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We report kinetic modeling results of dynamic acquisition data from

0 to 100 min after injection with the tau PET tracer 18F-AV-1451 in 19

subjects. Methods: Subjects were clinically diagnosed as 4 young
cognitively normal, 5 old cognitively normal, 5 mild cognitive impair-

ment, and 5 Alzheimer disease (AD). Kinetic modeling was performed

using Logan graphical analysis with the cerebellum crus as a reference

region. Voxelwise binding potential (BP) and SUV ratio (SUVR80−100)
images were compared. Results: In AD subjects, slower and spatially

nonuniform clearance from cortical regions was observed as com-

pared with the controls, which led to focal uptake and elevated re-

tention in the imaging data from 80 to 100 min after injection. BP from
the dynamic data from 0 to 100 min correlated strongly (R2 . 0.86)

with corresponding regional SUVR80−100−1 values. In the putamen, the

observed kinetics (positive SUVR1−5−1 at the tracer delivery stage and
plateauing time–SUVR curves for all diagnostic categories) may sug-

gest either additional off-target binding or a second binding site with

different kinetics. Conclusion: The kinetics of the 18F-AV-1451 tracer

in cortical areas, as examined in this small group of subjects, differed
by diagnostic stage. A delayed 80- to 100-min scan provided a rea-

sonable substitute for a dynamic 0- to 100-min acquisition for cortical

regions although other windows (e.g., 75–105 min) may be useful to

evaluate.
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Definitive diagnosis of Alzheimer disease (AD) relies on post-
mortem neuropathologic assessment of the number and distribution
of amyloid-b plaques and tau neurofibrillary tangles (e.g., (1–4)).
Establishing robust in vivo biomarkers that accurately reflect these
key pathologic processes in the living subject is an area of sub-
stantial current research. Such biomarkers enable disease pathology
to be measured and tracked longitudinally, are making substantial

contributions to our understanding of the progression of AD, and
are increasingly used in clinical trials.
Selective PET ligands that enable the neuroanatomical distribu-

tion of tau pathology to be mapped in the living brain have only
recently entered clinical testing. These molecules include but are
not limited to 11C-PBB3 (5), 18F-THK523 (6), 18F-THK5105, 18F-
THK5117 (7,8), 18F-AV-680 (formerly known as 18F-T808 (9)), and
18F-AV-1451 (formerly known as 18F-T807 (10,11)). These ligands
may allow the well-defined topographic spreading of tau pathology
to be assessed and tracked in vivo, providing a major step forward
in AD biomarkers (12,13).
In this article, we extend the previously reported analysis of 18F-

AV-1451 kinetics (11) by quantifying the 18F-AV-1451 images for
100 min after injection using Logan graphical analysis with refer-
ence region (LGAR). In particular, we compare the LGAR-derived
distribution volume ratio, which provides more information about
the regional capacity to bind the tracer, with the 80- to 100-min
SUV ratio (SUVR802100), to establish the extent to which the latter
can serve as a reliable proxy for the former. This provides an
important extension to the in vivo evaluation of 18F-AV-1451
tracer properties and addresses a key question underpinning its
application as an in vivo central nervous system biomarker of
tau pathology in neurodegeneration.

MATERIALS AND METHODS

Demographics and Baseline Characteristics of Participants

Nineteen participants who had image acquisition from immediately
after injection of 346–505 MBq of 18F–AV-1451 until 100 min were

enrolled in 2 clinical trials: one, sponsored by Avid Radiopharmaceu-
ticals (referred to below as study A), and another, by Siemens Molec-

ular Imaging (study B). All subjects gave written informed consent, and

both informed consent documents and the protocols were approved by
Institutional Review Boards. Subject screening in both studies included

analysis of medical history, physical and Mini-Mental State examina-
tions (MMSE), and brain MRI.

