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Objectives

• Relationship between LDL-C levels and CV events

• New targets for lipid lowering therapies

• Regression of atherosclerotic plaque: from statins to PCSK9i

• Long-term data on safety and efficacy of LDL-C lowering with PCSK9i

• New lipid lowering therapies



Case presentation 

• 1996 
• 56 yr old man

• Post-MI 

• PTCA to LAD

• Hypertension
• ENALAPRIL 10mg*2

• BMI 26

• HBA1C 5.4

• Hypercholesterolemia
• SIMVASTATIN 40mg*1→ 

CERIVASTATIN 0.4*1  

• TC – 231 →  189

• LDL-C – 157 → 118

• HDL-C – 43 → 41

• TG – 157 → 150 



Case presentation (cont)

• 2007
• 67 yr old man
• Recently had ACS and CABG
• Hypertension

• TRITACE 5*1

• BMI 28
• HBA1C 5.7
• Hypercholesterolemia

• ATORVASTATIN 40mg*1 → 
ATORVASTATIN 80mg*1 + EZETIMIBE 
10*1 

• TC – 171 → 150
• LDL-C – 102 → 83
• HDL-C – 40 → 39
• TG – 145 → 139 



• 2018

• 78 yr old man

• Rt carotid artery stenosis 95% 

• Hypertension
• TRITACE COMP 5/25*1
• NORVASC 5*1 

• BMI 27.5
• HBA1C 5.8
• Hypercholesterolemia

• ATORVASTATIN 80mg*1 & EZETIMIBE 
10mg*1 → + EVOLOCUMAB 140 MG/2M 

Stenosis regression: 75%, 55%  

Case presentation (cont)

• TC – 141 → 115 mg/dl 

• LDL-C – 79 → 51 mg/dl 

• HDL-C – 35 → 36 mg/dl 

• TG – 135 → 139 mg/dl   

• Non-HDL – 110 → 79 mg/dl 

• Apo B100 – 80 → 62 mg/dl  

• Lp(a) – 120 mg/dl → 92 mg/dl 



CTT line - linear relationship between LDL-C levels and 
major CV events1,2
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Reduction in LDL cholesterol1

Efficacy and safety of cholesterol-lowering treatment: prospective meta-analysis of data 
from 90 056 participants in 26 randomized trials of statins.
Major CV events included myocardial infarction, coronary death, and fatal or non-fatal 
stroke.
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For every ~40mg/dL reduction in LDL-C, there was 
a 22% reduction in major 
CV events at 1 year2

Cholesterol Treatment Trialists’ (CTT) Collaborators. Lancet. 2005; Cholesterol Treatment Trialists’ (CTT) Collaboration. Lancet. 2010

The Cholesterol Treatment Trialists’(CTT) meta-
analysis of 26 studies suggest a linear relationship 
between LDL-C  lowering with statins and CV risk 
reduction2



Source of evidence

2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce cardiovascular risk (European Heart Journal 2019)

Evidence for efficacy of LDL-lowering therapies  down
to below 1.4 mmol/L (55 mg/dL)

Mean reduction in LDL  
cholesterol;

mmol/L [mg/dL]

Outcome RR (95% CI)

CTT meta-analysis1 (high-intensity vs standard  
statin; subgroup <2.0 mmol/L)

1.71 [66] vs 1.32 [50] 0.71 (0.56-0.91)
[per mmol/L]

IMPROVE-IT2 (eze plus statin vs statin) 1.55 [70] vs 1.40 [54] 0.94 (0.89-0.99)

FOURIER3 (evolocumab plus high-dose statin ±
eze vs high-dose statin ± eze)

2.37 [92] vs 0.78 [30] 0.85 (0.79-0.92)

ODYSSEY OUTCOMES4 (alirocumab plus high-
dose statin ± eze vs high-dose statin ± eze)

2.37 [92] vs 1.37 [53]

MI, CHD death,  
stroke, coronary  

revasc.

