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ABSTRACT: ['8F]-4-((E)-(((E)-4-(2-(2-(2-Fluoroethoxy)ethoxy)ethoxy)benzylidene)-hydrazono)methyl)-N-methylaniline
(['®F]92) is a novel positron emission tomography (PET) tracer previously reported to exhibit high binding affinity to aggregated /-
amyloid (Af). This study aims to report a fully automated radiosynthesis procedure for ['*F]92, explore its radioactive distribution
in the brains of healthy subjects, and investigate its potential application value in the early diagnosis of Alzheimer’s disease (AD).
The fully automated radiosynthesis of ['*F]92 was performed on the AllinOne module. Thirty one participants were recruited for
this study. Dynamic ['®F]92 PET imaging was conducted over 0—90 min period to assess time—activity curves (TAC) and
standardized uptake value ratio (SUVR) curves in cognitively normal (CN) subjects. All participants were visually classified as either
positive (+) or negative (—). Semiquantitative analyses of ['®F]92 were performed by calculating SUVRs in different regions of
interest. Furthermore, the study analyzed the relationships between global SUVR and plasma AD biomarkers, including Af,,, Af,,,
P-taul81, and T-tau. The automated radiosynthesis of ['*F]92 was completed within 50 min, yielding a radiochemical purity of
greater than 95% and a radiochemical yield of 36 + 3% (nondecay-corrected). Among the participants, 15 were estimated as Af (—)
and 16 as A (+). TACs indicated that [**F]92 rapidly crossed the blood—brain barrier within 10 min, followed by a rapid decrease,
which then slowed down in the last 50—90 min. SUVR curves revealed that SUVR values stabilized around 60—70 min after
injection and reached an equilibrium between 70 and 90 min, primarily in the cerebral cortex. SUVRs of Af (+) participants were
significantly higher than those of Af (—) individuals within the cerebral cortex. In addition, Af,, and the Af,,/Af,, ratio exhibited
negative correlations with global SUVR, while plasma P-taul81 and the P-taul81/T-tau ratio displayed positive correlations with
global SUVR. ['®*F]92 exhibits excellent pharmacokinetic properties in the human brain and can be synthesized automatically on a
large scale. ['®F]92 is a promising and reliable radiotracer for estimating Af3 pathology accumulation, providing valuable assistance in
AD diagnosis and guiding clinical trials of therapeutic drugs.

B INTRODUCTION The A deposition is believed to occur 10—30 years before the

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder that accounts for the majority of cases of senile
dementia. It is characterized by the aggregation of extracellular
f-amyloid (Af) plaques and the formation of intracellular
neurofibrillary tangles (NFTs) composed of tau protein in
cerebral tissue.”” According to the A cascade hypothesis,
excessive Af deposition is an early event in AD, occurring before
other pathophysiological processes such as NFTs, neuro-
inflammation, synaptic dysfunction, and neuronal death.>~>

onset of dementia symptoms.® Therefore, the National Institute
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Figure 1. ['®F]92 PET/CT images in different diagnosed participants. (A) showed the group of [ '*F]92 negative (1 CN: male, 72 y, MMSE = 27, CDR
= 0; 1 MCI: male, 64 y, MMSE = 26, CDR = 0.5; 1 Non-ADD: female, 52 y, MMSE = 8, CDR = 1). (B) (1 CN: male, 69 y, MMSE =28, CDR = 0; 1
MCI: male, 66 y, MMSE = 16, CDR = 0.5; 1 AD: female, 57 y, MMSE = 4, CDR = 1).

Table 1. Demographic and Clinical Characteristics of all Participants®

characteristic total (n = 31) AB (=) (n=15) AB (+) (n=16) test value p value
gender, M/F 15/16 8/7 7/9 0.285 0.724
age, mean (SD), years 62.58(7.77) 60.00(8.87) 65.00(5.87) —-1.704 0.088
education, mean (SD), years 9.52(3.89) 9.40(3.92) 9.63(4.00) —0.020 0.984
APOE &4 carriers, n (%) 17(54.8%) 5(33.3%) 12(75.0%) 5427 0.020
MMSE, mean (SD) 23.03(6.75) 22.73(8.73) 16.31(7.24) ~0.020 0.018
CDR, mean (SD) 0.65(0.57) 0.37(0.58) 0.91(0.42) —3.086 0.002

“SD: standard deviation; APOE: Apolipoprotein E; MMSE: Mini-Mental State Examination; CDR: Clinical Dementia Rating,

on Aging-Alzheimer’s Association (NIA-AA) has proposed the
Ap-tau-neurodegeneration classification framework, which
defines the presence of Af as a pathological change indicative
of AD.”

