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ABSTRACT 

 
 
Introduction: Beta-Blocker Evaluation Survival Trial (BEST) sub-analyses indicated a 

likely interaction between bucindolol and race disadvantaging black heart failure (HF) 

patients (Domanski J Cardiac Fail 2003); Arg389 homozygotes having adjusted 

reductions of 38% in mortality and 34% in mortality/hospitalization over other genotypes 

(Liggett PNAS 2006). Bucindolol is being evaluated in Arg389 genotype patients in the 

GENETIC-AF trial (NCT01970501). 

Objective: Our aim in this independent economic analysis was to utilize the BEST sub-

analyses by Domanski et al. (race-based analysis) and by Liggett et al. (genetic-based 

analysis) to assess ex ante the cost-effectiveness and cost-utility of Arg389 genetic testing 

and bucindolol treatment in two complementary steps. In the first step, we evaluated the 

cost-effectiveness and cost-utility of genetic testing for the Arg-389 beta1-adrenergic 

receptor polymorphism to support bucindolol treatment decisions in stage III/IV heart 

failure (Chapter 3). Translating this to clinical practice, in the second step we evaluate the 

cost-effectiveness and cost-utility of Arg389 genetically-targeted treatment with 

bucindolol versus empirical treatment with carvedilol in Stage III/IV heart failure 

(Chapter 4). 

Methods: In both steps, we built a decision tree over an 18-month time horizon divided 

into three 6-month follow-up cycles. In the first step analysis of the economics of Arg389 

testing, patients were simulated into two decision branches: genetic testing for Arg389 

versus no genetic testing. Performing the Arg389 genetic testing yielded two possible 

decisions: Arg389-positive (harboring Arg389-homozygote, treat with bucindolol) or 
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Arg389-negative (not homozygote, treat with carvedilol). The second branch, not 

performing Arg389 genetic testing, specified empirical treatment with bucindolol 

empirically. 

Results: Our economic analysis of Arg389 genetic testing (chapter 3) showed, in the 

Domanski et al. iterations, a base case incremental cost of $2,503/LY and $2,688/QALY 

gained. In contrast, the Liggett et al. iteration found that performing the Arg389 genetic 

testing can achieve cost-savings of $3,089/LY and $3,378/QALY gained. These base-

case analyses were confirmed in the PSAs.. 

Our second economic evaluation (chapter 4) evaluated three trajectories of testing against 

treatment with carvedilol: 100% testing in which all patients underwent Arg389 testing 

with the decision to prescribe bucindolol; 50% testing in which half of patients received 

genetically-targeted bucindolol in they were Arg389-positive and the other half were 

treated empirically with bucindolol); and 0% testing with patients being managed 

empirically with bucindolol. In the Domanski et al. iterations, PSA results showed 

genetically testing all patients for the Arg389 polymorphism and making treatment 

decisions accordingly was less effective than directly treating with carvedilol. A loss of 

0.05 LYs at an incremental cost of $2,609 yielded a negative ICER of ($52,180)/LY and 

a loss of 0.03 QALYs at an incremental cost of $2,214 resulted in a negative ICUR of 

($73,800)/QALY lost. Genetic testing for only half of HF patients and the other half 

receiving bucindolol with no genetic test resulted in a loss of 0.26 LYs at an incremental 

cost of $1,550 and a loss of 0.15 QALYs at an incremental cost of $1,512. This yielded a 

negative ICER of ($5,961)/LY lost and a negative ICUR of ($10,080)/QALY lost. 

Without genetic testing, empiric bucindolol resulted in a loss of 0.32 LYs at an 



8 | P a g e  
 

incremental cost of $1,521 and a loss of 0.32 QALYs at an incremental cost of $1,731. 

This yielded a negative ICER of ($4,753)/LY lost and a negative ICUR of 

($5,409)/QALY lost. 

In the Liggett et al. iterations, PSA showed that bucindolol with Arg389 genetic testing 

for all patients was more effective than carvedilol with incremental gains of 0.02LYs at 

an incremental cost of $327 and gains of 0.02 QALYs at an incremental cost of $394. 

This yielded an ICER of $16,350/LY and ICUR of $19,700/QALY gained. However, this 

benefit was lost in the two other scenarios. Genetically testing only half of HF patients 

and treating with bucindolol resulted in a loss of 0.24 LYs at an incremental cost of 

$1,125- and a loss of 0.11 QALYs at an incremental cost of $1,027. This resulted in a 

negative ICER of ($4,688)/LY and ICUR of ($9,336)/QALY lost. Without genetic 

testing, empiric bucindolol resulted in a loss of 0.31 LYs at an incremental cost of $1,679 

and a loss of 0.30 QALYs at an incremental cost of $1,681. This yielded a negative ICER 

of ($5,416)/LY and ICUR of ($5,603)/QALY lost.  

Conclusion: The implications of our two independent ex ante economic evaluations for 

clinical practice are twofold. First, bucindolol to serve as a second line treatment for HF 

non-responders to carvedilol. Second, at the population level, genetic testing needed to 

determine whether patients are Arg389 homozygote as part of bucindolol treatment 

planning is cost-saving and should be performed in principle. 
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CHAPTER 1 

INTRODUCTION 

1.1 Problem Statement 
 
Heart Failure (HF) is a progressive disease that is responsible for 1 in 9 deaths in the US 

1. With more than one million hospitalizations annually, it is the leading cause of 

hospitalization among patients over 65 years of age in the US. Further, the hospital 

readmission rate within 6 months of discharge for HF patients is as high as 50% 2. In 

2012, the total cost for HF was estimated to be US$30.7 billion in the US. Of this total, 

68% was attributable to direct medical costs. Projections show that by 2030, the total cost 

of HF will increase nearly 127% to $69.7 billion. This equals approximately $244 for 

every US adult 1,3. 

 

The following approaches have been implemented to reduce the rates of mortality and 

hospitalization and reduce the cost of illness (COI): lifestyle modification, treatment 

modalities, and surgical intervention. These approaches are based on disease stage to 

prevent or slow the progression of the disease and to reduce hospitalizations and costs 4. 

Treatments that have been proven to improve HF prognosis include angiotensin-

converting enzyme (ACE) inhibitors, angiotensin II receptor blockers (ARBs), 

angiotensin receptor neprilysin inhibitors (ARNIs), beta-blockers (β-blockers), 

aldosterone antagonists (AAs), hydralazine and isosorbide dinitrate, diuretics, 

anticoagulants, cholesterol lowering agents 5.  
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When selecting treatment, healthcare professionals consider a variety of factors, 

including patient characteristics, cardiovascular (CV) background, and stage of HF. They 

can also lessen the acuteness of the HF by individualizing treatment according to the 

pathophysiology of the disease and pharmacogenomics 6. Currently, inexpensive genomic 

sequencing has led clinical researchers to raise questions about how factors based on a 

patient’s genetic background are determinants in treatment selection decisions 6. Along 

with the direct positive impacts of reducing HF mortality and hospitalization rates, 

precision medicine can also significantly reduce the economic burden of HF by reducing 

side effects, re-hospitalization, and treatment failure.  

 

HF treatments are well known to be affected by genetic factors. Bucindolol is a non-

selective β-blocker that was evaluated in 2001 in the Beta-Blocker Evaluation of Survival 

Trial (BEST), which was designed to assess the efficacy of bucindolol compared to 

placebo in treating stage II-IV HF. The trial was aborted due to increasing rates of 

mortality among patients; furthermore, bucindolol showed no improvement in HF 

survival (hazard ratio (HR) = 0.90, 95% CI = 0.78-1.02) 7. However, post hoc analyses of 

BEST by Domanski et al.8, Liggett et al.9, and Kao et al.10 have shown that certain 

subgroups of BEST participants benefited from bucindolol due to a possible genetic 

variation. 

 

Domanski et al. sub-analyzed BEST participants and found that nonblack patients treated 

with bucindolol experienced enhanced survival compared to other groups (HR = 0.77, 

95% CI = 0.65- 0.92). This was attributed to possible drug-specific and drug-race effects 
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8. Liggett et al. sub-analyzed Arg389 genotypes at the β1-adrenergic receptor and found 

that BEST participants who were Arg389 homozygote allele carriers responded to 

bucindolol positively (HR = 0.62, 95% CI = 0.40-0.95), unlike patients with other 

genotypes 9. Kao et al. investigated the association of the Arg389 genotype with 

bucindolol efficacy in HF patients with and without atrial fibrillation (AF). This sub-

analysis showed that HF patients with AF and who were Arg389 homozygote carriers 

experienced a significant reduction in all-cause mortality and hospitalization compared to 

patients with other genotypes 10. 

 

In early 2015, ARCA Biopharma obtained FDA fast-track designation for bucindolol 

(GENCAROTM) to be explored in HF patients who are Arg389 homozygotes. Currently, 

bucindolol is being assessed as a promising treatment for AF in genetically-defined HF. 

A phase 2B/3 clinical trial with approximately 250 patients will be completed by 2017 11
. 

The study will use metoprolol succinate (TOPROL-XLTM) as a comparative treatment to 

evaluate the effect of bucindolol in preventing the recurrence of AF in HF patients with 

the Arg389 genotype.  Bucindolol will be the first genetically guided therapy for HF 

patients if the study meets its end points.  

 

Treatment outcomes should be considered along with factors involving the Arg389 

genetic test itself, such as its accessibility, sensitivity, specificity, and cost. The clinical 

decision to prescribe bucindolol in HF patients who have been identified as Arg389 

homozygotes depends on the efficacy of bucindolol versus other β-blockers in those 

patients with Arg389 genotypes. Economic evaluations are also needed to assess the 
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economic worthiness of both performing Arg389 genetic testing and prescribing 

bucindolol or other β-blockers based on the genetic test results.  

 

While the clinical efficacy of bucindolol is currently being evaluated, we aim to predict 

the economic outcomes of bucindolol based on data from Domanski et al.’s and Liggett 

et al.’s sub-analyses of BEST. Our study involves two steps. The first step (presented in 

Chapter 3) is an Ex Ante Economic Evaluation of Genetic Testing for the Arg-389 Beta1-

Adrenergic Receptor Polymorphism to Support Bucindolol Treatment Decisions in Stage 

III/IV Heart Failure. The second step (presented in Chapter 4) is Ex Ante Economic 

Evaluation of Arg389 Genetically-Targeted Treatment with Bucindolol Versus Empirical 

Treatment with Carvedilol in Stage III/IV Heart Failure. In this step, carvedilol is used as 

a comparison β-blocker, and data from the Carvedilol Prospective Randomized 

Cumulative Survival (COPERNICUS) 12 are used to evaluate carvedilol efficacy.  

 

The first step of our economic evaluation consists of a decision tree for a hypothetical 

cohort of New York Heart Association (NYHA) stage III/IV HF patients. The decision 

tree consists of two branches. The first branch is followed if the Arg389 genetic test is 

carried out for all patients, and the second branch is followed if no genetic test is 

performed. In the first branch, patients who have been identified as Arg389 homozygotes 

(Arg389-positive) are assumed to benefit from bucindolol. In this branch, Domanski et al. 

BEST sub-analysis data were applied. Also in the first branch, patients who have not 

been identified as Arg389 homozygotes (Arg389-negative) are assumed to not benefit 
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from bucindolol and receive carvedilol instead. In this case, COPERNICUS data were 

applied for carvedilol recipients.  

 

The second branch of the decision tree is followed if the patients had not received a 

Arg389 genetic test but were given bucindolol empirically. In this branch, BEST data 

were applied until the patient discontinued the bucindolol because of uncontrolled blood 

pressure, worsening HF, or frequent hospitalizations. Those patients who discontinued 

the bucindolol at a certain time receive carvedilol instead. In this case, COPERNICUS 

data was then applied. The same analysis was repeated but this time, data from Liggett et 

al. BEST sub-analysis rather than Domanski et al. was utilized. These two analyses serve 

to compare the differences between clinical and economic outcomes of Domanski et al. 

and Liggett et al. BEST sub-analyses, allowing for decision-making on whether to 

perform the Arg389 genetic test to consider the discrepancy between these two BEST 

sub-analyses. 

 

The second step of the economic evaluation consists of following the same decision tree 

but with an additional branch. The added branch follows the decision where all patients 

receive carvedilol at the beginning as a conventional treatment with no need to perform 

the Arg389 genetic test. COPERNICUS data for carvedilol was utilized for this branch, 

which represents current clinical practice. Then, a comparison was made between 

bucindolol and carvedilol.  
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The comparison considered different case scenarios of prescribing bucindolol, meaning 

that the decisions to adopt the Arg389 genetic test for prescribing bucindolol are varied. 

Some health care providers seek to perform the Arg389 genetic test for all HF patients, 

while other health care providers seek to perform the Arg389 genetic test only for half of 

their patients, with the other half receiving bucindolol empirically. Some health care 

providers do not perform the Arg389 genetic test at all, with all patients receiving 

bucindolol empirically. These scenarios representing different prescribing patterns for 

bucindolol are compared to carvedilol. These different scenarios are assumed due to 

different percentages of coverage by insurers for genetic testing and differences among 

health care resources allocated for precision medicine. 

 

To perform economic evaluations in the second step, given the lack of head-to-head 

clinical trials comparing bucindolol with carvedilol, bucindolol was again compared to 

both placebo and carvedilol. An indirect comparison using the Bücher method was 

utilized to predict outcomes of a head-to-head comparison 13
. This method is used to 

compare the HRs between two comparators by making the placebo a mutual comparator. 

Other methods for extracting the data were applied, such as digitizing the Kaplan-Meier 

curves of overall and hospitalization-free survival to extract probabilities at different 

points of time. For data for which Kaplan-Meier curves were not available, mathematical 

equations were used to convert rates to probabilities.    

 

As in other economic evaluations, our two economic evaluations were built based on 

decision models, a hypothetical cohort of patients, efficacy data, costs, and utility values. 
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These input parameters were modeled to assess the cost associated with life-years (LYs) 

and quality-adjusted life-years (QALYs) gained for a Arg389-positive genetic test and 

bucindolol treatment. These economic evaluations were conducted from the payer 

perspective in the US.  

 

1.2 Research Objectives: 
 

1.    Measure the estimated efficacy of bucindolol in the heart failure population: 

Domanski et al. and Liggett et al. BEST sub-analyses 

2.    Measure the clinical and economic outcomes of Arg389 genetic testing before 

prescribing bucindolol in the heart failure population 

3.    Measure the clinical and economic outcomes of bucindolol compared to carvedilol, 

considering Arg389 genetic testing 

4.    Conduct an ex ante economic evaluation of genetic testing for the Arg-389 beta1-

adrenergic receptor polymorphism to support bucindolol treatment decisions in stage 

III/IV heart failure (Chapter 3) 

5.    Conduct ex ante economic evaluation of Arg389 genetically-targeted treatment with 

bucindolol Versus Empirical Treatment with Carvedilol in Stage III/IV Heart Failure 

(Chapter 4) 

 

1.3 List of Abbreviations: 
 

AF: atrial fibrillation 

CV: cardiovascular 

FDA: Food and Drug Administration 
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HF: heart failure 

HTN: hypertension  

HR: hazard ratio 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Definition 
 
Heart Failure (HF) is a chronic condition in which the heart muscle is unable to supply 

blood in sufficient amounts to all body organs. Due to this insufficiency, body organs, 

such as the brain, kidney, and liver are impaired in addition to the heart tissues. HF can 

occur in the right and/or left ventricles 14. Right or right-sided HF involves the right 

ventricle, which is responsible for supplying blood to the lungs 14. Left or left-sided HF 

involves the left ventricle, which is responsible for supplying blood to all other body 

organs 14. Though right- and left-sided HF can occur separately, both can exist together. 

In this case, the term biventricular HF is used.   

Right-sided HF occurs mainly as a result of left-sided HF, but can also be attributed to 

other lung diseases including when the left ventricle is healthy 14. Left-sided HF is caused 

by the physiological failure of the systole and/or diastole 15. Systolic failure occurs when 

the left ventricle becomes unable to contract normally, making the heart unable to pump 

blood into circulation. By contrast, diastolic failure occurs when the left ventricle is no 

longer able to relax normally, in which case the heart loses its ability to fill with blood 15.  

In both right- and left-sided HF, over time the heart becomes weaker and less able to 

pump or receive enough blood. The blood begins to accumulate in body tissues, causing 

the symptoms of swelling, medically known as edema, and shortness of breath. Once 

these symptoms appear, the disease becomes more complicated and is often called 

congestive heart failure (CHF). Indeed, the American Heart Association (AHA) uses the 

term CHF interchangeably with HF 15. 
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2.2 Clinical Presentation  
 
Fluid accumulation in the lungs causes shortness of breath, while fluid accumulation in 

other organs causes fatigue and edema 15. Different intensities of these clinical symptoms 

are used to assess the stage of HF.  Two approaches are widely used to evaluate the 

clinical signs and symptoms of each stage: that of the New York Heart Association 

(NYHA) and that of the American Heart Association (AHA) and American College of 

Cardiology (ACC).  

NYHA uses the stages I to IV to assess patient symptoms. Stage I patients have a risk 

factor for HF but no detectable cardiovascular anatomic or physiologic abnormality. This 

would be a person with known hypertension, prior exposure to a cardiotoxic 

chemotherapeutic agent, or diabetes, for example, who has a normal heart on imaging and 

other testing. Stage II patients haven’t had a symptom or sign of heart failure but have 

detectable cardiac abnormalities.  This would be a patient with asymptomatic LV 

dysfunction, valvular heart disease, or known coronary artery disease/prior MI, but no 

prior history of HF. In stage III, patients have had an episode of symptomatic HF either 

presently or previously. Stage III includes patients who are currently asymptomatic, but 

who have a prior history of HF. Stage IV patients have advanced HF unresponsive to 

therapy, with severe and intractable symptoms 16. 

AHA and ACC use stages A through D for objective assessment: A for no symptoms and 

no limitation in daily activity but patients at risk for HF as those with diabetes, coronary 

disease; B for mild symptoms and slight limitation during daily activity resulted from 

structural heart disease as reduced ejection fraction, chamber enlargement; C for marked 
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limitation during non-daily activity but relieved at rest resulted from clinical HF; and D 

for symptoms at rest resulted from refractory HF 14.  

 

2.3 Pathogenesis 
 
HF is a syndrome that is initiated by many underlying factors, the most common being 

coronary artery disease (CAD), hypertension (HTN), and valvular heart disease (VHD). 

Of these, CAD is currently the most common factor and is responsible for 70% of HF 

cases in the US. 16 While preexisting HTN was once estimated to be responsible for 75% 

of all HF cases 17, this percentage has decreased with improved management of HTN. 18 

VHD has also become a less causative factor due to enhanced treatment modalities 18. 

Other causes of HF include cardiomyopathy, which is damage to the heart muscle that 

can be initiated by alcohol, infection, drugs, and genetics; myocarditis, which is 

inflammation of heart tissue caused by viral infection; congenital defects in the heart 

muscle; arrhythmias, which are abnormal heart beats that may lead to an insufficient 

blood supply at times; HIV infection; hyperthyroidism, which is excessive thyroid 

activity; and hypothyroidism, which is reduced thyroid activity 19. Causes may vary by 

country or region. For example, Chagas disease is a major cause of HF in South America, 

and HTN is the leading cause of HF in Africans and African-Americans, with up to 50% 

of HF cases attributed to HTN in this population 19.  

Loana D et al. categorized HF causes into four categories: underlying, fundamental, 

precipitating, and genetic 20. Underlying causes include structural abnormalities that alter 

peripheral or/and central circulation like pericarditis and myocarditis; fundamental causes 

involve biochemical and physiologic mechanisms; precipitating causes involve 
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underlying heart disease (e.g., HTN, infection, medications); and genetics play a vital 

role in cardiomyopathy (e.g., a dilated, arrhythmic right ventricle is well-known to have 

genetic roots in causing HF). 

 

2.4 Diagnosis  
 
Diagnosis of HF starts with a careful examination of a patient’s history, signs, and 

symptoms. The occurrence of HF and other diseases, such as cardiovascular disease 

(CVD), HTN, diabetes mellitus (DM), and infections, should be considered in the 

patient’s family history, and symptoms, such as shortness of breath, fatigue, edema, and 

rales, should be evaluated 15.    

