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OUTLINE

» Review current blood cholesterol guideline
recommendations (ACC/AHA and LAI)

 Discuss new lipid lowering therapies

 Take Home Points
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CARDIOVASCULAR DISEASE IN INDIA- PUBLICHEALTH
EMERGENCY

 Leading cause of death (~28% of all deaths)

 Cardiovascular disease (CVD) occurs earlier (10 years) compared to
Western populations

 In Western countries, only 23% of CVD deaths occur before the age of 70;
in India, itis 52%

* Itis predicted that India will have the highest number of CVD deaths in
the world by 2030
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HIGH LDL CHOLESTEROL IS A LEADING CAUSE OF
DEATH AND DISABILITY IN INDIA

What risk factors drive the most death and disability combined?

Metabolic risks
‘ Environmental/occupational risks

Behavioral risks
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2009 2019 % change, 2009-2019
Malnutrition 1 1 Malnutrition -39.8%
Air pollution ) Air pollution -7.8%
WaSH @ 3 High blood pressure 23.6%
\
High blood pressure 4 ; 4 Tobacco 13.5%
Tobacco 5 . 5 High fasting plasma glucose 61.0%
Dietary risks ' 6 7( 6 Dietary risks 28.9%
A Y
High fasting plasma glucose 7 v 7 High body-mass index 78.1%
HighLDL 8 . WaSH -42.8%
Alcohol use ' 9 ® 9 HighlLDL 29.7% _
High body-mass index 10 " ~10 Alcohol use 19.3%
9 y

Lancet 2020;396:1204-22.
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US CV MORTALITY RATES: ASIAN INDIANS HIGHEST!

A. Men B. Women

lty rate per 100,000
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Shah NS et al. Circ Cardiovasc Qual Outcomes 2022.
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CASE PRESENTATION

64 year old Indian man with history of CAD (PCl 5 years ago), hypertension,
hyperlipidemia, and diabetes mellitus who presents for follow-up.

Exam:
« BP 132/78; HR 72 (sinus); 98% RA; RR 14; BMI 35.1 kg/m?
« JVP 6cm, lungs clear, 2/6 holosystolic ejection murmur, no edema

Medications: Aspirin 81 mg, atorvastatin 80 mg, HCTZ 25 mg, lisinopril 40 mg,
metformin 1 g twice daily, empagliflozin 10 mg daily

Labs:
- Total cholesterol: 145 mg/dL
« LDL-C: 60 mg/dL
« HDL: 50 mg/dL
« TG: 185 mg/dL
« HbA1cC: 6.1%
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CASE PRESENTATION- WHAT DO YOU DO NEXT?

A. No changes, lipids look good!
. Add ezetimibe

Add fenofibrate

. Add icosapent ethyl

Switch from atorvastatin 80 mg to rosuvastatin 40 mg daily

31.58%

MmO N W

Add PCSK9 inhibitor
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2018 ACC/AHA BLOOD CHOLESTEROL GUIDELINE

Assess /
Emphasiz <5% 5% = <7.5% 27.5% - <20% 220%
PRaNEZE “Low Risk” “Borderline Risk” “Intermediate Risk” “High Risk”
vy :
4 g &
—_— Age 0-19y , Vel R 4 ™ ( ™
e e 1o prevent or reduce = Rlsk dimmma
ASCVD risk Risk discussion:
Diagnosis of Familial Rlﬁk discussmn- Ao P : : " ﬂSl estﬁna!ed-mk mk d
e If risk enhancers present ISBUSSlBﬂ.
Hypercholesterolemia-> statin | Emphasize fifestyle | | =, | oy dice cion | [ STSNCEFS favor statin, Initiate statin to reduce
X _| to reduce risk ' initiate moderate-
fa regarding moderate- LDL-C 250%
e intensity statin therapy intensity statin to reduce {Class 1)
(Class I) (Class llb) LOL—CIJVM -49% ATV
| ‘ (Class 1) |
- Y & V W 7 5 )
If risk decision is uncertain:
Consider measuring CAC in selected adults:
CAC = zero (lowers risk; consider no statin, unless diabetes, family history of
premature CHD, or cigarette smoking are present)
CAC = 1-99 favors statin (especially after age 55)
CAC = 100+ and/or 275th percentile, initiate statin therapy
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Arnett et al. JACC 20109.
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2018 ACC/AHA BLOOD CHOLESTEROL GUIDELINE

Figure 1. Secondary Prevention in Patients With Clinical ASCVD

UW Medicine

HEART INSTITUTE

(ASCVD not at very high-riskD

|

< Gnsers

4< Healthy Lifestyle

)

