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RESIDUAL CV RISK AFTER STATIN
TREATMENT



In UKPDS
LDL-C Was the Strongest Predictor of CHD Risk in People with Diabetes

% Increase in CHD risk

LDL-C [0 of 1 mmol/L 57
HDL-C [J of 0.1 mmol/L —-15
Systolic blood pressure [1of 10 mmHg 15
HbA, . level [1 of 1% 11

Smoking was also a major contributor to CHD risk

These data support the need for reducing LDL-C to lower CHD risk
In people with diabetes mellitus. Glucose control is also important in
reducing the risk of microvascular complications.

Adapted from Turner RC et al BMJ 1998;316:823-828.



Effect of LDL-C Reduction on
Major Coronary Event Rate

» Association Between Achieved Low-Density Lipoprotein Cholesterol (LDL-C) and
Major Coronary Event Rates From 24 Trials of Established Interventions That Lower
LDL-C Predominantly Through Upregulation of LDL Receptor Expression

Primary prevention trials (m=8)
®Control group
Slntervention group
Secondary prevention trials (n= 16}
Control group
Intervention group
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Statin outcome trials show the existence
of significant residual cardiovascular risk
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Adapted from Libby P, J Am Coll Cardiol 2005;46:1225-1228
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Low HDL-C Increases CVD Risk Even if

LDL-C Levels Are Well-Controlled
Treating to New Targets (TNT) Study

Patients with LDL-C <80 mg/dL on Atorvastatin 80 mg

12 P < 0.0001 for Inverse Relationship
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HDL: A Major Risk Factor for CHD

* A low plasma HDL is an important risk factor for CHD in
the general population

* A high level of HDL may confer cardioprotection

* Reverse cholesterol transport by HDL may be the
principle cardioprotective mechanism

On average, a (RRR) in CHD risk
occurs for each In the HDL level.

The ILIB Lipid Handbook for Clinical Practice. 1995:26.



UNMET NEED OF MIXED DYSLIPIDEMIA



Diabetic Dyslipidemia pattern
In Textbook

Table 1. Dyslipidemia in the Metabolic Syndrome and Type 2
Diabetes

Metabolic T}.-' pe 2
Lipid Syndrome Diabetes

Triglvcerides
HDL-C
[DL-C
sdLDL

apo B

apo B = apolipoprotein B; HDL-C = ]'Lig]'l—::lfnsjr:_u' lipoprotein choles-
terol; LDL-C = low-density lipoprotein cholesterol; sdLDL = small,
dense low-density lipoprotein particles.

Adapted from Lippincott Williams & Wilkins.”

Obesity: Mechanisms and Clinical Management.
New York: Lippincott Williams & Wilkins, 2002:378-98



Lipid profile of the study subjects (n=366).

Pattern and predictors of T2DM dyslipidemia

Variables

Sex

Male n (%)

Female n (%)

Total n (%)

TC
<200 mg/dl
=200 mg/dl

TG
<150 mg/dl
=150 mg/dl

HDL
Low®
Mormal

LDL
<100 mg/dl
=100 mg/dl

Dwyslipidemia

MNone
One
Two
Three
All four

105 (76.6)
32 (234)

58 (42.3)
79 (57.7)

83 (60.6)
54 (39.4)

60 (43.8)
77 (56.2)

185 (80.8)
44 (19.2)

121 (52.8)
108 (47.2)

66 (28.8)
163 (71.2)

119 (52.0)
110 (48.0)

33 (144)
67 (29.3)
51 (223)
56 (24.5)
22 (09.6)

290 (79.2)
76 (20.8)

179 (48.9)
187 (51.1)

149 (40.7)
217 (59.3)

179 (48.9)
187 (51.1)

57 (15.6)

83 (22.7)
88 (24.0)
33 (09.0)

? HDL < 40 mg/d]l in male and =50mg/dl in female, Results are expressed as
number (percentage), TG, triglyceride; TC, total cholesterol; HDL, high density
lipoprotein-cholesterol; LDL, low density lipoprotein-cholesterol.

Diabetes & Metabolic Syndrome: Clinical Research & Reviews 7 (2013) 95-100




Atherogenic Lipoprotein Profile

3 to 6 Increased
CAD Risk

Metabolic Syndrome
Type 2 Diabetes

Austin et al. Circulation 1990



Effects of insulin resistance in
diabetic dyslipidemia

Fat cells
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Kidney
Small dense LDL

Insulin resistance initiates the characteristic triad of high triglyceride level, low HDL cholesterol
level and high small dense LDL level. If the concentration of VLDL transported triglyceride is high,

CETP promotes the transfer of LDL cholesteryl ester or HDL cholesteryl ester in exchange for
triglyceride. Triglyceride-rich HDL cholesterol or LDL cholesterol can undergo hydrolysis by hepatic

lipase or lipoprotein lipase.

Nat Clin Pract Endocrinol Metab. 2009 Mar;5(3):150-9



Small dense LDL and
Atherosclerotic Plaque

Vessel Lumen
Small-dense LDL

Monocyte

\.,'

Adhe5|0n Endothelium
Molecules LDL
X . Intima
Cytokines Growth Factors J
\ etalloproteinasej
7 h Cell Proliferation
TRAy Rz Foam Cell Matrix Degradation

Ross R. N Engl J Med 1999;340:115-126. Unstable plaque



Diabetes and Atherosclerosis
LDL Modifications
- @

Small dense LDL

Its small size favors
penetration into
arterial wall as
cholesterol and lipid
¥ storage.

