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Abstract. Aggregates of hyperphosphorylated tau (PHF-tau), such as neurofibrillary tangles, are linked to the degree of cognitive
impairment in Alzheimer’s disease. We have recently reported early clinical results of a novel PHF-tau targeting PET imaging
agent, [F18]-T807. Since then, we have investigated a second novel PHF-tau targeting PET imaging agent, [F18]-T808, with
different pharmacokinetic characteristics, which may be favorable for imaging Alzheimer’s disease and other tauopathies. Here,
we describe the first human brain images with [F18]-T808.

Keywords: Alzheimer’s disease, amyloid-�, brain imaging, mild cognitive impairment, molecular imaging, neurofibrillary
tangles, PHF-tau, tau, tau aggregates, tauopathy

INTRODUCTION

Alzheimer’s disease (AD) has a widespread and bur-
densome impact on patients, their family members,
caregivers, and the healthcare system. Currently, there
are five drugs approved by the United States Food
and Drug Administration (FDA) that treat the clinical
symptoms of AD, but unfortunately not the underly-
ing causative pathology responsible for the onset and
continuation of AD [1]. New research aims to directly
modify the disease progression by targeting the for-
mation of the pathological elements of AD, amyloid
plaques and insoluble paired helical filaments of tau
(PHF-tau). Aggregation of PHF-tau leads to the for-
mation of neurotoxic neurofibrillary tangles (NFTs).

∗Correspondence to: Hartmuth C. Kolb, Siemens Molecular
Imaging, Inc., 6100 Bristol Parkway, Culver City, CA 90230, USA.
Tel.: +1 310 804 7324; Fax: +1 310 744 4879; E-mail: hckolb@
me.com.

Both PHF-tau and NFTs disrupt normal neuronal func-
tion and lead to neuronal death, resulting in cognitive
decline over time. Since the formation of these PHF-tau
aggregates may precede the cognitive symptomol-
ogy of AD by decades, PHF-tau may be a useful
pre-symptomatic biomarker of AD. Furthermore, the
density and distribution of PHF-tau in the brains of
AD patients better correlates with the severity of cog-
nitive impairment than that of A� plaques [2, 3]. This
promising link between pathology and disease inten-
sity provides an opportunity for a biomarker approach
to more accurately assess disease burden. A reliable
diagnostic tool for PHF-tau could enable the diagnosis
of AD years prior to symptom presentation, objec-
tively quantify disease progression, and accelerate the
discovery of effective treatments.

Positron emission tomography (PET) allows the
non-invasive detection and quantification of proteins
linked to disease. PET may have advantages over
anatomical imaging (CT, MRI) or invasive techniques,
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such as cerebrospinal fluid (CSF) sampling, since
anatomical structural changes often occur after molec-
ular changes have already manifested themselves and
CSF sampling necessitates an invasive lumbar punc-
ture procedure. Currently, most of the AD-targeting
PET radiotracers focus on amyloid plaques, includ-
ing [F18]-florbetapir (Amyvid®), approved by the
FDA in 2012. There are few PET imaging radiotrac-
ers in clinical development for detecting pathological
tau in human subjects, including THK523 [4–7] and
our [F18]-T807 and [F18]-T808. Recently, we have
reported initial clinical results of a first-in-man study
with the novel PHF-tau PET radiotracer [F18]-T807
[8]. In this study, PET images from the first 6 subjects
displayed favorable imaging kinetics, low non-specific
binding of the radiotracer, high target cortical to cere-
bellum ratios, and an accumulation pattern in key brain
regions which mirrored the current understanding of
tau deposition in AD patients [9, 10]. Our second PET
imaging agent, [F18]-T808, showed similar tau affinity
and selectivity in in vitro and in vivo preclinical studies,
but displayed faster pharmacokinetics than [F18]-T807
in rodents [11]. The radiotracer’s selectivity of PHF-
tau over A� plaque was >27 fold as measured by an
autoradiography comparison of human cortical brain
sections of varying A� and tau deposition. In addi-
tion, [F18]-T808 has little white matter binding in
the same autoradiography assay, with non-detectable
or minimal binding toward off-target proteins such as
MAO, or other brain receptors. Preclinical imaging in
mice demonstrated suitable brain uptake and washout
profiles consistent with the time needed for PET imag-
ing acquisition in humans. However, in contrast to
[F18]-T807, [F18]-T808 underwent slow defluorina-
tion in rodents. At the outset of this study, it was not
clear how fast defluorination would be in humans and
whether it would compromise the ability to quantify
the radiotracer’s uptake in key brain regions. Thus, the
radiotracer was further investigated for imaging NFTs
in AD subjects.

Herein, we report the initial [F18]-T808 PET imag-
ing results obtained with eleven human subjects
enrolled in the [F18]-T808 first-in-man clinical trial.

