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Abstract.
Background: The development of beta-site amyloid-beta precursor protein cleaving enzyme (BACE) 1 inhibitors for the
treatment of Alzheimer’s disease requires optimization of inhibitor potency, selectivity, and brain penetration. Moreover,
there is a need for low-dose compounds since liver toxicity was found with some BACE inhibitors.
Objective: To determine whether the high in vitro potency and robust pharmacodynamic effect of the BACE inhibitor
LY3202626 observed in nonclinical species translated to humans.
Methods: The effect of LY3202626 versus vehicle on amyloid-� (A�) levels was evaluated in a series of in vitro assays,
as well as in in vivo and multi-part clinical pharmacology studies. A� levels were measured using analytical biochemistry
assays in brain, plasma, and cerebrospinal fluid (CSF) of mice, dogs and humans. Nonclinical data were analyzed using an
ANOVA followed by Tukey’s post hoc test and clinical data used summary statistics.
Results: LY3202626 exhibited significant human BACE1 inhibition, with an IC50 of 0.615 ± 0.101 nM in a fluorescence
resonance energy transfer assay and an EC50 of 0.275 ± 0.176 nM for lowering A�1–40 and 0.228 ± 0.244 nM for A�1–42 in
PDAPP neuronal cultures. In dogs, CSF A�1-x concentrations were significantly reduced by ∼80% at 9 hours following a
1.5 mg/kg dose. In humans, CSF A�1–42 was reduced by 73.1 ± 7.96 % following administration of 6 mg QD. LY3202626
was found to freely cross the blood-brain barrier in dogs and humans.
Conclusion: LY3202626 is a potent BACE1 inhibitor with high blood-brain barrier permeability. The favorable safety and
pharmacokinetic/pharmacodynamic profile of LY3202626 supports further clinical development.
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INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative
disorder characterized by clinical progressive cog-
nitive decline and loss of function. Pathologically,
accumulation of proteins in the brain, specifically
extracellular plaques comprised of the amyloid-�
(A�) peptide and intracellular neurofibrillary tan-
gles of hyperphosphorylated tau, is believed to be
linked to neuronal atrophy in specific brain regions,
resulting in diminished memory, learning, and cog-
nition. Several forms of A� result from amyloid
precursor protein processing, with the most prevalent
being A�1–42 and A�1–40 [1]. The beta-site amyloid-
beta precursor protein cleaving enzyme (BACE) 1
enzyme plays a critical role in the production of these
A� peptides, and, consequently, BACE1 inhibitors
have been extensively investigated as potential AD
therapies [2]. Given the strong genetic evidence sup-
porting A� as a pathologic driver of AD, BACE1
inhibitors have been an active area of clinical devel-
opment and a number of phase 2/3 clinical trials have
been launched [3]. A concern that has arisen in the
AD research field is that decreased enzymatic pro-
cessing of other BACE1 substrates may be at least
partly responsible for the lack of efficacy observed
with BACE1 inhibitors in these late phase trials [4].
Alternatively, given that A� plaques build up years
before disease symptoms emerge, therapies targeting
the slow, protracted production of A� might only be
effective if patients are treated in the presymptomatic
stage of the disease [5]. These potential therapies
would require a highly favorable safety profile in
order to be administered to an asymptomatic popula-
tion. We have previously reported the discovery and
clinical development of LY2811376 and LY2886721,
the latter of which advanced to Phase II clinical
trials in which development was stopped because
liver enzymes were abnormally elevated [6, 7]. This
finding was not observed in nonclinical toxicology
studies, nor was it suggested based upon the chemical
structure of the compound (internal data). Based on
this safety finding and the lack of any obvious pre-
dictor of liver injury for LY2886721, we sought to
develop a more potent BACE inhibitor that could be
administered at lower doses. This strategy was based
upon the reports that idiosyncratic drug-induced liver
injury may be associated with overall dose load [19,
20]. Herein, we report the discovery and Phase I clin-
ical development of LY3202626, a highly potent,
central nervous system (CNS)-penetrant, and low-
dose BACE1 inhibitor.

MATERIALS AND METHODS

Preparation of LY3202626

N-[3-[(4aR,7aS)-2-Amino-6-(5-fluoropyrimidin-
2-yl)-4,4a,5,7-tetrahydropyrrolo[3,4-d][1,3]thiazin-
7a-yl ]-4-fluoro-phenyl ]-5-methoxy-pyrazine-2-car-
boxamide (LY3202626) can be prepared as described
in US Patent 8,841,293 [8]. Nonclinical studies were
conducted with the hydrochloride salt of LY3202626
or with the free-base form of LY3202626. All
clinical studies were conducted using the free-base
form of LY3202626.

Nonclinical characterization of LY3202626

In vitro potency and selectivity of LY3202626
BACE1 and related aspartyl protease inhibi-

tion assays. To determine the in vitro potency of
inhibition, LY3202626 was tested against purified
recombinant human BACE1 or BACE2 as an enzyme
source and a synthetic Fluorescence Resonance
Energy Transfer (FRET) peptide (sequence: methyl-
courmarine (MCA)-S-E-V-N-L-D-A-E-F-R-K(dini-
trophenol)-R-R-R-R-NH2) as a substrate. Human
BACE1 and BACE2 enzyme assays were conducted
as previously described [6, 9].

Cathepsin D, pepsin, and renin assays were con-
ducted with commercially available reagents using
the protocols described by May et al. [6]. Human
liver cathepsin D was purchased from Calbiochem
(San Diego, CA, USA; Catalog #219401). Porcine
gastric mucosa pepsin was purchased from Sigma-
Aldrich (St. Louis, MO, USA; Catalog #P6887).
Renin recombinant human enzyme was purchased
from AnaSpec, Inc. (Fremont, CA, USA; Catalog
#AS-72041). For all enzyme assays, a 10-point inhi-
bition curve was plotted and fitted with a 4-parameter
logistic equation to obtain the IC50 values.

Mouse primary neuronal cultures. Primary cor-
tical neuronal cultures from embryonic PDAPP
mice—containing a PDGF-driven human APP mini-
gene with the V717F (Indiana) mutation—provided
a second cellular model to assess BACE inhibition
in vitro. Primary cortical neurons were prepared as
described by May et al. [6] from PDAPP embryos
(gestational day 16) and cultured in 96-well plates
(15 × 104 cells/well) in DMEM/F12 (1:1) contain-
ing B27 supplement. Neurons were incubated at
37◦C for 24 h in the presence/absence of inhibitors
at the desired concentration. Assays were run in
triplicate. At the end of the incubation period,
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conditioned media were analyzed for A� peptides
using a sandwich Enzyme-Linked Immunosorbent
Assay (ELISA) assay using monoclonal 2G3 as a
capture antibody for A�1–40 and monoclonal 21F12
as a capture antibody for A�1–42. Both ELISAs
used biotinylated 3D6 as the reporting antibody.
Treated PDAPP neuronal cultures from the condi-
tioned medium were diluted 1:5 for A�1–42 and 1:10
for A�1–40 in buffer (PBS, 0.25% Casein, 0.05%
Tween20, pH7.4) and 100 �L aliquots assayed in
triplicate.

