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Techni cal Woebw/174389 present di scl osure rel ates to an ardTasR@E067225
treatment by administering a 5taxane such as paclitaxel or docetaxel
and a 13-deoxy anthracycline. The present disclosure nmakes it

possi ble to achi eve an enhanced anti cancer effect w thout cunulative
irreversible cardiotoxicity. The present disclosure also relates to
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spectrum of anticancer utility and is used in the treatnent of

| eukem as, |ynphomas, and solid t DESCRIPDEONOr ubicin, disclosed in

U S. Pat. 15No. 3,616,242, is useful in the treatnent of acute

| eukem as. However, the utility of these drugs is limted by a
serious side effect of cardionndcityts®nichatieiiihe total amount of drug
that can be given to a patient cannot exceed 550 ng/ M (E. A, Lefrak
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the severe caiftheDiad3sdeseyaafntegélief the drugs. It has
al so been found that the cardiotoxicity of these anthracyclines is

produced 25by the netabolic reduction of the 13-keto noiety to a
13-di hydro al cohol netabolite (P.S. Mgghlstgingt al ., Fed. Proc.,
45: 809, 1986). In test systens where doxorubicin is not WO .
2007/ 124489PCT/ USEnompsigrisdgown anthracycline anticancer drugs are doxorubicin and

daunorubicin, which contain a 13-keto group. Doxorubicin, disclosed in U.S. Pat.
No. 3,590,028, has a wide spectrum of anticancer utility and is used in the treatment of
leukemias, lymphomas, and solid tumors. Daunorubicin, disclosed in U.S, Pat.

15 No. 3,616,242, is useful in the treatment of acute leukemias. However, the utility of
these drugs is limited by a serious side effect of cardiotoxicity 50 that the total amount of
drug that can be given to a patient cannot exceed 550 mg/M? (E.A. Lefrak et al., Cancer,
32:302, 1973). Even at or near the recommended maximum total cumulative dosage
(430-650 mg/M?) significant and persistent heart dysfunction occurs in 60% of patients

20 and 14% develop congestive heart failure. (A.Dresdale et al., Cancer, 52:51, 1983).
Thus, while these drugs are useful to inhibit the growth of cancerous tumors, the patient
may die of congestive heart failure because of the severe cardiotoxic side effect of the
drugs.

It has also been found that the cardiotoxicify of these anthracyclines is produced

25 by the metabolic reduction of the 13-keto moiety to a 13-dihydio.alcobol metabolite (P.S.
Mushlin et al., Fed. Proc., 45:809, 1986). In test systems where doxorubicin is not
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5SUMMARY OF N8-HE0% NY/EiEh©KGianni L, et al., J Clin Oncol. 13:2688, 1995; and Dombemowsk
P et al., Seminars in Oncology 23:23, 1996). Paclitaxel enhances the cardiotoxicity of
doxorubicin which limits or precludes the use of anthracyclines in combination with
taxanes. The incidence of congestive heart failure can be limited by reducing the dose of
doxorubicin (Giordano SH et al., Clin Cancer Res 8:3360, 2002), but the efficacy of the

30 combination can also be thereby reduced (Sparano JA et al., J Cin Oncol 17: 3828, 1999;

" Valero V, et al., Semi Oncol 28:15. 2001). In addition, even low doses of doxorubicin in
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The present disclosure overcones prior art problens and provi des an
anti cancer conbination therapy that conprises using certain

ant hr acyclwoesombisgh when conbi ned with the taxanes wi IHcTzRognedese
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di sclosure is concerned with a method for treating cancer which

conprises admi nistering to a manmal, including a human, in need
t hereofs a therapeutically ef§SiedMARYDPIME INVENTBONEOXY
ant hracycline of the follgwing fornula: 15 each RI, R2 and R3
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order, or consecutively in either order to provide an anticancer
effect. Anot HEFP&Spect of the present disclosure relates to a

conposi tion that PprOykasdisdlosardTh coRBLRE withRAlnhdhiTfor trédfiflk @fincer which

ani tneopl astic effect useful in the treatpent of cancers. The
conposi t i onscemprisseadspigistoning ¢ & EpEEEH dncihing 4 knag, ingegd hegeof, a

ant hracycl i ng,.compeUFERLE AR f B ¥3-H&ﬁ(yfaﬁfh%gf§lir?gof the following formula:

15
20
wherein
each R;, Ry and R; individually is H or OH,
25 R4 is H, OH, alkyl, or O-alkyl;
Rsis O or NH; and
R is a sugar moiety; pharmaceutically acceptable salts thereof,
prodrugs thereof and mixtures;
and a therapeutically effective amount of a taxane, The method of this disclosure can be
30 carried out wherein the 13-deoxy anthracycline and taxane are administered



10 15 wherein eArh R, R2 and R3 individually is Hor OH R is H,
01-1, alkyl, or O-alkyl; R5is 0 or NH and 20R6 is a sugar noiety,
phar maceutweabdzrasscept abl e salts thereof and prodrugs pciarsesabnsand a
t axane -conpound, such as paclitaxel or docetaxel. . Still other
obj ects and advantages of the present disclosure will becone readily,
apparent by 6 CORFIF4 SBPTFIRLY iR €1 DrdeR SRANEPHALY O PG Rigler of sgrpesgivels in
description, ¥Qe6RIPi frotide Apafieiitefdifbcdescribed only the preferred
enbodi ments, sinply by way of illustration of the best node. As w ||
be realized, the Angbtraspeceotithe pregsuiistisslogire prldiesrto apeimpfisition thapprovides an

enbodi nent s, ' 1l I | QRS
vari ous obvi SLupet et ynZhihogidleFarg o Bk TR ST TR
Accordi ngl y, ctthpositiescefitid present discisudbeompdrenddieas antHracytliratcompound
nature and not as rest ‘igtigle .30 WD 2007/ 124489PCT/ US2007/ 067225
SUMVARY OF DRAWF ité%.‘m'f A% 2 illustrate the dose-response
relationships for paclitaxel on the inhibition of growth of MCF-7
cells, alone and in thqqﬂr esepce of ghe 1C30 concentrations 5of
doxor ubi ci n, daunorubi cjn, or|13- de>2y ant | uacycl i ne conpounds
accordjyg to the presen

15

wherein

each R;, Ry and Rj individually is H or OH;
Ryis H, OH, alkyl, or O-alkyl;
Rsis O or NH; and
20 Rg is a sugar moiety, pharmaceutically acceptable salts thereof and

prodrugs thereof} and a taxane compound, such as paclitaxel or docetaxel.

. Still other objects and advantages of the present disclosure will become readily
apparent by those skilled in the art frofn the following detailed description, wherein it is
25 shown and described only the preferred embodiments, simply by way of illustration of
the best mode. As will be realized, the disclosure is capable of other and different
embodiments, ahd its several details are capable of modifications in various obvious
respects, without departing from the disclosure. Accordingly, the description is to be
regarded as illustrative in nature and not as restrictive.
30



Figs. 3 and 4 illustrate the dose-response relationships for
paclitaxel on the inhibition of growmh of P388 marine | eukem a cells,

al one and wo 0d3824a8€sence of the ICl 0 concentrations olcradsiarubhes n,
daunor ubi cin, or 13-deoxy anthracycline conmpounds 10according to the
present disclosure. DETAILED DFS?% Al IVH%J EFERRED

EMBODI MENTS Wil e the foll ow ng M%@Réet al(lls)ée certain
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acconpanyi ngofeeaBRbRE, aRthoftbREN, 0B MkiSoxy ahiifRydine c&h’dﬁiﬁ&ae.swc_@rdizﬁg to the

capabl e of other enbodi nents and of being practice n various ways.
The 13- deoxypPrasnhdiadlgars ne conpounds enpl oyed according to the

present discl osur oW X -4 R5 CH
Cach 124, Re and ‘W8 gt ifisRe YRR keinaah 6P pa O RAIRE T

