The Journal of Prevention of Alzheimer’s Disease - JPAD©
Volume 4, Number 4, 2017

Review

Neflamapimod: Clinical Phase 2b-Ready Oral Small Molecule Inhibitor
of p38a to Reverse Synaptic Dysfunction in Early Alzheimer’s Disease

J. Alam, K. Blackburn, D. Patrick

EIP Pharma LLC, 11 Channing Street, Cambridge MA 02138, USA

Corresponding Author: John Alam, MD, EIP Pharma, LLC, 11 Channing Street, Cambridge MA 02138, phone: 617-945-0794, jalam@eippharma.com

] Prev Alz Dis 2017;4(4):273-278
Published online September 27, 2017, http:/ / dx.doi.org/10.14283 /jpad.2017.41

Abstract

Neflamapimod (previously code named VX-745) is a clinical
phase 2b-ready highly specific inhibitor of the intra-cellular
enzyme p38 mitogen activated protein kinase alpha (“p38a”)
that is being developed as a disease-modifying drug for
Alzheimer’s disease (AD) that acts via targeting synaptic
dysfunction. Neflamapimod was discovered through a
proprietary structure-based drug discovery platform at Vertex
Pharmaceuticals, and developed previously by Vertex through
to phase 2a in rheumatoid arthritis. EIP Pharma licensed the
compound in 2014 for development and commercialization
as a treatment of central nervous system (CNS) disorders.
Neflamapimod is the most advanced in the clinic drug that
targets specific molecular mechanisms within neurons that
leads to synaptic dysfunction, the pathogenic process that is
now considered to be a major driver of the development of
memory deficits and disease progression in the early stages
of AD. Based on the scientific rationale of targeting synaptic
dysfunction and the preclinical data, neflamapimod has the
potential to both reverse memory deficits and slow disease
progression. Phase 2a clinical data in patients with early-
stage AD (MMSE 20-28, biomarker positive) provides evidence
that the preclinical science may be translatable to human
Alzheimer’s, as 6- to 12-weeks of neflamapimod treatment led
to significant improvement in episodic memory, the best clinical
measure of synaptic dysfunction in AD. A phase 2b six-month
placebo-controlled 150-patient clinical study is anticipated to
start by end of 2017. This study is designed to definitively
demonstrate that neflamapimod reverses memory deficits,
and also to provide preliminary evidence that the drug slows
disease progression.
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Introduction

that reverses and/or slows disease progression.

Until recently, the primary objective of
experimental approaches to address disease progression
in AD has been directed at slowing the rate of neuronal
loss (“neurodegeneration”). As neurodegeneration is
irreversible, an inherent limitation of such approaches is
that they will be limited to slowing disease progression,
rather than also reversing disease progression. In
the past five years, dysfunction and loss of synapses
has emerged as an additional therapeutic objective to
addressing AD progression, particularly in the early
stages of symptomatic disease prior to the onset of
significant neurodegeneration. Specifically, it appears
the synapse is the convergence point for amyloid beta,
tau, and inflammation, with synaptic dysfunction
and synapse loss potentially being the fundamental
pathogenic event within the neuron that leads to the
defining characteristic of AD, memory deficits (1). The
importance of synaptic dysfunction was underscored in a
recent review that stated “Several lines of evidence point
to synaptic dysfunction as a cause of AD” (2).

Importantly, for AD disease progression, targeting
synaptic dysfunction has potential advantages over
targeting neurodegeneration. In particular, in animal
models synaptic dysfunction and loss is reversible.
Further, reversal of synaptic dysfunction in the early
stages of clinical disease leads to both improvement
in function (i.e., reversal of disease progression) that
is measurable within weeks of treatment initiation
and arrests the neurodegenerative process (3, 4).
Thus, therapeutic interventions that target synaptic
dysfunction have the potential to both reverse and slow
disease progression in the early stages of AD, when
neurodegeneration is not the primary driver of disease
progression.

