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INTRODUCTION

Early-onset Alzheimer's disease (EOAD) begins before the age of 65 and differs from late onset Alzheimer disease (LOAD) by a faster clinical course and the frequency of nonamnestic cognitive impairments. Indeed, a third of EOAD patients shows atypical presentations that may affect language, visuospatial or executive functions [START_REF] Koedam | Early-versus late-onset Alzheimer's disease: more than age alone[END_REF].

The pathophysiological process of EOAD, especially in the nonamnestic subtype, remains partly unclear. Compared to the amnestic subtype, nonamnestic EOAD is characterized by a more aggressive clinical course as well as greater biological and pathological severities, including a greater number of neurofibrillary tangles [START_REF] Mendez | Early-onset Alzheimer's disease: nonamnestic subtypes and type 2 AD[END_REF][START_REF] Gefen | Clinically concordant variations of Alzheimer pathology in aphasic versus amnestic dementia[END_REF][START_REF] Koric | Could clinical profile influence CSF biomarkers in early-onset Alzheimer disease?[END_REF].

Whereas the apolipoprotein E (APOE) ε4 allele is associated with an earlier age at onset of AD and the presence of prominent memory symptoms, nonamnestic EOAD patients tend to be APOEε4 negative [START_REF] Mendez | Early-onset Alzheimer's disease: nonamnestic subtypes and type 2 AD[END_REF][START_REF] Van Der Flier | Early-onset versus late-onset Alzheimer's disease: the case of the missing APOE ɛ4 allele[END_REF].

Compared to LOAD, structural MRI and [18F]-FDG-PET studies in EOAD showed more severe cortical thinning and hypometabolism in the temporo-parietal regions, the posterior cingulate cortices (PCC) and the precuneus, contrasting with a lesser degree of atrophy in the medial temporal lobes [START_REF] Frisoni | The topography of grey matter involvement in early and late onset Alzheimer's disease[END_REF][START_REF] Kim | Glucose metabolism in early onset versus late onset Alzheimer's disease: an SPM analysis of 120 patients[END_REF]. Previous structural MRI and PET studies showed that the different nonamnestic clinical subgroups share overlapping areas of cortical thinning and hypometabolism with the amnestic EOAD, located in the temporo-parietal cortex, but also present specific patterns, involving the parieto-occipital cortex in case of visuospatial deficit, the left temporo-parietal region in case of logopenic aphasia and the prefrontal cortex in case of dysexecutive impairment [START_REF] Mendez | Early-onset Alzheimer's disease: nonamnestic subtypes and type 2 AD[END_REF][START_REF] Ossenkoppele | Atrophy patterns in early clinical stages across distinct phenotypes of Alzheimer's disease[END_REF][START_REF] Vanhoutte | F-FDG PET hypometabolism patterns reflect clinical heterogeneity in sporadic forms of early-onset Alzheimer's disease[END_REF][START_REF] Lehmann | Diverging patterns of amyloid deposition and hypometabolism in clinical variants of probable Alzheimer's disease[END_REF].

Recently, ASL showed areas of hypoperfusion in EOAD patients located in the parietal lobes, precuneus and right PCC, in good agreement with the hypometabolic regions detected by [18F]-FDG-PET [START_REF] Verclytte | Optimization of brain perfusion image quality by cortical surface-based projection of arterial spin labeling maps in early-onset Alzheimer's disease patients[END_REF][START_REF] Verclytte | Cerebral Hypoperfusion and Hypometabolism Detected by Arterial Spin Labeling MRI and FDG-PET in Early-Onset Alzheimer's Disease[END_REF]. However, these studies were only based on a single group of EAOD patients and did not include either a control or a LOAD patients' group.

Given the more severe metabolic and structural involvements, we expected that ASL may show larger hypoperfused areas in, on one hand, EOAD compared to LOAD and, on the other hand, in nonamnestic compared to amnestic EOAD.

