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Introducing a Powerful New Genetic Test for
Assessing Alzheimer’s Disease Risk
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Agenda

The Clinical and Financial Challenge of Alzheimer’s Disease

Genetics of Alzheimer’s Disease

Polygenic Risk Score Approaches and Status

Future Directions
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Alzheimer’s Disease – the most common form of dementia

Global dementia 44m today, 
to treble by 2050

2015: $600bn
2030: $1,100bn
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The Challenge: Clinical Trials for Alzheimer’s Disease (2017)

The Challenges in AD:

• No new drugs approved since 2003

• 99.6% failure rate in AD

• 139 registered trials in AD vs 4,976 
trials in cancer (2014-15)

105 agents in development for AD:

Phase III (late-stage)
• 28 agents in 42 clinical trials

Phase II
• 52 agents in 68 clinical trials

Phase I (early-stage)
• 25 agents in 29 clinical trials
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AGE

OXIDATIVE STRESS

CARDIOVASCULAR DISEASE

DIABETES

DIET/EXERCISE

NEUROINFLAMMATION

GENETICS

EDUCATION/LEARNING

Preclinical

Prodromal

Dementia

60 75 9045

Disease 
Course

RISKS – WHEN THEY MAY HAVE IMPACT

Risk Factors for Alzheimer’s Disease: ENVIRONMENT + GENETICS
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“

The genetics of AD – Polygenic Risk Score (PRS)
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Adapted from Kunkle et al. 2018 
https://www.biorxiv.org/content/early/2018/04/05/294629
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Emily Baker Poster P1-152; AAIC 2018

Current status: 40+ loci associated with Alzheimer’s Disease risk
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Amyloid Plaque Neurofibrillary
Tangle

Neuritic Plaque

Brain Amyloid Imaging

PET – Positron Emission 
Tomography

Lumbar Puncture

CSF – amyloid and tau 
fragments

THE PROBLEM: Current methods for early assessment 
are expensive; have limited availability; are invasive 
and high risk; and show limited reproducibility

“Genetic analysis is the most cost effective 
and reliable way of deciding who should be 

assessed for early disease.”

– Professor John Hardy  –

Head of the Department of Molecular Neuroscience
and Chair of Molecular Biology of Neurological Disease at the 

UCL Institute of Neurology, London, England

Fellow of the Royal Society since 2009

Alzheimer’s Disease is NOT 
the same as normal ageing…

Biomarkers are crucial for early detection but current methods are flawed
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54,073
Participants are required to 
complete the current trials

8,239 22,009 22,253 588

Preclinical AD
Prodromal / 

Prodromal-Mild AD
Mild-Moderate Moderate/Severe

RECRUITMENT

Overview

105
Agents in the pipeline

25 agents in phase I
52 agents in phase II
28 agents in phase III

BIOMARKERS

28% Phase II DMT trials require presence 
of an amyloid biomarker for entry

50% Phase III DMT trials require presence 
of an amyloid biomarker for entry

• 10 trials use amyloid PET
• 2 use CSF
• 2 use either amyloid or CSF

Screening

80%
Screen Failure Rate

Cummings, Alz&Dem, 2017

Latest analysis of clinical trial activity in AD
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Google co-founder Sergey Brin (left), neuroscientist John Hardy (centre), and 23andMe 
co-founder Anne Wojcicki at the 2016 Breakthrough Prize Ceremony on Nov. 8, 2015

Professor John Hardy (UCL Institute of Neurology) was awarded the $3 million Breakthrough 
Prize in Life Sciences for his pioneering research into the genetic causes of Alzheimer’s 
disease, other forms of dementia and Parkinson’s disease

Professor John Hardy – 2016 Breakthrough Science Award
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Cardiff University Polygenic Risk Score (PRS) Algorithm

Developed PRS analysis pipeline using the largest AD GWAS dataset 
(17,008 cases and 37,154 controls) and validated on an independent sample1

Best prediction accuracy achieved by selecting 87,583 SNPs

AD risk prediction by ApoE and PRS in independent datasets (with age and gender as co-variates)

Model
N cases/ 

N controls
APOE
(AUC)

PRS without 
APOE
(AUC)

Full PRS model
(AUC)