MATERIALS AND METHODS

Eleven human subjects (8 subjects in the AD group
and 3 subjects in the healthy control (HC) group) have
received the investigational product [F18]-T808 and
completed the study protocol. Four additional subjects
enrolled in the trial did not complete the study proto-

col. All participants met the inclusion and exclusion
criteria set forth in Supplementary Table 1. For the
patients in the AD group, the treating neurologists had
previously made the clinical diagnosis of AD. The AD
subjects (#0405, #0406, #0407, #0410, #0411, #0412,
#0413, #0414) had a mean Mini Mental State Exami-
nation (MMSE) score of 18 and HC subjects (#0401,
#0402, #0404) had a mean score of 30 [12]. Dynamic
PET scans from 0 to 60 min and a static scan from
80 to 100 min, as well as CT scans, were acquired for
each subject. Volume of interest (VOI) regions were
manually drawn on the CT scans for the gray mat-
ter in various brain regions, including the cerebellum.
The VOIs on the CT scans were then applied to the
PET scans. For each VOI, the standard uptake value
(SUV) and SUV ratio to the cerebellum (SUVR) were
calculated.

Both the FDA and the participating Institutional
Review Board approved the study protocol and
informed consent. All participants, or their appointed
representative, reviewed and signed the informed con-
sent form.

Radiosynthesis

Clinical doses of [F18]-T808 were prepared by
Siemens Molecular Imaging Biomarker Research
(Culver City, CA). The radiolabeling of [F18]-T808
was readily accomplished on an automated Explora®

RN radiosynthesis module with a total synthesis time
of less than 90 min.

Briefly, [O18]-water was bombarded in a Siemens
RDS-111 cyclotron to afford approximately 2 Ci of
aqueous [F18]-fluoride. The [F18]-fluoride was then
azeotropically dried with acetonitrile under reduced
pressure and a stream of argon gas. The anhydrous
[F18]-fluoride was reacted with the T808 precursor in
the presence of DMSO, K2CO3, and K222 at 90◦C
for 5 min. The crude reaction mixture was briefly
cooled to 55◦C before being treated with 3 N NaOH
and subsequently heated at 100◦C for 10 min (Fig. 1).
This base-mediated decomposition of unreacted T808
precursor was necessary to prevent co-elution of the
precursor with the product during the semi-preparation
HPLC purification. The crude reaction mixture was
purified using 25% acetonitrile/75% 20 mM sodium
phosphate buffer. The desired HPLC fraction was col-
lected and reformulated using a C18 sep-pack to afford
a final formulation of [F18]-T808 in 10% ethanol:
90% water containing 10 mg/mL of ascorbic acid, all
of which was sterile filtered prior to dose dispens-
ing. The doses of [F18]-T808 for this study were
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synthesized with an average yield of 37% (decay cor-
rected, n = 6) with specific activity values ranging from
4.7 to 11.95 Ci/�mol at the end of the synthesis.

PET/CT scans

The PET/CT scanner (GE Discovery VCT) was val-
idated using the SNMMI’s Clinical Trials Network
brain phantom prior to subject enrollment.

The subjects were placed supine on the camera table
with their head secured firmly with fixation straps.
Attenuation correction CT was performed using a 64-
slice multidetector helical scanner prior to each of the
two PET acquisition sessions. The CT parameters were
kVp of 120, mA of 100, rotation cycle of 0.5 s, pitch of
0.984:1, and reconstructed slice thickness of 3.75 mm.
All subjects received a single intravenous bolus of
approximately 370 MBq (10 mCi) of [F18]-T808. The
radiotracer was infused over 20 s while dynamic PET
acquisition was simultaneously started. The first PET
acquisition timeframe from 0 to 60 min was binned into
38 dynamic frames (10 frames × 6 s, 6 frames × 20 s,
4 frames × 30 s, 5 frames × 60 s, 5 frames × 120 s, 8
frames × 300 s).

The subjects were given a 15-min break followed by
a second attenuation correction CT and PET imaging
session acquired from 80 to 100 min post injection and
summed into one static frame.

All PET imaging data were acquired in a sin-
gle bed position with 3-dimensional list mode. PET
reconstruction parameters used were matrix size of
128 × 128, FORE-Iterative algorithm, reconstruction
diameter of 25.6 cm; iterations of 7, subsets of 21, loop
filter of 2.0 mm, and no Z-axis filter.

Image analysis

DICOM image data were reviewed on an Inveon
Research Workplace (Edition 4.0.0.3, Siemens). The
image reviewer was unblinded to the subject demo-
graphics or diagnosis. Sample VOIs for analysis were
defined by manual contouring of the anatomical struc-
tures on corresponding CT images and the reviewer
was blinded to the PET images (Supplementary Fig-
ure 2). VOIs were created for the gray matters of the
frontal lobes, parietal lobes, lateral temporal lobes,
mesial temporal lobes, occipital lobes, and cerebel-
lum, as well as the genu region of the white matter and
the approximate area of the hippocampus. Anatomical
landmarks used to contour the VOIs included, all sulci,
fissures, and ventricles (see Supplementary Material
for details). The VOIs contoured on CT were applied

to each dynamic frame of the first PET emission images
for dynamic analysis and the second PET emission
images for retention analysis of AD and HC subjects.
The mean SUVs were measured based on these VOIs
and SUVRs (relative to the cerebellum) were calcu-
lated as the ratios of (SUV mean of target VOI)/(SUV
mean of cerebellum VOI). No partial-volume correc-
tions were performed.