CV death, MI,  
stroke, UA,  

coronary revasc

CV death, MI,  
stroke, UA,  

coronary revasc

MI, CHD death,  
stroke, UA

0.85 (0.78-0.93)

1.Lancet 2010; 376: 1670-81; 2. NEJM 2015; 372: 2387-97; 3. NEJM 2017; 376: 1713-22; 4. NEJM 2018; 379:2097-107



New targets for lipid-lowering therapies

European Heart Journal, 2022



Harefuah. 2021 Jan;160(1):38-44



More stable plaque features were observed within 
non-obstructive atheromas in patients with 
very low LDL-C levels on statin treatment

Atherosclerosis, 2015



GLAGOV: study design

*Nominal change refers to the actual number, as opposed to percent change
D = day; IVUS = intravascular ultrasound; SC = subcutaneously; W = week. JAMA, 2016



Mean absolute change in LDL-C

Absolute change for evolocumab-statin group: -56.3 (-59.4 to -53.1); P < 0.001

Statin monotherapy Statin + evolocumab
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Study WeekNo. of patients

Placebo
Evolocumab

446
456

441
452

447
444

441
449

425
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7268

Mean LDL-C 93.0 mg/dL*

Mean LDL-C 36.6 mg/dL*

Change from baseline 3.9%

Change from baseline -59.8%

Data shown are Mean (95% CI) *Time-weighted LDL-C; LDL-C = low-density lipoprotein cholesterol
Nicholls SJ, et al. JAMA. [published online ahead of print November 15, 2016]. doi: 10.1001/jama.2016.16951.
Nissen SE, et al. American Heart Association Scientific Sessions, Nov 12 - 16, 2016,
New Orleans, Louisiana.  Oral Presentation. 
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Evolocumab

0.05%

Primary endpoint: nominal change in percent atheroma 
volume (PAV) from baseline to week 78

Difference between groups: -1.0% (-1.8 to -0.64); P < 0.001

Data shown are least-squares mean (95% CI). PAV = Percent Atheroma Volume
*Comparison versus baseline
Nicholls SJ, et al. JAMA. [published online ahead of print November 15, 2016]. doi: 10.1001/jama.2016.16951.
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HUYGENS design

Placebo SC monthly 

Evolocumab 420 mg SC monthly 
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Coronary 
Angiogram

Baseline 
OCT/IVUS

SC injection of 3 
mL placebo

1 Week 0 4 12 24 36 50

161 patients with (i) NSTEMI, (ii) angiographic CAD 20-50% stenosis in a target vessel, (iii) LDL-C 
≥60 mg/dL on high-intensity, ≥80 mg/dL on low/moderate-intensity or ≥130 mg/dL on no statin at 

screening, (iv) subsequently treated with maximally tolerated statin and (v) target segment on 
intracoronary optical coherence tomography (OCT) containing at least one image with a FCT <120 µm 

and one image with lipid arc >90o

Week

Screening Treatment

JACC, 2022



Imaging Analysis

• Primary endpoint: change in minimum FCT anywhere 
in the segment

• Secondary endpoints

– Percent change in minimum FCT

– Change in average minimum FCT

– Change in maximum lipid arc

• Plaque analysis: regions containing FCT 120m and 
lipid arc >90o for 3 consecutive images

JACC, 2022



Baseline Demographics and Statin Usage
Characteristic Placebo (N=81) Evolocumab (N=80)

Age 60.2 60.9

Male Gender 67.9% 75.0%

BMI kg/m2 28.0 28.2

Diabetes 17.3% 16.3%

Smoking 59.3% 58.8%

Prior statin use >4 weeks 24.4% 23.2%

Statin use in trial 96.3% 93.8%

High intensity 82.7% 78.8%

Moderate intensity 13.6% 13.8%

Low intensity 0% 1.3%

JACC, 2022



Baseline OCT Measures

Placebo (n=81) Evolocumab (n=80)

