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Abstract

development plan for an Alzheimer’s disease treatment can
be designed that maintains patient safety, allows informed
decision-making, and achieves an accelerated timeline by using
novel biomarkers and adaptive study designs.

BACKGROUND: Alzheimer’s disease is a large and growing
unmet medical need. Clinical trial designs need to assess
disease-related outcomes earlier to accelerate the development
of better treatments for Alzheimer ’s disease. ACU193
is a monoclonal antibody that selectively targets amyloid β
oligomers, thought to be the most toxic species of Aβ that
accumulates early in AD and contributes to downstream
pathological effects. Nonclinical data indicate that ACU193
can reduce the toxic effects of amyloid β oligomers. ACU193 is
currently being investigated in a phase 1 clinical trial designed
with the properties described in this report. This phase 1 trial
is designed to provide data to enable a go/no-go decision
regarding the initiation of a subsequent phase 2/3 study.
OBJECTIVES: To design a phase 1 study that assesses target
engagement and incorporates novel measures to support more
rapid development of a potential disease-modifying treatment
for Alzheimer’s disease.
DESIGN: The INTERCEPT-AD trial for ACU193 is an ongoing
randomized, placebo-controlled phase 1a/b study that assesses
safety, tolerability, pharmacokinetics, target engagement,
clinical measures, and several Alzheimer’s disease biomarkers,
including novel digital and imaging biomarkers.
SETTING: For INTERCEPT-AD, brief inpatient stays for patients
in the single ascending dose portion of the study, with the
remainder of the evaluations being performed as outpatients at
multiple clinical trial sites in the U.S.
PARTICIPANTS: Patients with early Alzheimer ’s disease
(mild cognitive impairment or mild dementia with a positive
florbetapir positron emission tomography scan).
INTERVENTION: ACU193 administered intravenously at doses
of 2– 60 mg/kg.
MEASUREMENTS: Safety assessments including magnetic
resonance imaging for the presence of amyloid-related imaging
abnormalities, clinical assessments for Alzheimer ’s disease
including the Alzheimer’s Disease Rating Scale-cognition and
Clinical Dementia Rating scale, pharmacokinetics, a measure
of target engagement, and digital and imaging biomarkers,
including a computerized cognitive test battery and a measure
of cerebral blood flow using arterial spin labelling magnetic
resonance imaging.
RESULTS: A phase 1 study design was developed for ACU193
that allows collection of data that will enable a go/no-go
decision for initiation of a subsequent adaptive phase 2/3 study.
CONCLUSIONS: A phase 1a/b trial and an overall clinical
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Introduction

T

he search for disease-modifying therapies for
Alzheimer’s disease (AD) has extended over at
least two decades, and has been challenging,
but recent results suggest that treatments with a clinically
meaningful slowing of disease progression are on the
horizon (1). While drug mechanisms that are not directly
related to amyloid beta (Aβ) are of great interest, a large
amount of genetic and biomarker data suggest that Aβ
is important for AD pathology. The relationship between
Aβ and AD is complex in that Aβ may exist as soluble
monomers, soluble oligomers, soluble or insoluble
protofibrils, insoluble fibrils, or insoluble amyloid
plaques.
Recent publications have suggested that monoclonal
antibodies specifically targeting amyloid plaque, e.g.,
aducanumab and donanemab, may slow cognitive
decline of AD (2, 3). The trials for both aducanumab
and donanemab showed a substantial incidence of a
treatment-emergent adverse event known as amyloidrelated imaging abnormalities-edema (ARIA-E), which
will need to be weighed against any clinical efficacy
shown in subsequent trials. Lecanemab, a monoclonal
antibody designed to target Aβ soluble protofibrils (4),
has been shown in a phase 2 clinical trial also to lower
plaque load and to have a risk of ARIA (5), and thus
likely has some binding to amyloid plaque. Phase 2 data
also suggests that lecanemab slows cognitive decline in
patients with early AD.
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A substantial body of evidence has also accrued over
several years suggesting that soluble Aβ oligomers
(sAβOs) represent the most toxic species of Aβ,
accumulating early in AD and driving downstream
pathology of AD, including the aberrant phosphorylation
of tau (p-tau) and neurodegeneration (6), as well as
cognitive decline.

