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Objective: To assess the safety, tolerability, and phar-
macokinetic and pharmacodynamic effects of the �-secre-
tase inhibitor avagacestat in patients with mild to mod-
erate Alzheimer disease (AD).

Design: Randomized, double-blind, placebo-con-
trolled, 24-week phase 2 study.

Setting: Global, multicenter trial.

Patients: A total of 209 outpatients with mild to mod-
erate AD were randomized into the double-blind treat-
ment phase. The median age of the patients was 75 years,
58.9% were APOE ε4 carriers, and baseline measures of
disease severity were similar among groups.

Intervention: Avagacestat, 25, 50, 100, or 125 mg daily,
or placebo administered orally daily.

Main Outcome Measures: Safety and tolerability of
avagacestat.

Results: Discontinuation rates for the 25-mg and 50-mg
doses of avagacestat were comparable with placebo but
were higher in the 100-mg and 125-mg dose groups.
Trends for worsening cognition, as measured by change
from baseline Alzheimer Disease Assessment Scale cog-
nitive subscale score, were observed in the 100-mg and
125-mg dose groups. Treatment-emergent serious ad-

verse events were similar across placebo and treatment
groups. The most common reason for discontinuation
was adverse events, predominantly gastrointestinal and
dermatologic. Other adverse events occurring more fre-
quently in patients undergoing treatment included re-
versible glycosuria (without associated serum glucose
changes), nonmelanoma skin cancer, and asymptom-
atic magnetic resonance imaging findings. Exploratory
cerebrospinal fluid amyloid isoforms and tau biomarker
analysis demonstrated dose-dependent but not statisti-
cally significant reductions in a small subset of patients.

Conclusions: Avagacestat dosed at 25 and 50 mg daily
was relatively well tolerated and had low discontinua-
tion rates. The 100-mg and 125-mg dose arms were poorly
tolerated with trends for cognitive worsening. Explor-
atory cerebrospinal fluid biomarker substudies provide
preliminary support for �-secretase target engagement,
but additional studies are warranted to better character-
ize pharmacodynamic effects at the 25- and 50-mg doses.
This study establishes an acceptable safety and tolerabil-
ity dose range for future avagacestat studies in AD.

Trial Registration: clinicaltrials.gov Identifier:
NCT00810147
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I NHIBITION OF THE �-SECRETASE

enzyme complex has been pur-
sued as a drug target for the treat-
ment of Alzheimer disease (AD)
for more than 20 years.1 Evi-

dence suggests that the sequential cleav-
age of the amyloid precursor protein first
by the �-amyloid cleavage enzyme and
then by �-secretase results in the produc-
tion of several brain amyloid (A�) pep-
tides, including the highly amyloidgenic

isoform A�42.2 Inhibiting �-secretase may
decrease production of amyloid and po-
tentially modify disease progression in AD.

There are more than 50 known sub-
strates of �-secretase.1 A major challenge
in developing �-secretase inhibitors for
AD is identifying compounds that selec-
tively inhibit amyloid production while
minimizing effects on other substrates. In
particular, �-secretase is known to cleave
Notch proteins involved in cell fate
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decisions.3-5 Consistent with an important role in Notch
signaling, long-term administration of �-secretase
inhibitors could produce adverse events (AEs) in the
gastrointestinal (GI) tract, thymus, spleen, and skin.6,7

Avagacestat is an oral �-secretase inhibitor designed
for the selective inhibition of A� synthesis relative to Notch
substrates. In vitro pharmacologic studies8 indicate that
avagacestat was approximately 193-fold more selective
toward A� production than Notch. In vivo pharmaco-
logic studies8-10 found significant reductions in brain A�
without Notch-dependent toxic effects. On the basis of
these observations, avagacestat was advanced into phase
1 testing, in which single doses of up to 800 mg and mul-
tiple doses up to 150 mg/d were well tolerated.11,12 The
primary objective of this phase 2 study was to determine
the safety and tolerability of avagacestat across 4 dose arms
(25, 50, 100, and 125 mg daily) for a 24-week treatment
period.

METHODS

This multicenter, global, randomized, double-blind, placebo-
controlled, 5-arm, fixed-dose, parallel-group study was per-
formed in a 24-week treatment period. Written informed con-
sent was obtained from male and female outpatients aged 50
to 90 years with mild to moderate AD. The study was ap-
proved by an institutional review board designated by each site
and was conducted in accordance with ethical principles and
applicable regulatory requirements (clinicaltrials.gov identi-
fier NCT00810147).13,14

INCLUSION AND EXCLUSION CRITERIA

Patients met the clinical diagnosis of probable AD based on the
National Institute of Neurological and Communicative Disor-
ders and Stroke and the Alzheimer’s Disease and Related Dis-
orders Association and Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition, Text Revision) criteria with a
Mini-Mental State Examination (MMSE) score of 16 to 26. Pa-
tients had a documented cognitive decline for 6 months or lon-
ger, brain computed tomography or magnetic resonance imaging
(MRI) within 12 months before baseline that had normal re-
sults or demonstrated atrophy consistent with AD, no more than
mild to moderate white matter disease, 2 or fewer lacunar in-
farcts, and a Hachinski Ischemia Scale score of 4 or less. Pa-
tients were medically stable and had access to a reliable study
partner for 10 or more hours per week. Exclusion criteria in-
cluded the following: a medical condition other than AD that
could explain the patient’s dementia, previous stroke history,
immunocompromised, current diagnosis of peptic ulceration or
GI bleeding within the last year, positive fecal immunochemical
test result for occult blood in the stool at screening, chronic in-
flammatory bowel disease, chronic or frequent diarrhea or loose
stools, history of GI surgery that resulted in malabsorption, vi-
tamin B12 or folate deficiency, hematologic or solid malignant
tumor diagnoses within 5 years, Geriatric Depression Scale
score of 6 or higher at screening, or exposure to an investiga-
tional agent affecting A� levels or function within 12 months
before screening. Patients with elevated liver enzyme levels, dia-
betes mellitus, or a glomerular filtration rate less than 30 mL/
min/1.73 m2 were also excluded. Patients treated with
approved AD medications had stable treatment for 2 months
or longer before screening or were to remain free of such
medications.

