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Abstract

Background The apolipoprotein E €4 (APOE €4) allele is the strongest genetic risk factor for Alzheimer’s disease (AD),
with homozygotes accumulating a high burden of cerebral beta-amyloid (Ap) pathology. Valiltramiprosate/ALZ-801 is a
small-molecule potent inhibitor of Ap-oligomer formation. The efficacy, safety/tolerability, and brain volume effects of oral
valiltramiprosate were evaluated in this phase III, randomized, double-blind, placebo-controlled, multi-center, 78-week trial
in homozygotes with early symptomatic AD.

Methods The study enrolled eligible APOE4/4 subjects aged 50-80 years with Early AD (Mini-Mental State Examination
[MMSE] 22-30), which included mild cognitive impairment (MCI) and mild dementia, Clinical Dementia Rating—Global
Score (CDR-G) of 0.5 or 1, who were randomized 1:1 to valiltramiprosate (265 mg twice/day) or placebo. The primary
outcome was AD Assessment Scale—Cognitive Subscale (ADAS-Cog13); the key secondary outcomes were CDR—Sum of
Boxes (CDR-SB) and Amsterdam—Instrumental Activities of Daily Living (IADL), and a secondary outcome was Disability
Assessment for Dementia (DAD). The main imaging outcome was hippocampal volume on MRI; diffusion tensor imaging
(MRI-DTT) assessed microstructural tissue integrity. Amyloid-related imaging abnormalities (ARIA) were monitored with
MRIs every 26 weeks.

Results A total of 325 participants enrolled and received study drug. At 78 weeks, the overall efficacy population did not
show significant effects on ADAS-Cogl13 or other clinical outcomes compared with placebo (ADAS-Cog13: 11% slowing;
p =0.607, N = 320), but showed significant slowing of hippocampal atrophy (18%, p = 0.017, N = 290). Prespecified analy-
ses by disease severity (stratification variable) showed no significant clinical effects in mild AD (MMSE <26, N = 195).
The prespecified MCI group (MMSE >26, N = 125) showed nominally significant positive effects on ADAS-Cog13 (52%,
nominal p = 0.041) and DAD (96%, nominal p = 0.016), positive trend on CDR-SB (102%, nominal p = 0.053), with signifi-
cant hippocampal atrophy slowing (26%, p = 0.004), and positive grey/white matter effects on MRI-DTI. In the MCI group,
positive ADAS-Cog13 drug effects showed significant subject-level correlations with positive effects on imaging outcomes.
The most common adverse events were nausea, vomiting, and decreased appetite (more than double placebo rate), with no
increased risk of brain edema or microhemorrhages.

Conclusions The APOE4/4 Early AD population did not show significant clinical efficacy at 78 weeks but showed significant
brain atrophy slowing. Prespecified analyses at the MCI stage showed nominally significant slowing of clinical decline with
significant hippocampal atrophy slowing. Oral valiltramiprosate may provide a favorable benefit—risk profile and simple
treatment paradigm for homozygotes with MCI. These results will inform the design of future MCI trials.

Trial Registration Clinicaltrials.gov: NCT04770220; EudraCT Number: 2020-005755-20.

Full list of author information is available at the end of the article
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In the primary analysis of the early Alzheimer’s disease
(AD) population (combined mild cognitive impairment
[MCI] and mild AD), valiltramiprosate/ALZ-801 did not
achieve significance on the primary or secondary clinical
outcomes but showed significant slowing of hippocam-
pal atrophy compared with placebo.

In the prespecified MCI subgroup, valiltramiprosate
showed nominally significant positive effects on cog-
nition (AD Assessment Scale—Cognitive Subscale,
ADAS-Cog13) and function (Disability Assessment for
Dementia, DAD), positive trend on Clinical Dementia
Rating—Sum of Boxes (CDR-SB), with significant slow-
ing of hippocampal and cortical atrophy, and significant
subject-level correlations between clinical and imaging
outcomes.

The overall safety profile was favorable with mild/mod-
erate nausea as the most common adverse event and no
increased risk of amyloid-related imaging abnormalities
(ARIA) in this high-risk apolipoprotein E €4 homozy-
gous (APOE4/4) population.

Consistent with its mechanism of action, inhibiting
formation of AP oligomers by valiltramiprosate may pro-
vide a favorable benefit-risk profile for APOE4/4 MCI
patients, to be confirmed in future studies.

1 Introduction

Alzheimer’s disease (AD) remains the sixth most common
cause of mortality in the United States, affecting approxi-
mately 7 million Americans, and has an estimated preva-
lence of approximately 100 million individuals globally [1,
2]. The current biological definition of AD requires posi-
tive amyloid and tau biomarkers [3], with beta amyloid (Af)
being the earliest detected pathology [4—6]. Multiple lines
of evidence support the upstream role of neurotoxic soluble
Ap oligomers in AD pathogenesis. Misfolded Af oligomers
spread through the brain, causing direct injury to neuronal
membranes and synaptic impairment [7, 8]. Additionally, A}
triggers tau hyperphosphorylation and the spreading of tau
pathology across the neocortex, leading to neurodegenera-
tion and clinical decline [9-11].

The strongest genetic risk factor for sporadic AD is car-
rying the €4 allele of apolipoprotein E (APOE4), which
exerts a gene-dose effect, with APOE4/4 homozygotes hav-
ing a 14-fold higher AD risk [12-14]. Homozygotes carry a
high burden of AP pathology including oligomers in brain
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parenchyma and in cerebral vasculature, with accelerated
hippocampal atrophy and earlier onset of symptoms [9,
15-17]. APOE4/4 homozygotes are also at highest risk of
amyloid-related imaging abnormalities (ARIA) representing
brain edema and microhemorrhage with the class of plaque-
clearing anti-amyloid antibodies [10, 18].

Valiltramiprosate/ALZ-801 is a novel, brain-penetrant,
oral agent that is being evaluated in early symptomatic AD,
including in the current phase III trial (ClinicalTrials.gov
identifier: NCT04770220) and in a phase II trial in APOE4
carriers (NCT04693520) [19]. Valiltramiprosate is a valine-
conjugated prodrug of tramiprosate that was developed to
improve the pharmacokinetic variability and gastrointesti-
nal tolerability of its active agent, tramiprosate. Tramipro-
sate and its sole metabolite, 3-sulfopropionic acid (3-SPA),
inhibit Ap42 aggregation, and stabilize monomers in a con-
formation that prevents oligomer formation [20, 21]; these
findings have been reproduced by multiple independent
laboratories [22, 23]. Valiltramiprosate is thought to protect
neuronal membranes from the direct A oligomer toxicity
that can lead to synaptic dystrophy and axonal injury [7,
8] and is expected to preserve synaptic structure and func-
tion and to slow brain atrophy and cognitive decline. Oral
tramiprosate was previously evaluated in a phase III trial
in approximately 1000 patients with mild to moderate AD
that included all APOE genotypes and did not show sig-
nificant clinical effects at 78 weeks [24], but the MRI sub-
study showed potential slowing of hippocampal atrophy in
APOE4 carriers [25]. The tramiprosate phase III study was
conducted before the adoption of a biomarker-based defini-
tion of AD [3] and therefore, a large proportion of APOE4
noncarriers and about 20% of APOE4 heterozygotes may
not have had amyloid pathology (making these data less
informative); in contrast, >95% of APOE4/4 symptomatic
individuals were likely to be amyloid-positive and provided
informative data for the valiltramiprosate phase III trial
design [16, 26]. In the prespecified APOE4/4 subgroup,
tramiprosate showed promising dose-dependent cognitive
and functional benefits that were largest in the mild sub-
group [27, 28]. APOE4 carriers in the tramiprosate study
had no ARIA-E events [27]. These data formed the basis for
the current AD301 study design evaluating valiltramiprosate
in APOE4/4 homozygotes with early AD.