1
>

Oxidized LDL

Desialylated
LDL Oxidation induce
\ immune response
Increase the affinity of and inflammation

sdLDL particle to Monocytes -Macrophages

proteoglycans in the . _
arterial wall and hence Lipid storage and atherosclerosis plaque
development

residence time is
prolonged. Foam Cells

Normal LDL

Oxid Med Cell Longev. 2017; 2017: 1273042.



Jourmal of Clinical Lipidology (2007} 1, SE3-582
Journal of

Clinical
Lipidology

Original Contributions

LDL particle number and risk of future cardiovascular

disease in the Framingham Offspring Study—Implications
for LDL management

William €. Cromwell, MD,* James D. Otvos, PhD, Michelle J. Keyes, PhD,
Michael J. Pencina, PhD, Lisa Sullivan, PhD, Ramachandran 5. Vasan, MD,
Peter W. F. Wilson, MD, Ralph B. D"Agostino, PhD

Cromwell WC et al. J Clin Lipidology 2007;1(6):583-592.



Event-Free Survival
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CHD Event Associations of

0]

LDL-P versus LDL-C
Framingham Offspring Study (n=3,066)

Better survival

Lower risk

Low LDL-C

Low LDL-P High LDL-C
=1,249) Low LDL-P
) n=284
Worse surviva ( )

Higher risk

High LDL-C
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(n=1,251)
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Cromwell WC et al. J Clin Lipidology 2007;1(6):583-592.



NIACIN AND STATIN
COMBINATION



Linicor: single bill combination improve
multiple lipid abnormalities

Convenience, Global lipid improvement, Better performance

Statins Niacin Fibrate
| LDL-C F + +-
| TG ++ ++
? HDL-C F+
v VLDL-C

? LDL particle
size

AM J Health-Syst Pharm-vol60 Jul1,2003 Suppl 2 S15-S21
Heart Disease 2002:4:124-137




Niacin’s mechanism on LDL particle

@ Niacin
}

HDL
W Adipose tissue vV FA synthesis/ receptor

FA mobilization esterification

W HDL catabolism
receptor

WV TG synthesis

N

¥ Large TG-rich _ v Assembly of apo B—containing v HDL apo A-l
VLDL1 lipoproteins/1 apo B degradation uptake/removal

I\If Small, dense LDEI W VLDL, LDL N Apo A-l/reverse

cholesterol transport

Prev Cardiol. 2004 Fall;7(4):182-7



Linicor improve multiple lipid levels

Linicor offers the better convenience and cost-
effectiveness option, which replace the traditionally triple
therapy as statin, fenofibrate and acipimox

Linicor

(NiacinER/Lovastatin) e TG

500/20mg +6.6%  -29.4% -9.4%

1000/40mg +20.7% -37.8% -28.9%

*FE AzdeF £ 1# (500/20mg) k= PR * 0 B R iF {8
e Sl 2#(1000/40mg)£@fw PR #

Arch Intern Med. 2004;164:1121-1127



Linicor has global improvements
(ADVOCATE study)

Compared with Atorvastatin and Simvastatin, Linicor can
Improve multiple lipid levels.

TABLE 3 Percent Change From Baseline

Miacin ER/Lovastatin Atorvastatin Simvastatin

Week 8 1,000/40 mg 1,000/40 mg 10 mg 10 mg
LDL cholesterol z —40%1 —28%
HDL cholesterol + 20574 + + 751
Triglycerides ' —35%T* —20% —18%
Lipoprotein(a) 149 + 8% O%*

Week 127* 1, 000/40 mg 1.500,/40 mg 20 mg 20 mg
LDL cholesterol —A42%1 — 4291 — 4591 —35%
HDL cholesterol + 199:1# +245:T% + A% + 895%
Tri9|yccridcs 3ISHFLTE A2LTE 30T 159
Lipoprotein(a) —20% 1% — 1 7%t + 296 — 196

Week 16* 1,000/40 mg 2,000/40 mg 40 mg A0 ma
LDL cholesterol A2% APTUTE
HDL cholesterol F329LTH &7 7545
Trig|ycerid35 — 493257 —3 1247 — 1994
Lipoprotein(a) —19%M —2 1% 0% — 2%

LOL and HDL cholestercl are expressed as mean values, and triglycerides and Lpla) are expressed as
median values,

*Dosage is milligrams per day.

Tp =0.05 wversus simwvastatin: Ip =0.05 versus atorvastatin: 5p =0.05 wersus niacin ER//lovastatin
1,000/40 and 2,000,/40 mg.

Am J Cardiol 2003;91:667-672




NiacinER can increase LDL particle size
(ADVOCATE study)

Compared with Atorvastatin and Simvastatin, Linicor not only improve
lipid levels but also increase LDL-C patrticle size.

