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Muscle Adverse Events
with Statin Therapy

Myalgias O0to 10%

Myopathy

. ~1 %
(Symptoms + CK elevation)

Rhabdomyolysis Less than 1/500










Simvastatin Warnings

Do not use Simvastatin 80 mg/day
— Unless > 12 months without side effects
Do not exceed 10 mg simvastatin daily
Verapamil
Diltiazem
Do not exceed 20 mg simvastatin daily
Amlodipine
Ranolazine
Amlodipine
Caution Simva + Niacin (> 1gm/d) in Chinese




Statins and Incident Diabetes
Meta-Analysis

Sattar Lancet 2011; 375: 735



Incident Diabetes and CVD Relative Risk
According to Statin Potency

Preiss JAMA 2011; 305: 2556



Statin Safety Summary

Liver Function abnormal
0.5 % > 3x ULN—assess patient

Muscle

Myalgia (5% -15%)—consider non statin causes
Myositis (<1%, myalgias, CK >5X to 10 X ULN)
Rhabdomyolysis (0.2%, CK>10 X ULN)

Serum creatinine, urine for myoglobin, IV fluids

Blood glucose increase

Diabetes risk outweighed by CVD benefit
Metabolic syndrome factors very important

Memory loss
Not well substantiated for statin users




FDA Guidance to Industry
Developing Drugs for Diabetes
Treatment and Prevention

“The objective of lipid-altering therapy is not
merely to alter serum lipids but to dminish the

morbidity and mortality from cardiovascular
disease and/or pancreatitis that is associated
with abnormal serum lipid levels”

“ Lipid altering agents should be shown to have
a relatively low incidence of adverse effects priorto approval

for marketing.”

Psaty JAMA 2008; 299: 1474




CETP Safety

®* Torcetrapib
— BP increase 4 mm Hg
— Hyperaldosteronism in some patients
— Harm in clinical trial (ILLUMINATE)

®* Dalcetrapib
— Clinical outcomes trial no benefit (DALOUTCOMES)

®* Anacetrapib




Lomitapide Safety

® Liver Function Test Abnormalities

®* Hepatic Steatosis




ALT, AST and Hepatic Fat
Lomitapide Therapy in Homozygous FH

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/EMDAC/UCM323841.pdf



Mipomersen Safety

_iver Function Test Abnormalities

Hepatic Steatosis
Injection site reactions

Immunity




ALT Change and Mipomersen
Therapy 12 Months or Longer

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/EMDAC/UCM323927.pdf



Therapy 12 Months or Longer

Liver Fat Content and Mipomersen

jusjuon) 1By juaniad

Weeks since Start of Treatment

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/EMDAC/UCM323927.pdf



LDL-C Level and CVD Risk

°* LDL-C to CVD risk relationship
* Relative Risk Reduction

* Number needed to treat (NNT)
®* Cost per event prevented




Serum Cholesterol and CHD Death
MRFIT Screenees

Relative Risk

3.42

2.21

1.73

1.29

Referent

<182 182-202 203-220 221-244 >244

Cholesterol Quintile (mg/dL)




Cholesterol Level and Mortality
17,718 Whitehall Study Men 40-64 Years
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Rose Lancet 1980; p523



25 Year CHD Mortality in 12,467 Men age 40-59 yr
/ Countries Study

CHD Mortality (%)

Cholesterol
(mg/dl)

Verschuren JAMA 1995; 275: 131



HMG-CoA Reductase Inhibitor Evidence:
Primary Prevention and LDL-C on Therapy
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AFCAPS= Air Force/Texas Coronary Atherosclerosis Prevention Study, ASCOT= Anglo-
Scandinavian Cardiac Outcomes Trial—Lipid Lowering Arm, LDL-C=Low density
lipoprotein cholesterol, WOSCOPS= West of Scotland Coronary Prevention Study

O’ Keefe JH Jr et al. JACC 2004;43:2142-2146 and Ridker N Engl Med 2008



LDL-C Bias and Error
College of American Pathology Survey

Vesper Clin Chem 2012; 58: 523



CTT Meta-Analysis 2010: |1 mmol/L LDLc and Mortality
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CTT Meta-Analysis 2010: |1 mmol/L CVD Effect by Baseline LDL-C
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LDL-C Lowering, NNT and CVD Prevention Costs

Pravastatin
Vs
Placebo

WOSCOPS
(1° Prevent)

Hi Atorva
VS
Lo Atorva

TNT
(2° Prevent)

Statin +
IMPROVE-IT  Ezetimibe
(High risk) Vs

Statin

Statin +

Amab

Vs . . 756,000
Statin

ODYSSEY
(HeFH)

Statin +
Emab
VS
Statin

972,000

*Ezetimibe cost $1000/yr, PCSK9 cost $12,000/yr







Investigational Products

Monoclonal Antibodies

Alirocumab (Praluent)

Evolocumab (Repatha)

Bococizumab (PF0490615, RN316)

LY3015014
Other PCSK9 biologics

ALN-PCS (siRNA)

Peptide-based vaccines

Company

Sanofi
Regeneron

Amgen

Pfizer
Rinat

Lilly

Alnylam, The
Medicines Co

Stage of
Development

Approved

Approved

Phase Il — on hold

Preclinical
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Intervention

Intervention
mAb added to s.table atorva dose of % Change B added to stable statin and % Change
10-40 mg QD with LDL-C 2100 LDL-C LDL-C > ~85 mg/dL LDL-C

mg/dL

n=631, Duration = 12 wks

Evolocumab 70 mg Q2W

n=183, Duration = 12 wks

Alirocumab 50 mg Q2W

Alirocumab 100 mg Q2W

Evolocumab 105 mg Q2W

EvolGeuivaly 160 rayg G2 667

Alirocuinea 150 myg J2'W

Alirocumab 300 mg Q4W Evolocumab 280 mg Q4W
| RN volocumab 350 mg QW

Evolccuinal 520 3 QAW



Administration of Q2W and Q4W mADb

Evolocumab 420 mg SC OR
3 x 1ml 140 mg SC autoinjections 1 x 3.5 ml (120 mg/ml) autoinjection
Alirocumab 75 mg and 150 mg SC 27 g needle

Evolocumab 140 mg SC



Intervention % Intervention %

8 wks, n=92 Change 52 wks, n=901 Change

Baseline LDL-C = 122 mg/dL LDL-C  poseline LDL-C = 104 mg/dL LDL-C

Lifestyle only
Evolocumab 420 mg Q4W

Atorvastatin 10 mg QD + oy Atorvastatin 10 mg QD + -
Alirocumab 150 mg Q2W i Evolocumab 420 mg Q4W 1
Y,

Atorvastatin 80 mg QD -56%

: _ Y,
Atorvastatin 80 mg QD + Atorvastatin 80 mg QD +

_7120
Alirocumab 150 mg Q2W 7% £ Evolocumab 420 mg Q4W 5%

Atorvastatin 80 mg QD +
Ezetimibe 10 mg QD +
Evolocumab 420 mg Q4W

-57%










Patients

Mean age 31 Evolocumab Sitferench
CHD =38%
Rx: high intensity statin + ezetimibe (no aphresis) 420 mg Q4W

Mean baseline LDL-C = 349 mg/dL

All subjects (50) -30.9% <0.0001
Receptor defective/defective (n=5) “ 0.0006

Receptor defective/negative (N=3) -24.5% 0.0128
Receptor negative/negative (n=1) 10.3% “




LDL-C Goal

Intervention Baseline LDL-C LDL-C Change Brtainmert

HeFH Patients
Evolocumab 420 mg SC Q4W" 155 mg/dL -61% 63%
Alirocumab 75 mg SC Q2W (% prn)2 148 mg/dL -58% 70%

Statin Intolerant Patients

Evolocumab 420 mg SC Q4W> 192 mg/dL -55% 82%
Alirocumab 75 mg SC Q2W (tprn)4 191 mg/dL -45% 41%
High Risk, Not at Desirable LDL-C Patients

Evolocumab 420 mg SC Q4W’ 110 mg/dL -65% 93%
Alirocumab 75 mg SC Q2W (T prn)6 109 mg/dL -51% 77%

Monotherapy Patients
Evolocumab 420 mg SC QawW’ 144 mg/dL -56% 69%
Alirocumab 150 mg SC Q2W*° 123 mg/dL -66% 93%



Patients

Evolocumab 140 mg SC Q2W or

420 mg SC QM?
(baseline LDL-C = 120 mg/dL)

Alirocumab 150 mg SC Q2W?
(baseline LDL-C = 123 mg/dL)

% LDL-C A
At 12/24 wks

-61% (P<0.001)*

-62% (P<0.001)!

% LDL-C A
At 48/72 wks

-61% (P<0.001)

-56% (P<0.001)




Apo

Treatments LDL-C nonHDL-C ApoB  Lp(a) TG HDL-C Al

Evolocumab!? 7.0% 4.2%

Alirocumab?







Odyssey

Long Term’
(n=2341 pts, 72 weeks)

Osler!
(n=4465 pts, 48 weeks)

Adverse Event




17.0% 12.7% 10.1% 16.7%




Global Safe[y Pool Placebo-Controlled Studies Ezetimibe-Controlled Studies

[ v | e | woms | e
New Onset Diabetes

Baseline normoglycemia 0.1% 0.3% 0.4% 0%
(FBG < 100 mg/dL) n=718 =365 n=223 =174

n n
Baseline impaired fasting glucose 5.7% 3.8% 3.9% 3.3%
(FBG 100-126 mg/dL) n=865 n=420 n=333 n=243

New Onset Impaired Fasting Glucose

Baseline normoglycemia 31.2% 26.6% 26.5% 24.1%
(FBG < 100 mg/dL) n=718 n=365 n=223 n=174
Reverted to Normoglycemia

Baseline impaired fasting glucose 20.6% 18.1% 28.2% 31.7%
(FBG 100-126 mg/dL) n=865 n=420 n=333 n=243




Global Safety Pool Placebo-Controlled Studies Ezetimibe-Controlled Studies

Alirocumab Placebo Alirocumab Ezetimibe
n-2476 n=1276 n-864 n-618
e o | s

0.5 (066141 143076269




Global Safety Pool Phase II/1ll Studies Open-label year 1

Any control Evolocumab Jole Evolocumab
n=2080 n=3946 n=1489 n=2976
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% (n) of patients

All patients on background of max tolerated Alirocumab Placebo
P & (n=1550) (n=788)

statin = other lipid-lowering therapy

CV events confirmed by adjudication 1.7% (27)
Non-fatal Ml 0.9% (14)
Fatal + non-fatal ischaemic stroke
Unstable angina requiring hospitalisation n 0.1% (1)




Cumulative probability of event

—— Placebo + maximally tolerated statin + other LLT
—— Alirocumab + maximally tolerated statin + other LLT

1.0+ 0.06
MACE
Placebo = 3.3%
0.8 = 0.04 4 Alirocumab = 1.7%

0.6+ 0.02 -

0.4+ 0.00 s | T T T T 1
0 12 24 36 52 64 7THBEG
0.2 - Cox model analysis
: Hazard ratio, 0.52, 95% CI 0.31-0.90
Nominal p=0.02
0.0 T T T T T T ?_ 1
0 12 24 a6 52 64 78 86

Time (weeks)



CV Events
SOC = 2.18%
Evolocumab = 0.95%

Kaplan-Myer estimates at 1 yr
Hazard ratio, 0.47; 95% ClI, 0.28-0.78
p=0.003



Alirocumab

ODYSSEY OUTCOMES

(NCT01663402)

Enrolling post-acute Ml or hospitalized UA w/in 12 mon; Rx w/
atorvastatin 40/80 mg/d, rosuva 20/40 mg/d or max tolerated; LDL > 70,
nonHDL > 100, or apo B > 80; Endpoint — time to ASCVD event; n=18,000;
est completion January 2018

Evolocumab

Fourier
(NCT01764633)

Glagov
(NTC01813422)

Bococizumab

Sprire-1
(NCT01975376)

Spire-2
(NCT01975389)

Enrolling MI, CVA, or PAD + RF; Rx with atorvastatin > 20 mg or equivalent;
LDL > 70 or nonHDL > 100; Endpoint — time to 15t ASCVD event; Rx w/ evo
140 Q2W or 420 mg QM vs placebo; n=22,500; est completion October
2017

IVUS study enrolling pts with evidence for coronary stenosis; LDL > 80 or
60-80 w/ RF; Rx w/ statin, niacin or eze; Rx evo 420 mg SC QM for 72 mon;
n=950

Enrolling high risk CVD event; LDL 70-100 or nonHDL 100-130; on LLRx;
Randomized to Boco 150 mg SC Q2W vs placebo; n=12,000; est
completion April 2018

Same as above except LDL > 100 or nonHDL > 130; n=6300; est completion
January 2018










An analysis of 170,000 Patients in 26 statin RCT

Reduction in Major Vascular Events
(nonfatal MI, CHD death, stroke, revascularization)

Baseline RR per 39 mg/dL¥ in LDL-C
<78 mg/dL -22%
79-97 mg/dL -23%
98 to 117 mg/dL -23%
118 to 136 mg/dL -24%

> 137 mg/dL -20%

OVERALL -22%




-44%0 -38%0 -49%%0



Baseline Attained

(o)
Intervention Mean s fll;f_r;ge Mean
LDL'C (mg/dL) LDL'C (mg/dL)

Alirocumab 150 mg Q2W* 34
(min, max = 10, 63)

Evolocumab 420 mg Q4W?










ATP Citrate Lyase Inhibition—A New
Mechanism for LDL-C Reduction

Christie M. Ballantyne, MD

Center for Cardiovascular Disease Prevention
Houston Methodist DeBakey Heart & Vascular Center

Baylor College of Medicine

Houston, Texas

Methalist

DeBakey Heart
& Vascular Center




ETC-1002

 Mechanism of action
« Efficacy on lipids
— Monotherapy
— Statin-intolerant patients + ezetimibe

— Added to background statin therapy




ETC-1002
Pharmacologic Properties

Oral, once-daily small molecule

Half-life: 15-24 hours

Target organ: Liver

— Minimal metabolism in preclinical and clinical studies
— Primary biliary and minimal kidney excretion

No competitive liver uptake with statins (e.g. OATP1B1)

MOA: Inhibits ATP-citrate lyase (ACL) and activates
AMP-activated protein kinase (AMPK)




ATP-Citrate Lyase

HISTORICAL PERSPECTIVE

1960s: (-)-hydroxycitrate identified as an ACL inhibitor by Watson
and Lowenstein

1970s: Roche characterized (-)-hydroxycitrate and analogues for
Inhibition of cholesterol and fatty acid synthesis

1980s-1990s: Multiple large pharmaceutical companies initiated
ACL inhibitor discovery programs

1990- 2000s: Programs halted due to the inability to synthesize
Inhibitors that were bioavailable and cell permeable

Groot et. al. Curr. Med. Chem. — Imun., Endoc. & Metab. Agents, 2003, 3, 211-217




Crucial role of ACL as a precursor supplier
for both fatty acid and cholesterol synthesis

ACL
Citrate = Acetyl-CoA

A
| ACC | b
synthase

Malonyl-CoA  HMG-CoA

ek HMG-CoA
cycl Fatty acld reduntage
synthesis
elongation Elengation
cycle Cyclization
Final changes
Y Y
Fatty acids Cholesterol

ACC, acetyl-CoA carboxylase; ACL, ATP citrate lyase; ATP, adenosine
triphosphate; CoA, coenzyme A; HMG, hydroxymethylglutaryl; TCA,
tricarboxylic acid

Mendivil CO et al. J Clin Lipidol 2015;9:384—-389.



ATP-CITRATE LYASE AND THE LDL RECEPTOR

AN ESTABLISHED MECHANISM

Cholesterol Synthesis LDL Receptor Binding
S04 (-) hydroxycitrate
120 = -y o
— E :
100 (-) hydroxycitrate g
| T 204
= 80- -
£ g t
S i < trol
S B o contro
40 — 8
a
20 — :'_
0 0.01 0.1 1 10 0 10 20 30 40
[(-)-hydroxycitrate ] mM 125].LDL added (ug/ml)

Inhibition of ATP-Citrate Lyase by(-)- hydroxycitric acid increases LDL receptor
binding in HepG2 Cell

Adapted from Berkhout et. al. BiochemJ:272 181-186 (1990)



STRATEGIES FOR ATP-CITRATE LYASE INHIBITION

CITRYL-COA MIMETICS AND IMPROVED CELL PERMEABILITY

Cell-Penetrant y-Lactone Prodrug Active ACL Inhibitor
Cl Cl
or Intracellular Conversion
- ; COOH g * Y~ g cooH
1 o Cl HO HO COOH

Lipid Synthesis

SB-204990 (-) hydroxycitrate \

Increased Potency

Adapted from Biochem. J. (1998) 334, 113+119



MECHANISM OF ACTION
ETC-1002 REDUCES LDL-C VvIA INHIBITION OF ATP-CITRATE LYASE (ACL)

ETC-1002 is converted to ETC-1002-CoA in the liver which directly inhibits ACL,
reduces cholesterol synthesis, and up-regulates LDL receptor activity



ATP-CITRATE LYASE INHIBITION BY ETC-1002

BUILDING ON THE PRODRUG CONCEPT

Coenzyme Activation by Acyl-CoA Synthetase (ACS)

Inactive Prodrug Active ACL Inhibitor
ETC-1002 ETC-1002-CoA
ACS V\L,Ylfc/-}.-{—ﬁ_:é
N .

ATP + CoA  AMP + PPi

ETC-1002 is converted to an active ACL inhibitor (ETC-1002-CoA) by
endogenous liver ACS activity



ETC-1002 INHIBITS LIPID SYNTHESIS AND
UP-REGULATES LDL RECEPTOR ACTIVITY

MCARDLE CELLS

Cholesterol Synthesis LDL Receptor Activity

Jen 8, 10,30 100 Aorya

LOLR —H'—__-:_————""-"-‘-'-‘:l
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© 08
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S 50 Em-
3
9 o.z-.
0 O 00
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ETC-1002 inhibits cholesterol and cholesteryl ester synthesis, and increases LDL receptor
protein expression and activity in McArdle cells



ETC-1002 IS RAPIDLY CONVERTED TO ETC-1002-COA

PRIMARY RAT HEPATOCYTES

ETC-1002 ETC-1002-CoA
(prodrug) (active ACL inhibitor)
__1000- e
T 3
% o ‘3 800-
° 2
£ oo §_ 6001
g 400 <
& {-'? 400
0 ) S
? 200 E 0.
= . »
o AR ﬁ;i?;?ﬁ:?eg RO 0 5101520 11:;:2 :(s:{:;t:]is 50 55 60 65
\_ % %

ETC-1002 is rapidly converted to ETC-1002-CoA in rat liver cells

Source: Pinkosky (2013)



ETC-1002-COA INHIBITS RECOMBINANT HUMAN
ATP-CITRATE LYASE

ENzYME KINETICS

ETC-1002 ETC-1002-CoA
(prodrug) (Active ACL Inhibitor)
1250+ ETC-1002 (uM)
- 0 200 - ETC-1002-CoA (uM)
& 0
&» B 12 | 2
1000{ & 27 : .
— : SRR = 600 - F 111
E B o = E & 33.3
o 750 € 100 Qo £ 100
£ e
% 2 400
= 500 E
g 3
250 = 200
Ki= N/A Ki= 2.0uM
U' T T T T 1 0 T T T T 1
0 50 100 150 200 250 0 50 100 150 200 250
[CoASH], uM [CoASH], uM

ETC-1002-CoA inhibits rhuATP citrate lyase and is competitive for coenzyme A



ETC-1002 REDUCES LIPID SYNTHESIS IN VITRO

PRIMARY RAT HEPATOCYTES

Cholesterol Synthesis Metabolites of Lipid Synthesis

1254
1004
75

50+

% Control

25

0

001 01 1 10 100 1000 01 1 10 100 1000

ETC-1002 (uM) ETC-1002 (uM)

ETC-1002 inhibits cholesterol synthesis and reduces metabolic intermediates of lipid
synthesis consistent with ACL inhibition in rat liver cells

Source: Pinkosky (2013)



ETC-1002 REDUCES LIPID SYNTHESIS IN VIVO

RAT LIVER
Cholesterol Synthesis Intermediates of Lipid Synthesis
ETC-1002 Dose Response ETC-1002 30 mg/kg
Acetyl.CoA Malonyl-CoA

P gmo Ezuno .

3 £ 200 B

E * 1000

c 1000

>

(f) 0 0

B * Vehicle ETC-1002 Vehicle ETC-1002

[ R

(%) *

(]

©

e

@)

A single dose of ETC-1002 inhibits sterol synthesis and reduces metabolic
intermediates of cholesterol synthesis inrats. n =5, * p < 0.05

Source: Pinkosky (2013)



ACYL-COA SYNTHETASES

Endogenous enzymes that catalyze the CoA thioesterification (metabolic
activation) of endogenous fatty acids

26 Acyl-CoA Synthetase (ACS) genes or isoforms identified
Differences in biological roles among genes is largely unknown

ACS isoforms differentiated by:
Fatty acid preference
Chain length (2 to ~30 carbons)
Level of saturation (saturated, monounstaurated, or polyunsaturated)
Methyl branches
Intracellular localization
Tissue expression profile (liver, adipose, skeletal muscle, etc.)



ETC-1002 MECHANISM SUMMARY

LDL-C LOWERING VIA TISSUE-SPECIFIC ACL INHIBITION

ETC-1002 inhibits cholesterol synthesis by inhibiting ACL — an enzyme upstream
of HMG-CoA reductase

ETC-1002 upregulates LDL receptors and lowers LDL-C similar to statin drugs
ETC-1002 is CoA activated by endogenous ACS activity

ETC-1002 is an inactive prodrug while its CoA activated form (ETC-1002-CoA) is
a direct inhibitor of recombinant human ACL

Studies aimed to identify the specific ACS isoform that activates ETC-1002 to
ETC-1002-CoA are ongoing



ETC-1002: PHASE 2 CLINICAL STUDIES

Short Title LDL-C Lowering* Dose Range Treatment
(N=total/ETC-1002 treated) (pbo corrected) (mg) Duration
Phase 2a in Patients with

0, 0,

003 Hypercholesterolemia (N=177/133) Up to 27% (25%) 40, 80, 120 12 Wks
Phase 2a in Patients with

005 Hypercholesterolemia and Type 2 Diabetes 43% (39%) 80, 120 4 Wks
(N=60/30)

Phase 2a in Patients with 60. 120

006 Hypercholesterolemia and a History of 32% (29%) 186 24(’) 8 Wks
Statin Intolerance (N=56/37) '

Phase 2a in Patients with 60. 120. 180

007 Hypercholesterolemia Added-on to 22% (22%) ' 24(’) ' 8 Wks
Atorvastatin 10 mg (N=58/42)

Phase 2b in Patients with Up to 30% 120, 180,

008 Hypercholesterolemia with or without (1002) 12 WKs
Statin Intolerance vs. Ezetimibe Up to 48% 120 + ezetimibe,
(N=349/249) (1002 + ezetimibe) | 180 + ezetimibe
Phase 2b in Patients with

009 Hypercholesterolemia while on Stable 120, 180 12 Wks
Statin Therapy (N=134/88)

Phase 2a in Patients with

014 Hypercholesterolemia and Hypertension 180 6 Wks

(N=143/72)

*Average LDL-C % Change from Baseline



Efficacy and safety of ETC-1002-003in
patients with hypercholesterolemia

Multicenter, randomized, double-blind, placebo-
controlled, parallel-group trial

177 patients with LDL-C 130-220 mg/dL,
stratified by baseline TG (<150 mg/dL or 150—
<400 mg/dL)

Randomized to 40, 80, or 120 mg of ETC-1002
or placebo once daily for 12 weeks

Endpoints: changes in LDL-C (primary
endpoint), other lipids, and cardiometabolic risk

factors; safety
Ballantyne CM et al. J Am Coll Cardiol 2013;62:1154-62.




ETC-1002-003: Percent Change from
Baseline in LDL-C

Stratified by Baseline Timecourse of Change
Triglycerides : (All Subjects)
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Use of ETC-1002-006 to treat hypercholesterolemia
In patients with statin intolerance

Least squares mean percent change from baseline to week 8 in calculated
LDL-C (primary endpoint). *P < .0001 based on analysis of covariance
model with effect of treatment and baseline value as a covariate..

Thompson PD et al. J Clin Lipidol 2015;9:295-304.



ETC-1002-008 PHASE 2B STUDY

OVERVIEW AND OBJECTIVES — “STATIN INTOLERANT STUDY”

ETC-1002 120 mg (n = 99)

Elevated LDL-C Patients NEIASAUZEESloRTe M(RRL0]0))

With or Without (1:1) Ezetimibe 10 mg (n = 99)

Statin Intolerance ETC-1002 120 mg + Ezetimibe 10 mg (n= 26)
ETC-1002 180 mg + Ezetimibe 10 mg (n= 24)

Screening, Washout &
5-Week Placebo Run-in {2 WeelcTreatment

o J

« Characterize the effects of ETC-1002 vs. ezetimibe in patients with (n = 177)
or without (n = 171) statin intolerance (total n = 348)
— Assess the LDL-C lowering of ETC-1002 monotherapy vs. ezetimibe (primary endpoint)
— Assess ETC-1002 dose response

— Assess additional lipid and cardiometabolic biomarkers (non-HDL-C, HDL-C, ApoB, ApoA-I,
TC, TG, hsCRP and LDL-, HDL- and VLDL- particle number)

— Assess the LDL-C lowering of ETC-1002 + ezetimibe combination vs. ezetimibe

— Characterize the safety, tolerability, and rates of muscle-related adverse events of ETC-1002,
ezetimibe and the combination

Thompson PD. Presented at ACC, San Diego, 14 Mar 2015 (moderated poster #116M-03).



DEFINITION OF STATIN INTOLERANCE (SI)

< Statin intolerance (for relevant patients only) defined as patient-reported inability
to tolerate at least 2 statins due to skeletal muscle-related symptoms (other than
those due to strain or trauma), such as pain, aches, weakness, or cramping, that
began or increased during statin therapy and resolved when statin therapy was
discontinued

« Inability to tolerate at least 2 statins must meet the following criteria:

— Inability to tolerate one statin at the lowest daily approved dose, defined as rosuvastatin 5 mg,
atorvastatin 10 mg, simvastatin 10 mg, lovastatin 20 mg, pravastatin 40 mg, fluvastatin 40 mg, or
pitavastatin 2 mg (current treatment with less than the lowest daily approved dose of a statin [i.e.,
skipping days/intermittent therapy provided that the average daily dose is less than the lowest daily
approved dose] will be considered equivalent to not tolerating one statin at the lowest daily
approved dose) AND

— Inability to tolerate another statin at any dose
« Patients NOT meeting this definition will be considered statin tolerant (ST)

Thompson PD. Presented at ACC, San Diego, 14 Mar 2015 (moderated poster #116M-03).



LDL-C REDUCTION OCCURRED WITHIN FIRST 2 WEEKS OF DOSING
AND WAS SUSTAINED OVER THE TREATMENT PERIOD

LS Mean % Change
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-=-ETC-1002 180mg +
ezetimibe 10mg

Thompson PD. Presented at ACC, San Diego, 14 Mar 2015 (moderated poster #116M-03).



ETC-1002 LOWERED LDL-C SIMILARLY IN BOTH
STATIN INTOLERANT AND TOLERANT PATIENTS

LDL-C % Change

e 2
Statin Intolerant Statin Tolerant
0 N=50 N=50 N=51 N=12 N=10 N=47 N=49 N=47 N=12 N=12
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mETC-1002 120mg ®mETC-1002 180mg
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*p<0.05 vs. ezetimibe **p<0.01 vs. ezetimibe ***n<0.0001 vs. ezetimibe

Thompson PD. Presented at ACC, San Diego, 14 Mar 2015 (moderated poster #116M-03).



_OWERING OF ATHEROGENIC LIPIDS AND
IPOPROTEINS WAS CONSISTENT WITH LDL-C
_OWERING (1002-008)

Lipid/Lipoprotein % Change
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Thompson PD. Presented at ACC, San Diego, 14 Mar 2015 (moderated poster #116M-03).



ETC-1002 ALSO LOWERED HSCRP MORE THAN
EZETIMIBE

hsCRP % Change

- ™
N=92 N=86 N=94 N=20 N=21
O .
mETC-1002 120mg
o -10 -
2 = ETC-1002 180mg
®©
L -20 -
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S ezetimibe 10mg
Q
s -40 1 mETC-1002 180mg +
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D0 o
Baseline: 1.60 2.50 2.60 1.85 1.25
- J

*p=<0.05 vs. ezetimibe **p<0.01 vs. ezetimibe

Thompson PD. Presented at ACC, San Diego, 14 Mar 2015 (moderated poster #116M-03).




INCONSISTENT CHANGES WERE NOTED IN HDL
PARAMETERS

HDL Parameter % Change

Treatment Group Baseline Week 12 % Change from Baseline

Mean (SD) Mean (SD) | s Mean (SE) p-value
vs. ezetimibe

HDL-C (mg/dL)

ETC-1002 120mg 97 54 (16) 50 (15) -5.84% (1.4) <0.0001
ETC-1002 180mg 99 52 (13) 50 (16) -4.80% (1.4) <0.0001
Ezetimibe 10mg 98 49 (12) 51 (13) 5.00% (1.4)

ETC-1002 120mg + eze 10mg 24 52 (15) 50 (15) -3.08% (2.8) 0.0111
ETC-1002 180mg + eze 10mg 22 50 (16) 49 (20) -3.72% (3.0) 0.0082

Thompson PD. Presented at ACC, San Diego, 14 Mar 2015 (moderated poster #116M-03).




INCONSISTENT CHANGES WERE NOTED IN HDL
PARAMETERS

HDL Parameter % Change

Treatment Group Baseline Week 12 % Change from Baseline

Mean (SD) Mean (SD) | s Mean (SE) p-value
vs. ezetimibe

ApoA-I (mg/dL)

ETC-1002 120mg 92 161 (28) 159 (25) -0.19% (1.1) 0.1811
ETC-1002 180mg 86 160 (28) 159 (30) 0.13% (1.2) 0.2610
Ezetimibe 10mg 94 152 (25) 154 (23) 1.97% (1.1) -
ETC-1002 120mg + eze 10mg 20 164 (30) 156 (27) 2.77% (2.4) 0.0804
ETC-1002 180mg + eze 10mg 21 154 (20) 149 (25) -4.09% (2.4) 0.0221
HDL Particle Number (pmol/L)

ETC-1002 120mg 92 34 (7) 35 (6) 5.00% (1.3) 0.3769
ETC-1002 180mg 83 33 (6) 35 (7) 6.19% (1.4) 0.8061
Ezetimibe 10mg 93 32 (5) 34 (6) 6.66% (1.3) -
ETC-1002 120mg + eze 10mg 19 35 (7) 37 (7) 7.34% (2.9) 0.8333
ETC-1002 180mg + eze 10mg 20 33 (5) 35 (5) 5.10% (2.8) 0.6169

Thompson PD. Presented at ACC, San Diego, 14 Mar 2015 (moderated poster #116M-03).




ETC-1002'S EFFECT ON TRIGLYCERIDES
APPEARS TO BE NEUTRAL

Triglyceride % Change

Treatment Group n Baseline Week 12 % Change from Baseline

‘ ‘ Median ‘ Median Median (IQR) p-value

vs. ezetimibe

Triglycerides (mg/dL)
ETC-1002 120mg 97 136 143 0% (42) 0.1110
ETC-1002 180mg 99 161 160 -3% (46) 0.5428
Ezetimibe 10mg 98 163 146 -7% (35)
ETC-1002 120mg + eze 10mg 24 154 131 -19% (25) 0.2235
ETC-1002 180mg + eze 10mg 22 158 130 -12% (37) 0.3546

Thompson PD. Presented at ACC, San Diego, 14 Mar 2015 (moderated poster #116M-03).




MUSCLE-RELATED AES WERE SIMILAR BETWEEN
THE GROUPS IN STATIN INTOLERANT PATIENTS

Number (%) of Patients

Muscle-Related
Treatment Emergent
Adverse Events (AES)

ETC-1002

120mg
N=51

ETC-1002
180mg
NESYE

ezetimibe

10mg
N=51

ETC-1002

120mg

ETC-1002
180mg

+ eze 10mg | + eze 10 mg

N=12

N=12

Overview of Muscle-Related AEs in Statin Intolerant Patients
Any Muscle-related AE 7 (14%) 6 (12%) 9 (18%) 2 (17%) 2 (17%)
Leading to Discontinuation 1 (2%) 2 (4%) 4 (8%) 0 0
Muscle-Related AE(S) in Statin Intolerant Patients by MedDRA Preferred Term
Muscle spasms 3 (6%) 2 (4%) 1 (2%) 0 0
Muscular weakness 2 (4%) 1 (2%) 1 (2%) 0 0
Musculoskeletal chest pain 0 1 (2%) 0 0 0
Musculoskeletal stiffness 0 0 1 (2%) 0 0
Myalgia 2 (4%) 1 (2%) 6 (12%) 2 (17%) 1 (8%)
Pain in extremity 1 (2%) 1 (2%) 3 (6%) 0 1 (8%)
Sensation of heaviness 0 0 1 (2%) 0 0

Pre-specified analysis of all Musculoskeletal and Connective Tissue Disorders AE

terms except arthralgia, back pain, bone pain, bunion, bursitis, groin pain,

intervertebral degeneration, intervertebral disc protrusion, joint stiffness, joint swelling,
neck pain, osteoarthritis, plantar fasciitis, rotator cuff syndrome, and synovial cyst.

Thompson PD. Presented at ACC, San Diego, 14 Mar 2015 (moderated poster #116M-03).



LABORATORY

Lab Abnormality
(Repeated and Verified)

ALT or AST >3 x ULN

ETC-1002
120mg
N=99

1 (1%)

Number (%) of Patients

ETC-1002

180mg
N=100

2 (2%)

ezetimibe

10mg
N=99

1 (1%)

ETC-1002

120mg

+ eze 10mg

N=26
1 (4%)

ETC-1002
180mg
+ eze 10 mg
N=24

CK>5xULN

1 (4%)

Lab Parameter

Mean (SD) at Baseline and Week 12

Uric Acid Baseline 5.8 (1.3) 6.0 (1.3) 5.8 (1.4) 6.3 (1.3) 5.9 (1.4)
Week 12 6.8 (1.5) 7.0 (1.6) 5.7 (1.6) 6.9 (1.5) 7.0 (1.5)
Homocysteine | Baseline 11.5 (3.3) 11.3 (2.9) 12.0 (4.1) 11.4 (2.7) 11.1 (3.1)
Week 12* | 13.5(3.9) 13.6 (3.7) 11.5 (3.5) 12.9 (3.3) 13.5 (4.6)
Hemoglobin Baseline 14.4 (1.2) 14.3 (1.2) 14.2 (1.2) 14.3 (1.6) 14.4 (1.5)
Week 12 13.9 (1.3) 13.9 (1.1) 14.1 (1.1) 13.9 (1.3) 13.9 (1.4)
Alkaline Baseline 77 (20) 82 (22) 79 (22) 83 (20) 74 (19)
Phosphatase Week 12 62 (14) 65 (16) 80 (21) 70 (19) 60 (16)

Normal range for uric acid (3-7F/4-8.5M mg/dL); homocysteine (6-15 pmol/L);
hemoglobin (12-16%/13.6-18M g/dL); and alkaline phosphatase (37-116 U/L)

Thompson PD. Presented at ACC, San Diego, 14 Mar 2015 (moderated poster #116M-03).




ETC-1002-008 STUDY

SUMMARY

« This was the largest ETC-1002 clinical study completed to date (n=348)

« |n patients receiving ETC-1002 monotherapy:

— LDL-C lowering of up to 30% with ETC-1002 — significantly more LDL-C
lowering than ezetimibe

— hsCRP lowering of up 40% with ETC-1002 — significantly more hsCRP
lowering than ezetimibe

— ETC-1002 appeared to be safe and well tolerated
* |n patients receiving ETC-1002 and ezetimibe:
— LDL-C lowering of up to 48%
— The combination appeared to be safe and well tolerated
» |n patients treated with ETC-1002, including those with statin intolerance,
there was no increases in muscle-related adverse events as compared to
ezetimibe

Thompson PD. Presented at ACC, San Diego, 14 Mar 2015 (moderated poster #116M-03).



"ETC-1002 Incrementally Lowers Low Density
Lipoprotein-Cholesterol in Patients with
Hypercholesterolemia Receliving Stable Statin

Therapy"

to be presented at AHA Scientific Sessions, 9
November 2015.




