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Abstract
Purpose In recent years, several [18F]-labeled amyloid-PET
tracers have been developed and have obtained clinical ap-
proval. Despite their widespread scientific use, studies in rou-
tine clinical settings are limited. We therefore investigated the
impact of [18F]-florbetaben (FBB)-PET on the diagnostic
management of patients with suspected dementia that was still
unclarified after [18F]-fluordeoxyglucose (FDG)-PET.
Methods All subjects were referred in-house with a suspected
dementia syndrome due to neurodegenerative disease. After
undergoing an FDG-PET exam, the cases were discussed by
the interdisciplinary dementia board, where the most likely
diagnosis as well as potential differential diagnoses were doc-
umented. Because of persistent diagnostic uncertainty, the

patients received an additional FBB-PET exam. Results were
interpreted visually and classified as amyloid-positive or am-
yloid-negative, and we then compared the individual clinical
diagnoses before and after additional FBB-PET.
Results A total of 107 patients (mean age 69.4 ± 9.7y) were
included in the study. The FBB-PET was rated as amyloid-
positive in 65/107. In 83% of the formerly unclear cases, a
final diagnosis was reached through FBB-PET, and the most
likely prior diagnosis was changed in 28% of cases. The
highest impact was observed for distinguishing Alzheimer’s
dementia (AD) from fronto-temporal dementia (FTLD), where
FBB-PET altered the most likely diagnosis in 41% of cases.
Conclusions FBB-PET has a high additive value in establishing
a final diagnosis in suspected dementia cases when prior inves-
tigations such as FDG-PETare inconclusive. The differentiation
between AD and FTLD was particularly facilitated by amyloid-
PET, predicting a considerable impact on patient management,
especially in the light of upcoming disease-modifying therapies.
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Introduction

Alzheimer’s disease (AD) is the most prevalent form of neu-
rodegenerative dementia, and is consequently imposing an
onerous burden on health care systems in societies with aging
populations [1]. Intracellular neurofibrillary tangles and extra-
cellular amyloid plaques comprise the hallmark neuropathol-
ogies of AD [2]. Recently developed amyloid-PET radio-
tracers such as [18F]-florbetaben (FBB) possess proven sensi-
tivity to detect brain amyloid pathology in vivo [3], as con-
firmed by subsequent autopsy studies [4]. Current
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considerations recommend biomarker-based classification
schemes for AD, with amyloid-PET being an integral compo-
nent [5].

Criteria for appropriate use of amyloid imaging have been
defined to include three groups of patients in whom the bio-
marker evidence should be most relevant [6]: (1) early (below
65 years of age) onset of progressive dementia; (2) atypical or
mixed presentation of AD; and (3) persistent or progressive
unexplained mild cognitive impairment. Importantly, the re-
sults of amyloid-PET imaging bring added value in clinical
management of individual patients [7]. In this regard, ad-
vanced age hampers the value of amyloid-PET, as positivity
is present in more than 40% of cognitively healthy subjects
older than 90 years [8].

Despite widespread use in scientific investigations, the ap-
plication of amyloid-PET in clinical routine settings has
remained limited [7]. However, amyloid-PET is poised to
complement more established AD biomarkers, such as struc-
tural magnetic resonance imaging (MRI) [9], [18F]-
fluorodeoxyglucose (FDG)-PET [10], and protein concentra-
tions of cerebrospinal fluid (CSF) [11].

The aim of this study was to assess the additive diagnostic
value of FBB-PET in a clinical setting. To this end, we ex-
tended the hitherto established algorithm of differential diag-
nosis of dementia at our center to include the option of
amyloid-PET when the battery of prior multi-modal assess-
ments had proven insufficient for differential diagnosis. We
intended to evaluate the impact of additional amyloid-PET on
the diagnosis in previously ambiguous cases.

