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Background:
Dronedarone (Brand name: Multaq, and also known as SR33589) is a prescription drug designed and manufactured by Sanofi-Aventis.  It is an anti-arrhythmic medication that belongs to the benzofurane class of anti-arrhythmic drugs and was designed to treat atrial fibrillation/atrial flutter (AF), the most common abnormal heart rhythm.  Dronedarone is a daughter compound of amiodarone, another anti-arrhythmic medication frequently used by clinicians to treat both ventricular and atrial arrhythmias, including AF.  
Drug Profile:
There are two distinct pharmacologic differences between dronedarone and amiodarone which were specifically designed to reduce side effects of the latter: 1.) there is absence of iodine on the benzofurane ring which was designed to avoid thyroid side effects 2) there is a methane-sulfonamyl group to make the drug more lipophilic and less apt to tissue accumulation (in the hopes of avoiding amiodarone organ toxicity).  
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Dronedarone is approved by the FDA and indicated to decrease the risk of  hospitalization for cardiovascular reasons in patients with paroxysmal or persistent AF and cardiovascular risk factors (i.e., age >70, hypertension, diabetes, prior cerebrovascular accident, left atrial diameter ≥50 mm or left ventricular ejection fraction [LVEF] <40%) who are in sinus rhythm or who will be cardioverted (1).  The only FDA approved dosage of dronedarone is 400 mg by mouth twice daily.  Contraindications to therapy include class IV heart failure or symptomatic heart failure with a recent decompensation (to be detailed later in this case study), second- or third- degree atrioventicular block or sick sinus syndrome, bradycardia <50 bpm, concomitant use of a strong CYP3A inhibitor, concomitant use of drugs or herbal products that prolong the QT interval and may induce Torsade de Pointes, QTc interval ≥500 ms, and severe hepatic impairment.  Adverse reactions include (≥2%) diarrhea, nausea, abdominal pain, vomiting, and asthenia.  Since dronedarone is metabolized by CYP 3A and is a moderate inhibitor of CYP 3A and CYP 2D6 drug interactions include other antiarrhythmics, digoxin calcium channel blockers, beta blockers, CYP3A inducers, grapefruit juice, and statins (2).
Company Profile:
Sanofi-Aventis is a company that describes itself as a diversified global healthcare leader that discovers, develops, and distributes therapeutic solutions of pharmacologic therapy.  The president and CEO is Greg Irace, with global headquarters in Paris, France.  The company has nearly 100,000 employees in more than 100 countries.  In the United States, its headquarters is in Bridgewater, New Jersey and employs more than 11,400 people in this country.  Sanofi-Aventis manufactures, markets and/or distributes more than 239 drugs in the U.S. with 13 drugs in the top 200 drugs by U.S. sales (sales figures from 2009). In 2009, global sales totaled 29.3 billion Euros and global research and development investment by the company was 4.6 billion Euros (3).  
Unmet clinical need:
Dronedarone was design to target AF, which is the most common arrhythmia in the United States and a large burden to our healthcare system.  AF affects about  2.3 million patients and is responsible for approximately 1/3 (400,000) of all hospital discharges with a principle diagnosis of arrhythmia (4).  The incidence of AF increases with age, affecting nearly 6% of people over age 65 years and about 71,000 patients die each year from the complications of AF (5). The morbidity and mortality burden on the U.S. healthcare system is so great, that the Institute of Medicine listed treatment of AF as one of their top 100 priorities for comparative effectiveness research as part of the American Recovery and Reinvestment Act (ARRA) of 2009.  Traditionally, there have been two major treatment pathways for AF; a “rhythm-control strategy,” whereby antiarrhythmic drugs are used with or without electrical cardioversion as necessary to restore normal sinus rhythm, and a “rate-control strategy,” slowing of the ventricular rate is the primary objective. Randomized controlled trials seeking to establish superiority of one strategy over the other have not shown any clear benefit of a specific strategy.  However, it is felt from other studies that reduced efficacy and increased toxicity of some antiarrhythmic medications (like amiodarone) most likely had a role in the lack of benefit observed with a rhythm control strategy. As a result, companies such as Sanofi-Aventis have invested money and resources  to develop new agents that are designed to minimize toxicity while maintaining antiarrhythmic efficacy.  This is the foreseen unmet clinical need that a drug like dronedarone hopes to fill.
