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1 | BACKGROUND

Approximately 5%-10% of all patients with Alzheimer’s disease (AD)
develop symptoms before age 65, a cutoff that is used in the liter-
ature to define early-onset AD (EOAD).! Over 90% of patients with
EOAD do not carry a known disease-causing genetic mutation and
have sporadic AD.2 Unlike late-onset AD (LOAD) and dominantly inher-
ited AD, research in sporadic EOAD is limited to single-site studies
with modest sample sizes. Patients with sporadic EOAD have typi-
cally been excluded from large-scale observational studies and clinical
trials® due to their young age or non-amnestic presentations.* Fur-
thermore, clinical diagnosis can also be challenging in EO patients
due to non-amnestic phenotype that have substantial clinical overlap
with non-AD conditions, particularly frontotemporal dementia (FTD).
Positron emission tomography (PET) with radioligands that bind aggre-
gated amyloid-beta (AB) or hyper-phosphorylated tau can aid diagnosis
by establishing the presence of plaques and tangles in patients present-
ing clinically with EOAD. Furthermore, larger scale longitudinal studies
on the evolution of amyloid and tau-PET changes in EOAD are needed,
especially given the central role of PET in developing and implementing
novel therapies such as anti-AS monoclonal antibodies now entering
clinical practice.®”

In patients with a clinical diagnosis of probable AD dementia, the
prevalence of positive AD biomarkers (e.g., PET- or biofluid-based mea-
sures of amyloid) is very high in EOAD, approximating 85%-90%.8
However, most biomarker studies in EOAD have been conducted at
academic centers with strong expertise in the diagnosis of young-onset
dementia (AD and FTD), potentially over-estimating the prevalence of
amyloid biomarker positivity in clinically diagnosed patients compared
to more generalizable practice settings.

While AD is defined by the presence of amyloid and tau neu-
ropathologies regardless of age of onset,”1° both autopsy!»!2 and
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was elevated across cortical regions with a parietal-predominant pattern, and higher
burden was observed in younger and female EOAD participants.

DISCUSSION: LEADS data emphasizes the importance of biomarkers to enhance
diagnostic accuracy in EOAD. The advanced tau-PET binding at baseline might have

implications for therapeutic strategies in patients with EOAD.

Alzheimer’s disease, amyloid-PET, atypical AD, centiloids, early-onset, EOAD, LEADS, sex differ-

* 72% of patients with clinical EOAD were positive on both amyloid- and tau-PET.
* Amyloid-positive patients with EOAD had high tau-PET signal across cortical

* In EOAD, tau-PET mediated the relationship between amyloid-PET and MMSE.

* Among EOAD patients, younger onset and female sex were associated with higher

13-15 studies have shown that EOAD is associated

tau-PET imaging
with higher burden of tau neuropathology (i.e., higher neurofibril-
lary tangle density) than LOAD. This greater tau burden seems to
account for the more aggressive disease course observed in EOAD
compared to LOAD, including greater atrophy rates and faster cogni-
tive decline.1%1617 Beyond the overall neuropathology burden, EOAD
and LOAD also differ in terms of the regional distribution of tau.
While LOAD is typically characterized by high tau burden in the
temporal lobe, mirroring the typical amnestic presentation, patients
with EOAD typically show more neocortical predominant tau pat-
terns that parallel their frequent non-amnestic (e.g., visuo-spatial,
language, executive) syndromes.111> Studies examining differences in
the burden or distribution of amyloid between EOAD and LOAD have
yielded mixed results, with some studies reporting subtle increases
in cortical amyloid in EOAD and others reporting no association with
age.18-21

Here we describe the baseline PET data from LEADS (Longitudi-
nal Early-onset Alzheimer’s Disease Study), an ongoing multi-center,
longitudinal investigation of patients with a clinical diagnosis of spo-
radic EOAD at the mild cognitive impairment (MCI) or mild dementia
stage.* The current paper presents an overview of the amyloid- and
tau-PET data acquired at the baseline visit for clinically impaired
and cognitively normal participants. We first describe our process for
interpreting amyloid-PET in cognitively impaired participants, which
is used to assign impaired participants to EOAD (positive/elevated
amyloid) or early-onset non-AD (EOnonAD; negative/non-elevated
amyloid) cohorts. We then report group differences in amyloid- and
tau-PET measures, and correlations between amyloid- and tau-PET,
demographic variables (age, sex) and disease severity (Mini-Mental
State Examination, MMSE) within the EOAD group. Primary quantita-
tive analyses of PET are focused on summary metrics (global amyloid

burden measured in centiloids [CL?2], tau-PET signal in the temporal
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RESEARCH IN CONTEXT

1. Systematic review: Authors reviewed existing litera-
ture on positron emission tomography (PET) imaging in
early-onset alzheimer’s disease (EOAD) (PubMed, Google
Scholar). Published studies, especially those combining
amyloid- and tau-PET, were typically based on single site
cohorts with relatively small samples.

2. Interpretation: In this large, multi-site study of partic-
ipants with a clinical diagnosis of EOAD, ~25% indi-
viduals did not have biomarker evidence for underlying
AD. Among amyloid-positive participants, high cortical
tau-PET burden indicated that patients are already at
an advanced stage of tau accumulation at the time of
diagnosis.

3. Future directions: PET data acquired in Longitudinal
Early-onset Alzheimer’s Disease Study (LEADS) will be
combined with other clinical, genetic, and biomarker
(magnetic resonance imaging, cerebrospinal fluid,
plasma) data for cross-modal correlations. Longitudinal
PET data will soon be available to assess disease progres-
sion. Future comparison of LEADS and ADNI cohorts will
allow direct comparison between EOAD and more typical
late-onset AD.

cortex?324), and exploratory analyses assessed PET patterns across all

cortical regions.