OUTCOMES

Clinical Rating Scales

Clinical outcome measures (11-item Alzheimer Disease
Assessment Scale cognitive subscale [ADAS-cog], Clinical
Dementia Rating Sum of Boxes [CDR-SB], and Alzheimer Dis-
ease Cooperative Study Activities of Daily Living [ADCS-
ADL]) were performed at baseline, week 12, and week 24.

Pharmacokinetic Assessments

All patients had trough blood samples drawn for measurement
of serum avagacestat concentrations starting at the week 2 visit
and at all subsequent visits during the treatment period.

Cerebrospinal Fluid Biomarker Assessments

All study participants were invited to participate in a cerebro-
spinal fluid (CSF) substudy. Trough lumbar punctures were per-
formed in consenting patients at baseline, week 12, and end of
treatment. The CSF levels of total tau (T-tau), phosphorylated
tau (P-tau), and A�1-42 were analyzed at a central laboratory
using the Luminex xMAP technique (INNO-BIA AlzBio3 kit; In-
nogenetics). A�38, A�40, and A�42 were analyzed using the
MS6000 Human (6E10) A� 3-Plex kit (MesoScale Discovery).

The change in the A� isoform pattern (A�1-14, A�1-15, A�1-
16, and A�1-34) in CSF was also analyzed by immunoprecipi-
tation and mass spectrometry as described previously.15 This
exploratory analysis was included based on reports in the lit-
erature that it may constitute a potentially sensitive measure
of A� target engagement.16,17

MRI Assessments

Baseline (n=175) and week 24 MRI (n=129) results were
evaluated centrally (Bioclinica). Volumetric MRI measure-
ments were performed between baseline and week 24 on
3-dimensional T1 sequences. A registration-based brain atro-
phy quantification algorithm using a tensor-based morphom-
etry Jacobian integration technique was used to calculate brain
and ventricular atrophy rates.15 Quantification of total hippo-
campal volume was performed using a semiautomated contour
detection technique.18-20

RANDOMIZATION AND INTERVENTIONS

Patients were randomly assigned in equal proportions across
the 5 masked treatment groups: placebo or avagacestat once
daily at dosages of 25, 50, 100, or 125 mg. Patients assigned to
the 100-mg and 125-mg dose groups received 50 mg daily for
the first 2 weeks. Treatment allocation was balanced by de-
mentia severity (mild [MMSEscore of 21-26] vs moderate
[MMSEscore of 16-20]), AD concomitant medications, and con-
sent for lumbar punctures. Patient safety visits occurred every
2 weeks during the 24-week treatment period, with telephone
assessments occurring on alternating weeks during the first 12
weeks after randomization. The AEs were identified for up to
30 days after the study and until resolution for serious adverse
events (SAEs). All study medications, including the placebo,
were identical in appearance to maintain masking.

An independent data monitoring committee had access to
all study data and monitored the safety of participants on a quar-
terly basis throughout the trial. There were 4 interim analyses
reviewed by the data monitoring committee. The committee
recommended continuation of the study after each meeting.
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STATISTICAL ANALYSIS

The sample size was chosen empirically because the primary
objective was to assess safety and tolerability. A sample size
of 40 patients per treatment arm was estimated to be associ-
ated with an 81% probability of observing a specific AE if the
true incidence was 4%. The AEs were classified by primary
system organ class and preferred term according to the Medi-
cal Dictionary for Regulatory Activities, version 13.0. The
incidence of AEs and SAEs was tabulated by treatment group
and summarized descriptively. The incidence of potentially
clinically relevant changes or events in laboratory values was
tabulated by status at baseline (ie, normal vs abnormal).
Measures of cognition (ADAS-cog), function (ADCS-ADL),
and global ratings (CDR-SB) were incorporated as additional
assessments.

For each cognition assessment, the change from baseline to
postbaseline scores over time from the observed case data set
of the randomized sample was analyzed using a mixed-effects,
repeated-measures model with a restricted maximum likeli-
hood estimation. The model included the treatment, time, treat-
ment � time interaction, and baseline � time interaction as
main effects and included the corresponding baseline score and
key baseline factors (eg, MMSE score, APOE ε4 status, and base-
line status of concomitant AD medication use) as covariates.
Time was treated as a categorical variable in the model. An un-
structured covariance matrix was used to represent the corre-
lation of the repeated-measures, within-patient errors. The
model-based, adjusted mean change score from baseline and
the 95% CI for the treatment difference between active doses
and placebo were calculated for weeks 12 and 24. The change
from baseline ADCS-ADL and CDR-SB from the observed case
data set were analyzed similarly to the ADAS-cog. For CSF bio-
markers, the geometric mean over baseline of A�38, A�40, and
A�42 was analyzed. The mean change from baseline of T-tau
and P-tau was also analyzed. No adjustments were made for
multiple comparisons. Nominal P values were provided for de-
scriptive purposes.

RESULTS

DEMOGRAPHIC CHARACTERISTICS
AND DISPOSITION

A total of 338 patients were enrolled in the study, and
209 were randomized into the double-blind treatment
phase (Figure 1). Demographic variables across treat-
ment groups are summarized in Table 1. Median age
was 75 years, and baseline disease characteristics were
similar between groups.

Steady-state plasma concentrations of avagacestat were
achieved by 2 weeks (eFigure 1; http://www.archneurol
.com). The mean concentrations of avagacestat at week
24 were 21, 51, 121, and 175 ng/mL for the 25-, 50-, 100-,
and 125-mg dose groups, respectively.

