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ABSTRACT

Atrial fitrillation is ons of the most common serons cardias rhythm disturbances and 15 responsible for subsinntial marbidity and maortality
Efficacy and safety of cumently emploved antimrhythmic drugs comtiose 1o be less optumal m atrial Gbmillation, Development of newer
antam it lanie dnigs bas recently been made possible tlorough a greater understasding of electro-pathephysiclogy of atrial fbrillaton
Amindarone is correntiy ene of the most widely nsed and most effective apterrhothonis agents for ptmal fibriflation. But during choonic usage
amiodarons can canse some serions extra cardins adverse effects. inchiding effects on the thyrowd. Dronedarone 5 a newer therapeutic agat
with & structural resemblance to anuodarcoe with two molecular changes, and with a better safety profile, Dronsdarene 15 2 maltichme]
blocker amd like amicdarone. possssses both & rhytiun and a rate control property in strial fitrilation. The 175 Food and Dmag Administration

npproved dronedarone for atcial Shnllation oo Tuly 2, 2004,
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INTRODUCTION

Airial fibrillation 15 a growing epideinic i Westein
coyntries with an estimated prevalence of 3.8% of the
population over 60 years of age and 9% over 80 years.’
The prevalence of AT is almost 1% amd st is estimated
that by the vear 2050°. approximately 3 million subjects
will have AF i the United States” Adtrial fibrillation
(AF) is the most common of the serious cardiae rhyilun
disturbances and 15 responsible for substantial morbadidy
and mortality and requiring hospitalization * Eficacy and
safety of cwrrently emploved antianbythmic dmpgs
(AADs) contme to be less optimal m AF. Development
of newer AADs has recently been made possible throueh
a greater understandimg of electio-pathoplysiology of
AFS Currently; there are two major freatment stralegies
for AF: rate control and thythm control. Sustamed smus
rhythim is associated with an mproved quality of lifie and
improved exercise performance ” Inadequacies in current
therapies for atvial fibrillation love made opew drog
development erucial * Conventiomal antiarrhythmic dnogs
mcrease the risk of ventricular proarrhvthmia. Moleoulas
modification of the highly effective multichanmel
blocker. amiodarone, to improve safety and tolerability
has produced promising analogues such as dronedarone.”
Alrthough arthytlimin-related svInploms and
thromboembolic strokes ae sipnificantly reduced by

anticoagulation therapy and rate controf, soms rhythm is
often associated with mnprovement m exercise capacity
and qualty of hfe' Despite advances m
nonphanmacological treatment  of atnal  fibrillation,
notably  catheter ablation. pharmacological therapy
contines te be the mainstay of freatiment. Because
catheter ablation s an  invasive, tUne-consuming
procedure wihich carries a significant risk, particularly m
elderly patients with or withowt concomatant structural
hemt disease, most elderly and older patients with atrial
fibrillation are not suitable for this procedure,’ On the
other hand, carrently availlable. parmacolopic agents are
wsed in the manapement of atril fibrillation for
prevention of embolic stroke, control of ventricnlar rate,
and restoration and mantenance of normal smus fyvthm
® but, available antiarrhythmic drugs ave limied by lack
of efficacy or by adverse effects in many instances. For
instance. class I anteuriythmic drgs are suitable for
treatment of atrial fbrillation m patiens with minimal or
no structural heart disease. However, in individnals with
sipmficant underlying heart dsease, particularly
coronary disease, these drugs are not allowed due 1o
potential proarchythimic dug effects” Amiodarone is one
of the most widely wsed and most effective
agtiarrhythmic agents with lictle proamfvthnic potential
Bt during chronic usage amsodarone amd o5 active
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metabolite desethvl amiodarone can cause some serious
extra cardiac adverse effects, inclnding effects on the
thyroid.  Amuodarone s an iodmated  benzofiran
derrvative and contams 3 7% of organic iodme by weight
Amiodarone stself and its high iodine content can cause
subclinical to overt thyroid dysfimetion, manifesting
gither  amwdarene-induced  hypotloroidsm o
amiodarone-induced thyrotoxicesis, About 15% to 28%
of patients develop thyroid dvsfimetion after 2 to 3 vears
of therapy, a risk that increases with higher doses.
Moreover, annodarone is lipophilic becanse of its wodine
comtent, thus accumulates m adipose tissue and highly
perfised organs like the liver, hng, cormea. and skin. In
addition. because of its long half-life of up to 100 davs.
high iodme levels persist for =6 months affer
discontmmation of the drug.” The US Food and Dmig
Admmistration  spproved dronedarone for atnal
fibritlation on July 2. 2009. Dronedarone s new
compoimds developed for treatment of atreal fibvillation.
Dronedarone is & benzofiran derivative stricturally
related To smodarons bl fee of iodime and with a
sulfonamide group placed on the benzofiran rmg.  So.
with strectural differences intended to eluninate the
effects of amiodarone on thyroid and pulmonary
fiinetiomns.

