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Because a correlation between tau pathology and the clinical

symptoms of Alzheimer disease (AD) has been hypothesized, there

is increasing interest in developing PET tracers that bind specifically
to tau protein. The aim of this study was to evaluate tracer kinetic

models for quantitative analysis and generation of parametric images

for the novel tau ligand (S)-18F-THK5117. Methods: Nine subjects (5

with AD, 4 with mild cognitive impairment) received a 90-min dynamic
(S)-18F-THK5117 PET scan. Arterial blood was sampled for measure-

ment of blood radioactivity and metabolite analysis. Volume-of-

interest (VOI)–based analysis was performed using plasma-input

models; single-tissue and 2-tissue (2TCM) compartment models and
plasma-input Logan and reference tissue models; and simplified ref-

erence tissue model (SRTM), reference Logan, and SUV ratio (SUVr).

Cerebellum gray matter was used as the reference region. Voxel-level

analysis was performed using basis function implementations of SRTM,
reference Logan, and SUVr. Regionally averaged voxel values were

compared with VOI-based values from the optimal reference tissue

model, and simulations were made to assess accuracy and precision.
In addition to 90 min, initial 40- and 60-min data were analyzed.

Results: Plasma-input Logan distribution volume ratio (DVR)-1 values

agreed well with 2TCM DVR-1 values (R2 5 0.99, slope5 0.96). SRTM

binding potential (BPND) and reference Logan DVR-1 values were highly
correlated with plasma-input Logan DVR-1 (R2 5 1.00, slope ≈ 1.00)

whereas SUVr70–90-1 values correlated less well and overestimated

binding. Agreement between parametric methods and SRTM was best

for reference Logan (R2 5 0.99, slope5 1.03). SUVr70–90-1 values were
almost 3 times higher than BPND values in white matter and 1.5 times

higher in gray matter. Simulations showed poorer accuracy and pre-

cision for SUVr70–90-1 values than for the other reference methods.
SRTM BPND and reference Logan DVR-1 values were not affected by

a shorter scan duration of 60 min. Conclusion: SRTM BPND and ref-

erence Logan DVR-1 values were highly correlated with plasma-input

Logan DVR-1 values. VOI-based data analyses indicated robust results
for scan durations of 60 min. Reference Logan generated quantitative

(S)-18F-THK5117 DVR-1 parametric images with the greatest accuracy

and precision and with a much lower white-matter signal than seen with

SUVr70–90-1 images.
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Alzheimer disease (AD) is the most common of the neurode-
generative disorders. It is characterized by a cascade of complex

pathophysiologic processes including deposition of amyloid pla-

ques, accumulation of neurofibrillary tangles, and neurodegeneration.

The rapid development of molecular and structural imaging has pro-

vided valuable biomarkers for early detection and diagnosis of AD.

The tracer 11C-Pittsburgh compound B (11C-PIB) (1), which binds to

fibrillar amyloid (2), was initially introduced for imaging the amyloid

plaque load in vivo and followed by development of several other

amyloid tracers. Three of these, 18F-flutemetamol, 18F-florbetaben,

and 18F-florbetapir, have recently been approved for assessing the

presence of b-amyloid in a clinical setting. Access to these imaging

methods allowed for more accurate and increasingly early diagnosis

of AD and led to the proposal of new diagnostic criteria (3,4). The

presence of b-amyloid in patients with mild cognitive impairment

(MCI) suggests the presence of prodromal AD.
However, amyloid pathology, as imaged with PET, appeared not

to correlate with the clinical symptoms of AD (5), because amyloid

pathology plateaus quite quickly in the disease progression (6). It

is important to increase the understanding of the connections

between the pathologic processes and the clinical symptoms of

AD and to develop biomarkers that will provide accurate informa-

tion on disease progression. Because tau pathology is closely

associated with neurodegeneration and cognitive impairment (7),

there is increasing interest in the development of PET tracers that

bind specifically to tau. The importance of reliable and early diag-

nosis in dementia cannot be overstated, and quantitative imaging

that correlates disease progression with the presence of a suitable

biomarker, such as tau, is needed.
Several tau tracers have recently been developed and are currently