2 | METHODS
2.1 | Participants

The present study analyzed baseline PET data from LEADS, which was
launched in 2018, and has been described previously.* LEADS recruits
participants with clinical impairment who meet the 2011 criteria of
the National Institute on Aging and the Alzheimer’s Association (NIA-
AA) for MCI due to ADZ> or mild dementia due to AD,%%have a global
Clinical Dementia Rating (CDR) <1, and are aged 40-64 years at the
time of consent. Clinical diagnoses were made at each site through a
multidisciplinary consensus process involving cognitive neurologists,
neuropsychologists, geriatrician, psychiatrists, and/or nurse special-
ists during formal reviews.2’” Expert clinicians carefully reviewed the
standardized baseline clinical assessments, which included medical and
family history, concurrent medication review, neurological, and neu-
ropsychological examinations. Note that the 2011 NIA-AA criteria are
not limited to amnestic-predominant clinical presentation and specif-
ically mention language, visuo-spatial, and executive presentations
of AD. As a consequence, individuals who meet consensus crite-
ria for non-amnestic variants of AD, including dysexecutive AD,28:27

logopenic-variant of primary progressive aphasia,*° or posterior cor-

tical atrophy,3! also fulfill criteria for MCI due to AD or dementia due
to AD, depending on the clinical severity, and are eligible to enroll.
When enrolling clinically impaired participants into LEADS, whether
at the MCI or dementia stage, study investigators were asked to
specify the clinical phenotype by selecting one of the four following
options, based on their clinical assessment of the patient: “amnestic-

» o«

predominant single or multi-domain cognitive impairment”, “posterior
cortical atrophy syndrome”, “primary progressive aphasia syndrome”,
or “non-amnestic single of multi-domain cognitive impairment, not
above”.2” This classification was used for exploratory analyses in the
current paper.

Participants with known pathogenic mutations in PSEN1, PSEN2,
and APP are excluded. Cognitively normal (CN) participants were
also recruited. CN participants were required to have MMSE > 24,
global CDR = 0, and normal neuropsychological testing compared to
age-matched norms.

Written informed consent was obtained from all patients or their
surrogates. The study was conducted under a central institutional

review board based at Indiana University.

2.2 | PET acquisition, quality control, and initial
pre-processing

Detailed PET acquisition and processing protocols were described in a
previous paper.* Briefly, [18F]Florbetaben (FBB) PET (Ag radiotracer)
was acquired 90 to 110 min post-injection of ~8 mCi of FBB (four 5-
minframes).[18F]Flortaucipir (FTP) PET (tau radiotracer) was acquired
75 to 105 min post-injection of ~10 mCi of FTP (six 5-min frames).
Image acquisition and reconstruction parameters were aligned with
the Alzheimer’s Disease Neuroimaging Initiative 3 (ADNI-3) PET pro-
cedures to enable comparisons. PET frames acquired at each site were
uploaded to the Laboratory of Neuroimaging (LONI) at the University
of Southern California.

Quality control and image standardization were performed at the
University of Michigan following ADNI-3 procedures. Briefly, all images
were downloaded from LONI, evaluated for statistical noise, motion
across frames, full coverage of the brain, and common PET artifacts. Ini-
tial pre-processing steps were then performed: frames were realigned
and averaged, set to a standard orientation, intensity-normalized and
smoothed to standard 8 mm isotropic resolution using procedures
developed for ADNI. Resulting images were then uploaded to LONI.
Further analysis of PET data was performed at the University of Cali-
fornia, San Francisco, based on these quality-controlled, pre-processed
PET scans.

2.3 | Amyloid-PET screening: centralized FBB-PET
interpretation for cognitively impaired participants

In LEADS, amyloid-PET serves two main purposes, which are associ-
ated with two independent procedures.
First, amyloid-PET is used to determine amyloid positivity in cogni-

tively impaired participants. This information is used to both (i) assign

858017 SUOWWIOD AITea1D) 8|t [dde au A peuienob ae Sapiie YO 8sn JO SNl 10} AIq18UIUO A8]IM UO (SUORIPUOD-PUR-SLLIBI/ALICD"AB | 1M ARIq 1 U1 |UO//SdNY) SUORIPUOD pue S8 1 8y} 89S *[20z/y0/S2] Uo Ariqiaulluo A8|im ‘AISIBAIUN BSUO A AQ ESYET ZIe/200T OT/I0P/L0D A8 | 1M Ae.q Ul [Uo'S euINO [-Z [e//:Sdny Wl pepeojumod ‘6S ‘S202 '6.2525ST



CHOETAL.

Alzheimer’s &Dementia® | sior

(A)

Clinical Diagnosis
|

Clinical impairment
(MCl/dementia) due to AD

Amyloid-PET Screenlng

N=4 excluded
3 no FBB-PET, 1 brain tumor

Florbetaben visual read & PET-only quantification

|
| 1 l

! |
! 1
! 1
! 1
! 1
! I
| 1
1 1
: Both positive Visual + Quantification — Both negative 1
: N=240 = = 1
: ! ]
1

1 Consensus ]
i :
! N=12 N=2 1
1

EOAD=252 EOnonAD=81

no FTP PET no FTP PET

EOAD=243

Cognitively Normal 2.00
N=92

EOnonAD=78 m

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

(B) Final cohort assignment
Il EOAD
B EOnonAD
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Visual + Visual + Visual -

Final MRI-based analysis of FBB and FTP-PET
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FIGURE 1 Study flow and amyloid-PET screening. (A) Flowchart of patient selection and cohort assignment. (B) PET-only quantification
performed for amyloid-PET screening (dashed line indicate the SUVRpgt.on)y threshold of 1.18). Cl, cognitively impaired; CN, cognitively normal;
EOAD, early-onset Alzheimer’s disease; EOnonAD, early-onset non-Alzheimer’s disease; FBB, 18F-Florbetaben; FTP, 18F-Flortaucipir; PET,

positron emission tomography

participants to the EOAD or EOnonAD group, which has consequences
in subsequent study design (e.g. duration of follow-up, frequency of
follow-up scans...“) and (i) disclose amyloid status (positive /elevated
or negative/non-elevated) to the site principal investigators and cog-
nitively impaired participants. To ensure timely communication of
amyloid-PET results and group assignment, this process is based on
a PET-only processing pipeline, that is, not relying on getting a struc-
tural MRI, which may be acquired later depending on site logistics.
This step, called “amyloid-PET screening” is detailed in subsequent
paragraphs and in Figure 1, and involves both a visual read of the
scan and a PET-only standardized uptake value ratio (SUVRpgT-oniy)
value.

Second, amyloid-PET is independently processed to quantify amy-
loid burden in all participants. This procedure is not as time sensitive as
the previous one; it relies on a different pipeline that is identical to the
ADNI procedure (to facilitate future comparisons) and requires struc-
tural MRI. This pipeline outputs MRI-based SUVR values that are then
converted to centiloid values, which can then be used for any research
project using amyloid-PET. Centiloid values can then be used as a
continuous variable or binarized into negative and positive categories
using predetermined thresholds.

In conclusion, two separate Florbetaben SUVR values are calcu-
lated from the same images: a SUVRpgT.on1y, Which is only used for
amyloid-PET screening (Figure 1), and an MRI-based SUVR which is
then converted to centiloids for research analyses (all other figures
in the present manuscript). These two values are highly correlated
(r = 0.956 in the 321 cognitively impaired patients; see supplemen-
tary eMethod) but slight differences in values and thresholds might

lead to occasional differences in assigning amyloid-positivity status

(see supplementary eMethod).

