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ABSTRACT: Objective: To update evidence-based
medicine recommendations for treating motor fluctua-
tions of Parkinson’s disease (PD).
Background: The International Parkinson and Movement
Disorder Society (MDS) Evidence Based Medicine in
Movement Disorders Committee recommendations for
the treatments of PD were first published in 2002 and
regularly updated. The current review uses a new meth-
odology, including the Cochrane Risk of Bias tool and a
modified version of GRADE (Grading of Recommenda-
tions, Assessment, Development, and Evaluations).
Methods: On January 1, 2023, a literature search was
conducted without date limit in the MEDLINE, Embase,
and Cochrane databases using the following search
terms: Parkinson disease, levodopa and, for the Embase

database, randomized controlled trial (RCT). The inclu-
sion criteria for studies were: patients with PD, on oral
levodopa therapy, experiencing motor fluctuations,
investigating an intervention that was (commercially)
available in at least one country, study design RCT, and
with a follow-up duration of at least 3 months.
Results: A total of 102 studies were included. Levodopa
extended release, pramipexole immediate release and
extended release, ropinirole immediate release,
rotigotine, opicapone, safinamide, and bilateral sub-
thalamic nucleus deep brain stimulation (DBS) were
assessed as efficacious, and continuous intestinal levo-
dopa infusion, continuous subcutaneous levodopa,
continuous subcutaneous apomorphine, ropinirole pro-
longed release, ropinirole patch, entacapone, rasagiline,

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1Department of Neurology, Amsterdam University Medical Center, Uni-
versity of Amsterdam, Amsterdam, The Netherlands; 2Department of
Neurology and Karl Landsteiner Institute for Neuroimmunological and
Neurodegenerative Disorders, Klinik Donaustadt, Vienna, Austria;
3Department of Neurology, University Hospitals Leuven, Leuven, Bel-
gium; 4Department of Neurology, Medical University of Innsbruck, Inns-
bruck, Austria; 5Division of Neurology, Department of Medicine, Faculty
of Medicine, University of Malaya, Kuala Lumpur, Malaysia; 6The Mah
Pooi Soo & Tan Chin Nam Centre for Parkinson’s & Related Disorders,
Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia;
7Ottawa Hospital Research Institute, University of Ottawa Brain and
Mind Research Institute, Division of Neurology, Department of Medicine,
University of Ottawa, The Ottawa Hospital Ottawa, Ottawa, Ontario,
Canada; 8Observatorio de Salud, Vicerrectorado de Investigaci�on,
Pontificia Universidad Cat�olica Argentina, Consejo Nacional de
Investigaciones Científicas y Técnicas (UCA-CONICET), Buenos Aires,
Argentina; 9Departamento de Fisiología, Facultad de Medicina,
Universidad de Buenos Aires (UBA), Buenos Aires, Argentina;
10Department of Neurosciences and Mental Health, Neurology Service,
Hospital Santa Maria, Centro de Estudo Egas Moniz, Faculdade de
Medicina, Universidade de Lisboa, Lisbon, Portugal; 11Hotchkiss Brain
Institute, Department of Clinical Neurosciences, Cumming School of
Medicine, University of Calgary, Calgary, Canada; 12Department of
Neurology, National Taiwan University Hospital, Taipei, Taiwan; 13CNS –

Campus Neurol�ogico, Torres Vedras, Portugal; 14Parkinson and Other
Movement Disorders Center, Department of Neurosciences, University
of California, La Jolla, California, USA; 15Amsterdam Public Health,

Medical Library, Amsterdam University Medical Center, University of
Amsterdam, Amsterdam, The Netherlands; 16Department of Neurology,
Hospital Kufstein, Kufstein, Austria; 17Universidade de Lisboa,
Faculdade de Medicina, Lisbon, Portugal; 18CHDI Management, Inc.
(the company that manages the scientific activities of the CHDI Founda-
tion), Princeton, New Jersey, USA; 19Laboratorio de Farmacologia Clin-
ica, Faculdade de Medicina de Lisboa (FMUL), Lisbon, Portugal;
20Edmond J. Safra Program in Parkinson Disease, Krembil Brain Insti-
tute, Toronto Western Hospital, University of Toronto, Toronto, Ontario,
Canada; 21Department of Neurology, Manchester Centre for Clinical
Neurosciences, Manchester Academic Health Science Centre, Univer-
sity of Manchester, Manchester, United Kingdom

This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits
use and distribution in any medium, provided the original work is prop-
erly cited, the use is non-commercial and no modifications or adapta-
tions are made.

*Correspondence to: Dr. Rob M.A. de Bie, Department of Neurology,
Amsterdam University Medical Center, University of Amsterdam,
Amsterdam, The Netherlands; E-mail: r.m.debie@amsterdamumc.nl

Received: 30 October 2024; Revised: 17 January 2025; Accepted: 12
February 2025

Published online in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.30162

Movement Disorders, 2025 1

https://orcid.org/0000-0001-5267-0784
https://orcid.org/0000-0002-0791-7300
https://orcid.org/0000-0002-6973-7479
https://orcid.org/0000-0003-1643-9117
https://orcid.org/0000-0002-2979-3839
https://orcid.org/0000-0003-2378-6328
https://orcid.org/0000-0002-6749-3044
https://orcid.org/0000-0001-8566-7573
https://orcid.org/0000-0002-7052-9079
https://orcid.org/0000-0002-3295-6897
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:r.m.debie@amsterdamumc.nl
http://wileyonlinelibrary.com


istradefylline, amantadine extended release, zonisamide,
bilateral globus pallidus DBS, and pallidotomy were
assessed as likely efficacious for the treatment of motor
fluctuations in people with PD who are already being
treated with levodopa.
Conclusions: There are several treatment options that
can improve motor fluctuations in PD. These recommen-
dations will assist physicians and patients in determining

which intervention to use. © 2025 The Author(s). Move-
ment Disorders published by Wiley Periodicals LLC on
behalf of International Parkinson and Movement Disorder
Society.

Key Words: Parkinson’s disease; systematic review;
randomized controlled trial; treatments; motor response
fluctuations

The number of interventions for treating motor
symptoms in Parkinson’s disease (PD) continues to
expand. Evidence-based medicine (EBM) recommen-
dations are designed to assist a treating physician in
deciding which intervention to use in an individual
PD patient. The International Parkinson and Move-
ment Disorder Society (MDS) Evidence Based Medi-
cine in Movement Disorders Committee has
published EBM reviews on PD treatments using a sys-
tematic review approach since 2002.1 The most
recent update reviewed studies to December 31,
2016.2

Following the literature searches using electronic
databases and the selection of studies fulfilling eligibil-
ity criteria, each study was rated by at least two inves-
tigators using the Rating Scale for Quality of
Evidence. After assessment of the available data, each
intervention was then assigned an efficacy conclusion,
safety assessment, and a statement on overall implica-
tions for clinical practice classified as clinically useful,
possibly useful, unlikely useful, not useful, or
investigational.2

Due to improved techniques in EBM reviews, the
MDS has subsequently revised the method used for
this new updated EBM review and has adopted the
GRADE (Grading of Recommendations, Assessment,
Development, and Evaluations) framework. GRADE
has several advantages: it is based on robust method-
ological principles, it has a linear and transparent
process, including in cases of conflicting evidence,
and it is by far the most commonly used methodology
across medicine.3 Because MDS is an international
society, recommendations rather than guidelines have
been published to date. Because we anticipate there
are few to no possibilities of conducting meta-ana-
lyses given the nature of the available literature,
which are a requirement in the GRADE system, a
modified version of GRADE was used. Therefore, the
team pursued the production of systematic reviews,
using the Cochrane Risk of Bias tool and a less com-
plex, modified version of GRADE, with a narrative of
the conclusions as the default.4 This initiative, includ-
ing the training of all raters, was carried out in col-
laboration with Cochrane Movement Disorders
(author J.C.).