neuronal calcium homeostasis (6, 23).
In vivo nonclinical studies demonstrate brain
penetration and behavioral pharmacologic activity of
ACU193/3B3. In vivo administration of ACU193 to
Tg2576 mice resulted in a dose-dependent increase of
ACU193:sAβO complexes in brain homogenates (data on
file). Formation of these ACU193:sAβO complexes in vivo
provides direct evidence for ACU193 target engagement
in the brain of Tg2576 mice following IV administration.
A correlation between cerebrospinal fluid (CSF) levels of
sAβOs and cognitive deficits in AD animal models and
human patients with AD has been described (24, 25).
In vivo activity of ACU3B3, the murine ACU193 parent
antibody, has been investigated in three APP transgenic
mouse models of AD (i.e., hAPP/SL, Thy1-hAPP/SL,
and hAPP/J20) across a battery of eight behavioral tests.
Four to 10 weeks of dosing with ACU3B3 in transgenic
mice, comprising a broad range of ages, reduced
multiple behavioral deficits (i.e., hyperlocomotion,
context-dependent habituation, nonspatial learning, and
emotionality) (26, 27). Taken together, the results indicate
in vivo pharmacodynamic activity of sub-chronic and
chronic treatment with ACU3B3 across different ages of
APP transgenic animals with variable APP expression
levels.
Other monoclonal antibodies that have been or are
currently in clinical development for the treatment
of AD are not highly selective for sAβOs, albeit with
some level of binding variability. Their selectivity
profile is predominantly directed to either monomeric
or fibrillar Aβ species, due to the later discovery and
characterization of sAβO toxicity in AD. Those that bind
to amyloid plaque have been associated with higher
incidence of ARIA clinically (28). ACU193 is expected
to have low risk for ARIA because it has minimal or
no binding to amyloid plaques, does not appear
to bind to vascular amyloid, and does not increase
microhemorrhage in nonclinical studies (6). Given the
promising pharmacologic profile of ACU193 and the need
to evaluate the “Aβ oligomer hypothesis” in the clinic,
ACU193 is now being tested in a phase 1 clinical trial,
INTERCEPT-AD.
Traditional phase 1 trials focus solely on safety and
pharmacokinetics, which remain primary objectives.
Because phase 1 trials for monoclonal antibodies for
AD are often conducted in AD patients, they provide
the opportunity to begin to assess disease-related
outcomes earlier in a drug development program, with
the understanding that phase 1 trials are limited by small
sample size and short duration. To maximize the scope
of information that can be gained from a phase 1 trial
in AD patients, the design of the INTERCEPT-AD trial
incorporates biomarker measures of target engagement as
well as innovative exploratory measures of cognition and
cerebral blood flow.