2.3.1 | PET-only pipeline for amyloid-PET in
cognitively impaired participants

A PET-only pipeline was used to quantify amyloid-PET scans for clini-
cal interpretation as MRI scans were not always available at the time
of clinical read, which had to be performed within 2 weeks of PET
acquisition per study protocol. For this PET-only quantification, PET
images undergo spatial normalization to an FBB PET template (see
Supplementary eMethods). A SUVRpgt.only Was then calculated using
a template space whole cerebellum region of interest (ROI) as a ref-
erence region and a composite ROI including frontal, parietal, and
occipital cortices as the target region. A SUVRpgt_oniy >1.18 was used
as a quantitative threshold for amyloid-PET positivity; see Supplemen-
tary eMethods for more details on how this threshold was established
based on 72 FBB scans from ADNI-3 in June 2018. Note that these
SUVRpeT.only Values were only used for the cohort assignment in par-
ticipants with cognitive impairment (“amyloid-PET screening”), not for

any statistical analyses described in this paper.

2.3.2 | Combining quantification and visual read

FBB-PET scans were visually read as amyloid-positive or amyloid-

negative using validated criteria®? by one of the certified PET core
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physicians at UCSF (CLH, CCW, DSM, EZ, GDR, HC, JAT, or OLS). Each
FBB scan was first read by a single physician, without access to par-
ticipants’ clinical information or scan quantification. After reading the
scan and saving their interpretation, each physician had access to the
SUVRpgT.oniy Value. If both classifications were positive, the partici-
pant was assigned to the EOAD cohort; if both were negative, the
participant was assigned to the EononAD cohort. If visual read and
quantification-based classification was incongruent (e.g., visually read
as positive but SUVRpgr_oniy < 1.18, or vice-versa), a second visual read
was performed by an additional reader who was blind to previous read
and quantification. This second read was used as a tie breaker. This
decision was motivated by our experience combining expert visual read
and quantification of amyloid-PET, showing that extraction of PET sig-
nal from a large neocortical region of interest can sometimes miss early
(i.e., focal) PET positivity.333* In addition, the amyloid-PET screening
relied on a PET-only quantification, which might not be as accurate and
precise as an MRI-based quantification; for instance, PET-only quan-
tification might be particularly vulnerable to cortical atrophy, which is
commonly severe in EOAD.

For two borderline positive amyloid scans (focal radiotracer uptake
only), the participant’s clinical presentation was reviewed with site clin-
icians to determine the most appropriate cohort assignment as EOAD

or EononAD.

2.4 | MRI-based processing for amyloid and
tau-PET analyses in all participants

MRI-based processing of amyloid- and tau-PET scans was used to
extract quantification for all participants, regardless of clinical status
and amyloid screening result, using data that were quality controlled at
the University of Michigan (see Section 2.2).

241 | SUVR extractions

FBB-PET and FTP-PET images were co-registered to the participants’
respective T1 structural MR images using Statistical Parametric Map-
ping 12 (Wellcome Department of Imaging Neuroscience, Institute of
Neurology, London, UK). Reference regions were created via segmen-
tation of the MRI using Freesurfer 7.1 to define the whole cerebellum
for FBB-PET or Freesurfer 7.1 combined with the SUIT template to
define the inferior cerebellar gray matter for FTP-PET.3>3¢ Mean
SUVR values were extracted in native MRI space from ROIs defined
in the Desikan-Killiany atlas®” labeled by Freesurfer 7.1. For FBB-
PET, a composite neocortical SUVR was computed and converted
to CL22 using the equation developed in ADNI with identical image
pre-processing.3® For FTP-PET, average SUVR values were computed
from a temporal meta-ROI which included the entorhinal, amygdala,
parahippocampal, fusiform, inferior temporal, and middle temporal
ROIs.2324 These two measures (CL values derived from neocortical
FBB-SUVR extraction and temporal meta-ROI FTP-SUVR) were used

as primary summary metrics of amyloid- and tau-PET for the main anal-

yses in this paper. For tau-PET, we repeated the main analyses using
global cortical FTP-SUVR (weighted average of SUVR values extracted
from all Freesurfer defined cortical regions) instead of the temporal
FTP-SUVR to make less assumptions about the temporal predomi-
nance of the tau-PET signal in EOAD. Additional exploratory analyses
were conducted to analyze brain patterns of amyloid and tau after
extracting mean FBB- and FTP-SUVR values from all 68 cortical ROls
from the Desikan-Killiany atlas.

2.4.2 | Amyloid- and Tau-PET positivity thresholds
with MRI-based quantification

To determine amyloid- and tau-PET positivity based on quantification
only, we employed a quantitative analysis method using MRI-based
PET processing and previously published thresholds for our amyloid-
and tau-PET summary metrics. For amyloid-PET positivity, scans were
quantitatively classified as positive or negative based on a 25 CL
threshold.3?40 FTP scans were quantitatively classified as tau-positive
or tau-negative based on a temporal meta-ROI FTP-SUVR threshold of
1.27.2441

2.5 | Statistical analyses

Demographic and clinical data were analyzed via independent t-
test or one-way Welsh analysis of variance (ANOVA) for continuous
variables or chi-square test for categorical variables. We compared
continuous variables between groups (EOAD, EOnonAD, and CN)
using Welsh ANOVA and Games-Howell post-hoc tests, given large
inhomogeneity of variance across groups (see Figures). Associations
between continuous variables were assessed using bivariate corre-
lations (Pearson’s r); ranked correlation coefficients were also used
when there were outliers or non-linear associations. To better describe
the amyloid-tau relationship in the whole group, we compared three
nested models (linear, quadratic, and cubic regressions) using F tests.
Each model’s fitness was also assessed using R? and adjusted R?
(ade2 higher is better), and Akaike Information Criterion (AIC, lower
is better); the latter two metrics discourage overfitting by penaliz-
ing models with more independent variables. Analyses of covariance
(ANCOVA) were also used to compare groups while controlling for age
and sex.

Additional tests (bivariate correlations or t-tests) were used to
characterize the association between PET summary metrics and demo-
graphic (age, sex) or clinical (MMSE) measures within the EOAD group.
To assess whether demographic and clinical variables were more
strongly associated with amyloid- and tau-PET metrics, we computed
95% confidence intervals of the difference for the corresponding effect
sizes (e.8., Mage-tau VS- Fage-amyloid) USiNg bootstrapped resampling with
1000 iterations.