In parallel with the developments on the importance
of synaptic dysfunction, as discussed in the scientific
rational section, the understanding that the alpha
isoform of the protein kinase p38 MAP kinase (p38a) as
a critical driver of synaptic dysfunction in pre-clinical
models has emerged (5-9). This article summarizes the

There is currently no therapy available for AD
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scientific rationale for targeting p38a to reverse synaptic
dysfunction in AD, and the non-clinical and clinical data
with an investigational drug, neflamapimod (previously
code-named VX-745) (10), that specifically inhibits p38a
kinase activity. Collectively, the scientific rationale,
nonclinical data and clinical results, indicate that
neflamapimod has the potential to reverse AD-related
synaptic dysfunction; in particular, the early clinical
results strongly suggest that the mechanistic rationale is
translating in the clinic, with improvement in episodic
memory function with 6- 12- weeks of treatment.
Confirmation of the ability of neflamapimod to reverse
AD-related synaptic dysfunction awaits the results of a
six-month placebo-controlled phase 2b study that is due
to commence at the end of 2017.

Scientific Rationale

In the brain, p38a regulates inflammation through
its expression in microglia and astrocytes. Under stress
and disease, p38a is also expressed in neurons, where
its expression is considered to be a critical contributor
in the toxicity of amyloid-beta, inflammation, and tau
to synapses (11-17). Consistent with that science, the
functional deficits are fully reversed with only 2 to 3
weeks of treatment with p38a selective small molecule
kinase inhibitors in three distinct animal models (APP/
PS1, aged rats and hTau mice) in which cognitive
deficits are induced by amyloid-beta, inflammation,
or tau, respectively (18-20). Further, genetic reduction
of neuronal p38a in Amyloid-Precursor-Protein (APP)
overexpressing transgenic mice improves synaptic
transmission and plasticity (i.e. prevents synaptic
dysfunction), reduces memory loss, and reduces amyloid
pathology (21). Moreover, genetically knocking down
p38a in neurons protected mice from developing
age-related hippocampal dysfunction and decline in
neurogenesis (22).

From a mechanism standpoint, emerging evidence
indicates the p38a mediates synaptic dysfunction and
amyloid beta generation by disrupting proteostasis, i.e.
the normal physiologic homeostatic regulation of protein
turnover, within the neuron; while maintenance of
proteostasis is critical for finely tuned synaptic function
(23-25). More specifically, p38a has been demonstrated
to impair autophagy-mediated protein degradation and
endolysosomal function (25-28), both of which impair
protein receptor turnover and protein synthesis.

Non-clinical results with neflamapimod

Potent, selective inhibitor of p38a kinase

Neflamapimod is an ATP competitive inhibitor of p38a
kinase. In vitro, neflamapimod potently inhibits p38a,
with a 9 nanomolar IC50 (50% inhibitory concentration)

NEFLAMAPIMOD TO REVERSE AD-RELATED SYNAPTIC DYSFUNCTION

(10). When evaluated against a panel of 442 kinases
by an independent academic laboratory VX-745 was
shown to potently bind only p38a and p38p, the latter
approximately 25-fold less potently (29). Based on these
and other data, neflamapimod has been described as “the
most selective” p38a inhibitor (30).

Potent cellular activity

In an in vitro human cell system, neflamapimod
has a <10 nanomolar estimated potency (IC50) for
reversing Alzheimer’s Precursor Protein (APP) induced
endolysosomal dysfunction (28), the physiologic defect
within neurons that is increasingly considered the major
cause of synaptic dysfunction in AD (25). In the same
experiments, the cellular potency for inhibition of p38
activity was less than 10 nanomolar concentration.

Reverses Synaptic Function In Vivo

To confirm the results with genetic knockout and other
compounds on the role of p38a in the development of
synaptic dysfunction, neflamapimod was tested in the
aged rat model of age-related cognitive decline. The
cognitive deficit in aged rats has been shown to result
from synaptic dysfunction primarily due to inflammation
(13), but also due to age-related increases in amyloid
beta in the brain (31). Thus, aged rats provided an ideal
platform to test whether neflamapimod would reverse
synaptic dysfunction due to inflammation and amyloid-
beta. The published results (19) showed that 17 days of
treatment with neflamapimod fully reversed the learning
deficits in the Morris-water-maze-test in 20- to 22-month
old rats, with the performance of aged rats treated with
neflamapimod at the optimal dose being significantly
better than vehicle (placebo)- treated aged rats (p=0.007
for latency, p=0.01 for distance) and being similar to
that of young rats. These data combined with dose
response data in prior animal and clinical studies, were
then utilized to identify doses for the phase 2a clinical
studies in early AD.

