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Abstract
Objective Amyloid positron emission tomography (PET) can reliably detect senile plaques and fluorinated ligands are 
approved for clinical use. However, the clinical impact of amyloid PET imaging is still under investigation. The aim of this 
study was to evaluate the diagnostic impact and clinical utility in patient management of amyloid PET using 18F-florbetapir 
in patients with cognitive impairment and suspected Alzheimer’s disease (AD). We also aimed to determine the cutoffs for 
amyloid positivity for quantitative measures by investigating the agreement between quantitative and visual assessments.
Methods Ninety-nine patients suspected of having AD underwent 18F-florbetapir PET at five institutions. Site-specialized 
physicians provided a diagnosis of AD or non-AD with a percentage estimate of their confidence and their plan for patient 
management in terms of medication, prescription dosage, additional diagnostic tests, and care planning both before and 
after receiving the amyloid imaging results. A PET image for each patient was visually assessed and dichotomously rated 
as either amyloid-positive or amyloid-negative by four board-certified nuclear medicine physicians. The PET images were 
also quantitatively analyzed using the standardized uptake value ratio (SUVR) and Centiloid (CL) scale.
Results Visual interpretation obtained 48 positive and 51 negative PET scans. The amyloid PET results changed the AD and 
non-AD diagnosis in 39 of 99 patients (39.3%). The change rates of 26 of the 54 patients (48.1%) with a pre-scan AD diag-
nosis were significantly higher than those of 13 of the 45 patients with a pre-scan non-AD diagnosis (χ2 = 5.334, p = 0.0209). 
Amyloid PET results also resulted in at least one change to the patient management plan in 42 patients (42%), mainly medica-
tion (20 patients, 20%) and care planning (25 patients, 25%). Receiver-operating characteristic analysis determined the best 
agreement of the quantitative assessments and visual interpretation of PET scans to have an area under the curve of 0.993 
at an SUVR of 1.19 and CL of 25.9.
Conclusion Amyloid PET using 18F-florbetapir PET had a substantial clinical impact on AD and non-AD diagnosis and 
on patient management by enhancing diagnostic confidence. In addition, the quantitative measures may improve the visual 
interpretation of amyloid positivity.

Keywords Alzheimer’s disease · Amyloid · PET · 18F-florbetapir

Introduction

Amyloid positron emission tomography (PET) can reliably 
detect senile plaques comprising amyloid β peptides, one 
of the hallmarks of Alzheimer’s disease (AD), and fluori-
nated ligands are approved for clinical use in several coun-
tries. In Japan, one of the approved tracers for amyloid PET 
imaging is 18F-fluorobetapir [1, 2]. This radiopharmaceuti-
cal, delivered as a final product to a clinical facility, has 
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proven efficacy in the visualization of amyloid β plaques in 
the brains of patients with cognitive impairment and sus-
pected AD (https:// www. info. pmda. go. jp/ go/ pack/ 43004 
A2A10 29_2_ 01/). However, the diagnostic impact and 
clinical utility of amyloid PET imaging are still under inves-
tigation. Although negative findings on amyloid PET can 
almost entirely rule out AD [3], the prevalences of positive 
scans in one meta-analysis were 88% in patients with AD, 
51% in patients with dementia with Lewy bodies, 30% in 
patients with cerebrovascular disease, 12% in patients with 
frontotemporal dementia, 38% in patients with corticobasal 
degeneration, and 24% in healthy elderly individuals serv-
ing as controls [4]. In contrast, in other meta-analyses of the 
clinical impact of amyloid PET, the overall rates of changes 
in diagnosis and patient management after amyloid PET var-
ied widely from 19 to 55% [5–13] and from 37 to 87% [8, 
9, 11–16], respectively, from study to study. Consequently, 
due to the lack of definitive evidence supporting its clinical 
impact, amyloid PET is still not reimbursed by the Japanese 
health insurance system.

