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Background: Although the standardized uptake value ratio (SUVR) method is
objective and simple, cut-off optimization using global SUVR values may not
reflect focal increased uptake in the cerebrum. The present study investigated
clinicaland neuroimaging characteristics according to focally increased f-amyloid
(AB) uptake and global AB status.

Methods: We recruited 968 participants with cognitive continuum. All participants
underwent neuropsychological tests and 498 ®F-florbetaben (FBB) amyloid
positron emission tomography (PET) and 470 ¥F-flutemetamol (FMM) PET. Each
PET scan was assessed in 10 regions (left and right frontal, lateral temporal,
parietal, cingulate, and striatum) with focal-quantitative SUVR-based cutoff values
for each region by using an iterative outlier approach.

Results: A total of 62 (6.4%) subjects showed increased focal Ap uptake with
subthreshold global Ap status [global (=) and focal (+) AB group, G(—)F(+) group].
The G(-)F(+) group showed worse performance in memory impairment (p<0.001),
global cognition (p=0.009), greater hippocampal atrophy (p=0.045), compared to
those in the G(-)F(-). Participants with widespread Ap involvement in the whole
region [G(+)] showed worse neuropsychological (p<0.001) and neuroimaging
features (p<0.001) than those with focal A involvement G(—)F(+).

Conclusion: Our findings suggest that individuals show distinctive clinical
outcomes according to focally increased Ap uptake and global Ap status. Thus,
researchers and clinicians should pay more attention to focal increased A uptake
in addition to global Ap status.
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amyloid PET imaging, florbetaben, flutemetamol, Alzheimer's disease, focal amyloid
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1. Introduction

Cerebral p-amyloid (AP) deposition is one of the earliest
recognizable pathological events in Alzheimer’s disease (AD;
Bateman et al., 2012). Previous studies have shown that Af
accumulation could occur for up to several decades before the onset
of dementia symptoms. Thus, detecting the presence of Ap is
essential for the early diagnosis of AD (Sperling et al., 2014).
Although "C-Pittsburgh Compound-B (PiB) plays an important role
in AD, F labeled positron emission tomography (PET) ligands such
as "*F-florbetapir (FBP), '*F-florbetaben (FBB), and "*F-flutemetamol
(FMM) have been developed and approved for clinical use because
of their wider accessibility aided by the longer radioactive decay
half-life compared to that for PiB (Hatashita et al., 2019; Cho
et al., 2020b).

In the clinical trials targeting AB deposition in participants with
MCI and early stage of dementia, the exclusion rate was over 70%, and
this high exclusion rate was mostly related to Ap positivity (+) on PET
(Budd Haeberlein et al., 2022). In fact, previous studies showed that
the frequency of AP (+) across the Alzheimer disease clinical spectrum
was 57.0% for MCI and 85.7% for dementia using Ap PET (Jansen
et al,, 2022). However, different cutoffs for A (+) were used among
clinical trials (Pemberton et al., 2022). A quantitative method for
determining A positivity (+) uses the standardized uptake value ratio
(SUVR) in the global cortical-to-reference region. Although the
SUVR method is simple and objective, the cut-off optimization using
global SUVR values may not reflect focal increased uptake in the
cerebrum. However, pathological studies suggested that there were
epicenters in the deposition of AP (brain regions known to show early
AP deposition) including the medial frontal, medial parietal, and
lateral temporoparietal regions (Grothe et al., 2017; Palmqvist et al.,
2017; Mattsson et al., 2019; Guo et al,, 2021; Insel et al.,, 2021).
Meanwhile, visual assessment is the only approved method for
determining AP (+) on PET. Visual assessment emphasizes the
importance of focally increased uptakes on PET. For example, even if
only one region of 10 or 12 regions is positive by visual assessment,
the final amyloid PET reading should be positive. However, in the case
of focal amyloid uptake, the concordance rate and accuracy of visual
assessment are relatively low (75-89%; Collij et al., 2021). Therefore,
to assess focal amyloid uptake across datasets using different amyloid
PET ligands consistently, standardized methods using focal Ap uptake
cut-offs are needed.