Valiltramiprosate has a distinct mechanism of action that
does not require microglial activation and plaque clearance
and is not likely to be associated with fluid shifts. Since
mean diffusivity on MRI diffusion tensor imaging (DTI)
measures extracellular water diffusivity and brain water
content, the combination of vMRI and DTI may allow dis-
tinction between volumetric drug effects that are due to brain
edema versus preservation of neuronal elements.

Two monoclonal anti-amyloid antibodies, lecanemab and
donanemab, are approved and marketed in the United States
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and several other countries. Both drugs trigger microglial-
mediated clearance of AP plaque and, to variable degrees,
soluble AP protofibrils (large oligomers) [10, 29, 30]. Both
antibodies have shown significant clinical benefits in their
phase III trials in early AD [31, 32], but their clinical use
faces challenges, including the risk of symptomatic or serious
ARIA, frequent safety monitoring, and the need for infusion
centers, limiting access to treatment. Since APOE4 is also a
risk factor for cerebral amyloid angiopathy (CAA), the risk
of serious ARIA is highest in APOE4/4 homozygotes [10, 18,
33-35]. ARIA rates in APOE4/4 homozygotes are approxi-
mately 33% and 41%, respectively, in the lecanemab and
donanemab phase III trials [31, 32]. In the United States, both
drugs carry safety boxed warnings about the risk of poten-
tially serious ARIA; while in the European Union and United
Kingdom, their approvals excluded APOE4/4 homozygotes.
Although both amyloid antibodies have reported 8-10%
slowing of hippocampal atrophy, there remains uncertainty
around the observed increase in whole brain and white matter
atrophy with several of the anti-amyloid antibodies [36—38].
Given these challenges, there remains an unmet medical
need for effective and safe treatments for APOE4/4 patients
with early AD. The early AD population in the current study
included both mild cognitive impairment (MCI) and mild AD
dementia, similar to the pivotal trials of the anti-amyloid anti-
bodies [31, 32]. The current study in APOE4/4 homozygotes
was designed to evaluate the safety and efficacy of valiltrami-
prosate, replicate the tramiprosate results from homozygotes
with mild AD, and extend these findings to the early AD
stage [27, 28, 39].

2 Methods
2.1 Study Design

This randomized, double-blind, placebo-controlled, two-
arm, multi-center, 78-week phase III trial was conducted
in the US, Canada, UK and six EU countries (Online
Resource Table 1, see electronic supplementary mate-
rial [ESM]). Trial design with the schedule of visits and
enrollment per country are shown in the ESM (Online
Resource Fig. 1 and Table 1). The trial schedule consisted
of a screening visit, a second screening/baseline visit,
and clinic visits with efficacy and safety assessments at
13-week intervals up to Week 78. The first safety visit
occurred at Week 6 with a final safety follow-up visit at
Week 82 (after 4 weeks off study drug). Unscheduled visits
or telephone visits occurred if needed for safety reasons.
Participants were randomized 1:1 to receive treatment with
oral valiltramiprosate tablets, 265 mg twice daily (BID)
or matching placebo for 78 weeks. There was a 2-week
titration period from daily to BID dosing. The rationale

for focus on the APOE4/4 AD population, the trial design,
and outcome measures of the current APOLLOE4 trial
were presented in a recent publication [39]. The design of
this phase III trial is consistent with the current regulatory
guidance from the US FDA for Early AD trials [40].

2.2 Study Population, Inclusion/Exclusion Criteria

This study enrolled male and female participants aged 50-80
years, with a clinical diagnosis of AD, who carried the
APOE4/4 genotype, and who were at the early stage of dis-
ease (early AD), which includes MCI and mild dementia due
to AD (mild AD). Participants were required to have a screen-
ing Mini-Mental State Examination (MMSE) score of 22-30,
a Clinical Dementia Rating Scale—Global Score (CDR-G)
of 0.5 or 1, a CDR—Memory Box score >0.5, a Repeat-
able Battery for the Assessment of Neuropsychological Sta-
tus delayed memory index (RBANS-DM) <85, evidence of
progressive memory loss over the previous 12 months, and
a brain MRI that is consistent with MCI or AD. Participants
were required to have appropriately treated and stable medi-
cal conditions or to be in good medical health to be able to
participate in all study procedures. Participants were required
to have acceptable hematology/chemistry/coagulation labora-
tory tests, normal TSH and B12 levels, and glomerular fil-
tration rate (GFR) >40 mL/min. For participants receiving
symptomatic acetylcholinesterase inhibitors (AChEi) prior to
randomization, the dose had to be stable for at least the prior
3 months and to remain stable throughout the study. Main
exclusion criteria were other neurodegenerative or psychiatric
disorders, seizures within the last 10 years, cerebral infarct
or transient ischemic attack within the last year, untreated
major depression, and inadequately treated or unstable medi-
cal conditions. The exclusionary brain MRI findings included
tumors, vascular malformations, cortical infarcts, more than
two lacunar infarcts (each >1.5 cm), confluent white mat-
ter disease (Fazekas score >2), ARIA-E, macrohemorrhage
>1 cm, and more than three superficial siderosis lesions (the
latter required discussion with the Sponsor). Any number of
microhemorrhages (<1 cm) were allowed, thus participants
with lesions consistent with CAA were allowed. Amyloid
PET or AD fluid biomarkers were not required for enroll-
ment, since symptomatic APOE4/4 patients have high rates
of amyloid positivity [16, 17, 26].

2.3 Prohibited Medications

Anti-amyloid antibody use in the prior 6 months or lifetime
use of any anti-amyloid vaccines were exclusionary. Prohib-
ited medications included memantine, anticoagulants, CNS-
penetrant anti-cholinergic agents, atypical anti-psychotics,
and anti-epileptics (the exception was low doses of the latter
two medications when used for sleep).
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Table 1 Demographic and baseline characteristics of safety population

Characteristic Valiltramiprosate Placebo
(N=163) (N=162)

Age, mean + SD (years) 68.4 + 6.4 68.5+5.9
Sex, female, n (%) 85 (52) 82 (51)
Race, White, n (%) 144 (88) 145 (90)
Ethnicity, non-Hispanic/Latino, n (%) 147 (90) 141 (87)
Body mass index, mean + SD (kg/m?) 258 +4.0 252 +4.5
Diagnosis, MCI?, n (%) 67 (41) 60 (37)
Acetylcholinesterase inhibitor use 54 (33) 62 (38)
MMSEP, mean + SD

Screening (Visit 1a) 25.69 + 2.55 25.52 +2.39

Randomization (Visit 2)* 2534 +3.14 24.73 +3.49
ADAS-Cog13°, mean + SD 23.54 + 8.30 2431 +8.79
CDR-SBY, mean + SD 3.04 +1.53 297 + 145

Imaging parameters, mean + SD

Bilateral hippocampal volume, (uL or mm?)

