. IVETH(I)S FOR USI NG VASCOPRESSI N ANTAGONI STS W TH ANTHRACYCLI NE CHEMOTHERAPY . .
- AGENTS TO REDUCE CARDI OTOXI CI TY AND/ OR | MPROVE SURVI VAL Thi s

applicatio riority to U S. Provisional 938, 089
filed May %65@%@269\/\“ ch is incorporated herein by r?éeq}f%ér?gaesmg?‘ CHNI CAL
FI ELD [011 The present invention relates to a nethod of using vasopressin

antagoni sts to reduce cardiac toxicity and/or inprove survival in patients

(har1 anyci iBETHR léﬁFbﬁeum Qﬁﬁ@?@é@!‘# ARTABARISES, Cal'

effective ﬁagonl NEC@ ERA’P?CAGENP%T@ ent a
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ant hr acyc REDUQE 'CARBIOTOXICITY ANDIOR HMBR@MEISURWWKL
BACKGROUND OF THE | NVENTI ON [02] Anthracycline agents are antineoplastic

and used in cHasepplicatiop plainey priomey wolbathrevisionsd Agp. Hco . 6YRTR 08 filet

hemat ogenous and solid human mal i gnanci es, including breast cancer and

| eukenm aMafHd (067, whithets incodpbtajeddbredritynefempcd. i nes such as doxor ubi cin
(Adrianycine) is limted by cunul ati ve and dose-rel ated myocardi al damage
that may | ead to congestive heart failure (CHF). |' 2 It has been estinmated
that up to 20% of the patient TECHNIEAMWFRIBLEbxor ubi cin may devel op CHF. 3
[031 In addition to cunul ati ve dose, age, conbination therapy,

hyper t enf@iipn, THeipvesent divemtivierelareh esd mivhdd ofeitie Fhdopresdin amtagonidisiioteduancer
treatnment and preexisting cardiac di sease are added risk factors for

doxor ubi girdiad tasikE R shdrimprol© dlrvile SR bdtRnts biatkd @il atBa6y libORHeiothitrapgl OX OMTDI Ci N
is one of the nost w dely used

agents, such as doxorubicin (Adriamycin®), comprising administering to a patient a

therapeutically effective amount of a composition comprising as an active ingredient a
vasopressin antagonist compound, simultaneously or prior to the anthracycline
administration, and to compositions useful therefor.

BACKGROUND OF THE INVENTION
[02] Anthracycline agents are antineoplastic and used in chemotherapy for the treatruent of
a broad spectrum of hematogenous and solid human malignancies, including breast cancer
and leukemia. However, the utility of anthracyclines such as doxorubicin (Adriamycin®) is
limited by cumulative and dose-related myocardial damage that may lead to congestive heart
failure (CHF)."2 It has been estimated that up to 20 % of the patients treated with

doxorubicin may develop CHE.?

{03] In addition to cumulative dose, age, combination therapy, hypertension, liver disease,
chest-wall radiation from previous cancer treatment and preexisting cardiac disease are added

risk factors for doxorubicin-induced CHF.*

[04] Despite its known cardiotoxicity, doxorubicin is one of the most widely used

chemotherapy agents due to its effectiveness to prolong the life of cancer patients. It has been
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estimated that nore than 50 % of |ong-term survivors of chil dhood cancer
were treated wi th doxorubicin or another antluacycline.5 However, nany of

t he survivQrs 0 were treated with doxorubicin have | gng-ter r obl ens,

of ten mani g&%"ﬁgl“é@gcar di ac di seases. They often pr esel:fé}glé%&é&]@%%anges and
arrhythm as, or as a cardionyopathy |eading to CHF, as well as an increased
ri sk of sudden death and death from cardi ac causes.6 [5]

Doxor ubi ¢i.n- i ed cardiotoxicity is related.to atient's c | ative
Fot | e RonC Bt R et fier S B hed oo Nk 1EEERRE abi 11ty
of the heart .tQ pu bloqd, resulfing in flupd retentign and detri nmental
neur o- hog?ﬁﬁ’ﬁlﬁ:lw’%&%@?‘i .aclfélfrfeguﬁ?‘?’ AR @hge SRV DOETRI®Sder y hi gh
nortality, gt e. .The underlyi ng mechani sm of this doxorubi cininduced

car di ot mﬁ"éf* Oxqrabicip have lengrtermy prablgmp.otien mapifesied ag pardinedieasss ldgelisrg t he
doxorubicin cardiotndcity is to |limt the exposure of doxorubicin. But this
al so | i nPresent #EEG chavgessad eghytniagex 8y apArdipmyengthytleadingito GHEhes walwser . [ 6]
Dexrazoxane (Zinecard0O) is currently the only apgroved drug treatnent for

r educi ngameinetedsed yisk ¢fsudden deask andodeathi fotnpsdrdipe saugasth very |inmited benefits. 64
Thus, there is an urgent and unnet nedical need to devel op treatnents that

o,
e i i O e e e
iggggt g;%a“r’i‘]fst hvf,&lfﬁiegge}/ col | (M%ﬁ%?]lg Zuc%ﬁiﬁgm‘gﬁ]ﬁ‘lg@(}sqpf eﬁ;:isct?ﬁ ejié_gl \S/Zar e

be correlated to the I ow survival rate of small-cell |ung cancer

pat i ent sdoxgrubiciii fontreatie thegencer.-ment al rol e of vasopressin in cancer
patients. [9] Studies have shown that doxorubicin may increase the |evel

and aquanel TRy RN T GhERL AR L e bR R o e R Phg cuct
coxor uni e evpul BReL R e T AT e I bERRE . o1 . 16
rore 1 n AL AR o 5P SRt o SRR SR PR a8 Lapor -2
T B R e bR 2o 20 G LA AR Sy

administered to cancer patients.

{07] Vasopressin (also known as antidiuretic hormone (ADH)) is a small nine-amino-acid
peptide synthesized in the hypothalamus supraoptic and paraventricular nuclei and stored in

the posterior pituitary, Ifs release is regulated by plasma osmolarity and blood

volume/pressure.’ Vasopressin causes vasoconstriction via V; receptors in vascular smooth

muscle cells and water retention via V; receptors in the kidney collecting ducts.'



irrp'rovi ng synptons in subjects with CHF. 23 24 Water retention and systemc
edema are the hallmarks of CHF. [11] Previously, a few studies

i nvestigated the potential of vasopressin antagonists t e

doxor ubi ciWWﬂ‘EfGé‘gzaﬁ' cardiac injury and to pronmote sur \ylcgg{sgq%ﬁ&éggﬁe” ment al
animals. It was found that vasopressin antagonists nmay alleviate the
synpt ons of CHF18 caused by doxorubicin injection. However, in a previous

st udy, - 31260, a. vasppressin Vy.receptor antagoni.s had _a. slight but
not si gﬂaﬁ car?@of}r%sﬁlﬁg Ve ﬁmoieqwftyélqvwgﬁ‘a o Ratﬁg{%bru i ?nr"i‘?r? F'€d rats. 25
Thus, al thpugh ese studies denpnstrated benefits .of vasopressin

ant agonitglagnqgﬁaﬁx%ﬁlﬂeﬁﬂs W&?%F%lﬁ?lﬁﬁméﬁmpﬁmap?fwWﬁ@cﬁ‘ﬁrectss wer e not

remarkahle. In these previous studies, vasqQpressjn antagoni sts were given
sover al RREBRE0SS, Pigh SEHE ERFCIS{valS Bavs boeh W e by %qr#f??a‘fe%ﬁagse 1% manent
nmyocardial injury may have already ocgurred before the initiation of
vasopr emvaérﬂtea‘gﬂfmaﬁtceﬁ lvag sgiger nakemsy ¢ anftigaling sdeiementalolepd ¥esopresit ous
studies may not faithfully reproduce an el evated vasopressin environnment as
of t en f oupahckrpagam&er patients since only nornmal healthy rats were used. An
experinmental nodel with el evated vasopressin nmay be ideal for the

evaL Ut i) Oyl R SRR b SoxBb R Al Dl B AR BRI SiraunSIMARY CF THE

| NVENTI e prese I nventors "have tound t asopressin

ant 290N Bl o SBTRINAN L AL SN Y QnebRTHE AR PO hGILY BRSO

I mproving surviva rea Wi racyclines, such as

doxor ubicin, ch t her a t r eat ment i f. the vasopressin_ antagani sts are
adm ni stW&ﬂ%%%%ﬁ%Wﬁftﬁn &sibc}rﬁgfc) 1?%"183(??’8%@8?’??1%&? ni stration.
[ 13] Thuys, the present .invenfion relates to nmet.hod for redugi ng

car di ot SHBHEPHO ARG EFOH HEPS Y YHPoEDRDIPSLHD QIMRFSEEr: ng a
vasopressin ant agoni st conpound sinultaneously with or prior to

adm ni st{igt | ARc@hul@hgRRdBER GHEdektd hab@RBiresshUs4y pldy AdKMOII€1Oin the a pati ent
in need thereof. The nethods and conpositions of the present invention can

be used gef16pEHAe ShdGREITENRR bPOKF! @s?r@sﬁirﬂnﬂ @%&%ﬁﬁt Svate$ UifdinéeldeveRiag ac
injury, especially heart failure. The nethods and conpositions of the

pr eseg; IS h BHIPE? 13§90l SaoH R b shoWRbaNRiesSH oty BhidindPxami cin

t her apy.

improving symptoms in subjects with CHF 3% Water retention and systemic edema are the

hallmarks of CHF.

fi1]  Previously, a few studies investigated the potential of vasopressin antagonists to
reduce doxorubicin-induced cardiac injury and to promote survival in experimental animals.
It was found that vasopressin antagonists may alleviate the symptoms of CHF'® caused by

doxorubicin injection. However, in a previous study, OPC-31260, a vasopressin V; receptor

antagonist, had a slight but not significant reduction of mortality rate in doxorubicin-treated
rats. 2 Thus, although these studies demonstrated benefits of vasopressin antagonists in
treating doxorubicin-induced toxicity, the- effects were not remarkable. In these previous
studies, vasopressin antagonists were given several weeks after the administration of

doxorubicin. Thus, permanent myocardial injury may have already occurred before the
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1141 The present inventors have also found that vasopressin further
I ncreases the nortality rate in subjects treated with anthracyclines, such

as doxorubicin. Thus, vasopressin antagoni st conpounds ecially
useful and e‘##}’%ﬁ’%@ i n doxorubicin-treated patients vﬁ(ﬁ‘}g@%@%ﬁ%d
vasopressin. [15] Thus, the present invention includes the follow ng
various enbodinents. [16] In a first enbodinent, the present invention

provi des. a. met hod for .reduci ng,cardi ot oxi ¢j t d/ | mpr.ovi ng,.sur vi val
after an™HKiH? %fg‘g?%qpf'%%%“ ?ﬁ?ﬁoﬂfgﬁ‘ﬁr@y't&g’QMt %8@*3&)?‘3@?5%5’%38% ﬁ‘i‘ggetseri ng to a
patient in need ereof a therapeutically effective anount, .of a