RESULTS

Subjects

The characteristics of the 3 subjects in the HC
group and 8 subjects in the AD group are summa-
rized in Table 1. The mean radioactivity injected
was 372 MBq (10.1 mCi) for the AD group and
379 MBq (10.2 mCi) for the HC group. The MMSE
score of each of the three subjects in the HC group
(#0401, #0402, #0404) was 30. In the AD group,
subjects #0410 (MMSE = 23), #0411 (MMSE = 24),
#0412 (MMSE = 24), and #0413 (MMSE = 24) had
mild dementia, while subjects #0405 (MMSE = 12),
#0406 (MMSE = 14), #0414 (MMSE = 19), and #0407
(MMSE = 3) had moderate or severe dementia. In addi-
tion to the eleven subjects that completed the study
protocol, there were three subjects (#0403, #0408,
#0409) that withdrew prior to receiving the investiga-
tional product. Another subject (#0601) received the
investigational product but did not complete the study
protocol. This subject was found to be anemic at the
screening visit and became agitated at the second visit,
which prevented the completion of the PET scan. These
were reported to the FDA as separate adverse events
that the investigator deemed unrelated to the investiga-
tional product.

Dynamic imaging analysis

PET/CT imaging and radiotracer infusion was
started simultaneously for all subjects, except for HC
subject #0404 due to technical reasons. For the lat-
ter subject, a review of the first frame (0–6 s) of the
dynamic images revealed an outlying cerebellum SUV
(1.70) that was far above all other subjects, which
had cerebellum SUVs of ≤0.05 (range = 0.01–0.05).
Because of this technical failure, subject #0404 was
excluded from the kinetic analysis.

The SUV time activity curves (TACs) for the 0 to
60 min dynamic images showed the radiotracer’s rapid
distribution throughout the brains of all subjects in
both the AD and HC group (Fig. 2). The highest SUV
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Table 1
Patient demographics

Subject # Healthy control group Alzheimer’s disease group
#0401 #0402 #0404 #0405 #0406 #0407 #0410 #0411 #0412 #0413 #0414

MMSE 30 30 30 12 14 3 23 24 24 24 19
Age (years old) 81 61 70 96 55 69 80 66 69 77 65
Education (years) 20 15 14 14 13 16 18 17 13 18 16
Gender (M/F) M F F F M F F M M M F
Height (meters) 1.68 1.57 1.68 1.52 1.73 1.6 1.62 1.75 1.91 2.01 1.55
Weight (kg) 59 54 73 59 68 62 54 73 88 81 57
Dose (MBq) 386 396 354 359 368 394 356 400 371 373 355

Table 2
[F18]-T808 standardized uptake values (SUVs) mean and target-to-cerebellum relative SUVs (SUVRs) from 30 to 50 min post injection were
measured in the cerebellum, white matter, mesial temporal, lateral temporal, parietal, frontal, and occipital lobes, and approximate area of the

hippocampus

Subject # Healthy control group Alzheimer’s disease group
#0401 #0402 #0404 #0405 #0406 #0407 #0410 #0411 #0412 #0413 #0414

MMSE 30 30 30 12 14 3 23 24 24 24 19
SUV mean

Cerebellum 0.77 0.64 0.72 1.30 0.57 0.83 0.78 0.74 0.68 0.66 0.75
White matter 0.51 0.52 0.56 0.97 0.50 0.66 0.60 0.59 0.51 0.53 0.60
Mesial temporal lobe 0.70 0.64 0.69 1.20 0.73 1.10 0.84 0.94 0.75 0.80 0.95
Lateral temporal lobe 0.74 0.67 0.67 1.10 0.94 1.40 0.99 1.10 0.79 0.86 1.10
Parietal lobe 0.69 0.65 0.67 1.20 0.92 1.40 0.92 1.10 0.73 0.68 1.10
Frontal lobe 0.64 0.66 0.68 1.10 0.86 1.20 0.77 0.80 0.66 0.63 1.00
Occipital lobe 0.72 0.65 0.72 1.30 0.67 1.10 0.77 0.78 0.71 0.76 0.90
Approximate area of the

hippocampus 0.79 0.68 0.69 1.40 0.70 1.10 0.90 0.98 0.87 0.79 0.98
Target to cerebellum SUV ratio

Cerebellum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
White matter 0.66 0.82 0.78 0.75 1.11 0.80 0.77 0.80 0.76 0.80 0.80
Mesial temporal lobe 0.90 1.01 0.96 0.92 1.28 1.32 1.08 1.27 1.12 1.21 1.27
Lateral temporal lobe 0.96 1.04 0.94 0.85 1.64 1.68 1.27 1.49 1.16 1.30 1.47
Parietal lobe 0.89 1.02 0.93 0.92 1.60 1.68 1.18 1.49 1.08 1.03 1.47
Frontal lobe 0.82 1.03 0.94 0.85 1.50 1.44 0.98 1.09 0.97 0.96 1.33
Occipital lobe 0.93 1.01 1.00 1.00 1.16 1.32 0.99 1.06 1.05 1.15 1.20
Approximate area of the

hippocampus 1.02 1.06 0.96 1.08 1.22 1.32 1.15 1.32 1.28 1.20 1.31

Fig. 1. Radiosynthesis of [F18]-T808.