In the present study, we aimed to investigate the clinical and
neuroimaging characteristics of participants with subthreshold
levels of global Ap who only showed increased uptakes of Ap in
focal regions. We hypothesized that participants with focally
increased AP uptakes, even in subthreshold global AP levels,
show AD
neuropsychological features.

might patterns  of neuroimaging and

Abbreviations: Ap, beta amyloid; D, diffuse-type amyloid accumulation; F, focal-
type amyloid accumulation; G, global standardized uptake value ratio; MMSE,
mini-mental state examination; PET, positron emission tomography; SMC, Samsung
Medical Center; SUVR, standardized uptake value ratio; SVLT, Seoul Verbal Learning

Test-Elderly’s version; WC, whole cerebellum.
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2. Methods
2.1. Participants

A total of 968 participants were recruited from the Memory
Disorders Clinic of Samsung Medical Center (SMC) from August 1,
2015, to September 31, 2019. We selected participants aged 55 or older
who were either cognitively unimpaired, or were clinically diagnosed
with aMCI or Dementia. In order to recruit participants with cognitive
continuum (Jack et al., 2018), we recruited participants with amnestic
MCI who met the criteria proposed by Albert et al. (2011). Participants
with dementia met the core clinical criteria of probable AD dementia
proposed by the National Institute on Aging-Alzheimer’s Association
(NIA-AA; McKhann et al., 2011). Participants with cognitively
unimpaired (CU) met the following criteria: (a) Korean Mini-Mental
State Examination (K-MMSE) score of > 24 or more than-1.5 standard
deviations (SD) from the age, sex, and education adjusted norms for
an education period of <9years; (b) greater than the-1.0 SD from the
age, sex, and education adjusted norms on the delayed recall of the
Seoul Verbal Learning Test-Elderly’s version (SVLT-E); (c) greater
than the-2.0 SD from the age, sex, and education adjusted norms on
the Korean version of the Boston Naming Test (K-BNT), the Korean-
Color Word Stroop test (K-CWST) color reading, and the
Rey-Osterrieth Complex Figure Test (RCFT) copy; and (d) no history
of other neurological disorders (Kang et al., 2019).

The screening was performed by trained clinicians and
neuropsychologists. Brain magnetic resonance imaging (MRI)
confirmed the absence of structural lesions including territorial
cerebral infarction, brain tumors, hippocampal sclerosis, vascular
malformation, and intracranial hemorrhage. All protocols were
approved by the Institutional Review Board at each participating site
and the participants signed written informed consent at the time
of enrolment.

2.2. Amyloid PET data acquisition

A total of 968 participants underwent 498 *F-florbetaben (FBB)
and 470 "F-flutemetamol (FMM) PET scanning at the SMC. Scanning
was performed using a Discovery Ste. PET/computed tomography
(CT) scanner (GE Medical Systems, Milwaukee, W1, United States)
with a three-dimensional (3D) scanning mode that examined 47 slices
of 3.3mm thickness spanning the entire brain. Mean doses of
311.5MBq FBB and 197.7 MBq FMM were injected before a 20-min
emission PET scan with dynamic mode (4 X 5-min frames). The scans
were performed 90min after injection. 3D PET images were
reconstructed in a 128 x 128 x 48 matrix with a 2x2x 3.27 mm voxel
size using the ordered-subsets expectation-maximization algorithm
(iteration =4 and subset =20).