Eoposi BRI G S FrROdios S P A SPIF DAY GO BHeRt G BT gaser
pharmaceutical|ly acceptable salt thereof as the active, i ngredi ent

si nmul t arkAGEF §ings qoly nermy) hegfhyrgs Harsiussds tAngxpemetalprdeLwithelevalid) i ne agent .
[17] In a second enbodi nent, the present invention provides a nethod

accor di mgsepessinendyibe sdealelobitbe evalwtion bithe thedpeoitivgoteatiaiobVomitagonisis. [ 18] In a
third enbodi nent, the present invention provides a nmethod according to the

first enbodi nent for i Bl’(ﬂﬂﬁﬁ. rd":\fﬁLlE Il\NQNT'IOPﬁ fourth enbodi nent, the
t he

present invention provides a nethod according to first enmbodi nent,
wherein the vasopressin antagonist.is a conpound re¥resen ed hy formula (1)

or a phdiflcdlE Pessof pveriets brvedPunddigt vasoRessdi priagonishyonnqunisarg ‘Tfﬁ’“%‘f%odi ment ,
t he present inventjon provides a nethod according to F‘?’gﬁ first enbodi nent,
wher ei n feredycingrgrdiaiexivityandiog brirating sureigplde ﬁ%Pc?Sr{E?ﬁﬁe@ GOy LBRSi sti ng
of, but not limted to, tolvaptan, nobzavaptan, conivaptan, |bdvaptan,
sat avaptsieh sppgorgbisigichempihgrapg ragoents dfthe xaaprsssin apaceis8 46, YM 471,
YM 35471, YM 218, FR-218944, JNJ17079166, JNJ-17308616, VMAX-367, VMAX-382,
VNVAX- 37 2dmBRersd siggltargmislpGith enrptiop eanthaacyolinecadiinisteationpt abl e sal ts t her eof .

[13] Thus, the present invention relaies to a method for reducing cardiotoxicity and/or

improving survival comprising administering a vasopressin antagonist compound

simultaneously with or prior to administration of an anthracycline agent, such as doxorubicin,

to a patient in need thereof. The methods and compositions of the present invention can be

used to reduce chemotherapy-related side effects, such as cardiac injury, especially heart

failure. The methods and compositions of the present invention can also be used to improve

survival with doxorubicin therapy.

[14] The present inventors have also found that vasopressin further increases the mortality

rate in subjects treated with anthracyclines, such as doxorubicin. Thus, vasopressin

antagonist compounds may be especially useful and effective in doxorubicin-treated patients

with elevated vasopressin.

[15] Thus, the present invention includes the following various embodiments.

[16] In a first embodiment, the present invention provides a method for reducing

cardiotoxicity and/or improving survival after an anthracycline anti-cancer treatment

comprising administering to a patient in need thereof a therapeutically effective amount of a
-



[21] In a sixth enbodi ment, the present invention provides a nethod
according to the first embodi ment, wherein the vasopressin antagonist is a

V2 sel ecti ressin antagoni st or a VI/V2vasopressin antagonist. [22]
In a sevenﬁ”‘é%@%ﬁ%nt, the present invention provi dZP§T§jSﬁ%]§’ﬂ%a74accor di ng

to the first enbodi nent, wherein an anthracycline consisting of
daunor ubi ci n, doxorubicin, epirubicin, and idarubicin sinmultaneously. [23]

I [ : di t, th . t ti id t h di

to the rAuesBEREHIERE o SR Ao LB e A PR SR TSR L apt an-
24] In a.ninth enbodi ment, . the esent inventio rovi des a. et hod

EB.CCLI’ di nt t{Hber?‘)Egs tﬂ?ﬁg{\re é‘}%%nwwm‘&iyel V?rt?é{"{/g’sa@wl&% fin gﬁgggoni st is

nozavapt ar&g?% rochloride. [25] In a tenth enbodi nent, the present

i nvent i oft ¥ net hod according to the first enbodi ment, wherein the
vasopr ﬁzﬁiﬂn apt agoni st i s conivaptan_hydrochloride. [26] In an el eventh
.t

enbodi spad embodimpata the Breser SvPrios provides garethod asralingtorthe t he fir st

enbodi ment, wherein the vasopressin antagonist is lixivaptan. [27] In a

t wel ft h f&sisebodment. formeduging sadiotaxisitent | on provi des a net hod according to
the first enbodi nent, wherein the vasopressin antagoni st is satavaptan.

[ 28] | n [48k hi Intaetbind embodiroetit thepresentisvqutions provideyw mathbd accprding td ¢ fastrret hod
according to the first enbodi nent, wherein the vasopressin antagonist is

t ol vapt amtedidbentior amprbwisgsuetivale i s doxorubicin. [29] In a fourteenth
enbodi nent, the present invention provides a nethod according to the first

enbodi ngi®], wnerfounth énhiedimmmgpliggsdent ioventdgomosided Smithdd apb@mganthet he
ant hracycline i s daunorubi cin.
first embodiment, wherein the vasopressin antagonist is 2 compound represented by formula
(I) or a pharmaceutically acceptable salt thereof.
[20] In afifth embodiment, the present invention provides a method according to the first
embodiment, wherein the vasopressin antagonist is selected from the group consisting of, but
not limited to, tolvaptan, mozavaptan, conivaptan, lixivaptan, satavaptan, RWJ-351647,
RWJ-339489, SSR-149415, YM-222546, YM-471, YM-35471, YM-218, FR-218944, INJ-
17079166, INJ-17308616, VMAX-367, VMAX-382, VMAX-372, ORG-52186, SRX-251
and pharmaceutically acceptable salts thereof,
{21]  In asixth embodiment, the present invention provides a method according to the first
embodiment, wherein the vasopressin antagonist is a V» selective vasopressin antagonist or a
V,/V; vasopressin antagonist.
[22] In aseventh embodiment, the present invention provides a method according to the
first embodiment, wherein an anthracycline consisting of daunorubicin, doxorubicin,
epirubicin, and idarubicin simultaneously.
{23] In an eighth embodiment, the present invention provides a method according to the

first embodiment, wherein the vasopressin antagonist is tolvaptan.
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[30] in a fifteenth enbodi nent, the present invention provides a nethod
according to the first enbodi nent, wherein the vasopressin antagonist is

t ol vapt an , thracycline is epirubicin. [31] | i ent h
enbodi nment Wﬁotggg%%gent i nvention provides a nethod ac&i‘?‘&iﬁ%}g ¥t he first

enbodi ment, wherein the vasopressin antagonist is tolvaptan and the
anthracycline is idarubicin. [32] In a seventeenth enbodi nent, the present

inventio rovi des, a r utical. conpositi,on cg i Si a ressin
ant agon BeF o s Bafean g i el iR lokisdin SHR! elrleRo HE3RR! o
reduci ng_cardi otoxi city and/ or.inproving survival fr gant hracycl i ne
Chenot ner BBt Wi be PappRG st e sR et mEHAEREE ant bt acycl i ne
adm ni st i Qn. 33], I.n an ei ght eent h .enbodi.nent, the present invention
pr ovi dest pﬁaﬁﬁ@@bﬁwen& PR %WHEWPWQW%{WJ?P&F%B@&W & sy
effective ampunt of a yasopressin antagoni st conpound or a pharmaceutically
accept abfebodiment, prisreEhe Xepaprassin AN agaRish L e%vwapwéhrfg'eﬁhlweamunt of an
antbracycline. [34] In _a nineteenth enbodi nent, the present invention
provi desl28l uda apeleventhembydinest, thegmesarfonvestioncprayidesfonehodacprdingiecdet i cal | y
acceptabl e salt thereof for preparing a nmedi canent for reducing
car di ot oftisintbpdimedt, whedeinthovaseyessinrantageistfis ixivaptanhr acycl i ne chenot her apy
for adm ni stering sinultaneously or prior to the anthracycline
adm ni sti2dk i dma BREIESMBRESERE R bseORnTdhoDpAVIRNGEmeth8dicchidingrie tt shows a
Kapl an- Mei er Survival Analysis with the Log-Rank test of tolvaptan-treated
rats. [{B6fentbodinment, Fhegingh@vapitesshoinagonisitiesatavapthi.s of tol vaptan treat nent
starting after the conpletion of doxorubicin treatnment. 1371 Figure 3 shows
the protiasjol Ik othitdaBthABAYRmen, ha PORER HBichtigRe¥i8ds a[rikeid dacor@g to the Ar 98] -
vasopressin) study of Exanple 2.

first embodiment, wherein the vasopressin antagonist is tolvaptan and the anthracycline is

doxorubicin.
[29] In a fourteenth embodiment, the present invention provides a method according to the
first embodiment, wherein the vasopressin antagonist is tolvaptan and the anthracycline is
daunorubicin.
[30] In afificenth embodiment, the present invention provides a method according to the
first embodiment, wherein the vasopressin antagonist is tolvaptan and the anthracycline is
epirubicin.
[31] Inasixteenth embodiment, the present invention provides a method according to the
first embodiment, wherein the vasopressin antagonist is tolvaptan and the anthracycline is
idarubicin,
[32] In aseventeenth embodiment, the present invention provides a pharmaceutical
composition comprising a vasopressin antagonist compound or a pharmaceutically accepiable
salt thereof for reducing cardiotoxicity and/or improving survival from anthracycline

chemotherapy for administering simulitaneously or prior to anthracycline administration,
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[38] Figure 4 shows a Kapl an-Meier survival analysis with the Log-Rank test
of doxorubicin treated rats. [39] Figure 5 shows the drug treatnent
protocol a 0 anpling protocol for determning g} i.n
concentratggﬁghﬁmg§§nple 3. 1401 Figure 6 is a graph gﬁéﬁ#ﬁ 8fﬂﬁ;é'mresults of
the effect of tolvaptan on the plasma concentration of doxorubicin. [41]
Figure 7 is a graph show ng the effect of tolvaptan on the nyelo

suppr essj fect rabicin, [ 4 L gure. .8 | r.aph, show ng the
per cent sl orte e S el B PRI prosshl Blenb R Pl d Predh@eaRELY T ol vapt an
treatnment in_.an intravenous injegtian.nodel. 43] Figure 9 i.s a graph
Showt g TRt e A 06eRens Rty HERUT it oh 4 ArorriePaRtaBiY apt an
treatnment in an intravenous,injectjon del . 44] Fi.gure, 10.is a graph
showi ng. $aEeuLirar i bbbl Betrv bt PR EBR doxr wbi ci n
treated rats.:%%ASE Figure 11 is a graph showing left ventricle

end- di astBUrEe EYIREi ght adj usted in doxorubicin treated rats. [46]

Figure 12 shows inprovenent of the contractility index of tolvaptan treated
rats. {34] In anineteenth embodiment, the present invention provides a use of a vasopressin

antagonist compound or a pharmaceutically acceptable salt thereof for preparing a

medicament for reducing cardiotoxicity and/or improving survival from anthracycline

chemotherapy for administering simultaneousty or prior to the anthracycline administration.
BRIEF DESCRIPTION OF THE DRAWINGS

[35] TFigure I shows a Kaplan-Meier Survival Analysis with the Log-Rank test of

tolvaptan-treated rats.

[36] Figure 2 is a graph showing the results of tolvaptan treatment starting after the

completion of doxorubicin treatment.

