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ABSTRACT 

BACKGROUND: Differential diagnosis between 
Frontotemporal Dementia (FTD), Corticobasal 
Syndrome (CBS), Progressive Supranuclear Pal- 
sy Syndrome (PSP), FTD with motor neuron di- 
sease (FTD-MND) is often challenging, because 
of the occurrence of atypical cases. Autopsy 
series have identified Alzheimer Disease (AD) 
pathology in a consistent percentage of patients 
with atypical dementias. It has been demonstra- 
ted that Cerebrospinal Fluid (CSF) Tau/Aβ42 do- 
sage is a reliable marker for AD. OBJECTIVE: To 
evaluate the presence and percentage of CSF 
AD-like patterns (high CSF tau/Aβ42 ratio) in pa-
tients with atypical dementias in order to identify 
an ongoing AD neurodegenerative process. ME- 
THODS: One hundred seventy two consecutive 
patients fulfilling current clinical criteria for be- 
havioural variant FTD (bvFTD, n = 73), agram- 
matic variant of Primary Progressive Aphasia 
(avPPA, n = 19), semantic variant of PPA (svPPA, 
n = 12), FTD-MND (n = 5), CBS (n = 42), PSP (n = 
21) were recruited and underwent CSF analysis. 
CSF AD-like and non AD (nAD-like) patterns 
were identified. RESULTS: CSF AD-like pattern 
was reported in 6 out of 73 cases (8.2%) in the 
bvFTD group, in 3 out of 19 (15.8%) in the avPPA 
group, and in 7 out of 42 (16.7%) in the CBS 
group. One out of 12 (8.3%) of svPPA had CSF 
AD-like pattern. None of patients FTD-MND and 
PSP had CSF AD-like pattern. No differences in 
demographic characteristics were detected be- 
tween subgroups in each phenotype. CONCLU- 
SIONS: Our findings convey that the CSF tau/ 
Aβ42 ratio could be found in a proportion of 
cases with clinical bvFTD, avPPA and CBD. De- 
tecting an on-going AD pathological process in 
atypical dementias has several implications for 
defining distinctive therapeutic approaches, gui- 
ding genetic screening and helping in patients’ 
selection in future clinical trials. 
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1. INTRODUCTION 

One of the current issues in the spectrum of atypical 
dementias is the correspondence between phenotypic fea- 
tures and molecular pathology. This issue has crucial im- 
plications for understanding disease neurobiology, for 
clinical diagnosis, and essentially, for development and 
rational use of disease-modifying therapies [1]. 

Atypical dementias, as behavioural variant Frontotem- 
poral Dementia (bvFTD), semantic variant of primary 
Progressive Aphasia (svPPA) and agrammatic variant of 
PPA (avPPA), FTD with Motor Neuron Disease (FTD- 
MND), Corticobasal Syndrome (CBS), and Progressive 
Supranuclear Palsy (PSP), are clinically and neuropa- 
thologically heterogeneous disorders [1,2]. 

In many cases, differential diagnosis of these atypical 
dementias with the most common neurodegenerative di- 
sorder, i.e. Alzheimer’s disease (AD), is still challenging. 
The classical model of AD is indeed different, as defined 
by specific neuropathological characteristics, such as beta 
amyloid deposition in the brain. Nonetheless, presenile 
AD patients may depict symptoms overlapping with 
other neurodegenerative brain disorders [3,4]. The phe- 
notypic overlap between neurodegenerative disorders has 
also been established by neuropathological studies, de- 
monstrating that AD pathology can be found in a sig- 
nificant percentage of patients with alternative clinical 
diagnosis, as in atypical dementias [5,6]. In several cases, 
clinical features do not correctly predict the underlying 
pathology. These findings comply with reports that a sub- 
stantial minority of patients with AD present with an 
atypical phenotype in which amnesia is not the sole ini- 
tial or predominant clinical feature [3,4]. 

In the last decade it has been widely accepted that AD 
is characterised by a remarkable variation in the concen- 
trations in cerebrospinal fluid (CSF) of Aβ42 and total tau, 
resulting in reduction of the CSF tau/Aβ42 ratio. This 
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allows AD to be distinguished from other neurodegene- 
rative disorders [7,8]. Furthermore, neuropathologic data 
have reported that CSF tau/Aβ42 ratio has a strong asso- 
ciation with AD-related Aβ senile plaque pathology [8,9]. 
As the biological marker mirrors the pathogenetic mecha- 
nism of AD, it can be argued that the CSF tau/ Aβ42 ratio 
might identify AD not only in the preclinical phase but 
also in the atypical presentation of the disorder. It could 
also be hypothesised that CSF tau/Aβ42 measurement 
might be useful in distinguishing cases presenting atypi- 
cal dementias but with an on-going AD neuropathology- 
cal process. 

