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Overview

What is a Patient Selection Marker for Precision 

Medicine in Alzheimer’s?

Summary

• ANAVEX®2-73 focuses on a new target relevant to Alzheimer’s

disease and other neurological diseases

• Sigma-1 receptor (SIGMAR1) serves as an intracellular

chaperone and functional modulator of calcium homeostasis and

synaptic plasticity. It is involved in several pathways related to

Alzheimer’s disease, i.e. reduction of beta amyloid,

hyperphosphorylated tau, oxidative stress, and neuroinflammation

• The direct occupancy of ANAVEX®2-73 at the SIGMAR1 has

been established using quantitative PET scan (AAIC 2018)

• Anavex Life Sciences identified genomic biomarkers for increasing

success rate in Alzheimer’s disease clinical studies

• Full genomic analysis of ANAVEX®2-73 Phase 2a Alzheimer’s

disease study identifies biomarkers enabling targeted therapy and

a Precision Medicine approach

• Targeted therapy benefit is expected for about 80% of patient

population

ANAVEX®2-73 AD Phase 2a: Timeline and 

Description of the Cohort

Results: COMT Gene Variant Associated with 

Differentiated Response

• RNA expression analyses are

more difficult to determine as

patient gene selection markers, but

can confirm the information from

gene variants as patient selection

markers

Results: Significant Relation between ANAVEX®2-73 

Concentration and Response (ADCS-ADL)

Results: SIGMAR1 Gene Variant Associated with 

Differentiated Response

P4-206

p = p-value of Mann–Whitney U test

p=0.03

Concentration ANAVEX2-73 (ng/mL), Part B

Low
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Cross-over administration

• Systematic analysis using KEM® identifies actionable

parameters enabling a precision medicine approach to

include best responders in follow-up Phase 2b/3 study

• Patients with a wild-type SIGMAR1 gene were found to

have an improved benefit from ANAVEX®2-73. Patients

with a variant of the SIGMAR1 gene were found to have a

limited benefit from ANAVEX®2-73

• The minority of the population, about 20% has the variant

SIGMAR1 gene, hence the majority of patients (about

80%) is expected to benefit from ANAVEX®2-73

• Gut microbiota has been collected and will be incorporated

in future analysis

• The data provides support to further clinical development

of ANAVEX®2-73 and further clinical studies in other

indications are planned or underway

• Anavex is pioneering the use of precision medicine in CNS

disorders, including Alzheimer’s disease

Objective criteria for 
selecting patients into a 

clinical study who are likely 
to benefit from the therapy

• Minimum baseline 
thresholds for cognitive or 
functional evaluations

• Genomic biomarkers: 
variants in DNA which 
identify who will – or will not 
– benefit from the therapy

Anavex did a preliminary 
Phase 2a study with 

ANAVEX®2-73 to identify 
patient selection markers

• Study results were analyzed 
by Ariana Pharma using their 
proprietary AI KEM® 
platform

• The results of this analysis 
showed strong patient 
identification markers for 
clinical studies

p = p-value of Mann–Whitney U test

Delta ADCS-ADL 
(Week 57 from Baseline)

SIGMAR1 Pro2 
variant (n=5)

SIGMAR1
Gln2 (n=15)

p=0.023

SIGMAR1 Pro2 
variant (n=5)

SIGMAR1
Gln2 (n=15)

Delta MMSE 
(Week 57 from Baseline)

p=0.048

Material and Methods: DNA and RNA Sequencing

Material and Methods: Data Integration and Analysis

21*

DNA and RNA 
sample extraction

Library 
Preparation

RNA strand-specific:
TruSeq Stranded mRNA 
Library Prep Kit
Bead based method for 
size selection
PCR amplification

WES:
Agilent’s SureSelectXT
Reagent kit
Agilent’s SureSelect Exome 
V6+UTR Capture Library kit

Paxgene tubes
Sequencing

• Cluster generation: cBot (Illumina)
• Paired-end sequencing: 100bp reads, HiSeq

2500, HiSeq Flow Cell v4, FASTQ-files

Mapping of reads to 
reference sequence

GRCh37.p13 genome reference [1] 

#21

#21DNA

RNA

Systematic Generation of 

all Association Rules

>20 Million relations extracted and 

characterized from study data

Gene Variant Markers Improve Effect Size 

(Cohen’s d) with ANAVEX®2-73 

DNA
Full Exome

RNA

- Compare with known genomic 
alterations

- Identify translational hypothesis

Identify genomic hypothesis 
consistent with response to 
ANAVEX®2-73

Translational:

Responder Analysis:

33 311 Genes
(HGNC symbols)

Human genome
GRCh37.p13 

[1]

860 Pathways
[2],[3]

*1 patient is outside inclusion criteria.

