METHOD OF TREATI NG ATRI AL FI BRI LLATI ON Cross- Reference to Rel ated

Appl i cations [ 0001] This application clainms the benefit under
35 U. S. Cworan(msy73ef United States Provisional Patent AppTiusatioon2s7

61/ 288,739, filed on Decenber 21, 2009, 5which is hereby incorporated by
reference inits entirety. Field of the Invention [ 0002] The
present invention r eiRTeOD QIMFRICBING ATREAL HIBRIZLATIPDNEVENt i Ng atri al
fibrillation and/or atrial flutter by coadm nistration of therapeutically

effective amounts or | escRks-RIRLAG BRAAte@NGPIRGAMN Cal | y acceptabl e
salts thereof and 10dronedarone or pharmaceutically acceptable salts

thereof . hi s, i nveniaod 2tsQapplalisschmphaneRanubhaals bereu aisiong. that

are suitable for such coadm nistration. Backgroun Atri al
fibrillatUoied $Ees PoovidenaiBstenipApplaiaton 6 HE8HY3Nfiled ot Pecdnmiwir dén2¥90f whi ch

incregses wiih age. It is estimted that 8% of all people over the age 15
of 80 exp‘gwcéﬁ%lé&%ﬁ lgc?ryﬂré&gfbya{ﬁ oFHEM HE S ®hyt hm and AF accounts for

one-third of hospital adm ssions for cardiac rhythm di sturbances. Over 2.2
mllion people are believed to I8 ofthd vehGodni tes States al one. Fuster
et al Grculation 2006 114 (7): e257-354. Although atrial fibrillation is

of ten asynptomatic [pp02RY TESHSEnR BlvRhliGH teRRS 8mENRR L Bhtthg Md/jronged
atrial fibrillation often results in the devel opnent of congestive 20heart

failure aprdyeningaprokabribetson andgiriatiiad flytoehogpadaenistipsion@d theracrbenlys t o
conpensat g«f Or d I |.Cl A il K r when
Chrond - army s PRt EPHRE oA 8 pEh R e SRS A TR, 0

brai n.0 Pudronstarohceiripahimazayticalls acapwdlaaqlts thetdoif s ThBnimehtioh QRO 4dlatChitor ent

nmet hods far treatin% AF include electric and/or chem cal 25cardi oversion
and | aserPhgpmageugieal Tormylationg thad atessuitable forasgchhapadmpinigtraipdyi gat ran, and
heparin, are typically prescribed in order to avoid stroke. Wile there is
currently sonme debate regardi ng t hegyf8iafmdet ween rate and rhythm control,
see Roy et al. N Engl J Med 2008 358:25; 2667-2677, rate control is

typically achi eved he : r I ﬁMﬁﬁ iges, and
cal ci um channel bl o@l{ig?]s. AH%%@%%%%@Q%%@?P@&@%%@%@ % fie
[ 0005] Oniecidbndehd windt inceavaswitindge- aris leytithated thag 8Yitof allpeapicodar thnegahi ch i s

et o D SHFBRICE IR SPIGTAL Bt i Shasiouts T GRHPBE c o ug

and has %d@?ﬁﬁ_aﬁﬁﬁ@?on@ffoﬂ&%% fRRIne dsthesaRES €0l &2 ThaligRptoglanger ous of
these effects is the devel opnent
believed to have AF in the Unites States alone. Fuster et al Circulation 2006 114 (7):
€257-354. Although atrial fibrillation is often asymptomatic it may cause palpitations or
chest pain. Prolonged atrial fibrillation often results in the development of congestive
20 heart failure and/or stroke. Heart failure develops as the heart attempts to compensate for
the reduced cardiac efficiency while stroke may occur when thrombi form in the atria,

pass into the blood stream and lodge in the brain. Pulmonary emboli may also develop in

this manner.

[0004] Current methods for treating AF include electric and/or chemical
25  cardioversion and laser ablation. Anticoagulants, such as warfarin, dabigatran, and
heparin, are typically prescribed in order to avoid stroke. While there is currently some
debate regarding the choice between rate and rhythm control, see Roy et al. N Engl J Med
2008 358:25; 2667-2677, rate control is typically achieved by the use of beta blockers,

cardiac glycosides, and calcium channel blockers.



50f interstitial lung disease. Thyroid toxicity, both hypothyroidi smand
hyperthyroidism is often seen, as are effects in the eye and |iver.

Addi t i onawDyp1vmeis3pat i ents (8-18% di scontinue use of amirasasionel2after one
year due to intolerant side effects. [ 0006] Dronedarone, a
non-i odi nat ed deri vat| ve of am odarone, reduces cardi ovascul ar

hospi tal i zati on andl08B3k aPne 9f the mest PRIAMEN @RE-AITRYhAE 2850k ip Iaméﬂqaﬁmleand/ or
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in patients with AF/AFL. Dronedarone was associated wt
si gni fi caoftenrsechycs amﬂfmtstlhdlereyslandﬂlvcreo%dmmnallalmalajl' paftleth|(8+1§%)on, but

doses of nedar one .600 and 800 ot..effective and were
ROl R Ty R e R R B T MO L A R vy
of dronedarone are highly desirable. [0007] It has now been found that the

combi nati on of dr on@desjonBreiRdardfE, andnaalingtcd Asricive b bmiBdagsid] feligsi n
pot ent el ectrophysiol ogic actions |eading to marked suglplresm on of atrial
arr hyt hm %dlawrﬁ@labh%@rtale@ﬂan ard woraliviio naticntovite pispfiatillation apdigsitiad i on of

and vt g A %%@ﬁ*y%%érﬁ“ AR MRl W e BB s8] e
i nvent i onAfter feaseblanme ttihle, s tepUhisdsrigatanBoadnaxiiaa edintih Baan@r (FO ARt

coadm ni stratiqn of dr on rone and r 0 pati.ent row des
vent ri cul #PTed dEncdptiong 0% 9{&%&% BoWE Ffuctiohef itk afity to

control ‘gﬁdlB@és%ul%f‘ﬂo hnwanxﬁ ﬂﬂibd@nfé%ﬁ‘r‘éar&gisn{a[ Sﬁé}érﬁgteﬁtnng BF &¥€NtH NG

atri al I'lation and/or atrial flutt In patients, as well as a variety
of ot her tharchniaz s@mmiu, dos@msf drahedanorar 4000 68( or B nightmocegtadyt(BI3DWerei s

further cont.em Ia dm |str |on useful en. dr onedar one
R L SRETR S DAk e b L B st GG mecr
adm ni st eigdfitdnt @edu%h&{ ARgtisicst leyuredt a6lal Visridass, bhitdosss §firéit@arone
conterrpl ated that either one or both of dronedarone and ranol azi ne nay be

ef f ect 1 veoQOfmp&lRgnd AP mesBEY vgrg nptaffe@tn@umﬂ wesspoarhatelarsied.r Thwspect i ve
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synergistic e cco |ng Phoone  aspect invention is
directed to a nethod for treatnent and/or prevention of atrial fibrillation

and/or atrial flutt@o07in hhpahéwedten founeeat teeoadinatibhef dhbddoroamar i ses
coadm ni strati.on of a synergistically therapeutic anmount of  dronedarone or
phar mdc e u2nelaring havwepichys seliing proté%ﬂ @cl%,ctrpa@f%f)glaﬁaﬂ%{wéwﬁi@rggﬁowr ey

therapeut Eg%@@b‘ﬁ‘&f Afiaf #ARMAADEmBAg BINGY CRGEGUEH AR, F6FERMANE ansal t Or

salts ther
combination of dronedarone and ranolazine has synergism in reducing AV nodal

conduction and ventricular tachyarrhythmia.

SUMMARY OF THE INVENTION

25 [0008] The invention is based on the surprising and unexpected
discovery that coadministration of dronedarone and ranolazine to patients provides
ventricular and/or atrial rate and/or rhythm control. The ability to control the rate and the
rhythm is useful for treating and preventing atrial fibrillation and/or atrial flutter in
patients, as well as a variety of other cardiac conditions, which are described throughout.

30 It is further contemplated that the coadministration is useful when dronedarone is

administered in a therapeutically effective dose and ranolazine is administered in a

2



10[ 0010] In another aspect, the invention is directed to a nethod for
reduci ng the undesirable side effects of dronedarone or pharnaceutically
accept ablwo=alttoser3dsal t s t hereof conprising coadm ni st elPCEYISa010/061257
synergistically therapeutic anmount of ranol azine or a pharnaceutically
acceptable salt or salts thereof [0011] In another aspect, the invention is

di rect ed therageyseRpatfedive e di b fgherfontemplaipbthel dilicr gneprlatk Ple dose of
dr onedar Ofignfarcitlhd Unobid b NEE §cift 0 HAICR NEhiRRALN AIALAIACR than

synergistically therapeutic a rano Ine or salt or salts thereof.
[ 0012] I nthainedspectivasipeaicutit kesdsisuehts o nyncsgisticadlgcédctive anoumt,hind td tieir
reduci ng the prol p ation of the QI interval in a patient caused by
ranolazidﬁ“@@“@ﬁﬁge 20sal ts thereof, wherein the nethod conprises

adm nistering to the patient a synergistically therapeutic anmunt of

dronedarone or sal t[9)9|saht&riiRgreaf odchspRDLHEInVvRSRACEK dirbbi6d towsRihoan i s
directed to a nethod for reducing the prolongation of the QI interval in a

pati ent clogedmeyt ahddradercotien of atgal fibrdlationlend/or deipkiddtier whe paiant theeedet hod

conprises,adnni,stering to t.he patien synerqgi stically therapeutic anmount
of T anor SR oPRGEHE0F b 3BT B rsflo PP ELALA Ry kR ARSI o
aspect, tRirbidertne @R phamicsigichedad@pRbreuhofdsdlethdasiunhataisygergRatdliycul ar
and/or atrial rate in a patient in need thereof, said nethod conprising
coadni ni sthefperictamqunbohianelazine eypargiacsutically sccepfablapelter wlts tistienfs of

dronedar one and ranol azi ne or pharnmaceutically acceptable salt or salts

th 0014] 1 h i I 1 i t hod
eregf [ 1 In [?pg(?} €ln %ﬁgﬁg%spets@ﬁleil r%@i&h?@dlk@%té&' th &Gh&fod Rrd Metho

for nodul ati ng vent | ar atria min a patient In need
t her eof , wdudngréichmdesgabhiersidd affpcsad dnomeidsioee bngharmatduecgdt aceabtable salt

synergistically therapeutic anpunts .of dronedarone and r.anol azi ne or
phar maceut'i S&[ﬂ %&reafe Patiec P%mlé‘ieﬁ%latsgnetrﬁé‘i“@g‘fy BRSPS SMRUAHSt her

aspect, thgoLAuesE b PRarhdcditic8ly 8ep@bR sARbP Qs firedtr OVi di ng rhythm and rate
control of the ventricles and/or atria in a patient in need thereof, said

met hod conprising coadm nistering to the patient synergistically
t her apeuti ¢ anount s[0811ldr bresgthco awcatn therinyrtian indirestedgh ampeibedifor cal | y

acceptabl e ,salt . or,salts thereof.. 10[0Q1L6] I.n anot her aspect he i nvention
" CePs o Satand umd A TRl ARk AT WincboRP Rl Mo 38R bisgt 00 e

vent ri cul @mpraatpy@ad@imstetinga Patct@itcall P tieegdutiheneait of salothziRtdraglt or
conprising coadm nistering to the patient synergistically therapeutic
amount s oRltg¢hsidar one and ranol azi ne or pharmaceutically acceptabl e salt
or salts thereof.

[0012] In another aspect, the invention is directed to a method for
reducing the prolongation of the QT interval in a patient caused by ranolazine or salt or
20  salts thereof, wherein the method comprises administering to the patient a synergistically
therapeutic amount of dronedarone or salt or salts thereof. In another aspect, the
invention is directed to a method for reducing the prolongation of the QT interval in a
patient caused by dronedarone or salt or salts thereof, wherein the method comprises
administering to the patient a synergistically therapeutic amount of ranolazine or salt or

25  salts thereof.

[0013] In another aspect, the invention is directed to a method for
modulating ventricular and/or atrial rate in a patient in need thereof, said method
comprising coadministering to the patient synergistically therapeutic amounts of

dronedarone and ranolazine or pharmaceutically acceptable salt or salts thereof.



15[ 0017] In another aspect, the invention is directed to a nmethod of
preventing ventricular fibrillation in patients susceptible to ventricular
fibrill atworptigsits3net hod conpri sing coadm ni stering toPChaSpavioeres?
synergistically therapeutic ambunts of dronedarone and ranol azi ne or

pharmaceutically accegtable salt or salts thereof [0018] In another aspect,
the invention is dik08&dlednamotheraingeld thegpvertiondudirestadig 2aneeed fogal and

structur %8§1|?1§1'{‘5(9gt9\'64nt uld} aﬂd/B?Eﬂn%[‘fhghﬂn ﬂ{aa?g%tf Bl&Rbkd iRALd; JRE &%ﬂloﬁonp][i si ng

coadmi ni st e patient synergisti y therapeutic anounts o
dr onedar ocvenaisthy @adnarstaengto thdpativac euicrgistichly deeppttadimowas 6f or salts

t her eof 0019] In another aspect, the invention |s directed to
a met hod YPnedansciang r%ﬁa&iwmﬁ@a% SRt e qréelvtﬁ/%?ﬁeﬁ thnia or
ventricular tachyarrhythma in a patient 25in need thereof conprising

coadmisni stering a sy0es|di fitdnedct ¥speBE HRARM N W cdAb aFh@R&FHREONe or
pharmaceutical ly acceptable salt or salts thereof and equal to a

syner gi stproaiding thifdmgeiuaiecoatrolefithe merdtieles mal/@ratphar awpatieont inggkdy salt or
salts the epff ; h EOOZQJ In.qnothfghas ect thetinneﬂ{ion {s
directed T5 80 S HERINUH CPPRITER FPREMHUEBTIAIC DaPTER" SRS AU HY IR BUT i ent
in need thesaee ofdoiddafingAndGareRadid driphhieidco@iall$ oehaibsd data@r ksytst her apeuti ¢
anount of dronedarone or pharmaceutically WD 2011/084733PCT/ US2010/ 061257

acceptabﬂ@m§9ft or salts thereof and equal to a synergistically therapeutic
anount ranol azi ne or pharmaceutically salt or salts thereof In sone

embodjgrent s, the PAWFR! BURLAIS o (MR R Bhioh P8R amans g atrial

flutter. [0021] I n another aspect, e invention is directe o a nethod of
Spr event i rduang okgreaatingeaside de pumeesiven@icpht taehycardia e gatfdne neraded

conprising coadmi nistering a.synergistically therapeutic amunt of .

dr onedar ofig™8 _Sﬂﬂm%%fﬁﬂ P HEGRE TR PR PéteﬁnP%ef%sttCHﬁy ﬁ@répgﬁac equal
to a syneffibitd SadrbYedaRRt 3RE Wirofa AR Phaide Ol Al 1P GcQbtabtafalRe 8Mtd cal Iy sal t
or salts thereof [0022] In another aspect, the invention is directed to a

phar maceuthersaf. 10 formul ati on conprising a synergistically therapeutic
anount of dronedarone or pharnmaceutically acceptable salt or salts thereof,

a synergistically t@ peut.ic .amunt. of .rancl azi ne or, .phar nac ically

Rcceptanl o sait or 81 PO Hubuly Rh e ihRERAEL ARy Py ARG L S

carrier. pe0chdihg vonteioelahfbrik&adh peficrthistdpeilettb @ontdictiit Hbdllitfonpsayi ded a
method comprising coadministering to the patient synergistically therapeutic amounts of

dronedarone and ranolazine or pharmaceutically acceptable salt or salts thereof.

[0018] In another aspect, the invention is directed to a method for
20  modulating electrical and structural remodeling in a patient in need thereof, said method
comprising coadministering to the patient synergistically therapeutic amounts of

dronedarone and ranolazine or pharmaceutically acceptable salt or salts thereof.

[0019] In another aspect, the invention is directed to a method of treating
or preventing supraventricular tachyarrhythmia or ventricular tachyarrhythmia in a patient
25  inneed thereof comprising coadministering a synergistically therapeutic amount of
dronedarone or pharmaceutically acceptable salt or salts thereof and equal to a

synergistically therapeutic amount ranolazine or pharmaceutically salt or salts thereof.

[0020] In another aspect, the invention is directed to a method of
preventing hospitalization and death in a patient in need thereof comprising

30  coadministering a synergistically therapeutic amount of dronedarone or pharmaceutically
4



15treatnment of atrial fibrillation conprising the coadm nistration of a
synergi stic therapeutically effective anount of dronedarone and synergistic
t her apeutwoabiwosefsBect i ve anmount of ranol azi ne. The twoPagaskeiomashe

adm ni stered separately or together in separate or a conbi ned dosage unit.

I f adm nistered separately, the ranolazine nmay be adm ni stered before or
after ad n%q%mtﬁl?laﬁﬂgw Bits theeeod ppdh el bnespgteistisally gicrapeutieapaws] azi ne 20
will be L0 Lo : - n

anot her St B FrRhlafichi W L ANEREE N some cmbogiments, giEend [

undesi r abduéfesd fikem efriad €ibsilladondamorerdiatd fiatters present ed. The net hod conpri ses
coadm nistration of a synergistic therapeutically effective dose of

d d d istic.th ti.cal ly effecti d f | azi ne.
2 bt or 6. 1 ho- t o WEHL ST e SaalHCr PR GBRATD BB Yogot her [
separat e Iﬁévéhti‘ﬁg RRbIREHARSATRHOIT a pdtfentBiH el %&é&@oﬁ@ﬁ@iﬁ?fc%&mnhk&ing

e

ranol azi ne may be adm nistered before or after adm nisStration of th
dr onedar ongyniotgisticghy terdpgutihemeunof dronadargnd ¢r thermelsunialyaceeptadé salt t o t he

dr onedar one. ..BRI EF .DESCRI PTI ON OF. TH W N 002 used t hroughout
the’ Bt gur ity RerpL A Sk P e iy AR e s el ool ar ). and

t he termpH¥mncehfcallyedaRios sile tHErepedar one 10 uM [0026] Figure 1. Effects of
ranol azi ne and dronedarone, alone or 5conbi ned these agents on action
potential duration (APD) fromdifferent atrial ~and ventricul ar regions.
Shown are represent 302He Hamodrr porcehthednenting isdifasidio gaharmpecrtia! ef f ect
on ARBGO0 L G s ] J pr epar ations
oti miat o oy RGO Jahfigl fARCfRR y SRPEY Eno B YRILIARI B Mcty.

n=7- 8. Clphrmadeatiealtyercnematile salt ¢iakts thecdoif adyacrgissichley, thhtapedtic amdvint of |

region, Epi = epicardium . 5 = 10ranol azine 5 |LL on 10 .=
Gir Snedar GHEOFERBa PhmpACualy Serrde SALYRR PlereaSAi PEERaceigly o os
versus Dro@cpible baies 0. 05 versus Washout . [0027] Figure 2.
Ranol azi ne and dronedarone induce prolongation of effective refractory
period (ERP) and devel opnment of post-repolarization refractoriness in atria
(PRR, the differencd0®dt weenottiRPaspeet fpm7 mvieniican & ngthad és tyevideéa ERP and
65%?%5%?&2321?&%%}%% %%%g ﬁbrEiBall:‘.[io%ocrormei)s sPnrg]gd[ﬁe Egadﬁ‘legzgatZO% 3k s%érlglastig‘nd to APDOO In
therapeutically effective amount of dronedarone and synergistic therapeutically effective

amount of ranolazine. The two agents may be administered separately or together in
separate or a combined dosage unit. If administered separately, the ranolazine may be
administered before or after administration of the dronedarone but typically the ranolazine

20  will be administered prior to the dronedarone.

[0024] In another aspect of the invention is provided a method for
reducing the undesirable side effects of dronedarone is presented. The method comprises
coadministration of a synergistic therapeutically effective dose of dronedarone and a
synergistic therapeutically effective dose of ranolazine. As before, the two agents may be

25  administered separately or together in separate or a combined dosage unit. If
administered separately, the ranolazine may be administered before or after
administration of the dronedarone but typically the ranolazine will be administered prior

to the dronedarone.



ms. Ventricular data were obtained fromepicardiumand atrial data from
endocardi al pectinate nuscle (PM. n=7-8. * p<0.05 versus respective
control (VEP.2011/g8«B305 versus washout. | p<0.05 versus Drom/uB2010#61280. 05
versus respective ERP. [0028] Figure 3. Ranol azine and dronedarone al one or
conbi ned cause 20 potent atrial-selective rate-dependent inhibition of V..
A V. of atrial and veRREFPESCRIPHIQN QFIREDNRIMINGRed at a cycle

|l ength (CL) of 500 nms (left panel) as a %of control. B: V. of atrial and
ventricul ar action [982¥nt Aapscditbroughw ghaligercsrthe tosm Rapm dcfers tof 500 to

300 %, : 5 ' | "Atria"
repr ggeﬁtsrag%lf{%}%gé%wl@fnﬁn@%%? zt?e %ﬁ?ﬁhc%srg%?se%?déé%ﬁt%% cq%ggi“ M‘d EpirI :nd

M cell data from 25ventricul ar wedge preparations. n=7-8. * p<0.05 versus
respective control [0@26] tFigutd D5ENatsoSranaishoetnd dronedasghe)sloueosus Dron 10.

# - p<0.05 vers respective . atrial . yal ues. . 0029] Figure 4.
Atrial>- se?oé‘&'%“il‘?f’gt?lgifr?é%t? opje tl%lgﬂt%%i@x 3wa8?n %%Dh%szmrf’éffera{e& 4g# 398t ent i al

upstroke yek@Gidr¥edidng SHowhhee RORREMEETORtBH pif-ARdan@REnARY, JBDOt @i ne at
rapid activation rates. Shown are action potential (AP) tracings and 30

cor r esponeffargoivAP A arskAPBadn detbndgrparised etelbbargt veoricofar peapiarigionsait e from a

Sel oot v Y bHoT ATt e AL G St iR S R REe R £ T hpifa 1

atria, bukrfi@hliy/ @M Eipget@fitainutde Mapil ¢ M%teny@%idﬁgm i atePichfli@n! RarPs el onged
| ate phase 3 of the action potential in atria) reduces the rate of recovery
of thid sodhelariahaniél DiondddiggedatensckbiMi ddks 0-0hysrsenrespichue pergral 6CY- he

atrial - 5e¢l egilbye &l bEgt fo of, LBSUHGS v [0030] Figure 5.

Effects ranol azine and edarone, "al one or conbi ned, on conducti on
time in coronary-perfused atrial and ventricul ar preparati ons. Conduction
time was estimated [092TeaBignialy RaelchineatnidaitomdaroRe wadned pabehgh RSO f

conpl exes af .ECG _recordings from cqronary-perfused atrial and ventri.cul ar
or opar at | GRS Va b5 08y e T eyt SF-STPO?@Z?U?H BEgCOEnGE L us
Washout . Jyip %ﬁhé‘ BIFRYSH LD L ERP-Gid /A PIDAAS MriaFn@ We&vLn BRE &t &P},

ranol azi ne ( and dronedarone (10 1uM, alone or conbined to depress
exci tldbi lintveniricles; ERP astredpoods tor/elPol dingtrigxe tbad RIdn in DFE)icleHTEL = 500

t . bt ai ned d dial ti. | I d
Toepi ar dRny SUUTT dfL5ie ol THan SR gD BRT oA oE PR SpBe’ Gl o) s
Washout ; pecBfilte BRisVIBIBMSY. £018 *0b<0 B8R cBus MASRAVE coitl (@)(’. gnp&@.OS ﬂe&r@usg :
e | an

[0032] Figure 7. Atrial-selective effect of ranolazin iuM
dr onedar oveshpaoi uny0.-& oaesusPrerohbifined0-0d versed seipctiie EBRor t est cycl e 1 ength
(CL) permtting 1:1 activation. * <0.05 versus respective control; t P<

0.05 versus \ashout [0028] Figure 3. Ranolazine and dronedarone alone or combined cause

20  potent atrial-selective rate-dependent inhibition of Vyax. A: Ve of atrial and ventricular
cardiac preparations paced at a cycle length (CL) of 500 ms (left panel) as a % of control.
B: Vmax of atrial and ventricular action potentials following acceleration from a CL of 500
to 300 ms as a % of Vmax value recorded at a CL of 500 ms in Controls. “Atria” represent
combined PM and CT data. “Ventricles” represent combined Epi and M cell data from

25  ventricular wedge preparations. n=7-8. * p<0.05 versus respective control (C). T p<0.05

versus washout. § - p<0.05 versus Dron 10. # - p<0.05 versus respective atrial values.

[0029] Figure 4. Atrial-selective synergistic depression of the maximal
action potential upstroke velocity (Vmax) by the combination of dronedarone and
ranolazine at rapid activation rates. Shown are action potential (AP) tracings and

30  corresponding Vmax values recorded during acceleration of pacing rate from a CL of 500



20and Dron. | - P< 0.05 versus Ran. # - p<0.001 versus respective atri al
val ues. [ 0033] Figure 8. The conbinati on of dronedarone (10iuM
and ranolw@i20e/088733uM) is effective in term nating persiPSTASR01MB6RAT/ Or
preventing its induction in coronary-perfused right atria. A Persistent

acetylchollne (Ach) (0.5 uM-nediated AF is term nated, by the drug
conbi nat i €300 Aps. ﬂ\@ecml@mapmylbemﬁ/@rr@@oﬁ@pénéqnmtf@k scigstivitnehrapglagigesthe s

rhythm B; n i

Fapi d- pact s Prar AT A0 PR ELAD AT RRRLCE BERIEKTNR e 1o
depr essi onateo(fdus adprotongbdhnephafs g ef Wic actohupdteminal in Aciapteduaisitionracf ofpaci ng
rate froma cycle | ength 0 to, 13 ads to failure of a 1:1

r esponse, recovery of the Sodtum Cﬁ?f’@%?&%]o“r‘i?@‘ﬁ figtised é[}‘ﬁéﬁgv%mnéﬂ@%& thsratiide

combi nat i Qncate 5@5@@@1@@“@%@ dronedarone on V. follow ng an abrupt
change in rate in pulnonary vein (PV) sleeve preparations. A V. traces
recorded follow ng a change in cycle length (CL) from5000 to 300 ns B:.
G aph di spl ayi ng col®83ei tEigd@tia Egfecty, Ofafm&ﬁ;'é@ anf, d@%mdgl@n@,ralmwt@ from CL
5000 to 300 %%i nduce ‘a‘ﬁ‘? ? reductio - f congi tions and
a 19, 20 ShoP'agh of Faulie P%ﬁmFdPF%\&n?‘.%’ Preér‘i‘é? %Pﬁ a“?é’e PP ar one (10
i UM al on€ofucheOfiic ved cstisee &Y ineabiting th® du@tiObol P Q@%”ra&hld “QRYP<0.05 vs
Ranol azi ne or Dronedarone al one. [ 0035] Figure 10. Rate of
recovery @mlees 9bECEcsoraines from enfopryaRribyedragig|aag ivaeicslat MEparaiigitedar one
(20 i a are
the V0ol DeQbaStEuf BRSO LY 15 0B (el PRGN, B e GTRE 1Y
from bl ocl0.ins6+var kedly sl owed follow ng block with the drug conbination,
conpared to ranol azi ne or dronedarone al one.* p<0.05 versus Control,

Ranol azi ne al one anh%gg)ﬁon dar o

Conbi nation of rano ne ‘@qu{]ﬁﬁﬁ%ﬁﬁoﬁf%ﬂéﬂﬁ? ((ﬁéﬂvpl%% q%‘ﬂ’%edélﬁ Fl@ﬂ

del ayed afiss)| ram&féqlr%hl%ﬁ{eu% déﬂ?@@exbiﬂﬂﬂ qi.t. rdleg;ﬁﬁfcefﬂre%lﬁ ¥F E>¥01ﬂaﬂon'?‘ PV
15s| eeve preparation. A Isoproterenol (1 iuM and high calcium (5.4

mV) - i nducledEx Dﬁfg@eawm@@qowmwbtmeldcfm eb@m@rdMDec@atmlumlaQatm@ 8@5 i uM

elimnates. th ut a erS| ut of
Fanol i rpioB gt EREE RYyaron B septn B e et By Radh Aot SR one
(10 iuM whriusicoateSRAMNS, Wabigaier8d DespoNss-ut a DAD persists. E

Combi nati on of ranol azi ne and dronedarone abolishes all DAD and 20

triggered activity and induces 2:1 activatign failure, F. In the continued
presence of the dru@03¥mbligute britriamcisstiveaiiect of ragplammeds KM addsi t v

oSt Or €S dodedifle(H B ior 10 AR S el e BARLCoRKALRh f0BT h (BCL)

120 ns rel Iation o ranolazine (5 iuM and
dr onedar oprem(ting mmacawtm'nn AteB 0 DABsusdseetdvd conygériekk 606 |v\ztsunashthV

sl eeve preparati 5 Isqgproterenal (1 iu and high cal cium (5.4 m\)
gi ve 7% seidP R .Ra& eﬁ%qsgég %d 5 tQO\}.VFWS QSP%WS@E% Nalues i um)

elimnates triggered beats but a DAD persists. C Wshout of ranol azi ne

restores triggered @os3|vi bpurd®. TXORRARRANG dfFrdréWhrohe tocmbaﬁ@ nunber  of

triggered responses. A single triggered beat followed AD persists. E
Conbi nat i wholefing fppklay dfifwstisinih tcemiokang persiaisol AE he@/oaprlevmt\mgatsdnduqtlgger ed

P esence BROCHANA T EHBI At of: PN ALRShadgpe LT Thbag TiRPsHEREAr
restores ibitdmagdté Vg ihe drudeBmbifitidRARFAE titil tyyconBasddcto Gt Lar dethan tb (BCL) =
150 rr2‘55 sinus thythm. B: The combination of dronedarone and ranolazine prevents rapid-pacing
induction of AF following pretreatment with ACh (1 uM) due to depression of sodium
channel (see Vmax reduction). Acceleration of pacing rate from a cycle length (CL) of 500

to 130 ms leads to failure of a 1:1 response.

