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FENM, a Drug Candidate to cure Alzheimer’s Disease (AD) 

and Post-Traumatic Stress Disorder (PTSD)
A platform addressing Neurological Diseases through NMDA GluN2D Receptor inhibition
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PTSD

2

• NMDA-R is a key component of the synaptic plasticity 
underlying working & long-term memories

• Dysregulation of NMDA-R is critical in the 
physiopathology of PTSD

• NMDA-R antagonist class ranks #1 as warranted drug 
developments

AD

• NMDA-R plays a central role in the synaptic 
excitotoxicity underlying AD’s cognitive impairment

• NMDA-R hyperactivation is also linked to the tau 
neurofibrillary degeneration in AD

• NMDA-R antagonists with larger therapeutic index 
than Memantine are needed

2017: Consensus statement of the 

PTSD psychopharmacology working 

group (US Experts & KOL)

First Market Authorization for 

Memantine in AD granted in 2002

NMDA Receptor family is at the cross-road of several 
serious cerebral disorders

Confidential - Property of ReST Therapeutics



ReST FENM significant milestones
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2013 2021

Preclinical POC 
and MOD for AD 

and PTSD

10-2022

GMP clinical
batches of both

API and FD 
produced for FIH

2015

FENM is a functional 
radiotracer

Design and first 
synthesis of FENM

05-2022

FENM passes all 
regulatory tests to 

enter Clinical Phase

03-2023

Positive EMA 
Scientific Advice

on FIH
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FENM, a New Chemical Entity inspired by NMDA 
antagonist benchmark Memantine

• Even though FENM and Memantine molecules have both adamantane ring and amine, they are 
strictly different since FENM has a fluoro-ethyl group 

• Interestingly, FENM and Memantine share most in vitro and animal pharmacokinetics
(excellent gastrointestinal absorption, very low protein binding, unsignificant metabolization, renal 
elimination)

4

FluoroEthylNorMemantineMemantine
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CDMO : M2I Lifesciences

5

FENM – API Chemistry - [18F]FENM Radiotracer
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FENM – API Chemistry – FENM API

CDMO : M2I Lifesciences
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FENM – FDF Stability testing
CDMO : EUROFINS

7
Confidential - Property of ReST Therapeutics

25°C/60%RH 40°C/75%RH



12/10/2022

([18F]MEM shows no correlation with NMDA localization)*

FENM was primarily 
designed to be a PET 

Radiotracer – [18F]FENM 
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* S.M. Amatemey et al.,Nuclear Medicine et Biology, 29 (2002), 227-231



[18F]FENM has a favourable bioavailability

9

• The BBB crossing test showed that at 60 minutes after injection, 0.34% DI/g of FENM was in the brain, with the 
highest level of radioactivity in the cortex

• Uptake in the brain is constant after 40 min of injection. The highest uptake was found in the cortex and 
cerebellum, while the lowest was found in white matter.

• Low residence time of FENM in the body
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Contrary to [18F]MEM, [18F]FENM is specific to NMDA 
dense regions

10
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[18F]MEM [18F]FENM



[18F]FENM is a highly specific functional radiotracer

[18F]FENM colocalizes with NMDA-R [18F]FENM competes with Ketamine
a NMDA-R antagonist used as an anaesthetics

11
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[18F]FENM is today the only functional radiotracer, 
with demonstrated correlation with NMDA-R density
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Author Brain correlation Functional
Applied in 

human brain
Haradahira et al., 1998 ND NO NO

Ouyang et al., 1996 ND NO NO

Sobrio et al., 2010 ND NO NO

Owens et al., 1997 ND NO NO

Hartvig et al., 1995 ND NO YES

Ametamey et al., 1995 ND NO YES

Dumont et al., 2002 ND NO YES

Robins et al., 2010 ND NO YES

Leung, 2004 NO NO NO

Fuchigami et al., 2014 ND NO NO

Roger et al., 2003 ND NO NO

Labas et al., 2009 ND NO NO

Claiborne et al., 2003 ND NO NO

Salabert et al., 2015, 2018 YES YES YES

Clinical trial on Gilles de la Tourette syndrome*

*NCT 0368179 - GlutaTour; Marie Beaurain et al.; Front. Med. (2019)

FENM
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12/10/2022 Comparison with Memantine

FENM in AD
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Results of the clinical trial in Namenda (FDA Summary of Product Characteristics)

24 weeks duration, 404 patients with moderate to severe probable Alzheimer’s disease who had been treated 

with donepezil … were randomized to memantine hydrochloride or placebo while still receiving donepezil. For 

patients randomized to memantine hydrochloride, treatment was initiated at 5 mg once daily and increased 

weekly by 5 mg/day in divided doses to a dose of 20 mg/day (10 mg twice a day).

