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Abstract

INTRODUCTION: In addition to the accumulation of amyloid plaques and neurofib-
rillary tangles, the presence of excess neural activity is a pathological hallmark of
Alzheimer’s disease (AD) and a prognostic indicator for progression of AD pathology
and clinical/cognitive worsening in mild cognitive impairment due to Alzheimer’s dis-
ease (MClI due to AD). The HOPE4MCI clinical study tested the efficacy of a therapeu-
tic with demonstrated ability to normalize heightened neural activity in the hippocam-
pus in a randomized controlled trial of 78 weeks duration in patients with MCI due
to AD.

METHODS: One hundred and sixty-four participants were randomized to placebo (n =
83) or AGB101 (n = 81), an extended-release formulation of low dose (220 mg) leve-
tiracetam. The primary endpoint was the change in Clinical Dementia Rating Scale Sum
of Boxes score (CDR-SB) comparing follow up at 18 months to baseline. The goal of
the primary efficacy analysis was to estimate the difference between the AGB101 and
placebo arms in the mean change of the primary endpoint.

RESULTS: The mean change in CDR-SB was estimated to be 1.12 (95% confidence
interval [Cl]: 0.66, 1.69) for the AGB101 arm and 1.22 (95% Cl: 0.75, 1.78) for the
placebo arm. The estimated difference between arms is -0.10 (95% CI: -0.85, 0.58),
which was not statistically significant. In a prespecified analysis, the difference was -
0.45 (95% Cl: -1.43, 0.53) for ApoE-4 noncarriers and -0.10 (95% Cl: -0.92, 0.72) for
apolipoprotein E (ApoE)-4 carriers.

DISCUSSION: The possibility that ApoE-4 carriers and noncarriers will respond dif-
ferently to therapeutic intervention is consistent with recently reported findings from
biologics and the present results show further testing of AGB101 in patients with MCI
due to AD who are noncarriers of the ApoeE-4 allele is warranted. Conclusions from
the HOPE4MCI study are limited primarily due to the small sample size and results can

only be regarded as a guide to future research.
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1 | INTRODUCTION

It is well-established that Alzheimer’s disease (AD) pathology begins
to accumulate in the brain many years prior to a diagnosis of demen-
tia, providing a prolonged trajectory of disease-related changes.’? In
amnestic mild cognitive impairment (aMCl), the early symptomatic
phase of the disease, strong evidence indicates accumulation of AD
pathology.®~> There is also strong evidence from preclinical models
and human patients that, in addition to the accumulation of amyloid
plaques and neurofibrillary tangles, neuronal circuits become hyperac-
tive prior to the development of AD dementia, contributing to neuronal
pathology and brain dysfunction.® These data direct attention to the
potential for a novel therapeutic approach of targeting hyperactivity,
especially in the MCI phase of AD when hippocampal hyperactivity is
most pronounced and forecasts subsequent decline.”:8

Basic research in support of hyperactivity as a target in early stages
of AD includes direct chemogenetic reduction of neural activity in AD
mouse models, demonstrating reduction of amyloid deposition, con-
ferring beneficial effects on synaptic dysfunction and pathology? and
demonstration that neural activity augments tau propagation and tau
pathology in hippocampal circuits in vivo.'? These data are consistent
with evidence from a wide range of animal models and patients with
aMCI that hyperactivity is a promising target for intervention to con-
trol amyloid and tau pathology. In that context, it is notable that both
preclinical and clinical research has demonstrated that treatment with
low, but not higher, doses of the atypical antiepileptic levetiracetam
attenuates neural overactivity and has therapeutic effects on both cog-
nition and AD pathophysiology, as summarized below and in a recent
review.!!

In preclinical studies, low dose levetiracetam demonstrates effi-
cacy on a range of molecular, synaptic, electrophysiological, functional,
and behavioral endpoints across models (age-related memory impair-
ment, including the pathophysiology of amyloid and tau) and across
species flies,'2 mice,13-1° rats,16-18 including in aMCI'?-20 and pos-
sibly in neurocognitive aging in humans.2! Conversely, high doses of
levetiracetam, such as those used in clinical practice to treat epilepsy,
neither diminish hippocampal overactvity nor impact AD-associated
biomarkers.1320 Paralleling the preclinical data, low, but not high,
dose levetiracetam normalized hippocampal activity and improved
performance in a cross-over study design in which a pattern sep-
aration task of episodic memory function in MCI was an outcome
measure.1%20