Currently, the assessment of changes in Af pathology in the
brain relies on measuring the levels of Af,, and the Af,,/AB.,
ratio in plasma or cerebrospinal fluid (CSF), as well as utilizing
AP positron emission tomography (PET). While plasma offers
greater accessibility and allows for repeated sampling compared
to CSF, the low levels of Af peptide in plasma and limitations in
detection sensitivity have led to inconsistent results.® CSF,
although more accurate for evaluating Af load in the brain, is
hindered by the invasiveness of collection, limiting its wide-
spread clinical application.”” In contrast, AB PET holds promise
in providing valuable insights into the pathology underlying
dementia. Its visualization and quantitative analysis contribute
to enhancing clinical evaluation, individualized management,
and clinical trials."”~"* Consequently, significant efforts have
been dedicated to exploring and developing specific Af
radiotracers for PET scans.

[“C]Pittsburgh compound B ([''C]PIB) was the pioneer in
successfully serving as a selective Af radiotracer for clinical
diagnosis.B However, the short radioactive half-life of ''C (t,, =
20.4 min) rendered it inconvenient for widespread use.
Subsequently, radiotracers labeled with *F (t,,, = 109.8 min)
were developed, including ['*F]Florbetapir,'* ['*F]-
Flutemetamol,* and ['*F]Florbetaben,'® all of which received
approval from the U.S. Food and Drug Administration (FDA) in
2012, 2013 and 2014, respectively. These compounds,
derivatives of Thioflavin T and stilbene scaffold, have
demonstrated high sensitivity and specificity in detecting Af
deposition and predicting progression, as confirmed by related
reports.' ' Nevertheless, they have consistently exhibited an
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issue with high nonspecific binding in white matter, potentially
disrupting early diagnosis and sensitive detection.'’

Recently, we reported a novel asymmetric diaryl-azine-based
AB PET tracer, ["*F]-4-((E)-(((E)-4-(2-(2-(2-fluoroethoxy)-
ethoxy)ethoxy)benzylidene)-hydrazono)methyl)-N-methylani-
line (['*F]92), with exceptional binding affinity to synthetic Af
aggregates and Af3 plaques in the AD brain.”’ Notably, ['*F]92
demonstrated superior brain pharmacokinetic properties in both
rodents and nonhuman primates. Furthermore, the first-human
PET study with a small sample size indicated that ['®F]92
exhibited low white matter uptake and effectively bound to Af
pathology, enabling the differentiation of AD patient from
healthy control subject. These findings collectively suggest that
['®F]92 holds promise as a PET tracer for visualizing Af
pathology in AD patients. Consequently, this study aims to
report the fully automated radiosynthetic procedure for ['*F]92
and further investigate its pharmacokinetic properties in the
human brain, along with its diagnostic value for AD in a large
sample of subjects.

B RESULTS AND DISCUSSION

Automatic Synthesis and Quality Control of ['®F]192.
The final ['®F]92 solution, filtered through a sterile 0.22 ym
filter, appears as a colorless and transparent liquid without any
suspended particles. pH testing confirmed a stable pH range of
6—7 within 3 h. The radiochemical purity, assessed through
analytical HPLC, was determined to exceed 95%. The
formulated ['®F]92 was obtained with nondecay corrected
radiochemical yields of 36 & 3% (n = 8) in SO min.