[0034] Figure 9: Synergistic effect of the combination of ranolazine and

30  dronedarone on Vp,y following an abrupt change in rate in pulmonary vein (PV) sleeve

7



[0038] Figure 13. Synergistic effect of ranol azi ne and dronedarone al one
and in conbination to increase the S-H interval (AV nodal conduction) and
AV nodal w@éncksibmeh cycle | ength in guinea pig isol at e#Cnaseeis/ooBasel i ne
values of S-Hinterval at 3, 4 and 5 (Hertz) Hz were 352, 422 and 512 ns,
respectively. Ran: ranolazine (3 ILIM n=14 Drx on: dronedarone (0.3 1LIM

n=14); siRJRPF Qs Ay daxftlfaé?seﬁﬁﬁom?‘bfﬁ”toﬁi’énﬂ ¢ igeyelg lengthred) &am H00t he

o d t f
exper Lokl TBAEH SE LN 8o 8 61T \OL, AIGLRAL 08, 808, drangger one
10r anol azChéoahth mﬂanedmincma 13%skduution dait L yundef domtrehtorfditams tahéada) cul at ed
E(R+D <0. 01 0039 igure ffect of_ drone one (D
r <(51nol ?512| E%O ?@)50 %rrﬁﬁépalﬁPéﬂg)v%P%?nL%H}%éé “%/i) ‘(rtcﬁ IR P]gﬁ gqmelQr+ E)) ), and

ver apam | cdn\inQf) r&PORHRREOPS HINS C&ﬁf&)# 1‘3‘40' O?lvsrl{aahglaﬁ%@‘g} Drdhedifionea pi g
i sol ated hearts. Values of the control (no drug) SAR were 2257 (n=5), 2316

(n=4), 2406nq n=5) and 2253 (n=3) 15 beats/nin (or bpm. for R D, R+ D
and V treatnment groups, respectively, *, V significantly different fromits
own control, p<0.01 15.,.Congcen onse
rel ati onshi ps for [{1'08%5]( AFlgHre81)O Rk%o (rgovﬁg' lé%%?délf'r{lﬁﬁ nnﬁf[;lﬁom l%clkeo ence of
Dron (0. 3raasidzid® (3 LMY] drbhedaborr(00 uM) b esenegnisihatRarnn P87 gaghel0 ILIM D). *,
significantly different fromeither control (Dron or 20 Ran al one or Dron

al one ( C)PrEparfigNSal shEhpwy arqtho Vs values as a functionph§4432 atiag S 1@, 3>0@f fects

I | ar
acti oy papeteean ey ek RIukBYy Rt dal R REERR e, L MERMBARA 2 oy
of data sdvenparédrofrigilizins)r. drbasiatons: aldnaﬁ‘cp@z(iil&elsayeeldmi Ranvldzadc dlenaat i ve
i ncrease |n VAP 0 |n t he absence and presence of dronedarone (0.3 and 10
M. Panetnddaropedagonspdefit one attenuated the increase in MAPDI0 caused by
ranol azine (6 and 10 IM. LV refers to left ventricular. [ 0042]

Figure 17. Dronedar@ggejat Figut¥ ﬂhc%m‘bﬁm&lmagfnej@w Iﬂq%&e@ﬁl%@e
occurrences of torsades de pointes (TdP) caused by E-4031, an IK

i nhi bi t or(10fuNhabplishasaletayed higerdemlarRatioh €2 APe-ifduEeqd tﬂ@getedglenwer ini B¥

0. 31L]| M dronedar on ased WO 11/084733P us 1 he i nci dence
o a8 | R NE R ok RORS oL ) e AR e MR R 81 hnd vaer
refers t Otri ‘g’%@:@@%sponse followed by 4 DB IB:R@MBI2int 85 ubA YADiddindt6Othe & ar (nM),
an I K inh i nduced spontaneous and 3-sec pause-triggered epi sodes of

TdP. Dr onkadhbwéreprpmimenpDAD parypts o dWashawt of epelapiae scstares tT@ReredresppRtcer ol ; B:

E- 4031 ( 0 t E- 4031
(60 nM aigrgl)o}8 r%ngaar o]ée%%g gﬁ)e[c{AMne?ngff)%ﬂﬁﬂﬂtfﬂgiﬁgé Jguﬂf&gofgéwgp caused
by E- 403 1Dwaspdisitts tEr@oniisihetbnhyf rﬁi{dIMﬁtﬁafmlrtﬁ'oﬁ@iaﬂdhe Iabd)lli@hes, ﬁlll UAB aﬂitEar t.
However, TdP was aboli shed when ranol azj ne

ed
conbiHfat | BELHRE ACE bifed ardises 24 geiipgiongailyre 4163111 ﬂ(@a@nﬁmedamasence of the

drug combination, an increase of stimulus intensity restores 1:1 activation, but not DAD

activity. Basic cycle length (BCL) = 120 ms.

[0037] Figure 12: Combination of ranolazine (5 uM) and dronedarone (5
uM) eliminates DAD-induced triggered activity in a PV sleeve preparation. A:

25  Isoproterenol (1 uM) and high calcium (5.4 mM) give rise to DAD-induced triggered
activity. B: Ranolazine (5 uM) eliminates triggered beats but a DAD persists. C: Washout
of ranolazine restores triggered activity. D. Dronedarone (5 uM) reduces the number of
triggered responses. A single triggered beat followed by a DAD persists. E: Combination
of dronedarone and ranolazine abolishes all DAD and triggered activity, and induces 2:1

30  activation failure. F: In the continued presence of the drug combination, an increase of



10 dronedarone (6 [tM; F. E-4031 (60 nM and dronedarone (10 [tM; G

E- 4031 (60 nM, dronedarone (10 [tM, and ranolazine (6-10 [tM. [0045]

Fi gure 20wOoDRdRA/@assed by E-4031 (60 nM was not term naPea/usgoldioensetar one
(0.3 1M, but was abolished by a conbi nation of ranolazine (6 ILIM and
dronedarone (0.3 IM. A Control; B: E-4031 &ro nM; C, E-4031 (60 nM and
15dr onedaﬁh@ﬁéus( @teslsw fptorgy, |- Eactpation.dut AR DABr astutimrBaste oledenatyBChhd

ranol azi ne (6.t M. [ 0046] Figure 21. Effects of ranol azi ne and
dronedar one” al ohe and in conbination to reduce the incidence of
electrically-induced atrial fibrillation (AF) in the presence of

acet yl chol i ne ( ACh)[0038]hi @ilgumoltﬁcSmmergﬂstionffccanﬁtmlamme(amdﬁﬁledubh@ aldeer eased
the incidence of AF.in the ree anel.).. I n the presence of
i onedar GHE 1B60B0HAIY © HEBidRe S R psurrene PR LD B A Lo r ot on
of ranol Weﬁ&&@cﬁ@cl&hﬁ@th@@%ﬁlﬁé’@%g i{dMfcd R&rdeMase Bk vAfuck Bf Sheinkiesiance of
ACh. Flec refers to flecainide 47] Figure 22. Dronedarone and

ranol azi nb 4adndl 5 Gteed) Haevase ddval, 62@2 S L2ndaigesbeptively. . Ran: rapdazisadsed by

S1S2 el ecty,i | .at i h | chol

Repr osent it G2l DebihaRberbe: Mud LR FERoaRL e RETrtR" Bobthe FAFEYs waes)
obt ai ned d&l&lﬁ@@éﬁmbﬂtﬁe'&ﬁéﬁﬁ&ﬁgﬁy ﬁ’lfeaéﬂﬁé&nﬁﬁz?dﬂa[ OffectdBf dfladifc Iuﬁ? presence
of 0.6 ILIMACh (B) ACh plus 0. M dronedarone (C) and 0.6

| LI M ACh grongdardns:; édhbpmmmtacblfy rmea@un@dwakumcfmethaﬁffm o i @nninagidh o
r anol | ne D .and

I oneldar oaolagar aaCianFaRaT s entleaty By Gout € opbueledgiR e Blinso.01

expre55| ng hNavl 5to the | ate Na' enhancer, tefluthrin (10 IM. The

concentration of drgogglar %lgreclaugﬁ@gt@d eﬁaﬁag(gplraﬂdpgﬁ@ @&hon of late Na
was cal cul ated to be 4 1LL ure 24 onedar one

0049
(Dron, 30draneflat@g phug rapeldzise tthe h@mblﬁpm@rt Q&ﬁﬂﬂ) ansiomacp@@mle(wd lon( | so, 50
-ind d t 7
PO R SR I R M L S T

anpl i tudeccmtrot@@@&Qmm&é%at(ﬁdsmepﬁ(f@&n);ahow (nF3¢agt 2913qh=8he bottom
represents the percent inhibition of DADs due to varying concentratl ons of

dr one]éar ol?f‘éts(mme(or bpm). dan R33. R Dand M beatmept grPE%mspﬁtlgﬁlrye Sgntrations of
(Ran, %ﬂﬁ J[a;ye’\%ff&?t er&ﬂ ifs RS nATReb ggﬁo%OOf i soproterenol (lso, 50

nM - i nduce epol arizatr DADs) in single nyocytes (n=7)
isolated fromguinea pig |left ventricles. Each arrow indicates a DAD;, the
anpl i tude of the DA{IDOMS EighmullSaCedcmmtidm-mpmlelrylatidﬂshipgrfetﬂhroat(Ar, he bottom

represent e {ie PR SO LR RLOM SL.BADS: BHS, (9 YA 9, EPDeGRIYA! T ons of
presence of Ran (6 and 10 uM, D). *, significantly different from either control (Dron or

20  Ran alone), or Dron alone (C) or Ran alone (D), p<0.05.

[0041] Figure 16. Effects of ranolazine and dronedarone, alone and in
combination, on ventricular action potential duration (MAPDy) in female rabbit isolated
heart (re-plot of data shown in figure 3). Panel A: ranolazine caused a similar relative
increase in MAPDy, in the absence and presence of dronedarone (0.3 and 10 uM). Panel

25  B: dronedarone attenuated the increase in MAPDy, caused by ranolazine (6 and 10 uM).

LV refers to left ventricular.

[0042] Figure 17. Dronedarone at a high concentration of 10 uM
decreased occurrences of torsades de pointes (TdP) caused by E-4031, an Ik, inhibitor,

from 4/6 to 1/6 hearts. Ranolazine (10 uM) together with 0.3 uM dronedarone decreased



15[ 0051] Figure 26. A conbination of dronedarone (100 nM and ranol azi ne (3
I LLM reduced the anplitude of isoproterenol (lso, 50 nM-induced del ayed
af t er - depabapiizmtizons (DADs) in single nyocytes (n=5) i eoratSedofos2sT gui nea
pig left ventricles. The effects of dronedarone and ranol azi ne were
additive. Each arrow indicates a DAD. the anplitude of the DAD was

cal cul at e dicidaneonf E&F Imythe prrsensie a5 R0 aM oBEHRA 1 bt Eifsts peenitohpad Pagh

per cent i%@r?{ot\iv ]gtf DADs due to dronedarone (100 nM, ranolazine (3 [tM,
and dr onedar one %@8 ‘'nM and ranolazine (3 [tM. DETAILED DESCRI PTI ON OF

THE | NVENTI ON 1. Definitions and General Paraneters [ 0052] As
used in the present[08g¥ci Figomt iS0E4BH&66 oddomvalag nivh),de landhiPBeh malwesd ar e

general ly intended have the neani ngs, as orth bel ept.to the
Ot ot t TRPTEHEB gAY e Prosiainerehey e or 28 Phtnedupes b0 B did [ ooss)
It is 4o kedatiede tRatdrad: ¢sadone: €L4p3an60 hint beEcal (@ niihendi ngul ar forns
"a," "an" and "the" include plural referents unless the context clearly

di ct at es dohedapined0.1THE and BY: FedBrpbe nM)eaihd deonsdanooe (&3 pBr naceut i cal |y
acceptable carrier” in a 30conposition includes two or nore

pharmaceutically ac a [ ) rth. .
2011/ 084733PCT/ uszo@g%atfg%’#‘%ad IT%%3“5%8%y%%%@i%’%'%%%%ﬁt%dgbyi s intended
to nmean tdhahedabsheq6mMOQaV) inah hend. Feiveoes TUPelawdBolished waeh tadlaglneenys, but
do not excl|ude others. "Consistin essentialké)o%'gmhen used to define

oth

conposi t i {3 WaRYsseen epbinagam mith dienedasear (H) rd0a 4pR MY aBd  any
essenty al 1.8, 0nL{1.canes. tort 6q?ﬁl i i d S, a
conpgg%ti%ﬁh cg%%ﬁgfgﬁgbégggﬁgga ygg§d?ﬁgggﬁ%%e P§ﬂg§@gggﬁﬂggﬁﬂéggfn woul d
not excl udten¢daane (¢OnVhmambmhslatinoM-ith@M)sol ati on and purificati on nethod
and pharmaceutically acceptable carriers, such as phosphate buffered

sal ine, preservativ and. the, | i "Consi st i f' . shall mean excl udi ng
more than trace eleﬁgﬁﬂs %%usi_eﬂﬁﬁHaPﬁﬁﬂ@hﬁéﬂgﬂégkﬂﬁiFﬁh?@&?ﬂ%&%ﬁ@hysteps
for adm nish&fakdie (HRLMPHROFLE AIINShQf by HESTbiANEH dﬂﬂnol%!ﬁ?@?b enhsd def i ned
10by each of these transition terns are within the scope of this invention.

[ 0055] " Dironetdsgns{B:3 1ovD)." & eantrglsByB<981 tebinip © B40PpttdmMpBag23 510, |t
refers to,the, chenhgal, ,€ou , -butyl-344-( 3 .
bt B aRBSEEIE TSI ERIROMIE (oD M P aBbAo R0 8500 ad g lizing (60 e cal

f or mul a:
[0046] Figure 21. Effects of ranolazine and dronedarone alone and in

combination to reduce the incidence of electrically-induced atrial fibrillation (AF) in the

presence of acetylcholine (ACh). A high concentration ranolazine (10-30 uM) decreased

the incidence of AF in the presence of ACh (left panel). In the presence of dronedarone
20 (0.3 uM), a lower and therapeutically-relevant concentration of ranolazine (6-10 uM)

decreased the incidence of AF in the presence of ACh. Flec refers to flecainide.

[0047] Figure 22. Dronedarone and ranolazine abolished the premature
beat-induced AF (i.c., that caused by S1S2 electrical stimulation) in the presence of
acetylcholine (ACh). Representative records of left atrial monophasic action potentials

25  (MAPs) obtained in a heart in the absence of drug (control, A) and in the presence of 0.6
uM ACh (B), 0.6 uM ACh plus 0.3 uM dronedarone (C) and 0.6 uM ACh plus the

combination of 0.6 uM dronedarone and 3 or 6 uM ranolazine (D and E, respectively).

[0048] Figure 23. Dronedarone decreased late Na' induced by exposure
of HEK293 cells expressing hNay1.5 to the late Na' enhancer, tefluthrin (10 uM). The

10



15[ 0056] Dronedarone, as used throughout, refers to both the free base or a
phar maceutically acceptable salt. In one enbodi nent, dronedarone is in its
hydr ochl owode11geh133f orm and has the foll owi ng chem cal fPorrask@n/061257 0057]
"Ranol azi ne" or "Ran" is described in U S. Patent 4,567,264. It 20 refers
to the chem cal conpound ()-N-(2,6-dinethyl phenyl)-442-hydr.oxy-3-(2-

met hoxy pheResaatigp gggim}wqargmep@ua@g Rdatapagimgbinhiyfion Qfslatﬁﬁ\é?r eSeut i cal |y

accept abl ' di hydrochl oride salt form ranolazine is
represent%ﬁ%%%&fﬁg&$% %ﬁla: WO 2011/ 084733PCT/ US2010/ 061257 [ 0058] As

used herein, the term "pharnaceutically acceptable salt" refers to a salt
of a conpound that [084%er Figed X4 ddnoacdeasnogiDyromf3 Opiny 00 nd)i redudeyt tlc cept abl e

organi ¢ and .inorgani c counter iqns, Sych counter_.iopns are well 0 in the
o Stana S o fpoh iR iRna ity RESHT o oS QAR iy
nmagnes;j undin@k WoBas (d=17h Rolhid s FUTRRA pHMeft vRhtrRIAMBLE 485w addidaydsammoni um
and the |li ke when the nol ecule contains an acidic functionality; and when

t he nol eckA®; torareplitsdeofithe DAD was tdlowlateil electrerically. ofhegrapinitéhobottonor gani ¢

i ds, such as hydrochl or | h di h i
pycr obr ortetE e rarnt RaEronted O4RS pul BRI For ChRMEIR AT e B 1

tartrate,(igsyconnatie.nMjdndatoe.nMpct at e, panoate, salicylate, stearate,

[0050] Figure 25. Ranolazine (Ran, 3 and 6 uM) reduced the amplitude
10 ofisoproterenol (Iso, 50 nM)-induced delayed after-depolarizations (DADs) in single
myocytes (n=7) isolated from guinea pig left ventricles. Each arrow indicates a DAD; the
amplitude of the DAD was calculated electronically. The graph at the bottom represents
the percent inhibition of DADs due to varying concentrations of ranolazine (i.e., 3 pM

and 6 uM).

15 [0051] Figure 26. A combination of dronedarone (100 nM) and
ranolazine (3 uM) reduced the amplitude of isoproterenol (Iso, 50 nM)-induced delayed
after-depolarizations (DADs) in single myocytes (n=5) isolated from guinea pig left
ventricles. The effects of dronedarone and ranolazine were additive. Each arrow
indicates a DAD; the amplitude of the DAD was calculated electronically. The graph at

20  the bottom represents the percent inhibition of DADs due to dronedarone (100 nM),
ranolazine (3 pM), and dronedarone (100 nM) and ranolazine (3 pM).

DETAILED DESCRIPTION OF THE INVENTION
1. Definitions and General Parameters

[0052] Asused in the present specification, the following words and
25  phrases are generally intended to have the meanings as set forth below, except to the

extent that the context in which they are used indicates otherwise.

[0053] It is to be noted that as used herein and in the claims, the singular

(13 2% &<
a

forms an” and “the” include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a pharmaceutically acceptable carrier” in a

30  composition includes two or more pharmaceutically acceptable carriers, and so forth.
11



met hanesul f onate, p-tol uenesul fonate, and oxal ate, and the |ike. Suitable
phar maceutically acceptable salts also include those listed in Rem ngton's
Phar racewocal1/B¢i3ances, 17th Edition, pg. 1418 (1985) a&aa/us2016k61257 ch
Stahl, Camlle G Wrnmth (Eds.), Handbook of Pharmaceutical Salts
Properties, Selection, and Use; 2002, Exanples of acid addition 15salts

i ncl ude those f or med@0P4lom GRmprésiag)dh Hﬁ%miﬁg}a@ Bicay that thsicegpreHpes and

et aphos%%b&%m@fuhé b ARSI éh[)é %u?‘&d Hé’ex@ﬁ o Wik @t%ﬂaktﬁlgtae%k&%au UCh as
al gi nic, ascor anthranilic, bénzoic, orsulfuric

(panoi c) , oféhenesed toalefiag ctbmpmmnnsfaudmathnds;f dhabintsan @actladmg fodter elengetst i | 5| c
gl uconi c, gl ucuronic, utam c E%o%§0|lc i soni cot i sot hi oni c, Iactlc

mal i c, meRfcOViCESCHRSHANIGRFS orh EREon {01 opiraAy usep OHy| 08 RogTtion

20pr opj ONddnsisBRAE &8Nt aBly of @ﬂe‘ Gothiifts aSIGRLH RereHG6HIAINGt exxtildeltRicki C.
trifluoroacetic and arylsul fonic for exanple benzenesul fonic and

p-t ol uenesukdnonags doimdbe mieawplaaé pofifitrdioe naalhd attdrphsaha@ulfl@ilrmdcmtahhe al kal i

nmetal s and al kal i ne s,and organi bas u chl oro ocalne
Chol i me- RrREypehgy FEehOrERud e bR SR eRan A Bt g oamatiatt -

| ysine, n@allwiahRRclGAPRAdHY HEhURIEERAknts DTSR Ahddights AR WBLtan@E | nt er nal Iy
formed 25 salts. Salts having a non-physiol ogically acceptabl e anion or
cation arl@ethpd Richs foiedmippserieg the gempasidens dnihigsnvigsben| Empedimentsidgtined f or

t he ep C | or for use in
non-1 Oer 215 R%f ﬂ)fesé3 EXI?Slt?onlqgﬁﬁsaelre%lﬁ?n fRE (? aotfﬁfﬁ H&eﬁ&&{ [ 0059]
The |nvent|on speC|f|caIIy contenplates u3|ng salts of both ranol azi ne and
dr onedar one and fur@hﬁﬂ ctbtoasrader MDxdITie desafibedint 8. SoPatdntai)22sas dne

and/ or ranol |ne 060] . In certajn enbodi nents, it is contenplated that

t he ranolléifffz 1GH eoTRRRIINE- esPWiEletrltibtei n has not been sufficiently
i oni zed r gqﬁg pr esent
inventioﬁag? V|dé?ﬂgﬁgg-cﬁ%g%gkﬂggﬁggéy?%gﬁi%%2%€?§Png aggﬁﬁgﬁigknﬁ&of

ranol azi ne and/ or dronedarone, wherein said co-crystal conprises ranol azine
and/ or dronedarone and a co-c P former., The term"co-crystal" refers a
crystalline material which cg i ne andziy;cer,onedar one and
10one or nore co-crysEHSObdN ners, avgggﬁnﬁteutically accept abl e
salt. In certain enbodi nents, the S ? n 2ﬁ¥§ﬁﬁg i nproved property
as conpared to the free form(i.e., e nol e W tter ion,

hydrate, solvate, etc.) or a salt (which includes salt hydrates and

sol vatses). In furt hmnsqwbbﬁtiﬂafemme, ab lnecd thiwugued, RIrepey both tir: fBeltaes 6ta f rom
the group consistin increased sol uybi]it i ncreased, di ssal utjon,

i ncr eas edp@%a%%ﬁ%a?&mwe s3lhclpeons @albeéwn}/ slonsdaronc dreiarisdydepchloride

hygr oscopi,gi Mnaﬁd?&%ﬁ 4 £ LM Afo@ngigr mel Iy amor phous conpound, a
crystalline formo i t to sa?t or unsal tabl e conpound, decreased
formdiversity, nore deS|red nnrphology, and the |ike. Methods for making
and character|2|ng co-crystalgs eOwel | to those of skill in the art.

[0061] The term "therapeutica ctHa&Hanount * (@refiers to that amount
200f a conpound, sucHRSOpkNoOl d dronedar png, that is sufficient to
effect treatnent, as defined beloé ad fstered to a mamual in need
of such treatnent. The therapeuti g fé%tiw&méﬁﬁéhﬁHﬁMl | vary dependi ng
upon the specific activity of the

[0057] ‘“Ranolazine” or “Ran” is described in U.S. Patent 4,567,264. It
20  refers to the chemical compound (£)-N-(2,6-dimethylphenyl)-4-[2-hydroxy-3-(2-

methoxyphenoxy)-propyl]-1-piperazineacetamide, and its pharmaceutically acceptable

salts. In its dihydrochloride salt form, ranolazine is represented by the formula:
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t herapeuti c agent being used, the severity of the patient's disease state,
and the age, physical condition, existence of other disease states, and

nut riti oD 208t1z8ws30f t he patient. 25Additionally, othePCrasR@@sa7t he
patient may be receiving will effect the determ nation of the
therapeutically effective anount of t t herapeutic agent to admnister. In

sone enbodi nents, the term"thera i effective anbunt" refers to a
synerg i cal t herapeuti c anount.
ut

synergistically ef fective @].m)u,q,t,

[0062] "Synergistic" nmeans t ther ag ct of dronedarone 30
when adm ni stered in combi n@ti g H/gl th ranol azi ne vice-versa) is greater
than the predicted additive rapeutl C effeq:—rseoof dr onedar one and

ranol azi ne when adnini stered alone. The term"synergistically therapeuti C
anount” typically r I t. i f one
or both drugs, rreanll%gélt ha? ?eﬁh%geﬁr%t}ir}l?%@q |rec?g?ﬁtps(gl lgg&g@sa%%ee EI1;fer§t S
| ower t hato avdaara)ftmemgbmgi that iy sedveal fosne a VArlStynffﬁ)gyﬁtblbgﬁhﬂlyactd@ptfab][aeut| c
anount al so i.ncl udes when one dru% is given at a stgndard t her apeuti c dose
and anot h@galsaﬁuémoggaétﬁﬁw@f%d Peh epungss donsiam wekl SReMR én YReFt#PEut i ¢ dose.
For exanpep 48 ARl AZM&amO dhi ME PotaBidin! DEsiGREHE QI @Rum
dr one aronglug%u I"d %ééﬂg}i%\a}eg}é:cﬁlg%oglgs ?ﬂg%@?a%d%?% th%lr%gg%ﬁtll%ﬂdgsé to
pr ovi de alitbymeagl ahinoniues fidrtexample tetraalkylam{m)ﬁﬁ]&} aﬁdﬁldlﬁfemll’idnrthat ment" or

"treating ns any treatnment of S ndition.in subj ect, such
as 5 et Spdalgh e fgud S Bop b eatti e Pthe. i sease
or condi tfuﬁ@tiontatl%it sd18.of @BARIGH 1ﬁ$1%a1ﬁb hBid§ lciS YBidesahIdRte, §iRfattevel op; 2)

inhibiting the di'sease or condition, that is, arresting or suppressing the

devel opneptospifats |dipiiogpiiates ylrtptteohcyirolzmdmdﬁr tgrateanpedtngeethts, tabaselete,

condi ty on. t hat |s ausi n Laressi on of rrptoms [ 0064] As
oed Hhr cihiRsd SR Repe, Al BBES o Bofls. SHEMBROURTIEE: c- 15" ¢ roat mont
of a pati@sthahdduieese, tl@[u%ﬁésulﬁﬂzﬁe JihapRYlaas i Ctht Nigat SEAblegharhL cutically
acconpl i shed by provi an appropriate dose of a ther apeutic agent to a
subj ect aicceptaide é#ltssﬁlﬁofléﬁ uAe thope HstedhindR grpmaton'stiharraasputicab Seigpedsal 1th
averting f t ] e r od by
t hose ski @ﬁgﬁ p% t1 5)%3“’ Hemg bcrl%asrtlahrlr’e%a%?l(r%g}% W%ﬁmﬂhk (Estb Puﬂg‘g""%g’gm bl e
to disti n@mnslhcdnabarmns Pmpentes,tSem@tloBMdEsepm@sﬂmplémﬁ‘ ianieadidh®nul ti mat e
i nductive event or events be unknown, |atent, or the patient is not
ascerlal e IS (YRR ITOBIAILFOm REdD S AN EB A rHETRAPE AP BB
Ther ef or &S, MSGHuAELGHY ahd emwrgamcpé&@&xﬁms%lglm% dsebendesnfmian el ement
of "treatnent” to enconpass preventing" and "suppressing” as defined
her ei n. Tlimzd;ner eaniphocuotic, otmt;rlc embm@@ah@nce; ﬂhanesulﬁﬁm;tfomuw foolaude

rm'!su r ef pati.ent who has

hyl a 5[ 0066] The t b|
naa e | cadic GHERBETHI ERUSC G U G R e a CuRG: Sy oRi: isonfolniE

1soth10nlc, lactic, malic, mandelic, methanesulfonic, mucic, pantothenic, phenylacetic,

20  propionic, saccharic, salicylic, stearic, succinic, sulfinilic, trifluoroacetic and arylsulfonic
for example benzenesulfonic and p-toluenesulfonic acids. Examples of base addition salts
formed with alkali metals and alkaline earth metals and organic bases include
chloroprocaine, choline, N,N-dibenzylethylenediamine, diethanolamine, ethylenediamine,
lysine, meglumaine (N-methylglucamine), and procaine, as well as internally formed

25  salts. Salts having a non-physiologically acceptable anion or cation are within the scope
of the invention as useful intermediates for the preparation of physiologically acceptable

salts and/or for use in non-therapeutic, for example, in vitro, situations.
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[0067] The term"patient” typically refers to a "mammal " which i ncl udes,
without limtation, human, nonkeys, rabbits, mce, donmestic aninmals, such
as dogs awo 20Ht84738ar m ani nmal s, such as cows, horses, oPCPpIUs3)10ANEST

| aboratory animals. [0068] As used herein, "pharmaceutically acceptable
carrier” includes any_and al] solvents, dispersion nedia, coatings,

anti bacterial and a@ﬁ?]unﬁ%ﬂ inygrpmspesiterl brfoatoamtatahuingialis of Bethayi ng

agent s an}%n B5ink Lulfc?drolg'ﬁr&ﬁeﬁan(affuﬁﬂ&Qﬁg@gf;p%t@sg‘gicxg%?paﬁait?Bf BRALIRGRUt 1 cal ly

active substances 1s we own int I nsofar as any
5convent i onlar ramdziac.or agent i s inconpatible with the active ingredient,
its use in the therapeutic conpositions is contenplated. Supplenentary

ti i di ent | be. i ted into t iti .
[0065] *ACrial T briOBPc i Brperain ooapeetBudtis PR BTS BpfiTipper
chanber s {ddhg drbrdahrodlds L&lthelif ha) ndlBbMESu if1sht8ARdnREd BERMaD e &Dhe

contracting rhythmcally. 10El ectrocardi ographically, AF is characterized
by a hi ghloymdiocoerrgsiali leehcambagimenteibe praseit imcniion pyovideate cofargsialr esul ts in
fast beatin oft. the heart's two quger ;han‘oer§ (dt he right Hamd | ef.t

vent ri cl e TPOEIABOMRTIERE & EEd By oM S S A AR oM dE™ BAF 5Pt at i on,
fatigue, @ahsaldiospiBes adariheesdobdroRéRadle)and[2QB/Q stdlfeferamie tdtheeot ypes of
AF based on the presentation and 15duration of the arrhythm a: a)

Par oxys meftyse” refeesiir ¢revigllipgmatepiabyhich gegprisesenalpzipg anddergiroeqdai angaad

spont gneoysl WY r . .aneously);
b) Pe@gi S enc%f %& ms) Er Sé&?%%@@&%g?%%l@gt S ﬁe%g%&satcﬁ%ga@é %Zf‘/slﬁ%rgﬁ%lgqui res

t er m nat i @nbdaympitarth@cetngiat car het aatimpoakd papditpuecanmicd ®l the fiee €ain
shock); and c) Permanent AF: long standing AF (for >1 year. duratiqn) in
whi ch’ norar ﬁ?fsfgg]ﬁ% A G HFORE: THETHnioh Vaten%tasfoaé%hwla?h g‘@ﬁ{dﬁ%éaﬁhent, or
when t he i S Ci NaMg i : j w t hout
further e@?lr(r)értg géﬁd?aglggtg %rlencﬂg?tﬁ%s rhﬁﬁﬁ%]hg% %r%émoﬁe‘[‘%t&)lg i?e&%tl ?Jldgll
flutter" ths genupaionsstirey ofhmardasedpltntity hiatreassdutissolutionhecraeseda of t he heart.

When jt first.occurs, it j usual | ssociated with.a fast heart rate or
Ve s r iS5 ot Sk ionth, A5 TSRS hrstaNiebfi A Sp e BRE L&t g or y
of supra-nZFEMBPhofiHoas cdApdNAE BiyaaIlindthibing of DEFTIEY AN OF GiakakBSt Of ten
in individual s"w th cardi ovascul ar di sease (e.g. hypertension, coronary

artery dieeppandadedregsaddonmyosatityyord desived moephwlogypemt hindises Methads peopl e
wth ot hef':o\f\'1 BRindon charggt%{i%hsl%tclofcr Is?aTlst %1’8' & Itli) Y £ il Blleeartlt hythm and
frequently dégemerates into atri P BriN T atione CAR).
[0072] Both "electrical and structural renodeling” contribute to the
30pat hogenesi s of AB06H eThd iceal"theripgaitatly Cabtre patudticflrsio thmdimount
arr hyt hnogeni ¢ substrate (re-entry) are two main causes for the initiation
and M nt Yrieseeeoypd.such asfagelaging gf dronedarone, that 1s sufficient to effect treatment, as
defined below, when administered to a mammal in need of such treatment. The
therapeutically effective amount will vary depending upon the specific activity of the
therapeutic agent being used, the severity of the patient's disease state, and the age,
physical condition, existence of other discase states, and nutritional status of the patient.
25  Additionally, other medication the patient may be receiving will effect the determination
of the therapeutically effective amount of the therapeutic agent to administer. In some
embodiments, the term “therapeutically effective amount” refers to a synergistically

effective amount or synergistically therapeutic amount.

