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Abstract

Background ALZ-801 is an orally available, valine-con-

jugated prodrug of tramiprosate. Tramiprosate, the active

agent, is a small-molecule b-amyloid (Ab) anti-oligomer

and aggregation inhibitor that was evaluated extensively in

preclinical and clinical investigations for the treatment of

Alzheimer’s disease (AD). Tramiprosate has been found to

inhibit b-amyloid oligomer formation by a multi-ligand

enveloping mechanism of action that stabilizes Ab42

monomers, resulting in the inhibition of formation of oli-

gomers and subsequent aggregation. Although promising

as an AD treatment, tramiprosate exhibited two limiting

deficiencies: high intersubject pharmacokinetic (PK) vari-

ability likely due to extensive gastrointestinal metabolism,

and mild-to-moderate incidence of nausea and vomiting.

To address these, we developed an optimized prodrug,

ALZ-801, which retains the favorable efficacy attributes of

tramiprosate while improving oral PK variability and gas-

trointestinal tolerability. In this study, we summarize the

phase I bridging program to evaluate the safety, tolerability

and PK for ALZ-801 after single and multiple rising dose

administration in healthy volunteers.

Methods Randomized, placebo-controlled, phase I studies

in 127 healthy male and female adult and elderly volun-

teers included [1] a single ascending dose (SAD) study; [2]

a 14-day multiple ascending dose (MAD) study; and [3] a

single-dose tablet food-effect study. This program was

conducted with both a loose-filled capsule and an imme-

diate-release tablet formulation, under both fasted and fed

conditions. Safety and tolerability were assessed, and

plasma and urine were collected for liquid chromatogra-

phy-mass spectrometry (LC-MS) determination and non-

compartmental PK analysis. In addition, we defined the

target dose of ALZ-801 that delivers a steady-state plasma

area under the curve (AUC) exposure of tramiprosate

equivalent to that studied in the tramiprosate phase III

study.

Results ALZ-801 was well tolerated and there were no

severe or serious adverse events (AEs) or laboratory find-

ings. The most common AEs were transient mild nausea

and some instances of vomiting, which were not dose-re-

lated and showed development of tolerance after continued

use. ALZ-801 produced dose-dependent maximum plasma

concentration (Cmax) and AUC exposures of tramiprosate,

which were equivalent to that after oral tramiprosate, but

with a substantially reduced intersubject variability and a

longer elimination half-life. Administration of ALZ-801

with food markedly reduced the incidence of gastroin-

testinal symptoms compared with the fasted state, without

affecting plasma tramiprosate exposure. An immediate-

release tablet formulation of ALZ-801 displayed plasma

exposure and low variability similar to the loose-filled

capsule. ALZ-801 also showed excellent dose-proportion-

ality without accumulation or decrease in plasma exposure

of tramiprosate over 14 days. Based on these data, 265 mg

of ALZ-801 twice daily was found to achieve a steady-state

AUC exposure of tramiprosate equivalent to 150 mg twice

daily of oral tramiprosate in the previous phase III trials.

Conclusions ALZ-801, when administered in capsule and

tablet forms, showed excellent oral safety and tolerability
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in healthy adults and elderly volunteers, with significantly

improved PK characteristics over oral tramiprosate. A

clinical dose of ALZ-801 (265 mg twice daily) was

established that achieves the AUC exposure of 150 mg of

tramiprosate twice daily, which showed positive cognitive

and functional improvements in apolipoprotein E4/4

homozygous AD patients. These bridging data support the

phase III development of ALZ-801in patients with AD.

Key Points

We summarize the phase I bridging program to

evaluate the safety, tolerability and

pharmacokinetics (PK) of ALZ-801 in healthy

volunteers.

ALZ-801 is an orally available, valine-conjugated

prodrug of tramiprosate with substantially improved

PK properties and gastrointestinal tolerability

compared with the parent compound.

Oral ALZ-801 represents an advanced and markedly

improved clinical candidate for the treatment of

Alzheimer’s disease.

1 Introduction

Alzheimer’s disease (AD) remains an enormous healthcare

challenge, with limited therapeutic options other than

symptomatic management with acetylcholinesterase inhi-

bitors (AChEIs; e.g. donepezil) and the N-methyl-D-as-

partate (NMDA) receptor antagonist memantine for

moderate-to-severe stages of the disease [1]. Major limi-

tations of the current symptomatic therapies include their

temporary efficacy window, modest clinical effect on

cognition and function, and lack of modification of the

course of disease progression. Therefore, newer therapeu-

tics with the potential to improve cognitive or functional

endpoints over and above the existing treatments, or slow

disease progression, will be of significant value to patients

and their caretakers.

A number of biomarker and interventional studies have

improved our understanding of the pathophysiology of AD.

Two major risk factors for late-onset AD are brain b-

amyloid (Ab) accumulation and apolipoprotein E4

(APOE4) genotype, both believed to mediate pathogenesis

of the disease [2]. Familial AD caused by a direct result of

mutations leading to overproduction of Ab provides a

strong case for the pathogenic role of Ab in AD. Despite

the controversies over the ‘amyloid hypothesis’ [3, 4], the

recent clinical data with anti-Ab antibodies, in particular

aducanumab (Biogen clinical candidate in phase III

development), have provided encouraging proof-of-con-

cept evidence that targeting soluble Ab aggregates (i.e. Ab
oligomers) may produce cognitive and functional benefits

in AD patients [5, 6]. According to the amyloid hypothesis,

AD pathogenesis is caused by the generation of Ab pep-

tides after cleavage of the amyloid precursor peptide, with

subsequent formation of Ab oligomers and fibrils, and

ultimately deposition in amyloid plaques. This amyloido-

genic cascade leads to neuronal dysfunction and death,

which underlie the progressive cognitive and behavioral

decline in AD patients. Thus, strategies aimed at prevent-

ing the formation of Ab oligomers and fibrils represent

potential therapeutic value.

Tramiprosate, a 3-amino-1-propanesulfonic acid, was

initially identified as an inhibitor of Ab aggregation from

screening a series of ionic sulfate and sulfonate molecules

[7]. As a glycosaminoglycan mimetic, tramiprosate binds

preferentially to soluble Ab species, preventing the for-

mation of fibrillary structures, and their deposition and

neurotoxicity [7–9]. This mechanism of action of trami-

prosate, previously studied extensively [7–10], has been

further elaborated in our recent work using molecular

approaches, including ion mobility spectrometry-mass

spectrometry (IMS-MS), nuclear magnetic resonance

(NMR), and molecular dynamics [11]. Overall, the accu-

mulating evidence indicates that amyloid causes neuro-

toxicity following a dynamic, conformational transition

from soluble monomers to toxic oligomers, and then

transitioning to insoluble fibrils (i.e. elongation phase)

followed by the deposition of plaques. Tramiprosate

interacts with the soluble Ab monomers, maintains them in

a stable conformational state, and prevents the progression

of the amyloid cascade, thereby preventing the formation

of toxic oligomer species. In vivo, chronic oral tramipro-

sate treatment of TgCRND8 mice has been shown to

achieve a significant reduction (* 30%) in brain amyloid

plaque load, as well as both soluble and insoluble Ab40

and Ab42 species [7].

The tramiprosate phase III program comprised 2025

patients with mild-to-moderate AD, and evaluated two

active doses, 100 mg twice daily and 150 mg twice daily.

In the phase III North American study, the clinical efficacy

of tramiprosate was evaluated in a randomized, double-

blind, placebo-controlled study in 1052 patients with AD,

where it was administered as an add-on to standard

symptomatic therapy over 18 months [12–15]. While the

study did not meet the primary endpoints in the intent-to-

treat population, the statistical analysis showed an unan-

ticipated high variance between clinical sites and poor

model fit. The data were subsequently re-analyzed based on
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a prespecified plan using a repeated measures covariate

model with the APOE4 genotype as a covariate. This

analysis unmasked a novel and clinically meaningful drug-

mediated effect in 599 patients (* 60% of the study

population) who were APOE4 carriers (APOE4-positive;

APOE4 homozygous or APOE4 heterozygous), a statisti-

cally significant and sustained cognitive improvement in

response to tramiprosate (150 mg twice daily) compared

with placebo, as measured by the Alzheimer’s Disease

Assessment Scale-Cognitive Subscale (ADAS-cog). While

no consistent efficacy was seen in APOE4-negative

patients (APOE4 non-carriers), a 2-point ADAS-cog dif-

ference in APOE4 carriers and robust 4-point difference in

APOE4 homozygous (APOE4/4) patients were observed

compared with placebo controls, in response to oral treat-

ment with tramiprosate [12].

