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Abstract

Background Amyloid beta protein (AP) is a treatment target in Alzheimer’s Disease (AD). Lowering production of
its parent protein, APP, has benefits in preclinical models. Posiphen, an orally administered small molecule, binds
to an iron-responsive element in APP mRNA and decreases translation of APP and AB. To augment human data
for Posiphen, we evaluated safety, tolerability and pharmacokinetic and pharmacodynamic (PD) effects on Af
metabolism using Stable Isotope Labeling Kinetic (SILK) analysis.

Methods Double-blind phase 1b randomized ascending dose clinical trial, at five sites, under an IRB-approved
protocol. Participants with mild cognitive impairment or mild AD (Early AD) confirmed by low CSF AB42/40 were
randomized (within each dose arm) to Posiphen or placebo. Pretreatment assessment included lumbar puncture

for CSF. Participants took Posiphen or placebo for 21-23 days, then underwent CSF catheter placement, intravenous
infusion of '*Ci-leucine, and CSF sampling for 36 h. Safety and tolerability were assessed through participant reports,
EKG and laboratory tests. CSF SILK analysis measured AB40, 38 and 42 with immunoprecipitation-mass spectrometry.
Baseline and day 21 CSF APP, A and other biomarkers were measured with immunoassays. The Mini-Mental State
Exam and ADAS-cog12 were given at baseline and day 21.

Results From June 2017 to December 2021, 19 participants were enrolled, randomized within dose cohorts (5 active:
3 placebo) of 60 mg once/day and 60 mg twice/day; 1 participant was enrolled and completed 60 mg three times/
day. 10 active drug and 5 placebo participants completed all study procedures. Posiphen was safe and well-tolerated.
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8 participants had headaches related to CSF catheterization; 5 needed blood patches. Prespecified SILK analyses of
Fractional Synthesis Rate (FSR) for CSF AB40 showed no significant overall or dose-dependent effects of Posiphen
vs. placebo. Comprehensive multiparameter modeling of APP kinetics supported dose-dependent lowering of APP
production by Posiphen. Cognitive measures and CSF biomarkers did not change significantly from baseline to 21

days in Posiphen vs. placebo groups.

Conclusions Posiphen was safe and well-tolerated in Early AD. A multicenter SILK study was feasible. Findings are
limited by small sample size but provide additional supportive safety and PK data. Comprehensive modeling of
biomarker dynamics using SILK data may reveal subtle drug effects.

Trial registration NCT02925650 on clinicaltrials.gov (registered on 10-24-2016).
Keywords Alzheimer’s disease, Amyloid beta protein, APP, Pharmacodynamics, Clinical trial

Background

Genetic, neuropathological and biomarker evidence sup-
port key roles for amyloid beta protein (Ap) in the patho-
genesis of Alzheimer’s Disease (AD) and as a therapeutic
target. AP is produced by sequential proteolytic cleavages
of its parent protein amyloid protein precursor (APP),
yielding secreted peptides ending at amino acid residues
37-43 of the AP sequence [1]. Mutations in PSENI or
PSEN2 (which encode proteins that are constituents of
the gamma-secretase complex that cleaves APP) result in
shifts in APP processing favoring Ap42 [2—5]. Mutations
and rare duplications in the APP gene cause early onset
familial AD [6, 7]. Overproduction of APP in Down Syn-
drome (trisomy 21) results in AD pathology developing
inevitably with age [8]. An APP mutation associated with
decreased production of AP protects against late onset
AD [9]. Therefore, decreasing APP protein may provide
a treatment option for AD. This can be achieved geneti-
cally in mouse models, but complete APP knockout is
associated with decreased locomotor strength, impaired
learning and memory with aging and synaptic changes
[10-12]. Partial reduction of APP is likely to be safer and
more practical.

The post-translational regulation of APP includes an
iron-responsive element (IRE) in the 5 untranslated
region of APP mRNA. In a screen of compounds that
bind to IRE sequences, the (+) and (-) enantiomers of
phenserine decreased the translation of APP mRNA,
resulting in decreased production of APP and A [13,
14]. While the (-) enantiomer has substantial anticholin-
esterase activity, the (+) enantiomer (Posiphen, undergo-
ing clinical development as Buntanetap) does not [15].
Metabolites of Posiphen retain activity in lowering APP
translation [16]. Posiphen lowered APP translation in cell
and animal models and showed beneficial effects on cog-
nition in APP and Down syndrome transgenic mice [17-
19]. Because IREs also influence the translation of other
proteins, including a-Synuclein, targeting IRE might be
beneficial in a-Synuclein disorders such as Parkinson’s
Disease (PD) and Lewy Body Dementia (LBD).

A prior phase 1 study of Posiphen determined phar-
macokinetic (PK) and pharmacodynamic (PD) data and
measured secreted APP (sAPP) in cerebrospinal fluid
(CSF) [20]. Posiphen was given orally up to four times per
day and had a short plasma half-life. In a Single Ascend-
ing Dose study, a daily dose of 160 mg or higher resulted
in a high rate of gastro-intestinal side effects. In multiple
dose studies, lower doses (20, 40 or 60 mg) given four
times per day were safe and well-tolerated. A phase 1
study in healthy adults also included four subjects with
Mild Cognitive Impairment (MCI) who underwent serial
collection of CSF via lumbar catheter for 12 h before and
after 10 days of dosing with 60 mg four times per day. In
this MCI cohort, mean CSF sAPP«, sAPPJ and total tau
were decreased at 10 days compared to pretreatment.
More recently, Posiphen was given to small cohorts of
patients with mild AD (#=14, 80 mg once per day), and
Parkinson’s Disease (10-80 mg once per day) for up to
27 days. CSF obtained by lumbar punctures before and
after treatment showed a small reduction of APP in the
AD study [21]. There were small changes in CSF AP
peptide concentrations, with larger decreases for APP
biomarkers; however, these differences were not signifi-
cant. Ascertainment of the relationship between CSF bio-
marker changes and dose is therefore limited.