The NYHA classification is the most commonly used system to identify HF status and is 

assumed to be a qualitative assessment based on a patient’s symptoms and the 

physician’s initial assessment. However, this assessment is not sufficient for a clear 

determination of the functional status of the heart. A measure called ejection fraction 

(EF), historically known as left ventricular ejection fraction (LVEF), helps to illuminate 

the functional status of the heart and is commonly used as a quantitative measure of HF 

along with NYHA. 

LVEF is the percentage of blood ejected from the left ventricle of the heart with each 

beat. It is quantified by dividing the stroke volume (SV) by the end-diastolic volume 

(EDV). SV is the amount of blood ejected from the heart with each beat, while EDV is 

the maximum amount of blood that ventricular could fill before each beat 21. LVEF is 

usually low in patients with the systolic form of CHF. LVEF can be measured by 
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echocardiogram, and low LVEF is commonly used as a mortality predictor in patients 

with HF 22
. 

The ACC has published a tool kit that helps translate echocardiogram results to more 

meaningful clinical terms. This tool identifies patients as having hyper-dynamic function 

if they have a LVEF of greater than 70%, normal function if they have a LVEF of 50% to 

70%, mild dysfunction if they have a LVEF of 40% to 49%, moderate dysfunction if they 

have a LVEF of 30% to 39%, and severe dysfunction if they have a LVEF of less than 

30% 23.   

A discrepancy exists between the NYHA classification and LVEF. For example, patients 

with a very low LVEF may be asymptomatic, and patients with normal LVEF may have 

severe physical limitations. This discrepancy is not yet fully understood but can be 

partially explained by alterations in ventricular function and heart structure remodeling 24.  

Using LVEF results during clinical assessment is highly recommended. The ACC/AHA 

Task Force has recommended measuring LVEF during the initial clinical assessment of 

patients presenting with HF. The recommendation of ACC/AHA Task Force has helped 

to assess physical and functional status of HF patients using both NYHA classification 

and LVEF readings 25.  This chapter was narrowed to discuss the reduced LVEF. 

 

2.5 Epidemiology 
 
Two measures are used to assess the epidemiology of a disease: prevalence, which is the 

proportion of the population affected by the disease at a certain point in time; and 

incidence, which is the number of new cases occurring during a certain period of time 26. 
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HF is a major health problem in the US 27. A number of studies, such as the Framingham 

Heart Study, National Health and Nutrition Examination Survey (NHANES), Rochester 

Epidemiologic Project (REP), and the Rotterdam Study, have provided estimates of the 

prevalence and incidence of HF 26. In 1999, the Rotterdam Study reported the overall 

prevalence of HF to be 3.9% in the Ommoord district of the city of Rotterdam, the 

Netherlands 28. In 2003, the REP, a cross-sectional survey of 2,042 randomly selected 

residents in Olmsted County, Minnesota, estimated the prevalence of HF to be 2.2% 29. In 

2006, NHANES estimated the prevalence of HF to be 2.6% in the US 27. In a study of 

NHANES from 2009-2012, the population with HF in the US was estimated to be 5.8 

million 1. This number was projected to rise to 8.5 million in 2030 26, 1. The overall 

prevalence reported in these and other studies is approximately 2-3% 26.  

 

The prevalence of HF varies by age, gender, type of heart dysfunction, and LVEF status 

29
.
  HF is more prevalent in patients aged ≥75 years (8.4%) than in those aged 45-54 years 

(1.5%), 55-64 years (1.3%), or 65-74 years (0.7%). HF is also more common in males 

(2.7%) than in females (1.7%) (p-value = 0.03). In terms of type of heart dysfunction, 

Framingham data showed the prevalence of systolic dysfunction was 5%, while the 

prevalence of left ventricular diastolic dysfunction was 36% 1,30. Considering LVEF, the 

prevalence of HF was 6.0% in patients with a LVEF of <50%, and 2.0% in patients with 

a LVEF of <40% 29.  

Globally, 23 million people live with HF, according to McMurray et al. and Anh B et al., 

31,26 less than the number of people with cancer, which according to the World Health 

Organization (WHO) is approximately 32 million people worldwide 32. In general, the 
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rate of new HF cases is expected to decrease due to innovative diagnostic tools, 

improvements in treatment, and increasing patient awareness 33.  

Incidence of HF was reported in the 2002 Framingham Heart Study to be 5.64 per 1,000 

males-years and 3.27 per 1,000 females-years 26,34. This difference in incidence between 

males and females has not yet been confirmed but it is assumed that this difference in 

incidence is due to six-based causes of HF. For example, CVD is most common cause of 

HF in males, and hypertension is the most common cause of HF in females. Another 

cause for the difference in incidence of HF between males and females is recent 

improvements in CVD treatment that have helped male patients survive longer with 

residual myocardium damage 34,35. According to an unpublished report from the National 

Heart, Lung, and Blood Institute (NHLBI), there are 915,000 new cases of HF annually 

in the US (ARIC, Atherosclerosis Risk in Communities study 2005– 2012), based on 

community trends of the occurrence of hospitalized HF and case fatality 1. 

 

2.6 Risk Factors 
 
There are many contributing risk factors for HF that are considered major or minor 

depending on level of evidence and strength of association 26. Major risk factors include 

ischemic heart disease (IHD), male sex, race/ethnicity, family history, HTN, smoking, 

and DM 15. IHD, also called myocardial infarction (MI), was identified as the most 

common risk factor for HF 36. It is clinically known that MI patients are at risk of 

developing HF as a result of the structural/functional remodeling of heart tissues. These 

consequences may come immediately after the acute attack of MI or during MI 

hospitalization. Incidence trends for HF due to MI after 30 days and 5 years have been 
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analyzed using primarily the Framingham Heart Study and were found to be inconsistent. 

Velgaleti et al. showed that 30-day incidence of HF post-MI increased from 10% to 

23.1% from 1970-1979 to 1990-1999. HF incidence post-MI at 5 years followed a similar 

trend, rising from 27.6% to 31.9% from 1970-1979 to 1990-1999 37.  

Increasing age is strongly associated with HF 38, though the risk of HF in elderly 

populations depends on comorbidities and family history 37. William et al. found in their 

analysis of the Framingham Heart Study that the incidence trend of HF is consistent with 

that of HTN and IHD 39. In 2000, John G et al. analyzed data from the Cardiovascular 

Health Study adjusting for confounding variables like comorbidities and found that 

during the 5-year follow-up of 5,888 people over 65 years of age, 597 developed HF. 

This resulted in an incidence of 19.3 per 1,000 person-years 40. 

The association of gender with HF is not clearly demonstrated 41. In a systematic review 

using different resources, such as Medline (1996-2009), EMBASE (1980-2009) and 

PubMed, 41 risk difference was used to assess the association of gender with HF. Women 

had a risk difference of -0.11 (95% CI = -0.17, -0.05) compared to men. In contrast, the 

Framingham Heart Study showed increase in HF incidence to be higher in white women 

(9%) than in white men (6%) 42.  

HF varies by race/ethnicity and is most common in African-Americans, who have a HF 

incidence that is 50% higher than that of any other race 24, 25. HF also progresses faster in 

African-Americans than in whites, under the assumption that African-Americans are 

underrepresented in most if not all clinical trials of HF treatment, making it difficult to 

extrapolate the real incidence of HF in ethnic subgroup populations 24, 25. Laura L et al. 

analyzed the risk of HF due to race by gender and found the following HF incidences per 
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1,000 person-years: 9.1 for black men, 8.1 for black women, 6.0 for white men, and 3.4 

for white women 36. 

Based on the Framingham Heart Study, Douglas L et al. assessed the association of 

parental HF with the risk of HF in offspring. The study showed that HF exists in 2.72% 

of the offspring of a parent with HF after adjusting for age and sex. This risk persisted 

after multivariable adjustment (1.70%, 95% CI = 1.11-2.60) 43.  

Although HTN is less associated with HF than is IHD, it is still considered a major risk 

factor. In the Framingham Heart Study, 75% of HF patients had preexisting HTN 44. This 

association varied by gender, with hypertensive men having double the risk of developing 

HF compared to normotensive men and hypertensive women having triple the risk of 

developing HF compared to normotensive women. The Rotterdam Study showed a 

similar association but only for women, with hypertensive women being 2.6 times more 

likely to develop HF than normotensive women, while no significant difference was 

found between hypertensive and normotensive men 28.  

Smoking is associated with a 45% increase in risk of developing HF 45. This was 

confirmed by a randomized control trial in which the relative risk (RR) for smokers of 

developing HF was reported to be 1.47 (95% CI = 1.18-1.82) compared to nonsmokers 45. 

In another study published in 2012, Deepa G et al. used hazard ratios (HRs) to report the 

incidence of HF among current smokers to past smokers (>100 lifetime cigarette) and 

nonsmokers. The HR for HF development was 1.93 (95% CI = 1.30-2.84, p-value = 

0.001) in current smokers compared to nonsmokers and 1.33 (95% CI = 1.01-1.76, p-

value=0.045) in past smokers compared to nonsmokers. The incidence rate for current 
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smokers, past smokers, and nonsmokers were 21.9, 15.2, and 11.4 per 1,000 person-

years, respectively 46. 

DM is a significant risk factor for developing HF 47. A NHANES follow-up study 

revealed that diabetes is significantly associated with the risk of developing HF 

(RR=1.85, 95% CI = 1.51- 2.28, p-value<0.001) 48. Considering gender, diabetic men are 

twice as likely as non-diabetic men to develop HF, while diabetic women are five times 

more likely than non-diabetic women to develop HF 48.  

Minor risk factors for HF include infection, chemotherapy, sedentary lifestyle, low 

socioeconomic status, and β1-AR Arg389 mutations. The associations of these minor risk 

factors with HF are being evaluated in the literature.  

 

2.7 Treatment 
 
Congestive heart failure is a complicated stage in a patient’s life due to the difficulty of 

managing and treating symptoms as the heart becomes weaker. Aggressive treatment is 

generally required. The complexity of managing HF prompted the AHA/ACC to develop 

detailed guidelines regarding clinical evidence and recommendations for each therapy 

used to treat HF.   

HF is a multi-cause/symptom syndrome, requiring a combination of pharmacological 

treatments, lifestyle modification, ongoing care, clinical procedures, and surgery. The 

decision for how to treat HF must consider not only HF classification but also co-

morbidities and non-HF symptoms. Generally, in early stages of HF, pharmacological 

treatments and lifestyle modifications are highly recommended, as they may prevent the 
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disease from progressing. In advanced stages, clinical procedures and surgery may be 

required based on patient status 15. 

Pharmacologic treatment for HF includes angiotensin-converting enzyme inhibitors 

(ACEIs), angiotensin II receptor blockers (ARBs), angiotensin-receptor neprilysin 

inhibitors (ARNIs), beta blockers (β-blockers), aldosterone antagonists (AAs), 

hydralazine and isosorbide dinitrate, diuretics, anticoagulants, and digoxin.  

ACEIs are a class of blood pressure lowering agents that control blood pressure by 

inhibiting ACE, the central component of the renin-angiotensin system (RAS) in the 

kidney that converts angiotensin I (inactive) to angiotensin II (active). Angiotensin II is 

responsible for narrowing the blood vessels, leading to increased blood pressure. ACEIs 

work by increasing angiotensin I, which overcomes the vasoconstrictive effect of 

angiotensin II. This accumulation of angiotensin I and substrates, such as bradykinin and 

tachykinins, are responsible for ACEIs side effects, such as angioedema and cough 49. 

Nevertheless, these treatments are well known for ameliorating the symptoms of HF in 

early stages and reducing its morbidity and mortality 50.  

ARBs are another class of blood pressure lowering agents 49 that are thought to be as 

effective as ACEIs but with fewer side effects. Like ACE inhibitors, ARBs are a part of 

the RAS, but while ACEIs are non-specific, degrading bradykinin and prostaglandin and 

resulting in side effects, ARBs are very selective particles that displace angiotensin II 

from the angiotensin I receptor. This reduces blood pressure but does not cause the side 

effects seen with ACEIs 49. ARBs, like ACEIs, are recommended to be used in early 

stages of HF to reduce morbidity and mortality.  

https://en.wikipedia.org/wiki/Renin-angiotensin_system
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ARNIs are newly developed treatments. The combination of Valsartan and Sacubitril was 

the first treatment for both HTN and HF and has a combined mechanism of action by 

blocking the angiotensin receptor and inhibiting neprilysin, which enhances the 

bioavailability of natriuretic peptides (NPs), bradykinin, and substance P, resulting in 

vasodilatation. AHA/ACC have recommended the use of Valsartan and Sacubitril to 

further reduce morbidity and mortality in patients with class II/III HF who tolerate ACEIs 

and ARBs and do not have angioedema 51.  

β-blockers are historically known for their blocking action toward the sympathetic 

nervous system; Clinical studies have shown that when the left ventricle becomes 

dysfunctional, functional cells stimulate catecholamine to compensate for the 

insufficiency of blood supplied to all organs. The stimulation of catecholamine leads to 

an increase in heart rate, myocardial energy demands, and remodeling of the heart. β-

blockers reduce catecholamine stimulation and protect the heart from overwork that may 

lead to death. AHA/ACC recommend using β-blockers in stable but symptomatic patients 

with class II HF 51. Clinical studies shown that the importance of these agents is their 

ability not only to reduce heart load but also to improve overall survival and reduce 

hospitalization 15.  

AAs are neurohormonal agents that were developed based on clinical evidence that 

aldosterone hormone, found in the renin-angiotensin-aldosterone system (RAAS), is 

responsible for fibrosis, heart tissues remodeling, and HF progression.52 This hormone 

exerts its function by increasing sodium retention and potassium excretion. Although 

ACEIs and ARBs affect the RAAS, they have no effect on aldosterone. AAs, such as 

spironolactone and eplerenone, work on aldosterone by balancing sodium and potassium 
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and reducing heart tissue fibrosis and remodeling 52. Adding AAs to ACEIs, ARB and/or 

β-blockers therapy is highly recommended in post-MI HF. The Eplerenone Post-Acute 

Myocardial Infarction Heart Failure Efficacy and Survival Study (EPHESUS) showed a 

reduction in mortality and hospitalizations for eplerenone compared to placebo 53.  

Vasodilators, a combination of hydralazine and isosorbide dinitrate, work though a dual 

mechanism: hydralazine is an arterial vasodilator, while isosorbide dinitrate is a 

venodilator 54. This dual mechanism is thought to reduce heart pre- and after-load through 

the vasodilation of out arteries and in veins. The NYHA recommends this combination 

for patients with class III/IV HF who have LVEF< 40%, considering that black patients 

benefit more from these vasodilators than does any other patient group 54.  

The therapeutic effects of diuretics, fluid eliminating agents, have been well-studied. The 

major rationale for this medication is to ameliorate the symptoms of pulmonary and 

peripheral edema. Clinical studies have shown that these agents offer symptomatic 

treatment but do not contribute significantly to reducing death in HF patients. Therefore, 

treatment with diuretics for HF patients is limited to symptomatic relief 55.  

Through various mechanisms, anticoagulants have the principal function of preventing 

thrombosis, or clot formation. The use of these agents is highly recommended by 

ACC/AHA for HF patients at risk of IHD, venous thromboembolism, and stroke 56. 

Warfarin is the most common anticoagulant treatment; it reduces the synthesis of vitamin 

K-dependent coagulation factors that are responsible for clot formation. In a meta-

analysis, warfarin was associated with a 64% reduction in stroke and a 26% reduction in 

all-cause mortality compared to placebo 56.  
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Digoxin is a triple action, neurohormonal agent that inhibits the membrane-bound 

enzyme Na+/K+-ATPase in myocardium cells (MCs), the central nervous system (CNS), 

and the renal system (RS). In MCs, digoxin inhibits the increase of myocardial 

contractility; in the CNS, it reduces sympathetic activation; and in the RS, it suppresses 

the production of renin, which is responsible for increasing blood pressure 57. Rekha et 

al., conducted a randomized controlled trial of digitalis treatment for HF. The study 

showed that digoxin reduced the rate of hospitalization (RR = 0.72, 95% CI = 0.66-0.79, 

p-value<0.001), but not mortality (RR = 0.99, 95% CI = 0.91-1.07, p-value = 0.8) 58.  

Lifestyle modifications, such as physical exercise, dietary restriction, lipid lowering 

agents if not contraindicated, smoking/alcohol cessation, weight loss, and stress 

management are highly recommended in HF patients at any stage with or without 

symptoms 15.  Ongoing care, such as blood pressure monitoring, immunization against 

pneumonia and flu, and treating co-existing diseases is also recommended by AHA 15.  

Treatment options for advanced HF include open heart surgery, percutaneous 

interventions, pacemakers, implantable cardiovascular defibrillators, mechanical support 

devices, implantable left ventricle assist devices, and heart transplants. These options are 

considered based on clinical evaluations, hospital settings, and patient preferences 15.  

In conclusion, detailed guidelines by AHA/ACC for HF are available for various case 

scenarios. In general, decisions regarding disease management for HF patients are based 

on HF stage and comorbidities. For example, Class A HF patients are encouraged to treat 

their HTN, quit smoking, treat hyperlipidemia, work out, and take ACE inhibitors if not 

contraindicated. Class B patients are advised to follow class A measures and to add β-

blockers if not contraindicated. Class C patients are advised to follow class B measures 
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and to add digitalis. Class D patients are advised to follow class C treatment and to add 

mechanical devices, IV inotropic agents, and undergo heart transplantation. Diuretics can 

be prescribed at any point when the patient has pulmonary and/or peripheral edema.  

Anticoagulants are also recommended at any stage if not contraindicated 24, 25.  

 

2.8 Burden  
 
HF is a pandemic affecting 26 million people worldwide and resulting in more than 1 

million hospital admission a year in the US and Europe 59. In a multinational study 

covering 98.7 of the world population, Cook C et al. estimated the direct and indirect 

costs of HF in 197 countries to be US$108 billion annually, of which 60% were direct 

costs and 40% indirect costs 60. This value represents the burden of HF on health care 

systems and society through morbidity, premature death, and loss of productivity.   

In the US, AHA estimated the overall cost of HF to be US$34.8 billion in 2008 60. This 

included the following direct costs: US$18.8 billion for hospitalization, US$2.3 billion 

for physician fees, and US$3.1 billion for treatments; and the following indirect costs: 

US$4.3 billion for nursing homes, US$3.2 billion for home health care, and US$3.1 

billion for lost productivity and premature death 60. Heidenreich et al. project the cost of 

HF to be US$77.7 billion in direct costs and US$17.1 billion in indirect costs by 2030 61. 

Pfuntner et al. estimated the average hospitalization cost per HF admission to be 

US$10,500 in 2010 62. In 2014, Voigt et al. differentiated HF cost into two categories: HF 

as an isolated illness (HFI), and HF as a disease in the context of comorbid illness (HF 

syndrome or HFS) 63. The International Statistical Classification of Diseases and Related 

Health Problems (ICD-9) codes for HF as a primary diagnosis was used to calculate the 
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hospitalization cost of HFI, and any ICD-9 codes including HF diagnosis were used to 

calculate the hospitalization cost of HFS. According to this study, the total cost of 

hospitalization was US$2.54 billion for HFI, and US$4.46 billion for HFS.  

Among hospitalized HF patients, 25% are at risk for readmission within 30-days 64. This 

readmission rate is higher than that of most conditions 63, 65. Medication non-adherence 

was the major cause of readmission 66. Jia W et al. estimate the adherence rate among HF 

patients to be 67% for doses taken at correct time and 89% for doses taken on correct day 

66.  

Measures of health-related quality of life (HRQL) in HF vary in the literature for two 

reasons. First, HRQL depends on NYHA classification and severity of symptoms. 

Second, various assessment tools have been validated to measure HRQL, including 

sickness impact profiles and the 36-item health survey short form (SF-36) as generic 

instruments; and a questionnaire measuring quality of life after myocardia, the Minnesota 

Living with Heart Failure Questionnaire, and the Kansas City Cardiomyopathy 

Questionnaire as disease-specific instruments, all of which are indispensable tools for 

assessing the HRQL associated with HF 67.  

Hospitalization/readmission is associated with a higher cost from the payer perspective, 

while impaired quality of life is associated with a considerable cost from the society 

perspective. In a prospective study conducted in Spain, Artalejo et al. used short form 

(SF-36) to report the HRQL associated with hospital readmission during the median 

follow-up time of 6 months 68. The frequency of readmission was higher in HF patients 

with a worse physical functioning Hazard ratio (HR =1.65, 95% CI = 1.1-2.44, p-value = 
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0.01), general health (HR = 1.73, 95% CI = 1.19-2.52, p-value = 0.003), and mental 

health (HR = 1.65, 95% CI = 1.10-2.47, p-value = 0.02).  