This patient was excluded from

calculations
1, 2: ClinicalTrials.gov Identifier:
1NCT02244541; 2NCT02756858

Cohort characteristics:
Alzheimer’s disease patients

Age range: 55 to 85

Diagnosed with MRI and/or PET scans 

Part B extension administration of ANAVEX®2-73:
Oral once daily: 10 mg, 20mg, 30mg, 40mg, 50mg

ANAVEX®2-73 Genomic Knowledge Base :
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DNA
FGS

RNA
FGS

Scores
Baseline

MMSE 
ADCS-ADL

Scores
Evolution

MMSE
ADCS-ADL

Clinical
assessment,

Vital signs,

co-medication, … FGS: Full Exome Genomic 
Sequencing

All N=20 patients in study at week 57 with genomic data

Helps identify patient 
selection biomarkersHelps identify patient 

selection clinical criteria
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KEM® generates association

rules Var i  Ept i in an

exhaustive manner. These rules

are characterized by 4 metrics

that help ranking them.

Rule example

Var 1 = High → Ept 3 = High
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Data Integration

Support: number of times that the rule is checked in the dataset

Confidence: proportion of cases verifying Var1 = low and Var3 = 

True. 

Lift: ratio of the observed support to that expected if Var1 = low 

and Var3 = True were independent.

Pvalue: Fisher ’s exact test 

Support

Confidence

Lift

P-value

Delta MMSE 
(Week 57 from Baseline)

Delta ADCS-ADL
(Week 57 from Baseline)

Concentration ANAVEX2-73 High   

 ADCS-ADL Delta High

Support= 5; Confidence=63%; Lift =1.6

Material and Methods: Focused Data Analysis

Neurodegenerative Disease 

Relevant Gene Panel

Drug Metabolism Genes 

Panel

SIGMAR1 Gene neighbors

#122

Focused Study 

Knowledge Base

Data Analysis

821 DNA 
variants

241 RNA 
gene 
expression 
variables

A higher Cohen’s d implies less patients are needed to

show a significant difference between placebo arm and

ANAVEX®2-73 arm in a clinical study.

Improvement of Scores in Week 57 from Baseline

Very Large:
1.2

0.0 Small:
0.2

Medium:
0.5

Large:
0.8

Very Large:
1.2

0.0 Small:
0.2

Medium:
0.5

Large:
0.8

KEM® Focused Analysis on Subsets of Rules:

Exclusion of SIGMAR1 
Pro2 variant  
Exclusion of COMT 
L146 variant 
MMSE baseline ≥ 20

All patients 
(before marker 
pre-specification)

Exclusion of SIGMAR1 
Pro2 variant 
MMSE baseline ≥ 20 

Patients with a wild-type COMT gene were found to have

an improved benefit from ANAVEX®2-73.

• KEM® (Knowledge Extraction Management)

helps overcome the challenges of analysis of

biomarker data in small clinical studies [4]

• Association rules provide 

unique, unbiased results 

and generate new 

hypotheses

Using AI platform 
KEM® version 3.6.2

Endpoints

(evolution of 

scores)

#102

#20

Univariate 1:1 rules

Multivariate 2:1 rules

Endpoints

(evolution of 

scores)

Genomic 

Data 
(DNA/RNA)

Non-Genomic 

Data 

(Clinical/PK)

Genomic 

Data 
(DNA/RNA)

Non-Genomic 

Data 

(Clinical/PK)

Non-Genomic 

Data 

(Clinical/PK)

*1 patient is outside inclusion criteria.
This patient was excluded from calculations 
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