Recent clinical and nonclinical data have extended our

understanding of the role of APOE4 in AD pathogenesis

and helped define the impact of APOE4 genotype on effi-

cacy. Amyloid positron emission tomography (PET)

imaging from the recent large AD trials confirms high rates

of negative amyloid scans in APOE4-negative patients,

while APOE4 homozygotes are predominantly (98%)

amyloid-positive [16]. APOE4 homozygotes have also

been found to have a significantly higher burden of soluble

amyloid oligomers compared with non-carriers [17, 18].

Based on the understanding that amyloid toxicity plays

an important role early in the disease, further sensitivity

analyses of the subgroup of APOE4/4 patients with mild

AD [Mini-Mental State Examination (MMSE) score of 22

and above] showed a robust and sustained efficacy signal

on both cognition (as measured by ADAS-cog) and func-

tion [as measured by the Clinical Dementia Rating Scale—

Sum of Boxes (CDR-SB)] [19].

While oral tramiprosate exhibited promising activity in

this susceptible AD population, it displayed two limiting

pharmaceutical properties: high interindividual pharma-

cokinetic (PK) variability, and mild-to-moderate incidence

of nausea and vomiting most likely due to direct local

gastrointestinal irritation [20]. To exploit its positive effi-

cacy attributes, we have developed a novel valine-conju-

gated prodrug of tramiprosate, ALZ-801 (3-(L-valyl)

amino-1-propanesulfonic acid) (Fig. 1), with the goal of

improving oral PK variability and tolerability for optimal

delivery of the active agent—tramiprosate—to achieve an

area under the curve (AUC) target exposure necessary for

clinical efficacy. Oral ALZ-801 is rapidly absorbed from

the gastrointestinal tract and undergoes rapid and com-

pleted cleavage of valine moiety via an hepatic or plasma

amidase, leading to the release of tramiprosate in plasma,

which is subsequently metabolized to its major primary

metabolite NRM5074 and eliminated by renal excretion

(Fig. 2). ALZ-801 has been evaluated in both single

ascending dose (SAD) and 14-day multiple ascending dose

(MAD) trials, which confirmed these favorable attributes.

Thus, oral ALZ-801 represents an advanced and substan-

tially improved clinical candidate for AD treatment.

In this paper, we summarize the phase I bridging pro-

gram to evaluate the safety, tolerability, and PK for ALZ-

801 in healthy elderly volunteers. This program included

[1] a SAD study; [2] a 14-day MAD study; and [3] a single-

dose tablet food-effect study. In addition, we also deter-

mined the clinical dose of ALZ-801, with the goal of

delivering a steady-state plasma AUC exposure of trami-

prosate equivalent to the tramiprosate 150 mg twice-daily

exposure used in the phase III program.

2 Methods

2.1 Study Subjects and Conduct

A total of 127 male and female healthy adult and elderly

volunteers were enrolled in the ALZ-801 phase I trials,

including Study 1 (Table 1), which was conducted by

Bellus Health (formerly Neurochem, Inc.) at Quintiles

(London UK), and Studies 2 and 3, which were sponsored

by Alzheon, Inc. and conducted at Quotient Clinical

(Nottingham, UK). Patient written consent and appropriate

approvals from the Ethics Committee and the Medicines

and Healthcare Products Regulatory Agency (MHRA)

were obtained prior to study initiation. The study was

conducted in accordance with the International Conference

on Harmonization (ICH) Good Clinical Practice, the

Medicines for Human Use (Clinical Trials) Regulations,

and the ethical principles of the Declaration of Helsinki.

2.2 Drug Substance and Drug Product

ALZ-801 is a synthetic (S)-3-(2-amino-3-methylbu-

tanamide) propane-1-sulfonic acid (Fig. 1) with one chiral

moiety, with a molecular mass of 238.3 g/mole. ALZ-801

is a white powder, pKa 7.69, with a solubility in water

[ 200 mg/ml, and was synthesized and release-tested by

Shanghai SynTheAll Pharmaceutical Co. Ltd, China. ALZ-

801 capsules and tablets were manufactured and release-

tested by Quotient Clinical (Nottingham, UK). The

NH2

N
H

O

SO3H

Fig. 1 Chemical structure of ALZ-801
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capsules contained ALZ-801 white powder only, while the

tablets were comprised of ALZ-801 white powder and inert

common excipients: microcrystalline cellulose (Avicel�

PH102), polyvinylpyrrolidone, aerosol, and magnesium

stearate. ALZ-801 tablets exhibited dissolution and disin-

tegration characteristics typical for immediate-release

dosing.

2.3 Study Design

The phase I bridging program for ALZ-801 comprised

three components, as outlined in Table 1. Study 1 was a

double-blind, randomized, placebo-controlled SAD study

(doses of 100, 200 and 300 mg), and included three sub-

studies: [1] a two-way crossover study to compare the

safety, tolerability, and PK following a single dose of ALZ-

801 (100 mg in a loose-filled capsule) and tramiprosate

(equimolar dose of 58 mg in a loose-filled capsule) in eight

healthy adult male subjects (20–75 years of age, inclusive)

and eight healthy elderly male and female subjects

([ 50 years of age; with a 14-day washout period); [2] a

SAD study for up to four doses of ALZ-801 loose-filled

capsules in four sequential groups of 15 healthy elderly

male and female subjects ([ 50 years of age; the starting

dose of 300 mg was determined following review of the

data from Substudy 1, and no further dose-escalation was

conducted); and [3] a double-dummy, parallel study to

compare the safety, tolerability and PK following a single

oral administration of either ALZ-801 (172 mg in a loose-

filled capsule) or tramiprosate (equimolar dose of 100 mg

in a capsule or modified-release coated tablet). Thirty-six

healthy elderly male and female subjects ([ 50 years of

age) were randomized to receive one of the three treat-

ments in a ratio of 1:1:1.

Study 2 was a double-blind, randomized, placebo-con-

trolled, 14-day MAD study in elderly adults, including two

substudies: [1] Cohorts A, B, and C comprised a parallel-

group study of the safety, tolerability, and PK in plasma

and urine of MAD ALZ-801 in healthy male or female

subjects aged 50–75 years, inclusive; subjects were enrol-

led into three successive cohorts (12 per cohort) and ran-

domized in a 3:1 ratio to receive treatment with ALZ-801

capsules (n = 9) or placebo capsules (n = 3) for 2 weeks;

and [2] Cohort D was a parallel-group study of the safety,

tolerability, and PK in plasma and urine of MAD ALZ-801

from an immediate-release tablet formulation in healthy

male or female subjects aged 60–75 years, inclusive; 12

subjects were enrolled as a single cohort and randomized in

a 3:1 ratio to receive treatment with ALZ-801 (n = 9) or

placebo (n = 3) in the fed state (i.e. subjects were fed

30 min prior to dosing) for 1 week. The study sequence is

shown in Figs. S1 and S2 (electronic supplementary

material).

Fig. 2 Schematic illustration of the oral absorption, conversion to tramiprosate, distribution and elimination characteristics of ALZ-801 prodrug.

GI gastrointestinal
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Study 3 was an open-label, four-period, sequential, SAD

PK study to evaluate the safety, PK and food effect of

ALZ-801 delivered as an immediate-release tablet. Twelve

healthy volunteers were administered single increasing

doses of the tablet in the fasted or fed state (50–64 years of

age, with average age of 56 years). This study was also

aimed at identifying a dose of the ALZ-801 tablet that

would result in exposure similar to the historic exposure

data from tramiprosate. For the single-dose tablet food-

effect study, a high-fat restricted menu was provided to

subjects. The start and stop time of the meal was recorded.

