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Dementia

Outline

* Review basic “ground rules” of what dementia is and what it is not
e Update recent findings in dementia and dementia-causing diseases
e Explore ethical and other challenges



Dementia
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Cognitive concerns

Gpisodic memory * Random forgetting
e Attention * Age-appropriate forgetting
e Semantics * Physiologic forgetting
e Language * Task effect

* Impairment

* Brain as victim
(“performance effect”)

* Brain as perpetrator.

* Higher motor function
* Higher sensory/perceptual function
e Executive function
* Social cognition.



Selected neurobehavioral deficits

* Amnesia * Acalculia

* Aphasia * Apraxia

 Alexia * Agnhosia

e Agraphia e Pure word deafness
* Anosognosia * Simultanagnosia

* Alexythymia * Prosopagnosia

e Confabulation * Hemineglect

* Delusional misidentification * Hemi-asomatognosia

* Aprosodia

30/100



Dementia

DSM-5 “Major Neurocognitive Disorder”

A clinical state

Abnormal

2. Acquired

3. Multiple areas of

4. true cognitive
impairment

5. Due to brain damage

6. Lasts a while

7. FunctionaHmpairment

“Dementia is
not a specific
disease. It’s an
overall term
that describes
a wide array
of symptoms.”




Mild cognitive impairment (MCI)

DSM-5 “Minor Neurocognitive Disorder”

A clinical state

1. Abnormal

2. Acquired

3. Multiple areas of

4. true cognitive
impairment

5. Due to brain damage

Dementia (13.7%)

6' LaStS d Wh I Ie Tifratene et al., 2015, Neurology, 85: 331-8.

7. FunctionaHmpairment



Subjective cognitive decline

NIA-AA classification system™*

 Self observed marked |,
mental ability (e.g. memory)

* Not explained
* OKon formal testing

e 28 studies

e 29,723 people

* Mean age 71.6

* Mean duration 4.8y

e SCD ~ doubles risk MCl/dementia
e 24.4% MCI

* 10.9% = dementia

*Jack et al., 2018, Alzheimer’s Dementia, 14:535



NIA-AA classification system

Dementia — some basic ground rules

PRECLINICAL

SUBJECTIVE COGNITIVE DECLINE (SCD)
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*Jack et al., 2018, Alzheimer’s Dementia, 14:535

MILD DEMENTIA

MODERATE DEMENTIA

SEVERE DEMENTIA
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Lots of possible causes

Hippocampal sclerosis of aging
~ Argyrophilic grain disease
Primary age-related tauopathy (PART)
Limbic age-related TDP-43 encephalopathy (LATE)

/( BRAIN INJURY
ASSOCIATION
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Hydrocephalus
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Lots of possible causes

‘Only 42%
“purely” due to
Alzheimer

A

@ D
Only 58%
“purely” due to
any etiolo
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Dementia rates are falling

NEJM, 374: 523, 2016

Years

Incidence per
100 persons

Mean age at
diagnosis
(years)

1970s







Autopsy diagnosis is based on three things
-




1. Dead / missing cells (neurodegeneration)

normal Alzheimer

coronal T1 MRI coronal T1 MRI

axial T1 MRI
Adapted from de Leon (2005)



Il PERSPECTIVE

2. Amyloid plaque

Alzheimer’s Disease: The Amyloid
Cascade Hypothesis

John A. Hardy and Gerald A. Higgins

Altheimer's disease causes dementia in
many elderly people and in some individu-
als with Down syndrome who survive to age
50. Altheimer's is characterized by various
pathological markers in the brain—large
numbers of amyloid plaques surrounded by
neurons containing neurofibrillary tangles
(1), vascular damage from extensive plaque
deposition (2), and neuronal cell loss (1).
Because it is not known if the amyloid
plaques or the neurofibrillary tangles are the
carliest lesion in the discase process, the
role of these markers in the etiology of the
disease is controversial.

