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Abstract
18F-FIBT, 2-(p-Methylaminophenyl)-7-(2-[18F]fluoroethoxy)imidazo-[2,1-b]benzothiazole, is a new selective PET tracer
under clinical investigation to specifically image β-amyloid depositions (Aβ) in humans in-vivo that binds to Aβ with
excellent affinity (Kd 0.7 ± 0.2) and high selectivity over tau and α-synuclein aggregates (Ki > 1000 nM). We aimed to
characterize 18F-FIBT in a series of patients with different clinical-pathophysiological phenotypes and to compare its binding
characteristics to the reference compound PiB. Six patients (mild late-onset and moderate early-onset AD dementia, mild
cognitive impairment due to AD, intermediate likelihood, mild behavioral variant of frontotemporal dementia, subjective
memory impairment without evidence of neurodegeneration, and mild dementia due to Posterior Cortical Atrophy)
underwent PET imaging with 18F-FIBT on PET/MR. With the guidance of MRI, PET images were corrected for partial
volume effect, time-activity curves (TACs) of regions of interest (ROIs) were extracted, and non-displaceable binding
potentials (BPnd), standardized uptake value ratios (SUVR), and distribution volume ratio (DVR) were compared. Specific
binding was detected in the cases with evidence of the AD pathophysiological process visualized in images of BPnd, DVR
and SUVR, consistently with patterns of different tracers in previous studies. SUVR showed the highest correlation with
clinical severity. The previous preclinical characterization and the results of this case series suggest the clinical usefulness
of FIBT as a selective and highly affine next-generation 18F-labeled tracer for amyloid-imaging with excellent
pharmacokinetics in the diagnosis of neurodegenerative diseases. The results compare well to the gold standard PiB and
hence support further investigation in larger human samples.

Introduction

Amyloid-β (Aβ) peptides are aggregated to amyloid oligo-
mers and plaques and involved in the pathogenesis of
Alzheimer’s disease (AD). Aβ plaques represent one of the
key hallmarks of AD and therefore, have been depicted as
a major target for non-invasive imaging such as PET to aid
diagnosis of AD pathophysiology [1, 2]. Aβ-PET has
been increasingly used in clinical trials since the first PiB
human scan [3] and is more and more used to aid differ-
ential diagnosis [4, 5]. Subsequently, several 18F-labeled
Aβ tracers were developed which expand the Aβ-PET
applications, among those are 18F-florbetapir (Amyvid®),
18F-florbetaben (NeuraCeq®), 18F-flutemetamol (Vizamyl®),
all FDA and EMA approved, and 18F-NAV4694.

18F-FIBT (2-(p-Methylaminophenyl)-7-(2-[18F]fluor-
oethoxy)imidazo[2,1-b]benzothiazole) is another recent
PET tracer to measure selectively cerebral amyloid
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deposition in AD. It has already been characterized in
previous studies: its preclinical evaluations [6], a head-to-
head comparison to other PET tracers in APP/PS1 mice [7],
and the first-in-human PET results [8] indicated excellent
imaging properties of FIBT. This includes, for instance,
good pharmacokinetics (high initial brain uptake, fast
clearance of the brain), excellent binding affinity (Kd 0.7 ±
0.2 towards Aβ in postmortem AD brain) and so far the
highest selectivity (>1000 folds selectivity towards Aβ vs.
tau and α-synuclein aggregates) as directly compared to the
established amyloid tracers. Hence, it is preclinical and
characterization results encouraged us to verify the scope of
FIBT PET as selective Aβ tracer and usefulness of the tracer
in diagnosis of dementing disorders.

