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18F-AV-1451 is currently the most widely used of several experi-

mental tau PET tracers. The objective of this study was to evaluate
18F-AV-1451 binding with full kinetic analysis using a metabolite-

corrected arterial input function and to compare parameters derived

from kinetic analysis with SUV ratio (SUVR) calculated over different

imaging time intervals. Methods: 18F-AV-1451 PET brain imaging
was completed in 16 subjects: 4 young healthy volunteers (YHV), 4

aged healthy volunteers (AHV), and 8 Alzheimer disease (AD) sub-

jects. Subjects were imaged for 3.5 h, with arterial blood samples

obtained throughout. PET data were analyzed using plasma and refer-
ence tissue–based methods to estimate the distribution volume, bind-

ing potential (BPND), and SUVR. BPND and SUVR were calculated using

the cerebellar cortex as a reference region and were compared across
the different methods and across the 3 groups (YHV, AHV, and AD).

Results: AD demonstrated increased 18F-AV-1451 retention compared

with YHV and AHV based on both invasive and noninvasive analyses

in cortical regions in which paired helical filament tau accumulation is
expected in AD. A correlation of R2 . 0.93 was found between BPND

(130 min) and SUVR-1 at all time intervals. Cortical SUVR curves

reached a relative plateau around 1.0–1.2 for YHV and AHV by approx-

imately 50 min, but increased in AD by up to approximately 20% at
110–130 min and approximately 30% at 160–180 min relative to 80–

100 min. Distribution volume (130 min) was lower by 30%–35% in the

YHV than AHV. Conclusion: Our data suggest that although 18F-AV-

1451 SUVR curves do not reach a plateau and are still increasing in AD,
an SUVR calculated over an imaging window of 80–100 min (as cur-

rently used in clinical studies) provides estimates of paired helical fila-

ment tau burden in good correlation with BPND, whereas SUVR sensi-
tivity to regional cerebral blood changes needs further investigation.
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The accumulation of folded hyperphosphorylated tau is 1 path-
ologic hallmark for Alzheimer disease (AD) and forms the basis of

the neuropathologic staging of Alzheimer-related pathology in the
brain (1). 18F-AV-1451 (18F-T807, flortaucipir) (2) is a PET radio-
tracer with high affinity and specificity for tau aggregates, while
lacking affinity for concomitant amyloid-b plaques in human AD
(3,4). Several additional PET agents have been proposed for the
imaging of tau in the brain, in particular 11C-PBB3 (5,6), 18F-
THK-5117 (7), 18F-T808 (8), 18F-PI-2014 (9), and more recently
11C-RO6924963, 11C-RO6931643, 18F-RO6958948 (10), 18F-THK-
5351 (11), 18F-GTP1 (12), and 18F-MK6240 (13), and have been or
are being characterized and evaluated in humans. Currently, 18F-AV-
1451 has been the most widely used and characterized PET tracer
(2–4,14,15) in clinical studies. Early clinical evaluation has demon-
strated heterogeneous and asymmetric brain uptake of the radiotracer
(2) consistent with the earlier reports by Braak and Braak (1) show-
ing distribution of tau that follows discrete patterns in cross-sectional
postmortem analyses generally correlating with AD severity.
Validation of a quantitative PEToutcome measure for 18F-AV-1451

is necessary to address questions relevant to drug development and
the primary pathophysiology of AD. SUV ratio (SUVR) has been
widely used as a semiquantitative outcome measure, because it can be
obtained using simplified methods of acquisition and analysis. Quan-
tification using this method may be influenced by confounding factors
such that assessment of 18F-AV-1451 signal or longitudinal changes
of signal may not solely reflect the actual tau density in brain tissue.
In this report, we have compared the validity of SUVR to more

robust quantitative measurements obtained through kinetic model-
ing of the PET data. Recently, SUVR was compared with a tissue-
based method (15). In this study, an arterial input function corrected
for metabolites was obtained in both healthy volunteers (HV) and
subjects with AD, and classic pharmacokinetic modeling of the 18F-
AV-1451 PET data using plasma-based or tissue-based methods was
performed.