Methods
Population, Intervention, Comparator,

Outcomes, Timepoints
For the systematic review, the MDS EBM Committee

developed a basic PICOT (Population, Intervention,
Comparator, Outcomes, Timepoints) for the treatment
of motor fluctuations in PD. For the PICOT, the popu-
lation includes individuals with PD who are using levo-
dopa and experiencing motor fluctuations, whether
early fluctuations or fluctuations that persist despite
adjustments to the oral medication. Possible compara-
tors were placebo or an active comparator, including
best medical treatment (BMT). Outcomes included the
duration of OFF-time, duration of ON-time, severity of
PD symptoms in the off-medication state, disability,
health-related quality of life (HR-QoL), and adverse
effects. Follow-up measurements had to occur at least
3 months after initiation of the study treatment. Hence,
for each intervention the following PICOT question
was formulated: Does an intervention improve motor
fluctuations in PD patients on oral levodopa therapy
who are experiencing early motor fluctuations or persis-
tent motor fluctuations despite (attempted) optimal oral
therapy compared with placebo or an active compara-
tor after a follow-up duration of at least 3 months,
based on results from randomized controlled tri-
als (RCTs)?

Search
On January 1, 2023, a literature search was con-

ducted without date limit in Ovid MEDLINE, Ovid
Embase, and Cochrane Central Register of Controlled
Trials (CENTRAL) (https://crso.cochrane.org/) using
search terms for Parkinson disease and levodopa. Addi-
tionally search filters to capture RCT studies were
employed for MEDLINE5 and Embase6 but not for
Cochrane CENTRAL as this is limited to RCT studies.7

Conference abstracts from Embase and CENTRAL
were included in the final search results (see Supporting
Information: Data S1 for the detailed search terms).
Duplicate records were removed using
dedupendnote.nl.8
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Selection of Studies
All articles that were identified through the search

were uploaded to the Rayyan web tool (www.rayyan.ai)
and screened for selection, based on title and abstract,
according to the following inclusion criteria: patients
with PD, on oral levodopa therapy, experiencing motor
fluctuations, investigating an intervention that was
(commercially) available in at least one country, the
study design was an RCT, with a follow-up duration of
at least 3 months, written in English, and reporting on
at least one of the following outcomes: OFF-time, ON-
time, motor impairment in the off-medication state (eg,
Unified Parkinson’s Disease Rating Scale [UPDRS]-Part
III and International Parkinson and Movement Disor-
der Society sponsored revision of the UPDRS [MDS-
UPDRS]-Part III Motor Examination), disability (eg,
UPDRS-Part II and MDS-UPDRS-Part II Motor Aspects
of Experiences of Daily Living), HR-QoL (eg,
Parkinson’s Disease Questionnaire-39 [PDQ-39]), and
adverse events. In cases of uncertainty, the article was
included in the next phase of the selection process.
Screening was carried out by 16 team members, with
the articles to be screened divided in such a way that
each article was reviewed by two team members inde-
pendently. If these two team members did not agree, a
third person screened, and this was decisive. For the
remaining articles, the full text was obtained and
uploaded to the Rayyan web tool. Subsequently each of
these articles was screened for eligibility by two
reviewers independently using inclusion and exclusion
criteria.

Data Extraction
Of the included articles, the following data were

extracted by two team members: outcomes, interven-
tion details, first author, publication year, study popu-
lation, characteristics of the intervention (eg, daily
dose), number of patients assigned to the intervention,
characteristics of the control intervention, number of
patients assigned to the control group, outcome mea-
surements, timing of outcome assessment, type of anal-
ysis (eg, intention-to-treat), how the results were
reported (eg, mean change, number of patients

experiencing an event), and the outcomes themselves.
The outcome characteristics varied among the different
studies and an attempt was made to extract data
regarding all available outcomes in the individual arti-
cles. These could include differences between groups,
changes from baseline for groups, or the number of
patients experiencing an event in each group, together
with the reported characteristics of the outcome such as
mean values, median values, confidence interval (CI),
and P-value.

Risk of Bias Assessment
For each suitable outcome in each included article,

two team members assessed the risk of bias, first sepa-
rately and then collaboratively, in terms of random
sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective
reporting, and any potential other biases. Each of these
eight items was categorized as either low risk, high risk,
or an unclear risk of bias.9

Efficacy Conclusion
An efficacy conclusion was formulated for each inter-

vention, similar to the GRADE framework, using two
axes: (1) the clinical relevance of the outcome and (2)
the quality of the evidence (Table 1). To determine the
clinical relevance of the outcome, minimal clinically
important differences (MCID) on the respective scale
were used if these data were available. For changes in
duration of ON-time, OFF-time, and time without dys-
kinesia, MCID was 1 h per day.10 For the UPDRS-Part
III and the MDS-UPDRS-Part III, MCID was 4
points.11 For the UPDRS and MDS-UPDRS-Part II,
MCID was 3 points,12 and for the PDQ-39, MCID was
5 points.13 Using a modified GRADE approach, the
quality of evidence for the effectiveness of each inter-
vention was assessed based on risk of bias, imprecision,
inconsistency, indirectness, and likelihood of publica-
tion bias. For each of these domains, two reviewers
consistently determined whether there were “no serious
concerns”, “serious concerns”, or “very serious con-
cerns”, in order to prepare the efficacy conclusion.

TABLE 1 International Parkinson and Movement Disorder Society evidence-based medicine modified Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) efficacy conclusions

Level of evidence in
favor of the intervention

Important benefit
(clinically relevant outcome)

Benefit of intermediate
importance (clinical
relevance of the outcome
uncertain)

No important benefit
(outcomes without
clinical relevance)

High Efficacious Likely efficacious Not efficacious

Moderate Likely efficacious Likely efficacious Unlikely efficacious

Low or very low Insufficient evidence Insufficient evidence Insufficient evidence
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Subsequently, possible efficacy conclusions were: Effica-
cious, Likely Efficacious, Not Efficacious, and Insuffi-
cient Evidence. The primary differences between the
new MDS EBM approach and the original GRADE rec-
ommendations for drawing conclusions are that the
importance of benefit is determined by the clinical rele-
vance of the outcomes rather than the effect size, and
that both low and very low levels of evidence result in a
classification of Insufficient Evidence. These efficacy
conclusions are presented in a table. For each interven-
tion, a brief summary is provided specifying the articles
and outcomes on which the efficacy conclusion is
based, together with, to the best extent possible, an
indication of effect size.

Adverse Effects
A different setup of the search and selection proce-

dures would be required for a systematic literature
review of adverse effects; for example, including not
only RCTs but also cohort studies, data from registries,
and phase 4 studies. Therefore, we mention only signifi-
cant and notable side effects and refer readers to the
Summary of Product Characteristics (SmPC) for further
information on side effects.

Results

The literature search yielded a total of 15,485 arti-
cles. After title and abstract selection, 917 articles
remained; and, ultimately, after screening based on the
full articles, 102 studies were included. A flowchart of
the search and screening procedures is shown in Fig. 1.
Efficacy conclusions are summarized in Table 2 and
provided separately for each intervention, followed by
a brief summary justifying the efficacy conclusion.

Levodopa Carbidopa Controlled Release
Efficacy Conclusion

Three trials met the eligibility criteria for this ques-
tion.14-16 There is insufficient evidence to support the
efficacy of levodopa carbidopa controlled release to
treat motor fluctuations in PD patients on (attempted)
optimal oral levodopa therapy.