In this, we additionally aimed to define the best evalua-
tion method weighting optimal signal-to-noise ratio, feasi-
bility, and scan duration against each other. Dynamic PET
acquisition is usually applied to explore proper evaluation
methods [9, 10]. The standardized uptake value ratio
(SUVR), and distribution volume ratio (DVR) or binding
potential (BPnd) are typical indices for evaluation of Aβ
PET [11–13]. DVR can be estimated using graphical ana-
lysis (Logan plot) based on derived arterial input function
[11, 14]. However, the extraction of arterial input function
requires invasive procedures and is subject to artefacts such
as partial volume effects or spill over. In contrast, reference
tissue models avoid these difficulties and provide a method
to estimate DVR or BPnd [15–18]. Typical full reference
tissue model is derived from two-tissue-compartment model
and estimates four parameters during the fitting [18]. DVR
estimated using reference tissue model is reported to have
highest differentiation and to be superior to SUVR for
the differentiation of AD and normal controls with
18F-Florbetaben [19]. However, the full reference tissue
model is usually restricted to the calculation of regional
TAC curves. For pixel-wise analysis, it suffers from noise
due to nonlinear fitting. Simplified reference tissue model
(SRTM) assumes that the target and reference tissue can be
modeled with one-tissue compartment model and reduces
the number of parameters for fitting and is numerically more
stable for pixel-wise estimation [15]. It is the most popular
reference tissue model [20] and has been recommended for
the analysis of 11C-PiB imaging [12]. Reference Logan plot
replaces the input curve of Logan graphical analysis with a
reference tissue curve [21] and it was demonstrated to be
superior in the evaluation of 18F-FDDNP with a priori
constant population efflux rate [22]. Multilinear reference
tissue model (MRTM) solves the Logan graphical model
with multilinear regression and has been reported to be able
to differentiate AD and normal controls on 18F-Florbetaben
[19]. Although pharmacokinetic modeling has advantages,
the reported data have shown that SUVR has better differ-
entiation than DVR for 18F-NAV4694 [23].

The quantification of PET imaging is influenced by
partial volume effect [24]. High nonspecific uptake in white
matter has been reported in PiB imaging and the severe
spillover from white matter hampers the quantification of
Aβ deposition [25]. A number of techniques have been
developed to correct for partial volume effect [26]. Point-
spread functions (PSF) are usually characterized to model
the partial volume effect for the recovery of spatial reso-
lution [27]. MR-guided partial volume correction (PVC)
methods [28] utilize the anatomical information from high-
resolution MR imaging and are widely applied in neurolo-
gical applications.

We aimed to characterize 18F-FIBT in a series of patients
with different clinical-pathophysiological phenotypes to
preliminary evaluate the potential of the tracer to image
disease severity and for differential diagnosis. In addition,
we compared different evaluation methods of tracer kinetics
and SUVRs of 18F-FIBT and compered them to a cohort of
comparable subjects with 11C-PiB.

Materials and methods

Radiosynthesis

All chemicals, solvents, and materials were purchased
and directly used without further purification. 18F-FIBT
synthesis followed already published semi-automated pro-
cedures [7, 8]. In brief, 18F-FIBT was synthesized and
purified by an automated method using HotBoxtwo module
(Scintomics, Fuerstenfeldbruck, Germany) by alkylation
of 2-(4-(methylamino)phenyl)benzo[d]imidazo[2,1-b]thia-
zol-7-ol with 18F-fluoroethyl tosylate in dimethylformamide
as solvent and sodium hydride as a base. After purification
on C18 reversed-phase HPLC-specific activity was always
higher than 18 GBq/μmol (0.49 Ci/μmol). 18F-FIBT was
directly used with chemical and radioactive purity >98% for
all subjects.

Patients

The human subjects were recruited from the outpatient
memory clinic at the Centre for Cognitive Disorders of the
Department of Psychiatry and Psychotherapy at Technische
Universität München (TUM). They had been referred for
diagnostic evaluation of cognitive impairment and under-
went a standardized diagnostic protocol. Examinations were
part of their routine check-up in the course of the evaluation
of the patient’s suspected neurodegenerative disorders.
Psychometric workup was based on the Consortium to
Establish a Registry for AD neuropsychological assessment
battery (CERAD-NAB) [29], which includes the Mini-
Mental-State Examination (MMSE) [30]. The severity of
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cognitive impairment was rated on the Clinical Dementia
Rating scale (CDR), the sub-scores were used to calculate
the CDR sum of boxes (CDR SOB) [31]. All patients
provided written informed consent regarding scientific
evaluation of their data. The patients′ characteristics are
shown in Table 1.

