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LDL cause atherosclerotic cardiovascular disease (ASCVD) :
Evidence from genetic, epidemiologic, and clinical studies

Prospective epidemiologic studies:
Median follow-up: 12 years (N= 403,501)

Randomized controlled trials
Median follow-up: 5 years (N= 196,552)
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Mendelian randomization studies:
Median follow-up: 52 years (N= 194,427)
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Eur Heart J. 2017 Aug 21;38(32):2459-2472.

Magnitude of exposure to lower LDL-C (mmol/L)
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https://www.ncbi.nlm.nih.gov/pubmed/28444290
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The Lower the better

Reduce CAD risk by the additive benefit of concomitant reduction of LDL-C and raising of HDL-C

LDL-C

1% decrease
in LDL-C reduces CAD

risk by 1%

HDL-C

1% change
in HDL-C is associated

CAD = coronary artery diseases; HDL-C = high density lipoprotein-cholesterol; LDL-C = low density lipoprotein-cholesterol;

MI = myocardial infarction

Circulation. 2004;110(2):227-239.
Circulation. 1989;79(1):8-15.
Am J Cardiol. 2000;86(12A): 19L-22L.
JAMA. 1988;260(5):641-651.



TG/HDL-targeted drugs had no effect on CV outcomes

meta-analysis of RCT including 117,411 patients

No of events/total

Non-fatal myocardial infarction Intervention  Control Odds ratio M-H, Odds ratio M-H,
random (95% Cl) random (95% Cl)
Niacin
No background statin 136/1659 394/3332 —— 0.67 (0.54 to 0.82)
Background statin 509/15371 527/14 939 = 0.94 (0.83 to 1.06)
Test for heterogeneity: 1°=87%
Fibrate
No background statin 773/14 236 1181/15 896 - 0.72 (0.65t0 0.79)
Background statin 173/2765 186/2753 -+ 0.92 (0.74 to 1.14)
Test for heterogeneity: 1°=78%
CETP inhibitor
Background statin 582/18 003 553/18 008 r 1.05 (0.93t0 1.18)
0.2 1 B
Favours Favours

intervention control

BMJ 2014;349:94379



* 174 000 participants, meta-analysis, 27 randomized trials

Events (% per annum) RR (CI) per 1 mmol/L

reduction in LDL cholesterol

Statin or more Control or

intensive less intensive
Major coronary events
Men 4148 (1.6%) 5406 (21%) » 074 (0-70-078)
Women 1082 (1.2%) 1259 (1-3%) e 0-83(0-74-0-93"
Subtotal 5230 (1-5%) 6665 (1-9%) O 0.76 (0-73-0-79)

Adjusted heterogeneity test* y°=2.76 (p=0-10)

Coronary revascularisation

Men 4547 (17%)  5773(23%) - 075 (0.71-0-80)
Women 922 (1-0%) 1137 (1-2%) —— 076 (0-66-0-87;
Subtotal 5469 (1.5%) 6910 (2-0%) O 076 (0-73-0.78) ~

Adjusted heterogeneity test* x’=2-07 (p=0-15)

Men 1747(07%) 2060 (0-8%) - 0-83 (0-76-0-90)
Women 667 (0.7%) 739 (0-8%) _H__ 0-90 (0.78-1-04, m
Subtotal 2414 (07%) 2799 (0-8%) <> 0-85(0-80-0-89) :
Adjusted heterogeneity test” y3=1-02 (p=0-31)
=99%C  <>95%Cl 050 075 100 125

«—

Statin or more Control or less

LDL 10 mmOI/L :387 mg/d sive better intensive better

Lancet. 2015 Apr 11;385(9976):1397-405

Events (% per annum) RR (Cl) per L mmol/L

reduction in LDL cholesterol

Statinor more  Control or
intensive less intensive

Any vascular death

Men 3726 (1-4%) 4248 (1-6%) ' 0-87 (0-82-0-92)
Women 1072 (1:1%) 1131 (1-2%) —;LI—— 0-92 (0-82-1-03)
Subtotal 4798 (1:3%) 5379 (1-5%) ) 0-88 (0-84-0-91)

Adjusted heterogeneity test* y=0-04 (p=0-84)

|

Men 6431 (2-4%) 7009 (2-6%) 0-90 (0-86-0-95)
Women 1939 (2-0%) 2078 (2-2%) —*— 0-91 (0-84-0-95;
Total 8370(2:3%) 9087 (2-5%) d 0-91(0-88-0.93)

Adjusted heterogeneity test* y}=0-62 (p=0-43)

Effects on major vascular events

Men 8943 (3:5%) 10979 (4-4%)
Women  2341(2:6%) 2694 (3-0%)
Total 11284 (3:3%) 13673 (4-0%)
Adjusted heterogeneity test* y3=0-95 (p=0-33)

078 (0-75-0-81)
0-84(0.78-0.91)
079 (0-77-0-81)

e-*-.

T T T 1

#99%0  >95%a 050 075 100 125
Statin or more Control or less

intensive better intensive better


https://www.ncbi.nlm.nih.gov/pubmed/25579834
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Guideline continued to recommend lower LDL-C target

1988 1993 2001 2004 2006 2010 2011 2016 2018 2019
Update* ' 4 / AHA? / /
|

Very-high-risk pts High-risk pts Overt CVD Very-high-risk pts Very-high-risk pts Very-high-risk pts

I

I I I B
Goal: Goal:
<130mg/dlI <55 mg/dlI

Familial I

dyslipidemia, High-risk pts High-risk pts
Severe HTN |

Definition of high-risk / highest-risk or very high patient:
ATP I: definite CHD or 2 other CHD risk factors?
ATP IlI: existing CHD or other atherosclerotic disease?

