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What we do in the Chertkow
lab

¢ 1.Studying brain/behaviour correlations
using AD subjects (and others, including
normals), focussing on semantic memory.

¢ 2. Defining biomarkers for early diagnosis of
AD




IC'[UI'e Naming - Normal

1derly
®Accuracy & - CBF

More difficult picture naming was
associated with increased CBF to
theleft lateral temporal cortex.

Easier picture naming was
associated with increased CBF to
theright hippocampus.

Whatmough, Verret. et al. (2004)ournal of Cognitive Neurosciences (7).12111226

What we do in the Chertkow
lab

¢ 1.Studying brain/behaviour correlations
using AD subjects (and others, including
normals), focussing on semantic memory.
¢2

‘ Px: Taiga - History

¢ Age 70 (1998) , no memory complaints,
¢ Volunteered as normal control in 1998

¢ Still normal 2007. Involved in many research
projects

¢ No complaints, on ASA
¢ Mild diabetes, no meds
¢ Normal physical exam




P - Taiga - Imaging

¢ MRI:
¢ Normal 1998
¢ Mild atrophy 2008

¢ PIB:
¢ +ve 2008!
¢ SUVR high, 2.06




Px: Taigai Follow up
Mild Progression of Memory Complaints
and Memory Loss

Shmandt[SMCS>6] 2
MMSE 28

MoCA 27

Shmandscale >6= subjective memory complaints.
MoCA <26 = objective cognitive impairment

6 Px: Taiga - Diagnosis
¢ Changed to MCl in 2010
¢ No limitations in ADL, IADL

¢ 2012: Beginning to have impairment of

finances, medications, instrumental activities
of daily liwving. Deemed
dementi ao, probabl e AD.

Advancing AD Pathology

P T

Initiation Promoting Diagnosis
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Clinical
Symptoms
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There is converging evidence from both genetigsktand age at
risk cohorts that thpathophysiologyf AD begins years,
likely more than a decade, prior to the diagnosis of dementia




‘ What is dementia? {2011}

¢ Definition: a)Decline in intellectual abilities (memory
plus one other domain)..

¢ b)Interfering with social or occupational life and day
to day function. -

¢ln addi.ti oné.

¢ Not delirium-

¢ There may be little insight and reporting is done by
family

¢ There may be concomitant depression

¢ Changes in affect and personality

¢ Psychiatric abnormalities

¢ Downhill course, fatal illnesses

‘ Cognitive Continuum

Normal

MilthCognitiie
Innpaiimesmit
R =

How do we diagnose AD dementia now?

Our tools for diagnosis clinical, neuropsychologicdl
give us a diagnosis late in the disease process

2003 AH, 72 years old, MCI 20061 AH, 75 years old, mild AD




IONTREAL COGHITIVE ASSESSMENT (MOCA]
MO ontreal Cognitive

Assessment -a cognitive

screening tool for detection of

MCI

Ziad S Nasreddine, Howard Chertkow,

Natalie A Phillips J.Am Geriatr Soc

53:695i 699, 2005

., 30-point scale

. 10 minutes to
administer

. FrenchEnglish+17

languages

. Tests 8domains

. Available at

., Score<26 abnormal

? Clinical categories ADNI STUDIES
rmal function:

¢ No complaints of cognitive loss YES
¢ Testingis within normal limits
Subjective complaints only:
¢ Patient or family complains of loss
¢ Testingis within normal limits
¢ Mild Cognitive Impairment:
¢ Patient or family complains.of loss
¢ Objective very mild impairment (early) or
mild impairment (late) in cognition
¢ Not sufficient to be dementia
¢ Dementia:
¢ Significant declinein two or more
cognitive domains
¢ Sufficient to impair day to day function

The Alzheimer’s Disease
Neuroimaging Initiative

¢ Design:
Natural history non-treatment study in which
atotal of 1200 subjects (including 200 normal
controls, 600 MCls, and 400:mild ADs) being
recruited at 53 sites in.the US and Canada
for longitudinal follow up.



http://www.mocatest.org/

Subjective

3 Cognitive

NormalPreclin Impairment
MCI due to Alzheimers.

