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Objective: The effects of rotigotine transdermal patch (RTG) on the neuropsychiatric
symptoms of Parkinson’s disease (PD) outcomes remain controversial. The aim of
this review was to determine the efficacy and safety of RTG on the neuropsychiatric
symptoms of PD.

Methods: In this systematic review and meta-analysis, PubMed, Cochrane Library,
EMBASE, and Web of Science were searched for randomized controlled trials comparing
RTG and placebo in PD up to May 10, 2021. We analyzed the data using Review
Manager 5.2 software. The quality of evidence was assessed using the Grading of
Recommendations Assessment, Development, and Evaluation Approach. In order to
avoid false-positive results caused by random error, we use TSA software for trial
sequential analysis (TSA).

Results: We included 10 studies (1,844 patients). The meta-analysis showed that,
compared with placebo, RTG can significantly improve the scores for Apathy Scale
(MD = —1.68, 95% confidence interval, Cl: —2.74 to —0.62, P = 0.002; moderate
certainty), Beck Depression Inventory-Il (MD = —1.19, 95% Cl. —2.26 to —0.11,
P = 0.03; moderate certainty), the Non-Motor Symptoms Scale (MD = —3. 66, 95%
Cl: —4. 30 to —3.01, P < 0.00001; moderate certainty), the sleep/fatigue domains of
the Parkinson’s Disease Non-motor Symptom Assessment Scale (MD = —2.03, 95%
Cl: —=3.08 to —0.98, P = 0.0001; moderate certainty), the mood/apathy domains of
the Non-motor Symptom Scale (MD = —2.48, 95% Cl: —4.07 to —0.89, P = 0.002;
high certainty), the eight-item Parkinson’s Disease Questionnaire (MD = —4. 93, 95% Cl:
—6.79to —3.07, P < 0.00001; moderate certainty), and the 39-item Parkinson’s Disease
Questionnaire (MD = —3.52, 95% Cl: —5.25 to —1.79, P < 0.0001; high certainty).
However, there was no statistically significant difference on the Snaith-Hamilton Pleasure
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Scale (MD = —0.12, 95% CI: —0.58 to 0.34, P = 0.61). Our results showed that RTG
exerts a positive effect on sleep. According to the TSA, the results implied that, except
for the Beck Depression Inventory-Il, conclusive evidence have been obtained in the
RTG group. It has been proven in our meta-analysis that rotigotine has good safety

and tolerability.

Conclusions:

RTG can effectively improve the neuropsychiatric symptoms, sleep

quality, and quality of life in patients with PD.

Keywords: rotigotine transdermal patch, Parkinson’s disease, neuropsychiatric symptoms, meta-analysis,

systematic review

INTRODUCTION

Parkinson’s disease (PD) is the second most common progressive
neurodegenerative disorder characterized by motor and non-
motor symptoms. Although PD is considered a typical movement
disorder, more than 90% of PD patients suffer from non-
motor symptoms, such as emotional disorders and apathy,
sleep disorders, and depression, and these non-motor symptoms
seriously affect the quality of life of patients with PD (1, 2).

There is currently no specific medication for PD. Rotigotine,
a non-ergolinic D3/D, and D;-dopamine agonist, is suitable
for transdermal delivery via skin patches that contain the drug
in a silicone-based adhesive matrix, and its efficacy can last
more than 24h with a daily patch application (3, 4). The
previous meta-analysis showed that RTG can effectively improve
the neuropsychiatric symptoms in patients with PD (5), but
a recently published randomized controlled trial showed that
there was no statistically significant difference between RTG
and placebo in the treatment of neuropsychiatric symptoms
of PD (6). To assess the efficacy and safety of RTG in the
treatment of neuropsychiatric symptoms of PD, we updated the
previous meta-analysis.

METHODS
Search Strategy

Published relevant studies were searched in PubMed, Cochrane
Library, EMBASE, and Web of Science up to May 10, 2021.
The keywords used for standard searches included “Parkinson’s
disease,” “rotigotine;” and “randomized controlled trials.” Titles
and abstracts were independently screened by two authors. We
take PubMed as an example, and the detailed search strategy is
presented in Supplementary Material 1.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) study type: randomized
controlled trial (RCT), (2) participants: the patients were
clinically diagnosed with PD, (3) interventions: the experimental
group was given a rotigotine transdermal patch, and the
control group was given a placebo, and (4) outcome: at
least one of the 10 instruments was employed, including the
eight-item Parkinson’s Disease Questionnaire (PDQ-8), Beck
Depression Inventory (BDI-II), Parkinson’s Disease Non-motor
Symptom Assessment Scale (NMSS), Parkinson’s Disease Sleep

Scale (PDSS), the Modified Parkinson’s Disease Sleep Scale
(PDSS-2), Snaith—-Hamilton Pleasure Scale (SHAPS), the 39-item
Parkinson’s Disease questionnaire (PDQ-39), Apathy Scale (AS),
Pittsburgh Sleep Quality Index (PSQI), and polysomnography
(PSG) sleep parameters.

The exclusion criteria were as follows: (1) non-randomized
controlled trial, (2) repeated publication, and (3) studies whose
outcome measures were not reported.