Compound cytotoxicity was assessed by evaluat-
ing cellular viability following LY3202626 treatment
using the MTT ([3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide]) assay [10]. The plates
were read on a spectrophotometer at 595 nm with
absorbance proportional to cell viability.

In vivo pharmacology of LY3202626 in PDAPP
mice

The in vivo pharmacologic properties of LY320
2626 were initially tested in young (2-3 months old)
female PDAPP mice from Taconic Biosciences, Inc.
(Rensselaer, NY, USA; private line 6042T; [11]) to
evaluate in vivo pharmacologic effects of LY3202626
on A� processing (as described in May et al. [7]).
Mice received single doses of vehicle, 0.3, 1.0, or
3.0 mg/kg LY3202626 delivered by oral gavage in a
7% Pharmasolve vehicle at 10 mL/kg. Three hours
after dosing, mice were anesthetized with tribro-
moethanol (Avertin™) and blood, cerebrospinal fluid
(CSF), and brain tissue were collected.

For brain tissue collection, bilateral hippocampal
and cortical brain regions were rapidly microdis-
sected, frozen on dry ice, and stored at –80◦C until
analysis. The remaining brain tissue was flash-frozen
and used for compound exposure assessment. Brain
samples were homogenized in 5.5 M guanidine-
HCl buffer and extracts were collected, diluted,
and filtered. Then, sandwich ELISAs were used to
measure A�1-x, C99, soluble amyloid-� protein pre-
cursor beta (sA�PP�), and alpha (sA�PP�) levels
in the CSF. To detect A�1-x levels in the brain
and CSF, m266.2 was used as the capture antibody
and biotinylated 3D6 was used as the reporter anti-
body. For determination of C99 protein levels in
the brain, an anti-APP C-terminal antibody (rab-
bit polyclonal antibody; LLY-57clone 2, Epitomics
International Inc, Burlingame, CA, USA) was used
for capture and biotinylated 3D6 antibody was used
to detect the amino-terminus of C99. To determine
sA�PP� levels in brain homogenates, 8E5 was used

for capture, the anti-neo-epitope antibody 16-7-7
rMAb (Epitomics International Inc.) was used to bind
the C-terminus and an anti-rabbit-HRP (Horseradish
Peroxidase) conjugate used for colorometric detec-
tion. CSF sA�PP� detection similarly used 8E5 for
capture, but used an end-specific reporter antibody
(Sigma-Genosys, St. Louis, MO, USA) designed
internally as the reporter antibody followed by detec-
tion with a goat anti-rabbit-HRP conjugate. CSF
levels of sA�PP� were determined using 8E5 for
capture and biotinylated 2H3 as the reporter. Eli Lilly
is an Association for Assessment and Accreditation
of Laboratory Animal Care (AAALAC) accredited
institution and animal use in these studies conformed
to Institutional Animal Care and Use Committee
(IACUC) and OLAW guidelines as defined by the
Guide for the Care and Use of Laboratory Animals
(NRC 2011, 8th Edition).

In vivo central pharmacology of LY3202626 in
beagle dogs

Young beagle dogs were used to determine
pharmacokinetic (PK) and pharmacodynamic (PD)
effects of LY3202626. In this model established at
MPI Research (Mattawan, MI, USA), beagle dogs
were implanted with a cannula in the lumbar spine
region that was threaded up towards the cervi-
cal region, allowing for multiple CSF collections
throughout a single, 48 h study period. Following a
1.5 mg/kg oral dose of LY3202626 in 1% hydrox-
yethylcellulose (HEC), plasma samples from 6 male
dogs were obtained before dosing and at 0.5, 1, 2, 3,
6, 9, 12, 24, and 48 h later. To assess central pharma-
cology of LY3202626, CSF was also collected 0.5 h
before dosing to establish a baseline and then again
at 3, 6, 9, 24, and 48 h after dosing. A�1−x levels
were measured in CSF and plasma using a standard
sandwich ELISA protocol (m266.2 and biotinylated
3D6 as the capture and reporter antibodies, respec-
tively), averaged across all dogs, and then plotted
as a function of time relative to baseline. All dog
studies were conducted at MPI Research, which is
a registered facility under the Animal Welfare Act
by the USDA, has an approved Assurance with the
Public Health Service Policy on Humane Care and
Use of Laboratory Animals, and is accredited by the
AAALAC International.

Nonclinical bioanalytical methods for LY3202626
Brain samples were weighed and a 3-fold vol-

ume of water/methanol (4:1, v/v) was added before
homogenization with an ultrasonic tissue disrupter.
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Aliquots of homogenized brain, plasma, or CSF
samples and appropriate calibration standards were
mixed with methanol/acetonitrile (1:1, v/v) contain-
ing internal standard to precipitate proteins, then
centrifuged to pellet the precipitant. A volume of
each sample’s supernatant was transferred to a new
96-well plate and diluted 2-fold with water/methanol
(1:1, v/v) then analyzed by liquid chromatog-
raphy with tandem mass spectrometry (LC-MS/
MS) using a BETACIL™ C18 (Thermo Fisher Scien-
tific, Waltham, MA, USA) 20 mm × 2.1 mm ×5 �m
Javelin column and a gradient mobile phase sys-
tem with A: Water/1M NH4HCO3 (2000:10, v/v)
and B: MeOH/1M NH4HCO3 (2000:10, v/v)
delivered at 1.5 mL/min. Selected Reaction Moni-
toring (SRM) transitions (positive ion mode) with
(m/z 499.1 > 423.1) and internal standard (m/z
263.1 > 148.1) were acquired with an API4000
(Applied Biosystems/MDS Sciex, Foster City, CA,
USA) using Analyst software (version 1.4.2).
LY3202626 plasma (mouse, dog, human) and brain
(mouse) protein-binding was determined in vitro
using equilibrium dialysis, as described previously
elsewhere [12]. Unbound brain and plasma con-
centrations were derived by multiplying the total
measured concentrations by the fraction unbound
(free) determined in vitro.

Statistical methods used for nonclinical
evaluations

Statistical significance was determined by ANOVA
using Graphpad Prism software (version 6). If sig-
nificant, a Tukey’s post hoc analysis was conducted
to determine cross-group differences in the mouse
PDAPP and dog PK/PD data. Significance was set as
a p-value of < 0.05.

