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['*FITHK-5351 PET Patterns in Patients With
Alzheimer’s Disease and Negative Amyloid PET Findings
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tivity. ['"*F]THK-5351 has been shown to be able to detect reactive astrogliosis as well as tau
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aminations,*” which can potentially confound clinical trials
in AD.%7

Amyloid positron-emission tomography (PET) measures
the amount of amyloid-P aggregates—one of the pathologi-
cal hallmarks of AD—in the brains of living subjects.*'" In
2018, the National Institute of Age—Alzheimer’s Association
(NIA-AA) shifted the definition of AD to a biological con-
struct.'’ A recent meta-analysis found that the mean preva-
lence of amyloid positivity was 88% (95% confidence inter-
val=85%-90%) in cases of AD dementia, and that it varied
with age and apolipoprotein E (ApoE) &4 status.'” A negative
amyloid PET scan was observed in 12% of clinically diagnosed
patients with AD dementia, and was most common in older
ApoE-e4-negative patients."” The latter finding was consistent
with those of two recent phase-3 trials on humanized anti-
amyloid-p monoclonal antibodies.*” The “AD phenocopy”
was most prevalent in older and ApoE-e4-negative partici-
pants, and may be explained by diverse age-related patholo-
gies (e.g., hippocampal sclerosis, argyrophilic grain disease,
or tangle-predominant dementia)'*"* that preferentially tar-
get the limbic system, resulting in a memory-predominant
presentation that may be mistaken for AD.

Off-target binding limits the specificity of ['*F]THK-5351,
which was initially found to target tau aggregates in neurofi-
brillary tangles,'® but it has subsequently been shown to bind
to monoamine oxidase B and glial fibrillary acidic protein."”'®
Therefore, ["*F]THK-5351 might reflect neuroinflammation
in the brain. We aimed to determine the clinical characteris-
tics and uptake pattern of ["*F]THK-5351 PET in patients with
amyloid-negative AD.

METHODS

Participants

Patients with AD dementia who had been diagnosed with
probable AD according to the guidelines of the National In-
stitute of Neurological and Communicative Disorders and
Stroke and the AD and Related Disorders Association, and
who also met the criteria recommended by the NIA-AA were
recruited from the memory disorder clinics at Asan Medical
Center, Gachon University Gil Medical Center, and Samsung
Medical Center between January 2016 and August 2017.>*
The exclusion criteria in brain magnetic resonance imaging
(MRI) were structural lesions such as territorial infarctions,
intracranial hemorrhage, traumatic brain injury, hydroceph-
alus, severe white-matter hyperintensity (WMH) defined as
D3P3 on the modified Fazekas scale,” or WMH associated
with radiation, multiple sclerosis, or vasculitis. Secondary
causes of cognitive decline were ruled out through laboratory
tests that assessed complete blood counts, vitamin B12 and
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folate levels, thyroid function, the metabolic profile, and syphi-
lis serology.

All participants completed the Seoul Neuropsychological
Screening Battery, which assesses attention, visuospatial func-
tion, language, memory, and frontal executive function, and
includes the Mini Mental State Examination (MMSE).?' ApoE
genotyping was performed in all participants, who also un-
derwent amyloid (either [**F]florbetaben or ['*F]flutemetamol)
and ["®F]THK-5351 PET and brain MRI.

After the PET scan, each patient was re-evaluated for their
most-probable diagnosis of dementia according to the diag-
nostic criteria for frontotemporal dementia (FTD), subcor-
tical vascular dementia, and diffuse Lewy body dementia, and
were followed up accordingly.”?

This study was approved by the Institutional Review Board
of Asan Medical center (2016-0023), Gil Medical Center
(GDIRB2015-272), and Samsung Medical Center (2015-09-
880). Written informed consent was obtained from all partici-
pants.