Summary

Three trials evaluated the use of levodopa carbidopa
controlled release for reducing OFF-time compared
with levodopa carbidopa immediate release.14-16 One
trial found no difference between the active treatment
and placebo,16 while the other two showed a mild
effect on reducing OFF-time.14,15 However, all studies
had significant design limitations and raised serious
concerns regarding risk of bias. Additionally, these tri-
als showed no differences between levodopa carbidopa

controlled release and placebo in terms of increasing
ON-time or improving disability scores.

IPX066 (Levodopa Carbidopa Extended
Release)

Efficacy Conclusion

One trial met the eligibility criteria for this ques-
tion.17 IPX066 is efficacious to treat motor fluctuations
in PD patients on (attempted) optimal oral levodopa
therapy.

Summary

One trial evaluated the use of IPX066 for reducing
OFF-time compared with levodopa carbidopa immedi-
ate release, showing a difference between groups of
1.2 h (P < 0.0001) in favor of IPX066.17 The same
study showed an increase in ON-time without trouble-
some dyskinesia (0.9 h, P < 0.001) and ON-time with-
out any dyskinesia (0.7 h, P < 0.05) compared with the
control group. Mean dosing frequency was 3.6 doses
per day (SD 0.7 doses) for IPX066 versus 5.0 doses per
day (SD 1.2 doses) for levodopa carbidopa immediate

FIG. 1. Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) search and selection flowchart. *The numbers add
up to more than 755 because, for some articles, more than one reason
was identified.
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release (P < 0.0001). IPX066 was not effective in
improving disability, with differences in UPDRS-II of
�0.9 points (P < 0.003) during ON-medication state
and �0.8 points P < 0.005) during off-medication state,

both of which were not considered clinically relevant.
Additionally, IPX066 was unlikely to improve quality
of life as the difference in PDQ-39 scores between
IPX066 and levodopa carbidopa immediate release was

TABLE 2 Efficacy conclusions of interventions for the treatment of motor fluctuations

Class Intervention Efficacy conclusion Safetya

Levodopa/PDI Controlled release Insufficient evidence

IPX066, ER Efficacious

Intestinal infusion Likely efficacious Acceptable risk with
specialized monitoringSubcutaneous infusion Likely efficacious

Dopamine agonists Pramipexole IR Efficacious

Pramipexole ER Efficacious

Ropinirole IR Efficacious

Ropinirole PR Likely efficacious

Ropinirole patch Likely efficacious

Rotigotine Efficacious

Apomorphine continuous Likely efficacious Acceptable risk with
specialized monitoringApomorphine intermittent Insufficient evidence

COMT inhibitors Entacapone Likely efficacious

Opicapone Efficacious

MAO-B inhibitors Rasagiline Likely efficacious

Selegiline Insufficient evidence

MAO-B inhibitor plus
channel blockers

Safinamide Efficacious

Others Istradefylline Likely efficacious

Amantadine IR Insufficient evidence

Amantadine CR Likely efficacious

Terguride Insufficient evidence

Nicotine Insufficient evidence

Zonisamide Likely efficacious

Perampanel Insufficient evidence

Helicobacter pylori eradication Insufficient evidence

Coenzyme Q10 Not efficacious

Exenatide Insufficient evidence

Surgery Bilateral STN DBS Efficacious Acceptable risk with
specialized monitoringBilateral GPi DBS Likely efficacious

Unilateral pallidotomy Likely efficacious

Subthalamotomy Insufficient evidence

Bilateral zona incerta DBS Insufficient evidence

GDNF Insufficient evidence

aUnless otherwise stated, the conclusion for safety is acceptable risk without specialized monitoring.
Abbreviations: PDI, peripheral decarboxylase inhibitor; ER, extended release; IR, immediate release; PR, prolonged release; COMT, catechol-O-methyltransferase; MAO-B,
monoamine oxidase type B; CR, controlled release; STN, subthalamic nucleus; DBS, deep brain stimulation; GPi, globus pallidus; GNDF, glial cell-derived neurotrophic factor.
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�2.5 points (P < 0.05), which did not reach clinical rel-
evance. Comparisons using SF-36 and EQ-5D (EuroQol
5 Dimension) showed no significant differences between
the groups.

Levodopa Carbidopa Intestinal Gel
Efficacy Conclusion

Two trials met the eligibility criteria for this
PICOT.18,19 Levodopa carbidopa intestinal gel is likely
efficacious to treat motor fluctuations in PD patients on
(attempted) optimal oral levodopa therapy.

Summary

One placebo-controlled study evaluated the use of
levodopa carbidopa intestinal gel (�16 h/day) for
reducing OFF-time compared with levodopa carbidopa
immediate release, showing a mean difference of
�1.9 h (P < 0.01) between groups.18 The same study
showed an increase in ON-time without troublesome
dyskinesia (1.9 h, P < 0.01) and in ON-time without
any dyskinesia (2.3 h, P = 0.01) compared with the
control group. Levodopa carbidopa intestinal gel also
showed improvement in disability, with a difference of
3 points in UPDRS-II (P < 0.001), and in quality of life,
with a 7-point difference in PDQ-39 scores (P < 0.05).
A second trial, an open-label comparison against BMT,
showed a significantly greater improvement in disability
with levodopa carbidopa intestinal gel (�16 h/day)
compared with BMT (changes in UPDRS-II: �2.3 vs.
0.5 points, P = 0.006).19 However, there were no sig-
nificant differences in motor impairment or HR-QoL.
In summary, levodopa carbidopa intestinal gel is con-
sidered likely efficacious based on one relatively small
study with a follow-up duration of only 3 months and
concerns regarding risk of bias.18 Additionally, the
open-label study provides insufficient evidence to defini-
tively contribute to the efficacy statement at this
point.19

Continuous Subcutaneous Foslevodopa
Foscarbidopa

Efficacy Conclusion

One trial met the eligibility criteria for this PICOT.20

Continuous subcutaneous foslevodopa foscarbidopa is
likely efficacious to treat motor fluctuations in PD
patients on (attempted) optimal oral levodopa therapy.

Summary

One placebo-controlled trial assessed whether the use
of continuous subcutaneous foslevodopa foscarbidopa
(24 h/day) reduces OFF-time compared with levodopa
carbidopa immediate release, showing a difference of
�1.8 h (P = 0.002) between the two groups.20 In the
same study, an increase in ON-time without

troublesome dyskinesia was observed (1.8 h, P < 0.01)
in the continuous subcutaneous foslevodopa
foscarbidopa group compared with the control group.
There is insufficient evidence regarding the effects of
continuous subcutaneous foslevodopa foscarbidopa on
disability and quality of life.

Pramipexole
Efficacy Conclusion

Six trials met the eligibility criteria for this ques-
tion.21-26 Pramipexole immediate release and extended
release are efficacious to treat motor fluctuations in PD
patients on (attempted) optimal oral levodopa therapy.

