
Journal of Alzheimer’s Disease 86 (2022) 1399–1413
DOI 10.3233/JAD-215511
IOS Press

1399

Safety, Tolerability, Pharmacokinetics,
and Pharmacodynamics of the Positive
Modulator of HGF/MET, Fosgonimeton,
in Healthy Volunteers and Subjects with
Alzheimer’s Disease: Randomized,
Placebo-Controlled, Double-Blind,
Phase I Clinical Trial

Xue Huaa,1,∗, Kevin Churcha, William Walkera, Philippe L’Hostisb, Geoffrey Viardotb,
Philippe Danjouc, Suzanne Hendrixd and Hans J. Moebiusa

aAthira Pharma, Inc., Bothell, WA, USA
bCore Lab, Drug Evaluation and Pharmacology Research, Biotrial, Rennes, France
cPhase 1 Unit, Drug Evaluation and Pharmacology Research, Biotrial, Newark, NJ, USA
dPentara Corporation, Millcreek, UT, USA

Accepted 18 January 2022
Pre-press 18 February 2022

Abstract.
Background: Fosgonimeton (ATH-1017) is being developed as a first-in-class regenerative therapy for people with
Alzheimer’s disease (AD) and dementia; potentially improving dementia symptoms and altering disease progression by
reversing synaptic disconnection and neuronal loss.
Objective: This randomized, double-blind, placebo-controlled phase I trial (NCT03298672) evaluated the safety, tolerability,
pharmacokinetics, and pharmacodynamics of fosgonimeton.
Methods: Fosgonimeton was administered once daily via subcutaneous injection to 88 subjects. The single ascending dose
study enrolled healthy young male subjects (n = 48; age, 33.4 ± 6.3 years; dose, 2, 6, 20, 40, 60, or 90 mg); the multiple
ascending dose study enrolled healthy elderly subjects (n = 29; age, 63.8 ± 4.0 years; dose, 20, 40, 60, or 80 mg; 9-day
duration); and the fixed-dose study enrolled AD subjects (n = 11; age, 69.2 ± 7.1 years; dose, 40 mg; 9-day duration). Quanti-
tative electroencephalogram (qEEG) and event-related potential (ERP) P300 measured neurophysiological signals following
fosgonimeton treatment, supporting brain penetration and target engagement.
Results: Fosgonimeton and placebo were shown to be safe and well-tolerated across all doses. Pharmacokinetic results for
fosgonimeton were dose-proportional, with no sex effect or accumulation over 9 days. The main effect of fosgonimeton on
qEEG was acute and sustained gamma power induction. In AD subjects, there was a significant effect toward ERP P300
latency normalization compared with placebo (p = 0.027; n = 7 at 40 mg fosgonimeton versus n = 4 placebo).
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Conclusion: These results support the continued development of fosgonimeton as a novel therapeutic for people with AD
and dementia. The fast-onset normalization of ERP P300 latency in AD subjects suggests enhancement of synaptic function
and potential procognitive effects.

Keywords: ATH-1001, ATH-1017, Alzheimer’s disease, dementia, fosgonimeton, hepatocyte growth factor, electroen-
cephalography, event-related potentials, P300 component, neurotrophic factor

INTRODUCTION

An estimated 50 million people are currently living
with dementia worldwide [1]. Alzheimer’s disease
(AD) accounts for the majority of these cases (i.e.,
60% to 80%) and is associated with increased mortal-
ity, high caregiver burden, and substantial economic
costs [2–4]. With the prevalence of AD on the rise
due to rapid growth of the aging population, the
World Health Organization has declared AD and
other dementias to be a global public health priority
[5, 6].

AD is characterized by a progressive decline in
memory and cognition that ultimately affects a per-
son’s ability to perform daily activities and function
independently [7]. The pathophysiology of AD is
complex and multifactorial, with cumulative data
suggesting that protein aggregation, chronic inflam-
mation, vascular impairment, decreased energy
metabolism, and immune dysregulation all play a role
[8–11]. While amyloid plaques and neurofibrillary
tangles have long been established as pathologi-
cal hallmarks of AD, mounting evidence suggests
that both synaptic dysfunction and loss may be the
core biological mechanisms underlying the clini-
cal syndrome and directly correlating with dementia
symptom onset and decline [12–14]. In line with this
view, studies have shown that changes in synaptic
density can occur prior to neurodegeneration in AD
and these changes represent the best pathological cor-
relate of cognitive decline in patients across different
stages [12, 14–17].

Failure to conceptualize AD as a complex disease
with systemic failure involving synaptic dysfunction
and neurodegeneration has hindered the development
of new and effective treatments to date. The currently
approved “symptomatic” therapeutics for people with
AD (e.g., cholinesterase inhibitors, the N-methyl-D-
aspartic acid (NMDA) receptor antagonists, such as
memantine) focus on singular neurotransmitter sys-
tems; these agents have modest and transient effects
on cognitive performance and functional capacity

[7, 18, 19]. More recent antibody-based approaches
aim to modify the disease course by clearing amyloid-
� or tau accumulation in the brain [7, 19]. However,
while immunotherapies may clear protein accumu-
lation, substantial clinical benefit has not yet been
established [20, 21]. Novel treatments with the ability
to address the multifaceted nature of the neurodegen-
erative processes in AD, and to restore the synaptic
connectivity, are thus urgently needed. The lack of
predictive biomarkers that are directly correlated with
cognitive function further hampers translational AD
drug development, relegating drug-discovery pro-
grams to the lengthy sequence of phase I, II, and
III studies, which has resulted in multiple late-stage
failures.