in the cerebellum was reached between 0.5–3.0 min.
[F18]-T808 cleared rapidly from the cerebellum with
less than half of the maximum activity remaining after
16.2 min (range = 10–30 min). For subjects in the HC
group, [F18]-T808 also cleared rapidly from the cor-
tical regions at the same rate as the cerebellum. For
the 96-year-old subject #0405, who displayed signs

of dementia (MMSE = 12), a similar pattern of radio-
tracer clearance as for the subjects in the HC group
was observed. In contrast, the radioactivity in all 7
other younger dementia subjects, cleared slower from
the cortical regions relative to the cerebellum, result-
ing in a selective retention in these cortical regions
where PHF-tau accumulation is expected for AD
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Table 3
[F18]-T808 standardized uptake values (SUVs) mean and target-to-cerebellum relative SUVs (SUVRs) from 80 to 100 min post injection were
measured in the cerebellum, white matter, mesial temporal, lateral temporal, parietal, frontal, and occipital lobes, and approximate area of the

hippocampus

Subject # Healthy control group Alzheimer’s disease group
#0401 #0402 #0404 #0405 #0406 #0407 #0410 #0411 #0412 #0413 #0414

MMSE 30 30 30 12 14 3 23 24 24 24 19
SUV mean

Cerebellum 0.47 0.40 0.47 0.91 0.38 0.54 0.49 0.55 0.46 0.41 0.46
White matter 0.30 0.29 0.33 0.55 0.30 0.46 0.36 0.38 0.31 0.33 0.39
Mesial temporal lobes 0.43 0.40 0.43 0.91 0.56 0.81 0.55 0.72 0.54 0.58 0.67
Lateral temporal lobes 0.43 0.41 0.41 0.78 0.73 1.20 0.66 0.80 0.56 0.57 0.80
Parietal lobes 0.41 0.40 0.39 0.77 0.68 1.10 0.59 0.81 0.47 0.45 0.76
Frontal lobes 0.39 0.41 0.40 0.75 0.68 0.89 0.50 0.61 0.58 0.41 0.80
Occipital lobes 0.46 0.42 0.45 0.94 0.42 0.93 0.55 0.62 0.47 0.51 0.65
Approximate area of the

hippocampus 0.47 0.42 0.45 0.96 0.50 0.78 0.60 0.72 0.59 0.58 0.69
Target to cerebellum SUV ratio

Cerebellum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
White matter 0.64 0.72 0.70 0.60 0.79 0.87 0.73 0.69 0.67 0.80 0.85
Mesial temporal lobes 0.91 1.01 0.92 1.00 1.47 1.51 1.12 1.31 1.17 1.41 1.47
Lateral temporal lobes 0.91 1.02 0.88 0.85 1.92 2.24 1.35 1.45 1.22 1.39 1.73
Parietal lobes 0.87 1.02 0.82 0.85 1.79 2.05 1.20 1.47 1.03 1.10 1.66
Frontal lobes 0.83 1.04 0.86 0.83 1.79 1.66 1.01 1.11 1.25 1.00 1.75
Occipital lobes 0.98 1.06 0.96 1.03 1.11 1.74 1.11 1.12 1.03 1.24 1.42
Approximate area of the

hippocampus 1.00 1.06 0.97 1.05 1.32 1.45 1.22 1.30 1.28 1.42 1.49

subjects [9, 10]. The retention was seen at an early time
point with the SUVR greater than 1.0 in the lateral tem-
poral lobes of AD subjects starting at 7 to 10 min post
injection.

The cortical-to-cerebellum SUVR TAC in the 0 to
60 min dynamic images showed that subjects in the HC
group had SUVRs of ≤1.1 for all cortical regions after
the first 3 min of initial perfusion, consistent with a pat-
tern of lowered radiotracer retention (Fig. 3). A similar
pattern was seen for subject #0405. In comparison, the
other AD subjects demonstrated a continually increas-
ing SUVR in all cortical regions while the radiotracer
continued to washout from the cerebellum indicative
of selective radiotracer retention.

Static imaging analysis

30 to 50 minutes summed images (Figure 4, Table 2)
Because there was rapid radiotracer washout from

reference tissue, we examined the potential of ana-
lyzing the differentiation between subjects in the AD
and HC groups at an early time point, 30-min post
injection. Thus, the 30 to 50 min dynamic frames were
summed into static images and analyzed. There was
low [F18]-T808 retention for all cortical regions with
SUVR values below 1.10 for the HC subjects and sub-
ject #0405 (MMSE = 12).