[0062] "Synergistic" means that the therapeutic effect of dronedarone
30  when administered in combination with ranolazine (or vice-versa) is greater than the

predicted additive therapeutic effects of dronedarone and ranolazine when administered
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WO 2011/ 084733PCT/ US2010/ 061257 renodel i ng" is caused by mal functi oni ng of
ion channels (mainly sodium calcium and potassium channels). "Structural
renodel i rgO 2061/88188ed by proliferation and differenti atiPom/uskoiobr2ebl ast s
into myofi broblasts and enhanced connective tissue deposition. Structural
renodeling results in the electrical dissociation between cardi ac 5nuscle
bundl es aHenhethsrtege nvinesgistisal hiiceapertiG areeynt c ety rgarsitn atess thidr i um  Thus,
i nfl ammat | A I ive for
A The. ol SR RPRERbel U RRleE o ool s SRk i b Ry ERHRNE, ¢

per pet uat thodegfed AFfectHe toesr tﬁa@uﬁxz]lmghé ﬂrugﬁé usddradbran e dyrepiistaddg thafrapiitic

frequently caus al functjon of th triumresultin adver se
hemodyna reoeaﬁgeaefiw@égv hah S AT BUt SR BEF o g Goseapd noiher

[0073]5° V&g hd é‘dﬂ'uﬁfstefré&'h' |1Eﬁtth&}{‘starﬁfa§d‘{h%ra‘ﬁ/9ﬁ'[b ddie. P@@éianﬁb@@tr&o\l‘dzh{% rapid,
erratic electrical inpulses which causes punping chanbers in the heart

(i.e. theconghbe givties)a thorageuticedosased élsc)abq&;roneattdmkt ba fisen puniessathand.
Ventricular fiprillatio re uires i nmedi ate di cal attention as bl ood
bressur e SHSHHLBETp Rt KV ER SMNGaSB S0 vi ral - 150 gans. A person
with ventricular fibrillation will collapse within seconds and soon w ||
not be breathing or[obe3le BhPuehs e reSrpt VS treatiet deeabh @S tr@@indat dfapi d

heart beat (tachycardia), dizziness, nausea, shortness of breath, and |oss
of conscidraseeEcanditioniippisagject suchgs ﬁé@ar@nway@ udingan) ieAENtER S e s

ventrj uI I j ian begin
as a I’Og.pl gér% %gﬁktg%seg%%ﬁ? Erhltlgﬁ’lstg?t %{Hglclﬁ&l?cal J),n@{fbllﬂg %{[%074]

" Tor sadesddelopp? nihkibit{rngrthd dB&asvenbdsnchmmarthattascbtyemmgloasuppeéﬁrng tho a specific
variety of ventricu chycardi a hat xhjbits distinct characteristics
on the e|<é¢aﬂoae§9m@waﬁ%f S ;178 Oeé@rcﬁeamgﬁlge fligease P eriddl! $trates a

rapid, poga}dgqgg gﬁ&{ pHﬁgaIFﬁﬁ yrardia with a characteristic tw st of
X ar

the QRS conpl undt e I soe ric baseline. It is also associated with
a fall in arterial blood pressure, 25which can produce fainting. Although
"torsades de poi nt ed064]s és neadehovent the twindiprenenting’ Hﬁfeas tojthe wnhﬂeqmer ate
into '"ventricul ar flﬁl’” en deat

L bsorion o e et it Bred ool PPE Ryttt € Sabfe? PO S a kMR N 1

| ong QT Slm%eiaﬁl #h &pPRsPriatcodbswes elyarRuet anaeth LJubidit et vkl oF saffering si bl e on
the ECG Long QI |nt erval ;@Er edi spose the patient to an R-on-T phenonenon,

wher e t heff@mgapdnzat, thasely: @tamigalkyeﬁﬁmmg@m@ﬁt ofighsatilaranzat i on occurs
sinmultaneously to the relative refractory period at the end of

repotarization (1 epfBggn Q@%ﬁ%ghﬂﬁerk%&ﬁgtﬁbﬁéEklgédI{nﬁﬁerlll»t‘tf\%g%) huftfh Ron-T can

initiate torsades. syndronme can as congeni tal
mut at i onsmedicinonit (shmn ab\i'afys passibie rgdiktivegudshrdtvaceni mmwbﬁmgfcamd Osuppodseing al or

acqu ed as a result of drugs that block these cardiac currents.
[0075% Cottfisihe Hliguate MPpCH sy SRy eaentwaﬁﬁﬂ ROV RORS S gatient 15 not

hyponmagnesesancdanidil Rkt ﬁ@o@cuﬂéncé §f HRTVANoY 968D THErEBINQUEdghed
i ndi vi dual s 5and chroni c al cohol i cs. ug interactions such as erythronycin

or noxi f | loxeoitmg tetrakplrmphyiam’msuawndgd wamrﬁlamfmt bf t'tocagmEntK éo mqonmam wdlz ol e,

di et ) V1 dicati. ke et had
Crroyel i o AReRER: S AR Sie S AT HIEe Thi 'S BB it bt B o1
al so be thenshee 1§$1{1@é:‘tpr@5hy$&n§” anti-arrhythm c nedi cations such as

25 [0066] The term “susceptible” refers to a patient who has had at least one

occurrence of the indicated condition.

[0067] The term “patient” typically refers to a “mammal” which
includes, without limitation, human, monkeys, rabbits, mice, domestic animals, such as

dogs and cats, farm animals, such as cows, horses, or pigs, and laboratory animals.
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sotal ol , procai nam de, and quinidine. Factors that are associated with an
i ncreased 10t endency toward torsades de pointes include: class |IA
anti arr hywbreoogg4msBass |11 anti arrhyt hm cs, hypomagnese®rCa/ushgipokesem a,
hypocal cem a, hypoxia, acidosis, heart failure, left ventricular
hypertrophy, slow heart rate, female gender, _hypot herm a, subarachnoid

P

hermor r hage. [0076] [08%BIconsusadihseeingpharmaceisally peccatehlc GuRAUECWS® is the

forward t fy: - WAC. |1 - ' tricles
Ve the ~I0PREIELpRANR) ol GRBRUACC R 3BTl B Ayl SuckRY
el ect r ocasatooigraatabgorptiven dl&ingignsand tHhkkcAVI ieade of such matid aaf agehsct ri cal
control systemof the heart that el ectr!'algally. connects atrial and

vent ri cul QF PRHERERHICALL Cts SPbtHKRES S Rl bFrowgindhe 3k Exgephpgetar 8 4l area of

speci &l i Z@dﬁv&ﬂt%%‘dﬁm@&h‘&?@ébn& ﬁﬁn@drﬁﬁa%ib?é‘@itﬁﬂ% AEM Mg?éa?e%t,q{s JsBé fear t
specifically in the posteroinferior 20 region of the interatrial septum

near the thpepéuiy @inpokidonoisenatenpsiterlisSupptinointay aductisgretientsermalso be
electrical inmpulse fromthe atria to the ventricles. "AV conduction” during
nor mal caf't"g raFWPWﬁﬁ%E%IHP%S%EWOUQh two di fferent pathways: the first has
a slow conduction velocity but shorter refractory period, whereas the

second has a fast er[poe9iduch ir@nfivEllfont ¥r DAF” baneewhéefe aci0s wvdesiced.
25[0077] The term "modul ate” neans to increase or decrease or otherw se

provi de cawabers, (tegtghgpnd loltiatquivsr instRad of bpaingand contragtipg shythmically has

been sho LY C VDL I ) ‘
accorrlg)lh i \gﬁlg%t?%m&t(ﬁ%r %%}ﬁgggg éﬁlgglé)agéécg%ﬁ%g rb:l]- a\%}%g@g dﬁ%éa%g%(ei Hgﬁaérgﬁgtgltcglct s the
atrial beativapchaabfter reaulnoinfadt beelngyof (e Healt! wdls@eocitisjbety (tlgoegts aad
ventricul ar beat, unless it has, already happened - this can be achi eved
with a si lﬁgwsnt&akqshgsmanwefwr@rl%@tbyOEPé@n{gﬂvlf Frﬂilfdﬂ*fie thaﬂﬁih(f?%g%eense)
and vent rélﬁl(g,s]igﬁéa (HRrtn¥Q ABId P84 733PCT/ US2010/ 061257 sense and pace). The
"atrial rate”™ 1s specific to thHe rate (neasured in beats per unit tinme) of
only the atrial beat. Pacenmakers can also nonitor and nodul ate the
ventricul ar and/ or [@079]al Thery aterthreThgpes wé Attrhased e thempa¢sentation aed  r hyt hnd

GRGHATRL L HE NG S SN N SR A
t he terminates spontancously within 7 days (paroxysmal AF starts and stops spontancously);
b) Persistent AF: sustained AF that lasts longer than 7 days or requires termination by
pharmacologic or electrical cardioversion (electrical shock); and ¢) Permanent AF: long
standing AF (for >1 year duration) in which normal sinus rhythm cannot be maintained
20 even after treatment, or when the patient and physician have decided to allow AF to

continue without further efforts to restore sinus rhythm.

[0071] ““Atrial flutter” is an abnormal heart rhythm that occurs in the
atria of the heart. When it first occurs, it is usually associated with a fast heart rate or
tachycardia (230-380 beats per minute (bpm)), and falls into the category of supra-

25  ventricular tachycardias. While this rhythm occurs most often in individuals with
cardiovascular disease (e.g. hypertension, coronary artery disease, and cardiomyopathy),
it may occur spontancously in people with otherwise normal hearts. It is typically not a

stable rthythm, and frequently degenerates into atrial fibrillation (AF).

[0072] Both “electrical and structural remodeling” contribute to the
30  pathogenesis of AF. Electrical triggers (after potentials) and arrhythmogenic substrate

(re-entry) are two main causes for the initiation and maintenance of AF. “Electrical
16



adm nistration of two or nore therapeutic agents together at one tine. The
two or nore therapeutic agents can be cofornmulated into a single dosage
form or "worbimsdarddosage unit"”, or formul ated separ at el pCcanus2¢bsequent | y
combi ned into a conbined dosage unit, typically for intravenous

adm nistration or_oral adm nistration. 10[ 008011 "I ntravenous

adm ni st rEPOgAing”ds ersed v gpgtioningfden hapaelafoawlsadasn Grlgivpond vein,

"intr ?@np » tion, the
| nt r aveng% &? M}agﬁ i ?ﬁgﬁgtemflté%?gése[ﬁ%a{s%{é&ge%{p&gma{yg ééaand medi cati ons
t hr oughOLdlffefmtlhmdyof fﬁa]olbllsftmisit@mypﬁhmbtaans aall kohunpedkcomecto@rtissad over the

flowrate and .t ot am) nt del.ivered,. but in cases where a chan in the
f1 ow rat ed5RBHHIATN &m%w lﬂ%%reﬁ%blﬁé]é?qﬁéﬁ% diggpeipiio laﬁ%genaﬁagﬁﬁ

avai | apl emu§c"1"@b1ﬂfd'le% and h@ﬂ(elf(?g%n&%f fn tflé’elfe.]:tﬁ%lsdoﬁ@&dﬁomfn ﬂ{eaa@ﬂuﬂﬁ frhgs, bag above
the I evel of the patient and using the clanp to regulate the rate.

Al t er nat |mﬂh1y1maaon apd/dr fibrosis ef atriahtidyec oset wmllmheommcu@rfbr A€qldihces a hi gh
flowrate an evi ce

et 08 a0 TS ER Mo St Y e 1 N BR o R R o BB ek 11 ui

acconmodat'§
bag to fO‘FAEIebé%;e% AFui Proldieed ERiSodRaF AM fr&fucht \Kﬁtamsé fHeclZded a8 8 sthscibn GeVi ce
that may al so at the fluid e|n i nf used. en a patient requires

nedi cat | otnhg ahiny reseltigg in @dﬂ@r&elmﬁ@ YRANRiE CORICHBICCS fﬁfdlmajoepnt@blag édheagthi ch

does &%I re additional fluid. It can use the same techni ques as an
|ntravenous ifip (punp or gravity drip), but after the conplete dose of

nmedi cati on has been given, the tubing is disconnected fromthe IV access
devi ce. Sone nedi caj0lis W@tﬁhﬂﬁ fipritnolyodcMrspuisdn the heot bsits Whirespid,ng t hat
a syringe is (?i)nnecied to t | V access .devi c%gand t he nmedi cgtl on is

i nj ect ed aTeis QYFiqEsTToRHISES W which fAUNISIRMNIRgG Fhagtbers RS Rsart (OF- 1Bause a

t 0.1 api &, GG lo 0 NGB IRAIrEhBENAAFuRE BN ERA I oIS fhthd, StT eam
of the IV tubin t%ere must be sone ensuring that It gets fromthe
t ubi ng t ontrheligamnicdmial attdntiah hyblohd srdswraphmnpd:ts stugthnff blobowimdy toetal | ui d

stre to flow pornually. and ther carr rred ne into the
3001 ds LA A Buagb i Rt R TR i Sseabds et el 4

“flush”, ﬁdzfbkMaﬂgn%&ehavelaqﬁﬂgeos»yﬂlﬁtoﬁfgsma&ecﬁmdpaﬁi R&hidl RERtUche bl oodstream

nor e qwckly "Oral adm nistration” is route of admnistration
where a slidshyenidie), |d$ZZI@IS% rlilamﬂmhlgﬁn@ﬂa@f hesathh andaleds phesneeiewsnbsseu dhinting.

subl abi al;,and..subl i ngual ni stra t er al ni;stfration
ond chae RS I DR LBl Rl PR, LABmERELSlorSEMBYEL T2 1 O

t he nmedi cabrilttioh Hepiatas lal’llalddh@ﬁibe@pd’allla@t‘detﬁéhlz&ﬂycl@Earﬁﬁe obowal nmucosa.
Typical formfor the oral admnistrati on of therapeuti c agents includes the
use of tablets or BSUl A "sust aj ned rel ease

formA%tion" is a fW At atT%?ﬁ%ﬂ%ROIPEeS&@ST‘B)ﬁé@mP@u]é‘lf Bahycapdip' elséds tp 2
t her ap_eutgé)% ?ilg%ﬁet'y%f Rz@r?cp@t‘?lg%aé’ﬁ’ﬁ%rcﬁ‘z{‘th%%ﬁ“ﬁ%ddlﬁﬁ{ct\ﬁﬁ %fter{s'tlgéaon jaer eas an

"i mmedi at ease formul ation™ “i's an mul at 1 on esigned to
electrocardiogram (ECG). The ECG reading in torsades demonstrates a rapid,
polymorphic ventricular tachycardia with a characteristic twist of the QRS complex
around the isoelectric baseline. It is also associated with a fall in arterial blood pressure,

25  which can produce fainting. Although “torsades de pointes” is a rare ventricular
arrhythmia, it can degenerate into “ventricular fibrillation”, which will lead to sudden
death in the absence of medical intervention. Torsades de pointes is associated with long
QT syndrome, a condition whereby prolonged QT intervals are visible on the ECG. Long
QT intervals predispose the patient to an R-on-T phenomenon, where the R wave

30  representing ventricular depolarization occurs simultaneously to the relative refractory
period at the end of repolarization (represented by the latter half of the T-wave). An R-

on-T can initiate torsades. Long QT syndrome can cither be inherited as congenital
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10 quickly rel ease a therapeutic agent in the body over a shortened period
of tinme. In sone cases the imedi ate rel ease fornul ati on may be coated such
t hat the wbepapsut3dc agent is only rel eased once it reaehgaStée/o6des? red
target in the body (e.g. the stonmach). [ 0083] Sone of the nore
common "undesirable side effects of dronedarone" include diarrhea, |ack or

| oss of spBHERYOS iak aenglscasying therediapEnpplsordtign pateatial gy gequicd paéh,

bel chi ng, i i i :r L i itching, or reddening of the
ski n, crégggh?éﬁ?%?&gwﬁéggﬁ% sz?%?éﬁég%#§ﬂ$h, i ndi gestion, itching skin
nausea, rash, redness or discoloration of the skin, skin rash, encrusted,
scaly, and oozi ng, [HR75 r@shmohicaeses forttotshday, degointednelsds dmtrbemch

di sconfort, upset, or {n, .swel.ling, and vomiting. Sone of.the |ess conmon
o rare. shimeBErekre.+RE bl M dnapt SrbcLRTaHRo T gh B es s

di zzi nessandZPasnié AcHidIRG, DENOMIRLEDNObudpra8akhrodlye G médifliRiaklgar t beat,
unusual tiredness, change in taste, increased sensitivity of the skin to

sunl i ght , cdngemitarftiyt wigh eharitdrs bkenigognidbnle diQanvistpplasents, and various [ 0084]
General ly, t.ne.present .inventi.on relates to nethods of treat.ing or

or ovent i 5Pt TRE Bl MET AR P SUED e PRI 3 Phertel SR R ey 1 ses
coadm ni s¢on@ithud) R2o8 algo by NRIsieSdffcetdf pnich@riapiyttingic afgllivations sudh @pedar one
or a pharmaceutically acceptable salt or salts thereof and a

syner gi st3o¢apl procpigpmisieutncaumging: Fastorsthe) s pysaciated yvitraripeeedi cal | y

accepltoab't%nc?e%'cg to%arg%rgfdeg H@g@%{{ s i1 o dérﬁﬁ%xtg%w%fassopfyor both of

ranol azi ne or dronedarone ar mnistered in a synergistica effecti ve
anmount . Taeiatrwpthadent gpomenbendahiyposdleniadhgeipalcansl, iiymxid, agidbsigrhehimn

separate or a cqnbi ned dosage 30unjt. If adm nistered separately, the
r anol azi n"gllﬁr&yle VeuiuHi Sy stEaDlbe ploeh gt raiey kmalagsnder, Rypothermia,

2011/ 084733RGI 1P ALA6QRAR57 adm ni stration of the dronedarone but

typically the ranolazine Wl|l be adm nistered prior to the dronedarone.
[0085] As further discussed in the Exanples, presented herewith is evidence
of a potent effect [@076lhe“A¥rbhdativonhonfatreysoireniancordvgtion oindhtafoowerdt o

el imnate 5hoth t trigger and the substrate associated with th

i L1 PR s R R RS R E B iR

conbi nat i et BETAPhoAES GErbRdtcien eh Bletodas@bitam By (A PVIR MMtk El. el AV
fibrillation or flutter in patients who are susceptible to the condition.

[ 0086] Raicay i pert pEelggirisgitconiralcystamcofdpaihesst thefridgciigal ly gemrectsidtialiad been

shown in \Pﬁ{ﬂa Ju'laﬁlgﬁ%b@rg gm(? Lédélhl(flgtltes ﬁée[‘f’fjlla‘?eis "f‘"l?e AWHOH%; Es atnkh?ee{ s?e 1?@.68”] .
current ( an rmprove drastolic relaxation. I'n preclinrcal studies,
ranol azi nssbh@betaksothbaain ahiahe vémarigecyltht heat, lspdaficatlglis theposieesihfadr and
reduce cardjac electrical and nechani cal d¥sfunction-during i schem a
20  region of the interatrial septum near the opening ot the coronary sinus, which conducts

the normal electrical impulse from the atria to the ventricles. “AV conduction” during

normal cardiac rhythm occurs through two different pathways: the first has a slow

conduction velocity but shorter refractory period, whereas the second has a faster

conduction velocity but longer refractory period.

25 [0077] The term “modulate” means to increase or decrease or otherwise

provide control.

[0078] “Modulating ventricular and/or atrial rate” has been shown to
significantly improve AF. Typically, this has been accomplished with the use of a
pacemaker, where the pacemaker detects the atrial beat and after a normal delay (0.1-0.2
30  seconds) triggers a ventricular beat, unless it has already happened - this can be achieved

with a single pacing lead with electrodes in the right atrium (to sense) and ventricle (to
18



[0087] Results of several recent studies have denonstrated that ranol azi ne
reduces atrial arrhythmc activity. See Burashni kov et al. 2007;116: 1449-
151457; Swogoatosai3s Am J Physi ol 2008; 294: H2031-2039; p&iramsaetio/oet25al .
Heart Rhythm 2008; 5: 1019-1026. Ranol azi ne was reported to cause greater
inhibition of sodiumchannels in atrial than in ventricular tissue

( Bur ashni $68%¢ & pgee). Jdvg7 atripgraty 4ia specafertp, thekto{msasyied 1 beats pereaititingel evant
concentr atd f .k j - QN

ot ent i ai (DB e B0, Secrhdil A3k 1Ry Fdiihl:AFe A

r epol ari zatialohythim P ‘akenir@ulatbndiachtiialrhpthin’oeferotoehd Bet-t@heaABihd period
ventri cul %r . O@ardi um ( Bur ashni koy Et al . 2007; 116: 1449-1457). Ranol azi ne
(5 and 10° [et“%r gusugcurnhset prlf e B¢tependent (i.e., the effect of

ranol azi ne was greater at higher rates of pacing) depression of the maxi num
rate of rise of thejgagd) orCRRLBRLIAhg UPSIOAKRInIVTRSN RRGs Reuct i on
velocity in atrial ocar di um and pu%m)nary vein sleeves but not in

vent ri cul aimimptyetaemiéfumo(oamare Kevipcohc 28ats tagethd@iat oud imco'he 00d o1 mOre

904- 910, tEuraasqlni kav. et 8' , fO rclul gt.itoral1 2%87' 1%6:f1449-“ 14 Zl nd Sicouri

et al. HeAFPPRAVTISHS GOBP5 A TEY 4652450 7 40RO e SURR MR EOERF ect i ve
ref ract orynhifesi Renmulaitd ettt BSdndIsabRlaéitEajonhindddhioacdoditin@Sdosa@hicaused a
| oss of excitability of the tissue at higher pacing rates in atrial tissue
( Ant zel evivpienllefor aptravepousiadgtinistiatingoy ;o1al @dmygatragipy, Bur ashni kov et al .
Crcul ation 2007; 116: 1449- 1457, 30Sicouri et al. Heart Rhythm 2008;

5: 10149y 1026) and Kuioh8@r S Saholi QY "Eltl?eca{dhﬂﬂﬁbfétii?] f: ?ﬁ
20: 796- 802. WD 201';5’%@473@%%718 520101?03612 7! o%?asg These data
suggest tdiatctly amtolaazimer Watrbknbeslgf. f €@arhpared wathtogharirongt eofarachibistratéohice bot h

the initiation and cqntinuati.on. of atrial, tachycardia and.fibrillation, and
i ndeed ratﬁs I{EAVRROUS ( rpp@dmhe&a%% Ma¥ de deliier %}d%éﬁe meamarl?wﬁ%laﬁ%t h

prevent edpa 'BQ%;F. eARidTatied paaploh MRl bRR1sk ReMEaGVES Bk iflohatateOthdi thtaPAthb@t
nyocardi um and i n cani ne 5pul nonary vein sl eeves and porcine hearts.

Bur ashni kdelivetedabut i 02s Where alchaggelinsirg flev ¢ata oudd neflhavédesious Rhyt hm 2008;

5. 1 -1026, and Kummr et al. rdi ovasc El ectrophysi ol . 2009; 20: 796- 802
Ranol Bz S B Gt CHEPs S 2ol RATED Rllc AP Gef pdaral Db QUBEV Y zat i ons
and tri ggshaeg atbagiabyveothe iG] it paidnt @hd MIREWe Rfan(pPRNEghte@he rafyn J

Physi ol 2008; 294: H2031-2039) and decreased diastolic depol arization and

i ni tiati ohltepatiehy.erypidmissecen br vyed iShegpaientapquimsmm highijew site 2addic
[ 0089] L&%ésn(fév?cg RESE 5 1aE§ e{nﬁﬁ%‘? gia&%{ Ii]t& g'c%ohﬁﬁ rif. fﬂ?k aéft%gr a
biTrty, and acti vi ys) % he

af t erdepol ari zations, exci triggere and
el ectri cainflstabistonétpgadcdtarduamld thd Bsiddag haforcathe Sluppided the ppiicht oondiugitaron and a
high rate of .electrical activity) that initiate and support atri al

t achy¥ar dilecteisrd deyiss that mey glsohawfithe tirdbelie inbised- aPihse aPrtigéequiics i on

medications only at certain times, intermittent infusion is used, which does not require
additional fluid. It can use the same techniques as an intravenous drip (pump or gravity
drip), but after the complete dose of medication has been given, the tubing is disconnected
from the TV access device. Some medications are also given by IV push or bolus,

25  meaning that a syringe is connected to the IV access device and the medication is injected
directly (slowly, if it might irritate the vein or cause a too-rapid effect). Once a medicine
has been injected into the fluid stream of the IV tubing there must be some means of
ensuring that it gets from the tubing to the patient. Usually this is accomplished by
allowing the fluid stream to flow normally and thereby carry the medicine into the

30  Dbloodstream; however, a second fluid injection is sometimes used, a "flush", following the

injection to push the medicine into the bloodstream more quickly.
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15channel currents (peak 'Na, IKr, and late '"Na) in atrial tissue is
responsi ble for these anti- arrhythmc effects. First, atrial-selective
reduct i orwof20peamk733Na by ranol azi ne reduces el ectrical iPepaiss@omenducti on
(conduction velocity) and excitability. Second, inhibition by ranol azine of
the delayed rectifier current |K  further sl ows t he al ready sl ow term nal
phase of repol ari zatOP8H ofoﬁah@dfalﬂlﬁtr&‘ﬂmbclﬁ|adﬁut68f adninagtrainy WhsEreby reduces
t he avai l Y- action
pot ent | al “sapiey Bleof b By PRBRRIT g inclfel KicsP Ruoo @ RSBONER 22

| engt heni aignioistrhtien, at wichlas efittet bdramistatiomandthyt mmughdharwpirasnylttac't n the

i nduction of post-repolarlz tion refractoriness. of the tissu ue that
is ref racle*ﬁ?sss npade draligh £-galu %.S%lvea@?%ﬁat@élﬂﬁatﬁlg et ot Witk a{l}ﬁef e ent ry

of el ectrigphudsh] TBfgﬂéal%rrﬁ e @fa?ﬁdrﬁfms%tahah' B?ﬁhbﬂa@eét?tcékeﬁé A0S thdat
occur during atrial "25tachycardi a and l ation. Thus the effect of

r anol azi nesctod tabdaiser @apste- dependent |ncrease of atrial refractoriness
reduces the excitabl e substrate capable of supporting atrial fibrillation.
[0091] Finally, the i.an_ b Janol a trlbute to
reduction of cellul@pggalé15W$?§%dfﬂ Seﬁﬁm'agB?egfﬁgﬁ%@PH%¥V§5§ fed activity

in atria,de3fppad td dowBideleasdn theRpe@ittigehOR3hObody Rlep iy ette@ictipatiod of
repol ari zati on, thus‘preventlnp the initiation of AF (Sicouri et al. Heart
€

Rhyt hm 2008, Bierersgn { gpgedigisigicate farmulptorg)is an fergiuigaaviiel isdlesiapgy Ray

. th
Oooulg ! RiflTRALoh i ARARE SadR AP B FoAY oblr AMORGBEGHITBE B> SR e [1e.
d|Iat?tlomwémféhgmb&ﬁghe?h?ggggmuggiggggagggggiﬁ%t&ﬁﬂ&ﬂﬂ&%ﬁﬁﬁuﬁﬁpﬁﬂ$ension
Kistler et a r ar on syndr one
EK: ?chhofo%lft’ relpased ogegrifiegeheddhe é@llrséfa}rsﬁﬁfgfghedqodz%@g thiat%mﬁhl 31’033)

[ 0092] However, AF is conmmonly associated with abbreviation of atrial

repolarization. ThQPbﬁjﬁQS&heQfﬂéQﬂhgﬁb&ﬁﬂmﬁﬂﬁ&%ﬁaMEsﬁM%h&é@%k'er t hr ough
| ate ' Na versus ear under normal conditions abbrevi ati on of

APD, t hi sdrdingdaeaneti a:@lu@ dxpeet kdk poloshef eagth, Aslomind vs siqmenk pinsgedi i c
inhibition of |ate.' gnificantly. affect 10 | trace r sodi um
Concent r sisgi YREREMPRaT TG PisrBtel s aitiol! e SRR BRoF iofin, he. 1
a potent dradked, g, M Relyakin, Redrib@ry, @i fdstib, ifohgzRle hliseh r@th, dddnefd drcul ation
2004; 110: 904-9 0 ifs anti-AF actions in the canine right atria and

pul nonar ydlwquafp@lb‘pféhaﬁklbn%ﬂla?aéh,@[ﬁtiwb‘fdI sdlypridhegzing skig rpshs hivehiitshingon of

o Vear R BisSEH oy e PERy R dtvotdiie Soihe BERCRSDICL
preclini calmmbéndi @ sdgeristsinthde c]li@ﬂpdlﬁbir ﬂﬁccﬁ’ﬁﬁbrﬂ)ﬁglﬁhéa&ﬁﬁhé&@ difriness,

suppressing atrial fibrillation in hu 93] As ment i oned
above2l dryraasipgmiostacse Rebicathsplow e lrr%l%wlw'teﬂﬁb%t danuawéﬁfﬁfiﬁe%cl}aéawe

car di ovasgyl. %cﬂ%&’s’%@'s&?skﬁ% df‘%ﬂe odﬁfflh ht, ? 500ed E%ﬂ&fsélf%fe ﬁﬁer efficacy

in maintaining sinus rhyt ustr In the exanpl es, eis a

significant
2. Methods

[0084] Generally, the present invention relates to methods of treating or
preventing atrial fibrillation and/or atrial flutter. The method comprises coadministration
25  of a synergistically therapeutic amount of dronedarone or a pharmaceutically acceptable
salt or salts thereof and a synergistically therapeutic amount of ranolazine or a
pharmaceutically acceptable salt or salts thereof. In one embodiment, either one or both
of ranolazine or dronedarone are administered in a synergistically effective amount. The
two agents may be administered separately or together in separate or a combined dosage

30  unit. If administered separately, the ranolazine may be administered before or after
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20 synergy between the anti-arrhythmc effects of ranol azi ne and
dronedarone - the conbi nati on of ranol azi ne and dronedarone has

signi fi camolgrigsesBer effects than either drug al one. FecTawsasmploel257 n
canine perfused right atrial preparations, ranolazine alone or dronedarone
al one reduced Per5| stent AF by 29% or 170/ res ectlvely, wher eas the

conbi nat i ¥hnigptratien efifhe éma@armﬁsbtftémealkyd Eﬂég@ W bsiadmariptered nsPr 9096
These and, 2ph, %tog ta presented herewith |nd| cate that t he conbi nation of
ranol azi ne an Fonedar one has t he potential to be nore efficacious than
either drug alone to reduce the incidence and duration of AF. This

conbi nati on t her apy[008&lor psfiathes disoddscd imytthKannles qxrﬁentadﬁmmhvith[iﬁ)ow]

Accor di ngl in one enb . i nven i.s di d for
odul at e L E G S A St ep P Berol & e g e bR PRt
said 30 npjtheg tﬁ@?&?rahﬁ RS ORHETh AbSHRH W1t the idil&idahd eRdinS¥ARE 8F Al cal Iy
t herapeutic anmounts of dronedarone and ranol azi ne or pharmaceutically

accept abl &s slap shayn thalbBxemplesr thoformhingtien thp@pg clegdrived HEBPGT upERON0/ 061257
nbodi t, th V d t { t h
For exanpts BB a0 GPRERA Rl Rl RS BB b B BubSetldin 55" °°

contenplated that this may be beneficial to provide control of the

ventricul ar rate duiose arindizifd 1f9rahlahﬁu1s'oﬁ6m(§aeﬁ dnamgih#t agBanhat Raand Fi gure
13A). In another enbodinent, the atr rate i s decreased. This 5confirnmns
the ef f ecteesph @mwrﬁ@h@eﬁ%ﬁ%alemeﬁ Sfl’éh%rt%mhél@t@éﬁ%tﬁ sedigm qusnt/dnd Mt ul ar

rate j \M]eplg{ﬂ%ggfdlﬁ t@i 01re Ftlé)l?. h@g&&ﬁfﬁﬂs ndids %ﬁdl%gnﬁf as (RO EX MR Fro Part 2

and Figu n sti anot I ment art rate is not

si gni f i camtiont debul gacsbdurd wvenhgpdsind usduch gédiac o] @685] addmactantvel enbodi nent
is provided.a method for modulating ventricular and/or atrial rhythmin a
patient i|WSHEEHOR AMREGICheTURq et hod conpri sing 10coadmi nistering to the

patient synergistically therapeutic amunts of dronedarone and ranol azi ne

or pharmaceutical | y0a87ePR&RIS of §vkradFectad dusliéRR8 Abmohdtra@iiah@bodi nent ,
the sinus rhythmof the patient is nmaintained. [0096] In still another

enmbodi me nﬁanOlﬂ%lnfa rasicerendrial apshyytharic peftvityr Seic dunphnikpy khala?@)7e bide 14tht r ol  of
L R R S Y s
amount s 0f008; 5: 1019-1026. Ranolazine was reported to cause greater 1nh1b1t10n of sodium
channels in atrial than in ventricular tissue (Burashnikov et al. 2007;116: 1449-1457).
Ranolazine at clinically relevant concentrations of 5 and 10 uM prolonged the duration of
the action potential (APDyg, duration of the action potential at 90% of repolarization) in
20  atria but had minimal or no effect on APD in ventricular myocardium (Burashnikov et al.
2007;116: 1449-1457). Ranolazine (5 and 10 uM) caused significant use-dependent (i.c.,
the effect of ranolazine was greater at higher rates of pacing) depression of the maximum
rate of rise of the action potential upstroke (Vmax) and conduction velocity in atrial
myocardium and pulmonary vein sleeves but not in ventricular myocardium (Antzelevitch
25 et al. Circulation 2004;110: 904-910, Burashnikov et al. Circulation 2007,116: 1449-
1457, and Sicouri et al. Heart Rhythm 2008;5:1019-1026). Ranolazine increased the
effective refractory period, induced post-repolarization refractoriness, and caused a loss of
excitability of the tissue at higher pacing rates in atrial tissue (Antzelevitch et al.
Circulation 2004;110: 904-910, Burashnikov et al. Circulation 2007;116:1449-1457,
30 Sicouri et al. Heart Rhythm 2008; 5:1019-1026) and Kurriar et al. J Cardiovasc

Electrophysiol 2009;20:796-802.