Patient 1 is a 75-year-old man with gradual onset of
symptoms 6 years ago and progressive decline since then.
He initially presented with memory loss, impaired language,
and executive functions. He was diagnosed with AD 5 years
ago. From 5 years until 3 months before FIBT imaging he
participated in an active immunization trial (randomized
to verum during the whole time period) against cerebral
amyloid. During this time, only mild progression of
symptoms was noted. At the time of 18F-FIBT, he suffered
from mild dementia. The initial amyloid scan (4 years
before) with 11C-PiB showed substantial tracer uptake, CSF
Aβ1–42 and tTau as well as FDG PET (all 4 years before) all
have been AD positive.

Patient 2 is a 58-year-old man with gradual onset of
symptoms 10 years ago and progressive decline since then.
He initially presented with memory loss. He was diagnosed
with AD 7 years ago. At the time of 18F-FIBT, he suffered
from moderate dementia. Previous AD biomarkers, namely
CSF Aβ42 and tTau as well as amyloid PET with PiB
and FDG PET (6 years before), were all AD positive.

Patient 3 is a 69-year-old man with gradual onset of
symptoms 3 years ago and progressive decline since then.
He initially presented with memory loss. At the time of 18F-
FIBT, he performed his activities of daily living indepen-
dently, thus he was diagnosed with mild cognitive impair-
ment. FDG PET (2 months before) was typical for AD.

Participant 4 is a 70-year-old man, who presented with
subjective memory loss since 5 years. However, he per-
formed on all neuropsychological tests within normal rage
and was not impaired in his activities of daily living. CSF
Aβ42 and tTau (5 months before) were both within normal
limits. In addition, FDG PET (12 days later) did not reveal
any metabolic deficit. Thus, his final diagnosis was sub-
jective memory impairment.

In the 62-year-old male (patient 5), a change of person-
ality was noted 3 years ago: he became disorganized, apa-
thetic, and short-tempered. He was diagnosed with
behavioral variant frontotemporal dementia (bvFTD) 2
years before. CSF Aβ42 and tTau (2 years before) were both
within normal limits. FDG PET (2 years before) revealed a
hypometabolic pattern typical for bvFTD, namely fronto-
basal, and to a lesser extent temporopolar.

Patient 6, a 71-year-old female, presented with spatial
orientation deficits and impairments of visuoconstruction
and visual perception. Symptoms gradually started 6 years
ago and progressively declined since then. 3 years ago she
was diagnosed with Posterior Cortical Atrophy (PCA). At

the time of 18F-FIBT, she suffered from mild dementia. The
biomarkers indicating amyloid pathology, namely 11C-PiB
PET and CSF Aβ42 (3 years before) were clearly positive;
however, CSF tTau was (still) within normal limits. FDG
PET (3 years before) showed a pattern compatible to PCA,
with extensive parieto-occipital hypometabolism, including
the visual cortex on both sides, and to a lesser extent tem-
poral and the posterior cingulate cortex (left < right).

PiB patients for comparison

For the comparison of different calculation methods, the
patients imaged with dynamic 18F-FIBT were compared to
four patients scanned with dynamic 11C-PiB. Demographics
of these patients are provided in Supplementary Table 1.
For the comparison of SUVRs, each case imaged with
18F-FIBT was compared to a group of matched patients
(five patients/group) imaged with 11C-PiB. Clinical char-
acteristics of these matched groups are shown in Supple-
mentary table 2.

FIBT PET/MR

18F-FIBT imaging was performed in accordance with
German Drug Act (Arzneimittelgesetz) and German
Radiation Safety Act (Strahlenschutzverordnung), § 13
Abs. 2b AMG for individual application applied to
specific patients under the professional responsibility of the
treating physician. Retrospective analyses and publication
of data was approved by the local ethics committee.