Visual interpretation is utilized to determine qualitatively 
if amyloid PET is positive or negative when it is employed 
in clinical practice. Equivocal results are unavoidable in 
this binary classification and cause inter-rater variability 
in visual interpretation [17]. The addition of quantitative 
analysis to visual interpretation has thus been suggested 
[18]. The standardized uptake value ratio (SUVR) has been 
extensively employed in the quantitative study of amyloid 
PET. Additionally, the Centiloid (CL) scale has recently 
been adopted [19, 20], which harmonizes the quantitative 
amyloid imaging measurements by standardizing the results 
of each analytical method or PET ligand.

The aim of this multicenter study was to evaluate the 
diagnostic impact and clinical utility in patient manage-
ment of amyloid PET using 18F-florbetapir in patients with 
cognitive impairment and suspected AD. We also aimed to 
determine the cutoffs for amyloid positivity for the SUVR 
and CL in quantitative analysis by investigating the agree-
ment between the quantitative and visual assessments of 
18F-florbetapir PET.

Materials and methods

Participants

In total, 103 Japanese patients (56 women and 47 men; 
range, 43–88 years) were recruited from five participat-
ing centers with a specialized unit for dementia (Table 1). 
General cognition was assessed using the Mini-Mental 
State Examination (MMSE) [21]. Inclusion criteria were 
as follows: a 15–85% diagnostic confidence that the cog-
nitive impairment is due to Alzheimer’s disease based on 

clinical criteria for AD according to the National Institute 
on Aging and the Alzheimer’s Association [22] or for neuro-
cognitive disorder according to the Diagnostic and Statisti-
cal Manual of Mental Disorder-V [23] before amyloid PET 
and brain magnetic resonance imaging (MRI; T1-weighted, 
T2-weighted, and FLAIR imaging) conducted up to 90 days 
before patient registration. Exclusion criteria were as fol-
lows: no cognitive decline; the presence of gross lesions, 
such as a brain tumor, cerebrovascular malformation, or 
cortical infarction on MRI; and advanced dementia with 
a MMSE score below 19. Four patients who passed the 
screening withdrew consent before the PET scan. Finally, 99 
patients (47 men and 52 women; range, 43–88 years) were 
included in this study.

In addition, 22 Japanese cognitively normal healthy sub-
jects (13 men and 9 women; range, 35–50 years old) were 
recruited from one participating center for the purpose of 
establishing an amyloid-negative database. Inclusion crite-
ria were as follows: Japanese individuals between the ages 
of 35 and 50 years and an MMSE of 29 or higher without 
any medical history of neuropsychiatric disease. Two sub-
jects were excluded during screening due to a MMSE score 
below 29. Finally, 20 subjects (13 men and 7 women; range, 
35–50 years) were included in this study.

Clinical protocol

Site-specialized physicians for dementia provided a diag-
nosis of AD or non-AD with a percentage estimate of their 
confidence and their plan for patient management in terms 
of medication, prescription dosage, additional diagnostic 
tests, and care planning both before and after receiving the 
results from amyloid imaging with 18F-florbetapir. Non-
AD diagnosis included mild cognitive impairment (MCI), 
dementia with Lewy bodies, vascular dementia, fronto-
temporal dementia, depression, idiopathic normal pressure 
hydrocephalus, progressive supranuclear palsy, corticobasal 
degeneration, and epilepsy. The diagnoses with the highest 
percentage of assigned confidence were regarded as the pre-
scan and post-scan diagnoses.

PET imaging

Each PET imaging site, together with the PET camera, 
satisfied the image quality criteria defined by the Japanese 
Society of Nuclear Medicine in which a Hoffman 3D brain 
phantom and a uniform cylindrical phantom are applied 
(http:// jsnm. org/ wp_ jsnm/ wp- conte nt/ themes/ theme_ jsnm/ 
doc/ Stand ardPE TProt ocolP hanto m2017 0201. pdf) [24]. 
18F-florbetapir was intravenously injected as a slow bolus 
in an antecubital vein at a mean ± standard deviation (SD) 
dose of 377 ± 20 MBq (range, 293–422 MBq). A 20-min 
list-mode PET scan was started from 40.1 ± 1.0 min (range, 

