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Abstract

Increasing evidence supports the role of the Receptor for
Advanced Glycation Endproducts (RAGE) in the pathology
of Alzheimer’s disease. Azeliragon (TTP488) is an orally
bioavailable small molecule inhibitor of RAGE in Phase
3 development as a potential treatment to slow disease
progression in patients mild AD. Preclinical studies in animal
models of AD (tgAPPSwedish/London) have shown azeliragon
to decrease AP plaque deposition; reduce total AP brain
concentration while increasing plasma Ap levels; decreases
sAPPP while increasing sAPPa; reduce levels of inflammatory
cytokines; and slow cognitive decline and improve cerebral
blood flow. In the Phase 2b study, 18-months treatment in
patients with mild-to-moderate AD indicated a baseline to
endpoint change in ADAS-cog of 3.1 points in favor of drug.
A greater magnitude of effect was evident in the sub-group
of patients with mild AD (MMSE 21-26) with a baseline to
endpoint change of 4 points on the ADAS-cog in favor of
azeliragon and a 1 point change in CDR-sb in favor of drug.
Azeliragon 5 mg/day delayed time to cognitive deterioration
(7-point change in ADAS-cog from baseline, logrank p=0.0149).
Based on promising results from the Phase 2b study, a Phase 3
registration program (STEADFAST) is being conducted under
a Special Protocol Assessment from FDA. The ongoing Phase
3 program, if successful may demonstrate azeliragon can slow
cognitive decline in mild AD patients.
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Introduction

here is a consensus that the pathology
I underlying Alzheimer’s disease (AD) is driven
by toxic effects of the AB peptide, abnormal
phosphorylation of the tau protein and formation of
neurofibrillary tangles, and neuroinflammation leading
to loss of synapses (1). Nevertheless, therapies directed
against production of AP, (gamma secretase inhibitors,
beta secretase inhibitors), agents that inhibit aggregation
of AP, and a variety of anti-Ap monoclonal antibodies
designed to promote removal of AR from the brain have
failed to show significant clinical benefit (2). Likewise,
anti-inflammatory agents have not been successful (3).
Anti-tau therapies are still in development.

While it is clear that the fundamental pathology of
AD is driven by AP toxicity, abnormal phosphorylation
of tau leading to neurofibrillary tangles, and
neuroinflammation, recent clinical results suggest that
addressing individual components of AD pathology may
not be sufficient to treat the majority of AD, sporadic
disease that does not arise from autosomal dominant
disease arising from mutations in the amyloid precursor
protein (APP) and mutations in components of the
gamma secretase complex (PS1/PS2). The lack of success
in these areas indicates that it is worthwhile to consider
new targets for AD therapy.

One promising target is the receptor for advanced
glycation endproducts (RAGE). RAGE, a 35 kDa type 1
membrane protein, is a member of the immunoglobulin
super-family of cell surface molecules (4, 5). Its
extracellular domain contains three immunoglobulin-
like regions, one N-terminal “V”-type domain and
two “C”-type domains. There is one transmembrane
spanning domain and a short cytoplasmic tail. RAGE
binds a variety of ligands including advanced glycation
endproducts (AGE) produced by nonenzymatic
glycoxidation, B2-integrins, S100/calgranulins,
high mobility group box 1 protein (HMGB1), Mac-1,
phosphatidylserine and the A peptide (6-11). RAGE
is expressed in vascular endothelium, neurons,
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astrocytes and microglia (12) and several RAGE
ligands may be involved with AD pathology. HMGB1
serves as a risk factor for memory impairment,
chronic neurodegeneration, and progression of
neuroinflammation in AD (13). S100 has been associated
with neuroinflammation in AD (14). AGEs and RAGE
promotes oxidative stress and neurotoxicity via an
NADPH oxidase mechanism (15) and AGEs and RAGE
regulate AP aggregation and amyloid accumulation
(16, 17). RAGE also is involved in transport of Ap from
plasma across the vascular endothelium into the CSF
(18-20). In addition, ligand binding by RAGE promotes
inflammation and oxidative stress and subsequent
activation of downstream regulatory pathways including
NF-xB, JNK and STAT (11, 21, 22). AGEs induce tau
hyperphosphorylation, memory deterioration, decline
of synaptic proteins, and impairment of long-term
potentiation (LTP) in rats via RAGE activation of GSK-3
(23).

