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Ipotesi neurologica:

Mielinolisi centrale pontina




MTA
score 0: no atrophye
score 1: only widening of choroid fissure

score 2: also widening of temporal horn of
lateral ventricle

score 3: moderate loss of hippocampal
volume (decrease in height)

core 4: severe volume loss of hippocampus

< 75 years: score 2 or more is abnormal.

> 75 years: score 3 or more is abnormal.
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Research criteria for the diagnosis of Alzheimer’s disease:
revising the NINCDS-ADRDA criteria

Bruno Dubois*, Howard HFeldman®, Claudia facova, Steven T DeKosky, Pascale Barberger-Gateau, jeffrey Cummings, André Delacourte,
Douglas Galasko, Serge Gauthier, Gregory ficha, Kenichi Mequro, John O'Brien, Florence Pasquier, Philippe Robert, Martin Ressor, Steven Salloway,

Yaokov Stern, Pieter | Visser, Philip Scheftens

The NINCDS-ADRDA and the DSM-IV-TR criteria for Alzheimer’'s disease (AD) are the prevailing diagnostic
standards in research; however, they have now fallen behind the unprecedented growth of scientific knowledge.
Distinctive and reliable biomarkers of AD are now available through structural MRI, molecular neuroimaging with
PET, and cerebrospinal fluid analyses. This progress provides the impetus for our proposal of revised diagnostic
criteria for AD. Our framework was developed to capture both the earliest stages, before full-blown dementia, as well

Lancet Neurol 2007; 6: 734-46



alzheimer’s %
association

DIAGNOSTIC CRITERIA FOR PROBABLE AD IN 2011 (NIA-AA)

Dementia established clinically, eg deficit in two or more

areas or cognition, interfering with daily life, progressing
gradually.

No disturbance of consciousness.

Any age.
Absence of other brain or systemic disease that could account
for the dementia.
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1 marker biologici

per Malattia di Alzheimer

possono essere suddivisi in
patofisiologici e topografici.




| marker biologici possono essere suddivisi in
patofisiologici e topografici.

Riduzione della concentrazione di beta amiloide, aumento della
proteina tau totale e della fosfo-tau nel liquido cerebrospinale si
associano a percentuali molto alte di progressione da Mild Cognitive
Impairment amnesico a malattia di Alzheimer e hanno mostrato
ripetutamente elevata sensibilita e specificita nei modelli predittivi.

La PET con Pittsburgh compound B (PiB) o altri radioligandi.

L" utilizzo di PiB-PET sono predittive di declino cognitivo e di sviluppo
di segni clinici di malattia di Alzheimer in soggetti anziani
cognitivamente normali.




| marker biologici possono essere suddivisi in
patofisiologici e topografici.

| marker topografici sono usati per valutare modificazioni cerebrali meno
specifiche che correlano con la distribuzione regionale della malattia di
Alzheimer e includono I’ atrofia del lobo temporale mesiale e la riduzione del
metabolismo del glucosio nelle regioni temporo-parietali alla PET con
fluorodesossiglucosio.

Questi marker sono indicatori validi perché i cambiamenti strutturali
cerebrali permettono di identificare lo stadio della deposizione di grovigli
neurofibrillari.




Amiyloid B,

Total tau, phospho-taw
PET

Amyloid tracer uptake

Medial temporal atrophy

AD=Alzheimer’s disease.

Table 1: Categorisation of the current, most-validated AD biomarkers
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Clinical and Biomarker Changes in Dominantly Inherited

