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Abstract

Background Effective, disease-modifying therapeutics for the treatment of Alzheimer’s disease (AD) remain a large
unmet need. Extensive evidence suggests that amyloid beta (AB) is central to AD pathophysiology, and AR oligom-
ers are among the most toxic forms of AB. CT1812 is a novel brain penetrant sigma-2 receptor ligand that interferes
with the binding of AP oligomers to neurons. Preclinical studies of CT1812 have demonstrated its ability to displace
AR oligomers from neurons, restore synapses in cell cultures, and improve cognitive measures in mouse mod-

els of AD. CT1812 was found to be generally safe and well tolerated in a placebo-controlled phase 1 clinical trial

in healthy volunteers and phase 1a/2 clinical trials in patients with mild to moderate dementia due to AD. The unique
objective of this study was to incorporate synaptic positron emission tomography (PET) imaging as an outcome
measure for CT1812 in AD patients.

Methods The present phase 1/2 study was a randomized, double-blind, placebo-controlled, parallel-group trial
conducted in 23 participants with mild to moderate dementia due to AD to primarily evaluate the safety of CT1812
and secondarily its pharmacodynamic effects. Participants received either placebo or 100 mg or 300 mg per day

of oral CT1812 for 24 weeks. Pharmacodynamic effects were assessed using the exploratory efficacy endpoints syn-
aptic vesicle glycoprotein 2A (SV2A) PET, fluorodeoxyglucose (FDG) PET, volumetric MRI, cognitive clinical measures,
as well as cerebrospinal fluid (CSF) biomarkers of AD pathology and synaptic degeneration.

Results No treatment differences relative to placebo were observed in the change from baseline at 24 weeks

in either SV2A or FDG PET signal, the cognitive clinical rating scales, or in CSF biomarkers. Composite region volumet-
ric MRl revealed a trend towards tissue preservation in participants treated with either dose of CT1812, and nominally
significant differences with both doses of CT1812 compared to placebo were found in the pericentral, prefrontal,

and hippocampal cortices. CT1812 was safe and well tolerated.
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Conclusions The safety findings of this 24-week study and the observed changes on volumetric MRI with CT1812

support its further clinical development.

Trial registration The clinical trial described in this manuscript is registered at clinicaltrials.gov (NCT03493282).
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Introduction

Although approximately 6 million people in the US suf-
fer from Alzheimer’s disease (AD), the precise mecha-
nism of disease is poorly understood, and development
of disease-modifying therapeutics (DMTs) remains a
significant challenge [1]. Amyloid beta (Ap) is a key tar-
get for drug development based on extensive evidence
of its involvement in the synaptic dysfunction and loss
central to AD pathophysiology [2]. Several convergent
lines of evidence have suggested that AP oligomers are
the most toxic form of the protein [3]. The binding of
AP oligomers to their receptors on neurons is followed
by reductions in synaptic protein expression, spine
and synapse number, as well as by the loss of synaptic
plasticity and failure of new memory formation [4—6].
Anti-AB monoclonal antibodies in development as
DMTs have limited selectivity for AP oligomers, and
their use is associated with adverse events (AEs) includ-
ing amyloid-related imaging abnormalities (ARIA) [7].

CT1812 is a novel brain penetrant molecule that inter-
feres with the binding of A oligomers to neurons, pre-
venting synaptotoxicity [8, 9]. More specifically, CT1812
binds to the sigma-2 receptor and allosterically displaces
Ap oligomers that are bound to neurons. CT1812 dose-
dependently displaces AP oligomers into the cerebrospi-
nal fluid (CSF) and improves cognitive performance in
mouse models of AD [8]. Early interventional clinical tri-
als studying CT1812 in patients with AD have shown evi-
dence of changes in disease-related biomarkers including
increased levels of CSF AP oligomers [10], reduced levels
of CSF synaptic proteins and phosphorylated Tau (pTau),
and normalized abundance of other AD-related proteins
[8].

CT1812 was generally safe and well tolerated in more
than 80 healthy volunteers in a phase 1 placebo-con-
trolled safety study (COGO0101; NCT02570997) [11].
In a subsequent phase 1la/2 placebo-controlled trial
(COG0102; NCT02907567), 19 subjects with mild to
moderate AD were safely administered CT1812 for
28 days; all three dose levels (90, 280 and 560 mg/day)
were well tolerated and were not associated with any
serious AEs (SAEs). All AEs were mild or moderate in
nature. Given the short duration of the study, there was
no expectation to see improvements in the exploratory
cognitive outcomes, however, it is notable there were no

differences or acute worsening in any of the treatment
groups.

With the recent advent of synaptic positron emission
tomography (PET) imaging, we have begun to evaluate
synaptic alterations in vivo. Synaptic vesicle glycopro-
tein 2A (SV2A) is expressed in virtually all synapses and
is located in synaptic vesicles at presynaptic terminals
[12]. ["'CJUCB-] was recently developed as a PET tracer
for SV2A and advanced for human studies [13]. In our
recent cross-sectional studies of [''C]JUCB-J PET in AD,
we observed widespread reductions of SV2A binding in
medial temporal and neocortical brain regions in early
AD compared to cognitively normal participants [14, 15].
Moreover, ['!CJUCB-]J PET was highly correlated with
cognitive performance, suggesting that synaptic imag-
ing might be a potential surrogate biomarker outcome
for therapeutic trials that is well-correlated with clinical
measures [16].