{37] Figure 3 shows the protocol for the DDAVI“’ (a vasopressin agonist [deamino-Cysl,

D-Arg8]- vasopressin) study of Exati;gle 2. -

[38} Figure 4 shows a Kaplan-Meier survival analysis with the Log-Rank test of

doxorubicin treated rats.

[39] Figure 5 shows the drug treatment protocel and blood sampling protocol for

determining doxorubicin concentration in Exénple 3.

{40} Figure 6 is a graph showing the results of the effect of toIVaptan oﬁ the plasma

concentration of doxorubicin.

[41] Figure 7 is a graph showing the effeci of tolvaptan on the myelosuppression effect of

doxorubicin,
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[47] Figure 13 shows the study protocol of Exanple 5 to investigate whether
a V2 agoni st worsens doxorubicin toxicity. [48] Figure 14 shows a

Kapl an- Mei ival Analysis e of rats treated with i th
el evat ed vi%@%e%é%g rel ease. DETAI LED DESCRI PTI ON OF é@@@%ﬁﬂm [ 49]

Ant hracycline agents are antineopl astic agents used in chenotherapy for the
treatnment of a broad spectrum of henmat ogenous and solid human nal i gnanci es,

includin r em - -1

ant hr acyg‘z?ng%,g&rgggﬂacéép h?g%nggﬁecll n ?tﬁ%%)@r?g{é?nr?leghjsn%%ﬁé (lgftntg{eilgﬁ by cunul ative
and dosegrel rdial darn .2 Doxor ubi Ci elated toxicity often

pr esent svél@%g%%v%ggg%gﬁﬁe%rl? ﬁ@%ﬁ%?@% ncl)llpéhé)sm%orhgiz’ir di onyopat hy |l eading to
CHF, as | .as _ap.increased. risk.of. sudden at h and. deat rom cardi ac
cnuses. ol 5o R Y LA HERS B i ot BAoR f BRistoAste s S bR ( o
treating, an individual afflicted with any neopl asi a/ cancer. The neopl astic
cells ki F?@BBIBW‘H’E‘PWB’%O‘EF”J?W@“BP@%‘mt i nvention include cells of tunors,

neopl asny, car.ci nona, sarcomas, papillomas, | eukem a, |ynphomas, and the
li ke. sgf b ey 10 Braraph shewing kel entriclsicad-digstolic yglyme/weight adjusted in

2008/ 144269PCT/ US2008/ 063374 [51] As used herein, the term "cancer"
enconpasé®eriigin gaafed 1@¢5. cel | s whose normal growth control mechani sns are

di srupted, thereby providing the potential for uncontrolled cell

prol i f er 8] odligurht! sergmarhchewiag lefl vientrivld esd-Yiostalihdinbeer/wiright pdivstghant

neopl astic cells/tunors in both the nervous system and the periphery,
wher ei n gosoiyblear tyeated ritait ended to nean all other parts of the body outside
of the brain or spinal cord. [52] A "patient" as described herein includes

one who Hép daneel2 swob imgrovemdsest the conyagiioniadex ditalagtancaated rats.ut er i ne
cancer, ovarian cancer or lung cancer, and who is treated with an

ant hr acyj@l7j n&Fiagers showk tdlstulih @rofdcabeA Hxampleeith iB@stithtavhatheyi Wesgodistret hod f or
the prevention and/or treatnment of mammalian cardiac tissue damage such as
car di ot Owbrgdny d@ﬁiﬂ%@inbﬂd@@l hracycline antineopl astics such as doxorubi cin.

[48] Figure 14 shows a Kaplan-Meier Survival Analysis e of rats treated with tolvaptan

with elevated vasopressin release.

DETAILED DESCRIPTION OF THE INVENTION

[49] Anthracycline agents are antineoplastic agents used in chemotherapy for the treatment

of a broad spectrum of hematogenous and solid human malignancies, including breast cancer

and leukemia. However, the utility of anthracyclines, such as doxorubicin (Adriamycin®), is

limited by cumulative and dose-related myocardial damage.> Doxorubicin related toxicity

often presents as EKG changes and arrhythmias, or as a cardiomyopathy leading to CHF, as

well as an increased risk of sudden death and death from cardiac causes.®

[50] The methods of the present invention are suitable for treating an individual afflicted
with any neoplasia/cancer. The neoplastic cells killed by methods of the present invention
include cells of tumors, neoplasms, carcinoma, sarcomas, papillomas, leukemia, lymphomas,

and the like. Solid tumors are of particular interest.
-8~



[ 54] "Candi otoxicity" as used herein enconpasses clinical heart failure,
clinical cardiotoxicity such as acute heart failure and congestive heart

failure ang/é)o%%i&&g% ac arrythm as and subclinical car q,ic(}hgﬁo%%.jynzuch as
or 00

t hat detec hol ogi ¢ changes in cardi ac biopsy an
chem stry or decrease in ventricular ejection fractions. [55] The nethods
of the present invention nay al so be used for the increase of survival of

t he subj s duri an fter _an.anti-can 1 . first
enbodi msﬁﬁt oIASt"ﬁee F%’é’glhet%%vc@ﬂﬁ oerxi’,cmfl%%seg%ﬁx %/eg%?gr:légﬂr%e% |0%en1£05§1|(?11r111 4‘ ‘?}‘e'[ﬁrret hod
for reduci ng anghracycli.ne t tnent related cardio I Cl t he present
i nvent i O%)nfr@ mpe %yraé%‘i‘ﬁrﬁptﬁiggeéﬁip&“ms)B%t&nala@g)é peré’tlalg"!%]it[E')réi cglﬁu agoni st
conmpounds of the present inyention include, but. are not lLimted to

C o v apt ol EBbis, aedorm ot diases boh BrndaeRiet pBplast Gk 47
RW- 339489, SSR-149415, YM 222546, YM 471, Y_I\/Ee3547_1, QZIB Fﬁ-&18944,
INJ- 17070 et themqmeopy sistranand thavssibssy Whetppspespbery \#ipfkadss 30 medfygll other

2008/ 144269PCPUS2008/ 063374 ORG 52186, SRX-251, or pharnaceutically

accept ahtaes githe bodyrnatsidsiof thedrain prespingbeosbi ne conpound or its salt described
in WO 20071074915, etc. [57] Vasopressin antagoni st conpounds of the

br esent s el & 0! el il il BRFALER o HATBAUALI B YREMAC | Vi Ly a5 a

vasopre nt‘agoni st. enzazepl ne conpounds have activity at

ar gi ni ng_V r j P I f a“;hg%qfég S (i.e.,
VIN2) oﬁylg&g&rgag’leb ﬁ#ﬁ%‘é}l’or ’t’%gg‘iﬁ@gﬂg@ﬁ%@.@‘dﬁe‘n%é‘%ﬁ%ﬁ corrpoun%s of the
present inventi.on include but are not limted to conpounds represented by
the fol I%\%Wﬁ?rﬁaﬁ’? Formula (1) wherein R3 is a hydrogen atomor a

hal ogen atom R2 is a hydroxy group, or a group of the foinula: --NRS5R6
wher ei n [B3} afile Pesak dvéhion aBoerovidesh fibthoe fir tengtewntioremdfor fedipertofen at om or
a |lower alkyl group, R3 is a hydrogen atom a hal ogen atom a |ower alkyl

group, Ghadmilianeardisk kievay dghansBuciRé chifliotoxiay cgsel tathracyclirewer al kyl group
or a | ower al koxy group, or a pharnaceutically acceptable salt thereof.

antineoplastics such as doxorubicin.

[54] “Cardiotoxicity” as used herein encompasses clinical heart failure, clinical
cardiotoxicity such as acute heart fajlure and congestive heart failure and/or cardiac
arrythmias and subclinical cardiotoxicity such as that detected by pathologic changes in

cardiac biopsy and/or blaod chemistry or decrease in ventricular ¢jection fractions.

[55] The methods of the present invention may also be used for the increase of survival of

the subjects during and afier an anti-cancer treatment.

[56] In afirst embodiment of the present invention, the active ingrediept in the method for
reducing anthracycline treatment related cardiotoxicity of the present invention is a
vasopressin antagonist compound. Vasopressin antagonist compounds of the present
invention include, but are not limited to tolvaptan, mozavaptan, conivaptan, lixivaptan,
satavaptan, RWJ-351647, RWJ-339489, SSR-149415, YM-222546, YM-471, YM-35471,

YM-218, FR-218944, INJ-17079166, INJ-17308616, VMAX-367, VMAX-382, VMAX-372,

-



[58] In the description and clains, the groups in the above formula (1)
denote the follow ng groups. [59] The "hal ogen atom' denotes a fluorine
atom a chlorj atom a brom ne atom or an iodine at "].ower al kyl
group” dengﬁégﬂghﬁ%gaight chain or branched chain alkfﬁﬁgggﬁﬁmﬁ%@ﬁng 1to6
carbon atons, such as nethyl, ethyl, propyl, isopropyl, butyl, tert-butyl,
pentyl, or hexyl. [60] The "l ower al koxy group"” denotes a straight chain
or branc i X roup having 1 6. carbo tqQms, such as net hoxy,
ot hoxy. - PROpELRE 8ot T by b B0y et PR ent P P hexyl oxy.
[61] The benz, azepi ne conpaungs. of the fornmula (1) and processes for
prepar i nEPERIENGeF S%@Sﬁl@éll%g%zqoﬂ}ﬁx@‘éi%5549, U S Pat. No. 5,258,510
and U.S. Pat. No. 5,753,677 as well as in the Japanese counterpart _