The PET images were co-registered to each MR image, which was
normalized to a T1-weighted MNI-152 template using SPM8 in
MATLAB 2014b (MathWorks, Natick, MA, United States). After
standard space registration, we divided gray matter into 116 regions
using the automated anatomical labeling (AAL) atlas (Tzourio-
Mazoyer et al., 2002). We used the whole cerebellum in FBB and FMM
as the regions of interest to the reference uptake ratio [which is
identical to the standardized uptake value ratio (SUVR)].
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2.3. Calculation of centiloid and definition
of global amyloid positivity

To calculate the cut-off of global Af (+), we utilized Centiloid
(CL) methods. Previously, we developed a direct comparison of
FBB-FMM CL (dcCL) using head to head comparison of FBB and
FMM dataset (20 AP PET negative (—) young controls, 16 Af (—) old
controls, and AP positive (+) 20 participants with cognitive
impairment; Cho et al., 2020a,¢; Jang et al., 2021). Full processes are
described in detail at previous studies (Klunk et al., 2015; Cho et al,,
2020a). Briefly, the FBB-FMM CTX VOI was generated using SUVR
parametric images (and the WC reference VOI) from the 20 typical
ADCI patients (AD-CTX) as well as the 16 OCs (OC-CTX). To
generate the FBB-FMM CTX VOI, the average OC-CTX image was
subtracted from the average AD-CTX image. For direct comparison
of the FBB-FMM conversion method, SUVR values for the FBB-FMM
cortical target volume of interest (CTX VOI) were directly converted
into Centiloid (CL) units using the dcCL method based on the CL
conversion equation below (Klunk et al., 2015; Cho et al., 2020¢):

CL=
100 x (SUVRind - SUVRYC,()) / (SUVRADCFIOO - SUVRYC,O)

where SUVR,,, represents the individual SUVR values of all YC-0
and ADCI-100 participants, and SUVRyc o and SUVRp; 100 represent
each groups mean SUVR values. To obtain the dcCL cutoff value for
amyloid positivity, we obtained the dcCL cutoff value for Af positivity,
performing receiver operating characteristic (ROC) analysis with A
positivity based on the SUVR cutoft for each amyloid PET scan as the
standard of truth (Jang et al., 2021). The optimal Centiloid cutoft value
was set at 25.11.

2.4. Classification of participants according
to the distributions of Ap involvement

We calculated focal-specific cut-off values of Af. In order to
calculate the focal-specific cut-offs of Af (+), we grouped 28 VOIs into
ten regions such as the frontal, lateral temporal, parietal, cingulate,
and striatum in the left and right hemispheres. These regions were
consistent with those widely used in other study groups. These regions
also overlapped with those proposed by the FBB and FMM visual
interpretation guidelines (Barthel et al., 2011; Salloway et al., 2017). In
detail, each focal VOI was defined as the frontal (superior and middle
frontal gyri, medial part of superior frontal gyrus, opercular part of
inferior frontal gyrus, triangular part of inferior frontal gyrus,
supplementary motor area, orbital part of superior, middle, and
inferior orbital frontal gyri), lateral temporal (superior, middle, and
inferior temporal gyri), parietal (superior and inferior parietal,
supramarginal and angular gyri, and precuneus), cingulate gyri
(anterior and posterior cingulate gyri), and striatal (caudate, putamen)
areas. Since there was no method to calculate the focal CL, we used
focal-specific cut-off values of AR SUVR in each AP ligand (Figure 1).
We processed the iterative outlier method, generating an upper and
lower bound SUVR. Subjects having values that were either higher
than the upper inner-bound [third quartile + 1.5 interquartile range
(IQR)] or less than the lower inner-bound (first quartile—1.5 IQR)
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were eliminated from the dataset during the iteration. Until all outliers
had been eliminated, this procedure was repeated. A cutoff value for
the final dataset was established by adding 2.5% of the highest SUVR
in itself (Mormino et al., 2012). For the processing iterative outlier
method, we used AP data obtained from 445 cognitively unimpaired
(CU) participants aged over 55 years. Of the 445 participants, 220 and
225 subjects underwent FBB and FMM A PET, respectively. Finally,
we classified our participants as global (—) and global (+) according
to the global cut-off value of Ap dcCL. We also determined the
presence of AP involvements in each of the 10 regions using the focal-
specific cut-off values of AB SUVRs. Furthermore, we subclassified
our global (—) participants as none or focal type, and global (+)
participants as focal type or whole brain (W) type according to the
number of focal AP involvements. Since there was the largest
difference in global AP uptakes between the involved number of 9
regions and the involved number of 10 regions, the focal type was
subclassified as increased Ap uptake in 1-9 regions and the W type
was subclassified as increased Ap uptake in all 10 regions. Thus, we.

classified our participants into three groups: global (—) and focal
(=) AB: [G(—)F(—-)], global (—) and focal (+) Af: [G(—)F(+)], and
whole brain (+) Ap: [G(+)].

