Alzheimer’s Imaging and Biomarkers

 Amyloid (PiB) Imaging

* Tau Imaging

* FDG (hypoperfusion w/ 18F-fluorodeoxyglucose)
* Atrophy and Cortical Thinning

* Functional Connectivity

* CSF Markers (lumbar puncture)
 Blood Plasma Markers

Other Elements of NBOA Diagnostics:
e Cut Points
e MMSE & Neuropsych Testing




Montreal Cognitive Assessment vs. Mini Mental Status Exam

Update from the Clinics
MOCA vs. MMSE Essay:

Both are rapid assessments of cognitive functioning, and used for all manner of
cognitive concerns (not just aging). While MMSE has been used more extensively and
is highly prevalent in aging-research articles, both are good for quick assessments.
MOCA is newer, a bit stronger on assessing executive function and more widely used
internationally. Both have 30 point scales, which show marked fall-off with severe
dementia, but they are not interchangeable scales.

While both scales correlate with degree of dementia, neither is definitively diagnostic
because other kinds of damage or ongoing pathology can produce low MOCA/MMSE
scores.

Neurologist and Primary Care MDs are supposed to complete certification training
before using these measures but even in world-class clinical units, there can be
uneven scoring of patient responses! Neuropsychologists, b/c they have intensive
training on a great catalog of cognitive assessments can easily administer MOCA or
MMSE tests but in general they do NOT use these basic measures. This is because
they typically perform a significant number of quite detailed assessments and the
different “bits of assessment” found e.g. in the MMSE can easily cause interference
effects. But, records of such assessments by other clinicians can be very useful both
as a chronological record and additional data on patient performance.

DQ: Why are these tests relevant to Biomarkers / Chapter 18?



Classes / Key Biomarkers for Alzheimer’s

To date, there are at least 7 complementary biomarkers for AlzD
in two major categories: complex decisions, competing objectives

Imaging Measures of brain amyloid, tau deposition, more

* especially amyloid and tau PET imaging + hypoperfusion
[regional hypometabolism of fluorodeoxyglucose (FDG) PET]
and perhaps functional connectivity / DMN measures

* atrophy on structural MRI 11skim Chap. 17 for moreff
Other Correlates of neurodegenerative processes
* increases in CSF total tau and phosphorylated tau;
decreased A-beta-42 [CSF AB42/AB40 ratio]
plasma measures of A-beta, other biomarkers € new item

Clinical Measures: not “biomarkers” per se, but is one THE BEST?
* neurological exam, MMSE, neuropsychological tests
e functional assessments, ADLs (activities of daily living)

Aging Generally + Dementia: Independence is Key vs. when they take my Car Keys = ®



Steven Greenberg Slide

CHAT NOW:

Which of these T

pathologies is
the best
Biomarker?

-
»ath

Neuropathology
seen at autopsy

! :“n'uqu’r

FQ: how does this
slide comprise my
- AlzD diagnosis
argument?

. ]

or “None of the Above”

ANSWER: none of them!




CAA = Cerebral Amyloid Angiopathy: chap 19

Steven Greenberg Slide

CAA-related brain lesions excernts of 56 sides with
Altel"ed Connect|v|ty annotations: TBP

FA = measure of directionality of diffusion [fractional anisotropy, DTI]

Global efficiency = inverse of shortest FA-weighted path length between
every pair of nodes

more WM — vascular connections

Reiymer Brain 2015;138:179



Before Tackling the 900 Ib. Gorilla...EOAD!

F

EOAD patients as Living Biomarkers?

Glucose 2-deoxy-2-{ F}-D-glucose

Spatial patterns of neuroimaging biomarker changein || 5ncet, 2018
individuals from families with autosomal dominant _
Alzheimer’s disease: a longitudinal study
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Autosomal Dominant means Early Onset AlzD — symptoms begin btw ages 30 and 50
mutations in: APP (amyloid precursor protein) and Presenilins 1/2 (gamma secretase)

v I M Werer [oed M Wt V. E Ay ) M.y Ly Rl eotevny. 'l oL SETYC e

CUTRIRAY Biomarkers Studied: PET amyloid (PiB), PET-FDG, GM atrophy (volume change, thinning)
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Mandalorian?
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DIAN = Dominantly Inherited AlzD Network in US, Germany, Japan, Argentina and Korea!