Treatments for HF are associated with improved HRQL. For example, a study by Ramos 

S et al. of HF treatments used SF-36 and the Kansas City Cardiomyopathy Questionnaire 

(KCC) and found that diuretics are associated with reduced hospital readmission rate and 

improved HRQL in symptomatic patients with dyspnea 69. β-blocker use in HF has also 

improved HRQL, particularly regarding symptom stability. 

Reducing the burden of HF, either by lowering the direct costs associated with disease 

management or improving HRQL, can be achieved by introducing new treatment 

modalities and individualizing treatment. Both strategies can reduce the cost of illness 

and enhance treatment response. 

2.9 Treatment Response 
  
As several therapies are currently available to treat HF, clinical response to these 

treatment options exhibits significant interpatient variation 70. Genetics is a key 

contributor to diversity in therapeutic response 70 and is considered in some guidelines; 

for example, the Heart Failure Society of America (HFSA) guidelines recommend that 

age, ethnicity, and HF severity be considered when selecting any HF treatment. However, 

genetic-associated responses are varied and not all HF treatments are clinically known to 

have a pharmacogenetic effect.  

Responses by genotype to HF treatments are currently under evaluation. Evidence of 

pharmacogenetic interaction in ACEIs is inconclusive 71. For example, McNamara et al. 

suggest that the ACE (I/D) genotypes influence the efficacy of ACEIs in treating HF 72. 
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In other studies, however, this genotype association is mentioned as either unclear or not 

clinically significant 71, 73.  

β-blockers is one therapeutic group that exhibits a well-evaluated pharmacogenetic effect 

70, 71. β-blockers are known to affect polymorphisms of beta adrenergic receptors (β-ARs) 

74, having an antagonistic effect on β1-ARs, located in heart and kidney tissues, and β2-

ARs, located in other organs. These receptors consist of a gene called ADRB located in 

chromosome 10q24-26 that encodes 51.3kDa proteins with 477 amino acids 74. A 

polymorphism of β1-AR at amino acid position 389 is responsible for different responses. 

This polymorphism can be the Arg389 or Gly389 allele. 

Patients can be homozygotes, meaning they have two similar copies of the same allele, or 

heterozygotes, meaning they have two different copies of alleles. In the general 

population, the allele frequency of Arg389 is roughly 70% (homozygote frequency ≈ 

50%) 9. Understanding the β1-AR gene and its polymorphisms has helped justify the 

variability of responses among HF patients to β-blockers. In one study, Rochais et al. 

used a fluorescent resonance technique to compare binding affinity of β1-AR with the β-

blockers bisoprolol, metoprolol, and carvedilol 75.  Carvedilol was most effective at 

inhibiting β1-AR over the other two β-blockers in Arg389-β1-AR 75.  

In 1999, the Beta Blocker Evaluation Survival Trial (BEST) evaluated bucindolol and 

found it not to have a significant effect in reducing all-cause mortality versus placebo in 

patients with stage III and IV HF (p-value = 0.1) 7. Consequently, the FDA has not 

granted approval for bucindolol for HF management, as it has for metoprolol, carvedilol, 

and bisprolol. A few years later, in a sub-analysis of BEST, Domanski et al. showed that 

the prevalent polymorphic variants of modifier genes could affect the treatment response 
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in HF patients. This sub-analysis found that bucindolol is effective in white Americans 8. 

In another sub-analysis, Liggett et al. linked the availability of the amino acid at the 

position Arg389 with the efficacy of bucindolol. Their results were encouraging, with the 

mortality rate being reduced to 38% in Arg389 homozygotes versus placebo 9.  

Though limited analysis suggests that bucindolol can be effective in certain population, 

doubts remain about the need to perform the Arg389 genetic test to identify this 

population; about the comparative effectiveness of bucindolol versus other β-blockers 

under consideration of Arg389 genetic testing; and about the cost associated with efficacy 

parameters. All of these issues should be considered in order to make a precise decision 

to individualize treatment and reduce the economic burden of HF.  

 

2.10 Economic Evaluation of HF Treatments 
 
The scarcity of resources and variety of treatments, treatment responses, and patient 

preferences impose variable costs and contribute to uncertainty about which treatment is 

best for a certain condition. Economic evaluation, defined by Drummond et al. as the 

comparative analysis of alternative courses of action in terms of their costs and 

consequences 76, can link these factors to create a comprehensive conclusion that can help 

decision-makers choose the best treatment from a list of alternatives used for the same 

condition. When two or more treatment options are available for the same disease, 

economic evaluation uses comparative efficacy results from clinical trials, systematic 

reviews, and meta-analysis to determine the agreed efficacy of these treatments. Costs are 

then attached to each treatment and its effects. Four methods are currently available for 
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the economic evaluation of health care programs: cost-effectiveness, cost-utility, cost-

benefit, and cost minimization. Drummond et al. described each of these methods 76.  

Cost-effectiveness analysis assumes costs are related to a single, common effect (i.e., 

cost/life-year gained) that may differ in magnitude among alternative treatments. Cost-

utility analysis uses the same method as cost-effectiveness but is wider in scope, as it 

incorporates patient preferences into the cost model. This patient preference is called 

utility, which is expressed as cost/quality-adjusted life-year (QALY) gained. Cost-benefit 

analysis is an economic comparison between two medical interventions that requires the 

conversion of all effect inputs (for example, reduced hospitalization) into monetary 

outputs, which helps to allocate health care resources. Cost-minimization analysis is used 

when two medical interventions are comparable in effects but differ in cost. This analysis 

allows for the identification of the least costly alternative.  Cost-effectiveness and cost-

utility analyses are more widely used in current economic appraisals of health care 

programs than are cost-benefit and cost-minimization analysis. 

Given the variety of HF treatments, including non-pharmacological and pharmacological 

treatments and surgical interventions, choosing the most effective and affordable 

treatment requires cost-effectiveness and cost-utility assessments to inform decision-

makers. The economic evaluations of HF treatments currently consider HF class/stage, 

signs, symptoms, patient preferences, side effects, survival, and quality of life; however, 

they have not yet considered genetic variability among patients. This suggests that 

researchers conducting cost-effectiveness and cost-utility assessments of HF treatments 

that have different results for certain populations should consider the worthiness of 

genetically screening the population of interest and then evaluating the genetic-guided 
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treatment versus other alternatives, considering the cost and availability of the genetic 

test.  

 

2.11 List of Abbreviations: 
 
AAs: aldosterone antagonists 

ACC: American College of Cardiology  

ACEIs: angiotensin-converting enzyme inhibitors 

AHA: American Heart Association  

ARBs: angiotensin II receptor blockers 

ARNIs: angiotensin-receptor neprilysin inhibitors 

β-blockers: beta blockers 

BEST: Beta Blocker Evaluation Survival Trial 

CAD: coronary artery disease  

CHF: congestive heart failure 

CNS: central nervous system 

CVD: cardiovascular disease  

DM: diabetes mellitus  

EDV: end-diastolic volume 

EF: ejection fraction 

EPHESUS: Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and 

Survival Study 

HF: heart failure 

HFI: heart failure as an isolated illness 
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HFS: heart failure as a syndrome 

HFSA: Heart Failure Society of America 

HRQL: health-related quality of life 

HTN: hypertension  

ICD: International Statistical Classification of Diseases and Related Health Problems 

IHD: ischemic heart disease 

KCC: Kansas City Cardiomyopathy Questionnaire 

LVEF: left ventricular ejection fraction  

MCs: myocardium cells 

MI: myocardial infarction  

NHANES: National Health and Nutrition Examination Survey 

NHLBI: National Heart, Lung, and Blood Institute 

NPs: natriuretic peptides 

NYHA: New York Heart Association 

RAAS: renin-angiotensin-aldosterone system 

RAS: renin-angiotensin system 

REP: Rochester Epidemiologic Project 

RR: relative risk 

RS: renal system 

SF-36: short form-36 item  

SV: systolic volume 

VHD: valvular heart disease  

β-ARs: beta adrenergic receptor 
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CHAPTER  3 

EX ANTE EECONOMIC EVALUATION OF GENETIC TESTING FOR THE ARG-

389 BETA1-ADRENERGIC RECEPTOR POLYMORPHISM TO SUPPORT 

BUCINDOLOL TREATMENT DECISIONS IN STAGE III/IV HEART FAILURE 1 

3.1 Abstract 
 
Introduction: Beta-Blocker Evaluation Survival Trial (BEST) sub-analyses indicated a 

likely interaction between bucindolol and race disadvantaging black heart failure (HF) 

patients (Domanski J Cardiac Fail 2003); Arg389 homozygotes having adjusted 

reductions of 38% in mortality and 34% in mortality/hospitalization over other genotypes 

(Liggett PNAS 2006). Bucindolol is being evaluated in Arg389 genotype patients in the 

GENETIC-AF trial (NCT01970501). 

Objective: To conduct parallel (using Domanski et al and Liggett et al) ex ante economic 

evaluations of Arg389 genetic testing in stage III/IV HF to support bucindolol treatment 

decisions (if Arg389-positive) and carvedilol (if Arg389-negative) treatment versus no 

such testing and empirical bucindolol; using Domanski et al and Liggett et al BEST sub-

analyses. 

Methods: In both Domanski et al and Liggett et al analyses, we used a decision tree 

model with time horizon of 18 months divided into 3 six-month cycles to estimate the 

cost-effectiveness and cost-utility of Arg389 genetic testing, considering overall survival 

                                                 
1 This chapter is based on the following article in preparation: Alsaid N, Ramos N, 
Sweitzer N, Slack M, Erstad B, Gharaibeh M, Klimecki W, Larriva M, Karnes J, 
Abraham I. Ex Ante Economic Evaluation of Genetic Testing for the Arg-389 Beta1-
Adrenergic Receptor Polymorphism to Support Bucindolol Treatment Decisions in Stage 
III/IV Heart Failure. Target journal: PharmacoEconomics  
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(OS) from Domanski et al and Liggett et al BEST sub-analyses. Costs and utilities were 

retrieved from literature except for  

assumed cost for bucindolol treatment (1.5x cost of carvedilol) and genetic testing 

($250). Discount rate was set at 3%/yr. Weibull distributions were fitted to OS data. Life-

years (LY) and quality-adjusted life-years (QALY) were used to estimate incremental 

cost-effectiveness (ICER) and cost-utility ratios (ICUR), and results were validated using 

probabilistic sensitivity analyses (PSA).  

Results: In the Domanski et-based analysis, Arg389 genetic testing versus no testing was 

associated with incremental gains of 0.29LYs and 0.27QALYs at incremental cost of 

$726; yielding ICER of US$2,503/LY and ICUR of US$2,688/QALY gained. In the 

Liggett et al-based analysis, Arg-389 genetic testing versus no testing was associated 

with incremental gains of 0.35LYs and 0.32QALYs at savings of -$1.081; for ICER of -

US$3,089/LY and ICUR of -US$3,378/QALY gained. Both analyses were confirmed in 

PSAs. 

Conclusion: Arg389 genetic testing to support bucindolol treatment in stage III/IV HF 

patients prevails economically over bucindolol treatment without genetic testing due to 

superior OS. If bucindolol is priced at 1.5x the cost of carvedilol. this economic benefit is 

likely to disappear if bucindolol and/ or genetic testing are priced higher. The clinical and 

economic benefits of bucindolol treatment with versus without Arg389 genetic testing 

versus empiric carvedilol remains to be assessed. 
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3.2 Introduction 
 
Heart failure (HF) is a clinical syndrome characterized by the inability of the heart 

muscle to supply blood in sufficient amounts to all body organs 17. HF was estimated to 

affect approximately 5.7 million people in the US between 2009 and 2012 1, and by 2030 

its prevalence is projected to grow by 46% to over 8 million people 1. Median life 

expectancy of patients with HF is approximately 5 years following diagnosis 77. HF is 

among the leading causes of death in the US, with 1 in 9 deaths attributed to the 

syndrome 1. The burden of illness is notably extremely high in patients with stage III 

(moderate) HF, whose physical activity is significantly limited, and stage IV (severe) HF, 

who are unable to carry out any physical activity without discomfort 1. HF patients, 

particularly those age 65 or older, are frequently hospitalized for exacerbations of HF 27. 

Further, the re-admission rate within 30-days after first hospitalization among HF patients 

has been estimated to be 25% 24. 

Pharmacotherapy for HF includes angiotensin-converting enzyme inhibitors (ACEIs), 

angiotensin II receptor blockers (ARBs), angiotensin-receptor neprilysin inhibitors 

(ARNIs), beta blockers (β-blockers), aldosterone antagonists (AA), hydralazine and 

isosorbide dinitrate, diuretics, anticoagulants, and digoxin 27. The combination of two or 

more therapies is indicated to control the progression of HF by reducing heart tissue 

remodeling. The decision to combine therapies is based on HF stage, comorbidities, and 

clinical evidence of disease progression based on guidelines, such as those of the 

American College of Cardiology/American Heart Association (ACC/AHA) 24. In the 

past, clinical practice has disfavored β-blockers because of their heart rate-lowering effect 

79. However, clinical trials have shown a survival benefit of β-blockers in HF associated 
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with reduced ejection fraction and substantial reductions in secondary endpoints, such as 

cardiovascular death, sudden death, and death from pump failure, as well as in hospital 

re-admission rates 80, 81, 82. 

The therapeutic benefit of the β-blocker bucindolol in HF is less clear than that of other 

β-blockers 83, 84, 85. In the Beta Blocker Evaluation Survival Trial (BEST), bucindolol 

showed no significant improvement in stage III/IV HF compared to placebo in all-cause 

mortality (hazard ratio, HR = 0.90, 95%CI = 0.78-1.02), sudden death (HR = 0.88, 

95%CI = 0.72-1.07), and pump failure death (HR = 0.85, 95%CI = 0.67-1.08), and only a 

modest effect on cardiovascular death (HR = 0.86, 95%CI = 0.74-0.99) 7. However, 

response to bucindolol treatment may vary among subgroups of HF patients. In a 

subgroup analysis of BEST, Domanski et al. noted that black patients, who made up 23% 

of the BEST cohort, did not seem to benefit from treatment with bucindolol. In contrast, 

in a subsample of nonblack BEST subjects that mirrored the sample composition of the 

MERIT-HF and CIBIS-II trials evaluating, respectively, metoprolol and bisoprolol in HF 

86, 87, bucindolol treatment was associated with a lower risk of all-cause (HR = 0.77, 

95%CI = 0.65-0.92), sudden (HR = 0.77, 95%CI = 0.59-0.99), pump failure (HR = 0.64, 

95%CI = 0.45-0.91), and cardiovascular (HR = 0.71, 95%CI = 0.58-0.86) death, 

suggesting a race-by-treatment interaction 8.  

Liggett et al. sub-analyzed BEST participants based on β1-adrenergic receptor 

polymorphisms (β1-AR) at the position of amino acid 389 (Arg, Gly), and found that 

Arg389 homozygotes significantly benefited from bucindolol versus placebo in terms of 

all-cause mortality (HR = 0.62, 95%CI = 0.40-0.96) and hospitalization (HR = 0.64, 

95%CI = 0.46-0.88). In contrast, Gly389 carriers experienced no clinical response to 
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bucindolol compared to placebo in terms of mortality (HR = 0.90, 95%CI = 0.62-1.30) 

and hospitalization (HR = 0.86, 95%CI = 0.64-1.15) 9. Note that in the general 

population, the frequency of the Arg398 allele is 70%, including a homozygous 

frequency of 50% 88. In BEST, the Arg389 allele frequency was 73% in nonblack and 

62% in black subjects. Given the lower percentage of black participants in BEST (23%) 7, 

Liggett et al. suggested that the benefits from bucindolol be assessed by genotype 

(Arg389 versus Gly389 polymorphism) 9 and not by race. 

Bucindolol is currently being evaluated in the GENETIC-AF trial (NCT01970501) 11, 

which targets a (revised) sample of 250 patients with the Arg389 genotype, left 

ventricular ejection fraction (LVEF) <50% within 12 months prior to screening, and ≥1 

episode of symptomatic paroxysmal or persistent atrial fibrillation within 180 days of 

screening, all of whom are randomized to receive either bucindolol or metoprolol. The 

primary outcome is the time to first event of symptomatic atrial fibrillation/atrial flutter 

or all-cause mortality over a 24-week follow-up period. A secondary outcome concerns 

the total number of all-cause hospitalization days during the 4-year study period. The 

anticipated completion date for patient follow-up is December 2017 11. 

In the interim, the comparative analysis of the BEST, CIBIS-II, MERIT-HF, and 

COPERNICUS trials by Domanski et al. 8, as well as the sub-analyses of BEST data by 

Domanski et al.8 and Liggett et al.9, enable an evaluation of the economic value of Arg-

389 genetic testing versus no such testing to support decision-making in cases in which 

β-blocker therapy with bucindolol is being considered. As the GENETIC-AF trial is still 

ongoing, we report here on ex ante cost-effectiveness and cost-utility analyses from a US 

payer perspective using a decision tree model with two branches (Arg389 testing versus 
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no Arg389 testing) over an 18-month time horizon and comprised of three separate 

observation cycles of six months each (Figure 1). This decision tree was used in both the 

Domanski et al.8 and Liggett et al.9 sub-analyses of BEST. 

In the first branch, patients are tested for the Arg389 polymorphism. Patients testing 

positive (homozygotes, Arg389-postive) are treated with bucindolol, while Arg389-

negative patients (heterozygotes or Gly389 homozygote, Arg389-negative) are treated 

with carvedilol, another β-blocker. During each of the three 6-month cycles, patients may 

survive, in which case they may be either stable or hospitalized, or die. Conversely, in the 

second branch patients are not tested for Arg389 but are initiated empirically with 

bucindolol across the three 6-month cycles. During each cycle, bucindolol may be 

discontinued and salvage therapy with carvedilol initiated, and patients may die or 

survive, with surviving patients either stable or hospitalized. Even though the ongoing 

GENETIC-AF trial uses metoprolol as the comparator treatment to bucindolol, in our 

model we use carvedilol as salvage/rescue treatment based on COPERNICUS trial to 

mirror the high proportion of patients with NYHA stage IV HF. NYHA stage II 

participants (41%) in the MERIT-HF trial 86. 

3.3 Methods  
 
3.3.1 Model overview and health states  
 
Combining a search for previously published models of economic analysis of HF with 

expert clinical opinion, we specified a model for a hypothetical cohort of HF patients 89, 

90, 91 similar to the patients in the BEST cohort and in Domanski et al.’s and Liggett et 

al.’s BEST sub-analysis cohorts, who had the following characteristics: age ≥18 years; 

LVEF ≤0.35; NYHA stage III/IV; and treated with ACEIs, ARBs, vasodilators, and/or 



45 | P a g e  
 

diuretics. Patients at risk of death or hospitalization for cardiac transplantation or 

placement of an implantable cardiac defibrillator (ICD) were excluded. 

A two-branch decision tree with a time horizon of 18 months comprised of three 6-month 

cycles each was specified (Figure 1). The first branch assumes that the Arg389 genetic 

test was carried out and that patients can be found to be either Arg389-positive 

(homozygote) or Arg389-negative (not homozygote). In line with the two BEST sub-

analyses 8, 9, Arg389-positive patients are treated with bucindolol. Conversely, and in line 

with the COPERNICUS trial, Arg389-negative patients are treated with carvedilol 92. The 

second branch represents the alternative that the Arg389 genetic test is not performed. In 

this branch, and consistent with the overall sample findings from the BEST trial 7, 

patients are assumed to be treated empirically with bucindolol. Bucindolol is also 

assumed to be discontinued and carvedilol salvage treatment initiated if patients 

experience uncontrolled blood pressure, worsening of HF, or frequent hospitalization, per 

the methodology of the COPERNICUS trial. Our model specifies three major HF health 

states: stable (compensated), hospitalized (decompensated), and death.  

We utilized the decision tree model in two separate economic analyses, one based on the 

Domanski et al. BEST sub-analysis and the other on the Liggett et al. BEST sub-analysis. 

Recall that Domanski et al. differentiated between black and nonblack patients 8, while 

Liggett et al. differentiated between patients with Arg389 and Gly389 polymorphisms 9.  

This is an ex ante analysis awaiting the conclusion of the GENETIC-AF trial. It uses 

hypothetical costs for Arg389 testing and bucindolol therapy. 