Summary

Five trials evaluated the use of pramipexole for reduc-
ing OFF-time compared with placebo.21-25 These stud-
ies showed that patients using pramipexol experience a
statistically significant and clinically relevant reduction
in OFF-time22,24,25 and an improvement of the MDS-
UPDRS-II score when in off-medication state.21,23,25 In
one study,24 it was found that pramipexole, compared
with placebo, provides a clinically meaningful increase
in ON-time without troublesome dyskinesia and in
quality of life, as assessed with the PDQ-39.24 How-
ever, another study did not find a difference in quality
of life between pramipexole and placebo.25 Two tri-
als25,26 tested pramipexole extended release and
pramipexol immediate release against placebo: both
pramipexol formulations provided a clinically meaning-
ful improvement of OFF-time duration,25,26 off-medica-
tion state MDS-UPDRS-II,25 and total PDQ-39.26 The
efficacy of pramipexole was tested against an active
comparator in two trials: rotigotine was not inferior to
pramipexole in terms of the number of discontinuations
and reduction in OFF-time,24 and improvement of
MDS-UPDRS-II (average of off-medication and on-
medication states) was comparable for pramipexole
and bromocriptine.21

Ropinirole
Efficacy Conclusion

Fourteen trials met the eligibility criteria for this ques-
tion.27-40 Ropinirole immediate release is efficacious to
treat motor fluctuations in PD patients on oral levo-
dopa therapy. Ropinirole prolonged release and
ropinirole patch are likely efficacious to treat motor
fluctuations in PD patients on oral levodopa therapy.

Summary

Four trials evaluated the use of ropinirole immediate
release for reducing OFF-time compared with placebo
and showed a statistically significant borderline clini-
cally meaningful reduction of OFF-time.27,28,33,34 In
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three trials, ropinirole prolonged release was found to
reduce OFF-time, but due to high risk of bias in two of
the three studies the conclusion is likely efficacious.35-37

A single study on ropinirole immediate release showed
no relevant improvement of ON-time compared with
placebo.33 Three studies showed that ropinirole PR is
likely efficacious for increase in ON-time compared
with placebo based on a relevant improvement in all,
but high risk of bias in two studies.35,37,38 Four trials
showed a non-relevant change in disability for
ropinirole immediate release33,34 and ropinirole pro-
longed release35,37 compared with placebo. A single
study reported on ropinirole patch and showed a clini-
cally relevant reduction in OFF-time compared with
placebo patch (likely efficacious), but no relevant
change in ON-time duration and disability.39 One trial
compared ropinirole immediate release and ropinirole
prolonged release, and showed no relevant difference
between the two formulations regarding OFF-time,
ON-time, disability, and HR-QoL (insufficient evi-
dence).40 Ropinirole’s efficacy was assessed in four tri-
als against active comparators. Improvement in OFF-
time was comparable between ropinirole immediate
release and both rotigotine and bromocriptine.29-31 Fur-
thermore, ropinirole prolonged release was not different
compared with additional levodopa in terms of effects
on disability and quality of life.32

Rotigotine
Efficacy Conclusion

Six trials met the eligibility criteria for this ques-
tion.24,29,41-44 Rotigotine is efficacious to treat motor
fluctuations in PD patients on (attempted) optimal oral
levodopa therapy.

Summary

Six trials evaluated the use of rotigotine for reducing
OFF-time compared with placebo.24,29,41-44 They found
a statistically significant and clinically meaningful
reduction of OFF-time by 0.9–1.8 h compared with pla-
cebo. The treatment difference compared with placebo
was more than 1 h per day in five studies,24,29,41,42,44

but was only 0.9 h/day in one study,43 in which a large
placebo effect was seen (1.5 h/day OFF-time reduction
in the placebo group vs. 2.4 h/day in rotigotine 8 mg/
day group). Regarding disability, all six studies demon-
strated improvement, with statistical significance
observed in four studies.24,29,41,42 However, the
remaining two studies,43,44 one of which was relatively
large (406 participants randomized to rotigotine),43 did
not show a statistically significant improvement. Two
studies evaluated quality of life using the PDQ-3924

and PDQ-844 with improvements reported in the
rotigotine group, statistically significant in only one
study.24 Consequently, the evidence for the effects of

rotigotine on disability and quality of life was deemed
insufficient.

Apomorphine
Efficacy Conclusion

Three trials met the eligibility criteria for this research
question.45-47 Continuous subcutaneous apomorphine
infusion is likely efficacious for the treatment of motor
fluctuations in PD patients on (attempted) optimal oral
levodopa therapy. There is insufficient evidence to sup-
port the use of apomorphine sublingual film and apo-
morphine subcutaneous pen (intermittent) as a rescue
medication for off-medication episodes in patients
with PD.

Summary

One trial evaluated the use of continuous subcutane-
ous apomorphine infusion (�16 h/day) for long-term
improvement of motor fluctuations in PD patients in
comparison with placebo.46 A clinically meaningful dif-
ference between the two groups in the reduction of
OFF-time was observed, with a decrease of 1.9 h per
day in favor of apomorphine (p = 0.0025). This was
accompanied by a significant improvement of 2 h in
ON-time without troublesome dyskinesia compared
with placebo (P = 0.0008).46 Apomorphine sublingual
film47 and subcutaneous injection45 were assessed as
rescue medication for off-medication states (intermittent
apomorphine). Both treatments improved the off-
medication state to a good on-medication state within
15–40 min, as measured by the MDS-UPDRS-III. MDS-
UPDRS-II scores did not change during the 12-week
observation period with the use of apomorphine sublin-
gual film.47 Neither trial showed a significant or clini-
cally meaningful improvement in quality of life as
assessed by the PDQ-8 and PDQ-39.45-47 Therefore,
continuous subcutaneous apomorphine infusion is con-
sidered likely efficacious based on a single study, with
some concerns about potential bias, including
unblinding caused by the occurrence of skin nodules.
The apomorphine rescue treatments are rated as having
insufficient evidence, primarily because no convincing
sustained improvement was observed throughout the
12-week treatment period.

Entacapone
Efficacy Conclusion

Six trials met the eligibility criteria for the compari-
son with placebo.48-53 Entacapone is likely efficacious
for the treatment of motor fluctuations in patients with
PD in comparison with placebo. Two trials investigated
the efficacy of entacapone in comparison with an active
control. There is insufficient evidence to suggest that
entacapone is more efficacious than cabergoline for
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treating motor fluctuations in PD patients. There is
insufficient evidence to suggest that an immediate
switch to levodopa-carbidopa-entacapone is more effec-
tive for managing motor fluctuations in PD patients on
(attempted) optimal oral levodopa therapy compared
with a delayed switch to levodopa-carbidopa-
entacapone.

Summary

Six RCTs evaluated the efficacy of entacapone for
treating motor fluctuations in patients with PD com-
pared with a placebo.48-53 These studies assessed poten-
tial changes in ON-time duration, with five also
examining changes in OFF-time duration. Concerns
regarding allocation concealment led to a moderate
level of evidence. The impact of entacapone on disabil-
ity was evaluated in six trials compared with a pla-
cebo,48-53 with concerns about allocation concealment,
imprecision, and inconsistency of results resulting in
very low evidence for its efficacy. Only two studies
assessed the effect of entacapone on quality of life,49,53

with similar concerns about risk of bias also resulting
in very low evidence supporting its efficacy. One study
compared the efficacy of entacapone with
cabergoline.54 Due to the small study size and lack of
additional studies, it was impossible to determine the
certainty of the evidence, resulting in insufficient evi-
dence for this comparison.54 Another study used an
immediate versus delayed switch design in an open-
label format,55 assessing quality of life at 16 weeks.
However, concerns about risk of bias and imprecision
led to insufficient evidence for efficacy.

