Meta-ROI Generation

Literature search identified 22 papers
with whole brain analyses and either
MNI or Talairach coordinates of
voxels with maximal differences
between AD/MCI/Controls or
longitudinal change

Peak voxels plotted in MNI
coordinates

Baseline glucose metabolism in Meta-ROls

"AD
=MCI

®Normal

L Angular R Angular Post Cingulate L Inf Temporal R Inf Temporal Composite ROI

0.010 4

0.000 T

-0.010

-0.020

-0.030 1

-0.040

-0.050 |

-0.060 1

-0.070 -

Example Final Meta-ROls
Posterior Cingulate (Bilateral)

Mid Temporal

Meta-ROIs
contrasted with
MNI-ROls obtained
from AAL atlas

Annual rate of decline in FDG-ROls

L Angular RAngular  PostCingulate L Temporal R Temporal Composite ROI

il
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FDG PET Improves Statistical Power
Over ADAS Cog
All time points (up to 24 m)

Up to 12 m only

=25% Treatment effect
133% Treatment effect

Composite FOG-ROI ADAS-cog

25 Treatment effect

235 Treatment et I

Composite FOG-ROI ADAS-cog

Landau et al
Neurobiol Aging 2009

Empirically pre-defined statistical ROI for the
assessment of 12-Month CMRg| declines in MCI patients

Defined using data from 50 training-set patients using bootstrap with replacement

48mm  40mm  32mm  24mm  16mm gmm  Omm -8mm

Number of MCI patients per group needed in a 12-month multi-center RCT to detect a
25% treatment effect with power=80%, p=0.05 & no need to correct for multiple comparisons

FDG PET ADAS-COG11 MMSE
217 4402 5749

Characterized in 74 test-set patients (excluding HiRez & HRRT scanners)

Reiman et al
Banner Alzheimer Institute

Empirically pre-defined statistical ROI for the
assessment of 12-Month CMRgl declines in AD patients

Defined using data from 27 training-set patients using bootstrap with replacement

|
B/ Ry \§
48mm 40mm 32mm 24mm 16mm 8mm Omm :Bmm
Number of AD patients per group needed in a 12-month multi-center RCT to detect a
25% treatment effect with power=80%, p=0.05 & no need to correct for multiple
comparisons

FDG PET ADAS-COG11 MMSE
61 612 493

Reiman et al

Characterized in 29 test-set patients (excluding HiRez & HRRT scanners) )
P 9 Banner Alzheimer Institute

PET vs MRI as Surrogate Outcome in AD

Sample size to detect 25% reduction in rate of
change with 80% power and o = 0.05

6/7/11
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Glucose metabolism predicts ADAS-Cog
change and is correlated with it Baseline Posterior Cingulate Metabolism
Lowers Sample Size in MCI

in MCl and AD

Baseline FDG vs FDG Change vs . . . .
ADAS-Cog Change ADAS-Cog Change Random effects
: "1 Aoas-con model for data at
i baseline, 6, 12, 18
and 24 months

s
FZ Inclusion of baseline
posterior cingulate

metabolism as a
P covariate increases
(Mixed Effects Models adjusted for age, , , , . i . power
N er group)

sex, education, ApoE, random slope ) ‘ o
A Landau et al, Baseine posterorcinguizte [N
and intercept) Neurobiol Aging 2009 o baselne covarate

ADNI: Multivariate Prediction of MCI Conversion Univariate results: Prediction of conversion

Baseline
Baseline Hazardratio p-value

1.94 p=0.10
FDG-PET
imaging

Hippocampal Conversio ;
volume — Hippocampal _ p=0.04

volume

FDG-PET

L p=0.02
imaging

CSF markers
(AB, tau, p-taug,) CSF markers p=003
(p-tausg,/AR)
: : Subjects Dichotomized as “AD+” o
Episodic based on cutoffs obtained in the ADNI Episodic
memory normals and AD patients g p=0.01
(AVLT) EOY

Landau et al Neurology 2010 Landau et al Neurology 2010
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Multivariate results: Prediction of conversion

Baseline

FDG-PET

imaging

Episodic
memory

Hazard ratio

p-value

Conversion to
AD

Landau et al Neurology 2010

Multivariate results: Prediction of decline

Baseline

FDG-PET
imaging

CSF markers
(p-tausg,/AR)

Parameter

Estimate (8

p-value

Cognitive
Decline

Landau et al Neurology 2010

Univariate results: Prediction of decline

Baseline

FDG-PET
imaging
Hippocampal
volume

CSF markers
((RETVEW)

Episodic
memory

Parameter
Estimate (3) p-value

0.87 p=0.04

p=0.003

NS Cogr_1itive
Decline

p =0.001

p=0.08

Landau et al Neurology 2010

Survival curves

Episodic memory (AVLT) FDG-PET

Proportion remaining non-demented

Hazard ratio = 4.30

p=0.02

AD-
subjects

AD+
subjects

Proportion remaining non-demented

. Hazard ratio = 2.72
Joint Hazard | p=005

Ratio =11.7

6/7/11
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26 MC patients with a higher HCI H

71 MCl patients with a lower HCI
21 MCI patients with a smaller hippo vol

Months

L 20 MCI patiel vith both a higher HCI &

smaller hi
| 38 MCI patients with neither a higher
o= [ HCror smaller hippo vol

onts ) Chen et al, Neuroimage 2011

PIB “Add on” Protocol
Initiated in 2006

14 Centers, 103 Subjects
19 AD, 19 Normals, 65 MCI

Most subjects recruited at visit 2 (some 1 or 3)
Up to 3 scans/subject

ROI analysis — average cortical uptake

2
2
k4
<

6/7/11

In vivo Amyloid Imaging with
Pittsburgh Compound B (PIB)