[ Ages<i5y ]

UNIVERSITY of WASHINGTON

)
=
1

s s ™
Initiation of Continuation of
moderate- or high-intensity
high-intensity statin is
statin is reasonable
reasonable (Class la)
{Class Na)
\ \. J

C

Very high-risk*
ASCVD

r o B ™
If on maximal
statin and Dashed
LDL-C 270 | | row
mg/dL (21.8 indicates
mmol/L), RCT-
supported
ibe is efficacy, but
reasonable is less cost
(Class Ma) effective
\

If on clinically judged maximal LDL-C lowering

therapy and LDL-C >70 mg/dL (u.s mmol/L), or

Arnett et al. JACC 20109.

11



-

2 O 2 2 A Consider the following as the initial nonstatin agent D’ecisibn'for N 0 N -
‘no additional

and addition of other agents as needed to achieve desired

STAT I h 6 'edUCtioneof LDL-C#" e

medication

|
|
I
Consider |
ezetimibe 1
and/or May consider o
PCSK9 mAb bempedoic acid May consider
or inclisiran®" evinacumab,

lomitapide, and/or

LDL apheresis for

HoFH under care

of lipid specialist™

4
- ™

250% LDL-C reduction (and LDL-C <100 mg/dL
or non-HDL-C <130 mg/dL) on maximally-tolerated @
statin therapy/other medications’

v v 4

Monitor adherence to
lifestyle modifications,
medications, and LDL-C
response to therapy.
If persistent
- hypertriglyceridemia,'*
1. Referral to lipid et %h):e 2021 ACC
specialist ECDP on Management of
2. Referral to RD/RDN Hypertriglyceridemia**

. “  https://doi.org/10.1016/j.jacc.2022.07.006
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CURRENT LIPID LOWERING GUIDELINE RECOMMENDATIONS

TABLE 4 ACC/AHA and ESC ASCVD Risk Categories and LDL-C Treatment Targets

Risk Category (10-y ASCVD risk) ESC ACC/AHA

Very high risk LDL-C reduction of =50% N/A
ESC: =7.5% to =15% depending on age from baseline or <55 mg/dL

without established ASCVD (<1.4 mmol/L)
High risk LDL-C reduction of =50% LDL-C reduction of
ACC/AHA: =20% from baseline or <70 mg/dL =50% from baseline
ESC: 2.5% to <15% depending on age (<1.8 mmol/L)
Intermediate risk N/A If statin therapy is indicated,
ACC/AHA (7.5% to <20%) reduction of LDL-C 30%-49%"
Borderline risk N/A If risk enhancers present, consider
ACC/AHA (5% to <7.5%) moderate-intensity statin
Low risk N/A Lifestyle
ACC/AHA (<5%)
LDL-C =190 mg/dL (=4.9 mmol/L) Evaluation for FH (genetic High-intensity statin therapy

testing or Dutch Lipid Clinic
Network score)

Diabetes mellitus Evaluation, stepwise approach Moderate or high-intensity statin
40-75 y without established ASCVD therapy
Chronic kidney disease (stage 3-5), Statin therapy Utilize as risk enhancer

nondialysis patients

*Calculation of ASCVD risk score, evaluation of enhancing risk factors, clinician-patient-risk discussion. If risk decision is uncertain, consider CAC measurement.

ASCVD = atherosclerotic cardiovascular disease; CAC = coronary artery calcium; FH = familial hypercholesterolemia; LDL-C = low-density lipoprotein cholesterol; N/A = not
applicable, Other abbreviations as in Table 1,

J Am Coll Cardiol 2022;79:1304-1313.
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2022 LIPID ASSOCIATION OF INDIA GUIDELINES

Updated Risk Stratification Approach Recommended by Lipid Association of India

Major ASCVD risk factors Other high-risk features Moderate risk non-conventional
1. Age 245 years in males and 255 1. Diabetes with 0-1 other major ASCVD risk risk factors
years in females factors and no evidence of target organ damage 1. Coronary calcium score 100-299 HU
2. Family history of premature ASCVD 2. CKD stage 3B or 4 2. Increased carotid IMT
3. Current cigarette smoking or 3. Familial hypercholesterolemia (other than 3. Lipoprotein (a) 20-49 mg/dL
tobacco use familial homozygous hypercholesterolemia) 4. Impaired fasting glucose*
4. High blood pressure 4. Extreme of a single risk factor ' 5. Increased waist circumference**
5. Low HDL-C 5. Coronary calcium score >300 HU 6. Apolipoprotein B2110 mg/dL
6. Non-stenotic carotid plaque 7. hsCRP 22 mg/L***
7. Lipoprotein (a) 250 mg/dL