Scanning procedure

Human 18F-FIBT PET data were acquired on a fully inte-
grated Siemens Biograph mMR (Siemens Medical Solu-
tions, Knoxville, USA) PET/MR scanning system [32] as
described previously [33]. Fully dynamic PET/MR data
were in 3D list mode over 90 min beginning with tracer
injection. Before, a localizer MRI scan was performed to
define correct head positioning. A coronal Dixon T1 MRI
sequence for later attenuation correction was run together
with PET to ensure optimal temporal and regional corre-
spondence between the two modalities. Simultaneous
18F-FIBT PET/MR was initiated with a bolus injection of
200–300 MBq. Parallel to PET, two major structural MRI
sequences were taken (T1-weighted MPRAGE and T2-
weighted 3D FLAIR) for anatomical correspondence. PET
emission data were corrected for random, dead time,
scatter, and attenuation. Resulting sinograms were recon-
structed with 3D ordered-subsets expectation maximations
(3D OSEM) [34] into two single static frames (40–60 min
and 70–90 min) and one dynamic image series with 37
frames (4 × 15 s, 8 × 30 s, 9 × 60 s, 2 × 180 s, 14 × 300 s).
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Image preprocessing

All the preprocessing of the data was performed using
PMOD software (Version 3.2, PMOD Technologies Ltd.
Zurich, Switzerland). All dynamic 18F-FIBT images were
corrected for motion by rigid co-registration of each frame
with the baseline MRI images. The co-registration between
MRI and PET images was inspected before the analysis.
Segmentation of gray matter (GM), white matter (WM) and
cerebrospinal fluid (CSF) was applied on MPRage images.
The Mueller-Gartner method [34] was employed for partial
volume correction based on the segmentations applied on
the PET data. The co-registered MPRage images were then
spatially normalized to the Automated Anatomical Labeling
(AAL) atlas [35]. Then, the derived transformation matrices
were applied to the dynamic 18F-FIBT images for spatial
normalization as well as segmentations of GM, WM, and
CSF. Normalized dynamic PET images were parcellated
into anatomical regions (frontal, temporal, parietal and
occipital lobe as well as cerebellum) as volume-of interests
(VOIs). Mean time-activity curves (TACs) of each anato-
mical region were calculated excluding WM. For reasons of
simplicity all VOIs of the same right and left anatomical
regions were united to yield simple global values.

The statistical analysis was performed with Matlab
Version 8.5 R2015a (Mathworks Inc., Sherborn, MA, US).

FIBT image analyses

For the assessment of the potential of pharmacokinetic
modeling, parametric images are preferred for assessment.
Thus, we only consider those methods that are robust for
parametric image estimation. Three different calculation
methods for binding potentials (BPnd), including SRTM,
reference Logan and MRTM2 using cerebellum as reference
tissue with and without PVC of the 6 subjects scanned
with dynamic 18F-FIBT and of the 4 subjects scanned with
dynamic 11C-PiB PET were calculated and compared. The
relative tracer transport rate R1 using SRTM using the
cerebellum as reference tissue was calculated to characterize
the tracer transport from blood to brain and was compared
to dynamic 11C-PiB scans of four patients with dementia.

Thereafter, BPnd using reference Logan model were
compared to DVR and SUVR of the six subjects scanned
with dynamic 18F-FIBT and of the four subjects scanned
with dynamic 11C-PiB PET.

SUVR images were calculated using subcortical white
matter in the centrum semiovale as reference tissue [36–40].
Distribution volume (DV) was calculated using Logan plot.
ROIs of internal carotid was placed (5 mm diameter)
to generate image-derived arterial input function using
a recovery coefficient of 0.7 to correct the partial volume
effect of the image-derived input function [41].

Cerebellum was employed as reference tissue to calculate
DVR.

To estimate the best time window for image acquisition
correlations between SUVR and DVR at different time
windows and between different image windows and clinical
severity were compared.

Evaluation of FIBT analysis

The signal-to-noise ratios (SNR) were calculated as the ratio
of mean value to standard deviation on a selected physio-
logically homogenous area [42], in this case, the subcortical
white matter in the centrum semiovale, to characterize the
image quality for visual inspection.

