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Cross RefwoenestwiRel at ed Applications [0001] This applpctaistas/oedsai s
priority to U S. Provisional Patent Application Serial No. 60/626, 154,
filed Novenber 9, 2004, the conplete disclosure of which is hereby

i ncorporated by reference. Field of the Invention [0002] The present
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adm ni stration. Background [0003] Heart failure is a major cause of death
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Field of the Invention

[0002] The present invention relates to method of reversing left ventricle remodeling
by combined administration of therapeutically effective amounts of ranolazine and at
least one co-remodeling agent, which may be an ACE inhibitor, an angiotens'in‘ T
receptor blocker (ARB), or a beta-blocker. The method finds utility in the treatment of
heart failure. This invention also relates to pharmaceutical formulations that are

suitable for such cqmbined administration.

Background

[0003] Heart failure is a major cause of death and disability in industrialized society.
It is not a disease in itself, but a condition in which the heart is unable to pump an
adequate supply of blood to meet the oxygen requirements of the body’s tissues and
organs. As a consequence, fluid often accumulates in the heart and other organs, such
as the lungs, and spreads into the surrounding tissues resulting in congestive heart
failure (CHF). CHEF is often a symptom of cardiovascular problems such as coronary
artery disease, myocardial infarction, cardiomyopathy, heart valve abnormalities, and
the like.



the I'ike.[0004] A significant elenent of heart failure is the acconpanying
renodel ing of the |left ventricle. As the heart nuscle fails and loses its
abi lity twopompsarsiadequat e supply of bl ood, the heart, pamarSowns®40824
specifically the left ventricle (LV), enlarges in an effort to conpensate.
The extent of this renodeling or enlargenent has been correlated with
increased nortality rates in heart failure patents and specifically in
patents with CHF. [0005] Certai n beta-bl ockers and angl ot ensi n" converting
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increasing reverse LV remodeling. It has now been discovered that administration of

Ranolazine and a co-remodeling agent synergistically enhances the reversal of

unfavorable left ventricle remodeling.

SUMMARY OF THE INVENTION

[0006] In one embodiment of the invention, a method for reversing unfavorable left
ventricle remodeling is provided. The method comprises coadministration of a
therapeutically effective amount of ranolazine and a therapeutically effective amount of
at least one co-remodeling agent to a mammal in need thereof. The co-remodeling
agent may be an ACE inhibitor, an ARB, or a beta-blocker. The method is suitable for
use in the treatment of congestive heart failure (CHF) and/or chronic heart failure.
Ranolazine and the co-remodeling agent may be administered in separate dosage forms

or may be administered in a single dosage form.

[0007] In another embodiment of the invention, pharmaceutical formulations are
provided comprising a therapeutically effective amount of ranolazine, a therapeutically
effective amount at least one co-remodeling agent, and at least one pharmaceutically

acceptable carrier.



or may be admi nistered in a single dosage form [0007] In another
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t herapeutically effective anount at |east one co-renodeling agent, and at
| east one pharmaceutically acceptable carrier.[0008] In yet another
enbodi nent of the invention, a nethod for treating heart failure in a
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Hi storic data on enal april and netoprolol tartrate is al so presented.
DETAI LED DI SCRETI ON OF THE | NVENTI ON Definitions and General Paraneters
[0011] As used in the present specification, the follow ng words and

phrases are SUMMARY OF THE FIGURES

[0009] Figure 1 graphically depicts the results of the comparative study of ranolazine,
ranolazine and enalapril, and ranolazine and metoprolol tartrate with respect to end-

diastolic volume. Historic data on enalapril and metoprolol tartrate is also presented.

[0010] Figure 2 graphically depicts the results of the comparative study of ranolazine,
ranolazine and enalapril, and ranolazine and metoprolol tartrate with respect to end-

systolic volume. Historic data on enalapril and metoprolol tartrate is also presented.

DETAILED DISCRIPTION OF THE INVENTION

Definitions and General Parameters

[0011] As used in the present specification, the following words and 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.

[0012] "Optional" or "optionally" means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where

said event or circumstance occurs and instances in which it does not.

[0013] The term "ACE inhibitor" refers to an agent that is capable of inhibiting



generally intended to have the neanings as set forth bel ow, except to the
extent that the context in which they are used indicates otherw se. [0012]
" Opt i onalwoanoc/ospteil onal | y* neans that the subsequently @esarscisa4seent or
ci rcunstance may or may not occur, and that the description includes

I nstances where said event or circunstance occurs and instances in which it
does not. [0013] The term"ACE inhibitor" refers to an agent that is
capabl e of inhibitingangiotensin converting enzynme, thereby reducing the

converS|o of an ary action,
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angi ot@fspril, telmdwlbnldmd ﬁaraiolaplmdl cell wall instead of in the blood stream
i nsi de the |ungs Iike ACE inhibitors do, thereby acting in a nore systemc
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"bet a- bl ocker™ refers o an agent that binds to a béta-adrenergic receptor
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intracel lul'ar Ca++ overload, which inhibits afterdepol ari zati on
olmesartan, medoxomil, telrmsartan valsartan, zolasartin, and tasosartan.

[0015] The term "beta-blocker" refers to an agent that binds to a beta-adrenergic

receptor and inhibits the effects of beta-adrenergic stimulation. Beta-blockers increase

AV nodal conduction. In addition, Beta-blockers decrease heart rate by blocking the

effect of norepinephrine on the post synaptic nerve terminal that controls heart rate.

Beta blockers also decrease intracellular Ca++ overload, which inhibits after- A
depolarization mediated automaticity. Examples of beta-blockers include, but are not

limited to, acebutolol, atenolol, betaxolol, bisoprolol, carteolol, labetalol, metoprolol,

nadolol, oxprenolol, penbutolol, pindolol, propranolol, sotalol, timolol, esmolol,

sotalol, carvedilol, medroxalol, bucindolol, levobunolol, metipranolol, celiprolol, and

propafenone.

[0016] "Parenteral administration” is the systemic delivery of the therapeutic agent via

injection to the patient.

[0017] The term "therapeutically effective amount" refers to that amount of a
compound of Formula I that is 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,



medi ated automaticity. Exanpl es of beta-bl ockers include, but are not
limted to, acebutolol, atenolol, betaxolol, bisoprolol, carteolol,

| abet al olworetsnsswliol , nadol ol , oxprenol ol , penbut ol ol , PpiruI$E0SI040824
propranol ol, sotalol, tinmolol, esnolol, sotalol, carvedilol, nedroxalol,
buci ndol ol , | evobunol ol , netipranolol, celiprolol, and propafenone. [0016]
"Parenteral adm nistration” is the system c delivery of the therapeutic
agent via injection to the patient. [0017] The term "t herapeutically

ef f ecté 1%{:8({@%%% "errd?sfegsfesste%tgr;sé%{P(?B%tgiﬁgfé{l}sﬁag&ds c%‘ éﬁggﬁ%\%ﬂ dAB(EiHERe{lw” a |l that is

sufficre oeffec rea en admnr'stered to a
manmal other Mmedidativh the phtidnt aadyBRitceivihg wilh effeqiehi detadnbiyiatednf sfahé ve anmount wil |
vary dependi ng_upon the specific activity of the therapeutic agent being
used, theepseic@ily effegive apoysh of tsitheapsuble 3gentde adminideld t he age, physi cal
condi tion, exi stence of other disease states, and nutritional status of the

patien hi iepa g IR 6 R0 af e RAhES s dTBY eceiving wll
effectf({oﬁgﬁgg% eerm' #g%(ﬁr%eﬁigtg t he tgﬁerapeutslpcgzﬁﬁly ef faectl \S/(gﬁla%munt of the
t her apmiatnngal gigelndingo admi ni ster. [0018] The term "treatnent" or "treating"

means any treatnment of a disease in a manmal, including: (i) preventing the
di sease, that i using the clini.cal, s tons of the _disease not to
devel op: @i Pﬁev?ﬁmgéﬁ? aﬁﬁgfhtgat(ﬂs’sc@&%‘&g tt{e}%ﬁ‘iag,syné?tf”é@tosﬂ& ‘flﬂeésed% el oprment of
clinical syppd&®akp; and/or (iii) relieving the disease, that is, causing the
regression of clinical synptons.

(ii) inhibiting the disease, that is, arresting the development of clinical symptoms;

and/or
(iii) relieving the disease, that is, causing the regression of clinical symptoms.

- [0019] As used herein, "pharmaceutically acceptable carrie;" includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
‘absorption delaying agents and the like. The use of such media and agents for

. pharmaceutically active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active ingredient, its use in the
therapeutic compositions is contemplated. Supplementary active ingredients can also

be incorporated into the compositions.

[0020] The term "unfavorable left ventricular remodeling" refers to alterations in
chamber size, wall thickness, and other dimensional changes of the left ventricle and to
any other changes to the left ventricle which occur in response to myocardial damage

that may be evidenced by decreased diastolic and/or systolic performance.

The Method of the Invention

[0021] The present invention relates to methods of reversing unfavorable left ventricle

remodeling. The method comprises co-administration of a therapeutically effective



[ 0019] As used herein, "pharmaceutically acceptable carrier” includes any
and all solvents, dispersion nedia, coatings, antibacterial and antifungal
agents, iwotomws3wnd absor ption del ayi ng agents and t hePCiThis2005heosase of
such nedi a and agents for pharmaceutically active substances is well known
in the art. Except insofar as any conventional nedia or agent is

I nconpatible with the active ingredient, its use in the therapeutic
conpositions is cont errpl ated. Suppl enentary active ingredients can al so be
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rel ates reversi ng unfavorab t ventricle renodeling. The
met hod conprises co-adm nistration of a therapeutically effectiveanount of
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failure. [0022] "Ranol azi ne and the co-renodeling agent nmay be adm ni stered
i n sepuaragtbe takes agenlfapeouslpor staggetad. admi ni stered in a single dosage form |If
adm ni stered as separate dosage forns, the separate conponents can be
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propyl]-l-piperazineacetamide is an antiischemic agent that is currently undergoing
clinical trials for the treatment of angina. The compound itself is disclosed in U. S.
Patent Serial No. 4,567,264, the specification of which is incorporated herein by
reference. Sustained release formulations of ranolazine are preferred and are disclosed

in US. Patent Nos. 6,503,911, 6,369,062, and 6,617,328 -

[0024] The ability of ranolazine to provide a benefit in the treatment of heart failure has
been previously disclosed in U.S. Patent Nos. 6,528,511 and 6,528,51 1 and in Sabbah
et al. (2002) J. Card. Fail., 8(6):416-22. The use of ranolazine in the treatment of heart
failure in these references is supported by the compound's ability to improve LV
function. Prior to the present invention, however, the synergistic ability of the
compound to induce reverse LV remodeling when administered with a co-remodeling

agent was not known.

[0025] Ranolazine and the co-administered agent may be given to the patient in either
single or 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 cylindrical polymer.
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example, parabens, chlorobutanol, phenol, sorbic aéid, thimerosal, and the like.

