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to moderate Alzheimer’s disease and depressive symptoms
Katy Bernarda,*, Sylvie Gouttefangeasa, Sylvie Bretina, St�ephanie Galtiera, Philippe Robertb,
Vjera Holthoff-Dettoc, Jeffrey Cummingsd, Maria Pueyoa

aInstitut de Recherches Internationales Servier (IRIS), Suresnes Cedex, France
bCoBTeK IA lab, Memory Center, Universit�e Côte d’azur, Nice, France
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Abstract Introduction: S47445 is a novel positive allosteric modulator of alpha-amino-3-hydroxy-5-methyl-
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4-isoxazole-propionic acid receptors that may emerge as a favorable candidate for the symptomatic
treatment of cognitive and depressive disorders in patients suffering from Alzheimer’s disease (AD)
of mild to moderate severity and with depressive symptoms.
Methods: For this double-blind, placebo-controlled 24-week phase II trial, 520 outpatients aged be-
tween 55 and 85 years, with probable AD at mild to moderate stages (a Mini-Mental State Examina-
tion score of 24-15 inclusive) and exhibiting depressive symptoms (Cornell Scale for Depression in
Dementia [CSDD] � 8) were recruited in twelve countries and randomized to 3 doses of S47445
(5-15-50 mg) or placebo. The primary end point was the change from baseline in the 11-item
Alzheimer’s Disease Assessment Scale-Cognitive subscale (ADAS-Cog) total score at week 24. Sec-
ondary measures included the Disability Assessment for Dementia, Mini-Mental State Examination,
ADAS-Cog 13-item, CSDD, Clinical Global Impression of Change (Alzheimer’s Disease Coopera-
tive Study-CGIC), Neuropsychiatric Inventory (NPI), and safety criteria.
Results: Baseline characteristics were comparable between the 4 groups. After 24 weeks, no statis-
tically significant treatment difference was demonstrated between S47445 (5, 15 or 50 mg/d) and pla-
cebo on cognition (ADAS-Cog), function (Disability Assessment for Dementia), or depressive
symptoms (CSDD). An improvement on neuropsychiatric symptoms assessed by NPI was evidenced
at the lower dose 5 mg/d (D -2.55, P5 .023, post hoc analysis) compared to placebo. CSDD and total
NPI scores improved in all groups including placebo. Therewere no specific and/or unexpected safety
signals observed with any of the S47445 doses.
Discussion: S47445 administered for 24 weeks was safe and well tolerated by patients with mild to
moderate AD; the compound did not show significant benefits over placebo on cognition, function, or
depressive symptoms.
� 2019 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

Patients with Alzheimer’s disease (AD) present with a
progressive cognitive decline leading to functional impact.
Besides cognitive deficits, neuropsychiatric symptoms
(NPS) are highly prevalent in patients with AD as up to
90% of patients will experience significant NPS in the course
of their disease [1]. Among them, depressive symptoms are
present in approximately 50% of patients [2]. They are com-
mon in mild to moderate dementia and seem less prevalent in
severe dementia, possibly reflecting the difficulty in assess-
ing depressive symptoms at a later stage [3].

Depression in dementia has been associated with a
greater decline in cognition, quality of life and disability
in daily life activities, earlier institutionalization, and
increased risk of mortality [2,4,5].

Diagnosis of depression in AD (dAD) is complex due to
not only deficits in verbal expression and other cognitive al-
terations but also other common symptoms such as sleep dis-
turbances and apathy. dAD may differ from other depressive
disorders [6] and is diagnosed in the presence of three or
more symptoms of major depression, including additional
nonsomatic symptoms (irritability, social withdrawal) but
without including the difficulty to concentrate [7]. The Na-
tional Institute of Mental Health dAD criteria identify a
greater proportion of patients with AD as depressed than
several other established tools [8,9].

There is an urgent need for treatments for AD patients
with NPS, in particular depressive symptoms. Patients are
often treated with antidepressants, despite scarce evidence
of their efficacy [3,10-13]. Antidepressants and/or
antipsychotics are often prescribed off label for the
management of these symptoms [14,15].