Alzheimer’s Disease

Randall J. Bateman, M.D., Chengjie Xiong, Ph.D., Tammie L.S. Benzinger, M.D., Ph.D,, Anne M. Fagan, Ph.D.,
Alison Goate, Ph.D., Nick C. Fox, M.D., Daniel S. Marcus, Ph.D., Nigel J. Cairns, Ph.D., Xianyun Xie, M.S.,
Tyler M. Blazey, B.S., David M. Holtzman, M.D., Anna Santacruz, B.S., Virginia Buckles, Ph.D., Angela Oliver, R.N.,
Krista Moulder, Ph.D., Paul 5. Aisen, M.D., Bernardino Ghetti, M.D., William E. Klunk, M.D., Eric McDade, M.D.,
Ralph N. Martins, Ph.D., Colin L. Masters, M.D., Richard Mayeux, M.D., John M. Ringman, M.D,,
Martin N. Rossor, M.D., Peter R. Schofield, Ph.D., D.Sc., Reisa A. Sperling, M.D., Stephen Salloway, M.D.,
and John C. Morris, M.D., for the Dominantly Inherited Alzheimer Network

cCarriers MNoncarriers

Characteristic (N=88) (N=40) P Value
Age —yr 39.1+10.3 39.5+8.9 0.92
Male sex — no. (%) 36 (41) 17 (42) 0.85
Education level — yr 13.9+2.5 15.0+2.5 0.04
Cognitive status — no. (%5) 7
Symptomatic 43 (49) 1(2) 0.29
Asymptomatic 45 (51) 39 (98)
Positive for apolipoprotein E 22 (25) 9 (22) 0.69

g4 allele — no. (36)



A Cinical Dementia Rating-Sum of Boxes
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PET imaging of brain amyloid in dementia: a review
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PET utilizes biologically active molecules in micromolar or
nanomolar concentrations that have been labelled with short-

lived positron-emitting isotopes such as 15° (half-life 2 min),

11¢ (20 min) and 18F (110 min).
...However, the use of 15° and 11°¢ limit their use to fully
equipped PET centres with cyclotron and radiopharmacy.




Amyvid (Florbetapir F 18 Injection) for
intravenous use (Initial U.S. Approval: 2012)

Amyvid is a radioactive diagnostic agent for Positron
Emission Tomography (PET)

imaging of the brain to estimate B-amyloid neuritic
plaque density in adult patients with cognitive
impairment who are being evaluated for Alzheimer’ s
Disease (AD) and other causes of cognitive decline.




INDICATIONS AND USAGE

Amyvid is indicated for Positron Emission
Tomography (PET) imaging of the brain to
estimate B-amyloid neuritic plaque density in

adult patients with cognitive impairment who
are being evaluated for Alzheimer’ s Disease
(AD) and other causes of cognitive decline.




A Amyvid scan indicates sparse to no
neuritic plagues, and is inconsistent with a
neuropathological diagnosis of AD at the time

of image acquisition; a negative scan result
reduces the likelihood thata patient’ s
cognitive impairment is due to AD.




A Amyvid scan indicates moderate to
frequent amyloid neuritic plagues;
neuropathological examination has shown
this amount of amyloid neuritic plaque is
present in patients with AD, but may also be

present in patients with other types of
neurologic conditions as well as older people
with normal cognition. Amyvid is an adjunct
to other diagnostic evaluations.




Limitations of Use

A positive Amyvid scan does not establish a diagnosis
of AD or other cognitive disorder.

Safety and effectiveness of Amyvid have not been

established for:

predicting development of dementia or other
neurologic condition;

monitoring responses to therapies.




Il 14 Gennaio 2013 la Commissione europea
ha rilasciato un'autorizzazione all'immissione

in commercio per Amyvid, valida in tutta
I'Unione europea.




Determina Aifa 14.10.13

Medicinale solo per uso diagnostico.

Amyvid e un radiofarmaco indicato per rilevare con la tomografia ad emissione di positroni
(PET) le immagini della densita delle placche neuritiche di $-amiloide nel cervello di pazienti
adulti con decadimento cognitivo che vengono valutati per la malattia di Alzheimer (AD) e
altre cause di decadimento cognitivo.

Amyvid deve essere usato congiuntamente alla valutazione clinica.

Una scansione negativa indica la presenza di poche placche o I'assenza di placche, il che non
e coerente con una diagnosi di AD.

Una scansione PET con florbetapir deve essere richiesta da

Le immagini ottenute con Amyvid devono essere interpretate solo da valutatori che hanno
effettuato un training su come interpretare le immagini della PET con florbetapir (18 F).