Exploratory analyses were run on 68 ROls covering the entire cere-
bral cortex. For these analyses, we report uncorrected (« = 0.05) and
Bonferroni-corrected (« = 0.05/68 = 0.000735) results and regional
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effect size metrics (Cohen’s d for group comparisons, Pearson’s r for
correlations).

Last, exploratory analyses were conducted to assess the association
between clinical phenotypes (the four phenotypes captured in LEADS
as described in section 2.1) and primary PET outcomes: (i) classifi-
cation as EOAD or EOnonAD, (ii) amyloid and tau burden, measured
with the PET summary metrics described in section 2.4.1, (iii) regional
distribution of amyloid- and tau-PET. These results need to be consid-
ered exploratory due to the small sample size for the non-amnestic
phenotypes (see result section). Phenotypes were compared using Chi-
square tests for binary variable (e.g., amyloid positivity), and ANOVAs
and ANCOVAs, controlling for age and sex for continuous variables
(e.g., PET SUVR). Due to small sample size, no post hoc tests were
conducted.

Statistical analyses were performed using R (version 4.1.1), and
figures were created with ggplot (boxplots, scatter plots) and ggseg

(regional brain analyses) packages.*243

3 | RESULTS

3.1 | Participant selection and amyloid-PET
screening

In total, 429 participants were enrolled at 19 sites in the United
States between May 2018 and May 2022, including 337 with a clini-
cal diagnosis of MCI or dementia due to AD and 92 CN participants
(Figure 1a). One participant with clinical impairment was excluded
from the study due to detection of a brain tumor during image quality
control procedures, and three participants had not undergone FBB-
PET by the time of analyses. The remaining 333 participants underwent
amyloid-PET screening to classify them as EOAD or EOnonAD based
on the approach described in Section 2.3 (Figure 1a). In this sample,
visual read and SUVRpgt_oniy-based classifications were congruent in
319/333 (95.8%) cases. A total of 240 participants were positive on
both and, therefore, assigned to the EOAD cohort, while 79 partic-
ipants were negative on both and assigned to the EOnonAD cohort
(Figure 1b). Of 14/333 (4.2%) scans with a visual/quantification dis-
crepancy, all had a positive visual read and a negative quantification
(SUVRpgT.only < 1.18). In all 14 cases, the second reader agreed with
the original visual read, and all scans were eventually considered
amyloid-positive. During the amyloid screening consensus process, 12
of these 14 cases were included in the EOAD group while 2 cases
were assigned to the EOnonAD group due to very focal amyloid-PET
signal and after consultation with the site clinician who then consid-
ered the clinical presentation most consistent with a non-AD etiology
(Figure 1b). After excluding cases without FTP-PET, the final sam-
ple included 243 participants with EOAD and 78 participants with
EOnonAD (Figure 1a).

This breakdown (243 EOAD out of 321 cognitively impaired partic-
ipants, 75.7%) includes patients in the MCI and mild dementia stage.
Among patients with MCI (n = 106), 65 (61.3%) were considered
EOAD, while that proportion was higher in patients with dementia
(178/218, 83.6%); Fisher’s exact test, p < 0.001.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

The final sample also includes 87 CN controls, after excluding 5
cases without FTP-PET at the time of analysis. Controls were included
regardless of their amyloid status and did not go through amyloid-PET
clinical interpretation.

3.2 | Demographic characteristics

All analyses presented in the subsequent sections of this manuscript
only include participants with both amyloid and tau-PET available at
the time of analyses (Figure 1a). Main demographic and clinical infor-
mation are described in Table 1. The EOAD and EOnonAD groups did
not significantly differ in terms of age or years of education. Groups
did not differ in terms of race or ethnicity and included predomi-
nantly non-Hispanic White participants. Compared to EOnonAD, the
EOAD group included a higher proportion of females (54% vs. 35%,
p = 0.003) and Apolipoprotein ¢4 (APOE ¢4) carriers (54.7% vs. 41.7%,
p = 0.056). Across clinical variables, participants with EOAD had more
severe impairment than EOnonAD participants: lower MMSE or Mon-
treal Cognitive Assessment (MOCA) scores, higher CDR sum of boxes
(CDR-SB), and higher frequency of dementia diagnosis; see Table 1 for
more information.

3.3 | Summary metrics of amyloid- and tau-PET
across groups

All the results presented below are based on amyloid and tau-PET
measures derived from the MRI-based processing pipeline.

3.3.1 | Amyloid-PET: CL

Amyloid burden was, by study design, elevated in the EOAD group
(mean + SD = 96.1 + 26.2 CL) compared to EOnonAD (5.9 + 10.2)
and controls (9.8 + 13.6); see Figure 2a. One-way ANOVA was signifi-
cant (F(2226.9)) = 1075.4, p < 0.001) but post-hoc Games-Howell tests
only showed significant differences between EOAD and the other two
groups (both comparisons p < 0.001), while the comparison between
EOnonAD and CN groups did not reach significance (p = 0.097).

All 243 EOAD participants had amyloid-PET quantification above
the pre-determined 25 CL threshold (min = 26.9, max = 170.4). The
EOnonAD group included three (3.8%) cases above the 25 CL thresh-
old (min = 33.6, max = 39.2). Note that these three cases were different
from the two EOnonAD cases that were read as amyloid positive during
the amyloid screening step (section 3.1). Finally, seven (8.0%) controls
were above the 25 CL threshold (min = 37.4, max = 61.7).

3.3.2 | Tau-PET: temporal meta-ROI SUVR

The tau-PET signal in the temporal lobe showed a similar pattern
as amyloid-PET. Group differences were significant (Welsh’'s ANOVA:
F(2198.5) =430.5,p < 0.001) and driven by the EOAD group (p < 0.001
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TABLE 1 Demographic and clinical characteristics of the participants included in the final sample
EOAD EOnonAD CN
N 243 78 87
Age,y 59.2+4.1° 58.7+5.9 56.9+£5.9
Sex, male/female (% female) 112/131 (54%)° 51/27 (35%)2° 33/54 (62%)
Education,y 154 +2.4° 15.5+2.5° 16.7+2.1
APOE ¢4 alleles, 0/1/2 (% ¢4 carriers) 97/85/32 (55%)° 42/28/2 (42%) 49/28/8 (42%)
Ethnicity, Hispanic (%) 8(3%) 3(4%) 7 (8%)
Race, White/Black/Asian/more than one/unknown 226/8/4/4/1(93%)? 68/4/1/3/2 (90%)? 63/15/5/3/1(73%)
(% White)
Clinical characteristics
CDR sum of boxes 3.7+1.8% 3.0+22b 00+0.1
MMSE 21.6+5.12° 255+4.2%0 29.2+0.9
MOCA 16.1+ 6.0%° 21.6+4.720 270+25
MCl/dementia, (% dementia) 64/117 (73%) 42/36 (46%) n.a.

