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Is it reasonable to focus mainly on LDL-C??
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Residual CV risk 

in Statin Trials



High LDL-C

Patients with High Residual Risk

Current Cardiology Reports. 2007; 9 :499-505
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Residual CV Risk
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Non-LDL-Targeted Add-On Therapy to Statin 
 for Further CV risk Reduction 

• Statin + Niacin : AIM-HIGH, HPS2-THRIVE

• Statin + Fenofibrate  : ACCORD Lipid 

  HDL-C  

  TG  



AIM-HIGH Result N Engl J Med  2011;365:2255-67

Placebo+Stain vs. Niacin+Statin 



AIM-HIGH Result N Engl J Med  2011;365:2255-67

”Stopped prematurely”

due to no clinical efficacy

of niacin add-on therapy

Placebo+Stain vs. Niacin+Statin 

도대체 뭘

한거야?



HPS2-THRIVE Result Late Breaking in ACC 2013

Major Vascular Events
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Logrank p=0.29 

Risk ratio 0.96 (95% CI 0.90 – 1.03) 

Niacin ER with Laropiprant+Stain vs. Statin 

No space for 

Niacin so far...



ACCORD Lipid Result N Engl J Med  2011;365:2255-67

Annual rate of primary outcome
   Fenofibrate group: 2.2%
   Placebo group: 2.4%

Placebo+Stain vs. Fenofibrate+Statin 



ACCORD Lipid Result N Engl J Med  2011;365:2255-67

Annual rate of primary outcome
   Fenofibrate group: 2.2%
   Placebo group: 2.4%No beneficial effect of fenofibrate-statin 

combination therapy on CV risk in T2DM patients

despite improvement of TG & HDL-C level

Placebo+Stain vs. Fenofibrate+Statin 
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IMPROVE-IT Results

1 Yr Mean LDL-C TC TG HDL-C hsCRP
Simva 69.9 145.1 137.1 48.1 3.8
EZ/Simva 53.2 125.8 120.4 48.7 3.3
Δ in mg/dL -16.7 -19.3 -16.7 +0.6 -0.5

LDL-C on Average Median Time
69.5 vs. 53.7 mg/dL

Stain vs. Statin+Ezetimibe 

N Engl J Med 2015; 372:2387-2397
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IMPROVE-IT Results

Simva 34.7% 
2,742 events 

EZ/Simva 32.7% 
2,572 events 

HR 0.936 CI (0.887, 0.988)
p=0.016
NNT=50

Primary	 Endpoint

7-year event rates

Stain vs. Statin+Ezetimibe 

N Engl J Med 2015; 372:2387-2397
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IMPROVE-IT Results

Simva 34.7% 
2,742 events 

EZ/Simva 32.7% 
2,572 events 

HR 0.936 CI (0.887, 0.988)
p=0.016
NNT=50

Primary	 Endpoint

7-year event rates

Incremental clinical benefit by 

adding non-statin lowering LDL-C 

(Ezetimibe) to statin therapy

“Even Lower is Even Better”

Stain vs. Statin+Ezetimibe 

N Engl J Med 2015; 372:2387-2397



Add-On Therapy to Statin 
 for Further CV risk Reduction 

•  Statin + Ezetimibe : IMPROVE-IT
•  Statin + Niacin : AIM-HIGH, HPS2-THRIVE
•  Statin + Fenofibrate  : ACCORD Lipid 



Add-On Therapy to Statin 
 for Further CV risk Reduction 

 IMPROVE-IT

Ezetim
ibe
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IMPROVE-IT Design

Stain vs. Statin+Ezetimibe 

34

JAMA Cardiol 2017;2:547-555

Primary Efficacy End Point

Composite of

CV death
MI
UA requiring hospitalization
Coronary revascularization after 30 days
Stroke

Prespecified Safety End Points

Abnormal elevation of AST/AST and CK

Myopathy
Rhabdomyolysis
Adverse hepatobiliary events

Cancer
Other AE leading to 

Drug discontinuation,
HF requiring hospitalization
Non-CV death

LDL-C < 30mg/dL (n=971)

15,281 Patients
LDL-C at 1 month

after randomization
regardless of

treatment assignment

Enrolled from Oct 2005 to Jul 2010 (≃ 6 years)

