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Question:Question:
Can inherent variability in the Can inherent variability in the genesgenes

that regulate the key proteins involved that regulate the key proteins involved 
in cardiac cellular, biochemical and in cardiac cellular, biochemical and 
humoralhumoral signaling be useful to the signaling be useful to the 

clinician clinician –– or are they only useful in the or are they only useful in the 
research laboratory?research laboratory?

(Is there such a thing as personalized (Is there such a thing as personalized 
medicine?)medicine?)
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What is “personalized medicine [pharmacogenomics]”

Human Genome:
• 25-30,000 genes
• 100,000 proteins
• 1 SNP/500-1000 NTs
• = >>>>6M variances 
reported, ~~~~ 15M SNPs
in human genome
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Using genotype – rather 
than just phenotype – as 
a prognostic tool - and as 
a means of defining 
appropriate and 
individualized therapeutic  
interventions.



Fundamental Observations From 
Clinical Experience & Clinical 
Trials of Heart Failure Drugs 

Supporting the Need of 
Individualized Therapy:

• Different patients respond differently to 
the same drug

• Only some patients respond to a given 
drug



COMPANION: COMPANION: Death or HF 
Hospitalization
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12 month event rate reductions:
CRT = by 35.8%
CRT-D = by 39.5%

N Engl J Med 2204; 350; 2140-50



COMPANION: COMPANION: Death or HF 
Hospitalization (% of composite ep)
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BENEFIT NO BENEFIT (event 
despite therapy)

NO EVENT



Can Phenotype Explain Outcomes in COMPANION?
Subgroup Hazard Ratios (CRT-D vs. OPT) Mortality

Favors CRT-D /Favors OPT
0.5 1.5 2.01.0

Class III
Class IV

> 65 years

< 65 years

Ischemic
Non-Ischemic

Male
Female

< 20%
> 20%

< 67mm

> 67mm

Age

Gender

CMY 
Etiology

NYHA

LVEF

LVEDD

Subgroup

Total
0

N Engl J Med 2004;350:2140



““ PharmacogenPharmacogen etet icsics ””
““ PharmacogenPharmacogen omom icsics ””

The science of determining how a 
person will respond to a particular 
pharmacologic agent (or device) 
based on their genotype

Can Genotype Explain Varying 
Effects of Therapy in Different 

Populations



Types of Genetic Variation Types of Genetic Variation ––
Effects on Gene Product (protein)Effects on Gene Product (protein)

Wild Type A G C

Insertion

Awt

Ac

Ad

Ap

Deletion

Point Mutation 

A G C

A G C

T G C

Informative SNP Non-Informative SNP



Intron variants resulting in alternative splicing

Promoter variants effecting gene transcription/expression

Variants in the 3’ UTR influencing mRNA stability

SNP, Deletion

Other Types of Genetic Variation



Commonly Used Heart Failure Drugs 
Whose Effectiveness May Be Limited by 

a Patient’s Genotype

• Angiotensin Converting Enzyme 
Inhibitors – Angiotensin II

• � -Adrenergic Receptor Blockers - Norep
• Aldosterone antagonists - aldosterone
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Effect of ACEEffect of ACE --I in Patients with I in Patients with 
CHFCHF

CONSENSUS*CONSENSUS*
NYHA Class IVNYHA Class IV

SOLVD TreatmentSOLVD Treatment ††

NYHA Class IINYHA Class II --IIIIII

*Risk reduction 40% (P=0.003).
††Risk reduction 16% (P=0.0036).
CONSENSUS Trial Study Group. N Engl J Med . 1987;316:1429-1435; SOLVD Investigators. N Engl J Med . 
1991;325:293-302.
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A A BiallelicBiallelic Deletion Polymorphism Deletion Polymorphism 
in in IntronIntron 16 of the ACE Gene16 of the ACE Gene

287

287

287

I/I

I/D

D/D

ANG II Levels



ACE I/I Genotype Not Associated with ACE I/I Genotype Not Associated with 
Incidence of Disease Incidence of Disease –– but is with but is with 

Transplant Free Survival Transplant Free Survival 

CT HF

I/I 18.4% 22.3%

I/D 49.1% 47.4%

D/D 32.6% 30.3%

Tiret et al JACC 2000; 35: 29 Circulation 2001; 103:1644-48

Incidence Survival

479 patients, EF < 45%



J Am Coll Cardiol 2004; 44, 2019-264

Effects of Effects of LowLow --DoseDose ACEACE--I Use on I Use on 
Transplant Free SurvivalTransplant Free Survival

I/I (Low Ang II)

I/D

D/D (High Ang II)

GRACE – Genetic Risk Assessment of Cardiac Events:        328 
subjects: 121 subjects not receiving beta-blocker therapy                  
April 1996 through January 2001 – University of Pittsburgh



J Am Coll Cardiol 2004; 44, 2019-264

Effects of Effects of HighHigh --DoseDose ACEACE--I Use on I Use on 
Transplant Free SurvivalTransplant Free Survival

GRACE – Genetic Risk Assessment of Cardiac Events:                     
117 subjects not receiving beta-blocker therapy                                
April 1996 through January 2001
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COPERNICUSCOPERNICUSCIBIS IICIBIS II MERITMERIT--HFHF

NYHA Class    III-IV (N=2647) II - IV  (N=3391) IV (N=2289)         
Entry criteria    LVEF£ 35% LVEF£ 40% LVEF £ 25%
Treatment      Bisoprolol (selective) Metoprolol CR/XL (selective) Carvedilol (non-selective)
Results 34% 34% 35% 
(% reduction in death)
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� 1-Adrenergic receptor gene variations
• Presence of Arginine or 
Glycine at amino acid 389
•Arg homozygous 
demonstrate increased 
efficacy  of bbbb-AR agonists 
by 3-4 fold, 
• increased myopathic
potential

