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Abstract.

Background: The frontal variant of Alzheimer’s disease (fAD) is poorly understood and poorly defined. The diagnosis
remains challenging. The main differential diagnosis is the behavioral variant of frontotemporal degeneration (bvFTD). For
fAD, there is some dissociation between the clinical frontal presentation and imaging and neuropathological studies, which
do not always find a specific involvement of the frontal lobes. DAPHNE is a behavioral scale, which demonstrated excellent
performance to distinguish between bvFTD and AD.

Objective: The aim of the present study was to assess the reliability of this new tool to improve the clinical diagnosis of fAD.
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Methods: Twenty fAD patients and their caregivers were prospectively included and were compared with 36 bvFTD and 22
AD patients.

Results: The three main behavioral disorders in the fAD patients were apathy, loss of empathy, and disinhibition. Three
disorders were discriminant because they were less frequent and less severe in the fAD patients than in the bvFTD patients,
namely hyperorality, neglect, and perseverations. This specific pattern of behavioral disorders was corroborated by SPECT
or BFDG PET-CT scan that showed that patients with fAD could have a medial frontal hypoperfusion, whereas in bvFTD
patients the orbitofrontal cortex was the main involved region, with more diffuse hypoperfusion.

Conclusion: We demonstrated that DAPHNE had good sensitivity and good specificity to discriminate between the three
groups and in particular between fAD and bvFTD patients. DAPHNE is a quick tool that could help clinicians in memory

clinics not only to differentiate bvFTD from typical AD but also from fAD.

Keywords: Alzheimer’s disease, behavioral disorders, frontotemporal dementia, scale

INTRODUCTION

With the increase in life expectancy and the aging
of the population, the number of patients suffering
from neurocognitive disorders due to Alzheimer’s
disease (AD) keeps growing. The classical clini-
cal presentation is an episodic memory deficit that
becomes progressively established. It is accompanied
through its evolution by a more global alter-
ation of cognitive and behavioral functions, which
compromises autonomy. Described more recently,
progressive focal cortical presentations represent
an unusual expression of AD. In 1982, Mesulam
described isolated progressive language disorders,
associated with atrophy of the left perisylvian regions
[1]. In 1988, Benson et al. reported several cases of
patients presenting difficulties in associative visual
functions, associated with an atrophy of the poste-
rior regions of the brain [2]. In 2011, the diagnostic
criteria for AD were reviewed, and for the first
time these two non-amnestic variants of AD were
included. On this occasion, a third, lesser known and
non-consensual entity, called frontal, behavioral, or
dysexecutive variant of AD, was individualized and
brought closer to language and neurovisual variants
due to the focal progressive dysfunction dimen-
sion [3].

The concept of frontal AD (fAD) was introduced
by Johnson et al. in 1999, through the study of three
cases of patients presenting executive dysfunctions
in whom the subsequent pathological examination
revealed neurofibrillary tangles predominantly in the
frontal lobes [4]. Since this initial article, numerous
studies on fAD have contributed to a more accurate
definition of the clinical, radiological, neuropsycho-
logical and anatomopathological characteristics of
this as yet little-known variant [5-9].

The diagnosis of atypical forms of AD is often
delayed, especially for the frontal variant. Early diag-
nosis is, however, an important issue in order to avoid
misdiagnosis and provide early, specific, and adapted
management and consider possible inclusion in a
therapeutic trial.

According to data from recent studies, fAD gen-
erally appears to affect younger patients than the
amnestic variant and is characterized by:

1. A specific clinical presentation, characterized
by an insidious beginning and a progressive worsen-
ing, with behavioral and/or dysexecutive deficits.

The behavioral presentation is the more frequent
and results in a clinical phenotype very close to that
observed in the behavioral/frontal variant of fron-
totemporal degeneration (bvFTD), which represents
the most frequent differential diagnosis.

The dysexecutive form of AD is characterized by
a predominant executive dysfunction, although the
most frequent reason for consulting is memory loss
complaints [8].

2. The demonstration of a dysfunction in the
anterior cerebral regions through imaging. How-
ever, the results of functional or morphological
imaging are not always consistent. Through mor-
phological imaging by MRI with post-processing
techniques (voxel-to-voxel comparison or voxel-
based morphometry), the cerebral atrophy of fAD
patients is rather temporo-parietal, and therefore very
close to that observed in the classical amnestic variant
[8]. Nevertheless, one study in an fAD group showed
the morphological damage to be slightly stronger in
the orbito-frontal and frontal regions than in typical
AD but less than in bvFTD [9].

