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ABSTRACT

Apolipoprotein E4 (APOE4) is a major risk factor for Alzheimer’s disease (AD).
Valiltramiprosate/ALZ-801, an oral inhibitor of B-amyloid (AP) oligomer formation, was
evaluated in APOE4/4 subjects with early AD in the APOLLOE4 Phase 3 trial. We used
quantitative systems pharmacology (QSP) to characterize AD trajectories by APOE genotype and
assess the effects of valiltramiprosate treatment. An existing QSP model of AP aggregation in AD
was extended to incorporate APOE4 genotypes and a hippocampal atrophy readout based on
hippocampal volume (HV), calibrated with observational and interventional data from lecanemab
and donanemab studies. Valiltramiprosate’s anti-Af oligomer and APOE4 structure-corrector
pharmacology was simulated over 2-10 years of treatment. Model predictions were validated
against the plasma AB42/AB40 results from the valiltramiprosate Phase 2 study and HV outcomes
from APOLLOE4. APOE genotype altered the natural trajectory of AP aggregation, with
APOE4/4 associated with earlier onset and faster pathology, consistent with a gene-dose effect
(APOE4/4 >> APOE3/4 > APOE3/3). Valiltramiprosate 265 mg administered orally twice daily
increased the plasma AB42/AB40 ratio and CSF AB42, reduced oligomers and protofibrils, and
had minimal effects on plaques. Long-term modeled treatment with valiltramiprosate prevented
aggregation and shifted AP toward monomers. The QSP analysis was supported by Phase 2 plasma
AB42/AB40 findings and was consistent with Phase 3 results, indicating greater brain volumetric
benefit in APOE4/4 subjects with Mild Cognitive Impairment (MCI) than in those with mild AD.
The magnitude of valiltramiprosate’s effects depended on age, genotype, and disease stage, and
was substantially differentiated from anti-amyloid antibody monotherapy with lecanemab or
donanemab. A measurable APOE4 structure-corrector effect was observed in APOE4 carriers;

however, anti-Af} oligomer pharmacology accounted for most of valiltramiprosate’s effects on



fluid biomarkers and hippocampal atrophy trajectories over time in AD. This enhanced A
aggregation and HV QSP model enables evaluation of therapeutic interventions across APOE
genotypes. These findings support greater benefit of oral valiltramiprosate in early AD,

particularly MCI, and suggest potential utility as preventive therapy in presymptomatic AD.

1. Introduction

Alzheimer's disease (AD) is the most common form of dementia, comprising over two-
thirds of cases in people aged 65 and older. In the United States alone, approximately 7.2 million
people have AD dementia, with an additional 20 million expected to have preclinical AD by 2025
(1, 2). Fewer than 5% of cases result from inherited mutations in amyloid precursor protein (APP),
presenilin 1, or presenilin 2, causing early onset; most cases develop after age 65. AD is marked
by progressive neurodegeneration and brain atrophy, especially in the hippocampus (3). Key
pathological features include the accumulation of extracellular B-amyloid (AB) plaques and
intracellular neurofibrillary tangles, which are detected using biomarker assays like CSF Ap42,
plasma AP42/AB40 ratio, pTau-217/Ap42 ratio, and amyloid and tau PET scans for disease

diagnosis, severity classification, and as surrogate endpoints in clinical trials.

Major advancements have been made in the understanding of AD pathogenesis,
particularly regarding the amyloid cascade and the downstream tau pathway. Current research
indicates that soluble aggregates of AP (known as oligomers), rather than monomers or plaques,
play a pivotal role in driving AD pathogenesis and progression (4-5). The highly neurotoxic AP
oligomers result in neuronal loss and cerebral atrophy (6). Furthermore, these oligomers can
instigate tau pathology, which contributes to disease advancement in later stages (7, 8). Presently,

three anti-amyloid antibodies (aducanumab, lecanemab, and donanemab) have obtained regulatory



approval for AD therapy (9-11). Additionally, a small-molecule oral anti-oligomer agent,
valiltramiprosate (also known as ALZ-801), has shown favorable clinical and volumetric brain
outcomes in APOE4/4 homozygotes with Mild Cognitive Impairment (MCI) in a Phase 3 trial (12-
14). These findings provide clinical proof-of-concept supporting the critical involvement of AP

oligomers in AD pathogenesis and validate their value as a therapeutic target.

The risk, onset, and progression of late-onset AD are shaped by multiple genetic,
environmental, and lifestyle factors. Among these, the €4 allele of apolipoprotein E (APOE4)
stands out as the most influential genetic contributor and is considered the strongest risk factor
after age (15-16). Possessing one copy of the APOE4 allele increases the risk by threefold, while
having two copies raises it by approximately 10-12 times. In contrast, the APOE3 allele seems not
to affect risk, and APOE?2 offers some protection. Earlier studies showed that patients with two
copies of APOE4 allele (homozygotes) developed AD symptoms approximately six years earlier
(at ~66 years old) compared to those with one copy or none, while individuals with one copy
(heterozygotes) showed a smaller shift, developing symptoms at around age 70 compared to 72
for non-carriers (17). More recent work by Fortea et al. (16) confirmed a dose-dependent effect of
APOE4 on lowering CSF AB42 levels, with the greatest reduction seen in APOE4/4 individuals,
followed by APOE3/4, and then APOE3/3. This suggests that AD in APOE4/4 homozygotes may
represent a distinct subtype, marked by a semi-dominant genetic form and nearly complete
manifestation of AD pathology by age 65. Although the underlying disease mechanisms are shared
across all APOE genotypes, those who are APOE4/4 homozygotes experience quicker onset and

more aggressive progression than heterozygotes or non-carriers.

Hippocampal volume (HV), as measured by volumetric Magnetic Resonance Imaging

(vMRI), has been proposed as both a pharmacodynamic outcome measure and a predictive marker



of disease progression to serve as an enrichment tool in AD clinical trials, as recommended by the
Alzheimer's Disease Neuroimaging Initiative (ADNI) and the Food and Drug Administration
(FDA) Ceritical Path Institute (18-21). The European Medicines Agency (22) further endorsed
vMRI imaging outcomes for assessing disease modification in AD trials. Drawing on published
data from 30 observational studies (n=13,187) and six placebo-controlled interventional trials
involving four anti-amyloid agents (n=8,000) with demonstrated clinical efficacy, we have
assessed the potential utility of HV as a surrogate endpoint for predicting clinical benefit in
disease-modification trials (14). Notably, significant correlations were observed between baseline
HV and cognitive performance, as well as between hippocampal atrophy and cognitive decline
over a period of one year or longer. Moreover, a strong linear correlation was identified between
reduced hippocampal atrophy and attenuated cognitive decline in clinical trial settings, indicating
that hippocampal atrophy serves as an early marker of AD closely associated with amyloid- and
tau-related neurodegeneration and cognitive impairment. These findings highlight HV as a
sensitive marker for forecasting clinical benefit in early-stage AD and emphasize the importance
of hippocampal atrophy and neurodegeneration - core features of AD represented by the “N”

component in the A/T/N classification system (23).