Levetiracetam is a molecule with high bioavailability, low
metabolism, and high brain penetration?® resulting in a very pre-
dictable relationship of plasma to brain concentration. AgeneBio,
Inc. formulated AGB101 as a low dose extended-release formulation
(once-a-day medication) for therapeutic exposure in the current

clinical trial. Pharmacokinetic studies show that this novel preparation
of levetiracetam (AGB101) produces plasma concentrations of leve-
tiracetam in a range shown in both preclinical models and in human
patients to normalize hippocampal activity.?2 A preliminary report of
a study using the once-a-day medication AGB101 at 220 mg found
that the drug appeared to reduce increased hippocampal functional
connectivity in cognitively normal elderly.2! Currently, AGB101 is
the first and only therapeutic to our knowledge being investigated
to target hippocampal overactivity to slow progression and delay the
onset of AD dementia.

Here, we report the results of a randomized, double-blind,
placebo-controlled, phase 2b trial of patients with MCI due to AD
(NCT03486938). This trial, HOPE4MCI (Hippocampal Overactivity
Prevention in the Elderly with MCI due to AD), was conducted to
assess the efficacy of AGB101. While levetiracetam has been shown
to improve specific aspects of episodic memory function even after
2 weeks of administration, we do not expect a short term effect
of levetiracetam in improving all symptoms of AD. Our hypothesis
tests whether diminishing hippocampal hyperactivity by AGB101
treatment will slow the overall progression of AD symptoms. The
phase 2b program used a limited sample size to inform the design of
a larger confirmatory phase 3 program targeting neural overactivity
to slow progression in aMCI. As described in the statistical analysis
plan (SAP) for the study, the change in Clinical Dementia Rating Scale
Sum of Boxes score (CDR-SB), comparing 18 months to baseline,
was prespecified as the primary endpoint with additional secondary
endpoints, including the Functional Activities Questionnaire (FAQ),
and Mini-Mental State Examination (MMSE) for clinical/cognitive
assessment. Considering previous data from trials for therapeutics in
the MCI due to AD phase of disease, 242> the primary efficacy analysis
in the SAP also prespecified a sensitivity analysis of the primary
endpoint separately by ApoE4 carrier status.

2 | METHODS

2.1 | Study design

The HOPE4MCI study was an 18-month, multinational, randomized,
double-blind, placebo-controlled trial of AGB101 (alow dose extended
release formulation of levetiracetam 220 mg) in patients with MCI
due to AD. The study was conducted at 29 sites across the United
States and Canada that screened and randomized participants for
the study. The study was conducted in accordance with International
Council for Harmonization guidelines and the ethical principles of the
Declaration of Helsinki. For most sites, a central Institutional review

board (IRB) approved the protocol. For some sites, a local IRB or
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independent ethics committee was utilized. All participants provided
written informed consent. An independent data and safety monitoring
board (DSMB) consisting of experts in AD and statistics reviewed
unblinded safety data during the trial. The study was designed by
AgeneBio in collaboration with academic co-investigators at Johns
Hopkins University and funded by the National Institutes of Health
(RO1AG048349, R56AG055416, and RO1AG061091). The prespec-
ified statistical analysis plan and full reporting of adverse events for
this study are provided in the Supplemental Materials.

2.2 | Participants and eligibility

Patients were between 55 and 85 years old and met criteria for MCI
due to AD based on the National Institute on Aging-Alzheimer’s Asso-
ciation criteria.2® Inclusion criteria included: (1) a Clinical Dementia
Rating Scale (CDR) score of 0.5 with a memory box score of > 0.5; (2)
an MMSE score of 24-30; (3) a memory complaint reported by the
participant or his/her study partner; (4) objective evidence of lower
memory performance (z-score greater than 1.4 SD below age-matched
controls) based on the delayed recall portion of the International Shop-
ping List Test (ISLT); (5) essentially preserved activities of daily living,
cognitive decline not primarily caused by vascular, traumatic, or med-
ical problems (alternative causes of cognitive decline were ruled out);
(6) a positive amyloid beta positron emission tomography (PET) scan
and; (7) magnetic resonance imaging (MRI) scan results consistent with
the diagnosis of amnestic MCI due to AD, with no clinically significant
findings of non-AD pathology that could account for the observed cog-
nitive impairment.2” Participants were excluded if they had evidence of
vascular dementia as indicated by a clinical history, a score greater than
4 on the Hachinski scale, or evidence of cerebrovascular disease on
T2 MRI readings by a neuroradiologist and the study physician. Exclu-
sion criteria specifically related to use of levetiracetam included use
a history of seizures or use of anticonvulsants, history of hypersensi-
tivity or lack of tolerability to AGB101 (levetiracetam), severe renal
impairment (creatinine clearance of < 30 mL/minute), or undergoing
hemodialysis.