Data Extraction

The following data were collected from each included study: (1)
baseline characteristics, including the author, year of publication,
study design, age, sample size, sex ratio, duration of treatment,
measuring tools, Hoehn and Yahr, and duration of PD; (2)
mean change of PDQ-8 score, BDI-II score, NMSS total score,
sleep/fatigue score of NMSS, mood/apathy score of NMSS, PDSS
score, PDSS-2 score, SHAPS score, PDQ-39 score, AS score, PSQI
score, and PSG sleep parameters from baseline to the end of
treatment. Mean and standard deviation (SD) were extracted
whenever possible. We calculated the SD using standard error
(SE) when only SE was reported; and (3) the number of adverse
events, including application site reactions, nausea, dizziness,
headache, insomnia, fatigue, and dyskinesia.

Assessment of Risk of Bias

We used the Cochrane Risk of Bias Tool to assess the risk of
bias. The assessment tool is composed of seven parts, including
random sequence generation, allocation consultation, blinding of
the participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other biases.
The assessment results were shown as “low risk of bias,” “high risk
of bias,” or “unclear risk of bias.” The risk of bias of each included
randomized controlled trial was assessed independently by two
authors, and another author resolved the disagreement.

Trial Sequential Analysis

Due to data sparseness and repeated testing of accumulated
data, the accumulated meta-analysis has the risk of producing
random errors, so we conducted the analysis using Trial
Sequential Analysis, v. 0.9.5.10 beta software (Copenhagen Trial
Unit, Center for Clinical Intervention Research, Rigshospitalet,
Copenhagen, Denmark, https://www.ctu.dk/tsa) (7, 8). TSA
forms a boundary value curve by correcting random errors,
which is called the TSA boundary value. The horizontal line of
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Z = 1.96 is the traditional significant horizontal line (o = 0.05),
which is called the traditional boundary value. In order to
minimize random errors, we calculated the required information
size (the number of patients needed) in a meta-analysis to detect
or reject a certain intervention effect (8). In our meta-analysis,
estimating the required information size was based on a type
I error of 5%, a type II error of 20%, and the expected mean
difference and variation which was estimated by combined meta-
analysis in the included trials with a low risk of bias. We applied
a model variance-based heterogeneity correction. When the
accumulated Z-value of the meta-analysis crosses the traditional
boundary value before the required information size is reached,
but does not cross the TSA boundary value, it means that the
traditional meta-analysis may have a false-positive conclusion
and means that more trials need to be included to confirm the
efficacy. When the accumulated Z-value of meta-analysis crosses
both the TSA boundary value and the traditional boundary value
before the required information size is reached, this means that
conclusive evidence may have been established, and further trials
may not be required. When the accumulated Z-value of the
meta-analysis neither crosses the traditional boundary value nor
the TSA boundary value before the required information size
is reached, there may be no statistical difference between the
intervention group and the control group in efficacy, and more
trials are still needed.

Rating Quality of Evidence

The Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) can offer a system for the rating
quality of evidence in systematic reviews and the grading strength
of recommendations in guidelines (9). We use GRADEpro
software (Evidence Prime Incorporation, McMaster University;
https://gradepro.org) to rate the quality of evidence on a
certain outcome. In the GRADE process, RCTs start as high-
quality evidence, and five factors which include risk of bias,
inconsistency, indirectness, imprecision, and publication bias
can lead to rating down the quality of evidence. Observational
studies start as low-quality evidence, and three factors which
include large effects, plausible confounding changing the effect,
and dose-response grade may lead to rating up the quality of
evidence (9). Finally, the quality of evidence for each outcome
is rated as one of high quality, moderate quality, low quality,
and very low quality. Two investigators conducted qualitative
discussions on each item of GRADE, and a final verdict on a
certain body of evidence was obtained. Any disagreement would
be settled by another author. The results were presented as the
GRADE evidence profile.

Statistical Analyses

Review Manager (RevMan 5. 2) was used to conduct this meta-
analysis. We calculated the odds ratio (OR) among the data
of dichotomous variables and calculated the mean difference
(MD) among the data of continuous variables. Furthermore, 95%
confidence interval (CI) was used to represent each effect size.
In the results, a p-value of <0.05 was considered statistically
significant. We estimated the heterogeneity between studies
using I? statistics. When I> < 50%, there was no significant

Additional records
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other sources (n=0)

Records identified
through database
searching (n=394)

I |
I

Records after duplicates
removed (n=228)

Records excluded
after the title/abstact
screened (n=179)

Records had titles/abstracts
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Full-text articles
excluded, reasons: No
related outcome
measures (n=39)

Full-text articles assessed for
eligibility (n=49)

Studies included in qualitative
synthesis(n=10)

Studies included in quantitative
synthesis (meta-analysis)(n=8)

FIGURE 1 | Study flow diagram.

heterogeneity in the included studies, and a fixed-effects model
was applied. When I? > 50%, there was heterogeneity, and a
random-effects model was applied. Next, we used sensitivity
analysis to detect the sources of heterogeneity. The sensitivity
analysis was conducted using Stata SE software (STATA
16.0; https://www.stata.com/).

