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Dronedarone is a noniodinated benzofuran
derivative related to amiodarone

Dronedarone

- class |-V antiarrythmic activity
- antiadrenergic effects

- antifibrillatory effects on the atrial and
ventricular myocardium

- no iodine-related organ toxicity, a
decreased lipophilicity and a
shortened half-life

Kathofer et al. Cardiovasc Drug Rev.2005;23(3):217-30



Comparison of some major pharmacodynamic
properties of dronedarone and amiodarone

Amiodarone vs. dronedarone effects

Blocks multiple K channels
Na* channel Overall effect Anti-lschaemic and
blockade antifibrillatory
u Slows the heart, lowers MVO,

® Maintains cardiac output

® Inhibits ventricular tachycardia

Sympatholytic » Negligible proarchythmic activity s Improves LVEF
blockade in CHF

= Minimizes effects of early

depolarization
DR Pulmonary
® No negative inotropy fibrosis

Ca** channel # Prolonged therapeutic effect \
blockade # Reduces myocardial EP heterogencity Unusually long
plasma half-life
Thyroid hormone effects
. = Shared properties - = Not shared properties

Bramah N. Singh, and Etienne Aliot Eur Heart J Suppl 2007;9:G17-G25



EURIDIS/ADONIS

Dronedarone

Showed a Significant
Reduction

Hazard ratio, 0.75 (95% Cl, 0.65 to 0.87) . .

p.<0/001 INn First AF

Recurrence in

Combined Analysis
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No. at Risk
Placebo 409 192 156
Dronedarone 828 450 389

Singh BN, et al. N Engl J Med. 2007;357:987-99



federico Guerra, MD; Stefan M. Mobinloser, MD: Peter R, Xowey, MDD, Marry |, G. M.
Criams, MD: Etienne M. Aliot, MD: David Radzik, MD: Denis Roy, MD: Stuart Connolly,
MD; Alessandro Capucci, MD

POST HOC analysis of data from the EURIDIS and ADONIS trials

The aim of this post hoc analysis was to evaluate the efficacy and safety of dronedarone
, With a specific focus on class Ic AADs or sotalol

The primary end point was AF/AFL recurrence in patients previously treated
with another AAD that was discontinued for whatever reason prior to
randomization.

Guerra F, Capucci A et al Clin. Cardiol. 37, 12, 717—724; 2014



Results

In patients previously treated with @any

AADS, dronedarone decreased the risk
of AF recurrence by 30.4% vs placebo
(HR 0.70; P < 0.001)

In patients previously treated

with a class Ic agent,

dronedarone decreased the risk

of recurrence by 31.4%

(HR: 0.69; P=0.004) In patients previously treated with
sotalol, dronedarone showed a
trend toward a decrease of risk of

recurrence
(HR: 0.86; P = 0.244)

Guerra F, Capucci A et al Clin. Cardiol. 37, 12, 717-724



Results (secondary end points)

In patients previously treated with another antiarrhythmic
agent that was discontinued for lack of efficacy at any
time prior to randomization, dronedarone decreased the
risk of AF/AFL recurrence by 22.9% in comparison to
placebo (P =0.023)

In patients previously treated with another antiarrhythmic
agent that was discontinued for an AE at any time prior
to randomization, dronedarone decreased the risk of
AF/AFLrecurrence by 38.9% in comparison to placebo
(P =0.006)

Guerra F, Capucci A et al Clin. Cardiol. 37, 12, 717-724



The relative risk of AEs in patients treated with dronedarone was similar to the
relative risk of patients randomized to placebo, irrespective of previous
treatment with class Ic or sotalol, as shown by the confidence intervals

Guerra F, Capucci A et al Clin. Cardiol. 37, 12, 717-724



* In this post hoc analysis, dronedarone was shown to be
effective in maintaining sinus rhythm in patients who
suspended other AADs, irrespective of reason (including
tolerability issues or lack of efficacy).