Meacal SCrook, Lonaon WZ THG, UK, ana
of Poychiatry, Urworsty of South Flonds,

cerebrospinal fluid (9). The APP secretase
that cuts within the ABP region has an

APP, cleaving at a defined distance from the
membrane (10). Several recent studies sug-
gest that APP can also be processed by the
endosomal-lysosomal pathway, after recy-
cling of membrane-bound APP and possibly
via an intracellular metabolic route (11-13).
Carboxyl-terminal fragments containing the
entire ABP sequence can be derived from
this alternate normal processing of APP (12,
14) and may eventually lead to amyloid

WILITUWGSE SRR SRR JUSARAE FLEE SERANREY WA

of the apparent lack of sequence specificity
of the enzyme (10).
Three mutations have been described

SCIENCE < VOL. 25 * 10 APRIL 1992

Dementia — Alzheimer basics

largely composed of paired helical Alaments
formed from a hyperphosphorylated form of

the microtubule associated protein, tau (6),



2. Amyloid plaque

Amyloid Precursor

Protein (APP)
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3. Neurofibrillary tangles

Brunden et al., (2009). Nature Reviews Drug Discovery, 8, 783—793.



3. Neurofibrillary tangles

Symptoms come
from areas of most
neurofibrillary
tangles

Emotional
control

Adapted from Geldmacher (2003)




“ABCs” of Alzheimer neuropathology

* Thal amyloid phase (A0 — A3)
e Spatial distribution of all AB plaques

* Braak stage (BO — B3)

» Spread of neurofibrillary tangles

« B1 = Braak %, B2 = Braak II/IV, B3 = Braak V/V! O
* CERAD score (C1 - C3)

* Highest density of neuritic plaques
* (1 =sparse, C2 = moderate, C3 = frequent

high amyloid burden is high neurofibrillary tangle burden is
necessary but not sufficient for necessary but not sufficient for high
high neuropathology certainty neuropathology certainty for

for Alzheimer disease Alzheimer disease



How Alzheimer disease behaves

asymptomatic

MCI Dementia

Pathology biomarker

- 25 Years 0) +5 +10

Adapted from Frisoni, G. B. (2012) Biomarker trajectories across stages of Alzheimer disease. Nat. Rev. Neurol.



How Alzheimer disease behaves



How Alzheimer disease behaves

Dementia 2° cognitive/behavioral sx that
1. Affects usual activities

2. { from baseline
3. Not 2° delirium / psychiatric dx
4. Cognition 4, per history (patient /informant)
5. Cognition J, per objective testing
6. Cognition 4, involves = 2 domains
Dementia has inclusive features Dementia lacks exclusionary features
1.Insidious onset 1.Substantial concomitant cerebrovascular dz
2.Clear |, per report / observation a. Extensive severe CV damage, or
3.Initial and most prominent sx = 1 of b. Clinical stroke timed to onset/worsening
a.\d, anterograde memory for experiences 2.Prominent si non-Alzheimer dementia syndrome
b.J 4 language 3.Another active disease / drug could 4, | cognition

c.\/ J visuospatial function
d.J J executive function

McKhann et al., 2011, Alzheimer s & Dementia, 7(3):263-9



How Alzheimer disease behaves

6.1 million dementia

12.4 million MCI

~2/3 are women

1 African/Hispanic descent

J/Asian descent.



How Alzheimer disease behaves

OVER
11
MILLION

Americans provide unpaid care
for people with Alzheimer
disease or other dementias.

These caregivers provided an
estimated 15.3 billion hours a
year valued at nearly

$257
BILLION




How Alzheimer disease behaves

Deaths 2000-2019

* Breast cancer T~ 1.1%

* Prostate cancer " 1.8%
* Heart disease |/ 7.3%
 Stroke {,10.5%

e HIV {/ 65.2%

* Alzheimer disease 14145.2%.




How Alzheimer disease behaves

Hospital stays per 1000 Medicare Beneficiaries age 65 and older, 2014

N Congestive Chronic
Condition  poart failure  obstructive
pulmonary

disease

Chronic
kidney
disease

Coronary
artery
disease

Stroke

Diabetes Cancer

m with Alzheimer dz / dementia
[ without Alzheimer dz / dementia







Evolving understanding of pathologies

Amyloid plaques
are not unique

to Alzheimer
disease

Note:
* most helpful if negative
* not helpful in oldest patients

* not helpful to distinguish Alzheimer vs. DLB.

