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LDL cause atherosclerotic cardiovascular disease (ASCVD) : Evidence
from genetic, epidemiologic, and clinical studies
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Absolute reduction in LDL-C level :associated with the relative risk (RR) of
major vascular coronary events
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The Statin Decade:
For LDL: “"Lower is Better”
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Rate of CV Events are Related to Risk Level and LDL-C of CV Events
are Related to Risk Level and LDL-C
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5-year NNT to prevent 1 ASCVD event; NNT: # of risk patients needed to be treated to prevent one event over 5 years

Intent-to-treat LDL cholesterol level and risk for hard cardiovascular events (nonfatal MI, CHDdeath, and stroke) by the presence of CHD, metabolic syndrome (M
impaired fasting glucose (IFG), or diabetes in placebo-controlled statin trials of approximately 5 years in duration

Robinson JGand Stone NJ. Am JCardiol. 2006;98:1405—-1408; Robinson JG. Curr Cardiol Rep. 2008;10:481-7.



Guideline continued to recommend lower LDL-C target
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Very-high-risk pts Very-high-risk pts Very-high-risk pts
Goal: Goal: Goal: Goal:
<70 mg/dI <70 mg/dI <70 mg/dI <55 mg/dl
Definition of high-risk / highest-risk or very high o I Familial o I
Very-high-risk pts High-risk pts Overt CVD dyslipidemia, High-risk pts High-risk pts

patient:

ATP I: definite CHD or 2 other CHD risk factors? Severe HTN

ATP II: existing CHD or other atherosclerotic disease? Optimal

ATP Il and the 2004 update: CHD or CHD risk equivalents3# g I Reasonéble <100 <100

2° AHA/ACC 2006: established coronary and other oaf: Goal: ma/dl ma/dl
<70 mg/dI <70 mg/dl g g

atherosclerotic disease®

ADA 2010: overt CVDS

ESC/EAS 2011: CVD (MI, ACS, revascularization), ischemic
stroke, type 2 DM, moderate to severe CKD, or SCORE 210%’

CHD: coronary heart disease, CVD: cardiovascular disease, Ml: myocardial infarction, ACS: acute coronary syndrome, CKD: chronic kidney disease, HTN: hypertension

1. NCEP ATP I. Arch Intern Med. 1988;148:36—69; 2. NCEP ATP IIl. JAMA. 1993;269:3015-3023; 3. NCEP ATP Ill. JAMA. 2001;285:2486—2497; 4. Grundy SM et al. Circulation.2004;110:227-239; 5.
Smith SC Jr et al. Circulation. 2006;113:2363-2372; 6. ADA. Diabetes Care. 2010;33(suppl 1):S11-S61. 7. Reiner Z. et al. European Heart Journal 2011;32:1769-1818; 8. European Heart Journal (2016) 37,
2999-3058; 9. Circulation. 2018 Nov 10:CIR0000000000000625; 10. 2019 ESC/EAS Guidelines for the management of dyslipidemias


https://www.ncbi.nlm.nih.gov/pubmed/30586774

2016 European Guidelines p%éf,?,‘(,‘!, l
Foul Targetievelsifor LDL-C and HDL-C O

SOCIETY OF
CARDIOLOGY® -

Patient group LDL-C treatment goal

VERY-HIGH CV risk: LDL-c goal <70 mg/dl (1.8 mmol/L) and/or

-Documented CVD 50% reduction if baseline is 70-135 mg/dl (1.8-3.5 mmol/L)
-DM or type-1 DM with target organ damage

-Severe RD: GFR <30 ml/min/1.73 m?

-10 year risk SCORE >10%
HIGH CV risk: LDL-c goal <100 mg/I (2.6 mmol/L) or
-Markedly elevated single risk factor 50% reduction if baseline is 100-200 mg/dl (2.6-5.1 mmol/L)

-10 year risk SCORE >5% and <10%
-Moderate RD: GFR 30-59 mg/ml/1.73 m?

MODERATE CV risk: LDL-c goal <115 mg/dl (3.0 mmol/L)
-10 year risk SCORE 21% and <5%
HDL-C No target but >1.0 mmol/L (>40 mg/dL) in men and >1.2

mmol/L (>45 mg/dL) in women indicate lower risk

SCORE = Systematic Coronary Risk Estimation

European Association for Cardiovascular Prevention & Rehabilitation. ESC/EAS Guidelines for the management of dyslipidaemias: the Task
Force for the management of dyslipidaemias of the European Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS)

European Heart Journal (2016) 37, 2999-3058



ASCVD Risk Categories and LDL-C ;;%Fﬁ'f},‘!. l
Ireatment Goals O

Treatment goals
Risk factors/10-year risk LDL-C | Non-HDL-C | ApoB

category (mg/dL) (mg/dL) (mg/dL)

— Progressive ASCVD including unstable angina in
individuals after achieving an LDL-C <70 mg/dL

Extreme risk | — Established clinical cardiovascular disease in individuals | <55 <80 <70
with DM, stage 3 or 4 CKD, or HeFH

— History of premature ASCVD (<55 male, <65 female)
— Established or recent hospitalization for ACS, coronary,
Very high carotid or peripheral vascular disease, 10-year risk >20%

risk — DM or stage 3 or 4 CKD with 1 or more risk factor(s) <70 LU ~e0

— HeFH
] . — 22 risk factors and 10-year risk 10%-20%
ngh risk — DM or stage 3 or 4 CKD with no other risk factors <100 <130 <30

Moderate risk <2 risk factors and 10-year risk <10% <100 <130 <90
Low risk O risk factors <130 <160 NR

AALL ZU L1/ Qguldeles



Recommendations for treatment goals for low- EAS @ @ ESC

European Society

density lipoprotein cholesterol(1) of Carciology

Recommendations Class Level

In secondary prevention for patients at very-high risk® ,an LDL-C reduction of at
least 50% from baselined and an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are
recommended.