All the above observations defined the object of this 
work, aimed at evaluating the presence and percentage of 
CSF AD-like pattern (i.e., high CSF tau/Aβ42 ratio) in 
consecutive patients with atypical dementias (i.e., bvFTD, 
svPPA, avPPA, FTD-MND, CBS and PSP). 

2. METHODS 

One hundred seventy two consecutive patients fulfil- 
ling current clinical criteria for bvFTD (n = 73), avPPA 
(n = 19), svPPA (n = 12), CBS (42), PSPS (21), recruited 
from the Centre for Neurodegenerative Diseases and the 
Centre for Movement Disorders, University of Brescia, 
Italy, entered the study. All subjects underwent a somatic 
and neurological evaluation, routine laboratory examina- 
tion, received a brain structural study. In all the included 
subjects, CSF analysis was carried out. 

The diagnostic assessment involved a review of full 
medical history, a semi-structured neurological examina- 
tion, and a complete mental status evaluation by at least 
two independent and experienced reviewers. A standar- 
dised cognitive and behavioural assessment was carried 
out, as previously published [7]. Patients were screened 
for the most common monogenic forms of Granulin (G- 
RN), Microtubule Associated Protein Tau (MAPT), and 
C9orf72 hexanucleotyde expansion, and genotyped for 
Apolipoprotein E (ApoE) allelic variations, as already 
reported [10]. 

Stringent exclusion criteria were applied as follows: 1) 
cerebrovascular disorders, previous stroke, hydrocepha- 
lus, and intra-cranial mass documented by MRI; 2) a 
history of traumatic brain injury or another neurological 
disease; 3) significant medical problems; 4) major de- 
pressive disorder, bipolar disorder, schizophrenia, subs- 
tance abuse disorder. The study was conformed to the 
Helsinki Declaration and was approved by local Ethic 
Committee of Brescia, Italy. 

2.1. CSF Analyses 

CSF was obtained during routine diagnostic lumbar 
puncture according to a standardized protocol, in the 
outpatient clinic, from 09:30 to 10:30, after informed 

written consent had been obtained. CSF was collected in 
sterile polypropylene tubes and gently mixed to avoid 
gradient effects. Routine chemical measures were deter- 
mined. The remaining CSF was centrifuged for 3 min at 
3000 rpm, and aliquots were stored at –80˚C or in liquid 
nitrogen for subsequent total Tau, phospho-Tau and Aβ42 
dosages. CSF concentrations were measured in duplicate 
by an ELISA test (Innotest hTau antigen kit and Innotest 
PHOSHO-TAU 181P; Abeta42, Innogenetics, Ghent, Bel- 
gium). Inter-assay variability was less than 7%. Acco- 
rding to our laboratory standards, the cut-off value for 
total tau was <400 pg/ml and for Aβ42 > 400 pg/ml. The 
AD pattern was defined by high total tau levels and low 
Aβ42 levels in CSF and, as previously reported by other 
authors, with a CSF tau/Aβ42 ratio > 1 [11]. 

2.2. Statistical Analyses 

Results are expressed as mean ± standard deviation. 
Demographic and clinical characteristics between groups 
were compared with Fisher’s exact test or the Mann- 
Whitney test, as appropriate. Statistical significance was 
assumed at p < 0.05. We calculated the percentage of 
patients with AD-like CSF pattern for each group. Data 
analyses were carried out using SPSS 21.0 software. 

3. RESULTS 

Demographic characteristics of the included 172 pa- 
tients with atypical dementias, according to clinical 
phenotype, are shown in Table 1. Age at disease onset 
was comparable in all subgroups but in PSP, who show- 
ed older onset. Patients with bvFTD, avPPA, FTD- 
MND and PSP had high percentage of positive family 
history for dementia (≥40%), as compared to svPPA or 
CBS.  

Frequency of ApoE e4 genotype was higher (>20%) in 
the bvFTD and in the language variants of FTD, i.e. 
avPPA and svPPA, than in the other phenotypes. Ac- 
cording to CSF Abeta and Tau values (see Table 1), as 
reported in the method section, patients were subdivided 
into AD-like and no AD-like (nAD) subgroups.  