Despite the well-known interval between the develop-
ment of Aβ pathology and the onset of clinical severity Aβ
PET tracer uptake may be associated with the AD severity
to a certain degree [43] and an appropriate analysis method
should lead to better severity differentiation. We employed
this to evaluate the performance of the investigated FIBT
analysis methods in the differentiation of AD pathology.
The estimated parameters were correlated with CDR SOB
using Spearman’s rank correlation.

Results

Time-activity curves

The mean time–activity curves (TACs) of each anatomical
region of a patient with moderate AD dementia and a nor-
mal control are shown in Fig. 1.

Comparison of tracer transport rates of FIBT and PiB

The comparison of the relative tracer transport rate R1 using
SRTM on data with and without partial volume correction
(PVC) of the 6 subjects scanned with dynamic18F-FIBT
PET to the 4 subjects with dynamic 11C-PIB PET resulted
in comparable transport rates. A decrease of R1 was observed
on FIBT scans for parietal and temporal regions as CDR-
SOB score increases. Example slices are provided in Sup-
plementary Figure 1. The average values of five investigated
anatomical regions were plotted in Supplementary Figure 2.

Comparison of different calculation methods of
binding potentials (BPnd) of FIBT and PiB

Example slices of the BPnd (SRTM, rLogan and MRTM2)
on the data of the 6 subjects with FIBT and 4 subjects with
PiB without and with partial volume correction (PVC); are
provided in Supplementary Figure 3. Comparisons between
the different calculation methods of BPnd (SRTM, rLogan
and MRTM2), DVR and SUVR with and without PVC are

2612 T. Grimmer et al.



provided in Supplementary Figure 4 for dynamic 18F-FIBT
PET and in Supplementary Figure 5 for dynamic 11C-PiB
PET, respectively.

On the basis of the results, BPnd using reference Logan
model has the best SNR among the three reference tissue
models for FIBT. In addition, SNRs for FIBT were higher
than for PiB (compare Fig. 4 for direct comparison of SNRs).

Comparison of different analysis methods of FIBT
and PIB

Sample images of the different analysis methods (BPnd-
rLogan, DVR, SUVR) with PVC are shown for the

6 subjects with FIBT and are compared to 4 subjects
with PiB in Fig. 2. Moreover, the whole series of
these images with and without PVC are provided as
Video 1.

The results of different analysis methods (BPnd-rLogan;
DVR, SUVRs) on the data of the FIBT imaging and PiB
imaging with PVC are compared in Fig. 3.

DVR using image-derived input function and SUVR
had considerably higher SNRs than reference tissue
model. SNRs were substantially higher in FIBT than in PiB
imaging (compare Fig. 4 for direct comparison of SNRs),
which can be explained due to higher noise in C-11
imaging.

Fig. 2 An example slice of different analysis methods on the data with
partial volume correction (PVC) of the 6 subjects for FIBT and
4 subjects for PiB for comparison. The first row shows the corre-
sponding MRI images. The second row is binding potentials (BPnd)

estimated using reference Logan model with cerebellum as reference
tissue. The third row is DVR estimated using image-derived arterial
input function with cerebellum as reference tissue

Fig. 1 Examples of time-activity curves (TACs) of the investigated
cortical regions for FIBT and PiB with and without partial volume
correction (PVC): (a) FIBT imaging of a patient with moderate
probable AD dementia; (b) FIBT imaging of a patient with subjective

memory impairment without evidence of neurodegeneration (“normal
control”); (c) PiB imaging of a patient with moderate probable AD
dementia for comparison

18F-FIBT may expand PET for β-amyloid imaging in neurodegenerative diseases 2613



Estimating the optimal imaging window for FIBT

Correlations between FIBT SUVR and DVR at different
time points with and without PVC correction are shown in
Supplementary Figure 6. The correlation with DVR was
highest for the time window of 40–60 min. However, the
window of 70–90 min showed the best washout of non-
specific uptake as depicted by the shape of TACs in our
previous study [8]. Hence, the SUVRs for both time-win-
dows, 40–60 min and 70–90 min, were compared in

Supplementary Figure 7 retrieving higher SUVRs for the
40–60 min time window. The comparison between the
associations of the SUVRs of both time windows with
clinical severity (Supplementary Figure 8) also resulted in
closer correlations of the 40–60 min time window.