PRIMARY OUTCOME MEASURE:
SAFETY AND TOLERABILITY

Doses of 25 and 50 mg daily were relatively well toler-
ated with low discontinuation rates, whereas doses of 100
and 125 mg daily had higher discontinuation rates, pri-
marily attributable to GI and skin AEs (Table 2). Dis-
continuation rates appeared to plateau by month 3 of the
study (eFigure 2). In general, the incidence and inten-
sity of GI-related and dermatologic AEs also appeared to
be dose dependent. The overall incidence of AEs in the
category of infections and infestations was similar in the
placebo, 25-mg, 50-mg, and 100-mg dose groups, whereas
in the 125-mg dose group there was an increased inci-
dence of infections without a clear pattern of specific in-
fections. Infection-related AEs were not associated with
higher discontinuation rates.

Randomized209

Enrolled338

Assigned to receive
avagacestat, 25 mg

42Assigned to receive
placebo

42

Completed double-
blind phase

34 Completed double-
blind phase

33 Completed double-
blind phase

31 Completed double-
blind phase

24 Completed double-
blind phase

21

Assigned to receive
avagacestat, 50 mg

41 Assigned to receive
avagacestat, 100 mg

42 Assigned to receive
avagacestat, 125 mg

42

Excluded129
Laboratories27
Diagnostic criteria/MMSE score of 16-2624
Comorbid medical/physical illnesses15
ECG10
Concomitant medications9
CT/MRI8
Withdrew consent/no longer meets criteria15
Other21

Discontinued8
Lack of efficacy2
Adverse event4
Withdrew consent1
Other1

Discontinued9
Adverse event4
Withdrew consent4
Noncompliance1

Discontinued18
Adverse event15
Withdrew consent2
Other1

Discontinued10
Adverse event5
Withdrew consent3
Nonadherence1
No longer met study criteria1

Discontinued21
Lack of efficacy1
Adverse event14
Withdrew consent3
Lost to follow-up1
Nonadherence1
Other1

Figure 1. Patient disposition. Patients were balanced across groups for concurrent acetylcholinesterase enzyme inhibitor and Memantine treatment (177 total,
34-37 per group) and lumbar puncture (56 total, 10-13 per group). ECG indicates electrocardiography; CT, computed tomography; MMSE, Mini-Mental State
Examination; and MRI, magnetic resonance imaging.
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The GI-related AEs (diarrhea, nausea, and vomiting)
typically occurred within the first 6 weeks of treatment
and plateaued for those individuals who were able to tol-
erate study medication. Diarrhea was clinically charac-
terized as an increase in frequency of loose stools and was
managed clinically with antidiarrheal agents or interrup-
tion and downward titration of study medication. The
fecal immunochemical test for occult blood was per-
formed in 41 patients with significant GI symptoms while
undergoing treatment. Two patients (1 in each of the
25-mg and 125-mg dose groups) had a positive fecal im-
munochemical test result. Three patients in the 100-mg
dose group experienced GI ulcers; 1 additional patient
in the 100-mg dose group experienced an ulcer more than
30 days after the last dose of study medication. Two cases
of ulcer were characterized as SAEs because of the se-
verity of symptoms and led to discontinuation of use of the
study medication. Patients with ulcers tended to have rec-
ognized risk factors (chronic reflux, concomitant anti-
platelet use, prescribed nonsteroidal anti-inflammatory
drugs, cholinesterase use, or Helicobacter-positive cul-
ture). The GI-related biomarkers (plasma trefoil factor
3 and messenger RNA hairy enhancer of split 1) showed
minimal changes and were not suggestive of a pattern
of Notch-related toxic effects (eTable 1).

The overall incidence of SAEs was comparable across
groups. The SAEs that occurred in more than 1 patient
across dose arms included vasogenic edema (VE) (25 and
50 mg), pneumonia or lobar pneumonia (100 and
125 mg), squamous cell carcinoma (25 and 50 mg), and
syncope (25 and 100 mg).

Dermatologic AEs included rash, pruritus, and non-
melanoma skin cancer. Maculopapular rashes occurred
on the trunk, extremities, and face, with no reports of des-
quamation or occurrence on the palms or soles of the feet.
Rashes generally resolved within 3 to 4 weeks of discon-
tinuing use of the study medication. No discontinua-
tions occurred because of rash in the placebo or 25-mg
or 50-mg dose groups. All cases of skin cancer were clini-

cally manageable by local excision without recurrences
during the study period.

VITAL SIGN AND WEIGHT CHANGES

No discernable clinical pattern of potentially clinically
significant vital sign abnormalities was found. The 100-mg
and 125-mg dose groups (13.0% and 20.0%, respec-
tively) had higher rates of weight loss (�7% decrease in
body weight from baseline) than the other groups
(�3.0%) at week 24.

LABORATORY DATA

Treatment-emergent glycosuria, defined by any one-
time positive urine glucose test result, was observed in a
dose-dependent manner but not associated with treat-
ment discontinuations, serum glucose changes, or evi-
dence of glomerular injury (Table 3). More specifi-
cally, no decreases in glomerular filtration rate or cystatin
C level and no clinically meaningful changes in albu-
min to creatinine or protein to creatinine ratios were
found. Observed glycosuria resolved either with treat-
ment (20%-40% of patients) or within 1 month of dis-
continuation of treatment.

Few clinically significant changes occurred in renal-
related electrolytes, thyroid function, or immunologic
parameters (eTables 2-4). Slight decreases over time
in mean urinary calcium, uric acid, and potassium pla-
teaued by week 12 and reversed within 1 month of dis-
continuing use of the study medication. Mild mean de-
creases in B-cell subtypes (total, naive, or nonswitched
memory) were observed in the 100-mg and 125-mg dose
groups at week 24 but not at lower doses. Avagacestat
was not associated with other clinically meaningful labo-
ratory changes in serum electrolytes or liver function test
results.