3. The etiological proof of the AD process, which
can be established through an anatomopathological
examination but also, and more commonly, in vivo.
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The current means of diagnosis is the study of CSF
biomarkers (the typical CSF profile of AD associates
a decrease in AB42 peptide levels with an increase
in total and hyperphosphorylated tau protein levels)
and/or increased tracer retention on amyloid PET.
IWG-2 criteria for atypical AD include these markers
[10].

The “gold standard” to confirm the diagnosis of AD
still remains pathology. But the anatomopathological
studies in fAD are contradictory. Indeed, in the ini-
tial description by Johnson et al. [4], there seemed to
be a predominance of neurofibrillary tangles in the
frontal regions, but for Blennerhaset et al. [5], the
predominance of the frontal expression would be due
not to neurofibrillary tangles but to a larger amount of
amyloid plaques in the frontal regions. More recently,
Larner’s study did not show any anatomopathological
pattern that could correlate with the clinical pheno-
type [11].

In clinical practice, the main issue is to distinguish
between fAD and bvFTD. Paraclinical explorations
are usually required to diagnose these diseases but
it would be interesting to explore deeper the clinical
differences, including the neuropsychological assess-
ment, between these two groups of patients.

Some scales have been specifically built to assist
in the diagnosis of specific pathologies. This is the
case, for example, with the Frontal Behavioral Inven-
tory (FBI) proposed by Kertesz et al. [12], or the
Frontotemporal behavioral scale (FBS) proposed by
Lebert et al. [13], for the exploration of behavioral
disorders in bvFTD. The lack of a simple tool for
the behavioral rating of bvFTD recently led us to
propose and validate a scale named DAPHNE (Dis-
inhibition, Apathy, Perseveration, Hyperorality, early
Negligence, and Empathy loss). DAPHNE explores
six domains: three with positive items (disinhibition,
perseveration, and hyperorality) and three with neg-
ative items (apathy, negligence, and empathy loss).
Domains were selected from the core diagnostic fea-
tures of Rascovsky’s criteria. A ‘personal neglect’
domain was added in accordance with Kertesz’s FBI,
Lebert et al.’s FBS and based on our own experience.

The DAPHNE scale allows the screening and diag-
nosis of bvFTD versus typical amnestic AD with a
sensitivity and a specificity of 92% [14].

In order to better and more readily identify fAD,
we studied the contribution of DAPHNE to the dif-
ferential diagnosis and characterization of behavioral
forms of AD.

The primary aim of this prospective multicen-
ter study (‘DAPHNE 2’) was to test the DAPHNE

scale as a tool for differential diagnosis between
bvFTD and fAD. The secondary aim, bearing in
mind the absence of consensual criteria, was to bet-
ter prospectively characterize fAD at a neurological,
neuropsychological and paraclinical level.

METHODS
Study design

DAPHNE 2 was a prospective multicenter cohort
study. Patients and caregivers were enrolled from
five expert memory centers in France: Nantes, Lyon,
Dijon, Bordeaux/Dax and Angers. All these centers
have extensive experience in neurodegenerative dis-
eases and especially in bvFTD and AD. The patients
and their caregivers were seen for evaluation at their
respective investigation center.

Subjects

For inclusion in the study, the following criteria
had to be met: 1) the patient had a caregiver and both
agreed to participate in the study; 2) the patient was
referred to one of the five expert memory centers; 3)
the diagnosis was the frontal variant of AD (fAD).

bvFTD patients and AD patients were included
in the previous DAPHNE study [14]. Inclusion of
healthy subjects did not seem relevant since the aim
was to investigate a new behavioral disturbance scale
among different groups of ill patients.

The following clinical features were required. To
avoid inclusion of patients with a very advanced
form of the disease, a Mini-Mental State Examination
(MMSE) score >16 was required. fAD patients had to
fulfill the McKhann criteria and IGW 2 criteria, with
clinically prominent behavioral dysfunctions as well
as evidence of amyloid evaluated by biomarkers. For
bvFTD patients, the revised Rascovsky criteria had to
be met for “possible bvFTD” [15]. AD patients had
to fulfill the modified McKhann criteria [3, 10].

Procedures

fAD patients were followed in their expert memory
center in the course of caregiving for their cogni-
tive and/or behavioral complaint. They were recruited
following a routine care consultation.