Clinical characterization of LY3202626

A clinical study (NCT02323334) of LY3202626
in healthy subjects was conducted in 4 parts: part
A explored single-dose safety, tolerability, plasma
pharmacokinetics/pharmacodynamics (PK/PD); part
B examined single-dose CSF PK/PD; part C exam-
ined safety and tolerability following 14 days of daily
dosing, as well as plasma and CSF PK/PD. Part
D was intended to explore multiple daily doses in
an AD population; but was not completed due to
difficulty enrolling patients. Each part of the trial
was randomized, placebo-controlled, subject- and
investigator-blinded, and performed at a single site.
Key inclusion criteria were that subjects be either

healthy males or females of nonchildbearing poten-
tial, at least 20 years at screening with clinical
laboratory test results within the normal range, BMI
between 18.0 and 32.0 kg/m2, and no evidence of
neuropsychiatric disease. In addition, for Parts B and
C, patients were to have no abnormalities of the
spine or medical history that would prevent them
from receiving a lumbar puncture Additionally, part
A included pilot evaluations of food effect on the
PK of LY3202626 and the potential for CYP3A-
mediated drug-drug interactions. The results from
the food effect and drug-drug interactions, as well
as the results from part D, were considered prelimi-
nary assessments and are not reported here. The dose
range in Part A was selected to encompass the pre-
dicted exposures of LY3202626, based on PK/PD
modelling, required to replicate the reductions in
CSF A� observed in the dog studies. Because the
intention of this study was to provide a first assess-
ment of human PK, PD, and tolerability, a young
and healthy subject population, typically used in
Phase I drug development studies, was judged to
be appropriate to achieve the study aims. All tri-
als were conducted at PAREXEL Early Phase LA
(Glendale, CA, USA), in compliance with the Dec-
laration of Helsinki and International Conference
on Harmonisation/Good Clinical Practice guidelines.
Ethical review board approval was given by Aspire
Institutional Review Board (Santee, CA, USA).

Single-dose escalations
Doses for the single-dose escalation portion of

the study were selected using nonclinical data. Pro-
jected human clearance was estimated using the
unbound fraction corrected intercept method of allo-
metric scaling [13]. Dose calculations assumed that
free plasma concentrations could be estimated using
human plasma protein binding (measured in vitro)
and that CSF:free plasma ratios would be similar
between dogs and humans. The maximum dose in
the Part A was chosen to ensure that safety and toler-
ability was determined at plasma exposures expected
to produce human CSF exposures exceeding that
associated with significant BACE1 inhibition in dog
pharmacology experiments. In single-dose escala-
tions, plasma PK and PD effects on plasma A�1–40
and A�1–42 concentrations were evaluated following
single doses of placebo or 0.1 (n = 3 per group), 0.4,
1.6, 5, 15, or 45 mg LY3202626 (n = 8 per group).
Plasma samples were obtained immediately before
dosing and up to 120 h after dosing. For the 0.1
and 0.4 mg doses, plasma LY3202626 concentra-
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tions were generally below the limit of quantification.
Accordingly, meaningful estimates of apparent termi-
nal half-life (t1/2), area under the concentration curve
(AUC) from 0 to infinity (AUC0-∞) and associated
PK parameters could not be obtained at these doses.
Because LY3202626 concentrations at the 15 mg
dose level were significantly lower than concentra-
tions anticipated based on the otherwise linear dose
by exposure relationship observed at other dose lev-
els, the 15 mg dose was re-administered in the same
cohort of patients.

The PK/PD of LY3202626 were subsequently
assessed in CSF and plasma after administration of
single doses of 1.6, 10, and 26 mg LY3202626 or
placebo. Three subjects were assigned to receive
placebo; 5 subjects were assigned to each group
receiving LY3202626. Because of difficulties asso-
ciated with CSF collection in the 10 mg group, an
additional 2 subjects were included, for a total of 7
subjects. CSF sampling was conducted as previously
described [6]. Serial CSF samples were collected
through an indwelling subarachnoid lumbar catheter
from 4 h before dosing up to 36 h after dosing. Any
CSF sample that showed visual or laboratory evi-
dence of blood contamination was excluded from the
PK/PD and statistical analyses.

Multiple-dose assessments
In multiple-dose assessments, subjects (n = 12 per

group) received daily administration of LY3202626
(1, 6, or 26 mg) or placebo for 14 days. Plasma sam-
ples were obtained following the first dose for up to
24 h after dose, before the last dose (day 14), and
for up to 120 h after dosing on day 14. Addition-
ally, every 2 days, plasma samples were collected
before dosing to assess the time to reach steady-state.
CSF was sampled by a single, lumbar puncture per-
formed before dosing and again approximately 24 h
after administration of the last dose of LY3202626 or
placebo on day 14. At each lumbar puncture, a max-
imum of 25 mL of CSF was collected to determine
A�1–40, A�1–42, sA�PP�, sA�PP�, and LY3202626
concentrations.

Analysis of clinical samples
Plasma A�1–40 and A�1–42 were simultaneously

measured using a validated modification of the
INNO-BIA plasma A� forms assay run (Fujirebio,
Ghent, Belgium) on a xMAP platform (Luminex,
Austin, TX, USA), as previously reported [14]. CSF
A�1–40 and A�1–42 were analyzed using validated
INNOTEST® �-AMYLOID(1–40) and INNOTEST®

�-AMYLOID(1–42) ELISA kits (Fujirebio, Ghent,
Belgium), respectively, as previously reported [15].
CSF sA�PP� and sA�PP� were measured using a
validated immunoassay by Meso Scale Discovery
(Rockville, MD, USA), as previously reported [6].
Human plasma and CSF samples were analyzed for
LY3202626 by using validated LC-MS/MS detection
methods by Covance Laboratories (Indianapolis, IN,
USA).

Pharmacokinetic analysis. PK parameter esti-
mates for LY3202626 were calculated by stan-
dard noncompartmental methods of analysis using
Phoenix WinNonlin (version 6.4). Clearance and
apparent volume of distribution were reported for all
subjects. Time of maximum concentration (tmax) and
apparent terminal half-life (t1/2) were also reported.
The accumulation ratio at steady state was calculated
by dividing the AUC-versus-time period over a single
dosing interval (AUCτ) at steady state (AUCτ,ss) by
AUCτ after the initial dose for each subject.

Pharmacodynamic analysis. For each subject with
serially determined concentrations of plasma or
CSF A�1–40 and A�1–42, the time of the lowest
observed concentration (Cnadir) was reported, along
with change from baseline at Cnadir and the 24 h
time-averaged change from baseline following dos-
ing. Steady-state CSF A�1–40, A�1–42, sA�PP�, and
sA�PP� concentrations were expressed as a percent-
age change from baseline. Summary statistics were
calculated for each PD parameter.

Safety analysis
For all studies, safety was assessed by recording

adverse events, physical, neurologic, and ophthalmo-
logic examinations, vital signs, electrocardiograms,
and results of clinical safety laboratory tests.

Statistical analysis
PK/PD analyses were conducted on the full analy-

sis set. This set includes all data from all randomized
subjects receiving at least 1 dose of the investigational
product according to the treatment the subjects actu-
ally received. Safety analyses were conducted for all
enrolled subjects, whether or not they completed all
protocol requirements.

