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ABSTRACT 
 

Background 

Amyloid PET and 18F-FDG PET scans are commonly used in patients with uncertain 

diagnosis of Alzheimer’s disease (AD). A few studies showed that early frames of 

amyloid PET correlate well with FDG PET images, providing perfusion-like 

information, thus being a potential surrogate for FDG-PET scan.  

 

Objective 

To investigate whether early florbetaben-PET (FBB-PET) imagies are comparable to 

those of FDG-PET in terms of regional uptake deficits in patients with a clinical 

suspicion of atypical AD. In addition, the change in clinical judgment by neurologists 

at different centers after performing FBB-PET was evaluated. Finally, through the 

DORIAN software, the concordance between the visual analysis of FBB- PET with a 

semiquantitative analysis was analyzed. 

 

Materials and Methods 

AMY-ITA is an ongoing multicenter prospective study conducted in 8 Italian centers. 

So far, 83 patients have been enrolled, collecting FDG-PET and FBB-PET images. 

 

Clinical data were collected by the neurologist, who estimated the suspicion of 

Alzheimer's disease for all patients prior to the AMY-PET result and then confirmed 

or did not confirm the initial diagnosis. CSF analysis was available for 17 patients. 

In visual analysis of ET images, the brain was divided into 8 different regions in both 

FDG and FBB-PET early-frames scans. Each region was analyzed visually and 

blinded in both PET scans, defining the tracer uptake abnormality, using a scale of 0 

to 3. 

A statistical analysis was then performed using Spearman's and Wilcoxon's tests. 

DORIAN software was used, which through SUVr, ELBA, TDr and RANK methods 

produced a semiquantitative analysis.  
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Results: 

The most frequent clinical variants of AD were early primary progressive aphasia, 

posterior cortical atrophy and young onset-AD. 

Visual analysis of the brain revealed similar patterns between FBB-PET and 

FDGPET images of early frames; however, abnormal uptake scores were higher in 

FDG-PET in all regions. Spearman's test showed a statistically significant correlation 

in all brain regions (ρ 0.733 to 0.893, P<0.001).  64% of patients tested positive on 

AMT-PET scans and the discordance rate between the initial suspicion of amyloid 

positivity and the FBB-PET result was 33%. In 61% of cases the neurologist rejected 

the initial diagnosis and changed the clinical management. FBB-PET findings was to 

confirm AD in case of uninformative CSF data. A 95.5% concordance was found 

between visual and semiquantitative analysis of Amy-PET data. 

 

Conclusions 

Visual analysis of early-phase FBB-PET acquisitions correlated well with FDG-PET 

images in atypical forms of AD, offering a surrogate marker of brain metabolism. As 

a consequence, FBB-PET with analysis of early frames may convey added 

information on metabolism, reducing patient radiation exposure and health costs by 

avoiding FDG-PET. FBB-PET is a confirmed valid biomarker also in detecting 

amyloid deposition in atypical AD variants. DORIAN semiquantitative analysis 

confirmed visual analysis result. 
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RIASSUNTO 
 

Introduzione 

La PET amiloide e la PET 18F-FDG sono comunemente utilizzate nei pazienti con 

diagnosi incerta di malattia di Alzheimer. Alcuni studi hanno dimostrato che  early-

frames della PET amiloide correlano bene con le immagini della PET FDG, fornendo 

informazioni simili alla perfusione e rappresentando quindi un potenziale surrogato 

della FDG-PET.  

 

Scopo dello studio 

È stato studiato se le early-frames con florbetaben-PET (FBB-PET) sono 

paragonabili alla FDG-PET in termini di deficit di captazione regionale nei pazienti 

con un sospetto clinico di malattia di Alzheimer con presentazione atipica. Inoltre, è 

stata valutata la variazione del giudizio clinico da parte dei neurologi di diversi centri 

dopo l'esecuzione della FBB-PET. Infine, attraverso il software DORIAN, è stata 

indagata la concordanza tra l'analisi visiva e l'analisi semiquantitativa delle FBB-

PET. 

 

Materiali e metodi 

AMY-ITA è uno studio prospettico multicentrico in corso, condotto in 8 centri 

italiani. Finora sono stati arruolati 83 pazienti, raccogliendo immagini FDG-PET e 

FBB-PET. 

 

Nell'analisi visiva, il cervello è stato suddiviso in 8 regioni diverse sia nelle scansioni 

FDG che FBB-PET early-frames. Ciascuna regione è stata analizzata visivamente in 

cieco in entrambe le scansioni PET, definendo l'anomalia di captazione del tracciante, 

utilizzando una scala da 0 a 3. 

È stata quindi eseguita un'analisi statistica utilizzando i test di Spearman e Wilcoxon. 

I dati clinici sono stati raccolti dal neurologo, che ha stimato il sospetto di malattia di 

Alzheimer per tutti i pazienti prima del risultato del FBB-PET e ha poi confermato o 

meno la diagnosi iniziale. L'analisi del liquor era disponibile per soli 17 pazienti.  
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È stato utilizzato il software DORIAN, che attraverso i metodi SUVr, ELBA, TDr e 

RANK ha elaborato e prodotto un'analisi semiquantitativa.  

  

Risultati: 

Le varianti cliniche più frequenti di AD sono state la malattia di Alzheimer ad early-

onset, l'afasia progressiva primaria e l'atrofia corticale posteriore. 

L'analisi visiva del cervello ha rivelato modelli simili tra le immagini FBB-PET e 

FDG-PET; tuttavia, i punteggi anormali assegnati erano complessivamente più elevati 

nella FDG-PET. Il test di Spearman ha mostrato una correlazione statisticamente 

significativa in tutte le regioni cerebrali (ρ 0,733-0,893, P<0,001).  Il 64% dei 

pazienti è risultato positivo alla FBB-PET e il tasso di discordanza tra il sospetto 

iniziale di amiloide e il risultato della FBB-PET è stato del 33% dei casi. Nel 61% dei 

casi il neurologo ha cambiato la gestione clinica. La FBB-PET è risultata utile per 

confermare l'AD in caso di liquor non informativo. È stata riscontrata una 

concordanza del 95,5% tra l'analisi visiva e quella semiquantitativa. 

 

Conclusioni 

Le acquisizioni di FBB-PET in fase precoce sono risultate ben correlate alle scansioni 

FDG-PET nelle forme atipiche di demenza, offrendo un marker surrogato del 

metabolismo cerebrale. Di conseguenza, la FBB-PET con l'analisi degli early-frames 

può fornire ulteriori informazioni sul metabolismo, riducendo così l'esposizione alle 

radiazioni dei pazienti e i costi sanitari, evitando la FDG-PET. La FBB-PET si 

conferma un biomarcatore valido anche per rilevare la deposizione di amiloide nelle 

varianti atipiche di AD. L'analisi semiquantitativa di DORIAN ha confermato i 

risultati dell'analisi visiva. 

 

 

 

 

 

 



5 
 

1. ALZHEIMER’S DISEASE 

 

1.1. Definition  

 

Alzheimer’s disease is an insidious onset and progressive neurocognitive disorder of 

the brain. During the last century, the definition changed simultaneously with the new 

diagnostic techniques and scientific discoveries introduced. Initially, Alois Alzheimer 

defined Alzheimer’s disease as a purely pathological diagnosis, characterized by 

autoptic alterations. In 1984 it was introduced clinical criteria for the possible and 

probable presence of Alzheimer’s disease; however, the definitive diagnosis was 

imposed on the presence of histopathological evidence: neuritic plaques and 

neurofibrillary tangles1. In 2007 the new guidelines transformed the definition of 

Alzheimer’s disease into a clinical-biomarker construct, thanks to the introduction of 

MRI, cerebrospinal fluid analyses and PET that supported the clinical diagnosis2. In 

2018 the NIA-AA proposed to define Alzheimer’s disease as a biological construct, 

allowing to the diagnosis of this pathology using biomarkers in living people. 

Currently, to diagnose Alzheimer's disease one must either check for the presence of 

Aβ plaques and pathological tau deposits in autopsy or make an in vivo diagnosis for 

altered Aβ and tau biomarkers 3. In the last fifteen years, the definition has changed 

from a clinical-pathological to a biological construct that allows an earlier and more 

sensitive diagnosis.  

 

1.2. Epidemiology 

 

Alzheimer’s disease is the most common form of dementia. Nowadays Alzheimer’s 

disease and other dementias are global public health problems because, as a result of 

the increase in life expectancy, there is an important gain for people affected by 

dementia, and in the next years it will continue to grow. According to World Health 

Organization, 50 million people have dementia, comprehending 5% of those over age 

604. An analysis of Alzheimer’s disease during the years from 1990 to 2019 
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demonstrates an increase of 147% and a triplication of death5. In 2018 Italians with 

dementia were 1,279,366, and the studies advance 2.247,715 patients in 20506.  

Two-thirds of patients are women. After a diagnosis of dementia due to Alzheimer’s 

disease the median survival time is 6.2 years but considering patients with a mild 

cognitive impairment the range is from 4 to 12 years until death7,8. 

 

1.3. Risk factors and genetics 

 

Risk factors are divided into non-modifiable and modifiable ones, identifying the 

latter allows healthcare staff to put into action a series of preventive strategies. 

The modifiable risk factors for dementia are traumatic brain injury, hypertension, 

physical inactivity, depression, alcohol, less education, hearing loss, obesity, 

smoking, social isolation, air pollution, and diabetes. In particular, the first six factors 

are usually associated with Alzheimer’s disease 9,10.  

The non-modifiable risk factors are age, female gender, family history of Alzheimer’s 

disease, and genetic predisposition. The patient’s medical history should be 

investigated because a family history of Alzheimer's, even of the third degree, 

increases the risk of being affected11. The risk rises between 2-fold and 4-fold if a 

first-degree family member is affected. Despite this, there are patients with 

Alzheimer's without a family history8.  

To analyse genetic predisposition, it is considered separately early and late-onset 

Alzheimer’s disease. The early-onset form is rare (less than 1% of cases), autosomal-

dominant transmitted, typical of the fourth and fifth decades and it associates with 

mutations on chromosomes 1 (Presenilin 2), 14 (Presenilin 1) and 21 (Amyloid 

precursor protein)8. 

Whereas in the late-onset form, the genetic factors are more frequent but less 

penetrant. The strongest genetic risk factor is the APOE allele. The gene is on 

chromosome 19 and is involved in a major component of lipoproteins. There are three 

common isoforms of APOE: APOE-4 having the allele ε4 is a risk factor that 

determines an odd ratio of 3 in heterozygotes and 8 to 12 in homozygotes, APOE-3 
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with ε3 is the most common allele with a frequency of 78% in the population, APOE-

2 having the allele ε2 is a protective factor.8,12.   

To date, the genetic mutations that predispose to atypical forms of dementia are 

mostly unknown. A minor association with APOE has been found in patients with 

atypical Alzheimer's disease compared to the typical form 13. In addition, recent 

studies have uncovered three new loci SEMA3C, CNTNAP5 and FAM46A that may 

be implicated in posterior cortical atrophy14. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 - Population attributable fraction of potentially modifiable risk factors for dementia 10 
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1.4. Pathology  

 

Alzheimer’s disease is a neurodegenerative and prominent protein-conformational 

disease, due to altered formation and aggregation of soluble proteins normally 

produced in the brain. It was precisely because of the discovery of these amyloid 

plaques and neurofibrillary tangles during several autopsies in patients with decreased 

memory that we began to study and talk about Alzheimer's disease. Nowadays, the 

pathogenesis of Alzheimer’s disease is still not completely known.  

Physiologically amyloid precursor protein (APP) is an integral transmembrane 

protein with extracellular domains, whose precise function is not elucidated. APP is 

physiologically cleaved through the nonamyloidogenic pathway whereas, in 

Alzheimer's disease, cleavage occurs through the amyloidogenic pathway.  

In the nonamyloidogenic pathway α-secretase claves APP and generates APPsα, a 

neuroprotective factor with a role in cell-substrate adhesion. Then γ-secretase clave 

the remaining C83 fragment and generates the soluble protein p3. 

In the amyloidogenic pathway, there are two enzymatic cuts. The first cleavage, the 

rate-limiting step, is carried out by β-secretase called β-APP-cleaving enzyme-1 

(BACE1) a membrane-spanning aspartyl protease active in the lumen. The second 

cleavage is performed by γ-secretase an intramembrane aspartyl protease composed 

of four proteins: presenilin, nicastrin, anterior pharynx-defective 1 (Aph1), and Psen2 

complexed together. Respectively, the first cut, made by BACE1, leads to the 

formation of the soluble N-terminus of APP (sAPPβ) while the C-terminal fragment 

(CTF-β or C99) remains bound to the membrane. While the second cut, is carried out 

by γ-secretase which releases into the extracellular space insoluble and neurotoxic Aβ 

fragments and the APP intracellular domain (AICD) into the cytoplasm 15.  
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Figure 2 - Alternative splicing of APP in amyloidogenic and nonamyloidogenic pathways 15  
Abbreviations: C83, 83-amino-acid carboxyterminal; C99, 99-amino-acid membrane-bound fraction; AICD, APP 

intracellular domain. 
 

In the physiological state, there are some different mechanisms implicated in the 

clearance of Aβ that maintain homeostasis and prevent toxic accumulation; a minimal 

reduction in clearance is enough to determine the accumulation of Aβ 15. 

The Aβ fragments tend to organize themselves into several aggregation states 

including oligomers that further polymerize, forming aggregated extracellular 

plaques. There are two main types of Aβ polymers that have direct a role in plaque 

formation and induced neurotoxicity: Aβ1-40 and Aβ1-42. Aβ40 is abundant and less 

neurotoxic than Aβ42, which is less plentiful, highly insoluble, severely neurotoxic, 

and more aggregation-prone and acts as a toxic building fraction of Aβ assembly. 

Polymer aggregations determine the block of ion channels, alteration of calcium 

homeostasis, the increase mitochondrial oxidative stress, and the diminution of 

energy metabolism and glucose regulation, which contributes to the deterioration of 

neuronal health and finally to neuronal cell death15. 

Moreover, Alzheimer’s disease is characterized by neurofibrillary tangles (NFTs). 

NFTs are paired fragments with regular helical periodicity located in intraneuronal 

cytoplasm and are created by hyperphosphorylation of tau protein. The protein tau is 

a micro-tubule-associated protein with a microtubule-binding domain, through which 

it binds to the microtubules, allowing them to be stable and form interconnecting 

bridges between contiguous microtubules. 

It is currently believed that Aβ accumulation is the upstream pathophysiological 

event in Alzheimer’s disease and that it may operate as a trigger/facilitator of 
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downstream molecular pathways, including hyperphosphorylation of the protein tau, 

and consequently tau misfolding, tau-mediated toxicity, accumulation in tangles and 

tau diffusion. All this leads to abnormal loss of communication between neurons and 

signal processing and finally apoptosis in neurons 15,16. 

Finally, in reply to the aggregation of amyloid plaques and neurofibrillary tangles, 

there is infiltration and activation of microglia. Microglia are resident phagocytes of 

the brain with the role of maintaining neuronal plasticity and synapse remodeling. 