21



dronedar one and ranol azi ne or pharnmaceutically acceptable salt or salts

t her eof [ 0097] As shown in the exanple, the induction of

t or sades weo 2poiasss3vent ri cul ar tachycardia i s reduced bycCrius2aomnbi2aat i on

t herapy (see Exanple, Part 2 and Figures 17-20). Therefore, in one

enbodi ment, the invention is directed to a nethod for 20reducing or
preventing tor sadesl0888lpofkise datpsHggsstthptianelasing suld be ¢ffecHvpier tPempaten need
thereof, 5@l IREDIGHGATRidMoRGnG QBHTLALSE BF LG hGyERGiPRH EHilarion, and
synergistically therapeutic amunts o dr onedar one “and r anol azi ne "or

phar mac e uind el ihyolat ae ppailficentsad dprassedsatislextheyiktgfand OB vdnted ad

contenpl ated. that by preventing atrial fibrillatiopn, both 25electrical and
struct uratﬁm@ﬁtaa@F?tw@ﬁ%lf@-%wﬁéﬁ)@él?ﬂwnsat ial At apd fnueaniien i | | at i on

beget s f uriABhartveln®ledvbOidd Jortin® RearRN Burhddhikol 2t LIOPOPEORS: $449-1 461 ur al
renodel i ng. The control provided by ranol azi ne and dronedarone of atri al
r hyt hm (i Sieoyri ettalt hewie diiythol 3008 51 1H0eME0t artdigupang rab s/Tadiovtiscat r i al

tach hyt hm f i I |.f-.t i nat i sod t t AF
wrin el ek kPRl S0P BEA% 202, Rfuea MM RRuTRlS BRI B e
rate and d‘ﬂ%&&é@ola@i@@'ﬂid}ﬁ ah8 t@ggéﬁ&ita%ﬂviépo_f f@_@lﬁﬁé@_aﬂﬁl%@dc s 8ddi % aR0G; gecr ease
cell death, reduce inflammtion, and limt fibrosis {Van ‘mgoner D, J

Car di ovas@mpivd2fs 294: Hae3132039) andagcreased diestphg Hignolariratipmghmitition of gl so

di r ected t i i |. hcal and structural renodeling in
a paflloenté@mﬁgfgﬁﬁlg'g%?ngoeggi'%tmrrz?@gsé&ccztgpr%ri sing coadm nistering to the
patient synergistically therapeutic anounts of dronedarone and ranol azi ne
or pharnmaceuti cal | y[088%e pRahll&isedfpeas t¢adduse bdiktlentigeat 0dBledlt is al so

contenpl at ed, t hat, by conbi ning ranol azi ne and dronedarone any undesj red
side eff e%ff%dﬁ}?ﬁ;mﬁ%“‘?néd%&abﬂl%’oF‘n%%%ﬁ’fe aciyRamn thet legthigh SRR SRR, ne ¢ o

a pati enty;@l,& ﬁﬁgé'anrs%gﬁéﬁ }a{lbﬁi SUn%P@tﬂﬁ{ 4% ﬁi%ﬁfeﬁ‘@b{f HEGHERSCANE)) Bl ﬁ-hiﬁ?litﬁe ects of

dronedarone. The synergistic effect of conbined admnistration wll allow
for a redancltsupport atriahtecintcactia grdofladatione Infeltiges ay yanonzachif@perifac toner apeut i ¢

effect, therehy 10 resulting in reduced .i nci dence of .undesjrabl e side

of f ook, RENSTEHTToRH TS VentrodHaHE M R THUBRES BEPanIbF S0 BE OBt et hod
for reducirfgtfhr HRERS FibhRiafidectRE&RIcEoPH fHaRNEARS @AGIaBhe reduces
pharmaceutically acceptable salt or salts thereof conprising

coadni ni seleqtiied) impelyneongiustiorc@pnguctine velpeit)iand aneitabilitsf Second) whibiéoror a
phar meeut Gabl ¥ 26PARIARLE, BaLheOL, Rl . SnLASE 8815 1o 01R00 Additihgnal Ly,
|t|sconerrpae at coadm ni strattTon O ronedar one oapalent on

ranol azi nghakeetiepslatingiono? Al o ottt Qd thekey\waduceyhceRail fHilsQwEL | Mes
seen in patients on ranol azine therapy (see Exanple, Part 2 and Figures 15D
and 728B) . Nac@gpesly firypctiyakiop o a sppssdyanb action nedentigl etob® is directed to a
met hod for reducing the prolongation of the QI interval in a patient caused

by ranol azine or sajopo@r PKBlHECH B&IiABte té??é}gﬁi%hfﬁ%%fﬁ%ﬁél%ﬂ%gﬁve

adm nistering to the patient a synergistica
refractory period and result in the induction of post-repolarization refractoriness of the

tissue. Tissue that is refractory to electrical stimulation cannot support either the re-entry
of electrical activity or high rates of stimulation such as those that occur during atrial

25  tachycardia and fibrillation. Thus the effect of ranolazine to cause a rate-dependent
increase of atrial refractoriness reduces the excitable substrate capable of supporting atrial

fibrillation.

[0091] Finally, the reduction by ranolazine of late Ix, may contribute to
reduction of cellular calcium loading and suppression of triggered activity in atria,
30  particularly in the conditions of prolonged atrial repolarization, thus preventing the

initiation of AF (Sicouri et al. Heart Rhythm 2008; 5:1019-1026; Song et al. 2008).
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t herapeuti c amount of dronedarone or salt or salts thereof In the

reci procal, dronedarone nay al so cause prolongation of the QI interval and
as such, W9 admsui3st eri ng dronedarone with ranol azi ne, PCTiGS2@i0n628pl ated a
reduction of the QI interval wll be seen. 25[0101] As discussed above, it
is contenplated that by adm nistration of ranolazine, the therapeutically
ef f oot | vePralapaRd 2Rl APBB#ASGHEIN AN ERRIQEdiscrgs avresiated math AT @REYTERCSi n one
enbodi nmen, [ [ f.or 1 ' t é ' |y

ot oct | varsieSioREsRl horPrllElEE ot & ChaMRL oD T ARIH, LRl

coadm ni sdigtdtiog (Verheukeyanel. giigtdaziak 29003 ;hé7 6é 612622 ahppontengdn (Risttat nhe or

1o 12) Piteirtl 260 2 Rt goser el ShdiofRier il e ong | n

atrials fippiddahiomods. gunexf1efpws that 25 ranolazine and dronedarone
i ncreased ventricul ar DTE (decel ération time of E-wave). This suggests that

the conbi nation therapy descri bed herein nay reduce ventricul ar
excitability and thi@892lveHowivar] AF is epiipanlytagsdersited with pbtiveyiati¢h gfiateal13
shows the sgneraqi st Lllé eftf ecf1 fof ranol azi ne. andhdr mﬂedt rone on AV nodal
conduct | oFPRFLE Sl JOsUCER R 0GB R Y S TS E S R FE b EP P at e
control . &iklyllk, dndet Renal Eoriti@s. WBith Abbvisthest APBL thishBffeRAtd Bakpseddoes
not present proarrhythm c risks suggesting that the conmbination is useful

i n treati@GNGEIEr ASEH @PSIHERSFaNCRICHARIRItON;of late bv. maymet signidleanity affest ef f ect
of r | az| . . I -l t gesting the
ot GPREIRNE UiRTSAE ARG OT(ORMRal R SOOI P Eer DY BB 05,

Accor di nglayelatihe is apeaeritilan Li,dladksoindhe eaitdde tAnaecheitdioe abfCitadaidnng or

preventing supraventricul ar .tachyarrhythm a or, ventricul ar tachyarrhythm a
in a pati ;EW'r?ﬁéz?lphétﬁéBfﬁ-AcFoﬁwgi © EoHBRT ARt fKlPUMeYHEMGINSt i cal |y

therapeut '&peﬁ%tar@ittrﬁc{u@élieﬁﬁﬁé}w t&lts H{E?Jit{ﬂ?f/@ﬁ%l&%ej WREAERbARE 8 sal t or

salts thereof equal to a synergistica apeuti c anmount ranol azi ne
or phar meCeut/nget 2807skl6t 14dP- 144V asd Stvene ef all Be@t G4 /AdZI08; onEl1PYL026). i s

cont enpl ed that the conbinati on ther .educes ntri l.ar fibrillation
ot P Ut e £ TR et Bl tudi G e AR mak Bervent | on

is di re_ct@gbcﬁoe1’:}1gﬁ?bf@@gngﬁnfﬁrﬁyﬁm&oﬁgﬂH@I@ﬁﬁiCu| ar fibrillation in patients
susceptible to ventricular fibrillation, said nmethod conprising

coadm nistering to the patient synergistically therapeutic anounts of

dronedar one and rani@®083li nés srentomdabRER diRricdalony isdbe Spit apti-erbrhmior salts
t her eof . drug sh: Wil to reduc[eoc]apcﬁlwdg‘éﬂ & RQEQti N fdealil %1%519%901?&{ ﬁe#s%?dest
evel 0 eart failure

fibrillation often results In ment of congestive hea
and/ or st¢flkgy ih mansidining®nusphythent/ss iubthated mitht efdnbpled, kiakd Bra di@ificant
i ncreased risks of hospitalization agnd death. . Thus, as a consequence of
20  synergy between the anti-arrthythmic effects of ranolazine and dronedarone — the
combination of ranolazine and dronedarone has significantly greater effects than either
drug alone. For example, in canine perfused right atrial preparations, ranolazine alone or
dronedarone alone reduced persistent AF by 29% or 17%, respectively, whereas the
combination of the two drugs was found to suppress persistent AF by 90%. These and
25  other data presented herewith indicate that the combination of ranolazine and dronedarone
has the potential to be more efficacious than either drug alone to reduce the incidence and

duration of AF. This combination therapy incorporates both rhythm and rate control.

[0094] Accordingly, in one embodiment, the invention is directed to a
method for modulating ventricular and/or atrial rate in a patient in need thereof, said
30  method comprising coadministering to the patient synergistically therapeutic amounts of

dronedarone and ranolazine or pharmaceutically acceptable salt or salts therecof. In one
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treating and preventing atrial fibrillation and ventricular arrhythm a, the
conbi nation 25 therapy is expected to reduce hospitalization and death, the
devel opnew0 20f1/dse¢mst failure, and incidence of stroke. PCTiGS2010/06126T
contenpl ated that by reducing or preventing atrial fibrillation, enboli and
bl ood clot formation is attenuated or reduced. Accordingly, .in one aspect,

t he i nventmeadimentgthedrY spndustions sasrsonheratiplagiends high wishgefaricramplear t
failure 1 i ' I R st ' e or a
ol t or oy S ppbLR FerRsBR 0B RER oSG 1 o Rkl Lol AGHRF OO0
2011/ 084 733Pfdia5 20404 O 6drizfol oPtht Dostrieglar rate during atrial[fibtDGtiodGsee &xhmple, t he

met hods just,_described, it is contenplated that at |east one of either
ranol azi nlgarb?-a if&gu&ﬁéa)r g a&l%ﬁ?re%rﬁeb%mﬁ}toﬁ%aa%mée@ cggrtcdorihénl ts t her eof
S admy ni hfd il el @S 1AM OMANMBE G bRJIRRBHI oS Rt (HRGATRS

t herapeutically 5effective as a consequence of its coadmnistration with

the ot herthdetrgl ratowenarsseil tasidsriag 2d° EonEempplatReudt 2 et Fignensdar émgiland
Rl D B e e AT S M N

synergistically effective dose and ranolazine is admnistered in a standard
therapeutical ly eff@obs|velndoseher bMbodiARht, WHOUHIEE BimeticiNRl avid0RtAS

adm nistered in a |l ess 10 than standard therapeutic dose and dronedarone is
adni ni st eY@riquiar and/opatiat thythwe irappattent By nopd droreatt jaibmghied COMPIiSNE| | ot her
enbodiyren . I L NI i.n,.liess than
tandy d TRarRR i ATheRLTA, AR RARY AceilR AL EBRT B So e Al et <
anmount s ofanolagine daploineacduticilbnalcagthivle salt opdadts acai! cahd ymbriimpitathce sal t
or salts t.hergof " ifs i nt ended t.0o enconpass all possible conbinati ons of
15st andardMefayihese! the a1t BiBdP@CAer apeuti ¢ doses of ranol azine and it

t herapeutically acceptable salts and dronedarone or its therapeutically
acceptabl e salts. [0096] In still dnB#RY mbOdiRRAR iSHBOALAR RicthoddbPPRIRRNE OF
the salt or salts thereof and ranolazine or the salt or salts thereof are
admi ni st ethgthns aphiraget esingrol $ithe 8¢ntRelns had/onrdriamo patenedarcon thenwy, doal gi ven to

t he tient in either 20 si.ngle or | ti.pl.e dose ny of. the accepted
rmdestor Behpegbathe fouphfgiefod o Rrh B FpieEs e Fadtc pER R 501 0" as
descr i beddroficdaRheinh 4 z8n At hhRdh £34ti PR acEptdbdNsalt S GOl PBERbED DY
reference, including buccal, by intra-arterial injection, intravenously,

i ntraperitoneally, lZ)arent erally, intramuscularly, subcutaneously, orally,
or via an inpregnat®89r Aeshein ehs exanaplethendyctiansgfitorsadgs deaitt e, or  an

artery-i 83 %;cq] ?'1 1Qr-'f; Rﬁl e "y th% i i @,gh j.ne or the
salt or giﬁ%t s&?aﬁer egl? rgndé dﬁg%%e rongorgﬁ) taﬁgr?sg 9'3% sa tméjr%her €eo Iaare
adm ni st eFigdrek n7+28y.eTimrsfoye, in one embodiment, the invention is directed to a method for

20  reducing or preventing torsades de pointes ventricular tachycardia in a patient in need
thereof, said method comprising coadministering to the patient synergistically therapeutic
amounts of dronedarone and ranolazine or pharmaceutically acceptable salt or salts

thereof.

[0098] It is contemplated that by preventing atrial fibrillation, both
25  electrical and structural remodeling are modulated. This is because atrial fibrillation
begets further atrial fibrillation, and fibrillation begets structural remodeling. The control
provided by ranolazine and dronedarone of atrial rhythm (i.e., thythm control) will
prevent the progression of atrial tachyarrhythmias from occasional self-terminated
episodes to permanent AF with electrical and structural remodeling. Further, reduction of
30  atrial rate and Na/Ca loading is expected to reduce oxidative stress and decrease cell

death, reduce inflammation, and limit fibrosis (Van Wagoner D., J Cardiovasc Pharm 52:
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[0109] In one enbodi nent, ranol azine or the salt or salts thereof and
dronedarone or the salt or salts thereof are adm nistered orally.

Dr onedar owe 20rv/asiBs3sal t or salts thereof and ranol azi nePor/tsadv/oor2ssal t s
thereof nmay al so be admi nistered as a 30conbi ned dosage unit, such as, for
exanple, in a tablet. WD 2011/084733PCT/ US2010/ 061257 [ 110]
As nent i ot Bpdle)- dycsprainglniibe wventis is alse diectedia amethed dormadiatingnol azi ne

or e Salbofta 37 LSukbiAT SBlodlY: B8 AATHOLSLE! AL SWORILARMEGN Y,

t her apeuti ¢ amount or a synergi I ve anmount

some enboghatmintisteritdie therpativnt sbfnergamdahlg ﬂmeap@ntus aarhbun:ts oBdohsdardreraadf

adm ni stered] i.S from about ? rrcg t o, about 3000 daily or from about 50
mg to abo@hosEHe OhhAERFSIicHEY ¢ W@séﬁfowltﬁ&leﬁ Flabout 2000 mg daily, or
fromabout 50 ng to about 1500 ng daily. Further, the anmount of dronedarone

or salgt or salts thpoegf RMMIN sdRER ateatﬁartoamcamuﬁn%ﬁiﬁanamzﬁl@aﬁépout 800 ny
daily or from about 50 ng to about O ng daily, or tromabout 50 ng to

about 600drngedamﬂe>any ondé¢srgdsul slfects maydetrodugbduFoso@mply, daddnyinisgatidr om
about 50 aggregat e dail doses be
o St faAReR o sin THredf ik X e U8R R BAG FrelM nRBEIRY  0F ,
Addi t i onadfldtenddardns. TRBLRIRLISEESTdchaf contiipdeainfigisattidheilbaldw fir asal t s
thereof is adm nistered as a sustai ned rel ease fornul ati on and/ or

dr onedar oifdu@ionda pmognt of girengdaneae aegessagy torphifive pdh@apaéic affewnﬁhémbat e

rel eage esﬁ{‘fﬁ%ﬁf a[‘xeeﬂgée%' ift ﬁ&ce%Fglfé@irh@Q md%%-ﬁ%%tg. é% sUH, & ﬁ‘eoé Th¥nt
di scussed in the next section n-one enbodi ment t patent
under tr etht imRhtivsisalifce@dyo 4 akilng far redicihg tenodcdobi: vkde «:ffameafar one rangi ng

from400 to 800 ng with a typjcal being 400 ng_ twice daily. To this
dosi ng r egPhzlIoNs %m@ma@&aiaﬁmea ff»‘es Etorﬁ%lﬁ%fg%rs%ﬁﬁongml%g to about 1000

T
ggl | ny)'ZCé;JahbgbmthﬁnéjQ %ﬁ E%Mlc%ﬁz gfyﬂéﬁ'uﬁé %ggnt‘%? rziIBlla{z,ﬂYé‘sog a%%ﬂ?%eggc%l‘g Cy (1

x 500 ng) gccqitablogalt o wls theirdof. (1 x 375 rrg) or 600 ng twice daily (2 x 300
By adm ni stering such therapeutic doses of ranol azine the anmount of

‘368”?&”&2?%"?2&23@ Wt FP Ry o REPREH o B e L e, "

253. Act i V@mhm&ﬁféit@ag})su@ﬂ@n@[mmaﬂeaur&s '&elﬁamgazanrtﬁfthe QT interval, wm@ﬁLlB]
U S. Patent No. 4,567,264, discloses ranolazine, ()-N(2,6-

di met hyl plﬁéwzqmwnwpﬁmwm@nmln%w&mrﬁmﬁmm@yw@ng Higray | Heacet am
ide, and || E)dfl 6’%@%@8&&%&;?% bt AREERMAR B dnfion R deRBI6 2 WE&ndd Yok Ne

t r eat ment rdiova
reducing the prolongation of the QT interval in a patient caused by ranolazine or salt or

20  salts thereof, said method comprising administering to the patient a synergistically
therapeutic amount of dronedarone or salt or salts thereof. In the reciprocal, dronedarone
may also cause prolongation of the QT interval and as such, by administering
dronedarone with ranolazine, it is contemplated a reduction of the QT interval will be

seen.

25 [0101] As discussed above, it is contemplated that by administration of
ranolazine, the therapeutically effective amount of dronedarone is reduced. As such, the
invention, in one embodiment, is directed to a method for reducing the therapeutically
effective dose of dronedarone or salt or salts thereof comprising coadministering of a

synergistically therapeutic amount of ranolazine or salt or salts thereof.

30 [0102] Although the data in the dog model (Figures 1 to 12) focus on the

synergistic effect of ranolazine and dronedarone in atrial fibrillation, Figure 6 shows that
25



30di seases, including arrhythm as, variant and exercise-induced angi na, and
myocardi al infarction. WD 2011/084733PCT/US2010/ 061257

[0114] Thwe 2patsmt33al so di scl oses i ntravenous (1V) for mrCaIUSNS/06f257

di hydrochl oride ranol azine further conprising propylene gI ycol ,

pol yet hyl ene gl ycol 400, Tween 80 and 0.9% saline. [0115] U_S. Patent No.

5, 506, 229nQJpEET Ak @royﬁéarmeeln@ﬁa&eéﬂéntalﬂlmDaﬁd F@eéer%tﬂrﬁaeéﬁtwwpl y

accept abl gp;s st@ﬂﬂat ARl da‘?lonttllibg F in hia?z%ﬁc&%e SXRBLYENCI Ng_ a

physical or ¢ |nsu , I ncl egi a oxi'c or reperfusion
injury tOemaalﬁlli@candrthm(eéxﬁhallamtuslqla&hyﬂmba athdr,s]&gﬁ,e 18nstowetheuse i n
transplants. O al fp nteral fornulation no%!dl Sqfl osed, including

cont r ol | eYIP@EgSEeC ainand qrangglapqne oy Ay tiopyalsp SURESSISpat ent
No. 5 5506th8%9m9ﬁ‘1§ﬁ6ﬁ pﬁﬁh@ 1ﬁQz@ﬁth@ﬁl|aPﬁter é’dn%F eStfﬂPﬁﬁQHe@tF'l%lﬁeé 15 t%%ad%%e form

conprising mcrospheres of ranol azine and micr ocrystalTine cellul ose coated
with rel efastdhcommbmhﬂwm@oqwbymsmt pithithythatie nsksafuggesting tao descomBinaginnl azi ne

of an v Saratd ieBhe M Trng G006 S EIRRyS dERyRY 2A8kes SRR UREI e i gn

end, ther@nblazidk 86d @86 04 BRI VAR dydttgs s?t%%ei’ﬂh otBORMi @ IoRehePer
m | I iliter of an IV solution containing about 4%b 5wei ght dextrose.

[0116] Theongrieaontinyerfrieplar aelyardijtheniaf admi ni stration for ranol azi ne and
its pharmaceutically acceptable salts and esters is oral. A typical or aI

dosagg formis a comtgssggc&&g%@% thed %‘Elgngseeh?& 1Pecfe%1 ‘A'nﬁ t§.64 &letf

powder m x or granu atln capsul e tge th a
sol uti on ar prS\Uﬁﬁﬁ@ suppaventdichlar R&ﬂl@ﬁl&h}hbtma’ioré’w%ﬁtrﬁﬁlbr taeBgtirggklosiadn a phiigh- dose
oral fornul atiqn onlng super.cool ed |iquid rano azine as a fill solution
for a har'dnged deror € %gml@g sPadsypistrEng apynergtieglls thesapaie apgoungoiso3 911,

i scl osessHahalned pheheRsRIGALIUBLLRANSIRAIKECEETR &R Baob! em of

affording a satis ranol azi ne while the fornul ation
travel s tdynonggtichibt ﬂhealpemn aihaung mnotagmeen phamacheic2By stlbomsaktts drdeod. nor e
basi ¢ environment through the intestine, and has proven to be very

Creatent of angi nal "W oRABFORA ot gy Sl i od e AREETIRkon Rlrapy'®
reduces ventricular fibrillation in addition to atrial fibrillation. Thus, in one embodiment,
the invention is directed to a method of preventing ventricular fibrillation in patients
susceptible to ventricular fibrillation, said method comprising coadministering to the
patient synergistically therapeutic amounts of dronedarone and ranolazine or

20  pharmaceutically acceptable salt or salts thereof.

[0105] As mentioned above, prolonged atrial fibrillation often results in
development of congestive heart failure and/or stroke. In addition, patients with atrial
fibrillation have increased risks of hospitalization and death. Thus, as a consequence of
treating and preventing atrial fibrillation and ventricular arrhythmia, the combination

25  therapy is expected to reduce hospitalization and death, the development of heart failure,
and incidence of stroke. It is further contemplated that by reducing or preventing atrial
fibrillation, emboli and blood clot formation is attenuated or reduced. Accordingly, in
one aspect, the invention is directed to the method of preventing congestive heart failure
and/or stroke in a patient by coadministration of dronedarone or a salt or salts thereof and

30 ranolazine or a salt or salts thereof.
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[0118] U.S. Patent No. 6,852,724, discloses nethods of treating

cardi ovascul ar di seases, including arrhythm as variant and exerci se-i nduced
angi na ario20nymsessdi al i nfarction. WO 2011/ 084733PCT/ UBROAGLOQ6HZEBFT

[0119] U.S. Patent Application Publication Nunber 2006/0177502, discl oses
oral sustained rel ease dosage forns in which the ranolazine is present in
35- 50% preferably 40-45% ranol az#Ae. P@siBSe enbodi nent the ranol azi ne
sust ai ned rel ease fornul ati ons of the invention include a pH dependent

bi nder; a pH i ndepetfd@olt berdleef thomethodniisbdespibas, ghneeriererieicd ahat pt
accept abl @, @46l B AlHePr o) SalPbt ﬁ?ﬁ{é&?e%?tor 8%0%98a{r§né @% Haes 1%‘%&.%61‘3 not
limted to, a ne acrf1|c acid copolyner, Tfor exanple ugragl% r

( Eudr agi ti0 atih@stbiad ips dssl dlaatsexdat] thatafeagi idOsd A BiGh bbconarsdhdrbygeutickis)

partially neutralized with a _strong.hase, far exanple, sodi um hydroxi de,
pot assi ursTRFEY S %j%?nsequeaﬁ%ﬁﬁ&ﬁﬂaﬁvmlmﬂeayvlthﬁﬁaoaﬂﬁa St VIOWFVET: K 18ABOt o

neut T2l | Z6nfdioi el RS [thi ! thetanABRRL TP b ®oRMEXhERicRLa BOUL 1 20%

for exanp out 3-6% Sultable pH I nde ent nders 1 nclude, but are
not | i m tthdrapentichliyl elixgtive apounetlhpbme lehnbb diseens-HRMrondderone xamjrhigisMe¢dhoce 10
El OM Prem um CR %rqgg’qgwb or, Met hocel0.E4AM PreniuanPNC.(fuitable

phar maceuficPPHEY Bt iasfee dosiapr Solagntct ade g4t & ieedddr ate and

M cr ocr y sfhalabbitRaBe bibdtRS QoA \VinGRHL cRIFdBiklent, kard] N ORAEAIANEred in a less
[0120] U.S. Patent” No. 5,223,510 discloses dronedarone, N (2-Butyl-3(p-(3

- (di y| e sfel)ctﬁr@ﬁmép)eb@mdwﬁ)ld Yragedaroneiisadyli)iseradanestinflodan de, its

phar maceuti cal | cceptahl e salt nd their use in the treatnment of angina
bect or o hiaBulicaRE ERRIRE By o s oG BB PO B RSP e £ o1 oncy.
20[ 0121] @opaReicARCadivi@istghd B legahibstan sek eplpeutes dades OTROEpyessisad
pharnacquicallé acceptabl e salt of dronedarone. [0122] U S. Patent No.

6, 939, 865 synYeisHedly thergpeitivaEounts Idresapeas anrbrnelgrve 08 PREMYEINEHAY one or

its phar ' be . ' LAaci .
phys: of ogreg Ty L BRERRER, RiRhodlD Aok, U pBATE kB Bnations of e o of
t he 21Bconpagiatd amnl Ibsttieesia@iaahthempeaivdd@epdfiranabage aal it yhetupeaptadlyl e

wat er - sol ubl e betgé cycl odextrin derivative, The buffer solution is an

aqueous sBCERTIR SeEAsHidsenegarenp aF Fatheepentisa ¥ RecebiG $Ht he fol | owi ng:
acetic acid/alkali netal acetate, funmaric acid/alkali netal funarate,

succi ni c aci d/ al kal o108t aln QHECEIMRIdEneft, Idrbfeddohdoaliéahlt o Bli@lh&bdfraate,
tartaric acid/alkali nmetal tartarate, lactic acid/alkali nmetal |actate,

mal ei ¢ aciadplarikabi thesalabr S0ts tedrecdftacs adneiniséanedsdpptataly.c aci d/ al kali neta
met hanesul phonat e, or nonoal kali netal WO 2011/ 084733PCT/ US2010/ 061257

i njectabl e sol uritare! Bl R PP G SR Pl Tl o
phar roc eudinglabr multiple doses by any of the accepted modes of administration of agents having
similar utilities, for example as described in those patents and patent applications
incorporated by reference, including buccal, by intra-arterial injection, intravenously,
intraperitoneally, parenterally, intramuscularly, subcutaneously, orally, or via an
impregnated or coated device such as a stent, for example, or an artery-inserted

25  cylindrical polymer. In one embodiment, ranolazine or the salt or salts thereof and

dronedarone or the salt or salts thereof are administered intravenously.

[0109] In one embodiment, ranolazine or the salt or salts thereof and
dronedarone or the salt or salts thereof are administered orally. Dronedarone or the salt or
salts thereof and ranolazine or salt or salts thereof may also be administered as a

30  combined dosage unit, such as, for example, in a tablet.
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conposition conprising 1) dronedarone or its pharnmaceutically acceptable
salt as an 5active principle, 2) an aqueous solvent conprising at |east 50%
by wei ghtwof2owwasers3 3) di spersed or solubilized within Phe/tselwent257

bi oconpati bl e, bi odegradabl e, synthetic, water soluble and covalently
reactive macroners folénerizabLe to forma conpliant tissue adhesijve

hydr ogel degradi ng 0418 pds msgtigned abgxe.drenedaioac ppictsalapr elts diseaf@ati on to

the tiss i r [Sd o) st one
nydr oph | 751358 eERE S AEF S MR i Bl an R BRI BEMIy o B

car bonat earhounk age syncagisticatly keffastivetanmoupol Vineefora il engr @ulps]imand, 4 a

pol ynmeri zation initjator. The c osition.iis for reliable application and
| ocal comtPYM! eﬁraﬂlg 4gHE or éﬁﬁt %‘r%ﬁgﬁ’&ﬁ?ﬁ églan“%t?r&g OB DD ¥ UiBAI At bl ood
vesselss, merﬁ%aéil}yoﬂ forf ABOHBOLHOR Mol SR Hi LI PP &SH MouPSHRI; 16 abdlirac
surgery, have been devel oped. Dronedarone is incorporated into hydrogels

t hat adhe2@0trog tdiy, oi SemesdotnSGumigdd aiditt HE0Gimig dadyr Fyttheri thednmogst efre t o be
del i vered, and, t hen biodeqgrade. The hydrogels conpositions an t ches
Cont ai st M Ry PR e MM LR S FraGATRECIL 8 S8R 07 b

Pref er r edddiydr e@@ S8bdut 80 il StdWBoROEN HaiBNdr BbRASBLASERLR0 WhduRic00 en to

ten days follow ng application. Modst preferred hydrogels are forned of
synt het i cdalyl 9intses abeeitSOpne (o und ) megldajlipfdr drammebaot S8 mg fombest 400 mye

hydr ogel s n i [ t . i livery is
desi v, 40 TS PR B e e R PR S o e Y o1 o
a "pat ch"twlibed dprovi des a defined dosage of drug for release at the site of

appl i cation. [0124] U.S. Patent No. 7,323,493 discloses a
pharmaceuti cal conpgsition conprjsing dronedarone or its pharmaceutjcally
acceptabl e salt as @ﬁlﬁctﬁg&“QQ%h%Hd?ﬁﬁg?n%ﬁﬁdémﬁﬁ%WWE@EUFﬁ@%&EV“é&%%ptabIe

noni oni ¢ Ry dhPRMH G536 L BhInSE HACGE Forkdu®iToR Ah QXA HRISdarGit & QARIEY 1N

conbi nation wth one or nore pharmaceutical excipients, wherein the

noni oni ¢ ajtsl thepduif i adnsiosfeact @n imengoiats exli¢ase nr susprimgdorckeaenfoohulitigm 5% t o
15% by. wejght of the active principle in base form The conposition is for
or al %hniW@%PPE@ﬁ&H”PHéﬂﬁQ“?@%ﬁ?ﬁﬂﬁsnﬁﬁﬁFQFP~a granul e, a gelatin capsule,
or a powder. 30[0125] In one enbodi ment, the nmethods of the invention

enpl oy a tablet conpniz no cHeRnaRdanrnae thehh@ctpalkheindeptreanhl ¥ agdstiyt i onal |y

conprises hypronell ose, starch, crospovidone, pol oxaner 407, |actose
nonohydr ateking@sndisicazice slosq efglioridesang sangangiframgi8de §A9 s1eauitiye &picphe t abl et
may al so h.onal i o) i 3P i lat]ons
[0126] * s e hPAB 404 nRRLS &, HAATIRy iR ] AR Ao EAATH

about 300 mg to about 1000 mg. Typically, the dose may be administered as follows:

20 1000 mg twice daily (2 x 500 mg), 750 mg twice daily (2 x 375 mg), 500 mg twice daily
(1 x 500 mg), 375 mg twice daily (1 x 375 mg), or 600 mg twice daily (2 x 300 mg). By
administering such therapeutic doses of ranolazine the amount of dronedarone can then be
decreased to from about 50 to about 300 mg or about 200 mg daily thereby greatly

reducing the incidence of adverse events.