Dronedarone

Amiodarone 5 an especially potent atrial antifibrillatory
agent, bl 1 induees potentially serions sude effects
some patients.” Amiodarone-induced thyroid disorders
are commeon and often present as 8 management
challenge for endocrimologists. The pathopenesis of
amiodarone-induced thyvroid dysfunction 18 complex i
the isherent effects of the drug itself as well as its high
iedine content appear to play a central role’
Dronedarone is ong of these new compounds developed
for treatment of atrial fibrillation The duz = a
benzofuran dermvative strcturally related to ammodarone
bt free of indine and w:th a sulfonmnide group placed
on the benzofiman rimng. ' This, with structural differences
mtended to elmnate the effects of amiodarone on
thyroid and pulmonary functions. The absence of lodine
substituents and a less lipophilic character should be
asspcinted  with & bemer  tolerability®  The
electrophysiological properties of dronedarone are very
similar to those of amiodarone " * wikch 15 presently the
most effective drug to mamtam sinns thytlun (8R) in
patients with atrial fibnllation. Simlar to annodarone,
dronedarone demonstrates clectrophysiologic
-:Emm-:ierﬁtlcr. belonging o all 4 Vaughan-Williams
elasses * Dronedarone is a potent blocker of multple iom
conrents, imchoding  the mapdly  actvatmg  delayed-
rectifier potassium clurent, the showly activatmg delaved-

rectifier potassinm cument, the mward rectifier potassinm
caurent, the acetvicholme activated potassiom curment,
peak sodnmm current, and L-type calcium cwrent, and
exhibits antisdrenergic effisots ¥ 10

In vilro the  amiodarone metabolite M-
desethylamiodarone strongly  mhibited T3 binding 1o
thyroid homone receptor. both TRal and TRbL. within
the same order of nwmenttude, whereas the active
metabolite of dropedarone N-debutlydronsdarone was
shown to whibit T3 binding to TRal but much less so to
TRDL1. This isoform selectivity may explam the effects of
dronedarone on the heart (a maindy TRal organ) and the
lack of effect on the liver (a mainly TRbl orgam) with
little effect on plasma thyroid hormone *

CHEMISTRY, SYNTHESIS AND SAR

Dropedaroiie HCL i o benzofinan derivative  witls
chemical HAE: N-{2-butvl-3-[4-(3-
dibutylaminopropoxy ibenzoyl] benzo furan-5-y1}
methanesulfonamide, Ivdrochloride. Dropedarone HC1 is
a white fine powder that is practically msoluble in water
and freely solnble m methvlene chloride and methanol
Its empirical formola is CyHeN-0. 5, HCl with a
relative molecular mass of 393.2. It's struetural formula'
is provided in figure 1.

Dronedarone 15 a newer bemeofimran dermative with a
structural  resemblance to  amdodarone, with  two
molecular changes: it lacks the jodine modety® and it has
methane sulfonvl group thar decreases lipophiliciry.
resulting v & shorter  half-life aod lower fissue
aceumnilaton *

PHARMACOKINETICS

Dronedarone  inhibits outward and  inward Na™/iCa™
exchange current a concentration-dependent manner with
IC50 values of 353 and 18 ubd respectively, and Hill
coefficients of 1. The inhibitory effect of dronedarone on
Na™/Ca™ exchange cumrent is not changed by trypsin in
the pipette sohition. snggestmg that dronedarone mhibits
Na/Ca exchanger from the external side and for in the
membrane. Therefore, dronedarone may mhibi Na /Ca™
exchange carrent modestly 1w a therapeutic concentration
ragiee in a similar manner te aprindine.

