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Summary

Background—Davunetide (AL-108, NAP) is an eightamino acid peptide that promotes

microtubule stability and decreases tau phosphorylation in pre-clinical studies. Since PSP is tightly

linked to tau pathology, davunetide could be an effective treatment for PSP.The goals of this study

were to evaluate the efficacy and safety of davunetide in PSP.

Methods—A phase 2/3 double-blind, parallel group, clinical trial of davunetide 30 mg or placebo

(randomized 1:1) administered intranasally twice daily for 52 weeks was conducted at 48centers.

Participants met modifiedNNIPPS criteria for possible or probable PSP. Co-primary

endpointswere the change from baseline in PSP Rating Scale (PSPRS) and Schwab and England

ADL(SEADL) scale at up to 52 weeks. Data from all individuals who received at least one dose of

medication and had a post-baseline efficacy assessment were compared using a rank-based

method.Secondary outcomes included the Clinical Global Impression of Change (CGIC) and the

change in regional brain volumeon MRI. Clinicaltrials.gov identifier: NCT01110720.

Findings—360 participants were screened, 313 were randomized and 243 (77.6%) completed the

study. There were no group differences in PSPRS (mean difference: 0.49 [95% CI: −1.5, 2.5], p =

0.72) or SEADL (1% [−2, 4%], p = 0.76) change from baseline (CFB) and mean 52 week CFB

PSPRS scores were similar between the davunetide (11.3 [9.8,12.8]) and placebo groups (10.9

[9.1, 13.0]). There wereno differences in any of the secondary or exploratory endpoints. There

were 11deaths in the davunetide group and tenin the placebo group. There were more nasal

adverse events in the davunetide group.

Interpretation—Davunetide is well tolerated but is not an effective treatment for PSP. Clinical

trials of disease modifying therapy are feasible in PSP and should be pursued with other promising

tau-directed therapies.

Funding—Allon Therapeutics
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Introduction

Progressive supranuclear palsy (PSP) is a neurodegenerative cause of atypical Parkinsonism

for which there are no approved or effective therapies.1 At autopsy, insoluble aggregates of

the microtubule associated protein tau are found in neurons and glia throughout the brain,

most prominently in the brainstem, deep cerebellar nuclei and basal ganglia, with variable

involvement of neocortical regions.2,3 The most common clinical presentation of PSP,

termed Richardson’s syndrome, has a prevalence of approximately 6.5 cases per 100,000

individuals,4 and characteristically involves early and severe gait instability with falls, a

slowing of vertical greater than horizontal saccadic eye movements progressing to a

supranuclear restriction of gaze, slowed movement, rigidity of the axial musculature,

dysphagia and pseudobulbar affect, along with variable neuropsychiatric abnormalities and

dementia. Genetically, PSP is strongly linked to the H1 tau gene (MAPT) haplotype and

other single nucleotide polymorphisms within the MAPT gene,5 and MAPTmutations that

lead to increased inclusion of the alternatively spliced exon 10,containing one of the four

potential microtubule binding domains, can lead to an autosomal dominant familial PSP

syndrome.6 A diagnosis of Richardson’s syndrome is highly predictive of underlying PSP or

related four repeat tau pathologies,7 and therefore PSP has been suggested to be an ideal

population for testing tau or microtubule-directed therapeutics for neurodegenerative

disease.8

Davunetide (AL-108, NAP) is an eight amino acid peptide (single-letter amino acid code:

NAPVSIPQ) derived from Activity Dependent Neuroprotective Protein (ADNP), a growth

factor released from glial cells in response to exposure to vasoactive intestinal peptide. In

cell culture models, davunetide has potent neuroprotective effects on cell death and

microtubule disruption from a variety of toxic insults,and in transgenic mice carrying one or

more human MAPT mutations that typically lead to severe autosomal dominant disease,

davunetide ameliorates deposition of hyperphosphorylated, insoluble forms of tau and

improves performance on behavioral tests such as the Morris water maze.9 A twelve week

