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Abstract.
Background: Blood biomarkers are proposed as a diagnostic alternative to amyloid PET or cerebrospinal fluid (CSF) analyses
for the diagnosis of Alzheimer’s disease (AD). Relatively little is known of the natural history of patients identified by different
blood biomarkers.
Objective: To identify patients with elevated plasma phosphorylated tau (pTau)181 from a prior Phase 2a trial, and explore the
natural histories of their clinical progression, and potential efficacy of Xanamem, a selective inhibitor of 11beta-hydroxysteroid
dehydrogenase type 1 (11�-HSD1) in these patients.
Methods: A prespecified, double-blind analysis was conducted in 72 participants with clinically diagnosed AD and available
plasma samples from baseline and Week 12 of the “XanADu” Phase 2a trial of Xanamem versus placebo. The analysis
prespecified plasma pTau181 > median to identify patients more likely to have AD (“H”, > 6.74 pg/mL, n = 34). Cohen’s d
(d) of ≥ 0.2 defined potential clinical significance.
Results: In the placebo group, H patients showed greater clinical progression compared to L patients (pTau181 ≤ median)
on ADCOMS (d = 0.55, p < 0.001), CDR-SB (d = 0.63, p < 0.001), MMSE (d = 0.52, p = 0.12), and ADAS-Cog14 (d = 0.53,
p = 0.19). In H patients, a potentially clinically meaningful Xanamem treatment effect compared to placebo was seen in the
CDR-SB (LS mean difference 0.6 units, d = 0.41, p = 0.09) and Neuropsychological Test Battery (NTB; LS mean difference
1.8 units, d = 0.26, p = 0.48) but not ADCOMS or ADAS-Cog14.
Conclusions: This trial demonstrates that elevated plasma pTau181 identifies participants more likely to have progressive
AD and is a suitable method for enrichment in AD clinical trials. Xanamem treatment showed evidence of potential clinically
meaningful benefits.
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INTRODUCTION

In Alzheimer’s disease (AD), diagnosis and clas-
sification are now based on the underlying biological
characteristics, and not solely on a clinical syn-
drome(s) [1]. AD exists as a continuum beginning
with the appearance of brain pathology in presymp-
tomatic patients and progresses in stages of increas-
ing pathologic burden and worsening clinical symp-
toms. Amyloid-� (A�) plaques and tau tangles are the
pathological hallmarks of AD and are typically mea-
sured by evaluation of cerebrospinal fluid (CSF) or
amyloid PET. However, these methods are invasive,
high cost, and have limited availability/scalability.
The emergence of new technology to reliably mea-
sure blood-based biomarkers of AD holds potential to
provide accurate diagnosis, efficiently select clinical
trial participants, and monitor disease progression in
scalable and low-burden tests [1, 2].

Phosphorylated tau (pTau) protein species are
novel blood-based biomarkers with high diagnos-
tic accuracy, disease sensitivity, and correlation with
pathologically proven AD and the rate of future
cognitive decline [3]. pTau181 distinguishes AD
from cognitively unimpaired older adults (area under
the curve [AUC] = 90.21%–98.24%), and other neu-
rodegenerative diseases (AUC = 81.90%–100%) [4].
Evidence suggests plasma pTau181 is a useful tool in
the staging of AD along the continuum of the disease
[2]. However, prospective longitudinal studies are
lacking and further examination of the relationship
between plasma pTau181 concentration and clinical
progression is warranted.

The recent FDA approval of the first anti-amyloid
agents with potential disease-modifying benefits [5,
6] is a significant development in the treatment of AD.
These therapies have modest clinical effects, and the
disease continues to progress even though they have
been shown to quantitatively remove amyloid [7].
Therefore, there remains a significant unmet need for
additional pro-cognitive and disease-modifying ther-
apeutics, ideally those targeting other non-amyloid
pathophysiological pathways in AD.

Xanamem
®

is a small-molecule selective inhibitor
of 11-beta-Hydroxysteroid Dehydrogenase Type 1
(11�-HSD1; [8, 9])—the enzyme responsible for
the reduction of inactive cortisone to active corti-
sol in the brain, liver, and adipose tissue, where it
is highly expressed [8, 10, 11]. Xanamem displays
high potency and selectivity for human 11�-HSD1. It
is brain-penetrant and has an acceptable safety profile
for use in elderly patients [8, 9]. Chronically ele-

vated cortisol is a risk factor for AD [10, 12, 13],
and is associated with aging (≥ 65 years) [14–16].
Corticosteroid administration has been shown to be
associated with brain toxicity including hippocampal
atrophy [17]. Clinically meaningful improvements in
cognitive performance in an attentional composite
(including working memory) of a Cogstate neuropsy-
chological test battery (NTB) were seen at doses of 5,
10, and 20 mg Xanamem for 6 to 12 weeks in older,
cognitively normal volunteers in 2 Phase 1 studies
(Actinogen Medical, data on file).