MATERIALS AND METHODS

Population

AD patients

All the patients prospectively included in the study were investigated at our Memory The study group consisted of twenty-six EOAD patients (sixteen amnestic and ten nonamnestic patients), twenty-nine LOAD patients and twelve healthy controls recruited between October 2014 and February 2016.

MRI acquisition

All exams were performed on a 3T Philips Achieva Scanner (Philips Healthcare, Best, The Netherlands) using an 8-channel phased-array head coil. 3D FFE T1weighted sequence was acquired as a serie of 160 sagittal slices with 1 mm 3 isotropic voxel and the following parameters: field of view: 256 x 256 x 160 mm 3 , TR:

9.9 ms, TE: 4.6 ms and flip angle: 8°. A 2D pseudo-continuous ASL (pCASL) sequence was acquired with the following parameters: field of view: 240 x 240 x 120 mm3, voxel size: 3 x 3 x 5 mm 3 , TR: 4050 ms, TE: 14 ms, flip angle: 90°, labeling duration: 1650 ms. Post-labeling delay was set at 2000 ms, according to the recommended parameters for adult clinical patients [START_REF] Alsop | Recommended implementation of arterial spin-labeled perfusion MRI for clinical applications: A consensus of the ISMRM perfusion study group and the European consortium for ASL in dementia[END_REF].

Data processing

All the stages are detailed in the figure 1 (supplemental data).

T1 processing

Structural T1 images were processed using the Freesurfer software (http://surfer.nmr.mgh.harvard.edu/). Cortical surface models were registered to a common surface template (Freesurfer's fsaverage) using a multiscale non-rigid spherical registration procedure. For EOAD patients, the cortical thickness was calculated by the distance between inner and outer surfaces using the t-link method, defined as the Euclidean distance between linked vertices on those surfaces.

ASL processing

For each subject, labeled and unlabeled ASL images were independently motion corrected using the Statistical Parametric Mapping (SPM12) software (http://www.fil.ion.ucl.ac.uk/spm/software/spm12/) and an average perfusionweighted image was computed. The labeled-unlabeled difference images ΔM were calculated using surround subtraction. Each perfusion-weighted map was individually checked before data processing to ensure the absence of significant artifacts or aberrant results, including borderzone sign. CBF (ml/100g/min) was calculated and normalized to compensate for inter-subject variability. The average perfusionweighted image was individually coregistered to the T1 image.

Statistical analysis

A 

Statistical comparison of perfusion-weighted maps

Main results are summarized in table 2.

Comparison between the EOAD and LOAD groups

Statistical comparison of ASL data between EOAD and LOAD patients showed no significant result but a trend towards significance using a less strict threshold (p<0.001 uncorrected), with more severe hypoperfusion in EOAD patients mainly located in the left supramarginal gyrus, the bilateral superior temporal gyrus, the right PCC and precuneus, and the bilateral prefrontal cortices (figure 1). In these areas, mean CBF values (ml/100g/min ± std) in EOAD and LOAD were 29.1 (± 14.0) and 40.8 (± 17.9) respectively (p=0.005) (figure 2 in supplemental data).

By contrast, LOAD patients showed no significant and no trend to significant hypoperfusion compared to EOAD patients.

Comparison between the EOAD and control groups

Compared to controls, amnestic EOAD patients showed significant hypoperfused areas located in the left inferior parietal cortex, in the right middle and the inferior temporal cortices, and in the bilateral superior and middle frontal gyrus (p<0.05 FWEcorrected) (figure 2). Healthy controls showed no significant hypoperfusion compared to amnestic patients. A significant difference was found between the mean CBF values in the hypoperfused areas between amnestic EOAD subjects (40.1 ± 16.6) and controls (69.4 ± 37.4) (p=0.01) (figure 3 in supplemental data).

