] Prev Alz Dis 2023;4(10):669-674
Published online October 24, 2023, http:/ / dx.doi.org/10.14283/jpad.2023.107

Original Research

ASURE Clinical Trial Protocol: A Randomized, Placebo-Controlled, Proof-
of-Concept Study Aiming to Evaluate Safety and Target Engagement
following Administration of TW001in Early Alzheimer’s Disease Patients

M. Oosthoek’, A. Lili?, A. Almeida’, O. van Loosbroek?, R. van der Geest’, I. de Greef-van der Sandt,
P. van Bokhoven®, S.A.M. Sikkes***, C.E. Teunissen', E.G.B. Vijverberg*

1. Neurochemistry Laboratory, Department of Laboratory Medicine, Vrije Universiteit Amsterdam, Amsterdam UMC, The Netherlands; 2. Treeway B.V., Tilburg, The
Netherlands; 3. Industry Alliance Office, Amsterdam Neuroscience, Amsterdam UMC, Amsterdam, The Netherlands; 4. Alzheimer Center, Department of Neurology,
Vrije Universiteit Amsterdam, Amsterdam UMC, Amsterdam, The Netherlands; 5. VU University, Faculty of Behavioural and Movement Sciences, Department of
Clinical, Neuro- & Developmental Psychology; 6. Amsterdam Neuroscience, Neurodegeneration, Amsterdam, The Netherlands

Corresponding Author: Marlies Oosthoek, Neurochemistry Laboratory, Department of Laboratory Medicine, Vrije Universiteit Amsterdam, Amsterdam UMC, Netherlands,

m.c.oosthoek@amsterdamumec.nl

Abstract

BACKGROUND: Alzheimer’s disease (AD) is a
neurodegenerative disease with complex disease etiology and
pathological processes. These include formation of plaques
and tangles, aberrant lipid processing, neuroinflammation,
cerebrovascular dysregulation, ion channel and mitochondrial
dysfunction, and oxidative stress. Disease-modifying therapies
focusing on all these different facets are needed. TW001 is an
oral formulation with the radical scavenger edaravone as its
active ingredient, targeting oxidative stress.

OBJECTIVES: This manuscript describes the trial design for
Phase ITA Alzheimer Study Using oRal Edaravone (ASURE).
METHODS: ASURE is a randomized, placebo-controlled,
proof-of-concept study aiming to evaluate safety and target
engagement following administration of TWO001 in early AD
patients. Patients should have a biomarker confirmed diagnosis
to be included in the trial and will be treated for 90 days.
The primary endpoints include safety and effect of TW001 on
oxidative stress biomarkers. Exploratory endpoints focus on
a panel of AD(-related) fluid-based biomarkers and EEG. In
addition, a recently developed cognitive functional composite
(CFC) score will measure early signs of cognitive and functional
effects of TWO0O1.

RESULTS: This article outlines the design of the clinical study,
no results are included.

CONCLUSIONS: The ASURE trial design is discussed, with
a particular focus on fluid biomarkers, EEG, and CFC as
endpoints. By testing multiple measures related to pathology,
pharmacodynamics, EEG as proxy for cognition, and cognitive
functional scores, it is expected that small changes will be
detectable in trials of shorter duration. Moreover, the wide
range of endpoints allows to make well-informed decisions for
designing pivotal studies later.
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Introduction

ementia affects over 50 million people

D worldwide, and it is expected that this number

will only increase (1). Recently, a new era of

drug development for AD started by the approval of

monoclonal antibodies against amyloid by the Food and

Drug Administration (FDA). However, we still need

improved disease modifying therapies (DMTs) to treat
AD.

Extracellular plaques constituted of amyloid
(Ap) peptides and intracellular neurofibrillary tangles
comprised of phosphorylated tau (pTau) are important
hallmarks of AD pathology (2, 3). However, in AD many
additional pathological processes are occurring, including
neuroinflammation, cerebrovascular dysregulation,
ion channel and mitochondrial dysfunction, and
oxidative stress (4, 5). Together, these processes result
in neurodegeneration and subsequently, the clinical
end stage dementia. DMTs targeting many of these
pathological pathways are needed, and efficacy and
disease modification need to be investigated in well-
designed trials.

The occurrence of oxidative stress in the brain
of AD patients can be related to many of the ongoing
pathological processes mentioned above. AP peptides
can interact with metals making them highly reactive,
inducing the formation of reactive oxygen species
(ROS), resulting in oxidative stress (6-8). Furthermore,
ApB-induced ROS formation can cause protein and
lipid oxidation resulting in protein dysfunction and
membrane alterations, respectively (9). Additionally,
Ap oligomers interact with the NMDA receptor, which,
through a cascade of reactions, leads to mitochondrial
dysfunction and further promote oxidative stress (7,
10). ROS also interact with the tau protein, inducing
hyperphosphorylation of tau (11). Lastly, the ROS affect
microglia and cause activation of astrocytes and the
innate immune system, creating a pro-inflammatory
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environment (12). Combined, these effects create
a positive feedback loop, causing further disease
progression (13).