An increasing body of data indicates RAGE is
intimately involved in the pathology of AD and that an
orally bioavailable small molecule inhibitor of RAGE
may have benefit in treatment of AD. A small molecule
inhibitor of RAGE, FPS-ZM1, could inhibit RAGE-
mediated influx of plasma A 1-40 and A{31-42 into
the brain and reduce brain levels of A 1-40 and Ap1-
42. In addition, it inhibited beta secretase activity and
lowered Af production, suppressed microglial activation,
normalized cognitive performance and cerebral blood
flow in aged APPsw /0 mice (24).

Azeliragon (TTP488, formerly called PF-04494700) is an
oral, small molecule inhibitor of RAGE that has similarly
demonstrated beneficial effects in animal models and
is currently in Phase 3 development for the treatment
of patients with mild AD. The clinical development
program has been granted Fast Track Designation by
the United States Food and Drug Administration (FDA)
with the Phase 3 study design being approved by FDA
through a Special Protocol Assessment.

Azeliragon, preclinical results

Azeliragon (3-[4-[2-butyl-1-[4-(4-chlorophenoxy)
phenyl]imidazol-4-yl]phenoxy]-N,N-diethylpropan-
1-amine) was developed by vTv Therapeutics from
compounds identified in a RAGE inhibition screen. It
is highly specific for RAGE with a high affinity (Kd for
binding to recombinant human sRAGE = 12.7 + 7.6 nM)
with negligible off target binding in a screen of greater
than 100 receptors/ transporters.

Preclinical Biology
Azeliragon 0.3 mg/kg, 1 mg/kg, 3 mg/kg or vehicle

was orally administered once daily to 12-month-old
tg APPSWE/LON transgenic mice for 3 months followed
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by evaluation of cognition/behavior (Morris Water Maze
test), brain amyloid deposition, Ap peptide and sAPP
levels, and inflammatory markers. Plasma was collected
for analysis of AP peptide levels (25). Azeliragon
decreases AP deposition in tgAPPSWE/LON transgenic
mice. As shown in Figure 1, there was a dose-dependent
decrease relative to vehicle in both total AB as measured
by ELISA and AP plaque deposition (Figure 1, A, B).
Both AB1-40 and AB1-42 accumulation in tgAPPSWE/
LON mice were prevented in a dose-dependent manner
with an accompanying increase in plasma Ap (Figure 1,
D, E, F). These results are consistent with the hypothesis
that azeliragon inhibits RAGE mediated transport of
circulating AP into the brain. Azeliragon also reduced
brain concentrations of sAPPB with a concomitant
increase in sAPPa consistent with the hypothesis that
inhibition of RAGE by azeliragon decreases B-secretase
activity (Figure 1, C).

Figure 1. Amyloid plaque reduction with azelerigon 9
month old tgAPPSWE/LON mice treated with 1 mg/kg
azeliragon orally once daily for 3 months (A) and total A
reduction with daily po dosing of azeliragon (B). Dose
dependent decrease of brain AB (D, E) and increase in
plasma A (F). Dose dependent increase in brain sAPPa
and decrease in sAPP{ (C). Dose dependent reduction of
brain IL-1 (G), TNF (H), and TGEp (I)
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Inhibition of RAGE would be expected to reduce brain
inflammation. Treatment with azeliragon decreased brain
levels of inflammatory cytokines in brains of tgAPPSWE/
LON mice in a dose-dependent fashion. This is consistent
with the observation that inhibition of RAGE reduces
neuroinflammation (Figure 1, G, H, I).

Azeliragon also slowed decline of cognitive function
in 12-month-old tgAPP/SWE/LON mice. Starting at
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12 months, mice were treated with vehicle, 0.3 mg/
kg, 1 mg/kg, or 3 mg /kg for 3 months and memory
was assessed with performance on Morris water maze
after 3 months of treatment. As shown in Figure 2, there
was a dose-dependent improvement of both latency
and distance travelled suggesting that azeliragon slows
cognitive decline in in this model.

Figure 2. Azeliragon improvement of latency and dis-
tance travelled in Morris water maze in tgAPP/SWE/
LON mouse model

clinical studies. These preclinical results suggesting the
potential for azeliragon to modify the underlying disease
were the basis for FDA Fast Track Designation.