The XanADu Phase 2 clinical trial evaluated the
safety, and potential clinical and pro-cognitive effects
of Xanamem in patients with mild dementia due
to probable AD but failed to meet its primary and
secondary endpoints. In this trial, the diagnosis of
probable AD and subsequent enrollment was based
on a clinical AD diagnosis alone. As has been shown
[18], relying on a clinical diagnosis of AD is inexact
and almost certainly led to significant heterogeneity
in the trial population, as amyloid PET scans were
not used as an inclusion criterion.

Retrospective classification of XanADu trial
participants using elevated plasma pTau181 was
intended to identify patients with pathologic AD and
potentially enrich further for those more likely to have
progressive disease.

The objective of this biomarker extension trial was
to explore the natural history of clinically diagnosed
AD patients with high pTau181 and the efficacy of
Xanamem in these patients.

METHODS

Trial design

XanADu was a Phase 2a, multi-center, ran-
domized, double-blind, placebo-controlled trial.
Participants who provided written informed consent
and met all eligibility criteria at screening were ran-
domized in a 1 : 1 ratio during a baseline visit (Week
0) to receive either 10 mg Xanamem or matching
placebo orally in the morning for 12 weeks. A dose
level of 10 mg has been shown to have 60% to 80%
occupancy of human brain 11�-HSD1 enzyme mea-
sured by PET imaging in various brain regions, and is
considered adequate for full central nervous system
effect [19].

A total of 185 males and females aged 50 years
or older with a clinical diagnosis of mild dementia
due to probable AD with increased level of clinical
diagnostic certainty as defined by the National Insti-
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tute of Aging-Alzheimer’s Association workgroups
[20] were enrolled in the trial. Eligible participants
had Mini-Mental State Examination (MMSE) scores
of 20 to 26 (inclusive), 0.5 to 1.0 Clinical Demen-
tia Rating (CDR) Global Score, and had an MRI
or CT scan in the prior 12 months that was con-
sistent with AD. See the clinicaltrials.gov listing
(NCT02727699) for the trial protocol and complete
results.

The XanADu biomarker trial analyzed a selec-
tion of AD biomarkers from stored plasma samples
of participants who were enrolled into the original
XanADu trial. All participants who were randomized
to either Xanamem or placebo (or their legally autho-
rized representative), and had appropriately stored
samples (–80◦C) from participating XanADu trial
sites, were contacted and asked to consent to anal-
ysis of their existing stored pharmacokinetic (PK)
samples for the additional biomarker analyses. All
samples from baseline (before treatment) and Week
12, where available, were analyzed. Except for the
provision of written informed consent to have their
PK samples analyzed, no further involvement was
required from the participants.

The objectives of the 12-week biomarker trial were
to: 1) observe the natural history of disease progres-
sion in low (L; pTau181 ≤ 6.74 pg/mL) and high
(H; pTau181 > 6.74 pg/mL) pTau181 groups over 12
weeks; 2) analyze the efficacy of Xanamem in the
H pTau181 subgroup; and if possible, 3) examine
the correlation of Xanamem efficacy with changes
in plasma biomarker levels.

Plasma biomarker assays

Biomarkers included in the trial were pTau181,
A�1–42, A�1–40, neurofilament light (NfL), and Glial
fibrillary acidic protein (GFAP). Plasma A�1–42 and
A�1–40 were measured using Euroimmune enzyme-
linked immunosorbent assays (ELISA). Plasma
pTau181, NfL, and GFAP were measured with
the Simoa HD-X automated immunoassay ana-
lyzer (Quanterix, Billerica, MA, USA). In cases
where samples had insufficient volume to analyze
all analytes, the following order of priority was
used: pTau181, A�1–42, A�1–40, GFAP, and NfL.
All plasma biomarker assays were conducted at
the Clinical Neurochemistry Laboratory, University
of Gothenburg, Mölndal, Sweden and analytical
laboratory personnel were blinded to treatment
assignment.