Acquisition of PET data

We performed static brain PET scans on all participants at 50—
70 min after an intravenous injection of 185 MBq of [**F] THK-
5351 for tau and 90-110 min after an intravenous injection of
300 MBq of ["*F]florbetaben or 185 MBq of [**F]flutemetamol
for amyloid. A Discovery 690, 710, or 690 Elite PET/CT scan-
ner (GE Healthcare, Chicago, IL, USA) was used at Asan
Medical Center, a Siemens Biograph 6 Truepoint (Siemens,
Munich, Germany) was used at Gil Medical Center, and a
Discovery STE PET/CT scanner (GE Healthcare, Chicago, IL,
USA) was used at Samsung Medical Center. Three-dimen-
sional Hoffman phantom PET image-based harmonization
was conducted to identify the optimal size for the smooth-
ing kernel to match the resolution of the digital gray matter
(GM)/white matter (WM) segmentation with that of each
PET scanner. Thereafter, we identified an optimal smoothing
kernel that matched the spatial resolution of all scanners to
that of the scanner with the lowest resolution; that is, the
Discovery STE device (detailed methods are described at Joshi
et al.®®).

Visual analysis of PET data

To evaluate ["*F]THK-5351 binding in the brain, a visual grad-
ing was performed by two board-certified nuclear medicine
physicians (M.O and J.S.K.) blinded to the patients’ clinical
information. The goal of each read was to identify and locate
areas in the brain exhibiting ['*F]THK-5351 activity greater
than that in the cerebellum. Retention patterns were visually
classified into intratemporal spread (no retention or retention
only within the temporal cortex [WT]) and extratemporal



spread (retention in the frontotemporoparietal cortex [FTP],
retention in the frontotemporal cortex [FT], or diffuse reten-
tion in the frontotemporoparietal WM rather than in the
GM [FTP-WM)]) (Fig. 1). This is a modification of the classi-
fication applied to the distribution pattern of flortaucipir and
[**F]THK-5351 PET.**

The amyloid PET scans demonstrating either ["*F]florbe-
taben or ["*F]flutemetamol uptake in the brain were assessed
visually using a binary classification (positive or negative) as

recommended for each tracer.”>*

Quantitative analysis of PET data

Each participant’s PET image was strictly coregistered to their
magnetization-prepared rapid gradient-echo data using the
SPM12 tool (Wellcome Trust Centre for Neuroimaging, In-
stitute of Neurology, University College London, London, UK)
of MATLAB software (version R2013a for Windows, Math-
Works, Natick, MA, USA). As described by Thomas et al.,”!
cortical GM/WM parcellation was performed using Free-
Surfer software (version 6.0, Massachusetts General Hospi-
tal, Harvard Medical School; http://surfer.nmr.mgh harvard.
edu). This gyral parcellation is based on the Desikan—Killia-
ny atlas for both the quantification and partial volume effect
(PVE) correction of PET images. Region-based voxelwise PVE
correction was performed using the symmetric geometric trans-
fer matrix approach in the FreeSurfer software.” Voxel-based
PVE correction was carried out using the ratio of the region-
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based PVE-corrected PET to its 7-mm-smoothed image.*®
Subcortical WM regions were segmented using cortical la-
bels overlaid on the WM surface with voxels that were within
a depth of 5 mm from the GM boundary. The mean standard-
ized uptake value ratio (SUVR) was calculated for each vol-
ume of interest (VOI), based on the mean standardized up-
take value (SUV) for each VOI, and was normalized to the
mean SUV of cerebellar GM. SUVR thresholds of 1.32 and
0.62 for amyloid positivity were applied to ['*F]florbetaben

and ["*F]flutemetamol PET scans, respectively.****

Acquisition and analysis of MRI data
MRI was performed with a 3.0-T system (Achieva, Philips
Medical Systems, Best, The Netherlands) using an eight-chan-
nel sensitivity-encoding head coil at Asan Medical Center and
Samsung Medical Center, or with the Magnetom Verio device
(Siemens) with a Siemens matrix coil at Gil Medical Center.
We acquired T1-weighted multiecho magnetization-pre-
pared rapid-acquisition gradient-echo structural images to
evaluate the cortical thickness and volume, and T2-weighted
fluid-attenuated inversion recovery images to evaluate the
white-matter hyperintensity volume (WMHYV). Images were
analyzed using FreeSurfer software (version 6.0), and MRI
parcellation was performed as described above.