Low-risk Moderate risk | High-risk Very high-risk Extreme risk |

0-1 major ASCVD | |+ 2 major ASCVD risk| |* 23 major ASCVD * Preexisting ASCVD A
risk factor and life- || factors risk factors « Diabetics with 22 c‘”f"’
time CVD risk <30% | |* Low risk group with | |+ 2 major ASCVD risk| | other major ASCVD

21 moderate risk factors with 21 risk factors or CAD with 21

non-conventional moderate risk non- || evidence of target feature of

risk factor conventional risk organ damage high risk group

« Life-time CVD risk factor » Familial homozygous
230% + 21 other high-risk hypercholesterolemia
features .

Clinical 1udgment to be used if patient has atherosclerotic penpherai arterial disease instead of coronary artery disease.

*A fasting blood sugar level from 100 to 125 mg/dL. It should be confirmed by repeat testing.

“*Waist circumference is to be measured at the superior border of the iliac crest just after expiration. Increased waist
circumference is defined as >80 ¢m in men and >80 cm in women. If increased waist circumference is the only risk factor, it
should again be measured after 6 months after initiating heart healthy lifestyle measures.

***On two occasions at least 2 weeks apart. For reclassifying moderate risk group only.

Fig. 1: Risk stratification algorithm recommended by the LAI'*''
J Assoc Physicians India 2022;70:67-75.
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2022 LIPID ASSOCIATION OF INDIA GUIDELINES

LAl 2022 Risk stratification, LDL-C targets and management algorithm in stable ASCVD/HeFH patients

. v v v v ————
Low-risk Moderate risk High-risk Very high- Extreme risk Extreme risk
group group group risk group group-category A group-category B
| Sy :
v v v . v v
LDL-C 2100 mg/dL LDL-C 270 mg/dL LDL-C 250 mg/dL
‘ ‘ ' ‘ v '
Lifestyle interventions® Add Statin** Add Statin*** Add Statin*** + Ezetimibe
v . . . ; '
LDL-C 2100 mg/dL LDL-C 270 mg/dL LDL-C 250 mg/dL
Add Statin**" = Aggressive lifestyle Add Statin*** Add Ezetimibe 10 mg
interventions+
Statin'" |
l LDL-C =50 mg/dL
v ¢ v v

Target LDL Target LDL-C Target LDL-C Add Bempedoic acid/Bile acid sequestrants + PCSK9i#

<100 mg/dL <100 mg/dL <70 mg/dL I l i
*Life style intervention for at least 3 months Target LDL-C Target LDL-C <50 mg/dL Target LDL-C |
**Low to moderate intensity statin, need clinical judgement <50 ma/dL : s a?
***High intensity statin mg Optional LDL-C <30 mg/dL =30 mg/dL

*Shared Decision
"HeFH patients are divided into high, very high or extreme risk group according to associated comorbidities, risk factors, extent

of atherosclerosis

J Assoc Physicians India 2022;70:67-75.
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NO ASCVD RISK CALCULATOR FOR ASIANS

VRIS @ Therapy Impact | Advice

CARDIOLOGY

AMERICAN — - . .
@ COLLEGE of ASCVD Risk Estimator Plus

0, Current 10-Year
106/° ASCVD Risk"™

Lifetime Risk Calculator only provicies lifetime risk estimates for individuals 40 to 59 years of age. Optimal ASCVD Risk: 5.0%

.

Current Age O * Sex * Race

& Lfsnme Ras Calodater sty prosties A 5o 1he Dilimabe Warsing hetaw

Note: These estimates may underestimate the 10-year and lifetime risk for persons from some race/ethnic groups, especially American Indians, some Asian Americans
(e.g., of south Asian ancestry), and some Hispanics (e.g., Puerto Ricans), and may overestimate the risk for others, including some Asian Americans (e.g., of east Asian
anEestry) and some Hispanics (e.g., Mexican Americans), Because the primary use of these risk estimates is to facilitate the very important discussion regarding risk
reduction through lifestyle change, the imprecision introduced is small enough to justify proceeding with lifestyle change counseling informed by these results.

Systolic Blood Pressure (mm wg) * Diastolic Blood Pressure (mm g

132 ~ 84

Total Cholesterol (mgrit) * HDL Cholesterol (mg/dt) * LDL Cholesterol (mg/du) O

2 47 . 39

History of Diabetes? * Smoker? O *

“ _ Nover ©

On Hypertension Treatment? * On a Statin? © On Aspirin Therapy? O

LN [ |
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USE OF STATIN THERAPY IS LOW: <50%!