The present phase 1/2 study (COGO0105;
NCT03493282) was a randomized, double-blind, pla-
cebo-controlled, parallel-group trial conducted in par-
ticipants with mild to moderate dementia due to AD to
evaluate the safety, efficacy, pharmacokinetics (PK), and
pharmacodynamics (PD) of CT1812 over 6 months with
a 6-month optional extension. The primary objective was
to determine safety and tolerability in patients with AD.
Secondary objectives evaluated the effect of CT1812 on
canonical AD and synaptic biomarkers, along with syn-
aptic density, and cognitive and clinical outcomes in the
six-month primary study. Here, we report the SV2A and
fluorodeoxyglucose (FDG) PET, volumetric MRI, CSF
biomarker, and clinical findings from this pilot study.

Methods

Study protocol

This study protocol was reviewed and approved by the
Yale Human Investigation Committee and Yale Radia-
tion Safety Committee. All study participants and their
study partners provided written informed consent to
participate in this study. Because, to this date, there has
not been evidence of clinical benefit resulting from short
treatment durations such as the one in this phase 1/2
study, participants were required to provide informed
consent for themselves (that is, surrogate consent was
not permitted).
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Objectives and outcome measures

The primary objective of this study was to evaluate the
safety and tolerability of CT1812 in patients with AD.
Secondary objectives were to evaluate the effect of
CT1812 on brain synaptic density using the SV2A PET
ligand ["'C]JUCB-] and on brain metabolic activity using
FDG PET; on cognitive and clinical outcomes using the
Alzheimer’s Disease Assessment Scale — cognition sub-
scale 11 (ADAS-Cogl1) and ADAS-Cogl3 (derived from
ADAS-Cogl4), the Alzheimer’s Disease Cooperative
Study—Activities of Daily Living (ADCS-ADL), the mini
Mental State Exam (MMSE), and the Clinical Dementia
Rating Scale Sum of Boxes (CDR-SB); on brain volume
using volumetric MRI; and on CSF biomarkers associated
with AD including AP40, AB42, total Tau, pTau, neuro-
granin, synaptosomal-associated protein-25 (SNAP-25),
synaptotagmin, and neurofilament light (NfL). Additional
secondary and exploratory objectives and outcome meas-
ures are not reported in this manuscript.

Participants and inclusion criteria

Participants included men and women of non-child-
bearing potential (50-85 years of age) with a diagnosis
of mild to moderate dementia due to AD and at least
6 months of cognitive decline, an MRI consistent with
AD diagnosis, a MMSE score of 18—26, and either a posi-
tive amyloid PET scan or a positive CSF biomarker test
consistent with AD. Participants were excluded based on
hospitalization or change of chronic concomitant medi-
cation within one month prior to screening, a significant
abnormality detected on screening MRI (e.g., prior hem-
orrhage or infarct>1 cm?,>3 lacunar infarcts, cerebral
contusion, encephalomalacia, aneurysm, vascular mal-
formation, subdural hematoma, hydrocephalus, or space-
occupying lesion), another primary cause of dementia
(such as dementia with Lewy bodies, frontotemporal
dementia, Huntington’s disease, Creutzfeldt-Jakob dis-
ease, or Down’s syndrome), any significant neurological
disease (such as Parkinson’s disease, multiple sclerosis,
stroke, seizure disorders, or other infectious, metabolic,
or systemic diseases that impact the central nervous sys-
tem), diagnosed depression (unless successfully managed
by antidepressants), schizophrenia or bipolar disorder,
and other unstable medical conditions. Also excluded
were participants who had received an anti-Af3 monoclo-
nal antibody or BACE inhibitor within 180 days or who
had previously received an AB-targeting vaccine.

Study drug administration

Following completion of the baseline procedures, the first
dose of study medication or placebo was administered in
the clinic and participants were observed for two hours
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post-dose. Study medication included CT1812 at 300
or 100 mg or placebo, provided as two hydroxypropyl
methylcellulose capsules containing CT1812 fumarate
salt or lactose monohydrate (placebo). The participants
were instructed to take study drug at home each morn-
ing with or without food, except on clinic days, when the
study drug was taken during the visit. Study treatment
was administered orally as a single daily dose (two total
capsules per day) for 24 weeks. Participants returned to
the clinic for repeat psychometric/neurologic testing,
safety studies, and PK and PD sample collection approxi-
mately every 2 weeks for the first 6 weeks and then every
3 weeks thereafter for the duration of the study.

Safety and tolerability endpoints

The safety and tolerability of CT1812 were assessed by
collecting vital signs, 12-lead ECGs, physical and neuro-
logical examination data, clinical laboratory test results
(including hematology, serum chemistry, coagulation,
and urinalysis-related tests), Columbia-Suicide Severity
Rating Scale (C-SSRS), and adverse event (AE) monitor-
ing. Blood samples were collected for analysis of CT1812
concentrations in plasma prior to administration of study
drug on the day of collection.

Clinical efficacy measures

The ADAS-Cogl4 is a widely used general cognitive
measure in clinical trials of AD that assesses multiple
cognitive domains including memory, language, praxis,
and orientation [17]. A higher score indicates more
impairment, a positive change indicates cognitive wors-
ening. The ADAS-Cogl1 subscale was the primary effi-
cacy endpoint of this clinical trial.

The ADCS-ADL is a 23-item questionnaire developed
by the Alzheimer’s Disease Cooperative Study (ADCS)
to assess the ability to perform activities of daily living
(ADLs) by participants with AD [18]. The ADCS-ADL
scale discriminates well between cognitively normal par-
ticipants and those with AD and it has good test-retest
reliability. The scale ranges from 0-78 and a lower score
indicates more impairment.

The MMSE is a brief screening instrument, often used
in clinical trials to assess dementia severity, and meas-
ures several aspects of memory and cognitive functioning
including orientation, attention, concentration, com-
prehension, recall, and praxis [19]. The scoring range is
0-30, and a lower score indicates more cognitive impair-
ment. The MMSE was administered at screening to
determine eligibility for the trial as well as post-dose.