undergoing clinical assessment in AD patients, non-AD patients,

and controls (7–10). 18F-THK5117 is a promising candidate in a

series of tau tracers recently developed by Okamura et al. at

Tohoku University, Sendai, Japan. It has been shown to have good
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affinity for tau protein aggregates, with fast uptake and clearance
and no toxic effects (11). Because 18F-THK5117 is a racemic
tracer, any differences in metabolism and kinetics between the
S- and R-enantiomers would complicate quantification. Accurate
assessment of tau expression thus requires an enantiomerically
pure tracer, and (S)-18F-THK5117 was therefore used in this study.
The aim of the study was to evaluate several tracer kinetic models

for quantitative analysis of (S)-18F-THK5117 binding to tau, based
on plasma and reference tissue input data, and to validate methods
to construct parametric images of tau pathology. The feasibility of
using simplified methods of quantification, such as the SUV ratio
(SUVr), was assessed by comparison with binding measures based
on tracer kinetic analysis.

MATERIALS AND METHODS

Subjects

Nine subjects (5 AD patients and 4 MCI patients) were included
in the study. Patient characteristics are shown in Table 1. The

patients were recruited from the Memory Clinic, Karolinska University
Hospital Huddinge. All AD patients fulfilled the new diagnostic criteria

for AD (3), and the MCI patients fulfilled the Petersen criteria (12,13).
Presence of b-amyloid was assessed using an 11C-PIB PET scan at most

1 wk before the (S)-18F-THK5117 scan. 11C-PIB scans were rated as
positive if the average neocortical 11C-PIB retention was higher than 1.41

(14). All MCI patients were of the amnestic type. Each subject gave

their written informed consent before inclusion, and the study was
approved by the Regional Board of Medical Ethics in Stockholm

(EPN 2014/268-31/4) and the Medical Radiation Ethics Committee
at Uppsala University Hospital.

Scanning Procedure

The radiosynthesis of (S)-18F-THK5117 is described in the supplemen-
tal material (available at http://jnm.snmjournals.org). All (S)-18F-

THK5117 PET scans were obtained on an ECAT Exact HR1 (Siemens)
stand-alone PET scanner. After a 10-min transmission scan with rotating
68Ge rod sources, (S)-18F-THK5117 (3 MBq/kg) was administered as

a fast bolus, simultaneously with the start of a 90-min dynamic PET
acquisition (6 · 10, 3 · 20, 2 · 30, 2 · 60, 2 · 150, 4 · 300, and 6 · 600 s).

Images were reconstructed using normalization- and attenuation-
weighted ordered-subset expectation maximization (6 iterations, 8 subsets)

applying all appropriate corrections and a 4-mm Hanning postprocessing
filter. In addition, all patients underwent a T1-weighted MRI scan, which

was used for segmentation and volume-of-interest (VOI) definition.
The AD patients and MCI patients underwent MRI scans on a Magnetom

Symphony 1.5-T (Siemens; n 5 2 and 1, respectively), Magnetom
Trio 3-T (Siemens; n5 2 and 1, respectively), or Achieva 1.5-T (Philips;

n 5 1 and 2, respectively) scanner. The dynamic PET data were real-
igned to correct for interframe patient movement using Voiager software

(GE Healthcare).

Blood Sampling and Metabolite Analysis

All subjects underwent online arterial blood sampling during the first

10 min of the scan (3 mL/min), using a radial artery cannula. Discrete
blood samples (5 mL) were also taken at 5, 10, 15, 20, 30, 45, 60, 75,

and 90 min after injection for measurement of whole-blood and plasma
radioactivity and for metabolite analysis. The percentage of intact

(S)-18F-THK5117 in plasma was then determined as described in
the supplemental data. The arterial input function was obtained by

multiplying the measured whole-blood data by a single exponential fit
to plasma–to–whole-blood ratios and a sigmoid fit to the measured

fraction of intact (S)-18F-THK5117 in plasma.

Tracer Kinetic Analysis

The T1-weighted MR images were segmented and coregistered to the
PET images using SPM8 (Wellcome Trust Centre for Neuroimaging).