FIBT case series

In the following FIBT uptake in the cohort is described
based on visual reading. Corresponding global SUV ratios

Fig. 3 A comparison of the results of different analysis methods on the
data of the FIBT imaging and PiB imaging with partial volume cor-
rection (PVC): (a) binding potential (BPnd) of 6 FIBT subjects using
reference Logan model; (b) binding potential (BPnd) of 4 PiB subjects
using reference Logan model; (c) distribution volume ratio (DVR) of 6
FIBT subjects using Logan plot and the image-derived arterial input
function (recovery coefficient of 0.7 to correct the partial volume
effect); (d) distribution volume ratio (DVR) of 4 PiB subjects using

Logan plot and the image-derived arterial input function (recovery
coefficient of 0.7 to correct the partial volume effect); (e) SUVR values
of 6 subjects of FIBT imaging; (f) SUVR values of 6 groups of
matched subjects (5 patients/group) to (e) with PiB imaging. The
cerebellum was chosen as a reference region for the calculation of
BPnd and DVR. The subcortical white matter was chosen as reference
tissue for SUVR

2614 T. Grimmer et al.



are provided in Table 2, corresponding regional uptake of
the different analyses methods in Fig. 3, respectively.

Patient 1: In this, patient with a mild stage of dementia
after participation in an active anti-amyloid immunization
study only mildly elevated amyloid deposition was detected
as reflected in mildly elevated FIBT uptake.

Patient 2: Strong specific uptake consistent with exten-
sive amyloid deposition that would be expected at a mod-
erate stage of dementia due to underlying AD pathology
was detected.

Patient 3: In this, patient with MCI due to underlying AD
mild amyloid deposition was expected. Consistently, mild
elevated specific cerebral FIBT uptake was detected.

Patient 4: In this, participant without evidence of any
neurodegeneration no specific cerebral uptake of FIBT was
detected.

Patient 5: In this, patient with bvFTD no amyloid
deposition is expected. Consistently with non-AD pathol-
ogy no specific cerebral tracer uptake was observed.

Patient 6: Strong specific uptake consistent with amyloid
deposition was detected that would be compatible with
underlying AD pathology in PCA.

Three patients (no.1, 2 and 6) also underwent amyloid
PET using 11C-PiB four, six, or 3 years, respectively, before
18F-FIBT (Table 1). Despite the long interscan interval both
image modalities are shown in parallel for visual compar-
ison in Supplementary Figure 9.

Associations between FIBT uptake and clinical
severity

Plots of the CDR SOB against the results of the different
analysis methods of the six subjects imaged with FIBT and
of the 26 subjects imaged with PIB for comparison are
provided in Fig. 5. Coefficients of the correlations between
FIBT results of the five subjects within the continuum of
AD, i.e. subjective cognitive impairment, MCI due to AD,
mild and moderate AD dementia, and PCA due to AD, and
of the PIB SUVR results of 26 subjects for comparison are
provided in Table 3. SUVR 50–60 min analysis showed
highest correlation with the CDR SOB. Plausibility analyses
excluding single cases are provided in Supplementary
Figure 8.

Discussion

First FIBT administration in a series of patients with dif-
ferent stages of dementia and different underlying pathol-
ogies as measured by biomarkers resulted in specific tracer
uptake compatible with expectations. In progressed AD
stages strongly elevated tracer uptake was detected, in
milder AD stages only mildly elevated FIBT binding was
detected, and in participants with non-AD pathologies or
without evidence of neurodegeneration no specific tracer
uptake was detected.