0- al kyl ; 30RmhibBiod afigrdvith ofiRZBR6wie leuksumircellnmilak ynd phihe presawe pLte [§10
acceptabl e salts thereaf and orodnigs there WO .
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ar e dawnosanideerdingb ibapreeaiditd@uredr a rharanal sugar. The nore
typi cal 13-deoxy conpounds are 13-deoxydoxorubicin, 13-
deoxydaunor ubi ci n, 13-deoxycanni nonycin, 13-deoxyepirubicin,

13- deoxyi danbi ci HEPARINS DESUHIPTYONDF ¥ FREFE VIS IMIENTS

t her eof . : The conbi nation therapy according to this disclosure

further conprisesWailptheyolinyiag desgrption detsile carippi gpbodimsminelthepresent
pacli taxel ap %%‘25?’%2 ?t"i%(x%l be AALIBE B 16 Alsb¥sBE 5RE ARkiEs Bl PpilRbE R the

and prodrugs
15 details of compositions and combinations of the compounds described in the

accompanying examples and experiments, since the disclosure is capable of other
embodiments and of being practiced in various ways.
The 13-deoxy anthracycline compounds employed according to the present
disclosure have the following formula X:
20

25

Wherein

each Ry R, and R individually is H or OH;
Ry is H, OH, alkyl, or O-alkyl;
30 Rsis O or NH; and

R is a sugar moiety; pharmaceutically acceptable salts thereof and prodrugs thereof.
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The conpounds according to this disclosure may form pndrugs at
hydroxyl or 10am no functionalities using al koxy, am no acids, etc.

groups as woeoPnedgdg form ng noieties. For instance, q;ﬁu@g@mmishyl
a the 4 position may formnono-, di- or tri phosphat es and agal n t hese

phosphates can form prodng Hydr oxy and hydr ax rou
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r

CH2P(0) (OH) 2 and t he odrug forns of the. co
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may. el ude 198:00LMBa, InRGSsBhudanhualbuest wher e each R of oup

i ndi vi dual | y may en, substitute unsubstituted al kyl,

aryl, al kenyl, al Wnbxmo&ﬂw@pglaeqonahg Whardchlosmﬁmer compriskRe nyI

"é;?'b'oﬁg’r‘nyg%%c}ﬂg@g@@ B B Do Wy e B B g IS ool bically

Car bamat es, D10 B¥IXs(tharkbfland prodags t¥eR( =CHCOZR)  or - NHCR( CHCO\IRZ)
Schi ff Bases, CR2 Martnich Bases trQ car boxi m de 0 oulgy%%é{g
ROONHCHZNR?Z  Pr epab Bt S5meupds aSeREAIN fo s SR hie e o ter

variougy lite r a@ﬂh i JornVBg .
Chem Nogs, %‘?h“?f?%&@“@‘%“ﬁﬁiéﬂ%eg?m“dﬂﬁmﬁr Ohe PlodrugXomivee

p.30). The nmore@g@rfcfrmﬁéwm hydrovemetdyl 4 the fpeptien mgy fWEOﬂO' di- or

R e N R S

of carboxyl - bymox)mg}eth:}d Epops dsy bt cortvertel! ©ISHHPEON(@H)1Lad thesprediygs of

(-C2R) where, th corres 0_an

e body "t i SLTHRURETALT oG FOBHS Ay SR ELBRIR iR 0 SR aRFud
phar mapeut i c@d EH,ONERDaRdxhe prodhsgs. SAnot her prodrug derived froma
carboxylic acid formof_ the discl osurd% my be a quliat er ni%.né’ & .t(}/pe
RC( =0) OCFxe Prodrug forms of the compounds bearing various nifrogen tions (aming, -

hydroxyamino, amide, etc.) may include the following types of derivatives where each R

group individually may be hydrogen, substituted or unsubstituted alkyl, aryl, alkenyl,
alkynyl, heterocycle, alkylaryl, aralkyl, aralkenyl, aralkynyl, cycloalkyl or cycloalkenyl
20 groups as defined earlier. |
(a) Carboxamides, -NHC(O)R
(b)  Carbamates, -NHC(O)OR
(¢)  (Acyloxy)alkyl Carbamates, NHC(O)OROC(O)R
(d)  Enamines,-NHCR(=CHCO;R) or-NHCR(=CHCONR)
25 ()  Schiff Bases, -N=CR;
® Mannich Bases (from carboximide compounds), RCONHCH;NR>
Preparations of such prodrug derivatives are discussed in various literature
sources (examples are: Alexander et al., J. Med. Chem. 1988, 31, 318; Aligas-Martin et
al., PCT WO pp/41531, p.30). The nitrogen function converted in preparing these

30 derivatives is one (or more) of the nitrogen atoms of a compound of the disclosure.



of structure described by Bodor et al., J. Med. Cient 1980, 23, 469.
Phar maceutically acceptable salts of the conpounds of the present

di scl osur ewbQbovabasde t hose derived from phar maceut i cal IpcTATSC@PW6MbE

i norgani c or organic acids. Exanples of suitable acids include
hydrochloric, hydpRah@Tfms Stthftdkiiheatthd donfpouflof Hefidcfosufetififle ters
mal ei ¢, phosphoric, glycollic, lactic, salicyclic, succinic,

t ol uene- p- sul(fEnRE whergtheaR igroupsowespondsdy any alcohabwhesa egledse énthe body through
formc, benzqj | oni .G ot I jc and
benzenesul f odrs e gty PERER AN EoCH phBRlCoudthly LRUARFRLQE 2
15al kal§ suchnathespdimpmdariceddiom aicarboxylic acid Reeeofithy distloduasmby bna

di scovered that the 13-deoxy forns of doxorubicin, daunorubicin, or
ot her sini| afU3FPAYSAYBPPnes will not be netabolically converted to
cardi otoxi c 13-di hydro fornms, and are, tfigrefore, devoi d of

cunmul ative irreversible cardi ot RECEEDC :ﬁértigﬁ?ar, see

W99/ 08687, U.S. Patents 5,948, 896 and 5,942*605 and

20PCT/ US99/ 04704, di scl osures of whichlare incorporated herein by
reference. Heretofore it has been unknogn whet her such anthracyline
anticancer agents woul d have an enhanced or even synergistic

anti cancer efof sioctirpdesonbsdriwtBastor elial.h]. MedaGben. 1980, 23pahg t hese

lines, the 1C50 o j bohibifi ' -
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di scl osure, e 1 C50, of .pacl.i.taxel decreases to.0.55-11nM Paclitaxel
51 o has no SRPES SLRylE it s SR, B A el R BT
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0

13- deoxy ant hracyclines,  the . paclitaxel is 13-20 nivl. In_
non- cancer ou$AriaE-ageiic, Giddr, rrdpnesslfpaic, fyepir, kypenit ialome. wrplghajene-2-sulfonic,
concentr at i ORgRfoalet; %d%@%%ﬁés% BG Uﬁ&g 8 @g@ lalA68Ls includ
(1C10) decr egizﬂe _t%aee iCCSQ 0 f}g%?(yﬁior u ?%l nofrom: rir%lM to Sircilcou °
nM det¥ ease alkhk suci39 sgrlium 3ndiemypn. i mi nodoxor ubi cin from 1500nM t o

210 nM but does Rgéen)g ﬂ;&? %éeg%igcﬁege&atqgfﬁ%&%%g g%%g:ﬁ&%%h ns the

same at 210nM 13-deo racyclines of osure,
when conbi nedawmdohibidi@oantsr gmiduaehracychds aviit adk, behhghboficiiyt @mierted to

anti cancer, antituppo and/ ar antineopl astic.effe -, The present
i scl osur e’ meRCSIE LBt Hrpbotnd b iRe i cprylay Fveib
antitunor, agghkiRtoxaiiyl heptiadin sealDD9/88a8700.S. RXBME S, 938,80 WIINSER603fand
13- deoxy ant hraaﬁgﬁ{ ines of the formula of the present disclosure.

