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"C-Pittsburgh compound B and 8F-THK 5351 positron
emission tomography brain imaging in cognitively normal

individuals

ABSTRACT

Abnormal beta-amyloid plaques and tau protein accumulation are the core pathologic features of Alzheimer's disease. However, the
accumulation of these proteins is also common in cognitively normal elderly people. Therefore, this study is aimed to evaluate the amyloid and
tau accumulation in the cognitively normal population. A preliminary prospective study was conducted on 24 cognitively normal individuals
who underwent Pittsburgh compound B (''C-PiB) and "®F-THK 5351 positron emission tomography (PET)/computed tomography scans. The
standardized uptake value ratio (SUVR) was used for quantitative analysis of the two tracers and comparisons between two age groups:
60 years and >60 years. Co-registration was applied between the dynamic acquisition PET and T1-weighted magnetic resonance imaging to
delineate various cortical regions. P-mod software with the automated anatomical labeling-merged atlas was employed to generate automatic
volumes of interest for different brain regions. The posterior cingulate versus precuneus SUVRSs of PiB uptake was 1.40 + 0.07 and 1.38 + 0.22
versus 1.17 £ 0.07 and 1.14 £ 0.18 in those aged <60 years and >60 years, respectively, whereas the SUVRs of THK5351 retention at brain
stem versus inferior temporal SUVRs were 1.84 + 0.06 and 1.91 + 0.18 versus 1.37 + 0.04 and 1.48 + 0.21 in the age groups of 60 years
and >60 years, respectively (P = 0.20). Our findings allow the determination of the preliminary optimal cutoff points for SUVRs in amyloid and
tau PET studies. Ultimately, these values can be applied to normal databases in clinical use to improve quantitative analysis.
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INTRODUCTION

It is undeniable that many countries are now confronted with
aging societies. When dealing with global health-care problems,
neurodegenerative disorders are the most common age-related
diseases challenging the world’s elderly population. In particular,
the problem of dementia constitutes a health concern among
the elderly, and better screening and prevention programs are
needed. Alzheimer’s disease (AD) is the most common cause
of dementia. The pooled incidence proportion of dementia
due to AD among individuals >60 years old is 34.1/1000
persons-years (confidence interval [CI] 95%: 16.4-70.9), and the
incidence rate is 15.8/1000 person-years (Cl 95%: 12.9-19.4).I"

Noninvasive positron emission tomography (PET) brain
imaging is a useful tool for supporting the quantitative
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characterization of neurological conditions such as AD, as it
allows determination of the functional use or accumulation
of radiopharmaceuticals in specific brain regions.? AD is
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characterized by the deposition of both amyloid protein and
tau protein in the brain.” Thus, amyloid and tau protein PET
scans are needed to confirm the diagnosis in indeterminate
or atypical cases, and especially to aid in the early detection
of AD in subjects with mild cognitive impairment (MCI).>#l

Positron emission tomography/computed
tomography (PET/CT) scanning with Pittsburgh compound
B ("'C-PiB) and '"F-THK 5351 allows both visual (imaging)
and quantitative analysis by standardized uptake value
ratio (SUVR) of amyloid-f plaques and Tau protein
aggregations in the brain, which is clinically beneficial and
important for the diagnosis of early-stage and preclinical
stage AD, as well as for the differentiation of AD from other
neurodegenerative diseases.*"!

For quantitative analysis using PET, the SUVR plays
a significant role as an important parameter for PET
neuroimaging diagnosis. Visual analysis may not provide
adequate information for accurate diagnosis because of
biased judgments related to contrast adjustment or even
the physician’s experience, which may prevent the clear
determination of physiological uptake.t

However, the quantitative assessment of amyloid plaques
and tau protein using PET requires consistent effort to
standardize the protocols. The steps involve proper subject
selection and management, administration of calibrated
radiotracer dosage, image analysis and quality control,
identification of brain reference regions, and optimization
of various image processing and segmentation methods.”

