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Abstract To compare the effects of intravenous aman-
tadine and placebo therapy on freezing of gait in patients
with Parkinson’s disease, this randomized, double-blind,
placebo-controlled, multicenter trial compared the efficacy
of 5 days intravenous amantadine and placebo treatments
on freezing of gait in 42 subjects randomly allocated 2:1 to
amantadine or placebo groups. Changes in freezing of gait
questionnaire (FOG-Q) scores and in unified Parkinson’s
disease rating scale (UPDRS) scores, from baseline to
immediately (V1) and 1 month (V2) after treatments, were
assessed. Among the 42 patients (amantadine n = 29,
placebo n = 13, a mean age 65.5 £ 9.4 years and a mean
FOG-Q score 17.4 + 3.2), 40 subjects completed treat-
ment. There was no significant group difference on the
primary outcome measure as total FOG-Q score changes at
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V1. However a significant beneficial effect of amantadine
on freezing was seen at V2 in the UPDRS Part II freezing
and FOG-Q item 3 scores, and there was significant
improvement in the UPDRS Part IV total score and in the
UPDRS Part II getting out of bed score in the amantadine
group at both V1 and V2. There was no serious adverse
event reported during the study. The intravenous amanta-
dine therapy did not show a significant improvement on
overall FOG-Q scores in patients with moderate-to-severe
freezing; however, it might be beneficial by attenuating
freezing severity and improving patients’ mobility. To
prove this finding further studies with larger sample sizes
are warranted in the future.
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Introduction

Amantadine treatment has been reported to be effective
in patients with Parkinson’s disease (PD) since 1969 [I,
2]. The anti-parkinsonian effect of amantadine was ini-
tially suggested to be related to its anti-cholinergic action
and modulation of dopamine metabolism in the striatum,
but later the effect was reported to be related to its
blocking action on the glutamate N-methyl-p-aspartate
(NMDA) receptor, a voltage-dependent ion channel [3,
4]. In PD, the glutamatergic pathway in the basal ganglia
circuitry is hyperactive and the dopaminergic pathway is
hypoactive [5]. Thus, amantadine is expected to reverse
the pathologic overactivation of the glutamatergic path-
way in PD.

Freezing of gait (FOG) is a troublesome symptom in
patients with advanced stage PD which is often refractory
to dopaminergic drug therapy [6, 7]. The glutamate path-
way is a non-dopaminergic mechanism of locomotion and
gait in PD [8], and systemic administration of a glutamate
antagonist can decrease akinesia and facilitate locomotion
in parkinsonian animal models [5, 9]. There are a few
clinical studies into amantadine treatment for FOG in PD
that have produced a variety of results [10-13].

This multicenter, double-blind, placebo-controlled,
randomized trial was designed to compare the effects of
high-dose, intravenous amantadine treatment with those of
placebo on moderate-to-severe FOG in patients with
advanced PD.

Methods
Subjects

Patients diagnosed as PD according to the UK PD brain
bank criteria [14], being treated with anti-parkinsonian
drugs for 5 years or more, exhibiting FOG at outpatient
clinic visit, FOG-Questionnaire (FOG-Q) [15] total scores
>7, aged 30-79 years, and able to understand and agree to
participate were enrolled in this study. Subject exclusion
criteria included: clinically significant cognitive dysfunc-
tion (Korean version of Mini-mental Status Examination
(K-MMSE) score <20), behavioral disturbance or psychi-
atric disorder using psychoactive drug treatment; clinically
significant medical illness; cardiac diseases such as
decompensated heart failure, cardiomyopathy, second-
degree or third-degree atrioventricular block, bradycardia
<55/min, congenital QT syndrome, Torsades de Pointes,
ventricular arrhythmia, use of budipine or other drugs
potentially resulting in QT interval prolongation; disorders
such as renal disease, seizures, peptic ulcer disease, liver
disease, pheochromocytoma, and malignancy; pregnancy

or breast feeding; participation in other clinical trials in the
4 weeks preceding this trial; history of a hypersensitivity
reaction to amantadine-containing drugs; and a history of
heavy metal intoxication.

Standard protocol approvals, registration and patient
consents

This study was approved by the institutional review boards
of the four participating sites. Written informed consent
was obtained from all patients. This trial is registered at
ClinicalTrials.gov under the identifier NCT01313845.