Phase 2 randomized placebo-controlled clinical trial of davunetide administered intranasallly

in 144 individuals with amnestic mild cognitive impairment suggested a potential treatment

benefit on attention and working memory.10 Since executive function deficits, often

involving working memory and attention,are common in PSP,11 and based on davunetide’s

proposed mechanism of action involving stabilization of microtubules and decreased tau

pathology, we hypothesized that davunetide would be an effective therapy for PSP. To test

this hypothesis we carried out a multicenter, randomized, parallel group, double-blind,

placebo-controlled trial of davunetide for PSP. The primary objectives of the study were to

determine the safety of davunetide, and its efficacy in reducing the rate of progression of

clinical features of PSP.

Methods

Participants

Patients were recruited from 48 study centers in Australia, Canada, France, Germany, the

United Kingdom andthe United States(full list of sites given at end of text). Study visits

occurred between September 30, 2010 and November 1, 2012. Ethics board approval was
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obtained at each site and all participants gave written informed consent as per local

regulations.

All participants met the following criteria for PSP (Richardson’s syndrome), which were

modified from the PSP criteria from the National Neuroprotection in Parkinson’s Plus

(NNIPPS) study:12 at least a 12-month history of postural instability or falls,occurring

during the first 3 years that symptoms werepresent; decreased downward saccade velocity or

supranuclear ophthalmoplegia;and an akinetic-rigid syndrome with prominent axial rigidity.

In addition, at screening, individuals had to be between 41 to 85 years old;have a mini-

mental state examination (MMSE)score ≥ 15; live outside a skilled nursing facility or

dementia care facility; be able to ambulate independently or to take at least 5 steps with

minimal assistance; have PSP symptoms for less than 5 years or symptoms for more than 5

years with a Progressive Supranuclear Palsy Rating Scale (PSPRS)13 of score ≥ 40; and be

able to undergoa MRI scan during screening. Concomitant medications: Participants were

allowed to take levodopa and other Parkinson’s medications, with the exception of

rasagiline, if the dose had been stable for 60 days prior to screening. Participants were

permitted to take rasagiline or co-enzyme Q10 if the dosewas stable for at least 90 days prior

to screening. Exclusion criteriaincluded a clear and robust benefit from levodopa at the time

of screening, evidence of motor neuron disease, use of acetylcholinesterase inhibitors,

antipsychotics (other than quetiapine), memantine, lithium, methylene blue or other putative

disease modifying drugs for PSP.

Clinicaltrials.gov identifier: NCT01110720.

Randomization, dose, and blinding

Participants were randomized to davunetide (the acetate salt of NAPVSIPQ)30 mg

intranasally (two 0.1 ml puffs per nostril) twice dailyfrom a multi-dose, metered nasal spray,

or matching placebo nasal spray (lacking davunetide, in identical bottles with similar nasal

sensation when administered), for 52 weeks of treatment. The dose was the maximal dose

that could be feasibly delivered by this route and corresponded to approximately twice that

found to be effective in animal models.9 All participants and study personnel were blinded

to treatment assignment. Randomization was 1:1 using permuted blocks. Randomization

was stratified centrally by baseline PSPRS (< 40, ≥ 40), coQ10 use (yes, no), and age (< 70,

≥ 70) using an Interactive Web Response System (IWRS) that was incorporated into the

electronic data capture system,and managed by the contract research organization that

supported data collection (Research Pharmaceutical Services, Fort Washington, PA, USA).

Sample size determination

The target sample size was 300. This trial was designedto achieve a 2-sided alpha level of

0.05 at 90% power if the treatment effect was 4.13 PSPRS points (i.e., a 37.5% difference

relative to an expected placebo change from baseline of 11.0,standard deviation of 11.0),

based on publishednatural history data.13
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Study procedures

Each participant participated in eight study visits over approximately 59 weeks. After the

screening visit, a randomization/baseline visit occurred within 42 days, during which initial

study medication was dispensed. Participants returned at weeks three, six, 13, 26, 39 and 52

weeks. After the week 52 visit, the study medication was stopped, and individuals were

contacted by telephone at week 53 to assess adverse events and clinical status.