9 Niacin ER/Lovastatin 1000/40 mg [[}] Atorvastatin 10 mg [ Simvastatin 20 mg
Il Niacin ER/Lovastatin 2000/40 mg [A Atorvastatin 40 mg [_]Simvastatin 40 mg

10

Linicor
Linicor 1000/40mg

1000/40mg
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*PPD: peak particle diameter Am J Cardiol 2003;91:667-672



NiacinER can increase LDL particle size
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Mean Change in LDL particle distribution from

« 54 patients with stable coronary artery disease (CAD) and well-controlled LDL-C
» Lipoprotein particle number was analyzed by proton NMR spectroscopy at
baseline and after 3 months.

J Clin Lipidol. 2009 Feb;3(1):45-50.



AIM-HIGH: subgroup analysis

* For patients with CVD and marked atherogenic
dyslipidemia (total 439 patients)

TG levels = 200 mg/dl &

HDL-C levels <32 mg/dl

« A ssignificant 36% relative reduction in the primary
CV outcome (25.0% versus 16.7%. p = 0.032)

AIM-HIGH (n=3,414) [61,62] R )00 P /D with persistent atherogenic

Niacin

on statin 1.91 mmol/L

Cardiovasc Diabetol. 2014 Jan 24;13:26.
J Am Coll Cardiol. 2013 Oct 22;62(17):1580-4.



2016 meta-analysis:
Niacin significantly reduces major CHD events

%, Niacin treatment can reduce significantly more major coronary events
than control (OR 0.81, p=0.04).

Study name Statistics for each study Events | Total Odds ratio and 95% CI

Odds Lower Upper Relative

ratio  limit  limit Niacin Control p-Value weight

AFREGS 040 047 097 8/ 19172 0.04 4.57
AIM-HIGH 102 085 122 282/1,718 274 1,696 0.84 2023
ARBITER-2 037 008 149 3/87 7180 0.16 : . 2.04
ARBITER-S 020 004 094 21187 91176 0.04 : 1.68
coP 087 073 105 914/1,119 233372789 014 20,23
CLAS 082 041 167 181794 21794 0.59 6.34
FATS 0.8 004 088 2/48 10752 0.03 : 1.62
Guyton etal 040 D006 2386 21676 21272 0.36 : 1 1.07
HARP 046 016 138 6/44 12147 0.16 3.19
HATS 006 001 048 1138 12738 0.01 6 094
HPS THRIVE 096 085 1.03 1696 /12838 1.758/12835 025 i) 2.7
STOCKHOLM 054 038 077 80/279 1291276 0.001 —— 1442
UCSF_SCOR 033 001 839 0/438 1149 0.50 3 0.41

Y}
[TOTAL 073 059 0.0 3,025/17,247 458718476 0.003 ] @ l]'g/ﬁ
0.1 0.2 0.5 1 2 5 10

Test for overall effect: p =0.003
Test for heterogeneity: p = 0.001, I* = 65% Favours niacin Favours control

Acta Cardiol. 2016 Aug;71(4):463-72.




Niacin ER:
Improves tolerance and patient adherence

Immediate release (IR) is directly associated with flushing.

Sustained release (SR) is directly associated with hepatotoxicity.

Extended release (ER) has intermediate dissolution rate between IR and SR,
thus it reduces the risk of both flushing and hepatotoxicity.

: : o
Conjugative L Oxidative
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JAffinity 1Capacity Cj/ TAffinity |Capacity

N
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(Flushinag) (HEDHtDtDXICIty)
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Niacin IR NNO MII\]A NAD
\ 4

o ¥

2PY Niacin SR 4PY

Expert Opin. Phatmacother.(2004) 5(6): 1385-1398
Arch Intern Med. 2004;164:697-705




Niacin ER:
improves tolerance and patient adherence

Figure 2. Simulation of niacin metabolism using a 1000-mg dose. SR = sustained release, El
= extended release, IR = immediate release.
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Niacin ER: didn’t increase the hepatotoxicity risk when
combined with lovastatin

 The rate of combination lovastatin/niacin-ER associated liver AERs
was similar to that observed with lovastatin or niacin-ER alone.

(938/162.5)
(441/90.8)
(1689/373.6)

(9/2.8)

*Data above bars
represent number of
AERs/number of
prescriptions in millions
during study period.

Am J Cardiol. 2007 Feb 1;99(3):379-81.



Niacin ER didn’t increase the rhabdomyolysis risk when
combined with lovastatin

« The rate of combination lovastatin/niacin-ER associated
rhabdomyolysis AERs was similar to that observed with lovastatin or
niacin-ER alone.

(1273/162.5)

(97/33.7)

(712.8) (839/373.6)

*Data above bars
represent number of
AERs/number of
prescriptions in millions
during study period.

Am J Cardiol. 2007 Feb 1;99(3):379-81.