Most clinical trials evaluating treatments for cognition in
AD often excluded patients with depression, limiting data on
these patients. Progress in diagnostic criteria allowing inclu-
sion in a clinical trial of the appropriate population is an
essential step for testing drugs that may improve such symp-
toms and consequently quality of life of patients and
caregivers [16].

S47445 is a selective positive allosteric modulator
of alpha-amino-3-hydroxy-5-methyl-4-isoxazole-propionic
acid (AMPA) receptors (AMPA-PAM) that emerged as a
favorable candidate for the treatment of memory deficits,
depressive symptoms, and synaptic dysfunction associated
with AD. S47445 demonstrated both procognitive and
antidepressant-like properties in animal models [17,18].
Furthermore, S47445 modulates synaptic plasticity by
enhancing long-term potentiation, preserving age-dependent
loss of synaptic markers, and increasing neurotrophic factor
expression in aged rodents [19,20]. In healthy elderly
volunteers, S47445 was safe and well tolerated, enhanced
functional connectivity between brain networks involved in
cognition (working memory, attention and Default Mode
Networks), and increased glutamate concentration in
posterior cingulate cortex [21]. Collectively, functional mag-
netic resonance imaging results and cerebrospinal fluid levels
of S47445 showed that the drug crossed the blood–brain
barrier.

The objectives of this phase 2 study were (1) to describe
baseline characteristics of an AD population at mild to mod-
erate stage with depressive symptoms and (2) to evaluate the
safety and efficacy on cognition and activities of daily living
(primary and key secondary objectives, respectively), and
depression, global impression of change, and neuropsychi-
atric symptoms of three doses of S47445 administered for
6 months (secondary objectives) vs. placebo.
2. Methods

2.1. Study design

This was a 6-month, double-blind, randomized, fixed
dose, placebo-controlled study, conducted in AD patients
enrolled from 75 sites in twelve countries. The study was
conducted in compliance with the protocol, good clinical
practice, and the applicable regulatory requirements.
Eligible patients, their legal representative if applicable,
and the informant provided written informed consent before
participating in the study.

The study comprised a 3- to 6-week selection period
without study treatment followed by a 24-week double-
blind treatment period with 4-parallel groups. Eligible pa-
tients were randomized to receive S47445 5 mg, 15 mg,
50 mg, or placebo. Treatment with cholinesterase inhibitors
or memantine was not allowed. Stratification on severity of
the disease (mild/moderate) according to the Mini-Mental
Status Examination (MMSE) total score at inclusion visit
was performed. After 24 weeks of treatment, patients had
the possibility to participate in an optional extension period
of 28 weeks. During this period, patients continued to take
their study treatment in coadministration with donepezil.
The objective was to evaluate the safety of the combination
of both drugs during the second period.

2.2. Patients

Patients were male or female, 55–85 years old, with prob-
able AD according to the Diagnostic and Statistical Manual
for Mental Disorders, text revision criteria for Dementia of
Alzheimer’s Type and depressive symptoms according to
National Institute of Mental Health provisional criteria for
dAD. Patients were required to have a MMSE score of
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15-24 included and a Cornell Scale for Depression of De-
mentia (CSDD) score of at least 8 at screening and random-
ization visits. Patients were required to have no significant
abnormalities on brain magnetic resonance imaging, electro-
cardiogram (ECG), physical examination, and laboratory
tests; they had never been treated with acetylcholine esterase
inhibitors and memantine or had discontinued treatment (for
whatever the reason) 8 weeks before inclusion. Patients were
not currently treated with an antidepressant or had been
treated with an antidepressant at the recommended dose
for at least 8 weeks without clinical efficacy. In all cases,
the antidepressant treatment was discontinued at least
3 weeks before the randomization visit.

Exclusion criteria included dementia due to any condition
other than AD or any condition not associated with AD that
may currently or during the course of the study impair cogni-
tion or functioning; depressive symptoms due to any other
conditions than AD; medical history of major depressive dis-
order treated with antidepressive drugs or electroconvulsive
therapy .3 years before onset of the disease; high suicidal
risk; a history of epilepsy or solitary seizure.

