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Abstract.
Background: Adults with Down syndrome (DS) represent an enriched population for the development of Alzheimer’s disease
(AD), which could aid the study of therapeutic interventions, and in turn, could benefit from discoveries made in other AD
populations.
Objectives: 1) Understand the relationship between tau pathology and age, amyloid deposition, neurodegeneration (MRI
and FDG PET), and cognitive and functional performance; 2) detect and differentiate AD-specific changes from DS-specific
brain changes in longitudinal MRI.
Methods: Twelve non-demented adults, ages 30 to 60, with DS were enrolled in the Down Syndrome Biomarker Initiative
(DSBI), a 3-year, observational, cohort study to demonstrate the feasibility of conducting AD intervention/prevention trials
in adults with DS. We collected imaging data with 18F-AV-1451 tau PET, AV-45 amyloid PET, FDG PET, and volumetric
MRI, as well as cognitive and functional measures and additional laboratory measures.
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Results: All amyloid negative subjects imaged were tau-negative. Among the amyloid positive subjects, three had tau in
regions associated with Braak stage VI, two at stage V, and one at stage II. Amyloid and tau burden correlated with age.
The MRI analysis produced two distinct volumetric patterns. The first differentiated DS from normal (NL) and AD, did not
correlate with age or amyloid, and was longitudinally stable. The second pattern reflected AD-like atrophy and differentiated
NL from AD. Tau PET and MRI atrophy correlated with several cognitive and functional measures.
Conclusions: Tau accumulation is associated with amyloid positivity and age, as well as with progressive neurodegeneration
measurable using FDG and MRI. Tau correlates with cognitive decline, as do AD-specific hypometabolism and atrophy.
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INTRODUCTION

Nearly all adults with Down syndrome (DS)
develop amyloid plaques and neurofibrillary tangles
consistent with Alzheimer’s disease (AD) pathology
as they reach their forties [1, 2]. Autopsy studies have
shown that progression of neurofibrillary tangles in
adults with DS follows a similar Braak staging as
found in AD, initiating in the transentorhinal cortex,
and then spreading to the hippocampus (Stage II),
inferior temporal cortex, and neocortex [3]. Expan-
sion beyond Stage II appears to be preceded by
amyloid plaque accumulation, as is observed in AD
patients without DS [2]. Consistent with pathology,
AD-like dementia is observed in up to 55% of adults
with DS in their forties and 77% in their sixties
[1]. These similarities suggest that adults with DS
may provide a naturally enriched population in which
to evaluate AD-targeted therapeutics, and, in turn,
could benefit from discoveries made in other AD
populations [4].

To study the feasibility of conducting AD clin-
ical trials in the DS population, a three-year DS
Biomarker Initiative (DSBI) study was initiated by
Janssen Research and Development in collabora-
tion with the Adult Down Syndrome Program at
the University of California San Diego (UCSD).
This study was designed to demonstrate method-
ology feasibility for a larger natural history trial
[5, 6]. Endpoints include neuropsychological test-
ing, positron emission tomography (PET) imaging of
cerebral amyloid with the radiotracer 18F-AV-45 and
glucose metabolism (FDG PET) at baseline, mag-
netic resonance imaging (MRI) at baseline, year 1,
and year 2, blood biomarkers [5], and tau PET imag-
ing at year 2 with the radiotracer 18F-AV-1451. We
previously reported our findings for baseline FDG
PET, amyloid PET, and MRI [6], and now report
results regarding tau PET and longitudinal MRI.

The PET tracer 18F-AV-1451 has been shown to
bind strongly and preferentially to neurofibrillary

tangles, and most strongly to 3R + 4R tau, as found
in AD as compared to other neurodegenerative dis-
eases [7–9]. Its detection in adults with DS could
provide further confirmation that their pathology
is representative of typical AD. This also repre-
sents the first study of PET imaging in adults with
DS using a tau-specific radiotracer. Prior studies
have been based upon autopsy [2] or imaging with
FDDNP PET, which measures combined amyloid and
tau [10].