In primary prevention for individuals at very-high risk but without FH¢, an LDL-
C reduction of at least 50% from baseline? and an LDL-C goal of <1.4 mmol/L
(<55 mg/dL) are recommended.

In primary prevention for individuals with FH at very-high risk, an LDL-C
reduction of at least 50% from baseline and an LDL-C goal of <1.4 mmol/L (<55 lla C
mg/dL) should be considered.

CFor definitions see Table 4.

9The term ‘baseline’ refers to the LDL-C level in a person not taking any LDL-C-lowering medication. In people who are taking LDL-C-
lowering medication(s), the projected baseline (untreated) LDL-C levels should be estimated, based on the average LDL-C-lowering
efficacy of the given medication or combination of medications.

2019 ESC/EAS Guidelines for the management of dyslipidemias: lipid modification to reduce cardiovascular risk



Recommendations for treatment goals for low-

a

EAS

@ESC

density lipoprotein cholesterol(2) Cropean Socity
Recommendations Class Level

For patients with ASCVD who experience a second vascular event within 2 years
(not necessarily of the same type as the first event) while taking maximally
tolerated statin-based therapy, an LDL-C goal of <1.0 mmol/L (<40 mg/dL) may
be considered.

In patients at high risk¢, an LDL-C reduction of at least 50% from baseline? and
an LDL-C goal of <1.8 mmol/L (<70 mg/dL) are recommended.

CFor definitions see Table 4.

9The term ‘baseline’ refers to the LDL-C level in a person not taking any LDL-C-lowering medication. In people who are taking
LDL-C-lowering medication(s), the projected baseline (untreated) LDL-C levels should be estimated, based on the average
LDL-C-lowering efficacy of the given medication or combination of medications.

2019 ESC/EAS Guidelines for the management of dyslipidemias: lipid modification to reduce cardiovascular risk



2013 AHA/ACC Guideline: Four statin
benefit groups

_} High intensity

statin thera
Group 2 PY

Primary elevations of LDL-C 2190 mg/dL
(~*5 mmol/L)

ASCVD, atherosclerotic cardiovascular disease
CHD, coronary heart disease
LDL-C, low density lipoprotein-cholesterol Stone NJ, et al.J Am Coll Cardiol 2013 Nov 7. Epub ahead of print



2013 ACC/AHA Statin & # % Bl GET.

LDL-C | >50% LDL-C | 30% to <50% LDL-C | <30%
Atorvastatin (407)-80 mg Atorvastatin 10 (20) mg Simvastatin 10 mg
Rosuvastatin 20 (40) mg Rosuvastatin (5) 10 mg Pravastatin 10-20 mg

Simvastatin 20-40 mg# Lovastatin 20 mg
Pravastatin 40 (80) mg Fluvastatin 20-40 mg

Lovastatin 40 mg

Fluvastatin 40 mg bid

Rosuvastatin 40mg is not indicated in Taiwan.

Stone NJ,et al. J AM Coll Cardiol. 2013:d0i:10.1016/j.jacc.2013.11.002. Available at: http://content.onlinejacc.org/article.aspx?articleid=1770217.
Accessed November 13, 2013



http://content.onlinejacc.org/article.aspx?articleid=1770217

2018 ACC/AHA Guideline: reduce LDL-C with high-intensity statins or
maximally tolerated statins to decrease ASCVD risk

Secondary ASCVD Prevention

Figure 1: . .
Secondary Prevention in Patients with Clinical ASCVD Very high-Risk for Future ASCVD Events*

L. Major ASCVD Events
Clinical
ASCVD

History of myocardial infarction (other than recent acute coronary syndrome event listed above)

l—@ VL History of ischemic stroke

| ASCVD not at very high-risk* ‘ Very high-risk* ASCVD | Symptomatic peripheral arterial disease (history of claudication with ankle brachial index <0.85,
I or previous revascularization or amputation)

¥ 2

| Age <75 yrs | | Age 575 | High-intensity or maximal statin
Age =65 years

Heterozygous familial hypercholesterolemia

(Class: 1)
High-intensity statin

(Goal: |=50%)

| I If on maximal If PCSKO-1 History of prior coronary artery bypass surgery or PCI outside of the major ASCVD event(s)
If high- _“ Co statin Rx & is considered, | | Dashed arrow " N
intensity maximal statin LDLC =70 add ezetimibe indicates Diabetes Mellitus
statin not & LDLC =70 Initiation of Continuation me/dL to maximal RCT-supported
e — me/dL moderateor | | of (1.8 mmol/L),| | statin before efficacy, Hypertension
use | ”|(21.8 mmol/L),| | high-inten high-inten adding adding but is less
moderate- adding SEmE SETE ezetimibe is PCSKO-l cost effective Chronic kidney disease (eGFR 15-59 mL/min/1.73 m?)
P v - (Class )
statin may be (el (Cl===llia} (Class lla) Current smoking
(Class I) pessonable T
(ClassIRE) ’l - Persistently elevated LDL-C (LDL-C =100 mg/dL (=2.6 mmol/L)) despite maximally tolerated
If on clinically judged-maximal LDL-C loweting Rx statin therapy and ezetimibe
d =i AMERICAN & LDL-C =70 mg/dL (21.8 mmol/L), -
L TR or non-HDL-C =100 mg/dL (=2.6 mmaol/L), History of congestive heart failure
i, ,{ | . COLLEGE & ) adding PCSKO is reasonable
*":}'ﬁ';;-.:’ Cﬂ, R D I D LD G? (Class lia) *Very High Risk includes a history of multiple major ASCVD events or one major ASCVD event and multiple high-risk conditions.

