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Abstract

BACKGROUND: ACDS856 is a positive allosteric modulator of
tropomyosin receptor kinase (Trk) receptors which has shown
to have pro-cognitive and anti-depressant-like effects in various
animal models. It is currently in clinical development for the
treatment of Alzheimer’s disease and other disorders where
cognition is impaired and is also considered for indications
such as depression or other neuropsychiatric diseases. ACD856
has a novel mechanism of action modulating the activity of
the Trk-receptors, resulting in increased stimulation of the
neurotrophin signaling pathways. Previous studies applying
single intravenous and oral doses of ACD856 indicate that
ACD856 is safe and well-tolerated by healthy volunteer subjects,
and that it has suitable safety and pharmacokinetic properties
for further clinical development.

OBJECTIVES: To investigate the safety and tolerability of 7 days
of treatment with multiple ascending oral doses of ACD856 in
healthy subjects, and to characterize its pharmacokinetic (PK)
properties. In addition, pharmacodynamic effects of ACD856
using quantitative electroencephalography (qEEG) as an
indicator for central target engagement were assessed.

DESIGN: This was a prospective, phase I, double-blind, parallel-
group, placebo-controlled, randomized study of the safety,
tolerability, PK and pharmacodynamics of multiple ascending
oral doses of ACD856 in healthy subjects. ACD856 or placebo
were administered in 3 ascending dose cohorts of 8 subjects.
Within each cohort, subjects were randomized to receive either
ACDB856 (n=6) or placebo (n=2).

SETTING: The study was conducted at a First-in-Human unit in
Sweden.

PARTICIPANTS: Twenty-four healthy male and female subjects.
INTERVENTION: The study medication was administered as
an oral solution, with ACD856 or the same contents without
the active ingredient (placebo). The dose levels ranged from 10
mg to 90 mg. ACD856 was administered once daily for 7 days,
targeting steady state.

MEASUREMENTS: Safety and tolerability assessments
included adverse events, laboratory, vital signs, 12-lead
electrocardiogram (ECG), physical examination, assessment
of stool frequency and questionnaires to assess symptoms
of anxiety, depression, as well as suicidal ideation and
behavior. In addition, cardiodynamic ECGs were extracted
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to evaluate cardiac safety. PK parameters were calculated
based on measured concentrations of ACD856 in plasma,
urine, and cerebrospinal fluid (CSF) samples. Metabolite
profiling, characterization and analysis was performed based
on and urine samples. qEEG was recorded for patients in
the two highest dose cohorts (30 and 90 mg/day) as a
pharmacodynamic assessment to explore central target
engagement.

RESULTS: Treatment with ACD856 was well tolerated with
no serious adverse events. No treatment emergent or dose
related trends were observed for any of the safety assessments.
ACD856 was rapidly absorbed and reached maximum plasma
exposure at 30 to 45 minutes after administration. Steady
state was reached before Day 6, with an elimination half-life
at steady state of approximately 20 hours. At steady state,
ACDB856 exhibited accumulation ratios for Cmax and AUC of
approximately 1.6 and 1.9 respectively. The exposure, Cmax and
AUCO0-24, increased proportionally with the dose. There was no
unchanged ACD856 detected in urine. The metabolic pattern
in urine and plasma was similar, and in alignment with the
metabolites observed in preclinical toxicology studies. The level
of ACD856 measured in CSF at steady state increased with dose,
indicating Central Nervous System (CNS) exposure at relevant
levels for pharmacodynamic effects. ACD856 demonstrated
significant dose-dependent treatment-associated changes on
qEEG parameters. Specifically, increase of the relative theta
power and decrease of the fast alpha and beta power was
observed, leading to an acceleration of the delta+theta centroid
and an increase in the theta/beta ratio.

CONCLUSIONS: ACDS856 was well tolerated at the tested
dose levels (10-90 mg/daily for 7 days) in healthy subjects. The
compound has a robust pharmacokinetic profile, with rapid
absorption and dose-dependent exposure. ACD856 was shown
to pass the blood-brain-barrier, reach relevant exposure in the
CNS and to induce dose-dependent treatment-related changes
on qEEG parameters, indicating central target engagement.

Key words: Alzheimer’s Disease, ACD856, neurotrophin, multiple
ascending doses, Trk.
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Introduction

he number of individuals living with
I Alzheimer’s disease (AD) worldwide is
constantly growing as an increasing part
of the human population is reaching an older age. In
the United States (US), it is estimated that in 2022, 6.5
million people had symptoms of dementia due to AD,
and at least 5 million are living with mild cognitive
impairment due to AD (1). Developing safe and effective
treatments for AD has been challenging. More than one
hundred pharmaceuticals are in clinical development for
this disease, where the majority (83%) of treatments are
attempting to alter the progression of the disease (disease
modifying), and 10% representing treatments aiming to
provide symptomatic cognitive enhancement (2).

To date, treatment options available to patients with
mild to moderate AD have been restricted to symptomatic
treatment with acetylcholinesterase inhibitors and
memantine, with common side effects and limited
efficacy (3). Recently, substantial progress has been
made in the development of disease modification agents
targeting the amyloid cascade (4, 5, 6) with the US Food
and Drug Administration recently granting approvals for
the antibodies aducanumab and lecanemab, as well as
the expected filing of donanemab during 2023. However,
it remains to be seen how commonly the antibodies will
be used in clinical practice. The medical need for novel
effective and safe symptomatic treatments as well as for
disease modification, will likely continue to grow.

