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ABSTRACT

Neurodegenerative movement disorders mainly include Parkinson’s disease, atypical parkinsonisms,
Huntington disease, and hereditary ataxia. Riluzole is the only drug approved by the US Food and
Drug Administration for amyotrophic lateral sclerosis. The neuroprotective effects of riluzole have been
observed in experimental models of neurodegenerative movement disorders. In this paper, we aimed
to systematically analyze the efficacy and safety of riluzole for patients with neurodegenerative move-
ment disorder. We searched the electronic databases such as PubMed, EMBASE, CINAHL, Cochrane
Library and China National Knowledge Infrastructure until June 2017 for the eligible randomized con-
trolled trials, as well as the unpublished and ongoing trials. For continuous data, we calculated standar-
dized mean differences with 95% confidence intervals if studies did not use the same scales to
measure outcomes. For dichotomous data, we calculated risk differences if a trial reported no adverse
events or dropouts. We pooled the results using a random-effects model. We included nine studies
with 1320 patients with neurodegenerative movement disorders, which compared riluzole with pla-
cebo. No significant difference was found in the number of participants with adverse events but with
motor improvement in hereditary ataxia. There were only two studies focusing on neuroprotective
effect. Riluzole is well-tolerated in the patients with neurodegenerative movement disorders. Riluzole
seems to be promising for patients with hereditary ataxia in symptomatic effect, which needs to be
further confirmed by well-designed studies in the future. Moreover, it makes sense to design long-term
study focusing on neuroprotective effect of riluzole in disease-modifying.
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Introduction dopamine antagonists can release hyperkinesia. However,
these therapies are not always effective in controlling symp-
toms (Connolly & Lang, 2014; Jankovic, 2016; Coppen & Roos,
2017). For instance, levodopa-induced dyskinesias and motor
fluctuations can be seen in the advanced stage of PD
patients (Aquino & Fox, 2015). Riluzole, an antiglutamatergic
agent, is the only drug approved by the US Food and Drug
Administration for therapy in amyotrophic lateral sclerosis

Neurodegenerative movement disorders include Parkinson'’s
disease (PD), atypical parkinsonisms, Huntington disease
(HD), and hereditary ataxia, which are characterized by neu-
ron loss and gliosis with clinical motor symptoms (Liu &
Wang, 2014). Non-motor symptoms are probably seen in the
course of diseases, such as hyposmia, dementia, and auto-

nomic dysfunction. Sporadic PD and atypical parkinsonisms
are usually age-related and attributed to tauopathy [progres-
sive supranuclear palsy (PSP) and corticobasal degeneration
(CBD)] or synucleinopathy [PD and multiple system atrophy
(MSA)] (Dickson, 2012). While HD and hereditary ataxia are
hereditary polyglutamine (PolyQ) diseases with early-onset
(Katsuno et al.,, 2014). At present, neurodegeneration and dis-
eases progression cannot be completely prevented by any
interventions. The current clinical therapy is mainly focused
on relieving symptoms (e.g. hypokinesia, hyperkinesia, or
ataxia) and neuroprotective effects (Tsou et al, 2009;
Liu et al,, 2014; Liu & Wang, 2017).

Traditionally, antiparkinson medications e.g. levidopa and
dopamine agonists are used to treat hypokinesia, while

(ALS). The neuroprotective effects of riluzole have been
observed in experimental models of PD, MSA, and HD
(Douhou et al.,, 2002; Schiefer et al., 2002, 2005). Concerning
the motor improvement, riluzole reduces motor disturbance
in MSA animal models, and may prevent levodopa-induced
dyskinesias in PD patients (Merims et al, 1999; Scherfler
et al, 2005). In HD patients, riluzole can improve the symp-
toms and reduce chorea scores with protecting gray matter
volume loss and increasing the production of neurotrophins
(Bonelli & Hofmann, 2007; Squitieri et al., 2009).

Currently little effective pharmacological treatment is
available for patients with neurodegenerative movement dis-
orders. Riluzole might improve motor function and have
potential neuroprotective effects in these patients. Some
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clinical randomized controlled trials (RCTs) have already been
conducted (Jankovic & Hunter, 2002; Huntington Study
Group, 2003; Braz et al., 2004; Bara-Jimenez et al.,, 2006; Seppi
et al., 2006; Landwehrmeyer et al., 2007; Bensimon et al.,
2009; Ristori et al.,, 2010; Romano et al.,, 2015). However, there
is no systematic review in the current peer-reviewed literature
focusing on this topic. In this review, we aimed to systematic-
ally analyze the efficacy and safety of riluzole for patients
with neurodegenerative movement disorders.