Summary

* In phase 2 studies, ETC-1002 has been shown
to reduce LDL-C as monotherapy, combined
with ezetimibe, and added to statin therapy

Although rodent studies had suggested potential
effects of inhibition of ATP citrate lyase on both

fatty acid synthesis and cholesterol synthesis,
the clinical profile in humans shows major effect
IS on cholesterol synthesis

Phase 3 program will be needed to gain more
iInformation on both efficacy and safety in a
larger patient population with longer exposure




Clinical Lipidology: A Subspecialty
Whose Time Has Come

Carl E. Orringer, MD, FACC, FNLA




Goals of Today’s Presentation

To define the subspecialty of Clinical Lipidology
To identify major ongoing clinical controversies in our field

To define the scope of knowledge required for excellence in clinical
lipidology consultation as defined by the NLA Core Curriculum

To discuss the educational initiatives designed by the NLA to
enhance the knowledge base of clinical lipidology consultants

To explore the steps that have been taken by the ABCL and ACCL
to document academic proficiency in Clinical Lipidology

To review current obstacles to the recognition of clinical
lipidologists as subspecialists and suggest solutions

To define the steps that are being taken by the NLA to achieve
external recognition of Clinical Lipidology as a subspeciality
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Definition of Clinical Lipidology

 An academic discipline focused primarily on knowledge
of the pathophysiology, diagnosis and management of
lipid and lipoprotein disorders to reduce or prevent
detrimental clinical consequences

* Primary focus on ASCVD prevention, but also on
prevention and treatment of triglyceride-related
complications (pancreatitis, hepatosplenomeqgaly,
xanthomas); and of disorders due to severely
compromised lipid transport (fat soluble vitamin
deficiencies, central and peripheral neuropathy and
growth retardation).
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Which Health Professionals
are Involved?

e Basic and clinical researchers

« Academic and practicing primary and subspecialty care
physicians

 Pharmacists

* Registered dietitian-nutritionists

e EXercise physiologists

 Nurses

* Nurse educators

* Health behavior professionals

www.lipid.org



Current Patient Care Controversies In the
Domain of the Clinical Lipidiologist

Which guidelines should be used and when?

Should the main focus be on statin adherence or on reduction
of atherogenic cholesterol?

|s statin dosage titration proven and useful?
Should we set lipid/lipoprotein goals?

How often and with what objective(s) should lipid/lipoprotein
monitoring be performed?

Can we support the viewpoint that “lower is better"?
When should non-statins be used?
How do we best define success or failure of therapy?

When should population-based versus individualized lipid
management be used?

6
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More Lipidology Controversies

« How is ASCVD risk best estimated?
 |s risk factor counting of value?

 Are risk calculators of value, and if so, when and which
one?

e Is long-term risk defined enough to be of value?

 \When should blood biomarkers and/or subclinical
atherosclerosis testing be done?

e When, at what level, and how should TG be addressed?

 What is the best strategy for lipid management in special
populations?

7
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Special Populations

e Children and adolescents
e Older patients
 \Women throughout the lifespan

e Ethnic groups: African-Americans, Hispanics, south
Asian Indians, American Indians/Alaska natives, others

o Patients with chronic inflammatory states
e HIV patients

o Patients with progressive ASCVD despite evidence-
based therapy

www.lipid.org



Key Drivers of Clinical Lipidology
Education in the U.S.

 The National Cholesterol Education Program
Adult Treatment Panels I, Il and Il

 The American College of Cardiology/ American
Heart Association

 The National Lipid Association

www.lipid.org



The Role of the NLA In
Clinical Lipidology Education




History of the NLA

1997: Southeast Lipid Association (SELA) was established by
a group of pioneering lipid researchers and clinicians

2000: SELA BOD voted to formulate a national association to
promote the specialization of Clinical Lipidology

. . . . Southeast Lipid
2002: NLA officially incorporated in Florida as a 501(c)6 non- Association
profit professional membership organization
Today...
5 Regional Chapters: Southeast, Northeast, Midwest, Southwest,
Pacific

« 3,000+ members

 Regularly issues recommendations, position statements,
consensus statements, clinical practice tools, patient education
materials...

www.lipid.org



NLA Core Curriculum (Updated July 2015)

e A collated outline developed by a committee of NLA
academicians that enumerates and classifies a
series of topics, the working knowledge of which
serves as a basis for expertise in the management
of lipid disorders and facilitates

— High quality patient care

— Educational activities to enhance provider
knowledge

— The identification of core competencies of
Individuals involved in lipid management

www.lipid.org



NLA Clinical Lipidology Core Curriculum

Classification, measurement and metabolism of lipids
and lipoproteins

Pathophysiology and vascular biology of atherosclerosis
Pathophysiology and diagnosis of genetic dyslipidemias

Evidence-based medicine and clinically applicable
statistical methods

Identification and clinical significance of dyslipidemia-
related risk factors, risk assessment tools, novel risk
markers and subclinical atherosclerosis testing

The appropriate use of national and international lipid
management recommendations
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NLA Clinical Lipidology Core Curriculum

Dietary, exercise and behavioral interventions for
dyslipidemia prevention and treatment

Pharmacologic lipid therapy, including knowledge of drug
metabolism, interactions and management of drug-
related side effects, and the use of drugs for rare lipid
disorders

An understanding of indications for, expected benefits of,
and patient safety issues related to LDL apheresis

Dyslipidemia management in patients with other ASCVD
risk factors and other complicating medical conditions

Management of lipid disorders in special populations

14
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NLA Educational Activities
to Promote Clinical Lipidology

 NLA Annual Meeting and regional Clinical Lipid Updates
 NLA enduring materials (JCL, Lipid Spin)
 NLA self-assessment programs

 Web-based education (Lipid Insights; LipidEducation.com;
NLA slide sets)

« Masters in Lipidology

e Lipid Academy

e Lipid Insights

e JCL Annual Summary of Clinical Lipidology

15
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The Journal of Clinical Lipidology

First edition 2007

Bimonthly Elsevier
journal

e Focuses on science and
practice of Clinical
Lipidology

e Available in print, web or
as I0S/Android app

Editor in Chief: W. Virgil Brown, MD, FNLA

16

www.lipid.org



The Journal of Clinical Lipidology

 Included in Medline and
PubMec

e 2014 impact factor 3.904
(83 %-ile of 254
journals in pharmacy and
pharmacology)

 Average monthly article
downloads: 6, 615




LipidSpin

e Quarterly magazine

 Each issue sponsored
by a regional chapter

e 9-12 articles per
Issue

— Clinical reviews
— Practical articles
— Editorials
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NLA Self Assessment Program-Volume 3

525 multiple choice questions
150 CME hours

170 ABIM MOC credit hours
Available in print or on-line

Volume 1: The science of
Clinical Lipidology

Volume 2: Cardiometabolic
risk assessment and
management

Volume 3: Therapeutic
lifestyle change

Volume 4: Pharmacologic
management of dyslipidemia

Volume 5: Consultative
Issues in Clinical Lipidology
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Complex Lipid Management

_~ Sel-AssessmentProgram

n NATIONAL LIPID
ASSOCIATION

CLM-SAP 17: Guidelines in Clinical

Lipidology — Concepts and Controversies
Available on web at: www.lipid.org/education/clmsap

CLM-SAP App available on:




All of the following except for which one are basic tenets of the National Lipid Association
Recommendations for the Patient-Centered Management of Dyslipidemia?

' A) An elevated level of cholesterol carried by circulating apolipoprotein B-containing lipoproteins (non-
HDL-C and LDL-C, termed atherogenic cholesterol) is a root cause of atherosclerosis, the key underlying
process contributing to most clinical ASCVD events,

'/ B) Reducing elevated levels of atherogenic cholesterol will lower ASCVD risk in proportion to the
extent that atherogenic cholestercl is reduced. This benefit is presumed to result from atherogenic
cholesterol lowering through multiple modalities, including lifestyle and drug therapies.

‘®' C) For patients in whom lipid-lowering drug therapy is indicated, the identification of statin benefit
groups and treatment based upon such identification is the optimal method for reducing ASCVD risk.

' D) The intensity of risk-reduction therapy should generally be adjusted to the patient’s absolute risk
for an ASCVD event.

' E) Atherosclerosis is a process that often begins early in life and progresses for decades before
resulting in a clinical ASCVD event. Therefore, both intermediate-term and long-term/lifetime risk should
be considered when assessing the potential benefits and hazards of risk-reduction therapies.

21

www.lipid.org



22

www.lipid.org



o Offers an in-depth review of the core curriculum in Clinical
Lipidology for healthcare professionals who desire to practice
at an advanced level within the field and/or are pursuing ABCL
certification

 Available formats: Live or web-based

e Live activity supplemented with Q and A sessions using an
audience response system to facilitate interactive learning

e Access to resource page containing downloadable resources
and additional self-study materials

www.lipid.org



Curriculum:

www.lipid.org

Lipoprotein Metabolism, Genetics and Familial Lipid Disorders
Vascular Biology and Atherosclerosis Pathogenesis
Evidence-Based Medicine, Cardiovascular Risk Assessment and Guidelines

Cardiovascular Biomarkers, Atherosclerosis Imaging and Evidence-based
Practice

Obesity, Metabolic Syndrome and Diabetes Mellitus
Nutrition and Non-Pharmacologic Therapy
Pharmacology Part I: Lipid Lowering Drugs, Drug Interactions and Drug Safety

Pharmacology Part II: Randomized Controlled Trials, Evidence-Based
Treatment and Combination Therapy

Complex Cases and Consultative Lipidology



academy

o Offers an introduction to applied lipid science

* Open to all healthcare professionals interested In
developing a core competency in the diagnosis and
treatment of dyslipidemia.

e Serves as a preparatory course for other advanced lipid
training.
« Avallable formats: Live or web-based

e Live activity includes interactive group discussions on
literature evaluation and patient cases

www.lipid.org



academy

Curriculum:

e Lipids, Lipoproteins and Atherosclerosis

e Clinical Trials

 Primary Literature Evaluation and Discussion

e Dyslipidemia Diagnosis and Risk Assessment
 Pharmacologic Therapies

« Therapeutic Lifestyle Changes

e Overview of Clinical Guidelines in Lipid Management
e Challenging Patient Cases

www.lipid.org



LipidEducation.com

* Provides online adaptation of the

NLA's live training courses e —
« Slide-audio presentations recorded

by expert faculty academy
 Evidence-based lecture notes and

references

« Embedded assessment guestions
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Multimedia slide lecture modules (with downloadable PDFs of slide-
audio presentation modules with evidence-based notes and
references)

Learning reinforcement test questions and answers

A complete pre- and post-test to determine your achievement of the
educational objectives for the program

A personalized learning dashboard containing your assignments,
transcript and assessment scores

Glossaries of common terms, common abbreviations and key
clinical studies

A complete list of references per module
Links to additional educational resources
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Nicole's Master's in Lipidology Course Curriculum Courss Progress 7% Compiks

Eztimated Total Time for Completion: 12.5 hours _ I

C 0

PRE-TEST Masters in Lipidology Pre-Test

You have aready compleEd e Pre-Test

-
<

PRE-COURSE Pre-Course Reading Materials

Prior t complating the courss medulss, IS ree dod that pou review the materials presentza here. The 'NLA Recommendations for Patiant-Cantered
MENagement of DysUpIemia provides 3 detalied overview or avallabie cinkeal practics guitelngs and recommendanons relaed 1o Mpkd management s requcs
atheroscieratic cardiovascular risk This ressurce may be used io provide an updated knowledge hase before beginning the actvlly or may serve 3s 3 referance o
Which cliniclans may refer when lking the program. The NLA Annual Summary of Cinkcal Lipiiology 2015 provides updales based an ging sclence, clinkcal
consiaerations, and new NLA position and consensus sSEEmenis

Afizrreviewing Miese matenals, jou should proceed 1 he modwes of he course.

- j
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Seamlessly
move
backwards
and forward

View notes
related to
specific
slides

Search for
specific
terms
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e 60-minute interactive CME Webcast with Q&A

* Intended to encourage critical appraisal skills,
Impact clinical practice and encourage regular
literature review

e Avallable both to NLA members and non-
members

« Offered quarterly
« CME/CE accredited

www.lipid.org



Previous Webcast Topics:

A Case Study in Dyslipidemia Management-
Incorporating the NLA Recommendations into Practice

 Lysosomal Acid Lipase (LAL) Deficiency
 New Therapies for HoFH
 The Role of Omega-3's in Cardiovascular Disease

e CETP Inhibition - An Important Potential Strategy in
Reducing Cardiovascular Events

* The Effects of Statin Therapy on Diabetes Incidence and
Glycemic Control

www.lipid.org



Annual Summary of Clinical Lipidology

 First Annual Summary of Clinical Lipidology
published as supplement to 2014 Nov/Dec
Issue of JCL

* “Living document” founded on principles of
evidence-based medicine and based on
emerging science, clinical considerations,
and new NLA position and consensus
statements

 Open access (available to NLA members
and non-members)

www.lipid.org



How to Utilize Annual Summary

* Online version hyperlinks to information (tables,
figures, journal articles, appendix etc.) so users
can easily navigate and retrieve data

* Provides a central directory of tables and figures
useful for both medical science as well as the
day-to-day management of patients with
dyslipidemia

« Avallable on www.lipid.org

www.lipid.org
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www.lipid.org

Click Recommendations
Click “View” or “Download
this slide deck”




Central Focus of Guideline

ACC/AHA

|dentification of statin
benefit groups

Initiation and maintenance
of high- or moderate-
Intensity statin therapy

No recommendation for or
against lipid goals
Recommendation against

non-statin therapy because
of less favorable net benefit

NLA

|dentification of an individual
patient’'s ASCVD risk based
on clinical parameters and
risk factors

Initiation of ASCVD risk-
based lipid-lowering therapy

Maintenance of lipid goals to
assess effective reduction of
atherogenic lipoproteins and
enhance adherence

Use of high- or moderate-
Intensity statins, £ non-
statins, if necessary, to
achieve goals




Recognition of Clinical Lipidology as a
Legitimate Subspecialty




Who iIs the ABIM?

« The AMA and the ACP formed the ABIM in 1936 to ensure
uniform high standards for new physicians.

* A non-profit, independent evaluation organization that is
physician-run, but is independent of any physician societies
or membership organizations.

o Certifies 1 out of every 4 practicing physicians in the United
States.

« Accountable to both the profession of medicine and to the
public.
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History of ABIM Recognition of
New Subspecialties

« With the evolution of subspecialties, The American Board of

Internal Medicine (ABIM) has introduced Certification exams
In:

— CVD, Clinical Cardiac Electrophysiology, Interventional
Cardiology, Advanced Heart Failure and Transplant
Cardiology and Adult Congenital Heart Disease

* Physician certification in CVD has evolved outside the more
traditional ABIM pathways, and derivative boards have been
established and recognized

“We must promote actual accountability based on standards set
unimpeachably high. That is how we will show the public that we take
their trust in us seriously.” — Douglas Zipes, MD (2001 ACC President)
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ABIM Criteria for Recognition of a
New Subspecialty

 Must have a unigue body of knowledge that cannot be fully
Incorporated into the “parent” discipline.

« Must have clinical applicability to be practiced in a form that is
distinct from the “parent” discipline.

e Must contribute to the scholarly generation of new information and
must advance research in the field.

 Must be an important social need for the discipline and evidence
that practice of the discipline improves patient care.

* The positive value of certification in the new discipline must
outweigh any negative impact on the practice of general internal
medicine or an existing subspecialty or on the basic education in
the core competencies of internal medicine.
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Steps in the Right Direction

e Clinical Lipidology fellowships
— Next steps:

o Standardization of application of NLA Core Curriculum
among current fellowship programs

e Formation of more fellowships

o Accreditation Council for Graduate Medical Education
(ACGME) accreditation

 Establishment and maintenance of certification boards
In Clinical Lipidology

— American Board of Clinical Lipidology (ABCL)
— Accreditation Council for Clinical Lipidology (ACCL)

42
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Clinical Lipidology Fellowships

NYU Langone Medical Center Lipids/Obesity
Fellowship med.nyu.edu

In-patient and outpatient consultation, academic
conferences, apheresis, research

Baylor College of Medicine Lipid and

Atherosclerosis Fellowship bcm.edu
In-patient and outpatient consultation,
clinical/translational research; basic research
may be elected

Medical University of South Carolina

musc.edu
Outpatient consultation, education in obesity, core
curriculum 20 topic lecture series, research
43
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Certification

Although independent from each other, the NLA, ABCL and
ACCL work closely together to ensure adequate educational
opportunities for lipid professionals.

NLA
Al

Clinical
Lipidology

COMMON GOAL: Recognition of Clinical Lipidology as a
legitimate subspecialty of medicine.
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American Board of Clinical Lipidology

e The only certification program for physicians
specializing in Clinical Lipidology

 Documents and validates the specialized knowledge - \
and advanced training required to practice in the field

e Enacts standards that mirror ABIM and other ABMS
member boards

— Undergoes yearly review and psychometric process
—Current ABCL exam to be updated in 2015 —

— Maintenance of Certification created in 2015

— The ABCL anticipates that ABIM recognition of the
specialty will improve reimbursement of clinical
lipidologists
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Pathway Toward ABIM Recognition

Phone conference between NLA leadership and Furman
MacDonald, MD,VP for Graduate Medical Education, ABIM 6/3/15

The ABIM will not be considering applications for new subspecialty
recognition until, the earliest, late 2016 or early 2017

The NLA's current educational programming is favorably viewed by
the ABIM, including ABCL examination process and ABCL's MOC
process

Maintaining these programs is an important step in a positive review
by the ABIM

The pathway for application for ABIM recognition is outlined in a
document, “Final Report of the Committee on Recognizing New and
Emerging Disciplines in Internal Medicine (NEDIM)-2

The Presidents of the NLA and ABCL met on 8/1/15 and developed
plans to convene a joint committee to facilitate the process
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ABIM Diplomates Who Are ABCL Certified

211

20\9\\(/ = Internal Medicine

m Cardiovascular Disease

= Endocrinology and Metabolism
m |[nterventional Cardiology

= Geriatrics

= Nephrology

m Gastroenterology

m |[nfectious Disease

m Pulmonary Disease
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Accreditation Council for Clinical

Lipidology

* Provides recognition and distinction in the field for the following healthcare
professionals:

¢ Pharmacists ¢ Nurses ¢ Physician Assistants ¢ Dietitians ¢
¢ Exercise Specialists ¢ Physicians* ¢ PhDs

* Provides benefits to both the practitioner and the profession by:
— Improving the quality of patient care
— Setting benchmarks of clinical competency for lipid specialists

— Enhancing the credibility of the health care professionals and the specialty of
Clinical Lipidology in the medical community

» 2 levels of certification offered:
— Advanced: Clinical Lipid Specialist (CLS)
— Core: Basic Competency in Clinical Lipidology (BCCL)

*Those not wishing to or not ready to pursue ABCL certification
48
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Breakdown of CLS Diplomates

® Pharmcists

m Nurse Practitioner

= Nurse

m Dietitian

® Physicican Assistant
m Exercise Specialist

m PhD

= MD
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Pathway Towards ACCL Recognition

« National Commission for Certifying Agencies (NCCA)

 NCCA accreditation demonstrates compliance with
its Standards for the Accreditation of Certification
Programs

— Enables credentialing organizations to demonstrate to
the profession it represents, and to the general public,
that the program has met the stringent standards set by
the credentialing community

— Enhances a program's credibility and legitimacy by
providing impartial, third party oversight of a conformity
assessment system

°
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Current Obstacles Toward Recognition of
Clinical Lipidologists as Subspecialists

* Non-lipidologists can prescribe high-intensity statins, the
most evidence-based ASCVD risk reduction therapy

* Non-lipidologists can prescribe adjunctive non-statin
therapies

o Cardiologists and endocrinologists may believe that
clinical lipidology is their domain

o Subspecialists may be hesitant to refer to primary care
providers with clinical lipidology expertise

e Primary care providers may hesitate to refer to other
primary care providers with clinical lipidology expertise
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The NLA’s Role In
Addressing the Obstacles

* Produce scientific statements and educational activities
that enhance the role of the NLA as a significant source for
evidence-based lipid-related education

e Sanction and promote the work of the ABCL and ACCL,
which work to demonstrate mastery of the knowledge
base defined by our core curriculum

 Promote the importance of demonstrated MOC, both to
enhance patient care and to externally demonstrate our
commitment to educational achievement

e Actively pursue ABIM, ACGME and NCCA accreditation
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Summary

Clinical Lipidology is a legitimate subspecialty with a well-
defined knowledge base, the mastery of which qualifies
clinicians to render high-quality patient care. Such knowledge
provides the basis for engagement in lipidology-related
educational and clinical research activities.

The NLA serves the Clinical Lipidology community by
providing a variety of educational activities and supporting the
ABCL and ACCL, whose purpose is to certify educational
achievement in the field.

The NLA, ABCL and ACCL continue to collaborate to seek
external recognition of the unique skills and services provided
by certified clinical lipidologists and lipid specialists.

53

www.lipid.org



Keeping NLA Members Up-to-Date:
Key Articles for the 2016 NLA Annual Summary




Learning Objectives Are To Describe
The Processes By Which:

* New science is currently summarized for NLA members

 New science is updated for NLA members

e Future content is provided to NLA members




History National Lipid Association
Annual Summary 2015

e 2012: NLA Annual Summary of Clinical Lipidology proposed
to the NLA Board of Directors
» Most current science in lipidology
» Hyperlinks relevant to lipidologists
e 2015: First publication of the 2015 NLA Annual Summary
e 2016: Next version currently undergoing review and revisions
» 2015 included Part 1 NLA Recommendations
» 2016 is to include Part 2 NLA Recommendations




Bays HE, Jones PH, Brown WYV, Jacobson TA. National Lipid Association Annual Summary of Clinical Lipidology 2015. )
Clin Lipidol. 2014 Nov-Dec;8(6 Suppl):S1-36.
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National Lipid Association Annual Summary 2015

High-density lipoprotein cholesterol (HDL-C) 356

Lipid treatment goals . . .. .. ........... S6
Lipid screening . .. ... .. ... . o a.s 57
Atherosclerotic cardiovascular disease

(ASCVD) risk categories. . .. .. ... .. 57
Atherosclerotic cardiovascular disease

(ASCVD) risk assessment . .. ... ...... ST
Very high ASCVD nsk .. .. ... ..o 57
HighASCVD sk, ... ..... ..., ST
Moderate ASCVDrisk .. ... ... .. ..... S8
Low ASCVD sk . . .. .. ... ... ....... SE
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National Lipid Association Annual Summary 2015

ITI. GENETICS AND CLASSIFICATION OF

DYSLIPIDEMIA
Hyperlipidemias . . . .................. S8
Hypolipidemias. ... .................. 58

Clinical role of genetic testing for dyslipidemia 58
Mlustrative examples of genetic dyslipidemias S9

EVALUATION AND MANAGEMENT OF

FAMILIAL HYPERCHOLESTEROLEMIA. ... S59
GENETICS . .. oo v v vn v ve s ononssnnsns 59
Lipids .. ... ..o 59
DIagnosis. .. oo v i i it i e oo ns 59
Screening and genetic testing for
familial hypercholesterolemia. .. .. ...... 510
Treamment priorites. .. ... - L

Lipid-altering pharmacotherapies specifically

for familial hypercholesterolemia: general
prnciples . . . .. ... L L L Ll 510
Treatment options specific for heterozygous FH 510
Treatment options specific for homozygous FH 510
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Lipids and Bariatric Procedures Part 1 of 2. Scientific

Statement from the National Lipid Association (NLA),

American Society for Metabolic and Bariatric Surgery
(ASMBS)

Lipids and Bariatric Procedures Part 2 of 2. Scientific
Statement from the American Society for Metabolic and
Bariatric Surgery (ASMBS) and the National Lipid
Association (NLA),
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NLA Recommendations for Patient-Centered

Management of Dyslipidemia

Part 1

The MLA Recommendations for Patient, published in the Journal of Clinical Lipidology, re-affirm the importance of
cholesterol goals for the prevention of heart attack and stroke. The recommendations should serve as guidance to

clinicians for treating patients with dyslipidemia.

Part 2 - NEW

Part 2 of the NLA Recommendations provides a unique set of recommendations for patient-centered management of
dyslipidemnia for special populations and conditions. It includes recommendations for the following:

Hispanics

South Asians

African Americans

Older patients

Children and adolescents

Women and unigue issues in women's health

Lifestyle therapies, including nutrition and physical activity

Improving patient outcome through adherence and team-based collaborative care
Patients with Human Immunodeficiency Virus, Rheumatoid Arthritis and Residual Risk

The full paper will be published later in 2015.
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NLA Recommendations Part 2




NLA Annual Summary 2016: NLA Recommendations Part 2
secion | Chairfy [ ExpertPanelMember(s)

Lifestyle therapies
IETEEE N Ralph La Forge, MSc, FNLA

Penny Kris-Etherton, PhD, RD, FNLA
Geeta Sikand, RD, MA, FNLA

Kevin Maki, PhD, CLS, FNLA

Mary Dicklin, PhD

Groups with special

considerations

Children and =10 6] [ I3 Stephen Daniels, MD, PhD, FNLA
Don Wilson, MD, FNLA

Gender differences Pamela Morris, MD, FNLA

Robert Wild, MD, MPH, PhD, FNLA, NCMP

Keith Ferdinand, MD, FNLA
T EL Martha Daviglus, MD, PhD

Kris Vijay, MD, FNLA
Prakash Deedwania, MD

Kevin Maki, PhD, FNLA
Julie Bolick, MS, RDN,CLS,FNLA

Carol Kirkpatrick, PhD, RDN, CLS FNLA
Kathy Rhodes, PhD, RDN
Nancy Smith, MS, RDN, CLS,FNLA

Thomas Dayspring MD, FNLA, NCMP

James A. Underberg MS, MD, FNLA
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NLA Annual Summary 2016: NLA Recommendations Part 2

Older patients Carl Orringer, MD, FNLA

Scott Grundy, MD, PhD, FNLA

Joyce Ross, MSN, CRNP, FNLA

Patients with HIV Judith Aberg, MD Carl Fichtenbaum, Joel E. Gallant, Michael Horberg, Chris T. Longenecker,
Turner Overton and
Merle Myerson

Patients with Katherine Liao, MD, MPH Jonathan S. Coblyn, MD
inflammation

CEV LGN CEEGIE|ES Peter Jones, MD, FNLA
risk

James McKenney, PharmD, FNLA
S A EROE TSR Lynne Braun, PhD, CNP, FNLA
adherence

Joyce Ross, MSN, CRNP, FNLA
Team-based Matthew Ito, PharmD, FNLA
collaborative care

Jeffrey Curtis, MD, MS, MPH
Jorge Plutzky, MD, FNLA

Daniel Solomon, MD, MPH

Lynne Braun, PhD, CNP, FNLA

Joyce Ross, MSN, CRNP, FNLA
AN EELERY NS Terry A. Jacobson (Chair) Harold Bays

Kevin Maki W. Virgil Brown
Carl Orringer

Peter Jones
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New For National Lipid Association Annual Summary 2016

« 2016 Update of Content and References

e Links to NLA:

Updates

Audio files

Websites

Webcasts

Slide shows

Applications

Risk assessment tools
Continuing patient education
Patient education tools

VVVVYVVYVY




Keeping NLA Members Up-to-Date:
Key Articles for the 2016 NLA Annual Summary




Key Ongoing Trials In

Clinical Lipidology

Sergio Fazio, MD, PhD

William and Sonja Connor Professor of Preventive
Cardiology

Professor of Medicine, Physiology & Pharmacology
Director, Center for Preventive Cardiology

Knight Cardiovascular Institute

Oregon Health and Science University

Portland, Oregon




Why do we need more drugs
and more studies?

High prevalence of statin intolerance (>10% of users).

High prevalence of extreme hypercholesterolemia,
difficult to treat with one drug only.

Increasing certainty of the LDL hypothesis (more drugs
needed)

Increasing uncertainty of the HDL hypothesis (more
targets needed)

Decreasing uncertainty of the triglyceride hypothesis
(more trials needed)







L DL-C Goals Are Hard to Reach for
High-Risk Individuals
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Karalis DG, et al. Cholesterol. 2012;2012:861924.




Proprotein Convertase Subtilisin/Kexin
Type 9 (PCSK9)

Proprotein convertases are proteolytic enzymes that activate precursor
proteins into biologically active forms

PCSKO9: A circulating protein that binds the LDL-R and targets it to
lysosomal degradation, thus causing reduced LDL clearance and raised
LDL levels. Other features include:

* |t can bind other proteins (annexin, resistin, etc)
It may target other lipoprotein receptors
It is up-regulated by statins and insulin
It is down-regulated by fasting
It associates with LDL and Lp(a)

Abifadel M, et al. Curr Atheroscler Rep. 2014;16(9):439.




Alirocumab*: Dynamic Relationship
Between mADb Levels, PCSK9 and LDL-C

Free PCSK9, Total Alirocumab Concentration
and Mean % Change LDL-C vs Time
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*Alirocumab=SAR236553/REGN727
Koren MJ, et al. Postgrad Med. 2015;127(2):125-32.




Alirocumab* 50 mg Q2W Alirocumab* 100 mg Q2W Alirocumab* 150mg Q2W

*Alirocumab=SAR236553/REGN727.
McKenney JM, et al. J Am Coll Cardiol. 2012;59:2344-2353.




Attainment of Pre-specified LDL-C Levels at
Week 12 (mITT Population)
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Achieved LDL-C Over Time

All patients on background of maximally-tolerated statin + other lipid-lowering therapy

140 A
118.9 mg/dL 122.6 mg/dL

g 120
85
3 © 100
g S 61.9% Reduction (95% Cl, 59.4-64.3%), P < .0001
S g 80+ Absolute Reduction: 74.2 mg/dL + 0.9
2 4

S 60 - e
0N = . ——
% % —— 57.9 mg/dL
22 407 48.3
o lile) .3 mg/dL
UP o Placeb
7 :) 20 - acebo
8 e —@— Alirocumab 150 mg Q2W
i

0 | | | | | | | | 1
O 4 8 12 16 24 36 52 64 78
Week

Intent-to-treat (ITT) analysis.
Robinson JG, et al. N Engl J Med. 2015;372:1489-99.



Composite endpoint: Death from coronary heart disease, nonfatal Ml,
fatal or nonfatal stroke, or unstable angina requiring hospitalization

0.06
Placebo
005 4 Alirocumab 150 mg Q2W
HR = 0.52 (95% CI, 0.31-0.90)
0.04 - P =0.02
0.03 - | RR 48%

P=0.02

0.02 H _:_-r‘__d_,__J-r};f'- i

0.01 - ——_'_'_'_,_.—-—"':_
0 —-l"_'_'_'_'-‘ ]

| | | | | | |
0 12 24 36 52 64 78 86

Time (weeks)

Cumulative Probability of Event

Robinson JG, et al. N Engl J Med. 2015;372:1489-1499.



37 Composite Endpoint: Death, MI, UA — hosp,
coronary revasc, stroke, TIA, or CHF — hosp

;\c? i-‘-‘ 2.18%
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§ Standard of care alone -

S HR 0.47 (N=1489) o
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Evolocumab plus standard of care
(N=2976)
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Days since Randomization

*Not FDA approved.
Sabatine MS, et al. N Engl J Med. 2015;372:1500-15009.



PCSKO9 Inhibitor Cardiovascular
Outcomes Trials

Alirocumab :
Evolocumab* (SAR236553 / Bococizumab*
(AMG 145) REGN727) (RN 316)

Sponsor Amgen Sanofi / Regeneron Pfizer
Trial FOURIER ODYSSEY Outcomes SPIRE | SPIRE I
Sample size 27,500 18,000 17,000 9,000
Patients MI, stroke or PAD 4-52 wks post-ACS High risk of CV event
Statin Atorva 220 mg or equiv Evid-based med Rx Lipid-lowering Rx
-bL-C >70 (21.8) >70 (21.8) 70-99 (1.8-2.6) 2100 (22.6)
mg/dL(mmol/L) ' ' T '
PCSKO9i Dosing Q2W or Q4W Q2w Q2w

1°: CV death, M, stroke,

_ revasc or hosp for UA, ~ CHD death, MI, CV death. Ml

Endpoint . ischemic stroke, or stroke. or ur e’nt révasc

Key 2°: CV death, Ml, or hosp for UA , g

stroke

Completion 12/2017 1/2018 8/2017

*Not FDA approved.
www.clinicaltrials.gov.






CETP Inhibitors and Modulators

Torcetrapib Evacetrapib Anacetrapib Dalcetrapib

CETP

Barter PJ, et al. N Engl J Med. 2007;357(21):2109-2122;
Qiu X, et al. Nat Struct Mol Biol. 2007;14(2):106-112.



Torcetrapib: Increased Cardiovascular and
Non-Cardiovascular Morbidity and Mortality

Atorvastatin only

Torcetrapib
plus Atorvastatin

90 +

Patients without Event (%)

A\
ANY

0 | | | | | | | T 1
0 90 180 270 360 450 540 630 720 810

Days after Randomization

Is the toxicity of torcetrapib related to the mechanism or the molecule?

Barter PJ, et al. N Engl J Med. 2007;357(21):2109-2122.



dal-HEART Program

Dalcetrapib HDL Evaluation, Atherosclerosis, and
Reverse Cholesterol Transport

The dal-HEART Program tests a novel hypothesis that raising HDL
through CETP inhibition will attenuate cardiovascular risk.

dal-OUTCOMES"

A double-blind,
randomized, placebo-
controlled study in
15,600 patients
recently hospitalized
for ACS

Goal: To evaluate the
effect of dalcetrapib
on CV outcomes

dal-VESSEL’

A double-blind,
randomized, placebo-
controlled study in
450 patients with
CHD or CHD risk
equivalent

Goal: To evaluate the
effect of dalcetrapib
on endothelial
function and blood
pressure, measured
by FMD and ABPM

dal-PLAQUE®

A double-blind,
randomized, placebo-
controlled study in
130 patients with
CHD

Goal: To evaluate the
effect of dalcetrapib
on inflammation,
plaque size, and
burden, measured by
PET/CT and MRI

dal-PLAQUE 2°

A double-blind,
randomized, placebo-
controlled study in
900 patients with
CAD

Goal: To evaluate the
effect of dalcetrapib
on atherosclerotic
progression,
assessed by IVUS
and carotid B-mode
ultrasound

dal-OUTCOMES = Dalcetrapib in Stable Coronary Heart Disease Patients with Recent Acute Coronary Syndrome;
dal-VESSEL = Vascular Effects and Safety of Dalcetrapib in Patients with or at Risk of CHD; dal-PLAQUE = Safety and
efficacy of dalcetrapib on atherosclerotic disease using novel non-invasive multimodality imaging.

1Schwartz GG, et al. N Engl J Med. 2012;367(22):2089-2099; 2Luscher TF, et al. Eur Heart J. 2012;33(7):857-865; 3Fayad
ZA, et al. Lancet. 2011;378(9802):1547-1559; “Not yet published.



dal-OUTCOMES Results: No |[CVD
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Schwartz GG, et al. N Engl J Med

. 2012;367(22):2089-99.



CETP Polymorphisms and
Cardiovascular Risk in Humans

* A meta-analysis has been conducted of studies
Investigating relationships between CETP
polymorphisms and cardiovascular disease in
humans

* 46 studies had data on 27,196 coronary cases
and 55,338 controls

* Those polymorphisms that were associated
with lower CETP mass and lower CETP activity
had higher levels of HDL-C and a significantly
reduced coronary risk

Thompson A, et al. JAMA. 2008;299(23):2777-2788.



CETP Inhibitors and Modulators

Torcetrapib Evacetrapib Anacetrapib Dalcetrapib

CETP

Barter PJ, et al. N Engl J Med. 2007;357(21):2109-2122;
Qiu X, et al. Nat Struct Mol Biol. 2007;14(2):106-112.



DEFINE Trial

Determining the Efficacy and Tolerability of
CETP Inhibition with Anacetrapib

Anacetrapib 100 mg

1620 patients Statin therapy
with CHD or CHD s L0 achieve LDL-

risk equivalents C <100 mg/dL

Placebo

\ J
Y

76 week follow-up

Primary End Point

Lipid efficacy and the safety

Cannon CP, et al. NEJM. 2010;363(25):2406-15.



DEFINE Trial
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Cannon CP, et al. NEJM. 2010;363(25):2406-15.



REVEAL Trial

Randomized Evaluation of the Effects of
Anacetrapib through Lipid-Modification

Anacetrapib 100 mg

30,000 patients

aged > 50 with with Atovastatin to

occlusive arterial —> ?;rhleve LDL-C
[ get
disease

Placebo

Sites in North America, \ )

Europe and Asia Y
4 year follow-up

Primary End Point .
Planned completion in

2017

Coronary death, myocardial infarction
Or coronary revascularization

University of Oxford. Reveal. www.revealtrial.org. Accessed November 2, 2014.