Clinical Trial | Why show an Ad? This DIAN study is

I a nice exemplar of clinical research.
hegvay
T T What does it meaﬁ}, =
to have DIAD ingourfamily?
sdrivTa
' ared S ' -

Wash. Univ., St. Louis

Director: Randall Bateman REMOVES AMYLOID!

T T ' g e - A [T ™

VAN

Trial name: DIAN-TU-001: A Phase II/Ill Randomized, Double-Blind, Placebo-
Controlled Multi-Center Study of 2 Potential Disease Modifying Therapies in
Individuals at Risk for and with Dominantly Inherited Alzheimer’s Disease.
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Focus on our old friend Precuneus! Orientation System, DMN, ABM (w/ cingulate)
Subjects: mutation carriers and non-carriers of: EOAD genes (APP, presenilins 1/2

Biomarkers: PET amyloid (PiB), PET-FDG, Grey Matter atrophy (volume change, cortical thinning)
RED = Carriers: increasing PiB, decreasing FDG, decreasing thickness. “Years to Onset” known for EOAD
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What Figure 2 Reveals: it shows
how many years before symptom-
onset one sees changes in biomarkers:

PiB — 22 years
FDG — 14 years

Cortex Thinning — 6 years
Pathology evident FIRST in Precuneus

) Spreads to other cortical regions

[more notes below]
Not every brain region is identical
Not every patient is identical
pattern in sporadic AlzD differs?
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i. these are population measures, but not so robust at predicting individual onset times
ii. this sequence does not map perfectly onto progression of regular (sporadic) AlzD

why not ERC? maybe it’s an
EOAD vs. sporadic AlzD thing?

ll Two Problems:

more on this in Chapter 19!



Two Biomarkers: PiB and Hypoperfusion

switch: EOAD to 79 year old 67 year old
“sporadic” AlzD

Pittsburgh Compound B
(PiB) is a PET

imaging compound / analog of
Thioflavin-T, which has been

used to stain amyloid deposits in Control
neocortex: it appears to label
both plaques and vascular
amyloid deposits (i.e. CAA):

Klunk, 2004, Ann. Neurol.
[67 yr old AlzD vs. 79 yr. old ctrl]

Thioflavin T is a histological stain for misfolded protein aggregates such as amyloid
‘SUV in PET imaging = Standardized Uptake Value = measure of the PET-PIB signal
rCMR = regional cerebral metabolic rate via fluorodeoxyglucose (FDG) uptake



Imaging Brain Amyloid in Alzheimer's 2004 !
Discase with mehurgh ( ompmmd B 004!
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PiB derived from Thioflavin T w/ positron-emitter incorporated [carbon-11]
tested on controls and patients with mild AlzD; does not stain NFTs
PiB retained in frontal, association cortices (pathology must be there by “mild” stage)

young folks AND old controls showed no such labeling cee notes
Parietal hypoperfusion correlated with PiB staining [DQ: can’t we see this w/ fMRI?]

Ihe e Awslon e Bow bamst ond W 1 orsl sovned sy e vn cwsemsm wetrap wgth: 11 weas
wrsned Pimdsagh { ampenadd B FIR w16 pownes sbd dugnonnd ol ALY aad % connrdh | sapand aoh comnmid,
Mo s wpm oly dvvmid mwlid v wose @' T8 o s v wsvn camis b o oo s wwgs sevsnnss ol
stulind baguan: @ U la e N pesan pgrap TR nsncs v thvisnd Sum pommnisty & B assa camse
AR 5 » i Lavgr smmmes shee s shamnnd oo porennd 1170 6M 2 » 22 wmgennd (150 6M p
A end moped T SAN » AN e wmd A wveam it » FER FIR morwmten wa mgere
et e i e e B I i I I
ahuawr manrs pumn. wnd wowbolinm ' Yy in Reve pamag (T srans sad e e ey comanks w0 2 0L peens
dvncd boa T irvwrsets w0 cnved wre soed se igodla wni oag ABvinu v Mrsirs somng snl ddeyr caaneh
bl s, TIR  nnsian  camniand vy R Bl g i ik w. 'w

Baovrnhsmphnes. Tha sdieondy s o b 0 the pbnnd sovmn 1o » 270 p » Vam The e
onpgr et T amageyg woh he peed e TR a geecih gumcs e prbhmsreme w0 senched dogrmen w bomg
e

18F-FDG is a general marker of cerebral blood flow

This was no Klunker! 3957 cites and counting! 4375 in 21

...setting aside my normal antipathy towards: “we have shown for the first time...”