7067.3 + 1035.1

6998.1 + 990.5

Cortical thickness, whole brain (mm) 241 +£0.10 241 +£0.12
Whole brain volume (mL) 1078.4 + 120.0 1069.4 + 107.6
Ventricular volume (mL) 40.2 £ 21.5 424 +21.9
Plasma biomarkers®, mean + SD
AP42/40 (pg/mL) 0.053 +0.01 0.053 +0.01
p-tauq; (pg/mL) 29.9 +30.25 31.5 +18.10
Concomitant medications, n (%)
Lipid-modifying agents 77 (47.2) 81 (50.0)
Drugs used in diabetes 7(4.3) 16 (9.9)
Antihypertensive agents 60 (36.8) 59 (35.2)
Renin-angiotensin agents 51 (31.3) 45 (27.8)
B-blocking agents 27 (16.6) 1509.3)
Calcium channel blockers 19 (11.7) 21 (13.0)
Diuretics 11 (6.8) 11 (6.7)
Other antihypertensives 4(2.5) 2(1.2)

The safety population included all randomized participants who received at least one dose of valiltramiprosate or placebo. Values of n represent
number of participants, and percentages were calculated using treatment group N

ADAS-Cogl3 Alzheimer’s Disease Assessment Scale-cognitive subscale 13 item, CDR-SB Clinical Dementia Rating—Sum of Boxes, MCI mild

cognitive impairment, MMSE Mini-Mental State Examination

*Mild cognitive impairment was defined as an MMSE score of 27-30. The MMSE ranges from 0 to 30; with higher scores indicating better cog-

nition

The screening period included 2 visits to ensure participant eligibility (Online Resource Fig. 1, see electronic supplementary material). A maxi-
mum of 13 weeks was allowed for the screening period (between Visit 1a and Visit 2)

“The 13-item ADAS-Cogl3 total score ranges from O to 85; higher scores indicate greater impairment

4The CDR-SB total score ranges from O to 18; higher scores indicate greater impairment

“Plasma biomarker values that indicate amyloid positivity for the Quanterix assays are Ap42/40 level <0.07 and p-taul81 >14.2 pg/mL

*The difference in MMSE at randomization was significant (p = 0.041)

2.4 Randomization, Block Size, Blinding
and Compliance

Randomization occurred via an Interactive Response Tech-
nology (IRT) system, with a block size of four per study site.
Randomization was stratified by use of AChE:i (yes, no), age
(50-65 years or >65 years), sex, and disease severity based
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on the MMSE (score <26 or >26). All of the site, Contract
Research Organization (CRO), and Sponsor staff remained
blinded to treatment allocation. No unblinding occurred dur-
ing the study, except for the safety reviews by the independ-
ent safety monitoring board (DSMB) members as described
in the ESM. The study drug was provided in blister packs
and first dose administered under clinic staff supervision.
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At the baseline and all post-baseline visits, participants and
their caregivers/study partners were counseled on the target
to achieve 100% compliance with study drug and to inform
clinic staff if dosing had to be interrupted. Compliance was
assessed and recorded at each visit by returned tablet counts.
Any deviations from the prescribed dosage or drug interrup-
tions were recorded. Samples for pharmacokinetic analysis
of study drug levels were collected at each visit and ana-
lyzed after the database lock and unblinding of treatment
allocation.

2.5 Clinical Outcomes

The primary clinical efficacy outcome was the 13-item Alz-
heimer’s Disease Assessment Scale—Cognitive Subscale
(ADAS-Cogl3). The two key secondary outcomes were the
CDR—Sum of Boxes (CDR-SB), a cognitive/functional
composite, and the functional Amsterdam—Instrumental
Activities of Daily Living weighted average (A-IADLw).
Higher scores on these three outcomes indicate greater
deficits. The functional Disability Assessment for Demen-
tia (DAD, used in tramiprosate trials) was a secondary out-
come, where lower scores on DAD indicate greater deficits.
Additional clinical outcomes included the cognitive ADAS-
Cogl1 and MMSE. Lower scores on MMSE indicate greater
deficits.

2.6 Imaging Biomarker Outcomes

Imaging biomarkers included volumetric magnetic reso-
nance imaging (VMRI) assessments at baseline and weeks
26, 52, and 78. On vMRI, bilateral hippocampal volume
(HV) was the prespecified main imaging outcome, with
cortical thickness as secondary, and ventricular volume
and whole brain volume as additional imaging outcomes.
The vMRI assessments of brain volumes were comple-
mented with diffusion tensor imaging (MRI-DTI) to
assess grey and white matter microstructural integrity at
the same vMRI timepoints [5, 41, 42]. On DTI, mean
water diffusivity (MD) in the grey and white matter were
the prespecified DTI outcomes, with an increase in MD
indicating worsening microstructural integrity. The vMRI
and DTI analyses were conducted by Clario Inc.

2.7 Fluid Biomarkers

Fluid biomarkers included assessments of plasma biomark-
ers in all subjects at each visit and included Ap42, AB40,
p-tau;g;, p-tau,;7, GFAP, and NfL. Drug effects on plasma
biomarkers including NfL effects and their correlations with
drug effects on clinical and imaging outcomes were pre-
specified analyses. A CSF sub-study was planned to include
CSF samples at baseline, 52, and 78 weeks in 80-100

participants. Serial assessments of the core AD plasma bio-
markers (Ap42, Ap40, p-tau,g;, p-tau,,;) are currently in
progress and will be reported in a future publication.

2.8 Safety and Safety Imaging

Safety was assessed by incidence of treatment-emergent
adverse events (TEAEs) and changes in laboratory tests and
ECG over 78 weeks. Safety monitoring for ARIA included
safety MRI every 26 weeks using FLAIR and T2* sequences
that were assessed by a central neuroradiologist (Clario Inc).
Details on the imaging methods are provided in the ESM and
the phase III design publication [39].

2.9 Trial Conduct and Safety Oversight

The trial was conducted in accordance with the Declara-
tion of Helsinki, International Conference on Harmoniza-
tion (ICH) guidelines for human research and all applicable
national/local regulatory requirements. Central and local
institutional review board/independent ethics committees
approved the protocol and written informed consent forms.
All participants, their legal representative (with partici-
pant assent), and trial partners/caregivers provided written
informed consent. The Sponsor, Alzheon, designed the trial,
provided trial drug, oversaw its conduct, and analyzed the
data. An independent DSMB reviewed unblinded safety data
every 6 months through closed safety meetings (no Sponsor
or CRO staff involved), provided recommendations to the
Sponsor, and reviewed the final safety data at the end of trial.

