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Abstract Intravenous 'F-labelled florbetaben ([18F]ﬂor—
betaben) [Neuraceq™™] is a polyethylene glycol stilbene
derivative that is approved in the USA, EU and South
Korea for positron emission tomography (PET) imaging of
the brain. It is used to estimate f-amyloid neuritic plaque
density in adult patients with cognitive impairment who are
being evaluated for Alzheimer’s disease and other causes
of cognitive impairment. In vitro, ['*F]florbetaben has high
affinity and selectivity for B-amyloid. It has a short PET
scan time (15-20 min). Visual assessment of regional and
whole brain [18F]ﬂ0rbetaben PET images detected brain [3-
amyloid with high sensitivity and specificity, with good
inter-reader agreement, in a phase III study in patients with
various levels of cognitive function when compared with
postmortem histopathological assessment. The whole brain
visual assessment displayed high positive and negative
predictive values, enabling amyloid pathology to be reli-
ably detected or excluded. Quantitative PET analyses
were generally consistent with the visual assessments.
["®F)florbetaben was generally well tolerated in clinical
trials. All adverse reactions in [lsF]ﬂorbetaben recipients
were mild to moderate in severity and the most common
were injection-site-related (erythema, irritation and pain).
There were no serious adverse reactions related to
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[ISF]ﬂorbetaben. In summary, [ISF]ﬂorbetaben is a highly
accurate (-amyloid PET tracer that has the potential to
support the clinical diagnosis of Alzheimer’s disease and
other causes of cognitive decline.

[*®F]florbetaben in pB-amyloid positron emission

tomography (PET) imaging: a summary

High diagnostic accuracy (as verified by postmortem
histopathology), with good inter-reader agreement,
in detecting/excluding brain -amyloid in patients
with various levels of cognitive function

High predictive values for reliably detecting or
excluding amyloid pathology

Generally well tolerated; the most common adverse
reactions are injection-site-related

Electronic training is established
Short PET scan time of 15-20 min

Long decay half-life permits centralized production
and remote distribution of the final product, with
increased patient access to B-amyloid imaging

1 Introduction

Accumulation of B-amyloid peptide in the cerebral cortex
is postulated to initiate a cascade of events that finally may
lead to dementia in Alzheimer’s disease (AD) [1]. Thus,
brain B-amyloid plaques are one of the pathological hall-
marks of AD [2, 3]. Of note, B-amyloid deposition may

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40263-015-0258-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40263-015-0258-7&amp;domain=pdf

606

Y. Y. Syed, E. Deeks

also be present in patients with other neurological condi-
tions, such as dementia with Lewy bodies (DLB), as well
as in some cognitively normal older individuals who may
or may not progress to AD [4, 5].

In vivo B-amyloid imaging with positron emission
tomography (PET) is a validated diagnostic tool for
detecting fibrillar B-amyloid, particularly neuritic plaques
and amyloid angiopathy [2]. This noninvasive tool allows
estimation of brain B-amyloid burden during the life time
of patients as opposed to postmortem detection as per-
formed historically, thus providing an opportunity for early
diagnosis and potential therapeutic interventions. It can
also support differential diagnosis of dementias [4, 5]. The
most widely used B-amyloid PET tracer, ''C-labelled
Pittsburgh compound-B [6] accurately detects B-amyloid
[4, 5]. However, the short radioactive decay half-life of e
(20 min) means that the use of this tracer is restricted to
centres with an on-site cyclotron and ''C radiochemistry
expertise. Therefore, f-amyloid PET '®F-labelled tracers,
with a longer decay half-life of 110 min, have been
developed (florbetaben, florbetapir, flutemetamol) or are
being evaluated (flutafuranol) [7, 8]. All these tracers share
some common structural and pharmacological features
with ["'C]Pittsburgh-compound-B [7]. The longer decay
half-life of '®F tracers means that production can be cen-
tralized, with remote distribution of the final product to
numerous PET imaging sites, thus reducing production
costs and increasing access to B-amyloid imaging [8].

['®F]florbetaben (Neuraceq™) is an intravenously
administered '®F-polyethylene glycol stilbene derivative
[9]. This article reviews the diagnostic efficacy and toler-
ability of ['®F]florbetaben for PET imaging of the brain to
detect/exclude B-amyloid in patients with AD and other
dementias, and briefly summarizes its pharmacological
properties.