The CDR-SB Scale is a clinician-rated dementia stag-
ing system that tracks the progression of cognitive and
functional deterioration [20]. It includes semi-structured
interviews with both participants and their caregivers
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and assesses cognition and function across six domains
(memory, orientation, judgement and problem-solving,
community affairs, home and hobbies, and personal
care). Scores for each domain range from 0 to 3 while
total scores range from 0 to 18, with higher scores indica-
tive of greater impairment.

All assessments were performed at baseline and 6, 12,
18 and 24 weeks.

Brain imaging

T1-weighted magnetic resonance imaging (MRI)
was performed at baseline, 12 weeks, and 24 weeks
to define regions of interest (ROI) and to assess brain
volumetric changes. T1 MRI acquisition parameters
included a Sag 3D magnetization-prepared rapid gra-
dient-echo (MPRAGE) sequence with 2.95-ms echo
time, 2300-ms repetition time, 900-ms inversion time,
9° flip angle, and 240 Hz/pixel bandwidth. Images are
256X 256 176 with a pixel size of 1.1x1.1x1.2 mm.
Additional clinical sequences were performed to ensure
that participants did not meet any exclusion criteria
at screening and did not develop any treatment emer-
gent adverse events, including amyloid related imaging
abnormalities (ARIA). These sequences included axial
T2-star gradient echo (GRE), axial T2 fluid attenuated
inversion recovery (FLAIR), axial diffusion weighted
imaging (DWI), and axial T2 fast/turbo spin echo
(FSE/TSE). MRI was collected on a 3 T Trio (Siemens
Medical Systems, Erlangen, Germany) with a circularly
polarized head coil.

PET scans were performed on the high-resolu-
tion research tomograph (HRRT) (207 slices, reso-
lution~3 mm full width half maximum) [21], with
list-mode data reconstructed using the MOLAR algo-
rithm [22] and event-by-event motion correction based
on an optical detector (Vicra, NDI Systems, Waterloo,
Canada, [23]).

All participants received a Pittsburgh Compound B ([*'C]
PiB) PET scan during screening to determine the presence
or absence of brain AB accumulation [15, 24—26] and were
required to be AP positive by both visual and quantitative
criteria. Visual criteria were evaluated by an experienced
reader, and quantitative criteria required a [''C]PiB cere-
bral-to-cerebellar distribution volume ratio (DVR) of 1.40
or more in at least 1 AD-affected ROI [15, 24]. Dynamic
[*1C]PiB scans were acquired for 90 min following adminis-
tration of a bolus of up to 555 MBq (15 mCi) of tracer.

All participants also received three [!C]JUCB-] PET
scans (baseline, 12 weeks, and 24 weeks) and two ['*F]
FDG PET scans (baseline and 24 weeks) throughout the
course of this study. Dynamic [''C]JUCB-]J scans were
acquired for up to 90 min after administration of a bolus
of up to 740 MBq (20 mCi) [27], and dynamic ['*F]FDG
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scans were acquired for up to 90 min after administration
of a bolus of up to 185 MBq (5 mCi) [28]. Participants
were required to fast for at least 4 h prior to the ['*F]FDG
PET scan. Dynamic ['!CJUCB-J and ["F]FDG images
were motion corrected using a mutual-information
algorithm (FSL-FLIRT; frame-by-frame registration to
a summed 0-10 min image) and then registered to each
participant’s MRIL.

Tracer kinetic modeling

For [M'C]UCB-J image analysis, parametric images of
BPy, were generated using a simplified reference tis-
sue model (SRTM2) from 0 to 60 min [29] and a small
ROI (2 mL) in the core of the centrum semiovale as the
reference region [30, 31]. As previously described, val-
ues of DVR using a whole cerebellum reference region
were then computed for each voxel as (BPyp+1)/
(BPyplcerebellum] +1) [15, 32]. For [“®FJFDG image
analysis, parametric images of standardized uptake value
(SUV) were generated by summing radioactivity concen-
tration from 60 to 90 min. Values of SUVR using a whole
cerebellum reference region were then computed for
each voxel as SUV/SUV [cerebellum]. Partial volume cor-
rection was not applied to these images.

Regional analyses

Longitudinal analysis of change in brain gray matter vol-
ume was conducted by first performing cortical recon-
struction and volumetric segmentation at individual
timepoints for each participant using FreeSurfer (ver-
sion 6.0) [33]. ROIs from the FreeSurfer cortical parcel-
lation and subcortical segmentation were used for both
PET and MRI analyses performed in native subject
space. Cortical regions were defined by the Desikan-
Killiany atlas [33, 34]. To elucidate the effects of CT1812
on imaging outcomes, a composite ROI of AD-affected
brain regions was defined (Supplemental Table 1). Indi-
vidual exploratory brain regions included hippocampus,
entorhinal cortex, parahippocampal cortex, amygdala,
fusiform gyrus, lingual gyrus, inferior/middle temporal
cortex, anterior cingulum, posterior cingulum, precu-
neus, prefrontal cortex, superior temporal cortex, lateral
parietal cortex, lateral occipital cortex, pericentral cortex,
and medial occipital cortex (Supplemental Table 2). For
each time point, MRI determined gray matter volume
was normalized using estimated intracranial volume [35]
and changes from baseline were assessed using mixed
models for repeated measures as described in the Statis-
tical Methods.