MATERIALS AND METHODS

Radiochemistry

Radiolabeling and preparation of 18F-AV-1451 was described pre-
viously (16). All productions showed a radiochemical purity above

99% and specific activity exceeding 200 GBq/mmol. The average
decay-corrected radiochemical yield was 15.4% 6 5.5% (n 5 16) in

60 min.

Human Subjects

Sixteen subjects were enrolled and completed 18F-AV-1451 brain PET

studies: 4 young healthy volunteers (YHV) (age, 26–37 y), 4 aged healthy
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volunteers (AHV) (age, 51–72 y), and 8 AD subjects (age, 57–85 y; Mini-

Mental State Examination, 14–29) (Table 1). All subjects gave their writ-
ten informed consent before participation in this study. The study protocol

was reviewed and approved by the New England Institutional Review
Board. The study was registered on ClinicalTrials.gov (NCT02370524).

Individuals with mild and moderate AD were required to meet the
criteria based on the National Institute of Neurologic and Communi-

cative Disorders and Stroke/Alzheimer Disease and Related Disorders
Association and Diagnostic and Statistical Manual of Mental Disorders

(17) for study eligibility. All HVs were required to have no evidence of
cognitive impairment or early dementia as judged by the investigator.

AHVs and AD subjects underwent 18F-florbetapir amyloid imaging at
screening and required a visual analysis positive for AD (18) and neg-

ative for AHV.

Brain PET Studies

PET images were acquired on an ECAT EXACT HR1 camera (Sie-
mens). Subjects were administered intravenously a single dose of 18F-

AV-1451 (Table 1) over 2 min, followed by a 10-mL saline flush.
Dynamic 3-dimensional brain PET images were acquired over

210 min as 3 imaging sessions of 50 min each (0–50, 80–130, and
160–210 min) with 30-min breaks between sessions. The first ses-

sion consisted of 21 frames (6 · 0.5, 4 · 1, 4 · 2, 7 · 5 min), and
the second and third sessions consisted of 10 frames (10 · 5 min).

A 68Ge rod source transmission scan was obtained before each
emission for attenuation correction. PET data were corrected for

randoms, dead time, scatter, and attenuation, and PET images
were reconstructed using ordered-subset expectation maximization

algorithm (4 iterations, 16 subsets, 5-mm gaussian postprocessing
filter).

A structural 3-dimensional T1-weighted MR image was acquired
for all subjects on a Espree 1.5-T scanner (Siemens) (magnetization-

prepared rapid gradient-echo; inversion time, 1.1 s; repetition time,
1.97 s; echo time, 3.17 ms; flip angle, 15�).

Blood Sampling and Analysis

Arterial blood samples were collected throughout the 210 min of

acquisition (every 30 s until 4 min after injection with decreasing fre-
quency thereafter) and whole blood and plasma radioactivity mea-

sured in a well-type g-counter (Wallac 2480; Perkin Elmer). Radio-
metabolites were measured in a subset of samples (4, 8, 15, 30, 60, 90,

130, 170, and 210 min) by reversed-phase high-performance liquid

chromatography, and plasma protein binding free fraction was mea-

sured by ultrafiltration (Centrifree; Millipore).
The parent fraction profile was fitted with a monoexponential plus

constant function using measurements up to 130 min (last 2 samples at
170 and 210 min suffered from low count statistics and were excluded

from the fit), and extrapolated thereafter. The arterial plasma concen-
tration curve was time multiplied by the fitted curve to correct for

radiometabolites.