Note: For continuous variables, data is shown as mean + SD and Welch’s ANOVA were conducted with Games-Howell post-hoc tests. For categorical variables,
data is presented as n and percentages. For group comparisons, categorical variables with more than two levels were binned to avoid cells with small values
(ApoE coded as ¢4 carriers vs. non carriers; race coded as White vs. other races), and chi-squared tests were conducted.

Abbreviations: APOE, apolipoprotein E; CDR, Clinical Dementia Rating; CN, cognitively normal; EOAD, early-onset Alzheimer’s disease; EOnonAD, early-
onset non-Alzheimer’s disease; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination.; MOCA, Montreal Cognitive Assessment; n.a., not
applicable.

2p < 0.05 group is different from CN.

bp < 0.05 between EOAD and EOnonAD group.

¢p =0.055 for both EOAD versus EOnonAD and EOAD versus CN.

FIGURE 2 Summary metrics of amyloid-
and tau-PET across groups. Distribution of
Centiloid (A) and temporal FTP-SUVR (B)
values across the three groups. (C) The
association between Centiloid and temporal
FTP-SUVR, with summary metrics for linear,
guadratic, and cubic models. The red dotted
line shows a data-driven smooth regression
line using the locally estimated scatterplot
smoothing (LOESS) method. Dotted lines
indicate pre-determined positivity thresholds
of 25 Centiloid for amyloid-PET (A and C) and
1.27 temporal meta-ROI FTP-SUVR (B and C).
See Figure S2 for tau-PET analyses using global
cortical SUVR instead of temporal SUVR. FTP,
18F-Flortaucipir; PET, positron emission
tomography; ROI, region of interest; SUVR,
standardized uptake value ratio
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compared to the other two groups), without significant differences
between EOnonAD and CN (Games-Howell p = 0.26); see Figure 2b.

The EOAD group showed high variability in temporal SUVR
(mean + SD = 2.11 + 0.45); 12 participants (4.9%) had values below
the 1.27 threshold. The other two groups had low temporal FTP-SUVR
with limited intra-group variability, apart from a few notable outliers.
The EOnonAD group had 6 cases (7.7%) with FTP SUVR > 1.27 but
three of them had mildly elevated values (< 1.30). In contrast, the other
three were unambiguously elevated with SUVR values above the third
quartile of the EOAD distribution (Figure 2b). Among these three
EOnonAD cases, only one had amyloid-PET quantification above the
25 CL threshold (33.6), and none were read as amyloid-positive on
amyloid-PET visual interpretation (Section 3.1). Visual inspection of
FTP-PET scans from these cases showed typical AD binding patterns,
with temporo-parietal cortex binding and additional frontal tracer
uptake (Figure S1). In the CN group, two individuals (2.3%) had tem-
poral SUVR values above the 1.27 threshold (1.28 and 2.33), and both
were amyloid positive (46.2 and 53.6 CL, respectively).

Patterns of group differences were unchanged when using total
cortical FTP-SUVR instead of temporal SUVR (Figure S2b).

3.3.3 | Amyloid-tau relationships in the whole
sample

When including all participants in the analyses, we observed a sig-
nificant correlation between CL and temporal FTP-SUVR (Spearman’s
rho = 0.762, p < 0.001, Figure 2c). This relationship was unchanged
when controlling for age and sex (Table S1). Based on scatterplot
inspection, we tested the non-linearity of the amyloid/tau association
by comparing a series of polynomial models with up to 3 degrees.
With increasing model complexity, we observed a mild but signifi-
cant increase in R? (from 0.605 to 0.626) and adjR? (0.604 to 0.624)
and a decrease in AIC (348.9 to 330.0). Comparison of nested models
showed that each model was significantly better than the previous one
(quadratic vs. simple, p < 0.001; cubic vs. quadratic, p = 0.022). Adding
higher degree polynomials did not further improve model fit.

Amyloid-tau association was similar when using total cortical FTP-
SUVR instead of temporal SUVR (Figure S2b).

3.3.4 | Amyloid- and tau-PET in the EOAD group

Correlation between CL and temporal FTP-SUVR was still significant
when restricted to the EOAD group (r=0.316, Spearman’s rho = 0.285,
both p < 0.001). This relationship was unchanged when controlling
for age and sex (standardized estimate = 0.300, p < 0.001; Table
S1), or when using total cortical FTP-SUVR instead of temporal SUVR
(r=0.341,p < 0.001; Figure S2b).

Figure 3 shows the correlations between amyloid/tau binding and
age, sex, and MMSE. Older age at PET was associated with lower
temporal FTP-SUVR (r = —0.357, p < 0.001) but not associated with
CL (r = 0.034, p = 0.60, Figure 3a); the difference between these
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two correlation coefficients was significant (Ar = 0.391, bootstrap
95%Cl = [0.219, 0.554], p < 0.001). In contrast, sex was associ-
ated with both amyloid and tau measures: female participants had
higher CL (d = 0.429, p < 0.001) and higher temporal FTP-SUVR
(d =0.378, p = 0.004) than males (Figure 3B). The magnitude of these
sex differences was not significantly different for amyloid versus tau
(Ad = 0.051, bootstrap 95%Cl = [—0.244, 0.368], p = 0.77), and sex
differences in temporal FTP-SUVR were still significant when control-
ling for CL values (p = 0.045). Note that female and male patients
with EOAD did not differ in terms of age (mean + SD = 59.3 + 4.1
vs. 59.1 + 4.1, two-sample t-test p = 0.70) or MMSE (21.6 + 4.8 vs.
21.7+5.4,p=0.82).

Both PET measures were negatively associated with MMSE
(Figure 3C), but the association was stronger for temporal FTP-SUVR
(r=-0.531,p <0.001) than CL (r = —0.178, p = 0.006), and the differ-
ence between these correlations was significant (Ar = 0.353, bootstrap
95%Cl =[0.247,0.465],p < 0.001). Mediation analyses showed that the
effect of amyloid on MMSE was fully mediated by tau (indirect effect:
p <0.001, direct effect p = 0.84, 94.6% mediation). Similar results were
observed for MOCA or CDR-SB as the measure of clinical severity
(Figure 3C).

