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Abstract
Background  Atypical cerebrospinal fluid (CSF) patterns, involving an increase in the concentration of phosphorylated-tau 
(P-tau) proteins but normal amyloid-β concentration, are not uncommon in patients with mild neurocognitive disorders and 
suspected Alzheimer’s disease (AD). In these conditions, however, AD diagnosis may be ruled out in the absence of any 
amyloid deposition at positron-emission tomography (PET). This pilot cross-sectional study was aimed to determine whether 
this negativity of amyloid PET can be predicted by CSF profiles in such patients.
Methods  Twenty-five patients (73 [68–80] years, 10 women) with mild neurocognitive disorders, suspected AD and an 
increase in the CSF concentration of P-tau proteins but normal Aβ42 concentration and Aβ42/Aβ40 ratio were prospectively 
included and referred to a 18F-florbetaben PET. The latter was considered as definitively negative with the conjunction of 
both visual (brain amyloid plaque load score) and quantified (standard uptake value ratios) criteria. Predictors of a negative 
PET were searched among current CSF biomarkers (Aß42, Aß40, T-tau, P-tau, Aß42/Aß40, Aß42/p-tau).
Results  Amyloid PET was negative in 15 patients (60%) with a CSF Aß42 concentration being the sole independent predictor 
of this negativity. The criterion of an Aß42 concentration in the very high range (> 843 pg/mL), observed in 60% (15/25) of 
the study patients, was associated with a negative amyloid PET in 93% (14/15) of cases.
Conclusions  In mild neurocognitive disorders patients with suspected AD and showing an increase in CSF P-tau protein 
level, amyloid PETs are commonly negative, when Aß42 concentration is in the very high range. In such case, AD diagnosis 
based on biomarkers can be ruled out with reasonable certainty, without the need for additional CSF second-line assays or 
results from amyloid PET.
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Background

The dual criterion of a brain increase in phosphorylated-
tau (P-tau) proteins, combined with the presence of an 
amyloid deposition in the brain, was recently proposed by 
the National Institute on Aging and Alzheimer’s Associa-
tion (NIA-AA) for the definition of Alzheimer’s disease 
(AD) [1]. The combination of such increase in P-tau pro-
teins in cerebrospinal fluid (CSF), which are considered 
as relatively specific biomarkers of AD [2], with normal 
amyloid-β concentration correspond to an atypical CSF 
pattern. These CSF profiles are far from being uncommon 
in patients suspected of AD [3], even when taking into 
account the Aβ42/Aβ40 ratio to improve the accuracy of 
the CSF analysis [3, 4]. However, according to the NIA-
AA criteria, AD diagnosis can be ruled out by a definite 
assessment of an absence of any amyloid deposition in the 
brain in these patients [1].

Interestingly, this assessment may now be provided by 
amyloid positron-emission tomography (PET) brain imag-
ing. 18F-Florbetaben is one of the PET tracers of amy-
loid plaques which may be used in clinical routine [5] 
following its approval by the United States Food and Drug 
Administration and of the European Medicines Agency 
for this purpose [6]. In particular, 18F-florbetaben PET is 
associated with a very high negative predictive value for 
AD diagnosis (96%), especially when using not only visual 
but also quantitative analyses [5]. Such additional quan-
titative assessments have clearly been shown to improve 
the interpretation of 18F-florbetaben PET in this setting 
[7–11]. Nevertheless, a negative 18F-florbetaben PET is 
now established as a reliable indicator of the absence of 
sufficient plaque pathology in the brain to support a diag-
nosis of AD [5].

In light with the above, this pilot cross-sectional study 
was aimed to determine whether CSF profiles could pre-
dict the negativity of a 18F-florbetaben PET and thus, help 
to rule out AD diagnosis in mild neurocognitive disorders 
patients suspected of AD with abnormal CSF levels of 
P-tau-proteins but normal CSF amyloid-β levels.