In this work, we investigated the regional distribu-
tion of tau and examined associations with amyloid
burden, cognitive measures, and neurodegeneration
measured using MRI and FDG. We also assessed lon-
gitudinal volumetric brain changes and associations
with amyloid, tau, FDG, and cognitive endpoints.
The cognitive measures included the Observer Mem-
ory Questionnaire (OMQ-PF), Vineland-II Adaptive
Behavior Scale (VABS-II), the Cambridge Cognitive
Examination (CAMCOG), and Repeatable Battery
for the Assessment of Neuropsychological Status
(RBANS) Total Score, as previously described [5].
The cognitive batteries were administered by a cer-
tified neuropsychologist with experience in testing
adults with developmental disabilities. In our previ-
ous baseline analysis, using a novel machine learning
approach (NPAIRS) [11, 12], we had identified two
distinct patterns of volumetric differences within DS
subjects. The first pattern differentiated DS from
non-adults with DS with or without AD. The sec-
ond pattern reflected an AD-like atrophy pattern,
observed in the amyloid positive (Am+) DS sub-
jects in varying degrees but not the amyloid negative
(Am-) adults with DS [6]. We hypothesized that the
DS-related pattern of atrophy would not progress lon-
gitudinally, whereas the AD-related pattern might
progress in Am+ subjects who were experiencing
neurodegeneration, with possible correlation to cog-
nition. Of course, some brain structures may be
affected by both DS characteristics and neurodegen-
erative processes.
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METHODS

Subject selection

Twelve non-demented adults diagnosed with DS,
age 30–60 y, were enrolled in DSBI, with subject
inclusion and exclusion criteria described previously
[5]. Nine had tau PET scans available and 10 had lon-
gitudinal MRI (of whom 8 had tau imaging). Of the 9
subjects imaged with tau PET, 7 were female; 4 were
APOE �4 carriers, and age range at tau scan was 32
to 62 y. Of the 10 subjects having longitudinal MRI,
8 were female, 5 were APOE �4 carriers, and age at
year 2 scan was 34 to 64 y. Assessments for enroll-
ment were conducted by UCSD under IRB-approved
protocols with patient informed consent.

Image data acquisition, processing, and analysis

Tau PET scans were acquired on a Siemens ECAT
HR+ scanner from 75 to 105 min post tracer injec-
tion in six 5 min frames, using 10 mCi (370 MBq) of
18F-AV-1451. MRI scans were acquired on a 1.5 Tesla
GE Signa HDxt scanner using a series modeled on the
non-accelerated T1-weighted sequence from ADNI.

Tau PET images and longitudinal MRI scans were
co-registered to the baseline MRI for each subject,
which was spatially transformed to a common tem-
plate using the DARTEL algorithm [13] in the VBM8
toolbox of SPM8 (Wellcome Trust). The transform
was applied to the PET scans, which were smoothed
using a Gaussian filter kernel of 5 × 5 × 5 mm. The
gray modulated segments produced by DARTEL
were smoothed using an 8 mm Gaussian kernel for
group analyses.

To evaluate distribution and extent of tau bur-
den, region of interest (ROI) masks representing each
successive Braak stage were developed using combi-
nations of the relevant anatomical structures derived
by Freesurfer on a template MRI (Fig. 1) based upon
recent literature [14].

Reference regions for Standardized Uptake Value
Ratio (SUVR) calculation were defined as cerebel-
lar cortex (excluding bottom slices and eroded from
edges) and for comparison, subcortical white mat-
ter (eroded from gray). Regional signal intensities
were measured using PMOD version 3.3 (PMOD
Technologies) and an overall Tau Braak score gen-
erated using the average of individual Braak stage
values. Although this sample was too small to derive

Fig. 1. Braak stage regions of interest (based upon Freesurfer ROIs listed at: https://jagustlab.neuro.berkeley.edu/).

https://jagustlab.neuro.berkeley.edu
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a statistical cutoff for positivity, values within Am-
subjects (mean of all Braak regions 1.02, SD 0.06)
compared to those in Am+ subjects suggested a
threshold of 1.2 (cerebellar reference) or 1.05 (white
tissue reference). Values of 1.20 to 1.25 (cerebellar
reference) were considered threshold positive. This
threshold compared to a derived mean of approxi-
mately 1.08 for healthy controls of similar age based
upon young and elderly values reported by Schöll
et al. [14] and the identification of 1.2 as a thresh-
old for elevated neocortical tau by Sperling [15],
based upon data acquired in the A4 secondary pre-
vention trial. Although the sample size was small
and subject motion precluded segmentation in one
individual, partial volume effects (PVE) correction
was applied using the Muller-Gartner method [16] to
some subjects as a comparator to uncorrected results,
particularly to examine the hippocampus.