Participantsfor whom an early termination visit was not possible due to disease progression

or other factors, were assessed by telephone using a telephone questionnaire. Study

medication compliance was assessed by comparing the weights of the nasal spray bottles at

dispensing versus when individuals returned at follow up visits. Participants were deemed

compliant if the calculated weight differences were within 75% to125% of expected.The

primary efficacy measures were assessed at baseline and weekssix, 13, 26, 39 and 52 and

safety measures at all visits. Adverse events were grouped by Medical Dictionary for

Regulatory Activities (MedRA) system organ class (www.meddramsso.com). Serious

Adverse Events were defined as those leading to hospitalization or death.

Outcome measures

The primary outcomes were the PSP Rating Scale (PSPRS)13 and the Schwab and England

Activities of Daily Living Scale (SEADL).14 The PSPRS assesses 28 signs and symptoms of

PSP in 6 categories: daily activities, behavior, bulbar, ocular motor, limb motor and gait/

midline. Scores on the PSPRS range from a low of 0 (normal) to a high of 100 (most

disability). The SEADL is an 11-point (0%, 10%, 20%...100%; 100% is normal) ordinal

scale, which measures overall disability based on a patient and informant

interview.Secondary outcomes included the Clinical Global Impression of Disease Severity

(CGIds)15 or Change (CGIC)16 and brain ventricular volume as measured by boundary shift

integral analysis of T1-weighted MRI images.17 For the MRI substudy, MRI scans were

performed on 1.5 or 3T scanners and all sites were qualified by the Mayo Clinic, Mayo

Aging and Dementia Imaging Research (ADIR) laboratory. Midbrain and superior cerebellar

peduncle volumes were derived by label propagation in SPM5and treated as exploratory

outcomes (Supplemental Methods).Exploratory neuropsychological outcomes measured

included the Repeatable Battery for the Assessment of Neuropsychological Status

(RBANS),18 and three additional neuropsychological assessments of executive function (the

color trails, phonemic fluency [F, A or S words per minute] and letter-number sequencing)

were also included.11 Mood was assessed using the Geriatric Depression Scale.19 Safety and

tolerability of davunetide was assessed by treatment emergent adverse events,

electrocardiograms, nasal examination and clinical laboratory measures.

A subset of patients participated in an exploratory fluid biomarker study, undergoing lumbar

punctures at baseline and 52 weeksto measure CSF amyloid beta1-42, tau, phosphorylated

tau and neurofilament light chain (NfL) and plasma phosphorylated neurofilament heavy

chain (pNFH);20 a genotyping substudy that determined the tau haplotype (H1 vs. H2) in

each individual using single nucleotide polymorphism markers from a recent PSP genome

wide association studyas previously described, 5 or a quantitative ocular motor study that

measured vertical and horizontal saccades using infrared oculography (Supplemental

Methods).
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Statistical analysis

Primary and secondary outcomes were analyzed using an intent-to-treat (ITT) approach that

included all participants who received at least one dose of medication and had a post-

baseline efficacy assessment. For the primary analyses, a rank-based method was used to

incorporate deaths and loss to follow-up as well as to allow for possibly skewed data. We

assumed patients lost to follow up behaved like placebo participants. This method is similar

to the rank based Wilcoxon test, but participantswhodie are treated as if they have the worst

changes from baseline for the purpose of assigning ranks.21 Participantswhodiscontinued

follow-up would be expected to continue to decline with respect to the PSPRS and SEADL

if they could be followed. For participantswhodiscontinued follow-up for reasons other than

death, the last observation recorded was used to assign the rank after subtracting the mean

change from that time point to the end of the treatment period experienced by the placebo

group. Using these ranks, a stratified rank test was performed through the use of a

permutation test with strata formed by the randomization strata as described. 22 For the CSF

analyses, 52 week change from baseline values were compared between treatment groups

using a Wilcoxon test. Since no treatment-related differences were identified, data were

combined for Spearman correlations with clinical and imaging variables.