Opicapone
Efficacy Conclusion

Three trials met the eligibility criteria for this ques-
tion.56-58 Opicapone is efficacious to treat motor fluctu-
ations in PD patients on (attempted) optimal oral
levodopa therapy.56-58

Summary

Three trials evaluated the efficacy of opicapone in
reducing OFF-time compared with placebo.56-58 These
studies found a statistically significant and clinically
meaningful reduction in OFF-time duration. In two tri-
als,56,57 the reduction was around 120 min, with a
corresponding increase in ON-time of �60 min more
than placebo.56,57 However, the third trial reported a
smaller benefit in OFF-time duration reduction, with
only about a 0.7 h difference from placebo. Despite
these improvements in ON- and OFF-times, none of the
trials showed a significant improvement in quality of
life, as measured by the PDQ-39.56-58 Two studies
assessed the efficacy of opicapone in improving

disability (UPDRS-II); one found no significant
improvement,57 while the other reported statistically
significant but minimal improvements in the off-medi-
cation state, with a difference of about 1 point com-
pared with placebo.58

Rasagiline
Efficacy Conclusion

Six trials met the eligibility criteria for this ques-
tion.59-64 One trial was excluded after manuscript
screening because its primary outcome was safety and
tolerability, and the UPDRS was measured in the ON-
state only.61 Rasagiline is likely efficacious to treat
motor fluctuations in PD patients on (attempted) opti-
mal oral levodopa therapy.

Summary

Five trials evaluated the use of rasagiline for reducing
OFF-time duration compared with a placebo.59,60,62-64

These studies found a statistically significant, though
not clinically meaningful, reduction in OFF-time rang-
ing from 0.5 to 0.9 h/day at doses of either 0.5 mg/
day59,60 or 1 mg/day.59,60,62-64 Four trials examined the
effects of rasagiline on improving off-medication state
motor symptoms (MDS-UPDRS-III or UPDRS-III) and
disability (MDS-UPDRS-II or UPDRS-II) compared
with placebo.59,60,62,63 These four trials reported a sta-
tistically significant but not clinically meaningful
improvement in motor subscores (ranging from 1.6 to
5.6 points) and OFF-time disability subscores (ranging
from 1.0 to 1.7 points). Additionally, they observed an
increase in ON-time duration without troublesome dys-
kinesia, ranging from 0.5 to 1.2 h, at doses of either
0.5 or 1 mg/day. One trial noted a dose-dependent
increased risk of dyskinesia. Three trials assessed qual-
ity of life using the PDQ-39 and found a statistically
significant but not a clinically meaningful improvement
with rasagiline at either dose of 0.5 or 1.0 mg/
day.59,60,64

Selegiline
Efficacy Conclusion

Five trials met the criteria for the PICOT.65-69 The
conclusion on the efficacy of selegiline for treating
motor fluctuations on (attempted) optimal oral levo-
dopa therapy is that there is insufficient evidence. The
main concerns were low quality of the evidence, small
sample sizes leading to imprecision, and heterogeneity
in the results of the studies considered.

Summary

Four trials evaluated the use of selegiline for reducing
OFF-time compared with a placebo.65-68 Only one
study reported a meaningful reduction in OFF-time,
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with at least a 1-h decrease.68 Another study docu-
mented a statistically significant reduction in end-of-
dose and early morning akinesia during selegiline treat-
ment, as well as increase in the mean duration of a
levodopa dose’s effect, though it did not clearly meet
the 1-h threshold.65 Two other trials showed no signifi-
cant difference in OFF-time improvement with
selegiline versus placebo.66,67 Three trials assessed the
use of selegiline for increasing ON-time.66-68 Only one
trial reported a clinically meaningful benefit regarding
dyskinesia-free ON-time compared with placebo.68

Another study found no significant difference in ON-
time without dyskinesia at combined weeks 10 and 12,
though it did report a statistically significant increase in
dyskinesia-free ON-time at 12 weeks.67 A third study
showed no significant difference in ON-time improve-
ment with selegiline versus placebo.66 Motor impair-
ment was evaluated in three trials with mixed
results.65,66,69 Two studies assessed disability outcomes,
with one showing significant improvement with
selegiline using the Columbia University Rating Scale,65

while the other found no difference between selegiline
and placebo on the UPDR- II and the Schwab and
England Activities of Daily Living Scale.66

Safinamide
Efficacy Conclusion

Four trials met the eligibility criteria for this ques-
tion.70-73 Safinamide is efficacious to treat motor fluctu-
ations in PD patients on (attempted) optimal oral
levodopa therapy.

Summary

Four trials evaluated the use of safinamide for
improving OFF-time and ON-time compared with a
placebo. These studies found a clinically meaningful
reduction in OFF-time (around 1 h compared with pla-
cebo) and an increase in ON-time without troublesome
dyskinesia (also around 1 h compared with placebo).70-
73 Motor impairment in the off-medication state was
not evaluated in any of these studies. Regarding quality
of life, assessed using the PDQ-39, results varied. Only
one study reached the 5-point threshold for clinically
meaningful improvement in PDQ-39, but the confi-
dence interval was large.70 One study showed an
improvement of more than 5 points only at the 100 mg
dose.71 Two studies did not meet this threshold.71

Istradefylline
Efficacy Conclusion

Eight trials met the eligibility criteria for this ques-
tion. Istradefylline is likely efficacious to treat motor
fluctuations in PD patients on (attempted) optimal oral
levodopa therapy.

Summary

Eight trials evaluated the use of istradefylline at doses
of 10, 20, 40, and 60 mg once daily compared with
placebo.74-81 One study compared istradefylline com-
bined with sham repetitive transcranial magnetic stimu-
lation (rTMS) with a placebo combined with rTMS.81

The reduction in OFF-time with istradefylline was
inconsistent and of unclear clinical relevance, ranging
from 12 min (in larger studies) to 114 min (in smaller
studies). Similarly, the increase in ON-time without
(troublesome) dyskinesia was inconsistent and of
unclear clinical relevance, ranging from 12 to 48 min.
Notably, studies that assessed ON-time with (trouble-
some) dyskinesia reported an increase, ranging from 6
to 60 min.76-78,80 There was no improvement in
UPDRS-III scores in the on-medication state or off-med-
ication state compared with placebo, with changes
ranging from �2.5 and 1.4 points (on-medication state)
and �0.4 to 2.2 points (off-medication state). Regard-
ing disability, there was no improvement in on-medica-
tion state UPDRS-II score, and an inconsistent and
clinically insignificant improvement in off-medication
state UPDRS-II scores, ranging from 0.3 to 1.8 points.
Quality of life changes were assessed in only one trial,
but quantitative results were not reported.75

Amantadine
Efficacy Conclusion

Three trials met the eligibility criteria for this ques-
tion.82-84 One trial was excluded after title and abstract
screening due to a short study duration caused by high
dropout rates.85 Amantadine extended release is likely
efficacious in increasing ON-time and decreasing OFF-
time in PD patients with motor fluctuations on
(attempted) optimal oral levodopa therapy. There is
insufficient evidence for the use of amantadine immedi-
ate release.

Summary

Two trials evaluated amantadine extended release as
an add-on therapy to improve motor fluctuations com-
pared with a placebo.82,83 They found a clinically
meaningful increase in ON-time (without troublesome
dyskinesia, with troublesome dyskinesia, and with dys-
kinesia overall). While the reduction in OFF-time was
not clinically meaningful, the difference compared with
the placebo group suggested a significant treatment
effect. Washout of amantadine significantly worsened
levodopa-induced dyskinesia and ON-time with trou-
blesome dyskinesia, without significantly increasing
OFF-time.84 Neither trial assessed changes in off-medi-
cation state MDS-UPDRS-II or UPDRS-III scores, nor
did they evaluate quality of life.82-84
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Terguride
Efficacy Conclusion

One trial met the eligibility criteria for this ques-
tion.86 The efficacy conclusion is insufficient evidence
for terguride to improve motor fluctuations in PD
patients on (attempted) optimal oral levodopa therapy.

Summary

One trial evaluated the use of terguride for reducing
OFF-time and improving both off-medication and on-
medication states compared with placebo.86 Terguride
did not meaningfully improve scores on the Columbia
University Rating Scale (measuring motor impairment)
in either on-medication or off-medication states, and
there was no significant reduction in OFF-time com-
pared with placebo after 3 months. Additionally, the
authors did not find an increased risk of dyskinesia.