In addition to the technical aspects and study setting,
the biological condition of the population should also be
considered. It has been demonstrated that differences
in the morphology of the skulls of different ethnicities
contribute to different brain shapes and volumes that affect
the accumulation of amyloid and tangles,® associated
with different SUVR cutoffs between different normal
populations.”

In this study, we measured local SUVRs in cognitively normal
elderly people to establish reliable SUVR thresholds for
diagnosing Alzheimer’s disease in our population, and to
thereby improve the efficacy of patient management.

MATERIALS AND METHODS
This study was approved by the Human Research Ethics

Committee of our institute on August 17, 2016. Project code
was 023/2559. Before the study, written informed consent

was obtained from all participants for participation in the
study of data for research and educational purposes.

Participants

Twenty-four individuals (13 men, 11 women; aged: 4279 years;
mean age: 59.67 = 10.84 years) who were diagnosed as
cognitively normal on examinations by neurologists and
neuro-psychiatrists participated in this study. Cognitively
normal criteria were defined as (1) mini-mental state
examination (MMSE) or 24 of higher or a score of >25 on the
Montreal Cognitive Assessment (MoCA), (2) Clinical Dementia
Rating of 0, (3) preserved activities of daily living, (4) absence
of significant levels of impairment in other cognitive
domains, (5) no sign and symptom of MCI or dementia,
and (6) not diagnosed with probable AD by using criteria
from the National Institute on Aging-Alzheimer’s Association
workgroups.’! All subjects had no concurrent underlying
disease such as hypertension, dyslipidemia, diabetes Mellitus,
cardiovascular disease, pulmonary or renal condition. No
participants had a history of psychological or neurological
diseases, use of psychotropic drugs, or cancer found within
the past 5 years. Magnetic resonance imaging (MRI) was
performed in all participants. The participants were separated
into two age groups: <60 years and >60 years.

MRI brain of each cognitively normal individuals showed
no focal mass, acute infarction, intracranial hemorrhage,
hydrocephalus, extra-axial collection, or brain herniation.

Procedures

All participants underwent amyloid PET with "'C-PiB and tau
PET with '8F-THK 5351, using a Siemens Biograph 16 scanner
in three-dimensional (3D) mode. For each patient, both scans
were performed within 2 weeks.

11C-Pittsburgh compound B imaging procedure

All participants were scanned using dynamic imaging started
immediately after intravenous injection of 555 MBq (15 mCi)
of '"'C-PiB. Dynamic brain PET scanning was obtained for
70 min, and brain CT images were acquired for attenuation
correction. The image acquisition parameters included
matrix size = 168 X 168, zoom = 1, and Gaussian filtering
with a full-width at half-maximum (FWHM) of 5.0. Image
reconstruction was performed in 7 frames of 10 min per frame,
using ordered subset expectation maximization (OSEM) with
4 iterations, 8 subsets, and 4-mm pixel size. The iteratively
reconstructed images acquired from 50 to 70 min were used
for the quantitative analysis.

18F-THK 5351 imaging procedure
Dynamic imaging was performed immediately after
intravenous injection of 185 MBq (5 mCi) of "*F-THK 5351.
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Dynamic brain PET scanning was obtained for 90 min
and brain CT images were acquired for attenuation
correction. The image acquisition parameters included
matrix size = 168 X 168, zoom = 1, and Gaussian filtering
with an FWHM of 5.0. Image reconstruction was performed
in 4 frames of 20 min per frame, using OSEM with 4 iterations,
8 subsets, and 4-mm pixel size. The iteratively reconstructed
images acquired from 40 to 60 min were used for quantitative
analysis.

Magnetic resonance imaging acquisition

T1-weighted MRI (T1MRI) was acquired for all participants
using a 3.0-T MRI Siemens Trio scanner. The parameters for
the 3D TIMRI included: Sagittal slice thickness of 1.0 mm;
over contiguous slices with 50% overlap; repetition time of
1600 ms; echo time of 2.03 ms; flip angle of 9°; field of view
of 240 mm X 240 mm; and a matrix size of 256 X 256 pixels
reconstructed to 480 X 480.