At the inclusion visit, which lasted half a day, the
following clinical parameters were collected: age at
the beginning of the disease, duration and symptoms
of the beginning of the disease, significant personal
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and family background, educational level, history
of head trauma and any psychotropic treatments.
Moreover, the investigator (a neurologist and/or a
geriatrician) performed a full neurological and gen-
eral examination to rule out differential diagnoses
based on atypical clinical signs.

All patients underwent a cerebral MRI and a lum-
bar puncture with CSF biomarkers for AD (amyloid,
tau and p-tau). Most of the patients had a PET scan
or SPECT.

Behavioral and neuropsychological assessments

The behavioral evaluation and the neuropsy-
chological assessment were carried out by a
neuropsychologist with experience in neurodegener-
ative diseases.

The DAPHNE scale explores the following six
domains (with a combined total of 10 items): dis-
inhibition (4 items), apathy (1 item), empathy loss (1
item), perseveration (1 item), hyperorality (2 items),
and neglect (1 item). The scale was designed as a
series of semi-structured propositions to be asked of
caregivers. It was composed of items with five possi-
ble answer categories with description and examples.
Items were scored on a five-point scale (none=0,
very mild = 1, mild =2, moderate = 3, and severe =4)
according to their severity and/or frequency of the
behavioral disorder. As in the earlier validation study,
two scores were computed. (1) DAPHNE-6 (screen-
ing) was computed from 6 synthetic binary domains.
For a given domain, we scored one point if at least
one symptom was present, regardless of the number
of items present in the domain and irrespective of the
severity. The maximum score was 6. (2) DAPHNE-
40 (diagnosis) was computed as the sum of the 10
items. The maximum score was 40.

In addition, patients underwent a full neuropsy-
chological evaluation. Global efficiency was assessed
using the MMSE. Episodic memory was tested
using the Free and Cued Selective Reminding Test
(FCSRT) [16] as well as recall of the Rey figure [17].
Attentional capacities and executive functions were
rated using the Frontal Assessment Battery [18], the
Trail Making Test B, verbal fluency [19], the Zoo
test (from the Behavioural Assessment of Dysexecu-
tive Syndrome battery) [20], and the Wisconsin Card
Sorting Test [21]. Denomination and language were
evaluated using the DO 80 (oral denomination of
images test) [22] and visuo-constructive praxis was
evaluated using the copy of the Rey figure. Social
cognition and affective processes were assessed using

several specific tests: the Faux Pas Recognition Test
[23], Reading mind in the eyes Test [24], and Ekman’s
global study of faces for joy, surprise, fear, disgust,
sadness, anger, and neutrality [25].

Finally, caregiver burden was evaluated using the
22-item Zarit Burden Inventory to assess disease
impact on the caregiver’s quality of life [26].

MRI

MRI scans were made on different 1.5 Tesla scan-
ners in order to contribute to the diagnostic process by
excluding other neurological diseases. Since imaging
was performed as part of clinical routine, MRI acqui-
sition parameters were not homogenized. Radiologist
and neurologist analyzed visually cortical atrophy
blind to clinical data. Frontal atrophy, temporal atro-
phy and global atrophy scores for each patient were
dichotomized as normal (without atrophy) or abnor-
mal (atrophy).

Functional imaging

Cerebral 99 mTc-HMPAO SPECT or '8F-FDG
PET were performed for routine indication under
usual conditions. In both PET and SPECT, patients
were injected in quiet surroundings with minimal dis-
tractions. PET and SPECT scans were both oriented
to the orbitomeatal line to obtain transverse, sagittal
and coronal section. Visual analysis and descrip-
tion of SPECT or PET images were retrospectively
performed by two operators blind to neuropsycho-
logical, MRI and all follow-up clinical data. Only
SPECT and PET performed at Nantes Hospital center
were included in the study. Reduced regional uptake
was evaluated on SPECT and PET images accord-
ing to the color scale in percent and describe as no
reduced (uptake > 80%), mild reduced uptake (uptake
>65 and < 80%), moderate reduced uptake (uptake
>50 and <65%) and severe reduced uptake (uptake
<50%). Visual grading was performed on each side
of hemispheres, considered frontal superior, frontal
dorsolateral, orbitofrontal, frontal mesial, temporal
anterior, temporal lateral and parietal regions. The
same grading was performed on the SPECT images
of 20 bvFTD patients and 13 AD patients who had
participated in the previous DAPHNE 1 study [14].

Ethical considerations

The study protocol was approved by the Com-
mittee on Ethics and Human Research (Comité de
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Protection des Personnes Ouest VI) and the study
was performed in compliance with the Code of Ethics
of the World Medical Association (Declaration of
Helsinki). All patients and caregivers gave written
informed consent prior to their participation in the
study.