Methods

Study design and patient enrollment

All subjects were recruited at the University of Munich,
Department of Neurology, Department of Psychiatry, and
Institute for Stroke and Dementia Research, respectively,
and were scanned in a clinical routine setting at the
Department of Nuclear Medicine between 2012 and 2015.
After undergoing cognitive testing, MRI, CSF sampling and
FDG-PET examinations, the cases were discussed by the in-
terdisciplinary dementia board, which recommended an addi-
tional amyloid-PET for cases with remaining uncertainty in
the final diagnosis. We selected 107 patients with mild cogni-
tive impairment or dementia for additional amyloid-PET, and
recorded their most likely diagnosis according to ICD-10 and
common diagnostic criteria [12–15] as well as potential dif-
ferential diagnoses prior to FBB-PET. The FBB-PET record-
ings were interpreted visually and classified as amyloid-
positive or -negative, and diagnoses were compared before
and after FBB-PET.

Clinical assessments, MRI and CSF

All patients received a clinical neurological examination and
neuropsychological testing consisting of the Mini-Mental-
State Examination (MMSE) and optional CERAD plus bat-
tery that includes Trail Making Test A and B as well as verbal
fluency tests. Years of education were recorded, and laborato-
ry parameters for metabolic causes of dementia (vitamin B12,
thiamine and folate levels, and thyroid, and liver function)
were assessed. MRI was performed with 1.5 and 3.0 Tesla
magnets, using at least a T1w sequence for atrophy assess-
ment and a T2w-FLAIR sequence for screening of
leukoencephalopathy. Lumbar CSF was collected for assess-
ment of phosphorylated tau (threshold: p-tau, <61 pg/ml), to-
tal tau (threshold: <450 pg/ml) and Aβ42 (threshold: >450 pg/
ml).

PET imaging

Radiosynthesis

Radiosynthesis of FBB was performed as described previous-
ly [16], employing an automated synthesis module (Modular-
Lab Standard, Eckert & Ziegler, Berlin, Germany). Averaged
radiochemical purity was >99% and specific activity was
7.3 × 105 ± 3.4 × 105 GBq mmol−1. FDG was purchased
commercially.

FDG PET acquisition

FDG-PET images were acquired on a GEDiscovery 690 PET/
CT scanner or a Siemens ECAT EXACT HR+ PET scanner.
All patients had fasted for at least 6 h, and had a maximum
plasma glucose level of 150 mg/dl at the time of scanning. A
dose of 140 ± 7 MBq FDG was injected intravenously as the
patients rested in a room with dimmed light and low noise
level. Static emission frames of 5 min each were acquired
from 30 to 45 min p.i. on the GE Discovery 690 PET/CT, or
from 30 to 60 min p.i. on the Siemens ECAT EXACT HR+
PET scanner. A low-dose CT scan or a transmission scan with
external 68Ge-source performed prior to the static acquisition
was used for attenuation correction. PET data were recon-
structed iteratively (GE Discovery 690 PET/CT) or with
filtered-back-projection (Siemens ECAT EXACT HR+ PET).

FBB-PET acquisition

FBB-PET images were acquired in 3-Dmode exclusively on a
GE Discovery 690 PET/CT scanner. After intravenous injec-
tion of 300 ± 5 MBq FBB static emission recordings were
generated as four frames of 5 min each extending from 90 to
110 min p.i. [17]. After inspection for movement, the frames
were summed. A low-dose CTscanwas performed prior to the
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static acquisition for attenuation correction of the PET record-
ings. PET data were reconstructed iteratively.

Image analysis

Visual analysis of FDG PET

For image interpretation of the FDG-PET images, three-
dimensional stereotactic surface projections (3D-SSP) [18]
were generated using the software Neurostat (Department of
Radiology, University of Washington, Seattle, WA, USA). A
senior expert visually assessed the 3-D-SSP images depicted
as tracer uptake and Z-score maps against reference images
from age-matched healthy controls. The reader had access to
clinical information (available in all cases) and MRI imaging.
FDG-PET was rated for either the presence of a neurodegen-
erative metabolism pattern, an intermediate likelihood group
of probable synaptic dysfunction, or the absence of a neuro-
degenerative metabolism pattern (+ / o / -). Based on an ana-
tomic pattern of hypometabolism, the evaluation of FDG-PET
was categorized as the most likely of the following diagnoses:
AD, FTLD or non-AD/non-FTLD.