Methods

Population

Among the 800 CSF analyses performed between Decem-
ber 2015 and September 2017 in the Department of 
Biochemistry, Molecular Biology and Nutrition of the 
University Hospital of Nancy in patients with mild neuro-
cognitive disorders [12] and suspected AD, according to 

the National Institute of Neurological and Communica-
tive Disorders and Stroke and the Alzheimer’s Disease and 
Related Disorders Association (NINCDS ADRDA) criteria 
[13, 14], 25 exhibited an increase in CSF P-tau concentra-
tions (> 60 pg/mL) along with normal Aß42 concentration 
(> 600 pg/mL) and Aß42/Aß40 ratio (> 0.07), according 
to routine cut-off values [3, 15]. The patients presenting 
this CSF biomarker profile were included in this ancillary 
analysis of the MAF (Maladie d’Alzheimer Florbetaben) 
study (NCT02556502) [16] with the following main addi-
tional inclusion criteria: age ≥ 18 years old, absence of 
formal or relative contraindication to 18F-florbetaben PET, 
affiliation to a health care system, no guardianship or cura-
torship, and absence of pregnancy. In addition, patients 
unable to undergo 18F-florbetaben PET due to agitation 
or confusion, as well as those unable to sign the informed 
consent form, were not included. Eligible patients were 
referred to 18F-florbetaben PET scanning less than 1 year 
after the CSF analysis.

CSF biomarkers

CSF was collected in the clinical setting by lumbar puncture 
of the L3–L4 or L4–L5 intervertebral space after local anes-
thesia in non-fasting patients, as part of the investigation of 
the patient’s cognitive dysfunction. Two levels of supplier-
provided internal quality controls were analyzed in each 
series, with the laboratory, furthermore, participating in the 
Alzheimer’s Association Quality Control Program by ana-
lyzing, four times yearly, two levels of external quality con-
trols and one longitudinal control. Since 2009, the laboratory 
results have systematically remained within the ± 2 standard 
deviations interval for each level of control. According to 
standard procedure, CSF was collected in a 5-mL Gosselin 
polypropylene tube. All samples were transported within 
4 h at 4 °C to the Biochemistry Laboratory of the University 
Hospital of Nancy (Central Laboratory) and were immedi-
ately centrifuged and stored at − 80 °C until assayed.

Aβ42, Aβ40, T-tau and P-tau concentrations were deter-
mined using commercially available sandwich ELISA pro-
cedures (Innotest®, Fujirebio, Ghent, Belgium) according 
to the manufacturer’s instructions. Biomarker concentra-
tions were proportional to optical density at 450 nm. A CSF 
pool sampled in the same polypropylene tubes and stored at 
− 80 °C was used as internal quality control in each experi-
ment. Standards, samples and controls were run in dupli-
cates. Samples were re-assayed if the variation coefficient 
between both values was > 10%.

Aβ42 peptide, Tau and P-Tau protein values of 600, 350 
and 60 pg/mL, respectively, have been proposed as patho-
logical thresholds while an Aβ42/Aβ40 ratio above 0.07 is 
considered pathological [3, 4, 15, 17, 18].
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Amyloid PET recording

All 18F-florbetaben PET images were recorded on the same 
Biograph™ six hybrid PET/computed tomography (CT) sys-
tem (Siemens Medical Solutions, Erlangen, Germany) after 
the intravenous injection of a bolus of 300 MBq (± 10%) 
of 18F-florbetaben. Ninety minutes later, the imaging pro-
tocol was initiated by a low-dose brain CT scan for attenu-
ation correction (110 keV, 40 mAs, matrix size 512 × 512, 
3 mm slice thickness and a pitch of 1), immediately fol-
lowed by a 20-min brain PET recording. PET images were 
reconstructed with an iterative three-dimensional ordered 
subset expected minimization (OSEM) method, corrected 
for attenuation and diffusion and displayed through 2.7-mm 
isotropic voxels [19].

Amyloid PET analysis

Only amyloid PETs classified as negative upon both visual 
and quantitative analyses were considered as definitely nega-
tive (the characterization of the patients with a definite nega-
tive amyloid PET was the primary objective of the present 
study). Accordingly, amyloid PETs were considered posi-
tive in the instances of positive visual and/or quantitative 
analyses.

The visual analysis was obtained from two experienced 
nuclear physicians (CM, AV) who were blinded to all other 
patient data. Amyloid PET results were interpreted in a con-
sensual manner as either “positive” or “negative” by conven-
tional means [6], according to the amount of 18F-florbetaben 
uptake observed on the lateral temporal cortex, frontal cor-
tex, posterior cingulate cortex/precuneus and parietal cortex. 
Only brain amyloid plaque load (BAPL) scores higher than 
1 were considered as reflecting positivity, as currently rec-
ommended [6].