Percent Change in HDL-C and LDL-C

HDL-C LDL-C
150 * 10
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*P<.001 compared with placebo.
Nicholls SJ, et al. JAMA. 2011;306(19):2099-109.



ACCENTUATE Study



Triglycerides




Randomized Trials of n-3 Fatty Acids
on CVD Endpoints




Are Omega 3 Fats Cardioprotective?:
Why Have Trials Failed

n-3 PUFA do not reduce CVD events

n-3 PUFA have little benefit on top of aggressive medical treatments including
statins, anti-platelet agents, etc.

n-3 PUFA trials have been inadequately powered to detect a clinically meaningful effect on CHD deaths,
the endpoint most likely to be effected based on both epidemiological and clinical trial data

n-3 PUFA background therapy has increased due to increased fish consumption and greater use of fish oil
supplements

n-3 PUFA doses in clinical trials, have been too low (0.5- 1.0 g EPA and DHA) to effect long term plaque
stabilization (2-4gms)

n-3 PUFA have a limited benefit on CHD deaths after a threshold intake has been reached of 2 250 mg/day.



Alpha Omega Trial: Results in Statin vs
Non-Statin Users

Eussen S et al. Eur Heart Journal (2012) 33, 1582-1588



Clinical Trials with EPA

MARINE ANCHOR REDUCE-IT
(N=229) (N=702) (N=8000)
Mixed Mixed
Patients Severe HTG dyslipidemia on dyslipidemia on
statin statin
: High risk for High risk for
CV Risk - CHD event CHD event
TG Level 2500 to =2,000 200 to <500 200* to <500
mg/dL mg/dL mg/dL
Prlmar_y TG reduction TG reduction CV events
Endpoint
Timeline 2009-2011 2009-2011 2011-ongoing
Status FDA approved SNDA >7300 pts

indication under review randomized



»n patients
» with established CVD, or at high risk for CVD,
» At LDL goal while on statin therapy,
»And with hypertriglyceridemia
»To evaluate the effect of 4 g/day AMR101 for preventing first
occurrence of a Major Adverse Cardiovascular Event (MACE)
»MACE is composite endpoint that includes:
»CV death
»Nonfatal Ml
»Nonfatal stroke
»Coronary revascularization
»Unstable angina (caused by MI and requiring
emergent hospitalization)



» Effect of therapy on composite of :
»CV death, nonfatal MI, coronary revascularization,
unstable angina*, nonfatal stroke, or peripheral
vascular disease requiring intervention

» Effect of therapy on:
» Arrhythmia requiring hospitalization
»Cardiac arrest
»Peripheral vascular disease requiring intervention
» Total mortality

*If determined to be caused by Ml and requiring emergent
hospitalization



STRENGTH Study



Inflammation

























Conclusions

Novel LDL lowering agents are entering the market.

Triglyceride lowering agents need to prove their value in
CVD risk reduction.

HDL modulators have a long way to go and novel target
and drugs may be needed to recalibrate the HDL
hypothesis.

Anti-inflammatory agents continue to be of promise.



HDL Has Been an Elusive Target:
The Focus Should Be on
Atherogenic Lipoproteins and
Proven Therapies

Atherosclerosis Research Unit

Professor of Medicine, Division of Cardiology
UCLA School of Medicine, Los Angeles, CA

U CL A DAvVID GEFFEN SCHOOL OF MEDICINE




Low HDL-C Is a Well-Established,
Independent CHD Risk Factor: ARIC

Men
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HDL-C Quintiles
mmol/L 0.80 0.97 1.11 1.27 1.60

mg/dL 31 38 43 49 62
(median)
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Women
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Adjusted for age and race, 12-year follow-up; N=12,339

Sharrett AR et al. Circulation 2001;104:1108-1113.

Ballantyne CM. Eur Heart J Suppl. 2003;5 (Suppl D):D17-D25.




CLAS I
POSCH (5y)
Lifestyle
FATS (N+C)
FATS (L+C)

CLAS |1
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HARP

Post-CABG
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HDL — Proteomic Domains
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HDL-Based Therapies: Questions

= \What is the right therapy for low HDL-C?
¢+ One that raises low HDL-C (or HDL-P)?
¢+ One that targets HDL composition and/or function?

¢+ One that benefits patients with low HDL-C independent
of HDL, e.g., LDL-C/non-HDL-C-lowering?

" |s HDL-C raising necessary (vs. lowering LDL-C
and/or improving HDL function)?

* Focus needs to be on impacting CVD




Drugs That Raised HDL-C with
Increased CVD

1. Estrogen/progestin: WHI
« HDL-C increased by 7.3% (vs. placebo)
e« CHD risk increased by 29%
« Stroke risk increased by 41%

2. Torcetrapib: ILLUMINATE
THDL-C by 70% and |LDL-C by 25% (vs. placebo)
CHD risk increased by 21%
Stroke risk increased by 8%
All-cause mortality increased by 58%

Writing Group for the WHI Investigators. JAMA 2002;288:321-333.
Barter PJ et al. N Engl J Med 2007;357:2109-2122.




ILLUMINATE:
Mortality by Treatment Assignment

Barter PH et al. N Engl J Med. 2007;357:2109-22.




DAL-Outcomes: Recent ACS Patients

T 31-40% vs baseline

1 4-11% vs baseline

Schwartz GG et al. N Engl J Med 2012;367:2089-2099




Dal-Outcomes: Primary Endpoint

T 31:40% vs baseline

1 4-11% vs baseline

Schwartz GG et al. N Engl J Med 2012;367:2089-2099

Schwartz GG et al. N Engl J Med 2012;367:2089-2099




CETP Inhibitors

* HDL raising-effect on outcomes appears to be
neutral at best (dalcetrapib)

* Have raised BP In 2/2 CV endpoint trials

(results neutral for anacetrapib to date)
* Raised hs-CRP in dalOUTCOMES, DEFINE
* Anacetrapib and evacetrapib in Phase ll|
* Role (?) as LDL-lowering agent(s) to be defined

Schwartz GG et al., N Engl J Med 2012: 367:2089-2099.




AIM-HIGH: Primary Endpoint
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Niacin plus statin 1718
P=0.79 by log-rank test

AIM-HIGH Investigators. N Engl J Med. 2011; 265(24):2255-2267.




AIM-HIGH: HDL-C Results

25 A =o—-Combination Therapy
—m-Monotherapy

{0

A5 125.0% vs. baseline

*

40
* P <0.001
35

19.8% vs. baseline
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25

Baseline Year 1 Year 2 Year 3

AIM-HIGH Investigators. N Engl J Med. 2011; 265(24):2255-2267.




AIM-HIGH: LDL-C Results
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AIM-HIGH Investigators. N Engl J Med. 2011; 265:2255-67.




HPS-2/THRIVE: Effect of ERN/LRPT on
Major Vascular Events
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Risk ratio 0.96 (95% CI 0.90 — 1.03)
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http://www.hps2-thrive.org/docs_prof.ntm. Accessed 3/1/2015.




Summary: LDL vs HDL-Based Approaches

= Not all genetic variants and therapies that raise HDL-C
have reduced CHD events.

* Raising HDL-C (or HDL-P) may neither be necessary
nor sufficient to improve HDL-mediated CVD risk;
function may be more important.

* Reducing LDL and related atherogenic lipoproteins has
consistently reduced atherosclerotic risk.

» Optimizing statin/LDL-based therapies and lifestyle
practices should remain the primary focus.




“It's what we think we know
that keeps us from learning.”

-Claude Bernard (1811-1873)

An Introduction to the Study of Experimental Medicine




HDL Therapeutics: The Start of a New Era

Robert S. Rosenson, MD, FACC, FACP, FAHA,
Director, Cardiometabolic Disorders

Mount Sinal Heart
Professor of Medicine (Cardiology)
Mount Sinal School of Medicine
New York, New York




Major Anti-Atherosclerotic Functional Roles
of HDL With Available Clinical Measures



HDL/ApoA-I Proteome — Structure & Function

— Myeloperoxidase-mediated modifications

— Serum Amyloid A protein (SAA)

— Paraoxonase



HDL/ApoA-I Lipidome — Structure & Function

— Group I1A secretory phospholipase A,

— Triglyceride Enrichment

— Phospholipid Oxidation of Acyl Chains






HDL Particle Subclasses And Cholesterol Efflux
From Cholesterol-Loaded Cells



Validation of HDL Functional Measures In the
Evaluation of Atherosclerosis and Cardiovascular
Events



Odds Ratios for CAD According
to the Efflux Capacity and Selected Risk Factors




Kaplan—Meier Curves and Hazard Ratios for Cardiovascular Events,
According to Quartile of Cholesterol Efflux Capacity



Cholesterol Efflux Capacity and Incident
CHD Events in EPIC-Norfolk



Associlation of Cholesterol Efflux and
Incident CHD Events — EPIC Norfolk

Figure. Association of cholesterol efflux levels in associaton with incident CHD events (1895 cases & 2474 controls)

Progressive adjustment Top vs. Bottom third Odds Ratio (95% CI)
No adjustment ——— 0.56 (0.43, 0.69)
plus age&sex — 0.62 (0.47, 0.78)
plus diabetes, hypertension —a— 0.64 (0.48, 0.80)
plus smaking —— 0.66 (0.49, 0.84)
plus whr & BMI — 0.69 (0.51, 0.87)
plus LDL-C & triglycerides —— 0.67 (0.49, 0.84)
plus HDL-C —_— 0.75 (0.53, 0.97)
{ or plus apo(al) —_— 0.65 (0.41, 0.90)
—T

I
4 B8 8 1 1.2
Odds Ratio (95% CI)




Effect of Different Statins on ABCA1-Mediated
Cholesterol Efflux from J774A.1 Macrophages

*P < 0.05; **P < 0.01 vs. no statin.
Values are mean = SD (triplicate).



Unified paradigm for cholesterol
homeostasis



Functionality of HDL in AIM-HIGH



Percent Change in Cholesterol Efflux by Treatment



Percent Change in Prebeta-1 HDL by Immunofixation



Percent Change in HDL Subclasses by 2D-gel



LOCATION TRIAL



Conclusions



Treatment Intensity
VS.
Treatment Targets

AHA/ACC Guideline —
Why?

Patrick E. McBride, MD, MPH
Professor, Departments of Medicine & Family Medicine
Associate Director, Preventive Cardiology
University of Wisconsin



Required by EBM of IOM to
use RCTs / SMA as Evidence

 Not a single RCT used LDL targets for
determining treatment goals

e All RCTs were based on treatment
INTENSITY — the dose of a statin or other
medication

* This guideline was based on LDL
Cholesterol ONLY by design of the NIH

* Design was due to the complexity of the
EBM evidence model

 NICE / ESC and AHA/ACC guidelines —
targets not justified by evidence




Benefits of Intensity of Treatment
vs. LDL-C Targets

 Evidence — based and cost effective

e Potential for greater risk reduction benefit

 Simplification for clinicians — not tied to
multiple lab tests; not adding medications when
cholesterol near goal and treating to evidence

e Calculated LDL not highly accurate, esp. low LDL

* Non-HDL and other targets not used in trials

* Not penalized for treating by evidence

 Pay for performance is clinician based and not
penalized for lack of patient adherence

 Potential for fewer adverse effects and drug-
drug interactions




What the 2013 ACC/AHA Cholesterol Guideline to Reduce
ASCVD Risk Says
Major recommendations for initiating statin therapy



What the 2013 ACC/AHA Cholesterol Guideline to
Reduce ASCVD Risk Says

Major recommendations for initiating statin therapy (cont)



What the 2013 ACC/AHA Cholesterol Guideline to Reduce

ASCVD Risk Says
Monitoring Therapeutic Response and Adherence

High intensity statin >50% J LDL-C

| A
Mod intensity statin 30-<50% lLDL-C

*

lla B

*If baseline LDL-C unknown, may use
LDL-C <100 mg/dI

**Nonstatin

shown to

reduce lla B
ASCVD

events in .
RCTs

preferred

= American
Heart

Association.

Stone NJ, Robinson JG, Lichtenstein AH, et al.. / Am Coll Cardiol. 2014;63(25, Part B):2889-2934



Testing the new paradigm: 2013 ACC/AHA

cholesterol guideline outperforms NCEP ATP 3
LDL-C cut-points are the main problem with ATP3

v'2013 ACC/AHA - Will prevent o
more CVD events

e Dallas Heart Study - identified
more high risk patients

e U.S. NHANES - would prevent
450,000 more ASCVD events/10

years
v'"Why? No correlation LDL-C

levels with plaque (CTA)

e Removing LDL-C cut-points
improves accuracy NCEP ATP 3

Paixo ARM, et al. Circ Cardiovasc Qual Outcomes online ahead-of-print Aug 5, 2014; Pencina MJ, et al. NEJM.
2014;370(15):1422-1431. Johnson KM et al. JACC 2014; 64: 910-919; Pursani A, et al. Atherosclerosis 2014; 237-

314-318; Karmali KN, et al. JACC 2014; 64: 959-968



Reducing >50% LDL-C prevents more ASCVD

events than achieved LDL-C <70 mg/dI
TNT-IDEAL-SPARCL pooled analysis

Patients with LDL-C <70 mg/dlI

20 4
HR 1.51 (1.16-1.97)
i | P=0.002 !
16 - I'
€ 11 % LDL-C reduction of <50% _,*
= -
o 12 -
z
10 -
3
® 8 1
=S
E 6 -
3
4 4
2 o
0 4
0 1 2 3 4 5 6
Time to First Major CV Events (Years)
No. at Risk
%LDL-C 2 50% 4538 4426 4298 4188 4048 1937 71
%LDL-C<50% 494 475 456 439 419 170 9

Bangalore S, et al. Presented at ACC.15, San Diego CA. March 16, 2015.



LDL-C goal approach &
under-treatment

e ASCVD patients (N > 45,000)
e Large managed care (Optum) database 2004 to 2012

e Any lipid therapy: 61% — 68% (>30% no RX)
e LDL-C <70 mg/dl: 11% — 26%
e LDL-C <100 mg/dl: 50% — 70%

 High potency statin: 8% — 18% (Few on HPS**)

o ***Atorvastatin 40-80 mg, rosuvastatin 20-40 mg, simvastatin
80 mg

e Conclusion: Treatment should occur according to
treatment guidelines — High Intensity RX

Rodriguez F, et al. AmJ Cardiol 2015; 115: 190-195



Why stop at 100 or 70 mg/dI?
No lower LDL-C limit for ASCVD risk reduction

Relative reduction CVD

. . 3 -
Risk by Achieved LDL-C
level (mg/dl) ﬁ
<50 50-74 75-99 100-124 125-149 150-174 =175 ;;:
= 5 — g
b e E.’,
1]
S
-3 T T T T T T T 1
15 35 51s) 75 95 115 135 1R5 1758
- - 8 7]
Relative reduction CVD 4
Risk by Achieved Non- T 0
HDL-C level (mg/dl) s
<75 75-99 100-124 125-149 150-174 175-200 >200 ; -8
: :_-’1 -12
5 -16
-20
-24 T T T T T T 1

T
15 35 55 75 95 115 135 155 17
Mean on-treatment LDL-C (mg/dI)

*Indivi o 18-24 months rosuvastatin 40 mg or
ndividual level meta-analysis adjusted for sex, age, )
smoking, diabetes, SBP, HDL-C atorvastatin 80 mg (n=1881)
Personal communication: Associations persist after
further adjustment for baseline LDL-C

Boekholdt SM, et al. JACC 2014; 64:485-494; Puri R, Nissen SE, et al. Am J Cardiol 2014; 114: 1465-1472



Benefits of Intensity of Treatment
vs. LDL-C Targets

e Evidence — based and cost effective***

e Potential for greater risk reduction benefit

 Simplification for clinicians — not tied to
multiple lab tests; not adding medications when
cholesterol near goal and treating to evidence

e Calculated LDL not highly accurate, esp. low LDL

* Non-HDL and other targets not used in trials

* Not penalized for treating by evidence

e Pay for performance is clinician based and not
penalized for lack of patient adherence

 Potential for fewer adverse effects and drug-
drug interactions




Interpreting IMPROVE-IT

CV Death, Non-fatal MI, or Non-fatal Stroke
30

HR 0.90 Cl (0.84, 0.97)
p=0.003
7-year NNT=56

N
o
1

EZ/Simva — 20.4%
1544 events

S
g
o=
=
=
g
[HL]

Median time averaged
LDL-C 70 vs 54 mg/dl

3 2
7-year event rates Time since randomization (years)

Cannon C, et al. Presented at AHA Scientific Sessions 2014, Chicago IL Nov 17, 2014.




Based on ACC/AHA Recommendation Class/Level of
Evidence Approach:
Moderate intensity statin + Ezetimibe an alternative to
High intensity statin

Number of RCTs
4
Class I/LOE A
3
IDEAL
2
PROVE-IT (Class l1a/LOE B?)
1 TNT
IMPROVE-
IT
0

High intensity statin Moderate intensity statin+Ezetimibe
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Lipoprotein Goals and Monitoring

are of Value in Patient Care

W. Virgil Brown, MD
Emory University
Atlanta , GA, USA




Patients always question your preparation
and your ability in the art of MEDICINE

Why is the doctor
prescribing this?

Will it work?
Is it safe?

Did it work?




Guidelines Serve the ART of Medicine

e Guidelines should contain answers to the
following:

What is your objective?
PREVENT VASCULAR DISEASE

What are you treating?
TARGET THAT IS CAUSAL

How intensely should you treat?

GOAL OF THERAPY




Defining the target should
use the Scientific Method

Science uses evidence to build and then challenge a theory.

o It is the theory that describes what we can observe.
 Facts without theory mean nothing  [o8ers Einstein]

The test of a sound theory is its ability to predict observations and outcome of

experiments with a high probability.

It must withstand the challenge of different interventions in different systems

There is a sound theory of atherogenesis built on 100 years of

experiments.

Elevated apoB containing lipoproteins cause

atherosclerosis and should be a target of therapy.




TARGETS -
APO-B CONTAINING LIPOPROTEINS

How do we assess the TARGET?

LDL- cholesterol
Non-HDL cholesterol (Total C — HDL-C)

Good candidates supported by modern science :
Apo B or LDL particle number




Effect of Naturally Random Allocation to Lower LDL-C on Risk of

CHD Mediated by Polymorphisms in NPC1L1, HMGCR, or Both: A
2 x 2 Factorial Mendelian Randomization Study

Ference BA et al. J Am Coll Cardiol. 2015;65:1552-1561. Copyright © The American College of Cardiology.
All rights reserved.




Physical removal of apoB-Lp by Apheresis
reduces inflammation in arteries

[18F-flurodeoxyglucose positron emission tomography]

Wijk, Sjouke, Figurroa, et al. JACC (2014) 64:1918




ACC/AHA Guidelines:

Goals are not recommended
because they have not been tested
in randomized clinical trials.

Question:

Can goal usage in clinical practice
be developed from randomized
clinical trials?




Goals are Tools for use in the ART of MEDICINE.

Based on the observed relationship between LDL-C (or
nonHDL-C) and the incidence of ASCVD and informed by
scientific observation and randomized clinical trials.

The range of safe values are determined by knowledge of

lipoprotein metabolism and by the safety and efficacy of
the therapeutic options available.

They are tested and modified by experience with patients
and by observation of the populations affected.

They will change overtime with new observational data




e Evidence Based Medicine:

 Hypotheses: my statin is better than placebo, my statin is better than your statin, big dose
is better than little dose, statins benefit those with diabetes, high blood pressure , CVD, no
CVD,and those with high LDL or lower LDL.

Randomize

STATIN
therapy

-

Observe
and record

Count endpoints
and analyze

Mysterious and
wonderful things
happen.

Statistically fewer
endpoints

No mysterious
and wonderful
things.

Lots of
endpoints

Result:  An “INDICATION”

granted by the FDA




Clinical Trials are not models of the Art

The intervention is predetermined by a hypothesis. (not patient needs.)

Clinical criteria are selected for thousands of individuals to best fit the hypothesis
Many patients are excluded based on preselected criteria.

Procedures and schedule of visits are preset and occur at regular intervals

Goals of the therapy have no relevance to treatment during the trial.

Investigator and patient agree to remain blinded to the therapeutic results

Patients adhere based on faith in the staff, the consistency of procedures and the
perceived absence of adverse reactions to the intervention.

Success :  Measured by statistical tests (large numbers).




In Medical Practice :

The problem is presented by one individual

Clinical care uncovers and accepts other problems (often many)

The physician must choose what to treat (i.e. selects targets — often several)
Explain the objective (prevent heart attack or stroke)

Explain how you plan to do it (define the target and set the goals)

Choose laboratory tests and procedures to fit targets and time constraints
Monitor based on patient’s needs but limited by the practice and third party payers.

Adherence is based on faith in you, achievement of goals, cost and lack of adversity.

Success:
A patient at goals of therapy with a stable or improving clinical status.




LDL-C Goals for High-Risk Patients
Have Become More Intensive Over Time

As part of therapeutic lifestyle changes, including diet, LDL-C treatment goals
for high-risk patients have been lowered over time

1988 1993 2001 2004 2006 2010 2011
ATPI ATPII ATPIl ATPIlIl Update =~ AHA/ACC ADA AHA/ACCF

GoaP? ~ Goat  Goatl  GoaP  Goal  Goal  Goal

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

-
L,
=)
£
L?" 100 —
i
(]
-
v

Optional|  Reasonable | |Optional| Reasonable
goal goal’

-
=
]

2Goal is =L DL-C value.

ATP = Adult Treatment Panel, AHA=Amencan Heart Association; ACC = Amencan College of Cardiology; ADA=Amencan Diabetes Association;
ACCF = Amencan College of Cardiology Foundation; AACE = Amencan Association of Clinical Endocnnologists.

1. NCEP ATP |. Archi [ntern Med!. 1983;148:36-69; 2 NCEP ATP 1. JAMA. 1993;269:3015-3023; 3. NCEP ATP 1II. JAMA. 2001;285:2486-2497T; 4. Grundy SM et al. Circusation.

2004;110:227-239; 5. Smith 5C Jr et al. Cicwiation. 2006;113:2363-2372; 6. ADA. Diabefes Care. 2010;33(suppl 1):511-561. 7. Smith SC Jr et al Circulation. 2011;124:2458-2473.
8. Jelinger PS et al. Endocr Pract. 2012;18(suppl 1):1-78.




Traditionally goals are not single values.
Goal Setting is Range Setting

e <100 mg/dL does not mean 100 mg/dL

It means 99 to 0 mg/dL.

e <70 mg/dL does not mean 70 mg/dL

It means 69 to 0 mg/dL.

e There is no recommended lower limit.




: Residual Risk on Statins
N= 38,253 from 14 DRBCTs

Adjusted for sex, age, smoking, diabetes, sys BP, HDL-C and trial.

4375 10395 10091 8953 3128 836 375

0.8
Hazard

06 (0.56)
Ratio ™~ vy

0.4 A

0.2

<50 50-75 75-100 100-125125-150 150-175 > 175
LDL-C (mg/dL) during Statin Therapy

Boekholdt et al. JACC August 5, 2014




Changes in Percent Atheroma Volume by IVUS:
In 8 trials with 1881 patients treated with rosuvastatin
40mg or atorvastatin 80 mg for 18 to 24 months.

Puri, Nissen, Shao, et.al. Am J of Cardio (2014) 114:1465 - 1472
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Evidence based or Science based?

In practicing the art of medicine, randomized
double blind controlled clinical trials with only
one intervention (statin) are not appropriate
for scientifically setting targets of therapy or
for setting goals of that therapy.




Art of Medicine is Science Based

The Art of Medicine and its advancement depends on having a
well based theory.

THE theory defines appropriate TARGETS for therapy

The GOALS for the targets are informed by RCTs but GOALS
come from observations and their performance in practice

An expert in the art uses all effective tools for achievement of
GOALS consistent with the theory

The theory guides development of new treatments.

[EZETIMIBE, PCSK-9 INHIBITION, antiC3 ASO, CETP INHIBITION

It relieves the confinement of “evidence based medicine” - to
simply copying the behavior observed in clinical trials.




Summary:

e Guidelines must serve the ART of medicine.

 They should help in explaining what you are
treating — the TARGET.

 Provide for GOALS --interim milestones that
allow assurance to doctor and patient that the
therapy is working.




ACC/AHA Guidelines: Introduction

The Expert Panel acknowledges that our process did not provide
for a comprehensive approach to the detection, evaluation,
and treatment of lipid disorders as was done in the prior
ATP Ill Report .

A limited number of expert opinion recommendations were
made only when RCT evidence was not present and after a
thorough consideration of what the Expert Panel had learned
from the RCTs.

For the many questions regarding complex lipid disorders that
were beyond the scope of our systematic evidence review, or
for which little or no RCT data are available, it is anticipated
that clinicians with lipid expertise can contribute to their
management.




Residual Risk on STATINS

N= 38,253

Adjusted for sex, age, smoking, diabetes, sys BP, HDL-C and trial.

6341 8318 9764 7956 3992 1178

0.8

Hazard

Ratio

<75  75-100 100 - 125 125 -150 150- 175 175-200 > 200
Non-LDL-C (mg/dL) during Statin Therapy

Boekholdt et al. JACC August 5, 2014




Organizations Recommending Goal
Setting (Partial List)

American Association of Clinical

Endocrinologists
American Diabetes Association

American Association of Clinical

Endocrinologists
Canadian Cardiovascular Society
European Atherosclerosis Society

European Society of Cardiology; HDL-C

IAS, International Atherosclerosis

Society

JAS, Japan Atherosclerosis Society

National Collaborating Centre for

Primary Care

National Lipid Association




Jupiter: Diabetes presenting in subpopulations with
LDL-C <30 mg/dL or with LDL-C reduced > 70%

Everette, BM et al. Am J Cardiol (2014) 2014;114:1682-1689







Mortality from ASCVD In USA
(2000 through 2010)

National Center for Health Statistics




Why change a system that seems to be
working?

Why change a system that has worldwide

endorsement?

Does one not need evidence to introduce a
new approach to such an important disease?




Thank you for listening!




Cohen, et al. J Clinical Lipidology (2013) 7:573




Cohen, et al. J Clinical Lipidology (2013)
7:573




Linear Effect on CHD (per unit lower LDL-C)

PCSK9
RS11120510

Ference BA et al. ] Am Coll Cardiol. 2012;60:2631-9




Genetic Variants and Statin Resistance




Rosuvastatin (20 mg) in Jupiter:

50% reduction

% LD L_C < 45% achieved a

Change
with one
year of
treatment

Boekholdt et al.
JACC August 5, 2014

Number of Patients Treated




How intensively do you treat?
(Beyond RCTs)

e Answer:

 Reduce LDL-C by at least 50%.
- Going below 40 mg/dL may not be a good idea.

- In effect, a goal range :
Treat If over 70 but not below 40 mg/dL

A concept not tested in RDBCTs. Expert opinion?




Answer in ACC/AHA Guidelines

“Using goal setting for LDL-C or non-HDL-C has not been tested in
randomized clinical trials”.

“In these guidelines, we can not recommend using goals of
therapy”.

Summary of recommendation:

Treat those with LDL-C > 190 mg/dL.

Treat patients represented in successful clinical trials.
Give as much statin as the patient will tolerate and
that is within FDA approved dosing schedules.




Reduction in Major Vascular Events with Statin
Therapy: Meta-Analysis of 14 Trials (n=90,056)
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CTT Collaborators. Lancet 2005;366:1267-1278.




Dietary Cholesterol Restriction:
Much Hype about Nothing

Alice H. Lichtenstein, D.Sc.
Gershoff Professor of Nutrition Science and Policy

Tufts University, Boston, MA
Tufts

© Tufts University, Jean Mayer United States Department of Agriculture Human Nutrition Research Center on Aging UNIVERSITY



Introduction

= Early work suggested that dietary cholesterol
increases plasma total cholesterol and later LDL
cholesterol concentrations in animal models and
humans.

" Elevated total and LDL cholesterol concentrations
are associated with increased CVD risk, hence,
since the 1960’s dietary guidelines have
consistently recommended limiting food sources
of cholesterol.

" Comfortable logic — dietary cholesterol translates

directly to dietary cholesterol.



Introduction

= More recent data suggests the effect of dietary
cholesterol on lipoprotein profiles is mixed.

= Concern raised that some of the original findings
may have been confounded by covarying with
saturated fat and body weight, and very high
levels of dietary cholesterol (600 mg to 900
mg/day).

" Current intakes are approaching recommended
levels.

Jean Mayer USDA
u s Human Nutrition
uNnivERsITY | Research Center on Aging



Dietary Cholesterol (females)

Dietary Reference
Intake Group

Females: 1-3
Females: 4-8
Females: 9-13
Females: 14-18
Females: 19-30
Females: 31-50
Females: 19-50
Females: 51-70
Females: 71 and over
Females: 50 and over
Females: 19 and over

Tufts

T AR O R 0 R oo N ®m oy,
sRNJdrkRIJLeDLeLes

Jean Mayer USDA
Human Nutrition
Research Center on Agi



Dietary Cholesterol (males)

Dietary Reference
Intake Group

Males:

1-3

Males: 4-8

Males:
Males:
Males:
Males:
Males:
Males:
Males:
Males:
Males:

9-13

14-18
19-30
31-50
19-50
51-70

71 and over
50 and over
19 and over

Day 1:
Mean

171
195
241
303

374
363
339

323
348

)
344

—
274

Day 1:
SE

(7.7)
(6.3)
(10.2)
(11.9)
(10.6)
(9.3)
(7.5)
(7.2)
(10.2)
(5.8)
(9.1)

Jean Mayer USDA
u s Human Nutrition
uNIvERSITY | Research Center on Aging



Introduction

= Caveat;
O Recommendations for the general
population, not for individuals at very high
risk of CVD

Jean Mayer USDA
u s Human Nutrition
uNIvERSITY | Research Center on Aging



Dietary Cholesterol

= 2013 AHA/ACC Lifestyle guideline committee
concluded;
“There is insufficient evidence to determine

whether lowering dietary cholesterol reduces
LDL-C.”

Jean Mayer USDA
u s Human Nutrition
uNIvERSITY | Research Center on Aging



Dietary Cholesterol

= 2015 Dietary Guidelines Advisory Committee
concluded;
“The 2015 DGAC will not bring forward this
recommendation [<300 mg/day] because
available evidence shows no appreciable
relationship between consumption of dietary
cholesterol and serum cholesterol, consistent
with the conclusions of the AHA/ACC.”

“Cholesterol is not a nutrient of concern for

e )
overconsu mptlon.
Jean Mayer USDA
Tufts f



Dietary Cholesterol and Lipoprotein Profiles

" Intervention studies (2003-2013);

O Wide range study designs

O Wide range inclusion criteria (age, weight status,

insulin sensitivity)

socaloric, hypocaloric
Range intervention periods broad, 4-12 weeks
Range cholesterol intakes broad, 1-3 eggs/day
When findings significant, data were
stratification on basis of cholesterol
responsiveness or ABCG5 genotype

©C O O O

Jean Mayer USDA
Griffin JD and Lichtenstein AH. Curr Nutr Rep 2013; 2:274 ?Hﬁ:sy‘EE:L‘:&ESS::S?WM



Dietary Cholesterol

Citations identified through
database searches (2003-
2013)

(n =113)

\ 4

Citations after duplicates removed
(n=94)

Griffin JD, Lichtenstein
AH. Curr Nutr Rep
2013;2:274

A

Records screened by

title and abstract
(n=94)

l

Full-text articles
assessed for eligibility
(n=17)

y

Studies included in
gualitative synthesis
(n=12)

v

Duplicate citations removed
(n=19)

Citations excluded based on title
and abstract screening
(n=77)

Reasons For Exclusion:
- Not relevant (n = 27)
- Prespecified outcomes not
reported (n=43)
- Not RCT(n=7)

Full-text articles excluded (n = 5)

- Lacked adequate controls (n = 2)

- Duplicate publication (n = 2)

- Pre-specified outcome not
reported (n=1)

Jean Mayer USDA
Human Nutrition
Research Center on Aging

Tufts

UNIVERSITY




Dietary Cholesterol

= Strikingly high degree of variability in
background diet, subject characteristics and
study design.

= Within the context of current levels of dietary
cholesterol intake, the effect on plasma lipids
concentrations, with primary interest in LDL-C
cholesterol concentrations, was modest and
limited to population subgroups.

Jean Mayer USDA
u s Human Nutrition
uNIvERSITY | Research Center on Aging



Dietary Cholesterol

= For subgroups who are responsive, restrictions
in dietary cholesterol intake are likely

warranted.
= The biological determinants of inter-individual

variability remains a relatively understudied
area.

Jean Mayer USDA
u s Human Nutrition
uNIvERSITY | Research Center on Aging



Dietary Cholesterol

AJCN. First published ahead of print June 24, 2015 as doi: 10.3945/ajcn.114.100305.

Dietary cholesterol and cardiovascular disease: a systematic review
and meta-analysis'™

Samantha Berger;" Gowri Raman,” Rohini Vishwanathan,” Paul F Jacques,5 and Elizabeth J Johnson’ *

*Tufts Clinical Evidence Synthesis Center, Tufts Medical Center, Boston, MA, and “Jean Mayer USDA Human Nutrition, Research Center on Aging at Tufts
University, Boston, MA

Tufts i [Ufi?f*
on A



Dietary Cholesterol — LDL-C

Study Intervention Control Net Change Risk of
Author Year Design Subgroup Dose(mg/d) Dose (mg/d) {95% CI) (mg/dL) Bias
Greater than 900 mg/d (>5 eggs/day)
Flaim (40) 1981 RCT(C) 1415 415 —E— -13.0 (-19.3,-6.7) M
Cuig (51) 1983 RCT (P 1400 400 —— 14.0 (2.9, 25.1) M
Reaven (52) 2001 RCT(P) 041 113 8.0 (-16.0, 28.1) L
Subtotal (7= 89.1%, p < 0.001) (—:::::}5 1.6 (-18.8, 22.0)
Between 650 and 900 mg/d (3.5-5 eggs/day)
Greene (45) 2005 RCT(C) Women 893 276 - 101 (-11.7. 31.9) L
Greene (45) 2005 RCT(C) Men 893 257 - 2.2(-19.9, 24.3) L
Nissinen (8) 2008 NRCT (C) 890 200 — 16.2 (2.1, 30.4) M
Cliffion (38) 1290 RCT(C) 866 185 — 1.5(-9.6 12.7 L
Ginsberg 43) 1994 RCT(C) 858 128 . s— 11.2(-24, 24.8) L
Herron (46) 2003 NRCT (C) Hyperresponders 832 180 S — 255 (11.1,39.9) M
Mutungi (50) 2008 RCT(P) 827 277 - 3.3(-25.9, 325) M
Herron (46) 2003 NRCT (C) Hyporesponders 810 185 — -1.5(-121,9.1) M
Vorster 56) 1992 RCT(P) 800 556 S R A 10.0 (-3.8, 23.9) L
Ginsberg (44) 1895 RCT(C) 770 108 —_— 11.6(1.2 22.0) L
Kestin (49) 1989 RCT(C) Low Fat Diet 735 204 0.0(-33.7, 33.7) M
Kestin (49) 1889 RCT(C) High Fat Diet GBE 180 -0.4 {(-49.4, 48.6) M
Subtotal (I7= 14.2%, p = 0.305) @ 8.7(3.8,13.9)
Less than 650 mg/d (<3.5 eggs/day)
Herron (47) 2002 RCT(C) Hispanic 640 1] —_— 3.9(-13.8, 20.8) M
Heron (47) 2002 RCTI(C) Caucasian 640 1] - 11.2(-3.3 25.7) ft
Johnson (48) 1891 RCT(C) 600 200 —— 89(21,15.7) L
Bowman (37) 1888 RCT (P) 501 207 5.0(-0.5, 10.5) L
Subtotal {I7= 0.0%, p = 0.737) 6.7 (2.7, 10.7)
1 1

| | | |
50 40 2010 0 10 20 40 50
Favors lower cholesterol

Berger S et al. AJCN. 2015; ahead of print =




Dietary Cholesterol — HDL-C

Intervention Control

Berger S et al. AJCN. 2015; ahead of print

Favors higher cholesterol

~
-

Study Dose Dose Net Change (95% CI) Risk of
Author Year pDesign Subgroup (mg/d) (mg/d) (mg/dL) Bias
Greater than 900 mg/d
Flaim (40) 1981 RCT(C) 1415 415 —-— 0.0(-2.5,25) M
Quig (51) 1983 RCT(P) 1400 400 —— 8.0 (4.6 114) M
Flynn (42) 1986 NRCT (C) Group A 952 233 —_— 17.0(10.5, 23.5) M
Flynn (42) 1986 NRCT(C) Group B 923 259 -710(13.7,-0.3) M
Subtotal (P =92.6%, p < 0.001) E :@ 4.5(3.2,12.1)
Between 650 and 900 mg/d
Greene (45) 2005 RCT(C) Women 893 276 —_—— 1.5(-5.6, 8.6) L
Greene (45) 2005 RCT(C) Men 893 257 4.7(4.9,14.3) L
Nissinen (8) 2008 NRCT(C) 890 200 —_— 54 (1.2,96) M
Cliffton (38) 1990 RCT (C) 866 185 —— 1.5(-2.8,5.9) L
Ginsberg (43) 1994 RCT (C) 858 128 —t— 1.2(43,6.7) L
Herron (46) 2003 NRCT (C) Hyperresponders 832 180 —e— 3.9(-0.3,8.0) \
Mutungi (50) 2008 RCT (P) 827 277 —_——— 13.2(4.6,21.8) M
Hemon (46) 2003 NRCT (C) Hyporesponders 810 185 04(3932) M
Vorster (56) 1992 RCT (P) 800 556 00(54,54) L
Ginsberg (44) 1995 RCT (C) 770 108 35(4.5,11.4) L
Subtotal (17=26.5%, p = 0.200) <> 2.7(0.7,4.7)
Less than 650 mg/d
Hemron (47) 2002 RCT(C) Hispanic 640 0 o 3.1(5.2,11.3) M
Herron (47) 2002 RCT(C) Caucasian 640 0 —_— 39(-27,104) M
Johnson (48) 1991 RCT(C) 600 200 8.9(-8.5, 26.3) i
Bowman (37) 1988 RCT (P) 501 207 -1.0(-5.0,3.0) L
Subtotal (P =0.0%, p = 0.433) Z-:é 1.0 (-2.1, 4.1)
T [ | I |
20 10 0 10 20 30



Dietary Cholesterol — TC/HDL-C

Intervention Control

Dose Dose Net Change Risk of
Author  Year Design  Subgroup (mg/d) (mg/d) _ (95% CI) Bias
Greene (45) 2005 RCT(C)  Men 893 257 —-:— 0.1(0507) L
Greene (45) 2005 RCT(C) Women 893 276 --iln— 0.2(02,06) L
Herron (46) 2003 NRCT (C) Hyperresponders 832 180 le— 04(00,08 M
Mutungi (50)2008 RCT (P) 827 277 —H— 0.1(06,09) M
Herron (46) 2003 NRCT (C) Hyporesponders 810 185 0.0(03,03) M

Overall (1= 0.0%, p = 0.702) 0.2 (0.0, 0.3)

|
+
Herron (47) 2002 RCT(C) Caucasian 640 0 (1@ 0.2(0.1,04) M

1 505 1
Favors lower cholesterol

—
Berger S et al. AJCN. 2015; ahead of print TuftS‘J  Mayer USDA

Hma Ntton
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Dietary Cholesterol — LDL-C

Berger S et aI . A\JCN . 2015; ahead Of prlnt Tufts ‘ Jean Mayer USDA
Human Nutrition
uNIvERSITY | Research Center on Aging



Dietary Cholesterol — LDL-C

Berger S et aI . A\JCN . 2015; ahead Of prlnt Tufts ‘ Jean Mayer USDA
Human Nutrition
uNIvERSITY | Research Center on Aging



Dietary Cholesterol — LDL-C

2 large eggs = ~372 mg cholesterol

Weggemans RM, Zock PL, Katan MB J Clin Nutr 2001;73:885 Tufts |

ging



Saturated or Trans

Saturated Fat
Fat <

.