MRI analyses

NPAIRS multivariate analysis software [11, 12]
was applied to the images to detect patterns that
might characterize AD progression distinct from
DS related effects. NPAIRS applies machine learn-
ing with intensive split half (50/50) resampling to
identify stable, generalizable patterns that charac-
terize similarities and differences between classes
(groups) of images. Principal Component Analy-
sis and subsequent Canonical Variates Analysis (a
form of linear discriminant analysis) are employed
to identify uncorrelated spatial patterns that when
mathematically combined account for overall vari-
ance across groups. NPAIRS iteratively divides the
data set into split halves many times, generating met-
rics of reproducibility (correlation between the model
generated by each split half) and prediction (correct
classification of the test half using the training half
model) that are used to select parameters providing
an optimal combination of reproducibility and predic-
tion. A Canonical Variate (CV) score quantifies the
degree to which each subject expresses each pattern.
This approach addresses the issue of over-fitting that
can arise in machine learning, particularly when data
sets are small. The test (rather than training) scores
were used to report results.

For comparison to DS subjects, two sets of 12
subjects were identified from the ADNI database
based on ADNI clinical diagnosis, amyloid status,
and age: Am- normal (NL), and Am+ AD. ADNI
was launched in 2003 as a public-private partnership
to test whether MRI, PET, other biological markers,

and clinical and neuropsychological assessment can
be combined to measure the progression of MCI
and early AD (www.adni-info.org). The n of 12 was
selected for balance across groups. Subjects were
considered Am- if their cortical average SUVR was
below 1.47 for 11C-PiB [17] or <1.11 for florbetapir
[18] or their cerebrospinal fluid (CSF) A�42 was
>209, and were considered Am+ if their amyloid
PET SUVR exceeded threshold or their CSF A�42
level was <192 [19]. Given the relatively young DS
subject ages, the youngest ADNI subjects meeting
diagnostic and amyloid criteria were selected. The
feasibility of comparing these groups despite age,
site, and scanner differences was demonstrated
during our baseline analyses [6].

Statistical analyses

Each NPAIRS analysis generated measures of
reproducibility and predictive power indicating
whether results were generalizable. Group CV scores
were evaluated for normality and homogeneity
of variance, compared using non-parametric tests
(Wilcoxon-Mann-Whitney) as the group sample sizes
were 12 or less, and effect sizes (ES) were calculated
(G*Power) [20].

Correlation coefficients (Spearman’s r) were mea-
sured for tau Braak stage scores and structural MRI
(sMRI) CV scores versus age, amyloid SUVR, and
clinical measures. A p-value of 0.05 was considered
significant with the caveat that due to the small sam-
ple size, these are included only as indicators of
potentially significant relationships. Correction for
multiple comparisons would reduce the significance
threshold to 0.005 but this was not evaluated given
the exploratory sample size.

RESULTS

Subject demographics and DS participant clinical
scores are shown in Table 1.

Tau results: Tau burden and distribution

Figure 2 illustrates the tau (abnormally aggregated)
distributions for individual Am- or threshold subjects
(Fig. 2a) and Am+ subjects (Fig. 2b). SUVRs calcu-
lated using the cerebellar cortex reference are listed
in Table 2. Tau burdens across subjects were simi-
lar for the two reference regions except DP09 whose
cerebellum showed higher signal that in turn reduced
Braak stage SUVR values.

www.adni-info.org
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Table 1
Subject characteristics

DS NL AD

Number 12 12 12
Age (Mean (S.D.)) 45 (8.5) 63 (2.5) 58 (2.5)
Gender (%F) 83% 67% 58%
Education (y) 13 (5.1) 17 (2.0) 16 (2.7)
APOE �4 carrier % 50% 17% 67%
Amyloid positive 58%∗ 0% 100%
Individual DS participant

characteristics
Subject Age at baseline (y) APOE �4 Amyloid PET clinical read

DP01 32 E3-E3 Negative
DP07 34 E2-E4 Negative
DP06 37 E3-E3 Negative
DP08 39 E3-E3 Positive∗
DP02 45 E2-E3 Positive
DP12 45 E3-E4 Positive
DP11 47 E3-E4 Positive
DP05 48 E3-E3 Positive
DP13 50 E3-E4 Positive
DP03 52 E3-E4 Positive
DP04 55 E3-E4 Positive
DP09 60 E3-E3 Positive

∗DP08 had a threshold (borderline negative) amyloid SUVR when quantitatively measured. Other subjects had
agreement between clinical (visual) and quantitative reads.