Valiltramiprosate is an oral, small-molecule, valine-conjugated prodrug of tramiprosate (4,
5, 12-14, 24-30). It works by inhibiting the formation of AP oligomers and is being studied as a
potential treatment to slow or modify the progression of AD. Its late-stage clinical trials include a
Phase 2 biomarker study in APOE4 carriers and a Phase 3 study in APOE4/4 homozygotes, along

with long-term extension studies (12-14, 28-30).

After oral administration, valiltramiprosate quickly converts to tramiprosate, which then

breaks down into its final active form, 3-sulfopropanoic acid (3-SPA; 27, 30, 31). Both



tramiprosate and 3-SPA act against AP oligomers, forming the primary mechanism of action
(MOA) for valiltramiprosate (31-33). Both compounds readily enter the brain, with preclinical
studies showing that their steady-state brain-to-plasma area-under-the-curve (AUC) ratio ranges
from 40% to over 80% (24, 27, 31). Further confirmation of valiltramiprosate's activity in
preventing AP oligomer formation was provided by Muramatsu et al. (34). Beyond their anti-
amyloid effects, both tramiprosate and 3-SPA, the active components of valiltramiprosate, have
been shown to correct the structure and function of the abnormal APOE4 protein, shifting it toward

a normal APOE3-like form (35).

Although the APOLLOE4 Phase 3 trial in APOE4/4 homozygotes did not achieve its
primary endpoint of cognitive slowing in the early AD population, valiltramiprosate demonstrated
a statistically significant improvement in cognition (AADAS-Cogl3 = -2.144, p = 0.041) and
function (ACDR-SB =-0.646, p = 0.053) within the pre-specified MCI group (13, 14). In addition,
valiltramiprosate consistently resulted in reduced hippocampal atrophy (-26%, p = 0.0042 in MCI)
and showed favorable outcomes across other brain regions, including increased cortical thickness,
greater whole brain volume, and less ventricular expansion (13, 14), suggesting substantial

neuroprotective effects.

We previously developed a quantitative systems pharmacology (QSP) model for AB
aggregation in APOE4 carrier and non-carrier AD, and utilized the model to characterize
biomarker dynamics, the efficacy of anti-amyloid antibody therapies, and the incidence of
amyloid-related imaging abnormalities-edema (ARIA-E) (36, 37). This model has also been used
to evaluate the impact of valiltramiprosate on Af fluid biomarkers in a Phase 2 study (28). Building
upon this foundation, the current study aimed to: 1) expand the QSP AP aggregation model by

incorporating the APOE4 genotypes, specifically APOE4/4 and APOE3/4 vs. APOE3/3; 2)



develop a natural trajectory model of HV changes in AD based on APOE4 genotypes; and 3)
predict the effects of valiltramiprosate on AD progression by AP biomarkers and HV across the
APOE genotype groups. Once validated, this enhanced AP aggregation and HV QSP model can
be used for assessment of therapeutic interventions (e.g., monotherapies and combination

treatment scenarios with anti-amyloid antibodies) across the different APOE genotypes.

2. Methods

This work expanded an existing QSP AP aggregation model in AD (36, 37) by introducing
the impact of APOE4 genotypes, specifically, APOE4/4 and APOE3/4 vs. APOE3/3, in order to
predict the APOE4 genotype-specific natural trajectories of A biomarker and HV changes in AD.
Based on this enhanced QSP model, the effects of valiltramiprosate treatment were simulated in
generic AD patients. The QSP model-predicted treatment effects were subsequently compared
with the valiltramiprosate Phase 2 and Phase 3 clinical trial results as a form of validation. The

overall workflow is illustrated in Figure 1.
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Figure 1. Overall workflow of APOE4 genotype-specific QSP model development. The model
development built off the previously published OSP Af aggregation model in AD (36, 37) by
introducing the APOE4 genotype-specific effects on both Af production and clearance. Based on
this enhanced AP aggregation model, an APOE4-genotype specific readout of the natural
trajectory of hippocampal volume (HV) in AD was developed. The model was calibrated with both
longitudinal observational and interventional (lecanemab and donanemab) data, as well as the
valiltramiprosate (ALZ-801) Phase 2 baseline hippocampal volume data. The impact of
valiltramiprosate was introduced to the model based on its anti-oligomer and APOE4 structure
corrector MOAs and the steady state pharmacokinetic exposures in the brain. A derivative
simulation of plasma p-tau changes following valiltramiprosate treatment was also conducted.
The OQSP model-predicted changes of plasma AB42/ Ap40 ratio, HV and plasma p-tau levels were
subsequently compared with the actual valiltramiprosate clinical trial results as a form of model

validation.

2.1 General AP aggregation model
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The QSP AP aggregation model in APOE4 carrier vs. non-carrier AD was previously
reported (36, 37). In brief, the model consists of a physiologically based pharmacokinetic (PBPK)
model coupled to a mechanistic QSP model of AP aggregation. The PBPK model lumps peripheral
tissues together but models explicitly lymph, plasma, four different cerebro-spinal fluid (CSF) and
interstitial fluid (ISF) compartments including the blood-brain barrier (BBB) and the blood-CSF
barrier (BCSFB). Conversely, by using the same principles, this model can be used to derive the
level of peripheral biomarkers originating from the brain ISF, e.g., monomeric AB42 and AB40 in
lumbar CSF and plasma. The mechanistic QSP model describes the synthesis of both AP species
from APP, the enzymatic degradation of A monomers by insulin-degrading enzyme or neprilysin,
the aggregation of AR monomers into oligomers, protofibrils and plaques, and the clearance of
oligomers, protofibrils and plaques by microglia. We defined monomers (n=1), oligomers (n=2-
16) with molecular weights (MW) between 8 and 80 kDa, protofibrils (n=17-24) with MW >80
kDa (38) and plaques (n>25). As monomeric AP can be synthesized in peripheral organs such as
the liver (39), a synthesis process of free A monomers was incorporated with the differential rate
constant adjusted to align with the actual plasma levels of the AR monomers measured in
longitudinal studies (40).

As described (36), this model allows for simulating the natural trajectory of amyloid
biomarkers from birth onwards. The readouts include plasma AB42/AB40 ratio, CSF AB42, and
standardized uptake value ratio (SUVR), which were calibrated with both longitudinal and
interventional clinical studies. Important readouts of the model, which have impact on the
subsequent prediction of HV, include the experimentally “inaccessible” soluble oligomers and
protofibrils. Modeling the levels of soluble oligomers and protofibrils and insoluble plaques were

constrained from postmortem biochemical studies in AD brains (41). The calculations of AB42
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oligomers, protofibirils and SUVR are described below, with the latter based on the contributions
of both soluble and insoluble AP aggregates. AB42°12°, AB42P™° and AP42P1% are weighted
averages of oligomer levels (i.e., n-mer oligomer concentration * n), protofibrils, and plaques. The
Cl1, C2, C3 and C4 parameters were derived from the optimal correlation between the simulated
and clinically observed values from six anti-amyloid antibodies in the initial model (36).
Additionally, the SUVR for florbetapir can be calculated in centiloids using the formula Amyloid
(C1)=183*SUVR-177 (42).

