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Improving clinical diagnosis 
of Alzheimer’s disease 
 
Many subtypes of disease exist under the umbrella of 

dementia with Alzheimer’s disease (AD) being the 

most common. AD-related dementia is characterized 

by neuropathological changes in the brain. Amyloid 

plaques and tangles made of hyperphosphorylated tau 

build up in the brain and are hallmarks of the disease. 

The presence of these neuropathological changes is 

necessary for a true AD diagnosis.  

 
PROBLEMS WITH COGNITIVE ASSESSMENT AND 
CLINICAL WORKUP IN AD DIAGNOSIS 

Because of this requirement, the true gold standard 

for AD diagnosis can only occur upon autopsy. 

Currently, differential diagnosis is used to assess early 

onset of dementia for the millions of patients suffering 

from early symptoms of memory loss and cognitive 

complaints. Thus, for the last 45 years clinicians have 

relied primarily on a cognitive assessment including 

cognitive screening tests such as the Mini-Mental 

State Examination (MMSE) and more recently, the 

Montreal Cognitive Assessment (MoCA), alongside a 

clinical workup to diagnose AD (Dubois et al., 2021). 

The MMSE is a paper-based test that has long been 

used as part of the process when considering a 

diagnosis of dementia, whereas the MoCA was 

developed as a tool to screen patients who present 

with mild cognitive complaints and usually perform in 

the normal range on the MMSE (Creavin et al., 2016; 

Nasreddine et al., 2005).  While clinical diagnosis 

relying primarily on cognitive tests can reach 70% to 

90% accuracy in late stages of AD, it is much less 

accurate in early stages of mild cognitive impairment 

(MCI) due to AD, and it is well known that MCI can 

have many pathological causes unrelated to AD 

(Breton et al., 2019; Schneider et al., 2009). 

Additionally, differentiating AD from non-Alzheimer’s 

(non-AD)-related dementias is challenging with 

cognitive screening tests alone.  

 

The inaccuracy of clinical diagnosis utilizing only 

cognitive tests to diagnose early AD has been 

observed by comparing neuropathological results after 

autopsy. In a longitudinal community-based clinical-

pathologic study, 483 older persons underwent a 

battery of cognitive tests including the MMSE. Of the 

179 persons diagnosed with probable AD, 88% were 

confirmed to have AD by pathologic criteria. However, 

when examining the 134 persons with MCI, the 

number of patients with pathologically confirmed AD 

was reduced to 54% of which 59% had amnestic MCI 

and 49% non-amnestic MCI; despite that amnestic 

MCI is often thought to be a more specific sign of early 

AD (Salmon, 2011; Schneider et al., 2009).  

 

This indicates that symptomatology and cognitive 

tests alone cannot be used to reliably diagnose 

early AD. 

 

As clinical diagnosis improves further along the AD 

spectrum, longitudinal analysis may be used to 

determine whether MMSE scores accurately predict 

conversion to AD dementia from MCI. While this is not 

the intended use of cognitive tests, that is what they 

are tasked with if used to diagnose AD at the MCI 

stage. A systematic review of eight studies spanning 

1128 patients looked at whether MMSE scores 

accurately predicted MCI conversion to AD. The 

review found highly variable outcomes in sensitivity 

and specificity, ranging from 27% to 89% and from 

32% to 90% respectively.  Pooling these studies at a 

median specificity of 80%, resulted in a sensitivity of 

54%. Thus, in a hypothetical cohort of 100 MCI 
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patients with a 39.2% incidence of AD, the number of 

missed cases would be 18 patients and 12 MCI 

patients would be over diagnosed. The review did not 

find evidence supporting a substantial role of MMSE 

as a stand-alone single-administration test in the 

identification of MCI patients who may develop 

dementia (Arevalo-Rodriguez et al., 2015). While 

many studies have determined that the MoCA has 

higher diagnostic accuracy for MCI than the MMSE, to 

our knowledge none have looked at the MoCA in 

relation to AD pathology in MCI (Breton et al., 2019). 

  

Thus, it is important to clarify, while the MoCA 

may have high sensitivity for distinguishing MCI 

from AD or healthy controls it has not been 

validated for determining the underlying 

pathology of MCI. 