This activates the inflammatory response that attempts to cleanse the brain, but most 

often proves to be ineffective. To date, little is known about the role of microglia and 

neuroinflammation in Alzheimer's disease; it is an area of active research15. 

 

1.5. Typical clinical presentation 

 

The most frequent presentation of Alzheimer’s disease is the typical form, 

characterized by epiodic memory impairment, accompanied or followed by other 

cognitive dysfunctions such as anomia, visuospatial function, attention, and 

frontal/executive disturbances. Progressively, may be present also behavioral 

problems.  

Currently, Alzheimer's disease is considered a continuous evolution from a 

preclinical phase marked by positivity to biomarkers, up to a phase of dementia3,17. 

The clinical stages of evolution take 15-25 years18. The progression is consecutive to 

the neurodegeneration, usually without a direct correlation between symptoms and 

brain atrophy because of cognitive reserve compensation.  

 

1.5.1. Subjective cognitive decline 

 

Subjective cognitive decline (SCD) refers to a self-experienced persistent decline in 

cognitive skills in patients who were previously in normal status, without 

comorbidities explaining this perception and not related to an acute event. This 

perception is reported by the subject or occasionally by close people but is not 

confirmed by the cognitive tests performed. Since these perceptions cannot be 
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objectified, such patients do not meet the criteria for mild cognitive impairment19,20. 

In some recent studies, an increased risk of developing MCI and dementia was seen 

in patients with SCD20, hence the decision to assess clinical development over time 

by administering follow-up tests. 

 

1.5.2. Mild Cognitive Impairment 
 

Mild cognitive impairment (MCI) is the first clinical stage of Alzheimer’s disease. 

According to DMV-521, MCI is a modest cognitive decline in one or more cognitive 

domains (complex attention, executive function, learning and memory, language, 

perceptual-motor, or social cognition) with the maintenance of daily activities. In 

contrast to SCD, in MCI cognitive impairment is objectifiable. The insight of disease 

is usually present and often leads to depression. In addition, it should be remembered 

that depression may be the very cause of memory problems, this should not be 

confused with MCI8.  

 

1.5.3. Major cognitive impairment 
 

According to DSM-521, Major cognitive impairment or Dementia refers to a 

significant decline in one or more cognitive domains (complex attention, executive 

function, learning and memory, language, perceptual-motor, or social cognition) with 

independence in daily activities. The key distinction between MCI and dementia is 

the individual's loss of autonomy in daily life, this is measured by the ADL (activities 

of daily living) and IADL (instrumental activities of daily living) indices. Dementia 

can be subdivided into mild, moderate, and severe8,17.  

 

1.6. Atypical clinical presentation 
 

Particularly in the last decade, due to the increasing use of imaging and fluid 

biomarkers, it is possible to make a diagnosis of Alzheimer’s disease in those patients 

who present with atypical scenarios or have mild symptomatology. Atypical 

presentations are all those that do not have a main involvement, at least not at the 
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time of onset, of episodic memory. Often the onset of symptoms occurs in younger 

subjects than the typical presentation22. Posterior cortical atrophy, primary 

progressive aphasia, behavioral variant of frontotemporal dementia, corticobasal 

syndrome and rapid progressive dementia are considered as atypical presentations of 

a possible Alzheimer’s disease.  All of these are pathologies that are classified as 

stand-alone pathologies, however, in a certain percentage they can be determined by 

and/or associated with the amyloid accumulation and thus go to form the atypical 

presentation of Alzheimer’s23. In addition, atypical forms also include the early onset 

of Alzheimer's. 

 

1.6.1. Early-onset Alzheimer disease (eoAD) 

 

Patients with early-onset Alzheimer's disease present clinical features similar to 

patients with a typical presentation, but the age of symptomatic onset is premature, 

before the age of sixty-five, and they often have a rapid progression to dementia and a 

shorter relative survival time 23. The frequency of this variant amounts to 5-10% of 

total cases24. In most cases, the clinic is similar to the typical presentation with 

memory disorders, but in a quarter of cases, it presents with focal symptoms affecting 

visual-spatial, executive or language functions. 92 to 100 percent of EOAD cases are 

genetically determined by rare but high-penetrance autosomal dominant mutations in 

APP, PSEN1 and PSEN225. 

 

1.6.2. Posterior cortical atrophy (PCA) 

 

Posterior cortical atrophy is a clinical syndrome with a progressive visual or 

visuospatial impairment. This syndrome is among the atypical presentations of 

Alzheimer’s as many studies have reported that in more than 75% of cases a primary 

or co-existing AD.; in the other cases are associated with further neurodegenerative 

pathology26. The onset is early between the fifth and sixth decade27.  
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Initially, the patient reports problems with vision, difficulty in driving, reading, 

finding objects in front of him, and difficulties in performing activities such as 

dressing.  

Typically, the patient presents visuospatial and perceptual deficits such as visual 

distortion, space alteration and disorientation, simultanagnosia, reading difficulties, 

dressing apraxia, prosopagnosia, and Balint syndrome (ocular motor apraxia, optic 

ataxia, simultanagnosia). Then presents non-visual impairments including dyspraxia, 

Gerstmann syndrome (acalculia, finger agnosia, agraphia, and left-right 

disorientation)23,26,27. The insight is often retained and can cause a release of 

anxiety27. 

Due to the heterogeneous clinical presentation, patients may be divided into three 

subgroups23:  

• Biparietal (dorsal) variant: limb, constructional, and dressing apraxia, Balint 

syndrome, Gerstmann syndrome. 

• Occipitotemporal (ventral) variant: alexia, apperceptive prosopagnosia. 

• Primary visual (caudal) variant: visual field defects and diminished visual 

acuity, that determined a decrease of visual functions.   

Patients often consult an ophthalmologist instead of a neurologist, leading to a 

diagnostic delay of several years26.     

 

1.6.3. Primary progressive aphasia (PPA) 
 

Primary progressive aphasia is a clinical syndrome with a predominant language 

dysfunction with a significant impact on daily life. The onset is insidious, and the 

evolution is progressive and gradual. In the early stage, the predominant alteration is 

aphasia, the other cognitive domains are affected later 28.   

PPA is split into three variants: 

• Logopenic variant (lvPPA) characterizes by difficulty to find words and 

anomia, moderate reduction of speech rate with phonemic errors and 

paraphasia, and sentence repetition impaired, whereas a while comprehension 
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and grammar are unaffected. Several patients show up with memory 

impairment23,28,29.  

• Semantic variant (svPPA) characterizes by difficulty to find words and 

anomia, impairment in understanding words, loss of object knowledge but the 

ability to use it remains intact, and trouble matching a word to a picture or the 

colour of an object28,29.  

• Nonfluent/agrammatic variant (nfvPPA) characterizes by problems during 

sentence formation with reduced speed, presence of apraxia, agrammatical, 

and paraphasia. In addition, comprehension is consistently impaired as is 

repetition, which is difficult even on words only28,29. 

Different forms have a distinct prevalence of amyloid positivity: about 86% in 

lvPPA, 20% in nfvPPA, and 16% in svPPA30. The logopenic variant is the most 

frequently associated with the atypical presentation of Alzheimer’s disease.  

It should be noted that the language domain is the first to be affected by PPA, 

whereas the typical manifestations of Alzheimer's disease are involved in the 

dementia phase. 

 

1.6.4. Behavioral variant or frontal syndrome (bvFTD or FS) 
 

The behavioral variant of frontotemporal dementia (bvFTD) is an insidious and 

progressive neurodegenerative disorder defined by a decline in social cognitive 

functions and a modification of personality and behavior31,32. The insight is already 

scarce in the early stage.  

The most prevalent features are apathy even though it is present in other dementias, 

then inertia, loss of empathy, disinhibition, executive function impairment, 

stereotypic and obsessive-compulsive behaviors, hyperorality, dietary changes, 

diminished personal care, speech problems, and later even memory alterations31–33. 

The clinical presentation is very variable and often correlates with the damage 

detected by imaging techniques33.  

Daily life in patients with bvFTD is quickly and severely affected, resulting in a 

lowered quality of personal, social, and family life33. 
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The diagnosis is clinically suspected in those patients who present with altered 

behavior, driving problems such as driving on the wrong side, the presence of sexual 

disinhibition, or urinary incontinence that often does not cause embarrassment but 

rather a detachment.   

The probability of patients with Alzheimer's disease experiencing a behavioral variant 

syndrome of frontotemporal dementia is 10-15%34 and the probability of patients 

with bvFTD presenting AD is between 7 to 20%23. 

 

1.6.5. Corticobasal syndrome (CBS) 
 

Corticobasal syndrome (CBS) is a clinical diagnosis due to several possible 

pathologies including corticobasal degeneration, Alzheimer’s disease, and 

progressive supranuclear palsy. Corticobasal degeneration is owed to the deposit of 

hyperphosphorylated 4-repeat tau isoforms8,35. Corticobasal syndrome and 

corticobasal degeneration are not synonymous, not all patients with CBS have 

corticobasal degeneration and vice versa. Between 15% and 54% of CBS are related 

to Alzheimer’s pathology23.  

 

CBS is presented with cortical and extrapyramidal signs. The cortical signs are 

apraxia, cortical sensory loss, alien limb phenomena, Neglect hemisensory syndrome, 

visuospatial deficits, focal o segmental myoclonus and Gerstmann syndrome. The 

extrapyramidal signs are asymmetrical Parkinsonism, rigidity, bradykinesia, dystonia 

and, sometimes, tremor. Language may also be affected by apraxia or non-fluent 

aphasia8,23,35. The alien limb phenomena is pathognomonic but not frequent, whereas 

useless limb is common8.  

 

1.6.6. Rapid progressive dementia (RPD) 
 

Rapid progressive dementia (RPD) is typically considered a condition that progresses 

in less than one to two years, often in a few months, from the initial symptom to 

dementia. The prototypical RPDs are prion diseases such as Creutzfeldt-Jakob 

disease, however, the common causes are non-prion diseases such as vascular, toxic 
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metabolic, malignancy, and neurodegenerative disease. Of course, the importance is 

to have a correct diagnosis to start treatment. In general, RPD is rare, and the 

diagnosis is not immediate. The first symptoms of dementia can be different due to 

the etiologic cause: in neurodegenerative dementia, it depends on the affected area36.  

Nonprion neurodegenerative diseases are often the most common forms of RPD36. It 

should be borne in mind that cognitive decline in patients with Alzheimer's disease 

often occurs alternating between periods of rapid deterioration and others of pseudo-

stability. In fact, some people may present with an undiagnosed initial mild decline 

that suddenly worsens in association with periods of stress such as hospitalization or 

infection36. 

 

2. DIAGNOSIS OF ALZHEIMER’S CONTINUUM 

 

2.1. Biological diagnostic criteria for Alzheimer’s Disease 

 

As seen above, the diagnosis of Alzheimer's disease has varied over the years and is 

constantly evolving. The definitive diagnosis can only be made through autopsy 

findings of the presence of amyloid plaques and neurofibrillary tangles. Nowadays, a 

definitive anatomical-pathological diagnosis is no longer commonly made, but it is 

preferred to use ATN biological classification. 

 

In 2018 National Institute on Aging—Alzheimer’s Association (NIA-AA) proposed 

new diagnostic criteria through the ATN classification, based on biomarkers grouped 

into those of beta-amyloid deposition, pathologic tau, and neurodegeneration (ATN).3  

This classification makes it possible to diagnose Alzheimer's disease independently of 

clinical symptoms, thus enabling earlier diagnosis by making a pre-clinical diagnosis 

and also identifying patients with atypical Alzheimer's37.  
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The biomarkers analysed are: 

• Beta-amyloid (A): the deposition of beta-42 amyloid aggregated in 

extracellular plaques is the primary marker of neurodegeneration due to 

Alzheimer’s disease. Amyloid deposition may be detected in vivo through 

different techniques such as cerebral spinal fluid (CSF) protein analysis and 

positron emission tomography imaging with an amyloid-specific 

radiopharmaceutical tracer (Amyloid-PET).  

 

• Phosphorylated-Tau presence (T): aggregated of phosphorylated-Tau (p-Tau) 

is the second core marker of amyloid pathology and is thought to lead to 

neurofibrillary changes. Currently, in Italy, the measurement is detected 

trough the cerebrospinal fluid, in other countries tau PET is also performed.  

 

• Neurodegeneration (N): progressive cerebral atrophy is a characteristic feature 

of neurodegeneration. Brain imaging provides positive support for the clinical 

diagnosis of dementia and allows to exclude of lesions (tumors, stroke, 

infections, etc…) causing cognitive decline. But neurodegeneration can be 

due to several causes, it is an unspecific biomarker for AD.  MRI, FDG PET, 

and the amount of total tau in the cerebrospinal fluid are used to assess the 

presence of neurodegeneration. 

 

The pathophysiological evolution of Alzheimer's disease is associated with a 

contemporary biologic profile evolution preceding clinical manifestation. To date, the 

most reliable pattern of positivity of various biomarkers over time predicts the 

following sequence: amyloid alterations, synaptic dysfunction, neuronal damage, and 

finally structural brain damage (figure 3)16,38. 
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Figure 3 - Hypothetical biomarker evidence-driven model of AD 16 

 

Regardless of the diagnostic technique used, the three biomarkers are evaluated as 

positive or negative. The different combinations make it possible to identify eight 

different “biomarker profiles”, which in turn can be grouped into three 

“biomarker categories” (see table I):  

• Individuals with normal AD biomarkers 

• Patients with amyloid beta positivity who therefore belong to the Alzheimer's 

continuum 

• Patients with abnormal T and/or N but normal amyloid biomarker.  

 

Alzheimer's continuum is all combinations that show amyloid positivity. If it is 

associated with the presence of phosphorylated tau, regardless of the presence or 

absence of neurodegeneration, a biological diagnosis of Alzheimer's disease can be 

made.  

Whereas if it is associated with negativity of the T and N biomarkers we talk about 

Alzheimer's pathological change, i.e. an early stage of Alzheimer’s disease. Finally, if 

A and N are positive, but T is negative, then it must be ruled out that the neuronal 

damage or neurodegeneration is due to other causes and not Alzheimer's disease. 
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Table I - Biomarker profiles and categories. Abbreviation: AD, Alzheimer’s disease. 3 

 

Alzheimer’s clinical syndrome 

 

The entry of biomarkers into clinical practice has changed the diagnostic process and 

made it possible to define Alzheimer’s disease in living patients regardless of the 

presence of symptomatology. Obviously, this resulted in the need to introduce 

terminology for patients who presented with clinical symptoms suggestive of 

Alzheimer’s disease. The term ''Alzheimer's clinical syndrome'' was introduced to 

define patients who have single- or multiple-domain memory deficits or have atypical 

variants suggestive of possible Alzheimer's disease3. The criteria required to make a 

diagnosis of Alzheimer's clinical syndrome are those proposed by the NIA-AA in 

2011 for the previous clinical definition of Alzheimer's disease3,37,39,40.    

It is however recommended to proceed with the biological diagnosis because, as 

studies have shown, between 10% and 30% of patients with Alzheimer's clinical 

syndrome have a discrepant result at both amyloid PET and CSF and at autopsy3,41,42. 

In clinical practice in the elderly with medium to low life expectancy who present 
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with a clinic highly suggestive of AD, we are often limited to making a diagnosis of 

Alzheimer’s clinical syndrome. 