Mor eovdt, co 9614 04 csslogrigg ot which are sreosronitedieraria by safareace. Heretofore
conpri st ng f'iitt}%?&ﬁ voh WiRsthlG Qoh eﬂx%é‘crtyﬂﬁé/ %}Iic&?cer efitsAGHR favRlan O
have significantly reduced cardi otoxicity. e present disclosure in
the use of acclenbidmaeiorsyoérgistic axtinasceanffechin codabiatiny vathttiranes/cl i ne

can provide for ap,efficaciou t.at reduced. e We to
t hose required whé}?%é é%eﬁe g?et? gélle Zéﬁgéf[c’rr%glf%)ﬁei glro%t'o(g 6@%%%% §% {\\ggan
t axane conbi agehnviry funsor $&81 geoxtyisanl hvadycld preset@ofveal igtavth inhibitory
25 concentrations of 13-deoxy anthracyclines of the present disclosure, the IC50 of
paclitaxel decreases to 0.55-11nM. Paclitaxel alone has no inhibitory activity on P388

murine leukemia cell growth, but in the presence of weak growth inhibitory
concentrations of the 13-deoxy anthracyclines, the IC50 of paclitaxel is 13-20 nM. In
non-cancerous rat-derived H9c2 cells, weak growth inhibitory concentrations of
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15a treatnent which is safer and | ess toxic conpared to each drug
used alone. It is inmportant to note that the 13-deoxy anthracycline
and t axaneygasy’aeuesed si mul t aneously, separately or coegyasworvehis.
In addition, the treatnent of the present disclosure enploying the
combi nati on 13- [ A%AN iR
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m xture, or prepaggl br@&g@&is&gﬁu&ﬁﬂ%és ;%B%égf'é ép&&ﬁ{%ﬁgf#] BEhE gmtéa&;ef, antitumor,
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Cher oot . 1 n CGRGCHADI B3 CHUBEHIY aolbE PTG desikein the fy of & combination
2007/ 124489PGF i 1d22:Q0A0 @63 288xy anthradREnSQMPrdtidtemnt on Offickdibus treatment at
conposition, conbination, mxture, or preparation can be adm nistered

to a patient resupgs dosercsmpried te osg wawred whea gadyfirpgisiuged gene.
consecutively:. Th i s”ﬁ*ﬁ gm' i ster . L.
any acceptabl e na%lr?g%@té{ﬁg% 'S éntégl Cé{Pﬁ'}ﬁ acgg%tlglﬁg)f}; ?Q’rﬁ%f‘%}ﬂr‘]ﬁ% phdtide
or al | yl5 par entteataleht/whitlp jsisefer by lessrtoxiy comprrechtoaaetodrug Greallalone. It is

adm ni stration _include l nj.stering, the.constituents of th

conposi tions I *tﬁ’é’f) feotﬁgt%?nl %SZ%IEW% g@’%‘?”}ﬁ?%%@r%%%%ie n Sﬂ?ﬁ‘fltoa%]eﬁusol?/’
tabl ets, capsgfatssly br@osegaBelysuspensi ons, sol utions, enul sions,
powders, syrups, and.the Jike. The_preferred. route of _admnistratio
s paront or al - 10WSALER the IAIPSR G BB EGrCISS e SN e e phd-
consti t uent s Jagky aM@kafy daeLaritBendsOexhits Bichdcer! hitituR bR kA6 iebplasat efficacy,
fornul ation of the 13-deoxy anthracycline of fornula X being

utilized, théhapeevsesiifenallities nbbeupeir trapgtAnger-GRoORAsIIRI iR facluding
bei ng utili 2. hRemAa HaCHJ/e?,rbé&QQS‘gah{, ﬁf‘ds{a& HbifiAus clel§ 1&?}’1%&&2}/(:0%,
n e ul"ar pati’ent” bel ng

t he di sease staebelngotl"eate , paftic
treated, Theatbeagsd neangesystemrtunére. Airtreainsnt oftthopreseht dikdosure provides a

15consti tuents vary with the.a condition, . sex, .and.extent, of
the i sease FrPRE HEbFeie Be kS oR oo blobin R BonifRR s MRS,
skill in theimhidinghuphas maceut i cal conposition of the present

di scl osure corrpri‘;es .a.13-deoxy anthracycline of form

|la X.m xed
togethet with a t&¥RieA CHMBOHIE FIERBHOBN e BpPaTTE eEF paigents
exci pi ent. The3giR R RBHESISIuESTs aCORPARAIT Bt X LHabRES $8M ipaclitaxel or

docetaxel. A more typical composition, combination, mixture, or preparation is a 13-

deoxy anthracycline selected from the group consisting of 13-deoxydoxorubicin, 13-
deoxydaunorubicin, 13-deoxyepirubicin, 13-deoxyidarubicin, 13-deoxyannamycin, 13-
30 deoxycarminomycin, 13-deoxyamrubicin and the 5-imino analogs thereof, in

combination with paclitaxel or docetaxel.



20di scl osure are useful in anticancer therapy. The
pharmaceutically acceptable carriers or excipients are well known to
t hose haviygg0078bfagg y skill in the art of fornulating geRaARYEERs2E5 a
form of- pharnmaceuti cal conpositions, conbinations, mxtures, and
preparations. A pharnaceutica acceptabl e .carrier, refers to one_ o
nore conpatible s ?‘é"”ﬁ?tuF’?tﬁﬂ%%‘XF‘?m?‘@ Lofi, fiomphjpion, fixiyie, O BFPARHOq AT be
25subst ances gWhirdlered & SpatibaliguitatoRyicpisieha bdq@bntially 'e@T0ReButively. The
i ncl udi ng humans. Pharnaceuti cal conpositjons, coﬁr;g}gnati 0

[ ns, . .
mi xtures, an@ORTigsEEEER bhadministers) te apatienh i aay peseR dATAPOhatds medicalye
formul at ed i & far i : tehll At r
suspene on | Ae@pBLRL intBainoMILEN IR, RGN R LRpRAGN Dl
of an acti ve aimgisgaiieminchides aiminidgteiing the eonstitenta obile icompositiomgombingfons,

30may vary qui.te wdely d ndi n f route
of adni ni st r FORsHd" iéa%\gg 1in(:tfP e,O%P Hpgﬁ%tsp‘f@‘%é‘g%% 1(}z§]x{l%gfts?%pﬁ¥xagns,

phar maceut i cablutempasiltions) poriers,emituas, and IO 1RO The PréAROPEIMELOEAMIER2HBN
fromabout 0.1 to 1000 ng of a 13-deoxy anthracyclines of fornula X
and from abodtPBHeIEly 1000 ny of a taxane. In the method of the

subj ecig di scl osur ghe ftd3 nl@RNAN BIRF SCABiRiRRtRh of Bk RbhsEEnisSnay vary
S5adm nistered to a patient in need thereof at a dose from about :E éof

g/ m2 body s@pdosdiag iy BapuECHyRbemasolicaiorulpinnoldhe adeoxy aaigrac
typically fr ?Wtbeiég uﬁﬁéﬁgthg%gﬂcﬁgf%k%&?%cgﬁ%l foPmBRA o@@ta%ée”(%ing

body surface area, and-nore typica parenteral route o
adm ni st rat i ailizéfhthe partianler aiceripeing testedtthalieserity ofithe dissasgdtatnbeingdreated,