15
Circulation. 2018 Nov 10:CIR0000000000000625


https://www.ncbi.nlm.nih.gov/pubmed/30586774

Treatment Guideline in Taiwan (2017)
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CEPHEUS

Pan-Asian CEPHEUS (Pan Asian survey on
undertreatment of hypercholesterolemia)

Eur J Cardiovasc Prev Rehabil. 2011




Percentage of Patients at LDL-C goals recommended by the
2004 updated NCEP ATP llI* guidelines

% of Patients at LDL-C goals recommended by 2004 updated NCEP ATP IlI* guidelines

90%

80%
70%
60%
50%
40%

% of Patients

30%
20%
10%

0%

82.9%

52.7% 51.4%
: 49.5% 9
48.6% 451%

40.1%
31.3%

Hong Kong  Thailand Korea Taiwan Philpines Malaysia Vietnam Indonesia

E—— ]
vt P 1
El = o H 3 =

* For patients in Hong Kong the treatment goal attainment rate was 82.9% while patients in other
countries had very low LDL-C attainment rate (31.3 - 52.7%).




Proportion of patients attaining their 2004 updated NCEP ATP IlI-
recommended LDL-C goals

% of Patients attaining their 2004 updated NCEP ATP IlI* guidelines recommended LDL-C goals

o 70% A
_E 60% -
F 50% A
5 40% -
S 30% -
20% -
10% -
0%
Overall <70mg/dL <100mg/dL <130mg/dL <160mg/dL
(n=7,279) (n=3,557) (n=2,323) (n=1,343) (n=25)
\ B Achievers B Non-Achievers J
( N
* Overall 49.1% LDL-C goal attainment rate among all patients surveyed across Asia.
* Proportion of patients attaining their respective LDL-C goal decreased with increasing cardiovascular
risk.




Changes in the lipid-lowering drug since first
prescribed a drug

64%
HYstatinfz /5 fefa R E‘Eﬁtﬁj

M same drug but
dose increased
(n=607)

*For 64.1% of patients, initial treatment remained the same.

Park JE, Chiang CE, Munawar M, et al. Lipid-lowering treatment in hypercholesterolaemic patients: the CEPHEUS Pan-Asian survey. Eur J Prev Cardiol. 2012;19(4):781-794.
33.313,022_CRE_13/08/2013
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Curr Med Res Opin. 2008 Jul; 24(7): 1951-63




Taiwan Secondary Prevention for patients with AtheRosCLErotic
disease (T-SPARCLE) Study : only 44% achieve LDL-C < 100 mg/dL

€ Failure to achieve an LDL-C (100 mg/dL):
increased risk of MACEs in ASCVDs

Importance of keeping LDL-C at goal levels

Enrolled patients with ASCVD from January
2010 to August 2014 (n =5843)

Exclusion:

+ Not willing to follow an NCEP (n =192)

- Receive hormone therapy not stable (n =876)

» Not Signed informed consent (n =3) ‘
+ Patients have serious heart disease (n =320)

« At lerotic vascular di with unknown disease type

(n=887)

Table3. Multivariate Cox regression model for MACE by joint distribution of statin use status and LDL-C level.
_[ Patients taking 2 statins at study enrollment ] Cateqory n Hazard ratio 95% Cl pvalue
(n=6) *—
Under statin LDL-C < 100 mg/dL 1747 1.00 (as reference)
Not under statin & LDL < 100 mg/dL 571 142 0.77-2.63 0.26
Pati included in th lysi =

[ grentsincladedinahe analysis (n St ] Under statin & LDL > 100 mg/dL 1186 166 104263 0.03

Not under statin & LDL > 100 mg/dL 595 2.04 1.06-3.94 0.03

tAdjusted for age, gender, body mass index (BMI) level, cigarette smoking history, fibrate use, history of hypertension, heart failure, diabetes, myocardial

High-intensity || [Moderate-intensity | Low—intensity] ( o statin} infarction, ischemic stroke or transient ischemic attack, previous coronary or lower extremity arterial disease (LEAD) intervention and levels of estimated

statin therapy statin therapy statin therapy glomerular filtration rate (eGFR) at baseline.

(n=412)

therapy
(n =1166)

(n=183) (n=2338)

*  Multicenter prospective observational study,
* Jan.2010-Aug.2014, follow-up data as of March 2015
» > 18 years old with stable symptomatic atherosclerotic diseases

25
. PLoS One. 2017 Oct 26;12(10):e0186861.


https://www.ncbi.nlm.nih.gov/pubmed/29073192
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2018 AHA/ACC Guideline on the Management of Blood Cholesterol
- Secondary Prevention in Patients With Clinical ASCVD

Secondary Prevention

Clinical ASCVD

l—< Healthy Lifestyle >—|
3
Q\SCVD not at very high-riskD Very high-risk*
ASCVD

|
3

( Ree=zey )

If on maximal
statin and Dashed
LDL-C 270 (A
L me/dL (1.8 indicates
. mmol/L), RCT:
Initiation of Continuation of adding supported
moderate- or high-intensity eratimiiBais efficacy, but
high-intensity statin is taasonable is less cost
statin is reasanable (Class I1a) effective
reasonable (Class lia) CI—
(Class l1a) v

If on clinically judged maximal LDL-C lowering
therapy and LDL-C >70 mg/dL (21.8 mmol/L), or
non-HDL-C >100 mg/dL (22.6 mmol/L), adding
PCSK9-l1 is reasonable
{Class lla)

28
Circulation. 2018 Nov 10:CIR0000000000000625


https://www.ncbi.nlm.nih.gov/pubmed/30586774

How ?

» Moderate- or high- intensity statin

« Combination therapy (statin
+ezetimibe/bile acid sequestrant)

 Add on PCSK9-inhibitor




How ?