+—15years AD Dementia

Time
D

When does AD begin?
B. Reisberg, IPA meeting, 2009

Delineating the predementia stages
of AD may be pivotal in finding new
therapies!(Veuas etal, 2011, Progress in
Neurobiology, 95; 594-600)

¢l nterventions at HAdement
be too late to show effects.
¢ Study early MCI and late MCli(as in ADNI)
cStudy iMClI+'due to ADO
¢ Study Cognitively normal with positive
amyloid biomarkers
¢ Use high risk populations defined by
genetics (APOE) and imaging (FDG PET)
¢ Study earlier age groups, and follow longer

‘

Can Biomarkers supplement
clinical diagnosis?




6Role of Biomarkers

¢ Diagnosis and
differential diagnosis
Predicting future
disease risk
Predicting prognosis
when memory loss

¢ Measuring disease
severity

¢ Monitoring progression

¢ Predicting/monitoring
response to therapy Ease of Us

Accuracy

Classes of Al zhei mer 0:
[NIH Working Group, 2010]
¢ A) B/M of molecular neuropathology
¢ CSF A-beta, CSF tau, PET amyloid imaging
¢ B) Downstream measures of structural change
¢ Brain atrophy, hippocampal volumes, DTI, VBM.
¢ C) Downstream measures of functional change.
¢ FDG PET, fMRI activation, fMRI resting state
connectivity.
¢ D) Associated biochemical changes.
¢ Inflammation, oxidative stress(isoprostane), NDD
measures.

Classes of Al zhei merd
[NIH Working Group, 2010]
¢ A) B/M of molecular neuropathology
¢ , CSF tau,
¢ B) Downstream measures of structural change
¢ Brain atrophy, hippocampal volumes, DTI, VBM.
¢ C) Downstream measures of functional change.
¢ FDG PET, fMRI activation, fMRI resting state
connectivity.
¢ D) Associated biochemical changes.
¢ Inflammation, oxidative stress(isoprostane), NDD
measures.




‘ Categories of Biomarkers
used in the new lexicon

¢ Biomarkers of AR deposition
¢ CSFAR,,
¢ PET amyloid Imaging
¢ Biomarkers of Neuronal Injury
¢ CSFtau/p-tau
¢ Hippocampal or medial temporal volume
¢ Rate of brain atrophy
¢ FDG-PET
¢ SPECT perfusion imaging
¢ Less well validated: fMRI, diffusion tensor, MRI
perfusion, MR spectroscopy
¢ Associated biochemical change
¢ Inflammatory biomarkers (cytokines)
¢ Oxidative Stress

*The di agnosis of dementia du
ecommendations from the National Institute on Aging and the
Al zhei mer 6s Associati on

Guy M. McKhann David S.Knopman Howard Chertkowet al.,
Alzheimer's& Dementia, 2011

The diagnosis of mild cognitiyv
disease: Recommendations from the National Institute on Aging
and the Al zheimerods Associ
Marilyn S. Albert, Steven TDeKosky et al., Alzheimer's &
Dementia, 2011

Toward defining the preclinica
Recommendations from the National Institute on Aging and the
Al zhei mer 86s Association
ReisaA. Sperling Paul SAisen et al.,Alzheimer's & Dementia,
2011

Alntroduction to the recomme]
Wor kgroups on diagnostic guit
M. Albert, David S.Knopman G.McKhann

et al., Alzheimer's & Dementia, 2011

A A IN MCI and AD¢é
Aclinical diagnoses are paramount and biomarkers are complimentai
AAThe core clinical di agnostic
completely operational in a set
fi A T h eclinical diagnostic criteria for MCl and AD dementia are
intended to guide diagnosis in

Biomarkers are currently for research, and for special cases.
é.but in the future they may pl ay