RESULTS

Literature Search and Study

Characteristics

As shown in Figure 1, we identified 394 records from PubMed,
Cochrane Library, EMBASE, and Web of Science. After excluding
the duplicates and irrelevant studies through reading titles and
abstracts, we needed to read the full text of the remaining
49 articles to identify available data. A total of 39 articles
without relevant outcome measures were excluded. Finally, we
included 10 studies to conduct this systematic review and meta-
analysis. Furthermore, 1,844 patients with Parkinson’s disease
were included. There were also 1,106 PD patients in the rotigotine
group, and 738 PD patients were in the placebo group. For the
basic characteristics of the included studies, see Table 1.

Risk of Bias Assessment and Sensitivity

Analysis
The risk of bias was assessed by the Cochrane Risk of Bias Tool
(see the results in Figure 2). In the meta-analysis of the effect of
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TABLE 1 | Basic characteristics of the included studies.

References Study Age (mean + SD) Sample size Sex ratio (M/F) Duration  Measuring Hoehn and Yahr Duration of PD (years)
design . . . of tools . .
Rotigotine TP Placebo Rotigotine  Placebo  Rotigotine  Placebo treatment Rotigotine Placebo Rotigotine Placebo
TP TP TP TP
Chungetal. (10) RCT 65.6 +£8.9 649 +£8.2 181 183 88/96 74/122 15 1. BDI-II; 2. NR NR 2.99 + 251+
Apathy Scale; 3. 3.26 2.90
SHAPS
Antonini et al. RCT 68.0 94 66.6 +£ 9.8 120 207 129/95 67/58 12 1. NMSS; 2. NR NR NR NR
(11) PDQ-39
Hauser etal. (12) RCT 68.1 £10.5 69.0 +11.7 36 40 2714 22/18 21 1. NMSS; 2. NR NR 49+4.0 3.7+37
BDI-II; 3. Apathy
Scale; 4.
SHAPS; 5.
PDQ-8
Rascol et al. (13) RCT 66.5+11.9 65.3 +13.8 30 29 19/16 17/16 19 1. PDQ-8 NR NR 59+35 5.6+47
Trenkwalder RCT 64.8 + 9.3 64.4 £ 10.6 178 89 123/68 61/35 12 1. NMSS; 2. NR NR 46 +4.2 49+ 46
etal. (14) BDI-II; 3.
PDSS-2; 4.
PDQ-8
Bhidayasirietal. RCT 60.6 £9.5 63.5+125 17 17 NR NR 12 1. PDSS-2; 2. 2.8+0.8 29+0.8 9.5+ 6.0 83+5.1
(15) PDQ-8
Castrioto et al. RCT 57.1+65 60.9 + 8.4 26 22 17/9 15/7 24 1. BDI-II; 2. NR NR 26 +16.4 24 +18
6) Apathy Scale; 3.
PDQ-39
Mizuno et al. (16) RCT 64.8 +£8.8 65.3+7.9 162 81 61/103 42/42 20 1. PDSS-2 2.7+0.6 2.8+ 0.6 7.0+49 7.0+4.2
Pierantozzietal. RCT 63.28 £2.98  64.04 +£2.90 21 21 NR NR 10 1. PDSS; 2. 2.28 + 223+ 49.57 + 51.33 +
(7) PSQl; 8. PSG 0.25 0.25 3.58 3.13
Poewe et al. (18) RCT 64.3 +£9.0 65.0 +£10.0 204 101 132/201 71/100 24 1. PDQ-39 NR NR 89+44 85+5.0

PDQ-8, eight-item Parkinson’s Disease Questionnaire; BDI-Il, Beck Depression Inventory; NMSS, Parkinson’s Disease Non-motor Symptom Assessment Scale; PDSS, Parkinson Disease Sleep Scale; PDSS-2, Modified Parkinson’s
Disease Sleep Scale; SHAPS, Snaith-Hamilton Pleasure Scale; PDQ-39, 39-item Parkinson’s Disease Questionnaire; PSQI, Pittsburgh Sleep Quality Index; PSG, polysomnography; RCT, randomized controlled trial; NR, not reported;

PD, Parkinson’s disease; M/F, male/female; SD, standard deviation; Rotigotine TF, rotigotine transdermal patch.
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FIGURE 2 | Quality assessment of the included studies.

rotigotine therapy on the quality of life, we observed a significant
change when the study of Castrioto et al. was deleted. The study
(6) by Castrioto et al. may be a source of heterogeneity. The
details are shown in Supplementary Material 2.

Meta-Analysis Results and TSA

Efficacy

Apathy Scale

Three studies (6, 10, 12) reported the change of the Apathy
Scale score from baseline to the end of treatment. The meta-
analysis results showed that, compared with the placebo group,
there was a significant improvement after receiving the rotigotine
treatment (three studies, n = 488, MD = —1.68, 95% CI: —2. 74
to —0.62, P = 0.002; heterogeneity: x* = 0.77, I> = 0%, P = 0.68).
A fixed-effects model was applied.

The result of TSA on the data of the change of the Apathy
Scale score is presented in Figure 3. The accumulated Z-value
of meta-analysis crossed both the TSA boundary value and the
traditional boundary value before the required information size
of 794 was reached.