Neflamapimod has also been studied in an induced-
stroke model in rats: transient ischemia of sufficient
duration was induced such that significant neurologic
disability developed and did not substantially reverse
during follow-up without therapy. These rats were then
treated with vehicle (controls) or neflamapimod. Six
weeks of neflamapimod treatment, starting at 48-hours
after stroke, led to substantial improvement on multiple
parameters of neurologic function compared to vehicle
controls (p<0.001 for each of global neurologic scores,
motor- and sensory-specific tests; Alam et al, manuscript
submitted) (32). As recovery after stroke is dependent
on neuronal and synaptic plasticity (33), these results
further confirm that neflamapimod is active in reversing
impaired synaptic plasticity in animals.
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Table 1. Neflamapimod Phase 2a Clinical Trials Findings

Endpoint

Pharmacokinetics

Pharmacodynamics

Cognitive Endpoints

Findings
Steady-state average plasma drug concentrations exceeded IC50 for p38a inhibition; terminal half-life
~16 hours

Robustly blood-brain-barrier penetrant in humans, with a CSF to unbound plasma drug concentration
ratio of ~1.2

Target engagement at 40 mg dose level demonstrated by (1) reduction in amyloid plaque levels by PET
scan, consistent with effect on amyloid plaque production and (2) plasma drug concentration dependent
reduction of CSF IL-8 and TNFa levels after 6 weeks of dosing

Statistically significant within-subject improvement in episodic memory function, as assessed by Wechsler
Memory Scale Immediate and Delayed Composites (12-week study) or HVLT-R Total and Delayed Recall

(6-week study). ES ranged from 0.6 to 0.9.

Safety Well tolerated, with no safety signals identified
One of 25 treated subjects discontinued early; discontinuation attributed to post-lumbar puncture
syndrome
Most common treatment-related adverse events were diarrhea and somnolence; 4 events each (16%
incidence), all reported as mild.

Toxicology Early AD Phase 2a Clinical Trials Design

As described in detail in the neflamapimod
investigator brochure, a full chronic toxicology program
has been completed in rodents (rats) and non-rodents
(dogs). In the rodent species, in the six-month toxicology
study, no human relevant findings were evident
at dose levels that provided plasma drug exposures
approximately ten-fold higher than those achieved in the
AD clinical trials; in shorter-term studies, the primary
target organ was the liver, with findings commencing
at plasma drug exposures twenty-fold higher than the
AD clinical trial exposures. In the non-rodent species,
in 9- and 12-month toxicology studies, dose dependent
findings were evident beginning at plasma drug
exposures approximately ten-fold higher than in AD
clinical trials; with minimal to equivocal findings at that
dose level in the liver, bone marrow and CNS.

Clinical results with neflamapimod

Prior Clinical Development Experience

Phase 1 trials and a phase 2a clinical trial in patients
with rheumatoid arthritis (RA) were conducted by
Vertex. Approximately 150 health volunteers or patients
with RA received neflamapimod for up to 3 months at
250 mg twice daily, which is five times the therapeutic
dose for AD. Anti-inflammatory effects and statistically
significant effects on American College of Rheumatology
response rates were demonstrated in the RA phase 2a
clinical study (neflamapimod investigator brochure).

EIP Pharma initiated two phase 2a trials in patients
in the early stages of Alzheimer’s disease in May 2015:
Study 302, a 12-week treatment study conducted at VU
Medical Center in Amsterdam, Netherlands; and Study
303, a 6-week treatment study conducted at the contract
clinical pharmacology unit in Los Angeles. Both studies
enrolled patients with Early Alzheimer’s disease, defined
as patients with either Mild Cognitive Impairment (MCI)
with biomarker evidence of Alzheimer’s (i.e. “MCI due to
AD”) or very mild Alzheimer’s dementia. Oral doses of
40 mg and 125 mg twice daily in capsules were utilized
in the studies. At baseline, MMSE ranged from 20 to 28,
with a median of 24 in Study 302 and 25 in Study 303.
The studies were completed in September 2016 and the
main results have recently been reported at scientific
conferences (CTAD, 2016; AD-PD, 2017; AAIC, 2017).
The main findings are provided in Table 1.