[0027] Sterile injectable solutions are prepared by incorporating the component in the
required amount in the appropriate solvent with various other ingredients as
enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the various sterilized active ingredients into a
sterile vehicle which contains the basic dispersion medium and the required other
ingredients from those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred methods of preparation are
vacuum-drying and freeze-drying techniques which yield a powder of the active
ingredient plus any additional desired ingredient from a previously sterile-filtered

solution thereof.

[0028] Oral administration is another route for administration of the components.
Administration may be via capsule or enteric coated tablets, or the like. In making the
pharmaceutical compositions that include ranolazine and at least one co-administered
agent, the active ingredients are usually diluted by an excipient and/or enclosed within
such a carrier that can be in the form of a capsule, sachet, paper or other container.

When the excipient serves as a diluent, in can be a solid, semi-solid, or liquid material



adm ni stration by injection include aqueous or oil suspensions, or

emul sions, with sesane oil, corn oil, cottonseed oil, or peanut oil, as
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sim | ar pharnmaceutical vehicles. Aqueous solutions in saline are al so
conventionally used for injection, but less preferred in the context of the
present invention. Ethanol, glycerol, propylene glycol, liquid polyethylene
glycol, and the like (and suitable m xtures thereof), cyclodextrin
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lubricating agents such as talc, magnesium stearate, and mineral oil; wetting agents;

emulsifying and suspending agents; preserving agents such as methyl- and

propylhydroxy-benzoates; sweetening agents; and flavoring agents.

[0030] The compositions of the inventi;)n can be formulated so as to provide quick,
sustained or delayed release of the active ingredient‘ after admihistration to the patient .
by employing procedures known in the art. As discussed above, given the reduced
bioavailabity of ranolazine, sustained release formulations are generally preferred.
Controlled release drug delivery systems for oral administration include osmotic pump
systems and dissolutional systems containing polymer-coated reservoirs or drug-
polymer matrix formulations. Examples of controlled release systems are given in U.S.
Patent Nos. 3,845,770; 4,326,525; 4,902514; and 5,616,345.

[0031] The compositions are preferably formulated in a unit dosage form. The term
“unit dosage forms” refers to physically discrete units suitable as unitary dosages for
human subjects and other mammals, each unit containing a predetermined quantity of
the active materials calculated to produce the desired therapeutic effect, in association
with a suitable pharmaceutical excipient (e.g., a tablet, capsule, ampoule). The active
agents of the invention are effective over a wide dosage range and are generally
administered in a pharmaceutically effective amount. It will be understood, however,

that the amount of each active agent actually administered will be determined by a



[0028] Oral administration is another route for admnistration of the
conponents. Adm nistration may be via capsule or enteric coated tablets, or
the |i ke.wOnroowisareg t he pharnaceuti cal conpositions thatcirruskade40sanol azi ne
and at | east one co-adm nistered agent, the active ingredients are usually
di luted by an excipient and/or enclosed wthin such a carrier that can be
in the formof a capsule, sachet, paper or other container. Wen the

exci pient serves as a diluent, in can be a solid, sem-solid, or liquid

mat er i ; ' I.cl [ Id . Lum for the

acti Veﬁ#%s%@g@?%ﬁf&%hgﬂf@%?ﬂ%gﬁ%&%%r%r%ggln%{%gﬁﬁg, ﬂé%lﬁﬁ@g dll‘%é%rﬁgwfrﬁgtgr#of t abl et s,
pills, tpatedlehs chdsez enge s admmmiratton, tlaciutid combbuidsadnsnistpdsingns,

enul si gns, sol utions, syrups,. aerosol s (ggﬁgﬁesol idor inaliquid nedium,

oi nt meted EBHYaAHIVIY, themeeXaigph and 1§Pans ydivisiughatignt, fige act i ve
compou . g ' | es, sterile injectable solutions,
and stg%pyg%%ﬁgé% %ggﬁgfdsn%’ H%glg?&%bne exanpl es of suitable excipients

i nclude | actose, dextrose, sucrose, sorbitol, mannitol, starches, gum
acaci aJ0033] Fouprepiroggivdideconmlogitinas 8xh at tahdpds dind princged] attive, ing@lentsm

Ster | BERE G DR EP L GRBaso P e oot

addi ti gaghinihg ﬂfdmw%m&mﬁjx@nﬁ& b8 cRABAIRI TR pRSerk MventiGRINERhUM St ear at e,
and mneral oil; wetting agents; enulsifying and suspendi ng agents;

pr eser vafeiging de Hiese predtrmadatiomtdegipositinas ahomyagenenusxiy imeant fagthe sweet eni ng
agents; .and_flavoring,agents. 0] .The .conpositions pof the invention can
be for %ﬂfvgtm e§1 ntgs?r %lsgerr%‘?/duse nggﬁrgkfgh%tﬁgl%eacfc%p(? sglongat %%]?Je rel ease of the
act i vecompssiithrenby 8é teidilpdabdivided aitd equally eFberinraiditddsage BYmSe BIhaKi NY
procedures known in the art. As discussed above, given the reduced

tablets, pills and capsules.

[0033] The tablets or pills of the present invention may be coated or otherwise
compounded to provide a dosage form affording the advantage of prolonged action, or
to protect from the acid conditions of the stomach. . For example, the tablet or pill can
comprise an inner dosage and an outer dosage element, the latter being in the form of . -
an envelope over the former. Ranolazine and the co-administered agent(s) can be
separated by an enteric layer that serves to resist disintegration in the stomach and
permit the inner element to pass intact into the duodenum or to be delayed in release. A
variety of materials can be used for such enteric layers or coatings, such materials
mcluding a number of polymeric acids and mixtures of polymeric acids with such

materials as shellac, cetyl alcohol, and cellulose acetate.

[0034] 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 techniques
disclosed in the examplés 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 from the spirit and scope of the invention.



bi oavai | abity of ranol azi ne, sustained release fornulations are generally
preferred. Controlled release drug delivery systens for oral adm nistration
i ncl ude osouabecspsnp syst ens and di ssol utional systens ®OmMIUBRONSOGS24

pol ymer - coat ed reservoirs or drugpolymer matrix fornul ati ons. Exanpl es of
controlled rel ease systens are given in U S. Patent Nos. 3,845, 770;

4,326, 525; 4,902514; and 5,616, 345. [0031] The conpositions are preferably
formulated in a unit dosage form The term"unit dosage forns" refers to
physically discrete units suitable as unitary dosages for human subjects
and ot her mammual s, each unit containing a predeterm ned quantity of the
active materials calculated to produce the desired therapeutic effect, in
associ §1036h Tt fdlloaving etaiples abandirdedud dembnstvacd pretnted erbddiments abl et

capsul e, .anpoul e). The active, agents of the invention are effective over a
wi de dg%edﬁ\éﬁnﬁl%g}@ shawd heappessial h)gﬁiaﬁfrﬁfﬁp‘jk iartBeart that therdeshpiquest i cal |y

ef fect} i JJ oy , . Tl of each
acti vehl\égleo%{mg@eug{alﬁnffé Sd\*ﬁ?lgﬁsfé{iér@mgf@\%\n&%t e %ésé?ﬁlcél‘;e%é%li’)hglghym gqr an, in the
| i ght 6f fuhtidonretlbirathe pedcticelotha moveation, mnd tdisrogn bheoxsidwied toon t o be treat ed,
the chosen route of admnistration, fhe actual ounds aqm nj stered and
thei 1 PORHFGRRRIGPS T Raeicondlaginer Hie PESRE A Bogrt TRu% R vi dual

pat i eniighttdf@?é;grgfem Hﬁéclfégur%,%p%’idﬁ@ﬂfa%ﬁl BRAnRES canB¥dnhdiBinlthke. [0032] For

preparing solid conpositions such as tablets,” the principal active
i ngr edsmific embodimendsi whidhiare dishlasedeandistiilobtaie & dikp o sitnitaprdsaltm a sol i d

pr ef or atipn conmposi tion. containing.,.a .ho eneous m xture of a conpound
of theaﬁ¥ggéﬁ?mﬁﬁggﬁT?%ﬁFpWﬁéﬂ F%F@P?#ﬁﬁnY%R@HESe pref ormul ati on
conpositions as honpbgeneous, it is neant that the active ingredients are
di spersed evenly throughout the conposition so that the

EXAMPLES

[0036] The beta blockers, ACE inhibitors, and ARBs of this invention are well known
in the art, and are commercially available. Ranolazine may be prepared by
conventional methods such as in the manner disclosed in US Patent No. 4,567,264, the

entire disclosure of which is hereby incorporated by reference.

EXAMPLE 1

[0037] The following example examines the effects of ranolazine alone and in
combination with an angiotensin converting enzyme (ACE) inhibitor and in
combination with a beta-blocker on the progression of left ventricular (LV) dysfunction
and LV chamber remodeling in dogs with chronic heart failure produced by multiple

sequential intracoronary microembolizations.

Animal Preparation
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conposition may be readily subdivided into equally effective unit dosage
forms such as tablets, pills and capsules. [0033] The tablets or pills of

t he presew0D 2000u88t610n may be coated or ot herw se conpoumrdedstaspuased de a
dosage form affordi ng the advantage of prolonged action, or to protect from
the acid conditions of the stomach. For exanple, the tablet or pill can
conprise an i nner dosage and an outer dosage elenent, the latter being in
the formof an envel ope over the former. Ranol azine and the co-adm ni stered

agent ( be. [ . i to resist

di si nt@é?ﬁ?gﬁqcﬁﬁgg@ﬁ%@%ﬁﬁgﬁﬁ%gﬁ &ring%g ‘t%sgrgrf)é#%?b I%éer@ﬁ%e to pass intact
into t&quelndantitdonatyenit®lidsicyedtt polystieas BateAmiavosgtieresof77m@oer i al s can
be used for such_enteric | %ers Qr coatin materials including a

h
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mat er 'féo?n%agﬁkéé%&%&{ﬁt@ﬁ{b@hémm i {)&k&ﬁ%g%ﬁhgfcg%e{cooml The

fol | ow ng ex es are In enonstrate prererre odi nrents of the
i nvent ¢atlieteridatioh onded goreralgnesthesis enll diyrilelvoaditiofs. skndsthesia wdsdndudedt hat t he

techni ques discl osed |n the exanpl.es ich follow yepresent techniques
di scovsiige pymbiRationeidntrayenpys ‘F’Jr‘gz?gf’}’% ?m?rﬁh?%{opﬁa‘@ %8s of the

| nvent 4; AH¥HRY) HR SaNR] PahGsrliti §6019b nidHoS R BEheFr Modes for its
pract i%lg%pﬁ(ﬁ;l\r/@ver, t%@e ofS g‘l@lﬁﬂq&{tn tlﬂe art sho%ﬁod, in ﬂ gft of the
pr esendnedihsesih s n@intaippd throwgheut tha studsmgingH&m tpe2’odsoflubaendodt and t he
speci fi. nbodi ment.s which are disclosed and still obtain a |like or simlar
- esul (TS ERB BB ARGV P ASHOTRET K3 Fo ) arSieiey gV RROPiYent | on. [ 0035]
The f ohkeMides c8halRrAbnd R velklsudad réfide ﬁ@iﬁ% @i aaaheskiadigppodi ments of
the invention. It should be appreciated by those of skill in the art that
t he t eelthdelsure. Microembolizations were discontinued when LV ejection fraction,

determined angiographically, was between 30% and 40%. A period of 2 weeks was

allowed after the last embolization to ensure that infarctions produced by the last

microembolizations have completely healed and heart failure was established. The

study protocol was then performed.