We observed that the anatomic localization for
18F-1451 binding in adults with DS was similar to
that which has been reported in individuals with
AD, including medial temporal, inferolateral tempo-
ral, precuneus, and posterior cingulate regions. Five
of the six tau positive subjects followed sequential
Braak staging, whereby all stages below the highest
positive stage were also positive. One subject exhib-
ited hippocampal sparing, even when white matter
tissue reference was used instead of the cerebellum,
and with or without PVE correction.

Tau positive subjects exhibited patterns similar to
the progressive glucose hypometabolism observed in
typical AD [21, 22]. Patterns in four subjects were
quite symmetrical whereas one subject had asymme-
try and greater occipital deposition relative to other
regions.

All subjects had PET signal in regions termed
“off target” in the literature, including sphenoid
bone/sinus, melanin containing tissue surrounding
the eyes, globus pallidus, and dura [8].

Relationship of tau to amyloid burden

No tau accumulation in Braak stage regions was
observed in Am- or threshold subjects, whereas Am+
subjects exhibited a range of Braak stage bind-
ing ranging from II to VI. As shown in Fig. 3,

Tau Braak scores correlate (Spearman’s r, two-tailed
p) with subject age (r = 0.75, p < 0.019) and cor-
tical average amyloid SUVR (r = 0.79, p < 0.012).
Subject DP09 was no longer an outlier when tau
intensities were normalized to the white tissue ref-
erence, and Tau Braak scores correlate with age
(r = 0.73, p < 0.025) and amyloid status (r = 0.80,
p < 0.010).

Tau correlation to cognitive endpoints

Consistent with the hypothesis that tau deposition
is detrimental to cognition and function, as previously
reported in AD [23], those with greater 18F-AV-1451
binding had lower scores on baseline tests of cog-
nition and function. Figure 4 shows the correlation
(Spearman’s r, two-tailed p) between Tau Braak stage
value with OMP-QF [24] (r = –0.59, p < 0.09 at base-
line, r = –0.78, p < 0.02 at 2 y), and with baseline
VABS-II Daily Living Skills (r = –0.76, p < 0.02),
CAMCOG Recent Memory (r = –0.61, p < 0.08),
VABS-II composite (r = –0.70, p < 0.03), Socializa-
tion skills (r = –0.90, p < 0.001), and RBANS Total
Score (r = –0.74, p < 0.02). Am- subjects had highest
(least dysfunctional) values. Although age could not
be dissociated from disease-related pathology in this
small set, the associations exceeded those due to age
alone in non-AD populations.
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a)

b)

Fig. 2. (a) Tau distribution in subjects who were amyloid negative or at threshold on amyloid PET. (b) Tau distribution in subjects who were
positive on amyloid PET. Subjects are thresholded to cerebellar cortex and the same display thresholds applied across all subjects with the
exception of subject DP09, whose reference was adjusted using a white matter correction due to the observation of high signal intensities
in cerebellum. In that case, the pattern of regional positivity was the same but values were greater and at least stage V, while hippocampal
values were still tau negative.

Structural MRI results

Canonical variate patterns
Nine subjects having longitudinal MRI were

included in the NPAIRS analysis; one subject (DP03)
was excluded due to motion.

Figure 5 presents results from the 3-class NPAIRS
analysis of modulated gray MRI segments of DS,
NL, and AD, which produced two CVs. The first
CV (Fig. 5a, CV1sMRI) differentiated DS from
NL (p < 0.00001, ES 3.94 at baseline) and AD
(p < 0.00001, ES 4.87 at baseline) (Wilcoxon-Mann-
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Table 2
Braak stage Standardized Uptake Value Ratios normalized to gray cerebellum

SUVR in each incremental Braak stage region (gray = tau positive)

Braak stage Amyloid negative or threshold Amyloid positive participants
ROIs participants

DP01 DP07 DP08 DP11 DP12 DP05 DP13 DP03 DP09

1 1.00 1.14 1.05 1.35 1.64 1.60 1.48 1.99 1.36
II 1.03 1.11 1.05 1.41 1.54 1.59 1.33 2.36 1.01
III 1.02 1.07 1.04 1.10 1.43 1.47 1.84 1.60 1.39
IV 1.01 1.05 0.96 1.04 1.23 1.57 1.63 1.94 1.28
V 0.99 1.02 0.95 0.97 1.11 1.56 1.52 2.17 1.24
VI 0.94 0.95 0.92 0.88 0.90 1.21 1.10 1.92 0.93
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Fig. 3. Relationship between Tau Braak score and subject age using (a) cerebellar cortex reference and (b) white tissue reference, and AV-45
SUVR using (c) cerebellar cortex reference and (d) white tissue reference.