Edaravone donates an electron to the free radical
products, thereby ameliorating oxidative and
nitrosative stress (14-18). Edaravone has been proven
to be effective in in vitro AD models by attenuating
Ap-induced oxidative stress, mitochondrial dysfunction
and neurotoxicity (19-21). In vivo, edaravone improved
cognitive function in transgenic Alzheimer mice (APP/
PS1) (22). Based on these findings and the general role of
oxidative stress in AD, it is expected that edaravone has
a multi-factorial effect. It is anticipated that TW001, an
oral formulation of edaravone, could provide convenient
at-home dosing, with the aim to halt disease progression.

To explore the effect of TW001 in AD, Treeway in
collaboration with the Alzheimer Center in Amsterdam,
initiated ASURE, a Phase IIA, randomized, double-blind,
placebo-controlled study, to investigate the safety and
effectiveness of TW001 in patients with mild to moderate
AD. Although the primary objective of this innovative
study is to investigate safety and determine target
engagement in AD patients, the study will also explore
the early effect of TWO001 on a variety of biomarkers, as
well as the potential clinical effects.

Methods

Design

ASURE is a multi-center, randomized, placebo-
controlled clinical trial. It is a proof-of-concept study
aiming to evaluate the safety, pharmacodynamics, and
pharmacokinetics of TWO001 in patients with Alzheimer’s
disease. Approximately 150 patients will be screened for
eligibility for the trial in 9 sites located in Europe. The
aim is to enroll approximately 60 patients, who will be
randomized 1:1 to receive 100 mg of TW001 or placebo
once daily for 90 days. Due to reduced bioavailability
of approximately 40% when taken with food, it is
recommended patients take the drug in fasted condition.
Randomization will be achieved using an interactive web
response system (IWRS), which also aids in maintaining
double-blindness. Packaging will be done according to
the national law and GMP requirements.

Study population

Both male and female patients > 55 to < 80 years old
with a body mass index between > 18.5 to < 30.0 kg/m?
are included. Patients eligible to participate in the trial
must have a diagnosis of MCI due to AD or mild AD
dementia as defined by the NIA-AA criteria research
framework (3). This includes patients with an MMSE
score of = 20 at screening and A+T+N+ or A+T+N- based
upon: CSF profile consistent with AD taken during
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screening period, documented evidence of a CSF profile
consistent with AD obtained within previous 12 months,
or documented amyloid PET scan evidence acquired
within previous 12 months. Additionally, the patient
must have a study partner available who is willing to
accompany the patient to all visits. If the patient is taking
medication, supplements or vitamins that may have an
influence on oxidative stress, cognition and/or EEG, the
dose must be stable at screening for at least one month,
and must remain stable for the duration of the trial.

Patients will be excluded if there is a known history
of stroke, evidence of a clinically relevant neurological
disorder other than AD at screening, a history of seizures
or epilepsy within the last 5 years before screening,
evidence of a clinically relevant unstable psychiatric
disorder based on the DSM-5™ criteria, or renal
impairment as indicated by a creatinine clearance of less
than 50 mL/min. Patients that have a history of hepatic
disease, AST or ALT levels of = 2 times upper limit of
normal, biliary tract disease, or a positive screening test
for HIV, hepatitis B or C will be excluded. Also, there
should be no evidence of unstable cardiac, pulmonary,
endocrine, hematologic, or active infectious diseases or a
history of cancer within 3 years prior to screening. Since
a lumbar puncture is part of the trial procedures, any
contraindication of obtaining a lumbar puncture is an
exclusion criterion.

Study procedures

Patients suitable for inclusion will be asked for written
informed consent. Thereafter, they will be screened
based on the inclusion and exclusion criteria. Vital signs
will be investigated, a 12-lead ECG and physical and
neurological examination will be performed (Figure 1).
Regular urinalysis, hematology, blood chemistry, and
coagulation tests will be performed and serological
findings will be investigated. In case no information
regarding CSF profile or PET scan is available, a lumbar
puncture will be performed at screening. When a lumbar
puncture must be carried out, more fluid will be taken
and will serve as the baseline measurement. This will
minimize patient burden. Screening will be done as
close as possible to the baseline visit to reduce temporal
variation. Cognitive tests including MMSE and CDR-SB
will also be done.