CENTRAL ILLUSTRATION Statin Use in 601,934 Patients With Atherosclerotic Cardiovascular Disease on
January 31,2019

Study Population

601,934 patients with ASCVD
Mean age: 67.5 £ 13.3 years

Proportion on
high-intensity statin vs Odds of high
other statin vs no statin

(vs other) intensity statin use

More likely Less likely

Female

Age 245

CeVD, PAD

# Charlson comorbidity

Other statin
216%

Proportion of days covered

Statin usage on January 31,2019
+30 days

Proportion of days covered

oo

W275% 50-74% W<50%

Nelson AJ, et al. J Am Coll Cardiol. 2022;79(18):1802-1813,

Proportion on high-intensity statin vs other statin vs no statin, Odds of high- (vs other) intensity statin use. Proportion of days covered among users of high-intensity

statins. ASCVD = atherosclerotic cardiovascular disease; CAD = coronary artery disease; CeVD = cerebrovascular disease; PAD = peripheral artery disease;
T20M = type 2 diabetes mellitus.

J Am Coll Cardiol. 2022;79(18):1802-1813.
UWMedicine ;| ERSITY of WASHINGTON




NEW LIPID LOWERING THERAPIES

Graphical Abstract

Evolution of Lipid Lowering Therapies:

Statins*==» Oral combination ==» MoAb == ASO ==»siRNA == \/accination =9 Gene editing

N\
+ AN DIV e,

Ezetimibe*

osapent ethyl* Alirocumab® |Volanesorsen| | Inclisiran
Evolocumab* |Vupanorsen Olpasiran
Fibrate Pelacarsen

Daily Monthly Weekly Bianually Annual?
Bimonthly Monthly

o i

ﬁl Non-HDL (including remnants) \i& Lp (a)
- Secondary target New target

o

@ LDL-C

Main target

*Therapies shown fo decrease CV events
The future evolution of lipid-lowering therapies. The quest for new lipid-lowering therapies enabling less frequent admenistration is continuing. Outcome

trials to show cardiovascular event reduction will determine their clinical application. ASO, antisense oligonucleotide; CV, cardiovascular; IPE, icosapent
ethyl: LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a): MoAb, monoclonal antibodies; siRNA, small-interfering RNA.

European Heart Journal, 2022;, ehab841, https://doi.org/10.1093/eurheartj/ehab841
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https://doi.org/10.1093/eurheartj/ehab841

NEW TARGETS FORLIPID LOWERING THERAPIES

The Apolipoprotein B-Containing Lipoprotein
Family: Atherogenic and Modifiable

Low-density
lipoprotein (LDL)

Lipoprotein (a)\\ Trliiglyceri:iei-rlch
poproteins
(IDL+VLDL)

. J/

Figure | New targets for lipid-lowering therapies. Beyond low-density lipoprotein, lipoprotein(a) and triglyceride-rich lipoproteins or remnant lip-
oproteins have become actionable targets in lipid management. IDL, intermediate-density lipoprotein; VLDL, very low-density lipoprotein.

European Heart Journal, 2022;, ehab841, https://doi.org/10.1093/eurheartj/ehab841

UW Medicine

bt UNIVERSITY of WASHINGTON


https://doi.org/10.1093/eurheartj/ehab841

CAUSAL EVIDENCE FOR LIPID PATHWAYS AND CV
DISEASE

Observational
Epidemiological

.

studies

Mendelian

a‘ﬂg'o f d . t. oty w

B { randomization

\:\15.2&““ and genetic :> § LDL-C

-

© | analyses Causal j :>

: e’

J Randomized

" clinical trials

LDL-C primary target
Lower LDL-C goals

(‘- P Animal
i

experiments

Figure 2 Multiple lines of evidence showing low-density lipoprotein cholesterol is causal for cardiovascular disease. Data that have accrued from
observational data, human genetic analyses, randomized clinical trial results, and animal experimentation in multiple species, all concordantly support
a causal contribution of low-density lipoprotein to atherosclerosis.