BDI-II
Four studies (6, 10, 12, 14) reported the change of the BDI-II
score from baseline to the end of treatment. The meta-analysis
results showed that, compared with the placebo group, there
was a significant improvement after receiving the rotigotine
treatment (four studies, n = 754, MD = —1.19, 95% CI: —2. 26 to
—0.11, P = 0.03; heterogeneity: x2 = 1. 60, I> = 0%, P = 0.66). A
fixed-effects model was applied.

The result of TSA on the data of the change of the BDI-
II score is presented in Figure 4. The accumulated Z-value of
meta-analysis crossed the traditional boundary value before the
required information size of 2,508 was reached but did not cross
the TSA boundary value.

NMSS

Three studies (11, 12, 14) reported the changes of NMSS
total score from baseline to the end of treatment. There are
nine domains in the NMSS scales, including mood/apathy,
cardiovascular, perception/hallucination, attention/memory,
gastrointestinal tract, urinary, sexual function, miscellaneous,
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FIGURE 4 | Trial sequential analysis of the cumulative meta-analysis of the effect of rotigotine vs. placebo on BDI-Il score in Parkinson’s disease patients.

and sleep/fatigue. The meta-analysis results showed that,
compared with the placebo group, there was a significant
improvement after receiving the rotigotine treatment (three
studies, n = 661, MD = —3. 66, 95% CL: —4. 30 to —3. 01, P
< 0.00001; heterogeneity: x* = 0.77, I* = 0%, P = 0.68). A
fixed-effects model was applied.

The result of TSA on the data of the change of NMSS total
score is presented in Figure5. The accumulated Z-value of

meta-analysis crossed both the TSA boundary value and the
traditional boundary value, and the required information size of
283 was reached.

Sleep/Fatigue Domain of NMSS

Three studies (11, 12, 14) reported the change of sleep/fatigue
score of NMSS from baseline to the end of treatment. The meta-
analysis results showed that, compared with the placebo group,
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FIGURE 5 | Trial sequential analysis of the cumulative meta-analysis of the effect of rotigotine vs. placebo on Parkinson’s Disease Non-motor Symptom Assessment

N\

there was a significant improvement after receiving rotigotine
treatment (three studies, n = 667, MD = —2.03, 95% CI: —3. 08 to
—0.98, P = 0.0001; heterogeneity: x* = 1. 77, I> = 0%, P = 0.41).
A fixed-effects model was applied.

The result of TSA on the data of the change of sleep/fatigue
score of NMSS is presented in Figure 6. The accumulated Z-value
of meta-analysis crossed both the TSA boundary value and the
traditional boundary value before the required information size
of 727 was reached.

Mood/Apathy Domain of NMSS
Three studies (11, 12, 14) reported the change of mood/apathy
score of NMSS from baseline to the end of treatment. The meta-
analysis results showed that, compared with the placebo group,
there was a significant improvement after receiving the rotigotine
treatment (three studies, n = 669, MD = —2.48, 95% CI: —4.07 to
—0.89, P = 0.002; heterogeneity: x2 = 1. 29, I* = 0%, P = 0.53).
A fixed-effects model was applied.

The result of TSA on the data of the change of mood/apathy
score of NMSS is presented in Figure 7. The accumulated Z-value
of meta-analysis crossed both the TSA boundary value and the

traditional boundary value before the required information size
of 1,121 was reached.

PDQ-8

Four studies (12-15) reported the change of PDQ-8 score from
baseline to the end of treatment. The meta-analysis results
showed that, compared with the placebo group, there was a
significant improvement after receiving the rotigotine treatment
(four studies, n = 434, MD = —4. 93, 95% CI: —6. 79 to —3. 07,
P < 0.00001; heterogeneity: x2 = 1. 70, I> = 0%, P = 0.64). A
fixed-effects model was applied.

The result of TSA on the data of the change of PDQ-8 score
is presented in Figure 8. The accumulated Z-value of the meta-
analysis crossed both the TSA boundary value and the traditional
boundary value before the required information size of 451
was reached.

PDQ-39

Three studies (6, 11, 18) reported the change of PDQ-39 score
from baseline to the end of treatment. The meta-analysis results
showed that there was heterogeneity among the three studies.
Sensitivity analysis was used to detect sources of heterogeneity.
The study by Castrioto et al. was excluded based on sensitivity
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analysis, and the meta-analysis results showed that, compared ~MD = —-3. 52, 95% CI: —5. 25 to —1.79, P < 0.0001;
with the placebo group, there was a significant improvement  heterogeneity: x% = 0.01, I> = 0%, P = 0.91). A fixed-effects
after receiving the rotigotine treatment (two studies, n = 620,  model was applied.
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TABLE 2 | Effect of rotigotine vs. placebo on sleep in patients with Parkinson’s disease.