Gathering of data

All the information required under the study proto-
col was gathered by an investigator from the clinical
team of each participating investigating center. This
confidential information was compiled in the patient
observation notebook, which also included all the
data needed to confirm compliance with the protocol,
perform the statistical analysis and allow any major
deviations from the protocol to be detected.

Statistical analysis

Given the low prevalence of fAD, we planned to
include 15 to 20 patients. Descriptive data for the
three groups (AD, fAD, and bvFTD) were reported
as median and interquartile range. Patient charac-
teristics were compared between the three groups
according to a non-parametric Kruskal-Wallis analy-
sis. A pairwise comparison of groups was performed
using the Dunn’s multiple comparisons test. Cohen’s
d were presented when two groups were com-
pared only if the difference reached significance.
The diagnostic performances of DAPHNE-6 and
DAPHNE-40 were compared using receiver oper-
ating characteristic (ROC) curves. The different
neuropsychological tests were also compared for all
three groups and then in pairs. Here, non-parametric
tests were also used (again Kruskal-Wallis test and
Dunn’s post-hoc test).

Fischer’s exact test was performed for MRI analy-
sis. For functional imaging analysis, Kruskal-Wallis
tests and Dunn’s post-hoc tests were performed for
comparison for the three groups then between fAD
and bvFTD and between fAD and AD.

For statistical analysis the level of significance was
set at 5% (p =0.05).

RESULTS

Twenty fAD patients and their caregivers were
prospectively included between June 2016 and June
2017 within the five recruitment centers: 8 in Nantes,
6 in Lyon, 3 in Dijon, 2 in Bordeaux/Dax, and 1
in Angers. All patients were diagnosed with fAD

Table 1
Clinical characteristics for the three groups of patients

AD (n=22) fAD (n=20) bVFTD (n=36)

Age (y) 66.5 [59-70] 71.5 [66-76] 67 [60-73]
Female/Male 10/12 7/13 15/21
(number)

Education (y) 9[9-12] 9 [8-13] 9 [5-12]
Disease 48 [36-57] 60 [36-78] 48 [36-66]
duration (y)

MMSE /30 24 [21-26] 25 [21-26] 24 [20-26]

AD, Alzheimer’s disease; fAD, frontal Alzheimer’s disease; FTD,
behavioral variant frontotemporal dementia; MMSE, Mini-Mental
State Examination. Data are expressed as median [IQR].

Table 2
DAPHNE-6 and DAPHNE-40 scores for the three groups of
patients
AD group fAD group bvFTD group
(n=22) (n=20) (n=36)
DAPHNE-6 1[1-2] 3 [3-4] 5[4-6]
DAPHNE-40 2[1-4] 8 [5-14] 16 [10-20]

AD, Alzheimer’s disease; fAD, frontal Alzheimer’s disease; FTD,
behavioral variant frontotemporal dementia. Data are expressed as
median [IQR].

defined by a suggestive neuropsychological profile
and by amyloid biomarkers (amyloid, tau, and p-tau
in the CSF for 19 patients and positive amyloid PET
for 1 patient).

Thirty-six bvFTD patients and 22 AD patients were
included in the previous DAPHNE study [14]. The
patients’ demographic characteristics for the three
groups are shown in Table 1.

There was no statistical difference between the
three groups except for the age. For the later, Kruskal-
Wallis test revealed a difference (p =0.039) between
the three groups. Dunn’s post-hoc analysis shown
only a significant between AD and fAD patients
(p=0.047); fAD being slightly older.

Behavioral evaluation: DAPHNE as a clinical
tool to distinguish patients? (3 groups)

The results of the behavioral evaluation in terms
of the DAPHNE-6 and DAPHNE-40 scores for the
AD, fAD, and bvFTD groups are shown in Table 2.
In terms of global scores, there was a significant dif-
ference for DAPHNE-6 and DAPHNE-40 between
the three groups (p < 10~3). Moreover, the post-hoc
analysis showed that the difference was significant
whatever the comparison between any two groups.

Concerning each out of the six domains of
DAPHNE-6 (Fig. 1), whatever the domain, the score
was higher for fAD patients than for AD patients and
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Perseverations

Loss of empathy

OAD
@ fAD
EFTD

Apathy

Disinhibition

0 0.2 0.4

Fig. 1. Mean score for the 6 domains of DAPHNE-6 scale for the 3 groups. AD, Alzheimer’s disease; fAD, frontal Alzheimer’s disease;
FTD, behavioral variant frontotemporal dementia. The x-axis represents a maximum value of 1 for each of the six domains of DAPHNE-6.
For each domain, the score was significantly different between the three groups (Kruskal-Wallis; all p values < 10~3) except for apathy.

higher again for bvFTD patients. These differences
were significant between the three groups, except for
apathy.