European Heart Journal, 2022;, ehab841, https://doi.org/10.1093/eurheartj/ehab841
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NEW TARGETED DELIVERY MECHANISMS

Selected mechanisms of targeted lipid therapies

Molecular target Approach Application
examples examples
DNA
Gene and base editing PCSKS efc.
, (e.g. CRISPR)
mRNA
: : : Lp(a)
| ‘ “m N Antisense oligonucleotide apoClI|
W £ 1 % Small interfering RNA
Protein
e RN 7 Antibodies HMG Co-A reductase
! ib?‘f%{ % f Small molecules NPC1L1
TN

Wl g

Figure 3 Selected mechanisms of targeted lipid therapies. Current approaches to interventions that modify lipid metabolism include targeting gen-
omic DNA, messenger RNA, or proteins. The strategies available include various strategies ranging from traditional small-molecule medicinal chemis-
try approaches through biological agents such as monoclonal antibodies, RNA therapeutics, and, on the horizon, gene editing. ApoCHll,

ATP citrate lyase

apolipoprotein C-ll; Lp(a), lipoprotein(a); HMG-CoA, hydroxymethylglutaryl coenzyme A; PCSK9, proprotein convertase subtilisinfkexin type 9,

European Heart Journal, 2022;, ehab841, https://doi.org/10.1093/eurheartj/ehab841

UW Medicine
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BEMPEDOICACID

« Approved in the US as adjunct to maximally-tolerated statin therapy for HeFH or
established ASCVD patients

* Inhibits ATP citrate lyase (upstream of HMG-CoA reductase)

Lowers LDL-C by 17-25%

Available in combination with ezetimibe (lowers LDL-C up to 38%)

More liver-specific than statins- Pro-drug converted to active form in hepatocytes
No outcome study yet! (CLEAR OUTCOMES)

« Warnings/Precautions

« Hyperuricemia: higher risk in those with history of gout (consider monitoring uric acid
levels)

« Tendon rupture: avoid if prior history
 Avoid with simvastatin dose >20 mg and pravastatin dose >40 mg

UW Medici
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NEW TARGETED PCSK9 INHIBITOR THERAPIES
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Michos ED et al. N Engl J Med 2019; 381:1557-1567.
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INCLISIRAN

« Anti-PCSK9 si-RNA recently approved in the US as adjunct to statin
therapy for:
 Adults with heterozygous familial hypercholesterolemia (HeFH)

« Overt atherosclerotic cardiovascular disease (ASCVD) who require
additional lowering of low- density lipoprotein cholesterol (LDL-C)

« Reduces LDL-C ~50% with twice yearly SC injections
* Injection site reactions ~5%

« Awaiting results of ORION-4 (secondary prevention trial)
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PCSK9 INHIBITORS- GENE EDITING

Permanent Alteration of PCSK9 With In Vivo
CRISPR-Cas9 Genome Editing

Qiurong Ding, Alanna Strong, Kevin M. Patel, Sze-Ling Ng, Bridget S. Gosis,
Stephanie N. Regan. Chad A. Cowan, Daniel J. Rader, Kiran Musunuru

Rationale: Individuals with naturally occurring loss-of-function proprotein convertase subtilisin/kexin type
9 (PCSKY) mutations experience reduced low-density lipoprotein cholesterol levels and protection against
cardiovascular disease.

Objective: The goal of this study was to assess whether genome editing using a clustered regularly interspaced short
palindromic repeats (CRISPR)CRISPR-associated system can efficiently introduce loss-of-function mutations
into the endogenous PCSK9 gene in vivo.

Methods and Results: We used adenovirus to express CRISPR-associated 9 and a CRISPR guide RNA targeting
Pcsk9 in mouse liver, where the gene is specifically expressed. We found that <3 to 4 days of administration of the
virus, the mutagenesis rate of Pesk9 in the liver was as high as >50%. This resulted in decreased plasma PCSK9
levels, increased hepatic low-density lipoprotein receptor levels, and decreased plasma cholesterol levels (by 35~
40% ). No off-target mutagenesis was detected in 10 selected sites.

Conclusions: Genome editing with the CRISPR-CRISPR-associated 9 system disrupts the Pcsk9 gene in vivo with
high efficiency and reduces blood cholesterol levels in mice. This approach may have therapeutic potential for the
prevention of cardiovascular disease in humans. (Circ Res. 2014:115:488-492.)