Role of the funding source

The study was sponsored by Allon Therapeutics, Inc. (Vancouver, BC, CAN), a company

that was purchased in August, 2013, by Paladin Laboratories. The study was designed by an

academic steering committee in collaboration with the sponsor. The sponsor funded data

collection, the planned analyses and an initial interpretation of the data. All authors had full

access to the data, no medical writer or editor was employed, and the decision to submit the

manuscript was made by the authors without input from any corporate entity.

Results

360 individuals were assessed for eligibility and 313 were randomized to davunetide (n =

157) or placebo (n = 156; Figure 1). There were no differences in baseline characteristics

between the davunetide and placebo groups (Table 1). Medication compliance was similar

between the two groups (mean for both = 94%).

There were no differences in the efficacy primary endpoints, the 52 week change from

baseline in the PSPRS and SEADL, between the davunetide and placebo group in either the

primary ITT analysis(Table 2; Figure 2)or an analysis of participants who completed all

study visits (Table 3). Likewise, sensitivity analyses to account for number and time of

deaths in each group, as well as effects of demographic variables and concomitant

medications, failed to reveal any differences between treatment groups. There were no group

differences on the secondary efficacy measurements, the CGIC and the change in ventricular

volume on MRI scans. The exploratory clinical endpoints, including the RBANS, executive

function tests, CGIds, GDS also did not demonstrate a treatment effect.

For the exploratory imaging, ocular motor, plasma and CSF biomarker endpoints, there were

no differences in rates of change between treatment groups (Table 3). All MRI
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measurements, including total ventricular, total brain, midbrain and superior cerebellar

peduncle (SCP)volume demonstrated progressive atrophy over one year based on

examination of 95% confidence intervals in the combined study population (Table 3).

Horizontal saccade latency increased and vertical first saccade gain decreased over one year

(no changes in other measures; data not shown). Of the five fluid analytes, only the CSF

NfL concentrations changed over time. Interestingly, in a post hoc analysis, the one year

change in NfL levels were correlated with the change in SCP volume (Spearman’s rho =

−0.450, p = 0.045; Figure 3) as well as the oculomotor subscale of the PSPRS (rho = 0.609;

p = 0.003).

Davunetide was well tolerated. Comparable numbers of individuals experienced treatment

emergent adverse events (Table 4). There were 11 deaths in the davunetide group and 10on

placebo. There were 54 Serious Adverse Events in each of the treatment groups. Most

adverse events were mild to moderate in intensity and were evenly distributed between

treatment groups. There were more participants in the davunetide-treated group (n=21) than

in the placebo-treated group (n= 12) who had AEs leading to study drug discontinuation,

with most related to epistaxis or nasal congestion. There were no differences in the ECG or

safety laboratory values between treatment groups (data not shown).

Discussion

This phase 2/3 clinical trial found no effect of 52 weeks of twice daily 30 mg intranasally-

administered davunetide treatment in PSP other than small differences in the rate of nasal

adverse events. The groups were well-matched at baseline, and the primary outcome

measures, the PSPRS and the SEADL, demonstrated the expected annual rates of decline in

both treatment groups, suggesting that the study was adequately powered to detect a

treatment effect of intranasal davunetide if one had been present. No effects of davunetide

treatment were observed on the secondary outcome measures, the CGIC and the annual rate

of brain atrophy as measured by total ventricular volume on volumetric MRI scans. In

addition, no effects of davunetide treatment were observed on the rate of change in a variety