 

Preclinical Alzheimer’s disease 

 

The preclinical stage is the period prior to the onset of the first clinical symptoms in 

patients with biomarkers positivity or in carriers of an autosomal dominant 

monogenic mutation. These subgroups are referred to as “asymptomatic at risk" and 

“the presymptomatic”, respectively43,44.  In “asymptomatic at risk for AD” patients, 

amyloid positivity alone does not give evidence of a certain development into AD, 

whereas if it is associated with tau biomarker positivity, then, there may be a rapid 

development leading to the appearance of symptoms44. Identifying people with 

preclinical Alzheimer's has increasing relevance in view of new medical therapies.   

 

2.2. Diagnostic criteria of atypical presentation of Alzheimer’s disease 
 

2.2.1 Diagnostic criteria eoAD 
 

The diagnosis of EOAD involves the same criteria as the typical form. In addition, a 

genetic counseling is requested to search the blood for known mutations. The result 

does not change the therapeutic management but allows the aetiological cause of the 

disease to be defined and family members to be informed23,24. 

 

2.2.2. Diagnostic criteria PCA 
 

The diagnosis of PCA is based on a three-level classification structure. Level 1 

includes clinical, cognitive, neuroimaging, and exclusion criteria for other 

pathologies that could give rise to such symptoms secondarily. Level 2 distinguishes 

between the presence or absence of clinical signs for other neurodegenerative 

diseases in PCA-plus and PCA-pure, respectively. Level 3 determines the definite 

diagnosis of underlying pathology in association with PCA. In particular, the 
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diagnostic criteria attributable to the co-presence of AD, Lewy body disease, 

corticobasal degeneration, and prion disease45.          

 

Core features of the PCA clinico-radiological syndrome (classification level 1) 

Clinical features (all three must be present): insidious onset, gradual progression and 

prominent early disturbance of visual ± other posterior cognitive functions. 

Cognitive features: 

- At least three of the following must be present as early or presenting features 

± evidence of their impact on activities of daily living: space perception 

deficit, simultanagnosia, object perception deficit, constructional dyspraxia, 

environmental agnosia, oculomotor apraxia, dressing apraxia, optic ataxia, 

alexia, left/right disorientation, acalculia, limb apraxia (not limb-kinetic), 

apperceptive prosopagnosia, agraphia, homonymous visual field defect, finger 

agnosia. 

- All of the following must be evident: relatively spared anterograde memory 

function, relatively spared speech and nonvisual language functions, relatively 

spared executive functions, relatively spared behavior and personality. 

Neuroimaging: predominant occipito-parietal or occipito-temporal atrophy or 

hypometabolism or hypoperfusion on MRI/FDG-PET/SPECT 

Exclusion criteria: 

- Evidence of a brain tumor or other mass lesion sufficient to explain the 

symptoms 

- Evidence of significant vascular disease including focal stroke sufficient to 

explain the symptoms 

- Evidence of afferent visual cause (e.g., optic nerve, chiasm, or tract) 

- Evidence of other identifiable causes for cognitive impairment (e.g., renal 

failure) 
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Classification of PCA-pure and PCA-plus (classification level 2) 

- PCA-pure: individuals must fulfill the criteria for the core clinico-radiological 

PCA syndrome (level 1), and not fulfill core clinical criteria for any other 

neurodegenerative syndrome. 

- PCA-plus: individuals must fulfill the criteria for the core clinico-radiological 

PCA syndrome (level 1) and also fulfill core clinical criteria for at least one 

other neurodegenerative syndrome, such as Alzheimer’s disease, dementia 

with Lewy bodies, Corticobalsal syndrome, vascular dementia or prion 

disease.  

 

Diagnostic criteria for disease-level descriptions (classification level 3) 

For the diagnosis of posterior cortical atrophy associated with Alzheimer's disease, 

one must meet PCA syndrome criteria (classification level 1) plus in vivo evidence of 

Alzheimer’s pathology (at least one of the following): 

• Decreased Aβ1–42 together with increased T-tau and/or P-tau in CSF 

• Increased tracer retention on amyloid PET 

• Alzheimer’s disease autosomal-dominant mutation present (in PSEN1, 

PSEN2, or APP) 

• If autopsy confirmation of AD is available, the term definite PCA-AD would 

be appropriate. 

 
2.2.3. Diagnostic criteria PPA 

 

The diagnostic criteria for PPP include general inclusion and exclusion criteria and 

additional criteria specific to each of the three clinical variants.  The core criteria 

allow differential diagnosis with other neurodegenerative diseases. The diagnostic 

criteria for the different variants allow a specific diagnosis and include clinical, 

imaging-supported and pathological criteria28.  
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Inclusion and exclusion criteria for the diagnosis of PPA:  

Inclusion: all three criteria must be positive:  

• most prominent clinical feature is difficulty with language 

• these deficits are the principal cause of impaired daily living activities 

• aphasia should be the most prominent deficit at symptom onset and for the 

initial phases of the disease 

Exclusion: all criteria must be negative: 

• pattern of deficits is better accounted for by other nondegenerative nervous 

system or medical disorders 

• cognitive disturbance is better accounted for by a psychiatric diagnosis 

• prominent initial episodic memory, visual memory, and visuoperceptual 

impairments 

• prominent, initial behavioral disturbance 

 

Diagnostic features for the nonfluent/ agrammatic variant PPA 

1. Clinical diagnosis of nonfluent/agrammatic variant PPA:  

• at least one of the following core features must be present:  

o agrammatism in language production 

o effortful, halting speech with inconsistent speech sound errors 

and distortions (apraxia of speech 

• At least 2 of 3 of the following other features must be present: 

o Impaired comprehension of syntactically complex sentences 

o Spared single-word comprehension 

o Spared object knowledge 

2. Imaging-supported nonfluent/agrammatic variant diagnosis:  

• in addition to fulfilling clinical criteria, imaging must show one of the 

following results: 

o predominant left posterior fronto-insular atrophy on MRI 

o predominant left posterior fronto-insular hypoperfusion or 

hypometabolism on SPECT or PET 
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Diagnostic criteria for the semantic variant PPA 

1.  Clinical diagnosis of semantic variant PPA:  

• both of the following core features must be present: 

o impaired confrontation naming 

o impaired single-word comprehension 

• at least 3 of the following other diagnostic features must be present: 

o impaired object knowledge, particularly for lowfrequency or 

low-familiarity items 

o surface dyslexia or dysgraphia 

o Spared repetition 

o Spared speech production (grammar and motor speech) 

2. Imaging-supported semantic variant PPA diagnosis:  

• in addition to fulfilling clinical criteria, imaging must show one of the 

following results: 

o Predominant anterior temporal lobe atrophy 

o Predominant anterior temporal hypoperfusion or 

hypometabolism on SPECT or PET. 

 

Diagnostic criteria for logopenic variant PPA 

1. Clinical diagnosis of logopenic variant PPA 

• both of the following core features must be present: 

o impaired single-word retrieval in spontaneous speech and 

naming 

o impaired repetition of sentences and phrases 

• it least 3 of the following other features must be present: 

o speech (phonologic) errors in spontaneous speech and naming 

o spared single-word comprehension and object knowledge 

o spared motor speech 

o absence of frank agrammatism 

2. Imaging-supported logopenic variant diagnosis 
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• in addition to fulfilling clinical criteria, imaging must show one of the 

following results: 

o predominant left posterior perisylvian or parietal atrophy on 

MRI 

o redominant left posterior perisylvian or parietal hypoperfusion 

or hypometabolism on SPECT or PET 

 

2.2.4. Diagnostic criteria bvFTD 
 

The international behavioral variant frontotemporal dementia criteria allow mainly 

clinical diagnosis with more limited radiological and histopathological support46.  

At onset or during progression patients with bvFTD have often psychiatric symptoms, 

therefore a differential diagnosis must be made with psychiatric pathologies32. 

 

2.2.5. Diagnostic criteria CBS 
 

The current criteria date from 2013 and are mainly based on the diagnosis of 

corticobasal degeneration, which may present as a corticobasal syndrome. As 

mentioned earlier CBS may be associated with amyloid accumulation and be included 

among the atypical presentations. 

The diagnostic criteria are divided into probable or possible CBS. The diagnosis of 

probable CBS involves an asymmetric presentation of 2 of a) limb rigidity or 

akinesia, b) limb dystonia, c) limb myoclonus plus 2 of: d) orobuccal or limb apraxia, 

e) cortical sensory deficit, f) alien limb phenomena (more than simple levitation)47.  

The diagnosis of possible CBS may be symmetric: 1 of: a) limb rigidity or akinesia, 

b) limb dystonia, c) limb myoclonus plus 1 of: d) orobuccal or limb apraxia, e) 

cortical sensory deficit, f) alien limb phenomena (more than simple levitation)47.  

These criteria are insufficient to make a diagnosis of CBS associated with AD, which 

is why CSF analysis, neuroimaging and PET are performed in cases of suspicion23. 
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2.2.6. Diagnostic criteria RPD 
 

Currently, there are no diagnostic criteria for rapidly progressing dementia. It is a 

diagnosis by exclusion, with a series of examinations being carried out in parallel 

according to the clinical evolution of the specific patient. The possible tests range 

from haematochemical and urinary tests to MRI and analysis of the cephalospinal 

fluid.  This allows the investigation of various possible infectious, toxic metabolic, 

systemic, vascular, and neurodegenerative causes 36. 

 

3. DIAGNOSTIC TECHNIQUES 
 

3.1. Cerebrospinal fluid (CSF) 
 

Analysis of cerebrospinal fluid (CSF) allows biological diagnosis of Alzheimer’s to 

be made according to ATN criteria. After checking for the exclusion of 

contraindications such as expansive processes48, CSF is removed by lumbar puncture 

and is subsequently analysed for levels of amyloid and tau protein concentration.  

 

Currently, positivity or negativity for the amyloid biomarker in CSF is based on the 

decrease of Aβ42 concentration49 and on the ratio value of Aβ42 to Aβ40. Aβ42 is 

most correlated with plaque formation, in fact, its decrease correlates with the 

presence of amyloid plaques in both amyloid PET and autopsy50,51. Whereas Aβ40 

does not undergo significant in concentration alterations in patients with Alzheimer's 

disease even though its concentration is normally ten times higher than Aβ42. 

Considering the ratio of the two different isoforms makes it possible to decrease 

possible errors of inter-individual variability, increasing diagnostic accuracy50–52. 

 

While positivity or negativity for tau biomarker is assessed by the increase in 

phosphorylated tau protein (p-tau). The concentration of total tau protein (t-tau) is 

also measured in the CSF, which is correlated with the intensity of 

neurodegeneration, but not specific to Alzheimer’s disease. T-tau is increased in all 

cases of acute brain damage or in chronic neurodegenerative disorder, such as in 
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Creutzfeldt-Jakob disease53. Among the different forms of p-tau, those most specific 

for Alzheimer’s disease neurodegeneration are p-tau181, p-tau199 and p-tau23154. If 

both p-tau and t-tau are increased, there is an increased risk of rapid progression of 

Alzheimer's disease50. 

 

Patients with atypical presentation of Alzheimer’s generally have a CSF profile 

similar to the typical form13. Although some differences were identified in some 

studies, for example in some patients with PCA had lower levels of p-tau and t-tau, or 

in fvAD higher levels of p-tau and t-tau55. 

 

The following are normal values of the panel classically used in accordance with the 

medical laboratory of the University Hospital of Padua:  

• t-tau     >404 ng/L 

• p-tau (181)     >56,5 ng/L 

• β-amyloid (1-42)   <599 ng/L 

• amyloid (1-42)/p-tau ratio   <8.2 

• β-amyloid (1-40) /(1-42) ratio  <0.069 

 

In MCI under the age of seventy-five, CSF examination is performed as a second-line 

measure in the presence of MRI or FDG-PET positivity to investigate the etiology. 

Between the ages of seventy-five and eighty-five, there is still no definite indication, 

while typically over the age of eighty-five it is not performed56. 

 

3.2. Structural imaging 
 

Structural imaging is performed in most patients with suspected dementia, regardless 

of the underlying aetiological cause57. The two structural imaging techniques are 

computed tomography (CT) and magnetic resonance imaging (MRI). Typically, MRI 

is preferred because different specific sequences can be used to investigate the 

encephalon and it has a higher resolution than CT. In the case of claustrophobia or 

contraindications to MRI, the patient can still be investigated by CT8,57. 
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As seen above, the diagnosis of Alzheimer's disease is made regardless of the 

presence or absence of neurodegeneration3. The use of structural imaging has two 

main purposes: on the one hand to rule out possible secondary causes of cognitive 

impairment such as hemorrhages, stroke, multiple sclerosis, neoplasms, vascular 

pathologies, and hydrocephalus; on the other hand, to assess the presence of areas of 

atrophy and possibly to quantify their degree of severity57,58. 

 

The current gold standard for measuring the degree of atrophy is MRI with T1-

weighted volumetric sequences. Other useful sequences to increase diagnostic 

accuracy are T2-weighted/FLAIR often associated with small vessel ischemic disease 

and extensive white matter lesions, T2 * gradient echo and SWI to evaluate regional 

atrophy, white matter changes and for the detection of microbleeds, DWI sequences 

to identify recent ischemic lesions or signal changes in the neocortical and/or 

striatal12,59. Contrast medium is not required22. 

In clinical practice it is also useful to grade neurodegeneration through atrophy scores 

such as hippocampal atrophy (MTA = Medial Temporal lobe Atrophy), global 

atrophy (GCA = Global Cortical Atrophy), chronic vascular damage (Fazekas scale) 

and parietal atrophy (Koedam scale). 

 

In the different clinical presentations of Alzheimer's disease, different patterns of 

atrophy are associated on MRI. 

In patients with typical Alzheimer's disease, the first areas affected by atrophy are the 

hippocampus and entorhinal cortex; these changes correlate with initial 

symptomatology. Deep atrophy of the posterior cingulate gyrus and adjacent 

precuneus is also observed60. Neuronal loss progresses with time and it will affect not 

only the entire medial temporal lobes but also the parietal and frontal cortex usually 

in a symmetrical fashion 12,61.  

 

The areas most suggestive of early-onset Alzheimer’s disease are the parietal lobe, 

particularly the parietal associative cortex, and the temporal lobe 23,62. Although, 

compared with late-onset, it is more common to find cortical atrophy than temporal-
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medial atrophy12. In addition, the frontal lobe is more frequently involved than in the 

late onset. Finally, the hippocampus is less involved23. 

 

In PCA there is posteriorly predominant atrophy, which affects some areas over 

others depending on the clinical subgroup, for example, if the patient has Balint 

syndrome then the superior parietal lobe will also be involved23.   

 

In lvPPA the MRI typically shows volume loss in the left temporoparietal junction 

and functionally associated areas. Subsequently, atrophy expands to the anterior and 

medial temporal lobe, inferior parietal lobe and contralateral hemisphere22,59. 

 

In bvFTP the frontotemporal structures are more typically affected by atrophy, this 

may be even minimal in some patients and there is a risk of underdiagnosing the 

disease radiologically. In addition, MRI is useful in making differential diagnoses 

with psychiatric disorders59. 