Table 1. Baseline Patient Characteristicsa

Characteristic Placebo (n=42)

Avagacestat

25 mg (n=42) 50 mg (n=41) 100 mg (n=42) 125 mg (n=42)

Age, mean (SD), y 73.7 (10.6) 73.6 (8.2) 74.4 (8.8) 72.9 (8.1) 74.0 (8.1)
Female sex 25 (59.5) 16 (38.1) 18 (43.9) 24 (57.1) 17 (40.5)
Educational level, mean (SD), y 13.9 (3.2) 14.3 (4.0) 14.2 (3.9) 14.0 (2.9) 13.5 (2.8)
Time since initial diagnosis, mean (SD), mo 25.8 (24.5) 26.9 (26.7) 31.5 (26.1) 25.8 (21.8) 30.3 (26.8)
APOE �4 carrier 24 (57.1) 22 (52.4) 30 (73.2) 26 (61.9) 21 (50.0)
ADAS-cog score, mean (SD) 20.4 (9.0) 18.5 (7.8) 21.8 (9.2) 19.5 (9.0) 19.2 (9.5)
CDR Sum-of-Boxes score, mean (SD) (range) 4.3 (2.5) (0.5-14.0) 4.2 (2.5) (0.5-12.0) 5.2 (3.3) (1.5-17.0) 5.2 (2.9) (1.0-14.0) 4.9 (2.6) (1.5-12.0)
ADCS-ADL score, mean (SD) 64.9 (9.6) 65.8 (8.5) 61.8 (13.7) 61.1 (13.8) 62.5 (12.1)
MMSE score, mean (SD) 21.5 (4.4) 21.4 (3.6) 21.2 (4.0) 21.1 (4.4) 21.6 (4.4)
Concurrent AD medications during trial

�1 AD medication 36 (85.7) 34 (80.9) 36/43 (83.7) 37/41 (90.2) 34/40 (85.0)
Donepezil hydrochloride 27 (64.3) 20 (47.6) 22/43 (51.2) 21/41 (51.2) 19/40 (47.5)
Memantine hydrochloride 20 (47.6) 19 (45.2) 19/43 (44.2) 18/41 (43.9) 18/40 (45.0)
Rivastigmine tartrate 2 (4.8) 6 (14.3) 10/43 (23.2) 6/41 (14.6) 7/40 (17.5)
Galantamine 5 (11.9) 7 (16.7) 4/43 (9.3) 9/41 (22.0) 5/40 (12.5)

Abbreviations: AD, Alzheimer disease; ADAS-cog, Alzheimer Disease Assessment Scale cognitive subscale; ADCS-ADL, Alzheimer Disease Cooperative Study
Activities of Daily Living; CDR, Clinical Dementia Rating; MMSE, Mini-Mental State Examination.

aData are given as number (percentage) of patients unless otherwise indicated.
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CSF BIOMARKERS

Significant decreases were found in week 24 trough
measurements of A�38 in the 100-mg dose group and
A�38, A�40, and A�42 in the 125-mg dose group
(Table 4). With regard to exploratory analysis of other

CSF A� fragments, there was a dose-dependent change
for the A� isoforms A�1-14, A�1-15, A�1-16, and
A�1-34 (Figure 2).

Repeated-measures analysis of week 24 CSF samples
showed declines in T-tau across all doses, but the changes
did not reach statistical significance (Table 4). For P-

Table 2. Most Common Adverse Events During the 24-Week Double-blind Phasea

Adverse Event

No. (%) of Patients

Placebo (n=42)

Avagacestat

25 mg (n=42) 50 mg (n=41) 100 mg (n=41) 125 mg (n=40)

Discontinuations due to adverse events 4 (9.5) 4 (9.5) 7 (16.3) 14 (34.1) 13 (32.5)
GI related 0 1 (2.4) 1 (2.3) 8 (19.5) 3 (7.5)
Dermatologic related 0 0 0 4 (9.8) 6 (15.0)
Infection related 0 0 0 1 (2.4) 0
GI 8 (19.0) 16 (38.1) 13 (30.2) 23 (56.1) 22 (55.0)
Diarrhea 3 (7.1) 10 (23.8) 5 (11.6) 11 (26.8) 8 (20.0)
Nausea 0 2 (4.8) 1 (2.3) 11 (26.8) 5 (12.5)
Vomiting 1 (2.4) 1 (2.4) 1 (2.3) 6 (14.6) 3 (7.5)
Dyspepsia 0 0 1 (2.3) 4 (9.8) 3 (7.5)
Flatulence 0 0 1 (2.3) 2 (4.9) 2 (5.0)
Gastroesophageal reflux disease 0 0 1 (2.3) 2 (4.9) 2 (5.0)
GI ulcer 0 0 0 3 (7.3) 0
Dermatologic 3 (7.1) 4 (9.5) 8 (18.6) 16 (39.0) 25 (62.5)
Rash 0 1 (2.4) 4 (9.3) 8 (19.5) 13 (32.5)
Pruritus 0 0 1 (2.3) 4 (9.8) 8 (20.0)
Nonmelanoma skin cancer

Basal cell carcinoma 0 0 0 0 2 (5.0)
Squamous cell carcinoma 0 2 (4.8) 2 (4.6) 0 1 (2.5)
Actinic keratosis 1 (2.4) 1 (2.4) 0 0 0
Infectious 9 (21.4) 11 (26.2) 10 (23.2) 12 (29.3) 17 (42.5)
Bronchitis 0 0 0 2 (4.9) 4 (10.0)
Urinary tract infection 1 (2.4) 3 (7.1) 3 (7.0) 2 (4.9) 4 (10.0)
Nasopharyngitis 0 2 (4.8) 2 (4.6) 2 (4.9) 2 (5.0)
Upper respiratory tract infection 3 (7.1) 2 (4.8) 2 (4.6) 4 (9.8) 1 (2.5)