Cognitive and clinical outcomes

The prespecified efficacy endpoints assessed in
this trial were evaluated by the extent to which
Xanamem improved performance from baseline to
end of treatment (Week 12) compared to placebo.
Efficacy variables assessed in the original XanADu
trial included four clinical scales: AD Assessment
Scales – Cognitive subscale version 14 (ADAS-Cog
v14), AD COMposite Scores (ADCOMS; com-
prising weighted composite data derived from the
ADAS-Cog v14, CDR-Sum of Boxes [SB], and
MMSE [21]), CDR-SB, and MMSE. Other end-
points were the Rey Auditory Verbal Learning Test
(RAVLT), Neuropsychiatric Inventory (NPI), NTB –
Executive Domain (NTB-exec), and ADAS-Cog167
(a composite of ADAS-Cog items 1 [word recall], 6
[orientation], and 7 [word recognition]). The ADAS-
Cog167 was included based on the observation that
these subtests may be more sensitive to change in
early AD [22].

Statistical methodology

Statistical analyses were performed using SAS
version 9.4. This trial used a new protocol and
a prespecified, prospective statistical analysis plan
that was finalized prior to unblinding of biomarker
results. The biomarker variables were analyzed in a
descriptive manner and an efficacy comparison for
each of the 8 endpoints was performed between the
Xanamem and placebo for patients in the H pTau181
group. Any biomarker assay results with values less
than or equal to the lower limit of quantitation were
analyzed at the lower limit. For the efficacy analy-
ses, the differences in change from baseline to Week
12 between treatment groups was assessed using
analysis of covariance (ANCOVA). The ANCOVA
model included change from baseline to Week 12
as the endpoint, the baseline value as a covariate,
and treatment group as a factor. The analysis was
designed to evaluate the benefit of Xanamem treat-
ment and defined a potentially clinically meaningful
improvement with a Cohen’s d (d) statistic ≥ 0.2
(difference in mean change from baseline between
treatment groups divided by the pooled standard devi-
ation at baseline). Given the sample size, insufficient
statistical power was expected for formal statistical
hypothesis testing at a 0.05 level. There was no cor-
rection for multiple comparisons in this exploratory
trial. Each of the 5 plasma biomarker analytes were
summarized by treatment and baseline biomarker
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characteristic. The prespecified subgroup for effi-
cacy analyses was pTau181 > pooled baseline median
(H group, 6.74 pg/mL). Exploratory analyses were
conducted with pTau181 > 10.2 pg/mL (VH group,
published pTau181 cut-off for progressive disease
[23]), A�42/A�40 < pooled baseline median (0.188
Units) and MMSE severity (20–23) for comparison.
As this was a small dataset with the potential for
skewed data, pooled baseline medians were used. To
control for varying endpoint scoring properties and
compare clinical progression across different end-
points, individual participant responses at baseline
and Week 12 were z-transformed using the pooled
baseline means and standard deviations (SD). The
directionality of scores was reversed for the ADAS-
Cog, ADCOMS, CDR-SB, NPI, and ADAS-Cog167,
such that higher scores indicate better performance.

The z-score change from baseline was computed
for each endpoint and analyzed by the ANCOVA
model.

In addition to assessing effects of Xanamem on the
prespecified outcomes, effects were examined post-
hoc on a cognitive composite (CC) and an integrated
cognitive-functional composite (CFC), which are val-
idated composites proposed by Jutten and colleagues
[24]. The CC comprised of standardized change from
baseline scores of three ADAS-Cog subscales: the
Word Recognition, Word Recall, and Orientation, the
Controlled Oral Word Association Test (COWAT),
and the category fluency test (CFT). For the inte-
grated CFC, the standardized CDR-SB change from
baseline was combined with the CC with equal
weighting.

RESULTS

Disposition and demographics

A total of 72 participants (age = 70.6 years ± 8.3,
54.2% female) consented to participate in the trial,
with 37 in the Xanamem group and 35 in the placebo
group. A total of 45 participants (63.2%) were receiv-
ing an FDA-approved symptomatic therapy for AD.
Baseline characteristics are summarized by treatment
groups by baseline pTau181 median categorization
(Table 1). Baseline characteristics were generally
similar across treatment groups. There were slight
differences in baseline clinical and biomarker char-
acteristics between pTau181 categories with the H
group having characteristics consistent with slightly
more severe disease.