Study design

The study was a randomized, double-blind, placebo-con-
trolled, multicenter trial comparing the efficacy of intra-
venous amantadine and placebo treatment for moderate-to-
severe FOG in patients with PD. After baseline selection,
subjects were classified into Hoehn and Yahr (HY) stages
<2.5 and >3. Subsequently, randomization was carried out
based on a random permuted block design, separately for
the two strata, 2:1 to amantadine or placebo. A patient
allocation table developed by the Medical Research Col-
laborating Center (MRCC) at Seoul National University
Hospital was delivered to the pharmacist at the clinical trial
center of each of the four participating hospitals. The
investigators and participants were unable to identify the
medication as amantadine or placebo, and that blindness
was maintained until completion of this study. Those who
were taking oral amantadine stopped it, but maintained all
other anti-parkinsonian drugs during intravenous therapy.
After completion of intravenous infusion, they restarted it
at the day of V1 evaluation.

Treatment consisted of amantadine 200 mg/500 mL or
normal saline 500 mL (placebo). The medications were
delivered in identical dark brown bags. Treatments were
infused for 3 h, twice a day for 5 days. Assessments were
conducted at baseline (VO0), after 5 days of treatment (V1),
and at 1 month after treatment (V2). Assessments were
based on FOG-Q, K-MMSE, Movement Disorders Society
Task Force Revised Unified PD Rating Scale (UPDRS),
HY stage, clinical global improvement (CGI), patient
global improvement (PGI), and adverse event data. The
FOG-Q [15] measures patient’s experience over the last
week; thus in this study, V1 measure was based on the
patient’s experience over a 6-day treatment period (from
admission to completion), and V2 measure was based on
1 week experience prior to V2. For investigational pur-
poses, subjects were categorized into “ON” freezers or not,
using an a priori defined subgroup of those having FOG at
their best on condition through a 1-day observation at the
admission day and by history taking.
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Sample size

A sample size of 42 randomized patients was determined to
be necessary in order to demonstrate a significant differ-
ence between amantadine and placebo groups at o level of
0.05 and a power of 0.80 to produce a clinically meaningful
outcome that results in a change in FOG-Q score of 2.0 or
larger in treatment group and a FOG-Q score standard
deviation of 2.0 based on a previous report [12]. Sample
size determination also considered the potential of a 15 %
drop-out rate.

Outcome measures

The primary outcome measure was a change in FOG-Q score
from VO to V1. Secondary outcome measures were changes
in FOG-Q score from VO to V2 and changes in UPDRS Part
III total score from VO to VI and from VO to V2. Other
investigative outcome measures were changes from VO to
V1 and from VO to V2 in FOG-Q sub-item scores; UPDRS
Part ITitems 11 (getting out of bed, a car, or a deep chair), 12
(walking and balance), and 13 (freezing) scores; UPDRS
Part IIT items 10 (gait), 11 (freezing), and 12 (postural
instability) scores; UPDRS Part IV total score; changes in
HY stage, K-MMSE score, CGI score, and PGI score.

Statistical analysis

Efficacy measures were analyzed within an intention-to-
treat paradigm that included all available data on all ran-
domized subjects. Missing values in the primary and sec-
ondary outcomes were imputed by using the last
observation carried forward method. Continuous variables
in two treatment groups collected at each time point were
compared by using the ¢ test or the Mann—Whitney U test
based on a normality assumption. Categorical variables in
the demographic data of the two treatment groups were
examined by using the y” test. A mixed-effect model for
repeated measures was conducted with covariates of
baseline scores, two treatment groups, time, and treatment-
by-time interaction. The treatment-by-time interaction term
was included to test the differential treatment effect on
outcome measures by time. If there was no evidence of
interaction effect, treatment effect at each time point was
tested. For investigational purposes, we finally examined
the FOG group-by-time interaction to test the differential
effect of amantadine in a predefined subgroup of patients
described above, and this examination was only conducted
in the amantadine treatment group. The significance level
for all analyses was set at a p-value of 0.05 (two-tailed). All
statistical analyses were performed using IBM SPSS
(version 20.0; IBM Inc., USA) and R (version 2.15.1;
http://www.r-project.org) statistics software.
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Results
Disposition of subjects

Initially, 47 subjects were enrolled in the study. Five of
those subjects (10.6 %) were excluded from the study
before the baseline phase (Fig. 1 includes exclusion ratio-
nale), leaving 42 subjects for randomization. One subject
dropped out of the study after randomization and another
subject was excluded because of protocol violation during
intravenous treatment. As a result, 40 subjects (21 men,
mean age 65.5 + 9.4 years, FOG-Q mean score 17.4 + 3.1,
mean daily levodopa equivalent dose 820 %+ 304.0 mg/d)
completed the treatment.