of exploratory cognitive assessments, volumetric MRI measurements or, in a small subset of

individuals, CSF neurodegenerative disease biomarkers. Because pharmacokinetic

measurements of davunetide were not performed as part of this study, and there are no

known pharmacodynamic biomarkers available for davunetide, we cannot be certain that

sufficient concentrations of davunetide entered the CNS to exert an effect, we had the

correct dose or that the drug engaged its target. However, our results definitively show that

davunetide as administered is not an effective treatment for PSP, despite preclinical data

suggesting benefits related to ameliorating tau pathology. Nonetheless, this study is one of

the largest clinical trials ever conducted in PSP, and it provides a wealth of new information

about disease progression, longitudinal imaging and fluid biomarker changes that will be

very useful in designing future PSP studies.

This is the first pivotal (intended for registration) clinical trial of a tau-directed therapeutic

agent for PSP. It is also the largestmulticenter clinical trial to employ the PSPRS. 13 A

recent, negative, year-long, multicenter trial of the glycogen synthase kinase 3 (GSK-3)

inhibitor, tideglusib, also used the PSPRS and identified a similar rate of decline.23
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Previous, shorter duration, single center clinical trials used the PSPRS, with one showing a

small benefit of co-enzyme Q10 therapy24 and another showing no effect of donepezil

treatment on this scale.25 Importantly, we found a mean annual rate of decline on the PSPRS

of 11.0 (9.9 – 12.3) points which is nearly identical to the single center validation study for

which only one rater examined all the individuals. 13 The survival rate of approximately

93.1% over 53 weeks of follow-up was slightly higher than predicted from the PSPRS

validation study (86.9%) based on the mean baseline PSPRS score of 40 in our patient

population, but similar to the tideglusib trial.13 For the co-primary endpoint, the SEADL, we

determined an annual rate of decline of 17 (15 -19)% which is nearly identical to that

reported for NNIPPS clinical trial of riluzole for PSP and the tideglusib trial,in patients

displaying a similar baseline degree of impairment. 12, 15 Together, these results suggest that

the diagnostic criteria for PSP we used are reliable for recruiting mild-moderately impaired

PSP patients into multicenter trials, and that once enrolled, such individuals follow a highly

predictable rate of clinical decline.

This is the first study to report longitudinal CSF biomarker analyses in PSP. With the caveat

that we had limited numbers of samples to analyze,we found that the standard (INNOBIA

AlzBio3) total tau, phosphorylated tau and beta amyloid levels commonly studied in

Alzheimer’s Disease (AD) did not change over one year in PSP. In contrast, CSF NfL levels

increased over 52 weeks in the PSP participants and the longitudinal changes in CSF NfL

levels were correlated with changes in clinical ocular motor ratings on the PSPRS and

changes in superior cerebellar peduncle (SCP) volume on MRI scans. Of note, CSF NfL

levels have previously been shown to be elevated in PSP and correlated with disease

severity as measured by Hoehn and Yahr scores,26 and are correlated with disease severity

in other forms of frontotemporal lobar degeneration, but not AD. 20 NfL levels decrease in

response to disease modifying therapy in multiple sclerosis.27 Our findings suggest that CSF

NfL is likely to be a useful biomarker of disease progression in PSP. Although we observed

no longitudinal changes in CSF tau or phosphorylated tau, both measurements have

identified treatment effects of anti-amyloid therapies in AD clinical trials where no

longitudinal increase in levels was identified in the placebo group28 or comparable natural

history studies.29 Thus it remains possible that these measurements may be useful in future

PSP trials, particularly those involving tau-directed therapeutic agents.

This is the largest multicenter study to measure longitudinal brain volume changes in PSP.