3.3.2 Economic outcomes 
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In both economic analyses, we evaluated the cost-effectiveness and cost-utility of Arg389 

genetic testing versus no such testing, the various treatment scenarios, and the clinical 

outcomes observed. For cost-effectiveness, we calculated the incremental cost-

effectiveness ratio (ICER), which quantifies the additional total cost per life year (LY) of 

the genetic testing trajectories over the non-testing trajectories. For cost-utility, we 

estimated the incremental cost-utility ratio (ICUR), which quantifies the additional total 

cost per quality-adjusted life year (QALY) of the genetic testing trajectories over the non-

testing trajectories.  

3.3.3 Inputs 
 
Figures 2 (Economic evaluation based on the Domanski et al. BEST sub-analysis) and 3 

(Economic evaluation based on the Liggett et al. BEST sub-analysis) map for each of the 

economic evaluations the general and specific efficacy data used to derive the respective 

ICER and ICUR estimates.  

3.3.3.1 Inputs for ex ante analysis based on the Domanski et al. BEST sub-analysis 
(Figure. 2) 
 
As the Domanski et al. sub-analysis of BEST 8 did not report the Kaplan-Meier curve for 

overall survival (OS) for Arg389-positive patients, we relied upon the reported OS HR 

for bucindolol versus placebo. Next, using the carvedilol versus placebo OS HR from the 

COPERNICUS trial 12, we performed an indirect comparison using the method described 

by Bücher et al.13 to estimate the OS HR for bucindolol versus carvedilol. This was used 

to generate Weibull distributions for bucindolol and carvedilol. 

In their sub-analysis, Domanski et al. did not report first hospitalization and re-

hospitalization rates. For first hospitalization, we extracted probabilities from the 

corresponding HR reported by Liggett et al. in their BEST sub-analysis because there was 
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no confounding effect of race in adjusted-for-race analyses. Black patients constituted 

less than 20% of the BEST sample 7 . Therefore, the difference of allele frequency for 

Gly389 had to be 10 times greater to represent only blacks to alter the overall outcomes 

reported by Liggett et al.9. However, to eliminate any impact of uncertainty associated 

with first-hospitalization data on model outputs, the mean HR and 95%CI for 

hospitalization among Arg389 homozygotes versus placebo were assessed in sensitivity 

analyses. For re-hospitalizations, we used probability data from the OPTIMIZE-HF 

registry 81, 93 to extract probabilities. 

We distinguished between death before first hospitalization, death during or after first 

hospitalization, and death during or after subsequent (i.e., >1) hospitalizations.  For death 

before hospitalization, we used data from the Domanski et al. sub-analysis to extract 

probabilities. For death during or after the first hospitalization, we applied corresponding 

data from the Liggett et al. BEST sub-analysis, and for death during or after subsequent 

hospitalizations we relied upon data from the OPTIMIZE-HF registry. For Arg389-

negative patients, we used the HRs for OS and first hospitalization from the 

COPERNICUS study. For probability of re-hospitalization and death during or after re-

hospitalization, we applied the OPTIMIZE-HF registry.  

For the second branch of the decision tree, in which no Arg389 genetic testing was 

performed, we utilized overall sample data from the BEST trial to extract probabilities for 

bucindolol discontinuation, first hospitalization, and OS 7, 94. For re-hospitalization, we 

applied data from the OPTIMIZE-HF registry. For death before hospitalization we used 

HR for OS from BEST; for death after/during the first re-hospitalization, we applied 

probability data from the OPTIMIZE-HF registry. 
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3.3.3.2 Inputs for ex ante analysis based on the Liggett et al. BEST sub-analysis (Figure. 
3) 
 
The Liggett et al. sub-analysis of BEST 9 reported Kaplan-Meier curves for OS and 

hospitalization survival (HFS), as well as HRs for all-cause mortality and first 

hospitalization for BEST Arg389 homozygous patients.   

In the Arg389-positive trajectory, OS Kaplan-Meier curves were used to estimate the 

corresponding Weibull distribution without relying on indirect comparison for HRs. The 

first hospitalization data reported by Liggett et al. were used. To extract probabilities for 

subsequent hospitalizations, we relied on data from the OPTIMIZE-HF registry 81, 93. For 

death before first hospitalization, we applied data from Liggett et al. For death during or 

after first hospitalization, we applied probability data from the OPTIMIZE-HF registry. 

For death during or after subsequent re-hospitalization, we utilized data from the 

OPTIMIZE-HF registry 81, 93. 

In the Arg389-negative trajectory, we utilized the HRs for OS and first hospitalization 

from the COPERNICUS study 92. For re-hospitalization and death during or after re-

hospitalization probability data, we applied the OPTIMIZE-HF registry 81, 93. 

In the branch in which no Arg389 genetic testing was performed, we utilized overall 

sample data from the BEST trial to extract probabilities for bucindolol discontinuation, 

first hospitalization, and OS 7, 94. For re-hospitalization, we applied probability data from 

the OPTIMIZE-HF registry. For death before hospitalization, we used the HR for OS 

from BEST; for probabilities of death after/during the first re-hospitalization, we applied 

the OPTIMIZE-HF registry 81, 93. 

3.3.3.3 Additional calculations 
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3.3.3.3.1 Weibull distributions 
 
Kaplan-Meier curves for OS were digitized and data extracted using Webplotdigitizer 

v.3.9 (Ankit Rohatgi, http://arohatgi.info/WebPlotDigitizer/). We extrapolated a Weibull 

model to the OS data from Domanski et al., Liggett et al., COPERNIUCS, and BEST for 

200 follow-up months using the following equation: 

 

where S(t) is the estimate for the survival function at time t, λ is the scale function, and γ 

is the shape function. 

3.3.3.3.2 Re-hospitalization and death during or after hospitalization 
 
Considering the 18-month time horizon of the study, it was clinically plausible that HF 

patients might experience one or more re-hospitalization events and die during or after 

hospitalization. We extracted rates and probabilities of re-hospitalization and death at 6, 

12, and 18 months from the OPTIMIZE-HF registry 81, 93 by applying two equations to 

extract rates and probabilities of re-hospitalization and death events 95: 

Rate = -Ln(1-P) / t 

and 

P = 1-exp(rt) 

where P is the probability reported, t is the time function, and r is the incidence rate. 

3.3.3.4 Cost and utility estimates (Table 1) 
 
All direct medical costs utilized in the model were expressed in 2017 US dollars. 

Redbook 96 was used for retrieving the average wholesale price (AWP) of $2.03 per 

3.125 mg tablet of carvedilol. The price of bucindolol is not yet known, but for this ex 

γλtetS −=)(
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ante analysis the cost of bucindolol was assumed to be 1.5 times that of carvedilol.  

Titration and maintenance doses of carvedilol and bucindolol were taken from the clinical 

trials. For carvedilol, per the methodology of the COPERNICUS trial, we set the initial 

dose at 3.125 mg twice daily for two weeks and increased this in two-week intervals (if 

tolerated) first to 6.25 mg, then to 12.5 mg, and finally to a target dose of 25 mg twice 

daily 24. The total carvedilol cost for six months was estimated to be US$731. For 

bucindolol we adopted the BEST protocol of an initial dose of 3 mg twice daily for one 

week and subsequently increased (as tolerated) the dose weekly to 6.25 mg, 12.5 mg, 25 

mg, 50 mg and (for patients weighing ≥75 kg) 100 mg twice daily 7. The total bucindolol 

cost for six months was estimated to be US$1,096. Hospitalization cost and the cost of 

clinic visits, lab tests, and physician fees were retrieved from CMS.gov 97.  Each patient 

was assumed to receive a potassium level test, renal function test, metabolic test, 

electrocardiogram (ECG) every 6 months, and echocardiogram ultrasound imaging test 

every year. The estimated cost of Arg389 genetic testing was obtained from the Genetic 

Testing Registry 98. Percentages of increase and decrease in the cost of genetic testing 

were included in our sensitivity analyses.  

We used published EuroQol five dimensions questionnaire (EQ-5D) utilities for 

bucindolol and carvedilol specific to HF 99. Uncertainty of the EQ-5D estimates in the 

model were assessed using sensitivity analyses. We also used published disutility values 

for hospitalization specific to HF 99.  

A discount rate of 3% per year was adopted for costs and utilities where the follow up 

exceeds one year 76. Analyses were from the US payer perspective. The model was 

specified in Microsoft Excel® 2016 MSO and supported with visual basic codes.  
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3.3.4 Sensitivity Analyses 
 
One-way sensitivity analyses (OWSAs) were performed to assess the level of uncertainty 

of selected deterministic parameters using the lower and the upper 95%CI values. Cost 

ranges were set for the total cost of bucindolol (±50%) as well as the Arg389 genetic test 

(-20%, +60%). Tornado diagrams were plotted to assess the impact of selected inputs on 

ICER outputs. 

Probabilistic sensitivity analyses (PSAs) with 2,000 iterations were performed to evaluate 

the combined effects of uncertainty in all model inputs. The PSAs utilized values from 

the Weibull distributions for OS, the beta distribution for probability and utility estimates, 

and the gamma distribution for monetary inputs. Scatter plots were generated and 

positioned within a four-quadrant cost-effectiveness plane to assess cost-effectiveness as 

a function of testing status (Arg389 testing versus no Arg389 testing) and cost.  Cost-

effectiveness acceptability curves (CEACs) were generated to show the probability that 

Arg389 genetic test is cost-effective at various willingness-to-pay (WTP) thresholds. 

These sensitivity analyses were completed for both the economic evaluation based on the 

Domanski et al. BEST sub-analysis and for the economic evaluation based on the Liggett 

et al. BEST sub-analysis. 

3.4 Results 
 
3.4.1 Weibull distributions (Figure 4)  
 
Weibull distributions with 200 months of extrapolated data were fitted to the OS data for 

patients treated with carvedilol per the COPERNICUS trial, for nonblack patients treated 

with bucindolol per the Domanski et al. BEST sub-analysis, for Arg389 homozygote 

patients treated with bucindolol per the Liggett et al. BEST sub-analysis, and for patients 
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treated with bucindolol generally per the BEST trial. Note that the Weibull curve for 

carvedilol is between the Liggett et al. and Domanski et al. bucindolol curves. 

3.4.2 Economic evaluation based on the Domanski et al. BEST sub-analysis 
 
The indirect comparison of bucindolol and carvedilol using the Bücher et al. method 

yielded an all-cause mortality HR of 1.18 (95%CI = 0.89-1.57), indicating no difference 

in OS between treatment options. 

In the base-case analysis (Table 2, sections 2A and 2B), with an incremental cost of $726, 

incremental gain in LY of 0.29, and incremental gain in QALY of 0.27, the ICER for 

Arg389 genetic testing versus no Arg389 testing was $2,503/LY gained and the ICUR 

was $2,688/QALY gained. In the PSA, with an incremental cost of $720 and incremental 

gain in LY of 0.29, the ICER was $2,482/LY gained. Also in the PSA, with an 

incremental cost of $770 and incremental gain in QALY of 0.27, the ICUR was 

$2,851/QALY gained.  

In the PSA scatter plot (Figure 5), all estimates are in the upper- and lower-right 

quadrants, mainly between approximately 0.20 and 0.35 increments in QALY and 

between incremental costs/QALY of $6,000 and savings of -$6,000 associated with 

Arg389 genetic testing. The CEAC (Figure 6A) shows a 50% probability that Arg389 

genetic testing is cost-effective compared to no such testing at a willingness-to-pay 

(WTP) threshold of approximately $3,000; it also shows a 100% probability that Arg389 

genetic testing is cost-effective at a WTP threshold of approximately $24,000. The 

OWSA revealed that the HR for hospitalization for bucindolol-treated patients was the 

most influential parameter, followed by the HR for OS for (nonblack) bucindolol-treated 

patients in the Domanski et al. BEST sub-analysis (Figure 7A). 
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3.4.3 Economic evaluation based on Liggett et al. BEST sub-analysis 
 
In the base-case analysis (Table 2, sections 2C and 2D), with an incremental savings of 

$1,081, incremental gain in LY of 0.35, and incremental gain QALY of 0.32, the ICER 

for Arg389 genetic testing vs. no Arg389 testing showed a savings of $3,089/LY gained 

and the ICUR showed a savings of $3,378/QALY gained. In the PSA, with an 

incremental savings of $1,080 and incremental gain in LY of 0.34, the ICER was 

estimated at $3,176/LY gained. Also in the PSA, with an incremental savings of $1,255 

and incremental QALY gain of 0.33, the ICUR showed a savings of $3,803/QALY 

gained.  

The PSA scatter plot (Figure 5) reveals that all estimated savings are in the upper- and 

lower-right quadrants, mainly between approximately 0.30 and 0.45 increments in QALY 

and between incremental costs/QALY of $5,000 and savings of -$8,000 associated with 

Arg389 genetic testing. The CEAC (Figure 6B) shows that the probability of Arg389 

testing being cost-effective is 70% with no assigned WTP threshold (i.e., WTP threshold 

of $0) because in this analysis testing is cost-saving. The OWSA revealed that the HR for 

hospitalization for bucindolol-treated patients was the most influential parameter, 

followed by the HR for OS for bucindolol-treated Arg389 homozygote patients in the 

Liggett et al. BEST sub-analysis (Figure 7B). 

3.5 Discussion  
 
Our aim in this independent ex ante analysis, conducted while awaiting the results of the 

GENETIC-AF trial, was to compare the benefits of Arg389 genetic testing versus no such 

testing to support decision-making about β-blocker therapy with bucindolol in patients 

with stage III/IV HF as a follow-up to Domanski et al.’s 8 and Liggett et al.’s 9 respective 
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sub-analyses of BEST data. The importance of this analysis has since been affirmed by 

Smart et al.’s 85 recommendation to evaluate the efficacy and safety of bucindolol relative 

to other β-blockers with known benefit in HF under consideration of genetic differences; 

and by the results of Muthumala et al.’s 100 systematic review and meta-analysis revealing 

that Arg389 variants may be associated with a substantial susceptibility to HF and that 

these variants may respond to β-blocker therapy 100.  

While this could have been a straightforward comparative economic evaluation, 

equivocal evidence from the BEST trial 7 about the benefit of bucindolol in the HF 

population at large but indicative evidence of benefit in sub-populations 8,9 warranted two 

separate analyses. From their sub-analyses of the BEST trial, Domanski et al.8 

hypothesized a race-by-treatment interaction favoring nonblack and disfavoring black 

patients in the effectiveness of bucindolol, while Liggett et al.9 demonstrated that Arg389 

homozygote HF patients were more likely to respond to bucindolol. Our model also 

integrated clinical data from the COPERNICUS trial 92 as we specified carvedilol as 

treatment for patients who tested Arg389-negative and as salvage therapy for patients not 

tested genetically for Arg389 who failed to respond to empirical bucindolol treatment. 

Further, as the reference trials only recorded first hospitalizations, we used re-

hospitalization rates from the OPTIMIZE-HF registry 81, 93 to map various treatment and 

outcomes trajectories with a longer-term 18-month time horizon. This enabled us to 

perform economic evaluations sustained by both efficacy and effectiveness data of β-

blocker therapy in stage III/IV HF patients. 

Summarized in our two analyses, Arg389 genetic testing in stage III/IV HF was found to 

be cost-effective and cost-saving compared to no genetic testing depending on the BEST 
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sub-analysis used. Using the older (2003) Domanski et al. sub-analysis and the race-by-

treatment interaction hypothesis, Arg389 genetic testing was found to be cost-effective by 

US$2,503 per LY and US$2,688 per QALY gained in nonblack patients. Using the 

subsequent (2006) Liggett et al. sub-analysis, which tied bucindolol treatment response to 

being Arg389 homozygotes revealed that performing Arg389 genetic testing is cost-

saving by $(3,089) per LY and $(3,378) per QALY gained. These base-case analyses 

were confirmed with little variation in PSA, underscoring the relative robustness of these 

findings. As a caution, however, we made assumptions about the cost of Arg389 testing 

and, especially, the cost of bucindolol for 6 months, which was put at 1.5 times the cost 

of carvedilol for 6 months.  

A major implication of our study is that both models advocate performing Arg389 

genetic testing as guidance in clinical decision-making about bucindolol treatment. Not 

testing for Arg389 and treating nonblack patients empirically with bucindolol and, 

possibly, carvedilol as salvage therapy is associated with poorer clinical outcomes and 

greater costs over 18 months. Conversely, treating patients who tested positive for 

Arg398 with bucindolol and those who tested negative for Arg389 with carvedilol from 

the beginning is associated with gains in absolute and quality-adjusted life years. 

The model based on the Liggett et al. BEST sub-analysis provides further insights into 

the importance of Arg389 testing to inform bucindolol treatment decisions. The 

incremental gains in LY and QALY in the Domanski et al.-based analysis were 0.05 LY 

and 0.06 QALY less than those in the Liggett et al.-based analysis, though both models 

used standardized utility estimates. This can be explained by the differences in clinical 

outcomes that both groups of authors reported in their respective sub-analyses of the 
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BEST trial and how these are related to the specific BEST sub-populations studied. With 

the Arg389 allele frequency being 73% in nonblack subjects and 62% in black subjects in 

the BEST trial, Liggett et al.9 chose a genetic over a race-related pathway to examine 

clinical outcomes. The greater granularity of the Liggett et al. BEST sub-analysis 

translated into more differentiated treatment trajectories and associated clinical outcomes. 

In turn, this yielded different economic results, the most compelling one being that 

Arg389 testing, and basing bucindolol treatment decisions on the results of this testing, is 

cost-saving over not testing and treating patients empirically with bucindolol – when the 

BEST trial already showed a relative lack of clinical benefit for bucindolol in the general 

stage III/IV HF population. 

In other words, performing Arg389 genetic testing and subsequently treating Arg389-

positive patients with bucindolol and those who are Arg389-negative with carvedilol is 

associated with better outcomes and lower costs compared to no testing, empirical 

treatment with bucindolol, and possible salvage treatment with carvedilol. Arg389 

genetic testing is also independent of race as the Arg389 polymorphism is present in both 

black and nonblack patients, though to different degrees. Hence, our Liggett et al.-based 

results underscore that the clinical and economic decisions to be made are not whether 

any incremental costs associated with Arg389 testing and the outcomes achieved are 

worth paying for, but whether Arg389 testing is cost-saving if bucindolol is being 

considered as a treatment option for stage III/IV HF patients. 

While the cost of Arg389 testing and bucindolol remain uncertain at this time, the 

tornado diagrams generated from the OWSA show that these parameters were much less 

influential than the HR for hospitalization. This suggests that improvements in HFS 
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achieved by genetically targeted bucindolol therapy affect cost outcomes more than do 

improvements in OS. Thus, each averted hospitalization episode can be deemed a cost-

saving outcome.  

These results are consistent with those of a systematic review of personalized medicine 

tests 101. Covering 59 cost-utility studies published between 1998 and 2011, this review 

concluded that the cost-effectiveness of 50% of all genetic tests in the study fell below a 

WTP threshold of $50,000 and that 20% of all genetic tests were found to be cost-saving 

101. Our model based on the Domanski et al. BEST sub-analysis yielded a 50% 

probability of Arg389 testing being cost-effective at a WTP threshold of approximately 

$3,000 and a 100% probability of being cost-effective at a WTP threshold of 

approximately $24,000. In the Liggett et al.-based model, Arg389 testing was 

unequivocally cost-saving.  

Our analyses provide evidence for the economic benefit of Arg389 testing to support 

bucindolol treatment decisions. This is an important finding in anticipation of the 

GENETIC-AF trial results. If this trial shows bucindolol to prevail over extended release 

metoprolol, our Liggett et al.-based finding that Arg389 testing is cost-saving provides 

compelling evidence to support Arg389 companion testing as a condition for bucindolol 

treatment. This has significant economic implications. The incremental clinical benefit of 

bucindolol therapy would need to be evaluated in view of the incremental cost associated 

with (the pricing of) Arg389 testing and (the pricing of) bucindolol. In the interim, our 

results should contribute to a fair evaluation of the benefit and cost of the combination of 

genetic testing and bucindolol treatment, as well equitable pricing of this combination. 
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Moreover, genetically targeted treatment of HF may not be limited to the Arg389 testing 

and bucindolol pair. It may well be that the Arg389 polymorphism may extend to other β-

blockers. An optical recording β1AR activation in vitro study that included carvedilol, 

metoprolol, and bisoprolol, but not bucindolol showed that Arg389 variants are twice as 

likely to benefit from carvedilol over metoprolol and bisoprolol 102. An in vivo study of 

224 HF patients assessing the efficacy of carvedilol on β1-AR polymorphisms found a 

significant improvement in LVEF among Arg389 homozygote subjects compared with 

Gly389 homozygote subjects (p<0.002) 103. In contrast, a pharmacogenetic sub-study of 

the CIBIS-ELD trial revealed that a carvedilol dose of 12.5 twice daily did not reduce 

heart rate among Arg389 homozygotes 104. The relationship between the Arg389 

polymorphism, β-blockers, and β-blocker therapy requires further clinical and economic 

evaluation.  

