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Investigational therapies for Alzheimer’s disease (AD)
target a wide range of mechanisms, yet promising dis-
ease-modifying therapies remain a huge unmet need.
Much evidence indicates that the oligomeric form of
amyloid-beta (Ap) is a toxic species contributing to AD
through synaptic damage and neuronal toxicity [1]. In
support of this, Ap oligomer reduction in an AD mouse
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model leads to memory preservation [2, 3], and clinical
benefit was observed in trials of lecanemab, which tar-
gets AP oligomers and protofibrils [4], in AD patients,
encouraging the continued development of A oligomer-
targeting therapies.

CT1812 is a novel, small-molecule, brain-penetrant
sigma-2 receptor (S2R) modulator that selectively pre-
vents and displaces AP oligomers from binding to neu-
ronal synapses, thereby mitigating downstream toxicity.
This is thought to occur through allosteric modulation
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of the oligomer receptor, cellular prion protein (PrP€), by
direct interaction between PrP¢ and S2R at synapses [3,
5]. CT1812 rescues synaptic loss and neuronal function
in primary neuronal cultures, and restores cognition in a
mouse model of AD to levels of healthy controls [3].

Demonstration of target engagement, successful bind-
ing of a compound to its intended receptor, is important
for increasing probability of success in drug development.
Given the mechanism of action of CT1812, we postulated
that AP oligomers could be a proximal indicator of S2R
target engagement. Preclinical studies supported this,
with CT1812 impacting AP oligomers in AD transgenic
mice [3]. AP oligomer levels in hippocampal intersti-
tial fluid and lateral ventricle cerebrospinal fluid (CSF)
were measured in vivo using a microimmunoelectrode
(MIE) coated with an oligomer-selective antibody fol-
lowing a single administration of CT1812. A significant,
dose-dependent rise in AP oligomers was detected after
administration, consistent with AP oligomer displace-
ment from neurons and clearance into CSF. In contrast,
AP monomer levels were not affected [3].

To determine whether this approach could demon-
strate target engagement in patients with AD, a phase
1b, randomized, double-blind, placebo-controlled trial
(NCT03522129) was designed. Eligibility criteria for the
study included a diagnosis of mild-moderate AD (Mini-
Mental State Examination score 18-26) and either an
AD-positive amyloid positron emission tomography scan
or a positive CSF result for AD biomarkers (Additional
file 1) within 12 months before or at screening. Partici-
pants were randomized 2:1 to receive either a single oral
dose of CT1812 (560 mg) or identically appearing pla-
cebo capsules. An indwelling catheter was placed in the
lumbar subarachnoid space and 4—6 ml CSF samples
were collected hourly for 28 h (five samples pre-dose and
24 samples following drug or placebo administration).
Plasma was taken at the same intervals for pharmacoki-
netic analysis.

Although intended enrollment was 18 patients, recruit-
ment was challenged by the 28-h spinal catheter proce-
dure and the single-dose nature of the study without
optional open-label extension. Fifteen participants were
screened and three were randomized and completed
the trial before it was ceased. Baseline demographics are
shown in Fig. 1a. There were no deaths and no subjects
were withdrawn from the study due to treatment-emer-
gent adverse events.

To assess target engagement, AP oligomer levels in
CSF samples were measured at all time points (Fig. 1b—
g) using MIE methods similar to those described pre-
viously [3], as well as using non-denaturing western
blotting quantifying AP oligomers ranging from 25 to
99 kDa [3]. CSF AB-40 and AB-42 monomer levels were
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also measured at all time points (Lumipulse immunoas-
say [6]). Plasma and CSF CT1812 concentrations were
measured (LC-MS/MS [3]) to understand the pharma-
cokinetic/pharmacodynamic relationship across the total
24 h of exposure. For each patient, the C_, was deter-
mined and total drug exposure was calculated as area
under the curve (AUC, j,4)-

Given the semi-quantitative nature of the AP oligomer
assays, the percent change of AP oligomer level rela-
tive to baseline (average of the pre-dose values) was cal-
culated for each patient (Fig. 1b—g). AP oligomer levels
in the two CT1812-treated patients, assessed by MIE,
increased by >250%-500% above baseline over time, but
did not increase in the placebo-treated patient (Fig. 1b—
d). A similar pattern was observed using the independ-
ent native gel Western blot method (Fig. 1le—g). A high
degree of congruence between these distinct assays
was observed (Pearson correlation coefficient r=0.74;
Fig. 1h).

The CT1812 exposure level in patient 1 (AUC
o-ast=120 h*ng/ml, C_, . =249 ng/ml) was more
than twofold higher than that of patient 3 (AUC
o0-last =46.4 h*ng/ml, C_, =7.27 ng/ml, Fig. 1i), allowing
for a preliminary gauge of exposure-dependence. Simi-
larly, CSF AP oligomer levels were also higher in patient
1 than in patient 3 (Fig. 1i). Together with the preclini-
cal studies [3], this observation is consistent with a drug
exposure-dependent impact of CT1812 on AP oligomers
after a single dose.

Importantly, there was little to no change (<50%
increase from baseline) in Ap40 and AB42 levels over the
24-h period irrespective of treatment. The slight increase
observed in some patients may be due to the decreased
overall CSF volume caused by multiple CSF collections
within a short period [7, 8]. The selective increase in CSF
AP oligomers but not monomers in the two patients with
CT1812 treatment is consistent with preclinical evidence
that CT1812 selectively displaces oligomeric over mono-
meric AP [3].

This is the first study evaluating hourly changes of AP
oligomer concentrations in AD patient CSF and examin-
ing how this pharmacodynamic biomarker is impacted
by the drug candidate CT1812, which selectively dis-
places AP oligomers allosterically through the S2R. The
observed selective increase in CSF AP oligomers also
suggests that there is a displaceable pool of AP oligom-
ers in the AD central nervous system and provides early
evidence that the mechanism of action of CT1812 eluci-
dated preclinically translates to the clinic. The observa-
tion that the degree of change in AP oligomers aligned
with the exposure level of CT1812 supports the use
of AP oligomers as a measure of target engagement in
future studies. As the relative increase in Ap oligomers
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Fig. 1 CT1812 treatment results in increases in CSF AR oligomers, but not monomers, in an exposure-dependent manner. a Subject demographics.
b-g CSF AB oligomer or monomer concentrations were measured in individual AD patient samples collected hourly before (—4 to 0 h as baseline)
and 24 h after a single dose of 560 mg CT1812 or placebo. AR monomers (ELISA) increased by < 50% of baseline during the post-dose period, but
AB oligomers (MIE) increased by >250% (Patient 3) and >500% (Patient 1) of baseline (b-d). Non-denaturing western blotting revealed similar
increases of CSF AB oligomers in CT1812 patients (e—g). h The oligomer level by western blot correlated with that measured by MIE (Pearson
r=0.74;n=70 samples) i CSF total exposure levels of CT1812 (data shown in Table S1) were related to the total AUC,,,; of CSF AR oligomer
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over time did not reach a plateau by the end of the study,
assessment with longer intervals may be warranted
to establish the peak time of this pharmacodynamic
response. Despite the small cohort size analyzed in this
trial, the unique design provides early proof of principle
that target engagement can be measured in patients after
a single dose of CT1812. Given that toxic A oligom-
ers play a critical role in AD pathogenesis, these find-
ings support continued clinical development of CT1812,
which is under further investigation in ongoing phase 2
clinical trials for AD (NCT03507790, NCT04735536) and
dementia with Lewy bodies (NCT05225415).
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