Statistical analysis
Continuous variables are expressed as mean+standard-deviation

Extra-temporal

Fronto-temporoparietal ~ Fronto-temporal cortex Fronto-temporoparietal
cortex white matter

R,

08

Fig. 1. Representative images of the standardized uptake value ratio (SUVR) for ["*FITHK-5351 in positron-emission tomography in amyloid-neg-
ative Alzheimer's disease. Retention patterns were visually classified into intratemporal spread (no retention or retention only within the temporal
cortex [WT]) and extratemporal spread (retention in the frontotemporoparietal cortex [FTP], retention in the frontotemporal cortex, or diffuse re-
tention in the frontotemporoparietal white matter rather than in the gray matter [FTP-WM]).

www.thejen.com 439



- J C N ['®F]THK-5351 PET in Amyloid Negative AD

values or median and interquartile-range values, and categori-
cal variables are expressed as frequencies. We applied chi-
square or Fisher’s exact tests to categorical variables and Krus-
kal-Wallis tests to quantitative variables. Statistical significance
was defined as a two-sided p value<0.05. A Spearman’s cor-
relation analysis was performed to assess the correlation be-
tween variables. Statistical analyses were performed using
Statistical Package for the Social Sciences (SPSS) software
(version 18.0, SPSS Inc., Chicago, IL, USA).

RESULTS

Comparison between amyloid-positive and
-negative AD

Among 164 patients with clinically probable AD, 23 (14.0%)
were visually and quantitatively negative in ['*F]florbetaben
or ["*F]flutemetamol PET. Patients with amyloid-negative AD
were older (74.9+8.3 years vs. 67.2£10.6 years, p=0.001) and
had a lower prevalence of early onset (onset age <65 years)
(17.4% vs. 58.3%, p=0.001) compared with amyloid-positive
AD. The prevalence of diabetes mellitus (DM) (39.1% vs. 10.6%,
p<0.001) was significantly higher while the frequency of ApoE
&4 positivity was significantly lower (13.0% vs. 50.8%, p=0.001)
in patients with amyloid-negative AD than in amyloid-pos-
itive AD.

Patients with amyloid-negative AD had an education dura-
tion of 7.5+5.4 years, a disease duration of 3.6+2.3 years, an
MMSE score at baseline of 19.3£5.8, and a Clinical Dementia
Rating (CDR) of 1.0+0.6. These patients had better visuospa-
tial function and verbal and visual memory;, and exhibited less
color confusion than did patients with amyloid-positive AD.
Demographics and the results of neuropsychological tests of
the patients are summarized in Table 1. Complete neuropsy-
chological data were available for only 120 of the 141 patients
with amyloid-positive AD.

The mean cortical thickness and WMHYV did not differ sig-
nificantly between amyloid-positive and -negative AD. The
hippocampal volume was smaller in patients with amyloid-
positive AD (2,997.87+477.42 mm’ vs. 3,334.78+637.60 mm’,
p=0.024). The global SUVR in amyloid PET was lower in pa-
tients with amyloid-negative AD than in amyloid-positive AD
for both ["®*F]florbetaben (1.15+0.06 vs. 1.6+£0.2, p<0.001) and
["*F]flutemetamol (0.40+0.09 vs. 1.01+0.20, p<0.001).

Retention pattern of ["*F]THK-5351 in
amyloid-negative AD

Retention patterns of ["*F]THK-5351 in amyloid-negative AD
were classified as intratemporal spread in 10 patients (no reten-
tion: n=7, 30.4%; WT: n=3, 13.0%) and extratemporal spread
in 13 patients (FTP: n=8, 34.8%; FT: n=3, 13.0%; FTP-WM:
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n=2, 8.7%) (Fig. 2).