Linicor: safer option for CKD patients

Linicor
Renal Fenofibrate

dysfunction (Niacin EI_? >00mg / 160/200mg
Lovastatin 20mg)

No adjustment Dosage

Mild-to-moderate
needed

30<CCR<60 reduction
(1000/40mg qd) (100mgor 67mg qd)

Severe > 500/20mg with

. Contraindication
CCR<30 caution

Lipanthyl 160/200mg* < i ¥
Linicor 500/20mg* < & ¥




Linicor: safer option for CKD patients

Medication Class and Agents No CKD or stages 1-2 CKD stage 3 CKD stages 4-5

Statins (mg/day)
Atorvastatin
Fluvastatin
Lovastatin
Pravastatin
Rosuvastatin
Simvastatin

Bile acid sequestrants (g/day)
Cholestipol
Cholestyramine
Colesevelam

Fibric acid derivatives (mg/day)
Bezafibrate* 400-600 200
Clofibrate 1000-2000 500

Ciprofibrate” 200 Unknown
Fenofibrate
Gemfibrozil

Other (mg/day)
Ezetimibe

National Kidney
Foundation®

2012, KDOQI guideline for diabetes and CKD



RECOMMENDATION OF CLINICAL
GUIDELINES ON NIACIN



2017-Taiwan lipid guideline

Axvailahla online at wwa o

ScienceDirect

journal homepage: www

REVIEW ARTICLE

2017 Taiwan lipid guidelines for high risk
patients™

Yi-Heng Li °, Kwo-Chang Ueng "-“, Jiann-Shing Jeng °,
Min-Ji Charng =', Tsung-Hsien Lin *", Kuo-Liong Chien "/,
Chih-Yuan Wang -, Ting-Hsing Chao °, Ping-Yen Liu °,
Cheng-Huang Su ', Shih-Chieh Chien ", Chia-Wei Liou ™,

Sung-Chun Tang 'J_, Chun-Chuan Lee *, Tse-Ya Yu ',

Jaw-Wen Chen ="°, Chau-Chung Wu ’, Hung-1 Yeh “**, for The
Writing Group of 2017 Taiwan Lipid Guidelines for High Risk
Patients

J Formos Med Assoc. 2017 Feb 24.



2017-Taiwan lipid guideline
LDL-C treatment goal for diabetic patients

Table 9 Lipid recommendations for diabetic patients.

Recommended Target Individuals who should be targeted for Risk assessment algorithm
lipid modification

LDL-C: 1. All diabetic patients aged =40 y ASCVD risk factors include:
2. Diabetic patients aged <40 y

- Without CVD: < 100 mg/dL who have overt ASCVD or - High blood pressure

- With CVD: < 70 mg/dL o ASCVD risk factors - Smoking

30—40% reduction - Overweight and obesity
- Family history of premature ASCVD
TG < 150 mg/dL
HDL-C:
Men: > 40 mg/dL
Women > 50 mg/dL
ASCVD = atherosclerotic cardiovascular disease; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein
cholesterol; TG = triglyceride.

J Formos Med Assoc. 2017 Feb 24.



2017-Taiwan lipid guideline
Niacin related recommendation

Niacin may be considered an Niacin is considered as
option in high-risk patients adjunctive therapy for
with low HDL-C and elevated treatment of patients with

LDL-C despite statin therapy. J| Severe hypertriglyceridemia
(TG = 500 mg/dL) who

present a risk of pancreatitis.

Niacin is indicated to Niacin in combination with
reduce elevated TC, LDL-C, statins may be appropriate
and TG levels, and to options for patients with
increase HDL-C in patients hypertriglyceridemia and
with mixed dyslipidemia. associated low HDL-C.

J Formos Med Assoc. 2017 Feb 24.



2017- AACE consensus
Niacin improve multiple lipid levels

Niacin could decrease LDL-C, non-HDL-C, TG, ApoB and LDL-P

DYSLIPIDEMIA

LIPID PANEL: Assess ASCVD Risk

STATIN THERAPY
If TG = 500 mg/dL, fibrates, Rx-grade omega-3 fatty acids, niacin

f statin-intolerant

Try alternate statin, lower statin Repeat lipid panel; Intensify therapies to
dose ncy, d nonstatin a equacy, attain goals according

LDL-C- lowering therapies tolerance of therapy to risk levels

IF NOT AT DESIRABLE LEVELS:

TO LOWER LDL-C:

TO LOWER Non-HDL-C, TG:
TO LOWER Apo B, LDL-P:
TO LOWER LDL-C in FH:**

Endocr Pract. 2017 Feb;23(2):207-238




TWN EXPERIENCES OF LINICOR® (PMS
DATA)



Linicor®: Basic information

Linicor F.C.T. 500/20 mg 32 75 %2 42 500/20 % 5.

Niacin ER 500mg and Lovastatin 20mg

10.3~/4z_AC57216100
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Linicor® Taiwan PMS data: 1084 patients
(unpublished clinical experiences)

- #% * & ! Linicor(NiacinER/Lovastatin)
« PP el T fELinicort B S WA @B F i ¥ >4
. ok A B i 1084

s R FEE 20N PR ERE AT E R EREFREHAF G AT £IR
v %o )t

. ,U,/Ttﬁ;sfi DA AT~ B AR FREH?'J‘—%' S i PR

c R R D3R

. EE 85%/}% B ét#klﬁlenlcor+ 31[% (p & 3 B 4ocdr > §fk v 15E
/'f@"’f 3% > iR RAMERE > AXFTHRLAL T3 L28AFTH)

— Prlmary endpoint : LDL-C:z & #ic® 2 +5 &
— Secondary endpoint : TG - HDL C-TC:xLHEE R ~ BliT* L2 gém}g
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2017 TSH L|n|cor PMS unpublished data



