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dMalattia di Alzheimer (MA)

dBiomarkers di neuroimaging:
MRI strutturale, FDG-PET, Imaging PET di amiloide e
tau

L Caso clinico

dImaging della neuroinflammazione



Shift diagnostico nella MA

Amyloid

que

Amyloid plaque

Stage A Stage B Stage C

Neurofibrillary tangle

Severity

Stage land Il Stage lll and IV Stage V and VI

Kraepelin

Criteri NINCDS-ADRDA per la
definisce diagnosi di MA probabile MCI definito come

la MA
come
demenza

A. Alzheimer descrive il
caso della paziente
Auguste D - riscontro
post-mortem di
amiloide e tau

presenile

Diagnosi basata
caratteristiche cliniche

Valutazione dei

raccomandata per escludere altre patologie

invecchiamento
fisiologico e demenza

Criteri di Petersen per

stato di transizione tra

esclusivamente sulle

Criteri NIA-AA
revisionati per la
diagnosi di MA e
MCI

Diagnosi ‘positiva’

biomarcatori (imaging)




Biomarcatori nella MA

Abnormality Pathology

MRI

Regional anatomy Decreased volume of hippocampus  Tissue loss and neurodegeneration
and other temporal lobe structures

PET

|*“F-fluorodeoxyglucose PET  Decreased uptake in posterior
cingulate-precuneus and
temporoparietal cortex

“(C-PiB and fluorinated Increased cortical retention
tracers for amyloid PET*

ESF measures

AP42 or AB42:Ap40 Decreased concentration or ratio
4Total tau and Increased concentration
hyperphosphorylated tau

Glucose hypometabolism and
neurodegeneration

Deposition of B-amyloid in the cortex

Abnormal metabolism of B-amyloid

Neuronal damage and accumulation of
tau pathology; hyperphosphorylated tau
is more specific for Alzheimer’s disease
neurodegeneration

Tau-PET is still under development and, therefore, is not included. PiB=Pittsburgh compound. Ap=fbrillar p-amyloid.

*Using tracers such as florbetapir, flutemetamol, and florbetaben.

Frisoni GB et al, Lancet Neurol 2017



Progressione dei biomarcatori nel continuum della MA

Abnormal CSF AB,,
Amyloid imaging
FDG-PET
a== MRI hippocampal volume
CSF Tau
Cognitive performance
Function (ADL)

FDG-PET

MRI hippocampal
volume

CSF AB,, Cognitive performance

Amyloid imaging Function (ADL)

CSF Tau

Normal

} Time

Preclinical I MCI | Dementia

Aisen P et al, Alzheimer Dement 2010



Potenziali benefici della diagnosi precoce

Iniziare prima la terapia appropriata

Aiutare la famiglia a capire ed accettare |la diagnosi

Stabilire dei piani finanziari e legali

Prendere delle misure atte a prevenire possibili rischi (guida)

Partecipare a trials clinici con “disease-modifying therapies”




Neuroimaging: vantaggi e limiti

- Valutazione in vivo dei processi patologici - Disponibilita e costi di PET/MRI
- Identificazione precoce delle variazioni - Standardizzazione delle tecniche
- Valutazione dei processi patologici della - Radioattivita (PET)

MA diversi dalla AR

MRI PIB-PET FDG-PET PK11195-PET

Femminella GD et al, Alzh & Dem. 2014



Imaging strutturale

v Ruolo della CT secondario (se MRI contrindicata)
v" MRI per escludere cause secondarie (stroke, tumori, patologie demielinizzanti)

v’ Valutazione del grado di atrofia cerebrale

MTA-Scale (Scheltens)

Width of chorold fissure
Helght of hippocampal
formation

Width of
temporal born

Kollack-Walker S et al, Neurol Clin 2017



MRI strutturale

* 3-5% per anno: atrofia ippocampo in MA
moderato

Cortical thickness Cortical thickness Difference map
at month O at month 12

* 80-85%: sensibilita e specificita della
valutazione visiva nel distinguere tra MA
moderata e normale

*50-70%: sensibilita e specificita della atrofia
medio-temporale nel distinguere i soggetti ad
alto rischio di progressione verso MA