The clinical and imaging characteristics according to the
retention patterns of ['*F]THK-5351 are summarized in Ta-
bles 1 and 2. Briefly, there was no statistically significant dif-
ference between the intra- and extratemporal spread groups
in age (77.1+4.7 years vs. 73.2+10.2 years, p=0.927), educa-
tion duration (7.9£5.8 years vs. 7.2+5.3 years, p=0.738, dis-
ease duration (3.942.9 years vs. 3.3+1.7 years, p=0.832), fre-
quency of ApoE &4 positivity (10.0% vs. 15.4%, p=0.602),
MMSE score (20.4+4.3 vs. 18.4+6.8, p=0.738), CDR (0.8+0.3
vs. 1.1£0.8, p=0.784), CDR-Sum of Boxes (4.7+1.2 vs. 6.4+5.3,
p=0.722), or Geriatric Depression Scale score (13.6+9.3 vs.
12.1+6.7, p=0.798). Patients with an extratemporal spread pat-
tern in ["*F]THK-5351 PET performed worse in verbal mem-
ory recognition tests than did patients with intratemporal
retention (-2.19+1.50 vs. -0.77£1.07, p=0.048).

The cortical thickness (2.35+0.11 mm vs. 2.26+0.17 mm,
p=0.251), hippocampal volume (3,273.43+595.03 vs. 3,381.98+
688.63 mm’, p=0.695), and WMHYV (p=0.473) also did not
differ significantly between the two groups. The global ['*F]
THK-5351 SUVR (SUVRpux: 2.01+0.26 vs. 1.61+0.15, p=
0.001) and SUVR1yk in Braak stage III/IV (2.06+0.28 vs.
2.61+0.48, p=0.004) and Braak stage V/VI (1.60+0.14 vs. 2.00+
0.23, p=0.001) were higher for extratemporal spread than for
intratemporal spread.

Prognosis according to retention pattern of
["*F]THK-5351 in amyloid-negative AD

Compared with the baseline value, the MMSE score at the
1-year follow-up had decreased in the extratemporal spread
group but not in the intratemporal spread group (-3.5+3.2
vs. -0.5+2.8, p=0.020) (Table 3). After the PET scan, the clinical
diagnosis remained unchanged in 56.5% (13 of 23) of the
patients with amyloid-negative AD (Fig. 2). The rate of change
in the diagnosis status did not differ significantly with the re-
tention pattern (50.0% for intratemporal spread vs. 61.5% for
extratemporal spread, p=0.580). The clinical diagnosis changed
to FID in 17.4% (n=4) of the patients with amyloid-negative
AD: two of these patients had initially shown FTP retention
patterns in PET and the other two had shown FT retention
patterns. Therefore, the diagnosis changed to FTD in about
one-third of the patients with the extratemporal spread pat-
tern, whereas this did not occur in any of the patients with
the intratemporal retention pattern. The remaining patients
with changes in status (26.1%, n=6) were presumed to have
subcortical vascular dementia (n=2), diffuse Lewy body de-
mentia (n=2), or unclear etiology (n=2). The duration of fol-
low-up was 25.0+14.1 months. The diagnosis had not altered
at the follow-up in any of the patients.
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study were amyloid-negative, and most of these patients were
also negative for ApoE e4. About 70% of the patients with am-
yloid-negative AD in this study showed abnormal retention