Associations with age, sex, and MMSE were unchanged when using
total cortical FTP-SUVR instead of temporal SUVR (Figure S2C).

3.4 | Region-wise analysis of amyloid and tau-PET
3.4.1 | Regional patterns of group differences

Figure 4 shows mean FBB- and FTP-SUVR values extracted from all
68 ROIs in all three groups. Compared to CN, participants with EOAD
had significantly elevated FBB-SUVR in all 68 ROls using a stringent
Bonferroni-corrected threshold (Table S2 for details). Regional varia-
tions were noted (Figure 4a), with maximal differences in the bilateral
precuneus (Cohen’s d = 3.76 on the left, 3.74 on the right). In con-
trast, bilateral occipital (cuneus, lingual, pericalcarine) and entorhinal
cortices had the mildest differences (Cohen’s d < 2). Group differ-
ences between EOAD and CN were also marked in FTP-SUVR, with
all 68 ROIs being significant at the Bonferroni-corrected threshold
(Table S2). Maximal differences (Cohen’s d > 2.2) were seen in bilat-
eral parietal and temporal cortices (Figure 4B), while differences were
milder, but still significant (Cohen’s d < 1), in the bilateral pericalcarine,
paracentral, and anterior cingulate cortices.

The comparison of regional patterns of amyloid- and tau-PET
between EOAD and EOnonAD resulted in very similar results as
the comparison of EOAD and CN (Table S2). The comparison of
EOnonAD to CN showed weak differences (Table S2). At the group
level, FBB-SUVR were higher in CN than in EOnonAD, with 34 regions
being significant at an uncorrected « = 0.05 threshold but only the
left temporal pole and the right transverse temporal cortex sur-
vived Bonferroni correction. It is worth noting that, while participants
were assigned to the EOnonAD group based on a negative amyloid-

PET, controls were included regardless of amyloid status (Figure 1).
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FIGURE 3 Summary metrics of amyloid- and tau-PET in the EOAD group, Association between amyloid- and tau-PET and age (A), sex (B), and
MMSE (C) in the EOAD group. The rightmost part of panel C shows the result of a mediation analysis; numbers indicate point estimates + standard
error. Mediation model was repeated using the MOCA or CDR-SB scores as alternative dependent variables. Full path values are —0.035 + 0.012
for MMSE (p = 0.005, n = 240), —0.044 + 0.016 for MOCA (p = 0.006, n = 182) and 0.009 + 0.004 for CDR-SB (p = 0.057,n = 225). See Figure 52
for tau-PET analyses using global cortical SUVR instead of temporal SUVR. CDR-SB, Clinical Dementia Rating sum of boxes; EOAD, early-onset
Alzheimer’s disease; MOCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination; PET, positron emission tomography

These group differences were likely driven by the presence of a few
amyloid-positive controls (Figure 2, Section 3.3.1). Last, the group
comparison between EOnonAD and CN revealed little differences in
FTP-PET, with only three ROIs showing uncorrected p < 0.05, all in
the EOnonAD > CN direction: left entorhinal, temporal pole, and lat-
eral orbitofrontal cortex. None of these regions survived Bonferroni
correction (Table S2).

Group comparisons were repeated after controlling for age and sex,
and results were virtually unchanged (Table S2).

3.4.2 | Regional analyses in the EOAD group
We assessed association between regional PET SUVR and age, sex, and
MMSE within EOAD participants (n = 243 for age and sex; n = 240 for
MMSE, due to missing values). Results are presented in Figure 5 and
detailed statistics are provided in Table S3.

Older age at scan was associated with lower FTP-SUVR across all
cortical ROIs (Figure 5A). All 68 regions had negative r values with
uncorrected p < 0.05, and 63/68 regions remained significant after

applying stringent Bonferroni correction. Highest association between

tau and age was seen in the parietal lobe (both laterally and medi-
ally) and in the frontal cortex (r < —0.45), while temporal and occipital
regions had less negative r values (e.g., r = —0.21 and —0.25 for right
and left entorhinal cortices; Table S3). In contrast, regional FBB-SUVR
were unrelated to participant age, with r values distributed around
0 (Figure 5A). Only 2 regions (left and right temporal poles) reached
uncorrected p < 0.05 and showed weak positive association between
FBB-SUVR and age (r = 0.143, p = 0.026; r = 0.128, p = 0.045). The
relationship between age and SUVR was stronger for FTP than for FBB
inall 68 ROIs (Figure 5A, right panel).

Female participants tended to have higher FBB- and FTP-SUVR val-
ues than males across regions (Figure 5B). For amyloid-PET, differences
were significant at uncorrected p < 0.05in 59/68 ROIs, and 16 survived
Bonferroni correction. Highest differences were seen in the bilateral
supramarginal gyri and frontal poles (Cohen’s d > 0.50). Sex differences
were milder with tau-PET, with only 37 ROIs significant at uncorrected
p < 0.05, and none surviving Bonferroni correction (Table S3). High-
est sex difference was observed in the bilateral temporal and occipital
cortex, with Cohen’s d exceeding 0.35.

Finally, higher FBB- and FTP-SUVR was associated with lower

MMSE across regions (Figure 5C). Associations were relatively weak
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FIGURE 4 Regional distribution of amyloid- and tau-PET signal in the EOAD group. Regional distribution of amyloid- (A) and tau (B)-PET signal
in all groups. Mean SUVR values were extracted from 68 cortical ROls from the Desikan-Killiany atlas. The right panel shows group differences
between EOAD and CN groups, quantified as Cohen’s d effect sizes (all 68 ROIs are different with Bonferroni-corrected p < 0.05). All pairwise
group comparisons are described in detail in Table S1. CN, cognitively normal; EOAD, early-onset Alzheimer’s disease; PET, positron emission

tomography; ROI, region of interest; SUVR, standardized uptake value ratio

for FBB-PET, with significant correlations in 51 ROIls using an uncor-
rected threshold, and only 2 regions surviving Bonferroni correction,
the right paracentral (r = —0.226, p = 0.0004) and right pericalcarine
(r=-0.230, p = 0.0003) cortices. In contrast, all 68 ROIs showed sig-
nificant association between FTP-SUVR and MMSE, with 67 surviving
Bonferroni correction (Table S3). Highest associations were seen in

temporal and frontal areas, with correlation coefficients below —0.50.