OligomeTyeigntea = Lizy® Ab42; * i Equation 1

Protofibrilyeignea 2imgs Ab42; * i Equation 2

i Cc
C1(Ab420U190 4 Ap42PTO0 4 C, x Ap42PIAqUE) "3
[(abazotigo+apazprotoc, «Abazplaque)C? +6,3]

SUVR,, =1+ Equation 3

2.2 Implementation of APOE4 genotypes

Building off the previous QSP AP aggregation model in APOE4 carriers and non-carriers
with AD (36), we incorporated several intervention points for APOE4 genotypes (specifically,
APOE4/4 and APOE3/4, vs. APOE3/3) in the amyloid cascade, including both AP synthesis from
APP (43) and clearance by microglia (44). The parameter values for the different APOE genotypes
are described in Results. The APOE genotype may also potentially affect the aggregation kinetics
by directly binding of APOE protein to Ap monomers and oligomers, particularly AB40 (45). Since
the present analysis primarily focuses on the most pathogenic and aggregation-prone species A42,

we did not include this mechanism in the model.

2.3 Plasma p-tau calculation
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Plasma p-tau changes were predicted from the dynamics of A species using a multivariate
regression approach (46). Briefly, 35 clinical data points were collected on plasma p-tau changes
with the published anti-amyloid antibody therapies. The trajectories of AP oligomers, protofibrils
and plaques were simulated using the appropriate clinical trial design for each of the studies. The
correlation between the simulated dynamics of AP species and observed changes in plasma p-tau
levels was the highest for AB42 protofibrils (r=0.79) and oligomers (r=0.74), followed by
monomers (r=0.62), and finally plaques (r=0.22), suggesting that changes in plasma p-tau are
driven by the more soluble A species. The correlation between the observed plasma p-tau and the
SUVR changes accounts for only 5% of the variability, while changes in soluble AB42 species can
explain over 55% of the variability. A multivariate regression analysis using the simulated model
outcomes can account for ~70% of the variability of p-tau changes (p=0.00029). Using this
information, an equation linking plasma p-tau outcomes from a combination of different AP
species was derived (46), which was then used to estimate the plasma p-tau levels based on the

QSP predicted A species changes.

2.4 Implementation of valiltramiprosate pharmacology

The primary MOA of valiltramiprosate is to impact AP aggregation by binding to AP
monomers and preventing the formation of oligomers, i.e., enveloping conformational
modification effect (31-34). Additionally, valiltramiprosate also acts as an APOE4 structure
corrector that modifies APOE4 to an APOE3-like secondary conformation with functional
properties of the APOE3 isoform (35). Figure 2 illustrates the QSP amyloid aggregation model

components and the impact points where valiltramiprosate pharmacology was implemented.
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The effect of valiltramiprosate on AP aggregation, in particular the forward rate constant

k¢, was implemented using the following equation:

_ _ [Drug] 0 .
kr = (1 <([Drug]+chOT“9))> *kr Equation 4

Where [Drug] is the drug concentration in brain ISF and k}) is the default forward rate constant in
the absence of the drug. This effect is implemented for both the primary (monomers binding to
soluble oligomers) and secondary (monomers binding to oligomers on plaques) nucleation
processes.

The APOE4 structure-corrector MOA of valiltramiprosate was implemented for several
APOEA4 specific mechanisms, assuming a complete phenotypic switch from APOE4/4 to APOE3/3.

Valiltramiprosate affects microglia clearance parameters ECso and Vmax according to:

APOE4/4 APOE4/4 APOE3/3 [Drug] .
ECsy = EC;, /4 _ (Ecso /4 _ EC / )* (—([Drug]+ECDTu‘g)) Equation 5
50
And
__ ,APOE4/4 APOE3/3 APOE4/4 [Drug] .
Vinax = Vinax + (Vmax — Vnax ) * (W) Equation 6
50

Also, valiltramiprosate affects the synthesis of AP peptides:

K, = K APOE4/4 | (KAP0E3/3 _ KAPOE4/4) N (%) Equation 7

in in in [Drugl+ ECSDOTug

14



Figure 2. Schematic illustration of the mechanistic amyloid QSP model and valiltramiprosate
pharmacology. The OSP model includes Ap42 and AS40 synthesis from the precursor protein
APP, aggregation of monomers into oligomers, protofibrils and plaques, enzymatic degradation
of monomers by insulin-degrading enzyme or neprilysin, and clearance of amyloid by microglia.
The different AP species are defined as: monomers (n=1), oligomers (n=2-16) with molecular
weights between 8 and 80 kDa, protofibrils (n=17-24) with molecular weights >80 kDa and
plaques (n>25). The impact of APOE genotype is applied as a differential effect on both Ap
clearance by microglia and Af production from APP. The pharmacology of valiltramiprosate is
implemented as both an AP oligomer inhibitor and APOE4 structure corrector. Clinically relevant
readouts include plasma Af42/A640 ratio, CSF Ap42, brain interstitial fluid soluble oligomers
and protofibrils, SUVR, and plaque deposition. A, p-amyloid; APOE, apolipoprotein E; APP,
amyloid precursor protein; CSF, cerebro-spinal fluid; DAM, disease-associated microglia; QSP,

quantitative systems pharmacology; SUVR, standardized uptake value ratio.
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2.5 Valiltramiprosate exposures in brain ISF

Valiltramiprosate levels in brain ISF were projected based on both the clinical PK and
preclinical brain/plasma ratio data (Supplementary Data Figure S1). Previously, we reported the
steady-state PK exposures in plasma following valiltramiprosate 265 mg bis in die (BID) at 2
weeks (Phase 1b study) and 65 weeks (Phase 2 study) in APOE4 carriers with early AD (30),
which were comparable to that in the Phase 3 study (13). Following oral dosing, valiltramiprosate
is rapidly converted to tramiprosate, which in turn is metabolized to 3-SPA. The plasma half-life
is 1.4hr for the parent valiltramiprosate compared to 14.8hr and 37.5hr for tramiprosate and 3-SPA,
respectively. Both tramiprosate and 3-SPA exhibit comparable A anti-oligomer activities (31-33)
and thus contributing equally to the clinical benefit. Both penetrate the brain with a combined
steady-state brain/plasma AUC ratio ranging from 40% to >80% based on preclinical studies (24,
27). Thus, the steady-state brain ISF drug level for combined tramiprosate+3-SPA following
valiltramiprosate 265mg BID dosing was projected to be approximately 2 uM (based on a 40%
brain/plasma ratio) to 4 uM (based on an 80% brain/plasma ratio). This range of drug

concentrations was used in the simulation.

