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Purpose: Early-onset Alzheimer disease (EOAD) is rare, highly heteroge-
neous, and associated with poor prognosis. This AT(N) Framework–based
study aimed to compare multiprobe PET/MRI findings between EOAD
and late-onset Alzheimer disease (LOAD) patients and explore potential im-
aging biomarkers for characterizing EOAD.
Methods: Patients with AD who underwent PET/MRI in our PET center
were retrospectively reviewed and grouped according to the age at disease
onset: EOAD, younger than 60 years; and LOAD, 60 years or older. Clinical
characteristics were recorded. All study patients had positive β-amyloid
PET imaging; some patients also underwent 18F-FDG and 18F-florzolotau
PET. Imaging of the EOAD and LOAD groups was compared using
region-of-interest and voxel-based analysis. Correlation of onset age and re-
gional SUV ratios were also evaluated.
Results:One hundred thirty-three patients were analyzed (75 EOAD and 58
LOAD patients). Sex (P = 0.515) and education (P = 0.412) did not signif-
icantly differ between groups. Mini-Mental State Examination score was
significantly lower in the EOAD group (14.32 ± 6.74 vs 18.67 ± 7.20,
P = 0.004). β-Amyloid deposition did not significantly differ between
groups. Glucose metabolism in the frontal, parietal, precuneus, temporal,
occipital lobe, and supramarginal and angular gyri was significantly lower
in the EOAD group (n = 49) than in the LOAD group (n = 44). In
voxel-based morphometry analysis, right posterior cingulate/precuneus at-
rophy was more obvious in the EOAD (P < 0.001), although no voxel sur-
vived family-wise error correction. Tau deposition in the precuneus, pari-
etal lobe, and angular, supramarginal, and right middle frontal gyri was
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significantly higher in the EOAD group (n = 18) than in the LOAD
group (n = 13).
Conclusions: Multiprobe PET/MRI showed that tau burden and neuronal
damage are more severe in EOAD than in LOAD. Multiprobe PET/MRI
may be useful to assess the pathologic characteristics of EOAD.

Key Words: 18F-FDG, amyloid PET, early-onset Alzheimer disease,
PET/MRI, tau PET

(Clin Nucl Med 2023;48: 474–482)

A lzheimer disease (AD) is the most common cause of dementia
and is characterized by learning and memory impairment,

aphasia, agnosia, dysfunction of visual and spatial skills, change
in abstract thinking, and gradual impairment of activities of daily
living.1 Age has an impact on AD heterogeneity and is used to clas-
sify patients into early- and late-onset forms of the disease.
Early-onset AD (EOAD) accounts for approximately 5% to 10%
of all AD cases.2 Although rare, its burden on families and public
health systems is considerable. Early-onset AD is not simply
late-onset AD (LOAD) at a younger age: clinical manifestations
and pathological features substantially differ between the 2 forms.3

Atypical clinical manifestations such as visuospatial, language, and
executive dysfunction are more common in EOAD.3–5 Early-onset
AD is also highly heterogeneous, progressesmore rapidly, and is as-
sociated with worse prognosis.5 Therefore, early evaluation and di-
agnosis are critical.

The main pathological features of AD include extracellular
β-amyloid (Aβ) plaques and intracellular neurofibrillary tangles
and have been detected more than 10 years before symptoms ap-
pear.6,7 Autopsy studies have shown that the pathological burden
of Aβ plaques and neurofibrillary tangles is greater in EOAD than
in LOAD.3 The National Institute on Aging and the Alzheimer's
Association has recently established the AT(N) Framework for
defining AD.8 This framework is based on biomarkers and applies
neuroimaging, including PET and MRI, to visualize and track
pathophysiological changes.6,8,9

