Saturday, June 18,2011 1
Madrid I 10:25am - 11:10am

Dyslipidemia (non LDL related)

Madrid [ ~ 10:25am - 11:10am

Charles Bethea, MD
3433 NW 56th, Ste 805, Bldg B
Oklahoma City, OK 73112
Tel: (405) 947-3341
Fax: (405) 951-4358

Objectives
e Review evolving treatment strategies based on new knowledge of atherosclerotic plaque pathophysiology
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SPECIAL THANKS

Cleveland Clinic for sponsoring
» New Frontiers in Anti-Atherosclerotic

Y

Therapies at ACC 4/2/11
» Dr. Nicholls » Dr. Hazen
» Dr. Libby >»Dr. Kastelein
» Dr. Ridker »Dr. Rye
» Dr. Rosanson »Dr. Nissen

»Dr. Ballentyne

ATHEROSCLEROSIS
Where have we been?
What have we achieved?

What is next?

on
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ATHEROSCLEROSIS

»  Old Pathophysiology:
Agents of intimal injury

»  New Pathophysiology:

Intervening on agents of plaque
development and initiation o
inflammation

Saturday, June 18, 2011
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PLAQUE PROGRESSON:

From Fatty Streak
To
Complex Plaque

“Where have we been?”

PLAQUE PROGRESSON / TREATMENT TIMELINES
R Ouidation depggsqr;enn v.’?ifr‘éié"éz‘éﬁa Plagus rupture Acm:\go&marysynaome




FOCUS ON THE INTIMA AND LUMEN

# Hypertension Family History B-100 Subtypes
~ Diabetes - LDL-C >  Triglyceride Rich Particles (IDL)

~ Hyperlipidemia HDL.2 Remnant Chylomicrons
~ Smoking Mgmin LDC
» Homocystine Carbamylated LDL
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1980°s LIPID RESEARCH
CENTERS

Increasing knowledge of Lipid
particles, functions and
pathophysiology.

1990’S THERAPY WAS
DIRECTED AT REDUCING
INTIMAL INJURY

» Ace/ ARB’s for mechanical
stress/Renin angiotensin system

» Statins - LDL-C /Low HDL

» DM - Glycemic Control (limited effect)
> Stopping Smoking

> FH - Lipid subparticle ~ Lp(a); B-100’s

small dense LDL. R

R
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IMPACT MODEL

“What have we achieved?”
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ATHEROSCLEROSIS
Population Trends

Mortality Rate Reductions

(Therapies targeting intimal injury and stenotic
plaque)

international CHD Mortality Trends in Men: 1968-2003
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Age-Adjusted Death Rates* for Total Cardiovascular
Disease, Diseases of the Heart, Coronary Heart
Disease, and Stroke? by Year—United States 1900-1996
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international CHD Mortality Trends in Men: 1968-2003
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INTERHEART Study:

Nine Modifiable Risk Factors Account for More than 90% of the
Risk of an Initial Acute Myocardial Infarction

«  Smoking

+  Hypertension
Lipids {ApoB/A1 ratio}
Abdominal obesity

+ _Diabetes

+  Fruit and vegetable intake
Alcohol

+  Exercise

+ Psychosocial

R

Farmrss et
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SMOKING EFFECT

Leveling off National Goat
The pacentage of paople m the U8 who smoke ky; 12%
deelining. leveling off at just under 21% for the Jast

Estimaled percentoge of adults who say they smoke
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IS THE CAD REDUCTION
PARTY OVER??

Counter trends related to:

» Body Mass Index Increase

.

> Sedentary Life Style
» High Fat (fast food) Diet

“What is next in the short-term?”
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CHOLESTEROL:
The Good News!

STRONGER STATINS
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U.S. achieves average cholesterol
of less than 200 (3.5 mM) in 2006

(first time in 50 years)

Saturday, June 18, 2011

» Much more can be achieved for major
risk factors.

» Momentum has slowed for major risk
factor reduction.