In contrast, the subjects with mild AD and
MMSE scores of 23–24 (subjects #0410, #4011,
#4012, #0413) demonstrated a range of mild to
moderate levels of radiotracer retention in
several targeted cortical regions, including the
hippocampal area (SUVR = 1.15–1.32), mesial
temporal lobe (SUVR = 1.08–1.27), lateral tem-
poral lobe (SUVR = 1.16–1.49), and parietal lobe
(SUVR = 1.03–1.49). However, none of these subjects
had increased radiotracer retention in the frontal lobe
(SUVR <1.10).

Comparatively, subjects with moderate or severe
AD retained increased levels of the radiotracer in
the frontal lobe. For subject #0414 (MMSE = 19),
the highest level of retention was in both the
parietal lobe (SUVR = 1.47) and lateral temporal
lobe (SUVR = 1.47), followed by the frontal lobe
(SUVR = 1.33), the hippocampal area (SUVR = 1.31),
and mesial temporal lobe (SUVR = 1.27). For sub-
jects with increasingly severe AD, the radiotracer
uptake resulted in the same pattern of retention
but with increased signal intensity. Subjects #0406
(MMSE = 14) and #0407 (MMSE = 3) had increased
radiotracer retention in the lateral temporal lobe
(SUVR = 1.64 and 1.68, respectively) and parietal lobe
(SUVR = 1.60 and 1.68, respectively), followed by
the frontal lobe (SUVR = 1.50 and 1.44, respectively),
the mesial temporal lobe (SUVR = 1.28 and 1.32,
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A

B

C

Fig. 4. A) Axial images from 30 to 50 min post injection (from left to right) of HC subject #0401 (MMSE = 30), HC subject #0402 (MMSE = 30),
HC subject #0404 (MMSE = 30), and AD subject #0405 (MMSE = 12). The top row shows PET/CT fusion images; the bottom row shows PET
only images. B) Axial images from 30 to 50 min post injection of subjects with mild AD (from left to right) #0413 (MMSE = 24), #0412
(MMSE = 24), #0410 (MMSE = 23), and #0411 (MMSE = 24). The top row shows PET/CT fusion images; the bottom row shows PET only
images. C) Axial images from 30 to 50 min post injection of subjects with moderate and severe AD (from left to right) #0414 (MMSE = 19),
#0406 (MMSE = 14), and #0407 (MMSE = 3). The top row shows PET/CT fusion images; the bottom row shows PET only images.



D.T. Chien et al. / Early Clinical PET Imaging Results with the Novel PHF-Tau Radioligand [F18]-T808 179

Fig. 5. Axial PET/CT fusion images from 80 to 100 min post injection. The top row from left to right shows images of HC subject #0401, HC
subject #0402, HC subject #0404, and AD subject #0405. The middle row from left to right shows images of mild AD subjects #0412, #0410,
#0413, and #0411. The bottom row from left to right shows images of moderate and severe AD subjects #0414, #0406, and #0407.

respectively) and hippocampal area (SUVR = 1.22 and
1.32, respectively).

The occipital lobes had smaller SUVRs than the
temporal lobes and hippocampal regions for the AD
subjects, except for subject #0407, whose radiotracer
retention in the mesial temporal lobe and hippocampus
(SUVR = 1.32) was equal.

For all subjects, there was low white matter reten-
tion with SUVRs ≤1.11 at 30 to 50 min images with
SUVRs ranging from 0.66 to 1.11.

80 to 100 min summed static images (Figure 5,
Table 3)

The late static images acquired from 80 to 100 min
revealed low radiotracer retention with SUVR values
below 1.10 for all cortical regions in the HC subjects
and subject #0405 (MMSE = 12).

In comparison, subjects with mild AD (MMSE
23–24) had a range of mild to moderate levels of

radiotracer retention, involving the hippocampal area
(SUVR = 1.28–1.42), mesial temporal lobe (SUVR =
1.12–1.41), lateral temporal lobe (SUVR = 1.22–1.45),
and parietal lobe (SUVR = 1.03–1.47). These SUVR
values are similar to the 30–50 min summed images
suggesting little change between the mid and late time
points. However, there was mild radiotracer retention
in the frontal lobe of subject #0412 (SUVR = 1.25) at
the late timpoint as compared to the 30–50 min images
(SUVR = 0.97). The increased radiotracer retention in
this subject was minor compared to subjects with mod-
erate or severe AD (SUVR = 1.44–1.75). The other
subjects with mild AD did not have increased radio-
tracer retention to suggest PHF-tau deposits in the
frontal lobes (SUVR ≤1.11). There were low levels
of retention by the occipital lobes for subjects with
mild AD (SUR = 1.03–1.24).