Frisoni GB et al, Nat Rev Neurol 2010

Alzheimers
&

Dementia

Alzheimer’s & Dementia 11 (2015) 107-110

Foreword

HarP: The EADC-ADNI Harmonized Protocol for manual hippocampal
segmentation. A standard of reference from a global working group

Frisoni GB, Jack CR, Alzheimers Dement. 2015



Accuratezza di diagnosi clinica con imaging strutturale

Neuropathologic
AD Definition

Clinically Probable
AD, n =526

Clinically Probable or
Possible AD, n = 648

CERAD NP Freq

Braak Stage V or VI

n=427

CERAD NP Mod
or Freq

Braak Stage V or VI

n =486

CERAD NP Freq

Braak Stage I1I-VI

n =490

CERAD NP Mod
or Freq

Braak Stage I1I-VI
n=0618

n= 327
Sensitivity 76.6%
Specificity 59.5%

n =366

Sensitivity = 75.3%

Specificity = 63.0%
n=370

Sensitivity = 75.5%

Specificity = 63.6%
n =438

Sensitivity = 70.9%
Specificity = 70.8%

n=373
Sensitivity 87.3%
Specificity 44.3%
n=418

Sensitivity = 85.9%
Specificity = 47.0%
n=421
Sensitivity = 85.9%
Specificity = 47.1%
n=>3511

Sensitivity = 82.7%
Specificity = 54.5%

Histopathological severity 1s determined by specific combinations of CERAD NP

and Braak neurofibrillary stage.

AD, Alzheimer disease; CERAD NP, Consortium to Establish a Registry for
Alzheimer’s Disease neuritic plaque density score; Mod, moderate; Freg, frequent;

Braak Stage, Braak neurofibrillary tangle stage.

v'30% dei pazienti con diagnosi
di MA non presentava evidenza
di correlati neuropatologici post-
mortem;

v'40% dei pazienti diagnosticati
come non-MA mostrava
caratteristiche neuropatologiche
suggestive di MA;

Beach TG et al, J Neuropathol Exp Neurol 2012



Imaging funzionale: PET

Cyclotron bombardment Tracer synthesis Dispensing and QC

-F

Parametric image Data modelling PET scanning




Region of interest (ROI) analysis della PET




Statistical parametric mapping (SPM) analysis della PET

MRI, scaling PET

Spatial Normalization

-Voxel-wised cluster analysis between groups

Statistic Design:

.| Two-sample t-test
Group 1: Disease group
Group 2: Control group

Normalization

Smoothing (6mm)
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[18F]FDG PET

J' [8F] FDG uptake: biomarker di neurodegenerazione

.. Temporoparieto- R
hypometabolism

Alzheimer
disease

Nella MA le aree che tipicamente presentano

ipometabolismo comprendono:

La [*F]JFDG PET ha una sensibilita’ del
99% ed una specificita’ del 98% nel
*Corteccia del cingolo posteriore distinguere MA e controlli sani

eRegioni temporoparietali

e|lppocampo

*Corteccia frontale Edison P et al, Neurology 2007



[18F]FDG PET nella diagnosi differenziale tra MA e demenza

frontotemporale (FTD)
Clinical scenario Symptom checklist Scenario + checklist Transaxial FDG-PET SSP FDG-PET
All raters correct diagnosis 22/45 20/45 20/45 32/45 37/45
ﬁﬁﬁ.mnmm.diunpsis 22/45 34/45 30/45 36/43 38/45
Mean diagnostic accuracy 78.8% 76.3% 79.6% 84.8% 89.2%
(range of individual raters) (73-87) (71-89) (73-89) (82-87) (87-91)
Mean FTD sensitivity/AD specificity 63% 37% 62% 59% 73.2%
range of individual raters) (36-79) (7-79) (36-79) (43-71) (57-82)
Mean FTD specificity/AD sensitivity 86% 94% 88% %% 97.6%
(74—-100) (74-100) (74-100) (92-100) (94-100)

SCENARIO sSSP

FTD

A e Correct ————3
——>»  Incorrect €——

Unsure Unsure
[ somewhat Confident Somewhat Confident

[l very Confident B very confident

Foster NL et al, Brain 2007




[18F]FDG PET in MCI: revisione Cochrane 2015

O

Cochrane
Library

Cochrane Database of Systematic Reviews

sF-FDG PET for the early diagnosis of Alzheimer’s disease

dementia and other dementias in people with mild cognitive
impairment (MCI) (Review)