Elevated plasma pTau181 predicts clinical
progression

Standardized change from baselines scores were
compared in the H pTau181 subgroup and L pTau181
subgroup (Fig. 1). In the H pTau181 placebo group,
participants exhibited significant clinical worsening
over 12 weeks compared to the L pTau181 subgroup
on the CDR-SB and the ADCOMS with a z-score
least squares (LS) mean difference of –0.76 Units
(95% CI –1.15 to –0.37 Units, d = 0.63, p < 0.001) and
–0.71 Units (95% CI –1.10 to –0.32 Units, d = 0.55,
p < 0.001), respectively. There also was potential clin-
ical worsening on the MMSE and ADAS-Cog in the
H pTau181 subgroup compared to L pTau181 with
z-score LS mean differences of –0.51 Units (95%
CI –1.17 to 0.14 Units, d = 0.52, p = 0.12) and –0.42
Units (95% CI –1.10 to 0.22 Units, d = 0.53, p = 0.19),
respectively.

There was no observed correlation of other base-
line characteristics including low A�42/A�40 or
lower MMSE with clinical decline over 12 weeks.

Xanamem exhibits a pattern of clinical benefit in
the high pTau181 subgroup

In the H pTau181 subgroup, Xanamem displayed
clinical benefit on the CDR-SB of LS mean differ-
ence of 0.62 points (95% CI: –1.32 to 0.09, d = –0.41,
p = 0.09) and potentially on the NTB-exec with a LS
mean difference of 2.75 points (95% CI: –4.98 to
10.48 points, d = 0.26, p = 0.48) compared to placebo
(Table 2 and Fig. 2). While there were no clini-
cally meaningful treatment differences observed in
other efficacy endpoints, most moved in the direc-
tion favoring Xanamem (range of d –0.13 to 0.18)
(Fig. 2).

In the VH pTau181 subgroup (n = 9), a similar
effect was observed on the CDR-SB with Xanamem
potentially displaying clinical benefit compared to
placebo (LS mean difference: 0.78, 95% CI: –2.18
to 0.75, d = 0.6, p = 0.33; data not shown).

In the A�42/A�40 ≤ median and lower MMSE sub-
groups there were no consistent patterns of treatment
effect.

There were no observed differences in change from
baseline in plasma biomarkers between Xanamem
and placebo. It was noted that the baseline plasma
concentrations of pTau181 and A�42/A�40 were rel-
atively low for a mild AD cohort compared to other
cohorts that have confirmation of AD with amyloid
PET [25], suggesting the original trial’s population
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Table 1
Baseline demographics and clinical characteristics summarized by treatment groups by baseline pTau181 median categorization

Characteristic Xanamem Placebo All (n = 72∗)
High pTau181 Low pTau181 High pTau181 Low pTau181

(n = 16) (n = 18) (n = 18) (n = 16)

Age – mean (SD) 71.4 (8.02) 68.8 (9.18) 71.4 (8.40) 70.3 (7.45) 70.6 (8.34)

Sex – No. (%)
Male 8 (50.0) 11 (61.1) 8 (44.4) 5 (31.3) 33 (45.8)
Female 8 (50.0) 7 (38.9) 10 (55.6) 11 (68.8) 39 (54.2)

Race – No. (%)
Asian 0 0 1 (5.6) 0 1 (1.4)
Black or African American 1 (6.3) 2 (11.1) 1 (5.6) 2 (12.5) 6 (8.3)
White 15 (93.8) 16 (88.9) 16 (88.9) 13 (81.3) 64 (88.9)
Other 0 0 0 1 (6.3) 1 (1.4)

Symptomatic Alzheimer’s
Disease medication use – No. (%)

10 (62.5) 10 (55.6) 14 (77.8) 9 (56.3) 45 (62.5)

MMSE score
Mean (SD) 22.3 (2.82) 22.6 (3.33) 22.7 (2.37) 22.6 (3.03) 22.4 (2.95)
Range 16 to 26 14 to 27 19 to 27 17 to 28 14 to 28

CDR-SB score
Mean (SD) 4.13 (1.232) 3.58 (1.166) 3.58 (1.611) 3.53 (1.893) 3.87 (1.61)
Range 2.5 to 6.5 1.5 to 6.5 1.5 to 8.0 1.0 to 7.0 1.0 to 8.0

ADAS-Cog
Mean (SD) 34.3 (4.92) 30.4 (9.73) 32.2 (7.65) 32.2 (8.26) 32.5 (7.76)
Range 27 to 43 20 to 53 19 to 45 16 to 43 16 to 53

ADCOMS
Mean (SD) 0.559 (0.125) 0.465 (0.158) 0.522 (0.193) 0.483 (0.243) 0.524 (0.195)
Range 0.403 to 0.894 0.252 to 0.855 0.229 to 0.943 0.108 to 0.929 0.108 to 0.943

NPI
Mean (SD) 7.5 (10.69) 3.8 (5.82) 8.1 (10.34) 4.6 (9.24) 6.4 (9.71)
Range 0 to 41 0 to 19 0 to 30 0 to 36 0 to 41