Summary statistics were performed for all PK/PD
parameters. No formal statistical comparisons were
conducted for PK/PD parameters between dose
groups. All tests of treatment effects in the safety
analyses were conducted at a 2-sided alpha level of
0.10 (0.05 each side), unless otherwise stated.
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Table 1
Potency of LY2886721 in BACE1 and other Aspartyl Proteases and potency of LY3202626 in cellular assays

Aspartyl Protease Assays
Absolute IC50, nM (SD)

hBACE1 mca hBACE2 mca Cathepsin D Pepsin FRET Renin FRET
FRET Assay FRET Assay FRET Assay FRET Assay

n = 5 n = 6 n = 4 n = 2 n = 1/2

0.615 (0.101) 0.871 (0.241) 64,500 (12,800) 77,400 (37,600) 14,100 (ND)

Cellular Assays
Relative IC50, nM (SD)

PDAPP 1◦ PDAPP 1◦ PDAPP 1◦
Neuron Neuron Neuron
A�1–40 A�1–42 Cytotox

n = 4 n = 3/6 n = 1/7

0.275 (0.176) 0.228 (0.244) > 100,000

FRET, Fluorescence Resonance Energy Transfer; hBACE1, Human recombinant Beta-APP Cleaving Enzyme1; hBACE2, Human recombi-
nant Beta-APP Cleaving Enzyme 2; HEK293Swe, Human embryonic kidney cell line transfected with APP encoding a Swedish mutation;
IC50, Concentration at which enzyme activity is inhibited by 50%; mca, methylcoumarin; ND, not determined; SD, standard deviation.

RESULTS

Nonclinical characterization of LY3202626

In vitro potency and selectivity of LY3202626
BACE1 and related aspartyl protease inhibition.

LY3202626 was evaluated for in vitro potency against
recombinant human BACE1 using a small synthetic
(methylcourmarine; mca) FRET substrate (Table 1).
LY3202626 exhibited potent human BACE1 inhibi-
tion with an IC50 of 0.615 nM (SD 0.101 nM; n = 5).
Against human BACE2, LY3202626 demonstrated
an IC50 of 0.871 nM (SD 0.241 nM; n = 6). In a
broader assessment of activity against other related
aspartyl proteases, such as cathepsin D, pepsin, and
renin, LY3202626 did not appreciably inhibit these
proteases (IC50 > 14,000 nM). Taken together, these
data indicate that LY3202626 is a potent BACE1 and
BACE2 inhibitor with selectivity against cathepsin
D, pepsin, and renin.

Mouse primary neuronal cultures. In primary cor-
tical neuronal cultures from embryonic PDAPP mice
(containing the Indiana mutation APPV717F), a 24 h
exposure to LY3202626 produced a concentration-
dependent decrease in A� secretion with an EC50
of around 0.275 nM (SD 0.176 nM) for A�1–40
and 0.228 nM (SD 0.244 nM) for A�1–42. Assess-
ment of PDAPP neuronal cytotoxicity indicated that
the LY3202626 EC50 for inducing cytotoxicity is
> 100,000 nM. Results used the geometric mean
and were based upon at least 3 independent stud-
ies. These data indicate potent inhibition of native
murine BACE1 within the context of an intact cellular
system.

In vivo pharmacology of LY3202626 in PDAPP
mice

The in vivo PD effects of LY3202626 were
assessed 3 h following a single oral administra-
tion of vehicle (7% Pharmasolve) or 0.3, 1.0, or
3.0 mg/kg LY3202626 (n = 6–8 per group). All 3
doses of LY3202626 significantly reduced A�1-x
in a dose-dependent manner (Fig. 1A, D). These
PD effects occurred at relatively low brain expo-
sures; measured concentrations in brain homogenate
were 28.1, 38.1, and 110.2 nM at 0.3, 1.0, and
3.0 mg/kg doses, respectively. Based on a free frac-
tion of 0.026 (determined in brain homogenate),
these concentrations equated to approximately 0.7
to 3.0 nM free LY3202626 in brain tissue. These
free brain exposures exceeded the in vitro human
BACE1 IC50 (0.615 nM) by 1.2– to 4.6-fold. Consis-
tent with downstream effects of BACE1 inhibition,
C99 (Fig. 1B, E) and sA�PP� (Fig. 1C, F) levels
in the brain were reduced by LY3202626 treatment.
Cortical C99 levels were significantly reduced by
all LY3202626 doses, with a maximum decrease
of 65% at the 3.0 mg/kg dose (Fig. 1E), whereas
decreases in sA�PP� levels were less pronounced,
with a 34% decrease produced at the 3.0 mg/kg dose
(Fig. 1F).

In a time-course experiment following a single
oral dose of 3.0 mg/kg LY3202626, cortical and
hippocampal A�1-x levels were significantly sup-
pressed from 3 to 12 h post-dose (Fig. 2A). Moreover,
CSF levels of A�1-x were reduced by 75% at 3 h
post-dose and remained significantly lower even at
12 h post-dose relative to the 3 h vehicle control
(Fig. 2B).
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Fig. 1. Pharmacologic effects in vivo of oral administration of LY3202626. Young PDAPP mice (n = 6–8 per group) were treated orally by
gavage with increasing doses of LY3202626 or vehicle, and hippocampal A�1-x (A), C99 (B), and sA�PP� (C) as well as cortical A�1-x
(D), C99 (E), and sA�PP� (F) levels were determined from brain extracts obtained 3 h after dosing. LY2886721 produced dose-dependent
decreases in all amyloid-� protein precursor-related pharmacodynamic markers of BACE1 inhibition in PDAPP mice. All ANOVA p-values
were < 0.0001; Tukey post hoc analysis, ∗p < 0.05 versus vehicle control, $p < 0.05 versus 0.3 mg/kg, #p < 0.05 versus 1.0 mg/kg. p < 0.01
versus vehicle control, ANOVA/Dunnett’s post hoc analysis. A�, amyloid-� peptide; sA�PP�, secreted amyloid-� protein precursor beta.

Fig. 2. Duration of pharmacodynamic effects of LY3202626·HCl in the hippocampus of PDAPP mice. PDAPP mice (n = 6 per group) were
treated orally by gavage with LY3202626 (3.0 mg/kg) or vehicle, and hippocampal (A) or cerobrospinal fluid (CSF) (B) A�1-x levels were
measured 3, 6, 9, and 12 h after treatment. A�1-x levels in the hippocampus and CSF were significantly suppressed from 3 to 12 h post-dose.
Hippocampus: F(4,25)=10.13, p < 0.0001 (ANOVA); CSF: F(4,23)=17.24, p < 0.0001 (ANOVA). Tukey post hoc analysis, ∗p < 0.05 versus
vehicle control; time points did not differ from one another. A�1-x, amyloid-� peptide 1-x.

In vivo central pharmacology of LY3202626 in
beagle dogs

Plasma exposure, CSF exposure, and central PD
effects of LY3202626 were evaluated in cannulated
beagle dogs (n = 6). LY3202626 (1.5 mg/kg) was

dosed orally, and plasma and CSF samples were
collected over a 48 h period. Robust suppression
of plasma A�1-x levels (up to 80%) occurred by
2 h after dosing, and A�1-x was still reduced by
approximately 40% at the 48 h time point (Fig. 3).
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Fig. 3. Peripheral and central pharmacodynamic effects of
LY3202626 in beagle dogs after a single 1.5 mg/kg dose. Baseline
plasma and CSF samples were collected from cannulated beagle
dogs (n = 6) before and after dosing with 1.5 mg/kg LY3202626
at various times and stored for analysis; A�1-x levels are mea-
sured in plasma and CSF and averaged across dogs. Baseline
plasma A�1-x was 248 ± 17 pg/mL and baseline CSF A�1-x was
6.6 ± 1.3 ng/mL (Mean ± SEM). LY3202626 produced robust and
time-dependent decreases in A�1-x in both plasma and CSF of
dog relative to baseline. Plasma: F(2.40,11.76)=58.02, p < 0.0001.
CSF: F(2.38,10.93)=11.79, p = 0.001. Tukey post hoc compar-
isons: ∗p < 0.05 versus Time 0 (baseline), #p < 0.05 versus 48 h
time point, $ p < 0.05 versus all time points except baseline. Notes:
1) Because time points were not uniform between CSF and plasma,
separate one-way repeated-measures ANOVAs were conducted, 2)
analysis was conducted on raw data, but to compare A�1-x levels
between CSF and plasma, the figure reflects change from baseline,
and 3) two collection time points were missing in the CSF data set.