Gray-matter VOIs, as well as a total-white-matter VOI, were defined on
the MR images using an automatic probabilistic atlas (PVElab) (15)

and projected over all frames of the dynamic PET scans, resulting in
time–activity curves. Left- and right-side VOIs were averaged, and 11

VOIs were included in the data analysis: thalamus, putamen, hippocam-
pus, amygdala, parietal cortex, frontal cortex, sensory motor cortex,

TABLE 1
Patient Characteristics

Patient Sex Age (y)
Amyloid-β
(11C-PIB)

Mini-Mental

State
Examination

Years of
education

AD1 F 70 Pos 25 16

AD2 M 58 Pos 25 11

AD3 F 74 Pos 23 8

AD4 F 57 Pos 23 17

AD5 F 67 Pos 23 14

MCI1 M 79 Neg 27 18

MCI2 F 77 Pos 30 8

MCI3 F 74 Pos 23 12

MCI4 M 65 Pos 30 18

Pos 5 positive; Neg 5 negative.

FIGURE 1. (A) Typical whole-blood activity curve from 1 AD patient. (B) Plasma–to–whole-blood ratio (mean ± SD) for all 9 subjects. (C) Fraction of

unmetabolized (S)-18F-THK5117 (mean ± SD) for all 9 subjects.
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occipital cortex, midbrain, entorhinal cortex, and temporal cortex.

A cerebellum gray-matter VOI was used as the reference region.
Single-tissue (1TCM) and 2-tissue (2TCM) reversible plasma-input

compartment models with blood volume as an additional fit parameter
were applied to all time–activity curves using nonlinear regression

(in-house–developed software in Matlab; The MathWorks). Bind-
ing potentials (BPND) were calculated both directly and indirectly as

the ratio of the volumes of distribution in the target and reference
regions minus 1 (DVR-1). The optimal plasma-input model was de-

termined using Akaike (16) and Schwarz (17) criteria. In addition,
DVR-1 was determined using plasma-input Logan (18) and refer-

ence Logan (19) on a time interval of 30–90 min. Reference Logan
was calculated both with and without the efflux constant, k2, in the

model, with k2 based on plasma-input Logan (19). BPND was cal-
culated using the simplified reference tissue model (SRTM) (20),

and SUVr was calculated as the ratio of the radioactivity concentra-

tions in each VOI relative to cerebellum gray matter over the 70- to

90-min interval (SUVr70–90). Reference tissue methods were vali-

dated by comparison of BPND, DVR-1, or SUVr70–90-1 values, with
DVR-1 values based on the optimal plasma-input compartment model

and plasma-input Logan analyses using orthogonal regression, and
by calculating the square of the correlation coefficient (R2).

Parametric Images

Voxel-level analyses were performed using a basis function
implementation of SRTM (receptor parametric mapping [RPM])

(21) and of the 2-parameter version of SRTM (RPM2) (22). One
hundred basis functions were predefined for each scan, with discrete

values for the exponential variable ranging from 0.005 to 0.5 min21.
Reference Logan DVR-1 was also estimated on a voxel level at a time

interval of 30–90 min, and SUVr70–90-1 images were calculated for the

last 2 frames, 70–90 min, for each scan.
Each parametric method was quantitatively evaluated by retrieving

regionally averaged voxel values from the generated BPND, DVR-1,

FIGURE 2. Time–activity curves (A and D), tissue–to–unmetabolized (S)-18F-THK5117 in plasma ratio (B and E), and tissue-to-cerebellum ratio (C and F)

in regions with high, intermediate, and low tau binding (A–C) as well as cerebellum, putamen, and white matter (D–F). Mean for all 5 AD subjects. p.i.5 after

injection.

FIGURE 3. Typical time–activity curves (TACs) for cerebellum (A), temporal cortex (B), and putamen (C), from 1 AD patient, with fits of 1TCM,

2TCM, and SRTM. Observe that 2TCM and SRTM fits overlap in B and C.
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and SUVr70–90-1 images by projecting the 11 VOIs onto the parametric

images. Regionally averaged BPND, DVR-1, and SUVr70–90-1 values

from the parametric images were compared with VOI-based values
from the optimal reference model using orthogonal regression and by

calculating R2.