30 ≤ LDL-C < 50mg/dL (n=4,780)

50 ≤ LDL-C < 70mg/dL (n=5,504)

LDL-C ≥ 70mg/dL (n=4,026)
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IMPROVE-IT Median LDL-C Level for 6 Years

Stain vs. Statin+Ezetimibe 

JAMA Cardiol 2017;2:547-555
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IMPROVE-IT Median LDL-C Level for 6 Years

Stain vs. Statin+Ezetimibe 

JAMA Cardiol 2017;2:547-555
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IMPROVE-IT Efficacy End Points

Stain vs. Statin+Ezetimibe 

Secondary endpoints were:
I = All death, MI, UA, revasc, stroke
II = coronary heart disease death, MI, urgent revasc
III = CVD, UA, all revascularizations > 30 days post randomization, stroke

JAMA Cardiol 2017;2:547-555
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IMPROVE-IT Efficacy End Points

Stain vs. Statin+Ezetimibe 

Secondary endpoints were:
I = All death, MI, UA, revasc, stroke
II = coronary heart disease death, MI, urgent revasc
III = CVD, UA, all revascularizations > 30 days post randomization, stroke

21%
p<0.001

JAMA Cardiol 2017;2:547-555
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IMPROVE-IT Efficacy End Points

Stain vs. Statin+Ezetimibe 

Secondary endpoints were:
I = All death, MI, UA, revasc, stroke
II = coronary heart disease death, MI, urgent revasc
III = CVD, UA, all revascularizations > 30 days post randomization, stroke

Reconfi
rming

‘The Low
er, The Bett

er’

21%
p<0.001

JAMA Cardiol 2017;2:547-555
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IMPROVE-IT Prespecified Safety End Points

Stain vs. Statin+Ezetimibe 

JAMA Cardiol 2017;2:547-555
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IMPROVE-IT Prespecified Safety End Points

Stain vs. Statin+Ezetimibe 

No sign
ificant

 differen
ces

in safe
ty end

 points

across 
the gro

ups

JAMA Cardiol 2017;2:547-555
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Endpoints

First Co-Primary: Composite of CV 
death/MI/Stroke

Second Co-Primary: Composite of 
CV death/Resuscitated cardiac arrest/
MI/Stroke/HF/Revascularization

Inclusion Criteria

Without known CVD + With an intermediate risk of major CV events (~1% annually)

Men ≥55 years, women ≥65 years
   With at least one of the following CV risk factors:
◦ Elevated waist-to-hip ratio
◦ History of a low level of high-density lipoprotein cholesterol
◦ Current or recent tobacco use, dysglycemia
◦ Family history of premature coronary disease
◦ Mild renal dysfunction

   Women with at least two of the above risk factors

2×2 Factorial2×2 Factorial Cholesterol-loweringCholesterol-lowering

Randomization Randomization Placebo
Rosuvastatin

10mg

BP-lowering
Placebo 3,168 3,181

BP-lowering
Candesartan 16mg

+HCTZ 12.5mg
3,176 3,180

HOPE-3 Design
N Eng J Med 2016;374:2009-2043

HOPE-3
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HOPE-3 BP & Cholesterol-Lowering (2)

HOPE-3

N Eng J Med 2016;374:2032-2043
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HOPE-3 BP & Cholesterol-Lowering (2)

HOPE-3

N Eng J Med 2016;374:2032-2043

"CV interm
ediate risk

"

1. 
2. BP-low

ering be
nefits on

ly those 
with eleva

ted BP

Statin be
neficial 

in all pa
tients



17

New Emerging Therapies

CETP Inhibitors on HDL-C

PCSK9 Inhibitors on LDL-C



Torcetrapib

ILLUMINATE Result N Engl J Med  2007;357:2109-22

59 deaths

93 deaths

HR with Torcetrapib=1.58  (p=0.006)

35 deaths

49 deaths



Torcetrapib

ILLUMINATE Result N Engl J Med  2007;357:2109-22

59 deaths

93 deaths

HR with Torcetrapib=1.58  (p=0.006)