The neurotrophins nerve growth factor (NGF) and
brain derived neurotrophic factor (BDNF) mediate their
effects by binding to the tropomyosin receptor kinase
receptors TrkA and TrkB, respectively. Trk-receptor
mediated signaling pathways play an important role
in cell function, cell communication, and cell survival
in brain areas vital for cognitive function, such as
the hippocampus and basal forebrain (7, 8). There is
evidence suggesting that loss of neurotrophin signaling,
or decreased levels of neurotrophins in the brain and
the cerebrospinal fluid, is associated with disease states
characterized by cognitive decline such as AD (9, 10, 11,
12, 13). The rationale for developing treatments aiming
to modulate the activity of the Trk receptor signaling
relies on evidence suggesting that increased BDNF
signaling could lead to improved cognition in AD (14,
15, 16). Interestingly, neurotrophins and their signaling
pathways also play a role in depression. A review of
clinical evidence concludes that BDNF plays a part in
the neurogenesis and adaptation of neuronal networks
involved in mood regulation, and that neurotrophins,
by regulating transmitter release, induce effects as seen
with anti-depressant treatments (17). It has even been
suggested that various classes of antidepressants exert
their effect directly or indirectly through TrkB receptor-
mediated signaling (18).

The gene encoding for BDNF is located on
chromosome 11q13. In about 30% of the European
population (19), this location contains a functional
nucleotide polymorphism (rs6265) which causes a valine
(Val) to methionine (Met) amino acid substitution at
codon 66 of pro-BDNF (Val66Met). The Met variant is
associated with impaired dendritic trafficking of BDNF
and decreased secretion of BDNF (18 to 30% decrease)
(19). Interestingly, genetic research shows that carriers
of the Val66Met-BDNF polymorphism appear to be
susceptible to a more rapid deterioration in memory
and hippocampal function in disease states such as
AD compared to the general population (20, 21). The
Val66Met-BDNF polymorphism has also been associated
with cognitive impairment in individuals suffering from
Parkinson’s disease (22). Moreover, BDNF dysfunction
seems to be involved in the cognitive impairment related
to sleep disorders (23). The importance of the Val66Met-
BDNF polymorphism in relation to sleep intensity and its
potential restorative function has also been studied using
electroencephalogram (EEG) analysis (24). EEG data in
healthy volunteers suggests that the Val66Met-BDNF
polymorphism is associated with a reduced network
activity pattern compared to non-carriers (25, 26).
Investigations of the effect of the Val66Met polymorphism
suggest that electrophysiological methods, such as resting
EEG, can be used as BDNF sensitive functional markers in
early clinical development to examine target engagement
(25).

ACDS856 is a small molecule, presently in clinical
development for the treatment of AD and other
disorders where cognition is impaired. Through its
novel mechanism of action, ACD856 mediates positive
allosteric modulation of Trk-receptors, resulting in
enhanced activity of neurotrophin signaling pathways
(27). It is hypothesized that positive allosteric modulators,
such as ACD856, have treatment advantages compared
to a receptor antagonist, given its requirement of the
endogenous ligand being present thus having a more
spatially and temporally restricted activation pattern.
This would potentially provide for a more physiologically
relevant pattern of signal enhancement as well as an
improved safety profile. Pro-cognitive effects of ACD856
have been observed both in mouse models of induced
memory impairment, and in aged animals having
a natural decline in memory (28). Repeated dosing of
low doses of ACD856 reversed a scopolamine-induced
memory impairment in mice as efficiently as a single
higher dose.

ACDS856 is also being considered for clinical
development in indications such as depression or other
psychiatric diseases since it has shown anti-depressant
like effects in various rodent models, in addition to its
pro-cognitive effects (27, 28). Following repeated dosing
of ACD856 in animals, a sustained anti-depressant like
effect up to three days after the last day of treatment
was observed, suggestive of long-term plastic network
changes that maintain efficacy over time (29). The study,
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conducted in the forced swim test in mice, included
the positive reference compound ketamine. Ketamine
has been reported to induce long-term effects after a
single administration and recent data indicate that it
mediates its anti-depressant effect through BDNF /TrkB-
receptor activation (18). In fact, a similar effect size was
observed with ketamine and ACD856 in this preclinical
study. Taken together, the data available to date supports
clinical development of ACD856 in depression and
cognitive disorders based on the hypothesis of stimulated
neurotrophin signaling to lead to increased network
connectivity in the brain.

ACD856 has previously been evaluated in healthy
subjects following single ascending oral doses of 1 to 150
mg (SAD study, NCT05077631, 30). ACD856 was well
tolerated with no reports of severe or serious adverse
events, and there were no treatment emergent or dose
related trends for adverse events (AEs), laboratory safety
assessments, vital signs, 12-lead electrocardiogram
(ECG), physical examination, or stool frequency. A review
of publications from clinical studies using treatment
approaches with similar modes of action (enhancing
the NGF or BDNF signaling (31, 32, 33, 34, 35, 36, 37)
identified changes of gut motility (increased frequency of
stools and loose stools), diffuse myalgia, reduced appetite
and weight loss, and eosinophilia as potential target
related adverse effects. None of these had been described
as severe or serious adverse events. Safety pharmacology
and toxicology studies of ACD856 have not demonstrated
any safety findings, e.g. changes to body weight/
body weight gain, food consumption, ophthalmology,
coagulation parameters, urinalysis parameters
ECG, hematology-, clinical chemistry-, urinalysis- or
coagulation parameters at highest dose levels tested up to
one month in rat and minipig.