The preliminary evaluation of different methodologies
for data analysis suggests that SUVRs is an easy and robust
analyzing technique giving to imaging biomarkers corre-
lated with the severity of the disease, even if it is needed a
validation on a larger sample, suggesting FIBT a favorable
amyloid marker for clinical routine. A higher retention of
FIBT was demonstrated in hippocampus, amygdala and
entorhinal cortex of patients 1–3 with evidence of the AD
pathophysiological process compared with patient 4. FIBT
demonstrated strong neocortical binding in patients with

Fig. 4 Signal-to-noise ratio
(SNR) of different calculation
methods of BPnd and different
analyses methods for FIBT (n=
6) and PiB (n= 4) with and
without partial volume
correction (PVC) assuming
homogenous receptor binding in
white matter

Table 2 FIBT SUVR cerebrum/cerebellum ratio for each patient with
and without PVC

Patient Without PVC After PVC

1 1,40 1,54

2 1,69 1,88

3 1,46 1,54

4 1,21 1,30

5 1,11 1,18

6 1,56 1,68

18F-FIBT may expand PET for β-amyloid imaging in neurodegenerative diseases 2615



evidence of the AD pathophysiological process which was
greater in precuneus/posterior cingulate and frontal cortex
than in lateral temporal and parietal cortex, with relative
sparing of occipital, sensorimotor and medial temporal
cortex. The regional binding results of FIBT showed good
similarity to distribution patterns of PiB and 18F-labeled
amyloid-tracers such as flutemetamol [44] and florbetaben
[42]. Three of the patients underwent amyloid imaging with
PiB several years before FIBT PET. Comparability is cer-
tainly limited due to the long between scan interval and the
low number of subjects. In the patient with mild dementia
due to AD (patient no. 1) at FIBT uptake pattern was highly
similar between both tracers. Despite the scan interval of 4
years there is no marked progression visible neither on MRI
nor on amyloid PET. It is tempting to speculate that this
might be due to the anti-amyloid active immunization the
patient received for 3 years. The patient with the moderate
dementia due to AD (patient no. 2) clearly progressed on
MRI during the 6 years between PiB and FIBT imaging.
Accordingly, higher uptake on FIBT could be due to the
increased amyloid load or higher binding affinity of the

tracer. All the regions that were marginally positive on the
PiB scan are clearly positive on the later FIBT scan. The
patient with the PCA due to AD (patient no. 6) showed a
clearly positive amyloid scan with PiB. She progressed on
MRI during the 3 years until FIBT. FIBT PET showed a
highly comparable pattern as compared to PiB, and with
regards to intensity a ceiling effect on the color scale.

The preliminary correlation with FIBT SUVRs showed
very high correlation with the severity of dementia mea-
sured with the CDR SOB in the five patients of the AD
spectrum again favoring SUVRs as analyzing technique.
The high correlation coefficients should be interpreted with
caution due to the small sample size.

Similar to our recent report, where the representative
TACs, with VOI for frontal cortex, cerebellar cortex, and
semioval center for AD and healthy subjects in analogy to a
report on Florbetaben [45] were demonstrated [8], the 18F-
FIBT uptake into frontal and cerebellar cortex peaked
around 3 min p.i. for all subjects and initial uptake into
cerebellum was always higher. For the patients with AD
pathology, uptake in frontal cortex clearly went above

Fig. 5 Plots of the CDR SOB
against the SUVR values for all
six subjects with FIBT imaging
and 26 subjects with PiB
imaging for four investigated
anatomical regions

Table 3 Correlations of CDR
SOB with results of different
analysis methods

r (p) Frontal Occipital Parietal Temporal Mean

FIBT BPnd 0.70 (0.23) 0.90 (0.08) 0.90 (0.08) 1.00 (0.02) 0.88 (0.10)

DVR 0.90 (0.08) 0.90 (0.08) 0.90 (0.08) 1.00 (0.02) 0.93 (0.07)

SUVR 1.00 (0.02) 0.90 (0.08) 1.00 (0.02) 0.90 (0.08) 0.95 (0.05)

PiB SUVR 0.34 (0.09) 0.25 (0.22) 0.26 (0.20) 0.32 (0.12) 0.29 (0.16)

Correlations for 4 investigated regions and mean for the five FIBT subjects of the AD continuum, and for the
26 patients with PiB for comparison

r Spearman correlation coefficient, p p value
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cerebellar uptake around 10 min p.i. while this separation
not only happened nearly 20 min later in the control subject
but the frontal cortex uptake stayed close to cerebellar
uptake.

