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Cerebrospinal Fluid and Plasma Biomarkers do not Differ in the Presenile and Late-Onset Behavioral Variants of Frontotemporal Dementia
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Background: Memory troubles and hippocampal atrophy are considered more frequent and focal atrophy less severe in late-onset (>65 years) than in presenile behavioral variant frontotemporal dementia (bvFTD).

INTRODUCTION

The in vivo diagnosis of the behavioral variant of frontotemporal dementia (bvFTD) is based on clinical and radiological features [START_REF] Rascovsky | Dopper 436[END_REF]. Age at onset is usually younger than 65 years, but late-onset (after 65 years of age) bvFTD is not rare and could represent up to 40% of all bvFTD cases [START_REF] Shinagawa | Cognitive function and psychiatric symptoms in early-and late-onset frontotemporal dementia[END_REF][START_REF] Borroni | Is earlyonset clinically different from late-onset frontotemporal dementia?[END_REF]. Late-onset bvFTD is characterized by more severe memory loss and hippocampal atrophy, and less frontal and temporal lobe atrophy compared with the classical presenile bvFTD [START_REF] Shinagawa | Cognitive function and psychiatric symptoms in early-and late-onset frontotemporal dementia[END_REF][START_REF] Baborie | Frontotemporal dementia in elderly individuals[END_REF][START_REF] Baborie | Pathological correlates of frontotemporal lobar degeneration in the elderly[END_REF][START_REF] Baborie | Elderly individuals with FTLD[END_REF][START_REF] Ye | Clinical and neuropsychological comparisons of early-onset versus late-onset frontotemporal dementia: A CREDOS FTD Study[END_REF]; however, some studies suggested no difference between early-onset and late-onset bvFTD in terms of neuropsychological evaluation and functional outcomes [START_REF] Borroni | Is earlyonset clinically different from late-onset frontotemporal dementia?[END_REF]. These clinical and radiological differences might be due to a more aggressive disease in presenile onset bvFTD, suggested by exacerbated focal atrophy, and/or to co-existent amyloid-␤ (A␤) deposits in late-onset bvFTD, suggested by more frequent episodic memory alteration and hippocampal atrophy.

Cerebrospinal fluid (CSF) and plasma biomarkers had never been compared in presenile and late-onset bvFTD. In frontotemporal dementia, biomarkers of axonal damage, such as tau and neurofilament light chain (NFL), are associated with poor survival, active disease, and conversion from pre-symptomatic to symptomatic stages [START_REF] Meeter | Neurofilament light chain: A biomarker for genetic frontotemporal dementia[END_REF][START_REF] Meeter | Clinical value of neurofilament and phospho-tau/tau ratio in the frontotemporal dementia spectrum[END_REF][START_REF] Rohrer | Serum neurofilament light chain protein is a measure of disease intensity in frontotemporal dementia[END_REF]. In case of co-existing Alzheimer's disease (AD) pathology, biomarkers analysis should show a decreased A␤ 1-42 and an increased phosphorylated P-tau (P-tau) (two markers of AD pathology) in the late-onset bvFTD group.

Therefore, in this study, we wanted to precisely 

Biomarker measurements

CSF was collected in polypropylene tubes using a standardized procedure [START_REF] Teunissen | Standardization of assay proce-510 dures for analysis of the CSF biomarkers amyloid ␤((1-42)), 511 tau, and phosphorylated tau in Alzheimer's disease: Report 512 of an international workshop[END_REF]. CSF A␤ 1-42 , total tau (T-tau), and P-tau on threonine 181 were simultaneously measured in each sample using the standardized commercial Innotest ® sandwich ELISA according to the manufacturer's instructions (Fujirebio Ghent Belgium). The Innotest Amyloid Tau Index (IATI) [START_REF] Hulstaert | Improved discrimination of AD 518 patients using beta-amyloid(1-42) and tau levels in CSF[END_REF], the modified A␤ 1-42 /T-tau ratio currently used in clinical practice, was also calculated.

The cut-off values were determined according to the study on harmonization of collection tubes for AD diagnosis performed by Lehmann and colleagues (i.e., 700 pg/mL for A␤ 1-42 , 400 pg/mL for T-tau, 60 pg/mL for P-tau) [START_REF] Lehmann | 525 Impact of harmonization of collection tubes on Alzheimer's 526 disease diagnosis[END_REF].