After treatment, data from four subjects in the placebo
group and one subject in the amantadine group were
excluded during 1-month follow-up, resulting in a signifi-
cantly higher drop-out rate in the placebo group (46.2 %,
n = 6 of 13) than in the amantadine group (3.4 %, n = 1
of 29). Drop-outs (n = 3) commonly occurred after V1,
and the reason for ceasing participation was patient dis-
satisfaction with symptom improvement (Fig. 1). The
baseline characteristics of the subjects are comparatively
summarized in Table 1. There were no significant differ-
ences between the amantadine and the placebo groups.

Mixed-effect model for repeated measure analysis

To determine whether the amantadine and placebo treat-
ment effects were different at different times, the analysis
included a treatment-by-time interaction term. The results
showed a significant interaction for FOG-Q item 3 and
UPDRS Part II item 13 (freezing) scores (Fig. 2). This
indicated that the response to treatment was significantly
different between the two treatment groups from VO to V1
and from VO to V2 (interaction p = 0.029 and 0.032,
respectively). For this measurement, the amantadine effect
was not significantly different from those of placebo at V1,
however at V2, the effect of amantadine was significantly
better than that of placebo for UPDRS Part II item 13
(»p = 0.011) and showed a tendency to a better effect for
FOG-Q item 3 (p = 0.087) (See Table 2).

Since we found no significant treatment-by-time inter-
action for any of the other measures which meant equal
effectiveness at both V1 and V2, we analyzed the aman-
tadine treatment effect for these measures. The significant
beneficial effect of amantadine was found for the UPDRS
Part II item 11 (getting out of bed) and the total UPDRS
Part IV scores (p = 0.004 and 0.015, respectively) at both
V1 and V2. There was also marginal significance for
the improvement of the UPDRS Part III total scores
(p = 0.066) in the amantadine group. A mixed-effect
model analysis data summary is presented in Table 2.
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Investigational analysis for the treatment effect
and the freezing of gait subtype, “ON” freezing

To assess differential effect on “ON” freezers, data from
the amantadine-treated group was entered into additional
mixed-model analyses. Among the baseline characteristics,
there was no significant difference in age, duration of PD,
daily medication dosages, the FOG-Q, and the K-MMSE
scores between the ON freezers and non-ON freezers.
There were significant differences in UPDRS Part III items
10, 11, and 12 (p = 0.006, <0.001, and 0.001, respec-
tively), but there was no difference in the UPDRS parts I
and II total and sub-item scores or in the total Part III and
Part IV scores between the two groups. To determine
whether the treatment effect was different at different
times, we included a FOG group-by-time interaction term
in the analysis. A significant FOG group-by-time interac-
tion (interaction p = 0.041) was detected for FOG-Q item
4 (duration of FOG at worst condition), which indicated
that the amantadine treatment effect was seen for both FOG
groups, but at V2 the beneficial effect was more pro-
nounced in the subjects with ON-freezing than in the
non-ON freezers (p = 0.034, Fig. 3). On the other hand,
significantly greater improvement was observed in the non-
ON freezers at both V1 and V2 in the UPDRS Part II item
12 (walking and balance) and Part III item 11 (freezing)
scores (p = 0.004 and 0.029, respectively, Fig. 3). With

regard to other outcome measures, there were no significant
differences in the response to amantadine between the two
freezing groups. A summary of the mixed-effect model
results is presented in Supplementary Table 1.

Adverse events

There were no significant adverse events reported during
the study period. Two subjects reported side effects during
intravenous infusion; one reporting mild nonspecific diz-
ziness and the other reporting palpitations. Both of these
symptoms improved after a brief cessation of intravenous
infusion and did not reappear upon re-administration.
Three subjects, who were randomized to placebo group,
dropped out after 5 days of infusion since they did not want
to continue the study due to no change in their freezing
symptoms.