Neurotrophic factors, like the hepatocyte growth
factor (HGF), represent a novel therapeutic target
to treat AD and dementia by protecting exist-
ing neurons, promoting synaptogenesis, addressing
neuroinflammation, and inducing regenerative mech-
anisms [22, 23]. Pharmacological stimulation of
neurotrophic systems has the potential to treat all
stages of AD by restoration of synaptic connectiv-
ity, thus improving cognitive function and addressing
multiple aspects of AD pathology, including cere-
bral perfusion [22, 24–27]. HGF is the exclusive
ligand for the MET receptor tyrosine kinase (MET).
Central nervous system (CNS) MET expression is
crucial in maintaining the healthy adult brain [28],
and is reduced in people with AD, particularly in
the hippocampus and cortex [29]. Activation of
the HGF/MET pathway exhibits potent neurotrophic
effects on different types of neurons (e.g., hippocam-
pal, cortical) and glial cells [30]. HGF activation
is neuroprotective in models of neurodegenerative
disorders, including AD [31], Parkinson’s disease
[32, 33], amyotrophic lateral sclerosis [34, 35], and
multiple sclerosis [36]. Although early attempts to
administer neurotrophic factors, such as nerve growth
factor and brain-derived neurotrophic factor, have
been unsuccessful primarily due to substantial chal-
lenges in delivering large proteins or gene therapy
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Fig. 1. Fosgonimeton mechanism of action. The prodrug fosgonimeton is converted to the active metabolite ATH-1001. ATH-1001 enters
the brain and enhances the HGF/MET neurotrophic system. HGF binding to MET induces phosphorylation of intracellular tyrosines on
the MET receptor. MET activation results in changes in gene expression to stimulate various cell behaviors including regenerative and
anti-inflammatory processes as well as neurotransmitter modulation. AKT, protein kinase B; EEG, electroencephalogram; HGF, hepatocyte
growth factor; LTP, long-term potentiation; MAPK, mitogen-activated protein kinase; MET, MET receptor tyrosine kinase; NMDA, N-
methyl D-aspartate; P, phosphorylated; PI3K, phosphoinositide 3-kinase; PKC, protein kinase C; PLC�, phospholipase C-gamma; PM,
plasma membrane; PSP, post-synaptic potential; RAC1, Ras-related C3 botulinum toxin substrate 1; RAF, rapidly accelerated fibrosarcoma
(RAF) kinase; STAT3, signal transducer and activator of transcription 3.

to the CNS, more recent data suggest that small-
molecule neurotrophic modulators may be able to
overcome these challenges [25, 37].

Fosgonimeton (ATH-1017), a highly specific,
small-molecule positive modulator of the HGF/MET
neurotrophic system, is a prodrug that is optimized for
subcutaneous (SC) administration and is rapidly con-
verted into the active metabolite ATH-1001 in plasma
(Johnston J, unpublished data). ATH-1001 crosses the
blood-brain barrier and enhances the interaction of
HGF with its receptor tyrosine kinase MET, inducing
downstream signaling through PI3k/Akt and MAPK
pathways and augmenting NMDA receptor-mediated
long-term potentiation through protein kinase C [38,
39] (Fig. 1). In nonclinical studies, this approach has
been shown to activate the neurotrophic HGF/MET
system, reverse spatial memory deficits in rat mod-
els of dementia, and stimulate changes in quantitative

electroencephalogram (qEEG). CNS penetration was
also shown in rodent nonclinical studies (Johnston J,
unpublished data).

HGF signaling through MET is a pulsatile sig-
naling system, as phosphorylation of MET decays
over time in the presence of its HGF ligand, and
regulation of MET activation after signaling is a well-
studied process [40]. Activation of the HGF/MET
system initiates intracellular signaling cascades that
lead to downstream transcriptional and translational
impacts, promoting survival and regenerative mecha-
nisms [31]. These impacts on gene expression likely
outlast the duration of the drug-target interaction
and may lead to persistent effects. This pulsatile
method of fosgonimeton (prodrug) administration,
once daily (OD), is aligned with the natural regulatory
mechanisms of HGF/MET activity, and suggests
a steady state plasma level of ATH-1001 (active
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metabolite) may not be required for a lasting ther-
apeutic effect.

This phase I trial included qEEG as a trans-
latable biomarker to confirm CNS penetration and
target engagement in humans. Event-related potential
(ERP) P300 latency was included in the protocol to
enhance confidence of a potential procognitive effect
within this dose range in AD subjects. The phase
I trial data support dose selection for phase II/III
studies.

MATERIALS AND METHODS

Study design

The phase I clinical trial (NCT03298672) was
designed as a series of randomized, placebo-
controlled, double-blind studies to evaluate the safety,
pharmacokinetics (PK), and pharmacodynamics of
fosgonimeton. The first part (part A) consisted of a
single ascending dose study in healthy young male
subjects; the second part (part B) consisted of a mul-
tiple ascending dose study in healthy elderly subjects,
and a fixed-dose study in AD subjects.