 
RECENT ADVANCEMENTS IN DIAGNOSTIC 
TOOLS (CSF AND PET)  

In more recent years, amyloid PET (positron emission 

tomography) and cerebrospinal fluid (CSF) testing 

have emerged as important tools to determine the 

presence of amyloid pathology. Amyloid PET is used 

to estimate β-amyloid neuritic plaque density in adult 

patients’ brains with cognitive impairment who are 

being evaluated for AD and other causes of cognitive 

decline. CSF biomarker testing utilizes four core 

biomarkers; 2 β-amyloid biomarkers (Aβ1-42 and  

Aβ1-40 as part of the Aβ1-42/Aβ1-40 ratio), and 2 Tau 

biomarkers (pTau and tTau) to determine amyloid 

status and the presence of other AD-related 

pathological changes.  

 

The importance of correctly identifying the 

neurobiological cause of the dementia is critical 

when considering which patients to enroll in 

clinical trials to develop novel therapies and which 

patients will benefit from amyloid and tau targeted 

therapies. 

 

As current therapies focus on preventing cognitive 

decline and treating symptoms rather than a cure, it is 

critical to determine amyloid pathology early in the AD 

spectrum at the MCI stage. For those patients who do 

not have AD dementia, it is critical to avoid unwanted 

side effects from mistargeted drugs as well as to gain 

access to treatments that may be warranted for other 

causes of cognitive decline. Therefore, we will review 

available literature on the accuracy of the underlying 

pathological determinations in mild cognitive 

impairment (MCI) and non-AD patients during clinical 

diagnosis and how amyloid PET and CSF testing can 

influence an accurate amyloid status determination. 

 

Amyloid PET tracers have been approved by the Food 

and Drug Administration and European Medicines 

Agency for use in assessing amyloid pathology and 

have published sensitivities and specificities ranging 

from 82% - 98% and 77% - 95%, respectively 

(Amyloid tracers package inserts). Analysis of CSF 

from MCI patients to determine amyloid pathology has 

been compared to amyloid PET as well as autopsy to 

determine sensitivity and specificity. In a study by 

Palmqvist et al. (2014), CSF Aβ1-42 and amyloid 

imaging using [18F] flutemetamol PET were compared 

in patients with MCI from the Swedish BioFINDER 

study.  

 

CSF Aβ1-42, measured as part of routine clinical 

practice showed high accuracy for determining cortical 

Aβ levels in MCI patients, with 92% of patients 

identically classified (Palmqvist et al., 2014). Utilizing 

the Aβ1-42/Aβ1-40 ratio which normalizes the 

measurement of Aβ1-42 to the individual patient’s 

amyloid production increases sensitivity and specificity 

(Hansson et al., 2019). In a study of 100 MCI patients, 

the CSF Aβ1-42 concentration could distinguish 

individuals with an abnormal amyloid PET scan 

achieving a sensitivity of 82% and a specificity of 81%, 

while the CSF Aβ1-42/Aβ1-40 ratio achieved 96% and 

91%, respectively (Pannee et al., 2016). 
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CSF and PET have not been extensively examined 

with autopsy-confirmed patients as a predictor of AD 

from MCI. In a head-to-head comparison of PET and 

CSF in 122 healthy elderly and 34 patients with MCI 

who developed AD dementia within 3 years (MCI-AD), 

CSF Aβ1-42/tTau had the highest accuracy with a 

sensitivity of 97%, and specificity of 83%. PET had a 

similarly high accuracy for incipient AD with a 

sensitivity of 85% and specificity of 87%. The 

combination of CSF and PET was not better than 

using either biomarker separately (Palmqvist et al., 

2015). In an additional CSF study, 37 MCI subjects 

who converted to a clinical diagnosis of probable AD 

within one year were shown to have significantly lower 

Aβ1-42 levels than the cognitively normal comparators 

(Shaw et al., 2009); and in a study looking at 137 MCI 

patients who were followed for 4 to 6 years, 57 

developed AD, 21 developed other forms of dementia, 

and 56 remained cognitively stable. A ratio result 

combining CSF tTau and Aβ1-42 at baseline yielded a 

sensitivity of 95% and a specificity of 83% for 

detection of incipient AD in patients with MCI 

(Hansson et al., 2006). 