Compared to controls, nonamnestic patients showed extensive hypoperfused areas, affecting the temporo-parietal regions, precuneus, PCC, frontal lobes (p<0.05 FWEcorrected) (figure 3). Healthy patients showed no significant hypoperfusion in comparison with nonamnestic patients. A significant difference was found between the mean CBF values in the hypoperfused areas between nonamnestic EOAD subjects (27.9 ± 13.6) and controls (59.5 ± 30.0) (p=0.0009) (figure 4 in supplemental data).

In the comparison between nonamnestic and amnestic EOAD groups, nonamnestic patients showed more severe hypoperfusion in the bilateral temporo-parietal regions, precuneus, PCC and frontal lobes (p<0.05 FWE-corrected) (figure 4). Amnestic patients showed no significant hypoperfusion compared to nonamnestic patients. A significant difference was found between the mean CBF values in the hypoperfused areas between nonamnestic (26.9 ± 13.8) and amnestic EOAD subjects (46.6 ± 24.1) (p=0.014) (figure 5 in supplemental data).

Statistical comparison of cortical thickness between EOAD groups and healthy controls

Compared to controls, both nonamnestic and amnestic EOAD groups showed extensive areas of cortical thinning, affecting broadly the bilateral cortical surface while respecting the paracentral lobules and motor cortices (figures 6 and 7 in supplemental data). No significant difference was found between the nonamnestic and amnestic EOAD groups.

DISCUSSION

Our findings showed different patterns of cerebral perfusion detected by ASL between amnestic and nonamnestic EOAD patients, with a more severe and extensive cortical hypoperfusion in nonamnestic patients.

Previous neuroimaging studies about EOAD subtypes were exclusively based on structural or metabolic approaches. In our study, we assessed the cortical perfusion with ASL to analyze the functional differences between both EOAD subtypes. Given that metabolic and perfusion changes are linked together through the neurovascular coupling and are proportional to the tauopathy evolution, these results are in line with the hypothesis of a greater severity in the nonamnestic subtype [START_REF] Mendez | Early-onset Alzheimer's disease: nonamnestic subtypes and type 2 AD[END_REF][START_REF] Gefen | Clinically concordant variations of Alzheimer pathology in aphasic versus amnestic dementia[END_REF][START_REF] Bohnen | Effectiveness and safety of 18F-FDG PET in the evaluation of dementia: a review of the recent literature[END_REF][START_REF] Iadecola | Neurovascular regulation in the normal brain and in Alzheimer's disease[END_REF]. The distinct patterns of hypoperfusion was detected despite of the absence of difference of cortical thinning in both groups, highlighting the value of ASL in a MRI protocol for young patients affected by cognitive disorders.

Whereas amnestic and nonamnestic groups were matched for demographic and clinical characteristics, the APOE genotype was significantly different between both subtypes. Indeed, nonamnestic patients were mostly APOEε4 negative carriers, which is consistent with the results from previous studies and would be associated with a faster cognitive decline than in APOEε4 positive EOAD patients [START_REF] Van Der Flier | Early-onset versus late-onset Alzheimer's disease: the case of the missing APOE ɛ4 allele[END_REF][START_REF] Smits | Early onset APOE E4-negative Alzheimer's disease patients show faster cognitive decline on non-memory domains[END_REF].

The analysis between the EOAD and LOAD groups showed a trend towards a more severe hypoperfusion in EOAD patients. Differences in CBF values seemed to be independent of the local cortical atrophy, due to the use of the cortical thickness as a regressor in this comparison. This is in agreement with pathological and metabolic studies that have shown evidence of greater pathologic burden and more severe glucose hypometabolism in EOAD patients [START_REF] Kim | Glucose metabolism in early onset versus late onset Alzheimer's disease: an SPM analysis of 120 patients[END_REF][START_REF] Mizuno | Two distinct subgroups of senile dementia of Alzheimer type: quantitative study of neurofibrillary tangles[END_REF][START_REF] Marshall | Early-onset Alzheimer's disease is associated with greater pathologic burden[END_REF][START_REF] Rabinovici | Increased metabolic vulnerability in early-onset Alzheimer's disease is not related to amyloid burden[END_REF].