We found no treatment-related difference in brain atrophy rates, with a mean annual brain

atrophy rate similar to the approximately 1% atrophy rate reported previously in single

center natural history studies.17, 30, 31 The recent tideglusib trial included a smaller MRI

substudy (n = 37) that showedreducedwhole brain and parietal-occipital atrophy rates in

treated individuals.32 Of note, the mean annual brain atrophy rate in the tideglusib study’s

placebo group was 3.1%, which is higher than what we observed(0.86%).Since we used

similar volumetric methods to previous PSP MRI natural history studies and obtained

similar results, the differences in brain atrophy rates between our study and the tideglusib

MRI substudy may have arisen from the different volumetric analysis methods they used or

differences in clinical characteristics between the MRI study populations. While our mean

annual ventricular volume expansion rate of approximately 9.4% was similar to previous

studies, midbrain atrophy rates have been more variable, and ouridentified rate of 3.6% fell
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in the lower range of previously reported values (2.2 – 10.5%). Our 7.3% annual rate of SCP

atrophy was higher than the 3.5% rate reported in a previous study.30 It is likely that the

subtle differences in regional atrophy rates arose from the different volumetric imaging

methods employed here.

This study clearly demonstrates the feasibility of conducting multicenter clinical trials in

PSP, and the striking reproducibility of rates of change on standard outcome measures such

as the PSPRS. It also demonstrates the potential utility of volumetric brain imaging and CSF

NfL as biomarkers of disease progression in PSP. Similar to a recent clinical trial of another

tau-directed therapy (tideglusib) in PSP, no clinical benefits were seen. Although the

tideglusibtrialidentified a treatment effect on brain atrophy rate, the significance of this

finding is unclear since there were no associated clinical benefits. Importantly, neither the

tideglusib trial nor ourstudy included pharmacodynamic measurements that demonstrated

that the investigational agent engaged its molecular target in the trial participantsand had the

predicted mechanistic effect. Therefore the biological hypotheses underlying both of these

trials were not adequately tested. Future studies of tau-directed therapeutics should be

pursued in PSP, butmust incorporate phamacodynamic measures of target engagement. Tau

PET imaging33 is a promising new biomarker that may help to demonstrate target

engagement and allow identification of PSP patients at earlier stages of disease when tau-

directed therapeutics are most likely to be effective.

Research in Context

Systematic review

We searched Pubmed using the following terms: “progressive supranuclear palsy,”

“placebo” and “trial.” We identified 13 previous randomized, placebo-controlled trials of

treatments for PSP between 1983 and 2014. Previous studies investigated the effects of

multiple cholinergic agents including donepezil,25 riluzole,12 co-enzyme Q1024 and the

GSK-3 inhibitor, tideglusib,23 on the symptoms of PSP. A small, beneficial treatment effect

of co-enzyme Q10 was identified after 6 weeks of treatment in study that included 21

participants enrolled at a single center.24 Only two other studies followed participants for

one year or longer,12,23 and no other beneficial clinical treatment effects were identified,

although tideglusib appeared to decrease the rate of brain atrophy in a small MRI

substudy.32

Interpretation

Similar to previous clinical trials of other potential therapies, we found no benefit of

davunetide administered intranasally in PSP.To date, no therapies have been demonstrated

to be effective in ameliorating the symptoms or slowing the rate of clinical progression of

PSP over the course of one year or longer in a randomized, placebo-controlled clinical trial.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Atudy Profile
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Figure 2. Change from baseline in primary outcome measures, the PSPRS and SEADL
(A) Least squares mean ± SEM change from baseline in PSPRS from primary ITT analysis.

P = 0.41. An increase in PSPRS indicates worse disease.

(B) Least squares mean ± SEM change from baseine in SEADL from primary ITT analysis.