The participants were drawn from 4 diagnostic groups (Table 1). The
young cognitively normal (YCN) subjects were healthy volunteers (n5 4;

mean age6 SD, 27.56 2.1 y; MMSE$ 29). Five old cognitively normal
(OCN) subjects (n 5 5; age, 65.0 6 2.8 y; MMSE $ 29) with normal

cognitive functioning were also recruited to assess potential effects of
normal aging on tracer kinetics. Two remaining groups, mild cognitive

impairment (MCI) (n 5 5; age, 76.4 6 4.3 y; MMSE, 25.4 6 4.9) and
AD dementia (n5 4; age, 71.86 11.9 y; MMSE, 21.86 4.5), comprised

patients clinically diagnosed with MCI or with probable or possible AD,
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respectively, according to the joint guidelines of the National Institute on
Aging and Alzheimer Association (14,15).

Except for YCNs, all subjects underwent a 50- to 60-min post-
injection 18F-florbetapir PET scan to evaluate amyloid-b burden. All

amyloid-positive subjects were categorized on the basis of florbetapir
SUVR . 1.1 (16). All MCI, all AD, and 2 OCN subjects (OCN-1 and

OCN-2) were amyloid-positive, whereas 3 OCN subjects (OCN-3,
OCN-4, and OCN-5) were amyloid-negative (Table 1).

Image Acquisition
18F-AV-1451 image acquisition was composed of two 3-dimensional

dynamic PET acquisitions, one from 0 to 60 min and another from 80
to 100 min after injection. Low-dose CT scans were obtained before

every PET acquisition for attenuation correction purposes. The image
sequence used for the dynamic 0- to 60-min scan comprised 38 time

frames of gradually increasing durations: 10 · 0.1, 6 · 0.3, 4 · 0.5, 5 ·
1, 5 · 2, and 8 · 5 min. The image acquisition for the 80- to 100-min

scans differed in studies A and B: although dynamic acquisition 4 ·
5 min was performed in study A, only a single static 20-min scan was

acquired in study B. All images were binned and iteratively recon-
structed with corrections for attenuation, scatter, randoms, and radio-

active decay.

Image Processing

Image data (80–100 min) (dynamic for study A and static for study
B) were first corrected for radioactive decay and linearly coregistered

with the 0- to 60-min time frames using normalization tools in FSL
(17). Subsequent processing used the PNEURO toolbox of the PMOD

software package (version 3.5; PMOD Technologies Ltd.). The rigid

matching procedure was used to spatially register the 80- to 100-min

image into the corresponding individual subject’s MRI space, and the
same transformation was then applied to the whole 0- to 100-min

dataset. A gray matter map was extracted from the MRI and used to
spatially normalize the subject-specific MRI to the T1 MRI template

in Montreal Neurologic Institute (MNI) stereotactic space (18). The
derived nonlinear transformation parameters were then applied to the

previously coregistered PET dataset, resulting in patient-specific spa-
tiotemporal 4-dimensional images in MNI space.

Prespecified Regions of Interest (ROIs)

ROIs were derived after the application of a 0.3 threshold to the

gray matter probability map in MNI space. First, we created 5 regions
(bilateral frontal, lateral parietal, occipital, and mesial temporal and

lateral temporal) by combining all AAL (anatomic automatic labeling
(19)) elements belonging to the corresponding cortices. Second, we

selected 34 AAL-based bilateral cortical subregions for more detailed
analysis. Third, we generated a putamen mask in MNI space to ex-

plore possible kinetic differences between cortical regions and puta-
men. Analogous to other studies with tau PET tracers (6–9,11),

we assumed minimal specific binding of 18F-AV-1451 in the cerebel-
lum and, therefore, considered cerebellum gray matter (crus) as a

reference region. The AAL-based cerebellum crus region was modi-
fied by translating it by 6 mm in the z-axis to avoid overlap with

noncerebellar space. The resulting regions are shown in Figure 1.

SUVR Calculations

The mean values of both activity and SUVR dynamic images were
calculated in these target regions, leading to time–activity curves and

time–SUVR curves, respectively. We used 3 indices to examine the
behavior of regional time–activity curves. To quantify 18F-AV-1451 re-

tention in target ROIs with respect to the cerebellum crus reference
region, we calculated averaged regional late ratios—SUVR802100 values

for the 80- to 100-min PET images. To express the SUVR802100 values
in a fashion comparable with actual regional binding, we additionally

calculated SUVR80210021 indices for each ROI. Analogous to the late
ratios, we used the SUVR125 values as averaged regional early ratios

corresponding to 1- to 5-min PET images. Finally, we estimated the rate
of change in SUVR from 80 to 100 min by calculating the slope of the

linear regression line plotted through the four 80- to 100-min time
frames (study A) for regional time–SUVR curves.