Key Words: coronary diseasc m genetic therapy m lipoproteins m molecular biology m prevention and control
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Article | Published: 19 May 2021

In vivo CRISPR base editing of PCSK9 durably lowers
cholesterol in primates

Kiran Musunuru, Alexandra C. Chadwick; ... Sekar Kathiresan & 4 Show authors

Nature 593, 429-434 (2021) | Cite this article

28k Accesses | 76 Citations | 989 Altmetric | Metrics

Abstract

Gene-editing technologies, which include the CRISPR - Cas nucleases'#* and CRISPR base
editors*=, have the potential to permanently modify disease-causing genes in patients®, The
demonstration of durable editing in target organs of nonhuman primates is a key step before
in vivo administration of gene editors to patients in clinical trials. Here we demonstrate that
CRISPR base editors that are delivered in vivo using lipid nanoparticles can efficiently and
precisely modify disease-related genes in living cynomolgus monkeys (Macaca fascicularis).
We observed a near-complete knockdown of PCSK9in the liver after a single infusion of lipid
nanoparticles, with concomitant reductions in blood levels of PCSK9 and low-density
lipoprotein cholesterol of approximately 90% and about 60%, respectively; all of these
changes remained stable for at least 8 months after a single-dose treatment. In addition to
supporting a ‘once-and-done’ approach to the reduction of low-density lipoprotein
cholesterol and the treatment of atherosclerotic cardiovascular disease (the leading cause of
death worldwide?), our results provide a proof-of-concept for how CRISPR base editors can
be productively applied to make precise single-nucleotide changes in therapeutic target
genesin the liver, and potentially in other organs.



TRIGLYCERIDE RICH LIPOPROTEINS- ANEW TARGET

« Triglyceride-rich lipoproteins include remnant lipoproteins- chylomicron
remnants, VLDL, and IDL

« Atherogenicity due to delivery of cholesterol to foam cells?
* Pro-inflammatory effect of remnant particles

» Lipoprotein lipase (LPL) is a key regulator of triglyceride levels
» Releases free fatty acids from triglycerides reducing triglyceride concentrations

« Genetic variants that lower LPL activity increase triglyceride-rich lipoproteins and
are associated with increased CV events

« Apolipoprotein C-lll, ANGPTL3 and 4

European Heart Journal, 2022;, ehab841, https://doi.org/10.1093/eurheartj/ehab841
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TRIGLYCERIDE RICH LIPOPROTEINS- ANEW TARGET

. " Triglyceride-rich
Apolipoprotein Clll : lipoproteins (TGRL)
(volanesorsen) Lipoprotein —
- lipase
ANGPTL3 . _ AR,

(evinacumab, volanesorsen)

ANGPTL4 —=— /%f %
ﬁ*&v@,
+ Free

"&
° Acids

Endothelial cell

Apolipoprotein AV —

Figure 4 Lipoprotein lipase modifiers. The enzyme lipoprotein lipase (depicted by the ribbon structure) associates with the surface of endothelial
cells by binding to proteoglycans. This enzyme trims triglyceride from triglyceride-rich lipoproteins which include remnants of chylomicrons produced
by intestinal cells from dietary lipid and very low-density lipoproteins synthesized endogenously by the liver. Lipoprotein lipase-mediated hydrolysis
yields free fatty acids and low-density lipoprotein and intermediate-density lipoproteins. The proteins named in red inhibit lipoprotein lipase, and thus
raise blood triglycende-rich lipoprotein concentrations by limiting triglyceride-rich lipoprotein catabolism. The novel therapeutic agents listed inhibit
these inhibitors and thus lower triglyceride-rich lipoprotein levels. Apolipoprotein AV activates lipoprotein lipase (shown in green) Very
strong human genetic evidence support the causality of each of the modulatory proteins depicted In regulating triglycende-rich lipoproteins.
ANGPTL angiopoietin-like protein.

European Heart Journal, 2022;, ehab841, https://doi.org/10.1093/eurheartj/ehab841
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EVINACUMAB

« Monoclonal antibody directed again ANGPTL3

* In patients with Ho-FH (ELIPSE-HoFH study), lowered LDL-C by
49% (LDL-receptor independent pathway), triglycerides by 55%

« Approved in US for LDL-C lowering for Ho-FH patients
* |V infusion every 4 weeks
* Cost- $450,000/year (US dollars)

N Engl J Med 2020; 383:711-720.
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VUPANORSEN

 Anti-sense oligonucleotide directed against ANGPTL3
 Blocks hepatic synthesis

« Drug development halted January, 2022 due to safety signal, poor
results

« TRANSLATE-70 Trial presented as LBCT at ACC.22

 Small-modest reductions in non-HDL-C (22-27%) and LDL-C levels (7.9-
16%)

e Significant increase in liver fat fraction (76%) and 3x LFT elevations
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VOLANESORSEN

 Antisense oligonucleotide targeting apolipoprotein C-Il|

» Approved by EMA for treatment of familial
chylomicronaemia syndrome (FCS)

e In patients with hyperchylomicronaemia, lowered
triglycerides by >70%
 Caused injection-site reactions in almost a quarter of patients
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LIPOPROTEIN (a)- AN OLD BUT NEW THERAPEUTIC
TARGET

