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Contemporary Non-Interventional Approaches to Stabl e Angina:

Carl J. Pepine, MD, MACC

Talking Points:

> Magnitude and Scope of the Problem

> |mpact of IHD and Symptoms on QoL

> Pathophysiologic Insights

> Transient Myocardial O, Demand-Supply Imbalance

> Novel Approaches



Trends in Cardiology Practice

>Chronic CAD will continue to be major healthcare
problem in spite of introduction of new treatments
and diagnostic technologies.

>Decline of age-adjusted CAD mortality conceals
overall increase in number of persons afflicted.

>Demographic population trends will shift CAD
epidemiological pattern. As a result, CAD will
become a central part of the complex pattern of
disorders of the elderly.



Contemporary Non-Interventional Approaches to Stabl e Angina:

Definitions!- Chronic Coronary Syndrome (CCS):

> [ntractable angina pectoris, no option CAD,
nonrevascularizable CAD, advanced or end-stage CAD.

> Truly, refractory angina embodies several chronic coronary
syndromes that vary in manifestation and pathophysiology.

> ESC Joint Study Group on Treatment of “Refractory
Angina”: Chronic condition (>3 mths) characterized by
presence of angina caused by coronary insufficiency in the
presence of CAD, which cannot be controlled by a
combination of medical therapy, PCI, and CABG surgery.
Presence of reversible ischemia should be clinically
established to be the cause of the symptoms=.

IAm Heart J 2008;155:418-34.
2Eur Heart J 2002;23:355-70.



Outcomes for refractory angina despite

optimal medical and revasc therapy
Am Heart J 2008;155:418-34

Prevalence: ?/~10 million in USA
Mortality: Chronic stable angina 1-2%/yr
Refractory angina trials 3- 21%/yr
MACE: Chronic stable angina 2-5%/yr
Refractory angina trials 11-69%/yr

Overall: Outcomes widely variable and depend on multiple
factors including associated comorbidities (aging, diabetes,
prior Ml, HF, AF etc). In addition to reducing symptoms and
events, newer therapies should also improve functional
status and health-related QoL.



Impact of IHD and Symptoms on QoL.:

> After “successful-PCI" at 1 yr ~80% of patients continue to
require >1 antianginal drugs as ~26% report “recent
angina”. 1

> After “optimal revasc” with PCI/ CABG at 1yr, 80/ 60% were
taking antianginal drugs, 20/ 10% still had angina, and only
19/ 38% were free of angina and antianginal drugs. 2

> Chronic IHD associated with diminished QoL after PCI/CABG
as health status excellent/very good reported in <40% of those
free of angina and in only 15% of those with angina. 3

> Strong link between depression and recurrent angina  after
ACS presentation (OR 2.4; 95% CI, 1.86-3.10; P< 0.001).4

INHLBI Dynamic Registry Am Heart J. 2002;144:826-33
2Serruys N Engl J Med. 2001;344:1117-24

SHlatky Circulation. 2004;110:1960-6

“Rumsfeld Am Heart J. 2003;145:493-9



Optimised medical vs. revascularisation therapy in el derly

patients with chronic angina: The TIME trial

> |TT analysis (n=305) 1-3: Chronic angina pts 75 yo had >benefit from revasc vs. med
therapy in symptom relief, OoL and MACE after 6 mths.

> An early mortality hazard suggested- 8.5% revasc vs. 4.1% med, P=0:15 but at 1 yr
MACE, angina severity and QoL were very similar.

> Cross-overs anticipated: 46% of med-assigned pts had revasc for uncontrolled
symptoms and only 73% of revasc-assigned pts were actually revascularised.

> On-treatment analysis (127 med vs 174 revasc) 2. Similar high 30-d and 1-yr
mortality rates, however, “medically treated” pts had less improvement in symptoms
and well being vs. “revasc treated” pts.

> Long-term (4.1 yrs) 4 ITT survival similar with angina relief and better QoL
maintained, but nonfatal events more frequent with assigned med. Irrespective of
initial assignment, survival better if revasc within first yr.

Trial of Invasive vs. Medical therapy in Elderly patients with chronic angina (TIME): a randomized
trial. Lancet 2001;358:951-57.  2Kaiser et al. Eur Heart J. 2004; 25, 1036-1042.
3Pfisterer et al. JAMA. 2003;289:1117-1123. 4 Pfisterer et al. Circulation 2004;110:1213-1218.