Cerebrospinal fluid AD biomarkers
Each participant underwent a lumbar puncture (LP) as
part of the screening process and prior to study drug
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administration at the Day 169 visit. Prior to the LP, a
coagulation panel was obtained to rule out a clotting dis-
order. Participants were excluded from having an LP if
they had an allergy to all local anesthetics (such as lido-
caine) and/or had any medical condition requiring treat-
ment with warfarin or heparin. CSF cell counts (white
blood cells and red blood cells, with differential if either
of the counts was abnormal), protein, and glucose were
measured. CSF biomarkers of AD pathology and synap-
tic integrity were analyzed using validated methods for
AB40, AP42, tau, and pTau with Lumipulse G1200 and
G600 chemiluminescence enzyme immunoassay; neuro-
granin and NfL by ELISA; and SNAP-25 and synaptotag-
min by IP-LC-PRM-MS.

Statistical methods

Statistical analyses are described in detail in the Statisti-
cal Analysis Plan (Additional file 1). Briefly, characteris-
tics of the participant dose groups were compared using
X2 test for categorical variables and unpaired t-tests for
continuous variables. For all efficacy data (neuroimaging,
clinical, and CSF), the change from baseline at 24 weeks
was analyzed using a mixed model for repeated measures
(MMRM), including fixed effects for treatment group,
visit, and treatment*visit interaction. Baseline scores of
each measure were included as covariates. In all primary
analyses, treatment differences between CT1812 (pooling
300 mg and 100 mg doses) and placebo were estimated
from the model for each visit. In addition, treatment dif-
ferences between each of the dose groups and placebo at
each visit were estimated. P-values and corresponding
two-sided confidence intervals were provided.

Sample sizes of 7 per treatment group were chosen
based on synapse loss estimations [36, 37] and were
expected to yield a~68% power for comparison of the
pooled CT1812 treatment groups (n=14) vs. 7 placebo
group (n=7, «=0.05, 1-tailed test).

As per the statistical analysis plan, the full analysis
set for efficacy includes all subjects who receive inves-
tigational product and who have at least one post-
dose assessment of any of the cognitive and clinical
endpoints.

For exploratory imaging analyses, no correction for
multiple comparisons was made. All p values were
nominal.

Safety data were summarized using descriptive statistics.

Results

As shown in Fig. 1, a total of 43 participants were
screened for this trial, and 23 were randomized: 7 were
randomized to the placebo group, 8 to the CT1812
100 mg group, and 8 to the CT1812 300 mg group. All 23
participants were included in the safety analyses, and 17
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(74%) completed the primary six-month study. Both the
safety and the efficacy datasets included all participants
that had been dosed with study drug. Early treatment
discontinuations, primarily owing to adverse events,
included 1 in the placebo group, 2 in the 100 mg group,
and 3 in the 300 mg group. Compliance as assessed by
remaining pill counts at each visit (mean percent, SD,
min, max) was 95.5% (3.0, 91%, 100%), 88.7% (9.3, 74%,
100%) and 92.2% (7.7, 76%, 98%) for the 100 mg CT1812,
300 mg CT1812, and placebo groups, respectively.

Participant characteristics

Baseline characteristics of the participant population are
summarized in Table 1. These characteristics were gener-
ally well-balanced across the three treatment groups. The
mean (SD) age was 70.0 (8.8) years; 52% of participants
were male; 96% were White, and 4% were Black or Afri-
can American. The mean (SD) body mass index (BMI)
was 27.1 (4.5) kg/m? The mean (SD) total MMSE score
was 22.6 (1.92); 18 participants (78%) were APOE €4 car-
riers and five (22%) were non-carriers.

[''CIUCB-J and ['®FIFDG PET

PET imaging results for ['!CJUCB-J and [**F]FDG are
displayed in Fig. 2. The primary imaging endpoint was
the change from baseline at 24 weeks in synaptic den-
sity as measured by ["'C]JUCB-J DVR in the composite
region in participants receiving CT1812 (with 300 mg
and 100 mg doses pooled) versus placebo. The LS mean
(SE) change from baseline, compared to change in the
reference region (whole cerebellum), in ["'"C]JUCB-J DVR
composite region at 24 weeks was -0.030 (0.015) for the
pooled CT1812 treatment groups, compared to 0.00
(0.020) for the placebo group. The LS mean (SE) differ-
ence from placebo for the pooled CT1812 treatment
groups is -0.031 (0.025), with a 95% CI of -0.083 to 0.021
(p=0.23). When dose groups were analyzed separately,
no significant treatment differences were observed rela-
tive to placebo for the 100 mg group [-0.019 (0.028); 95%
CI for difference from placebo: -0.078, 0.040; p=0.51] or
the 300 mg group [-0.043 (0.028); 95% CI for difference
from placebo: -0.102, 0.015; p=0.14] (Fig. 2A).

The effect of CT1812 on cerebral glucose metabo-
lism, as a surrogate measure of neuronal and synaptic
activity, was also evaluated using ['*F]JFDG PET. The
LS mean (SE) change from baseline at 24 weeks in ['F]
FDG PET SUVR in the composite region, compared to
change in the reference region (whole cerebellum) was
-0.064 (0.012) for the pooled CT1812 groups compared
to -0.053 (0.017) for the placebo group. The LS mean (SE)
difference from placebo for the pooled CT1812 treatment
groups is -0.012 (0.022), with a 95% CI of -0.058 to 0.034
(p=0.58). When dose groups were analyzed separately,
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Table 1 Baseline participant characteristics
Placebo CT1812 CT1812 Total
(N=7) 100 mg (N=8) 300 mg (N=8) (N=23)
Age (years) 726+58 68.0+9.3 69.6+£109 700+88
Sex 4M,3F 4M,4F 4M,4F 12M11F
Race

Black or African American 1(14%) 1 (4%)