2 Mechanism of Action of [\*F]Florbetaben

['®F]florbetaben binds to B-amyloid plaques in the brain
[9]. The '®F isotope decays to a stable '®0 by emitting a
positron followed by photonic annihilation radiation, which
is detected by a PET scanner [10]. In vitro, [18F]ﬂorbetaben
showed nanomolar binding affinity to synthetic f-amyloid
fibrils [10, 11] and to B-amyloid plaques in human AD
brain homogenates [inhibition constant (K;) 6.7 nmol/L]
[9]. A high- and a low-affinity binding site (K; 1.0 and
65 nmol/L) have been identified for unlabelled florbetaben
in frontal cortex homogenates of human AD brain [12].
In vitro, florbetaben was highly selective for f-amyloid
over tau and o-synuclein proteins [13]. [ISF]ﬂorbetaben
bound to B-amyloid in multiple cortical brain regions in
postmortem human AD brain tissue sections, and
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["°F]florbetaben did not bind to o-synuclein or tau in
frontal cortices of patients with DLB and frontotemporal
dementia, respectively [13]. Binding of ['8F]florbetaben to
B-amyloid plaques in human AD brain sections correlated
with immunohistochemical and Bielschowsky silver stains
(Sect. 4) [14].

Using ['®F]florbetaben PET imaging, brain B-amyloid
accumulation was monitored in an animal model of AD [15].
In mice overexpressing Swedish mutant 3-amyloid precur-
sor protein, cortical ['®F]florbetaben uptake significantly
(» < 0.01) increased from baseline at 16 and 20 months of
age, while there was no change in wild-type mice [15].
['8F]florbetaben PET scan also allowed monitoring and
predicting the response to a y-secretase modulator in this
model [16]. There was a significant (p < 0.001) correlation
between PET results and postmortem histochemical analy-
ses (B-amyloid plaque load and density, and insoluble (-
amyloidy, levels) at the end of 6 month treatment [16].

3 Pharmacokinetic Properties of ['3F]Florbetaben

The pharmacokinetics of [18F]ﬂorbetaben were evaluated
in several early phase clinical studies in patients with AD
or frontotemporal lobar degeneration and in healthy vol-
unteers [17-20]. Following intravenous bolus injection of
['®F]florbetaben 300 MB(q, the maximum plasma concen-
tration of total '®F radioactivity was reached within the first
1-2 min after the end of injection and then declined
rapidly, with 2-3 % of the injected dose/L evident in
arterial plasma 10 min post-injection [10, 17]. The uptake
of radioactivity in the brain was rapid, reaching ~6 % of
the injected radioactivity at 10 min post-injection [10, 14]
and declining steadily thereafter (2 % at 2 h post-injection)
[17]. ["®F]florbetaben is highly bound to plasma proteins
(>98.5 %) [10, 14].

In patients with AD and in healthy volunteers,
['®F]florbetaben was rapidly metabolized to a major
radioactive polar metabolite fraction and a minor N-des-
methyl derivative of ['®Fflorbetaben [18, 19]. The polar
metabolites of ['®F]florbetaben are the principle source of
'8 in circulation during the 45-130 min imaging window
[14]. In vitro studies showed that [ISF]ﬂorbetaben is
metabolized predominantly by cytochrome P450 (CYP)
enzymes CYP4F2 and CYP2J2 and, at concentrations
present in vivo, it did not inhibit CYP enzymes [10, 14]. As
[18F]ﬂ0rbetaben is administered as a single small dose
resulting in a low plasma concentration, no clinically rel-
evant drug interactions are expected [17].

Data from patients with AD show that [ISF]ﬂorbetaben
is eliminated from plasma primarily via the hepatobiliary
system, with a mean biological half-life of ~1 h; no
radioactivity could be measured in blood at ~4 h post-
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injection [10, 14]. Approximately, 26-36 % of the injected
radioactivity was excreted in urine up to 12 h post-injec-
tion, almost all as polar metabolites of ['8F]florbetaben
[18]. '®F has a physical half-life of 110 min; 98.93 and
99.99 % of its activity is decayed at 12 and 24 h post-
injection [10].

The pharmacokinetics of a single dose of ['®F]flor-
betaben 300 MBq of low or high mass dose (<5 and
50-55 pg) did not differ to a clinically relevant extent
between German and Japanese healthy volunteers and the
effect of the dose mass was minimal [18]. The effect of
age, gender and renal or hepatic impairment on the phar-
macokinetics of ['®F]florbetaben has not been formally
studied [10, 17].