JP- A- 6- 8%31 VR85 ankBbil cBMBounds O (ROprBeACinbNtibRhISs ROREe bohzidpihé entirety
herein. "[62] The ben7nepi ne conpounds of formula (1) of the present

i nventio I hiCal | jtion salt
ﬁm%ﬁnc[s%ﬂ %ﬁt{yﬁg é!:.i‘.cagﬁg;gxéﬂﬁx%ﬁgé?ﬁ&. k¥chateafRbRR @niohslisAed

wi th a pharmaceutic e aci The pharnaceutically acceptable

acids in i . i i AS,; I i i I jC acid,
phosphor%%Hgg?é@ﬁﬁgggggggﬁkﬂgé?ﬁ%&Eggivzﬂéhg?gg%?gbg%?g§g§8%ﬂ¢ggbacetic
acid, ptoluenesul fonic i e i | Is oF eic
acid, fifrBFICRE fol,' hlﬁav??%:g%gﬁe%@% ‘lgogfwgm %%’lfg}e ?%ggﬁtélg‘ie ,dngﬁ‘gm nic acid,
benzoic acid, C. 63] Amgng the nzZa2eni.n ds of the fornmula
(1), t heg‘gmﬁme%%\ﬂ"]ﬂ ° S%Ef"&?“&e%g’? é@eﬁ@g"ﬁ%ﬁgﬁﬁﬁ’ﬂ@f orma salt with a
pharnaceutic%;gg abﬁeptable basi ¢ conpound. The basi c conpounds i ncl ude
met al  hydr oxi‘dk ula{Rh as sodi um hydr oxi de, potassi um hydroxide, |ithium
hydr oxi de, cal ci um hydroxide, etc.; alkali nmetal carbonates or hydrogen
carbonat es, such as potassium carborfate, sodi um carbonate, sodi um hydrogen
carbonat e, potassium hydrogen carbonate, etc.; and alkali netal al cohol ates
such as sodi um et hyl ate, pot nmephyl ate, etc. [ 64] The vasopressin
ant agoni st conpounds of fornula (Iff) of phe present invention are used in

i gal preparation. The preparation is
prepared by using conventionalf diluents or carriers such as fillers,

t hi ckeni ng agents, binders, wetting jaggnts, disintegrators, surfactants,

| ubricants, and the |ike. The pharngceuti cal preparations can be sel ected
fromvarious fornms in accordance wtH,the desired utilities, and the
representative forns are tablets, gtpowders, solutions, suspensions,
enul si ons, granul es, capsules, supg ories, injections (solutions,
suspensions, etc.), and the liKke. , to formin tablets, there
are used well known pharmaceutical clarrie as vehicles (e.g. lactose,
whi te sugar, sodiumchloride, glucost, arch, xylitol, tnannitol
erythritol, sorbitol, calcium carbonate, ot1 n, crystalline cellul ose,
silicic acid, etc.), binders (e.g. water, ethanol, propanol, sinple syrup,

e oo o S PR B A B R i
CP e nat SR R i) s et B 2 i B BB A et ot

carbonat e, pol yoxyethyl egne sorbitan fatty acid esters odi um

| auryl suPHadpwer %KYXWE R?ﬂ%bﬂ%@ﬁlia&%‘% a%lﬁ%lzg% n, 3 EJP{)@@ gEpp: g @
disintegration inhibitprs (e.g. white sugar, stearin, cacao butter,

hydr ogenigwerrlksygroupt B ip 2 halogen giemoniop 1 graup g a foweg AKPRY BAYR %B%moni t un
base, sodiumlaurylsulfate, etc.), wetting agents (e.g. glycerin, starches,
etc.), aphmondzenticsily accgptatde salidchereof. | act ose, kaolin, bentonite, coll oidal
silicates, etc.), lubricants (e.g. purified talc, stearates, boric acid
powder , [58] ydn kheldesceiptibtyandl claims,che groapsdn theabbvadermuln {1k denote, the fellowias| et s may
also be in the formof a conventional coated tablet, such as sugar-coated
tabl et s, grig@sat i n-coated tablets, enteric coated tablets, filmcoating
tablets, or double or multiple layer tablets. In the preparation of pills,
t he conventional carriers can be used and include, for exanple, vehicles
(e.g. glucose, |actose, starches, cacgo butter, hydrogenated vegetable
oils, kaolin, talc, etc.), binders (e.g. gum




-12- WD 2008/ 144269PCT/ U82008/ 063374 ar abi ¢ powder, tragacanth powder,
gel atin, ethanol, etc.), disintegrators (e.g. |am naran, agar, etc.) and
the like. _ paration of suppositories, the co i |_.carriers
can be useh@%%?gg’f*ﬁ%?ude, for exanple, polyethylene gl%(gl{)',}g2§9§§533940utter,
hi gher al cohol, higher al cohol esters, gelatin, sem-synthetic glycerides,
and the |ike. Capsules can be prepared by charging a m xture of the

compoundisgf L6 BUEAGYon AN ORANL N0 BRONE LRLHS5TL B, Bagd gelatin

capsul es, capsul es or oxypropy ul'ose capsules (HYMC

es, ™ i Tyl “Cef Tl o3¢ ¢ G
et o ontodaRatogt The TRRR oy plol Epler Ot AR LR B0 0
ith the_ bl . An.th ti f, th | uti | Si d
Suspens: BEE 1iASIEeEp 0RO G b vkiP-aiobaatoey s o B RBaRSoE by,

al cohol , rEgcro gol, propyl ene glycol, ethoxylated isostearyl alcohol,
pol yoxyl &t ®h sost earyl al cohol, pol yoxyethylene sorbitan fatty acid
esters, and the like. In this case, the pharmaceutical  preparations may

al so be 168t oriis! lomeralispyrerennd denptesiy sipighfchaig o brgached &Pm'b?ns?‘@‘élr&pri n an
amount sufficient to make themisotonic, and may al so be incorporated with
convent i kaving 1de6eBibpi alems, sugh dsfreqteoxy AP Xy QR asE: BONTORPXBRJBINEY, lebr eover, t he
pharmaceutical preparations may optionally incorporate coloring agents,

pr eser v abtiteyspenfydoxfyuodsxylbkiavor s, sweet eni ng agents, and ot her nedi canents,
if required. [66] The anount of the vasopressin antagoni st conpounds of
formul a §61) tlhebenzarapinepomptreds ofthe farinelagh) andioeastds dal preperpebe samon of t he
present invention nay be selected froma broad range. Usually, the anount
pr ef er abdry distlodet én WaNQE0535:9,1U.80Paf Q%6. 15,2588 1 (pdatd, U.Ritae. Nuv. 6f763,611 as vizllt 0 50% by
wei ght, based on the wei ght of the conposition. [67] A suitable nethod for
adm ni stdsdh theJagdhest Beunt@pROIP-Al608054 O feadthef vitiichsedincorporart bg Feferayee e

determ ned in accordance with various forns of preparations, ages, sexes
and ot heheif gitiléty hgem. of the patients, the degree of severity of diseases,
and the like. For exanple, tablets, pills, solutions, suspensions,

emul si ongg) 9B Bhearephed cﬁﬁfcﬁklh?&i%_ﬁﬁul@@bfﬁl@fﬁ&%ﬂinv&@bncﬂ{@hdil}y-foﬂ}he
injections are intravenously adm ni stered alone or together with a

convent | atmaitldal Pkt Adia §itton 3k YEAS Gharflil oAl dlespObilabianpile  and
further are optionally 'adm nistered alone in intranuscul ar, intracutaneous,
subcut a']ﬁxgHrcha 1 6)@&[' Eanid £t Qi i i are

admi ni st'er e |1%1Hrc|aﬂt ra ectléa ?&rggﬂé"fhge% 'SaSHié éigklldes %glééﬁ%i %&%@%&fgﬂgﬁssi n

ant 290N als SRIRANIS Ayl BRS8N e WY SLLDIL PP, fihegieg. | accor dance

with the e, ages,’ sexes an e€r co Ions 0O pati nts, the
degree qf, sever.it t he diseases, a the, like. . L is in the
range 0130 H?Iies “E%“%B’G%?%@““p%‘?"’ﬁﬁ% aﬁ’lr?ié?%ff g%ﬁ‘&’%‘?@h%g{i’g‘“%@%&%/ body

Perday RS SLETER! fohiTh oY, AOSIRaiR0GY Per dav.

[63] Among the benzazepine compounds of the formula (I), the compounds having an

acidic group can readily form a salt with a pharmaceutically acceptable basic compound. The
basic compounds include metal hydroxides such as sodium hydroxide, potassium hydroxide,
lithium hydroxide, calcium hydroxide, etc.; alkali metal carbonates or hydrogen carbonates,
such as potassium carbonate, sodium carbonate, sodium hydrogen carbonate, potassium
hydrogen carbonate, etc.; and alkali metal alcoholates such as sodium methylate, potassium

methylate, etc.

-11-



1691 Vasopressin antagoni st conpounds of the present invention include, but
are not limted to tolvaptan, nobzavaptan, conivaptan, |ixivaptan and

sat avapt an,, rmaceutically acceptable salt ther ,

RW- 351647 a %I"@%‘%Q SSR- 149415, YM 222546, YM 471, %%@@53@% 218,
FR-218944, JNJ-17079166 and 17308616, VMAX-367, VMAX-382, VMAX-372,

ORG 52186, SRX-251, etc., or pharmaceutically accept abl e salts thereof may

I b d f701
(n"anot EFF eﬁ%*%ars?réfﬁ?mv L %I&’%P‘%I%t OERPRIA OPCHP B ERERRRRETC, ' Creat i ng
S L R R e U
th I Th I clu t t ed
Sgunéfﬁﬁr%ais%%@@areﬁ%%%IIr G4 St P DSk AP DR EF Depi 1 ubi ci

(El'l encee, Pharnorubicing), and idarubjcin (Idamycin8). The conbi nati ons of
t he i nvegERtSlisksaratons) uefactants, Inbrissde atd tBaliks H@%Wﬁ“@@@ﬁpﬂaﬁmscar rier or
diluent. [71] The selection of the dosage of the vasonessin antagoni st
conpoundras helsadestsddronhyasioyeformeiniascordaupe With 81 desied pilitascrad g i ef to the
patient as nmeasured by a reduction of -14- cardiotoxicity from

ant hr acyrepreseatativesfatmeart tabletsnpills pdwvders, ispiutionsesveprmsiofs, thlsiohs, gonilesness of
the cancer treatnment. As is well known, the dosage of each conponent
depends capsulss)sappsitdristivjections (Soluisns, ktepqnsioasgcgc.)o@dﬁkﬁelﬂsel ected specific
compound, the node of adm nistration, the age and wei ght of the patient,

t he sevdpb]t y inbrdedte famriatdblets) tHefe ddcused el &dowapldrhirevticakerrickhsueh as
considered to be within the skill of the artisan and one can review the

exi sti ngrehicle® (. Wickdsé, MARE Sigaf] s6BEA cBIOHNS gRIdbse] Wred) elarvhNkylieol apsnntrel, dosi ng.

[72] The presently preferred vasopressr n ant agoni st used according to the

| nvent i Qfythitol, Sdr¥id cAlbium! Sdrbciatetiholif] b tligle! c@Bulose, silicic acid, etc.), bmders
7-chl or o- 5- hydroxy 142- net hy1- 4’ (2- rret hyl benzoyl am no) benzoy13 ,3,4,5-tetr

ahydr o-| b'gb@a@laétﬁaion 'fam hﬁﬁ ik b, ‘@ﬁzc&@e%@ﬁ&x%ﬁ Stach\B1vabh,38RMA St . Tol vapt an

S represent ed by t | 'ow ng structure:
solution, carboxylmethyl cellulose, shellac, methyl cellulose, potassium phosphate,
polyvinylpyrrolidone, etc.), disintegrators (e.g. dry starch, sodium alginate, agar powder,
laminaran powder, sodium hydrogen carbonate, calcium carbonate, polyoxyethylene sorbitan
fatty acid esters, sodium laurylsulfate, stearic monoglyceride, starches, lactoss, etc.),
disintegration inhibitors (e.g. white sugar, stearin, cacao butter, hydrogenated oils, etc.),
absorption promoters (e.g. quaternary ammonium base, sodium laurylsulfate, etc.), wetting
agents (e.g. glycerin, starches, etc.), adsorbents (e.g. starches, lactose, kaolin, bentonite,
colloidal silicates, etc.), lubricants (e.g. purified talc, stearates, botic acid powder,
polyethylene glycol, eic.), and the like. Moreover, the tablets may also be in the form of a
conventional coated tablet, such as sugar-coated tablets, gelatin-coated tablets, enteric coated
tablets, film coating tablets, or double or multiple layer tablets. In the preparation of pills, the
conventional carriers can be used and include, for example, vehicles (e.g. glucose, lactose,
starches, cacao butter, hydrogenated vegetable oils, kaolin, talc, ete.), binders (e.g. gum

