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Cause of
Coronary Artery Disease



LDL cholesterol is building block of atherosclerosis

▪ Following ACS, patients have a high risk 
of subsequent ischemic events

▪ Each recurrent episode associates with 
increased mortality 

▪ Heightened predisposition to 
atherothrombotic events may persist for 
years, suggesting pathobiology of 
recurrent events post-ACS differs from 
that of stable CAD with no prior ischemic 
events

▪ The goal is for optimal medical 
management and risk factor control that 
targets atherosclerotic burden as a whole

CAD = coronary artery disease; CHIP = clonal hematopoiesis of indeterminate potential; PAD = peripheral artery disease.
Gallone G, et al. J Am Coll Cardiol. 2018;72:2886-2903. 

• Thromboembolic events
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• Familial disorders

• LDL

Lipids



Atherosclerosis (=Cholesterol Disease)
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Treatment Guideline



2018 ACC/AHA Guideline 

: Secondary Prevention in Patients With Clinical ASCVD
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<Ref.> Grundy et al. 2018 Cholesterol Clinical Practice Guideline. JACC vol. 73, NO.24,2019 JUNE 25, 2019



2019 ESC/EAS guidelines: Cardiovascular Risk categories

<Ref.> Cosentino F, et al. Eur Heart J. 2020;41(2):255-323 



2022 KSoLA guidelines: Recommendations for treatment goals

<Ref.> Korean Guidelines for the Management of Dyslipidemia 5th



2022 KSoLA guidelines

: Evidence-guided approach algorithm dyslipidemia treatment

<Ref.> Korean Guidelines for the Management of Dyslipidemia 5th



Patients with ASCVD with Elevated LDL-C

Patients with ASCVD with elevated LDL-C

LDL-C ≥1.8 mmol/L

(≥70 mg/dL)?

LDL-C ≥2.6 mmol/L

(≥100 mg/dL)?

On statin?

YES

YES: Switch to

HI statin* and

add ezetimibe

YES: 

Start HI statin*

and ezetimibe

NO: Increase

statin intensity

(if not on HI statin*)

NO: 

Start 

HI statin*

NO

On HI statin* On HI statin* + ezetimibe

Add ezetimibeStatin intolerance?

Consider ezetimibe ± bempedoic acid

Not at LDL-C goal? Not at LDL-C goal and

at least one risk modifier?

• Polyvascular disease or PAD

• Post-CABG

• Diabetes mellitus

• LP(a) >50 mg/dL

• Familial hypercholesterolemia

STEP 1 STEP 2

Add a PCSK9 inhibitor



Acute LDL-C reduction post ACS: Strike Early, Strike Strong

<Ref.> European Heart Journal: Acute Cardiovascular Care (2022) 11, 939–949 



Acute LDL-C reduction post ACS: Strike Early, Strike Strong

<Ref.> European Heart Journal: Acute Cardiovascular Care (2022) 11, 939–949 



Limitation of Statin mono therapy!



LDL-C target goal attainment by CV risk group 

14
Ref.> Kim S. et al. PLoS One. 2020:15(1):e0228472
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Patients (n=69,942), retrospective cohort study, using the National Health Insurance Service–National Health Screening Cohort (NHIS-HEALS) database from 2006 to 2013.

Percentage of patients by risk group : Very high risk 36.7%, High risk 22.5%, Moderate risk 20.1%, Low risk 20.6%, as defined by the 2015 Korean guidelines

LDL-C Target Achievement RateA retrospective cohort study using the NHS-National 

Health Examination Cohort (NHIS-HEALS) database



LDL-C goal attainment status and comparison of cardiovascular events

15
Ref.> Kim S. et al. PLoS One. 2020:15(1):e0228472

increasing risk by 2.5 times

Patients (n=69,942), retrospective cohort study, using the National Health Insurance Service–National Health Screening Cohort (NHIS-HEALS) database from 2006 to 2013.