Background and rationale for ACU193
development
ACU193 is the first monoclonal antibody to enter
clinical trials that was designed to bind to sAβOs with
high selectivity. As reported elsewhere (7, 8), ACU193
binds with over 600-fold selectivity for sAβOs compared
to Aβ monomers in a competitive assay, differentiating
ACU193 from other therapeutic monoclonal antibodies,
which primarily bind monomer or fibrillar forms of
Aβ. Binding of ACU193 to sAβOs is not affected by
the presence of a high concentration of Aβ monomers,
simulating the environment in the brain (6). These
experiments use Aβ-derived diffusible ligands (ADDLs),
a synthetic sAβO model system comprising a wide
size distribution of toxic sAβOs (9, 10). Evidence for
the selectivity of ACU193 for sAβOs over fibrils has
been observed with a thioflavin-T binding assay. In
this experiment, Aβ aggregation was monitored over
time via thioflavin-T, which is known to bind β-sheets
within amyloid fibrils. ACU193 immunoreactivity,
measured via dot immunoblotting, was greatest when
the Aβ population had low thioflavin-T reactivity, thus
low fibril content and likely high oligomeric content. As
thioflavin-T reactivity, and thus fibril content, increased
over time, ACU193 immunoreactivity decreased (data
on file). Corroborating this result, ACU193 has little to
no binding to thioflavin-S positive amyloid plaque in
immunohistochemistry studies (6).
Soluble AβOs interfere acutely with synaptic signaling
(10-14), which may be due in part to disruptions in
calcium homeostasis as well as inhibition of long-term
potentiation (LTP). This aberrant signaling has been
associated with inflammatory and neurodegenerative
pathologies, such as tau hyperphosphorylation, which
contributes to the cognitive impairment of AD (1518). In rodent hippocampal slice preparations, sAβOs
cause rapid inhibition of LTP (10, 14, 19, 20). ACU3B3,
the murine IgG1 parent of ACU193, prevented ADDLassociated inhibition of LTP (6, 21).
I n c re a s e s i n i n t r a c e l l u l a r s y n a p t i c c a l c i u m
concentration are associated with neuronal dysfunction
and have been implicated in the pathogenesis of AD
(22). In primary cultures of transgenic amyloid precursor
protein (APP)-PS1 mouse cortical neurons, ADDLs were
shown to target synapses in brain tissues, inducing
elevated concentrations of neuronal calcium in soma and
dendrites. ACU3B3 immuno-depletion prevented this
ADDL-elicited calcium elevation, suggesting protection of
2
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Approach

toxicology data supported dose selection. Patients in
the SAD portion of the study are evaluated in 11 visits
ending 140 days after the single dose. Placebo patients
from all SAD cohorts are pooled for statistical analyses.
For the MAD portion of the study, 3 administrations
of ACU193 are given. Dosing intervals were selected
using predictions of human exposure based on animal
exposure, including measures of serum half-life and
CSF pharmacokinetics (data on file). Doses and dosing
intervals are 10 mg/kg once every four weeks (Q4W),
60 mg/kg Q4W, and 60 mg/kg once every two weeks
(Q2W). MAD cohorts include 10 patients each (8:2,
active:placebo). Patients in the MAD portion of the study
with Q4W dosing have a total of 7 visits ending 196 days
after starting dosing. Patients in the MAD portion of the
study with Q2W dosing have a total of 8 visits ending 168
days after starting dosing. Placebo patients from all MAD
cohorts are pooled for statistical analyses.

The clinical trial design for the ACU193 INTERCEPTAD trial, and overall clinical trial strategy, were based
in part on nonclinical data for ACU193, including good
laboratory practices toxicology studies. Generally
accepted sample sizes for phase 1 studies were
considered. Outcomes in INTERCEPT-AD are focused
on safety, tolerability, pharmacokinetics, and target
engagement. Because ACU193 may improve synaptic
function, additional important exploratory measures
of potential acute drug effects include assessment of
cognition as determined by a computerized cognitive
battery and changes in cerebral blood flow as determined
by arterial spin labelling (ASL) with magnetic resonance
imaging (MRI). An appropriate go/no-go decision to
enable a subsequent phase 2/3 study was also considered,
as outlined below.
The overall clinical trial strategy, including a planned
phase 2/3 trial, was based on the need to rapidly advance
ACU193 through clinical trials while maintaining safety.
In addition to reviewing nonclinical data for ACU193,
trial designs for other AD treatments including other
monoclonal antibodies were evaluated (3, 5, 29-31).