Similar to the 30–50 min imaging time point, there
was increased radiotracer retention in the frontal
lobes of subjects with moderate and severe AD at
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80–100 min. For subject #0414 (MMSE = 19), there
was high radiotracer retention in the frontal lobe
(SUVR = 1.75), lateral temporal lobe (SUVR = 1.73),
and parietal lobe (SUVR = 1.66), and moderate reten-
tion in the hippocampal area (SUVR = 1.49) and
mesial temporal lobe (SUVR = 1.47). For subjects
with more severe AD, the pattern of radiotracer
retention was similar but with higher levels of radio-
tracer retention. For subject #0406 (MMSE = 14),
there was elevated radiotracer retention in the lat-
eral temporal lobes (SUVR = 1.92), parietal lobes
(SUVR = 1.79), frontal lobes (SUVR = 1.79), and
moderate radiotracer retention in the mesial tem-
poral lobes (SUVR = 1.47) and hippocampal area
(SUVR = 1.32). Similarly, severe AD subject #0407
(MMSE = 3) had increased radiotracer retention in
the lateral temporal lobes (SUVR = 2.24), parietal
lobes (SUVR = 2.05), frontal lobes (SUVR = 1.66),
and moderate retention in the mesial temporal lobes
(SUVR = 1.39) and hippocampal area (SUVR = 1.45).
The SUVR in the occipital lobes of severe AD sub-
ject #0407 (SUVR = 1.74) was significantly higher
than other moderate to severe AD subjects #0406
(SUVR = 1.11) and #0414 (SUVR = 1.49).

The 80 to 100 min SUVRs for the different brain
regions were higher than the 30 to 50 min time range
as a result of continued faster washout from the cere-
bellum. However, the absolute SUVmean values were
very low at 80 to 100 min attributable to a combina-
tion of both slow washout and radioactivity decay. The
cerebellum SUV mean averaged for all 11 subjects was
0.77 (range 1.30–0.57) at 30 to 50 min and 0.50 (range
0.91–0.38) at 80 to 100 min.

As seen in the dynamic and summed images, there
was low background binding in the white matter in
the static images for all subjects with SUVRs <0.9.
Additionally, there was moderate activity in the bone
of the skull, but the low level of activity did not impact
the data analysis of the AD subjects.

DISCUSSION

The dynamic image analyses of [F18]-T808 across
both HC and AD subjects demonstrated rapid radio-
tracer distribution throughout the brain, rapid clearance
from the cerebellum, minimal non-specific binding,
and high targeted cortical radiotracer retention. These
are favorable kinetic properties for a tau-targeting PET
imaging agent.

The cerebellum SUV peaked at 4 min post injection
for all subjects, suggesting a rapid radiotracer distri-

bution profile. Separation of cerebellum TAC from the
elevated cortical regions began between 7 to 10 min
post injection for the AD subjects. There was a clear
separation of TACs for all cortical regions from the
cerebellum prior to 30 min post injection. This rapid
clearance profile is similar to previously published
amyloid radiotracers [C-11]-PiB and [F18]-florbetapir
(Amyvid®) [13, 14]. The continual increase of SUVRs
from 0 min through 60 min in AD subjects is consis-
tent with persistent [F18]-T808 retention by the cortex
and washout from the cerebellum and other non-target
brain regions. There was minimal white matter reten-
tion in the brain (SUVR <1.0), in contrast to what
is typically observed with several amyloid-targeting
radiotracers [13, 14]. This high target-to-background
cortical brain retention and low non-specific binding
may facilitate the detection of even small amounts of
PHF-tau in AD brains.

The kinetics and pattern of [F18]-T808 retention by
the 96-year-old dementia subject #0405 was strikingly
similar to what was observed with the healthy control
subjects (subject #0401, #0402, and #0404), and differ-
ent from the other AD subjects. A possible explanation
for this discrepancy might be an incorrect clinical diag-
nosis of AD. Evidence supporting this possibility is
drawn from the poor association between the patholog-
ical features of AD and dementia in older subjects as
compared to younger subjects [15]. From the available
imaging data, this particular subject’s low resolution,
non-contrast CT from the PET/CT scan revealed dif-
fuse cerebral atrophy with enlargement of the cortical
sulci and increased ventricle size, yet there was no clear
evidence of stroke or changes to differentiate dementia
due to very old age versus AD. However, the subject’s
neurologist reported a decline of 7 points on MMSE
testing over 10 years, which is a slower rate of decline
than typically observed in AD patients. There are sev-
eral diagnostic testing methods that can be used to
increase the diagnostic certainty of AD, including cog-
nitive testing (MMSE, FAST), CSF (amyloid-�, tau),
and neuroimaging ([F18]-FDG PET/CT, Amyvid®

PET/CT, structural MRI). However, the only definitive
diagnosis of AD can be made by postmortem brain
tissue staining of both amyloid plaques and PHF-tau
deposits. In the current study, subjects that were placed
in the AD group only had a clinical diagnosis from their
physician, based on an MMSE score of <24 on their
first visit. The inclusion criteria were neither exten-
sive nor definitive due to the nature of this first-in-man
trial. Therefore, a subject with other causes of dementia
may carry a diagnosis of AD with a qualifying MMSE
score and be placed in the AD group. This uncertainty
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Fig. 6. Target-to-cerebellum SUV ratios of different brain regions. SUVR values determined from 30 to 50 min post injection PET data showed
that more severely demented subjects had higher values across more brain regions than less severely demented subjects or healthy subjects, with
one exception being patient #0405.

illustrates the importance of developing a specific diag-
nostic biomarker for accurate AD diagnosis.