Blood samples were collected in K2-EDTA vacuum tubes on the morning of lumbar puncture day.

Tubes were transported at room temperature to the laboratory within 4 h and centrifuged at 2,000 g for 10 min. After centrifugation, each supernatant was divided in 500 L aliquots and stored at -80 2). These differences were not significant after adjustment for age.

Plasma and CSF biomarkers

CSF analysis showed that the mean A␤ 1-42 , T-tau, P-tau, and IATI values were within the normal limits and without significant differences between bvFTD groups (Table 3). According to the A/T/N descriptive classification [START_REF] Jack | A/T/N: An unbiased descriptive classification 541 scheme for Alzheimer disease biomarkers[END_REF], no patient with bvFTD had a CSF profile highly suggestive of AD pathophysiological process (i.e., A+/T+/N + = low A␤ 1-42 /high P-tau/high T-tau levels). However, 22 patients (33%) presented some abnormalities in CSF biomarkers. the literature [START_REF] Harris | Sensitivity and specificity of FTDC criteria for 552 behavioral variant frontotemporal dementia[END_REF].
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Comparison of the CSF and plasma biomarkers did not highlight any evidence of more aggressive disease in the presenile or late-onset bvFTD group. Indeed, plasma NFL concentration was comparable between presenile and late-onset patients and was higher than in age-matched controls in both bvFTD groups. Plasma T-tau was higher than in age-matched controls only in the presenile bvFTD group and was not significantly different between bvFTD groups.

Conversely, CSF T-tau level was within the normal limit and not different between bvFTD groups. This is different from other neurodegenerative diseases, for instance AD, where CSF T-tau and P-tau levels are much higher in the early-onset form than in the classical late-onset form [START_REF] Dumurgier | Exacerbated CSF abnormalities in younger patients 558 with Alzheimer's disease[END_REF][START_REF] Cho | Longitudinal changes of cortical thickness in early-562 versus late-onset Alzheimer's disease[END_REF]24]. Unfortunately, the available data did not allow comparing disease progression in the two bvFTD groups (missing information). Previous anatomopathological studies showed a comparable or slightly shorter disease duration (from onset to death) in patients with late-onset bvFTD compared with those with the presenile variant [START_REF] Baborie | Frontotemporal dementia in elderly individuals[END_REF][START_REF] Baborie | Pathological correlates of frontotemporal lobar degeneration in the elderly[END_REF].

The glial marker GFAP was strongly increased in both bvFTD groups compared with controls.

Although the number of patients with data on plasma biomarkers was low, these results are in line with some recent studies showing that CSF GFAP concentration is increased in patients with neurodegenerative diseases, particularly FTD. The reasons of the increase of this glial marker remain elusive [START_REF] Ishiki | Glial fibrillar 576 acidic protein in the cerebrospinal fluid of Alzheimer's dis-577 ease, dementia with Lewy bodies, and frontotemporal lobar 578 degeneration[END_REF][START_REF] Olsson | CSF and blood biomarkers for the diagnosis of Alzheimer's disease: A systematic review and meta-analysis[END_REF].

The mean values of the CSF biomarkers of AD (A␤ 1-42 , T-tau, and P-tau) were normal and not different between bvFTD groups, suggesting that the presence of hippocampal atrophy and episodic memory problems might not be explained by coexistent AD. The increased frequency and severity of hippocampal atrophy in the late-onset group could simply be due to age. Indeed, the differences between presenile and late-onset bvFTD were no longer significant after adjustment for age. However, according to our criteria, hippocampal atrophy was considered as present only when severe (Scheltens score ≥2), and it does not seem likely that its severity is only age-related [START_REF] Desgranges | Cerebral imaging in healthy aging: Contrast with Alzheimer disease[END_REF]. Alternatively, hippocampal atrophy could be part of bvFTD pathological process and linked to hippocampal sclerosis, as suggested also by anatomopathological series showing that hippocampal sclerosis is present in FTD, affects all anatomopathological subtypes, and is significantly more common in late-onset cases [START_REF] Baborie | Pathological correlates of frontotemporal lobar degeneration in the elderly[END_REF]. A future study in which patients with bvFTD are compared with age- matched healthy controls might bring some insights into this issue.