Several studies have reported that EOAD exhibits more severe
cortical atrophy, greater reduction in cerebral metabolism, and a
higher degree of tau deposition than LOAD.9–15 However, because
of heterogeneity, heredity, and other factors, imaging features may
overlap.14,16 The impact of age at onset on Aβ deposition is controver-
sial. Although several studies have reported that Aβ uptake is similar
between EOAD and LOAD,9,17 others have found that Aβ deposi-
tion is higher in certain brain regions in patients with EOAD.11,18

An imaging biomarker that reliably characterizes EOAD has
not yet been identified. Previous neuroimaging studies in EOAD
patients have mostly focused on a single modality or molecular
probe. An objective mean of characterizing EOAD would provide
considerable benefits from both clinical and research perspectives.
linical Nuclear Medicine • Volume 48, Number 6, June 2023
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This study aimed to compare multiprobe PET/MRI findings be-
tween EOAD and LOAD patients and explore potential imaging
biomarkers for characterizing EOAD.
PATIENTS AND METHODS

Subjects
The study was approved by the Ethics Committee of Union

Hospital Affiliated Tongji Medical College, Huazhong University
of Science and Technology (2019-S1208) and registered at
ClinicalTrials.gov (NCT05003830). All patients and/or their fam-
ilies provided written informed consent.

Inclusion criteria included AD diagnosis according to the
2011 National Institute on Aging and the Alzheimer's Association
diagnostic criteria19 and positive Aβ PET imaging by visual assess-
ment. Patients with significant cerebrovascular disease (multiple or
extensive cerebral infarction), dementia due to other reasons (such
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FIGURE 1. Flowchart for screening of AD patients (A) and proces
processing steps: (A,B) format conversion of original PET andMRI
with linear transformation.D and E, The individualized atlas templa
WM, and CSF. G, The regions of interest extraction and image an
white matter; CSF, cerebrospinal fluid.
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as Dementia with Lewy bodies, Parkinson disease with dementia,
and so on) or other cognitive dysfunction, history of substance abuse
or dependence, and history of epilepsy were excluded. At least 1 in-
tegrated PET/MRI was performed for each patient. The authors also
excluded patients with claustrophobia, thosewho could not cooperate
with the PET/MRI, and patients whose scans were of poor quality
due to movement artifact. The time span for patients' selection was
fromOctober 2017 to December 2021. The study flowchart is shown
in Figure 1A.

Clinical Evaluation
Data regarding sex, age, age at AD onset, and education level

were recorded. Cognitive function was assessed using theMini-Mental
State Examination (MMSE). Patients were grouped according to
age at disease onset: EOAD, onset before age 60 years; and LOAD,
onset at age 60 years or after. Clinical assessments were performed
by 2 experienced neurologists.
sing of PET/MRI scans (B). B, PET and MRI scan analysis
scans.C, T1 image generates the inverse deformationmatrix
te construction. F, T1 imageswere segmented to acquireGM,
alysis. H, The results visualization. GM, gray matter; WM,
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PET Imaging Probes
Four imaging probes, 11C-Pittsburgh compound B (PIB),

18F-AV45, 18F-FDG, and 18F-florzolotau (previously known as
18F-APN 1607), were produced in our PET center (radiochemical
purity >95%). Detailed methods of preparation are listed in the Sup-
plemental Digital Content, (http://links.lww.com/CNM/A421).

Before imaging, nervous system–related drugs were stopped
for more than 12 hours. For 18F-FDG PET, patients fasted for more
than 6 hours before the scan; imaging was performed, provided pa-
tient blood glucose concentration was less than or equal to 200mg/L.
All probes were administered intravenously (3.7–5.5 MBq/kg). Am-
yloid PET imaging (11C-PIB or 18F-AV45) was acquired 50 minutes
after injection and collected for a total of 20 minutes. 18F-FDG imag-
ing was acquired approximately 45 minutes after for 15 minutes, and
tau imaging was acquired 90 minutes after for 20 minutes.
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Image Acquisition and Reconstruction
PETwas performed using a 3.0 T hybrid time-of-flight PET/

MRI scanner (SIGNA; GE Healthcare, Chicago, IL) or PET/CT
scanner (Discovery VCT; GE Healthcare). All scans were com-
pleted within 2 months for each patient. PET was performed in
3-dimensional (3D) acquisition mode.