Linicor® Taiwan PMS data: 1084 patients
Lipid effects (overall)
Vi V3

_ (Baseline) ~~ (844¢lddays) = Pvalue
n/ mean+SD

Variables

Blood lipids
TC, mg/dl 1084 21234493 1084 184.2+35.1 <0.0001

TG mg/dl 1084  27/2. S 1084 200.5+111.8 <0.0001
LDL, mg/dl 1084 20.7+38.4 1084 99.3+£30.0 <0.0001
HDL, mg/dl 1084 42.2112.4 1084 45.6+12.4 <0.0001
Non-HDL-C 1084 1+4s. 1084 138.6+34.7 <0.0001

Overall improvement after 3M of Linicor B2 272
Change Significance  pREIEAYA 2OO
’ 184.2 170.1
TC -13% P<0.0001 150 i 1386
LDL-C -18% P<0.0001 | % 3
HDL-C +8% P<0.0001 75 42‘?5 6
TG -26%0 P<0.0001 0.

TC LDL non-HDL-C

nonHDL-C -19% P<0.0001

2017 TSH Linicor PMS unpublished data



Linicor® Taiwan PMS data: 1084 patients
Biochemistry level

& Linicor# ¢ ¥n #& ~ FApL B i fodFigs e ig = 2 F B 58

Vi V3
(Baseline) (84+14 days)

n / mean+SD

Variables

Biochemistry
Fasting blood glucose,
146.9+59.2 219 145.6+£59.1
mg/dl
HbAlc, % 7.4+1.6 531 7.2+1.5
Uric acid, mg/dl 6.4+1.7 427 6.2+1.5
Creatine kinase, U/L 126.3+65.2 95 126.9+56.3
Creatinine, mg/dl 1.1+0.6 226 1.0+0.7
ALT, U/L 32.0+£22.8 569 29.2416.3

AST, U/L 29.8+13.4 500 29.2+14.3

2017 TSH Linicor PMS unpublished data



Linicor® Taiwan PMS data: 1084 patients Adverse
event

(Baseline) (42114 days) (84114 days)

n/ %

Adverse event
Flush
yes : : 15
no : 1069 98.6
Myopathy
yes : 10 [E
no 1074 99.1
Gl symptom
yes : : 3
no : 1081 99.7
Others
yes : : 2 0.2
no : 1082 99.8

2017 TSH Linicor PMS unpublished data



Linicor: cost-effective option

Niacin ER 500mg

| Lovastatin 20mg 10.3 10.3~20.6 10.3~20.6

Linicor

Crestor Rosuvastatin 10mg 20.9 20.9+5.6 NA
Crestor Rosuvastatin 5mg 17.9 17.9+5.6 NA
Lipitor Atorvastatin 20mg 25.2 25.2+5.6 NA
Lipitor Atorvastatin 10mg 15.7 15.7+5.6 NA
Lescol Fluvastatin 80mg 14.6 14.6+5.6 NA

Mevalotin Pravastatin 40mg 20 20+5.6 NA

Livalo Pitavastatin 2mg 17.9 17.9+5.6 NA

. Ezetimibe
Vytorin 10mg/ Simvastatin 20mg 28.3 28.3+5.6 NA

Lipanthyl Fenofibrate 160/200mg 5.6 5.6+(14.6~28.3)

20174 1P 4 »eiid K (s it B2 1)



Conclusions

Diabetic dyslipidemia consists of low HDL-C, High TG, and
small dense LDL issue. This pattern is frequently seen in
T2DM and may be a treatable risk factor for subsequent
cardiovascular disease.

The combination of Niacin ER and Lovatatin improve multiple
lipid abnormalities and thus Linicor serves a new therapeutic
choice for mixed-dyslipidemia patients. Linicor improves
multiple lipid level including LDL-C, TG and HDL-C. Besides,
LDL particle size is also improved.

Due to the novel formulation, Niacin ER improves the safety
Issue. Local clinical experiences indicates Taiwanese
patients have good tolerance (rare flush and hepatotoxicity).
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Half-Life

Linicor: & & ¥t (2)
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Patient education- how to avoid flushing
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DEBATE ON NIACIN RELATED CLINICAL
TRIAL (AIM-HIGH AND HPS-2 THRIVE)



AIM-HIGH study / HPS2-Thrive study

Study Patients Treatment Principal findings with niacin
(follow-up)

AlM- » With established Niacin ER vs. » No significant difference
HIGH CV disease Placebo in primary endpoint of cardiovascular
(N=3,414) (on pre-existing disease events
Mean baseline: statin with or
TG 163 mg/dL without ezetimibe For patients with marked atherogenic
HDL-C 35mg/dL  therapy), 3y dyslipidaemia, there was a 36%
LDL-C 74 mg/dL relative reduction in the primary
CV outcome (25.0% versus 16.7%,
p =0.032)

HPS2- « With pre-existing NiacinER/Laropiprant < No reduction in CVD events
THRIVE occlusive arterial vs. Placebo compared to statins alone.
disease (on pre-existing
(N=25,673) statin with or Additional adverse events occurred
Mean baseline without ezetimibe which were not found in Niacin-
TG 125mg/dL therapy), 3.9y related study previously.
HDL-C 44mg/dL
LDL-C 63 mg/dL