To determine pharmacokinetic (PK) and pharmaco-
dynamic (PD) properties of Posiphen and obtain further
safety data in the target population of early AD (including
MCI and mild AD-dementia), we have conducted a mul-
ticenter phase 1b study and evaluated PD effects on Ap
metabolism using Stable Isotope Labeling Kinetic (SILK)
analysis in CSF [22]. SILK enables modelling of pro-
duction and clearance of CNS proteins based on serial
sampling of CSF following a constant infusion of stable
isotope labeled leucine [23]. SILK can identify small
changes that can be difficult to determine from longitu-
dinal CSF sampling and has provided insights into how
factors such as sleep, circadian rhythms and drugs may
affect APP and A metabolism and dynamics [24—28].
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Methods

Overall study design

From June 5, 2017 to December 31, 2021, we conducted
the DISCOVER randomized clinical trial at five par-
ticipating sites, coordinated by the Alzheimer’s Disease
Cooperative Study (ADCS) at UCSD, with funding from
the National Institute on Aging and investigational prod-
uct provided by Annovis, Inc. This study was approved
by each participating site’s IRB and was registered on
https://www.clinicaltrials.gov/ as NCT02925650. The
trial was conducted according to the guidelines of good
clinical practice (GCP) and was monitored by the ADCS.
A Data Safety Monitoring Board (DSMB) reviewed data
for each cohort and for the study overall. The study was
designed as a sequential cohort ascending dose trial, with
subjects receiving 21-23 days of Posiphen vs. placebo.
Within each study cohort, participants were randomly
assigned to receive either Posiphen or placebo for 21-23
days, followed by a confinement visit, in which they were
admitted to an inpatient observation unit, had a lumbar
intrathecal catheter and intravenous line placed, fol-
lowed by intravenous infusion of *Cg-leucine and serial
sampling of blood and CSF over 36 h for Stable Isotope
Labeling and Kinetics (SILK).

There were three primary objectives of the study: (1) to
assess safety and tolerability of Posiphen in people with
early AD, including people with Mild Cognitive Impair-
ment or mild dementia due to Alzheimer’s Disease, over a
dose range of 60 mg given once, twice or three times per
day; (2) to determine PK for Posiphen and its N1 and N8
metabolites by measuring their levels in CSF and plasma
at multiple time points during the first 24 h of CSF cath-
eterization; (3) to determine PD by using SILK data to
model the fractional synthesis rate (FSR) of AB40, the
most abundant form of secreted AP, and also to assess
changes in CSF levels of AB40 from pretreatment to 21
days post-treatment. Additional objectives included:
establishing the feasibility of carrying out a multi-center
SILK study; assessing pharmacodynamic effects of Posi-
phen on other biomarkers in CSF including Amyloid
Beta 38 (AP38), AB40, AP42, soluble Amyloid-f Precur-
sor Protein alpha (sAPP«), soluble Amyloid-p Precursor
Protein alpha (sAPPp) and t-Taw; and evaluating cogni-
tive and/or neuropsychiatric effects of Posiphen. Because
there have been substantial advances in methods of anal-
ysis of SILK data since this study was originally designed,
we also carried out post-hoc advanced modeling of these
data to determine APP synthesis rates. Further details of
the study, including a detailed protocol, are available at
https://www.clinicaltrials.gov/ under NCT02925650.

Study drug and 3C,-leucine
Posiphen (investigational new drug #72 654) was manu-
factured according to Good Manufacturing Practice
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(GMP) regulations. It was packaged as gelatin capsules,
without excipients or fillers and matching placebo cap-
sules (non-lactose compound) which were prepared with
an inert inactive excipient generally recognized as safe
for human pharmaceutical use by Frontage Laboratories,
Inc. Capsules were packaged in identical blister packs
and provided by Frontage to study sides to preserve the
blind.

13C,-leucine was supplied by C2N, Inc, (St Louis, MO)
as a powder, manufactured under MPT grade specifica-
tions. Some of the site investigational pharmacies were
unable to prepare '*C,-leucine by following the prior
Washington University/C2N protocol, and in Septem-
ber 2019, GMP-grade '*C,-leucine was obtained from
C2N, prepared by PCI Study Services, Inc, (San Diego,
CA), and shipped as vials to sites within the week prior to
the confinement visit. Sites followed a protocol by dilut-
ing the *Cq-leucine in sterile normal saline, with dos-
ing dependent on body weight, and intravenous infusion
with an initial bolus of 3 mg/kg followed by steady infu-
sion over the remainder of 9 h at 2 mg/kg/h.

Participants

Study participants were included if they met the follow-
ing criteria: (1) men or women aged 55-89; (2) female
participants were postmenopausal or not of childbear-
ing potential, (3) female participants test negative with a
urine pregnancy test at the screening visit); (4) MCI-AD
(NTA-AA criteria) [29] or mild AD with Mini-Mental
State Examination (MMSE) 17-30 and global Clinical
Dementia Rating (CDR) [30] 0.5-1.0; participant likely
to tolerate all study procedures as judged by the local
site PI: (5) CSF biomarkers consistent with AD: AB42/
AP40<0.131 assayed by mass spectrometry (C2N Diag-
nostics, St Louis, MO - unpublished data for the CSF
cutoff for amyloid positivity was provided by C2N); (6)
general cognitive abilities sufficient for the participant to
provide informed consent; (7) study partner available; (8)
no evidence of current suicidal ideation or prior suicide
attempt; (9) MRI in the past 12 months without evidence
of infection, infarction, or other focal lesions; (10) stable
doses of medications for 4 weeks and of AD medications
(acetylcholinesterase inhibitors and/or memantine) for
12 weeks prior to screen; 11) adequate vision hearing and
good general health; 12) fluent English speaker.