-12-



CH3CH 3 [ 73] Tol vapt an generates increased, dose-dependent production of
diluted urine without altering serumel ectrol yte bal ance, and w t hout

activation of renin-angiotensin system [741 Q her vasopressi n antagoni sts
whi ch can B0 HE¥E%%cl ude, but are not linited to: %‘&é‘b%“ﬁ"’fa&cu bed in
U S. Pat. No. 5,258,510, which is incorporated by reference herein in its
entirety), conivaptan (described in U S. Pat. No.5, 723,606, which is

i ncor por at

referen h | S an (described in
EP 6366287 g’r‘i&" deg; tragggantygowags %“%& %‘hﬂn" Pc)hd‘ﬁﬁ‘%éf@%% eighélg’%nﬁ%ar“é?g@ﬁ by
ref erence her n_.their enti and. sat ava descri b i n, WW971556,
h oh s e tg ikt I g prept e eSS e ARL AT ey i Begsther
RW J- 351647 39489, SSR- 4941 "YM 2 2546 YM 471 1 YM218
FR- - 15- andz%%g‘%ﬁ or gample. pelystbylens alyrel £a080 SiH%s, Bighgrslcativh hig %8‘2
VMAX- 372, ORG 52186, SI X-251, and a benzoazep| ne conmpound or its salt

descri bedSHth 2olptnaanioyntei: slgecsdes, dthalikc GRasusnsrnherrepmed by<peligsi n

antagoni sts in the present invention.
a mixture of the compound of the present invention and the above carriers into hard gelatin

capsules, soft capsules or hydroxypropylmethyl cellulose capsules (HPMC capsules) in usual
manner. In the preparation of injections, the solutions, emulsions and suspensions are
sterilized and are preferably made isotonic with the blood. In the preparation of these
solutions, emulsions and suspensions, there are used conventional dituents such as water,
ethyl alcohol, macrogol, propylene glycol, ethoxylated isostearyl alcohol, polyoxylated
isostearyl alcohol, polyoxyethylene sorbitan fatty acid esters, and the like. In this case, the
pharmaceutical preparations may also be incorporated with sodium chloride, glucose, or
glycerin in an amount sufficient to make them isotonic, and may also be incorporated with
conventional solubilizers, buffers, and anesthetizing agents. Moreover, the pharmaceutical
preparations may optionally incorporate coloring agents, preservatives, perfumes, flavors,
sweetening agents, and other medicaments, if required.

[66] The amount of the vasopressin antagonist compounds of formula (I} to be
incorporated into the pharmaceutical composition of the present invention may be selected
from a broad rénge. Usually, the amount preferably in the range of 1 to 70% by weight, more
preferably 5 to 50% by weight, based on the weight of the composition.

{67] A suitable method for administration of the compositions of the present invention may
be determined in accordance with various forms of preparations, ages, sexes and other
conditions of the patients, the degree of severity of diseases, and the like. For example,
tablets, pills, solutions, suspensions, emulsions, granules and capsules are administered

13-



[ 75] For use in nedicine, pharmaceutically acceptable salts may be useful
in the preparation of the vasopressin antagoni st conpounds according to the
i nvention. The expression "pharnaceutically acceptable lts" includes both
phar maceut Cat¥144%ept abl e acid addition salts and pﬁ%&@%%@ﬁ‘l |y
acceptabl e cationic salts. [76] The term"therapeutically effective
anount"” as used herein refers to a sufficient anbunt of the conpound to

reduce infarctian, such as for exanple cardjal,inf.arction, at a

' easonabPBTheH R EPLRe FlergoutprreaniE e any cagaroaf spaltrell © (77
The specific therapeutically. effectjve dose.level for ar.ticylar
patient ®PHEY A aé'é‘i‘q @@OB‘PO‘F%@P ﬁﬁ?ﬁ?f*ﬂﬁﬁ‘%@‘%ﬁ%“%‘é@féﬁi ty of the
condition; activity of the specific conpound er‘g)l oyed; th? specific

conposi t A67F 18 FTaBYRlan Apfraciancoy s SEicuiapRouS, B idRp .nt?-%eﬁg‘i%tﬁ* WYy ariation in
dosage will necessarily occur_ depending upon the condition of the subject
bei ng t r Surpedtoriqtpse imiBiskred dn PSP TeEor adnini stration will, in any
event, determ ne the appropriate dose for the individual subject. [78] A
conbi nat [68h dhevasgpoiths vasopassgoticeniss compounds off the presdnhiagenipn mak bpr esent
invention can be admnistered in a standard manner such as orally,

par ent er slecgd irt acasrdamoe oth ieyustge, gges, sexeb hndothet] coyditenswof thelpaidants, the

adm nistration), topically, transdernmally, rectally, via inhalation (e.qg.,
nasal ordegaeepf savadty ofnthaldBtdses) ind (Ralilent e sdtabledoseris 8t thatangnofidichhgdes, but is
not limted to intravenous, intraarterial, intraperitoneal, subcutaneous,

i nt r amusoab@ag/bodyier diy) pRefdrabl R0 mgth Se@fig/body pdr.dagimote areferdblygimptoessur e
techni que, |ike Powderjecirm [79] For buccal admnistration, the

conposi ti@meFeidyer dap. t he form of tablets or |ozenges formulated in

convent i onaﬁ manner. For exanple, tablets and capsules for oral

adm ni stygait | 8Msapkfzin antagthist OSthFIudSTINEREdeR IBVentidg RIvaA St S616R as bi ndi ng
agents (for exanple, syrup, acacia, gelatin, sorbitol, tragacanth, nucil age

of st ar Gyl t@@l%é*gﬁ%’rh{?zgg%@d i tan 1Bl abd Qiavay@ARk g, | actose, sugar,

m crocrystal |l ne mal ze-starch; cal ci um phosphate or sorbitol),

e R LR R oy
) o R, e RN BT g
ol S S5ty SATRISE 055, 0 oSt oL BUERLLB7n e

i nfusion. Fo | attons, for .injection,can be in.the farm gf suspensions,

Sol ut i orfEeePblegHlR Lrssma s fepmplov e ST enin et bgotis e gl '3 1
formul at,i on ,agents, such as suspendi ng, stabilizing, and/or dispersing
agent s. "PB¢thati vel y, the active ingredient can be in powder form for
constitution with a suitable vehicle (e_.g. , fsﬁ*tﬁeri I gﬁg%_rogen-free wat er)
before UéY. [manothepembpdimentdhs pressnt B eRIRR AroVHSH AHCEIRE] €Ttion can
take the formof solutions, suspensions, tablets, pillsg, capsules, powders,
and t he compdsingradministsringiotaanatic g theapnepically seghive ﬂ@@%&ghc%b%&}l g citrate,
cal ci um carbonate and cal ci um phosphate are enpl oyed al ong wi th various

di si nt egrvasapsessin ehtaganist cempsund aed prasthescypline. Jbe apbragyclingpindade, Bitarch and
certain conplex silicates, together with binding agents such as

pol yvi nylophimitesl tb dewerubinic (Cesubidige®)ad oxorubicin Hedibimycin®y &ubsx@)aipirybicin

| ubricating agents such as nmagnesi um stearate, sodiumlauryl sulfate and
tal ¢ ar €Eiddrice®, Riarporubich®), ahd idandlidie(ldamying®i (The eembiBatiand oftbeposi ti ons of a
simlar type are also enployed as fillers in soft and hard-filled gelatin
capsul esavepfi®f 84y RclulPs fandhcuiically héprable veldtle parrddr sodihead. ude | act ose or

m | k sugar as well as high nol ecul ar wei ght pol yethyl ene glycols.

[71] The selection of the dosage of the vasopressin antagonist compound and the

anthracycline is that which can provide relief to the patient as measured by a reduction of

_14-



[821 Alternatively, the conpounds of the present invention can be
incorporated into oral liquid preparations such as aqueous or oily
suspensi ons | ytions, erul sions, syrups, or elixirs, _for exanple.
Mbr eover , f\gprs%gqsé%ﬁz ns contai ning these conmpounds can BET/BW@%%%&H as a dry
product for constitution with water or other suitable vehicle before use.
Such liquid preparations can contain conventional additives, such as
suspendi .S, Such as sorbitol rup,., synthetic tural nms such
e Er agac BN ity b it oo e 65 RS eBt Pl e
met hyl cel } t dose ol yvi.nyl - rolidone or gel.atin, gluycose/sugar ,syrup,
ol at i n. B EHRES ratorts AP Ll 46 Bt offSeoron it ARERGSE Sy num
stearate |, epulsgifyin ents, such_.as |lecithjn, sorbitan npnool eate, or
acaci a;  rioHer HeBas B efire el Hepieted oaR Fommnac.dh rds PRISTEitt as al nond
oil, fractionated coconut Qil, oily esters, propylene glycol, and ethyl
al cohol ; e (ﬁ@@s@t&ﬁ“ ﬂx?é’é?e%me&%n%ef%mr@rﬂ%%weafﬂ% nzoate and
sorbic acid. The liquid fornms in which the conpositions of the present
i nvent i orfhipd§cqssiderad rbsoyithinte sigH ofihaiartisen sndtone PRIGEHPY JHe@KISHYE | nj ect i on
i ncl ude aqueous sol utions, suitably flavored syrups, aqueous or oil
suspensi ditesaturgmegatding cseteehneneners kodeterminetoptnialblosingi | s such as cottonseed
oil, sesame oil, coconut oil or peanut oil, as well as elixirs and simlar
phar mac e§d] c alfhembicotemefefréd tasuressincantagonist usedsveording rsthaintégiondd i Xxirs are
desired for oral adm nistration, the conpounds of this invention can be
conbi ned toivdptany dolvaptan, alse etlkd] Tichlageiliirodyt lal2antthy-waenétsylbaadyds | ng agent s,
enul si fying agents and/ or suspendi ng agents, as well as such diluents as
wat er, etiaioienzayt]By/d,e0rabydte-QH-begbaresing, is Dddtbctival vasotBeskinRB agapduishat i ons
t hereof Suitable dispersing or suspendi ng agents for aqueous suspensi ons
i ncl ude YR is Gepaiyentebbiha Fol VWi shié@hireds tragacanth, acacia, al ginate,
dextran, sodi um car boxynet hyl cel | ul ose, nethyl cel |l ul ose,-
pol yvinyl -pyrrolidone or gelatimy [84] A combination of the vasopressin
ant agoni sts and ant hracyclines pf the present invention can al so be
adm nistered in a cont 2o &l tase fornulati on such as a slow rel ease or
a fast release fornulatio ch cpntroll ed rel ease formul ati ons of the
conbi nations of this invenNBM™grY be prepared using nethods well known to
those skilled in the art. The npthod_gf adm nistration will be determ ned
by the attendant physician or , Rp_zéﬁ @ the art after an
eval uation of the patient's co W # Soedts. [85] The
pharmaceutical conpositions of the present inven¥ion can consist of a
conbi nati on of inmmediate rel ease afelgontrol | edGldlacase characteristics.
Such conpositions can take the form of conbinations of the active
i ngredie t ange in size fromnangpartieles to.m croparticles or in
the fornl8l argvedlitfosds el QR IRRRER bofisfin pLrllEl WPRHIEST o8] The
conmbi nati.ons of thjs i.nvention can.,al so.be. adpinistered in parenteral form
For par eHCEP&ITYA ﬁieﬁ?‘gﬁp %IF%W’ ovf“fh"f“bar‘fg"‘?%né’gl?a’r‘r’é o ’é‘ﬁlr‘?“%il or in
aqueous propylene glycal can be enpl oyed, as well_ as ster.il e, agueous
sol ut i ondbf ‘%’tﬁ Ve%wreé%bm%&%ﬂg‘re@gaemn@mé?fasemﬁha’afa%@as sol utions
can be suitably buffered, if necessar and:the liquid diluent first
( endor e PPESERIR @esriba 18 U $Bsf ot 5255.5 10 wiichds peosperated By sferencq berem
solutions are especially suitable for intravenous, intranuscular,
subcut an@ds §nt§m£ icprivapiasy (Heserieed) in Unj.&at. Novd, drof6sultich isancorrosateddnnect i on,
the sterile aqueous nedia enployed are all readily obtainable by standard
t echni quefsrened heréin dvits entiretyoldd vapitan (Hesdribed in BR 636625 anfi 875. PseNoods of
preparing various pharnaceutical conpositions with a certain anount of
act i ve inwiostiitewhiclaare ckohdmeorpavatediby tefdrenca ppraindm theirrentiteh tnddatayvintam
di sclosure, to those skilled in this art. [88] Pharmaceutical conpositions
accor di ndestribddia WOY¥HA56, whichdn incopbaatad b rdeeB&hendin inhies dnliendfathérc agent s
of this invention, preferably 1% 70% In any event, the conposition or -19-
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formulation to be admnistered will contain a quantity of therapeutic
agent (s) according to the invention in an anount effective to treat the
condition or disease of the subject being treated. [89] The two different
conpounds &YORFE4I%vention, i.e., the vasopressin antAdBit¥E*¥SHpound and
the ant hracycline, can be co-adm nistered sinultaneously or vasopressin
first followed by an anthracycline. [90] The present invention is