Visual analysis of FBB-PET

The FBB images were visually assessed by three independent
experts, who were aware of the ongoing study. Patients with
significantly increased cortical FBB uptake in at least one
target region were judged as amyloid-positive according to
common diagnostic criteria [19]. Conflicting results between
readers were resolved by consensus. Scans were definitively
interpreted immediately after imaging and the final read was
provided to the clinician at that time.

Statistical analysis

Normality of data distribution was assessed by the
Kolmogorov-Smirnov test. The nonparametric χ2 test was
used to test for significantly differing probability of categori-
cal dichotomous (amyloid-PET read-out, final clinical diagno-
s i s , d i a gno s i s c hange , g ende r ) , t r i c ho t omous
(neurodegeneration likelihood of FDG-PET) and four item
(clinical categorization after FDG-PET) variates among sub-
groups. MMSE as an ordinal variate was compared by the
Mann-Whitney test between subgroups, and age as the only
metric variate was compared by a Students t-test. A signifi-
cance level of p < 0.05 for rejection of the null hypothesis was
applied in all analyses, whereas p < 0.1 was defined as a trend.
All statistical tests were performed using SPSS (version 23.0,
IBM, Chicago, IL).

Results

Demographics

A total of 107 subjects (48%male) were included in the study
(Table 1). The mean age was 69.4 years (SD 9.7). MRI was
available from 84 patients and revealed moderate to severe
leukoencephalopathy in 40/84 (48%) cases and significant
brain atrophy in 47/84 (56%) cases. CSF was obtained from
65 patients with pathological alterations of total tau (34/65,
52%), p-tau (37/65, 57%), and Aβ42 (21/65, 32%). Patients
who were not evaluated byMRI or CSF had contraindications
or refused the examination. All patients underwent FDG-PET.

Initially suspected diagnoses before FDG-PET in the 47
subjects with mild cognitive impairment (MCI) were AD
(N = 22), depression (N = 3), vascular dementia (N = 2), and
MCI not specified (N = 20). In the 60 demented subjects, the
diagnoses were AD (N = 23), FTLD (N = 12), vascular de-
mentia (N = 1), depression (N = 2), Parkinsonian syndrome
(N = 1), multiple system atrophy type C (N = 1), thiamine-
deficient encephalopathy (N = 1), and dementia not specified
(N = 19).

FDG-PET findings

The rate of neurodegeneration-typical patterns in FDG-PET
was higher in demented subjects when compared to MCI
(χ2 = 11.2, p = 0.004; Table 2), but the proportion of neuro-
degenerative FDG-PET patterns did not differ between the
AD and non-AD subgroups of MCI patients (χ2 = 0.5,
p = 0.772). Among the subgroups of demented patients, we
observed a trend towards higher frequency of neurodegener-
ative FDG-PET patterns in suspected FTLD patients (11/12
cases; χ2 = 9.5, p = 0.051).

Reasons for recommending Amyloid-PET
by the dementia board

Patient groups were categorized according to the rationale
which led to an additional amyloid-PET, as judged by the
interdisciplinary dementia board after FDG-PET. Five con-
stellations were observed in this regard: (1) In 29/107 (27%)
cases with manifest synaptic dysfunction to FDG-PET, the
differential diagnosis between AD and FTLD was unclear;
(2) Prodromal synaptic dysfunction, especially in the posterior
cingulate cortex, was observed in 30/107 (28%) cases and
FBB-PET was intended to confirm suspected AD; and (3)
24/107 (22%) cases mostly presented with low or AD-
atypical synaptic dysfunction, but with clinical uncertainty
regarding the underlying AD-pathology. In these subjects,
FBB-PET was recommended to exclude amyloid pathology;
(4) AD-like patterns of hypometabolism together with nega-
tive CSF levels for Aβ1-42 were observed in 7/107 (7%)
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patients, for whom FBB was recommended to elucidate a
possible amyloid pathology biomarker mismatch; and (5)
Possible AD-like synaptic dysfunction but atypical clinical
presentation for AD was found in 17/107 (16%) patients, for
who FBB-PET was intended to confirm suspected AD. As
expected, the proportions of severity of hypometabolismwith-
in the neurodegenerative metabolism patterns differed signif-
icantly between recommendation subgroups (χ2 = 59.2,
p < 0.001, Fig. 1a), as did the most likely diagnostic classifi-
cation after FDG-PET (χ2 = 64.4, p < 0.001, Fig. 1b).