4 Diagnostic Efficacy of [lsF 1Florbetaben
4.1 Early-Phase Trials

The potential for ['*F]florbetaben PET imaging to dis-
criminate AD patients from non-AD patients or healthy
volunteers was shown in early-phase clinical studies, using
clinical diagnosis as the surrogate standard-of-truth (SoT)
[8, 20-23]. For instance, in a phase II trial in which par-
ticipants received a single intravenous injection of
['®F]florbetaben 300 MBq, visual assessment of PET
images by blinded experts discriminated patients with
probable AD (n = 81) from healthy controls (n = 69) with
high sensitivity (80 %) and specificity (91 %) [22]. Simi-
larly, five inexperienced readers who assessed ['®F]flor-
betaben PET images from 116 AD patients and 120 healthy
volunteers after undertaking an electronic web-training
programme were able to discriminate between the two
groups with 69-81 % sensitivity and 82-95 % specificity
(presented as an abstract [23]), with good inter-reader
agreement (x 0.81) [11].

Cortical uptake of ['®F]florbetaben after a 300 MBgq
injection was high in a large proportion of patients with a
clinical diagnosis of AD (29 of 30) or mild cognitive
impairment (MCI) (12 of 20) [20]. Conversely, high cor-
tical uptake was seen in less than one-third of healthy
volunteers (5 of 32) or patients with a clinical diagnosis of
DLB (2 of 7), vascular dementia (1 of 4) or frontotemporal
lobar degeneration (1 of 11) and in no Parkinson’s disease
patients (0 of 5) [20]. Uptake was generally extensive in
the frontal and posterior cingulate/precuneus cortex and
slightly less in the lateral temporal and parietal cortex [8,
20], with relative sparing of primary sensorimotor [8, 20],
occipital [8] and mesial temporal [8] cortices. There was no
appreciable uptake in the cerebellar cortex [8, 20, 21].

These findings were generally supported by quantitative
assessments of ['®F]florbetaben uptake, expressing

standardized uptake values (SUV) for predefined brain
regions as SUV ratios (SUVRs), with the cerebellar cortex
as the reference region [8, 20-22]. SUVRs in the cortical
regions and striatum of AD patients were generally sig-
nificantly (p < 0.05) higher than in healthy volunteers [8,
20-22], with the greatest effect size in the lateral temporal
cortex [8], frontal cortex [21] or posterior cingulate [22].
Regional SUVRs distinguished AD patients from healthy
volunteers with 85 % sensitivity and 91 % specificity [22].
Patients with AD [8, 20-22] or MCI [20] had significantly
(» <0.05) higher neocortical SUVRs (i.e. composite
SUVRSs, as defined in Table 1) than healthy volunteers.

The neocortical SUVR for ['®F]florbetaben 300 MBq
significantly (p < 0.0001) correlated with that of
[''C]Pittsburgh-compound-B 370 MBq in AD patients
(n = 10) and healthy controls (n = 10) [24]. In patients,
the neocortical SUVR was significantly (p < 0.001) lower
with [ISF]ﬂorbetaben than with [1IC]Pittsburgh—compound—
B (2.06 vs. 2.42), although the effect size for distinguishing
them from healthy controls did not markedly differ
between the tracers (3.0 and 3.3, respectively) [24].

PET imaging using ['F]florbetaben (mean dose
312 MBq) also enabled whole-brain visual assessment of
B-amyloid in patients with Down syndrome (n = 39) in a
phase II trial, discriminating them from healthy volunteers
(n = 70) with 46 % sensitivity and 100 % specificity [25].
['®F]florbetaben  uptake  significantly  (p < 0.0001)
increased with age; 90, 53 and 7 % of scans in patients
aged >50, 45-49 and 40-45 years, respectively, were
visually assessed as positive for B-amyloid [26]. There was
a significant (p = 0.0007) correlation between visual and
quantitative assessments [26].

