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SPECIAL THANKS

» Cleveland Clinic for sponsoring

» New Frontiers in Anti-Atherosclerotic
Therapies at ACC 4/2/11

> Dr. Nicholis » Dr. Hazen

» Dr. Libby »Dr. Kastelein

> Dr. Ridker »Dr. Rye

> Dr. Rosanson >Dr. Nissen

»Dr. Ballentyne o

ATHEROSCLEROSIS

Where have we been?
What have we achieved?

What is next?
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ATHEROSCLEROSIS

Old Pathophysiology:
Agents of intimal injury

New Pathophysiology:
Intervening on agents of plaque
development and initiation o
inflammation
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PLAQUE PROGRESSON:

From Fatty Streak
To
Complex Plaque

“Where have we been?”

PLAQUE PROGRESSON / TREATMENT TIMELINES

. Plague Plaue growihy
Orication  depostion  vwnerable pliaque  Plague rupure  Acete coronary syndreme
Statil
ccu  BetaBlockers CABG PCl i




FOCUS ON THE INTIMA AND LUMEN

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

- Hyperlipidemia HDL-2 Remnant Chylomicrons

» 8Smoking Mgmin LDC

» Homocystine Carbamylated LDL
INJEER S
| Seart il

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.

|
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CDC

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

Per 100,000
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Age-Adjusted Death Rates* for Total Cardiovascular
Disease, Diseases of the Heart, Coronary Heart
Disease, and Stroket by Year-—United States 1900-1996

200
Total Cardiovascular Disease
400
200
& Dizeases of -
& the Heart _ =
200 - o
100 Stroke
1900 1520 1940 1950 1980 1858
Year
*Per 100,000 poputation, standardized to the 1840 U.S. population. NHLB 1
tDissasss ars classified according to ic ification of Disesses { in uso when

the doaths were reported.
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International CHD Mortality Trends in Men: 1968-2003

Fer 100,000
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RESULTS IN MEN AND WOMEN
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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
e —
I T% RIS
J|  FeaghThogpital
i i srond

Nationat Goat
12%

Estimaled percentage o

Levaig oft
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HYPERTENSION AND DIABETES EFFECT

~—Incident Counts & Adjusted Rates;
By Primary Diagnosis: =

5o Counts

o Diabetes
Glomeruionephritis
—=— Hypertension
- Cystic kidney

e

o Ta s ot
8O 82 84 86 88 90 92 94 96 a8 00 02 N
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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

Saturday, June 18, 2011
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CHOLESTEROL:
The Good News!

STRONGER STATINS




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

(first time in 50 years)
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» Much more can be achieved for major
risk factors.

» Momentum has slowed for major risk
factor reduction.

> Obesity and DM pose a threat,

PRIMARY PREVENTION
CONCLUSION

» Achieved a lot.

» Approaching practical limits.

» Undermined by obesity and diet.

# Future gains will be slow and difficult.

INJEDR S

wgww%

v aons cv
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> New role for inflammation, DM and lipid
sub-particle management.

“What is next long-term?”

JWIEER LS

7 narmar sk ey

LDL SUBTYPES

Any patient with marked FH or CAD with
normal lipids.

Lp (a)
Small LDL (ApoB)
Non-HBL-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

|
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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

Bittner, Vero Proceedings: 2007

New pathologic LDL for Diabetes
Mellitus and Smokers

Mg min LDL

Metformin modifies abnormal sugars

Carbamylated LDL — smokers and
renal failure

a4

/

A7

NEW FRONTIER

Inflammation and Progression

Atherosclerotic plaque and
progression




SUMMARY OF TARGETS AND MEDS

Mechanism

Apo A-Low
Apo B - High

¥ st ek v
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Mechanism

MPO
Activator

} spifal]
¢ naresyu o

INITIATING INFLAMMATION

Atum (smcn asbcsms MsU)

Acidification,

Actin-mediated ; ® maturction to [ 7~
e, DCT Phugocy!osvs ‘ ()rsosc_mas u

Lysosome
Ks efflu: rupture
«\ TN Activation of Retesse of .'\“
e NURP3/ASC tysesomat /WL
caspase | contents |

*+ Enhanced g€, IgG) production, T celi expansion.
el IL-18, fL-33 * Recruitmant, activation ond mobitization of menocytes to
? draining lymph nodes.
« T-4-exprassing. Grl* cefts prime splenic B calls.
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* DC activation for T cat palarization +o Th2 response?
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INITIATING INFLAMMATION

Sgnasil
FAMPS

o
o

Ceystals

PR

Faanexn-i

nflarmmasome

Duewelt, Nature” Vol 464:1357
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Mechanism
CRP

System
———p multipliers
for
inflammation

[ /vt g

Mechanism

ILB-1
Activated
directly by
cholesterol
crystal

monocytes

fnr@f’f“ E

 varnst acseu e




Mechanism
Activated Proteinases

Metalloproteinase
i — Matrix

Imaging marker
for unstable
plaque

g

i
o wti s v
7 i)
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UNSTABLE PLAQUE

Stable plaques progression to
instability:

Mechanisms are better understood

MARKERS VS. MECHANISMS

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

MPO Metalloproteinase




SUMMARY

nKS .,
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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 I

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 - I1LB-1

Proteinase cascade and
metalloproteinase inhibitors

No ol 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.
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.