N Engl J Med. 2011 Dec 15;365(24):2255-67
Nat Rev Endocrinol. 2012 Sep:;8(9):517-28 n . -203-



AIM-HIGH study / HPS2-ThRIVE study: debate

_ AIM-HIGH HPS2-THRIVE

Intervention drug Niacin-ER 1500~2000mg per day

Lipid baseline

Placebo group

Heterogeneity

Adverse events

Subgroup
analysis

(with background statin therapy)

LDL-C=74, TG=163, HDL-C=35

+ Small dose of Niacin IR (50-100mg) in
placebo-treated patients
» Liberal use of hypolipidemic agents
« Higher frequency of simvastatin
80mg in placebo group
(24.7% vs. 17.5%, P =0.02)
Higher frequency of ezetimibe in
placebo group
(21.5% vs. 9.5%, P<0.001)

men (85%) and white (92%)

A small numeric increase in stroke rates in
Niacin-ER arm, affecting 1.7% vs. 1.1% in
the placebo arm (P = 0.09). Inconsistent

with prior trials and NOT Niacin-associated.

TG levels =200 mg/dl and
HDL-C levels <32 mg/dl
-  36% relative reduction of CV outcome

NiacinER 2000mg and Laropiprant 40mg

per day # NiacinER and Lovastatin
(with background statin therapy)

LDL-C=63, HDL-C=44, TG=125

Simvastatin 40mg (xezetimibe 10mg) as
background therapy in both placebo and
treatment group

better heterogeneity of ethic groups

Higher rate of bleeding events and infection
NOT found in Niacin-related studies
previously: use of laropiprant

A trend of higher LDL-C (=77mg/dl) having
a more significant outcome benefits

J Lipid Res. 2013 Oct;54(10):2586-94.
J Cardiovasc Pharmacol Ther. 2014 Mar;19(2):141-58.




AIM-HIGH study: debate (I)

Contemporary optimal medical therapy and aggressive

secondary prevention

— Well controlled lipid profile at baseline: LDL-C=74, TG=163, HDL-
C=35. Thus, it's increasingly difficult to demonstrate incremental
treatment superiority.

— ACS and acute MI patients were excluded.

— The result of AIM-HIGH was limited in their generalization, given the
high enrolment of men (85%) and white individuals (92%).

Minimized differences between placebo and niacin
— It's possibly due to small dose of Niacin IR (100-200mg) in placebo-
treated patients, which could have minimized between-group event

rate differences.
— Although Niacin-treated patients were found with a 25% of HDL-C
Increase, placebo-treated patients were with 11.8%.

J Lipid Res. 2013 Oct;54(10):2586-94
Nat Rev Endocrinol. 2012 Sep;8(9):517-28
N Engl J Med. 2011 Dec 15;365(24):2255-67



AIM-HIGH study: debate (Il) JAIV-HIGH

Cholesterol Management Program

« Higher Simvastatin/Ezetimide adjustment in placebo-

treated patients
— During the follow-up period, more patients in the placebo group
than in the niacin group were taking 80mg Simvastatin per day
(24.7% vs. 17.5%, P = 0.02). More patients in the placebo group
than in the niacin group were taking ezetimibe (21.5% vs. 9.5%,
P<0.001).

« \Was the observation time sufficient for significant

differences in CV events?
— The original treatment duration of AIM-HIGH was set as 4-6
years. Due to the lack of efficacy, the trial was terminated earlier
and the total observation time is around 3 years.

J Lipid Res. 2013 Oct;54(10):2586-94
Nat Rev Endocrinol. 2012 Sep;8(9):517-28
N Engl J Med. 2011 Dec 15;365(24):2255-67



AIM-HIGH study: debate (Ill) PAhtte:

Cholesterol Management Program

« Niacin causes a higher ischemic stroke?

— A small but unexplained increase in stroke rates was reported in the
ER-niacin arm, affecting 1.7% versus 1.1% in the placebo arm (P =
0.09).

— This trend in stroke risk is likely due to chance rather than a
pathophysiological process.

— This result is out of keeping with prior trials that have
demonstrated benefits of niacin therapy. In particular, the CDP
demonstrated a 24% reduction in strokes in the niacin arm. Similarly,
the ARBITER-6—HALTS trial demonstrated a significant improvement
in the surrogate endpoint of cIMT in patients randomly allocated to
receive ER-niacin as add-on therapy to statin treatment.

J Lipid Res. 2013 Oct;54(10):2586-94
Nat Rev Endocrinol. 2012 Sep;8(9):517-28
N Engl J Med. 2011 Dec 15;365(24):2255-6



AIM-HIGH: subgroup analysis

* For patients with CVD and marked atherogenic
dyslipidemia (total 439 patients)

TG levels = 200 mg/dl &

HDL-C levels <32 mg/dl

« A ssignificant 36% relative reduction in the primary
CV outcome (25.0% versus 16.7%, p = 0.032)

Niacin

AIM-HIGH (n=3,414) [61,62]

Cardiovasc Diabetol. 2014 Jan 24;13:26.
J Am Coll Cardiol. 2013 Oct 22;62(17):1580-4.



HPS2-THRIVE debate 4729 ROty

« A remarkably stable and exceedingly well treated population
— The lipid baseline was TC=128, LDL-C=63, TG=125, HDL-C=44. The
study participants already had a well-controlled lipid profile.