| |
ATP Il and the 2004 update: CHD or CHD risk equivalents3*
2° AHA/ACC 2006: established coronary and other atherosclerotic
disease®
ADA 2010: overt CVD®

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, MI: 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 Il. JAMA. 1993;269:3015-3023; 3. NCEP ATP IIl. 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):511-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

|

2017 Taiwan lipid guidelines for high risk patients

LDL-C target (mg/dL)

CS <70
ACS+DM < 55 can be considered

Disease category

>

A
~
o

<100
PAD +CAD <70
<100

< 100*
DM+ CV disease <70

> 100 should be initiated with statin

Adult : <100
Familial hypercholesterolemia <18y : <135
CAD : <70

* For diabetic patients who are 40 years of age, or who are < 40 years of age but have additional CV risk factors
# For dialysis patients, randomized controlled trials indicated that statin or statin/ezetimibe initiated during chronic dialysis provided no benefits in CV events reduction

J Formos Med Assoc. 2017 Apr;116(4):217-248.




2018 ACC/AHA Guideline: reduce LDL-C with high-intensity statins or

maximally tolerated statins to decrease ASCVD risk

Secondary Prevention in Patients with Clinical ASCVD

Clinical ASCVD
—( Healthy Lifestyle >—

A 4

Very high-risk*
ASCVD not at very high-risk*
( ki ) ( ASCVD

1

¥

[ Age <75y )

High-intensity statin
(Goal: |=50%)

¥

=

If on maximal
statin and Dashed
LDL-C 270 . Arom
C D N mg/dL (21.8 indicates
mmol/L), RCT-
Initiation of Continuation of adding supported
moderate- or high-intensity cxetimibe efficacy, but
high-intensity statin is easonakis is less cost
statin is reasonable (Class l1a) effective
reasonable (Class lia) e .13
(Class l1a) 3
If on clinically judged maximal LDL-C lowering
N . " therapy and LDL-C >70 mg/dL (1.8 mmol/L), or
non-HDL-C >100 mg/dL (22.6 mmol/L), adding
PCSK9-1 is reasonable
(Class l1a)

Circulation. 2019 Jun 18;139(25):e1082-e1143.

Very High-Risk* for Future ASCVD Events

Major ASCWD Events

History of MI (other than recent ACS event listed abowve)

History of ischemic stroke

Symptomatic peripheral arterial disease (history of claudication with ABI
<085, or previous revascularization or amputation™-'7)

High-Risk Conditions
Age =65y

Heterozygous familial hypercholesterolemia

History of prior coronary artery bypass surgery or percutanecus coronary
intervention outside of the major ASCVD eventis)

Diabetes mellitus

Hypertension

CKD (eGFR 15-59 mL/min/1.73 m#) 11554117

Current smoking

Persistently elevated LDL-C (LDL-C =100 mg/dL [=2.6 mmol/L]) despite
rmaximally tolerated statin therapy and ezetimibe

History of congestive HF

*Wery high-risk indudes a history of multiple major ASCWD events or one
rmajor ASCVD event and multiple high-risk conditions.




2018 ACC/AHA Guideline Recommendations for Statin Therapy

Intensity of statin therapy

_ High-Intensity Moderate-Intensity Low-Intensity
LDL-C*
Lowering

Rosuvastatin (5 mg) 10
{luias Rosuvastatin 20mg (4ome) mg

Statins . Simvastatin 10mg
Atorvastatin (40 mgt) 80 mg Atorvastatin 10 mg (20 mg)
Simvastatin 20—-40 mg$§
Pravastatin 40 mg (80 mg)
Lovastatin 40 mg (80 mg) Pravastatin 10-20 mg
Other Statins Fluvastatin XL 80 mg Lovastatin 20 mg
Fluvastatin 40 mg BID Fluvastatin 2040 mg

Pitavastatin 1-4 mg

*Percent reductions are estimates from data across large populations. Individual responses to statin therapy varied in the RCTs and should be expected to vary in clinical practice.S3.2.1-2

TLDL-C lowering that should occur with the dosage listed below each intensity.

$Evidence from 1 RCT only: down titration if unable to tolerate atorvastatin 80 mg in the IDEAL (Incremental Decrease through Aggressive Lipid Lowering) study.S3.2.1-3

§Although simvastatin 80 mg was evaluated in RCTs, initiation of simvastatin 80 mg or titration to 80 mg is not recommended by the FDA because of the increased risk of myopathy, including rhabdomyolysis.

Circulation. 2019 Jun 18;139(25):e1082-e1143.



— European Somel
of Cardiology

2019 ESC/EAS guideline LDL treatment goal

Treatment goal

for LDL-C + SCORE <I%
i » SCORE =1% and <5%
S * Young patients (TI1DM <35 years;
' T2DM <50 ) with DM duration
3.0 mmol/L . il .
Low 10 without other risk factors
(116 mg/dL) =
-~
‘\
~ /
~ * SCORE 25% and <10%
» Markedly elevated single risk factors, in
particular TC >8 mmel/L (310 mg/dL) or
. LDL-C >4.9 mmol/L (190 mg/dL) or
M E =180/110 ml-lg b
e * FH without other major risk rs
N » Moderate CKD (eGFR 30-59 mL/min)
S * DM wlo target organ damage, with DM
S, / duration 210 years or other additional risk factor
L
1.8 mmol/L . )
High * ASCVD (clinical/imaging)
(70 mg/dL) .\ + SCORE 210%
~ « FH with ASCVD or with another
‘*-,‘_ / major risk factor
Sy - Severe CKD (eGFR <30 mL/min)
1.4 mmol/L DM &tﬂw organ dﬂmﬂm: 23
. : major risk factors; or early onset of
(55 mg/dL) T1DM of long duration (>20 years)
‘\-
\‘\‘
\\\‘.
\"\l
\,\‘.
\\'
A
Low  Moderate High Very high CV Risk

European Heart Journal (2019) 00, 1-78



2019 ESC/EAS guideline:

@ESC

European Society
of Cardiology

For very-high risk patients, LDL-C target has changed from 70 mg/dL to 55 mg/dL

Recommendations Class Level

In secondary prevention for patients at very-high risk, an LDL-C reduction of 250% from
baselined and an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are recommended.