Data were collected between October 9, 2017 and
September 5, 2019 across two sites in the United
States and France. Part A and Part B healthy vol-
unteer cohorts were completed at a single site, Phase
1 unit at Biotrial Inc., Newark, NJ, USA; Part B – AD
subjects only, were performed at two separate Phase
1 units with centralized randomization (Biotrial Inc.,
Newark, NJ, USA; Biotrial, Rennes, France). The
EEG equipment and training were centrally provided
by Biotrial Core Lab (Rennes, France). Both sites
were equipped and accredited to perform the qEEG
and ERP P300 data collection, and the data were
transmitted to the Biotrial Core Lab for centralized
quality check and analysis.

The protocol was approved by the institutional
review board or independent ethics committee at each
site, and the study was conducted in accordance with
the Declaration of Helsinki and International Con-
ference on Harmonization Good Clinical Practice
Guideline. All subjects, or their legally appointed rep-
resentative, gave written informed consent prior to
study initiation. At screening, safety EEGs were per-
formed to exclude subjects with brain anomalies that
may interfere with the qEEG and ERP data interpre-
tation.

Fosgonimeton, formulated at a concentration of
10 mg/mL, and placebo drug products were both clear

and colorless sterile solutions. Single or multiple
syringes, each containing volumes up to 3 mL, were
prepared by unblinded pharmacists. Total daily injec-
tion volumes ranged from 0.2 mL to 9 mL of solution
to achieve doses of 2 mg to 90 mg.

Single Ascending Dose Study: Healthy young
subjects (Part A) – Doses: 2, 6, 20, 40, 60, 90 mg
(or Placebo), SC

Male subjects aged 18–45 years were eligible to
participate in part A. All subjects were nonsmok-
ers with body mass index (BMI) between 18.0 and
30.0 kg/m2. Dose escalation was conducted in 6
sequential cohorts of 8 subjects each, for a total of
48 subjects. Within each cohort, 6 subjects were
randomly assigned to receive a single dose of fos-
gonimeton, and 2 subjects were randomly assigned
to receive a single dose of matching placebo. An
adaptive design with sentinel dosing was used, and
the final dose levels administered ranged from 2 mg
to 90 mg. The adaptive design refers the flexibility
to adjust dose and add/reduce dose cohorts based on
human PK and safety data, to enable dose exploration
in this Phase I study. Dose escalation was guided by
emerging human PK and safety data with reference
to preclinical data. Subjects remained in the clinical
unit from the time of admission (day -1) to discharge
(day 3), with safety, PK, pharmacodynamics (qEEG),
and clinical assessments performed throughout their
inpatient stay. A final outpatient follow-up was per-
formed on day 10 (+2 days).

Multiple Ascending Dose Study: Healthy elderly
subjects (Part B) – Doses: 20, 40, 60, or 80 mg
(or Placebo), SC, OD, 9 consecutive days

Healthy elderly subjects (men or women) aged
60–85 years, with BMIs of 18.0–30.0 kg/m2, and no
reported changes in cognition in the past year, were
eligible to participate in part B.

Part B evaluated dose levels lower than or equal to
those previously examined in part A. Prior to dosing
on day 1, subjects were randomly assigned, to receive
fosgonimeton or matching placebo at dose levels
that ranged from 20 mg to 60 mg (6 active versus 2
placebo) and at 80 mg (4 active versus 1 placebo), SC,
OD over 9 consecutive days. Subjects remained in the
clinical unit from the time of admission (day -1) to
discharge (day 10), with safety, PK, pharmacodynam-
ics (qEEG and ERP P300), and clinical assessments
performed throughout their inpatient stay. A final
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outpatient follow-up was performed on day 17 (+2
days).

Multiple Fixed-Dose Study: AD subjects (Part B)
– Dose: 40 mg (or Placebo), SC, OD, 9
consecutive days

The primary focus of this study was safety, PK, and
pharmacodynamics (qEEG and ERP P300); there-
fore, the inclusion of the AD subjects was based on
a previously established and documented diagnosis,
including amnestic mild cognitive impairment, AD,
or mixed dementia (as per the protocol inclusion crite-
ria; hereafter referred to as AD subjects). AD subjects
were either treatment-naı̈ve, or willing and able to
discontinue symptomatic treatment for AD prior to
randomization. All AD subjects received a fixed fos-
gonimeton dose of 40 mg (n = 7) or placebo (n = 4).
Subjects remained in the clinical unit from the time of
admission (day -1) to discharge (day 10), with safety,
PK, pharmacodynamics (qEEG and ERP P300), and
clinical assessments performed throughout the inpa-
tient stay. A final outpatient follow-up was performed
on day 17 (±2 days).

In both the healthy elderly and AD subject
populations, use of acetylcholinesterase inhibitors,
memantine, aripiprazole, brexpiprazole, selective
serotonin reuptake inhibitors, or quetiapine were pro-
hibited. Xanthine-containing products (coffee, tea,
chocolate) were prohibited from admission until the
end of the study. Subjects experiencing dose-limiting
toxicities and/or adverse events (AEs) of severe inten-
sity and related causality could be discontinued from
the study prior to receipt of all 9 doses.

The screening window for healthy young and
elderly subjects was 28 days, and the window for
AD subjects was extended to 90 days if washout of
prohibited medications was necessary. All subjects
were required to be nonsmokers; smoking and use
of other nicotine-containing products were prohib-
ited throughout the studies. Women of childbearing
potential were excluded.