Amyloid-PET findings and consecutive diagnoses

The mean (± SD) time period between FBB and FDG-PET
was 2.7 (± 3.4) months. Of all subjects, 65/107 (61%) were
visually classified as amyloid-positive (40% male; mean age
69.2 ± 9.5 y), 42/107 (39%) as amyloid-negative (59% male;
mean age 69.6 ± 10.1 y, Table 3). Cognitive performance was
lower in amyloid-positive patients (Δ: −2.1 MMSE points,
Mann-Whitney: p = 0.011), who had a higher frequency of
female gender when compared to amyloid-negative patients
(χ2 = 3.9, p = 0.038). Amyloid positivity was present in all
cases with recommendation due to negative CSF levels for
Aβ1-42 (100%, χ2 = 4.8, p = 0.027 versus remaining cases),
and significantly lower in the sub-group for whom amyloid-
PETwas intended to rule out AD pathology (21%, χ2 = 20.7,
p < 0.001 versus remaining cases).

In 89/107 (83%) cases, a final diagnosis was reached after
FBB-PET. A positive amyloid read led to a final diagnosis in

61/65 (94%) patients. In contrast, a negative amyloid read
resulted in a final diagnosis in only 28/42 (67%) of the cases
(χ2 = 13.5, p < 0.001, Table 3. Low and intermediate likeli-
hood of neurodegeneration in FDG-PET tended to be associ-
ated with persistently lacking a diagnosis even after FBB-PET
when compared against high likelihood of neurodegeneration
(χ2 = 4.6, p = 0.101).

FBB-PET proved to be efficient in providing a final diag-
nosis, especially in cases in which it was desired to distinguish
AD from FTLD (final diagnosis in 28/29; 97%; see Figs. 2
and 3 for illustrative cases), a rate which was significantly

Fig. 1 Synaptic dysfunction and diagnostic categorization in different
categories with recommendation of additional amyloid-PET. a Bar
graph showing the proportions of likelihood of neurodegeneration (N+
= present; No = intermediate; N- = absent) within subgroups in which
additional amyloid-PET was recommended by the interdisciplinary
dementia board. b Bar graph indicating the proportions of clinical
severity (MCI = mild cognitive impaired; DEM = demented) divided
for favored AD and pooled non-AD diagnosis

Table 1 Demographics and
composition of the study
collective

N Age Gender Education MMSE

MCI 47 71.7 ± 8.3 18 ♂ 29 ♀ 14.3 ± 4.6 25.6 ± 2.3

AD 22 68.9 ± 7.3 7 ♂ 15 ♀ 14.6 ± 3.6 25.4 ± 2.6

non-AD/non-FTLD / not specified 25 74.2 ± 8.5 11 ♂ 14 ♀ 14.2 ± 5.3 25.7 ± 2.1

Dementia 60 67.5 ± 10.3 33 ♂ 27 ♀ 12.7 ± 3.5 21.7 ± 5.9

AD 23 70.0 ± 8.8 13 ♂ 10 ♀ 12.7 ± 4.7 22.6 ± 5.4

FTLD 12 64.2 ± 5.9 6 ♂ 6 ♀ 12.3 ± 2.2 23.3 ± 5.5

non-AD/non-FTLD / not specified 25 66.7 ± 12.8 14 ♂ 11 ♀ 12.9 ± 3.2 20.4 ± 6.3

Table 2 Likelihood of neurodegeneration (+ high; o intermediate; −
low) as assessed by synaptic dysfunction patterns of FDG-PET

N + o –

MCI 47 16 (34%) 25 (53%) 6 (13%)

AD 22 8 (36%) 12 (55%) 2 (9%)

non-AD/non-FTLD / not specified 25 8 (32%) 13 (52%) 4 (16%)