P = 0.92. A decrease in SEADL indicates worse performance.
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Figure 3. Longitudinal change in CSF Nf-L correlated with imaging and clinical variables
Change in CSF neurofilament light chain concentration is correlated with (A) change in

superior cerebellar peduncle volume measured on MRI (Spearman’s rho = −0.450, p =

0.045;n = 19) and (B) change in PSPRS oculomotor subscale (rho = 0.609; p = 0.003, n =

20). Blue circles: davunetide; black circles: placebo.
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Table 1

Baseline Characteristics of Study Population

Davunetide Placebo Total

Number 151 153 304

Age (years) 68 (67,69) 67 (66,68) 68 (67,69)

Sex - n (%) female (%) 71 (47) 71 (47) 142 (47)

Disease duration n (%) > 5
years 15 (10) 12 (8) 27 (9)

Weight (kg [95% CI]) 77.9 (75.5,80.3) 77.3 (74.5,80) 77.6 (75.8,79.4)

Race - n (%) White 132 (87.4) 134 (87.6) 266 (87.5)

Region –n (%) Australia 9 (6.0) 5 (3.3) 14 (4.6)

Europe 45 (29.8) 47 (30.7) 92 (30.3)

N. America 97 (64.2) 101 (66.0) 198 (65.1)

Tau Haplotype – n (%
genotyped participants) H1/H1 119 (95.9) 110 (93.2) 229 (94.6)

H1/H2 5 (4.0) 8 (6.8) 13 (5.3)

H2/H2 0 0 0

Missing 27 (17.9) 35 (22.9) 62 (20.4)

MMSE 26 (25.4,26.6) 26 (25.5,26.5) 26 (25.6,26.4)

Concomitant medication
used during study

CoQ10 use n (%) 30 (19.9) 30 (19.6) 60 (19.7)

Levodopa use n (%) 61 (39.1) 70 (44.9) 131 (42.0)

Primary outcomes

PSPRS 40 (38,42) 39 (37,41) 40 (39,41)

SEADL 0.5 (0.47,0.53) 0.5 (0.47,0.52) 0.5 (0.48,0.52)

Secondary/exploratory
outcomes

GDS 12 (11,14) 13 (12,14) 13 (12,14)

CGIds 3.9 (3.8,4.0) 3.9 (3.7,4.1) 3.9 (3.8,4.0)

RBANS (raw[95% CI]) 141 (135,146) 142 (137,147) 141 (138,145)

RBANS (scaled) 73 (71,76) 72.8 (71,75) 73.1 (72,75)

Fluency (words/min) 11 (10,12) 11.1 (11,12) 11. (10,12)

Letter number seq. (score) 6.8 (6.4,7.2) 7.1 (6.6,7.6) 7.0 (6.7,7.3)

Color Trails 1 167.6 (156, 179) 166.1 (154, 178) 167.5 (159, 176)

Color Trails 2 239 (228,250) 241.9 (231,253) 240 (232,249)

MR Imaging

Number 145 146 291

Ventricular volume (× 104 mm3) 5.0 (4.7,5.4) 4.9 (4.5,5.3) 5.0 (4.7,5.2)

Whole brain volume (× 104 mm3) 127.8 (125.7,129.9) 127.2 (125,129) 127.5 (126,129)

Midbrain volume (× 104 mm3) 69 (0.68,0.70) 0.69 (0.68,0.70) 0.69 (0.68,0.70)
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Davunetide Placebo Total

SCP volume (× 104 mm3) 0.039 (0.037,0.041) 0.039 (0.037,0.041) 0.039 (0.037,0.04)

CSF Analytes

Number 25 23 48

Beta amyloid (1-42) (pg/ml) 385 (348, 422) 383 (334, 432) 384 (354, 414)

Total tau (pg/ml) 60 (51.1,68.7) 59.2 (48.7,69.6) 59.5 (52.8,66.3)

Phosphorylated tau (pg/ml) 24.4 (21.9,26.9) 24.7 (22.0,27.3) 24.5 (22.7,26.4)

Neurofilament Light Chain (pg/ml) 4693 (3888, 5499) 5719 (4233, 7205) 5185 (4355, 6015)

Plasma analyte

Number 26 25 51

Phosphorylated
Neurofiament Heavy Chain (pg/ml) 800 (590,1010) 720 (550, 890) 760 (660,920)