2.10 Statistical Methods

The study was designed to detect a statistically significant
difference in the change from baseline (CBL) between the
placebo and active arms on the primary clinical outcome,
ADAS-Cogl3, at a 2-sided a = 0.05 at 78 weeks. The sam-
ple size estimation was based on data from the APOE4/4
mild AD subgroup of the tramiprosate phase III study that
showed ~ 4.5 benefit versus placebo on the ADAS-Cog
at 78 weeks [27]. A more conservative estimate was that
ADAS-Cog13 would show a difference in CBL between the
active and placebo arm of 2.0 to 2.5 points, with standard
deviations of 8.1 and 5.6, respectively. A sample size of 125
participants per arm provided 80-90% power to show this
difference at a 2-sided o = 0.05. Assuming an early termina-
tion rate of 22%, a sample size of ~320 subjects with 125
completers/arm provided this power.

The primary efficacy population was the full analysis
set (FAS), which included participants with a baseline and
postbaseline efficacy measure. The primary analysis uti-
lized a Mixed-Effect Model Repeated Measure (MMRM)
model with fixed-class effect terms for sex, age group,
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treatment group, disease severity (screening MMSE), use
of concomitant Alzheimer’s disease medications, visit,
treatment-by-visit interaction, and baseline ADAS-Cog13 by
treatment-by-visit interaction as covariates. The other end-
points included each measure’s baseline score as covariate.
Model diagnostics were performed to select either a linear or
quadratic baseline term for the interaction between baseline,
treatment, and visit. The MMRM model included conserva-
tive imputations for post-baseline missing data. For clinical
and vMRI outcomes, the percent slowing of clinical decline
or atrophy versus placebo presented in Table 2 is calculated
as follows: (—1) X [Active—Placebo Difference] / [Absolute
Value of Placebo Least Squares Mean (LSM) estimate] X
100. The final statistical analysis plan (SAP) specified that
the key secondary endpoints, CDR-SB and A-IADLw, would
be tested at the same hierarchy using the graphical approach
[32, 43], with a significant effect (p < 0.05) achieved on
either CDR-SB or A-IADL-w considered a success.

Subject-level correlations between clinical/imaging out-
comes and clinical/plasma biomarker outcomes were pre-
specified and conducted on the CBL of a clinical outcome
to CBL of the imaging or biomarker outcome at 78 weeks
or the specified 26 or 52-week timepoint. The CBL for each
outcome was from the MMRM model (unless specified oth-
erwise) and used Spearman’s or Pearson’s correlation coef-
ficients. Description of the imaging methods and statistical
model is provided in the Online Resource (Supplementary
Information, see ESM).

3 Results
3.1 Participants

A total of 6554 individuals were screened after signing
informed consent at 98 sites in North America, UK, and
Europe (Fig. 1). Initial screening identified 598 homozy-
gotes with MMSE 22-30, of whom 325 fulfilled the other
eligibility criteria and were randomized at 77 sites (Online
Resource Table 1, see ESM). The study enrolled 325 par-
ticipants, with 162 and 163 participants, respectively, in the
placebo and valiltramiprosate arms who received trial drug
(safety population), of whom 158 and 162 constituted the
efficacy FAS, and 148 and 132, respectively, completed the
study. Study discontinuation rates were 9% in the placebo
and 19% in the active arm. The overall safety population was
approximately 52% female, had a mean age of 68.5 years,
mean MMSE of 25.6, approximately 39% with MCI and 61%
with mild AD, and ~36% were on AChEi treatments. The
overall baseline ADAS-Cogl3 and CDR-SB were 23.9 and
3.00, respectively. Lipid-lowering agents were the most com-
monly used concomitant medications (~49% overall). The
treatment arms showed similar demographics and baseline
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characteristics except for the randomization MMSE, which
was lower (more impaired) in the placebo arm (p = 0.042),
and the percent use of AChEi, which was numerically higher
in the placebo arm (Table 1). The mean baseline levels of
plasma AP42/40 (ratio = 0.053) and p-taug; (~31 pg/mL)
shown in Table 1 confirmed the positive amyloid status of
the trial population [3].

3.2 Clinical Endpoints

In the overall efficacy population (FAS), the primary anal-
ysis of the ADAS-Cogl3 did not show significant differ-
ences between the CBL of the placebo and active arms at
the 78-week endpoint (Table 2). The baseline ADAS-Cog13
mean scores in the FAS were 24.32 in the placebo arm and
23.58 in the valiltramiprosate arm, and both arms showed
initial numerical improvement compared with their base-
lines at 13 and 26 weeks but worsened below baseline at 52
and 78 weeks (Fig. 2a). The active arm showed numerical
benefit compared with placebo at 52 weeks (p = 0.135) but
at 78 weeks the difference favoring the drug became small
and non-significant (CBL LSM = —0.50, [95% CI —2.43 to
+1.42]; p = 0.607), representing 11% slowing of cognitive
decline compared with placebo. Since the primary clinical
outcome did not achieve significance (p < 0.05), all subse-
quent p-values for the clinical scores are considered nomi-
nal, and were not adjusted for multiplicity testing.

The effects on the other clinical outcomes in the over-
all FAS are shown in Table 2 and in Fig. 2, panels b—d. In
the FAS, the CDR-SB at 78 weeks worsened (increased)
by +1.36 points in placebo and by +1.05 in the active arm
(LS mean diff. 0.31 [95% CI —0.91 to +0.29]; nominal
p = 0.309). The DAD worsened (decreased) from baseline
by —9.2 points in placebo and —6.5 points in the active arm
(LSM difference, 2.63 [95% CI —2.14 to +7.40]; nominal
p = 0.279). These drug effects on CDR-SB and DAD rep-
resented, respectively, 23% and 29% slowing of functional
decline versus placebo, but were not statistically significant.
The A-IADLw showed no placebo—valiltramiprosate differ-
ence. Drug effects on these clinical outcomes were similar
between the study regions (North America and Europe).

