to the observation
that the addition of oral ENT or TOL (every 5 h)
to LCIG treatment allowed a decrement of
approximately 20% in the LCIG dose, up to 35%
of the continuous dose, a new combination of
levodopa/ENT/carbidopa intestinal gel (LECIG),
has been proposed [121, 122]. However, LECIG
is currently approved only in Sweden and Ger-
many. More recently, an observational study,
with half of the patients switched directly from
LCIG, suggested that this new pump is probably
more user-friendly owing to its lower weight
and size [123].

Efficacy on Off-time Reduction
A double-blind RCT has evaluated the efficacy
of CSAI in advanced patients with PD with MF
[124]. In the CSAI-treated group, Off-time was
reduced of - 2.47 h/day (± 3.7) representing a
reduction of - 1.89 h/day when compared to
the BMT group [124]. The benefit was main-
tained up to a 1-year follow-up, as highlighted
by the open-label phase of the trial, showing a
mean (SD) change from double-blind baseline
in daily Off-time of - 3.66 (2.72) h/day [125].

Regarding LCIG, two RCTs have shown that
LCIG treatment provided a significantly greater
reduction in Off-time when compared to the
BMT group [31, 126]. The first double-blind
double-dummy trial (primary end-point: Off-
time reduction) showed - 4.04 h/day (SE 0.65)
in the LCIG group versus baseline after 12 weeks
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(with - 1.9 h/day versus oral levodopa). The
second open-label randomized trial (Off-time:
secondary outcome) showed a reduction of
- 2.35 h/day in Off-time compared to BMT
(p = 0.0002) [126].

Safety
Although DATs are generally safe, there is a
high rate of AEs associated with the device
mechanisms which can be in partly minimized
using preventive measures and educating
patients about the correct use and management
of the devices.

CSAI is generally associated with a higher
rate of AEs than on-demand apomorphine
injections. Cutaneous and subcutaneous AEs
related to the administration mode are the most
common, including bruising, subcutaneous
nodules and, rarely, necrosis or abscess forma-
tion at the infusion sites. This cutaneous reac-
tion, although normally not severe, can lead to
treatment discontinuing, along with dyskinesia
persistence and cognitive impairment [127].
Ensuring a good skin hygiene using new needles
for each injection, rotating the injection sites,
injection and massaging, and using ultrasound
therapy may reduce the risk of skin complica-
tions. Nausea, somnolence, hypotension and
psychosis are also commonly reported AEs
[125, 128], while autoimmune hemolytic ane-
mia and QT interval prolongation despite being
rare, due their severity, require ECG and blood
count monitorization at baseline and after
starting the treatment. Despite being a DA, a
low rate of development of ICD was observed in
CSAI treated patients [129].

The rate of AE is also high in patients under
LCIG, with a high drop-out rate associated of
10% per year [130, 131]. The most common AEs
in LCIG patients are device-related: tube dislo-
cations, tube occlusion and accidental tube
removal, stoma infection, stoma erythema and
granuloma, with all of them potential leading
to additional endoscopic procedures. Peri-
toninis and pneumoperitonitis are rare but life-
threatening complications [130, 131]. The most
common non–device-related AEs are hallucina-
tions, abdominal pain, and weight loss [132].
Worsening of biphasic dyskinesia may also
occur [133, 134], while aggravation of pre-

existent chronic polyneuropathy or, more
rarely, new onset acute polyneuropathy can
happen requiring treatment discontinuation
[135, 136].

News
Continuous subcutaneous levodopa infusion
(CSLI), including ND0612 and fos-
levodopa/foscarbidopa (ABBV-951) [137] are
new soluble formulations of LD/carbidopa that
can be delivered by continuous SC infusion.
Their efficacy on MF have been evaluated in a
few phases 2/3 trials, but their marketing has
been yet not granted. For both, a portable pump
is connected to the infusion delivery system and
through a cannula inserted subcutaneously in
the patient’s abdomen, and the drug is perfused
during 24 h. However, ND0612 allows the
delivery of about 700 mg/day of LD which
implies the concomitant need of oral treatment
intake, while ABBV-951 allows higher LD doses,
ranging from 600 to 4250 mg/day, even if
specific attention to local AEs should be made
with high doses.

Data on the effect of ND0612 on MF are
available from one Phase 2 RCT and one open-
label study, including patients on 24 h/day or
14 h/day infusions. The first, performed on 29
patients, found a reduction in Off-time of
- 2.1 ± 2.2 h/day for ND0612 ? oral LD and
- 1.4 ± 2.3 h/day for placebo ? oral LD, after
15 days [138]. The open-label study found an
overall reduction in Off-time - 2.0 h/day [CI
95% - 3.3, - 0.7] after 28 days, but this reduc-
tion was larger in the 24-h group (- 2.8, CI 95%
- 4.6, - 0.9) than in the 14-h group (- 1.3, CI
95% - 3.1, 0.5) [139]. Results of a Phase III trial
on ND0612 (BouNDless study, ND0612-317) are
expected in early 2023.