Dementia 60 40 (67%) 16 (26%) 4 (7%)

AD 23 16 (70%) 7 (30%) 0 (0%)

FTLD 12 11 (92%) 1 (8%) 0 (0%)

non-AD/non-FTLD / not specified 25 13 (52%) 8 (32%) 4 (16%)
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higher when compared to the pooled remaining subjects
(χ2 = 5.1, p = 0.018). The small group of patients with nega-
tive Aβ1-42 values in CSF received a final diagnosis in 7/7
(100%) of cases (χ2 = 0.7, p = 0.650). Subjects with prodro-
mal synaptic dysfunction to FDG-PET (χ2 = 1.3, p = 0.199;
see Fig. 4 for illustrative cases) obtained a final diagnosis after

FBB-PET in 23/30 (77%) of cases, and those with atypical
clinical presentation (χ2 = 1.5, p = 0.264) obtained a final
diagnosis in 13/17 (77%) cases. The lowest rate of established
final diagnosis was observed in cases with intention to exclude
AD (18/24, 75%; χ2 = 1.5, p = 0.180; see Fig. 5 for illustrative
cases).

Table 3 Amyloid-PET findings
and resulting diagnosis together
with changes in prior favored
diagnosis after FBB-PET. Results
for the entire cohort, amyloid-
positive, and amyloid-negative
subjects, as well as for subgroups
with different recommendations
for additional amyloid-PET. **
indicates statistical significance
(p < 0.05) between positive and
negative amyloid status. ##

indicates statistical significance
(p < 0.05) of the subgroup versus
pooled other subjects and #

indicates a trend (p < 0.1) in the
same contrast

Study
Groups

N Age
(y ± SD)

Female
Gender
(%)

MMSE (0-
30 ± SD)

Positive
Aβ-PET
read (N)

Final
clinical
diagnosis
after FBB-
PET (%)

Change of
diagnosis
after FBB-
PET (%)

All subjects 107 69.4 ± 9.7 52 23.5 ± 5.0 65 (61%) 83 28

Amyloid
positive

65 69.2 ± 9.5 60** 22.7 ± 5.1** 94** 22**

Amyloid
negative

42 69.6 ± 10.1 41 24.8 ± 4.6 67 38

Subgroups

AD vs.
FTLD

29 65.4 ± 9.3 48 23.3 ± 4.7 19 (66%) 97## 41#

Rule out
AD

24 68.8 ± 11.2 33## 24.7 ± 4.8 5 (21%)## 75 29

Prodromal
synaptic
dysfunc-
tion

30 75.3 ± 6.4## 63 23.0 ± 4.3 21 (70%) 77 30

Aβ1-42

CSF
negative

7 69.7 ± 12.1 57 22.7 ± 5.3 7 (100%)## 100 0#

Atypical
presentation

17 66.2 ± 7.4 65 20.4 ± 6.6 13 (76%) 77 12#

Fig. 2 Differential diagnosis of FTLD vs. frontal variant of AD: 3-
dimensional stereotactic surface projection (3DSSP) FDG images and
axial gray-scale FBB-PET images of a 63-year-old female patient (a)
and a 66-year-old male patient (b). Both patients presented with FTLD-
like hypometabolic patterns in FDG-PET, but with minor involvement of
parietal cortex. In patient a, a final diagnosis of FTLD was established

based on the negative FBB-PET. In patient b, the positive FBB-PET led
to an AD diagnosis. Normalized count rates (upper rows, max: Z-score 5)
and Z-maps for FDG (lower rows, max: Z-score 5). Projections: R LAT:
right lateral, L LAT: left lateral, SUP: superior, INF: inferior, ANT:
anterior, POST: posterior, R MED: right medial, L MED: left medial
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Fig. 4 Clarification of prodromal synaptic dysfunction in MCI: 3-D
stereotactic surface projection (3DSSP) FDG-PET images and axial
gray-scale FBB-PET images of a 73-year-old female subject (a) and a
77-year-old female subject (b). Both patients presented with moderate
hypometabolism in the posterior cingulate cortex (PCC) to FDG-PET,
leading to the most likely diagnosis of AD. In subject a, the positive