2.4 Safety Assessments

Safety evaluations comprised laboratory variables, vital

signs, electrocardiograms (ECGs) and physical examina-

tion, and adverse events (AEs), as defined by the study

protocol. Laboratory measures included hematology, clin-

ical chemistry, and urinalysis. Blood pressure, heart rate

and 12-lead ECGs were recorded by an automated recorder

after the subject had been in a supine position for a mini-

mum of 5 min. An AE could be any unfavorable or unin-

tended sign, symptom or disease temporally associated

with the administration of ALZ-801, whether or not

Table 1 Overview of the completed ALZ-801 phase I clinical program

Study Design Treatments Subjects Objectives

Study 1: ALZ-

801

SAD

Double-blind, placebo-

controlled, single

ascending dose (14-

day washout)

Substudy 1: Two-way crossover study to

compare ALZ-801 (100 mg in a loose-filled

capsule) and tramiprosate (equimolar dose

of 58 mg in a loose-filled capsule)

8 healthy adult males and

8 healthy elderly males/

females

Safety, tolerability,

and PK of single

doses

Substudy 2: Designed to evaluate up to four

doses of ALZ-801 loose-filled capsule in

four sequential groups (only 300 mg was

conducted)

15 healthy elderly males/

females

Substudy 3: Double-dummy, parallel study to

compare ALZ-801 (172 mg in a loose-filled

capsule) and tramiprosate (equimolar dose

of 100 mg in a capsule or modified-release

tablet)

36 healthy elderly males/

females randomized to

each treatment in a 1:1:1

fashion

Study 2: ALZ-

801

MAD

Double-blind, placebo-

controlled, multiple

ascending dose

Cohort A: Days 1–7: 171 mg ALZ-801 loose

capsule or placebo once daily on day 1 and

twice daily on days 2–7

Days 8–14: 256.5 mg ALZ-801 or placebo

once daily; fasted

9 healthy males/females

received the drug;

3 healthy males/females

received placebo

Safety, tolerability,

and PK of multiple

doses

Cohort B: Days 1–7: 256.5 mg ALZ-801

loose capsule or placebo once daily on day 1

and twice daily on days 2–7

Days 8–14: 340 mg ALZ-801 or placebo once

daily; fasted

9 healthy males/females

received the drug;

3 healthy males/females

received placebo

Cohort C: Days 1–7: 256.5 mg ALZ-801

loose capsule or placebo once daily on day 1

and twice daily on days 2–7

Days 8–14: 340 mg ALZ-801 or placebo once

daily; fed

9 healthy males/females

received the drug;

3 healthy males/females

received placebo

Cohort D: Days 1–6: 265 mg ALZ-801 tablet

or placebo once daily on day 1 and twice

daily on days 2–6

Day 7: 265 mg ALZ-801 tablet or placebo

once daily; fed

9 healthy males/females

received the drug;

3 healthy males/females

received placebo

Study 3: ALZ-

801 tablet

PK and food

effect

Open label, four-period,

sequential, single

ascending dose (14-

day washout)

ALZ-801 tablet, single dose:

(a) 171 mg, fasted

(b) 205 mg, fasted

(c) 205 mg, fed

(d) 342 mg, fed

12 healthy adult and

elderly, male and female

subjects

Safety, tolerability,

and PK of

immediate-release

tablet; food effect

SAD single ascending dose, MAD multiple ascending dose, PK pharmacokinetics
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considered related to the treatment. AEs were recorded

from the first dose until discharge from the study and at the

follow-up call. Any adverse experiences recorded between

the time of informed consent and first dose were to be

recorded with the medical history. AEs and medications

were coded using the Medical Dictionary for Regulatory

Activities (MedDRA; v18.1; 29).

2.5 Plasma and Urine Sample Collection,

Bioanalysis, and Pharmacokinetic (PK)

Evaluation

Blood samples were collected on ice into 3 mL K3 EDTA

tubes, and centrifuged at 2000g for 10 min at 4 �C within

30 min of collection. The resultant plasma was transferred

into polypropylene tubes, frozen within 1 h of collection,

and stored at - 20 �C or below until bioanalysis. Urine

samples were collected into polypropylene containers and

kept at 4 �C. Each individual sample was weighed and the

weight recorded along with the sample collection time.

After thorough mixing, 3 9 10 mL (primary and dupli-

cate) aliquots were removed and placed in 25 mL

polypropylene containers; the remaining bulk sample was

then discarded. The aliquots were immediately stored at -

20 �C until bioanalysis. Plasma and urine concentrations

for ALZ-801, tramiprosate, and the metabolite NRM5074

were quantified at LGC Ltd (Fordham, Cambridgeshire,

UK), using validated liquid chromatography-mass spec-

trometry (LC-MS) methods. The lower limit of quantifi-

cation (LLOQ) in plasma was 10 ng/mL for ALZ-801 and

tramiprosate, and 40 ng/mL for NRM5074. The LLOQ in

urine was 30 ng/mL for ALZ-801, 100 ng/mL for trami-

prosate, and 10,000 ng/mL for NRM5074. Non-compart-

mental PK analysis (Phoenix WinNonlin v6.3; Certara Inc.,

St. Louis, MO, USA), data analysis, and data reporting

were performed by Quotient Clinical (Nottingham, UK).

Renal clearance (CLr) of each analyte was calculated as the

amount excreted (Ae)/plasma AUC.

2.6 Brain Penetration for Oral Tramiprosate

and ALZ-801 in Animals

Animals were housed in a standard facility, with water and

food ad libitum at all times. Brain penetration of trami-

prosate after a single-dose oral administration of 100 and

500 mg/kg 14C-tramiprosate was conducted in male

C57BL/6 mice (8 weeks of age, Charles River, QC,

Canada; n = 3 per sampling time point). The AUC of

radioactivity in the brain and plasma were assessed over

24 h, with the brain collected after intracardiac saline

perfusion. In a separate study to assess the relative effi-

ciency in delivering tramiprosate into the brain by the

prodrug ALZ-801 versus tramiprosate itself, a single oral

dose of ALZ-801 and tramiprosate at the molar equivalent

doses of 172 and 100 mg/kg, respectively, was adminis-

tered to male CD-1 mice (5–6 weeks, Charles River, QC,

Canada; n = 6 per sampling time point). The 24 h brain

(perfused) and plasma AUC exposures of tramiprosate

were quantified by LC-MS. The brain/plasma AUC ratio

was derived as an indicator of brain penetration. This work

was conducted by Neurochem/Bellus Health (Laval, QC,

Canada) after approval from the Institutional Animal Care

and Use Committee (CISAU) of the INRS-Institut

Armand-Frappier.

2.7 Bridging Clinical Dose Analysis for ALZ-801

and Brain Drug Exposure

A clinical dose regimen for ALZ-801 to be evaluated in

efficacy studies was projected based on the previous tra-

miprosate phase III trial data showing a robust efficacy

signal in APOE4/4 AD patients over 78 weeks of oral

tramiprosate 150 mg twice-daily treatment [12]. The

steady-state drug exposure in the brain was subsequently

estimated based on the human plasma drug AUC exposure

and the brain/plasma relationship derived from the above

rodent models.

2.8 Data Analysis

Descriptive statistics for safety data were presented as

cases or cases (%), while descriptive statistics for PK

parameters [maximum plasma concentration (Cmax), AUC,

half-life (t�)] and graphs were expressed as mean ± s-

tandard deviation, based on arithmetic means, except for

time to reach Cmax (Tmax) in humans, for which the median

(range) was used.

3 Results

3.1 Summary of Clinical Safety and Tolerability

in Human Single Ascending Dose (SAD)

and Multiple Ascending Dose (MAD) Studies

(Study 1)

Overall, oral administration of ALZ-801 in either capsule or

tablet form was well tolerated (Tables 2, 3). There were no

treatment-emergent AEs (TEAEs), serious adverse events

(SAEs), or AEs leading to discontinuation, and AEs were

generally mild. The most common AEs were instances of

transient mild nausea and sporadic instances of vomiting,

and there was no evidence of dose response in the reported

AEs. The top dose of 342 mg ALZ-801 evaluated (i.e.

200 mg tramiprosate equivalent), administered once or

twice daily, was well tolerated following initial titration

320 J. A. Hey et al.



using a reduced dose for the first week. The incidence of

nausea and vomiting were markedly lower during the second

week of treatment in the MAD study (Table 3B). Adminis-

tration of ALZ-801 with food further reduced nausea or

vomiting in some subjects. The proposed dose regimen of

265 mg twice daily for the ALZ-801 tablet (Table 3) was

very well tolerated at concentrations that matched or

exceeded the AUC plasma exposure equivalent to the his-

torical tramiprosate 150 mg twice-daily data. No trends were

observed in safety laboratory, vitals, or ECGs, and no dose-

limiting toxicity or maximum tolerated dose (MTD) was

observed over 2 weeks of dosing at doses up to 342 mg twice

daily.

3.1.1 Tablet SAD Study (Study 3)

ALZ-801 was well tolerated, with no treatment-related

safety concerns identified. No deaths, serious TEAEs,

severe TEAEs, or SAEs were reported, and no TEAEs led

to the withdrawal of ALZ-801 treatment. Most TEAEs

were mild in severity; only two participants reported

moderate and transient TEAEs (nausea), both following

fasted dosing with a single 171 mg dose of ALZ-801. No

moderate TEAEs were reported following dosing under fed

conditions. For most participants, the onset of nausea was

approximately 0.5–1 h and 1.5–2.5 h following fasted and

fed dosing, respectively. ALZ-801 was better tolerated

when administered in the fed state; no participant reported

an investigational drug-related TEAE following fed dosing

with 205 mg ALZ-801, compared with four subjects fol-

lowing fasted dosing. ALZ-801 was also better tolerated at

a higher fed dose of 342 mg (2 9 171 mg ALZ-801

tablets) compared with the lowest fasted dose. There were

no clinically significant findings in any clinical laboratory,

vital signs, ECG, or physical examination assessment.

