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What is a biomarker?

* A measure of brain pathology that can be obtained in the living
subject — biomarkers are proxies for specific pathological changes
in the brain

* Accepted Alzheimer's biomarkers are imaging or biofluids (CSF)
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Outline

» AD Diagnosis past and current
 ATN Framework

» Mayo Clinic Study of Aging

« Biomarkers in the community
 Big picture and future directions
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Old Conception of Alzheimer’s Disease

Cognitively Normal Dementia
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Alzheimer’s Disease Spectrum

Preclinical AD

MCI Due to AD

Dementia Due to AD
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views & reviews

Article abstract—Clinical criter

these criteria will be revised

NINCDS-ADRDA Criteria 1984

ase include insidious onset and progrs
© rly in lhE

ementia and help
the diagn
s more definitive information becomes av

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

Guy McKhann, MD; David Drachman, MD;

Donald Price, MD; and

Alzheimer's disease is a brain rder charact d
by a progressive dementia that occurs in middle or
late life. The pathologic characteri re degenera-
tion of specific nerve cells, pre: of neuritic
plaques, and neurofibrillary tangles. Alterations in
transmitter-specific markers include forebrain cho-
linergic systems, and, in some cases, noradrenergic
and somatostatinergic systems that innervate the
telencephalon.

A Work Group on the Diagnosis of Alzheimer’s
Disease was established by the National Institute of
Neurological and Communicative Disorders and

oke (NINCDS) and the Alzheimer’s Disease and
Related Disorders Association (ADRDA). The group
intended to establish and Mdesu. be clinical criteria

importance for “research protocols and to dsscnbv
approaches IhBt m)uld be useful for assessing the

clinical dmgnn»hr criteria hﬁs been emphmnzed be-
cause 20% or more of cases with the clinical diagnosis
of Alzheimer's disease are found at autopsy to have
other conditions and not Alzheimer’s disease. More-
trials can be meaningful

pared only if uniform criteria are used for diagnosis
and response to treatment.

The need for this report was suggested by the
National Advisory Council of the NIN The

Marshall Folstein, MI); Robert Katzman, MD;
Emanuel M. Stadlan, MD

report has been reviewed by \-\.u]kshup parﬁ
representatives of th

rological and Communi

Council, Tepresentatives o

nated reviewers representing pruleﬂmml EL
concerned with the diagnosis of Alzheimer”

(For list of professional societies and designated re-
viewers, see page 943.)

the repurt was then di
Based on a ©
were developed to s

d of patients in different kinds of in-
vestigations, including case control studies
therapeutic trials, evaluation of new diagnostic lal
ratory tests, and clinicopatholoy i

The criteria are not yet fully operational because
of insufficient knowledge about the disease. The cri-
teria are compatible with definitions in the current
Diagnostic and Statistical Manual of Mental Disor-
ders (DSM III) and in the International Classifica-
tion of Diseases. These criteria must be regarded as
tentat ject to change. Additional longi-
tudinal studies, confirmed by autopsy, are necessary
to establish the validity of these criteria in com-
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Alzheimer’s Disease as a
Clinical — Pathological Entity



Alzheimer’s Disease




Alzheimer’s
o

2018 National Institute on Ag Alzheimer’s Association (NIA-AA) Research Framework
NIA-AA Research Framework: Toward a biological definition
of Alzheimer’s disease
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Jason Karl J, Enchi Liu*, Jose Luis Molinuevec . s Montine™, Creighton Phelps”,

Katherine P. Rankin®, Ch
He

2018 National Institute on Aging—Alzheimer’s Association (NIA-AA) Rescarch Framework
NIA-AA Research Framework: Toward a biological definition
of Alzheimer’s disease

Clifford R. Jack, Jr David A. Bennett”, Kaj Blennow®, Maria C. Carrillo“, Billy Dunn®,
Samantha Budd Haeberlein', David M. Holtzman®, William Jagust”, Frank Jessen,
Jason Karlawish’, Enchi Liu*, Jose Luis Molinuevo', Thomas Montine™, Creighton Phelps”,
Katherine P. Rankin", Christopher C. Rowe", Philip Scheltens, Eric Siemers',
Heather M. Snyder”, Reisa Sperling®
Contributors erise Elliott, Eliezer Masliah, Laurie Ryan, and Nina Silverberg

e under the CC BY-NC-ND

MAYO. Jack et al: Alzheimer's & Dementia 14(2018)535-562.
Yy



Outline

» AD Diagnosis past and current
 ATN Framework

* Mayo Clinic Study of Aging

- Biomarkers in the community
 Big picture and future directions

MAYO
CLINIC

&y



VIEWS & REVIEWS
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A/T/N: An unbiased descriptive

classification scheme for Alzheimer disease

biomarkers

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 B-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+/N—, or A+/T—/N—, etc. The A/T/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
in any 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)
* Tau PET