Reduction of A�1-x levels was delayed in CSF
relative to plasma, with maximal reductions of
A�1-x (approximately 80%) occurring at the 9 h
time point; CSF A�1-x remained significantly sup-
pressed for 24 h after dosing. Following the 1.5 mg/kg
oral dose, the mean ± SD plasma AUC(0-∞) was
10812 ± 5195 nM·h and the mean ± SD maximum
plasma concentration (Cmax) was 2989 ± 750 nM.
Given a measured dog plasma free fraction of 0.009
(determined by equilibrium dialysis of dog plasma),
free plasma concentrations of LY3202626 exceeded
the BACE1 IC50 (0.615 nM) for 12 h after dosing.
LY3202626 concentrations were quantifiable in CSF
at the 3, 6, and 9 h timepoints. The mean CSF AUC
(3–9 h) was 25 nM∗h and the mean free plasma AUC
(3–9 h) was 28 nM∗h, suggesting free penetration of
LY3202626 across the blood-brain barrier.

Clinical characterization of LY3202626 in
healthy volunteers

A total of 94 subjects were enrolled in the study:
36 subjects in part A, 20 subjects in part B, and 36
subjects in part C (2 additional subjects were recruited
for Part D – their data are not reported here). Subject
characteristics for each part are shown in Table 2.

Table 2
Subject characteristics by study

Part A Part B Part C
(n = 36) (n = 20) (n = 36)

Age, mean y (min-max) 36.3 38.7 39.5
(21–61) (23–65) (24–65)

Sex, % male 83.3% 100.0% 94.4%
Weight, mean kg, (SD) 74.3 (14.8) 80.1 (9.6) 81.5 (14.3)
Race (%)

Asian (Japanese) 44.4% 0% 33.3%
Black 19.4% 20.0% 19.4%
White 33.3% 80.0% 44.4%
Mixed 2.8% 0% 2.8%

Subjects in Part A were divided into 3 subcohorts of 12 subjects
each, with 2 of these subcohorts participating in the dose escalation
portion of Part A. The third subcohort participated in the food-
effect portion of the trial, which is not reported here. Part B was
divided into 3 subcohorts (numbers in each subcohort are not equal
due to the need for replacement subjects). Part C was divided into
3 subcohorts of 12 subjects each. MAD, multiple ascending dose;
SAD, single ascending dose.

Pharmacokinetics
Single-dose pharmacokinetics. Following oral

administration, LY3202626 concentrations rose until
reaching Cmax approximately 2.5 to 4 h after dosing.
After Cmax, LY3202626 concentrations fell in a gen-
erally bi-exponential manner, with a terminal t1/2 of
approximately 20 h. Notably, there was substantial
variability in PK parameters, with the coefficients
of variation (CV) in Cmax and AUC ranging up to
84% at those dose levels where exposure parameters
could be reliably quantified (Table 3). Renal clear-
ance was approximately 1 L/h across dose levels.
Apparent oral clearance was approximately 26 L/h
across dose levels (with the exception of the 15 mg
dose level), suggesting that the PK of LY3202626
were dose proportional.

Two notable observations during the single-dose
portion of the trial were lower-than-expected expo-
sures following administration of the 15 mg dose and
increases in plasma concentrations at 24 h following
dosing (not consistent with the overall PK profile,
and exceeding concentrations at the 12 h time point
in some patients) at all dose levels (Fig. 4). When
the 15 mg dose level was repeated in the same cohort
of subjects, exposures remained low relative to the
otherwise linear exposures observed at other doses.
To explore the possibility that the concentration ele-
vations at 24 h were associated with enterohepatic
recirculation, additional PK samples were collected
before and after the 24 h time point for the cohort
receiving the repeated dose. However, the results of
the additional PK sampling were inconclusive, with
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Fig. 4. Plasma LY3202626 concentrations following single doses
of 0.4 mg to 45 mg of LY3202626 in healthy subjects. Subjects
received a single dose of 0.4, 1.6, 5, 15, or 45 mg LY3202626 (n = 8
per dose). Samples were drawn at times up to 120 h after dosing.
The time of maximum concentration generally occurred 2.5 to 4 h
after dosing. The shape of the concentration-time profile following
absorption was generally bi-exponential, with a secondary peak
occurring in 2–5 patients per dose group at approximately 24 h
after dosing.

the increase in LY3202626 concentrations not having
any apparent correlation with time of breakfast (i.e.,
the meal closest to the 24 h time point).

In CSF, maximum concentrations were achieved
approximately 6 h after dosing. Due to the relatively
short sampling window, a t1/2 in CSF could not be
determined. Comparison of CSF:plasma AUC0–24
values afforded ratios ranging between 0.0278 and
0.0428, which were similar to the plasma-free frac-
tion and therefore suggestive of free penetration of
LY3202626 across the blood-brain barrier (Supple-
mentary Table 1).

Multiple-dose pharmacokinetics. Steady state was
achieved approximately 4 to 8 days after the initiation
of daily dosing, based on a comparison of trough con-
centrations. On day 14, median Cmax was achieved at
approximately the same time as on day 1. Variability
in exposure estimates was high, and similar to what
was observed after single doses. The t½ was higher at
steady state than following single doses, ranging from
33.1 to 46.3 h across dose levels. The accumulation
ratio, based on AUC, was approximately 2.8. There
was no apparent difference in clearance or volume
of distribution between Japanese and non-Japanese
subjects. The ratio of CSF-to-plasma LY3202626
concentrations were generally consistent with the
values anticipated from the single-dose data, with
mean values ranging from 0.0400 to 0.0514, further
indicating free penetration of LY3202626 across the
blood-brain barrier.
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Pharmacodynamics
Single-dose CSF Aβ. Two subjects were excluded

from the analysis due to contamination of CSF
samples with blood or inability to collect samples.
Following administration of LY3202626, A� con-

Fig. 5. CSF levels of A�1–42 after a single doses of LY3202626
in healthy subjects. CSF concentrations of A�1–42 decreased
in a dose-dependent manner after a single dose administration
of LY3202626 in healthy subjects (n = 5 per LY3202626-treated
group, n = 3 for placebo). The mean nadir increased with increas-
ing dose, occurring at approximately 10 h for the 1.6 mg dose,
and at approximately 28 h for the 26 mg dose. At nadir, the mean
reduction from baseline was –33.4 (standard deviation = 13.4%) at
the 1.6 mg dose level and –71.6 (10.4%) at the 26 mg dose level.
At the 10 mg and 26 mg dose levels, concentrations did not return
to baseline over the 36 h observation period. A�1–42, amyloid-�
1–42.

centrations tended to increase for approximately 2
to 4 h in a fashion similar to subjects administered
placebo, at which point both A�1–40 and A�1–42
isoforms began to decline (Fig. 5). Reductions in
CSF A� became more substantial with increasing
doses of LY3202626. At the 26 mg dose level, neither
A� isoform had returned to baseline within the 36 h
observation period. The time at which nadir concen-
trations were observed tended to increase with higher
doses, ranging from approximately 8 h at 1.6 mg to
approximately 28 h at 26 mg (Fig. 5).