» Obesity and DM pose a threat.

”R!ag

ite
e

PRIMARY PREVENTION
CONCLUSION

Achieved a lot.

Approaching practical limits.
Undermined by obesity and diet.
Future gains will be slow and difficult.
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8:30am - 10:15am
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> New role for inflammation, DM and lipid
sub-particle management.

“What is next long-term?”
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LDL SUBTYPES

Any patient with marked FH or CAD with
normal lipids.

Lp (a)
Small LDL (ApoB)
Non-HDL-chol
? Berkely screen ~ (IDL) Female with PAD
(not advised)

Non-HDL CHOL

Total Chol — HDL = Non-HDL cholesterol

Trig < 400 due to Friedewald equation
limitation

7 wrrst st erez
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TREATMENT GOALS

CAD RISK LDL NON-HDL CHOL
Very high risk <70 <100
High risk <100 <130
‘Moderate risk <130 <160
Low risk <160 <190

Bittnes, Vero Proceedings: 2007
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New pathologic LDL for Diabetes
Mellitus and Smokers

» Mg min LDL

> Metformin modifies abnormal sugars

» Carbamylated LDL — smokers and
renal failure

NEW FRONTIER

Inflammation and Progression

Atherosclerotic plaque and
progression
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SUMMARY OF TARGETS AND MEDS

Mechanism

Apo A _Low
> Apo B - High

R

7 amst sty e

Mechanism

MPO
Activator

INITIATING INFLAMMATION
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INITIATING INFLAMMATION

Duesweil, Nature: Vol 464:1357
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Mechanism
CRP

System
—— multipliers
for
inflammation

Mechanism

ILB-1
Activated
directly by
cholesterol
crystal

monocytes




Mechanism
Activated Proteinases

Metalloproteinase
It - Matrix

Imaging marker
for unstable
plaque

Saturday, June 18, 2011
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UNSTABLE PLAQUE

Stable plaques progression to
instability:

Mechanisms are better understood

| RS

MARKERS VS. MECHANISMS

HSCRP F2- Isoprostanes -
Apo A Gold standard for
ApoB oxydative stress
Pla-2 ILB-1

MPO Metalloproteinase
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SESSION 2:

BEYOND STATINS AND LDL

PATHOPHYSIOLOGY RESEARCH
AND PROSPECTIVE NEW
TREATMENTS

CREDITS

» ACC: Risks Beyond Lipid Profile —
2011

» Cleveland Clinic — New Frontiers in
Anti-atherosclerotic Therapies




ATHEROSCLEROSIS II

New focus on plaque
pathophysiology rather than
endothelial injury.
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MULTIPLE NEW TREATMENTS
IN DEVELOPMENT

New agents are directed at plaque
development or inhibiting
inflammation.

SUMMARY OF TREATMENT

GOALS OR MARKERS

B-100 particle counts
C Reactive Protein
MPO levels

PLA-2

HDL

Inflammasone ~ ILB-1

Proteinase cascade and
metalloproteinase inhibitors

N ok wn
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1. B-100 PARTICLES

» Lipoproteins can be characterized by Lipid
content — e.g. cholesterol or triglyceride

Or
Protein content = Apoprotein B

» Total amount of Apoprotein B is best
predictor of atherosclerosis.

Saturday, June 18, 2011
9:30am - 10:15am

SMALL LDL

» If the LDL is partiaily oxidized (LDL-
ox) then the Lipo proteins are smaller
and are more toxic to the endothelium.

» Hepatic Lipase

» CETP - rarely overactive

» Measuring B-100 ($85) gives you
a reliable number of B particles
and a better measure of
atherogencity.

» Alternatively, it is cheaper but
less accurate to simply calculate
the non-HDL cholesterol from
lipid profile.