White 6 (86%) 8 (100%) 8 (100%) 22 (96%)
Ethnicity

Hispanic or Latino -

Not Hispanic or Latino 7 (100%) 8 (100%) 8 (100%) 23 (100%)
Weight (kg) 748+9.2 85.6+50 762+169 79.0+£12.1
Height (cm) 172.1£12.1 1714£125 170.3+99 171.2£110
BMI (kg/mz) 252+18 295+4.1 263+57 27.1+45
Education level achieved

High school or GED 2 (29%) 1(13%) 3(13%)

College or some college 2 (29%) 5 (63%) 7 (88%) 14 (61%)

Postgraduate 3 (43%) 3 (38%) 6 (26%)
ApOE status

APOE4 carrier 6 (86%) 7 (88%) 5 (63%) 18 (78%)

APOE4 non-carrier 1 (14%) 1(13%) 3 (38%) 5(22%)
MMSE (Total score) 223+1.98 226+1.51 229+242 226+1.92
Use of AD drugs

ACHEI 6 (86%) 7 (88%) 7 (88%) 20 (87%)

Memantine 3 (43%) 1(13%) 3(38%) 7 (30%)

M Male, F Female, neg Negative, pos Positive, MMSE Mini mental state exam, ACHEI acetylcholinesterase inhibitor, + standard deviation (SD)

no significant treatment differences were observed rela-
tive to placebo for the 100 mg group [-0.009 (0.24); 95%
CI for difference from placebo: -0.043, 0.060; p=0.72] or
the 300 mg group [-0.032 (0.023); 95% CI for difference
from placebo: -0.082, 0.019; p =0.20] (Fig. 2B).

Volumetric MRI

The effect of CT1812 on brain volume in AD partici-
pants was evaluated using volumetric MRI (Fig. 2C,
Supplemental Table 3). A nonsignificant trend towards
a treatment difference was observed for CT1812 rela-
tive to placebo in brain volume for the composite of
brain regions. The LS mean (SE) change from baseline at
24 weeks in volumetric MRI in the composite region was
-5.94 (2.34) for the pooled CT1812 groups compared to
-13.85 (3.39) for the placebo group. The LS mean (SE) dif-
ference from placebo for the pooled CT1812 treatment
groups was 7.86 (4.07), with a 95% CI of -0.50 to 16.21
(p=0.06). When dose groups were analyzed separately,
no significant treatment differences were observed rela-
tive to placebo for the 100 mg group [8.26 (4.98); 95% CI
for difference from placebo: -2.01, 18.53; p=0.11] or the
300 mg group [7.51 (4.81); 95% CI for difference from
placebo: -2.40, 17.43; p=0.13] (Fig. 2C). Exploratory

region-specific analyses suggested a significant difference
(more volume preservation) in the mean change from
baseline at 24 weeks in the CT1812 treatment groups
compared to placebo in the pericentral cortex, prefrontal
cortex, and hippocampus (Supplemental Table 3). Other
regions analyzed showed either a trend towards volume
preservation or no change between CT1812 and placebo
(Supplemental Table 3).

Clinical outcomes

Changes in cognitive function and clinical outcomes
following CT1812 treatment were measured using the
ADAS-Cogll, ADCS-ADL, MMSE, and CDR-SB clini-
cal rating scales (Fig. 3). The LS mean (SE) change from
baseline at 24 weeks on the ADAS-Cogl1 rating scale
was 1.50 (1.44) for the pooled CT1812 groups compared
to 1.37 (2.14) for the placebo treatment group.

The LS mean (SE) difference from placebo for the
pooled CT1812 treatment groups was 0.14 (2.54), with
a 95% CI of -5.02 to 5.29 (p=0.96). When dose groups
were analyzed separately, no significant treatment dif-
ferences were observed relative to placebo for the
100 mg group [-0.09 (2.99); 95% CI for difference from
placebo: -6.18, 5.99; p=0.98] or the 300 mg group [0.41
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(3.01); 95% CI for difference from placebo: -5.69, 6.52;
p=0.89] (Fig. 3A).

The LS mean (SE) change from baseline at 24 weeks
on the ADCS-ADL rating scale was -1.77 (1.19) for the
pooled CT1812 groups compared to 2.21 (1.64) for the
placebo treatment group. The LS mean difference from
placebo for the pooled CT1812 treatment group was
-3.99 (2.12) with a 95% CI of -8.25 to 0.26 (p=0.07).
When dose groups were analyzed separately, treatment
differences relative to placebo were -2.52 (2.24) [95% CI
-7.00, 1.97; p=0.27) for 100 mg and -5.37 (2.33) [95% CI
-10.03, -0.71; p=0.02] for 300 mg (Fig. 3B).

The LS mean (SE) change from baseline at 24 weeks on
the MMSE rating scale was -1.99 (1.04) for the pooled
CT1812 groups compared to -0.74 (1.55) for the placebo
treatment group. The LS mean difference from placebo
for the pooled CT1812 treatment groups was -1.26 (1.85)
with a 95% CI of -5.02 to 2.50; p=0.50). When dose
groups were analyzed separately, treatment differences
relative to placebo were not significant for 100 mg [-0.52
(2.12); 95% CI for difference from placebo: -4.84, 3.80;
p=0.81] or for 300 mg [-2.18 (2.19); 95% CI for difference
from placebo: -6.61, 2.26; p=0.33] (Fig. 3C).

Finally, the LS mean (SE) change from baseline at
24 weeks on the CDR-SB rating scale was 0.54 (0.28) for
the pooled CT1812 groups compared to 0.17 (0.41) for
the placebo treatment group. The LS mean difference
from placebo for the pooled CT1812 treatment groups
was 0.37 (0.49) with a 95% CI for difference from placebo
of -0.62, 1.37; p=0.45). When dose groups were analyzed
separately, treatment differences relative to placebo were
not significant for 100 mg [0.22 (0.57); 95% CI for differ-
ence from placebo: -0.94, 1.38; p=0.70] or for 300 mg
[0.55 (0.59); 95% CI for difference from placebo: -0.65,
1.74; p=0.36] (Fig. 3D).