 

In CBS atrophy is asymmetric and typically localized in the parietal lobe and the 

posterior frontal area. 

 

3.3. Functional Imaging 
 

As mentioned earlier, structural imaging makes it possible to highlight after a period 

of time the atrophic brain areas resulting from the neurodegenerative process initiated 

by amyloid deposition. In contrast, functional neuroimaging takes advantage of 

various radioactive tracers injected intravenously that through ion release allow the 

acquisition of images to investigate biochemical processes “in vivo” for brain 

metabolism, neurotransmission, or deposition systems of abnormal proteins. 

The techniques used to assess the presence of neurodegeneration are SPECT and 

PET. In the diagnosis of Alzheimer's disease, FDG-PET is a level two test, while 

amyloid PET is level three. Whereas brain SPECT with the perfusion tracer 99Tc 
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HMPAO has a lower sensitivity than FDG-PET. To date it is only used to study 

cerebral flow. 

 

3.3.1. DaTScan 
 

It is important to perform a proper differential diagnosis between the different causes 

of cognitive impairment, in particular, if this involves a change in therapeutic 

management. Dementia with Lewy bodies typically presents a suggestive clinic with 

visual hallucinations, rapid eye movements, sleep disturbance, and extrapyramidal 

changes. If the clinical presentation is not diagnostic a DaTScan can be performed. 

DaTScan is a single photon emission computed tomography (SPECT) scan that uses 

ligands of the pre-synaptic dopamine transporter (DAT). Reduced binding is related 

to the loss of presynaptic dopamine. Although it is little used this technique allows for 

increased diagnostic sensitivity and specificity and consequently decreases the risk of 

misdiagnosis63. 

 

3.3.2. 18F-FDG PET 
 

FDG-PET is a technique for analysing cellular metabolic capacity by detecting 

positrons emitted by the previously inoculated tracer. 18F-FDG is a radioactive 

glucose analogue in which a fluorine atom replaces the hydroxyl group (-OH) in 

position 2. The tracer enters the cell via the GLUT transporters, where it is 

phosphorylated by the enzyme 18F hexokinase-FDG-6-PO4; this form remains 

locked inside the cell allowing images to be acquired. Based on the amount of signal 

picked up by the PET scan, the level of metabolic activity present in each brain area 

can be determined. 

In patients with cognitive impairment, the level of metabolic activity of neurons is an 

earlier marker of neurodegeneration than the presence of atrophy on MRI64. 

Depending on which areas are hypometabolic on FDG-PET, different more or less 

specific patterns, some even pathognomonic, can be identified for different 

underlying pathologies64,65. In clinical practice, FDG-PET is a second-level test that 

implements diagnostic accuracy by providing additional information about the 
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neurodegenerative pattern present and possibly the degree of severity 65. In addition, 

hybrid PET/CT or PET/RM instruments are currently being used, which allow better 

anatomical precision to the functional image, enabling the radiopharmaceutical 

distribution to be correctly localized. 

 

In patients with Alzheimer's disease hypometabolism is found mainly in 

parietotemporal regions including the precuneus and posterior cingulate complex64,66. 

Even with equal symptom severity, hypometabolism in early-onset AD is more 

prevalent and severe than in patients with late-onset AD22. As in structural imaging, 

atypical presentations of Alzheimer’s disease have different areas of hypometabolism 

than the typical presentation: lvPPA has parietal or predominant left posterior 

perisylvian hypometabolism28; bvFTD has hypometabolism in the frontal and anterior 

temporal areas23; in CBS there is often asymmetric posterior hypometabolism or 

posterior cingular region, lateral temporal and medial and lateral parietal23. 

 

3.3.3. Amyloid PET 
 

Amyloid-PET allows the detection in vivo of brain amyloid deposition using a 

radioactive tracer with high sensitivity and specificity 64,67. Initially, the tracer used 

was the ¹¹C-labelled Pittsburgh compound B (PiB), but it had a half-life of only 

twenty minutes, making widespread use impossible. Three new 18F-labelled tracers 

with high binding affinity for amyloid plaques and longer half-lives were approved 

by FDA and by the European and Italian authorities between 2012 and 2014: 

Florbetapir (Amyvid®, Eli Lilly), Florbetaben (Neuraceq®, Piramal) and 

Flutemetamol (Vizamyl®, GE Healthcare)67. All three are commonly used in clinical 

practice: in recent years, the use of this diagnostic technique as a third-level test has 

been consolidated.  

The tracer is injected intravenously, arriving at the brain level with high initial uptake 

followed by wash-out of unbound tracer from cortical areas lacking fibrillar amyloid.  

Images are acquired late at different times depending on the tracer used, for example, 

if Florbetaben is used, images are acquired 90 minutes after injection 67,68.  
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The scans are read by two nuclear physicians who refer to the amyloid-PET as 

negative or positive. In the first case the amyloid plaque deposits are absent or 

minimal, in the second case the plaques are moderate or high. Put simply, amyloid 

PET is positive if there is no differentiation between grey and white matter or if there 

are areas of grey matter that show uptake of the tracer. Reading these images is not 

easy and requires experienced medical personnel 69. 

 

 

Figure 4 - Amyloid PET interpretation: (A) ‘Tree-in-bloom’ sign with loss of cerebral grey–white matter 
differentiation indicating a positive scan. (B) ‘Branching tree’ sign with good grey–white matter differentiation 

indicating a negative scan. 

 

Amyloid-PET has been shown to be useful for the diagnosis of atypical Alzheimer's 

variants 64. The amyloid-PET positive test alone does not allow for a diagnosis to be 

made because 20-40% of healthy people over 60 years present high levels of cerebral 

Aβ deposits 69. Several autopsy studies confirm that the sites detected by amyloid-

PET correspond to amyloid plaque deposits.65 
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Amyloid-PET indication according to Italian Workgroup70: 

• patients with persistent or progressive MCI, present for at least 6 months, 

which remains unconclusive after functional or morphological imaging and 

CSF examination 

• patients who meet the diagnostic criteria of possible Alzheimer's disease 

(NIAA criteria 2011) but with atypical clinical presentation, atypical 

progression, or important confounding comorbidities, with a final diagnosis 

that remains uncertain after functional or morphological imaging 

• early onset cognitive impairment (<65 years) when the diagnosis remains 

questionable after functional or morphological imaging 

• in case of focal cognitive syndromes when the diagnosis remains doubtful 

after functional or morphological imaging (progressive aphasia, progressive 

agnosia, progressive apraxia, cortico-basal syndrome). 

 

On the other hand, there is no indication of the execution of Amy-PET with tracers in 

the following cases: 

• patients who meet the criteria for probable AD, with a typical age of onset (> 

75 years), probable DLB, probable PDD, amyloid angiopathy (as the 

positivity of the amyloid PET is not discriminatory in determining the 

severity or progression of the cognitive disorder) 

• in asymptomatic patients even if there is a familiarity or ε4 alleles of ApoE 

• patients with subjective cognitive impairment not confirmed by 

neuropsychological tests 

• as an alternative to genotyping in subjects carrying an autosomal dominant 

mutation causing AD 

• for non-medical purposes 

 

Recent work, such as that involving the use of the 18F-Florbetaben tracer, has shown 

that the early phase of uptake in amyloid-PET is qualitatively and quantitatively 

superimposable to 18F-FDG-PET. This would make it possible, through amyloid-

PET alone, to acquire information on cell metabolism as well 71. 
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4. AMY-ITA MULTICENTER STUDY 
 

AMY-ITA is a longitudinal, prospective three-year longitudinal multicenter study  

involving eight Italian memory clinics: Genoa, Parma, Pavia, Prato, Perugia, Prato, 

Trieste and Padua. We here report preliminary data.  

 

4.1. AIM OF AMY-ITA STUDY 
 

Primary endpoint 

To assess whether Amy-PET (by 18F-Florbetaben - FBB) using early frames is 

comparable to PET with 18F-FDG in detecting and graduating neurodegeneration in 

patients with atypical presentations (phenotypes and/or disease course) with high 

probability of Alzheimer’s disease. 

 

Secondary endpoints 

a) To evaluate the clinician's diagnostic confidence change after 18F-FDG and after 

18F-FBB (early + late) 

b) To analyse the concordance and the discordance of CSF biomarkers with AMY-

PET results 

c) Comparison of late visual and semi-quantitative analysis with DORIAN of the 

early phase (0-15 min) and late phase of 18F-FBB PET     

d) Correlation between different acquisition times (0-15min; 0-10min; 0-5min) of the 

early phase of 18F-FBB PET    

 

4.2. MATERIALS AND METHODS 
 

AMY-ITA is a multicenter three-year longitudinal study currently in progress with 

the purpose to confirm the hypothesis that early phase of Amy-PET with 18F-

Florbateben is a valid surrogate marker of synaptic dysfunction like 18F-FDG. We 

report preliminary data from the first three years of the study. 
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4.2.1. Patients 
 

From September 2021 to May 2023 83 patients were enrolled and performed 18F-

FDG and 18F-FBB PET scans three months apart. 

 

The inclusion criteria were the following: 

• males and females aged less than or equal to 75 years 

• clinical diagnosis of cognitive decline with atypical presentation and/or 

atypical course (focal variants and/or presenile onset/rapid progression) 

• allowed to undergo magnetic resonance imaging at 3T with at least one 3D 

T1 isotropic sequence at 1 mm for no more than 3 months apart from the first 

scan 

• available PET scan with 18F-FDG underwent for assessment of cognitive 

decline in last 3 months 

• able to tolerate the protocol (an amyloid PET study requires a patient to be 

able to endure two non-consecutive brain scans of 20 minutes each) 

• able to participate in follow-up clinical visits 

• able to understand the informed consent and the related forms attached to the 

research project 

 

The exclusion criteria were the following: 

• state of pregnancy 

• presence of medical devices not suitable for the study of magnetic resonance 

• subjects who had previously performed a PET with tracer for amyloid 

• subjects with an alternative diagnosis that could explain the cognitive decline 

(eg severe acute vascular lesions to the MR) 

• subjects subjected to experimental drugs in the previous two years 

• subjects undergoing experimental or non-experimental radiopharmaceutical 

procedure within ten half-lives 

• any possible comorbidity that might make the procedure difficult for the 

patient to tolerate 
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The presence of a control group was not necessary since the study is aimed at 

investigating the performance of PET with 18F-FBB (early + late phases) in the same 

subjects compared to PET with 18F-FDG. 

 

4.2.2. Study protocol 
 

The AMY-ITA multicenter study, still in progress, has so far been conducted in eight 

Italian centers where PET investigations with 18F-FBB (PET/ CT or PET / MRI) 

have been carried out for routine clinical purposes, upon specialist request. 

 

The protocol includes 3 visits: 

 

Visit 1 

The visit is carried out by the neurologist, during which the subjects to be enrolled are 

selected according to the following criteria: 

• there is a clinical need to perform Amy-PET scan following standard 

recommendations and guidelines 

• the patient meets the study inclusion criteria 

• the patient, after having received a detailed presentation of the research 

project, expresses interest and intention to participate in it.  

 

After obtaining the patient's informed consent, the specialist collects the clinical, 

diagnostic and laboratory data required for the study. The following data are required:  

• 3D isotropic MR and 18F-FDG PET images, both performed no later than the 

previous 3 months. Diagnostic images are archived on DVD in DICOM 

format. 

• results of any neuropsychological tests and biomarkers  

 

The neurologist fills out a form containing all the information required by the 

protocol for the first neurological examination. The information required is as 

follows:  
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• subjective symptomatology at onset (memory, language, visual-spatial, 

apraxia, attention, behavior and executive) 

• presence/absence of MCI: if present, specify the type of deficit (amnestic, 

non-amnestic, single domain or multiple domain) and whether it is 

progressing 

• crude value of MMSE and/or MOCA 

• possible comorbidities 

• intake or not of psychoactive drugs 

• dates and reports of the examinations listed above (MRI, 18F-FDG PET) and 

possibly DatScan, CSF and genetic tests.  

• pre-test estimation of the percentage probability of the presence and absence 

of cerebral amyloidosis 

• indicate pre-test diagnostic suspicion based on symptomatologic features and 

course, choosing between PCA, PPA, CBS, FS, early-onset AD (eoAD), RPD 

and atypical dementia for indeterminate cognitive decline (AD). 

 

Visit 2 

Performed by the nuclear medicine specialist on the day in which the patient 

underwent PET scan with 18F-FBB (according to the indications given below). 

The following data were recorded in a specific form: 

• injected activity (in MBq obtained from the syringe activity - residual activity 

after tracer injection) 

• any suspected or established extravasation of the tracer, any movement of the 

patient during acquisition, injection method. 

The acquired images were instead archived on DVD in DICOM format. 

 

Visit 3 

This examination is performed by the neurologist after viewing the 18F-FBB PET 

report and within 12 months from visit 1. The clinician indicates on the appropriate 

form the percentage of presence and/or absence of post-test amyloidopathy, 



38 
 

indicating a 'final' clinical-diagnostic diagnosis and any change in clinical judgment 

and management of the patient. 

 

4.2.3. PET with 18F-Florbetaben 
 

Each patient enrolled in the multicenter study was subjected to a PET scan with 18F-

FBB according to the precise technical instructions provided by the coordinating 

center (UOC Nuclear Medicine of the University Hospital of Padua) in order to 

standardize the data obtained in different centers. 

 

Regarding the PET acquisition: 

• start the scan (in list mode) before the injection of the tracer, with the patient 

correctly positioned for brain study and venous access already available 

• after a few seconds, proceed with an intravenous injection of 300 MBq of 

18F-Florbetaben, continuing the PET acquisition for the next 15 minutes (0-

15 min. Or "Early frame") 

• at this stage, also acquire CT with "ultra-low dose" parameters aimed only at 

correcting the attenuation and not for diagnostic purposes. 

• acquisition pause (the patient returns to the waiting room) 

• after about 90 minutes from the injection of the radiopharmaceutical, 

reposition the patient and perform the late acquisition lasting 20 minutes (90-

110 min. Or "late frame") 

• At this stage, acquire CT with the usual parameters for a brain study 

 

Regarding PET reconstruction: 

• Matrix: 256 × 256 matrix (voxel size 2.32 × 2.32 × 2.03 mm) 

• Reconstruction: 3D ordered subsets expectation maximization algorithm 

• Iterations: 8 iterations 

• Subset: 21 subsets 

• Filter: 3-mm Gaussian 
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• Corrections: Standard corrections for decay, scatter, dead time, and 

attenuation. 

 

Reconstruct the "Early Frame" PET 0-15 min with the above parameters and with the 

following times: 

• 0-5 min (name the file PET_0_5) 

• 0-10 min (name the file PET_0_10) 

• 0-15 min (name the file PET_0_15) 

 

Reconstruct the "Late Frame" PET 90-110 min with the above parameters and with 

the following times: 

• 90-100 min (name the file PET_90_100) 

• 90-110 min (name the file PET_90_110) 

 

4.2.4. Data collection 
 

The processing of personal data was carried out in accordance with current legislation 

(Code regarding the protection of personal data, Legislative Decree 30 June No. 