Minimum FCT (m) 54.6 56.6

Average min FCT (m) 133.6 142.3

Maximum lipid arc (o) 224.8 230.2

FCT <65um 71.6% 77.5%

Lipid rich plaque* 91% 90%

*lipid rich plaque defined as 3 consecutive images containing FCT 120m and lipid arc >90o

JACC, 2022



LDL cholesterol

Placebo Evolocumab
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HUYGENS primary endpoint: 
minimum fibrous cap thickness (FCT)

Placebo Evolocumab
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HUYGENS secondary endpoint: percent change minimum 
fibrous cap thickness

Placebo Evolocumab
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HUYGENS exploratory endpoint: patients with 
minimum FCT <65 m 
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Analysis of regions containing lipid-rich plaque 
placebo vs evolocumab

• ↓in the maximum lipid arc  

– -31.9 vs -61.9 (P<0.02)

• ↓in the lipid lengs

– -3.3 vs -5.8 mm (P<0.02) 

JACC, 2022
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Patients with AMI (N-STEMI/STEMI) undergoing coronary angiography & successful PCI of the infarct 
vessel & 2 non-infarct related arteries with non-obstructive lesions

No statin, LDL >125 mg/dL
(>3.2 mmol/L)

POC

On Statin, LDL >70 mg/dL
(>1.8 mmol/L)

Baseline blood sampling

Blood sampling 4 weeks
3 visits, 4 phone calls
Blood sampling 52 weeks

IVUS, NIRS, OCT

Enrollment of 300 Patients

Placebo s.c. / 2 weeks
+ Rosuvastatin 20 mg

Alirocumab s.c. 150 mg / 2 weeks
+ Rosuvastatin 20 mg

R 
1:1

Baseline

52 weeks

IVUS, NIRS, OCT

JAMA, 2022

Initiated <24 hrs after PCI

NIRS, Near Infrared Spectroscopy ; OCT, Optical Coherence Tomography)



Change in LDL-C, mean (SD) 

23.6 (24) mg/dL
0.6 (0.6) mmol/L

74.4 (31) mg/dL
1.9 (0.8) mmol/L 

154.8 (31) mg/dL
4.00 (0.8) mmol/L

150.9 (36) mg/dL
3.9 (0.9) mmol/L 
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Alirocumab 
(n=147*)

Placebo 
(n=151*) P-value

All-cause death 2 (1.4%) 1 (0.7%) 0.55

Myocardial infarction 2 (1.4%) 3 (2.0%) 0.24

Ischemia-driven revascularization of de novo 

lesions
7 (4.8%) 17 (11%) 0.04

Stroke 0 (0.0%) 1 (0.7%) 1.00

Prespecified Clinical Events

* Includes patients who received at least one dose of the study drug JAMA, 2022





Follow up MRI at 3, 6 and 12 month
Atherosclerosis,2021



Atherosclerosis, 2021 



Long-Term Evolocumab in Patients with 
Established Atherosclerotic Cardiovascular Disease:

Primary Results of the 
FOURIER-OLE (Open-Label Extension) Studies

Michelle L. O’Donoghue, Robert P. Giugliano, Sarina Trindade, 
Dan Atar, Anthony Keech, Julia Kuder, KyungAh Im, Sabina 

Murphy, Jose H. Flores-Arredondo, J. Antonio G. López, Mary 
Elliott-Davey, Bei Wang, Maria Laura Monsalvo, 

Siddique Abbasi, Marc S. Sabatine 

On Behalf of the FOURIER-OLE Investigators

This study was funded by Amgen Inc. 
AT-REP-0922-00001



Study design

Patients with stable ASCVD 

and LDL-C ≥70 mg/dl 

(~1.8mM) or non-HDL-C ≥100 

mg/dl (~2.6mM)

on optimized statin Rx  

Patients with stable ASCVD 

and LDL-C ≥70 mg/dl 

(~1.8mM) or non-HDL-C ≥100 

mg/dl (~2.6mM)

on optimized statin Rx  

Parent FOURIER Trial

Median follow-up 2.2 yrs

N=27,564

R

Evolocumab

q2 or q4 wks

Matching

placebo

- OLE

Open-Label Evolocumab

q2 or q4 wks

FOURIER OLE Program

Median follow-up 5.0 yrs

N=6635

Circulation, 2022



Baseline characteristics of 
OLE population at randomization

- OLE

Initial allocation in parent FOURIER trial

Placebo (N=3280) Evolocumab (N=3355)