A prospective, longitudinal study in 45 patients with
MCI showed that ['®F]florbetaben PET imaging may help
to identify patients who will progress to AD [27]. At
baseline, 24 patients were positive and 21 were negative
for ['®F]florbetaben (i.e. neocortical SUVR >1.45 and
<1.45, respectively). At 2 years, 75 and 9.5 % of the
respective groups had progressed to clinically diagnosed
AD based on a blinded assessment, yielding positive and
negative predictive values of 75.0 and 90.5 %, and pre-
dictive accuracy of 82.8 %. After adjusting for both
amnestic MCI and hippocampal atrophy (which are both
predictive of progression to AD), ['®F]florbetaben PET-
positivity at baseline still predicted progression to AD at 2
years (hazard ratio 6.9; p = 0.03). Generally similar results
were also seen at 4 years, although clinical diagnosis of AD
at this timepoint was based on unblinded assessment [27].

Based on dosimetry and dose simulation studies, a
[lsF]ﬂorbetaben dose of 300 MBq was selected for further
investigation as it provided optimal PET image quality
with the permissible radioactivity dose [17, 28]. In healthy
Caucasian adults, the effective dose resulting from the
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Table 1 Methods used to assess postmortem B-amyloid histopathology and ['®F]florbetaben positron emission tomography images in the phase
III study [31]

["®F]florbetaben PET images®

Analysis  Postmortem histopathology (standard-of-truth)
Whole Pathology assessment according to CERAD guidelines and
brain scores based on B-amyloid neuritic plaque count detected by
BSS (CERAD score ‘absent’ or ‘sparse’ = B-amyloid-
negative; ‘frequent’ or ‘moderate’ = f-amyloid-positive)
Regional Six brain ROIs (Table 2) were dissected and the B-amyloid

pathology assessed by a panel of three experts, using CERAD
scores based on the density of plaques detected by BSS and
immunohistochemistry. An ROI was considered as f-amyloid

positive if at least moderate neuritic/cored or diffuse f-amyloid

plaques were present

Visual: assessed by three blinded, in-person trained PET experts.
Four brain regionsb were scored according to a predefined
RCTB scoring system (1 = no tracer uptake, 2 = moderate
uptake, 3 = pronounced uptake). These scores were condensed
into a single BAPL score (1 = no B-amyloid load, 2 = minor
B-amyloid load, 3 = significant B-amyloid load), with a score
of 1 considered PET-negative and 2 or 3 PET-positive for B-
amyloid

Quantitative: composite° SUVR?

Visual: three blinded readers scored the six histopathology tissue-
matched® ROIs as B-amyloid-positive (tracer uptake in grey
matter at least as high as that in adjacent white matter) or -
amyloid-negative (tracer uptake in grey matter lower than in
adjacent white matter)

Quantitative: SUVRY for each ROI

BAPL brain B-amyloid plaque load, BSS Bielschowsky silver staining, CERAD Consortium for Establishing a Registry for Alzheimer Disease,
MRI magnetic resonance imaging, PET positron emission tomography, RCTB regional cortical tracer binding, ROI region of interest, SUVR

standardised uptake value ratio

* Assessed at a centralized imaging core laboratory
b

c
d

e

300 MBq dose was 5.8 mSv (~8 mSv when combined
with CT scan) and the estimated mean absorbed radiation
dose per MBq was the highest for gall bladder (137 pGy),
followed by urinary bladder (70 pGy), liver (39 pGy),
upper and lower large intestine (38 and 35 puGy) and small
intestine (31 pGy) [10, 14, 29]. In healthy Japanese adults,
the effective dose following the 300 MBq dose was
8.08 mSv [29]. The organ and whole body effective doses
were substantially higher with ['®F]florbetaben than with
[''C]Pittsburgh-compound-B because of the difference in
radioactive half-lives [30].

4.2 Phase III Trials

This section focuses on the diagnostic efficacy of
['"®F]florbetaben PET imaging in detecting/excluding neu-
ritic B-amyloid deposits in the brains of adults with varying
degrees of cognitive function, as evaluated in a pivotal,
nonrandomized, open-label, multinational phase III study,
which used postmortem brain histopathology as the SoT
[17, 31]. Limited data from a phase III non-interventional
pooled read study (presented as an abstract [32]) are briefly
discussed (Sect. 4.2.3).

In the pivotal phase III study [31], end-of-life patients
(aged 48-98 years) with a clinical diagnosis of AD
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Frontal cortex, posterior cingulate, lateral temporal cortex and parietal cortex

Mean SUVR for frontal, parietal, lateral temporal, anterior and posterior cingulate, and occipital cortices

Calculated from MRI-coregistered PET images for different brain regions using cerebellar cortex as the reference region
Obtained by orienting photodocumentation of the postmortem brain with MRI, then coregistering the MRI with PET images

(n = 139), DLB (n = 5), other dementias (n = 31), no
dementia (n = 32, mainly oncological disorders) or cog-
nitively-normal healthy volunteers (aged 22-38 years;
n = 11) were included, representing individuals with a low
to high probability of cerebral B-amyloid deposition.
Exclusion criteria included severe cerebral macrovascular
disease or brain tumours and severe cardiovascular insta-
bility requiring intensive care surveillance or therapy [31].