Green Vegetable

Refined Carbohydrate

Dietary Cholesterol




Dietary Cholesterol — Summary

= Within the context of current dietary
cholesterol intakes, the effect on LDL and HDL
cholesterol concentrations modest, and
appears to be limited to population subgroups.

" |n these cases, restrictions in dietary
cholesterol, in addition to achieving and
maintaining a healthy body weight and
adhering to a heart health diet warranted.

Jean Mayer USDA
u s Human Nutrition
uNIvERSITY | Research Center on Aging









Dietary Cholesterol Restriction is
Still Important

Penny M. Kris-Etherton, PhD, RD, CLS, FNLA

Department of Nutritional Sciences
Penn State University



Outline

Dietary cholesterol recommendations
Evidence to support dietary cholesterol restriction

e Clinical Studies
e Epidemiologic Studies (for persons with diabetes)

Increasing prevalence of diabetes in the U.S.
Food sources of dietary cholesterol

Summary



Patient-Centered Management of Dyslipidemia — Part 2

Recommendations for Dietary Cholesterol

Recommendations

The cardioprotective eating pattern should limit cholesterol
intake to < 200 mg/day to lower levels of atherogenic
cholesterol (LDL-C and non-HDL-C).

There are individuals who are hyper-responders to dietary
cholesterol because of genetic or other reasons. For known
or suspected hyper-responders, further reduction in dietary
cholesterol beyond the <200 mg/day that is recommended
as part of the cardioprotective eating pattern for the
management of dyslipidemia may be considered.
Consumption of very low intakes of dietary cholesterol
(near 0 mg/day) may be helpful for such individuals.

Strength Quality

B Moderate

B Low



Recommendations for Dietary Cholesterol

Australia

International

International

United States

United States

United States

Canada

Europe

Heart Foundation

WHO

International
Atherosclerosis Society

National Lipid
Association

American Diabetes
Association (2013)

2010 Dietary Guidelines
for Americans

Heart and Stroke
Foundation

European Society for
Cardiology

No cholesterol recommendations or upper limit.

<300 mg dietary cholesterol/day

<200 mg dietary cholesterol/day

<200 mg dietary cholesterol/day

<300 mg dietary cholesterol/day

Consuming < 300 mg/day can help maintain normal blood cholesterol
levels.

Consuming < 200 mg/day can further help individuals at high risk of
cardiovascular disease.

Recommendation for healthy individuals is 300 mg of dietary
cholesterol /day with <7% of calories from SFA.

People with heart disease or diabetes are advised to limit themselves
to 200 mg of dietary cholesterol/day with < 7% of calories from SFA.

The cholesterol intake in the diet should ideally be <300 mg/day




Evidence to Support
Recommendations to Restrict
Dietary Cholesterol

Clinical Studies



Food and Nutrition Board, Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate, Fiber,
Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids. Washington, DC: National Academies Press;
2002/2005.



Institute of Medicine

> Dietary cholesterol - 1~ LDL=2 mg/dL
100 mg/d (0.05 mmol/L)

* Food and Nutrition Board, Institute of Medicine. Dietary Reference Intakes for
Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino
Acids. Washington, DC: National Academies Press; 2002/2005.



Meta-Analysis: Dietary Cholesterol and
Serum Cholesterol

Change in Serum Cholesterol (mmol/L)

Hopkins PN. Effects of dietary cholesterol on
serum cholesterol: a meta-analysis and review.
Am J Clin Nutr. 1992;55:1060-1070.



A Dose-Response Study of the Effects of Dietary
Cholesterol on Fasting and Postprandial Lipid and
Lipoprotein Metabolism in Healthy Young Men

Henry N. Ginsberg, Wahida Karmally, Maliha Siddiqui, Steve Holleran, Alan R.
Tall, Steven C. Rumsey, Richard J. Deckelbaum, William S. Blaner, and
Rajasekhar Ramakrishnan

Arterioscler Thromb
Volume 14:576-586
April 1994

Increases in Dietary Cholesterol Are Associated With
Modest Increases in Both LDL and HDL Cholesterol
In Healthy Young Women

Henry N. Ginsberg, Wahida Karmally, Maliha Siddiqui, Steve Holleran, Alan R. Tall,
William S. Blaner, and Rajasekhar Ramakrishnan

Arterioscler Thromb Vasc Biol
Volume 15:169-178
February 1995

z American
Heart
Association. Copyright © American Heart Association, Inc. All rights reserved.



Responses of Plasma Total (Left) and LDL-C (Right) to
Increasing Dietary Cholesterol in Men
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4 period controlled feeding crossover study of 20 healthy men

Average total-C and LDL-C increased by 1.47 mg/dL and 1.38 mg/dL, respectively,

for each 100 mg/day increase in dietary cholesterol.

HDL-C also increased by 0.29 mg/dL per 100 mg/day of dietary cholesterol

Ginsberg et al. Arterioscler Thromb. 1994;14:576-86.



Individual Variability in Dose-Response Relationship for
Total-C and LDL-C with Increasing Dietary Cholesterol

mg/dl
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* The results indicate that there was a wide range of mostly positive responses to
dietary cholesterol.

* However, three subjects actually had negative cholesterol responses to increasing
eggs, while several responded at more than twice the mean.

Ginsberg et al. Arterioscler Thromb. 1994;14:576-86.



Responses of Plasma Total, LDL-C And HDL-C to Increasing

Dietary C

nolesterol in Women

Total Cholesterol

LDL Cholesterol
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Total fasting cholesterol concentrations
increased by 2.81 mg/dL per 100 mg dietary
cholesterol added to the diet per day (P=.001).
LDL-C increased by 2.08 mg/dL per 100 mg/d
dietary cholesterol (P=.003).

HDL-C concentrations increased by 0.57 mg/dL
per 100 mg/d dietary cholesterol (P<.04).

Ginsberg et al. Arterioscler Thromb Vasc Biol. 1995;15:169-178.



Forty studies (17 cohorts in 19 publications with 361,923
subjects and 19 trials in 21 publications with 632 subjects)
published between 1979 and 2013 were included.

Dietary cholesterol was not significantly associated with
coronary artery disease, ischemic stroke or hemorrhagic
stroke.

Dietary cholesterol significantly increased both serum total

cholesterol and LDL-C.

Dietary cholesterol also significantly increased HDL-C and the
LDL-C:HDL-C ratio.

Berger et al. Am J Clin Nutr. 2015;102:276-294.



Meta-Analysis: Effect of Dietary Cholesterol on LDL-C by
Strata of Intervention Dose

Study Intervention Control Net Change Risk of
Author Year Design Subgroup Dose(mg/d) Dose (mg/d) (95% CI) (mg/dL) Bias
Greater than 900 mg/d
Flaim (40) 1981 RCT(C) 1415 415 - -13.0 (-19.3, -6.7) M
Quig (51) 1983 RCT(P) 1400 400 —— 14.0 (2.9, 25.1) M
Reaven (52) 2001 RCT(P) 941 113 = 6.0 (-16.0, 28.1) L
Subtotal (12= 89.1%, p < 0.001) — 1.6 (-18.8, 22.0)
Between 650 and 900 mg/d
Greene (45) 2005 RCT({C) Women 893 276 101 (-11.7, 31.9) L
Greene (45) 2005 RCT(C) Men 893 257 2.2(-19.9, 24.3) L
Nissinen (8) 2008 NRCT (C) 890 200 —_— 16.2 (2.1, 304) M
Clifton (38) 1990 RCT(C) 866 185 — 1.5(-9.6, 12.7) L
Ginsberg 43) 1984 RCT (C) 858 128 -—— 11.2(-24, 248) L
Herron {(46) 2003 NRCT (C) Hyperresponders 832 180 —_— 255(11.1,39.9 M
Mutungi (50) 2008 RCT (P) 827 277 3.3(-25.9, 325) M
Herron {46) 2003 NRCT (C) Hyporesponders 810 185 — -1.5(-121,9.1) M
Vorster 56) 1992 RCT(P) 80O 556 —— 10.0 (-3.8, 23.9) L
Ginsberg (44) 1995 RCT (C) 770 108 —— 11.6(1.2 22.0) L
Kestin (49) 1989 RCT(C) Low Fat Diet 735 204 0.0(-33.7, 33.7) M
Kestin (49) 1989 RCT(C) High Fat Diet 686 180 -0.4 (-49.4, 48.6) M
Subtotal (17= 14.2%, p = 0.305) <> 8.7 (3.8, 13.5)
Less than 650 mg/d
Herron (47) 2002 RCT(C) Hispanic 640 0 e 3.5(-13.9, 20.8) M
Herron (47) 2002 RCT(C) Caucasian 640 0 4 11.2 (-3.3, 25.7) M
Johnson (48) 1981 RCT(C) 600 200 - 8.9(2.1,15.7) L
__Bowman (37) 1988 RCT (P) 501 207 - 50(-05 105) L
Subtotal (12= 0.0%, p = 0.737) < 6.7 (2.7, 10.7)
| |
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Berger et al. Am J Clin Nutr. 2015;102:276-294.
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Why do Some Studies Show Increased
CVD Risk with Egg Consumption and
Others do not?

“...most of the included studies were conducted in
Western countries that traditionally have a relatively
high-cholesterol diet. Thus, it is likely that the
background cholesterol concentration among these
participants was already high, so that changes in their
cholesterol concentrations might not be sensitive to
egg consumption.”

Shin et al. Am J Clin Nutr 2013;98:146-59.



Beneficial Effect of Ezetimibe + Simvastatin Compared
with Simvastatin Alone on CVD Events in Patients with
Diabetes (IMPROVE-IT)

* The median time-weighted

average LDL-C level during
the study was 53.7 mg/dL in
the simvastatin—ezetimibe
group, vs. 69.5 mg/dL in the
simvastatin alone group
(P<0.001).

* The Kaplan—Meier event rate

for the primary end point at
7 years was 32.7% in the
simvastatin—ezetimibe
group, vs. 34.7% in the
simvastatin alone group.

Cannon et al. N Engl J Med. 2015;372:2387-2397.



Summary of Clinical Studies

Dietary cholesterol increases LDL-C. For every 100 mg/day of
dietary cholesterol, LDL-C increases =2 mg/dL.

The increase in LDL-C is related to the baseline cholesterol
intake. The lower the intake, the greater the response.

There is marked variability in the response to dietary
cholesterol.

Small reductions in LDL-C decrease CVD events (in patients
with diabetes).



Evidence to Support
Recommendations to Restrict
Dietary Cholesterol

Epidemiological Studies



* A total of 22 independent cohorts from 16 studies were
identified, including participants ranging in number from
1600 to 90,735 and in follow-up time from 5.8 to 20 years.

e Comparison of the highest category (> 1 egg/d) of egg
consumption with the lowest (<1 egg/wk or never)

* Conclusion: egg consumption is not associated with the risk
of CVD and cardiac mortality in the general population.
However, egg consumption may be associated with an
increased incidence of type 2 diabetes among the general
population and CVD comorbidity among diabetic patients.

Shin et al. Am J Clin Nutr. 2013;98:146-59.



Egg Consumption is not Associated with the Risk of CVD
and Cardiac Mortality in the General Population

Pooled HRs and 95% Cis for Incident IHD, Stroke, and Overall CVD

HR (95% Cl)

Author

IHD

Hu, 1999 (30)

Hu, 1999 (30)

Nakamura, 2006 (32)
Qureshi, 2007 (33)

Djousse, 2008 (34)

Subtotal (F= 12.3%, p = 0.34)

Stroke

Hu, 1999 (30)

He, 2003 (31)
Qureshi, 2007 (33)

Djousse, 2008 (34)
Yaemsiri, 2012 (44)
Subtotal (= 0.0%, p = 0.89)

CvD

Houston, 2011 (35)

Zazpe, 2011 (36)

Subtotal (= 0.0%, p = 0.33)

Overall (= 0.0%, p = 0.71)

f

—_——
——
———
——
——

<>

L |

1

0.5 1

Hazard Ratio

Weight, %

7.67
7.54
7.26
22.36
16.39
61.23

4.96
0.60
14.80
16.34
0.59
37.29

0.49
0.99
1.48

100.00

Shin et al. Am J Clin Nutr. 2013;98:146-59.



Egg Consumption May be Associated with Increased
CVD Comorbidity Among Persons with Diabetes

Patients with diabetes who ate eggs more than once per day had a 69%
increased risk of developing CVD than were those who never ate eggs or ate
eggs less than once per week

Author HR (95% CI) Weight, %
Hu, 1999 (30) » 2.02 (1.05, 3.88) 21.20
Tanasescu, 2004 (48) —— 1.44 (1.05, 1.98) 32.91
Qureshi, 2007 (33) . 1.90 (1.02, 3.55) 22.00
Qureshi, 2007 (33) ¢ . 0.60 (0.22, 1.64) 12.88
Houston, 2011 (35) 502 (163 1549)  11.01

Overall (F =54.5%, p = 0.07) <> 1.69 (1.09, 2.62) 100.00

0.25 0.5 1 2 q 8

-
-

Hazard Ratio

Shin et al. Am J Clin Nutr. 2013;98:146-59.



* Two prospective cohort studies, the Health
Professionals Follow-up Study (1986-1994)
and the Nurses’ Health Study (1980-1994)
were evaluated.

* |n an analysis of subgroups, there was an
association between egg consumption and
CVD in subjects with diabetes.

In men with diabetes, greater than 1 egg per

day increased relative risk for CHD was
102%.

In women, the increase in relative risk was
49%.

Hu et al. JAMA. 1999;281(15):1387-1394.



A Higher Intake of Dietary Cholesterol was Related to
Increased CVD Risk Among Women (N=5672) with Type
2 Diabetes from The Nurses’ Health Study

Each increase of 200 mg cholesterol/1000 kcal was associated with a 37% increased
risk of CVD, which was a composite of fatal CHD, nonfatal MI, and stroke

?:lnegd/lfgoo - 139.6 175.9 203.6 236.5 298.2
RR
Age-adjusted 0.96 1.18 1.24 1.63
. .001
L0 (0.73,1.26)  (0.91,1.53)  (0.96,1.60)  (1.28,2.09) Sl
Multivariate* 0.99 1.19 1.18 1.47
1.00 (0.74,1.31)  (0.91,1.54)  (0.89,1.57)  (1.10,1.95) 0.003
Adjusted for 0.96 1.16 1.14 1.39
fatty acids** 1.00 0.01
(0.72,1.27)  (0.88,1.54)  (0.85,1.53)  (1.04, 1.88)

* Adjusted for age, smoking, postmenopausal hormone use, parental history of myocardial infarction before 60 y of age (yes or
no), alcohol intake, moderate/vigorous activities, BMI, total caloric intake, protein intake, fiber intake, multivitamin use,
vitamin E supplement use, and medication use

** After additional adjustment for trans and monounsaturated fats

Tanasescu et al. Am J Clin Nutr. 2004;79:999-1005.



Summary of Epidemiological Studies

 Egg consumption is not associated with the risk of
CVD and cardiac mortality in the general, healthy
population.

* |In persons with diabetes, egg consumption and
dietary cholesterol significantly increase risk of CVD.



Number and Percentage of U.S. Population with Diagnosed Diabetes,
1958-2013

—=—Percentage with Diabetes

—e—Number with Diabetes

Percentage with Diabetes

P
%)
=

=

=

S
N
(b)

)
(b)

{9

X

O

=

=
=
O

@]
S
=)

Z

1958 61 64 67 70 73 76 79 82 85 88 91 94 97 00 03 06 09 11

Year

CDC'’s Division of Diabetes Translation. National Diabetes Surveillance System
available at http://www.cdc.gov/diabetes/statistics
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Trends in Prevalence of Prediabetes in the
US, 1988 and 1999-2010

Definitions of prediabetes Prevalence (t SE), %

NHANES 1988-  NHANES 1999-  NHANES 2005-
1994 (n=15,578) 2004 (n=12,726) 2010 (n=15,135)

Calibrated HbA,.of 5.7% - 6.4% 5.8+0.35 11.9+0.47 12.4+0.42

Fasting subsample

FPG level of 5.6-6.9 mmol/L 25.2 +0.84 26.3+1.14 28.7 +0.87
(100-125 mg/dL)
HbA,_ level of 5.7% - 6.4% 6.0 + 0.40 11.9 + 0.56 12.4 + 0.50

In 2012, 86 million Americans age 20 and older had prediabetes; this is up
from 79 million in 2010.




Current Intake of Dietary Cholesterol
in the US, NHANES 2011-2012

Males 20+ 338 mg/day
Females 20+ 229 mg/day
Combined 282 mg/day

DATA SOURCE: What We Eat in America, NHANES 2011-2012.
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Top Food Sources of Dietary Cholesterol based
on NHANES, 2005-2006

Eggs and egg mixed dishes

Chicken and chicken mixed dishes

Beef and beef mixed dishes
Burgers

Regular cheese

Sausage, franks, bacon, and ribs
Other fish and fish mixed dishes
Grain-based desserts

Dairy desserts

Pasta and pasta dishes

Pizza

Mexican mixed dishes

Cold cuts

24.6
12.5

6.4
4.6
4.2
3.9
3.4
3.3
3.2
3.1
2.9
2.9
2.7

http://appliedresearch.cancer.gov/diet/foodsources/cholesterol/table1l.html

24.6
37.1
43.6
48.2
524
56.3
59.7
63.0
66.3
69.3
72.2
75.1
77.8




Conclusions

Scientific evidence supports NLA recommendation for
<200 mg/day of dietary cholesterol

Variability in response to dietary cholesterol makes it
difficult to identify hyper-responders

Even small reductions in LDL-C have CVD benefits

The growing prevalence of diabetes is a further
justification for restriction of dietary cholesterol
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Major Categories of the
NLA Part 2 Recommendations

Lifestyle Therapies
= Nutrition
= Exercise/Physical Activity

Groups with Special Considerations

Improving Patient Outcomes
= Patient Adherence
=  Team-based Collaborative Care
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Groups with Special Considerations

The Lifespan - Children to Seniors
Children and Adolescents
Women’s Health
From Pregnancy to Menopause
Older Adults

Ethnic and Racial Groups
Hispanics/Latinos
African Americans
South Asians
American Indians/Alaska Natives

High Risk Conditions and Residual Risk
Patients Infected with HIV
Patients with Rheumatoid Arthritis
Residual Risk Despite Statin and Lifestyle Therapy

6
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Major Categories of the
NLA Part 2 Recommendations

e Lifestyle Therapies
= Nutrition
= Exercise/Physical Activity

e Groups with Special Considerations

* [mproving Patient Outcomes
= Patient Adherence
=  Team-based Collaborative Care
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Lifestyle Therapies: Nutrition

The National Lipid Association (NLA) Expert Panel supports a
cardioprotective eating pattern for the management of dyslipidemia and
overall cardiovascular health that includes <7% of energy from saturated
fat, with minimal intake of trans fatty acids to lower levels of atherogenic
cholesterol (low-density lipoprotein cholesterol [LDL-C] and non-high-
density lipoprotein cholesterol [non-HDL-C]).

The cardioprotective eating pattern should limit cholesterol intake to <200
mg/day to lower levels of atherogenic cholesterol (LDL-C and non-HDL-C).

There are individuals who are hyper-responders to dietary cholesterol
because of genetic or other reasons. For known or suspected hyper-
responders, further reduction in dietary cholesterol beyond the <200 mg/day
that is recommended as part of the cardioprotective eating pattern for the
management of dyslipidemia may be considered. Consumption of very low
intakes of dietary cholesterol (near 0 mg/day) may be helpful for such
individuals.

8
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Lifestyle Therapies: Nutrition

The NLA Expert Panel recommends any of the following healthy dietary
patterns, including an emphasis on a variety of plant foods and lean
sources of protein for managing dyslipidemia: Dietary Approaches to Stop
Hypertension (DASH), United States Department of Agriculture (USDA)
(healthy U.S.-style), American Heart Association (AHA), Mediterranean-
style, and vegetarian/vegan. However, the dietary pattern should be
individualized based on the patient’s specific dyslipidemia. Also, patients’
cultural and food preferences are important for guiding food selection to
maximize dietary adherence. Nutritional counseling and follow-
up/monitoring by a registered dietitian nutritionist is recommended
whenever possible to individualize a patient’s dietary pattern. Nutrition
therapy should be included in those with other medical conditions, including
diabetes.

If alcohol is consumed as part of a healthy dietary pattern, this should
be in moderation (<7 drinks per week for women and <14 drinks per week
for men; consumed in a non-binge pattern). One drink is equivalent to 12
0z. beer, 5 0z. wine, or 1.5 oz. distilled spirits.

9
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Lifestyle Therapies: Nutrition

Dietary saturated fat may be partially replaced with unsaturated fats
(mono- and polyunsaturated fats), as well as proteins, to reach a goal of
<7% of energy from saturated fats. This can be achieved, in part, by
incorporating foods high in unsaturated fats, such as liquid vegetable oils
and vegetable oil spreads, nuts and seeds, as well as lean protein foods,
such as legumes, seafood, lean meats, and non- or low-fat dairy products,
into the diet as replacements for foods high in saturated fats.

Weight loss of 5-10% body weight is generally recommended for
overweight or obese individuals to lower atherogenic lipoprotein lipids and
improve other atherosclerotic cardiovascular disease (ASCVD) risk factors.
A variety of dietary approaches can be implemented for weight loss. Any
dietary approach will result in weight loss if energy intake is reduced. An
energy-reduced healthy dietary pattern that meets nutrient needs is
recommended for patients who are overweight or obese. Several healthy
dietary patterns, such as the Mediterranean-style, DASH, USDA, and
vegetarian diets, can be tailored to personal and cultural food preferences
and appropriate calorie needs for weight control.

10
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Lifestyle Therapies: Nutrition

Eating patterns that contain a moderate quantity of carbohydrate, lower
glycemic index and load, and higher protein, have been associated with
modest benefits for weight loss and maintenance.

Plant sterols and stanols (~2 g/day) are recommended for cholesterol
lowering, as well as viscous fibers (5 to 10 g/day or even greater, if
acceptable to the patient), as adjuncts to other lifestyle changes.
However, individuals with phytosterolemia (sitosterolemia) should avoid
foods that are fortified with stanols and sterols.

For patients with triglyceride (TG) levels 2150 mg/dL, lifestyle therapy
Is indicated, including weight loss, if overweight or obese, physical
activity, and restriction of alcohol, and sugars and refined starches.
Partial replacement of sugars and refined starches with a combination of
unsaturated fats, proteins, and high-fiber foods may help to reduce TG and
non-HDL-C concentrations.

11
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Lifestyle Therapies: Nutrition

For patients with TG levels 21000 mg/dL (and selected patients with
TG 500-999 mg/dL), a low-fat diet (<15% of energy) and alcohol
abstinence are recommended initially to minimize chylomicronemia. In
patients with hypertriglyceridemia and diabetes, dietary carbohydrate should
not be substantially increased to avoid worsening glycemia when reducing
fat intake. Medium-chain TG oil may be used as a source of energy that will
not induce chylomicron production. For patients without lipoprotein lipase
deficiency, dietary fat may be liberalized with monitoring of the TG response
once the TG concentration is <500 mg/dL.

Therapeutic dosages of eicosapentaenoic acid (EPA) +

docosahexaenoic acid (DHA) for TG reduction are 2.0 to 4.0 g/day. Use

of these dosages of long-chain omega-3 fatty acids for TG-lowering
should be done only under the supervision of a qualified clinician.
Clinicians are encouraged to educate patients on the importance of the

amount of EPA + DHA in each capsule of dietary supplement or prescription
products, and to take the appropriate number of capsules daily to achieve
therapeutic levels. At present, prescription forms of EPA and EPA + DHA
concentrates are only indicated for treatment of very high TG (2500 mg/dL)

to reduce the risk of pancreatitis. 12
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Lifestyle Therapies: Nutrition

For primary and secondary prevention of ASCVD, consuming =2
servings/week of fish/seafood (preferably oily) is recommended. One
serving is equal to 3.5 to 4 oz. and should ideally not be prepared using
deep-frying.

For patients with known ASCVD, suggestive, but not conclusive, evidence
from randomized controlled trials is available for a benefit of long-chain
omega-3 fatty acid supplementation at ~1 g/day EPA + DHA on cardiac
mortality, but not non-fatal ASCVD events. EPA + DHA supplements may be
considered for such patients, especially those who do not consume the
recommended intakes of EPA + DHA from dietary sources.

For patients with heart failure, 1 g/day of EPA + DHA is recommended as an
adjunct to heart failure therapy.

An alpha-linolenic acid intake of 0.6 to 1.2% of energy is recommended.

13
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Lifestyle Therapies: Nutrition

« Consumption of at least three 1-0z. equivalent servings per day of
fiber-rich whole grains is recommended.

« Consumption of 24 servings/week (1 oz. per serving) of nuts (including
the legume, peanuts) is recommended, because nut consumption has
been consistently associated with reduced ASCVD risk. Nuts may be
included in the diet as a protein food and as a source of healthy fat
(predominantly unsaturated fatty acids).

« Soy protein foods are one source of plant protein, among others (e.g.,
nuts, legumes), that may be used as a substitute for protein foods high in
saturated fat as part of a cardioprotective eating pattern.

14
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Lifestyle Therapies: Nutrition

* Nutrition education/medical nutrition therapy (MNT) by a registered
dietitian nutritionist with follow-up and monitoring are recommended
to promote long-term dietary adherence. Clinicians should, when
feasible, refer patients to a registered dietitian nutritionist for MNT to
individualize a cardioprotective dietary pattern and promote successful
lifestyle modifications.

15
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Key References — Lifestyle Therapies:
Nutrition

o 2015 Dietary Guidelines Advisory Committee, Scientific Report of the 2015
Dietary Guidelines Advisory Committee. Scientific Report of the 2015
Dietary Guidelines Advisory Committee
http://www.health.gov/dietaryguidelines/2015-scientific-
report/PDEs/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-
Committee.pdf

 Eckel RH, et al. 2013 AHA/ACC Guideline on Lifestyle Management to
Reduce Cardiovascular Risk J Am Coll Cardiol. 2013:S0735-S1097.

« Giriffin JD, Lichtenstein AH. Dietary Cholesterol and Plasma Lipoprotein
Profiles: Randomized-Controlled Trials Curr Nutr Rep. 2013;2:274-282.
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Major Categories of the
NLA Part 2 Recommendations

e Lifestyle Therapies
=  Nutrition
= Exercise/Physical Activity

* Groups with Special Considerations

* [mproving Patient Outcomes
= Patient Adherence
=  Team-based Collaborative Care

17

www.lipid.org



Lifestyle Therapies:
Exercise/Physical Activity

 The recommended minimal quantity of exercise for supporting
cardiovascular health and improving the lipid profile (lowering TG and
sometimes raising HDL-C) is 150 min per week of moderate to higher
Intensity aerobic activity. This level of physical activity is consistent with
public health recommendations.

 To enhance the effects on TG and HDL-C, and produce reductions in
LDL-C, as well as loss of body fat and weight, 22000 kcal per week of
energy expenditure (generally 200 to 300 min per week) of moderate or
higher intensity physical activity is recommended.

* Resistance exercise is also recommended to play a supportive role in
maintaining strength, balance, and bone density.

18
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Key References — Lifestyle Therapies:
Exercise/Physical Therapy

Gordon D, et al. The Effects of Exercise Training on the Traditional Lipid
Profile and Beyond Curr Sports Med Rep. 2014;13:253-2509.

Haskell WL, et al. Physical Activity and Public Health: Updated
Recommendation for Adults from the American College of Sports Medicine
and the American Heart Association Med Sci Sports Exerc. 2007;39:1423-
1434.

Mann S, et al. Differential Effects of Aerobic Exercise, Resistance Training
and Combined Exercise Modalities on Cholesterol and the Lipid Profile:
Review, Synthesis and Recommendations Sports Med. 2014;44:211-221.

American College of Sports Medicine. Guidelines for Exercise Testing and
Prescription, 9t Edition. 2013,

Eckel RH, et al. 2013 AHA/ACC Guideline on Lifestyle Management to
Reduce Cardiovascular Risk J Am Coll Cardiol. 2013:S0735-S1097.
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Groups with Special Considerations

The Lifespan - Children to Seniors
Children and Adolescents
Women’s Health
From Pregnancy to Menopause
Older Adults

Ethnic and Racial Groups
African Americans
Hispanics/Latinos
South Asians
American Indians/Alaska Natives

High Risk Conditions and Residual Risk
Patients Infected with HIV
Patients with Rheumatoid Arthritis
Residual Risk Despite Statin and Lifestyle Therapy
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Groups with Special Considerations:
Children and Adolescents

« Universal lipid screening of all children, regardless of general health
or the presence or absence of ASCVD risk factors, is recommended
between 9-11 years of age, with repeat lipid screening at 20 years of
age, or earlier if dyslipidemia is present.

« If achild or adolescent patient is screened and has a fasting or non-
fasting non-HDL-C level 2145 mg/dL, then additional follow-up is
recommended. Two fasting lipid profiles should be obtained and the results
averaged for evaluation of the most appropriate course of action.

21
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Groups with Special Considerations:
Children and Adolescents

« Children at least 2 years of age with the following characteristics should be
screened for dyslipidemia:

— One or both biological parents are known to have hypercholesterolemia,
or are receiving lipid-lowering medications

— Have a family history of premature ASCVD in an expanded first degree
pedigree (i.e., to include not only parents and siblings, but also aunts,
uncles, and grandparents) in men <55 or women <65 years of age

— Consideration should also be given to screening for those in whom
family history is unknown (e.g., adopted)

e Children should be regularly screened for major risk factors and conditions
associated with increased ASCVD risk, but there are no validated methods
for risk scoring in patients <20 years of age.

22
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Groups with Special Considerations:
Children and Adolescents

Decisions on target levels during treatment are a matter of clinical judgment,
but age-appropriate, percentile-based cutpoints from the 2011 Expert Panel
on Integrated Guidelines for Cardiovascular Health and Risk Reduction in
Children and Adolescents: National Heart, Lung, and Blood Institute
should be considered as the upper limits for therapeutic atherogenic
cholesterol goal ranges for managing children and adolescents:

— Non-HDL-C: 144 mg/dL
— LDL-C: 129 mg/dL

Cascade screening and reverse cascade screening are recommended
to enhance detection of individuals at risk for familial
hypercholesterolemia (FH).

An alternate treatment goal for pediatric FH patients in whom it may not be
possible to achieve an LDL-C level of 130 mg/dL, is a 50% reduction in
LDL-C.

23
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Groups with Special Considerations:
Children and Adolescents

« Diet and other lifestyle interventions, including increased physical activity
and weight management when overweight/obesity is present, are
recommended for lowering elevated LDL-C, non-HDL-C, and TG in children
and adolescents. Dietary management strategies should be guided by a
registered dietitian nutritionist whenever feasible.

« Children =8 years of age are potential candidates for pharmacologic
treatment for lipid lowering. The following treatment plans can be
considered:

— Administer pharmacologic agents, primarily statins, when LDL-C
level is 2190 mg/dL and/or non-HDL-C is 2220 mg/dL.

— Consider additional risk factors in addition to elevated LDL-C and/or
non-HDL-C and follow the treatment algorithm from the 2011 Expert
Panel on Integrated Guidelines for Cardiovascular Health and Risk
Reduction in Children and Adolescents: National Heart, Lung, and
Blood Institute.

24
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Groups with Special Considerations:
Children and Adolescents

« Statins and bile acid sequestrants are pharmacologic agents with
evidence for efficacy and safety in children and adolescents. There is
limited evidence on the safety and efficacy of cholesterol absorption
inhibitors in children and adolescents.

« Consideration should be given to measurement of pretreatment fasting
glucose or glycated hemoglobin levels, liver enzymes, and creatine kinase
in pediatric patients for whom a statin is prescribed.

« Potential side effects with lipid-altering pharmacotherapy should be
monitored in pediatric patients according to the recommendations from the
respective 2014 NLA statin safety task force.

25
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Groups with Special Considerations

Throughout the Lifespan
Children and Adolescents
Women’s Health
From Pregnancy to Menopause
Older Adults
Ethnic and Racial Groups
Hispanics/Latinos
African Americans
South Asians
American Indians/Alaska Natives
High Risk Conditions and Residual Risk
Patients Infected with HIV
Patients with Rheumatoid Arthritis
Residual Risk Despite Statin and Lifestyle Therapy
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Groups with Special Considerations:
Women’s Health

* In general, women should be treated according to the NLA
Recommendations for Patient-Centered Management of Dyslipidemia —
Part 1 (Jacobson 2015) with the following special considerations.

« First-line cholesterol-lowering drug therapy, unless contraindicated, is
moderate- to high-intensity statin. The statin dosage may be increased or
the patient switched to a more efficacious agent, if goal levels of
atherogenic cholesterol are not achieved. Statin therapy should be a
consideration for patients at very high risk (i.e., ASCVD or diabetes mellitus
with 22 major ASCVD risk factors), even if the pre-treatment levels of
atherogenic cholesterol are below the treatment goals.

31
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Groups with Special Considerations:
Women’s Health

« Non-statin drug therapy with cholesterol absorption inhibitor, bile acid
sequestrant, fibric acid, nicotinic acid, or long-chain omega-3 fatty acid
concentrates (the latter currently indicated only for very high TG) may be
considered for women with contraindications for, or intolerance to, statin
therapy, or in combination with statin therapy for patients who need
additional lowering of atherogenic cholesterol to achieve treatment goals.