Kinetic Modeling

We calculated parametric binding potential (BP) maps using Logan

graphical analysis with reference tissue as implemented in the
PXMOD toolbox (version 3.5; PMOD Technologies Ltd.). As with

SUVR measurements, we assumed minimal specific binding of 18F-
AV-1451 in the cerebellum crus and, therefore, used the cerebellum

crus time–activity curve as an input function. Following the LGAR
strategy (20), we estimated the voxelwise distribution volume ratio

TABLE 1
Demographics and Baseline Characteristics for 19 Subjects

Enrolled in Study

Subject

no. Study MMSE Age (y) SUVRFB

Amyloid

positive (1)

or negative (−)

AD-1 A 29 70 1.970 1

AD-2 B 18 65 1.750 1

AD-3 A 23 77 1.420 1

AD-4 A 18 58 1.570 1

AD-5 B 21 89 1.300 1

MCI-1 A 17 77 1.790 1

MCI-2 A 29 77 1.510 1

MCI-3 A 26 82 1.630 1

MCI-4 B 29 76 1.600 1

MCI-5 B 26 70 1.580 1

OCN-1 B 29 60 1.220 1

OCN-2 A 30 66 1.130 1

OCN-3 A 30 66 1.000 −

OCN-4 A 30 67 0.800 −

OCN-5 A 29 66 1.050 −

YCN-1 A 30 28 NA NA

YCN-2 A 30 27 NA NA

YCN-3 A 30 25 NA NA

YCN-4 A 29 30 NA NA

NA 5 not applicable; SUVRFB 5 florbetapir SUVR.

FIGURE 1. Predetermined ROIs in MNI space.
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(DVR) as a slope of the linear part of the Logan plot, establishing a re-

lationship between the modified concentrations in a particular voxel and
the reference region. The BP map was then computed as BP 5 DVR21

(21) and compared with the corresponding SUVR80210021 voxelwise
distribution.

When applying the LGAR technique, we did not estimate individ-
ual cerebellar clearance rates for each subject but selected population-

averaged value kR2 5 0.2/min (22). In addition, we used the fixed value
t∗ 5 40 min of the starting point of the Logan plot linearization in all

our calculations.
Two approaches were used to analyze regional binding. First, mean

DVR and BP values were calculated in target regions based on the
corresponding parametric maps. Second, regional DVR and BP values

were directly estimated from the regional time–activity curves as
implemented in PKIN toolbox (version 3.5; PMOD Technologies

Ltd.). The latter method was used to validate the usage of voxelwise
time–activity curves and fixed values kR2 5 0.2/min and t∗5 40 min in

the voxelwise methodology.

Statistical Analysis

In our Pearson correlations, we included all BP and SUVR80210021
pairs pertaining to each region. As a result, region-specific regression

lines and R2 coefficients across 19 subjects were generated. Analo-
gously, Pearson correlations between SUVR802100 and SUVR125, mea-

sured in various regions, were explored. Although the sample sizes
in our study were small, quantitative parameter estimates of both

SUVR802100 and BP were formally compared between diagnostic cat-
egories to indicate the strongest group differences.

RESULTS

Time–Activity Curves

Time–activity curves for the 6 brain areas (frontal, occipital, lateral
parietal, mesial temporal, lateral temporal, putamen) pertaining to 6
representative subjects from different diagnostic groups are displayed

in Figure 2 and compared with the corresponding cerebellar time–
activity curves. For each time frame, activity was calculated as
an averaged value across pixels included in the ROI. For better
visualization, the cerebellar time–activity curve is marked by red
dots and the area under this curve by gray shading.
Visual examination of the time–activity curves from all subjects