Smailagic N, Vacante M, Hyde C, Martin S, Ukoumunne O, Sachpekidis C

“It is difficult to determine to what extent the findings from the meta-
analysis can be applied to clinical practice. Given the considerable
variability of specificity values and lack of defined thresholds for
determination of test positivity in the included studies, the current
evidence does not support the routine use of 18F-FDG PET scans in
clinical practice in people with MC/”.
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Amyloid imaging

[11C]PIB uptake RATIO in AD and control subjects
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cerebellar white matter

90-95% dei soggetti con MA
presenta aumentata deposizione
di amiloide

60% dei soggetti con MCI sono
amiloide positivi

25-30% dei soggetti normali sono
amiloide positivi

Soggetti normali con elevata
deposizione di amiloide

presentano accelerato declino
cognitivo

Edison P et al, Neurobiol Dis 2008



Amyloid imaging

!
—_ NH N — Y
13':11"“’“{:}3—{_}—’/ @ ,@[5‘ :9_””
. I HO

["E'FIF_'CH"-45 _ ['EF]GE-067
(Florbetapir, Amyvid) (Flutemetamaol, Vizamyl)

p——

P08

-

IHFW{:‘ }_,."" @ I".IH

['*F]BAY94-3172
(Florbetaban, Neuraceq)

Criteri per 'uso appropriato dell’'amyloid PET imaging:

1. MCI persistente e progressivo non altrimenti spiegato

2. Pazienti che soddisfano i criteri clinici di MA possibile
con presentazione poco chiara, atipica o ad eziologia
mista

3. Pazienti con demenza progressiva precoce (<65 anni)

Johnson KA et al, Alz & Dem 2013



Amyloid-PET nella diagnosi differenziale

PiB FDG
PET classifications Rater1 Rater 2 Quantitative Rater 1 Rater 2 Quantitative
Clinical AD (n = 62} 56 pos/6 neg 55 posf7 neg 54 pos/7 neg 44 AD/15FTLD 47 AD/12 FTLD 43 AD/16 FTLD
Clinical FTLD (n = 45) B pos/36 neg 7 pos/37 neg 7 pos/35 neg 6 AD/35FTLD 7 AD/34 FTLD 1 ADf40 FTLD
Sensitivity, % 80 (80-986) 89 (78-95) 86 (78-95) 75(62-85) 80 (67-89) 73 (60-84)
Specificity, % B2(67-92) 84 (70-93) 83(69-93) 85(71-94) 83 (68-93) 98 (87-100)
Positive predictive value, % B8 (77-94) B9 (78-95) B89 (78-95) B8(76-95) 87 [75-95) 98 (88-100)
Negative predictivevalue, % 86 (71-95) 84 (70-93) 83(69-93) 70(55-82) 74 (59-86) 71 (58-83)
Likelihood ratio-positive 4.97(2.80-10.63] 558(296-1242) 5.31(2.87-12.06) 510(2.54-13.09) 4.67(2.45-1014) 2988(11.61-40.00)
Likelihood ratio-negative 0.12(0.04-0.24) 0.13(0.06-0.26) 0.14(0.06-0.27) 0.30(0.18-0.46) 0.25(0.13-0.40) 0.28 (0.17-0.41)

Rabinovici G et al, Neurology 2011

Neurodegenerative condition  Amyloid PET findings

AD Diffuse cortical amyloid tracer binding, with predominance in frontal and
posterior cingulate

FTLD No significant PIB binding

DLB Heterogenous, but typically lower than seen in AD

VaD No significant PIB binding

PD No significant PIB binding

Rice L et al, Eur J Radiol 2017



Amyloid PET in MCI: revisione Cochrane 2017

O

Cochrane
Library

Cochrane Database of Systematic Reviews

18F PET with flutemetamol for the early diagnosis of

Alzheimer’s disease dementia and other dementias in people
with mild cognitive impairment (MCI) (Review)

Martinez G, Vernooij RWM, Fuentes Padilla P, Zamora J, Flicker L, Bonfill Cosp X

“Due to the varying sensitivity and specificity for predicting the
progression from MCI to ADD and the limited data available, we cannot
recommend routine use of F flutemetamol in clinical practice. isF-
flutemetamol has high financial costs; therefore, clearly demonstrating its
DTA and standardising the process of the sF-flutemetamol modality is
important prior to its wider use”