« Women taking statins may be at increased risk for certain adverse
events, particularly myalgia. Variations between men and women
observed in clinical studies of statin-related myalgia incidence may have
been related to differences in age, comorbidities, body composition, and
polypharmacy.
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Groups with Special Considerations

Throughout the Lifespan
Children and Adolescents
Women’s Health
From Pregnancy to Menopause
Older Adults
Ethnic and Racial Groups
Hispanics/Latinos
African Americans
South Asians
American Indians/Alaska Natives
High Risk Conditions and Residual Risk
Patients Infected with HIV
Patients with Rheumatoid Arthritis
Residual Risk Despite Statin and Lifestyle Therapy
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Groups with Special Considerations:
From Pregnancy to Menopause

Women should be screened for dyslipidemia before pregnancy or as
part of the routine obstetrical laboratory examination.

For women taking lipid-lowering medications prior to pregnancy, all,
except bile acid sequestrants, should be stopped when the woman
becomes pregnant, or is trying to become pregnant.

Women should be educated on the importance of pregnancy
avoidance when lipid-altering therapies other than bile acid
sequestrants are used.

Total cholesterol and TG levels in women with normal pregnancies
should not exceed 250 mg/dL. If they do, the clinician should consider
and evaluate preexisting or acquired medical or obstetrical conditions,
including hypothyroidism, chronic kidney disease, liver disease,

uncontrolled diabetes mellitus, or preeclampsia.
36

www.lipid.org



Groups with Special Considerations:
From Pregnancy to Menopause

 Hypercholesterolemia during pregnancy and breast feeding,
especially in women with FH, may be treated with bile acid
sequestrants.

« Women with FH may be treated with LDL apheresis during pregnhancy
and breast feeding.

 Very high TG (=500 mg/dL) may be treated during pregnancy with
diet/lifestyle management plus prescription omega-3 fatty acids; fenofibrate
or gemfibrozil may be administered beginning early in the second trimester,
based on clinical judgment. These agents may be used during breast
feeding.
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Groups with Special Considerations:
From Pregnancy to Menopause

* Polycystic ovarian syndrome (PCQOS) is a high-risk condition for
dyslipidemia, metabolic syndrome, and obstetrical complications of
preeclampsia, hypertension, diabetes, and premature delivery. All
patients with PCOS, regardless of age, should undergo initial lipid and
diabetes screening and more frequent follow-up screening is
recommended, even if initial values are normal.

« The approach to risk stratification and atherogenic cholesterol treatment
goals for women with PCOS should be the same as described for all
patients with dyslipidemia in the NLA Recommendations for Patient-
Centered Management of Dyslipidemia — Part 1 (Jacobson 2015).

« Therapeutic management of dyslipidemia in PCOS should focus on diet,
exercise, and lipid-lowering medication, if needed. Use of metformin should
also be considered to lower TG and reduce insulin resistance.

38

www.lipid.org



Groups with Special Considerations:
From Pregnancy to Menopause

» Contraceptive choice impacts dyslipidemia. Combined oral
contraceptives should generally not be used by women =35 years of age
who smoke because of additive stroke and myocardial infarction (Ml) risk.

 Sex hormone therapy (HT) should not be used for prevention or treatment
of ASCVD.

 Menopausal sex HT is an option for treatment of significant menopause
symptoms during menopause transition for women at minimal risk for
ASCVD.
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Groups with Special Considerations

Throughout the Lifespan
Children and Adolescents
Women’s Health
From Pregnancy to Menopause
Older Adults
Ethnic and Racial Groups
Hispanics/Latinos
African Americans
South Asians
American Indians/Alaska Natives
High Risk Conditions and Residual Risk
Patients Infected with HIV
Patients with Rheumatoid Arthritis
Residual Risk Despite Statin and Lifestyle Therapy
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Groups with Special Considerations:
Older Adults

* Primary prevention strategies in patients 65-79 years of age should be
managed in accordance with the NLA Recommendations for the Patient-
Centered Management of Dyslipidemia — Part 1 (Jacobson 2015).

* For patients age 265 to <80 years of age with ASCVD or diabetes
mellitus, moderate or high intensity statin therapy should be
considered after a careful consideration of the risk-benefit ratio.

 For secondary prevention in patients 280 years of age, moderate
Intensity statin therapy should be considered based upon a provider-
patient discussion of the risks and benefits of such therapy,
consideration of drug-drug interactions, polypharmacy, concomitant
medical conditions including frailty, cost considerations, and patient
preference.
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Groups with Special Considerations:
Older Adults

» Risk calculators such as the American College of Cardiology(ACC)/AHA
Pooled Cohort Risk Calculator or the Adult Treatment Panel (ATP) I
Framingham Risk Calculator can be used in select older individuals with
one additional risk factor to further assess risk, using the thresholds for high
risk of:

o 215% 10-year risk for a hard ASCVD event (Ml, stroke, or death from coronary
heart disease [CHD] or stroke) with the Pooled Cohort Equations; and

o 210% 10-year risk for a hard CHD event (Ml or CHD death) using the ATP Il
Framingham Risk Calculator.

However, these risk calculators have several limitations for use in

older patients, since advanced age is often the predominate driver of

increased ASCVD risk, and this may result in overtreatment of lower

risk older individuals.
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Groups with Special Considerations:
Older Adults

Older, primary prevention patients who are statin-eligible should undergo a
patient-centered discussion with their provider about the risks and benefits
of statin therapy so that they can make a more informed decision about
taking statins over the long term.

If the older primary prevention patient is unable to achieve atherogenic
cholesterol goals after a minimum 3-6 month trial on lifestyle modification,
the provider should discuss the pros and cons of drug therapy and, if
feasible, prescribe moderate intensity statin therapy, particularly for patients
with one or more ASCVD risk factor aside from age, with risk exceeding the
high risk threshold using the Pooled Risk Equation or ATP Il Framingham
Risk Calculator.

Coronary artery calcium (CAC) scoring may be useful to further
assess risk in older patients for whom questions remain about
whether to prescribe drug therapy.
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Groups with Special Considerations:
Older Adults

« If statin intolerance is an issue, consideration should be given to the use of
alternate statin regimens such as low intensity statin therapy or non-daily
moderate intensity statin therapy, low dose statin combination therapy with
ezetimibe, bile acid sequestrants, or niacin, or non-statin monotherapy (i.e.,
ezetimibe or bile acid sequestrant) or their combination, with a goal of at
least a 30% reduction in LDL-C.
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Groups with Special Considerations

Throughout the Lifespan
Children and Adolescents
Women’s Health
From Pregnancy to Menopause
Older Adults
Ethnic and Racial Groups
Hispanics/Latinos
African Americans
South Asians
American Indians/Alaska Natives
High Risk Conditions and Residual Risk
Patients Infected with HIV
Patients with Rheumatoid Arthritis
Residual Risk Despite Statin and Lifestyle Therapy
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Ethnic and Racial Groups

e Hispanics/Latinos

e African Americans

e South Asians

e American Indians/Alaska Natives
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Groups with Special Considerations:
Hispanics/Latinos

* In general, patients of Hispanic/Latino ethnicity should be treated according
to the NLA Recommendations for Patient-Centered Management of
Dyslipidemia — Part 1 (Jacobson 2015) with the following special
considerations.

« Clinicians should be aware that Hispanics/Latinos in the United States
are a diverse population group tracing their ancestry to Mexico, the
Caribbean (Puerto Rico, Cuba, and the Dominican Republic), Central
America (El Salvador and Guatemala), and South America. ASCVD risk
factor burden varies widely among individuals of Hispanic/Latino
descent, depending on their country of origin.
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Groups with Special Considerations:
Hispanics/Latinos

 Hispanics/Latinos tend to have a greater prevalence of high TG and
low HDL-C than non-Hispanic whites (NHWS), leading to higher levels
of non-HDL-C, and an increased likelihood for discordance between
LDL-C and non-HDL-C concentrations. LDL-C levels tend to be higher in
Hispanic men compared with NHW men.

 Hispanics/Latinos have higher prevalence of type 2 diabetes mellitus,
obesity, and metabolic syndrome compared to NHWSs, particularly
among women.

« Some cardiovascular risk equations (e.g., Framingham equations) may
overestimate risk in Hispanic/Latino individuals.

53

www.lipid.org



Ethnic and Racial Groups

e Hispanics/Latinos

e African Americans

e South Asians

e American Indians/Alaska Natives
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Groups with Special Considerations:
African Americans

In general, African Americans (AAs) should be treated according to the NLA
Recommendations for Patient-Centered Management of Dyslipidemia —
Part 1 (Jacobson 2015) with the following special considerations.

Clinicians should be aware that AAs as a group are at increased risk for
ASCVD.

Because attributable ASCVD risk in AAs is less driven by dyslipidemia
than in NHWSs, particular attention should be given to assessing non-
lipid risk factors, such as hypertension, overweight and obesity, type 2
diabetes mellitus, and physical inactivity, when ascertaining ASCVD
risk.

AAs have a lower incidence of metabolic syndrome than NHWSs, due to
lower prevalence of high TG and low HDL-C. However, the incidence of
type 2 diabetes mellitus is higher in AAs.
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Groups with Special Considerations:
African Americans

Because AA race/ethnicity is included in the 2013 ACC/AHA Pooled
Cohort Equations for estimating 10-year ASCVD risk, this may be the
preferable risk calculator to use in patients of AA race/ethnicity.

Because lipoprotein (a) [Lp(a)] levels tend to be higher in AA patients,
measuring Lp(a) for risk refinement may be considered in AA patients,
particularly in those with a family history of premature ASCVD not
explained by other risk factors.

Clinicians should not withhold statin therapy from at risk AA patients
with asymptomatic creatine kinase levels that exceed, but are <3.0
times, the standard upper limits of normal. When practical, normative
upper limits for creatine kinase that are adjusted for age, race, and sex
should be used.
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Ethnic and Racial Groups

e Hispanics/Latinos

e African Americans

e South Asians

e American Indians/Alaska Natives
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Groups with Special Considerations:
South Asians

In general, patients of South Asian (SA) ethnicity should be treated
according to the NLA Recommendations for Patient-Centered Management
of Dyslipidemia — Part 1 (Jacobson 2015) with the following special
considerations.

Clinicians should be aware that SAs (including individuals who trace
their ancestry to Bangladesh, Bhutan, India, the Maldives, Nepal,
Pakistan, and Sri Lanka; and also members of the SA diaspora — past
generations of SAs who originally settled in other parts of the world,
including Africa, Canada, the Caribbean, Europe, the Middle East, and
other parts of Asia and the Pacific Islands) as a group are at increased
risk for ASCVD.

Patients of SA descent in the United States have a greater prevalence
of insulin resistance than NHWs, and some of the metabolic
disturbances that accompany this condition include high TG, low HDL-
C, and dysglycemia.
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Groups with Special Considerations:
South Asians

SAs have increased prevalence of metabolic syndrome compared to NHW
Americans. Clinicians should be aware that Asians have different waist
circumference cutpoints for defining overweight/obesity for definition
of the metabolic syndrome than those recommended for Caucasian
populations (237 inches [294 cm] for men and 232 inches [280 cm] for
women).

Clinicians should be aware that risk assessment methods may under- or
over-estimate ASCVD risk when used in populations different from those in
which they were developed. ASCVD risk equations may underestimate risk
for SAs in particular, although the degree of underestimation is uncertain.
Clinicians should consider this when making decisions about risk
stratification and treatment.
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Groups with Special Considerations:
South Asians

» Due to the possibility of genetic variation in drug metabolism (as demonstrated
mainly in studies of Chinese and Japanese patients), starting with a moderate
intensity statin dosage and titrating upward to reach atherogenic cholesterol
goals, or downward if intolerance occurs, is recommended for patients of Asian
ethnicity.

 Because SAs are at increased risk for diabetes, vigilant monitoring for the
potential of new-onset diabetes with statin treatment is warranted.
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Ethnic and Racial Groups

e Hispanics/Latinos

e African Americans

e South Asians

e American Indians/Alaska Natives
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Groups with Special Considerations:
American Indians/Alaska Natives

Clinicians should be aware that American Indians (Als)/Alaska Natives
(ANs) have higher prevalence and incidence rates for ASCVD, and that
certain ASCVD risk factors (e.g., obesity, metabolic syndrome,
diabetes mellitus, and cigarette smoking) are more common among
Als/ANs than NHWs, whereas prevalence values for hypertension and

hypercholesterolemia are comparable or slightly elevated compared to
NHWS.

In general, clinicians should screen for and manage dyslipidemia in Al/AN
patients using the approach outlined in the NLA Expert Panel
Recommendations for Patient-Centered Management of Dyslipidemia —
Part 1 (Jacobson 2015). Because of the high frequencies of obesity,
metabolic syndrome, and diabetes mellitus in AI/AN populations,
strong emphasis should be on lifestyle therapies.
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Groups with Special Considerations:
American Indians/Alaska Natives

« Clinicians should generally assess risk in AlI/AN patients using the risk
assessment approach outlined in the NLA Expert Panel Recommendations
for Patient-Centered Management of Dyslipidemia — Part 1 (Jacobson
2015).

68

www.lipid.org



Groups with Special Considerations

Throughout the Lifespan
Children and Adolescents
Women’s Health
From Pregnancy to Menopause
Older Adults
Ethnic and Racial Groups
Hispanics/Latinos
African American
South Asians
American Indians/Alaska Natives
High Risk Conditions and Residual Risk
Patients Infected with HIV
Patients with Rheumatoid Arthritis
Residual Risk Despite Statin and Lifestyle Therapy
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Groups with Special Considerations:
Patients Infected with HIV

* Clinicians should be aware that patients with human
Immunodeficiency virus (HIV) are at increased risk for ASCVD. The
association between HIV infection and ASCVD risk is independent of
the risk associated with major established ASCVD risk factors.

« Afasting lipid panel should be obtained in all newly identified HIV-infected
patients before and after starting antiretroviral therapy.

« For primary prevention of ASCVD, HIV infection may be counted as an
additional ASCVD risk factor for risk stratification.
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Groups with Special Considerations:
Patients Infected with HIV

Risk stratification is based on the NLA Recommendations for the Patient-
Centered Management of Dyslipidemia — Part 1 (Jacobson 2015) with initial
risk stratification based on the number of major ASCVD risk factors (with the
caveat that the presence of HIV infection may be counted as an
additional risk factor), the use of risk prediction tools, such as the ATP Il
Framingham Risk Score or the ACC/AHA Pooled Cohort Equations if two
risk factors are present, and the use of other clinical indicators to help
inform clinical judgment, if needed.

The non-HDL-C and LDL-C goals described in the NLA Part 1
Recommendations should be followed for HIV-infected patients (Jacobson
2015). Atherogenic cholesterol goals may not be attainable in all patients,
but there is incremental benefit to lowering non-HDL-C and LDL-C to
approach these goal levels.
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Groups with Special Considerations:
Patients Infected with HIV

Elevated TG =500 mg/dL that is refractory to lifestyle modification or
changes in antiretroviral therapy (if an option) should generally be treated
with either a fibrate (fenofibrate preferred) or prescription omega-3 fatty
acids. After TG is lowered (<500 mg/dL), non-HDL-C and LDL-C should be
reassessed for appropriate management.

Statin therapy is first line for elevated LDL-C and non-HDL-C; however,
Interactions between statins and antiretroviral agents and other
medications must be considered prior to initiating lipid-lowering
therapy. The NLA Expert Panel recommends using atorvastatin,
rosuvastatin, or pitavastatin as the generally preferred agents in HIV-
infected patients.
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Groups with Special Considerations:
Patients with Rheumatoid Arthritis

« Clinicians should be aware that patients with rheumatoid arthritis (RA)
are at increased risk for ASCVD. The association of RA and systemic lupus
erythematosus with ASCVD risk raises concern that other inflammatory
conditions may also be associated with increased ASCVD risk. However, only
RA has been studied sufficiently to accurately quantify the degree to
which it increases ASCVD risk.

« The association between RA and ASCVD risk is independent of the risk
associated with major established ASCVD risk factors. For primary
prevention of ASCVD, RA may be counted as an additional ASCVD risk
factor for risk stratification.
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Groups with Special Considerations:
Patients with Rheumatoid Arthritis

« Risk stratification is based on the NLA Recommendations for the Patient-
Centered Management of Dyslipidemia — Part 1 (Jacobson 2015) with initial
risk stratification based on the number of major ASCVD risk factors (with the
caveat that the presence of RA may be counted as an additional risk factor),
the use of risk prediction tools, such as the ATP Ill Framingham Risk Score or
the ACC/AHA Pooled Cohort Equations if two risk factors are present, and the
use of other clinical indicators to help inform clinical judgment, if needed.

« Clinicians should be vigilant in ensuring that RA patients are routinely
assessed for cardiovascular risk factors, such as hypertension, dyslipidemia,
diabetes, family history of early-onset ASCVD, and smoking. Calculation of
lifetime ASCVD risk can be considered for patients age 20-59 years.
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Groups with Special Considerations:
Patients with Rheumatoid Arthritis

e Statins are generally the first-line treatment for dyslipidemia in RA.

« At this time, atherogenic cholesterol treatment goals for patients with RA
and other inflammatory diseases are the same as described in the NLA
Recommendations for Patient-Centered Management of Dyslipidemia —
Part 1 (Jacobson 2015).

« If an RA patient has had lipid levels checked during an RA flare, it is
recommended that the lipids be re-checked when their disease is
controlled.
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Groups with Special Considerations:
Patients with Residual Risk Despite Statin
and Lifestyle Therapy

 For patients not at goal levels for atherogenic cholesterol on maximally
tolerated statin therapy, consideration should be given to adding non-
statin lipid-altering therapy to ongoing statin therapy for further lowering
of atherogenic cholesterol, as long as the patient has sufficient ASCVD
risk to warrant it, and the expected treatment benefit outweighs the risk
for adverse consequences.

« Recommended statin combination therapies to consider for further lowering of
atherogenic cholesterol are, in the following order: first — ezetimibe 10 mg
every day, second — colesevelam 625 mg 3 tablets twice a day (or 3.75 ¢
powder form every day or in divided doses), and third — extended release
niacin titrated to a maximum of 2000 mg, daily.
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Groups with Special Considerations:
Patients with Residual Risk Despite Statin
and Lifestyle Therapy

Until the CV outcomes trials are completed with PCSK9 inhibitors,
these drugs should be considered primarily in: 1) patients with ASCVD
who have LDL-C 2100 mg/dL (non-HDL-C 2130 mg/dL) while on
maximally-tolerated statin (xezetimibe) therapy; and 2) heterozygous
FH patients without ASCVD who have LDL-C 2130 mg/dL (non-HDL-C
2160 mg/dL) while on maximally-tolerated statin (zezetimibe) therapy.

In addition, PCSK9 inhibitor use may be considered for selected high
risk patients with ASCVD (e.g., recurrent ASCVD events) who have
atherogenic cholesterol levels below the specified values, but above
their treatment goals (i.e., LDL-C 270 mg/dL [non-HDL-C 2100 mg/dL]).
Such use would be based on clinical judgment, weighing the potential
benefits relative to the ASCVD event risk and the risks and costs of therapy.
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Groups with Special Considerations:
Patients with Residual Risk Despite Statin
and Lifestyle Therapy

« PCSKO inhibitor use may also be considered in selected high or very
high risk patients who meet the definition of statin intolerance (as
previously defined by the NLA Statin Expert Panel) and who require
substantial additional atherogenic cholesterol lowering, despite the
use of other lipid lowering therapies. Such use would be based on
clinical judgment, weighing the potential benefits relative to the ASCVD
event risk and the risks and costs of therapy.

 Fibrates and prescription omega-3 fatty acids are first-line drug
choices for patients with TG 2500 mg/dL, although consideration may
be given to using statin therapy as a first-line drug in patients with TG
500-999 without a history of pancreatitis.
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Major Categories of the
NLA Part 2 Recommendations

e Lifestyle Therapies
=  Nutrition
= Exercise/Physical Activity

* Groups with Special Considerations

* [mproving Patient Outcomes
= Patient Adherence
=  Team-based Collaborative Care
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Improving Patient Outcomes:
Patient Adherence

The provider should assess adherence to both lifestyle and
atherogenic cholesterol-lowering medications at every patient
encounter.

A multidisciplinary health care team (such as the patient’s primary
health care provider; nurses; nurse practitioners; pharmacists;
physician assistants; registered dietitian nutritionists, including
certified diabetes educators in some practices; exercise specialists;
social workers; community health workers; and licensed professional
counselors, psychologists, and health educators) is desirable to
iIdentify medication non-adherence and to facilitate strategies to
iImprove adherence by helping patients overcome real (or perceived)
barriers to adherence.
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Improving Patient Outcomes:
Patient Adherence

The multi-faceted approach should be employed by clinicians to
Improve medication adherence, including: a) simplify the regimen; b)
provide clear education using visual aids and simple, low-literacy
educational materials; c) engage patients in decision-making,
addressing their specific needs, values, and concerns; d) address
perceived barriers of taking medication; e) identify suboptimal health
literacy and use “teach-back” techniques to increase patient
understanding of those behaviors needed to be successful; f) screen
and eliminate drug-drug and drug-disease interactions leading to low
adherence or drug discontinuation; and g) praise and reward
successful behaviors.
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Major Categories of the
NLA Part 2 Recommendations

e Lifestyle Therapies
=  Nutrition
= Exercise/Physical Activity

* Groups with Special Considerations

* [mproving Patient Outcomes
= Patient Adherence
=  Team-based Collaborative Care
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Improving Patient Outcomes:
Team-Based Collaborative Care

Health care teams for optimal lipid and ASCVD risk management may
iInclude, where available: the patient; the patient’s primary health care
provider; nurses; nurse practitioners; pharmacists; physician
assistants; registered dietitian nutritionists, including certified
diabetes educators in some practices; exercise specialists; social
workers; community health workers; and licensed professional
counselors, psychologists, and health educators.

Health care team members should coordinate care support among various
team members, use evidence-based guidelines/recommendations for
dyslipidemia management, establish a structured plan for monitoring patient
progress, and provide patients with a variety of tools and resources to
improve their own care.

Team-based collaborative care may be incorporated into the Patient
Centered Medical Home as a strategy to address shortfalls in patient health

care quality, access, continuity, and cost.
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Background — Improving Patient Outcomes:
Team-Based Collaborative Care

« Agency for Healthcare Research and Quality. Patient Centered Medical
Home Resource Center. http://pcmh.ahrg.gov/page/defining-pcmh

 ProiaK, et al. Team-based Care and Improved Blood Pressure Control: a
Community Guide Systematic Review Am J Prev Med. 2014;47:86-99.
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Abbreviations/Acronyms Used

AA = African American

ACC = American College of
Cardiology

AHA = American Heart Association
Al = American Indian

AN = Alaska Native

ART = antiretroviral therapy

ASCVD = atherosclerotic
cardiovascular disease

ATP = Adult Treatment Panel
CAC = coronary artery calcium
CHD = coronary heart disease

DASH = Dietary Approaches to Stop
Hypertension

DHA = docosahexaenoic acid
EPA = eicosapentaenoic acid

FH = familial hypercholesterolemia
HDL-C = high-density lipoprotein
cholesterol

HIV = human immunodeficiency
virus

HT = hormone therapy

LDL-C = low-density lipoprotein
cholesterol

Lp(a) = lipoprotein(a)

MI = myocardial infarction

MNT = medical nutrition therapy
NHW = non-Hispanic white

NLA = National Lipid Association
Non-HDL-C = non-high-density
lipoprotein cholesterol

PCOS = polycystic ovary syndrome
RA = rheumatoid arthritis

SA = South Asian

TG = triglycerides

USDA = United States Department
of Agriculture
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ASCVD In Women

Leading cause of death among women
>400,000 women die annually (2010)

In all age groups and ethnicities, women who experience an Ml are
more likely than men to die within 5 years of the event.

Women are more likely to develop heart failure within 5 years of M.

Higher lifetime risk of stroke
55,000 more women than men experience stroke each year.

Women account for nearly 60% of stroke deaths.

Circulation. 2014;129:e28-e92



ASCVD Risk Reduction in Women

e Despite the importance of ASCVD women have been
historically under-represented in RCTs of statin therapy.

e Primary prevention statin RCTs not adequately powered

to perform subgroup analyses by gender and

Meta-analyses have not always included patient-level data to examine
potential differences in effect between men and women.

e Secondary ASCVD prevention RCTs not adequately
powered to detect a reliable difference in treatment effect

between men and women.

Point estimates have been very similar, so if there is a difference, it is
small.

J Am Coll Cardiol. 2014;25:2889-2934



ASCVD Risk Reduction in Women

Recent review of statin RCTs that reported participants’ numbers by
sex/gender

In the 1990s, RCTs on statins with an average of >500 participants
Included 18.6% women [95% C.I.: 16.31%, 21.13%)].

By the first decade of the 2000s, women comprised, on average,
31.45% [29.45%, 32.52% (95% C.1.)] of the total cohort of RCTs with
more than 500 participants.

Regression analysis illustrated a significant increase in the
recruitment of women for RCTs of statins (p-value < 0.01).

Clin Invest Med. 2014;37(3):E163



Lipid Response to Statins I1s Similar in | eee
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Recommendations for Management of
Dyslipidemia in Women: Primary
Prevention




Primary Prevention of ASCVD in Women

e Although women without previous ASCVD are at lower
absolute risk compared to men, the majority of events
will occur among them due the numbers of aging
women.

e Approximately 45% of Mls and 20% of strokes are fatal,
thus not amenable to primary prevention

e Many incident events cause substantial disability, decline
In functional status, and loss of independence.

Lancet. 2012;380:581-590



e What is the role of lowering atherogenic
lipoproteins in primary prevention of ASCVD
events among women?



Primary ASCVD Prevention in Women

e Lower incidence of ASCV
men requires a large sam
valid gender-specific com

D events than In
nle size to make

narisons

o AFCAPS/TEXCAPS, ALLHAT-LLT, ASCOT-
LLA, HPS: primary prevention

e Subgroup analyses in women



Primary ASCVD Prevention in Women

e AFCAPS/TEXCAPS: 45% reduction in CHD
events (p=NS), too few events for valid
comparison

e ALLHAT-LLT: no reduction in main analysis
or In women

e ASCOT-LLA: no reduction, too few events
for valid comparison

e HPS: 24% reduction CHD events in women
overall



Primary Prevention With Statin in Japanese,
Postmenopausal Women: MEGA Trial

N=5,356 Japanese
women (68%)

Total Participants: N=7,832

Mean age women: 60
years

No hx of CHD or stroke

e Mean LDL-C 158 mg/dL

Mean BP 132/78 mmHg

e 43% hypertensive
e 18% diabetic
e 6% smokers

PROBE design; F/U 5y

Prava 10-20 mg/d plus
diet vs. diet alone
Net 15% | LDL-C Prava

Women had 2-3 x lower
event rates than men

Well tolerated

Reduction in events
significant only in men
Significant | in total
mortality in women

Mizuno et al. MEGA Trial Circulation 2008;117:494-502



MEGA Trial: Kaplan—Meiler curves for major end

points in men and women.
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MEGA Trial: Heterogeneity for major end points
between men and women.

Incidence rate ) Hazard ratio Heterogeneity
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H AFCAPSTexCAPS 1908 B 0.67 (0.34-1.31) 21/498 14/499
AFCAPS/TexCAPS 1996 : 0.67 (0.34-1.31) 21/498 14/499
.A_J' ALLHAT-LLT 2002 102 (0.81-1.28) NA540 NAZST
MEGA 2008 073(049-1.10) 562718 42638 SCOTULA B il 110(057:212) 17963 191979
MEGA 2006 El 0.73(0.40-1.10) 582718 402638
JUPITER 2008 : 0.54 (0.37-0.80) TO/A375 393426
; JUPITER <008 —B— 054 (D.37.080) TOQAITS 33426
: ALL P for heterogeneity 0.053 <>"~- 0.79 (0.50-1.05) Pw=0.11
ALL P for heterogeneity 0.56 <> 0.63 (0.49-0.82) P<0.001 T T I ! 8
1 1 || | 1
K| 5 1 5 10 Favors A
Favors Favors Statin Placebo
Statin Placebo

ALL: RR 0.63 (95% CI 0.49-0.82) ALL: RR 0.79 (95% CI 0.79-1.05)

Mora et al. Circ 2010;121:;1069-1077
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Updated Meta-Analysis in Women T
Statins for 1° Prevention: Total Mortality
Total Mortality
C Total Mortality D Predominantly or Exclusively Primary Prevention Trials
Exclusively Primary Prevention Trials e R Sl R

)
MEGA 2006 —B—— 0.59 (0350997) 32718 2212638 MEGA 2008 _B__ 0.50 (0.350097) 3972718 222638

008
JUPITER 2 0.77 (0.55-107) 77/3375 60/3426 JUPITER 2008 1 0.77 (055107 773375 603426
H ALL P for heterogenedty 0.13 <> 0.86 (0.67-1.12) P=0.27
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ALL: RR 0.78 (95% CI 0.53-1.15) ALL: RR 0.86 (95% Cl 0.67-1.12)

Mora et al. Circ 2010;121:1069-1077



000
e
CTT Meta-Analysis: Gender Subgroups 000
o
o 14 trials. N = 90.056 Major coronary events
— Women: 21,575 |
¢ Mean F/U 4.7 years UL TV B VIR
¢ Mean A LDL-C (baseline BS161%)  790(73%) = F o R0309)
vs. 1 years): 1.09 mmol/L |
¢ Major coronary events:
_ Men _24% Treatment better «|— Control better
— Women  -18%
¢ Major vascular events

— Men -22%
— Women  -17%
¢ No interaction by gender

S097(149%) 65041305 H v 07807508
057(147%) 430(1384) | F om0

Major vascular events

Cholesterol Treatment Trialists. Lancet 2005



CTT Conclusion

e “The consistency of the proportional benefit in all
subgroups studied in the main CTT report suggests
clearly that, in women and men with a comparable risk of
occlusive vascular disease, the absolute benefits of
statin therapy are likely to be similar.

e A decision whether to institute treatment with a statin
should be determined mainly by an assessment of risk,
and not by a person’s sex.”

Cholesterol Treatment Trialists’ (CTT) Collaborators
Lancet 2008;371:117-25



Statin therapy for primary prevention
of cardiovascular disease :

e Meta-analysis of 18 trials: 56,934 participants

e Primary Prevention — NNT and NNH (not women specific
though, but women were 39.7% of the participants)

Taylor, JAMA. 2013;310(22}:2451-2452. doi:10.1001/jama.2013.281348



Primary Prevention of ASCVD In oo
Women: Clinical recommendations

e \Women and men have similar reduction in atherogenic
lipoproteins in response to statin therapy.

e \Women experience a reduction in ASCVD events similar
to that in men, when adjusted for age and comorbidities.

e \WWomen without ASCVD should undergo risk assessment
and intensity of therapy should be matched to level of
risk similar to assessment and treatment of men.



Recommendations for Management of
Dyslipidemia in Women: Secondary
Prevention




e What is the benefit of lowering of atherogenic
lipoproteins in secondary prevention of
ASCVD events among women?



Secondary ASCVD Risk Reduction In
Women

Cholesterol Treatment Trialists’ Collaboration: 2010

Meta-analysis of 26 RCTs of more- versus less-intensive statin
therapy (5 trials) and of statin versus control (21 trials)

13 secondary prevention trials only, 1 exclusively primary prevention
trial (JUPITER), 12 trials included patients with and without known
ASCVD

Total number of participants: 169,138
45,495 women (27%)
13,012 women in exclusively secondary prevention trials
6801 women in JUPITER (only exclusively primary prevention)
25,682 in trials including patients with and without known ASCVD
7667 women in trials of more- versus less-intensive statin therapy
Data not provided for numbers of diabetic and women

Lancet. 2010;376:1670-1681



Secondary ASCVD Risk Reduction in Women

Lancet. 2010;376:1670-1681




ASCVD Risk Reduction in Women

Events (% per annum) RR (CI) per 1 mmol/L Heterogeneity/
reduction in LDL-C trend test
Statin/more  Control/less

Previous vascular disease

cHD 8395 (4-5%) 10123 (5-6%) [ | 079 (0.76-0-82) ., , ,q

Mon-CHD vascular 674(31%)  B0Z(37%) — 0-81(071-0-92) (T;=0'3)

None 1904 (1-4%) 2425 (1-8%) —- 075 (0-69-0-82)

Diabetes ‘

Type 1 diabetes 145 (4-5%) 192 (6-0%) > - 077 (0-58-1.01) 2
¥=0-41

Type 2 diabetes 2494 (4-2%) 2920 (51%) —i— 080(074-0-86) | o

S - -

Sex H

Male 8712 (3.5%) 10725 (4-4%) . 077 (0-74-0-80) ¥’ =413

Female 2261(25%) 2625(2.9%) . 0-83(0-76-0-90) (p=0-04)

<65 6056 (2.9%) 7455 (3-6%) [ ] 078(075-082) . o

=65 to =75 4032(3-7%) 4908 (4-6%) E X 078 (0-74-0-83) {P‘=0_ 4

=75 885 (4-8%) 987 (5-4%) — = | 0-84(073-0-97)

Treated hypertension

Yes 6176 (3-7%) 7350 (4-5%) 0-80 (0-76-0-84) 1=2-67

No 4543(27%) 5707 (3-5%) 076 (0:72-0-80) (p=0-1)

Systolic blood pressure (mm Hg) H

<140 5470 (3-2%) 6500 (3-8%) B 0-80 (0-77-0-85) ¥-119

2140 to <160 3145(30%) 4049 (3-9%) - 075(070-0-80) 13

=160 2067 (36%) 2473 (4:5%) —— 079 (0.73-0-85)

Diastolic blood pressure (mm Hg)

<80 4558 (3:5%) 5306 (4-2%) B 0-81 (0.76-0-85) =201

=80 to <90 3670(3-0%) 4587 (3-8%) -- 077 (0-73-0-82) (Pl='3'2)

=90 2452 (3-0%) 3128 (3-9%) - 077 (0-72-0-82)

Body-mass index (kg/m?)

=25 3030(3-0%) 3688 (37%) - 0:79 (0-74-0-84) =010

225 to <30 5033(33%) 6125(4.1%) .- 078 (0-74-0-82) (T-':=0-8)

=30 2732 (33%)  3331(41%) - 078 (0-73-0-84)

HDL cholesterol (mmol/L) H

<10 5032 (4.0%) 6165 (5-0%) ] 078(075-082) . .

>10tas13 3656 (3-1%) 4452 (3-9%) - 077 (0:73-0-82) i{l:o-;'}

.13 2199 (2-4%) 2633 (2-9%) —-— 0-80 (0.74-0-87) ©-

Smoking status :

Current smokers 2268 (3-6%) 2896 (4.7%) 078 (0-73-0-84) x'=0-02

Non-smokers 8703 (31%) 10452(3.9%) i 078 (0-75-0-82)  (p=0-9)

Estimated GFR (mL/min per 1-73m?) H

<60 2712 (41%) 3354 (51%) . 077 (0-72-0-83)

=260 to <90 6161(32%) 7540 (40%) [ | 078 (075-0-82) (=002

=90 1315(2:5%) 1571 (3-0%) — 077 (0-69-0-85) (p=0-9)

Total 10973 (3-2%) 13350 (4-0%) @ 0.78 (0.76-0.80)

—— 99%or r T 1

0.5 0.75 1 1.25
q> 95% C| — >

Statin/more better

Control/less better

Lancet. 2010;376:1670-1681



PROVE IT-TIMI 22: High- versus moderate- eseo
Intensity statin therapy in ACS °oe
911 women (21.9%) °
3251 men (78.1%)

Women: High-intensity:
25% relative reduction
over standard dose

HR 0.75 (95% CI, 0.57 to
0.99, p=0.04)

Men: High-intensity
relative reduction 14%
HR 0.86 (95% CI, 0.75 to
0.99, p=0.04)

Kaplan-Meier curves of primary end point by study termination in women (A) and men (B).
Circ Cardiovasc Qual Outcomes. 2011,4:328-336



PROVE IT-TIMI 22: High- versus moderate-

intensity statin therapy in ACS

All-cause Mortality
Women &
Men =

Myocardial Infarction (MI)
Women =
Men - =
Unstable Angina (UA)

Women -
Men

Revascularization
Women =
Men —

Stroke

Women =
Men =

Heart Failure (CHF)
Women
Men "

Death/MI
Women L
Men —_—.