Demographics Age (mean, years) 62 62

Male sex (%) 76 77

White race (%) 96 95

Region (%) Europe 66 67

United States 34 33

Type of athero (%)

Myocardial infarction 84 84

Non-hemorrhagic stroke 16 16

Peripheral artery disease 14 15

CV risk factors (%)

Hypertension 85 82

Diabetes mellitus 35 33

Current cigarette use 27 26

Meds at time of enrollment
in FOURIER (%)

High-intensity statin use 76 77

Ezetimibe 5.5 6.0

LDL-C at randomization
(median, IQR)

mmol/L 2.4 (2.1-2.8) 2.4 (2.1-2.8)

mg/dl 91 (80-109) 92 (80-108)

All comparisons P>0.05 Circulation, 2022



Evolocumab: 
Evidence of Lag Effect for MACE

0%

2%

4%

6%

8%

0%

2%

4%

6%

8%

Evolocumab

Placebo

Months from Randomization

C
V

 D
e

a
th

, 
M

I,
 S

tr
o

k
e

0 3 9 12 24 30 366 12 18

16% RRR

HR 0.84 (95%CI 0.74-0.96)
P=0.008

25% RRR

HR 0.75 (95%CI 0.66-0.85)
P<0.00001

NEJM, 2017

0%

2%

4%

6%

8%

0%

2%

4%

6%

8%

Evolocumab

Placebo

Months from Randomization

C
V

 D
e

a
th

, 
M

I,
 S

tr
o

k
e

0 3 9 12 24 30 366 12 18

16% RRR

HR 0.84 (95%CI 0.74-0.96)
P=0.008

25% RRR

HR 0.75 (95%CI 0.66-0.85)
P<0.00001

C
V

 d
e

at
h

, M
I,

 S
tr

o
ke

Months from Randomization
AT-REP-0922-00001



Effect on LDL-C - OLE
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Effect on LDL-C - OLE
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- OLE

Long-term safety
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Efficacy during FOURIER-OLE - OLE

Primary Endpoint: CV death, MI, stroke, 

unstable angina or coronary revascularization

Evolocumab-Evolocumab

Placebo-Evolocumab

Number at risk:
Years in OLE0 1 2 3 4 5

0%

10%

20%

3280 3055 2876 2716 2573 1706
3355 3186 3033 2890 2716 1754

Placebo Evolocumab

Evolocumab Evolocumab

15.4%

17.5%

HR 0.85 

(95% CI 0.75-0.96)

P=0.008

15% 
reduction

Circulation, 2022



- OLE

Number at risk:

Placebo-Evolocumab

Key Secondary Endpoint:

CV death, MI or stroke

Evolocumab-Evolocumab
3280 3128 2987 2857 2729 1809
3355 3247 3123 3012 2870 1862

Years in OLE

Efficacy during FOURIER-OLE

20% 
reduction

9.7%

11.9%
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(95% CI 0.68-0.93)

P=0.003

Circulation, 2022



- OLE

Number at risk:

Placebo-Evolocumab

Placebo Evolocumab

Evolocumab Evolocumab

Evolocumab-Evolocumab
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3280 3223 3155 3081 2991 2049

3355 3314 3244 3173 3080 2069

CV death

Years in OLE

Efficacy  during  FOURIER-OLE

HR 0.77 

(95% CI 0.60-0.99) 

