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Relationship between normal state and dementia
The two-state view of early 1980’s

D Knopman



NINCDS-ADRDA Criteria 1984

views & reviews
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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, M

avid Drachman, MD; Marshall Folstein, MD; Robert Katzman, MD;

Donald Price, MD; and Emanuel M. Stadlan, MD

Alzheimer’s disease is a brain disorder characterized
by a progressive dementia that occurs in middle or
late life. The pathologic characteristics are degenera-
tion of specific nerve cells, presence of neuritic
plagues, 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
Stroke (NINCDS) and the Alzheimer’s Disease and
Related Disorders Association (ADRDA). The group
intended to establish and to describe clinical criteria
for the diagnosis of Alzheimer’s disease of particular
importance for research protocols and to describe
approaches that would be useful for assessing the
natural history of the disease. The need to refine
clinical diagnostic criteria has been emphasized 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-
over, therapeutic trials can be meaningfully com-
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¢

report has been reviewed by workshop participents,
representatives of the National Advisory Neu-
rological and Communicative Disorders and Stroke

representatives of the ADRDA, and desig-
nated reviewers representing professional societies
concerned with the diagnosis of Alzheimer’s disease.
(For list of professional societies and designated re-
viewers, see page 943.)

‘The report was developed by subgroups that ad-
dressed medical history, clinical examination, neu-
ropsychological testing, and laboratory assessments;
the report was then discussed in plenary session.
Based on a consensus of the participants, criteria
were developed to
nosis. These eriteria should be useful also for com-
parative studies of patients in different kinds of in-
vestigations, including case control studie:
therapeutic trials, evaluation of new diagnostic labo
ratory tests, and clinicopathologic (orr-’la

he disease. ’I‘he eri-
teria are compati s 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
ive and subject to change. Additional longi-
ludmnl studies, confirmed b\' autopsy, are necessary
to establish the vali ia i

duly 1984 NEUROLOGY 34 839

m McKhann et al 1984: clinical-
athologic entity

Probable AD diagnosis 1n life after

exclusions

Definite AD only at autopsy

m Over time, however, amnestic dementia
became equated with AD — ie non-
specific clinical presentation equated
with one specific neuropathology



Neuropath 1990s+: Pathologic heterogeneity of aging & dementia
m Alzheimer disease (plaques and tangles)
m Alpha synuclein (Lewy body disease)
m Limbic Associated TDP Encephalopathy (LATE disease)
m Cerebrovascular disease
m Argyrophillic grain disease

m All increase in prevalence with age
m Co-occurrence common; isolated pathology rare in old age
m All can be assoc. with dementia: “AD” syndromes not specific for AD

m All can be present in cognitively unimpaired



Biomarker era: earliest disease specific biomarkers, CSF then
amyloid PET

Neuroscience
Letters

Neuroscience Letters 273 (1999) 5-8

www.elsevier.com/locate/neulet

Cerebrospinal fluid tau and ApB42 as predictors of development of
Alzheimer’s disease in patients with mild cognitive impairment
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Imaging Brain Amyloid in Alzheimer’s
Disease with Pittsburgh Compound-B
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Ann Neurol 2004;55:306-319




History of diagnostic criteria for AD — incorporating biomarkers

m [WG (2007, 2010, 2014): clinical-biomarker construct
m NIA-AA 2011: 3 separate committees & 3 sets of guidelines

Dementia

entia [l (2011) 1-10

Recommendations from the National Institute on Aeing and the The diagnosis of mild cognitive impairment due to Alzheimer’s disease:
Alzheimer’s Association workgroup Recommendations from the National Institute on Aging and Alzheimer’s
: Association workgroup

¢, Dennis Dickson®, Bruno Dubois®,

Reisa A. Sperling™®, Paul 5. Ais rel A. kett”, £ > .
) ; ’ : Marilyn S '\Ibut
_ h. David M. Holtzman', William 1. Jag

Anne M. an :
© . S S O e Hu“de FLIdmlm Ni

Der C. Px ) . Reim: - s
i A rrillo® ies, Marcelle Morrisc C . Molly V. ster .,
sen, Peter J. Snyder™", . Carrillo®, Bill Thies®,