SMALL LDL

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

Hepatic Lipase
CETP - rarely overactive

v

\74

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.

i ?@ﬂ e

£ st smerd




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 mulitiple 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.

> It is 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.

v
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2. INFLAMMATION AND CRP
PAUL RIDKER, MD, MPH

CRP (Hepatic multiplier of
inflammation)

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

{NT‘@? BRI

FeapFFtospital]
[ nstetsned el

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 intriguing and of potential public health importance, the
observation in AFCAPS/TexCAPS that statin therapy might be
effective among those with elevated hsCRP but low cholesterol was
made on a post hac basis. Thus, -a large-scale randomized trial of
statin therapy was needed to directly test this hypotheses.

NTED |h§

7 vt acea sl

RISK AND CRP LEVEL

Basatine hsCRP

2tomglL

29 mgit,
28 mglL
27 mgi.
>8 mgit.
25mgi.

>4 mgit.

23 mgil

22mgit,

vt sy rened

CANDIDATE TREATMENTS FOR
INFLAMMATION

Asplrin / Statins kotriene blockade

" DirectCRP inhibitors. = Salsalate
DMARDs/ MTX CCR2/CCR5
TNF /16 Inhibitors Lp-PLA2 Inhibition
IL-1 antagonism ' spLA Inh|bl_tion
5-LO Inhibitors " RNAI/anti-sense




DIABETES / NSAID’S: SPECIAL CASE

- Randomized trial of salsalate (Disalcid) vs ptacebo on
the change in coronary artery plaque volume as
assessed by MDCT from baseline to 30 months of
‘therapy : S

Secondéry endpoints: improvement in metabolic
syndrome, lipids, abdominal adiposity, markers of
inflammation, NASH, HOMA-IR

Targeted Sample Size 278, Targeted Completion 2012

Joslin Diabetes Center — Allison Goldfine / Steve
Schoelson

..NCT00624923
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Is there evidence that ir}_dividuais with élevated levels of
inflammatory biomarkers are at high vascular risk even
when other risk factors are acceptable? . YES

Is there evidence that individuals identified at increased
risk due to inflammation benefit from a therapy they
otherwise would not have received? YES

Is there evidence that reducing inflammation per se will
reduce vascular events?. WE NEED TO FIND OUT

Frrersssrt

__All Cause Mortality

Cardiovascular. Mortality . R

.- Non-Cardiovascular Mortality

2 4 8

Methotrexate Superior

Choi et al, Lancet 2002;359:1173-77




Stable CAD (post M}
+'{ On Statin, ACE/ARB, BB, ASA
DM or Metabolic Syndrome
Open Labe! Active Run-in
LOM 10 mglwk

Randomized Randomized
LOM 10 mg/wk + Placebo mgiwk +
folate folate -

Nonfatal Mi, Nonfatal Stroke, Cardiovascular Daath
ihrg Hae . : -
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44— PTrend = D.H5——>

Pravastatin Placeho Pravastain Placobo Baseline . 5 Years
Inflammation Absent  Inflammation Present

Ridker etal Circulation. 1998;98;839-844, ... Ridker et al Circulation. 1989;

Multi-National Randomized Double Blind Placebo Controlled Trial of
Rosuvastatin in the Prevention of Cardiovascular Events
Among Individuals With Low L DL and Elevated hsCRP

glum, Brazil, Bulgaria, Canada, Chile, Colombia, Costa Rica,
Salvador, Estonia, Germany, Israel, Mexico, Netherlands,
ama, Poland, Romania, Russia, South Africa, Switzerland,
ited Kingdom, Uruguay, United States, Venezuela

C 104 mgldL, Mean HDLC 50 mg/dL, hsCRP 4 mgiL
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" Placebo 251 / 8901

Cumulative Incidence

I 2 Ea
. Follow-up (years) =7

v
Understudied Subgroups N HR {95%C1)

Women . 6,801 . 0.54(0.37-0.80)

Age>70’ : 5695 " 0.61(046.082)

Black, Hispanic, Other - $ ‘ C6MT . 0.63(041-0.98) -

“Low Risk” Subqroups T e T
Framingham Risk £ 10 % : 8,682 0.56(0.38:083)
B 00130 0.59(0.40-0.87)

BMI < 25 mg/m2 -
No Hypertension o S 7886 . 0.62(0.44087)
No metabolic Syndrome 4 ’ 10,296 - 0.49{0.37-0.65)

Alf Participants 17,802 0.56 (0.46-0.69)

The Real Controv

Is the large benefit
“observed inthe
JUPITER trial due to -
lipid lowering, to
inflammation inhibition,
or to a . combination of
these two processes?