196/2003 and EU regulation 2016/679). All the data necessary for the research 

project (visits and images), were anonymized at the satellite Center and subsequently 

uploaded to an electronic database accessible only to investigators via login and 

password; each patient was assigned a unique identifier (ID). The PET images 

obtained were transmitted to the coordinating Center. 15 minutes 18F-Florbetaben 

scan early phase and 18F-FDG scan were subjected to independent and casual visual 

assessment by two operators. Eight brain regions were considered for visual 

assessment: frontal lobe right and left, temporal lobe right and left, parietal lobe right 

and left, occipital lobe right and left. Signal alteration for each region was estimated 

by grading scale from 0 to 3 (0-irrelevant, 1-mild, 2-moderate, 3-severe). For each 

patient MRI T1 sequences was evaluated to identify atrophy and 90-110 minutes late-

phase 18F-Florbetaben to detect amyloid deposition. 
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4.3. STATISTICS 
 

Descriptive statistics were assessed to analyse the characteristics of the population, to 

estimate prevalence of dementia clinical syndromes considered in this study, to 

evaluate the prevalence of amyloid-related pathology detected by Amy-PET and CSF 

when available, and its contribution to clinical judgment. This analysis was assessed 

for the total population and for each Center. We calculate Spearman's rank correlation 

coefficient to evaluate the correlation of neurodegeneration scores obtained 

independently by visual assessment of 18-FDG-PET scan and 18F-Florbetaben scan. 

Wilcoxon signed-rank test was assessed to verify the hypothesis that the two 

neurodegeneration scores referred to the same population. 

DORIAN is a research software from a INFN spin-off developed in collaboration 

with the University of Padua for image analysis with three pipelines: DatScan, FDG-

PET and amyloid PET, the latter being the one used in this study. For the analysis of 

the Amy-PET images, the system requires three types of images: 

• late Amy-PET: frames from 90-110 minutes post-injection were used. 

• early Amy-PET: dynamic acquisition using list-mode was used and then the 

images were reconstructed using 3 different timeframes; 0-5 minutes, 0-10 

minutes and 0-15 minutes post-injection. 

• MRI: Isovolumetric MRI images were required. 

Dorian analyses the images using three different methods: 

• SUVr (standard uptake value ratio) calibrates the ratio of PET counts, using 

the number of photons detected between target regions of interest (ROIs) and 

a reference region, which in this case is the cerebellum. To do this, the images 

are first processed and calibrated 72,73.  

• ELBA captures the intensity distribution patterns of the images of the entire 

brain. These patterns have been shown to be characteristic in PET-positive 

and PET-negative patients. Compared to SUVr it requires minimal image 

reprocessing and is not based on using ROIs74.  
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• TDr (time delayed ratio) is the ratio of the mean intensities in the early phase 

uptake ROIs to the late phase reference ROIs. It exploits both phases to adapt 

both target and ROIs to each patient75,76.  

• RANK parameter considers SUVr, ELBA and TDr together giving a general 

value of positivity (RANK greater than 50%) or negativity (RANK less than 

50%) of the Amy-PET. 
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4.4. RESULTS 
 

4.4.1. Study population 
 

To date, the multicenter AMY-ITA study has enrolled 83 patients, of whom four 

patients have not yet made visit 3. The study population, 48 women (58%) and 35 

men (42%), had an age range from 46 to 78 years with a mean age of 66 ± 7 years. 

All patients were assessed for clinical decline at visit 1 with in-house 

neuropsychological protocols and Mini Mental State Examination (MMSE). 

According to DSM-5 the population consists of 54 patients with a diagnosis of minor 

neurocognitive disorder (65%) and 29 patients with major neurocognitive disorder 

(35%). The mean MMSE is 22.0 ± 5.7, range from 8 and 30. Based on the initial 

clinical suspicion established by the neurologists at visit 1, the diagnostic syndromes 

were distributed as following: 24 PPA (28,9%), 15 PCA (18,1%), 12 FS (14,5%), 9 

eoAD (10,8%), 9 RPD (10,8%), 9 DA (10,8%) and 5 CBS (6,0%). See figure 5. 

 

 

Figure 5 - Clinical variants distribution 

PCA (posterior cortical atrophy), PPA (primary progressive aphasia), eoAD (early-onset Alzheimer’s disease), 

CBS (corticobasal syndrome), FS (frontal syndrome) and RPD (rapid progressive dementia) and DA (atypical 
dementia) 
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4.4.2. Early phase 18F-Florebetaben versus 18-FDG PET 
 

Visual assessment of both 18F-FDG PET and early frames Amy-PET in the whole 

study group revealed a similar spatial pattern of uptake deficits. The median values of 

the visual rating scale was comparable between FDG-PET and Amy-PET in each 

lobes. Table II reported the median values of the visual rating scale for each lobe in 

each hemisphere for the two PET scans. 

 

median neurodegeneration score 

lobes 18F-FDG-PET Amy-PET 

RFL 0 0 

LFL 0 0 

RPL 1 1 

LPL 1 1 

RTL 1 1 

LTL 1 1 

ROL 0 0 

LOL 0 0 
 

 
Table II - Median neurodegeneration score. RFL (right frontal lobe), LFL (left frontal lobe), RPL (right parietal 
lobe), LPL (left parietal lobe), RTL (right temporal lobe), LTL (left temporal lobe), ROL (right occipital lobe), 
LOL (left occipital lobe). 

 

 

A significant correlation between the individual scores obtained with two PET scans 

was obtained by Spearman's rank correlation coefficient (rS or ρ) for all lobes: RFL 

rS 0.836; LFL rS 0.870; RPL rS 0.893; LPL rS 0.894; RTL rS 0.852; LTL rS 0.820; 

ROL rS 0.738; LOL rS 0.733, all with p<0,001. See figures 6 and 7. 
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Figure 6 – Spearman correlation of visual assessment between FDG-PET and Amy-PET of right 
hemisphere.p<0.001. ρ (Spearman's rank correlation coefficient), RFL-F (right frontal lobe- FDG PET), RFL-
A(right frontal lobe- Amy PET), RPL-F (right parietal lobe- FDG PET), RPL-A(right parietal lobe- Amy PET), 
RTL-F (right temporal lobe- FDG PET), RTL-A (right temporal lobe- Amy PET), ROL-F (right occipital lobe- 
FDG PET), ROL-A(right occipital lobe- Amy PET). 

 

 
 

Figure 7- Spearman correlation of visual assessment between FDG-PET and Amy-PET of left 
hemisphere.p<0,001. ρ (Spearman's rank correlation coefficient), LFL-F (left frontal lobe-FDG PET), LFL-A (left 
frontal lobe-Amy PET), LPL-F (left parietal lobe-FDG PET), LPL-A(left parietal lobe-Amy PET), LTL-F (left 
temporal lobe-FDG PET), LTL-A (left temporal lobe-Amy PET), LOL-F (left occipital lobe-FDG PET), LOL-A 
(left occipital lobe-Amy PET). 



45 
 

The Wilcoxon test confirmed the hypothesis that the two scores are related to the 

same population for occipital lobes, and refused the hypothesis for frontal, parietal 

and temporal lobes finding a significative difference (p<0.05). (Table III) 
 

Wilcoxon test 
areas p-values areas p-values 

RFL-F vs RFL-A 0,037 LFL-F vs LFL-A 0,009 
RPL-F vs RPL-A <0,001 LPL-F vs LPL-A 0,001 
RTL-F vs RTL-A 0,001 LTL-F vs LTL-A 0,007 
ROL-F vs RFL-A 0,227 LOL-F vs LFL-A 0,777 

 

Table III - Results of the Wilcoxon test between FDG-PET and Amy-PET. P value is significative if <0,05. 

 

4.4.3. Change of clinical’s diagnostic confidence after 18F-FDG and 

after 18F-FBB (early + late)   

 

Late Amy-PET was positive in 53 patients (63.9%) with a different distribution 

according to both the clinical syndrome suspected by the neurologist and the center of 

origin. For the distribution in different centers see table V. A positive late Amy-PET 

was more frequent in eoAD (88.9%), PPA (79.2%), RPD (77.8%) and PCA (73.3%); 

whereas it was less frequent in FS (41.7%) CBS (40.0%) and DA (11.1%) (Figure 8). 

See table V.  
 

 
Figure 8 - Distribution of positive late Amy-PET in suptected clinical syndrome. PCA (posterior cortical atrophy), 

PPA (primary progressive aphasia), eoAD (early-onset Alzheimer’s disease), CBS (corticobasal syndrome), FS 

(frontal syndrome) and RPD (rapid progressive dementia) and DA (atypical dementia) 
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In order to analyse the impact of Amy-PET in the diagnostic process, patients were 

classified into three categories according to the percentage of suspicion of presence of 

Alzheimer's disease by the neurologists at visit 1.  

In 19 patients with a baseline poor suspicion of Alzheimer's disease, (i.e. estimate of 

being AD less than 50%), 7 patients (36,8%) had a positive Amy-PET. Whereas 

among 57 patients with a high suspicion of Alzheimer's disease (i.e. greater than 

50%), 14 patients (24,6%) had negative Amy-PETs. Finally, among 6 cases with a 

doubtful suspicion (i.e. of 50% of being or not being AD), 3 patients had negative 

Amy-PETs and 3 patients had positive Amy-PETs. 

In conclusion, in 27 out of 82 cases with available final diagnosis (32.9%) the result 

of Amy-PET scan did offer additional diagnostic information respect to clinical 

suspicion. The adding values of Amy-PET were also analysed respect to the clinical 

syndrome was found impact in CBS (80.0%), RPD (55.6%) and FS (50%). The 

lowest impact in eoAD and PCA. See table IV.   
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AMY-ITA PATIENTS 
pre PET AD presence patients PET positive PET negative discordant rate 

< 50% 19 7 12 36,8% 
>50% 57 43 14 24,6% 
50 % 6 3 3 100.0% 
total 82 53 29 32,9% 

Early-onset Alzheimer’s dementia (eoAD) 
pre PET AD presence patients PET positive PET negative discordant rate 

< 50% / / / / 
>50% 9 8 1 11,1% 
50 % / / / / 
total 9 8 1 11,1% 

Corticobasal syndrome (CBS) 
pre PET AD presence patients PET positive PET negative discordant rate 

< 50% / / / / 
>50% 4 1 3 75.0% 
50 % 1 1 0 100.0% 
total 5 2 3 80.0% 

Frontal syndrome (FS) 
pre PET AD presence patients PET positive PET negative discordant rate 

< 50% 6 2 4 33,3% 
>50% 4 2 2 50.0% 
50 % 2 1 1 100.0% 
total 12 5 7 50.0% 

Rapid progressive dementia (RPD) 
pre PET AD presence patients PET positive PET negative discordant rate 

< 50% 3 3 0 100.0% 
>50% 6 4 2 33,3% 
50 % / / / / 
total 9 7 2 55,6% 

Atypical dementia (DA) 
pre PET AD presence patients PET positive PET negative discordant rate 

< 50% 4 0 4 0,0% 
>50% 4 1 3 75,0% 
50 % / / / / 
total 8 1 7 37,5% 

Posterior cortical atrophy (PCA) 
pre PET AD presence patients PET positive PET negative discordant rate 

< 50% 2 0 2 0,0% 
>50% 13 11 2 15,4% 
50 % / / / / 
total 15 11 4 13,3% 

Primary progressive aphasia (PPA) 
pre PET AD presence patients PET positive PET negative discordant rate 

< 50% 4 2 2 50,0% 
>50% 17 16 1 5,9% 
50 % 3 1 2 100,0% 
total 24 19 5 25,0% 

 

Table IV – concordance between AD initial clinical suspicion and AMY-PET result 
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At visit 3, the neurologists at each center assessed the change in clinical judgment 

following the FDG-PET and Amy-PET (early + late) results, giving a change rate of 

60.8%, i.e., in 48 out of 79 patients. It should be noted that 4 patients have yet to be 

examined.   

The rates of change in clinical judgement vary according to the initial clinical 

suspicion: RPD (87,5%), FS (83,3%), CBS (80%), DA (62,5%), PCA (60%), PPA 

(55,5%) and eoAD (11,1%). 

Moreover, the rate of change of clinical judgement is also very heterogeneous 

between centers: Trieste and Prato changed judgement in 100% of cases; Perugia 

(83%), Genoa (80%), Pavia (67%) and Bolzano (50%) have high rates of change; 

while Parma (33%) and Padua (29%) have lower rates. See table V. 

 

Distribution of late Amy PET positivity and change of clinical judgement in the different centres  
Centers Bolzano Genoa Padua 

total patients 4 10 24 

clinical syndrome FS(2), DA(1), PPA(1) FA (1) PCA (3), PPA(6) 
eoAD (7), FS(3), RPD(2), 
DA(2), PCA(1), PPA(9) 

positive late Amy-
PET  0/4 9/10 15/24 

Positive late Amy-
PET rate 0% 90% 62,5% 

change of 
judgment 2 8 7 

change of 
judgment rate 50% 80% 29% 

  
Centers Perugia Prato Parma 

total patients 14 5 6 

clinical syndrome 
CBS (2), FS (2), RPD (4), 

PCA (3),PPA (3) 
FS (1), RPD (1), DA (2), 

PPA (1) 
eoAD (2),CBS (2), DA (1), 

PCA (1) 
positive late Amy-

PET  8 3 4 

Positive late Amy-
PET rate 57% 60% 66% 

change of 
judgment 

10/12 (not made visit 3 in 
2 patients) 

4/4 (not made visit 3 in a 
patient) 2/6 

change of 
judgment rate 83% 100% 33% 
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Centers Pavia Trieste 
total patients 12 8 

clinical syndrome 
CBS (1), FS (1), DA (2), 

PCA (6), PPA(2) 
FS (2), RPD (2), DA (1), 

PCA (1), PPA (2) 
positive late Amy-

PET  8 6/8 

Positive late Amy-
PET rate 66% 75% 

change of 
judgment 8/12 7/7 (not made visit 3 in a 

patient) 
change of 

judgment rate 67% 100% 

 

Table V- Distribution of late Amy PET positivity and change of clinical judgement in the different centres. PCA 
(posterior cortical atrophy), PPA (primary progressive aphasia), eoAD (early-onset Alzheimer’s disease), CBS 

(corticobasal syndrome), FS (frontal syndrome) and RPD (rapid progressive dementia) and DA (atypical 
dementia) 

 

4.4.4. CSF biomarkers and AMY-PET results: concordance or 

discordance   

 

Only 17 of 83 patients underwent cephalospinal fluid analysis, which was positive in 

8 cases and negative in 9 cases. While late amyloid-PET was positive in 9 patients. 

The concordance between CSF biomarkers and Amy-pet was present in 11 cases with 

6 cases of positivity and 5 of negativity in both tests. The 6 discordant cases were 

divided into 3 cases with CSF biomarker negativity and late Amy-PET positivity and 

3 cases with CSF biomarker positivity and Amy-PET negativity. 

In the 3 cases of Amy-PET positivity and CSF negativity, there was one case of 

increased t-tau and p-tau, but with negative Aβ42 amyloid, in another two case Aβ42 

amyloid was borderline, but t-tau and p-tau were negative.  