* Neuronal injury and neurodegeneration (N)
* Structural MRI
- FDG PET
« CSF total tau (high)
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2018 NIA-AA Research Framework
to Investigate the Alzheimer’s
Disease Continuum

Objective: update a scheme for defining and
staging the disease across its entire spectrum with
which the research community can communicate
findings in a common manner
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What is the definition of AD?

« Term AD refers to pathologic change — not specific
syndrome

« AD is identified at post mortem by pathologic changes
and/or in vivo by biomarkers
- Symptoms are part of the disease continuum not its
definition

*Major shift in thinking
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Biomarker Profiles and Categories

ATN profiles Biomarker category

A-T-N- Normal AD biomarkers

A+T-N- Alzheimer’s pathologic change

A+T-N+ Alzheimers pathologic change Alzheimer’s
continuum

A+T+N- Alzheimers disease

A+T+N+ Alzheimers disease

A-T+N- Non- AD pathologic change

A-T-N+ Non- AD pathologic change

A-T+N+ Non- AD pathologic change

MAYO If an individual has an abnormal amyloid biomarker study, but a biomarker for tau is not available,

C%C then the individual is placed into the “Alzheimer’s continuum”



Biomarker Profiles and Categories

A+T-N- Alzheimer’s pathologic
change
A+T-N+ Alzheimers pathologic Alzheimer’s
change continuum
A+T+N- Alzheimers disease
A+T+N+ Alzheimers disease
MAYO If an individual has an abnormal amyloid biomarker study, but a biomarker for tau is not available,

C%C then the individual is placed into the “Alzheimer’s continuum”



Biomarker Profiles and Categories

A+T+N- Alzheimers disease
A+T+N+ Alzheimers disease
MAYO If an individual has an abnormal amyloid biomarker study, but a biomarker for tau is not available,

C%C then the individual is placed into the “Alzheimer’s continuum”



Neuroimaging in AD



Amyloid Imaging
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Amyloid PET - Full Spectrum
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Amyloid (PiB) PET Differences
Cognitively Normal vs. AD Dementia




Tau Imaging



Tau PET

Clinically normal 84-yo AD dementia 71-yo
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Tau PET




Proposal to Define and Stage AD

To Stage AD
Neurodegeneration
MRI
FDG PET
Clinical Syndromes



MRI Atrophy Patterns



Structural MRI: Atrophy and AD Stage

Control, 70, F MCI, 72, F
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AD Signature Cortical Thickness
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MRI Gray Matter Differences

Cognitively Normal vs. AD Dementia




Functional Imaging
FDG PET
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FDG PET Differences
Cognitively Normal vs. AD Dementia




33 yo, F, cognitively unimpaired: A-T-(N)- profile

Amyloid
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75 yo F, amnestic multi domain dementia: A+T+(N)+ profile




MCI A+T+N+, 88, F




Cognitively unimpaired, 67 yo, M: A+T-(N)- profile
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Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

e Jack et al: Alzheimer's & Dementia 14(2018)535-562.
@ ©2018 MFMER | 3744869-41



Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

e Jack et al: Alzheimer's & Dementia 14(2018)535-562.
@ ©2018 MFMER | 3744869-42



Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

SN Jack et al: Alzheimer's & Dementia 14(2018)535-562.
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Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

SN Jack et al: Alzheimer's & Dementia 14(2018)535-562.
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Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

SN Jack et al: Alzheimer's & Dementia 14(2018)535-562.
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Amyloid pathology

Alzheimer’s
pathologic
change
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Tau pathology

Neurodegeneration Cognitive impairment

Jack et al: Alzheimer's & Dementia 14(2018)535-562.
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Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

Alzheimer’s
pathologic
change

Alzheimer’s
disease

e Jack et al: Alzheimer's & Dementia 14(2018)535-562.
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Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

Alzheimer’s Alzheimer’s and
pathologic concomitant non
change Alzheimer’s
pathologic
change