Discussion

This randomized, double-blind, placebo-controlled trial of
intravenous amantadine on moderate-to-severe FOG in
advanced PD patients failed to show a significant beneficial
effect on primary outcome measures. However, through
investigational analysis, intravenous amantadine treatment
might be potentially beneficial for improving freezing
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Table 1 Profiles of the baseline
demographic and clinical
variables of the included
subjects

Data are shown as

mean =+ standard deviation
unless otherwise indicated

PD Parkinson’s disease, LED
daily levodopa equivalent dose,

MMSE mini-mental status
examination, FOG-Q freezing
of gait questionnaire

* Movement Disorders Society
Task Force Revised Unified
Parkinson’s Disease Rating
Scale

Characteristics Amantadine (n = 29) Placebo (n = 13) P value
Sex (m/f), n 17/12 7/6 0.773
Age, years 64.7 + 10.5 67.0 = 7.0 0.479
Age at PD onset, years 53.7 £ 12.6 534 £93 0.945
LED, mg/d 841.1 + 318.1 801.0 + 274.1 0.699
Dopamine agonist, n (%) 20 (69.0) 10 (76.9) 0.598
Selegiline, n (%) 7 (24.1) 4 (30.8) 0.713
Oral amantadine, n (%) 15 (51.7) 7 (53.8) 0.899
Daily oral amantadine dose, mg/days 117.2 £ 127.7 96.2 + 103.0 0.574
FOG at best on state, n (%) 13 (44.8) 8 (61.5) 0.317
MMSE score 253 £ 3.6 252 +34 0.898
FOG-Q score 172 £ 32 17.8 £ 3.2 0.593
Item 1 3.0+ 0.7 324+3.0 0.427
Item 2 2.5+ 0.7 224+ 0.6 0.155
Item 3 33+05 34 +£0.7 0.703
Item 4 3.1 £09 324+09 0.890
Item 5 2.7 +09 30+09 0.399
Item 6 25+ 1.0 2.7+ 0.8 0.490
Hoen and Yahr stage 28 £0.6 29+ 0.6 0.517
UPDRS scores®
Total 85.5 +26.7 90.6 £ 21.5 0.552
Part I 15.1 £ 6.7 18.5 + 4.4 0.113
Part 11 23.8 £ 9.8 245 +£9.0 0.818
Part 11T 379 £ 15.7 394 + 124 0.765
Part IV 87+ 44 83+ 39 0.729
Part II item 11 24 £ 1.1 1.6 £ 1.3 0.060
Part II item 12 25+ 1.2 28+ 1.0 0.471
Part IT item 13 3.1 £0.8 324+09 0.629
Part III item 10 20+ 1.0 1.9 +£0.8 0.801
Part III item 11 1.8 £ 1.1 2.1+ 15 0.449
Part III item 12 2.1 £ 1.1 22+ 1.1 0.736

severity and patients’ mobility as measured on FOG-Q
item 3 scores (freezing frequency), the UPDRS Part II item
13 (severity and frequency of freezing), the UPDRS Part 11
item 11 (getting out of bed), and the total UPDRS Part IV
scores. Notably the intravenous amantadine effect on FOG
severity was significantly demonstrated at a one-month
follow-up after treatment, a time when the placebo effect
was expected to be absent.

During the study, three subjects in the placebo group
discontinued participation due to a lack of subjective
symptomatic change after intravenous treatment, whereas
there was no such drop-out in the amantadine group.
Upon completion of this study, the three placebo patients
received free-of-charge open label intravenous amanta-
dine, and subjective improvement of their freezing
symptoms was reported. Another notable finding was that
the amantadine treatment effect was more pronounced in
the non-"ON” freezers than “ON” freezers, as shown in

@ Springer

the UPDRS Part II walking and balancing scores and
Part III freezing score changes (Fig. 3). However,
changes in the total FOG-Q and UPDRS scores did not
show any difference; thus, further studies with larger
sample sizes are warranted to confirm and interpret these
observations.