1000 i e, 8% BB e GhadlehRin b A Rt oSl B e

and noig typicemstituenisyndyharpaite theapa|cofiditibre sef, aatiedtent f thaidisease iTthe

13- deoxy anthracycline and the taxane can, be 1 nj stered together,
in a single PBRPGSRS FYN0e (B SH?O%IBW ﬁﬂg‘flt r®paration, or can
be admi nistered seapaah&kitidalcdiidiRion Of e bres&if AlEREkrd boMpridds 811 8-Aedxy

order, or consecutively in either order. Wen not adm nistered

t oget her, thanideaspelire obfsmukdX rixadypgether mithadesane it aphegmageptisally 1572
hours of adm_pi [Walob b BEUME : 5120k of AR GRtsent
t herapeutic ea?(’lfeg%ats% co w%ﬁlge){d i%ltt’fe?gérgg SI gﬁ?efllngaéﬁ(t) |jncr easeg Sf/nthe

13- deofy ant idseloywt mrearseful nombiecdngerthesayout an increase in toxicity,

due, in part, to e ner gi.sm bet t he taxane. and t -

ot hracyer i ne. - ThangRERELAliply AELARRL altferd ADRiARG Ve kb oo

ant hr acycl i neaviagordirerpskiil i the en efifoasukrigeoouydsia afemesShaymactinival

20actual nethod and order , of, adm,ni stration w.ll var accor.da'gln% to bl
the parti cul &PUPOYIARS HOPHAERHFREIESGHI PESRBHOMS: i“’bﬂ?mﬁi‘%ﬁlﬂ? y aggeptavle

preparation, chiier R ioCtkdF rzl%?é‘éb%{_?ﬁﬁﬁie B8lid srerbRIdilcANBlubkt oAt APl
e

patient being treated. e enhanced actions o

f th
conbi n3% i on &Rbsianges-wirelkgre switahledeyedmipistrgtiontio mammalninclyding hamapse s ent
di scl osure ar : : i I 1
25whi ch are iPﬁ?@%gééﬂgm?ig% H\y?éégﬁsét e gu‘;tgﬁsétnﬂ?t{o iir?lgr&r %ﬁg?geﬁt%?e for

di scl osure. parenteral administration are formulated in a sterile form which may be a sterile solution

or suspension in an acceptable diluent or solvent.
The amount of an active ingredient contained in the pharmaceutical composition
30 may vary quite widely depending on many factors, such as the route of administration

and the vehicle. In the present invention, a pharmaceutical composition may contain
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Anticancer Effects of 13-deoxy anthracyclines The in vivo
anticancer activities of doxorubicin (Conpound |), 13-

deoxydoxorygigd7A2{sg9mpound 11) and 5-i m no- 13- deoxydoxiyhRisSdoRos7225
(conpound I1l) are 30tested for anticancer activity in a murine

| eukem a nodel utilizing F1 mige,injecied with P388.cegll noyse
dori ved | euk&imabeatEbio a8 9fmaé%o‘lf]8§§’ Siiivacystihes hEEmIL S ‘?ﬂﬁé“'f:"f’b out

i ntraperitonggliyyofd R odhtdkade. M | |1 on P388 cells. There were 10 mce
per group. =~ WO 2007/ 124489PCT/ US2007/ 067225 I n the doxorubi ein group
0.8 ng/kg i s admi Hitse mdioétl@@n@e@@swm,afiérd@ma@@'aswhaay%fm@aaﬁow
the study. 1 e '

5-im ngéij 13- %%@%%%gersu 1 Cl l%tli? Béeglttﬁggng% %?%%Iﬂn%é%{ ?ég%h?gg(%@fsgﬁ%ieon
as for doxor atshade shoutl G0Snhg/ol* bbdy Dufdcd ed, njoectypitally frbmabbiitdDeng/mEbidan

survival times_.are cal cul for,each group. Activity. n

i s expressed S‘éfgmfﬁ’éeag%wg@?mﬁ&glbﬁﬁgﬁ gﬁ?@?’\?ﬁ?“’("ﬁ%@% c%ﬁys r@llgggt%{g I
the treat Fd' g?@gugf éghﬂiiiglgﬂio%/ C“Ig}obax?ﬁoﬁfm ;&fs"emi digdlostierie a@ﬁintstwebdl:to atpaiddnt
group, multiplied by : : e res S are wn,in Tabl e

Doxor ubi ci n Bt fddaseolat afesedipmbibont§-& Ia%smsaﬁ%%@@@m&/%fgwreﬂiy%%}{y from
147% i per easgpdil 107%/@P 104bbYl 308Imd/inPBand Mdre FHRAGMARE phreRefel fournd

5-i nai no- 13- deoxydoxor ubi ci n al so produce a significant increase in
medi an sur vi wdininigtration. nbhe Bi-daoy b@tgrmo}mel prick the Erend qep e dRBtEeEjogether,
The results of i L es r - RYGkiaes
have anti cangne? gigglg ?8‘%&%@#&5@%&%@%@?5& ?%lre#,gragﬁz?’ﬁ% ﬁ%ﬂ&%{ Gl

di f 1(‘1 erent dosemratdlp ABthEr drdén sequentinlly iredithectrderp br chazerutitsly ineithecbrddre
13-deoxyant hracyclines, in nmjce with P388, murine,leukema (T/.C = ...
o an S vi Jakeok Bl b et Be Scipot AP i S e pithin
of contsol m7eods bOImMistdring khe KktUspPoGRL. Medi an survival tinme T/C %
ng/ kg/ day days '

The anticancer therapeutic effects of the taxane are significantly increased by the
13-deoxy anthracyciine of formula X without an increase in toxicity, due, in part, to the
synergism between the taxane and the 13-deoxy anthracycline. The doses of the taxane

| and the 13-deoxy anthracyclines can be administered as frequently as necessary. The

20 - actual method and order of administration will vary according to the particular
formulation, composition, combination, mixture, or preparation, the particular cancer
being treated, and the particular patient being treated.

The enhanced actions of the combination of a 13-deoxy anthracycline with a
taxane of the present disclosure are shown, by way of example, in the following tests,

25 which are intended to illustrate but not to limit the present disclosure.

Anticancer Effects of 13-deoxy anthracyelines
The in vivo anticancer activities of doxorubicin (Compound I), 13-

deoxydoxorubicin (compound II) and 5-imino-13-deoxydoxorubicin (compound III) are
30 tested for anticancer activity in a murine leukemia modei utilizing CD2F1 mice injected
with P388 cells (mouse derived leukemia cancer cells). Groups of CDZFI mice are
- injected intraperitoneally (ip) with 1 million P388 cells. There were 10 mice per group.
10



Control 0 19 100 Doxorubicin (1) 0.8 28 147* Conpound Il 1.6 27 142*
Conpound |1l 3.2 27 142* * p < .05 versus control Cardiotoxicitv

Eval uat i onyohootd24deoxy ant hrac_yel i nes 35Twenty-four ageTbahesiew
Zeal and white rabbits weighing 3.0 kg are '

In the doxorubicin group 0.8 mg/kg is administered ip consecutively for 9 days on days
1-9 of the study. '13-deoxydoxorubicin is administered ip at 1.6 mg/kg and S-imino-13-
déoxydoxombicin ip at 3.2 mg/kg, in an identical fashion as for doxorubicin. A control
5 group is injected with vehicle. Median survival times are calculated for each group.
Activity of a comﬁound is expressed as the amount of prolonged survival (median
survival of the treated group divided by the median survival time of the control group,
multiplied by 100, T/C%). The results are shown in Table 1. Doxorubicin produces an
' antitumor effect as shown by a significant 147% increase in median survival time. 13-
10 deoxydoxorubicin and 5-imino-13-deoxydoxorubicin also produce a significant increase
in median survival time, not significantly different from doxorubicin. The results of
these studieé demonstrate fhat 13-deoxy anthracyclines have anticancer efficacy similar

to doxorubicin, although at different doses.