QoL after revascularization in the elderly

Graham et al Eur Heart J 2006:; 27:1690-1698

> Alberta Provincial Project for Outcomes Assessment in CHD-
all pts undergoing cardiac cath in Alberta, health status (SAQ)
and crude and risk-adjusted outcomes compared revasc (PCI
or CABG) vs. medical therapy.

> Among pts <70 yrs, and those 70-79 yrs, for all SAQ
dimensions, scores were significantly better for those treated
with revasc vs. medical therapy. For pts >80 yrs, scores for
those treated with CABG were significantly better. At 3 yrs, all
scores remained stable or improved, and continued to favor
revasc.

> Elderly pts undergoing revasc have better health status than
those in same age group who do not undergo revasc. Age
alone should not deter against revasc given survival and QoL
benefits.



Chronic Coronary Syndromes (CCSs):.

Pathophysiologic insights and new directions for
anti-anginal/anti ischemic therapy

consequences
Myocyte pO,
ATP and pH s
FFA/  CHO ox _ _
> Na*and H,O < Negative remodeling

Ca?* overload

¥ v

Myocardial dysfunction

contraction /
diastolic stiffness

Sympathetic activation
Electrical instability
Arteriolar dysfunction
Myocardial edema

Ischemia promotes more ischemia
Pepine and Nichols, Clinical Cardiology 2007; 30(suppl 1):1-4-1-9



Novel Anti-ischemic and Anti-anginal Agents:

Therapeutic Concept Eff ective in RCTs

> VSM relaxation: Rho kinase inhibition (fasudil)
NO donors (molsidomine, pirsidomine, etc.)

+ Preconditioning (nicorandil)
Guanylate cyclase (sGC) stimulators/activators NA

> Adenosine regulation: (adenosine, dipyridamole, acadesine, GP531, etc.)

> Metabolic modulation: (L-carnitine, perhexiline, trimetazidine, etomoxir)
> HR reduction/ SAN modulation: (alinidine, zatabradine, ivabradine, etc.) [?
> (Late) Na* current inhibition: (amiodarone, ranolazine, others?)

> Sex hormones (testosterone, progestins, estrogen, etc.) [?

V

Others [biologics (proteins, genes and cells) and devices] ?



Rho/Rho-kinase pathway in VSMC

(e.g. Fasudil)

Shimokawa and Takeshita ATVB 2005:25:1767



Pharmacological properties:

Rho-kinase inhibitors

Shimokawa and Takeshita ATVB 2005;25:1767



Nicorandil

Hybrid nitrate and K * channel activator

Nitrate-associated effects- activates cGMP
» Dilation of epicardial coronary arteries

Activates (opens) ATP-sensitive K * channels
 Dilation of coronary and systemic arterioles
» |schemic preconditioning?

IONA Study Group. Lancet. 2002;359:1269-75.
Rahman N et al. AAPS J. 2004;6:e34.



NO-sGC-cGMP signal transduction pathway and potentia | drug targets

Evgenov. Nat Rev Drug Discov 2006;5:755—-768




Metabolic modulation for IHD:

CPT-1:
Carnitine Palmitoyltransferase-1

Lee Eur Heart J 2004; 25, 634-41



lvabradine

Novel mechanism for heart rate reduction

Control lvabradine 0.3 uM > | current- inward Na*/K* current
40 N NS activates SA node pacemaker
20 \ cells
0 : A . Time lvabradine se_lectlvely blocks
0.5 (seconds) ; -channels in current-
—20 dependent fashion.
—40 Reduces slope of diastolic
-60 depolarization, slowing HR

_ DiFrancesco D. Curr Med Res Opin. 2005;21:1115-22.
Potential (mV)

~ HR 6 b/m- no effect on CV death, AMI or HF.
HR>70 reduced MI and need for revasc
Fox K. Lancet 2008;372; 615-618

MorBidity-mortality EvAIUaTion of the f¢ inhibitor ivabradine in
patients with coronary disease and left ventricULar dysfunction



Antianginal efficacy of amiodarone In

patients with limiting angina pectoris
Meyer BJ. Am Heart J. 1993;125:996-1001

- RDB, trial with placebo or amiodarone (600 mg/d x 10 ds, followed
by 400 mg/d x 10 ds, then 200 mg/d) in patients (n=63) with stable
angina NYHA cl Ill and pos ETT on triple therapy.