All participants received a single intravenous bolus
injection of ['®F]florbetaben 300 MBq and underwent PET
imaging 90-110 min post-injection [31]. Three-dimen-
sional volumetric T1-weighted brain magnetic resonance
imaging (MRI) was acquired within the previous 6 months
of, or simultaneously with, PET imaging [17, 31]. The PET
results were compared against the SoT for six predefined
brain regions [regions of interest (ROI)] and for the whole
brain [31]. Methods used for the assessment of B-amyloid
in PET images and postmortem brains are summarized in
Table 1. A typical example of ['®F]florbetaben-positive
and -negative scans of four brain regions used for the
whole brain visual assessment is shown in Fig. 1. The
primary study objective was to establish the sensitivity and
specificity of the visual assessment of ['®F]florbetaben PET
images in detecting B-amyloid in the six brain regions
compared with the SoT [17].
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Fig. 1 Typical transverse ['®F]florbetaben positron emission tomog-
raphy slices showing normal and abnormal (negative and positive for
B-amyloid plaques, respectively) scans [42]. In the cerebellum, a
contrast between white matter (arrows) and grey matter is seen in
both positive and negative scans, with tracer uptake also seen in the
scalp and posterior sagittal sinus (arrow head). In other regions, the
normal scan shows lack of tracer uptake in the outer rim (dashed
lines) because of lower uptake in the grey matter, spiculated

4.2.1 Regional Analysis

['®F)florbetaben PET imaging detected B-amyloid in pre-
cisely the same anatomical brain regions confirmed to have
B-amyloid plaques by postmortem histopathology, thus
providing target validation for ['®F]florbetaben [31]. The
visual reading of the PET images showed high sensitivity
and specificity against the SoT in four of the five assessed
cerebral regions known to show B-amyloid pathology in
AD brains (such as frontal cortex, anterior cingulate, pos-
terior cingulate/precuneus) (primary endpoint; Table 2)
[31]. The sensitivity was 57 % for the hippocam-
pus/parahippocampal gyrus region, which contains grey
and white matter in a relatively small volume and is often
atrophic, thus rendering it difficult to assess visually or
quantitatively in the PET images [31]. The overall sensi-
tivity and specificity of the ROI analysis was 77 and 94 %
(Table 2), with good agreement between the three blinded
readers for all brain ROIs (k 0.66) [31].

Quantitative ROI assessments were generally consis-
tent with the visual assessment (Table 2) [31]. Regional
SUVRs were significantly (p < 0.01) higher in samples

Frontal lobes Posterior cingulate Parietal lobes

/ Precuneus

appearance of the white matter (short arrows in the lateral temporal,
frontal and parietal lobes), a hypointense hole (circle) and readily
identifiable midline between the parietal lobes (long arrow); the
abnormal scan shows smooth appearance of the outer rim of the brain
(dashed lines) because of increased tracer uptake in the grey matter, a
filled-up hole (circle) in an area posterior to the splenium (short
arrow) and thin midline between the parietal lobes (long arrow)

with  histopathologically-confirmed (-amyloid than
without B-amyloid for the middle frontal gyrus (1.30 vs.
0.95), occipital cortex (1.34 vs. 1.10), anterior cingulate
cortex (1.36 vs. 0.96) and posterior cingulate cortex/
precuneus (1.49 vs. 1.06), with no significant difference
between the samples in the hippocampus/parahippocam-
pal gyrus (0.99 vs. 0.92). SUVRs did not differ signifi-
cantly between samples with different types of B-amyloid
plaques [neuritic and diffuse (co-occurring) vs. diffuse]
[31].