References Total cases Outcome p-value Conclusion
measures
Rotigotine Placebo
Bhidayasiri et al. (15) 17 17 PDSS-2 P < 0.001 Compared with placebo, the rotigotine patch provides a
significant improvement in nocturnal symptoms
Mizuno et al. (16) 164 84 PDSS-2 P < 0.001 The result showed superiority of rotigotine over placebo
Trenkwalder et al. (14) 178 89 PDSS-2 P < 0.0001 Rotigotine treatment was associated with significant benefits
vs. placebo in nocturnal sleep disturbances
Pierantozzi et al. (17) 21 21 PDSS P < 0.001 Compared to baseline, rotigotine treatment significantly
increased the PDSS scores at the end of the study
Pierantozzi et al. (17) 21 21 PSG (SE) PSG P < 0.001 Rotigotine significantly increased sleep efficiency and reduced
(WASO) PSG both wakefulness after sleep onset and sleep latency
(REM) compared to placebo. Moreover, the mean change in REM
sleep quantity was significantly higher in the rotigotine than in
the placebo group
Pierantozzi et al. (17) 21 21 PsQl P < 0.001 Compared to baseline, the analysis of subjective sleep
questionnaires of PSQI revealed that rotigotine treatment
significantly reduced the PSQI global scores
Poewe et al. (18) 204 101 PDSS P =0.0129 Compared with placebo, rotigotine treatment significantly

increased the PDSS scores, and rotigotine was better than
placebo

The result of TSA on the data of the change of PDQ-39
score is presented in Figure9. The accumulated Z-value of
meta-analysis crossed both the TSA boundary value and the
traditional boundary value, and the required information size of
611 was reached.

PDQ

Because PDQ-8 and PDQ-39 can produce equivalent results, we
combined PDQ-8 and PDQ-39 using standard mean difference
(SMD) to evaluate the improvement of the quality of life in PD
patients. Seven studies (6, 11-15, 18) reported the change of
PDQ score from baseline to the end of treatment. The meta-
analysis results showed that, compared with the placebo group,
there was a significant improvement after receiving the rotigotine
treatment (seven studies, n = 1,102, SMD = —0.35, 95% CI:
—0.55 to —0.15, P = 0.0005; heterogeneity: x> = 12.35, 1> = 51%,
P =0.05). Based on the sensitivity analysis, we did not detect the
sources of heterogeneity. A random-effects model was applied.

PDSS

Three studies (14-16) reported the change of PDSS-2 score, and
two studies (18, 19) reported the change of PDSS score from
baseline to the end of treatment. Since the available data could
not be extracted in the included studies, a qualitative analysis
was performed in our study. In addition, we also recorded the
effects of rotigotine on PSQI score and PSG sleep parameters. The
details are shown in Table 2.

SHAPS

Two studies (10, 12) reported the change of SHAPS score from
baseline to the end of treatment. The meta-analysis results
showed that there was no significant difference between two
groups (two studies, n = 440, MD = —0.12, 95% CI: —0.58 to

0.34, P = 0.61; heterogeneity: x> = 0.58, I* = 0%, P = 0.44). A
fixed-effects model was applied.

Except for the SHAPS score, there were significant differences
between the two groups. The results are shown in Table 3. The
forest plots are shown in Supplementary Material 2.

Safety

Incidence of Nausea

Six studies (10-14, 18) reported cases of nausea from baseline
to the end of treatment. The meta-analysis results showed that
the incidence of nausea was higher after receiving the rotigotine
treatment, and there was a significant difference between the two
groups (six studies, n = 1,469, OR = 2. 51, 95% CI: 1. 78-3. 55,
P < 0.00001; heterogeneity: x> = 4. 50, P = 0.48, I* = 0%). A
fixed-effects model was applied.

Incidence of Fatigue

Three studies (11-13) reported cases of fatigue from baseline
to the end of treatment. The meta-analysis results showed that
there was no significant difference between the two groups (three
studies, n = 452, OR = 0.63, 95% CI: 0.27-1. 48, P = 0.29;
heterogeneity: x> = 1. 47, I* = 0%, P = 0.48). A fixed-effects
model was applied.

Incidence of Dyskinesia

Four studies (12-14, 18) reported cases of dyskinesia from
baseline to the end of treatment. The meta-analysis results
showed that the incidence of dyskinesia was higher after receiving
the rotigotine treatment, and there was a significant difference
between the two groups (four studies, n = 741, OR = 2. 42, 95%
CIL: 1. 21-4. 82, P = 0.01; heterogeneity: x2 = 2. 12, I? = 0%,
P =0.66). A fixed-effects model was applied.
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TABLE 3 | Effect of rotigotine vs. placebo on neuropsychiatric symptoms of Parkinson’s disease.

Outcome Number of Total cases Statistical Heterogeneity (12, %) Effect size P-value
measures studies method
Rotigotine Placebo

Apathy Scale 3 243 245 Mean difference 0 —1.68 (—2.74, —0.62) P =0.002
(IV, fixed, 95% CI)

BDI-II 4 420 334 Mean difference 0 —-1.19 (-2.26, —0.11) P =0.03
(IV, fixed, 95% CI)

PDQ-8 4 259 175 Mean difference 0 —4.93 (—6.79, —3.07) P < 0.0001
(IV, fixed, 95% Cl)

NMSS 3 415 246 Mean difference 0 —3.66 (—4.30, —3.01) P < 0.00001
(IV, fixed, 95% ClI)

Sleep/fatigue 3 419 248 Mean difference 0 —2.08 (—3.08, —0.98) P = 0.0001
(IV, fixed, 95% CI)