 

Differentiating AD from non-AD dementia is also 

challenging when utilizing cognitive screening tests 

alone and can be improved by the use of CSF 

biomarkers.  A combination of Aβ1-42, tTau and pTau 

was evaluated for distinguishing autopsy-confirmed 

AD (n=61) from frontotemporal lobar degeneration 

(FTLD; n=14). Whereas clinical evaluation had a 

sensitivity and specificity of 80%, a regression model 

including CSF Aβ1-42 and pTau had a sensitivity of 

98% and specificity of 93%. CSF testing improved 

accuracy compared to clinical evaluation by 

recategorizing participants with autopsy-confirmed AD 

who had been incorrectly clinically classified as having 

FTLD. CSF testing also corrected a small number of 

false positives and incorrectly recategorized a small 

number of true positives from clinical evaluation. 

Interestingly this study included 27 patients diagnosed 

at MCI at the time of CSF sampling and found no 

difference in the accuracy of CSF biomarkers at the 

MCI versus dementia stage (Toledo et al., 2012; Fink 

et al., 2020). In an additional study of AD and FTLD 

patients the sensitivity and specificity of clinical 

evaluation to distinguish between autopsy-confirmed 

AD (n=20) and FTLD (n=10) was 67% and 87%, 

respectively, whereas the tTau/Aβ1-42 ratio, 

sensitivity and specificity was 90% and 97% 

respectively (Irwin et al., 2012). Finally, in a study 

including 80 AD and 75 non-AD patients, a large 

proportion of which had an autopsy-confirmed 

diagnosis (73/80 AD and 38/75 non-AD), a subset of 

16 out of 111 patients could not be discriminated 

when using clinical evaluation alone. A sequential 

decision tree that included pTau and Aβ1-42/Aβ1-40, 

correctly classified 7 of the 16 individuals, while a 

decision tree that also included Aβ1-40 correctly 

categorized 10 of the 16 (p=0.30; Slaets et al., 2013; 

Fink et al., 2020). 

 

An additional two studies looked at amyloid PET 

imaging and clinical diagnosis in patients with autopsy 

confirmation. In the first of these two studies that 

looked at 59 patients ranging from normal to dementia 

status, clinical evaluation had sensitivity of 72% 

(28/39) and specificity of 95% for neuropathologically 

confirmed AD. Amyloid PET corrected 10 of 11 clinical 

false negatives and one clinical false positive, but 

miscategorized 2 of 28 clinical true positives (Clark et 

al., 2012; Fink et al., 2020). In the second study that 

included 57 patients with a clinical diagnosis of AD, 3 

with dementia with Lewy bodies (DLB), 6 with other 

dementias, and 8 without dementia clinical evaluation 

had sensitivity of 94% (44/47) and specificity of 52% 

(14/27) whereas amyloid PET had sensitivity of 98% 

and specificity of 89% (Sabri et al., 2015). 

 

CSF measurements or amyloid PET alongside 

clinical diagnosis provides greater accuracy in 

determining amyloid status than clinical diagnosis 

with only cognitive screening tests.  

 

This is especially important in differentiating AD from 

non-AD dementia and in MCI patients who are often 

misdiagnosed with MCI due to AD. It is well known 

that cholinesterase inhibitors prescribed for AD 

patients have adverse interactions in FTLD patients, 

with worsening of cognitive and behavioral symptoms 



4   © Fujirebio Europe, March 2022, FRE-268 

 

(Noufi et al., 2019). Similarly, antipsychotic 

medications used to treat symptoms of AD can cause 

neuroleptic sensitivity in as many as 81% of patients 

with DLB (Armstrong & Weintraub, 2016) and has 

therefore become a suggestive feature in the DLB 

clinical diagnostic criteria (McKeith et al., 2020). 

Finally, with the ground-breaking approval of the first 

disease-modifying drug for AD in the US, Aduhelm™, 

a drug that targets amyloid deposition, it is critically 

important to correctly identify MCI patients with 

amyloid pathology. This will ensure a better 

determination of which patients may benefit from the 

drug, without exposing patients who do not have AD 

to unwanted side effects. As discussed in this review, 

clinical diagnosis with cognitive screening tests, like 

the MMSE or the MoCA, alone does not ensure a 

correct pathological diagnosis especially in MCI 

patients. Moving forward it will be important to 

consider PET or CSF results to determine underlying 

pathology in patients with MCI that is persistent, 

progressing, and unexplained. 