3.1.2 Capsule and Tablet MAD Study (Study 2)

ALZ-801 was well tolerated when administered at doses of

up to 340 mg twice daily. No deaths, SAEs, or severe AEs

were reported, and no TEAE led to withdrawal. Following

ALZ-801 dosing in the fasting state, 17 (63.0%) subjects

experienced a total of 65 TEAEs, compared with 6 (66.7%)

subjects following dosing with placebo reporting a total of

12 TEAEs. Most TEAEs were mild in severity, with gas-

trointestinal disorders being the most frequently reported

TEAEs, most commonly nausea and vomiting. The inci-

dence of nausea was comparable across cohorts with no

discernable dose response; however, a few instances of

vomiting were reported only at the two highest dose levels

[Cohort B (fasted) and Cohort C (fed)]. Following dosing

with ALZ-801 265 mg twice daily in the fed state, the

Table 2 Safety summary from the ALZ-801 (tablet) phase I single dose ascending study (i.e. Study 3 in Table 1): incidence of adverse events

System organ class Regimen A

(n = 10)

Regimen B

(n = 11)

Regimen C

(n = 12)

Regimen D

(n = 12)

Subjects reporting AEs 4 4 0 3

Gastrointestinal disorders 4 4 0 3

Flatulence 0 0 0 0

Nausea 4 4 0 3

Vomiting 1 1 0 0

Nervous system disorders 0 0 0 0

Headache 0 0 0 0

Somnolence 0 0 0 0

General disorders and administration site

conditions

0 0 0 0

Chills 0 0 0 0

Vascular disorders 0 0 0 0

Flushing 0 0 0 0

Regimen A: 171 mg ALZ-801 tablet (equivalent to 100 mg tramiprosate), administered in the fasted state

Regimen B: 205 mg ALZ-801 tablet (equivalent to 120 mg tramiprosate), administered in the fasted state

Regimen C: 205 mg ALZ-801 tablet (equivalent to 120 mg tramiprosate), administered in the fed state (30 min after starting a high-fat breakfast)

Regimen D: 342 mg ALZ-801 as 2 9 171 mg ALZ-801 tablets (equivalent to a total dose of 200 mg tramiprosate) administered in the fed state

(30 min after starting a high-fat breakfast)

A total of 12 subjects were enrolled in the study. Ten subjects were enrolled and dosed in period 1 of the study, and were successfully dosed with

Regimen A. An additional two subjects were enrolled for study periods 2–4. One subject was not dosed in study period 2 due to an unrelated AE,

but returned to the study for regimens c and d

AEs adverse events
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incidence of TEAEs was equivalent to placebo. There were

no clinically significant laboratory findings, vital signs,

ECG, physical examination findings, or C-SSRS (The

Columbia-Suicide Severity Rating Scale), VAS-DE (Visual

Analog Scale- Drug Effect assessment) and BWSQ2 (Ben-

zodiazepine Withdrawl Symptom Questionnaire) question-

naire scores. No subject reached the subject withdrawal

criteria for QTc prolongation or safety laboratory tests.

3.2 Plasma Pharmacokinetics

3.2.1 SAD Study of ALZ-801 Loose-Filled Capsule

(Study 1)

In this initial study, ALZ-801 was administered orally as

single-dose capsules to fasted healthy male and female

volunteers at 100, 172, and 300 mg doses (equivalent to

tramiprosate 58, 100, and 175 mg) with PK evaluated over

48 h (Table 4). No gender effect was observed. ALZ-801

was absorbed rapidly: the median Tmax for plasma ALZ-

801 and tramiprosate was 0.51–0.75 h and 1.05–2.0 h,

respectively. The major primary metabolite NRM5074 was

also detected at 172 and 300 mg doses, with a median Tmax

of approximately 5 h; no additional metabolite was iden-

tified. This is consistent with the release of tramiprosate

from the prodrug, followed by metabolism to NRM5074.

The plasma exposure [Cmax, AUC from time zero to time

t (AUCt)] for ALZ-801 was higher than that for tramipro-

sate; however, ALZ-801 showed a relatively transient

presence in plasma (the apparent t� was 0.7–0.81 h),

whereas the apparent t� for tramiprosate was much longer

(up to * 18 h). Importantly, the plasma Cmax and AUC

exposures of both ALZ-801 and tramiprosate were highly

dose-proportional (Fig. 3), reflecting a linear kinetic

profile.

The PK for plasma tramiprosate was compared after oral

administration of ALZ-801 versus tramiprosate at

equimolar doses, i.e. 100 mg of ALZ-801 versus 58 mg of

tramiprosate as a capsule, and 172 mg ALZ-801 capsule

versus 100 mg tramiprosate capsule or modified-release

tablet (the latter shown in Table 5). Overall, the data

indicate reasonably comparable plasma exposure of tra-

miprosate in plasma after oral administration of a molar

equivalent dose of the prodrug ALZ-801 versus tramipro-

sate itself. However, single-dose oral administration of

ALZ-801 (capsule) displayed significant improvements on

the resulting plasma tramiprosate PK parameters. When

compared with oral tramiprosate delivered as a capsule or

modified-release tablet, oral ALZ-801 resulted in an

extension of the apparent t� of plasma tramiprosate from 5

Table 3 Safety summary from the ALZ-801 (capsule, tablet) phase I multiple dose ascending study (i.e. Study 2 in Table 1)

A. SAEs

Group Subjects affected by

SAE/exposed

No. of deaths

(all causes)

No. of deaths

resulting from AEs

Part 1: Cohort A, 171 and 256.5 mg ALZ-801 capsule, fasted 0/9 0 0

Part 1: Cohort B, 256.5 and 340 mg ALZ-801 capsule, fasted 0/9 0 0

Part 1: Cohort C, 256.5 and 340 mg ALZ-801 capsule, fed 0/9 0 0

Part 1: Combined placebo groups of three cohorts, fed/fasted 0/9 0 0

Part 2: Cohort D, 265 mg ALZ-801 tablet, fed 0/9 0 0

Part 2: Placebo group, fed 0/3 0 0

B. TEAEs

TEAEs Placebo Cohort A

171 mg bid

256.5 mg qd

Capsule, fasted

Cohort B

256.5 mg bid

340 mg qd

Capsule, fasted

Cohort C

256.5 mg bid

340 mg bid

Capsule, fed

Cohort D

265 mg bid

Tablet, fed

Nausea

Week 1 1 (11.1) 3 (33.3) 4 (44.4) 5 (55.6) 3 (33.3)

Week 2 0 3 (33.3) 0 0 NA

Vomiting

Week 1 0 0 2 (22.2) 2 (22.2) 1 (11.1)

Week 2 0 0 2 (22.2) 0 NA

Data are expressed as cases (%)

The timeframe for reporting adverse events: from screening visit (day - 28 to day - 2) to follow-up visit 7–10 days after the last dose of study

medication (Part 1: days 21–24; Part 2: days 14–17). Assessment type: systematic

NA not applicable, SAEs serious adverse events, TEAEs treatment-emergent adverse events, bid twice daily, qd once daily
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to 6 h to * 15 h, and a reduction in intersubject variability

(coefficient of variation; CV%) of AUC from 41 to 17%.

3.2.2 MAD Study of ALZ-801 Loose-Filled Capsule

and Immediate-Release Tablet (Study 2) (Figs. 4, 5,

Tables 6, 7 and electronic supplementary Table S1)

ALZ-801 in plasma: Consistent with the SAD study, the

ALZ-801 capsule (171 and 256.5 mg) was absorbed

rapidly on day 1 under fasted conditions, with the ALZ-801

Tmax occurring at 0.5 h in plasma. The plasma ALZ-801

exposures (Cmax and AUC) were dose-proportional, and the

t� for ALZ-801 in plasma was short, approximating 1 h.