* A unique form of LDL where Apo(a) binds to ApoB surrounding LDL
particles

« Genome wide association studies (GWAS) and Mendelian
randomization studies demonstrate causality of Lp(a) in ASCVD and
calcific aortic valve disease

« Statins do not lower Lp(a)

« PCSK9i and niacin can lower Lp(a) ~30%
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Lp(a): Nuts

and Bolts

Lp(a) moleculel3

Phospholipid Monolayer
Triglycerides
Cholesteryl Esters

Free Cholesterol

Phospholipid

Apo B-100

Protease Similar Domain

* Lp(a) is produced in the liver and has two
main components joined by a covalent
disulfide bond?*2

— A lipid core moiety that is an LDL-like
particle containing apolipoprotein B-100,
which is proatheroscleroticl?

and

— A single molecule of apolipoprotein(a)l-3

Lp(a) differs from LDL in that Lp(a) contains a molecule of apo(a)+?

NS Ve
<& %,
5

“f CORE é apo, apoprotein; Kl, kringle type [; KII, kringle type II; KlIl, kringle type 1lI; KIV, kringle type IV; KV, kringle type V; Lp(a), lipoprotein (a).
Z o F 1. Cai A, et al. Dis Markers. 2013;35(5):551-559. 2. Tsimikas S. J Am Coll Cardiol. 2017;69:692-711. 3. Jawi MM, et al. J Lipids.2020:1-26. doi.org /10.1155/2020/3491764.



Lp(a) Has Several Pathogenic Mechanisms that may Affect CV Risk

Pro-inflammatory

¢ Macrophage IL-8 y Monocyte cytokine A Oxidized i Monocyte
Phospholipids

expression release chemotaxis/transmigration Carries MCP-1

Proatherogenic Prothrombotic

4 EC binding . L
} Plasminogen activation

1 Upregulation of adhesion molecules

{ Fibrin degradation
4 SMC proliferation

ix bindi 4 EC PAI-1 expression
% Proteoglycan matrix binding

% Foamicell formation t TFPI activity
f Necrotic core formation 1 Platelet responsiveness

f Lesion calcification
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o
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£ CORE

‘3 i N EC, endothelial cell; IL, interleukin; Lp(a), lipoprotein(a); MCP, monocyte chemoattractant protein; PAI, plasminogen activator inhibitor; SMC, smooth muscle cell; TFPI, tissue factor pathway inhibitor.
Tsimikas S. J Am Coll Cardiol. 2017;69:692-711.



~1.4 Billion People Globally Have
Elevated Lp(a) Levels > 50 mg/dL

% " »
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Oceania
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African and South Asian individuals generally have higher levels of Lp(a)

RE L P
< R"r,

£ CORE §2 _ Lp(a), lipoprotein(a); M, millions. _ N
& <] = AHA, American Heart Association; ACC, American College of Cardiology; M, millions 34 T4
) u i Tsimikas S. J Am Coll Cardiol. 2018;71:177-192.



Elevated Lp(a) is Associated with Various Disease States

Coronary
Heart Disease Stroke
Peripheral Chronic
Vascular Disease Kidney Disease
Heart failure @/ %@Z gi)er:]lg;/:lve

s iy
< 2

S 'i'-._ Disease associations were determined using logistic regression data from UK Biobank, adjusted for age, sex, and 10 other key - i
? CORE '-i- components, with the exception of chronic kidney disease, which was determined using statistics from CKDGen

2 o = Lp(a), lipoprotein(a)

R | Emdin CA, et al. J Am Coll Cardiol. 2016;68:2761-2772.



PELACARSEN

 Anti-sense oligonucleotide directed against apolipoprotein(a)
and lowers Lp(a) by 60-80%

« No significant safety signal in early studies

* Lp(a) HORIZON Trial is a secondary prevention study
currently enrolling patients with history of prior Ml, stroke,
PAD
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OLPASIRAN

* si-RNA directed against apolipoprotein(a) and lowers Lp(a)
up to 80% at 113 days in Phase 1 clinical trial
 No significant safety concerns

* Phase 2 dose finding study ongoing
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SLN360- APOLLO TRIAL

* si-RNA directed against apolipoprotein(a) and lowers Lp(a)
up to 81% at 5 months

* Phase 1 APOLLO Trial presented at ACC.22

« Single ascending dose study with SC injection
« No safety signal
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CASE PRESENTATION

64 year old Indian man with history of CAD (PCl 5 years ago), hypertension,
hyperlipidemia, and diabetes mellitus who presents for follow-up.