Inverse Relation between In Vivo Amyloid

| Imaging Load and Cerebrospinal [ AlzD AB42 should be
2006! Fluid AB,, in Humans HIGHER but it’s NOT!
Anee M. Fagan. PhD." * Madk A Moot MD.** Roberr H. Mach. PhD.** Susg Yoon Lee. 18D ]

Ann. Neurol. 2006:59:512 ;—i CSF AB42is low in AlzD | |
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There is an INVERSE relationship between CSF A-beta 42 and PiB positive individuals.
Plasma AB-42 was “not correlated” w/ PiB -- but stay tuned!!!
ALSO, no association w/ CSF tau, P-tau or AB40. THM: CSF AB42/AB40 ratio is biomarker.

A-beta 42 is the longer AB-peptide associated with ABOs, AlzD. A-beta 40 as described by
Dr. Greenberg is the form assoc. with CAA. Low AB42 in CSF is assoc. with high AlzD risk.




Subjects (A), (C) = PiB positive; 30 to 60 min
B&W = structural MRI of same patients
Subject (A) is PiB positive WITH Cog. impairment
Subject (B) is PIB negative and Cog-Normal.
Subject (C) is PiB positive and Cog-Normal.

PiB-positive cases show amyloid in PFC and
temporal cortex, precuneus, other regions. None
in cerebellum or brainstem.

Not the Final Word, BUT:
reveals challenges to clinicians

reveals disparity of AlzD measurements
raises issues re: DIAGNOSIS of AlzD
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Are we using Biomarkers
to VALIDATE Biomarkers?

YES! WHY?
chat your answer!
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SEE Summary on Next Slide. Table is mainly if yo interested.

Fagan, 2006




Positive PiB subjects (7/24) had the LOWEST
AB42 in CSF. 3 of 7 had mild or moderate
AlzD (DAT). but the remaining 4 had lower
memory scores than PiB-negative normals (15 | .
people). NO OTHER MEASURE (CSF or plasma) . ‘ ‘ ~h :
correlated with PiB positive scan. ‘
One PiB negative was diagnosed with FTD.

You can get a Lumbar Puncture ANYWHERE!

This is 2006 Plasma technology.
Why is this relevant?

text boxes help w/ my summary boxes Fagan, 2006




Fagan, 2006
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If PiB can identify folks who HAVE
bona fide AlzD, this is huge.

If PiB can predict cog-normals who
will GET AlzD, that is hugeiest!

Today PiB is an expensive and selectively
available, yet increasingly common PET
test. AND of considerable practical import.

But this article was about CSF AB-42
DQ: why the emphasis on PiB?

Is PiB the BEST?
more PET probes for amyloid have
been developed: coming SOON!
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To assign credit for a paper, divide the total credit by the number of authors: .03 papers/author.
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research does not occur in a vacuum PhDs do the work & MDs get the credit?
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What is Normal?

CN = Cognitively Normal

MCI = Mild Cognitively Impaired
AD = AlzD = significant impairment

NEXT SLIDE:
TAU PiB level
A. low low
B. ITC high 1.2
C. ITC high 1.8
D-G: show increasing tau
- sparing only primary cortex
- “PET Braak” is in vivo staging

(hauaivrnin \l

Elevated T807

elevated in widespread cortical regions
across parietal lobe plus cingulate/precune
illustrated in “contrast maps” in Figure 2
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Tau
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An assortment of patients and pathology: note the ages and MMSE!

Tau
T807
suvr

Tau
T807-
contrast
views
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U N (N N MO M) AD AD

t a good figure needs no legend!
au- PET

. . . miy Ay N v Yy YV
staging | s

MOLECULAR BASIS OF T807, OTHER TAU PROBES: see Chapter 18

MMSE: Mini-Mental Status Exam. PiB: Pitts. Compound B. Dx: Differential Diagnosis



contrast: yellow
means greatest
difference btw AlzD

‘ and normal brains
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Regional analysis of both TAU and PiB for CNs vs. mci/alzD

THM of paper: we can now see Tau inside living brains AND
this correlates with progression of AlzD, including MCI.