Multiple-dose CSF Aβ. Following 14 days of daily
dosing of LY3202626, CSF concentrations of A�1–40
and A�1–42 were decreased relative to placebo in a
dose-dependent manner (Fig. 6A, B). Concentrations
of A�1–40 were reduced by 75.7% (7.38%) at the
6 mg dose level, while A�1–42 was reduced by 73.1%
(7.96%). At the 26 mg dose level, 3 A�1–40 samples
(33%) and 6 A�1–42 samples (67%) were below the
lower limit of quantification (LLOQ) (7.81 pg/mL for
A�1–40, 29.3 pg/mL for A�1–42). Assigning a value
of one-half the LLOQ to those samples below the
assay limits, the reduction in A�1–40 and A�1–42 was
estimated to be approximately 94% at 26 mg.

Multiple-dose CSF sAβPP� and sAβPP�. To
examine LY3202626 target engagement and the indi-
rect and direct impact of BACE inhibition on A�PP
processing, concentrations of CSF sA�PP� and
sA�PP� were measured after repeated daily dos-
ing for 14 days. There was a clear dose-response

Fig. 6. Change from baseline in CSF A�1–40 (A) and A�1–42 (B) observed 24 h following final dose in clinical study Part C. Subjects (n = 9
per group) received daily doses of LY3202626 for 14 days. On day 15, 24 h ± 4 h after the last dose of LY3202626 on day 14, CSF samples
were collected for measurement of A�1–40 and A�1–42. Values are expressed as the percentage change from baseline levels. Horizontal
lines indicate the mean reduction at each dose level, while red (solid) circles indicate that the concentration on day 15 was below the limit of
quantification (a value of half the lower-limit of quantification was assigned to calculate change from baseline in these cases). As the dose
increased, increasing reductions in CSF A�1–40 and A�1–42 were observed. At the 1 mg dose, the mean level of decrease in CSF A�1–40
and A�1–42, was approximately 50% of baseline levels. At the 6 mg dose, the decrease was approximately 74% (all p < 0.001, as determined
by ANCOVA analysis). A�1–40, amyloid-� peptide 1–40; A�1–42, amyloid-� peptide 1–42.
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Table 4
Adverse event profile after administration of multiple doses of

LY3202626

Number of Adverse Events
(number of subjects with

adverse event)

Adverse Event Placebo 1 mg 6 mg 26 mg Overall
(N = 9) (N = 9) (N = 9) (n = 9) (N = 36)

Feces discoloured 5 (5) 0 (0) 2 (2) 9 (9) 16 (16)
Dizziness 0 (0) 0 (0) 0 (0) 2 (2) 2 (2)
Postural orthostatic

tachycardia
syndrome

0 (0) 0 (0) 0 (0) 1 (1) 1 (1)

Constipation 0 (0) 0 (0) 1 (1) 0 (0) 1 (1)
Post-lumbar puncture

syndrome
0 (0) 1 (1) 0 (0) 0 (0) 1 (1)

Sunburn 1 (1) 0 (0) 0 (0) 0 (0) 1 (1)
Burning sensation 0 (0) 1 (1) 0 (0) 0 (0) 1 (1)
Dysgeusia 0 (0) 1 (1) 0 (0) 0 (0) 1 (1)
Headache 1 (1) 0 (0) 0 (0) 0 (0) 1 (1)
Memory impairment 0 (0) 0 (0) 0 (0) 1 (1) 1 (1)
Abnormal dreams 0 (0) 1 (1) 0 (0) 0 (0) 1 (1)
Nightmare 0 (0) 1 (1) 0 (0) 0 (0) 1 (1)

Adverse event, treatment-emergent adverse events related to study
drug, by treatment, in order of frequency.

relationship from placebo to 26 mg daily dosing for
the mean change from baseline in CSF concentrations
of sA�PP� and sA�PP�. At the highest dose admin-
istered, sA�PP� increased by 111% (SD = 53.0%),
while sA�PP� was reduced by 92.7% (SD = 2.26%).

Safety
There were no serious adverse events reported

for LY3202626 administered up to a single dose of
45 mg or multiple doses of 26 mg. In addition, no sub-
ject withdrew from the study because of an adverse
event. Overall, the most common adverse events
after administration of LY3202626 were post-lumbar
puncture syndrome, discolored feces, headache, and
dizziness. The adverse event profile after adminis-
tration of multiple doses of LY3202626 is shown
in Table 4. The post-lumbar puncture syndrome
adverse events were procedural adverse events related
to the CSF sampling procedure in parts B, C,
and D of the study. The discolored feces adverse
events were attributable to the color of the excip-
ients in the formulation of LY3202626 that was
administered in the study. There were two adverse
events deemed treatment-related. One subject expe-
rienced orthostatic hypotension approximately 8 h
after receiving a single 10 mg LY3202626 dose in
part A of the study. The orthostatic hypotension
was asymptomatic, lasted approximately 15 min, and
did not occur at other time points. Another subject

experienced postural orthostatic tachycardia syn-
drome approximately 6 h after receiving the first
26 mg LY3202626 dose in a multiple-dosing cohort
in part C. The adverse event lasted approximately 2 h
and the subject did not experience another episode
of postural orthostatic tachycardia syndrome after
administration of 26 mg LY3202626 for the remain-
ing duration of the multiple-dosing period. Overall,
there was no dose-dependence in severity or inci-
dence of adverse events, with most adverse events
being mild in severity. There were no clinically sig-
nificant findings in clinical laboratory tests, including
liver functions tests (alanine aminotransferase, aspar-
tate aminotransferase, bilirubin, Table 5). There were
also no clinically significant changes in electrocar-
diograms (including QTc interval), ophthalmologic
examinations, or assessments of alertness and atten-
tion. Any changes in vital signs were unremarkable,
aside from the orthostatic-related cases described
above. LY3202626 was well tolerated in the AD sub-
jects in part D of the study, with only 1 adverse event
of post-lumbar puncture syndrome reported. There
were no apparent differences in the safety profile
of LY3202626 between Japanese and non-Japanese
subjects.