CSF biomarkers

No dose- or treatment-related changes in CSF AP40,
ApP42, Tau, pTau, neurogranin, synaptotagmin, SNAP-25,
or NfL were observed following 24 weeks of treatment
with CT1812 (Fig. 4). The LS mean (SE) change from
baseline at 24 weeks for these pharmacodynamic bio-
markers of AD are listed in Supplemental Table 4. None
of these differences were significant compared to placebo.

Safety

The safety results for the primary 6-month study period
are summarized in Table 2. No deaths occurred in the
study. Five participants were withdrawn from the study
due to SAEs/treatment-emergent AEs (TEAEs). A total of
five SAEs occurred (in four participants with four occur-
ring in the 6-month primary study period and one in the
optional 6-month extension period): psychotic disorder
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(moderate), seizure (severe), thalamic infarct (severe)
encephalitis (severe), and ureterolithiasis (moderate,
occurred in the extension period), all deemed unrelated
or unlikely related to study treatment. Four SAEs were
in active study drug participants; the encephalitis event
occurred in a placebo participant. Two participants in the
300 mg per day dose group were withdrawn from the pri-
mary study due to TEAEs of liver function test increases
(mild, probably related to study treatment); in both cases,
the AE was considered resolved on the day of withdrawal,
there were no associated bilirubin abnormalities, and the
participants were asymptomatic. TEAEs were reported
for 18 of 23 participants (78%) across the three treatment
groups, for a total of 52 TEAEs. In this period, the most
common TEAE in the CT1812 treatment arms (reported
in at least 3/16 participants who received CT1812) was
headache, reported in 5 total participants who received
CT1812 (2 of 8 subjects [25%] receiving 100 mg and 3 of 8
participants [38%] receiving 300 mg CT1812) and also in 1
of 8 participants (14%) receiving placebo. Thirteen TEAEs
were deemed related (probably or possibly) to study treat-
ment in a total of 10 of 23 participants (43%). Most related
TEAEs were considered mild in severity (12 of 13 TEAEs).
One TEAE was of moderate severity (dizziness, in the
300 mg treatment group, deemed possibly related).

Two participants (both in the CT1812 100 mg treat-
ment group) were found to have post-dose neuro-
logical examination findings assessed as clinically
significant, one related to coordination (bilateral ideo-
motor apraxia) and one related to mental state (pres-
ence of delusions), both deemed unrelated to study
drug. Two CT1812-treated participants developed
transient suicidal ideation as assessed by the C-SSRS.
In both participants the suicidal ideation occurred
at only a single clinical visit with no recurrences. No
other clear safety differences were observed between
CT1812 or placebo treatment as demonstrated by clin-
ical laboratory tests, vital signs, ECG assessments, or
physical or neurological examination findings, and no
dose-related trends were observed among participants
who received CT1812. All study MRI scans were read
clinically by a neuroradiologist and revealed no signifi-
cant changes, including treatment-emergent amyloid
related imaging abnormalities (ARIA).

Safety findings within the thirteen subjects who entered
the optional six-month extension period were essentially
the same as in the primary study period and are summa-
rized in supplemental Table 5. In the extension period
there were no deaths, no additional discontinuations due
to AEs, and no SAEs attributed to study drug. There was
one additional treatment-related TEAE (headache, in
placebo group) and one additional SAE (ureterolithiasis,
in 100 mg group).
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Table 2 Safety results from primary 24 week study
Placebo CT1812 100 mg CT1812 300 mg Total
(N=7) (N=8) (N=8) (N=23)
Number (%) of Subjects with TEAE
[Number of TEAES]
TEAEs 5(71%) 8 (100%) 5 (63%) 18 (78%)
[8] [24] [20] [52]
Mild 3 (43%) 6 (75%) 4 (50%) 13 (57%)
(6] [21] [16] [43]
Moderate 1(14%) 1(12.5%) 1 (13%) 2 (9%)
(1] (1] [4] [6]
Severe 1(14%) 2 (25%) 0 (0%) 3(13%)
(1] [2] (3]
Related TEAEs 3(43%) 3 (38%) 4 (50%) 10 (43%)
(3] (3] [7] [13]
TEAEs leading to treatment discontinu- 1 (14%) 2 (25%) 2 (25%) 5 (22%)
ation (1 [2] [2] [5]
SAEs 1(14%) 2 (25%) 0 (0%) 3(13%)
[1] (3] [4]
Related SAEs 0 (0%) 0 (0%) 0 (0%) 0 (0%)
[0]
Number (%) of Subjects with Treatment-Related® TEAE
[Number of TEAES]
Headache 1 (14%) 1(13%) 3 (38%) 5(22%)
(1] [1] [3] (5]
Dizziness 0 (0%) 1(13%) 1(13%) 2 (9%)
[1] [2] (31
Liver function test increase 0 (0%) 0 (0%) 2 (25%) 2 (9%)
[2] [2]
Vomiting 1 (14%) 1(13%) 0 (0%) 2 (9%)
(1] (1] [2]
Diarrhea 1(14%) 0 (0%) 0 (0%) 1 (4%)
(1] (1]
Total related TEAEs 3 (43%) 3 (38%) 4 (50%) 10 (43%)
(3] (3] [7] [13]

Top: Number and percentage of subjects experiencing an event and the total number of events in brackets for the six-month primary study period are summarized.
The denominator for percentage corresponds to the N in each column. N is the number of subjects in the Safety Analysis Set. Bottom: AEs were coded using MedDRA
version 21.0. TEAEs are events that occurred or worsened on or after the first application of study drug. Subjects are only counted once for each system organ class
(SOC) and once for each preferred term (PT). The severity shown is the greatest severity reported for a particular subject. TEAE Treatment-emergent adverse event, SAE