Alzheimer’s
disease

Maxo, Jack et al: Alzheimer's & Dementia 14(2018)535-562.
@ ©2018 MFMER | 3744869-48



Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

Alzheimer’s Alzheimer’s and
pathologic concomitant non
change Alzheimer’s
pathologic
change

Non Alzheimer’s
. , e
disease

change

Maxo, Jack et al: Alzheimer's & Dementia 14(2018)535-562.
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Outline

 AD Diagnosis past and current
 ATN Framework

» Mayo Clinic Study of Aging
 Biomarkers in the community
 Big picture and future directions
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Mayo Clinic Study of Aging
(U01 AG006786)



Mayo Clinic Study of Aging

*Population-based study of 6900+
(3200 active) non-demented persons age
30-89 years in Olmsted County, MN



Mayo Olmsted Study of Aging
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Enrollment and Follow-Up
>70 Years Old

2004 20|06 20|08 20|10 20|12 20|14 20|1 6 20|18
| | | | | | | | |
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50-69 Years Old e ? F-U Cycle 10-12
2012 2013 2014 2015 2016 2017 2018 2019
e
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Evaluation

Consent form
v
(=] [oYeTe We [\
v
Clinical evaluation
\ 4 ‘ v
Nurse/SC interview Neurological evaluation Cognitive assessment
v v v
/ Pa!'ticip_)ant \ ( Neurological history \ /Logical m“g;nl?';y(delayed)
Family history Short test of mental status Visual reprod (delayed)
De?nlgr(::t mg‘;'r"‘f’g::zgzon Modified Hachinski scale AVLT
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Resources Acquired

* 6000+ non-demented subjects
*80% Cognitively normal
*18% MCI
* 2% With dementia

* 6000+ quantitative MRI scans
«~ 6000 DNA samples

*~ 6000 frozen plasma/serum samples
‘plus annual samples

* Clinical and performance measures



Continuation of MCSA

* Add new subjects to cohort (5007?)
« Continue annual clinical follow-ups
« Continue serial MRI/PET scans

* Collect annual plasma/serum

* Collected 1200 CSF’s

* Performed 2800 FDG-PET scans

* Performed 3300 PiB PET scans

* Performed 1200 tau PET scans



Total Participants Seen in Person by Age and Sex

1200
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800 -
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400 -
200 -

0 -

Number

30-39 40-49 50-59 60-69 70-79 80-89 90+

Age, years (baseline visit)

N Total: 6,176 (49.4% women, 50.6% men)
@ N: Age 30-49 = 487; 50-69 = 1,800; 70+ = 3,889
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Active Participants by Age and Sex

B Women

30-39

40-49 50-59 60-69 70-79 80-89 90+

Age, years (current)

Total: 3,089 (49.2% women, 50.8% men)
N: Age 30-49 = 370; 50-69 = 979; 70+ = 1,740



Outline

 AD Diagnosis past and current
 ATN Framework

« Mayo Clinic Study of Aging

« Biomarkers in the community
 Big picture and future directions
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Biomarkers Across the
Age Spectrum
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W eighting and standardization of
frequencies to determine prevalence of AD
imaging biomarkers

Weighting and standardization of
frequencies to determine prevalence of
AD imaging biomarkers

Rosebud O. Roberts, MBChB; David S. Knopman, MD; Jeremy A. Syrjanen, MS;
Jeremiah A. Aakre, MPH; Maria Vassilaki, MD, PhD; Walter K. Kremers, PhD;
Michelle M. Mielke, PhD; Mary M. Machulda, PhD; Jonathan Graff-Radford, MD;
Yonas E. Geda, MD; Prashanthi Vemuri, PhD; Val Lowe, MD; Clifford R. Jack, Jr.,

MD; Ronald C. Petersen, PhD, MD

Supplemental data

at Neurology.org

Neurology® 2017;89:2039-2048



Population Frequencies
of Biomarkers in Typical AD
100 =
80
60
40
20

0 = T |
50 60 70 80 90

Age (years)
Jack et al: Lancet Neurol 13:997,2014

Frequency (%)
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Articles

Age-specific and sex-specific prevalence of cerebral
B-amyloidosis, tavopathy, and neurodegeneration in
cognitively unimpaired individuals aged 50-95 years:
a cross-sectional study