Current options for rhythm control treatment of AF are limited due to side effects of anti-arrhythmic medications as well as the potential pro-arrhythmic effects of these medications.  Most commonly, patients without structural heart disease can be started on IC agents such as flecainide or propafenone.  However, IC agents are contraindicated in patients with significant left ventricular hypertrophy or coronary artery disease given the increased mortality seen in the CAST trial (6).  Sotalol is a class III antiarrhythmic, but is contraindicated in patients with significant left ventricular hypertrophy and has been shown to be less effective than amiodarone.  Dofetilide is another class III antiarrhythmic that can be used for sinus rhythm maintenance, but can cause Torsades de Pointes and has significant drug interactions.  As stated before, amiodarone has been shown to maintain sinus rhythm the best of all antiarrhythmics, however has significant liver, thyroid, and pulmonary toxicities.  Due to all the toxicities mentioned above, there is a large unmet need for a safe and effective antiarrhythmic medication in the armamentarium for maintenance of sinus rhythm in those with AF.
Clinical trials:

Dronedarone has been thoroughly studied in numerous clinical trials seeking to establish its antiarrhythmic efficacy, each with different purposes.  The first study was the DAFNE (Dronedarone Atrial Fibrillation Study After Electrical Cardioversion) study, which was a phase 2 dose-ranging study that showed that 400 mg twice daily dose had the best efficacy and safety (7).  Subsequently, the EURIDIS (European Trial in Atrial Fibrillation or Flutter Patients Receiving Dronedarone for the Maintenance of Sinus Rhythm) and ADONIS (American-Australian Trial With Dronedarone in Atrial Fibrillation or Flutter Patients for the Maintenance of Sinus Rhythm) studies were performed as sister studies with the same protocol to assess efficacy of dronedarone in maintaining sinus rhythm in patients with a history paroxysmal AF who had no structural heart disease or heart failure (8). Data was pooled from these 2 sister studies and demonstrated that at 12 months, 64% of dronedarone-treated patients had a AF recurrence, compared with 75% of placebo-treated patients (p < 0.001).  Then came the DIONYSOS (Efficacy and Safety of Dronedarone Versus Amiodarone for the Maintenance of Sinus Rhythm in Patients With Atrial Fibrillation) trial that compared the efficacy and safety of dronedarone versus amiodarone (600 mg daily for 28 days, then 200 mg daily thereafter) in attempted maintenance of sinus rhythm in patients with AF (9). The primary end point of AF recurrence or drug discontinuation was reached in 74% of patients taking dronedarone compared to 55% of patients receiving amiodarone showing that amiodarone was superior to dronedarone in the maintenance of sinus rhythm.  Curiously (or purposefully) the results of this study were not published until many years later.
The beginning of the controversy with dronedarone began with the ANDROMEDA (Antiarrhythmic Trial With Dronedarone in Moderate-to-Severe Congestive Heart Failure Evaluating Morbidity Decrease) study, which was designed to establish the safety in a high risk population of heart failure patients. The ANDROMEDA trial enrolled patients with recently symptomatic decompensated heart failure (10) with a primary endpoint of time to mortality or hospitalization for worsening heart failure.  The trial had to be stopped early because of more deaths among dronedarone-treated patients which appeared to be related to worsening heart failure, although the true etiology of excess mortality in the dronedarone arm is debatable.  Because of the ANDROMEDA study, a nonapproval recommendation was initially given by the FDA, who felt that consideration could be given again if efficacy and safety could be shown in a different population by a different study.

In response to this, the ATHENA (A Placebo-Controlled, Double-Blind, Parallel Arm Trial to Assess the Efficacy of Dronedarone 400 mg bid for the Prevention of Cardiovascular Hospitalization or Death From Any Cause in Patients With Atrial Fibrillation/Atrial Flutter) study was devised to compare dronedarone versus placebo on the combined risk of cardiovascular hospitalization or all-cause mortality in patients with paroxysmal AF and additional risk factors (1).   This study was the largest antiarrhythmic trial in history, with a total of 4,628 patients studied but excluded patients who had clinical decompensated heart failure, due to the results of the ANDROMEDA trial and the excess mortality seen in this population. There was a 24% reduction in the combined risk of cardiovascular hospitalization or death in those treated with dronedarone.  The ATHENA study has been largely credited for the FDA eventually approving the medication to reduce the risk of cardiovascular hospitalization in patients with AF.  