NTB – Executive domain
Mean (SD) 49.1 (12.40) 57.3 (15.71) 52.8 (14.21) 55.2 (20.45) 53.5 (15.52)
Range 25 to 70 30 to 86 31 to 79 24 to 85 24 to 86

Plasma biomarker
concentrations – mean (SD) [n]†
A�1-40 pg/mL 146.13 (26.62) [15] 117.19 (60.29) [14] 134.36 (34.50) [15] 128.92 (39.25) [12] 130.61 (45.60)
A�1-42 pg/mL 27.01 (3.77) [15] 24.94 (9.54) [14] 24.67 (5.79) [15] 23.98 (6.70) [12] 24.97 (6.71)
A�42/40 ratio 0.188 (0.029) [15] 0.247 (0.102) [14] 0.187 (0.029) [15] 0.190 (0.031) [12] 0.219 (0.155)
pTau181 pg/mL 9.32 (2.56) [16] 4.71 (1.37) [18] 11.90 (11.64) [18] 4.67 (1.11) [16] 7.69 (6.82)
GFAP pg/mL 132.26 (77.42) [12] 67.39 (26.41) [10] 136.26 (95.41) [12] 131.78 (43.00) [8] 117.86 (73.06)
NfL pg/mL 19.65 (5.94) [8] 13.64 (8.15) [6] 29.95 (12.05) [6] 14.33 (3.76) [7] 19.22 (9.68)

∗4 missing values due to unanalyzable pTau181. †n for individual analytes by treatment and pTau181 categorization (high pTau181 > 6.74
pg/mL, low pTau181 ≤ 6.74 pg/mL). A�, amyloid-beta; ADAS-Cog, Alzheimer’s Disease Assessment Scales – Cognitive subscale;
ADCOMS, Alzheimer’s Disease COMposite Score; CDR-SB, Clinical Dementia Rating Scale Sum of Boxes; GFAP, Glial fibrillary acidic
protein; MMSE, Mini-Mental Status Examination; NfL, neurofilament light chain; No., number; NPI, Neuropsychiatric Inventory; NTB,
Neuropsychological Test Battery; pTau, phosphorylated tau; SD, standard deviation.

may have included a substantial number of partici-
pants with non-AD-type dementia.

Exploratory analysis of Xanamem efficacy on a
cognitive-functional composite

In the H pTau181 subgroup Xanamem tended to
potentially preserve cognitive function on the CC
compared to placebo over 12 weeks. The LS mean

change from baseline standardized composite z-score
was –0.03 units for Xanamem treatment, compared
to –0.15 units for placebo (LS mean difference:
0.122, 95% CI: –0.18 to 0.43 units, d = 0.20, p = 0.42;
Fig. 3a).

In the H pTau181 subgroup, the integrated CFC
LS mean change from baseline was –0.10 units in
those treated with Xanamem compared to –0.45
units treated with placebo (LS mean difference: 0.34
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Fig. 1. Elevated plasma pTau181 (> median of 6.7 pg/mL) predicts clinical progression over 12 weeks in the placebo group (n = 34).
Standardized change from baseline scores (Least Squares mean ± Standard Error) were compared in the pTau181 > pooled baseline median
subgroup (“H”, 6.74 pg/mL) and the pTau181 ≤ pooled baseline median subgroup (“L”) on the a) Clinical Dementia Rating Scale – Sum of
Boxes (Cohen’s d [d] = 0.63, ∗∗∗p < 0.001), b) Mini Mental Status Examination (d = 0.52, p = 0.12), c) AD Assessment Scales – Cognitive
subscale version 14 (d = 0.53, p = 0.19), and d) AD COMposite Score (d = 0.55, ∗∗∗p < 0.001).

Fig. 2. Xanamem versus placebo Z-score change from baseline score in the pTau181 > median (“H”) subgroup for all pre specified
clinical endpoints. Z-score change from baseline to Week 12 scores (Least Squares mean ± Standard Error) on the Mini-Mental Status Exam-
ination (MMSE), AD Assessment Scales – Cognitive subscale (ADAS-Cog), Clinical Dementia Rating Scale – Sum of Boxes (CDR-SB),
AD COMposite Score (ADCOMS), Rey Auditory Verbal Learning Test (RAVLT), Neuropsychiatric Inventory (NPI), Neuropsychological
Test Battery (NTB), and ADAS-Cog167 (composite of ADAS-Cog items 1, 6, and 7).
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Table 2
Cognitive and clinical efficacy outcomes for Xanamem versus placebo at Week 12 in the pTau181 > median subgroup (> 6.74 pg/mL)