Dementia

Alzheimer’s & Dementia Ml (2011) 1-7

The diagnosis of dementia due to Alzheimer’s disease:
Recommendations from the National Institute on Aging and

Kux L‘\h 2,
A




outline

m History of diagnostic criteria for Alzheimer's disease (AD)

m National Institute on Aging — Alzheimer's Association

(NIA-AA) research framework
m NIA vs IWG

m [ntegration of plasma biomarkers into NIA-AA research
framework



Alzheimerss

CrossMark @J
Dementia

Alzheimer’s & Dementia 14 (2018) 535-562

ELSEVIER

2018 National Institute on Aging—Alzheimer’s Association (NIA-AA) Research Framework

NIA-AA Research Framework: Toward a biological definition
of Alzheimer’s disease

Clifford R. Jack, Jr.,”*, David A. Bennett”, Kaj Blennow", Maria C. Carrillod, Billy Dunn®,
Samantha Budd Haeberlem David M. Holtzman®, William Jdﬂust , Frank Jessen',

Im

Jason Karlawish’, Enchi Liu" Jose Luis Molinuevo', Th()mas Montine™, Creighton Phelps”,
Katherine P. Rankin", Chrlst()pher C. Rowe", Philip Scheltens”, Eric Siemers',
Heather M. Snyder, Reisa Sperling®
Contributors': Cerise Elliott, Eliezer Masliah, Laurie Ryan, and Nina Silverberg




Core principles of NIA AA research framework

m Separation of syndrome (impairment) from biology (etiology)

= Amnestic dementia and AD are not synonymous

m Biological definition

m Term AD refers to pathologic change (plaques & tangles — not to a
syndrome(s)

= Symptoms are a result of the disease process, not its definition

m AD defined by biomarkers in vivo — built on AT(N) construct

m Alzheimer's disease exists on a continuum not as discrete

clinically defined entities
Jack et al Alz & Dem 2018



Operationalization: how to create orderly, common use framework?
AT(N) biomarker grouping

|
m Aggregated AD tau or associated pathologic state: T
m CSF phosphorylated tau
m Tau PET
= Neuronal injury and neurodegeneration: (IN)
= Structural MRI
= FDG PET
= CSF total tau CSF Jack et al Neurology 2016



o AT(N) Biomarker category
AT(N) Biomarker s

Profiles

& C . A+T-(N)- [ Alzheimer’s
ate g orices pathologic change
m Fach biomatker gtoup ( AT (N)) A+T+(N)- | Alzheimer’s disease
A+T+(N)+ | Alzheimer’s disease Alzheimer’s

can be dichotomized S

<< ’9 A+T-(N)+ | Alzheimer’s and
=3 prOﬁleS concomitant suspected

m 3 “biomarker categories” e
pathologic change

® Normal biomarkers

m Alzheimer's continuum

= Non-AD pathologic change (SNAP)
Jack et al Alz & Dem 2018




Biomarker profiles: implicit disease staging
A-T-(N)- 2 A+T-(N)- 2 A+T+(N)- 2 A+T+(N)+

Biomarker Abnormality

CSFAB.42
— Amyloid PET
—— CSF tau
MRI + FDGPET
—— Cognitive impairment

Dementia

N . (©)

MCI
A

Detecti
Dotegton  A+T-N- A4TAN. A+T+N+

Normal

_—

Jack et al, Lancet Neurology 2010 & 2013
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Cognitive stage

Integrating syndromal cognitive staging with biomarker profiles

Cognitively Unimpaired

Mild Cognitive Impairment

Dementia

normal AD biomarkers,

cognitively unimpaired

normal AD biomarkers with MCI

normal AD biomarkers with

dementia

Preclinical Alzheimet’s

pathologic change

Alzheimer’s pathologic change
with MCI

Alzheimer’s pathologic change

with dementia

Preclinical Alzheimer’s disease

Alzheimer’s disease with
MCI(Prodromal AD)

Alzheimer’s disease with

dementia

Alzheimer’s and concomitant
suspected non Alzheimer’s
pathologic change, cognitively

unimpaired

Alzheimet’s and concomitant
suspected non Alzheimer’s

pathologic change with MCI

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

dementia

non-Alzheimer’s pathologic
change, cognitively

unimpaired

non-Alzheimer’s pathologic change
with MCI

non-Alzheimer’s pathologic

change with dementia

Jack et al Alz & Dem 2018
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Biggest controversy for 2018 NIA AA framework:
What is the definition of AD?
How should the term AD be used?

