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Meta-Analysis
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ABSTRACT

In recent years, a few of randomized controlled trials (RCTs) about amantadine
for treating dyskinesia in Parkinson’s disease (PD) were completed. Here, we
conducted a systematic literature review about the clinical research to provide the
updated evidence for treating dyskinesia. Electronic search of Medline, PubMed,
Cochrane Library, and other databases up to May 2016 for relevant studies was
performed. We selected the Unified Parkinson’s Disease Rating Scale IV (UPDRS 1V)
and Dyskinesia Rating Scales (DRS) as efficacy outcomes of amantadine on dyskinesia.
Pooled data from included studies was then used to carry out meta-analysis. A total
of eleven eligible RCTs that involved 356 PD patients with existing dyskinesia were
included in the present study. The results of meta-analysis showed that amantadine
significantly improved UPDRS IV (P < 0.0001) and DRS (P < 0.00001). Meanwhile,
there was a mild reduction in Unified Parkinson’s Disease Rating Scale III after
amantadine treatment in advanced PD patients with dyskinesia (P = 0.01) compared
with placebo. High dosage of amantadine obviously improved existing dyskinesia in
PD, yet at the expense of the increased adverse events. It was necessary to detect
the optimal therapeutic efficacy to balance the incidence of adverse events when we
used amantadine to treat existing dyskinesia in PD patients.

INTRODUCTION striatal glutamatergic overactivity due to pathological
interaction between dopamine and glutamate inputs

Parkinson’s disease (PD) is one of age-related [3, 4]. On this point, overactivity of striatal glutamatergic

neurodegenerative diseases with bradykinesia, resting
tremor, rigidity, posture and gait instability. As we all
know, levodopa, the dopamine precursor, is the most
effective drug for treating PD. Unfortunately, after five
to ten years of levodopa replacement treatment, most of
PD patients are troubled with disabling dyskinesia, which
presents abnormal involuntary movements in trunk, head
and extremities, and thus severely impacts daily life of PD
patients [1, 2].

There were evidences for changes in glutamatergic
markers in PD patients. Evidences also suggest that
dyskinesia is at least partly associated with abnormal

N-methyl-D-aspartate receptor (NMDAR) has been
implicated in the pathogenesis of PD and dyskinesia from
current research including our research reports. Thus, these
pathological molecular events can also become available
targets for treating dyskinesia. Indeed, in preclinical
animal research of dyskinesia, the antagonists of NMDAR
have demonstrated good therapeutic effects [5-7].

In clinic, amantadine is one drug for treating PD
in the early stage of disease. Based on above mentioned
evidences, as one noncompetitive antagonist of NMDAR,
amantadine can also benefit for treating dyskinesia [8].
Thus, greater concentration was involved in the amantadine
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for treating dyskinesia by amelioration of glutamatergic
neurotransmission. The researchers also conducted a series
of clinical trials on amantadine for treating dyskinesia

Until today, as far as we know, only two systematic
reviews concerning amantadine have been done to
investigate the efficacy in dyskinesia by Elahi and Crosby
[9, 10], who included several clinical trials with a small
study population. The evidences for anti-dyskinetic effects
of amantadine might not be sufficient. Therefore, the
findings should be repeated in a larger study population.
Recently, four more trials on dyskinesia in PD were
completed, and not included in the previous reviews. Our
meta-analysis included the recent data to access effects
of amantadine in dyskinesia, and aimed to demonstrate
a concise, clinically relevant summary for amantadine
treating dyskinesia in PD.

RESULTS

Literature selection and study characteristics

Finally, a total of eleven literatures fulfilled the
inclusion criteria and were selected for meta-analysis [11-21].
The search strategy was demonstrated in Figure 1. The
included literatures were published between 1998 and 2016.
In addition, the included trials were all RCTs. Compared
the final published data in 2004, one study was excluded
due to the preliminary results [22]. One study was excluded
because of not RCTs [23]. One study was excluded because

Medline, Pubmed, Cochrane
Library,OVID, and other
databases (Clinicaltrials.gov)

>
»

Keyword search

v

Potentially relevant papers by
searches :n=289

of the changed dosage of other anti-PD drugs during the
trials [24]. Three studies was excluded because of the
reviews and meta-analysis type [9, 10, 25].

Among the included studies, there were seven
randomized, parallel groups design and four randomized,
cross-over design. The participants were diagnosed with
PD for 7.9-16.8 years. The age of the participants in the
trials was 59.7—67 years. All PD participants developed
dyskinesia. The Unified Parkinson’s Disease Rating Scale
(UPDRS) Part IV or the Movement Disorder Society
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS)
Part IV as the outcome measure of dyskinesia was observed
in nine studies. Various dyskinesia rating scale (DRS) as the
outcome measure of dyskinesia was observed in ten studies.
These DRS included abnormal involuntary movements scale
(AIMs), clinical dyskinesia rating scale (CDRS), Marconi
dyskinesia rating Scale (Marconi DRS), Goetz dyskinesia
rating Scale (Goetz DRS), unified dyskinesia rating scale
(UDysRS), and rush dyskinesia rating scale (RDRS). We
only measured the immediate outcome of dyskinesia after
the last dose of medication used in each study due to obvious
different follow-up period (range 0—12 months). The dosage
and treatment duration of amantadine varied in different
trials. The duration of amantadine administration varied
from three hours to three month. In a four-arm EASED study
by Pahwa [21], the primary efficacy analysis compared the
340-mg dose level of amantadine with placebo. Thus, we
selected two-arm 340-mg dose level and placebo into the
meta-analysis. A total of 356 PD patients with existing