DISCUSSION

Approximately 14% of the patients with clinical AD in this

Table 1. Demographics and the results of neuropsychological tests

Comparison within amyloid (=) AD group
by retention pattern of THK-5351

Comparison between amyloid (+)
and amyloid (=) AD groups

Amyloid (+) AD  Amyloid (-) AD Intra-temporal Extra-temporal
(n=120) (n=23) spread (n=10) spread (n=13) P
Demographics
Age (yr) 67.2+10.6 749183 0.001 771147 73.2+10.2 0.927
Sex, female 70.7 60.9 0.347 70.0 53.8 0.363
Education duration (yr) 8.9+47 75154 0.240 79+58 7.2+53 0.738
Disease duration (yr) 41424 3.6+23 0.349 39+29 33+17 0.832
Onset age <65 (yr) 58.3 17.4 0.001 0.0 30.8 0.054
Hypertension 285 435 0.152 40.0 46.2 0.552
Diabetes mellitus 10.6 39.1 <0.001 40.0 385 0.637
Hyperlipidemia 23.6 348 0.257 40.0 30.8 0.490
Hypothyroidism 0.0 8.7 0.125 0.0 15.4 0.308
Depression 7.7 43 0.626 10.0 0.0 0.435
Dementia family history 22.0 34.8 0.186 50.0 23.1 0.221
ApoE €4 positivity 50.8 130 0.001 10.0 15.4 0.602
Neuropsychological tests
MMSE score 18.015.6 19.3158 0.347 204143 18.416.8 0.738
CDR 09+0.6 1.010.6 0.727 0.8£0.3 1.11£0.8 0.784
CDR-Sum of Boxes 56+3.6 5.61+4.0 0.980 47%12 64153 0.722
GDS score 12.3+79 129479 0.412 13.619.3 12.116.7 0.798
Attention
Digit Span Test, forward -0.28+1.31 -0.08+0.97 0.406 -0.18£0.91 0.01£1.05 0.692
Digit Span Test, backward -1.17+£1.52 -0.41£2.09 0.122 -0.59+1.25 -0.24+2.69 0.888
Language and related function
K-BNT -2.20+232 -2.16+1.96 0.938 -1.60£1.42 -2.62+2.28 0.448
Visuospatial function
RCFT, copying -4.6816.25 -1.38%£2.29 0.016 -0.86£1.30 -1.81£2.86 0.644
Memory
SVLT, immediate recall -204+1.24 -1.48+0.90 0.046 -1.25+0.57 -1.67+£1.09 0.322
SVLT, delayed recall -2.35+0.80 -2.021+0.56 0.028 -1.99+0.43 -2.05+0.68 0.843
SVLT, recognition -2.40+1.76 -1.54+1.49 0.023 -0.77+1.07 -2.19+1.50 0.048
RCFT, immediate recall -1.80*0.86 -1.2210.81 0.005 -1.20%0.71 -1.241092 0.843
RCFT, delayed recall -2.06£0.90 -1.39£0.71 <0.001 -1.30£0.64 -1.46£0.77 0.509
RCFT, recognition -2.2911.59 -1.2311.24 0.001 -1.17£1.42 -1.28%£1.14 0.895
Frontal executive function
COWAT, animal names -1.871£1.04 -1.8410.82 0.868 -1.69%0.72 -1.96+0.92 0.510
COWAT, supermarket items -1.566+0.98 -1.74+0.87 0.377 -1.65+0.85 -1.82+0.92 0.570
COWAT, phonemic fluency -1.23+1.21 -0.98+0.82 0.258 -1.21£0.61 -0.77+0.95 0.288
Stroop test, color reading -1.86+1.39 -1.12+1.10 0.042 -0.921+0.79 -1.35%1.42 0.668
TMT-B -6.14+5.69 -40615.00 0.202 -2.401+2.29 -5.26+6.19 0.807

Data are meanztstandard-deviation values for continuous variables and percentage values for categorical variables. All data for neuropsychological
tests are z scores.