Image Processing and Analysis

Images were analyzed in PMOD 3.607 software (PMOD
Technologies). All realignment procedures used normalized mutual

information. PET images were motion-corrected within and be-
tween imaging sessions by realigning each image to the initial

flowlike (15 min) average image. The subject MR image was

segmented into gray and white matter maps. The initial flowlike
average PET image was used to align the whole PET series onto the

MR image, and subsequently both MRI and PET series were
spatially normalized to the standard Montreal Neurologic Institute

space. Hammers volume-of-interest atlas (19) was applied to nor-
malized PET images, and time–activity curves were extracted for

the following brain regions (left- and right-side regions separately):
frontal (middle, inferior, superior), parietal, occipital, temporal (supe-

rior lateral, inferior lateral, mesial), putamen, caudate nucleus, globus
pallidus, thalamus as well as cerebellar cortex, with cortical and

cerebellar cortex regions constrained to gray matter voxels. The cer-
ebellar cortex region was eroded away from other regions by 8 mm

to minimize spill-over, in particular from the temporal and occipital
regions.

The standard 2-tissue-compartment model (2T), 1-tissue-
compartment model (1T), and Logan graphical analysis (LGA;

t* 5 80 min) plasma-based methods were used with the radiometa-
bolite-corrected arterial plasma input function to estimate distribu-

tion volume (VT) in specific brain regions (20,21). 1T and 2T used a
fixed blood volume of 5%. The binding potential (BPND) was cal-

culated indirectly as (VT – VND)/VND, where VND is the nondisplace-
able volume of distribution as estimated in the cerebellar cortex. The

noninvasive simplified reference tissue model (SRTM) (22) and non-
invasive LGA (NI-LGA; k2’ 5 0.05 min21, t* 5 80 min) (21) were

used to determine directly BPND using the cerebellar cortex as the
reference region. For NI-LGA, k2’ was fixed to the average value

across regions and subjects of k2’ calculated with SRTM. VT and

TABLE 1
Demographics and Clinical Characteristics

Characteristic YHV AHV AD subject

No. (% male) 4 (50%) 4 (50%) 8 (38%)

Age (y) 31.8 ± 4.5 (26–37) 62.5 ± 9.4 (51–72) 64.9 ± 8.6 (57–85)

MMSE 30.0 ± 0.0 (30) 29.5 ± 0.6 (29–30) 22.4 ± 5.5 (14–29)

CDR-SB NA NA 0.8 ± 0.3 (0.5–1)

ADAS-cog NA NA 20.6 ± 10.2 (4–30)

18F-AV-1451 (MBq) 303.3 ± 33.2 (259.6–340.4) 341.3 ± 2.5 (338.5–344.5) 341.3 ± 11.7 (325.4–357.0)

AV-1451 (μg) 0.49 ± 0.13 (0.38–0.67) 0.82 ± 0.59 (0.16–1.49) 0.58 ± 0.46 (0.11–1.55)

18F-florbetapir SUVR NA 1.19 ± 0.04 1.46 ± 0.31

MMSE 5 Mini-Mental State Examination; CDR-SB 5 Clinical Dementia Rating, sum of boxes; NA 5 not applicable; ADAS-cog 5
Alzheimer Disease Assessment Scale-Cognition.

Values are mean ± SD, with range in parentheses. Cerebellar cortex was used as reference; average of frontal, parietal, temporal,

anterior, and posterior cingulated cortex.
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BPND were estimated for 130 min (first 2 imaging sessions) and

210 min of data (whole acquisition), and unless specified otherwise
the reported results are for 130 min due to the increased input func-

tion uncertainty and PET data noise at later times.
SUVs were calculated by normalizing the uptake values by the

injected dose divided by the subject weight. Target–to–cerebellar cor-
tex SUVRs were calculated for 4 time intervals (80–100, 110–130,

160–180, and 190–210 min) and compared with BPND.