The lack of anatomopathological data, the possible disease heterogeneity, the absence of quantitative assessment of frontotemporal atrophy, and the relatively small number of patients are some limits of this study, and might explain the absence of differences between groups.

In conclusion, our findings might contribute to bet- We would like to thank all patients who partici-428 pated this study and their families. We also thank Mrs.

429

Diana Ban for help in selecting controls for plasma 430 biomarkers.
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  determine the clinical, radiological, and biological 63 features (particularly CSF and plasma biomarkers) 64 of presenile and late-onset bvFTD. Paris, and Besancon Clinical Memory 69 Centers) study included all patients with a possible, 70 probable, or definite diagnosis of bvFTD [1] with 71 available clinical data and CSF samples. Patients 72 were then classified as having presenile or late-onset 73 bvFTD in function of their age at disease onset (≤ 74 and >65 years of age, respectively). 75 All patients signed a written informed consent 76 approved by the Local Ethics Committee (regis-77 tered DC-2008-417). To limit possible confounding 78 factors and misdiagnosis, patients with psychiatric 79 conditions that could explain the cognitive and behav-80 ioral alterations or with radiological evidence of 81 severe vascular burden (Fazekas scale score ≥3 on 82 brain magnetic resonance imaging (MRI), or severe 83 vascular leucoencephalopathy on brain computed 84 tomography (CT)) [11, 12] were excluded. 85 Laboratory, neuropsychological, and neuroimag-86 ing data at the initial evaluation were retrospectively 87 collected; as lumbar puncture is generally part of 88 the initial work-up of patients with possible bvFTD, 89 the day of lumbar puncture was considered as the reference time for the initial evaluation. All clinical, neuropsychological, and radiological evaluations were performed on the same day or within 6 months after lumbar puncture; plasma and CSF samples were collected on the same day. The presence of memory or cognitive symptoms and of psychiatric, behavioral, and language problems was evaluated using the patients' clinical notes, reviewed by one of the authors (CM). Hippocampal memory dysfunction was objectively assessed using the Free and Cued Selective Reminding Test [13]. Clinical parkinsonism was considered as present when signs of extrapyramidal syndrome (bradykinesia, hypokinesia, rigidity, tremor) were clearly mentioned in the clinical notes; the Unified Parkinson's Disease Rating Scale-III score was not available. Control blood samples for T-Tau, NFL, and glial fibrillary acid protein (GFAP) were from participants in a dementia prevention program who did not show any evidence of cognitive impairment or degenerative process after at least 2 years of follow-up following the first evaluation (including neuropsychological examination, cerebral MRI, and lumbar puncture). Controls were separated in group 1 (N = 19; median age at plasma sample: 60 years) and group 2 (N = 18, median age at plasma sample: 72 years), matched with the presenile and late-onset bvFTD groups, respectively, on the basis of the median age at plasma sampling.
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  batch 501715 and four consecutive series of kit batch 149 501797. Overall, the inter-assay coefficients of vari-150 ation (CV) for plasma T-tau, NFL, and GFAP were 151 lower than 13%, 12%, and 5% and the intra-assay 152 CV were lower than 6%, 10%, and 4%, respectively. 153 Control plasma samples were collected following 154 the same procedure and were stored at the Neurocog-155 nition Biobank -CHU Montpellier. 156 Brain MRI data 157 Brain MRI data were reviewed by a senior neu-158 roradiologist (NMC). The presence of hippocampal 159 atrophy (Scheltens score ≥2) [17], global or focal 160 atrophy, parietal atrophy (Koedam score) [18], and 161 vascular white matter hyper-intensities (Fazekas and 162 Schmidt score) were quantified with the indicated 163 scores [11, 12]. The presence of global or frontal 164 atrophy was evaluated visually, without any quan-165 tification or volumetric analysis. If brain MRI was 166 not available, brain CT data were used to deter-167 mine the presence of global or focal atrophy and of 168 vascular hypodensities. Functional studies were per-169 formed with technetium-99 m hexamethylpropylene 170 amine oxime (99mTc-HMPAO) single-photon emis-171 sion computed tomography (SPECT) or fluorine-18 172 fluorodeoxyglucose positron emission tomography 173 ( 18 F-FDG-PET) and visually reviewed by a senior 174 nuclear radiologist (DDV) to evaluate the pres-175 ence of focal frontotemporal hypometabolism or 176 hypoperfusion. As this is a retrospective study, not 177 all participants underwent structural and functional mean and standard deviation 182 (normal distribution) or as median, minimum, and 183 maximum (non-normal distribution). Qualitative 184 variables were expressed as percentages. Clini-185 cal, biological, and neuroradiological characteristics 186 were compared between groups (presenile ver-187 sus late-onset bvFTD) using multivariate logistic regression models adjusted for age at lumbar 189 puncture. For quantitative variables, linearity was 190 assessed. Age at disease onset was compared with 191 the Mann-Whitney test because the logistic model 192 did not converge due to complete separation of data 193 distribution. Statistical analyses were performed with 194 the SAS software, version 9.4 (SAS Institute).195 RESULTS 196 Study population 197 This study included 66 patients with a clinical diag-198 nosis of bvFTD [1] (