The main limitation of our study was the small sample size of the nonamnestic EOAD group compared to amnestic and LOAD groups. We were unable to generate statistical analyses of the three nonamnestic EOAD clinical subgroups (PCA, PLA and dysexecutive subgroups). Therefore, we cannot exclude that the large areas of hypoperfused regions on ASL in the nonmanestic group were related to a different specific perfusion pattern in each subgroup leading to an additional effect of perfusion alterations. Further study with larger samples should focus on ASL assessment of these different nonamnestic EOAD clinical subgroups. Furthermore, a longitudinal study at an earlier stage of the disease may be useful to validate ASL as a relevant diagnostic and prognostic tool for both amnestic and nonamnestic subtypes.

Second, LOAD patients were secondarily referred to our center after the diagnostic has been established. Thus, we were unable to retrieve all individual data, such as FDG-PET or cerebrospinal fluid biomarkers, for the whole group. The diagnosis of AD was thus, in several cases, based on clinical and radiological criteria. CDR and disease duration were also not available for all LOAD patients.

Finally, we used a 2D-EPI pCASL sequence to assess the cortical perfusion. The pseudo-continuous method acquired is currently the recommended technique for clinical use [START_REF] Alsop | Recommended implementation of arterial spin-labeled perfusion MRI for clinical applications: A consensus of the ISMRM perfusion study group and the European consortium for ASL in dementia[END_REF]. However, segmented 3D-sequences should be preferentially used, because of their insensitivity to field inhomogeneity and their insensitivity to field inhomogeneity and their high SNR and background suppression.

CONCLUSION

Nonamnestic and amnestic EOAD were associated with different patterns of cortical perfusion, with a more severe and extensive hypoperfusion in nonamnestic patients.

Comparison between EOAD and LOAD showed a trend towards more severe hypoperfusion in EOAD, thus reinforcing results of previous metabolic studies.

Further studies including larger groups of patients are needed in the future to validate ASL as a potential tool for the distinction of EOAD subtypes and the prediction of the time course of the disease. 
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  Resources and Research Center.For all patients, the diagnosis of AD was based on the International Working Group criteria and compatible with those of the National Institute on Aging -Alzheimer's

	Retrospective reviews of individual EOAD patients, including 2 neurologists and 2
	neuropsychologists, were used to determine the predominant cognitive impairment
	and to classify nonamnestic patients into 3 clinical subgroups: posterior cerebral
	atrophy (PCA), progressive logopenic aphasia (PLA) and dysexecutive type [13].
	The Mini Mental Score Examination (MMSE) was obtained for EOAD and LOAD
	patients. In EOAD patients, the Clinical Dementia Rating (CDR) was obtained and
	cerebrospinal fluid biomarkers were collected and positive in all cases (i.e. Aβ42
	below 700 pg/mL, and total tau or phosphorylated tau above 400 and 60 pg/mL,
	respectively). A blood sample was collected for all EOAD patients with a PyroMark
	Association ApoE kit (Biotage, Uppsala, Sweden) for determination of the patient's APOE workgroups, including clinical history, neurological and
	genotype.
	Healthy controls
	Controls were prospectively recruited in order to constitute a matched group for the
	comparison with EOAD patients. They underwent a battery of clinical assessments to
	confirm their normal cognitive status, according to the following parameters: higher
	MMSE score compared to the standard in the age group, normal neuropsychological
	tests, no history of neurological or psychiatric diseases. Subjects with significant
	cognitive impairment, cerebrovascular diseases or comorbidities, psychiatric or
	neurological treatments were not included in the study.
	Alzheimer Jeunes (CoMAJ)", funded by the multisite French National Reference The study was approved by the local Ethics Committee. Written informed consent
	Center for Early-Onset Dementia, and investigated at the local Memory Resources was obtained for all participants.
	and Research Center. The cohort CoMAJ was approved by local investigational
	review boards (CPP Nord-Ouest I, CPP Paris Pitié-Salpêtrière and CPP Ile-de-
	France II; reference 110-05).