Under the fed state, absorption was slightly delayed (me-

dian Tmax approximated 1 h) following 256.5 mg ALZ-801

capsules, resulting in a 25% lower Cmax than the fasted

state; however, the AUC and t� remained similar. In

addition, oral administration of 265 mg ALZ-801 tablets in

Table 4 Summary of plasma PK profiles for ALZ-801 (prodrug) and tramiprosate (active drug) after single dose oral administration of 100, 172

and 300 mg of ALZ-801 (capsule) in healthy human subjects in the phase I single ascending dose study (i.e. Study 1 in Table 1)

PK parameters ALZ-801 100 mg (equivalent

to tramiprosate 58 mg)

ALZ-801 172 mg (equivalent

to tramiprosate 100 mg)

ALZ-801 300 mg (equivalent

to tramiprosate 175 mg)

ALZ-801

Tmax (h) 0.51 [0.25–2.00] [16] 0.63 [0.50–1.02] [12] 0.75 [0.48– 1.03] [11]

Cmax (ng/mL) 3646 ± 1445 [16] 5445 ± 1669 [12] 8149 ± 3607 [11]

AUCt (ng/mL h) 3611 ± 684 [16] 5891 ± 1185 [12] 9606 ± 2683 [11]

t� (h) 0.70 ± 0.11 [13] 0.87 ± 0.20 [12] 0.81 ± 0.13 [9]

Tramiprosate

Tmax(h) 1.05 [0.75–3.02] [16] 2.00 [1.00–2.00] [12] 2.00 [1.00–2.08] [11]

Cmax (ng/mL) 418 ± 94.2 [16] 628 ± 100 [12] 1079 ± 339 [11]

AUCt (ng/mL h) 1595 ± 391 [16] 2680 ± 448 [12] 4736 ± 1291 [11]

t� (h) 13.4 ± 7.64 [8] 14.9 ± 3.97 [10] 17.8 ± 2.11 [10]

Data are expressed as mean ± SD (N), except for Tmax, which is reported as median [range] (N)

t�: the elimination kinetics in some subjects could not be determined, thus the n is different for some of the PK parameters

PK pharmacokinetic, Cmax maximum concentration, Tmax time to reach Cmax, AUCt area under the concentration–time curve from time zero to

time t, t� half-life, SD standard deviation
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Fig. 3 a Plasma concentrations

of ALZ-801 (prodrug) and

tramiprosate (active drug) over

time after single ascending oral

administration of ALZ-801

loose-filled capsules at 100,

172, and 300 mg/kg in healthy

volunteers (mean ? SD,

n = 11–16; Study 1 in Table 1).
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relationship indicates dose

linearity. Cmax maximum
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Table 5 Comparison of plasma tramiprosate PK parameters following oral administration of tramiprosate as a modified-release tablet or loose-

filled capsule, and ALZ-801 as a loose-filled capsule (i.e. Study 1, Substudy 3 in Table 1)

PK parameter Plasma tramiprosate after tramiprosate MR

tablet 100 mg

Plasma tramiprosate after tramiprosate

LF capsule 100 mg

Plasma tramiprosate after ALZ-801

LF capsule 172 mg

Cmax (ng/mL) 506 ± 187 [12] 769 ± 228 [12] 628 ± 100 [12]

Tmax (h) 4.50 [2.00–5.00] [12] 1.00 [0.75–5.00] [12] 2.00 [1.00–2.00] [12]

AUCt (ng/mL h) 2355 ± 747 [12] 3268 ± 1128 [12] 2680 ± 448 [12]

AUCinf (ng/mL h) 2037 ± 712 [6] 3332 ± 1369 [8] 2875 ± 492 [10]

kz (h-1) 0.1826 ± 0.1025 [6] 0.1846 ± 0.1020 [8] 0.0494 ± 0.0128 [10]

t� (h) 4.99 ± 2.66 [6] 5.90 ± 5.22 [8] 14.9 ± 3.97 [10]

Data are expressed as mean ± SD [N], except for Tmax, which is reported as median [range] (N)

t�: the elimination kinetics in some subjects could not be determined, thus the n is different for some of the PK parameters

PK pharmacokinetic, Cmax maximum concentration, Tmax time to reach Cmax, AUCt area under the concentration–time curve from time zero to

time t, AUCinf area under the concentration–time curve from time zero to infinity, t� half-life, SD standard deviation, MR modified-release, LF

loose-filled

1

10

100

1000

10000

0 6 12 18 24

Co
nc

en
tr

a�
on

 (n
g/

m
L)

Time (hr)

Plasma Tramiprosate, Day 1, first dose

171 mg, fasted
256.5 mg, fasted
256.6 mg, fed
265 mg, fed

1

10

100

1000

10000

100000

0 6 12 18 24

Co
nc

en
tr

a�
on

 (n
g/

m
L)

Time (hr)

Plasma ALZ-801, Day 1, first dose

171 mg, fasted
256.5 mg, fasted
256.5 mg, fed
265 mg, fed

1

10

100

1000

10000

100000

0 6 12 18 24

Co
nc

en
tr

a�
on

 (n
g/

m
L)

Time (hr)

Plasma ALZ-801, Day  7, a�er BID doses

171 mg, fasted
256.5 mg, fasted
256.5 mg, fed
265 mg, fed

1

10

100

1000

10000

0 6 12 18 24

Co
nc

en
tr

a�
on

 (n
g/

m
L)

Time (hr)

Plasma Tramiprosate, Day 7, a�er BID doses

171 mg, fasted
256.5 mg, fasted
256.6 mg, fed
265 mg, fed

1

10

100

1000

10000

100000

0 6 12 18 24

Co
nc

en
tr

a�
on

 (n
g/

m
L)

Time (hr)

Plasma ALZ-801, Day  14, last dose

256.5 mg, fasted
340 mg, fasted
340 mg, fed

1

10

100

1000

10000

0 6 12 18 24

Co
nc

en
tr

a�
on

 (n
g/

m
L)

Time (hr)

Plasma Tramiprosate, Day 14, last dose

256.5 mg, fasted
340 mg, fasted
340 mg, fed

Fig. 4 Mean pharmacokinetic

time course for ALZ-801 phase

I multiple ascending dose

studies in healthy human

volunteers under fasted and fed

conditions (Study 2 in Table 1)

324 J. A. Hey et al.



the fed state resulted in an expected delay in Tmax (ap-

proximately 2 h) compared with the 256.5 mg of ALZ-801

capsule, likely due to a slower dissolution. Although the

dose difference between the two formulations administered

in the fed state was only 3% (256.5 vs. 265 mg), the Cmax

was 22% lower for the tablet; however, the AUC was

comparable for both the tablet and capsule formulations, as

was the t�.

After repeated twice-daily administration of 171 and

256.5 mg ALZ-801 capsules in the fasted state for 6 days,

the plasma ALZ-801 Tmax did not change. The plasma

exposures of ALZ-801 increased with the dose only

slightly more than dose-proportional, with 2.1- and 1.9-fold

increases in Cmax and AUC from time zero to 12 h

(AUC12), respectively, for a 1.5-fold increase in dose.

There was no significant accumulation over time: mean

accumulation ratios were 0.94 for both the Cmax and

AUC12 for the 171 mg dose, and 1.19 and 1.14 for the Cmax

and AUC12, respectively, for the 256.5 mg dose. Similar to

day 1, repeated administration of 256.5 mg ALZ-801

capsules with food resulted in a slightly delayed Tmax and a

30% lower Cmax than the fasted state, but the AUC expo-

sure remained similar. There was no evidence of accu-

mulation over time. Compared with the 256.5 mg ALZ-

801 capsule, the Tmax occurred later for 265 mg ALZ-801

tablets when administered with food; however, the Cmax

and AUC12 were similar.

Due to the changes in dosing regimen between days 1

and 14, and between the cohorts, it is difficult to make

direct PK comparisons. However, it was noted on day 14

that the Tmax for plasma ALZ-801 following dosing in the

fasted state generally occurred at approximately 0.5 h, as

observed on days 1 and 7, and dosing in the fed state

caused a slight delay in Tmax. The t� of ALZ-801 was

approximately 1 h irrespective of dosing regimen and day.

Tramiprosate in plasma: After administration of 171

and 256.5 mg ALZ-801 capsules in the fasted state on day

1, ALZ-801 was rapidly converted to tramiprosate, with

quantifiable levels present at the first sampling time point

of 0.5 h. The Tmax (1.5 h) was similar at both dose levels.