( 20 .

 20 5%, n = 9 versus 9%, n = 2; p = 0.2). Mutations in the C9ORF72 gene were found in 10 patients, and a mutation in GRN (granulin) in one patient; no patient carried mutations in the MAPT (microtubule associated protein tau) gene (data not shown). The median age at disease onset was 59 [39-65] years in the presenile bvFTD and 69 [66-77] years in late-onset bvFTD group. The median age at lumbar puncture was significantly younger in the presenile than late-onset bvFTD group (62 [41-69] years versus 71.5 [66-80] years; p = 0.004). Sex distribution (59% versus 54.55% of men, p = 0.72), disease duration at lumbar puncture (median = 3 [0-19] versus 2 [0-10] years; p = 0.28), and total follow-up duration (median = 5 [1-19] versus 3 [1-12] years; p = 0.23)

Specifically, isolated low A␤ 1 -

 1 42 (A+/T-/N-profile) was detected in four patients with presenile bvFTD and in three with late-onset bvFTD. A␤ 1-42 was decreased and T-tau was increased (A+/T-/N+ profile) in one patient with definite diagnosis of late bvFTD due to a C9ORF72 mutation. T-tau and P-tau (A-/T+/N+ profile) were increased in one patient with presenile bvFTD and in three with late-onset bvFTD (one with definite diagnosis of lateonset bvFTD due to a C9ORF72 mutation). P-tau was increased (A-/T+/N-profile) in four patients with presenile bvFTD, and T-tau was increased (A-/T-/N+ profile) in two patients with late-onset bvFTD and in four patients with presenile bvFTD

  presented and compared clinical, radio-317 logical, and biological data of patients with presenile 318 and late-onset bvFTD, by focusing particularly on 319 CSF and plasma biomarkers. For the definition of pre-320 senile and late-onset bvFTD, we chose an age cut-off 321 of 65 years, in agreement with most literature data 322 [4]. BvFTD is a rare disease, and the late-onset vari-323 ant is even rarer. Therefore, a strength of our study is 324 the inclusion of clinically well-characterized patients 325 and the measurements of CSF and plasma biomark-326 ers in most of them. We confirmed that hippocampal 327 atrophy is more frequent in the late-onset group 328 and also found a tendency towards more episodic 329 memory alterations in this group of patients. The 330 other clinical and radiological parameters were not 331 different between groups. Previous anatomopatho-332 logical series [4] reported comparable frequency of 333 frontal and temporal atrophy in patients with pre-334 senile and late-onset bvFTD, although atrophy was 335 more severe in the presenile group. In our series, 18 F-336 FDG-PET and 99mTc-HMPAO-SPECT were more 337 sensitive than cerebral MRI in detecting cortical focal 338 involvement, without differences between presenile 339 and late-onset bvFTD; however, these techniques did 340 not allow quantifying and comparing the cortical atro-341 phy severity in the two groups. Moreover, the clinical 342 criteria used for the diagnosis of bvFTD in our study 343 might not have allowed including patients with more 344 atypical late-onset disease [20, 21]. Nevertheless, the 345 percentage of patients with late-onset bvFTD in our 346 series (about 30%) is comparable to what reported in 347