AThe 'di algsbo’s I"STrofi ¢d e nlfent il aSNERURCETN0
Recommendati ons from the National
Associ at i onGuwMd M&KbpanmRapdS.Knopman Howard
Chertkow, et al., Alzheimer's & Dementia, 2011
ARevision of clinical criteria
1. Criteria for dementia of all causes
2. Probable ADi core clinical criteria: ARClinical =amnesticBUT ALSO.
non-amnestigresentations such &xopenicPrimary Progressive Aphasia ,
Posterior Cortical Atrophy, dementia-with prominent frontal/executive
dysfunction.
A -increased level of certainty with causative genes, documented decli
. Possible AD core clinical criteria
A Atypical course or
A Etiologically mixed (Vasculaextrapyramidalotherneuroillness)
.Probabl e/ possible AD wi t pathdphy® ma

‘ Px: Scytale

¢ 77 year old female in 2007
¢ 9 years education
¢ +ve family history of dementia (mother, in 60s)

‘ Px: Scytale - Presentation

¢ Progressive anxiety, irritability-referred to
geriatric psychiatry i

¢ Disinhibited, unable to plan

¢ Functional impairment|"ADL 6 s

¢ls it Aorganico frontal
Aifunctional 0°?




‘ Px: Scytale - Neuropsych (2007)

¢ Memory impairment

¢ Language impairment

¢ Poor attention and concentration

¢ Marked executive function/frontal deficits
¢ Non-verbal skills better than verbal skills

‘ Px: Scytale - Imaging
¢ PIB:
¢ +ve amyloid, generalized, typical distribution
¢ SUVR 1.99
¢ MRI:
¢ Moderate global atrophy
¢ Left more than right atrophy
¢ Hippocampal atrophy left severe, right mild
¢ FDG:
¢ Severe metabolic loss left temporal and
parietal lobe
¢ Moderate decrease left frontal lobe
¢ Mild decrease right temporal and parietal lobe

Scytaled7/2009




6 Px: Scytale - Impression

¢ AD, probable

¢ Cognitive, MRI, FDG, PET deficits in parallel

¢ Use of biomarkers in patients with prominent
neuropsychiatric/frontal'features will allow.
more definitive diagnosis of AD

McKhannet al.: Biomarkers in AD

BoM Abeta (CSFor  Neuronal
probability PET) injury (MRI,
FDG PET, CSF
Intermediate Indeterminate  tau)
or unavailable  Positive

Intermediate Positive Unavailable or
indeterminate

High BoM Positive Positive
probability

High but does Positive Positive

not rule out
other etiology

AProbabl e/ possi bl e pathophysiologicaberva cde

6 Px: Aragorn

¢ Presented onset age 72 of short term memory
loss, irritability

¢ Lacking initiative, apathetic

¢ Decline in language skills, reading, writing

¢ Word finding problems
Candt recall family name

¢ Misplacing items

¢ Impaired function




6 Px: Aragorn - History

¢ 8 years education

¢ Worked as barber

¢ No family history dementia
¢ No family history dementia
¢ No vascular risk factors

6 Px: Aragorn - Exam

¢ Normal general exam

¢ Non focal neurologic exam

¢ +ve grasps

¢ Mental status: poor attention and
concentration, disoriented, anomic,
MMSE=16, slow, poor delayed verbal memory

¢ Similar results on neuropsychology
¢ Diagnosis i severe dementia, Probable AD

6 Px: Aragorn - Imaging

¢ MRI (2008):

¢ Moderate atrophy, more frontal and temporal
¢ FDG PET:

¢ Severe decrease entirerleft frontal lobe

¢ Mild decrease right frontal support FTD
¢ PIB PET:

¢ Negative, SUVR 1.1




FDGPET

™7
Ny

PIBPET




6 Px: Aragorn i Revised Diagnosis

¢ AD is excluded by negative biomarkers!
¢ FTD is likeliest diagnosis

¢ New Criteria: Cliniciansc an excl ude fidem
ADO i ffysubject meet's tthie cl.i.n
but BOTH BIOMARKER GROUPS ARE NEGATIVE