Other most common eventsa

Appetite decreased 0 2 (4.8) 0 4 (9.8) 8 (20.0)
Weight decreased 0 1 (2.4) 0 1 (2.4) 6 (15.0)
Headache 5 (12.2) 8 (19.0) 5 (11.6) 4 (9.8) 5 (12.5)
Fatigue 1 (2.4) 1 (2.4) 1 (2.3) 4 (9.8) 3 (7.5)
Musculoskeletal pain 0 0 1 (2.3) 1 (2.4) 3 (7.5)
Fall 3 (7.1) 5 (11.9) 4 (9.3) 5 (12.2) 3 (7.5)
Gait disturbance 0 1 (2.4) 1 (2.3) 1 (2.4) 2 (5.0)
Back pain 2 (4.8) 2 (4.8) 2 (4.6) 1 (2.4) 2 (5.0)
Osteoarthritis 0 0 0 0 2 (5.0)
Dizziness 4 (9.5) 6 (14.3) 4 (9.3) 7 (17.0) 2 (5.0)
Anxiety 0 2 (4.8) 1 (2.3) 0 2 (5.0)
Hematuria 0 0 2 (4.6) 0 2 (5.0)
Lipase increased 0 1 (2.4) 3 (7.0) 1 (2.4) 2 (5.0)
Benign prostatic hyperplasia 1 (2.4) 0 0 0 2 (5.0)
Cough 3 (7.1) 1 (2.4) 0 3 (7.3) 2 (5.0)
Epistaxis 0 2 (4.8) 1 (2.3) 2 (4.9) 3 (7.5)
Peripheral edema 3 (7.1) 2 (4.8) 0 2 (4.9) 1 (2.5)
Arthralgia 4 (9.5) 3 (7.1) 0 1 (2.4) 1 (2.5)
Lethargy 1 (2.4) 0 1 (2.3) 3 (7.3) 1 (2.5)
Confusional state 1 (2.4) 0 3 (7.0) 1 (2.4) 1 (2.5)
Depression 1 (2.4) 1 (2.4) 3 (7.0) 1 (2.4) 1 (2.5)
Irritability 0 3 (7.1) 0 0 0
Agitation 1 (2.4) 2 (4.8) 3 (7.0) 0 0
Hypokalemia 0 0 0 3 (7.1) 0
Syncope 0 1 (2.4) 0 4 (9.8) 0
Orophanyngeal pain 0 1 (2.4) 2 (4.6) 4 (9.8) 0
Chest pain 1 (2.4) 3 (7.1) 0 0 0

Abbreviation: GI, gastrointestinal.
aMost common adverse events include any event that occurred in 5% or more of patients in any group and ordered by frequency in the avagacestat, 125-mg,

treatment group.
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tau, the estimated changes from baseline were less pro-
nounced than T-tau and also did not reach statistical
significance.

MRI VOLUMETRIC AND SAFETY DATA

Mean percent changes from baseline hippocampal, whole-
brain, and ventricular volumes were comparable among
the treatment groups (Table 5). Retrospective review

of baseline and routine week 24 MRI safety scans re-
vealed 3 cases of apparent VE (1 in the 25-mg dose group
and 2 in the 50-mg dose group), including 1 patient with
apparent VE and numerous cerebral microbleeds (CMBs)
at baseline. All cases of VE were clinically asymptom-
atic and resolved during follow-up. Cases of new CMBs
were reported in all study groups, including placebo. The
CMBs were defined radiologically as areas of decreased
signal intensity on gradient-echo MRI sequences that mea-

Table 3. Percentage of Patients With Potentially Clinically Significant Glycosuria
and Mean Change From Baseline in Assessments of Renal Functiona

Renal Function Placebo (n=42)

Avagacestat

25 mg (n=42) 50 mg (n=41) 100 mg (n=41) 125 mg (n=40)

Any urinary glucose, No. (%) 2/42 (4.8) 14/41 (34.1) 17/42 (40.5) 22/40 (55.0) 25/40 (62.5)
Glomerular filtration rateb

Baseline, mL/min/1.73 m2 64 (22) 71 (23) 68 (25) 66 (23) 70 (19)
Change from baseline to week 24 0.006 (8.1092) −0.123 (9.9144) 0.189 (8.6075) 0.879 (11.4417) 6.680 (8.1421)

Urinary albumin to creatinine ratio
Baseline 0.02 (0.04) 0.01 (0.01) 0.04 (0.17) 0.02 (0.06) 0.01 (0.03)
Change from baseline to week 24 0.015 (0.07) −0.00 (0.02) 0.01 (0.02) −0.00 (0.03) 0.01 (0.01)

Protein to creatinine ratio
Baseline 0.12 (0.106) 0.10 (0.047) 0.14 (0.246) 0.11 (0.106) 0.11 (0.075)
Change from baseline to week 24 0.02 (0.172) −0.01 (0.054) 0.01 (0.035) 0.02 (0.054) 0.03 (0.056)

aData are given as mean (SD) unless otherwise indicated.
bGlomerular filtration rate was assessed using the Cockroft-Gault method.

Table 4. Mean Changes From Baseline to Week 24 in A�38, A�40, A�42, Total Tau, and Phosphorylated Taua

Variable Placebo

Avagacestat

25 mg 50 mg 100 mg 125 mg

A�38
No. of patients 12 8 8 10 7
Mean change, (SE) −0.0 (0.12) −0.1 (0.14) −0.0 (0.14) −0.3 (0.13) −0.6 (0.13)
Baseline, % 96 92 97 72 54
P value (vs placebo) .80 .94 .05 �.001

A�40
No. of patients 12 8 8 10 7
Mean change, (SE) −0.1 (0.11) −0.0 (0.12) −0.0 (0.12) −0.3 (0.11) −0.5 (0.12)
Baseline, % 94 98 100 76 60
P value .75 .66 .10 .002

A�42
No. of patients 12 8 8 10 7
Mean change, (SE) −0.1 (0.11) −0.0 (0.12) 0.0 (0.13) −0.0 (0.12) −0.4 (0.13)
Baseline, % 92 96 104 97 66
P value .80 .42 .70 .03