There are a few clinical studies into FOG in PD. A
retrospective study of the relationships between FOG and
therapeutic modalities in PD reported that longer duration
amantadine treatments may decrease the incidence of FOG
[10]. A small-scale, double-blind, controlled trial of oral
amantadine treatment showed a beneficial effect on FOG in
pure akinesia [11]. An open label trial of intravenous
amantadine treatment improved FOG in patients with PD,
whereas it did not improve FOG in subjects with Parkin-
son-plus syndrome [12]. Recently, a small-scale, double-
blind crossover trial involving intravenous amantadine
therapy of 200 mg for 2 days has reported no significant
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Fig. 2 Score changes from baseline to immediately after treatment
and to 1 month after treatment for a item 3 of the freezing of gait
questionnaire (FOG-Q) and b freezing score of the unified Parkin-
son’s disease rating scale (UPDRS) Part II. Based on inclusion of a
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treatment-by-time interaction term, there was significant treatment-
time interaction in both scores (mixed-effect model repeated-measure
analysis, interaction p = 0.029 and 0.032, respectively)

Table 2 Results of a mixed-

Characteristics Treatment-by Amantadine versus placebo effect
effect model for repeated L .
. time interaction
measures analysis Estimate® Standard error P value
AFOG-Q score 0.980 —-0.971 0.933 0.305
AFOG-Q1 0.834 —0.209 0.171 0.228
AFOG-Q2 0.787 —0.053 0.168 0.755
AFOG-Q3 0.029 Vi 0.076 0.216 0.726
V2 —0.398 0.226 0.087
AFOG-Q4 0.868 —0.389 0.249 0.127
AFOG-Q5 0.965 0.003 0.260 0.991
AFOG-Q6 0.827 —0.227 0.213 0.295
AUPDRS total 0.335 —7.594 5.000 0.137
Part IIT 0.220 —4.416 2.328 0.066
Part IV 0.553 —2.582 1.013 0.015
FOG_Q freezing of galt Part IT item 11 0.848 —0.721 0.231 0.004
questionnaire? UPDRS ) Part II item 12 0.080 —-0.479 0.136 0.721
Movement Disorders Society Part Il item 13 0.032 Vi 0.051 0.434 0.906
Task Force Revised Unified
Parkinson’s Disease Rating vz —0.839 0.310 0.011
Scale, HY Hoehn and Yahr, VI Part III item 10 0.490 —0.171 0.234 0.468
visitl, V2 visit2 Part I1I item 11 0.377 —0.416 0.284 0.152
“hMinus values indicate greater Part III item 12 0.368 -0.011 0.157 0.944
changes towards improvement AHY stage 0.994 0.035 0.118 0.766

in the amantadine group

beneficial effect of amantadine treatment compared to that
of placebo on PD patients with severe dopa-resistant ON-
freezing [13]. That crossover trial differed from ours with
respect to study population, therapy design, and daily
amantadine dose, which was half the amount in our study.
Their negative-benefit results might also be explained by
the amantadine effect on severe ON-freezing subjects
being less than that for those not having ON-freezing.
Alternatively, ON-freezing subjects might tend to have a
more pronounced placebo response than that of non-ON
freezing subjects. Interestingly we found that the placebo

effect was significantly greater in our subgroup, ‘ON’
freezers, who received placebo (Supplementary Table 2).

A possible mechanism for the beneficial effect on FOG
in our subjects might be related to an improvement in
motor fluctuation and off symptoms since the UPDRS Part
IIT motor scores and Part IV motor complication scores
tended to be improved following intravenous amantadine
therapy. A beneficial effect of intravenous amantadine on
levodopa-related motor complications has already been
reported in other controlled trials [16, 17]. In addition, anti-
glutamatergic action is reported to affect parkinsonian
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Fig. 3 Different responses to amantadine treatment in ON- and non-
ON freezers. Outcome measures exhibiting significant differences
from the mixed effect repeated measure analysis are shown.
a Freezing of gait questionnaire (FOG-Q) item 4 score changes.
b Unified Parkinson’s disease rating scale (UPDRS) Part II walking
and balance score changes; interaction p = 0.607. ¢ UPDRS Part III
freezing score changes; interaction p = 0.122. *p < 0.05 a compar-
ison between the two groups

motor symptoms as well as cognitive functioning [18-20],
with the latter being associated with FOG in PD [21]. Thus,
intravenous amantadine therapy might affect the