» Moderate- or high- intensity statin



2016 ESC/EAS :Pharmacologic treatment of
hypercholesterolemia

Recommendations Class® | Level®

P

Pre:crih‘:mtin )p to the highest
recommended dose or highest

tolerable dose to reach the goal.

In the case of statin intolerance,
ezetimibe or bile acid sequestrants,
or these combined, should be
considered.

If the goal is not reached, statin
combination with a cholesterol
absorption inhibitor should be
considered.

If the goal is not reached, statin
combination with a bile acid
sequestrant may be considered.

In patients at very high-risk, with
persistent high LDL-C despite
treatment with maximal tolerated
statin dose, in combination with
ezetimibe or in patients with statin
intolerance, a PCSKY inhibitor may
be considered.




LDL-C: Percentage Change from Baseline at

Week 6

Change from baseline (%)
-30

o -10 a B 20

-25

10

mg

-40 -45 -55 -60

40
CRESTOR

atorvastatin

10
mg

* %k k

20
mg

* 3k k

40
mg

*k %k k

***br<0.001 vs CRESTOR 10mg
AAAP<0.002 vs CRESTOR 20mg

STELLAR

simvastatin

pravastatin

CRESTOR 10mg (-46%)

CRESTOR 20mg (-52%)
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FDA — Relative LDL —lowering efficacy

Relative LDL-lowering Efficacy of Statin and 5tatin-bazed Therapies®

Atarva Fluwa Pitava Lawa Prava Rosuva WVytonint

- 40mg 1mg 20 mg 20 mg - - 10 mg J0%
1Mmg 80mg 2mg 40or80 mg 40mg - - 20 mg 38%
20 mg = 4 mg 80 mg 80 mg 1Tmg 10/ 10mg 40 mg 41%
40 mg = - - 10mg 10/i20mg 80 mg 47%
80 mg = - - 20 mg 10/40 mg = 55%

_ - - 40 mg 10/80 mg = &53%

http://www.fda.gov/Drugs/DrugSafety/ucm256581.htm#aihp



http://www.fda.gov/Drugs/DrugSafety/ucm256581.htm#aihp

2013 ACC/AHA Statin & # % Bl GET.

LDL-C | >50% LDL-C | 30% to <50% LDL-C | <30%
Atorvastatin (407)-80 mg Atorvastatin 10 (20) mg Simvastatin 10 mg
Rosuvastatin 20 (40) mg Rosuvastatin (5) 10 mg Pravastatin 10-20 mg

Simvastatin 20-40 mg# Lovastatin 20 mg
Pravastatin 40 (80) mg Fluvastatin 20-40 mg

Lovastatin 40 mg

Fluvastatin 40 mg bid

Rosuvastatin 40mg is not indicated in Taiwan.

Stone NJ,et al. J AM Coll Cardiol. 2013:d0i:10.1016/j.jacc.2013.11.002. Available at: http://content.onlinejacc.org/article.aspx?articleid=1770217.
Accessed November 13, 2013



http://content.onlinejacc.org/article.aspx?articleid=1770217

e Atorvastatin



Atorvastatin

1. Primary prevention
(1) ASCOT-LLA (10mg)...... Hypertension
(2) CARDS (10mg)...... Diabetes
2. Secondary prevention:

(1) TNT (10 vs. 80mgQ)

(2) IDEAL (80mg)

(3) MIRACL (80mg) 1
(4) PROVE IT-TIMI 22 (80mQ) > ACS
(5 REVERSAL (80mg)

}stable (@YAYD




Prove-It: Aggressive Lowering LDL and CRP

(mg/L)

by Atorvastatin

atorvastatin | pravastatin P value
80mg 40mg

Base-line LDL-C |106 106

(mg/dL)

Final mean LDL-C |62 (-42%) |95 (-10%) |P<0.001

(mg/dL)

Base-line CRP 12.3 12.3

(mg/L)

Final mean CRP 1.3 (-89%) |2.1 (-83%) |P<0.001

N Engl J Med 2004;350.

LIP-EM-06005



All-Cause Death or Major CV Events
in All Randomized Subjects

30 =t
Pravastatin 40mg 16 %
T (26.3%) (P = 0.005)
0p 20 ==
with Atorvastatin 80mg
Event 15 (22.4%)

I N D D R
0 3 6 9 12 15 18 21 24 27 30

Months of Follow-up

N Engl J Med 2004;350:1495-504. LIP-EM-06005



Lipitor Provides Significant LDL Reductions

Across a Broad Spectrum of CV Risk

10,305 patients
without CHD
in ASCOT-LLA

LDL-C level at
randomization”

Follow-up
LDL-C level*

Reduced %
of CV
events*

36%

Primary Prevention

Lipitor 10 mg

2838 patients
with type 2 diabetes
in CARDS

37%

Secondary Prevention

Lipitor 80 mg
10,001 patients 8888 patients 4162 patients
with CHD with CHD with ACS
in TNT in IDEAL in PROVE ITt
97 122 106
mg/dL mg/dL mg/dL

77

81

mg/dL

.

22%

mg/dL

.

11%

62

mg/dL

16%

*Data from ASCOT-LLA, TNT, and IDEAL represent mean levels; CARDS and PROVE IT are median levels
TStudy sponsored by Bristol-Myers Squibb Company and Sankyo

To convert from mmol/L to mg/dL for cholesterol multiply by 38-7

1. ASCOT study. Lancet 2003;361:1149-58; 2. CARD. Lancet 2004;364:685-96; 3. TNT. N Engl J Med 2005;352:1425-35;

4. IDEAL. JAMA 2005;294:2437-45; 5. PROVE-IT. N Engl J Med 2004;350:1495-504.
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eRosuvastatin



Efficacy and Safety of Rosuvastatin 20 and

40 mg versus Atorvastatin 80 mg in ACS
LUNAR Study Design

Patients (n=825), 18-75
years with:

Non-ST or ST segment elevation
ACS receiving optimal
reperfusion therapy

Evidence of CAD

LDL-C >70mg/dL (~1.8 mmol/L)
and fasting triglycerides
<500 mg/dL (~5.6 mmol/L)

.