AD, Alzheimer's disease; ApoE, apolipoprotein E; CDR, Clinical Dementia Rating; COWAT, Controlled Oral Word Association Test; GDS, Geriatric Depres-
sion Scale; K-BNT, Korean version of the Boston Naming Test; MMSE, Mini Mental State Examination; RCFT, Rey Complex Figure Test; SVLT, Seoul Ver-
bal Learning Test; TMT-B, Trail-Making Test type B.
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of ["*F]THK-5351 in PET. We classified the retention patterns
of ["*F]THK-5351 into intra- and extratemporal spread ac-
cording to the distribution of ["*F]THK-5351 uptake in brain

9 B AD (n=13)
g 1 FID (n=4)
1 Other (n=6)
7,
£ o
o
8 54
G
B 4
€
>
= 34
: l
O,
No retention ~ Within- Fronto- Fronto- Fronto-
(n=7) temporal ~ temporo-  temporal  temporo-
(n=3) parietal cortex parietal
cortex (n=3)  white matter
(n=8) (n=2)
Intra-temporal (n=10) Extra-temporal (n=13)

Fig. 2. Subgroups of postscan diagnoses according to visual patterns
of ["®F]THK-5351 retention in positron-emission tomography of pa-
tients with amyloid-negative Alzheimer's disease (AD). The clinical di-
agnosis remained unchanged as AD in five patients (50%) in the intra-
temporal group and changed to other diagnoses in the other members
of that group (50%). The diagnosis remained unchanged as AD in eight
patients (61.5%) in the extratemporal spread group, and changed to
frontotemporal dementia (FTD) in four patients (30.8%) and other di-
agnoses in one patient (7.7%).

Table 2. Imaging characteristics

PET. The global and regional values of SUVRmx were higher
in the extratemporal spread group than in the intratemporal
group, and MMSE scores deteriorated rapidly during the
follow-up only in the former. About half of the patients re-
tained their clinical diagnosis of AD after ["*F]THK-5351 PET.

Patients with amyloid-negative AD were older and had a
lower frequency of ApoE-e4-positive status than did patients
with amyloid-positive AD (13.0% vs. 50.8%). Ward et al.”®
reported that the prevalence of ApoE &4 positivity varied by
geographic location, including from 38.48% to 45.27% among
patients diagnosed with AD in Asia. This low proportion of
ApoE &4 positivity is consistent with the findings of a previ-
ous meta-analysis of the prevalence of amyloid PET positiv-
ity in dementia syndrome.'* Although the ApoE e4 allele has
been recognized to be the strongest genetic risk factor for late-
onset AD that acts via its effect on amyloid aggregation, clear-
ance, and deposition onset,* late-onset AD is believed to be
a complex, heterogeneous disease caused by multiple other
genetic and environmental factors via diverse pathways.””*
Most of our patients with amyloid-negative AD showed ab-
normal retention of ["*F]THK-5351 in PET. Although we
could not confirm the specific etiology without performing
an autopsy, this finding indicates that tau and neuroinflam-
mation can contribute to the manifestation of clinical AD de-
mentia, and is referred to as an AD phenocopy.

Patients with amyloid-negative AD were older and showed
a higher prevalence of DM than did patients with amyloid-
positive AD. The prevalence of DM increases with age,* and
patients with late-onset AD often have concomitant cerebro-

Comparison within amyloid (=) AD group
by retention pattern of THK-5351

Comparison between amyloid (+)
and amyloid (=) AD groups

Amyloid (+) AD Amyloid (=) AD Intra-temporal Extra-temporal
(n=120) (n=23) P spread (n=10) spread (n=13) P

MRI

Cortical thickness (mm) 2.31+0.15 2.30£0.15 0.757 2.35+0.1 2.26+0.17 0.251

Hippocampal volume (mm?) 2,997.87+477.42 3,334.78+637.60 0.024 3,273.43%595.03 3,381.98+688.63 0.695

Deep WMHV (mm?) 493.37+879.10 675.651941.66 0.380 718.00+979.57 643.08+950.45 0.855

PV WMHV (mm?) 5299.12+4,599.30  6,619.1316,220.76 0.252 7,751.00£7,31497  5748.46%£5378.26 0.457