2.6 Hippocampal volume trajectory model in AD

From the simulated AP species dynamics in the amyloid aggregation model, we calculated
areadout for HV, based on the equation and factors listed below. In this study, we did not consider
the potential asymmetry of left vs. right hippocampus, although there is evidence that APOE4

carriers may have a smaller left HV, but not right HV, compared to noncarriers (47).
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HV(Ty+t) - (Ah_‘,_.,(r,,ﬂj
W—l—ui.—tgal [ ﬁ(ﬂblm..!(t})—}f )

\ m’sufﬂlbj
R Abo(To + t) Microglia(T, + 1)
."-1|!JJ_.| |:T,:..:|

Microgla(T,)

Equation 8
)— £n ARIA(L) + 0+

Age (coefficient a): Based on studies of age-dependent changes in HV in healthy volunteers (29,
48-51), we defined an APOE4 genotype-dependent change as a function of age. Because neuronal
synapses contribute substantially to HV, the lower synapse density in APOE4 subjects provides a
biological rationale (52). APOE4 is also associated with impaired hippocampal neurogenesis (53,
54).

Non-Ap pathology (Abpath, with coefficient f): This contribution accounts for other pathologies,
including but not limited to tau and other co-pathologies like a-synuclein on HV (55), which is not
affected by valiltramiprosate.

Soluble AP oligomers and protofibrils (Abso, with coefficient y): Since soluble AP oligomers
directly affect neuronal survival, this is an important contribution to the protection of hippocampal
atrophy for therapeutic agents that reduce AP oligomers, e.g., valiltramiprosate. These are
experimentally inaccessible biomarkers that can only be simulated using QSP at this stage.
Amyloid plaque suburbia (Abp, with coefficient 5): The beneficial sparing of HV by the anti-
amyloid antibody-mediated reduction of soluble oligomers is compensated by the clearance of
plaques (56). It has been suggested that increased removal and clearance of the plaques with anti-
amyloid antibody therapies interferes with the ability to yield beneficial brain tissue preservation
effects on vMRI due to the concept of pseudo-atrophy, a unique clinical feature of anti-amyloid

antibodies (57). This negative interaction effect is not observed with valiltramiprosate (13, 14).
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ARIA-E (ARIAEg, with coefficient g): ARIA consists of ARIA-E (edematous) and ARIA-H
(hemorrhagic) vascular abnormalities, driven by the migration of activated macrophages into
perivascular spaces associated with fluid volume shifts leading to ventriculomegaly (56-59). These
adverse events are associated with anti-amyloid antibody therapies, but not with valiltramiprosate
(13, 14).
Microglia/astrocyte activation (coefficient 0): Reactive astrogliosis and microglia activation are
associated with amyloid plaque deposition and are amplified by anti-amyloid antibodies (57, 60,
61). This effect on neuronal survival and brain volume is likely mediated by the release of pro-
inflammatory cytokines (62).

Since we aimed to model the HV dynamics from a relatively healthy age all the way to the
complete AD pathology, we defined an age transition or inflection point between the healthy
trajectory and the onset of pathology (called Agemn). This transition function takes the following

formula, where a is the quadratic coefficient and b is the linear coefficient:
MIN (1, a(age - Agel-nﬂ)2 + b(age - Agel-nﬂ)> Equation 9

With this function, this leads to the following equations for HV:
If age < Agems

HV(age) = HV (age — 50)

Absol(age)> + 6 (Abpl(age)>
4

+B 14
* (Age = 50) =7« ( Abyy (50) 4\ "4b,,(50)

Equation 10

Else

18



HV (age + At)

= HV(age) * (1 — (a + B) * (At) * MIN(l,a(age —55)? + b(age — 55))

Abg, (age + At)
—y *At
Absol(age)

) « MIN(1,a(age — 55)% + b(age — 55)) + &

<Abpl(age + At)

— 2 — —
Ab,(age) )*MIN(l,a(age 55)“ + b(age 55)) €

ARIAg(age + At)
ARIAg(age)

) * MIN(1, a(age — 55)% + b(age — 55)) + 0

<Microglia(age + At)

_5C)2 _
Microglia(age) >*MIN(1'a(ag€ 55)% + b(age — 55)))

Equation 11

3. Results
3.1 Introduction of APOE4 genotypes into the amyloid aggregation model

It has been reported that APOE isoforms differentially affect APP transcription and AB
secretion in neurons (43), and that APOE4 is associated with impaired AP uptake and clearance
by microglia-like cells (44). We therefore incorporated APOE genotype-specific intervention
points in the amyloid cascade, including both AP synthesis (reflected in the parameter K;,) and
clearance (reflected in the parameters Vmax and ECsp). The baseline parameter values for the
different APOE genotypes are shown in Table 1, with the sensitivity analyses included in

Supplementary Data Figures S2-S4.

Table 1. Parameter values for different APOE genotypes in the amyloid aggregation model.
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APOEA4 Allele Kin (1/hr) M'i;;%fﬁg max M’cr((’fll\lf)EC”
0 0.0125 0.000135 200
1 0.01275 0.000125 300
2 0.0145 0.000075 500

K, synthesis rate of AP from APP; Vua, maximal rate at which microglia can clear Ap species; ECso, AP species

concentration for 50% of microglia-dependent clearance.

3.2 Natural trajectories of Ap42 biomarkers by APOE4 genotype

Applying the parameters defined in Table 1, Figures 3&4 show the natural trajectories of
plasma AP42/AB40 ratio, CSF AB42, brain ISF AB42 oligomers and protofibrils, and SUVR in
generic APOE4/4, APOE3/4 and APOE3/3 AD patients. Overall, both plasma AB42/AB40 ratio
and CSF AB42 deceased while brain AB42 oligomers, protofibrils and SUVR increased over time
with the development and progression of AD. There were pronounced gene-dose differences in all
these biomarkers indicative of disease acceleration, with a rank order of APOE4/4 >> APOE3/4 >
APOE3/3. APOE4/4 exhibited a greater degree of acceleration in AP pathology compared to
APOE3/4 and APOE 3/3, including a substantially earlier onset (i.e., leftward shift) and more rapid

decline (plasma AB42/AB40 ratio and CSF AP42) or increase (brain AB42 oligomers, protofibrils

and SUVR).
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Figure 3. Natural trajectories of plasma Af42/A40 ratio and CSF Af42 in APOE4/4, APOE3/4
and APOE3/3 AD patients. Natural age-related amyloid pathology was implemented as a linear
decrease in AP monomer degradation, resulting in a gradual increase of monomers into the
aggregation pathway. A steep transition occurred at ~60 years of age with a rapid decline of
plasma Ap42/4540 ratio and CSF Ap42 with the development and progression of AD. The impact
of APOE genotype was applied as a differential effect on both the clearance and production of Ap.
AP, p-amyloid; AD, Alzheimer’s disease; APOE, apolipoprotein E; CSF, cerebro-spinal fluid;

SUVR, standardized uptake value ratio.
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Figure 4. Natural trajectories of brain Af42 oligomer, protofibril and SUVR in APOE4/4,
APOE3/4 and APOE3/3 AD patients. A substantial increase of brain interstitial fluid Ap
oligomers, protofibrils and SUVR occurred at ~60 years of age with, which was followed by a
plateau at older ages. This transition corresponded to the rapid decline of plasma Ap42/4p40 ratio
and CSF Ap42 (see Figure 3) with the development and progression of AD. The impact of APOE
genotype was applied as a differential effect on both the clearance and production of AB. Ap, -
amyloid; AD, Alzheimer’s disease; APOE, apolipoprotein E; CSF, cerebro-spinal fluid; SUVR,

standardized uptake value ratio.