Safety assessments

Safety assessments were conducted throughout
the trial and included 12-lead electrocardiogram
(ECG), 10–20 standard montage qEEG, clini-
cal laboratory tests (hematology, blood chemistry
including aspartate aminotransferase, alanine amino-
transferase, alkaline phosphatase, albumin, direct
and indirect total bilirubin), urinalysis, vital sign

measurements, concomitant medication assessments,
Columbia-Suicide Severity Rating Scale (C-SSRS),
and physical and neurological examinations. qEEG
was a dual-purpose endpoint for safety and phar-
macodynamic evaluation. A neurologist evaluated
the qEEG data throughout the trial for assessing
safety.

AEs were recorded after dosing until the end of
the subject’s participation in the study (i.e., the sub-
ject had discontinued or completed the study); any
AEs identified after signing the informed consent and
before dosing were recorded as prior medical history.
AEs were assessed by the investigator with regard
to intensity (mild, moderate, severe) and causality
(related, probably related, possibly related, unlikely
to be related, unrelated) and were coded according to
MedDRA version 20.1.

To rule out a potential detrimental effect on cogni-
tion, the trail making test (TMT) A&B was included
as an exploratory cognitive endpoint assessed after
a single dose (day 1 at approximately 2 h postdose)
and after multiple doses (day 4 at approximately 2 h
postdose) compared to individual baseline. The Mini-
Mental State Exam (MMSE) was included as a safety
endpoint for AD subjects, measured at baseline and
on day 4 approximately 2 h postdose.

PK assessments

For the single-dose study (part A), blood samples
were collected at predose and 0.083, 0.167, 0.25, 0.5,
1, 1.5, 2, 3, 4, 6, 8, 12, 24, and 48 h postdose. For
the multiple-dose study (part B), blood samples were
collected predose on days 1–9 and 0.083, 0.167, 0.25,
0.5, 1, 1.5, 2, 3, 4, 6, 8, and 12 h postdose on day 1
and day 9. A 24-h postdose sample was also collected
on day 10.

Blood samples were analyzed for plasma concen-
trations of the prodrug fosgonimeton and the active
metabolite ATH-1001. PK parameters were calcu-
lated using plasma concentrations of fosgonimeton
and ATH-1001 by noncompartmental methods.

The assessed plasma PK parameters included but
were not limited to: maximum observed concentra-
tion (Cmax); time to maximum observed concentra-
tion (Tmax); area under the plasma concentration-time
curve (AUC)0-t, AUC0-24, and AUC0-inf ; apparent
terminal elimination rate constant (�z); apparent ter-
minal elimination half-life (t1/2); and accumulation
ratio at steady state (Rss). Time to reach steady state
for fosgonimeton and ATH-1001 was assessed for
each dose group by one-way analysis of variance with
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Helmert contrasts using log-transformed predose and
24-h postdose plasma concentrations.

Pharmacodynamic assessments: qEEG and ERP
P300 functional biomarkers

The novel mechanism of fosgonimeton that tar-
gets the multifaceted HGF/MET regenerative system
including NMDA receptors enabled a prospec-
tive biomarker strategy leveraging the functional
measures qEEG and ERP P300 to support CNS pene-
tration and target engagement at exposures predicted
by preclinical research, thus bridging the gap between
early- and late-stage clinical development.

Exploratory pharmacodynamic assessments exam-
ined the effects of fosgonimeton administration on
qEEG power spectra (parts A and B) and ERP P300
latency (part B only). qEEG data were acquired on
day 1 of the single-dose study (predose, 1 h postdose).
qEEG and ERP P300 data were acquired on days
1, 4, and 8 of the multiple-dose study (predose, 1 h
postdose, and 3 h postdose).

The training and accreditation of the acquisition
system, central data quality review, and supplies for
qEEG and ERP P300 assessments were provided
by Biotrial Core Lab (Rennes, France). A cap with
embedded electrodes (10–20 system) was fitted on the
subjects and used to record the electrical signals out-
side the scalp. Electrodes’ impedance was checked
before each recording session. The qEEG and ERP
P300 data were obtained from 20 electrodes at the
pre-frontal (Fp), frontal (F), central (C), temporal (T),
parietal (P), and occipital (O) areas (Fp1, Fp2, F7, F3,
Fz, F4, F8, T3, T4, T5, T6, C3, Cz, C4, P3, Pz, P4,
O1, Oz, O2), and 2 reference electrodes at left and
right mastoids.

qEEG power spectra
At each time point, qEEG was recorded in

the resting condition for a total of 10 min, with
5 min eyes-closed followed by 5 min eyes-open.
Data were bandpass-filtered between 0.1 and 100 Hz
and sampled at 400 Hz. After preprocessing and
data quality verification, artifact-free epochs were
selected for the spectral analysis. Frequency spec-
tra were calculated using the fast Fourier transform
algorithm. qEEG parameters were calculated for the
following spectra: delta (1.5–6 Hz), theta (6–8.5 Hz),
alpha (8.5–12.5 Hz), beta (12.5–30 Hz), and gamma
(30–58 Hz). The gamma band was also separated into
gamma 1 (30–40 Hz) and gamma 2 (41–58 Hz) sub-
bands.

ERP P300 latency
Auditory ERP studies were performed using the

auditory oddball paradigm, with standard tones of
500 Hz and oddball/target tones of 2000 Hz, each
with 100 ms in duration. The sound level was 85 dB,
presented through Sennheiser HD25 headphones.
The inter-stimulus interval was randomized between
1200 and 1900 ms. Oddball made up 15% of presen-
tations. The test lasts approximately 7 min with eyes
closed. ERP P300 latency (ms) and amplitude (�V)
were estimated by extracting the time point corre-
sponding to the largest positive peak within the time
interval of 260 ms and 480 ms. Given the auditory
nature of the task, all subjects participating in the
P300 assessment completed a brief hearing test dur-
ing the screening visit to ensure their ability to detect
and differentiate the two different tones without hear-
ing aids.