T1MRI was used for registration and delineation of
the brain reference regions using the PMOD Neuro
tool (PMOD Technologies, Ziirich, Switzerland).

Data and statistical analysis

Data processing and analysis of the PET imaging was conducted
using P-mod Neuro tool (PMOD Technologies, Switzerland),
as shown in Figure 1. Both the "'C-PiB and '8F-THK 5351
PET images were automatically co-registered within each
individual, using an automatic voxel of interest (VOI) method.
The PET images were then registered to the TIMRI from each
subject. The TIMRI images were used for the registration and
delineation of the brain reference regions, with the data being
standardized to the Montreal Neurological Institute TIMRI
template atlas. VOIs were automatically outlined on the
normalized MRI according to maximum probability following
the Automated Anatomical Labeling - merged atlas. Then,
the SUVRs of '"'C-PiB and '"®F-THK 5351 were measured for
various cortical regions, using the cerebellar grey matter as
a reference region. Eight regions were measured for ''C-PiB,
with these being the orbitofrontal, precuneus, parietal,
anterior cingulate, posterior cingulate, superior parietal,
lateral temporal, and occipital areas. The regions measured
for "¥F-THK 5351 consisted of the anterior cingulate, brain
stem, caudate nucleus, white matter, entorhinal cortex,
frontal cortex, fusiform gyrus, hippocampus, inferior temporal
cortex, lingual gyrus, middle temporal gyrus, occipital cortex,
pallidum, parahippocampal gyrus, parietal cortex, posterior
cingulate, precuneus, putamen, and thalamus.

Analysis of variance and multiple unpaired t-test and
one-sample t-tests were performed to compare tracer uptake
across the various cortical regions. One sample t-test was

also performed between our SUVR in specific regions and
reviewed SUVR from previous studies. A value of P < 0.05
was considered statistically significant, and all statistical
analyses were performed using STATA software version 11
(StataCorp LLC, Texas, USA).

RESULTS

The participants’ characteristics and details are shown in
Tables 1 and 2.

Quantitative analysis of **C-Pittsburgh compound B

The participants aged <60 years showed the highest cortical
uptake of '"C-PiB in the posterior cingulate gyrus, with
average SUVRs of 1.40 = 0.07, followed by 1.31 + 0.08 in
the anterior cingulate gyrus. The other regions, including
the orbitofrontal, precuneus, parietal, lateral temporal, and
occipital areas, demonstrated SUVRs close to 1.12-1.20.

Similarly, in the age group >60 years, the posterior cingulate
also yielded the highest SUVR of 1.38 + 0.22, followed by
1.29 = 0.17 in the anterior cingulate gyrus. However, there
was no statistically significant difference in cortical uptake
between the two age groups [Table 3].

Quantitative analysis of 18F-THK 5351

The <60 years age group showed the highest retention
of ®F-THK 5351 in the pallidum, with an average SUVR of
2.49 =+ 0.15, with high average SUVRs of >2.00 also being
found in three other regions, the hippocampus (2.01 = 0.11),

Table 1: Participants’ characteristics

Characteristics
Sex (count, %)

Male 13 (54)

Female 11 (46)
MoCA (score)

Range 25-30

Mean 27.29+1.57

Median 215
Age <60 (year)

n 13

Range 42-60

Mean 51.38+5.56

Age >60 (year)
n 1"

Range 61-79

Mean 69.45+6.1
Education, (year)

Range 4-20

Mean 14.8+4.2

Median 16

MOCA: Montreal cognitive assessment
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Figure 1: Data processing and analysis of positron emission tomography imaging was conducted using the P-mod Neuro tool. The data were analyzed
and processed following the automatic software processing, which include denoising, normalization, reorientation of positron emission tomography data
and segmentation of magnetic resonance imaging. The final step is the fusion positron emission tomography and magnetic resonance imaging with the
automatic segmentation according to the automated anatomical labelling-merged atlas

putamen (2.09 = 0.08), and thalamus (2.11 = 0.11). The
SUVRs of the inferior temporal cortex and brain stem were
1.37 = 0.04 and 1.84 = 0.06, respectively.