Nicotine
Efficacy Conclusion

A single trial met the eligibility criteria for the ques-
tion.87 The efficacy conclusion is insufficient evidence
regarding nicotine use for treatment of motor fluctua-
tions in PD patients on (attempted) optimal oral levo-
dopa therapy.

Summary

Only one trial assessed the potential benefit of nico-
tine.87 Conducted as an open-label study with no pla-
cebo-treated arm, patients were assigned to either
transdermal nicotine therapy or no additional treat-
ment. Regarding motor impairment in the off-medication
state, there was no significant difference in MDS-
UPDRS-III scores between the groups.87 Nicotine
demonstrated improvement in unblinded secondary
outcomes such as disability and activities of daily living
(UPDRS-II in the off-medication state), as well as dyski-
nesias (UPDRS-IV). This suggests possible benefits for
patients treated with nicotine; however, one cannot
exclude a placebo effect.87 These findings would need to
be confirmed in larger, double-blind, placebo-controlled
studies. Changes in OFF- and ON-times duration were
not evaluated in this study.

Zonisamide
Efficacy Conclusion

Two trials met the eligibility criteria for this ques-
tion.88,89 Zonisamide is likely efficacious to treat motor
fluctuations in PD patients on (attempted) optimal oral
levodopa therapy.

Summary

Two trials, conducted by the same group of
researchers, evaluated the use of zonisamide at doses of
25, 50, and 100 mg once daily compared with a pla-
cebo.88,89 The dropout rate was considerable, around
20%, and asymmetric in one trial.88 Compared with
placebo, OFF-time reduction ranged from �40 to
85 min, showing a dose-dependent gradient. On-medi-
cation UPDRS-III improvement ranged between 1.5
and 3.8 points compared with the placebo. Inconsis-
tencies were noted between the two trials. The efficacy
of zonisamide in improving disability was assessed in
one study.89 Zonisamide 50 mg improved the off-medi-
cation state UPDRS-II by approximately 1 point, which
was statistically but not clinically significant. Changes
in ON-time and quality of life were not assessed in
these trials.

Perampanel
Efficacy Conclusion

Two trials met the eligibility criteria for this ques-
tion.90,91 The efficacy conclusion is insufficient evidence
regarding perampanel use for treatment of motor fluc-
tuations in PD patients on (attempted) optimal oral
levodopa therapy.

Summary

Two trials evaluated the use of perampanel for reduc-
ing OFF-time compared with a placebo but failed to
demonstrate its superiority.90,91 Only one study
assessed its benefits for ON-time and disability.90 In
these areas, perampanel also failed to show significant
improvement compared with the placebo. Additionally,
motor impairment in the off-medication state and HR-
QoL were not evaluated in any of these studies.

Helicobacter pylori Eradication
Efficacy Conclusion

One trial met the eligibility criteria for this ques-
tion.92 The efficacy conclusion is insufficient evidence
regarding the eradication of Helicobacter pylori (HP)
for the treatment of motor fluctuations in PD patients
on (attempted) optimal oral levodopa therapy.

Summary

One trial involving 34 patients evaluated the use of
HP eradication (omeprazole, amoxicillin, clarithro-
mycin) for motor fluctuations, comparing it with an
antioxidant treatment with allopurinol in a double-
blind fashion.92 Eligible patients had to have positive
serology and positive stool testing for HP infection,
confirmed by upper gastrointestinal endoscopy. Levo-
dopa dosages remained unchanged during the study.
Patients who underwent HP eradication showed
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significant improvement in motor impairment, with a
prolonged on-medication state measured by UPDRS-III
after 3 months, suggesting that HP infection may affect
levodopa absorption. The prevalence of dyskinesias
was not reported in this study.

Coenzyme Q10
Efficacy Conclusion

One trial met the eligibility criteria for this ques-
tion.93 Coenzyme Q10 is not efficacious to treat motor
fluctuations in PD patients on (attempted) optimal oral
levodopa therapy.

Summary

One trial evaluated the use of Coenzyme Q10 for
reducing OFF-time compared with placebo.93 There
were no differences between the Coenzyme Q10 and
the placebo in terms of OFF-time duration, ON-time
duration, motor impairment during off-medication
states, or disability scores.

Exenatide
Efficacy Conclusion

Two trials met the eligibility criteria for this ques-
tion.94,95 The efficacy conclusion is insufficient evidence
for exenatide to improve motor fluctuations in PD
patients on (attempted) optimal oral levodopa therapy.

Summary

In two small trials—one a double-blind trial95 and
the other an open-label trial with blinded video assess-
ment of the MDS-UPDRS-III94—the potential neuro-
protective effects of exenatide were evaluated in
patients experiencing wearing off. Both trials showed a
difference in favor of exenatide on the MDS-UPDRS-III
in the off-medication state, with improvements of
approximately 4 points, the threshold for the MCID.
However, in the double-blind trial, no differences were
observed between exenatide and placebo on other out-
comes, including the MDS-UPDRS-II in the on-medica-
tion state, the PDQ-39, or OFF-time, and ON-time
durations.95 Due to the small sample sizes, the potential
effect hovering around the MCID, and the positive
results being limited to a single measure, exenatide is
classified as having insufficient evidence.

Subthalamic Nucleus Deep Brain Stimulation
Efficacy Conclusion

High-quality evidence indicates that subthalamic
nucleus (STN) deep brain stimulation (DBS) is efficacious
to improve motor impairment in patients with PD who
experience motor fluctuations on oral levodopa therapy.
Additionally, STN DBS is also efficacious in improving

disability, as measured by activities of daily living in the
off-medication state, and in improving HR-QoL.

Summary

Eight RCTs evaluated the efficacy of STNDBS in treating
motor fluctuations in patients with PD, comparing it to
BMT or delayed stimulation.96-103 Seven studies reported
improvement in motor impairment, as measured by the
UPDRS-III in the off-medication state, with an average
improvement of 18.6 points in the STN DBS group.96-102

One sham (subtherapeutic stimulation) controlled trial
showed a difference in the increase in ON-time without
troublesome dyskinesia of 3.0 h (P < 0.0001).102 Three
studies reported the effect of DBS on number of hours spent
in the on-medication state, with an average difference
between the STN DBS group and control of
2.6 h.96,97,99,101,102 Four studies assessed the effect of STN
DBS on disability, as measured by activities of daily living
in the off-medication state, showing moderate evidence for
improvement ranging from 4.5 to 8.8 points on the
UPDRS-II.96-99 Four studies evaluated the effect of STN
DBS on quality of life,96,98,99,102 indicating that STN DBS
improves quality of life, with improvement ranging
between 6.5 and 10.0 points on the PDQ-39 summary
index. Considering the surgical nature of the intervention,
the concerns for blinding was raised for patient-reported
outcomes on the studies that did not use a sham control;
thus the evidence for STN DBS on HR-QoL measures and
activities of daily livingwas downgraded tomoderate.102

Internal Globus Pallidus DBS
Efficacy Conclusion

Five studies met the eligibility criteria for this ques-
tion,100,104-107 of which two also had longer follow-up
periods published.108,109 Bilateral internal globus
pallidus (GPi) DBS is likely efficacious to treat motor
fluctuations in PD patients on (attempted) optimal oral
levodopa therapy.