DISCUSSION

For many years, inhibition of BACE1 represented
an extraordinarily promising mechanism for poten-
tial treatment of AD, largely due to early reports
suggesting that no negative phenotypic changes were
associated with BACE1 knockout in mice [16]. These
findings implied that BACE1 inhibition could test
the amyloid hypothesis by halting the production of
A� with a low-likelihood of on-target side effects
[16]. Despite this initial optimism, various adverse
findings were subsequently observed in both non-
clinical and clinical studies. The first BACE inhibitor
(LY2811376) entering clinical testing was halted due
to abnormalities in the retinal epithelium that were
observed in toxicological studies [6]. This finding
was subsequently attributed to inhibition of cathepsin
D [17]. The development of other BACE inhibitors,
including LY2886721, was stopped due to hepatotox-
icity observed in clinical studies, the mechanism of
which is unknown [7, 18]. LY3202626 was predicted
to have reduced risk of these toxicities due to high
selectivity against cathepsin D and a low daily dose
(which is known to be associated with a lower rate of
idiosyncratic drug-induced liver injury) [19, 20].
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Table 5
Liver safety data over time following treatment with LY3202626 or placebo

Day 11 Day 2 Day 3 Day 4 Day 6 Day 8 Day 10 Day 12 Day 14 Day 15 Day 17

Placebo ALT, U/L 23. 7 (13.4) 22.9 (9.7) 22.2 (8.6) 24.1 (9.2) 23.0 (9.0) 21.3 (7.3) 20.6 (8.3) 19.7 (8.7) 19.8 (7.1) 20.2 (6.5) 24.0 (10.3)
AST, U/L 18.8 (4.2) 18.9 (4.9) 17.6 (4.3) 19.2 (6.2) 19.2 (6.5) 18.9 (6.0) 20.2 (11.4) 20.3 (10.6) 16.9 (3.3) 18.0 (5.3) 19.6 (6.2)
ALP, U/L 61.7 (15.9) 63.3 (13.9) 62.4 (15.6) 63.2 (14.8) 61.0 (13.7) 61.4 (12.7) 60.7 (14.6) 61.6 (12.9) 57.9 (16.3) 57.4 (17.1) 61.8 (15.1)
GGT, U/L 21.3 (9.2) 21.9 (7.9) 21.4 (8.1) 21.8 (9.0) 20.1 (8.5) 20.3 (7.5) 19.2 (7.5) 19.7 (6.6) 18.7 (6.7) 19.0 (6.1) 21.0 (7.6)
Total Bilirubin,

umol/L
9.3 (2.8) 10.4 (4.6) 8.4 (2.9) 7.8 (5.0) 9.1 (7.8) 6.6 (2.8) 7.6 (2.4) 6.7 (2.6) 8.2 (2.9) 8.1 (2.6) 8.2 (3.8)

Albumin, g/L 44.2 (3.1) 45.4 (2.5) 45.2 (2.3) 46.1 (2.1) 44.4 (2.9) 45.9 (2.0) 44.7 (2.0) 45.4 (2.8) 43.4 (2.7) 43.8 (2.5) 46.8 (1.9)
LY3202626,

1 mg
ALT, U/L 19.0 (11.8) 18.9 (11.8) 18.7 (10.6) 20.4 (10.1) 18.9 (7.0) 20.8 (8.4) 24.6 (19.6) 24.2 (21.2) 22.8 (17.2) 20.8 (15.5) 23.2 (12.8)
AST, U/L 18.4 (6.7) 18.4 (6.5) 16.1 (4.7) 19.6 (5.5) 17.7 (4.8) 21.3 (13.2) 30.2 (39.0) 26.2 (29.7) 20.2 (13.1) 18.3 (9.7) 19.3 (6.0)
ALP, U/L 62.8 (7.6) 62.2 (8.7) 62.3 (8.4) 64.7 (10.7) 61.0 (10.9) 62.4 (11.3) 62.6 (10.0) 62.1 (9.7) 61.3 (10.6) 59.6 (9.6) 63.9 (10.6)
GGT, U/L 22.3 (14.8) 21.8 (15.6) 20.9 (13.9) 21.4 (14.5) 19.4 (11.8) 18.8 (11.5) 18.7 (11.3) 18.0 (9.9) 18.0 (10.1) 18.2 (11.0) 20.1 (11.8)
Total Bilirubin,

umol/L
10.7 (2.8) 10.7 (2.6) 8.9 (2.3) 7.4 (4.2) 8.5 (4.5) 7.9 (5.0) 7.2 (2.1) 8.0 (2.8) 9.1 (2.7) 9.2 (2.5) 8.2 (4.0)

Albumin, g/L 43.9 (1.5) 43.8 (3.0) 43.1 (2.4) 44.0 (2.4) 43.1 (2.4) 44.1 (2.0) 43.3 (2.2) 43.2 (1.5) 43.6 (2.6) 42.6 (2.2) 46.0 (2.8)
LY3202626,

6 mg
ALT, U/L 17.6 (5.5) 17.8 (3.8) 18.9 (4.7) 20.9 (5.2) 18.9 (4.4) 18.6 (2.5) 17.9 (2.3) 16.9 (2.5) 15.2 (2.5) 16.1 (2.9) 19.8 (4.3)
AST, U/L 18.9 (4.0) 18.0 (3.0) 17.8 (2.9) 19.8 (4.7) 19.7 (4.9) 20.8 (6.2) 19.6 (6.0) 17.2 (3.8) 15.3 (4.3) 15.9 (3.9) 18.9 (3.5)
ALP, U/L 64.6 (16.9) 66.4 (20.2) 65.8 (18.6) 67.8 (18.4) 63.9 (17.8) 64.6 (17.6) 62.9 (15.4) 63.6 (17.2) 62.2 (16.0) 58.9 (14.3) 65.0 (18.7)
GGT, U/L 21.6 (10.7) 21.7 (9.5) 22.3 (11.2) 24.0 (11.0) 22.0 (10.8) 21.7 (10.8) 20.6 (8.7) 20.3 (8.2) 19.3 (10.3) 18.6 (8.6) 20.9 (9.7)
Total Bilirubin,

umol/L
8.9 (3.6) 9.8 (4.5) 7.4 (3.1) 6.9 (2.4) 8.4 (4.0) 8.1 (2.8) 8.2 (2.7) 7.4 (2.4) 8.1 (5.0) 7.3 (3.0) 6.3 (4.7)

Albumin, g/L 45.0 (1.7) 45.8 (2.5) 46.3 (2.1) 47.0 (1.9) 45.3 (2.7) 46.3 (1.6) 46.0 (1.7) 46.7 (1.6) 44.4 (1.8) 43.8 (2.1) 46.0 (1.7)
LY3202626,

26 mg
ALT, U/L 16.9 (6.3) 15.6 (6.2) 16.2 (6.4) 16.9 (5.6) 16.2 (5.2) 16.8 (4.5) 15.8 (5.5) 16.9 (5.6) 17.1 (7.4) 16.8 (7.8) 20.0 (9.8)
AST, U/L 15.2 (2.5) 14.6 (2.7) 14.9 (3.6) 16.8 (3.8) 17.8 (3.2) 16.4 (3.0) 16.1 (2.7) 18.3 (3.5) 16.3 (4.0) 16.2 (4.6) 18.6 (6.2)
ALP, U/L 56.9 (12.0) 57.9 (11.3) 57.2 (11.1) 58.6 (10.8) 57.6 (12.0) 59.3 (10.8) 60.7 (11.4) 60.1 (9.6) 59.3 (10.2) 58.6 (9.6) 65.7 (11.5)
GGT, U/L 18.3 (8.2) 18.9 (8.5) 18.6 (8.8) 19.0 (9.6) 18.2 (8.5) 18.6 (7.2) 17.9 (7.4) 17.7 (7.4) 18.1 (8.8) 17.6 (8.8) 20.7 (11.1)
Total Bilirubin,

umol/L
9.0 (2.6) 8.6 (2.6) 7.1 (2.3) 6.7 (1.4) 8.6 (3.0) 8.6 (4.6) 8.7 (4.2) 8.3 (4.5) 5.8 (2.4) 7.2 (1.9) 7.3 (4.6)