Visual Assessment and Participant Characteristics.
Thirty-one participants successfully completed all examinations.
In this study, [**F]92 PET can visually evaluate cerebral Af
status in individuals with normal cognition and cognitive
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Figure 2. TACs (A) and SUVR curves (B) of ['®F]92 PET in the same cognitive normal participant.

impairment. Among A} (—) individuals, ['®F]92 retention was
mainly restricted to white matter (Figure 1A), while Af (+)
individuals showed ['®F]92 deposition in the cerebral cortices
(Figure 1B), as observed in various diagnosed cases. As a result,
one participant in the cognitive normal (CN) group was
identified A (+), and six participants in the cognitive
impairment (CI) group were Af3 (—). Therefore, 15 participants
were ultimately categorized as Af} (—), and 16 participants were
designated as Af} (+). The demographic and clinical character-
istics of the two groups are presented in Table 1. No significant
differences in gender, age, or education were observed between
Apf (=) and Ap (+) groups. However, APOE &4 carrier rate in
the A (+) group was significantly higher than that in the Af (—)
group (p = 0.020). Additionally, neuropsychological tests,
including MMSE and CDR, revealed poorer performance in the
Ap (+) group compared to the A (=) group (p = 0.018, p =
0.002, respectively).

Time—Activity Curves of ['®F]92 PET in Cognitive
Normal Participants. Two cognitively normal participants
voluntarily underwent continuous dynamic PET acquisition for
90 min. TACs indicated that ['*F]92 rapidly crossed the blood—
brain barrier, peaking immediately after injection, and
predominantly accumulated in the cortices within 10 min.
Radioactivity exhibited a swift decline within the first 50 min
postinjection, followed by a gradual decrease from 50 to 90 min
(Figure 2A). SUVR curves revealed that SUVR values stabilized
around 60—70 min after injection, reaching equilibrium between
70 and 90 min in most cortices (Figure 2B). In summary, our
observations regarding the pharmacokinetic properties in

humans were consistent with our previous study in rhesus
monkeys.”” Consequently, all remaining participants underwent
static ['®F]92 PET acquisition from 60 to 90 min after injection.
Semi-quantitative Analyses of ['®F]92 PET. Semi-
quantitative analyses (Table 2) indicated that the SUVRs in
the ['®F]92 positive group were significantly higher than those
in the ['®F]92 negative group in the major cerebral cortices
including the bilateral frontal lobe, parietal lobe, temporal lobe,
occipital gyrus, posterior cingulate cortex, precuneus, and deep
gray matter-basal ganglia. However, no significant difference was
observed in the bilateral hippocampus. In addition, the SUVR in
the left thalamus was higher in the ['®F]92 positive group
compared to the ['®F]92 negative group, but there was no
significant difference in the right thalamus. Furthermore, a
global SUVR of gray matter was calculated, showing higher
accumulation in the ['®F]92 positive group compared to the
[*F]92 negative group (p < 0.001). The determined cutoff value
for discriminating Af status was 1.18, with an AUC of 0.963.
Associations between ['®F]92 Uptake and Plasma AD
Biomarkers. The plasma AD biomarkers of all participants
were measured to further assess the associations with the global
SUVR of ['*F]92. The results demonstrated that Af,, and the
AP,/ AP, ratio were negatively correlated with global SUVR (r
= —0.616, p = 0.0002; r = —0.555, p = 0.001, respectively)
(Figure 3A,C), while plasma P-taul81 and P-taul81/T-tau ratio
exhibited a positive correlation with global SUVR (r=0.51S,p =
0.003; r = 0.568, p = 0.001, respectively) (Figure 3D,F). Besides,
no significant associations were found between plasma Af,, and
global SUVR (r = —0.024, p = 0.899) (Figure 3B), as well as
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Table 2. Comparison With SUVR Between ['*F]92 PET
Negative and Positive

parameter
(SUVR)