neuropsychological examination and imaging

[START_REF] Mckhann | The diagnosis of dementia due to Alzheimer's disease: recommendations from the National Institute on Aging-Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease[END_REF]

. Exclusion criteria were: (i) familial forms of early-onset dementia (ii) psychiatric disorders, (iii) mixed dementia, (iv) significant comorbidities, (v) cerebrovascular diseases, (vi) agitation or contraindication to MRI examination. LOAD patients were recruited from subjects over 65 years referred secondarily in the Center for cognitive disorders with prominent amnestic symptoms. In this group, an additional work-up was not systematically carried out but the diagnosis of LOAD was checked to meet the above-mentioned recommended criteria for probable AD with an amnestic presentation.

EOAD patients in this study were selected from a multicenter cohort "Malades

table 1 .

 1 The LOAD group was matched for sex and age with the EOAD group. The control group was matched for sex and age with the nonamnestic and amnestic EOAD groups. No statistical difference was found between EOAD, LOAD and control groups for education level. There was no statistical difference regarding age, sex, education, age at onset, MMSE and CDR between amnestic and nonamnestic EOAD patients.

	clusters were reported for p-values P < 0.05 corrected for family-wise error (FWE)
	rate. A comparison between mean CBF values of statistically significant regions of
	hypoperfusion was then carried out using a Wilcoxon rank sum test.

Wilcoxon-Mann-Whitney test was used to compare the age, education and MMSE score of patients, while a Fisher's exact test was used to compare the sex, APOE genotype and CDR for EOAD patients. Between-group differences in perfusion were assessed by one-way ANOVA and post-hoc tests in regressing out the effect of cortical atrophy by using the Permutation Analysis of Linear Models package.

Permutation inference for generalized linear model was then applied in our study, providing exact control of false positives under only weak assumptions about the data. Statistical analyses were performed to assess how perfusion was reduced among all groups as follows: (i) ANOVA with F-test was first performed using cortical surface ASL data as dependent variable and cortical thickness as regressor; (ii) If the F-test was significant, post-hoc t-tests between groups were realized. Significant By contrast, a significant difference was found in APOE genotype (p<0.05). The nonamnestic group included 3 patients with PLA, 3 with PCA and 4 with a dysexecutive subtype.

Table 1 :

 1 Demographic, clinical and biological characteristics of the study population

		Healthy controls	EOAD	LOAD	LOAD vs EOAD	Nonamnestic EOAD	Amnestic EOAD	Nonamne stic vs amnestic	Amnes tic vs control s	Nonamne stic vs controls
		n=12	n=26	n=29	p-value	n=10	n=16	p-value	p-value	p-value
	Baseline age (y)	57.5 ±4.7	60.04 ±4.8	77.03 ±5.9	<0.05	59 ±6.5	60.6 ±3.4	0.61	0.10	0.50
	Age at onset (y)		53.28 ±3.5			52.88 ±4.1	53.53 ±3.1	0.66		
	Range	48-64	46-68	66-85		46-68	56-66			
	Gender (%, female)	7/12 (58.3)	16/26 (61.5)	17/29 (58.6)	0.829	6/10 (60)	10/16 (62.5)	1	0.53	0.66
	Education (y)	11.4 ±1.9	10.65 ±3.4	9.15 ±2.7	0.083	11.6 ±3.6	10.06 ±3.3	0.31	0.20	0.88
	MMSE	28.9 ±0.8	16 ±4.5	17 ±5.9	0.456	16.2 ±4.7	15.8 ±4.5	0.85		
	APOEε4 genotype (%)		60			22.2	81.25	0.019		
	CDR		1.16 ±0.7			1.05 ±0.6	1.23 ±0.8	0.86		

Table 2 :

 2 Summary table of the main results
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