Exclusion criteria were: (1) major psychiatric disorder;
(2) other neurodegenerative disease; (3) dementia other
than AD; (4) seizure disorder; (5) clinically significant
abnormalities on screening laboratory studies or EKG
results; (6) current serious or unstable illness; (7) four or
more microinfarcts on brain MRI; (8) cancer currently
or in past 3 years (other than skin or stable untreated
prostate cancer); (9) alcohol abuse or dependence or
drug abuse; (10) participation in another clinical trial
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and have taken active investigational product within 16
weeks before screening; 11) resides in skilled nursing
facility; 12) contraindications to lumbar puncture and
catheterization, e.g., infection in skin close to site; major
orthopedic abnormality, disorder of coagulation or use of
anticoagulant drug; 13) deep brain stimulator present.

Participants who were recruited at each participating
site signed an informed consent document, and eligibil-
ity was determined during a screening period of up to 42
days. This allowed adequate time for the analysis of CSF
to determine amyloid status.

Randomization

Participants who signed an informed consent and
met screening eligibility requirements were randomly
assigned to receive 60 mg Posiphen once daily or placebo
(with an allocation of 5 to Posiphen, 3 to placebo) by a
stratified, random permuted blocked treatment assign-
ment method, stratified by site. Following dosing of the
initial 8 participants and DSMB review of safety and
tolerability, the next dose group was 60 mg of Posiphen
or placebo twice daily (BID) (randomly assigned as 5
to Posiphen, 3 to placebo). Following the dosing of this
group of 8 participants and DSMB review of safety and
tolerability, the next dose group was 60 mg of Posiphen
or placebo three times daily (TID) (randomly assigned as
5 to Posiphen, 3 to placebo).

Study visits

The screening visit included history, examination, review
of medical records and medications, vital signs, physi-
cal and neurological examination, cognitive testing with
the MMSE and Logical Memory test (Wechsler Memory
Scale-revised), EKG, blood draw for routine laboratory
tests, lumbar puncture and if needed, brain MRI If eli-
gible, participants underwent a baseline visit, with cog-
nitive assessment using the MMSE and ADAS-cogl2,
behavioral assessments, Research Satisfaction Survey,
safety assessments, and review of concurrent medica-
tions and adverse events, and they received a supply of
the study drug (or placebo), which they started the day
after the baseline visit. A telephone assessment was done
at day 14 after baseline, to assess adverse events, concom-
itant medication changes and remind participants/study
partners about the confinement visit. A pre-confinement
visit took place 1-3 days before the confinement visit,
following treatment for 20 days, and included physical
and neurological examination, cognitive and behavioral
assessments (see below), safety assessments (including
clinical safety labs), and a review of compliance, concur-
rent medications and adverse events. The study drug or
placebo was continued until the day before the confine-
ment visit.
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For the confinement visit, subjects arrived in the early
morning after an overnight fast. Physical and neurologi-
cal examination, vital signs, and assessment of compli-
ance were completed and blood was drawn for safety
laboratory tests. An intravenous line and a second line
for repeated blood draw were placed. To sample CSF,
the intrathecal space was accessed using a Perifix 18G
Touhy Epidural Needle (90 mm), and a Polyamide Epi-
dural Catheter (20G Closed Tip) was inserted and fixed
in place by an Anesthesiologist. Participants received the
last day’s dosing of study drug or placebo. Initial blood
and CSF samples were drawn, intravenous infusion of
13C¢-leucine was started and continued for 9 h, during
which time subjects received a low leucine diet. Blood
and CSF were sampled every 2 h for 36 h. After 36 h,
intravenous lines and the CSF catheter were removed,
vital signs were measured, physical exam performed, and
blood and CSF were sent for routine laboratory studies.
Subjects were observed for 12 h after removal of the CSF
catheter. If postural headache was present, a blood patch
was performed. Once stable, participants underwent
a brief exam and vital sign check and were discharged.
They received a phone call 24 h after discharge to check
on their wellbeing.

Outcome measures

Safety measures included adverse events, vital signs,
EKG and laboratory tests. The Mini-Mental State Exami-
nation (MMSE) [31], Alzheimer’s Disease Assessment
Scale-cognitive (ADAS-cog12) [32] and Neuropsychiatric
Inventory (NPI) [33] were used as cognitive and behav-
ioral outcomes,.

For biochemical analysis to derive data for SILK,
13C¢-leucine was analyzed in plasma and CSF by mass
spectrometry, and AP peptides in CSF were analyzed by
immunoprecipitation-mass spectrometry (IP-MS) as
previously described [23], by C2N Diagnostics (St Louis,
MO). CSEF levels of sAPPa, sAPPB, AB38, 40 and 42 were
analyzed by the ADCS Biomarker Core using Meso-
scale Discovery (MSD) electrochemiluminescent assays
(Mesoscale Discovery, Rockville, MD). Levels of Posi-
phen and its N1 and N8 metabolites in plasma and CSF
were measured by Charles River Laboratories (Montreal,
CA) by high-performance liquid chromatographic mass
spectrometry, with use of deuterated Posiphen (procured
by Charles River Laboratories) as an internal standard.