For PET/MRI, the total scanning time for PETwas 15minutes.
MRI scanning sequence included 3D T1-weighted imaging,
T2-weighted imaging, T2-FLAIR, diffusion-weighted imaging,
susceptibility-weighted imaging, and 3D-arterial spin labeling. Based
on the time-of-flight technique, the PET data were reconstructed
using the ordered subset expectation maximum algorithm. The
PETattenuation correction was atlas-basedMRI attenuation correc-
tion, combined with Dixon water-fat separation methods.

For PET/CT, CT scanning was performed after a CT scout
view (tube voltage, 120 kV; tube current, 110 mAs; scan thickness,
3.75 mm). PET image was reconstructed using a 3D ordered subset
expectation maximum algorithm. A low-dose CT transmission scan
was performed for attenuation correction.
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Image Preprocessing and Analysis
The preprocessing workflow for PET/MRI images is shown

in Figure 1B. Original images were in Digital Imaging and Commu-
nications in Medicine format. Preprocessing was performed using
the Statistical Parametric Mapping 12 package (http://www.fil.ion.
ucl.ac.uk/spm) in Matlab2020b (MathWorks, Natick, MA). Specific
steps are shown in detail in the Supplemental Digital Content,
(http://links.lww.com/CNM/A421). Image analysis was performed
using voxel-based group comparison and region of interest
(ROI)–based group quantitative analysis.
TABLE 1. Demographic and Clinical Parameters of Alzheimer Dis

Characteristics Mean ± SD Range

Sex
Male 50
Female 83

Age at onset, y 58.93 ± 8.53 35–79
Age at PET scan, y 62.08 ± 8.03 42–81
Education, y 9.71 ± 4.12 0–22
MMSE score 16.22 ± 7.25 1–29

476 www.nuclearmed.com
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Voxel-Wise Group Comparison Analysis
The 2-sample t test was used to compare variations in cortical

atrophy, hypometabolism, and Aβ and tau deposition between the
EOAD and LOAD groups with MMSE score as a covariate. Total
intracranial volume was used as a covariate in the examination of
cortical atrophy. The resulting t-maps were displayed on a Mon-
treal Neurological Institute template brain with significance
threshold set at P < 0.001. Family-wise error (FWE) correction
at the cluster level was applied for multiple comparisons with a sig-
nificance threshold of P < 0.05. If the cluster size was less than 30
voxels, it was eliminated as noise. The Montreal Neurological Insti-
tute coordinates of the local maximum of each cluster were con-
verted into Talairach coordinates.

ROI-Based Group Quantitative Analysis
The mean SUV (SUVmean) and SUV ratio (SUVR) of each

region were obtained as previously described.20,21 β-Amyloid or
tau PET and 18F-FDG PET images were normalized using cerebel-
lar cortex and whole-brain mean values, respectively. β-Amyloid
PET imaging was carried out with 11C-PIB or 18F-AV45.

Statistical Analysis
Continuous variables are expressed as means with SD. Categor-

ical variables are expressed as percentages. The independent-sample
t test or Mann-Whitney U test was used to compare regional SUVR
and clinical parameters between groups as appropriate. Comparison
between sexeswas performed using theχ2 test. Pearson or Spearman
analysis was used to assess the correlation between SUVR of ROIs
and onset age. P < 0.05 was considered significant. Statistical anal-
yses were performed using SPSS software version 21.0 (IBM
Corp, Armonk, NY).
RESULTS

Patient Characteristics
One hundred thirty-three AD patients were included for anal-

ysis. Patient characteristics are shown in Table 1. The EOAD group
comprised 75 patients, and the LOADgroup comprised 58. Although
sex (χ2 = 0.424, P = 0.515) and education level (P = 0.412) did not
significantly differ between the groups, MMSE score was signifi-
cantly lower in the EOAD group (P = 0.004).