LDL decrease 50 parcent at 12 months

Months

1 a5

2 “
7 vt sgsen vy




TRIALS

» CIRT Trial: Low dose
Methotrexate iowers CRP vs.
clinical events.

» TINSEL CVD: Salsalate (Dicalcid)
vs. MDCT measurement of plaque
burden.

SR

]
t
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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




MPO LEVEL AS A MARKER

It is specific to plaque
inflammation unlike CRP.
However, it's lack of sensitivity
and specificity resulted in Biosite
discontinuing it as a marker for
ACS.
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Neutrophils, Monocytes and some Macrophages
Use MPO fo Generate Cytotoxic Oxidants

O, Oxygen
NADPH Oxidase

v O; Superoxide

- /wr /ge/ / perox:de
”’}rra;of cytotoxic L/:::;

\ox:dants & free radi EIS‘

BEY
|

MPO as Friend in the Immune System

MPO produces HOC! and
other reactive
chlorinating species
HOCI is antimicrobicidal,
killing invading parasites
and pathogens

Myeloperoxidase
H,0, + Cl- + H* ———————— H,0+ HOCI
HOCI + H*+Cl" ———=———— CI, + H,0

Klebano!f SJ. J Leuk Biol 2005
Hazen SL et al. JCI. 1998




MPO as Foe — Oxidative tissue injury

?ur%,”, 1S

5pi
L 7 et seres vty
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7 et s eeved

MPO-/- subjects

| Carciovascular events
breatening infections

ter, D., elal Acta Hermatologica
03, 10471015

(- 463 G/A)
Promoter SNP

H
f
“ E—"‘—‘GG Genotype
{
Il
[

Event froe survival

Low AAJAG Genotype

* Affects MPO 07 4
transcription 2xd

* Positive findings

- French (n=446) Asselbergs et al., NEJM 2004

- Dutch (n=200) 8

10 20 30 40 50
Follow-up (Months)

_JFM

Junsrsasns song
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MPO RAP SHEET

e ot ol K

N i
MPG prowmotes endothe
sernch ot

aund i atheroscleroti
Fii9uis 9
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Sequential patients presenting to £R with chest pain

MPO Quartite

MACE, 6 months

All patients 1.0
Troponin negative 1.0
* p<0.05 relative to Q1

L

i ' p<0.01 refative to Qt

1.6 (1.0-2.7)
2.5(1.7-3.6)"

Q1 Q2 Q3 Q4
(pM) <119 119198 198 - 324 >394 -
MI at Evaiuation
Alf patients 10 12(07-23) 21(1.2-3.8" 39(2.268)"
MACE, 30 days
Alf patients 10 171129 33{2.0-55* 48(3.0-8.1)
Tropanin negative 1.0 2{15-3.4)y" 3.7(25-6.1)° 57(29-886)""

362258
3.8{24-6.5)"

Adapted from Brennan et al

47(2.9-77)
5.8(2.4-9.3)

|, NEJM, (2003)

Death or MI (%)

Ealdus.

[

(6<0.061)

(p<0.031)  (p<0.001)

.

“n

P oS

24 hours

T2hours  30days

. et al Circulation 2003:108: 1440-5.

6 months

i 1st tertile
2nd tertile
B 3rd tertile

| , Jputa)
L s




MPO predicts risk in subgroups otherwise associated with low risk

Future CAD Events (Ml and Death)

MPO < 600 pM

MPO >600 pM
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LDL < 130 mg/dL.
LDL > 130 mg/dL

1
1.71(1.25-2.34)

177 (1.24 - 2.53)
2.14 (1.58 - 2.90)

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

1
1.98 (1.54 - 2.565)

157 (1.26 - 1.97)
2.21(1.75-2.78)

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

1
1.89(1.49-2.41)

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

SUMMARY FOR MPO

v VvV

treated

v

panel

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

May have nitch in a biomarker screening

CLEVELAND CLINIC PLAQUE SCREEN
FOR EXECUTIVE PHYSICALS

S Plaque
Oridation  depoition

Plsque growth!
visaerabls plague

Flague uptura

Acute coronary sypdome

28



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).