global gray

matter

frontal lobe
parietal lobe
temporal lobe
occipital gyrus
thalamus
basal ganglia

posterior
cingulate
cortex

precuneus

hippocampus

frontal lobe
parietal lobe
temporal lobe
occipital gyrus
thalamus
basal ganglia

posterior
cingulate
cortex

precuneus

hippocampus

normalized ['*F]92 uptake

Ap (=)
1.074 % 0.040

Ap (+)
1.367 + 0.138

left cerebral area

1.088 + 0.05S5 1.425 + 0.160
1.036 + 0.076 1.373 £ 0.196
1.050 + 0.071 1.392 + 0.150
1.185 + 0.065 1.506 + 0.206
1.204 + 0.095 1.284 + 0.119
1.113 + 0.091 1.285 + 0.150
1.225 + 0.068 1.599 + 0.172
1.082 + 0.072 1.543 + 0.220
1.085 + 0.095 1.094 + 0.093
right cerebral area
1.039 + 0.060 1.363 + 0.165
0.954 + 0.079 1.266 + 0.185
1.042 + 0.044 1.356 + 0.146
1.134 + 0.065 1.462 + 0.215
1.272 + 0.079 1.327 £ 0.112
1.172 + 0.073 1.339 + 0.140
1.321 + 0.082 1.541 £ 0.138
1.139 + 0.065 1.589 + 0.218
1.123 + 0.092 1.091 + 0.107

test value

—8.144

—7.941
—6.392
—8.205
—-5.931
—2.062
—3.832
—8.041

—7.926
—0.258

—7.358
—6.151
—8.218
—5.813
—-1.572
—4.130
—5.456

—7.881
—0.888

p value

<0.001

<0.001
<0.001
<0.001
<0.001

0.048
<0.001
<0.001

<0.001
0.799

<0.001
<0.001
<0.001
<0.001

0.127
<0.001
<0.001

<0.001
0.382

between T-tau and global SUVR (r = 0.201, p = 0.286) (Figure

3E).

This study marks the initial investigation of ['*F]92 PET/CT
in a diverse cohort of individuals with varying cognitive statuses,
including cognitively normal subjects and those with cognitive
impairments. This investigation revealed that ['*F]92 efficiently
crosses the blood—brain barrier, enters the brain within 3 min,
and exhibits efficient clearance. The scans acquired at 60—90

min after injection provide stable SUVRs, so it can be
recommended for static acquisitions. Previous research
suggested the uptakes of the skull in reported Af or tau PET
tracers were associated with off target, gender, and bone density,
which may affect the quantitative analysis.”’ However, we
observed no radioactive uptake of ['®F]92 in the skull, as
evidenced in both dynamic and static scans across all
participants. These results align with previous research
conducted in a nonhuman primate study,”® which demonstrated
that ['®F]92 exhibits high binding affinity to Af3 aggregates (K, =
10.1 # 0.07 nM) and favorable lipophilicity (log D = 2.05 +
0.07). Furthermore, the uptake pattern of ['®F]92 in cerebral
tissue closely resembles that of ['®F]Florbetapir and ['®F]-
Florbetaben.””** Due to its favorable brain pharmacokinetic
properties, ['*F]92 holds promise as a valuable tool for
visualizing Af pathology by PET scans in AD.

Following standard practice, this study employed a classical
binary classification for visually assessing brain Af status. The
classification divided global Af pathology into two categories:
positive and negative. Similar to the behavior of other clinically
used A PET radiotracers,'”** ['SF]92 negative cases displayed
restricted radiotracer binding primarily in the white matter,
preserving the gray—white matter contrast. In contrast, [lsF]92
positive cases exhibited cortical gray matter uptake equal to or
greater than that in the white matter, leading to a loss of gray-
white matter contrast. Meanwhile, the subjects with A deposits
showed more severe cognitive deterioration. A PET is a crucial
tool for diagnosing AD, but it is important to note that Af
deposition also occurs in cognitively normal populations.
Previous studies have indicated that the negative rate of Af
PET falls within the range of 70 to 90% in cognitively normal
older individuals. This means that a considerable percentage of
them carry a significant Af burden, which is supposed to be
related to the age and the presence of APOE &4 allele,”"*
potentially elevating their risk of developing MCI or dementia in
subsequent years.”® In our study, we observed mild ['*F]92
retentions in the bilateral frontal lobe, parietal lobe, and
temporal lobe of a 69 year-old CN subject carrying the APOE ¢4
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Figure 3. Associations between plasma AD biomarkers and global SUVR of [**F]92. (A—F): the associations between Ay, Ao, ABir/ APyo ratio, P-
taul81, T-tau, P-taul81/T-tau ratio and global SUVR.
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allele (Figure 3B). Consequently, we have been continuously
monitoring the plasma AD biomarkers of this specific subject.