Visit: 1 p 3
WEELE -2 to -3 1 day 2
s . .
Dietary run- Lipids Lipids Lipids Lipids
in /eligibility CRP Safety CRP CRP
Safety Safety Safety

Pitt B et al. Am J Cardiol 2012; in press



Rosuvastatin 40 mg Reduces LDL-C more than

Atorvastatin 80 mg in ACS
Results from LUNAR

Rosuvastatin Rosuvastatin Atorvastatin
20 mg 40 mg 80 mg

Average
change in
LDL-C from
baseline
(%)

-50 - -46.8

*p=0.0219 vs atorvastatin 80 mg
Pitt B et al. Am J Cardiol 2012; in press



Rosuvastatin 20 mg and 40 mg Increases HDL-C more

than Atorvastatin 80 mg in ACS
Results from LUNAR

15 - *

Xk

9.7
Average 10
change in
HDL-C
from
baseline 5
(%)

0
Rosuvastatin Rosuvastatin Atorvastatin
20 mg 40 mg 80 mg

*p<0.01 vs atorvastatin 80 mg; **p<0.001 vs atorvastatin 80 mg
Pitt B et al. Am J Cardiol 2012; in press



ASTEROID - study design

Patients

CAD, undergoing coronary
angiography

Target coronary artery: <50%
reduction in lumen diameter of
=40 mm segment

No cholesterol entry criteria

>18 years
Visit: 1 2 4 7 10
Week: —6

—A

Eligibility WIS L|p|ds Tolerablllt L|p|ds Tolerablllty Tolerablllty IVUS
assessment  Lipids Tolerabilit vy Tolerability Lipids
Tolerabilit y Tolerability
Y

CAD=coronary artery disease; PCI=percutaneous coronary intervention; IVUS=intravascular ultrasound

ASTEROID



IVUS Determination of
Atheroma Area

Precise Planimetry of EEM and Lumen Borders

allows calculatlon of Atheroma Cross-sectional Area

e e
«'/'fg._._ .E\EM Area

| ';e'a — Lumen| Area)

Images courtesy of Cleveland Clinic Intravascular Ultrasound Core Laboratory



Endpoint analysis: Change in median
percentage atheroma volume

Median Percent Atheroma Volume

-0.1 1
-0.2 1
_0.3 4
-0.4 -
-0.5 1
-0.6 1
-0.7 1
-0.8 1
-0.9 - *

- 0.79%

change from baseline (%)

* p<0.001 for difference from baseline values. Wilcoxon signed rank test

Ref: Nissen S et al. JAMA 2006; 295: e-publication ahead of print



Percentage change” in LDL-C, HDL-C, TC
& LDL- C/HDL C Ratio

9
s LDL-C HDL-C LDL-C/HDL-C
Q 30 - 15
T 20 - % *
.
a2
E 0 T T T
© -10 |
[T
0 ‘20 n
2 30 |
(]
.5 -40 ~ *
& -50 1 - 34%
o -60 -
= * *
- 539, - 59%

LDL-C=low-density lipoprotein cholesterol; HDL-C=high-density lipoprotein cholesterol; TC=total cholesterol
# from time weighted average throughout the duration of therapy; * p<0.001

Ref: Nissen S et al. JAMA 2006; 295: e-publication ahead of print



COSMOS study:
Coronary plaque regression with high-intensity statin in Asia group

 Evaluate the effect of CRESTOR on the progression of plagque volume in
Japanese subjects with hypercholesterolaemia and coronary heart disease

Patients (n~200)
20-75 years
CHD, awaiting CAG/PCI

Statin-naive: LDL-C >3.6 mmol/L
or TC 25.7 mmol/L

Statin-treated: LDL-C >2.6
mmol/L or TC =4.7 mmol/L

Visit: -1 o0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Week: -8 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76

Eligibility Lipids o Lipids Lipids Lipids IVUS/CAG
Lipids hsCRP Lipids
IVUS/CAG hsCRP
Lipids/hsCRP Tolerability will be assessed at all visits

CHD=coronary heart disease; CAG=coronary angiography; PCI=percutaneous coronary intervention; LDL-C=low-density lipoprotein cholesterol; TC=total
cholesterol; IVUS=intravascular ultrasound; hsCRP=high-sensitivity C-reactive protein

" Cire J2009: 73: 2110 - 2117

COSMOS



CRESTOR : significant regression of coronary plaque volume in Japanese
patients with stable CAD

COSMOS Lipid Profiles

Reduction of Plaque Volume

Baseline 140.2

Follow up 82.9

(%)

10

=5
S

+7.25%
pe0.001 +0.76%

Crestor«n#| £ § [l £5-20mg* % -

a9 CircJ 2009; 73: 2110 - 2117

=X,

(@& ) Htoo R

-5.07%

p<0.0001

KRR R B F R AR

P=0.4673




Regression of atherosclerosis plague volume when achieving
LDL-C of 70mg/dI

APAV (%)
2.00
REVERSAL Prava 40 mg |
1.50
=z
o
(7] 1.00
n
'ﬁu y =0.055x - 4.477
ﬂ;v r? = 0.926
- 0.50
REVERSAL Atorva 80 mg
0.00 Achieved LDL-C (mg/dl)
' PRECISE-IVUS Atorva Alone (ACS)
-0.50 P
| PRECISE-IVUS Atorva Alone (SAP)
ASTEROID Rosuva 40 mg |-
-1.00 GLAGOV )
Evolocumab 420 mg - SAllRE A2 500
PRECISE-IVUS Atorva + Ezetimibe (SAP)
1.50 -1.22 SATURN Rosuva 40 mg
Sl e
I, A
l‘ @ PRECISE-IVUS Atorva + Ezetimibe (ACS) :I
N -
i A A e EEEa
30 40 50 60 70 80 90 100 110 120

*Atherosclerosis. 2018 Feb:269:219-228.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Role+of+dual+lipid-lowering+therapy+in+coronary+atherosclerosis+regression:+Evidence+from+recent+studies

How ?