15 | "TABLE 1

Anticancer effects of doxorubicin and the 13-deoxyanthracyclines in mice with P388 murine
Jeukemia (T/C = median survival time of treated mice divided by median survival time of
control mice X 100; n= 10)

20
Group Dose Median survival time T/IC%
mg/kg/day ~ days 3
Control 0 19 100
25 '
Doxorubicin (I) 0.8 28 147*
Compound I1 1.6 . 27 142*
30 Compound III 3.2 27 142*%
* p <.05 versus control
Cardiotoxicity Evaluation of 13-deoxy anthracyclines
35 Twenty-four age matched New Zealand white rabbits weighing 3.0 kg are

randomized into four groups (N=6 rabbits/group). The groups are chronically treated

11



random zed into four groups (N=6 rabbits/group). The groups are
chronically treated WD 2007/ 124489PCT/ US2007/067225 with

doxor ubi cig 280371988 ydoxorubi cin (11), 5-irnino-13-deoxxygaxsdoséBin
(rrr), or vehicle (0.9% NaCl). Doses of drug or vehicle are

caml ea. ar o otthoRet i RpesiPrini RSB e Uty et (o>
Wﬁekl y or e‘(’ﬁ’%%%l)@mg% Nk D@se@gfcaugi ?i @hlciélﬁélhdmmé&e@éd i1 tah @@alkin two
short eni ng t Ssess cardil ac unction (6] cons nis
measur ed dai W"éﬁﬁ‘ﬁ@g @?é@%&@ﬁwe@w&@rm Hbits
are fedsthe %am%mfamag}tpe%nﬁameeﬁy SYGY WBef el o DBLaB e ALt Sard PR énal

fed). At sacrifice, -apex and left ‘'ventricular free wall sanples are
obt ai ned and SM@@\K@HFSMOF@%SMWI@F fudctionr Fapd wmmnpmﬂrsls me@egmi daﬂy aﬂd

scoring and 8@)8@%%@1! i3 m¥ m éd \ggetldgm @orn?rggﬁg%ts a&'ee eFl e 5 ot

sanples are a o assess cardiac levels o racyc |nes
and net abol i tdemorﬁhb:lmtteatedn'aéabsta@au'fmt)ee\t wdeeifice, lapax Mdeﬁmemmmhrcﬁieemﬁ

(LVFS <30% or decr eas S by 1Q% 42% t 0, 32% LVES
xh bi 11 f & SEHVEREB AP R0 FRBSTPYSEdt 115 th et sl i oIS, diigh ng
nyel osypr essiafdlysHs vamug BiShickdido ngo LefkIeBOKS t%fsﬁe%mbﬁ:@ BRNIRdGbAMRASS budlyss
WO 20071124489PCT/ U52007/ 0672 15 20
cardiac levels of anthracyclines and metabohtes Rabbits are sacrificed when they
become cardiotoxic (LVFS <30% or decrease in LVFS by 10% units i.e., 42% to 32%

LVFS), exhibit life threatening or debilitating toxicities (i.e., severe myelosupression or

mucositis), or 13 weeks after beginning the study.

12



30 WD 2007/ 124489PCT/ US2007/ 067225 Opti mum anti tunor doses of
13- deoxydoxorubicin are approximately tw ce the dose of doxorubicin
whi | e t hosgohef7/1948¢11 NO- 13- deoxydoxorubicin are up to pdiuBs7lb2s
opti mum dose of doxorubicin. The dose of 13-deoxydoxorubicin anti
5-im no-13- 5deoxydoxorubicin are, thus, tw ce (13-deoxydoxorubicin)
and 7 tinmes (5-imno-13- d iin) t he cunul ative cardi otoxic
dose of doxorubicirA (17.1 grubigin is adm nistered 1.25
ng/ kg twi ce/ week fo A

Ave~ddse of 17.5 ng/kg),
13- deoxydoxor ubi ci n P/ kg twei ce/ week for 10 weeks
(cunmul agi ve dose of

no- 13- deoxydoxoru.oicin is

adm nistered 5 10ng/ kg t or 12 weeks (cunul ative dose of
120 ng/ kg) . cpacrioficaHthe heart is renoved!and two types of
tissue are sanpled fromthe heart, ventricul ar apex and |eft
ventricular free wall, and store 10% formalin. Each tissue is
prepared for three different st - JH&E, tol ndi ne blue, and
tricherone. The tissues are scor bl i nd) using a nodification of

tht.Billingham scale. The scoﬁﬁﬁb s¢ale 15 is fromO0-4 with 0=<10% of
cells o tissue lesioned, 1 to 1% pof cells or tissue |esioned, 2
to 20% 29% of cells or tissue lesioned, 3 to 30% 39% of cells or
tissue lesioned, 4 to 40% or nore cells or tissue | esioned. The
ventricul ar apex and thepl efprventricular free wall are anal yzed
separately. Each receivds$ score for nmononuclear infiltration
fibrosis, and cytop ! rzatiaqn. Gthus, each rabbit has six
scores, 20 three f gouclear infiltration, fibrosis,

and cytopl asm ¢ vagsugl and/tHtee for the left ventricular
free wad| (nononucl ifhfilfratijon, fibrosis, and cytoplasnc
vacuol i zation). Ekaeh i $oblai ned by | ooking at_all three
stains. The six scores are averaged for each rabbit gi ve an
overal |l single score for each r it and then avera for each
treatnment group. 25Also at sacfifige, left atria are isolated,
divided in half and both hal ve died to assess cardiac function in

vitro in a tissue bath whereH&ttenl oad, and prel oad remin constant

t hroughout the study. Cardi ac ®BOn ctility is measured as the
maxi muM rate of force devel opment (dF/d,t) in response to
contractions induced by electrical stinmulation via punctate

el ectrodes located at the pase®f each nuscle preparation. 30 WO
2007/ 124489PCT/ US2007/ 067285 The results of these studies are
presented in Table 2 [ G Olstatistically
significant decreaseg racti onal shortening (FS%
conpared to vehicle
groups. Conpounds 1|
fracti®hal shortening.! Al lllthrde dr
extent, conpared tdﬁgéhiclﬁHcoﬁ¥#ol Myocar di al conﬁ[jﬁlility of
isolated atria obtained at sacrifi and neasured i itro (dF/dt),
is significantly reduced by doxo Chic'n, conpared to vehicle controls
and conpared to the other two treat t groups. Conpounds Il and I
do not alter nyocardi al contragftli Simlarly, 10 histopathol gie
| esions are significantly incre é doxor ubi cin, .conpared to
vehicle controls and conpared to e“other two treatnent groups, and
conpodﬁbs Il and 11l do not produce histopathol ogic |esions. These
results show t hat doxorubicin produces a profound cardiotoxicity in
the rabbit with chronic dosing, but conpounds 11 and H are devoid of
cardiotoxicity in this nodel at doses conparable to those used with
15doxor ubi cin. This absence of cardiotoxikity with conpounds Il and
1l is believed to be

w

&9s reduce henatocrit to the same




due to the absence of a 13-keto group and the lack of formation of an
al cohol netabolite. Conbination of Paclitaxel wth 13-deoxy

Ant hracycly,§6671141§ | nhibitory effects of doxonmbicin (I
13- deoxydoxor ubi cilln (I'1), 5-imno-13- 20deoxydoxor ubi C|I’§§1‘/(USZOO7/067225

daunorubicin (1V), 13-deoxydaunorubicin and 5-im no- 13-
deoxydaunor ubi ci n© PWP“WWW@PW@%@EW&X‘PW%WGﬁﬁﬂ‘ﬁﬁﬁ“}f‘t"t%ﬁ‘ﬂ?"’ the

cel 15 and PIBcNRl BUATIR Gk BhEIPAIES ol ohuiiih b upTH M1k

and P388 cel I nes use or these studi.es are“cul tured
mai nt ai ned ubplimzinyse dfxloprwbisin| Thedosa afia- mmxmbwywraéawmb?-