The percentage of patients with CSF AD-like pattern 
is reported in Figure 1. In bvFTD, 8.2% (6/73) of pa- 
tients had CSF AD-like pattern. CSF AD-like pattern 
was also observed in 15.8% (3/19) of avPPA and in 
16.7% (7/42) of CBS patients. In the 12 patients with 
svPPA, one had CSF AD-like pattern, the percentage 
being 8.3%. None of patients with the clinical diagnosis 
FTD-MND and PSP presented CSF AD-like pattern. 

No differences in any of the considered demographic 
and clinical characteristics between patients with AD- 
like and nAD-like subgroups in ach clinical phenol-type 
were observed. 

When only patients with CSF AD-like pattern were  
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Figure 1. Percentage of CSF AD-like pattern in atypical dementia subgroups. bvFTD: behavioural variant 
Frontotemporal Dementia; svPPA: semantic variant of Pripmary Progressive Aphasia; avPPA: agrammatic 
variant of PPA; FTD-MND: FTD with Motor Neuron Disease; CBS: Corticobasal Syndrome; PSP: Progressive 
Supranuclear Palsy (PSP). 
 

Table 1. Demographic characteristics and CSF analysis of patients with atypical dementias according to clinical phenotype. 

Variable bvFTD svPPA avPPA FTD-MND CBS PSP 

N 73 12 19 5 42 21 

Age, years 64.1 ± 7.0 66 ± 7.1 63.7 ± 9.2 66.2 ± 11.5 64.2 ± 8.3 71.5 ± 6.9 

Gender, F% 49.3 66.7 52.6 20.0 31.0 33.3 

Education, years 6.8 ± 3.0 9.8 ± 4.8 7.5 ± 3.5 8.0 ± 6.3 7.6 ± 3.6 6.6 ± 3.4 

Age at onset, years 61.9 ± 7.0 63.1 ± 7.1 61.1 ± 9.1 63.2 ± 10.7 60.4 ± 8.7 67.6 ± 7.1 

Family history, % 44.3 16.7 42.1 75.0 26.2 40.0 

ApoE genotype, ε4% 31.9 36.4 21.0 66.6 16.6 14.2 

CSF analysis       

CSF Abeta42 (pg/ml) 665.8 ± 305.7 679.8 ± 429.7 872.6 ± 451.2 599.1 ± 304.9 727.4 ± 399.5 729.9 ± 357.1 

CSF Tau (pg/ml) 480.1 ± 342.1 435.0 ± 372.6 579.0 ± 372.0 378.8 ± 351.7 369.2 ± 259.0 220.8 ± 98.9 

CSF P-Tau (pg/ml) 70.2 ± 76.7 60.7 ± 56.0 105.7 ± 91.5 74.5 ± 80.2 75.8 ± 80.5 66.0 ± 51.2 

CSF Tau/Abeta ratio 0.95 ± 0.87 1.14 ± 1.69 0.93 ± 0.95 0.65 ± 0.31 0.96 ± 1.56 0.36 ± 0.24 

bvFTD: behavioural variant Frontotemporal Dementia; svPPA: semantic variant of primary Progressive Aphasia; avPPA: agrammatic variant of PPA; 
FTD-MND: FTD with Motor Neuron Disease; CBS: Corticobasal Syndrome; PSP: Progressive Supranuclear Palsy (PSP); F: Female; ApoE: Apolipoprotein E. 

 
considered, 35% of patients (6/17) carried ApoE 4 geno- 
type. 

4. DISCUSSION 

OPEN ACCESS 

In the present work, we investigated the presence and 
the percentage of CSF AD-like pattern in patients with 
atypical dementias. We reported that patients with bv- 
FTD, avPPA, and CBS might have two distinct profiles 
of CSF tau/Aβ42 ratio, almost 10% - 15% of them resem- 
bling the biological features of AD. Conversely, none of  
clinically defined FTD-MND and PSP patients showed 
CSF AD-like pattern. In regard to svPPA patients, 1 sub- 

ject out of 12 had high Tau and low Abeta42 levels. No 
differences in demographic characteristics were detected 
between subgroups. 