Normal For Non-HD LDL
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CAD RISK LDL NON-HDL CHOL
Very high risk <70 <100
High risk <100 <130
‘Moderate risk <130 <160
Low risk <160 <190

LDLB: ATHEROGENIC VARIANTS

> The B-100 or particle counts can be
high for multiple reasons. (e.g. LDL,
Lpla)

> For all types of abnormal B-100
particles, everyone seems to have
fewer events if LDL less than 70.
(Consider statin and Niacin)

» It is not necessary to follow specific
levels (i.e. Lpla levels)

STATIN INTOLERANCE

» A new treatment for increased B-100
or particle count elevation is
mipromersin missense.

» ltis an injectable MRNA missense
therapy that blocks B-100 particles
production.

» Injected through 1 gauge higher than
an insulin syringe, it has had no side
effects — Phase Il trial.

18
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2. INFLAMMATION AND CRP
PAUL RIDKER, MD, MIPH

CRP (Hepatic multiplier of
inflammation)

CRP stimulates MPO and the
inflammatory response Tissue
Factor and matrix
metalloproteinase.

PRELIMINARY CLINICAL TRIALS
OF INFLAMMATION

> There is a suggestion that low
LDL patients with elevated
HSCRP’s might benefit from
statin for inflammation.

» It is possibly due to an anti-
inflammatory effect as well as
low LDL.
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" While mtngumg and of potential public heaith |mporlance the
B observauon in AFCAF'S/TexCAPS that statin therapy might b

made onapaslhacbasxs Thus: ;2 large-scale randomlzedl
. statin therapy was needed to d|r tly test this hypothesi

{ urnraein mn}

RISK AND CRP LEVEL

CANDIDATE TREATMENTS FOR
INFLAMMATION

“Direct CRP inhibitors

TNF /1L Inhibitors

-1 ,anhg'ouﬂém
-LO Inhibitors
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DIABETES / NSAID’S: SPECIAL CASE

No DMARD, Superior
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.. Stable CAD (post MI) ...
On Stafin; ACE/ARB, BB, ABA"
"DM or Metabollc Syndrome .

Open Label Active Run-in
T LOM 10 mgw!

Randomized
Placebo mpfwk +
o folate -7

21.8% (P0.004)
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Women
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TRIALS

> CIRT Trial: Low dose
Methotrexate lowers CRP vs.
clinical events.

» TINSEL CVD: Salsalate (Dicalcid)
vs. MDCT measurement of plaque
burden.
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WHY DICALCID IN DM?

» Lowers blood sugar (since 1876)

» Lowers inflammation

» 7?7 Thromboxane: RCT is anatomic
study

3. MPO LEVELS

Lowering MPO has a double edge.
Inhibitors may increase risk of
infection (sepsis).

» Niacin, fish oil, Actos, and statins
all decrease it. No trial planned.

v
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MPO LEVEL AS A MARKER

It is specific to plaque
inflammation unlike CRP.
However, it's lack of sensitivity
and specificity resuited in Biosite
discontinuing it as a marker for
ACS.

Neutrophils, Monocytes and some Macrophages
Use MPO to Generate Cytotoxic Oxidants

O, Oxygen
NADPH Oxidase

0, Superoxide

H?_O2 H\dr/geﬁ peroxide
MPO

\rray of cytotfoxic < =
/\ox1dants & free radxg:ﬁs\

! e %W

MPO as Friend in the Immune System

MPQO produces HOC! and
other reactive
chlorinating species

HOCI is antimicrobicidal,
killing invading parasites
and pathogens

Myeloperoxidase

HO,#Cl-+ H* —— —  H.O+HOCI

HOCI + H*+Cl"F ——————— Cl, + H,0

Klebanoff SJ. J Leuk Biof 2005
Hazen SL et al. JCL 1996
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MPO as Foe — Oxidative tissue injury
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MPO-/- subjects

| Cardgiovascutar gvents
t Lif ng infections
Kutter, D.. et a!. Acta Hemaiciogica g
2003 104°10-15 <
@
§ Hegr 1PD expressorns
(- 463 GIA) Soss | 5 Gonotvps
I — 2o
Promoter SNP S sl P
: -LLWAAIAG Genotype
+ Affects MPO 0754 i
transcription 2X 0 10 0 30 40 50
+ Positive findings Fotlowe-up fbtonths)
- French (n=448) Asselbergs et al., NEJM 2004