* As AF patients frequently switch antiarrhythmic agents for
rhythm control, the present benefit/risk data provide further
evidence to suggest that dronedarone is an important
therapeutic option also in non-naive patients

 This crucial last point underlines the role of dronedarone as
a _possible therapeutic option even in eligible patients who
had already experienced a recurrence with another
antiarrhythmic drug, whether amiodarone, sotalol, or class
Ic agents.

Guerra F, Capucci A et al Clin. Cardiol. 37, 12, 717—-724



ATH E NA (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)
>

The primary study outcome was the
first hospitalization due to
cardiovascular events or death from
any cause

Dronedarone
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No, at Risk
Placebo 2327

Dronedarone 2301

Dronedarone Significantly Decreased Risk of

CV Hospitalisation or Death by 24%
(HR 0.76, p<0.001)

Hohnloser SH et al. N Engl J Med 2009,;360.668-78.
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Dronedarone Significantly Decreased Risk of Death
from CV causes by 29% (HR 0.71, p=0.03)

Hohnloser SH et al. N Engl J Med 2009,;360:668-78.



ATHENA

Dronedarone Significantly
Decreased Risk of First CV
Hospitalization by 26%
(HR 0.74, p<0.001)

D First Hesptalizaton Due 1o Cardhovancular Everts
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Hohnloser SH et al. N Engl J Med 2009;360:668-78



ATHENA

Dronedarone
Significantly
Decreased Risk of
Stroke by 34%

Stuart J. Connolly et al.Circulation 2009; 120:1174-1180



Primary Endpoint: More AF Events
But Less
Early Discontinuation With
Dronedarone
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Le Heuzey J.Y. et al., J. Cardiovasc. Electrophysiol. 2010; 21 :597-605



A N D RO M E DA (ANtiarrhythmic trial with DROnedarone in Moderate to severe congestive heart failure Evaluating morbidity DecreAse)

Double blind, randomized placebo
controlled trial in patients recently
hospitalized with congestive cardiac
failure and severe impairment of left ».
ventricular systolic function (EF 35%)

A ANCaune Mortabty or Mospitakzation for Warwenng Mean Fadue

The primary outcome was a
composite of all cause mortality
and hospitalization for heart failure
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Kober L, Torp-Pedersen C, McMurray JJ, et al. Increased mortality after dronedarone therapy
for severe heart failure. N Engl J Med 2008 Jun 19;358(25):2678-87.



AN D RO M E DA (ANtiarrhythmic trial with DROnedarone in Moderate to severe congestive heart failure

Evaluating Morbidity DecreAse)

Tadie 1. Cause of Death

Ovonedarone Group
(N=31%§

Placedo Group
(IN=317)

There was no significant
difference between the
two groups in the rates of

arrhythmic or sudden
death

Kober L, Torp-Pedersen C, McMurray JJ, et al. Increased mortality after dronedarone therapy for

severe heart failure. N Engl J Med 2008 Jun 19;358(25):2678-87.



Dronedarone for the control of ventricular rate in permanent atrial fibrillation: The Efficacy and safety of
dRonedArone for The cOntrol of ventricular rate during atrial fibrillation (ERATO) study

Methods In this randomized, double-blind,
multinational trial, dronedarone, 400 mg twice a day
(n =85), or matching placebo (n = 89) was
administered for 6 months to adult patients with
permanent AF, in addition to standard therapy

Conclusion In addition to its reported
rhythm-targeting and rate-targeting
therapeutic actions in paroxysmal and
persistent AF, dronedarone improves
ventricular rate control in patients with

permanent AF

Dronedarone was well tolerated with no
evidence of organ toxicities or
proarrhythmias in this short-term study

davy JM, Herold M, Hoglund C, et al. Dronedarone for the control of ventricular rate in permanent
trial fibrillation: the Efficacy and safety of dRonedArone for the cOntrol of ventricular rate during atrial

brillation (ERATO) study. Am Heart J 2008;156(3):527 e1-9.