Statistical analysis

The study was powered based on SILK data on Fractional
Synthesis Rate (FSR) [23] for AB40, measured in people
with AD, using prior data from patients with mild AD
(provided by C2N Diagnostics), and was modeled to eval-
uate a primary analytic goal of demonstrating a mono-
tonic dose response relationship to Posiphen treatment.
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Based on a two-sided t-test for the difference between
two independent means at a significance level (alpha)
of 0.05 and a statistical power of 80%, a sample size of
5 subjects in each treatment group (n active=15) and 9
controls would provide at least 80% statistical power to
detect a 27% change in the mean AB40 FSR. For compari-
son, the rare APP A673T genetic variant that protects
against late-onset AD is associated with 9-26% lower
sAPPB and AB42 levels in CSF compared to age-matched
conrols [34].

A prespecified Statistical Analysis Plan (SAP) was pre-
pared and finalized before the database lock occurred.
For safety and tolerability, frequencies of adverse events,
serious adverse events and laboratory abnormalities
between the participants across the three groups are
compared, using Pearson’s x [2] or ANOVA, as appro-
priate. Plasma concentration-time data are analyzed by
non-compartmental methods using WinNonlin version
6.2.1 or greater. Calculations are based on the actual sam-
pling times recorded during the study. For PK analysis,
only the subjects receiving Posiphen are included. From
the plasma concentration-time data, the following PK
parameters were estimated, as data permit: area under
the concentration-time curve from 0 to 24 h (AUC,,_,,),
maximum observed plasma concentration (C,,,,), time
of maximum observed plasma concentration (T,,,,), ter-
minal elimination half-life (t,,,,), apparent volume of dis-
tribution (V/F), and apparent oral clearance (CI/F).

For SILK, the fraction of labeled A for AB38, 40, and
42 during 36 h after administration of study drug for each
subject was calculated, as described. The FSR measures
were calculated by fitting a line to the upslope of the
CSF AP labeling data. It was assumed that the upslope
occurred between hours 6-16 h after the start of confine-
ment. FSR for treated and untreated subjects were com-
pared by analysis of variance (ANOVA). The percentage
of newly synthesized and degraded AP was estimated
over 36 h by multiplying the plasma concentration of
AP measured at the start of confinement (i.e. at catheter
placement; time=0) by the percentage of A that con-
tains '3C4-leucine at each time point. This can be used to
estimate the AUC of the drug for decreasing the amount
of newly produced AP [24]. As a post hoc analysis, the
FSR measurement was also performed with different
assumptions: the timeframe for measuring the upslope
was automatically detected based on the slope of the
SILK curve (see supplementary materials for method and
code). As an additional post hoc analysis, a newer model
for SILK that take into count the multiple compartments
and CSF and other spaces involved in APP metabolism
[35] was also used to estimate APP production rates, as
described below.

Changes in CSF biomarkers from the screening to
confinement (sample at time of placement of catheter)
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were compared in the treatment and placebo groups by
ANOVA, with models that included age, sex and base-
line MMSE, and further analysis stratified by treatment
dose. A similar approach was taken to analyze changes in
MMSE, ADAS-cog and NPI. Data were analyzed using R
(version 4.2.2).

Detailed modeling of APP metabolism

APP and AP production and clearance rates were deter-
mined using a recently described comprehensive model
[35]. The model accounts for the bi-hourly withdrawal
of 6 mL of CSF, which is known to alter the lumbar CSF
concentration of AP [25]. The model estimates rates of
APP production, enzymatic production of Af, transport
of AP from interstitial fluid (ISF) to CSE, enzymatic deg-
radation of AP, blood-brain barrier transport of Ap, as
well as CSF mixing throughout the subarachnoid space
(SAS) and clearance of CSF from cranial and spinal sub-
arachnoid space (SAS). For the DISCOVER trial, MRI
volumetric scans were not available, so CSF volumes
(cranial, cisternal and ventricular) were estimated based
on the subject’s age using data from the previous study
(see Supplementary Materials). The model fits the SILK
and lumbar concentration data by varying the following
four adjustable parameters: kppp,, (rate of clearance of
AB,, from ISF), SE,, (scaling factor for AP,, to account
for mass spec calibration errors), Qcgp (rate of CSF pro-
duction and clearance) and Q. (parameter describing
magnitude of CSF mixing between SAS compartments).
In addition to the adjustable parameters, three additional
parameters were systematically varied: fi,gr (accounting
for errors in the estimate of CSF volumes), Vg, (account-
ing for errors in the estimate of volume of spinal CSF)
and Q. (accounting for potential, but undocumented,
CSF leaks around the indwelling lumber catheter). Addi-
tionally, simulations were repeated limiting kppp, to
a range of smaller values (0.05-0.2 h™') and a range of
larger values (0.2-0.35 h™?!), based on the observation
of local minima in both regimes. In total, 128 parameter
optimizations per subject were performed, determining
the adjustable parameters by fitting the SILK data while
holding the systematically varied parameters at combina-
tions of the following values: fy,gr = 0.5, 0.75, 1.0, 1.25;
Vgp = 40, 60, 80 and 100 mL; Q. =0, 5, 10, 15 mL/h.
Then, the parameter combinations were rank-ordered
based on the goodness-of-fit to both the SILK and early
AP lumbar concentration data (0—15 h). The AP produc-
tion rates output from the model were averaged for all
scans with sum-of-square residual fits within 20% of the
best value for both SILK data and Ap lumbar concentra-
tion data. Later AP lumbar concentration data were not
considered due to substantial variation in the effect of
sleep on CSF AP (sleep was not controlled in this study
and most experiments began between 9 and 11 am local
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time). CSF AP concentrations prior to 11 am were also
excluded due to the effects of sleep the previous night
[35].