P-value *

GERAD
Dataset1

3,049/
1,554

0.72 - 0.78 7.2e-30

AD pathology confirmed 
sample TGEN data2

1,011/
583

0.68 - 0.84 -

ADNI data 174/
224

0.76 0.75 0.82 2.2e-13

1 Escott-Price et al. “Common polygenic variation enhances risk prediction for Alzheimer’s disease” Brain, 2015
2 Escott-Price et al. “Polygenic Risk Score analysis of Pathologically Confirmed Alzheimer Disease ”Annals of Neurology, 2017
* Significance of full PRS model improvement over APOE
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data in press – Journal of Prevention 
of Alzheimer's Disease

V Escott-Price, A Myers, M Huentelman, J Hardy (2018) Polygenic Risk Score 
Analysis of Alzheimer's Disease in cases without APOE4 or APOE2 alleles

AD risk prediction in APOE3 homozygotes
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Polygenic Risk Score (PRS) captures nearly all common genetic risk for AD
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Not AD
227 

samples

Not AD
276 

samples

AD
18 

samples

AD
120 

samples
Amyloid 
positive

357 samples

Amyloid 
negative

304 samples

AD/not AD predict
AUCFull_PRS=0.7

AD/not ADpredict
AUCFull_PRS=0.77

Risk to clinical conversion from MCI to AD

Clinical diagnosis at the last time-point

AD prediction
Sensitivity  AUC

APOE 0.70          0.75
Full PRS      0.94          0.98
P*<2.2e-16

PRS > Mean + 1SD deviation

Prediction of amyloid-positive 
individuals with AD: High PRS x ApoE

PRS applications: Prediction of conversion to AD; Amyloid +ve selection

AD 
AND

Amyloid 
positive(PET)
37 samples
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Best in class genotyping and analysis solution - high accuracy

Best in class testing platform:
• Applied Biosystems™ Axiom™ Arrays on clinically 

proven GeneTitan™ Platform

• Cytox variaTECT™ SNP Array for genotyping

• Cytox SNPfitR™ Software for risk scoring

Designed for Alzheimer’s applications

that matter most:
• Improved approach for stratifying clinical trial subjects

• For core clinical research efforts into mechanisms of AD

• Future CLIA approved test for physicians

• CDx for new wave of AD therapies

A powerful genetic test for assessing AD risk with world-class partners…
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Pathway ID Pathway Description p p no GWS

GO:2455 humoral immune response mediated by 
circulating immunoglobulin                                                                                                   

3.27E-12 5.72E-01

GO:50776 regulation of immune response                                                                                                3.24E-09 1.57E-04

GO: 2684 positive regulation of immune system process                                                                                 3.95E-09 2.11E-04

GO:60627 regulation of vesicle-mediated transport                                                                                        1.31E-11 2.00E-01

GO:30100 regulation of endocytosis                                                                                                    6.76E-10 1.06E-01

GO:45806 negative regulation of endocytosis                                                                                           3.91E-07 1.77E-02

GO:30301 cholesterol transport                                                                                                        2.96E-09 2.51E-01

GO:43691 reverse cholesterol transport                                                                                                3.90E-09 2.78E-01

GO:15918 sterol transport                                                                                                             3.91E-09 3.15E-01

GO:51437 positive regulation of ubiquitin-protein ligase 
activity involved in mitotic cell cycle                                                                                      

2.60E-03 2.60E-03

GO:51439 regulation of ubiquitin-protein ligase activity 
involved in mitotic cell cycle                                                                                               

3.82E-03 3.82E-03

GO:30131 clathrin adaptor complex                                                                                                     1.20E-03 9.13E-01

GO:30119 AP-type membrane coat adaptor complex                                                                                           1.53E-03 9.54E-01

GO: 6457 protein folding                                                                                                              1.60E-03 1.00E+00

China: 10 million dementia cases; 50 million with MCI

Current Work

Ongoing performance in independent 
data sets:

• Emory cohort

• ADNI cohort

• AIBL cohort

• Mayo Study of ageing

Development of variaTECT v2.0 Q1 
2019

Understanding thresholds for very high 
risk and very low risk individuals

More analysis of ability to predict 
conversion/stability

Sub-pathway analysis 
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Age 75
Clinical Diagnosis Normal
CSF Status (0/1 = -/+) 0
APOE Status E3E3
Gender Male