6

Lets talk about imaging
biomarkers

Abnormal 4 B
—— Tau-meditated neuronal injury and dysfunction_—
fBrain structure -
Memary
Clinical function

Biomarker magnituce

Normal

Dementia

of the Alzheimer's pathological a s ¢ aiglidertified by CSF
Ab 42 oamyloRl Endiging. Taumediated neuronal injury and dysfunction is
identified by CSF tau diuorodeoxyglucos€’ET. Brain structure is measured by use
of str uct banmylbid MRAmild cégbitive impairmentFrom Jack et al.
2010, Lancet Neurology.




6 Underlying model

model of AD

cascade
ron ’ 1 cuome nxacon
Geoatca
Aoz
Acmusion

Bran and cognie s
> Erwormertal factors

Speriing et al Alzheimer & Dementia 2011
NIA-AA Preclinical Workgrou

6 Underlying model

This model model of AD cascade
Assumes } 1
Thatamyloid

cwties
Is l
p—

Carmbromacian oo facion
Ot i et S e

The primary Y
Cause! b

Speriing et al Alzheimer & Dementia 2011
NIA-AA Preclinical Workgroup

Neuritic damageééAmyloid

depoc:
synaptic damageé.

tau hype
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Atrophy of the brain in AD: Medial temporal lobes are
affected first and most severely

T1-weighted coronal magnetic resonance imaging scan showing
extensive hippocampal atrophy (arrows).

Choroidal
fissure

Tem por‘l

|
Height of horn

hippocampal ‘—>|
formation

AN

S

Feldman, H. H. et al. CMAJ

‘ Medial Temporal Atrophy Rating Algorithm

Table 1. Medial Temporal Atrophy Rating Algorithm

Width of Width of Height of
Score Choroidal Fissure Temporal Horn Hippocampus

0 Normal Normal ormal

1 Mildly widened Normal Normal

2 Moderately widened Mildly widened Mildly reduced

3 Markedly widened Moderately widened Moderately reduced
4 Markedly widened ~ Markedly widened  Markedly reduced

DeCarli, C. etal. Arch Neurol 2




The rating from 0
to4 is displayed;
higher scores
indicate more
atrophy. When
onescoreis
given, left = right.

MTA =2 (Ieft) and 4 (right)

0046304100

Hippocampus (de Leon, 1993, 1996)

Tem_poral lobe cortices
(Convit 1993, 2002)
(Visser 2002)

‘ MRI variables to look at

¢ Hippocampal volume most validated in AD,
but not validated in an

Brain volumes- -less valid (see immuno.trial)
¢ Voxel based morphometry
¢ Ventricular volume
¢ Cortical thickness
¢ White matter changes MT, VBM
¢DTl., ASL, etchey
¢ Functional MRI variables..resting and activity
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Nikelski, Evans, and Chertkow2011




ﬁrcentage decrease in cortical
ickness between AD, Normals

Region

L t. MTG
L. ant. med. TC
R. Insula

R.ant. MTG

o | el ol sl

Nikelski, Evans, and Chertko@011

‘ Effects of Diagnostic Group

Nikelski, Evans, and Chertko®011
Threshold = 0.25 (1/4 mm)

Threshold = 0.50 (1/2 mm)

Right

Cortical thinning across the
hemispheres in ADregional
thinning in AD group
compared to normal elderly
e controls.From Dickerson et
al. 2009 Cereb Cortex.

Ventral

+o—
0% 10+ 10




Duchesne, S.Bocti, C., De Sousa, KErisonj, G.B., Chertkow, H.
& Collins, D. L. (2010).Neurobiology of Aging, 31(9),60617.

Areas of discriminating intensity
covariancesn right medial temporal lobe.

Duchesne, S.Bocti, De Sousa, KFrisonj G.B., Chertkow, H., &

‘ Collins, D. L. (2010).Neurobiology of Aging, 31(9).60617.