In our ex ante economic evaluation, we aimed to use carvedilol as a salvage treatment. 

The COPERNICUS trial mirrored patients with stage IV HF 92. Note that in the 

GENETIC-AF trial, metoprolol is being used as a comparator 11. The MERIT-HF trial is 

comprised of 41% of patients with stage II HF 86. This is the reason for not including 

metoprolol as a salvage comparator, as the heterogeneity among the patients on the 

comparators would be substantial.    

A secondary benefit of our analysis flows from the need to estimate the all-cause 

mortality HR for bucindolol versus carvedilol 92 using the Bücher et al.13 indirect 

comparison method. The HR of all-cause mortality of 1.18 (95%CI = 0.89-1.57) was 

statistically non-significant, which is consistent with a meta-analysis that found no 

significant difference in efficacy among β-blockers in HF patients 80. 
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Our economic analysis has limitations. Lacking other data, we relied on post-hoc 

analyses from the BEST trial, one of which separated black and nonblack subjects and 

the other which separated subjects with Arg389 polymorphisms from those without. Thus 

it was not possible to estimate the statistical interaction race and genotypes of nonblack 

85. Compared to patients in the BEST trial, which had LVEF≤0.35, patients in the 

COPERNICUS trial had LVEF≤0.25 and therefore were at greater risk of hospitalization 

or death. This might have had a negative influence on our findings by increasing total 

costs; though, by the same token, it also makes our economic evaluations more 

conservative and therefore the cost-effectiveness and cost-savings estimates lower than 

balanced patient samples would have yielded. HF trials tend not to report re-

hospitalization and focus on one hospitalization only. Considering the 18-month time 

horizon, we chose to include re-hospitalization using data from the OPTIMIZE-HF 

registry. These data did not differentiate in terms of bucindolol and genetic status, and 

only general rates were available for our use. In the absence of firm cost information, we 

assumed the cost of bucindolol to be 1.5 times that of carvedilol, and we used $250 (cost 

range=$200-$400) as the estimated cost of the Arg389 genetic test. We included the cost 

range for both in the PSA to account for possible variation.  

3.6 Conclusion  
 
This ex ante economic analysis of Arg389 genetic testing versus no such testing to 

support bucindolol treatment decisions was based on two sub-analyses of the BEST 

placebo-controlled trial of bucindolol in the management of stage III/IV HF. A first 

model, which was based on findings suggestive of a race-by-treatment interaction 8, 

found Arg389 testing to be cost-effective in terms of absolute and quality-adjusted life 
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years gained. Critically, a second model based on evidence of Arg389 homozygotes 

benefiting from bucindolol 9, revealed Arg389 testing to be cost-saving in terms of 

absolute and quality-adjusted life years gained. 
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3.7 Tables and Figures  

 
Abbreviations: HR=hazard ratio; OS=overall survival 95%CI=confidence interval  
• Cost of bucindolol for six months was assumed to be 1.5 times the cost of carvedilol.  
†0.74 is the baseline utility utilized for New York Heart Association (NYHA) stage III, and a 
range of 0.60-0.90 for NYHA stage I and stage IV, respectively, were applied in sensitivity 
analyses.  
‡For discontinuation, the utility values reported for discontinuation of β-blockers were used. 
Sensitivity analyses were performed by utilizing the assumed 95% CI. 

 
 
 
 

 
Table 1. Model inputs 
   

Input Parameter Point Estimate (95% CI) Reference 
   
HRs   
  OS HR of bucindolol-treated nonblack patients (Domanski et al. BEST sub-analysis)  0.77 (0.65,0.95) 8 
  OS HR of bucindolol-treated Arg389 homozygote patients (Liggett et al. BEST sub-
analysis) 0.62 (0.40,0.96) 9 
  OS HR of bucindolol-treated patients in the general population (BEST) 0.90 (0.78,1.02) 7 
  OS HR of carvedilol-treated patients in the general population  (COPERNICUS) 0.65 (0.52,0.81) 92 
  HR hospitalization for Arg389 homozygotes 0.64 (0.46,0.88) 9 
   
Probabilities   
  Arg389 allele frequency in general population 0.70 9 
  Arg389 homozygote frequency in general population  0.50 9 
  Arg389 genetic test sensitivity  0.80 (0.70,90) Assumed 
  Arg389 genetic test specificity  0.80 (0.70,90) Assumed 

   
Costs   
  Bucindolol (six months) $1096 ($548,$1644) Assumed• 
  Carvedilol (six months) $731 ($700,$815) 96 
  Hospitalization $11829 ($10540,$12117) 105 
  Clinic visit (including laboratory and imaging tests) $1309 ($900,$1420) 97 
  Arg389 genetic test $250 ($200,$400) 98 

   
Utilities   
  Baseline utility† 0.74 (0.60,0.90) 99 
  First hospitalization 0.88 (0.80,0.90) 99 
  One re-hospitalization (six months) 0.85 99 
  Two re-hospitalizations (six months) 0.84 99 
  Bucindolol discontinuation, 95%CI‡ 0.452 (0.15,0.65) 106 



62 | P a g e  
 

Table 2. Cost-effectiveness and cost-utility analyses of Arg389 genetic testing vs. no genetic test 

Abbreviations: ICER=incremental cost-effectiveness ratio, ICUR=incremental cost-utility ratio 
LY=life year, QALY=quality-adjusted life year  
† The ratios stated as ($XXX) are cost-savings 

 
 
 
 
 
 
 
 

 
Cost ($) LY 

gained/lost 
Cost per LY 
gained/lost 

Cost ($) QALY 
gained/lost 

Cost per QALY 
gained/lost 

Based on Domanski et al. BEST sub-analysis 

 2A. Base-case analysis: ICER 2B. Base-case analysis: ICUR 

Arg389 genetic 
test 

$23,159 1.14 $20,315 $23,159 0.93 $24,902 

No genetic test $22,433 0.85 $26,392 $22,433 0.66 $33,989 

Incremental $726 0.29 ICER = $2,503 $726 0.27 ICUR = $2,688 

 Probabilistic sensitivity analysis Probabilistic sensitivity analysis 

Arg389 genetic 
test 

$23,140 1.13 $20,478 $23,256 0.94 $24,621 

No genetic test $22,420 0.87 $25,770 $22,486 0.67 $33,561 

Incremental $720 0.29 ICER = $2,482 $770 0.27 ICUR = $2,851 

Based on Liggett et al. BEST sub-analysis 

 2C. Base-case analysis: ICER 2D. Base-case analysis: ICUR 

Arg389 genetic 
test 

$21,352 1.20 $17,943 $21,352 0.98 $22,241 

No genetic test $22,433 0.85 $26,392 $22,433 0.66 $33,989 

Incremental -$1,081 0.35 ICER 
=($3,089)† 

-$1,081 0.32 ICUR = ($3,378) 

 Probabilistic sensitivity analysis Probabilistic sensitivity analysis 

Arg389 genetic 
test 

$21,320 1.17 $18,222 $21,350 0.97 $22,010 

No genetic test $22,400 0.83 $26,987 $22,605 0.64 $35,320 

Incremental -$1,080 0.34 ICER = ($3,176) -$1,255 0.33 ICUR = ($3,803) 
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Figure 1. Decision tree with time horizon of 18 months 
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Figure 2. Map of the economic evaluation based on the Domanski et al. BEST sub-analysis   
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Figure 3. Map of the economic evaluation based on the Liggett et al. BEST sub-analysis   
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Figure 4. Weibull distributions for overall survival (OS) for patients on carvedilol 
(COPERNICUS) versus bucindolol per Domanski et al. BEST sub-analysis versus bucindolol 
per Liggett et al. BEST sub-analysis versus bucindolol per BEST, general population 
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Figure 5. Scatter plot of probabilistic sensitivity analyses for Arg389 genetic testing versus no 
genetic testing for both the Domanski et al. BEST sub-analysis and the Liggett et al. BEST sub-
analysis 
 

 
Abbreviations: ICUR=incremental cost utility ratio, PSA=probabilistic sensitivity analyses, 
QALY=quality-adjusted life year 
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Figure 6. Cost-effectiveness acceptability curves (CEACs) for Arg389 genetic testing versus no 
genetic testing for both the Domanski et al. BEST sub-analysis and the Liggett et al. BEST sub-
analysis 

 
 

Figure 6A. CEAC for economic evaluation based on Domanski et al. BEST sub-analysis  
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Figure 6B. CEAC for economic evaluation based on Liggett et al. BEST sub-analysis  
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Figure 7. Tornado Diagrams  
 
 

Figure 7A. Tornado diagram for analysis based on the Domanski et al. BEST sub-analysis 
 

Abbreviations: HR: hazard ratio; OS: overall survival 
 
 
 
 
 
 
 
 
 
 
 

-2000-1000 0 1000 2000 3000 4000 5000 6000 7000 8000

HR of hospitalization for bucindolol patients

HR OS for bucindolol patients (Domanski et al.)

Genetic test sensitivity

Hospitalization utility

Low variation

High variation



71 | P a g e  
 

 
 
 
 
 

Figure 7B. Tornado diagram for analysis based on the Liggett et al. BEST sub-analysis 
 

 
Abbreviations: HR: hazard ratio; OS: overall survival 
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3.8 List of Abbreviations 
 
AA: aldosterone antagonists 

ACC/AHA: American College of Cardiology/American Heart Association 

ACEIs: angiotensin-converting enzyme inhibitors 

ARBs: angiotensin II receptor blockers 

ARNIs: angiotensin-receptor neprilysin inhibitors 

BEST: Beta-Blocker Evaluation Survival Trial 

CEAC: cost-effectiveness acceptability curve 

 EQ-5D: EuroQol Five Dimensions questionnaire 

HF: heart failure  

HR: hazard ratio 

ICD: implantable cardiac defibrillator 

ICER: incremental cost-effectiveness ratio 

ICUR: incremental cost-utility ratio 

LVEF: left ventricular ejection fraction 

LY: life year 

NYHA: New York Heart Association  

OS: overall survival 

OWSA: one-way sensitivity analyses 

PSA: probabilistic sensitivity analyses 

QALY: quality-adjusted life year 

WTP: willingness-to-pay 
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β-blockers: beta blockers 
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CHAPTER 4 

EX ANTE ECONOMIC EVALUATION OF ARG389 GENETICALLY-TARGETED 

TREATMENT WITH BUCINDOLOL VERSUS EMPERICAL TREATMENT WITH 

CARVEDILOL IN STAGE III/IV HEART FAILURE 1 

4.1 Abstract 
 
Introduction: Beta Blocker Evaluation Survival Trial (BEST) showed no significant 

overall survival (OS) in heart failure (HF) stage III/IV for bucindolol versus placebo 

(HR=0.90,65%CI=0.78-1.02). BEST sub-analyses Domanski et al Cardiac Fail 2003 and 

Liggett et al PNAS 2006 showed survival benefits for non-black and Arg389 

homozygotes BEST population, respectively. Bucindolol is being evaluated in 

GENETIC-AF trial (NCT01970501) targeting Arg389 homozygotes. Parallel to the 

ongoing clinical trial, ex ante economic evaluation is needed to assess the Arg389 

targeted treatment with bucindolol over other beta blockers carvedilol was used in this 

study as a comparator). 

Objective: To evaluate the clinical/economic benefits of three treatment trajectories in HF 

stage III/IV as: Arg389 testing for all patients (100%); Arg389 testing for half of patients 

(50%) and the other 50% of patients received bucindolol empirically; no Arg389 testing 

for all patients (0%) and bucindolol prescribed empirically for all patients. All of these 

trajectories to be individually compared to carvedilol empirically. 

Methods: A decision tree with 18-month time horizon to estimate the cost-effectiveness 

and cost-utility of three trajectories. Costs and utilities were retrieved from published data 

except the cost of Arg389 genetic testing and bucindolol that were assumed. Discount 

rate was 3%/yr. US payer perspective was assumed. Weibull distributions were fitted to 
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the OS data. Two analyses were performed per Domanski et al and Liggett et al BEST 

sub-analyses. Incremental cost-effectiveness (ICER) and cost-utility ratios (ICUR) were 

estimated by using life-years (LY) and quality-adjusted life-years (QALY) as outcomes; 

followed by probabilistic sensitivity analyses (PSA).  

Results: Domanski et al-based analyses: base case analyses for the trajectory of 100% 

resulted in a loss of 0.04 LYs and 0.03 QALYs at incremental cost of $2,185 yielding a 

negative ICER of $54,625/LY and ICER of $72,833/QALY lost; 50% trajectory resulted 

in a loss of 0.27 LYs and 0.16 QALYs at incremental cost of $1,843 yielding negative 

ICER of $6,826/LY lost and ICUR of $11,519/QALY lost. Trajectory of 0% resulted in a 

loss of 0.33 LYs and 0.30 QALYs at incremental cost of $1,459 yielding a negative ICER 

of $4,421/LY lost and ICUR of $4,863/QALY lost. 

Liggett et al-based analyses, base case for the trajectory of 100% showed that bucindolol 

with Arg389 genetic testing for all patients was more effective than carvedilol with 

incremental gains of 0.02LYs and 0.02 QALYs at incremental cost of $378 yielding an 

ICER of 18,900/LY gained and ICUR of $18,900/QALY gained. Trajectory of 50% 

resulted in a loss of 0.24 LYs and 0.0.09 QALYs at incremental cost of $1,039 yielding a 

negative ICER of $4,329/LY and ICUR of $9,336/QALY lost. Trajectory of 0% resulted 

in a loss of 0.33 LYs and 0.30 QALYs at incremental cost of $1,459 yielding a negative 

ICER of $4,421/LY and ICUR of $4,863/QALY lost.  

Conclusion: We suggest that bucindolol preceded by Arg389 genetic testing doesn’t 

warrant clinical and economic benefits over carvedilol in routine clinical settings. Thus, 

bucindolol to be used as a second line option for non-responders to carvedilol. Also, if 
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the decision made to initiate bucindolol, Arg389 genetic testing is recommended for 

better quality of life and survival rate. 
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4.2 Introduction 
 
Response to beta blocker therapy in patients with heart failure (HF) may vary due to 

functional polymorphisms in β-adrenergic receptor genes (β-AR), in particular the β1-AR 

-Arg389Gly polymorphism 7, 8, 9,86, 107. A meta-analysis 100 of three studies examining the 

effect of the β1-AR -Arg389Gly polymorphism on left ventricular remodeling in HF 

patients treated with the β-blockers carvedilol 108, metoprolol 109, and bisoprolol 110 

revealed a 5% improvement in left ventricular ejection fraction (LVEF) in Arg389 

homozygote patients 100, pointing at a potential improvement in overall-survival (OS) in 

patients with this polymorphism 100.  

Any survival benefits of the β-blocker bucindolol may also be associated with β1-AR 

polymorphisms. In the BEST trial, stage III/IV HF patients treated with bucindolol 

showed no significant improvement compared to patients receiving placebo in all-cause 

mortality and in and sudden and pump failure death, though an effect on cardiovascular 

death was noted 7. Two sub-analyses of BEST revealed potential subgroups of HF 

patients who might benefit from bucindolol treatment. Domanski et al.8 noted that 

bucindolol was effective in nonblack patients in terms in reducing overall, cardiovascular, 

sudden, and pump failure mortality but not in black patients (who comprised 23% of the 

BEST sample); suggesting a race-by-treatment interaction. However, Liggett et al.9 found 

pharmacogenetic associations between β1-AR polymorphisms and response to bucindolol 

treatment, and specifically the presence of the amino acid arginine at the Arg389 position 

1 This chapter is based on the following article in preparation: Alsaid N, Sweitzer N, 
Erstad B, Slack M, Gharaibeh M, Karnes J, Larriva M, Klimecki W, Ramos N, Abraham 
I. Ex Ante Economic Evaluation of Bucindolol vs. Carvedilol with and without Arg389 
Beta1-Adrenergic Receptor Polymorphism Testing in Stage III/IV Heart Failure. Target 
journal: Journal of the American College of Cardiology 
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Arg389 homozygote patients significantly benefited from bucindolol versus placebo in 

terms of all-cause mortality (HR=0.62, 95%CI=0.40-0.96) and hospitalization (HR=0.64, 

95%CI=0.46-0.88), whereas Gly389 carriers did not 9. 

This pharmacogenetic association between the Arg389 polymorphism and response to 

bucindolol treatment in HF patients is currently being evaluated in the GENETIC-AF 

trial 11. This study aims to randomize 250 HF patients with the Arg389 genotype and 

LVEF <50% , LVEF <50% over 12 months prior to screening, and ≥1 episodes of 

symptomatic paroxysmal or persistent atrial fibrillation within 180 days of screening, to 

receive either bucindolol or metoprolol succinate (TOPROL-XL). The primary outcome 

is the time to first event of symptomatic atrial fibrillation/atrial flutter or all-cause 

mortality during the 24-week follow-up period after establishment of stable sinus rhythm 

on study drug 11. A key secondary outcome is the total number of all-cause hospitalization 

days over the four-year study period. This trial is expected to close in December 2017 11.  

If the primary endpoint is met, bucindolol will be the first genetically-guided and targeted 

therapy for HF. At this time, the price of bucindolol and of companion Arg389 genetic 

testing have not been disclosed. There is significant potential for premium pricing if 

indeed bucindolol is effective in managing HF in Arg389 homozygotes; when low-cost β-

blockers with known effectiveness in the HF population at large are available.  

We have previously shown in an independent ex ante analysis that treatment-guiding 

Arg389 genetic testing is cost-saving by approximately $3,000 per patient over no 

Arg389 testing in the management of stage III/IV HF. There were no incremental costs to 

Arg389 genetic testing. Significant costs could be averted by using genetic testing to 
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determine whether a patient is an Arg389 carrier; to treat Arg389-positive patients with 

bucindolol and Arg389-negative patients with carvedilol; and this versus no testing and 

empirical treatment with bucindolol and, as needed, salvage with carvedilol.  

The economic benefits of treatment trajectories based on Arg389 genetic testing have not 

been evaluated. We report here on an independent ex ante cost-effectiveness and cost-

utility analyses from a US payer perspective of genetically-targeted bucindolol treatment 

over empirical treatment with either bucindolol or carvedilol in patients with stage III/IV 

HF, and this over an 18-month time-horizon. As shown in Figure 1, we considered three 

trajectories. In the first trajectory, all patients are tested for the Arg389 polymorphism. 

Patients testing positive for Arg389 are treated with bucindolol while those testing 

negative are treated with carvedilol. The second trajectory assumes that only 50% of 

patients are tested (e.g., per clinician choice or because some payers do not or cover 

Arg389 testing, or only cover it for selected patients). Among the 50% tested patients, 

those with the Arg389 polymorphism are treated with bucindolol and those without the 

mutation with carvedilol. The 50% of patients not tested are assumed to be treated 

empirically with bucindolol, with the option of salvage therapy with carvedilol. As a 

control condition, the third trajectory assumes that no patients are tested (e.g., per 

clinician choice, payer denial, …). Each of these trajectories is compared to the option of 

not testing genetically for the Arg389 polymorphism and treating empirically with 

carvedilol. We present two separate economic evaluations for each of these three 

trajectories, one based on the Domanski et al. BEST sub-analysis 8 and one on the Liggett 

et al. BEST sub-analysis 9.  

4.3 Methods 
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4.3.1 Model overview and health states 
 
A decision tree model with was constructed for each of the three testing and treatment 

trajectories (Figures 2, 3, and 4). Each model assumed a hypothetical cohort of adult (age 

>18 years) stage III/IV HF patients; age >18 years; receiving angiotensin converting 

enzyme inhibitors or angiotensin receptor blockers and diuretics; and candidate for β-

blocker treatment with either bucindolol or carvedilol. The three decision tree models 

have in common a time horizon of 18 months consisting of three replicating 6-month 

periods; a control branch with empirical treatment with carvedilol (see bottom of Figures 

2-4); and the HF health states of stable (compensated), hospitalized (decompensated), or 

death. 