demonstrated relatively rapid (up to 10 min after injection) uptake
for all 5 cortical regions. Initial uptake (2–10 min after injection)
in the reference region (cerebellum) was higher than most of the
key cortical regions for all cases. However, the peak uptake in the
putamen was higher than the cerebellum and delayed slightly for
OCN, MCI, and AD subjects (Fig. 2, dashed blue line). This was
quantitatively confirmed (Table 2) with mean putamen SUVR125

values of 1.07 6 0.02, 1.09 6 0.04, and 1.16 6 0.06 for OCN,
MCI, and AD participants, respectively. In the wash-out stage (10–
100 min after injection), time–activity curves (Fig. 2) clearly
illustrate differential clearance from cortical regions across diag-
nostic categories. Specifically, the time–activity curves from the
cortex and cerebellum crus for YCNs and OCNs were similar at
the wash-out stage. For MCI subjects, the clearance from both
temporal regions was slower than from the cerebellum (note the
separation between temporal and cerebellar time–activity curves
in Fig. 2 for both MCI subjects). For AD subjects, all cortical
time–activity curves were separated from the cerebellum during
the wash-out phase because of slower clearance (greater specific
tracer retetnion). For the AD cases (Fig. 2), the slowest clearance
(lowest wash-out) was demonstrated in lateral temporal and pari-
etal parietal regions leading to the highest retention in 80- to
100-min images as measured by SUVR802100 values. These data
also illustrate the not only slower but also spatially nonuniform
clearance from cortical regions and the earlier separation between
cortical and cerebellar time–activity curves.
Similar to the wash-in period, the wash-out stage (10–100 min

after injection) in the putamen differed from that in the cortex. The
shape of the putamen time–activity curve visually resembled the
one for cerebellum for all presented subjects, although the mean
values in the putamen constantly exceeded the corresponding cer-
ebellar values. The AD scans in Figure 2 show that cerebellar and
putamen time–activity curves have a relatively fast wash-out that
crosses the parietal time–activity curve (with slower wash-out) at
15–20 min and 55–60 min, respectively.

SUVR Images

The spatiotemporal SUVR distributions are summarized in Fig-
ure 3, illustrating mean SUVR images in each diagnostic category
(YCN, OCN, MCI, and AD) calculated for the 1- to 5-min (wash-
in stage), 45- to 55-min (middle period of the wash-out stage), and
80- to 100-min (retention stage). An identical scale 0.8–2.0 was
applied to all images for better interstage and intergroup compar-
ison.
The early (1–5 min) SUVR images were almost identical across

diagnostic categories, although slightly greater uptake in cortical
regions was seen in the YCN subjects. In the middle (45–55 min)
images, differences between groups became apparent. Although
the mean SUVR image for YCNs was relatively uniform
(SUVR�1), increased putamen uptake was observable for OCN,
MCI, and AD subjects. The mean OCN and MCI images resem-
bled each other, although increased activity in temporal regions
was present in MCI subjects. Finally, the mean 45- to 55-min AD
image could be easily distinguished from other categories because
of pronounced uptake in cortical regions. The increased frontal

FIGURE 2. Time–activity curves for 6 representative subjects.
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SUVRs most notably distinguished the mean AD image from the
other groups in the middle (45–55 min) images.
A comparison between middle (45–55 min) and late (80–

100 min) images showed that SUVR changed little over the last
50 min of the scan for cognitively normal subjects. However, the
spatial patterns for amyloid-b–positive MCI and AD subjects con-

tinued evolving. In particular, the signal in temporal regions
continued increasing for MCI subjects, leading to a much clearer
MCI versus OCN differentiation in the late images compared
with the middle ones. Importantly, the late MCI images dis-
played patterns resembling earlier pathology-based AD stages
(3,4). For AD subjects, SUVRs increased in all cortical regions

over the last 50 min of the scan. In the
late AD images, the tracer deposition ex-
tended into parietal and occipital cortices.
The temporal changes of the mean regional

SUVRs for subjects in each diagnostic cate-
gory and corresponding SD are shown in Fig-
ure 4. For frontal, occipital, parietal, and tem-
poral regions, all graphs show SUVR , 1 at
the starting point corresponding to 5 min after
injection. Although these curves have sim-
ilar values initially, they separate over
time, and this separation was region- and
group-specific. For cognitively normal sub-
jects (red and green lines in Figure 4), SUVRs
increased slowly and reached steady-state
conditions at 40–50 min after injection, with
SUVRs slightly exceeding 1.0. The MCI plots
(blue lines in Fig. 4) differ most from those in
the OCN/YCN groups in the temporal lobe.
Moreover, this differentiation was greater at
100 min than at 50 min after injection. The
AD plots (black lines in Fig. 4) are separated
from others in all presented regions even after
50 min after injection.