Up to now, no biomarker has been identified to in- 
crease the diagnostic accuracy of FTD spectrum. This 
could be rationalized by both the neuropathological hete- 
rogeneity and the substantial variation in neurodegenera- 
tive severity between early and late stages of disease [12]. 
Indeed, different neuropathological profiles have been 
described in FTD. BvFTD has been observed in associa- 
tion with a number of pathological hallmarks (i.e. tau, 
FTLD-TDP type A, FUS), with the exception of FTLD- 
TDP type B and C pathology [1]. svPPA has been mostly 
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associated with FTLD-TDP type C [10] pathology and 
only rarely with FTLD-tau or AD pathology [4,13,14]. 
avPPA has been commonly associated with FTLD-tau 
[13,15,16], AD and, to a lesser extent, FTLD-TDP pa- 
thology [4,14]. FTD-MND has been associated with 
FTLD-TDP type B pathology [17,18]. Accordingly, in 
FTD spectrum in most cases CSF tau and Abeta levels 
have resulted within normal range, but in some cases a 
slight increase or even decrease has been also found [19].  

In CBS, the findings on CSF Tau and Abeta42 dosa- 
ges are highly heterogeneous. CSF Tau levels were re- 
ported higher than control subjects in two studies [20,21], 
whereas three other studies showed no significant dif- 
ferences between CBS and patients affected by other 
neurodegenerative disorders with distinct tau related pa-
thology [22,23]. Nevertheless, the high variability of all 
the above studies highlights the presence of different 
associated neuropathological features. Corticobasal De- 
generation (CBD) has a distinct neuropathological pro- 
file characterized by extensive neuronal and glial tau- 
positive inclusions; however, there is growing evidence 
that these patients may have alternative pathologies 
[24,25] including AD, PSP and FTD which lead to the 
use of the Corticobasal Syndrome (CBS) label [26,27]. 

If in bvFTD, the language-related dementias and CBS 
indicate that an ongoing AD neuropathological process 
may occur, in PSP and FTD-MND cases CSF analysis 
suggests a unique relationship between clinical and neu- 
ropathological diagnosis. In PSP, a degenerative tauopa- 
thy with 4R tau accumulation [28], CSF tau levels were 
reported within the normal range and comparable to 
those obtained in control subjects [29]. According to this, 
neuropathological findings suggest that clinical diagnosis 
of PSP is highly suggestive of PSP pathology. In the 
same view, in FTD-MND no CSF AD-like pattern was 
observed. 

It has been extensively demonstrated that AD is asso- 
ciated with a specific pattern of CSF abnormalities (high 
tau and low Aβ42 levels) compared with other neurode- 
generative disorders [8]. To date, CSF tau/Aβ42 ratio has 
been widely suggested as a supportive criterion for pre- 
clinical AD diagnosis [30]. 

In this study we have evaluated the hypothesis that dif- 
ferent CSF patterns, AD-like and nAD-like, might define 
distinct phenotypes in FTD, CBS and PSP. In fact, we 
might argue that CBS and FTD patients with CSF AD- 
like pattern are instead cases with atypical and focal AD 
pathology [4,25,31]. The percentage of patients reclassi- 
fied by CSF analysis in AD-like is in line with several 
pathological series [32]. On the other hand, we cannot 
rule out that CSF AD-like variations may co-occur in 
patients with atypical dementias [11], as recently high- 
lighted by a recent study, in which almost 25% of the 
cases presented with multiple neurodegenerative patho- 

logies [33]. In both cases, patients with distinctive AD 
pathological features and alternative clinical diagnosis 
should be treated with a different therapeutical view- 
point. 

The CSF tau/Aβ42 ratio has widely been proven as a 
highly specific hallmark for AD. In contrast, no precise 
CSF pattern has been identified in patients with atypical 
dementias. Nevertheless, we think that CSF analyses 
should be undertaken in patients with clinical CBS or 
FTLD diagnosis, as an exclusion criterion. In clinically 
defined PSP and FTD-MND cases, an ongoing AD pa- 
thological process is less likely. 

We acknowledge that this work has some limitations. 
Firstly, the neuropathological confirmation and the com- 
bined use of amyloid β tracers would be mandatory to 
definitely clarify the present findings [34]. Secondly a 
more attentive neuropsychological analysis might be of 
help for further differentiating AD-like and nAD-like sub- 
groups. Thirdly, CSF analyses were not performed in 
patients with Logopenic Progressive Aphasia (LPA), a 
recently defined subtype of PPA, predominantly associ- 
ated with AD pathology. Finally, follow-up might be 
compelling in distinguishing different courses of disease 
progression in the two subgroups. 

In conclusion, these findings convey that the CSF 
tau/Aβ42 ratio could be a possible path in discerning AD 
patients with atypical presentation from patients with 
atypical dementias. If these findings will be confirmed 
by additional studies, patients with and AD-like CSF 
pattern should be treated with a different analeptic ap- 
proach, and current pharmacological treatment for AD 
should be evaluated. 
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