Nei casi in cui con la scansione PET e difficile localizzare la sostanza grigia e il margine della
sostanza bianca/grigia, si raccomanda un esame recente con tomografia computerizzata (TC)
0 con risonanza magnetica (RM), co-registrato con |I'esame PET, per ottenere un'immagine
combinata PET-TC o PET-RM.

Una scansione negativa indica una densita scarsa o assente di placche neuritiche corticali di
R-amiloide. Una scansione positiva indica una densita da moderata a frequente. Sono stati
osservati errori di interpretazione dell'immagine nella valutazione della densita delle placche
neuritiche cerebrali di 3-amiloide, inclusi dei falsi negativi.




Dati farmaco in scheda

La sensibilita della scansione con Amyvid nel rilevare |la
percentuale di passaggio da MCl ad AD nei 9 pazienti e stata
del 66,7% (95% IC: 35—88%), la specificita nei 38 pazienti che
non hanno avuto questa evoluzione e stata del 71,0% (95% IC:
55-83%) e il quoziente di probabilita positivo e stato di 2.31
(95% IC:1.2—-4.5%).

Il disegno di questo studio non permette di stimare il rischio
di evoluzione da MCI ad AD clinicamente manifesta.




Neuropathology of older persons without cognitive

Impairment from two community-based studies.
Bennett DA, Schneider JA, Arvanitakis Z, et al.

NEUROLOGY 2006;66:1837-1844.

METHODS: More than 2,000 persons without dementia
participating in the Religious Orders Study or the Memory and
Aging Project agreed to annual detailed clinical evaluation
and brain donation.

A total of 134 persons without cognitive impairment died and
underwent brain autopsy and postmortem assessment for AD
pathology using NIA-Reagan neuropathologic criteria for AD,
cerebral infarctions, and Lewy bodies.

CONCLUSIONS: Alzheimer disease pathology can be found in
the brains of older persons without dementia or mild
cognitive impairment and is related to subtle changes in
episodic memory.



Longitudinal Assessment of A and Cognition in Aging and
Alzheimer Disease

Victor L. Villemagne, MD'2:3, Kerryn E. Pike, DPsych':2, Gaél Chételat, PhD', Kathryn A.
Ellis, PhD*®, Rachel S. Mulligan, PhD', Pierrick Bourgeat, PhD®, Uwe Ackermann, PhD',
Gareth Jones, BSc', Cassandra Szoeke, MD®, Olivier Salvado, PhD®, Ralph Martins, PhD’,

Graeme O’Keefe, PhD', Chester A. Mathis, PhD®, William E. Klunk, MD, PhD®, David Ames,
MD'0, Colin L. Masters, MD?2, and Christopher C. Rowe, MD'3

...however, cognitive decline is only weakly related to change in A8 burden, suggesting
that downstream factors have a more direct effect on symptom progression.

Ann Neurol 2011 January ; 69(1): 181-192.



Comparing Positron Emission
Tomography Imaging and Cerebrospinal
Fluid Measurements of -Amyloid

Susan M. Landau, PhD,"? Ming Lu, PhD,?* Abhinay D. Joshi, PhD,?
Michael Pontecorvo, PhD,* Mark A. Mintun, MD,? John Q. Trojanowski, MD,
PhD,* Leslie M. Shaw, PhD,* and William J. Jagust, MD,"*® for the Alzheimer's
Disease Neurcimaging Initiative

AMNM MEUROL 2013;74:826-836

...there is not perfect agreement between the 2 markers, because some individuals

with abnormal CSF Ab1-42 have normal amyloid PET and vice versa.

Some studies have suggested that when there is a discrepancy, CSF Ab1-42 may be

more likely than amyloid PET to be abnormal in cognitively normal older individuals,
leading to the possibility that CSF Ab abnormalities precede fibrillar Ab aggregation

in cortex.

The goal of this study was to examine the agreement between Ab markers in normal
aging, mild cognitive impairment (MCI), and AD.