https://www.info.pmda.go.jp/go/pack/43004A2A1029_2_01/
https://www.info.pmda.go.jp/go/pack/43004A2A1029_2_01/
http://jsnm.org/wp_jsnm/wp-content/themes/theme_jsnm/doc/StandardPETProtocolPhantom20170201.pdf
http://jsnm.org/wp_jsnm/wp-content/themes/theme_jsnm/doc/StandardPETProtocolPhantom20170201.pdf
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39–44 min) according to the imaging acquisition guidelines 
of the Amyvid® package insert (https:// www. acces sdata. 
fda. gov/ drugs atfda_ docs/ label/ 2012/ 20200 8s000 lbl. pdf), 
which recommends that the PET scan starts 30–50 min 
after Amyvid® injection. In all participating institutions, 
all appropriate corrections, including scatter and time-of-
flight, were applied with a low-dose computed tomography 
scan or radioactive source (137Cs) for attenuation correc-
tion (Table 1). Images were reconstructed using the ordered 
subset expectation maximization (OSEM) method. Clinical 
status was checked before and after PET scanning in each 
participant. Subjects were observed for adverse events from 
the administration of tracer and immediately after the PET 
scan.

Visual interpretation and quantitative image 
analysis

A static 20-min PET image 40–60-min post-injection from 
each patient was visually assessed and dichotomously rated 
as either amyloid-positive or amyloid-negative by four 
board-certified nuclear medicine physicians (H.M., Y.S., 
Yuk.K., and E.C.). All physicians had completed the elec-
tronic training program (https:// amyvid- train ing. pdrad iopha 
rma. com/ login/) developed by PDRadiopharma Inc. for the 
interpretation of 18F-florbetapir images and were certified 
by the Japanese Society of Nuclear Medicine after pass-
ing a subsequent visual interpretation training program. 
The four readers were blinded to clinical information and 
independently interpreted the PET images according to 
the training program instructions. The review included all 
transaxial slices of the brain using a black and white scale 
with the maximum intensity of the scale set to the maxi-
mum intensity of all brain voxels. Negative scans show more 
radioactivity in white matter than in gray matter, creating a 
clear gray–white contrast. In contrast, positive scans show 
cortical areas with reduction or loss of the normally distinct 
gray–white contrast. These scans have one or more areas 
with increased cortical gray matter signal, which results in 
reduced or absent gray–white contrast. Specifically, a posi-
tive scan will have either: a) two or more brain areas (each 
larger than a single cortical gyrus) in which there is reduced 
or absent gray–white contrast, or b) one or more areas 
in which gray matter radioactivity is intense and clearly 
exceeds radioactivity in adjacent white matter. The four 
readers shared their results. In cases where the four read-
ers reached different conclusions, the conclusion reached by 
the highest number of readers was adopted. If two pairs of 
readers each reached different conclusions, the visual rating 
was rerun until the readers reached consensus for each case.

Quantitative analysis of 18F-florbetapir PET was per-
formed using our software developed in-house  Amyquant® 
[25] with a SUVR and a 100-point CL scale. The CL scale 

assigns an average value of zero in high-certainty amyloid-
negative subjects and an average of 100 in typical AD 
patients. In the processing pipeline, first, the individual MRI 
was reoriented and coregistered to the Montreal Neurologi-
cal Institute (MNI) template (avg152T1.nii) provided with 
Statistical Parametric Mapping 12 software (https:// www. 
fil. ion. ucl. ac. uk/ spm). The individual PET was reoriented 
and coregistered to the coregistered individual MRI. Then, 
the coregistered individual MRI was warped into MNI space 
using unified segmentation in SPM12. The parameters of the 
deformation field in this warping were applied to the coregis-
tered individual PET for anatomic standardization into MNI 
space. The SUVR was calculated from 18F-florbetapir PET 
counts in the global cortical target region and in the whole 
cerebellum as a reference region using CL standard volumes 
of interest (http:// www. gaain. org/ centi loid- proje ct). Then, 
the SUVR was converted to CL values using a direct conver-
sion equation (CL = 175.17 × SUVR − 182.23), as described 
in a previous report [19]. We calculated the  SUVR40–50, 
 SUVR50–60, and  SUVR40–60, as well as the  CL40–50,  CL50–60, 
and  CL40–60, from PET images obtained 40–50-min, 50–60-
min, and 40–60-min post-injection, respectively.