This paper describes the next step in clinical
development where the safety and tolerability of
multiple ascending oral doses of ACD856 was evaluated
in healthy subjects (NCT05077501). Evaluation of its
pharmacokinetic (PK) properties was defined as a
secondary objective. The study also explored treatment-
induced pharmacodynamic effects of ACD856 as
measured with quantitative EEG.

Methods

Study Design

This multiple ascending dose (MAD) study was a
prospective, phase I, double-blind, parallel-group,
placebo-controlled, randomized study to evaluate the
safety, tolerability, PK and pharmacodynamics of three
multiple ascending doses (10 mg, 30 mg, and 90 mg) of
ACDB856 administered orally to healthy subjects. ACD856
or placebo was administered in ascending dose cohorts
comprising of 8 subjects randomized to receive ACD856
(n=6) or placebo (n=2). Subjects received ACD856 or

ACD856 AS MULTIPLE ASCENDING DOSES

placebo once daily for 7 days, aiming to reach steady
state during multiple dosing. The dose levels were
set in accordance with the EMA guidance on First-in-
Human (FIH) trials (38) and targeting a range which
included the assumed pharmacologically active dose
which was estimated based on the observed exposure
in the mouse cognition passive avoidance model which
had a demonstrated pharmacological effect (28), and the
No-Adverse-Effect-Level (NOAEL) in the safety studies.

Dosing was done in a sentinel fashion with the start of
dosing staggered, in accordance with available guidance
for FIH clinical trials (38). The first two subjects in each
MAD cohort (one ACD856 and one placebo), were dosed
during the same day and were carefully monitored by
clinical staff during and after dosing including regular
checks of vital signs and ECG parameters. At least 48
hours after administration of the first dose to the sentinel
subjects were allowed for the observation of any reactions
before initiating dosing of the remaining subjects. These
subjects were enrolled in groups of two or three and
dosing was initiated with at least 24 hours between each
group. See Figure la for a schematic overview of the
cohorts and dose groups within each cohort. There was
immediate access to equipment, qualified staff, and an
intensive care unit in case of an emergency After the
completion of each cohort, the safety, tolerability, and PK
of ACD856 were assessed by a Safety Review Committee
which decided on escalation of the dose to the next
cohort.

The study medication was administered orally as a
clear solution with ACD856 (2 mg/mL) or the same
contents without the active ingredient (placebo). An
unblinded pharmacist prepared the study medication on
site in a separate room, marked them with subject number
and then provided the medication to the study staff.
All other site staff, study subjects, monitor and sponsor
personnel were successfully blinded to study treatment
allocation until after database lock.

The study was performed at the FIH unit of CTC
Clinical Trial Consultants AB, Uppsala, Sweden. Subjects
were recruited via local advertisements. Verbal and
written informed consent were obtained prior to any
study related activities.

Study Participants

Study subjects were eligible for inclusion if they were
healthy males, or healthy females of non-childbearing
potential, aged =18 and <65 years, and with a body mass
index between 18.0 and 30.0 kg/m? at screening.

Study Assessments

Safety and tolerability assessments included
collection of adverse events (AEs), laboratory (clinical
chemistry, hematology, coagulation, urinalysis, refer to
supplementary table S1), vital signs (systolic and diastolic
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blood pressure, pulse rate and body temperature),
12-lead ECG and physical examination. Additionally,
stool frequency was assessed as changes in gut motility
(increased frequency of stools and loose stools) is
a known potentially target related AE reported from
treatment approaches with similar modes of action, as
described in the introduction. AEs were collected from
the start of study treatment until the end-of-study visit.
Severity grading of AEs were done according to Common
terminology criteria for adverse events (CTCAE) v5.0
(39). Causality of the AEs were assessed, on blinded data,
evaluating whether there was a reasonable possibility
that the event may have been caused by the study
treatment. For further assessment of cardiac safety, ECGs
were extracted from Holter recordings at baseline and
following ACD856 dosing, and were analyzed by Nabios
GmbH, in Munich, Germany.

The study also included questionnaires to assess
symptoms of anxiety (Generalized Anxiety Disorder-7
scale (40)) and depression (Patient Health Questionnaire-9
(41)), as well as suicidal ideation and behavior (Colombia
Severity Suicidal Rating Scale (42)).

Blood and urine samples were collected at pre-defined
timepoints in relation to study treatment throughout the
study for the determination of ACD856 concentrations
and for calculation of PK parameters. Blood samples were
taken on Day 1 prior to dosing (0 h) and at 0.17, 0.25, 0.33,
0.5,0.75,1,1.5,2,25, 3,4, 8 and 12 h after administration.
On Days 2, 3, 4, 5 and 6, only pre-dose PK blood samples
were taken within 15 min before IMP administration. For
the last dose, administered on Day 7, PK blood sampling
occurred pre-dose and at 0.17, 0.25, 0.33, 0.5, 0.75, 1, 1.5,
2,25,3,4,6,8 12, 24, 48 and 72 h post-dose and finally
at the end of study visit on Day 16. The blood samples
were centrifuged at 1500G for 10 minutes to separate the
plasma. The plasma samples were frozen within 1 hour
after collection and maintained frozen (at < -70°C) until
bioanalysis. Urine samples were collected on Day 1 and
Day 7 during the following intervals: pre-dose, 0-6, 6-12
and 12-24 hours, and stored frozen (at < -70°C) until
analysis.