Whitney t-tests). Consistent with our previous results
and the literature [25, 26] and relative to NL and
AD, this pattern reflects volumetric reductions in
cerebellum, occipital cortex, hippocampus, mid-
cingulate, anterior cingulate, and temporal cortex,
while preserved or increased volume is seen in cau-
date, putamen, thalamus, inferior lateral temporal,
inferior parietal, and prefrontal cortices. There is

no association between CV1sMRI score and amyloid
status or age in DS subjects. This pattern was stable
in DS subjects longitudinally, as shown in the Fig. 5a
CV1 plot. The second pattern, CV2sMRI (Fig. 5b),
differentiated NL from AD (p < 0.00001, ES 2.26),
whereas DS scores distributed across the range from
NL to AD as in our previous analysis of baseline data.
This pattern showed volume reductions in posterior
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Fig. 4. Relationship between Tau Braak score (cerebellar cortex reference region) and OMP-QF, VABS-II Daily Living Skills, CAMCOG
Recent Memory, VABS-II composite, Socialization skills, and RBANS Total Score at baseline.

cingulate, precuneus, parietal cortex, hippocampus,
temporal cortex, frontal cortex, and caudate, with
preserved or increased volume in putamen, thalamus,
and midbrain. Volume reductions were consistent
with AD atrophy [27, 28]. Four of five subjects with
the lowest CV2sMRI scores were Am- or threshold,
while the fifth was Am+ but only tau Braak stage
II. Despite correlation with age in DS subjects, this
pattern was not age-related in non-DS subjects,
suggesting association with disease progression.

Longitudinal change in CV2 scores as related to
tau burden and clinical measures

Am- subjects and the tau Braak stage II subject
showed little or no longitudinal increase in score.
Subjects who were Am+ and Braak stage IV or
greater showed varying degrees of longitudinal pro-
gression, which increased with baseline score. The
greatest baseline score and subsequent increase were
exhibited by an Am+ 45-year-old subject without
tau imaging, but whose Daily Living scores declined
by 58 points, the largest decline among subjects,
and whose VABS-II Adaptive Behavior composite
decreased by 50 points over the 2 years, the sec-
ond largest decline of subjects having longitudinal
MRI. The second greatest increase in CV2 score, and

greatest score at baseline, were those of a subject with
highest tau score (white matter reference) of those
having longitudinal MRI, and whose Daily Living
score decreased by 36 points, and OMP-QF by 15
points. By comparison, the subjects having baseline
CV2 scores near zero with little or no longitudinal
increase were similar to one another in tau score, and
showed less worsening (–14), or else improvement,
in Daily Living Scores. The tau Braak stage II sub-
ject, who did not increase in MRI score, improved in
Daily Living score. There was no observed decline
on the other measures of cognition in the Am- group.

Tau correspondence with FDG PET

Within subjects, tau PET at year 2 and FDG
PET at baseline showed certain regional similarities,
with some differences, after dissociating DS-related
effects. In general, areas of hypometabolism as seen
with 18F-FDG PET is consistent with areas of tau
accumulation as seen with 18F-AV-1451 (Fig. 6).

DISCUSSION

In this small and preliminary study, we have
demonstrated for the first time the measurement of tau
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Fig. 5. (a) The CV1 pattern of volumetric reduction in DS subjects relative to NL or AD subjects, and the corresponding CV1 score plot. (b)
The CV2 pattern of AD-like atrophy in AD subjects and certain Am+ DS subjects relative to NLs. Circles represent classifier scores for each
subject, whereby a higher score indicates greater pattern expression relative to subjects with low scores. Unfilled dark blue circles with blue
lines are subjects who were Am-, and filled red circles with red lines are Am+ Tau+ subjects. The unfilled triangle with red lines represents
the Am+ subject with tau at Braak stage II.

pathology accumulation in adults with DS using the
PET tracer 18F-AV-1451, and its relationship to amy-
loid burden, regional cerebral glucose metabolism,
brain volume, and cognitive and functional status. As
seen in the non-DS population with prodromal AD or
AD dementia, tau distribution is generally concordant
with the neurodegenerative pattern reflected by FDG
PET and structural MRI, involving the medial tem-
poral cortices and spreading posteriorly and dorsally
into the parietal cortices. Spatial overlap between tau
distribution and neurodegeneration has been noted in
other dementias [29]. Differences found may be due
to downstream effects of tau pathology upon func-
tion in cases where FDG hypometabolism exceeded
tau, signal effect size differences, or lag in neuronal
damage. Regional variability was also observed as
with both tau PET and FDG in AD patients [30]. The
“off target” tau binding observed in the majority of
DS subjects, whether or not Am+ was consistent with
findings in other populations [8]. It remains unclear
which isoforms of striatal tau we are detecting with
18F-AV-1451 binding. Of note, different amyloid and
tau species have been reported neuropathologically
based on immunostaining techniques and this is likely
true with PET tracers.