A prespecified analysis was performed based on the stratifi-
cation variable of disease severity based on screening MMSE
(MCI 27-30; mild AD <26; Table 2). The demographics and
baseline characteristics of the MCI and mild AD subgroups
are shown in Online Resource Table 2 (see ESM), and show
an imbalance in the proportion of MCI subjects using AChEi
drugs (higher in placebo arm). Trajectories of clinical out-
comes in the prespecified MCI population are shown in Fig. 2,
panels e-h. In the 125 participants with MCI (Table 2), the
ADAS-Cogl3 worsened (increased) by +4.10 in placebo
and +1.97 in the active arm, showing a nominally signifi-
cant drug—placebo difference which favored valiltramiprosate
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Table 2 Effects of valiltramiprosate on clinical and volumetric imaging outcomes at 78 weeks in overall population, MCI and mild Alzheimer’s

disease subgroups

Clinical endpoints vMRI endpoints

Endpoint LSM difference  p-Value % Slowing vs placebo Endpoint LSM difference p-Value % Slowing vs placebo
(95% CI) (95% CI)

Overall population (Drug, N = 162; Placebo, N = 158) Overall population (Drug, N = 145; Placebo, N = 145)

ADAS-Cogl3* -0.504 0.607 +11% HVSuL or mm® 474 0.017 +18%
(=2.43,1.42) Favors drug (13, 134) Favors drug

CDR-SB? -0.312 0.309 +23% CT-WB,* mm +0.012 0.002  +20%
(—0.914, 0.291) Favors drug (0.005, 0.020) Favors drug

DAD" +2.629 0.279 +29% WBV,¢ uL +2821 0.040 +16%
(=2.14,7.40) Favors drug (130.25, 5511.80) Favors drug

A-IADLw* +0.011 0.997 0% VvV, uL —1157 0.002  +22%
(—5.58, 5.60) Favors placebo (—1879, —435) Favors drug

MCI (Drug, N = 67; Placebo, N = 58) MCI (Drug, N = 61; Placebo, N = 52)

ADAS-Cogl3 -2.144 0.041 +52% HV, uL or mm>  +108 0.004  +26%
(—4.20, —0.087) Favors drug (34, 182) Favors drug

CDR-SB?* —0.646 0.053 +102% CT-WB,* mm +0.020 <0.0001  +35%
(—=1.30, 0.009) Favors drug (0.011, 0.030) Favors drug

DAD® +6.093 0.016 +96% WBV,* uL +3844 0.027 +22%
(1.14, 11.05) Favors drug (448, 7240) Favors drug

A-IADLw® —3.408 0268  +70% vv,4uL —1312 0.003  +29%
(=9.45,2.64) Favors drug (=2171, —453) Favors drug

Mild AD (Drug, N = 95; Placebo, N = 100)

Mild AD (Drug, N = 85; Placebo, N = 92)

ADAS-Cogl13* +0.874 0.391 —18% HV,° uL or mm® +51 0.115  +12%
(—1.13, 2.88) Favors placebo (=12, 115) Favors drug
CDR-SB? +0.127 0.685 7% CT-WB, mm +0.007 0.099 +11%
(—=0.490, 0.745) Favors placebo (=0.001, 0.015) Favors drug
DADP —0.533 0.832 5% WBV,* uL +2164 0.139 +12%
(=5.47,4.41) Favors placebo (=704, 5032) Favors drug
A-IADLw?* +3.653 0.218 —20% VATA D —1057 0.007 +19%
(=2.17,9.48) Favors placebo (—1816, —298) Favors drug

Data were analyzed using a mixed-effect model repeated measure model in the full analysis set (all participants who provided a baseline and
postbaseline efficacy measure) for clinical endpoints or in the imaging biomarker population (all participants who had an evaluable baseline
VMRI scan, received at least one dose of trial treatment, and had at least one evaluable postbaseline vMRI assessment) for the vMRI endpoints

ADAS-Cogl3 Alzheimer’s Disease Assessment—cognitive subscale 13 item, A-JADLw Amsterdam—Instrumental Activities of Daily Living
weighted average, CDR-SB Clinical Dementia Rating—Sum of Boxes, CI confidence interval, CT-WB cortical thickness whole brain, DAD Disa-
bility Assessment for Dementia, HV hippocampal volume, LSM least squares mean, MCI mild cognitive impairment, vMRI volumetric magnetic
resonance imaging, VV ventricular volume, WBV whole brain volume

*For the ADAS-Cogl3, CDR-SB, and A-IADLw, a negative value for the LSM difference indicates benefit, and a positive value for percent
slowing favors drug (valiltramiprosate). A positive value for the LSM difference indicates worsening and a negative value for percent slowing
favors placebo

For the DAD, a positive value for the LSM difference indicates benefit and a positive value for percent slowing favors drug (valiltramiprosate).
A negative value for the LSM difference indicates worsening and a negative value for percent slowing favors placebo

‘For HV, CT-WB, and WBYV, a positive value for the LSM difference indicates benefit and a positive value for the percent slowing favors drug
(valiltramiprosate)

dFor V'V, a negative value for the LSM difference indicates benefit and a positive value for the percent slowing favors drug (valiltramiprosate)

(CBL LSM difference: —2.14; 95% CI —4.20 to —0.09; nomi-
nal p = 0.041) and represented 52% slowing of cognitive
decline compared with placebo. In this group, CDR-SB wors-
ened (increased) by +0.63 in placebo and improved slightly
(decreased) by —0.02 in the active arm with drug—placebo
LSM difference of —0.65 (nominal p = 0.053). The DAD
scores worsened (decreased) by —6.30 in placebo and by —0.2

points in the active arm with drug—placebo LSM difference
of 6.09 (nominal p = 0.016). These valiltramiprosate effects
on CDR-SB and DAD represented 102% and 96% slowing,
respectively, of functional decline on drug compared with pla-
cebo. The A-IADLw drug effect directionally favored drug,
representing 70% slowing of functional decline versus placebo,
but was not significant (CBL LSM difference —3.41; nominal
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Screened
N=6554
*Failed Screening N=6229
Prescreening APOE N=4959 (75.7%)
Prescreening MMSE N=265 (4.0%)
—»  Screening RBANS N=164 (2.5%)
Prohibited Meds N=37 (0.6%)
Screening MRI N=19 (0.3%)
Other Reasons N=785 (13%)
Randomized
N=325

v

Allocated to Placebo (FAS, N=162)
* Received allocated intervention N=162
* Provided efficacy assessment N=158

'

Study Discontinuations Placebo N=14
* Study discontinuation due to TEAE, N=2
* Lost to study follow-up, N=4
* Withdrawal by subject, N=5
* Pl decision, N=|
* Other, N=2

Completed Study N=148

Fig.1 CONSORT diagram of participant disposition. ALZ-801 val-
iltramiprosate, APOE apolipoprotein E, FAS full analysis set, Meds
medications, MMSE Mini-Mental State Examination, MRI magnetic

p = 0.268). These clinical outcomes in mild AD showed
effects favoring placebo that were small and not statistically
significant (Online Resource Fig. 2 panels a—d, see ESM).
Since AD pathology and symptoms occur on a continuum
rather than in discrete stages, and valiltramiprosate targets
soluble amyloid species that play a role early in the patho-
physiological cascade, a pre-planned sensitivity analysis was
conducted to evaluate progressively earlier disease stages
based on the screening MMSE. In this FAS sensitivity analy-
sis (Fig. 3), drug effects on ADAS-Cogl3, CDR-SB, and
DAD showed a progressive increase in the magnitude of
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v

Allocated to ALZ-801 (FAS, N=163)
¢ Received allocated intervention N=163
* Provided efficacy assessment N=162

'

Discontinuations ALZ-801 N=31
* Study discontinuation due to TEAE, N=11
* Lost to study follow-up, N=3
* Withdrawal by subject, N=11|
* Pl decision, N=3