Death/MI/UA
Women
Men —
Death/MI/UA/Stroke
Women —
Men -
Primary Endpoint
Women — &
Men P —
Primary Endpoint + CHF
Women —
Men ——.—

0.0 0.5 1.0 1.5

Hazard Ratio (95% Confidence Interval)

Hazard ratios between intensive-dose atorvastatin and standard-dose pravastatin therapy in women and men.
Circ Cardiovasc Qual Outcomes. 2011;4:328-336

0.93 (0.43 - 2.00)
0.67 (0.44 - 1.01)

0.64 (0.38 - 1.10)
0.94 (0.73-1.22)

0.57 (0.33 - 1.00)
0.76 (0.54 - 1.08)

0.88 (0.64 - 1.22)
0.85(0.72- 1.01)

0.55(0.13-2.32)
1.30 (0.64 - 2.60)

0.53 (0.29 - 0.98)
0.74 (0.51 - 1.08)

0.71(0.45-1.11)
0.86 (0.68 - 1.07)

0.63 (0.4 - 0.91)
0.84 (0.69 - 1.02)

0.61(0.43 - 0.87)
0.86 (0.71-1.02)

0.75 (0.57 - 0.99)
0.86 (0.75- 0.99)

0.70(0.54 - 0.91)
0.85(0.74 - 0.98)

Event rates at 2 years
Atorvastatin vs Pravastatin

2.8% vs 3.0%
2.1% vs 3.3%

4.9% vs 7.9%
7.1% vs 7.3%

4.5% vs 7.9%
3.6% vs 4.3%

15.6% vs 17.3%
16.5% vs 19.2%

0.5% vs 1.3%
1.2% vs 1.0%

3.2% vs 6.6%
2.9% vs 4.0%

7.0% vs 10.1%
8.6% vs 9.9%

10.3% vs 16.7%
11.5% vs 13.3%

10.6% vs 18.0%
12.3% vs 13.9%

20.3% vs 27.0%
23.0% vs 26.2%

21.7% vs 30.6%
241% vs 27.7%




Secondary ASCVD Risk Reduction In
Women

e Cholesterol Treatment Trialists’ Collaboration: 2012

Effects of statin therapy in “low-risk” individuals compared to those at
higher risk

Defined “low-risk” as < 10% 5-year major vascular event risk
(Mean risk 2.6%)

e 27 RCTs of statin versus control, more- versus less-intensive statin
therapy

e Proportional reductions in MVE per 1.0 mmol/L LDL reduction (39
mg/dl) at least as large in “low-risk” individuals as for other
participants, even after stratification by age and gender (numbers of
women smaller)

Lancet. 2012;380:581-590



Secondary ASCVD Risk Reduction in
Women

Lancet. 2012;380:581-590



Outcomes In Search

e Trial negative comparing simva 80 vs 20, but
women point estimate actually better than
men

www.thelancet.com Vol 376 November 13, 2010



Meta-analysis of statin effects | s:
IN WOMmMen versus men

e 18 RCTs with gender-specific outcomes

e N=141,235
Women: 40,235
21,468 cardiovascular events
e “Benefit of statin was statistically significant in both
sexes, regardless of the type of control, baseline risk, or
type of endpoint in both primary and secondary
prevention.”

e All-cause mortality was lower with statin therapy without
significant interaction by gender.

Kostis, JACC. 2012:59:572-582



Meta-analysis of statin effects |3s::
INn women versus men :

Kostis, JACC.2012:59:572-582



Meta-analysis of statin effects |3s::
INn women versus men :

Kostis, JACC. 2012:59:572-582



Secondary ASCVD Risk Reduction in
Women

Nutr Metab Cardiovasc Dis. 2010; 20:474-480



Outcomes by gender with and without
DM in HPS: No gender interaction —
women with and without DM benefit

Sex
Male: diabetes 471/2064 (22-8%)
no diabetes 1195/5663 (21-1%)
Female: diabetes 130/914 (14-2%)
( )

no diabetes 237/1628 (14-6%

580/2083 (27-8%
1555/5644 (27-6%
168/902 (18-6%
282/1638 (17-2%

— e

THE LANCET ¢ Vol 361  June 14, 2003
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Secondary ASCVD Risk Reduction In
Women

e Trials in diabetic women

CARDS: 909 (32%) women: no analysis by gender (atorvastatin 10 mg
versus placebo)

4D: 578 (46%) women: diabetic hemodialysis patients (atorvastatin 20
mg versus placebo), no analysis by gender

ASPEN: 411 (34%) women: no analysis by gender (atorvastatin 10 mg
versus placebo)

Lancet. 2012;380:581-590



Secondary ASCVD Risk Reduction In
Women: Clinical Recommendations

e Women with manifest ASCVD should be treated with high-intensity
statin therapy according to current guidelines.

e Women with diabetes and no evidence of ASCVD should be treated
with statin therapy according to current guidelines. The intensity of
statin therapy should be matched to the level of ASCVD risk.



e Are there gender differences in the risk of
adverse events associlated with statin
therapy?



Statin Adverse Effects: Gender Effects

e PROVE IT-TIMI 22

No gender differences in adverse effects of high-intensity statin therapy
(elevations in LFTs, CK, myalgias/myositis)

e Cholesterol Treatment Trialists’ Collaboration: 2010,
2012

No safety analysis by gender

Lancet. 2012;380:581-590
Lancet. 2010;376:1670-1681
Circ Cardiovasc Qual Outcomes. 2011;4:328-336



Effects of statin therapy on incident diabetes in hypothesis-
generating and hypothesis-testing placebo controlled trials.

HR (95% CI)

WOSCOPS Pravastatin — 0.70 (0.50-0.98)
(Hypothesis Generating Trial)

HPS Simvastatin o 1.20 (0.98-1.35)
ASCOT-LLA Atorvastatin T 1.20 (0.91-1.44)
PROVE-IT Atorvastatin = 1.11 (0.67-1.83)
VS
Pravastatin
CORONA Rosuvastatin = 1.13 (0.86-1.50)
JUPITER Rosuvastatin —— 1.25 (1.05-1.54)
(Hypothesis Testing Trials) ’ 1.17 (1.04-1.30)
0:25 0:5 1.0 I2 A
Statin Better Statin Worse

Ridker P M Circ Cardiovasc Qual Outcomes. 2009;2:279-285



JUPITER: Gender differences in new
physician-diagnosed diabetes

e Increased risk of new physician-diagnosed
diabetes In women compared to men

Women: HR 1.49 (95% CI, 1.11 to 2.01, p=0.008)
Men: HR 1.14 (95% CI, 0.91 to 1.43, p=0.24)

Circulation. 2010;121:1067-1077



Atorvastatin Meta-analysis (TNT, IDEAL, -
SPARCL) :

e Predictors of incident DM — male is higher in multivariate analysis, not
female suggesting that other characteristics play a role (i.e. baseline
glucose). Similar in IDEAL and SPARCL HR>1, but NS)

Waters, JACC 2011



Gender differences in muscle-related
toxicity

e US FDA AERS 1997-2011
e 3,472,494 reports

e Rosuvastatin, atorvastatin, simvastatin,
pravastatin, cerivastatin

e All 5 associated with muscle-related side
effects, (>>cerivastatin)

e NoO gender differences

Pharmacology & Pharmacy. 2013; 4: 340-346



SPARCL

e Safety endpoints by sex:

Table 4. SPARCL Safety by Sex

Women Men
Atorvastatin Placebo Atorvastatin Placebo
(n=938) (n=970) (n=1427) (N=1396)
ALT/AST =3xULN*, n (%) 13 (1.39%) 1(0.10%) 8 (0.56%) 2 (0.14%)
CPK =10%ULN*, n (%) 1(0.11%) 0 1(0.07%) 0
Musculoskeletal AEs
Myalgla, n (%) 63 (6.7%) 72 (7.4%) 66 (4.6%) 69 (4.9%)
Myopathy, n (%) 3 (0.3%) 2 (0.2%) 4(0.3%) 5 (2.0%)
Rhabomyolysis, n (%) 1(0.1%) 2 (0.2%) 1(0.1%) 1(0.1%)

*Persistent elevations: 2 consecutive elevations within 4 to 10 days.
ALT Indicates Alanine aminotransferase; ULN, upper limits of normal; CPK, creatine phosphokinase.

Stroke. 2008;39:2444-2448



Cancer
Incidence
By Site In
Statin Trials

No gender specific
analysis,

but no increase in breast
cancer

CTT Collaboration. Lancet 2010; 376: 1670-81

Events (% per annum)

Statin/more

Contral/less

RR (CI) per 1 mmol/L reduction in LDL-C

More vs less statin
Gastrointestinal
Genitourinary
Respiratory

Female breast
Haematological
Melanoma
Other/unknown
Any

Statin vs control
Gastrointestinal
Genitourinary
Respiratory
Female breast
Haematological
Melanoma
Other/unknown
Any

All trials combined
Gastrointestinal
Genitourinary
Respiratory

Female breast
Haematological
Melanoma
Otherfunknown
Any

—— o9%or

<D» 95% Cl

288 (0-3%)
480 ({0-5%)
231 (0:3%)
73 (0-4%)
95 (0-1%)
56{0-1%)
243 (0-3%)
1466 (1.6%)

878 (0:3%)
1116 {0-4%)
582 (0.2%)
194 (0-3%)
210 (0-1%)
103 (0-0%)
511 (0-2%)
3594 (1-4%)

1166 (0-3%)
1596 (0-5%)
813 (0-2%)
267 (0:3%)
305 (0-1%)
159 (0-0%)
754 (0-2%)
5060 (1.4%)

322 (0-4%) .
496 (0-5%) »
219 (0-2%)

[¥a]

oy

(=]

(¥ ]

Z2
YYVYY

(

(
82 (01%)
42(0.0%)
257 {0-3%) .

1472 (1.6%) <I>

872 (0-3%)
1149 (0-4%)
595 (0-2%)
187 {0-2%)
209 (0-1%)
100 (0-0%) =
480
3552

(0-2%)
(1-4%)
1194 (0-3%)
1645 (0-5%)
814 (0.2%)
241 (0-3%) —
291 (0-1%) —
142 (0-0%) =

737 (0-2%)

5064 (1-4%)

T T 1 | |
0.5 075 1 1.25 1-6
< >
Statin/more better  Control/less better

079 (0-52-1-20)
1.00 (0.72-1.38)
1-15 (0-70-1-90)
1.60 (0.66-3.87)
1-34 (0-61-2-98)
1.84(0-64-529)
0.96 (0-63-1-46)
1.02 (0-89-1-18)

0-99 (0-88-1.11
0-96 (0-87-1-06
099 (0-86-1-14
1:04(0.80-134
1:02(0-81-1.28)
1:09 (078-1.51)
105 (0-89-1.25)
1.00 (0-95-1-04)

_— S e

0-97 (0-87-1.09)
0.97 (0.88-1.06)
1.00 (0-88-1.15)
1.07 (0-84-1.38)
1.04(0-84-130)
114 (0-83-1.56)
1.04(0.89-1.21)
1.00 (0-96-1-04)



Gender differences in adverse effects of
statin therapy: clinical recommendations

e \Women may have an increased risk of muscle-
related side effects and new physician-
diagnosed diabetes with statin therapy.

e Differences may be, In part, related to patient
characteristics predisposing to adverse effects
rather than gender-specific effects (older, insulin
resistance, less musculature, etc).



e | need to include USAGE data here




Non-statin therapy In
women




Resins and Ezetimibe

e Resins

1978 Colestipol study: non-significant | in total mortality, non-
significant 1 in CHD mortality

LRC-CPPT — all male

e Ezetimibe

ENHANCE - 350 women with FH; simva plus ezetimibe vs
simva alone; IMT study which failed to meet primary end-point;
no gender-specific results

SHARP - 3492 women with CKD; Ezetimibe plus simvastatin vs
placebo. Overall trial 17% reduction in major coronary events

Dorr AE et al. J Chronic Dis 1978;31:5-14; ENHANCE NEJM 2008; SHARP slide presentation (link on theheart.org)



SHARP

e Main endpoint paper — point estimates
identical, Cl wider in women due to smaller
sample size:

www.thelancet.com Vol 377 June 25, 2011



Niacin Trials

e Coronary Drug Project (JACC 1986)

Secondary prevention study
All male

e HATS (NEJM 2001)

Simva plus niacin without antioxidants had least coronary progression
21 women out of 160 subjects, no gender-specific results

e ARBITER HALTS-6 (final results; JACC 2010)

IMT progression less with statin/niacin than with statin/ezetimibe
72 women, no gender specific results

e AIM HIGH

14.8% women
No interaction by gender



Effects of ER niacin laropiprant in high-risk
patients: HPS 2Thrive Analysis by Gender

e 25,673 participants (17.3% women)

e From online Summary Appendix 1: note women
did worse with NA, almost stat significant

e First major vascular event

Sex
Male 10 g (07 10616 (192%) 485 MORMS (140°%) ~'- 121
Female 8 7 W4 (134%) M 2220 (12%%) B (=007

N Engl J Med 2014; 371:203-212



Fibrate Trials
e Helsinki Heart Study and VA-HIT: all male

e FIELD — Patients with Tl DM; 3657 women

* Did not meet primary endpoint

* No gender interaction

* Greater improvement in lipid
profile in women

» Similar CV event reduction in
dyslipidemia men and women

e ACCORD - Patients with TIl DM: 1694 women

* Did not meet
primary
endpoint
Benefit for men,
possible harm
for women

(pinteraction:O'01)

«  However, dyslipidemic women (high TG, low HDL) had same benefit as Field Lancet 2005; Accord NEJM 2010

dyslipidemic men Diabetologia. 2014
ysiip NEJM. 2010;362:1563-1574



Fish Ol

e GISSI Prevenzione Trial
Secondary prevention; 15% female; no gender-specific data

e JELIS

18,645 Japanese patients (12,786 women); mean F/U 4.6 years
Mixed primary and secondary prevention; TC = 6.5 mmol/l (= 250 mg/dL)
1800 mg EPA with statin vs statin only

Sudden death, MI, ACS, PCI, CABG combination endpoint
Women 2% vs.1.7% HR 0.87 (0.68 -1.13)
Men 6.8% vs. 5.2% HR 0.76 (0.62 - 0.94)
P for interaction: 0.43

e Alpha Omega Trial
1054 women (12% of study population) with history of MI; F/U 40.8 months

No overall benefit of N-3 FA or alpha-linolenic acid fortified margarine
Women HR 0.82, 95% CIl 0.58-1.16
Men HR 1.06, 95% CI 0.89-1.25

Alpha Omega: NEJM 2010; JELIS: Lancet 2007; GISSI Prevenzione: Lancet 1999



Non-statin drugs for ASCVD prevention in
women: Clinical recommendations

e There is limited gender-specific evidence for the
benefit of non-statin drugs in prevention of
ASCVD.



ASCVD Risk Assessment for Primary
Prevention in Women

e Risk assessment for primary prevention in women
should be calculated using a global ASCVD risk
prediction algorithm.

e In young women, calculation of lifetime risk may provide
Important information to guide the decision to initiate
statin therapy.

e Other considerations which may inform the decision
Include: hs-CRP, family history of premature ASCVD
among first degree relatives, LDL-C >160 mg/dl, CAC
>300 Agatston or >75™ percentile, ABI <0.9



Summary of NLA Recommendations for
Management of Dyslipidemia in Women

Recommendations Strength Quality
In general, women should be treated according to the NLA A High
Recommendations for Patient-Centered Management of
Dyslipidemia — Part 1 (Jacobson 2015) with the following
special considerations.

First-line cholesterol-lowering drug therapy, unless
contraindicated, is moderate- to high-intensity statin. The
statin dosage may be increased or the patient switched to a
more efficacious agent, if goal levels of atherogenic
cholesterol are not achieved. Statin therapy should be a
consideration for patients at very high risk (i.e., ASCVD or
diabetes mellitus with >2 major ASCVD risk factors), even
if the pre-treatment levels of atherogenic cholesterol are
below the treatment goals.

Non-statin drug therapy with cholesterol absorption
inhibitor, bile acid sequestrant, fibric acid, nicotinic acid, or
long-chain omega-3 fatty acid concentrates (the latter
currently indicated only for very high TG) may be
considered for women with contraindications for, or
intolerance to, statin therapy, or in combination with statin
therapy for patients who need additional lowering of
atherogenic cholesterol to achieve treatment goals.

Women taking statins may be at increased risk for certain
adverse events, particularly myalgia. Variations between
men and women observed in clinical studies of statin-related
myalgia incidence may have been related to differences in
age, comorbidities, body composition, and polypharmacy.




Management of the Patient with Progressive
Atherosclerosis Despite Evidence-based Therapy

Peter H. Jones MD FACP, FNLA
Associate Professor
Methodist DeBakey Heart and VVascular Center
Baylor College of Medicine



Background

« Evidence-based lipid therapy In secondary prevention is based
on the ACC/AHA 2013 Blood Cholesterol guidelines — the use
of high-intensity statin, irrespective of baseline LDL-C and

non-HDL-C
 The IMPROVE IT study has demonstrated that a nonstatin

(ezetimibe) reduction in LDL-C provides incremental benefit
over statin therapy alone — lower LDL-C is better!

 IMPROVE IT also showed that the rate of recurrent events in
post ACS patients on statin + ezetimibe was still 32% at 7

years!



Who Are the Patients with Progressive ASCVD
Events Despite Evidence-based Therapy?

 Very high risk patients with less than expected lipid response to

moderate or high-intensity statins, and those with intolerance to
optimal statin dosing

 Very high risk patients with recurrent events on high-intensity
statins

* FH patients with established CVD not at target LDL-C and non-
HDL-C on maximally tolerated lipid drug therapy



What are the Potential “Lipid” Factors Responsible
for Progressive ASCVD Events?

 Discordance In atherogenic particle number:
LDL cholesterol at goal but elevated non-HDL-C, apo B
and/or LDL-P
Most frequently associated with insulin resistance
(MeS, NAFLD), high TGRL and T2DM

e High Lp(a): > 50 mg/dL (> 75 nmol/L)

e Low HDL cholesterol and/or poor efflux function



Other Factors Responsible for Recurrent ASCVD
Events

e Compliance to therapy

« Manageable risk factors:
Smoking, BP, glucose control, fitness/exercise, dietary
pattern, possibly inflammation (RA, SLE, psoriasis)

e Thrombosis control
* Psychologic:

Stress, depression, poor sleep (OSA)
« “Black box” of genetics, aging



Effects of Lowering LDL-C with Statins in People at
Risk for Vascular Disease
CTT Meta-analysis of individual data from 27 randomized trials

Cholesterol Treatment Trialists’ ‘CTT‘ Collaborators. Lancet 2012"380:581—90.



Boekholdt et al. JAMA. 2012;307:1302-09.



Boekholdt et al. J Am Coll Cardiol 2014;64:485-94.



LDL-C Levels and Risk of CV Events
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Boekholdt et al. J Am Coll Cardiol 2014;64:485-94.

Major CV and Coronary Event Rates vs Various LDL-C Levels

Event Rate (%)

. Major coronary events

Major cardiovascular events

50-70  70-100 100-130 130-160 160-190 =190
LDL-C (mg/dL)




Effect of Naturally Random Allocation to Lower LDL-C on Risk of

CHD Mediated by Polymorphisms in NPC1L1, HMGCR, or Both: A
2 x 2 Factorial Mendelian Randomization Study

Ference BA et al. J Am Coll Cardiol. 2015;65:1552-1561.



IMPROVE IT: LDL-C and Lipid Changes

1Yr Mean LDL-C TC TG HDL hsCRP
100 - 69.9 145.1 137.1 48.1 3.8
53.2 125.8 120.4 48.7 3.3
- - Ainmgldl  -167 193 167 +0.6 05
% 80
E ]
3 70 -
B ..
] Median Time avg.
§ 60 - 69.5 vs. 53.7 mg/dL
=
50 -
40 -
QE R 1 4 8 12 16 24 36 48 60 72 84 96
_— Time since randomization (months)
Number at risk:

EZfSimva 8990 8889 8230 7701 7264 6864 6083 6206 5734 5354 4508 3484 2608 1078
Simva 9009 8921 8306 7843 7289 6933 6607 6192 5684 5267 4395 3347 2569 1068

NEJM 2015



IMPROVE IT: Primary Endpoint — |

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

40 -
Simva — 34.7%
HR 0.936, CI (0.887 - 0.988) 2742 events
] _ NNT= 50
< 301 p=0.016
@
©
€ 207 EZ/Simva — 32.7%
S 2572 events
(i
10 -
/-year event rates

0 1 2 3 4 5 6 7
Time since randomization (vears)

NEJM 2015



Is Residual Risk All About Lower
Atherogenic Particle Number?




Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9) Is a
Regulator of LDL-R Recycling

« PCSK9 mediates degradation of the LDL-R by interacting with the

extracellular domain and targeting the receptor for degradation

Horton et al. J Lipid Res. 2009;50:S172-S177. Qian et al. J Lipid Res. 2007;48:1488-1498. Zhang et al. J Biol
Chem. 2007;282:18602-12. 4. Lopez. Biochim Biophys Acta. 2008;1781:184-91.



LDL-C Change: Evolocumab vs Standard Therapy

No. at Risk
Standard therapy 394 1388
Evolocumab 864 2871

Absolute reduction (mg/dl) 60.4 73.4
Percentage reduction 453 60.9
P value <0.001 <0.001

The NEW ENGLAND

755 JOURNAL of MEDICINE

Sabatine MS et al. N Engl J Med. 2015;372:1500-1509.




Efficacy and Safety of Evolocumab In

Reducing Lipids and Cardiovascular Events
Cumulative Incidence of Cardiovascular Events.

Sabatine MS et al. N Engl J Med 2015;372:1500-1509



ODDYSSY LONG TERM Study: LDL-C

Reduction Maintained Over 52 Weeks
Achieved LDL-C over Time

All patients on background of maximally-tolerated statin + other lipid-lowering therapy

4.0 7 | 151
m 3.5 3.2 mmol/L [ 137
) 3.1 mmol/L 123.0 mg/dL
g o 118.9 mg/dL T | 123
(- 30 - S ran s e
S - 109 5
=5 | Q
0 £ 2.5 —&— Placebo ) =
— E Alirocumab Lopl 2
@) 2.0
= - 67
N 1.3 mmol/L 1.4 mmol/L

1.5 :
— 48.3 mgldL 26 Miehels L e

10 | | | | | | | | | | | | | | 39

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Week

Intent-to-treat (ITT) analysis.
NEJM 2015;372: 1489



ODYSSEY Long term: Post-hoc Adjudicated
Cardiovascular Eventst

Kaplan-Meier Estimates for Time to First Adjudicated Major CV Event

0.06 A — Placebo + max-tolerated statin = other LLT
— Alirocumab + max-tolerated statin = other LLT

0.05 = Mean treatment

0.04 duration: 65 weeks
| HR=0.46 (95% CI: 0.26 to 0.82)

0.03 - I_,_li

0.02 - ;r/_'_,_n—’ o
0.00 -

0 12 24 36 48 60 72 84 Weeks

Cumulative probability of event

No. at Risk
Placebo 788 776 731 703 682 667 321 127
Alirocumab 1550 1534 1446 1393 1352 1335 642 pASY

TPrimary endpoint for the ODYSSEY OUTCOMES trial: CHD death, non-fatal MI, fatal and non-fatal ischemic stroke,
unstable angina requiring hospitalization. LLT, lipid-lowering therapy.

NEJM 2015;372:1489



PCSKO9 Inhibitor Cardiovascular OQutcomes Trials

Evolocumab Alirocumab Bococizumab

Sponsor Amgen Sanofi / Regeneron Pfizer
Trial FOURIER ODYSSEY Outcomes SPIRE | SPIRE 11
Sample size 22,500 18,000 18,000 8,300

Patients MI, stroke or PAD 4-52 wks post-ACS High risk of CV event

Statin Atorva >20 mg or equiv Evid-based med Rx Lipid-lowering Rx

LDL-C
mg/dL(mmol/L) 270 (=1.8) >70 (>1.8) 70-99 (1.8-2.6) >100 (>2.6)

PCSKO9i Dosing Q2W or Q4W Q2W Q2W

Endpoint 1°: CV death, MI, stroke, revasc or CHD death, MI, ischemic CV death, MI, stroke, or urgent revasc
hosp for UA, stroke, or hosp for UA
Key 2°: CV death, MI, or stroke

Completion 12/2017 1/2018 8/2017

www.clinicaltrials.gov




DEFINE: Changes in Lipid/apoproteins
In the Anacetrapib-Treated Patients

Variable Baseline Week 24 Week 76

LDL cholesterol (mg/dL) 81.2 44.7 48.9 -40%
HDL cholesterol (mg/dL) 40.5 101.2 102.3 150%
Non-HDL cholesterol (mg/dL) 109.7 69.7 73.0
Apolipoprotein B (mg/dL) 88.4 70.1 69.6 -20%
Apolipoprotein A1 (mg/dL) 142.5 208.0 203.0 42%
Total cholesterol (mg/dL) 150.3 170.8 175.2
Lipoprotein(a) (mmol/L) 26.8 14.8 16.4 -40%

*DEFINE = Determining the Efficacy and Tolerability of CETP Inhibition with Anacetrapib.
N Engl J Med. 2010;363(25):2406-15



Effect of Dalcetrapib on HDL-C and LDL-C* In
dalOUTCOMES

*
Mean levels. é;@’ e NEW ENGLAND

3 JOURNAL of MEDICINE

N Enil J Med. 2012"367:2089-2099.



dalOUTCOMES: Incidence of Primary
Efficacy Endpoint

%33 The NEW ENGLAND
4=>5/ JOURNALof MEDICINE

N Enil J Med. 2012'|367:2089-2099.




Lipoprotein (a)

 LPA gene is causally related to CVD risk. Lp(a) is predictive of
outcomes post PCI (AJC 2015;115:157) and post CABG
(Atherosclerosis 2014;235:477)

* LPA gene is associated with greater prevalence of aortic stenosis
(NEJM 2013; 368:503, JAMA 2014; online 10/2014))

 AIM HIGH study showed that baseline and on-treatment Lp(a)
predicted CV events in both treatment arms (JACC
2013;62:1575). The LIPID trial also found similar baseline and
on-treatment relationship of highest quartile Lp(a) to events
(ATVB 2013;33:2902). Finally, JUPITER showed that highest
Lp(a) tertile predicted CVD in primary prevention subjects at
baseline and on-treatment (Circulation 2014;129:635)



.
What to do with high risk Lp(a)?

e If Lp(a) > 75 nmol/L (or > 50 mg/dL):

High intensity statin +/- other LLT
- Niacin
- Alirocumab, evolocumab [reduce LDL and
Lp(a)]

Eur Heart J 2010; 31:2844



Is Residual Risk Reduction All
About Reducing TGRLS?




e Disturbed TGRL metabolism (e.g. In IR and T2DM)
results in discordance between the cholesterol content

of LDL and particle number.

* As aresult, intensification of medical therapies that
correct the lipid disturbance, and the discordance, could

further reduce the risk.

29




MendelianRandomization*: Causal Association Between Remnant
Cholesterol in TRL and ASCVD

Risk of Ischemic Heart Disease Hazardt_/ Odds
ratio

Remnant cholesterol

Observational: Elevated plasma levels & 1.37 (1.27-1.47)

Causal: Genetically elevated levels & 2.82 (1.92-4.15)
Remnant cholesterol/HDL-C ratio

Observational: Elevated plasma levels & 1.23 (1.19-1.27)

Causal: Genetically elevated levels & 2.94 (1.90-4.55)
HDL-C

Observational: Reduced plasma levels * 1.55 (1.43-1.68)

Causal: Genetically reduced levels —&—— 0.74 (0.40-1.37)

1 2 3 4 5

Lifelong exposure to genetically elevated remnant

cholesterol in TGRL can increase ASCVD

*Mendelian randomization design was used to overcome confounding between remnant cholesterol and other risk factors,

including reduced HDL-C.
TGRL= TG-rich lipoproteins
J Am Coll Cardiol. 2013;61:427-436.



Mendelian Randomization Studies of Triglycerides and
CHD Risk: Loss-of-function Mutations in Apo C3

o 2 studies - Exome Sequencing Project, and 2 populations
(Copenhagen City Heart Study and Copenhagen General
Population Study) — evaluated LOF mutations in Apo C3 and
triglycerides on CHD risk

e Frequency of LOF in Apo C3 between 1:150 and 1:250

 These LOF mutations associated with 40% lower fasting and
nonfasting TGs, as well as lower apo B and LDL-C (-16%) and
higher HDL-C (+20%).

e Both studies found a 40% lower CHD risk than unaffected cohort

NEJM 2014; 371: 22 and 32



Fasting Triglycerides Predict Recurrent Ischemic Events in
Patients with low LDL-C on Statins: dal-OUTCOMES

Journal of the American College of Cardiology, 2015; 65: 2267 - 2275



Fasting Triglycerides Predict Recurrent Ischemic Events in
Patients With ACS Treated With Atorvastatin 80 for 16 weeks:
MIRACL

Journal of the American College of Cardiology 2015; 65: 2267 - 2275



Mixed Dyslipidemia: Discordance
Between LDL-C and ApoB /non-HDL-C

TC 198 mg/dL TC 210 mg/dL
LDL -C 130 mg/dL LDL -C 130 mg/dL
TG 90 mg/dL TG 250 mg/dL
HDL -C 50 mg/dL ® ApoB HDL -C 30 mgldL
Non-HDL- C 148 mg/dL Non-HDL- C 180 mg/dL
ApoB 95 mg/dL ApoB 118 mg/dL
Large LDL (pattern A) Small, dense LDL (pattern B)
sneoc DODOP
PBDBDDB

o0
HD

®
L

non-HDL -C, ApoB ——1 j

i VLDL [@L VLDL

: o | N | N
\ﬂg ‘HDL

Size doesn’t matter — particle number Is more important!

—



LDL Particle Number Distribution in T2DM Subjects in MESA
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Cromwell WC, Otvos JD. Am J Cardiol. 2006;98(12):1599-1602.




CHD Event Associations of LDL-P versus LDL-C
Framingham Offspring Study (n=3,066)

1.00
0.98
Low LDL-C

0.96 Low LDL-P

0_94 | (n:1,249)
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J Clin Lipidology 2007;1(6):583-592.



e Therefore, when LDL-C and nonHDL-C are discordant,
risk tracks with particle number (which can be determined
by non-HDL-C preferably, or apo B or LDL-P).

Post hoc subgroup analysis from AIM HIGH, HPS 2
THRIVE and ACCORD Lipid suggest that additional
lipid drug therapy to reduce non-HDL (or LDL-P or apo
B) could provide incremental risk reduction under this
clinical situation.

Prescription OM3 are addressing this in outcomes
trials - REDUCE IT and STRENGTH



|s Residual Risk All About HDL-C?




« Well, the trials have not given us an answer:
AIM HIGH

HPS 2 THRIVE
dalOUTCOMES

* \We may not get the answer from REVEAL or
ACCELERATE, even If they prove beneficial,
because of their LDL-C lowering efficacy

 HDL function may be a plausible mechanism of
benefit but this 1s difficult to measure and even more
challenging to modulate.



Is Residual Risk Reduction All
About Inflammation?







STABILITY Primary Endpoint:
Time to First Occurrence of CV Death, MI, Stroke

Percentage of Patients







.
VISTA Primary Efficacy Endpoint

Cardiovascular death, myocardial infarction, stroke,
hospitalization for unstable angina

% 8

- Placebo
= Varespladib 500 mg

HR (95% ClI) = 1.25 (0.97, 1.61)

log-rank p-value = 0.08
0 i T T T T T T T
0] 2 4 6 8 10 12 14 16

Time (Weeks)

No. at Risk:
Placebo 2573 2474 2361 2255 2166 2062 yd010]0) 1927 1646
Varespladib 2572 2467 2360 2241 2160 2038 1967 1883 1641



CVD Outcomes Trials Targeting Inflammation

 |1-1B monoclonal antibody (canakinumab) — CANTOS
Post ACS, Injection every 12 weeks.

o Cardiovascular Inflammation Reduction Trial (CIRT)
NIH-sponsored; Patients with T2DM or MeS and
CVD; methotrexate vs PBO in 7000 subjects

* |I-6 receptor monoclonal antibody (tocilizumab) vs
TNF-alpha monoclonal antibody (etanercept) in RA
patients to prevent CVD events.

 Colchicine to be studied post PCI and ACS on short-
term outcomes



Take Home Messages
e Maximize statin dosing, plus other LLTs, to achieve non-HDL-C
and LDL-C goals In:
All CVD patients with/without FH
All CVD patients with recurrent events

This includes the use of ezetimibe and BAS, and potentially
evolocumab/alirocumab. Fenofibrate, prescription OM3 or
niacin can be considered in selected patients with non-HDL-C
discordance.

e Targeting low HDL-C/HDL-P with drug therapy Is not supported
by the data yet

« Targeting high Lp(a) with drug therapy Is reasonable, but therapy
should be primarily directed to achieving non-HDL-C/LDL-C
goals



Statin Intolerance as a
Barrier to Atherosclerotic
Disease Risk Reduction

Paul D. Thompson, MD
Director of Cardiology

Henry Low Heart Center
Hartford Hospital

Hartford, CT
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Why Care About Statin
Associated Symptoms (SAS) ?

Patient Outcomes

Medical Cost From -
Poorer Outcomes
Medications



Performed a Systematic Review / Meta Analysis

Of 44 Prospective Studies -1, 978,919
Participants

Good Adherence > 80%

RR Good vs Less Good = 0.55 (0.46-0.67)
9+ CVD Cases / 100,000 Per Year












No. of No. of No. of Proportion (95% CI)
studies participants deaths

(1) Adherence to statins 291,864 29,605** —_— 0.55 (0.46, 0.67)

(2) Adherence to antihypertensive agents 205,598 12,288%* - 0.71 (0.64, 0.78)
: =

ACE inhibitors/Angiotensin receptor blockers 62,196 BBE** 0.74 (0.69, 0.80)

Beta-blockers 67,991 5,441%* 0.83 (0.69, 1.00)
Calcium channel blockers 9168 2696 0.97 (0.87, 1.09)

Multiple agents 81,342 2978 0.49 (0.23, 1.05)
(3) Adherence to aspirin 3 2,98 0.45 (0.16, 1.29)

(4) Adherence to any CVD medication 23* 94,126** 0.62 (0.57, 0.67)

|
0.3 05 0.7 1 1.2

Good adherence Poor adherence

*For individual studies reporting data for more than one medication class the results for the different categories within that study were meta-analysed (fixed effect) before use in the|
compaosite calculation; **Groups in which not all studies reported the number of deaths.

Relative risks for all-cause mortality in good vs. poor adherence




Relative risks for all-cause mortality in good vs. poor adherence

No. of No. of No. of Proportion (95% CI)
studies participants deaths

(1) Adherence to statins 291,864 29,605%* 0.55 (0.46, 0.67)

_._
(2) Adherence to antihypertensive agents T T2 2008 T e = 0.71 (0.64, 0.78)
E

ACE inhibitors/ Angiotensin receptor blockers 62,196 886** 0.74 (0.69, 0.80)

Beta-blockers 67,991 5,441%* 0.83 (0.69, 1.00)
Calcium channel blockers 9168 2696 0.97 (0.87, 1.09)

Multiple agents 81,342 2978 0.49 (0.23, 1.05)

(3) Adherence to aspirin 12,980 0.45 (0.16, 1.29)

(4) Adherence to any CVD medication 533,381 94,126%* 0.62 (0.57, 0.67)

| | | |
0.3 0.5 0.7 1 1.2

Good adherence Poor adherence

*For individual studies reporting data for more than one medication class the results for the different categories within that study were meta-analysed (fixed effect) before use in the
composite calculation; **Groups in which not all studies reported the number of deaths.




Why Care About Statin
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Payers fret about the next drug doomsday
Pricey PCSK9 cholesterol meds

May 7, 2014 | By Tracy Staton

=rt-ueneration therapies for a

widespread health problem is expected t|:| cost payers beaucoup bucks when they
hit the market? If wou said the new crop of hepatitis C treatments, you'd be half
right. Pharmacy henefits managers say they're just as warried--perhaps even
more so--by a coming class of cholesterol drugs known as PCSKY inhibitors.

As the Pink Sheef reports, executives from CWS Caremark ($3CW3S) and Express
Scripts (FESRX), the two higgest .S, FEMs, say these drugs are_groundbreaking
treatments that are proving safe and effective at controlling chifesterol in\geople
who've had little success at that in the past. But at an estimatgd $10,000 ger yvear,
drugs like Sanofi (FSMNY) and Regeneron's (3REGN) alirocumak Ffizer($FFE)
hococizumahb, and Amgen's (FAMGN) evolocumab won't fit the healthcare budget.




= NEWS TOPICS ANALYSIS FEA
Fierce

Topics: Financials | 3ales and Marketing

Say what? CVS Health execs figure PCSK9 meds
to cost up to $150B

February 17, 2015 | By Tracy staton
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What Is/ Are SAS ?