TABLE 2
Regional Values (Mean ± SD Across Subjects in Each Diagnostic Category) for 6 Target ROIs

Group Frontal Occipital Lateral parietal Mesial temporal Lateral temporal Putamen

SUVR80−100 values

AD 1.65 ± 0.69 1.67 ± 0.59 2.03 ± 0.84 1.78 ± 0.48 2.15 ± 0.89 1.78 ± 0.23

MCI 1.05 ± 0.12 1.22 ± 0.11 1.18 ± 0.21 1.38 ± 0.18 1.38 ± 0.22 1.59 ± 0.21

OCN 1.00 ± 0.16 1.07 ± 0.18 1.05 ± 0.19 1.09 ± 0.14 1.10 ± 0.15 1.34 ± 0.09

YCN 1.02 ± 0.11 1.06 ± 0.03 1.07 ± 0.04 1.04 ± 0.11 1.07 ± 0.07 1.00 ± 0.18

BP values

AD 0.32 ± 0.35 0.35 ± 0.30 0.55 ± 0.45 0.39 ± 0.23 0.63 ± 0.45 0.55 ± 0.11

MCI −0.04 ± 0.04 0.05 ± 0.03 0.02 ± 0.08 0.10 ± 0.09 0.14 ± 0.10 0.42 ± 0.12

OCN −0.07 ± 0.11 −0.01 ± 0.11 −0.04 ± 0.12 −0.02 ± 0.09 0.02 ± 0.10 0.30 ± 0.04

YCN −0.05 ± 0.08 −0.01 ± 0.03 −0.01 ± 0.03 −0.02 ± 0.07 0.02 ± 0.06 0.08 ± 0.12

SUVR1−5 values

AD 0.85 ± 0.08 0.93 ± 0.06 0.76 ± 0.11 0.81 ± 0.05 0.82 ± 0.06 1.16 ± 0.06

MCI 0.80 ± 0.04 0.84 ± 0.03 0.74 ± 0.05 0.74 ± 0.03 0.82 ± 0.04 1.09 ± 0.04

OCN 0.82 ± 0.06 0.89 ± 0.04 0.81 ± 0.07 0.78 ± 0.03 0.86 ± 0.04 1.07 ± 0.02

YCN 0.88 ± 0.03 0.92 ± 0.04 0.90 ± 0.02 0.79 ± 0.01 0.91 ± 0.02 1.05 ± 0.04

Slope of SUVR80−100 change

from 4 time frames, 1/h

AD 0.78 ± 0.78 0.76 ± 0.73 1.26 ± 1.09 0.59 ± 0.59 1.09 ± 1.00 0.17 ± 0.24

MCI 0.18 ± 0.12 0.33 ± 0.05 0.36 ± 0.16 0.32 ± 0.18 0.29 ± 0.17 0.04 ± 0.16

OCN 0.20 ± 0.17 0.21 ± 0.20 0.23 ± 0.25 0.10 ± 0.16 0.16 ± 0.18 −0.06 ± 0.07

YCN 0.09 ± 0.14 0.07 ± 0.18 0.10 ± 0.14 0.00 ± 0.18 0.08 ± 0.16 −0.04 ± 0.26

FIGURE 3. Mean SUVR images overlaid with MR template for representative subjects in each

diagnostic category, calculated for 1- to 5-min, 45- to 55-min, and 80- to 100-min intervals.
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The temporal behavior of SUVR in the putamen was different
from that in other regions (Fig. 4). The putamen for OCN, MCI,
and AD had an SUVR . 1 at the initial wash-in stage and reached
a steady-state condition at 40–50 min after injection.