RESULTS

Representative average 18F-AV-1451 SUVR images (80–100 min)
are shown in Figure 1 for 1 YHV, 1 AHV, and 3 AD subjects,
visually demonstrating increased retention in AD compared with

HV. Time–activity and SUVR curves are
shown in Figure 2 for 1 YHV, 1 AHV, and
1 AD subject. YHVs and AHVs display
rapid uptake and clearance of the tracer
across all brain regions, with putamen up-
take slightly elevated initially in YHVs and
clearly elevated in AHVs. Retention of
the tracer was observed in AD in cortical
regions with noticeable region-specific
and asymmetrical signal, with further
elevated putamen uptake exhibiting dif-
ferent kinetics compared with cortical re-
gions with high initial uptake and much
faster clearance. Pseudoequilibrium was
not reached at 210 min after injection
with SUVR curves still increasing. Addi-
tional across-subject comparison of SUVR
curves per region are provided in Supple-

mental Figures 1–6 (supplemental materials are available at http://
jnm.snmjournals.org).
Moderately fast metabolism of 18F-AV-1451 was observed (Fig.

3A), with 2 main radiometabolites much more polar than the parent.
At 90 min after radiotracer injection, the parent fraction in arterial
plasma was 17.3% 6 7.0% across all subjects (n 5 16). No differ-
ence was observed among the 3 groups. The free fraction in plasma
was low at 0.19% 6 0.12% (n 5 16). The average metabolite-
corrected arterial plasma is also shown in Figure 3B.
Examples of fits/linear regression for 210 min of data are

shown in Figure 4 for an AD subject. 2T described adequately
the data up to 210 min. 1T gave poor fits for all subjects and
regions, including the cerebellar cortex (data not shown) and is

FIGURE 1. 18F-AV-1451 SUVR images (80–100 min) superimposed onto subject’s MR image in

transaxial (top row) and coronal (bottom row) views in 1 YHV, 1 AHV, and 3 AD subjects.

FIGURE 2. 18F-AV-1451 time–activity and SUVR curves in YHV (A and D), AHV (B and E), and AD subject (C and F). Closed symbols and solid

lines 5 left side; open symbols and dashed lines 5 right side; cereb Cx 5 cerebellar cortex; FC_Mid 5 frontal middle cortex; OC 5 occipital

cortex; TC_InfLat 5 inferior lateral temporal cortex; TC_SupLat 5 superior lateral temporal cortex.
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not reported further. LGA or NI-LGA plots are close to linearity
for the last 2 imaging sessions. SRTM did not describe the data
as well over 210 min, with some convergence or fit difficulties in
some regions while showing excellent agreement with NI-LGA
(R2 . 0.99, linear regression on top of identity line), and is
therefore not reported further.
Detailed results of the 2Tanalysis are given in Table 2 and Figure 5.

K1 was regionally different, highest in the putamen, but appeared
similar in YHVs and AHVs in all regions (within ;3%) and across
the 3 groups in the cerebellar cortex and putamen, whereas it was
lower by approximately 10%–15% in the cortical regions of AD sub-
jects, similar to previous findings (23). K1/k2 was clearly lower by
about 30% in YHVs including in the cerebellar cortex (2.7 mL/cm3)
compared with AHVs (3.9 mL/cm3) and AD subjects (3.7 mL/cm3).

VTwas elevated in the cortical regions of AD
subjects (as expected) but similar between
AHVs and AD subjects in the cerebellum
(6.0 and 5.9 mL/cm3, respectively), whereas
it was noticeably lower by again 30%–35% in
YHVs, with 4.1 mL/cm3 for the cerebellar
cortex. A regression analysis (Fig. 6) showed
a correlation between VT and the subject’s
age, with an R2 greater than 0.87 (n 5 8,
YHV and AHV) and a higher increase with
age in the putamen (slope of ;0.095) com-
pared with other regions (slope of ;0.06–
0.08). K1 and VT were well identified, with
parameter errors of 2%–4%. The identifiabil-
ity for k2 was decreased (error up to ;7%),
but the ratio K1/k2 maintained an acceptable
error of approximately 4%, except in the me-

sial temporal and putamen. k3 and k4 were not well identified (errors
up to ;25%), in particular for k3 in the mesial temporal and putamen
(30%–35%), whereas k3/k4 was better defined (;10%), except in the
mesial temporal and putamen (15%–25%), where the increased errors
in these regions is likely caused by higher correlation between k2 and
k3 (24).
Results of BPND and SUVR are summarized in Supplemental