Structural Changes on MRI
The EOAD group had no more severe atrophy region com-

pared with the LOAD group after FWE correction (P > 0.05). In
contrast, the LOAD group showed a higher left anterior cerebellar
lobe atrophy than the EOAD group (P = 0.004). Detailed results
ease Patients

Grouping

PEOAD (n = 75) LOAD (n = 58)

30 (22.6%) 20 (15.0%) 0.515
45 (33.8%) 38 (28.6%)
52.72 ± 4.56 66.98 ± 4.96 0.000
56.49 ± 4.84 69.29 ± 4.97 0.000
9.40 ± 4.59 10.10 ± 3.42 0.412
14.32 ± 6.74 18.67 ± 7.20 0.004

© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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are shown in Table S1 and Figure S1 (Supplemental Digital
Content, http://links.lww.com/CNM/A421).
Aβ Deposition Differences
Amyloid PET imaging was performed using 11C-PIB in 74

patients and 18F-AV45 in 59 patients. 11C-PIB deposition did not
significantly differ between the EOAD and LOAD groups. For
18F-AV45 PETuptake, there was also no significant difference after
FWE correction at the cluster level. Detailed results are shown in
Figure 2.
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FIGURE 2. Between-group differences of Aβ deposition in EOAD
higher Aβ deposition in calcarine cortex than LOAD, but did not s
EOAD patients had a higher 11C-PIB retention in the right superio
(P > 0.05). The color bar indicates the t value of the cluster.
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Differences in Glucose Metabolism
Average SUVmean of the entire cerebral cortex did not signif-

icantly differ between the groups for 18F-FDG (P = 0.185). In the
quantitative analysis of SUVR in ROIs, glucose metabolism in
the frontal lobe, parietal lobe, supramarginal gyrus, angular gyrus,
precuneus, temporal lobe, and occipital lobe was lower in the
EOAD group (n = 49) than in the LOAD group (n = 44;
P < 0.05). Hypometabolism in the LOAD patients was predomi-
nantly located in the calcarine cortex, medial temporal lobe, lingual
gyrus, orbitofrontal cortex, medial temporal lobe (insula, hippo-
campus, amygdala), anterior cingulate gyrus (ACG), and both basal
and LOAD. A, 18F-AV45 PET result. EOAD patients exhibited
urvive after FWE correction (P > 0.05). B, 11C-PIB PET result.
r temporal gyrus, but did not survive after FWE correction
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 on 01/24/2024
ganglia and thalami (P < 0.05). Detailed results are shown in Table 2
and Figure S2 (Supplemental Digital Content, http://links.lww.com/
CNM/A421).

Similar results were obtained in the voxel-group analysis.
Glucose metabolism in the superior middle frontal gyrus, parietal
lobe, precuneus, superior middle temporal gyrus, and occipital lobe
was significantly lower in the EOAD group (P < 0.05). The LOAD
group showed significant hypometabolism in the cerebellar cortex,
orbitofrontal cortex andACG (P < 0.05). Detailed results are shown
in Table S2 and Figure 3.

Regional 18F-APN 1607 Uptake Differences
The main brain regions with significant differences in 18F-APN

1607 SUVR between the EOAD (n = 18) and LOAD (n = 13)
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TABLE 2. Comparison of 18F-FDG SUVR of Different ROIs
Between EOAD and LOAD

18F-FDG Region

Grouping

PEOAD (n = 49) LOAD (n = 44)

Frontal lobe
Rolandic_Oper_R 1.12 ± 0.10 1.08 ± 0.15 0.026
Olfactory_L 0.87 ± 0.14 0.79 ± 0.12 0.000
Olfactory_R 0.89 ± 0.13 0.78 ± 0.13 0.000
Rectus_L 1.02 ± 0.17 0.93 ± 0.14 0.000
Rectus_R 1.07 ± 0.18 0.97 ± 0.17 0.000