Methods

We searched the electronic databases such as PubMed,
EMBASE, CINAHL, Cochrane Library, and CNKI (China National
Knowledge Infrastructure) until June 2017 for all the relevant
trials. For unpublished and ongoing trials, we searched the US
National Institute of Health clinical trial site (http://www.clini-
caltrials.gov/) and the World Health Organization International
Clinical Trials Registry Platform (http://www.who.int/ictrp/en/).
We also used Science Citation Index Cited Reference Search
for forward tracking of important articles, as well as reference
lists of relevant reviews and retrieved articles. The key words
for search included: (2-Amino-6-trifluoromethoxybenzothia-
zole OR Riluzole OR Rilutek) AND (Parkinson’s disease OR
Multiple system atrophy OR Progressive supranuclear palsy OR
Corticobasal degeneration OR Dementia with Lewy bodies OR
Huntington’s disease OR ataxia) and their Chinese equivalents.
There were no language limitations. We only included RCTs
with either parallel or cross-over design. Two authors (LJ and
WL) independently evaluated and included the eligible trials.
For continuous data, we calculated the mean differences
(MDs) with 95% confidence intervals (Cls) or standardized
mean differences (SMDs) if studies did not use the same scales
to measure outcomes. For dichotomous data, we calculated
the risk ratios (RRs) with 95% Cls. If a trial (or group within a
trial) reported no adverse events or dropouts, we calculated
the risk differences (RDs) instead of the RRs. When there was
more than one experimental group in the study, we combined
all relevant experimental groups of the study into a single
group. Concerning missing standard deviations for changes
from baseline, we calculated them with Cls, standard errors, t
or p values, according to the principles provided in Cochrane
handbook (Higgins & Green, 2011). We pooled the results
using a random-effects model. When there was significant
clinical heterogeneity, we gave a descriptive summary of the
results. We planned to use funnel plots to examine potential
publication bias if more than 10 trials were involved in meta-
analysis. Sensitivity analysis was carried out where it was
necessary.

Results

We identified a total of 105 references from the electronic
database searches after excluding duplicates (Figure 1).
After screening of titles and abstracts, we obtained the full
papers of 17 studies and assessed them for eligibility.
According to the inclusion criteria, we included nine studies
with 1528 randomized patients (Jankovic & Hunter, 2002;
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Figure 1. Study flow diagram.

Huntington Study Group, 2003; Braz et al, 2004; Bara-
Jimenez et al., 2006; Seppi et al., 2006; Landwehrmeyer et al.,
2007; Bensimon et al, 2009; Ristori et al., 2010; Romano
et al, 2015). The details of included studies were provided
in Table 1.

Efficacy in motor symptoms

As a result, we included nine studies with 1320 patients with
neurodegenerative movement disorders, which compared
riluzole with placebo (Jankovic & Hunter, 2002; Huntington
Study Group, 2003; Braz et al., 2004; Bara-limenez et al,
2006; Seppi et al, 2006; Landwehrmeyer et al, 2007;
Bensimon et al, 2009; Ristori et al., 2010; Romano et al.
2015). By meta-analysis, the change of motor score was SMD
—0.29, 95% Cl —0.62 to 0.03, p=.08; level of heterogeneity
Chi’=34.75, df=8, p<.000, *=77% (Figure 2). For PD,
three RCTs with 51 patients were included for analysis (Two
RCTs were assessed by Unified Parkinson's disease Rating
Scale (UPDRS) motor, and one RCT was evaluated by
Movement Time Index score) (Jankovic & Hunter, 2002; Braz
et al.,, 2004; Bara-Jimenez et al,, 2006). The change of motor
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Table 1. Baseline characteristics of included studies.
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Study Study design No. of randomized

Subjects Intervention Risk of biasa

Bara-Jimenez et al. (2006) Parallel, 3-stage 15

Bensimon et al. (2009) Parallel, multicenter 767

Braz et al. (2004) Parallel 16

Jankovic and Hunter Parallel 20

(2002)

Seppi et al. (2006) Crossover 10

Huntington Study Group Parallel, multicenter 63

(2003)

Landwehrmeyer et al. Parallel, multicenter 537

(2007)

Ristori et al. (2010) Parallel, multicenter 40

Romano et al. (2015) Parallel, multicenter 60

Subjects with PD

Clinically probable PSP
and MSA

PD with dyskinesia
induced by levodopa
Early stage PD

Clinically probable MSA

Confirmed HD

Confirmed HD

Cerebellar ataxia

Spinocerebellar ataxia or
Friedreich’s ataxia

Randomly assigned into riluzole LLLLLL
or placebo alone, in a 4:1 ratio.
After a 1-week placebo run-in,
riluzole were given 1 week at
50 mg bid and then 1 week at
100 mg bid) . The remaining
patients received placebo
throughout the 3 weeks of
study