The decision tree model for the trajectory in which 100% of patients are genetically 

tested for Arg389 (Figure 2), specifies that Arg389-positive patients are treated with 

bucindolol while those who are Arg389-negative are prescribed carvedilol. In all three 

branches (Arg389-positive; Arg389-negative; not tested) patients may die or survive in 

any 6-month period; and those alive may be either stable (compensated) or hospitalized 

one or more times (decompensated). 

In the trajectory in which 50% of patients are tested genetically and 50% are not (Figure 

3), those testing Arg389-positive are treated with bucindolol and those testing Arg389-

negative with carvedilol. Those not tested genetically are started empirically on 

bucindolol, may be maintained on bucindolol if they show treatment response, or may be 

migrated to carvedilol salvage treatment in case of uncontrolled blood pressure, 

worsening HF, or frequent hospitalizations. In the third trajectory, which corresponds to a 

0% rate of Arg389 testing, patients receive either bucindolol empirically with the option 
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of salvage treatment with carvedilol if no response to bucindolol treatment, or, in the 

control arm, carvedilol empirically. 

The three analyses (100%, 50%, and 0% Arg389 genetic testing, each compared to a 

carvedilol control arm) were performed twice – first on the basis of the Domanski et al.8 

BEST sub-analysis that assumed a treatment-by-race interaction, followed by using the 

Liggett et al. 9 BEST sub-analysis that indicated a genetic association of treatment 

response to bucindolol with the Arg389 and Gly389 polymorphisms. Even though the 

ongoing GENETIC-AF trial uses metoprolol as the comparator treatment to bucindolol, 

in our model we chose carvedilol as a comparator treatment because the COPERNICUS 

reflected stage IV HF participants 92. In contrast, MERIT-HF trial reflected stage II 

participants (41%) 86.  

4.3.2 Economic outcomes 
 
In both sets of analyses, we estimated both cost-effectiveness and cost-utility. For cost-

effectiveness, we determined the incremental cost-effectiveness ratio (ICER): the 

additional total cost per life year (LY) gained with a given trajectory versus carvedilol. 

For cost-utility, we quantified the incremental cost-utility ratio (ICUR): the additional 

total cost per quality-adjusted life year (QALY) with a given trajectory versus carvedilol. 

4.3.3 Inputs 
 
Figures 5 and 6 show the maps of general and specific efficacy data used to estimate the 

ICERs and ICURs for the economic evaluations based on, respectively, the Domanski et 

al.8 and the Liggett et al.9 BEST sub-analyses.  

4.3.3.1 Inputs for ex ante analysis based on Domanski et al. (Figure 5) 
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The Domanski et al. sub-analysis 8 did not include a Kaplan-Meier (K-M) curve for OS 

for nonblack patients, which are the OS data needed for Arg389-positive patients in our 

model. Hence we used the reported OS HR for bucindolol versus placebo. In the absence 

of head-to-head trial data for bucindolol versus carvedilol, we applied the indirect 

comparison method described by Bücher et al.13 using this OS HR as well as the OS HR 

for carvedilol versus placebo from the COPERNICUS trial 92 to estimate the OS HR for 

bucindolol versus carvedilol. From this we generated the Weibull distributions for the OS 

for patients receiving, respectively, bucindolol as per the Domanski et al. BEST sub-

analysis 8, and carvedilol as per the COPERNICUS trial 92. 

Further, Domanski et al.8 did not report first hospitalization and re-hospitalization rates. 

For first hospitalization, we used the HR reported by Liggett et al.9 because. These 

authors did not find a confounding effect of race on the first hospitalization HR, as black 

patients constituted less than 23% of the BEST subjects and the allele frequency 

difference would have needed to be >10-fold for Gly to represent the blacks-only and to 

exert an effect on outcomes 9. Nevertheless, the impact of uncertainty associated with 

first hospitalization data on model outputs was assessed through sensitivity analyses that 

considered the mean HR and 95%CI for hospitalization among Arg389 homozygotes on 

bucindolol versus placebo. For re-hospitalizations, we extracted probability data from the 

OPTIMIZE-HF registry 81, 93, 111,112,113,114. 

In our economic model, we differentiated between death before the first hospitalization, 

during or after the first hospitalization, and during or after subsequent (i.e., >1) re-

hospitalizations.  For death before hospitalization, we used OS data from the Domanski et 

al.8 sub-analysis to calculate probabilities. For death during or after the first 
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hospitalization, data from Liggett et al.9 were applied, while for death during or after 

subsequent hospitalizations we utilized data from the OPTIMIZE-HF registry 81, 93, 

111,112,113,114. 

For Arg389-negative patients, OS HR and probabilities for first hospitalization were 

extracted from the COPERNICUS study 12. For re-hospitalization and death during or 

after re-hospitalization, we relied upon the corresponding data from the OPTIMIZE-HF 

registry 81, 93, 111,112,113,114.  

For the no-testing branches in the trajectories with 50% and 0% Arg389 testing, where 

patients received bucindolol empirically, we relied upon overall sample data from the 

BEST trial 7 to extract probabilities for bucindolol discontinuation, first hospitalization, 

and death before hospitalization. For re-hospitalization and death after re-hospitalization, 

we applied data from the OPTIMIZE-HF registry 81, 93, 111,112,113,114.  

In the carvedilol control arm, OS HR and probabilities for first hospitalization were 

extracted from the COPERNICUS study 12. We relied upon the OPTIMIZE-HF registry 

to estimate probabilities for re-hospitalization and death during or after re-hospitalization  

P

81, 93, 111,112,113,114
P.  

4.3.3.2 Inputs for ex ante analysis based on Liggett et al. (Figure 3) 
 
As the Liggett et al. sub-analysis of BEST 4 reported OS and hospitalization-free survival 

(HFS) K-M curves. In the Arg389-positive path, OS K-M curves were used to estimate 

the corresponding bucindolol Weibull distribution without the need for indirect 

comparison using HRs. The used data for first hospitalization and death before first 

hospitalization reported by Liggett et al. 4while for subsequent hospitalizations and death 
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during or after any hospitalization we relied on data from the OPTIMIZE-HF registry 81, 

93, 111,112,113,114. 

For Arg389-negative patients, OS HR and probabilities for first hospitalization were 

extracted from the COPERNICUS study. We relied upon the corresponding data from 

OPTIMIZE-HF registry to estimate re-hospitalization and death during or after re-

hospitalization probabilities.  

For the no-testing branches in the 50% and 0% trajectories, where bucindolol is 

prescribed empirically, we relied upon overall sample data from the BEST trial 1 to 

extract probabilities for bucindolol discontinuation, first hospitalization and death before 

hospitalization. For re-hospitalization and death after re-hospitalization, we applied data 

from the OPTIMIZE-HF registry 81, 93, 111,112,113,114. 

In the carvedilol comparator arm, OS HR and probabilities for first hospitalization were 

extracted from the COPERNICUS study 12. For re-hospitalization and death during or 

after re-hospitalization, we relied upon the corresponding data from the OPTIMIZE-HF 

registry 81, 93, 111,112,113,114. 

 

4.3.3.3 Additional calculations 
 
4.3.3.3.1 Weibull distribution 
 
OS K-M curves were digitized and extrapolated to 200 months using Webplotdigitizer 

v.3.9 (Ankit Rohatgi, http://arohatgi.info/WebPlotDigitizer/). We fitted a Weibull model 

to the OS data from the Domanski et al.[REF] and Liggett et al. [REF] sub-analyses, 

COPERNICUS [REF], and BEST [REF] at 6, 12, and 18 months of follow-up per the 

following equation: 
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where S(t) is the estimate for the survival function at time t, λ is the scale function, and γ 

is the shape function. 

4.3.3.3.2 Re-hospitalization and death during or after hospitalization 
 
We assumed that, over the 18-month time period, patients might be hospitalized once or 

more or might die during or after a hospitalization. We extracted rates and probabilities 

of re-hospitalization and death at 6, 12, and 18 months from the OPTIMIZE-HF registry 

81, 93, 111,112,113,114 by applying the equations 95 :  

R = -Ln(1-P) / t 

and 

P = 1-exp(rt) 

where R is the rate, P the probability, t the time function, and r the incidence rate. 

4.3.3.4 Cost and utility estimates (Table 1) 

All direct medical costs were expressed in 2017 US dollars ($). The cost of Arg389 

genetic testing was estimated from Genetic Testing Registry 98. Bucindolol and carvedilol 

dosing was per the BEST 7 and COPERNICUS 92 trials, respectively. Bucindolol was 

initiated at a twice-daily dose of 3 mg for the first week; and increased (as tolerated) on a 

weekly basis to 6.25 mg, 12.5 mg, 25 mg, 50 mg and (for patients weighing >75 kg) 100 

mg twice daily 7. The starting carvedilol dose was 3.125 mg twice-daily for two weeks, 

increased at two-week intervals (if tolerated) to 6.25 mg, 12.5 mg, to a target dose of 25 

mg twice-daily 92. Total carvedilol cost for six months was estimated at US$731 based on 

the average wholesale price (AWP) of $2.03 per 3.125 mg tablet of carvedilol 

REDBOOK 96. As no pricing information is available yet for bucindolol, we assumed its 

γλtetS −=)(
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cost to be 1.5x that of carvedilol or $1,096 for six months. We added a ±50% cost range 

to this estimate to assess the impact of our assumed cost on the model outputs. 

Hospitalization cost was retrieved from the literature 105, while the cost of clinic visit, lab 

tests, and physician fees were retrieved from CMS.gov 97. Patients were assumed to need 

a potassium, renal function, and metabolic tests every 6 months; an electrocardiogram 

(ECG) every 6 months; and an echocardiogram ultrasound imaging test once per year. All 

cost inputs except the Arg389 genetic test were discounted at 3% after the first year of 

follow-up.   

We used the EuroQol five dimensions’ questionnaire (EuroQol-5D) utilities reported for 

beta-blockers as a class for the stable, hospitalized, and death states (Table 1) 99. Each 

utility value was calculated for each 6 months of follow-up and discounted at 3% after 

the first year 76. Disutility values for re-hospitalization for β-blockers were also retrieved 

from literature and adapted to the model 106. The model was specified using MS Office 

Excel® 2016 supported with visual basic codes. 

4.3.3.5 Sensitivity analyses 
 
We performed one-way sensitivity analyses (OWSA) to assess the uncertainty associated 

with deterministic parameters in our models using the lower and upper confidence 

interval values. Cost ranges of -20% and +60% were set for the Arg389 genetic test and 

ranges of +50% for 6 months of bucindolol for six months. Tornedo diagrams were 

plotted to evaluate the impact of selected inputs on the ICER outputs.  

Probabilistic sensitivity analyses (PSA) using 2000 iterations of random samples were 

used to evaluate the combined effects of uncertainty in all model inputs. These analyses 

used Weibull distributions for OS, beta distributions for probability and utility estimates, 
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and gamma distributions for monetary inputs. Scatter plots were generated to show the 

four-quadrant plane that assesses cost-effectiveness of treatment outcomes associated 

with Arg389 genetic testing at different rates (100%, 50%, 0%) and bucindolol treatment 

versus those associated with no testing and carvedilol therapy. Cost-effectiveness 

acceptability curves (CEAC) were plotted to show the probability of genetically-guided 

bucindolol treatment to be cost-effective at various willingness-to-pay (WTP) thresholds. 

4.4 Results 
 
4.4.1 Weibull distributions 
 
Figure 7 depicts the Weibull distributions for OS extrapolated for 200 months. The 

distribution for the Domanski et al. BEST sub-analysis represents the OS among 

nonblack subjects in the BEST trial. The distribution based on the Liggett et al. BEST 

sub-analysis is for the OS among the Arg389 homozygote patients in the BEST trial. The 

distributions for the BEST and COPERNICUS trials cover all patients in these trials. 

4.4.2 Economic evaluations 
 
Table 2 summarizes the results of the cost-effectiveness and Table 3 the results of the 

cost-utility analysis for each of the three trajectories and per the Domanski et al. and the 

Liggett et al. BEST sub-analyses. 

4.4.2.1 Economic evaluations based on Domanski et al. BEST sub-analysis  
 
The Bücher et al. indirect comparison of bucindolol versus carvedilol yielded an all-cause 

mortality HR of 1.18 (95%CI = 0.89-1.57). 

In the cost-effectiveness evaluation (Table 2), base-case analyses yielded, for the 100% 

testing trajectory, a nominal loss of -0.04 LY for an incremental loss of ($54,625)/LY 

lost; for the 50% testing trajectory, a nominal loss of -0.27 LY for an incremental loss of 
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($6,826)/LY lost; and for the 0% testing trajectory, a nominal loss of -0.33 LY for an 

incremental loss of ($4,421)/LY lost. In the PSAs, the incremental losses were, 

respectively, ($52,180)/LY lost, ($5,961)/LY lost, and ($4,421)/LY lost; confirming the 

base-case results. 

In the cost-utility evaluation (Table 3), base-case analyses yielded, for the 100% testing 

trajectory, a nominal loss of -0.03 QALY for an incremental loss of ($72,833)/QALY 

lost; for the 50% testing trajectory, a nominal loss of -0.16 LY for an incremental loss of 

($11,519)/QALY lost; and for the 0% testing trajectory, a nominal loss of -0.30 QALY 

for an incremental loss of ($4,863)/QALY lost. In the PSAs, the incremental losses were, 

respectively, ($73,800)/QALY lost, ($10,080)/QALY lost, and ($5,409)/QALY lost; 

confirming the base-case results. 

In the PSA scatter plot for the 100% trajectory (Figure 8A), virtually all estimations are 

in the left- and right-upper quadrants, mainly between approximately -0.1 and 0.005 

change in QALY, and mainly between incremental costs/QALY of $6,000 and $0 

associated with Arg389 genetic testing. The CEAC (Figure 9A) shows there is no chance 

for Arg389 genetic testing and precision bucindolol treatment to be cost-effective versus 

no testing and empirical carvedilol treatment at any WTP threshold. OWSAs revealed 

that the HR for hospitalization for bucindolol-treated patients was the most influential 

parameter, followed by the OS HR for (nonblack) bucindolol-treated patients (Figure 

11A). 

In the PSA scatter plot for the 50% trajectory (Figure 8B), most estimations are in the 

left-upper quadrant, mainly between approximately -0.2 and -0.05 change in QALY, and 

mainly between incremental costs/QALY of $6,000 and ($3,000) associated with Arg389 
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testing. The CEAC (Figure 9B) shows there is no chance for Arg389 testing and 

bucindolol treatment be cost-effective over no testing and carvedilol therapy at any WTP 

threshold.  

In the PSA scatter plot for the 0% trajectory (Figure 8C), most estimations are in the left-

upper quadrant, mainly between approximately -0.4 and -0.23 change in QALY, and 

mainly between incremental costs/QALY of $9,000 and ($6,000). The CEAC (Figure 9C) 

shows there is no chance for Arg389 testing and bucindolol treatment be cost-effective 

over no testing and carvedilol therapy at any WTP threshold. 

4.4.2.2 Economic evaluations based on Liggett et al. BEST sub-analysis 
 
In the cost-effectiveness evaluation (Table 2), base-case analyses yielded, for the 100% 

testing trajectory, a nominal gain of 0.02 LY for an incremental cost of $18,900/LY 

gained; for the 50% testing trajectory, a nominal loss of -0.24 LY for an incremental loss 

of ($4,329)/LY lost; and for the 0% testing trajectory, a nominal loss of -0.33 LY for an 

incremental loss of ($4,421)/LY lost. In the PSAs, for the 100% testing trajectory, the 

incremental cost was $16,350/LY gained were; for the 50% and 0% testing trajectories, 

the incremental losses were respectively, ($4,688)/LY lost, and ($5,416)/LY lost; 

confirming the base-case results. 

In the cost-utility evaluation (Table 3), base-case analyses yielded, for the 100% testing 

trajectory, a nominal gain of 0.02 QALY for an incremental cost of $18,900/QALY 

gained; for the 50% testing trajectory, a nominal loss of -0.09 LY for an incremental loss 

of ($11,544)/QALY lost; and for the 0% testing trajectory, a nominal loss of -0.30 QALY 

for an incremental loss of ($4,863)/QALY lost. In the PSAs, for the 100% testing 

trajectory, the incremental cost was $19,700/QALY gained were; for the 50% and 0% 
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testing trajectories, the incremental losses were respectively, ($9,336)/QALY lost, and 

($5,603)/QALY lost; confirming the base-case results. 

In the PSA scatter plot for the 100% trajectory (Figure 8A), virtually all estimations are 

in the right-upper quadrants, mainly between approximately -0.0005 and 0.05 change in 

QALY, and mainly between incremental costs/QALY of $2,000 and $0 associated with 

Arg389 genetic testing. The CEAC (Figure 10A) shows there is 50% chance for Arg389 

genetic testing and precision bucindolol treatment to be cost-effective versus no testing 

and empirical carvedilol treatment at $16,000 WTP threshold. The chance is increased to 

100% if the WTP is increased to approximately $72,000. OWSAs revealed that the HR 

for hospitalization for bucindolol-treated patients was the most influential parameter, 

followed by the OS HR for (nonblack) bucindolol-treated patients (Figure 11B). 

In the PSA scatter plot for the 50% trajectory (Figure 8B), most estimations are in the 

left-upper quadrant, mainly between approximately -0.15 and -0.07 change in QALY, 

and mainly between incremental costs/QALY of $5,000 and ($3,000) associated with 

Arg389 testing. The CEAC (Figure 10B) shows there is no chance for Arg389 testing and 

bucindolol treatment be cost-effective over no testing and carvedilol therapy at any WTP 

threshold.  

In the PSA scatter plot for the 0% trajectory (Figure 8C), most estimations are in the left-

upper quadrant, mainly between approximately -0.4 and -0.23 change in QALY, and 

mainly between incremental costs/QALY of $9,000 and ($6,000). The CEAC (Figure 

10C) shows there is no chance for Arg389 testing and bucindolol treatment be cost-

effective over no testing and carvedilol therapy at any WTP threshold. 
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4.5 Discussion 
 
Before addressing the principal findings from our independent ex ante economic 

evaluation performed concurrently with the GENETIC-AF trial, it is important to 

consider some key factors as to the potential benefit of bucindolol in the management of 

stage III/IV HF and the role of Arg389 testing. One is the evolution in reasoning about 

the statistically non-significant effect on mortality of bucindolol over placebo observed in 

the BEST 7 trial at large. This was initially hypothesized to be race-related as black 

subjects seemed to derive less benefit from bucindolol treatment 8. Response to 

bucindolol treatment was shown subsequently to be a function of Arg389 homozygote 

status. The allele frequency for Arg in the bucindolol treatment arm was 0.73 for 

nonblack and 0.62 for blacks 9, thus refuting the race hypothesis. Further, Arg389 testing 

may be a helpful predictive test as to whether patients may benefit more from bucindolol 

than, per our analysis, carvedilol. Alternately, Arg389 testing may not have predictive but 

only confirmatory value in cases where clinicians are considering bucindolol knowing the 

differential benefit in Arg389 homozygote patients. Thus, the key question is whether and 

to what extent Arg389 genetic testing informs clinical decision-making as bucindolol 

versus carvedilol treatment, and optimizes clinical outcomes when the difference in 

mortality outcomes between both agents in nonblack patients are small to begin with. 

With this in mind, and focusing on the PSA estimates of cost and clinical benefit, the 

principal implications of our economic evaluation of Arg389-targeted bucindolol 

treatment are five-fold. 

First, being nonblack cannot be considered a proxy predictor of bucindolol treatment 

response. By the same token, neither can be being black serve as a proxy predictor of 



92 | P a g e  
 

treatment nonresponse. In the economic evaluation based on the Domanski et al. BEST 

sub-analysis, the incremental costs of Arg389 genetic testing – whether routinely in 

100% of patients, by choice or constraint in 50% of patients, versus no such testing – and 

bucindolol treatment were associated with nominal losses in LY and QALY, and negative 

ICERs reaching ($52,180)/LY and negative ICURs reaching ($73,800)/QALY lost. 