Study Animals

[0039] Healthy, conditioned, purpose-bred mongrel dogs weighing between 19 and 25
kg.

Study Protocol

[0040] A randomized, blinded, placebo controlled study design was used. A total of 28
dogs underwent multiple sequential intracoronary microembolizations as described
above to produce chronic heart failure. Two weeks after the last embolization, dogs
were randomized into 4 study groups (treatment arms). Dogs were randomized to 3
months oral therapy with ranolazine alone (375 mg, bid, n=7), ranolazine (375 mg bid)

in combination with metoprolol tartrate (25 mg bid, n=7), ranolazine (375 mg bid) in

1



di scl osed in the exanples which follow represent techni ques di scovered by
the inventor to function well in the practice of the invention, and thus
can be cowmei2devmsgicio constitute preferred nodes for itsPprastesedoskionever,
those of skill in the art should, in light of the present disclosure,
appreci ate that many changes can be nade in the specific enbodi nents which
are disclosed and still obtain a like or simlar result w thout departing
fromthe spirit and scope of the invention. EXAMPLES [0036] The beta

bl ocke ACE 1 nhi hj : y Qf I Si.l L . | _known in the
art, an %ﬁg%ﬂoﬁgr%r%‘{ﬂgﬁg@)pg\% lﬁg’t?hﬁ’ %%‘1%39 :@P@&Eﬁ%ﬁ@ l‘)’gﬁglre \éﬁ;;%rnjg 9 by

convenHemodinamit agio gaphic, @shdcardibg@aptaaRsppkrsnt asedhiuhokdd Pat ent No.
4,567,264, the entire disclosure of which is hereby .incorporated b

rat y
r ef er eMERSUIEIGNUPIET Mgy tFANAPBYZALRN e Weskaiies tisdashicnboligpfondt f ect s of
ranol azj I nd i t i i NS¢ [ i ng enzyne
(AC) AR cBRBIARA o bR M A ALY E pEhd ERNNAI 08 coe on
of | ef the\fmial hémodymamid A)d ahgifonaphic gindyridgd Werhautiizaized and dhed heagsi N dogs with

chronic heart failure produced b | tipl.e sequential intracoronary
mi cr oeffRAYES 4BY BFLC PRFAFRY méﬁéb@?@?ﬁwge%@g%ﬂfmteéwna function and
failur @va'lﬁhti@ﬁﬂsTH@&u@F PEMERAnAYeEBHdhHPHRI-FRAN W & foliBhgacor onary

enbol i zations wth pol ystyrene Latex ‘m crospheres (77-109 nmin di aneter)
as previously described by Sabbah et al. (1991) Am J. Physiol.
260: H1379- H1384. Coronary m croenbolizations were perfornmed during cardi ac

Primary Endpoints

[0041] Prevention or attenuation of progressive LV dysfunction based on an

assessment of LV ejection fraction determined angiographically.

[0042] Prevention or attenuation of progressive LV remodeling based on measurements

of LV end-diastolic volume and LV end-systolic volume determined angiographically.

Secondary Endpoints

[0043] Prevention or attenuation of progressive LV diastolic dysfunction based on
assessments of 1) LV peak -dP/dt, 2) LV time constant of early relaxation (Tau), 3)

mitral valve velocity PE/PA, and 4) LV end-diastolic circumferential wall stress.

[0044] Extent of attenuation of cardiomyocyte hypertrophy, volume fraction of
replacement fibrosis, volume fraction of interstitial fibrosis, capillary density and

oxygen diffusion distance.

[0045] Changes in circulating levels of plasma neurohormones (plasma norepinephrine

(PNE), plasma renin activity (PRA) and plasma atrial natriuretic factor (ANF) as well

12



cat heterization under general anesthesia and sterile conditions. Anesthesia
was i nduced using a conbination of intravenous injections of hydronorphone
(0. 22 ng/wgrpoddisawepam (0. 2-0. 6 ng/ kg) and sodi um pent olparhist@s/ 0532400 ny
to effect. Plane of anesthesia was naintained throughout the study using 1%
to 2% isoflurane. Left and right heart catheterization was perfornmed via a
fenoral arteriotony and venotony. After each catheterization, the vessels
were repaired using 6-0 silk and the skin closed with 4-0 suture.

angi oghohredd R lEb G BaR iE e R SR bt b T S 21 Tomed

after Hﬂﬁﬂ&ﬁé} enbollzatlon to ensure that |nfarct|ons produced by the | ast
m croenbol i zati ons have conpletely heal ed and heart failure was
establ i shed. The study protocol was then perforned. Study Animals [0039]
Heal t hy, conditioned, purpose-bred nongrel dogs wei ghing between 19 and 25
kg. Study Protocol [0040] A random zed, blinded, placebo controlled study
desi gnpRS c Meds® Qgggf 28 dogs underwent nultiple sequential

intrac y m croenpol | zations as descri bed above to produce chronic
heart failure. Two weeks after the | ast enbolization, dogs were random zed
into 4[®éﬁhﬁllgmuwn4mma@mmneatsn®€)ren[adgslumglﬁftmdcmghthe@ttto 3 nont hs oral

th th | | | 375 g bid
' conthHT SO I RERepaRe . b B g o RO [ anor azi ne (375

Mg bi dhnidro&apSliAGbAN erd bémadadoadiie thak A1IMHEmdidghnamic Za)aranf;HterB hacebo
(ranol azi ne vehicle bid, n=7).
within normal limits. Abnormal dogs were excluded from the study. The following

parameters were measured in all dogs at all three study time periods: heart rate, mean
aortic pressure, peak rate of change of LV pressure during isovolumic contraction (peak
+dP/dt) and relaxation (peak -dP/dt), and LV end-diastolic pressure.

Ventriculographic Measurements

[0047] Left ventriculograms were performed during cardiac catheterization after
completion of the hemodynamic measurements. Ventriculograms were performed with
the dog placed on its right side and were recorded on 35 mm cine at 30 frames per
second during a power injection of 20 ml of contrast material (RENO-M-60, Squibb
Diagnostics). Correction for image magnification was made using a radiopaque grid
placed at the level of the LV. LV end-systolic and end-diastolic volumes were
calculated from angiographic silhouettes using the area length method (4). Premature
beats and postextrasystolic beats were excluded from any analysis. LV ejection
fraction was calculated as the ratio of the difference of end-diastolic and end-systolic
volumes to end-diastolic volume times 100. Stroke volume was calculated as the
difference between LV end-diastolic and end-systolic volumes. Cardiac output was
calculated as the stroke volume times heart rate and cardiac index as the cardiac output

divided by body surface area.
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Henodynam c, angi ogr aphi c, echocardi ographi c, Doppl er and neurohunor al
nmeasurenments were nade prior to random zation (2 weeks after the | ast
enbol i zatworpocansgiecaf t er conpl eti on of therapy (3 nonthspaftuseoosnidseat i ng
t herapy). After conpleting the final henodynam c and angi ographi c study,
dogs were euthanized and the hearts renpoved and tissue prepared and saved
for future histol ogical and bi ochem cal eval uations. The study primry and
secondary end-points were as follows: Primary Endpoints [0041] Prevention
or attenuation of progressive LV dysfunction based on an assessnent of LV
ej ection fraction determ ned angi ographically. [0042] Prevention or
attenuation of progressive LV renodeling based on neasurenents of LV

end- di BeltazhidiographicrendaDdphier eliedsussmemss i ¢ vol une det er m ned

angi ographi cal l y. Secondary Endpoints [0043] Prevention or attenuation of

iye LV diastolic dysfunction based t 1) LV peak
Py i AT BopachidiSerenic s DopPGLagler B Snst OBRSE Foal] CoBsy2t Al Al val ve
vel oci §pecitfed Bixdyaisk foints MsRB%- 086 A itk Eofind @gf&@%mempa\e@rh) withgss. [0044]

Extent ‘of attenutation of cardi omyocyte hypertrop vol ume fraction of
r epl acdaevitiZftrapsdiwies Al edhorardiagzaphiomeastramangs wetetthade withhthesiog, capill ary

i i ffysion dist . Ch ' i i | |
of " pl bR ER ML Heo P RSO BPERi it BREFSnls BB HR Al 1St vty
(PRA)  aierdet B3 REbsalidn®bfiiaie dndlyeisi Trahaekr2-ditnkioas] sBbéagioghaRges of

transmyocardi al plasma norepi nephrine (arterial to coronary sinus
di f f er Wakeeptained at the level of the LV papillary muscle and were used to calculate LV

fractional area of shortening. The latter was calculated as the end-diastolic L'V cavity
area minus the end-systolic cavity area divided by the end-diastolic cavity area times
100. Two chamber view 2-dimensional echocardiograms were also obtained to
ascertain LV major and minor semiaxes to be used for calculation of LV end-diastolic
circumferential wall stress. Wall stress was calculated as follows: Stress = Pb/h(1-
b/2b)(1-hb/2a2), where P is L'V end-diastolic pressure, a is LV major semiaxis, b is LV

minor semiaxis, and h is LV wall thickness.

[0049] Mitral inflow velocity was measured by pulsed-wave Doppler
echocardiography. The velocity waveforms were used to calculate peak mitral flow
velocity in early diastole (PE), peak mitral inflow velocity during LA contraction (PA),
the ratio of PE to PA and early mitral inflow deceleration time. The presence or
absence of functional mitral regurgitation (MR) was determined with Doppler color
flow mapping (Hewlett-Packard model 77020A Ultrasound System) using both an
apical two-chamber and an apical four-chamber views. When present, the severity of
functional MR was quantified based on the ratio of the regurgitant jet area to the area of
the left atrium times 100. The ratios calculated from both views were then averaged to

obtain single representative measure of the severity of functional MR.