One Stage V subject was notable for relative
absence of tau in hippocampus, even after PVE

correction. Hippocampal sparing has been noted
in other studies of AD subjects, leading to sug-
gested sub-classifications as hippocampal sparing
versus limbic predominant [30]. Additional subjects
are necessary to explore subclass implications. The
same subject had high signal intensities in cerebel-
lar cortex, which could have arisen from technical
confounds but appeared to be tracer binding. Tau
accumulation in cerebellum has been noted in some
early onset AD subjects [31].

The relationship between tau burden and amyloid
SUVR is consistent with that noted in late onset AD,
where it has been noted that the presence of tau
beyond medial temporal regions appears predicated
upon amyloid positivity [14]. A larger population
may show that the correlation between tau PET and
amyloid SUVR in the DS adults is driven by the
difference between amyloid negative versus positive
subjects rather than by amyloid SUVR, given that
amyloid burden plateaus as disease progresses.

The correlation between tau burden and vari-
ous cognitive and functional endpoints was striking.
Although longitudinal clinical endpoints had high
variability, it was notable that the highest (least
affected) cognitive scores correlated with less tau
burden. The longitudinal stability of CV1 sug-
gests that this pattern is related to DS, while the
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Fig. 6. Tau PET distributions (upper rows) and FDG PET images (lower rows) for four example amyloid positive subjects. In general,
hypometabolism in FDG (light yellow/green rather than red) is consistent with the tau accumulation shown in red. This includes posterior
cingulate and precuneus hypometabolism in subjects DP05 and DP13, and asymmetrical deposition and hypometabolism seen in subject
DP12 parietal cortex and DP13 frontal cortex. However, even when tau is limited to early stages, subjects have hypometabolism as seen in
DP11, which arises partially from Down syndrome and is dissociated from the effects of AD by the machine learning classifiers in this work.

AD-related CV2 pattern progresses in association
with AD pathology. The lack of CV2 progression in
the Am+ subject with Stage II tau is consistent with
literature suggesting that neurodegeneration occurs
primarily after this stage [2].

Reference region is an important consideration
as evidenced in one subject. Cerebellar cortex has
been applied here and in other studies [14, 30] due
to its typical lack of tau in AD. However, in addi-
tion to possible tau accumulation, its location near
the edge of the scanner field of view, inferior slice
position relative to target regions, and low signal
can make it vulnerable to technical noise as well as
signal spillover, confounding measurements. White
matter has been proposed as an alternate reference
[32] for reasons similar to those for longitudinal amy-
loid measurement [33, 34]. Although tau aggregates
in white matter of AD patients, levels are significantly
less than in gray matter [35, 36].

A limitation to this pilot study was the small sam-
ple size. For MRI analyses, the NPAIRS software
aided in addressing this through its segregation of sig-
nal from noise and prevention of model over-fitting
through iterative resampling. The 2-year gap between
tau PET and the amyloid and FDG PET scans was
also a limitation. However, tau distributions, associ-
ation with amyloid positivity and neurodegenerative
status, and AD-related atrophy were striking in their
consistency with findings in AD populations. Despite
subject motion related noise in some scans, the robust
AD-related pattern of atrophy that exhibited longitu-
dinal progression in Am+ tau positive subjects was
dissociable from that associated with DS, which was
quite stable over the two years. Study of a larger
cohort of subjects spanning ages 20 through 60 s
could provide important additional insight.

This study and its findings are considered
exploratory due to the small sample size. However,
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the data shows clear trends suggesting that evaluation
of therapeutic candidates for preclinical and prodro-
mal AD has the potential to be conducted in the adult
DS population, utilizing imaging biomarkers of AD
pathology and neurodegeneration. When further vali-
dated using a larger study population, this could have
tremendous benefit to the DS population and to the
broader AD population so greatly in need of effective
disease intervention.
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