2.3. Training

All raters received training and/or qualification for
all scales, and a clinical training focused on the study
population.

2.4. Outcomes

The primary end point was the Alzheimer’s Disease
Assessment Scale-Cognitive subscale (ADAS-Cog) 11-item
total score at week 24, expressed as change from baseline.
A key secondary end point was the Disability Assessment
for Dementia (DAD) total score, expressed as change from
baseline. Secondary efficacy end points at week 24 assessed
cognition using MMSE and ADAS-Cog 13-item, depressive
symptoms using CSDD, neuropsychiatric symptoms using
Neuropsychiatric Inventory (NPI), and global effects using
the Alzheimer’s Disease Cooperative Study-Clinical Global
Impression of Change. The raters who assessed patients using
the Alzheimer’s Disease Cooperative Study-Clinical Global
Impression of Change were blinded for any other patient
safety and cognitive assessments.

Safety was evaluated by recording of adverse events, vital
signs, laboratory tests, ECGs, physical examination findings,
and suicide risk (CSDD, item 16).

All safety measures were performed at each visit and the
end of the study or end of treatment in cases of premature
withdrawal.

2.5. Statistical analysis

The efficacy analyses were performed in the full analysis
set (FAS) (intention-to-treat principle).

In order to meet the primary and key secondary objectives
of the study, the superiority of at least one dose of S45447
was assessed in the FAS on the cognitive performance
from the 11-item ADAS-Cog total score and on daily living
from the DAD total score expressed in terms of change from
baseline to week 24 compared to placebo (primary analysis
and key secondary analysis, respectively).

In order to take into account the multiplicity of compari-
sons, a Holm-based gatekeeping procedure with two families
of null hypotheses was used [22]. A fixed sequence test pro-
cedure per dose was used, meaning that the key secondary
null hypothesis for one dose is tested only if the primary
null hypothesis associated to the same dose is rejected before.

A mixed-effect model repeated measures analysis using
all the postbaseline visits’ observations was used for the pri-
mary and key secondary analyses, including the fixed effects
of treatment, severity of the disease (mild/moderate), visit
and treatment-by-visit and severity-by-visit interactions, as
well as covariates of baseline and visit-by-baseline interac-
tion. The analyses fitted an unstructured covariance matrix.

For other secondary end points, the difference between
the three S45447 doses and placebo was analyzed through
inferential statistics using the same model as the primary
analysis (without adjustment to control the type I error) or
descriptive statistics, on all secondary efficacy endpoints.

For every safety measurement, descriptive statistics were
provided by the treatment group in the safety set (all included
patients having taken at least one dose of medication).

The sample size was determined considering the primary
end point for a difference between at least one S45447 dose
and placebo in the FAS, based on a two-sided Student’s t-test
for independent samples and using the Bonferroni correction
in order to maintain the familywise type I error at 5% (bilat-
eral situation). Per treatment group, 125 patients would
allow demonstration that at least one S45447 dose is superior
to placebo with a power of around 90% if the true difference
is 2.8 points with a standard deviation of 6 points.
3. Results

We screened 717 patients, of whom 520 were included
and randomized: 129 in the placebo group and 391 in the
S47445 groups, 53% were mild (MMSE score � 20) and
47% at a moderate (MMSE score � 19) stage of the disease
(Fig. 1). During the 24-week period, 9.4% of the randomized
patients were withdrawn from the study (7.75% in placebo,
6.97% in 5 mg, 10.7% in 15 mg, and 12.1% in 50 mg); the
main reasons were nonmedical (4.2%) and adverse events
(3.8%) without a significant difference between groups.