Blood Neurohumoral and Flectrolvte Measurements




Henodynam ¢ Measurenents [0046] Al henodynam ¢ measurenents were nade
during left and right heart catheterizations in anesthetized dogs. Baseline
measur enmewooqusBwn t o any m croenbol i zati ons, were be matast@sonsas e t hat
al |l henodynam c paraneters are within normal limts. Abnormal dogs were
excluded fromthe study. The follow ng paraneters were neasured in all dogs
at all three study tine periods: heart rate, nmean aortic pressure, peak
rate of change of LV pressure during isovolunc contraction (peak +dP/dt)
and r ejodsaf EQRubiREAS p1aRctohcerfifiohdofRded] ﬁé{r&{drﬁloﬁése@g}érlﬁade to

Ventri cul ographi c Measurenents [0047] Left ventriculogranms were perforned
dur i ngcasapldingnt thehéreodyriapae assessafentss Measpteatentswat nidde ap eschdyikken C

s Ventricul formed with the dog placed on it
i aht G S IR PR v AERET ARG RREERE second during a
powver Tﬂhﬁﬁ?&&!ﬁdi@@ﬁ@ cBhceRfratf e ARSHnIESY SHtaibRENR O &%épﬁsqﬁ'&ﬁb

Di agnostics). Correction for image magnifi'cation was na using a
r adi opigaecegeling aptta endiceronarysinus dsting tandiee chtiieterivatinmd - Bryadmydcardiald

end- di I.C re-cal cul at ed .f rom angi og{,aphi ¢ .si] houettes using

t he arlglgﬁsiéaﬁgcﬁ %gir‘?lgﬁ%&ﬁ?eﬁ?f.ﬂ%? %ﬁ%‘”ﬁlﬁg "‘bee‘X’_t"ssaﬁﬁﬁfngsﬁ%?ﬁ# $Sc beat s

ver e ewelelbedndd iauphivat@famy®nsciohs\ddk pibl ReatdidctitRReMBIioadkeul ated as the
ratio of the difference of end-diastolic and end-systolic volunmes to

end- di HS3Yrsreeny of pidEme ForesntTgpn winogrinsphrinelasas eaincgtizitednds t ge
differ - di . - 1 c .vol unes.. Cardi ac
out putﬁ%a %g%lé‘%‘ﬁng%ﬂg’gc gds}ﬂ%rﬁlgﬂ%%g%lbgn@o ?Jar%%g't ﬁxnéé&hgﬁ’rﬁio?c&aénpﬁfd cardi ac
i ndex weretobeaioalrad itteecsamet iy intervals for determination of serum electrolytes (Na+,

K+, creatinine and BUN).

. Histomorphometric Evaluations

[0051] On tﬁe day of sacrifice, after completion of all hemodynaniic and angiographic
studies, the dog’s chest was opened through a left thoracotomy, the pericardium was
opened and the heart rapidly removed and placed in ice-cold, Tris buffer (pH 7.4).
Three 2 mm thick transverse slices were obtained from the LV; one slice from the basal
third, one from the middle third and one from the apical third and placed in 10%
formalin. Transmural blocks were also obtained and rapidly frozen in isopentane
cooled to -1600C by liquid nitrogen and stored at -700C until needed. LV tissue
samples were also obtained and stored in gluteraldehyde for future scanning and

transmission electron microscopic studies.

[0052] From each heart, 3 transverse slices one from the basal third, middle third and
apical third of the LV, each approximately 3 mm thick, were obtained. For
comparison, tissue samples from 7 normal dogs were obtained and prepared in an
identical manner. From each transverse slice, transmural tissue blocks were obtained
and embedded in paraffin blocks. From each block, 6 pm thick sections were prepared

and stained with Gomori trichrome to identify fibrous tissue. The volume fraction of
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di vi ded by body surface area. Echocardi ographi c and Doppl er Measurenents

[ 0048] Echocardi ographi c and Doppl er studies were perfornmed in all dogs at
al | speciwpedossamy ti me points using a 77030A ul t r asouRdTABI0SH0824

(Hew ett-Packard) with a 3.5 MHZ transducer. AUechocardi ographic
measurenents were made with the dog placed in the right lateral decubitus
position and recorded on a Panasoni c 6300 VHS recorder for subsequent

of f-1ine anal ysis. Transverse 2-di nensi onal echocardiograns wer e obt ai ned
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to be usROMAAerL @' “ff&‘tﬁe% A t1%s B@ksdév to%'tahﬁedcfﬁ%rﬁh(l ﬁ‘;‘@ﬁ‘ﬁl wal | stress.

Val | stress was’ c cu ate tress = (I -hb/2a2),
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LV k 0049 Mtral fl | t
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peak mtr ow velocity rlng A contract io of PEto
PA an dwe:&rﬁrypam'ad frain aantﬁ bhmk dad sthimed witnludresecinlheelpd pamaceggditimbsence of
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severity of
border and the interstitial space including capillaries (5). Sections were double stained

with rhodamine-labeled Griffonia simplicifolia lectin I (GSL-I) to identify capillaries.
Ten radially oriented microscopic fields (magnification X100, objective X40, and
ocular 2.5) were selected at random from each section for analysis. Fields containing
scar tissue (infarcts) were excluded. An average myocyte cross-sectional area was

' calculated for each do g using computef—assisted planimetry. The total surface area
occupied by interstitial space and the total surface are occupied by capillaries were
measured from each randomly selected field using computer-based video densitometry
(MOCHA, Jandel Scientific, Corte Madera, CA). The volume fraction of interstitial
collagen was calculated as the percent total surface area occupied by interstitial space
minus the percent total area occupied by capillaries (5). Capillary density was
calculated as the number of capillaries per mm2. Oxygen diffusion distance was
calculated as half the distance between two adjoining capillaries. For comparison,

identical measurements were made using L'V tissue obtained from 7 normal dogs.

Statistical Analysis

[0053] To ensure that all study measures were similar at baseline, comparisons were
made between all 4 study groups before any embolizations and at the time of

randomization before initiation of therapy. For these comparisons, a one way analysis
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functional MR was quantified based on the ratio of the regurgitant jet area
to the area of the left atriumtinmes 100. The ratios cal culated from both
Vi ews werwoth@nsawer aged t o obtain single representativecrasswsa4asts t he
severity of functional MR Bl ood Neurohunoral and El ectrolyte
Measur enent s[ 0050] Eval uati on of plasma concentrations of several

neur ohor nones were made to conpl enent the henbdynam ¢ assessnents.
Measurenents were nade at each of the study tine periods described for

henmody ' ' i e ELA i R oncentration
e R ey S S B L T el
cor onagpup wistscaibiaris@nsowérd inkileaingeheSivdaiti ewman-Enetyteqarici al PNE was

calculated as the difference between the two sanples. Venous bl ood sanpl es
wer e obigaifisatreisat HisPiloalEtin sioue SARPABINTS Q8ecep Proteatmesbdingst _
cat het gL z.ahd R0Rnf8 rwé?@ﬁ’%ﬁé ﬁé‘fﬁ% SaldeRls3=Rd ?-Pé%?%ﬁh@ép!@’boﬁéidé}% epi nephrine,
plasma renin activity and plas atrral” natriureti actor using

r adi oi giphifioagSaY assessxtkdirhbrttreffebl, Gedhanga(Ad sn eavheneltuii e pad- t he same tine
intervals for determ nation of serumelectrolytes (Na+, K+, creatinine and

BUN) . Fraimenide pesinteatmentwas caloviasedsior oodugf tewnd stwdy @ays. dio dedemiing ce, after

conpl etion of all dynant c, and L odr | ¢St udj he dog/ s chest was
openea-Pibegt ol ATRGHRATEN 3 AR HERRA Bribi ARDVA MG The hear:
rapi dl yith @nsey . @) dif i gdefednéd whE R tatiddthen IotSupbrisé 86mpaidohs dkre Three 2 nm

thick transverse slices were obtained fromthe LV, one slice fromthe basal

t hi r d, madeusing heredemi-eranannKpels tastiwih signiiganemsst ajp €H05- 4l dada and pl aced

in 10W%rfe?émyeidrls t&rﬁgﬁf@'gﬁi\/{.bl ocks were al so obtained and rapidly frozen in
i sopent an

Baseline Measures

[0054] Baseline hemodynamic, ventriculographic, echocardiographic, Doppler and
plasma neurchormones and electrolytes measures obtained prior to any
. microembolizations are shown in tables 1 through 4. There were no significant

differences among the 4 study groups in any of the baseline measures.

Pre-Treatment Measures ,

[0055] Hemodynamic, ventriculographic, echocardiographic, Doppler and plasma
neurochormones and electrolytes measures obtained at the time or randomization are
shown in tables 5 through 8. There were no significant differences among the 4 study

groups in any of the pre-treatment measures.
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cooled to -1600C by liquid nitrogen and stored at -700C until needed. LV
ti ssue sanples were al so obtained and stored in gluteral dehyde for future
scanni ng wWoaoawEsn ssi on el ectron m croscopi ¢ st udi es. PLOABS2jo5Mu@23 each
heart, 3 transverse slices one fromthe basal third, mddle third and
apical third of the LV, each approximately 3 nmthick, were obtained. For
conparison, tissue sanples from7 normal dogs were obtained and prepared in
an identical manner. From each transverse slice, transmural tissue bl ocks
wer e ohtai ped d embedded- i gi 'g _%fcks. From each bl ock, 6 nmthick
sectiog%&%§£§932%%§£g§g5ﬁgLé$§%ﬁﬁ ﬁﬂ o2 nmori trichronme to identify
fibrous tissue. The volune fraction ofreplacenent fibrosis nanely, the

pr opor {0056] &f desaindonsisetetotpdacebajtheretwess ne differaddes irhiieaet rateamswer se LV
slices, was calculated as_the percent total surface arg% occupi ed by

f i br oudoHie PEeE SPd & Vearplied Pl GRISERTS P FUEHRITS TR B RER! AP , Jandel

Sci ent hfeét&en%&ﬁe%ﬁ%&}ﬁ\/ﬁ@ak ¥/ dt %ﬁ@-&ﬁfi{ ddctSSutEsiBhife Aty i bt ai ned
froma second mdventricular transverse slice, were“nounteéd on cork using
Ti ssuestliék genbp cldiend-diasthlicrmolBak andend¥gystodic velun@Ancemskdr sagriifitantlyr ozen i n

i sopent ane e-cool ed i.n |iquid.ni en. a tored at -700C until used.
Cr ygst étptﬂg E’g‘{ ?fo?ﬁ?,on of Brf?. WFI]Q%?‘%OBB%‘C&E? &g Ff@‘ﬂ‘&r"(—? f om each bl ock
and st giBededbibhirfchmt ma@oﬁtﬁaﬁjlﬁcéaﬂﬁmaae)ﬁ&gh%ﬁ ﬂ&ry}n% de¥ratOpyilaboratories

Inc., Burlingare, CA?ﬁafter pretreatnment wt neur am ni dase type V

( Si gmath@hredrictiah didonat r&ich stabigtieal difdrertice. Hehoqaediographie ang Boppker bor der and t he

interstitj al i ncl udi.ng. capill ari 5), t .doubl e stai ned
with S eSRR Sl AR PR 8 oy Rbg et g ol FokeRRE MR o Taent ity
capi | | apjresratibend deckléhtion Gmavitiedgiltican® todises fithé SsvefifPauhdtioat i on Xl OO,

obj ective X40, and ) o )
mitral regurgitation and LV end-diastolic circumferential wall stress. There were no

significant differences in plasma neurohormones and electrolytes.

Intra-Group Comparisons — RANOLAZINE ALONE (Tables 5-8)

[(1)0'57]' In dogs randomized to monotherapy with ra;nolaiine, there were no differences
in heart rate, mean aortic pressure, LV peak +dP/dt and peak —dP/dt but LV end-
diastolic pressure decreased significantly. In this study group, L'V end-diastolic volume
and end-systolic volume remained unchanged at the end of 3 months of treatment while
LV egjection fraction, stroke volume and cardiac index increased significantly. Cardiac
output tended to also increase but the increase did not reach statistical difference.
Echocardiographic and Doppler results showed significant no change in L'V fractional
area of shortening, mitral inflow PE/PA ratio, deceleration time and severity of function
mitral regurgitation. LV end-diastolic circumferential wall stress, however, decreased
significantly. There were no significant differences in plasma neurohormones and

electrolytes.