Col | ect | '
5007 11 oha8ordrrTaBiEh BakS JuRise 5 Hb Ry Bt dnf3ies s BT, YO
effects inr @b@tyusxdmmawdle@mmmlmalraomm Idoée&)fdiemyhminf(ﬁ”a&yr[g/kg),es
5(val ues are nean

PrePost Conpdiffig }C”}D‘Pé@é"c‘“@ﬁ‘i’b@ﬁ tgquonkqg{vréq%gg 7F‘g°p 2t g %f’f

17.5 mg/kg), 13-deoxydoxorubicin is administered 2mg/kg tvw.ce/week for 10 weeks
(cumulative dose of 40 mg/kg) and 5-imino-13-deoxydoxorupicin is administered 5

10 me/kg twice/week for 12 weeks (cumulative dose of 120 ma/kg).

At sacrifice, the heart is removed and two fypes of tissue are sampled from the
heart, ventricular apex and left ventricular free wall, anc stored in 10% formalin. Each
tissue is prepared for three different stains: H&E, tolu idine blue, and trichcrome. The
tissues are scored (blind) using a modification of the: Billingham écale. The scoring scale

15 is from 0-4 with 0=<10% of cells or tissue lesioned, 1 to 10%-19% of cells or tissue
lesioned, 2 to 20%-29% of cells or tissue lesioned, 3 to 30%-39% of cells or tissue
lesioned, 4 to 40% or more cells or tissue lesioned. The ventricular apex and the left
veniricular free wall are analyzed separately. Fach receives a score for mononuclear
infiltration, fibrosis, and cytoplasmic vacuclization. Thus, each rabbit has six scores,

20 three for the apex (mononuclear infiltration, fibrosis, and cytoplasmic vacuolization) and
three for the left ventricular free wall (raononuclear infiltration, fibrosis, and cytoplasmic
vacuolization). Each score is obtained by looking at all three stains. The six scores are

~ averaged for each rabbit to give an overall single score for each rabbit and then averaged
for each treatment group.

25 Also at sacrifice, left atria are isolated, divided in half and both halves studied to
assess cardiac function in vitro in a tissue bath where afterload and preload remain
constant throughout the study. Cardiac contractility is measu}:ed as the maximum rate of
force development (dF/d) in response to contractions inducpd by electrical stimulation-
via punctate electrodes located at the base of each muscle preparation.

30
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The results of these studies are presented in Table 2. Doxoru';iicin produces a
statistically significant decrease in left ventricular fractional shortening (FS%) compared
to vehicle controls and compared to the other two treatment groups. Compounds I and
i1 do not alter left ventricular fractional shortening. All three drugs reduce hematocrit to
the same extent, compared to vehicle controls. Myocardial contractility of isolated atria
obtained at sacrifice and measured in vitro (dF/dt), is significantly reduced by
doxorubicin, compar‘edbto vehicle controls and compared to the other two treatment
groups. Compounds II and III do not alter myocardial contractility. Similarly,
histopathelgic lesions are significantly increased by doxorubicin, compared to vehicle
controls and compared to the other two treatment groups, and compounds II and III do
not produce histopathologic lesions. These results show that doxorubicin produces a
profound cardiotoxicity in the rabbit with chronic dosing, but compounds II and I1I are
devoid of cardiotoxicity in this model at doses comparable to those used with
doxorubicin. This absence of cardiotoxicity with compounds II and III is believed to be

due to the absence of a 13-keto group and the lack of formation of an alcohol metabolite.

Combination of Paclitaxel with 13-deoxy Anthracyclines
The inhibitory effects of doxorubicin (), 13-deoxydoxorubicin (II), 5-imino-13-

deoxydoxorubicin (IIT), daunorubicin (IV), 13-deoxydaunorubicin (V), and 5-imino-13-
deoxydaunorubicin (VI) on the growth of MCF-7 human mammary tumor cells and P388
murine leukemia cells are measured in vitro. The MCF-7 and P388 cell lines used for

these studies are cultured and maintained utilizing the protocol from the American Type

- Culture Collection (ATCC) protocols. _MCF»? media was EMEM (Eagle Minimum

15



34.4 333* 0.4 0.6t0.51.4 +0.72.00.7 1.0dHFdt 29.1 15.1 *'+
24.4 30.2
WO 2007/124489 PCT/US2007/067225
TABLE 2
Absence of cardiotoxic effects in rabbits treated chronically with 13-deoxyanthracyclines
5 (values are means + SE, n= 6)
Control Doxorubicin (1) Compound II Compound I
Pre  Post Pre Post Pre Post Pre Post
10 FS % 375 36.8 37.1 274 %" 381 374 373 356
+03 +12 +04 +138 +07 +1.0 +1.1 +07
HCT % 344 38,7 350 27.5% 350  23.8* 344  33.3%
15 : +04 +06 +05 +14 +07 +20 +0.7 +1.0
dF/dt - 29.1 S5t 24.4 o 30.2
gms/sec; 3Hz +4.3 +1.9 +4.4 +49
20 ' :
Histo- 0.97 1.81%" ~ 0.97 - 0.64
pathology +02 +0.4 . +0.1 +0.2
Score ' '
25 .
p< .05 versus control; + p< .05 versus compound I and II; pre = pre-treatment, post =
post-treatment. ‘
Essential Medium; ATCC) and P388 media is Dulbecco’s medified Eagle’s
30 medium (DMEM, ATCC)., Working media for MCF-7 and P388 is made by the addition
of 50 ml FBS (fetal bovine serum, MCF-7) or 50 ml horse serum (ATCC, P388) to 450
ml EMEM media (MCF-7) or DMEM (P388). 4.5 g/L glucose (Sigma) is also added to
the DMEM (P388). Five ml Penecillin/Streptomycin (P/S, Gibco) is added to the MCF-7
and P388 working media. Cells are grown at 37 °C in 5% CO> for 1 week, and 25 ml
- 35 fresh media is added. Cells are passaged when they reach a density of 1-2 x 10° cells/ml

by transferring to a new flask containing fresh media.
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0. 64 pathol ogy +0.2

WO 2007/124489 PCT/US2007/067225

IV

10

O‘IO “on
15

HcO O OH A V

~
20
25
o - VI
N
30 CHg

HO
NHp

17



+ 0.4 +0.1 + 0.2 Score PC .05 versus control; + p< .05
versus compound | and IIl; pre = pre-treatnent, post post - treat ment.

Essenti al 34 TCC) and P388 nedia is Dul becco S s€'S
30 nedi um"?% A Working nedia for MCF-7 and P38§|r{d§%nggﬁg%

the addition of 50 ni PBS (fetal bovine MCF- h

serum ( ATCC, ng &t%ﬂthrﬁﬂuezm ﬁ'\éélsaiw'(s emﬁsr umw trgpm féﬁ/El\?{f?(fgél&%%Y re%%ﬁg

g/L glucose &@dlh?th@%ﬁl?ﬁ@%ﬁ%ﬂ % th %ﬁﬁ%l“&hd&@udﬂ (Sigme)is
tonyc co) .