Incremental Diagnostic Value of Amyloid PET With [18F]-Florbetapir
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Tau imaging

Healthy Control ~ MCI (MMSE 26)

AD Dementia
1

AD (MMSE 21) AD (MMSE 7)

-

78 y/o with MCI
MMSE = 29

Baseline scan

FU Scan at
+10 Months

Dani M et al, Eur J Nucl Med Mol Imaging 2016



18F-AV1451 (flortaucipir) in MCl e AD

* 19 HC, 20 MCI, 16 MA
* [18F]AV1451 (tau) e [18F]Flutemetamol (amyloid) PET

* 50% degli MCl e 80% di MA erano amiloide positivi

Dani M et al, Brain submitted



CASO CLINICO
Memory Clinic, Hammersmith Hospital
Imperial College Healthcare Trust
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Scolarita’: 11 anni ;
Storia familiare negativa per patologie neurodegenerative
Anamnesi personale negativa per comorbidita’

2013, prima valutazione cognitiva dopo insistenza dei familiari (licenziata dal lavoro di
assistente amministrativa per ridotta performance)

“non riusciva a ricordare le informazioni per un tempo abbastanza lungo da poterle
scrivere”

RBANS: i punteggi in tutti i domini erano al di sotto della media attesa

HADS: severo stato d’ansia e depressione moderata

MRI 2013: Refertata come normale

Impressione diagnostica: DEPRESSIONE - terapia cognitiva e farmacologica



2015

Nuova valutazione: aumentate difficolta’ nel linguaggio, confusione tra “destra”
e “sinistra”

HADS: severi sintomi ansiosi e depressivi: terapia comportamentale non
regolare, continua trattamento farmacologico

RBANS:
Immediate | Visuospatial/ | Language Delayed
memory constructional Memory
2013 73 72 91 82 40 64
2015 57 53 94 75 48 55
2016

Confusione nell’utilizzo di lavatrice, forno, cucina, telefono cellulare

Incapace di interpretare l'orologio o capire il significato di quanto riportato in una
bolletta



2017, EDS giunge alla nostra osservazione

Storia dei deficit cognitivi in accordo con quella osservata presso precedente ‘Memory Clinic’

ACE-11l: 29/100
ATTENTION i
» Ask: Whatisthe | Day Date Month Year Season  j/ Attention
| : f . [Score 0-5]
lvepday | A | ot ]
»  Ask: Which No.IF:I}or \ Street/Hospita‘I/ Town /| County Country ./
. < { Attention
M ‘HOSD - Mj w QOQC&M 0 h [Score 0-5] 4
| L1

ATTENTION

>  Tell: "I'm going to give you three words and I'd like you to repeat them after me: lemon, key and ball.” Attention
After subject repeats, say “Try to remember them because I'm going to ask you later”. [Sc‘i%. 3
»  Score only the first frial (repeat 3 times if necessary).

» Register number of trials: g , ‘U,Q, \C&l’

ATTENTION

> Ask the subject: “Could you take 7 away from 1007 I'd like you to keep taking 7 away from each new Attention
number until | tell you to stop.” st [Score 0-5]
>  If subject makes a mistake, do not stop them. Let the subject carry on and check subsequent answers .

(e.g., 93, 84, 77, 70, 63 ~ score 4).
»  Stop after five subtractions (93, 86, 79, 72, 65):

MEMORY

» Ask: 'Which 3 words did | ask you to repeat and remember?’ Memory
[Score 0-3]




Fluenza: molto ridotte sia la fuenza semantica che verbale, con ripetizioni:

coinvolgimento frontale?

