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. DL-C and atherosclerosis: a coalescence of evidence

Genomics, Genetics

Epidemiolo Pathology

Intervention trials

gﬂﬂfﬂ?@D@f@D LDL-C, low-density lipoprotein cholesterol
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Meta-analysis of various methods to lower LDL-C

0.301 - 70
Relative risk reduction per 1-mmol/L (38.7-mag/dL) reduction in LDL-C:

23% (relative risk, 0.77 [95% Cl, 0.75-0.79]; P<.001)
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Predicted absolute reductions in risks of major vascular events
(after the first year) by lowering LDL cholesterol with statin

therapy for 5 years in people at different levels of absolute risk
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Intervention strategies as a function of total cardiovascular

risk and untreated low-density lipoprotein cholesterol levels

Total CV Untreated LDL-C levels

risk ( SCORE) <1.4 mmol/L l4to<l8mmollL 18to<2.6mmollL  2.6to<3.0mmollL 3.0 to <4.9 mmoliL 4.9 mmol/L
(55 mg/dL) (55to<70mgldl)  (T0to<I00mg/dl) (100 to <I1é mg/dL) (116 to <I90 mg/dL) (2 190 mg/dL)
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Iow rlsk consider adding drug and ﬁﬁ:::v?mdmg
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FUTURE CHALLENGES
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SCORE chart for European populations at high

cardiovascular disease risk

SCORE Cardiovascular Risk Chart
10-year risk of fatal CVD
High-risk regions of Europe

WOMEN | MEN
Non-smoker Smoker Age Non-smoker Smoker
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Lessons from nature: Lifetime LDL variation and CHD risk

Analysis of genes regulating LDL cholesterol and association with CHD risk

Nearby Sample Effect Size (95% Cl) Sample
Gene SNP Size (N) mmollL  mg/dl Size (N) OR (95% CI)
SORT1 rs599839 (119 108,332 -0.16 -6.00 141,565 . 088 (0.86-0.90)
= (-0.17,-0.15)  (-6.37,-5.64) ; RS
1s646776 (5131518) 120,309 -0.15 -5.71
y M 86 (0.86-0.91
. (-0.16,-0.14) (-6.07,-5.34) o I b
PCSK9 rs11206510 (14.161620) 70,710 » -0.08 -2.93 186,562 = 0,94 (0.92-0.96)
(0.00,-006)  (-347,-239) '
rs11591147 C13161921%9 149 372 - -0.43 -16.68 Ty P — 0.72 (0.62-0.84)
(-0.46,-0.41)  (-17.66,-15.71)
LDLR rs6511720 (13181922 137,818 B -0.19 -7.50 77,041 B 0.87(0.83:092)
(-0.21,-0.18) (-7.98,-7.03)
152228671 151718252) 61,865 - -0.15 5.70 82,680 B 0.89(0.86-0.93)
(-0.16,-0.13)  (-6.30,-5.11)
HMGCR  rs12916 (5131822 130,114 = -0.07 -2.63 49,160 —I— 0.94 (0.90-0.98)
(-0.08, -0.06) (-2.95,-2.32)
ABCG8  rs4299376 (5161622 116,828 . -0.07 -2.86 118,842 . 0.94 (0.92-0.96)
(-0.08,-006)  (-3.22,-2.51)
APOE  rs4420638 614141627 126,788 | -0.18 -7.10 75,487 R B 0.86(0.83-0.89)
(-0.20,-0.17) (-7.56, -6.65)
(I-squared = 99.7%, p < 0.001)
J ) [ [ I

05 025 00 070 080 090 10
Effect on LDLc (mmol/l) Effect on CHD risk)
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Log-linear association per unit change in LDL-C and the

risk of CV disease
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LDL cholesterol burden in individuals with or without familial
hypercholesterolaemia as a function of the age of initiation of

statin therapy

Coronary disease & Untreated coronary
death before age 20 disease before age 55/60
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Hazard Ratios for CHD Across Quantiles of HDL-Cholesterol

From the Emerging Risk Factors Collaboration (68 studies in 302 430 participants)

30 T HDL'C

2.0 T
+ + @ Adjusted for age and sex only

Hazard Ratio

B Further adjusted for several risk factors




CV mortality and elevated values of HDL-C
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HDL-C associated
with lowest CV mortality

Males : 50—-80 mg/dL

Females : 70-90 mg/dL
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Hazard ratios for coronary heart disease across gquintiles

©® Adjusted for age and sex only M Further adjusted for several risk factors
Hazard

ratio -2 "