Percentage of patients by risk group : Very high risk 36.7%, High risk 22.5%, Moderate risk 20.1%, Low risk 20.6%, 



Limitations of Statin treatment (LDL-C lowering)

50% 

Reduction

<Ref.> Korean Guidelines for the Management of Dyslipidemia 5th

To achieve a reduction of 50% or more compared to baseline in high-risk/very-high-risk patients, high doses of ATV 40mg and 

RSV 20mg or more are recommended, as statin monotherapy has limitations in controlling LDL-C



Limitations of Statin treatment (side effect)

Statin-related Muscle Symptoms (SAMS): Risk Factors New diabetes by High dose statin 

<Ref.> Taha DA, et al. Transl Res. 2014;164(2):85-109.   /   Dormuth CR, et al. BMJ. 2014;348:g3244. 



Limitations of Statin treatment (side effect)

Creatine kinase elevations > 10times ULN Alanine amino transferase elevations > 3times ULN

<Ref.> Brewer HB Jr. Am J Cardiol. 2003;92(4B):23K-29K. 



Limitations of Statin treatment (Statin intolerance)

Methods and results: We searched several databases up to 31 May 2021, for 

studies that reported the prevalence of SI. The primary endpoint was overall 

prevalence and prevalence according to a range of diagnostic criteria [National 

Lipid Association (NLA), International Lipid Expert Panel (ILEP), and European 

Atherosclerosis Society (EAS)] and in different disease settings. The secondary 

endpoint was to identify possible risk factors for SI. A random-effects model was 

applied to estimate the overall pooled prevalence. A total of 176 studies [112 

randomized controlled trials (RCTs); 64 cohort studies] with 4 143 517 patients 

were ultimately included in the analysis. The overall prevalence of SI was 9.1% 

(95% confidence interval 8.0-10%). The prevalence was similar when defined 

using NLA, ILEP, and EAS criteria [7.0% (6.0-8.0%), 6.7% (5.0-8.0%), 5.9% 

(4.0-7.0%), respectively]. The prevalence of SI in RCTs was significantly lower 

compared with cohort studies [4.9% (4.0-6.0%) vs. 17% (14-19%)]. The 

prevalence of SI in studies including both primary and secondary prevention 

patients was much higher than when primary or secondary prevention patients 

were analysed separately [18% (14-21%), 8.2% (6.0-10%), 9.1% (6.0-11%), 

respectively]. Statin lipid solubility did not affect the prevalence of SI [4.0% (2.0-

5.0%) vs. 5.0% (4.0-6.0%)]. Age [odds ratio (OR) 1.33, P = 0.04], female gender 

(OR 1.47, P = 0.007), Asian and Black race (P < 0.05 for both), obesity (OR 1.30, 

P = 0.02), diabetes mellitus (OR 1.26, P = 0.02), hypothyroidism (OR 1.37, P = 

0.01), chronic liver, and renal failure (P < 0.05 for both) were significantly 

associated with SI in the meta-regression model. Antiarrhythmic agents, calcium 

channel blockers, alcohol use, and increased statin dose were also associated 

with a higher risk of SI.

Conclusion: Based on the present analysis of >4 million patients, the 

prevalence of SI is low when diagnosed according to international definitions. 

These results support the concept that the prevalence of complete SI might often 

be overestimated and highlight the need for the careful assessment of patients 

with potential symptoms related to SI.

<Ref.> European Heart Journal (2022) 43, 3213–3223



Benefit of Statin+Ezetimibe combination!



<Ref.> 1.Grigore L et al. Vas Health Risk Manag. 2008;4:267-278. 2. Bays HE, et al. Expert Rev Cardiovasc Ther. 2008;6(4):447-470.



10 20 30 40 50 60

Reduction in LDL-C(%)

0

Statin 10 mg 20mg 40mg 80mg

-6% -6% -6%

-18%

3-step 
Statin titration

+ Ezetimibe 10mgStatin 10 mg
“1-step”
Co-administration

<Ref.> Bays H, et al. Expert Opin Pharmacother. 2003;4(5):779-790. 