* Other, N=3
Completed Study N=132

resonance imaging, P/ principal investigator, RBANS Repeatable Bat-
tery for the Assessment of Neuropsychological Status, TEAE treat-
ment-emergent adverse event

drug effects at the earlier disease stages. On ADAS-Cogl3,
valiltramiprosate showed a positive trend with p < 0.1, start-
ing at MMSE 26-30 with a placebo-adjusted drug effect
of 1.84 (p = 0.067), that is larger than the 1.5-1.7 points
achieved with the approved amyloid antibodies [31, 32]. On
the CDR-SB, valiltramiprosate showed a positive trend start-
ing at MMSE 24-30 with a placebo-adjusted drug effect of
0.52 (p = 0.090) that is larger than the ~0.5 points achieved
with lecanemab [31]. Similarly, starting at MMSE 24-30,
the DAD showed a positive trend favoring drug by 4.50
points (nominal p = 0.039). For the DAD, a drug effect of 4
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Fig.2 Effects of ALZ-801/valiltramiprosate on the main clinical
outcomes in the overall efficacy population (FAS, full analysis set)
and in participants with mild cognitive impairment (MCI). Results
shown from a mixed-effect repeated measure model (MMRM); LSM
least squares mean. a, € ADAS-Cogl3 (13-item Alzheimer’s Dis-

points was considered clinically meaningful in the phase III
AD trials of the anti-amyloid antibody bapineuzumab, where
DAD was a co-primary outcome [44].

3.3 Magnetic Resonance Imaging (MRI) Results

3.3.1 Volumetric MRI Outcomes

In the overall imaging population (N = 290), valiltramipro-
sate effects on HV, whole brain cortical thickness, and all

other secondary vMRI outcomes consistently favored valil-
tramiprosate over placebo by 18% to 22%, with 18% slowing

ALZ-801 65 62 55 56
N paceso 58 57 54 54
Visit Week

ease Assessment Scale—Cognitive Subscale); b, f CDR-SB (Clinical
Dementia Rating—Sum of Boxes); ¢, g DAD (Disability Assessment
for Dementia); d, h IADL (Amsterdam—Instrumental Activities of
Daily Living weighted average)

(»p =0.017) of HV atrophy and 20% (p = 0.002) slowing of
cortical atrophy (Table 2, Fig 4, panels a—d). In the MCI
participants (N = 113), the vMRI effects compared with pla-
cebo were larger across all brain regions with 26% slowing
of HV atrophy (p = 0.004) and 35% slowing of whole brain
cortical thinning (p < 0.0001), with apparent divergence of
slopes over time (Table 2, Fig. 4, panels e-f). The prespeci-
fied MCI group also showed 22% slowing of whole brain
atrophy compared with placebo (p = 0.027) over 78 weeks
(Fig. 4, panel g). In the prespecified mild AD group, both
HYV and CT showed directional slowing of atrophy compared
to placebo (12% and 11%, respectively) but these effects
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«Fig. 3 Sensitivity analyses of the main clinical outcomes, show-
ing placebo-adjusted point estimates in progressively earlier disease
stages by screening MMSE (MMRM analysis). a ADAS-Cogl3 (13-
item Alzheimer’s Disease Assessment Scale—Cognitive Subscale); b
CDR-SB (Clinical Dementia Rating—Sum of Boxes); ¢ DAD (Dis-
ability Assessment for Dementia). LS Mean Diff — Wk 78 LSMs of
drug—placebo difference at 78 weeks; Estimate: point estimate for
the LS means difference; 95% CI 95% confidence interval, N = num-
ber of participants at baseline for each MMSE category. The bolded
point estimates are ones that show positive trend favoring drug with
p < 0.1. Note: MMSE 22-30 is the full analysis set (FAS); MCI is
defined as MMSE >26. MCI mild cognitive impairment, MMSE
Mini-Mental State Examination, MMRM mixed-effect model repeated
measure

were smaller than the MCI group and were not statistically
significant. However, the mild AD group showed signifi-
cantly less ventricular expansion (19%, nominal p = 0.007).
The vMRI trajectories for the mild AD group are shown in
Online Resource Fig. 2 (panels e-h, see ESM).

3.3.2 MRI Diffusion Tensor Imaging Outcomes (Diffusion
MRI, Mean Water Diffusivity)

Mean water diffusivity (MD) is a measure of microstruc-
tural tissue integrity with larger MD indicating greater
abnormality [5, 41, 42]. The DTI population included 208
participants (105 active, 103 placebo); MD (mm?/sec) was
the main outcome. The overall population showed positive
drug effects compared with placebo on several white mat-
ter tracts (lower MD), but the grey matter effects did not
achieve statistical significance (Online Resource Fig. 3, see
ESM). The prespecified MCI group showed positive drug
effects compared with placebo on cortical grey matter (cin-
gulate cortex, p = 0.031, N = 84) and several white matter
tracts that were most significant in the genu of corpus cal-
losum (p = 0.003; N = 84), as shown in Fig. 5 (panels a, b).
The prespecified mild AD group (N = 121) showed positive
effects in two white matter tracts but none of the grey matter
effects achieved significance (Online Resource Fig. 4, panels
a, b; see ESM).

3.3.3 Correlations Between Imaging Biomarkers Effects
and Clinical Outcomes

The prespecified MCI population that showed nominally
significant clinical effects also showed significant subject-
level correlations between drug effects on ADAS-Cogl3 and
CDR-SB, and drug effects on HV and cortical thickness at
78 weeks (Online Resource Table 3, see ESM). This MCI
group also showed significant correlations between drug
effects on each of ADAS-Cogl13, CDR-SB, and HV and the
drug effects on MD shown on DTT (Fig. 6).

3.3.4 Plasma Neurofilament to Hippocampal Volume
Correlations

Plasma neurofilament light (NfL) levels were of interest
because they are considered a biomarker of neuroaxonal
loss in several neurodegenerative diseases including AD
[3]. In participants with MCI, the plasma NfL drug effects
in the valiltramiprosate arm over 52 and 78 weeks showed
significant subject-level correlations with vMRI effects at
78 weeks (Fig. 6), while the placebo arm did not show
significant correlations over those time periods (Online
Resource Table 4, see ESM).

3.4 Exposure and Safety

Pharmacokinetic analysis from all participants showed
consistent plasma drug exposures over 78 weeks that were
within the expected efficacious range based on nonclini-
cal mechanistic studies and the tramiprosate trials (Online
Resource Fig. 5, see ESM) [20, 21].

The safety profile of valiltramiprosate was consistent
with the reported safety from the tramiprosate and valiltra-
miprosate studies in >3000 AD participants [27, 28]. The
rates of nausea, decreased weight, decreased appetite, and
vomiting in the valiltramiprosate arm were double those in
the placebo arm (Table 3). Nausea was the most common
treatment-emergent adverse event (TEAE) (valiltramipro-
sate, 26%; placebo, 5%) but was mostly mild to moderate
in severity and transient. Nausea and vomiting primarily
occurred early in the trial and showed tolerance, with <5%
of participants discontinuing from the trial for this reason.
Weight loss (monitored at each visit) occurred primarily at
or after 26 weeks, was reversible or stabilized at a lower
weight, and was manageable with nutritional supplements.
The incidence of TEAES that led to early terminations (ET)
was low overall at 4% (6.7% in active arm, 1.2% in placebo),
with nausea and vomiting being the only events that led to
ET in more than two subjects. ECG and laboratory tests
showed no safety signals. The incidence of serious TEAEs
(SAESs) in valiltramiprosate and placebo arms was 8.6% and
8.0%, respectively. The system organ classes with the high-
est overall SAE rate of 1.8% were cardiac disorders (active
1.2%, placebo 2.5%), nervous system disorders (active 1.8%,
placebo 1.9%), and injury/procedural complications (active
1.8%, placebo 1.9). Syncope (n = 2) was the only SAE that
occurred in more than one participant. There were no deaths
in the study.