€ new
CHAT DEBATE: Is Tau-PET BETTER than PiB-PET? edit
o Coer e TrraTirad Pt opecerserges  bxl TRercce = Fmitwr™ Post Orcasess
.“: —— Q: Is this of Diagnostic Value? SUVR values -
@ ricr A~y o .
: above 1.5 are rare in normals, yet there is S
great overlap w/ MCI. Of benefit in AlzD? "
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Another THM from paper:
spread of T807 helps confirm the tau-spread hypothesis, i.e. our

bedrock view that pathology spreads from ERC outward
OTHERWISE: SKIP THIS SLIDE: unless you want to explain Cohen d to me!

TABLE 2. T807 Binding in ROls, Comparing MCI, AD, and Combined MCVAD Groups with CN Subjects

ROI CN, MCI, MCL 4 AD, AD. 4 MCUAD MCUAD, 4
n =56 n=\13 n=é6
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Good Grief: authors did not bother to explain this Figure (one line in Results), so
| won’t bother trying to figure out what exactly they are trying to displayed here.
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ignore: (E) is Logical Memory 2 score vs. IT-T807 while (F) plots LM2 vs. PiB

Logical Memory entails recall of details from reading passages (incl. gist and verbatim recall)



Association of cortical PiB with Inferior Temporal Cortex T807 suggests (methinks) a
strong involvement of both pathologies in the cognitive damage done in temporal cortex.
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PET RESULTS: AB predicts progression, Tau predicts severity. How might this be useful?



Tau Positron Emission Tomographic
Imaging in Aging and Early Alzheimer
Disease

What have we Learned?

- there are 2 distinct ways now to image AlzD-specific pathology in living humans
[this in addition to generic WM-damage, atrophy and A’s in functional connectivity]

- some cog-normals have T807 (and PiB)

- 52 year old is markedly impaired (MMSE=11) w/ massive T807 signal = EOAD?

- off-target binding seen in vicinity of hippocampus. UNCLEAR implications

- correlational variability of PET vs. dementia = post-mortem vs. dementia

- authors show the utmost in political correctness, but
- is congruent with tau hypothesis (vs. amyloid school of dementia) € **old view**

What have we Learned? a few more things to consider...

medicare, plasma AB42, Lady Christchurch, . ..

anyone here cognitively normal?



scans show many
may nol actually have the disease

2017 - 2019

t's Associatior said James Hendrix, the
vwar study liuaehed Alzheimer Association’s
\elarses with mi director of global science

. 0250 the findings.

The Washington Post

zheimer s patienls

4,000 Medicare patients (of
18,000 planned): Percentage of
those diagnosed with MClI / AlzD
that are actually PET-amyloid
positive: MCI=54% AlzD=70%

“If someone had a putative
" diagnosis of Alzheimer’s
disease, they might be on
" an Alzheimer’s drug like
" Aricept or Namenda,”

e initiatives who co-presented

(Plen01.001)

Amyloid PET Leads to Frequent Changes in Management of Cognitively Impaired
Patients: the Imaging Dementia—Evidence for Amyloid Scanning (IDEAS) Study

but if you have MCI and are PIB+, you getting AlzD!

https://n.neurology.org/content/92/15 Supplement/Plen01.001.abstract



https://n.neurology.org/content/92/15_Supplement/Plen01.001.abstract

Differences in gray and white matter '"F-THK5351 uptake
between behavioral variant frontotemporal dementia 2019
and other dementias
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NEXT: Will post-mortem diagnosis of AlzD die out?




GREAT RESOURCE!

It

Early signs and symptoms of Alzheimer's

My “CLAIM”: Alzheimer’s Disease
can be diagnosed only at autopsy
because one might find at Autopsy
definitive evidence for a different
disease, with few plagques or

tangles, thus proving that the
person did not have AlzD. #Scenariol

Gementia | How many of these are unique to AlzD?

Earny ) ind symplo t Al o S | 1 e

L » L L L
-

€ This working, clinical definition
of the Mayo Clinic, might not

match the accepted scientific or
research or MD definitions.

But is this AlzD diagnosis definitive?