Quantitative Analysis of Parametric Maps

The mean regional SUVR802100, BP, and SUVR125 values for
subjects in each diagnostic category support the visual observa-
tions. The quantitative comparison between MCI/AD subjects and
cognitively normal participants also demonstrated a gradual esca-
lation and expansion of the 18F-AV-1451 binding (Table 2).
The difference between YCN and OCN groups, as measured by

both SUVR802100 and BP, was minimal across cortical regions but
not in the putamen (Table 2). MCI subjects (all amyloid-b–positive
in our study) showed elevation of the tracer deposition in all cortical
regions except for the frontal lobe, with the most pronounced MCI
versus OCN difference in temporal regions (SUVR802100 5 1.38,
BP . 0.1). AD subjects (all amyloid-b–positive in our study) dem-

onstrated pronounced increases in 18F-AV-1451 uptake with respect
to the cerebellum in all cortical regions, including the frontal lobe,
corresponding to pathology-based AD staging (3,4). As seen in
Table 2, the SDs reflecting intersubject variations in regional pat-
terns were minimal for YCNs and the largest for AD participants.
In the last portion of Table 2, we present the slope of the linear

regression line plotted through the four 80- to 100-min time
frames (14 subjects in study A) for regional time–SUVR curves.
This parameter reflects the rate of SUVR changes in the 80- to
100-min window, that is, the stability of regional SUVR802100

values. The mean values of this rate do not exceed 0.2/h for all
ROIs across cognitively normal subjects (Table 2). For MCI and
AD subjects, this slope was larger than for cognitively normal
participants in cortical regions, reflecting a continued increase in
SUVR for these categories in this time window.
The SUVR802100 and BP from the putamen showed no signal for

YCNs (1.00 and 0.08, respectively), but the values were increased
for OCN (1.33 and 0.28, respectively) and further elevated for
MCI (1.59 and 0.42, respectively) and AD (1.78 and 0.55, respec-
tively). Unlike cortical regions, the SDs across subjects were sim-
ilar for all 4 groups, and the rate of SUVR802100 change did not
exceed 0.2/h.
The SUVR802100 and BP estimates in the putamen were signifi-

cantly different in OCN subjects versus YCN subjects (P5 0.02 and
0.03, respectively). Amyloid-negative and amyloid-positive OCN
participants were not significantly different for any region (P . 0.2
for all regional SUVR802100 and BP values). SUVR802100 but not BP
values were different between the MCI and OCN categories in mesial
temporal (P 5 0.02) and lateral temporal (P 5 0.05) regions only.
Between the AD and MCI groups, only BP was borderline significant
in the lateral temporal region (P 5 0.05).

Correlations Between Modeling Outcomes

BP correlated strongly with the corresponding SUVR80210021
values (Table 3). R2 was . 0.86 for 34 AAL-based bilateral cor-
tical subregions. Importantly, the slopes and intercepts of all
BP/SUVR80210021 regressions were found to be similar: slopes
ranged between 0.48 and 0.58 and intercepts between 20.11 and
20.01. The intercept for the putamen (�0.1) was larger than for
other regions (Table 3), indicating that that SUVR802100�1 in this
region corresponded to BP�-0.1.
We additionally illustrate the BP/SUVR80210021 relationships in

Figures 5 and 6. Figure 5 shows the actual regression lines for rep-
resentative regions, and Figure 6 compares BP and SUVR80210021
maps for MCI and AD subjects. All regional correlations presented in
Figure 5 are significant, with P , 0.0001. In Figure 6, we compared
BP with 0:5�ðSUVR80210021Þ, that is, we applied identical

FIGURE 4. Time courses of regional SUVR (mean ± SD) for subjects in

each diagnostic category.