Triglyceride - HDL-C 7 Non-HDL-C
3.0 - -
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0.8 I 1 "1
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(mg/dL) (mg/dL) (mg/dL)

The Emerging Risk Factors Collaboration. JAMA 2009;302:1993-2000
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Risk ratios for coronary heart disease across fifths of usual
lipids or apolipoproteins

® Non-HDL-C
A Apo B
B HDL-C
¢ Apo Al

0.5

Tt

| | | | | | | | | | | | | | | | | |
-1.0 08 -06 -—04 -02 0 0.2 0.4 0.6 0.8
Quintile mean (SD distance from overall mean- shown on a Z-transformed scale)

The Emerging Risk Factors Collaboration. JAMA 2009;302:1993-2000
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Cholesterol in atherogenic lipoproteins: non-HDL
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Log-linear association between changes in apoB & CHD

40 -

35 4

30 +

APOB: rs41288783
L

fudt
[
|

PCSKD 46L

[
(=]
1

[
L
1

APOB:rs12713843

AMNGPTLS APDB: rs13306194

L
APOB:rs515135
PCSK3

=
[=]
1

LOLR

Proportional reduction in risk of CHD (%)

AFOB P

ABCGS/GE L APOB: rs533617

APOB: rE'lSCI'lT-'IIE
CETP

NPciLl1 HMGCR
D T T T T

o 1 2 3 4 5 6 7 8 9 10

Absolute decrease in plasma apoB mg/dL
Sl lo UEGS,

SocieTA ITALIANA DI TERAPIA CLINICA E SPERIMENTALE Ference BA, et a.l \]ama 2019, 321(4)364'373




Multivariable Mendelian randomization

@DED?@D@D@D

SocieTA ITALIANA DI TERAPIA CLINICA E SPERIMENTALE

Analysis variables ORcHp (95% Cl) p value
Association of apoB with risk of CHD apoB 0.770 (0.760 - 0.781) 1.42E-170
Association of LDL-C with risk of CHD LDL-C 0.846 (0.833 - 0.858) 8.16E-77
Association of triglycerides with risk of CHD Triglycerides 0.815 (0.785 - 0.846) 1.37E-18
Association of LDL-C and triglycerides with risk LDL-C 0.862 (0.849 - 0.875) 6.92E-65
of CHD included in same model Triglycerides 0.876 (0.850 - 0.902) 1.36E-14
Association of LDL-C, triglycerides and apoB apoB 0.761 (0.723 - 0.798) 7.51E-20
with risk of CHD included in same model LDL-C 1.010 (0.967 - 1.055) 0.186
Triglycerides 1.014 (0.965 - 1.065) 0.189
Association of LDL-C and apoB with risk of CHD | apoB 0.762 (0.738 - 0.787) 1.27E-36
included in same model LDL-C 1.009 (0.977 - 1.042) 0.140
Association of triglycerides and apoB with risk apoB 0.765 (0.751 - 0.779) 1.20E-105
of CHD included in same model triglycerides 1.011 (0.975 - 1.048) 0.161

Ference BA, et al. Jama 2019; 321(4):364-373
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Pro-inflammatory
+ Macrophage IL-8 Monocyte

expression chemotaxis/transmigration

A Monocyte cytokine A Oxidized Phosopholipids
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Carries MCP-1

A EC binding

Upregulation Kiv, (5

f adhesi *Plasminogen activation
of adhesion

o molecules -
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b Proteoglycan A EC PAI-1 expression |3
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a A Foam/cell formation A TFPI activity o
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+ Lesion calcification

SLL1ELC.S,  Tsimkass. JAm Coll Cardiol 2017;69:692-711)
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Effect of Lp(a) compared to effect of LDL-C on risk of CVD

Risk Ratio (95% Cl)

1.6+

1.4+

1.2+

| Hj@}ﬂ ______________________________________________

Ln-SD=1.1

Lp(a) OR per 1- In(SD)D LDL-C OR per 1-SD (33 mg/dl): 1.39

MNonfatal M| and coronary death
(9318 cases)

;
1

Tripling in Lp(a)
16% increased risk

35 MNonfatal Ml and coronary death

30- %

Hazard Ratio

ell = 3-fold increase Mean population LDL-c 3.5 mmol/L

Tripling in LDL-c
386% increased risk




486,000 UK Biobank:

How much do need to lower Lp(a) in nmol/L?