\4

Title and abstract identified
by searches :n=17

Full text screen >

\ 4

Obvious non-relevant papers on
basis of title/abstract/not-English/not
human :n=273

v

Included papers for
meta-analysis :n=11

Excluded 6 papers :

Duplicate samples to another :n=1
Reviews and meta-analysis :n=3
Not RCTs :n=1

Changed dosage of other anti-PD
drug:n=1

Figure 1: Flow chart of studies by screening, inclusion and exclusion.
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Table 1: Characteristics of the studies included in the meta-analysis

Trial Design Dosage Follow up Enrolment Participants Outcomes Safety
Verhagen PD patients with peak-dose
Metman 1998 co 350+ 15mg/day 6 weeks 18 dyskinesias, H&Y stages 3.5+ 0.2 UPDRS IV AIMs AEs
. PD patients with peak-dose UPDRS III, IV
Luginger 2000 co 300 mg/day 2 weeks 1 dyskinesias, H&Y stages 2.8 +1.2 Marconi DRS AEs
Snow 2000 o 100-200 mg/day 3 weeks 24 PD patients with dyskinesias, H&Y UPDRS 11, IV AEs
stages (-) Goetz DRS

PD patients with peak-dose

Del Dotto 2001 P 200 mg IV 3 hours 9 dyskinesias, H&Y stages 3.0 0.5 UPDRS I AIMs AEs

PD patients with peak-dose or
Thomas 2004 P 300 mg/day 15 days 40 biphasic dyskinesias, H&Y stages 2.6 UPDRS IIL, IV AEs
00 Goetz DRS

Silva-Junior PD patients with peak-dose UPDRS IIL IV

2005 P 100-200 mg/day 3 weeks 18 dyskinesias, H&Y stages 2.5 £ 0.5 CDRS AEs

Wolf 2010 P 100 mg/da 3 weeks 3 PD patients with peak-dose UPDRS IIL, IV AEs

g/day dyskinesias, H&Y stages (—) ’

Sawada PD patients with peak-dose UPDRS III, IV

2010 co 300 mg/day 27 days 33 dyskinesias, H&Y stages () RDRS AEs
PD patients with peak-dose

Goetz 2013 P 300 mg/day 8 weeks 68 dyskinesias, H&Y stages 2 UDysRS AEs

Ory-Magne - PD patients with peak-dose UPDRS III, IV

2014 P 2200 mg/day 3 month 36 dyskinesias, H&Y stages (—) AlMs AEs
PD patients with peak-dose MDS-UPDRS IV

Pahwa 2016 P 340 mg/day 8 weeks 43 dyskinesias, H&Y stages 2.5 = 0.7 UDysRS AEs

All trials included were randomised, double-blind, placebo-controlled trials.

CO, Cross over; P, Parallel design; PD, Parkinson’s disease; UPDRS, Unified Parkinson’s Disease Rating Scales; AIMs:
Abnormal Involuntary Movements Scale; CDRS: Clinical Dyskinesia Rating Scale; DRS: Dyskinesia Rating Scale; UDysRS,
Unified Dyskinesia Rating Scale; RDRS, Rush Dyskinesia Rating Scale; MDS-UPDRS, the Movement Disorder Society
Unified Parkinson’s Disease Rating Scale; H&Y: Hoehn and Yahr Parkinson’s disease staging scale; AEs, Adverse Events;
H&Y: Hoehn and Yahr Parkinson’s disease staging scale; Follow-up indicates the most immediate evaluation time point after
the end of treatment for each study. This is different from the maximum follow-up time for each study.

dyskinesia were included in the present study. The total
number of dropout patients was 32. Data details of the
included trials were demonstrated in Tables 1 and 2.

Cochrane Handbook for Systematic Reviews
was used to assess the risk of bias in the eleven
included literatures. Though all included trials stated
randomization, 7 trials showed the means of random
sequences generation (for example, computer generated,
random number generator). 8 trials presented the message
about an appropriate concealment allocation. All the trials
showed the blinding of participants. Incomplete outcome
data was only found in one trial. Six trials were non-
selective reporting, and the other five trials were uncertain.
Two trials existed certain degree other potential threats
to validity. Thus, all the included trials were believed to
have a low bias risk (Figure 2). The funnel plots for the
study of amantadine showed low likelihood of publication
bias by Begg’s test for on UPDRS IV(P = 0.621), DRS
(P =0.788) and UPDRS III (P = 0.144) (Figure 3).

Efficacy outcomes

UPDRS 1V as the outcome measure of dyskinesia
was observed in nine studies. One trial reported the

outcome of UPDRS IV as the median form. So, only
eight trials reported the detailed outcome of UPDRS IV.
In meta-analysis, amantadine produced significant effects
on UPDRS 1V scores, and SMDs were —0.98 points (95%
CI-1.35t0—0.61, P <0.00001) compared with placebo.
In general, the meta-analysis for amantadine demonstrated
mild heterogeneity with 1> = 55% (P = 0.03). The one
study by Verhagen Metman failed to pool analysis due
to the original data demonstrated in the form of median
improvement [11], but it reported the significant effects
of amantadine for improving the UPDRS IV compared
with the placebo group (P < 0.01). In addition, in view
of the difference of amantadine dosage and trial design
in each trial, subgroup analysis of UPDRS IV for
different dosage of amantadine showed that compared
with placebo, in high dosage of amantadine, SMDs were
—0.97 points (95% CI —1.41 to —0.54, P < 0.00001) with
heterogeneity of I = 54% (P = 0.07) and in low dosage of
amantadine, SMDs were —1.01 points (95% CI —1.87 to
—0.16, P = 0.02) with heterogeneity of > =70% (P = 0.03).
Subgroup analysis of heterogeneity for different trial
design showed that in parallel trials, heterogeneity showed
I = 63% (P = 0.03) and in cross over trial, heterogeneity
showed I? = 0% (P = 0.86) (Figure 4).
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Table 2: Characteristics of patients in dyskinesia trials