Results
The trial enrolled 19 of the pre-planned 24 participants,
after being significantly impacted by several substantial
delays, including logistical problems with the '*Cg-leu-
cine supply and extended shut down periods of inpatient
research units during the Covid-19 pandemic between
March 2020 and December 2021, when the trial ended.
The 60 mg once per day and twice per day dose cohorts
were successfully enrolled and completed. The 60 mg
three times per day group enrolled and completed only
one participant. The disposition of participants is shown
in Fig. 1.

Forty-nine people were screened, and nineteen were
enrolled. One participant was randomized but not
enrolled because of a research center shut down due to

Consort
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Covid-19, two participants did not have a confinement
visit due to changing regulations about research during
the Covid-19 pandemic, and in one participant, the CSF
catheter could not be placed to allow successful repeated
sampling of CSE. For these four subjects, there was
replacement enrollment within each dose arm, which
allowed the 60 mg once/day and the 60 mg twice/day
dose cohorts to be filled and completed The study pro-
cedures were completed in 5 control and 10 active drug
treatment participants. Demographic, clinical data and
concomitant medications relevant for AD and mood are
shown in Table 1 for the nineteen trial participants who
were randomized.

Safety and tolerability

Posiphen was safe and was generally well tolerated
among the 18 participants who contributed to the safety
analyses (7 placebo and 11 who received Posiphen). Vital
signs showed no significant changes. Adverse events

Diagram

49 Consented

[Em@ﬂﬂmmﬁ}

Safety population: n=18

30 excluded
10 MMSE not in range

1 participant randomized
but did not receive

19 Randomized
ITT

4 CDRnot0.50r1.0
3 Logical Memory I

treatment or a post-

2 Concomitant Meds
6 CSF AB42/40 > 0.131

randomization visit

Allocation

3 Other Reasons

11 Posiphen
11 Posiphen mITT

mITT
Population

7 Placebo
7 Placebo mITT

Early termination n =1
CSF catheter placement

\

10 per protocol
completers

Fig. 1 CONSORT diagram

Early termination n = 2
Covid-19; expired leucine

/

5 per protocol
completers
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Table 1 Characteristics of randomized participants
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Table 2 Pharmacokinetic data: mean levels of Posiphen (ng/mL)

Placebo N=7 PosiphenN=12 P averaged over 24 h of CSF sampling
Age, years 746+8.7 69.5+7.6 0.19 Treatment arm
Sex (Female: Male) 3:4 6:6 1.0 60 mg (n=5) 60 mg BID (n=5) 60mgTID (n=1)
Education, years 149+23 16+34 0.45 Plasma
MMSE 24+44 245+2.7 0.76 Posiphen 7.16+4.25 951+5.77 12.01
Concomitant medications N1 129+0.77 3.02+1.40 251
AChE-I 4 (57%) 6 (50%) 0.90 N8 225+1.36 5.04+1.80 335
Memantine 3 (43%) 2 (16%) 0.21 CSF
Antidepressants 2 (28%) 9 (75%) 0.048 Posiphen 0.46+0.30 0.73+0.53 0.71
AChE-I=acetylcholinesterase inhibitors. Specific antidepressants and N1 0.02+0.04 0.28+0.30 0.00
treatment groups are as follows (some participants were taking more than one NG 035+026 0.77+0.43 0.15

medication): citalopram (or escitalopram): 6 Posiphen; fluoxetine 1 placebo;
sertraline 3 Posiphen; bupropion 1 placebo, 2 Posiphen; mirtazapine 1 Posiphen

(AEs) did not differ in frequency between the groups and
there was no pattern of organ system-related AEs. The
only Serious Adverse Events in the Posiphen or placebo
group were headaches in relation to CSF catheterization,
reported in 8/15 participants, 4 while the CSF catheter
was in situ; 3 after removal; and 1 at both times. Five par-
ticipants needed blood patches, and in all 5 the headache
rapidly resolved.

ECG parameters showed no significant changes or dif-
ferences between Posiphen and placebo groups. Labora-
tory safety parameters showed no significant differences
in the placebo and treatment groups and there were no
clinically significant changes associated with Posiphen.

Pharmacokinetics
Data for Posiphen plasma and CSF analysis are shown in
Fig. 2.

Noncompartmental pharmacokinetic parameters were
estimated using Phoenix WinNonlin v8.3 (Certara, Princ-
eton, NJ). Levels and parameters (Cmax, AUC) of posi-
phen, n-1 and n-8 metabolites were highly correlated in

@ ~
3 >

Plasma Posiphen Concentration, ng/mL
»
3

CSF Posiphen Concentration, ng/mL

plasma and CSEF. For the BID and TID doses the expected
post dose plasma peaks appeared attenuated.

Pharmacokinetic parameters of Posiphen and its
N1 and N8 metabolites in plasma and CSF are shown
in Table 2 (mean drug levels over 24 h; in ng/mL), and
additional parameters in Tables 3 and 4. Concentrations
of Posiphen and its metabolites were not detectable in
any plasma or CSF samples from participants in the pla-
cebo arm. Posiphen plasma exposure did not increase
proportionally with more frequent dosing. N1 and N8
AUC,,_,, in plasma increased approximately propor-
tionally between once daily and twice daily dosing. CSF
concentrations of Posiphen, N1, and N8 metabolites were
measurable in the majority of participants. Concentra-
tions of Posiphen, N1, and N8 were positively correlated
in plasma and CSF (e.g., Spearman’s R ranged from 0.73
to 0.82 for AUCs in CSF).