Outcome OR 95%-ClI
100 nmol/L lower Lp(a) Co-primary end point | 0.67 [0.64;0.69]
0 Myocardial infarction H 0.69 [0.66; 0.71]
33% RRR per 100 nmolil Cardiovascular death . = 0.71 [0.64;0.78]
Coronary revascularization | | | L | | | 0.59 [0.56; 0.62]

03 04 05 075 1 125
Outcome OR 95%-Cl

1 mmol/L lower LDL-C

(98 variant LDL-exome Co-primary end point = 0.50 [0.47;0.53]
score) Myocardial infarction L 0.54 [0.50; 0.57]
Cardiovascular death —— 0.56 [0.48; 0.66]
50% RRR per mmol/L Coronary revascularization —.—I | | - 0.36 [0.33;0.40]

03 04 05 075 1 1.25

164.5 nmol/L (95% Cl: 156.8 = 174.7) ~ 1 mmol/L LDL-C

@uﬂuﬁ@u@a@m Katzman J, .... Ference BA. EAS 2019, Maasstricht
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Changes in Lp(a) and LDL-C with equivalent effects on CVD

1.0 mmol/L lifetime lower LDL-C

-

50% reduction in lifetime risk of CHD

-

80.4 - 101.5 mg/dI lifetime lower Lp(a)

Reconciles epidemiologic and Mendelian randomization studies
Explains failure of lowering Lp(a) in niacin, CETP and PCSK9 randomized trials

Informs the optimal design of RCTs for potent Lp(a) lowering agents

SolloUBeCoS  purgess o, perence oA, etal. 2018, 34w _4J
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Treatment goals for low-density lipoprotein cholesterol (LDL-C)

across categories of total cardiovascular disease risk

Treatment goal

*SCORE<1%
for LDL-C 30 L | *SCORE >1% and <5%
-U mmo R eYoung patients (TLDM <35 years; T2DM <50 years) with

(116 mg/d L) LO\(V / DM duration <10 years without other risk factors
*SCORE 5% and <10%
2.6 mmol/L Moderate eMarkedly elevated single risk factors, in particular TC >8 mmol/L (310
(100 mg/dL) ANy mg/dL) or LDL-C >4.9 mmol/L (190 mg/dL) or BP 2180/110 mmHg
N *FH without other major risk factors
\\ eModerate CKD (eGFR 30-59 mL/min)
\\\ DM w/o target organ damage, with DM
. duration 210 years or other additional risk factor
. 1.8 mmol/L m
& 250% (70 mg/dL) ~ *ASCVD (clinical/imaging)
reduction / *SCORE 210%
N *FH with ASCVD or with another major risk factor

Very—High eSevere CKD (eGFR <30 mL/min)
Sy DM & target organ damage: 23 major risk factors;

“«. |or early onset of TIDM of long duration (>20 years)

from baseline 1.4 mmol/L
(55 mg/dL)

©ESC

A
Low Moderate High very-High CV Risk

@DED?@D@D@D Eur Heart J. 2020 Jan 1;41(1):111-188
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Relationship between achieved LDL-C level at week 4 and risk for

the primary and key secondary efficacy composite endpoints

Adjusted event rate (probability)

0.22 1

0.20 1

0.18 1

0.16

0.14

0.12

0.10 5

\*¥

Primary Endpoint
(CV Death, MI, Stroke, Hospitalization
for UA, or Coronary Revascularization)

I I I I I I 1
25 50 75 100 125 150 175

LDL cholesterol at Week 4 (mg/dL)

0.16

0.14

0.12

0.10

0.08 —

0.06

Key Secondary Endpoint
(CV Death, MI, or Stroke)

0-1

I I I I I T 1
25 50 75 100 125 150 175

LDL cholesterol at Week 4 (mg/dL)

For the primary endpoint p = 0.0012 for the B coefficient. For the secondary endpoint p = 0.0001 for the B coefficient.

CV = cardiovascular, Ml = myocardial infarction, UA = unstable angina. The blue line represents the hazard ratio and
shaded areas are the 95% Cls of the regression model estimate

@DED?@D@D@D Giugliano RP, et al. Lancet 2017; 390:1962-71.
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The AACE/ACE have introduced a new “extreme risk”