Patients data plotted along mdggcriminateigenvectors. The NP (green) and
(red) patients data are shown here plotted along the three most discrimin
eigenvectors in the multidimensional reference space of-sezs®nal MR

intensity and shape information

‘

FDG PET in Al
Disease:
Decreased glucose metabolism
In bilateral posterior temporalarietal
region




Evaluating Early Dementia Wit

Assessment of Regional Cerebral Metabolism
by PET: A Comparison of Predicted Costs
and Benefits

Sratoy was maintaed Ot & wks rango of tcked Vo
o

D s e i s it ot
s =

Human Amyloid Imaging in AD
Using Pittsburgh Compound-B

Appearance in
expected gray
matter areas

Absence in
areas where
there is

no amyloid

&

Control

&% ey 0§

Very little
retention

Max
53 v Absence of

Min

retention in
gray matter

x

[C-11]PIB PET [C-11]PIB PET

Klunk et al., Annals of Neurology 20!

Lancelot- mild MCI, was normal
last year




© Visual PIB-Neg
® Visual PIB-Pos

PIB Index

8 °
°
Absent  Sparse Mod

CERAD

Relationships among postmortem CERAD diagnosis, quantitative PIB thr
(blue line = liberal, red line = conservative), and visual reads. All scans re
positive showed frequent CERAD plaquésl. Ravinovicj William Jagust




Scatterplot of PiB Standardized Uptake Ratio Values (SUVR) in Normal
Elderly Controls (NEC), Mild Cognitive Impairment (MCI), and
Alzheimer's Disease (AD) patients from the JGH-MNI cohort
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Principle Componenets
‘ Analysis of AD brains PIB

3
'P»B Principal Comp 1,  55.37% varianc ™
_ :-\

Rowe,C. e Amybill im&ging results
from the Australian Imaging (AIBL) study of
ag i I'Negrob\o\éyyonging,31,(2010),1275-83

¢ PIB, cognitive measures in 177 NEC, 57 MClI,
and 53 mild AD subjects.
cPI B was fAposi tNEC®O |
¢ 18% age 60-69
¢ 65%in those over age 80
PIB +ves were even greater in ApoE4+ves.

¢ S.Vaitekunis: Al s PI B a test
bacteria in urine? Only definitely requires
treatment (ie., pathological) in younger

subjects?0




Who has amyloid in the brain?
(PIB results)

CAl zhei mer 695%stvebj ect s

¢ Mild Cognitive Impairment - 60% +ve

¢ Mintun (2007), Rowe (2007) : MCI with +ve PIB
have high rate of progression to AD at 2, 3 years.

Scatterplot of PiB Standardized Uptake Ratio Values (SUVR) in Normal
Elderly Controls (NEC), Mild Cognitive Impairment (MCI), and
Alzheimer's Disease (AD) patients from the JGH-MNI cohort
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‘ PIB negative AD?

¢ Variably in studies i 10% (Morris), 15%.(De
Carli).

¢ Misdiagnosis? Eg., frontotemporal dementia

¢ AD due to soluble A-beta? RIB labels only.

fibrillar A-beta in compact plaques.

¢ Cairns et al, 2009: AD, altered CSF, +pathology,
with negative PIB (arch. Neurology, 66;1557-62)

¢ Tanglei only AD (Nordberg)




CSFamyloid beta and phosphdau measures

1w .
* Indicates Position of Patient Result

oo AD patiis with 3 spcifcity of £3-89%, 3 bu Ty o
patients would also tend 0 have elevated P-tsu levels (>61 pgml)

ATl is abetdau ratio (index)

AT1 versus P-tau
* lndicates Position of Patient Resalt

Not coasatent with AD

Consisweat with AD

PTau ()
Comments
This analysis detccted cerebrospinal fuid levels of Afl,
G und phosphio-tau protein which provide
respect (o 2 diagnosis of AD.
levels, le o an AT inde

i
Reduced AR,
s tha

on- with a specificity of 41-89% . the
paticnts would also tend 10 have elovated Psu leve