Total WMHV (mm?) 5,792.501+5,207.38  7,293.0416,702.01 0.243 8,469.001+7,989.41 6,388.4615,695.25 0.473
Amyloid PET

["®F]florbetaben SUVR, global 1.60%0.20 1.15+0.06 <0.001 1.17+0.01 1.13£0.07 0.251

["®F]flutemetamol SUVR, global 1.01+£0.20 0.40£+0.09 <0.001 0.37£0.03 0.44+0.13 0.522
THK-5351 PET

SUVR, global NA 1.61£0.15 2.01+0.26 0.001

SUVR, Braak stage I/l NA 2.59+0.54 3.02£0.66 0.082

SUVR, Braak stage v NA 2.06+0.28 2.61£0.48 0.004

SUVR, Braak stage V/VI NA 1.60+0.14 2.00+0.23 0.001

AD, Alzheimer's disease; MRI, magnetic resonance imaging; NA, not assessed; PET, positron-emission tomography; PV, periventricular; SUVR, standard-
ized uptake value ratio; WMHV, white-matter hyperintensity volume.
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Table 3. Prognosis according to retention pattern of ['®FITHK-5351 in patients with amyloid-negative PET

Intratemporal spread (n=10) Extratemporal spread (n=13) p
MMSE score, baseline 20.4£43 18.4%6.8 0.738
MMSE score, 1-year follow-up 19.5£3.0 159+6.4 0.041
AMMSE score), 1-year follow-up minus baseline -0.5+2.8 -3.56+3.2 0.020

vascular disease pathologies as well as other neurodegenera-
tive disease pathologies. These additional pathologies lower
the threshold for the clinical diagnosis of AD," and so the
prevalence of amyloid positivity decreases with age.'

We classified patterns of ['*F]THK-5351 retention in PET
into intra- and extratemporal spread patterns. When we com-
pared the uptake of [*F]THK-5351 in PET with that of the sec-
ond-generation tau tracer ["*F]PI-2620, patients who showed
an intratemporal uptake in ["*F]THK-5351 PET had negative
findings for the latter.”” This suggests that intratemporal [**F]
THK-5351 uptake was not due to the tau burden in the brain.

The group with an extratemporal spread of ["*F]THK-5351
retention was categorized into the FTP, FT, and FTP-WM
patterns. Increased uptakes in the FTP in ["*F]THK-5351 PET
were typically seen in patients with advanced AD, irrespec-
tive of their amyloid-negative status. This might be due to
false-negative findings on amyloid PET scans reflecting the
insensitivity of this technique in detecting advanced amyloid
pathology, possibly caused by distinct conformations of amy-
loid plaques or marked atrophy.* However, this is probably
only a partial explanation considering the high concordance
between amyloid PET and pathology,** which further sug-
gests that negative amyloid PET findings can rule out AD de-
mentia. Furthermore, to remove the possibility of enrolling
patients with near-threshold amyloid deposition, this study
only enrolled patients with both visual and quantitative neg-
ative findings in amyloid PET. A possible explanation is that
older people develop AD dementia in the presence of a low
amyloid-p burden, which might not be detected by PET due
to age-related diminished resilience (cognitive-reserve theo-
ry) or the cumulative effect of comorbid pathologies (dou-
ble-hit hypothesis). Given the small numbers of participants
in this study, further studies with large samples are needed
to confirm this theory.

The second pattern of extratemporal spread involved in-
creased uptake in the FT while sparing the parietal cortex,
which was frequently seen in patients with FID, including
the behavioral variant of FTD (bvFTD) or the semantic vari-
ant of primary progressive aphasia (svPPA) in ["*F]THK-5351
PET.** Given that most svPPA cases are not tauopathies, the
FT pattern of uptake is more likely to reflect neuroinflamma-
tion than true tau uptake. Furthermore, we found that pa-
tients with FTD who showed FT uptake of ["*F]THK-5351
showed no uptake of [*F]PI-2620, which is a second-gener-

ation tau PET tracer.” Two-thirds of the patients in our study
who showed this pattern had a diagnosis change from AD
to FTD during the follow-up period, which suggests that
['*F]THK-5351 uptake pattern can reflect the clinical course.