Limbic lobe
ACG_L 0.99 ± 0.12 0.90 ± 0.11 0.001
ACG_R 1.02 ± 0.14 0.94 ± 0.12 0.005
Hippo_L 0.77 ± 0.11 0.71 ± 0.10 0.001
Hippo_R 0.84 ± 0.09 0.77 ± 0.16 0.001
Insula_L 1.01 ± 0.11 0.93 ± 0.13 0.002
Insula_R 1.03 ± 0.10 0.96 ± 0.11 0.002
Amygdala_L 0.78 ± 0.19 0.71 ± 0.12 0.038
Amygdala_R 0.80 ± 0.18 0.73 ± 0.17 0.002

Parietal lobe
Supramarginal_L 0.93 ± 0.20 1.00 ± 0.22 0.005
Supramarginal_R 0.98 ± 0.16 1.07 ± 0.14 0.000
Angular_L 0.80 ± 0.19 0.99 ± 0.28 0.000
Angular_R 0.86 ± 0.19 1.03 ± 0.18 0.000
Precuneus_L 1.04 ± 0.15 1.15 ± 0.17 0.000
Precuneus_R 1.03 ± 0.14 1.15 ± 0.19 0.000
Parietal_L 0.88 ± 0.17 1.01 ± 0.20 0.000
Parietal_R 0.87 ± 0.17 1.01 ± 0.18 0.000

Temporal lobe
Fusiform_R 1.05 ± 0.10 0.98 ± 0.15 0.007

Occipital lobe
Lingual_R 1.24 ± 0.13 1.16 ± 0.15 0.008
Calcarine_L 1.43 ± 0.16 1.33 ± 0.19 0.012
Calcarine_R 1.53 ± 0.17 1.43 ± 0.20 0.017
Occipital_L 1.02 ± 0.18 1.10 ± 0.19 0.036
Occipital_R 1.08 ± 0.16 1.15 ± 0.20 0.048

Basal ganglia
Caudate nucleus_L 0.92 ± 0.18 0.84 ± 0.21 0.032
Caudate nucleus_R 0.93 ± 0.17 0.81 ± 0.18 0.002
Putamen_L 1.36 ± 0.13 1.25 ± 0.22 0.008

All the data are presented as mean ± SD.
Hippo, hippocampus; L, left; R, right.
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groups were the right inferior frontal gyrus, right middle cingulate
gyrus, right supramarginal gyrus, and right precuneus (P < 0.05).
Tau deposition was more obvious in the EOAD group. Detailed re-
sults are shown in Table 3 and Figure S3 (Supplemental Digital
Content, http://links.lww.com/CNM/A421).

In the voxel-wise analysis, tau deposition was significantly
higher in the precuneus, parietal lobe, and angular, supramarginal,
and right middle frontal gyri of the EOAD group (P < 0.05). De-
tailed results are shown in Table S3 (Supplemental Digital Content,
http://links.lww.com/CNM/A421) and Figure 4.

Figure 5 shows the multiprobe PET/MRI or PET/CT fusion
images of an EOAD patient and a LOAD patient with comparable
clinical severity.

Correlation Between Onset Age and SUVR
For Aβ PET, only a few regions showed a weak negative

correlation between onset age and SUVR, including left rectus
(r = −0.190, P = 0.028), right olfactory cortex (r = −0.188,
P = 0.030), right insula (r = −0.216, P = 0.013), the left calcarine
cortex (r = −0.246, P = 0.004), the right calcarine cortex (r = −0.266,
P = 0.002), and right lingual gyrus (r = −0.233, P = 0.007; Fig. S4
[Supplemental Digital Content, http://links.lww.com/CNM/A421]).