Figure 1. Trial schematic of INTERCEPT-AD

Trial Design
As is typical in most early-phase trials testing
monoclonal antibodies, patients are utilized in
INTERCEPT-AD. This is in part because the drug target,
sAβO, is not present in healthy subjects. The patient
population being studied in the INTERCEPT-AD trial
consists of individuals with early AD, i.e., patients with
mild cognitive impairment (MCI) or mild dementia, as
intervention in earlier stages of the disease may have a
higher probability of benefit. A key inclusion criterion is
confirmation of AD with a florbetapir positron emission
tomography (PET) scan positive for brain amyloid. APOE
genotype is recorded in the study, but treatment groups
are not stratified on this variable given the small size of
the study. APOE genotyping will be performed because
carriers of the APOEε4 allele are at higher risk for ARIA
than non-carriers (28). ACU193 is expected to have a low
risk of ARIA due to its selectivity for sAβOs and apparent
lack of binding to vascular amyloid, but any cases of
ARIA will be evaluated for a possible relationship to
APOE genotype.
The overall design of the INTERCEPT-AD trial
is summarized in Figure 1. Additional information
regarding the trial can be found on clinicaltrials.gov
(NCT04931459). The study incorporates single ascending
dose (SAD) and multiple ascending dose (MAD) cohorts.
Doses for SAD cohorts are 2 mg/kg, 10 mg/kg, 25 mg/
kg, and 60 mg/kg. SAD cohorts include 8 patients
(6:2, active:placebo). As reviewed previously (6), target
engagement and behavioral effects were demonstrated
in transgenic mice; these studies along with animal

For Part A (SAD): a sentinel dosing scheme is followed within each cohort,
whereby the third participant is dosed at a minimum of 48 hours after the first
two participants are dosed (one receives blinded ACU193 and the other blinded
placebo) and safety data are reviewed. Dosing of Cohorts 1-4 begins at least
one week after all participants in the immediately preceding lower-dose cohort
receives one administration of study drug (ACU193 or placebo) and safety data
are reviewed by a blinded internal safety team; pharmacokinetic data are also
reviewed periodically. If necessary, an independent, unblinded data monitoring
committee (DMC) may also review these data and advise on dose escalation. For
Part B (MAD): Dosing of Cohort 5 begins at least one week after all participants
in Cohort 2 receive one administration of study drug (ACU193 [10 mg/kg] or
placebo) and safety data are reviewed. Dosing of Cohort 6 begins at least one
week after all participants in Cohort 4 receive one administration of study drug
(ACU193 [60 mg/kg] or placebo) and safety data are reviewed. Dosing of Cohort
7 begins after four or more participants in Cohort 6 are administered two doses
of study drug (ACU193 [60 mg/kg] or placebo Q4W) and the Cohort 6 safety
data are reviewed by the blinded internal safety team. PK data are also reviewed
periodically. If necessary, an independent, unblinded DMC may also review the
data and advise on dose escalation. Q2W = once every two weeks; Q4W = once
every four weeks

Numerous safety measures are assessed, and patients
in the SAD portion of the study are observed as inpatients
for 2-4 days. Sentinel dosing is employed for the SAD
cohorts, and safety reviews are performed after each
cohort has completed dosing prior to opening of the next
cohort (see Figure 1 caption for more detail). Possible
infusion reactions are carefully assessed, and routine
laboratory studies and electrocardiograms are obtained.
MRI scans, primarily to assess for the presence of ARIA,
are obtained at screening and days 21 and 140 for patients
3
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Table 1. Computerized cognitive test battery

Test

Domains tested

International shopping list (immediate)

Immediate verbal recall

Cogstate brief battery

Attention, working memory, visual learning

International shopping list (delayed)