Based on the excellent results of the ATHENA trial (even in the subgroup of patients that developed permanent
AF during the study)

PALLAS was designed to determine if dronedarone
would reduce major vascular events or unplanned
hospitalization for cardiovascular causes in patients
with permanent AF

a composite of stroke, myocardial infarction,
systemic embolism or cardiovascular death

Two co-primary
outcomes

unplanned hospitalization for cardiovascular
causes or death

Connolly SJ, Camm AJ, Halperin JL, et al. Dronedarone in highrisk permanent atrial fibrillation. N Engl J Med 2011; 365(24):2268-76.



PALLAS (Permanent Atrial Fibrillation Outcome Study Using Dronedarone on Top of Standard Therapy)
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Compared to ATHENA
patients, PALLAS patients
were older, had more
coronary artery disease,
stroke and had more evidence
of left ventricular dysfunction

Connolly SJ, Camm AJ, Halperin JL, et al. Dronedarone in highrisk permanent atrial fibrillation. N Engl J Med 2011; 365(24):2268-76.



PALLAS (Permanent Atrial Fibrillation Outcome Study Using Dronedarone on Top of Standard Therapy)

AN\

WARNING

T
-
-~
2
»
&
5
3
4
»
‘-

Naonthe

Figure 1. Risk of the First Coprimary Ostcome [Strobe, Myccardal infarction
Systemic Embolam, or Death from Cardovascular Casnen).

Cumditrer Hazand

There were also statistically significant increases in
death of any cause, death from cardiovascular causes,
death from cardiac arrhythmia, stroke, unplanned
hospitalization for cardiovascular causes,
hospitalization for heart failure and heart failure

episodes of hospitalization (HR 1.95, p<0.001) Figure 2. Risk of the Secsnd Coprimary Ostcome (Unplasned Hoaptalication
for Cardiowascudar Causes or Deaath)
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Connolly SJ, Camm AJ, Halperin JL, et al. Dronedarone in highrisk permanent atrial fibrillation. N Engl J Med 2011; 365(24):2268-76.



PALLAS (Permanent Atrial Fibrillation Outcome Study Using Dronedarone on Top of Standard Therapy)

The increased mortality in the ANDROMEDA trial was predominantly due to worsening heart
failure without an increase in arrhythmic death

In contrast excess mortality in the PALLAS trial was attributed

This may not be solely
due to the use of
Dronedarone in the
presence of LV
dysfunction and CHF

Table 2. Study Outcomes.*

Outcome

First coprimary outcome
Second coprimary outcome
Death
From any cause
From cardiovascular causes
From arrhythmia
'?-fh‘lkﬂ
An \l
Ischemic

Systemic embolism

Myocardial infarction or unstable angina

Myocardial infarction

Unplanned hospitalization for cardiovas-

CURAT Causes

Hospitalzation for heart fadlure

Heart-failure episode or hospitalization

Pradyot Saklani and Allan Skanes. Current Cardiology Reviews, 2012, 8, 302-309
Connolly SJ, Camm AJ, Halperin JL, et al. Dronedarone in highrisk permanent atrial fibrillation. N Engl J Med 2011; 365(24):2268-76.

primarily to arrhythmic death

Dronedarone

43 8.2 19

£
6/

13

Placebo

No.of  Rate/100 No. of

Events Patient-Yr Events

Rate/100

Patwent-Yr

3.6

129

Hazard Ratio
(95% CI)f

2.29 (1.34-3.94)

1.95 (1.45-2.62)

1.94 (0.99-3.79)
2.11 (1.00-4.49)

3.26 (1.06-10.0)

2.32 (1.11-4.88)
2.01 (0.90-4.48)
NA
1.89 (0.80-4 .45)
1.54 (0.26-9.21)
1.97 (1.44-2.70)

181 (1.10-2.99)

2.16 (1.57-2,98)

P Value

0.002

<0.001

0.049

0.046

0.14
063

<0.001

0.02

<0.001




Dronedarone

HOW DO
DRONEDARONE AND
DIGOXIN INTERACT
WITH EACH OTHER?