Age-specific and sex-specific prevalence of cerebral
B-amyloidosis, tavuopathy, and neurodegeneration in

cognitively unimpaired individuals aged 50-95 years:
a cross-sectional study

Clifford R Jack Jr, Heather | Wiste, Stephen D Weigand, Terry M Therneau, David S Knopman, Val Lowe, Prashanthi Vemuri, Michelle M Mielke,
Rosebud O Roberts, Mary M Machulda, Matthew L Senjem, Jeffrey L Gunter, Walter A Rocca, Ronald C Petersen

Lancet Neurol 2017; 16: 435-44

dependent and amyloid-independent pathologica i fied in the cognitively unimpaired population.
The prevalence ATN group changed ¢ wi progression towards more biomarker

ute on Aging (part of the US National Institutes of Health), the Alexander Family Professorship
Research, the Mayo Clinic, and the GHR Foundation.

mnal  Institute o
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Prevalence of ATN Biomarkers Groups

Women Men
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JAMA Neurology | Original Investigation

Prevalence of Biologically vs Clinically Defined Alzheimer
Spectrum Entities Using the National Institute on Aging-

Alzheimer’s Association Research Framework July 2019

Clifford R. Jack Jr, MD; Terry M. Therneau, PhD; Stephen D. Weigand, MS; Heather J. Wiste, BA; David S. Knopman, MD: Prashanthi Vemuri, PhD;
Val J. Lowe, MD; Michelle M. Mielke, PhD; Rosebud O. Roberts, MB, ChB; Mary M. Machulda, PhD; Jonathan Graff-Radford, MD; David T. Jones, MD;
Christopher G. Schwarz, PhD; Jeffrey L. Gunter, PhD; Matthew L. Senjem, MS; Walter A. Rocca, MD; Ronald C. Petersen, MD, PhD




Objective

 What are the age- and sex-specific prevalences of the three
biological markers in the AD research framework in various
combinations compared to the clinical syndromic
conditions associated with AD?
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Prevalence of Biologically vs Clinically Defined
Alzheimer Disease

Women Men
80 - 80 -
> 60 - 60 -
@ A+
o A+T#
c i
% 40 T 40 i
> e —
&’ 20 - 20 /
— ks 1zCS oo 1zCS
0 T T T T T T 0 T T T T T T
60 65 70 75 80 85 90 60 65 70 75 80 85 90
Age (years) Age (years)
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Prevalence of Biological and Clinical AD

* Prevalence of A+T+ exceeds clinical AD at any age

* At age 85, the prevalence of biological AD is 3X
clinical dementia due to AD

* Most of the differences are due to asymptomatic AD

« Utility: planning of clinical trials
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Outline

* AD Diagnosis past and current
 ATN Framework

« Mayo Clinic Study of Aging
 Biomarkers in the community

* Big picture and future directions
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But, at the end of the day...
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Many Pathologies Increase in
Prevalence With Age in Addition to AD

Cerebrovascular disease
PART

ICATTAVA o Yoo \VAe [EY-F- 17
Hippocampal sclerosis
TDP 43

Argyrophillic grains

Mixed path most common

- -
- Cf:-rebrovascular dlse_ase Newer data:
= Hippocampal sclerosis Dementia reflects
m Autopsy-confirmed AD ltio| tholoqi
50 - Other: FTLD, pure DLB, etc multiplé pathologies
0 H
o
c Average age of :
Q Tomlinson, Blessed, & :
t; Roth (1967) cohorts
)
— 0
0

40 50 60 70 80 90 100
Age
Nelson: Acta Neuropath, 2011
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Three Broad Mechanisms of CVD

 Small vessel disease related to hypertensive arteriopathy or
SVD-H

 Small vessel disease related to cerebral amyloid angiopathy
or SVD-CAA

- Large (embolic/occlusive) vessel disease or LVD
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Measurements usmg MRI
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Alzheimer’s
~ Disease

TDP-43

Hippocampal
sclerosis

Spectrum
CN - MCI - Dementia

Synuclein

Vascular
Disease
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Clinical
Pathology
Biomarker
Therapy

0.

TDP-43
Hippocampal
Sclerosis

PET/CSF
Plasma

Vascular
Disease

PET/CSF
Plasma

Petersen, Neurology, 2018,91:,395:402



Summary: Biomarkers and AD

* NIA-AA Research Framework feasible

* Role of biomarkers increasingly important
* Clinical diagnosis remains vital

* But, multiple co-pathologies common

* Work to do
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