Simulations

Simulations of the models were performed for assessment of

accuracy and precision of BPND, DVR-1, and SUVr-1 estimates. Simu-
lated target and reference time–activity curves were created using

2TCM with a plasma input function from 1 typical subject. The
kinetic parameters and the blood volume fraction (Vb) were based

on typical parameters from the clinical data. For the reference time–activity
curve, they were set to K19 5 0.43, k29 5 0.13, k39 5 0.02, k49 5 0.075,

and Vb 5 0.06. Two sets of parameters were used for the target

time–activity curve, with different k3 values to reflect high and low
tau binding: K1 5 0.33, k2 5 0.09, k3 5 0.04 or 0.016, k4 5 0.05,

and Vb 5 0.06. The 2 k3 values correspond to BPND values of 0.8
and 0.32, respectively. One hundred time–activity curves were gen-

erated for each set of parameters, and random noise was added at
a level of 2% to resemble the typical noise in cerebellum and

temporal cortex VOI time–activity curves. Bias and coefficient of
variation (COV) were calculated for DVR-1 values from 2TCM,

plasma-input Logan and reference Logan and for BPND values
from SRTM and RPM as well as SUVr70–90-1 values.

Scan Duration

In addition to the 90-min scan data, shortened datasets were also

evaluated. The initial 40-min (20 frames) and 60-min (22 frames)

data were extracted from the dynamic (S)-18F-THK5117 scans and
analyzed using both plasma input and reference tissue models.

Plasma-input Logan and reference Logan were performed at a time
interval of 20–40 min and 30–60 min, and SUVr-1 were calculated

for 20–40 min and 40–60 min. Absolute bias was calculated be-
tween BPND, DVR-1, and SUVr-1 values of the shorter scan dura-

tions and the 90-min scan.

RESULTS

Radiosynthesis

(S)-18F-THK5117 was obtained in a sterile solution ready for
injection containing 4.6 6 2.7 GBq. The product had a specific
activity of 212 6 120 GBq/mmol at the end of synthesis, the
radiochemical purity was 98.3% 6 0.9%, and the enantiomeric
purity was greater than 98%. The injection solution of (S)-18F-
THK5117 was free from chemical impurities, with no sign of
precursor or deprotected precursor.

Blood Sampling and Metabolite Analysis

Figure 1 shows a typical whole-blood time–activity curve
from 1 AD subject and mean plasma–to–whole-blood ratios
and mean fraction of intact tracer for all 9 subjects. The
plasma–to–whole-blood ratio increased from 1.2 to 1.5 during
the course of the scan. The parent fraction decreased to approx-
imately 25% at 90 min after injection, with limited variation among
individuals.

FIGURE 5. Plasma-input Logan DVR-1 values versus SRTM BPND (A), reference Logan DVR-1 (B), and SUVr-1 values (C). Lines are orthogonal

regressions. Slopes and correlation coefficients are given in Table 1.

FIGURE 4. 2TCM DVR-1 values versus plasma-input Logan DVR-1

values. Line is orthogonal regression with slope 0.96 (confidence inter-

val, 0.94–0.98) and intercept −0.01 (confidence interval, −0.01–0.00).
Correlation coefficient (R2) between 2TCM DVR-1 and plasma-input

Logan DVR-1 was 0.99.
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Tracer Kinetic Analysis

Figure 2 shows mean AD tissue time–activity curves (SUV vs.
time), tissue–to–unmetabolized tracer in plasma ratio, and tissue-
to-cerebellum ratio over time for the typical high-, intermediate-,
and low-binding VOIs amygdala, temporal cortex, and sensory
motor cortex, as well as for the cerebellum, putamen, and white
matter. Cortical time–activity curves can be clustered into 4 dif-
ferent groups in terms of their shape: high binding in amygdala;
intermediate binding in temporal, frontal, entorhinal, and cingu-
late cortex; low intermediate binding in parietal and occipital
cortex; and low binding in sensory motor cortex. Midbrain time–
activity curves behave similarly to the intermediate-binding cortical
regions. Typical time–activity curves for the cerebellum, temporal
cortex, and putamen from 1 AD patient are given in Figure 3, with
fits of 1TCM and 2TCM for all 3 brain regions and SRTM for
the temporal cortex and putamen. The 2TCM and SRTM were
able to fit the data well whereas the 1TCM in general showed
poor fits to the data. Both Akaike and Schwarz criteria gave
preference to the 2TCM over the 1TCM in all cases except for the
amygdala time–activity curves from 2 subjects. However, it was
not possible to directly determine BPND with any robustness from
2TCM; the standard errors frequently exceeded 25% of the BPND
value itself.
Plasma-input Logan DVR-1 values agreed well with the 2TCM