Albumin, g/L 46.3 (1.9) 46.2 (1.9) 45.0 (2.7) 46.0 (1.9) 44.9 (2.0) 46.3 (2.9) 45.8 (2.0) 44.9 (2.3) 43.7 (2.2) 44.0 (2.6) 45.9 (1.3)

1Predose. ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; ALP, Alkaline phosphatase; GGT, Gamma glutamyl-transferase.
Values are expressed as mean (standard deviation). N = 9 per group.

To mitigate peripheral effects for tolerability and
safety, discovery efforts focused on developing a
molecule with high potency against BACE1 and max-
imizing penetration across the blood-brain barrier
[21]. The IC50 for LY3202626 in a FRET assay
measuring BACE1 activity was 0.615 nM, markedly
lower than the value for LY2886721 (20.3 nM) or
LY2811376 (239 nM) [6, 7]. This potency was sup-
ported by studies in PDAPP mice and beagle dogs,
each demonstrating substantial reductions in plasma
and CSF A� associated with low plasma and CNS
LY3202626 exposures. The ratio of CSF to plasma
exposures in nonclinical species were similar to the ex
vivo plasma free fraction measured for those species,
suggesting free penetration into the CNS. Together,
these data indicated that LY3202626 had the poten-
tial to lower CSF A� by at least 70% using a dose
less than 10 mg. In the clinical multiple-dose study,
concentrations of A�1–40, A�1–42, and the proximal
biomarker sA�PP� all decreased by more than 70%
following multiple doses of 6 mg, confirming projec-
tions from the nonclinical studies. Modeling of the
clinical data suggested that a dose of 12 mg QD was
sufficient to lower CSF A� species by at least 90%.
These results suggest that LY3202626 is substantially
more potent than other BACE1 inhibitors for which
clinical data have been reported [22, 23].

LY3202626 was generally well tolerated in the
Phase 1 study. Excluding adverse events associated
with CSF sampling, the most commonly reported
adverse events (headache and dizziness) were all con-
sidered mild. While hepatoxicity has been observed
in clinical studies with several BACE inhibitors,
the doses of LY3202626 necessary to substantially
reduce A� were deemed sufficiently low to mitigate
the risk of hepatotoxicity. Consistent with this, safety
data from this study showed no meaningful alter-
ations in liver enzymes that would suggest hepatic
injury due to LY3202626 administration [24].

The PK of LY3202626 were marked by relatively
high intersubject and intrasubject variability. This
could be due in part to variable absorption from the
gastrointestinal tract. Notwithstanding the observed
variability, the PK were generally linear with respect
to time and dose, with a t1/2 supporting once-daily
dosing. The PK of LY3202626 supported continued
development of the compound.

The overall profile of LY3202626 rendered it
suitable for testing in patients with mild AD in a
Phase II proof-of-concept study. A dose of 12 mg
QD was chosen as the high dose in the study,
which was anticipated to produce 90% reduction
in CSF A�. Subsequently and during further clin-
ical development, the Phase II study of LY3202626
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(NCT02791191), a proof-of-principle study powered
to detect change on flortaucipir PET tracer signal,
was ultimately terminated following an interim anal-
ysis of safety and efficacy data [25]. The decision to
terminate the study was not due to safety concerns,
rather due to a low statistical probability to detect a
significant effect on clinical outcomes (either cogni-
tive or functional) observed from the interim data.
This interim analysis occurred after approximately
140 patients were randomized and observed for at
least 24 weeks. Around the time of this interim analy-
sis, there were discouraging Phase III data from other
BACE inhibitors [26–28]. These other studies failed
to demonstrate a slowing of AD progression at rel-
atively high levels of BACE1 inhibition, and some
studies suggested there was cognitive worsening soon
after initiating treatment with these BACE inhibitors.
In this interim analysis, no clinically meaningful
separation was observed between either the 3 mg
or 12 mg dose arms and placebo in the analysis
of measures of cognition, function, and composite
measures of cognition and function (ADAS-Cog13,
ADCS-iADL, and iADRS, respectively) following 52
weeks of treatment [25]. Consistent with the results
of the Phase I study, no evidence of hepatotoxicity
was observed in this study, no elevations of liver
function tests meeting the definition of Hy’s law
occurred, and no statistical differences were observed
in any liver function test between patients treated with
LY3202626 or placebo. Nevertheless, the efficacy-
to-risk benefit suggested that further investigation of
LY3202626 in this clinical study was not warranted.

In evaluating the clinical efficacy of BACE
inhibitors, the general strategy taken by sponsors
was to prioritize doses that were anticipated to lead
to significant suppression of A� production [26,
28–30]. While this approach failed to achieve a ben-
eficial impact for patients with AD, several avenues
remain for continued investigation of this class of
compounds. In a study of Icelandic adults, it was
determined that the APP A673T mutation (the Ice-
landic mutation), which interferes with cleavage of
A�PP by BACE, was associated with reduced AD
rates [31]. A subsequent study indicates that carriers
of the A673T mutation have mildly reduced (approx-
imately 28%) plasma A� as compared to noncarriers
[32]. The BACE inhibitors that have been tested in
Phase III studies all explored substantially more pro-
found A� reductions (e.g., approximately 85% A�
reduction for verubecestat). It has been hypothesized
that the apparent changes in brain volume and cogni-
tion are due to the inhibition of BACE1 processing of

substrates other than A�PP. For instance, the BACE1
enzyme interacts potently with other important pro-
teins implicated in neuronal function and plasticity
(e.g., SEZ6, NRG1, CHL1, JAG1) [33]. Thus, it
remains possible, although an untested hypothesis to
date, that an asymptomatic populations can be pro-
tected from developing AD by a low degree of BACE
inhibition, one that that does not incure the negative
effects observed with high degrees of BACE inhi-
bition [29, 30, 34]. Recent results from monoclonal
antibodies targeting deposited amyloid plaque has
led to renewed interest in the amyloid hypothesis
[35, 36], and therefore agents that target this pathol-
ogy. However, it remains to be seen if this interest
will translate to further study of BACE inhibitors in
asymptomatic populations.

In conclusion, we found that the high in vitro
potency and robust pharmacodynamic effect of the
BACE inhibitor LY3202626 observed in nonclini-
cal species translated to humans, even at low dose.
This highly selective BACE1 inhibitor displayed high
blood-brain barrier permeability. The favorable clin-
ical safety and pharmacokinetic/pharmacodynamic
profile of LY3202626 supports further clinical
development.
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