Total tau
No. of patients 9 6 6 7 5
Mean change, (SE) −3.8 (16.31) −10.0 (18.32) −30.2 (20.26) −30.4 (18.65) −15.6 (20.57)
Baseline, % 103 100 82 95 99
P value .89 .20 .62 .82

Phosphorylated tau
No. of patients 9 6 6 7 5
Mean change, (SE) −1.5 (8.63 3.2 (9.42) −16.5 (9.70) −1.1 (9.16) −4.8 (9.42)
Baseline, % 101 104 75 103 102
P value .83 .09 .90 .93

Abbreviation: A�, beta-amyloid peptide.
aMean change is based on the log scale. Baseline percent values are derived from back-transformed estimates from a repeated-measures model with the

log-transformed cerebrospinal fluid level as the dependent variable and including terms for treatment, assessment time, treatment� time interaction, baseline
value (log transformed), baseline� time interaction, baseline Mini-Mental State Examination score, baseline APOE ε4 status, and baseline concomitant Alzheimer
disease drug use. For all statistical analyses, no adjustments were made for multiple comparisons. Nominal P values are provided for descriptive purposes and
should be interpreted with caution.
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sured between 2 and 10 mm in diameter. The overall in-
cidence of new CMBs in the placebo and 25-, 50-, 100-,
and 125-mg dose groups was 10%, 13%, 16%, 19%, and

13%, respectively. New CMBs observed during routine
surveillance MRI were not reported to be associated with
clinical symptoms.
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Figure 2. Cerebrospinal fluid (CSF) concentration of exploratory CSF biomarkers over time (as percentage of baseline). A, A�1-14; B, A�1-15; C, A�1-16; and
D, A�1-34 fragments. A� indicates beta-amyloid peptide.

Table 5. Mean Percent Change From Baseline to Week 24 in Whole-Brain, Ventricular, and Hippocampal Volumea

Variable Placebo

Avagacestat

25 mg 50 mg 100 mg 125 mg

Whole-brain volume, mm3 (MRI)
No. of patients 24 24 19 16 11
Mean change (SE) −0.3 (0.11) −0.3 (0.10) −0.3 (0.11) −0.4 (0.12) −0.4 (0.13)
Difference vs placebo 0.1 0.1 −0.1 −0.0
P value .47 .54 .38 .75

Ventricular volume, mm3 (MRI)
No. of patients 25 26 20 16 14
Mean change (SE) 1.7 (0.58) 1.9 (0.51) 1.8 (0.57) 1.9 (0.63) 1.1 (0.64)
Difference vs placebo 0.2 0.1 0.2 −0.6
P value .75 .87 .70 .34

Hippocampal volume, mm3 (MRI)
No. of patients 26 26 21 16 15
Mean change (SE) −1.1 (0.62) −0.9 (0.54) −0.5 (0.62) −1.0 (0.68) −0.3 (0.68)
Difference vs placebo 0.3 0.6 0.2 0.8
P value .63 .29 .77 .20

Abbreviation: MRI, magnetic resonance imaging.
aFor all statistical analyses, no adjustments were made for multiple comparisons. Nominal P values are provided for descriptive purposes and should be

interpreted with caution. Estimates and differences from placebo based on analysis of covariance, including terms for treatment, baseline value, baseline
Mini-Mental State Examination score, baseline APOE ε4 status, and baseline concomitant Alzheimer disease drug use. MRI sequences included sagittal
3-dimensional T1-weighted, axial 2-dimenstional T2*-weighted, axial 2-dimensional fluid attenuated inversion recovery, and axial 2-dimensional T2-weighted.
GRE/T2* MRI parameters included 1.5T and 3T scanner field strength, 15- to 30-millisecond echo time, 5-mm contiguous axial sections, and no gap along with a
high-resolution sagittal 3-dimensional T1-weighted sequence. Percent change is defined as 100 (postbaseline − baseline)/baseline. Last observation carried
forward data included postbaseline assessments during the interval 1 � study day � 182.
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CLINICAL OUTCOME MEASURES

Clinical outcome measures are summarized in Table 6.
Changes in cognition as measured by the ADAS-cog were
similar to placebo at the 25-mg and 50-mg doses but were
unfavorable in the 100-mg and 125-mg dose groups. At
week 24, the nominal P values for the comparison to pla-
cebo were .02 and .09 for 100 and 125 mg, respectively;
however, there were no adjustments for multiplicity of
tests. The trends for a decrease in clinical performance
on the ADAS-cog in the 100- and 125-mg dose groups
were not associated with an increase in brain atrophy (as
measured by volumetric MRI) or increase in CSF tau lev-
els (Tables 4 and 5). The number of individual patients
experiencing potentially clinically meaningful changes
in ADAS-cog score (as defined by 5- or 10-point changes
from baseline) during the double-blind, 24-week treat-
ment period is shown in eFigure 3. Approximately 58 pa-
tients who experienced any increase (�0) from baseline
ADAS-cog score during the double-blind treatment pe-
riod were followed up during a 12-week washout at the
completion of the study. No clear pattern of improve-
ment or worsening in the ADAS-cog was seen across treat-
ment groups during washout from study medication
(eTable 5). Using a repeated-measures model, we found
no statistically significant differences from placebo among
treatment groups with regard to the ADCS-ADL except

for a trend for a favorable effect in the 25-mg group at
week 12 (nominal P = .03). The 50-mg dose group had
a mean positive change (improvement) in the ADCS-
ADL at week 24 (0.5), whereas the other groups had nega-
tive changes (25 mg: −0.7; 100 mg: −1.4; 125 mg: −3.1).
Compared with placebo, no statistically significant mean
changes in CDR-SB scores were found except for a fa-
vorable effect in the 25-mg dose group at week 12 (nomi-
nal P = .03).