Second, testing patients for the Arg389 polymorphism and subsequently treating Arg389-

positive patients with bucindolol and Arg389-negative patients with carvedilol is only of 

clinic-economic benefit if such testing is done routinely on 100% of patients. In this case, 

it is associated with nominal gains in LY and QALY, though at incremental costs of 

$16,350/LY and $19,700/QALY gained. Conversely, Arg389 testing in 50% and 0% of 

patients is associated with losses in LY and QALY and negative ICERs up to 

($5,416)/LY and negative ICURs up to ($9,366)/QALY lost.  

Third, from a clinical perspective and focusing only on the Liggett et al.-based 4 set of 

analyses, testing 100% of patients would improve LY and QALY by 0.02 each, 

corresponding to approximately a 7-day gain in absolute and quality-adjusted survival 

and this at respective costs of $16,350 and $19,700. The limited OS gain (see also Figure 

7) of genetically-targeted bucindolol treatment over empirical treatment with carvedilol 

should be appraised in light of these costs. From a financial perspective, in all other 

trajectories, regardless of whether the Liggett et al.4 or Domanski et al.3 BEST sub-

analyses are considered, money would be spent to achieve poorer outcomes.  

Fourth, from an economic point of view and under the assumptions used in our analyses, 

the only benefit to Arg389 testing concerns patients for whom clinicians are considering 

bucindolol treatment; for instance, because prior β-blocker failed or was not tolerated. 
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The benefit of testing 100% of bucindolol candidates (not 100% of all patients) would be 

to determine whether these patients are Arg389-positive and therefore would benefit from 

bucindolol therapy; or, if Arg389-negative, whether carvedilol is the indicated option. 

Fifth, the HRs for hospitalization and mortality as well as the cost of hospitalization, not 

the cost of bucindolol or the sensitivity of the genetic test were the major determinants of 

our economic outcomes. 

In sum, our results provide no economic rationale for routine Arg389 genetic testing in 

guiding β-blocker therapy in stage III/IV HF.  A more defensible approach would be to 

not perform Arg389 testing routinely; starting patients empirically on carvedilol; and if 

targets are not achieved or treatment is not tolerated and bucindolol is considered, to test 

confirmatory whether the patient is Arg389-positive and therefore an appropriate 

bucindolol candidate.  

The only difference in results between the Domanski et al.-based 8 and Liggett et al. 9-

based analyses was in the 100% trajectory. This is attributable to the difference in the OS 

HRs of bucindolol versus placebo, which were 0.77 (95%CI = 0.65–0.92) 8 and 0.56 

(95%CI = 0.34-0.90) 9, respectively. Further, in the former analysis bucindolol was 

dominated by carvedilol because of the significant incremental cost but the loss in LY 

and QALY. In the latter analysis, and only in the 100% trajectory, bucindolol prevailed 

over carvedilol because of the gain of 0.02 in LY and QALY for a modest incremental 

cost. Despite this, our caution of whether a 7-day gain in survival can be considered 

clinically meaningful at the population level remains. Additional analyses for the 

trajectory of 100% to estimate the average wholesale price of bucindolol were performed 



94 | P a g e  
 

(Table 1S and Figure 1S from supplemental analyses) based on different prices assumed 

for bucindolol.  

The 50% testing trajectory was not found to be economically justified. The Liggett et al.-

based 4 results were less unfavorable than the Domanski et al.-based 8 results, but this 

largely attributable to better OS outcomes in Arg389-positive patients treated with 

bucindolol (Figure 4) In the 0% testing trajectory, the comparison was between empiric 

bucindolol versus carvedilol, with the latter dominating. This suggest that clinically and 

economically, carvedilol treatment is indicated.  

We assumed the cost of bucindolol for six months to be 1.5 times of carvedilol cost. 

Applying a range of ±50%, the OWSA showed that variation in the cost of bucindolol 

had virtually no impact on the results. In contrast, the HRs for hospitalization and 

mortality as well as the cost of hospitalization were the major determinants of economic 

outcomes. This underscores that not the cost of bucindolol determines cost-effectiveness, 

but how effectively stage III/IV HF is managed so that hospitalizations and re-

hospitalizations rates are reduced and survival is improved.  

The genetic association of the Arg389 polymorphism with other β-blockers used in HF is 

less clear. An in vitro study using optical recording ADRB1 activation for carvedilol, 

metoprolol, and bisoprolol suggested that Arg389 variants are twice as likely to benefit 

from carvedilol compared to metoprolol and bisoprolol 108. In contrast, a 

pharmacogenetic evaluation from the CIBIS-EID trial of carvedilol versus bisoprolol 

showed that a dose of 12.5mg twice daily had no heart rate-lowering effect among 

Arg389 homozygotes 104.  
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Some caution about our analyses and findings are in order. The economic evaluations are 

ex ante because there are no completed trials of genetically-targeted β-blocker therapy in 

stage III/IV HF. Our analyses should be replicated once the GENETIC-AF findings are 

released. Because of this lack of primary evidence, we relied on post-hoc sub-analyses of 

the BEST trial, and this may have imputed bias. Patients in the COPERNICUS trials were 

at higher risk of death or hospitalization than patients in BEST because the EF entry 

criterion was stage IV and EF ≤0.25 versus stage III and EF ≤0.35 in BEST. This 

suggested that the 0.02 increment in LY and QALY for HF patients on bucindolol over 

carvedilol based on trajectory of 100% of patients underwent Arg389 genetic testing, is 

due to stage effect. Due to insufficient data on re-hospitalization rates for certain 

subgroups we used the same rate for all patients, though we considered the 95%CI for 

each time-based probability of re-hospitalization event in the PSA. The comparator was 

carvedilol, and future economic evaluations on other β-blocker are needed. 

4.6 Conclusion 
 
This independent ex ante economic evaluation of genetically-targeted bucindolol 

treatment does not provide consistent evidence that Arg389-testing – whether routinely in 

all patients or by choice or constraint in subgroups of patients – is a cost-effective 

approach to supporting clinicians’ β-blocker treatment planning for stage III/IV HF 

patients. Arg389 testing does not have predictive value in general, is economically not 

indicated as routine testing, and cannot assist in a cost-effective manner in primary 

decision-making about β-blockade in HF. It has confirmatory value in those cases where 

clinicians are considering bucindolol as a treatment option and want to determine whether 

patients carry the Arg389 polymorphism.  This independent ex ante economic evaluation 
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suggest that bucindolol to be used as a second line option for non-responders to 

carvedilol. Also, if the decision made to initiate bucindolol, Arg389 genetic testing is 

recommended for better quality of life and survival rate. 
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4.7 Tables and Figures  

Abbreviations: HR=hazard ratio; OS=overall survival 95%CI=confidence interval  
• Cost of bucindolol for six months was assumed to be 1.5X cost of carvedilol.  
†0.74 in the baseline utility utilized for New York heart association (NYHA) stage III, and a range of 
0.60-0.90 for NYHA stage I and stage IV, respectively were applied in sensitivity analyses.  
‡For discontinuation the utility values reported for discontinuation of β-blockers was used. Sensitivity 
analyses were performed by utilizing the assumed 95% CI. 

 
 
 
 
 

 
 
Table 1. Model inputs   
Input Parameter Point Estimate (95% CI) Reference 
   
HR   
  OS HR of bucindolol-treated nonblack patients (Domanski et al. BEST sub-analysis)  0.77 (0.65,0.95) 8 
  OS HR of bucindolol-treated Arg389 homozygote  patients (Liggett et al. BEST sub-
analysis) 0.62 (0.40,0.96) 9 
  OS HR of bucindolol-treated patients in general population (BEST) 0.90 (0.78,1.02) 7 
  OS HR of carvedilol-treated patients in general population  (COPERNICUS) 0.65 (0.52,0.81) 92 
  HR hospitalization for Arg389 homozygotes 0.64 (0.46, 0.88) 9 
   
Probabilities %   
  Arg389 allele frequency in general population 0.70 9 
  Arg389 homozygote frequency in general population  0.50 9 
  Arg389 genetic test sensitivity  0.80 (0.70,90) Assumed 
  Arg389 genetic test specificity  0.80 (0.70,90) Assumed 

   
Costs   
  Bucindolol (six months) $1096 (548,1644) Assumed• 
  Carvedilol (six months) $731 (700,815) 96 
  Hospitalization $11829 (10540,12117) 105 
  Clinic visit (including laboratory and imaging tests) $1309 (900,1420) 97 
  Arg389 genetic test $250 (200,400) 98 

   
Utilities   
  Baseline utility† 0.74 (0.60,0.90) 99 
  First hospitalization 0.88 (0.80,0.90) 99 
  One re-hospitalizations (six months) 0.85 99 
  Two re-hospitalizations (six months) 0.84 99 
  Bucindolol discontinuation, 95%CI‡ 0.452 (0.15,0.65) 106 
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Table 2. Cost-effectiveness analyses for each of the three trajectories based on the Domanski et 
al. and Liggett et al. BEST sub-analyses 
 Percentage of 

patients 
undergoing 
genetic testing 

  
Analysis 

Bucindolol 
versus carvedilol   

  
Cost 

  
LY 
gained/lost 

Increment
al cost per 
LY 
gained/lost 

 
 
 
 
 
 
Domanski et al. 
sub-analysis 
 

    
 
100%  

Base case Bucindolol $23,159 1.14   
  Carvedilol $20,974 1.18   
 Difference $2,185 -0.04 ($54,625)* 
Probabilistic  Bucindolol $23,309 1.13   
  Carvedilol $20,700 1.18   
Difference $2,609 -0.05 ($52,180) 

 
 
 50% 

Base case  Bucindolol $22,817 0.91   
  Carvedilol $20,974 1.18   
 Difference $1,843 -0.27 ($6,826) 
Probabilistic Bucindolol $22,530 0.89   
  Carvedilol $20,980 1.15   
 Difference $1,550 -0.26 ($5,961) 

 
 
0% 

Base case  Bucindolol $22,433 0.85   
  Carvedilol $20,974 1.18   
 Difference $1,459 -0.33  ($4,421) 
Probabilistic Bucindolol $22,502 0.83   
  Carvedilol $20,981 1.15   
 Difference $1,521 -0.32  ($4,753) 

 
 
 
 
Liggett et al.    
sub-analysis 

 
 
100% 

Base case Bucindolol $21,352 1.20 
 

  Carvedilol $20,974 1.18 
 

 Difference $378 0.02 $18,900 
Probabilistic  Bucindolol $21,237 1.19 

 

  Carvedilol $20,910 1.17 
 

Difference $327 0.02 $16,350 
 
 
50% 

Base case  Bucindolol $22,013 0.94 
 

  Carvedilol $20,974 1.18 
 

 Difference $1,039 -0.24 ($4,329) 
Probabilistic Bucindolol $22,120 0.90 

 

  Carvedilol $20,995 1.14 
 

 Difference $1,125 -0.24 ($4,688) 
 
 
0% 

Base case Bucindolol $22,433 0.85 
 

  Carvedilol $20,974 1.18 
 

 Difference $1,459 -0.33 ($4,421) 
Probabilistic Bucindolol $22,660 0.82 

 

  Carvedilol $20,981 1.13 
 

 Difference $1,679 -0.31 ($5,416) 
Abbreviations: LY: Life year gained or lost 

 * The ratios stated as ($XXX) indicate a negative ICER 
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Table 3. Cost-utility analyses for each of the three trajectories based on the Domanski et al. and 
Liggett et al. BEST sub-analyses 
 Percentage of 

patients 
undergoing 
genetic testing 

 
Analysis 

Bucindolol 
versus carvedilol   

 
Cost 

 
QALY 
gained/lost 

Incremental 
Cost per 
QALY 
gained/lost 

 
 
 
 
 
Domanski et al. 
sub-analysis 

 
 
100% 

Base case Bucindolol $23,159 0.93 
 

 
Carvedilol $20,974 0.96 

 

Difference $2,185 -0.03 ($72,833)* 
Probabilistic Bucindolol $23,209 0.94 

 
 

Carvedilol $20,995 0.97 
 

Difference $2,214 -0.03 ($73,800) 
 
 
50% 

Base case Bucindolol $22,817 0.80 
 

 
Carvedilol $20,974 0.96 

 

Difference $1,843 -0.16 ($11,519) 
Probabilistic Bucindolol $22,502 0.81 

 
 

Carvedilol $20,990 0.96 
 

Difference $1,512 -0.15 ($10,080) 
 
 
0% 

Base case Bucindolol $22,433 0.66 
 

 
Carvedilol $20,974 0.96 

 

Difference $1,459 -0.30 ($4,863) 
Probabilistic Bucindolol $22,708 0.64 

 
 

Carvedilol $20,977 0.96 
 

Difference $1,731 -0.32 ($5,409) 
 
 
 
 
 
Liggett et al.    
sub-analysis 

 
 
100% 

Base case Bucindolol $21,352 0.98 
 

 
Carvedilol $20,974 0.96 

 

Difference $378 0.02 $18,900 
Probabilistic Bucindolol $21,344 0.97 

 
 

Carvedilol $20,950 0.95 
 

Difference $394 0.02 $19,700 
 
 
50% 

Base case Bucindolol $22,013 0.87 
 

 
Carvedilol $20,974 0.96 

 

Difference $1,039 -0.09 ($11,544) 
Probabilistic Bucindolol $22,017 0.85 

 
 

Carvedilol $20,990 0.96 
 

Difference $1,027 -0.11 ($9,336) 
 
 
0% 

Base case Bucindolol $22,433 0.66 
 

 
Carvedilol $20,974 0.96 

 

Difference $1,459 -0.30 ($4,863) 
Probabilistic Bucindolol $22,672 0.64 

 
 

Carvedilol $20,991 0.94 
 

Difference $1,681 -0.30 ($5,603) 
Abbreviations: QALY: Quality-adjusted life year 
*The ratios stated as ($XXX) indicate a negative ICUR 
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Figure 1. Trajectories of Arg389 genetic testing-targeted treatment bucindolol 
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Figure 2. Decision tree for the trajectory of 100% of patients undergoing Arg389 genetic testing 
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Figure 3. Decision tree for the trajectory of 50% of patients undergoing Arg389 genetic testing 
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Figure 4. Decision tree for the trajectory of 0% of patients undergoing Arg389 genetic testing 
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Figure 5. Map for the economic evaluation based on Domanski et al. BEST sub-analysis  
 

 
Abbreviations: HR=hazard ratio; ICER=incremental cost effectiveness ratio; ICUR= incremental 
cost utility ratio; OS=overall survival. 
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Figure 6. Map for the economic evaluation based on Liggett et al. BEST sub-analysis  
 

 
Abbreviations: HR=hazard ratio; ICER=incremental cost effectiveness ratio; ICUR= incremental 
cost utility ratio; K-M=Kaplan-Meier curve; OS=overall survival. 
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Figure 7. Weibull distributions for overall survival (OS) for patients on carvedilol 
(COPERNICUS) versus bucindolol per Domanski et al. BEST sub-analysis versus bucindolol 
per Liggett et al. BEST sub-analysis versus bucindolol per BEST, general population 
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Figure 8. Scatter plots of probabilistic sensitivity analyses 
 

Panel A. All (100%) of patients undergoing Arg389 genetic test 
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Panel B. Half (50%) of patients undergoing Arg389 genetic test; other 50% receiving bucindolol 
empirically  
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Panel C. None (0%) of patients undergoing Arg389 genetic test; all patients receiving bucindolol 
empirically  
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Figure 9. Cost-effectiveness acceptability curves (CEAC) for Arg389-targeted bucindolol versus 
carvedilol treatment based on Domanski et al. BEST sub-analysis  

 
Panel A. CEAC based on 100% of patients undergoing Arg389 genetic testing per Domanski et 
al. BEST sub-analysis 
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Panel B. CEAC based on 50% of patients undergoing Arg389 genetic testing per Domanski et al. 
BEST sub-analysis 
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Panel C. CEAC based on 0% of patients undergoing Arg389 genetic testing per Domanski et al. 
BEST sub-analysis 
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Figure 10. Cost-effectiveness acceptability curves (CEAC) for Arg389-targeted bucindolol 
versus carvedilol treatment based on Liggett et al. BEST sub-analysis  

 
Panel A. CEAC based on 100% of patients undergoing Arg389 genetic testing per Liggett et al. 
BEST sub-analysis 
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Panel B. CEAC based on 50% of patients undergoing Arg389 genetic testing per Liggett et al. 
BEST sub-analysis 
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Panel C. CEAC based on 0% of patients undergoing Arg389 genetic testing per Liggett et al. 
BEST sub-analysis 
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Figure 11. Tornado diagrams  
 

Panel A. Tornado diagrams for analysis based on Domanski et al. BEST sub-analysis (100% of 
patients undergoing Arg389 genetic testing)  
 

Abbreviations: HR=hazard ratio; OS=overall survival 
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Panel B. Tornado diagrams for analysis based on Domanski et al. BEST sub-analysis (100% of 
patients undergoing Arg389 genetic testing)  
 

Abbreviations: HR=hazard ratio; OS=overall survival 
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4.8 Supplemental Analyses  
 

 
Table 1S. Price estimation for bucindolol using price of carvedilol as a reference for 
multiplication based on trajectory of 100% of Liggett et al.   

 
Abbreviations: AWP=Average wholesale price; PSA=probabilistic sensitivity analysis; 
ICER=incremental cost-effectiveness ratio.   
 
 
 
 
 
 

Times 
that of 

carvedilol 
costs† 

AWP 
price of 

carvedilol/ 
unit 

Cost of 
bucindolol 

for 6 months 
($) 

Cost difference 
for 18 months 

patients 
simulation (PSA) 

ICER (PSA) = 
cost per life year 

(LY)-50% 
probability 

ICER (PSA) = 
cost per life year 

(LY)-100% 
probability 

Estimated 
monthly of 
bucindolol 

($) 

Estimated 
daily of 

bucindolol 
($) 

Estimated 
price of 

bucindolol 
($)/ unit‡ 

1 2.03 $730.80 -$3,550.00 -$177,516 NA $121.80 $4.06 $2.03 

1.5 2.03 $1,096.20 $378.00 $16,224 $72,000 $182.70 $6.09 $3.05 

2 2.03 $1,461.60 $894.87 $44,742 $80,215 $243.60 $8.12 $4.06 

3 2.03 $2,192.40 $2,030.52 $101,526 $154,865 $365.40 $12.18 $6.09 

4 2.03 $2,923.20 $3,166.20 $158,310 $177,568 $487.20 $16.24 $8.12 

5 2.03 $3,654.00 $4,301.88 $215,094 $275,215 $609.00 $20.30 $10.15 

10 2.03 $7,308.00 $9,980.28 $499,014 $564,871 $1,218.00 $40.60 $20.30 

15 2.03 $10,962.00 $15,658.68 $782,934 $890,254 $1,827.00 $60.90 $30.45 

20 2.03 $14,616.00 $21,337.08 $1,066,854 $1,548,791 $2,436.00 $81.20 $40.60 

40 2.03 $29,232.00 $44,050.68 $2,202,534 $2,897,511 $4,872.00 $162.40 $81.20 

80 2.03 $58,464.00 $89,477.88 $4,473,894 $5,658,412 $9,744.00 $324.80 $162.40 

100 2.03 $73,080.00 $112,191.48 $5,609,574 $6,385,425 $12,180.00 $406.00 $203.00 

150 2.03 $109,620.00 $168,975.48 $8,448,774 $9,251,478 $18,270.00 $609.00 $304.50 

200 2.03 $146,160.00 $225,759.48 $11,287,974 $12,584,787 $24,360.00 $812.00 $406.00 

250 2.03 $182,700.00 $282,543.48 $14,127,174 $15,789,814 $30,450.00 $1,015.00 $507.50 

300 2.03 $219,240.00 $339,327.48 $16,966,374 $17,985,788 $36,540.00 $1,218.00 $609.00 

350 2.03 $255,780.00 $396,111.48 $19,805,574 $20,145,877 $42,630.00 $1,421.00 $710.50 

400 2.03 $292,320.00 $452,895.48 $22,644,774 $23,587,988 $48,720.00 $1,624.00 $812.00 

450 2.03 $328,860.00 $509,679.48 $25,483,974 $26,587,844 $54,810.00 $1,827.00 $913.50 

500 2.03 $365,400.00 $566,463.48 $28,323,174 $29,863,625 $60,900.00 $2,030.00 $1,015.00 

550 2.03 $401,940.00 $623,247.48 $31,162,374 $32,222,548 $66,990.00 $2,233.00 $1,116.50 

600 2.03 $438,480.00 $680,031.48 $34,001,574 $35,686,932 $73,080.00 $2,436.00 $1,218.00 