NOTE: CSFamyloidand tau levels can currently.be
obtained clinically in Canada via Athena Inc. private

AP r o b.ab | ed7 poessi bl e patbophysiologicaber voi cc
Biomarkers of Amyloid (a-beta)
accumulation

Biomarkers of neuronal
degenereationor injury

do not advocat e tthe use ©of

at the present timeo
standardi zed

nical criteria are good

more research
Aaccess is |limited

but useful in cli o] s |

appropriate by the i iciano




‘

Predicting which MCI
individuals will progress-
WSt due (TS T o)

Some MCI individuals progress to dementia (usually AD), but some do |

DeCarli et al., 2

Mean Rating <2.0
Mean Rating >2.0

o

o

&
=3
B
&

o

eier estimates of the rate of progression to Alzheimer disease (AD) in patients with
tive impairment with either normal or pathologic cerebrospinal fluid (CSF) biomarker
levels at baseline

Buchhave, P. et al.
Arch Gen Psychiatry
2012;69:98-106

Total
el G5
Pathoioglc C5F

ARCHIVES OF

GENERAL PSYCHIATRY




Predicting which MCI individuals
wi || progress to
dementia- we are almost there!

AHippocampal atrophy common in MCI, strongly
predicts progression

A Dubois et -alMCRODIBu Pr g
bi omar ker o [. Ppodom@&8Bo |

ARowe, 2010: véARIBANDIERI wi t |
hippocampal atrophy will progress to AD.

2011-NI'H commi ttee: AMCI du

ie.: these individuals HAVE AD already

The diagnosis of mild cognitive impairment due to
6AI zhei merds disease: Recomme

National Institute on Aging
Association workgroup

Marilyn S. Albert, Steven T. DeKosky, et'al.;

Alzheimer's & Dementia, 2011

cCProposes term AMCI of the
¢ i MG Research criteria incorporating
bi o ma r lbiemasker evidence of AD (imaging
and/or CSF= amyloid).
@

Albert et al.: Biomarkers in MCI

Clinical BoM Abeta (CSFor  Neuronal
diagnosis probability of  PET) injury (MRI,
category AD etiology FDG PET, CSF

Unavailable or  tau)
Uninformative  conflicting or ~ Unavailable or
indeterminate  conflicting or
indeterminate

MCl due to AD  Intermediate Positive Unavailable
Intermediate

likelihood Unavailable Positive
MCI due to AD  Highest Positive Positive
High likelihood

MCI i unlikely  Lowest Negative Negative

due to AD




A few caveats..clinical vs. research use of
nMCI due to ADO

¢ Even MCI patients who test negative for
amyloid can go on to dementia!l

¢ The biomarkers are not yet standardized,
validated, or available generally.

¢ Their predictive ability remains to be tested
clinically (ie., do we need more than one
positive biomarker to be 100% accurate in
prediction?

¢ Prediction WITHIN A SET TIME FRAME.is
essential

‘

The new challenge:
normal individuals who have
abnormal biomarkers

Frequent Amyloid Deposition Without Significant
Cognitive Impairment Among the Elderly

I MD. PRDD: D P




PIB distribution on lateral and medial surfaces of the cortex on the left and right hemispheres of the
brain. A, Healthy adults younger thanys8-D, Cognitively normal adults older than 50 with low (B),
moderate (C), and high (D) Ab defasssnketal, 20i2

Morris et al (2010), Ann Neuro, 67: 122-
31-When normal controls have
abnormal AD biomarkers

Normal Elderly Controls overall:

- Percentage with +ve biomarkers (in AD range):
PIB PET positive =15%
Abnormally low ABetad42 in CSF i 28%
Abnormally high total. Tau in CSF i 6.6%
Abnormally high phospho tau 181 in CSF =
4.2%

*These numbers are influenced by age of
cohort, APO-E4 gene, and other, factors'that
affect % with brain amyloid

‘ Religious Orders Study
(Rush U.)

