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Introduction: Amantadine anecdotally improves gait in progressive supranuclear palsy (PSP) but definitive data is lacking. We investigated associations between amantadine usage, gait, cognition, and activities of daily living in 310 subjects with PSP using data from the davunetide trial.

Method: We compared baseline demographics, PSP Rating Scale (PSPRS), Repeat Battery for the Assessment of Neuropsychological Status (RBANS), and Schwab and England Activities of Daily Living (SEADL) scores between subjects taking vs. not taking amantadine using chi-square tests for categorical variables and independent sample t-tests for continuous variables. Using the general linear model (GLM), we tested whether group status predicted total PSPRS, PSPRS-gait and midline, total RBANS, RBANS-attention, and SEADL before and after the 52-weeks follow-up.

Results: Subjects taking vs. not taking amantadine were similar at baseline, except subjects taking amantadine had a higher Clinical Global Impression (CGI) Score (p = 0.01). However, the CGI change score did not differ between groups at week 52 (p = 0.10). Using GLM models (controlling for covariates), we found that subjects taking vs. not taking amantadine did not significantly predict total PSPRS, PSPRS-gait and midline, total RBANS, RBANS-attention, or SEADL at baseline, week 52, or the change score between baseline and week 52.

Discussion: This post-hoc analysis of the davunetide trial did not find an association between amantadine and gait or cognitive measures in PSP, but was not powered to find such a difference. Future studies should still examine amantadine for symptomatic benefit in multiple PSP subtypes.
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INTRODUCTION

There are limited pharmacological options available for gait impairment and falls in progressive supranuclear palsy (PSP), but movement disorder clinicians anecdotally note that patients with PSP report fewer falls when taking amantadine. Some clinicians report improved freezing of gait in patients with PSP on amantadine; others suspect improved attention may reduce falls. Other than anecdotal use of amantadine, there are no established pharmacological interventions for postural instability or falls PSP. Levodopa can be helpful for gait to the degree that it improves concurrent bradykinesia (particularly in the PSP-parkinsonism subtype) (1), but it does not improve postural instability (2, 3).

Several retrospective studies have examined amantadine as a treatment for PSP, but none specifically assessed changes in gait or balance. In a retrospective case review of 14 patients with PSP, Rajput found 43% showed improved bradykinesia or rigidity on amantadine, but gait and balance were not specifically assessed (4). In a retrospective review of 16 patients with PSP, Jackson et al. found that of seven patients treated with amantadine, only one displayed improved parkinsonian symptoms overall, and six either showed no change or worsened (5). Kompoliti et al. examined clinical records of 12 autopsy-confirmed PSP cases and found that five of 12 patients received amantadine (6). Two of those five demonstrated modest improvement of parkinsonism (both patients) and neck dystonia (one patient). Three of the five amantadine-treated patients complained of overall deterioration (reported side effects included orthostasis and hallucinations or delusions) (6). In a larger and more promising retrospective review, Niefort and Golbe calculated risk/benefit ratios for various pharmacologic treatments in 87 patients PSP and found that carbidopa-levodopa and amantadine gave the best risk/benefit ratios as monotherapy (0.61 and 0.80, respectively) (7). Other agents studied included MAO-B inhibitors, TCAs, and SSRIs. Overall, existing retrospective reviews of amantadine in PSP are mixed and find that a subset of patients' parkinsonian symptoms respond to amantadine.

Two small studies have prospectively examined the role of amantadine for freezing of gait in PSP. Using a crossover design, Kondo found a significant reduction in freezing of gait on the Freezing of Gait Questionnaire in two subjects with PSP when taking amantadine (8). In another prospective study of 200 mg amantadine IV given twice daily for 2 days, 1 PSP subject showed a mild improvement in freezing of gait, but the other did not respond (9). The effect of amantadine on gait and balance in PSP has not been systematically examined in a large, prospective trial.