Dropadarone i extensively mefabolized. mamly by
CYP3A7 Iitial - metabolic patbnvay  mcludes M-
debutvlation to form the active N.debutyl metabolite,
oxilative deamination to form the mactive propanosc
acid metabolite, and direct oxidation'’ The steadv-state
serum level of dronedarone 15 achieved in 5 10 7 days
The ehmination half-life of dronedarone 15 24 hours, It is
cleared by nonrenal mechanisin. Like amiodarone, oral
binavailability is imcreased 2- 1o 3-fold when taken with
food. Tt 15 well absorbed after oral admmistration (70%
to 100%%). The bwavailability 15 relatvvely fow (15%)
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because of extensive hepatic fast-pass metabolism by
Cyvtochrome P4503A4 and CYPIDG, thus requiring
twice-daily dosing 10 achieve steady-state serum levels.
Dronedarone has been shown to exhibit even less reverse
nse-dependency of repolarization than that found with
amiodarone, which mav provide befter cardiac safety, In
patch-clamp experinents m camne ventricular myocvies,
10 pM dronedarone markedly reduced the rapid
component of the delayved rectifier potassnun currem
(7%, P < 0.05) and the L-tvpe calcinm current (76, 5%,
P < 0.05). In the same expermpental study on dog
myocytes, acute superfnsion of dronedarone shortened
the action potential duration in Purkinje fibres (at 1 Hz
from 309.6 £ 118 to 2871 + 10.8 ms, P < 0.05) and
reduced the mcidence of early and delaved after
depolarizations induced by dofetilide and strophantidine
m Pukinje fibers. Clhromc treatment with dronedarone
for 4 weeks, unlike clwonic admimstration of
amiodarone, did not lengthen significantly the Qe
mierval of the eleetrocardiogram. *

PRE-CLINICAL DEVELOPMENT

The effect of the antiarrhythinie drog dropedarone on the
Acetvicholine-activated K+ cwrent (IK[Ach]) was
mafhtmated in single cells isolated from sinoatrial node
tissie  of rabbit hearts, In a study of effects of
dronedarone on Acetylcholine-activated carrent in rabbat
were dronedarone extermally perfised (0.001 + 1 mM)
caused a potent, voliage mdependent block of TE{ACh).
Fitting of the dose response cuwrve of TR{ACH) block
vielded an [C50 value of 63 b, a value over one order
of magnitude Jower than those reported for dronedarone
block of other capdee currents. TR{ACH) block was nol
due to an inhibitory action of dronedarone on the
miscarmic M2 receptor activation. since the drug was
effective on IK(ACh) constitutively activated by
mitacellnlar perfision with GTP-g5. External cell
perfiusion with dronedarone inlubited the activity of
IR{ACh) chamnels recorded fiom cell-attached patches
by reducmge the channgl open probability (from 0.56 10
011y withouwt modification of the single-channel
conductance.

These data suggest that dronedarone blocks IE({ACH)
channels either by disnopting the G-protein- medisted
activation or 1.1} ; dmect mhibitory interaction with the
channel protein

CLINICAL DEVELOPMENT

Chinical efficacy of dronedarone m varwous therapentc
conditions such as atrial fibrillation and heat faihore is
demonstrated by various climical frials a8 summarised
below. '

ATHENA: A placebo-controlled, double-blind, parallel
arm tral to assess the efficacy of dronedarone 400 mg

bid for the prevention of cardiovascular hospitalizatson
or death from any cavse in patients with atmal
fibrillation'atrial futter

EURIDIS: Ewopesn trial m atnmal fibnillation patients
receiving dronedarone for the mamtenance of sinus

rhvtium.
ADONIS: Amercane-austral@an-afiican trial — with
dronedarone in atmal fbrillation  patients  for the

mpinfenance of sinis rinthm,

ANDROMEDA: A placebo-contralled, double-blind,
nmilticentre parallel arm trial to evaluate the etficacy of
dronedarone 400mg bid on the moertality rate after
dronedarons therapy for severe heart failure.

DAFNE: A placebo-controlled. double-bliwd. parallel
arm trial to assess the effect of dronedarone various
doses (800, 1200, 1600 me'd) i patigmts with persistent
atrml fbrillation: a dose ranging study.