2.5. Acquisition of brain MRl and cortical
thickness measurements

An Achieva 3.0 Tesla MRI scanner (Philips, Best, Netherlands)
was used to acquire 3D T1 turbofield echo (TFE) MRI data from all
participants using the following scanning parameters: sagittal slice
thickness, 1.0 mm; over contiguous slices with 50% overlap; no gap;
repetition time, 9.9 ms; echo time, 4.6 ms; flip angle, 8 degrees; and
matrix size of 240 x 240 pixels reconstructed to 480 x 480 over a field
of view of 240 mm.

To obtain local cortical thickness measurements for each subject, all
T1 volume scans were processed using the CIVET pipeline (version
2.1.0) developed at the Montreal Neurological Institute for fully
automated structural image analysis. In brief, using a linear
transformation, native MRI images were registered to the MNI-152
template (Collins et al., 1994). The N3 algorithm was used to correct the
intensity nonuniformity caused by the inhomogeneities in the magnetic
field. The tissue was then classified as white matter (WM), gray matter
(GM), cerebrospinal fluid (CSF), and background (BG) based on the
T1-weighed images. The brain was split into the left and right
hemispheres for surface extraction. The surfaces of the inner and outer
cortices were automatically extracted using the constrained Laplacian-
based automated segmentation with proximity algorithm. The inner
and outer surfaces had the same numbers of vertices and there was a
close correspondence between the counterpart vertices of the inner and
outer cortical surfaces. Cortical thickness was defined as the Euclidean
distance between the linked vertices of the inner and outer surfaces,
with 40,962 vertices in each hemisphere in the native space.

Cortical thickness values were calculated in native brain rather
than Talairach spaces because of the limitations of linear stereotaxic
normalization. We defined intracranial volume (ICV) as the total
volume of GM, WM, and cerebrospinal fluid in the native space
considering of voxel dimension. Brain masks were generated using the
functional MRI of the brain (FMRIB) software library (FSL) bet
algorithm. Since cortical surface models were extracted from MRI
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FIGURE 1
Histograms of the Ap PET SUVR distribution in each Af ligand, FMM (A), and FBB (B) for each region. Abbreviations: PET, positron emission tomography;
FMM, Flutemetamol; FBB, Florbetaben; SUVR, standardized uptake value ratio.

volumes transformed into stereotaxic space, cortical thickness was
measured in the native space by applying an inverse transformation
matrix to the cortical surfaces and reconstructing them in the native
space. We calculated mean cortical thickness in the AD-specific ROI
including entorhinal cortex, parahippocampus, inferior parietal lobe,
pars opercularis, pars orbitalis, pars triangularis, inferior temporal
lobe, temporal pole, precuneus, supramarginal gyrus, superior parietal
lobe, and superior frontal lobe (Parker et al., 2020).

To measure the hippocampal volume (HV), we used an automated
hippocampus segmentation method using a graph cut algorithm
combined with atlas-based segmentation and morphological opening,
as described previously (Kwak et al., 2013).