TABLE 3
Correlations Between Different Maps for 6 Target ROIs

Data Frontal Occipital Parietal lateral Temporal mesial Temporal lateral Putamen

BP vs. SUVR80−100−1

R2 0.97 0.96 0.97 0.94 0.97 0.96

Slope 0.54 0.54 0.56 0.53 0.54 0.57

Intercept −0.06 −0.04 −0.06 −0.06 −0.03 0.10

SUVR80−100 vs. SUVR1−5

R2 0.01 0.07 0.15 0.07 0.16 0.46

18F-AV-1451 (T807) PET TRACER KINETICS • Shcherbinin et al. 1539



slopes of 0.5 and zero intercept to all presented SUVR80210021
maps. For better intersubject comparison, an identical scale
0–1.5 was applied to all images. As shown in Figure 6, this
transformation demonstrated reasonable similarity between BP
and 0:5�ðSUVR80210021Þ maps in cortical regions. The clear
exception is that LGAR-based BP in the putamen area is greater
than the signal in the corresponding 0:5�ðSUVR80210021Þ images.
The difference between cortical regions and putamen was

emphasized by different correlations of SUVR802100 with SUVR125

(Table 3). Indeed, the correlation between SUVR802100 and SUVR125

was found to be stronger in the putamen than in the cortex.

DISCUSSION

In this article, we report kinetic modeling results for dynamic
0- to 100-min scans with 18F-AV-1451 in 19 subjects across diag-
nostic categories. We observed that cortical (but not putamen) time–
SUVR curves for the 18F-AV-1451 tracer may not plateau within
100 min for MCI or AD subjects (Fig. 4). As seen in Figures 3 and
4, the 80- to 100-min window provided better MCI/OCN separation,
whereas AD subjects’ kinetics in cortical regions diverged from
normal subjects approximately 30 min earlier. Although we found
that 80–100 min would serve as one of the best options for a
simplified acquisition amenable to clinical trials, other windows
(e.g., 75–105 min) may be useful to evaluate. Moreover, the slope

of the SUVR802100 estimated from dynamic scans may serve as an
additional index of interest (Table 2).
To investigate kinetic meaningfulness of the SUVR802100-based mea-

surements, we compared SUVR80210021 images as surrogate metrics
of the BPs generated using LGAR from the dynamic 0- to 100-min
scan. Our comparison of these maps demonstrated strong (Table 3)
correlation for all cortical regions across 19 subjects. We hypothesized
that this strong correlation would make SUVR802100-based cut-points,
separating diagnostic stages, comparable with BP-based ones. It is
possible that starting scans at a delayed time point (e.g., 80 min)
instead of from tracer injection could limit the functional informa-
tion measured. In particular, it prevents one from estimating wash-
in characteristics, which may increase the diagnostic power of the
18F-AV-1451 scan.
When using Logan graphical analysis to investigate the utility

of SUVR802100 images, one should take into account the features
of the modeling methodology. In our analysis, LGAR was robust
when modeling 18F-AV-1451 kinetics. Indeed, reasonable BP
maps and regional BP values were obtained for all investigated
cases, irrespective of the time–activity curve shapes and noise.
Moreover, LGAR demonstrated sound performance over several
parameter choices. For example, we tested the variability of DVR
by varying kR2 between 0.05/min and 0.25/min for several subjects
with different time–activity curve behavior and found that
DVRðkR2 Þ reached plateau at kR2 5 0.15/min. Further, the difference
between regional DVR calculated at kR2 5 0.2/min and at kR2 5
0.25/min did not exceed 1% for all subjects, supporting the use of
kR2 5 0.2/min as a safe input parameter. In addition to using a fixed
value of t∗ 5 40, we performed Logan analysis with individual t∗
values determined as a minimum time moment, beyond which all
deviations between linear regression line and Logan plot did not
exceed 5% (23). Importantly, this linearity condition was fulfilled
for all analyzed scans and all considered ROIs with the starting
point t∗ 5 40. Therefore, we used the fixed value t∗ 5 40 min in
all our voxelwise and regional calculations. LGAR also provided
stable and consistent BP estimates for numerous tests with differ-
ent spatial normalizations and reference regions.
Our analysis showed that slower cortical wash-out with respect