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- llb
based therapy, an LDL-C goal of <1.0 mmol/L (<40 mg/dL) may be considered.

Very-high risk definition

* Documented ASCVD, either clinical or unequivocal on imaging. Documented ASCVD includes previous ACS (Ml or unstable
angina), stable angina, coronary revascularization (PCl, CABG, and other arterial revascularization procedures), stroke
and TIA, and peripheral arterial disease. Unequivocally documented ASCVD on imaging includes those findings that are known
to be predictive of clinical events, such as significant plaque on coronary angiography or CT scan (multivessel coronary disease

with two major epicardial arteries having >50% stenosis), or on carotid ultrasound.

* DM with target organ damage?*, or at least three major risk factors, or early onset of TLDM of long duration (>20 years).

* Severe CKD (eGFR <30 mL/min/1.73 m2).
* A calculated SCORE 210% for 10-year risk of fatal CVD.
* FH with ASCVD or with another major risk factor.

European Heart Journal (2019) 00, 1-78

The rationale for the revised,
lower LDL-C goals across CV risk
categories is discussed, based on
a critical synthesis of available
evidence from lipid-modifying
interventions resulting in
reductions in CV risk.

* Target organ damage is defined as
microalbuminuria, retinopathy, or neuropathy



@ESC

European Society
of Cardiology

2019 ESC/EAS guideline:
All ACS patients should start with high-dose statin regardless of LDL-C baseline

Management of patients with ACS

In all ACS patients without any contraindication or definite history of intolerance, it is recommended that
high-dose statin therapy is initiated or continued as early as possible, regardless of initial LDL-C values.

If the LDL-C goal is not achieved after 4-6 weeks with the maximally tolerated statin dose, combination with

ezetimibe is recommended. | B

If the LDL-C goal is not achieved after 4-6 weeks despite maximal tolerated statin therapy and ezetimibe, | B
adding a PCSK9 inhibitor is recommended.

Recommendations for lipid-lowering therapy in very-high risk patients undergoing PCI
Routine pre-treatment or loading (on a background of chronic therapy) with a high-dose statin should be lla 5

considered in patients undergoing PCI for an ACS or elective PCI

European Heart Journal (2019) 00, 1-78



— European Somel

of Cardiology

2019 ESC/EAS guideline treatment algorithm: statin as first line treatment

imaging (subclinical atherosclerosis) -
Risk Reclassification? =

e

2018 ACC/AHA Intensity of statin therapy:
High-Intensity statin
>50%

\
QT
- |
:
!
1
]

Y ' N

LDL-C
Lowering

pimary  ROSuUvastatin 20mg

Statins :
Atorvastatin (40 mgi)

FEvidence from 1 RCT only: down titration if unable to tolerate atorvastatin 80
mg in the IDEAL (Incremental Decrease through Aggressive Lipid Lowering)
study.S3.2.1-3

European Heart Journal (2019) 00, 1-78; Circulation. 2019 Jun 18;139(25):e1082-e1143. [ PCSK?Y inhibitor
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Furthermore, these clinical trials have clearly
indicated that the lower the achieved LDL-C
values, the lower the risk of future
cardiovascular (CV) events, with no lower limit
for LDL-C values, or ‘J'-curve effect....

there is no longer an 'LDL-C hypothesis', but
established facts that increased LDL-C values are
causally related to ASCVD [atherosclerotic
cardiovascular disease], and that lowering LDL
particles and other ApoB-containing lipoproteins

as much as possible reduces CV event. ))

— Quote from ESC 2019 guidelines on dyslipidemia..

European Heart Journal (2020) 41, 111188
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Prof Eugene Braunwald:
we should strive to achieve very low levels
of LDL-C early in individuals to maximize
cardiovascular benefit

LDL-C (mg/dL)

I >
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= Lowest is best European Society
Y of Cardiology
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'vs Real world practice
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By 2004 NCEP ATP Il : Overall only 49.4% reach LDL-C goal, 54.8% and
22.8% at high and very high cardiovascular risk

* 2006-2010, 5 multicenter, cross-sectional Centralized Pan-Regional Surveys on the Undertreatment of
Hypercholesterolemia (CEPHEUS) study

* Intotal: 35,121 patients (mean age: 60.4 years), and 90.3% statin monotherapy

M Low CV risk, LDL-C target < 4.1 mmol/L (160 mg/dL)

5 ()@ g
100 % _ = % S M Moderate/moderately high CV risk, LDL-C target < 3.4 mmol/L (130 mg/dL)
d [ o] -~ = >
il & g g5 > & § 8 o W High CV risk, LDL-C target < 2.6 mmolL (100 mg/dL)
] g v 3 8 _
g - < e = S & W Veryhigh CV risk, LDL-C target < 1.8 mmollL (70 mgL)
80 3 = © © o <

65.7 (1647)

60.9 (903)

54.8 (9273)
55.9 (2353)

52.4 (2151)
53.2 (2586)

36.9 (1903)

30.5 (1929)

25.6 (3664)

22.8 (14429)

19.4 (3664)

Proportion of patients atttaining their LDL-C goal (%)
3

Overall k Asia ) Westem Europe Eastern Europe Middle East Africa
J Atheroscler Thromb. 2016 May 2;23(5):56b/-37. 51



http://www.ncbi.nlm.nih.gov/pubmed/26632163

Only 49.5% of Taiwan patients attain LDL-C target goal

Pan-Asian CEPHEUS was the Largest Survey conducted in 8 Asian Countries

INDIA
Korea
: <@, 1670 ' 82.9
Hanoi
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Yangon _ 3 wv
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Hong Kong Thailand

Korea

Taiwan

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.