Among 298 participants with serial MRIs, there were five
cases of ARIA-E in each treatment arm (3.5%; Table 3). The
incidence of ARIA due to hemosiderin deposition (ARIA-
H) was lower in the valiltramiprosate arm than in the pla-
cebo arm. New microhemorrhages were reported in 30%
of participants in the valiltramiprosate arm and in 36% of
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Fig.4 Effects of ALZ-801/valiltramiprosate on volumetric outcomes
in the overall imaging population (FAS, imaging population full anal-
ysis set) and in participants with mild cognitive impairment (MCI,

participants in the placebo arm; siderosis was reported in
13% and 17% of participants in the valiltramiprosate and
placebo arms, respectively. None of the ARIA events were
symptomatic.

4 Discussion
This phase III trial did not achieve significance on its pri-
mary or secondary clinical outcomes in the primary analysis

of the early AD population. Although the overall popula-
tion showed significant slowing of atrophy in all brain
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imaging population). Results shown from a mixed-effect repeated
measure model (MMRM); LSM least squares mean. Note: increase in
ventricular volume (expansion) indicates brain atrophy

compartments on VMRI, the magnitude of these effects did
not translate into meaningful cognitive benefits.

The study design assumed that both the MCI and mild
AD subjects would show similar degrees of clinical efficacy.
However, the prespecified disease severity analysis showed
that only patients at the MCI stage of disease (MMSE
27-30), comprising ~40% of the study, showed meaning-
ful clinical efficacy. The sensitivity analysis suggested that
meaningful cognitive and functional effects may be achieved
with intervention at the early symptomatic stages, likely
starting at MMSE >25. This is consistent with valiltramipro-
sate B-amyloid anti-aggregation mode of action preventing
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Endpoint LS Mean difference (Percent Change) Estimate Confidence Interval pvalue N
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b. MCI - White Matter
Week 78

Endpoint LS Mean difference (Percent Change) Esti Confid Interval p-value N
Pontine Crossing Tract -2.609 (-8.4367, 3.2197) 0.379 84
Fornix e -1.885 (-3.6058, -0.1646) 0.032 84
Genu Of Corpus Callosum —— -1.813 (-3.0150, -0.6117) 0.003 84
Whole Internal Capsule 1t -1.469 (-3.0089, 0.0707) 0.061 84
Whole Corpus Callosum —— -1.376 (-2.4570, -0.2954) 0.013 84
Whole Corona Radiata —— -1.351 (-2.6421, -0.0592) 0.040 84
Body Of Corpus Callosum fr— — -1.327 (-2.7598, 0.1062) 0.069 84
Splenium Of Corpus Callosum e Qs -1.201 (-2.3202, -0.0821) 0.035 84
Middle Cerebellar Peduncle —_—— -0.821 (-3.0210, 1.3794) 0.463 84
Whole White Matter —— -0.791 (-1.7074, 0.1255) 0.090 84

Favors Drug

Fig.5 Effects of ALZ-801/valiltramiprosate on the main DTI end-
points in participants with mild cognitive impairment (MCI). Results
shown from a mixed-effect repeated measure model (MMRM) in the
DTI population. a Grey matter regions, b white matter tracts. DT1 dif-

formation of soluble amyloid oligomers that play a key role
early in AD pathophysiology.

It is possible that the positive clinical effects observed in
the MCI group may represent a false positive effect (since
the overall study was negative). However, as discussed
below, the consistency of results across the cognitive, func-
tional, and imaging effects in the prespecified MCI group
with significant subject-level correlations between these
outcomes may help alleviate this concern.

MCI participants showed consistent (nominally) sig-
nificant effects on the primary cognitive and secondary

fusion tensor imaging, a measure of mean extracellular water diffu-
sivity in brain tissue, where lower diffusivity indicates positive drug
effect, LSM least squares mean, N number of participants in DTI pop-
ulation

functional outcomes. These clinical effects were nominally
significant despite the smaller sample size of the MCI sub-
jects (N = 125 instead of the planned 300 subjects). The
effects on ADAS-Cog were above the accepted ~30% thresh-
old of clinical meaningfulness in AD trials, and this trans-
lated to stabilization of function (on CDR-SB and DAD) for
approximately 1.5 years.

Valiltramiprosate effects on brain volumes at the pre-
specified MCI stage of AD, before neuronal dystrophy and
white matter disruption become extensive, show significant
slowing of atrophy in the hippocampus and other analyzed
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MCI Clinical Imaging Correlations

ADAS
0.33

0=0.04 ADAS

0.29
p=0.03

CDR p=0.004|& 0.001

0.48
p=0.002

Fig.6 Pearson’s correlations of clinical outcomes with HV, DTI, and
plasma biomarker outcomes in MCI group (observed case analysis).
The correlations represent Pearson’s correlations of changes from
baseline to 78 weeks. Correlation of +1 indicates the strongest posi-
tive relationship, —1 indicates the strongest negative relationship and
0 indicates no linear relationship. In AD trials, correlations between
0.2 and 0.29 are considered modest, between 0.30 and 0.39 are mod-
erate strength, and >0.40 are considered strong correlations. The
noted ADAS, CDR and HV correlations to DTI outcomes were to the
frontal cortex (grey matter). The noted HV correlation to DTI out-
come was to the genu of corpus callosum (white matter tract). ADAS
Alzheimer’s Disease Assessment Scale—Cognitive Subscale, CDR-
SB Clinical Dementia Rating—Sum of Boxes, DT/ diffusion tensor
imaging, mean diffusivity, HV hippocampal volume, MCI mild cogni-
tive impairment, NfL plasma level of neurofilament light chain

brain compartments. The slowing of reduction in brain vol-
umes represented 26% deceleration of hippocampal atrophy
and 35% deceleration of cortical atrophy, with both these
drug effects showing significant subject-level correlations
with clinical benefits. These brain volume effects are sup-
ported by the DTI results on microstructural integrity, and
taken together, may suggest slowing of the underlying
neurodegeneration.

An orthogonal approach to evaluating a drug’s effect on
the underlying AD pathophysiology is to analyze its effects
on fluid biomarkers of neurodegeneration, such as NfL (the
‘N’ in the A/T/N biological definition of AD). In the MCI
active arm, the drug effects on both ADAS-Cogl3 and HV
showed significant subject-level correlations with its effect
on plasma NfL. Of note, the full analyses of plasma bio-
markers of core AD pathologies, including Ap42, Ap40,
and p-tau over 78 weeks, are being conducted with recent
state-of-the-art assays and will be presented in a future
publication.