Comparing Positron Emission
Tomography Imaging and Cerebrospinal
Fluid Measurements of -Amyloid

Susan M. Landau, PhD,"? Ming Lu, PhD,?* Abhinay D. Joshi, PhD,?
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PhD,* Leslie M. Shaw, PhD,* and William J. Jagust, MD,"*® for the Alzheimer's
Disease Neurcimaging Initiative

AMNM MEUROL 2013;74:826-836

We found that CSF Ab1-42 and amyloid PET imaging measurements were inversely
associated in the majority of subjects, and that dichotomous classification was in
substantial agreement.

There was no evidence from crosssectional or longitudinal analyses that abnormal CSF
Ab precedes abnormal florbetapir early in the course of disease.
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Disagreement between Ab measurements was not uncommon. One in 7
individuals in this study had discordant Ab markers and is therefore considered
an ambiguous case according to recently revised AD diagnostic criteria.

Understanding between in vivo Ab measurement is important,
because the new criteria treat these markers as in terms of
diagnostic utility.
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Florbetapir F 18 amyloid PET and 36-month cognitive decline:
a prospective multicenter study
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Molecular Psychiatry (2014), 1-8
© 2014 Macmillan Publishers Limited

www.nature.com/mp

Figure 1. Example images of Afi— and AP+ subjects clinically dassified as CN, MCl and AD. Normalized SUVR images (color) and gray scale
images (used for visual interpretation of Af— vs Af+ status) from representative subjects. Note the absence of gray matter uptake and the
difference in average cortical SUVR in the Ap— vs AP+ classified scans. The color images are shown for illustrative purposes.
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Table 1. Baseline characteristics in A+ and Afl— subjects dassified by visual ratings on florbetapir F 18 PET

Cognitively normal Mild cognitive impairment AD dementia

Al+ M=10) AB- (M=37) F Al+ (N=17)  AB- (N=30) F Al+ (IN=19)  AB- (N=9) P

Age in years 77.30 (8.04) 68.70(11.32) 00250 7447 (7.72) 7040 (10.72) 01762  77.63 (729) 7333 (1298 03750
Gender: Female N (%) 4 {40%) 36 (63.2%) 0.1685 9 (529%) 16 (53.3%) 09793 9 (47.4%) 2 (22.2%) 0.2032
APOE4+ N (%) 3(30%)  13(23.2%) 06446 11 (733%) 4(133%) =00001  11(73.3%) 2 (222%) 0.0150
Education in years 1590 (0.74) 15.21 (2.39) 0.0860 1447 (2.18) 1527 (2.42) 02681 1418 (208) 1422 (338) 0.9709
SUVR 1.34 (0.18) 1.00 (0.0S) 00001 150 (0.15)  1.00 (0.08) <00001 157 (017 105 (0.11) < 0.0001
MMSE 20,50 (0.53) 20.65 (0.48) 03761 2729 (2.14) 27.53(1.63) 06691  21.53 (396) 2233 (173) 04604
ADAS-COG 560 (250) 4.51(242) 0.1953 1088 (4.85) 853 (445 00993 2074 (887) 1333 (332) 0.0037
CDR-SB 000 (0.00) 002 (008 01581 159 (0.87)  1.38(0.91) 04541 568 (234) 539 (253) 0.7637
Activities of daily living 75.80 (2.44) 77.40 (1.46) 0.0711 7229 (7.79) 7527 (3.70) 0.1541  64.05(11.63) 6267 (1079) 0.7658
Digital symbol substitution 4190 (7.71) 4995 (9.46) 00135 3541 (2.83) 3997 (11.15) 01677  20.05 (1215 2889 (1320) 0.0920
Verbal fluency animals 18.30 (4.45) 2000 (4.24) 02500 1641 (4.40) 1607 (452) 08007  11.11 (458 1225 (433) 05527
Verbal fluency vegetables  13.10 (3.21) 14.02 (351) 04437 1159 (381) 11.63 (3.74) 09687 679 (280) 738 (307) 06335
WMS delayed recall 1040 (4.38) 12.86(3.52) 00535 7.29(471) 923454 01719 1.11(1.79) 367 (482) 0.1568
WMS immediate recall 11.90 (4.20) 14.11(277) 00363 935 (447) 11.10(3.34) 01348 116 (285 789 (478) 0.0029