Ocular motor

Number 13 6 19

Horiz. Saccade Latency (msec) 240 (217, 262) 205 (169, 241) 228 (209, 249)

Number 7 5 12

Vertical First Saccade Gain (degree) 1.8 (0.6,3.0) 1.8 (0.04,3.6) 1.8 (0.8, 2.2)

Abbreviations: MMSE: Mini-mental State Examination; PSPRS: Progressive Supranuclear Palsy Rating Scale; SEADL: Schwaab and England
Activities of Daily Living Scale; GDS: Geriatric Depression Scale; CGIds: Clinical Global Impression of Disease Severity; RBANS: Repeatable
Battery for the Assessment of Neuropsychological Disease Severity; SCP = superior cerebellar peduncle.
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Table 4

Adverse Events Occurring in Greater than 5% of Study Participants

System Organ Class
Preferred Term

Davunetide
(N=156)
n (%)

Placebo
(N=156)
n (%)

Total
(N=312)
n (%)

Participants with at Least One Event 145 (92.9) 148 (94.9) 293 (93.9)

Eye disorders 30 (19.2) 20 (12.8) 50 (16.0)

Gastrointestinal disorders 37 (23.7) 48 (30.8) 85 (27.2)

 Constipation 12 (7.7) 12 (7.7) 24 (7.7)

 Dysphagia 8 (5.1) 10 (6.4) 18 (5.8)

General disorders and administration site conditions 24 (15.4) 27 (17.3) 51 (16.3)

Infections and infestations 61 (39.1) 68 (43.6) 129 (41.3)

 Urinary tract infection 18 (11.5) 31 (19.9) 49 (15.7)

 Nasopharyngitis 7 (4.5) 11 (7.1) 18 (5.8)

Injury, poisoning and procedural complications 84 (53.8) 86 (55.1) 170 (54.5)

 Fall 58 (37.2) 56 (35.9) 114 (36.5)

 Skin laceration 26 (16.7) 28 (17.9) 54 (17.3)

 Contusion 6 (3.8) 16 (10.3) 22 (7.1)

Investigations 31 (19.9) 22 (14.1) 53 (17.0)

Metabolism and nutrition disorders 14 (9.0) 7 (4.5) 21 (6.7)

Musculoskeletal and connective tissue disorders 35 (22.4) 43 (27.6) 78 (25.0)

Nervous system disorders 40 (25.6) 62 (39.7) 102 (32.7)

 Dizziness 6 (3.8) 12 (7.7) 18 (5.8)

  Progressive supranuclear palsy, worsening 6 (3.8) 11 (7.1) 17 (5.4)

Psychiatric disorders 31 (19.9) 47 (30.1) 78 (25.0)

 Depression 9 (5.8) 12 (7.7) 21 (6.7)

 Insomnia 6 (3.8) 11 (7.1) 17 (5.4)

Renal and urinary disorders 18 (11.5) 20 (12.8) 38 (12.2)

Respiratory, thoracic and mediastinal disorders 77 (49.4) 61 (39.1) 138 (44.2)

  Epistaxis 18 (11.5) 13 (8.3) 31 (9.9)

  Cough 12 (7.7) 12 (7.7) 24 (7.7)

  Rhinorrhea 15 (9.6) 8 (5.1) 23 (7.4)

 Nasal congestion 18 (11.5) 3 (1.9) 21 (6.7)

 Nasal mucosal disorder 9 (5.8) 8 (5.1) 17 (5.4)

 Nasal discomfort 15 (9.6) 1 (0.6) 16 (5.1)

Skin and subcutaneous tissue disorders 18 (11.5) 21 (13.5) 39 (12.5)

Vascular disorders 10 (6.4) 10 (6.4) 20 (6.4)

Adverse events leading to study medication discontinuation in greater than two individuals are shown in bold.
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