Table 1, and correlation analyses between these measurements in
cortical regions (AD only) are provided in Table 3 and shown in
Figure 7. Overall, a good correlation was found between all meth-
ods and scan durations with an R2 greater than 0.96. LGA and NI-
LGA underestimated BPND by approximately 10% and 20%,
respectively, compared with 2T. The agreement between 2T and
SUVR-1 in terms of R2 was similar for 80–100 min and 110–

130 min, whereas it was slightly better
for 110–130 min when compared with
LGA or NI-LGA estimates, although when
additionally considering a slope closer
to unity and a smaller bias (introduced
through the intercept) the 110- to 130-min
interval performed better. Within-method
comparison showed a time-dependency of
the estimates, with BPND increasing by
15%, 10%, and 12% for 2T, LGA, and
NI-LGA, respectively, and VT increasing
by about 20% for both 2T and LGA (with
a higher R2 for the graphical methods)
when using 210 min of data, likely because
of nonequilibrium between plasma and
brain regions. LGA VT correlated strongly
with 2T (R2 . 0.98), with, however, an
underestimation of about 5%.

DISCUSSION

We report the kinetic analysis of 18F-AV-
1451 using an arterial input function to eval-
uate its pharmacokinetic properties in the
brain. AD demonstrated increased 18F-AV-
1451 retention compared with HV visually
in cortical regions in which paired helical
filament tau accumulation is expected in
AD, as well as quantitatively based invasive
(2T and LGA) and noninvasive (NI-LGA

FIGURE 3. (A) Average (mean ± SD) parent fraction profile in arterial plasma after intravenous

administration of 18F-AV-1451. Dashed line represents monoexponetial plus constant fit up to

130 min. (B) Average (mean ± SD) radiometabolite-corrected arterial plasma concentration of
18F-AV-1451 (input function).

FIGURE 4. Compartmental and graphical analysis for AD for 210 min of scanning data: 2T fits

(A), LGA linear regression (B), SRTM fits (C), and noninvasive LGA linear regression (D).

Open symbols 5 measured data; solid lines 5 fitted curve/line; Cereb Cx 5 cerebellar cortex;

FC_Mid 5 frontal middle cortex; OC 5 occipital cortex; TC_InfLat 5 inferior lateral temporal

cortex; TC_SupLat 5 superior lateral temporal cortex.
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and SUVR) analyses. Subjects with presumed negligible or low tau
exhibited evidence of equilibration with constant tissue ratios
attained, whereas those with presumed substantial tau showed steady
accumulation beyond 210 min. Despite these kinetic character-
istics, a comparison between the invasive 2T and SUVR showed a
strong linear correlation (R2 . 0.96) between BPND and SUVR-1
across subjects and across regions. Both imaging time intervals of
80–100 min and 110–130 min gave comparable results, in agreement

with previous findings (25), with a bias of less than 10%–15%
compared with BPND, although overall the latter (110–130 min) in-
terval performed slightly better. The observed linearity between
SUVR and BPND suggests that SUVR would provide robust esti-
mates across levels of tau for cross-sectional or longitudinal imaging
studies, although further studies with dynamic image acquisition
may be warranted to confirm the linearity of the relationship across
a wider range of tau load. In this study, other factors such as the

TABLE 2
Estimates of 2T Parameters and Macroparameters Using 130 Minutes of Scanning Data

Parameter Group Frontal Parietal Occipital

Lateral

temporal

Mesial

temporal Putamen

Cerebellar

cortex

K1 YHV 0.28 ± 0.06

(3% ± 1%)

0.29 ± 0.06

(3% ± 1%)

0.30 ± 0.07

(3% ± 1%)

0.27 ± 0.06

(3% ± 1%)

0.21 ± 0.04

(4% ± 0%)

0.35 ± 0.08

(5% ± 1%)

0.30 ± 0.07

(3% ± 1%)

