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Neurodegeneration - Alzheimer’s Disease
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Neurodegenerative Disease
- Cognitive decline > Body function decline > death 
- Life Expectancy 3-7 yrs from Diagnosis
- Pathology: b-Amyloid and Tau

A Huge Problem for Society
- Human Suffering
- Strain on Healthcare System & Government Budget
- Increasing Prevalence

Primary Biomarkers: PET (Ab ▲, Tau ▲) & MRI (T1▼)
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Neurodegeneration - Parkinson’s Disease

Neurodegenerative Disease
- 2nd most common ND after AD
- Motor Symptoms > Swallowing/speech/gait > cognitive decline 
- Pathology: a-synuclein

A Huge Problem for Society
- Human Suffering
- Strain on Healthcare System & Government Budget
- Increasing Prevalence

Healthy control Mild PD Advanced PD

Primary Biomarkers: SPECT (DAT ▼) & PET (DAT ▼ & VMAT2 ▼)
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Imaging Enables Drug Development Decision Making

The Value of Imaging is dependent on Timing
Explaining failures later in the process is of lower value; Decision making data for Go/No Go decisions is of high value; Early phase studies do not add much cost.

Tissue Exposure
(Biodistribution)

Target Engagement
(Target Engagement, Dose Selection)

Pharmacological Activity
(Disease Modification)

Patient Stratification
(Patient Selection)

Early Phase Late Phase

Biomarker 
Development 
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Multicenter Late Phase Imaging Trials
• Neurodegeneration (focus on Alzheimer's and Parkinson's Disease)
• Ph II (~200 Patients) and Ph III (~2,000 Patients)
• Amyloid, Tau, DaT
• Static Imaging
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Example Ph III Trial
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How is Imaging used in Multicenter Trials

Enrolment

Screening

Active

Placebo

Baseline 6m 12m 18m

Stratification Longitudinal Analysis

Visual Read or Quantitative Analysis Quantitative Analysis

Does a subject have the right 
characteristics to be a trial 
participant?

Does the drug change the 
disease related biomarker?

Established analysis approaches to date have been Visual Reads and SUVr Quantitative Analysis
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AD Imaging Biomarkers - Amyloid

Rowe et al, 2016, JNM

Meyer et al, 2019, Progress in Molecular Biology and Translational Science
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AD Imaging Biomarkers - Tau

Leuzy et al, 2019 Mol Psych

Betthauser et al., 2018 
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Biomarker Trajectories in AD

Hypothesized Model of Alzheimer’s (Cliff Jack)

PE
T

PE
T

M
RI

Co
gn

itiv
e T

es
t

Cl
in

ica
l A

ss
es

sm
en

t



10www.invicro.com

100 AD Drug Development Programs Discontinued

History of Alzheimer’s Drug Development

2020201520102005200019951906

ADUHELMTM

Approved

Alzheimer’s 
Disease 
Discovered

Donepezil 
Approved

Galantamine 
Approved

Rivastigmine 
Approved

Memantine 
Approved

Symptomatic Treatments Disease 
Modifying 
Treatment
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Measuring Amyloid clearance with PET

PET AmyloidPET Amyloid

Clinical Measures
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The Disease Modifying AD Therapy Landscape

100 AD Drug Development Programs Discontinued

2020201520102005200019951906

ADUHELMTM

Approved

Alzheimer’s 
Disease 
Discovered

Donepezil 
Approved

Galantamine 
Approved

Rivastigmine 
Approved

Memantine 
Approved

Symptomatic Treatments Disease Modifying 
Treatment

Alzheimer’s Disease Therapies

Aducanumab
FDA approved
Modest effect
Controversial

Donanemab
In Ph III
Readout: Mid 2023

BAN 2401
In Ph III
Readout: Oct 2022

Gantenerumab
In Ph III
Readout: Dec 2022
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Advanced Analytics - The IQ Platform
Provides improved analysis of neurodegenerative biomarkers
- Disease driven Analysis Algorithms
- Increase Statistical Power 
- Automation

Alzheimer's Disease

Parkinson’s Disease

Time (years)
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PatientsPharma Advanced Algorithms for Trials & Treatment
n Patient Treatment

n Personalized 
Medicine

n Clinical Trials
n Patient Stratification
n Pharmacodynamic Readouts

Big Data

Spatio-Temporal 
Biomathematical Disease 
Modelling

IQ for Pharma Trials and 
Clinical Decision Making
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K    Carrying Capacity
Varied across regions

NS  Non-Specific
Varied across regions

T50  Time of Half Maximal Aβ                 
concentration
Constant across regions

r    Uninhibited Exponential 
Aβ Growth Rate
Constant across regions

Whittington, Sharp & Gunn, JNM, 2018
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The IQ Platform

DATIQ – Canonical Images ([123I]Ioflupane)

Input OutputImage based regressionMNI space

Fitted Image

IQLoad (%)

Whittington and Gunn, 2019, JNM Whittington and Gunn, 2021, JNM
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Low A𝛽 Moderate A𝛽 High A𝛽
Healthy MCI AD
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outperforms Conventional Analytics

