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The Good,

The Framework for the first time clearly distinguishes between the
underlying disease — Alzheimer’s disease

and its cognitive consequences — cognitive decline and cognitive
impairment

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. Carrillo”, Billy Dunn",
Samantha Budd Haeberleini, David M. Holtzman®, William Jaguslh, 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': Cerise Elliott, Eliezer Masliah, Laurie Ryan, and Nina Silverberg

Jack CR, et al. Alz & Dementia. 2018;14:535-562.



Ecclesiastes 1:9

“That which hath been is that which shall be, and that which hath been
done is that which shall be done; and there is nothing new under the sun.”



What Is- Atherosclerosis?
Atherosclerosis is a disease in which plaque builds up inside your arteries.

What are symptoms of Atherosclerosis?
Typically NONE!
It needs to severely narrow or totally block an artery

Coronary arteries
angina, myocardial infarction, arrythmia
Carotid arteries
TIA, stroke
Femoral arteries
claudication
Renal arteries
chronic kidney disease

Mational Heart, Lung,
and Blood Institute




Consumption

Coughing pain, coughing up blood, chest pain, weight loss, fatigue, fever, chills,
night sweats

Pott’s disease
Back pain, fever, weight loss
Scrofula

Painless swelling of cervical lymph nodes and other areas of the body, sweating,
fever..

1882 - Robert Koch discovered the cause of tuberculosis
1908 - Clemens von Pirquet and Charles Mantoux developed the TB skin test - PPD



BRITISH MEDICAL JOURNAL

LONDON SATURDAY DECEMBER 4 1937

THE EARLY DIAGNOSIS OF PULMONARY TUBERCULOSIS *

GEOFFREY MARSHALL, M.D., F.R.C.P.
hysician, Guy's Hospital ; Assistant Physician, Brompton Hospital

“I have heard physicians state that they could diagnose pulmonary
tuberculosis in its earliest stages by physical examination of the chest. At
the time | received the statement with scepticism, and now | know that it
deserved flat disbelief....

“in early diagnosis the method of physical examination alone would be
completely unreliable...

“ .. but ... there are the various tuberculin testscutaneous, subcutaneous, or
conjunctival.

“These tests are still held in great respect by our veterinary colleagues ...”

1943 - streptomycin developed by Selman Waksman, Elizabeth
Bugie, and Albert Schatz (Waksman received the 1952 Nobel prize)
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James BD and Bennett. Ann Rev Pub Health. 2019;40:65-84.

Alzheimer’s
Dementia




Proneness to psychological distress
is assocliated with risk of
Alzheimer’s disease
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Wilson RS, et al. Neurology 2003;61:1479-1485.



The relation of cognitive activity to risk

of developing Alzheimer’s disease

Cumulative Hazard of AD
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Table 4

Relation of neuropathology to

frequency of participationin
cognitively stimulating activities at
study onset’

Model term
Amyloid burden
Tangle density
Braak stage
Lewy bodies
One infarction

Multiple infarction

Estimate
0.002
-0.0186
0.003
—-0.130
-0.304
-0.037

SE

0.028
0.014
0.0
0.222

[ -

0.843
0.229
0.59e4
0.561
0.188
0.859



Relation of genomic variants for Alzheimer
disease dementia to common
neuropathologies

Macroscopic infarcts
Microinfarcts
Hippocampal sclerosis
Lewy bodies

Farfel JM, et al. Neurology. 2016;87:489-496.



The Bad,

Alzheimer’s disease drug development pipeline: 2018

Agitation (n=5)

Sleep disorders (n=2)

Apathy (n=1) ; Wy * Immunotherapy (n=6)
= BACE Inhibitor [n=5)
= Anti-aggregation (n=3)

e,
« Acetylcholinesterase ™ i 26 Agents
Inhibitor (n=1) jpaeees in Phase |l

* Metabolic [n=1)
» Neuroprotection (n=1) A

= Anti-aggregation (n=1)

Cummings J, et al. Alz & Dement.: TR & Cl 2018;4:195-214.

So, if we reduce or even eliminate AD pathology, what
Is the expected reduction of Alzheimer’s dementia?