FLUENCY
> Letters
Say: “I'm going to give you a letter of the alphabet and I'd like you to generate as many words as you can Fluency
beginning with that letter, but not names of people or places. For example, if | give you the letter “C”, you [Score 0 - 7]
could give me words like “cat, cry, clock™ and so on. But, you can't give me words like Catherine or Canada.
Do you understand? Are you ready? You have one minute. The letter | want you to use is the letter “P". ]
218 7
6 % (@] (A B 14-17 6
Uit g 1113 5
o 8-10 4
b‘& EQ o 6-7. 3
3 4-5) 2
23 1
O 0-1 0
g total correct
F
| > Animals [Scon:uOe gc;y
Say: “Now can you name as many animals as possible. It can begin with any letter.”
/A\ > 22 7
dou foy  |robooe 2
. 14-16 5
d—\D / 11-13 4
DA L r‘Q"'{ @ 510 | 3
. 7-8 2
(586) 1
. & < 0
"’W total correct
Uno u/KQ/v{\

“t

7 WSKS{W{ o M QQ,U:L(“%




Memoria: deficit globale, perdita di nuove informazioni, perseveranza con nome
sbagliato

MEMORY

®»  Tell; *'m going to give you a name and address and I'd like you to repeat the name and address after me.
So you have a chance to lsarn, we'll be doing that 3 fimes. U'lt ask you the name and address later.”

Score only the third trial.

;ﬂmg gymm\ 37 Trial

Memory
[Score 0 - 7]

—

Harry Barnes <H\Ep_;(" }r | B2 L\E?Lg' 54//] 0,4 59 @\ Pre ol

N
73 Orchard Close @ ) oo o
Kingsbridge \/
Devon o el
MEMORY

)> Mame of the current Prime Minister...
Name of the woman wha was Prime Mm 2\

ame of the USA president.... '
; Name of the USA president who Was assassmated in lhe 19605........ ..........................................

Memory
[Score 0 ~4]




Linguaggio: incapace di comprendere le istruzioni, perseveranza dello stesso movimento.
Incapace di scrivere due frasi di senso compiuto

“EFTANGUAGE

Language
* Place a pencil and a piece of paper in front of the subject. As a practice trial, ask the subjact to "Pick up [Score 0-3]
the pencil and then the paper.” I incorrect, score ( and do not continue further. _
¥ [fthe subject s corract on the practice trial, continue with the following three copfmands below. ] 'w_d’
«  Ask the subject to "Place the paper an top of the pencil® B J {:e,p'? P 8 .LK% uﬁﬂ-
«  Ask the subject to “Pick up the pencil but not the paper” Pt w2,
»  Ask lhe subject to "Pass me the pencil after touching the papet” oot
Mote: Place the pencil and paper in front of the subject bafore each command.
LANGUAGE
Language
¥ Ask the subject to write twe {or more) complete sentences about his/her last {Scarg 0-2]
holiday/weekend/Christmas. Write in complete sentences and do not use abbreviations. _
Give 1 point If there are two {or more} complete sentences about the one topic; and give another 1 point @
if grammar and spelling are comect.

THE PATIENT WROTE HER NAME HERE N

Ao
m\;] g.\/\gf’. S R (&




VISUOSPATIAL ABILITIES
Visupspatial
¥ [nfinity Diagram: Ask the subjedt to copy this diagram [Seora 0-1
|
Visuospatial
¥ Wire cubs: Ask the subject to copy this drawing (for scoring, see instroctons guide). {Score (-2
e ——
{
e —
. T Visucspatial |
¥ Clock: Ask the sublect to draw a clock face with numbers and the hands at ban past five. |For scoring ses [Scora 0-8]
insfruction guide: circle = 1, numbers = 2, hands = 2 if all corect).
oY
=

Dbl 2099 459013

X
¢ o o o ®
... ° ' ® ®
* °
® o ®
® o
quil'?
° ° ® °
o ©® o ° o.
o o o
® ® °

Capacita’ visuospaziali severamente
compromesse




Memoria differita: no richiamo, no riconoscimento

MEMORY

¥ AsK "Now lell me what you ramember about that name and address we were repeating at the beginning”

HETrrg.r BamBes | ... ccevvrecrrrnenn areraienns

................ Mumnrgr I
73 Orchard Clasa | ... A, [Score O-T
FINOBOATME | ..t i s i e s s e .
I ;
"MEMORY T - ]
! ! Memory |
. B This test shoutd be dong if tha subjact failed to recall one or more Hems above. N all iterns were recalled, | [Score 0-5] |
3 skip the test and score 5, If only part was recalled stari by ticking Hema recalled in he shadowed column on I d |
{ the right hand eide; and then test not recalled items by telling tha subjact "ok, I'l give you some hints: was :
1 tha name X, ¥ or 27" and a0 on. Each recognised ilerm scores one point, which is added fo the point gained
i by recalling.
| Jerry Bames - Harry Barnes | Harry Bradiord rGalled ] |
3r 73 TR " recallad |
Orchard Place Cak Closa Crchard Close || recalled | -
Cakharnplon Hingsbridge Dartington recalled | |
Diavan Dersat Somersat recalled | !
SCORES o

Depressione?

