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Hypothetical Model oT Dynamic Biomarkers
of the Alzheimer’s Pathological Cascade
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Tau-meditated neuronal injury and dysfunction
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Clinical disease stage
Jack et al: Lancet Neurol 2010
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Criteria Approach

* Clinical criteria
* Biomarkers

* Molecularsneuropathology
CSF AB42
Amyloid imaging

* Measures of neuronal‘injury
Structural, e.g., MRI
Functional, e.qg., FDG PET
CSF tau



Alzheimer’s Disease Spectrum

Preclinical AD

MCI Due to AD

Dementia Due to AD
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Dementia Due to AD

Biomarker

probability of AD AB Neuronal injury
Diagnostic category etiology (PET or CSF) (tau, FDG, sMRI)
Probable AD Uninformative/ Conflicting/
dementia available indeterminant or unavailable
Probable AD with Intermediate ? Positive
evidence of path AD Highest Positive Positive
Possible AD High consider Positive Positive
dementia atypical secondary
with path
Dementia unlikely Lowest Negative Negative
AD

MAYO McKhann et al: 2011

CLINIC

@y



Alzheimer’s Disease Spectrum

Preclinical AD

MCI Due to AD

Dementia Due to AD
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Diagnostic category

MCI

MCI due to AD -
intermediate
likelihood

MCI due to AD -
high likelihood

MCI — unlikely due
to AD

MCI Due to AD

Biomarker

probability of AD

etiology

Uninformative

Intermediate
Intermediate

Highest

Lowest

AB Neuronal injury
(PET or CSF) (tau, FDG, sMRI)
Conflicting/

indeterminant or unavailable
Positive Untested
Untested Positive
Positive Positive
Negative Negative

Albert et al: 2011



Alzheimer’s Disease Spectrum

Preclinical AD

MCI Due to AD

Dementia Due to AD
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Diagnostic
category

Stage 1
Stage 2
Stage 3

Stage 0
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Preclinical AD

(PET'glrSCSF) Neuronal injury
Positive Negative
Positive Positive
Positive Positive
Negative Negative

Clinical

Negative
Negative
Positive

Negative

Sperling et al: 2011



NIA-AA Preclinical AD Staging in Relation to
Our Hypothetical Model of Biomarkers

Preclinical Stage
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Do the Criteria Work?

Mayo Clinic Study of Aging (MCSA)
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Mayo Olmsted County
Study of Aging
(U0O1 AGO06786)
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Mayo Clinic
Study of Aging

Population-based study of 3000-
4000 nondemented persons age
50-89 years in Olmsted County, MN



Mayo Clinic Study of Aging
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F-U = follow-up



Mayo Clinic Study of Aging

270 year olds

2004 ‘06 ‘08 ‘10 ‘12 ‘14
— | | | i |
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“Enroliment
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250 year olds
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n=2000

MAYO F-U = follow-up
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Evaluation

Consent form

Blood draw

\ 4

Clinical evaluation

Nurse/SC interview

\ 4

Neurological evaluation

Cognitive assessment

Participant
Family history
Current medications
Demographic information
Memory & orientation
Medical history &
risk assessment
Neuropsychiatric inventory

Study partner
Clinical dementia rating
Functional

( Neurological history \
Short test of mental status
Modified Hachinski scale
Prime MD (physician form)
Neurological examination

and modified UPDRS
g J

/ Memory \
Logical memory (delayed)

Visual reprod (delayed)
AVLT
Executive function
Traills A & B
Digit symbol substitution
Visuospatial
Picture completion
Block design
Language

\ assessment (FAQ) /

@ MAYQO CLINIC
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Resources Acquired

* 4000 non-demented subjects
3000 cognitively normal
800 MCI

* 2500 quantitative MRI'scans
°* ~ 4000 DNA samples

 ~ 4000 frozen plasma/serum samples
plus annual samples

* Clinical and performance measures
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°* AC

* AC

C

C

Extension of MCSA

new subjects older cohort

1000+ subjects younger cohort

* Continue annual clinical follow-ups

* Continue serial MRI scans

* Collect annual plasma/serum
°* Perform 800 CSF’s
* Perform 1200 FDG-PET scans

* Perform 1200 PiIB PET scans
SR



So, How Do the Criteria Fare In
the General Population?