A lumbar puncture was performed on Day 6, 1.5 hours
post-dose, to allow for collection of cerebrospinal fluid
(CSF) and stored frozen (at < -70°C) until analysis.

The concentrations of ACD856 in plasma, urine and
CSF were analyzed by Lablytica Life Science AB, Sweden.
The bioanalysis method of plasma and urine were
validated in accordance with the current EMA guideline
on bioanalytical method validation (43) prior to study
initiation. The robustness of the bioanalysis method in
CSF was qualified through assessing the parallelism of
human CSF and synthetic CSF in QC samples of different
levels. The bioanalytical method utilized extraction of
ACDS856 followed by liquid chromatography-mass
spectrometry /mass spectrometry (LC-MS/MS) analysis.
The lower limit of quantification (LLOQ) for plasma was
set to 10 ng/mL, 3.0 ng/mL for CSF and 100 ng/mL for
urine.

The MIST (Metabolite in Safety Testing) analysis
and metabolite profiling in plasma and urine was
conducted by MetaSafe Sweden AB, Sweden. The MIST
analysis was performed in accordance with guidelines
on Metabolite in Safety Testing (MIST) (44, 45). Plasma
AUCO0-24h pools were prepared through matrix matching
where the AUCO0-24h pool of each cohort on Day 7 was
matched with blank plasma from the two toxicology
species (rat and minipig, mixed gender). The matrix
matched AUCO0-24h pools were prepared for analysis
by protein precipitation using acetonitrile containing
internal standard. The samples were centrifuged, and
supernatants transferred to LC vials for LC-(HR)MS
analysis. The human metabolite profile in plasma and
urine was established based on samples for the 0-24
h time interval from MAD cohort 3 (90 mg/day, Day
7). The samples were prepared by centrifugation and
supernatants analyzed by LC-high resolution MS and
metabolites searched for by extracted ion chromatogram
using m/z of molecular ions [M+H]+ or [M-H].
In addition, software-aided data mining was used
(Compound DiscovererTM 3.2, Thermo Scientific, USA)
including structure-intelligent dealkylation tool and mass
defect filter with manual confirmation. Structures of
metabolites were proposed based on accurate mass and
fragment ion data when available.

qEEG was recorded for the two highest dose
cohorts (30 and 90 mg/day) to enable assessment of
pharmacodynamic central nervous system (CNS)
target engagement. EEG recordings were performed at
baseline, 1.5, 6 and 24 hours following the first dose
of study treatment, and at 1.5 hours following the last
dose on Day 7. qEEG was recorded from 21 electrodes
positioned in accordance with the international 10/20
system and evaluated according to Jobert et al. 2012 (46).
Three different recording conditions were applied for
each timepoint; vigilance-controlled EEG recording with
eyes closed, resting EEG recording with eyes closed, and
resting EEG recording with eyes open. qEEG recordings
were analyzed by the Siesta Group in Austria. Absolute
and relative power as well as frequency measures
(centroids and their deviations) were determined for the
frequency bands as recommended by the International
Pharmaco-EEG Society (46). Derived variables included
the alpha slow-wave index (ASI) and the theta/beta ratio
(TBR).

A high-level overview of the study design and
assessments is shown in Figure 1b.

Pharmacokinetic and Statistical Analysis

No formal sample size calculations were performed.
The sample size was considered sufficient to provide
adequate information for the study objectives as per
current guidance. Safety and PK data were summarized
by descriptive statistics. Dose proportionality was
analyzed using linear regression modelling. All
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Figure 1. Schematic overview of the multiple ascending dose study
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1a: [llustrates the dose escalation between the three cohorts of the multiple ascending dose study with ACD856 including how the initiation of dosing was performed within
each cohort. n=number of participating subjects; 1b: Provides a schematic overview of the assessments performed at each study visit of the multiple ascending dose study
with ACD856 as well as which visits were performed as in-house stay at the phase I unit. PK=pharmacokinetics, qEEG=quantitative electroencephalography

descriptive summaries and statistical analyses were
performed using SAS Version 9.4.

The cardiac safety ECG data analysis was performed
based on cardiac intervals and heart rates calculated
automatically by the 12SL algorithm (GE Healthcare,
Chicago, Illinois, USA). The extracted ECGs were
imported into the ECG study database and processed
electronically. The assessed cardiac intervals were RR, QT,
QRS, PR(PQ), and QTcE.

The PK parameters were calculated by non-
compartmental analysis using the software Phoenix
WinNonlin® version 8.3 (Certara, U.S.A.). Plasma
concentrations below the LLOQ were set to 0 before time
to peak concentration (tmax) and to missing thereafter.
The area under the curve (AUC) was calculated based
in actual timepoints and according to the linear up- log
down method. Pharmacokinetic properties of ACD856
on Day 1 included maximum plasma concentration
(Cmax), elimination half-life (t1/2(z)), area under the

concentration-time curve during a dosing interval (tau)
(AUC0-24/tau), apparent plasma clearance (CL/F),
and the apparent volume of distribution (Vz/F). Dose
proportionality based on AUC0-24 and Cmax was
assessed. On Day 7 PK parameters were established
for Cmax, tmax, t1/2(z), apparent plasma clearance at
steady state (CLss/F), Vz/F, and accumulation ratio
(AR) for Cmax and AUCtau between Days 7 and 1. Dose
proportionality based on AUCtau and Cmax was assessed
at steady state. CSF ACD856 concentrations at steady
state (Day 6) were determined, as well as trough plasma
concentrations of ACD856 on Days 2-8 (Ctrough).

