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Prevalence of Elevated Lp(a) Levels in the United States

Meta-analysis 200,0004 Lp(a) distribution in general population extrapolated from the graph
Adjustment for age and sex only
Nonfatal Ml and coronary death Lp(a) levels >30mg/dL  >60 mg/dL  >90 mg/dL >116 mg/dL >180 mg/dL
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Prevalence of Lp(a) and Familial
Hypercholesterolemia in Premature CAD

Premature CAD (N=162) Non-premature CAD (N=153)

59.3%

74.5%

[ Elevated Lp(a) alone

B FHalone [ Elevated Lp(a) plus FH Neither disorder

Ellis et al. Clinical Cardiology. 2018. 41:378-384



Lipoprotein(a)

Composed of LDL-like lipid moiety and
covalently bound apo(a)

Major lipoprotein carrier of pro-inflammatory
and pro-calcific oxidized phospholipids (OxPL)

Apo(a) is highly homologous to plasminogen
Heritability index = 0.9

Autosomal co-dominant inheritance

Genetic determinants of Lp(a) levels include:

* apo(a) isoform size
* LPASNPs

LDL-like particle

v

." -

L 4 A4 ddq daay

i sd4ssgans™
(CCErEr TCCD Iy | £ i

LCECCCCCEL L LN
TLCCUE U S

3.

TS LT
CLS L L L

AE6> -
50

‘3
.“\

Isoform size

heterogeneity

Boffa and Koschinsky, Nat Rev Cardiol 2019;16:305-318

3,

dddgy

AL

L S
AN W

S
WAL T T L XA

aue

.
W o~ 0O >
e Cg B St
222222

v

I
Weak LBS  Strong LBS

Inactive
protease

-Apo(a)

\ Protease
domain




Lp(a) Pathophysiology
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' p(a) — A Likely Causal ASCVD and CAVD Risk
-actor

Mendelian randomization design

I Lipoprotein(a) <) ICardiovascular

1
| B disease risk
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Nordestgaard and Langsted. JLR 2016. 57(11):1953-1975



' p(a) — A Likely Causal ASCVD and CAVD Risk
-actor

Mendelian randomization design

I Llpoproteln(a) ﬁ IcardlovaSCUIar

disease risk

Genotype KIV-2 or SNP

Nordestgaard and Langsted. JLR 2016. 57(11):1953-1975



' p(a) — A Likely Causal ASCVD and CAVD Risk
-actor

Atherosclerotic cardiovascular disease

Myocardial  Ischemic Atherosclerotic Aortic valve  Cardiovascular  All-cause

High-quality data source: Infarction stroke stenosis*® stenosis mortality mortality
Meta-analyses of observational studies  Yes Yes No No No No
Large observational studies.** Yes Yes Yes Yes Yes Yes
Large Mendelian randomization studies  Yes Yes Yes Yes Yes Yes
Large genome-wide association studies  Yes No Yes Yes No No

*Clinical symptoms in the form of stable angina pectoris or intermittent claudication or documented atherosclerotic stenosis in coronary, femoral, or
carotid arteries.
tUsing isoform insensitive Lp(a) measurements.

NLA scientific statement on Lp(a), JCL 2019



Lp(a) Reclassifies ASCVD Risk

ACC/AHA risk
Controls , /ATA risk with Lp(a) NRI

Controls (796+0+545) - (873+342+436)/ -2.05%
15,101

0-5% 5405 | 873 342 | 6620  Cases (17+21+28)- (31+0+46) /1,556 -0.71%

0-3%  3-75% =75%

ACC/AHA
risk

Total -2.76%

=7.5% 0 545 6,066 6,611

6201 205 6,844 15101

Cases ACC/AHA risk with Lp(a)

0-3%  3-75% =75%

0-5% 92 17 21 130

=7.5% 0 46 1.291 1.337
123 93 1.340 1,556

Verbeek et al. JACC 2017;11:1513-0



Elevated Lp(a) and Progression of Aortic Stenosis
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Societal Guidelines on Measuring Lp(a)

American College of Cardiology/American Heart 2019
Association Task Force on Clinical Practice
Guidelines

European Society of Cardiology and European 2019
Atherosclerosis Society

National Lipid Association 2019

HEART UK consensus statement 2019

Canadian Cardiovascular Society 2016

Guideline |Year Recommendation

Family history of premature CVD or personal history of CVD not explained by major risk factors.
Constitutes a risk-enhancing factor especially at levels > 50 mg/dL or > 125 nmol/L.