Severe adverse event; °Related = possibly, probably, or definitely related

Discussion

This phase 1b randomized clinical trial demonstrated
that CT1812 at doses of 100 or 300 mg was reason-
ably safe and well tolerated in participants with mild to
moderate dementia due to AD with no clear safety dif-
ferences between CT1812 or placebo treatment groups.
In comparison to placebo, CT1812 treatment in the
combined active treatment groups had no significant
effect on the change from baseline at 24 weeks in [''C]
UCB-] PET-measured SV2A binding as a measure of syn-
aptic density, or in ['®F]JFDG PET-measured reduction
in glucose metabolism in an AD-associated composite
region of interest. Interestingly, volumetric MRI analy-
ses suggested a trend (p=0.06) toward tissue preserva-
tion in a composite brain region in participants treated

with CT1812. In an exploratory analysis of 16 regions,
significant changes (p <0.05) compared to placebo were
found in the pericentral cortex, prefrontal cortex, and
hippocampus. While the sample size of the present study
is small and there were no treatment differences on the
cognitive clinical rating scales or in the CSF biomarkers,
changes in ADAS-Cog in the placebo treated group were
similar to historical and more recently reported changes
from other studies [38—43].

Safety and tolerability

In this study, the most common TEAEs were headache
and dizziness. In all completed studies in AD patients
taking CT1812, including this study (NCT02907567,
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43 Assessed for eligibility

20 Excluded
3 Withdrew consent

17 Screen failures

23 Randomized

8 Randomized to CT1812 100 mg

8 Randomized to CT1812 300 mg

7 Randomized to placebo

2 Discontinued intervention
2 Experienced adverse event
6 Completed study

6 On treatment 5 Completed study

5 On treatment

3 Discontinued intervention
2 Experienced adverse event
1 Was unavailable due to COVID-19

1 Discontinued intervention

1 Experienced adverse event
6 Completed study

6 On treatment

6 Included in SV2A-PET analyses

6 Included in volumetric MRI analyses
6 Included in clinical outcomes analyses
5 Included in CSF biomarker analyses

6 Included in SV2A-PET analyses

6 Included in volumetric MRI analyses

5 Included in clinical outcomes analyses
7 Included in CSF biomarker analyses

6 Included in SV2A-PET analyses

6 Included in volumetric MRI analyses

6 Included in clinical outcomes analyses
6 Included in CSF biomarker analyses

Fig. 1 Study design CONSORT diagram. Forty-three participants were assessed for eligibility and 23 participants were randomized to receive
placebo or 100 or 300 mg CT1812 once daily for 24 weeks. Two participants in the 100 mg and two in the 300 mg CT1812 group discontinued
intervention due to AEs, and one in the 300 mg group became unavailable when pandemic-related travel restrictions precluded their return

to the USA. One participant in the placebo group discontinued after experiencing an AE. PET was performed at baseline, 12 and 24 weeks

to detect SV2A and at baseline and 24 weeks to detect FDG. MRI was performed and clinical outcomes were assessed at baseline, 12 and 24 weeks.
CSF was sampled for biomarker assessments at baseline and 24 weeks. The participant numbers indicated for each assessment category are

for the 24-week analysis

NCT03522129 and NCT03493282) there were no treat-
ment-related SAEs or deaths and the most common
TEAEs reported were headache, lymphopenia, upper
respiratory tract infection, cough, dizziness, liver func-
tion test increase, nasopharyngitis, and urinary tract
infection. While CT1812 was reasonably safe and well
tolerated in patients with mild to moderate demen-
tia due to AD, of note, elevation of liver enzymes that
return to normal levels following discontinuation of
the drug have been observed in this and other studies.

These elevations have not been associated with changes
in bilirubin.

Absence of a treatment effect on synapse density

CT1812 has been shown to restore synaptic protein
expression and synapse number in vitro [8]. AP oligom-
ers induce reversible spine retraction in vitro [44] with
a corresponding loss of synapses and synaptic proteins
[4, 9]. The effect of CT1812-induced displacement of
AP oligomers on oligomer-induced spine and synapse
loss in cultured rat neurons has been investigated using
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Fig. 2 Neuroimaging measure changes from baseline through 24 weeks in composite region of interest. A-B PET was performed to detect SV2A
at baseline, 12 and 24 weeks (A) and to detect FDG at baseline and 24 weeks (B). No statistical differences were observed between treatment
groups in change from baseline for either SV2A or FDG. Actual change relative to the cerebellum reference region is shown; error bars represent SE
values. C Subjects were assessed using MRI at baseline, 12, and 24 weeks. The mean change from baseline in volumetric MRI (mL) (error bars: SE)
for the composite of brain regions showed a trend towards less volume loss for the combined dose groups vs. placebo
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Fig. 3 Change in clinical outcome measures through 24 weeks. Subjects were assessed using the ADAS-Cog11 (A), ADCS-ADL (B), MMSE (C),

and CDR-SB (D) at baseline, 6, 12, 18 and 24 weeks. Data shown are LS Mean difference change (at 24 weeks) from baseline and SE from the linear
mixed-effects model for repeated measures (MMRM). There were no differences throughout the 5 study visits. No significant differences were seen
between any of the treatment groups in change from baseline through 24 weeks

the cytoskeleton binding protein drebrin as a marker of methods in postmortem hippocampus from humans
synapse number [8]. The addition of AP oligomers to  diagnosed with MCI [45]. Moreover, the addition of
neuronal cultures induced synaptic loss of a magnitude  CT1812 to cultures one hour after the addition of Ap oli-
similar to that observed using ultrastructural stereology = gomers resulted in a concentration-dependent increase