category for cardiovascular disease

AACE 2017 Guidelines
Table 6
AMERICAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS AND Atherosclerotic Cardiovascular Disease Risk Categories and
AMERICAN COLLEGE OF ENDOCRINOLOGY Low-Density Lipoprotein Treatment Goals
GUIDELINES FOR MANAGEMENT OF DYSLIPIDEMIA AND PREVENTION Treatment goals
OF CARDIOVASCULAR DISEASE W—""’r Risk factors’/10-year risk® IDL-C | Nors ApoB
(mg/dL) | (mg/dL)
Paul S. Jellinger, MD, MACE, Chair'; Yehuda Handelsman MD, FACP, FACE, FNLA, Co-Chair’; Extreme Risk — Progressive ASCVD including unstable angina in ~
Paul D. Rosenblit, MD, PhD, FNLA, FACE"; Zachary T. Bloomgarden, MD, MACE?; patients after achieving an LDL-C <70 mg/dL
Vivian A. Fonseca, MD, FACE’; Alan J. Garber, MD, PhD, FACE’; — Established clinical cardiovascular disease in patients <55 <80 <70
George Grunberger, MD, FACP, FACE"; Chris K. Guerin, MD, FNLA, FACE"; with DM, CKD 3/4, or HeFH
David S. H. Bell, MD, FACP, FACE?; Jeffrey 1. Mechanick, MD, FACP, FACE, FACN, ECNU"; \
Rachel Pessah-Pollack, MD, FACE"; Kathleen Wyne, MD, PhD, FNLA, FACE™; ~=tistory of premature ASCVD (<55 male, <65 female)
Donald Smith, MD, MPH, FACE®; Eliot A. Brinton, MD, FAHA, FNLA3; Very High Risk | — Established OT TeTeTt-espitetizationfor-€s——

coronary, carotid or peripheral vascular disease, 10-

Sergio Fazio, MD, PhD’ and Michael Davidson, MD, FACC, FACP, FNLA®
year risk >20%

. . . <70 <100 <80
— Diabetes or CKD 3/4 with 1 or more risk factor(s)
American Association of Clinical Endocrinologists Medical Guidelines for Clinical Practice are systematically — HeFH
developed statements to assist health care professionals in medical decision-making for specific clinical conditions but are
in no way a substitute for a medical professional’s independent judgment and should not be considered medical advice. High Risk — 22 risk factors and 10-year risk 10%-20%
. . . <100 <130 <90
Most of the content herein is based on literature reviews. In areas of uncertainty, professional judgment was — Diabetes or CKD 3/4 with no other risk factors
applied. These guidelines are a working document that reflects the state of the field at the time of publication. Because Moderate Risk
. . . . . gl . . . . 1 i1 10
rapid changes in this area are expected, periodic revisions are inevitable. Medical professionals are encouraged to <2 risk factors and 10-year risk <10% <100 <130 <90
use this information in conjunction with, and not as a replacement for, their best clinical judgment. The presented Low Risk -
recommendations may not be appropriate in all situations. Any decision by practitioners to apply these guidelines must be Orisk factors <130 <160 NR
made in light of local resources and individual circumstances. Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; DM, diabetes mellitus; HeFH,

heterozygous familial hypercholesterolemia; LDL-C, low-density lipoprotein cholesterol; MESA, Multi-Ethnic Study of
Atherosclerosis; NR, not recommended; UKPDS, United Kingdom Prospective Diabetes Study.

“ Major independent risk factors are high LDL-C, polycystic ovary syndrome, cigarette smoking, hypertension (blood pressure
>140/90 mm Hg or on hypertensive medication), low HDL-C (<40 mg/dL), family history of coronary artery disease (in male,
first-degree relative younger than 55 years; in female, first-degree relative younger than 65 years), chronic renal disease (CKD)
stage 3/4, evidence of coronary artery calcification and age (men 245; women 255 years). Subtract 1 risk factor if the person
has high HDL-C.

b Framingham risk scoring is applied to determine 10-year risk.

@DED?@D@D@D
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UK 2016 NICE Canada 2016 CCS Europe 2019 ESC/EAS US 2018 ACC/AHA

Secondary prevention: ASCVD

LDL cholesterol >50% or <77 mg/dL 250% & <70 mg/dL
<2.0 mmol/L <1.8 mmol/L

nonHDL cholesterol <100 mg/dL <100 mg/dL
<2.6 mmol/L <2.6 mmol/L

Apolipoprotein B <80 mg/dL

Primary prevention: Familial hypercholesterolemia

LDL cholesterol 250% & <55 or <70 mg/dL >50%
<1.4 or <1.8 mmol/L

Primary prevention: Absolute 10-year risk based, (diabetes or chronic kidney disease)