Pharmacodynamics

The SILK time courses for all subjects are shown in
Fig. 3. The prespecified analyses of FSR for CSF AP40
after 21 days of continuous treatment, that modeled
ESR from hours 6-16 of the CSF catheter sampling data

w

~

1 20
Time, hours
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Fig. 2 Pharmacokinetics of Posiphen in (A) plasma and (B) CSF
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Table 3 Pharmacokinetic parameters for Posiphen and
metabolites in plasma

Treatment arm

60 mg (n=4) 60 mg BID 60 mg
(n=5) TID
(n=1)
Posiphen
AUC,_,, (hr*ng/mL) 212.32(18.14) 195.80 (69.26)  288.25
Crax (NG/ML) 52.70 (44.67) 30.39(51.86) 51.80
T (D) 2(2-2) 2(2-12) 2
t,, (hn) 3.55 (48.65)
V/F (L) 1403.1 (59.23)
CI/F (L/hr) 274.04 (17.50)
N1 metabolite
AUC,_,, (hr*ng/mL) 36.60 (19.24) 65.06 (58.61) 60.18
Crnax (Ng/mL) 543(21.98) 6.96 (32.01) 548
Tonax (D) 2(2-4) 12 (2-20) 2
N8 metabolite
AUC,_, (hr*ng/mL) 66.02 (20.83) 113.65 (44.01)  80.40
Conax (nG/mL) 6.81(25.10) 1001 27.79) 541
T (NF) 3(3-4) 12 (2-20) 2

AUC, _,, areaunderthe concentration-time curvefrom 0to 24 h; C,,,,, maximum
observed concentration; T,,,,, time of maximum observed concentration;
t,/,, terminal elimination half-life; V/F, apparent volume of distribution; CI/F,
apparent oral clearance. Data are presented as geometric mean (% geometric
coefficient of variation) except T, which is presented as median (min-max). t; 5,
V/F, and CI/F are reported only for the 60 mg daily group

Table 4 Pharmacokinetic parameters for Posiphen and
metabolites in CSF

Treatment arm

60 mg (n=4) 60 mgBID 60 mg
(n=5) TID
(n=1)
Posiphen
AUC,_,, (hr*ng/mL) 12.29(31.08) 17.89(79.06) 24.97
Crnax (Ng/mL) 2.85(26.07) 2.21(48.09) 244
T (A1) 2(2-2) 2 (2-20) 2
N1 metabolite
AUC,_,, (hr*ng/mL) 1.33% 8.75 (83.50) T
Crax (NG/ML) 0.66* 0.90 (31.32) T
Trnax (D) 4* 12 (4-20) T
N8 metabolite
AUC,_,, (hr*ng/mL) 891(4791) 17.88(5847) 6.26
Crnax (Ng/mL) 1.01(14.14)  1.41(39.33) 0.62
T (1) 4(2-8) 12 (4-20) 12

AUC, _,, areaunderthe concentration-time curvefrom0to 24 h; C,,,,, maximum
observed concentration; T,,,,. time of maximum observed concentration. Data
presented as geometric mean (% geometric coefficient of variation) except 7,
which is presented as median (min-max). *Only one participant in the 60 mg
daily group had measurable concentrations of N1 in CSF.

1The participant in the 60 mg three times daily group did not have measurable
concentrations of N1 in CSF.

and assumed linearity during this period, were supple-
mented with an automated method for calculating the
ESR. In both of these analytical approaches, we found
no significant effect of Posiphen vs. placebo on FSR for
CSF AP40, and no dose-dependent effect (Fig. 4). The one
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participant who completed the 180 mg dose had a lower
FSR (0.018) than other participants in our study (range
0.298-0.462).

Similar results were obtained for FSR calculated using
manual and automated methods.

In a previous observational study with 38 amy-
loid positive subjects, the mean FSR for CSF AP40 was
0.0361 +/- 0.00954 (SD), comparable to the results here.
FSR data for CSF AB38 and AP42 were also calculated.
There was no significant effect of Posiphen vs. placebo
on FSR estimates for AB38 and AP42. FSR estimates for
CSF APB38 and CSF AB40 were highly correlated (r=0.99
(p<0.001)). The correlation between FSRs for AB40 and
42 was lower (r = -0.42 (p=0.12)), which likely reflects
the effects of plaques and insoluble AP in the brain on
specifically modifying AP42 kinetics [22]. Single time-
point measures of CSF levels of sAPPa, sAPP, total tau,
APB38, 40 and 42 were compared from CSF at the screen-
ing lumbar puncture to CSF sampled when the lumbar
catheter was inserted at the confinement visit (Table 5).
There were no significant differences between Posiphen
overall vs. placebo, and no dose-dependent differences.
The direction of change for Posiphen treatment was to
decrease levels of AB38, 40 and 42 (after controlling for
the slight increase in levels found in the placebo group),
and to increase sAPPa, sAPPp and total tau, but the mag-
nitude of change was very small.

Exploratory pharmacodynamic modeling

Modeling of FSR was developed over 15 years ago when
the SILK methods were first developed, studied and
reported, and fractional synthesis rate (FSR) and frac-
tional clearance rate (FCR) parameters were modeled.
Subsequently, there have been more detailed models of
production and disposition of APP and its metabolites in
the brain and CSF, which we were able to apply to esti-
mate APP production rates, described above [35]. The
production rates across 128 optimizations tended to be
tightly clustered within a subject. However, some param-
eter combinations led to reasonable fits by driving Q.
towards zero, leading to predicted ratios of ISF: lumbar
AP ratios>10 and extremely high values of AB produc-
tion rates. This was avoided by penalizing ISF: lumbar
AP ratios>10 during optimization, as ratios >3-4 are not
supported by microdialysis studies [36].