Since DAPHNE-40 is a more precise behav-
ioral assessment, unsurprisingly, the 10 items of
DAPHNE-40 revealed results close to those of
DAPHNE-6. The score were statistically higher
between the three groups, except for the items “apa-
thy” and “sexual disinhibition”. Again, scores were
higher for bvFTD patients (bvFTD >fAD>AD).

DAPHNE as a specific tool for clinical diagnosis
of fAD versus bvFTD?

When we focused on the comparison between
fAD and bvFTD of the six domains of DAPHNE-
6 we showed that three disorders were discriminants
to differentiate between the two groups of patients:
hyperorality, neglect, and perseverations (for all
p<0.05). These symptoms were more frequent and
more severe in bvFTD. The three main behavioral
disorders of fAD were apathy, loss of empathy, and
disinhibition.

The comparison of quantitative data for the 10
items of DAPHNE-40 between fAD and bvFTD
showed a slight significant difference for spend-
ing (p=0.04), but this difference was also clear
for loss of initiative (p=0.01), eating disorders
(»=0.007), bulimia, etc. (p=0.01), and personal

neglect (p=0.013) (Fig. 2). Whatever the item, the
mean score was always higher in the bvFTD group.

The ROC curves for DAPHNE-6 and DAPHNE-
40 highlighted discriminatory values between the
two groups (fAD and bvFTD patients). A cut-off
on DAPHNE-6 of 4/6 allowed to distinguish fAD
(score <4) from bvFTD (score >4), with a sensi-
tivity of 92%. A cut-off on DAPHNE-40 of 16/40
allowed to distinguish fAD (score <16) from bvFTD
(score > 16), with a specificity of 85%. We obtained
a high positive likelihood ratio at 6.1 with the score
of DAPHNE ‘combined’. In contrast, in this cohort,
Rascovsky’ criteria demonstrated a lower diagnostic
performance. Fifteen fAD patients fulfilled Ras-
covsky’s criteria for possible bvFTD, having been
assessed with three or more clinical criteria. These
results are summarized in Table 3.

The second part of the Results section explore the
characteristics of the fAD patients in this cohort,
in terms of neuropsychological evaluation, but also
regarding caregiver burden, MRI atrophy and func-
tional imaging.

Neuropsychological evaluation

The results are reported in Table 4. We observed
that neuropsychological evaluation would not allow
an easy distinction between the three groups. The
Kruskal-Wallis test revealed a significant difference
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Loss of social
convenience

Joviality ‘ Spending

disinhibition initiative
Desinhibition Apathy

Emotional
blunting disorders neglect

Loss of Perseverations
empathy

B fAD
B FTD

Fixed ideas Eating Boulimia Personal

Hyperorality Neglect

Fig. 2. Mean scores for the ten items of DAPHNE for fAD and bvFTD patients. fAD, frontal Alzheimer’s disease; FTD, behavioral variant
frontotemporal dementia The y-axis (theoretical maximum value of 4) was censored, considering the highest mean observed. * indicates
a significant statistical difference with a p-value<0.05. ** indicates a significant statistical difference with a p-value<0.01. Cohen’s d for
spending, loss of initiative, eating disorders, bulimia, and personal neglect are respectively 0.56, 0.67, 0.75, 0.87, and 0.91.

Table 3
Diagnostic accuracy of DAPHNE and of the Rascovsky’s revised
clinical criteria to differentiate FTD and fAD patients

Threshold Sensitivity Specificity — Positive

likelihood
ratio

Rascovsky’s >3 100% 25% 1.3
clinical criteria

DAPHNE-6 >4 92% 55% 2.0
DAPHNE-40 >16 47% 85% 3.1
DAPHNE - 92% 85% 6.1
‘combined’

fAD, frontal Alzheimer’s disease; FTD, behavioral variant fron-
totemporal dementia. The positive likelihood ratio is assumed to
demonstrate the interest of a diagnostic tool when >5. Thus, the
value > 5 is shown in bold.

only for total recall on the FCSRT, recognition and
intrusions in this FCSRT, speed of execution on the
Zoo test and verbal fluency (P letter).

For social cognition, we found statistical differ-
ences for Ekman faces recognition for the global
score and for “surprise” items.