COMMENT

This study met its aims of identifying safe and tolerable
doses of avagacestat for further clinical investigation. Doses
of 25 and 50 mg daily were well tolerated with low dis-
continuation rates, whereas doses of 100 and 125 mg daily
were associated with unacceptably high discontinua-
tion rates (primarily attributable to GI and skin AEs) and
potentially negative effects on cognition.

The GI-related AEs were dose limiting and accounted
for the most common AE category. Although GI-related
AEs resulted in significant tolerability issues for pa-
tients, overall SAE rates were similar across groups, and
circulating GI-related biomarkers did not suggest sig-
nificant Notch-related GI toxic effects. Even though Notch
inhibition can contribute to an increased incidence of non-

Table 6. Mean Changes From Baseline to Weeks 12 and 24 in Cognitive and Functional Outcomesa

LOCF

Weeks

Placebo

Avagacestat

25 mg 50 mg 100 mg 125 mg

12 24 12 24 12 24 12 24 12 24

ADAS-Cog score
No. of patients 38 32 37 33 36 32 30 23 30 21
Mean change (SE) 0.4 (1.08) −0.3 (1.30) −0.6 (0.94) −0.2 (1.17) −0.6 (1.09) −0.7 (1.29) 2.6 (1.14) 3.3 (1.43) 0.3 (1.14) 2.5 (1.48)
Difference vs

placebo
−1.08 0.07 −1.08 −0.46 2.20 3.55 −0.17 2.79

P value .32 .96 .31 .75 .047 .02 .88 .88
ADCS-ADL score

No. of patients 36 31 34 31 34 32 29 21 31 20
Mean change (SE) −0.4 (1.52) −0.9 (1.78) 2.9 (1.31) −0.7 (1.60) 1.4 (1.53) 0.5 (1.75) 0.3 (1.62) −1.4 (2.01) −0.1 (1.57) −3.1 (1.98)
Difference vs

placebo
- 3.29 0.26 1.81 1.41 0.71 −0.45 0.28 −2.16

P value .03 .90 .23 .47 .65 .84 .86 .32
CDR Sum-of-Boxes

score
No. of patients 38 32 36 32 35 32 29 22 31 20
Mean change (SE) 0.9 (0.37) 0.7 (0.42) 0.1 (0.33) 0.5 (0.38) 0.3 (0.37) 0.2 (0.42) 0.6 (0.39) 1.1 (0.46) 0.9 (0.39) 1.4 (0.47)
Difference vs

placebo
−0.81 −0.26 −0.60 −0.51 −0.30 0.34 0.06 0.65

P value .03 .58 .10 .27 .43 .49 .88 .20
MMSE score

No. of patients 38 32 37 33 35 33 30 22 30 21
Mean change (SE) 0.7 (0.63) 0.7 (0.70) 0.3 (0.55) −0.2 (0.62) 0.5 (0.63) −0.5 (0.69) −0.6 (0.66) −1.3 (0.77) −0.6 (0.66) −0.3 (0.78)
Difference vs

placebo
−0.33 −0.84 −0.13 −1.12 −1.25 −1.98 −1.24 −0.93

P value .60 .27 .83 .14 .052 .02 .06 .26

Abbreviations: ADAS-cog, Alzheimer Disease Assessment Scale cognitive subscale; ADCS-ADL, Alzheimer Disease Cooperative Study Activities of Daily Living;
CDR, Clinical Dementia Rating; LOCF, last observation carried forward: MMSE, Mini-Mental State Examination.

aLeast-square mean changes are estimates based on a repeated-measures model, including terms for treatment, assessment time, treatment� time interaction,
baseline value, baseline� time interaction, baseline MMSE score, baseline APOE ε4 status, and baseline concomitant Alzheimer disease drug use. For all statistical
analyses, no adjustments were made for multiple comparisons. Nominal P values are provided for descriptive purposes and should be interpreted with caution.
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melanoma skin cancers,21-23 elderly individuals are known
to be at increased risk for skin cancer, and many of the
observed cases of nonmelanoma skin cancer in this study
occurred in individuals with risk factors (eg, fair skin or
hair, history of skin cancer, and frequent sun exposure).
The annual incidence of nonmelanoma skin cancer in simi-
larly aged elderly patients and AD cohorts is estimated
to be approximately 4% to 8%.24,25 Clinical experience in
this phase 2 study suggests that the occurrence of non-
melanoma skin cancers, if drug related, is manageable
with comprehensive baseline skin examinations and on-
going assessment for suspicious skin lesions.

Unanticipated laboratory and diagnostic findings in-
cluded glycosuria and asymptomatic VE. The observed
cases of glycosuria were generally not associated with elec-
trolyte or serum glucose abnormalities, and treatment with
avagacestat was not associated with decreases in glomer-
ular filtration rate. Although the mechanism of these re-
nal findings remains unknown, dose-dependent de-
creases in serum uric acid, calcium, and potassium may
suggest alterations in proximal tubule function. Poten-
tial mechanisms of the glycosuria include a mild proxi-
mal renal tubulopathy, a direct effect on a glucose trans-
porter, or increased fibroblast growth factor 23 signaling
due to �-secretase inhibition of Klotho cleavage.26-29 Pre-
served glomerular filtration rate, the reversibility of gly-
cosuria, and the plateau in electrolyte changes that read-
ily reversed on washout suggest that these renal effects
can be safely monitored and managed in future studies.
Nonclinical toxicologic and phase 1 studies (based on
symptoms) did not suggest avagacestat was associated with
central nervous system disease. Treatment-emergent cases
of VE and new CMBs were reported, but all were asymp-
tomatic (eg, discovered on routine, regularly scheduled
MRI scans without any clinical correlate to the neuro-
imaging findings). Whether the development of CMBs
is related to a background incidence of cerebral amyloid
angiopathy or represents a treatment-associated change
remains unknown. Additional data from future studies
will help clarify any potential relationship with study
medication.