« Combination therapy (statin
+ezetimibe/bile acid sequestrant)



Mechanism of Intestinal-Acting Agents

Diet

Luminal ¢ ¢

cholesterol e Duodenall/jejunal

enterocyte

—>

Chylomicron

Bile salts ,
Unabsorbed e
cholesterol °®s*

Fecal sterols

54



Low-dose Combination vs. Statin Up-titration

6% 6% 6%

D DD

Statin 10mg 20mg 40mg

), 18~25%

: o One step co-
St K0 Ezetimibe 10mg administration

| | | | |
10 20 30 40 50

. Mean % reduction in LDL-cholesterol

1. Stein E. Results of phase I/ll clinical trials with ezetimibe, a novel selective cholesterol absorption inhibitor. Eur Heart J 2001;3(suppl E):E11-E16.
2. Grigore L. Combination therapy in cholesterol reduction: focus on ezetimibe and statins. Vasc Health Risk Manag 2008:4(1) 1-12

Three step titration




Study Design %VE/I'

Patients stabilized post ACS =< 10 days: *3.2mM
LDL-C 50-125*mg/dL (or 50-100**mg/dL if prior lipid-lowering Rx)

**2.6mM

Standard Medical & Interventional
Therapy

' ' Uptitrated to o ] ]
Simvastatin Simva 80 mg Ezetimibe / Simvastatin

40 mg if LDL-C > 79 10/ 40 mg

(adapted per
* FDA label 2011)

Follow-up Visit Day 30, every 4
90% power to detect
months ~9% difference

Duration: Minimum 2 Y2-year follow-up (at least 5250 events)

N=18,144

Primary Endpoint: CV death, MI, hospital admission for UA,
coronary revascularization (= 30 days after randomization), or stroke

Cannon CP AHJ 2008;156:826-32; Califf RM NEJM 2009;361:712-7; Blazing MA AHJ 2014;168:205-12



LDL-C and Lipid Changes %VE/I'

Tl 1Yr Mean LDL-C TC TG HDL hsCRP
Simva 69.9 145.1 137.1 48.1 3.8

90 EZ/Simva 53.2 1258  120.4 48.7 3.3
5' A in mg/dL -16.7 -19.3 -16.7 +0.6 -0.5
D g
E
Q
2 70 4
3 Median Time avg
g 60 - 69.5 vs. 53.7 mg/dL
@ —
= e — —

50 4

LDL:95---53 mg/dL || 44%
40 -

QE R 1 4 8 12 16 24 36 48 60 72 84 96

: Time since randomization (months)
Number at risk:
EZ/Simva 8990 8889 8230 7701 7264 6864 6583 6256 5734 5354 4508 3484 2608 1078

Simva 9009 8921 8306 7843 7289 6939 6607 6192 5684 5267 4395 3387 2569 1068



Primary Endpoint — ITT %VE/I’

Cardiovascular death, Ml, documented unstable angina requiring
rehospitalization, coronary revascularization (230 days), or stroke

40 -
HR 0.936 CI (0.887, 0.988) Simva — 34.7%
p=0.016 2742 events
30 NNT= 50
32
Q
© )
@ 20- EZ/Simva — 32.7%
"g 2572 events
>
i
10 1
0 1 2 3 4 5 6 7

Time since randomization (years) T YT S



CV Death, Non-fatal M1, m
or Non-fatal Stroke M. VE-/T

30 -
HR 0.90 CI (0.84, 0.97)
p=0.003 Simva — 22.2%
NNT= 56 1704 events
X 20-
9
©
(14
= EZ/Simva — 20.4%
g 1544 events
Ll 10 "
O Ll I 1 I I I I 1
0 1 2 3 4 5 6 7

Time since randomization (years)
7-year event rates



How ?

 Add on PCSK9-inhibitor



PCSK9 Monoclonal Antibodies Inactivate PCSK9 —»
Increase LDL-Receptor Expression — 4 LDL-C levels

mAb + PCSK9 complex v '
LDL ﬁ”' LDL Receptor
\" % ,

C particle ) Sl Wi Mo

.....

LDL=low-density lipoprotein; LDL-R=LDL receptor; mAb=monoclonal antibody; PCSK9=proprotein convertase subtilisin/kinexin type 9; SREBP-
2=sterol regulatory element-binding protein-2.; Adapted from: Catapano AL, Papadopoulos N. Atherosclerosis 2013;228:18-28.



Proprotein Convertase Subtilisin-like/kexin type 9 (PCSK?9)
Targets the LDL-Receptor for Lysosomal Degradation

@ o9 &% LoL particle 4 EPL Receptor i




PCSK9 Monoclonal Antibodies Inactivate PCSK9 —»
Increase LDL-Receptor Expression — 4 LDL-C levels

mAb + PCSK9 complex v '
LDL ﬁ”' LDL Receptor
\" % ,

C particle ) Sl Wi Mo

.....

LDL=low-density lipoprotein; LDL-R=LDL receptor; mAb=monoclonal antibody; PCSK9=proprotein convertase subtilisin/kinexin type 9; SREBP-
2=sterol regulatory element-binding protein-2.; Adapted from: Catapano AL, Papadopoulos N. Atherosclerosis 2013;228:18-28.