Regulatory pathway and Problems Encountered:
Dronedarone was originally submitted to the FDA as a New Drug Application in 2005.  However, it took a full 4 years for final approval on July 2, 2009. Health Canada followed suit and became the second major regulatory body to approve the drug on August 12, 2009. Additionally, the European Medicines Agency issued a Summary of Positive Opinion regarding dronedarone on September 24, 2009 recommending to the European Commission to grant a marketing authorization within the European Union (11).
Dronedarone met significant resistance by the FDA for approval during its original application.  The original application of the New Drug Application included the 3 important  studies described above supporting the proposed indication (EURIDIS, ADONIS and ERATO).  However, the excess mortality seen in high-risk patients with decompensated heart failure from the ANDROMEDA trial was the crux of the FDA’s argument to issue a Not Approvable letter for dronedarone in August of 2006.  Subsequent analysis of ANDROMEDA revealed that the excess mortality was seen in patients with truly decompensated heart failure.  This forced Sanofi-Aventis to devise a new multicenter trial (ATHENA) in order to study patients excluding individuals with this attribute that was discovered to be associated with higher rates of death with the medication.  Additionally, ATHENA was also devised to include as part of the composite end point, hospitalization for cardiovascular reasons.  Based on the results of ATHENA, a new file including this new study was submitted in July 2008 and was granted priority review by the FDA.  The ATHENA trial is largely credited for the ability of dronedarone to overcome the original Not Approvable letter given by the FDA in 2006.  The official approval for dronedarone for use in the United States is for treatment of patients with a history of, or current atrial fibrillation to reduce their risk of cardiovascular hospitalization due to this condition (12).
Commercial considerations:
As part of the Risk Evaluation and Mitigation Strategy that Sanofi-Aventis plans to use, there will be significant commercial considerations that will be monitored and affected.  Market Research analysis and surveys in the United States show AF treatments are most often started by cardiologists or internal medicine specialists, both during inpatient and outpatient settings.   Most commonly, family practice physicians follow the treatment long-term and are the ones that decide to renew the medication.  As a result, Sanofi-Aventis plans on targeting the key stakeholders involved with using this medication:  cardiologists (including electrophysiologists), internal medicine specialists and family practice physicians who treat AF.  Additionally, staff members including nurse practitioners and physicians’ assistants as well as hospital and retail pharmacists will receive communication, education, and other management support in attempts to improve patient treatment.  This will have the additional benefit of marketing and increased visibility of this medication in the current market.  The company also plans to use education and support tools which will focus more on the potential risks of the drug by reinforce labeling that supports appropriate patient selection, avoids drug-drug interactions, and encourages early laboratory testing and patient counseling (12). 

Results/Conclusions:
In summary, dronedarone was specifically crafted to fill a void in the armamentarium used to treat AF.  It seeks to build off the success of amiodarone in treating this arrhythmia without the significant side effects of this long used medication.  In order to achieve its current status as an FDA approved drug, Sanofi-Aventis and dronedarone went through four years of regulatory processing before a final approval was made in 2009.  The process of approval was not a straightforward one for this medication, and the regulatory process was the major obstacle that this medication faced.  Although early results of EURIDIS, ADONIS and DAFNE were favorable and boded well for approval of the initial application to the FDA for the medication, the results of ANDROMEDA dashed these hopes when increased mortality caused the trial to be stopped early.  The regulatory pathway of dronedarone shows how a single result from a large, multicenter trial can be detrimental in the FDA approval pathway.  It also shows how recovery from the results of even a detrimental study such as ANDROMEDA can be attained through thoughtful crafting of a different niche for a medication, studying different patients with different inclusion criteria.  Ultimately, it was this move by Sanofi-Aventis and the ATHENA trial which overcame the obstacles initially encountered and allowed for FDA approval of dronedarone.
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