Figure 3. Regional cerebral blood flow as measured by
FDG-PET in tgAPP/SWE/LON mice over four weeks. Bar
graph (A) shows %FDG vs control at 0 weeks (blue bar), 2
weeks (red bar) and 4 weeks (green bar). PET images (B)
show representative images for wild type control, vehicle
treated tgAPP/SWE/LON mice, and azeliragon treated
tg APP /SWE/LON mice after 4 weeks of treatment
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In a separate experiment, azeliragon improved brain
glucose utilization in the tgAPP/SWE/LON mouse
model, equal numbers of transgenic mice >6 months
old (20/group) were treated with either 10 mg/kg
azeliragon or vehicle administered subcutaneously for
4 weeks. Cerebral blood flow was measured by laser-
doppler flow (LDF) and fluro-deoxyglucose positron
emission tomography (FDG-PET) at weeks 0, 2 and 4.
Wild type mice were used as controls. Data shown in
Figure 3 indicate that treatment with azeliragon increased
regional cerebral blood flow in both hippocampus and
frontal cortex with values at 4 weeks being similar to
that of wildtype animals. These data are consistent with
the hypothesis that RAGE mediated inflammation of
vascular endothelial cells reduces cerebral blood flow
and inhibition of RAGE by azeliragon helps restore blood
flow.

Summary of preclinical data

Preclinical studies demonstrate that azeliragon is a
selective antagonist of RAGE with subsequent studies
in animal models that indicate azeliragon: reduces AP
plaque deposition; reduces total AP brain concentration
while increasing plasma AP levels suggesting that
azeliragon inhibits RAGE-mediated transport
of circulating AP into brain; decreases aAPPP while
increasing sAPPa indicating azeliragon inhibition of
RAGE reduces activity of pB-secretase; reduces levels
of inflammatory cytokines demonstrating azeliragon
inhibition of RAGE reduces neuroinflammation; slows
cognitive decline; improves cerebral blood flow. Trough
plasma concentrations of azeliragon at the lowest
efficacious dose (0.3 mg/kg) were 6 ng/mL thereby
providing a proposed target concentration for efficacy in
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Azeliragon clinical experience

Azeliragon has been extensively studied in eight
(8) Phase 1 and three (3) Phase 2 studies. Phase 1
studies have evaluated single and multiple-dose
pharmacokinetics, safety and tolerability in healthy
volunteers, CSF distribution of azeliragon following
multiple dose administration, food effect on azeliragon
pharmacokinetics, metabolism/disposition, drug-drug
interactions with a CYP inducer, CYP3A4 inhibitor and
CYP2C8 inhibitor and effect of hepatic impairment on
azeliragon pharmacokinetics. Phase 2 studies have
evaluated the safety and tolerability following 10 weeks
of dosing in patients with mild to moderate AD, safety
and efficacy in patients with diabetes and albuminuria,
and 18 months dosing to evaluate the efficacy, safety and
tolerability following 18 months dosing in patients with
mild to moderate AD.

Phase 1

In humans, the pharmacokinetics of azeliragon
following a single dose are characterized by rapid
absorption over a dose range of 5 to 65 mg and a
prolonged PK disposition. Following administration
of a single 20 mg dose in healthy subjects, the mean
(SD) peak concentration (Cmax) of azeliragon in plasma
was 4.0 £ 0.6 ng/mL, with the first peak concentration
occurring 12 hours post dose (Tmax-1) and a second
nearly comparable peak concentration occurring
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approximately 21 hours later (Tmax-2 = 33 hours). [Data
on file] There was an approximately 16-20% reduction
in exposure (AUC(0-last), AUC(0-72h), Cmax) following
administration of azeliragon 5 mg following a high fat
meal. At the Phase 3 dose of 5 mg/day, the magnitude
of reduction is not anticipated to be clinically meaningful.
Consequently, azeliragon may be given without regard to
meals.