3.3 Effects of valiltramiprosate on Ap biomarkers by QSP analysis
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We modeled the effects of valiltramiprosate 265mg BID treatment over 2 years on plasma
AB42/AB40 ratio, CSF AP42, brain ISF AB42 oligomer+protofibril (the most neurotoxic species)
and SUVR in generic APOE4/4, APOE3/4 and APOE3/3 AD patients, with the treatment initiation
age from years 62 to 70. Figure 5 illustrates the effects when the treatment starts at age 65 and 70
years at a brain ISF drug exposure of 4 uM. Overall, valiltramiprosate increased plasma
AP42/AB40 ratio and CSF AP42, decreased brain ISF oligomer+protofibril, and had a minimal
effect on SUVR. This effect was seen across all three genotypes. Valiltramiprosate showed similar
effects on soluble AB42 oligomers and protofibrils when examined separately. In agreement with
these simulated data, we previously reported an elevation of plasma AB42/AB40 ratio and CSF
AB42 in APOE4 carrier early AD subjects following 2-year valiltramiprosate 265mg BID in a
Phase 2 biomarker study (28). Figure 6 shows that the Phase 2 trial plasma AB42/AB40 ratio
changes in APOE3/4 and APOE4/4 early AD subjects after valiltramiprosate treatment were in
good alignment with the QSP projections, providing validation for the model. The minimal effect
on plaques, as reflected by the simulated SUVR, is consistent with the earlier finding that
valiltramiprosate does not directly bind to amyloid plaques (24).

The monomer AB42 levels in both CSF and ISF were predicted to increase within the first
week before reaching a stable plateau. The initial increase in monomer concentration was due to
that valiltramiprosate blocked the forward rate constant, so that the continuously synthesized
monomers were unable to bind to low-order aggregates. Valiltramiprosate reduced the synthesis
of AB42 in APOE4/4 to a lower level equal to APOE3/3 via the APOE4 structure-corrector MOA.
Furthermore, inhibition of amyloid aggregation by valiltramiprosate led to a reversal of the
forward/backward rates, consequently the monomer dynamics became dominated by the reverse

process, i.e., losing monomers from the already formed oligomers. This effect cascaded in the
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whole sequence starting from the highest oligomer order working its way down with the biggest

effect seen in the lower order oligomers.
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Figure 5. QSP-predicted effects on amyloid biomarkers following valiltramiprosate (ALZ-801)
265mg BID treatment over 2 years in APOE4/4, APOE3/4 and APOE3/3 AD patients. Illustrated
are the effects on plasma AP42/A40 ratio, CSF Ap42, brain interstitial fluid Ap42
oligomer+protofibril (most neurotoxic species), and SUVR when the treatment was initiated at 65
and 70 years of age, with a brain interstitial fluid drug exposure of 4 uM at the steady state.
Valiltramiprosate increased plasma Ap42/A640 ratio and CSF Af42 monomers, decreased brain
AP42 oligomer+protofibril, and had a minimal effect on SUVR in all three APOE genotypes. The
differences in treatment effect across the ages and genotypes are reflective of the stage of disease
and the predose baseline amyloid pathology status. Valiltramiprosate’s molecular mechanisms of
action as both an Ap oligomer inhibitor and an APOE4 structure corrector were implemented in
the model. Ap, p-amyloid; AD, Alzheimer’s disease; APOE, apolipoprotein E; CSF, cerebro-spinal

fluid; QSP, quantitative systems pharmacology; SUVR, standardized uptake value ratio.
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Figure 6. Comparison of the actual Phase 2 biomarker study data and the QSP-predicted plasma
AP42/Ap40 changes in APOE3/4 and APOE4/4 early AD subjects (average age 65) following
valiltramiprosate (ALZ-801) 265mg BID treatment over 2 years. The 104-week valiltramiprosate
Phase 2 plasma AP42/4A540 ratio results in APOE4 carriers with early AD were previously
published (28). Data from the APOE3/4 subjects (with an average age 65.2 years, range 53-69
vears, n=30) and APOE4/4 subjects (with an average age 65.6 years, range 59-69 years, n=21)
were summarized for comparison with the QSP-modeled changes at the treatment initiation age
of 65 (Figure 5). The longitudinal Phase 2 plasma Ap42/4540 values (mean+SEM) as determined
by an Euroimmun ELISA assay method (28) were converted to the scale of the QSP model based
on the relative changes from baseline. The results show good agreement between the clinically

observed and the QSP-predicted plasma Ap42/Ap40 ratio changes following 2-year
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valiltramiprosate 265mg BID treatment starting at age 65 in both APOE3/4 and APOE4/4 subjects
with early AD. Ap, p-amyloid; AD, Alzheimer’s disease; APOE, apolipoprotein E; QSP,

quantitative systems pharmacology.

Following treatment discontinuation, the forward rate constant returned back to baseline
allowing the large concentration of monomers to be consumed in substantially more oligomers,
explaining the large drop in CSF AB42. An increasing level of soluble oligomers allowed for more
monomers to be formed in the backward reaction that might explain the secondary AB42 peak,
observed at around 3 months. Afterwards, a slowly decreasing AB42 was observed to keep the
monomer concentrations higher than the placebo level which took approximately 5-6 years to
eventually reach the natural trajectory of the placebo. This block of the aggregation cascade during
valiltramiprosate treatment reset the distribution of AP species so that the oligomers slowly
returned to the level of the natural placebo trajectory with the same time dynamics. This process
might take several years resulting in reduced oligomer-mediated neurotoxicity even after the
treatment is stopped.