ERATC: A placebo-controlled. double-blind, paralle] arm
il 1o assess the efficacy of dromedarone 400 mg bid for
the control of ventricular rate im permansm  atrial
fbriflation: the efficacy and safety of dronedarone for the
control of ventricular rate during atrial fibrillation (erato)
study.

Atrial Fibrillation

ATHENA

The effect of dromedarome 400 me twice daly on
hospatalization for cardiovascular (CV) events or death in
4628 patients with AF were compared 1o placebo m
ATHENA. The mean follow-up was 21 months.
Treatment  with  dronedarone  reduced  the  primary
endpoint of composite first hospitalization for CV events
or death compared (o the placebo group (hazard ratio
[HR] 0.76: 95% CT 0.69 to 0.84; P < 0.001) which was
driven by the secendary endpoint of CV hospitalizations.
There was no significant difference m the secondary
endpoint of all-canse mortality.

Trial summary: Treatment with dropederone reduced
first hospitalization for CV evenis or death by 24%
comppared 10 placebo i patents with paroxysmal or
persistent AF/AFL"®

Results snummary is displayed in Table 1.

SINUS KHY THM

EURIDIS amnd ADONIS

The efficacy of dropedarone 400 me twice daily on the
primary endpoint of time to first recurrence of AF/AFL
wis compared to placebo m two randomized, mnlicenter
trials of patieots with a history of AF (at least one
episode of AF within the past 3 months and m sinus
rivthm for at least | hour prior to randomization).
Patiends with New York Heart Asgociation (NYHA)
Class [IT or IV HF were exchided from the trinl, Mean
left ventricular ejection fraction (LVEF) at baseline was
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50%. The resulis of the two trals (ADOXNIS: 623
patients enrolled in the .8, Canada. Australia, South
Afiica, and Avstralia; EURIDIS: 612 patients emrolled in
12 countries i Europe) are presented separately and
combined m the table below. In ADONIS, the median
tmme to first recurrence of AF/AFL was 158 days with
dronedarone compared to 39 davs m the placebo group.
for ELIRIDIS, the results were 96 days with dronedarone
and 41 days in patients receiving placebo, When resulis
of the trials were combined, the median time to AF
recirrence was 116 days with drooedarone and 53 davs
i patients on placebo. The secondary endpoint of
ventricular rate at first recoorence of AF was 103 with
dronedarone compared to 117 on placebo (P<0.001)
According to an evaluation of another secondary
endpomt, the rates of svmptomatic recurrence AF
occuired in 38% of patientz on dronedarone and 469 on
placebo (P=0.001). The onky reported adverse event that
occired more fequently in the dronedarone group was
an merease m sCr (2.4% of patients vs. 0.2% on placebo;
P=0.004) Ope patient receiving dronedarone was
reported to have wderstiial hng disease, and another
with pulmonary fibrosis that was also found at baseline."

Trial summary: Treatment with dropedarone increased
median tiume to fist recurrence AF/AFL by 63 days
compared to placebo: the rate of AF recurrence at 12
months was reduced by 253% with dronedarone compared
to placeho.

Results summary 15 displayed m Table 2.

Heart Fallure

ANDROMEDA

The effect of dronedarone 400 mg wice daily on the
primary endpomt of all-canse mortality or hospitalization
for worsening HF was to be evaluated in a randomized.
double-blind,  placebo-controlled, multicenter  trial
conducted m Enrope. Patients hospitalized with new o
worsenmg HF (with NYHA Class [l or [V HF or
paroxysial noctumal dyvspnea within the Iast month).
were inchuled in the rial Eniry eriteria also meluded a
LVEF equivalent 1o no more than 35%. Approxinately
4% of patients had a bistory of AF; 36% were in NYHA
Class 111 HF and approximately 40% in Class II HF. The
irial was plamned o mclide ar least 12 months of
treatment for each patient, and was to be conducted over
a period of 2 wvears. The tral was discontinied
prematurely afier 627 patients were enrolled and after a
median follow-up of 2 months due fo an ncrease m
mortality i the treatment group: 25 deaths (8.1%)
patients treated with dronedarone compared to 12 deaths
(3.8%) in patients on placebo (HR 2.13: 95% CT 107 1o
4.25; P=0.03). It was reported that the mcreased
mortality was primarily due to an merease m death doe