The average half-life (t'%2) of azeliragon ranged
between 228 and 336 hours (9.5 and 14 days) across
doses. Because of its prolonged PK disposition and
the length of time it takes to reach steady state, in early
studies azeliragon has been administered as a loading
dose, at doses of 15 to 60 mg/day for up to 6 days,
followed by a maintenance dose, at doses of 5 to 20
mg/day. Under these dosing conditions, steady state
is generally achieved within 7-10 days after starting
therapy. Following continued QD dosing 5 mg/day the
average steady-state peak (Cmax) and trough (Cmin)
azeliragon concentrations were 12.4 + 6.0 ng/mL and 9.9
+ 4.2 ng/mL, respectively. Approximately 10% of free
drug in systemic circulation distributes into CSF. (Data
on file)

Azeliragon exposure was not significantly changed in
the presence of CYP2C8 / 3A4 inhibitors or CYP inducer
following co-administration for 14 days in healthy
volunteers. Slight changes in exposure, unlikely to be
clinically significant, were observed for azeliragon M1
and M2 metabolites, with the non-pharmacologically
active M3 metabolite exhibiting a 4-10 fold increase.
Together, these data are consistent with the presence
of multiple elimination pathways for azeliragon which
reduces the magnitude of a clinically relevant drug-
drug interaction and supports a recommendation for
no requirement for azeliragon dose adjustment when
co-administered with CYP3A4 inhibitors or CYP
inducers. Co-administration with strong CYP2C8
inhibitors is not supported at this time.

The effects of hepatic impairment on the
pharmacokinetics of azeliragon was evaluated in an
open-label, single-dose, parallel design trial in which
8 subjects with mild hepatic impairment (Child-
Pugh category A), 8 subjects with moderate hepatic
impairment (Child-Pugh category B), and 8 healthy
subjects received a single 15 mg dose of azeliragon. No
clinically important effect of hepatic impairment on
Cmax, AUCO- or AUClast was observed in subjects
with mild or moderate hepatic impairment. Therefore,
it is expected that no dose adjustments will be required
when administering azeliragon to patients with mild or
moderate hepatic impairment.

The lack of effect of azeliragon on QTc interval was
demonstrated in a concentration-driven model-based
analysis of the relationship between azeliragon plasma
concentration and change in QTc from data collected in
5 Phase 1 studies in healthy volunteers and 2 Phase 2
studies in patients with mild-to-moderate AD and one
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Phase 2 study in patients with diabetes and persistent
albumuria. Model-based analysis showed a small, non-
clinically meaningful, positive relationship between
azeliragon plasma concentration and QTcF with a slope
close to zero. Neither the prediction interval nor the
upper bound of the 90% confidence interval reach 10
msec, thus demonstrating no clinically meaningful (i.e.
>5 msec prolongation) drug-related effect on QTcF at
expected therapeutic and supra-therapeutic doses of
azeliragon (33).

Phase 2

The safety and tolerability of azeliragon was initially
studied in a 10-week double blind placebo controlled
Phase 2a study in 67 patients with mild to moderate
Alzheimer’s disease (26). Azeliragon doses of 10mg once
daily (27 subjects) and 20 mg once daily (28 subjects) were
well tolerated following 10 weeks of treatment thereby
supporting advancement of the program into 18-months
dosing in Phase 2b.

Figure 4. ADAS-COG11 and CDS-sb change from baseline
at 18 months in patients taking either 5 mg azeliragon or
placebo orally once daily

Azeliragon was subsequently studied in an 18 month
double blind placebo controlled Phase 2b study in 399
patients with mild to moderate Alzheimer’s disease who
were taking standard of care medication (cholinesterase
inhibitor +/- memantine at stable doses). The primary
outcome measure was the Alzheimer’s Disease
Assessment Scale cognitive portion (ADAS-cog) (27) with
the Clinical Dementia Rating Scale Sum of Boxes (CDR-
sb) designated a key secondary measure (28). The results
and conduct of the study have been previously described
(29, 30). Two doses were initially tested; 5 and 20 mg po
qd. The 20 mg dose was poorly tolerated due to falls and
confusion and this dosing arm was discontinued. It is
important to note that the adverse events were transient
and related to plasma concentration of azeliragon. When
drug was discontinued and plasma levels fell to those
associated with the 5 mg dose, the adverse events abated.
The 5 mg dose was well-tolerated and the major drug-
related adverse events were mild gastrointestinal distress.

Although this study was terminated early, the 18
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month data indicated a baseline to endpoint change
in ADAS-cog of 3.1 points in favor of drug for the
mild-moderate population (29, 30). The trial had a pre-
specified sub-analysis to examine results in patients who
entered the study with mild AD based on subjects with
a mini-mental state examination (MMSE) score of 21-26.
The data shown in Figure 4 indicate that there was a
baseline to endpoint change of 4 points on the ADAS-cog
in favor of azeliragon and a 1 point change in CDR-sb in
favor of drug.