The results indicate that the beneficial effect of valiltramiprosate appeared to increase with
the number of APOEA4 alleles in combination with the age of treatment initiation. Valiltramiprosate
either arrested or reversed the progressive increase of combined oligomer+protofibril vs. placebo
in all APOE genotypes. The absolute decrease in combined oligomer+protofibril relative to
placebo at the end of the treatment was larger in APOE4/4 due to the higher baseline levels at all
treatment ages. The relative change from baseline was dependent on both age and genotype. At
the age of 70, while the placebo levels increased between 7% (APOE4/4) and 63% (APOE3/3),

simulated patients receiving treatment saw their oligomer+protofibril concentration decline by
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18% (APOE4/4) and 3% (APOE3/3). The levels of protofibrils, calculated as the weighted average,
decreased over time, with the AUC decreasing by 30-40% below the corresponding placebo values
during treatment in all cases.

Additionally, a sensitivity analysis was performed to understand the relative contribution
of valiltramiprosate’s anti-Af oligomer vs. APOE4 structure-corrector MOA on A biomarkers.
Using brain AB42 protofibril levels as an example (Supplementary Data Figure S5), the simulation
revealed a discernable effect of APOE4 structure-corrector mechanism, while the majority of the

effect on protofibril reduction appeared to be due to the anti-Ap oligomer MOA.

3.4 QSP-predicted reduction of plasma p-tau by valiltramiprosate

We projected the effect of valiltramiprosate on plasma p-tau levels (Figure 7) based on the
QSP-modeled AP species changes. The results showed a consistent reduction in the natural
elevation of plasma p-tau levels vs. placebo in all APOE genotypes and age of treatment initiation
scenarios. When the treatment begins at the age of 67 and 70 years, a reduction in p-tau levels

below the predose baseline was observed in APOE4/4 subjects.
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Figure 7. QSP-predicted reduction of plasma p-tau by valiltramiprosate in AD patients. Plasma
p-tau dynamics were simulated following 2-year valiltramiprosate 265mg BID treatment
(predicted to produce 2-4 uM brain interstitial fluid drug exposures at the steady state) for
different age, genotype and drug exposure scenarios. Normalized fold changes of plasma p-tau
levels relative to baseline were projected from the QSP-simulated changes in Af42 species using
the coefficients derived from a multivariate regression analysis as described in Methods. The
results show consistent reductions in the natural elevation of plasma p-tau levels vs. placebo in all
APOE genotypes and ages of treatment initiation, in an exposure-dependent manner. When
valiltramiprosate treatment was initiated at 67 and 70 years of age, there was a reduction in p-tau
levels below the predose baseline in APOE4/4 subjects. AP, p-amyloid; AD, Alzheimer’s disease;

APOE, apolipoprotein E; QSP, quantitative systems pharmacology.

3.5 QSP analysis of long-term valiltramiprosate benefit in APOE4/4
We modeled generic APOE4/4 AD patients receiving continuous valiltramiprosate 265mg

BID treatment over 10 years at the brain ISF drug exposures of 2-4 uM (Figure 8; Supplementary
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Data Figures S6-S7). The results showed a substantial reduction of AP oligomers and protofibrils,
which was dependent on the age of treatment initiation from 60 to 75 years and in an exposure-
dependent manner. Consistent with this, there was a sustained, exposure-related elevation in CSF
APB42 levels. The effect of valiltramiprosate on SUVR and plaques, while small in magnitude, was
consistent with its MOA to inhibit AP oligomer formation thus leading to a small reduction on
plaque formation that was dependent on early treatment initiation. Treatment initiation at either 70
or 75 years of age yielded negligible reduction in SUVR and plaque formation. Thus,
valiltramiprosate is likely to produce a minimal plaque reduction in a mixed-age, early
symptomatic AD population in short-term interventional trials, suggesting that this imaging
biomarker is not a suitable endpoint for AP oligomer inhibitors like valiltramiprosate. The
mechanism, however, is consistent with a small reduction in SUVR over chronic, long-term
treatment (e.g., > 5 years) due to the reduced amyloid deposition that occurs over time. In support,
a reduction in plaque burden was observed following chronic tramiprosate treatment in an
experimental transgenic murine model of AD, which is characterized by a phenotype of

accelerated soluble and insoluble amyloid deposition and disease progression (24).
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Figure 8. QSP-predicted long term valiltramiprosate benefit on combined brain Ap42
oligomer+protofibril following 10-year 265mg BID treatment in APOE4/4 AD patients.
lllustrated are the simulated effects on brain interstitial fluid Ap42 oligomer+protofibril (most
neurotoxic species) when treatment was initiated at 60, 65, 70 and 75 years of age, with a steady-
state brain interstitial fluid drug exposure ranging from 2 to 4 uM. Valiltramiprosate substantially
reduced brain Af42 oligomer-+protofibril in an age- and exposure-dependent manner. The earliest
age of treatment initiation showed the greatest benefit, indicating that the long-term treatment
efficacy is dependent on the stage of disease and the predose baseline amyloid pathology load. Ap,
[-amyloid; AD, Alzheimer’s disease; APOE, apolipoprotein E; QSP, quantitative systems

pharmacology.

3.6 Hippocampal volume trajectories vs. amyloid trajectories in AD
We derived the HV changes in the independent variables for different APOE genotypes

starting from the model readouts for the amyloid species, ARIA-E liability and microglia
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activation. The longitudinal observational data (63, 64) and the placebo data from the lecanemab
(10) and donanemab (11) interventional studies were used to calculate the relevant coefficients of
these independent variables. For APOE4/4 and APOE3/4, we used the baseline HV data in the
valiltramiprosate Phase 2 study (29). Adjusting the reported HV data to the model, we arrived at
the coefficients in Table 2. Subsequently, the natural HV trajectories for the different APOE

genotypes were projected.

Table 2. Parameter values for different APOE genotypes of the hippocampal atrophy

trajectory model in AD.
Parameters APOE3/3 APOE3/4 APOE4/4
Baseline volume (mm3) 4255 4255 4215
Age - a 0.002 0.0055 0.01
Non-amyloid pathology - 3 0.0024 0.0024 0.004
Amyloid oligomer - y 0.045 0.045 0.045
Plaque suburbia - & 0.003 0.003 0.003
ARIA-E - ¢ 0.39 0.39 0.39
Microglia-Astrocytosis - 0 0.006 0.006 0.006
Age for inflection specific 55 55 543
atrophy (year)
Quadratic coefficient - a 0.0032 0.0032 0.0032
Linear coefficient - b 0.003 0.003 0.003

Values of the various coefficients in Equations 10 & 11 for the independent variables as different contributions to

hippocampal volume calculations. Values reflect unilateral hippocampal volume.

Since there are limited natural trajectory data for the changes in amyloid species, microglia
activity and ARIA-E in the literature, we calibrated the coefficients of these independent variables
using the interventional studies with lecanemab (10) and donanemab (11). Only the lecanemab
study reported that 15% of the subjects were APOE4/4 homozygotes, 60% were APOE3/4

heterozygotes and 25% were non-APOE4 carriers, while the donanemab study did not report the
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individual percentages for the three genotypes. Based on these, we imputed a weighted average
for the HV with 15% APOE4/4, 60% APOE3/4 and 25% APOE3/3 for calibration with lecanemab
and donanemab. The model outcome generated changes in soluble oligomers/protofibrils, plaques,
ARIA-E liability and microglia activation that predict the accessible amyloid biomarkers CSF
AP42 and SUVR (36). Using these changes of the independent variables for an 18-month trial
allowed us to define the remaining coefficients.