Intra-Group Comparisons — RANOLAZINE + ENALAPRIL (Tables 5-8)
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ocular 2.5) were selected at random from each section for analysis. Fields
containing scar tissue (infarcts) were excluded. An average nyocyte

cr oss- secwpan@losareea was cal cul ated for each dog using ecmpst@soasss st ed

pl aninetry. The total surface area occupied by interstitial space and the
total surface are occupied by capillaries were neasured from each randomy
sel ected field using conputer-based video densitonetry (MOCHA, Jandel
Scientific, Corte Madera, CA). The volune fraction of interstitial collagen

was ca . 3 ccupi ed. by i.nterstitial
space L‘]ﬁ}g gghfﬁ(ﬁg%édégﬁ?&{%t% gb@%@%@%@ﬁ?‘gﬁh %“%%é%ﬁ relnglgp%%)ther%api Il ary
densi t wema® differmtetiateas rdthaneuurdoetic mbssuan iV peakeiPp@randmak Oxygen

di ffusgjﬁ/ﬁ di stanlg((f was_cal cul ated as hal f_the di stance between two

adj oi nfigt budiY eag-fisstolie gresggpdsseassa signyfisanily.dn this sady @sems EVwer e nade

usi ng %Eﬂa%}i?v@l L BGdinkd ﬁﬂéga\g\lg&[me Fﬁf?tog,?‘%gg%gﬁtée%géaséoﬂ]al ysis [0053] To

ensure that all study measures re sim conpari sons were
made bspudieantlyt 4t the atdusf\3 monthp of tredtoreat whije EWlegddtipatiaotion, atrokat the tine of

random zati on before |nitiatiqn.of_therapy.. For thes ompari sons, a one
way an%PHEIeSBf Cogracan ipOREI9A LA Xp‘%%i{aﬁ oatpél_&enﬁ?cf ®ES o1 _
si gni f jeaneeraRe Abiaid\BH not REBh gaeé,{faam%reﬁeérpﬁéﬂo%%la%ggﬂﬁwgﬂe using the

St udent - Newran- Kuel s test with significance set at in group
conpar Dsppler testlissbawpd sighifisantieerecaserid Ipb§actiomat aremd! steasuingsnder e nmade

i t I -test wit <0. 05 id d.si i.fi t. T
s so0sTocplsn iy e b Bth e | Cprerse BEH LB AR pr ot  eat ment
t 0 posgificr@at MM seVeriy oakifietiahf tnitral ref@GRa®dn AdWEL ¢ etlilithétaichs. To determine

whet her, significant differences in D were present between groups, ANOVA was
used circumferential wall stress decreased significantly. There were no significant

differences in plasma neurohormones and electrolytes.

Intra-Group Comparisons — RANOLAZINE + METPROLOL (Tables 5-8)

[0059] In dogs randomized to combination therapy with ranolazine and metoprolol,
there were no differences in heart rate, mean aortic pressure, LV peak +dP/dt and peak
—dP/dt but LV end-diastolic pressure decreased significantly. In this study group, LV
end-diastolic volume and end-systolic volume decreased significantly at the end of 3
months of treatment while LV ejection fraction, stroke volume and cardiac index
increased significantly. Cardiac output tended to also increase but the increase did not
reach statistical difference. Echocardiographic and Doppler results showed significant
increase in LV fractional area of shortening, PE/PA ratio and deceleration time. The
severity of functional mitral regurgitation and L'V end-diastolic circumferential wall
stress decreased significantly. There were no significant differences in plasma

neurohormones and electrolytes.
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with a set at 0.05. If significance was attained, then group w se

conpari sons were nade using the Student-Newran-Kuels test with significance
set at p weQo@hs3wlil data are reported as the nmean SEMpCBamsedosneostkeasur es
[ 0054] Basel i ne henodynam c, ventricul ographic, echocardi ographic, Doppl er
and pl asma neurohornones and el ectrol ytes nmeasures obtained prior to any

m cr oenbol i zati ons are shown in tables 1 through 4. There were no
significant differences anong the 4 study groups in any of the baseline
measur 3 atnent- Mea jesmgynani ¢, ventri cul ographi c,
echocéﬁgyggn?@ﬁ%ng J&?gW°§ %?%8%2%%%urun%YnDnes and el ectrol ytes
measures obtained at the tine or random zation are shown in tables 5

t hr ougio080] Tieethesnveffect Id@taSair@ﬁlidWmmrtablelé 9 freoegicESamhindyiduabddg ddtady groups
in any of t he pre-treatnent nmeasures arlsons - PLACEBO

(Tabl e teyn frotendinl - dagrmerief %@% %W&@é‘ﬁ itferepees apong thi?

di T1erengesolfs WRRIspbA4EhedlEAR AR thédn &S ES%I@@)% SR hRBLO! I C
pressure b en pre- Pt eathent  an posttrea nent ver, LV peak
+dP/ dtL¥ mﬂd—dnﬂ%tcﬂic plessureasentt ISV g*dP/fdt (mdnpéag& —dPrAdt timreassd slg;ufgannlgpm LV

end-di astolic _valunme and end-s ol.une i,ncreas ignificantly at the
o ot doss fishen STty ane A Sne aid pahrorl e Co PR B TR G AR EPDRe. Yol une
decr ea&%ﬁeta}%,&mlfm%ﬁaldyasto%r i Rgy QIR @ e%aa&ﬁﬁ&ldnngl@&etmﬂﬁg to also
decrease but the reduction did riot reach statlstlcal difference.

Echoc aandi qaghapﬂmd@c alhdnmopgl gignifieanilytis adlfolnestimentgming comparedéelucti on in LV
fracti acelbo aéaralac ou ?{é[nﬁgd {})geilson}ntc{e%se 1n%e & tment arms compared to

a'p

placebo but the increase did not reach statistical difference. The reductions in LV
volumes and the increase in LV ejection fraction were significantly greater in dogs

randomized to combination therapy compared to dogs randomized to ranolazine alone.

[0061] Compared to placebo, ranolazine alone significantly increase L'V fractional area
of shortening and significantly reduced LV end-diastolic wall stress. PE/PA ratio,
severity of MR and deceleration time tended to improve with ranolazine alone
compared to placebo but the extent of impfovement did not reach statistical difference.
Compared to placebo, combination therapies significantly improved LV fractional area
of shortening, PE/PA ratio, severity of mitral regurgitation, deceleration time and LV
end-diastolic wall stress. There were no significant differences among the 4 study

groups with respect to plasma neurohormones and electrolytes.

Histomorphometric Findings

[0062] Histomorphometric data are shown in table 13. Compared to normal dogs, dogs
treated with placebo showed a significant increase in myocyte cross-sectional area,
volume fraction of replacement and interstitial fibrosis and oxygen diffusion distance
along with a significant decrease in capillary density. Treatment with ranolazine alone
as well as treatment with combination therapy significantly improved all of the above

histomorphometric measures compared to placebo. The extent of improvement was
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PE/PA ratio and deceleration tine with significant increases in the
severity of function mtral regurgitation and LV end-diastolic

ci rcunf erwot2n@lossmlil| stress. There were no significant @crfisc@soes2d n

pl asma neur ohornones and el ectrol ytes. Ma-Goup Conparisons - RANOLAZI NE
ALONE (" Tables 5-8) [0057] hi dogs random zed to nonotherapy with

ranol azine, there were no differences in heart rate, nean aortic pressure,
LV peak +dP/dt and peak -dP/dt but LV enddi astolic pressure decreased

signifj; S ~fll j o)
end-sy%%@??%ﬁl&%ﬂﬁ%p#gﬁé%ﬁggwgg@ﬁgﬁggﬁhggggﬁ%%%%@k%ﬁméa%%%%%gﬂgf t reat ment
whi | e tavdokpmetalome. fracti on, stroke vol une and cardi ac i ndex increased
significantly. Cardiac output tended to al so increase but the increase did
not reach statistical difference. Echocardi ographic and Doppler results
showed significant no change in LV fractional area of shortening, mtra
inflow PE/PA ratio, deceleration tinme and severity of function mtral

r egur gjg0as] Phe rdsMitLOThR stflyPetorfibd HUIYS WaiM thelleriRinkars HiksSmdlawever
decreased significantly. There were no significant differences in plasnma
neur ohthehwaoaethenapy slithicerapzineprevenis the-pEp oessi@osidwaitSaihge as RANGICAZ] NE +

ENALAPRI | (Tabl -8)[ 0058 d ' t i natj.on, th i th
ranol oty RS o b Feta had BeGiRlon BFEY FrdPictiod, PR @it oo noan”
aor t i cwith@s ACRinhibitpeak bedRleikeaREndSake mafkRAinkpibves Y \esitdlicagtiol | ¢

pressure decreased siag%gican
TP

vol unedirgpbs Augtiomany

vol une and car
al so

tly.

si gnl

y. In this study g
abdbielsbaleat cellyan Ly

2 L NeoichoOd 3 IROANE 0Ly LRI TR B YR ER B0

Iac 1 ndéx 1 ncreas
interstitial fibrosis, capillary density and oxygen diffusion distance. The results support

Cca

roup,

_LV'end-diastolic
cijeeqiwgsed significantly

tion,

Cc’’out put tended to

the use of ranolazine as adjunct therapy for treatment of chronic heart failure.

[0064] Table 1: Hemodynamic measures at baseline prior to any microembolizations.

Placebo RAN Alone | RAN + RAN +
. .ENA MET
Heart Rate (beats/min) 83+3 - 81+3 92+5 806
Mean Aortic Pressure (mmHg) 813 75+3 74 +£4 75+5
LYV End-Diastolic Pressure (mmHg) 7T+1 8+1 71 8+1
Peak LV +dP/dt (mmHg/sec) 1481 4 51 1590 + 109 132172 1579 £ 91
Peak LV —dP/dt (mmHg/sec) 2024 + 121 1921 + 158 1779+ 154 | 2074+ 150
LV = left ventricular; RAN=ranolazine; ENA=enalapril; MET=metoprolol
[0065] Table 2: Ventriculographic measures at baseline prior to any
microembolizations.
Placebo RAN Alone | RAN + RAN+
ENA MET
LV End-Diastolic Volume (ml) 49+2 50+2 482 50%2
LV End-Systolic Volume (ml) 23+1 24 +1 23+1 24+ 1
LV Ejection Fraction (%) 53+ 1 53+1 53+1 52+1
Stroke Volume (ml) 261 27+1 25+1 26+1
Cardiac Qutput (L/min) 2.18+£0.12 2.17+0.12 234+£0.22 |[211+£0.21
Cardiac Index (L/min/m2) 2.8+0.2 2.7+0.1 3.1+0.3 27+0.3
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i ncrease but the increase did not reach statistical difference.
Echocar di ographi ¢ and Doppl er results showed significant increase in LV
fracti onavoan@asafeishort eni ng and decel eration time. TheCPESEASoaiseo t ended
to increase but did not reach statistical difference. The severity of
functional mtral regurgitation and LV end-diastolic circunferential wall
stress decreased significantly. There were no significant differences in

pl asma neur ohornones and el ectrolytes. fritra-Goup Conparisons -

RANOL AZINE [t Wk R ANER A A 32ifs; BN AODR Mpril,; m@g@ef ggm zed to

combi nati on therapy wi th ranol azine and t oprol o ere were no
differences in heart rate, nean aortic pressure, LV peak +dP/dt and peak
-dP/dt but LV end-diastolic pressure decreased signifi cantly hi this study
group, LV end-diastolic volunme and end-systolic volune decreased

si gni f v6RB b . of .gggﬁgs f Eraatnegt @ﬂile.Lg eEection
fracti L LITXbIEtB. ]ﬂlﬁoge{}glo% %10 Bhple gasuies t tly. Cardiac

out put nﬁﬁnekﬁﬁolizatlaﬂlsso i ncrease but the increase did not reach statistical

dlffELenGe—_EghggaLd|ggranhln and_Doppler results showed significant

i ncrease in LV fractional areaPBF*Qhort g“mPE/qgiiatuo gggﬂdeceleration
H oo it” nf ||\.. -:ol v-ntra! e ||rn|t t1-Bn” d d-d i