We compared different calculation methods. SRTM,
MRTM2, rLogan are theoretically the same and the
binding potential and DVR theoretically has the relation
BPnd=DVR-1. However, in practice, it is influenced by
the following: (1) the bias of model assumptions consider-
ing the real situation; (2) different numerical stability of the
models to noise in the data; (3) the bias of the derived
arterial input function; 4) the bias of the selected reference
tissue. More difference between BPnd and DVR has been
observed for PiB than for FIBT, which can be explained
due to higher noise in C-11 imaging. BPnd estimated from
the three models are not identical. The difference is due
to different numerical performance under the existence
of noise. The difference between the different models
of BPnd is less apparent compared to their difference to
the DVR. As we do not have accurate arterial blood mea-
surement for this study we applied recovery coefficient
based on image-derived AIF. There might be still biases
of the applied arterial input function. On the other side,
cerebellum may still have some specific binding of the
tracers. The existing biases of arterial input function and
reference tissues may amplify the difference than theoretical
expectations of BPnd=DVR-1.

SNR is an index for imaging quality; it may be useful for
visual inspection to differentiate small structures. DVR has
better SNR, it may favor the visual inspection. However, the
acquisition is longer. It maybe also influenced by the errors
of arterial input function. On the other side, there is not so
much difference for the correlation with severity. Hence,
we would prefer SUVR based on the comparisons
between DVR and SUVR, between different time windows
of SUVRs and between SUVRs and clinical severity, the
time-window 40–60 min applying PVC showed highest
SUVRs and correlated best with clinical severity.

18F-FIBT is a new compound as a promising Aβ-PET
tracer with similar pharmacokinetics to PiB, superior
binding affinity (Kd= 0.7 ± 0.2) and higher selectivity over
tau and α-synuclein aggregates (Ki > 1000 nM). 18F-FIBT
can be easily synthesized with high radiochemical yield
and purity. Recently, 18F-FIBT was primarily compared
with florbetaben and PiB in a group of APP/PS1 and control
mice using same animals and quantification method.
18F-FIBT has shown an improved imaging and binding
characteristics and suitable pharmacokinetics on its own
as well as in comparison to PiB and florbetaben. Thus,
we used it in a series of six patients with different clinical-
pathophysiological phenotypes where we observed
FIBT-PET correlated with disease severity. This finding
and the good performance of FIBT encourage us to further

investigate FIBT-PET in a larger group of patients and
explore the qualities of FIBT-PET for dementia imaging
preferably in relation to established ligands.

Limitations

While 18F-FIBT appears to be a very promising F18 labeled
tracer for human amyloid beta imaging the small number of
subjects and the lack of a healthy control group hampers
generalizability of the current findings. Larger cohorts
including different neurodegenerative diseases at stages
need to be imaged to allow final assessment of tracer
performance.

The absence of plasma input data could be considered a
limitation for the assessment of the pharmacokinetics of
FIBT. However, the measurement of plasma input function
is an error sensitive procedure with limited time resolution.
Hence, reference tissue model that implicitly utilizes the
mutual plasma input to estimate pharmacokinetics [6, 7] and
that is less sensitive to artifacts was used as an alternative.
The so derived pharmacokinetic parameters are equivalent
to those derived from plasma input function in our per-
spective. Furthermore, image-derived input function was
used to calculate the DVR [9].

Conclusion

The preliminary results shows that 18F-FIBT with static
imaging on PET/MR 40–60 min p.i. provides a clinical
favorable routine, is not associated with any adverse
events so far, and may aid PET for β-amyloid imaging
in neurodegenerative diseases. A further strength of FIBT
may be the better correlation with severity of AD pathology,
which may favor its use for early diagnosis and therapy
monitoring. These encouraging preliminary results support
our plans to evaluate FIBT in larger samples.
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