650 2.03 $475,020.00 $736,815.48 $36,840,774 $37,878,955 $79,170.00 $2,639.00 $1,319.50 

700 2.03 $511,560.00 $793,599.48 $39,679,974 $40,001,658 $85,260.00 $2,842.00 $1,421.00 

750 2.03 $548,100.00 $850,383.48 $42,519,174 $43,587,899 $91,350.00 $3,045.00 $1,522.50 

800 2.03 $584,640.00 $907,167.48 $45,358,374 $46,879,821 $97,440.00 $3,248.00 $1,624.00 

850 2.03 $621,180.00 $963,951.48 $48,197,574 $50,000,325 $103,530.00 $3,451.00 $1,725.50 
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Times 
that of 

carvedilol 
costs† 

AWP price 
of 

carvedilol/ 
unit 

Cost of 
bucindolol for 

6 months 
($) 

Cost difference 
for 18 months 

patients 
simulation (PSA) 

ICER (PSA) = 
cost per life year 

(LY)-50% 
probability 

ICER (PSA) = 
cost per life year 

(LY)-100% 
probability 

Estimated 
monthly of 
bucindolol 

($) 

Estimated 
daily of 

bucindolol 
($) 

Estimated 
price of 

bucindolol 
($)/ unit‡ 

900 2.03 $657,720.00 $1,020,735.48 $51,036,774 $51,956,885 $109,620.00 $3,654.00 $1,827.00 

950 2.03 $694,260.00 $1,077,519.48 $53,875,974 $54,985,222 $115,710.00 $3,857.00 $1,928.50 

1000 2.03 $730,800.00 $1,134,303.48 $56,715,174 $57,231,588 $121,800.00 $4,060.00 $2,030.00 

1050 2.03 $767,340.00 $1,191,087.48 $59,554,374 $61,251,445 $127,890.00 $4,263.00 $2,131.50 

1100 2.03 $803,880.00 $1,247,871.48 $62,393,574 $635,488,894 $133,980.00 $4,466.00 $2,233.00 

1150 2.03 $840,420.00 $1,304,655.48 $65,232,774 $66,248,321 $140,070.00 $4,669.00 $2,334.50 

1200 2.03 $876,960.00 $1,361,439.48 $68,071,974 $69,185,632 $146,160.00 $4,872.00 $2,436.00 

1250 2.03 $913,500.00 $1,418,223.48 $70,911,174 $70,356,811 $152,250.00 $5,075.00 $2,537.50 

1300 2.03 $950,040.00 $1,475,007.48 $73,750,374 $74,525,686 $158,340.00 $5,278.00 $2,639.00 

1350 2.03 $986,580.00 $1,531,791.48 $76,589,574 $77,565,812 $164,430.00 $5,481.00 $2,740.50 

1400 2.03 $1,023,120.00 $1,588,575.48 $79,428,774 $80,199,952 $170,520.00 $5,684.00 $2,842.00 

1450 2.03 $1,059,660.00 $1,645,359.48 $82,267,974 $82,998,785 $176,610.00 $5,887.00 $2,943.50 

1500 2.03 $1,096,200.00 $1,702,143.48 $85,107,174 $85,988,797 $182,700.00 $6,090.00 $3,045.00 

1550 2.03 $1,132,740.00 $1,758,927.48 $87,946,374 $88,985,462 $188,790.00 $6,293.00 $3,146.50 

1600 2.03 $1,169,280.00 $1,815,711.48 $90,785,574 $91,654,789 $194,880.00 $6,496.00 $3,248.00 

1650 2.03 $1,205,820.00 $1,872,495.48 $93,624,774 $34,569,663 $200,970.00 $6,699.00 $3,349.50 

1700 2.03 $1,242,360.00 $1,929,279.48 $96,463,974 $97,565,862 $207,060.00 $6,902.00 $3,451.00 

1750 2.03 $1,278,900.00 $1,986,063.48 $99,303,174 $100,232,564 $213,150.00 $7,105.00 $3,552.50 

1800 2.03 $1,315,440.00 $2,042,847.48 $102,142,374 $102,957,544 $219,240.00 $7,308.00 $3,654.00 

1850 2.03 $1,351,980.00 $2,099,631.48 $104,981,574 $105,699,871 $225,330.00 $7,511.00 $3,755.50 

1900 2.03 $1,388,520.00 $2,156,415.48 $107,820,774 $109,565,421 $231,420.00 $7,714.00 $3,857.00 

1950 2.03 $1,425,060.00 $2,213,199.48 $110,659,974 $113,222,130 $237,510.00 $7,917.00 $3,958.50 

2000 2.03 $1,461,600.00 $2,269,983.48 $113,499,174 $115,602,150 $243,600.00 $8,120.00 $4,060.00 

2050 2.03 $1,498,140.00 $2,326,767.48 $116,338,374 $116,987,852 $249,690.00 $8,323.00 $4,161.50 

2100 2.03 $1,534,680.00 $2,383,551.48 $119,177,574 $119,902,154 $255,780.00 $8,526.00 $4,263.00 

2150 2.03 $1,571,220.00 $2,440,335.48 $122,016,774 $122,654,879 $261,870.00 $8,729.00 $4,364.50 

2200 2.03 $1,607,760.00 $2,497,119.48 $124,855,974 $124,952,130 $267,960.00 $8,932.00 $4,466.00 
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bucindolol for 
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($) 

Cost difference 
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simulation 

(PSA) 

ICER (PSA) = 
cost per life year 

(LY)-50% 
probability 

ICER (PSA) = 
cost per life year 

(LY)-100% 
probability 

Estimated 
monthly of 
bucindolol 

($) 

Estimated 
daily of 

bucindolol 
($) 

Estimated 
price of 

bucindolol 
($)/ unit‡ 

2250 2.03 $1,644,300.00 $2,553,903.48 $127,695,174 $127,999,688 $274,050.00 $9,135.00 $4,567.50 

2300 2.03 $1,680,840.00 $2,610,687.48 $130,534,374 $131,568,771 $280,140.00 $9,338.00 $4,669.00 

2350 2.03 $1,717,380.00 $2,667,471.48 $133,373,574 $133,954,620 $286,230.00 $9,541.00 $4,770.50 

2400 2.03 $1,753,920.00 $2,724,255.48 $136,212,774 $137,897,985 $292,320.00 $9,744.00 $4,872.00 

2450 2.03 $1,790,460.00 $2,781,039.48 $139,051,974 $140,564,821 $298,410.00 $9,947.00 $4,973.50 

2500 2.03 $1,827,000.00 $2,837,823.48 $141,891,174 $141,896,521 $304,500.00 $10,150.00 $5,075.00 

2550 2.03 $1,863,540.00 $2,894,607.48 $144,730,374 $145,658,721 $310,590.00 $10,353.00 $5,176.50 

2600 2.03 $1,900,080.00 $2,951,391.48 $147,569,574 $148,465,800 $316,680.00 $10,556.00 $5,278.00 

2650 2.03 $1,936,620.00 $3,008,175.48 $150,408,774 $151,465,872 $322,770.00 $10,759.00 $5,379.50 

2700 2.03 $1,973,160.00 $3,064,959.48 $153,247,974 $154,659,211 $328,860.00 $10,962.00 $5,481.00 

2750 2.03 $2,009,700.00 $3,121,743.48 $156,087,174 $157,825,452 $334,950.00 $11,165.00 $5,582.50 

2800 2.03 $2,046,240.00 $3,178,527.48 $158,926,374 $159,654,201 $341,040.00 $11,368.00 $5,684.00 

2850 2.03 $2,082,780.00 $3,235,311.48 $161,765,574 $162,111,289 $347,130.00 $11,571.00 $5,785.50 

2900 2.03 $2,119,320.00 $3,292,095.48 $164,604,774 $165,468,447 $353,220.00 $11,774.00 $5,887.00 

2950 2.03 $2,155,860.00 $3,348,879.48 $167,443,974 $168,565,821 $359,310.00 $11,977.00 $5,988.50 

3000 2.03 $2,192,400.00 $3,405,663.48 $170,283,174 $171,253,031 $365,400.00 $12,180.00 $6,090.00 

3050 2.03 $2,228,940.00 $3,462,447.48 $173,122,374 $174,585,658 $371,490.00 $12,383.00 $6,191.50 

3100 2.03 $2,265,480.00 $3,519,231.48 $175,961,574 $177,000,144 $377,580.00 $12,586.00 $6,293.00 

3150 2.03 $2,302,020.00 $3,576,015.48 $178,800,774 $179,321,548 $383,670.00 $12,789.00 $6,394.50 

3200 2.03 $2,338,560.00 $3,632,799.48 $181,639,974 $182,978,564 $389,760.00 $12,992.00 $6,496.00 
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Figure 1S. Average wholesale price of bucindolol versus incremental cost-effectiveness ratio 
achieved when Liggett et al trajectory of 100% was applied  
 

Assumption: The average wholesale price was assumed for all bucindolol dosage forms (3mg, 
6.25mg, 12.5mg, 25mg, 50mg, 100mg) are same, so the titration cost is same as maintenance 
cost.  
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4.9 Appendix A. Assumptions for the model 
 
 Assumptions 
1 Domanski et al. / Liggett et al. BEST sub-analyses applied when the genetic test for 

Arg389 is positive. 
2 COPERNICUS data applied when the genetic test for Arg389 is negative, and where 

the decision is to prescribe carvedilol. 
3 BEST data were applied when the decision is to prescribe bucindolol with no previous 

Arg389 genetic test. 
4 Re-hospitalization rate is the same for all patients who already had 1st hospitalization  
5 All patients received conventional HF treatments: ACE inhibitors, or ARBs, diuretics, 

and digoxin  
6 Bucindolol cost for six months is 1.5X cost of carvedilol  
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4.10 List of Abbreviations 
 
AA: aldosterone antagonists 
 
ACC/AHA: American College of Cardiology/American Heart Association 

ACEIs: angiotensin-converting enzyme inhibitors 

ARBs: angiotensin II receptor blockers 

ARNIs: angiotensin-receptor neprilysin inhibitors 

BEST: Beta-Blocker Evaluation Survival Trial 

CEAC: cost-effectiveness acceptability curve 

EQ-5D: EuroQol Five Dimensions questionnaire 

HF: heart failure  

HR: hazard ratio 

ICD: implantable cardiac defibrillator 

ICER: incremental cost-effectiveness ratio 

ICUR: incremental cost-utility ratio 

LVEF: left ventricular ejection fraction 

LY: life year 

NYHA: New York Heart Association  

OS: overall survival 

OWSA: one-way sensitivity analyses 

PSA: probabilistic sensitivity analyses 

QALY: quality-adjusted life year 

WTP: willingness-to-pay 

β-blockers: beta blockers 
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CHAPTER 5 

CONCLUSION 

 

The BEST trial 7 did not show the non-selective β-blocker bucindolol to be have an effect 

on mortality in patients with stage III/IV HF. However, subsequent analyses suggested 

that nonblack HF patients as a population subgroup 8 but especially HF patients with the 

Arg389 polymorphism may benefit from β-blockade with this agent 9. This led to the 

currently ongoing GENETIC-AF trial comparing bucindolol to extended release 

metoprolol in HF patients with the β1-AR389 Arg/Arg genotype. Note that the lack of an 

overall survival benefit, coupled with concerns about the integrity of the BEST data at 

certain clinical sites, led the Food and Drug Administration (FDA) to reject the 

application for bucindolol for the treatment of HF. 

On the other hand, if the GENETIC-AF trial demonstrates the superiority of bucindolol in 

this genotype, the management of stage III/IV HF patients may include a genetically-

targeted approach in which the results of Arg-389 testing guide the choice of agent. This 

has significant economic implications as it adds the cost of a genetic test to the overall 

cost of treatment, while bucindolol may be priced higher than other β-blockers to reflect 

this selectivity. Our aim in this independent economic analysis was to utilize the BEST 

sub-analyses by Domanski et al. (race-based analysis) and by Liggett et al. (genetic-based 

analysis) to assess ex ante the cost-effectiveness and cost-utility of Arg389 genetic testing 

and bucindolol treatment in two complementary steps. In the first step, we evaluated the 

cost-effectiveness and cost-utility of genetic testing for the Arg-389 beta1-adrenergic 

receptor polymorphism to support bucindolol treatment decisions in stage III/IV heart 
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failure (Chapter 3). Translating this to clinical practice, in the second step we evaluate the 

cost-effectiveness and cost-utility of Arg389 genetically-targeted treatment with 

bucindolol versus empirical treatment with carvedilol in Stage III/IV heart failure 

(Chapter 4). 

In both steps, we built a decision tree over an 18-month time horizon divided into three 6-

month follow-up cycles. In the first step analysis of the economics of Arg389 testing, 

patients were simulated into two decision branches: genetic testing for Arg389 versus no 

genetic testing. Performing the Arg389 genetic testing yielded two possible decisions: 

Arg389-positive (harboring Arg389-homozygote, treat with bucindolol) or Arg389-

negative (not homozygote, treat with carvedilol). The second branch, not performing 

Arg389 genetic testing, specified empirical treatment with bucindolol empirically. 

The decision tree in the second step included a more comprehensive comparison Arg389 

genetic testing and treatment with bucindolol versus carvedilol. We assumed several 

trajectories based on the proportion of patients to be tested genetically, all of which were 

compared to a control branch of no genetic testing and empirical treatment with 

carvedilol as in current clinical practice. 

In both steps, a hypothetical cohort of patients 18 years or older, EF ≤0.35, and stage 

III/IV based on New York Heart Association (NYHA) served as the reference population. 

Overall survival (OS) was the primary efficacy endpoint. Health states for the models 

were specified as stable (compensated), hospitalized (decompensated), or death. Another 

health state, discontinuation, was added when the patient receives bucindolol empirically 

and refers to the risk of worsening HF because of non-responsiveness to bucindolol, 

discontinuation of bucindolol, and initiation of salvage therapy with carvedilol. The 
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Domanski et al.8 and Liggett et al.9 BEST sub-analyses were assumed to be two possible 

sources of evidence of bucindolol’ s efficacy among Arg389 homozygous HF patients. 

Hence, we ran the analyses twice for each step - first using the Domanski et al. results 

followed by applying the Liggett et al. results. This was necessary because these two 

BEST sub-analyses reported different OS rates. Probability parameters were imputed in 

the models utilizing different statistical techniques. For example, Domanski et al. 8 

reported the OS HR but did not present Kaplan-Meier curves for OS (K-M). In contrast, 

the COPERNICUS study 92 provided both the OS HR and the K-M curves for OS for 

carvedilol. Thus, we applied the Bücher et al. 13 indirect comparison method to compare 

the OS HR for bucindolol from Domanski et al. 8 and the OS HR for carvedilol from the 

COPERNICUS 4 trial using placebo as the mutual comparator, after which we 

extrapolated the Domanski et al. OS for bucindolol over time using a visually fitted 

Weibull distribution. In contrast, the HR of OS reported by Liggett et al. 9 BEST sub-

analysis was supported by a K-M curve. To extrapolate, we used digitizing software to 

extract the data, which were then fitted to a Weibull distribution. Other statistical methods 

included converting rates to probabilities to extract the probabilities of hospitalization 

and discontinuation over time. 

Also, in both steps, we used direct medical costs expressed in 2017 US dollars ($). The 

total cost of bucindolol for six months was assumed to be 1.5X the average wholesale 

price (AWP) of carvedilol calculated to six months. Medication costs were calculated 

using the doses of medications (loading and maintenance) as used in the clinical trials of 

interest. Costs of hospitalization and clinic visits were retrieved from published data. 
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Utility and disutility values based on EuroQal-5D were used. A discount rate of 3% per 

year was adopted on costs and utilities where the follow-up exceeds one year. 

Lastly, in both steps we assessed the robustness of the model. One-way sensitivity 

analyses (OWSA) were performed to assess the level of uncertainty of selected 

deterministic parameters using the lower and the upper confidence interval values. 

Probabilistic sensitivity analyses (PSA) evaluated the combined effects of uncertainty in 

all model inputs.  

Within this methodological framework, we first evaluated whether the economic benefits 

of Arg389 testing as a procedure in treatment planning for stage III/IV HF patients. Our 

economic analysis of Arg389 genetic testing (chapter 3) showed, in the Domanski et al.8 

iterations, a base case incremental cost of $2,503/LY and $2,688/QALY gained. In 

contrast, the Liggett et al.9 iteration found that performing the Arg389 genetic testing can 

achieve cost-savings of $3,089/LY and $3,378/QALY gained. These base-case analyses 

were confirmed in the PSAs. 

From this first economic evaluation, we concluded that Arg389 genetic testing holds 

clinical and economic value when the decision is to prescribe bucindolol. Genetic testing 

is associated with lower mortality and higher survival over 18 months, is likely to be 

cost-effective but may also be cost-saving as the Liggett et al.-based 9 results showed. 

Especially the latter underscores the importance of performing the Arg389 genetic test 

before, and in support of, deciding to prescribe bucindolol. 

With the potential cost-savings from Arg389 testing established, we addressed the 

questions of whether all HF patients should be tested routinely, whether only a proportion 

of patients should be tested, and how this compares to no testing at all. Our second 
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economic evaluation (chapter 4) evaluated three trajectories of testing against treatment 

with carvedilol: 100% testing in which all patients underwent Arg389 testing with the 

decision to prescribe bucindolol; 50% testing in which half of patients received 

genetically-targeted bucindolol in they were Arg389-positive and the other half were 

treated empirically with bucindolol); and 0% testing with patients being managed 

empirically with bucindolol. In the Domanski et al.8 iterations, PSA results showed 

genetically testing all patients for the Arg389 polymorphism and making treatment 

decisions accordingly was less effective than directly treating with carvedilol. A loss of 

0.05 LYs at an incremental cost of $2,609 yielded a negative ICER of ($52,180)/LY and 

a loss of 0.03 QALYs at an incremental cost of $2,214 resulted in a negative ICUR of 

($73,800)/QALY lost. Genetic testing for only half of HF patients and the other half 

receiving bucindolol with no genetic test resulted in a loss of 0.26 LYs at an incremental 

cost of $1,550 and a loss of 0.15 QALYs at an incremental cost of $1,512. This yielded a 

negative ICER of ($5,961)/LY lost and a negative ICUR of ($10,080)/QALY lost. 

Without genetic testing, empiric bucindolol resulted in a loss of 0.32 LYs at an 

incremental cost of $1,521 and a loss of 0.32 QALYs at an incremental cost of $1,731. 

This yielded a negative ICER of ($4,753)/LY lost and a negative ICUR of 

($5,409)/QALY lost. 

In the Liggett et al. 9 iterations, PSA showed that bucindolol with Arg389 genetic testing 

for all patients was more effective than carvedilol with incremental gains of 0.02LYs at 

an incremental cost of $327 and gains of 0.02 QALYs at an incremental cost of $394. 

This yielded an ICER of $16,350/LY and ICUR of $19,700/QALY gained. However, this 

benefit was lost in the two other scenarios. Genetically testing only half of HF patients 
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and treating with bucindolol resulted in a loss of 0.24 LYs at an incremental cost of 

$1,125- and a loss of 0.11 QALYs at an incremental cost of $1,027. This resulted in a 

negative ICER of ($4,688)/LY and ICUR of ($9,336)/QALY lost. Without genetic 

testing, empiric bucindolol resulted in a loss of 0.31 LYs at an incremental cost of $1,679 

and a loss of 0.30 QALYs at an incremental cost of $1,681. This yielded a negative ICER 

of ($5,416)/LY and ICUR of ($5,603)/QALY lost.  

We used carvedilol as both salvage therapy and comparator treatment to bucindolol based 

on clinical preferences and availability of data on stage III/IV HF that favored using 

carvedilol over metoprolol. An economic evaluation with metoprolol as a comparator is 

being planned in anticipation of the completion of the GENETIC-AF trial. If the results 

of this trial show superiority of bucindolol over extended release metoprolol, our 

economic evaluations will be replicated using the actual trial data. In these proposed 

follow-on analyses, both before and after the completion of the GENETIC-AF trial, we 

will aim to compare bucindolol to metoprolol and to carvedilol.  

Taken together, the implications of our two independent ex ante economic evaluations for 

clinical practice are twofold. First, bucindolol to serve as a second line treatment for HF 

non-responders to carvedilol. Second, at the population level, genetic testing needed to 

determine whether patients are Arg389 homozygote as part of bucindolol treatment 

planning is cost-saving and should be performed in principle.  
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