LDL cholesterol 240% >50% or 250% & 230% or
250% if <77 mg/dL <55, <70 or (<100 mg/dL) >50%
ThonHDL-C <2.0 mmol/L <1.4, <1.8 or (<2.6 mmol/L)

nonHDL cholesterol <100 mg/dL <85 mg/dL
<2.6 mmol/L <2.2 mmol/L

Apolipoprotein B <80 mg/dL <65 mg/dL
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Proportional reductions in risks of major vascular events per mmol/L reduction in
LDL cholesterol during each year of scheduled statin treatment, in randomised

trials of routine statin therapy versus no routine statin use

Total Annval event rate RR (Cl) per 1 mmol/L
number in control arm reductionin
of MVEs (% per year) LDL cholesterol
0-1year 4680 3-8 v —— 0-91 (0-85-0-97)
1-2 years 3580 34 . 078 (0:73-0-85)
2-3 years 3124 36 + 076 (0.70-0-82)
3-4 years 2483 36 —a— 0.72 (0-66-0-79)
4-5 years 1819 37 o= 0.78 (0-71-0.-87)
=5 years 1018 3-9 -— 076 (0-65-0-87)
All years 16 704 3-6 (I} 0-80 (0-78-0-82)
Years 1-25 12024 36 <D 0:76 (0:74-0-79)
—- 99% Cl <D95% Cl 05 075 1 1.25
4+—— r—_
LDL cholesterol LDL cholesterol
lowering better lowering worse

Solo oS coins et al Lancer 2016 3825321 4‘




IMPROVE-IT vs. CTT: Ezetimibe vs. statin benefit
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@DEDW@D@D§D CTT Collaboration. Lancet 2005: 366:1267-78: Lancet 2010:376:1670-81.
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Primary endpoint: composite of CV death, MI, stroke,

hospitalization for UA, or coronary revascularization

16 -

14.6
14 Placebo
12 .6

Evolocumab

HR 0.85 (95% CI1 0.79 to 0.92); P < 0.001

Cumulative Incidence (%)
(o]

0
0 6 12 18 24 30 36
No. at Risk Months
Placebo 13,780 13,278 12,825 11,871 7,610 3,690 686
Evolocumab 13,784 13,351 12,939 12,070 7,771 3,746 689

CV = Cardiovascular; Ml = Myocardial infarction; UA = Unstable angina; HR = Hazard ratio

gﬂﬂDf@cﬂ@sﬂ§D Sabatine MS, et al. N Engl J Med. 2017;376:1713-1722
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Diminishing risk reduction for the same relative

LDL-C lowering with lower baseline LDL-C
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CTT regression lines

by duration of follow-up

Total Annual event rate RR (Cl) per 1 mmol/L
number in control arm reduction in
of MVEs (% per year) LDL cholesterol
0-1year 4680 3.8 L —— 091 (0-85-0-97)
- -Zyears 3580 37 —— 078 (07 3-0-85)
2-3years 3124 36 —.—i— 076 (0-70-0-82)
3-4 years 2483 36 —— 072 (0-66-0-79)
4-5years 1819 37 —— 078 (0.71-0-87)
25 years 1018 39 — 076 (0-65-0-87)
Allyears 16704 36 ) 0-80 (0.78-0-82)
Years 1-=5 12024 36 <]>i 076 (074-079)
+W-ooxa <[>osua 05 075 1 125
+— —>
LDL cholesterol LDL cholesterol
lowering better lowering worse

Cholesterol Treatment Trialists Collaboration. Lancet. 2010 376:1670-81
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Proportional reduction in major vascular events (95% CI)
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Ference BA, et al. Eur Heart J. 2018; 39(27):2540-2545




Comparison of PCSK9 inhibitors and statins

by duration of treatment
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Treatment algorithm for pharmacological LDL-C lowering

Total CV risk assessment
I selected low- and moderate-risk patients Baseline LDL-C levels EAS @ @ E S C
Risk modifers | European Society

imaging (subclinical atherosclerosis) 1 Of Ca rd | (0] | Ogy

Risk Reclassification? ‘

(" High potency statin at highest |
recommended /
| tolerable dose to reach the goal

| ' Treatment algorithm
i for pharmacological
—O— O LDL-C lowering

Folo —

annually, or more frequently ( Addezetimibe
if indicated - I -
!
i
H
LDL-C goal reached?
| .‘ * Secondary prevention (very-high risk)
i PCSK \ | * Primary prevention: patients with
.:rm ey (A0 2 Inibleor ) FH and another major risk factor

(very-high-risk)

* Primary prevention: patients at
very-high risk but without FH

[ Consider adding \‘
_ PCSK9 inhibitor |

@DED?@D@D@D Eur Heart J. 2020 Jan 1;41(1):111-188
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Statin under-dosing Is associated with an adverse outcome

Statins
100
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@DED?@JJ@P@D Rasmussen et al., JAMA. 2007 Jan; 297(2):177-186
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