A review of the 30 to 50 min summed images
and the static image from 80 to 100 min reveals a
pattern of consistently higher cortical [F18]-T808
retention by AD subjects as compared to the subjects
in the HC group across the temporal lobes, parietal
lobes, frontal lobes, and hippocampal areas. Sub-
jects #0406 (MMSE = 14), #0407 (MMSE = 3), and
#0414 (MMSE = 19) had very low MMSE scores
suggestive of severe and moderate AD, while subjects
#0410 (MMSE = 23), #0411 (MMSE = 24), #0412
(MMSE = 24), and #0413 (MMSE = 24) had MMSE
score suggestive of mild AD. Comparatively, the pat-
tern and intensity of [F18]-T808 retention correlates
to the expected PHF-tau deposition seen in later stages
of AD [9, 10]. Furthermore, more severely demented
subjects had higher SUVR values across more brain
regions than less severely demented subjects or healthy
subjects (Fig. 6). At both time points, the cortical radio-
tracer retention in healthy subjects and white matter
retention in all subjects were very low. These obser-
vations suggest that [F18]-T808 is a promising new
biomarker for detecting tau deposits in AD subjects.

Further evaluation of the 4 subjects with mild AD
(MMSE = 23–24) suggests the possibility of identi-

fying those with more extensive PHF-tau deposition
seen in higher Braak staging [9, 10]. Subjects #0410,
#0412, and #0413 had mild and moderate [F18]-T808
retention in the temporal lobes (SUVR = 1.08–1.30
at 30–50 min; 1.12–1.41 at 80–100 min) and hip-
pocampal areas (SUVR = 1.15–1.28 at 30–50 min;
1.22–1.42 at 80–100 min), but low SUVRs in the pari-
etal lobes (SUVR = 1.15–1.18 at 30–50 min; 1.03–1.20
at 80–100 min). Comparatively, subject #0411 had
moderate [F18]-T808 retention in the temporal
lobe (SUVR = 1.27–1.49 at 30–50 min; 1.31–1.45
at 80–100 min) as well as in the parietal lobe
(SUVR = 1.49 at 30–50 min and 1.47 at 80–100 min).
PHF-tau deposits seen by pathological staining in the
temporal lobe without involvement of parietal lobe
is classified as Braak stage IV, while tau progression
involving the parietal lobe is seen in more severe dis-
ease of Braak stage V [9, 10].

Compared to the subjects with mild AD, subject
#0414 (MMSE = 19) had more extensive [F18]-T808
retention in the frontal lobe at 30–50 min and
80–100 min (SUVR = 1.33 and 1.75, respectively).
Furthermore, subject #0414 had similar or higher lev-
els of [F18]-T808 retention at both 30–50 min and
80–100 min in the mesial temporal lobe, hippocam-
pal area, lateral temporal lobe, and parietal temporal
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lobes as compared to the subjects with mild AD. This
involvement of the frontal lobe is also suggestive of
more severe AD as seen in Braak stage V [9, 10].

Subject #0406 (MMSE = 14) had similar [F18]-
T808 retention in the mesial temporal lobe, hip-
pocampal area, and frontal lobe as subject #0414
(MMSE = 19), but also had an increased SUVR in
the lateral and parietal lobe that is suggestive of
increased PHF-tau deposit density. The highest [F18]-
T808 retention was found in the lateral temporal lobe at
30 to 50 min and 80 to 100 min (SUVR = 1.64 and 1.92,
respectively). This was followed by the parietal lobe
(SUVR = 1.60 and 1.79, respectively) and the frontal
lobe (SUVR = 1.50 and 1.79, respectively), which are
known to be affected only in the late Braak stages V
and VI [9, 10]. Even though PHF-tau accumulation has
been described by Braak to initiate in the mesial tem-
poral lobe and hippocampus, these regions are likely
to develop extensive sclerosis in the later stages of the
disease. Thus, the relatively lower [F18]-T808 reten-
tion seen across the time points in the mesial temporal
lobe (SUVR = 1.28 and 1.47, respectively) and hip-
pocampal area (SUVR = 1.22 and 1.32, respectively)
may be due to the presence of less viable brain tissue
for [F18]-T808 accumulation.