DVR-1 values, as shown in Figure 4 (R2 5 0.99; slope5 0.96). As
13 of the 99 DVR-1 values were removed from the 2TCM analysis
because of standard errors greater than 50% in the volumes of
distribution value, plasma-input Logan was used as the standard

for validating the reference tissue methods and SUVr70–90-1, as
shown in Figure 5. The SRTM BPND and reference Logan DVR-1
values correlated well with plasma-input Logan DVR-1 values (R25 1;
slope � 1). The SUVr70–90-1 values were overestimated compared
with plasma-input Logan DVR-1 values, correlating less well than
the other reference tissue models. Because omission of the k2 term in
the reference Logan method did not significantly change the DVR-1
values, only DVR-1 values obtained without the k2 term are reported
for the remainder of the study. The slopes of the orthogonal regres-
sions and R2 values for the comparisons are given in Table 2.

Parametric Images

Parametric images from 1 AD patient, showing BPND computed
with RPM and RPM2, reference Logan DVR-1, and SUVr70–90-1
values, are given in Figure 6. RPM2 and reference Logan pro-
vided similar parametric images. Images obtained with RPM had
more noise than RPM2 and reference Logan, whereas SUVr70–90-1
images were overestimated compared with the other methods. The
relationships between VOI-based SRTM BPND values and BPND
values obtained from RPM and RPM2 as well as reference Logan
DVR-1 and SUVr70–90-1 values extracted from the parametric
images are given in Supplemental Figure 1. Related slopes of the
orthogonal regressions and R2 for the comparisons are given in
Table 3. RPM BPND, RPM2 BPND, and reference Logan DVR-1
values correlated well with SRTM BPND values (R2 5 0.98–0.99;
slope � 1), whereas SUVr70–90-1 values were less well corre-
lated (R2 5 0.80). Agreement between parametric methods and

SRTM was best for the reference Logan
method, as indicated by the slope of the
orthogonal regression (1.03).

Simulations

Accuracy and precision of the simulated
DVR-1, BPND, and SUVr70–90-1 values for
the different models are given in Table 4
for high and low BPND values. In general,
bias and COV were higher for the lower
BPND value. Among the reference tissue
methods, reference Logan performed best
in the simulations, with a small negative
bias for the DVR-1 values and high preci-
sion (COV 5 0.7%–0.8%). A negative bias
was also found for the SRTM and RPM
BPND values, as well as reasonable preci-
sion. SUVr70–90-1 values were the least ac-
curate, with biases exceeding 100% for
both high and low binding.

TABLE 2
Regression Parameters of Reference Tissue Methods

Relative to Plasma-Input Logan DVR-1 Values

Model Slope R2

SRTM BPND 0.97 (0.96–0.99) 0.99

Reference Logan DVR-1 1.00 (0.99–1.02) 1.00

SUVr70–90-1 1.49 (1.36–1.62) 0.84

Data in parentheses are confidence intervals.

FIGURE 6. Parametric (S)-18F-THK5117 images of RPM and RPM2 BPND, reference Logan

DVR-1, and SUVr70–90-1, from 1 AD patient.

TABLE 3
Regression Parameters of Parametric Methods Relative to

VOI-Based SRTM BPND Values

Model Slope R2

RPM BPND 0.96 (0.95–0.98) 0.99

RPM2 BPND 1.08 (1.05–1.11) 0.98

Reference Logan DVR-1 1.03 (1.01–1.05) 0.99

SUVr70–90-1 1.55 (1.38–1.72) 0.80

Data in parentheses are confidence intervals.
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Scan Duration

In addition to the 90-min data, 60- and 40-min datasets were
analyzed for all subjects, and the results were compared with the
90-min values. The relationship between 90- and 60- or 40-min
based SRTM BPND, reference Logan DVR-1, and SUVr-1 is given
in Supplemental Figures 2 and 3. The related slopes and R2 values

for the comparisons are given in Table 5. SRTM BPND and refer-
ence Logan DVR-1 values were not notably affected by the de-
crease in scan duration to 60 min, whereas 40- to 60-min SUVr-1
values were slightly lower than 70- to 90-min values. The correlation
was poorer for all models with the 40-min dataset than 90 min,
with a negative intercept. As shown in Supplemental Figure 3
and also indicated by Figure 2, the differences between BPND,
DVR-1, and SUVr-1 based on 40-, 60-, and 90-min datasets
varied between regions; the effect of the shortened scan duration
was smallest in regions with relatively high BPND values, such
as the putamen.