Ossenkopelle et al (2015) Prevalence of Amyloid PET Positivity in Dementia
Syndromes: A Meta-analysis JAMA;313(19):1939-1950. doi:10.1001/jama.2015.4669

Amyloid brain PET




Evolving understanding of pathologies

Brain Pathol. 2015 May ; 25(3): 350-364. doi:10.1111/bpa.12248.
The Neuropathology of Chronic Traumatic Encephalopathy

N e ur Of i b r i I I ar y Ann C. McKee'2345 Thor D. Stein'234, Patrick T. Kiernan*5, and Victor E. Alvarez*5
tangles Avstract

Repetitive brain trauma is associated with a progressive neurological deterioration, now termed as
[ chronic traumatic encephalopathy (CTE). Most instances of CTE occur in association with the
are n O t un 'q ue to play of sports, but CTE has also been reported in association with blast injuries and other
neurotrauma. Symptoms of CTE include behavioral and mood changes, memory loss, cognitive
[ [ impairment and dementia. Like many other neurodegenerative discases, CTE is diagnosed with
A IZh e,m er dlsease certamnty only by neuropathological examination of brain tissue. CTE 15 a tauopathy charactenzed
by the deposition of hyperphosphorylated tau (p-tau) protein as neurofibrillary tangles, astrocytic

tangles and neurites in striking clusters around small blood vessels of the cortex, typically at the

sulcal depths. Severely affected cases show p-tau pathology throughout the brain. Abnormalities
in phosphorylated 43 kDa TAR DNA-binding protein are found in most cases of CTE; beta-
amyloid is identified in 43%, associated with age. Given the importance of sports participation and
physical exercise to physical and psychological health as well as disease resilience, it 1s eritical to
identify the genetic risk factors for CTE as well as to understand how other variables, such as

stress, age at exposure, gender, substance abuse and other exposures, contribute to the

Formerly “dementia pugilistica”  deetopmentotcre



Evolving understanding of pathologies

Neurofibrillary
tangles

are not unique to
Alzheimer disease

 Amnestic disorder, especially in very aged, profound dementia rare
e Little or no amyloid plaque

/aN{)

* “tangle-only dementia,” “NFT predominant dementia.”



Dementia — new world

FDA approved treatments for neurocognitive disorders

approved for approval date

doneperzil
galantamine
memantine

rivastigmine

caprylidene

donepezil +
memantine

Aricept
Razadyne
Namenda

Exelon

Axona

Namzeric

Alzheimer, all stages dementia
Alzheimer, mild-moderate dementia
Alzheimer, moderate-severe dementia

Alzheimer, all stages dementia
Parkinson disease dementia

Alzheimer, mild-moderate dementia

Alzheimer, moderate-severe dementia

1996
2001
2003

2000
2006

2009
2014



< WORSENING

Dementia — new world

asymptomatic

symptomatic

>

Disease arrest

Disease modifying

Symptomatic

TIME

N
7



Dementia — new world

FDA approved treatments for neurocognitive disorders

approved for approval date

doneperzil
galantamine
memantine

rivastigmine

caprylidene

donepezil +
memantine

Aricept
Razadyne
Namenda

Exelon

Axona

Namzeric

Alzheimer, all stages dementia
Alzheimer, mild-moderate dementia
Alzheimer, moderate-severe dementia

Alzheimer, all stages dementia
Parkinson disease dementia

Alzheimer, mild-moderate dementia

Alzheimer, moderate-severe dementia

1996
2001
2003

2000
2006

2009
2014



Disease modifying therapy has begun

FDA approved treatments for neurocognitive disorders

approved for approval date

doneperzil Aricept Alzheimer, all stages dementia 1996
galantamine  Razadyne Alzheimer, mild-moderate dementia 2001
memantine Namenda Alzheimer, moderate-severe dementia 2003
rivastigmine  Exelon Alzheimer, all stages dementia 2000

Parkinson disease dementia 2006
caprylidene  Axona Alzheimer, mild-moderate dementia 2009
donepezil + Namzeric Alzheimer, moderate-severe dementia 2014
memantine

aducanumab Aduhelm Alzheimer, MCI or mild dementia 2021



Disease modifying therapy has begun

asymptomatic

symptomatic

>

Disease arrest

WORSENING

Disease modifying

Symptomatic

TIME



Disease modifying therapy has begun

Amyloid Precursor oligomer One place to

Protein (APP)[~ b X attack may
be amyloid
Ap
p-secretase = amyloid pathway
/ plaque
outside neumn
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Disease modifying therapy has begun