The CSF biomarkers demonstrated significant reduc-
tions in CSF A�1-38, A�1-40, and A�1-42 trough �-amy-
loid concentrations at the 125-mg dose. At the well-
tolerated doses of 25 and 50 mg, no mean reductions in
CSF A�1-40 or A�1-42 were observed 24 hours after dos-
ing. The absence of detectable changes in CSF A�1-40
and A�1-42 is consistent with phase 1, 50-mg, single-
dose studies in healthy volunteers, which showed peak
CSF amyloid reductions of 11% to 25% that returned to
baseline by 24 hours after dosing.30 Given the dynamic
variability in CSF A� levels and assay limitations, it may
not have been possible to demonstrate less than a 15%
to 20% reduction in CSF A�1-40 and A�1-42 in the ap-
proximately 8 patients who were enrolled in the CSF sub-
study in each of the low-dose arms. Well aware of the
current methodologic challenges in measuring pharma-
codynamic changes in CSF amyloid and the limitations
of such small sample sizes, we included an exploratory
analysis of CSF isoforms as an alternate method of dem-
onstrating target engagement. The observed dose-
dependent decrease in CSF A�1-34 provided additional

evidence of �-secretase target engagement. Increases in
CSF A�1-14, A�1-15, and A�1-16 were also observed.
The increase in these shorter 	-secretase–related iso-
forms is likely due to shunting from the �-secretase to
the alternative 	-secretase pathway due to increased C99
substrate availability.31 Levels of these short A� iso-
forms have been shown to change dose dependently in
response to �-secretase inhibition, even when CSF A�1-42
is unchanged, thereby providing indirect evidence of tar-
get engagement.16,17 The changes observed in levels of
short A� isoforms with avagacestat thus also provide pre-
liminary evidence of target engagement. These changes
in short A� isoforms are consistent with data from phase
1 studies that demonstrated dose-dependent changes in
mean plasma A�1-40 when avagacestat was adminis-
tered at dosages ranging from 5 to 800 mg in healthy in-
dividuals in a single ascending-dose study.11 Finally, nu-
merical reductions in T-tau and P-tau of approximately
10% to 20% were observed. Tau-related reductions are
consistent with potential downstream effects on reduc-
ing neurodegeneration; however, larger samples will be
required to reach any conclusions because the observed
changes were not statistically significant. Overall, the CSF
biomarker data from this study provide evidence of ava-
gacestat target engagement in patients with AD.

The observed trends for worsening cognition at the
100-mg and 125-mg doses was an unexpected finding that
is not yet fully understood. There was no clear pattern
of change in cognitive performance in individual pa-
tients who were followed up on discontinuation of study
medication use. The evaluation of this data is limited by
the sample size and intrinsic variability of the clinical
scales. The cognitive results observed in this study may
also have been confounded by the lack of the expected
decline in the placebo group. More important, the de-
crease in clinical performance on the ADAS-cog in the
100-mg and 125-mg dose groups was not associated with
an increase in brain atrophy (as measured by volumet-
ric MRI) or increase in CSF tau levels. The volumetric
MRI and CSF tau results support the notion that the de-
cline in performance on cognition at the 100-mg and
125-mg doses was not due to a worsening of the under-
lying neurodegenerative process.

Further data regarding avagacestat are needed to bet-
ter understand whether on-target amyloid-lowering prop-
erties, Notch-related toxic effects, or other previously un-
identified mechanisms account for the observed cognitive
worsening in the 100-mg and 125-mg dose arms. Cog-
nitive worsening has been noted with another �-secre-
tase inhibitor, semagacestat. Published data regarding
semagacestat dosed up to 140 mg have not demon-
strated pharmacodynamic effects on CSF amyloid lev-
els, and the cause of worsening in cognition remains to
be established.32,33 Preliminary in vitro selectivity data
comparing avagacestat with semagacestat suggest differ-
ences on key Notch-sparing properties and greater selec-
tivity of avagacestat for amyloid precursor protein com-
pared with Notch. Avagacestat is estimated to be 15-fold
to 32-fold more selective for A� synthesis than for Notch
processing compared with semagacestat.8,34 The trends
for worsening in cognition at the 100-mg and 125-mg
doses of avagacestat may reflect loss of selectivity and
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greater inhibition of �-secretase cleavage of substrates
other than amyloid precursor protein at higher doses. Al-
though contrary to current assumptions regarding the
amyloid hypothesis, it is also plausible that the ob-
served worsening in cognition at the higher doses may
be due to direct amyloid-lowering properties of avagace-
stat. More important, avagacestat was not associated with
worsening cognition when dosed at 25 and 50 mg daily,
but additional biomarker data will be needed to verify
the extent of actual target engagement at those lower
doses.

Limitations of this study include relatively small sample
sizes, short duration of treatment, inherent variability with
the psychometric measurements, small number of pa-
tients consenting to the CSF substudy, and lack of pla-
cebo decline.

The amyloid cascade hypothesis of AD remains a com-
pelling model for targeted therapeutics but has under-
gone limited testing in the clinic.35 �-Secretase inhibitors
may adversely affect cognition if doses activate Notch or
other critical substrates independent of effects on amy-
loid. This study demonstrated that avagacestat was safe and
tolerable when dosed at 25 and 50 mg daily in patients with
mild to moderate AD during a 6-month period. Although
the exploratory CSF fragment data are suggestive of a phar-
macodynamic effect, further studies are warranted to more
fully characterize the effect on amyloid processing at the
25- and 50-mg doses. Other ongoing studies with avagace-
stat will provide additional biomarker data and increased
sample size to better characterize the extent of amyloid low-
ering at these well-tolerated doses. Overall, the safety and
tolerability profile of avagacestat dosed at 25 and 50 mg
daily supports continued clinical investigation in AD.
Close clinical and safety monitoring, even at these lower
doses, is warranted because treatment duration is ex-
tended and sample size increased in future studies.
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