Mood/apathy 3 421 248 Mean difference 0 —2.48 (—4.07, —0.89) P = 0.002
(IV, fixed, 95% Cl)

PDQ 7 689 413 Standard mean 51 —0.35 (—0.55, —0.15) P = 0.0005
difference (1V,
random, 95% ClI)

SHAPS 2 217 223 Mean difference 0 —0.12 (-0.58, 0.34) P =0.61
(IV, fixed, 95% Cl)

PDQ-39 2 404 216 Mean difference 0 —3.562 (—5.25, —1.79) P < 0.0001
(IV, fixed, 95% Cl)

Incidence of Dizziness Results of Rating Evidence Quality

Five studies (10, 11, 13, 14, 18) reported cases of dizziness — Emotions

from baseline to the end of treatment. The meta-analysis results =~ Three outcome measures, including the BDI-II score,

showed that there was no significant difference between the two
groups (five studies, n = 1,343, OR = 1. 17, 95% CI: 0.79-1.
73, P = 0.42; heterogeneity: x2 = 3. 70, I> = 0%, P = 0.45). A
fixed-effects model was applied.

Incidence of Application and Installation Site Reactions

Seven studies (10-15, 18) reported cases of application
and installation site reactions from baseline to the end of
treatment. The meta-analysis results showed that the incidence
of application and installation site reactions was higher after
receiving the rotigotine treatment, and there was a significant
difference between the two groups (seven studies, n = 1,458,
OR = 2. 64, 95% CI: 1. 78-3. 92, P < 0.00001; heterogeneity:
x%=1.68,1> = 0%, P = 0.95). A fixed-effects model was applied.

Incidence of Insomnia
Three studies (10, 12, 13) reported cases of insomnia from
baseline to the end of treatment. The meta-analysis results
showed that there was heterogeneity among the included studies.
We excluded the study by Hauser et al. based on a sensitivity
analysis, and the meta-analysis results showed that there was
no significant difference between the two groups (two studies,
n =448, OR =2.50,95% CI: 1. 01-6. 19, P = 0.05; heterogeneity:
x%=0.03, 1 = 0%, P = 0.86). A fixed-effects model was applied.
Except for the high incidence of application and installation
site reactions, nausea, and dyskinesia in the rotigotine group,
there was no significant difference between the two groups. The
details are shown in Table 4.

mood/apathy score of NMSS, and AS score, were rated by
the GRADE system. The evidence supporting the efficacy of
rotigotine in improving the mood/apathy score of NMSS at
the end of treatment was high. The evidence supporting the
efficacy of rotigotine in improving the BDI-II score and the AS
score at the end of treatment was moderate, and the reason for
downgrading a quality rating was the inconsistency of results.
The overall quality of evidence was moderate or high for the
relative effects of rotigotine on emotions in patients with PD.

Quality of Life

Two outcome measures, including PDQ-8 and PDQ-39, were
rated by the GRADE system. The evidence supporting the
efficacy of rotigotine in improving the PDQ-8 score at the end
of treatment was moderate, and the reason for downgrading a
quality rating was that the study of Bhidayasiri did not specify
the use of blind methods. The evidence supporting the efficacy of
rotigotine in improving the PDQ-39 score at the end of treatment
was high. The evidence for the important outcomes favored
rotigotine, and the overall quality of evidence was moderate or
high for the relative effects of rotigotine on the quality of life in
patients with PD.

Sleep

One outcome measure, sleep/fatigue score of NMSS, was rated
by the GRADE system. The evidence supporting the efficacy of
rotigotine in improving the sleep/fatigue score of NMSS at the
end of treatment was moderate, and the reason for downgrading
a quality rating was the inconsistency of results. We think that the

Frontiers in Neurology | www.frontiersin.org

11

October 2021 | Volume 12 | Article 722892


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Yan et al.

RTG for Parkinson’s Disease

TABLE 4 | Characteristic of adverse events.

Adverse Number of Event/Total (%) Statistical Heterogeneity (12, %) Effect size P-value
reactions studies method
Rotigotine Placebo

Application site 7 129/895 (14.4) 35/563 (6.2) Odds ratio (M-H, 0 2.64 (1.78, 3.92) P < 0.00001

reactions fixed, 95% Cl)

Nausea 6 158/878 (18) 48/591 (8.1) Odds ratio (M-H, 0 2.51(1.78, 3.55) P < 0.00001
fixed, 95% Cl)

Dizziness 5 79/837 (9.4) 47/506 (9.3) Odds ratio (M-H, 0 1.17 (0.79, 1.73) P=0.42
fixed, 95% Cl)

Headache 6 59/878 (6.7) 43/546 (7.9) Odds ratio (M-H, 0 0.97 (0.64, 1.47) P=0.87
fixed, 95% ClI)

Insomnia 3 17/260 (6.5) 13/269 (4.8) Odds ratio (M-H, 66 1.13(0.19, 6.65) P =0.90
random, 95% Cl)

Fatigue 3 13/299 (4.3) 10/153 (6.5) Odds ratio (M-H, 0 0.63(0.27, 1.48) P=0.29
fixed, 95% Cl)

Dyskinesia 4 44/471 (9.9) 11/270 (4.1) Odds ratio (M-H, 0 2.42(1.21,4.82) P =0.01

fixed, 95% ClI)

overall quality of evidence was moderate for the relative effects of
rotigotine on sleep quality in patients with PD.