Statistical analyses

Demographic, safety, and PK data were summa-
rized using descriptive statistics. Safety was analyzed
in all subjects who received at least 1 treatment
dose, with all subjects allocated to placebo pooled
into a single comparator group. PK was analyzed in
all subjects who received at least 1 dose of fosgo-
nimeton and did not have a major protocol deviation
thought to interfere with the absorption, distribu-
tion, metabolism, and/or excretion of fosgonimeton.
Subjects receiving placebo were not included in the
summary and analysis of PK parameters. Analyses
were performed using Phoenix WinNonlin version
7.0 (Certara, Princeton, NJ, USA; PK data only) and
SAS software version 9.4 (SAS Institute Inc., Cary,
NC, USA; demographic, PK, and safety data). Phar-
macodynamic data were analyzed in all subjects who
received at least 1 dose of fosgonimeton or placebo
and had at least 1 baseline and 1 postbaseline assess-
ment of qEEG or ERP P300.

In the single-dose study (part A), the effect of
each fosgonimeton treatment dose versus placebo
was estimated for each electrode and each qEEG
parameter using analysis of covariance (ANCOVA)
on log-transformed data, with treatment as a fixed
effect, and parameter value at baseline as a covariate.

In the multiple-dose study (part B), the effect of
each fosgonimeton treatment dose versus placebo
was estimated using a mixed model for repeated
measures on log-transformed data for qEEG and on
percent changes from baseline for ERP P300, with
treatment, time point (measurement days and hour-H
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Fig. 2. Study design. The phase I trial enrolled a total of 88 subjects, including the single ascending dose study (part A, 20–90 mg fosgonimeton
versus placebo) and the multiple ascending dose study (part B, 20–80 mg fosgonimeton versus placebo) including a fixed-dose study in
Alzheimer’s disease (AD) subjects.

[i.e., day 1 H0 predose, H1, and H3 postdose; day
4 H0 predose, H1, and H3 postdose; and day 8 H0
predose, H1, and H3 postdose]), treatment by time
point interaction as fixed effects, parameter value at
baseline as a covariate (qEEG analysis only), and
subject as a random effect. A compound symme-
try covariance structure was assumed, and time was
a categorical term in the model. In case of evi-
dent violation of the normality assumptions for ERP
parameters, analyses of differences between each
dose and placebo were performed using nonpara-
metric tests (Kruskall Wallis test) on changes from
baseline values.

Brain maps were generated representing the result
of these comparisons on all 20 electrodes and were
coded according to whether they achieved statistical
significance (at a 5% level), with red colors showing
an increase for the active doses compared to placebo
and blue colors showing a decrease. There was no
adjustment for multiple comparisons since p-values
were used descriptively. Analyses were performed on
each electrode and each set of electrodes grouped
anatomically.

RESULTS

Subjects and demographics

A total of 88 subjects were enrolled in the
phase I clinical trial of fosgonimeton, including 48
healthy young male subjects (mean age = 33.4 ± 6.3),
29 healthy elderly subjects (mean age = 63.8 ± 4.0;
14 male, 15 female), and 11 AD subjects (mean

age = 69.2 ± 7.1; 5 male, 6 female, median [range]
MMSE = 20 [5–29]) (Fig. 2). Baseline characteris-
tics for all study participants are summarized in
Table 1.

Safety assessments

Fosgonimeton was shown to be safe and well-
tolerated across all doses tested. There were no
serious AEs, or clinically relevant findings reported
in blood chemistry, urinalysis, vital signs, ECG, EEG,
physical, or neurological examinations. A maximum
tolerated dose was not achieved.

Treatment-emergent AEs (TEAEs) classified as
related to treatment included injection site pain and
injection site pruritus. Most TEAEs were mild in
nature and resolved by the end of the study with-
out sequelae. Two TEAEs (1 moderate neutropenia
in the healthy elderly subject 40 mg fosgonimeton
dose group; 1 moderate hypersensitivity (verbatim
term: allergic skin reaction) in the healthy elderly
subject 80 mg fosgonimeton dose group) led to
treatment discontinuation and study withdrawal; the
events were classified as unlikely to be related to
treatment and probably related to treatment, respec-
tively. The overall incidence of TEAEs was similar
across the placebo- and fosgonimeton-treated groups
and did not appear to increase proportionally with
dose level (see Supplementary Tables 1 and 2 for
details). In AD subjects, no “related” TEAEs were
reported; injection site erythema and injection site
hematoma were reported in both placebo and active
treatment groups (see Supplementary Table 3 for
details).
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Table 1
Baseline characteristics

Characteristics Healthy young Healthy elderly AD subjects
adult subjects subjects n = 11

n = 48 n = 29

Age (y), mean (SD) 33.4 (6.3) 63.8 (4.0) 69.2 (7.1)
Sex, n (%)

Male 100 (0) 14 (48.3) 5 (45.5)
Female 0 (0) 15 (51.7) 6 (54.5)

Race, n (%)
American Indian or Alaska Native 2 (4.2) 0 (0) 0 (0)
Asian 0 (0) 1 (3.4) 0 (0)
Black or African American 37 (77.1) 13 (44.8) 0 (0)
White 9 (18.8) 15 (51.7) 11 (100)

Ethnicity, n (%)
Hispanic or Latino 11 (22.9) 4 (13.8) 1 (9.1)
Not Hispanic or Latino 37 (77.1) 25 (86.2) 10 (90.9)

BMI (kg/m2), mean (SD) 26.1 (2.7) 27.0 (2.2) 25.9 (3.9)
Education (y), mean (SD) 13.5 (2.0) 14.2 (3.7) 12.7 (5.2)
MMSE, median (range) NA NA 20 (5–29)

AD, Alzheimer’s disease; BMI, body mass index; MMSE, Mini-Mental State Exam; NA, not
applicable; SD, standard deviation.