The APP production rates trended lower in subjects
receiving 120 or 180 mg of Posiphen per day. However,
the differences were not significant by non-parametric
analysis (Fig. 5A). Additionally, the lumbar CSF con-
centrations prior to drug exposure trended lower in the
120 mg and 180 mg groups (Fig. 5B), suggesting the pos-
sibility that these subjects had lower APP production
rates prior to drug exposure due to natural variation. Fur-
thermore, the number of subjects per group was less than
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Fig. 3 Time course of CSF catheter sampling and SILK data for AR40. Plots show fitted curves for individual patients, with color coding according to doses.
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Fig. 4 Dose group data for Fractional Synthesis rates for AR40. FSR calculations were based on hours 6-16 and assumed linearity during this interval

the study design due mainly to COVID restrictions. With  group, suggesting a drug effect on lowering APP pro-
these caveats in mind, a model that included the pre-drug  duction (Fig. 6). Additionally, the single 180 mg per day
lumbar CSF concentration as a covariate showed signifi-  subject had a low APP production rate and an unusual
cance between the placebo and 120 mg per day Posiphen  SILK curve with a very late peak in labeling (about 28 h),
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Table 5 Longitudinal changes in CSF biomarkers from screening to start of confinement visit

Arm Screening Day 21 LS mean change  SEM Treatment difference (Posiphen - placebo)?

AB38 Placebo ~ 2.90+1.02 (h=7) 3524121 (n=7) 0593 0199  -0202(027)
n=17 Posiphen  2.58+085(n=10) 294+089(n=9) 0391 0.173 p=047
AB40 Placebo  142+53(n=7) 174+6.14(n=7) 313 1.151 -14(1.57)
n=17 Posiphen  127+446 (n=10) 145+434(n=9) 173 0998  p=039
AB42 Placebo  1.02+0.38 (n=7) 124+039(n=7) 0211 00753  -0.104(0.102)
n=17 Posiphen  0.89+024 (n=10) 0994024 (n=9)  0.107 00653 p=033
sAPPa Placebo  497+396 (n=7) 49742191 (h=4)  -3.50 9.07 9.99(10.8)
n=138 Posiphen  476+902(n=11)  483+995(n=10) 649 5.75 p=038
sAPPB Placebo  664+167 (n=7) 669+130 (n=4) -28.6 26.5 479 (31.6)
n=18 Posiphen  591+225(n=11) 6084243 (n=10) 191 16.8 p=0.16
Totaltau  Placebo 857262 (n=7) 8214278 (n=4) 53.7 1249 133 (149)
n=18 Posiphen  751+404 (n=11)  849+369 (1=10)  186.4 79.1 p=0.39

CSF biomarker concentrations are expressed as pg/mL

LS=least squares. SEM=standard error of mean

@ Analyses of changes in CSF biomarkers used prespecified ANOVA models, with age and sex as covariates

consistent with a drug effect as a previous study with 88
subject (33 amyloid positive) showed a maximum peak in
labeling of 24.7 h. However, PK parameters for Posiphen
or its metabolites, such as AUC, did not show a correla-
tion with the decrease in APP production rates (Supple-
mentary Fig. 1).

Cognition and behavior

There were no significant changes in the ADAS-cog,
MMSE or NPI total scores from baseline to the pre-con-
finement visit in the Posiphen or placebo groups (Supple-
mentary Table 1).

Feasibility of a multi-center SILK study

The quality of sample collection for SILK analysis was a
key measure of feasibility and was supported by detailed
training of sites and development of protocols and SOPs.
Collection of CSF samples was effective (81.75% of CSF
samples of 6 mL at 19 time points were obtained from 15
completing participants); matching plasma samples were
collected at 100% of these time points. The quality of CSF
and plasma samples collected during the confinement
visits was sufficient to allow SILK analyses to be carried
out on all participants who underwent successful serial
CSF sampling. A subject satisfaction survey was com-
pleted both following the baseline visit to the trial as well
as following the confinement visit. At both visits>80%
of participants rated almost all or most of their expecta-
tions having been met (Table 6). Following the confine-
ment visit, features that were best liked about the study
included volunteering (31%), raising awareness (25%),
interacting with staff (25%) and others (18%). Of features
least liked were the time commitment (31%), testing pro-
cedures (19%), lack of feedback of results (12%) and oth-
ers (31%).

Discussion

Posiphen was safe and well tolerated over 21 days of
treatment in Early AD. This augments data from prior
studies that have been conducted with varying duration
of exposure to Posiphen in healthy volunteers and in
people with AD and Parkinson’s Disease [21, 37]. Safety
and tolerability did not emerge as concerns among study
participants who were also taking acetylcholinesterase
inhibitors.

The DISCOVER trial provides evidence that a multi-
center SILK study protocol can be successfully imple-
mented with good acceptance by participants. Its
feasibility was established with evidence of success-
ful serial two-hourly samples of plasma and CSF over
a 36 h period according to schedule and in a way that
adequately supported SILK analyses. Training of site per-
sonnel, including a site training visit to Washington Uni-
versity, and the preparation of a video by ADCS Clinical
Operations staff showing the steps in setting up a SILK
study, were important elements to assist implementation
and standardization.

The DISCOVER study was underpowered by virtue of
incomplete enrollment due to COVID 19-related delays.
In particular, although the 180 mg dose arm yielded inter-
esting data in the single participant who received active
drug, we cannot model pK or PD within that dose cohort,
nor is sufficient safety data available for that dose. The
first phase one study of Posiphen used single ascending
doses ranging from 10 to 160 mg/day, and 20 to 60 mg
four times per day for 10 days in multiple dose stud-
ies, with CSF biomarker determination in a small MCI
cohort before and after 10 days of 60 mg four times per
day [20], Gastrointestinal and other symptoms emerged
at the dose of 60 mg 4 times per day and hence 4x60 mg
four times a day was determined the no observed adverse
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effect level. This served as background for our explora-
tion of 60 mg given 1-3 times per day.