4.2.2 Whole-Brain Analysis

The whole-brain visual assessment of ['®F]florbetaben PET
images (without MRI coregistration) showed good diag-
nostic efficacy in detecting/excluding cerebral neuritic -
amyloid plaques [31]. The sensitivity and specificity of the
assessment was 98 and 89 % against the SoT (Table 2),
with good agreement between the three in-person-trained,
blinded readers (x 0.90). The negative and positive pre-
dictive values for [18F]ﬂorbetaben PET were 96.0 % (95 %
CI 88.3-100) and 93.9 % (87.2-100), respectively [31].
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Consistent with the visual reading, quantitative whole-
brain assessment (i.e. composite SUVR) also detected [3-
amyloid with high sensitivity and specificity (Table 2).
The composite SUVR was significantly (p < 0.0001)
higher in brains with histopathologically-confirmed
B-amyloid than those without B-amyloid (1.71 vs. 1.24)
[31].

4.2.3 Other Analyses

The electronic training tool for the visual assessment of
['®F]florbetaben PET images was associated with reliable
diagnostic performance in additional clinical trial analyses
[14, 32] in which five blinded readers assessed the images
after receiving the training. For 82 end-of-life patients
participating in the phase III trial [31], the median sensi-
tivity and specificity was 96 and 77 % for visual assess-
ment of brain P-amyloid against the postmortem
histopathology assessment [14]. In the pooled read study in
which ['®F]florbetaben PET images from 460 patients
participating in phase I, IT and III trials were assessed, there
was good agreement between the five readers [« 0.787
(95 % CI 0.750-0.824)] [32].

5 Tolerability of ["®F]Florbetaben

Intravenous bolus injections of ['8F]florbetaben used for
brain PET imaging were generally well tolerated in patients
with AD, other dementias, no dementia and healthy vol-
unteers in clinical trials [8, 10, 14, 20-22, 24, 26, 27]. In an
integrated analysis of 872 patients receiving 978 adminis-
trations of ['®F]florbetaben and 12 participants receiving
vehicle only, no serious adverse reactions related to
['8F]florbetaben were reported [14]. All adverse reactions
reported in ['®F]florbetaben recipients were transient in
nature and mild to moderate in severity, and the most
common (incidence >0.5 %) were injection-site pain
(3.9 % of patients), injection-site erythema (1.7 %) and
injection-site irritation (1.2 %) [14]. There was no overall
difference in the tolerability of [18F]ﬂ0rbetaben between
participants aged >65 or >75 years and younger partici-
pants [14]. With repeat yearly administration of ['*F]flor-
betaben, the tolerability profile did not differ after the first,
second or third administration [10].

In a phase II study of ['®F]florbetaben, the following five
adverse events (two in patients with AD and three in
healthy volunteers) were considered to be related to the
radiotracer: fatigue, feeling hot, increased blood pressure,
haematoma and shaking of both hands [22].

Table 2 Efficacy of ['®F]florbetaben positron emission tomography in detecting B-amyloid in adults with various levels of cognitive function.
Results from a phase III study that used postmortem amyloid histopathology as the standard-of-truth [31]

Analysis Visual assessment®

Quantitative assessment (SUVR)

Sensitivityb (%)
[95 % CI]

Sensitivityb (%)
[95 % CI]

Specificity® (%)
[95 % CI]

Specificity® (%)
[95 % CI]

Histopathology tissue-matched brain ROI (n = 41)¢
85.7 [70.7-100]
88.9 [74.4-100]
57.1 [36.0-78.3]
90.0 [77.0-100]
81.8 [65.7-98.0]
0.0 [0.0-60.2]
77.4 [65.3-89.4]
97.9 [93.8-100]

Middle frontal gyrus
Occipital cortex
Hippocampus/parahippocampal gyrus
Anterior cingulate cortex
Posterior cingulate cortex/precuneus
Cerebellar cortex®
Overall

Whole brain (n = 74)f

95.0 [85.4-100]
86.4 [72.0-100]
100 [83.1-100]
85.7 [70.7-100]
94.4 [83.9-100]
100 [90.5-100]
94.2 [88.6-99.8]
88.9 [77.0-100]

90 [77.2-100]
89 [74.5-100]
71 [51.6-90.4]
80 [62.4-97.5]
82 [66.0-98.0]

80 [62.5-97.5]
67 [47.3-86.4]
60 [38.5-81.4]
100 [83.9-100]
100 [81.5-100]

89.4% [80.6-98.2] 92.3% [82.1-100]

Assessment methods are shown in Table 1

ROI region of interest, SUVR standardized uptake value ratio

 Based on the majority-read approach; sensitivity and specificity of the histopathology tissue-matched ROI analysis was the primary endpoint

b

c

d

Number of true positives divided by the sum of true positives and false negatives
Number of true negatives divided by the sum of true negatives and false positives
Assessed in the first 31 patients who died during the study and in 10 healthy volunteers