E:: :_TE'J : Fbacfitllag‘AreaM ’flortvmn o),J :g'{,ﬂzi%aed 5 47F ,’?f= gam |4\]§:l:1-|-:2r 45,\4-3;2 nnl astolic

si gn év&a’l‘i’tybfllﬁk(d/ rences—n _pl ia?’i"@.pg%u{ﬁ .ég\fbfées C'f)é:]\’d;;Ct %2$§’§7° Treat nent
Ef f eCheceledatbTim ngéBﬂbUllpd.l TSPTS Hrabte llg'if?‘) [C”_l‘fﬁ’ié Fr eAi 8‘&'2{‘ efHect data

are SIPWdWI A €5 9 throughy 4, and uu%vllyuou uég?ri'ata B £ S eWR—i N

Appendi X 1. Treatment effect anal ysis snowed no di fferences—anong—the 4

st udy EVQUE% Wehhftul-2 SRER 4RI HER, ENALR. AP, TRRF-RA0hblfoPr essure. Conpared

to pl acebo,
EDWS—end-dlastohc circumferential wall stress

[0067] Table 4: Neurohumoral and electrolyte measures at baseline prior to any

microembolizations.
Placebo RAN Alcne RAN + RAN +
' ENA MET

Na+ (mmol/L) 147+ 1 147+ 1 148 % 1 147+ 1
K+ (mmol/L) 4.7%0.1 4.8+0.2 4.7+0.1 4.4+0.1
Creatinine (mg/dL) 0.9+0.0 0.8+0.0 0.84+0.0 0.9+0.0
BUN (mg/dL) 1542 15+3 15+1 1422
Plasma Norepinephrine (pg/ml) 330+ 61 297 £ 60 250+ 56 151 +£28
Plasma Renin Activity (ng/ml/hr) 1.32+0.21 2.354+0.56 1.87+0.57 3.13+1.16
Plasma ANF (pg/ml) 71+11 81+19 518 6011
Transmyocardial PNE (pg/ml) 0+7 16+ 10 2022 207

LV = left ventricular; RAN=ranolazine; ENA=enalapril; MET=metoprolol; ANF=atrial

natriuretic factor; PNE=plasma norepinephrine
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LV end-di astolic pressure, peak LV +dP/dt and peak -dP/dt increased
significantly in dogs treated with ranol azi ne alone and wi th ranol azi ne
conbi ned wot2boeaissteer enal april or netoprolol. LV end-di astralSeas/040824
end-systolic volunme, ejection fraction, stroke volunme and cardi ac i ndex all
i mproved significantly in all 3 treatnment arns conpared to placebo. Cardi ac
output tended to also increase in the treatnent arns conpared to pl acebo
but the increase did not reach statistical difference. The reductions in LV

vol urei R ille | BEER0R I hAsEES! 80 o LAGLESANETARE N figant| Y o eater

in dog TOTIT Ze€d t O oty lldLI O trnerdp par ed to dogs random zed to
r anol aﬁlbﬁ@ls@fﬂﬁﬁ}py[(PQSTL Conpared to pl acebo ranol azi ne al one

significantly increase LV fractional area of shortening and significantly

reduced LV éR¥e#Pastol ic wa Wﬁ"‘é’sﬁs PE/ P E@%J’l 0, Severi t&“ MR and
l‘Qflf\l’\ Lnpe t dad t n r O\ s¥akay azial—\ al on Y u_lr:rLf—\

ngglo 0 but | ERE extleb @Sl Ll IU“. Hsj‘;u i Feat .Omat%”ﬂ Z. d‘ipp:srrerce

Co HR | bEs -, Ieiee . [71=d" 18022 - V814 rsasd T [ RAED L8O%3 '
rrpa_ P © 77%2!“;’”’12‘&“3'”' i 72# |'_5 :_clgl%wl €S 74§11” ?673:'5")’ ﬁg}il?’luvcu72_ﬂ\:/5

fract L* '12f§:‘1u' 315% lL e '?4:!:1"':’ I'I-l I:Ecitkl 9] ?gycl 9¥1y| | I1l4£oll 7 1*

regur W‘“fzs#ﬁw RGP 1753E 1§ ‘)141-6%12?1”1‘1(5"7b£‘7‘?’/L P1349+- 1991 1115116459 12738105 S

Wer e Mypit JTMAIEAT! | ARsIcEF E[T¥Ba+ AN MWed:iy 1Y | B1905 [WaidLed ESPEGLE15EC

p| asnme neur onormones _and et ectr ol yres. Hstonor pn NMetric Frndrngs [ UUbZ]

Hi st O’T%ANl?ﬂ%tlef acégﬁf&éﬁ% ANMETLRe ?Rh@l LR=1ERTRAE s&aﬁs@nﬂl rmal dogs, dogs

treated wt showe a’'significant increase I nyoc
Cross- mexoﬂ’mmail aent1e@resvm1elﬂnml‘f[g)aLNEDP=de emptimstohe ptessind (mnﬂr@)st itial

capi |1 75/ Aens P e Sondt R e (hy ) Bpbs Gecrease I

[0069] Table 6: Ventriculographic measures at time of randomization (PRE) and after
3 months of therapy (POST).

Placebo RAN Alone RAN #+ RAN +
ENA MET

PRE POST PRE POST PRE POST PRE POST
EDV 602 69 + 2% 63+3 65%2 59+3 59+ 3 61%1 59+ 1*
ESV 382 50+ 2% 4142 41£2 392 35 2% 401 35& 1%
EF 361 28 & 1% 35+1 374+ 2% 35+1 40 & 1* 341 41 £ 1%
SV 22 +1 194+ 1% 22+1 24 + 1% 2141 24 & 1% 20%1 24 & 1%
CO 1.71+.14 1.53+.08 1.67+.11 1.91+.18 1.69+.08 | 1.98+.15 1.70+.06 1.92+.07
CI 22+£0.2 1.9+0.1 2.0+02 23+02% [22+£0.1 | 2.6+£02% |21x0.1 24+£0.1%

RAN=ranolazine; ENA=enalapril; MET=metoprolol; EDV=LV end-diastolic volume
(ml); ESV=LV end-systolic volume (ml); EF=LV ejection fraction (%); SV=stroke
volume (ml); CO=cardiac output (L/min); CI=cardiac index (L/min/m?); *=p<0.05
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as wel |

t he above hi st onorphonetric nmeasures conpared to pl acebo.

I mpr ovenmawo 20@as8mi f i cantly greater

therapy that those treated with ranol azi ne al one.
this study perforned in dogs with noderate heart failure indicate that

nonot herapy with ranol azi ne prevents the progression of heart failure as
evi denced by preservation of LV function and attenuation of LV renodeling.

When ¢
| mpr oves

The ext

as treatnment with conbination therapy significantly inproved all

ent of

i n dogs treated w PhTASSOHNS2ON

[ 0063] The results of

@?59111 :?le""bt 'El cﬁocargﬁé;t QQ% ga‘lgh%orggfer ?qeggl}r@s% gﬁé%frlan&&ﬂﬁhﬁ&{

of

ne mar kedly

of gl obal
and ce({HRH)amdla¥er & maélsi ofghaspe@d8Nced by reduction in LV size and

i npr ovenent in myocyte h\/np trophy,—interstitial fibrosis; J‘in | | ar Vi
density and cﬂ@?ﬂ’én di ff usi opRANNce. The il ts suppor tR‘?l}lﬁé use of
Lna - adl 1 erab\- foar +raoat -~ N
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U o N L 2 A P B S E T L T e T X VN P :Lwc"%‘?'%‘ﬁ*
MET=n MOy 610V 0P 4 1189+ © ﬁ.3¢,‘f§§[” oG] PYT FPhi% 57210+ 1l 3R> FlloE3 !
to :im DTV CT tgﬁlggl T ZgET O3S ngg—igert IR TT t;lggg, K%\Egaanm»ﬁgz_gdle, 95 & 5%
ENA=CITERRT Tlor JVET=7 SR 0T 06 LATORT,TERk e 3 JEFMOSELA0 (BAPRTT 354, 45
Doppl g nmeasgures at| baseline prior |to any m croerrbo | zat | ons . L eft
ventr \.,U! at—; Pvl—\\! NN—& ||GI azt+h I:MA_ lral 01|J| i | Y |V|_|— et U|J| UI UI ;
e o ARl P SR Ak AL By S FBSPr PR Hond o
Neur ohtifroY afatrd™ uPEePR} griog? % 8 %y
m cr Oeéﬂbﬁ?ﬂehﬁmét(%)M—seventy of mitral regurgitation (%); DT=deceleration time
(msec); EDWS=LV end-diastolic circumferential wall stress (gm-cm?); *=p<0.05
[0071] Table 8: Neurohumoral and electrolyte measures at time of randomization
(PRE) and after 3 months of therapy (POST).
Placebe RAN Alone RAN + RAN+
' ENA MET
5 PRE POST PRE POST PRE POST PRE POST
Na+ 148+04 | 148+0.7 147+£0.5 | 14708 |148+1.0 | 147x0.7 | 148+0.9 | 147+ 0.8
K+ 46+03 45+0.1 4.5+0.1 47+0.1 45+0.1 4.7+0.1 4.6+£02 {4.6£0.1
Creat 0.9+0.1 0.9+0.0 0.9+0.0 1.0+0.1 0.9x0.0 0.9+0.0 0.9+0.0 | 0.9+0.0
BUN 162 13+1 18+2 15+£2 171 162 18+ 3 141
PNE 137 £ 22 200+43 217 £ 25 199 + 43 213 +40 212+45 190+£40 | 159+31
PRA 2.02£.69 | 2.04%.09 1.69+ .71 | 1.57+.55 | 1.47+ .30 | 3.49+1.04 | 1.85+.42 | 1.82+.56
ANF 738 78+3 87+ 15 67+11 86+ 16 783 99+ 13 84+ 12
T-PNE |-7.1+36 |-29+5.7 8.6+7.0 29461 |57+109 | -86+55 | -29+3.6 |-14.3+8.1