¢ Schneider et al, 2007 Neurology:
¢ 50% of normals have some brain pathology
¢l of probably Al zhei meros
another pathology in brain: infarcts, etc.

Bennet, 12006 ( Neurol ogy) : i Ne
nor mal agingo

-about 1/3 to %2 of NECs had post-mortem amyloid,
especially mid-frontal. Also had neurofibrillary
tangles.

- These subjects had mild decrease in episodic
memorv.




Brainamyloidis NOT innocuous: Braiolume Decline in
Aging, Fotenoset al. 2008

Adjusted Whole Brain Volume, cm3

n=9

CDR 0 PiB- CDR 0 PiB+

=
o
2
]
g
H
.2
£
=
o
3
]
]
]
=

PIB + Incipient Very Mild  Mild

AD Progression

Mean thickness of AD cortical signature regions is decreased in amyloid{&s8yve
Normal Elderly controls (CDR = 0), and demonstrates progressive thinning as the syn
of AD dementia become progressively more prominent across the spectrum of Incipier

mild, and mild AD dementia. (N = 115yom Dickerson et al. 2002

Modelling development of amyloid
before dementia

Preclinical Alzheimer's Disease?

Prevalence (%)

. n
Age (years)




Subjective
Cognitive

irment

Al zhei mer os
Disease

Time
Diagnosis

Reisberg Model, 2010

Earlier biomarkers being

pursued?
¢ Measures of microglial inflammation; PET

with PK11195 i 11C, and astroglial with 11C-
DED (Deprenyl).

¢ Abnormalities of nerve growth factors:
tyrosine kinase A (TrKA) in CSF.

¢ Abnormalities of oxidative stress:
HemeOxygenase-1 in CSF and blood;
Oxidative stress-mediated
dehydroepiandrosterone formation in serum
and CSF.

¢ Caspase six activation in csf

Do all PiB positive normals progress to
dementia? Does amyloid guarantee
future dementia?

¢Many researchers woul d
no empirical results yet

¢ Bennet i It depends on other.pathology for
expression (vascular lesions very important)

¢ Note: 50% of NEC have pathology, less than
1/5 get dementia.

cSome el derly appear abl
with their amyloid! Why???

3

3




Role of cognitive reserve in
cognitive decline

¢ Normal elderly have variable resistance to
pathology burden=cognitive reserve

¢ To explain imperfect correspondence
between AD pathology and cognitive
changes.

¢ IQ [NART], education as proxies

¢ Brain/neural reserve [hardware] vs. cognitive
reserve [software].

Toward defining the preclini
‘ disease: Recommendations from the National
Institute on Aging and the ¥/
workgroup
Reisa A. Sperling, Paul S. Aisen, et al., Alzheimer's &
Dementia, 2011
Preclinical AD: asymptomatic,cognitively normal
subjects in high risk states (amyloid in brain, or
auto. dominant genes).o D r agfetational
framework for staging preclini
¢ Stage 1: Asymptomatic amyloidosis (PET, CSF)
¢ Stage 2: Amyloidosis plus neurodegeneration (also MRI
cortical thinning, hippocampal atrophy, or FDG PET or CSF
tau).
¢ Stage 3:Amyloidosis plus neurodegeneration plus subtle
cognitive decline (not yet MCI).

AfiToward defining the pre
Al zhei merdés diseaseo

Sperling,Aisen, et al., Alzheimer's & Dementia, 2011

Staging Framework for Preclinical AD

Stage 1

Asymptomatic amyloidosis.
~High PET amyloid tracer retention
Low CSF A, &

~Poor performance on more challenging
-Does not yet meet criteria fo MCI

NIA-AA Preclinical Workgroup
Sperling ct al Alzheimer s & Dementia 2011




OﬁTowar d defining the prec
Al zhei merdéds diseased
Sperling,Aisen, et al., Alzheimer's & Dementia,
2011
c
¢ Prognostic utility of these biomarkers in
individual subjects remains unclear
¢ Some individuals with evidence of AD
neuropathological changes will not
develop clinical symptoms during life
¢ Multiple examples in other diseases:
Carcinomaiin situ
Heart disease detected on cardiac
catheterization or stress test