DISCUSSION

(S)-18F-THK5117 time–activity curves were best described by
a 2-tissue compartment model, with tau binding estimated as DVR-1,
using nonlinear regression of plasma-input models. Results from both
SRTM and reference Logan agreed well with indirect plasma-input
binding results. In the present work, we performed no correction for
clearance from the reference tissue in the reference Logan method.
As previously shown (19), omission of this correction results only in
a minor underestimation for tracers with fast reference tissue clear-
ance. The excellent agreement between reference Logan and plasma-
input Logan DVR-1 values, as shown in Figure 5 and Table 2, confirm
that the k2 term can be omitted for (S)-18F-THK5117. Correlation and
agreement between SUVr70–90-1 and SRTMBPND was moderate, with
SUVr70–90-1 overestimating binding in gray-matter regions by 50%.
SRTM BPND and reference Logan DVR-1 values were constant for
scan durations of 60 min or more in tau-expressing regions, indicating
that a scan duration of 60 min is sufficient for accurate quantification
in these regions. However, shortened scan data should be evaluated
cautiously in low-binding regions, because equilibrium is not reached

TABLE 4
Simulations: Accuracy and Precision

BPND 5 0.80 BPND 5 0.32

Model Bias (%) COV (%) Bias (%) COV (%)

2TCM DVR-1 0.1 3.7 0.1 8.7

Plasma Logan DVR-1 −3.0 2.7 −4.3 6.0

SRTM BPND −4.3 2.9 −13.9 6.5

RPM BPND −3.7 2.8 −12.7 6.3

Reference Logan DVR-1 −3.0 0.8 −1.2 0.7

SUVr70–90-1 114.4 3.8 147.2 7.6

TABLE 5
Regression Parameters and Bias Relative to 90-Minute Data

Slope R2 Bias

Model 40 min 60 min 40 min 60 min 40 min 60 min

SRTM BPND 1.06 (1.00 to 1.12) 1.01 (0.98 to 1.03) 0.95 0.99 −0.01 (−0.10 to 0.08) −0.01 (−0.05 to 0.03)

Reference Logan DVR-1 0.95 (0.91 to 0.99) 0.99 (0.97 to 1.01) 0.95 0.99 −0.10 (−0.19 to −0.01) −0.03 (−0.07 to 0.01)

SUVr-1 0.78 (0.68 to 0.87) 0.97 (0.92 to 1.03) 0.72 0.92 −0.27 (−0.57 to 0.04) −0.08 (−0.24 to 0.08)

Data in parentheses are confidence intervals.

FIGURE 7. Relationship between SRTM BPND and SUVr70–90-1 values

in whole-brain white matter. Line is orthogonal regression.
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even within 90 min (Fig. 2C) in these regions, and binding poten-
tial values are underestimated as a consequence. This might
also affect the discriminative power of (S)-18F-THK5117 when
comparing AD patients with healthy controls as well as its accuracy
for monitoring of disease progression or treatment effects, which
will be the subject of further studies.
The parametric images resulting from the reference Logan method

agreed best with VOI-based SRTM values, as shown in Supplemental
Figure 1C. SUVr70–90-1 images significantly overestimated tau bind-
ing as shown in Figure 5C. In addition, Figure 6 suggests that the
white-matter signal was considerably higher in SUVr70–90-1 images
than in parametric BPND images. This higher white-matter signal is
confirmed when the relationship between SUVr-1 and SRTM BPND
values, as shown in Figure 7, is compared with the relationship
in Figure 5C. The SUVr70–90-1 versus BPND slope is significantly
steeper in white-matter than in gray-matter regions (2.82 compared
with 1.54). This is primarily because the clearance rate in white-
matter is significantly lower than in gray-matter regions. As seen both
in the parametric images and in Figure 2, the region showing the
highest binding of (S)-18F-THK5117 was the putamen. This high
(S)-18F-THK5117 accumulation has also been noted for other tau
tracers, but cannot be related to tau pathology, which is not present
to any large extent in the putamen. To our knowledge, no explanation
for this accumulation has yet been presented.
To our knowledge, thus far no data on tracer kinetics, including