Methodology

Results 

14

In AD patients, Memantine efficacy is lost over time
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Neuroprotection by FENM is persistent and takes over 
when Memantine effects vanish in AD translational 
model

15

2020

26/05/2023

Persistent Neuroprotection
by FENM

Consistent Neuroprotection 
by FENM



FENM persistent effects are supported by its efficient 

neuroprotection that Memantine dose not have

Confidential - Property of ReST Therapeutics
16

2020

In Aβ (25-35) paradigm

FENM
MEMANTINE
NaCl

Astrocytes cells

Apoptosis Oxydative stress

Neuroinflammation

7days of treatment
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2020

In Aβ (25-35) paradigm

FENM

MEMANTINE

NaCl

Place learning in the Water Maze

Topographic memory in the Hamlet

FENM persistent effects are supported by its

efficient anti-amnesic effect

Treatment 7 days after Aβ25-35 induction



FENM persistent effects are supported by its efficient 

neuroprotection that Memantine dose not have
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FENM PK and Synergies
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FENM may have long ½ Life in Human when compared 

with animal PK (same as Memantine)
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FENM may have long ½ Life in Human when compared 

with animal PK (same as Memantine)

Confidential - Property of ReST Therapeutics

Beconi MG, Howland D, Park L, Lyons K, Giuliano J, Dominguez C, Munoz-Sanjuan I, Pacifici R. Pharmacokinetics of memantine in rats and 

mice. PLoS Curr. 2011 Dec 15;3:RRN1291. doi: 10.1371/currents.RRN1291. PMID: 22307216; PMCID: PMC3269340.
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FENM may have long ½ Life in Human when compared 

with animal PK (same as Memantine)
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FENM Possible PK variations checked infusion 

administration

In Aβ (25-35) paradigm

FENM 0,1 mg/kg/day

Treatment 7 days after Aβ25-35 induction
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Synergistic protection against cognitive deficit 

using FENM 
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In Aβ (25-35) paradigm

FENM + Donepezil
FENM + Sigma (δ) Agonist

7 days of treatment
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12/10/2022 Comparison with Ketamine

FENM in PTSD

Confidential - Property of ReST Therapeutics
26



Promising Ketamine fails to demonstrate efficacy in PTSD

“This clinical trial failed to find a significant dose-

related effect of ketamine on PTSD symptoms”

Published in Neuropsychopharmacology, July 2022, 47(8) : 1574-1581

N=158 in 3 Veterans Affairs recruitment sites

Double-blind randomized trial

Results

Methodology (multi-center randomized Phase III)

Higher doses could not be considered because of the 

dissociative (already observed at 0.5mg/kg) and 

anaesthetic effects

2 Doses :

low 0.2mg/kg and standard 0.5 mg/kg

Even though this well-know NMDA-R Antagonist very efficiently treats depression

27
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As a fact, anxiety induced by Ketamine likely hampers its 
clinical potential in PTSD

28

M e t h o d o l o g y

• 31 patients (16 women) with MDD primary diagnostic

• 3 ketamine infusions per weeks (0.5mg/kg) over 2 weeks.

26/05/2023

R e s u l t s

• Response to treatment measured  by MADRS shows two 
different groups of responders and non-responders

• Which correlates with anxiety related experience during 
treatment session assessed by 5D-ASC

Aust et al. Eur Neuropsychopharmacology (2019) 29, 529-538



FENM decreases anxiety

ketamine doesn’t

FENM is efficient in preclinical models for PTSD

in a different and far superior way than Ketamine*

Methodology

Results

FENM alleviates stress-induced despair

better than Ketamine

29

*Ketamine being used at 

a highly psychedelic

dose level of 30mg/kg 
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FENM is also efficient in primary prophylaxis

Saline, (R,S)-ketamine (30 mg/kg, highly

psychedelic dose), or FENM (10, 20, or 

30 mg/kg) was administered 1 week prior 

to Fear Conditioning

FENM attenuates learned fear and decreases stress-induced behavioral despair when 

administered as a prophylactic

Methodology

Results

2021
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Methodology Results (t2 session)