At baseline visit (V2; Day 1), urine and blood
will be sampled for safety, pharmacokinetic and
pharmacodynamic endpoints. A lumbar puncture will be
performed if this was not done yet during screening and
the patient will undergo electroencephalography (EEG).
The cognitive-functional composite (CFC), a relatively
new cognitive-functional test designed to measure
neurological decline in early-stage dementia, will also
be performed. It is expected that this test will be more
sensitive to small cognitive changes compared to other
well-known cognitive tests (23). On visit 3 (day 30) blood
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Figure 1. Flow chart ASURE trial
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and urine will be sampled for endpoint measurements.
This visit also includes an optional lumbar puncture.

At end of treatment (EOT) visit (V4; Day 90), blood,
urine and CSF sampling will be performed. Furthermore,
the patient will undergo EEG. Cognitive tests will be
carried out, these tests include the MMSE, CFC, and CDR-
SB. Physical and neurological exams will be completed. A
follow-up visit at least 14 days after EOT will be done to
evaluate if any adverse events occurred.

Results

Endpoints

Primary endpoints of the study are divided in
pharmacodynamic and safety endpoints. 8-hydroxy-
2’-deoxyguanosine (8-OHdG)/8-hydroxyguanosine
(8-OHG) and 3-nitrotyrosine (3-NT) will be measured
in CSF and plasma, uric acid will only be measured in
plasma. 8-OHdG and 8-OHG are oxidative stress markers
related to DNA-damage and RNA-damage, respectively
(24-26). 3-NT is an indicator of protein damage due
to oxidative stress (27). These biomarkers will also be
measured in urine as explorative endpoints. Uric acid
is an endogenously produced antioxidant, it is included
in this trial as it works very similar to edaravone. It is
important to further understand the effect of TW001 on
endogenous anti-oxidants. As safety outcomes, adverse
events will be monitored and changes in ECG, safety
labs, and physical and neurological examination will be
determined.

Furthermore, the effect of TW001 on AD pathology

as measured by AB42, Ap40, pTau isoforms, total Tau
(tTau) are included as exploratory endpoints. Due to the
expected multifactorial effect of edaravone and expected
broad downstream changes, it is anticipated that there
might also be a measurable change in inflammatory,
general neurodegenerative and synaptic function markers
(table 1). These will be measured in CSF and a subset will
also be measured in plasma. The measurement of the
synaptic function will also include EEG analysis.

As a cognitive endpoint, the newly developed CFC
and the cognitive dementia rating scale (CDR) will be
included. The CFC was developed by the Alzheimer
Center Amsterdam and constitutes of seven cognitive
tests and one functional test focusing on episodic and
working memory, and functional impairment (28, 29).
The cognitive part is completed by a neuropsychologist.
The functional component, consisting of the Amsterdam
IADL Questionnaire, is completed by a partner of the
patient and has been extensively validated previously
(30-32). Cognitive changes tend to be difficult to capture
with conventional cognitive tests partly due to floor
and ceiling effects (23). The CFC has been designed to
capture changes in cognition in the early dementia stages
and has been validated against other cognitive tests,
demonstrating no floor and ceiling effects and better
responsiveness to minor cognitive changes (23, 33).

TWO001 pharmacokinetics will be determined as
secondary endpoint in plasma. Pharmacokinetics include
the area under the curve from time-point 0 to time of
sampling, the maximum concentration and time of
maximum concentration.
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Table 1. Biomarker endpoints employed in the ASURE study

Subject Measurement Medium
Oxidative stress 8-hydroxy-2’-deoxyguanosine (8-OHdG)  Plasma, CSE Urine
8-hydroxyguanosine (8-OHG) Plasma, CSF, Urine
3-nitrotyrosine (3-NT) Plasma, CSF, Urine
Uric acid Plasma
AD disease progression amyloid p (AP) 42-residue (Ap42) Plasma, CSF
Amyloid  (AB) 40-residue (AB40) Plasma, CSF
Phophorylated tau 181 (p-tau 181) Plasma, CSF
Phophorylated tau 217 (p-tau 217) Plasma, CSF
Total tau (t-tau) CSF
Synaptic function loss Neuronal activity and connectivity EEG
Neurogranin (NRGN) CSF
Neuroinflammation Glial Fibrillary acidic protein (GFAP) Plasma, CSF
YKL-40 (chitinase-3-like protein 1) CSF
Neurodegeneration Neurofilament light (NFL) Plasma, CSF

Statistical analysis

All data will be tabulated descriptively and groups
statistics will be presented. The primary endpoint is to
determine safety of TWO001. To investigate this, effects
on safety laboratory tests and adverse events will be
described. Secondly the effect of TW001 on oxidative
stress biomarkers in CSF and plasma will be investigated
as part of the primary endpoints. Differences between
baseline and end of treatment in these markers will be
determined statistically. Population PK-PD modeling
which includes the retrospective assessment of dose- and
exposure response correlations will also be applied.