Stratified for diseases (MSA or
PSP) randomly assigned into
riluzole (50-200 mg/day) or pla-
cebo as ratio 1:1 for 3 years

Randomly assigned into riluzole
(50mg bid) or placebo as ratio
1:1 for 7 consecutive days

Randomly assigned into riluzole
(50mg bid) or placebo as ratio
1:1 for 6 months

Riluzole (100 mg bid) and placebo
for 4 weeks each with a 4-
week washout period

Randomly assigned into receiving
placebo, riluzole 100 mg/day,
or riluzole 200 mg/day for 8
weeks

Randomly assigned in a 2:1 ratio
to riluzole (50mg twice daily)
or placebo for 3 years

Randomly assigned to riluzole
(100 mg/day) or placebo for 8
weeks

Random assignment to riluzole
(50 mg orally, twice daily) or
placebo for 12 months

LLLLLL

UUULLL

uuuuLL

uUuuuLL

LLLLLL

LULLLL

LULLLL

LLLLLL

?Risk of bias (random sequence generation, allocation concealment, patient blind, assessor blind, drop-out or withdraw, selective report), L: low risk; U: unclear
risk; H: high risk; HD: Huntington disease; MSA: multiple system atrophy; PD: Parkinson’s disease; PSP: progressive supranuclear palsy.

score was SMD —0.08, 95% Cl —0.66 to 0.51, p=.80; level of
heterogeneity Chi?=0.22, df =2, p=.90, > =0%. For atypical
parkinsonisms, two RCTs with 734 patients with MSA or PSP
were synthesized (Two RCTs were assessed by UPDRS motor
and Short Motor Disability Scale, respectively) (Seppi et al.,
2006; Bensimon et al., 2009). The change of motor score was
SMD 0.02, 95% Cl —0.12 to 0.17, p=.74; level of heterogen-
eity Chi>=0.00, df=1, p=.99, P=0%. Two RCTs with
442 HD patients were included and analyzed (Both of two
RCTs were evaluated by Unified Huntington’'s Disease
Rating Scale motor) (Huntington Study Group, 2003;
Landwehrmeyer et al., 2007). The change of motor score was
SMD 0.01, 95% Cl —0.19 to 0.20, p=.95; level of heterogen-
eity Chi*=0.46, df =1, p=.50, /*=0%. There were two RCTs
with 93 patients with hereditary ataxia measured by
International Cooperative Ataxia Rating Scale (ICARS) and
Scale for the Assessment and Rating of Ataxia, respectively
(Ristori et al., 2010; Romano et al., 2015). Significant improve-
ment in motor symptoms was found in riluzole versus pla-
cebo. The change of motor score was SMD —1.39, 95% Cl
—2.04 to —0.74, p <.000; level of heterogeneity Chi®=1.89,
df=1, p=.17, P=47%.

Efficacy in neuroprotective effects

For parkinsonism, only one RCT referred to neuroprotective
effects (Jankovic & Hunter, 2002). There were 342 participants

(45.0%) died during the double-blind period, with no differ-
ence between the PSP and the MSA patients [171 partici-
pants with PSP (47.2%); 171 participants with MSA (43.0%);
by the log-rank test]l. 95 survivals of 181 participants in rilu-
zole group and 96 survivals of 181 participants in placebo
group for the participants with PSP (RR 0.99 (95% Cl 0.81 to
1.20). 109 survivals of 199 participants in riluzole group and
118 survivals of 199 participants in placebo group for the
participants with MSA (RR 0.92 (95% CI 0.78 to 1.10). For HD,
one RCT with 379 patients reported total functional capacity
(TFC) score as the measurement of neuroprotective effects
(Landwehrmeyer et al., 2007). The change of TFC score was
MD —0.10, 95% Cl —0.60 to 0.40, p=.69, with no significant
difference between riluzole and placebo. No RCT on heredi-
tary ataxia was involved in the outcomes of neuroprotective
effects.