Endpoints

The primary endpoint of the study was a change in diagnosis 
from AD to non-AD and vice versa between pre- and post-
amyloid PET scans as well as associated changes in patient 
management in terms of medication, prescription dosage, 
additional diagnostic tests, and care planning. The secondary 
endpoint was the determination of cutoffs for quantitative 
assessments that showed the best agreement with positive 
or negative results obtained via the visual interpretation of 
18F-florbetapir PET images.

Statistical analysis

Mean ± SD values and frequency distributions are reported. 
Differences between groups were tested using a Welch’s 
t test or analysis of variance, Tukey–Kramer Honest Sig-
nificant Difference test, and Pearson χ2 tests when appro-
priate. Concordances of SUVR and CL scales between PET 
images obtained 40–60 min, 40–50 min, and 50–60 min 
were assessed using Bland–Altman plots. Optimal cut-off 
values for the SUVR and CL in quantitative assessment 
showing the best agreement with visual interpretation were 
determined using Youden’s index (YI) and the maximal 
accuracy calculated from receiver-operating characteristic 
(ROC) analysis. The cut-point derived by YI optimizes the 
ability of a test to differentiate when equal weight is given 
to sensitivity and specificity. It is defined mathematically as: 
YI = sensitivity + specificity—1 [26]. Agreement between 
visual and quantitative assessments of the 18F-florbetapir 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/202008s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/202008s000lbl.pdf
https://amyvid-training.pdradiopharma.com/login/
https://amyvid-training.pdradiopharma.com/login/
https://www.fil.ion.ucl.ac.uk/spm
https://www.fil.ion.ucl.ac.uk/spm
http://www.gaain.org/centiloid-project
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classification, as well as the inter-rater agreement for visual 
interpretations, was assessed using Cohen’s kappa. All sta-
tistical tests were performed using JMP ver. 16.2.0 (SAS 
Institute) and  R® ver.3·5 or later (R Foundation for Statistical 
Computing).

Results

No adverse events were observed after the administration of 
the tracers or immediately after the PET scan in all subjects.

The mean ± SD MMSE score of the 99 patients was 
24.6 ± 3.2 (range 20–30). No significant differences were 
found in demographic characteristics between the 54 patients 
with a pre-scan AD diagnosis and the 45 patients with a 
pre-scan non-AD diagnosis (Table 2). The patients with a 
pre-scan AD diagnosis showed significantly lower MMSE 
scores compared with those with a pre-scan non-AD diag-
nosis (p < 0.001).

Visual interpretation obtained 48 positive and 51 negative 
PET scans. The prevalence of amyloid-positive scans was 
not significantly different (χ2 = 0.539, p = 0.462) between 
patients with a pre-scan AD diagnosis (29 of 54, 53.7%) 
and those with a non-AD diagnosis (19 of 45, 42.2%). 
Amyloid PET results led to changes in the AD and non-AD 
diagnoses in 39 of 99 patients (39.3%), with significantly 
higher rates in patients with pre-scan AD (26 of 54, 48.1%) 
than in patients with non-AD diagnosis (13 of 45, 28.8%) 
(χ2 = 5.334, p = 0.0209). Details of the pre-scan and post-
scan diagnostic changes are shown in Fig. 1. The diagnostic 
confidence of AD significantly increased for patients with an 
unchanged diagnosis of AD (Δ = 22.7% ± 13.2%, p < 0.0001) 
and for patients whose diagnosis changed from non-AD to 
AD (Δ = 46.1% ± 19.4%, p < 0.0001) after the disclosure of 
the amyloid PET results. Meanwhile, the diagnostic confi-
dence of AD significantly decreased in patients whose diag-
nosis changed from AD to non-AD (Δ =  − 53.2% ± 13.5%, 
p < 0.0001) and in patients with an unchanged diagnosis of 