Summary

Two trials compared bilateral GPi and STN DBS ver-
sus best BMT.104,106 Neither study separated the results
of GPi DBS from STN DBS. In one study,106 only 4 of
178 patients received GPi DBS, with the remainder
receiving STN DBS; therefore, this study is not dis-
cussed further in the GPi DBS section of the review.
The other study, from the United States Veterans
Affairs Cooperative Studies Program (CSP) 468 study
group, compared 121 DBS participants (61 GPi DBS
and 60 STN DBS) with 134 participants receiving
BMT.104 Although patients were blinded to the surgical
target (GPi vs. STN) and UPDRS-III score ratings were
done by neurologists blinded to treatment (DBS vs.
BMT), the study nevertheless has a high risk of bias
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because patients were aware of surgical/stimulation (vs.
BMT) status. Participants receiving DBS (of either tar-
get) showed a significant improvement in ON-time
without troublesome dyskinesia of 4.6 h compared with
BMT, which showed no improvement.104 A number of
other metrics also improved with DBS compared with
BMT, including off-medication state motor impairment
(UPDRS-III score was 10.6 points better with DBS than
with BMT), quality of life (PDQ-39 score was 12 points
better with DBS), and disability (UPDRS-II was 4.6
points better with DBS).104 The second phase of this
Veterans Affairs study compared GPi (n = 152) versus
STN (n = 147) targets105 and found similar improve-
ments in motor function after either bilateral GPi or
bilateral STN DBS. In the GPi group, the primary out-
come (change from baseline to 24 months in off-medi-
cation, on-stimulation UPDRS-III scores) improved by
a mean of 11.8 points (95% CI 9.5–14.1 points) versus
10.7 points (95% CI 8.5–12.9 points) in the STN
group. There was a trend for greater improvements
with GPi versus STN DBS in various secondary out-
comes, including ON-time without troublesome dyski-
nesia and PDQ-39.105 Improvements remained stable
and comparable between targets at 36 months’ follow-
up,108 although Mattis Dementia Rating Scale (MDRS)
scores declined faster in the STN group (note, however,
that the STN group was already slightly worse than
GPi patients on some baseline neurocognitive tests).108

Two other studies conducted double-blind comparisons
between bilateral GPi versus bilateral STN DBS.100,107,109

In one study, 65 participants received GPi DBS and 63
received STN DBS with a follow-up duration of 1 year.107

The primary outcome was a scale assessing functional sta-
tus and disability. There was no significant difference in
the primary outcome between the GPi-DBS and STN-
DBS groups, although the improvement was numerically
smaller with GPi DBS (3.0 points vs. 7.7 points with STN
DBS).107 Likewise, there was a trend for lesser improve-
ments in UPDRS-II and quality of life scores with GPi ver-
sus STN DBS. A significantly lesser improvement was
found for off-medication UPDRS-III score with GPi DBS
compared with STN DBS (by 11.4 points vs. 20.3 points,
P = 0.03).107 At 3 years follow-up, improvement in off-
medication UPDRS-III scores was again less with GPi
DBS versus STN DBS.109 There were no differences in
cognitive, mood, or behavioral outcomes.109 An earlier
pilot study involving 20 patients (10 GPi, 10 STN) who
completed 12-month follow-up concluded that both pro-
cedures improved motor features of PD, including off-
medication UPDRS-II and UPDRS-III.100

Pallidotomy
Efficacy Conclusion

Four trials met the eligibility criteria for this ques-
tion.110-114 Unilateral pallidotomy is likely efficacious

in treating motor fluctuations (ie, off-medication motor
impairment) in PD patients on (attempted) optimal oral
levodopa therapy, compared with medical ther-
apy.110,111 One trial demonstrated that unilateral palli-
dotomy was inferior to STN DBS in addressing PD
motor fluctuations,112,113 while another small trial
suggested that unilateral pallidotomy was equally effec-
tive when compared with unilateral
subthalamotomy.114

Summary

The quality of evidence from trials comparing unilat-
eral pallidotomy to medical therapy trials is limited by
the lack of subject blinding (no studies included a sham
control arm) and small sample sizes. Two trials evalu-
ated the efficacy of unilateral pallidotomy in treating
off-medication motor impairment compared with medi-
cal therapy110,111 and found a statistically significant
and clinically meaningful improvement of UPDRS-III
scores (with assessors blinded to treatment assignment
in both studies) by �15 points in the pallidotomy group
at 6-month follow-up, with no significant score change
in the medical therapy group.110,111 Both trials also
reported improvement in disability as measured by
UPDRS-II and the Schwab and England Activities of
Daily Living Scale. Potential benefits in OFF-time, ON-
time, and quality of life were only assessed by one
trial,110 leading to insufficient evidence to conclude on
these outcomes. In comparison with STN DBS, one trial
showed that bilateral STN DBS was more effective than
unilateral pallidotomy in improving off-medication
state motor impairment at 6 months (UPDRS-III 19 vs.
7 points improvement) and at 12 months (24 vs. 12
points improvement), indicating longer-term superior-
ity.112,113 Meanwhile, in one very small trial (n = 10),
both unilateral pallidotomy and unilateral sub-
thalamotomy improved off-medication state motor
impairment and Schwab and England Activities of
Daily Living Scale, with no significant differences
between the groups.

Subthalamotomy
Efficacy Conclusion

Two trials met the eligibility criteria for this ques-
tion.114,115 There is insufficient evidence to support the
use of unilateral or bilateral subthalamotomy for
treating motor fluctuations in PD. Severe hemiballismus
has been reported as a major adverse event in 20%–

50% of patients randomized to undergo unilateral or
bilateral subthalamotomy.

Summary

Two trials met the eligibility criteria for this question
but had very small sample sizes.114,115 One study
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compared unilateral subthalamotomy with unilateral
pallidotomy (n = 10), while another compared bilateral
subthalamotomy, unilateral subthalamotomy with con-
tralateral STN DBS, and bilateral STN DBS (n = 16).
No studies compared subthalamotomy to BMT. All
procedures led to significant improvements in off-medi-
cation state motor impairments and functional scales,
but without significant differences between groups.

Bilateral Zona Incerta DBS
Efficacy Conclusion

One study met the eligibility criteria for this ques-
tion.116 The efficacy conclusion is insufficient evidence
regarding the use of bilateral zona incerta DBS for the
treatment of motor fluctuations in PD patients on
(attempted) optimal oral levodopa therapy.

Summary

One trial meeting the review eligibility criteria com-
pared bilateral zona incerta DBS with BMT in PD.116

Only 19 patients completed the trial and evaluations at
6 months (9 DBS, 10 BMT). Motor impairment, as
assessed with off-medication UPDRS-III, was improved
by 41% compared with baseline in the zona incerta
DBS group, with a strong effect on tremor, whereas the
score was unchanged in the BMT group. Quality of life
(PDQ-39 summary index) improved from baseline in
both groups, but without significant differences
between groups. As with most DBS studies, this trial
has a high risk of bias due to blinding issues, with only
the outcome assessors (for the UPDRS-III) blinded to
treatment allocation, but not the patients.

Glial Cell-Derived Neurotrophic Factor
Efficacy Conclusion

One trial met the eligibility criteria for the ques-
tion.117,118 The efficacy conclusion is insufficient evi-
dence regarding glial cell-derived neurotrophic factor
(GDNF) use for treatment of motor fluctuations in PD
patients on (attempted) optimal oral levodopa therapy.