il Patients o Dunation o UPDRS IV Dyskinesia UPDRS III
(Drug/Placebo) of PD Drug Placebo Drug Placebo Drug Placebo
Y\Z}E{}? (148 d(rlo‘gs:t)) 60£2  13£13 35402 l(he“;f)z’ 34, 4(Ite“;;3)2’ 4, 3'&?&35 7.0+ 3.38 (AIMs) NA NA
Luz%goger (111;:0[])3/;33) 63582 10151 28412 7.0+82(IVa) 14'5\2;”'4 9&}%2&1 193+ 13.7(DRS) 5020 68+ 20
Snow 2000 (224 d(riifjjt)) 642489 106+36  NA 32+1.6(IVa) 43+ 1.5(IVa) 22&?;81)3'2 29.0+12.6 (DRS) 2234121  23.449.0
Dezlo?]‘;“" (Ozr(j; i)m) 59748  84+3.0 3.0+05 NA NA 4('[1\;415')7 83+18(AMs) 21.6+95 23.5+97
Thomas 2004 éo d(rlo’i)/;ft)) 627452 79422 26+02 20+1.1(IVa) 6.1+2.6(IVa) Hiig;sl)& 202+1.6(DRS) 48.1+7.8  52.5+83
Silv;('){]‘gm‘" (223r$3/23t) 60.6+9.8 89+38 25+05 2.8=2.1(IVa) 3.7+1.8 (IVa) ?gl)il:é? 13.0+11.5(DRS) 163+93 18753
Wolf 2010 (312 d(r:]t/;;)) 67+77 168+59  NA (It2£5§£'§ N (h‘;':ézo";) NA NA 25834  27.7+37
Sawada 2010 (355 éf:p/ iiz) 639+7.6 135+45 NA  587+3.6(IVa) 7.73+3.1 (IVa) I(ESROS;Z 2.1+0.8 (RDRS) 18324140 18.12+8.6
Goetz 2013 (678 d(rii/jjt)) 65482 9035 M(cfj‘)‘ 2 NA NA Z?ﬁgyislf';‘) 3‘;817);11{23')51 NA NA
Oryz‘g/{zgne (%6 d(rigjl?t)) 64.0+77 13.6+67  NA (nzis);zl,.;s) (Itf;g :;21,'533) 2(:;\41;; 57+25(AIMs)  160+8.1  17.0+82
Pahwa 2016 ?535301; iﬁ& 660£95 95+50 25+07 93+28(IV) 1L7+3.1(V) 2(%19);11{25)1 3(%15);;75‘ NA NA

AIMS: Abnormal Involuntary Movements Scale; CDRS: Clinical Dyskinesia Rating Scale; DRS: Dyskinesia Rating Scale; UPDRS, Unified Parkinson’s Disease
Rating Scales; H&Y: Hoehn and Yahr Parkinson’s disease staging scale; UDysRS, Unified Dyskinesia Rating Scale; RDRS, Rush Dyskinesia Rating Scale.
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Figure 2: Bias risk assessment. (A) Risk of bias graph. (B) Risk of bias summary.
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A Begg’s funnel plot with pseudo 95% confidence limits
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Figure 3: Bias assessment plot for the effect of amantadine on UPDRS IV (A), DRS (B) and UPDRS III (C) score by funnel blot and
Begg’s test.
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Ten trials reported the detailed outcome of DRS.
In meta-analysis, amantadine produced significant
effects on DRS scores, and SMDs were —1.32 points
(95% CI -1.87 to —0.76, P < 0.00001) compared with
placebo. In general, the meta-analysis for amantadine
demonstrated significant heterogeneity with 1> = 81%.
Subgroup analysis for different dosage of amantadine
showed that in high dosage of amantadine, SMDs were
—1.5 points (95% CI -2.21 to —0.79, P < 0.0001) with
heterogeneity of I? = 86% (P = 0.00001), and in low
dosage of amantadine, SMDs were -0.74 points (95% CI

—1.36 to —0.12, P = 0.02) with heterogeneity of I> = 23%
(P = 0.27) compared with placebo. Subgroup analysis
of heterogeneity in parallel and cross over trials showed
heterogeneity with 1> = 89% (P < 0.00001) and 20%
(P =0.29), respectively (Figure 5).

Nine trials reported the detailed outcome of UPDRS
III. In meta-analysis, amantadine produced significant
effects on UPDRS 111 scores, and SMDs were —0.29 points
(95% CI1-0.52 to —0.06, P = 0.01) compared with placebo.
In general, the meta-analysis for amantadine demonstrated
no significant heterogeneity with I = 0% (Figure 6).