MCI| Due to AD



Assessing Biomarkers in the
Community

°* Biomarker negative
Amyloid neg
FDG PET/MRI neg

* Amyloid positive Neurodeg neg
Amyloid pos
FDG PEI/MRI neg

* Amyloid pos Neurodeg pos
Amyloid pos
FDG PET/MRI pos

* Neurodegen only
Amyloid neg

FDG PET/MRI pos
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All MCI MCSA
Population Frequencies

50 -
40 -
30 -
%
20 -
10 A
0 -
Biom Amyloid Amyloid + Neurodeg
neg only neurodeg only
sNAP

Petersen et al: Ann Neuro, 2013
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MCSA aMClI

Annual Rates of Change
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Dementia Amyloid Dementia
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only
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Risk of Dementia Following
Reversion to Normal

100 - _ :
- \C| with reversion vs normal

HR = 6.6; P<0.001

80 1 = MCI no reversion vs normal
HR = 28.8; P<0.001

= NOrmal

60 -

40

20

Cumulative incidence
of dementia (%)

Years of follow-up
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Preclinical AD



Diagnostic
category

Stage 1
Stage 2
Stage 3
Stage O
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AP
(PET or
CSF)

Positive
Positive
Positive

Negative

Preclinical AD

Neuronal
injury

Negative
Positive
Positive

Negative

Clinical

Negative
Negative
Positive

Negative

Sperling et al: 2011
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Pre-clinical Normal

Population Frequencies
Jack et al., Ann Neurol, 2012
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NIA-AA Preclinical AD Staging
In Relation to Our Hypothetical Model
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Preclinical Alzheimer’s Disease

and Its Outcome
A Longitudinal Cohort Study

Stephanie J. B. Vos; Chengjie Xiong; Pieter Jelle Visser;
Mateusz S. Jasielec; Jason Hassenstab;
Elizabeth A. Grant; Nigel J. Cairns; John C. Morris;
David M. Holtzman; Anne M. Fagan

MAYO Lancet Neurology 12:957, Oct 2013
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Preclinical Alzheimer’s disease and its outcome:
a longitudinal cohort study

Preclinical Alzheimer’s Disease
and Its Outcome:

A Longitudinal Cohort Study

LancetNeuroIogy 12:957, Oct 2013



Pre-Clinical AD Stages
Neuroimaging vs CSF

B M Jack et al: MCSA, 2012

M Vos et al: 2013

Stage 0 Stage 1 Stage2 Stage3 SNAP  Uncl

Petersen, L Neur 2013
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Preclinical Progression to MCl/Dementia
Mayo Clinic Study of Aging

50 7

40 A

30 -

%

20 7

10 -

Stage 0 Stage 1 Stage 2 Stage 3 SNAP

MAYO
CLINIC

7y Knopman et al., 2012



Progression to CDR >/=0.5
by Preclinical Alzheimer’s Disease Stage

1.0 7 === Normal
- Stage 1
== Stage 2

0.8 - Stage 3 St 3
== SNAP Group

O
(@)
1

O
™

o
N

Cumulative incidence
probability

O
o

Follow-up (years)

MAYO \os et al: Lancet Neurol 12:957, 2013
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Amyloid-first and Neurodegeneration-
first Profiles Characterize Incident
Amyloid PET Positivity
Clifford R. Jack, Jr., Heather J. Wiste, Stephen D.
Weigand, David S. Knopman, Val Lowe, Prashanthi
Vemuri, Michelle M. Mielke, David T. Jones, Matthew L.

Senjem, Jeffrey L. Gunther, Brian E. Gregg, Vernon S.
Pankratz, Ronald C. Petersen

Neurology, 2013; 81: 1732-1740
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All MCSA CN
with serial amyloid
(n 207

Baseline amylo id<1.4 Basellne amyloid =2 1.4
(n=123)

N\

All follow-up At least one follow-up
amyloid < 1.4 amyloid =2 1.4

(n = 84)

(n = 94) (n = 29)

g PN,

Non-stable amyloid Stable amyloid nmdent amyloid Not incident amyloid
(n=25) (n=69) (n =26) (n=23)

Figure 1. Flow chart.

The CN groups in blue are the focus of this paper.
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Changes in Imaging and Clinical
Measures By Amyloid Status
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Brain Advance Access published October 30, 2013
doi:10.1093 /brain/awt286 Brain 2013: Page 1of 11 | 1
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Effect of amyloid on memory and non-memory
decline from preclinical to clinical
Alzheimer's disease

Yen Ying Lim," Paul Maruff,’? Robert H. Pietrzak,® David Ames,*> Kathryn A. Ellis, "
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High amyloid has been associated with substantial episodic memory decline over 18 and 36 months in healthy older adults and
individuals with mild cognitive impairment. However, the nature and magnitude of amyloid-related memory and non-memory
change from the preclinical to the clinical stages of Alzheimer's disease has not been evaluated over the same time interval.
Healthy older adults (n = 320), individuals with mild cognitive impairment (n=57) and individuals with Alzheimer's disease
(n =36) enrolled in the Australian Imaging, Biomarkers and Lifestyle study underwent at least one positron emission tomography
neuroimaging scan for amyloid. Cognitive assessments were conducted at baseline, and 18- and 36-month follow-up assessments.
Compared with amyloid-negative healthy older adults, amyloid-positive healthy older adults, and amyloid- positive individuals with
mild cognitive impai it and Alzheimer's disease showed moderate and equivalent decline in verbal and visual episodic memory
over 36 months (d's = 0.47-0.51). Relative to amyloid-negative healthy older adults, amyloid-positive healthy older adults showed
no decline in non-memory functions, but amyloid-positive individuals with mild cognitive impairment showed additional moderate
decline in language, attention and visuospatial function (d's = 0.47-1.12), and amyloid-positive individuals with Alzheimer's dis-
ease showed large decline in all aspects of memory and non-memory function (d's = 0.73-2.28). Amyloid negative individuals with
mild cognitive impairment did not show any cognitive decline over 36 months. When non-demented individuals (i.e. healthy older
adults and adults with mild cognitive impaiment) were further dichotomized, high amyloid-positive non-demented individuals
showed a greater rate of decline in episodic memory and language when compared with low amyloid positive non-demented
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HA AB- —m—HA AR+
MCIAB+  —»—AD AR+