AHV 0.29 ± 0.03

(3% ± 1%)

0.31 ± 0.03

(3% ± 1%)

0.31 ± 0.03

(2% ± 1%)

0.28 ± 0.04

(2% ± 1%)

0.21 ± 0.02

(3% ± 1%)

0.35 ± 0.03

(3% ± 0%)

0.29 ± 0.03

(2% ± 1%)

AD 0.25 ± 0.03

(2% ± 1%)

0.25 ± 0.04

(2% ± 1%)

0.28 ± 0.05

(2% ± 1%)

0.24 ± 0.04

(2% ± 1%)

0.20 ± 0.02

(2% ± 1%)

0.35 ± 0.06

(3% ± 2%)

0.29 ± 0.03

(2% ± 1%)

K1/k2 YHV 2.69 ± 0.55

(4% ± 1%)

2.69 ± 0.57

(4% ± 0%)

2.81 ± 0.54

(4% ± 0%)

2.89 ± 0.58

(5% ± 0%)

2.53 ± 0.69

(8% ± 3%)

2.82 ± 0.64

(12% ± 8%)

2.72 ± 0.63

(4% ± 0%)

AHV 3.94 ± 0.26
(4% ± 1%)

4.08 ± 0.21
(4% ± 1%)

4.21 ± 0.26
(3% ± 1%)

4.35 ± 0.26
(4% ± 1%)

3.78 ± 0.41
(6% ± 2%)

4.82 ± 0.88
(8% ± 2%)

3.95 ± 0.26
(4% ± 1%)

AD 3.73 ± 0.50
(4% ± 2%)

3.67 ± 0.34
(4% ± 2%)

3.82 ± 0.38
(4% ± 1%)

4.17 ± 0.59
(5% ± 2%)

3.73 ± 0.46
(6% ± 3%)

4.30 ± 1.34
(9% ± 6%)

3.69 ± 0.53
(3% ± 2%)

k4 YHV 0.023 ± 0.010

(17% ± 6%)

0.023 ± 0.009

(15% ± 5%)

0.022 ± 0.007

(16% ± 4%)

0.026 ± 0.010

(17% ± 6%)

0.032 ± 0.019

(19% ± 8%)

0.068 ± 0.044

(15% ± 4%)

0.029 ± 0.014

(18% ± 6%)

AHV 0.017 ± 0.005

(22% ± 6%)

0.017 ± 0.004

(21% ± 3%)

0.014 ± 0.004

(21% ± 3%)

0.017 ± 0.005

(23% ± 5%)

0.020 ± 0.010

(27% ± 12%)

0.041 ± 0.018

(19% ± 18%)

0.019 ± 0.007

(21% ± 5%)

AD 0.022 ± 0.010

(11% ± 8%)

0.020 ± 0.008

(9% ± 5%)

0.018 ± 0.008

(10% ± 7%)

0.020 ± 0.009

(13% ± 9%)

0.021 ± 0.008

(16% ± 10%)

0.044 ± 0.018

(10% ± 6%)

0.027 ± 0.010

(12% ± 8%)

k3/k4 YHV 0.69 ± 0.16

(10% ± 2%)

0.73 ± 0.18

(9% ± 2%)

0.69 ± 0.19

(9% ± 2%)

0.65 ± 0.15

(11% ± 2%)

0.83 ± 0.33

(15% ± 5%)

0.77 ± 0.38

(26% ± 11%)

0.54 ± 0.14

(12% ± 3%)

AHV 0.61 ± 0.12

(9% ± 2%)

0.64 ± 0.10

(8% ± 1%)

0.72 ± 0.15

(8% ± 2%)

0.63 ± 0.12

(10% ± 3%)

0.71 ± 0.11

(17% ± 6%)

0.65 ± 0.16

(21% ± 2%)

0.51 ± 0.05

(9% ± 3%)

AD 1.16 ± 0.65

(8% ± 5%)

1.36 ± 0.73

(7% ± 4%)

1.41 ± 0.89

(7% ± 4%)