Baseline characteristics between the four groups were
comparable for age, ratio of male/female, education level,
AD duration, duration of the current depressive symptoms,
and score on scales (Table 1). Patients presented depression
with a mean CSDD total score of 11.9 corresponding to a
probable major depression and neuropsychiatric symptoms
with a mean NPI 12-item total score of 22.4. Most patients
had the following NPI items: depression, anxiety, apathy,
irritability, sleep, and appetite disorders.
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Fig. 1. Analysis sets and disposition of subjects.Abbreviations:AD,Alzheimer’s disease;ADAS-Cog,Alzheimer’sDiseaseAssessment Scale-Cognitive subscale.
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About 20% of patients had previously been treated with
AChEI or memantine, and 18% of patients had previously
received antidepressant treatment.
3.1. Primary outcome

After 24 weeks, there were no significant differences be-
tween S47445 groups and placebo on cognition (ADAS-Cog
11-item) (Fig. 2). The highest difference compared to pla-
cebo on ADAS-Cog 11-item total scores was observed
with the S47445 15 mg group (20.90 point; P
value 5 .290). The adjusted mean changes from baseline
Table 1

Baseline demographic characteristics (FAS)

All S4

No. of patients (FAS) 518 12

Age (years) 71.7 (7.3) 72

Male/female (%) 30.3/69.7 36

ApoE4 carriers (%) 47.2 56

School education (years) 11.1 (3.3) 11

Disease duration of AD (years) 3.6 (2.2) 3.

Duration of the current depressive symptoms (years) 1.3 (2.0) 1.

MMSE 19.7 6 2.8 19

ADAS-Cog 11-item 23.56 6 8.98 23

ADAS-Cog 13-item 34.86 6 10.68 35

DAD 68.04 6 18.61 67

CSDD 11.98 6 3.52 11

NPI 12-item 22.4 6 13.4 23

NOTE. Data are presented as mean (standard deviation) or n (%).

Abbreviations: AD, Alzheimer’s disease; ADAS-Cog, Alzheimer’s Disease Ass

Dementia; DAD, Disability Assessment for Dementia; FAS, full analysis set; MM
to week 24 in ADAS-Cog total score were 0.35 (standard
deviation 5.53) with placebo and 20.20 (4.91), 20.74
(5.43), and 20.05 (5.82) with S47445 5, 15, and 50 mg,
respectively. Similar results were observed for the sensitivity
analyses.
3.2. Secondary outcomes

None of the effects of S47445 on key (DAD) and
secondary efficacy end points was statistically signifi-
cantly different from placebo, except on neuropsychi-
atric symptoms. The difference between S47445 5 mg
7445 5 mg 15 mg 50 mg Placebo

9 130 130 129

.2 (7.3) 71.7 (7.7) 71.7 (6.5) 71.4 (7.7)

.4/63.6 26.1/73.9 28.5/71.5 30.2/69.8

.6 38.2 47.2 46.9

.2 (3.4) 10.9 (3.3) 11.2 (3.4) 11.0 (3.3)

4 (1.7) 3.8 (2.3) 3.7 (2.4) 3.6 (2.2)

1 (1.0) 1.3 (1.7) 1.6 (2.8) 1.3 (2.1)

.7 6 2.9 19.7 6 2.7 19.6 6 2.8 19.7 6 2.8

.76 6 9.50 23.00 6 8.72 24.22 6 8.88 23.26 6 8.84

.21 6 11.09 34.25 6 10.54 35.41 6 10.61 34.54 6 10.57

.87 6 18.74 68.13 6 19.19 68.11 6 18.09 68.04 6 18.62

.68 6 3.31 11.92 6 3.55 12.36 6 3.55 11.94 6 3.66

.0 6 12.7 20.8 6 12.5 24.5 6 15.8 21.1 6 12.0

essment Scale-Cognitive subscale; CSDD, Cornell Scale for Depression in

SE, Mini-Mental Status Examination; NPI, Neuropsychiatric Inventory.



Fig. 2. Adjusted mean of the change from Baseline in ADAS-Cog 11-item total score (FAS) during the 24-week follow-up. Abbreviations: ADAS-Cog,

Alzheimer’s Disease Assessment Scale-Cognitive subscale; FAS, full analysis set.
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and placebo on NPI 12-item total score was meaning-
ful (22.55 points [standard deviation 5 1.27]; 95%
confidence interval 25.06 to 20.05; P 5 .023; post
hoc analysis), consistent with an improvement of
neuropsychiatric symptoms in this group, compared
to placebo. Domains which improved were agitation,
depression, anxiety, apathy, irritability, and sleep
disorders.