to the cerebellum for MCI and AD subjects was attributed not only
to increasing (less stable) SUVR802100 values (Fig. 4; Table 2), but
also to the more convex Logan plot and, correspondingly, to in-
creasing (less stable) DVR and BP estimates. These observations
are illustrated in Figure 7 for 3 ROIs and 4 subjects from each
diagnostic group. The time–activity curves corresponding to these
scans can be found in Figure 2. For YCN-2 and OCN-3, the major
parts of Logan plots in the lateral temporal region are linear (t∗ 5
10 and 20 min, respectively), and the slopes of the regional re-
gression lines (DVR values) are close to 1. The slightly convex
Logan plot in subject MCI-1 (t∗ 5 35 min) is associated with an
increased binding of DVR 5 1.18. Furthermore, the convexity of
the lateral temporal plot for AD-1 subject is reflected by the
delayed starting point of linearization (t∗ 5 40 min) and elevated
retention (DVR 5 1.80).
We found quite different kinetics in the putamen compared with

cortical regions: SUVR125 . 1, time–SUVR curves plateaued
after 50 min for all categories, positive (�0.1) intercept of the
BP=SUVR80210021 linear regression, and correlation (R2 5 0.48)
between SUVR802100 and SUVR125 indicating that SUVR802100 in the
putamen may be partially driven by the uptake at early time frames.
These observed differences suggest either additional off-target binding
in the putamen or a second binding site with different kinetics. The

FIGURE 5. BP and SUVR80−100−1 values for 6 regions. Values corre-

sponding to YCNs, OCNs, MCI, and AD subjects are marked by red,

green, blue, and black dots, respectively. Linear regression lines are

plotted across all subjects.
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mechanisms underlying these differences will be investigated in
future studies.
This study has some important limitations. First, there were

limited subject numbers (4 or 5) in each diagnostic group.
Although we were able to detect some differences in the 18F-
AV-1451 tracer kinetics between these small groups using simple
t tests, the small sample sizes precluded more advanced statistical
analyses.
Second, there are some limitations of the kinetic modeling

technique used in this study. Blood sampling was not included in
the acquisition protocol, and thus we generated a surrogate input
function assuming negligible specific binding in the cerebellum

crus. When applying LGAR, we did not
expect to separate concentrations of specifi-
cally and nonspecifically bound 18F-AV-1451
tracer. Only a single composite index, BP,
representing tracer availability with respect
to the cerebellum, was generated representing
the combination of the compartmental kinetic
parameters. Dynamic acquisitions with blood
sampling and compartmental kinetic model-
ing may provide new insights on the tracer
kinetics and, therefore, influence the design
of an optimal imaging protocol.
Third, the bias caused by noisy time–

activity curves is also frequently mentioned
as a limitation of the voxelwise Logan
graphical analysis. To address this issue,
we compared regional BP estimates gener-
ated from the voxelwise BP map and aver-
age regional time–activity curves and found
high (R2 . 0.9) correlations for the different
cortical regions, suggesting that noise-induced
bias is not a fundamental concern for the
analyses we report here.
Finally, another limitation that should be

considered is the relatively short (0–100 min after injection) du-
ration of dynamic scans. The observed behavior of the time–
SUVR curves (Fig. 2) and Logan plots (Fig. 7) suggests that
longer scans might be required to fully understand 18F-AV-1451
kinetics and determine the optimal scan duration for quantitatively
accurate BP estimates. The relationship between SUVR802100 and
BPs calculated from longer dynamic scans may provide additional
insights on using SUVR802100 as an endpoint for cross-sectional
and longitudinal studies. On the other hand, substantial prolonga-
tion of the scanning time window should be made with caution
because an increased noise due to the radioactive decay may affect
image quality (11).

CONCLUSION

Logan graphical analysis using the cerebellum crus as a reference
region served as an efficient tool for modeling of 18F-AV-1451
kinetics. The kinetics of the tracer in cortical regions, as examined
in a small group of subjects, differed by diagnostic stage. For AD
relative to controls, we observed earlier separation between cortical
and cerebellar time–activity curves as well as slower and spatially
nonuniform clearance from cortical regions leading to focal uptake
and elevated retention in 80- to 100-min images. A delayed 80- to
100-min scan provided a reasonable substitute for a dynamic 0- to
100-min acquisition for cortical regions. The slope of the
SUVR802100 estimated from dynamic 80- to 100- (4 · 5 min) or
75- to 105 (6 · 5 min)-min scans may serve as an additional index.
Further dynamic studies are planned, and additional evaluation of
kinetic modeling methodology is warranted.
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