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29-year-old man presents to clinic for evaluation

Mother with high cholesterol and MI in her 50s
Maternal grandfather died from heart disease at age 54

o No goiter, vascular bruits, xanthomata / xanthelasma, corneal arcus

Exercises 4 days per week, does not smoke
BP 112/68. HbAlc 5.0%
LDL-C =227 mg/dL
1
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Learning ODbjectives

What are the genetic contributions to
premature coronary artery disease?

[ How can we diagnhose these genetic risk factors? }

4 N

What are the challenges to deploying these tools Iin
routine clinical practice?
\_ /
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How does genetics predispose individuals to

coronary artery disease?

&Mwo?jgemc dlsg\

Single variant - large effect pisy e

H Polygenic disease

Many variants = each with small effect
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Familial hypercholesterolemia (FH) is a genetic condition that results in

premature CAD due to lifelong exposure to elevated LDL-C
q Heterozygous FH ~1:220

Homozygous FH
~1:200,000-300,000

Sturm, A et al. JACC. 2018; 72(6):662-680 Shah NP, et al. Cleve Clin J Med. 2020;87(2):109-120 O@noshreza @ Penn Medicine
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Familial hypercholesterolemia (FH) is a genetic condition that results in

premature ASCVD due to lifelong exposure to elevated LDL-C
q Heterozygous FH ~1:220

Homozygous FH P
~1:200,000-300,000 y 30% by age 60

Normal LDLR mutation

~{ 50% by age 50 —___

ApoB dysfunction . PCSK9 gain of function
LDL-C g - LLC @ Y )
@ApOB — Py Q Dysfuncti%rgg@ @ PCSK9 @ Q @
y oK Celle = R P ioiRY

| i ’ |
No LDL receptor

L 7a ‘ LDL-C does not bind Dysfunctional ApoB ! / recyclin
E l | | ‘ ysfunctio po ycling
ndoso¢me — ({"Y ) &k’ W | to mutated LDLR | results in limited binding !
( ”N/v\ ¥ | of LDL-C to LDL receptor

g L | Accumulation of | LDL receptor degradation

o LDL-C in circulation A eatimGlntion of due to PCSK9 increased activity

§ _ LDL-C in circulation o T

T l i apparatus | qep  LDL-Cin circulation
( %03&?:‘0'95153"0' Rouqh ER ~80 90% ~5' 10% < 1%

+3 - - . .
/ Autosomal co-dominant Autosomal co-dominant Autosomal co-dominant

Sturm, A et al. JACC. 2018; 72(6):662-680 Shah NP, et al. Cleve Clin J Med. 2020;87(2):109-120 O@noshreza @ Penn Medicine



FH encompasses a spectrum of clinical phenotypes,

based in part on the various pathogenic variants

Phenotypic Spectrum of FH

LDL-C mg/dl Clinical phenotypes Molecular etiology Genetic background CAD risk
A
1,000 A
Homozygous LDLR null
500 e Homozygous LDLR defective Additibnal
Compound heterozygous pathogenic
variation
250 Heterozygous pathogenic variant
LDLR null
LDLR defective Prikictive
=20 HeFH PCSK9 i
APOB variation
160 Common _ ) .
hypercholesterolemia Polygenic (multiple LDL-C raising SNPs)
High Lp(a)
130
0

Sturm, A et al. JACC. 2018; 72(6):662-680 © enoshreza & Penn Medicine



CAD risk is higher in FH pathogenic variant carriers compared to

noncarriers at any LDL-C value

Impact of Familial Hypercholesterolemia Mutation Status on Coronary
Artery Disease According to LDL Cholesterol Level

25.8

FH pathogenic variant
Increases CAD risk ~3-4x
at same LDL-C level

Odds Ratio for Coronary Artery Disease
(95% CI)

<130 2130-160  2160-190  2190-220 2220
LDL Cholesterol Category (mg/dl)
Familial Hypercholesterolemia Mutation
® No W Yes

Sturm, A et al. JACC. 2018; 72(6):662-680 © enoshreza & Penn Medicine



CAD risk is higher in FH pathogenic variant carriers compared to

noncarriers at any LDL-C value
Global registry of 61,612 individuals with FH
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Sturm, A et al. JACC. 2018; 72(6):662-680  EAS Familial Hypercholesterolaemia Studies Collaboration (FHSC). Lancet. 2021;398(10312):1713-1725 O @noshreza @ Penn Medicine



>90% of the ~30 million individuals with FH worldwide are

undiagnosed
Diagnosis of familial hypercholesterolemia (FH) in 2017 based on a frequency of 1:250

Restof Europe 2,284.000FH  Netherlands 68,000 FH Norway 20,000 FH Russia 576,000 FH
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Nordestgaard BG and Benn M. Eur Heart J. 2017; 38:1580-1583 O@noshreza @ Penn Medicine