35 deaths

49 deaths

Terminated 

Prematurely



Dalcetrapib

dal-OUTCOME Result N Engl J Med  2012;367:2089-99

15,600 stable CHD patients with recent ACS



Dalcetrapib

dal-OUTCOME Result N Engl J Med  2012;367:2089-99
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Primary End-Point All-Cause Mortality

HR with Dalcetrapib=0.99
(95% CI, 0.82-1.19, p=0.90)

HR with Dalcetrapib=1.04
(95% CI, 0.93-1.16, p=0.52)

15,600 stable CHD patients with recent ACS



Dalcetrapib

dal-OUTCOME Result N Engl J Med  2012;367:2089-99
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Dalcetrapib

Primary End-Point All-Cause Mortality

HR with Dalcetrapib=0.99
(95% CI, 0.82-1.19, p=0.90)

HR with Dalcetrapib=1.04
(95% CI, 0.93-1.16, p=0.52)

Stopped after interim analysis 

for lack of benefit

15,600 stable CHD patients with recent ACS
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Trial Benefit

AIM-HIGH No benefit of Niacin

HPS2-THRIVE No benefit of Niacin/Laropiprant

Medelian genetics No difference in CV risk with HDL variants

ILLUMINATE No benefit (harm) of Torcetrapib

dal-OUTCOMES No benefit of Dalcetrapib
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Trial Benefit

AIM-HIGH No benefit of Niacin

HPS2-THRIVE No benefit of Niacin/Laropiprant

Medelian genetics No difference in CV risk with HDL variants

ILLUMINATE No benefit (harm) of Torcetrapib

dal-OUTCOMES No benefit of Dalcetrapib

Bad Years for HDL-C
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Anacetrapib Evacetrapib

Name REVEAL ACCELERATE

Company Merck Eli Lilly

Dose 100 mg/d 130 mg/d

Sample size 30,000 12,092

Inclusion

Age ≥ 50 years
History of MI
Stroke or cerebrovascular revascularization
PAD repair/revascularization
DM with symptomatic CAD

Age ≥ 18 years
History of ACS (30-365d)
Cerebrovascular
PAD
DM with documented CAD

Primary end 
point

Coronary death, MI, or coronary 
revascularization

CV death, MI, stroke, coronary 
revascularization, or hospitalization for UA

Study duration Median ≃ 4 years Median ≃ 2 years

Next Two CETP Inhibitors
Outcome Trials
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Terminated due to
Insufficient efficacy

Oct 2015

HDL-C Level
Evacetrapib vs. Placebo 104 vs. 46 mg/dL

ACC in Chicago, Apr 2016
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Anacetrapib Evacetrapib

Name REVEAL ACCELERATE

Company Merck Eli Lilly

Dose 100 mg/d 130 mg/d

Sample size 30,000 12,092

Inclusion

Age ≥ 50 years
History of MI
Stroke or cerebrovascular revascularization
PAD repair/revascularization
DM with symptomatic CAD

Age ≥ 18 years
History of ACS (30-365d)
Cerebrovascular
PAD
DM with documented CAD

Primary end 
point

Coronary death, MI, or coronary 
revascularization

CV death, MI, stroke, coronary 
revascularization, or hospitalization for UA

Study duration Median ≃ 4 years Median ≃ 2 years

Next Two CETP Inhibitors
Outcome Trials

Terminated due to
Insufficient efficacy

Oct 2015

HDL-C Level
Evacetrapib vs. Placebo 104 vs. 46 mg/dL

ACC in Chicago, Apr 2016

Still...Bad Years...??



Anacetrapib

REVEAL Design

Primary End Point

Major coronary event
# Coronary death

# Myocardial infarction

# Coronary revascularization

Placebo

30,000 Patients
Occlusive arterial disease 

Follow-up for 4 years
Primary outcome ≥ 1,900

Randomized,
Double-Blinded

Atorvastatin

Presented in ESC 2017

To achieve
LDL-C target
Baseline mean

LDL-C=61mg/dL

Anacetrapib
100mg q.d.