25 3. Active Ingredients and Compositions
3.1 Ranolazine

[0113] U.S. Patent No. 4,567,264, discloses ranolazine, (£)-N-(2,6-
dimethylphenyl)-4-[2-hydroxy-3-(2-methoxyphenoxy)-propyl]-1-piperazineacetamide,
and its pharmaceutically acceptable salts, and their use in the treatment of cardiovascular

30  diseases, including arrhythmias, variant and exercise-induced angina, and myocardial

infarction.
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5coadm ni stered, neaning that the two active ingredients may be fornul ated
separately but admnistered at simlar tines (i.e., either together or one
af ter thewot2bawis473€oadm ni stered al so neans that dronedacons2@aemser2anol azi ne
may be co-fornulated into a conbined dosage unit. Accordingly, in one
enbodi ment, the invention is directed to pharmaceutical fornulations
conprising a syner gifdi4lcalhiy patsat apedisslescs myavenays (HY biesnuktars

10phar mc&%&rﬁi@ﬂl&%{d%%ﬁ&%iﬁp IR k&mﬁ%ﬁ%@h@?;feﬁ@ %g%ly pgigg%lgt%%g %@k'blc dy

t her apeut1 ¢’ anoun ranol azi ne or utl salt’or
sal t s t hefweadn Standl B9 Isalimaceuti cal |y acceptable carrier.
[0127] In another enbodinent, the fornulation conprises a synergistically

ef fective anount of _ranol azjne or..s lts thereof and/or. dronedarone
Thorsa't o ent o RS0, PheBlNp o soRias Ak Bt R FRloBieTnd HENE S o
f or nulsat eﬂlahﬁﬁce%ﬁ&ahl%zrac'béﬁtélﬁ;& @Jl%%d@ﬁteﬁrf@} thad Grehimh et bALIsQEs e_x&a@ri&{ciiﬂé a Ot her

enbodi ment, the two active ingredients are co-fornmulated into a conbined
dosage unphysichiorghimicalmsulbtindndiagisardiopagia hypdrac puwspedtsioeinjgtedi ent s ar e

f I d ly f dmi ni ion. 3. 4Cof | at i 20[,0128
ormi g RORLALEL 0k SERUILTLSH4 B ARPITLLBb RBFafRROAR 1

dr onedar ofeemalagiofsdre dixblosd & thdl ittt eontoNbd Nchse @sa@Eationt. t Infarticiilirar y dosage
formsuitable for oral adm nistration. In_ certain enbodinents, the

r anol azi nexanyple dPAlAE eRpted No. $ 990 2R dascribrra sentrodledglegse dormul#iondpt ai n

rbodi : . : h )
ust i hed Pay A ESRTEHENR DAL BRlBhfiank aha LITBCABLERAR5R Rhicd, o1y o1
form or cajpb uwleast oomrolling pothodisrdiis pdtdie atsallisetoses IVeapslak@e campiatias from

about 10 np. to about of 800 . ng of dronedarone qr a pharmaceutically
accept abl B !aft%sﬁmgamé SOPARTeLME I AHANRY TEHBBEI R Y sPREiop spriat iy

capsul e C%H{fff%qﬁz \izéigﬁg‘td%?%ée. 2nhd™H tﬁé’hi?f?@hl&, R0 i W @bscl RO UBPIBR g(r) a

pharmaceutical |y "acc able salt or salts thereof. In yet another

enbodi nentontaimeg 26 et ranelagapper reillclagapoef @dy folwmnalvotaini@Salbmyt #% @bout 400

ng of, _ dr oneﬁla({?one or a pharmaceutically acceptable salt or salts thereof.

In sth | YEENAFSHRE enbodi nent, the tablet or capsule conprises from about
50 ng to about 200 ngy of dronedarone or a pharmaceutically acceptable salt

or salts thereof [ODh39d] | nhopRs@YPEieREd soutd\6f ddalthigtrath forRSVIaINGARR! | Ses
from abouitts pharmaceutically acceptable salts and esters is oral. A typical oral dosage form is a
compressed tablet, a hard gelatin capsule filled with a powder mix or granulate, or a soft
gelatin capsule (softgel) filled with a solution or suspension. U.S. Patent No. 5,472,707,
20  discloses a high-dose oral formulation employing supercooled liquid ranolazine as a fill

solution for a hard gelatin capsule or softgel.

[0117] U.S. Patent No. 6,503,911, discloses sustained release
formulations that overcome the problem of affording a satisfactory plasma level of
ranolazine while the formulation travels through both an acidic environment in the

25  stomach and a more basic environment through the intestine, and has proven to be very
effective in providing the plasma levels that are necessary for the treatment of angina and

other cardiovascular diseases.

[0118] U.S. Patent No. 6,852,724, discloses methods of treating
cardiovascular diseases, including arrhythmias variant and exercise-induced angina and

30  myocardial infarction.
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550 ng to about 1000 ng of ranol azine or a pharnmaceutically acceptable salt
or salts thereof. In another enbodi nent, the tablet or capsule conprises
from abouw02001/08y7380 about 750 ng of ranol azi ne or a phacraseuvioces? y
acceptable salt or salts thereof In yet another enbodi nent, the tablet or
capsul e conprises from about t o about 375 gp of ranol azine or a

u

150
phar maceutical |y acl@dpflabVe- Satent zggplgcgppg Publigagign Nupgpeni@y047{58he such
enbodi nenf. ' it I [ - ' fo4 he tablet
ahioh 15 LariblS ok AR AEL I AORRLL s i Rl ARl B B B 8135 P e
cont ai ni N§N% hecdrabheddr Stieanadaposi nior.cribodithdnt theeransiagns suadnddhakeagehe

it d x . d i npl SSi | azi
Compos! t1 BAMRHOTIE (B BNGUHAPORE Lo ARDRePF O] WEGeas ALI TR PARRGE or
convent i ofg dn¥ oIPErRﬁ@ﬁrﬁ‘aﬁﬂlab&Itfélalw Et%l’e%t%?l@\é%‘ibie%& ISulaMBip el HRPRBRMJERT B

a
such as a capsules. The nmultilayer tablets and capsules suitable for use in

the preseintludewbanticowt bauitet) &, hatethacayleckoid copylyretrhvd sxémphwEudregitie ar t

usi ng sta rd. N . : e tabl et y..conprise two
avers.  OgatGiE o Fundohrse e CeE e g A Thod e | &

for mul at egbybr@nizddnmmidh sféhg € Fo LA pd] SbAUMEE, I B @2 pBtasstdm AR erorieesONd

| ayer which conprises the ranolazine and is fornul ated for sSustained

rel ease. #nmeniyg: hxdspxide, ime qrentity pelfisient ighicetralingythe mwiherydic agidi nner | ayer
and out er lﬁ% et [ I i t he. i ned rel ease
ranoﬁgkin%ﬁ?lrnu%%??%%&%ﬁga§ﬁgggﬂ?ﬁ€%g§zgwﬁgggég%%%ﬁpgﬁgégéﬁﬁe i mredi ate
rel ease oindsieatiaithadicrssheads bit aredalinited tayiedroxypropylatcisicefliitoeei ment, the
ranol azi ne_and dronedarone are cofornulated 1nto a 25 caﬁigge, where the

capsul e aHIE)-ffor cxprwls MethoralReEIOM Breegugy, C geadgiFHRWCros Mefhecelp E4AM
dr onedar zTale S i I .t he
capsul e 2@% conggﬁﬁcg§§%%¥§gﬂgﬁﬁggﬁﬁﬁ%f%ﬁ%ggﬁ%ﬁéb@%ﬁmﬁgﬁgﬁgggggﬁul ere the
gr anul es dteargte beé mirocnystaHine debuiode (Avadel®ipél1di pnedar one i s avail abl e for
i mredi ate rel ease or sustained rel ease and the Ranolazine is fornulated for
[ t he . capsul e 30 may contain a liquid
tea “F%ﬁ

sustgﬁned rel ease. Alternatively
i medicat e rel ease or sustained re MA™t i on of dronedarone and a

solid sustained rel faorml atjan ol.azi ne.. However h

enmbodi nents are exe@@?@rygéﬂgaﬁpgﬁﬂoﬁE%%gg%%@éo¥%dFFW&%“?%@¢%§&H§ﬂﬁfions of
the pres e@t(ﬁ('ai’(ﬁlﬂtlhrﬁﬂlo)propoxy)be_nzoyl?-B%ﬁﬁ]ﬁ;ﬁn%&%ﬂﬂaﬁ‘éﬁﬁﬁoﬁﬁﬁh@}itsC an be nade
by conpression or nolding, optionally with one or nore accessory

i ngr edi emlsrm8snpeadlsasdentalilt edlts, aulthbie upy iephe BchtBichyofcogpressiorisy i n a

sui tabl e Qacgine the, active i ggq%Hent ln a.f% e-flow ng formsuch as a
ponder or GEaRUTS A BRI i R s sTRAEISY ) ubr i cant , i ner t
diluent, preservative, surface active agent or dispersing agent. Ml ded
tabl e30s may be nmade[oby1|nODebinkdaronc Rydibthledideis @heRamplcdf Bicsintiodlolisctihe
powder ed active ingredient noistened with an inert liquid diluent. The
tabl ets rﬁgﬂr@mquaﬁeglwwﬁéa@wlw GpnedaEed. 10[ 0134] The tablets may
contain one or nore agents including sweetening agents, flavoring agents,
coloring agents andoRsfseriy pdicAORE! 639, Bodidbsct A pREAYIERi) Pl atabl e
preparation. Tablets containing the active |ngred|£nts In adm xture with
nont oxi ¢ @hgrosEe wbinpaking damcdpbab beiteplwinphentisaliyhicctptable satiat abdotive or

manuf acture of tabl.ets.are acce ble. These excipi.ents nma e, far

exanpi o, risiie apyin g aghoaol G siar SeeBl Rl Bobe M Al ose,

| act ose noRRXAoRtRIwEh BSHArTTBAd #BBysIAGEIANy RLUMESIB Quat&GAbRILIH@L- sodi um
phosphat e; granul ating and di sintegrati ng agents, such as mai ze starch, or

al gi ni ¢ awicthdepirimdicniyatange nths busfgr splattoncie h ailesons selideroenyisand ¢ bueffer

cel l ul ose tarch el ati r..acaci.a; a l.ubricat i ents,. ch as
rmgnes; orsRBarie #ndht PRRG Al R athk Bl S GRSHLRAAEN 2 ay be
coat ed bymktaDimndr£6 kRS cldmikalOinba] 2Rinate) eifcapsdhikhii aivtd] Qiteled, ®ttaric
di sintegration and adsorption in the gastrointestinal tract and

acid/alkali metal tartarate, lactic acid/alkali metal lactate, maleic acid/alkali metal

30  maleate, methanesulphonic acid/alkali metal methanesulphonate, or monoalkali metal

30



t hereby provide a sustained action over a |longer period. For exanple, a
time delay material such as glyceryl nonostearate or glyceryl distearate
al one or wot2bh11z208¥E3 nmay be enpl oyed. 3. 5Additi onal For meCattisens/02BF0135]
Formul ati ons al so contenpl ated by the present invention may al so be for
adm nistration by injection include aqueous or oil suspensions, or

emul si onsPhogphaic. s Rewsitiondsyfay paronterd gdmynsiaaipndn the form g amiiecible as
wel | as e%?ihi‘tiolhs’ manni tol, dextrose, or a sterile aqueous solution, and
sim |l ar pharnmaceutical vehicles. Aqueous solutions in saline are also
conventionally used for injection, but |less preferred in the 30context of
t he present inventi[@23]Et HUhPhtengNycE029,34Jpdiegdydes adiqgldygaimadeuticdl d

ol yet hyl ene glycol, and t li ke (and syitable.m xture her,eof ),
Dol caont S AP aage | oo s T D GRS Dot abl e
oil's may gkise RﬁﬁciﬁﬁpiPM%ueJﬂ%oWeﬁp&{nﬁﬁﬂasgﬂ itUdhsERVs lBZ ﬁ%lﬂtoﬁwa%ijﬁ)f or

exanpl e, by the use of a coating, such eci thin, e mai nt enance of
t he requidisptrgdroriselubiliged within thhsolyerd sbioforaipasivé, biodagradubl b pynthetia setasf

f a1 Jh [ .of th ' f i n he b h
bout by VaSHE EIET ek minrER g SRt Cod PRl Bite ™ 4o

par abens, adhbiios RRdb gdl@legrapheneh pesed 6f lesstitlond MbAmIradeahppleitbrd tdehd i ke. The
sanme formul ations are contenplated for separate adm nistration of

ranol azi niéssahdaidrpireerapts semprising on average pqranalequisridesst eng pydserhilit e
S0l UtPNSq il fin Bl RARY L tRYacREAIRAEALS BStnbiiin & OBANE finkallod g LAY 1S

anount” i n" the ‘appropriate vent S ngredients as
enuner at egblahonablagougund €ch pdlomkoxeidn byitibiol.t Thecbrspitioni iz &frirclinble

General ly, dispersiqgns _are prepared hy incorporating the vario sterilized
active i mjP Bt @ o Sopti gl 16 oh feame AR Lo ﬁ? heges o flod

di spersi Ovrks]EIE; lieyacAng it B@r}j{l&qféhrvﬁﬂl QkligE bi'q{h% &détﬁ&tc%rcﬁécoéﬂr%%ﬁ%v@ BUgEr at ed

above. Int case of sterile powders for e preparation of "sterile
i nj ect abl &vsbped.i Prmedarhee priefaporettd meb hydogols timt eglzaratd a tiasues cbwhich

vacu dryi ng.an reeze-drying techni gues. whjc ield.a wder of the
LaTI ok B AR IC agag hkuRte MR HRET nEnbEedted. o RABEL O evi ous! y
steril e-fidnRsRnS hdipdioes beh B e anti-arrhythmic drugd Hds3#d folhed ifiedb or @t ms  of
the apparatus for adm nistration of the 'novel conbinations for atrial

fibrillatvige Brederoadiedraastsase§ssof adimscntpng hiddegradane wethin sseerefogere dafs 20( 1)
el ther @ BMbMIAC AT MS FoRHRALHIEAN 3-oBHal B AutE pdARH 1
provoke minimal inflammation or fibrosis. The hydrogels can be applied directly to the
20  tissue where drug delivery is desired, by spraying or painting the gel onto the tissue, or in
the form of a "patch" that provides a defined dosage of drug for release at the site of

application.

[0124] U.S. Patent No. 7,323,493 discloses a pharmaceutical
composition comprising dronedarone or its pharmaceutically acceptable salt as an active
25  principle, and a pharmaceutically acceptable nonionic hydrophilic surfactant selected
from poloxamers, optionally in combination with one or more pharmaceutical excipients,
wherein the nonionic hydrophilic surfactant is present in a proportion of from 5% to 15%
by weight of the active principle in base form. The composition is for oral administration

in the form of a tablet, a granule, a gelatin capsule, or a powder.

30 [0125] In one embodiment, the methods of the invention employ a tablet

comprising dronedarone. The tablet optionally additionally comprises hypromellose,
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for use or (2) a kit containing two syringes ready for use. [0138] In
maki ng a pharmaceutical conpositions that include ranol azi ne and

dr onedar owe,20t184Bat i ve i ngredi ents are usual ly dil ut edPoy/tsr01006i287 ent or
carrier and/or enclosed within such a carrier that can be in the formof a
capsul e, sachet, paper or_ 25other_ container, \Wen the excipient serves as a
di | uent . StHcbaomevidorsolpxagshiiQ% fctase neﬂnotly@fatedcq%@ml pidicon dioxidsodnd) |

whi ch act v :qﬁgf i ngredi ent. Thus,
t he conpdél@ﬁgﬁgl%%%&Léqrgﬁﬁﬁg?ﬁggﬂ§o f%gﬁ%gg?&%gf }&%%Vders | ozenges,
sachets, cachets, elixirs, suspensions, enulsions, solutions, syrups,
aerosols (as a solid or in.a Iihhrimlnmdticnﬁl?,orniulﬂtmw cont ai ni ng, for
exanple, up to 10% by wei ght of the active 30conpounds, soft and hard

gel atin capsul es, s0d@26]l eAs njeatidvadl abose|dudriecdasne amﬂrambhuzinbenqyetmkaged

powders. .. .01 Sonme ex of suitable ex i ent |nclude
| act oSe, %P@QWB%W%%%%%M@F Bve gFtiy eﬁﬁﬁrﬁ iegis masyt'efr@ﬁag late &F@%ﬁ .

cal ci um pRESRRALE& atdl Bl HMRS (i.L.F FURE RIpkther SRS RLIMRY th(‘cEHtEér}’ e SddnhifAlced
m crocrystalline cellulose, polyvinylpyrrolidone, cellulose, sterile water,

syrup, ndsqmmrrgslth@teilrmﬂd@@ae afftheanb bz img [naetyi e - foamulamdllntlocarrmlmtyneﬁ ncl ude:

| ubricati a ent s, suc s talc, nesi ste rat.e, d eral o'

worti o BRESERE ARSEdo B3 o eolRARRS L SERIE! S 1iade B Mg Sisehlitils uen
as met hyl fonaﬂﬁu@ﬁmyﬁmmdf beieal Lherapv@et ANbUM oRgRRESromst f | avoring
agents. 0140] The conpositions of the invention can be

f or mullOat elaha@@a@gtlt:@lmémt@l@e galt enealts thereail resynengistiet by barapeyteageoust of he

active i nrq klﬁ@ br ﬁxa%—%ace%gi%lw gccéliﬁ%lg Qaif gr s]ag S ttﬁ%?eorfa&nderﬁ %ac‘%ﬁﬁéﬁ%} ng

procedur es nomn ove given e reduce
bloavalIa&bﬁym@écmamﬂla2|ne, sustai ned rel ease formul ati ons are generally
preferred. Controlled release drug delivery systens for oral adm nistration

i nclude osnotic pu stenms and dj ssol utional st ens cont ai ni ng
pol yner - coat ed resgﬁégy ﬁ6W°§P b%lyﬁ@Ftm%gppk%ﬂﬁﬁﬁﬂ?%ﬁ$%ﬁs Exanpl es of

control | e@né@s@fé@l @ﬁ’éctn@gﬁm%ﬁﬁ FRiaifk C;II%'&JP[ %r sdTRUBDE N /or ArBirRarbd O
4,326, 5257 4,902,514; and 5,616, 345. [0141] The conpositions are preferably

f or mul5at eat sah oasaimitherdafs dg eerltfon nmbﬁdumemtes; the' 'fulmmlatdusatg@foﬁ‘mnhséd for cittponbi ned
dosage unit" refers t hys ca |y, crete units tabl e as.uni

Gosages BraproSen uBRERlriEn el | SR arbOihah i €o5E Mgy

predet er nirpee-fehanittd yt®h cbiBind Ub¥@e MBiteld &5y« atierbabedinicatspmedwee the 20
desired therapeutic effect, in association mnt% a suitable pharmaceuti cal

exci pi entactige glgredaerttameef@rrmdatpémmratdvrﬁm@imlmﬁeatmt| ve agents of the
invention are effective over a wi de dosage range and are generally
admnistered in a pharnaceutlcq%hy e&BﬁﬁhﬁﬁEi&HF“"“ It will be understood,
however, that the amount of each active agenf actually adm nistered will be

det er%il ned by a phy@'lf#]anln ée?talnhe%lﬂod%éntg I)f 1.Ihh %ré’sglllthéer}lhoﬁ,l t[lg %%}a%&%es

i ncl ng the
and dronedarone are coformulated into a combined dosage unit or unitary dosage form

suitable for oral administration. In certain embodiments, the ranolazine is formulated as a
sustained release formulation. In certain embodiments, the dronedarone is formulated for

immediate release or sustained release.

25 [0129] In one embodiment, the formulation is in tablet form or capsule
form. In embodiment, the tablet or capsule comprises from about 10 mg to about of 800
mg of dronedarone or a pharmaceutically acceptable salt or salts thereof. In another
embodiment, the tablet or capsule comprises from about 25 mg to about 600 mg of
dronedarone or a pharmaceutically acceptable salt or salts thereof. In yet another

30  embodiment, the tablet or capsule comprises from about 25 mg to about 400 mg of
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25condition to be treated, the chosen route of adm nistration, the actual
conpounds adm ni stered and their relative activity, the age, weight, and
response wb 20hi8u13di vi dual patient, the severity of thePpaftiSesm®/os128ynpt ons,
and the |ike. [0142] For preparing solid compositions such
as tablets, the principal active ingredients are mxed with a

phar maceudPagdarqnedr ginbaimacsui@nageepibl gsaer sples theisaf. aniseH yeb#osart i on

cont ai ni g, & AATRIFASHS d AR RCRBRABH K mb A AR 60 ol ghvENt | ON
When referring to’these prefornulation conpositionS as honogerieous, it is
meant t hadrobhduaraetaraehhmmyrcedii @iy acapeabit sitenrseit teveof.y t hr oughout t he
conposition so that the conposition may be readily subdivided into equally

effective unit dos or suc s table pills and capsul es.. [0143] The
Cablets or pi 115 of MXANC pReubriimhoruesits bh iy Bherdultanroros ot bith o
conpoundesl @ t® alsautd@o@n@%?a%lafﬂeraraafﬁlﬁhﬁadwﬁ&415, REMAYIa88t & saRg ol onged
action, or to protect fromthe acid conditions of the stomach. For exanple,

t he t abl ethewspf. pinldnothancmbedmicste therfablainarcapodacmmpnrgs fmmoabost 1 Hbwgde

el enent, the ter -being.in the formof .an _en 0 over the nmer .

Ranol az! riroanGt e ok afiinsiberdPa e e ERIB AT B biFeel aiehine er i o

llayer t haino8fk ¢@Boditnong ShStablt 61 dipQYE 8brPisds Mronbhgbok OFMATE taABoRS78Inig 10 t he
i nner elenent to pass intact into the duodenumor to be del ayed in rel ease.
A vari et yofganglggies o shagmacqysicybearcerspbls selhoessits fheecafayer s or coati ngs,

such materials including a nunber of polyneric acids and m xtures of

poly ic acids wt ch I | :

cel lul ose acetate. @1§H hﬂﬁk%ﬁﬂ?%%%%ﬁréﬁgH#?%gﬁgﬁhiﬁ%o |%§%ﬁ§pggg%ﬁé

i nvent i oma pertabudéthkititdetoonplr issepayatt Feons youe rgeogitdcc adithytht pertmpeddthectableount  of

ranol azi ne or. .a pharmaceutically .acceptafhle salt or salts thereof and a
syner gi st{@HATY8 ﬁ}?eiralb@&fqn@ LoD e Dvead Ingod fhah st EtsCal | y

accept abl g5ahdy @mprRk kP eb@pfessing the ranolazine ¢RdpbaltiohhBd ! diBMédAgRXanpl es
are included to denonstrate preferred enbodi nents of the invention. It

shoul d beccammséionanted rhyltitdyesteblesf osdanventionalinprogessed inge othheca@entewiahi ques

di sclgsed i.n the ex | es .whi ch foll r epr.esent chni ques di vered by
the i Mverittiiry 8 eEn RIS st R e “Hrateh BREDro kel es o 8t hus
can be copgiiflefcqftededt @O RIONtddh Bc PitRIcelcl @FinBRERBods Kinotvh Sn HHeat dsefs However,
those of skill in the art should, in light of the present disclosure,

appr eci at andaed magligerghanges can be nmade in the specific enbodi ments which
are disclosed and still obtain a like or simlar result w thout departing

25from the spirit a@?3f]co?ﬁe ﬂ%lefs{lﬁ@%’]gﬁ{ﬁ 'geq{;}ﬁ IWE.Eﬁf”éispljﬁglwl%ﬂn.edar one

as used in this invention is we in the-art, Is"comercially
avai | abl econRaizod thzidnencidsroat sid sdomeulatcd féryinmvalidtabll@soor sminidee rpleegear ed by
conve tion%] netQPds such as in the manner dufcloseq in US Patent No.
and a second layer which comprises the ranolazine and is formulated for sustaine
release. Alternatively, the multilayer tablet may comprise an inner layer and an outer
layer, where the inner layer comprises the sustained release ranolazine formulation and
where the outer layer comprises the immediate release or sustained release dronedarone
layer. In another embodiment, the ranolazine and dronedarone are coformulated into a
25  capsule, where the capsule allows for the immediate release or sustained release of
dronedarone and the sustained release of ranolazine. For example, the capsule may
contain granules of both dronedarone and ranolazine, where the granules have been
formulated such that the dronedarone is available for immediate release or sustained

release and the Ranolazine is formulated for sustained release. Alternatively, the capsule

30  may contain a liquid immediate release or sustained release formulation of dronedarone
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WO 2011/ 084733PCT/ US2010/ 061257 4, 567, 264, the entire disclosure of which
I s hereby incorporated by reference. Additionally, the abbreviations used
t hr oughouwohau#systse f ol | owi ng neani ngs. | LI Mri cronol ar ectarskénmses?
kgkilogram mAm | lianp minmnute mmllinmeter mvrllinmolar nsmllisecond
MAVega Ohns EXAMPLE 1 5Atri al -sel ective depression ofsodi um channel
dependent a9 whdsaytaing eelease frawdgtion obfanglazingt Hawsver. sagh @pbasimenis arc

conbi na '%;f%fla;? %@%?%f}fo?ﬂﬁedﬁ@ﬂ td ARG t%fo@ﬁulaﬁpg%lgﬁﬁg RELf iRfhAGH.

[0147] In expe studies 1nvolving 1Sso nine atria, separate
application of ranol azi ne and chroni c am odarone have been shown to exert
atrial - 10sel ecti vel0d3}r eAsnhdhlagér tsbidi cam ehramtediyoaoneedsiofnl diaeldiependent

par anmet ers anguto. ffectiveI%/ suElglr.essdAF 9-13 The (gog%i natign of cquroni C
ani odar ort9RH AP QNG PT MAFLTCHosSHE I gEdienfsa GaPTGsSPOROESHREN DT BIPHRY caused
mar ked atgy @mmedsafitih\ieuldsnE aRehiaBb tRf actiVeimHeRER Ge R treRAoAMRS RS sabelayery

ef fective 'suppression of AF. 14 The present study tested the hypothesis that

t he comnbi npewda opiraavles.eoptivorboaiedevitnabindero|ukricerd, ingg diluent,
preservative, surface active agent or dispersing agent. Molded tablets may be made by
molding in a suitable machine a mixture of the powdered active ingredient moistened

with an inert liquid diluent. The tablets may optionally be coated or scored.

10 [0134] The tablets may contain one or more agents including sweetening
agents, flavoring agents, coloring agents and preserving agents, in order to provide a
palatable preparation. Tablets containing the active ingredients in admixture with non-
toxic pharmaceutically acceptable excipients which are suitable for manufacture of tablets
are acceptable. These excipients may be, for example, inert diluents, such as calcium or

15  sodium carbonate, lactose, lactose monohydrate, croscarmellose sodium, povidone,
calcium or sodium phosphate; granulating and disintegrating agents, such as maize starch,
or alginic acid; binding agents, such as cellulose, microcrystalline cellulose, starch,
gelatin or acacia; and lubricating agents, such as magnesium stearate, stearic acid or talc.
Tablets may be uncoated or may be coated by known techniques including

20  microencapsulation to delay disintegration and adsorption in the gastrointestinal tract and
thereby provide a sustained action over a longer period. For example, a time delay
material such as glyceryl monostearate or glyceryl distearate alone or with a wax may be

employed.

3.5 Additional Formulations

25 [0135] Formulations also contemplated by the present invention may
also be for administration by injection include aqueous or oil suspensions, or emulsions,
with sesame oil, corn oil, cottonseed oil, or peanut oil, as well as elixirs, mannitol,
dextrose, or a sterile aqueous solution, and similar pharmaceutical vehicles. Aqueous
solutions in saline are also conventionally used for injection, but less preferred in the

30  context of the present invention. Ethanol, glycerol, propylene glycol, liquid polyethylene

glycol, and the like (and suitable mixtures thereof), cyclodextrin derivatives, and
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15simlar synergismto that of the conbination of chronic am odarone and
acute ranolazine resulting in potent atrial-selective el ectrophysiol ogic
actions |Iwadongsts3mar ked suppression of atrial arrhyt hrcagaiS2heohreds
Coronary-perfused atrial and ventricul ar preparations 20[ 0148] Experinents
were perforned using isolated coronary-perfused canine right atrial (RA)
and | eft YegREaPlecilsapay(alsg bosraplayed i Bissrpper flusdity cagbe npaigtained okt i on and

per fusi on rati Vi i y 6

B of Ty, PR By PAARREh RRLSIR AR bt da et et ot zed
(sodi um pentidbaizbirt thk casedf]disposigr @ld lWats u§2df-saffakgyts. Thé ptestedidrAdfwhd h
attached rimof the right ventrjcle s 25cannul ated and perfused with cold
car di opl ciEn SOMETPYFAATE 8] bg iaﬁoaglg\r%%% oSt ot fbagienal dnd aniifungel

2011/ GBA733RGT] fopgggﬁd@é%%&%ﬁs,%ﬂ%r&ﬂ@ﬂol,%‘éﬁ’(ﬂ%dﬁbi@raEfﬁf WimbidGalLMhd¥REgE vas
perfused through a di agonal branch of the left anterior descending coronary
artery. Unperfhesedetformsuaionasra emoredatad for saparaiz admipdistdetion ©f ranpéazinei cul ar
and atri al b({ranches were ligated using silk thread. The preparati ons were
then tran¥¥FPEHa98C t enperat ure-control I ed bath and arterial | y-perfused
Wi th 5Tyrode's solution by use of a roller punp. The conposition of the
Tyrode's sol ution wag3¢Ji NSt¥N)e. inf¥atablelditiokEdreprepadd3 M célpOratibia tieB 20,
CaCl2 1.8, MgS™ 0.5, and D-glucose 5.5, huffered with 95% 02 and 5% CO2
(370.5 C,cqsmpopengy the required amount frpthg 9ppropeafs welyprtanéh vetqusthsst enti al  ( AP)
recor@j ng: t.aj | f [ ' f: at a sanpling
rate lg):‘ glég%ﬁl{zeﬁts Sggﬁg%teﬁ?ggg?’g%? %(ﬁ:lg?dtlg ggfgdmgg(’ E%%)%h\%%glh?%g%f ded using two
el ect r odeGemw4iB), dispagiont avdgréetdd haintopetdtiag phaceidus stetitieedbytioge’ s sol ution
bat hing the preparation, 1.0 to 1.5 cmfromthe tw opposjte sides of the
atrial or NgEHISIDOAY SIEYF SRAFY-PuFt E@%%}%_&]é;?ai‘laﬁisaﬁfélpné% REEPOHY i me was
appr oxi Motk &poth{iSnaRhisARrP hos et hick Bhafd IR 1 dsc FRRARFBIEXS | N
ventricles, at a level representing 10% of "P wave" and "QRS" anplitude.