The quantitative analysis was obtained with the use of 
the low-dose CT images for spatial normalization and sub-
sequent PET quantification [20]. More precisely, each set of 
CT images was spatially normalized into the standard Mon-
treal National Institute (MNI) space through the segmen-
tation–normalization algorithm from the SPM12 software 
(Wellcome Trust Centre for Neuroimaging, London) [20]. 
Thereafter, each set of PET images was registered into the 
MNI-152 space, using the deformation matrix obtained for 
the spatial normalization of the CT scan, and was segmented 
for the gray-matter volume, using the segmentation of the 
CT scan.

Standard uptake values ratios (SUVr) were obtained for 
each patient in a conventional way, with the averaged activ-
ity from six ROIs being divided by the mean activity from 
a cerebellar reference region [21]. These six ROIs were 
located on the dorsolateral and medial frontal cortex, the 
cingulum, the precuneus, the inferior and superior parietal 

lobules, the lateral occipital cortex and the lateral temporal 
cortex, and were automatically defined through the Auto-
mated Anatomical Labeling atlas [5, 22]. The criterion of a 
SUVr < 1.478 was used to identify the negative 18F-florbeta-
ben PET, according to that previously recommended [5].

Typical axial slices of positive and negative amyloid PET 
are displayed in Fig. 1.

Statistical analysis

Continuous variables are expressed as median and inter-
quartile range [IQR] with two-group comparisons per-
formed with Mann–Whitney tests. Categorical variables 
are expressed as percentages and were compared using chi-
square tests. The concordance between the results of visual 
and quantitative PET analyses was additionally assessed 
with a kappa coefficient.

A multivariate analysis was performed using ascending 
logistic regression models with the negative/positive sta-
tus of amyloid PET as the outcome variable and the CSF 
and clinical parameters listed in Table 1 and showing a p 
value < 0.10 at univariate analysis as explanatory variables. 
The criteria of p values ≤ 0.10 and p > 0.10 were used to, 
respectively, enter and remove the variables from the model. 
The validity of assumptions of the models was verified, with 
the variation inflation factor and conditional index being 
used for multicollinearity diagnosis.

The predictive value of the CSF concentration biomark-
ers was additionally assessed by receiver operating char-
acteristic (ROC) curves. The Aß42 cut-off value was con-
sidered as optimal for identifying patients with negative 
PET when the product of paired values for sensitivity and 
specificity reached its maximum. For all univariate tests, 
a p value < 0.05 was considered as significant. Statistical 
analyses were performed with SAS version 9.4 (SAS Insti-
tute Inc., Cary, N.C., USA) and SPSS 20 (SPSS, Chicago, 
IL, USA).

Results

Patient characteristics are detailed in Table 1. Of the 25 
study patients, 10 (40%) were women, the median age was 
73 years and the median of the Mini-Mental State Exami-
nation (MMSE) score was 23. According to the Clinical 
Dementia Rating (CDR) [23], none of the patients were clas-
sified with a score of 0 (no dementia) or 3 (severe dementia).

Identification of definitely negative amyloid PET

Fifteen among the 25 amyloid PET scans (60%) were con-
sidered to be definitively negative and thus without any 
abnormal amyloid deposition according to both visual and 
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quantitative criteria. The concordance rate between visual 
and quantitative identifications of negative amyloid PET 
was 88% (22/25) with a corresponding kappa coefficient of 
0.73 (p < 0.001). As detailed in Fig. 1, amyloid PET was 
negative quantitatively but positive visually in a single 
patient for whom the visual BAPL score was of only 2, just 
above the normal limit, whereas all other positive PETs 
were associated with BALP scores of 3. Amyloid PET was 
negative visually but positive quantitatively in two patients 
for whom the SUVr were also just above the normal limit 
of 1.478—i.e. 1.523 and 1.629 (see Fig. 1).

Prediction of a definitely negative PET

As detailed in Table 1, there were non-significant trends 
toward higher Mini-Mental State Examination (p = 0.09) 
and educational level (p = 0.07) in patients with definitely 
negative PET. Moreover, the CSF concentrations of Aß40 
and Aß42, as well as the Aß42/Aß40 and Aß42/p-tau con-
centration ratios, were significant predictors of a negative 
amyloid PET on univariate analysis (respective areas under 
the curve of 0.85, 0.95, 0.79 and 0.90). On multivariate anal-
ysis, however, Aß42 concentration was the sole independent 

Fig. 1   Individual patient values 
of brain amyloid plaque load 
(BAPL) scores (upper panel), 
standardized uptake value 
ratios (SUVr) (medium panel) 
and Aβ42 cerebrospinal fluid 
concentrations (lower panel) 
for the 25 study patients clas-
sified according to increasing 
values of first BALP score and 
second SUVr values. The blue 
columns indicate normal values 
for BALP score, SUVr and 
Aβ42 concentration > 843 pg/
mL, whereas the red columns 
indicate abnormal values for 
BALP score, SUVr and Aβ42 
concentration ≤ 843 pg/mL. 
Axial slices of negative (patient 
#1) and positive (patient #25) 
amyloid PET are additionally 
displayed in the upper portion 
of this figure
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predictor of a definitively negative PET. No other clinical 
or CSF variable was able to provide significant additional 
predictive information.