In 3 cases the Amy-PET was negative, the CSF Aβ42 was below 500 ng/L and the 

CSF p-tau was negative. 
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4.4.5. Comparison of late visual and semi-quantitative analysis with 

DORIAN of the early phase (0-15 min) and late phase of 18F-FBB PET  

 

66 out of 83 cases were analysed using DORIAN, as for the remaining cases the 

necessary images were unavailable or non-compliant. 

In 56 out of 66 cases (84.8%) the whole brain analysis of all 4 methods used by 

DORIAN (SUVr, ELBA, TDr and RANK) showed concordance with the visual 

whole brain analysis of late Amy-PETs. Whereas in 10 out of 66 cases (15.2%) at 

least one of the methods disagreed with the visual interpretation. Analysing the 

distribution of the discordance of each method: SUVr discorded in 7 out of 10 cases 

(70%), ELBA in 4 out of 10 cases (40%), TDr in 2 out of 10 (20%) and RANK in 3 

out of 10 (30%).   

Considering that RANK uses all 3 methods of analysis (SUVr, ELBA and TDr), was 

the parameter of choice in evaluating the concordance between visual analysis and 

analysis done by DORIAN. So the concordance between the visual analysis and 

DORIAN analysis was 95,5%.  

Of 3 patients, discordant between visual and Dorian analysis, the individual results of 

all 3 methods (SUVr, ELBA and TDr) dividing the whole brain into 10 areas were 

reviewed: LFA (left frontal area), LOA (left occipital area), LPPA (left posterior 

parietal area), LLTA (left lateral temporal area), LPPCA (left precuneus and post-

cingulate area), RFA (right frontal area), ROA (right occipital area), RPPA (right 

posterior parietal area), RLTA (right lateral temporal area), RPPCA (right precuneus 

and post-cingulate area). Reviewing DORIAN’s analysis the following data emerged: 

• One patient had a negative RANK, SUVr and ELBA in whole brain analysis. 

Considering individual areas, there were some that were frankly positive in 

SUVr and ELBA 

• One patient had a negative RANK, SUVr, ELBA and TDr considering whole 

brain analysis, only one area in TDr, right precuneus and post-cingulate area, 

resulted frankly positive 

• One patient had a negative RANK and SUVr in whole brain analysis, but 

positive ELBA and TDr in all individual areas analysed 
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  4.4.6. Correlation between different acquisition times (0-15minutes; 0-10 

minutes; 0-5minutes) of the early phase of 18F-FBB PET    

 

In the 66 cases analysed the concordance of the TDr method was analysed in the 

different acquisition times: 0-5 minutes, 0-10 minutes and 0-15 minutes.  In the 

whole brain a significative TDr correlation, among the three different acquisition 

times, was obtained by the Spearman rank correlation coefficient (rS o ρ): rS 0,98 

between 0-15 minutes and 0-10 minutes and between 0-10min and between 0-5. All 

with p<0,001.  See figure 9.  

 

 
 

Figure 9 - Spearman correlation of TDr in whole brain. p<0,001. WB (whole-brain), TDr (time delayed ratio), 
WB_tdr_0_15 (TDr of whole brain in 0-15 minutes acquisition time), WB_tdr_0_10 (TDr of whole brain in 0-10 

minutes acquisition time), WB_tdr_0_5 (TDr of whole brain in 0-5 minutes acquisition time) 
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TDr correlation between the three acquisition times was also performed area by area, 

showing a significant correlation. Table VI shows Spearman rank correlation 

coefficients. P-value <0.001. 

 

Spearman's rank correlation of TDr 

areas 
timeframes 0-5 vs 0-10 

minutes 
timeframes 0-10 vs 0-15 

minutes 
timeframes 0-5 vs 0-15 

minutes 
LFA 0,98 0,97 0,97 
LOA 0,95 0,98 0,95 
LPPA 0,95 0,98 0,93 
LLTA 0,95 0,99 0,95 

LPPCA 0,95 0,97 0,90 
RFA 0,96 0,97 0,97 
ROA 0,98 0,98 0,97 
RPPA 0,97 0,96 0,96 
RLTA 0,96 0,94 0,92 

RPPCA 0,95 0,96 0,96 
 

Table VI - Spearman's rank correlation of TDr among different acquisition times in 10 brain areas. P-value <0.001. 
LFA ( left frontal area), LOA (left occipital area), LPPA (left posterior parietal area), LLTA (left lateral temporal 

area), LPPCA (left precuneus and post-cingulate area), RFA(right frontal area), ROA (right occipital area), RPPA 
(right posterior parietal area), RLTA (right lateral temporal area), RPPCA (right precuneus and post-cingulate 

area). 
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5. DISCUSSION 

The study of amyloid deposits and neurodegeneration requires two different PET 

investigations, respectively with tracers for amyloid and with 18F-FDG, with high 

costs and double radio-exposure of the patient. In recent years, early phase Amy-PET, 

by assessing cerebral blood perfusion, has been proposed as surrogate markers of 

metabolism and therefore a alternative marker of neurodegeneration. The purpose of 

our study was to evaluate, by means of a visual and a semiqualitative analysis, the 

correlation between "perfusion" PET imaging, obtained with early frames 18F-FBB, 

and "metabolism" PET imaging, obtained with 18F-FDG, in a group of patients with 

atypical forms of cognitive impairment. The brain was ideally divided into eight 

regions for visual analysis. Two operators independently and randomly assigned a 

score from 0 to 3 depending on the degree of abnormality in the tracer distribution 

(FDG and early-FBB). 

The first result obtained from the visual evaluation was the attribution of globally 

higher severity scores to 18F-FDG uptake deficits compared to early Amy-PET. This 

data could be explained by the ability of 18F-FDG to detect both flow anomalies and 

disconnection alterations, unlike the early-phase amyloid PET which provides 

information only on blood cerebral perfusion. According to the Spearman test, the 

scores attributed to each brain region in the PET images with 18F-FDG and in the 

early Amy-PET were statistically correlated. In accordance with the few studies 

available in literature, these results support the clinical utility of early Amy-PET 

images to obtain markers of neurodegeneration in patients with AD. Wilcoxon test 

demonstrated that there is no significant difference between the scores attributed to 

the occipital lobes in the images obtained with the two PET images; this is not valid 

instead for the frontal, temporal and parietal lobes. This discrepancy may depend on 

the fact that the FDG-FBB severity scores assigned to occipital lobes were less 

severe. In the frontal, temporal and parietal lobes, where the major distribution of 

neurodegeneration was found, FDG proved to be more sensitive than FBB-PET. The 

lower experience of nuclear medicine physicians in reporting results from early 

images of18F-FBB PET compared to the more classic and widespread reading of late 
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images with 18F-FDG may have influenced the attribution of severity scores. This 

may represent one of the limitations of this study. 

 

According to the literature, the prevalence of AD differs between different clinical 

syndromes23,24,26,30. PCA, characterized by visual disorders, as visual agnosia, 

prosopagnosia, apraxia, ocular apraxia, alexia, simultagnosia, is frequently 

consequence of amyloid pathologic change, causing primary dysfunction of cortical 

posterior regions. PPA may be associated to AD, but moreover in one of its variant: 

the logopenic-PPA30. Core features of logopenic PPA are single-word retrieval 

difficulties, impaired repetition, verbal-memory difficulties, while fluency, 

grammatism and naming are spared. On the other hand, FS and CBS may be related 

to AD, but the prevalence is low and in good clinical practice other form of 

neurodegeneration must be excluded. The AD prevalence of PCA and PPA in our 

cohort is comparable to that reported in literature. In accordance with previous works, 

FS and CBS are the clinical syndrome less related to AD in our cohort, but for both 

variants amyloid pathologic change is more frequent than expected. Nevertheless, 

clinical and pathologic spectrum are various and differ between centers. It is possible 

to express these considerations: 

• Amy-PET in eoAD almost always (88,9%) detects amyloid pathologic 

change; 

• PCA and PPA are the prominent focal variants of AD; suspect 

amyloid change in these clinical variants was confirmed in high 

percentage of cases; 

• FS and CBS are more frequently associated to AD in our cohort than 

in previous studies;   

• RPD were often found to be the onset of AD;  

• DA was frequently a non-AD related disease. 

 

All patients of our study were enrolled with AD suspicion as relevant to justify 

indication to perform Amy-PET. This inclusion criteria can explain the higher 

prevalence in our cohort of less frequent AD atypical syndrome.  
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To analyse the impact of Amy-PET in the diagnostic process, two aspects were 

analysed: 

• the discordant rate between the suspicion of the presence of Alzheimer's 

disease and the Amy- PET result. This aspect was analyzed by considering as 

discordant those cases in which the suspicion of the presence of AD prior to 

the performance of PET was less than 50% and the Amy-PET was positive or 

was greater than 50% and the Amy-PET was negative, while those cases in 

which the suspicion of the presence of AD pre-Amy-PET was 50% were 

considered discordant regardless of the result of the Amy-PET. 

• The change in clinical judgement stated by the specialist during visit 3. 

 

Clinical syndromes with more frequent discordance between pre-Amy-PET presence 

and the result of Amy-PET were CBS and RPD. While eoAD, PPA and PCA had a 

high concordance rate, this is justified by a higher presence of Alzheimer’s disease 

association and a greater management capacity of neurologists due to a high number 

of patients examined in neurology centers.  

CBS benefited most from the execution of Amy-PET: in 3 of 4 patients there was not 

concordance between expected presence and Amy-PET, in these cases a taupathy is 

the cause of the disease. While RPD was found to have a higher Amy-PET positivity 

than expected by neurologists. This could be due to an underestimation of the severity 

of the patient's symptoms by the patient and family members, resulting in a later 

intake of the patient characterized by a rapid worsening of a situation that had already 

been present for some time. 

The rate of discordance between the suspicion of Alzheimer's disease and the Amy-

PET result is 32.9%, which is lower than the rate of change of clinical judgement 

declared by the neurologists of the various centres at visit 3, which is 60.8%. This 

discrepancy between the two rates may be due to an interpretation of the change in 

judgment as positive when the hypothesis of suspected presence or absence of 

amyloid deposition is strengthened. In both analyses, the clinical syndromes with the 

highest rate of discordance or change in clinical judgment are RPD, CBS, and FS. In 

these clinical syndromes, the impact of performing Amy-PET remains greatest. 
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Moreover, the rate of change in clinical judgment is shown to differ from center to 

center. The significative differences in clinical judgment among centers may be 

explained by the heterogeneous prevalence of clinical variants.  

 

Seventeen patients underwent both Amy-PET and CSF analysis, so strong 

conclusions can’t be formulated. However, in two patients Amy-PET was diriment 

respect to CSF results: in one case the CSF level of Aβ42 was borderline and the CSF 

p-tau negative, in the other case the amyloid was negative, but the p-tau and p-tau 

were particularly high. Whereas in one patient with a dubious CSF but positive 

amyloid p-tau it was not possible to establish a clear clinical picture of the patient, 

partly due to the lack of further information as she was a patient from another centre.  

In this case, the coexistence of two causes of neurodegeneration, the genetic causes of 

AD or the suspicion of amyloid-positive cerebral angiopathy can be hypothesised.  

 

Analysis with the DORIAN software makes it possible to perform a global, area-by-

area semi-quantitative analysis of Amy-PETs by means of SUVr, ELBA and TDr. 

Nowadays, in clinical practice, the reading of Amy-PETs is mostly visual; there is no 

standardised semi-quantitative analysis.  

Considering RANK, i.e. the method that analyses all three methods together, the 

study showed a concordance between the visual and semi-quantitative analysis of 

DORIAN in 95.5% of the cases analysed. Whereas when looking at the individual 

methods, there is a greater number of discordances, this is particularly the case with 

the use of SUVr alone, which discorded in 7 out of 66 cases (89.5%). This parameter 

has already proven to be less robust than the others in the literature76. Furthermore, in 

one case analysed, SUVr was completely negative both on the whole brain and area 

by area, while ELBA and TDr were positive and concordant with the visual analysis. 

On reviewing the images, it was noted that part of the cerebellum was missing and 

this made the analysis inconclusive, as the cerebellum is the reference area used in the 

analysis of SUVr; therefore, alterations or artefacts in the aforementioned region led 

to a failure of the analysis. The method with the highest concordance between visual 

and semi-quantitative analysis is the TDr with 96.6% of cases being concordant. A 
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particular case of discordance is a patient who was positive in the visual analysis but 

negative in all methods in the whole-brain, while in the area-by-area analysis he was 

frankly positive in the right precuneus and post-cingulate area in TDr method. In this 

patient it would be interesting to see the CSF analysis to see the level of Aβ42. In 

conclusion, DORIAN proves to be a good support tool for Amy-PET reading, 

especially when using TDr as one of the main parameters. 

 

Finally, the TDr method of the DORIAN software, the only one to use early frames 

from Amy-PET, was used to analyse the presence or absence of concordance between 

TDr values acquired at three different times (0-15 minutes, 0-10 minutes and 0-5 

minutes). This concordance was found to be statistically significant in both whole-

brain and area-by-area analyses. This may possibly lead to a decrease of the 

acquisition times, especially important in non-compliant patients. 
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6. CONCLUSIONS 

 

Preliminary data of AMY-ITA multicenter study confirm that early perfusion phase 

of Amy-PET is a valid surrogate of synaptic dysfunction, comparable to 18F-FDG 

PET in detection of neurodegeneration in atypical dementia on the basis of visual 

analysis. However, 18F-FDG resulted more sensitive than Amy-PET in graduating 

synaptic dysfunction, and this difference is statistically significant when synaptic 

dysfunction is moderate-severe. DORIAN semiquantitative analysis confirmed visual 

analysis result. For clinical practice, we can suggest Amy-PET early phase a useful 

tool for detection the presence or not of neurodegeneration in dementia. 18F-FDG 

PET remains superior for research purposes and in all cases quantitative scoring is 

needed. Amy-PET late frames resulted useful in atypical dementia even in case to 

confirm or exclude the suspect of amyloid deposition, as alternative instrument to 

CSF or, moreover, to support CSF analysis when inconclusive. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



59 
 

7. BIBLIOGRAPHY 

 

1. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. 

Clinical diagnosis of Alzheimer's disease: report of the NINCDS-ADRDA 

Work Group under the auspices of Department of Health and Human Services 

Task Force on Alzheimer's Disease. Neurology. 1984 Jul;34(7):939-44 

 

2. Dubois B, Feldman HH, Jacova C, Dekosky ST, Barberger-Gateau P, 

Cummings J, Delacourte A, Galasko D, Gauthier S, Jicha G, Meguro K, 

O'brien J, Pasquier F, Robert P, Rossor M, Salloway S, Stern Y, Visser PJ, 

Scheltens P. Research criteria for the diagnosis of Alzheimer's disease: revising 

the NINCDS-ADRDA criteria. Lancet Neurol. 2007 Aug;6(8):734-46 

 

3. Jack CR Jr, Bennett DA, Blennow K, Carrillo MC, Dunn B, Haeberlein SB, 

Holtzman DM, Jagust W, Jessen F, Karlawish J, Liu E, Molinuevo JL, 

Montine T, Phelps C, Rankin KP, Rowe CC, Scheltens P, Siemers E, Snyder 

HM, Sperling R; Contributors. NIA-AA Research Framework: Toward a 

biological definition of Alzheimer's disease. Alzheimers Dement. 2018 

Apr;14(4):535-562 

 

4. World Health Organization, et al. Risk reduction of cognitive decline and 

dementia: WHO guidelines. 2019. 