RAN=ranolazine; ENA=enalapril; MET=metoprolol; Creat=serum creatinine (mg/dL);
BUN=blood urea nitrogen (mg/dL); PNE=plasma norepinephrine (pg/ml);
PRA=plasma rennin activity (ng/ml/hr); ANF=atrial natriuretic factor (pg/ml); T-

PNE=transmyocardial norepinephrine
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LV = left ventricul ar; RAN=ranol azi ne;
ANF=atrial natriuretic factor;

Henodynarmwo 2neszs8rees at tinme of
t herapy (POST). RAN=ranol azi ne;

ENA=enal april; MEeET=metoprol ol ;

PNE=pl asma nor epi nephri ne[ 0068] Table 5:
random zati on f PRE) andpafrtuseoo3/omses hs of
ENA=enal april; MET=metoprol ol ; HR=heart

rate (beats/mn); mAoP=nean aortic pressure (rnnHg); LVEDP=LV end-diastolic

pressure (mmHg); +dP/dt=peak LV +dP/dt (nmHg/sec); -dP/dt=peak LV - | P/dt

(mrHg/ sec); *=p<0.05 [0069] Table 6: Ventricul o graphic neasures at tinme of

rando '%g ion %ngi4gqg after 3 nonths of therapy (POST). RAN=ranol azi ne;
ENA=e m;ﬁ—ﬁ-{%?@-ﬁ— = prol ol ; EDV=LV end-diastolic volume (m); ESV=LV
end-systolic volume (mM); EF= LV ej ection fraction (%; SV=stroke vol une
(n1) SPT&H189: @dnidkrisbh 6AihB kharfgeFoaRpfidinaseitredenent kd pospitBiment in
*=p<0. 5[0070] Table 7 Echocardlo gra-hlc and Doppler nmeasures at tinme of
A JSUHGIN ) 4 SHk il 5o t RAN=r anol azi ne;
atloﬁb%
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(my/ dL);dPRNE=pl asqee7nenepi nepHr2oae 1@9pg/ m ) 0¢amd actijvity
(ng/m/hr); ANF=atrial natriuretic factor (pg/m); TPNE= transnyocardi al
nor epi RAPHHramedAies Brektenaidpet IMEEEmeprolol; HR=heart rate (beats/min);

mAoP=mean aortic pressure (mmHg); LVEDP=LV end-diastolic pressure (mmHg);
+dP/dt=peak LV +dP/dt (mmHg/sec); -dP/dt=peak LV —dP/dt (mmHg/sec); *=p<0.05

:35PRAGT asnd

vs. Placebo

[0073] Table 10: Comparison of the change (A) from pre-treatment to post-treatment

in ventriculographic measures between the 4 study groups (Treatment Effect)

Placebo RAN Alone RAN + RAN +
ENA MET

AEDV 9+1 2£1* -1+ 1% -2+ 1%
AESV 12+1 0+ 1* -3+ 1% =5 & 1%
AEF 9%1 24+ 1% 5+ 1% 8+ 1%}
ASV 3%1 24 1% 34+ 1% 4k 1%
ACO -0.18+0.16 0.24 + .10 0.29+0.14 0.22 £ 0.09
ACI -03+0.2 03+£0.1* 04 £02% 0.4£0.1%*

RAN=ranolazine; ENA=enalapril; MET=metoprolol; EDV=LV end-diastolic volume
(ml); ESV=LV end-systolic volume (ml); EF=LV ejection fraction (%); SV=stroke
volume (ml); CO=cardiac output (L/min); CI=cardiac index (L/min/m?); *=p<0.05 vs.
Placebo; T=p<0.05 vs. RAN Alone.
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[0072] Table 9: Conparison of the change (A) frompre-treatnment to
post-treatnent in henodynam c neasurenents between the 4 study groups

( Tr eat rerwoBbdsas8)61 RAN=r anol azi ne; ENA=enal april; MET=meCoarseéoslozostiR=hear t
rate (beats/mn); mAoP=nean aortic pressure (mrHg); LVEDP=LV end-diastolic
pressure (mrHg),; +dP/dt=peak LV +dP/dt (nmmHg/sec); -dP/dt=peak LV -dP/dt
(nmHg/ sec); *=p<0.05 vs. Placebo [0073] Table 10: Conparison of the change
(D) frompre-treatnent to post-treatnent in ventri cul ographi C measures

ver-rabolchabie HEekiolhRRh g i BECtydrosf Ble- ol BB BE M O 2T

vol unﬁn@@ﬂ&catﬁg‘[‘h%ﬁhﬁ&bb@ﬁef ﬁl@ﬁﬁ&rbeﬁ%en tﬁé/ﬁ%tddqiﬁ?oﬂﬁ@w}wa &dt) ; CO=cardi ac
out putﬁum n);, Cl=cardrac index (L/'mn/nm); *=p<0.05 vs. Placebo; f

=p<0. (Efacs) RAN Al one. [0074] Table 11: Oorrparl son of the change (A from
pr e- treatwent—to—p reatrent | araro and Bop NEasures
betwgen the 4 studyﬁﬁ?egups (Tre rrent E?f ect)LJ Jr?Ianol azi nt—:-MET+
ENA=emadapr T ] VET FTRRt 0T ot ot RASEREY fractiongl area of shpgiening (%9,
MR=s eVEeEs: E'X of it Q,|6£(pgurg| tat e 099, DI-degel@raltion Ui g7L08€C),
EDV\S—LA\MRTIG dirastol p6xglbrcunt er enfhal.wal I ST esscAfgm che), | 4%p<d.485 VS.
Pl acebppT[0075] Tapligz}kZ2: Conparisaema of the change: (A) Tronj preert reat nent
t o pgdepweat nent | a7meur ohunor al -1and 5ef ect r ol yiBe zr3Basur es peomean*t he 4
study groups (Treatnent Effect)

RAN=ranolazine; ENA=enalapril; MET=metoprolol; FAS=LYV fractional area of

shortening (%); MR=severity of mitral regurgitation (%); DT=deceleration time
(msec); EDWS=LV end-diastolic circumferential wall stress (gm-cm?); *=p<0.05 vs.
Placebo.

[0075] Table 12: Comparison of the change (A) from pre-treatment to post-treatment

in neurohumoral and electrolyte measures between the 4 study groups (Treatment

Effect)

Placebo RAN Alone RAN ++ RAN +

ENA MET

A Na+ 1.1£0.9 03£1.0 -1.0+1.2 0512
AK+ -0.1£02 0.1£0.1 0.2£0.1 0.0+£0.2
A Creat 0.0x£0.0 0.0£0.1 0.0+0.1 0.0+£0.0
A BUN 29413 2.1+14 -1.8+22 -42+1.9
A PNE 52+£33 19+ 42 -15+61 -31 35
APRA 0.03+0.64 0.13£0.92 2.02+1.04 -0.45+£0.30
A ANF 78 20+ 14 “7+£19 -15+£17
A T-PNE 4x7 -11+9 -14+11 -11+6

RAN=ranolazine; ENA=enalapril; MET=metoprolol; Creat=serum creatinine (mg/dL);
BUN=blood urea nitrogen (mg/dL); PNE=plasma norepinephrine (pg/ml);

PR A=plasma rennin activity (ng/ml/hr); ANF=atrial natriuretic factor (pg/ml); T-
PNE=transmyocardial norepinephrine.
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RAN=r anol azi ne; ENA=enal april; NMET=netoprol ol;
(nmg/ dL); BUN=bl ood urea nitrogen (ng/dL);
(pg/ m); WwBAllasewirennin activity (ng/m/hr);
factor (pg/m); TPNE= transmyocardi al
Hi st onor phoni etric Measurenents RAN=ranol azi ne;
MET=t net oprol ol ; MCSA=nyocyte cross-sectional
repl acenent fibrosis; VFIF=volune fraction of

CD=cap'gj0\lZ§f *aﬁgrﬁ tfﬁsm%%ﬁ%%ﬁ\@ﬂuké%rw di st ance;

ENA=enal april ;

interstitial
*=p<0. 05

Creat =serum creati ni ne
PNE=pl asma nor epi nephri ne

ANF=at r i CTNESLo0SOnEsR4 C
nor epi nephrine. [0076] Table 13:

VS.

NRIAY ke bet
tEMNA dat a

=p<0. 0 Praceho
data pn the effects of tMﬁm&CE I nhPlsdebor enRAoxlpde g
e renpdelijng was cofpared to

RADblHocker
MEL ned in

net opfolol on LV revers g ]
af@Ea21 ne | 8B4 Biih| apoB I 11%hd

paFel4vl ne

Exanp| MCBAf(mam2)r anol azi net0dkdphe, r
WeG4 1.3 d | ABP HRAHI

19-4150- % twa s

98 4UldfitH r o

and neVBRF @kl tartrate. 0fhe enal
DA veB- 80601 o

48 0fftlsen

SabbahVEF () (1994) G r¥7* 8- 285p3-0igkl Ak

b AP4RR0E

gr aph EBK‘PaPIHFIﬁeSmmﬁ)r es 12697\*180) [ oy98+ 285 gl |r1é{21£413
J@Aﬁgwﬁnnf

ﬂ@6§BEE to

area; VFRF=vol une fraction of
fibrosis;

Nor nal
ne EXAMPLE 2 [0077] Historical

f

ed

nei t hePPPAMB) azine. en 11,55 Q3 A dD9522%
reduce LV end-di astol ic vol urre istration of ranol azi ne and

nbi
enal apRANZAPlezns BN ABHAPHT §\4 O naﬁﬁi‘ﬁ”@&éwe%ﬁar%fwg?w wer e
abl e ! Gk e@F‘ﬁP—Hﬁ@@%@ﬁ&%ﬁ‘e ﬁcé\,{\ﬂ{n’fi%roéls %m%lﬁﬁ%%&owf renodel i ng.

[0079] Fi'gure 2 ilTustrates h e nel ther ranol azine, enalapril, nor
met opr hitez‘stlwqipb‘ﬁmsm; €D=rcdp1|‘tienﬂtkm‘sﬂt}y OlbDeorydeV defficsimydisteh¢s *wprOie, conbi ned

?ngoln;% tio @gg gﬁgc%%offgp<%ﬂg ‘%pkiAN%Tgneconbi ned adm ni strati on of

EXAMPLE 2

[0077] Historical data on the effects of the ACE inhibitor enalapril and the beta-blocker *
Iﬁetoﬁrolol oh LV reverse remodeling was compared to the data obtained in Example 1 i‘
for ranolazine alone, ranolazine and enalapril, and ranolazine and metoprolol tartrate.
The enalapril and metoprolol data was taken from Sabbah et al. (1994) Circ. 89:2852-
2859. Comparative results are presented graphically in Figures 1 and 2.

[0078] Figure 1 illustrates how while neither ranolazine, enalapril, nor metoprolol were
independently able to reduce LV end-diastolic volume, combined administration of
ranolazine and enalapril and combined administration of ranolazine and metoprolol

were able to reduce LV end-diastolic volume, i.e., to reverse LV remodeling.