The ROC curve of the identification of definitely nega-
tive PET according to the level of CSF Aß42 concentration 
is displayed in Fig. 2. The threshold of 843 pg/mL provided 
the best sensitivity specificity product and is highlighted on 
this curve.

As shown in Fig. 1, only one patient with an Aß42 con-
centration > 843 pg/mL had a positive amyloid PET although 
this positivity was based on a SUVr value of 1.523, just 
above the normal limit of 1.478, whereas the visual analysis 
was negative (BALP score of 1). This figure also shows that 
an Aß42 concentration ≤ 843 pg/mL was associated with a 
negative PET in a single patient. As a result, for the identifi-
cation of a definitely negative PET, the criterion of an Aß42 
concentration > 843 pg/mL was associated with a global 
accuracy of 92% (23/25).

Discussion

In the particular population of mild neurocognitive disorders 
patients with suspected AD and an abnormal CSF P-tau-
protein level but normal CSF amyloid-β, our study shows 
that amyloid PET is commonly negative if the Aß42 concen-
tration is in the very high range. More precisely, in patients 
with Aß42 concentration higher than 843 pg/mL and thus 

far above the threshold limit of normal (600 pg/mL), 93% 
(14/15) had a definitely negative amyloid PET, a strong cri-
terion for ruling out the diagnosis of AD [5]. This percentage 
is in agreement with the high negative predictive value for 

Table 1   Patient characteristics in the overall population and according to patients with and without a definitely negative amyloid PET

p value for difference in characteristics between patients with PET + and PET –
CDR Clinical Dementia Rating, CSF cerebrospinal fluid, MMSE Mini-Mental State Examination, SUVr standard uptake value ratios

Total
N = 25

PET +
N = 10

PET −
N = 15

p value

Age (years) (mean ± SD) 73 [68–80] 73 [67–77] 75 [69–83] 0.53
Gender (female) 10 (40%) 5 (50%) 5 (33%) 0.41
MMSE score (mean ± SD) 23 [18–25] 20 [16–25] 25 [20–26] 0.09
CDR 0.14
 0.5 12 (42%) 3 (30%) 9 (60%)
 1–2 13 (58%) 7 (70%) 6 (40%)

Educational level 0.07
 None 2 (8%) 1 (10%) 1 (7%)
 Primary school 12 (48%) 8 (80%) 4 (27%)
 High school, college and above 11 (44%) 1 (10%) 10 (67%)

Biomarkers (mean ± SD)
 CSF T-Tau (pg/mL) 429.7 [406.7–527.0] 449.1 [428.7–675.3] 412.3 [374.3–520.0] 0.06
 CSF P-tau (pg/mL) 67.4 [62.3–75.2] 70.8 [65.7–75.6] 63.4 [62.1–72.3] 0.22
 CSF Aß42 (pg/mL) 1033.0 [793.2–1233.3] 743.5 [696.1–802.9] 1232.5 [1079.8–1295.5] < 0.01*
 CSF Aß40 (pg/mL) 11022.0 [9407.7–13961.0] 9298.5 [8124.1–11022.0] 13467.0 [10952.5–14232.0] 0.01*
 CSF Aß42/Aß40 ratio 0.083 [0.075–0.095] 0.075 [0.072–0.083] 0.093 [0.082–0.101] 0.02*
 CSF Aß42/P-tau ratio 14.0 [10.0–18.4] 9.9 [9.2–11.0] 18.0 [14.8–20.0] < 0.01*

Fig. 2   Receiver operating characteristic curve of Aβ42 concentrations 
for the identification of patients with definitely negative amyloid PET
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AD diagnosis (96%) currently documented with 18F-florbeta-
ben PET in patients with suspected AD [5]. In the present 
study, a positive 18F-florbetaben PET was associated with 
an Aß42 concentration higher than 843 pg/mL in only one 
patient for whom this PET positivity was furthermore at the 
borderline of significance with a slightly abnormal quantita-
tive analysis and a negative visual analysis (Fig. 1).