illustra ' ai,l f ol l.ow anple 1
Vet hods.: 2TpshNER AT B 7 st el Pl A VB R G o <o
cause cardjac injury and to increase nortality. t esigned to

i nvestig '#E@n@ﬁpé’@f’azﬁ?m? 6‘?”%‘1’&]{“? 552y %B?Q?ﬁi‘%%rﬁ%oﬁ%&%i@ dfdc toxicity
and ani mal death. Four groups of rats were evaluated; all with 6 injections
of doxor ¥ & sonioyed as\GrorEessin ARPEUALS 1A (rePresiRY IRBROperi od. To test the
ability of tolvaptan to prevent toxicity, tolvaptan (10 ng/kg orally) daily
was gi velT5t o Fonusedr madiciae, phanmacqutigtliypeseptablesaitsrasy bpuseyl Bibe at s was™ gi ven
vehicle only (Veh+Dox). To test the ability of tolvaptan to reverse the

t oxi ci t yprepapdtipn pof e visopressiyl dntpgonist| dognpowtsls hseording tgithednveniomnlhegr oup of rats,
starting after the conpletion of doxorubicin adm nistration (Dox+Tol).

Anot her apresgiofpharataseutieatlygicocptablealiist irehued sotl Poxmehiicall adskptalde sunmari zes
the group designations: Table 1. The treatnment groups for the nodel of

| nt r aperdciduddhion sdlis aad piafmakutitallp fdebitablacativaie saldoxor ubi ci n, Tol : tol vapt an,
Veh: vehicle. G oup Nane
[76] The term "therapeutically effective amount” as used herein refers to a sufficient
amount of the compound to reduce infarction, such as for example, mjocardial infarction, at
a reasonable benefit/risk ratio applicable to any medical treatment.
[77]1 The specific therapeutically effective dose level for any particular patient will depend
upon a variety of factors including the severity of the condition; activity of the specific
compound employed; the specific composition employed and the age of the subject.
However, some variation in dosage will necessarily occur depending upon the condition of
the subject being treated. The person responsible for administration will, in any event,
determine the appropriate dose for the individual subject.
[78] A combination of vasopressin antagonists and anthracyclines of the present invention
can be administered in a standard manner such as orally, parenterally, transmucosally (e.g.,
sublingually or via buccal administration), topically, transdermaily, rectally, via inhalation
(e.g., nasal or deep lung inbalation). Parenteral administration includes, but is not limited to
intravenous, intraarterial, intraperitoneal, subcutaneous, intramuscular, intrathecal, and
intraarticular, or via 4 high pressure technique, like Powderj ect' ™,
[79] For buccal administration, the composition can be in the form of tablets or lozenges
formulated in conventional manner. For example, tablets and capsules for oral administration
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Drug Dose Nunber of Rats 1 Veh+Dox Doxorubicin was injected 6 tines
(2.5ng/ kg each, intraperitoneally) during a 12 WO

2008/ 144269PCT/ US2008/ 063374 G oup Nane
WO 2008/144269 PCT/US2008/063374

can contain conventional excipients such as binding agents (for example, syrup, acacia,.
gelatin, sorbitol, tragacanth, mucilage of starch or polyvinylpyrrolidone), fillers {for example,
lactose, sugar, microcrystalline cellulose, maize-starch, calcium phosphate or sorbitol),
lubricants (for example, magnesium stearate, stearic acid, talc, polyethylene glycol or silica),
disintegrants (for example, potato starch or sodium starch glycoliate), or welting agents (for
example, sodium lauryl sulfate). The tablets can be coated according to methods well known
in the art.

[80] Additionally, compositions of the present invention can be formulated for parenteral
administration by injection or continuous infusion. Formulations for injection can be in the
form of suspensions, solutions, or emulsions in oily or aqueous vehicles, and can contain
formulation agents, such as suspending, stabilizing, and/or dispersing agents. Alternatively,
the active ingredient can be in powder form for constitution with a suitable vehicle (e.g.,
sterile, pyrogen-free water) before use.

[81] For oral administration a pharmaceutical composition can take the form of solutions,
suspensions, tablets, pills, capsules, powders, and the like. Tablets containing various
excipients such as sodium citrate, calcium carbonate and calcium phosphate are employed
along with various disintegrants such as starch and preferably potato or fapioca starch and
certain complex silicates, together with binding agents such as polyvinylpyrrolidone, sucrose,
gelatin and acacia. Additionally, lubricating agents such as magnesi}lm stearate, sodium
lauryl sulfate and talc are often very useful for tabletting purposes. Solid compositions of a
similar type are also employed as fillers in soft and hard-filled gelatin capsules; preferred

materials in this connection also include lactose or milk sugar as well as high molecular

weight polyethylene glycols.

~Y7-



Drug Dose Nunber of Rats 13 day period. Oal vehicle was given daily,
starting with the first injection of doxorubicin. 2 Tol +Dox Doxor ubicin
was injected 6 tines (2.5nmg/ kg each, intraperitoneall ri a 13 day
period. O %O ¥4t an (10ny/ kg) was given daily, staﬁ?’?fgm\ﬂ%}%ﬁﬂf‘he first
I nj ection of doxorubicin.

[82] Alternatively, the compounds of the present invention can be incorporated into oral
liquid preparations such as aqueous or oily suspensions, solutions, emulsions, syrups, or
elixirs, for example. Moreover, formulations containing these compounds can be presented
as a dry product for constitution with water or other suitable vehicle before use. Such liquid
preparations can contain conventional additives, such as suspending agents, such as sorbitol
syrup, synthetic and natural gums such as tragacanth, acacia, alginate, dexiran, sodium
carboxymethylcellulose, methylcellulose, polyvinyl-pyrrolidone or gelatin, glucose/sugar
syrup, gelatin, hydroxyethylcellulose, hydroxypropylmethylcellulose, aluminum stearate gel,
emulsifying agents, such as lecithin, sorbitan monooleate, or acacia; nonaqueous vehicles
(which can include edible oils), such as almond oil, fractionated coconut oil, oily esters,
propylene glycol, and ethyl alcohol; and preservatives, such as methyl or propyl p-
hydroxybenzoate and sorbic acid. The liquid forms in which the compositions of the present
invention may be incorporated for administration orally or by injection include aqueous
solutions, suitably flavored syrups, aqueous or oil suspensions, and flavored emulsions with
edible oils such as cottonseed oil, sesame oil, coconut oil or peanut oil, as well as elixirs and
similar pharmaceutical vehicles.

[83] When aqueous suspensions and/or elixirs are desired for oral administration, the
compounds of this invention can be combined with various sweetening agents, flavoring
agents, coloring agents, emulsifying agents and/or suspending agents, as well as such diluents
as water, ethanol, propylene glycol, glycerin and various like combinations thereof. Suitable
dispersing or suspending agents for aqueous suspensions include synthetic and natural gums
such as tragacanth, acacia, alginate, dextran, sodium carboxymethylcellulose,

methyicellulose, polyvinyl-pyrrolidone or gelatin.
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12 en Dox+Veh Doxorubicin was injected 6 tinmes (2.5nmg/kg each,
intraperitoneally) during a 13 day period. Oral vehicle was given daily,
starting at the next clay after the conpletion of 6 injections of

doxor ubi ci WO ¥$ U268 +Dox Doxot ubi cin was injected 6 tIJI 30884, 1 kg each,
intraperitoneally) during a 13 day period. Oal tolvaptan (10ng/kg) was
given daily, starting at the next day after the conpletion of 6 injections

of - doxor l'étﬂjl} ci IQ E:om]bzmation of the vasopressin antagonists and anthracyclines of the present
invention can also be administered in a controlled release formulation such as a slow release
or a fast release formulation. Such controlled release formulations of the combinations of
this invention may be prepared using methods well known to those skilled in the art. The
method of administration will be determined by the attendant physician or other person
skilled in the art after an evaluation of the patient's condition and requirements.
[85] The pharmaceutical compositions of the present invention can consist of a
combination of immediate release and controlled release characteristics. Such compositions
can take the form of combinations of the active ingredients that range in size from
nanoparticles to microparticles or in the form of a plurality of pellets with different release
rates.
[86] The combinations of this invention can also be administered in parenteral form. For
parenteral administration, solutions in sesame or peanut oil or in aqueous propylene glycol
can be employed, as well as sterile aqueous solutions of the corresponding water-soluble
salts, Such aqueous solutions can be suitably buffered, if necessary, and the liquid diluent
first rendered isotonic with sufficient saline or glucose. These aqueous solittions are
especially suitable for intravenous, intramuscular, subcutaneous and intraperitoneal injection
purposes. In this connection, the sterile aqueous media employed are all readily obtainable
by standard techniques well-known to those skilled in the art.
[87] Methods of preparing various pharmaceutical compositions with a certain amount of
active ingredient are known, or will be apparent in light of this disclosure, to those skilled in
this art.
[88] Pharmaceutical compositions according to the invention can contain 0.1%-95% of the

therapeutic agents of this invention, preferably 1%-70%. In any event, the composition or
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The rats were observed for 12 weeks. Survival was anal yzed using