Lp(a) should be measured at least once in each adult person's lifetime to identify those with
very high inherited Lp(a) levels > 180 mg/dL (> 430 nmol/L) who may have a lifetime risk of
CVD equivalent to the risk associated with heterozygous familial hypercholesterolemia.

To define risk assessment in adults with first-degree relatives with premature CVD, a personal
history of premature CVD, primary severe hypercholesterolemia (LDL-C > 190 mg/dL) or
suspected FH. To aid in the clinician-patient discussion about whether to prescribe a statin in
those aged 40-75 years with borderline (5%—7.4%) 10-year CVD risk, to identify a possible
cause for a less-than-anticipated LDL-C lowering to evidence-based LDL-C—lowering therapy, to
use in cascade screening of family members with severe hypercholesterolemia, and to identify
those at risk for progressive aortic stenosis

Lp(a) should be measured in adults with a personal or family history of premature
atherosclerotic CVD; those with first-degree relatives who have Lp(a) levels > 200 nmol/L
patients with familial hypercholesterolemia; patients with calcific aortic valve stenosis and
those with borderline (but < 15%) 10- year risk of a cardiovascular event.

Lp(a) might aid risk assessment in subjects with intermediate risk scores or with a family
history of premature coronary artery disease.



Interpreting Lp(a) Measurements
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Interpreting Lp(a) Measurements
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Lp(a) particle

number (nM) # Samples number/mass assay ratio
All levels 1635 2.42 (1.25)/2.30 (1.63-3.02)
<75 494 1.82 (1.44)/1.54 (1.10-2.22)
75-<125 296 2.32 (1.31)/2.07 (1.63-2.64)
125-<175 239 2.33 (0.76)/2.24 (1.77-2.71)
175-<225 242 2.62 (0.97)/2.49 (2.06-3.02)
225-<275 127 2.80 (0.67)/2.76 (2.30-3.16)
275-<325 70 3.00 (0.58)/2.93 (2.55-3.35)
=325 167 3.64 (0.78)/3.45 (3.09-4.03)

Lp(a) “mass” (mg/dL)

Lp(a) particle number (nM)

Tsimikas et al. JCL 2018;12:1313-23
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Emerging Concepts: Lp(a) lowering therapies

Green shaded area (<30mg/dL) - US recommendation
represents negligible risk for CVD and CAVS
Blue shaded area (<50 mg/dL) - EAS recornmendation
Red shaded area (60 mg/dL) - cutoff for apheresis
eligibility in Germany and UK

I Effect of ASO
(-70% to -99%)

1

1

|

|

|

1 Effect of Apheresis
(_: (time averaged -30% to -35%)

1

1

I

|

|

I

Effect of Niacin, PCSK9 AB,
— CETPi, Mipomersen
" (-20% to -30%)

{-—: Effect of estrogen (-20%)

Frequency Distribution

!
1 ) Effect of statins
| {+10% to +20%)

|
I
| Hypothetical patient

with baseline

l Lp(a) 150 mg/dL

0 50 100 150 200 250 300
Lp(a), mg/dL




Statins Do Not Lower Lp(a)

Trial N Group Interval Mean % P-Value Placebo
between change ;
in
measures  (95% Cl) @ Stat
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Tsimikas et al Eur Heart J 2019



Statins and Lp(a) Attributed Risk

* Patient level meta-analysis of landmark statin trials (AFCAPS, CARDS, 4D, JUPITER, LIPID, MIRACL, and 4S)

e 26,069 patients; 5751 CVD events; 95,576 person-years at risk

Trials (n) Patients (n) Events(n) Hazard ratio (95% Cl) Pinteraction
for lipoprotein(a)
=50 mg/dL vs 50 mg/dL
Age-adjusted and sex-adjusted
On-statin 7 14536 2603 —8—— 148(1.23-1.78) 0010
On-placebo 7 14533 3148 . 123 (1-04-1-45) :
Multivariable adjusted”
On-statin & 13883 2561 —8— 147(135-173) —_
On-placebo & 138381 3088 I 126 (1-06-1.50) :
11

|

1.0 1.25 1.50 17520
+— —P

Lower cardiovascular sk Higher cardiovascular nsk

Willeit et al. Lancet 2018;392:1311-20



Statins and Lp(a) Attributed Risk

* Patient level meta-analysis of landmark statin trials (AFCAPS, CARDS, 4D, JUPITER, LIPID, MIRACL, and 4S)

e 26,069 patients; 5751 CVD events; 95,576 person-years at risk

Trials (n) Patients (n) Events(n) HﬂL?.ld ratio 1:95‘]{: cl) Pinteraction
“When LDL-attributable iy
risk is reduced with statin | aseadgustedandsexadjosted
t . . On-statin Fi 14536 2603 —8— 1438 (1-23-1.78) —
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Willeit et al. Lancet 2018;392:1311-20