 

5. Li X, Feng X, Sun X, Hou N, Han F, Liu Y. Global, regional, and national 

burden of Alzheimer's disease and other dementias, 1990-2019. Front Aging 

Neurosci. 2022 Oct 10;14:937486 

 

6. Alzheimer Europe. Dementia in Europe Yearbook 2019: Estimating the 

prevalence of dementia in Europe. Luxembourg: Alzheimer Europe; 2019 

 



60 
 

7. Rhodius-Meester HFM, Tijms BM, Lemstra AW, Prins ND, Pijnenburg YAL, 

Bouwman F, Scheltens P, van der Flier WM. Survival in memory clinic cohort 

is short, even in young-onset dementia. J Neurol Neurosurg Psychiatry. 2019 

Jun;90(6):726-728 

 

8. Budson AE, Solomon PR. Memory Loss, Alzheimer’s disease and Dementia: a 

practical guide for clinicians.Third ed. Philadelphia: Elsevier; 2022 

 

9. Zhang YR, Xu W, Zhang W, Wang HF, Ou YN, Qu Y, Shen XN, Chen SD, 

Wu KM, Zhao QH, Zhang HN, Sun L, Dong Q, Tan L, Feng L, Zhang C, 

Evangelou E, Smith AD, Yu JT. Modifiable risk factors for incident dementia 

and cognitive impairment: An umbrella review of evidence. J Affect Disord. 

2022 Oct 1;314:160-167 

 

10. Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, 

Brayne C, Burns A, Cohen-Mansfield J, Cooper C, Costafreda SG, Dias A, 

Fox N, Gitlin LN, Howard R, Kales HC, Kivimäki M, Larson EB, Ogunniyi A, 

Orgeta V, Ritchie K, Rockwood K, Sampson EL, Samus Q, Schneider LS, 

Selbæk G, Teri L, Mukadam N. Dementia prevention, intervention, and care: 

2020 report of the Lancet Commission. Lancet. 2020 Aug 8;396(10248):413-

446 

 

11. Cannon-Albright LA, Foster NL, Schliep K, Farnham JM, Teerlink CC, 

Kaddas H, Tschanz J, Corcoran C, Kauwe JSK. Relative risk for Alzheimer 

disease based on complete family history. Neurology. 2019 Apr 

9;92(15):e1745-e1753 

 
12. Rabinovici GD. Late-onset Alzheimer Disease. Continuum (Minneap Minn). 

2019 Feb;25(1):14-33 

 



61 
 

13. Graff-Radford J, Yong KXX, Apostolova LG, Bouwman FH, Carrillo M, 

Dickerson BC, Rabinovici GD, Schott JM, Jones DT, Murray ME. New 

insights into atypical Alzheimer's disease in the era of biomarkers. Lancet 

Neurol. 2021 Mar;20(3):222-234 

 

14. Schott JM, Crutch SJ, Carrasquillo MM, Uphill J, Shakespeare TJ, Ryan NS, 

Yong KX, Lehmann M, Ertekin-Taner N, Graff-Radford NR, Boeve BF, 

Murray ME, Khan QU, Petersen RC, Dickson DW, Knopman DS, Rabinovici 

GD, Miller BL, González AS, Gil-Néciga E, Snowden JS, Harris J, Pickering-

Brown SM, Louwersheimer E, van der Flier WM, Scheltens P, Pijnenburg YA, 

Galasko D, Sarazin M, Dubois B, Magnin E, Galimberti D, Scarpini E, Cappa 

SF, Hodges JR, Halliday GM, Bartley L, Carrillo MC, Bras JT, Hardy J, 

Rossor MN, Collinge J, Fox NC, Mead S. Genetic risk factors for the posterior 

cortical atrophy variant of Alzheimer's disease. Alzheimers Dement. 2016 

Aug;12(8):862-71 

 

15. Tiwari S, Atluri V, Kaushik A, Yndart A, Nair M. Alzheimer’s disease: 

Pathogenesis, diagnostics, and therapeutics. Int J Nanomedicine. 

2019;14:5541-5554 

 

16. Hampel H, Hardy J, Blennow K, Chen C, Perry G, Kim SH, Villemagne VL, 

Aisen P, Vendruscolo M, Iwatsubo T, Masters CL, Cho M, Lannfelt L, 

Cummings JL, Vergallo A. The Amyloid-β Pathway in Alzheimer's Disease. 

Mol Psychiatry. 2021 Oct;26(10):5481-5503 

 

17. Aisen PS, Cummings J, Jack CR Jr, Morris JC, Sperling R, Frölich L, Jones 

RW, Dowsett SA, Matthews BR, Raskin J, Scheltens P, Dubois B. On the path 

to 2025: understanding the Alzheimer's disease continuum. Alzheimers Res 

Ther. 2017 Aug 9;9(1):60 

 



62 
 

18. Scheltens P, De Strooper B, Kivipelto M, Holstege H, Chételat G, Teunissen 

CE, Cummings J, van der Flier WM. Alzheimer's disease. Lancet. 2021 Apr 

24;397(10284):1577-1590 

 

19. Jessen F, Amariglio RE, van Boxtel M, Breteler M, Ceccaldi M, Chételat G, 

Dubois B, Dufouil C, Ellis KA, van der Flier WM, Glodzik L, van Harten AC, 

de Leon MJ, McHugh P, Mielke MM, Molinuevo JL, Mosconi L, Osorio RS, 

Perrotin A, Petersen RC, Rabin LA, Rami L, Reisberg B, Rentz DM, Sachdev 

PS, de la Sayette V, Saykin AJ, Scheltens P, Shulman MB, Slavin MJ, 

Sperling RA, Stewart R, Uspenskaya O, Vellas B, Visser PJ, Wagner M; 

Subjective Cognitive Decline Initiative (SCD-I) Working Group. A conceptual 

framework for research on subjective cognitive decline in preclinical 

Alzheimer's disease. Alzheimers Dement. 2014 Nov;10(6):844-52 

 

20. Jessen F, Amariglio RE, Buckley RF, van der Flier WM, Han Y, Molinuevo 

JL, Rabin L, Rentz DM, Rodriguez-Gomez O, Saykin AJ, Sikkes SAM, Smart 

CM, Wolfsgruber S, Wagner M. The characterisation of subjective cognitive 

decline. Lancet Neurol. 2020 Mar;19(3):271-278 

 

21. American Psychiatric Association. Desk Reference to the Diagnostic Criteria 

from DSM-5 (R). Fifth ed. Arlington,TX: American Psychiatric Association 

Publishing; 2013. 

 

22. Filippi M, Agosta F, Barkhof F, Dubois B, Fox NC, Frisoni GB, Jack CR, 

Johannsen P, Miller BL, Nestor PJ, Scheltens P, Sorbi S, Teipel S, Thompson 

PM, Wahlund LO; European Federation of the Neurologic Societies. EFNS 

task force: the use of neuroimaging in the diagnosis of dementia. Eur J Neurol. 

2012 Dec;19(12):e131-40, 1487-501 

 

23. Polsinelli AJ, Apostolova LG. Atypical Alzheimer Disease Variants. 

Continuum (Minneap Minn). 2022 Jun 1;28(3):676-701.  



63 
 

 

24. Ayodele T, Rogaeva E, Kurup JT, Beecham G, Reitz C. Early-Onset 

Alzheimer's Disease: What Is Missing in Research? Curr Neurol Neurosci Rep. 

2021 Jan 19;21(2):4 

 

25. Villain N, Dubois B. Alzheimer’s Disease Including Focal Presentations. 

Semin Neurol. 2019;39(2):213-226.  

 

26. Yong KXX, Graff-Radford J, Ahmed S, Chapleau M, Ossenkoppele R, Putcha 

D, Rabinovici GD, Suarez-Gonzalez A, Schott JM, Crutch S, Harding E. 

Diagnosis and Management of Posterior Cortical Atrophy. Curr Treat Options 

Neurol. 2023;25(2):23-43. 

 

27. Crutch SJ, Lehmann M, Schott JM, Rabinovici GD, Rossor MN, Fox NC. 

Posterior cortical atrophy. Lancet Neurol. 2012;11(2):170-178.  

 

28. Gorno-Tempini ML, Hillis AE, Weintraub S, Kertesz A, Mendez M, Cappa 

SF, Ogar JM, Rohrer JD, Black S, Boeve BF, Manes F, Dronkers NF, 

Vandenberghe R, Rascovsky K, Patterson K, Miller BL, Knopman DS, 

Hodges JR, Mesulam MM, Grossman M. Classification of primary progressive 

aphasia and its variants. Neurology. 2011 Mar 15;76(11):1006-14.  

 

29. Conca F, Esposito V, Giusto G, Cappa SF, Catricalà E. Characterization of the 

logopenic variant of Primary Progressive Aphasia: A systematic review and 

meta-analysis. Ageing Res Rev. 2022 Dec;82:101760 

 

30. Bergeron D, Gorno-Tempini ML, Rabinovici GD, Santos-Santos MA, Seeley 

W, Miller BL, Pijnenburg Y, Keulen MA, Groot C, van Berckel BNM, van der 

Flier WM, Scheltens P, Rohrer JD, Warren JD, Schott JM, Fox NC, Sanchez-

Valle R, Grau-Rivera O, Gelpi E, Seelaar H, Papma JM, van Swieten JC, 

Hodges JR, Leyton CE, Piguet O, Rogalski EJ, Mesulam MM, Koric L, Nora 



64 
 

K, Pariente J, Dickerson B, Mackenzie IR, Hsiung GR, Belliard S, Irwin DJ, 

Wolk DA, Grossman M, Jones M, Harris J, Mann D, Snowden JS, Chrem-

Mendez P, Calandri IL, Amengual AA, Miguet-Alfonsi C, Magnin E, Magnani 

G, Santangelo R, Deramecourt V, Pasquier F, Mattsson N, Nilsson C, Hansson 

O, Keith J, Masellis M, Black SE, Matías-Guiu JA, Cabrera-Martin MN, 

Paquet C, Dumurgier J, Teichmann M, Sarazin M, Bottlaender M, Dubois B, 

Rowe CC, Villemagne VL, Vandenberghe R, Granadillo E, Teng E, Mendez 

M, Meyer PT, Frings L, Lleó A, Blesa R, Fortea J, Seo SW, Diehl-Schmid J, 

Grimmer T, Frederiksen KS, Sánchez-Juan P, Chételat G, Jansen W, Bouchard 

RW, Laforce RJ, Visser PJ, Ossenkoppele R. Prevalence of amyloid-β 

pathology in distinct variants of primary progressive aphasia. Ann Neurol. 

2018 Nov;84(5):729-740 

 

31. Geraudie A, Battista P, García AM, Allen IE, Miller ZA, Gorno-Tempini ML, 

Montembeault M. Speech and language impairments in behavioral variant 

frontotemporal dementia: A systematic review. Neurosci Biobehav Rev. 2021 

Dec;131:1076-1095 

 

32. Ossenkoppele R, Pijnenburg YA, Perry DC, Cohn-Sheehy BI, Scheltens NM, 

Vogel JW, Kramer JH, van der Vlies AE, La Joie R, Rosen HJ, van der Flier 

WM, Grinberg LT, Rozemuller AJ, Huang EJ, van Berckel BN, Miller BL, 

Barkhof F, Jagust WJ, Scheltens P, Seeley WW, Rabinovici GD. The 

behavioural/dysexecutive variant of Alzheimer's disease: clinical, 

neuroimaging and pathological features. Brain. 2015 Sep;138(Pt 9):2732-49 

 

33. Musa G, Slachevsky A, Muñoz-Neira C, Méndez-Orellana C, Villagra R, 

González-Billault C, Ibáñez A, Hornberger M, Lillo P. Alzheimer's Disease or 

Behavioral Variant Frontotemporal Dementia? Review of Key Points Toward 

an Accurate Clinical and Neuropsychological Diagnosis. J Alzheimers Dis. 

2020;73(3):833-848 

 



65 
 

34. Perry DC, Brown JA, Possin KL, Datta S, Trujillo A, Radke A, Karydas A, 

Kornak J, Sias AC, Rabinovici GD, Gorno-Tempini ML, Boxer AL, De May 

M, Rankin KP, Sturm VE, Lee SE, Matthews BR, Kao AW, Vossel KA, 

Tartaglia MC, Miller ZA, Seo SW, Sidhu M, Gaus SE, Nana AL, Vargas JNS, 

Hwang JL, Ossenkoppele R, Brown AB, Huang EJ, Coppola G, Rosen HJ, 

Geschwind D, Trojanowski JQ, Grinberg LT, Kramer JH, Miller BL, Seeley 

WW. Clinicopathological correlations in behavioural variant frontotemporal 

dementia. Brain. 2017 Dec 1;140(12):3329-3345 

 

35. Constantinides VC, Paraskevas GP, Paraskevas PG, Stefanis L, Kapaki E. 

Corticobasal degeneration and corticobasal syndrome: A review. Clin Park 

Relat Disord. 2019 Aug 30;1:66-71 

 

36. Geschwind MD. Rapidly Progressive Dementia. Continuum: lifelong Learning 

in Neurology Dementia. 2016;22 (2) 

 

37. Sperling RA, Aisen PS, Beckett LA, Bennett DA, Craft S, Fagan AM, 

Iwatsubo T, Jack CR Jr, Kaye J, Montine TJ, Park DC, Reiman EM, Rowe CC, 

Siemers E, Stern Y, Yaffe K, Carrillo MC, Thies B, Morrison-Bogorad M, 

Wagster MV, Phelps CH. Toward defining the preclinical stages of 

Alzheimer's disease: recommendations from the National Institute on Aging-

Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's 

disease. Alzheimers Dement. 2011 May;7(3):280-92 

 

38. Jack CR Jr, Knopman DS, Jagust WJ, Shaw LM, Aisen PS, Weiner MW, 

Petersen RC, Trojanowski JQ. Hypothetical model of dynamic biomarkers of 

the Alzheimer's pathological cascade. Lancet Neurol. 2010 Jan;9(1):119-28 

 

39. McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas 

CH, Klunk WE, Koroshetz WJ, Manly JJ, Mayeux R, Mohs RC, Morris JC, 

Rossor MN, Scheltens P, Carrillo MC, Thies B, Weintraub S, Phelps CH. The 



66 
 

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. Alzheimers Dement. 2011 May;7(3):263-9 

 

40. Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, Gamst 

A, Holtzman DM, Jagust WJ, Petersen RC, Snyder PJ, Carrillo MC, Thies B, 

Phelps CH. The diagnosis of mild cognitive impairment due to Alzheimer's 

disease: recommendations from the National Institute on Aging-Alzheimer's 

Association workgroups on diagnostic guidelines for Alzheimer's disease. 