As with ALZ-801, the Cmax and AUC exposures for plasma

tramiprosate increased dose-proportionally. The t� for

tramiprosate was similar for both doses, but considerably

longer than that for ALZ-801. Following a single oral dose

of 256.5 mg ALZ-801 capsules with food, there was a

slight delay in the presence of quantifiable plasma trami-

prosate concentrations in some subjects; however, the

median Tmax was similar to that observed in the fasted

state. There was a slight decrease (approximately 13%) in
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Fig. 5 Plasma tramiprosate exposure versus dose relationships after

an oral ALZ-801 tablet and capsule in healthy humans show strong

dose-exposure proportionality under all conditions (Studies 2 and 3 in

Table 1). AUC area under the concentration–time curve, AUC12 AUC

from time zero to 12 h

Table 6 Steady-state Tmax, Cmax and AUC profiles for ALZ-801 (prodrug) and tramiprosate (active drug) after oral administration of ALZ-801

(capsule) over 14 days in fasted and fed healthy human subjects in the phase I multiple ascending dose study (i.e. Cohorts B and C of Study 2 in

Table 1; n = 9 per group)

Food status Plasma analyte Day Tmax (h) Cmax (ng/mL) AUC12 (ng/mL h) AUC24 (ng/mL h)

Fasted ALZ-801 14 0.629 ± 0.229 10,400 ± 2880 13,800 ± 3350 13,800 ± 3350

Tramiprosate 14 1.634 ± 0.351 1480 ± 305 5470 ± 1220 6170 ± 1420

Fed ALZ-801 14 0.944 ± 0.388 8830 ± 2660 13,800 ± 2220 13,800 ± 2220

Tramiprosate 14 1.778 ± 0.264 1180 ± 190 5230 ± 691 6300 ± 781

Dosing schedule: Days 1–7: 256.5 mg ALZ-801 capsule once daily on day 1 and twice daily on days 2–7; days 8–14: 340 mg ALZ-801 once

daily

Data are expressed as mean ± SD

Cmax maximum concentration, Tmax time to reach Cmax, AUC area under the concentration–time curve, AUC12 AUC from time zero to 12 h,

AUC24 AUC from time zero to 24 h, SD standard deviation
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mean Cmax values between the fed and fasted states;

however, as previously observed, the AUC values were

similar, as was the half-life. After a single oral dose of

265 mg ALZ-801 tablets with food, the Tmax for trami-

prosate occurred later than with 256.5 mg ALZ-801 cap-

sules, and there was an approximately 12% decrease in

Cmax. The AUC values were similar for both the tablet and

capsule formulations in the fed state, as was the t�. In

addition, following single oral doses of ALZ-801 on day 1

(i.e. 171 mg capsules without food, 256.5 mg capsules

both with and without food, and 265 mg tablets with food),

the interindividual variability for plasma tramiprosate

exposure was low, with CV% for Cmax and AUC ranging

from 14 to 22%.

Based on the kinetics, steady state should be reached by

day 7 for tramiprosate, which was confirmed by visual

inspection of the predose values. On day 7, the occurrence

of Tmax for tramiprosate was similar for both 171 and

256.5 mg capsule doses; the Cmax and AUC exposures

increased dose-proportionally. Compared with day 1, the

tramiprosate Tmax was similar at both doses, but the Cmax

and AUC12 were higher, with accumulation ratios of 1.2

and 1.3, respectively. When administered with food,

256.5 mg ALZ-801 capsules on day 7 resulted in a slight

delay in Tmax in plasma tramiprosate, and an approximate

18% lower Cmax than the fasted state, but AUC12 was

comparable. Repeated twice-daily dosing of 256.5 mg

capsules in the fed state also resulted in higher Cmax and

AUC12 than day 1, with accumulation ratios of 1.14 and

1.27, respectively, similar to those in the fasted state. As

seen on day 1, the 265 mg ALZ-801 tablets also delayed

the tramiprosate Tmax compared with the 256.5 mg ALZ-

801 capsules on day 7; the Cmax was 11% lower but AUC12

was similar. Consistent with the capsule, Cmax and AUC12

on day 7 were higher than those on day 1 for the tablet

formulation, with accumulation ratios of 1.15 and 1.25,

respectively. As with the day 1 data, the interindividual

variability was low on day 7, with the CV% for Cmax and

AUC ranging from approximately 15 to 26% following

twice-daily administration of 171 mg ALZ-801 capsules in

the fasted state, 256.5 mg capsules in the fed and fasted

states, and 265 mg tablets in the fed state.

On day 14, the occurrence of plasma tramiprosate Tmax

in the fasted state was similar to that observed on days 1

and 7, and the range over which the Tmax occurred in the

fed state was also similar to that previously observed. The

t� for tramiprosate was longer on day 14 compared with

day 1, and was calculated out to 96 h versus 24 h on day 1.

NRM5074 (metabolite of tramiprosate) in plasma: there

was a lag between the presence of quantifiable concentra-

tions of tramiprosate and those of the metabolite

(NRM5074) following a single oral dose of ALZ-801 on

day 1. Numerous peaks in NRM5074 concentrations were

observed, resulting in Tmax ranging from 2 to 16 h,

although the CV% for the Cmax values were generally low

irrespective of the dosing regimen. On days 7 and 14,

although there were multiple peaks, the median Tmax for all

dosing regimens was 5 h. As with tramiprosate, the t� for

NRM5074 was longer on day 14 compared with day 1, and

was similar for the three dose regimens.

3.2.3 Single-Dose ALZ-801 Immediate-Release Tablet

and Food Effect (Study 3) (Figs. 6, 7)

Following administration of the prototype tablet at doses of

171 and 205 mg in the fasted state (Regimens A and B),

ALZ-801was rapidly absorbed, with no lag phase for

plasma ALZ-801 and a median Tmax of 1.0 and 0.5 h,

respectively. Elimination was efficient, with a t� of\ 1 h,

consistent across all dose levels administered. The forma-

tion of tramiprosate was rapid, with a median Tmax of 2.5

and 1.5 h for the 171 and 205 mg doses, respectively; the

t� was 12.9 and 16.5 h, respectively, much longer than that

for ALZ-801. Overall, the Cmax and AUC exposures of

tramiprosate were dose-proportional, with mean Cmax val-

ues of 611 and 773 ng/mL, and AUCt of 2680 and

3150 ng/mL h, respectively.

Table 7 Steady-state plasma PK profiles for ALZ-801 (prodrug) and tramiprosate (active drug) after oral administration of ALZ-801 (tablet)

265 mg twice daily over 7 days in fed healthy human subjects in the phase I multiple ascending dose study (i.e. Cohort D of Study 2 in Table 1;

n = 9)

Food status Plasma analyte Day Tmax (h) Cmax (ng/mL) AUC12 (ng/mL h) AUC24 (ng/mL h) t� (h)

Fed ALZ-801 1 2.448 ± 0.848 4960 ± 2650 10,300 ± 2830 10,300 ± 2830 1.05 ± 0.160

Tramiprosate 1 3.559 ± 0.880 759 ± 163 3300 ± 608 3650 ± 670 8.94 ± 1.35

Fed ALZ-801 7 2.114 ± 0.553 6460 ± 1800 11,200 ± 1970 11,200 ± 1970 1.11 ± 0.263

Tramiprosate 7 2.898 ± 0.603 865 ± 172 4100 ± 687 5020 ± 859 36.1 ± 4.15

Dosing schedule: Days 1–6: 265 mg ALZ-801 tablet once daily on day 1 and twice daily on days 2–6; day 7: 265 mg ALZ-801 tablet once daily

Data are expressed as mean ± SD

PK pharmacokinetic, Cmax maximum concentration, Tmax time to reach Cmax, AUC12 area under the concentration–time curve from time zero to

12 h, AUC24 area under the concentration–time curve from time zero to 24 h, t� half-life, SD standard deviation
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Compared with the fasted condition, administration of

205 mg ALZ-801 tablets with food (Regimen C) delayed

the Tmax of tramiprosate by approximately 30 min, result-

ing in a 17% reduced Cmax (638 ng/mL), but a relatively

comparable (5% lower) AUCt of 2990 ng/mL h. A further

1.7-fold increase in the dose of ALZ-801 tablets to 342 mg

(Regimen D) administered in the fed state resulted in a 1.5-

and 1.7-fold increase in tramiprosate Cmax (978 ng/mL)

and AUCt (4990 ng/mL h), demonstrating dose linearity.

Interindividual variability (Fig. 7) for exposure to trami-

prosate following ALZ-801 tablet administration in the fed

and fasted states was low, i.e. in the region of approxi-

mately 20–35%.

3.2.4 ALZ-801 Tablet versus Tramiprosate Tablet

Comparison

A composite comparison of the PK curves and variability

for plasma tramiprosate in fasted healthy volunteers fol-

lowing a single dose of 171 mg ALZ-801 tablet versus

loose capsule, and versus an equivalent dose of 100 mg

tramiprosate modified-release tablet is shown in Fig. 8.

Overall, relative to the tramiprosate tablet, oral ALZ-801

administration in either capsule or tablet formulation

delivered a comparable level of plasma tramiprosate

exposure, but prolonged the elimination half-life and

reduced interindividual variability. When compared with

the earlier phase II tramiprosate trial of 3 months’ duration

[20], the steady-state plasma tramiprosate PK after 7-day

twice-daily administration of the ALZ-801 tablet showed

substantially lower variability (Fig. 9). A further compar-

ison with the phase III tramiprosate study PK is shown in

Fig. S3 in the electronic supplementary material.