Following screening, eligible patients were randomly assigned to
placebo or AGB101 in a 1:1 ratio based on a central random-
ization list. Participants were administered a single morning daily
dose of placebo or AGB101 for 78 weeks completing a total of
eight minor and major study visits (full schematic of trial design in
supplemental materials). Given the low dose, AGB101 dosing was
initiated without titration and discontinued without tapering. Par-
ticipants were instructed to take AGB101 in the morning so that
plasma concentrations during the day were in the range previously
shown to diminish hippocampal overactivity.1?-21 Hippocampal over-
activity has not been observed during sleep; therefore, the dosing
regimen was likely sufficient to diminish all physiologically relevant
overactivity. Participants were allowed to continue taking stable
doses of standard of care symptomatic medications, such as acetyl-
cholinesterase inhibitors and memantine, for the duration of the

study.

Clinical Interventions

RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the litera-
ture using traditional (e.g., PubMed) sources and meeting
abstracts and presentations. A significant literature sup-
ports the use of low dose levetiracetam as a novel ther-
apeutic approach for targeting neuronal hyperactivity,
especially in the mild cognitive impairment (MCI) phase
of Alzheimer’s disease (AD) when hippocampal hyper-
activity is most pronounced and forecasts subsequent
decline.

2. Interpretation: The HOPE4MCI clinical study tested the
efficacy of AGB101, a novel therapeutic with demon-
strated ability to normalize heightened neural activity in
the hippocampus in a randomized controlled trial of 78
weeks duration in patients with MCI due to AD.

3. Future directions: Although the primary endpoint did not
show a statistically significant benefit of treatment likely
due to asmall sample size, the present results support the
view that further testing of AGB101 in patients with MCl
due to AD who are noncarriers of ApoE-4 is warranted.

2.3 | Study endpoints

The primary endpoint was the change in CDR-SB score from baseline to
78 weeks. The CDR is a semistructured interview including the patient
and an informant assessing three domains of cognition (memory, orien-
tation, judgment/reasoning) and three domains of function (community
affairs, home/hobbies, and personal care) which are summed. The
CDR-SB shows progression, for example, longitudinal change, in the
spectrum of MCI through to mild-to-moderate AD dementia.28-31
Consistent with our inclusion criteria, patients with MCl who are amy-
loid positive by PET imaging show elevated hippocampal activity and
progression on the CDR-SB during the MCI phase of the disease.”
Secondary clinical and cognitive endpoints included the change in
score from baseline to 78 weeks on the FAQ3?; the MMSE32 score.
A repeated assessment on the Behavioral Pattern Separation Task-
Objects (BPS-0)3* was included as an instrument to assess memory
performance dependent on hippocampal functioning using the Lure

Discrimination Index (LDI) as the outcome measure for this task.

2.4 | Amyloid PET acquisition

Positive historical amyloid PET scans utilizing research or commercial
amyloid PET ligands (Neuroceq, Amyvid, Vizamyl) were acceptable for
inclusion with documented evidence of amyloid positivity by a standard
qualitative read. For participants without a historical scan, amyloid
PET scans (predominantly Neuroceq) were conducted at site imag-

ing facilities and were utilized for inclusion using recommended doses
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and procedures. Site neuroimaging facilities were trained on relevant
study procedures by the central imaging laboratory (Clario, Inc.) and
completed site qualification and assessment of scanner performance
using phantom scans. Amyloid positivity was verified by Clario, Inc
using a visual read of the PET scans by neuroradiologists trained in the
assessment of amyloid according to the processes developed by the

radiotracer vendors.

2.5 | MRI data acquisition

Structural MRI scans were obtained for all participants enrolled dur-
ing screening and at the week 52 and week 78 study visits. The MRI
obtained during screening was used to assess any clinically significant
findings of non-AD pathology that could account for the observed cog-
nitive impairment, as previously described, and served as the baseline
scan for comparison with scans obtained at 52 and 78 weeks follow-up.
Site neuroimaging facilities were trained on relevant study procedures
by the central imaging laboratory (Clario, Inc.) and completed site qual-
ification and assessment of scanner performance for the duration of
the study using American College of Radiology phantoms. All sites used
3T scanners (Philips, Siemens, or General Electric). Collected scans
included a 3D T1 consisting of a sagittal magnetization-prepared rapid
gradient-echo (Philips), sagittal 3D turbo field echo (Siemens), or a 3D
fast spoiled gradient-recalled sequence (General Electric) with an 1
x 1 mm? in plane resolution, and 1.2 mm slice thickness. Two 3D T1
scans were collected during each session to increase the likelihood of
obtaining good quality data. In addition, a FLAIR sequence with a 0.86
x 0.86 mm? in plane resolution and 5 mm slice thickness and a T2*
sequence with a 0.78 x 0.78 mm? in plane resolution and 4 mm slice
thickness were collected only during the screening visit. The FLAIR
and T2* sequences were used to confirm study eligibility based on the
exclusion criteria described previously.