Di ast ol i cfor tegstwirdionfof tsexeinjatabbmso DIDE, thaprefetarmitheds dfyprémcatmasirag
stimulus intensjty in Q.01 .steps. Effective refracto peri od (ERP) was
Teasued B AR PR TP arD U CORHE 1T Y e erLel Yo BRb er S 2 5o
interval smgsea%t gwl@ by ddlifigkal Gedheatfyradicd RACH @gav%tﬁlfsﬁstérﬁa@ﬂﬁardd%}ut@h 500
ms (5 nms steps; times DTE). Post-repol arization refractoriness (PRR) was
recogni zeicxghbn ERP exceeded action potential duration nmeasured at 90%
repol ari zation 20 (APD90) in the ventricle and APD neasured at 70%
repol ari zati on (AP in L& i . GQl.Ncl i th APDQO,
whereas atri al ERP[ﬁ\’géﬂge%@ér gile?yfo%@élﬂlél@lggéﬁa E%%r%ﬁg%%hg?%en s%lor t est
Si -Si  per¢oniiihai@nd for add4] ifibaillaton waloth@assthedh dthpmogitemSiovgbtythsbforé eni ng
pacing CL starting froma C. of 500 ns. [015Q]. Stable AP recordi ngs could
not bﬂ) r edel p]t@er@mpgpe@mmls@w compartments containing the 2 active substances ready

for use or (2) a kit containing two syringes ready for use.

[0138] In making a pharmaceutical compositions that include ranolazine
and dronedarone, the active ingredients are usually diluted by an excipient or carrier
and/or enclosed within such a carrier that can be in the form of a capsule, sachet, paper or

25  other container. When the excipient serves as a diluent, in can be a solid, semi-solid, or
liquid material (as above), which acts as a vehicle, carrier or medium for the active
ingredient. Thus, the compositions can be in the form of tablets, pills, powders, lozenges,
sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, acrosols (as a solid or
in a liquid medium), ointments containing, for example, up to 10% by weight of the active

30  compounds, soft and hard gelatin capsules, sterile injectable solutions, and sterile

packaged powders.
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25vi gorously contracting perfused preparations. The |argest recorded

maxi mumrate of rise of the AP upstroke (V.) val ues per experinental

condi ti orwoera/as&ieen for statistical conparison. Only APSThaseémgerapl it udes
of at |east 100 nV were considered in the analysis. The |argest V.
criterion was used because this was associated with the |argest anplitude

and the nost negat i Wd3esbomg cramieaefcsupehle sreipients deghuda lagigse dertrase. near

full 30 i | 1. Qi - dep t i f V., values
wer e nor rrsgllE ?(stggg% {E%totl’t%a@%ggﬁj%eg%u g? %fg%f @a@%ﬁ&%ﬁ%ﬁé?gﬁﬁ&%be” ment and
t hen avertagadanth, gelatin, calcium siljdai5 hicBegatal meetlltlbed, polyepgidentdomn peak
"Na, V., DJE, PRR ._and conduction ti we he shortest Si-Si_ interval
permitting 1fl%e,a§&qlwtaﬁear§ygweal?@@é@ﬁ/gge@iosas LFLN@O IHESORREH AqsAUEY er s
Exper isrentah dEnetReahs agdlfdarh ad Bfc, eghbdibhatdafiic, RRH hAferh0dil; higting
coronary-perfused preparations was 30-120 mn. The preparations were
exposed tagebts] tthisifaingland suspenditg bgcvtsd punentangogents aichers B@hyl- andvashout  of
ranol azi ne lﬁn% the co i‘natigegl. of thte‘sedaf%%nt.s for at a period of at
least 20 PRPRYIYGoRy hen208tr DY bR peraeit it W4 I OHPH i8R was sufficient to
achi eve steady-state in the effects of each of the drugs to alter

el ect rophysi ol ogi ¢ Pad@METES SompditiRas of then@senViBr €ar0bs RirMattaltsoaseycl e

|l ength (CL) of 500 and 300 nms, unless otherw se indicated. Changes in Vmax,
QRS, DTE, Prarde gricletustatsd ot delayed staashefl the agtyycingmdigatafter pdmprstiafiontl 16t h
to 2 i : t f. ; nd

aver gléogd?tﬁgﬁ%ﬂé%§b gte glﬁggo%v@ gg (ﬁé%eﬁélg\%ntlma{r? a?gquseg%gs&g’%n%ﬁv% \éér%%h%i ng the
short est Blu&l b@shilgityatfeaqdizind, tustgndd tleasd fovatiiadons drbgesdraligul at i on
intensity s DIE x 2, determned 15 at a CL_of 500 nms. . | [ 0153]
To assessPElaednonigliseleats gth\feaw%Fz%@r Oaﬂf 6%@5%@%}@1} inghiet hei r
combi nat i Qi ot H@eﬂ Fhs @h Qbhal Syt daifdin] Maym'- Lat&arAfis gpdel .
In the pr(ge)sseonfgg)uo %h% Spr%%’%ﬂped) eal g}(lzst@igg%oln slt P?ﬂllj&l tieér?%%l'%%s or r?gﬁi d
paci ng ( GlrugpoBEnars)atiixfuoedatipes.sEstngplts dfcontrol@D8dcae syateinmsere given in

corongry- used right i ratigns. 9 I ffect of the drugs was
asses eé ‘93 EP@Q ?S?&é‘ﬁat@ €§2¥%€£%@3§20W%gﬁj%en a separate set gof
preparations, the ability of these agents was evaluated to terni nate

(series 2) persi stemiqAF. Thcdrhigositions breg@efctbly Aehules iaddee dodadehe
perfusate 20-30 mn after the start of perfusion with 5ILLMranol azi ne,

101 LLM drieraddheiem ‘amittdesagedabnnari epmbincd Hessge agignteders thphysigaly f ol | owed

by attenpf. i : V. i ri ) t eries, 25
the agont Lk ahBGHAGLIE0S BRI o8 R Bl and Bt PRRRREACRGET A
(on the Surfit donmdimug @prafetedminedeusiitity of dfe dctiee matdhylshvaica)ated to pe@dkes then whi ch
the drug term nated AF, we attenpted to re-induce the arrhythma with rapid
paci My~ SUFSBre theBmepin SRRTAIY atreridtian wa @ syitaia pharmgpeutical excipient (€.2., p0154]

Pul monar v, uel Ry R aShERKP PERAEALARS APRKOXIREE LG ¥eRDLid Cm) wer e

i sol at ed farom t canine atria. e preparation was
appr oxi nedashge @ngaand et gesupleyr adminBisedvarephaseacoptiedlpregfrcivad diyoum. frost
expert man"gvﬁI be understood, however, that the amount of each active agent actually administered
will be determined by a physician, in the light of the relevant circumstances, including the
25  condition to be treated, the chosen route of administration, the actual compounds
administered and their relative activity, the age, weight, and response of the individual

patient, the severity of the patient’s symptoms, and the like.

[0142] For preparing solid compositions such as tablets, the principal
active ingredients are mixed with a pharmaceutical excipient to form a solid
30  preformulation composition containing a homogeneous mixture of a compound of the

present invention. When referring to these preformulation compositions as homogeneous,
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WO 2011/ 084733PCT/ US2010/ 061257 The preparations were placed in a snall

ti ssue bath and superfused with Tyrode's solution of the follow ng

conposi t iwo 208173329 NaCl, 4 KCl, 0.9 NaH2PO4, 20 NaHCegTI/us280@0ai2, 0.5
MySH, 5.5 glucose, buffered with 95% 02/5% CO2 (35 0.5C). The PV
preparations were stinmulated at a basic cycle |length (BCL) of 1000 ns
during t Wéisgaeant thapthsractve peradsats arp fispesetycenbeihrquehputih eangpqsition spg
durati on, i ol i e I i i r silver
bi pol ar e e EUEBSAREY b feall] S50 A RRRIY LRl KRBT, P21 <
wer e r ecosudbds {abtcts pdbraaticagsuicat e of 40 kHz) using gl ass m croel ectrodes
filled wth 3 MKC1 (10-20 MsS) DC resistance) connected to a high

i nput -i npedance a i.fi.catjon st er | d Precision Instrunents, nodel
ka0, MRew 10° Haw el BT ThS Rl e st SOy hEAOTFR Dre
Vimex, sandyta&Nid@dmpoundid tBPrawidd & H&lsa%é oraciforainb O addasthyd 6hgbiddged ACh, 1

[tM, isoproterenol (1 [tM, high calciumor their conbination were used to
i nduce | agcdiophade pBt&ADOM haBsidaedditiohgglethe dloaweh.vFerexaipée, dortbblatari on of

par asynpat.hetic and s athetic stinulati,on has been sh to facilitate
Phe devel e EoBpadtin oxes sBdnt ot Boher skodmh s AR heuisn 3% 18
wher eas lforaoiRathedlbe St thel fatnh @ Ragolspiawand thel ®adniifiseaddcigei($\cen bead, a

condition responsible for the devel opnment of DADs.19'2 DADs or EADs were
elicited &?@Ffﬁg’dshﬁ ymengaricdmyor that peyves tozesiy diginfegrtionp fbe sogackh prrhpeEd| vel y

f ast f ol : ‘ .
wore  sobfale s e PR R B o R A L R .
respect i veflnyatetials sarolekussd lfert suohmsntofic Yersdr céariigy| sibb hiangiabndclugimpraot er enol

(both SIGWA . MO re dissolved.in distilled water as stock sol utions of 10
and 1 mﬂ%@%@%?? ejic agjds pngigtarep BEB@]YmS’El‘éP‘PQ% P suehRppERls ahas

per f or medg ﬁgageﬁpﬁem a?h'&%'ebf?lb& &fgta?é variance (ANOVA) for nultiple groups
or repeated nmeasures ANOVA followed by Bonferroni's test, as appropriate.
Al'l data are expressed as nean SD. Statistical significance was assunmed at

p<0.05. WO 2011/ 0sW138PCrddigenal ehdedsntRESWE TSention include kits comprising

15  asynergistically therapeutic amount of ranolazine or a pharmaceutically acceptable salt or

salts thereof and a synergistically therapeutic amount of dronedarone or a

pharmaceutically acceptable salt or salts thereof.

[0145] The following examples are included to demonstrate preferred
embodiments of the invention. It should be appreciated by those of skill in the art that the
20  techniques disclosed in the examples which follow represent techniques discovered by the
inventor to function well in the practice of the invention, and thus can be considered to
constitute preferred modes for its practice. However, those of skill in the art should, in
light of the present disclosure, appreciate that many changes can be made in the specific
embodiments which are disclosed and still obtain a like or similar result without departing

25  from the spirit and scope of the invention.

EXAMPLES

[0146] Dronedarone as used in this invention is well known in the art,
and is commercially available. Ranolazine is also commercially available or may be

prepared by conventional methods such as in the manner disclosed in US Patent No.
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Coronary perfused right atrial and left ventricular preparations

[0157] Ranol azine (5 ILIM noderately prolonged APDOO in atria, but caused
no stati swocallog4sgni fi cant change in APDO0 of the venPCIrask@w/061257
preparations (Figure 51) APD50 was not altered by ranolazine in either
atria or ventricles 1). Washout of ranol azi ne restored the APDOO
val ues t ote@ht¢dbithg @is 8lsclpwrﬁpf Whichdy brebpamsarporaie! hyiekgrengsor evi at ed

repol ariz ation of APD50
o T (P By th DRy BhiBh) St o bt RO ok e BOREK ey

prol onged APD, although w thout reaching statistical significance. The

addi tion of 51LIMranol azi ne to pMe soluttoowldtOcont ai ni ng 101LI M
dronedar one prol onged APDOO in atm a whitlnecterausi ng a non-statistically
significant abbreviation in the ugnt+i ¢liesafFi gure 1). APD50 was not
altered by the conbination of ranal azi pR|ARG dronedarone in either atria or
ventricles. [0158] Whgh applihgd separately, both ranol azine (5
ILIM and dronedarone (10 ILIM B oIDn fi e more than APD70 in atria,

| eading to the 15 devel oprment of R ( L gur € ar2) The extent of PRR was
greater follow ng ranol azi ne than dr onédar one.. Ventricul ar ERP was not
altered by either ranol azi ne or §onedJFONE™he combi nation of dronedarone
and ranol azi ne caused a signifi cdfk syﬁ@g@@l%ni“c prol ongation of ERP in
atria, but did not change ERP in ventricles, thus resulting in a striking
atrial-specific PRR (Figure 2). 20[0159] Vmex neasured at a CL of 500 ns
was reduced by ranol azine (5 | LI M gandvipy gdj onedarone (10 ILIM in atria,
but not in ventricles (Figures 3 and 4). At this pacing cycle length, a

conbi nati on ofyfihRSfedhUas Ee%ﬂoflgf AR @asiel fpde Ak lbrfhid 2 onc
oy upiffdl P?apﬁgg. Kb ok e (ﬂﬁﬁﬁatlgﬁ o ﬁI‘Jdneﬁar(ﬁﬂ: ARG e

eﬁg greater depression of
Vmax when dronedar one and 25 rané‘l 49 lﬁ;é Eonbl ned t han when each of

t hese drugs was use n the.,ventricl es IS
accel eration of pacll%rllgin %ta%sﬁﬁ@esamﬁé]ﬁgﬁls?lgtﬁﬂ8?1?18?1atf1ﬁ %?parﬁ der al |l
condi ti ong Tp‘h@z&ldhcbfranolazme and chrdxﬁaﬁa]od%aem&d Bd¥nishé®n @S&lBG4l- USi ng the
duration o P wave" in atria and "QRS conpl ex" in ventricles was not

al t erléd siclpstive eemessipnjof sadlrlmaphampl@élﬁ@rrtu(bda)eéemydgm@wtaﬁ@tem #ifoloazi ne (5
ILIM or I $-1al F T

conbi natl%}f]e%ﬁg?ﬁg@ge%#g%s I%?%m@ngba ??Oglzli “;}1(03%‘%%‘:‘3?|‘?5Cnt %?ol ongati on

of "P waveholasite (E1201Y wa&ﬁa@dtws;zeal@wma&a a't'rQRSeleaml d¥tessibn af CL of
500 ns. At a faster pacing rate atrial, conduction tinme was
statisti ch rdependgat W@aﬁtﬁwnidW@We%f%avwlnpa%élpaﬂf ﬁ\@ bThe etenbyudt onedar one

In atria,  Wh ﬁm%&ﬂﬂ%&s ﬂﬁ?glte Cgﬂlb(l)ﬁ{aﬂgn %Lédlg@g%hgd"’a%ne Aol ﬂné’l%duc“ on
time in ventricu myocar e co |nat|on of
dr oneldar onmilangnbrgasmo toathtre thns crdnkmeahcm ofi cyrirfi¢ gramdamondod b¢uwaragblawinag i n

both atria gnd ventricles; with nuch nor ronoun slowing jn atria than
ventri cl ergsﬁ ting 1n potent atrla? selective electropﬁmsmﬁoglc actlonsqeaccihng to rnarge(l

suppression of atrial arrhythmias.

Methods
Coronary-perfused atrial and ventricular preparations

20 [0148] Experiments were performed using isolated coronary-perfused
canine right atrial (RA) and left ventricular (LV) preparations (= 3x1.5x1 cm). Isolation

- - - o 19.15,16
and perfusion of the preparations were as previously described.” ™

Briefly, preparations
were dissected from hearts removed from anesthetized (sodium pentobarbital) adult
mongrel dogs (20-30 kg). Unfolded RA with attached rim of the right ventricle was

25  cannulated and perfused with cold cardioplegic solution (4-8 °C) through the ostium of
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[0161] DTE was not significantly affected by either ranolazine (5 uM or
dronedarone (10 uM in either atria or ventricles at pacing CLs of 500 and
300 ns (AvQune/BY733\When t hese drugs were conbi ned, DTE wag/uspemwsassd
significantly in both atria and 10 ventricles at both pacing rates tested.
The effect of the conbination was nost pronounced in atria and at a CL of

300 ns ( Hhgught @yonary artery; the LV fveciw]vasmf‘éf%@ theonsh srdiegeaahlro¢heefithe ed
par anet ealeg LARHIP ésEé‘xﬁﬁngS%ot rﬂé%ﬁ‘{}’ g'ng @lih&éu@%ajsﬁnﬁ&é&m&h?& r Was

i ncreased by rano azl ne darone in both atria an
vent ri cl edaddi QuirventriculaRambhtazi hsrencimms/ecb lagatirdeasirgy silkrtbreed Skhel prepanationd 5

paraneter in atria fhan ventricles. ropedar one and ranol azi ne were
conbi ned, W?fﬁéh@ﬁaar%%wqé? 2 EMRGRRtEEeLQNtE ﬂﬁ%ﬂfj Lathyan ﬁ%%wﬂlwerﬁfé?de%i@éd in both
atria Sa”dT%‘éﬂé Els&l'uﬁén bPH&e 6f*heroﬁ%‘1t1ﬁﬁﬁp i BBp6HANYET MRSy GIRRIh&Tasi N

atria than ventricles.” Atrial fibrillation |n coronary-perfused right atria
[0163] Pelisimde NaCAR2NIECii h dNad2BOL A.91 DRIHEY: 28 Ca@loi I8, tMegSQr @Samdd-of 201

I LIMACh. 9 Pretr of cor preparations with a
rel ativel u?oogﬁlscseﬁﬁgeﬂtebgffl‘iho&r#g%pzla igﬁaé?ﬁg%tg%%%?g\%nt ed the induction
of sustained AF in 2/7 atria (Table 1). In separate atrial preparations, 5

I LLM of ranol azi ne (gas9jef TR@tm¥@biaRe h&fon poadntiab(AT®rsdozians wife dbdifled N 1 out
of 5 atria (Table 2 Dronedarone (10 iuM alone was not effective in
prevent i nipiRgBoating ghash BHcoelegirods at erammmgiralg obdP &Hegt Aseydo- (tabl e 1 and

2). 25 W o) I ed, the
SUccels rarteaaRRLATROb] Ha kel NG el Besontie AL ZATET AP

i ncr easedeels pladé®inathe Tgraalets sbabioa bijhinglthi prapatigion ohbdinabicanfromrtht tvat ed
persistent AF in 6 out of 10 atrja (Table 2). _ AF could not be re- |nduced in

any of t HPPES %?J%%r%&tlileoﬁgale%y@gfé@ukaa C?Iﬁ@ararnfgfuéWWée . Copdnsten timen, o
out of 6 gLy ép%roxﬁﬁﬁ@ﬁ% &R d@hfidRbe B WhTLin Qtrrlataﬁﬁ h‘g@’ ccyrﬁ’pl&m ih tQfeﬁtm@les >160

ns) 30 coul d be 1 nduced by rapid pacing and
2011/ 084 78396@ USRSLOtiQS 1% of TR blage’ 1andEleé$:’f &nplfttud@ Ay hsalinthrasbold M,

oronedar on (19 1My G LPLE corbl neL o0 o0, i sy Sxphi b LIty and the
cor onar y- peédiig estrdck @ heAdd {ERP) was measured by delivering premature stimuli at
progressively shorter S1-S2 intervals after every 10 basic beats at a pacing cycle length
(CL) of 500 ms (5 ms steps; 2 times DTE). Post-repolarization refractoriness (PRR) was
recognized when ERP exceeded action potential duration measured at 90% repolarization
20  (APDy) in the ventricle and APD measured at 70% repolarization (APD7) in atria.
Ventricular ERP was coincident with APDyg, whereas atrial ERP was generally coincident
with APD7g.75.” The shortest S-Sy permitting 1:1 activation was measured by

progressively shortening pacing CL starting from a CL of 500 ms.

[0150] Stable AP recordings could not be readily obtained in the
25  vigorously contracting perfused preparations. The largest recorded maximum rate of rise
of the AP upstroke (Vi.x) values per experimental condition were taken for statistical
comparison. Only APs having amplitudes of at least 100 mV were considered in the
analysis. The largest Vmax criterion was used because this was associated with the largest
amplitude and the most negative resting membrane potential, depicting full or near full
30 impalement. In determining use-dependent depression of V., values were normalized to

the Vmax value at a CL of 500 ms for each experiment and then averaged.
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APDI0 (nms) ERP (ms) Shortest Si-Si Induction of Persistent AF Control 1987
1538 13010 0% Ranol azine (5 iuM 21010* 18111* 20122* 0% Dronedarone (10
i uM 2029wW020M10847B4711* PCT/US2010/061257
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[0151] Because of their dependence on peak Ina, Vimax, DTE, PRR, and
conduction time as well the shortest S1-S1 interval permitting 1:1 activation are referred

to as I, -dependent parameters.

Experimental Protocols

[0152] The equilibration period for the coronary-perfused preparations
was 30-120 min. The preparations were exposed to 5 uM ranolazine, 10 uM dronedarone
(after 30 min washout of ranolazine), and the combination of these agents for at a period
of at least 20 min. In time-control experiments, 20 minutes was sufficient to achieve
steady-state in the effects of each of the drugs to alter electrophysiologic parameters.
Recordings were obtained at a cycle length (CL) of 500 and 300 ms, unless otherwise
indicated. Changes in V., QRS, DTE, and CT were measured from the 15 to 25" beats
in atria and 16™ to 20™ beat in LV after acceleration from a CL of 500 to 300 ms and
averaged; steady-state was achieved within 15 beats. When determining the shortest S;-S;
pacing rate permitting 1:1 activation, the stimulation intensity was DTE x 2, determined

at a CL of 500 ms.

[0153] To assess the anti-AF potential of ranolazine, dronedarone, and
their combination, we used an acetylcholine (ACh, 1.0 uM) — mediated AF model. In the
presence of ACh, premature electrical stimulation (PES) or rapid pacing (CL=50-80 ms)
induces persistent AF in 100% of canine coronary-perfused right atrial preparations.” The
effect of the drugs was assessed to prevent (series 1) the induction of AF. In a separate set
of preparations, the ability of these agents was evaluated to terminate (series 2) persistent
AF. In the first series, ACh was added to the perfusate 20-30 min after the start of
perfusion with 5 uM ranolazine, 10 uM dronedarone, or the combination of these agents.
This was followed by attempts to induce the arrhythmia electrically. In the second series,
the agents were added to the perfusate during ACh-mediated persistent AF (on the 5-6™
minutes after the start of the arrhythmia). In cases in which the drug terminated AF, we

attempted to re-induce the arrhythmia with rapid pacing.

Superfused pulmonary vein sleeve preparation

[0154] Pulmonary vein (PV) sleeve preparations (approximately 2.0 x
1.5 cm) were isolated from left canine atria. The thickness of the preparation was

approximately 2 mm. Left superior PVs were used preferentially in most experiments.
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0% Ranol azi ne + 21211 21116* 23921 0% Dr onedar one ACh (1 iuM 416 529
567 100%
WO 2011/084733 PCT/US2010/061257

The preparations were placed in a small tissue bath and superfused with Tyrode's solution
of the following composition (mM): 129 NaCl, 4 KCl, 0.9 NaH,PO4, 20 NaHCO3, 1.8
CacCly, 0.5 MgSQ4, 5.5 glucose, buffered with 95% 0,/5% CO, (35 £ 0.5°C). The PV
preparations were stimulated at a basic cycle length (BCL) of 1000 ms during the
5  equilibration period (1h) using electrical pulses (1-3 ms duration, 2.5 times diastolic

threshold intensity) delivered through silver bipolar electrodes insulated except at the tips.
Transmembrane potentials were recorded (at a sampling rate of 40 kHz) using glass
microelectrodes filled with 3 M KCI (10-20 MQ DC resistance) connected to a high
input-impedance amplification system (World Precision Instruments, model KS-700, New

10 Haven, CT). The following parameters were measured: DTE, V., and shortest S;-S;
permitting 1:1 activation. Acetylcholine (ACh, 1 uM), isoproterenol (1 pM), high calcium
or their combination were used to induce late phase 3 EADs, DADs and triggered activity.
The combination of parasympathetic and sympathetic stimulation has been shown to
facilitate the development of late phase 3 EADs in PV sleeve preparations,’”'® whereas

15  sympathetic stimulation is known to lead to calcium overload, a condition responsible for

19,20

the development of DADs. DADs or EADs were elicited using stimulation trains of

20 beats introduced at progressively faster rates followed by a pause.

Drugs

[0155] Dronedarone and ranolazine were dissolved in 100% dimethyl
20  sulfoxide (DMSO) and distilled water, respectively, in stock solutions of 10 mM.
Acetylcholine and isoproterenol (both SIGMA, MO) were dissolved in distilled water as

stock solutions of 10 and 1 mM, respectively.

Statistics

[0156] Statistical analysis was performed using one-way analysis of
25  wvariance (ANOVA) for multiple groups or repeated measures ANOVA followed by
Bonferroni’s test, as appropriate. All data are expressed as mean £ SD. Statistical

significance was assumed at p<0.05.
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RESULTS
Coronary perfused right atrial and left ventricular preparations

[0157] Ranolazine (5 uM) moderately prolonged APDyy in atria, but
caused no statistically significant change in APDy, of the ventricular preparations (Figure
5 1). APDsp was not altered by ranolazine in either atria or ventricles (Figure 1). Washout
of ranolazine restored the APDg values to control levels. In atria, dronedarone (10 uM)
abbreviated repolarization, reaching statistical significance for abbreviation of APDsg in
CT (Figure 1). In ventricular preparations, dronedarone slightly prolonged APD, although
without reaching statistical significance. The addition of 5 uM ranolazine to the solution
10 containing 10 uM dronedarone prolonged APDyj in atria, while causing a non-statistically
significant abbreviation in the ventricles (Figure 1). APDs, was not altered by the

combination of ranolazine and dronedarone in either atria or ventricles.

[0158] When applied separately, both ranolazine (5 uM) and
dronedarone (10 uM) prolonged ERP more than APD7 in atria, leading to the
15  development of PRR (Figure 2). The extent of PRR was greater following ranolazine than
dronedarone. Ventricular ERP was not altered by either ranolazine or dronedarone. The
combination of dronedarone and ranolazine caused a significant synergistic prolongation
of ERP in atria, but did not change ERP in ventricles, thus resulting in a striking atrial-

specific PRR (Figure 2).

20 [0159] V. measured at a CL of 500 ms was reduced by ranolazine (5
uM) and by dronedarone (10 uM) in atria, but not in ventricles (Figures 3 and 4). At this
pacing cycle length, a combination of these drugs led to a decrease in Vyax in both atria
and ventricles, but predominantly in the former. In atria, an increase in pacing rate from a
CL of 500 to 300 ms caused a much greater depression of Vy,,x when dronedarone and

25  ranolazine were combined than when each of these drugs was used alone (Figures 3 and
4). In the ventricles, this acceleration of pacing rate led to only a modest reduction in Vpax

under all conditions tested.

[0160] Conduction time estimated using the duration of “P wave” in atria
and “QRS complex” in ventricles was not altered significantly in atria and ventricles by
30  either ranolazine (5 uM) or dronedarone (10 uM) at a CL of 500 ms (Figure 5). The

combination of these drugs led to a statistically significant prolongation of “P wave” and
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“QRS complex” at a CL of 500 ms. At a faster pacing rate (CL = 300 ms), atrial
conduction time was statistically significantly increased by ranolazine, but not by
dronedarone in atria, with neither agent causing a significant change in conduction time in
ventricular myocardium. At a CL of 300 ms, the combination of dronedarone and

5  ranolazine produced a significant conduction slowing in both atria and ventricles; with

much more pronounced slowing in atria than ventricles.

[0161] DTE was not significantly affected by either ranolazine (5 uM) or
dronedarone (10 uM) in either atria or ventricles at pacing CLs of 500 and 300 ms (Figure
6). When these drugs were combined, DTE was increased significantly in both atria and
10 wventricles at both pacing rates tested. The effect of the combination was most pronounced

in atria and at a CL of 300 ms (Figure 6).

[0162] Another sodium channel-mediated parameter, the shortest S;-S;
interval permitting 1:1 activation, was increased by ranolazine, but not by dronedarone in
both atria and ventricles (Figure 7). Ranolazine caused a greater increase in this

15  parameter in atria than ventricles. When dronedarone and ranolazine were combined, the
shortest S;-S; interval was significantly increased in both atria and ventricles, but the

extent of the change was much greater in atria than ventricles.

Atrial fibrillation in coronary-perfused right atria

[0163] Persistent AF was induced in 100% of atria in the presence of
20  1uM ACh.’ Pretreatment of the coronary-perfused atrial preparations with a relatively low
concentration of ranolazine (5 uM) prevented the induction of sustained AF in 2/7 atria
(Table 1). In separate atrial preparations, 5 uM of ranolazine was effective in terminating
persistent AF only in 1 out of 5 atria (Table 2). Dronedarone (10 uM) alone was not
effective in preventing the induction of AF or terminating persistent AF (table 1 and 2).
25  When dronedarone (10 uM) and ranolazine (5 uM) were combined, the success rate for
preventing induction of persistent AF was markedly increased (in 8/9 atria per Table 1).
This drug combination terminated persistent AF in 6 out of 10 atria (Table 2). AF could
not be re-induced in any of the 6 preparations exposed to the drug combination.
However, in 2 out of 6 atria, persistent atrial flutter or tachycardia (with a CL >160 ms)

30  could be induced by rapid pacing and/or PES.

43



[0164] Action potential duration (APD) and effective refractory period 5
(ERP) data presented were obtained fromthe pectinate nuscle region of

cor onar ypEof20sid4mBri a at a CL of 500 nms (n=5-15). * <0POF/UsR®O6128DNL T Ol ;
t P< 0.05 versus acetylcholine alone (ACh, 1.0 uM. | - P< 0.05 versus
Ranol azi ne+ACh and Dronedarone+ACh. Shortest Si-Si_ = the shortest CL

per mi t t i ndablejl:aEffects of panalagine(s My <ineppdarong (1l w); sndthein soraipation ned at
a cycl e | @ngtrial gkcigiilitygind thendurtipned AQspetiatad peoistant 25k inTHis igolated

Ef fects of ranol azi ne (5 !dankje cotpomyeperéused (rightlakrtia) , and their

conmbination_to term nate persistent ACh-nedi ated AF and prevent its
re-inductign in the isol ated| a®bone corERRry- pitfoused 1 ilghictian bf a.
Terminatior] Persistent AF Prever)ion of{méF re-|i sgisst i on PAGSkstdnt ARUM) | 0% -
0/10 ACh + Gl 198+7 1538 13010 0%
Ranolazine (5 uM) 210£10% | 181£11% | 201+22% 0%
Dronedarone (10 uM) | 20249 171£11%* 147+11%* 0%
Ranolazine + 212+11 211+16%* 239421 0%
Dronedarone
ACh (1 uM) 4116 5249 56+7 100%
(10/10)
Ranolazine (5 uM)+ 52467 724137 | 94+117 71%
ACh (5/7)
Dronedarone (10 uM) | 4545 59+7 88+137 83%
ACh + (5/6)
Ranolazine + 671411 | 99£181% 1204+24+% 11%
Dronedarone + (1/9)
ACh

[0164] Action potential duration (APD) and effective refractory period
5  (ERP) data presented were obtained from the pectinate muscle region of coronary-
perfused atria at a CL of 500 ms (n=5-15). * < 0.05 versus control; T P< 0.05 versus
acetylcholine alone (ACh, 1.0 uM). { - P< 0.05 versus Ranolazine+ACh and
Dronedarone+ACh. Shortest S;-S; = the shortest CL permitting 1:1 activation (at 2x

threshold stimulus intensity determined at a cycle length of 500 ms).
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(0/1) iuM ACh + 60% 100% Ranol azine + (6/10) (6/6)
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Table 2: Effects of ranolazine (5 pM), dronedarone (10 pM), and their combination
to terminate persistent ACh-mediated AF and prevent its re-induction in the isolated
canine coronary-perfused right atria.

