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Old Conception of Alzheimer’s Disease
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Alzheimer’s Disease Spectrum

Preclinical AD

MCI Due to AD

Dementia Due to AD
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Alzheimer’s Disease Spectrum
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Alzheimers

&

Dementia

Introduction to the Recommendations
from the National Institute on
Aging-Alzheimer’s Association
Workgroups on Diagnostic Guidelines

for Alzheimer’s Disease

Clifford R. Jack, Jr, Marilyn S. Albert, David S. Knopman,
Guy M. McKhann, Reisa A. Sperling, Maria C. Carrillo,
Bill Thies, Creighton H. Phelps

CLINIC Alz and Dementia, 2011
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Hypothetical Model of Dynamic Biomarkers of
the Alzheimer’s Pathological Cascade
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Neuroimaging in AD



Neuroimaging in AD

e Structural MRI

°Functional imaging
FDG PET

*Molecular imaging
Amyloid PET imaging
Tau PET imaging
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Structural Imaging in AD



Structural MRI: Atrophy and AD
Stage

Control, 70, F MCI, 72, F AD, 74, F



Functional Imaging in AD
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Molecular Neuroimaging
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Tau PET



Tau PET

Clinically nhormal AD dementia 71yo
84yo
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Alzheimer’s Disease Spectrum

Preclinical AD

MCI Due to AD

Dementia Due to AD
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Dementia Due to AD

Biomarker

probability of AD AB Neuronal injury
Diagnostic category etiology (PET or CSF) (tau, FDG, sMRI)
Probable AD Uninformative/ Conflicting/
dementia available indeterminant or unavailable
Probable AD with Intermediate ? Positive
evidence of path AD Highest Positive Positive
Possible AD High consider Positive Positive
dementia atypical secondary
with path
Dementia unlikely Lowest Negative Negative
AD

MAYO McKhann et al: 2011
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MCI Due to AD

Biomarker

probability of AD AB Neuronal injury
Diagnostic category etiology (PET or CSF) (tau, FDG, sMRI)
MCI Uninformative Conflicting/

indeterminant or unavailable
MCI due to AD - Intermediate Positive Untested
intermediate Intermediate Untested Positive
likelihood
MCI due to AD - Highest Positive Positive
high likelihood
MCI — unlikely due to Lowest Negative Negative
AD
MAYO Albert et al: 2011
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Diagnostic
category

Stage 1
Stage 2
Stage 3

Stage 0
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Preclinical AD

AB
(PET or CSF) Neuronal injury

Positive Negative
Positive Positive
Positive Positive
Negative Negative

Clinical

Negative
Negative
Positive

Negative

Sperling et al: 2011



Mayo Clinic
Study of Aging
(U01 AG006786)



Mayo Clinic
Study of Aging

Population-based study of 5000+
(2800 active) nondemented

persons age 30-89 years in
Olmsted County, MN



MCSA Cycles of Recruitment and Follow-Up

270 Years Old
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Evaluation

Consent form

y

Blood draw

y

Y

Clinical evaluation

Nurse/SC interview

y

Neurological

Y

/ Participant
Family history

Current medications
Demographic
information
Memory & orientation
Medical history &
risk assessment
Neuropsychiatric
inventory

Study partner
Clinical dementia rating
Functional
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; Short test of mental ;
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Resources Acquired

*5000+ non-demented subjects
80% Cognitively normal
18% MCI
2% Demented

*5800 quantitative MRI scans
°*~ 5000 DNA samples

°~ 5000 frozen plasma/serum samples
plus annual samples

%" "eClinical and performance measures



Continuation of MCSA

°* Add new subjects to cohort (500?)

* Continue annual clinical follow-ups

° Continue serial MRI/PET scans

* Collect annual plasma/serum

*Collected 1200 CSF’s

*Performed 2800 FDG-PET scans

*Performed 2800 PiB PET scans
w*Performed 1000 tau PET scans
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Assessing Biomarkers in the
Community

° Biomarker negative (A- N-)
Amyloid neg
FDG PET/MRI neg

°* Amyloid positive Neurodeg neg (A+ N-)
Amyloid pos
FDG PET/MRI neg

* Amyloid pos Neurodeg pos (A+ N+)
Amyloid pos
FDG PET/MRI pos

°* Neurodegen only (A- N+) (SNAP)

Amyloid neg

FDG PET/MRI
@M CCCCCCCCC pos



Preclinical AD



Diagnostic
category

Stage 1
Stage 2
Stage 3
Stage 0
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Preclinical AD

AB
(PET or
CSF)

Positive
Positive
Positive

Negative

Neuronal
injury
Negative
Positive

Positive

Negative

Clinical

Negative
Negative
Positive

Negative

Sperling et al: 2011
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Pre-clinical Normal

Population Frequencies
Jack et al., Ann Neurol, 2012
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NIA-AA Preclinical AD Staging
in Relation to Our Hypothetical Model
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Biomarkers Across the Age Spectrum
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Assessing Biomarkers in the
Community