2.6. Statistical analysis

To compare the demographic data, we used chi-square tests for
categorical variables and analysis of variance followed by Tukey’s post

Frontiers in Aging Neuroscience

hoc analysis to compare the continuous variables among the three
groups. To compare the clinical and neuroimaging data, we used
analysis of covariance after controlling for age followed by Tukey’s
post hoc analysis to compare the continuous variables among the
three groups. Since the G(—)F(+) group has a relatively small sample
size, we also performed Mann-Whitney test to compare
neuroimaging and neuropsychological features between the G(—)
F(—) and the G(—)F(+) groups. Jonckheere-Terpstra tests were used
to analyze p-values for trends within group differences. All analyses
were performed using IBM SPSS Statistics for Windows, version 20.0
(IBM Corp.).

To evaluate the cortical thickness analyses of MRI data from the
participants, we used a MATLAB-based toolbox.!

1 https://www.math.mcgill.ca/keith/surfstat/
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3. Results

3.1. Clinical characteristics of our
participants

Table 1 presents the clinical characteristics of the participants.
This study included 228 (23.6%) participants with CU, 400 (41.3%)
with aMCI, and 340 (35.1%) with clinically diagnosed dementia. The
mean age was 71.6 £ 8.2 years, 536 of 968 (55.4%) were female, and the
mean years of education was 11.7 £ 4.9 years. The frequencies of G (+)
were 20.6% in CU, 56.8% in aMCI, and 84.7% in dementia.

In this study, 35.5% of our participants were in the G(—)F(-)
group, 6.4% in the G(—)F(+) group, 58.1% in the G(+) group (Table 2).
The mean age was highest in the G(—)F(+) group (74.9 + 6.6 years),
followed G(+) group (71.6+8.3years), and G(—)F(—) group
(70.9+8.1years). The frequency of apolipoprotein E (APOE) e4
carriers was the highest in the G(+) group (60.5%), followed by the
G(—)F(+) group (32.7%), and G(—)F(—) group (15.8%). As the
number of involved regions increased, the Centiloid value also
increased (Figure 2). Amyloid PET results showed that participants
with 1-4 focal involvements were mainly included in the G(-)
F(+) group.

Figure 3 shows the Centiloid values in each group. Each group
had an order of Centiloid value and tended to increase from group
G(—)F(-) to G(+).

In groups with focal involvements, amyloid accumulation was
most frequently observed in the parietal lobe (38.8%), followed by the
frontal lobe (32.5%), temporal lobe (32.4%), cingulate gyrus (26.1%)
and striatum (13.0%). Bootstrapping with 1,000 resamples showed
that the involvement frequencies of amyloid in the parietal, frontal,
and temporal lobes were higher than those in the cingulate gyrus and
striatum (Figure 4).

TABLE 1 Demographics of the study participants (total).

All participants

No. 968

Age, mean £ SD, years 71.6+8.2
Female sex 536 (55.4)
Education, mean + SD, years 11.7+4.9
APOEA4 carrier 387 (43.1)
K-MMSE 242+54

TABLE 2 Demographics of the study participants by group.

10.3389/fnagi.2023.1124445

3.2. Comparisons of neuroimaging features
among each group

The neuroimaging characteristics of each amyloid involvement
group are shown in Figure 5. The G(+) group showed a lower
hippocampal volume (HV) than that in the G(—)F(+) group
(p<0.001) and G(—)F(—) group (p<0.001). The HV was lower in the
G(—)F(+) group than in the G(—)F(—) group (p=0.045).

The widespread AP group (G(+)) showed decreased mean
cortical thickness in the AD-specific ROI compared with G(—)F(-)
(p<0.001; Figure 5). The G(—)F(+) also showed decreased mean
cortical thickness in the AD-specific ROI compared with G(—)F(—)
(p=0.034).

3.3. Comparison of neuropsychological
features in each group

The neuropsychological and neuroimaging characteristics of each
amyloid involvement group are shown in Figure 5. Compared to the
G(—)F(—) group, the G(—)F(+) group showed lower SVLT (p<0.001)
and MMSE (p=0.009) scores. The G(+) group showed lower
performance in the SVLT (p <0.001) and MMSE (p <0.001) compared
to that in the G(—)F(—) group. The SVLT and MMSE scores were
lower in the G(+) group than in the G(—)F(+) group (p<0.001,
p=0.004). The linear trend test showed a significant association
between the severity of A deposition [G(—)F(-), G(—)F(+), and
G(+)] and cognitive function (p for trend <0.001; Figure 3).