1.32 ± 0.76

(9% ± 5%)

1.15 ± 0.54

(11% ± 6%)

1.17 ± 0.89

(16% ± 7%)

0.62 ± 0.20

(9% ± 4%)

K1k3/ YHV 1.79 ± 0.21

(7% ± 1%)

1.89 ± 0.18

(6% ± 1%)

1.88 ± 0.25

(6% ± 1%)

1.82 ± 0.17

(8% ± 1%)

1.91 ± 0.23

(9% ± 2%)

2.03 ± 0.74

(14% ± 4%)

1.42 ± 0.10

(9% ± 1%)

k2k4 AHV 2.43 ± 0.55

(7% ± 3%)

2.61 ± 0.46

(7% ± 2%)

3.05 ± 0.75

(7% ± 4%)

2.77 ± 0.58

(8% ± 4%)

2.71 ± 0.55

(12% ± 9%)

3.01 ± 0.43

(14% ± 4%)

2.03 ± 0.33

(7% ± 1%)

AD 4.32 ± 2.70
(5% ± 4%)

4.90 ± 2.60
(4% ± 2%)

5.34 ± 3.47
(5% ± 3%)

5.44 ± 3.30
(6% ± 5%)

4.27 ± 2.18
(6% ± 4%)

4.03 ± 1.12
(8% ± 3%)

2.25 ± 0.71
(5% ± 3%)

VT YHV 4.49 ± 0.62
(3% ± 2%)

4.58 ± 0.60
(2% ± 1%)

4.68 ± 0.57
(2% ± 1%)

4.72 ± 0.58
(2% ± 2%)

4.45 ± 0.58
(2% ± 2%)

4.85 ± 0.76
(1% ± 0%)

4.14 ± 0.64
(2% ± 2%)

AHV 6.37 ± 0.73

(3% ± 2%)

6.69 ± 0.62

(3% ± 1%)

7.26 ± 0.95

(4% ± 2%)

7.12 ± 0.78

(4% ± 2%)

6.48 ± 0.89

(5% ± 5%)

7.84 ± 0.81

(2% ± 2%)

5.98 ± 0.58

(2% ± 1%)

AD 8.05 ± 2.85

(2% ± 2%)

8.58 ± 2.52

(2% ± 1%)

9.16 ± 3.48

(2% ± 1%)

9.62 ± 3.42

(2% ± 2%)

8.00 ± 2.29

(3% ± 2%)

8.34 ± 0.92

(1% ± 0%)

5.94 ± 0.85

(1% ± 0%)

Rate constants and macroparameters are presented as mean ± SD and SEs are expressed as percentage and reported as mean ± SD.

Average of left and right regions; frontal 5 average of inferior, superior, and middle; lateral temporal 5 average of superior and inferior.
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SUVR reproducibility at different time intervals or its sensitivity to
blood flow were not taken into consideration. The impact of regional
cerebral blood flow changes, likely to happen in AD (26), on SUVR
but also BPND, needs further investigation through computer simu-
lations, BPND being likely less sensitive but requiring dynamic data
acquisition not always feasible in clinical studies. Additionally, our
results highlight the time dependence of SUVR (Fig. 7D), and the
scan imaging time should be controlled, particularly in longitudi-
nal or drug-development studies, so that additional variability in
DSUVR assessments is not introduced.
A different kinetic profile was observed in the putamen, globus

pallidus, and thalamus compared with cortical regions (Supple-

mental Figs. 5 and 6), suggesting that 18F-AV-1451 may bind to a
different site in these regions, with a higher (about double) k4 than
in cortical regions (Table 2). Furthermore, similar to our findings
of elevated signal in the putamen and globus pallidus in AHVs and
AD subjects compared with YHVs, an increased SUVR in older
subjects was recently reported (27) where it was hypothesized that
the higher uptake was due to an increased capillary permeability in
the putamen and globus pallidus, but not in the cerebellar cortex. An
increased capillary permeability would imply an increased extrac-
tion and in turn, under passive transport condition through the
blood–brain barrier, an increased K1 and k2 that would produce
an initial higher uptake (higher K1) followed by a faster washout