Over the 24-week period, CSDD and NPI 12-item total
scores were decreased in all treatment groups over time
including the placebo group (Fig. 3).

In the placebo group, patients (46%) exhibiting a higher
score in depression at baseline (CSDD �12) showed a
greater improvement on depressive symptoms (CSDD total
score) and no worsening on cognition (ADAS-Cog 11-item
score) over time compared to patients with fewer depressive
symptoms (Fig. 4).
3.3. Safety

The number of patients who had at least one emergent
adverse event (EAE) at week 26 was higher in the placebo
group (50.4%, 65/129 patients) than in the total S47445
group (45.3%, 177/391 patients; 46.5% in the S47445 5-
mg group, 37.7% in the 15-mg group, and 51.5% in the
50-mg group). Most EAEs in the S47445 groups were of
mild (64.2%) or moderate (30.4%) intensity, resolved spon-
taneously or with an appropriate treatment (79.9%), and did
not lead to treatment discontinuation (4.6% EAE that led to
treatment withdrawal vs. 3.9% in placebo group).

Across all doses of S47445, the AE profiles were close to
placebo. Treatment-emergent AEs occurring in at least 3%
of the patients in either group are summarized in Table 2.

Serious EAEs were reported by 22 patients in the S47445
groups (5.6%) versus 7 patients in the placebo group (5.4%).
Serious events reported by more than 1 patient in either
group were fall, aggression, delirium, and chronic cardiac
failure. No seizure was reported in any of the groups.

Two patients died during the first period of the study: one in
the S47445 50-mg group and the other one in the placebo group.

There were no significant differences between groups in
clinical laboratory values, blood pressure, weight, tempera-
ture, or ECG, including QT interval.

During the 28-week extension period with coadministra-
tion of donepezil, there was no relevant difference between
S47445 groups and placebo regarding the frequency of
EAEs. Four patients died: 2 patients in the S47445 15- and
50-mg groups and 2 patients in the placebo group.

In summary, this study showed a good safety profile of
S47445 alone and in association with donepezil.
4. Discussion

AMPA-PAMs have been studied as potential therapeutics
for the cognitive component of neurological disorders [23]
and have been studied more intensively in the last decade



Fig. 3. Adjusted mean of the change from Baseline in CSDD total score and in NPI 12-item total score (FAS) during the 24-week follow-up. *P , .05.

Abbreviations: CSDD, Cornell Scale for Depression in Dementia; FAS, full analysis set; NPI, Neuropsychiatric Inventory.

K. Bernard et al. / Alzheimer’s & Dementia: Translational Research & Clinical Interventions 5 (2019) 231-240236
[24-26]. Among drugs developed for AD [27], S47445 is the
only agent to target the AMPA receptor through its allosteric
modulation. Based on preclinical findings and human
phase I studies [17,18], we conducted a 24-week, phase II
Fig. 4. Adjused mean for the change from Baseline in ADAS-Cog 11-item and CS

, 12 and with CSDD �12. Abbreviations: ADAS-Cog, Alzheimer’s Disease Ass

Dementia; FAS, full analysis set.
randomized controlled trial of S47445, a positive
AMPA modulator. The trial outcomes demonstrate that a
six-month course of three daily doses of the compound has
no significant efficacy over placebo on the primary outcome,
DD total score (FAS) during the 24-week follow-up for subjects with CSDD

essment Scale-Cognitive subscale; CSDD, Cornell Scale for Depression in



Table 2

Summary of emergent adverse events (safety data set) for main period*

Placebo, N 5 129

S47445 dose groups

S47445 5 mg,

N 5 129

S47445 15 mg,

N 5 130

S47445 50 mg,

N 5 132 Overall, N 5 391

Total EAEs, n (%) 65 (50.4) 60 (46.5) 49 (37.7) 68 (51.5) 177 (45.3)