3.4. Sensitivity analysis

For sensitivity analysis, we applied 20 CL and 40 CL for alternative
cut-off values. When the cut-off values were set to 20 CL, the number of
participants were 344 in the G(—)F(—), 46 in the G(—)F(+), and 577 in
the G(+) groups. There were no differences in HV (p=0.473), mean
cortical thickness (p=0.893), SVLT (p=0.078), and MMSE (p=0.556)
between the G(—)F(—) and G(—)F(+) groups. When the cut-off values
were set to 40 CL, the number of participants were 346 in the G(—)F(-),
93 in the G(—)F(+), and 529 in the G(+) groups. The G(—)F(+) group
showed lower HV (p=0.004) compared to the G(—)F(—) group. The
G(—)F(+) group also showed lower performance in the SVLT (p<0.001)
and MMSE (p<0.001) compared to that in the G(—)F(—) group.

Group G(-)F(-) G(-)F(+) G(+) p Value
No. 344 562

Age, mean £ SD, years 70.9+8.1 74.9+6.6% 71.6+8.3 0.002
Female sex 174 (50.6) 32(51.6) 330 (58.7)* 0.047
Education, mean + SD, years 12.0£4.9 11.5+5.4 11.5+4.8 0.227
Group (CU/aMClI/dementia) 165/141/38 16/32/14 47/227/288

APOE4 carrier 50 (15.8) 18 (32.7)* 319 (60.5)*" <0.001
VA+ 14 (4.1) 8 (12.9)* 523 (93.1)*F <0.001

VA, visual assessment.
#p<0.05 group vs. G(—)F(-).
p<0.05 group vs. G(—)F(+).
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FIGURE 2

Comparisons of Centiloid values according to numbers of focal amyloid PET involvement. Total n=968, FBB (n=498, ref. WC), FMM (n=470, ref. WC).

PET, positron emission tomography; WC, whole cerebellum.
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FIGURE 3

Centiloid values according to group. The Centiloid value of the G(-)
F(=) and G(-)F(+) groups are lower than the cutoff values. Each
group has an order of Centiliod value, which tends to increase from
group G(-)F(-) to G(+). F, focal-type amyloid accumulation; G,
global standardized uptake value ratio; W, whole region type amyloid
accumulation.

We also determined whether our findings might be driven by
focally increased AP uptakes rather than relatively higher subthreshold
dcCL levels per se. Based on the distribution of dcCL levels in the G(—)
F(—) and G(—)F(+) groups, we classified our participants into negative
(dcCL<10), subthreshold (10<dcCL<25.11), and positive

Frontiers in Aging Neuroscience

(dcCL>25.11) groups. We found that there were no differences in HV
(p=0.676), cortical thickness (p=0.293), SVLT (p=0.334), and MMSE
(p=0.222) between the negative and subthreshold groups. We also
found that the AIC of the F/G grouping showed a lower value in
HV(—8369.686 vs. -8365.577), cortical thickness(—300.9323 vs.
-295.8582), SVLT (4414.42 vs. 4433.65), and MMSE (4703.362 vs.
4711.426) than the AIC of grouping based on dcCL levels, suggesting
that the F/G grouping showed a better fit than grouping based on
dcCL levels. Since the G(—)F(+) group has a relatively small sample
size, we also performed Mann-Whitney test. There were differences
in HV (p=0.03), mean cortical thickness in the AD-specific ROI
(p=0.018), SVLT score (p<0.001), and MMSE (p=0.021) between the
G(—)F(—) and G(—)F(+) groups.

In non-demented individuals, there were differences in HV
(p=0.032) and SVLT score (p <0.001), but not mean cortical thickness
in the AD-specific ROI (p=0.185) and MMSE (p=0.324) between the
G(—)F(—) and the G(—)F(+) groups.