Safety

For PD patients, there were three RCTs reported the number
of participants with adverse events (Jankovic & Hunter, 2002;
Braz et al., 2004; Bara-Jimenez et al., 2006), with no signifi-
cant between riluzole and placebo (RD 0.04, 95% Cl —0.13 to
0.21, p=.65; level of heterogeneity Chi*=1.28, df =2, p=.53,
I*=0%) (Figure 3). Only one RCT discussed serious adverse
events but not adverse events in patients with atypical
parkinsonisms (RD 0.02, 95% ClI —0.05 to 0.09, p=.59)
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Riluzole Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Bara-Jimenez 2006 386 9.7 12 379 5.4 3 5.0% 0.07 [-1.19, 1.34]
Bensimon 2009 2.8 4.5 353 2.7 3.6 361 18.8% 0.02 [-0.12, 0.17]
Braz 2004 -2.3 10 8 0.1 7.1 8 7.1% -0.26 [-1.25, 0.72]
Huntington Study Group 2003 29 75 41 16 7.4 22 13.1% 0.17 [-0.35, 0.69]
Jankovic 2002 -0.01 0.02 9 -0.01 0.02 11 8.1% 0.00 [-0.88, 0.88]
Landwehrmeyer 2007 149 13.3 251 15.2 14.7 128 18.0% -0.02 [-0.23, 0.19]
Ristori 2010 -7.05 4.96 19 0.16 2.65 19 9.5% -1.78[-2.54,-1.01] =
Romano 2015 -1.02 2.15 28 1.67 2.63 27 12.3% -1.11[-1.68, -0.54] "
Seppi 2006 1.2 6.5 10 1 6.8 10 8.2% 0.03 [-0.85, 0.91]
Total (95% CI) 731 589 100.0% -0.29 [-0.62, 0.03]
Heterogeneity: Tau? = 0.14; Chi? = 34.75, df = 8 (P < 0.0001); I*> = 77% J

Test for overall effect: Z = 1.75 (P = 0.08)

=50 0 50 100

Favours [Riluzole] Favours [Placebo]

~100

Figure 2. Changes of motor score after the treatment of riluzole versus placebo. Bara-Jimenez et al. (2006): Unified Parkinson's disease Rating Scale (UPDRS) motor.
Baseline scores were not provided, however, none of the differences between riluzole and placebo baseline scores were significant. Therefore, we compared the
scores at the endpoint. Bensimon et al. (2009): Short Motor Disability Scale. Braz et al. (2004): UPDRS motor. We combined the scores of ON and OFF state as two
groups for each intervention. Huntington Study Group (2003): Unified Huntington’s Disease Rating Scale (UHDRS) motor. Jankovic and Hunter (2002): Movement
Time (MT) Index score. It was calculated as the averaged performance seconds/count) across the Single Button Index MT, Single Button Wrist MT, and Alternate
Button MT tests over three right- and three left-handed trials. Landwehrmeyer et al. (2007): UHDRS motor. Ristori et al. (2010): International Cooperative Ataxia
Rating Scale. Romano et al. (2015): the Scale for the Assessment and Rating of Ataxia. Seppi et al. (2006): UPDRS motor. For all the scales, the more scores meant

the more severe movement disorders.

Riluzole Placebo Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bara-Jimenez 2006 3 12 0 3 1.4% 0.25 [-0.15, 0.65] T*
Bensimon 2009 176 382 169 383 34.2% 0.02 [-0.05, 0.09]
Braz 2004 0 8 0 8 4.8% 0.00 [-0.21, 0.21] I —
Huntington Study Group 2003 33 41 12 22 3.8% 0.26 [0.02, 0.50] e —
Jankovic 2002 3 9 4 11 1.3% -0.03 [-0.45, 0.39]
Landwehrmeyer 2007 286 357 149 180 35.4% -0.03 [-0.10, 0.04] -
Ristori 2010 3 20 1 20 6.4% 0.10 [-0.08, 0.28] T
Romano 2015 2 30 2 30 12.8% 0.00 [-0.13, 0.13] I
Total (95% ClI) 859 657 100.0% 0.02 [-0.03, 0.06]
Total events 506 337 T

ity 2 . i2 .12 I } 1 1
Heterogeneity: Tau® = 0.00; Chi* = 7.63,df = 7 (P = 0.37); I = 8% = G ) o5 T

Test for overall effect: Z = 0.68 (P = 0.50)

Favours [Riluzole] Favours [Placebo]

Figure 3. Number of participants with adverse events. Bensimon et al. (2009): The data of serious adverse events but not adverse events were available.