The PK data are similar to those previously published,
demonstrating a short half-life of Posiphen and its
metabolites in plasma and a somewhat longer half-life,
with relatively low peak concentration of free drug, in
CSE. The data also show similar PK trajectories for Posi-
phen as for its active metabolites.

Overall PD results showed no difference in the prespec-
ified outcome measure of FSR of AB40 by treatment arm.
The single 180 mg subject had unusual SILK data, with
a possible effect on CSF APP metabolism. By applying
an advanced model of APP metabolism to the subjects
and data in this trial, we found a suggestive relationship
between Posiphen dose and decreased APP production.
Longitudinal changes of CSF biomarkers over 21 days
were small, but many were in a direction that could sup-
port an effect of Posiphen on translational inhibition of
APP. In a recently published study of Posiphen in patients
with AD and PD, there were small changes in CSF bio-
markers over 17 days of treatment at lower doses than we
studied [21].

Posiphen is rapidly metabolized, so it is unclear how
long CNS effects on APP production rates might last
after drug exposure. The 120 mg per day group received
two 60 mg doses at 12 h intervals, while the 180 mg per
day group received three 60 mg doses at 8 h intervals.
Analysis of metabolite kinetics in plasma and CSF did
not reveal a higher AUC for the 120 mg per day group

versus the 60 mg per day group. This may be due to lack
of sensitivity in the measurement, but the lower APP
production rates in the 120 mg group from the post hoc
model would be expected to be correlated with a higher
AUC. The lumbar CSF concentration of AP peptides
did not decrease significantly after three weeks of Posi-
phen exposure, although variability of these levels and
the small number of participants limits power to detect
this change. It is possible that the Ap CSF concentration
was buffered by the presence of plaques in the subjects,
but it is unclear why AB38 and AB40 CSF concentration
would be affected by plaques. The trend towards lower
CSF concentrations of AP40 peptides in the 120 mg
and 180 mg participants at study screening was noted
and addressed in the model of APP production by con-
trolling for these pre-drug levels. In doing so there was
a downward trend with increasing dose. Although the
model-derived APP production rate and the screening
CSF AP40 both decreased with dose, the significant cor-
relation when analyzed together suggests that the decline
in model-derived APP production rate was greater than
can be explained by natural variation in CSF AB40. The
reduction in APP production associated with Posiphen
is therefore a tentative finding, due to the relatively small
numbers of participants, variability and group differences
in levels of APB40 at entry. Determining APP production
rates by SILK before and after drug treatment would
provide more precise estimates of changes but presents
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Table 6 Responses to study satisfaction survey (at confinement

visit) (n=18)

Question % agree oryes % disagree
or no or
poor

Were your expectations met Almostall81% 0

Most 19%
Rate the quality of the tests and at- Excellent 94% 0
tention you received during participa- Good 6%
tion in the study

Would you recommend this research  Yes, definitely 0

program to a friend? 94%
Yes, generally
6%
How would you rate the care you Excellent 80% Poor 7%
received during the 36 h catheter Good 13%
procedure?
To what extent was the 36 h catheter  Almostall 67%  Only some
procedure what you expected? Mostly 20% of what | ex-
pected 7%
Not at all
what | ex-

pected 7%

What did you like best about the
study?

Volunteering
31%, Raising
awareness
25%, interact-
ing with staff
25%, it was fun
and engaging
6%, other 12%
Time commit-
ment 31%, the
testing and
procedures 19%,
lack of feedback
12%, repetitive-
ness 6%, other
31%

What did you like least about the
study?

considerably greater challenges in subject recruitment
and retention and overall cost.

A recent study in mice and cognitively normal humans
(aged 18-50) using SILK showed that citalopram (as
a single dose of 60 mg) decreased AP production [38].
However, a secondary analysis of Alzheimer’s Disease
Neuroimaging Initiative data found that people with
Mild Cognitive Impairment or AD who were taking SSRI
medications did not show differences in amyloid PET
burden or in rates of cognitive decline [39]. In our Posi-
phen study, more people in the placebo group were tak-
ing one or more antidepressant medications than in the
treatment groups, and at lower doses (or equivalents)
than the 60 mg used in the single dose study. If there was
an effect of SSRI or similar medication use on APP or AP
metabolism among our study participants, it is likely to
have been very small.

A limitation for accepting the tentative findings for
APP synthesis and Posiphen in this study was the lack of
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a decrease in CSF concentrations of sAPPa and sAPPB
on serial lumbar punctures. These have been noted to
decline in previous studies of Posiphen; however, levels
of these products of APP in CSF have substantial vari-
ability and our study was not powered to detect a change.
The fact that the single participant receiving the drug
three times per day showed anomalous SILK kinetics in
the expected direction (exceptional when compared to
88 prior SILK curves) is noteworthy, but it is difficult to
make firm conclusions from this single set of data points.
A recent clinical trial of Posiphen in AD (n=14) and Par-
kinson’s Disease participants selected 80 mg once per day
for the AD sub-cohort, which was chosen as the high-
est safe dose based on prior single ascending dose data,
and showed trends on lowering CSF sAPP, p-Taul81 and
t-Tau.

Conclusions

The proposed mechanism of action of Posiphen to inhibit
APP translation did not result in treatment-dependent
reduction of FSR of AB40 in people with Early AD. How-
ever, the advanced SILK modeling of APP kinetics pro-
vided tentative support for this mechanism. Overall, this
study provided additional safety, PK and PD data to help
to advance Posiphen for future clinical trials, although
the best dosing regimen remains unclear. The multisite
methods developed here may also be applicable to the
study of other drugs that alter AP kinetics.
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