Peneeillin/ Strep ed t0 the MCF-
wor ki ng nedi adde@és bash dlask igrdevatiacht thevells: The ﬂ%k@razlawdrm 1he\m1batoafm 548

T S0 TR g R R A BRI ML g by
cont ai ni ng f deahtetdBdd 80 ml tubes then centrifuged for 10 minutes at 200 x g. P388 cells are
harvested by direcﬁy decanting media into 50 ml tubes and centrifuging for 10 minutes at
200 x g. The peliet (MCF-7 and P388) is resuspended in 5 mi and the cells dispersed by
expelling gently through an 18g needle fitted to a syﬁnge. The cells are counted using a
10 hemocytometer and diluted with media to 150,000 cells/ml. The diluted cells are pipetted
into. 96-well plates at a concentration of 15,000 cells/well in 100 pl. The plates are
covered and incubated at 37 °C for 48 hours,
- Dilutions of the anthracyclines and paclitaxel are made up in cell-specific serum-
free media. The drugs at appropriate concentrations are added to all wells in 50 pl
15 aliquots and the cells are grown in the i)resence of the drugs (anthracyclines/paclitaxel)
for 24 hours. Tritiat_ed thymidine (ICN) is diluted in serum-free cell-specific media to a
concentration of 1uCi/50pl. All wells used for analysis are spiked with 50 pl aliquots of
media containing tritiated thymidine. Following a 4-hour exposure to isotope, tritiated
thymidine incorporation into DNA is measured by hypotonic lysis of cells with deionized
20 water and collection of cellular contents onto Whatman GF-C filters using a Brandel cell
‘harvester. Prior to harvesting MCF-7 cells, the media is aspirated, 150 uL of 0.25%
Trypsin-EDTA is added to each well to de-attach the cells. Filters are allowed to dry,
placed into 7ml scintillation vials containing 5ml scintillation cocktail and counted in a
scintillation counter. In preliminary experiments, the concentrations of anthracyclines
25 that would produce a 30% inhibition of growth (inhibitory concentration 30, IC30) on
MCF-7 cells and 10% inhibition of growth (IC10) on P388 cells are determined. The

results are shown in tables 3 and 4.
30
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510 15 20 IV NH2 WD 2007/124489PCT/ US2007/ 067225 Using sterile
techni que, MCF-7 cells are harvested fromthe T-75 flasks by renoving
and di scarwpngoiRfssul ture nmedium 5 m of 0.25% Trypsigethiskyro67225
solution (Sigma) is added to each flask to de-attach the cells. The
flask is placed in the incubator for 5,51&8@ nutes to facilitate

di spersal .. 10 ml of conplete growth ne i"s added, di rectly

decant ed into 50 n bes.then cenjrjfuge nut es

P388 cel | s areltdlt %’iﬂfé&r%mdﬂ%@f* “‘d@% {éeo ﬁl{ngs “ﬁi%ltfoﬁ}tﬁ’gs
and cendrifuging for 10 m QfémoiaMC%OﬂhﬁfmﬁmaHﬂﬁal?ﬁhﬁ&tceﬂsNCF 7 and
P388) is resuspended in 5 nl and the cells dispersed by expelling
gently through an 18g needle fitted to a syringe. The cells are
counted using a 10Ohenocytoneter and diluted with media to 150, 000
cells/m. The diluted cells are pipefted IGR0nM6-wel| plates at a
concentration of 15, 000-cells/well in 100 Rl . _The plates are cover ed
and i ntubated at 37 C DoxordBicindgi)r s. D00 utions of the

ant hracycl i nes and pacCompagld Ihre nmage up4fh cel |l -specific serumfree
medi a. The drugs at apgo@psundtil concentrays®ns are added to all wells
in 50 RI 15 ali quot s @gﬁhotnnﬁc@@kv)s are greon in the presence of the
drugs (anthracyclines/ pgghblsel) for 24 pgyurs. Tritiated thym dine
(ICN) is diluted in sepymnbiReycel | - speci gye media to a concentration

of IRC/50p.1. Al wells used for analysis are spiked with 50 R1
al i quots of nedia contaT‘rTr‘rTg"t‘rTT‘l‘a‘rjé'd‘Tnym"dr‘rTE"Fol | ow ng a 4- hour

exposure to isotope, tritiated thym dine incorporation into DNA is
measured by hypotonic lysis of cells with deionized 20wat er and

col | ec%&on of cellular contents onto Wiatrnan OF-C filters using a
Brandef¥ cel|l harvester. Prior to harveiﬁé3 7 cells, the nedia is
aspirated, 150 pl of 0.25% Trypsi n- EDT added to each well to

de-attach the cell re a Ipvved o, dr, placed.in
scintillation vr&Y §°E‘B’f?’é’g’t‘ﬂ% ’§E‘i’?ﬁdit ‘T%tatii y‘ d]i“f zcﬁdfﬂﬁr%ﬁ?ﬂ@d
in a scintillation counter. @rmbfpgggq,mﬁn@mﬁédnmmss t he
concentrations of anthracyclines 25 that would produce a 30%

i nhi bi2%on of growth (inhibitory concentration 30, | C30) on MCF-7
cells and 10% i nhibition of growth (IClO) on P388 cells are

deterrnined. The results are shown injtabl@¥@Mand 4. 30

Doxorubicin (1) 250

30 Compound I 1100
Compound II1 3500
Daunorubicin ( IV) 300
Compound V 700
Compound VI 1700

35 :
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WD 2007/ 124489PCT/ US2007/ 067225 TABLE 3 | C30' s of
doxor ubi ci n, daunorubi cin, and the 13-deoxyantliracyclines for

i nhi bi ti 0%8%005)95&% h of MCF-7 human mamary tunor cel bpgr/ushdedhs7dd
Doxorubi cin (1) Conpound Il Conpound 111 Daunorubicin ( 1V) Conpound
V Conpound VI 100 _45Q 750 750 645, 875 TABLE 4 |1 Cl10's, of.

doxor ubi ci n, daunbheu BPERSPOBIFYT %QDW%%WB&inr%'}’EIWg?WO9f growth of
i nhi bi tion of@r9Wels, OflofR38R M leNBrebeRbk @MtRe §€10 Sordenttdbfd BMdoxorubicin,
Doxor ubi ci n(él) 30Conpound 11 Conmpound 111 Daunorubicin ( |

Conpound V Cdaxpetibipingjor compounds II, III, V, or VI are shown in Figs. 1 and 2. From these
5 ‘dose-response curves, the IC50s for paclitaxel are calculated, and are presented in
Table 5.
TABLE 5

IC50°s (nM) of paclitaxel for inhibition of growth of MCF-7 human mammary tumor
10 cells in the presence of doxorubicin, daunorubicin or 13-doxyanthracyclines at IC30

concentrations. Values are means + standard errors, n = 3

1C50°s (nM) of paclitaxel
15 .
Paclitaxel 221 +8
Paclitaxel + Doxorubicin (I) 78 + 6*
Paclitaxel + Compound II 11 +9%%
Paclitaxel + Como '™ 1+ 0%
20 Paclitaxel + Daunc V) 0.6 + 0**
Paclitaxel + Compound v 0.55 + 0+
Paclitaxel + Compound VI 0.75 **
*p < .05 versus paclitaxel; *p <.05 versus paclitaxel + doxorubicin
25 _
Doxorubicin produces a 2.8 fold increase in the cancer growth inhibition potency
of paclitaxel, Compound II produces a 20 fold increase and compound IIT a 220 fold
" increase. Daunorubicin and compounds V and VI produces increases in the growth
inhibition potency of paclitaxel 295 to 400 fold. Compared to the other compounds,
30 doxorubicin is a relatively weak potentiator of the cancer growth inhibition potency of

paclitaxel.
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35 WD 20071124489PCT/ 1352007/ 067225 The dose-response

rel ationships for paclitaxel on the inhibition of growth of MCF-7
cells, al OWO 2867024489t he presence of the | C30 concent r atHG@AS2¢7/067225
doxor ubi ci n, daunorubicin, or conpounds IIl, IIl, V, or VI are shown
in Figs. 1 and 2. The ddsetrbupsasedelasenshi@s fud paditaxel otethe idhitdtidrCGH@eowthof P388

paclitaxel are calculated, and are presented in |l e 5. TABLE.5
1C50's (M 8?”‘&5&?"&?%}?&“% glone AR ik BFseBre ﬁJﬁBRJ;EﬁB&?HW“Pnﬁ Bhan
nMamary t unbiodQasikinSddufofubRin be&RiPeand 11, dRXVT &I TGk shotl@Un P1gdbs &idny, or
13-doxyant hracyclines at |1 C30 concentrations. Val ues are neans +

st andar¥ er r &ram these d@ereponss cprvry, theflCoBeior papkitaxekase pdeulatedyead 291 + 8