non-AD (Δ =  − 13.2% ± 30.2%, p = 0.0094) after amyloid 
PET (Table 3). Overall, 41 of the 48 patients (85.4%) with 
amyloid-positive results received a post-scan diagnosis of 
AD, and the remaining seven patients with amyloid-positive 
results received a post-scan diagnosis of MCI in six patients 
and primary progressive aphasia in one patient. All of the 51 
patients with amyloid-negative results received a post-scan 
diagnosis of non-AD.

Amyloid PET results led to at least one change in the 
patient management plan in 42 of 99 patients (42%), with-
out significant differences between patients with pre-scan 
AD and those with non-AD diagnosis (χ2 = 0.001, p = 0.970, 
Table 4). Amyloid PET results thereafter led to changes 
in medication, prescription dosage, additional diagnostic 
tests, and care planning in 20 (20%), 5 (5%), 4 (4%), and 
25 (25%) patients, without significant differences in medi-
cation (χ2 = 0.301, p = 0.583), additional diagnostic tests 
(χ2 = 3.474, p = 0.0624), and care planning (χ2 = 2.854, 
p = 0.091) but with a significant difference in prescription 
dosage (χ2 = 4.388, p = 0.0362) between patients with pre-
scan AD and those with a non-AD diagnosis.

Table 2  Demographics and clinical characteristics of patients based 
on pre-scan diagnosis

Pre-scan diagnosis p Value

AD (n = 54) Non-AD (n = 45)

Demographic characteristics
 Age, years, mean ± SD 72.3 ± 10.2 72.6 ± 10.1 0.8715
 Sex, female/male, n 31/23 21/24 0.3828
 Education, years, 

mean ± SD
13.2 ± 3.1 13.7 ± 2.9 0.4028

Neuropsychological evaluation
 Mini-mental state exami-

nation, mean ± SD
23.5 ± 2.9 26.0 ± 3.0  < 0.001

Fig. 1  Details of diagnostic changes at the pre- and post-amyloid 
PET scan. AD Alzheimer’s disease, MCI Mild cognitive impairment, 
PART  Primary age-related tauopathy, AGD Argyrophilic grain dis-
ease, bvFTD behavioral variant frontotemporal dementia, PSP Pro-
gressive supranuclear palsy, PPA Primary progressive aphasia, DLB 
Dementia with Lewy bodies, iNPH idiopathic normal pressure hydro-
cephalus, PDD Pervasive developmental disorders



1044 Annals of Nuclear Medicine (2022) 36:1039–1049

1 3

In a visual interpretation of the positive or negative find-
ings of amyloid PET, four readers completely agreed in 
78 of 99 scans of the patients (79%). The Cohen’s kappa 
agreement between two of each of the four readers ranged 
from 0.718 to 0.778 (0.743 ± 0.026).  SUVR40–60 values 
were 1.00 ± 0.05, 1.04 ± 0.08, and 1.41 ± 0.15 for scans of 
young healthy controls, visually negative scans, and visu-
ally positive scans, respectively, whereas  CL40_60 scales 
were − 7.6 ± 8.4, − 0.7 ± 15.3, and 66.2 ± 24.9, respec-
tively (Fig. 2). Significant differences in the  SUVR40–60 

and  CL40–60 scales were observed between visually posi-
tive scans and visually negative scans and between visu-
ally positive scans and the scans of young healthy controls 
(p < 0.0001). There were no significant differences in these 
values between the scans of young healthy controls and visu-
ally negative scans (p > 0.05).