Pharmacokinetics (s), Pharmacodynamics (PD)
and Safety Results in Phase 2a

The major PK, PD safety findings in the phase 2a
clinical studies are as follows:

® Neflamapimod was confirmed to be robustly blood-
brain-barrier (BBB) penetrant in humans, with a CSF to
unbound plasma drug concentration ratio of ~1.2.

* Mechanistic target engagement in the brain was
demonstrated for neflamapimod, as evidenced by
(1) reductions in brain amyloid plaque load at the 40
mg dose level, assessed in Study 302 by quantitative
dynamic amyloid PET scanning; and (2) plasma-
drug concentration dependent reduction in CSF
inflammatory markers (IL-8 and TNFa) in Study 303.

e Neflamapimod at a dose level up to 125 mg twice daily
for 12 weeks was every well tolerated in patients with
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Table 2. Design of Planned Phase 2b Clinical Study

NEFLAMAPIMOD TO REVERSE AD-RELATED SYNAPTIC DYSFUNCTION

Inclusion Criteria

CDR 0.5 0r 1.0

MMSE 20-28

Memory deficit at baseline

Positive AD-related CSF Biomarker
Endpoints

Primary: Episodic Memory (Hopkins Verbal Learning Test - Revised)
Secondary: Wechsler Memory Scale, CDR-SOB, MMSE, CSF biomarkers

Sample Size

75 patients per arm, randomized to placebo or 40 mg neflamapimod twice daily (150 patients total).

Alzheimer’s disease, with no safety signals identified.
There was only one early treatment discontinuation
(of 25 patients treated); which was attributed to side
effects of lumbar puncture, rather than drug treatment.
The most common treatment emergent adverse events
were diarrhea and somnolence; 4 events each (16%
incidence each), and all reported as mild.

As neuronal p38a has been shown to play a “critical
role” in amyloid beta generation and plaque production
(26,27), the effect on brain amyloid plaque load is likely
due to inhibition of p38a within the neuron leading to
decreased amyloid plaque production. At the higher
dose level of 125 mg BID, this effect was not seen,
potentially due to anti-inflammatory effect resulting from
inhibition of p38 in microglia leading to reduction of
amyloid plaque clearance, offsetting the effect on amyloid
plaque production.

Cognitive (Episodic Memory) Results in Phase
2a Clinical Studies

From a clinical standpoint, the most important finding
in the phase 2a studies was the result with the episodic
memory tests given that the disruption of hippocampal-
dependent episodic memory and learning is a critical
event in the development and symptomatology
of Alzheimer’s disease (34, 35). In clinical trials, this
process is evaluated by providing specific verbal or visual
information to a test subject and they are asked to either
immediately provide the information back (“immediate
recall”) or after a lag of 20 to 30 minutes (“delayed
recall”). Importantly, none of the symptomatic therapies
have demonstrated positive effects on episodic memory,
perhaps because they do not impact underlying synaptic
dysfunction.

Within the two phase 2a studies there were highly
statistically significant within-subject improvements in
tests of episodic memory and learning, as assessed by
Wechsler Memory Scale (WMS) immediate and delayed
recall composite measures in Study 302, and Hopkins

Verbal Learning Test — Revised (HVLT-R) in Study 303.
Analyses of the data also indicated the magnitude of the
effects on these tests were clinically significant as the
Effect Sizes (ES) of the treatment effects in the two studies
were between 0.6 and 0.9, i.e. medium to large clinically
significant treatment effects. Moreover, in clinical trials
of other agents in comparable early-stage AD patients, in
placebo-treated patients over 12 weeks on the WMS and
HVLT-R demonstrate generally slight worsening; and
when improvements have been seen, they are limited to
an ES of less than 0.2 (36-39).

To further understand the impact of neflamapimod
on episodic memory, an analysis of the relationship
between plasma drug (neflamapimod) concentrations
and outcome on WMS immediate and delayed recall tests
in the 12-week study was conducted. Using a standard
linear pharmacokinetics-pharmacodynamics (PK-PD)
regression model, a highly significant positive correlation
was established between plasma drug levels and level of
improvement at Day 84 in combined WMS-immediate
and delayed recall. Though full confirmation requires
a placebo-controlled study the combination of the ES
analysis (i.e. magnitude of treatment effect) and the
PK-PD analysis strongly argue that the improvement
seen in episodic memory in phase 2a was primarily due
to neflamapimod treatment, and not due to chance or
practice effects.