Endpoint High pTau181
Xanamem (n = 16) Placebo (n = 18) Desired directional change

Change from baseline to Week 12 in the ADAS-Cog14
LS mean change (SE) 1.46 (1.429) 0.80 (1.330) ↓
Mean difference versus placebo (95% CI) 0.66 (–3.24, 4.55)
Cohen’s d for difference 0.00
p-value for difference 0.74

Change from baseline to Week 12 in the ADCOMS
LS mean change (SE) 0.07 (0.027) 0.09 (0.025) ↓
Mean difference versus placebo (95% CI) –0.02 (–0.09, 0.05)
Cohen’s d –0.13
p-value for difference 0.573

Change from baseline to Week 12 in the CDR-SB score
LS mean change (SE) 0.36 (0.257) 0.98 (0.240) ↓
Mean difference versus placebo (95% CI) –0.62 (–1.32, 0.09)
Cohen’s d –0.41
p-value for difference 0.085

Change from baseline to Week 12 in the MMSE score
LS mean change (SE) –0.91 (0.705) –1.16 (0.664) ↑
Mean difference versus placebo (95% CI) 0.25 (–1.69, 2.19)
Cohen’s d 0.16
p-value for difference 0.80

Change from baseline to Week 12 in the RAVLT
LS mean change (SE) 0.71 (1.665) 0.45 (1.587) ↑
Mean difference versus placebo (95% CI) 0.25 (–4.28, 4.79)
Cohen’s d 0.02
p-value for difference 0.91

Change from baseline to Week 12 in the NPI
LS mean change (SE) 1.26 (1.551) –0.47 (1.468) ↓
Mean difference versus placebo (95% CI) 1.73 (-2.52, 5.98)
Cohen’s d 0.18
p-value for difference 0.42

Change from baseline to Week 12 in the NTB score
LS mean change (SE) 0.48 (2.834) –2.27 (2.646) ↑
Mean difference versus placebo (95% CI) 2.75 (–4.98, 10.48)
Cohen’s d 0.26
p-value for difference 0.48

Change from baseline to Week 12 in the ADAS-Cog14 167
LS mean change (SE) 1.02 (0.820) 0.92 (0.762) ↓
Mean difference versus placebo (95% CI) 0.10 (–2.12, 2.32)
Cohen’s d –0.06
p-value for difference 0.93

ADAS-Cog, Alzheimer’s Disease Assessment Scales – Cognitive subscale; ADCOMS, Alzheimer’s Disease COMposite Score; CDR-SB,
Clinical Dementia Rating Scale – Sum of Boxes; CI, Confidence interval; LS, Least squares; MMSE, Mini-Mental Status Examination; NPI,
Neuropsychiatric Inventory; NTB, Neuropsychological Test Battery; RAVLT, Rey Auditory Verbal Learning Test; pTau, phosphorylated tau;
SE, standard error.

units, 95% CI: 0.08 to 0.60 units, d = 0.38, p = 0.01;
Fig. 3b).

Safety and tolerability of Xanamem

The incidence of treatment-emergent adverse
events (TEAEs) was 83.8% (31/37) in the Xanamem
group and 57.1% (20/35) in the placebo group. The
incidence of TEAEs assessed as related to trial treat-
ment was 13.5% in the Xanamem group and 22.9%

in the placebo group. The majority of TEAEs were
mild to moderate in severity. The types and inci-
dence of TEAEs experienced were similar for the
two treatment groups (Table 3). The most commonly
observed TEAEs were diarrhea (8.1% Xanamem,
8.6% placebo), headache (10.8% Xanamem, 5.7%
placebo), arthralgia (8.1% Xanamem, 5.7% placebo),
fall (5.4% Xanamem, 8.6% placebo), back pain (8.1%
Xanamem, 2.8% placebo), and nerve conduction
abnormal (2.7% Xanamem, 8.6% placebo).
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Fig. 3. Xanamem versus placebo Z-score change from baseline score in the pTau181 > median (“H”) subgroup for exploratory
Cognitive and Cognitive-Functional composites. a) Z-score change from baseline scores (Least Squares [LS] mean+/– Standard Error
[SE]) on a Cognitive Composite (CC) comprising selected tests from the AD Assessment Scales – Cognitive subscale ([ADAS-Cog] Word
Recall, Word Recognition, and Orientation), the Category Fluency Test (CFT), and the Controlled Oral Word Association Test (COWAT;
Cohen’s d [d] = 0.2). b) Z-score change from baseline scores (LS mean+/-SE) on the integrated Cognitive-Functional Composite (CFC)
comprising the z-score Clinical Dementia Rating Scale – Sum of Boxes (CDR-SB) combined with the CC with equal weighting. (d = 0.38).
∗∗p = 0.01.