PCSK9i and Lp(a) Attributed Risk

Evolocumab
A B
® Evolocumab HR0.77 ® Evolocumab HR 0.75
uPlacebo (95% C1 0.67-0.88) uPacebo (95% CI 0.64-0.88)
ARR=2.49% ARR=2.41%
HR 0.93 NNT=40 HR 0.89 NNT=41
(85% CI 0.80-1.08) (95% C10.79-1.01)
ARR=0.95% 2.00 ARR=1.41%
NNT=105 NNT=71

CHD death, MI or urgent coronary revasculanzation (Jy KM rate, %)
CHD death, MI or urgent coronary revasculanzation (3y KM rate, %)
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Q4 Lp(a) > 59 mg/dL
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Lipoprotein Apheresis

FDA approved indications for lipoprotein apheresis

The LIPOSORBER LA-15 System is indicated for use in performing low density lipoprotein cholesterol (LDL-C) apheresis to ‘

acutely remove LDL-C from the plasma of the following high risk patient populations for whom diet has been ineffective
and maximum drug therapy has either been ineffective or not tolerated:

'* Group A — Functional Hypercholesterolemic Homozygotes with LDL-C >500 mg/dL;

* Group B - Functional Hypercholesterolemic Heterozygotes with LDL-C 2300 mg/dL; and
. Group C - Functional Hypercholesterolemic Heterozygotes with LDL-C 2100 mg/dL and
" either documented coronary artery disease or documented peripheral artery disease.
'+ Group D — Functional Hypercholesterolemic Heterozygotes with LDL-C 2 100 mg/dl and

lipoprotein(a) [Lp(a)] 2 60 mg/dL, and either documented coronary artery disease or
documented peripheral artery disease.
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Modified from Waldmann and Parhofer. JLR 2016




Lp(a) Lowering by RNAI

Change from Baseline over Time in Lipoprotein(a) Level

— Pooled placebo -~ 20 mg every 2 wk
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Emerging Concepts: Lp(a) and LDL Attributed Risk
“LDL-C” = Lp(a)-C + correct LDL-C

® Cholesterol

® Triglycerides Total VLDL.C

= Phospholipids ‘LDL-C" === FaSting — . i = HDL-C
- Cholesterol  (estimated by TG/5)
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Lp(a) heterogeneity and “LDL-C” inaccuracy

Traditional Lipid Profile Lipid profile with LDL-C_,,,

Lp(a) mass
60 mg/dL 90 mg/dL 150 mg/dL 210 mg/dL

15 mg/dL

HDL-C
50 mg/dL

HDL-C
50 mg/dL

HDL-C HDL-C
50 mg/dL 50 mg/dL

HDL-C
50 mg/dL

HDL-C
50 mg/dL

VLDL-C
30 mg/dL

VLDL-C
30 mg/dL

VLDL-C VLDL-C
30 mg/dL 30 mg/dL

VLDL-C
30 mg/dL

VLDL-C

*IDL-C not shown 30 mg/dL

Total Cholesterol
150 mg/dL

‘LDL-C”

DG
70 mg/dL '

65 mg/dL

LDL-C .y
40 mg/dL

LDL-C o
20 mg/dL

Willeit and Yeang et al, JAHA 2020



“LDL-C” vs correct LDL-C and CVD risk

No.of Incidence HR (95% CI) for CVD P value
events per 1000 PY
LDL-C
Quartile 1 1277 747 B [Reference]
Quartile 2 1372 79.8 = 1.08 (1.00, 1.17) 0.051
Quartile 3 1334 78.2 - 1.08 (0.99, 1.18) 0.089
Quartile 4 1407 84.9 & > 1.17 (1.05, 1.31) 0.005
LDL-Ceorrso
Quartile 1 1304 76.9 L] [Reference]
Quartile 2 1340 79.4 = 1.03 (0.92, 1.15) 0.607
Quartile 3 1354 79.3 & 1.04 (0.95, 1.14) 0.415
Quartile 4 1392 81.9 = 1.07 (0.93, 1.22) 0.362

Willeit and Yeang et al, JAHA 2020
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