What are patients told? Do they get PET
scans? Lumbar punctures? What benefits

ensue from invasive procedures? see notes

My Claim vs. Mayo’s Story:

It is true that living biomarkers might
come to predict a set of core AlzD
symptoms better than post-mortem
pathology, but as long as AlzD is
defined by plaques and tangles, there
remains the possibility that one might
encounter living cases of “severe
AlzD” patients, but later find no post-

mortem plaques or tangles.
PREDICTION: this view will fade with time...




Personal View

Prodromal = Incipient Symptoms; of Clifford Jack

CPERRER IR RN G INECIMEEREE | ampestic MCl = prodromal AlzD
pre-MCI but PIB+ = preclinical AlzD

Tracking pathophysiological processes in Alzheimer’s disease:
an updated hypothetical model of dynamic biomarkers

Ogfort R jack k. Dond S nopmon, Wilker | Jagoe, Roncld { Préenen, Mchad I Worer, el S Alm, Lode M 2w Prashant by Vemun,
Hetther | Wale, Stphen O Wogded Torothy G Lotrat, Fyrvum S Puntrarz. Mafuel C Dvmidast fidn Q Tropseonesh

Io 2000, we put forwasd 2 hvpothetical model of the mapor bBomarkers of Aliheimer's daeane (AD) The modd wn
received with interest becaune we doscribed the temponal evolution of AD biomarkers in relation 10 cach other and % the
oset and progression of il symptones. Since then. o idence hus acoummmdated Bun supports the maor asvamptions
of this moddl [vadence has abo sppeared St challenges some of o avcmptioon, which bas allowed us to medih our
original model Refinements to our moded inclade indeving of mdi idals by time rather than dimbcal symptom severiny
bncor poration of luterisd il variability ks cognithve sspairment asioctited with peogression of AD pathoply sl .
medihications of the spevinic semporal cedering of some Momsarkers; and recognition that the two magor peoscimopatiies
underiy lng AD bloosarker chunges snbosd B (AR) sod tau_might be inkbnd independenths to spoeadic AD_ in whikh

we bovponhiesine that an incident Al pathopde sicko <an sccderate anteceden linbik and braliten topadn,
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What are the BEST Biomarkers for AlzD?
it depends upon your assumptions, theory of disease







Temporal Ordering of Biomarker Abnormalities

Study followed 137 patients an average of 9.2 years w/ baseline CSF
* all patients diagnosed with MCI at baseline

* 54% of patients progressed to AD SKIP FOR NOW:
* CSF AB fully abnormal 5-10 years or more bef reconciling w/ Chapter 19
diagnosis

* both CSF t-tau and p-tau became progressively more abnormal as
the time to dementia diagnosis decreased

* study concluded that amyloid deposition is an early event that
precedes hippocampal atrophy

2nd study followed up on individuals w/ mild AD using longitudinal
FDG PET and amyloid PET concluded that amyloid deposition was static
(little change in extent over time) whereas expansion of FDG
hypometabolism was continuing with time

Overall:
amyloid biomarkers become abnormal first, followed by biomarkers of
neurodegeneration and then clinical symptoms

p-tau = hyperphosphorylated tau. t-tau = total tau.



Tau Pathology & Amyloid Hypothesis: student notes

Tau Pathology
* beginsin the locus coeruleus and then spreads to other brainstem
nuclei, ERC, perhaps by cell to cell transmission. Old Don Note:
sketchy basis for this claim. DQ: WHY is (was) this improbable?
Controversies
* based on its pathology, it has been proposed that subcortical tau
deposition is the starting point of the AD pathophysiological
cascade, beginning as early as the first decade of life
* alternative point of view suggests that since subcortical and
medial temporal limbic tauopathy occurs in such a high
proportion of clinically asymptomatic individuals, subcortical tau
deposition does not represent the beginning of the AD
pathophysiological cascade but instead is a var/ant of age/ng that

alone might lead to subtle cognitive impairm
Amyloid Hypothesis 5K|P FOR NOW

« assumes serial casual events, with abnormal| reconciling w/ Chapter 19

causes tau hyperphosphorylation and AB accumulation might be
independent processes that share a common upstream cause
» specifically protracted exposure to upregulation of cellular
activity related to neural plasticity
e also suggested that they are independent processes but with
pathogenic synergy