<Ref.> Foody JM, et al. Vasc Health Risk Manag 2013;9:719-727.



Pleiotropic Effects of Statins Beyond LDL-C

24
Ref.> Oesterle A, et al. Circ Res. 2017 Jan 6;120(1):229-243.

✓Statins have demonstrated the 

inhibition of leukocyte ROCK 

activity in humans 

independent of LDL reduction.

✓ROCK inhibition is a candidate 

for mediating statin pleiotropy 

because of ROCK’s effects on 

the CV system.

✓ROCK inhibition by statins 

occurs through cholesterol-

independent mechanisms.



Patients Showing Plaque Regression (ORION) 

25Ref.> Underhill HR, et al. Effect of rosuvastatin therapy on carotid plaque morphology and composition in moderately hypercholesterolemic patients: a high-resolution 

magnetic resonance imaging trial. Am Heart J 2008;155:584.e1- 8. 

✓ Methods: A randomized double-blind study comparing the effects of low dose of rosuvastatin and high dose of carotid plaque reduction in patients with hypercholesterolemia with asymptomatic 
carotid artery disease. Comparison of changes in volume and composition of carotid artery plaques after 24 months of random assignment of low dose (5 mg) or high dose (40/80 mg) of 
rosuvastatin in 43 individuals.

✓ Result: After 24 months, 33 patients had matched serial MRI scans to compare by reviewers blinded to clinical data, dosage, and temporal sequence of scans. Low-density lipoprotein cholesterol 
was significantly reduced from baseline in both the low- and high-dose groups (38.2% and 59.9%, respectively, both P < .001). At 24 months, there were no significant changes in carotid plaque 
volume for either dosage group. In all patients with a lipid-rich necrotic core (LRNC) at baseline, the mean proportion of the vessel wall composed of LRNC (%LRNC) decreased by 41.4% (P = .005).

ORION, Outcome of Rosuvastatin treatment on carotid artery atheroma: a magnetic resonance imaging ObservatioN

Plaque Composition Changes After 2 Years of Rosuvastatin Treatment
(3D rendering of MRI images)1

Baseline CRESTOR†

Yellow: lipid rich necrotic core (LRNC), Red: vessel lumen, Light orange: outer wall

Purple: calcification, MRI: magnetic resonance imaging, Personal communication



26
Ref.> Nissen SE, et al. JAMA. 2006;295(13):1556-1565.

✓ Methods: Prospective, open-label blinded end-points trial was performed at 53 community and tertiary care centers in the United States, Canada, Europe, and Australia. A motorized IVUS pullback was 

used to assess coronary atheroma burden at baseline and after 24 months of treatment. Each pair of baseline and follow-up IVUS assessments was analyzed in a blinded fashion. Between November 

2002 and October 2003, 507 patients had a baseline IVUS examination and received at least 1 dose of study drug. After 24 months, 349 patients had evaluable serial IVUS examinations.

✓ Result:The mean (SD) baseline low-density lipoprotein cholesterol (LDL-C) level of 130.4 (34.3) mg/dL declined to 60.8 (20.0) mg/dL, a mean reduction of 53.2% (P<.001). Mean (SD) high-density 

lipoprotein cholesterol (HDL-C) level at baseline was 43.1 (11.1) mg/dL, increasing to 49.0 (12.6) mg/dL, an increase of 14.7% (P<.001). The mean (SD) change in PAV for the entire vessel was -0.98% 

(3.15%), with a median of -0.79% (97.5% CI, -1.21% to -0.53%) (P<.001 vs baseline). The mean (SD) change in atheroma volume in the most diseased 10-mm subsegment was -6.1 (10.1) mm3, with a 

median of -5.6 mm3 (97.5% CI, -6.8 to -4.0 mm3) (P<.001 vs baseline). Change in total atheroma volume showed a 6.8% median reduction; with a mean (SD) reduction of -14.7 (25.7) mm3, with a 

median of -12.5 mm3 (95% CI, -15.1 to -10.5 mm3) (P<.001 vs baseline). Adverse events were infrequent and similar to other statin trials.