« The use of laropiprant in the niacin arm of the study increased

adverse events and/or reduced benefits.

— There’s a paucity of scientific information relating to the known pathologic
effects of PGD2. it's has been observed that laropiprant at low
concentrations may prevent the inhibitory effects of PGD2 on platelet
function, including effects on platelet aggregation and thrombus formation,
while_laropiprant at higher concentrations may attenuate platelet activation
induced by thromboxane and inhibit thrombus formation.

— Prostaglandins play a key role in the generation of the inflammatory
response. Their biosynthesis is significantly increased in inflamed tissue
and they contribute to the development of the cardinal signs of acute
inflammation. However, their role in the resolution of inflammation is more
controversial.

Eur Heart J. 2013 May;34(17):1279-91 Nat Rev Endocrinol. 2012 Sep;8(9):517-28
J Lipid Res. 2013 Oct;54(10):2586-94 Arterioscler Thromb Vasc Biol. 2011;31:986-1000



HPS-2 THRIVE: subgroup analysis

* Niacin might still be relevant for particular patient groups (patient
at high risk for vascular events who have high levels of LDL
cholesterol).

The nominally significant trend (p=0.02) toward a greater

reduction in risk in the subgroup with a higher baseline

LDL-C may be related, at least in part, to the greater reduction in the LDL-C in
that subgroup.

Study average difference (mg/dL) Niacin/laropiprant- Placebo-
Baseline characteristic LDL-C HDL-C allocated allocated Rate ratio (93% CIl)
(n=12838) (n=12835)

LDL cholestercl {mg/dL)
=58 -7 i 724 4833 (147%) 67D MOET (13.8%)

Apolipoprotein B (mg/dL)
=G0

N Engl J Med. 2014 Jul 17;371(3):203-12



NIACIN MECHANISM AND
FUNCTIONAL HDL-C



Niacin Mechanism
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Nat Rev Endocrinol. 2012 Sep;8(9):517-28



Niacin increases functional HDL-C

Adiponectin
Production

ABCA1 | ApoA-l
Production! Production

Dysfunctional HDL

Fig.8. Mechanisms underlying increases in functional and dysfunctional HDL by statins.

Statins elevate pre-HDL-producing ability via the production of ApoA-I, ABCAI and adipo-
nectin to increase functional HDL. On the other hand, statins may produce dysfunctional HDL
by CETP inhibition. Whether HDL produced by a statin is functional is determined by a bal-
ance between CETP inhibitory ability and pre-3-HDL-producing ability.

Abbreviations: ApoA-I, apolipoprotein A-I; ABCAI1, ATP-binding cassette transporter Al;
CETP cholesteryl ester transfer protein.




Niacin increases ApoA-I in diabetic patients

For T2DM patietns under optimal rosuvastatin therapy, a randomization
was performed for rosuvastatin alone or rosuvastatin plus niacin ER for

12 weeks.
Compared with rosuvastatin alone, add-on niacin could additionally
Increase HDL-C and ApoA-I. A : Niacin+Rosuvastatin

m: Placebo+Rosuvastatin
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Rosuva. Plus Niacin_vs. Rosuva.:
HDL cholesterol(mmol/L): 1.17+£0.06 vs. 1.00+0.04, p<0.001
ApoA-1(g/L): 1.41£0.06 vs. 1.31+0.05, p=0.020

Arterioscler Thromb Vasc Biol. 2014 Feb;34(2):427-32



Effects of Apo-Al vs LDL interventions on
coronary atherosclerosis by IVUS

Apo Alyino Intensive Statin Treatment
or rHDL Up to 53% reduction LDL-C for 2 years
for 4-5 weeks REVERSAL®

Pravastatin 40 mg
540 days

+
e
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a. Nissen SE, et al. JAMA. 2003;290:2292-2300. Mean LDL-C (mg/dL)
b. Tardif JC, et al. JAMA. 2007;297:1675-1682.
c. WaksmanR, et al. / Am Coll Cardiol. 2010;55:2727-2735.
d. Nissen SE, et al. JAMA. 2006;295:1556-1565.
e. Nissen SE, et al. JAMA. 2004;291:1071-1080.




Niacin increases functional HDL-C
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Niacin increases functional HDL-C

Increasing plasma HDL-C by Increasing plasma HDL-C by
increasing the number of increasing the size and cholesterol
lipid-poor nascent HDL particles content of existing HDL particles

© Unesterified cholesterol ~ @ Cholesterylester @ Phospholipid @ APOA1  @= Triglyceride

Nat Rev Drug Discov. 2014 Jun;13(6):445-64.



Cholesterol Removal From Vulnerable Plagues

Free cholesterol ApoA-| T ABCA1

. T SRB1
Cholesteryl esters Phospholipid ABCG1

Lipia-laden
macrophage

Circulation. 2013 Sep 3:128(10):1112-21



Niacin significantly increases ApoA-I
and SR-Bl-mediated efflux

* ER niacin therapy in patients with a history of primary
dyslipoproteinemia had a beneficial effect on SR-BI-
mediated efflux and that it was related to the change in
level of HDL-C.