Serious EAEs, n (%) 7 (5.4) 4 (3.1) 12 (9.2) 6 (4.5) 22 (5.6)

Premature withdrawal due to EAE, n (%) 5 (3.9) 2 (1.6) 7 (5.4) 9 (6.8) 18 (4.6)

Most common EAEs at week 26y

Nasopharyngitis 6 (4.7%) 4 (3.1%) 3 (2.3%) 7 (5.3%) 14 (3.6)

Blood creatine phosphokinase increased 4 (3.1%) 2 (1.6%) 1 (0.8%) 6 (4.5%) 9 (2.3)

Diarrhea 4 (3.1%) 1 (0.8%) 2 (1.5%) 1 (0.8%) 4 (1.0)

Fall 2 (1.6%) 4 (3.1%) 4 (3.1%) 3 (2.3%) 11 (2.8)

Headache 5 (3.9%) 3 (2.3%) 4 (3.1%) 4 (3.0%) 11 (2.8)

Type 2 diabetes mellitus 1 (0.8%) 4 (3.1%) 1 (0.8%) 1 (0.8%) 6 (1.5)

Abdominal pain upper 0 2 (1.6%) 1 (0.8%) 4 (3.0%) 7 (1.8)

NOTE. N is the number of patients per group and n is the number of patients with at least one EAE; %: (n/N)*100.

Abbreviation: EAE, emergent adverse event.

*Adverse events are listed according to the preferred terms in the Medical Dictionary for Regulatory Activities (MedDRA), version 19.1.
yTreatment-emergent adverse events occurring in at least 3% of patients in either group.
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the ADAS-Cog. In addition, there were no significant differ-
ences between S47445 groups and placebo on functionality
(DAD) and depressive symptoms (CSDD) of these patients.

In order to avoid an erroneous differential diagnosis for
depression and AD, specific training for investigators was
conducted before and during the study. As a result, the AD
study population presented the expected depression profile.
Onset of the current depressive symptoms was after AD diag-
nosis without a medical story of major depressive disorder,
suggesting that the depression was linked to the neurodegen-
erative process. Depression often precedes or occurs early in
the course of AD patients [28]. If a depressive episode occurs
within 3 years before the diagnosis ofAD, it is likely that these
depressive symptoms were already linked to AD and not to
recurrent or late-onset major depressive disorder. There is a
consensus on the negative impacts of depression in AD
patients and their caregivers.

Little is known about the natural history of depression in
AD patients; it has been suggested that depression is more
common as dementia progresses, except in severe demen-
tia [29]. Others showed no association between severity of
dementia and risk of depression [30,31]. In the present
study, we showed no correlation between AD severity
(mild vs. moderate) and depression. The difficulty of
evaluating depression and the inability of the patient to
express their feelings could explain why depression
severity remains unchanged while AD worsens.

Depression in AD is commonly comorbid with other
neuropsychiatric symptoms. The study population also pre-
sented other neuropsychiatric symptoms (high NPI total
score at baseline). These symptoms included apathy, anxi-
ety, irritability, sleep, and appetite disorders. Depression
and apathy are often present concomitantly [32]. The high
prevalence of the association of both syndromes could be
due to the overlap of signs such as fatigue, withdrawal,
loss of interest, cognitive worsening, and irritability. Both
apathy and depression relate to the patients’ performance
in individual activities, motivation and affect. However,
core symptoms are different. Patients with depression pre-
sent emotional change (depressed mood), and patients with
apathy present primarily with diminished motivation.

In the present study, a placebo effect on cognition was
observed, especially on the first 3 months and to a greater
extent on depression and neuropsychiatric symptoms
throughout the study [10,11]. On the subset of subjects with
“probable major depression” (baseline CSDD score �12),
these patients may be more sensitive to the placebo effect of
the study. Finally, the lack of accurate reporting by the
patient/informant, overlap of symptoms of depression and
dementia, inadequate sensitization of clinicians to data
collection, and limitations of tools may have led to
difficulties in diagnosis and assessment of treatment.