2.6 | Statistical analysis
The statistical analysis plan for the HOPE4MCI trial prespecified the
change in CDR-SB comparing 78 weeks to baseline as the primary
efficacy endpoint. Analyses of the primary endpoint were done for
the intention-to-treat (ITT) population consisting of all randomized
participants (n = 164). The estimand (target of inference) is the aver-
age treatment effect defined as the difference between study arms
of the (population) mean of the primary endpoint. A subgroup anal-
ysis looking separately at ApoE-4 carriers versus ApoE-4 noncariers
was prespecified in the SAP as part of the primary efficacy analy-
sis. No other subgroup analysis was planned or performed as part of
this primary efficacy analysis. Specified secondary endpoints included
FAQ, MMSE, and BPS-O comparing change from baseline to 78 weeks
between placebo and AGB 101 treatment.

To estimate the average treatment effect, we used a targeted
minimum loss-based estimator (TMLE).3> This estimator is similar to

commonly used methods including analysis of covariance (ANCOVA) in

that it adjusts for chance imbalances in prespecified baseline variables
between study arms to improve precision, and it has potential to better
account for missing outcome data by a combination of regression mod-
eling and inverse propensity score weighting. The prespecified baseline
variables that were adjusted for by this estimator are: CDR-SB score,
APOE-4 (carrier or noncarrier), Trail Making Test part A (number of
errors), and Trail Making Test part B (number of errors). Also, study arm
assignment and CDR-SB change score at 26 and 52 weeks were used in
the aforementioned regression and inverse propensity score models in
order to account for participant dropout that may differ by study arm
and by CDR-SB progression during the study. The entire estimation
procedure was prespecified in the statistical analysis plan, included in
the Supplemental Materials.

The advantage of the TMLE estimator is that it relies on less strin-
gent assumptions about missing data than are generally required by
the unadjusted estimator (i.e., the difference in sample mean CDR-SB
change score comparing treatment vs. control), the ANCOVA esti-
mator, and the mixed effects model for repeated measures (MMRM)
estimator. The BCa bootstrap was used to construct confidence inter-
vals. It was selected since it has theoretical and practical advantages
compared to the basic and percentile bootstrap methods.3¢

The study was originally planned to be adequately powered to serve
as a phase 3 registration trial with a sample size of 830 participants
(415 per treatment group). This was based on the calculation that
415 enrolled participants per treatment group is the minimum number
required to detect a 30% relative reduction in the mean of the primary
endpoint between the treatment and control arms based on an extrap-
olation of data obtained from the Alzheimer’s Disease Neuroimaging
Initiative (ADNI) database. In protocol version 5 (amendment 4) the
planned sample size was reduced to 160 (80 per treatment group) due
to funding limitations and the need to obtain initial clinical efficacy data
informing patient selection criteria for a confirmatory study.

3 | RESULTS

3.1 | Participants
A total of 739 subjects were screened for enrollment in the study
according to the criteria described. Diagnosis of MCI due to AD%¢
was supported by positive PET imaging for amyloid based on a qual-
itative read. The criterion for memory impairment based on 1.4 SD
below the mean on delayed recall on the ISLT reduced screening failure
for amyloid PET imaging to 10%. From January 14, 2019, to Octo-
ber 27, 2022, 164 participants were randomized across 29 sites in
the United States and Canada. Of these participants 81 were ran-
domized to AGB101 treatment and 83 were randomized to placebo.
The ITT population included all 164 randomized participants and the
safety population included 161 participants as three participants did
not initiate treatment after randomization (see Consort Diagram in
Figure 1).