One hypothesis is the proposed
metabolic interaction between
Dronedarone and Digoxin

Dronedarone increases the serum digoxin level through a P-
glycoprotein interaction, and digoxin toxicity is associated

with life-threatening ventricular arrhythmia and conduction
block.

....and we know that digoxin has a
narrow therapeutic index...

Connolly SJ, Camm AJ, Halperin JL, et al. Dronedarone in highrisk permanent atrial fibrillation. N Engl J Med 2011; 365(24):2268-76.
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ion Between Digoxin anc
i fcrart SUBGROUP ANALYSIS
Dronedarone in the PALILAS Trial

tefan H. Hohnloser, MD: Jonathan L. Halperin, MD: A. John Camm. MD: Peggy Gao, MSc:
David Radzik, MD: Stuart J. Connolly, MD: on behalf of the PALLAS investigators’

——— 1adde 1 Faial Pveoas Accorsiog %0 Baastiew Digaeia e

Stefan H. Hohnloser et al. Circ Arrhythm Electrophysiol. 2014,;7:1019-1025.



The significant dronedarone—digoxin

Significant effect of digoxin use on the hazard of interaction related to mortality
dronedarone for fatal outcomes persisted unchanged after adjustment

for differences in baseline variables.

No effect of digoxin use on
the hazard of dronedarone for heart failure

Vtgnre ' Kaghan Mawr pdnis Tre 1ha § revtadry rad: covars o= fuaba~ty con dvewed e e wvd e ades ooy o0 w#hoad r o cave

tgoam harapy CV iIndcates carthovanculse

Stefan H. Hohnloser et al. Circ Arrhythm Electrophysiol. 2014;7:1019-1025.



LIMITATIONS

* Digoxin therapy was not
randomized

* IT IS POSSIBLE THAT DIGOXIN USE

IS MERELY A MARKER FOR HIGHER
RISK PATIENTS who would be
more likely to display the adverse
effects of dronedarone

In support of this argument is the
fact that PATIENTS ON DIGOXIN
were OLDER and, in general, SICKER
than other patients

Stefan H. Hohnloser et al. Circ Arrhythm Electrophysiol. 2014,;7:1019-1025.

IN FAVOR of the observed

interaction being a direct effect
of digoxin is the fact that we
observed NO INTERACTION

RELATED TO COMBINED USE OF

DIGOXIN AND DRONEDARONE
RELATED TO HEART FAILURE




» WHAT IS THE UNDERLYING MECHANISM?

1) Increased digoxin itself is the driver of increased mortality in patients
receiving dronedarone

Higher serum digoxin concentrations were significantly associated with all-cause mortality rates with
particularly high mortality among subjects with serum digoxin concentrations >1.2 ng/mL (the DIG trial).

Dronedarone increased serum digoxin concentration in PALLAS patients to a mean concentration of 1.2
ng/mL, a level well above the range recommended by the DIG study post hoc analysis.

Despite these precautions, 6 of 8 serum digoxin concentrations available at day 7 in patients who suffered

from
arrhythmic death in PALLAS were 21.2 ng/mL.

2) Dronedarone increases arrhythmic death but only in patients on digoxin
unique toxicity

The Digitalis Investigation Group. The effect of digoxin on mortality and morbidity in patients with heart failure. N Engl J Med 1997;336:525-533
Stefan H. Hohnloser et al. Circ Arrhythm Electrophysiol. 2014,7:1019-1025.



Table 2. Study Outcomes.”

Hazard Ratio
Outcome Dronedarone Placebo (95% CI)f P Value

No. of Rate/100 No. of Rate/100
Events Patient-Yr Events Patent-Yr
What remains First coprimary outcome 43 8.2 19 3.6 2.29(1.34-3.94) 0002
Second coprnimary outcome ] 5.3 67 12.9 1.95 (1.45-2.62) <0.00]
I — d Death
u “exp a I ne EEN From any cause 25 13 2 1.94 (0.99-3.79) 0.049