 

 
REFERENCES 

Arevalo-Rodriguez, I., Smailagic, N., Roquéi Figuls, M., 

Ciapponi, A., Sanchez-Perez, E., Giannakou, A., Pedraza, O. 

L., Bonfill Cosp, X., & Cullum, S. (2015). Mini-Mental State 

Examination (MMSE) for the detection of Alzheimer’s disease 

and other dementias in people with mild cognitive impairment 

(MCI). Cochrane Database Syst Rev, 7(7):CD010783. 

Armstrong, M.J., Weintraub, D. (2016). The Case for 

Antipsychotics in Dementia with Lewy Bodies. Mov Disord 

Clin Pract, 4(1), 32-35. 

Breton, A., Casey, D., & Arnaoutoglou, N. A. (2019). Cognitive 

tests for the detection of mild cognitive impairment (MCI), the 

prodromal stage of dementia: Meta-analysis of diagnostic 

accuracy studies. Int J Geriatr Psych, 34(2):233-242. 

Clark, C. M., Pontecorvo, M. J., Beach, T. G., Bedell, B. J., 

Coleman, R. E., Doraiswamy, P. M., Fleisher, A. S., Reiman, 

E. M., Sabbagh, M. N., Sadowsky, C. H., Schneider, J. A., 

Arora, A., Carpenter, A. P., Flitter, M. L., Joshi, A. D., 

Krautkramer, M. J., Lu, M., Mintun, M. A., & Skovronsky, D. 

M. (2012). Cerebral PET with florbetapir compared with 

neuropathology at autopsy for detection of neuritic amyloid-β 

plaques: A prospective cohort study. Lancet Neurol, 11(8), 

669–678. 

Creavin, S. T., Wisniewski, S., Noel-Storr, A. H., Trevelyan, C. 

M., Hampton, T., Rayment, D., Thom, V. M., Nash, K. J. E., 

Elhamoui, H., Milligan, R., Patel, A. S., Tsivos, D. v., Wing, T., 

Phillips, E., Kellman, S. M., Shackleton, H. L., Singleton, G. 

F., Neale, B. E., Watton, M. E., & Cullum, S. (2016). Mini-

Mental State Examination (MMSE) for the detection of 

dementia in clinically unevaluated people aged 65 and over in 

community and primary care populations. Cochrane 

Database Syst Rev (1):CD011145. 

Dubois, B., Villain, N., Frisoni, G. B., Rabinovici, G. D., 

Sabbagh, M., Cappa, S., Bejanin, A., Bombois, S., Epelbaum, 

S., Teichmann, M., Habert, M. O., Nordberg, A., Blennow, K., 

Galasko, D., Stern, Y., Rowe, C. C., Salloway, S., Schneider, 

L. S., Cummings, J. L., & Feldman, H. H. (2021). Clinical 

diagnosis of Alzheimer’s disease: recommendations of the 

International Working Group. Lancet Neurol, 20(6):484-496. 

 

 
Fink, H. A., Hemmy, L. S., Linskens, E. J., Silverman, P. C., 

MacDonald, R., McCarten, J. R., Talley, K. M. C., Desai, P. 

J., Forte, M. L., Miller, M. A., Brasure, M., Nelson, V. A., 

Taylor, B. C., Ng, W., Ouellette, J. M., Greer, N. L., Sheets, K. 

M., Wilt, T. J., & Butler, M. (2020). Key Question 2: 

Biomarkers for Identifying Neuropathologically Confirmed AD. 

In: “Diagnosis and Treatment of Clinical Alzheimer’s-Type 

Dementia: A Systematic Review” 

Hansson, O., Lehmann, S., Otto, M., Zetterberg, H., & Lewczuk, 

P. (2019). Advantages and disadvantages of the use of the 

CSF Amyloid beta (Abeta) 42/40 ratio in the diagnosis of 

Alzheimer’s Disease. Alzheimers Res Ther, 11(1), 34. 

Hansson, O., Zetterberg, H., Buchhave, P., Londos, E., 

Blennow, K., & Minthon, L. (2006). Association between CSF 

biomarkers and incipient Alzheimer’s disease in patients with 

mild cognitive impairment: a follow-up study. Lancet Neurol, 

5(3), 228–234. 