¢ Reference region for the SUVR calculation, as B-amyloid deposit is low or absent in this region

f

Assessed in patients who died during the study, including 57 patients with Alzheimer’s disease, 3 with dementia with Lewy bodies, 6 with other

dementias and 8 patients with no dementia. The number of evaluable scans was 73 for the quantitative assessment (i.e. composite SUVR)

€ Based on an optimal SUVR cutoff value of 1.48
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['®F]florbetaben was not associated with any clinically
relevant changes from baseline in laboratory parameters for
blood, urine, vital signs and ECG [20, 22, 26, 27].

6 Dosage and Administration of [ISF]Florbetaben

In the USA [14] and EU [10], [18F]ﬂ0rbetaben is indicated
for PET imaging of the brain to estimate -amyloid neuritic
plaque density in adult patients with cognitive impairment
who are being evaluated for AD and other causes of cog-
nitive decline. ['®F]florbetaben is also approved in South
Korea [33]. PET imaging with this tracer should be used as
an adjunct to other diagnostic evaluations [10, 14].

The recommended dose of [lgF]ﬂorbetaben is 300 MBq
(maximum 360 MBq and minimum 240 MBq at the time of
administration [10]), administered as a slow (1 mL/6 s)
intravenous bolus injection in a total volume of up to 10 mL,
followed by a saline flush of ~10 mL [10, 14]. No dose
adjustment based on age is recommended; in patients with
renal or hepatic impairment, the radioactivity to be adminis-
tered should be carefully considered, since increased radiation
exposure is possible in these patients [10]. [lgF]ﬂorbetaben
PET images should be acquired over 15-20 min (starting at
45-130 min [14] or ~90 min [10] after the injection) and
should be interpreted only by readers trained in interpreting
these images. The images are categorized as f-amyloid neg-
ative or B-amyloid positive based on the whole-brain visual
assessment (Table 1; Fig. 1) [10, 14].

A positive ['8F]florbetaben PET scan by itself does not
establish a diagnosis of AD or other cognitive disorders, as
B-amyloid neuritic plaques may be present in asymp-
tomatic elderly individuals and some patients with neu-
rodegenerative dementias [10, 14]. A negative scan
indicates sparse or no f-amyloid neuritic plaques (which is
inconsistent with a neuropathological diagnosis of AD at
the time of PET acquisition) and reduces the likelihood that
a patient’s cognitive impairment is because of AD. The use
of ['"®F]florbetaben is not established for predicting the
development of dementia or any other neurological con-
ditions, or for monitoring responses to therapies [10, 14].

Local prescribing information for ['®F]florbetaben
should be consulted for detailed information, including
radiation safety and dosimetry, PET image acquisition
guidelines, interpretation of the images, warnings and
precautions, and use in special patient populations.

7 Current Status of ["*F]Florbetaben in p-Amyloid
PET Imaging in Cognitive Impairment

The International Working Group (IWG) for New Research
Criteria for the Diagnosis of Alzheimer’s Disease [2] and
the US National Institute on Aging and the Alzheimer’s

Association [3, 34-36] include biomarkers of B-amyloid
accumulation and/or neuronal injury in the diagnosis of
AD, although the relative role of biomarkers varies
between these guidelines. Both guidelines cover the full
range of AD stages (preclinical, prodromal or MCI due to
AD, dementia) and recognize that AD pathophysiology
(detected using biomarkers) precedes the onset of clinical
symptoms. An IWG diagnosis of AD (any stage) requires
the presence of an appropriate clinical phenotype and a
pathophysiological biomarker [either increased tracer
retention on amyloid PET or decreased B-amyloid; 4,
together with increased total or phosphorylated tau (i.e. a
high ratio of tau to B-amyloid;_4,) in the cerebrospinal
fluid] [2].

The Diagnostic and Statistical Manual of Mental
Disorders (fifth edition) recognizes major or mild neu-
rocognitive disorder due to AD as clinical entities and
considers that B-amyloid PET scans may have diagnostic
value for these conditions [37]. The US Society of Nuclear
Medicine and Molecular Imaging, and the Alzheimer’s
Association consensually recommend that the B-amyloid
PET imaging is appropriate for individuals with all of the
following characteristics: objective evidence of cognitive
impairment; possible AD but the diagnosis is uncertain
after a comprehensive evaluation by a dementia expert;
and, B-amyloid test result would increase the diagnostic
certainty and alter the patient management plan [38].