Verbal Memory
Visual Memory

18month 36month

Baseline 18month 36month Baseline

Figure 1.

Linear trend of performance on the verbal memory composite (A) and the visual memory
composite (B) for HA-AB-, HA-ABR+, MCI-AB-, MCI-AB+, and AD-AB+ groups, from baseline

to 36 months.

MAYO Lim YY et al, Brain 2013.
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Mayo Clinic Study of Aging

Role of amyloid status in progression
from healthy control to MCI in the
general population
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Role of Amyloid in Predicting
Progression in Imaging and Cognitive
Biomarkers

« Amyloid positive vs. amyloid negative
* Imaging biomarkers
* PIB PET
 FDG PET
- MR ventricular volume
» Cognitive measures
* Global
* 4 cognitive domains
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BASELINE CHARACTERISTICS OF SUBJECTS WITH SERIAL DATA

Q—W MAYQO CLINIC

Characteristic

Serial Cognitive Data

(n=484)

Serial Imaging Scans

(n = 200)

Age, years, median (IQR)

78 (75, 82)

78 (75, 82)

Male, no. (%)

269 (56)

121 (60)

APQOE e4 carrier, no (%)

120 (25)

57 (28)

Education, years, median (IQR)

14 (12, 16)

14 (12, 16)

Short Test Score, median (IQR)

35 (34, 37)

35 (33, 37)

Cognitive domain z-scores, median (IQR)

Global
Memory
Language
Attention
Visuospatial

0.75 (0.16, 1.25)
0.70 (0.02, 1.38)
0.50 (-0.02, 1.02)
0.59 (-0.00, 1.11)
0.64 (0.02, 1.22)

0.71 (0.13, 1.23)
0.70 (-0.04, 1.32)
0.47 (-0.04, 0.99)
0.59 (0.02, 0.99)
0.61 (0.00, 1.20)

PIB ratio, median (IQR)

1.38(1.31, 1.63)

1.38 (1.30, 1.61)

FDG ratio, median (IQR)

1.40 (1.30, 1.50)

1.40 (1.30, 1.50)

Hippocampal volume, cm3, median (IQR)

7.0 (6.4, 7.5)

7.0 (6.4,7.5)

Hippocampal volume/TI1V, median (IQR)

0.47 (0.43, 0.52)

0.47 (0.42, 0.52)

Number of follow-up visits, %
1

261 (54)
181 (37)
29 (6)
10 (2)
3(1)

171 (86)
28 (14)
1 (0)
0 (0)
0 (0)




Change in STMS by PiB Over Time
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Change in Global Cognition by PiB Over
Time
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Change in Attention by PiB Over Time
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ApoE and PIB
Cognitive Measures

Global z-score Attention z-score Short Test Mental

: . Status
APOE4+, PIB+ | e _,_, .
APOE4+, PIB- _._E. _,_E _._I_
APOE4-, PIB+ | =mo= . N
APOE4-, PIB- -..i _._;_ _._é_
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Annual change

MAYO
CLINIC

©2014 MFMER | 3320473-52



Change in PiB Levels by PiB Over Time
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- Age=75, PIB+ =—— Age=82, PIB+

257 PIB, P<0.001

PiB ratio
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Change in Ventricular Volume by PIB

Over Time
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ApoE and PiB
Imaging Biomarkers

PIB Ventricular volume
APOE4+, PIB+ i | ———
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Education, PBI by ApoE Interaction and
Hippocampal Volume

Education (12 vs 16 yr)

Among ApoE4 - /PIB +

Among ApoE4+ / PIB +

PIB + ApoE4 + vs PiB — ApoE4-
Among PiB + APOE4 +

Among PiB - APOE4+

HV/TIV (P25 vs P75)

MAYO
CLINIC

¢y

*._

2

3
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Evolving Field on Biomarkers

* Pre-clinical
Amyloid alone slow progression
Amyloid plus neurodegeneration
Amyloid plus ApoE4 additive

° MCI
Amyloid alone slow progression
Amyloid plus neurodegeneration
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