Statin Associated Muscle Symptoms
(SAMS)

Myalgia, Cramps, Weakness,
Central Nervous System Effects
Memory Problems, Amnesia
Elevated LFTs
Worsening Glucose Tolerance
Tendinopathy



Definitions of Statin
Myopathy J Clin Lipidology June 2014

* Myalgia — Aching, Stiffness, Cramps
* Myopathy - Weakness

* Myositis - Inflammation

* Myonecrosis - A CK
— Mild: >3 Fold
— Moderate: >10 Fold
— Severe: >50 Fold
— Clinical Rhabdomyolysis: Creatinine A 0.5mg/dl



Damage to Type 1 Fibers

STATIN

B.

NO STATIN

Patients who experienced
muscle symptoms with
normal CK levels

Statins withdrawn for 3 mo

When placebo was used,
Symptoms disappeared

Stained For Lipid

Phillips et al., 2003




Weakness is Not An Uncommon
Complaint...Complaints of
Decreased Exercise Tolerance
Are Uncommon

Very Few Statin Studies Have
Examined Exercise Performance or
Muscle Strength



Do Statins Affect Cognition ?




Case Study #1

* 65-year-old Caucasian
* On atorvastatin 10 mg/day

— Mood alteration, memory difficulties
* Cognitive evaluation and fMRI of the brain
* On and off (2 months) statin therapy

* Significant improvement in cognitive
function off statins
Parker...Thompson. Pharmacotherapy. 2010



fMRI Results

Neuronal activation during the difficult version of the Sternberg Task, depicted by colored regions on the 3D-
rendered brains, during encoding (left) and response selection (right) while the subject was on 10 mg atorvastatin
(bottom) and 2 months following atorvastatin cessation (top).



Pilot Study

* fMRI during two tasks
— Sternberg Task
— Figural Memory Test

* 19 adults from 6 month statin study
— 14 on atorvastatin and 5 on placebo

* Pre-post scans



FMRI Results: F1G MEM

Figure 2. FMRI activation on 3D-rendered brain showing changes in activation with statin use displayed at
p=0.005 uncorrected level during the encoding (left) and recognition (right) phase of the Figural Memory Test.






Cardiovascular benefits and diabetes risks of statin therapy

in primary prevention: an analysis from the JUPITER trial

Paul M Ridker, Aruna Pradhan, Jean G MacFadyen, Peter Libby, Robert | Glynn

- Jupiter Trial - 20 of Rosuva v. Placebo

- CRP > 2....in 17,603 Subjects

- Among Those with Diabetes Risk Factors
(Metabolic S, Fasting Glucose >100, BMI > 30, Alc
> 6)...Risk Increased 25% (5-49%)

* New Diabetics: 270 v 216....54 More New Diabetics
. Rl'lt...39%< CV Events, 36% < VTE, 18% < Deaths

« 134 < CV Events vs 54 New Diabetics in 17,603
Subjects

- If No DM Risk Factors, No New Diabetes
Lancet 380: 565, 2012



Tenocytes Degrade Type | Collagen to Repair
Tendons

Using Matrix Metalproteinases (MMP) 2 & 9

Statins Reduce MMP —9 mRNA

Am J Cardiol 2007:100:152-153
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-
How To Diagnose SAS ?

There Are No Validated Diagnostic
Strategies

CK May or May Not Be Elevated

Classic Symptoms & Temporal
Relationship Help

Challenge / Rechallenge is ? Best

Diagnostic Approach But Subjective,
Etc, Etc



|dentification and management of patients with statin-associated

symptoms in clinical practice: a clinician survey

G Kees Hovingh', Shravanthi R Gandra?, Jan McKendrick?, Ricardo Dent?, Heather Wieffer?,
Alberico L Catapano®, Paul Oh>, Robert S Rosenson®, Erik S Stroes!

Screened 2,653 Clinicians
In 13 Countries
1,525 (67.5%) Met Criteria

810 (63.1%) completed survey
77% cardiologists

Atherosclerosis In Press



% Clinicians Trying > Statin Before
Diagnosing SAMS

Hovingh et. al. Atherosclerosis In Press






But The Diagnosis is Tough




Coenzyme Q10 in Statin
Myopathy

- 1 RC1 AT005836-01

NIH/NCCAM



Subjects with Prior Statin
Complaints

Run-In: Initial — Simvastatin 20 mg for 8 weeks Run-In: Initial — Placebo for 8 Weeks or Until
or Until Symptoms 1 Week Symptoms for 1 Week

4 week washout

Run-In: Initial - Placebo Run-In: Initial — Simvastatin

Weekly phone
calls: Pain
Questionnaires

used to assess
4 week washout

muscle symptoms
and document
myalgia

100 Subjects
Baseline Muscle Performance, Accelerometer, Pain Questionnaire
Randomization to Treatment: Placebo or 600 mg CoQ10
2 Week Loading

Simvastatin 20mg + Placebo (N=50) Simvastatin 20mg + CoQ10 600 mg (N=50)

At 8 Weeks
Subset of

Patients:
Crossover







Few Met the Definition of
Myalgia

e
e
o w
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L
Do SAS Even Exist ?

From: Jane Armitage [mailto:;jane.armitage@ctsu.ox.ac.uk]
Sent: Thursday, July 16, 2015 1:30 PM
To: Thompson, Paul

.... I'm afraid we will just have to agree to differ on these
points! But I'm sorry that you find 1t so difficult to
believe the mass of randomized data showing no
significant adverse muscle effects and your own data
which support this lack of effect. I certainly agree that
lots of people attribute their muscle symptoms to statins
(often having been warned that statins might cause such
symptoms) but this 1s exactly the problem with using non-
blinded observational evidence to draw conclusions about
causality.



A Systematic Review of Statin-Induced
Muscle Problems in Clinical Trials

Identified 1012 Reports on Statin
Trials - 42 Qualified for Analysis

4 Reported Average CK

26 Reported Muscle Problems

Only 1 Queried For Muscle Problems

All Studies: Muscle Problems on Statin
(12.7%) vs Placebo (12.4%) (p=0.06).

Ganga, Slim, Thompson. AmH J (in press)



Don’t Ask....Don’t Tell




PRedlIction of Muscular Risk

in Observational Conditions

(0) &
PRIMO Study

* 7,924 French Patients on Fluva 80,
Atorva 40-80, Prava 40, Simva 40-80,
for 3 mos

* 10.5% Reported Muscular Symptoms

Bruckert CV Drugs & Therapy 2005



% New Statin Patients with
Possible SAMS

Hovingh et. al. Atherosclerosis In Press



% Patients Confirmed to Have
Intolerable SAS

Hovingh et. al. Atherosclerosis In Press



The STOMP Study
The Effect of STatins On Skeletal
Muscle Performance
NHLBI (NIH): RO1HL081893




Experimental Design

* Design
- Subjects (n=440) — Randomized, double blind
— Men and women + 80 mg dose of Atorva or placebo
_ >20 yr for six months

Muscle function
— Handgrip strength

— No prior statin use

— Elbow flexor/extensor

— Knee flexor/extensor

Aerobic performance
(VO,Max)

Physical activity
(accelerometer)

Muscle symptoms



Study Definition of Statin-Related
Myopathy

1. They report new or increased myalgia, cramps, or
muscle aching,

2. These symptoms have persisted for at least 2
weeks,

3. The symptoms resolve within 2 weeks of stopping
the study drug, and

4. The symptoms reoccur within 4 weeks of restarting
the medication



STOMP Myalgia Results

250

23 Atorva & 14
Placebo 200
Developed Pain

X?=3.16; p = 0.08 150 -

19 Atorva & 10
Placebo Met
Myalgia 50 -
Definition
X?=3.74;p=0.05 0-

OPositive
Rechallenge

H New Muscle
Pain

mAsymptomatic

100 -

Atorva Placebo



There Were No
Differences in
Maximal Exercise
Capacity or
Handgrip, Arm
or Leg Strength
Between the
Atorva & Placebo
Groups With 6
Mos of Therapy



No Subject Had Any CK

Value Persistently Greater
Than 10 Times Normal...But




Average CK Increased
20.8+141.1 U/L (P<0.0001) with
Atorvastatin




Statin Intolerance as a
Barrier to Risk Reduction

Why Care About Statin Associated
Symptoms (SAS) ?

What Are SAS ?

How Do We Diagnose SAS ?
How Frequent Are SAS ?

How Should We Manage SAS ?



Managing Patients With SAS/SAMS ?

* Are Symptoms Tolerable? Measure CK
« Stop Drug Until No SX

r

* Try Another Statin

r]

* Try Lower Doses Plus Minus Ezetimibe

n

* Try Another Class of Drug
* Try Chinese Red Rice Yeast 2 Tabs HS

r]

n

* Try Atorva/Rosuva/ Pitava QOD or BIW
* Do “Pulse Therapy”

* Use Q10 Supplements 7777

* Measure/ Replete Vitamin D

* Use PCSK 9 Inhibitors



Statin Intolerance as a
Barrier to Atherosclerotic
Disease Risk Reduction

Paul D. Thompson, MD
Director of Cardiology

Henry Low Heart Center
Hartford Hospital

Hartford, CT



How Effective is Dietary Therapy
for Marked

Hypertriglyceridemia?

Kathy Rhodes, PhD, RDN
Cardiovascular Medicine
Frankel Cardiovascular Center
University of Michigan

Ann Arbor, Ml
September 19, 2015
@




“If you have HTG, triglycerides are a
barometer of your diet.”

Carl Orringer, MD

“Perhaps no lipid parameter responds better to nutritional

intervention (and increased physical activity) than TG levels.”
Bays et al, JCL. 2013;7:304-383




Distribution of triglyceride levels in adults
>20 years old
NHANES 2001 to 2006

Triglyceride
Level
(mg/dl)

Definition
NLA Part 1

Sample
Size
(n=
5,680)

Population
Estimate
(n=197,088,927)

Percentage
of
Population

<150

Normal

3,812

133,660,634

67.80

150-200

Borderline high

839

27,933,114

14.20

200—<500

High

939

32,056,089

16.30

500-2,000

Very High

87

3,357,214

1.70

>2,000

Very High
(SHTG)

3

81,877

0.00

Total

5,680

197,088,927

100.00

Christian et al, Am J Cardiol. 2011;107:891-897




NLA Recommendations for Patient-
Centered Management of Dyslipidemia

= Reducing elevated triglycerides contributes to
reduction in non HDL-C.

" Triglycerides are not targets of therapy per se
except when very high. When the triglyceride
concentration is >500 mg /dL and especially if
>1000 mg/dL, reducing the concentration to <500
mg/dL to prevent pancreatitis becomes the primary
goal of therapy.




Introduction

Hypertriglyceridemia (HTG) is multifactorial.

HTG results from the interaction of genetic and
environmental factors.

Identify and treat non-dietary secondary causes of HTG,
such as medications and disease conditions.

First line therapy is lifestyle. Lifestyle is a predictor of
failure to achieve goals independent of drug therapy.*

Individualization of nutrition recommendations is
Important.

Good diet history is necessary to guide patient.

*Pinto X, et al. Curr Med Res Opin.2014;30:19-26




Objectives

Review the NLA Lifestyle Recommendations: Dietary
considerations for management of hypertriglyceridemia

Assess the impact of diet & weight reduction on
management of HTG in patients with TG>150 mg/dL and
<500 mg/dL

Compare the treatment for TG<500 mg/dL versus > 500
mg/dL

Describe the outcomes of a nutrition trial for patients
presenting with TG > 500 mg/dL to a Lipid Management
Program




Dietary Factors and Triglyceride Reduction
TG 150-500 mg/dL

Dietary Factor % Change in TG
Weight loss of 5-10% -20%

Overall, optimization of nutrition-related
practices can result in a marked triglyceride-

lowering effect that ranges between
20% and 50%.

(per gram)

Eliminate trans fatty acids -1%
(per 1% replacement with MUFA/PUFA)

Alcohol (per 1oz./day) +5-10%

Glycemic load Inconclusive

Normalization of glycemic control
Adapted from Miller et al. Circulation.2011;123:2292-333




Weight Loss

m Reduction in TG is related to magnitude of weight loss
— 3-5% reduction in body weight can lower TG

— 3 kg weight loss expected to result in a TG reduction of at least
15 mg/dL

— 5-10% weight loss expected to lower TG by approximately 20%

m Strong association noted between TG and weight,
elevated BMI, and visceral fat.

m Lower carbohydrate diets during weight loss and
maintenance may lower TG more than higher
carbohydrate diets

Jensen et al. JACC 2014;63:2986-3023; Miller et al. Circulation 2011;123:2292-333;
Bays et al, JCL. 2013;7:304-383




OmniHeart

Randomized, 3 period, crossover, controlled
feeding study

m 164 participants with pre HTN or HTN

m 3 options of heart healthy diets
— DASH 58% CHO 15% pro 27% fat
— Higher protein 48% CHO 25% pro 27% fat
— Mediterranean 48% CHO 15% pro 37% fat

Appel et al. JAMA 2005;294:2455-2464




OmniHeart: Conclusions

BP, LDL-C and estimated CHD risk were lowered in all 3
diets compared to baseline.

Higher protein diet further decreased BP, LDL-C and TG.

Mediterranean diet further decreased BP and TG;
increased HDL-C.

Estimated 10 year risk was lower and similar on protein
and Mediterranean style diets.

A range of macronutrient compositions may have
beneficial effects.

Appel et al. JAMA 2005;294:2455-2464




Mediterranean Style Eating Plan

Emphasis on plant-based foods
— Fruits, vegetables, whole grains, nuts and legumes
Olive oil instead of butter; low fat milk and cheeses
Eat fish and poultry; limit red meat
Generally interpreted as 32-45% fat
Red wine in moderation
A whole foods approach
Physical activity, enjoying mealtimes with family & friends










Case Study: 55 y.o. male with severe
hypertriglyceridemia

PMH: Familial HTG, DM, HTN, CAD with stent placement
2001, S/P pancreatitis due to HTG (12/2013)

FH: HTG in his brother and mother

Meds: include pravastatin, fenofibrate, omega-3 acid
ethyl esters, metformin

TG =10,000 mg/dL 6 weeks ago

He went on low carbohydrate nutrient dense plan high in
healthy fats; eliminated red meat; ate chicken, fish,
vegetables, large amounts of olive oil and nuts;

+ exercise




Case Study: 55 y.o. male with severe
hypertriglyceridemia

Reports losing 16 |b, normalizing blood glucose
and blood pressure

Off Lantus

January 5, 2015: fasting triglycerides remained
3458 mg/dL

Diet intervention: chylomicron clearing protocol
<15% fat







Nutrition Therapy for Severe HTG:
Chylomicron Clearing Protocol

Limit total fat to 10-15% calories (20-40 g)

Avoid alcohol

No added simple or refined carbohydrate; partially replace with high fiber
foods

Limit fruit; no fruit juice or sugary beverages

Spread calories and carbohydrates evenly through the day

Limit calories, if weight loss indicated

If extra calories needed, add MCT oil and increase gradually

Exercise 30-60 min most days

Adjust diabetes medications as appropriate to maintain glycemic control

Once chylomicrons cleared and triglycerides <500 mg/dL, gradually
advance to tolerance NLA Part 2




Case Study: 55 y.o. male with severe
hypertriglyceridemia

m Called patient 2 weeks later to review labs:

— Triglycerides =705 mg/dL down from 3458
mg/dL

— HgAl1lc=5.7%
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How Effective is Dietary Therapy for
TG > 500 mg/dL?

m To document the effect of an initial
lifestyle therapy by RDN for patients with
TG > 500 mg/dL
— With and without pharmacological therapy
— With and without prior nutrition counseling

Rhodes et al J Clin Lipidol.2015; 9:559-569




Clinic Protocol

T1
Initial visit

T2
1 month after T1

T3
Last consult within
one year of T1

Comprehensive
traditional and novel
risk factor assessment
75 minute MINT
consult including
assessment and
initiation of an
individualized diet and
exercise intervention

Lipid profile, ALT, +
glucose

30 minute RDN
follow-up visit

Initial consult with
lipid specialist
providing
comprehensive
assessment and care
plan

Lipid profile, ALT, +
glucose

Any follow-up
combination of
consults with RDN,
MD or NP

Patients may have
also seen a stress
management
counselor or EP

Rhodes et al J Clin Lipidol.2015; 9:559-569




Characteristics of Patients with TG > 500 mg/dL
at Time 1 (n = 168)

Descriptives n

Age (range) 49.03 + 11.22 (23.60-77.47)
BMI (range) 32.61+5.85 (19.14 — 54.31)
Gender (Male participants) 117

Ethnicity (Caucasian) 135

Married or living with someone (n = 167) 130

Employed (n = 153) 88

Prior RD visit 94

Risk Factors
Family history of premature CHD 79 47
Smoking 52 31.0
CHD/ PVOD 36 21.4
Hypertension 91 54.2
Diabetes Mellitus 69 41.1
History of pancreatitis 33 19.6

Rhodes et al J Clin Lipidol.2015; 9:559-569




Characteristics of Patients at Time 1

Medications

n

%

Intolerance to lipid-lowering medication

76

45.2

On lipid-lowering medication

65.5

Statin

53

31.5

Fibric acid derivatives

68

40.5

Bile-acid sequestrant

3

1.8

Cholesterol absorption inhibitor

15

8.9

Niacin derivative

26

15.5

Combination of lipid-lowering medications

45

26.8

Fish oil b

29

17.3

On hypertension medication

99

58.9

On diabetes medication

60

35.7

On lipid and hypertension medication

75

44.6

On lipid and diabetes medication

49

29.2

On lipid, hypertension, and diabetes medication

35

20.8

Behavioral Assessment

Mean + SD

Range

Exercise frequency in days/week (n = 157)

1.2+2.1

(0-7)

Total energy intake (food plus alcohol) in kcal ¢ (n =15 )

2106 + 864

(532- 5192)

Total intake from alcohol in kcal (n = 153)

39 + 303

(0 —-3600)

Carbohydrate intake in percent total food calories (n=151)

47.2 +1.1

(5.0 - 80.0)

Protein intake in percent of total food calories (n=151)

18.2 + 0.6

(5.0 - 49.0)

Fat intake in % of total food calories (n=151)

34.7+1.0

(12.0 - 64.0)




Lipids, glucose and exercise pre- and post-initial MNT
prior to intervention by lipid specialist (n = 158)

% Change Wilcoxon | Wilcoxon
Tlto T2 p value p value
Median (IQR) | PriortoTl | T1toT2

Prior to T1 T2
Variable Referral Median (IQR) | Median (IQR)

Total Cholesterol 308.0 308.0 223.0 -20.9 0.454 < 0.0001
(mg/dL) (235.0-460.0) | (239.0-404.3) | (182.8-306.0) | (-38.5 to -8.1)
Triglycerides 1161.5 961.5 493.0 -48.8 0.085 < 0.0001
(mg/dL) (647.3 -2377.3) | (611.5-1785.3) | (337.0-736.3) | (-73.3to-23.2)

HDL-C 34.0 40.0 34.5 -8.6 < 0.0001
(mg/dL) (n = 153) (27.0-45.0) (31.0 - 52.0) (27.0 - 45.0) (-26.5 to 5.1)
LDL-C 82 85.0 92.0 16.3 <0.0001
(mg/dL) (n = 146) (62.5 - 142.0) (54.0 — 122.5) (74.0 - 142.0) (-6.7 to 63.2)
TC/HDL-C Ratio 83 7.6 6.5 -12.2 <0.0001
(n =153) (6.1-14.3) (6.1-9.7) (5.4 -8.2) (-29.3 to 2.2)
Non-HDL-C 264.0 262.0 192.0 -21.9 < 0.0001
(n =153)¢ (200.0 - 405.0) | (207.0-355.0) | (151.0- 258.8) (-42.2 to -8.4)
Glucose 108.0 105.0 -7.6 <0.0001
(mg/dL) (n =77) (97.0-133.0) | (95.0-126.3) (-21.5 to 4.9)
Weight 208.7 203.0 2.5 < 0.0001
(Ibs) (n = 157) (182.7 - 241.4) | (175.9 — 235.4) (-4.6 to -0.8)
Exercise (days per 0.0 2.5 < 0.0001
week) (n = 141) (0.0 - 2.0) (0.0 - 4.0) not applicable

Rhodes et al J Clin Lipidol.2015; 9:559-567




Median (IQR) changes in triglycerides before and after initial nutrition
intervention with and without lipid-lowering medication (n = 138)

Rhodes et al. J Clin Lipidol.2015,9:559-567




Median (IQR) changes in triglycerides before and after initial nutrition
intervention with and without lipid-lowering medication in patients
with initial triglycerides >1000 mg/dL

Rhodes et al. J Clin Lipidol.2015,9:559-567




Triglyceride reduction for patients who had
previously met with RDN and those who had not
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Comparison of Patient Triglyceride Levels
Over One Year of Treatment
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Genetic
sensitivity

Environment Willingness to
change




Clinical Pearl: Keep food records
1 week before every lipid draw

Enhances patient
awareness

Allows learning diet
sensitivity

Reveals patterns

Basis for problem solving




Summary: Nutrition recommendations
vary with triglyceride level

Dietary management of HTG differs between borderline/
high and very high TG.
Always: R/O non dietary secondary causes, weight loss,
low simple/refined carbohydrate, reduced trans fat, low
alcohol, + exercise, glycemic control
Triglycerides:

» <150-500 mg/dL--weight loss, low sugar, moderate fat

» 500-1000 mg/dL--assess history
» >1000-2000+ mg/dL--chylomicron clearing; <15% fat;
gradually liberalize

Monitor and learn patient’s tolerance
Jacobs et al J Nutr 2004,134:1400-1405




Take Home Messages

Nutrition recommendations need to be individualized
based on patient genetics, metabolic needs, and
preferences.

TG are a barometer of diet.

Nutrition therapy differs with initial TG level.
Effect of diet is independent of medications.
The nutrition message may need repeating.

As clinicians, it is our role to help patients be aware of how
what they eat affects their health.




The Evolving Role of Lp(a)
in Clinical Lipidology

Alan T. Remaley, MD, PhD

Section Chief
Lipoprotein Metabolism Section
Cardiopulmonary Branch, NHLBI

National Institutes of Health



Lp(a) Questions

e Does it cause CHD? Yes!
e Should we measure it? Yes!

e Should we treat it? Yes!



Overview

* Lp(a) Biology
e Lp(a) Measurement

e Lp(a) Therapy



Lp(a) History
Discovered by Kare Berg: 1963

Particle structure containing a single copy of
apolipoprotein B covalently linked to a protein of
variable mass not found in other lipoproteins

Early studies noted its association with vascular
disease (coronary, cerebral and peripheral) and
then later discounted in 1990s

Resurrected in 2009 from epidemiologic/genetic
studies



Elevated Lp(a) levels are a risk factor for a
variety of vascular diseases

Peripheral arterial disease
Abdominal aortic aneurysm
Transplant arteriopathy
Stroke

Aortic valve stenosis

Coronary heart disease



Comparison of apo(a) and plasminogen

Boffa MB, in Therapeutic Lipidology (2008)



Lp(a) Structure
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structure exist among all species
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Lp(a) Structure
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Typical Kringle Structure
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Letters represent various amino acids

Kringles contain approximately 80
amino acids that are cross-linked by 3
internal disulfide bonds

Having three cross links within such a
small domain distorts it, creating the
kringle shape

Apo(a) can have from 4-30 KIV-2
domains and a MW ranging from
300-800 kDa

110

e Two SNPs tightly linked
to number of KIV-2 repeats and

20-30% variation in levels

Gotto & Pownall Manual of Lipid Disorders Lippincott 1999



Plasma Lp(a) mass versus
number of kringles

Kamstrup PR et al. JAMA. 2009;3



Lp(a) Assembly and Secretion

First step: non-covalent
association with lysine
residues in apoB-100 with
apo(a) KIV type 6-8; can be
inhibited by the lysine
analogue e-ACA.

Second step: disulfide bond
formation between free SH in
apo(a) KIV type 9 and apoB-
100 (Cys4326) to form
covalent Lp(a) particles



Lp(a) Clearance

Albers JJ, Kidney Int. 2007;71;961



Why is Lp(a) Atherogenic?
Triple Whammy!

 Has all the proatherogenic properties of LDL.

e Has structural homology with plasminogen and
inhibits fibrinolysis.

e Lp(a) serves as a sink for oxidized
phospholipids.



Oxidized phospholipids and Lp(a)

 Phospholipid molecule where the FA chain(s) have
reactive terminal aldehyde groups A
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* Oxidized PL have been implicated in the onset and
progression of atherosclerosis

— induce apoptosis in ER-stressed macrophages

: S e e S e,
— Increase foam cell formation g
— Increase monocyte adhesion
. . p r'\—"é
— Play a role in the inflammatory response a

e OxPLs have been detected on Lp(a) and apo(a)
and plasminogen






Multiple pathogenic mechanisms for Lp(a)

Proatherogenic

N Foam cell formation

M Oxidized PL
and inflammation

Monocyte

chemoattractant
activity

M SMC proliferation
™ EC

dysfunction

J Plasminogen activation

(platelets/ECs/fibrin/
degraded fibrin)

J TFPI activity

J Clot permeability

D EC PAI-1 expression

M platelet responsiveness

Modified from Koschinsky & Marcovina Curr. Opin. Lipidol. 2004;15:167

2130qW04Y10.d



Lp(a) Proatherogenic
Structural
Motifs




Lp(a) Meta Analysis

Type of cohort
and source

Population-based
Nguyen et al, 1997
Cremer et al, 1994
Ridker et al, 1993
Schaefer et al, 1994
Wald et al, 1994
Alfthan et al, 1894
Bostom et al, 1994
Wild et al, 1897
Jauhiainen ei al, 1991
Bostom et al, 1996
Sigurdsson et al, 1992
Cantin et al, 1898
Dzhlen et al, 1998
Klausen et al, 1897
Assman ct al, 1996
Rosengren et al, 1990
Coleman et al, 1992
Dahien, 1988

Subtotal

Previous disease
Berg et al, 1997
Cressman et al, 1992
Oheshi et al, 1999
Moss et al, 1999
Stubbs et al, 1998
Linden et al, 1998
Hafiner et al, 1992
Skinner et al, 1997
Hamsten et ai, 1987

Subktotal

—J— 99% or @ 95% limits

No. of
cases

1847
299
296
233
229
191
174
132
130
128
104

78
81
52
33
26
11
22

4044

1042
A
22
81
88
56
33
22
17

1392

Degree of
adjustment

+ort
++4
+++

Risk ratio & confidence limits
{top third vs bottom third)

@ 1.7(95%Cl1.41019)

—.—

L

@ 1.3(95%Cl1.110 1.6)

0.5

1 2 4

Danesh J, et al.,Circulation. 2000;102(10):1082-5
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Evidence Base for Lp(a) as an
Independent, Causal, Genetic Risk
Factor for CVD

Epi/Meta-analyses
ERFC

Mendelian Randomization

Genome-wide Association

45,098 patients, 2824 Ml events over 4-16 years 3352 controls, 3145 cases
Adjustment for age and sex only Multivariable 0 variant 1 variant 2 variant
__ Nonfatal Ml and coronary death Lp(a) and KIV-2 adjusted o alleles allele alleles
18 (9318 cases) ' S 8.0
S 16 mg/dL K2
©
S L, >117 | O I > 4.0 7
o 1 S
22 77-117 ——@— =
S 12— 5 2.0 7
: % i 3076 |-—@—] s
X A L = e )
@ 1.0 % # % 529 — < 10 7
2 s @ P<.002 T
0.8 T T T | « 0.0 l l l l 1
é é 12 24 48 96 léZ 0.8 1 2 4 8 0 25 50 75 100 125
Usual Lp(a), Geometric Mean, mg/dL Hazard Ratio (95% CI) Geometric Mean Lp(a) Lipoprotein (mg/dL)

Ergou et al JAMA 2009:302:412-23

Kamstrup et al JAMA 2009:301;2331-9

Clarke et al NEJM 2009:361:2518-28



Risk of Aortic Valve Stenosis as Function
of Elevated Lp(a) Levels

Analyses were adjusted for (left) age and sex or (right) multivariable adjusted additionally for total
cholesterol, high-density lipoprotein cholesterol, systolic blood pressure, smoking, and diabetes mellitus.
Lp(a) in mg/dl is shown as median (interquartile range). Cl = confidence interval

Kamstrup PR et al. ] Am Coll Cardiol 2014;63:470-7



Eur Heart J. 2010 Dec;31(23):2844-53



Lp(a) Genetic Inheritance

Heritability is approximately 90%

Not influenced significantly by environmental
factors

Autosomal co-dominant inheritance pattern
Chromosome 6q26-27

Very common genetic abnormality

— Elevated values in 30-35% of the general population
e Lp(a) mass value > 30 mg/dL



Apo (a) Isoform Size Effect

e Large isoforms:
— Likely not as atherogenic as small isoforms
— Secreted poorly.
— Produce increased signals on immunoassay
— False positive

o Small isoforms
— Likely the more atherogenic form
— Associates with LDL more rapidly
— Produce decreased signals on immunoassay
— False negative



Population Distribution of Lp(a) Levels

Lp(a) distribution in general population extrapolated from the graph

Lp(a) Level >50 mg/dL >100 mg/dL >150 mg/oiL >200 mg/dL >250 mg/dl.
Prevalence 20% 5% 1% 0.2% 0.02%
Number (US) 60,000,000 15,000,000 3,000,000 600,000 60,000
Number (EU) 100,000,000 25,000,000 5,000,000 1,000,000 100,000
Globally 1,400,000,000 350,000,000 70,000,000 14,000,000 1,400,000

Lp(a)>30 mg/dL may be optimal for Africans

MESA-Guan W, et al. ATVB 2015;35:996-1001

Nordestgaard et al. European Heart Journal 2010:31;2844-2853



Overview

* Lp(a) Biology
* Lp(a) Measurement

e Lp(a) Therapy



Lp(a) Measurements

Apo(a) mass is the amount of apoprotein (a) in a dL of plasma
Lp(a)-P is the # of LDL particles carrying apo(a) that exist in a dL of plasma
Lp(a)-C is the cholesterol trafficked within all of the Lp(a) particles per dL

Apo(a)mass or size Lp(a)-Particle Lp(a)-Cholesterol

Modified from Dr. Thomas Dayspring



Effect of Kringle Number on Lp(a) Analysis

Clinical Chemistry 46:12
10561967 (2000)

O

Lipids, Lipoproteins,
and Cardiovascular
Risk Factors

Use of a Reference Material Proposed by the
International Federation of Clinical Chemistry
and Laboratory Medicine to Evaluate
Analytical Methods for the Determination
of Plasma Lipoprotein(a)

SanTicA M. Marcovina,'” Joun ]. ABers,' ANnceLo M. Scanu,” Har KennNepy,'
FeEperico Giacurrl,! Kare Berc,” REmy Couperc,? FrRancesco Dati,” NADER Rirar”
IKUNOSUKE SAKURABAYASHI,” JILLIAN R. TATE,® and ARMIN STEINMETZ”




Marcovina SM et al, Clinical
Chemistry: 2000

e “To various degrees, apo(a) size heterogeneity
affects the outcome of the immunochemical
methods used to measure Lp(a).”

e “The major problem in the lack of accuracy is
the over- or underestimation of Lp(a) values as
a result of apo(a) size heterogeniety.”



Lp(a) mass overestimated values when apo(a) mass was high
and underestimated when mass was low
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Guadagno PA et al Clin Chim Acta 2015,;439:215-224



Apo(a) Isoform size and Coronary Artery
Disease

Apolipoprotein(a) Size and Lipoprotein(a)
Concentration and Future Risk of Angina Pectoris
with Evidence of Severe Coronary Atherosclerosis

in Men: The Physicians’ Health Study

Naper Rirar!” Jincg Ma,? FrRank M. Sacks,” PauL M. Ripker,” WENDY Jape L. HERNANDEZ,?
MEIR ]. STAMPFER,?>>* and SaNnTica M. MARCOVINA®

Conclusions: High Lp(a) predicts risk of angina, and the
risk is substantially increased with high concomitant
LDL-cholesterol. Small apo(a) size predicts angina

with greater strength and indePendence than LP(a}

concentration.
© 2004 American Association for Clinical Chemistry

Only about one third of patients have two apo(a) size isoforms by
immunoblot either because of null allelles, poor secretion of large
isoforms, and or low sensitivity.  Arterioscler Thromb Vasc Biol.
2014;34:2095-2099



Lipoprotein (a) Measurement
Controversies

|deally, Lp(a) mass should be reported in molar units (nmol/L)
not mg/dL because assay measures apo(a) protein.

The conversion factor from mg/dL to nmol/L varies from 2.85 for
a small Lp(a) size to 1.85 for a large one and thus a factor of 3.5
is too high, and we suggest a mean conversion factor of 2.4,
even though the conversion can be more or less imprecise
depending on the apo(a) size.

Brown, WV et al. J Clin Lipidol 2010;240-247



Lipoprotein (a) Measurement
Controversies

However, the major problem of Lp(a) values is not the units used
to report the results but is related to the inaccuracy of the
methods that are affected by apo(a) size heterogeneity

These methods overestimate the levels of Lp(a) in individuals
with large Lp(a) molecules and consequently underestimate the

levels in individuals with small Lp(a) molecules

Values near cutpoint should be repeated by a reference lab with
a validated and accurate method.

Brown, WV et al. J Clin Lipidol 2010;240-247



Ccaraijiovascuiar KISK vvitn LiIpoprotein(a)

Prospective 15-Year Outcomes in the Bruneck Study
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Lp(a) Mass
NRI=6.5%

Apo(a) size
Isoform
not independently
predictive of CVD



Lp (a) Cholesterol Measurement

Electrophoresis and enzymatic cholesterol staining

Lp (a) cholesterol measurement is
not influenced by apo (a) size

Baudhuin LM, Mcconnell JP, et al. Clin Biochem, 2004. Mayo Clinic



Discordance Between Lp(a)-C and Lp(a)
Mass When Kringles Vary

Lp(a)-C = 3 mg/dL Lp(a)-C = 12 mg/dL

High signal Low signal



Why is Lp(a) cholesterol more
predictive than Lp(a) mass?
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HR For CVD Events in 425 non-AMI Multivariate

Variable HR 95% ClI

Age 1.3 0.96 - 1.88
Male Gender 1.2 0.62-2.49
Hypertension 1.3 0.74-2.30
Smoking 1.2 0.68-2.23
LDL cholesterol 1.0 0.69 - 1.45
HDL cholesterol 0.83 0.61-1.13
Log triglyceride 0.97 0.70-1.34
Log CRP 1.1 0.73-1.55
Fibrinogen 1.6 1.16 - 2.29
Lp-PLA2 1.3 1.05-1.57
Lp(a) mass: > 30 mg/dL 0.60 0.27-1.33

Lp(a) cholesterol: >3 mg/dL 3.2 1.45-7.09



2010 European Atherosclerosis Society
Consensus Panel on Lp(a)

» Lp(a) should be measured once in all subjects at
intermediate or high risk of CVD/CHD who present with

» Premature CVD

» Familial hypercholesterolemia

» A family history of premature CVD and/or elevated Lp(a)

» Recurrent CVD despite statin treatment

»>3% 10-year risk of fatal CVD according to the European guidelines
and

» >10% 10-year risk of fatal and/or non-fatal CHD according to the US
guidelines

» Repeat measurement is only necessary if treatment for high Lp(a) levels is
initiated in order to evaluate therapeutic response.

Nordesgaard BG et al. Eur Heart J. 2010 Dec;31(23):2844-53



Overview

* Lp(a) Biology
e Lp(a) Measurement

e Lp(a) Therapy



Treating Lp(a): How?

 No good way to reduce Lp(a) specifically

— General recommendation-Statins
e Treat other risk factors (LDL-C) aggressively

e Early statin data suggests decreasing LDL-C reduces Lp(a)
related risk

e Niacin-recommended by EAS

e Treat to 50 mg/dL or lower with Niacin (20-40% reduction)
e Controversial-lack of evidence, large number, AIM-HIGH

e HRT in women with high Lp(a)



Probability of CVD by Increasing
Concentration of Lp(a) in WHS

N=15661 N=12075



Lp(a): How Should We Treat?

Effect Lp(a) Level

* Niacin 20-40%
e Aspirin 10-20%
e |L-Carnitine 20%

e HRT 15-25%

e LDL aphereis = 80%
e Mipomersen  30-40%
e PCSK9 MoAb  20-30%
e ASOs-apo(a) 80%



Lp(a): How Should We Treat?