Integration of Conflicting Theories

Continues the theme that AB pathophysiology | SKIP FOR NOW:

and tauopathy arise independently reconciling w/ Chapter 19

recognizes that the earliest evidence of AD pathophysiological
changes lies beneath detection threshold of in-vivo AD biomarkers
proposes that subcortical tauopathy is the first AD
pathophysiological process to arise in many individuals and is only
detectable by immunostaining methods however, it does not itself
lead to AD
AB pathophysiology arises later and independently from pre-
existing tauopathy
As AB pathophysiological changes qualitatively transform
(mechanism remains unknown), it accelerates the antecedent
subcortical tauopathy leading to neocortical spread of NFT
acceleration of initial slowly developing tauopathy occurs only
after AB biomarkers become abnormal

 FDG-PET and MRI biomarker changes then occur followed by

subsequent onset of overt clinical symptoms



Many Cognitively “Normal” have

occult neuropathology. /

Time  source found! Lancet, 2016




Objective=A workgroup comativieoned by the Alzbetsser's Avocason (AA) sad the Natiosal
listnse ca Agsag (NIA) secently publehed revetrch coten for peecinical Albetmer's dnease

(AD) We pacformed » probutnary assemment of thes pusdelnes

Methods—n'¢ eugloyed Prtvburgh compomnd I possos eomssion tomography (PTT) isaging
o5 0% Mosaseker of cerebral amsy edonis and T loorodeanyglinone PTT wiaging
Mppocatpal vobime as bogsarken of newedegensration. A group of 47 clinkally disgoosed AD
witpacts way used 10 crease imaging bomarker cutpetnts. A group of 440 cognrtrely sonmal
(ON) sabyects freat  popatlation based saagle wis mied 10 develop cogtimive cutspouats asd
anen poplanion Sreqoimsies of S ditferent peaclimsal AD wapes nung different cot-pour
ke

ResultsThe new criteria wibditde the preclisical phase of AD into stages 1-3. To clavify o
ON subyecns. roo addithonal Catepories were needed. Stape @ denotes sabyects with nosmal AD
beomackers and w0 evidence of wubtls cogmtive tmpatnment. Supected NogeA D Pathoplrwologr
(SNAFY Genotes subjects with noemal sseyhosd PET inagang, bt abnonsal nevecdepenioation
brommarker soachies. At fived cet-potmes compponding to H0% seminvity for dagnosing AD and e
100 percuitle 0f ON copraiine soosen, 43% of o aanple Wik claviafied i wtape 0, 16% wage |

< Svatage Jo Fatage 3oand 230 SNAP
Interpretation=This crom-sastional evakmation of the NIA-AA cntenia for peechmical AD
chicates that the |-} staging criteria compled with wage 0 and SNAP categorien clavstfy 9™ of

- PIB-PET imaging

- 18-FDG PET as biomarker of
neurodegeneration

- C.I. = Cognitive Impairment

Staging of Pre-Clinical AlzD
0 = no biomarker or C.I.
SNAP = non-AlzD
Stage 1 to 3: nx slide
3 = subtle C.I.

QED: affirmed 3 NIA categories
and added 2 more
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Cut Points
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- Biomarkers are Continuous Tests

- NIA criteria require that every
biomarker is scored normal or not

- also applies to cognitive tests

- cannot use autopsy results
...too many “not dead yet”

- see paper for details on how their
cut points were determined
[optional, paper not assigned]




COGNITIVE TESTING
Life as a

The pemopyokspon bamery wos cominited s previonly desaribed [ 8] Do | Neuropsychologist
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imaging Methods can actually help families
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DISCUSSION
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2018 National Institute on Aging - Alzheimer's Association (NIA-AA) Research Framework
NIA-AA Research Framework: Toward a biological definition
of Alzheimer’s disease
This is NOT a CLINICAL DIRECTIVE: it is a Research Framework
Clifford R. Jack, Jr.." ", David A. Bennett”, Kaj Blennow', Mana C. Camrillo”, Billy Dunn’,
Samantha Budd Hacberdemn', David M. Holtzman®, Wilhiam Jagust”, Frank Jessen',
Jason Karlawish', Enchi L™, Jose Luis Molinuevo', Thomas Montune™, Creighton Phelps',
Katherine P. Rankin', Chnstopher C. Rowe', Philip Scheltens”, Enc Siemers’,
Heather M. Snyder . Reisa Sperling
Contributors': Cense Elhott, Elezer Mashiah, Launie Rvan, and Nina Silverberg
NIA honchos "
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“Disease modifying interventions must engage biologically defined targets,
and the dementia syndrome does not denote a specific biological target(s).
Furthermore, in order to discover interventions that prevent or delay the
initial onset of symptoms a biologically based definition of the disease that
includes the preclinical phase is needed”




Megan Barnes 1

Supplemental PDF on Factors Associated
w/ AlzD. Mainly FYI.
Includes: olfaction, sleep references.