There was a mild cognitive decline of the placebo group
which was particularly evident during the last 3 months of
the study. These observations raise questions on the duration
of the clinical trial for a symptomatic treatment, the care
given to patient and informant, and the standard assessment
tools used on this population. Recent studies show that up
to 30% of patients with the clinical phenotype of AD do not
have brain amyloidosis when studied with amyloid positron
emission tomography or cerebrospinal fluid amyloid studies
and do not have the clinico-biological syndrome of
AD [33]. The modest rate of apolipoprotein e4 carriers
(47% compared to 65% of biologically confirmed AD) sug-
gests that some non-AD patients were included in this trial.
The trajectory and treatment response profile of the non-
AD patients included in trials is unknown. In addition, the
exclusion of patients on cholinesterase inhibitors and mem-
antine may have resulted in recruiting a somewhat atypical
AD population into the trial. These factors may have contrib-
uted to the negative outcome of this trial and represent issues
to be considered in other trials of symptomatic agents.

Our findings are similar to those obtained in AD patients
with another AMPA-PAM (LY451395, mibampator) which
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did not show statistically significant effects on theADAS-Cog
following 8 weeks of treatment [34]. The only positive effect
of the drug was obtained at the 5-mg dose on the mean NPI
12-item total score, with improvements of agitation, depres-
sion, anxiety, apathy, irritability, and sleep disorders. Interest-
ingly, this effect was observed at a dose that demonstrated an
enhancement of functional connectivity between brain net-
works in healthy elderly subjects, which may give support
to the use of functional imaging in early clinical development
phase for the choice of drug dosing [35]. This specific effect
on NPI has been also reported in the study by Chappell et al.
[34] with an 8-week treatment period with mibampator. How-
ever, upon longer treatment duration, mibampator failed to
separate from placebo, when a focus was made on agita-
tion/aggression symptoms measured by a subscale of the
NPI [36]. Together, these findings suggest that AMPA-
PAMs can exert effects on neuropsychiatric symptoms of
AD patients, but the effect is not dose related and the effect
size seems insufficient compared to antidementia drugs
(AChE inhibitors, memantine) used to improve both cognitive
functions and behavioral symptoms [27,37].

S47445 was well tolerated in this population with no sig-
nificant difference from placebo for EAEs, SAEs, and with-
drawals. It is important to note that despite the study
population, few withdrawals were recorded. Despite the fact
that treatments such as antidementia agents, antidepressants,
neuroleptics, and anxiolytics/hypnotics (except benzodiaze-
pine with a short/medium half-lives) were forbidden, patients
were relatively well managed and remained in the study.

Given its procognitive and antidepressant properties,
S47445 was considered as a promising candidate for the
symptomatic treatment of memory deficits in patients who
have a clinical diagnosis of both depression and probable
AD of mild to moderate severity, even if animal models of
AD presented a very poor predictive validity for the sporadic
form of the human disease [38]. The study failed to demon-
strate cognitive benefit on the primary outcome, although
behavior improved. Knowledge about the effects of
AMPA-PAMs effects on human memory is limited, and
our findings add more weight to the assumption that these
agents do not exert a clear benefit [39-41]. Null findings
advance the field, and the information gained from this
study can inform future clinical trials involving AMPA
modulation for both cognitive and behavior outcomes.
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RESEARCH IN CONTEXT

1. Systematic review: This paper described the results
of a phase 2 clinical trial performed in Alzheimer’s
disease (AD) patients. The tested drug is a positive
modulator of AMPA receptors, S47445, which
presented both procognitive and antidepressant
properties. Alzheimer’s patients, who presented
depressive symptoms, were included in this study.

2. Interpretation: The study failed to demonstrate a
cognitive benefit, although a slight behavioural pos-
itive effect was observed. Null findings advance the
AD field, a domain that knows a high failure rate in
drug development.

3. Future directions: The information gained from this
study can inform future clinical trials involving
AMPA modulation for both cognitive and behaviour
outcomes, and by increasing data in this population
which is often excluding from clinical trial assessing
treatments for cognition.
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