qEEG analysis was performed in a stepwise approach.
Spectral analysis was completed prior to database lock,
followed by a statistical analysis of the variables derived
from spectral density to evaluate treatment induced
changes. The latter part was completed after study
unblinding. Paired samples t-tests were applied for post-
pre changes within each treatment group. Independent
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Table 1. Summary of study participant characteristics

10 mg (n=6)

Age (years)

Mean (SD) 29.5(7.1)
Height (cm)

Mean (SD) 186.0 (4.7)
Weight (kg)

Mean (SD) 82.0 (10.8)
Sex Female 0

Male 6 (100%)

30 mg (n=6) 90 mg (n=6) Placebo (n=6)
41.3 (16.5) 45.0 (14.0) 46.3 (13.9)
175.3 (11.2) 180.3 (6.7) 175.3 (14.8)
78.0 (10.6) 715 (12.2) 70.3 (13.7)

1(17%) 1(17%) 1(17%)
5 (83%) 5 (83%) 5 (83%)

Abbreviations: SD=standard deviation, n=total number of subjects

samples t-tests were used to compare post-pre changes
between the treatment groups.

Results

Study Population

Twenty-four healthy subjects were randomized
and dosed. All enrolled subjects completed 7 days of
treatment with study medication. All except one subject
attended all study visits; one follow-up visit was missed
due to an AE (nasopharyngitis). The study population
consisted of 21 males and three females with a mean
age (standard deviation (SD)) of 40.5 (14.2) years and a
mean BMI (SD) of 23.5 (3.1) kg/m?2 Twenty-two of the
24 subjects were white, one was Asian, and one was
American Indian or Alaska Native.

A combined summary of study participants
characteristics for each cohort is presented in Table 1.

Safety and Tolerability

Treatment with ACD856 was generally well tolerated,
without serious adverse events. No dose related trends
were observed for AEs, laboratory safety assessments,
vital signs, 12-lead ECG, physical examination, or stool.
There was no indication of increased anxiety, depression,
suicidal ideation, or suicidal behavior in any subject over
the course of this study.

Twenty-two out of 24 subjects reported a total of 80
AEs, see supplementary Table S2. Most AEs (70 events
reported by 22 subjects) were of mild intensity, the
remaining 10 AEs reported by 7 subjects were assessed
as moderate. In total, 12 events (reported by 10 subjects)
were assessed as possibly related to study treatment
and were reported by subjects receiving ACD856. Out
of these, two events were reported as being of moderate
intensity: a transient increase in lipase and amylase in one
asymptomatic subject following the last day of ACD856
treatment. The most common AE was headache, which
was reported by 12 subjects on 15 occasions, whereof 7
events were assessed as related to the lumbar puncture

procedure for CSF sampling, and two were assessed
as related to the study treatment (of which one was
in a subject exposed to 90 mg ACD856). There was no
indication of increasing AE reporting frequency with
increasing dose of ACD856 and no obvious difference
in the AE reporting between subjects receiving active
treatment and subjects receiving placebo frequency.

The cardiac safety analysis concluded that ACD856
administered once daily for 7 days has no or only small
effects on the cardiac conduction system of the heart. No
systematic significant treatment induced change from
baseline in heart rate or cardiac intervals was observed.
The largest absolute QTcF value was 443 ms for one
subject in the placebo group during the day of first
dose. The largest individual change in QTcF (22 ms) was
observed on Day 7 in a subject treated with ACD856 30
mg. The comparison of the mean changes from baseline in
QTcF by dose group did not reveal any systematic dose-
dependent prolongation or shortening of the cardiac de-
and repolarization duration.

Pharmacokinetics of Multiple Doses of ACD856

Multiple dose plasma PK of ACD856 was evaluated
following oral administration of 10, 30 and 90 mg once
daily for 7 days. ACD856 was rapidly absorbed and
reached maximum plasma concentrations 30 to 45
minutes after administration both on Day 1 and Day 7,
(see Table 2 and Figure 2). The Ctrough concentrations
suggested that the steady state conditions were
established before Day 6.

The exposure, both in terms of Cmax and AUCO0-24,
increased proportionally with dose on Day 1 within
the dose range 10 to 90 mg. The dose proportionality
constants at Day 1 for Cmax and AUC0-24 were 0.972
and 0.978, respectively. Although the dose increase
appeared to be linear also at steady state on Day 7, this
was not statistically confirmed. At steady state, the dose
proportionality constants for Cmax and AUCtau were
0.977 and 0.937, respectively.

The plasma concentration of ACD856 accumulated
following repeated dosing. At steady state on Day 7, the

783



ACD856 AS MULTIPLE ASCENDING DOSES

Table 2. Summary of Pharmacokinetic Parameters of ACD856 Following Repeated Oral Administration for 7 Days