Impressione clinica di EARLY ONSET ALZHEIMER’S DISEASE



MRI

Atrophic hippocampus from a
sporadic Alzheimer’s disease



18F-FDG PET
Normal uptake

* Areas of hypometabolism




Amyloid-PET (Florbetapir)

=

Negative scan —)( i ! \
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DIAGNOSI DI DEMENZA DI ALZHEIMER CONFERMATA

Iniziata terapia con AchE-|
- Test genetici e consulenza
- Terapia di supporto cognitivo



Biomarcatori e qualita di vita

Patient outcomes

Standard diagnostic assessment AP-PET Difference
Efficacy
False positives (receiving Rx when not AD) 13.9% 1.5% —12.4%
False negatives (not receiving Rx when AD) 11.7% 5.5% —6.2%
Mean time community dwelling, years 3.820 3.821 0.001
Mean duration of AD treatment, years
AChEls 1.559 1.464 —0.095
Memantine 1.539 1.406 —0.133
Life_expectancy, years 8.120 8.120 0.000
QALYs 3.175 3.197 0.021
Cost
AR-PET €0 €1090 €1090
Medication
AChEIls €1106 £1061 —€45
Memantine €1077 €084 —€93
Total caregiver time burden €50,055 €49615 —€440
Mursing home €87,262 €87,220 — €43
Total cost £€139,500 £€139,969 €470
Cost per QALY gained €21,888

AChEls: acetylcholinesterase inhibitors; AD: Alzheimer's disease; MMSE: Mini-Mental State Examination; PET: positron emis-

sion tomography; QALY(s): quality-adjusted life year(s); Rx: treatment.
Costs reported in 2016 Euros.

Nonostante i costi associati con la amyloid-PET, I'introduzione di questo biomarcatore

aumenterebbe la qualita’ di vita

Hornberger J et al, Curr Med Res Opin 2016




Neuroinfiammazione

Risposta inflammatoria del SNC ad un insulto neuronale, mediata dagli astrociti e dalle

cellule della microglia, i principali mediatori cellulari della risposta inflammatoria del
SNC

ltrr\iflarer:matory Microglial activators ::;f/::: -
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Self-perpetuating
neurotoxicity
Microglial activation MPTP/MPP" x

Neurotoxic factors Glutamate

(PGE,, IL-1B, TNFar, NO, NOO-, 1.

O, H,O,) irect
neurotoxic
insult

La neuroinfiammazione e’ un processo fisiopatologico comune alle diverse patologie
neurodegenerative



Neuroinfiammazione ed altri biomarcatori nella MA
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L'attivazione della microglia sembra essere un evento precoce nelle patologie

neurodegenerative e potrebbe rappresentare un nuovo biomarcatore diagnostico e
terapeutico

Calsolaro V et al, Alzheimers dement. 2016



Imaging della neuroinfiammazione

E’ attualmente possibile visualizzare in vivo la presenza di un processo
neuroinfiammatorio a livello del SNC, grazie all'impiego delle tecniche di neuroimaging,
ed in particolare PET

TSPO (translocator protein di 18kDa)

* Proteina della membrana
s o mitocondriale esterna espressa a
bassi livelli nel SNC (plessi corioidei,
'"::::ZIII:::::::::::-.,. bulbi olfattori, cellule endoteliali) in
condizioni fisiologiche
ANT Matrix .0. .l. .: E
membrane menbeane
/ \ \ | * La attivazione della microglia &
= & . . ~ : associata con I'aumento

Mitochondrial membrane potential

dell’espressione del TSPO

] L Mitochondrial respiratory chain J

* In grado dilegare il [11C](R)PK11195,
un tracciante radioattivo sviluppato
per la valutazione della attivazione
microgliale in vivo mediante PET