The baseline characteristics including the prespecified variables to

be compared at baseline were similar across study arms although
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739 Assessed for Eligibility (Screened)

Inclusion/Exclusion Criteria Violations:

560 (75.8%) Any Inclusion/Exclusion Criteria Violation

525 (71.0%) Any Inclusion Criteria Violation

436 (59.0%) MCI due to AD as defined in protocol
80 (10.8%) Willing and able to undergo imaging

8 (1.1%) Subject 55-85 years old
1 (0.1%) Use only permitted medications

55 (7.4%) Any Exclusion Criteria Violation
8 (1.1%) Excluded medications

575 (77.8%) Subjects Screen Failed

555 (96.5%) Failure to meet randomization criteria

4 (0.5%) Pacemakers, aneurysm clips, artificial heart valves
23 (3.1%) Bipolar disorder or major depression
9 (1.2%) History of alcohol or substance abuse or
dependence
3 (0.4%) Significant systemic illness or unstable medical
condition

5 (0.7%) Unstable medical condition
4 (0.4%) Other

Inclusion/exclusion categories are not mutually exclusive. Subject is

counted once under each reported criteria. Percentages are based
on the number of screen failures.

A

A 4

15 (2.6%) Withdrawal by subject
5 (0.9%) Other

164 (22%) Subje

cts Randomized

A 4

81 (49.4%) Subjects assigned to receive AGB101
55 (67.9%) Completed trial
26 (32.1%) Discontinued trial
6 (23.1%) Adverse Event
2 (7.7%) Physician Decision
Withdrawal by Subject
Withdrawal by Study Partner
Lack of Efficacy
Non-compliance with Study Drug
Death
Other Reason

83 (50.6%) Subjects assigned to receive Placebo
66 (79.5%) Completed trial
17 (20.5%) Discontinued trial
3 (17.6%) Adverse Event
0 (0.0%) Physician Decision
9 (52.9%) Withdrawal by Subject
1 (5.9%) Withdrawal by Study Partner
0 (0.0%) Lack of Efficacy
1 (5.9%) Non-compliance with Study Drug
0 (0.0%) Death
3 (17.6%) Other Reason

v

A 4

81 Included in the intent-to-treat population
3 Subjects randomized but not treated?®
78 Included in the safety population
45 Included in the MRI baseline to endpoint evaluation

83 Included in the intent-to-treat population
0 Subjects randomized but not treated
83 Included in the safety population
60 Included in the MRI baseline to endpoint evaluation

FIGURE 1 Screening, randomization, and follow-up of participants in the Hope4MCI study. Participants who completed the week 78 visit were
considered to have completed the trial. The intention-to-treat population included all participants randomized to treatment who completed a
primary endpoint assessment at baseline and at least one dose of AGB101. Three participants were randomized to AGB101 but withdrew from the
study before initiating treatment. Reasons for discontinuation included physician decision (n = 1), withdrawal by subject (n = 1), and other (n = 1)

the number (percent) of ApoE-4 carriers was slightly higher with 54
(68%) in the AGB101 group compared to 45 (55%) in the placebo
group (Table 1). Baseline characteristics also did not differ across
study arms within the ApoE-4 carrier and noncarrier subgroups
(see Table S1).

3.2 | Primary endpoint
The mean change in CDR-SB scores over 78 weeks is shown in
Figure 2A and Table 2 for the ITT population, separately by study arm,

computed by sample means and not adjusted for missing outcomes.
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TABLE 1 Demographics and baseline characteristics

AGB101 Placebo

Parameter (N=81) (N=83)
Age at screening (years)

Mean (SD) 72.2(6.7) 73.1(7.0)
Gender, n (%)

Male 49 (60.5) 43(51.8)

Female 32(39.5) 40 (48.2)
Race, n (%)

White 75(92.6) 81(97.6)

Black or African American 5(6.2) 2(2.4)

American Indian or Alaska Native 1(1.2) 0(0)
ApoE carrier status, n (%)

Carrier 54 (67.5) 45 (54.9)

Non-carrier 26(32.5) 37 (45.1)

Missing 1(1.2) 1(1.2)
CDR sum of boxes

Mean (SD) 2.72(1.03) 2.71(1.06)
CDR global score

Mean (SD) 0.51(0.08) 0.52(0.11)
MMSE total score

Mean (SD) 26.2(2.1) 26.0(2.2)
FAQ total score

Mean (SD) 7.6 (5.5) 7.0(5.2)

Missing 5(6.2%) 2(2.4%)
BPS-O LDI

Mean (SD) 0.22(0.22) 0.21(0.24)
ISLT immediate recall

Mean (SD) 14.2 (4.3) 14.4(3.7)
ISLT delayed recall

Mean (SD) 2.3(1.3) 2.3(1.4)

Abbreviations: BPS-O LDI, Behavioral Pattern Separation Task-Objects
Lure Discrimination Index; CDR, Clinical Dementia Rating Scale; CDR-
SB, Clinical Dementia Rating Scale Sum of Boxes score; FAQ, Functional
Activities Questionnaire; ISLT, International Shopping List Test; MMSE,
Mini-Mental State Examination.