Philippines Malaysia

x

Vietnam
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Cholesterol Goal Attainment in the Real World:
Comparison of Overall Goal Attainment in Asia

% attaining goal

100
90 -
80 -
70 4
60 -
50 -
40 -
30 A
20 A

10

0

o 84
83 83 X 80
74
67 67
56 |58
— 'ﬁ 5 53 ls4
42 42 42
37 -
32 35
24
16
China Malaysia Singapore Korea Taiwan Thailand
CHD/diabetes W non-CHD with 2+ risk factors 0 non-CHD with < 2 risk factors
< 100 mg/dL <130 mg/dL < 160 mg/dL

LDL-C Goal:

62

81

48

Overall

O Overall

Figure 3. Cholesterol goal attainment (percent of patients attaining goal) by risk status in the overall population and by

country/region, including coronary heart disease (CHD) and/or diabetes mellitus (DM), >2 risk factors without CHD/DM
or <2 risk factors without CHD/DM at baseline

Curr Med Res Opin. 2008 Jul;24(7):1951-63.
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Current+status+of+cholesterol+goal+attainment+after+statin+therapy+among+patients+with+hypercholesterolemia+in+Asian+countries+and+region:+the+Return+on+Expenditure+Achieved+for+Lipid+Therapy+in+Asia+(REALITY-Asia)+study
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Abnormal lipids : the most risk factor for myocardial infarction

* INTERHEART Study :15,152 patients, case-control study, 52 countries in Asia, Europe, the Middle East, Africa, Australia,
North America, and South America

100.0% -
90.4%

90.0% -
v 80.0% -
2
; 70.0% -
o
o 60.0% -
3 49.2%
l: 50.0% T
)
© 40.0% - 35.7%
g .0% 7% 32.5%
‘g 30.0% -
S 20.1%
o 20.0% -
S 9.9%

0.0%
Smoking Lack of Exercise Alcohol intake Hypertension Diabetes Abdominal All Abnormal All above risk
vegetables and obesity psychosocial Lipids factors
fruit daily combined

Life-Style Factors

Journal of Clinical Lipidology (2016) 10, 472—-489



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

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

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

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)

» Atherosclerotic vascular diseases with unknown disease type
(n=887)

® Importance of keeping LDL-C at goal levels

_[ Patients taking 2 statins at study enrollment
(n=86)

Table 3. Multivariate Cox regression model for MACE by joint distribution of statin use status and LDL-C level.

Hazard ratiot 95% Cl

Category n

p-value

[ Patients included in the analysis (n =4099)

Under statin LDL-C <100 mg/dL

1747

1.00

(as reference)

Not under statin & LDL < 100 mg/dL

1.42

0.77-2.63

Under statin & LDL > 100 mg/dL 1186 1.66 1.04-2.63 0.03
T 1 Not under statin & LDL > 100 mg/dL 595 2.04 1.06-3.94 0.03
High-intensity Moderate-intensity || Low-intensity No use statin
statin therapy statin therapy statin therapy therapy tAdjusted for age, gender, body mass index (BMI) level, cigarette smoking history, fibrate use, history of hypertension, heart failure, diabetes, myocardial
(n=183) (n =2338) (n=412) (n=1166)

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

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

infarction, ischemic stroke or transient ischemic attack, previous coronary or lower extremity arterial disease (LEAD) intervention and levels of estimated

glomerular filtration rate (eGFR) at baseline.


https://www.ncbi.nlm.nih.gov/pubmed/29073192
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LDL-C goal attainment of Taiwan is lower: why ?

Changes in lipid-modifying regimens during o o
follow-up in the overall population 3‘ From PhVSICIa ns

. @ Discontinued m Up-titrated 0 Down-titrated 0 No Change * Inertia to increase the dose or move to a
ol L combination?
Uy ~ i i - L s e Starting dose : non-effective potency?
:: * 80% fixed prescriptions>
] 53
- e Limitation of National health
0 | Insurance(NHI)*
5 |- D= -
" ‘ From Patients
China Malaysia Singapore Korea Taiwan Thailand Overall o Compl |a ncel

e |[nertia, as welll

1. Atherosclerosis 236 (2014) 142e143

2. ) Atheroscler Thromb. 2016 May 2;23(5):567-87.

3. Curr Med Res Opin. 2008 Jul;24(7):1951-63.

4..0MENR B 2 & IMAS/&HE- Optimal Lipid Lowering Treatment for Patients with Cardiovascular Disease
5. Curr Med Res Opin. 2008 Jul; 24(7): 1951-63



http://www.ncbi.nlm.nih.gov/pubmed/26632163
https://www.ncbi.nlm.nih.gov/pubmed/18547466

‘ . Low Dose, High Potency
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FDA: CRESTOR 10mg/20mg reduce 47%/55% LDL-C

m U.S Food and Drug Administration

40 mg 20 mg 20 mg 10 mg
10 80 2 40 mg or 40 20 38%

mg mg mg 80 mg mg mg
5 mg 20 mg 4 mg 80 mg 80 mg 1010 mg 40 mg 41%
10 mg 40 mg 10/20 mg 80 mg 47%
20 mg 80 mg 10/40 mg 55%
40 mg 10/80 mg 63%

Atorva=Atorvastatin; Fluva=Fluvastatin; Pitava=Pitavastatin; Lova=Lovastatin; Prava=Pravastatin; Simva=Simvastatin; LDL-C: Low-density lipoprotein cholesterol.

* Based on individual statin efficacy data, not head to head comparisons between statins.