A Amantadine Placebo Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV.Random.95%ClI  IV,Random,95%Cl

UPDRS IV Amandatine (>200mg/d)

Luginger 2000 7 82 10 145 94 10 9.6% -0.81 [-1.74, 0.11] BTy

Ory-Magne 2014 33 17 27 49 15 29 15.4% -0.99 [-1.54, -0.43] il

Pahwa 2016 93 28 20 117 31 22 14.0% -0.80 [-1.43, -0.16] “ra

Sawada 2010 587 36 30 7.73 31 32 16.3% -0.55 [-1.06, -0.04] i

Thomas 2004 2 11 17 6.1 26 18 10.8% -1.99 [-2.81, -1.16] -

Subtotal (95% Cl) 104 111 66.1% -0.97 [-1.41, -0.54] L 2

Heterogeneity: Tau? = 0.13; Chi* = 8.70, df = 4 (P = 0.07); I = 54%

Test for overall effect: Z = 4.36 (P < 0.0001)
UPDRS IV Amantadine (=<200mg/d)

Silva-Junior 2005 28 241 9 37 18 9 94% -0.44 [-1.38, 0.50] == 8 B

Snow 2000 32 16 22 43 15 22 14.4% -0.70 [-1.31, -0.09] e

Wolf 2010 36 04 14 44 04 17 10.1% -1.95 [-2.83, -1.07] e

Subtotal (95% Cl) 45 48 33.9% -1.01 [-1.87, -0.16] -

Heterogeneity: Tau? = 0.40; Chi*=6.77,df =2 (P =0.03); ¥ =70%

Test for overall effect: Z = 2.33 (P = 0.02)

Total (95% CI) 149 159 100.0% -0.98 [-1.35, -0.61] ’

Heterogeneity: Tau? = 0.15; Chi* = 15.50, df = 7 (P = 0.03); I* = 55% _:‘ _'2 0 2 4
Test for overall effect: Z = 5.22 (P < 0.00001) .
Test for subaroun differences: Chiz= 0.01_ df = 1 (P = 0.63) 12 = 0% Favours [Amantadine] :Favours [Ptacebo)

B Amantadine Placebo Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random,95%Cl

Parallel trial

Ory-Magne 2014 33 17 27 49 15 29 15.4% -0.99 [-1.54, -0.43) i

Pahwa 2016 93 28 20 11.7 341 22 14.0% -0.80 [-1.43, -0.16] .

Silva-Junior 2005 28 21 9 37 18 9 9.4% -0.44 [-1.38, 0.50] =1

Thomas 2004 2: 14 17 6.1 26 18 10.8% -1.99 [-2.81, -1.16) VR

Wolf 2010 36 04 14 44 04 17  10.1% -1.95[-2.83, -1.07] ——

Subtotal (95% CI) 87 95 59.7% -1.21 [-1.76, -0.66] <

Heterogeneity: Tau? = 0.24; Chi? = 10.86, df = 4 (P = 0.03); I = 63%

Test for overall effect: Z = 4.31 (P < 0.0001)
Cross over trial

Luginger 2000 7 82 10 145 94 10 9.6% -0.81[-1.74,0.11] B |

Sawada 2010 587 3.6 30 7.73 31 32 16.3% -0.55 [-1.06, -0.04] EA

Snow 2000 32 16 22 43 15 22 14.4% -0.70 [-1.31, -0.09] = |

Subtotal (95% Cl) 62 64 40.3% -0.64 [-1.00, -0.28] L J

Heterogeneity: Tau? = 0.00; Chi? = 0.30, df = 2 (P = 0.86); I? = 0%

Test for overall effect: Z = 3.49 (P = 0.0005)

Total (95% Cl) 149 159 100.0% -0.98 [-1.35, -0.61] L 2

Heterogeneity: Tau? = 0.15; Chi? = 15.50, df = 7 (P = 0.03); I? = 55% _:‘ _'2 0 2 .
Test for overall effect: Z = 5.22 (P < 0.00001) ;

F: Am F P
Test for subaroupo differences: Chi? = 2.88. df = 1 (P = 0.09). I = 65.3% iourslmeriscinel Eeyowrs (Fostol

Figure 4: Forest plot of dyskinesia assessment comparison on UPDRS IV in amantadine and placebo by drug dosage
and trial design.
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Adverse effects

Available data on adverse effects (AEs) were
mentioned in seven trials. Amantadine in general
demonstrated statistically obvious higher rates of AEs than
placebo (RR 1.85 95% CI 1.39 to 2.46, P < 0.0001). The
common AEs included visual hallucinations, confusion,
blurred vision, feet edema, constipation and so on. High
dosage of amantadine demonstrated more obviously
higher rates of AEs than placebo (RR 1.97 95% CI 1.46
to 2.65, P < 0.0001). However, there was no obvious
discrepancy of AEs between the low dosage of amantadine

A Amantadine Placebo
_StudyorSubgroup ~~ Mean SD Total Mean SD Total Weight IV, Random, 95% CI
DRS Amantadine(>200mg)
Goetz 2013 20.71 8.89 31 34.07 1251 30
Luginger 2000 91 941 10 193 137 10
Ory-Magne 2014 24 28 27 5.7 25 29
Pahwa 2016 259 121 20 325 178 22
Sawada 2010 1.1 0.7 30 21 0.8 32
Thomas 2004 105 1.3 17 202 16 18
Verhagen Metman 1998 36 225 14 7 3.38 14
Subtotal (95% Cl) 149 155
Heterogeneity: Tau? = 0.75; Chi? = 42.22, df = 6 (P < 0.00001); I? = 86%
Test for overall effect: Z = 4.13 (P < 0.0001)
DRS Amantadine(=<200mg)
Del Dotto 2001 41 1.7 5 8.3 18 4
Silva-Junior 2005 6.8 49 9 13 115 9
Snow 2000 22 13.2 22 29 126 22
Subtotal (95% Cl) 36 35