4. Discussion

We characterized increased focal Ap uptake with subthreshold
global AP levels based on '®F labeled PET (FBB and FMM) scan
findings in a relatively large cohort of carefully phenotyped
participants, using standardized neuropsychological and
neuroimaging features. The major findings of our study are as follows:
First, 6.4% of our participants showed increased focal A uptake with
subthreshold global A status [G(—)F(+) group]. Second, participants
with focally increased A uptake showed changes in AD, including
memory impairment, hippocampal atrophy, and cortical thickness in

the AD-specific ROI, even with subthreshold global amyloid levels.
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Together, our findings suggest distinctive clinical outcomes according
to focally increased AP uptake even with global subthreshold levels.

We used frontal, lateral temporal, parietal, cingulate, and striatum
as focal measurements. These areas are largely consistent with the
areas in protocols provided by the two companies that developed
amyloid PET ligands (FBB and FMM;

). Recently, the importance of the striatum region in AD has
been increasing ( ), so this was also included in focal
measurement. The cutoff values in cortical target regions seemed to
be higher in the FBB than in the FMM, which is consistent with the
results of our previous studies showing that the cortical SUVR was
higher in the FBB than in the FMM.

Our first major finding was that 6.4% of our participants showed
increased focal AP uptake with subthreshold global Ap status [G(—)
F(+) group]. Most participants with 3-4 or fewer involved regions
were included in the G(—)F(+) group. Our findings are consistent with
those of previous in vivo AP PET staging studies. A focal frequency-
based staging study showed that many cases with lower stages (81%
in stage I and 25% stage II) were missed by semiquantitative
classification approaches based on suprathreshold global SUVR, even
at a relatively lenient cutoff ( ). Consistent with
previous studies, our findings were explained by those of imaging-
pathology correlation studies showing that current cut-off
optimization methods using several categorization approaches have
limitations in detecting mild to moderate degrees of neuritic plaques
in the brain. Another finding of rare striatal involvement in the G(—)
F(+) group was also explained by the striatum-based staging from our
group and another group showing that the striatal involvement of A
occurs only after cortical involvement ( ).
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Although the previous study showed that visual assessment of FMM

)
in the present study, most participants in the G(—)F(+) group (87.1%)

PET images might detect early amyloid pathology (

were classified as AB-negative by using visual assessment.

In the present study, nearly 75% of participants in the G(—)F(+)
group did not demonstrate clinically diagnosed dementia. The G(—)
F(+) group also showed an older age and higher frequency of APOE4
carriers relative to those in both the G(—)F(—) and widespread G(+)
groups. Considering that APOE4 brings the start of amyloid pathology
earlier, our findings suggest that the increased focal uptake in the
G(—)F(+) group might be mainly driven by combination of older age
and APOE4. Alternatively, as current AP PET ligands are limited in
detecting the early state of AP accumulation, including diffuse plaques
)

amyloid accumulation may appear in focal form amyloid PET testing,

and sparse-to-moderate degrees of neuritic plaques (

though amyloid deposition is actually positive. In an imaging-
pathological correlation study, cases who seemed to have increased
focal uptakes on PET usually showed increased uptakes in more
extensive regions at autopsy ( ).

Our findings of last AP involvement in the striatum are consistent
with AP PET findings ( ) and
AP Thal pathologic staging ( ). However, there were
some discrepancies in the order of Af involvements within cortical
regions among AP PET studies (

). Specifically, other studies showed that
cingulate or posterior cingulate is the initially involved region while
our study did not show the results. However, our findings are
consistent with AP pathological staging. Specifically, Ap Thal
pathologic staging showed that limbic involvements (Phase 2) were
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followed by neocortical involvements (Phase 1). Braak Ap staging also
showed that involvement in the cingulate was observed in stage
B. Thus, further longitudinal studies with Ap PET should be needed
to investigate the order of AP involvements with cortical regions.
Our second major finding was that participants with focally
increased AP uptake demonstrated changes in AD, including
memory impairments, hippocampal atrophy, and cortical
thickness in the AD-specific ROI even with subthreshold global
amyloid levels. As these neuropsychological and neuroimaging
features are widely known as changes associated with AD (Jack
et al,, 2000; Jahn, 2013), our findings suggest that G(—)F(+)