The mild AD group in this study showed small and non-
significant clinical effects favoring placebo, whereas prior
tramiprosate data in APOE4/4 subjects at the mild AD stage
(MMSE 22-26) showed positive drug effects at 78 weeks
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with a bioequivalent tramiprosate dose [27]. The observed
lack of efficacy in the APOE4/4 Mild AD group in this
AD301 trial compared with the tramiprosate trial may be
related to lower use of symptomatic AD drugs as back-
ground therapy (42% in this study vs >95% in the trami-
prosate trial).

This study has several limitations including the limited
ethnic and geographic diversity of the enrolled population.
Approximately 89% of the enrolled population was White,
despite a dedicated outreach effort to enroll a more diverse
population (especially in the US). Similarly, most of the
sites were in urban areas or major metropolitan cities, with
limited participation from rural areas. This may limit the
generalizability of these study findings to the wider popula-
tion. Another limitation is that the MCI group that showed
positive drug effects comprised ~40% of the study or 125
participants, rather than the originally planned sample size
of ~300 subjects. Finally, stratification by disease stage
was based on clinical scores rather than biomarkers of AD
pathologies such as amyloid or tau-PET scans or brain vol-
ume measures, which may have adversely influenced trial
results in the mild AD group.

Despite these limitations, this study has several notable
features, namely its focus on an APOE4/4 population that
includes patients with high burden of CAA and small vessel
disease and being one of the first AD trials to report drug
effects on tissue microstructure with DTT.

The APOLLOE4 trial represents the largest placebo-
controlled dataset in APOE4/4 homozygotes and is the first
completed interventional phase III AD trial focused exclu-
sively on this genotype. APOE4/4 homozygotes comprise
an AD population that is typically enriched in amyloid, tau,
and vascular pathologies [9—11, 15-17, 35] and that usually
shows accelerated HV atrophy and clinical decline compared
with other APOE genotypes [15, 45, 46].

This trial was unique among amyloid-targeting studies in
allowing enrollment of homozygotes with a high burden of
CAA lesions at baseline (>4 microhemorrhages, >1 super-
ficial siderosis) who would have been excluded from recent
anti-amyloid antibody trials [31, 32]. This resulted in 31%
of all enrolled participants having at least one microhem-
orrhage and included participants with up to 160 micro-
hemorrhages and up to five superficial siderosis lesions in
the active arm at baseline. This population also had a high
prevalence of cardiovascular comorbidities and small ves-
sel white matter disease, which is more representative of
APOE4/4 patients in clinical practice [5, 35].

To our knowledge, this is one of the first AD trials to
incorporate brain DTI assessments. DTI measures brain
water diffusivity that reflects the integrity of cortical gray
matter and the white matter tracts that connect them and can,
therefore, provide information about the structural network
connectivity [5, 41, 42, 47].
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Table 3 Incidence of treatment-emergent adverse events in safety population, including incidence of ARIA in safety MRI population
Adverse event category Valiltramiprosate Placebo
(N=163) (N=162)
Number (%) of participants with at least one
Adverse event 140 (85.9) 137 (84.6)
Adverse event related to trial treatment® 51 (31.3) 16 (9.9)
Serious adverse event 14 (9.0) 13 (8.0)
Adverse event resulting in death 0 0
Adverse event leading to treatment discontinuation 11(6.7) 2(1.2)
Frequent adverse events in either treatment arm®
Nausea 42 (25.8) 8(4.9)
COVID-19 34 (20.9) 31 (19.1)
Weight decreased 23 (14.1) 12 (7.4)
Decreased appetite 16 (9.8) 3(1.9)
Vomiting 16 (9.8) 2(1.2)
Fall 10 (6.1) 11 (6.8)
Urinary tract infection 10 (6.1) 11 (6.8)
Dizziness 9(5.5) 9 (5.6)
Headache 9 (5.5) 12 (7.4)
Cerebral microhemorrhage 8(4.9) 11 (6.8)
ARIA category® Valiltramiprosate Placebo
(N = 145) (N = 145)
ARIA-E (edema or effusion) 5034 5034
ARIA-H (microhemorrhage) 44 (30) 54 (36)
ARIA-H (siderosis) 19 (13) 25 (17)
Symptomatic ARIA-E or ARIA-H 0 0

Data are presented as the number and percentage of participants based on the safety population (all randomized participants who received at

least one dose of valiltramiprosate or placebo), unless otherwise noted

ARIA-E amyloid-related imaging abnormalities with vascular edema, ARIA-H amyloid-related imaging abnormalities with microhemorrhages or

hemosiderin deposition, MRI magnetic resonance imaging

*Relatedness was assessed by the investigators

YFrequent adverse events are defined as events that occurred in >5% of participants in either the valiltramiprosate or placebo arm. Events are

listed in decreasing order of frequency based on the valiltramiprosate arm

‘Data are expressed as number (%) of participants based on the safety MRI population (all randomized participants who had a safety MRI
assessment at baseline, received at least one dose of valiltramiprosate or placebo, and had at least one post-baseline safety MRI assessment)

A differentiating attribute of valiltramiprosate is the
favorable safety profile in this high-risk APOE4/4 popu-
lation with no increased risk of ARIA, allowing for infre-
quent MRI monitoring. This safety profile is consistent with
valiltramiprosate’s mode of action that does not require
microglial activation and breakdown of amyloid plaques
in brain parenchyma and vessel walls [20-23, 48]. Inhibi-
tion of AP42 monomer aggregation is thought to facilitate
its removal by the brain’s natural clearance mechanisms,
including microglial uptake and the glymphatics, and may
lower amyloid burden in both the brain parenchyma and
microvessels [49-51]. This favorable neurovascular profile
may also contribute to its clinical efficacy profile, making
it especially suited for future trials in CAA and mixed AD
with vascular dementia.

5 Conclusions

Valiltramiprosate, an anti-amyloid oligomer agent, showed
favorable safety with no increased risk of ARIA over 78
weeks in high-risk APOE4/4 homozygotes. Valiltramipro-
sate did not show significant efficacy in the overall study
population of homozygotes with early AD. Prespecified
analyses by disease stage showed nominally significant
positive clinical effects in the MCI group, but not in mild
AD. The promising clinical benefits in MCI were associ-
ated with statistically significant slowing of hippocampal,
cortical thickness, and whole brain atrophy. The need for
early intervention in Alzheimer’s pathology observed in this
phase III trial is consistent with results of other interven-
tional trials targeting amyloid and have driven the current
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interest in prevention trials at the presymptomatic stage [52].
APOE4/4 homozygotes represent 10% to 15% of all AD, or
approximately 1 million US patients in the US alone [53,
54], and are a therapeutically challenging population [10,
17, 18, 55]. These phase III study results suggest that val-
iltramiprosate provides a favorable benefit-risk profile in
APOE4/4 patients with MCI and will inform the design of
future confirmatory trials.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40265-025-02250-5.
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