1. Adapted from FDA Drug Safety Communication: New restrictions, contraindications, and dose limitations for Zocor (simvastatin) to reduce the risk of muscle injury. U.S. Food and
Drug Administration. Updated 2016. Available at: http://www.fda.gov/Drugs/DrugSafety/ucm256581.htm Last accessed: 19.12.2016.

http://www.fda.gov/Drugs/DrugSafety/ucm256581.htm#aihp
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H2H: CRESTOR 10mg/20mg is better than Atorvastatin 20mg/40mg

in LDL-C reduction

_e

Change in LDL-C from baseline (%)

20

30

45

50
)

Rosuvastatin

Atorvastatin

Simvastatin

10
mg

Pravastatin

10
mg

20
mg

40
mg

* Study design: The primary objective of this 6-week, parallel-group, open-label, randomized, multicenter trial was to compare rosuvastatin
with atorvastatin, pravastatin, and simvastatin across dose ranges for reduction of low density lipoprotein (LDL) cholesterol.
*p<0.002 vs atorvastatin 10 mg; simvastatin 10, 20, 40 mg; pravastatin 10, 20, 40 mg

tp<0.002 vs atorvastatin 20, 40 mg; simvastatin 20, 40, 80 mg; pravastatin 20, 40 mg
$p<0.002 vs atorvastatin 40 mg; simvastatin 40, 80 mg; pravastatin 40 mg

Adapted from Jones PH et al. Am J Cardiol 2003;92:152-160

20
mg

40
mg

[
8o :
mg |
I
I
I
1
1
:
-45.8%

-52.4%

STELLAR



DISCOVERY

CRESTOR 10 mg is more efficacious at lowering LDL-C and increase HDL-C

Change (%) in LDL-C and HDL-C at 12 weeks in statin-naive patients

UK The Netherlands Triple Country Alpha PENTA Asia
- 4 * 41 5, 4.7 3.9 T
-- B e
s | [y .
g 349 156 169
)
0
()
Q2
£
o
=
()
(=)}
& LDL-C M RSV 10 mg
s B ATV 10 mg
- 33 SIM 20 mg
-40 -
—4> —40 *x PRA 40 mg
* oK X X >k %k

-50

Curr Ther Res 2006; 67: 21-43.
Int J Clin Pract 2005; 59: 1387-1394.

Curr Med Res Opin 2005; 21:1307-1315 LDL-C=low-density lipoprotein cholesterol; HDL-C=high-density lipoprotein cholesterol; RSV=rosuvastatin; ATV=atorvastatin; SIM=simvastatin; PRA=pravastatin

Br J Cardiol 2006; 13: 72-76. t . % Lk Lokkok
Clin Ther 2004; 26: 1821-1833. p<0.05 vs RSV 10 mg; *p<0.01 vs RSV 10 mg; **p<0.001 vs RSV 10 mg; p<0.0001 vs RSV 10 mg

Curr Med Res Opin 2007; 23: 30553068 Based on individual statin efficacy data, not head-to-head comparisons between statins.



CRESTOR shows significant regression of coronary plaque volume in  €9SMOS
Japanese hyperlipidemia patients with stable CAD

Iaselme

p— T Lumen | Case: 53 y/o

( woman RCA#2

Ath@romd

CircJ 2009; 73: 2110 — 2117
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CRESTOR shows significant regression of coronary plaque volume in

COSMOS

Japanese hyperlipidemia patients with stable CAD

COSMOS Lipid Profiles Reduction of Plaque Volume

(%)
50
Baseline
Follow up
it
$
—~ 0
:IZ
5
i
n=126
-50

LDL-C
(mgldL)

140.2
|
82.9

-38.6%

p<0.0001

HDL-C
(mgldL)

471
!
55.2

+19.8%

p<0.0001

LDL-C / HDL-C
ratio

3.12

-47.5%

p<0.0001

(mgldl-)
147.8
|
130.3

P=0.1639

(%)

10

(&)

(TmF & 1) o N
o

1
(@]

-10

Vessel
Volume (mm?)

Lumen
Volume (mm?)

Plaque

Volume (mm?)

+0.76%

—
P=0.4673

p<0.0001

n=126

* Study design: A 18 month, open-label, multicentre, single-arm study using intravascular ultrasound (IVUS) to evaluate the effect of CRESTOR 2.5mg-20mg on
the progression of plaque volume in Japanese subjects with hypercholesterolaemia and coronary heart disease

CircJ 2009; 73: 2110 — 2117



—

CRESTOR 20mg achieves = 50% reduction LDL-C in high risk patients
better than Atorvastatin 40mg

B Rosuvastatin 20mg B Atorvastatin 40mg

66 66
62 61
57
51
a4
40 I I 40 I

ASCVD LDL-C§190mg/dL Diabetes 10-year risk§7.5% All patients

Percentage of patients with> 50% reduction
in LDL-C from baseline

Adapted from Atherosclerosis 241 (2015) 450-454
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Switching to Rosuvastatin MERCURY I
Significantly help more high-risk patient achieve LDL goal

Patients achieving LDL-C target of <100 mg/dL (<5.6 mmol/L) at 16 weeks (n = 1827] % change in plasma concentration of LDL-C after = 8 weeks of
100 - CRESTOR therapy treatment in the 3 treatment groups (n = 524)2
M0M% +—-—-——-———"""""="=""="="="—~"~"~"~"~"~"~"—~" =~ —~"—~"—~" =~~~ —"—~——~—~——— — -
- 5% - m e e e s e e
® 80+ " . . . . . . .
g < 0 - Switch from atorvastatin ~ Switch from simvastatin ~ Switch from other statins
2 3
S 60 g 5%t .
o ]
Ju s -10% —+ -
[ £
2 £
B 404 s -15% T -
S @ ;
2 = -20% -+ .26% -
[1+}
201 G -25% f-—-—————————-- -
ae
-30% T e e e e
0 L e e
Period 1 Rsv20 | ATV10  ATV10 | ATV20| ATV20| SIM20 | SIM20 0  SIM40 | SIM40 | *Pe< 0001
v o v v v v v v v v o '
Period 2 |.RSV.20 ATV10 | RSV.10.|  ATV20| RSV.20.] .SIM20 | Rsv.10.! .SIM40 | Rsv20

LDL-C goals were achieved in a greater proportion of high-risk patients (n = 1011) after switching
to rosuvastatin compared to those remaining on atorvastatin or simvastatin?