Arg Allele freq (BEST)
= 57% in blacks,
72% in non-blacks
(p <0.01)

• 322-325 a.a. deletion in 
aaaa2c-AR leads to nearly 
complete loss of receptor 
function (less tonic 
inhibition, dysregulation of 
NE release)

Allele freq (BEST)
= 42% in blacks,
4.3% in non-blacks
(p <0.001)

� 2c-Adrenergic receptor gene variant



BEST Investigators, N Engl J Med 2001; 344; 344, 2001, 1659-1667

Do Do SNPsSNPs Influence Influence �� --blocker blocker txtx ?: Effects of ?: Effects of 
BucindololBucindolol in Patients with HF                    in Patients with HF                    

Results of the � -Blocker Evaluation of Survival Trial 
NIH sponsorship

Patients with LV 
dysfunction and HF

Population enriched 
for women and 
minorities

Genetic material 
prospectively 
collected

U.S.



BEST Trial
Hazard Ratios for Mortality by Subgroups

Favors Bucindolol /Favors Placebo
0.5 1.5 21.0

Non-Black
Black

NYHA III
NYHA IV

CAD
No CAD

LVEF > 0.20
LVEF < 0.20

Female

Male

BEST Investigators, NEJM 3441659-1667, 2001

Entire Cohort



Effect of bbbb1-AR Arg/Gly 389 polymorphisms
on mortality in BEST, by treatment group

Liggett et al. PNAS 103:11288-11293, 2006

Arg 389 homozygotes
HR = 0.62 (0.40, 0.96), p = .030

Gly 389 carriers
HR = 0.90 (0.62, 1.30)

, n = 257

, 
n = 236

, n = 258

,
n = 289

(Increased Coupling)



Survival & CHF 
Hospitalization

CHF Hospitalization

Survival

Bucindolol 
Better

Placebo 
Better

Gly Carrier

Arg/Arg

Gly Carrier

Arg/Arg

Gly Carrier

Arg/Arg

1.0
Hazard Ratio

n events

547 236
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181

154

111

82

493

547

493

547

493

•

•

•

•

•

•

BEST: Hazard ratios for clinical endpoints by bbbb1AR 389 genotype

0.5 1.50.750.25

Liggett et al. PNAS 103:11288-11293, 2006
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Effects of Effects of �� --Adrenergic Receptor Adrenergic Receptor 
Polymorphisms on Pharmacologic Polymorphisms on Pharmacologic TxTx

• At least for bucindolol – the presence of 
polymorphisms in the adrenergic receptor 
genes has an important effect on drug response

• Bucindolol will likely be the first drug for the 
treatment of heart failure that will require a 
genotype prior to use

• The efficacy of other � -blockers is also likely 
influenced by the adrenergic receptor genotype
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AldosteroneAldosterone SynthaseSynthase PromoterPromoter
Polymorphism is Associated with Polymorphism is Associated with 
Increased Levels of Increased Levels of AldosteroneAldosterone

(+)

(-)

T

C

<->

��� �
-344

Aldosterone
Levels

Circulation, 2001: 104: 11-2

Transplant Free
Survival

1/1 1/D D/D

TT 84 81 81

TC/CC 94 79 73

Aldo Synth -344 SNP



African-American Heart Failure Trial (A-HeFT)
Effects of Fixed Combination of I/H on Component 

Endpoint of Death/Hospitalization/QOL Score

Taylor, A. et al. N Engl J Med 2004;351:2049-2057

•Self-designated A-A’s 

•Randomized to fixed 
combination of isosorbide
dinitrate/hydralazine

•I/H Reduced risk of death 
by 43%

•Reduced risk of 
hospitalization by 33%



J Am Coll Cardiol; 2006; 48; 1277-82

Different Frequency of -344 “C” Allele in  
Populations of Patients with Heart Failure

C allele associated with > aldosterone levels

GRACE: Genetic Risk 
Assessment of 
Cardiac Events  Trial 
(U of Pittsburgh)

GRAHF: Genetic Risk 
Assessment of Heart 
Failure in African 
Americans ( A-HeFT) 
substudy (300 pts)



J Am Coll Cardiol 2006;48:1277-82

Effects of -344 T/C Allele SNP on Event-Free 
Survival in Patients Enrolled in A-HeFT



J Am Coll Cardiol 2006; 48: 1277-82

Influence of a -344 “C” Allele (increased 
aldosterone) on Composite Score in A-HeFT

C Allele associated with:

Poorer HF 
hospitalization-free 
survival

Higher rate of death

Lesser impact of 
Isosorbide-dinitrate fixed 
combination

Studies suggested that Aldosterone
Synthase polymorphisms might alter 
response to drugs that modify the 
aldosterone pathway



Potential Role of Genotype in the Care 
of Patients with Heart Failure

• Predict the occurrence of disease in a 
given population – providing opportunity 
to start therapy early

• Predict prognosis in a group of patients 
(or individual patient) based on genotype

• Predict response to pharmacologic or 
device therapy – allowing targeted therapy 
(including dose) – thereby lowering cost 
and potential adverse effects



Pharmacogenetic targeting of cardiovascular drugsPharmacogenetic targeting of cardiovascular drugs

“… Personalized medicine remains one of the most 
compelling opportunities we have to improve the odd s 
of staying healthy.  By 2010 …., doctors will [also ] 
begin tailoring prescribing practices to each patie nt’s 
unique genetic profile, choosing medications that a re 
most likely to produce a positive response.”

Francis S. Collins, July 17, 2005
The Boston Globe