[0079] Figure 2 illustrates how while neither ranolazine, enalapril, nor metoprolol
appear to independently reduce LV end-systolic volume, combined administration of
ranolazine and enalapril and combined administration of ranolazine and metoprolol

were able to reduce LV end-systolic volume, i.e., to reverse LV remodeling.
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were able to reduce LV end-systolic volune, i.e., to reverse LV
renodeling. We Claim 1. A nethod for reversing unfavorable left ventricle
renodel i igocompsB®iing adm ni stration of a therapeuti cal lPgTafSb@siouose4 anount
of ranol azine and a therapeutically effective anount of at |east one
co-renodel ing agent to a manmal in need thereof. 2. The nethod of claim1,
wherein the co-renodel i ng agent conprises an ACE inhibitor, an ARB, or a
bet a- bl ocker. 3. The nmethod of claim 2, wherein the co-renodeling agent
conprises an ACE inhibitor. 4. The nmethod of claim3, wherein the ACE

i nhi bi{Rrclbgy-sel ected fromthe group consisting of benazepril, captopril
ciIazaprﬁF, enal april, fosinopril, imdapril, lisinopril, perindopril,
quinapril, rampril, tenocapril, and trandolapril. 5. The nethod of claim
2, wherein t.he cA-method&irirexpreagennfavonapleilel yeniriclamnodelinghe nmet hod of cl ai m
5, wherein.the ARB.is .selgected from.th toup consksting. of candesart an,

o | ex cTTiSup: BRSO PEALEPEcA s S TP Th T ML CLr P AR aai o |

t el m s@bfBButicdRY SAESRR anfinP R4 édRt o@%-ﬁeﬁ%ﬁﬁ%agbnt 1 a Hagmi@ihod of claim
2, wherein the co-renodeling agent conprises a beta-blocker. 8. The net hod
of cl angedherodfer ei n t he bet a-bl ocker is selected fromthe group consisting
of , acebutol ol, atenolol, betaxolol, bisoprolol, carteolol, |abetalol,

‘ 2. The method of claim 1, wherein the co-remodeling agent comprises an

ACE inhibitor, an ARB, or a beta-blocker.

3. The method of claim 2, wherein the co-remodeling agent comprises an

ACE inhibitor.

4. The method of claim 3, wherein the ACE inhibitor is selected from the
group consisting of benazepril, captopril, cilazapril, enalapril, fosinopril, imidapril,

lisinoprii, periﬁdopril, quinapril, ramipril, temocapril, and trandolapril.

5. The method of claim 2, wherein the co-remodeling agent comprises an

6. The method of claim 5, wherein the ARB is selected from the group
consisting of candesartan, cilexetil, eprosartan, irbesartan, losartan, olmesartan,

medoxomil, telmisartan, valsartan, zolasartin, and tasosartan.

7. The method of claim 2, wherein the co-remodeling agent comprises a
beta-blocker.
8. The method of claim 7, wherein the beta-blocker is selected from the

group consisting of, acebutolol, atenolol, betaxolol, bisoprolol, carteolol, labetalol,
metoprolol, nadolol, oxprenolol, penbutolol, pindolol, propranolol, sotalol, timolol,
esmolol, sotalol, carvedilol, medroxalol, bucindolol, levobunolol, metipranolol,

celiprolol, and propafenone.
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met oprol ol , nadol ol , oxprenol ol, penbutolol, pindolol, propranolol,
sotalol, tinolol, esnolol, sotalol, carvedilol, nedroxalol, bucindol ol

| evobunolwb,200mat58sn anol ol , celiprolol, and propaf enone. @CT/iseooswidsed of
claim2, wherein the left ventricle renpdeling is the result of congestive
heart failure (CHF) and/or chronic heart failure. 10. The nethod of clains
1, wherein the ranol azine and the co-renpdeling agent are adm nistered as
separate dosage fornms. 11. The method of claim 1, wherein ranol azine and

t he co-remogdel i agent .a adm nj r i 12. A
phar maceut ital P‘%ﬁ?ﬁ?@f}%ﬁ%ﬂﬁ%ﬁé&%@ tgg%ef?&eglpt)%é&??écng @ﬁg?gﬁ}é%fmne anount of
ranol %élﬂ@ofc%n%é&ﬁﬁéﬁ% t6mkd (CHEffa@dlor ¢eroafheatt faflureeast one co-renodel i ng

agent, and at Teast one pharmaceutically acceptable carrier. 13. The
formul ation of claim 12, wherein the co-renodelin ﬁ%ent conpti ses an ACE

i nhi bitor, &h AFEhe wethgd péelaim borstein the ranplazing a OGRS m 13,

wherein the co-r | i.ses an ACE inhibitor. 15. The

for nulaffe?to °8 ﬂ?%?r%]gfag%ﬁgag?gésﬁggﬁegﬂ&% inhibitor is selected fromthe
group consisting of benazepril, captopril, cilazapril, enalapril,

f osi nopri | ,11. m dEprmkthotlio$ chaopilj Wherpirranaleping hpd theiceapmofl¢lingagept i | |
tenocapril,. and trandol april. 16. The fornulation of claim 13, wherein the
co- r erfbelalmirgstergd A aé’é‘%?f’r S8&° QHUARB. 17. The formul ation of claim 16,
wherein the ARB is selected fromthe :

12. A pharmaceutical formulation comprising a therapeutically effective

amount of ranolazine, a therapeutically effective amount at least one co-remodeling

agent, and at least one pharmaceutically acceptable carrier.

13.  The formulation of claim 12, wherein the co-remodeling agent

comprises an ACE inhibitor, an ARB, or a beta-blocker.

14.  The formulation of claim 13, wherein the co-remodeling agent

comprises an ACE inhibitor.

15. The formulation of claim 14, wherein the ACE inhibitor is selected from
the group consisting of benazepril, captopril, cilazapril, enalapril, fosinopril, imidapril,

lisinopril, perindopril, quinapril, ramipril, temocapril, and trandolapril.

16.  The formulation of claim 13, wherein the co-remodeling agent

comprises an ARB.

17. The formulation of claim 16, wherein the ARB is selected from the
group consisting of candesartan, cilexetil, eprosartan, irbesartan, losartan, olmesartan,

medoxomil, telmisartan, valsartan, zolasartin, and tasosartan.

18.  The formulation of claim 13, wherein the co-remodeling agent

comprises a beta-blocker.

19. The formulation of claim 18 wherein the beta-blocker is selected from

the group consisting of, acebutolol, atenolol, betaxolol, bisoprolol, carteolol, labetalol,
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group consi sting of candesartan, cilexetil, eprosartan, irbesartan,

| osartan, ol nesartan, nedoxom |, telm sartan, valsartan, zolasartin, and

t asosart awmo 20&/053te@ f ormul ati on of claim 13, wherein thectaseesodski ng
agent conprises a beta-blocker. 19. The fornul ation of claim 18 wherein the
bet a- bl ocker is selected fromthe group consisting of, acebutolol,

atenol ol , betaxolol, bisoprolol, carteolol, |abetalol, nmetoprolol, nadol ol,
oxprenol ol , penbutolol, pindolol, propranolol, sotalol, tinolol, esnvolol,

sotal ol, carvedilol, medroxal o ci.ndql ol . | evehu . i pranol ol
cel i pl"@)?tﬁﬁ’r,o{oi’r?%fdﬁﬁ’érdﬁ‘ﬂ%% > P ‘?‘toﬁ ’r%{lﬁocot%ﬂp 5P r@roe(gt %B%B’%gg{rﬁﬁélf ailure
conprigginB1 AN shbadiicdin&irolsNBicResl Tabbynddslf metipragolayount  of

2 2

ranol azi ne and a therapeutically effective anount of at |east one
co- r erveligloladgprsigeopafemong. mammal i n need thereof. 21. The nethod of claim
20, wherein the co-renpdeling agent conprises an ACE inhibitor, an ARB, or

a bet a-bl ocker. 22. .Th -al . Wi enodel i ng agent
conpri ses %fl) ACI':&iHP'ﬁ]i]il‘f)d:aﬁogr?r %Q%.h%%ﬂgélﬁggh%pg%mg%%P%n%%ﬁogggéei n the ACE

i nhi bith@hpdutical®y efFédtive afit dfeagylaipe anhsitstapagicaily békethemmdunt ofipt opri |,
cil azapriII), enal april, fosinopril, imdapril, |jsinopril, perindopril,

qui napt least engreopemodelingrgeatioia magmal ngsd dreienti | . 24, The nethod of claim
2 1, wherein the co-renodeling agent conprises an ARB. 25. The nethod of

claim 24, wher eify,d RemOiBr bigind 80,864 &L6n thOMB-FdhfoddliAY Bgent comprises an
ACE inhibitor, an ARB, or a beta-blocker.

22.  The method of claim 21, wherein the co-remodeling agent comprises an

ACE inhibitor.

23. The method of claim 22, wherein the ACE inhibitor is selected from the
group consisting of benazepril, captopril, cilazapril, enalapril, fosinopril, imidapril,

lisinopril, perindopril, quinapril, ramipril, temocapril, and trandolapril.

24.  The method of claim 21, wherein the co-remodeling agent comprises an

25.  The method of claim 24, wherein the ARB is selected from the group
consisting of candesartan, cilexetil, eprosartan, irbesartan, losartan, olmesartan,

medoxomil, telmisartan, valsartan, zolasartin, and tasosartan.

26.  The method of claim 21, wherein the co-remodeling agent comprises a

beta-blocker.

27. The method of claim 26, wherein the beta-blocker is selected from the
group consisting of, acebutolol, atenolol, betaxolol, bisoprolol, carteolol, labetalol,
metoprolol, nadolol, oxprenolol, penbutolol, pindolol, propranolol, sotalol, timolol,
esmolol, sotalol, carvedilol, medroxalol, bucindolol, levobunolol, metipranolol,

celiprolol, and propafenone.

30



consi sting of candesartan, cilexetil, eprosartan, irbesartan, |osartan,

ol nesartan, nedoxom |, telm sartan, valsartan, zolasartin, and tasosartan.
26. The meOhoab/mBB16el ai m 21, wherein the co-renodel i ng agemtuSe@sprisse€s a
bet a- bl ocker. 27. The method of claim26, wherein the beta-blocker is
selected fromthe group consisting of, acebutolol, atenolol, betaxolol,

bi soprolol, carteolol, |abetalol, netoprolol, nadolol, oxprenolol,
penbut ol ol , pi ndol ol, propranolol, sotalol, tinolol, esnolol, sotalol,

carvedi |l ol .. _nedr.oxal o buci.ndol ol,, I I et | celiprolol,
and propaf gﬁone. .meéﬁ%d‘ﬁfgc‘li% O?thfeéﬁ?ﬁnl%g}é?ﬁ%%?gﬁhgé%gﬁégﬁ failure is
congesgliie (ERy & JtRbdib hBart failie. or chronic heart failure. 29. The method of
clainms 20, wherein the ranol azine and the co-renodeling agent are

adm ni stered as separate dosage forms, 30. The . nethod of clajm 20, wherein
ranol azi ne28nd tThe ashedpidans?y, ‘é@@‘iﬂnfiﬁé@é’éﬁ’ﬁ“ﬁﬁ @%ég%‘éo"é@%‘ie?flﬁgl e dosage
form agent are administered as separate dosage forms.

30.  The method of claim 20, wherein ranolazine and the co-remodeling

agent are administered as a single dosage form.

31