For foslevodopa-foscarbidopa (ABBV-951),
data regarding the effect on Off-time reduction
pertain to one recent Phase III double-blind
active control RCT. In this study, the superiority
of foslevodopa/foscarbidopa CSCI in reducing
the hours spent in ‘‘Off-time’’ was demon-
strated, with a 1.79-h/day (95%
CI - 3.03, - 0.54, p = 0.0054) reduction com-
pared to the BMT group [140]. Finally, a new
oral continuous delivery of LD (dent device)
have been recently evaluated in a Phase II trial
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(NCT04778176) on 18 patients with PD with
MF, alternatively submitted to continuous and
standard intermittent LD administration over
8 h [141]. Continuous treatment consisted in
sips of an LD dispersion at 5- to 10-min inter-
vals. Continuous administration allowed a
reduction in Off-time normalized to a 16-h
waking day of approximately 1.9 h (p\0.001)
[141].

Regarding the safety profile, infusion site-
related side effects are the most common AE.
Skin erythema, pain, cellulitis and oedema have
been reported, and can be associated treatment
discontinuation. Hallucinations and psychosis
were also reported as occurring in the fos-
levodopa/foscabidopa-treated patients, espe-
cially those with concomitant DAAs.

EXPERT OPINION
AND CONCLUSIONS

MF are one of the major sources of disability for
patients with PD, and mild MF may start in
early disease stages. Neurologists can use a wide
armamentarium of oral, surgical and DATs to
manage these symptoms.

Regarding oral strategies, there is no con-
sensus on which one should be used first, or if
one should be preferred over another. The
choice of the right oral treatment for MF is
mainly based on the patient’s age, ease of use,
cognitive status, on-going treatments, and
availability, with mild differences in terms of
efficacy that need to be considered (Fig. 2),
ranging from - 1.5 to - 0.8 h/day of Off-re-
duction, compared to placebo. [142]. Of note, it
should be considered that a threshold of a
minimal clinical important difference for Off-
time ranges from 1 to 1.3 h/day [143, 144] has
been suggested, possibly indicating that a

Fig. 2 Algorithm for treatment options for the manage-
ment of MF, from the early advanced stage to the
appearance of troublesome MF in the severe advanced
stage. Dotted lines indicate treatments with lower levels of

evidence (to be considered with limitations, i.e. radiofre-
quency pallidotomy) or with few data available and still not
marketed (CLSI)
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reduction[1 h/day is probably more perceived
by patients. Overall, DAAs are a convenient
once-a-day add-on therapy, slightly more
potent compared to MAO-B Is or COMT-Is, but
their use can be limited by AE frequency, in
particular by daytime somnolence and ICDs.
Compared to DAAs, MAO-B Is are a less-potent
add-on therapy, but generally well tolerated and
equally convenient due to a once-a-day
administration. The same is true for istrade-
fylline, which has a mild effect on Off-time
reduction, but should possibly be considered in
the case of patients at risk for dopaminergic AEs,
as it has a non-dopaminergic mechanism of
action. Among COMT-Is, OPC has recently
gained a relevant role, thanks to its efficacy and
its convenient once-a-day administration. It is
in discussion if it could be considered one of the
first-line treatments for early MF, considering its
ability to increase LD bioavailability with
avoidance of trough levels, even when reducing
its daily dose. To better address this point, a
Phase 4 randomized trial is on-going, compar-
ing OPC 50 mg versus LD 100 mg as a first
strategy for the treatment of wearing-off
(ADOPTION study, NCT04990284).

At the same time, clinicians should be aware
that most oral add-on therapies are associated
with an increment of dyskinesia. This is the
reason why the recently proposed role of
amantadine ER (ADS5012) in the treatment of
Off-time has gained a particularly interesting
role that could potentially change our routine
PD management, as it could be the only add-on
therapy concomitantly able to treat Off-time
and dyskinesia, thanks to its double dopamin-
ergic and anti-glutamatergic effect. This aspect
merits further investigation in studies specifi-
cally powered for Off-time reduction.

Regarding global tolerability, considerations
should be made considering patient age and
cognitive status, frequently narrowing the
therapeutic possibilities. DAAs should be avoi-
ded among elderly patients ([70–75 years) or
used at low doses, especially in cases of cogni-
tive impairment. The same is true for all other
oral add-on therapies, including COMT-Is and
MAO-B Is, as LD has a better safety profile
among those fragile patients with PD. At the
same time, we should consider that late-stage

patients with PD usually have a lower frequency
of troublesome MF, despite severe axial and
cognitive disturbances, compared to earlier
stages, though not requiring a complex oral
management, as they are frequently treated
with LD monotherapy. New and interesting
compounds in terms of tolerability should be
available in the next few years: (1) P2B001, that
has shown to be associated with a lower inci-
dence of somnolence, and OH with equal motor
benefit in de novo patients with PD, suggesting
that it could be worth verifying its efficacy on
MF and its long-term safety profile, and its tol-
erability among elderly patients in larger
observational trials, and (2) Tavapadon, as D1
receptor agonists may have a better tolerability
compared to the common D2-D3 DAAs.