P=0.04 3.32%

4.45%

23% 
reduction

Circulation, 2022



Inclisiran

• Small interfering double-stranded RNA

• Harnesses the natural process of RNAi

• Nucleotides modified for durability and low 
immunogenicity

• Distributed to liver due to GalNAc conjugation

• Inhibits production of PCSK9 specifically, durably 
and potently

JACS, 2014



ORION 9,10,11- Results

Reference:
Wright, R. Scott, and A. ORION. "A pooled analysis of Phase III studies of inclisiran." Data presented at ACC's Scientific Session Together with World Congress of Cardiology, March.
Ray, Kausik K., et al. "Two phase 3 trials of Inclisiran in patients with elevated LDL cholesterol." New England Journal of Medicine 382.16 (2020): 1507-1519.
Raal, Frederick J., et al. "Inclisiran for the treatment of heterozygous familial hypercholesterolemia." New England Journal of Medicine 382.16 (2020): 1520-1530.



Reference:
Wright, R. Scott, and A. ORION. "A pooled analysis of Phase III studies of inclisiran." Data presented at ACC's Scientific Session Together with World Congress of Cardiology, March.
Ray, Kausik K., et al. "Two phase 3 trials of Inclisiran in patients with elevated LDL cholesterol." New England Journal of Medicine 382.16 (2020): 1507-1519.
Raal, Frederick J., et al. "Inclisiran for the treatment of heterozygous familial hypercholesterolemia." New England Journal of Medicine 382.16 (2020): 1520-1530.



ORION Phase III pooled analysis: Exploratory endpoint: 
Serious adverse events

1. Safety population includes all patients who received at least 1 dose of study medication      2. Patients may be counted in more than one category
3. MedDRA-defined CV basket of non-adjudicated terms cardiac death, and any signs or symptoms of cardiac arrest, non-fatal MI and/or stroke 

Serious treatment emergent adverse events Placebo Inclisiran
Safety population1,2 N = 1822 N = 1833

Patients with at least one serious TEAE 419 (23.0%) 374 (20.4%)

All cause death 27 (1.5%) 27 (1.5%)

Cancer 6 (0.3%) 4 (0.2%)

New, worsening or recurrent malignancy 49 (2.7%) 44 (2.4%)

TEAEs leading to drug discontinuation 35 (1.9%) 45 (2.5%)

Reference:
Wright, R. Scott, and A. ORION. "A pooled analysis of Phase III studies of inclisiran." Data presented at ACC's Scientific Session Together with World Congress of Cardiology, March.
Ray, Kausik K., et al. "Two phase 3 trials of Inclisiran in patients with elevated LDL cholesterol." New England Journal of Medicine 382.16 (2020): 1507-1519.
Raal, Frederick J., et al. "Inclisiran for the treatment of heterozygous familial hypercholesterolemia." New England Journal of Medicine 382.16 (2020): 1520-1530.



• Lomitapide is an inhibitor of the microsomal 
triglyceride transfer protein (MTP), a key protein 
in the assembly and secretion of 
apo B-containing lipoproteins in the liver and 
intestine1,2

• Lomitapide acts independently of the LDL-R3,4

ApoB, apolipoprotein B; LDL-R, low-density lipoprotein receptor; VLDL, very-low-density lipoprotein 

1. Lojuxta® (lomitapide) Summary of Product Characteristics. 
2. Juxtapid® (lomitapide) capsules US Prescribing Information. Amryt Pharmaceuticals, DAC. 
3. Cuchel M, et al. Lancet. 2013;381(9860):40–6
4. Cuchel M, et al. N Engl J Med. 2007;356(2):148–56

Lomitapide (JUXTAPID)



Angiopoietin-like protein 3 (ANGPTL3) inhibitor –
Evinacumab

• ANGPTL3 is a hepatically secreted protein that inhibits 
lipoprotein and endothelial lipase

• Evinacumab, an Mab that inhibits ANGPTL3

• ↓LDL-C by 49% 

• Evinacumab’s unique mechanism of action appears to be 
independent of LDL-receptor function, which may be particularly 
valuable in patients with HoFH
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ASO, antisense oligonucleotide; MoAb, monoclonal antibodies; siRNA, small-interfering RNA.
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