A broad range of biomarkers is included in this trial,
which will all be analyzed as exploratory endpoints.
Apart from providing insights into the different aspects
of the disease, these biomarkers could be used to create
a composite biomarker reflective of the combined effect
of TWO001 on the disease. Multivariate modelling will
combine longitudinal models for the biomarker data with
Cox regression models to establish the set of biomarkers
resulting in the highest predictive value for rate of
disease progression / disease duration. The longitudinal
biomarker models will be complemented with models
for the clinical parameters and combined in a single
framework to establish a monitoring tool of the disease.
Model reduction techniques will be applied to understand
and account for correlations among biomarkers and
clinical parameters. The finalized model should be a
biomarker-based model that optimally characterizes the
disease trajectory and be used to monitor AD disease
progression and treatment effects in clinical trials as well
as clinical practice. To this end, the data obtained from
ASURE (including the quantified biomarker and patient-
derived clinical and demographic data) will need to be

subjected to a variety of statistical multivariate analyses,
each of them tailored to the specific application.

Discussion

Here we describe the innovative design of the ASURE
study to investigate safety, pharmacodynamics and
pharmacokinetics of TW001 in AD patients. The main
objective is to examine the effect of TW001 on oxidative
stress related biomarkers and evaluate its safety in AD
patients. Moreover, the development of a composite
biomarker can give insights into disease progression.

Based on preclinical evidence, the mechanism of
action of edaravone in the treatment of AD is thought
to be multifactorial, comprising the mitigation of loss
of neurons and dendrites caused by inflammatory and
oxidative stress processes, the attenuation of Ap-induced
oxidative stress and neurotoxicity and the reduction of
amyloid plaque burden (20, 34). Most, if not all, of these
activities are related to the oxidative and nitrosative stress
that is thought to play an essential role in the pathology
of AD. The findings of this study can therefore also help
us gain insight on a pathological level on the role of
oxidative stress in early AD dementia patients.

Edaravone has been investigated in several other
indications. An intravenous formulation was approved
in Japan (Radicut®) as a therapeutic agent to reduce
neuronal damage following acute ischemic stroke. Where
it ameliorates ischemic neuronal damage and thereby
preventing oxidative damage to brain cells. In addition,
edaravone has been approved by the FDA under the
trade name Radicava® for treatment of amyotrophic
lateral sclerosis (ALS), a rare neurodegenerative disease.
It was originally approved in 2017 with an intravenous
administration, but in 2022 an oral formulation was also
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approved, Radicava ORS®. In ALS, it has been shown
that edaravone reduces oxidative stress biomarker
3-NT in the CSF and that treatment with edaravone can
significantly delay the progression as measured per the
ALS functional rating scale (35). Treeway B.V. developed
a new, patient-friendly oral formulation of edaravone,
TWO001. This formulation is currently in a Pivotal Phase
III Clinical Trial in Europe for the treatment of ALS
(ADORE; NCT05178810). In AD, it is anticipated that
oral TWO001 could provide a convenient daily at-home
dosing for AD patients and caregivers with the goal to
delay disease progression. Because it has been shown that
edaravone can penetrate the blood-brain-barrier to exert
its function and it can reduce oxidative stress in other
neurodegenerative diseases, it is believed that it can also
have a beneficial effect in AD patients.

Implementation of sensitive biomarkers to investigate
innovative DMTs should allow for exploratory trials to
be of limited duration (3 to 6 months) while still being
informative and indicative of disease modification. A
composite biomarker could even be more beneficial in
this case as it takes into consideration the complexity
of the disease and might result in a more sensitive
biomarker able to detect changes in the context of this
trial. Considering the complexity of AD, a broad range of
biomarkers will be evaluated in this trial and multivariate
modelling will determine the ultimate selection
of biomarkers to be used in the future. This ultimate
selection of biomarkers will thus only take place after
completion of the clinical validation of these biomarkers
in AD patients in the ASURE trial.

Exploratory efficacy endpoints focusing on cognition
have also been included in this trial, these tests include
the Clinical Dementia Rating scale — sum of boxes (CDR-
SB) and the Cognitive Functional Composite (CFC). The
sensitivity of the CFC to detect changes over a relatively
short time period in early AD stages and its monitoring
ability, make it highly fit for this trial. The use of the CFC
also shows the collaborative nature of this trial between
academia and biotech. The trail design is a combination
expertise on AD from the Alzheimer Center Amsterdam
as well expertise on edaravone and oxidative stress from
Treeway. Furthermore, Treeway has discussed this full
trial design during an Innovation Task Force meeting
with the EMA, in particular the innovative biomarkers
and how they can be further developed and contribute to
improved future clinical trial designs.

In conclusion, the ASURE trial is combining well-
known and well-established biomarkers with newer ones
together with the goal to develop a composite biomarker
and includes an innovative cognitive outcome within a
relatively short trial.
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