31

2021

FENM also facilitates extinction of learned fear in 

preclinical models
where psychedelic Ketamine* could not even be applied, and Memantine** has no or negative impact

Confidential - Property of ReST Therapeutics

* See Chen et al. (supp material)
** See Dong et al. and Ishikwa et al. 

https://pubmed.ncbi.nlm.nih.gov/34274107/
https://pubmed.ncbi.nlm.nih.gov/18418360/
https://pubmed.ncbi.nlm.nih.gov/27669409/


Fear Release – Focus on the Extinction phase and 

propranolol comparison

32
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ReST has reproduced the 

results of Rodriguez-

Romaguera et al (2009) on 

propranol, where injection 

before extinction only has 

effect during this stage

https://pubmed.ncbi.nlm.nih.gov/19246030/


12/10/2022 Comparison the Memantine and Ketamine

FENM MOA
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FENM targeted selective inhibition of NMDA-R GluN2D 
in inhibitory interneurons explains its efficacy

34

26/05/2023

Mode of Action

FENM selectively inhibits
GluN2C & GluN2D

FENM accurately colocalizes with 
NMDA-R
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Despite the fact that Ketamine & Memantine still have 

relative better affinity to 2C/2D than 2A/2B
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7,61 µM

1,02 µM

1,08 µM

12,59 µM

6,97 µM

1,43 µM

1,27 µMGluN1/ GluN2D

FluoroEthylNorMemantine Memantine Ketamine

GluN1/ GluN2A

GluN1/ GluN2B

GluN1/ GluN2C

IC50 1mM Mg2+ IC50 1mM Mg2+

200 µM

13,9 µM

17,88 µM

IC50 1mM Mg2+

20 µM200 µM                                          

SPRAVATO (Janssen): “The precise mechanism of action of ESK in MDD is unknown, but the prevailing theory is that it preferentially 

blocks NMDA receptors on inhibitory γ-amino-butyric acid (GABA)-ergic interneurons. Evidence within the literature suggests that this 

blockade transiently enhances the activity of glutamatergic neurons, including increasing the presynaptic release of glutamate, and 

stimulation of postsynaptic AMPA receptors”. 

1-10mM

10-100mM

> 100mM
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With a too high target engagment on 2A/2B, ketamine

inhibits NMDA and AMPA bursts while FENM only acts on 

AMPA bursts ….

Confidential - Property of ReST Therapeutics

2021

KETAMINE FENM

Dose (mg/kg) 30 20

Brain Cmax in mmol 21 65

Estimated Target Engagment 

for pyramidal cells 70% 20%

Estimated Target Engagment 

for interneurones 95% 80%
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And with 2C/2D specificity, FENM does not affects the 

dissociative associated c-fos expression while ketamine

does it 2021

KETAMINE FENM

Dose (mg/kg) 30 20

Brain Cmax in mmol 21 65

Estimated Target Engagment 

for pyramidal cells 70% 20%

Estimated Target Engagment 

for interneurones 95% 80%
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… which finally explains the lack of side effects for FENM

38

• High 28D NOAEL in rodent and canine (EMA scientific Advice allows for 3,2mg/kg in human)
• High NOAEL in safety studies (FOB, Respiratory, Cardio)
• No genotoxicity

… and its highly favourable regulatory (FDA/EMA) toxicology/safety profile
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In the case of AD, the action of FENM goes through the 
reversion of NMDA 2A/B and PSD 95 impairments 
mediated by soluble amyloid peptides in synaptosomes

39
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12/10/2022 2013 - 2023

IP and Publications
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FENM has a strong IP base

ReST Therapeutics fully owns 2 patent families (FENM and its application for treating PTSD) 

which have been granted in several counties (US, EU, …):
• 2013 - EP3003399 - NOVEL CHEMICAL COMPOUNDS DERIVED FROM NORMEMANTINE AND USE 

OF SAME IN THE MEDICAL FIELD

• 2017 - EP3723742 - USE OF FLUOROETHYLNORMEMANTINE FOR THE PREVENTION AND 

TREATMENT OF ANXIETY 

ReST Therapeutics co-owns and has exclusive rights to two other 2 patent applications 

(FENM application to Neurodegeneratives diseases), one having been published :
• 2020 - WO2021234324 - COMPOUND AND COMPOSITION FOR INDUCING NEUROPROTECTION