Table 2 High-density lipoprotein cholesterol component’s change from baseline

Extended-release niacin Crystalline niacin Placebo

HDL-C
mmol [95% CI] 0.50 [0.30 to 0.69]* 0.67 [0.33 to 1.00]* 0.02 [0.00 to 0.05]
mg/dL [95% CI] 19.4 [11.9 to 27.0] 26.2 [13.2 to 39.2] 7 [0 to 1.6]
HDL,-C
mmol [95% CI] 0.17 [0.07 to 0.28]* 0.22 [0.10 to 0.33]* —0.1 [—0.04 to 0.02]
mg/dL [95% CI] 6.8 [2.9 to 10.8] 8.4 [3.8 to 13.0] ~0.4 [-1.8 to 0.9]
HDL,-C
mmol [95% CI] 0.31 [0.21 to 0.41]* 0.52 [0.26 to 0.78]* 0.05 [0 to 0.11]
mg/dL [95% CI] 12.0 [8.1 to 16.0] 20.2 [10.2 to 30.3] 2 [-0.2 to 4.2]
ApoA-I (mg/dL) [95% CI] 27.8 [19.3 to 36.2]* 32.6 (17.5 to 47.6)* 4.6 [—1.1 to 10.2]
Cholesterol efflux (%) [95% CI] 2.7 [1.1 to 4.4]* 3.4 [0.6 to 6.2]* 0.2 £ 3.5[-1.2 to 2.3]

ApoA-I = apolipoprotein A-I; CI = confidence interval; HDL-C = high-density lipoprotein cholesterol.
*Statistically significantly (P < 0.001).

J Clin Lipidol. 2007 Dec;1(6):614-9.



Niacin Promotes Cholesterol Efflux
via ABCA1 pathway

« Niacin may promote cholesterol efflux from adipocytes to
ApoA-I via activation of the PPAR-LXR(-ABCA1l
pathway

* Cholesterol efflux rate was increased in a dose-
dependent manner with increasing concentrations of
niacin.
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DEBATE ON ADA GUIDELINE
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LIPID MANAGEMENT

e Combination therapy (statin/niacin)
has not been shown to provide ad-

ditional cardiovascular benefit above
statin therapy alone and may in-
crease the risk of stroke and is not
generally recommended.

J Diabetes. 2017 Jan 10
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AIM-HIGH study)’t il
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HDL-C Ievels <32 mg/dl

&,’FH@S&EA #1880 (placebo) - Add-on NiacinBI#ZL1=36%
primary CV outcomeB9tE %} @l fzE (25.0% versus 16.7%, p =
0.032)

AIM-HIGH (n=3414) [6162]  ER niacin titrating to 15
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Cardiovasc Diabetol. 2014 Jan 24;13:26._
J Am Coll Cardiol. 2013 Oct 22;62(17):1580-4.
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Table 4. Primary, Secondary, and Tertiary End Points.

Flacebo Extended-Release Hazard Ratio
plus Statin Miacin plus Statin with Miacin
End Point [N=1696) (N= l?l'i] (95% Cl) P Value*
r of patierts |r. ercent|

ernic strokes: 13 (1. l_l (1.7) 1.61 (0.89-2.90]

N Engl J Med. 2011 Dec 15;365(24):2255-67
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« 2010 Atherosclerosis meta-analysis#Jodds ratio#~
- NiacinHER a5 7 5l B 4H B 3 0 4H 2 =5 PR p & [ P
(OR=0.74, p=0.007)

Treatment Control
Study niN N

Guyton JR et al 0/676 17272
AFREGS 0/71 2/72
ARBITER-2 0/87 1/80
HATS 0/38 2/38
STOCKHOLM 6/279 5/276

CDP 95/1119 31172789 E 3
<>

Total
Test for heterogenety: P=0.27,1*=219%
Test for overall effect: P =0.007)

Subtotal excluding CDP B -

014 02 05 1 2
log-scale

Atherosclerosis. 2010 Jun;210(2):353-61.
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able 5. Association of Risk Factors With Ischemic Stroke
and Composite of Ischemic Stroke and TIA by Multivariate

AALYSIS
Parameter Hazard Ratio (95% CI)
« Although there were numerically Ischeic stroke
more ischemic strokes with addition Ap0ovs GOy 593 (1827759
. . History of stroke/TIA/presence 2.18 (1.23-3.88)
of ERN to simvastatin that reached of carotid disease
C 0 L Lp(a) by tertiles
n0m|nal Slgnlflcance_’ the number Highest vs lowest tertile 2.31(1.00-5.30)
was small, and multivariable Middle vs lowest tertile 2.80 (1.25-6.26)
analySiS accounting for known riSk Randomization assignment
. . . Combination vs statin alone 1.74 (0.97-3.11)
factors did not support a significant schermic stroke or TIA
association between niacin and Age >65 vs <65 y 2.56 (1.54-4.27)
i S Ch emi C Str Ok e ri Sk History of stroke/TIA/presence 2.76 (1.74-4.38)

of carotid disease

Lp(a) by tertiles
Highest vs lowest tertile 2.30(1.19-4.42)
Middle vs lowest tertile 2.49(1.31-4.73)

Cl indicates confidence interval; and TIA, transient ischemic attack.

Stroke. 2013 Oct;44(10):2688-93