Irwin, D. J., McMillan, C. T., Toledo, J. B., Arnold, S. E., Shaw, 

L. M., Wang, L.-S., van Deerlin, V., Lee, V. M.-Y., 

Trojanowski, J. Q., & Grossman, M. (2012). Comparison of 

cerebrospinal fluid levels of tau and Aβ1-42 in Alzheimer 

disease and frontotemporal degeneration using 2 analytical 

platforms. Arch Neurol, 69(8), 1018–1025. 

McKeith, I. G., Ferman, T. J., Thomas, A. J., Blanc, F., Boeve, 

B. F., Fujishiro, H., Kantarci, K., Muscio, C., O’Brien, J. T., 

Postuma, R. B., Aarsland, D., Ballard, C., Bonanni, L., 

Donaghy, P., Emre, M., Galvin, J. E., Galasko, D., Goldman, 

J. G., Gomperts, S. N., … Tiraboschi, P., for the prodromal 

DLB Diagnostics Study Group (2020). Research criteria for 

the diagnosis of prodromal dementia with Lewy bodies. 

Neurology, 94(17), 743–755. 

Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S., 

Whitehead, V., Collin, I., Cummings, J. L., & Chertkow, H. 

(2005). The Montreal Cognitive Assessment, MoCA: A brief 

screening tool for mild cognitive impairment. J Am Geriatr 

Soc, 53(4):695-699. 

Noufi, P., Khoury, R., Jeyakumar, S., & Grossberg, G. T. 

(2019). Use of Cholinesterase Inhibitors in Non-Alzheimer’s 

Dementias. Drugs & Aging, 36(8), 719–731. 

  

https://doi.org/10.1002/14651858.CD010783.pub2
https://doi.org/10.1002/14651858.CD010783.pub2
https://doi.org/10.1002/14651858.CD010783.pub2
https://doi.org/10.1002/14651858.CD010783.pub2
https://doi.org/10.1002/14651858.CD010783.pub2
https://doi.org/10.1002/14651858.CD010783.pub2
https://doi.org/10.1002/mdc3.12383
https://doi.org/10.1002/mdc3.12383
https://doi.org/10.1002/mdc3.12383
https://doi.org/10.1002/gps.5016
https://doi.org/10.1002/gps.5016
https://doi.org/10.1002/gps.5016
https://doi.org/10.1002/gps.5016
https://doi.org/10.1016/S1474-4422(12)70142-4
https://doi.org/10.1016/S1474-4422(12)70142-4
https://doi.org/10.1016/S1474-4422(12)70142-4
https://doi.org/10.1016/S1474-4422(12)70142-4
https://doi.org/10.1016/S1474-4422(12)70142-4
https://doi.org/10.1016/S1474-4422(12)70142-4
https://doi.org/10.1016/S1474-4422(12)70142-4
https://doi.org/10.1016/S1474-4422(12)70142-4
https://doi.org/10.1016/S1474-4422(12)70142-4
https://doi.org/10.1002/14651858.CD011145.pub2
https://doi.org/10.1002/14651858.CD011145.pub2
https://doi.org/10.1002/14651858.CD011145.pub2
https://doi.org/10.1002/14651858.CD011145.pub2
https://doi.org/10.1002/14651858.CD011145.pub2
https://doi.org/10.1002/14651858.CD011145.pub2
https://doi.org/10.1002/14651858.CD011145.pub2
https://doi.org/10.1002/14651858.CD011145.pub2
https://doi.org/10.1002/14651858.CD011145.pub2
https://doi.org/10.1016/S1474-4422(21)00066-1
https://doi.org/10.1016/S1474-4422(21)00066-1
https://doi.org/10.1016/S1474-4422(21)00066-1
https://doi.org/10.1016/S1474-4422(21)00066-1
https://doi.org/10.1016/S1474-4422(21)00066-1
https://doi.org/10.1016/S1474-4422(21)00066-1
https://doi.org/10.1016/S1474-4422(21)00066-1
https://www.ncbi.nlm.nih.gov/books/NBK556551/
https://www.ncbi.nlm.nih.gov/books/NBK556551/
https://www.ncbi.nlm.nih.gov/books/NBK556551/
https://www.ncbi.nlm.nih.gov/books/NBK556551/
https://www.ncbi.nlm.nih.gov/books/NBK556551/
https://www.ncbi.nlm.nih.gov/books/NBK556551/
https://www.ncbi.nlm.nih.gov/books/NBK556551/
https://www.ncbi.nlm.nih.gov/books/NBK556551/
https://doi.org/10.1186/s13195-019-0485-0
https://doi.org/10.1186/s13195-019-0485-0
https://doi.org/10.1186/s13195-019-0485-0
https://doi.org/10.1186/s13195-019-0485-0
https://doi.org/10.1016/S1474-4422(06)70355-6
https://doi.org/10.1016/S1474-4422(06)70355-6
https://doi.org/10.1016/S1474-4422(06)70355-6
https://doi.org/10.1016/S1474-4422(06)70355-6
https://doi.org/10.1016/S1474-4422(06)70355-6
https://doi.org/10.1001/archneurol.2012.26
https://doi.org/10.1001/archneurol.2012.26
https://doi.org/10.1001/archneurol.2012.26
https://doi.org/10.1001/archneurol.2012.26
https://doi.org/10.1001/archneurol.2012.26
https://doi.org/10.1001/archneurol.2012.26
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1007/s40266-019-00685-6
https://doi.org/10.1007/s40266-019-00685-6
https://doi.org/10.1007/s40266-019-00685-6