Termination Prevention of

Persistent AF AF re-induction
ACh (1 uM) 0% -

0/10
ACh + 20% 100%
Ranolazine (5 uM) (1/5) (1/1)
ACh + 17% 0%
Dronedarone (10 (1/6) (0/1)
uM)
ACh + 60% 100%
Ranolazine + (6/10) (6/6)
Dronedarone
Superfused pulmonary veins
5 [0165] Figure 9 illustrates the synergistic effect of combined ranolazine

and dronedarone on V,y following an abrupt change in rate of pacing of PV sleeves
preparations. Panel A displays V. traces following a change in basic cycle length (BCL)
from 5000 to 300 ms and panel B shows composite data of V. changes. A change of
rate from CL of 5000 to 300 ms induced a 13 % reduction in Vyx under control

10 conditions and a 19, 20 and 50 % reduction following ranolazine (5 uM) or dronedarone

(10 uM) alone or combined, respectively.

[0166] Figure 10 illustrates the effect of ranolazine and dronedarone
alone and in combination on the rate of recovery of Vmay, reflecting unblocking of drug
from the sodium channel, in PV sleeve preparations. The graph displays Vi as a
15  function of S1-S2 at a CL of 300 ms. Exposure of the preparation to combined
dronedarone and ranolazine resulted in a much greater reduction of V., and a much

slower recovery than ranolazine or dronedarone alone.

[0167] Ata CL of 300 ms, ranolazine (5uM) and dronedarone (10uM)

alone caused no significant changes in the diastolic threshold of excitation (DTE). DTE
20  increased from 0.214+0.07 to 0.24+0.09 mA and 0.26+0.09 mA (n.s) following addition of
ranolazine and dronedarone, respectively. The combination of ranolazine and dronedarone

caused a significant increase in DTE from 0.21+0.07 to 0.530.11 mA. (p<0.05, n=4).
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i ncrease dpq?;r@qel_@g)@e_r;(i tting 1:1 activation in PV sleeves.

[0169] Previous studi es have shown that ranol azine (10 iuM al one
suppresses |l ate phase 3 early afterdepol ari zati ons (EADs), del ayed
afterdepol ari zati ons (DADs) and t rDYyfeU88IQNtivity elicited by exposure of
the PV sleeves to ACh, isoproterenol, or high [Ca2+]o + rapid pacing 11. In

t he prdesent study, [DATS aOdr d0t démggsitet apitentiatraliseldetoed:ffeot dfahe ng a 20
beats train of rapi aci ng rat | us i soprote ol, and/ or,. hi gh cal ci um
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(Figure 11- 12)“§n:6). '

of AF. When dronedarone (10 uM) or ranolazine (5 uM) were used alone, the

electrophysiological changes in both atria and ventricles were either small or absent and

20  their anti-AF efficacy was low. Considering the excellent safety profile of both agents,
our results suggest that the synergistic atrial-selective action of ranolazine and

dronedarone may offer a unique combination therapy for AF that is both safe and

effective.

Mechanisms contributing to the development and maintenance of atrial fibrillation

25 [0171] The initiation of AF involves the development of both a trigger
and a substrate. It is well established that the PV muscular sleeves are often the source of
extrasystoles responsible for the initiation of paroxysmal AF.?® Ectopic activity that
serves as a trigger for AF can develop as a result of reentry, DAD-induced or late phase 3
EAD-induced triggered activity.'"?” A principal substrate for the initiation of reentry

30  involves a reduction in wavelength, secondary to an abbreviation of ERP. The

maintenance of AF is facilitated by both electrical and structural remodeling. The
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on t he efretomgationgnoth ¢chaobsrsarassamilar.” In dog with chronic AV block in vivo,

dronedarone did not change ventricular ERP.*® In our current in vitro investigation,

20  dronedarone prolonged both atrial and ventricular ERP, with preferential lengthening in
atria (by 9 and 4%, respectively). ERP prolongation by dronedarone in the ventricles but
not in the atria was associated by a comparable APDyg lengthening (Figure 2). Thus the
increase of ERP in atria, but not in ventricles, is due to the development of PPR.

Dronedarone therefore produces a atrial-selective effect to prolong ERP.

25 [0174] Acute dronedarone (10 uM) has been reported to produce a
relatively small reduction in Vi in both atrial and ventricular rabbit superfused
preparations (CL of 1000 ms). ** Even at rapid pacing rates (CL of 125 ms), 10 uM
dronedarone reduced Vo by only 16% in superfused rabbit atrial preparations.™
Dronedarone (10 uM) depressed Vi by 14% in superfused guinea pig papillary muscles

30  (ata CL of 1000 ms).*' In canine ventricular muscle and Purkinje fiber superfused

preparations, acute exposure to dronedarone (10 uM) did not reduce Vumax significantly
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effect of dronedarone to convert AF to sinus rhythm are relatively scarce. The rate of
20  conversion of persistent AF with dronedarone ranged from 5.8 to 14.8% (800-1600
mg/day) compared to 3.1% in the placebo arm, as determined on the 5-7th days after the
start of drug treatment.” The relatively weak actions of acute dronedarone to suppress AF
in the present study are consistent with the very modest effects on the drug on AF in the
clinic. The marked potentiation of the effect of dronedarone to suppress AF and prevent
25  its induction when combined with ranolazine in our experimental model bodes well for a

similar potentiation in the clinic.

[0177] We observed fairly mild atrial-selective effects of dronedarone to
suppress sodium-channel-dependent parameters, including V., DTE, ERP, conduction
time, and the shortest S;-S; permitting 1:1 activation. This is in contrast to chronic

10, 12

30  amiodarone, which causes marked atrial-selective electrophysiological effects. Itis

noteworthy that while major differences in cardiac electrophysiological effects have been
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tinme, and the shortest” Si-5i permtting 1:1 activation. This is in contrast
t o chr oniio v30teibd arepartionh! ¢ T heaermesntratiok efl raaplazaic-is etk aifhirethe

| ect r ophysi ol qgi cal ts. 10 12 11 is.noteworthy.that. while ngj
i 11 or enchareptEararesd bt ol Ghydhy b d POR B b it indBhe el ea o
acute vergusy. APRNWGs AINBHOIGAB@REtistidullS sHDBcanfy, FORASE b5 D8 t6lagmsen f or

acute versus chroni c dronedarone.30' 38 This Is likely due in part to a
much ¥ast@ria et no phaages indhe wentaelpod adfL af Pkaar Snéiuphehinaehidstendsat (about

ranol i T STOTRT oe s EPEHEB R 8RR A0 R IR o7y

el i ci ts nadegainaheladticlonRusbaliagihaahlsebimahswhhio CaRt ARiabrddaminant
preparations, with |ittle to no efifect in ventricular preparations.9 15
Thi's concRIONEHBPIFRE ByEVA2iMe i's wel | within the therapeutic range of
the drug (2-10 uM. These findings are confirmed in the current study.
APDI0 was slightly, oftd] STRL ARl hEaHidacs 085N ¢adldYhe WisoPRERE iPhed | LI M
ranol azine in 10 atria, wth no changes in'the ventricles at a CL of 500
ms. 9 1Sodi AGhehahaied Afepeded entcurpacaomsst studesiélighenooleshiratice pf emebdingyat

| azi 5 ILIM .i.n.atria,. with i call h in the ventricles.
Ranol az1 e HReerard b bRt RN Fois® R ahab i e AT protuligat | on of
ERP in i nexpeMmciiabimodds bPVAA]1y-Theliadd AFAT cafihd &8i6Yn Pfroal 10 Miyanl azi ne was

not tested in the 15 ACh-nedi ated AF nodel in our previous studies, H gher
concent r ardreing awfa in afvol(adi i plasmatdeacanpaen)e naoddls. tihen issberalsagpiréusiange,
wer e shown X t ent ant\i,- AF.effects .in erine | . el s of

vagal 1y- neaBieEiBheoRR SR AT o bt SRR B RS acria
in viaeo (in 69U-bMNthlgsemuraone & i st Rl RiImoakel Seinl prefiations 10 pM

i schem a-reperfusjionjsoproterenol nodel of AF, 5 ILIMranol azi ne was

obser ved HBolafiay eHectivRy suppiseter dpirasellnler cbeinmetppsrdentPAhpndlategdiast $ ons. 9
LN super ! HRBnRI AR od/ RltdiD! CRAIM A AN HRh b § attgzr%ﬁgce%ﬁé SRELge! Y

suppressed 1 ntracel ar calc ependent se 3 i nduced
tri gger ednaacAiPwintl yo terfRana AF impathas.*al sk riveerstshoindichies fladusmgtetidglonset  of

new AF and to termnate AF.in patients.39-41 A recent stud ndi cat es t hat
a single fﬂsazzwﬁsra@(%éw%}e Biggraéﬁopl_ilzﬁnﬁée'ﬁggﬁt a%PpaoaCEi VY iifctike hocket "
appr oach, (WRSafhd KELH Y8 of 18 A QRSN MRPABYyMal AT a3l By chBal Bk 8RESR Wt h

par oxysmal AF and structural heart disease. 41 No adverse effects other

t han consiNo pdvdremciivstseothatteah conbgpafiRovconreedilde 7284 eonivsrsgmnptriabl e t o
other reported."pjll,in the pocket' apprg@aches, suggesting that .a hjgh oral
Gose of - remursIle sty el o DRl e ARG SEPBRR HRES Bk st

par oxysmedos&of feholdihg reAnvE atilifisfaafcadpehBo Byt &y bhgdraRymaFhlR ‘tacy and

safety
Drug combination for antiarrhythmic therapy: Efficacy and safety

30 [0180] We hypothesized that a combination of open and inactivated-state

sodium channel block could produce a synergistic atrial-selective sodium channel
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30[ 0180] We hypot hesi zed that a conbi nati on of open and inactivated-state
sodi um channel bl ock coul d produce a synergistic atrial-selective sodium
channel 480 20nhislyi3Bi on, and, thus, be effective agai nst PAF/USM 061257
eliciting significant el ectrophysiological effects in the ventricles.

Fol I owi ng, validation of this hypothesis, 14 we consi dered the conbi nation of
dr onedar OHBIDAHE. puth dhusz Pheffeqhne pgainst dyfo vathapbelieiting signiieidéner of ani odar one
and has Wyt . t VSl | b g I i:scoussed
nerei n progGip Rl SRRMRR QRLER B el CER BB ey

evi dence wa censpfeoed thotombmatiypof dresddardrivan d aarmbdardnan at thetdrohedare@adasa nant | y
open and i nactivated-state gkockers of the so.dium ghaﬁgﬁgjg an lead to
syner gi st §A0SgHer ok pRiqdgrangaad s apiniiap R phyNglogibpiotitte nt s AFifet er s and

thus exer§isRRI@Ncrdh hrRdSRIBES IV (R bR t&sowél?rf%s@ﬁﬁﬁg RRcP&RY&ERE if he
i nduction and re-induction of AF (Table 1). 10[0181] A fmjor concern in the

phar macol ssgpert vhthadepethtsiotha-cagbmnatsorn of frbdonmingit]yf epeniand usictivatedftate
ventricul gr .arrhyt hm as and/ or organ toxicity. Sodi um.channel . bl ockers
ore know bty ehibeSodim i oBnER e ok Sl e e s Ol Py o
patients yipbhdcht pataineicdd andaBnd cx@SRAGR striabHIctRS 2661388 tdrmgndieald failure,
nyocardi al infarction, hypertrophy, etc). IK blockers are know to induce

pol ynor phittevepé herindudtign and re-wehgtecar ofi A (kabdsh)- as Tor sade de Pointes (TdP).
Am odarone is generally considered the best choice for the |long-term

mai ntgnance of sinu yt . i I -S| i 1 one
only ®2r ely pr oduce@l\ggntJfa’irH(I:{J?1;‘%0%\8%@9%@Eh@?hﬂécg)g%ﬁg&?%g%%%&a‘? ;1@%13# ein
patients isithidvisk foriductidn yf-veatrivnirasRgthnéastanid @ @sganitbxiciay S eSodiwir acar di ac
conpl i cations p.to 15%in the first, year of treat t.and up to 50% w th
| onger t efinEd! &%ﬁw&@f@ow@ IDAHeS ARatign R VEpiicy F SGY RBARFERE HgRecul © | s

bel T eved Laiche vl GRENAISRRRARLALE ok af RFREVRUYRES fuifhL SfgRurdR onedar one,
a non-1o0 nat e W t

derivative of am odarone, s desi gne the intention
t o r educenfaretian, Bkpesfromnt etas dk.dileaketsone kndwn tf indundequddyroerphicDeotmedlr one i s

| | i dered t f .api od in AF patients.3
Powevar B REeviA ASsided PR CLEDch i B3t EOB DA BRI  Rew
Yor kK HeargesfaRc Bl ileNomRtct M iitc kRS Sf bihlis ARthrh ¥0llovlh® ASURFAGRVIBR. SeNs

heart failure synptons, leading to increased nortality.' It is noteworthy
t hat am oWaile amiedasanciondy wadp pravueesaianircuiat ppaeireyihmiasiand isghnaratlgdafeear t

failure (.NY Cf‘l ass \Q 43 The cl | ni&al usef ul ness o dr&medar one 1S not
L. 11 pajients with s tu¥ ly-compromised Veptricles 1‘rhcause[§ eXxtracardiac c?rnp jcations
limted to1ts anti - e cacf. onedar orié has beén shown 10" reduce the

i nci denceupfto $5y:akehcafudt yar pOGERBSN ARPAOBOYOWitR ICNRET feird SrehthohE?). The
patients. 6 44 30[0182] dinical use of ranolazine, both acute and
| ong-30er rodigandigy ipHerrnyedueramelecplctinbdisypdipsbedargahsiasnopsibla for these even

0B ST HOh b Sach AARER O {8
with the intention to reduce the risk of extracardiac toxicity of amiodarone. Dronedarone
is generally considered to be safer compared to amiodarone in AF patients.’ However, in
patients with preexisting severe congestive heart failure (New York Heart Association

25 (NYHA) Class III and 1V), dronedarone worsens heart failure symptoms, leading to
increased mortality.” It is noteworthy that amiodarone also increases mortality in patients
with advanced heart failure (NYHA Class IV).* The clinical usefulness of dronedarone is
not limited to its anti-AF efficacy. Dronedarone has been shown to reduce the incidence

of stroke and to possess rate-control properties in AF patients.® *

30 [0182] Clinical use of ranolazine, both acute and long-term, has not been
associated with serious adverse effects, not even in patients with structural heart

45, 46

disease. The rationale for combining dronedarone and ranolazine stems from the
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WO 2011/ 084733PCT/ US2010/ 061257 superiority of dronedarone over am odarone
Wth respect to safety.3" 5 Like the conbination of am odarone and

ranol azi rpR2411tdse736onbi nati on of dronedarone and ranol arCnaSprlodeRes pot ent
atrial-selective anti-AF effects, but is likely to be associated with |ess
adverse effects. 5[0183] The dronedarone and ranol azi e conbi nati on was
nore ef f eBPPRQIY QT grangdsenhgvearnyiodarons wishraspegh tq spfeter nilik thag AF (see
Tables 1 2).: i,S. r -1 he 1 jo- gents in
pot h expery ioini o Ui SRRAR A vihcpridd? (AR e HhorRBhbn Sin B0

dr onedar omneoldziGe poldusdsqrotchd pOh84dledtive aatii Atecftartd bacis pikelyao at howsiated

conbi nati on, of dronedarone and ranol azi ne causes potent atrial-selective
inhibitidW”%ﬁ”%B G LRSnel - dependent paranmeters, effectively suppressing
atrial arrhythm as at concentrations causing little to no change of

el ect rophysi ol 0gi ¢ PASHTETRY Groh&dkAR MM SifSconTBIRSRNGF RGN IIRMvcdat a
coupled with the clinical safety data available for the individual drugs,

suggest tingreveBtng Aifgaitiagenthian sn tepeviafing Al (yeadEadilggnleahdt D). ‘Elvialapegaes tohe

potential, effectiveness and, safety. of .this .conbination ther.apy.are,.

o ant o B ETORRS AT P RalYigtont SUErBRAR PEL B iSRSl

ef f ect s ofan6lbonedadaRencdatneanol azi ne in guinea pig isolated hearts
20Anest hesi a [0185] CGuinea pigs (Hartley) of either sex

wei ghi ng 300-350 g were anesthetized by inhalation of isoflurane. CGuinea
pig heart isolation [0186] The ches€oBflUgioBui nea pig was cut open, and the
heart was qui ckly 25 renoved and rinsed in_ice-cold nodified

Kr ebslOHensel ei t (K- i1 84lo] It Gagine carlbacauppasaions of carmlingting afidsepedarqng andit i on

were (in ﬁg{uﬁiﬁ@ c%srl%%ﬁ&tem”atr%lﬁ%gﬁ% iﬁh@ﬁﬁ%fﬁ&%&ﬁl Mﬂﬁ%ldeé?rﬁie 2PO4, 0.5

Na2 EDTA, asco Cc acl extrose, pyruvic a sodium salt),
and 25 NapdcBeterBheffdctivelyshipircsingvasalcortythmiosisi gngasicaonsrauking Hiad- 5% CO2,
and the pH vas ad}%sted tqQ a val ue of 7.%; . :
no change of electrophysiologic parameters in the ventricles. These experimental data
coupled with the clinical safety data available for the individual drugs, suggest that
15  clinical studies specifically designed to evaluate the potential effectiveness and safety of

this combination therapy are warranted.

EXAMPLE 2

Part 1. Synergistic chronotropic and dromotropic effects of dronedarone and
ranolazine in guinea pig isolated hearts

20 Anesthesia

[0185] Guinea pigs (Hartley) of either sex weighing 300-350 g were

anesthetized by inhalation of isoflurane.

Guinea pig heart isolation

[0186] The chest of a guinea pig was cut open, and the heart was quickly
25  removed and rinsed in ice-cold modified Krebs-Henseleit (K-H) solution. The contents of
the modified K-H solution were (in mM) 117.9 NaCl, 4.8 KCl, 2.5 CaCl,, 1.18 MgSOsu,
1.2 KH,POy4, 0.5 Nay EDTA, 0.14 ascorbic acid, 5.5 dextrose, 2.0 pyruvic acid (sodium
salt), and 25 NaHCO;. The K-H solution was continuously gassed with 95% 0,-5% CO,,
and the pH was adjusted to a value of 7.4.
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WO 2011/ 084733PCT/ US2010/ 061257 | sol ated heart perfusion [0187]
To perfuse the heart by the Langendorff nethod, the transected aorta was
slid ont owa2glizss736annul a and secured by a |igature. Retrcogrsade/opest usi on
of the aorta was initiated imediately at a constant flow of 10 mM/mn with
nodi fied K-H 5solution warnmed to 37.0 0.5C. A side port in the cannula was
used to connect the perfusion tjateddhegrtpestusion t r ansducer (AD

I nstrunents, Australia) for neasurenent of coronary perfusion pressure

(CPP). To facilitat®18He Experfer the hga i benlengendertt methed the renseetsd

| eafl ets I n e

soi ssor 5. rEavRTHERY s M B A Epd Lo TR bt BB L BRI e
nmeasur e heatatwasdhigiated imprdattlatt accidmansswnt 10 ailéniusiidgmedified KaH

el ectrodes, in experinments to measure AV conductjon tine. After conpletion

of di SseclolBIPnaRITICASR P el A1G- oft Sdeeeriin the eangylagyasised -q08negt hopundl e

R R e A

Exper i mendobnary perfivio prossaro@he) aTd\&yﬁltzné ﬂfeesietcbfalm@u froinl thyvedt \IEEYltIﬁS]H}t r ol
measur enent 15Excl usjon Criteri 88] Criteria for the

[0
excl usi onthefeaflgtsof harmpial fae Wtﬁdt\l]l%?demﬂiﬁn%%ré‘?ﬁf]éan@iedas%sﬁ%l Hepip of 50
mm Hg or 26RYUAowed td BaPljdntahcb ROl cxBethefl fo RRAREARGAUSIGRN el £ (FOT
heart rate measurenent) or I1nability to pace a heart at a constant rate
(for 19 H ¢omsianimate um@axrt@mdmﬂe)ctrodwd im39xphemehts de treasuoe AM amddcrantgnan
experinme dicated b >25% dj ff erence betwee re-_.and post-drug
contr ol VAMIGDT et detsPion ga ARt gl etieh TR Gt Srou e Piclie: hear
in a sui t@bﬂi?llﬁ&ﬂﬂ'attlﬂ@i’}’t@eﬂ'e%%ﬁf?t@%dt&ngﬁﬁ{ﬁl’slyt hech abat wgéjﬁl?éw&l”too‘c an
experi nmen limted to 2 hours. CPP was continuously nonitored and
recor ded eduilduehden20edt mirk¢fers the hdmus&twgoaowm@r Expérimenali isfervenHosy st em
(AD Instrunreeni 4 Al%sger%ala f onn ntro? L col uter An i ncrease of CPP
suggest s WHEREFAPIEeIed Hie BYVF }'8?1 ' 51(]:8 $on of small vessels,
drug-induced vasoconstriction, or ischem ai nduced contracture of the
nyocardi um whereas a decr ease ofExChRRisuQgeais either drug-induced
contracture of the nyocardium whereas a decrease of CPP suggests either
drug-induced vasodi [0a88]oNCgtecrid IoBYE ckludies sehirtd fohNGeisiisly mep@ny at i on of

the heart. No effect of drug on CPP was noted in these studies.
Measur emetbectste ofastibkcCRY e£20 memHe g pbave 9) igabikitmivestia stblgspontancous

measur eneiib . rae. ( r heart rate %%&&?%m&(?) JEdaul th gg ef fl@d(ftt g;ctoggt%?c i (for S-

spont aneous a?rl al rate, ria of eac act ‘rather
t han exciHedgtervAl mpagaednant)l efid ahhaaﬁatee:dloedtmtdundg aMSpeSmlemeﬂ indicitbéby i ght
atri to r%c?rdthe %Frlal depolarl tion. t aneous heart rate was

recorded &6 r@&féﬂ%@‘? RY S ghend 20stedpe £9 tVa § OF EMCRBRIT RAIMERY duri ng
exposur esg . ol BPPFap) Rl 'tl%‘l’f‘éartq{? AT LRI Rf to%s%@ﬁ&'?& éﬁ'ﬂ% @0 ¢htal

ranol azi ne. The average of mn heart rate in the sence (control) and
presence difratgsocdf ?m(mpemncmtwatsdlrmteddo Qchowess CRI was aingiduausdly mooitered and 0S- H
I nterval recorded throughout each experiment using a Power Lab acquisition system (AD
Instruments, Australia) connected to a computer. An increase of CPP suggests either drug
25  precipitation with occlusion of small vessels, drug-induced vasoconstriction, or ischemia-
induced contracture of the myocardium, whereas a decrease of CPP suggests either drug-
induced contracture of the myocardium, whereas a decrease of CPP suggests either drug-
induced vasodilation or damage to vessels during instrumentation of the heart. No effect

of drug on CPP was noted in these studies.
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[0190] To facilitate the recording of a drug effect on the S-H interval,
parts of the left and right atrial tissues, including the region of the

si noat ri awvorodens4xser e renoved, both to decrease the spomrCanseous/obeart rate
and to expose the atrial septumfor electrode placenent. A bipolar

Tefl on-coated el ectrode was placed in the wall of the 15 intra-atri al
septumto pace the heartMejsurementof (ardjacklecteien] 4ctiibed at a fixed rate of
3.2 Hz. Stimuli were provided by a stinulation generator (nodel 48, G ass
Instruments, W Warwi ck, FRPpomageons heqetrate mgasmemestrt t hr ough a sti nul us
isolation unit as S@uare wave pul ses of 3 ns duration and at |east tw ce
the threshol d i ntenléil8Yl. Tonrwajurathg fesiefdires en spantangpematiilsatcetisratiéd usi ng
a Teflon- uni pel.ar el f ced i [ [ th

ot or at i A RS BedhY AR e e e BN R AR ol s <GBl B ayea
cont i rsuouslhgedion theAkhtt dtHiBm a8 réa0r B latrl ad s 2 66:€ Spohthekdus dBhik rdtOiGas
Beaverton, OR) at a sweep speed of 10 ns/cm and on a conputer nonitor. The
dur ati on r@ﬁoréﬁwmmw&lhﬁﬂwgl@m PeEPRYMERY hofers { cangroprad SKn - GRRQTBRA LY

defl ecti o : ' [ ' :

255xpor | racal Moy SRR PARGh o S Ao tBoli? B AfphAfe T APHEE R min

[ 0192] Athdahteratoeythireribeagncof{catrobxpe pirevemde, of @attecrcemegiopef flugedasm t h sal i ne
unt i | eithagqruthf T@Z@rt%ﬁ{ate or the SSHinterval, and the CPP renmained

const ant $arlafed prebrlptted 10 1 nut es. [0193] Dronedar one
(Dron), ranol azine or the conbination at various 30 concentrations was
infusgd to the hearts. Each concentg_fitingdrv@®f Dron was infused for 53 about
20 mn to allow a steady-state response to be recorded, whereas each

concentration of rapeb@zi 1& tdcHam: NeRchfdSTd drBf oAbt Bhihd 9-Halnt@vaIa
steady-state response to be recorded. Then drug adm nistrati on was

di scont i npests cdtlet Istiland aighichtiiali tisbycat inohudinggh¢ reigtdnanfdhic sinodseglinederwerewas hout

5Measurenent of .t he anplitude of the delayed after-depgl arization DADs)
“hduced: ooyl aBieh e i Ry iy RUEE BUMEHSF PR A 3BTt Tor g
| eft ventdle@toRe placement. A bipolal @ERdd-cHA@EYEESodeaIR plsel at &d WdllasntBéli nea pig
hearts by col | agenase di gesti on. ?fil/oc te action E)otenti als were recorded

usi nglt heinpatagrnl seriwp te segerihe beart. retie clertainpllnprsed ape fikehraporfeht i al s
were sti a [ [ - l.ari zi equency of
e ol SRR AL Qi AERTLACLE 0 SRS Rl oo

wi th 50 nMahseRRI)anédelivefdd30)the Hduet tarquigh taud amlgfisdDiion wer S sqeas waed

el ectronically. To qdpeterm' ne if a dreutg treatment was able to reduce the

anpl i t udePBIeSIBARENY FHrpten Pl dipetd wage thathretheld inkgnsite| e (eit her ranol azi ne,

dronedarone, or the conbination) was added to the nyocyte perfusion bath in

the conti nugad preseﬂﬁ‘i?l]OfA'}ﬁQbué(ﬁE @fe&tr@graﬁ%is%@dfd%ﬁgﬁ @_gﬂo@goaQ&pnedarone
and ranol azi ne alone and in conmbination, in female rabbit isolated hearts

20  unipolar electrode placed in the right side of the interatrial septum adjacent to the AV
junction. The signal was displayed continuously in real time on an oscilloscope screen
(Tektronix Inc., Beaverton, OR) at a sweep speed of 10 ms/cm and on a computer
monitor. The duration of time from the first pacing artifact to the maximum upward

deflection of the His bundle signal was used as the S-H interval.

25 Experimental protocol for isolated, perfused heart experiments

[0192] At the beginning of an experiment, a heart was perfused with
saline until either the heart rate or the S-H interval, and the CPP remained constant for at

least 5-10 minutes.

[0193] Dronedarone (Dron), ranolazine or the combination at various

30 concentrations was infused to the hearts. Each concentration of Dron was infused for
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Experimental Preparation [0195] Each rabbit was sedated using intranuscul ar
injections of 6 ny/ kg xylazine and 40 ng/ kg ketam ne and then anestheti zed
usi ng a "wochktiaish73zof 20 ketam ne (15 ng/kg) + xylazi nepPC4/usgétemi2sn 1.5 m
saline. The ketam ne/xyl azi ne cocktail was adm nistered as an i.v. bolus
via the margi nal ear vein. After anesthesia was confirnmed, the thorax was
opened amPorhed mantorallpgsa geadykyiate sssppredo bykordedy whetgas gsich sperentiatipn

nodi fi ed = ' ' ' i ' room
Ferper at o ari R s bifuih BOCLR SRR « S8R E el B (3°7 o,
KH2PO4 1. 2¢cordbd. e Aridy dlmivMyGBaMorOwas dipgomtivaddeand. salinghdntioseatorbwaiNa2 EDTA
0.57 and .NaHCg &]5.. The sol ution was continuously gassed with 95% 02 and 5
% c, andtsd BRCHRdrugVao8Y to 7.4. The aorta was rapidly catheterized
and the heart was perfused by the nethod of Langendorff with K-H sol ution
var med t 0 VpErsaferént@if tRe AmpAtie o theBAIaY U MtéDd& ol Hilalonk (PR D6 HErdteBd

M ni pul s3, M@g&l}g@g}enmh singhd myBey tBERFU 64 hP i Pigferffemribles)

pressure tra CGol eta,” CA) froma side port o aortic catheter.