Heterogeneity: Tau? = 0.08; Chi* = 2.59, df =2 (P = 0.27); I = 23%
Test for overall effect: Z = 2.34 (P = 0.02)

Total (95% ClI) 185
Heterogeneity: Tau? = 0.60; Chi* = 47.92, df =9 (P < 0.00001); I = 81%
Test for overall effect: Z = 4.63 (P < 0.00001)

Test for subgroup differences: Chi* = 2.50, df =1 (P = 0.11), I = 59.9%

Amantadine Placebo

11.9%

9.8%
11.8%
11.6%
11.9%

5.8%
10.5%
73.3%

5.4%
9.6%
11.6%
26.7%

190 100.0%

Std. Mean Difference

Parallel trial
Ory-Magne 2014 3.3 17 27 49 15 29 15.4%
Pahwa 2016 93 28 20 11.7 31 22 14.0%
Silva-Junior 2005 28 21 9 3.7 18 9 94%
Thomas 2004 2. “11 17 6.1 2.6 18 10.8%
Wolf 2010 36 04 14 44 04 17 10.1%
Subtotal (95% Cl) 87 95 59.7%

Heterogeneity: Tau? = 0.24; Chi? = 10.86, df =4 (P = 0.03); I? = 63%
Test for overall effect: Z = 4.31 (P < 0.0001)

Cross over trial

Luginger 2000 T ‘B2 10 145 94 10 9.
Sawada 2010 587 36 30 7.73 31 32 16.
Snow 2000 32 16 22 43 15 22 14,
Subtotal (95% ClI) 62 64 40
Heterogeneity: Tau? = 0.00; Chi* = 0.30, df = 2 (P = 0.86); I = 0%
Test for overall effect: Z = 3.49 (P = 0.0005)

Total (95% CI) 149 159 100.

Heterogeneity: Tau? = 0.15; Chi? = 15.50, df = 7 (P = 0.03); I = 55%
Test for overall effect: Z = 5.22 (P <0.00001)

6%
3%
4%

.3%

0%

Test for subgroup differences: Chi? = 2.88, df = 1 (P = 0.09), I? = 65.3%

and placebo. (RR 0.8 95% CI 0.27 to 2.39, P = 0.69)
(Figure 7). The AEs in the AMANDYSK trial by Ory-
Magne et al [20] were not included in the meta-analysis
for we couldn’t distinguish whether the AEs were caused
by placebo or the discontinued amantadine.

DISCUSSION

Based on the current meta-analysis, amantadine
could evidently improve the UPDRS IV and DRS score
compared with placebo in PD patients with dyskinesia.
Meanwhile, amantadine can also mildly improve UPDRS

Std. Mean Difference Std. Mean Difference

1V, Random, 95% CI

1,22 [-1.77, -0.67)

-0.84 [-1.76, 0.08]

-1.23 [-1.80, -0.65]

-0.42 [-1.03, 0.19)]

-1.31 [-1.86, -0.76)]
-648[-8.22,-4.74) —
-1.15 [-1.96, -0.34]
-1.50 [-2.21, -0.79]

JIRFREE

-2.14 [-4.00, -0.28] =
-0.67 [1.62, 0.29] =%
-0.53 [-1.14, 0.07) g
-0.74 [1.36, -0.12] <
-1.32 [-1.87, -0.76] L 4
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Figure 5: Forest plot of dyskinesia assessment comparison on DRS in amantadine and placebo by drug dosage and

trial design.
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111, one marker of motor symptoms of PD. These results
displayed that amantadine can not only reduce dyskinesia
in PD patients, but also benefit parkinsonian symptoms
even in advanced stage of PD. However, the results of the
study demonstrated obvious adverse effects in amantadine
treatment compared with the placebo, especially at high
dosage of amantadine, such as visual hallucinations,
confusion, blurred vision, feet edema, constipation and
so on. Hence, it was necessary to detect the optimal
therapeutic efficacy to balance the incidence of adverse
events when we used amantadine for treating dyskinesia.
Dyskinesia is abnormal involuntary movements
mainly involving the extremities, trunk, or jaw. In recent
years, evidence suggests that the underlying mechanism
of dyskinesia is closely associated with the changes in
dopamine receptors and in the subunit phosphorylation
pattern of co-existed ionotropic NMDA glutamatergic
receptors. NMDAR sensitization can enhance cortical
excitatory input to the striatal spiny efferent neurons, thus
change striatal output and compromise motor functions
[3-6]. As we all know, amantadine is used as an anti-
PD drugs especially in the early stage of PD due to
promoting dopamine release. Amantadine is also found to
be noncompetitive antagonist of NMDAR which played a
pivotal role in the pathogenesis of dyskinesia [9]. Blockade
of NMDAR by NMDAR antagonists, amantadine,
can block glutamatergic transmission and regulate
corticostriatal synaptic efficacy [25, 26]. In addition,
amantadine can increase striatal neo-synthesis D2 receptors
in rats which represent one reinforcing mechanism of drug
efficacy [27]. Based on such finding, amantadine has been
shown to reduce the severity of existing dyskinesia in
advanced PD patients. Our meta-analysis further confirmed
this point. Yet, we can’t draw conclusions whether
amantadine can reduce the development of dyskinesia in
Amantadine Placebo
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Luginger 2000
Ory-Magne 2014
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Sih
Thomas 2004
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PD patients without motor complications. Therefore, we
should interpret the result prudently.