This relationship between Aß42 concentration and amy-
loid PET status is in accordance with the previous obser-
vations of an inverse relationship between the amount 
of abnormal amyloid PET uptake and CSF Aß42 levels 
[24–29]. Aß42 has also been previously shown to be the 
best CSF biomarker of total brain amyloid load at autopsy, 
presumably since Aß42 is a major component of brain amy-
loid plaques in vivo [30].

On univariate analysis, however, the CSF concentra-
tion of Aß40 as well as the Aß42/Aß40 and Aß42/P-tau 
ratios were additional predictors of a negative amyloid PET 
(Table 1), although this is likely the result of all these bio-
markers being linked to the process of amyloid plaque load. 
By contrast, the CSF concentrations of T-tau and P-tau pro-
teins, which are linked to the neurodegenerative and not to 
the amyloid components of the AD process, were not uni-
variate predictors of a negative amyloid PET (Table 1). On 
multivariate analysis, however, Aß42 concentration was the 
sole independent predictor of the amyloid PET status, with 
no other clinical or CSF variable able to provide any sig-
nificant predictive value in addition to that provided by CSF 
Aß42 concentration.

Although this remains to be confirmed on a larger scale, 
our results suggest that in patients with an Aß42 concentra-
tion far above the threshold limit of normal (> 843 pg/mL 
in the present study), AD diagnosis based on biomarkers 
[1] can be ruled out with reasonable certainty, even in the 
presence of an abnormal CSF concentration of P-tau pro-
tein. Indeed, in this particular instance, no other additional 
investigation such as second-line assays of CSF Aß42/Aß40 
or Aß42/p-tau ratios, or amyloid PET would be required to 
determine the risk of AD. Both diagnostic and therapeutic 
strategies could thus be reoriented to other mild neurocogni-
tive disorders not due to AD (primary age-related tauopa-
thy, argyrophilic grain disease, Pick’ disease, corticobasal 
degeneration or progressive supranuclear palsy, etc.) [31].

By contrast, the risk of AD would remain significant in 
patients in whom Aß42 concentrations are normal but close 
to the abnormal range (from 600 to 843 pg/mL in the present 
study), especially when associated with mild neurocognitive 
disorders and an increase in CSF P-tau proteins [16]. This 
was indeed the case of ten patients herein among whom one 
had a definitely negative amyloid PET although nine had 
not (Fig. 1).

To rule out the diagnosis of AD with a high degree of cer-
tainty, amyloid PET was considered as definitively negative 

in the present study only if both visual and quantitative 
criteria were negative, which represented a non-negligible 
proportion of our specific population (n = 15 patients, 60%). 
Such visual [6] and quantitative [7–11] analyses have already 
been shown to provide excellent diagnostic performances 
for AD diagnosis, with the visual BAPL score commonly 
used in this setting [6], and with the SUV ratios for which 
the abnormal range was recently defined according to histo-
pathological criteria of AD [5]. These visual and quantitative 
assessments showed an excellent concordance herein, with 
a kappa coefficient of 0.73, in accordance with previously 
published data [9, 11], although three discordance cases 
were nonetheless documented. These three cases hovered at 
the borderline of the visual and quantitative thresholds defin-
ing a negative 18F-florbetaben PET (see Fig. 1), although 
the presence of these discordances strengthens our choice 
of considering both visual and quantitative criteria for the 
definite diagnosis of a negative amyloid PET.

The main limitations of the present study are its single-
center and cross-sectional nature and the limited number 
of study patients, thus restricting the generalization of our 
results. In addition, further longitudinal studies would be 
useful to assess the time evolution of Aß42 concentrations, 
amyloid PET status and, ultimately, the rate of AD conver-
sion, in those patients with mild neurocognitive disorders 
and atypical CSF biomarker profiles. The interest of patient 
monitoring through serial amyloid PET has, moreover, 
already been suggested in such atypical cases [32].

Conclusions

Altogether, this pilot study shows that in mild neurocogni-
tive disorders patients with suspected AD and with abnormal 
CSF P-tau-protein levels but with normal CSF amyloid-β 
levels, amyloid PET is commonly negative when the CSF 
concentration of Aß42 is additionally in the very high range. 
In such case, AD diagnosis based on biomarkers can be ruled 
out with reasonable certainty, without the need for additional 
CSF second-line assays or results from amyloid PET.
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