ROC analysis determined the best agreement of quantita-
tive assessments and visual interpretation of 18F-florbetapir 
PET scans obtained 40–60-min post-injection to have an 
area under the curve of 0.993 at an SUVR of 1.19 and CL 
of 25.9. If visual interpretation was considered the standard 
of truth, quantitative assessment demonstrated 97.9% sen-
sitivity, 94.1% specificity, and 95.9% accuracy. Using these 
cut-off values, there was strong agreement between them 
(Cohen’s kappa = 0.92). The SUVR and CL values of the 
four discordant cases between quantitative assessments and 
visual interpretation ranged from 1.15 to 1.24 and from 19.2 
to 35.3, respectively. These discordant cases were classified 
into two patterns. Diffuse elevation of cortical activity was 
regarded as visually amyloid-negative despite a relatively 
high SUVR or CL in three cases. In contrast, mildly focal 
elevation of cortical activity in two areas was regarded as 
visually amyloid-positive despite a relatively low SUVR or 
CL in one case.

The  SUVR40–50,  SUVR50–60, and  SUVR40–60 of all 99 
patients and 20 young healthy controls were 1.17 ± 0.22, 
1.19 ± 0.23, and 1.18 ± 0.22, respectively, while the 
 CL40–50,  CL50–60, and  CL40–60 scales of all subjects were 

Table 3  Changes of diagnostic 
confidence of AD (%) before 
and after amyloid PET

Diagnosis Amyloid PET Diagnostic confidence of AD (%) p Value

Pre-scan → Post-scan Positive Negative Pre-scan Post-scan Δ

AD → AD 28 0 66.1 ± 12.0 88.8 ± 9.1 22.7 ± 13.2  < 0.0001
AD → non-AD 0 26 60.4 ± 11.0 7.1 ± 14.1  − 53.2 ± 13.5  < 0.0001
Non-AD → non-AD 7 25 28.4 ± 9.4 15.1 ± 26.9  − 13.2 ± 30.2 0.0094
Non-AD → AD 13 0 31.2 ± 10.8 77.3 ± 14.1 46.1 ± 19.4  < 0.0001

Table 4  Changes of patient management in pre-scan AD and non-AD 
diagnosis after amyloid PET

Change status Pre-scan diag-
nosis

AD Non-AD Total

Overall patient management Unchanged 31 26 57
Changed 23 19 42

Medication Unchanged 42 37 79
Changed 12 8 20

Prescription dosage Unchanged 49 45 94
Changed 5 0 5

Additional diagnostic tests Unchanged 50 45 95
Changed 4 0 4

Care planning Unchanged 44 30 74
Changed 10 15 25

Fig. 2  SUVR40–60 and  CL40–60 values in scans of young healthy con-
trols and in visually amyloid-negative and amyloid-positive patients. 
Significant differences in the  SUVR40–60 and  CL40–60 scales were 
observed between visually positive scans and visually negative scans 
and between visually positive scans and scans of young healthy con-

trols (p < 0.0001). There were no significant differences in these val-
ues between scans of young healthy controls and visually negative 
scans (p > 0.05). Discordant patients between quantitative measures 
and visual interpretation are marked using red symbols
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23.6 ± 37.8, 26.7 ± 40.4, and 25.1 ± 38.9, respectively. In 
a Bland–Altman plot, there were significant differences 
among the  SUVR40–50,  SUVR50–60, and  SUVR40–60 and 
among the  CL40–50,  CL50–60, and  CL40–60 scales, while 
Spearman correlation analysis identified a significant 
association between the difference among the  SUVR40–50, 
 SUVR50–60, and  SUVR40–60 and SUVR load and among 
the  CL40–50,  CL50–60, and  CL40–60 scales and CL load (all 
p < 0.001, Fig. 3a–f). Representative PET images obtained 

40–50 min, 50–60 min, and 40–60 min post-injection are 
shown in Fig. 4 along with their respective CL scales.