  ter understand bvFTD physiopathology and facilitate the diagnosis of late-onset forms. We confirmed that clinical and radiological hippocampal alterations are an important feature of bvFTD, and they might be more frequent in the late-onset form. We cannot rule out a role of aging to explain this finding, whereas we excluded the role of co-existent AD pathology in late-onset bvFTD. Indeed, although the clinical presentation could be confusing, CSF and plasma biomarker quantification should allow the reliably differentiation between late-onset bvFTD and AD[START_REF] Marelli | Late-onset behavioral variant of frontotemporal lobar degeneration versus Alzheimer's disease: Interest of cerebrospinal fluid biomarker ratios[END_REF]. Moreover, unlike T-tau, other biomarkers of neurodegeneration, such as NFL and GFAP, seem to be increased in bvFTD compared with controls, but 423 without any biological evidence of a more aggres-424 sive neurodegeneration in presenile compared with 425 late-onset bvFTD. 426 ACKNOWLEDGMENTS 427
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		in 11 patients (17%; n = 9 in the presenile bvFTD
		and n = 2 in the late-onset bvFTD group). The dis-
		tribution of possible, probable, and definite bvFTD
		diagnoses was comparable between groups (Table 1;
		p = 0.44). The diagnosis of definite bvFTD tended to
		be more frequent, although not significantly, in the
		presenile bvFTD than in the late-onset bvFTD group
	199	) among whom 44 (67%)
	200	had the early onset (presenile bvFTD) and 22 (33%)
	201	the late onset form (late-onset bvFTD). The diagnosis
	202	was possible bvFTD in 14 (21%; n = 8 in the prese-
	203	nile bvFTD and n = 6 in the late-onset bvFTD group),
		probable bvFTD in 41 (67%; n = 27 in the presenile
	205	
		and definite bvFTD with confirmed genetic mutation
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bvFTD and n = 14 in the late-onset bvFTD group),
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	Demographic and clinical features			
	Variables	Presenile bvFTD Late-onset bvFTD	Crude	Model adjusted for
		(onset ≤ 65 years) (onset > 65 years)	model	age at lumbar
		(N = 44, 67%)	(N = 22, 33%)	p	puncture p
	Diagnosis confidence level				
	-Possible bvFTD, N (%)	8 (18.2 %)	6 (27.3%)	0.44	0.40
	-Probable bvFTD, N (%)	27 (61.4%)	14 (63.6%)		
	-Definite bvFTD, N (%)	9 (20.5%)	2 (9.1 %)		
	Sex: M	26 (59.1%)	12 (54.6%)	0.72	0.18
	Age at onset (y), median [min-max]	59 [39-65]	69 [66-77]	* <0.0001	NA
	Age at lumbar puncture day (y), median [min-max]	62 [41-69]	71.5 [66-80]	0.004	NA
	Disease duration at lumbar puncture day (y), median [min-max]	3 [0-19]	2 [0-10]	0.28	0.11
	Total follow-up (y), median [min-max]	5 [1-19]	3 [1-12]	0.23	0.07
	First symptoms (each patient could have one or more symptoms)				
	-Memory deficit, N (%)	12 (27.3%)	11 (50%)	0.07	0.75
	-Cognition deficit, other, N (%)	3 (6.8%)	2 (9.1%)	0.74	0.30
	-Behavior alterations, N (%)	26 (59.1%)	10 (45.5%)	0.29	0.27
	-Psychiatric troubles, N (%)	13 (29.5%)	3 (13.6%)	0.17	0.80
	-Language difficulties, N (%)	3 (6.8%)	5 (22.7%)	0.08	0.18
	Neuropsychological evaluation				
	Hippocampal memory dysfunction (Free and Cued	11 (27.5%)	11 (50%)	0.08	0.94
	Selective Reminding Test), N (%)				
	Clinical parkinsonism, N (%)	8 (18.2%)	10 (45.4%)	0.02	0.28
	Mattis DSR, mean (std)	118 (19)	116 (14)	0.74	0.32
	MMSE, median [min-max]	25 [3-30]	20 [14-27]	0.37	0.29
	Cognitive and behavioral symptoms				
	-Perseverations/Stereotyped behavior, N (%)	34 (89.5%)	12 (80%)	0.37	0.36
	-Apathy, N (%)	30 (73.2%)	16 (84.2%)	0.35	0.73
	-Hyperorality, N (%)	17 (54.8%)	4 (36.4%)	0.30	0.48
	-Executive dysfunction relatively sparing memory, N (%)	37 (92.5%)	18 (81.8%)	0.22	0.74
	-Indifference, N (%)	28 (80%)	13 (86.7%)	0.58	0.94
	-Disinhibited /Aggressive behavior, N (%)	31 (86.1%)	13 (81.2%)	0.65	0.36