AmyloidIQ AβL Positive AβL Negative

Visual Read 
Positive

318 19

Visual Read 
Negative

25 310

Comparison with Visual ReadsComparison with Post-Mortem Data

AmyloidIQ AβL Positive AβL Negative

Post-Mortem 
Positive

51 3

Post-Mortem 
Negative

1 34

AmyloidIQSUVr

SUVr
DSUVr = 0.026
s.d. = 0.11
Effect Size = 0.35

AmyloidIQ

DAβL= 0.02
s.d. = 0.058
Effect Size = 0.49

Longitudinal Analysis

BETTER THAN OTHER APPROACHES WHEN COMPARED TO “GOLD STANDARD”
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Novel Biomarkers for AD - MIND MAPS

ALS

Cognition, MRI
[11C]UCB-J 

[11C]SA-4503

[18F]BCPP-FE

PD
12 PD - examined at 1 time-point, 6 re-
examined 12 months later 
Cognition, MRI
[11C]UCB-J 

[11C]SA-4503

[18F]BCPP-FE

AD
12 AD  - examined at 2 time-points  
~ 12 months

Cognition, MRI, 
[11C]UCB-J 

[11C]SA-4503
[18F]BCPP-FE

HD

Cognition, MRI
[11C]UCB-J 

[11C]SA-4503

[18F]BCPP-FE

GMP Ligands

[11C]UCB-J 

SV2A

[11C]SA-4503

s1R

[18F]BCPP-FE           MC1

Effects of Age 
in HV

24 HV 
20-85 yrs
Cognition, MRI

[11C]UCB-J 
[11C]SA-4503                     
[18F]BCPP-FE

FTD

12 FTD

Cognition, MRI
[11C]UCB-J 

[11C]SA-4503

[18F]BCPP-FE

Schizophrenia

Cognition, MRI
[11C]UCB-J 

[11C]SA-4503

[18F]BCPP-FE
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Cell stress & Mitochondrial changes in AD
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Longitudinal Changes in AD patients

Hypothesized Model of Alzheimer’s (Cliff Jack)

?

Can we develop biomarkers for earlier stages of the disease?

Longitudinal changes over 12-18 mths
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PD Imaging Biomarkers



22www.invicro.com

Healthy control Mild PD Advanced PD

CONFIDENTIAL – NOT FOR DISTRIBUTION
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SURE-PD Dataset and Analysis
SURE-PD3 was designed to assess whether urate-elevating inosine treatment slows PD clinical decline. The trial was 
terminated after an interim analysis showed futility. DaT imaging was performed 1 month before baseline and 22 
months after randomization to placebo or active-drug in 154 participants.

DAT-IQ SBR

Method Parameter Name
% Change
(per year)

SD Effect size
Sample size (each arm) 

50% change in signal with power 
of 80%

DATIQ DATLoad -9.84 7.97 -1.23 43
SBR method caudate -9.10 9.04 -1.01 60
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VMAT2 – Longitudinal Analysis (N=30)
Optimising Target and Reference Regions for SUVR Analysis

Target ROI: Putamen
Reference region: Cerebral white matter

Improved power over current standard 
of occipital cortex reference region
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VMAT2 – Longitudinal Analysis (N=30)
Comparison with DAT

VMAT2 DAT

power YEAR 1 YEAR 2 power YEAR 1 YEAR 2

80% 63 30 80% 117 56

90% 85 40 90% 157 75

Data are Subjects/arm

Assumptions:

• Placebo controlled, double blind trial
• Two arms
• Power 80 or 90% power to detect 50% slowing of the rate of signal loss
• p<0.05, two-tailed
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Alpha-Synuclein Imaging in MSA

AC Immune, 2022

18F-SPAL-T-06

Matsuoka et al., 2022, Movement Disorders

18F-ACI-12589
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MRI Biomarkers for Neurodegeneration
Maximizing Signals using Super Resolution Processing

27

Deep Learning Network

3T 1.2mm 3T SR 0.6 mm7T 0.7 mm

Actual Acquisition of same subject on 3T and 7T scanner SR processed 3T data
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T1 Super Resolution MRI in AD

Cortical volume over time 
at super resolution (0.5mm)

Cortical volume over time 
at original resolution (1mm)

Original resolution MRI Super resolution MRI
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T1 Super Resolution in PD
Impact of 3D super-resolution on quantification of Basal Ganglia

A high-resolution probabilistic in vivo atlas 
of human Subcortical nuclei

These tissue boundaries are 
difficult to delineate accurately
in individual studies.

globus pallidus

Individual T1-weighted MRI from PPMI Super-Resolution T1-w MRI from PPMI

Subject 3838 Subject 3838: SR quality approaches that
of a true high-res (0.5 mm) study and that of 
the population-aggregated template at right.

globus pallidusglobus pallidus
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Summary

• Imaging Biomarkers are important for
• Stratification of subjects into clinical trials
• Longitudinal markers of Disease Progression

• Maximizing the Value of Biomarkers
• The right biological targets

• Sensitivity to disease progression
• The right tracer characteristics

• Uptake/Specificity/Selectivity
• The right analytics

• Maximize Power for signal detection
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