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1 Background and Rationale

1 Aminkeng F et al, Nature Genetics 2015
Sep;47(9):1079-84

1 Importance of SNP & Variation Suite (SVS)



Background and Rationale



The ldeal Medication

Effectively treats or

-
prevents disease

Has no adverse effects



Paradox of Modern Drug Development

1. Clinical trials provide evidence of efficacy
and safety at usual doses in populations

+ ” = Safe & Effective

2. Physicians treat individual patients who can
vary widely in their response to drug therapy

: Effective
xxxgxtxxx + :{: No Response
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Anthracyclines

1 Doxorubicin, Daunorubicin, Idarubicin, Epirubicin,
Valrubicin, Mitoxantrone

1 Administered to 70% of all childhood cancer patients

1 Adjuvant chemotherapy for 50-90% of breast cancer
A 22,000 patients/year in Canada

1 At least 970,000 patients receive it each year (N. America)

Highly effective

1 Improved childhood cancer survival: from 30% in 1960s to

>80% today

A 1 in 750 young adults is childhood cancer survivor;

Kremer LC et al (2004), N Engl J Med 351: 120-121.
Lipshultz SE (2008) Heart 94:525-533.
Altekruse SF et al (eds): SEER Cancer Statistics Review, 1975-2007.



Anthracyclines-induced cardmtoxmty (ACT)
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1 1 in 2 patients develop detectable
cardiac abnormalities (57%)

1 1 in 5 patients suffer Congestive heart =%
failure

1 May require intra-ventricular assist
device or heart transplant

1 Increased risk in children, especially
under 4 years old

Lefrak EAet al, (1973). Cancer 32: 3€@14.
LipshultzSEet al, (2008). Heart 94: 52533.
FelkerGMet al, (2000). NEnglJ Med 342: 1071084




Aminkeng F et al, Nature
Genetics 2015 Sep;47(9):1079-84



Research Question

What are the genetic factors that modify the risk of ACT
and can potentially inform treatment decisions?

RESEARCH QUESTIONS

ASKING A GOOD QUESTIOITO START RESEARCH
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Analysis Plan Implemented in SVS from Golden H

Step 1: Quality Control (Samples & SNPs) - Exclude poor quality data

Step 2: Discovery - Screening & Prioritisation of Candidates for follow-up

Step 3: Replications i Identification of associated gene region

Step 4: Fine mapping - To identify the causal variants within the region
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EXAMPLE FROM ONE OF OUR GWAS

Stage 1. Quality Control (Sample and SNP) using SVS

Before QC: Sample size = 434 patients and 740 000 variants

Detail QC Step takes place right after calling the genotypes

Samples SNP
Sample Call Rates

: T 1 SNP call rates
Gender Misspecification _
Check 1 Minor allele frequency

Cryptic Relatedness 1 HardyweinbergEquilibrium
Verification

PopulationStratification

After QC: Sample size = 280 European ancestry patients
and 657,694 variants




GWAS Work Flow Using SVS

Stage 1. Quality Control (Sample and SNP)

Stage 2. Screening and Prioritisation of Candidates for follow-up in
an initial patient cohort

Genetic Association Analyses SVS provides a variety of statistical tests to

1 Genotype distribution perform all these analysis which largely
1 Regression Analysis depends your data set and research questio

1 Multiple testing correction or select top candidatespyalue

Screened and Prioritized candidates variants in specific genomic
regions for follow-up in an independent patient cohort




GWAS Work Flow Using SVS

Stage 2. Screening and Prioritisation of Candidates for follow-up

3. Identifying associated gene regions using another patient cohort

Genetic Association Analyses SVS provides a variety of statistical tests to
1 Genotype distribution perform all these analysis which largely

1 Regression Analysis depends your data set and research questio
1 May or may not implement multiple testing correction

. 4

We ldentified a new genomic region
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GWAS Work Flow Using SVS

Stage 1: Quality Control (Samples and SNPs) - Exclude poor quality data

Stage 2: Discovery - Screening and Prioritisation of Candidates for follow-up

|«|«|

Stage 3: Replication - Identifying associated gene regions

Stage 4: Fine mapping to identify the causal variants within the region
Imputation

1 Available scripts for import and export of data
for any of the imputation software programs

a1 Data analysis after imputation

Sequencing

1 SVS can also analyzed sequenge
data

The causal or most important variant is studies for the mechanistic basis of the ADR phenotype



Patients (Childrenreated with Anthracyclines)

Stage 1 Europeans from Canada
Discovery N = 280 patients: 32 cases & 248 controls

Stage 2 Europeans from The Netherlands
Replication N = 96 patients: 22 cases & 74 controls

Stage 3 Africans Latinos A. Canadians East Asians
Replication (RIS 23 patients 15 patients 31 patients

LS




Genotyping: Genomavide Association Study

U GWAXxamines genetic variation acras® entire genome
U Unbiased and hypothesisee
U Specifically target common variations

U Potential to discover novel genes, variants, pathways & infor
drug development

U Hluminalnfinium HumanOmniExpresssay (738,432 SNPs)

U First genomewide study ofanthracyclineinducedcardiotoxicity
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Genome-wide Association Study
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Chromosome

We screened with statistical tests implemented in SVS and prioritized with P < 1.(l)7E—05