Exam:
« BP 132/78; HR 72 (sinus); 98% RA; RR 14; BMI 35.1 kg/m?
« JVP 6cm, lungs clear, 2/6 holosystolic ejection murmur, no edema

Medications: Aspirin 81 mg, atorvastatin 80 mg, HCTZ 25 mg, lisinopril 40 mg,
metformin 1 g twice daily, empagliflozin 10 mg daily

Labs:
- Total cholesterol: 145 mg/dL
« LDL-C: 60 mg/dL
« HDL: 50 mg/dL
« TG: 185 mg/dL
« HbA1cC: 6.1%
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CASE PRESENTATION- WHAT DO YOU DO NEXT?

A. No changes, lipids look good!
. Add ezetimibe

Add fenofibrate

. Add icosapent ethyl

Switch from atorvastatin 80 mg to rosuvastatin 40 mg daily
Add PCSK9 inhibitor

MmO N W
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-

2 O 2 2 A Consider the following as the initial nonstatin agent D’ecisibn'for N 0 N -
‘no additional

and addition of other agents as needed to achieve desired

STAT I h 6 'edUCtioneof LDL-C#" e

medication

I ! !
| ! !
1
+ : :

I

Consider 3,
ezetimibe i
and/or May consider 4 5 )
PCSK9 mAb bempedoic acid May consider
or inclisiran®" evinacumab,
lomitapide, and/or
LDL apheresis for
HoFH under care
L of lipid specialist™ )

4 - l

— ™

250% LDL-C reduction (and LDL-C <100 mg/dL
or non-HDL-C <130 mg/dL) on maximally-tolerated @
statin therapy/other medications’

v v 4

Monitor adherence to
lifestyle modifications,
medications, and LDL-C
response to therapy.
If persistent
- hypertriglyceridemia,'*
1. Referral to lipid et %h):e 2021 ACC
specialist ECDP on Management of
2. Referral to RD/RDN Hypertriglyceridemia**

. “  https://doi.org/10.1016/j.jacc.2022.07.006
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2022 LIPID ASSOCIATION OF INDIA GUIDELINES

LAl 2022 Risk stratification, LDL-C targets and management algorithm in stable ASCVD/HeFH patients

. . v

Low-risk Moderate risk High-risk
group group group

I l
v v v
LDL-C 2100 mg/dL LDL-C 270 mg/dL
Lifestyle interventions* Add Statin**

v ! v

LDL-C 2100 mg/dL LDL-C 270 mg/dL

. . .

Add Statin**" = Aggressive lifestyle Add Statin***

interventions+
Statin***
l v
Target LDL Target LDL-C Target LDL-C
<100 mg/dL <100 mg/dL <70 mg/dL

*Life style intervention for at least 3 months

**Low to moderate intensity statin, need clinical judgement
***High intensity statin

*Shared Decision

v .

Very high- Extreme risk
risk group group-category A

. .

LDL-C 250 mg/dL

v .

Add Statin***

. .

LDL-C 250 mg/dL

Add Ezetimibe 10 mg

.

LDL-C =50 mg/dL

, .

Add Statin*** + Ezetimibe

———
sroup catsgary & h

,
.
v

—

A

Add Bempedoic acid/Bile acid sequestrants + PCSKei#

v v

Target LDL-C Target LDL-C <50 mg/dL
<50mg/dL  Optional LDL-C <30 mg/dL"

v
Target LDL-C |
<30 ma/dL”

"HeFH patients are divided into high, very high or extreme risk group according to associated comorbidities, risk factors, extent

of atherosclerosis
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TAKE HOME POINTS

 Cardiovascular disease is the leading cause of death worldwide

« Major blood cholesterol guidelines recommend statin therapy as the
primary treatment to reduced ASCVD risk

e Statins are cheap but underutilized!

« Ezetimibe and PCKS9i (alirocumab and evolocumab) reduce ASCVD
events in high risk patients

 Should be considered 2" and 3" line treatments to achieve LDL targets
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TAKE HOME POINTS

« Bempedoic acid (approved in India) and inclisiran are approved in the
US to achieve LDL-C targets in high risk populations, but no outcome
data are available

- New targeted therapies against triglyceride-rich lipoproteins and
lipoprotein(a), including anti-sense oligonucleotides and si-RNAs, are in
various stages of development

« Cost and access to therapies will be key challenges

 Vaccines and gene-editing technologies are in development
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Eugene Yang, MD, MS, FACC
Email: eyang01@uw.edu
Website: http://wwww.uwmedicine.org/bios/eugene-yang
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