(Bensimon et al., 2009). For PolyQ diseases, the number of par-
ticipants with adverse events was reported by two RCTs in HD
patients (RD 0.09, 95% Cl —0.19 to 0.37, p=.51; level of het-
erogeneity Chi?=5.08, df=1, p=.02, > =80%) (Huntington
Study Group, 2003; Landwehrmeyer et al, 2007), and two
RCTs in patients with hereditary ataxia (RD 0.03, 95% Cl —0.07
to 0.14, p=.54; level of heterogeneity Chi*=0.80, df=1,
p=.37, ’=0%) (Ristori et al., 2010; Romano et al.,, 2015). By
meta-analysis of eight RCTs (1516 participants), the number of
participants with adverse events was RD 0.02, 95% Cl —0.03 to
0.06, p=.50; level of heterogeneity Chi*=7.63, df=7, p=.37,
I =8% (Figure 3) (Jankovic & Hunter, 2002; Huntington Study
Group, 2003; Braz et al, 2004; Bara-Jimenez et al., 2006;
Landwehrmeyer et al., 2007; Bensimon et al., 2009; Ristori
et al., 2010; Romano et al., 2015).

Discussion

In general, riluzole is well-tolerated in the patients with neu-
rodegenerative movement disorders, no matter in short-term
(one year or less) or in long-term (more than one year).
Only two RCTs were riluzole in long-term therapy (3 years)
in comparison with placebo for atypical parkinsonisms and
HD, respectively (Landwehrmeyer et al, 2007; Bensimon
et al, 2009). Neither of them found significant

neuroprotective effects. Thus, it is reasonable to design the
trials of riluzole in long-term for the patients with neuro-
degenerative movement disorders to evaluate neuroprotec-
tive effects in disease-modifying. The outcomes should
include survivals, quality of life, and/or other functional
capacities. It has been estimated that riluzole remained the
only disease-modifying medication available now with a
survival advantage of three months for patients with ALS
(Jenkins et al., 2014). Moreover, the accompanying symp-
toms such as pain and cognitive impairment are also
required to be determined if they can be improved by
riluzole (Corcia & Meininger, 2008).

As the primary focus, symptomatic effects were reported
by all the included RCTs. Most of RCTs were with short-term
therapy, however, the assessment of motor symptoms was
not affected as the condition in neuroprotective effects.
Measurement of motor symptoms included UPDRS Motor,
Short Motor Disability Scale, Movement Time Index Score,
UHDRS Motor, ICARS, and the Scale for the Assessment and
Rating of Ataxia. The heterogeneity of outcome design
caused troubles in data synthesis and interpretation,
although more scores meant the more severe movement dis-
orders for all the measurements. Actually, UPDRS Motor,
UHDRS Motor, and ICARS are the most commonly used scales
and should be respectively recommended to parkinsonisms,



HD as well as hereditary ataxia. Meanwhile, the data should
be provided in detail (with the format Mean + Standard
Deviation) at baseline and endpoint, which are applicable to
meta-analysis.

The mechanism of action of riluzole is unknown. At clin-
ical concentrations of riluzole, it has been reported that the
relevant neural effects included inhibition of persistent Na™
current (i.e. inhibition of repetitive firing), potentiation of cal-
cium-dependent K current, inhibition of neurotransmitter
release, and inhibition of fast Na™ current (Bellingham, 2011).
Moreover, mitochondrial dysfunction plays a vital role
at early stage of neurodegeneration. The deficit of
energy increases vulnerability to glutamatergic stimulation
and aggravates neurodegeneration (Schapira et al., 2014).
Neuronal activity in the subthalamic nucleus, involved in pro-
jecting to internal segment of globus pallidus via glutamate,
is strengthened (Oertel & Schulz, 2016). Augmentation of the
synaptic efficacy of striatal ionotropic glutamatergic receptors
seems to be correlated to the appearance of dyskinesias (de
Bartolomeis et al., 2015). Therefore, the glutamate antagonist
riluzole may be beneficial to neurodegeneration.

The participants, interventions, and settings of the studies
are comparable with the patients usually treated in clinical
practice. Because of small sample size and short duration of
riluzole treatment, it is still unknown whether riluzole can
alter the natural history of neurodegeneration. Although our
search strategy is rigorous with nine RCTS identified, it is pos-
sible that certain studies are not identified, e.g. publications
that are not in English and not included in any database we
searched. Methodology of some included trials is not clearly
described, which affects the judgement in quality of evi-
dence. Concerning the unclear data expressed by graphs,
there is no additional information available in
contacting with the related authors. Moreover, we cannot
assess publication bias using funnel plots with insufficient
RCTs included.

Conclusions

Riluzole is well-tolerated in the patients with neurodegenera-
tive movement disorders, no matter in short-term or in long-
term. There are insufficient data to support the usage of rilu-
zole in patients with PD, atypical parkinsonisms and HD to
improve motor symptoms or disease-modifying. Riluzole
seems to be promising for patients with hereditary ataxia in
symptomatic effect, which needs to be further confirmed by
well-designed studies in the future. Moreover, it makes sense
to design long-term study focusing on neuroprotective effect
of riluzole in disease-modifying.
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