Effect Lp(a) Level

* Niacin 20-40%
e Aspirin 10-20%
e |L-Carnitine 20%

e HRT 15-25%

e LDL aphereis = 80%
e Mipomersen  30-40%
e PCSK9 MoAb  20-30%
e ASOs-apo(a) 80%

No effect on Lp(a)

e Statins
e Fibrates
e Ezetamibe

e Lifestyle changes

eDiet and exercise

e Raloxifene




Apheresis for Isolated elevated
Lp(a) >60 mg/dL reduces MACE

Leebman et al. Circulation 2013;128:2567-2576



Evolocumab-induced Lp(a) Percentage
Change from Baseline to 12 weeks

Raal FJ et al. JACC 2014;63:1278-88



Antisense Technology Reduces Disease
Causing Protein Levels by Targeting mRNA

Gene MRNA Traditional Small Molecule Drugs
Inhibitors or Agonists of proteins
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ISIS-APO(a);, is Designed to Lower Lp(a)

Second Generation Antisense Drug

2' Methoxyethyl Phosphorothioate Oligonucleotide (2° MOE Gapmer)
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ISIS-APO(a)g, targets the splice site of
exon 24/25 of apo(a) mMRNA,

—DeoXy | corresponding to a Kringle-1V, repeat

It does not bind to or reduce hepatic
expression of plasminogen mRNA




ISIS-APO(a),, Phase I Trial

Mean percent change in Lp(a) by treatment group in the multiple-dose cohort

**0<0.01
**%1<0.001

Tsimikas et al, Lancet 2015



ISIS-APO(a),, Phase | Trial

Mean percent change in Lp(a), OxPL-apoB, OxPL-apo(a), total
cholesterol, LDL-C, apoB, HDL-C, and triglycerides
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Tsimikas et al, Lancet 2015




Lp(a) Questions
e Does it cause CHD?

Yes, and maybe other diseases.

 Should we measure it?
Yes, but need better assays.

e Should we treat it?

Yes, for now with statins. Need to
determine in future RCTs if specific
drugs lower CHD events.
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What is the Effect of Changes in Body Fat
on Dyslipidemia
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Initial Body Weight Indices and Change in Body Weight
Indices for Effects of Weight Reduction on Blood Lipids
and Lipoproteins

Variable Mean + SD

Initial weight (kQ) 98.5+17.6

Initial body mass index 34.8+6.2

Weight loss (kg) 16.6 + 12.6

Final % ideal body weight 125.8 +10.1

Final body mass index 27.8 3.2

Dattilo, Kris-Etherton. Effects of Weight Reduction on Blood Lipids and Lipoproteins:
a Meta-analysis. Am J Clin Nutr 1992;56:320-8.




Effects of Weight Reduction on Blood Lipids
and Lipoproteins

Percent
Change

Total Chol (mmol/l) : : -13.3%

LDL-C (mmol/l) : : -11.3%

HDL-C (mmol/l) : : -0.8%

TAG (mmol/l) : : -32.2%

Dattilo, Kris-Etherton. Effects of Weight Reduction on Blood Lipids and Lipoproteins:
a Meta-analysis. Am J Clin Nutr 1992;56:320-8.




Outpatient LCKD Randomized Controlled Trials: Design

Reference Design Setting Patients Duration Visits

Healthy

Sondike 2003 RCT Clinic
teens

3m g2Wk

Brehm 2003 Clinic  eafthy m q2Wk x 6, then @
adults 6mo

Samaha 2003 Clinic Outpt 6m 12m gWk x 4, then

Stern 2004 adults monthly

. . Healthy q2Wk x 2, q4Wk x 4,
Foster 2003 RCT Clinic adults 12m then Wk 26, 34, 42, 52

Healthy 6m g2WKks x 6, then

adults monthly
Brinkworth RCT  Clinic Healthy 12 m g2WKks x 4, then

2009 adults monthly
Nordmann et al. Arch Intern Med 2006:166:285-293.

Yancy 2004 RCT  Clinic




Outpatient LCKD RCTs: Weight Loss and Serum Lipids

Low Fat
Ref Duration Weight LDL Trig HDL

Low Carbohydrate

Weight

LDL

Trig HDL

Sondike 3 mo -4.1kg -17%* -6% +2%
n=30

Brehm 6 mo -3.9kgT -5% +2% +8%
n=42

Samaha/ 6 mo -1.9kgT +3% -4% -2%
Stern 12 mo -3.1kg -3% +2% -12%
n=132

Foster 6 mo -5.3kgT -3% -13% +4%
n=63 12mo  -45kgT -6% +1% +3%

Yancy 6 mo -6.5kg -3% -15% -1%
n=119

Brinkworth 12 mos -11.5kg +3% -12% 0%
N=40

* p<0.05 for between-groups comparison

-9.9kg*

-8.5kg*1

-5.8kg*"
-5.1kg

-9.7kg*1
-7.3kg"

-12.0kg*

-14.5kg

+4%

0%

+4%
+6%

+4%
+1%

+2%

-48%*  +4%

-23%* +13%

-20%* 0%
-29% -2%

-21% +20%*
-28%* +18%*

-42%* +13%*

-35% +21%




Effect on Fasting Lipid Subfractions

LOW FAT DIET GROUP LOW CARBOHYDRATE DIET PGM

H Baseline (n=35) | Baieline (n=43)
@ Week 24 (n=35) [ Week 24 (n=43)

8 S S

\\Q\Q\/ \9\8 \%Q’*
N ¥
*p < 0.05 for comparison between groups

Seshadri et al. Am J Med 2004;117:398-405 (subanalysis of Samaha/Stern)




Effect on Fasting Lipid Subfractions

LOW FAT DIET GROUP LOW CARBOHYDRATE DIET PGM

B Baseline (n=27) Hl Baseline (n=36)
B Week 6 (n=27) B Week 6 (n=36)

B Week 12 (n=27)]| H Week 12 (n=36)
B Week 24 (n=27) [ Week 24 (n=36)

Q
\/
\/%\Q%

*p <0.05 for comparison between groups

Westman et al. Int J Cardiol 2006;110:212-216. (subanalysis of Yancy)




Popular Diet Effects on Weight Loss and Cardiac Risk Factors

“To approximate the realistic long-term sustainability of each diet, we asked participants to
follow their dietary assignment to the best of their ability to their 2 month assessment, after
which time we encouraged them to follow their assigned diet according to their own self-
determined interest level.”

2 months (“efficacy”)
Group n_kcal/d CHO PRO FAT Weight LDL Trig HDL L/H

Atkins 40 1736 1379 935 895 -3.6kg +1.3 -32.3 +3.2 -0.18
Zone 40 1434 157 904 545 -3.8kg -9.7 -541 +1.8 -0.33
WWatchers 40 1615 191 80.5 545 -35kg -121 -9.2 -0.2 -0.42
Ornish 40 1393 230 70.0 275 -3.6kg -16.5 -04 -3.6 -0.21

12 months (“effectiveness”)
Group n_kcal/d CHO PRO FAT  Weight LDL Trig L/H

Atkins 40 1886 190g 86.0 80.5 -2.1kg -71 -1.2 -0.39
Zone 40 1757 173 904 71.5 -3.2kg -11.8 -25 -0.52
WWatchers 40 1832 208 82.5 64.0 -3.0kg -9.3 -12.7 -3.4 -0.55
Ornish 40 1819 218 76.5 64.0 -3.3kg -12.6 +5.6 o5 -0.31

Dansinger ML et al. JAMA 2005;293:43-53.




Popular Diet Effects on Weight Cardiac Risk Among Women

“Each diet group attended 1-hour classes led by a registered dietician once per week for 8
weeks and covered approximately one eighth of their respective books per class...Efforts to
maximize retention included email and telephone reminders...and incentive payments.”

2 months (“efficacy”)
Group n_kcal/d CHO PRO FAT Weight LDL Trig HDL DBP

Atkins /7 1381 ~629g 97 84 -43kg +23 -52.3 -04 -29
Zone /9 1455 152 87 57 -20kg -53 -248 -05 -21
LEARN /9 1476 180 73 49 -28kg -7.3 -17.2 -3.8 -14
Ornish /6 1408 220 60 33 -2.8kg -10.1 -109 -53 -04

12 months (“effectiveness”)

Group n_kcal/d CHO PRO FAT  Weight LDL Trig HDL DBP

Atkins /7 1599 ~140g 84 /8 -45kg +0.8 -29.3 +49 -44
Zone 79 1594 179 80 62 -1.5kg O 42 +22 -21
LEARN 79 1654 194 /9 61 -2.5kg +0.6 -146 -2.8 -2.2
Ornish /6 1505 195 68 50 -24kg -3.8 -149 O -0.7

Gardner CD et al. JAMA 2007:297:969-977.




Effect of Diet Programs on Metabolic Syndrome Parameters
From Baseline to 12 Months

Atkins Zone
(n=77) (n=79)
BMI, kg/m?2 -1.65 -0.53
Waist-hip ratio -0.019 -0.013

HDL-C, mg/dL +4.9 +2.2
Triglycerides, mg/dL -29.3 -4.2
Non-HDL-C, mg/dL -5.1 -0.5
Insulin, pU/mL -1.8 -1.5
Glucose, mg/dL -1.8 -1.6

Diastolic b.p., mmHg -4 .4 -2.1
Systolic b.p., mmHg -7.6 -3.3

Gardner CD et al. JAMA 2007:297:969-977.

LEARN
(n=79)
-0.92

-0.009

+2.8

-14.6

-4.0
-1.8
+0.5

-2.2
-3.1

Ornish
(n=76)

-0.77

-0.012

0.0
-14.9
-6.8
-0.2

-0.8

-0.7
-1.9




Low Carb vs. Low Fat Diet + Orlistat
Study Design

146 overweight VA outpatient volunteers

Low Fat Diet + Orlistat Low Carb Ketogenic Diet
e group meetings for 48 wks e group meetings for 48 wks
e exercise recommendation e exercise recommendation
 multivitamin daily * multivitamin daily
* Orlistat (Xenical™) 120 mg

three times a day

Yancy et al. A randomized trial of a low-carbohydrate diet vs orlistat plus a
low-fat diet for weight loss. Arch Intern Med 2010;170:136-145




Mean % Weight Change Over Time*
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LCKD vs. Orlistat + LFD: Serum Lipids at 24 Weeks

Low Carb Ketogenic Diet Orlistat + Low Fat Diet

Wk 0 Wk 24 Change Wk O Wk 24 Change

Total Chol (mg/dl I) 1815 1834 +1.6% 1850 167.8 -9.3%
LDL-C (mg/dl) 1156 123.7 +7.0% 1181 1042 -11.8%
HDL-C (mg/dl) 37.6 410  +10.6% 39.1 394  +0.7%
TAG (mg/dI) 1422 100.0 -29.7% 139.1 1180 -15.2%
CRP (mg/l) 060 053 -11.7% 0.8 0.75  -6.3%
LDL/HDL 307 301 -2.0% 3.02 264 -12.6%

TAG/HDL 3.78 2.43 -35.7/% 3.56 2.99 -16%

Yancy et al. A randomized trial of a low-carbohydrate diet vs orlistat plus a
low-fat diet for weight loss. Arch Intern Med 2010;170:136-145




Cardiovascular Risk Markers After 24 weeks on a
Very Low Carb Diet or an Energy Matched HC diet

VLCHF HCLF
Week 24Change Week 24Change p value

Body weight (kg) 88.1 -12.0 89.9 -11.5 0.57
BMI (kg/m.) 30.0 -4.0 30.9 -4.0 0.74
Waist circumference (cm) -10.6 9.1
Total FFM (kg) 58.8 -1.7 S7.7
Total FM (kg) 29.1 -10.2  32.2
FM-to-FFM ratio (kg/kg) 0.5 -0.2
Tay J et al. Metabolic Effects of Weight Loss on a Very-Low-Carbohydrate Diet Compared

With an Isocaloric High-Carbohydrate Diet in Abdominally Obese Subjects. JACC
2008;51:59-67.




Serum Lipids Before and After a 24-Week Dietary
Intervention

VLCHF HCLF
Wk 0 Wk 24 Change Wk O

Total Chol (mmol/l) 5.39 5.37
LDL-C (mmol/l) 3.24 3.19 0.06
HDL-C (mmol/l) 1.42 1.67 0.25
TAG (mmol/l) 1.60 0.96 -0.64

ApoB (g/l) 098 096 -0.02

Tay J et al. Metabolic Effects of Weight Loss on a Very-Low-Carbohydrate Diet Compared
With an Isocaloric High-Carbohydrate Diet in Abdominally Obese Subjects. JACC
2008;51:59-67.




Carbohydrate Restriction Treats
Metabolic Syndrome

Volek JS, Feinman RD. Carbohydrate restriction improves the features of
Metabolic Syndrome: Metabolic syndrome may be defined by the
response to carbohydrate restriction. Nutr Metab 2005;2:31.

Feinman RD, Volek JS. Carbohydrate restriction as the default treatment
for type 2 diabetes and metabolic syndrome. Scand Cardiovasc J
2008;42:256-63.

Accurso A et al. Dietary carbohdyrate restriction in type 2 diabetes
mellitus and metabolic syndrome: time for a critical appraisal. Nutr
Metab 2008;5:9.

Volek JS, Fernandez ML, Feinman RD, Phinney SD. Dietary carbohydrate
restriction induces a unique metabolic state positively affecting
atherogenic dyslipidemia, fatty acid partitioning, and metabolic
syndrome. Prog Lipid Res 2008;47:307-18.

Volek JS et al. Carbohydrate restriction has a more favorable impact on
the metabolic syndrome than a low fat diet. Lipids 2009;44:297-309.




The transient hypercholesterolemia of major weight loss' ™

Stephen D Phinney, Anna B Tang, Carofyn R Waggoner, Rita G Tezanos-Pinto, and Faul A Davis

ABSTRACT Serum lipoproteins, body composition, and
adipose cholesterol contents of six obese women were studied
during and after major weight loss by very-low-calorie diets
(VLCDs). Subjects started at 168 £ 11% of ideal body weight,
lost 30,3 = 3.7 kg in 5-7 mo, followed by 2+ mo in weight
maintenance, Serum cholesterol fell from a prediet (baseline)
value of 3.49 + 0.32 to 3.62 £ 0.3] mmol/L {P < 0.01) after 1-
2 mo of VLCDs { nadir), after which it rose to 3.95 = (). 36 mmol/
L {peak, P < (.01 compared with nadir and baseline) as weight
loss continued. With weight maintenance, serum cholesterol fell
10 4.92 + (.34 mmol/L (P < 0.05 compared with peak). Adipose
cholesterol content did not change 1n peripheral (arm and leg)
biopsy sites but rose significantly in abdominal adipose tissue
with weight loss. We conclude that major weight loss was as-
sociated with a late rise in serum cholesterol, possibly from mo-
bilization of adipose cholesterol stores, which resclved when
weight loss ceased. Am J Clin Nutr 1991:53:1404-10.

KEY WORDS
adpose cholesterol

Very-low-calorie diets, serum cholesterol,

Introduction

Both elevated serum cholesterol concentration and obesity

vation (9). Further, a tendency for a late rise in serum cholesterol
was observed 1n patients undergoing therapeutic weight loss with
very-low-calorie diets (VLCDs) (10-12). Although weight loss
by either dieting or exercise was shown o reduce serum total
cholesterol and raise high-density-lipoprotein (HDL) cholesterol
(13), this is not a uniform response in all patient groups studied
{14). This variability could be due to differences in methodology
between these studies, such as diet composition, amount of
weight lost, and timing of sample acquisition, but the underlying
etiology of this varability has not been explained.

A particularly intriguing variahility in serum cholesterol is the
rise seen when VLCDs are taken for > 3 mo. In the course of
other outpatient research, we observed that 88% of 44 adult
patients experienced a diet-induced fall in cholesterol within 2
mo, 73% showed a late rise = 0.5 mmol/L, and 36% had serum
cholesterol concentrations rise above prediet values while they
were still losing weight.

To explore more carefully the dynamics of serum cholesterol
and its subfractions during major weight loss, we obtained serum,
adipose tissue, and body composition data from six moderately
obese women during and after major weight loss induced by a
VLCD administered in 2 multidisciplinary putpatient weight-
management clinic.




iy Transient Hypercholesterolemia of Weight Loss
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FIG 3. Serum total, HDL, and LDL cholesterol. Selected values were
taken for each subject at baseline (A), at wotal cholesterol nadir (B), at
total cholesterol peak (C), and in postweight-loss maintenance (D), All
values are normalized as percent of the baseline value AL

FIG 4. Serum apolipoproteins A-1and B and triglveerides. Selected values
for each subject were 1aken at the same time points as in Figure 3, All
values are normalized as percent of the baseline value AL



Effects of Diet, 5 kg Weight Loss
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Does Insulin Reduction Explain Changes In
Lipoproteins after Body Fat Loss?
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Figure 2. Potential biochemical mechanism of cholesterol reduction of a low-carbohydrate ketogenic diet (LKD),
IATP—adenosine triphosphate; HMG CoA—3-hydroxy-3-methylglutaryl coenzyme A.)

Kennedy AR et al. A high fat, ketogenic diet induces a unigue metabolic state in
mice. Am J Physiol Endocrinol Metab 2007, February 13.




Relationship Between Large VLDL and Small LDL
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Weight Loss, Improvements in Lipids

A 50 year old white female with obesity (BMI = 31.3) wants to lose
weight.

Fasting lab tests:
Date Chol Triqg L DL HDL Glucose
6/10 245 247 141 54 92

8/10
2/11
5/11




Summary

There is considerable variability in the effect of fat
mass loss on serum lipoproteins.

During the fat mass loss process, measurement of
serum lipoproteins may not reflect the steady state
after weight stability.

Low fat, low calorie diets lower cardiovascular risk
factors by mainly lowering LDL-C; low carbohydrate
diets lower cardiovascular risk factors by mainly
lowering triglyceride and raising HDL-C.

The dietary pattern and loss of body fat both can
iInfluence dyslipidemia.




What is the Effect of Changes in Body Fat
on Dyslipidemia

Eric C. Westman, M.D. M.H.S.
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Durham, North Carolina
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What Are the Effects of Weight
Management Pharmacotherapy
on Lipid Metabolism and Lipid
Levels?

Daniel Bessesen, MD
Professor of Medicine
University of Colorado School of Medicine
Chief of Endocrinology, Denver Health Medical Center
Daniel.Bessesen@ucdenver.edu
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Summary Points

Lipid lowering drugs have a bigger effect on
serum lipid levels than obesity treatments.

Obesity treatments are not FDA approved for
lipid lowering.
Obesity is likely involved in the pathogenesis of

CVD and other diseases and treatment Is
advocated widely in guidelines.

Patients often inquire about help with weight loss

As lipid specialists you should decide what role.
weight loss plays in your practice and how to talk
to your patients about their options.




Game plan

Phen/fen as a model...lessons?
Sibutramine as a model...lessons?

Weight loss agents
— Orlistat

— Phentermine/topiramate ER

— Lorcasarin
— Naltrexone ER/Bupropion ER

— Liraglutide 3mg
Some final thoughts



Phen/fen Weight loss

Fenfluramine with Mazindol or

0
5 -

Phentermine

weeks

T 1 ™
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L

10
%
15 -

[~ % wt. loss]

-20

25

,F:r'gure 1: Iﬂhnwn is the 20% weight loss with fenfluramine and
eul?er mazindol or phentermine in the 220 patients compliant to
their med_rca] regimen at 6 months and 60 patienis compliant to
their medical regimen at 1 year,

Obesity Research 1999: 7; 523-531




Phen/fen: Lipids

 Tg levels went down 2.5%/% weight lost
e LDL levels went down 0.9%/% weight lost

Table 2, icati i i
Medication status, weight loss, percent weight loss, and time of minimal medication dose
Weight loss Medication status (%)

Time (weeks) kg % Discontinued  Reduced Unchanged

Diabetes (Rx with insulin) 8.0+2.1 9.9+1.9 9.0x1.7

Diabetes (Rx with Sulfonylurea) 5.9%1.1 ’?6; f;S 8‘2-1-1.1

H}‘Pﬂr]ipi':!ﬁnﬂa (Rx with meds) 6.01£2.4 8.2111-.'? Qf'?;"ll '

Hypertension (Rx with 1neds) 10.9+1.2 132406 ]{]16;]..9 : 3

'The amount of weight loss and ' i
’ 185 d the time at wh - optimal { . : .
disease. : ich the optimal improvement occurred i subjects on medications for obesity assoei

Obesity Research 1999: 7; 523-531




Sibutramine: Welight loss

Slbutraming
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- Month

i
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. Flgure 2: Mean bodywelght changes during welghtoss and
. Welght-maintenance phases

Lancet 2000:356; 2119-25




Sibutramine: Lipids

Tri rides e ot HDL cholesterol
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Sibutramine: CVD risk
the SCOUT trial

N Engl J Med 2010;363:905-17.




Sibutramine: Lessons learned?

e« SCOUT trial included high risk patients that
would not otherwise have been treated.

Continued medication even If they did not lose
weight

2012 Case/control study >6000 pts in UK and
Germany showed significantly lower ASCVD risk
In sibutramine users

2015 case/control study >23,000 pts in UK
Increased risk in those with CvVD (DM, DM+1RF)
but not in those without.

Tyczynski Drug Saf 2012. 35:629-44
Hayes Int J Obesity (2015), 1-6doi:10.1038/1j0.2015.86




1° Drug Treatment of Obesity

Current medications 5-12% wt loss
Likely will need to use long term.

Typically not paid for by insurance so cost Is
a big issue for patients.

Issues of FDA approval, long term safety, and
efficacy.

Meds: phentermine, orlistat, phentermine/
topiramate ER, lorcasarin,




Orlistat

Thousands of patients studied up to 4 years
of exposure.

Approved for long term use

5-8% welight loss on average

Side effects: Olly stools, diarrhea, urgency,
theoretically fat soluble vitamin deficiency

Safest weight loss medication




Effect of Orlistat on Body Welight

—— Placebo
—*— Orlistat

0

Weight loss

. B :/T/H _4.5%

(%0)

15 30 45 60 75 90 104

Hypocaloric diet - Eucaloric diet

. Week
Sjostrom et al. Lancet 352:167, 1998




Orlistat + Fenofibrate effects
on sdLDL-C

Atherosclerosis 193 (2007) 428-437




Phentermine/Topiramate
(Qsymia, VIvus)

« Combination gives greater efficacy with
fewer side effects

 Doses 7.5/46 mg and 15/92 mg
phentermine/topiramate

e Side effects: dry mouth, paraesthesias,
Insomnia, dizziness, anxiety, irritability
and disturbance In attention




Phentermine/Topiramate

Topiramate teratogenic risk: pregnancy
test on starting and monthly while using.

Most effective medication available 10-
12% weight loss.

Reduces blood pressure, glucose,
iInsulin, triglycerides and raises HDL

Unclear if physicians will prescribe off
label using generic phentermine and
topiramate.




Phen/Top (Qsymia) 2 year data
on Weight: SEQUEL Trial
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Phen/Top (Qsymia) 2 year data

on Lipids: SEQUEL Trial

Triglycerides  HDL-C LDL-C Non-HDL-C
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. orcasarin

Serotonin 2C receptor agonist, activates
POMC neurons which leads to a—MSH
activation of MC4R leading to satiety

Dose: 10 mg twice dalily

Previous serotonin agonists fenfluramine
and dexfenfluramine caused cardiac valve

disease
2C rece

Studies
do not s

otor only In the brain not in heart

iIn 1-2,000 people for up to 2 years
now evidence of valvulopathy with

lorcasarin.

Yanovskil SZ,

Yanovski JA. JAMA. 2014:311:74-86




| orcasarin

e \Weight loss: 4-6% not much better than
phentermine or orlistat

« Side effects: minimal, headache,
dizziness and nausea (rare priapism,
monitor for depression), best side effect

profile




Lorcasarin (Belviq): Weight Effects
BLOOM Study

N Engl J Med. 2010 Jul 15;363(3):245-56




Lorcasarin: Lipid Effects
BLOOM Study

N Engl J Med. 2010 Jul 15;363(3):245-56




Naltrexone SR/Bupropion SR

Concerning side effects: increased blood
pressure and pulse, seizures, suicidal
Ideation.

Common side effects: nausea,
constipation, diarrhea, headache, dry
mouth

Stop If clinically significant increase in BP
or P

Weight loss 5-8% on average
Intermediate effectiveness and side effects
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Liraglutide 3mg

GLP-1 agonist already used for glucose
lowering in diabetes

3 mg dose approved for weight loss by
FDA on 12/23/2014

6-8% welght loss

Side effects: nausea, diarrhea, vomiting,
pancreatitis, questions about medullary
thyroid carcinoma risk

Intermediate effectiveness, clinicians used
to prescribing for diabetes




Liraglutide: Effects on Weight

Lancet 2009:; 374: 1606-16




Liraglutide: Effects on
“Metabolic Syndrome”

“no significant
effect on lipids”

14 week study

Tg decreased 19%
LDL decreased 9.6%
HDL decreased 3%

Lancet 2009; 374: 1606-16 Nutr Metab Cadio Dis 2014 24: 1317




Behavior+Medication better than either alone

Sibutramine alone

Lifestyle modification alone
Sibutramine + brief therapy

Combined therapy

~
(@)
a4
~—
wn
)
@)
-
i)
e
=2
=

26 40 52
Weeks

Wadden, et al. N Engl J Med. 2005;35:2111-20.




Variablility In Response to a
Weight Loss Intervention

Ravussin E; Obesity (Silver Spring). 2009 Sep;17(9):1736-43




How to Think about
Weight loss Then?

Obesity might be thought of as one of several
cardiovascular risk factors that you could choose
to treat.

Obesity is likely important early in the course of

the development of CVD and may become less
Important later

There Is tremendous variability in the response
to treatments and so individualizing is important

Patients may value weight loss more than the
treatment of other CVD risk factors.




Summary of data

Canadian Journal of Cardiology 31 (2015) 142e152




Long term phentermine prescribing

* If patient has no evidence of serious
cardiovascular disease

* No serious psychiatric disease

 Has been told of the other FDA approved
weight loss medications and has been told
that phentermine does not have long term

safety or efficacy data and that prescribing
Is ‘off label’

* No clinically significant increase In pulse of
BP

* Ptloses at least 5% of baseline weight

J Clin Endocrinol Metab. 2015 Feb;100(2):342-62




Bariatric Surgery and Lipids




Lipids and Bariatric Procedures Part 1 of 2: Scientific

Statement from the National Lipid Association (NLA),

American Society for Metabolic and Bariatric Surgery
(ASMBS)

Lipids and Bariatric Procedures Part 2 of 2: Scientific
Statement from the American Society for Metabolic and
Bariatric Surgery (ASMBS) and the National Lipid
Association (NLA)




Learning Objectives:

e Explain how adipose tissue is an active endocrine and
Immune organ

e Discuss how an increase in body fat causes fat dysfunction
(adiposopathy) which contributes to metabolic disease

* Provide overview of the ASMBS and NLA Scientific Statement
regarding the effects of bariatric surgery on lipid blood levels




Table 1. Outline of adiposopathic anatomic, functional, histological, endocrine, and immune changes that may contribute to metabolic
diseases such as dyslipidemia among patients with obesity. 23

Anatomic changes:

eAdipocyte hypertrophy with variable increases in adipocyte number, as regulated by intracellular proteins:

oSterol regulatory element binding protein 1 (SREBP1), which is the human analogue to adipocyte determination and differentiation-
dependent factor 1 (ADD1)

oPeroxisome proliferator activated receptor (PPAR) gamma
0CCAAT-enhancer-binding proteins (C/EBPs)

e\When adipogenesis (proliferation and differentiation) in peripheral subcutaneous adipose tissue (SAT) is inadequate to store excess energy, this
may:

oFurther worsen adipocyte hypertrophy of existing adipocytes

oContribute to energy overflow with increased circulating free fatty acid blood levels, increasing size of other adipose tissue depots,
including:

=Visceral adipose tissue (VAT) accumulation
=Subcutaneous abdominal adipose tissue accumulation
=Pericardiac adipose tissue accumulation
=Perivascular adipose tissue accumulation
oContribute to energy overflow with increased circulating free fatty acid blood levels, increasing fatty infiltration and lipotoxicity to:

=Liver, resulting in nonalcoholic fatty liver disease (NAFLD), with subsets including hepatic steatosis, which may contribute in
insulin resistance, and nonalcoholic steatohepatitis (NASH), an inflammatory state that may lead to insulin resistance, fibrosis, and
cirrhosis

=Muscle, resulting in intramyocellular triglycerides and insulin resistance
=Pancreas, resulting in beta cell dysfunction, macrophage infiltration, and p-cell failure

=Heart, resulting in fat accumulation within cardiomyocytes, mitochondrial dysfunction, inflammation, and cardiac dysfunction

=Kidney, resulting in renal fat accumulation, immune cell infiltration, increased glomerular capillary wall tension, podocyte




Table 1. Outline of adiposopathic anatomic, functional, histological, endocrine, and immune changes that may contribute to metabolic
diseases such as dyslipidemia among patients with obesity. 23

Histological and functional changes:

Adipocyte and adipose tissue hypoxia because of:
o Growth of adipose tissue beyond vascular supply
o0 Inadequate angiogenesis
o0 Impaired blood flow
e Increased adipocyte apoptosis
e Increased reactive oxygen species and oxidative stress
e  Extracellular matrix abnormalities
e Intraorganelle dysfunction
0 Mitochondrial stress*

o0 Endoplasmic reticulum stress*

e Changes in adipose tissue neural network and innervations

5
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Table 1. Outline of adiposopathic anatomic, functional, histological, endocrine, and immune changes that may contribute to metabolic
diseases such as dyslipidemia among patients with obesity. 23

Adiposopathic endocrinopathies resulting from dysfunctional adipocyte and adipose tissue processes involving:

Angiogenesis

Adipogenesis

Extracellular matrix dissolution and reformation

Lipogenesis

Growth factor production

Glucose metabolism

Production of factors associated with the renin-angiotensin system
Lipid metabolism

Enzyme production

Hormone production

Steroid metabolism

Immune response

Hemostasis

Element binding (e.g., sterol regulatory element binding proteins, calcium, etc.)

Adipose tissue has multiple receptors, such as receptors for traditional peptides and glycoprotein hormones, receptors for nuclear hormones,
other nuclear receptors, receptors for cytokines or adipokines with cytokine-like activity, receptors for growth factors, and catecholamine
receptors

6
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Table 1. Outline of adiposopathic anatomic, functional, histological, endocrine, and immune changes that may contribute to metabolic
diseases such as dyslipidemia among patients with obesity. 23

Adiposopathic immunopathies resulting from dysfunctional adipocyte and adipose tissue processes
involving:

e Proinflammatory adipose tissue factors
o Factors with cytokine activity
0 Acute-phase response proteins
o0 Proteins of the alternative complement system
o Chemotactic or chemoattractants for immune cells
o Eicosanoids and prostaglandins

e Anti-inflammatory adipose tissue factors

7
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Adipose Tissue Anatomy




Limitations in adipogenesis (fat cell proliferation and

differentiation) in peripheral subcutaneous adipose

tissue may contribute to adipocyte hypertrophy of While bariatric surgery clearly

existing fat cells, adipose tissue dysfunction, and reduces fat cell volume, it is unclear
Adipocyte number metabolic disease. Conversely, an increase in that bariatric surgery (or other

subcutaneous adipocyte number correlates to methods of weight loss) reduces

decreased TG levels, increased HDL cholesterol levels, adipocyte number.

increased insulin sensitivity, and decreased insulin

levels.

Bariatric surgery may reduce

If during positive caloric balance, adipogenesis is adipocyte size, which may improve
impaired, then existing fat cells may undergo adipocyte function and metabolic
hypertrophy, which is an anatomic finding of diseases such as dyslipidemia, high

Adipocyte size
S adiposopathy. Adipocyte dysfunction, contributes to glucose levels, and fatty liver, (at least

metabolic diseases such as dyslipidemia and fatty liver |partially due to improved insulin
(with or without elevated liver transaminases). sensitivity), possibly involving an
adipocyte volume threshold.

9
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Positive caloric balance increases fat deposition in
multiple fat depots, with adipose tissue
dysfunction promoting metabolic diseases such as
dyslipidemia.

Subcutaneous adipose tissue

Positive caloric balance increases fat deposition in
multiple fat depots, which may promote
metabolic diseases such as dyslipidemia. An
Visceral adipose tissue increase in visceral adipose tissue may be a
marker for global fat dysfunction, and is often
clinically assessed by measuring waist
circumference.

Positive caloric balance increases fat deposition in
Pericardiac and perivascular multiple fat depots, including pericardiac and
adipose tissue * perivascular adipose tissue, which may directly
contribute to atherosclerosis.

Bariatric surgery reduces subcutaneous fat cell
volume. Compared to a reduction in total fat mass, a
reduction in subcutaneous adipocyte size more
strongly associates with improved insulin sensitivity,
which is a mechanism that helps explain how bariatric
surgery improves dyslipidemia and non-alcoholic fatty
liver disease.

Bariatric surgery reduces visceral adiposity and
generally improves the components of the metabolic
syndrome, which in addition to increased waist
circumference, includes elevated TG levels, reduced
HDL cholesterol levels, as well as high glucose levels
and high blood pressure.

Bariatric surgery may reduce paracardial and
epicardial fat, with limited effects upon myocardial

triglycerides. The reduction in epicardial fat volume
loss may be more limited in patients with sleep
apnea**

10
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Adipose Tissue Dysfunction




nia

Adipocyte hypertrophy
can produce mitochondrial
and endoplasmic reticulum
dysfunction, which in turn
promotes oxidative
stress.*** Increased
oxidative stress may cause
adipocyte dysfunction
leading to dyslipidemia.

Bariatric surgery may
reduce adiposopathic
markers of oxidative stress,

Oxidative

stress which may improve

metabolic diseases such as
dyslipidemia.

12
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Endocrine Factors




Receptors




Lipid parameters




Transfer & transport proteins




Inflammatory factors




Bile acid metabolism




Microbiota and microbiome




Hormones affecting nutrient
metabolism and lipid blood levels




Adverse cardiovascular health
consequences of adiposopathy,
which may be improved with weight
loss, such as through bariatric
procedures




Potential effects of bariatric
procedures on illustrative non-lipid
atherosclerotic cardiovascular
disease (ASCVD) risk factors and
adiposopathic markers which may
contribute to metabolic disease




Lipid parameters

Effect of bariatric procedure

Adjustable Gastric Banding

Low density lipoprotein cholesterol !
Non-high density lipoprotein-cholesterol -
Apolipoprotein B -
Lipoprotein particle number -
Total cholesterol !
Triglycerides !

High density lipoprotein cholesterol 1
Lipoprotein remnants Not reported

Lipoprotein (a)

LDL particle size

23
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Gastric Sleeve

Low density lipoprotein cholesterol

Non-high density lipoprotein-cholesterol

Apolipoprotein B

Lipoprotein particle number

Total cholesterol

Triglycerides

High density lipoprotein cholesterol

Lipoprotein remnants

— | > | | | «| «| «

Lipoprotein (a)

277

LDL particle size
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Gastric Bypass

Low density lipoprotein cholesterol

Non-high density lipoprotein-cholesterol

Apolipoprotein B

Lipoprotein particle number

Total cholesterol

Triglycerides

High density lipoprotein cholesterol

Lipoprotein remnants

—| | «| «| «| «| «| «

Lipoprotein (a)

LDL particle size

—
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Biliopancreatic diversion/duodenal switch

Low density lipoprotein cholesterol l
Non-high density lipoprotein-cholesterol !
Apolipoprotein B !
Lipoprotein particle number Not reported
Total cholesterol !
Triglycerides !
High density lipoprotein cholesterol 7
Lipoprotein remnants Not reported
Lipoprotein (a) Not reported

LDL particle size

Not reported

26
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Potential lipid effects of selected vitamins
deficiencies that sometime occur with bariatric
procedures




Potential lipid effects of selected minerals and trace
element deficiencies that sometime occur with bariatric
procedures




Replacement of select post-operative vitamin and
mineral deficiency




General Observations

(1) The greater the fat mass loss, the greater the improvement in dyslipidemia.

(2) Data regarding the lipid effects of biliopancreatic diversion/duodenal switch is less reported than with laparoscopic
gastric banding, roux-en-y gastric bypass, and sleeve gastrectomy, probably because it is a less common bariatric
procedure.

(3) Bariatric procedures allow for a decrease in the use of drugs for treatment of dyslipidemia, 131 132 as well as
decreased in drugs used for treatment of diabetes mellitus and blood pressure, compared to medical therapy. 133
134

(4) High density lipoprotein cholesterol may decrease during active weight loss (particularly the first six months after
bariatric surgery), and then may ultimately increase above baseline.

(5) Data on bariatric procedures is scarce on some of the lipid parameters of most interest to lipidologists.
* Non-high density lipoprotein cholesterol
* Apolipoprotein B
* Lipoprotein particle number
* Remnant lipoproteins
e Lipoprotein (a) & lipoprotein particle size
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