FBB-PET led to the final diagnosis of AD, while in subject b no final
diagnosis could be reached after the negative FBB-PET. Normalized
count (upper rows, max: Z-score 5) and Z-maps for FDG (lower rows,
max: Z-score 5). Projections: R LAT: right lateral, L LAT: left lateral,
SUP: superior, INF: inferior, ANT: anterior, POST: posterior, R MED:
right medial, L MED: left medial

Fig. 3 Differential diagnosis of PPA: 3-D stereotactic surface projection
(3DSSP) FDG images and axial gray-scale FBB-PET images of a 59-
year-old female patient (a) and a 59-year-old male patient (b), both
clinically presenting with PPA (unclassified). Both patients showed
FTLD-like hypometabolic patterns in FDG-PET. Patient a received a
final diagnosis of lvPPA due to AD, based on amyloid-positive FBB-

PET. Patient b received a final diagnosis of svPPA due to FTLD, based
on amyloid-negative FBB-PET. Normalized count (upper rows, max: Z-
score 5) and Z-maps for FDG (lower rows, max: Z-score 5). Projections:
R LAT: right lateral, L LAT: left lateral, SUP: superior, INF: inferior,
ANT: anterior, POST: posterior, R MED: right medial, L MED: left
medial

2244 Eur J Nucl Med Mol Imaging (2017) 44:2239–2248



Change of prior diagnosis after FBB-PET

In 30/107 (28%) of all cases, the most likely prior diagnosis
after FDG-PET was changed due to the FBB-PET results. A
negative amyloid status tended to be associated with a higher
rate of diagnosis change (16/42, 38%; χ2 = 3.5, p = 0.051)
when compared to amyloid-positive subjects (14/65, 22%).
Considering the rationale for additional amyloid-PET recom-
mendation subgroups described above, the impact of FBB-
PET on altering the most likely prior diagnosis varied, with
the highest rate of change for the AD vs. FTLD differential
diagnosis subgroup (12/29, 41% change of diagnosis,
Table 3), which tended towards significance in contrast with
pooled other cases (χ2 = 3.5, p = 0.054). Atypical clinical
presentation and negative Aβ1-42 values in CSF had trends
towards lower rate of changes in diagnosis when compared
to the remaining subjects. The likelihood of neurodegenera-
tion in FDG-PET did not predict changes in diagnosis due to
additional FBB-PET (χ2 = 1.3, p = 0.513).

Discussion

In this observational study using FBB in a clinical routine
setting, we found a relevant additive value of amyloid imaging
for resolving diagnoses in unclear dementia cases. These

tertiary dementia care cases were selected by an interdisciplin-
ary board informed by results of clinical examination, cogni-
tive testing, MRI imaging, CSF analysis and FDG-PET.
Amyloid-PET enabled a final diagnosis in >80% of the for-
merly unclear cases, and the initially favored differential di-
agnoses changed in nearly a third of the patients. Highest
diagnostic impact was observed in the subgroup requiring
differential diagnosis between AD and FTLD, in whom
amyloid-PET changed >40% of the previously favored
diagnoses.

Our data indicated that addition of amyloid PET changed
the prior favored diagnosis in 28% of all subjects. This is in
line with findings of another single-center study in 57 patients
in which the authors found a percentage of 23% diagnosis
reclassifications with [11C]-PiB amyloid PET [20]. Our find-
ings of significantly higher rate of revised diagnoses among
amyloid-negative, as compared to amyloid-positive subjects,
are in congruence with data of a recent multi-center investiga-
tion evaluating amyloid deposition with [18F]-florbetapir in
228 patients [21]. One multi-center investigation found even
higher rates of revised diagnoses (55%) when investigating
229 patients with progressive cognitive decline by [18F]-
florbetapir [22]. However, others observed that additional
[11C]-PiB PET brought an overall change of baseline diagno-
sis of only 9% when examining 140 patients with dual FDG-
and amyloid-PET in an academic dementia center [23]. The