Parameter Statistic Cohort 1 - Cohort 1 - Cohort 2 - Cohort 2 - Cohort 3 - Cohort 3 -
10mg-Dayl 10mg-Day7 30mg-Dayl 30mg-Day7 90mg-Day1l 90 mg-Day?7
tmax n 6 6 6 6 6 6
(h) Median (Min, Max) 0.5000 0.5000 0.5000 0.6250 0.7500 0.5417
(0.333, 1.50) (0.333, 0.750) (0.333, 1.00) (0.500, 1.50) (0.333, 1.50) (0.167, 1.52)
Cmax n 6 6 6 6 6 6
(ug/mL) Mean (SD) 0.892 1.498 2.565 4.025 7.498 12.500
(0.120) (0.389) (0.466) (0.753) (0.292) (1.305)
Geometric Mean (CV%) 0.885 1.455 2.531 3.968 7.494 12.440
(14.4) (27.3) (18.0) (18.6) (3.9) (10.5)
AUC0-24/tau n 6 6 6 6 6 6
gl Mean (SD) 10.570 21.550 29.390 53.850 89.950 162.400
(1.568) (6.818) (5.000) (12.460) (4.342) (11.290)
Geometric Mean (CV%) 10.470 20.680 29.050 52.640 89.860 162.100
(15.5) (32.1) (16.6) (23.8) (4.9) 6.9)
t1/2(z) (h) n 6 6 6 6 6 6
Mean (SD) 19.91 24.22 19.07 21.08 16.87 19.70
(5.143) (6.267) (5.673) (3.268) (1.888) (1.446)
Geometric Mean (CV%) 19.46 23.65 18.47 20.87 16.78 19.66
(22.6) (23.5) (27.2) (16.1) (11.3) (7.1)
CL/F /CLss n 6 6 6 6 6 6
(L/h) Mean (SD) 0.5632 0.5031 0.6338 0.5832 0.6311 0.5563
(0.1455) (0.1524) (0.1818) (0.1378) (0.03491) (0.03807)
Geometric Mean (CV%) 0.5468 0.4835 0.6089 0.5699 0.6303 0.5552
(27.5) (32.1) (33.3) (23.8) (5.5) 6.9)
Vz/F n 6 6 6 6 6 6
(L) Mean (SD) 15.45 16.66 16.28 17.26 15.31 15.80
(1.921) (2.518) (1.473) (2.163) (1.433) (1.434)
Geometric Mean (CV%) 15.35 16.49 16.22 17.16 15.26 15.74
(12.6) (15.4) (8.8) (11.9) (9.0) (8.8)
AR AUCtau n 6 6 6
Mean (SD) 2.002 1.818 1.807
(0.3736) (0.1684) (0.1218)
Geometric Mean (CV%) 1.975 1.812 1.804
(17.8) (9.3) (6.9)
AR Cmax n 6 6 6
Mean (SD) 1.692 1.593 1.668
(0.4443) (0.3156) (0.1790)
Geometric Mean (CV%) 1.645 1.568 1.660
(26.4) (19.8) (10.7)

Abbreviations: AR = Accumulation ratio; AUC = area under the plasma concentration-time curve; AUC0-24/tau = AUC over the dosing interval; CL/F/CLss = apparent

oral clearance at steady state; Cmax = maximum observed plasma concentration; CV% = percent coefficient of variation; n = total number of subjects; t1/2(z) = terminal
elimination half-life; tmax = time to Cmax; Vz/F = apparent volume of distribution associated with the terminal phase

geometric mean accumulation ratios ranged between
1.8 and 2.0 for AUCtau and between 1.6 and 1.7 for
Cmax. ACD856 exhibited a low volume of distribution
(13.42-16.94 L) and a low clearance (0.48-0.63 L/h) with
no obvious time dependency. The geometric mean
elimination half-life at steady state ranged from 19.7-23.7
hours.

The inter-individual variation (CV%) was in general
low, in particular in the highest dose group where the
CV% values for all parameters (Day 1 and Day 7) ranged
between 3.9% and 11.3%.

All collected urine samples exhibited ACD856
concentrations below the detection limit of the method
(LLOQ=100 ng/mL) and hence the amount of ACD856
eliminated renally could not be calculated. Thus, renal
elimination of ACD856 appears to be non-existing or
negligible.
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Table 3. ACD856 CSF and plasma concentrations at steady state (Day 6)

Dose (mg)  CCSF (ng/mL) Plasma Cavg, total (ng/mL)
10 3.98 (18.4) 862 (32.1)
30 13.8 (40.0) 2193 (23.8)
90 100 (11.2) 6755 (6.9)

Plasma Cavg, unbound* (ng/mL) Ratio CCSF / Cavg, unbound
10.3 (32.1) 0.38 (27.0)
26.3 (23.8) 0.52 (17.0)
81.1 (6.9) 1.23 (17.5)

*Fu, plasma value used for estimation of unbound concentration was 1.2%; Abbreviations: Cavg = observed average plasma concentration; CCSF = concentration in
cerebrospinal fluid. Values represent geometric mean (coefficient of variation in percent).

Figure 2. Plasma concentration curves for ACD856
throughout the multiple ascending dose study

GeoMean Plasma Conc (pg/mL)

I I [ I I
0 24 48 72 96 120 144 168 192 216
Time from first dose (h)

Ilustrates the geometric mean plasma concentration curves for ACD856 following
repeated oral administration of 10 mg, 30 mg and 90 mg, once daily for 7 days in
the multiple ascending dose study. The concentration is shown by time in hours
from the first dose until the last measurement, 16 days after the first dose.