Frontiers in Aging Neuroscience

represents AD changes. Previous studies showed that increasing
stages of amyloid positive participants were associated with worse
cognitive function and developed clinical stages (Grothe et al.,
2017; Mattsson et al., 2019; Collij et al., 2020). Furthermore,
Landau et al. also showed that subthreshold amyloid deposition is
accompanied with memory decline in AP negative older adults
(Landau et al., 2018). Thus, our findings suggest that the focal
amyloid-positive scan group, despite global SUVR negativity,
showed signs of neurodegenerative changes in clinical and
neuroimaging findings, which might support clinicians in
decision-making with patients with focal amyloid involvement
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despite negative amyloid PET diagnosis. A recent study also
showed that participants with focal Ap stage are relatively free
from tau pathology and related to cognitive decline, proposing an
ideal target for anti-amyloid treatments (Ozlen et al., 2022).

When we used the cut-off value (40 CL) defined by “elevated Af;
our findings remained significant. However, when we used the cut-off
value (20 CL) which corresponded to “at least moderate Ap plaque
density” on neuropathology (Rafii et al, 2022), the statistical
significance of our findings disappeared. Previously, the cut-off values
of 26 CL represented high correlation with positive visual read
(Amadoru et al., 2020) and optimal prediction of progression to
dementia (Hanseeuw et al., 2021). Therefore, our findings using the
cut-off value of 25.11 CL might have significant implications in clinical
studies, especially in light of expected disease modifying therapies
using the cut-off value of “elevated AP

The strengths of our study are the relatively large sample size of
'8F-labeled amyloid PET scans in participants. However, our study
has some limitations. First, our study used a cross-sectional design;
therefore, we did not analyze the cognitive trajectory of participants
in each group. Further longitudinal studies are needed to confirm
whether focal amyloid-positive participants show different clinical
courses. Second, pathologic verification was lacking and pathologic
Ap burdens should be used in further studies to validate the results.
Third, there is also a wide range of sizes of the ROIs. A huge ROI
result in more smoothed data relative to smaller ROIs like the
cingulate. The smoothness of the data is highly likely to impact where
the SUVR cutoft falls using an iterative outlier removal approach.
Fourth, although the iterative outlier removal method is an
established method for PET threshold derivation, it is highly
dependent on how the data is distributed. Especially, the cingulate
has the highest dynamic range in SUVR of all ROIs and naturally an
iterative outlier removal approach is likely to be biased higher as a
result. Fifth, we did not apply any correction method for partial
volume effect, which might reduce global dcCL values in the G-F+
group. However, the original Klunk’s CL methods did not correct
partial volume effect. Sixth, striatum ROI is not a validated region for
FBB. However, this argument might be mitigated by our head-to-
head comparison study of FMM and FBB showing that there was
high correlation in striatal SUVR between two ligands (R*=0.95),
although the striatal SUVR ratio was higher in FMM than in FBB
(p<0.001; Cho et al., 2020b). Finally, the standard for the presence or
absence of amyloid PET scans in each brain region has not yet been
established. While we defined amyloid positivity in each region based
on the focal PET SUVR cutoff, further focal pathologic verifications
are needed for cutoff values.

5. Conclusion

Clinically diagnosed possible or probable AD related MCI and
dementia patients might be classified as the non-AD group when their
global AP uptakes are within subthreshold levels. However, our
findings revealed that participants with focally increased AP uptakes,
even in subthreshold global AP levels, showed AD patterns of
neuroimaging and neuropsychological features. Thus, researchers and
clinicians should pay more attention to focally increased Ap uptakes
even in subthreshold global Ap levels.
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