When we compared fAD and bvFTD (Dunn’s
post-hoc multiple comparisons test), we observed
significant differences for intrusions in FCSRT
(p<0.05), and execution time of Zoo test (p <0.01).
Always considering fAD versus bvFTD patients,
there was a trend for a better verbal fluency for letter

P and a trend for a higher score for the recognition of
“disgust” on the Ekman test for the fAD patients but
these differences did not reach significance.

Evaluation of caregiver burden

Caregiver burden was studied using the Zarit Bur-
den Inventory. The median score [IQR] was 20 [7-31]
for the AD group but higher for fAD or bvFTD
caregivers, respectively 45 [32-54] and 52 [28-59].
Considering the three groups, these differences were
highly significant (p<10~3) but they did not sig-
nificant when considering only the two groups fAD
versus bvFTD.

MRI atrophy

All the fAD patients underwent an MRI, which in
most cases (n=18) showed global cerebral atrophy.
MRI morphological imaging data were compared
based on nominal qualitative variables by a neurol-
ogist and a radiologist. Comparing the three groups,
there was no significant difference concerning global
cerebral atrophy, or frontal atrophy considered sepa-
rately. However, there were significant differences in
temporal atrophy (p < 1073).
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Table 4
Neuropsychological assessment in the three groups of patients
AD fAD FTD P
AD/fAD/FTD
FCSRT Total recall /48 27 [22-32] 38 [30-45] 41 [33-46] 0.005
Free total recall /48 13 [4-17] 14 [7-20] 13 [8-20] NS
Recognition /16 14 [13-15] 16 [15-16] 15 [15-16] 0.028
Intrusions 4 [2-7] 8 [3-10] 2 [0-5] 0.022
Delayed total recall 10 [6-14] 14 [10-15] 15 [10-16] NS
Oral denomination /80 77 [72-78] 77 [76-78] 77 [73-78] NS
Verbal fluency 2’ Animals 14 [12-20] 14 [11-17] 12 [9-20] NS
P letter 13 [9-20] 14 [10-17] 8 [5-16] 0.022
Rey figure Copy 31 [21-33] 31 [21-34] 31 [23-34] NS
Memory 713-9] 12 [6-15] 8 [6-16] NS
FAB /18 15 [12-16] 13 [8-15] 12 [10-16] NS
TMT A Time in sec 69 [50-90] 72 [46-119] 70 [50-102] NS
TMT B Time in sec 164 [97-262] 180 [133-248] 164 [107-300] NS
Wisconsin Card Sorting Test Criteria /6 2 [1-5] 3[2-4] 2 [2-5] NS
Errors 12 [9-17] 16 [13-19] 15 [11-22] NS
Perseverations 5[2-8] 8 [5-9] 7 [4-12] NS
Z0o0 test Latency time 129 [101-302] 50 [29-83] 39 [7-90] 0.001
Execution time 163 [98-253] 209 [149-315] 97 [79-152] 0.006
“Faux pas” test Detection /10 9 [7-10] 10 [6-10] 9[7-10] NS
Explanation /100 66 [51-74] 70 [30-80] 45 [29-90] NS
No intentionality /100 25 [10-39] 50 [25-70] 30 [11-50] NS
Attrition score /100 40 [30-75] 38 [20-53] 30 [0-58] NS
Global score /60 35 [29-45] 46 [28-50] 30 [19-39] NS
Reading mind in the eyes Global score /36 20 [14-22] 19 [17-22] 17 [14-21] NS
Ekman faces Global score /35 27 [24-28] 24 [22-28] 21 [16-26] 0.017
Happiness/5 5[5-5] 5[5-5] 5[5-5] NS
Surprise /5 5 [4-5] 4[3-4] 3[2-4] 0.003
Fear /5 1[1-2] 1[1-3] 1[1-3] NS
Disgust /5 4 [3-5] 4 [3-5] 3[2-4] 0.057
Sadness /5 4 [3-5] 4 [2-4] 3[2-4] 0.052
Anger /5 3[3-4] 3[2-4] 3[2-4] NS
Neutral /5 5 [4-5] 5 [4-5] 3 [2-5] 0.056

AD, Alzheimer’s disease; fAD, frontal Alzheimer’s disease; FTD, behavioral variant frontotemporal dementia; FCSRT, Free and Cued
Selective Reminding Test; FAB, Frontal assessment battery; NS, not significant. The three groups were compared using a Kruskal-Wallis
test. Data are expressed as median [IQR]. p-values < 0.06 are detailed. p-values < 0.05 were considered significant (bold).