Table 3
Summary of adverse events (AEs) by treatment group

Event Xanamem (n = 37) Placebo (n = 35) All (n = 72)

Overview of AEs – No. (%)
Treatment-emergent AEs (TEAEs) 31 (83.8) 20 (57.1) 51 (70.8)
Serious TEAEs 1 (2.7) 2 (5.7) 3 (4.2)
Severe TEAEs 1 (2.7) 1 (2.8) 2 (2.8)
Drug-related TEAEs 5 (13.5) 8 (22.9) 13 (18.1)
AEs of special interest (AESI) 1 (2.7) 2 (5.7) 3 (4.2)
Treatment discontinuations due to AEs 0 0 0
Trial discontinuations due to AEs 0 0 0
Participants with ≥ 1 TEAE 22 (59.5) 12 (34.3) 34 (47.2)

TEAEs by preferred term ≥ 5% incidence, No. (%)
Diarrhea 3 (8.1) 3 (8.6) 6 (8.3)
Headache 4 (10.8) 2 (5.7) 6 (8.3)
Arthralgia 3 (8.1) 2 (5.7) 5 (6.9)
Fall 2 (5.4) 3 (8.6) 5 (6.9)
Back Pain 3 (8.1) 1 (2.8) 4 (5.6)
Nerve conduction abnormal 1 (2.7) 3 (8.6) 4 (5.6)
Depression 0 3 (8.6) 3 (4.2)
Dizziness 2 (5.4) 1 (2.8) 3 (4.2)
Musculoskeletal pain 1 (2.7) 2 (5.7) 3 (4.2)
Orthostatic hypotension 1 (2.7) 2 (5.7) 3 (4.2)
Paresthesia 2 (5.4) 1 (2.8) 3 (4.2)
Urinary tract infection 1 (2.7) 2 (5.7) 3 (4.2)
Upper Respiratory tract infection 3 (8.1) 0 3 (4.2)
Vomiting 1 (2.7) 2 (5.7) 3 (4.2)
Anemia 2 (5.4) 0 2 (2.8)
Balance disorder 2 (5.4) 0 2 (2.8)
Decreased appetite 2 (5.4) 0 2 (2.8)
Fatigue 2 (5.4) 0 2 (2.8)
Nausea 0 2 (5.7) 2 (2.8)

Three (3) serious AEs (SAEs) were reported
(1/37 [2.7%] in the Xanamem group, vibration test
abnormal, and 2/35 [5.7%] in the placebo group,
myocardial infarction, and transient ischemic attack),
as summarized in Table 3. There were no withdrawals

due to SAEs in either treatment group. None of the
SAEs were related to trial treatment or trial pro-
cedure. The incidence and severity of AEs in the
biomarker extension trial were similar to the main
Phase 2 clinical trial (NCT02727699).
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DISCUSSION

In this trial H pTau181 was associated with clinical
progression over 12 weeks, but lower MMSE score
or lower A�42/A�40 ratio were not. This association
was observed for commonly used clinical endpoints
in AD clinical trials including ADCOMS, CDR-SB,
ADAS-Cog, and MMSE. To the authors’ knowledge,
these longitudinal data are the first to describe the nat-
ural history of a mild AD population with elevated
pTau181. These findings suggest plasma pTau181
may be suitable as a patient enrichment strategy to
identify individuals with clinically diagnosed mild
AD to both confirm underlying AD pathology and
select for those that are more likely to progress during
the trial observation period.

Blood-based biomarkers of AD are emerging as
valuable tools for the evaluation of AD. Plasma
pTau concentrations are highly specific to underly-
ing amyloid pathology and correlate with cognitive
impairment as well as brain atrophy [26–28]. While
this is also true for the A�42/A�40 ratio, there are sig-
nificant sensitivity to change limitations in plasma
that may make it unsuitable for use to as a patient
selection criterion or to monitor progression [29,
30]. For this reason, plasma pTau species may be
more useful. The clear difference in clinical progres-
sion of the H pTau181 group compared to L pTau
in the XanADu biomarker trial suggests pTau181
may be a good candidate biomarker for the pur-
pose of enhancing diagnostic specificity and trial
power.