@ Springer

mechanism controlling glutamatergic signals from the
subthalamic nucleus to the pedunculopontine nucleus and
other brainstem locomotor centers, an action that could
relieve gait problems. Alternatively, enhanced cognitive
functioning as a result of amantadine treatment might be
related to a cognitive-based mechanism for improving
FOG. In our study, the MMSE scores at baseline, V1 and
V2 were not significantly different between amantadine
(25.3 £ 3.6, 26.5 £ 3.1 and 26.3 & 2.7, respectively) and
placebo (25.2 + 3.4, 247 &= 5.7 and 26.3 +£ 3.8, respec-
tively) groups. However, since detailed evaluation of
cognitive functions was not conducted in the current work,
further studies are needed to confirm cognitive effect in
relation to FOG.

It has been reported that intravenous amantadine can
rapidly improve akinetic crisis within the first 3 days of
infusion in PD [22]. In addition, it has been reported that
the plasma concentration of amantadine during 10 days of
daily intravenous administration of 200 mg amantadine
sulfate was approximately half of that in subjects receiving
600 mg of oral amantadine daily [23]. The -clinical
response was not clearly correlated with the serum con-
centration since responses were highly variable among
individuals [23]; however, within the same individuals,
differences in pharmacokinetic properties and effects on
serum concentrations at the same dosages between the
intravenous and oral drugs may explain the different
responses. In the present study, daily intravenous amanta-
dine dose was 400 mg which is a maximum dose allowed
by the Korea Food and Drug Administration. Interestingly
no serious adverse events were reported during our infusion
therapy, and subjects tolerated it well. The usual prescribed
dosage of oral amantadine by physicians is 150-300 mg
daily; thus, based on the plasma concentrations of aman-
tadine mentioned above [23], the serum concentration
achieved by the present intravenous study regimen would
be expected to result in approximately 2—4 times higher
concentrations than those achieved by usual oral dosages.
Therefore, intravenous amantadine is thought to have two
advantages compared to oral drugs: rapid action and
potential to produce high plasma concentrations. Among
the study participants, 69 % (29 of 42) had taken oral
amantadine previously (mean dosages 208.7 £ 74.9
mg/days) and maintained oral therapy at the same dosage
level after completing the treatment. A comparison of our
subjects with and without a priori exposure to oral aman-
tadine detected no significant differences in outcome
measures. There was also no difference in the drop-out
rates of placebo group between those who were taking oral
amantadine and those who were not (50 vs. 50 %).

The present study has several limitations. The sample
size was small and was established based on determining
differences in the primary outcome measure (FOG-Q score
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change); thus, the improvements detected in the UPDRS
sub-item scores need to be tested further in other trials with
larger sample sizes. Throughout the study, a significant
number of subjects randomized to the placebo group
dropped out due to reported worsening or lack of
improvement of symptoms (n = 5), whereas only one
amantadine group subject dropped out. The unexpectedly
high drop-out rate (38 %) in the placebo group might have
reduced the statistical power of this study. In addition, the
definition of ‘ON’ freezers in our study was limited.
According to a recent paper, ON-freezing is different from
‘pseudo ON state’ freezing [24]. Most of our patients also
had FOG at their off condition, and they were not tested
using a supratherapeutic dose of levodopa. Thus, future
studies with more robust criteria on classifying FOG in PD
are needed to confirm the differential effects of amantadine
on ON-freezing versus OFF-freezing. Lastly, the primary
outcome measure (FOG-Q) may inadequately represent
symptom change in our patients, and investigative outcome
measures used in this study (the UPDRS Part II items 11,
12 and Part III items 10, 12) were not specific to freezing.
Another evaluation tool that represents the severity of
freezing during everyday activity such as an accelerometric
assessment of FOG needs to be used in clinical trials
regarding freezing in PD, especially trials that include
subjects with severe motor fluctuations. Nevertheless, our
results indicate that a 5-day infusion of amantadine is safe
for PD subjects and might potentially be a considerable
therapeutic option for the treatment of moderate-to-severe
FOG in PD. Further trials with larger sample sizes are
needed to confirm the efficacy of this treatment in PD.
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