Delayed verbal recall

Groton maze learning

Executive function

International digit-symbol substitution

Processing speed

in the SAD cohorts. For patients in the Q4W dosing MAD
cohorts, MRIs are obtained at screening and days 28, 70,
and 196. For patients in the Q2W MAD cohort, MRIs
are obtained at screening and days 28, 70, 168. All MRI
centers are qualified by the same external vendor prior
to being used for any study assessment. The parameters
are optimized to obtain accurate results from different
scanner models and manufacturers. The MRI scanner
protocol parameters are based on the Alzheimer’s Disease
Neuroimaging Initiative (ADNI3) protocol (https://adni.
loni.usc.edu/methods/documents/mri-protocols/).
Once the protocol parameters are approved a phantom
scan is completed and then reviewed by the vendor for
qualification.
In addition to extensive safety and tolerability
monitoring, pharmacokinetic measures and target
e n g a g e m e n t a re a s s e s s e d i n I N T E R C E P T- A D .
Standard pharmacokinetic parameters are obtained,
and comparisons will be made between Q4W and
Q2W dosing regimens. Target engagement in the
central compartment will be assessed by measuring
concentrations of ACU193 bound to sAβOs in CSF.
While changes in cognitive measures are not expected
in INTERCEPT-AD due to the short treatment duration
and small sample size, standard measures of cognition
and function are obtained during the trial including
the Alzheimer’s Disease Assessment Scale – cognition
(ADAS-cog) and the Clinical Dementia Rating (CDR)
scale. Additionally, a battery of brief computerized
cognitive tests, designed to provide a more sensitive
assessment of a breadth of cognitive domains relevant
to early AD, are obtained at multiple timepoints in the
trial. Assessment and scoring are fully automated, and
the battery is supervised by a trained administrator. The
individual tests included in the battery, which can be
administered in approximately 30 minutes, are listed in
Table 1. For the SAD cohorts, the battery is administered
at baseline and days 2, 3, 4, 7, and 21. For MAD cohorts
using Q4W dosing, the battery is administered at baseline
and days 7, 28, 56, 70, and 196. For the MAD cohort using
Q2W dosing, the battery is administered at baseline and
days 7, 28, 42, and 168.
Reduced blood flow (hypoperfusion) to brain tissue
precedes atrophy in AD (32), and co-localizes with
hypometabolism measured by PET (33), suggesting
an association with AD-related neuropathology. Thus,
changes in cerebral blood flow may be an early biomarker
of AD. Therefore, while exploratory in this phase 1 trial,

cerebral blood flow is assessed by an ASL pulse sequence
as part of the MRI. ASL images are acquired via 3D
pseudo-continuous ASL or 3D pulsed ASL sequences (34),
depending on availability, and according to sequence
parameter guidelines of the longitudinal observational
study ADNI3 (https://adni.loni.usc.edu/adni-3/).
Images are collected as part of the MRI assessment at
screening, day 21, and end-of-study for the SAD cohorts
and at screening, days 28, 70, and end-of-study for the
MAD cohorts.
At the time of this writing, patients have entered SAD
and MAD cohorts and the trial is ongoing.
The overall clinical strategy for ACU193 includes
two key decision-making milestones. The go-no/go
decision to move from phase 1 to phase 2/3 will based
on the following: safety and tolerability at doses that
are projected to have pharmacological activity based
on nonclinical data; pharmacokinetic parameters that
are appropriate for continued development; and target
engagement at doses that have acceptable safety and
tolerability. The second milestone is based on an interim
analysis in the phase 2/3 study. The phase 2/3 study will
be initiated with sample sizes typical of a phase 2 study;
however, an interim analysis will enable a go/no-go
decision to increase the sample size for full powering
of a phase 3 trial. The interim analysis will be based
on key clinical measures, but also various biomarkers,
which could include blood and CSF p-tau, blood and CSF
neurofilament light (NfL), computerized cognitive testing,
and cerebral blood flow changes measured by ASL MRI,
that may be integrated to support this decision making
(35). The importance of go/no-go decision making in
drug development has been recently reviewed (35).
Assuming a positive interim assessment and pending
discussions with regulators, this phase 2/3 study could
serve as a registration trial.