3.5 | Exploratory analyses: clinical phenotypes in
cognitively impaired participants

At the current stage of LEADS data collection, the majority of cog-
nitively impaired patients were described by as having “amnestic-
predominant single or multi-domain cognitive impairment” (257 out of
321, 80%) by the study clinician. Other syndromes included posterior
cortical atrophy (PCA, 20 patients 6%), primary progressive aphasia
(PPA, 19 patients, 6%), or “non-amnestic single of multi-domain cog-
nitive impairment, not above” (“non-amnestic, other”, 25 patients, 8%).
Due to the small number of patients in these non-amnestic syndromes,
the following analyses need to be considered exploratory.

Each syndrome included patients who were assigned to both
EOAD and EOnonAD cohorts based on amyloid-PET screening results
(Figure 1), and no significant association was found between clinical
phenotype and amyloid-PET positivity (Figure 6a).

Within patients with EOAD (see Figure S3a for demographic and
clinical metrics), amyloid burden measured using centiloids was not
related to clinical phenotypes (Figure 6b). The tau-PET measured in
the temporal lobe (Figure 6b) or the whole cortex (Figure S2d) showed

significant variability across phenotypes (p values between 0.002 and
0.08, depending on the tau-PET metrics and statistical model). While
post hoc tests were limited due to sample size, it is to note that for
both tau-PET metrics (temporal or whole cortical region), the amnestic
EOAD subgroup has the lowest average SUVR values.

Average patterns of amyloid- and tau-PET binding in each pheno-
type are presented in Figure 6c; results of statistical comparison are
available in Figure S3B and Table S4. Briefly, amyloid-PET patterns
were mostly identical in all four phenotypes, with 9 regions showing
group differences at uncorrected p < 0.05, but none surviving Bon-
ferroni correction. Tau-PET patterns varied across phenotypes, both
visually (Figure 6c), and as evidenced by formal comparison with 32
regions showing p < 0.05, 14 of which survived Bonferroni correction,
mostly in the occipital,temporal, and parietal cortices (Figure S3B and
Table S4).

4 | DISCUSSION

We described the baseline PET characteristics of the first 408 partici-
pants enrolled in LEADS. Among participants who met clinical criteria
for MCI or dementia due to AD, 76% were amyloid-PET-positive, of
whom 95% were also tau-PET-positive. Overall, 72% of cognitively
impaired participants meeting clinical criteria for an EOAD clinical syn-
drome fulfilled the biomarker-based definition of AD (A+T+) according
to the NIA-AA Research Framework.1©

A recent meta-analysis of 10,139 participants from 50 cohorts con-
firmed that amyloid-PET positivity rates vary with age and clinical

diagnosis.® This dataset indicated that around age 60 (our group’s
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FIGURE 5 Association between regional PET SUVR and age, sex, and MMSE in the EOAD group. Regional analyses between PET SUVR,
extracted from 68 cortical ROls from the Desikan-Killiany atlas (left column: amyloid-PET with Florbetaben; right column: tau-PET with
Flortaucipir), and age (A), sex (B), and MMSE (C). The right most panel shows the distribution of effect sizes (correlation coefficients for A and C,
Cohen’sd for B) in all 68 ROlIs. Details on the statistical measures are available in Table S2. EOAD, early-onset Alzheimer’s disease; MMSE,
Mini-Mental State Examination; PET, positron emission tomography; ROI, region of interest; SUVR, standardized uptake value ratio

average age), 39% of patients with MCl and 85% of patients with a clin-
ical diagnosis of AD dementia were amyloid-PET-positive. While our
cohort showed comparable results for patients with dementia (83.6%),
amyloid-positivity rate in LEADS participants with MCI (61.3%) was
higher than reported in the meta-analysis. This discrepancy might be
due to most existing studies focusing on amnestic MCl or all MCl sub-
types, regardless of whether AD was the suspected etiology, while our
study included MCI due to suspected AD, including non-amnestic vari-
ants. Previous research has shown that non-amnestic phenotypes like
PCA or logopenic variant PPA are very highly predictive of amyloid-
positivity.2? In LEADS, amyloid positivity rates did not significantly vary
across clinical phenotypes (Figure 6a), but this result should be inter-
preted with caution given the small sample size. Overall, the prevalence

of amyloid-negativity in LEADS is consistent with the appropriate use

criteria for amyloid-PET,** which highlight the need for biomarkers in
patients with suspected EOAD.

The tau-PET positivity was highly related to amyloid-PET results
(Figure 2): 95% of amyloid-PET-positive (EOAD) patients were tau-
PET positive, and the 12 A+T- EOAD participants had lower amyloid
burden than A+T+ cases, consistent with previous publications.** In
contrast, only six (7.7%) of the EOnonAD patients were tau-PET pos-
itive (A-T+), three of whom were unambiguously positive, with higher
tau-PET values than the average EOAD patient (Figure S1). While other
studies have documented this rare (‘A-T++”) biomarker pattern,*¢4”
interpretation remains ambiguous. Additional genetic and biofluid
analyses, and ultimately autopsy data, will be helpful to better interpret
these PET results and clarify the underlying cause of cognitive impair-

ment in these patients. A likely hypothesis, supported by Krishnadas
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FIGURE 6 Clinical phenotypes in clinically impaired participants: exploratory analyses. (A) Proportion of cases that were assigned to the
EOAD versus EOnonAD groups based on the amyloid-PET screening (see Figure 1a). (B) Summary metrics of amyloid and tau PET for each clinical
phenotype in the EOAD group (n = 196 amnestic, 18 PCA, 13 PPA, 16 other non-amnestic cases); see Figure S3 for demographic and clinical
information, and Figure S3 for tau-PET analyses using global cortical SUVR instead of temporal SUVR. Groups were compared using Welch’s
analysis of variance (“pANOVA”) and using an analysis of covariance controlling for age and sex (“pANCOVA”). (C) Regional distribution of amyloid
(Florbetaben, top) and tau (Flortaucipir, bottom) PET in each clinical phenotype in the EOAD group (same Ns as in panel B). See Table S4 and Figure
S3 for statistical comparisons. EOAD, early-onset Alzheimer’s disease; EOnonAD, early-onset non-Alzheimer’s disease; PCA, posterior cortical
atrophy; PET, positron emission tomography; PPA, primary progressive aphasia; SUVR, standardized uptake value ratio

etal.,*’ isthat these patients could have underlying AD with a false neg-
ative amyloid-PET due to a relative low burden of neuritic plaques3’
or rare Af conformation that are not detected by the radiotracer.#8-51
Alternatively, PET results could reflect afalse positive tau-PET or atrue
tau tangle-only disease, such as primary age-related tauopathy®2 or
MAPT variants associated with tau-PET-positive Frontotemporal lobar
degeneration (FTLD)-tauopathy.>®