" Kapl an- Mei er survival analysis with the Log-Rank test. [92] Figure 1 shows
that the nortality rate was significantly reduced by tol vaptan treatnent
(p<0. 001) . "[’@?fs"\‘/%@"ﬁ the treatment with tol vaptan was TG ¥94PE# % ter the
conpletion of 6 injections of' doxorubicin, the protective effect of

tol vaptan was |largely lost as can be seen in Figure 2. There was only a

smal | delay of rat death by tglvaptan. |n t two.gro of rats .given
doxor ubi tFHURH: P@%B‘Piiﬁr%iﬁﬂﬂ% P&t “(/‘Bhﬁﬁed@?lﬂ?%&e%ﬁa%?ﬁﬁﬁ tﬂiﬂgl e only,
a total of 24 rats receiyed doxorubicip.injection, However, after. the
conpl et i BFCHIOR FHPAMMRLSTICRETR Fead thegepgpon %%Pf%éﬁeiﬁmw “the rats
appeared very sickand it was considered that even an effective therapy
m ght not8%he Hisitwo differeatcompeunds of thig inysption Lenbe yaropresyataeapst only 10 of
these rats were selected to receive tolvaptan (5 rats) or vehicle (5 rats)
t r eat mentompognd and[tigentireychingsenntbs coradminisiaied simpfagequslynr Jergpwasin figlat
tolvaptan is very effective in preventing doxorubicin caused nortality if
t ol vapt afellowediy anchmibmacselmeed wi t h doxorubicin. The ability to reduce
nortality is largely lost if the treatnent is only initiated after the
conpl et i [90] ofThe peteerd invbirtimins illnjtentdtdiin nere dEkiidy the foblowing Exadpleyy of this study
is that vasopressin antagoni sts need to be given either before or
co-adm ni stered with chenot her apyEggemplest o have a protective effect.
Exanple 2 [95] The present inventors investigated whether activation of V2
receptora can ?ccel erate

Xampie

Methods:

[91] Repeated injection of doxorubicin in animals is known to cause cardiac injury and to
increase mortality. A study was designed to investigate the effect of tolvaptan on
doxorubicin-induced cardiac toxicity and animal death. Four groups of rats were evaluated;
all with 6 injections of doxorubicin (2.5 mg/kg each) during a two week period. To test the
ability of tolvaptan to prevent toxicity, tolvaptan (10 mg/kg orally) daily was given to one
group of rats (Tol+Dox). Another group of rats was given vehicle only (Veh+Dox). To test
the ability of tolvaptan to reverse the toxicity, tolvaptan (10 mg/kg orally) daily was given to
one group of rats, starting afier the completion of doxorubicin administration (Dox+Tol).
Amnother group of rats was given vehicle only (Dox+Veh). Table 1 summarizes the group

designations:

Table 1: The treatment groups for the model of intraperitoneal injection of doxorubicin,

Dox: doxorubicin, Tol; tolvaptan, Veh: vehicle.

Group Name Drug Dose Number of Rats
Doxorubicin was injected 6 times
I Veh+Dox (2.5mg/kg each, intrapetitoneally) during a 12
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doxor ubi ci n-i nduced nortality. A continuous subcutaneous infusion of 1 ng/h

of DDAVP

using an osnptic mnipunp (infusion rate:
DURECT Corp‘g?éqﬁf‘/bﬁ?ﬁgmpertino, CA) for 14 days. The pr

(deam no- Cysl ,

D- Ar g- vasopressi n) per aninal

0.5 pL/h,

was acconpl

ALZET nodel

is showmn in Figure 3. On day 0 an osnotic m ni punp was i npl anted
subcut aneousl y. The sham control

rats had the sane surgical

wi t h onl y-saline—p—the—ri-pi-puip—Fhe-+-at-s—were—t-hep—di-vi-ded—-ntq
groups: bné VHHOHP Mawei i raper it ond¥UslMsECti ons of {oNBRAGT AR# 2
during ajl3 day periodl and.one.wth injiectigons of saline  The rg
fed with|lilquid food tHriddgnauiod: Pl VagiYen Wt h the continuc
i nfusi on| of DDAVP, | i quidgily.claetingedt thytiishiaiceimed systenmi c vol une
and edenp,_|conditions_dfdoserubibiser ved in CHF patients. [961 Suppor
detrinentall role of vagdpmxesbicn W injecepéomss i n doxor ubi ci n-i ndud
toxicity, DDAVP stati stji(2ainkfkgamdh, mirgreritonealy) Byringrecf eased doxor ul
toxicity|l 2and sTaHdéd cantlByappabicOal Rivabiae (agiity)rate frontdoxord
conpar ed mﬂth that of rlatas giveeadiBdstudihfwithxierfitki ci njal one rats (p
Log- Rank| t ¢st) as showd imjectioh gPdckofubiclfiUs, I n patiepts treated w
doxor ubici'p, elevat €0 VarRBhuBRE Wasif¥aLSs ARYs T Urt hef aggravate tf
toxicityl {22- Exanpl ¢ (Bsmghd ek RriiRhsBURS aniiglier tol vaptan @
plasma concentglyan off 19XORdHRk CHAl vaRidSHES P! es| were gbt ai neg
first (day|[1l) and si xtHh dﬁi‘i’f")étaﬂt' a{ﬂkﬁ%id%n gdoxorubicin with ve
tol vapt an, jand the pl as @mﬁ,@ﬂ&f‘ . s I dROXRBIHPT €I n was measur
5 shows fthe dlug’ilcatlﬁh,mﬁwﬁh d#ﬁﬁg sanpting—protocot—+
st udy. B] As shown i '&%ﬁrg ) vaptan gid nof affect the ¢
concentrfat f on of doxoru%% R 8 ¥ 3 | ncl udi ng doxa
are kno t 0 ChuldBoxyel DY & ability 1@ inter
into hnd to i nhi bi|t™ At %Wnd cel | proliferd
t he bond marrow (sinil af BB in{the inhibitioa
cancer i L GRROTURLIDY ~ o)1 assi on WA d an _inde

ability of doxorubicin to inhibi
effect. Tolvaptan did not affect the nyel osuppresive effect of doxorubicin

art- MR Rk BRGEav t h

as shownThdYaf v shsdrvedMdt N wedeVSurtifatwa3
doxorubicin significantly reduced total

t cell

ahdWZeh @8hg
white bl ood

cel |
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2002,
B BERS %P7t his study

procedure but
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ed

icin's
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<0. 001,
th

e
ffects the
after the
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ed. Figure
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| asma
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er

(WBC) and

|prh00y£rﬁly@ﬂs¥)imQﬁE§fﬁgngﬁ|t&?d sanpl es were taken after 1 or 13 days of

treatment - W th doxoru
bet ween vehicle- and tol vaptan-treated rats.

icin. The decreases in blood cell

counts were simlar
One day treatnment with

doxor ubi B8h diigiee bshoaysrthat thenasiaditycatel was signifisantly reyeedipieiolvaptag ul t s suggest
that tolvaptan is unlikely to affect the anti-cancer effect of doxorubicin.
treatment (p<0.001),

(93]

doxorubicin, the protective effect of tolvaptan was largely lost as can be seen in Figure 2.

There was only a small delay of rat death by tolvaptan. In the two groups of rats given

When the treatment with tolvaptan was initiated after the completion of 6 injections of

doxorubicin and tolvaptan and the rats given doxorubicin and vehicle only, a total of 24 rats

received doxorubicin injection. However, after the completion of doxorubicin

administration, a significant number of the rats appeared very sickand it was considered that

even an effective therapy might not be able to reverse the injury in the very sick rats. Only

10 of these rats were selected to receive tolvaptan (5 rats) or vehicle (5 rats) treatment.
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Exanple 4 [101] In a clinical setting, doxorubicin is adm nistered
I ntravenously to cancer patients. Furthernore, the najor side effect

associ at ed W yxarubicin treatment is cardi ac dysf ugg;'
devel opnent‘wég&éﬁéégﬁer efore, the effect of tolvaptan ﬁﬁ%ﬁﬁ%\?\%@ -23-

evaluated in a rat nodel with intravenous injection of doxorubicin. Cardi ac

function was determ ned using high resolution ultrasonograpy. [102]

Vet ot {440% T KRB OB o401 P 0B 30, LPSREL AR Tl © 2
|t v en gl g S Ol oy X R HBIaR o BRSO R B b i bl 18P 21
reduce mortality is largely lost if the treatment is only initiated after the completion of 6
doxorubicin injections. Thus, a novel finding of this study is that vasopressin antagonists

need to be given either before or co-administered with chemotherapy agents to have a

protective effect.

Example 2
[95] The present inventors investigated whether activation of V; receptors can accelerate

doxorubicin-induced mortality. A continuous subcutaneous infusion of 1 ng/h of DDAVP
(deamino-Cysl, D-Arg-vasopressin) per animal was accomplished using an osmotic
minipump (infusion rate: 0.5 uL/h, ALZET model 2002, DURECT Corporation, Cupertino,
CA) for 14 days. The protocol for this study is shown in Figure 3. On day 0 an osmotic
minipump was implanted subcutaneously. The sham control rats had the same surgical
procedure but with only saline in the minipump, The rats were then divided into two groups:
one with six intraperitoneal injections of doxorubicin (2.5 mg/kg) during a 13 day period, and
one with injections of saline. The rats were fed with liquid food throughout the experiment.
With the continuous infusion of DDAVP, liquid food feeding increases systemic volume

overload and edema, conditions often observed in CHF patients.

[96] Supporting the detrimental role of vasopressin Vy receptors in doxorubicin-induced

toxicity, DDA VP statistically and significantly increased doxorubicin’s toxicity and
significantly accelerated the death rate from doxorubicin compared with that of rats treated
with doxorubicin alone rats (p<0.001, Log-Rank test) as shown in Figure 4. Thus, in patients

treated with doxorubicin, elevated vasopressin levels may further aggravate the toxicity.

-22-
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Drug Dose or Concentration Nunber of Rats Included in Data Analysis 1
Control no treatnent 8 2 Dox+Veh- Echo

WO 2008/144269 PCT/US2008/063374

Example 3

[97] To determine whether tolvaptan affects the plasma concentration of doxorubicin,
plasma samples were obtained after the first (day 1) and sixth (day 13) injection of
doxorubicin with vehicle or tolvaptan, and the plasma concentration of doxorubicin was
measured. Figure 5 shows the drug treatment protocol and blood sampling protocol for this
study.

[98] As shown in Figure 6, tolvaptan did not affect the plasma concentration of
doxorubicin.

[99] Anthracyclines including doxorubicin are known to cause myelosuppression due fo
their ability to intercalate into DNA, and to inhibit new protein synthesis and cell
proliferation in the bone marrow (similar mechanisms are involved in the inhibition of cancer
cell proliferation). Myelosuppression was used as an index of the ability of doxorubicin to
inhibit cell proliferation and anti-cancer effect. Tolvaptan did not affect the myelosuppresive
effect of doxorubicin as shown in Figure 7, which shows that a thirteen-day treatment with
doxorubicin significantly reduced total white blood cell (WBC) and lymphocyte (I.Y) counts,
Blood samples were taken after 1 or 13 days of treatment with doxorubicin. The decreases in
blood cell counts were similar between vehicle- and tolvaptan-freated rats. One day treatment

with doxorubicin did not affect blood cell counts.