Ligandi PET di attivazione gliale

Imaging Mechanism of imaging
Ligand modality neuroinflammation
PK11195 PET, SPECT  Measures TSPO
Ro5—-4864 PET Measures T5PO
PBR28 PET Measures TSPO
FEDAA1106 PET Measures TSPO
DAAT106 PET Measures T5PO
AC-5216 PET Measures TSPO
Vincopetine PET Measures TSPO
FEPPA PET Measures TSPO
DEP (Deprenyl) PET Selective irreversible MAQ-B antagonist
that labels activated astrocytes
DED PET Selective irreversible MAQ-B antagonist
(Deuteriodeprenyl) that labels activated astrocytes

Janssen et al, Biochimica et Biophysica Acta 2016



Imaging della neuroinfiammazione in MA e MCI

Radintracer Fopulation Region with increased inflammation
[ITICRPE L L1495 Controls = 15; AD = §: M(CI = ] AD vs. controls: inferior and middle temporal gyvri. fusiform gyvri, left
[18F]FI parahippocampal gyvrus, left amyegdala, left posterior cingulate, inferior

parietal lobes, putamen, and right pal lidum.
MCI vs. controls: fusiform gyri, inferior temporal gyri and left

(s b o A pais
[TICHEPE 11195 Controls = 24; AD = 13 AD wvs. controls: frontal, temporal, parietal, occipital and cingulate cortices
[11C]PIB
[ITICIRPE DL 195 Controls = 10; AD = 10 AD ws. controls: cerebellum, lateral occipital lobe, anterior cingulate gyrus,

posterior cingulate gyrus, frontal lobe middle frontal gy s, posterior
temporal lobe, parietal lobe, thalamus, superior parietal gyrus, and
occipital lobe lingual gyvrus

[11C] DA AL LD Controls = 10; AD = 10 AD vs. controls: dorsal and medial prefrontal cortices, lateral temporal
cortices, parietal cortices, oocipital cortices, anterior cingulate cortices,
striatum, and cerebellum

[TICHEPE 11195 Controls = 24; AD = 22; MCI amvloid positive vs. controls: frontal cortices relative to controls.
[11C]PIB Amnestic MCIL = 14
[TICHEWPE 11195 Controls = 5; AD = 6; MCI = 6 Mo differe nces
[11C]PIB
[TIC]DED Controls = 11; AD =9 AD vs. controls: frontal, parietal, temporal and medial temporal lobes
[11C]PIB
[TICEPE L1495 Controls = 10; AD = 11 AD vs. controls: medial frontal and parietal cortices and left temporal cortex
[IIC]PIB, [18FIFDG
[TIC]DED Controls = 14; AD = T; MCI = § AD vs. controls: decreased in right ithippocampus
[11C]PIBE AD ws. MCI: decreased in right iihi ppocampus
[1EF]FIDG
[11C] DA AL LD Controls = 10; AD = 10;: MCI =7 AD and MCI vs. controls: cerebellum, medial prefrontal cortices, parietal
cortices, lateral emporal cortces, anterior cingulate cortices, and
SUriaim.
[11IC]PBR2E Controls = 13; AD = 19; MCI = 10 AD vs controls: prefrontal cortices, sensorimotor cortices, inferior parietal
[11C]PIB cortices, superior parietal cortices, middle and inferior temporal cortices,

posterior cingulate cortices, occipital cortices, hippocanpi, and
entorhinal cortices.
MCI vs. controls: no differences.

[TICEPE L1195 Controls = 21 AD = 19 MCI = 10 AD vs, controls: at woxel'wise statistical parameric mapping showed
increased inflammation in occipital lobes
p » Mo AD and MCI vs. controls: no significant differences
. 4

"od&g

PET con [11C] PK11195

Healthy Control Calsolaro V et al, Alzheimers dement. 2016
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Does Microglial Activation Influence
Hippocampal Volume and Neuronal
Function in Alzheimer’s Disease and

Parkinson’s Disease Dementia?’

Grazia D. Femminella®', Siddharth Ninan®', Rebecca Atkinson®. Zhen Fan?, David J. Brooks®P

and Paul Edison®*

“Neurology Imaging Unit, Imperial College London, London, UK
®Department of Nuclear Medicine, Aarhus University, Denmark
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Neuroinfiammazione in MA e Parkinson-demenza

Femminella GD et al, J Alz Dis 2016



Neuroinfiammazione in MCl: puo essere protettiva?