Discussion

The current multicenter study examined the clinical impact 
of amyloid PET on the diagnosis and management of cog-
nitively impaired patients with probable AD and of those 
with possible AD, but other disease was more likely. This 

Fig. 3  Comparison of the 
SUVR and CL values among 
different start time and imag-
ing time conditions. In the 
Bland–Altman plot, there were 
significant differences among 
the  SUVR40_50,  SUVR50_60, 
and  SUVR40_60 and among the 
 CL40–50,  CL50–60, and  CL40–60 
scales (p < 0.001), while 
Spearman correlation analysis 
identified significant associa-
tions (all p < 0.001) between 
the difference in the  SUVR40_50 
versus  SUVR40_60 and SUVR 
load (a, ρ =  − 0.514), between 
the difference in the  SUVR50–60 
versus  SUVR40–60 and SUVR 
load (b, ρ = 0.568), between 
the difference in the  SUVR50–60 
versus  SUVR40–50 and SUVR 
load (c, ρ = 0.549), between 
the difference in the  CL40–50 
versus  CL40–60 and CL load 
(d, ρ =  − 0.513), between 
the difference in the  CL50–60 
versus  CL40–60 and CL load 
(e, ρ = 0.572), and between 
the difference in the  CL50–60 
versus  CL40–50 and CL load (f, 
ρ = 0.541)
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is the first report of a clinical impact study of amyloid PET 
using 18F-florbetapir in Japan. The details of the diagnosis 
changed by amyloid PET have never been reported before. 
Amyloid PET results changed the etiologic diagnosis of AD 
or non-AD in 39.3% of all patients. The change rates were 
significantly higher for pre-scan AD diagnosis (48.1%) than 
for pre-scan non-AD diagnosis (28.8%). These change rates 
are comparable to those in previous multicenter studies.

Grundman et al. [5] reported changes in diagnosis after 
disclosure of the PET results using 18F-florbetapir in 125 
of 229 patients (54.6%) as well as in 37.2% of patients with 
a pre-scan AD diagnosis and 61.9% of those with a pre-
scan non-AD diagnosis. Another multicenter study using 
18F-florbetapir [11] demonstrated changes in diagnosis after 
disclosure of the PET results in 62 of 228 patients (27.2%) 
as well as in 27.9% of patients with a pre-scan AD diagnosis 
and 25.4% of those with a pre-scan non-AD diagnosis. In 
the large-scale IDEAS study [13], amyloid PET results led 
to changes in the etiologic diagnosis from AD to non-AD 
in 2869 of 11,409 patients (25.1%) and from non-AD to 
AD in 1201 of 11,409 patients (10.5%). This higher change 
rate from AD to non-AD diagnosis compared with that from 
non-AD to AD agreed well with the results of the present 
study. The higher rate of change in pre-scan AD may be 
because AD can be ruled out when amyloid PET is nega-
tive. Furthermore, focusing on the details of the diagnosis, 
while pre-scan AD and MCI diagnoses decreased after the 
amyloid PET, post-scan diagnoses became further subdi-
vided, increasing from 13 different diagnoses to 21 differ-
ent diagnoses. This subdivision suggests the contribution of 
amyloid PET to more confirmatory diagnoses. In contrast, 
pre-scan non-AD diagnosis of 13 patients (6 MCI, 2 pri-
mary age-related tauopathy, 3 depression, 1 bvFTD, and 1 
diabetic dementia) was changed to post-scan AD diagnosis. 
The considerable amyloid positivity with 59.3 ± 25.9 of CL 
scales led to the elevation of diagnostic confidence of AD.

These diagnostic changes led to changes in management 
in 42% of the patients, mainly in medication and care plan-
ning. These change rates were also comparable to those 
from previous investigations. The most common reported 
change in patient management due to amyloid PET results 
is a change in medication, ranging from 20 to 60% of cases 
[8, 11, 12, 14, 16]. In two previous studies, the care plan was 
changed in 10.9% [8] and 46.4% [9] of cases, respectively. 
The amyloid PET results also led to changes in prescription 
dosage and additional diagnostic tests in a small number of 
patients with a pre-scan AD diagnosis, as demonstrated in 
previous reports [7, 14, 16]. Thus, amyloid PET had a con-
siderable impact on change in diagnosis and patient manage-
ment by improving diagnostic confidence.