Two camps
m Biological definition is appropriate

m Biological definition is not appropriate



Consequence of defining AD as progressive amnestic dementia —
illustrations of usefulness of biological definition of AD

m frequent mismatches between clinical diagnosis of “probable
AD” (progressive amnestic dementia) & neuropathologic and
biomarker diagnoses (Beach 2072; Sensitivity 70-87%o;
Specificity 44-70%o)

m [ailure modes of defining AD as a syndrome

m Progressive amnestic syndrome due to non AD pathology
= AD can present with non amnestic syndromes

m Clinical definition of AD does not acknowledge preclinical disease



Amnestic Dementia Phenotype - yes: AD Biology - no

86 yo, F, progressive amnestic dementia. Clinic Dx “AD”. Biomarker profile
A-T-N+, suspected non-Alzheimer’s pathologic change with dementia.
Autopsy, Hipp Scl with TDP43 (LATE Dz)

A- T- (N)+

Jack et al Alz & Dem 2018



Amnestic Dementia Phenotype - no: AD Biology - yes

52 yo, F, behavioral/dysexecutive presentation, memory intact, limbic Sparing EOAD
Amyloid PET Tau PET

Mayo Clinic ADRC
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IWG

Research criteria for the diagnosis of Alzheimer’s disease:
revising the NINCDS-ADRDA criteria

Bruno Du , Howard H Feldman*, Claudiajacova, StevenT Del ) ale B
. Gauthier, Gregory Ji ) en, Flor

3runo Dubois, Howard H Feldman, Claudia Jacova,

Giovanni ) Fox, Dougla
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Advancing research diagnostic criteria for Alzheimer’s
disease: the IWG-2 criteria

Clinical diagnosis of Alzheimer’s disease: recommendations
of the International Working Group
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NIA-AA vs IWG

— A fluid

Amyloid PET

p-tau fluid
—— Tau PET

MRI + FDG PET
—— Cognitive impairment

IWG - at r_isk for AD
VS.

threshold NIA—AA — preclin AD/

l

Biomarker Abnormality

Detection

Modified from Jack et al Lancet Neurology 2010, 2013, 2022



AT(N) classification and clinical progression in
subjective cognitive decline Ebenau et al Neurology 2020

Table 2 Clinical progression in 8 ATN biomarker profiles

Clinical progression details Cox proportional hazard models

Other
Total progression, n (%) \ dementia,n  Progression to dementia® Progression to MCl or dementia®

g (5) 20 1 (reference) 1 (reference)

0(0) 0 e .

5(8) 3.2 (0.5-19.3) 1.0(0.3-3.1)

1(14) 185(1.6-211.4) 3.6 (0.4-29.7)

7(25) 9.7 (1.6-59.3) 5.3 (2.0-14.4)

D[D} e e

18 (51) 20.2(3.7-110.2) I 9.1 (3.6-22.5)

& (86) 623 (9.5-408.4) 30.9 (9.6-99.3)

N= 693 Amsterdam cohort
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Major limitation of biological definition
(until recently), major reason for “research
framework” terminology

m Problem: CSF and PET imaging are invasive, expensive —
limits use to specialty clinics or clinical trials

m Solution: plasma biomarkers
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High performance plasma amyloid-3 biomarkers
for Alzheimer’s disease

Akinori Nakamura', Naoki Kaneko?, Victor L. Villemagne®*, Takashi Kato*, James Doecke®, Vincent Doré*°, Chris Fowler?,
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Alzheimer’
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Theoretical Article

Amyloid  concentrations and stable isotope labeling kinetics of human
plasma specific to central nervous system amyloidosis