For 18F-FDG, there was obvious correlation in multiple brain
regions between onset age and SUVR. A strong positive correlation
was found in the parietal lobe, occipital lobe, and posterior cingulate
gyrus (r = 0.205–0.542, P < 0.05). In contrast, a moderate negative
correlation was found in the following areas: frontal lobe, ACG,
temporal lobe, calcarine, lingual gyrus, basal ganglia, and thalamus
(r = 0.209 to −0.536, P < 0.05). Detailed results are shown in Table S4
and Figure S5 (Supplemental Digital Content, http://links.lww.com/
CNM/A421).

Onset age significantly negatively correlated with tau load
(SUVR) in multiple regions, mainly including the right inferior
frontal gyrus (r = −0.557, P = 0.001), right cuneus (r = −0.539,
P = 0.002), right supramarginal gyrus (r = −0.522, P = 0.003), right
precuneus (r = −0.503, P = 0.004), right middle cingulate gyrus
(r = −0.495, P = 0.005), right frontal middle gyrus (r = −0.473,
P = 0.007), and right angular gyrus (r = −0.459, P = 0.009). De-
tailed results are shown in Table S5 and Figure S6 (Supplemental
Digital Content, http://links.lww.com/CNM/A421).
DISCUSSION
To better characterize EOAD, this study analyzed and com-

pared the multiprobe PET/MRI of patients with EOAD and LOAD.
Our results confirmed that multiprobe PET/MRI is effective for
diagnosing and assessing AD. Tau and 18F-FDG imaging sig-
nificantly differed between the EOAD and LOAD groups, but Aβ
imaging did not. Based on the AT(N) Framework, these results
demonstrate that pathological tau burden and neuronal damage
are more severe in EOAD than in LOAD. Tau PET and 18F-FDG
PET seem to be better than MRI for characterizing EOAD. Tau de-
position and hypometabolism in the parietal lobe and surrounding
brain regions (precuneus, angular gyrus, and supramarginal gyrus)
were the best imaging features for identifying EOAD. Our findings
suggest that the imaging differences between EOAD and LOAD
may reflect variations in the distribution of underlying neuropathol-
ogy. Furthermore, this should assist with early identification of
EOAD, which would guide intervention and prognostication.

The distribution and degree of 18F-FDG hypometabolism be-
tween EOAD and LOAD significantly differed. Early-onset AD pa-
tients had more severe hypometabolism in neocortical regions,
which is consistent with previous studies.14,15,22–26 In patients with
comparable dementia severity, hypometabolism was more pronounced
in EOAD, which probably reflects greater functional reserve in
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. Cortical region display of 18F-FDG metabolism difference between EOAD and LOAD groups. A, Glass brain images
(Render view). B–D, Section view images. The difference in specific brain regions shown in axial, sagittal, and coronal planes.
The results showed that, compared with LOAD, the EOAD exhibited more severe hypometabolism in the middle frontal gyrus,
parietal, occipital, precuneus, superior and middle temporal gyrus (red areas), and hypometabolic regions in LOAD mainly
included orbitofrontal cortex, lingual gyrus, calcarine, ACG (blue areas). The color bar indicates the t value of the cluster.

TABLE 3. A Comparison of Tau PET Uptake Value in EOAD
and LOAD

18F-APN-1607 Region

Grouping

PEOAD (n = 18) LOAD (n = 13)

IFG_R 1.33 ± 0.32 1.06 ± 0.26 0.019
MCG_R 1.62 ± 0.53 1.25 ± 0.32 0.032
Supramarginal_R 1.73 ± 0.53 1.35 ± 0.38 0.045
Precuneus_R 1.88 ± 0.60 1.46 ± 0.46 0.041
Palladium_L 1.09 ± 0.18 1.25 ± 0.16 0.015
Palladium_R 1.07 ± 0.21 1.24 ± 0.28 0.025
Thalamus_L 1.17 ± 0.19 1.31 ± 0.16 0.035
Thalamus_R 1.13 ± 0.23 1.28 ± 0.15 0.041