• 2021 - WO2023079187  - NEW SYNERGISTIC COMBINATIONS BASED ON FENM AND AN 

ACETYLCHOLINESTERASE INHIBITOR 

ReST Therapeutics has an Option for exclusive license on a Patent of Columbia (FENM for 

primary protection against Stress) :
• 2020 - EP3968977 - COMPOSITIONS AND METHODS AGAINST STRESS-INDUCED AFFECTIVE 

DISORDERS AND THEIR ASSOCIATED SYMPTOMS

41

Exclusivity 2042 on PTSD and 2045 on AD with CTT

Confidential - Property of ReST Therapeutics

https://worldwide.espacenet.com/patent/search?q=pn%3DUS2016107982A1
https://worldwide.espacenet.com/patent/search?q=pn%3DUS2016107982A1
https://worldwide.espacenet.com/patent/search?q=pn%3DUS2020383939A1
https://worldwide.espacenet.com/patent/search?q=pn%3DUS2020383939A1
https://worldwide.espacenet.com/patent/search?q=pn%3DWO2021234324A1
https://worldwide.espacenet.com/patent/search/family/080595290/publication/WO2023079187A1?q=pn%3DWO2023079187
https://worldwide.espacenet.com/patent/search/family/080595290/publication/WO2023079187A1?q=pn%3DWO2023079187
https://worldwide.espacenet.com/patent/search?q=pn%3DEP3968977A1
https://worldwide.espacenet.com/patent/search?q=pn%3DEP3968977A1


FENM IP Portfolio status as of Feb 27 2023 (I)

42
Confidential - Property of ReST Therapeutics



FENM IP Portfolio status as of Feb 27 2023 (II)

43
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… and high-impact scientific publications

FENM as a Radiotracer

• Anne-Sophie Salabert et al.; Radiolabeling of [18F]-fluoroethylnormemantine and initial in vivo 

evaluation of this innovative PET tracer for imaging the PCP sites of NMDA receptors; Nuclear

Medicine and Biology (2015)

• Anne-Sophie Salabert et al.; Evaluation of [18F]FNM biodistribution and dosimetry based on whole-

body PET imaging of rats; Nuclear Medicine and Biology (2018)

FENM as a Drug candidate in AD

• Simon Couly et al.; Anti-amnesic and neuroprotective effects of Fluoroethylnormemantine in a 

pharmacological mouse model of Alzheimer’s disease; International Journal of 

Neuropsychopharmacology (2020)

• Allison Carles et al.; Neuroprotective effects of Fluoroethylnormemantine (FENM) in the Aß25-35 

mouse model of Alzheimer's disease: chronic infusion by Alzet pumps and long-term efficacy; 

Neurosciences (2022)

FENM as a Drug candidate in PTSD

• Briana K. Chen et al.; Fluoroethylnormemantine, A novel derivative of memantine, facilitates extinction 

learning without sensorimotor deficits International Journal of Neuropsychopharmacology (2021)

• Briana K.Chen et al.; Fluoroethylnormemantine, a Novel NMDA Receptor Antagonist, for the Prevention 

and Treatment of Stress-Induced Maladaptive Behavior. Biological Psychiatry (2021)
44

Confidential - Property of ReST Therapeutics



12/10/2022

Clinical development 
strategy
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P h a s e  I I a
150-200 Patients, primary to demonstrate:
• PTSD Phase IIa:  patients at various stages of PTSD consolidation 

(3 months, 6 months, 12 months, 24 months + 30 days administration)
• AD Phase IIa:  patients at increasing AD 4 stages (30 days administration)
• Biomarker Phase II: [18F]FENM PET scan at the inclusion, after 30 days 

treatments, and at 6 months on the patients from AD Phase IIa

FENM clinical pathway until PIIb

46

P h a s e  I  
~80 Healthy volunteers, primary to 
demonstrate:
• The safety of the drug and notably (Lack of 

off-target effects and psychotropic activity)
• Proper pharmacokinetic properties of the 

drug

Confidential - Property of ReST Therapeutics



Strategy for early Pharmacodynamics demonstration (I)

There is no “unequivocal biomarker” of specific inhibition of GluN2D-containing-NMDA-R in human and specific GluN2D-linked activity. So
there is a need for early demonstration of FENM pharmacodynamics.