Summary

Motor impairment in the off-medication state was
evaluated in one trial with GDNF.117,118 This trial com-
pared bilateral intraputamenal infusions of GDNF
(120 mg per putamen) with a placebo but failed to
show its superiority in improving UPDRS-III scores in
the off-medication state at a 40-week follow-up.117 The
open-label extension study also did not demonstrate
significant improvement in motor scores with
GDNF.118

Both studies assessed benefits for disability, finding
no significant difference between the GDNF and pla-
cebo groups, or between the GDNF/GDNF group and

placebo/GDNF groups in the open-label extension
study.117,118 Similarly, GDNF did not show improve-
ment in quality-of-life outcomes (PDQ-39 and EQ-5D),
which were evaluated as supplementary end-
points.117,118 Regarding dyskinesias, the UPDRS-IV
score remained essentially unchanged between baseline
and weeks 40 and 80 in both groups, with no signifi-
cant treatment differences between GDNF and placebo
or between GDNF/GDNF and placebo/GDNF.118

Changes in OFF- and ON-times were not evaluated in
these studies. The trial detailed total OFF-time, good
quality ON-time, and ON-time with troublesome dyski-
nesias, finding no significant differences between the
GDNF and placebo groups.117 The open-label exten-
sion study also failed to show significant improvement
of PD diary-based outcomes.118

Discussion

In this new systematic review, levodopa extended
release, pramipexole immediate release and extended
release, ropinirole immediate release, rotigotine,
opicapone, safinamide, and bilateral STN DBS were
assessed as efficacious, and continuous intestinal levo-
dopa infusion, continuous subcutaneous levodopa, con-
tinuous subcutaneous apomorphine, ropinirole
prolonged release, ropinirole patch, continuous subcu-
taneous apomorphine, entacapone, rasagiline,
istradefylline, amantadine controlled release,
zonisamide, bilateral GPi DBS, and pallidotomy were
assessed as likely efficacious for the treatment of motor
fluctuations in people with PD who are already being
treated with levodopa. In the current review, the dopa-
mine agonists pergolide, bromocriptine, and
cabergoline, and the catechol-O-methyltransferase
(COMT) inhibitor tolcapone are no longer mentioned,
unlike in the previous review. This is either due to
insufficient scientific evidence or because they are no
longer available for the treatment of PD. Meanwhile,
more alternatives are available. As a result of the new
methodology, the efficacy conclusions for continuous
intestinal levodopa infusion, prolonged release
ropinirole, entacapone, rasagiline, zonisamide, bilateral
GPi DBS, and pallidotomy have been revised from effi-
cacious to likely efficacious in this review, compared
with the previous one. This is due to, for example, the
fact that the new method required a longer follow-up
period, concerns with precision, and blinding. The
duration of follow-up of previously included studies
was also the reason for changing some classifications
from efficacious to insufficient evidence (eg, intermittent
apomorphine injections).
Since 2002, the MDS EBM Committee has reviewed

the scientific literature on PD treatments. These reviews
used a systematic evaluation method to assess the
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quality of included studies. Conclusions on the effec-
tiveness of interventions were based on evidence level
and clinical relevance. Initially, there was room for
nuanced conclusions based on expert opinion due to
the relative lack of high-quality RCTs for some widely
used treatments, like levodopa. The first RCT compar-
ing levodopa to a placebo for early PD was published
in 2004, despite its long-term clinical use.119 Nowa-
days, the quality of clinical studies is better, and there
are many more treatments available for PD. Therefore,
it was decided to adapt the methods for the reviews to
a modified GRADE methodology. The literature search,
as well as the risk of bias assessment and the conclu-
sions, were standardized. Another important modifica-
tion is that the duration of follow-up of the included
studies is at least 3 months.
In previous updates, the reviews from before were

used as a basis, and these were then supplemented with
new studies. The current review is entirely new: from a
completely new literature search to the efficacy conclu-
sions. Because it was expected that renewing the
reviews would require considerable work, and to assess
the feasibility of the revised method of the MDS EBM
review, we first started with the PICOT motor fluctua-
tions of the treatment of PD motor symptoms and not
immediately with all subareas of the treatment of motor
symptoms review. The other parts of the motor symp-
toms review will follow shortly. The RCTs on High
Intensity Focused Ultrasound, potentially eligible for
the review, were published after our search. We ani-
cipate that Focused Ultrasound may be adressed in
future updates of the review.
With regard to the choice of an intervention, in addi-

tion to effectiveness, the adverse effect profile is also rel-
evant. For an adequate assessment of adverse effects,
more types of research and sources of information are
important than just RCTs. Therefore, we mention pos-
sible, particular, severe side effects, but we refer to the
SmPC for medications and available (national) data-
bases for adverse effect profiles.
There are many options available for treating motor

fluctuations. In clinical practice, the most common
approach is to start by adjusting the dosing schedule of
levodopa, which may involve taking more frequent
doses throughout the day or shortening the interval
between doses. Additionally, promoting the predictabil-
ity of levodopa absorption is important; this can be
achieved by taking it on an empty stomach and ensur-
ing normal gastrointestinal transit time through the
treatment of constipation. However, not all of these
practical adjustments have been investigated in ran-
domized trials. If this does not provide sufficient
improvement, other interventions may be necessary,
with the obvious choice being to start with oral or
transdermal medication options and, if these are not

beneficial enough, switch to a more invasive pump
treatment or neurosurgical procedure.
The challenge lies in determining which medication

to initiate first from the wide array of options available
for someone who has developed motor fluctuations.
There are few comparative studies with long-term fol-
low-up to support a particular choice. One study rele-
vant to this situation is the second PD MED RCT.120 In
this pragmatic RCT, a total of 500 patients with PD,
with a mean age of 73.0 years (SD 8.2 years), who
developed motor fluctuations and did not have demen-
tia, were randomly assigned to open-label treatment
with a dopamine agonist, a monoamine oxidase type B
(MAO-B) inhibitor, or a COMT inhibitor. Over a
median of 4.5 years of follow-up, participants in the
dopamine agonist group had a mean PDQ-39 mobility
score that was 2.4 points (95% CI �1.3 to 6.0 points)
better than that of the combined MAO-B and COMT
groups; however, this difference was not statistically
significant. Participants in the MAO-B group had mean
PDQ-39 mobility scores that were 4.2 points (95% CI
0.4–7.9 points; P = 0.03) better than those in the
COMT group. This study highlights the clinical difficul-
ties clinicians face when weighing the evidence and rec-
ommending a particular treatment to a given patient. In
addition to the varying degree of certainty of the effi-
cacy of an intervention, its safety and individual tolera-
bility must be taken into account, together with each
patient’s preference.
It may not always be necessary to exhaustively try all

available oral options before switching to one of the
more invasive treatments. The results of the
EARLYSTIM trial showed that STN DBS was superior
to medical therapy in patients with PD and early motor
complications.96 It would be helpful in making a choice
between the various options if more studies became
available that compare treatments head-to-head. For
example, comparisons between DBS and infusion thera-
pies, as well as between medications like safinamide
and rasagiline, would provide valuable insights. Also,
the fact that different outcome measures have been used
in different studies and treatments also makes it more
difficult to combine the results of the studies in a meta-
analysis.
The current review is not the same as a guideline for

the treatment of PD and does not prioritize therapeutic
choices, but rather reflects the available evidence. For
example, although STN DBS has a higher efficacy des-
ignation than some of the oral dopamine agonists, this
does not imply that STN DBS should be used prior to
these medications in treating motor fluctuations. Nei-
ther can it be concluded that oral treatments that have
an efficacious designation are more efficacious, in terms
of their magnitude of effect, compared with GPi DBS or
infusion therapies with a likely efficacious designation.
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Similarly, in clinical practice, consideration must be
given to the patient profile and disease stage.
When drafting a guideline, in is important to consider

not only the effectiveness of an intervention but also
factors such as its availability and costs, as well as any
alternatives within a specific country or region. Addi-
tionally, a patient’s social environment, preferences,
lifestyle, and cultural aspects should also be taken into
account. Our review could serve as a valuable resource
for developing guidelines for the treatment of PD.
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