PET cortical global SUVR {standard uptake values relative to cerebellum) was quantified as reported previously?” Please see Materials and Methods section for
statistical details and abbreviations of test names.
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Figure 2. Baseline test score and change in score per month (estimated slopes) for the ADAS-Cog, CDR-5B and MMSE in AP+ and Afi— subjects
classified as CN, MCl and AD. Baseline scores and slopes estimated from MMRM model adjusted for baseline age. See text for details.
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In CN, MCI and AD subijects, florbetapir PET AR+ subjects show
greater cognitive and global deterioration over a 3-year
follow-up than AB- subjects do.

Amyloid PET has promise for detecting risk of subsequent

cognitive decline in patients with MCl and CN older adults,
and support the negative predictive value of amyloid PET in
identifying patients unlikely to show clinical deterioration over
several years of follow up.
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Cortical florbetapir-PET amyloid load in
prodromal Alzheimer’s disease patients

Laure Saint-Aubert'? - Emmanuel J Barbeau3'4, Patrice Péranm, Federico Nemmlu, Celine \/ervueren1'2'4,

Helene Mirabel®, Pierre Payoux'“?, Anne Hitzel®, Fabrice Bonneville'*®, Raluca Gramada®, Mathieu Tafani'*”,
Christian Vincent’, Michele Puel'**, Sophie Dechaumont®, Francois Chollet'** and Jeremie Pariente "

Saint-Aubert et al. EINMMI Research 2013, 3:43
http://www.ejnmmires.com/content/3/1/43

In this study, our aim was to investigate the profile of cortical AV-45 binding and its
relation to cognitive performance in a group of AD patients at the prodromal stage

recruited according to strict inclusion criteria in comparison with a group of matched
cognitively normal subjects.
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Table 1 Population description and performance at PHpi einmmires com/content/31/43
neuropsychological assessment
Prodromal Control p

patients subjects value
n 22 17 NA
Age 724 +£50 699 +£48 110
Gender 12M10F  7M/10F 408
Level of education 1M3+£27 128+33 163
Disease duration 38436 NA NA
ApoE genotype 2 E4/E4 NA NA

9 E3/E4

5 E3/E3

3 E2/E3
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Table 2 Regional AV-45 uptake
AV-45-PET values

Patients’ mean Control subjects’ p value

SUVr (xsd) mean SUVr (+sd)
Global cortex 143 (+.29) 1.15 (+.08) 002%*
Orbito-frontal 1.60 (£.41) 1.23 (£.16) 007%*
Anterior cingulate 167 (£41) 1.30 (£.16) 003**
Posterior cingulate 1.74 (+£.36) 1.36 (+.14) 002%*
Precuneus 1.56 (+.36) 1.14 (£.09) 002%*

AV-45 mean regional-to-cerebellum standard uptake values (SUVr) with
associated standard deviation (sd) are mentioned for the global cortex and
specific regions of interest for the two groups. **p < .01 (significant inter-
group difference on the Mann-Whitney test, Bonferroni-Holmes-corrected).
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Preambolo

(i) una riferito deficit cognitivo con
impairment oggettivamente confermato;
(ii)) AD come possibile diagnosi, ma
quando la diagnosi e incerta, dopo una

valutazione globale da un esperto di demenza;
e (iii) quando la conoscenza della

presenza o assenza di beta amiloide prevede
un aumento certezza diagnostica e gestione
modifica il trattamento.




La PET con studio amiloide e appropriata nelle seguenti situazioni
Pazienti con persistente o progressivo non spiegato MCI

Pazienti che soddisfano i core clinical criteria per AD possibile poiché di non chiara
presentazione, o con presentazione ad eziologia mista

Gli individui con demenza progressiva e con eta di insorgenza atipicamente precoce
(prima dei 65 anni).