To facilitate exit [‘ﬁfl9éi]| UWOU QM ERE s SiaIAGH Vl\}létaﬂﬁ% hedits &qlﬁéﬁﬁg@e (LV),

the leaflets of the mtral “valve were trimme i ne spring ndl ed
sci ssor s. digéstioni Yhtocgtcracadn pakhtiadaseparddrddd ysingethopetdh chp technique in

[0196] Conpl ete AV bl pck was i nduced by thenp-abl ation o he AV. nodal
arca. ThetEpBhtIARe evgfﬁlPP@_BTeaPalﬁ S8 ymidated e g 4 ?i%ﬁti%ﬂolaé@w&pe
rhyt hip %%%lse@ af £WBRALS oP?HzUhdﬁﬁlfeﬁ e@@rfyelr() SSHCHATRI Wre ANCiRQAR| pkRhioPN. A

bi pol ar | on-coated el ectrode was placed on the right ventricular septum
to pace thmgodyecrwith 80 abk sorateranol 0D, ThSamplituded efiPABRves:s ohsiredhr eshol d

anpl i tude re.delivered to the pacing electrode at, a frequenc f 1 Hz

£ hFoughodio T eiyer F uelirbhedl fghE Hatadn S48 MEE TRl P ek R
[0197] AfpaDsiiRii bdcabe O ISOERsT hrgiblcakitiRa¢iddlazi, 3md@arhd) of el | 1 brati on
del ay was allowed for heart rate (and CPP) to acﬁi eve a steady state, an
essent i al coptbiestisa iwasrdded wdhelmyoeric perfusienc bathlimiicgopiivigd girseieeyddRophasi ¢
action potential (MAP) recording. The total duration of the experinental

g(ﬁ} f))ll(\st?ledwgiolitL 2{sHtt ggﬁ@?%?g%;%ﬁ%ﬁ%%ﬁ%ﬂﬁﬁéq 1 %ggl%ﬁzfsﬂzﬁdé&[eg til\/gﬂophasi c
el ectrodes Tro

action potential (MAP) a7 d Appar atus I nc.
(Hol l'iston, MA) were used to r corrd h alra]%reratet.ﬁi n beats per mnute, or
bpm, left ventricular MAPs a Pg Wiledﬁ? o] el ectrodes were pressure

Ag- AgCl I hed, t. i I hol d ith. i k
contact #9291 £l ytoal|BERSEP,8. LA S BRLITLINL DSBS, <o

Iel ect r odesger&lLincad 40rﬂng/lagk@@hwﬁhahenvmgthémh@@mfgrae%oM@éil” &rel ow the
evel of the atrial-ventricular valves, one at the
ketamine (15 mg/kg) + xylazine (4 mg/kg) in 1.5 ml saline. The ketamine/xylazine
cocktail was administered as an i.v. bolus via the marginal ear vein. After anesthesia was
confirmed, the thorax was opened and the heart was quickly excised. The heart was
placed in a modified Krebs-Henseleit (K-H) physiological saline solution at room
temperature. The K-H solution contained (in mmol/L): NaCl 118, KC1 2.8, KH,PO4 1.2,
25  CaCl, 2.5, MgS0y4 0.5, pyruvate 2.0, glucose 5.5, Na,EDTA 0.57 and NaHCOs; 25. The
solution was continuously gassed with 95% O, and 5 % CO,, and its pH was adjusted to
7.4. The aorta was rapidly catheterized and the heart was perfused by the method of
Langendorff with K-H solution warmed to 36-36.5°C at a rate of 20 mL/min with a roller
pump (Gilson Minipuls3, Middleton, WI). CPP was measured (with a Biopac MP 150
30  pressure transducer, Goleta, CA) from a side port of the aortic catheter. To facilitate exit

of fluid from the chamber of the left ventricle (LV), the leaflets of the mitral valve were

trimmed with fine spring-handled scissors. The right atrial wall was partially removed.
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20 base to record a basal MAP and one at the apex to record an apical MAP.
El ectrode signals were anplified and displayed on an oscill oscope for

vi sual nowot2orivasg73shr oughout the experinents. To ensurePChatS2@amhi2sesponse
to drug had achi eved a steady state before a drug concentrati on was
changed, the MAP duration (fromonset of depolarization to 100%

00%
repol ari zati on) wasl0R8lsuFeariess AY teckomessiadused bydhsperbleenaithedtV each

drug 251 nfyis| %l%a;/p?ﬁé' ntaﬁk&ﬁaxleﬁtﬁ%ﬁfa? rﬁ@}éj?ed, tﬁg'v@ntlfi%gs% c ﬂ%tgrn L3 of OF

subsequent an sis. Bipolar electrocardiograns re nerated using
an i sol at fed-teaarpfer HihitapfarsatecssfiHaMwardd] Apgamaiuspolkiol ¢fimtanatedVh) at t ached

to Biopac anpljifier syste ronary perfusion pressure S nmeasur ed usi ng
a pressur%eq%ﬁwa@&cef By argg%werﬁawégwsﬂw &wﬁéh%@aggf@ﬁglcg%%ﬁﬁ MAPs,
ECGs, sandy,CRPwRINgRG] $-fY18 ke arRd %ﬁliﬁh@bﬁér@d@i‘vkﬁek&?’&eﬁ%fn tficgdde sampl ed,

digitized in real time (using a Biopac MP 150, , ), and di spl ayed
on a conpliterenscofeeHz thbhglmiugtalespomwnents asviegla Ginasa Sd8potubitor(dY.d di sk for
subseque anal%ﬂ s. WD 2011/084733PCT/ US2010/ 061257 [ 0199]
Ori gi nal PYi§ )1 es were superinposed to get an average signal and then
transferred into Spike-11 (Canbridge El ectronic Design, GB) software to

measure the duratiop19f] t A&eMARiagibn bR Cerdtfvighr @icinghi g0-40epialeqhilibadtioan was
90% conpl eted (i.e., the value of MAPDOO). 5Exclusion Criteria for rabbit
i sol at ed ¢rbar vassallpgyeddor heart rate (and CPBptogichigsg a sfeadhate oan esaftigl pr obl ens

wer e use f k r i i . ] or

near ¢ ar Spefe ARG e ALERRIS L0 JchA Bbibasit M FHloPOSTRE)

vent ri cul @tordaghyithartcthbdwatiti@r ofAle axqaaimeabil atdtaro] was)imied to2 Sdptte tanat omi cal
damage to, the heart; or (4) MAP. signal instability. 10 Approxi mately 10% of
all pr epa@‘%{%quﬁ@a%\gﬁeé’r%%&%ﬁl@?gg?%‘% ftialBanal yses [0201]
Data were plotted and anal yzed using Prismversion 5 (G aph Pad Software,

San Diego, CA) and expressedifs RRasrdimEMd PRéceddiggi fi cance of differences
of measures before and after Tnterventions in the Same hearts was

determ ned by r epea[‘{)?§|8]15M6ﬁ§€’lréstc L0186 ﬂ@%n@d}%ﬂ/b’@g%nﬁkc‘@élieé’t?&i%s GOROVA)

fol |l owed by Student-Newman- Ka s test. Wen treatnent val ues were obtained
at di ¥ erldmvardadgmrétnomed{HdlestemtM ) owpsusefl theaotdsheattwate WaybcAN@UA of

bl TR N T
obt ai ned dgneidt ABeA S@INRIIkttabhbd &) £Eitcu@aPRIdeFRthSprih@SB&etp ¥elcYoctrdRERUL TS
contact with the LV epicardial surface. Two MAP electrodes were placed on the

epicardial ventricular free wall below the level of the atrial-ventricular valves, one at the

20  base to record a basal MAP and one at the apex to record an apical MAP. Electrode
signals were amplified and displayed on an oscilloscope for visual monitoring throughout
the experiments. To ensure that each response to drug had achieved a steady state before a
drug concentration was changed, the MAP duration (from onset of depolarization to
100% repolarization) was measured using an on-screen caliper throughout each drug

25  infusion period. Signals were saved on a computer hard disk for subsequent analysis.
Bipolar electrocardiograms (ECG) were generated using an isolated-heart ECG apparatus
(Harvard Apparatus, Holliston, MA) attached to Biopac amplifier system. Coronary
perfusion pressure was measured using a pressure transducer (Biopac or PowerLab
pressure measuring system. MAPs, ECGs, and CPP signals were appropriately amplified,

30  filtered, sampled, digitized in real time (using a Biopac MP 150, Goleta, CA), and
displayed on a computer screen. All signals were saved on a computer hard disk for

subsequent analysis.
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Ef fects of dronedarone, ranol azine and the conbi nati on on AV nodal
conduction (S- Hinterval) in guinea pig hearts [ 0202]

Ranol azi rwoi2011208¥8ak ant agoni st of bet a- adrenergi ¢ recepCorus2@amsizsat i on of
whi ch can i ncrease AV conduction) and a weak vol tage- and rate-dependent 25
sodi um channel bl ocker, but has not been shown to alter AV nodal
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of electrj.cal inpuls duction through the AV node) was neasured in the
30absencdkﬁngwﬁgggéﬁﬁéggebérug(s). Ei t her dronedarone or ranol azi ne caused

a small slow ng of AV conduction w thout causing second-degree AV bl ock

(i.e.,5 dropped beats) ExclWloR CritePid4é 8 Bitibil sttt OPL sadies shown in Figure
1.1M or (3 1LIM

13, dronedarone (0.3 1 ranol azi ne caused a snmall but

significant i ncreasmzbt'cil] t R &Meiﬂﬁwmg?r&%m&% cfaﬁseci%%{é?ﬁdiﬁg@ drug) at
pacing rate of 3, 4 and 5 F% (n=14 and 13, p<0.05, Figure 13A). The

gr eat est pepaetionfromhardgr (Ig vosable €RP @rhewr satel{E pparsidteat preimetund ghest paci ng
rate (i.e.
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ranol azi ne and dronedarone was slgnlflcantky greater (p<0.01) than the

cal cullat edprramnsttely H8%4 efdil MireRpsdtions Meeq excifddedot h drugs (i.e., (R+D), Figure
13A). The results suggest that the conbination of ranol azine and
dronedar one nay be have a great ek f sl ow AV conducti on when the
atrial rate is high, as in atriaﬁuﬁ%§F§ é%*%%. This action may be

benef i of al to-provi 40Ol pka KRIMILGH Aok #8005 Qilpac

fibrillation. I on ranol azi n

dr onedar o%wtvadrs, B aDie gR A dnldexptasiodl as R@ah RGSEML BhadighificetteoFdilertegr ee
bl ock of AV conduction was observed to occur in the 1solated heart. The
dat a ar e @xpeasssebepse aseafing Hrrapritcs ¢y thesame hgatts W dpseradnasl byorepgated

Seco?ﬁ- de&&?sﬁrébb\ﬁe{-\g n{lqa@%ﬁd&qahg&gqléﬁxgg%&%%g;bg@md%f&%&%pa g[galﬁysd €

| engt’h was “si ghi I'ncrease e’ conbi ion ronedarone and

ranol azi nest( Whén heathicht vilaés Wdre\wbtasied of diffcralt r{taoframudififcreht @oii of3B) . The
finding confirns the effect of the drug conbination to provide control of
the vent riUp-dPorsteANEN ChEPSET Blca eV RSUSShc Addisd oF Ha-Palisd Hidit f i al

fibrillat.qn,,aQ5 festherfind B0 Aafdt APAHLLEE BAGKEE 0068t RBRLA0ERUMCAL M al

rate (negative
from the same or different experiments, respectively.

20 RESULTS

Effects of dronedarone, ranolazine and the combination on AV nodal conduction (S-
H interval) in guinea pig hearts
[0202] Ranolazine is a weak antagonist of beta-adrenergic receptors
(activation of which can increase AV conduction) and a weak voltage- and rate-dependent
25  sodium channel blocker, but has not been shown to alter AV nodal conduction.
Dronedarone can decrease the L-type calcium current as well as the sodium current, and
these actions may result in a slowing of AV conduction. To determine the effects of both
drugs alone and in combination, the duration of the S-H interval (a surrogate for the
velocity of electrical impulse conduction through the AV node) was measured in the
30  absence and presence of drug(s). Either dronedarone or ranolazine caused a small

slowing of AV conduction without causing second-degree AV block (i.e., dropped beats).
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chronotropic effects) in guinea pig hearts [ 0204] The average
control atrial rate (n=17 hearts) in the absence of drug was 231 + 4 bpm
(Fi gure ™Mp.20Raset3azi ne (Ran or R, 3 tM, dronedarone (PComsee100612873 |ILIM
and the conbination of the two caused small but not significant (p>0.05)
25decreases in the control spontanequs atrial rates recorded fromthe sane

hearts (FiythaavmimFigyrg 18 odropederonci(le M) e gnelerian M) sRYSH esmalldubpan |
V, 10 I LI:M:esigaifi - i 53 t
Y594 penrirmicid oSSl bk SHERTELANRA ANSAHS @bl of Bldhnd LAMAEDS 10

conbi nat i #and$ Hrdnel bzidns, and.0fy Kigedadsdane The klcateot cftecofths drighe heart rate
during sinus.rhythm WO 2011/ 084733PCT/ US2010/ 061257 .

Concent r a‘fqﬂaﬁnarté@m@@%@% t{aﬁngs% PRGPE Fadf é_leazsi i gheeaPBARE'one al one
and i iy CORBhARALRMr kol M LARGIPRABNGShE€r AEtdaQNinRAL SIH iérvAURay] on (MAPD)
in femal e rabbit heart [0205] Dronedarone al one caused a small but

si gni fi capd0.0nerremsenirol, BIMARDBDA Y Fhunacdss Af theRahlointezvaleaysod by 10 | LLM)

caused much .greater. i ncrease i PDO0 by 226% from 17710 t 156. ns (n=4,
p20- o1, | FoguESpes g Poricepror R neHiarty B er g P gpe

ranol azi n@ld@gedQim bk eRs SdulyerRtRREdamaregd (TeIW eR+DRCigk6A}A). Onhd he
contrary, the effects of 6 and 10l LLM ranol azine 1o increase the duration

of the vemtuliscubgest diet thesopbiration af raneleeing prédipacdatonymay babtirogreattn a
conc eltrbt r alf Qo sj[(?\g AP Q(?ne &EU&W\&H@I{ AR NI is]‘r?lgﬂ kOB ialBbRuddoRd % suggest s
rone anol'azine ne er

t hat the conmbinati on O o) arone and ran y cause sima

pr ol ongat dctins ny beerhéfidall tapratdd entpbdRnE badtrichuliadateadurmpdhtdidi €ibeMatisr. er val

t han ranol azi ne al one. Thus, conbining dronedarone w th ranol azi ne nmay

reduce any potential risk associ.ated Ov%(ith pr.ol ongati on by ranol azi ne of the
t

Qr interval (alt houdR0Yr of BhepaRtiBH Wrolrire MG HMALOBIARICAHASIEEMFE 15 has
not yet bgeRyRNoNind Qb wHilh YOIV HBIECHockBF AVATAULIYE CasttE GG EF t0f

ranol azi ne and gr onedar one al one an%n conbination 1n ther aﬁgl t isolated
heart tr eatcedinvthe boteidBart] 0RO @htaBrAOPtsssethad tke Wanckdliach cyciarmgth

N1 441[514255206033!1\{5& Dth%_sgc_ond-degree AV nodal conduction block (Figure 13B). Wenckebach
cycle length was significantly increased by the combination of dronedarone and
ranolazine (n=7 hearts, p<0.01 versus control (no drug), Figure 13B). The finding
confirms the effect of the drug combination to provide control of the ventricular rate when

the atrial rate is increased, as during atrial fibrillation.

20 Effect of ranolazine and dronedarone on spontaneous atrial rate (negative
chronotropic effects) in guinea pig hearts

[0204] The average control atrial rate (n=17 hearts) in the absence of
drug was 231 + 4 bpm (Figure 14). Ranolazine (Ran or R, 3 uM), dronedarone (Dron or
D, 0.3 uM) and the combination of the two caused small but not significant (p>0.05)

25  decreases in the control spontancous atrial rates recorded from the same hearts (Figure
14). In contrast, the calcium channel inhibitor verapamil (V, 10 uM) significantly
decreased spontancous atrial rate from 225+3 to 25+24 beats/min (n=3, p<0.01, Figure
14). The finding suggests that the combination of ranolazine and dronedarone will not

decrease the heart rate during sinus rhythm.
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Fi 21, right f di n t th nb
L Ly Ly
of acetylcholine to i nd aé‘itrﬁ’é? #03 Because
acetylcholine is 15¢ par asynpat heti ¢ r, and
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of drone rone an | azi ne may ‘be beneficial to reduce the incidence of
AF i n20patTmﬁlemmﬁlbi&\elw,Mtsmrd)nmh@ﬁy inefdaegt thofinctennedbtioosadest de r educe

| ate sodi um cu t (late ! 201 0208], Ranol azi ne,has been dempnstrated to
aduce ) R Er e RhEn g i 8 B ERH A6 A0 AR RETDE kb ani s
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on late 'Na has not been reported. Therefore we determ ned the effect of
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depolarizations before final repolarization of the action potential) in the presence of E-
25 4031 (Figures 18-20). Dronedarone (0.3-10 uM) decreased but did not abolish the
incidence of TdP (Figure 17A) and EADs (Figures 18C, D and 19F), especially TdP
following a 3-sec pause in pacing of the heart (Figure 18B, D). A combination of
dronedarone and ranolazine (6 and 10 uM) further reduced and even abolished episodes
of TdP in the presence of 60 nM E-4031 (Figures 17, 19, and 20) in hearts that did not
30  respond maximally to dronedarone alone. The findings indicate that a combination of
dronedarone and ranolazine is more effective to prevent the induction of TdP ventricular

tachycardia than is dronedarone alone.
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expressing the human heart sodi um channel gene Navl.5 wth the late 'Na
enhancer 25tefluthrin. Dronedarone reduced the tefluthrin-induced |late 'Na
in a concwonutiserss dependent manner (Figure 23). The resumus20masrat es t hat
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Effect of dronedarone to reduce late sodium current (late Iy,)

20 [0208] Ranolazine has been demonstrated to reduce late Iy, in the heart,
and this is accepted as the primary mechanism of its antianginal and anti-arrhythmic
effects. The effect of dronedarone on late Iy, has not been reported. Therefore we
determined the effect of dronedarone on late Iy, induced by incubation of HEK293 cells
expressing the human heart sodium channel gene Nay1.5 with the late Iy, enhancer

25  tefluthrin. Dronedarone reduced the tefluthrin-induced late Iy, in a concentration-
dependent manner (Figure 23). The result indicates that dronedarone, like ranolazine, can
reduce late Iy,. Thus, the combination of dronedarone and ranolazine may be anticipated
to reduce late Ix,. A reduction of late I, in the heart has been associated with a reduction

of atrial arrhythmias in patients and in animal models of atrial fibrillation.
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WE CLAIM 1. A nmethod for treating or preventing atrial fibrillation and/or
atrial flutter in a patient in need thereof conprising coadm nistering
syner gi stwoabiwosstser apeuti ¢ anounts of dronedarone and PamalSazionel126T
pharmaceutically acceptable salt or salts thereof. 52. The nethod of claim
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or salts thereof ar m ni st red conb 0 6. The
met hod of claimS5, @/ﬁgﬁei nth nlgﬁlrﬁ g/gntﬁ%ie lé‘laf‘eé?““’e

7. The mefdansh ehanhbienlsRiofor ‘Mbecfe%'trﬁeﬂt ke a@ﬁPHBﬁllzﬁfonr B %ﬁ%@ér IhLsor salts
15 thereof admnistered is fromabout 50 ng to about 3000 ng gally

8. The meild8dl40333e4¥. m 7, wherein the anount of ranolazine or salt or salts
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adm ni stered as a gt(ﬁ?all ned ré‘% eas}()aJ %olgr?érrglg 1n8f11 g%ngﬁO%a% edég%{ %gl aim

4, wher ei Qugligtadyduigtll©G, MMenadtar CIMOQE:II@&’L Lamronsal, Zangrhker £0fangdlyi ni st er ed
is fromabout 50 ng to about 800 11. The method of claim

10, wher el omin . Metas it M%S%l%e%i&%ﬁé P&}m%%rrr veip dengrvationaharges &m%r ni st er ed
I's fr a@ﬁﬁ“ﬁ)ﬁf%t THed Qrd n@ﬁ%bﬁﬂoﬁl?dr ysrnal atridl-fi -Fﬁﬁtltﬁiﬁtdﬂp& orCl @i m

11, erein the anount o ronedarone o t or 253a ereo
adm ni st e20dd; i09:327eddabout 50 ng t o about 400 ng daily.
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WO 2011/ 084733PCT/ US2010/ 061257 13. The nethod of claim4, wherein

t he dronedarone or salt or salts thereof is adm nistered as an i nmedi ate
rel ease owooustmursad rel ease formul ati on. 14. Thecmaskad/oef2st! ai m 4,
wherein the ranolazine or salt or salts thereof and dronedarone or salt or
salts thereof are adm nistered twi ce daily. 515. The nethod of claimd4,
wherein the raWd @AM or salt or salts thereof and dronedarone or salt or
salts thereof are adm nistered once daily. 16. A method for reducing

undesirabl e sige ef § eglis,Ofor GLH HPR&nAhe RAT BSEHOLGRIY Rer aRtabh € sal t
Y Iy i

or salts thereof conprising coadm nistering a synergistica erapeutic
anount ofa parol mzicae thereod cpmarismg eotdnaalstieyingcgepgiatitatlyshdrapantic homahtss

t her eof . 17. A nmethod for. reducing, a the eutically. effective dose
o dr onedi BAEABIon B AR EA T CURET APeBEOR G Ut Eether cof
conprising coadm nistering a synergistically therapeutic anount of

ranol azi ne or 3alt e Hathbs of IRMEOf wherein the d@nedhro®d HAGahS1hzihE b EHenglt
prol ongation of the QI interval in a patient caused 15 by ranol azine or a

phar naceuttisels thpregf espdapnisters| sepaptelial t s t her eof , sai d et hod conpri sing
adm nistering to the patient a synergistically therapeutic amunt of

dr onedar one orj pharfRCGULE 3 {;Min?(]\f CERL AR e ﬂ@hg[a‘?{ineseﬂ{dtrﬁ?&@ﬁﬁ@@ the salt

19. A nethod for reducing prolongati on of nterval I'n a pa
caused byordabnthdeobdae admisisprarinaoeudbusdtal | y acceptable salt or salts
t hereof, said nmethod 20conprising admnistering to the patient a

synergistically therapeuti unt of ranpl azi ne or armgceuti cal |
Sceptabl e sal or LamEnpRer gt 1. whertRe ARnG AR & g
vent rigcul saROHeRLIRE hildlnidi@b& oty patient in need

5. The method of claim 4, wherein the dronedarone and ranolazine or the salt

or salts thercof are administered as a combined dosage unit.
6. The method of claim 5, wherein the combined dosage unit is a tablet.

7. The method of claim 5, wherein the amount of ranolazine or salt or salts

15  thereof administered is from about 50 mg to about 3000 mg daily.

8. The method of claim 7, wherein the amount of ranolazine or salt or salts

thereof administered is from about 50 mg to about 1500 mg daily.

9. The method of claim 4, wherein the ranolazine or salt or salts thercof is

administered as a sustained release formulation.

20 10. The method of claim 4, wherein the amount of dronedarone or salt or salts

thereof administered is from about 50 mg to about 800 mg daily.

11. The method of claim 10, wherein the amount of dronedarone or salt or

salts thereof administered is from about 50 mg to about 600 mg daily.

12. The method of claim 11, wherein the amount of dronedarone or salt or

25  salts thereof administered is from about 50 mg to about 400 mg daily.
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t hereof, said method conprising coadm ni stering synergistically therapeutic
anount s of dronedarone and ranol azi ne or pharmaceutically acceptable salt
or salts wbenaal43521. The nmet hod of claim 20, wherein AYCEarsduowsaT7 i s

sl owed when atrial rate is high. 22. The method of claim20, wherein atrial
rate is decreased. _ WD 2011/ 0Q84733PCT/ US2010/ 061257 23. The met hod of
claim 20, wherBi-n hBameihad ef rlainy de wherginithe dionedajonpeqirialioasrlisdhstaef 18i nus
royLhm adminisled £ HERAIAOLI RO L ARAERL GHhAGANY of ATl al rhythm
in a patient 1n need thereof, sard npri sing coadm ni stering
synergistically therapeutic Sanounts of dronedarone and ranol azi ne or

phar maceut i cal 14 adﬂﬁpmahbéoﬁahhnérwhabmsh¢hmpbzm@orsﬂtmn@ﬁsﬂmh@fandhod of

claim 24, wherein si th ent .is i nt ai ned. 26. A
et hod { GO BTG By SRR ik BTRBATS] EFSSHB: vent r il es and/ or atria
in a patient in need thereof, sald met hod conprising coadm ni stering
synergi stical | y5.10 Themha@edbf slaiiURh& c@fthEFHORIRE @D SalotCkaltd ARt RFAE OF
pharmaceutical |y acceptabl e salt or salts thereof, 27. The net hod of
cl ai m 20, drprcdagmee splher wilth thaseof 9ee adsministued eios dalpm atrial fibrillation.

28. A nethod for reducing or preventing torsades de pointes ventricul ar

15tachycardia jn a R?ﬁétﬁ’cﬁ fcogﬁd%@g u‘hﬁ@srn% forsiRAUeflc tf'gfcﬁlgﬁ%ﬂé be! ng

coadmi ni stering synergis erapeu I'c anmoun ronedar one and

ranolaZImﬁwnha@hacﬂBG&Uﬂndﬂéh&t@ﬂﬂhpﬂﬁhbéc&ﬁbﬁﬁﬂgc&ﬁhﬁﬁm&hﬁgeof 29.
A net hod of gﬁeventlng ventricula§ rJIIatlg in pat ents S % t|bIe to
vent ri cul SPexishicy] X%?f@ﬁm“§HWHmﬁB SRR el ﬁﬁ“%@& Ippeger

synerg stigakleYectO t herapeutic anounts of dronedarone and ranol azi ne or
pharmaceutically acceptable salt or salts thereof.

17. A method for reducing a therapeutically effective dose of dronedarone or a
pharmaceutically acceptable salt or salts thereof comprising coadministering a

synergistically therapeutic amount of ranolazine or salt or salts thereof.

18. A method for reducing prolongation of the QT interval in a patient caused
15 by ranolazine or a pharmaceutically acceptable salt or salts thereof, said method
comprising administering to the patient a synergistically therapeutic amount of

dronedarone or pharmaceutically acceptable salt or salts thereof.

19. A method for reducing prolongation of the QT interval in a patient caused
by dronedarone or a pharmaceutically acceptable salt or salts thereof, said method
20  comprising administering to the patient a synergistically therapeutic amount of ranolazine

or pharmaceutically acceptable salt or salts thereof.

20. A method for modulating ventricular and/or atrial rate in a patient in need
thereof, said method comprising coadministering synergistically therapeutic amounts of

dronedarone and ranolazine or pharmaceutically acceptable salt or salts thereof.

25 21. The method of claim 20, wherein AV conduction is slowed when atrial
rate is high.
22. The method of claim 20, wherein atrial rate is decreased.
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30. A nethod for nodul ating electrical and structural renpodeling in a
patient in need thereof, said nmethod conprising coadm ni stering

syner gi stwoabiwosstser apeuti ¢ anounts of dronedarone and PamalSazionel126T
pharmaceutically acceptable salt or salts 25t hereof. 31. A nethod of
treating or preventing supraventricul ar tachyarrhythnia or ventricul ar

t achyar r hyt hni 8-i n Bhgyagthad of claing d@dvhapapdsrt sderismos pigificantbndlssressed i ng
synergi st j I rapeuti ¢ amounts of dronedarone and ranol azi ne or
pharnaced?ﬁg%f%§&2@%g%fable salt or salts thereof. 32. A nethod of
preventing hospitalization and/or death in a patient suffering fromatri al
fibrillation at/ orAaaethal fof mekdtikting eegricwhngndéoathial mhgherin agatient in
synergistica]l¥ hq£ap ut,i c anounts(g%.dronedarone.aqp Lanolazine or

phar maceuiS°E 4h9rsPlata L Pt gompriping coadinipistqring sypgraistically thergpeutig e hod of

prevent i ngn&intPkRIraRdaine GAA S8 d-UR d?%aﬁnatcewdan? abdbptabRAal i@ kaltsh need
t hereof conprising coadm nistering synergistically tﬁerapeutlc anount s of

dr onedar othereahd ranol azi ne or pharmaceutically acceptable salt or salts
t hereof 1034. A pharmaceutical fornmulation conprising synergistically

h [ f | . azi - har.maceut i cal |
acceptabl ¢ sal T or U PEAPRLFdRe 24 h R R LR R MR ot

carrier. 35.The pharmaceutical fornulation of claim34, fornulated for
i ntravenous adi.ni sAmadthahfor pE3adidd ehypliranndeaetoreall of hiervghticleoandbr cl ai m

35, fornulated for oral adm nistration. .. 37.. The pharnaceutica
formul at i BH2 g2 Eﬁ‘t}ﬁnh%nét%ed%ﬁé?oéci i %&Pe CAMPHEING ﬁo?dénlflﬁteﬂ“élgl%‘ﬂerglé??ﬁ%@r

capsujee ft‘%ﬂ}oaeutic_ amounts c¥8tronHaA8roh@ hAM Abla9Mhe ¥F Pt RiCal WAELHiaBlclsH] of abl et
or capsul e conprises from 20 about 10 ng to aBout of 800" ng of dronedarone

or a pharsuitséwetrdodal | y acceptable salt or salts thereof. 39. The
formul ati on of claim 38, wherein the tablet or capsule conprises from about

or Sa1ts tnorobh.  2BonvinEd PORER a0 obro BREEH 6 PR e FREPHER o *5r'

capsul e copmIrdtises from

28. A method for reducing or preventing torsades de pointes ventricular
15  tachycardia in a patient in need thereof, said method comprising coadministering
synergistically therapeutic amounts of dronedarone and ranolazine or pharmaceutically

acceptable salt or salts thereof.

29. A method of preventing ventricular fibrillation in patients susceptible to
ventricular fibrillation, said method comprising coadministering synergistically
20  therapeutic amounts of dronedarone and ranolazine or pharmaceutically acceptable salt or

salts thereof.

30. A method for modulating electrical and structural remodeling in a patient
in need thereof, said method comprising coadministering synergistically therapeutic
amounts of dronedarone and ranolazine or pharmaceutically acceptable salt or salts

25  thereof.

31. A method of treating or preventing supraventricular tachyarrhythmia or

ventricular tachyarrhythmia in a patient in need thereof comprising coadministering
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about 25 ng to about 400 ng of dronedarone or a pharmaceutically acceptable
salt or salts thereof. WO 2011/084733PCT/ US2010/ 061257 41. The

f or mul at iwo 20f1/8kB3mM 40, wherein the tablet or capsul e ecmuseeies6f250m about
50 ng to about 200 ny of dr onedarone or a pharmaceutically acceptable salt
or salts thereof. The formul ation of claim 37, wherein the

tabl et orSy8gisbiice sc@ﬁﬁprﬂst&samwﬁﬁ ofpradamye pgd famolagingtor phamasgutiselly
ranol azi n&c%ﬁﬁeggf%@ﬁgw&&@l |y acceptable salt or salts thereof.
o)

43. The for ation alm 42, wherein the tablet or capsul e conprises
from about 100 ng to about 750 ng of ranol azi ne or a pharmaceutically
accept abl e sal32.or Aahdtkod dfgreamting 0dspitiheatfoorantdloati¢aiminod patleat mf&Bingwher ei n

the table eco rlssf m about . 150 t.o about 37 of
o ool poBra A B S R ar iy T e pab s et e Sneemicaly “us. The

for mulsat i @Brapéutfl aﬁqhdﬁn?ﬂof d\ﬂ&%@ﬂoﬂe bherdndRoInd ok PRarffacONRAIPE&UpIabR! b or
acceptable salt or salts thereof is fornulated for sustal ned rel ease.

1546. The dals therenfi on of cl aim 37, wherein the dronedarone or
pharmaceutical Iy accept abl e salt or salts therof is fornulated for

| mredi ate rel e?SSe ﬁ e-[lbo r%n%%%gt?olgea 0?"0 365t1V é%rt purerllﬁ? g&g&?dar one

or pharmaceutically acce e sa Peot for
sust ai nedinmet&aresof comprising coadrnlmsterlng synerglstlcally therapeutlc amounts of

dronedarone and ranolazine or pharmaceutically acceptable salt or salts thereof.

10 34. A pharmaceutical formulation comprising synergistically therapeutic
amounts of ranolazine and dronedarone or pharmaceutically acceptable salt or salts

thereof, and a pharmaceutically acceptable carrier.

35.  The pharmaceutical formulation of claim 34, formulated for intravenous

administration.

15 36. The pharmaceutical formulation of claim 35, formulated for oral

administration.

37. The pharmaceutical formulation of claim 36, wherein the formulation is in

tablet form or capsule form.

38.  The formulation of claim 37, wherein the tablet or capsule comprises from
20  about 10 mg to about of 800 mg of dronedarone or a pharmaceutically acceptable salt or

salts thereof.

39.  The formulation of claim 38, wherein the tablet or capsule comprises from
about 25 mg to about 600 mg of dronedarone or a pharmaceutically acceptable salt or

salts thereof.

25 40.  The formulation of claim 39, wherein the tablet or capsule comprises from
about 25 mg to about 400 mg of dronedarone or a pharmaceutically acceptable salt or

salts thereof.
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41.  The formulation of claim 40, wherein the tablet or capsule comprises from
about 50 mg to about 200 mg of dronedarone or a pharmaceutically acceptable salt or

salts thereof.

42.  The formulation of claim 37, wherein the tablet or capsule comprises from
about 50 mg to about 1000 mg of ranolazine or a pharmaceutically acceptable salt or salts

thereof.

43.  The formulation of claim 42, wherein the tablet or capsule comprises from
about 100 mg to about 750 mg of ranolazine or a pharmaceutically acceptable salt or salts

thereof.

44.  The formulation of claim 43, wherein the tablet or capsule comprises from
about 150 mg to about 375 mg of ranolazine or a pharmaceutically acceptable salt or salts

thereof.

45.  The formulation of claim 37, wherein the ranolazine or pharmaceutically

acceptable salt or salts thereof is formulated for sustained release.

46.  The formulation of claim 37, wherein the dronedarone or pharmaceutically

acceptable salt or salts therof is formulated for immediate release.

47.  The formulation of claim 37, wherein the dronedarone or pharmaceutically

acceptable salt or salts thereof is formulated for sustained release.
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