5   © Fujirebio Europe, March 2022, FRE-268 

 

Contact us:  

Fujirebio Neuro Center of Excellence 

Technologiepark 6 

9052 Gent, Belgium 

+32 9 329 13 29 

+32 9 329 19 11 

FNCE@fujirebio.com 

 

A world-leading hub for expertise in neurodegenerative disease diagnostics 

The Fujirebio Neuro Centre of Excellence has been founded to help tackle the 

challenges of neurodegenerative diseases like Alzheimer’s and Parkinson’s.  

It is a knowledge-sharing meeting point between our expert teams and neuro 

professionals, and serves as a catalyst for collaborations and partnerships with 

laboratories, CDMOs, pharma companies, clinicians, researchers, and academia 

worldwide. It is also a ray of hope for patients, families, and caregivers. 

 

Palmqvist, S., Zetterberg, H., Blennow, K., Vestberg, S., 

Andreasson, U., Brooks, D. J., Owenius, R., Hägerström, D., 

Wollmer, P., Minthon, L., & Hansson, O. (2014). Accuracy of 

Brain Amyloid Detection in Clinical Practice Using 

Cerebrospinal Fluid β-Amyloid 42. JAMA Neurol, 71(10), 

1282-1289. 

Palmqvist, S., Zetterberg, H., Mattson, N., Johansson, P., 

Alzheimer’s Disease Neuroimaging Initiative, Minthon, L., 

Blennow K., Olsson, M., Hansson, O., Swedish BioFINDER 

Study Group. (2015). Detailed comparison of amyloid PET 

and CSF biomarkers for identifying early Alzheimer disease. 

Neurology, 85(14), 1240-1249. 

Pannee, J., Portelius, E., Minthon, L., Gobom, J., Andreasson, 

U., Zetterberg, H., Hansson, O., & Blennow, K. (2016). 

Reference measurement procedure for CSF Aβ 1-42 and the 

CSF Aβ 1-42 /Aβ 1-40 ratio - a cross-validation study against 

Amyloid PET. J Neurochem, 139(4), 651-658. 

Sabri, O., Sabbagh, M. N., Seibyl, J., Barthel, H., Akatsu, H., 

Ouchi, Y., Senda, K., Murayama, S., Ishii, K., Takao, M., 

Beach, T. G., Rowe, C. C., Leverenz, J. B., Ghetti, B., 

Ironside, J. W., Catafau, A. M., Stephens, A. W., Mueller, A., 

Koglin, N., … Schulz-Schaeffer, W. J. (2015). Florbetaben 

PET imaging to detect amyloid beta plaques in Alzheimer’s 

disease: Phase 3 study. Alzheimers Dement, 11(8), 964–974. 

Salmon, D. P. (2011). Neuropsychological features of mild 

cognitive impairment and preclinical Alzheimer’s disease. 

Curr Top Behav Neurosci, 10:187-212. 

 

Schneider, J. A., Arvanitakis, Z., Leurgans, S. E., & Bennett, D. 

A. (2009). The neuropathology of probable Alzheimer disease 

and mild cognitive impairment. Ann Neurol, 66(2):200-208. 