The MIST analysis result of the human plasma
suggested that, in general, the levels of human
metabolites were low in all dose cohorts with unchanged
ACD856 constituting 77-86% of total drug related material
detected. The metabolic profile in plasma and urine
showed that ACD856 was extensively metabolized before
being excreted in the urine. In total, 16 metabolites were
detected and characterized in plasma based on their
accurate masses, retention time and MS fragmentation,
as oxidation products in various positions, and a
combination of methylation, sulphate and glucuronic
acid conjugation products. The apparent major
metabolite (M1) constituted 6.5-11% of total ACD856
related material in human plasma, assuming equal MS
response. Metabolite M3 constituted 2.5-2.9%, whereas
all other metabolites were below 1.3% of total. In all
human dose cohorts, the identified metabolites with
levels above 1% of total drug related material have
been previously identified and adequately exposed in
rat and minipig 28-day toxicity studies. In the urine, a
total of 17 metabolites were identified of which 13 were
characterized. No ACD856 was excreted unchanged,
and the metabolic pathways in vivo included oxidations
followed by methylation, glucuronic acid or sulphate
conjugation, similar to that seen in plasma.

The blood-brain barrier penetration of ACD856 was
evaluated by analyzing the concentration of ACD856 in
CSF on Day 6 where steady state conditions would likely
have been established. The geometric mean concentration
of ACD856 in CSF increased with dose: 3.98 ng/mL in
the 10 mg dose cohort, 13.8 ng/mL in the 30 mg dose

cohort, and 100 ng/mL in the 90 mg dose cohort. Prior
to initiating this study, the plasma protein binding was
assessed by in vitro equilibrium dialysis, resulting in an
average estimated unbound fraction of 0.012 in human
plasma. At steady state, the geometric mean ACD856
concentrations in CSF were similar to the estimated
unbound average ACD856 plasma concentrations over
the dosing interval (calculated geometric mean ratios
ranged between 0.37 and 1.20). A summary of descriptive
statistics for observed ACD856 CSF concentrations at
steady state and the CSF/plasma concentration ratios
(calculated by dividing the CSF concentration with the
average estimated unbound plasma concentration over
the dosing interval at steady state on Day 7) is shown in
Table 3.

Quantitative EEG

Significant dose-dependent changes in qEEG
parameters could be observed following ACD856
treatment, compared to pre-dose, whilst only spurious
findings were observed after placebo treatment (refer
to Figure 3 and supplementary Figures S1 and S2). The
changes were most prominent for the 90 mg dose cohort.
Dosing with ACD856 was statistically significantly
associated with increased relative theta power and
decreased fast alpha and beta power, and an increased
theta/beta ratio (TBR). These changes were more robust
when comparing intra-individual qEEG data (TBR:
p<0.01) (Figure 3 and supplementary Figures S1 and
S2) than when comparing the 90 mg group with the
placebo group (TBR: p<0.05) (supplementary Figures
S3 and S4), likely because of the small sample sizes. The
changes were most evident in the vigilance-controlled
EEG recordings with eyes closed, as opposed to resting
EEG recordings with eyes closed or open (supplementary
Figures S5 and S6) and were most pronounced at 24 hours
post first dose of ACD856 and 1.5 hours after dosing on
Day 7. Limited or no changes were observed at 1.5 and 6
hours post first dose versus pre-dose.

Discussion

Targeting the neurotrophin signaling pathways has
been challenging due to their complex biology, limiting
the attempts to develop therapeutics with this target
(27). ACD856 exhibits a novel mechanism of action as
a positive allosteric modulator of the Trk-receptors and
has delivered promising preclinical data with regards to
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Figure 3. Statistical probability maps of qEEG results after 90 mg ACD856 dosing vs pre-dose at the analyzed time-
points
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Statistical probability maps of quantitative electroencephalography (qQEEG) results comparing qEEG measurements after ACD856 90 mg treatment with pre-dose in the
vigilance-controlled condition with eyes closed (ECV). The timing of the measurements was 1.5, 6 and 24 hours after the initial dose, as well as 1.5 hours after the last dose
on day 7. The maps are based on paired samples t-tests and the number of subjects included was 6. The upper part shows the maps for the absolute power variables, the
middle part the relative power variables and the lower part for the frequency measures as well as the alpha slow-wave index (ASI) and theta/beta ratio (TBR). Warm colors
indicate treatment induced increases compared to pre-dose; cold colors indicate decreases. The thresholds are set according to the degree of freedom to significance levels at

p<0.10, p<0.05 and p<0.01 (see legend on the right).

both pro-cognitive and antidepressant like effects (28).
Furthermore, there is emerging preclinical in vitro and in
vivo data suggesting that ACD856 may also have disease
modifying effects, such as effects on long-term plasticity,
neuroprotection, neurite outgrowth, mitochondrial
function and cell membrane integrity in addition to
previously reported symptomatic cognitive effects (29).

The first steps have now been taken towards better
understanding the clinical potential for this novel
mechanism of action. Preceding microdose and SAD
studies indicated that ACD856 as single doses (0.1-150
mg) in healthy subjects was well tolerated and had a
suitable PK profile for further development.

No treatment emergent or dose related trends were
observed for any of the safety parameters following 7
days of treatment with ACD856 in healthy subjects. In one
subject, a transient single timepoint and asymptomatic
increase of lipase and amylase was detected following
the last day of treatment, was assessed by the investigator
as possibly related to the study drug in a lack of other
explanations. Values returned to normal within 24 hours.
The MAD study safety data is in line with results seen
in the ACD856 single dose clinical studies, as well as the
preclinical toxicology studies which showed no safety
findings.