N Engl J Med 2017;377:1217-1227
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Anacetrapib

REVEAL Results
N Engl J Med 2017;377:1217-1227

Primary & Secondary Outcomes
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Anacetrapib

REVEAL Results
N Engl J Med 2017;377:1217-1227

Primary & Secondary Outcomes
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Anacetrapib

REVEAL Results
N Engl J Med 2017;377:1217-1227
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Anacetrapib

REVEAL Results
N Engl J Med 2017;377:1217-1227
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Anacetrapib

REVEAL Result
N Engl J Med 2017;377:1217-1227

Effects of Anacetrapib on Lipid Profiles at Trial Midpoint

Lipid profilesLipid profiles Absolute DifferenceAbsolute Difference % Difference

mg/dL SI units

HDL-C +43 +1.1 mmol/L 104

Apo A1 +42 +0.4 g/L 36

LDL-C -26 -0.7 mmol/L -41

Apo B -12 -0.1 g/L -18

NonHDL-C -17 -0.4 mmol/L -18
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Anacetrapib

REVEAL Result
N Engl J Med 2017;377:1217-1227

Effects of Anacetrapib on Lipid Profiles at Trial Midpoint

Lipid profilesLipid profiles Absolute DifferenceAbsolute Difference % Difference

mg/dL SI units

HDL-C +43 +1.1 mmol/L 104

Apo A1 +42 +0.4 g/L 36

LDL-C -26 -0.7 mmol/L -41

Apo B -12 -0.1 g/L -18

NonHDL-C -17 -0.4 mmol/L -18

LDL-C lowering Effect???
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FOURIER
Evolocumab

(Amgen)

SPIRE I/II
Bocolozumab

(Pfizer)

ODYSSEY OUTCOME
Alirocumab

(Sanofi/Regeneron)

Timelines Jan 2013-Feb 2018 Oct 2013-Aug 2017 Oct 2012-Mar 2018

Inclusion
Clinically evident CVD (MI, 

stroke, symptomatic PAD) at 
high risk for a recurrent 

event

High risk of CV event 
receiving background 

statin
ACS within the last 4 to 52 

weeks

Lipid parameters
at entry (mg/dL)

LDL≥70 or
Non-HDL≥100

SPIRE I
   70≤LDL<100
   100<Non-HDL<130
SPIRW II
   LDL≥100
   Non-HDL≥130

LDL≥70 or
Non-HDL≥100 or

ApoB≥80

Statin LMT dose regiment Atorvastatin 20 to 80mg
(or equivalent regimen) Not specified Atorvastatin 40-80mg or

Rosuvastatin 20-40mg

Total Number of patients 22,500
(including 9,000≥65Yr)

SPIRE I: 12,000
SPIRE II: 6,200 18,000

Primary Endpoint
CVD, MI, hospitalization for 

UA, stroke, or coronary 
revascularization

CVD, non-fatal MI, non-
fatal stroke, or 

hospitalization for UA 
needing urgent 

revascularization

CHD death, MI, stroke, or UA

Dosing regimen 140mg q2W or 420mg qM 150mg q2W 75mg or 150mg q2W

PCSK9 Inhibitors

CV Outcome Trials of PCSK9 Inhibitors
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AMG-145 (Evolocumab)

FOURIER Design

Primary End Point

Major CV Events

# CV death
# Myocardial infarction
# Stroke
# Hospitalization for UA
# Coronary revascularization

Placebo (n=13,780)

27,564 Patients
Clinically evident CVD

Median FU duration=26 months

Randomized,
Double-Blinded

LDL≥70mg/dL
or

Non-HDL≥100mg/dL

Evolocumab (n=13,784)
140mg q2W SQ or

420mg qM SQ

New Engl J Med, Mar 2017 (online)

Despite effective
statin therapy

(Preferably high-intensity statin)

Inclusion Criteria
Age: 40-85 years, and Clinically evident atherosclerotic CV disease;

History of MI, ischemic stroke, or symptomatic PAD
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AMG-145 (Evolocumab)

FOURIER Results LDL-C Levels over Time
New Engl J Med, Mar 2017 (online)

Median LDL-C at baseline=92mg/dL
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AMG-145 (Evolocumab)

FOURIER Results Efficacy End Point
New Engl J Med, Mar 2017 (online)