arterial plasma data, have been published for any other tau
tracer. A recently presented abstract on 18F-T807 (also known as
18F-AV1451) showed a similar distribution pattern of tracer up-
take, including a high putamen uptake, with a considerably longer
time to equilibrium than (S)-18F-THK5117 (23). The results pre-
sented in the present work were based on data from AD and
MCI patients only, because we did not perform arterial sampling
in healthy control subjects. Hence, no healthy control data were
included, although this might have been interesting because the
amount of tau in tissue affects the kinetics of the tracer, as shown
in Figure 2. However, the range of BPND values also within the
present patient group is considerable, because also in AD and
MCI patients there are many areas in the brain with little or no
tau pathology. Therefore, the results of the present study may be
extendable to healthy control data as well, but this will have to be
validated in future studies.
Partial-volume correction to account for white-matter spill-over

could improve the quantitative accuracy for tracers such as (S)-18F-
THK5117 with high white-matter uptake. In addition, partial-volume
correction can be used to correct for the increased cerebral spinal
fluid volume due to atrophy in AD patients. In this respect, a limita-
tion of the present work is that patients were scanned on a variety of
different MRI scanners with different field strengths, which would
affect MRI-based partial-volume correction. However, partial-volume
correction is outside the scope of the present work and will be
assessed in future studies. Nonetheless, the use of parametric images
showing BPND or DVR-1 considerably reduces the white-matter
signal compared with the SUVr70–90-1 images. When combined
with the relatively poor correlation and agreement between SUVr70–
90-1 and BPND and the fact that SRTM BPND and reference Logan
DVR-1 values are relatively stable over time for scan durations of
60 min or more whereas SUVr-1 values are not, this would suggest
that a 60-min dynamic scan can be highly recommended over a
single-time-point scan for the quantitative assessment of (S)-18F-
THK5117 binding to tau. Moreover, a dynamic scan can not only
result in a parametric image of tau binding but also give a relative

cerebral blood flow (R1) image, which may be used for the assess-
ment of overall brain function (24,25).

CONCLUSION

The BPND and DVR-1 values obtained with the reference tissue
methods, SRTM, and reference Logan, respectively, correlated well
with plasma-input Logan DVR-1 values, whereas the SUVr70–90-1
values were only moderately correlated and overestimated (S)-18F-
THK5117 binding to tau. Quantitatively accurate DVR-1 parametric
images were generated using reference Logan, and these were highly
correlated with the VOI-based SRTM BPND values. The results of
region-based SRTM BPND and reference Logan DVR-1 values in
tau-accumulating regions were stable for scan durations of 60 min.
Reference Logan was also the most accurate, with the highest precision
in the simulations of the reference tissue methods, and is the method of
choice for future quantitative studies with (S)-18F-THK5117.

DISCLOSURE

The costs of publication of this article were defrayed in part by
the payment of page charges. Therefore, and solely to indicate this
fact, this article is hereby marked “advertisement” in accordance
with 18 USC section 1734. This study was financially supported by
the Swedish Research Council (project 05817), Swedish Brain
Power, the regional agreement on medical training and clinical re-
search (ALF) between Stockholm County Council and Karolinska
Institutet and between Uppsala County Council and Uppsala Uni-
versity Hospital, The Strategic Research Program in Neuroscience
at Karolinska Institutet, the Foundation for Old Servants, Gun and
Bertil Stohne’s Foundation, KI foundations, The Swedish Brain
Foundation, the Alzheimer Foundation in Sweden, the Swedish
Foundation for Strategic Research, and the EU FW7 large-scale
integrating project INMiND. No other potential conflict of interest
relevant to this article was reported.

ACKNOWLEDGMENTS

We thank Dr. Okamura, Tohoku University, Sendai, Japan, for
generously supplying the precursor for (S)-18F-THK5117, and the
staff at the PET centre, Uppsala University Hospital, for their
assistance.

REFERENCES

1. Klunk WE, Engler H, Nordberg A, et al. Imaging brain amyloid in Alzheimer’s

disease with Pittsburgh Compound-B. Ann Neurol. 2004;55:306–319.

2. Ikonomovic MD, Klunk WE, Abrahamson EE, et al. Post-mortem correlates of

in vivo PiB-PET amyloid imaging in a typical case of Alzheimer’s disease.

Brain. 2008;131:1630–1645.

3. McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis of dementia due

to Alzheimer’s disease: recommendations from the National Institute on Aging-

Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s

disease. Alzheimers Dement. 2011;7:263–269.