The third pattern of extratemporal spread involved diffuse-
ly increased uptake, predominantly in the WM. We previous-
ly reported that the uptake of ["*F]THK-5351 in the GM and
WM during PET differs between bvFTD and other types of
dementia, including AD.”® The increased uptake in the fron-
tal WM was greater than that in the GM, and correlated with
executive function, which suggests that ['*F]THK-5351 up-
take in the WM reflects neuropathological differences be-
tween bvFTD and other types of dementia. However, long-
term follow-up is needed to confirm this hypothesis, since
the patients exhibiting this uptake pattern were still clinically
considered to have AD dementia during the short follow-up
period in the present study.

Dementia represents the clinically observable outcome of
the cumulative burden of multiple pathological insults in the
brain. Although the most common pathology is AD,* most
older patients with dementia have multiple underlying path-
ological changes. Accurately determining the cause of demen-
tia while patients are alive is essential for developing and
implementing disease-specific therapies, but a diagnosis based
on clinical criteria alone is generally insufficient for determin-
ing the histopathological cause of dementia.* Amyloid PET
can be used to measure the amount of amyloid-[} aggregates—
one of the pathological hallmarks of AD*"'—in the brains of
living subjects. Nevertheless, 16%-39% of subjects with sus-
pected AD have been found to have amyloid-negative find-
ings.*”* However, a negative visual interpretation cannot
rule out the presence of amyloid and tau levels sufficiently to
support a classification of moderate AD neuropathological
changes.”

We explored the clinical and imaging characteristics of the
patients with amyloid-negative AD using currently available
tests. About half of the patients in this study retained an AD
diagnosis, regardless of the type of retention pattern in ['*F]
THK-5351 PET. One-sixth of patients in whom the diagno-
sis changed to FTD showed an extratemporal spread. The re-
maining patients were presumed to have other diseases, in-
cluding subcortical vascular dementia and diffuse Lewy body
dementia, based on amyloid- and tau-negative patterns as well
as the clinical follow-up. Most of these patients exhibited an
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intratemporal retention pattern in ['*F]THK-5351 PET.

While we could not establish the specific etiology, we did
find that patients with extensive ["*F]THK-5351 retention be-
yond the temporal lobe exhibited rapid deterioration in their
MMSE scores, which suggests that neuroinflammation can
accelerate the clinical progression of various types of neuro-
degenerative disease. This is consistent with the previous finding
that ["*F]THK-5351 can predict cognitive decline or the con-
version to AD in patients with mild cognitive impairment.**'

There were several limitations in this study. First, there were
relatively few patients with amyloid-negative AD. This could
have been responsible for the lack of significant differences
in clinical characteristics and cognitive function scores be-
tween the intra- and extratemporal spread groups. Further
studies with larger populations are therefore needed to con-
firm the characteristics of amyloid-negative AD. Second, the
follow-up period might have been too short to make a defi-
nite diagnosis. Moreover, the diagnosis was not confirmed
pathologically by autopsy. However, the diagnosis was estab-
lished by utilizing all currently available clinical and imaging
tests, other than pathological confirmation, which is impos-
sible in living patients. Finally, none of the study subjects un-
derwent follow-up detailed neuropsychological tests, and so
we could not evaluate the disease progression precisely.

In conclusion, we have identified the clinical characteristics
and ["*F]THK-5351 uptake patterns in clinical AD dementia
with negative findings for amyloid in PET. ["*F]THK-5351
PET imaging assesses both astrogliosis and tau, and may be
useful for discriminating neurodegenerative diseases regard-
less of the amyloid PET findings.
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