Amyloid related imaging abnormalities (ARIA)

http://www.ajnr.org/content/34/10/1958



Disease modifying therapy has begun

Aduhelm® (ad b
uhelm® (aducanumab) Both pivotal trials reduced amyloid plaque

placebo
placebo
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Disease modifying therapy has begun

Aduhelm® (ad b
uhelm® (aducanumab) Only one pivotal trial showed clinical benefit

placebo

high dose

EMERGE

(CDR) clinical severity



Disease modifying therapy has begun

Aduhelm® (aducanumab)

November 6, 2020

https://medcitynews.com/2020/11/fda-panel-rejects-studies-on-biogen-drug-for-alzheimers/



Disease modifying therapy has begun

Aduhelm® (aducanumab)
June 7, 2021

FDA's Decision to Approve New Treatment for
Alzheimer's Disease

. S




Disease modifying therapy has begun

Aduhelm® (aducanumab)

https://www.alz.org/

https://investors.biogen.com/news-releases/news-release-details/letter-biogens-ceo-aduhelm



Disease modifying therapy has begun

Aduhelm® (aducanumab)

Alzheimer's Association Welcomes
FDA Approval of Aducanumab

— I




Disease modifying therapy has begun

Aduhelm® (aducanumab)

>




Disease modifying therapy has begun

Aduhelm® (aducanumab)

(0

&he New Pork Eimes

How anlzheimer’s Drug Got

Approvec

Though some of its own senior officials said there was little
evidence of benefit for patients, the F.D.A. nonetheless

greenlighted Biogen's Aduhelm, or aducanumab.

https://www.statnews.com/2021/06/08/aducanumab-lackluster-drug-high-price/

https://www.nytimes.com/2021/07/19/health/alzheimers-drug-aduhelm-fda.html




Disease modifying therapy has begun

Aduhelm® (aducanumab)

THE WALL STREET %AL

https://www.wsj.com/articles/cleveland-clinic-mount-sinai-wont-give-biogens-new-alzheimers-drug-11626366968



Disease modifying therapy has begun

Aduhelm® (aducanumab)

* FDA-approved while Phase 4 study proceeds (<9 years)
* Monoclonal antibody to AR oligomer

* Only for minimally affected patients

* Only for Alzheimer disease, specifically

* Only if amyloid biomarker positive (CSF, amyloid PET)

* Monthly IV infusions

* Titrate up over time to limit ARIA

* Brain MRIs monitor for ARIA at 0, 7, 12 months)

* S56K/year.




Disease modifying therapy has begun



Disease modifying therapy has begun




Disease modifying therapy has begun

https://www.europeanpharmaceuticalreview.com/news/156676/alzheimers- https://www.biospace.com/article/ac-immune-s-alzheimer-s-vaccine-
vaccine-shows-promise-in-phase-ii-trial/ shows-promise-in-early-stage-trial/



Evaluate earlier, include biomarkers



Evaluate earlier, include biomarkers

https://www.nytimes.com/2007/08/03/us/03safety.html



Ethical, medicolegal challenges



Ethical, medicolegal challenges

“... The majority of older adults with dementia are either undiagnosed or
unaware of the diagnosis ...”

“... [people with] dementia who attended medical visits alone were twice
as likely to be undiagnosed by their physicians as those who took a
companion ...”

Amjad, H., Roth, D.L., Sheehan, O.C. et al. (2018). J GEN INTERN MED 33, 1131-1138. https://doi.org/10.1007/s11606-018-4377-y



Ethical, medicolegal challenges









Clinical states
* Subjective cognitive decline
* Mild cognitive impairment
* Dementia

Diagnoses (etiologies)






Defining neuropathology
* Dead / missing brain cells
 Amyloid plaque
* Neurofibrillary tangles

How Alzheimer disease behaves






Evolving understanding of pathologies
Disease modifying therapy has begun
Evaluate earlier

Include biomarkers

Ethical, medicolegal challenges



Controversy and Update on
Dementia and Dementia-
Causing Disease

Joel Shenker MD PhD

shenkerj@health.missouri.e du