Discussion
While promising results from Aβ-targeting antibodies
have been recently published (2, 3, 5), Alzheimer’s disease
remains a large and growing public health problem that
can only be addressed with treatments that result in
clinically meaningful disease modification accompanied
by acceptable safety and tolerability. While the “amyloid
hypothesis” has in the past been viewed by some as a
monolithic entity, clinical trial data are now showing that
more specific targeting of various Aβ or amyloid species
4
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is likely to be instructive. The monomeric Aβ peptide is
highly aggregate-prone, able to form soluble oligomers,
soluble or insoluble protofibrils, and insoluble fibrils or
amyloid plaque (1). Statistically significant differences
or trends favoring treatment have been shown in clinical
outcomes for antibodies targeting amyloid plaques
[aducanumab (2) and donanemab (3)], soluble protofibrils
[lecanemab (5)] and Aβ monomers [solanezumab (36)].
Despite these similarities, substantial differences in rates
of ARIA-E are seen, with plaque-targeting antibodies
causing higher incidence of ARIA-E (37) than those that
target other forms of Aβ. The incidence of ARIA with an
antibody that selectively targets sAβOs is not yet known
but is expected to be lower compared to that of plaquetargeting antibodies.
Progress in the understanding of underlying disease
pathology and the use of trial designs incorporating
biomarkers as well as clinical outcome measures can
accelerate the development of AD therapeutics. The
ACU193 INTERCEPT-AD trial utilizes a study design
that incorporates novel measures in AD patients,
allowing assessment of disease-related outcomes earlier
in a clinical development program. The computerized
cognitive assessments used in the trial have been
validated in multiple clinical trials, are intended to
address cognitive domains under-represented by
traditional tools, and have previously shown sensitivity
in proof-of-concept studies in AD, including the early
and more sensitive detection of drug effect (38-41).
Because of the brevity of the computerized cognitive
test battery, it can be administered multiple times, thus
reducing variability and potentially allowing detection
of a drug effect that may not be evident using more
standard cognitive scales, such as the Alzheimer’s Disease
Assessment Scale – cognition (ADAS-cog). Many studies
have shown a decrease in cerebral blood flow in AD,
and more recently, changes in cerebral blood flow as
assessed by ASL have been shown to correlate with tauPET in the entorhinal cortex in AD (42). Reduced cerebral
blood flow may be an early biomarker of AD and can
be measured as part of the safety MRIs that are already
included in a phase 1 AD study. Because of the dynamic
nature of this measure, it may have the capability to
detect potential acute drug effects during the short
duration of treatment in a phase 1 trial.
The go/no-go decision in the INTERCEPT-AD trial
will be based on safety and tolerability, pharmacokinetics,
and evidence of target engagement. The use of digital
and imaging biomarkers in INTERCEPT-AD, i.e.,
computerized cognitive testing and regional cerebral
blood flow changes from ASL MRI, will provide
additional data, which, while exploratory, would
strengthen a decision to move to an adaptive phase 2/3
study.
For the adaptive phase 2/3 study, a go/no-go decision
to increase the size of the trial to a phase 3 registration
study will be made based on an interim analysis of phase
2 data. Other clinical trials in neurodegenerative disease

have used adaptive designs to identify effective doses
more quickly or to avoid additional use of resources
if a trial has a low probability of success (43, 44). It
is also important to acknowledge that there are risks
associated with an interim analysis approach to expand to
a phase 3 study, as meeting criteria for expansion does not
guarantee a successful conclusion of the trial. The fact that
the interim analysis will not be used to determine futility
is important to note; if the trial is not expanded to a phase
3 study, it will be completed as a phase 2 study.
Taken together, the ACU193 clinical development plan
incorporates several advances in AD research. The net
result of these improvements is that the development
plan, using biomarkers and adaptive design, moves from
a first-in-human trial directly to a registration-quality
phase 2/3 trial rather than the traditional phase 1, phase
2, and phase 3 sequence. Safety can be maintained with
the active use of a data monitoring committee (DMC)
during the trials. Go/no-go decision making can be
enhanced with the use of imaging, biochemical, and
digital biomarkers. In addition to the use of novel trial
designs, this development plan builds on previous
research showing encouraging drug effects in patients
with early AD, a patient population that has recently
become widely recognized and utilized. Finally, the “Aβ
oligomer hypothesis” is now being tested in the clinic
with ACU193. ACU193 provides an opportunity to assess
whether selectively targeting toxic sAβOs results in
meaningful efficacy and lower risk of ARIA as compared
to other monoclonal antibody treatments. The use of new
scientific information and novel trial designs can more
rapidly assess the oligomer hypothesis and can more
broadly accelerate the development of more effective
treatments for patients with AD.
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