van Dyck et al. Alzheimer’s Research & Therapy

(2024) 16:20

Page 11 of 14

A B_ C D
£ 150 E 4 __ 3o =3
= =) T £
2 100 2 2 E 20 S 2
= ® 2 a
2 s0 1<) £ 10 o1
c S e o
] S = c
r P ] ]
S5 O -2 & 8
o -50 g &5 S
- s
S -100 £ 4 320 g2
3 g . o
< =t T T T T < o= T T T T T T T T =" T T T T
Placebo Pooled 100mg 300 mg Placebo Pooled 100mg 300 mg Placebo Pooled 100mg 300 mg Placebo Pooled 100mg 300 mg
CT1812 CT1812 CT1812 CT1812
—_
E g d G H
> 4 -~ = &
2 [ = —_
o 2 g e 2 E
3 = o o 4007
e < o a
@ (3] s =
5 £ < 2, 200
£ o €
c -2 S w2 ]
€ © o S o
H ] \ (3]
£ ] < 2
g e 5 Z 200
T T T T c 6 T T T T T T T T
é’ Placebo Pooled 100mg 300 mg 6- Placebo Pooled 100mg 300 mg Placebo Pooled 100mg 300 mg Placebo Pooled 100mg 300 mg

CT1812

CT1812

CT1812 CT1812

Fig. 4 Change in CSF biomarkers from baseline at 24 weeks. CSF was collected at baseline and 24 weeks and analyzed for biomarkers associated
with AD including AB40 (A), AB42 (B), Tau (C), pTau (D), neurogranin (E), synaptotagmin (F), SNAP-25 (G), and NfL (H). The mean changes
from baseline (error bars: SE) are shown. No significant differences were demonstrated between any treatment groups in the change from baseline

at 24 weeks

of synaptic number to normal levels [8]. Finally, exami-
nation of the expression of the synaptic proteins neuro-
granin and synaptotagmin-1 corroborated these results.
Treatment with CT1812 blocked this loss and restored
expression of both proteins to control levels. This sug-
gests that CT1812-mediated displacement of AP oli-
gomers from neuronal synapses stops both downstream
oligomer-induced synaptic protein downregulation and
synapse loss, facilitating synaptic recovery from toxic oli-
gomer insult.

The present study was designed and powered to detect
a rapid restoration of synapses similar to that observed
in cultured cells with CT1812 [8] or in transgenic mouse
models as has been demonstrated with other thera-
peutic agents [46-49]. We should note that synapse
restoration to our knowledge has never been demon-
strated in patients with AD with therapeutic interven-
tions, although the technology to measure it in vivo with
SV2A PET is a relatively recent development. Another
therapeutic agent that demonstrated rapid restoration
of synapses in transgenic mice [48] failed to show rapid
restoration of ['*F]JFDG metabolism as a correlate of syn-
aptic activity in a 4-week Phase 1b study [50] or slowing
of decline in ['®®F]JFDG metabolism or clinical outcomes
in a 12-month Phase 2a proof of concept study [51].
No therapeutic agent has yet been tested with synaptic
density PET in a fully-powered trial of longer duration.
Whether the synapse restoration seen in preclinical stud-
ies will translate to human AD therapeutic trials remains
to be seen. Perhaps only a slowing of synaptic loss is a

feasible aim in human AD trials. The testing of that aim
will require the incorporation of synaptic PET imaging in
trials of longer duration that are fully-powered to detect a
slowing of synaptic density loss. Furthermore, additional
longitudinal observational experience with SV2A PET is
needed as a prelude to such intervention trials.

Effect of CT1812 on MRI volumes

This 24-week clinical trial demonstrated a trend toward
slowing the rate of brain volume loss on the volumetric
MRI regional composite. Moreover, in an exploratory
analysis of 16 different brain regions, treatment with
CT1812 showed a significant slowing in the rate of vol-
ume loss compared to placebo-treated participants in
the hippocampus and in the prefrontal and pericentral
cortices. Brain volume loss has been associated with
pathogenetic changes (e.g., the accumulation of amyloid
plaques and neurofibrillary tangles), as well as specific
neurodegenerative changes (e.g., neuronal and synaptic
loss) and cognitive deterioration in AD patients [52—54].
Although the composite region measured in this study
is not directly comparable to other studies, the relative
preservation of brain volume associated with CT1812
treatment compared to placebo in this study may suggest
potential beneficial effects of CT1812 on some of these
processes. A Phase 2 proof-of-concept study assess-
ing the effect of CT1812 over 18 months (ClinicalTrials.
gov Identifier: NCT05531656) will therefore incorporate
brain volume measurements as a secondary outcome
measure.
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Limitations

The major limitations of this trial, as previously noted,
were the small sample and short treatment duration,
which were sufficient to detect only a rapid and large res-
toration of synapses. It is possible that potential benefits
of CT1812 could be observed in larger and longer stud-
ies. In addition, the power to detect longitudinal changes
in brain volume may be improved in future Phase II
studies by using an MRI analysis method that creates an
unbiased within-subject template space, such as the Free-
Surfer Longitudinal Processing Pipeline [55].

Conclusion

Overall, CT1812 was generally well tolerated when deliv-
ered daily over a 24-week period in subjects with mild to
moderate dementia due to AD. While no significant dif-
ferences from placebo were seen in cognitive outcomes,
[L!CJUCB-J] PET or [®F]FDG PET, or CSF biomarker
outcomes, volumetric MRI findings suggested a trend
towards brain tissue preservation following CT1812
treatment. These findings support the continued devel-
opment of CT1812 for the treatment of patients with AD.
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