Figure 5. Time to Event Analysis for ADAS-cogl11 change
from baseline where progression is defined as ADAS-
cogll increase of 7-points. (A) ADAS-cogll Time to
Event Analysis Hazard Ratios using multiple cut-points,
across the range of 1 to 20, for defining progression. (B).
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Further analyses were performed using time to event
analysis for ADAS-cogll change from baseline where
progression was defined as ADAS-cogll increase of
7-points (32). Azeliragon 5 mg/day delayed time
to cognitive deterioration (logrank p=0.0149) (Figure
5a). The results were robust with sensitivity analyses,
evaluating all cut-points between a 1 and 20-point
worsening in ADAS-cog, demonstrating hazard ratios
favoring azeliragon 5 mg/day. (Figure 5b).

Based on the promising results from our Phase 2b
study, we initiated a Phase 3 registration program being
conducted under a Special Protocol Assessment from
FDA. This program, STEADFAST, consists of two 18

month independent identical 400 patient studies
in patients with mild Alzheimer’s disease as defined
by clinical diagnosis of mild AD, MMSE 21-26, CDR-
global 0.5 or 1, clinical history consistent with AD,
and no exclusionary concomitant illness at time of
screening. Patients are on standard of care medication
(cholinesterase inhibitor +/- memantine). The primary
outcome measures are change from baseline to
18-month endpoint ADAS-COG11 and CDR-sb. Key
secondary outcomes include baseline — endpoint change
in volumetric MRI. In addition, there are secondary
outcomes including FDG-PET, Alzheimer’s Disease
Cooperative Study — Activities of Daily Living (ADCS-
ADL), neuropsychiatric inventory (NPI), MMSE,
controlled oral word association test (COWAT), category
fluency test (CFT), Trail Making Tests A and B, Resource
Utilization for Dementia (RUD), Dementia Quality of
Life (DEMQOL) and plasma AP. Both studies are fully
enrolled.

Discussion

RAGE is involved with transport and production of
AR, neuroinflammation, abnormal tau phosphorylation,
and vascular dysfunction in AD. Our preclinical results
suggest that the RAGE inhibitor azeliragon effectively
addresses many of these disease components. More
importantly, clinical data from the Phase 2b study
suggest that azeliragon may slow cognitive decline in
mild AD patients.

No new drugs for AD have been introduced since
the approval of memantine in 2003. Current approved
medications offer modest, temporary symptomatic
treatment but do not address the fundamental
pathologies underlying Alzheimer’s disease. The
potential reasons for these failures have been reviewed
at length (35, 36). In many programs, promising results
in animal models of AD, have not been predictive of
clinical success (37). It is likely that primary causes of
failure have been inadequate target engagement
and inappropriate targets for stage of disease. Drugs
targeting one aspect of AD pathology, A, have not been
successful to date. Several reasons have been given for
this including inappropriate patient populations, disease
advanced beyond point of meaningful intervention,
and safety concerns. Another possible reason could be
that treating only one aspect of AD pathology when the
disease is established may not be sufficient to provide
clinical benefit. In this regard, inhibition of RAGE may
have promise in providing clinical benefit. In addition,
commonly used testing instrumentation may have
limited sensitivity in early disease stages to detect
clinically meaningful drug evoked changes. However,
lack of effect is more likely due to limited drug activity
than sensitivity of testing instrumentation.

It is essential to have a well-grounded clinical program
prior to initiating large clinical efficacy studies. Another
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reason for failure in Phase 3 programs may be inadequate
understanding of dose response with respect to both
efficacy and safety outcomes prior to initiation of large
pivotal studies. In contrast, the RAGE STEADFAST Phase
3 program is backed by rigorous clinical studies that
provided dosing that is both well-tolerated and shows
benefit in clinical outcome scales.

We have developed a RAGE inhibitor that has shown
promising results in preclinical AD models and more
importantly in a Phase2b study. We have embarked on a
Phase 3 program that if successful will demonstrate that
the RAGE inhibitor azeliragon can slow cognitive decline
in patients with mild AD.
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