° Biomarker negative (A- N-)
Amyloid neg
FDG PET/MRI neg

°* Amyloid positive Neurodeg neg (A+ N-)
Amyloid pos
FDG PET/MRI neg

* Amyloid pos Neurodeg pos (A+ N+)
Amyloid pos
FDG PET/MRI pos

°* Neurodegen only (A- N+) (SNAP)

Amyloid neg

FDG PET/MRI
@M CCCCCCCCC pos



Population Frequencies
of Biomarkers in Typical AD
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Population Frequencies of Biomarkers
by Age, Sex and ApoE4 Status
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Preclinical Alzheimer’s Disease and Its
Outcome: A Longitudinal Cohort Study

Stephanie J. B. Vos; Chengjie Xiong; Pieter Jelle Visser;
Mateusz S. Jasielec; Jason Hassenstab;
Elizabeth A. Grant; Nigel J. Cairns; John C. Morris;
David M. Holtzman; Anne M. Fagan

Lancet Neurology, 12:957, Oct., 2013



Articles

Preclinical Alzheimer’s disease and its outcome:
a longitudinal cohort study
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Pre-Clinical AD Stages
Neuroimaging vs CSF

50

B MCSA, Jack et al, 2012
M Vos et al, 2013
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MAYO Petersen: Lancet Neurol, 2013
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MCI Due to AD



Hypothetical Model of Dynamic Biomarkers
of the Alzheimer’s Pathological Cascade
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MCI Due to AD

Biomarker

probability of AD AB Neuronal injury
Diagnostic category etiology (PET or CSF) (tau, FDG, sMRI)
MCI Uninformative Conflicting/

indeterminant or unavailable
MCI due to AD - Intermediate Positive Untested
intermediate Intermediate Untested Positive
likelihood
MCI due to AD - Highest Positive Positive
high likelihood
MCI — unlikely due to Lowest Negative Negative
AD
MAYO Albert et al: 2011
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But...

Life is not simple



Amyloid/Tau/Neurodegeneration

a descriptive classification scheme
for AD biomarkers

Adding Tau as a Biomarker
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A/T/N: An unbiased descriptive

classification scheme for Alzheimer disease

biomarkers
OPEN

ABSTRACT

Biomarkers have become an essential component of Alzheimer disease (AD) research and
because of the pervasiveness of AD pathology in the elderly, the same biomarkers are used in
cognitive aging research. A number of current issues suggest that an unbiased descriptive clas-
sification scheme for these biomarkers would be useful. We propose the “A/T/N" system in which 7
major AD biomarkers are divided into 3 binary categories based on the nature of the pathophys-
iology that each measures. “A" refers to the value of a p-amyloid biomarker (amyloid PET or CSF
AB42); “T," the value of a tau biomarker (CSF phospho tau, or tau PET); and “N," biomarkers of
neurodegeneration or neuronal injury ([*8F]-fluorodeoxyglucose-PET, structural MRI, or CSF total
tau). Each biomarker category is rated as positive or negative. An individual score might appear as
A+[T+IN-, or A+/T—IN-, etc. The AT/N system includes the new modality tau PET. It is agnos-
tic to the temporal ordering of mechanisms underlying AD pathogenesis. It includes all individuals
inany population regardless of the mix of biomarker findings and therefore is suited to population
studies of cognitive aging. It does not specify disease labels and thus is not a diagnostic classi-
fication system. It is a descriptive system for categorizing multidomain biomarker findings at the
individual person level in a format that is easy to understand and use. Given the present lack of
consensus among AD specialists on terminology across the clinically normal to dementia spec-
trum, a biomarker classification scheme will have broadest acceptance if it is independent from
any one clinically defined diagnostic scheme. Neurology® 2016;87:1-9




ATN Biomarker Grouping

= B-amyloid plaques (A)
= CSF Ab 42 (low), or better low 42/40 ratio
= Amyloid PET

= Aggregated tau (T)
= CSF phosphorylated tau (high)
= lau PET

= Neuronal injury and neurodegeneration (N)
= Structural MRI
« FDG PET
= CSF total tau (high)



A/T/N for MCI

A/TIN score

NIA-AA classification 2014 IWG classification

A-/T-IN-
A+/T-IN-

A+/T+/N-
A+/T-IN+

A+/T+/N+

A-T+/N- **
A-IT-IN+ **
A-ITHN+ **

MCI — unlikely due to AD  Not defined

MCI - core clinical criteria®* Typical AD (if A+ established
by amyloid PET)

MCI — core clinical criteria® Typical AD

MCI — core clinical criteria®* Typical AD (if A+ established
by amyloid PET)

MCI due to AD - high Typical AD
likelihood

Not defined Not defined
Not defined Not defined
Not defined Not defined

*In event of conflicting results, biomarkers are regarded as “uninformative” and therefore do
not alter the individual’s diagnostic classification based on clinical assessment alone

** Described as MCI-SNAP in several publications
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Summary: ATN

= Descriptive system for categorizing multi
-domain biomarker

= Includes tau PET
= Includes all individuals in population
= Applicable to any clinical classification system

= Allows investigators to communicate in a
common language

= Unifying conceptual approach to biomarkers



But, at the end of the day...
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