La PET con studio amiloide € inappropriata nelle seguenti situazioni

Nei pazienti che soddisfano i core clinical criteria per AD probabile con eta ed
esordio tipici
Per determinare la severita della demenza

In base solamente ad una storia familiare positiva per demenza o positivita per
APOE4

Pazienti con disturbo cognitvo soggettivo non confermato da esame clinico
In vece di genotipizzazione nei portatori di sospetta mutazione autosomica
In individui asintomatici

Per uso on medico (legale, assicurativo, per screening)




Evidence to Practice

Amyloid-p Positron Emission Tomography in the Diagnostic
Evaluation of Alzheimer Disease
Summary of Primary Findings and Conclusions

Steven D. Pearson, MD, MSc; Daniel A. Ollendorf, MPH, ARM; Jennifer A. Colby, PharmD

JAMA Internal Medicine January 2014 Volume 174, Number 1

The label for florbetapir F-18 states that a negative scan result indicates a
reduced likelihood that any cognitive impairment is due to AD, but

that a positive scan result does not establish a diagnosis of Alzheimer

or any other neurodegenerative disease because excess AP is

also found in adults with normal cognition. Although this review
assessed the evidence for all purported diagnostic tests for AD, it
focused on the evidence related to AB PET scans.




Evidence to Practice

Amyloid-p Positron Emission Tomography in the Diagnostic
Evaluation of Alzheimer Disease
Summary of Primary Findings and Conclusions

Steven D. Pearson, MD, MSc; Daniel A. Ollendorf, MPH, ARM; Jennifer A. Colby, PharmD

JAMA Internal Medicine January 2014 Volume 174, Number 1

The current literature on AP PET imaging for AD is insufficient
to provide this level of evidence. Given the limited effectiveness
of the targeted treatments for AD that are currently available, demonstrating

that AP PET leads to changes in clinical impressions and
Intended management is insufficient.
More persuasive evidence that AB PET improves patient outcomes is needed.




Editor's Note

The Centers for Medicare & Medicaid Services and Amyloid-f3
Positron Emission Tomography for Alzheimer Disease

Robert Steinbroolk, MD

At present, the Centers for Medicare & Medicaid Services
(CMS) does not cover AB PET imaging.

In July 2013, the CMS issued a draft decision for public
comment about the use of AB PET,1 proposing “that the

evidence is insufficient to conclude that the use of [AB PET]
imaging improves health outcomes for Medicare beneficiaries
with dementia or neurodegenerative disease.

JAMA Internal Medicine January 2014 Volume 174, Number1



Editor's Note

The Centers for Medicare & Medicaid Services and Amyloid-f3
Positron Emission Tomography for Alzheimer Disease

Robert Steinbroolk, MD

CMS two scenarios.

The first scenario is excluding AD “in narrowly defined and clinically difficult differential
diagnoses, such as AD vs frontotemporal dementia.”

The second scenario is in clinical trials seeking better treatment or prevention strategies
for AD.

Thus, CMS has proposed to cover per patient through “coverage with
evidence development” in approved clinical studies.

The CMS has proposed a courageous and innovative approach to pay for AB PET as part
of coverage with evidence development.

JAMA Internal Medicine January 2014 Volume 174, Number1



Limiti della PET con amiloide nella
valutazione clinica

Alta prevalenza di positivita per amiloide in individui sani:
5% (50-60 anni)
10% (60-70 anni)
25% (70-80 anni)
>50% (80-90 anni)

Frequentemente positivita in LBD

Presente nella angiopatia amiloide (le immagini non discernono le
I” amiloide fibrillare nei vasi arteriosi dalle placche fibrillari interstiziali




Questioni

Chi puo prescrivere | esame?

Che espertise deve avere? E’ sufficiente essere responsabile
UVA?

Esiste un cut-off di eta?

Chi comunica |’ esito del risultato positivo: lo psicologo, il
medico nuclerare, il dottore dell UVA?

Cosa si comunica? Una non diagnhosi?

Possiamo ancora permetterci il diritto di diagnosi nel vecchio?
Cosa comunichiamo alle autorita sanitarie?

Se positivo lo tratto? Con cosa?

E’ una questione di soldi? (MAC rachicentesi 300 euro vs
1000 PET Amiloide)