As an initial step toward more definitively answering this clinically relevant question, the davunetide trial offers a large, longitudinal dataset in which the relationship between amantadine usage, gait, and cognition in PSP can be examined. The davunetide trial was a randomized, double-blind, placebo-controlled phase 2/3 study of a microtubule stabilizer and reducer of tau phosphorylation (10). It did not achieve its primary endpoints on the PSP Rating Scale (PSPRS) or the Schwab and England Activities of Daily Living (SEADL), but provided the opportunity to examine the natural history of PSP, including motoric, cognitive, imaging, and CSF biomarkers. Information regarding subjects' amantadine status (taking or not taking and average dose at baseline) is also available within the dataset. We hypothesized that PSP subjects taking amantadine during the davunetide trial may have increased attention and improved gait and balance compared to subjects not on amantadine, and sought to analyze this in a post-hoc review of the davunetide dataset.



METHODS

We obtained deidentified longitudinal participant data from baseline through week 52 in 313 randomized PSP subjects in the davunetide trial. We excluded three subjects who were not on amantadine for the duration of the trial or subjects who didn't have data for both baseline and week 52 timepoints, leaving 310 subjects for this analysis. We calculated the average daily total dose of amantadine for the group at baseline. Subjects met PSP criteria from the national Neuroprotection and Natural History in Parkinson Plus Syndromes (“NNIPPS”) Study (11), as the 2017 MDS PSP criteria were not available at the time of recruitment. This analysis was approved by the Oregon Health and Science University Investigational Review Board and was not classified as human research due to the deidentified nature of the data (IRB # 20472).

For taking and not taking amantadine groups, baseline descriptive data analyzed included age, sex, Schwab and England Activities of Daily Living Scale (SEADL) (12), Clinical Global Impression (CGI) (13), Geriatric Depression Scale (GDS) (14), PSP Rating Scale (PSPRS) (15), and the Repeatable Battery for Neuropsychological Status (RBANS) (16). All variables used in analyses were approximately normal for both groups. To determine if there were group differences at baseline, chi-square tests were used for categorical variables and independent sample t-tests for continuous variables.

We then analyzed group differences in SEADL, CGI, Clinical Global Impression-Change (CGI-C), GDS, PSPRS, and RBANS outcomes as well as component scores from the RBANS and PSPRS over the 52-weeks study, including change scores. The RBANS is a cognitive battery that includes with five domains: immediate memory, attention, visuospatial/constructional, language, and delayed memory (16). Total scores range from 40 to 160, and lower scores indicate more severe cognitive deficit. The PSPRS is a global scale of PSP severity and includes subsections for history, mentation, bulbar exam, oculomotor exam, limb motor exam, and gait and midline exam (15). Higher scores on the PSPRS correspond to more severe PSP symptoms (maximum score 100). Within the RBANS we extracted the attention sub-score for further analysis, and within the PSPRS we extracted the gait and midline sub-score. The attention score comprises digit span and coding and the gait and midline sub-score tests the following five measures: neck rigidity and dystonia, arising from a chair, gait, postural stability, and sitting down. Finally, we used the general linear model (GLM) to assess whether there were differences between amantadine groups in RBANS total, RBANS-attention, PSPRS total, PSPRS-gait and midline, and SEADL scores while accounting for possible covariates. Covariates included age, disease duration, davunetide vs. placebo group status, baseline CGI scores, and baseline scores of the respective dependent variable for the 52 weeks and change scores.



RESULTS

Of 310 subjects analyzed, 43 patients were on amantadine; 267 were not. Among the 43 patients who were on amantadine at the start of the study the average daily dose was 227.9 mg (SD 95.3). Eight of the 43 subjects on amantadine were on a baseline dose of 100 mg or less. Only 10 of the subjects on amantadine were noted to have PSP with parkinsonian features; the majority were considered to have classic Richardson syndrome.