3.3 Urine Drug Recovery, Renal Clearance,

and Estimate of Oral Bioavailability

CLr of all three analytes was assessed in Study 2, which

was similar for all four cohorts on both days 1 and 7, and

day 14 for Cohorts A–C (representative Cohort D data

shown in Fig. 10). For ALZ-801, the mean CLr (range

27.2–5.7 mL/min) across dosing cohorts and days was
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graphs illustrating low intersubject variability after oral administra-

tion of the ALZ-801 tablet to healthy human subjects (Study 3 in

Table 1)
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substantially lower than the glomerular filtration rate

(GFR) of 125 mL/min in healthy humans, suggesting that

renal elimination of ALZ-801 is likely to be via filtration

with some reabsorption. For tramiprosate, the mean CLr

(range 128–221 mL/min) was slightly higher than the GFR

in most subjects, suggesting that, to some extent, active

secretion contributes towards renal elimination. The mean

CLr for NRM5074 (range 500–1570 mL/min) was much

higher than GFR, indicating that this metabolite is renally

cleared via active processes. Table 8 summarizes urinary

recovery of all three analytes in Cohort D, which generated

an estimated oral bioavailability of approximately 52% for

the ALZ-801 tablet.

3.4 Bridging Dose Analysis Based on the Phase III

Tramiprosate Plasma Area Under the Curve

Bioequivalence and Projection of Brain Drug

Exposure

We aimed to define the clinical dose of ALZ-801 that

achieves the plasma exposure of tramiprosate equivalent to

the 150 mg twice-daily tramiprosate dose used in the pre-

vious phase III study [12]. In that study, the mean plasma

exposure of tramiprosate at 78 weeks provided an AUC12

of 4429 ng/mL h. The accumulation factor for plasma

AUC of tramiprosate after oral twice-daily dosing of ALZ-

801 was approximately 1.3, which was consistent between

the day 7 and day 1 data (Study 2, loose-filled capsules,

MAD) and the theoretically modeled data (Study 3,

immediate-release tablets, SAD). The dose versus trami-

prosate exposure relationships following an oral ALZ-801

tablet after both single dose and at steady state are shown in

Fig. 5. A linear regression of the steady-state dose versus

AUC relationship for the two tablet doses (205 and

342 mg) under fed conditions yielded a projected dose of

262 mg twice daily for the ALZ-801 tablet. Thus, we

proposed a preliminary dose of 265 mg twice daily for the

ALZ-801 tablet for future phase III trials, to be adminis-

tered orally under fed conditions considering the improved

gastrointestinal tolerability. When compared with the

totality of PK data obtained from the phase I studies (both

capsule and tablet, both fasted and fed conditions), the

265 mg twice-daily dose fell within a linear dose–exposure

relationship; therefore, the projected plasma tramiprosate

AUC12 was approximately 4844, 4360 and 4502 ng/mL h

for oral ALZ-801 under the fasted, fed, and fasted and fed

combined conditions, respectively, at steady state.

Based on the brain:plasma ratio obtained from the

rodent using the C14 method (i.e. * 40% projected after

steady-state dosing) (Table 9), we further estimated the

steady-state brain tramiprosate exposure following ALZ-

801 tablet administration, relative to central nervous sys-

tem soluble Ab concentrations (Table 10). Overall, the
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average steady-state tramiprosate level after long-term

administration of 265 mg ALZ-801 twice daily is expected

to be over 5000- to 15,000-fold in excess of human cere-

brospinal fluid (CSF) Ab42 levels.

4 Discussion

ALZ-801 is in development as an oral anti-amyloid agent

with potential disease-modifying effects for the treatment

of AD. ALZ-801 is a prodrug of tramiprosate, designed to

Table 8 Urinary drug

clearance (CLr) and recovery of

ALZ-801, tramiprosate, and

NRM5074 following oral

administration of ALZ-801

tablet (day 1, 265 mg once

daily; days 2–6, 265 mg twice

daily; and day 7, 265 mg once

daily) in healthy human subjects

(i.e. Cohort D of Study 2 in

Table 1; n = 9)

Time Analytes CLr (mL/min) Plasma AUC24 (ng/mL h) Mean Ae (mg)

Day 1 ALZ-801 36.4 ± 10.7 10,300 ± 2830 22.5

Tramiprosate 201 ± 48.2 3650 ± 670 44.0

NRM5074 652 ± 161 1810 ± 348 70.8

Total recovery in urine 137.3

Day 7 ALZ-801 35.9 ± 19.9 11,200 ± 1970 24.1

Tramiprosate 194 ± 85.1 5020 ± 859 58.4

NRM5074 575 ± 218 5470 ± 1030 188.7

Total recovery in urine 271.3

Calculations were based on 24-h urine collections on days 1 and 7

CLr renal clearance, AUC24 area under the concentration–time curve from time zero to 24 h, Ae amount of

unchanged drug excreted into urine

Table 9 Brain penetration of tramiprosate after single-dose oral administration of tramiprosate and ALZ-801 in rodents

A. Brain and plasma levels of radioactivity after a single oral dose of 14C-tramiprosate (100 or 500 mg/kg) in male C57BL/6 mice. N = 3 per

dose/sampling time points; mean PK curves were used for calculation of PK parameters. Brains were perfused prior to bioanalysis

Tissue Dose (mg/kg) Cmax (lg eq/mL) Tmax (h) AUCt (lg eq/mL h) AUCinf (lg eq/mL h) t� (h)

Plasma 100 8.01 2 68.8 69.3 3.28

500 28.9 4 388 397 4.43

Brain 100 0.741 8 13.2 26.1 20.6

500 3.64 12 63.0 NC NC

B. Comparison of brain and plasma tramiprosate exposure (mean AUCt; ng/ml h) after a single oral dose of ALZ-801 vs. tramiprosate

(equivalent dose) in male CD-1 mice. N = 6 per group/sampling time points; mean PK curves were used for calculation of PK parameters. Drug

concentrations were measured using an LC-MS method

Tissue ALZ-801 dose (172 mg/kg) Tramiprosate dose (100 mg/kg) ALZ-801:tramiprosate ratio

Plasma 58,758 32,274 1.8

Brain 5841 1861 3.1

PK pharmacokinetic, Cmax maximum concentration, Tmax time to reach Cmax, AUCt area under the concentration–time curve from time zero to

time t, AUCinf area under the concentration–time curve from time zero to infinity, t� half-life, LC-MS liquid chromatography-mass spectrometry,

NC not calculated; terminal mono-exponential phase contained only two points

Table 10 Projected steady-

state plasma and brain

tramiprosate exposures

following oral administration of

ALZ-801 tablet 265 mg twice-

daily in humans

Parameters Tramiprosate exposure

Plasma AUC12 34.8 lL h

Projected brain AUC12 13.9 lM h (14C method)a

Projected brain average concentration (Css,av) 550 nM (14C method)a

Projected multiple excess of brain drug concentration versus soluble Ab [ 5000- to 15,000-fold

aBased on 19% single dose and approximately 40% steady-state brain penetration based on 14C method.

Multiple excess of drug exposure analyses based on CSF soluble Ab concentrations of 0.035–0.1 nM

[23, 24, 28], and comparable levels in brain parenchyma as per published human microdialysis data [21, 22]

AUC12 area under the concentration–time curve from time zero to 12 h, Css,av average concentration at

steady state
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improve the PK properties and gastrointestinal tolerability

through conjugation of tramiprosate with the amino acid

valine. The earlier tramiprosate phase III program included

2025 patients with mild-to-moderate AD, and evaluated

two active doses, 100 mg twice daily and 150 mg twice

daily. In the completed phase III North American Study in

1052 AD patients, the co-primary outcomes in the overall

study population did not achieve statistical significance;

however, the APOE4 genotype was found to have a sig-

nificant effect on efficacy [12, 19].

Recent clinical and nonclinical data have advanced our

understanding of the role of APOE4 in AD pathogenesis.

Amyloid PET imaging from recent large AD trials has

shown high rates of negative amyloid scans in APOE4 non-

carriers, while APOE4 homozygotes were predominantly

(98%) amyloid-positive [16]. APOE4 homozygotes were

also found to have a significantly higher burden of soluble

amyloid oligomers compared with non-carriers [17, 18].

AD patients with the APOE4/4 genotype therefore repre-

sent a phenotype that is enriched with amyloid pathology

and is considered most homogeneous.

With this improved understanding, prespecified post hoc

analyses of the tramiprosate phase III data were performed

based on the number of APOE4 alleles in three subgroups:

non-carriers (predominantly APOE3/3), heterozygotes

(predominantly APOE3/4), and homozygotes (APOE4/4).