When we compared pairs of groups, we found
a significant difference between the FTD and AD
groups. FTD patients presented more temporal atro-
phy (p<1073) and frontal atrophy (p<1073). We
also found a significant difference between the fAD
and AD groups with more frontal atrophy (p < 1072)
for fAD patients.

In contrast, there were no significant differences
between the fAD and bvFTD groups.

Functional imaging

Twelve fAD patients (63.2%) had a SPECT or an
8EDG PET-CT scan and one patient had an amy-
loid PET-CT scan. SPECT or '®FDG PET-CT scans
were analyzed for the eight fAD patients at Nantes;
six had SPECT scans and two had '8FDG PET-CT
scans. Four out of 8 fAD patients had moderate pari-
etal reduced uptake; bilaterally (n = 1) or predominant

on the left (n = 3). We observed frontal mesial reduced
uptake in all fAD patients (8/8 patients, severe for 3
and moderate for 5), while mesial reduced uptake
was present in 58.9% of AD patients (10/17 patients,
severe for 2, moderate for 2, mild for 6) and in
77.3% of bvFTD patients (17/22 patients, severe for
5, moderate for 8, mild for 4). There was reduced
regional uptake in frontal superior regions in 7/8
fAD patients (severe for 2 on the left, moderate
for 5 predominantly on the left) and in dorsolat-
eral region in 6/8 fAD patients (severe on the left
for one, moderate for 5 with more intensity on the
left). Five of the 8 fAD patients had mild or nor-
mal orbitofrontal uptake. There was no significant
differences in regional uptake between fAD patients
and bvFDT or AD groups, but we noted however a
trend towards a more severe frontal mesial reduced
uptake in fAD patients than AD patients and a trend
towards a more preserved uptake in temporal anterior
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regions in fAD patients when compared to bvFTD
patients.

DISCUSSION

The results of this study support the usefulness of
the DAPHNE scale for the clinical differential diag-
nosis between fAD and bvFTD. We demonstrated that
DAPHNE has good sensitivity and good specificity to
discriminate between these diseases. History-taking
with caregivers is therefore crucial to support the
diagnosis and it appears necessary to use behavioral
scales in order to proceed to an exhaustive and precise
evaluation of these disorders.

Behavior

DAPHNE allowed us to distinguish these popu-
lations from each other, as demonstrated by a high
positive likelihood ratio. In our study, bvFTD patients
obviously fulfilled Rascovsky criteria but most of the
fAD patients did so too (15/20). This again shows
the low specificity of the diagnostic criteria and the
need for more specific diagnostic tools. Furthermore,
DAPHNE enables behavioral symptoms to be quan-
tified.

The three main behavioral disorders of fAD in our
study were apathy, loss of empathy, and disinhibition.
These results are in line with those obtained in the
cohort of Ossenkoppele et al. [8]. The presence of
apathy did not differentiate between the groups, as
this symptom is not specific.

On the other hand, we showed that three dis-
orders were discriminants to differentiate patients,
namely hyperorality, neglect, and perseverations, as
these were more frequent and more severe in bvFTD.
Indeed, in our study more than 80% of bvFTD
patients presented early personal neglect. This symp-
tom, not referenced in Rascovsky’s criteria, is very
frequent in bvFTD [27], and is detected by the
DAPHNE scale. The FBI and the FBS also include
this symptom. Our results highlight that this symp-
tom is relevant for the differential diagnosis of FTD
versus fAD, as already demonstrated in comparison
with amnestic AD, bipolar disorder, or progressive
supranuclear palsy patients [14].

It is now well-known that caregiver burden is
strongly linked to behavior and is heavier in rela-
tives of FTD patients than in relatives of typical AD
patients [28]. Our findings confirm the link between
heavy caregiver burden and patients’ behavior.

Neuropsychological assessment

We observed that neuropsychological assessment
would not enable fAD and bvFTD patients to be read-
ily differentiated. The core discriminatory result for
executive functions was the Zoo Test latency time,
which was very low in bvFTD and fAD patients.
bvFTD and fAD patients rushed to begin the test
without adequate reflection, a tendency linked to
behavioral disturbances and demonstrating impulsiv-
ity in both groups, in comparison with patients with
typical AD.

Concerning memory, it was recently established
that memory testing has limited value in differentiat-
ing AD from FTD [29]. Our bvFTD and fAD groups
both had a similar memory deficit, which was less
pronounced than amnestic syndrome of the AD type.
The two frontal groups had a better total score on
the FCSRT. The criterion of relative preservation of
memory, proposed by Rascovsky et al. for distin-
guishing FTD, needs to be considered with caution.