* 9 HC e 20 MCI

* [11C]PBR28 (TSPO) e
[18F]Flutemetamol (amyloid) PET

* Attivazione della microglia riscontrata

in 33% degli MClI

* 40% degli MCI erano amiloide positivi

'uptake di [11C]PBR28 in diverse aree corticali
era positivamente correlato con il volume

dell’ippocampo in soggetti con MClI

Femminella GD et al, Neurology, submitted



Ligandi PET di attivazione gliale di terza generazione: 18F-GE180

Flutriciclamide ('*F-GE180) PET: First-in-Human PET Study
of Novel Third-Generation In Vivo Marker of Human
Translocator Protein

Zhen Fan®', Valeria Calsolaro®', Rebecca A, Atkinson', Grazia D, Femminella', Adam Waldman', Christopher Buckley®,
Willinm Trigg?, David ]. Brooks' -, Rainer Hine#, and Paul Edison?
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Calsolaro V et al, Neurology submitted



Prospettive future imaging della neuroinfiammazione

Ulteriori studi sono necessari a chiarire il ruolo patogenetico della neuroinflammazione
nelle patologie neurogedenerative

L'imaging PET della neuroinfiammazione puo rappresentare una valida metodica per la
guantificazione in vivo della attivazione della glia

Alcuni studi con farmaci antinfiammatori in patologie neurologiche utilizzano il TSPO PET
imaging per valutare i pattern di neuroinfiammazione pre- e post-trattamento

E’ da chairire se vi siano differenze in termini di neuroinfiammazione tra fenotipi di
demenza (MA tipica vs atipica) o se i pattern di neuroinfiammazione siano riproducibili

tra gli stadi di malattia (MCl vs MA avanzato)

Ulteriori evidenze sono necessarie a stabilire il valore diagnostico e prognostico del
TSPO-PET imaging

E’ di fondamentale importanza sviluppare delle linee guida per I'analisi dei dati PET



E la terapia?

= Nella decade 2002-2012, 413 trials sono stati effettuati in pazienti con MA
#36.6% con agenti sintomatici; 35.1% con agenti disease-modifying; 18% con
immunoterapia

= || tasso globale di successo tra il 2002 e il 2012 & stato dello 0.4% (99.6% failure)

a5+
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) Cognitive
-g % Enhancing
"5 Agents

e 201 _
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> g

10 47
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Cummings JL et al, Alz Res & Ther 2014




Cambiare la traiettoria

2050 Current Trajectory
13.5 million

14.0

12.0

10.0

8.0
Moderate

28%
6.0

4.0

Number of Americans with Alzheirmer's {millions)

2.0

2050 Delayed Onset
00 7.8 million

T T T T T T T T
2015 2020 2025 2030 2035 2040 2045 2050
= Current trajectory 5.1 5.8 6.8 8.2 949 116 128 13.5
= = [zlayed onset 5.1 5B 6.8 5B 59 6.6 7.3 7.8

Decrease 0.0 0.0 a0 25 40 50 bb b7 Severe
46%

Moderate
30%

: “A diagnostic instrument like PET imaging with 90% sensitivity and specificity in
5 combination with a treatment that reduces cognitive decline by SOV would reduce the :
Ilfetlme risk of dementia of a 65-year-old person from 10.5 to 5.7% :

http://www.alz.org/alzheimers_disease _trajectory.asp



Conclusioni

» L'imaging strutturale e funzionale puo supportare la diagnosi, la prognosi
e il monitoraggio del trattamento in pazienti con MA

» Lulteriore progresso e la standardizzazione delle tecniche di
neuroimaging sono necessari per validarne [lapplicazione in campo
diagnostico e prognostico

» Appropriate coorti di pazienti per la valutazione dell’evoluzione dei
biomarcatori di imaging nel tempo devono essere selezionate

» Studi multimodali, in popolazioni rappresentative, saranno in grado di
chiarire la sequenza temporale della variazione dei diversi biomarcatori

» Approprati outcome di imaging e di altri biomarcatori devono essere
selezionati negli studi di intervento di terapie disease-modifying
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