ASTEROID, A Study To Evaluate the Effect of ROsuvastatin on Intravascular Ultrasound-Derived Coronary Atheroma Burden
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Patients Showing Plaque Regression (ASTEROID)

Regression of atheroma p<0.001  



Beneficial effects of statins & ezetimibe on plaque growth



Regression of Coronary Atherosclerosis : Statin vs Statin+Ezetimibe (1)
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✓ Methods: The aim of this study was to investigate the add-on effect of ezetimibe to a statin on coronary atherosclerosis evaluated by intravascular ultrasound (IVUS).In this prospective randomized 

open-label study, a total of 51 patients with stable coronary artery disease (CAD) requiring percutaneous coronary intervention (PCI) were enrolled, and assigned to a combination group (n = 26, 

rosuvastatin 5 mg/day + ezetimibe 10 mg/day) or a monotherapy group (n = 25, rosuvastatin 5 mg/day). Volumetric IVUS analyses were performed at baseline and 6 months after the treatment for a 

non-PCI site.

Ref.> Masuda J, et al. Int Heart K. 2015;56(3):278-285.



Regression of Coronary Atherosclerosis : Statin vs Statin+Ezetimibe (2)

✓ Methods: prospective, randomized, controlled, multicenter study. Eligible patients who underwent PCI were randomly assigned to atorvastatin alone or atorvastatin plus ezetimibe (10 mg) daily. 

Atorvastatin was uptitrated witha treatment goal of low-density lipoprotein cholesterol (LDL-C) <70 mg/dl. Serial volumetric intravascular ultrasound was performed at baseline and again at 9 to 12 

months to quantify the coronary plaque response in 202 patients

Ref.> Tsujita, K. et al. J Am Coll Cardiol. 2015; 66: 495-507

PRECISE-IVUS, Plaque Regression With Cholesterol Absorption Inhibitor or Synthesis Inhibitor Evaluated by Intravascular Ultrasound



Regression of Coronary Atherosclerosis : Statin vs Statin+Ezetimibe (2)

✓ Methods: prospective, randomized, controlled, multicenter study. Eligible patients who underwent PCI were randomly assigned to atorvastatin alone or atorvastatin plus ezetimibe (10 mg) daily. 

Atorvastatin was uptitrated witha treatment goal of low-density lipoprotein cholesterol (LDL-C) <70 mg/dl. Serial volumetric intravascular ultrasound was performed at baseline and again at 9 to 12 

months to quantify the coronary plaque response in 202 patients

Ref.> Tsujita, K. et al. J Am Coll Cardiol. 2015; 66: 495-507

PRECISE-IVUS, Plaque Regression With Cholesterol Absorption Inhibitor or Synthesis Inhibitor Evaluated by Intravascular Ultrasound



Regression of Coronary Atherosclerosis : Statin vs Statin+Ezetimibe (3)

✓ Methods: prospective, open-label, randomized, singlecenter study with blind endpoint evaluation. In patients aged ≥19 years with suspected stable angina pectoris, coronary angiography was 
performed and culprit lesions with severe stenosis were treated with a percutaneous coronary intervention using the standard techniques. After the successful angioplasty, patients with an intermediate 
nonculprit lesion were enrolled. The intermediate non-culprit lesion (target lesion) was defined as a NIRS-IVUS feasible native coronary lesion with 30% to 60% angiographic diameter stenosis and 2.0 
mm to 4.0 mm in diameter by visual estimation and located > 10 mm apart from the Department of Cardiology, Gil Medical Center, Gachon University College of Medicine, Incheon, Republic of Korea. 
The target lesion was evaluated using a combined NIRS-IVUS imaging system (Infraredx, a Nipro Company, Burlington, MA, United States). Patients were required to have an LDL-C level >70 mg/dL at 
baseline regardless of the use of previous lipid-lowering agents

Ref.> J Am Coll Cardiol. 2015 Aug, 66 (5) 508–510



Regression of Coronary Atherosclerosis : Statin vs Statin+Ezetimibe (3)