Alzheimers Dement. 2011 May;7(3):270-9 

 

41. Ossenkoppele R, Prins ND, Pijnenburg YAL, Lemstra AW, Van der Flier 

WM, Adriaanse SF, Windhorst AD, Handels RLH, Wolfs CAG, Aalten P, 

Verhey FRJ, Verbeek MM, Van Buchem MA, Hoekstra OS, Lammertsma AA, 

Scheltens P, van Berckel BNM. Impact of molecular imaging on the diagnostic 

process in a memory clinic. Alzheimer’s and Dementia. 2013;9(4):414-421 

 

42. Nelson PT, Head E, Schmitt FA, Davis PR, Neltner JH, Jicha GA, Abner EL, 

Smith CD, Van Eldik LJ, Kryscio RJ, Scheff SW. Alzheimer's disease is not 

"brain aging": neuropathological, genetic, and epidemiological human studies. 

Acta Neuropathol. 2011 May;121(5):571-87 

 

43. Dubois B, Feldman HH, Jacova C, Cummings JL, Dekosky ST, Barberger-

Gateau P, Delacourte A, Frisoni G, Fox NC, Galasko D, Gauthier S, Hampel 

H, Jicha GA, Meguro K, O'Brien J, Pasquier F, Robert P, Rossor M, Salloway 

S, Sarazin M, de Souza LC, Stern Y, Visser PJ, Scheltens P. Revising the 

definition of Alzheimer's disease: a new lexicon. Lancet Neurol. 2010 

Nov;9(11):1118-27 

 

44. Dubois B, Hampel H, Feldman HH, Scheltens P, Aisen P, Andrieu S, 

Bakardjian H, Benali H, Bertram L, Blennow K, Broich K, Cavedo E, Crutch 



67 
 

S, Dartigues JF, Duyckaerts C, Epelbaum S, Frisoni GB, Gauthier S, Genthon 

R, Gouw AA, Habert MO, Holtzman DM, Kivipelto M, Lista S, Molinuevo 

JL, O'Bryant SE, Rabinovici GD, Rowe C, Salloway S, Schneider LS, Sperling 

R, Teichmann M, Carrillo MC, Cummings J, Jack CR Jr; Proceedings of the 

Meeting of the International Working Group (IWG) and the American 

Alzheimer's Association on “The Preclinical State of AD”; July 23, 2015; 

Washington DC, USA. Preclinical Alzheimer's disease: Definition, natural 

history, and diagnostic criteria. Alzheimers Dement. 2016 Mar;12(3):292-323 

 

45. Crutch SJ, Schott JM, Rabinovici GD, Murray M, Snowden JS, van der Flier 

WM, Dickerson BC, Vandenberghe R, Ahmed S, Bak TH, Boeve BF, Butler 

C, Cappa SF, Ceccaldi M, de Souza LC, Dubois B, Felician O, Galasko D, 

Graff-Radford J, Graff-Radford NR, Hof PR, Krolak-Salmon P, Lehmann M, 

Magnin E, Mendez MF, Nestor PJ, Onyike CU, Pelak VS, Pijnenburg Y, 

Primativo S, Rossor MN, Ryan NS, Scheltens P, Shakespeare TJ, Suárez 

González A, Tang-Wai DF, Yong KXX, Carrillo M, Fox NC; Alzheimer's 

Association ISTAART Atypical Alzheimer's Disease and Associated 

Syndromes Professional Interest Area. Consensus classification of posterior 

cortical atrophy. Alzheimers Dement. 2017 Aug;13(8):870-884 

 

46. Rascovsky K, Hodges JR, Knopman D, Mendez MF, Kramer JH, Neuhaus J, 

van Swieten JC, Seelaar H, Dopper EG, Onyike CU, Hillis AE, Josephs KA, 

Boeve BF, Kertesz A, Seeley WW, Rankin KP, Johnson JK, Gorno-Tempini 

ML, Rosen H, Prioleau-Latham CE, Lee A, Kipps CM, Lillo P, Piguet O, 

Rohrer JD, Rossor MN, Warren JD, Fox NC, Galasko D, Salmon DP, Black 

SE, Mesulam M, Weintraub S, Dickerson BC, Diehl-Schmid J, Pasquier F, 

Deramecourt V, Lebert F, Pijnenburg Y, Chow TW, Manes F, Grafman J, 

Cappa SF, Freedman M, Grossman M, Miller BL. Sensitivity of revised 

diagnostic criteria for the behavioural variant of frontotemporal dementia. 

Brain. 2011 Sep;134(Pt 9):2456-77 



68 
 

47. Armstrong MJ, Litvan I, Lang AE, Bak TH, Bhatia KP, Borroni B, Boxer AL, 

Dickson DW, Grossman M, Hallett M, Josephs KA, Kertesz A, Lee SE, Miller 

BL, Reich SG, Riley DE, Tolosa E, Tröster AI, Vidailhet M, Weiner WJ. 

Criteria for the diagnosis of corticobasal degeneration. Neurology. 2013 Jan 

29;80(5):496-503 

 

48. Engelborghs S, Niemantsverdriet E, Struyfs H, Blennow K, Brouns R, 

Comabella M, Dujmovic I, van der Flier W, Frölich L, Galimberti D, 

Gnanapavan S, Hemmer B, Hoff E, Hort J, Iacobaeus E, Ingelsson M, Jan de 

Jong F, Jonsson M, Khalil M, Kuhle J, Lleó A, de Mendonça A, Molinuevo 

JL, Nagels G, Paquet C, Parnetti L, Roks G, Rosa-Neto P, Scheltens P, 

Skårsgard C, Stomrud E, Tumani H, Visser PJ, Wallin A, Winblad B, 

Zetterberg H, Duits F, Teunissen CE. Consensus guidelines for lumbar 

puncture in patients with neurological diseases. Alzheimers Dement (Amst). 

2017 May 18;8:111-126 

 

49. Motter R, Vigo-Pelfrey C, Kholodenko D, Barbour R, Johnson-Wood K, 

Galasko D, Chang L, Miller B, Clark C, Green R, et al. Reduction of beta-

amyloid peptide42 in the cerebrospinal fluid of patients with Alzheimer's 

disease. Ann Neurol. 1995 Oct;38(4):643-8 

 

50. Blennow K, Zetterberg H. Biomarkers for Alzheimer's disease: current status 

and prospects for the future. J Intern Med. 2018 Dec;284(6):643-663 

 

51. Blennow K, Mattsson N, Schöll M, Hansson O, Zetterberg H. Amyloid 

biomarkers in Alzheimer's disease. Trends Pharmacol Sci. 2015 

May;36(5):297-309 

 

52. Shoji M, Matsubara E, Kanai M, Watanabe M, Nakamura T, Tomidokoro Y, 

Shizuka M, Wakabayashi K, Igeta Y, Ikeda Y, Mizushima K, Amari M, 

Ishiguro K, Kawarabayashi T, Harigaya Y, Okamoto K, Hirai S. Combination 



69 
 

assay of CSF tau, A beta 1-40 and A beta 1-42(43) as a biochemical marker of 

Alzheimer's disease. J Neurol Sci. 1998 Jun 30;158(2):134-40 

 

53. Skillbäck T, Rosén C, Asztely F, Mattsson N, Blennow K, Zetterberg H. 

Diagnostic performance of cerebrospinal fluid total tau and phosphorylated tau 

in Creutzfeldt-Jakob disease: results from the Swedish Mortality Registry. 

JAMA Neurol. 2014 Apr;71(4):476-83 

 

54. Hampel H, Buerger K, Zinkowski R, Teipel SJ, Goernitz A, Andreasen N, 

Sjoegren M, DeBernardis J, Kerkman D, Ishiguro K, Ohno H, Vanmechelen E, 

Vanderstichele H, McCulloch C, Moller HJ, Davies P, Blennow K. 

Measurement of phosphorylated tau epitopes in the differential diagnosis of 

Alzheimer disease: a comparative cerebrospinal fluid study. Arch Gen 

Psychiatry. 2004 Jan;61(1):95-102 

 

55. Paterson RW, Toombs J, Slattery CF, Nicholas JM, Andreasson U, 

Magdalinou NK, Blennow K, Warren JD, Mummery CJ, Rossor MN, Lunn 

MP, Crutch SJ, Fox NC, Zetterberg H, Schott JM. Dissecting IWG-2 typical 

and atypical Alzheimer's disease: insights from cerebrospinal fluid analysis. J 

Neurol. 2015 Dec;262(12):2722-30 

 

56. Boccardi M, Nicolosi V, Festari C, Bianchetti A, Cappa S, Chiasserini D, 

Falini A, Guerra UP, Nobili F, Padovani A, Sancesario G, Morbelli S, Parnetti 

L, Tiraboschi P, Muscio C, Perani D, Pizzini FB, Beltramello A, Salvini Porro 

G, Ciaccio M, Schillaci O, Trabucchi M, Tagliavini F, Frisoni GB. Italian 

consensus recommendations for a biomarker-based aetiological diagnosis in 

mild cognitive impairment patients. Eur J Neurol. 2020 Mar;27(3):475-483 

 

57. Hort J, O'Brien JT, Gainotti G, Pirttila T, Popescu BO, Rektorova I, Sorbi S, 

Scheltens P; EFNS Scientist Panel on Dementia. EFNS guidelines for the 



70 
 

diagnosis and management of Alzheimer's disease. Eur J Neurol. 2010 

Oct;17(10):1236-48 

 

58. Waldemar G, Dubois B, Emre M, Georges J, McKeith IG, Rossor M, 

Scheltens P, Tariska P, Winblad B; EFNS. Recommendations for the diagnosis 

and management of Alzheimer's disease and other disorders associated with 

dementia: EFNS guideline. Eur J Neurol. 2007 Jan;14(1):e1-26 

 

59. Staffaroni AM, Elahi FM, McDermott D, Marton K, Karageorgiou E, Sacco S, 

Paoletti M, Caverzasi E, Hess CP, Rosen HJ, Geschwind MD. Neuroimaging 

in Dementia. Semin Neurol. 2017 Oct;37(5):510-537  

 

60. Thompson PM, Hayashi KM, de Zubicaray G, Janke AL, Rose SE, Semple J, 

Herman D, Hong MS, Dittmer SS, Doddrell DM, Toga AW. Dynamics of gray 

matter loss in Alzheimer's disease. J Neurosci. 2003 Feb 1;23(3):994-1005 

 

61. Raji CA, Benzinger TLS. The Value of Neuroimaging in Dementia Diagnosis. 

Continuum (Minneap Minn). 2022 Jun 1;28(3):800-821 

 

62. Frisoni GB, Pievani M, Testa C, Sabattoli F, Bresciani L, Bonetti M, 

Beltramello A, Hayashi KM, Toga AW, Thompson PM. The topography of 

grey matter involvement in early and late onset Alzheimer's disease. Brain. 

2007 Mar;130(Pt 3):720-30 

 

63. Brigo F, Turri G, Tinazzi M. 123I-FP-CIT SPECT in the differential diagnosis 

between dementia with Lewy bodies and other dementias. J Neurol Sci. 2015 

Dec 15;359(1-2):161-71 

 

64. Chételat G, Arbizu J, Barthel H, Garibotto V, Law I, Morbelli S, van de 

Giessen E, Agosta F, Barkhof F, Brooks DJ, Carrillo MC, Dubois B, Fjell AM, 

Frisoni GB, Hansson O, Herholz K, Hutton BF, Jack CR Jr, Lammertsma AA, 



71 
 

Landau SM, Minoshima S, Nobili F, Nordberg A, Ossenkoppele R, Oyen 

WJG, Perani D, Rabinovici GD, Scheltens P, Villemagne VL, Zetterberg H, 

Drzezga A. Amyloid-PET and 18F-FDG-PET in the diagnostic investigation of 

Alzheimer's disease and other dementias. Lancet Neurol. 2020 

Nov;19(11):951-962 

 

65. Laforce R Jr, Soucy JP, Sellami L, Dallaire-Théroux C, Brunet F, Bergeron D, 

Miller BL, Ossenkoppele R. Molecular imaging in dementia: Past, present, and 

future. Alzheimers Dement. 2018 Nov;14(11):1522-1552 

 

66. Herholz K, Schopphoff H, Schmidt M, Mielke R, Eschner W, Scheidhauer K, 

Schicha H, Heiss WD, Ebmeier K. Direct comparison of spatially normalized 

PET and SPECT scans in Alzheimer's disease. J Nucl Med. 2002 Jan;43(1):21-

6 

 

67. Herholz K, Ebmeier K. Clinical amyloid imaging in Alzheimer's disease. 

Lancet Neurol. 2011 Jul;10(7):667-70 

 

68. Arminio A, Prioreschi T. L’imaging dell’amiloide in PET: stato dell’arte e 

cinsiderazioni tecniche. Journal of Biomedical Practitioners. 2022; 1(6):205-

221 

 

69. Kolanko MA, Win Z, Loreto F, Patel N, Carswell C, Gontsarova A, Perry RJ, 

Malhotra PA. Amyloid PET imaging in clinical practice. Pract Neurol. 2020 

Dec;20(6):451-462 

 

70. Guerra UP, Nobili FM, Padovani A, Perani D, Pupi A, Sorbi S, Trabucchi M. 

Recommendations from the Italian Interdisciplinary Working Group (AIMN, 

AIP, SINDEM) for the utilization of amyloid imaging in clinical practice. 

Neurol Sci. 2015 Jun;36(6):1075-81 

 



72 
 

71. Daerr S, Brendel M, Zach C, Mille E, Schilling D, Zacherl MJ, Bürger K, 

Danek A, Pogarell O, Schildan A, Patt M, Barthel H, Sabri O, Bartenstein P, 

Rominger A. Evaluation of early-phase [18F]-florbetaben PET acquisition in 

clinical routine cases. Neuroimage Clin. 2016 Oct 8;14:77-86 

  

72.      Ziessman H, O'Malley JP. A nuclear medicine and molecular imaging. 5th ed. 

Philadelphia: Elsevier Mosby,2021  

 

73. Kinahan PE, Fletcher JW. Positron emission tomography-computed 

tomography standardized uptake values in clinical practice and assessing 

response to therapy. Seminars in Ultrasound, CT and MRI. 2010;31(6):496-

505 

 

74. Chincarini A, Sensi F, Rei L, Bossert I, Morbelli S, Guerra UP, Frisoni G, 

Padovani A, Nobili F; Alzheimer’s Disease Neuroimaging Initiative. 

Standardized Uptake Value Ratio-Independent Evaluation of Brain 

Amyloidosis. J Alzheimers Dis. 2016 Oct 18;54(4):1437-1457 

 

75. Peira E, Poggiali D, Pardini M, Barthel H, Sabri O, Morbelli S, Cagnin A, 

Chincarini A, Cecchin D. A comparison of advanced semi-quantitative 

amyloid PET analysis methods. Eur J Nucl Med Mol Imaging. 2022 

Oct;49(12):4097-4108. doi: 10.1007/s00259-022-05846-1. Epub 2022 Jun 2.  

 

76. Chincarini A, Peira E, Corosu M, Morbelli S, Bauckneht M, Capitanio S, 

Pardini M, Arnaldi D, Vellani C, D'Ambrosio D, Garibotto V, Assal F, 

Paghera B, Savelli G, Stefanelli A, Guerra UP, Nobili F. A kinetics-based 

approach to amyloid PET semi-quantification. Eur J Nucl Med Mol Imaging. 

2020 Aug;47(9):2175-2185.  

  

 

 