Similarly, subject #0407 (MMSE = 3) also had
high levels of [F18]-T808 retention at both time
points in the lateral temporal lobe (SUVR = 1.68 and
2.24, respectively) and parietal lobe (SUVR = 1.68
and 2.05, respectively). However, subject #0407 had
a slightly higher radiotracer retention than subject
#0406 in the parietal lobe seen on the 30 to 50 min
images (SUVR = 1.68 and 1.60, respectively) and 80 to
100 min images (SUVR = 2.05 and 1.79), which sug-
gests progression into the latest Braak stages V-VI [9,
10]. Interestingly, subject #0407 had moderate [F18]-
T808 retention in the occipital lobe (SUVR = 1.32
at 30–50 min; 1.74 at 80–100 min) that was slightly
higher as compared to all other subjects having
no retention to mild retention (SUVR = 0.99–1.20
at 30–50 min, 1.11–1.24 at 80–100 min). Key neu-
ropathology pathology studies found that the occipital
lobe was unaffected at Braak stage IV but breached
the parastriate and striate areas at Braak stage VI [9].
This is consistent with findings that subject #0407 had
a higher [F18]-T808 retention in the occipital lobe
than all the other subjects. This subject’s neurologist
(author A.J.L.) stated that the subject has well known
variant of AD, which presents with complex visual
disturbances consistent with posterior cortical atro-
phy (PCA). There are several publications utilizing a
panel of AD biomarker to demonstrate PCA as a vari-

ant of AD [16–19]. Furthermore, there is postmortem
pathological evidence that NFTs are present in higher
amounts in Brodmann areas 17 and 18 in PCA cases
[20]. The next highest region of radiotracer uptake was
in the frontal lobe (SUVR = 1.44, at 30–50 min, and
1.66 at 80–100 min, respectively), which is consistent
with a late Braak stage [9, 10]. Like subject #0406,
there was less radiotracer retention in the mesial tem-
poral lobe (SUVR = 1.32, at 30–50 min, and 1.51 at
80–100 min, respectively) and the hippocampal area
(SUVR = 1.32 at 30–50 min, and 1.45 at 80–100 min,
respectively), most likely due to sclerosis in these late
stages of AD.

All subjects displayed little white matter radiotracer
retention, with SUVR values ≤1.11 at 30 to 50 min
and SUVRs <0.90 at 80 to 100 min. The radiotracer’s
low non-specific binding resulted in high contrast PET
imaging. The observed white matter binding is sig-
nificantly lower than what is typically observed with
[F18]-labeled amyloid targeting PET radiotracers [13,
14], which may improve the gray-to-white matter con-
trast in the brain for more accurate activity quantitation.

There was slow radiotracer accumulation in the
bone, which is consistent with [F18]-deflourination
observed in our preclinical studies [11]. This bone
uptake increased over time presumably as a function
of [F18] formation and accumulation. At early time
points such as 30 to 50 min post injection, the low-level
bone uptake did not interfere with image interpretation.
However, the total dose radiation to the bone marrow
in the whole body may be elevated due to free [F18]
uptake. This radiation dose will be investigated in a
subsequent radiation dosimetry study.

While it is difficult to determine the optimal imag-
ing time point to identify HC from AD subjects from
a limited number of subjects in an exploratory clinical
study, the current dataset does provide insight into key
imaging timeframes. The results suggest that imaging
at a 30 to 50 min timeframe sufficiently differentiates
HC from AD subjects based on SUVR differences.
Higher overall SUVR values were observed at the
later imaging time point of 80 to 100 min as com-
pared to 30 to 50 min, which may be better suited
for detecting smaller amounts of PHF-tau deposits.
One must be careful not to extend the imaging time
point too long after tracer injection as the SUVs in
both the target and background region will steadily
decrease due to tracer clearance and radioactive decay,
leading to unwanted variation from scan to scan, as
well as higher bone uptake that can ultimately scatter
into target regions. A dedicated imaging optimiza-
tion study will help define an optimal imaging time
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point as the basis for identifying patients with PHF-tau
burden.

Higher SUVs for subject #0405 were observed in
all VOIs in the brain, including the target regions, non-
target regions, and the reference region when compared
against the other subjects. We observed a tenden-
tious relationship between age and SUV suggesting
that an age-related component may impact the uptake
and washout of the tracer, but no definitive relation-
ship has been established. A future study with arterial
blood draw and whole body scans to further evalu-
ate the tracer kinetics with compartmental modeling,
biodistribution, and clearance to better understand the
pharmacokinetics will be conducted. This study will
establish an optimal means for SUV quantitation and
imaging time protocol in the presence of a competing
[F18]-defluorination and subsequent bone uptake.

CONCLUSION

The initial analysis of [F18]-T808 clinical PET
scans of 11 subjects in this first-in-man study show
promise for the in vivo imaging of PHF-tau in AD
subjects. The radiotracer displays favorable distribu-
tion and uptake kinetics with a rapid delivery into
the brain and clearance from non-target tissues. These
results suggest the possibility of brain imaging as early
as 30 min after injection. All subjects showed low
tracer retention in the cerebellum and white matter.
In addition, the HC subjects showed little radiotracer
retention in the cortical gray matter. The activity in
bone resulting from [F18]-deflourination is separated
from the cortical brain matter and does not inter-
fere with the image evaluation, especially at early
time points. More severely demented subjects gener-
ally showed higher tracer retention across more brain
regions than less severely demented or HC subjects,
suggestive of binding to PHF-tau deposits, with one
exception being a 96-year-old dementia patient who
did not show increased radiotracer retention. Addi-
tional clinical studies will further evaluate these early
findings and optimize both the imaging protocol and
activity quantitation.
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