When adjusting for missing outcomes using TMLE (the prespecified,
primary efficacy analysis method), the estimated mean CDR-SB change
score at 78 weeks is 1.12 (95% confidence interval [CI]: 0.66, 1.69)
for the AGB101 arm and 1.22 (95% Cl: 0.75, 1.78) for the placebo
arm. The corresponding difference between population means of the
primary endpoint comparing AGB101 versus placebo, that is, the esti-
mated average treatment effect, is —0.10 (95% Cl: —0.85, 0.58). The
point estimate, although not statistically significant, corresponds to
an 8% relative reduction (the ratio of the —0.10 difference between
study arms to the placebo arm mean change score 1.22) in the primary
endpoint comparing AGB101 to placebo. The TMLE analysis and the

unadjusted analysis gave qualitatively similar results.

While the TMLE was used to analyze the ITT population, descrip-
tive statistics (sample means) are provided when presenting results
stratified by ApoE-4 status. TMLE was not applied in the latter case
due to the smaller sample sizes which could lead to regression model
overfit and therefore unreliable results. Two participants had miss-
ing ApoE-4 carrier status and were excluded from the analyses. As
shown in Figures 2B and 2C, the point estimates are in the direction
of an AGB101 benefit for both ApoE-4 carriers and noncarriers but
the estimated treatment effect for ApoE-4 noncarriers is substantially
larger than for carriers, though none of these results was statisti-
cally significant (see Figure S2 for individual subject data). As shown
in Figure 3, the results were similar when considering the data sepa-
rately for ApoE-4 carrier and noncarrier participants who completed

the study per protocol (Figure 3B and 3C).

3.3 | Secondary endpoints

Adjusted for missing outcomes using TMLE, the estimated mean FAQ
score from baseline at 78 weeks is 3.82 (95% Cl: 2.10, 5.17) for the
AGB101 arm and 3.81 (95% Cl: 2.38, 5.59) for the placebo arm. The
corresponding estimated mean MMSE score at 78 weeks is —2.44 (95%
Cl: =3.29, —1.62) for the AGB101 arm and —1.97 (95% Cl: —3.11,
—1.18) for the placebo arm and the estimated mean BPS-O score at
78 weeks is —0.003 (Cl: —0.07, 0.06) for the AGB101 arm and 0.035
(Cl: —0.02, 0.09) for the placebo arm (Figure 4 and Table S2). Mean
change scores for the secondary endpoints are additionally provided
for ApoE-4 carriers and ApoE-4 noncarriers separately (Figure 4 and
Table S3). The same analyses using the per-protocol population are pro-
vided in Table S4. For each of the primary and secondary endpoints,
the corresponding ITT and per-protocol analyses were qualitatively

similar.

3.4 | Safety

The safety profile of AGB101 was generally consistent with the known
safety profile from previous clinical studies and AGB101 was gener-
ally well-tolerated in adults with MCI due to AD. Notably, much higher
dosing in elderly patients with CNS disorders is well-tolerated.?” The
overall incidence of treatment-emergent adverse events (TEAEs) was
similar in the two groups with 67.9% in AGB101 and 71.1% in placebo
(Table 3). The most common adverse events (affecting > 5% of the par-
ticipants) in the AGB101 group were urinary tract infection (6.4% with
AGB101 and 3.6% with placebo), fall (7.7% with AGB101 and 9.6%
with placebo), and anxiety (5.1% with AGB101 and 2.4% with placebo).
TEAEs leading to discontinuation of the trial agent occurred in 7.7% of
the participants in the AGB101 group and 3.6% of those in the placebo
group (Table 3). All reported TEAEs are provided in the Tables S5-S7.

4 | DISCUSSION

The HOPE4MCI double-blind placebo-controlled trial was designed to

examine the hypothesis that diminishing hippocampal overactivity in



Translational Research 70f11

MOHS ET AL.
Clinical Interventions
(A) Intention to Treat Population
4.5+
» - AGB
Q
5 407 -= Placebo
oM
s 3.5+
E
a 3.0
o
a 2'5- Relative change
o due to AGB =-17%
2.0 T T 1
0 26 52 78
Week
Number of Participants
AGB 81 74 66 56
Placebo 83 81 71 68
(B) APOE4 Non-Carriers (®) APOE4 Carriers
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8 2.5+ Relative change aQ 2.54 Relative change
due to AGB = -40% O due to AGB = -10%
20 1 U 1 1 2.0 T T 1 1
0 26 52 78 0 26 52 78
Week Week
Number of Participants Number of Participants
AGB 26 24 22 17 AGB 54 49 43 38
Placebo 37 36 29 27 Placebo 45 44 41 40
FIGURE 2 Primary endpoint. The score on the Clinical Dementia Rating-Sum of Boxes (CDR-SB) served as the primary endpoint in this study.