Pathway

Pathway scores 
above 97.5% of 
controls **

Pathway scores 
above 84% of 
controls *

Pathway 
scores just 
above average 
control levels

Pathway 
scores just 
below average 
control levels

Pathways controling the quantity of amino acids 0 2 2 2
Pathways controling amino acid metabolism 0 0 2 4
Axon Guidance pathway 0 0 2 4
Beta amyloidosis pathway 0 0 0 6
Pathways affecting cell survival 0 3 2 1
Cell cycle regulation 0 0 1 5
Pathways affecting cell death 0 2 0 4
Cell growth and proliferation 0 2 3 1
Cellular compromise 1 1 0 4
Diabetes associated genetic rsik 2 0 0 4
DNA repair 0 1 2 3
Free radical scavenging 0 0 2 4
Immune function 0 2 1 3
Lipid metabolism 1 1 0 4
Pathways affecting LTD 0 1 1 4
Pathways affecting LTP 0 0 0 6
mTOR regulated 1 2 3 0
mTOR regulated overall 2 0 3 1
Neurite outgrowth 0 0 3 3
Post-translational modifications 0 0 2 4
Protein synthesis 0 0 4 2
Synaptic transmission 2 0 1 3

Age 67
Clinical Diagnosis AD
CSF Status (0/1 = -/+) 1
APOE Status E3E3
Gender Male

Pathway

Pathway 
scores above 
97.5% of 
controls **

Pathway scores 
above 84% of 
controls *

Pathway 
scores just 
above average 
control levels

Pathway 
scores just 
below average 
control levels

Pathways controling the quantity of amino acids 0 2 1 3
Pathways controling amino acid metabolism 0 4 1 1
Axon Guidance pathway 0 4 0 2
Beta amyloidosis pathway 0 1 3 2
Pathways affecting cell survival 1 1 0 4
Cell cycle regulation 2 0 1 3
Pathways affecting cell death 0 4 1 1
Cell growth and proliferation 4 0 2 0
Cellular compromise 0 0 1 5
Diabetes associated genetic rsik 2 0 2 2
DNA repair 0 0 1 5
Free radical scavenging 0 0 1 5
Immune function 2 0 2 2
Lipid metabolism 2 2 0 2
Pathways affecting LTD 1 1 0 4
Pathways affecting LTP 0 1 2 3
mTOR regulated 3 3 0 0
mTOR regulated overall 2 2 2 0
Neurite outgrowth 0 0 1 5
Post-translational modifications 0 4 2 0
Protein synthesis 0 4 0 2
Synaptic transmission 1 2 3 0

genoTOR PRS: the promise of precision medicine for Alzheimer’s Disease…

Examples – Comparison of E3/E3 cognitively normal and AD subjects
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Performance

84% Accuracy 
(AUC)  in pathology 

confirmed cases

Algorithm
robustness

Algorithms

Algorithm inputs 
derived from very 
large dataset; IP 

Cardiff, UCL, 
Birmingham

Application to other 
ethnic populations

Custom Array

>150,000 carefully 
selected SNPs

Automated 
workflow from 

genotyping data to 
individual polygenic 

risk score

Global Access

Globally available, 
clinically validated
GeneTitanTM; world-
class lab partners

Verified for DNA 
extracted from 

blood or saliva

High predictive performance across clinical cohorts…..
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The UK’s innovation agency
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Improved pre-symptomatic recruitment for clinical trials with Cytox

1

2%

23%

61%

14%

There are six genotypes for APOE; with figures below indicating what proportion 
of the cogitatively normal UK population have a specific combination1.

E4/E4 E3/E4 E3/E3 E2/E2, E2/E3, E2/E4 

25% of population are good 
candidates for presymptomatic

preventative  AD trials

75% of population are poor 
candidates AD clinical trials

With Cytox, pharma/biotech can now cost-
effectively screen for non-APOE4 carriers 
who are at higher risk for developing AD.

1 Prof Ian Rowland Head of the Hugh Sinclair Unit of Human Nutrition