* Study design: A completed 16-week, randomised, open-label study comparing efficacy (% patients reaching NCEP ATP Il goal and other lipid
parameters) and safety following a switch to the potential start doses of CRESTOR from the accepted/potential start doses of atorvastatin and
simvastatin in high-risk subjects with primary hypercholesterolaemia

Am Heart J. 2006;151:975.e1-9; Atherosclerosis Thromb. 2009;16:509-516.



Established evidence of “Lower is Better”

J Am Coll Cardiol 2011;57:1666-75






CRESTOR is hydrophilic statin with lower risk of some side effects™

Effect of food on

Solubilit Metabolism Clearance . e
y bioavailability (%)
. - Non-CYP450 .

Rosuvastatin Hydrophilic Limited CYP2C9/8 Hepatic and renal 20 No
Atorvastatin Lipophilic CYP3A4 Hepatic 11-30 Yes ({1 13)
Fluvastatin Lipophilic CYP2C9 Hepatic 0.5-2.3 Yes ({4 15-25)

Lovastatin Lipophilic CYP3A4 Hepatic 2.5-3.0 Yes (4 50)

. . : - Non-CYP450 :

Pitavastatin Lipophilic Limited CYP2C9/19 Hepatic 11 No
Pravastatin Hydrophilic Non-CYP450 Hepatic and renal 0.8-3.0 Yes ({ 30)
Simvastatin Lipophilic CYP3A4 Hepatic 1.9-3.0 No

Circ Res. 2019;124:328-350; Drug Des Devel Ther. 2011;5:283-97.

*Statin-associated muscle symptoms, renal toxicity and statin-induced hepatotoxicity




CRESTOR has less risk of drug-drug interaction as not dependent on CYP3A:«

* Most of drugs are inhibitors or substrates of CYP450, especially the 3A4 isoenzyme: increase statin-associated myopathy

CYP 3A4 CYP2E1 \, ,~ CYP1A2 CYP 2C9

. Simvastatin .
* Rosuvastatin

*  Atorvastatin ]
*  Lovastatin * Fluvastatin

e Diltiazem | * Phenytoin
e  Clopidogrel CYP3A4 | *  Fluconazole
+  Amiodarone \ CYP2D6 e Warfarin
 Cimetidine

*  Ery/Clarithromycin
« Ketoconazole

« Carbamazepine
e StlJohn’s wort
 Grapefruit juice

Shimada T et al. J Pharmacol Exp Ther 1994;270(1):414.; Journal of the Formosan Medical Association (2019) 118, 1385-1392
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Drug-Drug Interaction: CYP3A4-metabolized Statins and Clopidogrel

@ European Heart Journal (2012) 33, 2151-2162 CLINICAL RESEARCH
european  doi:10.1093/eurheartj/ehs083 Thrombosis/antithrombotic therapy
CARDIOLOGY #

Accelerated platelet inhibition by switching
from atorvastatin to a non-CYP3A4-metabolized
statin in patients with high platelet reactivity

(ACCEL-STATIN) study

Yongwhi Park!, Young-Hoon Jeong'?*, Udaya S. Tantry2, Jong Hwa Ahn',
Tae Jung Kwon', Jeong Rang Park!, Seok-Jae Hwang', Eun-Ha Gho?3, Kevin P. Bliden?,
Choong Hwan Kwak!', Jin-Yong Hwang!, Sunjoo Kim3, and Paul A. Gurbel?

'Division of Cardiology, Department of Internal Medicine, Gyeongsang National University Hospital, Jinju, Korea; “Sinai Center for Thrombosis Research, Cardiac Catheterization
Laboratory, 2401 W. Belvedere Ave., Baltimore, MD 21215, USA; and *Department of Laboratory Medicine, Gyeongsang National University Hospital, Jinju, Korea

Received 3 February 2012; revised 24 February 2012; accepted 6 March 2012; online publish-chead-of-print 16 April 2012

European Heart Journal (2012) 33, 2151-2162



Interaction between Statins and Clopidogrel

Am Random group (n = 50) Sham group (n = 25) B1oo Random group (n = 50) Sham group (n = 25)
P <0.001 P=0.002 P =0.001 P=0.002
- P=0.412 P=0.943 P=0.885 P=0.529
S < 2
= 80— . - X 80 .
S c
g 3
2 60 - > 60— d
g -
- - 2
f:; 40— 4 @ 40 .
5 S
o -
- e Q
E 20+ y T 20 :
o — Baseline i — Baseline
= Bl Atorvastatin — Follow-up = Follow-up
o- ENon-CYP3A4-MET statin . ’ . -
20 UM ADP 5 uM ADP 20 yMADP 5 iM ADP

20 uM ADP 5 uM ADP 20 uM ADP 5 UM ADP
Non CYP3A4-MET statin : Rosuvastatin, Pravastatin

Figure 2 (A and B) Maximal and final platelet aggregations and (C and D) P2Y12 reaction units and percent inhibition during atorvastatin
therapy vs. after switching to a non-CYP3A4-metabolized statin. The sham group represents patients without change of atorvastatin. The
central box represents the values between the lower and upper quartiles, and the middle line is the median. The vertical line extends from
the minimum to the maximum value, excluding outside values, which are displayed as separate points. ADP, adenosine diphosphate;
CYP3A4-MET, cytochrome P450 3A4-metabolized.