At baseline, taking vs. not taking amantadine groups did not significantly differ on demographics such as age, sex, activities of daily living (SEADL), and depression scores (GDS). The only notable group difference was that the group on amantadine had a higher CGI score at baseline, indicative of more severe illness (Table 1). Taking and not taking amantadine group differences within the davunetide and placebo groups were also examined at week 52 for SEADL, CGI, CGI-C, PSPRS total, RBANS total, PSPRS total change score, and RBANS total change score (Table 1). There were no statistically significant group differences.


Table 1. Baseline demographics of subjects in the davunetide trial in taking and not taking amantadine groups.
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Using the GLM we then assessed the following outcome variables: RBANS total, RBANS-attention, PSPRS total, PSPRS-gait and midline, and SEADL scores while controlling for covariates (age, disease duration, davunetide vs. placebo group status, baseline CGI scores, and baseline scores of the respective dependent variable for the 52 weeks and change scores). The primary predictor variable was whether or not someone was taking amantadine. Models were evaluated for each outcome variable at baseline, week 52, and the change score between baseline and week 52. Whether or not someone was taking amantadine did not significantly predict any of the outcome variables (RBANS total, RBANS-attention, PSPRS total, PSPRS-gait and midline scores, or SEADL), at baseline, week 52, or in the change score.



DISCUSSION

This post-hoc analysis of the davunetide trial failed to show significant associations between amantadine use and indices of gait and cognitive impairment in PSP. Nonetheless, this is the first analysis of the role of amantadine in a large, longitudinal dataset in PSP. Prior studies examining amantadine and freezing of gait in PSP showed mixed results and were limited to small sample sizes (8, 9). No large studies focusing on the potential role of amantadine for gait and cognition in PSP have been conducted.

The davunetide trial was not powered to find a group difference by amantadine status, and the dataset has several other important limitations. We lacked statistical power to analyze outcomes by baseline or cumulative amantadine dosage. The subjects taking amantadine may have had more severe disease at baseline as reflected in their CGI ratings. We did not have information on fall frequency or the geographic distribution of subjects taking vs. not taking amantadine. Also, the available cognitive and gait data lacked certain important elements. There was no measure of impulsivity in the cognitive data, a feature that clinicians know increases fall risk in PSP. There is also no specific measure of freezing of gait in the PSPRS, and this is relevant because some clinicians note that freezing of gait responds to amantadine in a subset of patients with PSP. Because this trial was conducted prior to establishment of the 2017 Movement Disorders Society PSP Criteria, the dataset lacks sufficient information for statistical analysis of the potential utility of amantadine in various PSP-subtypes.

Based on its purported mechanism of action, there may still be reason to power a larger study to explore the role of amantadine in gait and cognition in PSP. In Parkinson's disease, amantadine may modulate dopamine neurotransmission by promoting dopamine release and inhibiting uptake (17). This dopaminergic effect may benefit the subset of PSP patients with bradykinesia, such as in PSP-parkinsonism. Amantadine's NMDA-receptor antagonist properties account for its role in awareness and attention in diseases such as traumatic brain injury (18–20), ADHD, (21–24), catatonia, (25–28) multiple sclerosis (29), and reduced consciousness (30–34). Reduction of bradykinesia and improvement in awareness would both conceptually improve gait and balance. Finally, there is evidence that amantadine inhibits microglial activation and decreases neural inflammation (35), potentially improving the overall disease course in neurodegenerative disorders such as PSP.

This first analysis of amantadine in a large, longitudinal dataset in PSP failed to show significant associations between amantadine use and indices of gait and cognitive impairment in PSP, but was constrained by the methodological limitations of a post-hoc analysis. This analysis did not specifically compare subjects before and after the initiation of amantadine. It is possible that amantadine provides a symptomatic benefit after initiation that later wanes with chronic treatment. Additionally, the majority of subjects in the davunetide trial met 2009 criteria for PSP-Richardson syndrome. Amantadine may still be a beneficial symptomatic treatment for the other subtypes of PSP delineated in the 2017 MDS criteria. Future studies should compare symptomatic benefit before and after amantadine initiation in multiple PSP subtypes.
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