Other Non-motor Symptoms

One outcome measure, NMSS total score, was rated by the
GRADE system. The evidence supporting the efficacy of
rotigotine in improving the NMSS total score at the end of
treatment was moderate, and the reason for downgrading a
quality rating was the inconsistency of results. We think that
the overall quality of evidence was moderate for the relative
effects of rotigotine on non-motor symptoms in patients with PD.
Table 5 shows the GRADE evidence profile for the seven
outcome measures, including the certainty of evidence.

DISCUSSION
Efficacy and Safety

Our results demonstrated that rotigotine played an important
role in neuropsychiatric symptoms, sleep, and quality of life,
which are consistent with the previous meta-analysis conducted
in 2018 (5). However, the latest research was not included.
Castrioto et al. (6) conducted a randomized, controlled, double-
blind study of rotigotine on neuropsychiatric symptoms in 2020,
and PD patients untreated by L-dopa or dopamine agonists were
included. We found that it was the first randomized, controlled
study specifically designed to explore the efficacy of rotigotine
on neuropsychiatric symptoms in de novo PD, which might
be contributive in exploring the real efficacy of rotigotine on
neuropsychiatric symptoms without the confounding effect of
antiparkinsonian drugs, but the results showed that, compared
with placebo, rotigotine could significantly improve trait anxiety
symptoms, but not apathy and depression. One reason why the
effect was not significant in their study may be related to the
use of low doses of rotigotine. They used a recommended dose
in the early stages of PD (up to 8 mg/day), which was much
lower than the equivalent ones used in the successful study. It
has been proven that, at maintenance dosages of <8 mg/24h,
monotherapy with the rotigotine can significantly improve the

motor symptoms of patients with early Parkinson’s disease (20—
22), but randomized, controlled studies which explored the
efficacy of rotigotine on non-motor symptoms in de novo PD
were scarce, so further research will be needed to explore
the efficacy.

Up to 96% of Parkinson’s disease patients suffer from sleep
disorders, but there is no formal instrument to quantify all
aspects of nocturnal sleep problems in Parkinson’s disease (23—
25). Subjective scales were frequently used in the included
studies, including PSQI, PDSS, PDSS-2, and the sleep/fatigue
subdomain of the NMSS. The effect of rotigotine on reducing
subjective sleep disturbances has been confirmed, and our results
are consistent with previous studies (3, 14, 26), but only one
study used objective instruments to assess the effects of rotigotine
on sleep structure. We found that the study (17) by Pierantozzi
et al. was the first randomized controlled trial that used PSG
recordings to objectively investigate the effect of rotigotine on
the sleep architecture of PD and got a positive conclusion that
rotigotine, which was limited to nocturnal administration, might
improve sleep quality and continuity in patients with PD. PSG
has become an effective method to study sleep structure, but
studies which investigated the effect of rotigotine on the sleep
architecture of PD using PSG recordings were rare, so further
studies will be still needed.

Rotigotine can effectively improve neuropsychiatric
symptoms, quality of life, and sleep in PD, but at the same
time, it also brings some side effects. In our study, we found
that, compared with placebo, there were significant differences
in application site reactions, nausea, and dyskinesia, but most
of the reactions were mild or moderate. Similar to dopamine
receptor agonists, there were some adverse events after receiving
the rotigotine treatment, such as dizziness, headache, insomnia,
or fatigue. However, there was no significant difference.

Rotigotine is a non-ergolinic D3/D2 and D1 dopamine
agonist. Impulse control disorders which are mainly associated
with dopamine D2/D3 agonists are frequent side effects of
dopamine replacement treatment used in PD patients (27, 28). It
was reported that impulse control disorders occur in about 17%
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TABLE 5 | The GRADE evidence profile.
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Quality assessment Number of patients Effect Quality Importance
Number Design Risk of bias Inconsistency Indirectness Imprecision Other Rotigotine Placebo Relative  Absolute
of studies considerations transdermal (95% CI)
patch

Apathy scale (better indicated by lower values)

3 Randomized trials No serious risk of Serious? No serious No serious None 243 245 MD 1.68 lower @ 0O Important
bias indirectness imprecision (2.74-0.62 lower)  Moderate

PDQ-8 (better indicated by lower values)

4 Randomized trials Serious® No serious No serious No serious None 259 175 MD 4.983 lower [SISICT@) Important

inconsistency indirectness (6.79-3.07 lower)  Moderate

PDQ-39 (better indicated by lower values)

2 Randomized trials No serious risk of No serious No serious No serious None 404 216 MD 3.52 lower DD DD Important
bias inconsistency indirectness imprecision (5.25-1.79 lower)  High

NMSS (better indicated by lower values)

3 Randomized trials No serious risk of Serious? No serious No serious None 415 246 MD 3.66 lower ® e 0O Important
bias indirectness imprecision (4.3-3.01 lower) Moderate

Fatigue/sleep (better indicated by lower values)