Shaw, L. M., Vanderstichele, H., Knapik-Czajka, M., Clark, C. 

M., Aisen, P. S., Petersen, R. C., Blennow, K., Soares, H., 

Simon, A., Lewczuk, P., Dean, R., Siemers, E., Potter, W., 

Lee, V. M. Y., & Trojanowski, J. Q. (2009). Cerebrospinal fluid 

biomarker signature in Alzheimer’s disease neuroimaging 

initiative subjects. Ann Neurol, 65(4), 403–413. 

Slaets, S., Le Bastard, N., Martin, J.-J., Sleegers, K., van 

Broeckhoven, C., de Deyn, P. P., & Engelborghs, S. (2013). 

Cerebrospinal fluid Abeta1-40 improves differential dementia 

diagnosis in patients with intermediate P-tau181P levels. J 

Alzheimers Dis, 36(4), 759–767. 

Toledo, J. B., Brettschneider, J., Grossman, M., Arnold, S. E., 

Hu, W. T., Xie, S. X., Lee, V. M. Y., Shaw, L. M., & 

Trojanowski, J. Q. (2012). CSF biomarkers cutoffs: The 

importance of coincident neuropathological diseases. Acta 

Neuropathol, 124(1), 23–35. 

Package insert Amyvid, florbetapir [18F], accessed February 

21st, 2022. 

Package insert Vizamyl, flutemetamol [18F], accessed February 

21st, 2022. 

Package insert Neuraceq, florbetapen [18F], accessed February 

21st, 2022. 

https://doi.org/10.1001/jamaneurol.2014.1358
https://doi.org/10.1001/jamaneurol.2014.1358
https://doi.org/10.1001/jamaneurol.2014.1358
https://doi.org/10.1001/jamaneurol.2014.1358
https://doi.org/10.1001/jamaneurol.2014.1358
https://doi.org/10.1001/jamaneurol.2014.1358
https://doi.org/10.1212/WNL.0000000000001991.
https://doi.org/10.1212/WNL.0000000000001991.
https://doi.org/10.1212/WNL.0000000000001991.
https://doi.org/10.1212/WNL.0000000000001991.
https://doi.org/10.1212/WNL.0000000000001991.
https://doi.org/10.1212/WNL.0000000000001991.
https://doi.org/10.1111/jnc.13838
https://doi.org/10.1111/jnc.13838
https://doi.org/10.1111/jnc.13838
https://doi.org/10.1111/jnc.13838
https://doi.org/10.1111/jnc.13838
https://doi.org/10.1016/j.jalz.2015.02.004
https://doi.org/10.1016/j.jalz.2015.02.004
https://doi.org/10.1016/j.jalz.2015.02.004
https://doi.org/10.1016/j.jalz.2015.02.004
https://doi.org/10.1016/j.jalz.2015.02.004
https://doi.org/10.1016/j.jalz.2015.02.004
https://doi.org/10.1016/j.jalz.2015.02.004
https://doi.org/10.1007/7854_2011_171
https://doi.org/10.1007/7854_2011_171
https://doi.org/10.1007/7854_2011_171
https://doi.org/10.1002/ana.21706
https://doi.org/10.1002/ana.21706
https://doi.org/10.1002/ana.21706
https://doi.org/10.1002/ana.21610
https://doi.org/10.1002/ana.21610
https://doi.org/10.1002/ana.21610
https://doi.org/10.1002/ana.21610
https://doi.org/10.1002/ana.21610
https://doi.org/10.1002/ana.21610
https://doi.org/10.3233/JAD-130107
https://doi.org/10.3233/JAD-130107
https://doi.org/10.3233/JAD-130107
https://doi.org/10.3233/JAD-130107
https://doi.org/10.3233/JAD-130107
https://doi.org/10.1007/s00401-012-0983-7
https://doi.org/10.1007/s00401-012-0983-7
https://doi.org/10.1007/s00401-012-0983-7
https://doi.org/10.1007/s00401-012-0983-7
https://doi.org/10.1007/s00401-012-0983-7
https://www.ema.europa.eu/en/documents/product-information/amyvid-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/amyvid-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/vizamyl-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/vizamyl-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/neuraceq-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/neuraceq-epar-product-information_en.pdf