In this study, we employed the most widely accepted method
to quantify the uptake of ['*F]92 in regions known to exhibit Aj3
deposition. We calculated the SUVRs of bilateral large regions of
the cerebral cortex and deep gray matter, using the cerebellar
gray matter as a reference. The results indicated that SUVRs of
major gray matter regions in the Af+ group were significantly
higher than those in the Af— group, consistent with our visual
observations. However, the SUVRSs of the bilateral hippocampus
showed no significant difference between the left and right sides.
This suggests that the hippocampus may lack sensitivity in
discriminating Af status, possibly due to its relatively small
volume and frequent association with cerebral atrophy, leading
to partial volume effects.”” Additionally, no significant difference
in SUVR was observed in the right thalamus between the two
groups, which is likely attributed to the limited sample size.

Global SUVR is a standard and valuable parameter for
assessing the degree of global Af accumulation, increasingly
used in antiamyloid clinical trials and for staging an individual’s
Ap pathology progression.”*™** In our study, global SUVR
effectively distinguished the Af+ group from the Af— group
with an impressive AUC of 0.963 at an SUVR threshold of 1.18.
This cutoff value closely approximated the global SUVR
thresholds reported in previous ['*F]Florbetapir PET/CT
studies, despite minor differences in data collection methods
and reference brain regions.sd'_37 Furthermore, we conducted an
analysis of the correlations between plasma AD biomarkers and
the global SUVR of ["*F]92 to assess the consistency of cerebral
Af deposition with plasma biomarkers. The results showed that
Ap,, and the AB,,/Ap,, ratio exhibited a negative correlation
with global SUVR, while P-taul81 and the P-taul81/T-tau ratio
displayed a positive correlation with global SUVR. These
findings align with our previous research on the relationships
between global SUVR from ['®F]Florbetapir PET and plasma
AD biomarkers in a cohort study on dementia population.”
Currently, it is reported that commercially available A PET
were correlationed with plasma AD biomarkers, and Af42/40
and P-taul81 demonstrated higher agreement with PET
ﬁndings,‘w_42 Therefore, the results of our study also validate
the reliability of ['®F]92 from this perspective. In addition,
quantitative analysis of ['®F]92 PET provides valuable insights
for clinical applications.

This study has several limitations. First, the relatively small
number of participants prevented an analysis based on MCI or
dementia types. As a result, we are unable to discern the
differences in Af deposition between MCI and AD patients as
assessed by ['®F]92 PET. Initial A deposition is believed to
occur in both the striatum and precuneus,”* and A deposition
levels are weakly related to the severity of dementia symptoms in
individuals with late-onset AD.** Therefore, a more compre-
hensive evaluation of the relationship between the degree of Af
deposition and the AD continuum will be essential to confirm
the clinical utility of ['*F]92. This will be a focus of our future
work, which will include a larger participant pool. Second, our
study did not include dynamic scans for subjects with cognitive
impairment, as they may have difficulty cooperating with longer
examinations. Notably, previous studies have suggested that the
washout speed of Af PET tracers in the cerebral cortex of AD
patients is slower than that in normal controls.** Third, CSF AD
biomarkers are complementary to A PET and play a crucial role
in clinical diagnosis and trials. However, this study did not assess
the correlations between ['*F]92 PET and CSF AD biomarkers.

B CONCLUSION

In summary, ["*F]92 could be synthesized automatically on a
large scale using the AllinOne radiosynthesis module. It was
prepared with a nondecay corrected radiochemical yield of 36 +
3% and exhibited high radiochemical purity in less than 60 min.
Dynamic PET scans of ['®F]92 demonstrated excellent
pharmacokinetic properties in the human brain, recommending
static PET scans with imaging windows around 60—90 min.
Both visual assessment and semiquantitative analyses indicate
that ['®F]92 is a promising novel radiotracer for estimating the
location and extent of Af pathology accumulation, which is
valuable for diagnosing AD and guiding clinical trials. Although
['®F]92 PET exhibits some correlation with plasma AD
biomarkers, further research with larger cohorts is needed to
fully validate the clinical application of this tracer.