We compared the QSP-projected longitudinal trajectories for bilateral HV and plasma
AB42/AB40 ratio in APOE4/4, APOE3/4 and APOE3/3 AD subjects (Figure 9). In both QSP
models of HV and plasma APB42/AB40 ratio, there were pronounced genotype differences in
disease progression indicative of acceleration, with APOE4/4 >> APOE3/4 > APOE3/3. The
APOE4/4 genotype exhibited a much greater degree of disease acceleration in both AP pathology
and hippocampal atrophy compared to APOE3/4 and APOE3/3, including an earlier onset, more
rapid decline, and an earlier manifestation of pathologies prior to clinical and functional decline.
The decline of plasma AP42/AB40 ratio in the APOE4/4 genotype also occurred at an earlier
disease stage than the other two genotypes, and with a faster rate than HV, while also reaching the
low plateau several years earlier than HV (65). The accelerated disease gene-dose effect was also
observed with HV atrophy progression following the same rank order of APOE4/4 >> APOE3/4

> APOE3/3.
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Figure 9. Comparison of the natural trajectories of bilateral hippocampal volume (HV) and
plasma Ap42/A440 ratio in APOE4/4, APOE3/4 and APOE3/3 AD subjects. The HV trajectories
were developed based on the QSP amyloid aggregation model by integrating factors including
age, non-Af pathology, AP species, ARIA-E, AP clearance and microglia activity. The impact of
APOE genotype was applied as a differential effect on both AP clearance and production processes.
The model coefficients were calibrated with the lecanemab and donanemab clinical trial data. The
results show that changes of plasma Ap42/4540 ratio proceeded that of HV. In both QSP models
of HV and plasma Ap42/4p40 ratio, APOE genotype significantly influenced disease progression,
with APOE4/4 linked to an earlier onset and faster AP pathology progression reflecting a gene-
dose effect and aligning with clinical progression. Ap, p-amyloid; AD, Alzheimer’s disease; APOE,
apolipoprotein E; ARIA-E, Amyloid-related Imaging Abnormalities (Edematous); HYV,

hippocampal volume; QSP, quantitative systems pharmacology.
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3.7 Comparison of valiltramiprosate Phase 3 hippocampal volume data vs. QSP-predicted
natural trajectory model in APOE4/4 genotype

We compared the actual clinical HV outcomes from the valiltramiprosate Phase 3 trial (13)
vs. the QSP-predicted natural HV trajectory in AD. The mean HV data following valiltramiprosate
265mg BID treatment over 78 weeks were fitted onto the QSP natural trajectory curve based on
age. As shown in Figure 10, MCI subjects showed a better effect than Mild AD subjects after

valiltramiprosate treatment. These results are consistent with the reported clinical findings from

this study (13, 14).
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Figure 10. QSP hippocampal volume analysis confirms the observed reduction of bilateral
hippocampal atrophy in MCI > Mild AD subjects in the valiltramiprosate Phase 3 study. The
observed mean longitudinal hippocampal volume data in APOE4/4 MCI and Mild AD subjects
from the valiltramiprosate APOLLOE4 Phase 3 trial were modeled onto the QSP trajectory curve
(red curve) based on age. The MCI subjects (blue curve) showed a reduced slope vs. the natural

disease trajectory, while the Mild AD subjects (green color) showed minimal effect following 78
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weeks of valiltramiprosate 265mg BID treatment, consistent with the clinical observations. Ap, -
amyloid; AD, Alzheimer’s disease; APOE, apolipoprotein E; HV, hippocampal volume; QSP,

quantitative systems pharmacology.

4. Discussion

This study expanded an established, well-calibrated mechanistic QSP model of A
aggregation in AD (36) to include APOE4 genotypes, specifically APOE4/4 and APOE3/4. APOE
genotype-specific adjustments to parameters governing APP synthesis and microglia-mediated
clearance of AP species were calibrated using longitudinal observational clinical data. We also
developed a novel natural trajectory model of hippocampal atrophy, measured by hippocampal
volume (HV), using observational and interventional datasets, including data from the CLARITY

and TRAILBLAZER trials.

The QSP model reproduced marked APOE genotype-dependent differences in AD onset
and progression across AP biomarkers, including the plasma AB42/AB40 ratio, CSF AB42, brain
APB42 oligomers, protofibrils, SUVR, and HV. These differences followed a gene-dose pattern of
APOE4/4 >> APOE3/4 > APOE3/3. Compared with APOE3/4 and APOE3/3, APOE4/4 showed
faster AP pathology and hippocampal atrophy, earlier disease onset, more rapid decline, and earlier
biomarker evidence of pathology before cognitive and functional symptoms emerged. Plasma
AB42/AB40 ratio and CSF AB42 declined earlier in APOE4/4 subjects, progressed faster than
hippocampal atrophy, and reached low plateau levels several years before healthy controls. This
pattern supports a distinct, accelerated AD trajectory in APOE4/4 subjects (16). Accordingly, this

APOE4 genotype-based QSP analysis supports the concept that accelerated amyloid aggregation,
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reflected by rapid declines in plasma AB42/AB40 monomer ratio and CSF free AB42 fraction (28),
is an early trigger for increased oligomer burden and plaque formation. These changes precede
hippocampal atrophy and subsequent cognitive decline, indicating that APOE4/4 subjects
represent a distinct population with faster HV atrophy that parallels AP aggregation biomarker

dynamics.

The QSP HYV trajectory model assumed that HV changes are driven by age, non-amyloid
pathology, soluble oligomer and protofibril neurotoxicity, amyloid plaque volume, ARIA-E-
related fluid shifts, and pro-inflammatory microglial activation. Age- and genotype-matched
longitudinal ADNI data, together with lecanemab and donanemab interventional studies, were
used to constrain APOE genotype-specific parameters while accounting for the pseudo-atrophy
observed with anti-amyloid antibodies (57). Our results suggest that soluble AP oligomers and
protofibrils are the primary drivers of HV atrophy, whereas plaque burden has minimal impact.
Benefits from antibody-mediated reductions in oligomers and protofibrils appear to be largely

offset by ARIA-E and microglial activation.

Valiltramiprosate is an oral anti-amyloid small-molecule prodrug that is rapidly converted
in blood to tramiprosate and 3-SPA. Its primary mechanism is binding to A monomers, thereby
inhibiting toxic AP oligomer formation by preventing AP misfolding and aggregation, with an
additional role as an APOE4 structure corrector (31-35). Based on preclinical animal data and
human PK studies after 265 mg twice-daily oral dosing, brain ISF drug concentrations were
estimated at 2-4 uM. Accordingly, the ECso for valiltramiprosate’s targets was conservatively set

at 3 uM in this analysis.