European Heart Journal (2012) 33, 2151-2162
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Rosuvastatin : Low dose and high potency has a favorable safety profile and good
tolerability

ALT>3{EIEE{E LR (ULN) : LDL-C NS

g 30 _
Z s  Fluvastatin (20,40,80 mg)

_l -

2 20 @ Lovastatin (20,40,80mg)

A .

E > _ Simvastatin (40,80 mg)

5 1'0 J Atorvastatin (10,20,40,80 mg)
E | @ Rosuvastatin (10,20 mg)

é 0.5

& 0

70 LDL-C reduction (%)

CK>104ZEE{E EPR(ULN) : LDL-C SR

g 30 :

Z s & Pravastatin (20,40mg)

= 2'0 _ Simvastatin (40,80 mg)

5 1'5 ) Atorvastatin (10,20,40,80 mg)
o 1.

E o @ Rosuvastatin (10,20mg)

Y 1

E 0.5 . #‘

5 7 O

S8 o0 J J

20 30 40
Adapted from: Am J Cardiol. 2003 Aug 21;92(4B):23K-29K

70 LDL-C reduction (%)


https://www.ncbi.nlm.nih.gov/pubmed/12948873

Rosuvastatin : maintenance of renal function assessed by serum

creatinine

umol/L, mean
N

Absolute change in serum creatinine

Cardiology. 2004;102(1):52-60

Change in serum creatinine levels from baseline to last
scheduled visit in controlled clinical trials

rosuvastatin atorvastatin simvastatin

5 10 20 40 10 20 40 80 10 20 40 80
mg mg mg mg

mg mg mg mo mg mg mg mg

2 -2 -2 -2

-2 -2 -2

-4

All baseline and last visit serum creatinine levels within normal range,

pravastatin

10 20 40 0.4
mg mg mg [ ]
placebo

62-124 umol/L (0.7-1.4 mg/dL)

42


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vidt+DG+et+al.+Cardiology+2004;102:52-60

Taiwan RWE: Rosuvastatin and atorvastatin showed a similar phenomenon in

~rco
€ Effects of Atorvastatin and Rosuvastatin on Renal Function @

in Patients With Type 2 Diabetes Mellitus

Chao-Lun Lai. MD. PhD*"“, Hsu-Wen Chou. PhD", K. Amold Chan. MD. ScDY<,
and Mei-Shu Lai, MD, PhD"*

Subgroups n AeGFR 95% Cl p* N= 5556
Total ; 0.27
Atorvastatin 3601 01, -04to0.7 *
Rosuvastatin 1968 -0.1, -08to0.6 -
-Dose of statins :
High : 0.54
Atorvastatin 170 20, -10t05.0 —_—— _ _ .
Rosuvastatin 65 03, —41t046 . HE-CIo8e VEERS MERL el elosEn «
Low : 52.2 + 26.3 mg in atorvastatin users
Atorvastatin 3431 01, -05t006 e 22.2 +13.3 mg in rosuvastatin users
Rosuvastatin 1903 -01, -09to06 s
e—————— low-dose users mean daily dosage
4 " . ®  13.1+9.7 mgin atorvastatin users
A eGFR 8.8 + 4.5 mg in rosuvastatin users

J 43

Am J Cardiol. 2015 Mar 1;115(5):619-24.



https://www.ncbi.nlm.nih.gov/pubmed/25591893

Rosuvastatin demonstrated comparable safety profile with placebo

Safety profile of CRESTOR 10mg vs placebo

P=0.99
139 13.9
14
12
10 CRESTOR®
P<0.001
8 5.8 o did not significant
O\O . [ [
¢ 4.4 47 oo increase in new-onset
: 3.8
of diabetes
4 P=0.63
13 12
| /o
Hospitalization Hospitalization Muscle pain or Discontinuation New-onset of diabetes
(non CV causes) ( CV causes) weakness (Muscle symptoms)

i CRESTOR 10mg i Placebo

44
N Engl J Med. 2016; 374:2021-2031



CRESTOR is associated with low risk of new-onset diabetes (NOD)
in a retrospective cohort study

Cox univariate analysis of incidence of hazard ratios (HRs) with 95% Cls for patients with new-onset diabetes (NOD)
according to prescriptions for statins compared with non-NOD subjects.

1

Drug class HR 95% ClI p HR* 95% CI* p

Pravastatin 1.40 1.20-1.62 <0.0001 1.34 1.15-1.55 0.0001
Fluvastatin 0.45 0.34-0.60 <0.0001 0.45 0.34-0.60 <0.0001
Lovastatin 0.66 0.57-0.78 <0.0001 0.71 0.61-0.84 <0.0001
Simvastatin 1.12 0.94-1.34 0.2068 1.10 0.92-1.31 0.3034
Atorvastatin 1.32 1.19-1.47 <0.0001 1.29 1.16-1.44 <0.0001
Rosuvastatin 0.53 0.38-0.74 0.0002 0.54 0.39-0.77 0.0005

*All variables were adjusted for age and sex. P values between NOD and non-NOD subjects.

Clin Ther. 2012 Sep;34(9):1977-83.

45
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Statin risk summary: CV benefits outweigh risks

¢ 8 times more likely to prevent CV events than cause

one case of diabetes!

* 34% cv risk reduction in patients with IFG?2

1. Evidence-Based Med. 2010;15(3):84-85.
2. Curr Opin Cardiol. 2011;26(4):342-347.
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LDL-C 250% reduction results with lower NNT: Lower might be better

LDL-C decision-making could be based on net benefit as estimated by NNT

NNTs and achieved LDL-C for 20% reduction

from baseline

250 Absolute 5-year CVD risk
Very high High Moderate
200 ™20 #10 =5

sy 524
128 A 118

100
100
50 59
. IR 1§
190 160

Initial LDL-C level (mg/dl)

Achieved LDL-C level
Number-needed-to-treat prevent one event

NNT= Number needed to treat

Eur Heart J. 2016;37(17):1380-1383.