Of note, even if the armamentarium of
advanced therapies is widening, with a global
tendency to propose them more and earlier in
the course of the disease, most patients with PD
remain on oral treatment, for their entire life
course. In this sense, finding the right combi-
nation of oral treatments for MF remains a
required ability for physicians treating patients
with PD.

Entering the domain of advanced therapies,
their initiation should be a shared decision,
ideally made by a team of healthcare profes-
sionals, experienced in all the available thera-
pies, along with patients and caregivers.

Looking at the three ‘‘classical’’ advanced
therapies, i.e. CSAI, DBS and LCIG, the choice
involves a complex decision process that
weights not only the severity of Off-time but
also the concomitant presence of other trou-
blesome symptoms, such as dyskinesia or NMS.
The presence of contraindications that may
compromise eligibility for one specific treat-
ment option, and the patients’ own preference
should also be considered during the decision-
making process. As caregivers are usually
required for all the DATs, except DBS, involving
them in the discussion of a shared decision is
also of paramount importance. The recently
published EAN guidelines for advanced thera-
pies indicated STN-DBS as the one with the
highest level of effect in terms of daily Off-time
reduction compared to other advanced thera-
pies [145], as well as having a considerable effect
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on early MF, as suggested by the EARLY-STIM
trial. On this path, DBS has been approved by
the FDA for patients with PD with at least
4 years of disease duration and 4 months of MC,
who are not adequately controlled by medica-
tions. However, the right time for DBS is still a
matter of discussion, and early indications are
still not universally accepted. Indeed, the rate of
severe AEs, including surgical, hardware-related,
and behavioural ones, is probably underesti-
mated in the literature, as mostly based on RCTs
data and not real-life cohorts/database
[146, 147]. Thus, surgical indication, especially
for young patients, who can be adequately
controlled by oral medications, could wait and
be considered if patients’ QoL and autonomy
are frankly impaired with non-invasive treat-
ment, as a high degree of disability and a severe
QoL impairment are good prognostic factors for
positive DBS outcomes.

On a related note, no RCT has investigated
the effect of LCIG on early fluctuations, while a
randomized open-label Phase IIII trial is on-go-
ing to investigate QoL (as primary out-come)
improvement due to CSAI in early fluctuators
(at least 4 years of disease duration and 3 years
of MC; NCT02864004, EARLY-PUMP study).

Among advanced therapies, the most recent
new treatment options are CSLI and MRgFUS,
even if only the latter has so far been approved,
although still only available in a few countries.
At the same time, as highlighted by the recent
EAN guideline for invasive therapies, MRgFUS is
still not recommended for the management of
MF, due to the absence of data related to Off-
time reduction. Likewise, CSLI, though
promising and with proved efficacy shown in a
Phase III active controlled RCT, would need
longer follow-up studies focusing on tolerability
and drop-out rate, considering that the rate of
drop-out was about 30% in the active arm, over
12 weeks of treatment. Additionally, CSLI only
allows a limited levodopa dose infused/day, and
it the best profile of patients with PD more
suitable for this treatment option has yet to be
clarified, i.e. whether more indicated for early
MF to smooth pulsatile levodopa pick or for all
advanced-stage patients.

Among the spectra of MF, unpre-
dictable/sudden Off-periods and NMF still

remain a neglected phenotype in terms of
treatment options. Indeed, no RCT with an oral
compound has indicated, as primary outcome,
the improvement of severe/unpredictable MF
(and dyskinesia), and patients with this kind of
severe MC are sometimes also excluded a priori.
The advent of different rescue therapies has
certainly improved the management of sudden
Off-periods, even if they are quite recent and
still probably underused. Advanced therapies
are the only ones indicated for severe MF,
including as first option, DBS and LCIG, and as
a second option, CSAI, even if related trials have
included all kinds of MF and not just the
unpredictable ones [22, 145]. Despite this effect
on several NMS being suggested for both DBS,
CSAI and LCIG at short/intermediate follow-up
[148], there is actually no study specifically
focused on NMF. This point remains to be
investigated.

Finally, clinicians should keep in mind that
oral, surgical and DATs are not unique add-on
treatments for patients with PD. Over the last
decade, the place of exercise has gained more
and more importance in the improvement of
parkinsonian motor symptoms, even with the
main large randomized trials targeting early
patients with PD. Indeed, a positive effect of
aerobic exercise at a defined frequency/week has
been shown on PD motor symptoms [149–151].
However, its role in the reduction of Off-time
has never been specifically addressed, nor its
effect on dopaminergic drug absorption.
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