GWAS UncovereBRARGs Novel Gene for Cardiotoxicr

Stage 1& 21 Discovery & Replication, European Patients

Gene variant O.R. P-value P-value O.R. Pwalue
RARGrs2229774 7.0 4.1E08 4.1 0.0042 54 1.2EQ09

' Aminkeng F et al, 2015. Nature Genetics Sep;47(9):1079-84

Stage 31 Replication, Worldwide: REUEN SENONH e V-1V
s2229774 >6 0.0001’

Africans Hispanics Aboriginal East Asians
Canadians

Variant 0O.R. P-value O.R.P-value 0O.R.P-value O.R.P-value
rs2229774 9.5 0.026 12.3 0.052 99 0.012 5.9 0.085




-log, (p-value)

Fine Mapping and Haplotype Analysis
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1 GWAS and
Imputation identified
putative haplotype
(5 SNP) associated
with ACT

1S2229774 (S427L)
only coding variant
In haplotype

Aminkeng F et al, 2015. Nature
Genetics Sep;47(9):1079-84



RARGegulatesTOP2BACT causative gene

1 We showed that RARG
transcriptionally regulates Top2b

Normal Variant
s RARG RARG
U(T)_) - 0 -
. O N -1
1 Top2b critical to development of S .
ACT (zhang etal. 2012 Nat Med 18:1639) & 5 _
2Z 7]
|9 -4 *kk
1 RARG variant impaired in Top2b n=12
regulation = P<0.0001
Aminkeng F et al, 2015. Nature Genetics Sep;47(9):1079-84 *s" Canadian
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Summary of Main Findings

1 Genetic Association: Novel gene (RARG), Novel variant
(rs2229774) & Novel haplotype (5 SNPs) for ACT

1 Functional Validation: RARG & rs2229774 regulates Top2b
expression; Top2b - known ACT-susceptibility gene

1 Conclusion: RARG rs2229774 is a novel pharmacogenetic
biomarker & provides novel insight into the pathophysiology of
ACT
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Next Steps: Ongoing Projects

B Genetic Association (Drs. Carleton BC, Ross CJD and
Aminkeng F): We are current studying the genetic association
of RARG rs2229774 in adult breast cancer patients

B |n vitro & In vivo functional studies (Drs. Ross CJD and Bhavsar
AP): Mechanistic studies of RARG & rs2229774 are ongoing &
will inform future drug development in the following ways:

1 Development of less heart failure prone cancer treatments
1 Development of more advance cardio protectants

1 Patients Studies (Dr. Bernstein D): A collaboration with a
Stanford based NIH project is studying the role of RARG &
1s2229774 in cardiotoxicity using real world patient populations



Next Steps: Ongoing Projects

® Personalized Medicine Project (Drs. Carleton BC, Rassekh RS,
Ross CJD): Pilot project on implementation of PGX Testing



Whatis currently done?

1 Treatment decisions based on clinical risk factors

RECOMMENDED FREQUENCY OF ECHOCARDIOGRAM OR MUGA SCAN

Age at Treatment* | Radiation with Potential | Anthracycline Doset Recommended Frequency

Impact to the Heart§

<1 year old <200 mg/m? Every 2 years
=200 mg/m? Every year

Any Every year

<100 mg/m* Every 5 years
1-4 years old =100 to Every 2 years

=300 mg/m’* Every year

<300 mg/m? Every 2 years

=300 mg/m’

=5 years old ?
<300 mg/m? Every 2 years

Any age with decrease in serial function Every year

| KAf RNBY Qa hy gerh Polibdup GUitRlidesiv3[02 y 3
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Prediction Based on Clinical & Genetic Risk Factors

ROC Curve

Source of the Curve

Clinical Rigk Factors

Clinical and Genetic Risk
Factors

Reference Line

=
[ar)
1

g
-
=
w
c
@
W

o
e
1

1 1
0.4 0.6
1 - Specificity

Diagonal segments are produced by ties.

Genetic factors improve the prediction of ACT beyond clinical
factors and can potentially inform treatment decisions™




Genetic Risk Stratification for Anthracycline
iInduced Cardiotoxicity irChildren

l . ~2% of population.
89% Cardiotoxicli (Risk esti?‘naptdaased
upon 9 patients.
Includes carriers of
1+ RARG and 1+
UGT riskvarianjs

0 i iCI (~2% of population.
45% Cardiotoxicit Risk estimatdased

upon 11 patients.

. " ! Includes arriersof 2
39% Cardiotoxicity I3| RARG risk variants
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21% Cardiotoxicity Risk

) . (~60% of population.
14% Risk Risk estimatdased upon

(~23% of population. 356 patientsIncludes non
Risk estimatdased upon 139 carriers,and carriers of 1 risk
patients.Includes arriers of + 1 protectivevariant).
protective SLCZSA‘\B variant.)
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Patient Anthracyclinelnduced Cardiotoxicity PGx Risk (Percentils




Clinical Pharmacogenomic Testing
1 Avoid adverse drug reactions

1 Maximize drug efficacy for individual patients

Pharmacogenetic Risk Profile:

All Patients Treated
with Same Drug

EZZ>- Moderate risk of ACT

<§§ﬂ Low risk of ACT

27