In addition, we carried out quality assessment
according to the Cochrane Handbook for Systematic
Reviews of Interventions, and the qualities of the evidence
reached high levels. The strength of this meta-analysis
included the recently published four RCTs [18-21],
which were not included in previous review. Yet, we
found significant heterogeneity of these included RCTs.
So, several limitations of the study could still exist.
First, some items tested in the trials were not available
in the results, and despite numerous attempts to contact
the authors, further details were still absent. Second, the
different dosage of amantadine administration and trial
design may also partly reduce the precision of our findings
as reflected in subgroup analysis in the present study. The
dosage of amantadine varied greatly. Two cross-over trials
had no wash-out interval between the treatment periods
[11, 13]. There could be the risk of a carry-over effect
into the second arm. Third, trials with different treatment
duration were allowed in this study, which could affect
the efficacy and safety assessment. Moreover, a large
proportion of the studies included in this review are less
than three months in duration. There are insufficient data
on the comparative efficacy and tolerability of amantadine
beyond three months. Only in one study patients on stable
doses of amantadine for at least one year were randomized
to receive placebo or continue taking amantadine. This
study reported worsening of symptoms after amantadine
cessation and demonstrated longer term effects of
amantadine therapy [17]. Dyskinesia in PD patients can
persist a relative long term. It was very important to know
if antidyskinetic actions of amantadine persist for a longer
period. Fourth, the sample size was small in several trials.
Various DRS scale, baseline condition of PD patients in
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Figure 6: Forest plot of PD motor symptoms assessment comparison on UPDRS III in amantadine and placebo.

Amantadine Placebo

_StudyorSubgroup ~ Events Total Events Total Weight M-H. Fixed, 95% Cl

Del Dotto 2001

Goetz 2013

Luginger 2000

Pahwa 2016

Sawada 2010
Verhagen Metman 1998
Wolf 2010

5
31
10
21
30
14
14

4
30
10
22
32
14
17

N

nN
NWHO =N

1

2
4
0
0
3
0
3

Total (95% CI)
Total events 60 32
Heterogeneity: Chi* = 3.51, df = 6 (P = 0.74); I?= 0%
Test for overall effect: Z = 4.06 (P < 0.0001)

125

129 100.0%

Risk Ratio Risk Ratio
M-H, Fixed, 95% Cl
6.8%  0.80[0.19, 3.42] =

43.3% 1.80 [1.19, 2.71] -
15%  3.00[0.14, 65.90) —

29.7%  2.10[1.31,3.34) -
88%  2.13[0.59,7.78] =
1.5% 7.00[0.39, 124.14] 7
83%  0.81[0.16,4.19] S

1.86 [1.38, 2.52] <

001 01 1 10 100
Unfavours [Placebo] Unfavours [Amantadine]

Figure 7: Forest plot of safety outcomes comparison on adverse events (AEs) in amantadine and placebo.
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DRS score, variability in the PD participants and other
combination anti-PD drug therapy could potentially affect
this meta-analysis. Therefore, it is necessary to carry out
more strict RCTs with larger sample and long duration
to assess the efficacy of amantadine in PD patients with
dyskinesia. Finally, we only analyzed published study
in English which could lead to a publication bias for
favorable results.

So far, only two systematic reviews have been
published on this topic by Elahi and Crosby [9, 10]. After
including four recent studies, the present meta-analysis
of RCTs mainly focused on updating the efficacy of
amantadine for treating dyskinesia in PD patients, and
added to subgroup analysis and AEs assessment. In spite
of understanding the limitations of the meta-analysis, our
findings still demonstrate many high-quality RCTs and
provide effective evidences that amantadine can benefit for
dyskinesia at least in a relative short term in PD patients
with dyskinesia. Further RCTs on a larger scale are still
needed to better evaluate long-term efficacy and safety of
amantadine on dyskinesia.

MATERIALS AND METHODS

Search strategy

We searched Medline, Pubmed, Cochrane Library,
and other databases (Clinicaltrials.gov) up to May 2016
for all English language publications. Reference lists
from the resulting reviews and publications were used
to identify further relevant publications. The following
search terms used were: amantadine, Parkinson Disease,
Parkinson’s Disease, Parkinsonism, PD, Paralysis Agitans,
motor complications, and dyskinesia. The following was
Pubmed (Medline) search strategy, which was modified to
suit Cochrane Library database.

1. Dyskinesia
. Motor complications
. OR/1-2
. Parkinson’s disease
. Parkinson disease
. Parkinsonism
PD
. Paralysis Agitans
9. OR/7-8
10. Amantadine
11.3AND 9 AND 10

0N L AW

Selection criteria

The prospective randomized controlled trials (RCTs)
assessing amantadine with placebo for treating dyskinesia
in PD patients were included in our meta-analysis. The
included patients must fulfill standard diagnostic criteria
for PD according to the UK Parkinson’s Disease Society
Brain Bank (UKBB) criteria or clinically probable and

definite PD diagnosis [28], and had developed levodopa-
induced dyskinesia. There was a stable drug medication
for one month before the trial and throughout the study.
The eligible studies could provided the detailed data, such
as randomized patients number, main outcome measures,
amantadine medication formulations and doses, trial
duration, double-blinding and randomization.