3 Randomized trials No serious risk of Serious? No serious No serious None 419 248 MD 2.083 lower ® e O Important
bias indirectness imprecision (3.08-0.98 lower)  Moderate

Mood/apathy (better indicated by lower values)

3 Randomized trials No serious risk of No serious No serious No serious None 421 248 MD 2.48 lower DD DD Important
bias inconsistency indirectness imprecision (4.07-0.89 lower)  High

BDI-II (better indicated by lower values)

4 Randomized trials No serious risk of Serious? No serious No serious None 420 334 MD 1.19 lower @ O Important
bias indirectness imprecision (2.26-0.11 lower)  Moderate

GRADE Working Group grades of evidence: high quality— further research is very unlikely to change our confidence in the estimate of effect, moderate quality—further research is likely to have an important impact on our confidence in
the estimate of effect and may change the estimate, low quality—further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate, and very low quality—we are

very uncertain about the estimate.
aThe results were inconsistent among studies.
bThe study of Bhidayasiri did not specify the use of blind methods.

aseesi( s,uosupjied 10} H 14


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Yan et al.

RTG for Parkinson’s Disease

of PD patients on dopamine agonists, which include binge eating
disorder, compulsive sexual behavior, gambling disorder, and
compulsive shopping (27). However, only one article reported
the occurrence of impulse control disorders in our included
literature. In the study of Trenkwalder et al. (14), the authors used
the modified Minnesota Impulsive Disorder Interview (mMIDI)
to monitor the emergence of impulse control disorders. The
results showed that nine subjects had a positive result on at least
one mMIDI module [placebo, 2 (2%); rotigotine, 7 (4%)]. On the
structured psychiatric interview, the authors found a rotigotine-
treated subject who had positive findings of compulsive sexual
behavior, but it was not reported as an impulse control disorder.

Different dopamine receptor agonists have different effects
on the D3 receptor. A study showed that taking pramipexole
or ropinirole led to a higher risk of impulse control disorder,
and there was a dose-response relationship (28). In the study
of Trenkwalder et al. (14), the incidence of impulse control
disorders after receiving rotigotine treatment (4%) was much
lower than the incidence of other dopamine receptor agonists
(17%). It has been proven in our meta-analysis that rotigotine has
no serious adverse reactions and has good safety and tolerability.

Analysis of the TSA Results

According to the results of TSA, conclusive evidence supporting
the efficacy of rotigotine in improving the AS score, NMSS total
score, sleep/fatigue score of NMSS, mood/apathy score of NMSS,
PDQ-8 score, PDQ-39 score, and PDQ score have been obtained
in the rotigotine group, but the result of TSA on the data of the
change of the BDI-II score implied that conclusive evidence has
not been obtained in the rotigotine group compared with the
placebo group. This means that the traditional meta-analysis may
have a false-positive conclusion and means that more trials need
to be included to confirm the efficacy.

Analysis of GRADE Results

Seven outcome measures of clinical efficacy were objectively
rated by the GRADE system. Evidence supporting the efficacy
of rotigotine in improving the BDI-II score, AS score, PDQ-8
score, sleep/fatigue score of NMSS, and NMSS total score were
moderate, and evidence in improving the mood/apathy score
of NMSS and PDQ-39 were high. We found that the main
reasons for downgrading a quality rating are the inconsistency
of results among studies and risk of bias. In future research, we
should avoid the abovementioned shortcomings. Rotigotine is a
non-ergolinic dopamine agonist. It is administered once a day
via a transdermal patch, and its effect lasts for 24h (29, 30).
It has been approved for the treatment of PD in the EU and
other numerous countries, such as China, Australia, USA, and
Japan (31). The overall evidence of rotigotine in the treatment
of neuropsychiatric symptoms in PD patients is good, and it is
worthy of clinical application.

Strengths and Limitations

There are several major strengths in our study compared with
the previous meta-analysis conducted in 2018 (5): (1) The first
strength of this study includes the systematic data collection
methods and study design, being both a systematic review and

a meta-analysis, so the results can be fully displayed; (2) More
studies were included to conduct this meta-analysis; (3) In our
study, TSA is used to test whether the conclusions of the meta-
analysis are sufficient; and (4) The quality of evidence for each
outcome was rated by the GRADE system.

Our study has several potential limitations: (1) Most patients
in the included studies used rotigotine or placebo based on the
use of dopamine preparations or dopamine receptor agonists.
There was only one randomized controlled trial specifically
designed to assess the efficacy of rotigotine on neuropsychiatric
symptoms in de novo PD, without the confounding effect of
antiparkinsonian drugs; (2) The dosage of rotigotine used in each
included study was different, and the duration of each study
was different; (3) The severity of Parkinson’s disease varies; the
final scale score may be affected by baseline differences among
participants; and (4) The required information size was estimated
based on a type I error of 5%, a type II error of 20%, and the
expected mean difference and variation which was estimated by
combined meta-analysis in the included trials with a low risk of
bias. This may result in an overestimation of the sample size.

CONCLUSIONS

Our systematic review and meta-analysis demonstrate that
rotigotine can effectively improve neuropsychiatric symptoms
and exerts a positive effect on sleep and quality of life in
Parkinson’s disease, with good safety and tolerability.
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