In the context of other contemporary AD trials,
the H pTau181 placebo group decline of 0.98 points
on the CDR-SB observed was quite pronounced. The
Clarity Phase 3 trial of lecanemab enrolled milder
participants with mild cognitive impairment (MCI)
or mild AD confirmed by amyloid PET scan or CSF
analyses [31]. Over the 18-month treatment period,
the placebo group had a 1.66-point decline on the
CDR-SB. TRAILBLAZER-ALZ 2 was an 18-month,
Phase 3 trial of donanemab in a similar MCI/mild AD
population. In those participants with low/medium
tau (defined by visual inspection of Tau-PET), the
placebo decline over 18 months was 1.84 CDR-SB
points [32], whereas in high tau patients it was 80%
higher at 3.3 CDR-SB points. Thus, the findings
observed in this trial for H pTau patients are likely to
be explained by both more advanced tau pathology
and more advanced AD disease in general. Impor-
tantly, all these data support the use of pTau181 to
select participants for clinical trials.

The pattern of potential clinical benefits of
Xanamem observed in the high pTau181 group
demonstrates the potential utility of targeting 11�-
HSD1 for the treatment of AD (Figs. 2 and 3).
Chronically elevated cortisol levels and dysregu-
lation of the hypothalamic-pituitary-adrenal (HPA)
axis have been associated with an increased risk of
dementia and AD [33, 14]. Cortisol levels are reg-
ulated by the HPA axis, which responds to physical
and environmental stress by increasing cortisol lev-
els in the blood. In humans, 11�-HSD1 is highly
expressed in brain regions associated with cogni-
tion and memory, including the hippocampus, frontal
cortex, and cerebellum [10, 11, 13]. Evidence from
studies in both rodents and humans demonstrates that
11�-HSD1 overexpression may be associated with
cognitive decline, and that regulation of cortisol levels
via inhibition of 11�-HSD1 may provide a disease-
modifying therapeutic strategy for treating AD [10,
11, 34–36].

The cognitive and functional endpoints commonly
used in clinical trials may lack adequate sensitivity to
change over time in mild AD [37]. Indeed, the FDA
have indicated that AD trials should use sensitive neu-
ropsychological measures that have high internal and
external validity [38]. This has led to the development
of novel composite measures that utilize the most sen-
sitive and reliable subtests from well used cognitive
and functional AD assessments, such as the CC and
CFC used by Jutten and colleagues [24]. Indeed in this
trial, both the CC and CFC were shown to be sensi-
tive to the potential treatment effects of Xanamem in
a mild AD population (Fig. 3).

There are some limitations of this trial. First, the
biomarker trial had a relatively small sample size.
Second, the observation period of 12 weeks is short
compared to contemporary AD trials. Third, although
this was a prespecified and double-blind trial, partici-
pants were not re-randomized for the analysis. Fourth,
the original XanADu trial did not examine the pres-
ence of amyloid in the brain by PET or CSF and so
other methods to validate a pTau181 cutoff internally
in this trial were not available. Therefore, the median
pTau181 concentration was pre-specified to define
the H and L pTau181 groups. However, this pTau181
level was also justified by other data including: 1) the
sensitivity analysis performed which showed similar
results with a ‘very high’ pTau181 at baseline sub-
group that used a published cut-off of >10.2 pg/mL
[23], and 2) a previous Actinogen analysis of pTau181
in cognitively normal, older volunteers prior to treat-
ment which found a mean ± SD of 3.4 ± 1.3 pg/mL



148 J. Taylor et al. / Plasma pTau181 Predicts Clinical Progression in mild AD

with the same assay, suggesting a cutoff for “normal”,
based on mean + 2SD, of around 6 pg/mL (Actino-
gen data on file). Finally, while the observations of
the exploratory CC and CFC support that Xanamem
holds potential as a cognitive enhancing agent in
patients with AD, these analyses were conducted post
hoc. Notwithstanding these limitations, these data
serve as a simulation for a future, larger trial of longer
duration whereby elevated plasma pTau181 will be
used to enrich the population for progressive AD and
in which the most sensitive clinical endpoints will be
utilized (NCT06125951).

Taken together, these results suggest elevated
plasma pTau181 may have utility for patient enrich-
ment in future AD trials of patients with mild AD.
Enrichment in this way may reduce sample size, cost,
and duration of clinical trials. Xanamem showed evi-
dence of potentially clinically meaningful benefits in
these patients that will be further explored.
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[25] Benedet AL, Milà-Alomà M, Vrillon A, Ashton NJ, Pas-
coal TA, Lussier F, Karikari TK, Hourregue C, Cognat
E, Dumurgier J, Stevenson J, Rahmouni N, Pallen V,
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