PLA-2 LOCATION
(Plagque Test)

LDL

Saturday, June 18, 2011
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YV VY

PLA-2 SUMMARY

Somewhat helpful as a marker.

It is 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
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5. HDL IN CAD

HDL: AIDING CHOLESTEROL
EFFLUX

FILLING THE CHOLESTEROL CUP

Cholesterol A&M
N
S < N
N ) /
- S
HDL 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!!! e
NTEGRI

1 HoapfHognital,

Fwwmaeren a
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ROLE OF HDL
HDL
VLDL
LDL — IDL
LIPC \
CETP / Renal Exertion
HDL
LCAT [—Cho! Efflux
ﬁgggg Chol (Intracellular)
|IEgL

HDL TRIALS / GENETIC STUDIES

High HDL occurs when CETP is inhibited
Gene polymorphism of CETP led to longevity (HDL
milano)
Same gene increases CAD if high triglyceride is
present.
814'326 mutation lowers CETP and increases HDL and

-

> 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 dysfunctional and cholesterol not
“Escape to IDL by CETP”. o

6. INFLAMMATION

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

P. Duewell, Nature 2010; 464:1357-1362




Prp;lnnammatory . | .- . Anti-tnflammatory

Vo
NLRP3
ayopyrin

: Inflammasome IL4R

Severe Imbalance {inflammasome mutations}) CAPS, MWS, NOMID

Moderate Imbatance Psoriasis, contact hypersensitivity syndromes
Gout, inflammatory arthritis, - .
Crohn's, Ulcerative colitis
Auteimmune Disorders, thyroiditis .

Mild Imbalance Atherosclorosis, Diabetes, . . = .

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

ISSUES IN ANTI-INFLAMMATION

TG -
Chylo

CRP/iL-8

TRIAL

NE74007™

Randomized Randdiized
Canakinumab 160 mg Canakinui 300mg
SC q 3 months SC q 3onths

Exploratory Endpoints: DVT/PE: SVT; hosplilitizations for CFH; PCYCABG; blomarkers
; %




INFLAMMASONE AND IL-1B RAP SHEET

[ type I LAML 1raccessory protein NOS - .
Dewy Recentor ap Endothetin-1

Chemokines/cytokines

|L1nu 4_.__...—. lL1type1 - .
~*  Receptor Adhesion moleculesv
l
. : 2 L Endotheliat & Smooth
R N y Muscle Profiferation
i Anti I.-1p antibody
Canakinumab Macrophage Activation

Endotheliat Dysfunctio

Athero-progression
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igh-affinity human monoclonal anti-human
interleukin-1p (IL-1B8) antibody currently . -
indicated for the treatment of IL-18 driven
--inflammatory diseases (Cryopyrin~Associated :
Period Syndrome [CAPS], Muckle-Wells -
Syndrome)
designed to bind to human IL-18 and =
functionally neutralize the bloactmty of thls
pro-inflammatory cytokine ’
long half-life (4-8 weeks) with CRP and IL-
reductlon forupto 3 months

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.

33



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.

Saturday, June 18, 2011 34
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SUMMARY OF TARGETS AND
MEDS
$"N,;,;£¢:§:?“ A' ‘,

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




Target
(PLA-2) (MPO)

N
Macrophage

Trial Status

Phase il Francis
Trial Phase Il
VISTA 16

RX
Varespladib

Marker
MPO

Saturday, June 18, 2011

Madrid |

9:30am - 10:15am

Target
(Inflammation)

IL-ID

Trial Status
Cantos
Phase Ill
Phase Il

RX

Canakinomib
SD 2291
Niacin / Actos
/Omega 3

INTERRIS
)| Heapiospital

Target

Increased
CRP

Trial Status
CIRT
C Phase il
Tinsal-CVD
Phase it

RX

Low dose
Methotrexate
{clinical events)
Salsalate —
Anatomical Trial
by MDCT




Target

Metalioproteins
It - Matrix

Marker
Metalloproteinase il
labeled as imaging

agent at target
animal studies
Trial Status

Failed diastolic
dysfunction trial

? Identifying the vuinerable plaque

Saturday, June 18,2011 3¢
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CHOLESTEROL CRYSTAL EFFLUX

Cholesterol ’X"A _x
o ~ L T RX
) \ Anacetrapid

ITT 705

HDL HDL-2 HDL-3

CONCLUSION

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

~ Evidence suggests the Oklahoma 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.

» 8promising RCT’s

~ 2 promising marker applications and other
initiatives.
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