B MATERIALS AND METHODS

Participants and Cognitive Assessments. A total of 38
initial participants, aged from 48 to 74, were recruited from the
cognitive impairment center of the Department of Neurology at
the First Affiliated Hospital of University of Science and
Technology of China (USTC) between September 2020 and
February 2021. Our study protocol was approved by the hospital
ethics committee (2020KY-203) and conducted in accordance
with the 1964 Declaration of Helsinki. Written informed
consent for imaging was obtained from all participants.
Comprehensive assessments were conducted, including detailed
medical history collections, nervous system examination, brain
magnetic resonance imaging (MRI) scan, and neuropsycho-
logical evaluation, including Mini-Mental State Examination
(MMSE) and Clinical Dementia Rating (CDR) test. According
to the NINCDS/ADRDA (National Institute of Neurological
Disorders and Stroke—Alzheimer Disease and Related Dis-
orders), DSM-IV (Diagnostic and Statistical Manual of Mental
Disorders), and the revised consensus criteria of the Interna-
tional Working Group on Mild Cognitive Impairment
(MCI),%_49 participants were categorized into two groups:
the cognitive normal (CN) group and the cognitive impairment
(CI) group. The CN group had a CDR of 0, while the CI group
had a CDR of 0.5 or greater. During the study, five participants
from both the CN and CI groups withdrew, and three
participants in the CI group were excluded due to scanning
failure. The study flowchart is presented in Figure 4.

Chemicals and Reagents. The reagents and solvents were
purchased from Sigma (Sigma-Aldrich, MO, USA) without
further purification. The cartridges were purchased from Waters
(Waters, MA, USA). The precursor of ['®F]92 was obtained
from Beijing Normal University.

Automatic Synthesis and Quality Control of ['®F]192.
For the automatic synthesis of ['®F]92, the AllinOne module
(Trasis, Ans, Belgium) was adapted and utilized at the
Department of Nuclear Medicine, First Affiliated Hospital of
USTC. ["*F]Fluoride was produced on-site using the Eclipse RD
Cyclotron system (Siemens Healthcare, Germany) by irradiat-
ing ['"*O]H,0 with 11 MeV protons. The resulting [ **F]fluoride
was delivered to the radiosynthesis module and passed through a
preactivated QMA cartridge. The trapped ['*F]fluoride was
eluted within a 1 mL solution of K, ,,/K,COj5 in acetonitrile—
water (15 mg K, ,, and 1.5 mg K,CO;, acetonitrile/water = 9:1,
v/v). The mixture was then dried under vacuum conditions.
Subsequently, 3.0 mg of precursor in 1.0 mL of anhydrous
acetonitrile was added into the dried reactor, and the mixture
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Initial participants in our study from the
cognitive impairment center (n=38)

! !

Cognitive normal group Cognitive impairment group
(n=12,CDR=0) (n=26, CDR=0.5-2)

Excluded
Withdrawal of the
consent (n=2)

Excluded
Withdrawal of the

consent (n = 3)
Scanning failure

Visual assessment

(n=2)
[8F]92 PET (-) ['8F]92 PET (+) ['8F]92 PET (-) [18F]92 PET (+)
(n=9) (n=1) (n=26) (n=15)

Figure 4. Flowchart shows the initial and excluded participant
populations in this study.

was heated to 100 °C for 8 min. After cooling to room
temperature, the reaction mixture was diluted with 7 mL of
water and transferred to the HPLC loop under N, pressure. It
was then injected into a semipreparative column and eluted with
60:40 CH;CN/H,O solution containing 500 mg NaAsc ata 5.0
mL/min flow rate. The formulated ['®F]92 was captured in a
C18 cartridge to remove the HPLC solvent and then formulated
with EtOH and WFI (water for injection). The radiochemical
purity was determined by analytical HPLC (Brownlee Validated
AQ C18 Column —5 pm, 250 mm X 4.6 mm, Agilent
Technologies, USA) using a 60:40 CH;CN/H,O mixture at a
flow rate of 1.0 mL/min, monitored at A = 250 nm.