✓ Methods: prospective, open-label, randomized, singlecenter study with blind endpoint evaluation. In patients aged ≥19 years with suspected stable angina pectoris, coronary angiography was 
performed and culprit lesions with severe stenosis were treated with a percutaneous coronary intervention using the standard techniques. After the successful angioplasty, patients with an intermediate 
nonculprit lesion were enrolled. The intermediate non-culprit lesion (target lesion) was defined as a NIRS-IVUS feasible native coronary lesion with 30% to 60% angiographic diameter stenosis and 2.0 
mm to 4.0 mm in diameter by visual estimation and located > 10 mm apart from the Department of Cardiology, Gil Medical Center, Gachon University College of Medicine, Incheon, Republic of Korea. 
The target lesion was evaluated using a combined NIRS-IVUS imaging system (Infraredx, a Nipro Company, Burlington, MA, United States). Patients were required to have an LDL-C level >70 mg/dL at 
baseline regardless of the use of previous lipid-lowering agents

Ref.> J Am Coll Cardiol. 2015 Aug, 66 (5) 508–510



Relationship between achieved LDL-C and Change in Atheroma volume
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Case Example PCSK9i (Alirocumab) & Statin Group
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†7-year event rates, *p-interaction = 0.023, otherwise > 0.05
LLT : Lipid lowering treatment, LDL-C : Low density lipoprotein Cholesterol, DM : diabetes mellitus, CV : Cardiovascular, EZ/Simva : Ezetimibe/Simvastatin
1. Cannon, et al. Ezetimibe Added to Statin Therapy after Acute Coronary Syndromes. The New England Journal of Medicine. 2015;372(25):2387–2397. 2. Cannon CP, et al. Ezetimibe added to statin 
therapy after acute coronary syndromes. Supplementary Appendix. N Engl J Med. 2015;372:2387-97. 



Simva/Eze vs. Simva after ACS Among Patients ≥75 Years Starting EZE/ATV Combo

Ref> Bach RG, et al. JAMA Cardiol. doi:10.1001/jamacardio.2019.2306 



• Objective

: this RACING trial sought to compare 3-year clinical efficacy and safety of moderate-intensity statin with ezetimibe 

combination therapy versus high-intensity statin monotherapy in patients who are at very high risk for cardiovascular 

diseases. We sought to establish that adding ezetimibe to moderate-intensity statin could be an effective treatment for 
lowering cholesterol. 



The primary endpoint occurred in 172 patients (9∙1%) in the combination therapy group and 186 

patients (9∙9%) in the high-intensity statin monotherapy group (absolute difference −0∙78%; 90% CI −2∙39 to 0∙83)



Moderate intensity statin with Ezetimibe has a higher proportion of patients who achieved LDL 

cholesterol concentration of less than 70 mg/dL



Discontinuation or dose reduction of 

study medication owing to adverse 

events or intolerance occurred in 88 

patients (4∙8%) in the combination 

therapy group and 150 patients (8∙2%) 

in the high-intensity statin 

monotherapy group (p<0∙0001).











Daewoong Pharmaceutical’s Product information

Atorvastatin+Ezetimibe Rosuvastatin+Ezetimibe



Conclusion

▪ LDL-C is a major risk factor for Coronary Artery Disease and requires aggressive management

▪ Guidelines suggest more aggressive control of LDL cholesterol in CAD patients

▪ Statins are recommended as a first-line treatment for CAD patients, as they have been shown 

to reduce LDL-C levels, have pleiotropic effects, and have demonstrated cardiovascular disease 

prevention effects. However, statins have limitations in achieving LDL-C target levels in CAD 

patients, and the risk of side effects may increase with the use of high doses to achieve target 

levels.

▪ Combination therapy of statins and ezetimibe has demonstrated superior LDL-C-lowering 

efficacy compared to statin monotherapy, with higher LDL-C target attainment rates and 

additional CVD prevention effects in CAD patients. Moreover, the medication adherence rate 

was even improved with the single pills.