In the APOE4/4 subgroup, tramiprosate 150 mg twice daily

showed a significant and potentially meaningful cognitive

benefit over 78 weeks, supported by positive trends on

CDR-SB [12]. Further sensitivity analyses in mild APOE4/

4 patients (MMSE of C 22) indicated that tramiprosate

150 mg twice daily displayed efficacy on ADAS-cog and

CDR-SB that was large in magnitude and durable over 78

weeks (p values\ 0.001 and\ 0.02, respectively) [19].

Tramiprosate inhibits Ab oligomer formation and

aggregation [7–10], and interacts directly with the soluble

Ab monomers and stabilizes them in a concentration-de-

pendent, multi-ligand enveloping fashion, thereby pre-

venting the formation of toxic oligomer species and the

progression of amyloid cascade [11]. Furthermore, the

molecular stoichiometry of tramiprosate was in alignment

with the clinical drug dose exposure, suggesting that this

mechanism of action may mediate its observed clinical

benefits in AD patients [11]. To exploit this efficacy

attribute of tramiprosate while circumventing its limita-

tions (gastrointestinal side effects and high intersubject PK

variability), we developed the prodrug ALZ-801.

In the phase I studies, oral administration of ALZ-801

either as a loose-filled capsule or tablet, showed good

safety and tolerability in healthy adults and elderly vol-

unteers. There were no SAEs or TEAEs, or AEs leading to

discontinuation, and no specific findings in safety labora-

tories, vitals, or ECGs. The gastrointestinal side effects of

nausea and vomiting were significantly improved over oral

tramiprosate in previous clinical trials [28], and did not

exhibit dose or exposure dependency, suggesting a likely

mild local upper gastrointestinal tract irritation. It is of

interest to note that in the 14-day MAD study, following an

initial titration with a reduced dose in the first week, the

incidence of nausea and vomiting was markedly reduced

during the second week, suggesting the development of

tolerance on continued use. Administration of ALZ-801

with food further reduced gastrointestinal symptoms in

some subjects; thus, no dose-limiting toxicity was observed

over 2 weeks of dosing at doses up to 342 mg twice daily,

which exceeds the proposed 265 mg dose regimen of ALZ-

801 (265 mg yields tramiprosate AUC plasma exposure

equivalent to oral tramiprosate 150 mg) for future pivotal

efficacy trials.

The SAD and MAD PK analyses indicated that ALZ-

801, dosed as either a capsule or a tablet, was absorbed

rapidly on oral administration, following the release of

tramiprosate in plasma likely via a hepatic or plasma

amidase, which was then subsequently metabolized to its

major primary metabolite NRM5074. The presence of the

prodrug ALZ-801 in plasma was short (elimination t� -

B 30 min) at all doses studied, whereas the elimination

half-life for tramiprosate was much longer (* 18 h). This

long apparent t� for tramiprosate following an oral dose of

the prodrug most likely reflects the consistent release of

tramiprosate from the prodrug. Importantly, the plasma

Cmax and AUC exposures for both ALZ-801 and trami-

prosate were highly dose-proportional, reflecting linear

kinetics.

In the MAD study, we observed no significant accu-

mulation or decrease of plasma ALZ-801 and tramiprosate

over 7 days of twice-daily administration, when plasma

tramiprosate reached its steady state. The plasma AUC

exposures for ALZ-801 and tramiprosate were dose-pro-

portional at steady state. In addition, the elimination half-

life for tramiprosate was prolonged on day 14 compared

with day 1.

We compared the PK profiles for oral ALZ-801 versus

oral tramiprosate (either in a capsule or tablet formulation).

Overall, ALZ-801 delivered an equivalent exposure of

tramiprosate in plasma compared with an equimolar dose

of oral tramiprosate. However, ALZ-801 exhibited two

substantially improved characteristics over tramiprosate:

[1] a longer elimination half-life of plasma tramiprosate,

which reflects the release of tramiprosate from the prodrug;

and [2] a substantially reduced interindividual PK vari-

ability, which occurred in all cohorts and is presumably

due to the reduced tramiprosate metabolism in the gut.

Both improvements may lead to better pharmacodynamic

effects.
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In the presence of food, a modest, non-significant

reduction in the oral absorption of ALZ-801 was observed,

such that the presence of food slowed the absorption and

reduced the Cmax of tramiprosate; however, the reduction

in AUC exposure of tramiprosate was minimal and was not

considered to be clinically meaningful. In addition, the

presence of food did not affect the dose-proportionality of

ALZ-801 or tramiprosate, which suggests that while the

rate of absorption is reduced, the extent of absorption is

unaffected by the administration of ALZ-801 in the fed

state.

Importantly, administration of ALZ-801 in the fed state

reduced the incidence of gastrointestinal symptoms while

maintaining the total exposure of tramiprosate. Thus, it is

likely that administration with food provides a gastropro-

tective local effect in the gut rather than a central effect

linked to drug exposure. Additionally, the ALZ-801 tablet

formulation further delayed the absorption compared with

the capsule, but did not affect the AUC exposure of tra-

miprosate in plasma. Finally, there was no apparent age-

related effect on PK parameters within the subjects studied.

We also analyzed the CLr of all three analytes in the

MAD study, which was similar for all four cohorts at all

time points. The data indicate that renal elimination of

ALZ-801 is likely to be via filtration with some re-ab-

sorption, and that, for tramiprosate, active secretion con-

tributes, to some extent, towards renal elimination. While

the mechanism for apparent secretion of tramiprosate is

unknown, no effect on the family of renal transporters,

including organic anion transporter (OAT) 1 and OAT3,

was observed at concentrations up to 100 mM (data on

file). Since ALZ-801 is a prodrug, and no absolute oral

bioavailability had been previously obtained, we estimated

its bioavailability based on the urinary recovery data for the

three analytes, which generated an approximate oral

bioavailability of tramiprosate of 52% for the 265 mg

ALZ-801 immediate-release tablet.

Based on the PK data for ALZ-801, and the clinically

effective tramiprosate exposure, we projected the clinical

dose for ALZ-801 to be used in future efficacy trials. While

our animal model data indicate that oral ALZ-801 delivers

tramiprosate into the brain more efficiently than oral tra-

miprosate (Table 9B), we adopted a conservative analytical

approach based on plasma AUC for clinical dose projec-

tion. Our goal was to provide a plasma exposure of tra-

miprosate equivalent to the 150 mg twice-daily

tramiprosate dose in the previous phase III study, which

produced a robust cognitive and functional efficacy in

APOE4/4 AD patients [12, 19]. Based on the dose-expo-

sure linearity and a modest accumulation factor of 1.3 at

steady state, we projected a dose of 265 mg twice daily for

the ALZ-801 tablet, to be administered orally under fed

conditions.

We further estimated brain drug exposure following

long-term administration of the ALZ-801 tablet, based on

the brain:plasma ratio derived from rodents. Overall, the

average steady-state tramiprosate level at the ALZ-801

dose of 265 mg twice daily is projected to reach approxi-

mately 550 nM, which is over 5000- to 15,000-fold in

excess of human CSF Ab42 levels. The published brain Ab
data are variable, but the recent microanalysis studies in

humans suggest that the interstitial soluble Ab42 levels

[21, 22] are comparable with those in CSF [23, 24]. Since

CSF Ab reflects diffusible peptide in the brain [25–28], its

decrease as seen in the tramiprosate phase II study is

considered a good indicator of changes in brain diffusible

Ab levels [20]. The predicted brain drug exposure fol-

lowing ALZ-801 265 mg twice daily also aligns with the

previously observed CSF drug levels (i.e. 60 nM) after oral

tramiprosate 150 mg twice daily for 78 weeks [11].

Together, this PK and brain penetration analysis of

ALZ-801 tablets is projected to yield a steady-state CNS

exposure of tramiprosate that maintains over three orders

of magnitude in excess of soluble Ab42 in the brain, which,

according to molecular mechanism of action studies [11], is

sufficient to block the formation of toxic oligomers and

amyloid aggregation. This is consistent with our experi-

mental IMS-MS results where a 1000-fold excess of tra-

miprosate completely abrogated the formation of Ab
oligomers [11]. Considering the much-improved individual

PK variability of oral ALZ-801 than oral tramiprosate, a

better and more consistent clinical efficacy outcome is

expected in the pivotal phase III efficacy studies.

5 Conclusions

The phase I bridging PK data show that the oral dose of

265 mg ALZ-801 tablet, administered twice daily, yields

AUC plasma exposure equivalent to oral tramiprosate

150 mg twice daily from the previous completed trami-

prosate phase III trial. Moreover, the overall improvements

in safety, tolerability, and PK properties of ALZ-801 sup-

port further confirmatory efficacy studies in AD patients.

ALZ-801 has the promise to be a new, orally available,

small molecule amyloid-targeting treatment with a favor-

able safety profile, and the ability to slow the progression

of AD and extend the efficacy of the current standard-of-

care therapies.
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