Potential Prodromes for Alzhelmer's Disease: A Review

Abstract

Alzlwimet's Discase affects millions of people in the United States abone. As the disease
progresses it can affect the ability of patients to cary out activities of daily living and therefore
theur abulsty to live mdependemly. Because of its severe effects on lifestyle and coguitive
functionmg. it 1s important to identify the disease early, providing more opportunsties for treatment -
and prevention plans. The following text discusses some potential carly indicators or risk factors Finesse
for Alzhemner's disease, mcluding depression, loss of olfaction abibity, and non-spnea sleep
disorders. With more research nto the mechansms of these markers and how Alzheumer's disease
can be treated or prevented of ssgns of onset, there could eventually be a decrease in the number
and seventy of disease cases w the elderly population.

Mild Cognitive Impairment and Depression

1 the study by Makizako et al., researchers mvestigated the idea that patieats with mild
cognitive inpaimment (MCT) and depression together would be more likely to develop dementia
than patients with one of those conditions alone [4). In order 10 smady this, the researchers
conducted a longitudinal stady amongst a group of approximately 4000 ¢ldetly people. Baseline
depression and cogmtive impatmuent Were assessed at the begquning of the sady. After two years,
the group was reassessed to see how many people had developed dementia. The study found that
imitial presence of MCland depression were sigmficantly correlated with development of dementia
later on [4].

Kida et al. further examined the relationship between MCI subtypes and later onset of



Plagues vs. Tangles

or
How | learned to quit worrying about beta-amyloid and love hyperphosphorylated tau
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(cont.) from Res. Prog. in AlzD, 2008

| risk factors: age and ApoE (e4) LOAD = Late Onset AlzD = sporadic AlzD = AlzD!
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Remember Craig’s Mice: McDonald’s Kills

TWspsss s s DQ: are book contents ever better than peer-reviewed articles? worse?
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|Cray matter networksand clinscal progression in subjects with @‘
predementia Azbesmer's discase 2018

Botty M Tipme * . Mara tex Kate *, Alxda A Coan ' ", Andreas Borta’, Sander Verfadle *,
Churiotte L Teommen *, Phikp Schebeoms ”, Frodenk Barkbaod™
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These are various F-Conn metrics applied to “gray matter” regions.
Ostensibly shows that declining parameters track progression of dementia

BUT these are not fMRI-type F-Conn measures and are not DTl connectivity measures.

WHAT ARE THEY?

Cumulative progression
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GM NETWORKS: parameters associated w/ clinical progression in AlzD
Networks were extracted from gray matter structural magnetic resonance imaging (MRI),

and 9 parameters were calculated. Cox proportional hazards models were used to test

associations between each connectivity predictor and rate of progression to MCl or
dementia. After a median time of 2.2 years, 122 (55%) subjects showed clinical
progression. Lower network parameter values were associated with increased risk for
progression. Our results suggest that at pre-dementia stages, gray matter network
parameters may have use to identify subjects who will show fast clinical progression.
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[preclinical subjects w/ CSF amyloid markers; 62 with subjective cognitive decline]

[160 with MCI; age = 68 + 8 years; MMSE) = 28 + 2.4)]


https://www.sciencedirect.com/topics/medicine-and-dentistry/structural-magnetic-resonance-imaging
https://www.sciencedirect.com/topics/medicine-and-dentistry/proportional-hazards-model

R L AR AR L R
e ™ & e e
WMo & A0 g W

"Tsaw

Getting WEIRD in 2012

Similarity-Based Extzaction of lndevidual Networks from Gray Matter MRI Scans
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Saw similarities in retina, LGN, V1
- also saw similarities in DMIN components!
- but seriously: is THIS ANYTHING?
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and THIS derives from work by...Ed Bullmore! Investigation underway, subpoenas issued...