[100] These results suggest that tolvaptan is unlikely to affect the anti-cancer effect of

doxorubicin,

Example 4

[101] In a clinical setting, doxorubicin is administered intravenously to cancer patients,
Furthermore, the major side effect associated with doxorubicin treatment is cardiac

dysfunction and development of CHF. Therefore, the effect of tolvaptan on CHF was
23



(Echo study) Doxorubicin was injected 3 tines (3ng/ kg each, intravenously
every other day). Oral vehicle was given daily 13 3 Dox+Tol - Echo (Echo

st udy) Dox LCir s injected 3 tinmes (3ny/ kg each, | venausly every
ot her day) %%?Ogﬁitp%fpeapt an (10ng/ kg) was given daily 1}?{%52308’963374

evaluated in a rat model with infravenous injection of doxorubicin. Cardiac function was

determined using high resolution ultrasonograpy.
[102] Methods:
[103] Rats were divided into 3 groups as described in Table 2, and observed for 10 weeks.

Table 2: The treatment groups for the model of intravenous injection of doxorubicin.

Dox: doxorubicin, Tol: tolvaptan, Veh: vehicle.

Number of Rats
Group Name Drug Dose or Concentration | Included in Data
: Analysis
1 Control no freatment 3
Doxorubicin was injected 3
2 Dox+Veh-Echo | times (3mg/kg each, 13
(Echo study) | mtravenously every other day).
Oral vehicle was given daily
Doxorubicin was injected 3
times (3mg/kg each,
3 D(%i;'golt;}flcho intravenously every other day). 12
study) Oral tolvaptan (10mg/kg) was
given daily

[104] Control rats were not treated. For groups 2 and 3 with doxorubicin treatment, rats
were given three injections intravenously of doxorubicin (3 mg/kg each) every other day
(total dose of 9 mg/kg). A lower dose of doxorubicin was chosen in this experiment
(compared with the dose in Example 1) to allow the development of CHF during the 10-week
period. Rats were given either vehicle or tolvaptan (10 mg/kg) daily starting on the first day
of doxorubicin injection. On the days with co-administration of doxorubicin and tolvaptan,

tolvaptan was given by oral gavage 45 min prior to the intravenous injection of doxorubicin.

{105] Cardiac fimction was evaluated using echocardiography (Vevo 770, Visualsonics Inc,
Toronto, Canada). Echo images were taken once a week for 10 consecutive weeks. Rats were

anesthetized with Isoflurane and parasternal long and short axis echo images were recorded.
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[ 104] Control rats were not treated. For groups 2 and 3 wth doxorubicin
treatnent, rats were given three injections intravenously of doxorubicin (3
ng/ kg each) her day (total dose of 9 ng/kg). of
doxonbi ci n v\vAg‘,S/(ﬁ% %gﬁén in this experinent (conpared w f%élﬁ#e%gg%g%% n Exanpl e
1) to allow the devel opnent of CHF during the 10-week period. Rats were
given either vehicle or tolvaptan (10 ng/kg) daily starting on the first
day of d i.cl-n Fnjectd on. he A - ] :00sS i of
L glaﬁr is P{‘/ %%‘ﬁ%:nf}m‘iugfl ?e;%:%mn frg&%g 61\{\(’! %%ctlglg S Orgtg%llﬁ@ Al %Ez{t c

doxor ubi Ci'n an an~was giv avage mn prior
to the intr 0 inject.i on. of doxor ubi,cin. 10 r.di,ac tion was
Lo e oL R (T E R N BT 500 el P Gl U L0
Canada) ., Echo i nmages were taken a k for 10,consecutive weeks. Rats
wer e a)neg(FW‘é%pr - fedige F%rﬁ?tﬁﬁéﬂeqp‘%ﬁ’&“%gg’%%ﬁwﬁegﬁaaﬁ‘ﬁ 'short axis echo
i mages were recorded. Ofline analysis of cardiac function (ejection

fracti onjigsid Resdgt i on shorteni ng) and anatom c data of the heart (LV end
di astolic dianmeter and vol une) were perfornmed. At the end of the 10-week

period, cardiac contractility (LVvdp/d X/ s nmeasured i nvasively.

[ 1061 Resul t $ataare pregsated a&?’%a‘b%%’épﬁf‘@fﬂ;g r’i\’%ﬁ'%@?ﬁhwnﬂeri vation).
Doxor ubi ci n-treat ment progressively decreased both fractiopal shortening
and ej ec&rpﬁﬁﬁswlamrwegbo Fractjonplishirtsping;and giectiondiagtinn ofdhalelh ventsicds.| ure, as
shown in Figures 8 and 9. ToI_v%pt an significantly inproved cardiac function
and sl oviedicating hepst/feilwpras shovar inigwres Sraafl PuFdvaptancignificantlytigipiaveh t o car di ac
dysfunction, hallmrks of CHF al so include renodeling of the |eft

vent ri clardiasHumdbion alsbdoradshd davglepmen of biaktfaibue. | ndeed, Echo i magi ng data
showed that left ventricle diastolic volune and di aneter were progressively

| ncr easeqoRy Ix?'&’dé@{o?&% 845@%1% @;ﬁ?&%ﬁ% g@ﬁi?ﬁ’s"lﬁ}.dﬁ? %&&H@G&e é&o@éﬁﬂg bime TO! vapt an

sl owed the - rend nvasi ve henodynam C neasurenents were

erfor he t he week..neri T, . il pndex, as
gefi neg‘31 g?/g%nhnrledﬁgg%eﬁz)%c? fngﬁﬂép rf@@ﬁlﬁ%ﬁn}g‘%@ bgcﬁﬁgﬁ%éé%%%g&%@%fessur e at
t he Lvdp/dt higher in.the tolvaptan-treated rats,conpared with that
A Rt o G b L e g P
The present inveptors .nvesti et her tolvaptan.can i nprove survival
Ter o el SRS B o 8 1§ oot Sleed Hh TR LR BIE P n T vai on of | V2
agoni st DDAVP)

[108] Invasive hemodynamic measurements were performed at the end of the 10 week

period. The contractility index, as defined by the normalization of LVdp/dtmax to
instantaneous LV pressure at the LVdp/dtmax, was higher in the tolvaptan-treated rats

compared with that in the vehicle-treated rats as shown in Figure 12.

[109] Example 5
The present inventors investigated whether tolvaptan can improve survival under a
sustained activation of V5 receptor (by continuous infusion of a V; agonist DDAVY)

condition in rats treated with intravenous injection of doxorubicin. This condition may be
relevant to certain cancer patients who have elevated vasopressin release and are undergoing

chemotherapy, such as with doxorubicin.
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condition in rats treated wth intravenous injection of doxorubicin. This
condition may be relevant to certain cancer patients who have el evat ed
vasopr essi and are undergoi ng chenot herapy, s &@V i

doxor ubi ci W%"F@gﬁf Two groups of rats were studied aﬁd %@“%%?‘bcm IS
described in Figure 13. Rats were intravenously injected with doxorubicin
(3 mg/kg) 3 tinmes once every other day for a total of 9 ng/kg (sane as

gfﬁléi‘ Sfiiul‘gp(’éﬁég%h%fém%@fg’f@gﬁﬁ 8 b Bl S RO SR e
ily. A i C. mni i Nf.USi . A LZA

Cglr pgr at ?ng%?&z&%%ﬁn%{%'%%@@o%ﬁ%é@ﬁ%g@( %i %Fmggb%%? % Tgtﬂ%ﬂ}‘;a& S%%%g%ludé\ i nfusi on
o e ony S B SRR A PRk TP RS 8P shown 1
i od i n Bl BeRbe SOIIDBR DAY R 1) BRI GGG PO SPORL dara

suggest that the toxicity of doxorubicin is enhanced under el evated

vasopr esépgspefiminipymp (ndisieapeter)- Hey/ho ALEE S aradal 3006, Al Ay Compgraigu c e
doxorubicin toxicity in cancer patients wth el evated vasopressin. [112]

Al | pat enesimpletedit eaab pit foravntimeeys mbiwaneodsi icfusind ofedd/c of DBANPi(zat i ons

menti oned herein are hereby incorporated by reference in their entirety. It
shoul d beasopesircVpdnistiespdur-Ces({ DaArg8easbmessimypi ng rel ates only to
preferred enbodi nents of the present invention and that nunerous

nodi f i cag, or, al terations e made by t.hos ordinary.skill in the

art wt hb&ﬁl Zgﬁé@}aﬁgw??r(jﬁWH VP ¢5 sﬁﬁ‘an é‘cﬁd e%‘%’f’#ﬁ’gﬂﬁon as set

forth in a nded clajnms. WQ 2008/ 144269PCT/ US2008/ 063374 Ref erence

st (1) DBANEIRRE RSB veon Bt AR a0t e WP ERSEP I REDal  ang

clinical heart fajlure. Eur J Cardi ot horac %Hrg 2bOQG_ Q:E obec{ :30(4):611-6.
improved survival. These data suggest that the toxicity of doxXorubicin is ced under

elevated vasopressin condition. Tolvaptan may be especially useful to reduce doxorubicin

toxicity in cancer patients with elevated vasopressin.

[112} All patents, patent applications, scientific and medical publications mentioned herein
are hereby incorporated by reference in their entirety. It should be understood, of course that
the foregoing relates only to preferred embodiments of the present invention and that
numerous modifications or alterations may be made by those of ordinary skill in the art
without departing from the spirit and scope of the invention as set forth in the appended

claims.
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2. Tol vaptan according to claim1l for use in a nmethod of reducing
cardiotoxicity. 3.Tolvaptan according to claim1 for use in a nethod of

i mproving survival. 4. A pharmaceutical conposition conprising tolvaptan or
a pharmaceutically acceptable salt thereof for use in a nethod of reducing
cardi otoxicity and/or inproving surSQLAEBMSf r om doxor ubi ci n chenot her apy
wherein tol vaptan or a pharnaceutically acceptable salt thereof is

adm ni stered sinmultaneously with or prior to doxorubicin adm nistration.

1. Tolvaptan or a pharmaceutically acceptable salt thereof
for use in a method of reducing cardiotoxicity and/or
improving survival from doxorubicin chemotherapy wherein
tolvaptan or a pharmaceutically acceptable salt thereof
is administered simultaneously with or prior to
doxorubicin administration.

2. Tolvaptan according to claim 1 for use in a method of
reducing cardiotoxicity.

3. Tolvaptan according to claim 1 for use in a method of

improving survival.

4. A pharmaceutical composition comprising tolvaﬁtan or a
pharmaceutically acceptable salt thereof for use in a
method of reducing cardiotoxicity and/or improving
survival from doxorubicin chemotherapy wherein tol&aptan
or a pharmaceutically acceptable salt thereof is
administered simultaneously with or prior to doxorubicin

administration.
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