No detrimental effect on cognition was observed
based on the TMT A&B test in healthy young sub-
jects after a single dose (2 mg to 90 mg) nor was one
observed in healthy elderly subjects after multiple
doses (20 mg to 80 mg). There were no clinically rel-
evant changes or trends noted for the TMT A&B test,
total MMSE or sub-domain scores in AD subjects
with multiple doses (40 mg).

PK assessments

Fosgonimeton was rapidly absorbed (Tmax
∼0.25 h) after SC injection and converted in plasma
to the active metabolite ATH-1001 (Tmax ∼0.5 h).
Both the prodrug fosgonimeton and active metabolite
ATH-1001 were rapidly eliminated in plasma with
t1/2 of approximately 0.3 and 1.5 h, respectively. A
terminal elimination phase for ATH-1001 with a t1/2
of 5 h was occasionally observed at doses ≥ 40 mg
when plasma concentrations of ATH-1001 dropped
to ∼1% of that for Cmax.

After administration of single SC doses of 2 mg
to 90 mg fosgonimeton and multiple once-daily SC
doses of 20 mg to 80 mg fosgonimeton, plasma Cmax
and AUC of fosgonimeton and ATH-1001 generally
increased in a dose linear manner. After multiple
once-daily SC doses, the peak plasma concentration
and exposure of the active metabolite ATH-1001 were
between 3-fold and 12-fold higher than those of the
prodrug fosgonimeton, depending on the day and the
dose group. Inter-subject variability in Cmax and AUC

exposure was generally moderate for fosgonimeton
and low for ATH-1001, with % CV ranging from 24%
to 117% for fosgonimeton and 15% to 41% for ATH-
1001. Fosgonimeton and ATH-1001 were eliminated
from plasma within 24 h; no apparent accumulation
was observed. There was no obvious effect of age or
sex on fosgonimeton and ATH-1001 PK parameters.
The PK profile of the active metabolite ATH-1001 is
illustrated in Fig. 3. The PK profile of fosgonimeton
is illustrated in Supplementary Figure 1. Please see
PK parameter data tables for ATH-1001 and fosgo-
nimeton after a single and multiple-dose SC injection
of fosgonimeton in Supplementary Tables 4 and 5,
respectively.

Pharmacodynamic assessments

qEEG power spectra
qEEG was analyzed in healthy young and elderly

subjects to assess effects of fosgonimeton and support
dose ranging.

In the single dose studies of healthy young sub-
jects, qEEG was assessed at predose and 1 h postdose.
The main qEEG effect was an increase in gamma
power, suggestive of a dose response (20 mg to
90 mg), observed in absolute and relative power in
eyes closed, resting condition (Fig. 4). The change in
gamma power with the 90 mg single dose was statisti-
cally significant in the frontal area of the brain when
compared with placebo (p < 0.05; not corrected for
multiple comparisons).
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Fig. 3. Pharmacokinetic profile of the active metabolite ATH-1001 after single and multiple once-daily SC doses of fosgonimeton. A)
Plasma concentration of ATH-1001 in healthy young volunteers after single SC dose of 2 to 90 mg fosgonimeton (arithmetic mean ± SD). B)
Plasma AUC0-inf of ATH-1001 in healthy young volunteers after a single SC dose of fosgonimeton demonstrated dose linearity (R2 = 0.994,
arithmetic mean ± SD). C) Plasma concentrations of ATH-1001 in healthy elderly volunteers on Day 1 (black circle) and Day 9 (open square)
after once-daily SC injections of 60 mg fosgonimeton showed no appreciable accumulation and similar exposures between Day 1 and Day
9 (arithmetic mean ± SD). AUC0-inf , area under the plasma concentration-time curve from time zero to infinity; SC, subcutaneous; SD,
standard deviation.

In the multiple dose studies of healthy elderly
subjects, qEEG assessments were conducted at pre-
dose, 1 h, and 3 h postdose, on days 1, 4, and 8.
Similarly, the main qEEG effect was gamma power
enhancement, both at 3 h postdose on day 1 and
across multiple time points collected on days 4 and
8 at 20 mg (Fig. 5). Similar effects were observed at
40 mg and 60 mg OD doses of fosgonimeton (data
not shown); data for the 80 mg dose level were not
analyzed due to technical issues during data collec-
tion and a smaller sample size. The lasting effect
on gamma power detectable at predose on days 4
and 8 (i.e., 24 h since the last dose) may suggest a

sustained pharmacodynamic effect of fosgonimeton
beyond 5×half-life (ATH-1001 plasma elimination
half-life=1.5 h). Increase in gamma power was spe-
cific to the active treatment groups as no gamma
power increase was observed in subjects receiving
placebo.