TGO
7 N
ll\l+ “CH3
: CH
Histology - Thioflavin T

PET Imaging -
["'C]6-OH-BTA-1 (PIB)

HO.
\

PIB Time-Activity Curves

Cerebellum

Frontal 50_70 min

u Parietal

White Matter Of data

Target/Cbim
ratios at this time
are highly
correlated with
DVRs
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Function: Topographic Specificity
Molecules: Proteomic Specificity

Alzheimer’ s
Disease

- 80

Normal

8®
a8

Alzheimer’ s Disease Neuroimaging Initiative (ADNI)
Baseline PIB data (N=101)

3

Mean Cortical SUVR

Cutoff > 1.46
PIB+
(Berkeley Data)

Normals MCI AD
9/19 (47%)  47/63 (68%) 17/19 (89%)
PIB+ PIB+ PIB+

6/7/11

MCI’ s Cover the Range of Amyloid Load

Control MCI Patients AD
Subject MCI-1 MCI-2 MCI-3 Patient

Lopresti et al., J Nuclear Medicine 2005

1 Year Changes in PiB SUVR Values
by Subject Group

aseline

1 year

SUVR 50-70

Ctrl MCI AD Ctrl  MCI
PiB(-

17



PIB vs CSF Biomarkers: A PIB vs FDG
Total N = 55 (11 Control, 34 MCI, 10 AD)

300

° wmCl

® Control

Penn Autopsy
Sample (56 AD, 52
Cog normal)

192 pg/ml

Composite FDG ROI

e wCl

e Control

. Mean Cortical SUVR
Mean Cortical SUVR Jagust et al, Neurology 2009

6/7/11

FDG Cutoff:
from ROC
analysis of
separate
ADNI
subjects (AD
vs Controls)

2.2 24 K=

Jagust et al, Neurology

MCI Conversion and PIB in ADNI

PIB SUVR Index

Mean Cortical SUVR CSF Ap1-42 FDG Composite ROI

Linear regressions combining all 3 subject Converters  Controls

Non-Converters
groups: MCI, AD, Controls nver
Jagust et al, Neurology 2009

Conversion
16/45 (36%) PIB+
2/18 (11%) PIB-

PIB SUVR is a
significant
predictor of
conversion in
survival
analysis

18
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p-Amyloid, Hippocampal Volume and Memory Change in PIB and Ventricular Volume
in Older Controls

=3
©
1

=)
)
1

R? 3
(p=0.01)

o
1

s Hippocampus Volume v. Episodic Memory

Annual Change in Global Cortical PIB
1
Annual Change in Ventricular Volume, cm®

Ap is associated with
hippocampal volume
which is related to

memory impairment No correlation between PIB change and cognition, but

ventricular enlargement correlates with clinical decline
Mormino et al, Brain 2009 Jack et al, Brain 2009

Relationship Between Baseline PIB and
Atrophy Rates in MCI Amyloid Imaging in ADNI2 and GO

Baseline PiB-SUVR

["'C]PIB has a short half-life (20 min)

['8F] has a 2-hour half-life and is used clinically
with FDG in cancer imaging

1-year brain atrophy rates

Currently 4 ['8F] AB imaging agents are available

ADNI has partnered with Avid
radiopharmaceuticals to utilize AV-45 or
Florbetapir

Parallel Independent Components Analysis: Second Component

Tosun et al Brai
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Normal
Elderly

Florbetapir

['8F]-AV-45 (Florbetapir F18)

10 min data acquisition

Dan Skovronsky, Avid Radiopharmaceuticals

Tracer Comparisons
(SPM method, Pitt ROIs)

PIB - Florbetapir PIB1-PIB 2

——y=-0.13342 + 1.1186x R=0.96577
——y=027318 + 0.76094x R= 0.88448

R2=0.77 R2=10.92

PIB/Florbetapir Comparisons

Subjects
N=21
6 Normal
15 MCI

All have Florbetapir
16 have PIB 1 year prior
5 have PIB 2 years prior

Cerebellar (gray matter) normalization
Mean Cortical ROl = Frontal, Lat temporal,
Anterior cingulate, precuneus, parietal

PiB+/Florbetapir +
(mci)

Florbetapir
(2.00)

6/7/11
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PIB-/Florbetapir-

(Normal)

Florbetapir
(1.04)

SR
R

Florbetapir - CSF

——y=1.9262-0.0031251x R=0.71138

N=53

25 MCI

28 Normals
CSF at baseline

Florbetapir SUVR

CSF Ap (Year 1)

Frequency

Florbetapir SUVR

Florbetapir - CSF

N=53

25 MCI

28 Normals
CSF at baseline

CSF Ap (Year 1)

All subjects with existing Florbetapir data

Freesufer Processing
N =168
(Norm =43, EMCI = 78, MCl = 43, AD = 1)

Negative Positive
N=93 N=75

45% positive

Florbetapir composite region mean

6/7/11
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Frequency

Frequency

Normal (N=43)
Mean age =81
32.5% Positive

Positive
N=14

Florbetapir composite region mean

MCI (N=46)
Mean age 78
63% Positive

Negative Positive
N=17 N=29

Florbetapir composite region mean

6/7/11

EMCI (N=78)
Mean age 73
41% Positive

Negative
N=46

Frequency

Positive
N=32

Florbetapir composite region mean
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“We'd now like to apen the floor to shorter
speeches disguised as questions.”

6/7/11
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