['®F]florbetaben has high affinity and selectivity for p-
amyloid plaques (Sect. 2). Following intravenous injection
of ['®F]florbetaben, the initial uptake of radioactivity in the
brain is rapid followed by a steady decline (Sect. 3). In
patients with AD, [18F]ﬂorbetaben showed extensive cor-
tical uptake in multiple cerebral regions, with no appre-
ciable binding in the cerebellar cortex (Sect. 4.1).

['®F]florbetaben PET imaging showed good diagnostic
performance in detecting/excluding neuritic f-amyloid in
the brains of adults with various levels of cognitive func-
tion (patients with AD, other dementias or no dementia, or
cognitively-normal healthy volunteers) in a phase III trial
(Sect. 4.2). For the majority of the cerebral regions asses-
sed, visual assessment of the PET images showed high
sensitivity and specificity versus postmortem histopathol-
ogy assessment, with a high level of inter-reader agree-
ment. Furthermore, whole-brain visual analysis without
using MRI coregistration (performed to better reflect the
proposed use of ['®F]florbetaben in clinical settings)
showed similar results, with high positive and negative
predictive values. As with '®F PET tracers in general,
[lsF]ﬂorbetaben has a short PET scan time of 15-20 min.
An electronic training programme for inexperienced
[18F]ﬂorbetaben PET readers produced reliable results
(Sect. 4.2.3). These findings are supported by early phase
studies (Sect. 4.1), with a survey conducted as an add-on to
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a phase II trial indicating that ['*F]florbetaben PET imag-
ing is associated with increased physician confidence in
initially diagnosing AD, which may positively influence
patient management [39]. Intravenous ['8F]ﬂ0rbetaben was
generally well tolerated in clinical trials, with no radio-
tracer-related serious adverse reactions (Sect. 5).

When compared directly, [ISF]ﬂorbetaben and
[''C]Pittsburgh-compound-B did not differ markedly in
distinguishing patients with AD from healthy volunteers
(Sect. 4.1). Two other 8F_labelled PET tracers (florbetapir
and flutemetamol) are approved for visualizing brain B-
amyloid. Like ['®F]florbetaben, these agents have high
affinity and selectivity for B-amyloid, are validated by
postmortem findings and readily distinguish subjects with
high brain B-amyloid burden from those with little or no B-
amyloid burden [7, 40]. In the absence of head-to-head
trials comparing '®F-labelled PET tracers, a standardized
scale (named, Centiloid) for quantifying B-amyloid PET
data has been developed, so that uptake of various tracers
can be directly compared [41].

In conclusion, ['®F]florbetaben is a highly accurate and
generally well tolerated tracer for detecting/excluding -
amyloid neuritic plaques in the brains of patients with
cognitive impairment because of AD or other causes. The
high accuracy is reflected in good inter-reader agreement
and high predictive values. Of note, the high negative
predictive value indicates that a negative [ISF]ﬂorbetaben
scan can reliably exclude AD pathology. The tracer also
has the advantage of a short PET scan time and electronic
training for inexperienced visual readers. Well designed
trials of ['®F]florbetaben in patients with early stages of
dementia would be of interest.

Data selection sources: Relevant medical literature (including
published and unpublished data) on ['®F]florbetaben was identi-
fied by searching databases including MEDLINE (from 1946) and
EMBASE (from 1996) [searches last updated 8 June 2015],
bibliographies from published literature, clinical trial reg-
istries/databases and websites. Additional information was also
requested from the company developing the drug.

Search terms: Florbetaben, NeuraCeq, positron emission
tomography, PET, imaging, tracer, scan, amyloid, 18F, F18
Study selection: Studies in patients with cognitive impairment
because of Alzheimer’s disease and other causes who received
['®F)florbetaben positron emission tomography scan. When
available, large, well designed, comparative trials with appro-
priate statistical methodology were preferred. Relevant pharma-
codynamic and pharmacokinetic data are also included.

Disclosure The preparation of this review was not supported by any
external funding. Yahiya Y. Syed and Emma Deeks are salaried
employees of Adis/Springer. During the peer review process, the
manufacturer of the agent under review was offered an opportunity to
comment on this article. Changes resulting from comments received
were made by the author(s) on the basis of scientific and editorial merit.
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