Our study confirms that traditional neuropsycho-
logical tests have a low diagnostic accuracy in
differentiating between behavioral diseases. In the lit-
erature, the ‘theory of mind’ was assumed to be more
relevant [30, 31]. When we compared bvFTD and
fAD patients, the only difference we found on the
Ekman faces recognition test was for the ‘disgust’
item. Neither the Faux pas test nor Reading mind in
the eyes was contributive. Thus, social cognition does
not appear to be very discriminant.

Imagery

The analysis of functional imaging showed fron-
totemporal abnormalities and especially medial
prefrontal cortex hypoperfusion in fAD patients,
while FTD patients have a main involvement of the
orbitofrontal cortex with more diffuse hypoperfusion.
Medial prefrontal cortex could be linked to apathy
and emotional blunting, whereas the orbitofrontal
cortex could be more linked to disinhibition, personal
neglect, or perseveration.

Thus, this could explain a specific pattern of behav-
ioral disorders. Imaging was performed as part of
clinical routine, so these results are very preliminary.

In summary, we obtained three distinct groups,
with a progression of intensity of behavior disor-
ders: typical AD with few behavioral disorders, fAD
with moderate behavioral disorders, and bvFTD with
severe behavioral disorders.
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This demonstrates that although behavioral disor-
ders are a core characteristic of fAD patients, the
pattern of behavioral disorders is different from that
of bvFTD patients and could be linked to the cortical
regions involved.

The question that arises is the origin of a frontal
presentation affecting the mesial prefrontal cortex at
an early stage. What factors may influence this? Are
there events that affect the frontal cognitive reserve?
One could hypothesize that a history of head trauma
will favor a frontal presentation and it is found in 10%
to 20% of the cases of fAD [32]. Likewise, the pre-
morbid personality, such as a very sthenic underlying
personality, could influence the clinical presentation
of AD at the beginning stage.

Other authors have advanced the hypothesis of
genetics with some case studies highlighting prese-
nilin mutation [33]. APOE is also more often E4 type
in patients with fAD [8]. With regard to early auto-
somal genetic mutations, given the later age of onset
of AD, this criterion cannot of course explain all the
cases.

The strength of this study is the prospective
methodology. Clinical data were collected after
obtaining the patients’ consent and with a standard-
ized method. It will be very interesting to conduct a
longitudinal study to acquire a better knowledge of
the course of the disease in patients with a frontal
presentation of AD. Do the behavioral disorders give
way to a more typical profile of AD when cognitive
disorders increase?

The limitations are related to the small size of our
groups of patients. We focused our study on the most
frequent form of frontal AD, the behavioral variant,
and therefore excluded the isolated dysexecutive vari-
ant. These differences could possibly be explained
by the fact that in our study, 75% of fAD patients
fulfilled Rascovsky’s criteria for bvFTD. The low
prevalence of fAD compelled us to include patients at
five different sites. The patients with typical AD were
relatively young as they were age matched to patients
with behavioral AD or FTD. This is because patients
with fAD are generally younger than patients with
the amnestic variant. Consequently, they may differ
in profile from late onset AD patients. Furthermore,
our diagnoses were not confirmed by autopsy. How-
ever, we used CSF amyloid and tau biomarkers to
support the diagnosis of AD pathology.

There are currently no consensus clinical criteria
for fAD. By analogy with criteria of bvFTD [15],
they could be defined as: 1) diagnosis of possible
fAD based on behavior and cognitive features after

use clinical diagnostic tools (behavioral scales, neu-
ropsychological testing), 2) diagnosis of probable
fAD based on imaging findings and also biological
biomarkers. It seems therefore relevant to propose if
available, CSF biomarker analysis or amyloid PET
to confirm AD as the causative etiology in patients
with a behavioral clinical presentation, 3) diagnosis
of definite fAD based on the presence of a known
pathogenic mutation or histopathological evidence of
AD (on biopsy or autopsy).

With this aim in mind, behavioral inventory
appears to be a very good criterion to help in the
differential clinical diagnosis of fAD and bvFTD,
compared to executive assessment or social cogni-
tion for possible fAD. Definition of the behavioral
clinical syndrome is important for routine screening,
as well as for optimal management of patients and
their families. DAPHNE, with a scoring system on
a 5-point scale, has the advantage of swiftness and
efficiency.
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