In AD subjects, the protocoled qEEG analysis
comparing postdose recordings to Day 1 predose did
not show relevant effects of multiple administrations
of 40 mg fosgonimeton once daily over 8 days. A
post hoc analysis of intra-day qEEG changes from
predose to postdose on each recording day (i.e., day
1, day 4 and day 8) pointed to increased gamma
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Fig. 4. Dose-dependent increase in qEEG gamma induction in healthy young subjects receiving a single dose of fosgonimeton. SAD qEEG
results illustrate the average change in absolute qEEG power from predose (baseline) to postdose, or the baseline ratio, for pooled placebo
group, low doses (2 and 6 mg), middle doses (20 and 40 mg), and high doses (60 and 90 mg). Heat maps illustrate the average change in
absolute qEEG power following administration of fosgonimeton (left) and associated p values from ANCOVA analysis (right; not corrected
for multiple comparisons). ANCOVA, analysis of covariance; SAD, single ascending dose; qEEG, quantitative electroencephalogram.

Fig. 5. Acute and sustained increase in qEEG gamma induction in healthy elderly subjects receiving multiple doses of fosgonimeton at
20 mg (SC, OD, 9 days). qEEG assessments were conducted at predose, and 1 hour and 3 hours postdose, on days 1, 4, and 8. The heat maps
illustrate the average change in relative qEEG power from baseline (day 1 predose) to each qEEG recording after treatment start (change from
study baseline ratio). Only gamma power shown; fosgonimeton did not induce consistent and substantial changes in any other waveform.
OD, once daily; qEEG, quantitative electroencephalogram; SC, subcutaneous.

power over time, a pattern not observed in the placebo
group (Fig. 6). More variability was observed in AD
subjects compared with healthy subjects.

ERP P300 latency
ERP P300 recordings were conducted at pre-

dose, 1 h, and 3 h postdose on days 1, 4, and 8, in
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Fig. 6. qEEG effects of repeat dose fosgonimeton in AD subjects (40 mg, SC, OD, 9 days). qEEG analysis of AD subjects (n = 7) demonstrates
an increase in gamma power following daily fosgonimeton (40 mg, OD, SC) administration. qEEG was assessed at predose, and 1 hour and
3 hours postdose on treatment day 1, 4, and 8. Data are expressed as qEEG relative power normalized to each day’s predose recording. AD,
Alzheimer’s disease; OD, once daily; qEEG, quantitative electroencephalogram; SC, subcutaneous.

healthy elderly and AD subjects using an auditory
oddball paradigm. As expected, healthy elderly sub-
jects receiving active doses of fosgonimeton (20, 40,
60 mg) did not show a change in ERP P300 latency,
since there was no impairment in neuronal connec-
tivity.

All AD subjects showed a clearly prolonged
ERP P300 latency at baseline (n = 11; mean:
390.4 ± 48.9 ms). The active group received fosgo-
nimeton at 40 mg (n = 7; SC, OD, 9 consecutive
days) and showed gradual normalization of ERP
P300 latency with repeat dosing. ERP P300 latency
was reduced by 72.8 ± 48.8 ms on day 8 from a
mean baseline of 405 ± 48.5 ms on day 1 predose
(Fig. 7A). All 7 AD subjects in the active treatment
group individually responded to 40 mg fosgonime-
ton and contributed to the group effect of reduced
P300 latency over 8 days, while none of the 4 subjects
in the placebo group showed any consistent change
in ERP P300 latency over the course of treatment
(Fig. 7B). Compared with placebo, there was a signif-
icant separation of the fosgonimeton treatment effects
on percent change in ERP P300 latency on day 8,
with the mixed model for repeated measures analysis
(p = 0.027) (Fig. 7C).

DISCUSSION

Activation of the HGF/MET neurotrophic sys-
tem represents a novel, multipronged approach to
treat patients with AD and dementia. Several aspects
distinguish this approach from therapeutic avenues

explored in the past: it is neither based on a mono-
causal pathophysiological hypothesis of AD, nor does
it address only a single neurotransmitter disturbance.
Because this approach is agnostic to the underlying
singular causes, it is orthogonal to the current devel-
opment mainstay, and thus, the selection of the trial
population is not critically dependent on experimen-
tal diagnostic criteria and invasive, less accessible
investigations. At the same time, HGF/MET acti-
vation was shown in a broad body of literature to
address many of the known contributing factors in AD
(e.g., synaptic loss, neurodegeneration, neuroinflam-
mation, and reduced perfusion) [28, 29, 31]. Synaptic
relocalization of NMDA receptors in the synaptic
cleft is an additional feature of HGF/MET activation,
counteracting excitotoxicity and improving long-
term potentiation [41]. Fosgonimeton represents a
new potential approach to treat patients with AD and
dementia by addressing the complex system failure
of synaptic function and neurodegeneration.