Attributable risk of Alzheimer's dementia attributed to age-
related neuropathologies

And Pathologic AD

And an indicator for
unaccounted AD
dementia cases
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One third attributable to AD
One third other pathologies
One third... other things

1-Specificity

Boyle PA et al. Ann Neurol. 2019;85;114-124.



Millions of People
95 or Older

8510 94

Congressional Budget Office.



Dementia From Alzheimer Disease

and Mixed Pathologies in the Oldest Old

“...the relationship between a pathological diagnosis of
AD and dementia was significantly attenuated in the

oldest old compared with the old...”

James BD, et al. JAMA. 2012;307:1798-1800.



Alzheimer’s disease frequency peaks in the
tenth decade and is lower afterwards

— Cognitive impairment
—— Alzheimer’s dementia
Pathologic AD

Burden of AD pathology
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— Global AD pathology
—— Beta amyloid load
PHF tau tangle density
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Farfel JM, et al. Acta Neuropath Comm. 2019;7:104.



Alzheimer’s disease frequency peaks in the
tenth decade and is lower afterwards

Gross infarcts
Microinfarcts
Hippocampal sclerosis
TDP43

Cortical Lewy body

-

Predicted probabilities
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Farfel JM, et al. Acta Neuropath Comm. 2019;7:104.



Association of Cortical B-Amyloid Protein in the Absence
of Insoluble Deposits With Alzheimer Disease
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Yu L, et al. JAMA Neurol. 2019;76:818-26.



Alzheimer’s disease drug development pipeline: 2019

= Agitation (n=4)
= Apathy (n=1)
= Sleep disorders (n=1) m_f:"‘

1%

Symptomatic
Cognitive
Enhancers

= Antioxidant (n=1)
= Neurotransmitter bcsed (n=2)

= Neuroprotection (n=3]
= Anti-inflarmmmatory (n=2)
= Antibiotic (n=1)

21 % Other MOASs

28 Agents
in Phase 3

32% Anti-Amyloid
= [Immunotherapy (n=4)

= BACEinhibition {n=2)

= Anti-aggregation (n=1)

Disease-
Modifying

-‘\ erapies

= Anti-aggregation (n=1)

N A% Anti-Tau

\
“%v)\ = | Tau phosphorylation and | Amyloid (n=1)

A% Anti-Amyloid % Anti-Tau

Cummings J, et al. Alz & Dement.: TR & Cl 2019;5:272-293.
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The Ugly,




Much of Late Life Cognitive Decline
Is Not due to Common
Neurodegenerative Pathologies

e

Total variance explained: 41%
AD: 30-34%
cCvD: 1-3%
LBD: 4-8%

Residual cognitive decline: 59%

Boyle PA, et al. Annals Neurology. 2013;74:478-89



David, there are a lot more pathologies!

Unexplained: 57 5%

—  Wessal 1.6%

Infarcis: 1.2%

© LATE: 2.1%

TOLB: 2.a%

® Unexplained
Neurodegenerative
B Vascular

AD: 35.3%




Person-Specific Contribution
of Neuropathologies to Cognitive

Loss in Old Age
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Person-Specific Contribution
of Neuropathologies to Cognitive
Loss in Old Age

Cortical Lewy Bodies
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Boyle PA, et al. Ann Neurol.2018;83:74-93.



Sample size

Effect size



Summary

e The Good

— Distinct terms for AD pathology and its consequences allows us to
separate risk factors for AD from risk factors for other causes of
cognitive impairment
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— AD only accounts for about a third of Alzheimer's dementia cases

— Less so for the oldest old
— AD pathology goes down after age 95 despite increasing dementia



Summary

e The Good

— Distinct terms for AD pathology and its consequences allows us to
separate risk factors for AD from risk factors for other causes of
cognitive impairment

 The Bad
— AD only accounts for about a third of Alzheimer's dementia cases
— Less so for the oldest old
— AD pathology goes down after age 95 despite increasing dementia
 The Ugly

— Given the number of mixed pathologies and the limited variance of
cognitive decline explained, we are likely markedly under-powered
In the current slate of anti-amyloid therapeutic trials
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Looking for a new opportunity? Email:



http://www.radc.rush.edu/
mailto:David_A_Bennett@Rush.edu
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