Data extration

Two authors extracted data from each study
independently, including trial design, first author, year
of publication, numbers randomized (amantadine and
placebo), mean age, PD duration, Hoehn and Yahr (H&Y)
stages, amantadine medication formulations and doses, trial
durations, blinding, main outcome measures, adverse events.
If the trial was comparing different dosages of amantadine
versus control, then the arm using generally recommended
dosage was chosen for inclusion in the analysis. We resolved
the disagreements by discussion with the third author. We
would try to contact the author to get more information or
calculated by ourselves based on the Cochrane Handbook if
the data for meta-analysis were missing or only expressed
graphically. If need, we would try to contact pharmaceutical
companies to get necessary data. We evaluated the the
risk bias of RCTs in line with the Cochrane Handbook for
Systematic Reviews of Interventions [29].

Data analysis

The standardized mean differences (SMD) in
continuous outcomes and risk ratios (RR) in dichotomous
variables with 95% CI and P values were calculated to assess
effects of study drugs. In meta-analysis, SMD is applied
as an aggregated statistics when all trials evaluated the
same outcome, but assessed it with many kind of methods
(such as different rating scales). In this circumstance, it
is necessary to standardize the result for different kind of
dyskinesia rating scale in the included literature. We used
the inverse variance method in continuous variables with
random effects model and/or fixed effects model to combine
data and generate the overall effect estimate according the
degree of heterogeneity. The degree of heterogeneity was
assessed by a y? test combined with the I> method (I>< 25%
representing low heterogeneity, and I>> 75% representing
high heterogeneity). High heterogeneity is modeled with
random effects, and vice versa with fixed effect models.
Subgroup analysis for the different trial design, different
dosage of amantadine and different assessment methods
were performed to examine methodological variations
among studies and exclude the study that may bias the
combined results with the rest studies being recalculated.
The analysis was performed with Revman version 5.1.
P <0.05 represents statistically significant. Funnel plotting
and Begg’s test were used to assess publication bias with
Revman version 5.1 and Stata version 12.0.

www.impactjournals.com/oncotarget

Oncotarget



Authors’ contributions

M-WB and HL designed the analysis. MK, CR, LY
and G-PY pooled the data. M-WB and S-JD performed
the statistical analysis. MK prepared the manuscript. All
authors analysed the data and revised the manuscript for
important intellectual content. The contents of this study
are solely the responsibility of the authors and do not
necessarily represent the official view of their institutions.
M-WB entered the data and bear the responsibility for the
data, the interpretation and analyses. All authors reviewed
and approved the final report.

ACKNOWLEDGMENTS AND FUNDING

The present research was sponsored by Chinese
National Natural Science Foundation (No.81571234),
Shandong Provincial Natural Science Foundation
(ZR2013HQO003), Shandong Province medical science
and technology development projects (2014WS0260)
and Yantai Science and Technology Development Project
(2014WS035).

CONFLICTS OF INTEREST

There are no conflicting interests in the present
research.

REFERENCES

1. Bastide MF, Meissner WG, Picconi B, Fasano S,
Fernagut PO, Feyder M, Francardo V, Alcacer C, Ding Y,
Brambilla R, Fisone G, Jon Stoessl A, Bourdenx M, et al.
Pathophysiology of L-dopa-induced motor and non-motor
complications in Parkinson’s disease. Prog Neurobiol. 2015;
132:96-168.

2. Fabbrini G, Brotchie JM, Grandas F, Nomoto M, Goetz CG.
Levodopa-induced dyskinesias. Mov Disord. 2007;

22:1379-89.

3. DeLong MR, Wichmann T. Basal Ganglia Circuits as Targets
for Neuromodulation in Parkinson Disease. JAMA Neurol.
2015; 72:1354-60.

4. Picconi B, Piccoli G, Calabresi P. Synaptic dysfunction in
Parkinson’s disease. Adv Exp Med Biol. 2012; 970:553-72.

5. Hadj Tahar A, Grégoire L, Darré A, Bélanger N, Meltzer L,
Bédard PJ. Effect of a selective glutamate antagonist on
L-dopa-induced dyskinesias in drug-naive parkinsonian
monkeys. Neurobiol Dis. 2004; 15:171-76.

6. Papa SM, Chase TN. Levodopa-induced dyskinesias

improved by a glutamate antagonist in Parkinsonian
monkeys. Ann Neurol. 1996; 39:574-78.

7. Kong M, Ba M, Liu C, Zhang Y, Zhang H, Qiu H. NR2B
antagonist CP-101,606 inhibits NR2B phosphorylation at
tyrosine-1472 and its interactions with Fyn in levodopa-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

induced dyskinesia rat model. Behav Brain Res. 2015;
282:46-53.

Fox SH, Katzenschlager R, Lim SY, Ravina B, Seppi K,
Coelho M, Poewe W, Rascol O, Goetz CG, Sampaio C.
The Movement Disorder Society Evidence-Based Medicine
Review Update: treatments for the motor symptoms of
Parkinson’s disease. Mov Disord. 2011; 26:S2-41.

Elahi B, Phielipp N, Chen R. N-Methyl-D-Aspartate
antagonists in levodopa induced dyskinesia: a meta-analysis.
Can J Neurol Sci. 2012; 39:465-72.

Crosby NJ, Deane KH, Clarke CE. Amantadine for
dyskinesia in Parkinson’s disease. Cochrane Database Syst
Rev. 2003; 2:CD003467.