(higher k2). However, our kinetic modeling
results showed similar K1 across the 3 groups
in the putamen and cerebellar cortex with, on
the other hand, a lower k2 (higher K1/k2) in
AHVs and AD subjects compared with YHVs.
VT was increased in AHVs and AD sub-

jects not solely in the putamen but in all
brain regions investigated, including the
cerebellar cortex (Fig. 5; Table 2). Further-
more, this increase was found to be age
dependent (Fig. 6). This age-dependent
VT increase appears through the k2 param-
eter (negative correlation), although be-
cause of parameter identifiability (correla-
tion between k2 and k3) (24), it was more
pronounced for VT. Although the age de-
pendency mostly normalized out when cal-
culating SUVR or BPND with, for instance,
a remaining correlation between the sub-
ject’s age and SUVR (80–100 min) of
R2 5 0.79 in the putamen (P , 0.001, in-
crease of 0.0060/y) and of R2 5 0.31 in the
lateral temporal cortex (not significant,
P 5 0.1; increase of 0.0017/y), these find-
ings suggest that HVs should be age-
matched with AD subjects when using
SUVR or BPND because VT increased in
the cerebellar cortex. One interpretation of
these results would be of an age-dependent

FIGURE 5. 2T parameters using 130 min of scanning data. Values are mean ± SD within each group. Average of left and right regions; frontal 5
average of inferior, superior, and middle; lateral temporal 5 average of superior and inferior.

FIGURE 6. Linear regression of VT (2T, 130 min) against subject’s age in lateral temporal cortex

(A), parietal cortex (B), putamen (C), and cerebellar cortex (D). Blue symbols 5 YHV; green

symbols 5 AHV; solid line 5 linear regression. AD (gray symbols) were excluded from regression

analysis and are shown for information only: open symbols 5 Mini-Mental State Examination

. 25 (low tau signal), closed symbols 5 Mini-Mental State Examination , 25.
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increase of nonspecific signal or binding to a secondary target not
kinetically separated from the nondisplaceable signal, although it is
not clear what a widespread secondary binding increasing with age

would be. Another interpretation would be a change of the
tracer efflux to plasma (27), although this would imply some
transport mechanism through the blood–brain barrier other than

passive diffusion.

CONCLUSION

18F-AV-1451 retention is currently
assessed in clinical studies of AD at 80–
100 min after injection. Simplified methods
of image acquisition or analysis often re-
quire a trade-off between accuracy and sim-
plicity, and given the good correlation be-
tween BPND and SUVR-1, our data suggest
that SUVR estimates in this imaging win-
dow provide information of tau burden, with
an underestimation of 10%–15% for higher
tau load, although the later imaging window
of 110–130 min performed slightly better.
Consideration should be given to imaging
time in longitudinal or drug-development
studies so that additional variability in the
assessment of tau load changes is not intro-
duced, and SUVR sensitivity to changes in
regional cerebral blood or clearance should
be further investigated.
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TABLE 3
Linear Regression Analysis of BPND and SUVR Estimates Across Methods and Scanning Duration
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Method Parameter 2T LGA NI-LGA SUVR-1 (80–100) SUVR-1 (110–130)

2T Slope 1.146 — — — —

Intercept 0.009 — — — —

R2 0.95 — — — —
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R2 0.98 0.98 — — —

NI-LGA Slope 0.815 0.887 1.123 — —

Intercept 0.007 0.007 0.005 — —
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FIGURE 7. Regression analysis in AD (n 5 8) between BPND 2T (130 min) and BPND LGA

(130 min) (A), BPND NI-LGA (130 min) (B), and SUVR-1 (80–100 min) (C), and between SUVR-1

(80–100 min) and SUVR-1 (110–130) (D). Colors indicate different subjects; solid line 5 linear

regression; dashed line 5 line of identity.
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