The inter-rater agreement of visual interpretation for amy-
loid positivity using 18F-florbetapir was similar to that in 
previous reports, where κ ranged from 0.69 to 0.71 [18, 27]. 
The high agreement of 95.9% of quantitative measures with 
the final decision regarding the visual interpretation may 
indicate the usefulness of CL scales as an adjunct to visual 
interpretation. The optimal CL cut-off values for amyloid 
positivity have been published by numerous investigations. 
A cut-off of 12.2 CL detected moderate-to-frequent CERAD 
neuritic plaques, while a cut-off of 24.4 CL identified inter-
mediate-to-high AD neuropathological changes, according 
to a multicenter study using 11C-PiB [28] that looked at the 
relationship between antemortem amyloid PET and stand-
ard postmortem measures of AD neuropathology. Similar 
research employing 11C-PiB or 18F-florbetaben [29] found 
that the optimal threshold for finding moderate-to-frequent 
CERAD neuritic plaques was 20.1 CL, while the best cut-off 
for excluding neuritic plaques was a CL of 10. A favorable 
visual interpretation showed good agreement with results 
over 26 CL, according to that study's report. As for 18F-flor-
betapir, Clark et al. [30] demonstrated that an SUVR cut-off 
of 1.10 distinguished negative and positive 18F-florbetapir 

Fig. 4  Representative PET images obtained 40–50  min, 50–60  min, and 40–60  min post-injection in a patient with pre-scan AD diagnosis. 
 CL50–60 is slightly higher than  CL40–50;  CL40–60 is in between
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uptake relative to autopsy comparison of sparse/none versus 
moderate/frequent amyloid plaques. Royse et al. [31] also 
reported a similar SUVR cut-off of 1.11. In a comparative 
study of 11C-PiB and 18F-florbetapir, Navitsky et al. [20] 
translated an SUVR threshold for amyloid positivity to 24.1 
CL. This cut-off value is very close to the 25.9 obtained in 
the present study as a comparison with visual interpreta-
tion. It should be noted here, however, that the start time of 
40 min post-injection and imaging time of 20 min for the 
PET images used in the present visual interpretation differed 
from those of the study by Navistky et al. [20], which started 
50 min post-injection with a 10-min data acquisition. The 
present study demonstrated slight but significant CL changes 
depending on start time and imaging time. The  CL50_60 value 
is approximately 8% higher than the  CL40–60 value, and the 
difference is more prominent for higher CL values. Thus, 
when a  CL50–60 value is applied to ROC analysis, the thresh-
old for amyloid positivity slightly elevates to 27.7.

In the present study, quantitative values were also 
obtained from young healthy controls who were younger 
than 50 years of age, because the presence of amyloid β 
deposition in postmortem studies was found to be relatively 
rare before 50 years of age [32]. Although the SUVR and CL 
scales in this young control group were lower than those in 
visually amyloid-negative patients, the differences were not 
statistically significant. These amyloid-negative PET images 
from young healthy controls may be further applied to a 
software program for Z-score analysis [25] as a negative 
control database to localize the significant amyloid accumu-
lation. In contrast with an AD-related increase in amyloid 
deposition in the posterior cingulate gyrus, precuneus, and 
frontal cortex, an age-related increase in amyloid deposits 
was specifically observed in the temporal neocortex [33].

This study has several limitations. First, the nonrand-
omized design and lack of a control group limit the direct 
attribution of changes in management to PET. Second, the 
observed changes in diagnosis and management represent 
the behavior of specialized physicians rather than an evi-
dence-based standard of care. Third, because no postmortem 
data were available, the lack of a gold standard hampered 
our ability to relate the findings to the underlying neuropa-
thology. Fourth, the sample size was not particularly large.

Conclusion

The present multicenter study suggested that 18F-florbetapir 
PET can exert a considerable clinical impact on AD and non-
AD diagnosis and on patient management, particularly for 
medication and care planning, by improving the diagnostic 
confidence of AD. CL scale measures may help in the visual 
interpretation of amyloid positivity.
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