to worsening HFE (10 deaths with dronedarone compared
to 2 deaths on placebo). There was no difference in the
primary emdpoint reported at sty termunston
Aceording to subgroup anabysis, the risk of death was
greater m patients with a lower LVEF (approximately <
35%) compared to a higher LVEF. The only reponed
serons adverse event that occurred sizmificantly more
frequently m the dronedarone group was an merease m
gCr (2.6% of patients vs. (%o on placebo; P=0.01).

Trial sumumnary: The risk of all-cause mortality was
doubled m patients with moderate to severe HF and
reduced LVEF who were treated with dronedarone
compared to placebo '

Resnbts snmmary s displayved in Table 3.

Additional Efficacy Trials

DAFNE

Patients with persistent AF scheduled for cardioversion
(r=270; 199 analyzed) were randomized to treatment
with dronedarone 400 mg twice dailv, & mg twice
daily, 800 mg twice daily, or placebo. The primary
efficacy endpoint of median 1ime to AF relapse durmg
the 6 month evaluation period was 60 davs with
dronedarons 400 me twice daily vs. 5.3 davs with
placebo (RRR 55%; 95% CI 72 10 18%; P=0.001). A
significant benefit was not found at the lngher doses of
dronedarone; althongh, there was an increase in the
discontinnation rate due o adverse events with 500 mg
rwice daily (22.6%) and 600 mg twice daily [7.6%)
compared to the 400 mg twice daily treatment group
(3.9%) or placebo (0%0), The most frequent reason for
diug discontinuation was due to diarhea, nmisea, or
womiimg $

ERAT

The effect of dronedarone 400 mg fwice daily on the
primary endpoint of change i mean ventricular rate
from baseline to day 14 compared to placebo was
cvalmted m 174 patients with symptomatic permancnt
AF. Treatmemt was continued for 6 months to evalate
tolerabality. Mean 24-hour ventricular rate was reduced
by 11 beats per minute {bpin) compared to an ncrease of
0.7 bpm with placebo (P<0.0001). Ahkougzh the effect of
dronedarong on resting heart rate appeared to achieve
clinical significance, the reduction in exercise heart rate
(dronedarone 274 bpm vs. placebo 2.9 bpm; P=<0.0001)
did not improve 1o clinically recomimended levels 3
Results from the per protocol mmalysis showed that
dmonedarone reduced mean ventricular rate by 12.3 bpm
(from 888 to 76.5 bpm) compared to a reduction of 0.4
bpm with placebo {fromm 92.3 to 91,1 bpm). There was no
sigmficamt difference in mean increase i maximal
exercise duration (P=0,514]), There was an merease m
treatment emergent adverse events (TEAEs) with
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dronedatone coinpared 1o placebo (77%0 vs, 60%) and a
slight increase in serious TEAEs with dronedarone
(17%) vs. placebo (14%). The rates of any mfection
(31% vs. 25%), gastromntestmal disorder (20% va. 14%),
respratory-related {192 ws. 7%), or mervous system
disorder (17%% ws, 12%), were all increased with
dronedarone compared to placebo. There was one report
of sudden death m a patient treated with dronedarone
(reported to have a history of congenital heart disease
am a family history of sudden death and Steinert’s
disease (myotonic dystroplv). It was reported that this
patient’s ECG abnormalities were not detected upon
enrollment which would have resulted n exchision from
the studv. There was a 41.4% mcrease in dipoxin levels
that was reported not to result m oa significant difference
i levels omtside the therapeutic range compared to
placeba.