Outcome Evolocumab (N=13,784) Placebo (N=13,780) HR (95% CI) p value

Primary end point 1,344 (9.8%) 1,563 (11.3%) 0.85 (0.79-0.92) <0.001

Key secondary end point 816 (5.9%) 1,013 (7.4%) 0.80 (0.73-0.88) <0.001

CV death 251 (1.8%) 240 (1.7%) 1.05 (0.88-1.25) 0.62

Myocardial infarction 468 (3.4%) 639 (4.6%) 0.73 (0.65-0.82) <0.001

Hospitalization for unstable angina 236 (1.7%) 239 (1.7%) 0.99 (0.82-1.18) 0.89

Stroke 207 (1.5%) 262 (1.9%) 0.79 (0.66-0.95) 0.01

Coronary revascularization 759 (5.5%) 965 (7.0%) 0.78 (0.71-0.86) <0.001

CTTC composite end point* 1,271 (9.2%) 1,512 (11.0%) 0.83 (0.77-0.90) <0.001

* CTTC (Cholesterol Treatment Trialists Collaboration) composite end point: Coronary heart disease, nonfatal MI, stroke, or coronary revascularization

26

7.4%

5.9%

26

11.3%

9.8%
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26

7.4%

5.9%

26

11.3%

9.8%

Noticeably, the difference of CV events

between groups increases as time!!
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AMG-145 (Evolocumab)

FOURIER Results Safety
New Engl J Med, Mar 2017 (online)

Adverse  Events & Laboratory Test Results

p value

NS

NS

NS

<0.001

NS

NS

NS

NS

NS

NS

NS

NS

NS

✝ Evolocumab 8,337 vs. Placebo 8,339 due to exclusion of preexisting diabetic patients
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AMG-145 (Evolocumab)

FOURIER Results Safety
New Engl J Med, Mar 2017 (online)

Adverse  Events & Laboratory Test Results

p value

NS

NS

NS

<0.001

NS

NS

NS

NS

NS

NS

NS

NS

NS

✝ Evolocumab 8,337 vs. Placebo 8,339 due to exclusion of preexisting diabetic patients

No significant adverse events in evolocumab group
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(≃40mg/dL)

0.88

28 HOPE-‐3

Sta3n	  vs.	  No	  sta3n

More	  vs.	  Less	  intensive	  sta3n

Intense	  vs.	  Standard	  sta3n

17 FOURIER

1.291.19

IMPROVE-IT (Prespecified)
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Mean LDL cholesterol difference
Between treatment group (mmol/l)

Relation between Proportional Reduction
in Vascular Event Rate & Mean Absolute LDL-C Difference

21

REVEAL

0.70

9
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Is there a scientific rationale
of ‘very’ low LCL-C ?
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Science 232:34-47, 1986



33

0

40

80

120
LD

L-C
 (m

g/dL)

Animals
Neonates

Hunter-gathers
US Young Adults

35

70

Normal LDL-C Levels



33

0

40

80

120
LD

L-C
 (m

g/dL)

Animals
Neonates

Hunter-gathers
US Young Adults

35

70

Normal LDL-C Levels



Summary
Based on many data suggesting definite benefit of LDL-C reduction, LDL-C has 
been defined as a primary target in management guidelines.

 Statin use in patients at high risk for CVD has ‘consistently’ reduced incidence of 
major clinical events by 25% to 40%.

 However, there are still high residual CV risks in 2/3 of patients on 
statins.

The combination therapy of statin with niacin or fibrate for targeting 
HDL-C or TG can be an option to reduce residual CV risk, however, almost all 
of these studies have been failed to show benefit.

Recent study shows incremental clinical benefits by adding ezetimibe 
to statin therapy (IMPROVE-IT and prespecified analysis) suggesting the 
concept that ‘even lower is even better’ for targeting LDL-C.

 Studies for emerging therapies such as CETP/PCSK9 inhibitors are on 
the process, where, so far, anacetrapib and evolocumab met the primary 
end points.  We have to wait the results of CV outcome trial using alirocumab.
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Conclusion
 “LCL-C lowering” therapy rather than “Statin” therapy

 ‘The lower, the better’ is still alive

 No serious problem by very low LCL-C (20mg/dL)

despite statin-based add-on treatment

although there is still unmet need about residual CV risk

despite no concrete data for longterm safety
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Statins

Thank you for your attentions!

Statins