CDR-SB scores range from 0O to 18, with higher scores indicating greater impairment. Graphs show the progression of CDR-SB scores over the
78-week treatment period for both the placebo and AGB101 groups for the intention-to-treat population showing a relative improvement in
CDR-SB score due to AGB101 treatment of 17% (A), and by apolipoprotein E (ApoE)-4 carrier status showing a relative improvement in CDR-SB
score due to AGB101 treatment of 40% for ApoE-4 noncarriers (B) while ApoE-4 carriers showed a relative improvement in the CDR-SB score of
10% (C). Number of participants in each group contributing to each timepoint are provided below each graph. To facilitate comparison between

the analyses all graphs show sample means + SEM

patients with MCI due to AD, using a low dose of extended release
levetiracetam (AGB101), would slow the progression of disease over
a 78-week observation period. The study was motivated by exten-
sive preclinical data indicating that hippocampal overactivity is a driver
of neurodegeneration and the spread of tau pathology and clinical
data showing that patients with MCI clinical symptoms and amyloid
deposits in brain have levels of hippocampal overactivity that exceed
those associated with normal aging.3®

TABLE 2 CDR-SB endpoint for ITT population

Analysis of the ITT population of 164 participants did not find a sta-
tistically significant effect of AGB101 on progression determined as
change from baseline to 18 months for the primary efficacy measure
(CDR-SB), nor secondary clinical measures (FAQ, MMSE, and BPS-O).
Similarly, the descriptive analyses stratified by ApoE-4 carrier status
were not statistically significant, though the point estimates of the pri-
mary endpoint for APOE4 noncarriers correspond to a 40% reduction
in 18 month CDR-SB change score comparing AGB101 to placebo.

AGB101 Placebo
ApoE-4 ApoE-4 ApoE-4 ApoE-4

Overall Non-carriers Carriers Overall Non-carriers Carriers
Parameter (N=81) (N =26) (N =54) (N=83) (N=37) (N =45)
Change from BL to week

78in CDR-SB

Mean (SD) 0.90 (1.50) 0.68 (1.36) 0.95(1.55) 1.09 (2.02) 1.13(1.96) 1.05(2.11)
Missing 25 (31%) 9 (35%) 16 (30%) 15 (18%) 10 (27%) 5(11%)

Abbreviations: Apo-E, apolipoprotein E; BL, baseline; CDR-SB, Clinical Dementia Rating Scale; ITT, intention-to-treat.
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0 26 52 78
Week
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AGB 70 65 63 56
Placebo 72 72 69 68
(B) APOE4 Non-Carriers (€) APOE4 Carriers
4.5+ 4.5
[} (2]
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due to AGB = -40% due to AGB = -10%
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0 26 52 78 0 26 52 78
Week Week
Number of Participants Number of Participants
AGB 22 21 21 17 AGB 47 43 41 38
Placebo 30 30 28 27 Placebo 41 41 40 40

FIGURE 3 Primary endpoint for per protocol completers. Graphs show the progression of Clinical Dementia Rating-Sum of Boxes (CDR-SB)
scores over the 78-week treatment period for both the placebo and AGB101 groups for the per-protocol completers (A), and for ApoE-4
noncarrier completers (B), and apolipoprotein E (ApoE-4) carrier completers (C). Number of participants in each group contributing to each
timepoint are provided below each graph. Values represent sample means + SEM

The same pattern was also observed on the secondary endpoints of
FAQ, MMSE, and BPS-O. Among ApoE-4 carriers, there was essentially
no difference on any measure between AGB101 treated patients and
those on placebo.

The primary analysis of all participants does not provide sufficient
evidence to reject the null hypthosis that that AGB101 is equivalent
to placebo. Nevertheless, the point estimates are in the direction of a
positive AGB101 benefit. The treatment effect point estimate in the
direction of a positive AGB101 benefit among ApoE-4 noncarriers is
intriguing and worth further investigation. It is notable that across
aging and AD models in laboratory animals that do not naturally carry
the ApoE-4 allele, low doses of levetiracetam have consistently demon-
strated beneficial neurocognitive and behavioral effects.!? It is worth
noting that currently insufficient data are available to know whether
hippocampal overactivity occurs earlier or later in those who are ApoE-
4 carriers relative to noncarriers nor is it clear that the response to
levetiracetam will show the same dose-response characteristics by
ApoE-4 genotype. Future studies are needed to examine the phar-
macodynamic response to AGB101 treatment as a function of both
ApoE-4 genotype and level of hippocampal overactivity.