As the 125 mg dose level showed only modestly
greater effect on episodic memory function and clearly
less of an effect on amyloid plaques, 40 mg twice daily
has been identified as the optimal dose for the treatment
of Alzheimer’s disease.

Planned Phase 2b Clinical Study

The planned Phase 2b clinical study will be a six-
month treatment randomized double-blind placebo-
controlled proof-of-concept study in patients with
early Alzheimer’s disease that would be designed to
definitively demonstrate that neflamapimod reverses
memory deficits, and in doing so, would be the first drug
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to show such an effect.

The main inclusion criteria, primary and secondary
endpoints are shown in Table 2. Patients will be
randomized to either neflamapimod 40 mg or placebo
capsules twice daily with food for 24 weeks, with a
sample size of 75 patients per treatment arm providing
90% power to detect effect size (ES) of .53 and 80% power
to detect ES of .46. The sample size is substantially less
than would be required if the treatment effect were to
only slow decline in memory function; as it assumes an
improvement of function with neflamapimod treatment,
which compared to a drug that only slows decline
increases the difference between it and the placebo
group. The sample size is constructed so that as long as
there is progression in the placebo group, any amount
of improvement in the neflamapimod group will read
out as a positive result with statistical significance; in
every published study identified over six months there is
deterioration in episodic memory in well defined early-
stage AD patients.

After efficacy, the most common reason for failure
in late-stage drug development is safety. In the case of
neflamapimod, the risk of failure for safety reason should
be less than other AD drugs at this stage of development
because (1) a full chronic toxicology program has already
been completed and there are robust safety margins,
and (2) neflamapimod has already been evaluated at a
substantially higher dose level, 250 mg twice daily, in the
clinic for up to 3 months. In human clinical studies the
dose-limiting toxicity of neflamapimod was liver enzyme
elevations (transaminase only without bilirubin increases)
that were seen in 10-15% of patients at a dose of 250 mg
twice a day or higher. Liver enzyme elevations are a
known class effect of p38 inhibitors, but are also known
to be dose-dependent and seen only when drug levels
exceed that required to inhibit cytokine production in
the liver. At the 40 mg dose level, there is no to minimal
systemic pharmacological activity outside the brain and
consistent with that there were no effects on liver enzyme
levels.

Patents

EIP Pharma has made a number of discoveries related
to neflamapimod, that are reflected in four issued US
patents on the administration of neflamapimod that are
owned by the company: (a) #9,427,438, issued August
2016, to treat patients suffering from Alzheimer’s
disease, (b) #8,697,627, issued April 2014, to lower brain
amyloid plaque load (also issue of in EU and Japan); (c)
#9,427,439, issued August 2016, to promote recovery of
function in patients who have suffered acute neurologic
injury, including that resulting from acute ischemic
stroke; and (d) #9,579,322, issued February 2017, to
improve cognition by administering sufficient drug to
inhibit cytokine signaling, but not cytokine production.
The terms of the above patents run to between 2031 and

2036. Additional patents have been filed in the US and
internationally.

Conclusions

Neflamapimod through inhibiting p38a kinase
activity has demonstrated potential to address synaptic
dysfunction in AD. As synaptic dysfunction is
considered to be the major driver of the development
of memory deficits and disease progression in the early
stages of AD, neflamapimod by targeting synaptic
dysfunction has the potential to both reverse memory
deficits and slow disease progression. In clinical studies
to date, neflamapimod treatment in patients with early-
stage AD led to potentially clinically meaningful and
statistically significant improvement in episodic memory
function, the best clinical measure of synaptic dysfunction
in AD. Preparations are underway for a phase 2b placebo-
controlled six-month treatment duration 150-patient
clinical study that is designed to confirm the preliminary
clinical findings by definitively demonstrating
neflamapimod reverses memory deficits. This study
could also provide preliminary evidence that the drug
may slow disease progression.
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