MYy MY W

@ Trial Design fourie

27,564 high-risk, stable patients with established CV disease
(prior M, prior stroke, or symptomatic PAD)

v

Screening, Lipid Stabilization, and Placebo Run-in

High or moderate intensity statin therapy (+ ezetimibe)

v

LDL-C =270 mg/dL or
non-HDL-C 2100 mg/dL

RANDOMIZED
Evolocumab SC DOUBLE BLIND Placebo SC
140 mg Q2W or 420 mg QM Q2W or QM
v

Follow-up Q 12 weeks

An Academic Research Organization of
Brigham and Women’s Hospital and Harvard Medical School Sabatine MS et al. Am Heart J 2016:173:94-101




@ LDL Cholesterol fourier

W

100 +

Placebo

90 9\_./0— ———0 ® @ =

80 -
g 70 59% mean reduction (95%CI 58-60), P<0.00001
£
= 60 -
993 0 Absolute reduction: 56 mg/dl (95%Cl 55-57)
S
5 40 -
8 30 - l\. ——® o— 4”".’%

20 Evolocumab

(median 30 mg/dl, IQR 19-46 mg/dl)
10 -
0

0O 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Weeks

An Academic Research Organization of
Brigham and Women’s Hospital and Harvard Medical School



Primary Endpoint fourier

W W W

CV Death, MI, Stroke,
Hosp for UA, or Cor Revasc

oL

16%

14%

12%

10%

8%

6%

4%

2%

0%

Hazard ratio 0.85 14.6%
(95% ClI, 0.79-0.92)

P<0.0001

0,
Placebo 12.6%

Evolocumab

6 12 18 24 30 36
Months from Randomization

An Academic Research Organization of
Brigham and Women’s Hospital and Harvard Medical School



& Types of CV Outcomes fourier

Evolocumab Placebo
Endpoint (N=13,784) (N=13,780) HR (95% CI)
No Benefit in CV and All Cause Survival Rate
CVD, MI, Serereerera~ 12.6 14.6 0.85 (0.79-0.92)
revasc
CV death, MI, or stroke 7.9 9.9 0.80 (0.73-0.88)
Cardiovascular death 2.5 2.4 1.05 (0.88-1.25)
MI 4.4 6.3 0.73 (0.65-0.82)
Stroke 2.2 2.6 0.79 (0.66-0.95)
Hosp for unstable angina 2.2 2.3 0.99 (0.82-1.18)
Coronary revasc 7.0 9.2 0.78 (0.71-0.86)
Urgent 3.7 5.4 0.73 (0.64-0.83)
Elective 3.9 4.6 0.83 (0.73-0.95
Death from any cause 4.8 4.3 1.04 (0.91-1.19)

An Academic Research Organization of
Brigham and Women’s Hospital and Harvard Medical School




ACC.18

ODYSSEY CVOT:Treatment Assignment

Post-ACS patients (1 to 12 months)

Run-in period of 2-16 weeks on high-intensity or
maximum-tolerated dose of atorvastatin or rosuvastatin

At least one lipid entry criterion met

v

Randomizatio
AT D8
Alirocumab SC Q2W (9462) Placebo SC Q2W (9462)

Patient and investigators remained blinded to treatment and lipid levels for the entire duration of the study

Schwartz GG, et al. Am Heart J 2014;168:682-689.e1.

(ODYSSEY

OUTCOMES 66



ACC.18

LDL-C: ITT and On-Treatment Analyses

105
90
75
60
45

15
0

Mean LDL-C (mg/dL)

30 -

96.4 103.1 Placebo
93.3 .

ITT

101 4 On-treatment*
66.4

Alirocumab
- m

48.0 - — - -
398 - = -2~ -- ¢ —— On-treatment*
- 53.3

37-6 42-3

0

4 8 12 16 20 24 28 32 36 40 44 48
Months Since Randomization

*Excludes LDL-C values after premature treatment discontinuation or blinded switch to placebo
TAIl LDL-C values, including those after premature treatment discontinuation, blinded down titration, or blinded switch to placebo

(ODYSSEY

OUTCOMES 97



ACC.18

Primary Efficacy Endpoint: MACE

15 7
ARR* 1.6%
12 7
. Placebo
X 97
w Alirocumab
g
= 6 HR 0.85
MACE: CHD death, (95% C1 0.78, 0.93)
non-fatal Ml, 34 P=0.0003
ischemic stroke, or
unstable angina requiring
hospitalization 0 T T T 1
0 1 _ 2 -3 4
Number at Risk Years Since Randomization
*Based lati Placebo 9462 8805 8201 3471 629
inc?;‘znc‘;” cumulative Alirocumab 9462 8846 8345 3574 653

@ODYSSEY

OUTCOMES 68



Primary Efficacy and Components

ST oo | s I e
MACE 903 (9.5) | 1052 (11.1) | 0.85(0.78,0.93) | 0.0003
CHD death 205 (2.2) 222(2.3) | 0.92(0.76,1.11) | 0.38
Non-fatal Ml 626 (6.6) 722 (7.6) | 0.86(0.77,0.96) | 0.006
Ischemic stroke | 111 (1.2) 152 (1.6) | 0.73(0.57,0.93) | 0.01

ACC.18

(ODYSSEY

OUTCOMES ©°



ODYSS EY popl:::::i:)n
OUTCOMES &
FOURIER buration
Study Populations

ODYSSEY
OUTCOMES

MlI, stroke,

Recent symptoma
ACS tic PAD,
(4-52 plus risk
weeks) factors

Median 33 Median 26
months months
2-to-5 1-to-3.5

years years

follow-up follow-up

89.5% 69.2%

Schwartz GG. Effect of alirocumab, a monoclonal antibody to PCSK9, on long-term cardiovascular
outcomes following acute coronary syndromes: rationale and design of ODYSSEY outcomes trial. Am

Heart J. 2014 Nov.