['®F192 PET/CT Image Processing. [*F]92 PET/CT
images were acquired from all participants using a PET/
computed tomography (CT) scanner (Biograph 16HR, Sie-
mens Healthcare, USA) at the Department of Nuclear Medicine,
First Affiliated Hospital of USTC. Two CN subjects underwent
dynamic brain scans immediately after tracer injection over a 0—
90 min period, while the rest of the participants underwent PET
scans within 60—90 min after injection. The administered dose
of [*®F]92 was measured at 259.0 + 25.9 MBq. The time interval
between body fluid detection and imaging examinations,
including PET/CT and MRI scans, was maintained within
three months for each participant. PET images were
subsequently categorized as positive (+) or negative (—)
through consensus reached by two professional physicians
from the Department of Nuclear Medicine, following a binary
visual assessment, as previously reported.”

PET Image Preprocessing and Analysis. Data prepro-
cessing was carried out using SPM12 software (http://www.fil.
ion.uclac.uk/spm). Initially, the MRI T1W images were
segmented into brain tissues and then spatially normalized to
a custom template generated using DARTEL (Diffeomorphic
Anatomical Registration Through Exponentiated Lie Algebra)
methods. The frames of the whole uptake PET images were
aligned to the middle frame. The middle frame was then
coregistered to the corresponding T1 image and subsequently
spatially normalized to the custom template. The spatial
normalization transformation parameters were applied to the
dynamic PET frames. Finally, all dynamic PET images were
transformed into the montreal neurological institute (MNTI)
space and smoothed using a 6 mm full-width at half-maximum
(fwhm) Gaussian kernel. This preprocessing was conducted for
subsequent TAC analysis and SUVR analysis.
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For ROI definition, the automated anatomic labeling (AAL)
atlas was used. Atlas-based parcellation of PET images was
employed to extract ROI encompassing the cerebellar regions,
frontal lobe, parietal lobe, temporal lobe, occipital gyrus,
thalamus, basal ganglia, posterior cingulate cortex, precuneus,
and hippocampus. Gray matter probability map threshold at 0.8
was used as a global gray matter mask to derive the global SUVR.
The standardized uptake value (SUV), calculated by normaliz-
ing mean ROI uptake using injected dose and body weight, was
used to generate TAC for each dynamic PET frame. The
cerebellar regions, positioned over cerebellar gray matter, were
selected as the primary reference region for calculating SUVR.

Blood AD Biomarker Processing and Measurements.
Plasma levels of Af,,, Af,, P-taul8l, and T-tau for all
participants were assessed using the Simoa platform. Samples
were collected and stored at —80 °C, then analyzed following the
manufacturer’s protocol. P-Taul81 was quantified using the P-
taul81 Advantage V2 kit (Quanterix, 103714), while T-tau,
A,y and Af,, were measured using Neuro 3-plex A kit
(Quanterix, 101195) on the HD-X platforms (Quanterix),
following the manufacturer’s instructions. Using PCR amplifi-
cation and Hhal (NEB, R0139S) digestion to determine the
Apolipoprotein E (APOE) genotype according to the previous
study.”" All samples were manually diluted and analyzed in
duplicate.

Statistical Analysis. GraphPad Prism (Version 9.0; Graph-
Pad Software, San Diego, CA) and SPSS software (Version 26.0;
IBM Corp, Armonk, NY) were employed for all statistical
analyses and chart creation. Categorical data were presented in
frequency and percentage and analyzed by Pearson’s chi-square
test. For normally distributed continuous data, mean + standard
deviation and one-way analysis of variance were employed.
Outliers, defined as data values exceeding three times the
standard deviation of the mean, were excluded. The relationship
between two variables was assessed using Pearson’s correlation
test if both data sets followed a normal distribution; otherwise,
Spearman’s rank test was adopted. The area under the ROC
curves (AUC) served as a metric to quantify classifier
performance. The cutoff value derived using maximizing
Youden Index were adopted for differentiating Af status.
Two-tailed p-values less than 0.05 were considered indicative of
statistical significance.
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