The SUVR are presented as mean ± SD.
IFG, inferior frontal gyrus; L, left; MCG, middle cingulate gyrus; R, right.
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 on 01/24/2024
younger patients.23 Hypometabolism was more pronounced in the
parietal, lateral temporal, and occipital lobes in EOAD patients,
which might be reflected in their clinical symptoms. Early-onset
AD patients are more prone to experience nonmemory manifesta-
tions, such as impairment of visuospatial function, language, execu-
tive function, and attention. Our result is further supported by findings
in a previous brain metabolic network study that showed severe ex-
tensive reduction of the resting-state network in EOAD patients.25

In our study, degree of hypometabolism in the medial tempo-
ral lobe was greater in LOAD patients than in EOAD patients,
which has been previously reported.22–24 In addition, metabolism
in the ACG and orbitofrontal, lingual, calcarine, and cerebellar
cortices was lower in LOAD patients. These findings might be
explained by the fact that the primary sensory cortex, motor cortex,
visual cortex, ACG, and orbitofrontal cortex are less structurally
involved in patients with EOAD.27,28 Neurodegeneration and neu-
rological damage in the corresponding brain regions might be
more severe in LOAD than in EOAD and therefore have greater
metabolic defects.

Tau PET effectively detects tau pathology in AD.6,15,29,30 In
our study, a novel tau PET tracer, 18F-APN 1607, was used to eval-
uate tau deposition. Early-onset AD patients had more pronounced
tau deposition in neocortical regions. Age is an important determi-
nant of the degree of cortical tau uptake in AD.9,31,32 Previous path-
ological and PET studies have demonstrated that younger subjects
exhibit more extensive and severe cortical tau uptake and greater
tau pathology.9,31,33,34 This may reflect that the course of AD at

L1
© 2023 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2023 Wolters Kluwer H
a younger age is more aggressive, so the accumulation rate of tau
is faster. Moreover, other pathological mechanisms that can cause
cognitive impairment are less common in younger subjects. There-
fore, it is possible to maintain a higher pathological burden at the
same level of cognitive impairment.9,31 Tau is closely related to
severity of dementia and neuronal damage.15,29,34 We found that
brain regions with more significant tau deposition in EOAD patients,
www.nuclearmed.com 479
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FIGURE 4. Regional 18F-APN-1607 uptake difference in EOAD and LOAD. A, Glass brain images (Render view). B–D, Section
view images. The difference in specific brain regions shown in sagittal, axial, and coronal planes. Right middle frontal gyrus,
inferior frontal gyrus, parietal, precuneus, and right supramarginal and right angular gyri showed higher 18F-APN-1607 uptake in
patients with EOAD (red areas). LOAD deposited more significantly in the basal ganglia and thalamus (blue areas), but no
significant difference after FWE correction (P > 0.05). The color bar indicates the t value of the cluster.
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including the frontal lobe, parietal lobe, precuneus, supramarginal
gyrus, and angular gyrus, also exhibited 18F-FDG hypometabolism,
suggesting that neuronal hypometabolism in these areas might be af-
fected by tau aggregates.9

Our findings have added to the evidence that the parietal lobe
is a key region for characterizing EOAD patients.11,23 We also
found that the frontal lobe plays a key role as well and that the per-
formance of different subregions varies greatly. In themiddle frontal
and inferior frontal gyri, tau deposition and hypometabolism were
more significant in EOAD, whereas in the orbitofrontal cortex, they
were more significant in LOAD. This might be related to the fact
that the prefrontal cortex, with its complex patterns of fiber connec-
tions, is a central region that is part of the default mode network, a
network that is responsible for higher-order cognitive functions.35

The value of this region in EOAD needs to be verified and
explored further.