182
143
71 80 &
= 4s

130 100

250
‘ 125
NNT:
63
70

Achieved LDL-C level
Number-needed-to-treat prevent one event

NNTs and achieved LDL-C for 50% reduction
from baseline

250
Absolute 5-year CVD risk
200 Very high High Moderate
w20 ©10 m5
150
105
100 o5 A
80 A - 2 o
50 39 a7 65 A
20 23 4= 31\.6
10 l 12 14 i A
o0 W = B .
190 160 130 100 70

Initial LDL-C leve (mg/dl)



% LDL-C reductions directly related to the risks of first CV events

3

Percent Change in LDLC

70 =

European Heart Journal (2016) 37, 1373-1379

88 8588

—
L=J
1

LDL Cholesterol 12 _

10 -

o o
1

22689

38

Event Rate / 1000 person years

11.2

4 57% event rate

> 50% reduction

2400 3600 4800 6000 7200

Individual Observations (N = 7.856)

Placebo No Reduction/Increase

<50% Reduction > 50% Reduction




Attained LDL<70mg/dI

>50% LDL-C reduction with less risk of first cardiovascular events

Attained LDL>70mg/dI

20 16 1
nm—
18 P=0.002 ! il P=0.04 e
] -
_ 16 - i > . 12
£ 14 - % LDL-C reduction of <50% _,* £
° - g 10
§ 12 - s
'] X
T 8
) 10 g
2 s
5 8 . BLL
S z
* 2
2 =
o -
o ¥ & & & & = &
0 1 2 3 4 5 6
Time to First Major CV Events (Years)
Time to First Major CV Events (Years)
No. at Risk No. at Risk
%LDL-C 2 50% 4538 4426 4298 4188 4048 1937 71 %LDL-C 250% 2134 2092 2029 1973 1906 989 12
%LDL-C<50% 494 475 456 439 419 170 9 %LDL-C <50% 6771 6623 6418 6197 5969 2842 21

Figure 1 Major cardiovascular events in the cohort with attained LDL-C <70 mg/dL as a

function of percent LDL-C reduction. LDL = low-density lipoprotein.

The American Journal of Medicine (2016) 129, 384-391c

Figure 2 Major cardiovascular events in the cohort with attained LDL-C >70 mg/dL as a
function of percent LDL-C reduction. LDL = low-density lipoprotein.
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CRESTOR in

Patients who
achieved goal (%)

" RSV 10 mg
M ATV 10 mg
SIM 20 mg

" PRA 40 mg

Curr Ther Res 2006; 67: 21-43.

Int J Clin Pract 2005; 59: 1387-1394.
Curr Med Res Opin 2005; 21: 1307-1315
Br J Cardiol 2006; 13: 72-76.

Clin Ther 2004; 26: 1821-1833.

Curr Med Res Opin 2007; 23: 3055-3068

Asia : more than 60% patients achieve goal DISCOVERY

100 Patients (%) who achieved 2003 European LDL-C goal at 12 weeks
78
80 73
60
Xk
Xk
40 36 31
20
194 211
0 .
UK* The Netherlands* Triple Alpha¥ PENTA¥ Asia*

Country*

2003 European goal: LDL-C <2.5 or 3.0 mmol/L depending on CVD risk
LDL-C=low-density lipoprotein cholesterol; RSV=rosuvastatin; ATV=atorvastatin; SIM=simvastatin; PRA=pravastatin;

CVD=cardiovascular disease
TStatin-naive patients; *Statin-naive and previously treated patients;**p<0.001 vs RSV 10 mg;***p<0.0001 vs RSV 10 mg;

#No statistical analysis was performed on these data
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CRESTOR 10mg helped more than 75% Taiwan patients reached their
therapeutic goals

150 :
= On-treatment analyses = Intention-to-treat analyses

100 g¢

—
o
o

oL
o

Goal reaching for LDL-C (%)
o

Very high risk High risk Moderate risk Low risk All patients

53
Adapted from J Chin Med Assoc. 2008 Mar;71(3):113-8.


https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Chin+Med+Assoc.+2008;71:113%EF%80%AD118.
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Established evidence of “Lower is Better AL s

2004 NCEP ATPIII(<70)

2016 ESC/EAS
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LipidDM-T Care DMP Prevention
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L 10 — : | HPS-P 1 @»PROS-P
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5 — ARDS-T | lP B AFCAPS-T | - W — Prevention
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0 | | | | | | I |  LDL-C achieved
50 70 90 110 130 150 170 190 210 (mg/dL)
CRESTOR 20mg

S Afr Med J. 2014 Mar;104(3):168-73.



https://www.ncbi.nlm.nih.gov/pubmed/24897816

Take Home Messages

 Rosuvastatin has greater LDL-C lowering efficacy! and superior

HDL-C increasing efficacy?

* Rosuvastatin is efficacious in regressing coronary plaque volume
in CAD patients with hyperlipidemia, and useful for secondary

prevention3

* Rosuvastatin helped more than 75% Taiwan patients reached their

therapeutic goals*

* Rosuvastatin has low potential for drug-drug interactions through
non-CYP3A4 metabolism®

1. Jones P et al. Am J Cardiol 2003;92:152-160. 2. McTaggart F and Jones P. Cardiovasc Drugs Ther 2008;22:321-38 3. Circ J. 2009 Nov;73(11):2110-7. 4. ) Chin Med Assoc. 2008 Mar;71(3):113-
8 5. Am J Cardiol 2001; 87 (Suppl): 28B-32B
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