Apart from these few tau-PET-positive cases, most EOnonAD par-
ticipants had clearly negative amyloid- and tau-PET scans. However,
it cannot be excluded that some of these participants have under-
lying AD, with neuropathology burden below PET detection levels.
This could be explained by the imperfect sensitivity of amyloid- and
tau-PET to detect intermediate levels of AD neuropathology,??>* and
consistent with the milder clinical severity observed in this group
(Table 1). Overall, the EOnonAD group likely includes a mix of vari-

ous etiologies, as suggested by previous findings in older patients.>>>¢

Yet, the non-AD etiologies mimicking a clinical presentation of EOAD
are expected to be different from LOAD-like diseases. While the latter
includes limbic-predominant age-related TDP-43 encephalopathy,®’
argyrophilic grain disease,’® and/or cerebrovascular lesions,’? these
are less likely to play arole in patients in their 50s or early 60s. Instead,
these non-AD etiologies are more likely to include FTLD subtypes and
non-neurodegenerative conditions, including psychiatric disorders.
We plan to analyze [28F]fluorodeoxyglucose-PET scans acquired in the
EOnonAD participants to identify patterns of hypometabolism sugges-
tive of non-AD diseases. Last, the longitudinal follow-up of patients
with EOnonAD with clinical, neuropsychological, imaging, genetic, and
biomarker data will help better understand which conditions mimic
EOAD.

Quantitative measures of amyloid- and tau-PET were correlated
(Figure 2c). This association was not linear, showing maximal associa-

tion in the midrange of CL, as previously noted.t%¢! The amyloid-tau
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relationship was still significant in the EOAD group only, and the asso-
ciation between amyloid-PET and clinical measures was mediated by
tau-PET. These findings are crucial in the context of anti-Ag thera-
pies. Clinical trials with several anti-AB monoclonal antibodies have
shown that significant reduction in AB plaques (as measured by PET)
is associated with lowering of soluble concentrations of phosphory-
lated tau in plasma and CSF, slowing of accumulation of tangles (as
measured by tau-PET), and less progression of cognitive and functional
decline.6263 The correlation between amyloid- and tau-PET, particu-
larly in intermediate ranges of pathology supports the premise that
lowering amyloid in this range may slow the tau accumulation. In the
phase 2 study of donanemab,®* patients in the lowest baseline tau-
PET tertile showed the greatest clinical benefit from amyloid removal.
Few data have been published on the efficacy of anti-amyloid drugs in
EOAD, but exploratory analyses in the lecanemab trial suggested that
younger patients might show less clinical benefit than older patients.t>
Based on the high baseline FTP-SUVR values seen in EOAD, one can
hypothesize that lower efficacy of amyloid removal may be due to the
higher tau burden in younger patients. The relationship between pre-
treatment tau-PET and clinical response to anti-Ag therapies should
be examined in future clinical trials and longitudinal registries of novel
therapies such as the Alzheimer’s Network for Treatment and Diagnos-
tics (ALZNET). If future research confirms the link between tau burden
and efficacy of anti-amyloid treatments, it will be crucial to study ear-
lier (potentially preclinical) stages of EOAD, when tau burden is lower
and interventions are more likely to benefit patients. Yet, the preclin-
ical phase of sporadic EOAD has not been studied, and the timing of
pathological events needs to be established in EOAD. In addition, the
present data suggest that, even in early clinical stages of the disease,
most patients with EOAD may benefit less from amyloid-lowering as
a sole therapy. Targeting inflammation or tau early on (e.g., preventing
aggregation, spread, or expression using antisense oligonucleotides®®)
may be particularly important for this population.

In EOAD patients, the magnitude of cortical tau-PET, but not
amyloid-PET was higher in younger patients, consistent with previ-
ous studies showing higher cortical tau-PET signal in EOAD compared
to LOAD#1521 and studies showing a negative correlation between
frontal and parietal tau-PET and age of onset in cohorts including
both EOAD and LOAD.® This finding of an age effect within an EOAD
group emphasizes that age of onset is a continuum rather than a binary
distribution split around an arbitrary 65-year-old threshold.®” More-
over, we replicated previous findings of female patients harboring more
advanced amyloid- and tau-PET burden than males, in spite of similar
cognitive testing scores.®® As discussed in previous publications, these
observations could be explained by younger and female patients having
higher resilience to pathology or by differences in the dynamic of dis-
ease progression. Longitudinal clinical and imaging data will help test
these hypotheses.

CN participants in LEADS had very low frequency of amyloid-
positivity (7/87, 8%) and only two cases (2%) were also positive on
tau-PET (A+T+), consistent with the published low prevalence of pre-
clinical AD in this age range.®¢?-71 We found a low prevalence of

amyloid-PET positivity in young CN in LEADS despite apparent enrich-
ment of APOE ¢4 carriers in the CN group (42.4%, double the expected
¢4 prevalence in cognitively unimpaired adults). These findings sug-
gest that detectable preclinical amyloid accumulation typically occurs
after age 65, even in APOE-¢4 carriers. It should be noted that the
CN group did not undergo the same amyloid-PET screening process
as patients with clinical impairment (Figure 1); amyloid positivity was
purely based on MRI-based FBB-PET quantification, and a 25 CL
threshold. While this cut-off was based on a PET-to-autopsy study3?
showing optimal discrimination of intermediate-to-high from absent-
to-low AD neuropathological changes,’ thresholds in the 15-25 range,
could improve sensitivity for the earliest amyloid stages to detect
preclinical AD.33:38-40.72-75

This study has limited generalizability because participants were
recruited from tertiary memory research centers in the United States
and were mostly non-Hispanic Whites. Our interpretation was also lim-
ited by the cross-sectional nature of the analyses, but we are following-
up participants over time with longitudinal PET imaging. We plan to
combine amyloid- and tau-PET data with other measures acquired
in LEADS, including clinical, neuropsychological, genetic, biofluid, and
MRI data to answer more integrated questions about EOAD patho-
physiology. Last, we plan to perform a direct comparison of PET data
acquired in LEADS with ADNI to formally compare EOAD and LOAD.

In conclusion, the analysis of baseline PET data from LEADS showed
that clinical diagnosis of EOAD is predictive of A+T+ PET biomarker
profile in 70%-75% of patients. Biomarker-positive EOAD patients
already show advanced stage of tau accumulation in the neocortex.
Younger patients and female patients show greater tau burden. This
information should be considered when selecting treatments and plan-
ning clinical trials for EOAD to identify patients who are most likely to
benefit from targeted interventions.
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