*Do not fear to treat dyslipidemic
patients aggressively for the sake of
Side effects



k3 JACC

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY

Statin-Associated Side Effects

d Mevalonate

|
J Farnesyl pyrophosphate (FFP)

| | 1
T HMG-CoA antibodies 1 Cholesterol 1 Foxo 1 cGp
] | ]
d cellular cholesterol 3 Atrogen-1 I B Coenzyme Q10
| | 1
Impaired insulin st strogin bepaived mitochondrial
mitochondrial function function

Statin-induced necrotizing
autoimmune myopathy (SINAM)

Statin-associated symptoms (SAS)

Proximal Elevated Statin associated muscle Diabetes Central Other
muscle creatine symptoms (SAMS) mellitus nervous (elevated liver function,
weakness kinase (CK) Myalgia and cramps system decreased renal function,
levels Clinical rhabdomyolysis complaints tendon rupture, interstitial
y " o lung disease, depression,
risk of hemorrhagic stroke)

72 J Am Coll Cardiol. 2016; 67(20): 2395-410.




Incidence of Myopathy with Rosuvastatin
Pooled Analysis of All Controlled Studies

Rosuvastain, N Percent of patients reported
dose with CK2 10x ULN and muscle pain

5 mg 833 0.4%

10 mg 3193 0.1%
20 mg 2113 0.1%
40 mg 2804 0.4%

80 mg 988 0.9%



Persistent ALT Elevations by Dose
Combined All Controlled/Uncontrolled and RTLD Pool

Rosuvastatin, N >3 xULNon
dose 2 occasions, %
5 mg 1317 0.5
10 mg 7726 0.1
20 mg 3882 0.1
40 mg 3700 0.2
80 mg 1574 1.4

Total 12,458 0.4




Rosuvastatin Tolerability and Safety -
Withdrawals due to Adverse Events

Percentage of patients with an adverse event
leading to withdrawal

8 -
7 -
6 .
. 5 -
Patients
(%) 4 -
3 1 2.5% 2.5%
2
1 -
o A

rosuvastatin atorvastatin simvastatin pravastatin
(n=3074) (n=2899) (n=1457) (n=1278)

Brewer HB. Am J Cardiol 2003;92(Suppl):23K-29K



Statins vs. risk of new-onset DM

Meta-analysisiof randomized statin trials

Statin therapy was associated with a 9% increased risk for DM development.

n Statin Placebo OR (953 Cl) Weight (%)
o control
Atorvastatin E
ASCOT-LLA FLeE] L4 134 —— 1-14 (0.80-1.46) 707% 0
-::?.L 114 (0-80-1.46) 7-07% + o

Simvastatin
HPS 14573 335 293 - 115 {0-98-1.35) 1291% —
45 4242 198 193 — . 103 (0-84-1.28) 888% ( OR=1.09 )
Subtotal (Pel) 0%, p=0.445) ki 111(0.97-1.26) 22.80%
Rosuvastatin ' H
JUPITER 7802 o0 6 - 1.26 (1-04-1.51) 11.32% rISk Of
CORONA 3534 100 B8 — - 1-14 (0-84-1.55) 4-65%
GISSIHF 37E 2% 25 = 110(0-89-1.35) 9.50% new-
Subtotal (F=0.0%, p=0.607) <> 118 (1.04-1:33) 2546% W
Pravastatin
WOSCOPS 5674 75 93 e 079 (0.58-1.10) 424% ons et
(L 6957 126 138 e 0:01 (0-71-1-17) 653%
PROSPER 5023 165 127 i 132 (1.03-1.69) 6-94% D M
MEGA G086 172 164 —1i— 107 (0:86-2:35) 803%
ALLHAT-LLT 6087 238 12 N 115 (0-95-1.41) 1023%
GISSI PREVENZIONE 3460 96 105 e o8 (0-67-1.20) 494%
Subtotal (F=47.5%, p-0-090) <= 103 (0:90-119) 4091%
Lovastatin i
AFCAPS TexCAPS 6211 72 74 008 [0:70-1.38) 376%

_ 098 (0:70-138) 176%

| Overall (P+11-2%) P 1.09 (1.02-1:17) mw.l
I I I |
05 10 20 40 80

Cl=confidence interval; DM=diabetes mellitus; OR=odds ratio
Sattar N, et al. Lancet. 2010;375(9716):735-42.

SAFETY

FEEFIcacy
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Safety Events %VF/I’

% Patients (n/N)

] P=NS

LDL-C at1 m
(mg/dl)

<30
P=NS m 30-50
m50-70

>=70
P=NS__

P=NS
P=NS

Myalgia w/CK AE->Discon AST or ALT >3x Gall bladder AE Neurocognitive



M MM W
Evolocumab Placebo f :
ourier
@ Safety (N=13,769) (N=13,756) bl

Adverse events (%)
Any 77.4 77.4
Serious 24.8 24.7
Allergic reaction 3.1 2.9
Injection-site reaction 2.1 1.6
Treatment-related and led to d/c of study drug 1.6 15
Muscle-related 5.0 4.8
Cataract 1.7 1.8
Diabetes (new-onset) 8.1 7.7
Neurocognitive 1.6 1.5
Laboratory results (%)
Binding Ab 0.3 n/a
Neutralizing Ab none n/a

» o 03D Aq pareaipnlpe ‘sulaseq e salagelp INoyum sjuaired ul passasse salagelp 19Suo-MaN
An Academic Research Organization of

Brigham and Women’s Hospital and Harvard Medical School




Take home message:
A Must therapeutic strategy for high risk patients with
dyslipidemia — optimal treatment

* \Why: Only 50% achieved target level of

LDL, less up-titrate of statin dose, lower
target was recommended by guidelines

« How: high-intensity statin (rosuvastatin Is
the most powerful)----combined with
ezetimibe------ add on PCSKO9-inhibitor
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