Vitaliy Ovod™', Kara N. Ramsey™', Kwasi G. Mawuenyega®, Jim G. Bollinger”, Terry Hicks®",
Theresa Schneider”, Melissa Sullivan®, Katrina Paumier”, David M. Holtzman™"*,
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Neuroscience Letters 650 (2017) 60-64
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Neuroscience Letters

JAMA Neurology | Original Investigation — journal homepage: www.elsevier.com/locate/neulet
Association of Plasma Neurofilament Light Research aricle
Wlth Neu rOdegeneration in Patients W|th Alzheimer Disease Plasma neurofilament light chain levels in Alzheimer’s disease™

Wenjun Zhou®!, Jie Zhang®*', Fanlong Ye®, Guangzheng Xu*®, Hang Su?, Yindan Su®,
Xiangyang Zhang®+, Alzheimer's Disease Neuroimaging Initiative
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Update of AT(N) multimodal biomarker system in NIA AA
framework

m [ncorporate plasma biomarkers

m Eliminate assumption of equivalence between imaging and
fluid biomarkers

m Clinical applicability: updated system must be practical, usable
in clinical setting to meet needs of era of disease moditying
treatments



AD biomarker harmonization

The Alzheimer’s Association QC program:
https://www.gu.se/en/neuroscience-physiology/the-alzheimers-association-

qc-program-for-csf-and-blood-biomarkers

International Federation of Clinical Chemistry and Laboratory Medicine
working group for CSF and plasma proteins: https://www.ifcc.org/ifcc-
scientific-division /sd-working-groups/csf-proteins-wg-csf/

Global Biomarker Standardization Consortium:
https://www.alz.org/research /for_researchers/partnerships/gbsc

The Centiloid Project: Standardizing quantitative amyloid plaque estimation by
PET: Klunk et al Alz and Dem 2015


https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gu.se%2Fen%2Fneuroscience-physiology%2Fthe-alzheimers-association-qc-program-for-csf-and-blood-biomarkers&data=05%7C01%7CJack.Clifford%40mayo.edu%7C6276feb341674ec1cd5908db1ae574b2%7Ca25fff9c3f634fb29a8ad9bdd0321f9a%7C0%7C0%7C638133345651346773%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000%7C%7C%7C&sdata=I10r8R8zgj2ozOMYS235T6t9Cpt0mcBPqZ6s%2FLMEfQw%3D&reserved=0
https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gu.se%2Fen%2Fneuroscience-physiology%2Fthe-alzheimers-association-qc-program-for-csf-and-blood-biomarkers&data=05%7C01%7CJack.Clifford%40mayo.edu%7C6276feb341674ec1cd5908db1ae574b2%7Ca25fff9c3f634fb29a8ad9bdd0321f9a%7C0%7C0%7C638133345651346773%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000%7C%7C%7C&sdata=I10r8R8zgj2ozOMYS235T6t9Cpt0mcBPqZ6s%2FLMEfQw%3D&reserved=0
https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ifcc.org%2Fifcc-scientific-division%2Fsd-working-groups%2Fcsf-proteins-wg-csf%2F&data=05%7C01%7CJack.Clifford%40mayo.edu%7C6276feb341674ec1cd5908db1ae574b2%7Ca25fff9c3f634fb29a8ad9bdd0321f9a%7C0%7C0%7C638133345651346773%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000%7C%7C%7C&sdata=DGwBC1GBxrumqdynu4RNt6Ooe1JWEjVQqPxRRfCwils%3D&reserved=0
https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ifcc.org%2Fifcc-scientific-division%2Fsd-working-groups%2Fcsf-proteins-wg-csf%2F&data=05%7C01%7CJack.Clifford%40mayo.edu%7C6276feb341674ec1cd5908db1ae574b2%7Ca25fff9c3f634fb29a8ad9bdd0321f9a%7C0%7C0%7C638133345651346773%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000%7C%7C%7C&sdata=DGwBC1GBxrumqdynu4RNt6Ooe1JWEjVQqPxRRfCwils%3D&reserved=0
https://www.alz.org/research/for_researchers/partnerships/gbsc

Integrating clinical presentation (6 numeric stages) with biomarker
staging: Independent sources of information

Clinical staging

A+T-(N)-

Biomarker

staging A+THIN)-

A+T+(N)+
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