4. Dubois B, Feldman HH, Jacova C, et al. Advancing research diagnostic

criteria for Alzheimer’s disease: the IWG-2 criteria. Lancet Neurol. 2014;13:

614–629.

5. Arriagada PV, Growdon JH, Hedley-Whyte ET, Hyman BT. Neurofibrillary tan-

gles but not senile plaques parallel duration and severity of Alzheimer’s disease.

Neurology. 1992;42:631–639.

6. Jack CR, Wiste HJ, Lesnick TG, et al. Brain b-amyloid load approaches a

plateau. Neurology. 2013;80:890–896.

7. Okamura N, Harada R, Furumoto S, Arai H, Yanai K, Kudo Y. Tau PET imaging

in Alzheimer’s disease. Curr Neurol Neurosci Rep. 2014;14:500.

8. Villemagne VL, Fodero-Tavoletti MT, Masters CL, Rowe CC. Tau imaging:

early progress and future directions. Lancet Neurol. 2015;14:114–124.

580 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 57 • No. 4 • April 2016



9. Maruyama M, Shimada H, Suhara T, et al. Imaging of tau pathology in a tau-

opathy mouse model and in Alzheimer patients compared to normal controls.

Neuron. 2013;79:1094–1108.

10. Chien DT, Bahri S, Szardenings AK, et al. Early clinical PET imaging results

with the novel PHF-tau radioligand [F-18]-T807. J Alzheimers Dis. 2013;34:

457–468.

11. Okamura N, Furumoto S, Harada R, et al. Novel 18F-labeled arylquinoline de-

rivatives for noninvasive imaging of tau pathology in Alzheimer disease. J Nucl

Med. 2013;54:1420–1427.

12. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild

cognitive impairment: clinical characterization and outcome. Arch Neurol. 1999;

56:303–308.

13. Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med.

2004;256:183–194.

14. Nordberg A, Carter SF, Rinne J, et al. A European multicentre PET study of

fibrillar amyloid in Alzheimer’s disease. Eur J Nucl Med Mol Imaging. 2013;40:

104–114.

15. Svarer C, Madsen K, Hasselbalch SG, et al. MR-based automatic delineation of

volumes of interest in human brain PET images using probability maps. Neuro-

image. 2005;24:969–979.

16. Akaike H. A new look at the statistical model identification. IEEE Trans Automat

Contr. 1974;19:716–723.

17. Schwarz G. Estimating the dimension of a model. Ann Stat. 1978;6:461–464.

18. Logan J, Fowler JS, Volkow ND, et al. Graphical analysis of reversible radio-

ligand binding from time-activity measurements applied to [N-11C-methyl]-(-)-

cocaine PET studies in human subjects. J Cereb Blood Flow Metab. 1990;10:

740–747.

19. Logan J, Fowler JS, Volkow ND, Wang GJ, Ding YS, Alexoff DL. Distribution

volume ratios without blood sampling from graphical analysis of PET data.

J Cereb Blood Flow Metab. 1996;16:834–840.

20. Lammertsma AA, Hume SP. Simplified reference tissue model for PET receptor

studies. Neuroimage. 1996;4:153–158.

21. Gunn RN, Lammertsma AA, Hume SP, Cunningham VJ. Parametric imaging of

ligand-receptor binding in PET using a simplified reference region model. Neuro-

image. 1997;6:279–287.

22. Wu Y, Carson RE. Noise reduction in the simplified reference tissue model

for neuroreceptor functional imaging. J Cereb Blood Flow Metab. 2002;22:

1440–1452.

23. Wooten D, Guehl N, Yokell D, et al. Pharmacokinetic evaluation of the tau

radiotracer [18F]T807 [abstract]. J Nucl Med. 2015;56(suppl 3):414.

24. Meyer PT, Hellwig S, Amtage F, et al. Dual-biomarker imaging of regional

cerebral amyloid load and neuronal activity in dementia with PET and 11C-

labeled Pittsburgh compound B. J Nucl Med. 2011;52:393–400.

25. Forsberg A, Engler H, Blomquist G, Långström B, Nordberg A. The use of PIB-

PET as a dual pathological and functional biomarker in AD. Biochim Biophys

Acta. 2012;1822:380–385.

KINETIC ANALYSIS OF (S)-18F-THK5117 • Jonasson et al. 581