Verhagen Metman L, Del Dotto P, van den Munckhof P,
Fang J, Mouradian MM, Chase TN. Amantadine as treatment
for dyskinesias and motor fluctuations in Parkinson’s disease.
Neurology. 1998; 50:1323-26.

Luginger E, Wenning GK, Bosch S, Poewe W. Beneficial
effects of amantadine on L-dopa-induced dyskinesias in
Parkinson’s disease. Mov Disord. 2000; 15:873-78.

Snow BJ, Macdonald L, Mcauley D, Wallis W. The effect of
amantadine on levodopa-induced dyskinesias in Parkinson’s
disease: a double-blind, placebo-controlled study. Clin
Neuropharmacol. 2000; 23:82—-85.

Del Dotto P, Pavese N, Gambaccini G, Bernardini S,
Metman LV, Chase TN, Bonuccelli U. Intravenous amantadine
improves levadopa-induced dyskinesias: an acute double-blind
placebo-controlled study. Mov Disord. 2001; 16:515-20.

Thomas A, Iacono D, Luciano AL, Armellino K, Di lorio A,
Onoftj M. Duration of amantadine benefit on dyskinesia of
severe Parkinson’s disease. J Neurol Neurosurg Psychiatry.
2004; 75:141-43.

da Silva-Junior FP, Braga-Neto P, Sueli Monte F, de
Bruin VM. Amantadine reduces the duration of levodopa-
induced dyskinesia: a randomized, double-blind, placebo-
controlled study. Parkinsonism Relat Disord. 2005; 11:449-52.

Wolf E, Seppi K, Katzenschlager R, Hochschorner G,
Ransmayr G, Schwingenschuh P, Ott E, Kloiber I,
Haubenberger D, Auff E, Poewe W. Long-term antidyskinetic
efficacy of amantadine in Parkinson’s disease. Mov Disord.
2010; 25:1357-63.

Sawada H, Oeda T, Kuno S, Nomoto M, Yamamoto K,
Yamamoto M, Hisanaga K, Kawamura T, Amantadine
Study Group. Amantadine for dyskinesias in Parkinson’s
disease: a randomized controlled trial. PLoS One. 2010;
5:e15298.

Goetz CG, Stebbins GT, Chung KA, Hauser RA,
Miyasaki JM, Nicholas AP, Poewe W, Seppi K, Rascol O,
Stacy MA, Nutt JG, Tanner CM, Urkowitz A, et al. Which
dyskinesia scale best detects treatment response? Mov
Disord. 2013; 28:341-46.

Ory-Magne F, Corvol JC, Azulay JP, Bonnet AM, Brefel-
Courbon C, Damier P, Dellapina E, Destée A, Durif F,
Galitzky M, Lebouvier T, Meissner W, Thalamas C, et al.

www.impactjournals.com/oncotarget

57325

Oncotarget



21.

22.

23.

24.

25.

Withdrawing amantadine in dyskinetic patients with
Parkinson disease: the AMANDYSK trial. Neurology. 2014;
82:300-07.

Pahwa R, Tanner CM, Hauser RA, Sethi K, Isaacson S,
Truong D, Struck L, Ruby AE, McClure NL, Went GT,
Stempien MJ. Amantadine extended release for levodopa-
induced dyskinesia in Parkinson’s disease (EASED Study).
Mov Disord. 2015; 30:788-95.

Paci C, Thomas A, Onofrj M. Amantadine for dyskinesia in
patients affected by severe Parkinson’s disease. Neurol Sci.
2001; 22:75-76.

Metman LV, Del Dotto P, LePoole K, Konitsiotis S, Fang J,
Chase TN. Amantadine for levodopa-induced dyskinesias: a
1-year follow-up study. Arch Neurol. 1999; 56:1383-86.

Rizicka E, Streitova H, Jech R, Kanovsky P, Roth J,
Rektorova I, Mecir P, Hortova H, Bares M, Hejdukova
B, Rektor 1. Amantadine infusion in treatment of motor
fluctuations and dyskinesias in Parkinson’s disease. J Neural
Transm (Vienna). 2000; 107:1297-306.

Verhagen Metman L, Del Dotto P, Blanchet PJ, van
den Munckhof P, Chase TN. Blockade of glutamatergic
transmission as treatment for dyskinesias and motor
fluctuations in Parkinson’s disease. Amino Acids. 1998;
14:75-82.

26.

27.

28.

29.

Chase TN, Oh JD, Konitsiotis S. Antiparkinsonian
and antidyskinetic activity of drugs targeting central
glutamatergic mechanisms. J Neurol. 2000; 247:1136-42.

Moresco RM, Volonte MA, Messa C, Gobbo C, Galli L,
Carpinelli A, Rizzo G, Panzacchi A, Franceschi M, Fazio F.
New perspectives on neurochemical effects of amantadine in
the brain of parkinsonian patients: a PET - [(11)C]raclopride
study. J Neural Transm (Vienna). 2002; 109:1265-74.

Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of
clinical diagnosis of idiopathic Parkinson’s disease: a
clinico-pathological study of 100 cases. J Neurol Neurosurg
Psychiatry. 1992; 55:181-84.

Higgins JP, Altman DG, Sterne JA, editors. Chapter 8:
assessing risk of bias in included studies. In: Higgins JPT,
Green S, eds. Cochrane handbook for systematic reviews
of interventions. Version 5.1.0 [updated March 2011].
The Cochrane Collaboration, 2011. http://handbook-5-1.
cochrane.org/.

www.impactjournals.com/oncotarget

57326

Oncotarget