Similarly, '®F-THK binding in the age group >60 years showed
the highest SUVR of 3.01 % 0.55 in the pallidum, followed
by high values over 2.00 in the same areas as in the group
aged =60 years, including the hippocampus (2.14 + 0.22),
putamen (2.33 = 0.39), and thalamus (2.26 = 0.28). The
SUVRs of the inferior temporal cortex and brain stem were
1.48 = 0.21 and 1.91 = 0.18, respectively. There was
a statistically significant difference in the SUVRs of the
entorhinal cortex, pallidum, and putamen between the two
age groups [P < 0.05; Table 4].

DISCUSSION

Amyloid plaque normally accumulates in the human brain
with or without AD pathology. Hence, the retention of
amyloid can be observed in normal brain regions, but in
different degrees depending on age, apolipoprotein E (APOE)
genotype, and gender."” Moreover, the PiB accumulation
pattern in healthy control participants described by Cohen
et al. showed little or no accumulation in cortical brain
regions."" This indicates that 10%-30% of normal elderly
participants could show significant PiB retention.!""!

In our study, the highest cortical uptake of PiB occurred in the
anterior and posterior cingulate gyrus. In accord with this,

Table 2: Participants’ details

Subjects Sex Age MoCA score
Age group <60 years
PTO1 Female 42 28
PT02 Male 44 27
PT03 Female 46 28
PT04 Female 49 26
PTO05 Male 50 30
PT06 Male 50 29
PTO7 Female 51 29
PT08 Female 51 28
PT09 Male 53 29
PT10 Female 54 26
PT11 Female 58 26
PT12 Female 60 26
PT13 Male 60 21
Age group >60 years
PT14 Male 61 26
PT15 Female 63 26
PT16 Male 64 25
PT17 Female 67 27
PT18 Male 67 29
PT19 Female 67 26
PT20 Male 70 30
PT21 Male 72 29
PT22 Male 77 25
PT23 Male 77 30
PT24 Male 79 25

MOCA: Montreal cognitive assessment

Wakabayashi et al."” reported the highest cortical uptake of
PiB in the posterior cingulate, with an SUVR of 1.25 in the
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Table 3: Mean standardized uptake value ratio on "'C-PiB
positron emission tomography imaging

Region of Age <60 years Age >60 years P
interest (n=13) (n=11)

Orbitofrontal 1.20=0.11 1.25+0.13 0.41
Precuneus 1.17+0.07 1.14+0.18 0.62
Parietal 1.14+0.08 1.08+0.18 0.28
Anterior cingulate 1.31+0.08 1.29+0.17 0.67
Posterior cingulate 1.40=0.07 1.38+0.22 0.69
Superior parietal 1.06+0.11 0.96+0.18 0.11
Lateral temporal 1.12+0.07 1.11+0.09 0.70
Occipital 1.16+0.09 1.14+0.12 0.67

Table 4: Mean standardized uptake value ratio on "*F-THK 5351
imaging

Region of interest Age <60 years Age >60 years P

(n=13) (n=11)
Anterior cingulate 1.67+0.05 1.71+0.19 0.43
Brain stem 1.84+0.06 1.91+0.18 0.20
Caudate nucleus 1.98+0.18 1.93+0.27 0.58
White matter 1.40+0.08 1.48+0.18 0.14
Entorhinal cortex 1.51+0.08 1.69+0.24 0.02
Frontal cortex 1.25+0.04 1.28+0.13 0.51
Fusiform gyrus 1.40+0.05 1.48+0.20 0.17
Hippocampus 2.01+0.11 2.14+0.22 0.08
Inferior temporal cortex 1.37+0.04 1.48+0.21 0.09
Lingual gyrus 1.20+0.06 1.22+0.14 0.69
Middle temporal gyrus 1.27+0.04 1.34=0.16 0.15
Occipital cortex 1.16+0.05 1.18=0.12 0.56
Pallidum 2.49+0.15 3.01+0.55 0.00
Parahippocampal gyrus 1.78+0.09 1.90+0.23 0.11
Parietal cortex 1.16=0.05 1.18=0.11 0.68
Posterior cingulate 1.45+0.06 1.49+0.15 0.39
Precuneus 1.26=0.03 1.26=0.11 0.89
Putamen 2.09+0.08 2.33+0.39 0.02
Thalamus 2.11+0.11 2.26+0.28 0.10