Amyloid PET is also an effective biomarker in assessing AD.7

The diagnostic sensitivity of Aβ PET is comparable to that of au-
topsy, which is the criterion standard. However, Aβ plaques plateau
early in the disease.31 Conclusive evidence regarding the effect of
onset age on Aβ deposition is still lacking. In our study, as in sev-
eral previous ones,17,18 β-amyloid deposition did not significantly
differ between EOAD and LOAD, indicating no close association
between Aβ deposition and onset age. Conversely, others have re-
ported that Aβ deposition is more pronounced in EOAD.11,18,36,37

The discrepancymight be related to differences in group categoriza-
tion, sample size, and methodology between studies.

L1
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Voxel-based MRI analysis showed no significant difference
in cortical atrophy between EOAD and LOAD in our study. How-
ever, most previous ones have reported that cortical atrophy is
more extensive in EOAD, although the patterns of atrophy var-
ied.10,22,38,39 Early-onset AD typically showed more parietal in-
volvement, whereas LOADwas associated with more hippocampus
atrophy. The inconsistency might be partly due to heterogeneity in
study design and data.

This study had several limitations. First, the sample size was
small, which limits the ability to draw generalized conclusions.
Second, although patients with a family history of AD were ex-
cluded, genetic testing was not performed. Some subjects may have
had familial AD or familial AD gene mutations. Third, abnormal
hypometabolism in calcarine cortex was more often seen in LOAD
subjects in this study. This phenomenon is also one of the support-
ive biomarkers for the diagnosis of dementia with lewy bodies
(DLB).40 Because of the lack of pathological diagnosis of DLB
(the presence of “Lewy bodies”), concomitant DLB cannot be to-
tally ruled out in some AD patients. Furthermore, a recently recog-
nized disease, limbic-predominant age-related TDP-43 encephalop-
athy (LATE), has the same symptoms and neurodegeneration as
AD. According to the consensus working group report of LATE,41

in an A+T-(N)+ subject, the N+ is likely due to a comorbid
non-AD pathology. Although often with hippocampal sclerosis,
LATE may have the neurodegeneration shown as atrophy or
hypometabolism in medial temporal, which suggests LATE may
mimic non-AD comorbidity. Unfortunately, not all Aβ-positive
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. Multiprobe PET/MRI/CT fusion images of an EOADpatient and a LOADpatient with comparable clinical severity.A, A
51-year-oldman complained ofmemory decline for 2 years (MMSE = 11, 9 years of education). B, A 71-year-oldmanwas with
amnestic cognitive impairment for 2 years (MMSE = 14, 12 years of education). From top to bottom, the Aβ, tau, 18F-FDG PET,
and T1-weightedMRI structural images were shown, respectively. The imaging results of 2 patients were significantly different.
β-Amyloid PET illustrated diffusely increased amyloid uptake in the cerebral cortex of 2 patients, but the difference was not
significant. 18F-APN-1607 PET demonstrated that tau deposition in EOAD patients was significantly higher, especially in
parietal lobe and occipital lobe. Except for occipital lobe, glucose metabolism is reduced in both patients in most neocortex
regions, and EOAD was more pronounced. However, MRI revealed slight atrophy in bilateral parietal and medial temporal
lobes in EOAD, and LOAD had severe brain atrophy in most of the cerebral cortex. The colored bar indicates SUVR.
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patients had tau imaging performed in this study, which limited the
differential diagnosis. Finally, this study was performed as a retro-
spective analysis. Future studies should be conducted longitudinally
and explore the association between patterns of impairment in dif-
ferent cognitive domains and imaging features. Brainmetabolic net-
work research and application of artificial intelligence technology
have great potential to assist in these endeavors.

CONCLUSIONS
Although Aβ PET is useful for accurate diagnosis of AD, it

alone is insufficient to differentiate EOAD and LOAD. Based on
the AT(N) Framework, pathological tau burden and neuronal dam-
age are more severe in EOAD. Tau PET and 18F-FDG PET seem
to be better at characterizing EOAD than Aβ PET. The parietal lobe
and surrounding regions are the most prone to tau deposition and
hypometabolism in EOAD.
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