bvFTD, behavioral variant of frontotemporal dementia; DSR, Dementia Rating Scale; MMSE, Mini-Mental State Examination; std, standard deviation. * Mann-Whitney test.

were comparable between groups (presenile versus 228 late-onset bvFTD) (Table

1

).

Table 2

 2 , behavioral variant of frontotemporal dementia; [ 18 F] FDG-PET, Fluorine-18 Fluorodeoxyglucose positron emission tomography; MRI, magnetic resonance imaging; std, standard deviation; 99mTc-HMPAO-SPECT, technetium-99 m hexamethylpropylene amine oxime single photon emission computed tomography.(two with definite presenile bvFTD due to GRN and 300 C9ORF72 mutations) (data not shown).

	Imaging data

bvFTD
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		CSF and plasma biomarkers data		
	CSF	Presenile bvFTD	Late-onset bvFTD	Crude	Model adjusted
		(onset ≤ 65 years)	(onset > 65 years)	model	for age at
		(N = 44)	(N = 22)	p	lumbar puncture
	A␤ 1-42 (pg/mL) (nv >700 pg/mL), mean (std)	1026.1 (243.1)	995.2 (323.9)	0.66	0.28
	T-tau (pg/mL) (nv <400 pg/mL), median [min-max]	252.5 [80-620]	226.33 [104.89-827.56]	0.29	0.30
	P-tau (pg/mL) (nv <60 pg/mL), median [min-max]	41 [19-78]	39 [15-88]	0.73	0.44
	IATI (nv >0.8), mean (std)	1.9 (0.6)	1.8 (0.7)	0.35	0.31
	Plasma (multiplex assay)	Presenile bvFTD	Late onset bvFTD	Crude model Model adjusted
		(onset ≤ 65 years)	(onset > 65 years)	p	for age at
		(N = 14)	(N = 12)		lumbar puncture
	NFL (pg/mL), median [min-max]	24.99 [8.25-112.59]	30.88 [9.76-75.29]	0.87	0.54
	Tau (pg/mL), median [min-max]	0.53 [0.31-1.03]	0.38 [0.20-1.27]	0.45	0.31
	GFAP (pg/ml), median [min-max]	176.6 [72.4-460.3]	212.27 [86.86-612.77]	0.27	0.24
	bvFTD, behavioral variant of frontotemporal dementia; IATI, Innotest Amyloid Tau Index; nv, normal value; std, standard deviation; NFL,
	neurofilament light chain; GFAP, glial fibrillary acid protein.			

Table 4 Plasma

 4 NFL, tau, and GFAP in controls and in patients with presenile and late-onset bvFTD

	Variable	Controls	Presenile	p	Controls	Late-onset	p
		(N = 19)	bvFTD (N = 14)		(N = 18)	bvFTD (N = 12)	
	Age at blood	60 [59-61]	62 [41-69]	0.09	72 [68-73]	71.5 [66-80]	0.9
	sampling (y),						
	median [min-max]						
	NFL (pg/mL), median	9.36 [5.86-36.83]	24.99 [8.25-112.59] 0.0003	11.1 [6.75-21.03]	30.88 [9.76-75.29]	<0.0001
	[min-max]						
	Tau (pg/mL), median	0.39 [0.15-2.45]	0.53 [0.31-1.03]	0.02	0.36 [0.04-0.56]	0.38 [0.2-1.27]	0.23
	[min-max]						
	GFAP (pg/ml),	41.64 [12.14-81.29] 176.6 [72.24-460.3] <0.0001 72.94 [34.39-121.6] 212.27 [86.86-612.87] <0.0001
	median [min-max]						

bvFTD, behavioral variant of frontotemporal dementia; std, standard deviation; NFL, neurofilament light chain; GFAP, glial fibrillary acid protein.
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