¢
¢

Operationalizing Preclinical AD Criteria -435
Iderly subjects (Jack et al, 2011)
148 NormalNormalg

Amyloid Positive Neurodegeneration Positive

Undefined
Cognitive <10%ile Amyloid negative/
_ neurodegeneration negative/
N=45 cognitive negative

Canadi an Consensus Conferened:sk(a

Summary and Conclusions(1)-Future of
biomarkers in cognitive aging, MCI, and
dementia?
¢ New lexicon highlights biomarker concept.
¢ Currently research criteriaf o r AMCI of
Al z hei me riévdll be yspdefar clinical trials
¢ Possiblerolein early detection;and diagnosis
clinically in the near future. - not yet clinical tools
exceptin AD.

¢ Not clear if it will be 1 test, or algorithm of
biomarkers plus age plus genetics plus reserve
measures plus vascular ris




‘ Summary and Conclusions(2)

¢ Biomarker studies will clarify when is MCI really
fiprodromalADo0 [term ofi Duboi s,
International Working Group].

¢ We are hampered by lack of understanding of exact
pathophysiology of early AD.

¢ Different imaging modalities tell you different
thingsi the information is not redundant

¢ Pressure for earlier diagnosis will be driven by
availability of new disease modifying drugs and
preventive therapies
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What can be done to accelerate research on
drugs to stop AD?-Use biomarkers to aid in
population selection/assessment of progression.

¢ Extensive biomarker validation and
standardization is a priority

¢ Develop validated surrogate endpoints for
clinical outcomes, to shorten clinical trials

¢ Need biomarkers able terdetect AD early in its
course.

¢ Biomarkers should be reliable, minimally
invasive, simple to perform, inexpensive

ideally (Consensus report, Neurobiology of Aging, 1998;
19, 101-116)

Current role of biomarkers
in AD clinical trials?

¢ No imaging or CSF biomarker has been
accepted as a validated surrogate in any
Al zhei mer 6s Disease

¢ ltis not clear, for instance, that successful
anti-amyloid disease madifying
immunotherapy, will lead to LESS brain
shrinkage (it may lead to MORE atrophy!).




What can be done to accelerate research on
drugs? - Treating earlier!
(Vellas et al, 2011, Progress in Neurobiology, 95; 594-600)

¢clnterventions at ndement
be too late to show effects.

¢ Study early MCI and late MCI (as in ADNI)

¢Study AMCI due to ADO (

¢ Study Cognitively Normal individuals with
positive amyloid biomarkers

¢ Use high risk populations defined by
genetics (APoE) and imaging (FDG PET)

¢ Study earlier age groups, and follow longer

6 Anti-Amyloid treatment in Asymptomatic AD
(A4) Trial Proposal i (ADCS)
¢ Enrol older individual (>70 years) i who are
amyloid positive
¢ High tracer retention on PET amyloid imaging
¢ Low CSF AB,.,,
¢ Clinically normal/asymptomatic*
¢ Treat with Solunezumab (anti-amyloid
monoclonal) for 3 years
¢ Test the hypothesis that altering
filupst rawloid accumulation will
i mpact fdo wresredegereraon
and rate of cognitive decline

Summary (1)-Future of biomarkers in
cognitive aging, MCI, and dementia?

¢ New lexicon brings biomarker research to the
forefront.

¢ New categories for AD with biomarker support

¢ Currently research criteriaf o r i MCI
Al z hei me ribéusedfoy @ieical trials.

¢ Biomarker studies will clarify when is MCI
r e alpftogromal ADO .

¢ Possible rolein early detection and diagnosis
clinically inthe near future. - not yet clinical
tools except in AD.