FENM Clinical pathway makes use of both PTSD and AD developments to successfully show, that during the phase 1a (SAD) and the two 1b
(MAD) studies:

1. FENM does cross the Blood-Brain-Barrier;

2. FENM does interact with (at least one member of) the NMDA-R family;

3. FENM does not exert clinical activities know to be related to GluN2A- & GluN2B- NMDA-R, which would prove the specificity
of FENM

Due to safety and ethical considerations regarding human subjects involved in clinical trial we would be able to deploy this demonstration on
3 clinical trials:

• SAD – Single ascending dose of oral administrated FENM

• MAD PTSD – 28 days Multiple Ascending dose of oral AFENM in Young Healthy Volunteers. It is very unlikely that we would
be in position to do this study on PTSD patients, given the variables still pending at the end of the FIH considering repeated
administration. Additionally, in 2024, ReST would not have acquired the preliminary repro-tox safety results allowing to
include non-menopaused women in the study.

• MAD AD – 28 days Multiple Ascending dose of oral AFENM in Elderly patients with AD. Conversely, once, the P1b phase
results show the good tolerance on Young Healthy Volunteers of an FENM 28 days treatment, it will make sense, given the
problematic definition of “healthy” in elderly volunteers (and the associated risk to participate into any P1 trial) and the
importance to address some key biomarkers for further clinical development in AD, to apply for a CTA in AD patients for this
study.

Biomarkers selection

47
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Strategy for early Pharmacodynamics demonstration (II)

48

Single ascending dose of oral administrated FENM 28 days Multiple Ascending dose of oral FENM in 

Young Healthy Volunteers

28 days Multiple Ascending dose of oral FENM in 

Elderly patients with AD

FENM does 

cross the Blood-

Brain-Barrier

• NA • PET-Scan/MRI with 18-FENM at the inclusion (primary

baseline)

o good crossing of the Blood-Brain-Barrier in Human;

o low non-specific binding/noise, with strong labelling

of cerebral cortex, cerebellar cortex, brain stem

and central nuclei (grey matter)

• PET-Scan/MRI with 18-FENM also at :

o 4 weeks of administration, at equilibrium of

measured FENM plasma concentration (assuming

equilibrium also within the brain) : competition

between steady state cold-FENM and 18-FENM;

o 2 weeks after treatment discontinuation, with no

more FENM in plasma (measured and controlled) :

secondary baseline

• At D0 and D28:

o dosage of FENM level in CSF (CerebroSpinal

Fluid) obtained by lumbar

o additional CSF biomarkers : Amyloid-β42, total

Tau, phospho-Tau;

• this will also allow a simultaneous pharmacokinetic

analysis of plasma and CSF concentrations of FENM, at a

stationary level and quasi equilibrium of plasma

concentration; thus, we will confirm brain & CSF

penetration of FENM, and we will be able to quantify this

penetration through the clinical measure of the ratio

“CSF/plasma concentrations”.

FENM does 

interact with (at 

least one 

member of) the 

NMDA-R family

• Optional measurement of plasma level BDNF at higher

doses

• PET-Scan/MRI with 18-FENM 4 weeks after the

discontinuation of the treatment to show :

o competition between ketamine-IV at 0.5mg/kg (a

dose that affect all NMDA-R subtypes) and 18-

FENM

o We anticipate that ketamine will strongly decrease

(maybe even will almost abolish) 18-FENM

radiolabelling (i.e. like that has already been

observed and published in rats)

• Optional measurement of plasma level BDNF at higher

doses

• NA

FENM does not 

exert clinical 

activities know 

to be related to 

GluN2A- & 

GluN2B- NMDA-

R, which would 

prove the 

specificity of 

FENM

• at plasma FENM pic concentration (6-8h after oral intake),

for the 3 higher doses :

o canonical scales used for assessment of sedation

(Ramsay scales)

o dissociation (CADSS-6, full CADSS, typically found

in publications with ketamine),

o to ensure that no classic clinical effects of non-

specific NMDA antagonist (Ketamine, Memantine)

are observed

• at D7, D14, D21, D28, D42 :

o canonical scales used for assessment of sedation

(Ramsay scales)

o dissociation (CADSS-6, full CADSS, typically found

in publications with ketamine),

o to ensure that no classic clinical effects of non-

specific NMDA antagonist (Ketamine, Memantine)

are observed

• NA
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