- Dutch (n=200)
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MPO RAP SHEET

< MPO 3 enriched
o s

3 protstes cadothe
o

At

amy fation s huian

plague is 2
Aitangor ol Negere Mo (3007
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Sequential patients presenting to ER with chest pain

MPO Quartile

a1 Q2 Q3 Q4
(P} <119 119-198 198 - 394 > 394 =
Ml at Evaluation
All patients 1.0 120723 21(1.2-38)" 39(226.8)"

MACE, 30 days

All patients 1.0 17(11-28)* 33(2.0-55) 4.8(3.0-8.
Troponin negative 1.0 2.2(1.5-3.4)** 37(25 7{29
MACE, 6 months

Alf patients 10 16{(1.0-27) 3862258 472977y
Troponin negative 1.0 2.5(1.7-3.6)"" 3.8(24-6.5)" 5.8{24~19.3)
* p<0.05 relative to Q1

" pe0.01 relative to Q1 Adapted from Brennan et al, NEJM, {2003)

o

(<00GT)  (p<0.0D1)  (p<0.0OT) |

- 13
kS
5  Ist tertile
w1071 .
] ; Ind tertile
£ "
® . 8 3rd tertile
Q M
a

&

24hows  Tlhows  30days 6 months

Baldus. et al Circulation 2003:108: 1440-5
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MPO predicts risk in subgroups otherwise associated with fow risk

Future CAD Events (Ml and Death)

MPO < 600 pM

MPO 2600 pM
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LDL < 130 mg/dL
LDL > 130 mg/dL

1
1.71(1.25-2.34)

1.77 (1.24 - 2.53)
2.14 (1.58 - 2.80)

HDL > 50 mg/dL
HDL < 50 mg/dL

1
1.98 (1.54 - 2.55)

1.67 (1.26-1.97)
221(1.75-2.78)

CRP < 2 mg/dL.
CRP > 2 mg/dL

7
1.89(1.49-2.41)

1.24 (1.00 - 1.53)
2.39 (1.95 - 2.93)

v

SUMMARY FOR MPO

Attracive as a marker
Mixed bag for Rx
May have sepsis and infection if over

treated

May have nitch in a biomarker screening

panel

| CLEVELAND CLINIC PLAQUE SCREEN

FOR EXECUTIVE PHYSICALS




4. PLA-2

It is both a marker (plaque test)
and a pathophysiologic agent.
Hydrolyses LDL and initiates
oxydative cascade by
neutrophils and monocytes
(foam cells).

Saturday, June 18, 2011
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PLA-2 LOCATION
(Plaque Test)

PLA-2 SUMMARY

» Somewhat helpful as a marker.

» Mltis plaque specific.

> May be better as a treatment target
since it initiates the oxydative process
of LDL.

» May be even better with HDL raising
agents.

29



PLA-2 INHIBITORS
TRIAL STATUS

» Phase 2 FRANCIS Trial - 500mg
of Varespladib

> Phase 3 VISTA 16 - 80mg Lipitor
+ Varespladib

Saturday, June 18, 2011 3
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5. HDL iN CAD

HDL: AIDING CHOLESTEROL
EFFLUX

| B

FILLING THE CHOLESTEROL CUP

Cholestero! Apoh

N T T
— N

HOL HDL-2 HDL-3

HDL-3 is bad HDL-2
is good “is silly”

Cholesterol can not be broken down in
the plaque despite oxydative agents!i!




ROLE OF HDL

HDL
VLDL

IDL

LIPC \\
CETP Renal Exertion

~

HDL
LCAT [

LDL

Chol Efflux

ABCGS5 Chol (Intracellufar)

ABCGS8 W@j

IL Foa?