Similar to the observed single dose data (30),
multiple doses of ACD856 suggest a pharmacokinetic
profile suitable for further clinical development with
a rapid absorption and a dose-dependent increase in

exposure. The inability to detect unchanged ACD856 in
urine indicates that, as is often seen for highly lipophilic
compounds, ACD856 appears to be metabolized through
oxidation, and subsequent methylation, glucuronidation
and sulfation pathways before being excreted in the urine.
The metabolite profiling raises no concerns with regard to
toxicity caused by metabolites as the pattern is similar to
the metabolites observed in animal studies.

Measured levels of ACD856 in CSF confirm that
ACDB856 crosses the blood-brain-barrier and adds
confidence that relevant levels are reaching the target
receptors in the brain. The exposure in CSF increased
with increasing doses of ACD856 in the dose range 10 to
90 mg (determined at steady state). The measured levels
of ACD856 in CSF at the highest dose level (geometric
mean concentration 100 ng/mL at steady state for 90 mg/
day dosing), assuming no or limited protein binding in
the CSF, is well above (>20 times) the estimated unbound
brain exposure measured at effective doses of ACD856
in mice showing a pro-cognitive effect (28). However,
considering the inherent uncertainty in translatability
from preclinical observations to clinical predictions,
conclusions regarding the potential clinical effective dose
should be drawn with caution and need confirmation by
clinical studies in the relevant target patient population.

ACDS856 treatment demonstrated dose-dependent
treatment-associated changes on qEEG parameters in
healthy subjects. This is a promising observation given
that electrophysiological methods such as resting EEG
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have been proposed as BDNF sensitive functional
markers in early clinical development to examine target
engagement (25). Specifically, ACD856 treatment was
statistically significant associated with increased relative
theta power and decreased fast alpha and beta power in
a dose-dependent fashion which led to an acceleration
of the delta+theta centroid and an increase in the theta/
beta ratio. These findings are in line with EEG effects
reported for BDNF knock-out rats showing that a
reduction in BDNF content is related to a decrease in
hippocampal delta and theta activity (47). In addition,
a study in patients with gambling disorder showed a
positive correlation between serum BDNF levels and
theta EEG power in the right parietal region (48). The
treatment-associated changes seen on qEEG parameters
following ACDB856 treatment in healthy subjects are,
together with the evidence of dose-dependent increase of
measured ACD856 levels in CSE, an indication of target
engagement. This may mean that ACD856 is able to exert
its hypothesized mode of action in humans, i.e., increased
neurotrophin signaling.

The ACD856 EEG result pattern in healthy subjects
is similar to what is seen during the physiological state
of relaxation (49). It is also similar to the EEG profile
reported for buspirone (a partial serotonin receptor
1A (5-HT1A) agonist and dopamine D2/D3 receptor
antagonist) in healthy subjects (49, 50). Buspirone is
approved for the long-term treatment of anxiety and
restlessness. Looking at donepezil hydrochloride, an
acetylcholinesterase inhibitor used for the treatment of
AD, a study in older healthy volunteers showed that
impaired memory was associated with a decrease in
EEG alpha and beta power and an increase in delta
power (51). In contrast, after six months of treatment
with donepezil in patients with AD dementia, cognition
(Mini Mental State Examination) was improved, EEG
delta activity decreased, and alpha and beta activity
increased (52). Any cross-reference to studies exploring
other CNS active drugs should only be done with caution,
considering differences in study populations and in EEG
methodology. Nevertheless, it may be of interest to better
understand whether ACD856 exerts any effects on qEEG
parameters in a relevant patient population and if this
differs from the activity patterns seen in healthy subjects.

The main inherent limitation of the current phase
I study is the small study population. The number of
subjects per dose cohort is in agreement with available
guidance for FIH ascending dose studies (38) and are
deemed sufficient to evaluate safety in healthy subjects
in this early type of phase I trial. However, extensive data
on the safety of ACD856 treatment in humans remains to
be collected in clinical trials with larger sample sizes and
longer treatment duration in order to fully understand the
safety profile of ACD856. The limited sample size should
also be remembered in the review of the pharmacokinetic
and pharmacodynamic results (i.e., qEEG parameters).
Pharmacokinetic results should be further assessed in
larger clinical trials in order to determine if the highly

predictable PK properties can be confirmed. The observed
dose-dependent treatment-associated changes on qEEG
parameters, while statistically significant, do not allow
for any general conclusions regarding effects of ACD856
treatment on neuronal activity. Furthermore, the level of
relaxation or vigilance in the study subjects during the
qEEG measurement was not systematically evaluated and
no active control treatments with known qEEG patterns
were used.

In conclusion, ACD856 was well tolerated at the
tested multiple dose levels (10-90 mg/daily for 7 days)
in healthy subjects. No safety signals were observed.
PK results indicate that ACD856 has a suitable
pharmacokinetic profile for further development with
a rapid absorption, dose-dependent exposure, and a
favorable metabolic profile. The CSF concentration
results show that ACD856 passes the blood-brain-barrier
and reaches relevant exposure in the brain as these are
well above the observed brain exposure in preclinical
studies for which pro-cognitive effects of ACD856 were
demonstrated (27, 28). Furthermore, qEEG data indicates
that ACD856 not only passes the blood brain barrier but
also exerts some treatment-associated changes on CNS
activity, which suggests that central target engagement is
achieved. The clinical relevance of this finding remains to
be understood and is to be evaluated in a relevant patient
population. The next step in the clinical development
of ACD856 will be to evaluate its effects in a relevant
patient population to understand if ACD856 could prove
to be an effective treatment option for patients with AD,
depression, other psychiatric disorders and disorders
where cognition is impaired.
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