The QSP model predicted that valiltramiprosate reduced soluble brain oligomer and

protofibril levels by 25-30%. Although modest, this effect was amplified by the drug’s position in
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the aggregation cascade, substantially altering soluble oligomer and protofibril dynamics. These
soluble AP aggregates are neurotoxic, cause neuronal loss and brain atrophy (6), and can induce
neuronal hyperexcitability that directly impairs cognition (66). Consistent with this mechanism,
the model predicted increases in plasma AP42/40 ratio and CSF AB42 after valiltramiprosate
treatment, aligning with the prior findings in APOE4 carrier early AD subjects from a Phase 2
biomarker study (28). The similar plasma AB42/40 increases observed in that study and the
modeled changes for APOE3/4 and APOE4/4 genotypes validated the present QSP model (Figure
6). Valiltramiprosate had little effect on SUVR or amyloid plaques, suggesting that amyloid
imaging may not be a sensitive endpoint in standard 78- to 104-week AD interventional trials.
Overall, valiltramiprosate effects were observed across all three genotypes and were exposure

dependent.

Valiltramiprosate’s effects on AP species depended on baseline levels, which vary by age,
APOE genotype, and disease stage. By reducing the forward rate of A monomer aggregation, the
drug produced a complex redistribution of AP species. After treatment discontinuation, the full
spectrum of AP species returned to natural AD trajectories over a mathematically predictable
timeframe that depended on species, regimen, and disease stage. Notably, the QSP analysis showed
that soluble oligomer and protofibril concentrations remained below placebo while monomer
levels increased after valiltramiprosate treatment, indicating a favorable shift toward the

monomeric state characteristic of normal, pre-disease physiology.

Long-term simulations indicated that, after chronic valiltramiprosate treatment was
stopped, soluble oligomer and protofibril levels gradually returned to placebo trajectories within 6
to 8 years. These findings suggest that sustained long-term valiltramiprosate treatment is needed

to maintain optimal clinical benefit in APOE4 carriers and non-carriers with amyloid-positive AD,
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because disease progression resumes after discontinuation. Although the APOE4 structure-
corrector mechanism produced a modest but measurable effect on brain AP biomarkers over two
years, a larger effect may emerge with longer treatment as APOE4 shifts toward a healthier

APOE3-like conformation, potentially producing delayed overall benefit.

Importantly, reducing soluble neurotoxic AP species with valiltramiprosate, and achieving
early clinical benefit in AD, does not increase ARIA risk (13, 14). This is likely because
valiltramiprosate does not interact with perivascular amyloid plaques or alter macrophage function.
Consistent with this mechanism, safety data from the Phase 2 biomarker study (29) and the
APOLLOE4 Phase 3 trial (13) showed no increase in ARIA among either APOE4/4 homozygotes

or APOE3/4 heterozygotes.

The AD QSP model also reproduced the clinical finding that valiltramiprosate significantly
preserves HV and appears to outperform anti-amyloid antibody therapies (9, 10, 13, 14, 29). This
advantage likely reflects neuroprotection against AB oligomers and protofibrils without effects on
plaque clearance, ARIA, or microglial activation. Comparison of Phase 3 HV data in APOE4/4
homozygotes with the QSP trajectory model showed reduced hippocampal atrophy primarily in
MCI patients, consistent with clinical results (13, 14). Preservation of gray and white matter
microstructure after valiltramiprosate treatment was previously confirmed by Diffusion Tensor
Imaging (DTI) (13, 14). The model therefore helps predict disease stage-specific outcomes for
individual patients. Because HV reflects neuronal integrity (67), its preservation is an important
AD treatment goal, and earlier valiltramiprosate intervention may provide greater disease

modification.

Using QSP-predicted AP species changes, we further projected valiltramiprosate’s effect

on plasma p-tau levels with a multivariate regression approach (46). The model predicted
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consistent reductions in the natural rise of plasma p-tau vs. placebo across all APOE genotypes
and treatment-initiation ages. When treatment started at ages 67 and 70, p-tau levels fell below
predose baseline in APOE4/4 subjects. This projection aligns with our previously reported Phase
2 data showing statistically significant 27-43% reductions from baseline in plasma p-taul81 at all
visits after valiltramiprosate 265 mg BID treatment in APOE4 carriers with a mean age of 69 years.
Consistent with these findings, valiltramiprosate recently produced a significant reduction in
plasma p-tau217 in both the overall early AD and MCI APOE4/4 populations in the APOLLOE4
Phase 3 trial. In MCI subjects, valiltramiprosate reduced plasma p-tau217 by 36% from baseline,
whereas placebo increased it by 17%, yielding a sustained 53% drug-placebo difference over 78
weeks (68; manuscript in preparation). Thus, the current plasma p-tau projection, based on
multivariate regression derived from available anti-amyloid antibody clinical data, may represent

a conservative estimate of valiltramiprosate’s observed clinical effects.

In this QSP study of valiltramiprosate pharmacology, an ECso of 3 uM was used to model
inhibition of AP oligomer formation, which may be conservative. A recent study (34) showed that
valiltramiprosate prevented cytotoxicity from low-molecular-weight AB42 oligomers in cultured
neuronal cells at a valiltramiprosate: AB42 stoichiometric ratio of 10:1, far below the 1000:1 ratio
previously estimated from non-biological ion mobility spectrometry-mass spectrometry studies.
Therefore, the actual treatment effect of valiltramiprosate may be greater than predicted by the

present analysis.

In summary, this QSP analysis characterizes the natural progression of Ap biomarkers and
hippocampal volume in AD across APOE genotypes, demonstrating APOE4 gene dose-dependent
disease acceleration according to the number of APOE4 alleles. Our findings highlight the ability

of a well-calibrated QSP model to simulate therapeutic effects across clinically relevant scenarios
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defined by age and APOE genotype, supporting more personalized treatment strategies. The results
suggest that valiltramiprosate may provide clinical benefit by preventing formation of neurotoxic
AP oligomers and protofibrils within the amyloid cascade, thereby reducing neurodegeneration,
slowing clinical decline, and decelerating AD progression, with the greatest effects expected
earlier in disease. These benefits were evident across all APOE genotypes evaluated, although
their magnitude varied with amyloid pathology burden, age, genotype, disease stage, and timing
of treatment initiation. Sustained oral valiltramiprosate therapy is also projected to exert disease-
modifying effects on clinical and neurodegenerative endpoints without the ARIA risk associated

with anti-amyloid antibody therapies.

Together, these findings suggest that the greatest clinical benefit may be achieved when
oral valiltramiprosate is initiated early in amyloid pathogenesis, including during early
symptomatic disease, with long-term treatment potentially preventing further progression if started
at the presymptomatic stage. The clinical benefit observed in MCI subjects in the recently

completed Phase 3 APOLLOEA4 trial (13, 14) supports this conclusion.
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