TOLERABILITY AND SIDE EFFECTS

Chnical frials of dronederone have produced highly
satisfactory data in terms of improving atrial fibrillation
parameters, together with a good safety profile and good
tolerability over a period of up to maxinum 30 months
both as monotherapy and m combination with other
antiarmythmia dmgs, In dmg-naive patients with atrial
fibrillation, dronedarone 400 me monotherapy once daly
showed a smmlar tolerability profile to the placebo. The
clinical trial studies revealed simslarsty m the overall
meidence of side effects between dronedarone (400mg)
and placebo. The most common events reported with
dronedarone 400mg  (more commonly than placebo)
were  diarthea (%0 ws. 6%), nausea (5% wvs. 3%,
respectively), aixdomimal pamn (4% vs, 3%, mspeﬂiue]}'l
vomiting (2% vs. 1%, respectively), dyspepsia (2% vs.
1%, respectively), asthemin (7o wa. 3%, respectively),
bradycardia (3% wvs. 1%, réspectively), rash, pruritus,
eczema, dermatitis, allergic dermatitis (5% vs. 3%
respectively), photosensitivity (< 1% ws. not reported,
respectively), dvspensia (< 1% wvi. not reporied.
respectively). In one of the pivomal trial  with
dronedarone (ATHENA), there was no  statistically
sipnificant difference in serions adverse events (e
cardiac,  respiratory,  gastroinfestmal — endocrine.
netrologie, skin-related, or inerease serum Creatinine)
with dronedarone compared to placebo. There was one
repofted case of torsades de poues in a patent recening
dronedarone * M

A randomized, cross-over, placebo-controlksd, double-
blmd study m twelve healthy volontecrs was carried ot
for effect of dropedarope om  renal finction,
Dropedarone reduces  repsal  creatinne  and N-
methylnicotinamide clearance by about 18%, withou
evidence of an effect on GFR. remal plasma flow or

electrolyte exchanges. A specific partinl inhibifion of
tnbular organic cation fransporters, limmed increase
serun creatining is therefore expected with dronedarone
treatiient, buf sl nwan there 5 a decline m renal
function.”

DRUG INTERACTIONS

Pharmacokinetic interaction between dronedarone and a
range of commonly-prescribed therapeutic agemt was
investigated by mnﬂun[mg series of siudies m healtly
individuals dronedarone is metabolized primanly by
CYP 3A and 15 a moderate inhibitor of CYP 3A and CYP
216, Ketoconazole is a broad spetrum antifiungal agent
and being a strong CYP 3A4/5 inhibitor, resulied ina 17-
fold merease m dronedarone exposwre and a 9-fold
increase m Cmax due to repeated dose of ketoconazole.
Therefore, the dose of drovnedarone should be limited
when co-administered with a strong CYP3ASS mbubitor.
Sunvastatin, (HMG CoA) reductase mlubitor prescribed
o comtrol  byvpercholesterokemia and  prevemt
cardipvascular disease, which shares the CYP3A4
metabolic pathway with dronedarone. Coadiminisiration
of simvastatin with dronedarone mereased simvastatio
and simvastatin acid exposire by 4- and 2- fold
respectively.  Dronedarons  administration  did  not
meanmefilly alter the pharmacokinetics of simvastatin
Diltiazem 12 a calcnun-channel blocker used in the
treatmient of hypertension: if is a moderate inhibitor of
CYP3A4LS and wounld be expected o alter the
phanmacekmetics of dronedarone, Coadmmistration of
caleinm  channel blocker (verapamil, dialtiazam  or
nifedipine) with dronedarone increases the exposure of
caleium channel blocker by 1.4~ to 1.5+ fold Therefore,
dosage adjustment of saxaglptin may be requited when
coadministered with caleiom channel blocker. Digoxin is
a cardiac ghycoside widely used i the treamment of
varwus cardiae conditions amd is a P-glycoprotein
substrate, Dronedarone increased digoxin exposure by
25-fold by inhibiting the P-gP transporter. Other P-gP
subsirates are expected o have mereased exposure when
coadministered with dronedarone. So. if digoxin
treatment is contined, the doses of digoxm., monitor
serumm levels closely. and observe for toxiciry. ™'
CONCLUSION

Dropedarone 15 & newer  benzolivan  denvative
structurally similar to ammodarone except it lacks the
iodime modety and there 15 an addibon of a methane
sulfony] group. Tt does not significantly prolong the QTc
and mo significant pulmopary, hepatic, ocular, or
neurologic toxic effects have been observed m the
studies dope o date. Dronedarone, in addition 1o i
benefits for rate and rintlin comtral, may reduce all-
canse hospralization or death m patients with AF
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Dronedarone may be a viable, nmformly effective, and
safer treatment option for patients with AF,
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