Imaging structural co-variance
between human brain regions

Agron Aexonaoer-Sioch'+

Aoy N. Giead' and £ Balmore™*
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Nature Reviews
Neurosci. - 2013
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Gray Matter Networks

- not obviously “distinguished”

- all regions in neocortex are
richly interconnected

- no way, no how!
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| An AlzD BLOOD TEST!

LETTER Nature, 2018

LR e R LT

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

Ahsor Nolusmary |, Nookt Kasebor', Vet L Vilemagee . Dl Kanr™ ', James Dewcla”™. Vinores D™, Chaw Fowier®

Reports detection of plasma AB!
only “validated AB tests” were PET, CSF
they used immuno-precipitation w/ MALDI/TOV

were able to quantify blood AB!
2 studies with normals, MCl, AlzD

looked at ratios (e.g. AB40/AB42)
achieved 90% accuracy = PiB

ratio correlated w/ PiB burden, CSF AB42
Q: how available is mass spectrometry?
Q: anyone down with ROC curves/analysis?

receiver-operating curves, AUCs

everybody wants to do the biology, nobody wants to do the stats



LETTER Nature, 2018

e 15 1000 senemitdls

High performance plasma amyloid -3 biomarkers
for Alzheimer’s disease
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MAIN FINDINGS w/ plasma AB
immuno-precipitation w/ mass spec
measured peptide levels — Top Row

also looked at ratios (e.g. AB40/AB42)

| reminder: why are Ratios better?
two sites: Japan, Australia

ratios correlated w/ PiB burden, CSF AB42
composite biomarker is best
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Figure | | The peptide and biomarker values in each study site, Box plot

TIME to VOTE for:
Best New Biomarker
1. Plasma Measures
2. Grey Matter Networks
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precision plasma
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B-amyloid 42/40 predicts
current and future brain amyloidosis

Neurology, 2019
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Objective
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would THIS change your vot
Methods

e?

Udng an smsmanopescaptatioa and Agad Swomalogiaphy - mes PeIometry sy, w
mevared APAL/ASH) 1t ploses sodd CSF surmplen from 155 mostly cognitively noemal ind

videils B were coleced wathin 15 sscnrthe of 20 asnvold PRET scn

Results
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Conclusions
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These folks argue (in
sporadic AlzD) that
Plasma AB42 predicts
conversion to PiB
(amyloid) positive scan!

note: in diagnostics context,
when referring to AB42, this
often refers to the ratio of
the AB42/AB40 peptides:
this eliminates noise from
variable protein recovery!
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biomarker of neurodegeneration in
Alzheimer’s disease

p
Abstract

| Bathground: A

Methods:

Alzheimer's
Research & Therapy

Plasma neurofilament light as a potential ~ &

Neurofilaments
are tangled up
with Tau in NFTs

what would this
look like w/out the

Figure 5. Good
correlation of
plasma NfL but
useless as a 8 4
biomarker?
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errant data point?

r=-0.49,
p<0.001]
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Serum is blood plasma minus the clotting proteins &%

Mmedacine
| 2019
Serum neurofilament dynamics predicts

neurcodegeneration and clinical progression in
presymptomatic Alzheimer's disease

why are DOIs [ame? " i A s s s

Preische et al.

Ultrasensitive immunoassay showed CSF NfL levels correlate with serum (n = 405)
CSF. Rate of NfL changes discriminate mutation carriers from non-carriers a decade
earlier than cross-sectional NfL levels: 16.2 versus 6.8 years before symptom onset.
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Aren’t these people on ENOUGH papers already? Sheesh!
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Neurodegeneration

2018 Evidence that iron accelerates Alzheimer’s pathology:

JNNP a CSF biomarker study
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L atrancs Iron: not really a Biomarker
OLIICIIve 10 Prligine Ry (eredeinpe effect on CSF AB seen late in the game...
e R recnh BUT the natural history of AlzD espoused
Methods M el st _ and Lo intrigues: 31.4 year progress
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e SEAD. . 10 90 %0 5 v does THIS mean to Tau Ignition?
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Cortical Thinning: a topic for another day...
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Drug Development Strategy: Three Points of
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Braak Stages in PD?

Braak stages 1 and 2 Brask siages I nd 4 Broak stages S and 6
Aufonomic and olfaciory Sieep s moter Emotionsl andd cognitie
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Addendum to Chapter 12: for future students