With respect to ApoE-4, autopsy studies show lower levels of synap-
tic proteins such as synaptophysin in brains from older persons without

cognitive impairment carrying an ApoE-4 allele compared with those

not carrying ApoE-4.3? Synaptic proteins are also lower in mild cases of
AD dementia who are ApoE-4 positive,*° but the difference in synap-
tic protein levels is not found in brains from cases of advanced AD
dementia.?? It is well established that levetiracetam exerts its clinical
effect by binding to the SV2A receptor, a membrane protein present
on synaptic vesicles and a regulator of neurotransmitter release,*! and
the preclinical profile of levetiracetam is quite different from other
antiepileptic drugs.2® SV2Ais reduced in the hippocampus of AD brains
and is co-localized with amyloid precursor protein (APP),*2 suggest-
ing that SV2A is involved in amyloid processing. SV2A is likely to be
involved in processing of the tau protein as well.*? Human PET imaging
studies show an inverse association of AS deposits with SV2A bind-
ing but only in patients at the MCI stage of AD and not in patients
with more advanced disease.*® Ongoing clinical studies with SV2A PET
ligands are examining the possibility of a direct relationship of ApoE
genotype with SV2A density.** It seems likely that SV2A is one of
the downstream mechanisms mediating the effect of ApoE-4. Thus, it
is not unexpected that the effect of AGB101 should be different in
noncarriers than carriers of the ApoE-4 allele.

Conclusions from the HOPE4MCI study are limited primarily
because of the small sample size. Since the difference between study
arms in the primary endpoint was not statistically significant, any

results can only be regarded as potential guides to future research. The
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FIGURE 4 Secondary endpoints. Scores on the Functional Activities Questionnaire (FAQ; A, B, and C), Mini-Mental Status Exam (MMSE; D, E,
and F), and Lure Discrimination Index (LDI) from the Behavioral Pattern Separation-Objects (BPS-O) Task served as secondary endpoints in this
study. For FAQ higher scores indicate greater impairment, while higher scores on the MMSE, and BPS-O indicate better performance. Graphs
show progression of scores over the 78-week treatment period for both the placebo and AGB101 groups for the intention-to-treat population (A,
D, and G), and by apolipoprotein E (ApoE)-4 carrier status showing longitudinal change in secondary endpoints for ApoE-4 noncarriers (B, E, and H)

and ApoE-4 carriers (C, F, and I). Values represent sample means + SEM

TABLE 3 Overall summary of adverse events-safety analysis set

AGB101 (N =78)

Placebo (N = 83)

Overall (N=161)

AE category n (%) / Events
TEAEs 53(67.9)/ 148
Treatment-related TEAEs 9(11.5)/15
Serious TEAEs 13(16.7)/ 16
Treatment-related serious 0

TEAEs
TEAEs leading to drug 6(7.7)/8

withdrawal (with ‘adverse

event’ as primary reason for

early treatment termination)
TEAEs leading to death 2(2.6)/2

Abbreviations: AE, adverse event; TEAE, treatment-emergent adverse event.

possibility that ApoE-4 carriers and noncarriers respond differently
to therapeutic intervention is consistent with the recent findings
with the amyloid plaque clearing antibody lecanemab as secondary
analyses of the phase 3 trial of lecanemab showed a smaller estimated
therapeutic effect in ApoE-4 carriers relative to noncarriers.2> While
lecanemab and donanemab®>#¢- both have been shown to slow

disease progression in early AD, neither stops disease progession or

n (%) / Events n (%) / Events
59(71.1)/232 112(69.6) / 380
3(3.6)/5 12(7.5)/ 20
10(12.0)/12 23(14.3)/28

0 0

3(3.6)/3 9(5.6)/11

0 2(1.2)/2

reverses symptoms, indicating that other mechanisms must be tested
to halt or reverse progression. The present results support the view
that further testing of AGB101 in patients with MCl due to AD who are
noncarriers of ApoE-4 is warranted. If one assumes that the observed
nominal effect and variability in the ApoE-4 carriers is the true effect,
detecting an effect of AGB101 to slow disease progression by 30%

with 80% power in a phase 3 clinical trial, would require approximately
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1000 participants with 500 participants assigned to the active drug
and placebo conditions each.
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