The results of the phase I trial of fosgonimeton,
including a total of 88 healthy young and elderly sub-
jects, and a cohort of AD subjects, showed that single
and repeat SC administration of fosgonimeton was
safe and well-tolerated. A maximum tolerated dose
was not achieved. The incidence of TEAEs was sim-
ilar across active and placebo-treated groups, with
injection site pain and injection pruritus being the
single TEAEs classified as “related” to fosgonime-
ton treatment. Injection site reactions are common
with drugs administered subcutaneously [42, 43].
All injection site reactions resolved without sequelae
prior to study completion.
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Fig. 7. Effect of fosgonimeton on ERP P300 latency in AD subjects. ERP P300 analysis of AD subjects demonstrates a significant reduction
in ERP P300 latency following fosgonimeton (40 mg, OD, SC) administration. ERP (auditory oddball paradigm) was assessed at predose, and
1-hour and 3-hours postdose on treatment day 1, 4, and 8. A) Heat maps of the group average ERP P300 latency data expressed in milliseconds
(ms) for the AD subjects received fosgonimeton active treatment (n = 7). B) All subjects receiving fosgonimeton (n = 7) demonstrated reduced
ERP P300 latency from baseline to end of study for ERP on day 8, while subjects receiving placebo demonstrated no consistent change from
baseline. C) ERP P300 latency changes from baseline over the 8-day treatment for fosgonimeton (n = 7) compared to placebo (n = 4). Data
shown are mean ERP P300 values from Fz, Cz, Pz electrodes ± SEM. *p = 0.027 with MMRM analysis. AD, Alzheimer’s disease; ERP,
event-related potential; MMRM, mixed effect model repeat measurement; OD, once daily; SC, subcutaneous; SEM, standard error of the
mean.

The active metabolite ATH-1001 is a specific,
highly potent compound that increases phosphoryla-
tion of the MET receptor. The prodrug fosgonimeton
was not detected in the brain or any other tissue in
preclinical studies (Johnston J, unpublished data).
Fosgonimeton was developed as a water-soluble pro-
drug of ATH-1001 to allow SC dosing in aqueous
vehicles. In keeping with preclinical studies, fos-
gonimeton was rapidly absorbed and converted to
ATH-1001 in human plasma. Fosgonimeton and
ATH-1001 also demonstrated increasing exposure
with increasing dose levels (i.e., approximate dose
linearity in Cmax and AUC) with no obvious accumu-
lation over time (Johnston J, unpublished data).

Modulation of qEEG spectral power by pharmaco-
logical agents indicates CNS penetrance and suggests
target engagement; qEEG can serve as a noninvasive
translational biomarker from preclinical to clinical
studies [44]. In AD patients, qEEG spectral power is
shifted from high frequency activity (beta, gamma) to
slower wave forms (delta, theta) [45]. In preclinical

studies, fosgonimeton was shown to induce high-
frequency gamma power in the APP/PS1 AD mouse
model, with an acute effect observed within 1 h post-
dose and a persistent effect still observed 7 days
off-drug after a 14-day treatment period. Fosgonime-
ton exposures that induced qEEG changes overlap
with the range of exposures that are active in animal
models of dementia, suggesting the utility of qEEG as
translatable pharmacodynamic signal to guide dose
optimization in human clinical trials (Johnston J,
unpublished data). Overall, the qEEG results from the
phase I trial are indicative of CNS target engagement,
suggesting an active dose range of fosgonimeton
between 20 mg and 90 mg, inclusive. Doses higher
than 90 mg have not been tested.

ERP is a method of recording brain activity elicited
by external stimuli (e.g., an oddball auditory stim-
ulus), and P300 is a well-established functional
biomarker of cognition, particularly of working mem-
ory access [46, 47]. ERP P300 is characterized by
a stereotyped series of voltage deflections occurring
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after the end of the respective odd tone to be
counted, with early features (<100 ms) corresponding
to unconscious sensory transmission (auditory cor-
tex, N100), and later features produced by cognitive
processing in the ventral attentional network (i.e.,
P300, referring to the large positive deflection at
roughly 300 ms in healthy adults). ERP P300 latency
is sensitive to detecting reduced synaptic transmis-
sion related to cognitive decline in AD patients and
other dementias [47] and has been shown to occur
pharmacologically (e.g., after scopolamine or ben-
zodiazepines administration, resulting in transiently
increased latencies) [48–52]. Conversely, choliner-
gic drugs reduce ERP P300 latency in AD [53,
54]. Increased ERP P300 latency has been con-
sistently demonstrated in AD patients, likely due
to either synapse loss or synaptic dysfunction and
impaired neuronal network connectivity [46, 55–58].
The novel observation of fosgonimeton reversing
pathologically increased ERP P300 latency in AD
subjects over a treatment course of 8 days may
indicate restoration of network connectivity and/or
improvement in neuronal function. These results
also further corroborate CNS penetration and target
engagement.

There are several limitations to our study. Due to
the small number of subjects, there was no strat-
ification based on sex or site in MAD. Although
all assessments, including ERP P300 latency, were
prospective, the AD cohort was rather limited in
size, which was also due to the phase I nature of
the trial. While in line with phase I study design,
the observation period of 8 days was rather short
for pharmacodynamic effects on cognition and their
extrapolation toward long-term treatment effects
requires confirmation of phase II studies. On the other
hand, the active group response was consistent and
robust compared with ERP P300 latency changes
induced by marketed AD drugs over longer expo-
sure periods [59]. Further, the AD cohort was tested
at a fixed dose only (40 mg, 9 days). Finally, a max-
imum tolerated dose was not determined, although
this may not be necessary considering the overlap of
the effective dose range in translation from preclinical
to clinical studies.

The safety and PK results clearly support contin-
ued development of fosgonimeton. The hypothesis
of tangible procognitive benefit as suggested by the
ERP P300 latency results is currently being tested
in two late-stage, 26-week double-blind, placebo-
controlled trials in mild to moderate AD (ACT-AD:
NCT04491006 and LIFT-AD: NCT04488419).
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