Fig. 5 Differential diagnosis of vascular dementia vs. mixed dementia:
Axial MRI T2 FLAIR sequence images, 3-D stereotactic surface
projection (3DSSP) FDG-PET images and axial gray-scale FBB-PET
images of a 78-year-old female subject (a) and a 77-year-old female
subject (b), both presented with MCI, leukoencephalopathy in MRI and
diffuse hypometabolic patterns in FDG-PET. For both patients, the most
likely diagnosis of vascular dementia was favored after FDG-PET. Patient

a received a final diagnosis of vascular dementia after the negative FBB-
PET. Patient b received a final diagnosis of mixed dementia (AD +
vascular dementia) after the positive FBB-PET. Normalized count
(upper rows, max: Z-score 5) and Z-maps for FDG (lower rows, max:
Z-score 5). Projections: R LAT: right lateral, L LAT: left lateral, SUP:
superior, INF: inferior, ANT: anterior, POST: posterior, R MED: right
medial, L MED: left medial
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considerable variability of the rates of revised diagnoses be-
tween the different studies is most likely related to the com-
prehensiveness of clinical evaluation prior to amyloid-PET.
This is such as it is known that the added biomarker value
increases diametrically with the clinical experience [7]. Also,
our preselection of complex patients with inconclusive assess-
ments including FDG-PET probably favored a higher percent-
age of diagnosis changes. The current study design empha-
sizes the added value of amyloid imaging for clinical diagno-
sis even after assessment of synaptic dysfunction by FDG-
PET, which is itself known to have considerable influence
on clinical diagnosis of AD [24]. Of interest, we have recently
argued that early-phase amyloid-PET, as a surrogate marker of
perfusion, has the potential to substitute for FDG-PET insofar
as two channels of information (amyloid and neurodegenera-
tion) can be obtained from one examination [25, 26]. In light
of the current data, it is likely that patients with complex
differential diagnosis of AD versus FTLD would potentially
benefit most from this approach.

Subgroup findings in this study allowed conclusions about
the particular value of amyloid-PET in different clinical con-
ditions. This is of key importance, as limited tracer availabil-
ity, high costs, and continuing absence of any curative treat-
ment option currently make it necessary to triage patients for
amyloid-PET. Here, we found the highest impact for differen-
tial diagnosis between AD and FTLD, where a final diagnosis
was established in 28/29 (97%) of the cases. Most significant-
ly, the diagnosis favored prior to addition of amyloid-PET
changed in 12/29 (41%) of all patients in that subgroup. In
contrast, an earlier study found high sensitivity and specificity
for differentiation between AD and FTLD by sole FDG-PET
when using stereotactic surface projections for visual interpre-
tation, as in the present study [27]. In this context, selection by
the interdisciplinary dementia board biased the present study
towards complex or ambiguous patients, such that patients
enrolled for amyloid-PET likely do not represent a
population-based composition of straightforward AD and
FTLD patients. However, this group composition consolidates
the current findings in this subgroup, as amyloid-PETenabled
a clinical diagnosis in nearly all of those challenging cases.
This was especially relevant in frontal variants of AD and in
FTLD with coexisting parietal hypometabolism (Fig. 2).

Our sample included nine patients with a post-amyloid
PET diagnosis of primary progressive aphasia (PPA; BAD
vs. FTLD^ and BRule out AD^ subgroups). Of these, three
were amyloid-positive and six were amyloid-negative. It has
been proposed that different proportions of underlying neuro-
pathology can support the clinical classification of PPA sub-
types [15], and findings of a recent review indicated amyloid
positivity of 13% for semantic variant PPA (svPPA) and 85%
for logopenic variant PPA (lvPPA) [28]. In line with that dis-
tribution, all amyloid-positive PPA cases of the current study
were clinically diagnosed as lvPPA whereas all amyloid-

negative cases were clinically diagnosed as svPPA [29]. Two
PPA cases were initially difficult to classify, but primarily
suspected to be svPPA with underlying FTLD neuropatholo-
gy. In both of these cases, diagnosis was revised through pos-
itive amyloid-PET (one case illustrated in Fig. 3). These case
observations clearly substantiate the impact of amyloid imag-
ing on differential dementia diagnosis such as that of PPA
variants.