« Amiodarone vs. Placebo:

-Increased ex duration at 1 mth (0.4 mins) and at 2 mths (1.3
mins, p< 0.05);

-Decreased RPP at 1 mth and 2 mhs, p< 0.001); and
-Reduced STD at peak ex (p<0.05).

- Combination of amiodarone with conventional antianginals well
tolerated with improvement in ex capacity and reduction in signs
and symptoms of ischemia



Ranolazine-New labeling 11-08

Pharmacological Activity
Inhibits late sodium current (INa) to modulate Na*-Ca%* homeostasis

Major Cardiac Action/Therapeutic Effect
Anti-ischemic, anti-anginal in multiple RCTs with short acting and
extended release formulations

Other actions
Reduces incidence of SVT, AF, VT/ bradyarrythmia in UA/NSTEMI>

Improves LV relaxation? Positive Lusitropic

Lowers HbA1cl345 Anti-Diabetic

Morrow JAMA 2007: 279:1175; 2Mostly non-clinical but LQT3 pts.; *Timmis et al. Eur Heart J. 2006;27:42-8;
and “Cooper-Dehoff, Pepine Eur, Heart J. 2006;27:5-6; °Gruen, Pepine Therapy 2008;5:807-815.



Hormone Replacement:

ribolone- has estrogenic, progestogenic or androgenic activity
depending upon the tissue target

Tribolone significantly improved stress perfusion and amount of ischemial
1Campisi, R. et al. JACC 2006;47:559-564



Vasculogenic factors: AdSFGF-4

Pooled Analysis AGENT-3 & AGENT-4 Trials 1
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Cell therapy event -free survival analysis:
REPAIR-AMI

Schachinger, V. et al. Eur Heart J 2006 27:2775-2783



Cell Therapy and Microvascular Function:
REPAIR-AMI Substudy

Erbs, S. et al. Circulation 2007:116:366-374



Cell therapy for chronic iIschemia

CD34* cell transplantation

24 patients, CCS CI 3/4 angina
Double-blind randomized 3:1
G-CSF 5 pug/kg—1/d x 5 ds

Leukapheresis on d 5 50

49

CD34* cells separated 40
Isolex 300i

Percentage of 331

EM mapping NOGA/Myostar Patients with X0

B Saline

transendocardial injection x10 >2 Class '
" 0 W CD34+ Cell
50,000 to 500,000 cells/kg mprovement .
Safe: No increased arrhythmias 12'
Effect: Measures trended to cells '

0

160 patient phase Il trial completed 3 month b month
and will be presented at ACC09

Losordo, Circulation 2007;115:3165-3172



Strategies to Increase Progenitor Cell

Function, Survival and Homing in Chronic IHD
Circ Res 2008;102;1319-1330




Emerging non-pharmacologic therapies for chronic an gina

- LEESW- Low Energy Extracorporeal cardiac Shock Waves
- Cavitation effect with efficacy and safety reported
- Upregulation of VEGF and SDF-1 expression; phase 1 trial 9 pts?!
- Enhanced angiogenesis?

« Coronary sinus reducer stent
- Controlled and permanent narrowing of coronary sinus
« Pressure-driven redistribution of antegrade blood flow
toward region of lesser resistance; phase 1 trial in 10 pts3
« PICVA- Percutaneous In situ Coronary Venous Arterial  ization
« Shunting of arterial blood into coronary vein with retroperfusion
- Evolving technology associated with procedural issues*

INishida Circulation 2004;110:3055-61.

2Aicher Circulation 2006;114;2823-2830.

SBanai JACC 2007;49:1783-9.

4Qesterle Catheter Cardiovasc Interv 2003;58:212-8.



Contemporary Non-Interventional Approaches to Stabl e Angina:

Summary and Conclusions

> Chronic coronary syndromes (CCSs) are a public health
challenge that limit Q of L for millions

> This will become more prevalent in elderly population

> |Improved understanding of CCSs yielded new
therapeutic options

> Many novel options exist/ in development with potential
to reduce angina/ischemia complementary to traditional
agents