PiB negative group who aged 66.5 = 7.0 years. Our study
showed the highest PiB uptake in the same brain region, and
there was a significant difference (P < 0.05) in the SUVRs of
the posterior cingulate gyrus between two studies. Thus,
there were still some SUVR differences between both studies,
despite them being from the same Asian population. The
results of our study are not directly comparable with those of
Ismail et al.l'3l and Villeneuve et al.'" who employed a global
cortical SUVR measure combining multiple brain regions,
as we evaluated the average cortical SUVR for each region,
including the region of PiB accumulation.

Our findings regarding '®F-THK 5351 accumulation were
similar to that of Okamura et al.,!" who showed high uptake
in the pallidum and thalamus regions due to monoamine
oxidase (MAO) binding, with these regions being considered
as off-target binding brain regions for THK 5351. Our results

were also consistent with those of Lockhart et al.'"® who
reported high SUVRs in the pallidum and thalamus regions.
THK compounds also show off-target binding to monoamine
oxidase B (MAO-B), resulting in uptake at midbrain and
basal ganglia. Although the affinity between MAO-B and
BE-THK-5351 should not affect the signal observed by PET,!"”!
8E-THK 5351 PET/CT should be carefully interpreted. We
also found a statistically significant difference in the THK
5351 SUVRs of the entorhinal cortex, pallidum, and putamen
between the two age groups, further study in a large number
of participants is needed for clarification.

In the inferior temporal region, an area of particular interest
for preclinical Alzheimer’s diagnosis, Kikuchi et al.™® and
Harada et al."! described THK 5351 SUVRs of 1.56 = 0.09
in the right middle inferior temporal region, 1.52 = 0.12
in the left middle inferior temporal region, and a range of
1.44-1.67 in the inferior temporal lobe. In comparison, we
found SUVRs of 1.37 = 0.04 and 1.48 = 0.21 for the age
groups of <60 years and >60 years, respectively, without
statistically significant difference. Even though these values
are all from reports studying Asian populations, there was a
statistically significant difference in the SUVRs in this region
between the earlier studies and ours (P < 0.05 in one sample
t-test analysis).

Finally, we found statistically significant SUVR differences
between our study and previous studies for both amyloid
and Tau. Thus, SUVRs from populations with different
ethnicities should not be used as reference values, as there
may be numerous factors influencing variation, such as the
biological factors reported by Duara et al.,?® who described
variation in SUVR thresholds for amyloid retention resulting
from ethnicity (Hispanic or nonHispanic), age, sex, cognitive
status, and APOE &4 carrier status. Moreover, physical factors
such as brain volume, technical aspects such as the difference
of PET/CT machine’s performance efficiency, data acquisition
parameter setting, and the diversity of quantitative methods
used for the analysis should also be considered.

Our study was limited by the small number of participants,
which might have decreased the statistical power for the
discrimination of differences between the two age groups.
In particular, our study reports only preliminary findings,
and further study with larger sample size is recommended
to confirm our findings.

CONCLUSION

Our study demonstrates the preliminary normal SUVR
database for ""C-PiB and "*F-THK 5351 PET/CT. Nonetheless,
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the local cut-off points for SUVR database values should be
carefully ratified in clinical practice and research, to ensure
better accuracy, quantitative analysis improvement, and
precision in preclinical AD evaluation. As well, normal SUVR
database values should also be recommended as a model
for reliable thresholds in different ethnicities towards better
diagnosis and management efficacy of Alzheimer’s disease
patients.
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