In a clinical routine setting, borderline findings of pro-
dromal synaptic dysfunction in FDG-PET are inadequate
as biomarker information and do not support a life-
changing dementia disease diagnosis. Although there is
population group-based evidence predicting conversion
from MCI to AD when synaptic dysfunction is present
in the posterior cingulate cortex [30], the diagnosis of
AD in individual cases is often uncertain, especially when
other causes (e.g., leukoencephalopathy) for cognitive de-
cline co-exist with cerebrometabolic changes. Our data
fully reflect this dilemma, as 9/30 cases with AD-typical
distribution of synaptic dysfunction were amyloid-nega-
tive, even though their synaptic dysfunction pattern did
not differ from that of the amyloid-positive subjects of
the same subgroup (Fig. 4).

Convincing evidence that amyloid-negative PET rules out
progressive AD pathology in vivo has already been presented
for FBB [4]. The high negative predictive value of amyloid-
PET scans primarily result from the cortical Aβ deposition
builtup already early in the disease course, which makes AD
very unlikely in case of amyloid-negativity. Indeed, a negative
amyloid scan was present in 77% of our AD exclusion group.
Four patients in this subgroup were still lacking a final diag-
nosis after negative amyloid-PET, as their mild cognitive im-
pairment could not be definitively attributed, given the absent
amyloid pathology. These four patients had contraindication
for MRI, which might well have revealed a microvascular
component (or leukencephalopathy) of their cognitive impair-
ment, given that they all presented with cardiovascular risk
factors. Two cases illustrated in Fig. 5 presented with
leukoencephalopathy in MRI and moderate synaptic dysfunc-
tion to FDG-PET, but only one was identified as suffering
from mixed dementia with additional underlying AD
pathology.

Seven patients who had moderate-to-high likelihood for
AD after FDG-PET but with negative CSF findings (normal
Aβ42) were without exception rated as amyloid-positive.
Similar discrepancies between molecular imaging and CSF
biomarkers of amyloid pathology have been reported else-
where [31, 32]. As an example, a recent study found a discor-
dance of 25% between the two biomarkers [33], which fits
well with our present data. It must be considered that CSF
results may differ between laboratories, and a proportion of
patients refuse CSF collection or have contraindication such
as anticoagulation treatment.
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Most of the patients in the subgroup with atypical clinical
presentation of AD had a distinct hypometabolism in temporal
or occipital cortices that exceeded the metabolic effect in clas-
sical AD regions like the posterior cingulate cortex or the
parietal cortex. These results are in line with previous findings
of congruence between FDG-PET and the phenotype [34]. A
high frequency of amyloid-positive scans was observed in this
subgroup, with confirmed AD pathology in most cases (85%).
Although two out of eight cases with suspected PCA were
amyloid-negative, this did not impact the final diagnosis. In
contrast, two previous investigations found amyloid-positivity
without exception in PCA samples [35, 36]. However, another
study that focused on amyloid imaging with [11C]-PiB in pa-
tients with atypical clinical AD presentation likewise identi-
fied two out of five PCA cases as amyloid-negative [34]. In
summary, amyloid-PET did not bring a change in diagnosis in
this entire subgroup. However, we consider the use of amyloid
PET as relevant for future anti-amyloid treatment options also
in case of PCA.

We note a limitation of this study in that we did not attain
scores for confidence in pre- and post-amyloid-PET diagnosis,
but rather focused on the establishment of a final diagnosis
after amyloid imaging. Thus, more detailed analyses of diag-
nostic certainty could not be performed. However, establish-
ment of a final diagnosis via FBB-PET in cases which remain
unclear after FDG-PET is a rather strong indicator of the
added value of amyloid-PET.

Conclusion

FBB-PET has a high additive value in establishing a final
diagnosis in cases with suspected dementia disorders when
FDG-PET remains inconclusive. Differential diagnosis be-
tween AD and FTLD most prominently profited from addi-
tional amyloid-PET. Future work should address the question
of whether this incremental value of FBB-PET translates into
improved patient management, especially in light of upcom-
ing disease-modifying therapies.
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