From cardiovascular causes 2 0 2.11 (1.00-4.49) 0.046
From arrhythmia y 0.8 3.26 (1.06-10.0) 0.03
Stroke
Anyi 23 2.32 (1.11-4 8¢ 0.02
Ischemic s 3.4 : 7 2.01 (0.90-4.4
Systemic embolism
Myocardial infarction or unstable angina 5 ) 9 8 89 (0.8 014
Myocardial infarction 0.6 2 ) 54 26-9.2 063

Unplanned hospitalization for cardiovas- ) 37 ) <0.001

CURAT Causes

Hospatalization for heart failure 3 6 81(1.10-2.99 0.02

Heart-failure -‘['ll'.t:d(' or hospita l“_,b'll'ln" y $3.2 0.7 16 (1.57-2.5 <0001

...Increased risk of heart failure
seen with dronedarone in
PALLAS

Stefan H. Hohnloser et al. Circ Arrhythm Electrophysiol. 2014,7:1019-1025.



Dronedarone and digitalis: individually reduced post-repolarization
refractoriness enhances life-threatening arrhythmias.

’. .. . 2

- 1 : : 2 ~2 w =
Frommeyer G°, Milberg P“, Schulze Grotthoff J*, Daechernng DG, Kochhduser S< Sty

The aim of this study was to assess possible proarrhythmic effects of dronedarone in
combination with digitalis in an experimental whole heart model.

In this study,
in chronically dronedarone pretreated control and failing hearts.
Ouabain led to a significant abbreviation of ventricular repolarization.

This was more marked in dronedarone pretreated hearts and
resulted in an elevated incidence of VF.

This may help to interpret the results of the PALLAS trial

Frommeyer G et al. Europace. 2015 Aug;17(8):13008



Digoxin-associated mortality: a systematic review

and meta-analysis of the literature

2015

Mate Vamos, Julia W. Erath, and Stefan H. Hohnloser*

Department of Cardology, Diviuon of Clincal Blectrophysology, | W. Goethe Univeruty, Theodor-Stem-Ka 7, 60690 Frankfurt am Mas

weepeed 8 Aped 2015

Patient cohort Patients Statistics Hazard ratio and 95% CI

Hazard

ratio 95% <1 p-Value

Maliberg (RIKS-HIA), 2007 - AF AF 21450 142 129 15 000 R =

Shah, 2014 - AF

B2 197 1%

120 000

Chao, 2004« AF 28 105 002

Total

Hallbarg (RIKS-HIA), 2007 - CHF (AF) Ci

Shah, 2004 - CIF CHF 21972 114 111 117 000 .

Chao, 2004 - OF

Safety and efficacy of digoxin: systematic review and
meta-analysis of observational and controlled trial data

Total

Owgoun worse

Digouin besser

Figure 4 Forest plot of three large studies reporting data on patient populations with atrial fibrillation (upper half) and congestive heart failure
(lower half) relying on the same databases and applying identical analytic methodology.
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2012 focused update of the ESC Guidelines for the management of atrial fibrillation
European Heart Journal Nov 2012, 33 (21) 2719-2747




In ANDROMEDA and to a lesser extent in PALLAS, patients had more advanced cardiovascular disease
and more comorbidities at enrolment than was seen in ATHENA patients

In the ANDROMEDA and PALLAS trials there was an increase in the rates of heart failure events or
hospitalizations, which were clearly increased by dronedarone

The increased mortality in the ANDROMEDA trial was predominantly due to worsening heart failure
without showing any increase in arrhythmic death

In contrast excess mortality in the PALLAS trial was attributed primarily to arrhythmic death and
digoxin was present in the majority of those dead pts

Digoxin toxicity does not adequately explain the increased prevalence of stroke and heart failure
seen in the PALLAS trial

The smaller trial ERATO had an even higher prevalence of Digoxin use (43%) without any observed
increased mortality in the treatment arm but with a short follow up.



The difference in the prevalence of Digoxin use amongst the trials is
insufficient to explain the diametric response to Dronedarone...

...hower the less-than-rigorous monitoring of
serum levels of digoxin can lead to dangerous
sequalae in clinical practice...



Thank you

for your
attention