FH is clinically diagnosed by a weighted combination of

physical findings, personal / family history of hypercholesterolemia,
early-onset ASCVD, LDL-C levels, and genetics

Criteria MEDPED DUTCH SIMON BROOME NLA* AHA
Family history of premature CAD + + + -
Family history of tendon xanthomas + +

Family history of hypercholesterolemia + + + +

Patient premature CAD + +

Patient premature PVD +

Tendon xanthomas + + +

Corneal arcus + +

Elevated LDL-C + + + + +
Genetic mutation + + + +

McGowan, MP et al. JAHA. 2019; 8(24):e013225 © enoshreza & Penn Medicine



FH is clinically diagnosed by a weighted combination of

physical findings, personal / family history of hypercholesterolemia,
early-onset ASCVD, LDL-C levels, and genetics

Criteria MEDPED DUTCH SIMON BROOME NLA* AHA
Family history of premature CAD + + + -
Family history of tendon xanthomas + +

Family history of hypercholesterolemia + + + +

Patient premature CAD + +

Patient premature PVD +

Tendon xanthomas + + +

Corneal arcus + +

Elevated LDL-C + + + + +
Genetic mutation + + + +

*Scoring systems have been developed in Western cohorts
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In India, there remain many opportunities to learn more regarding the

genetics and overall prevalence of individuals with FH

PCSK9 Mutations,
LDLR Mutations 2.45%
32.2%
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In India, there remain many opportunities to learn more regarding the

genetics and overall prevalence of individuals with FH

PCSK9 Mutations,
LDLR Mutations 2.45%
32.2% Apo B Mutations
& ’
\\\\\ . 3.67%

ABCA1, 2.04%

ABCGS, 0.41%

ABCGS, 0.41%
LPL, 0.82 %

635 consecutive patients with

“%  |DLRAP1, 0.41%

= Recessive _
 inheritance ACS or angina

a

| :E;g FH patients with 4% 11% 37%
- =l Unknown Mutations, Deflnlte PrObable POSSIbIe

37.14%

Using DLCN criteria

Reddy, LL et al. Indian Heart Journ. 2022; 74(1):1-6 Sawhney, JPS, et al. Indian Heart Journ. 2019; 71(2):118-122 O@noshreza @ Penn Medicine




To best identify and treat patients with FH, both

genotype+ and phenotype+ definitions should be used

Patient at risk due to family history of FH Patient with FH phenotype
Cascade genetic testing LDLR, APOB, PCSK9 genetic testing

l ‘ Consider alternative molecular etiologies:

» Polygenic
Positive Negative == . High Lp(a)

» APOE

l » As yet undiscovered FH genes
» Autosomal recessive FH (biallelic LDLRAPT

l pathogenic variants)

» Phenocopies
» Sitosterolemia (autosomal recessive
pathogenic variants in ABCG5 or

ABCGS8)
Genotype + Genotype + Genotype - » Lysosomal acid lip_ase deficiency
Phenotype - Phenotype + Phenotype + (autosomal recessive pathogenic

variants in L/IPA)

Treat LDL-C and/or phenocopy condition with specific treatment
recommendations

Monitor LDL-C Treat LDL-C

Sturm, A et al. JACC. 2018; 72(6):662-680 © enoshreza & Penn Medicine




Genetic testing for FH should be offered to

individuals of any age, including:

Children LDL-C > 160 mg/dl or Adults LDL-C > 190 mg/dlI

« without secondary cause of hypercholesterolemia and

« with > 1 first-degree relative affected or with premature CAD
or where family history unavailable

Children LDL-C > 190 mg/dl or Adults LDL-C > 250 mg/d|
« without secondary cause of hypercholesterolemia, even in
absence of a positive family history

Sturm, A et al. JACC. 2018; 72(6):662-680 © enoshreza & Penn Medicine
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« without secondary cause of hypercholesterolemia and ‘

« with > 1 first-degree relative affected or with premature CAD Patient decides not to Patient decides to undergo genetic
— undergo genetic testing testing and provides informed consent

or where family history unavailable
Children LDL-C > 190 mg/dl or Adults LDL-C > 250 mg/d|

- without secondary cause of hypercholesterolemia, even in s P Genetic testing results and post-test
b n f t f m || h iStor risk reduction testing for genetic counseling provided
absence ol a pOSI Ve 1a y y guidelines at-risk relatives
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Genetic testing for FH may be considered in individuals

including:

Children LDL-C > 160 mg/dl without a secondary cause and
with > 1 parent with LDL-C > 190 mg/dl or

a family history of hypercholesterolemia and premature CAD fincommend cascadle
genetic testing and
Adults with no pre-treatment LDL-C but genetic counseling for

with a personal history of premature CAD and
family history of both hypercholesterolemia and premature CAD
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either a personal history or a family history of premature CAD mu;;mmu-
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Patient decides not to
undergo genetic testing

Recommend cascade
screening via lipid
testing for
at-risk relatives

Management based on
current cardiovascular
risk reduction
guidelines

Negative or variant of uncertain significance (VUS)
genetic testing results:

Management based on current
cardiovascular risk reduction guidelines

Patient decides to undergo genetic
testing and provides informed consent

Genetic testing results and post-test
genetic counseling provided

Recommend cascade Additional genetic If VUS classification Recommend cascade
screening via testing may be changes, provide genetic testing and
lipid testing for warranted as sensitivity  updated information genetic counseling for

at-risk relatives improves over time to patient at-risk refatives
Relative dou not Relative tests negative: Relative tests positive:
undergo genetic testing: relative and their children recommend clinical
recommend clinical not at risk and do not screening and care;
screening and care require clinical screening recommend genetic
since could have and care unless indicated by testing to additional at-risk
pathogenic varimt(s) ardiovasmlar risk factovs relatives ln m fashion



How does genetics predispose individuals to

coronary artery disease?
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Single variant - large effect pisy e

H Polygenic disease

Many variants = each with small effect
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Polygenic risk scores (PRS) are the weighted sum of the risk conferred by

multiple disease-associated single nucleotide variants across the genome

PRS TRAINING

PRS SUBSTRATE PRS CALCULATION
Discovery dataset
LD adjustment
i.e. clumping Clumping &
Thresholding
P-value thresholding scores
i.e. multiple P thresholds
GWAS summary statistics
SNP Risk p
allele
rs1345 G 0.215
T 0.345 Beta shrinkage
0122 ie.LDpred, | Genome-wide
0\ lassosum scores

Aragram KG and Natarajan P. Circ Res. 2020;126(9):1159-1177.
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PRS VALIDATION
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Report performance
metrics

FN

\ i.e. AUC, p-value, HR j

©) @noshreza & Penn Medicine




Genome-wide PRS have the potential

to enhance CAD risk prediction

ldentify inherited predisposition
to CAD
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There is debate whether addition of PRS to traditional risk scores significantly
alters clinical decision-making in primary prevention patients

Diabetes

N Y

Coronary Artery Disease

-
E E Myocardial Infarction

Smoking Hyperlipidemia

",

Polygenic risk score

Sedentary lifestyle

AGE

Aragram KG and Natarajan P. Circ Res. 2020;126(9):1159-1177.  Groenendyk JW, Greenland P, Khan SS. JAMA Intern Med. 2022;182(10):1082-1088. O@noshreza @ Penn Medicine



Participants from Asian and Oceanic backgrounds are significantly

underrepresented in GWAS biobanks

Proportion of Global Population and GWAS Participants

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Population GWAS (all) GWAS (ASCVD)
. Asian and Oceanic . European African Others

Tada, H. et al. J Am Coll Cardiol Asia. 2021 Dec 21;1(3):294-302 O@noshreza @ Penn Medicine



Ancestry-specific PRS are being developed and will be important tools for

ensuring equitable access and use of genomic medicine

Validation of the Genome-Wide Polygenic Score Framework in MedGenome Case-Control Study

Development and Implementation of a Framework for
Calculating Genome-Wide Polygenic Scores in South Asian Individuals 5
S a4
% 2 £ 5
Framework for Calculating Genome-Wide Polygenic Score (GPS) in South Asians 1,800 Coronary Artery 7 &
Disease Patients - E 50 g 24
A Reference Population =2 254 g
1,522 South Asians 'i
' > e
Caleul
I D:iavsjl:':iec e Quintile of genome-wide
; score based polygenic score
on genetic —
! ‘ variants

Compared with the middle quintile,
risk for CAD was highest for those in
the top 5% of the GPS,p distribution

Odds ratio for CAD

Frincipal Component ““‘“"‘m gicms wAd petygaeic UK Biobank South Asian 4.16
Ancestry-adjusted genome-wide polygenic score
Bangladeshi (BRAVE) 2.46
Indian (GenomeAsia 100K project) 3.22

Principal Component
#2
- -
y +—
I

Wang M et al. J Am Coll Cardiol. 2020;76(6):703-714 © enoshreza & Penn Medicine



29-year-old man presents to clinic for evaluation

& Genetic testing revealed a pathogenic variant in LDLR

Cascade testing initiated for at-risk relatives

_ Rosuvastatin 40 mg QD
& @ Ezetimibe 10 mg QD
o Evolocumab (PCSK9I) g2weeks

Latest on treatment LDL-C = 74 mg/dL

©) @noshreza & Penn Medicine



Take Home Points

There are monogenic and polygenic contributions to
premature coronary artery disease (CAD)

familial hypercholesterolemia increases CAD risk 3-4x

Familial hypercholesterolemia is massively underdiagnosed worldwide, and both
clinical and genetic tools are essential to timely diagnosis and risk stratification

N Y )

Carrying a disease-causing genetic variant for }

)

Polygenic risk scores for CAD have shown potential for risk stratification and prognostication,
but there are many challenges to their implementation in routine clinical care

- r |
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