7 iurest momus e
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HDL TRIALS / GENETIC STUDIES

High HDL occurs when CETP is inhibited
1. Gene polymorphism of CETP led to longevity (HDL
milano)
Same gene increases CAD if high triglyceride is
present.
821\4[1)26 mutation lowers CETP and increases HDL and

H>woN

Current trials:

Torcetrapid — raised mortality and BP as well as HDL
JTT 705 — investigative (weaker Torcetrapid)
Anacetrapid — investigative, no BP increases

5. ApoA can be dysfunctioqa! and cholesterol not

“Escape to IDL by CETP”. g
JHIEER LS

6. INFLAMMATION

NLRP3 inflammations are required for
Atherogenesis and activated by
cholesterol crystals.

P. Duewell, Nature 2010; 464:1357-1362
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derate Imbalance . - Psoriasis, contact hype
R § .. Gout, Inflammatory arthritis,
“.'* Grohw's, Ulcerative colitis .-

HodgFHospital
Furveronn e
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| ISSUES IN ANTI-INFLAMMATION

.. . Randomized
Canakinumab 150 mg
*.. 8Cq 3 months . .

Primary Endpoint: Nonfatal MI, Norjilital Stroke, Cardiovascular Death |~

~Exploratory Endpoints: DVT/PE; SVT; hospiiliizations for CFH;- PCUVCABG; blomarkers -
ﬁ N TEGR 1§
3 Heaplss
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INFLAMMASONE AND IL-1B RAP SHEET

‘Anti IL>13 antibody
-Canakinumab

7. MATRIX
METALLOPROTEINASE INHIBITOR

1. Tried in diastolic dysfunction: major
orthopedic problem.

2. Did poorly in early cancer trials (blocked
angiogenesis)

3. New trials in anti-inflammatory disease
and especially LV remodeling are pending.




TREATMENTS THAT HAVEN'T
WORKED

» Zocor + Niacin for moderate risk CAD - failed.
» CETP inhibitor — Torcetrapid — failed.
CAVEAT

» Niacin may still be essential in high risk patients
B-100 subgroups and inflammation.

Niacin has uncertain role in Lp(a) treatment.

v
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SUMMARY OF TARGETS AND
MEDS

Target
(Elevated LDL or Particle Count)

Trial Status Phase il

RX
Apo B’s Low Mipromersen
Particle Count High dose

statins/Niacin

Possible solution for statin
intolerance

34



Target
(PLA-2) (MPO)

Trial Status

Phase Il Francis
Trial Phase i
VISTA 16

RX
Varespladib

Marker

Saturday, June 18, 2011
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10:15am

Target
(Inflammation)

IL-ID

Trial Status
Cantos
Phase Hl
Phase Il

RX

Canakinomib
8§D 2291
Niacin [ Actos
/Omega 3

jﬁ?@fﬁus

_ {wnnsixaey wm X ey

Target

Increased
CRP

Trial Status
CIRT
C Phase ll
Tinsal-CVD
Phase lll

RX

Low dose
Methotrexate
(clinical events)
Salsalate
Anatomical Trial
by MDCT

| L

F s o




Target

Metalioproteins
H - Matrix

Marker
Metalloproteinase i
labeled as imaging

agent at target
animal studies
Trial Status

Failed diastolic
dysfunction trial
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CHOLESTEROL CRYSTAL EFFLUX

Cholesterol ‘Xw‘
A )/_\‘/é\ /N/WA - RX
i ~ b ( Anacetrapid
S ( \u//) —_ 1//) ITT 705
HDL HDL-2 HDL-3
e
g

CONCLUSION

Evidence suggests maximizing current treatments
could have lowered national CAD events by
another 10-15%.

Evidence suggests the Okiahoma event rate could
be lowered 25% by improved risk factor reduction,
We have reviewed 8 emerging pathophysiologic
mechanisms to be used for either treatment
targets or disease markers. The treatment goals
of the future are awaiting.

8 promising RCT’s

2 promising marker applications and other
initiatives.
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