Pacl it axel + IGh )78 + 6* Paclitaxel + Conpound 1111 +
944' x Pacl i tg%%&ﬁédj%oj%gé T1lx Paclitaxel + Daunc[V)0.6 + 0*'

Pacl i taxel + Compound VO.55 + 0*'x Paclitaxel + Compound VIO.75 six
<.05 versus paclitaxel; xp <05 versus ?gﬁthtéaxel + doxorubicin 25

IC50°s (nM) of paclitaxel for inhibition of growth of P388 murine leukemia cglls in the
10 presence of doxorubicin, daunorubicin or 13-doxyanthracyclines at IC10 concentrations.

Values are means + standard errors, n =13

IC50°s (nM) of paclitaxel

15
Paclitaxel Inactive
Paclitaxel + Doxorubicin (I} 16 + 0.58
Paclitaxel + Compound II 16+ 0.50
Paclitaxel + Comound I 20 +0.67

20 Paclitaxel + Daunorubicin (IV) 916 + 83%
Paclitaxel + Compound V 13+0
Paclitaxel + Compound VI 14 +0.83

*p <.05 versus compounds I, I1, IV, V, and VI
25
Paclitaxel alone is inactive against P388 cells, producing no inhibition of growth.

However, paclitaxel becomes a potent inhibitor of growth in the presence of the

anthracyclines. The potency of paclitaxel is in vthe low nanomolar range in the presence

of all the anthracyclines except daunorubicin, where its potency is in the high nanomolar
30 range.

An enhanced effect occurs when the pharmacologic effect of the administration of
the combination of two drugs is greater than the additive effects of the two drugs
administered separately. For example, assume the dose of a first drug to produce a 30%.
response is 100 units and the dose of a second drug to produce a 30% response is 10

35 units, If 100 units of the first drug plus 10 units of the second drug produce a 60%

response, then there is an additive effect between the two drugs. However, if 100 units of
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Doxor ubi cin produces a 2.8 fold increase in the cancer growth

i nhibition potency of paclitaxel, Conpound Il produces a 20 fold

i ncrease amd2@onpasnd |11 a 220 fol d i ncrease. Daunor ulpctius2@amnos7225
conmpounds V and VI produces increases in the growmh inhibition

potency of pagld:&axel p1df difs %@%&%Q&oﬁd Idl;cl&%v% B2 bk oﬁkte!‘t‘ﬁ%n tthﬁrée isa

conpounds, 30doxorubicin is a relative ak potentiator o

cancer growt ynexgitisior supmddiivesipctdbtvean iHettar drugs. Rlitaxel at concentrations in

2007/ 124489P: I ~T e . t i onshi RS, .
for pacli taxﬁﬁﬁ@%@z{%g&g%ﬂﬁh gﬂhlbgtr%%v&qﬁeéﬁ(fl t‘bé@%‘%ﬁ ﬁieo%fléeeuﬁ)g}"r#ogg%ﬁ
cel I s, 5al oneinhitdtidnofighevthirethe peseret of benctr@hfomsasfd 8ot air@lﬁ&cwﬁneﬁ of the
doxor ubi ci n, .daunor.ybi ci n, .or co unds .11, LI, V, V] .are shown
n Figs. 3 alfAR o5 GRS HAR O BRI SR EOR T SRRE Y S6. faSyiser pipiiaxel
pacl it axel awhickahent @beeh inBiblod eBreRlBTSBE 86lisiahcolRbtRitibas dABLBOGIM, will
I C50's (nM of paclitaxel for inhibition of gromh of P388 nuffle

| eukeni a cel PEodugs Oheto PO inhibition obErarek b thp prepance abammermelienspfdp-deoxy

Standay d or rardecyIES A lophla SEF SRER SRR MAIoUET! BBy by 107

Pacl i tiéxel +ThoxtedBidcoxy quthragyelines®f 88 pRaeitidisskstre #ctGo ap enhadcdd manBeror

0.50 synergistically with paclitaxel to produce a highly posent and effective composition,
combination, mixture or preparation for suppressing the growth of cancer cells.

The foregoing description has been limited to specific embodiments of this
disclosure. It will be apparent, however, that variations and modifications may be made

15 by those skilled in the art to the disclosed embodiments of the disclosure, with the

' attainment of some or all of its advantages anc without departing from the spirit and -
scope of the present invention. For example, in non-cancerous rat-derived H9¢c2 cells,
weak growth inhibitory concentrations of paclitaxel (IC10) decrease the IC50 of 13-
| deoxydoxorubicin from 700 nM to 400 nl4, decrease the IC50 of 13-deoxy-5-

20 iminodoxorubicin from 1500nM to 210 nM, but do not reduce the IC50 of doxorubicin
which remains the same at 210nM. Tlhus, taxanes increase the potency of 13-deoxy
anthracyclines. Suitable modifications and adaptations of a variety. of conditions and

| parametefs normally encountered in clinical therapy which ate obvious to one of ordinary
skill in the art are within the scope of the disclosure. | _

25 The foregoing descrip:ion illustrates and describes the disclosure. Additionally,
the disclosure shows and describes only the preferred emb'odiments but, as mentioned
above, it is to be understood tha: it is capable to use in v;;rious other combinations,
modifications, and environments and is capable of changes or modifications within the
scope of the invention concepts as expressed herein, gommensurate with the above

30 teachings and/or the skill or knowledge of the relevant art. The embodiments described

herein above are further intended to explain best modes known by applicant and to enable
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Paclitaxel + Cornound Il 20 + 0.67 Paclitaxel + Daunorubiein (IV)
916 + 83* Paclitaxel + Conpound V 13 + 0 Paclitaxel + Conmpound VI 14

+ 0.83 spwoQboMesssals conmpounds |, 11, TV, V, and VI 2>Rashetrsxets
alone i's inactive against P388 cells, producing no inhibition of

growt h. However, clitaxel becpnes ot ent inhibitor_ qf i
the pr esenceoglf:rstsg e%m‘ﬁﬁa%wﬂf He&e ‘g‘?fgo%t“éﬁ > GrotheX, E'In?qugéﬁ%%ag‘d :‘Jralth
the | ow nano%ﬂ&l@ﬁpzﬁs&ﬁ@cﬁﬁ&dﬁoh@&qﬁ&m@p@ﬁgmlaﬁpm;imtdame&mdrédfes
except daunorubicin, where its potency 1s in the high nanonpl ar,
30range. An éwkeid b, Beesripherigmst iRtrafed thdinpitihs H’é[&’%loé‘é? &eg,f?‘f“ée’?dﬁ@d
the adng ni st @k gy, itﬁ?ﬁ%@gg@mgqgé LR cfafs B UfStried 19 RAIB hitdhaRe

the additive cts of s adm ni stered separately. For
exanpl e, assambodilmentdose of a first drug to produce a 30% response is

100 units and the,dose,.of. a sec I ] 9 is
10 350ni ts 11 106 pievig FRTA apHels S Herfiai R
second drug picagHeeRedbyt@bérenes nd e, any badall hepeses, as Hvacididiivideel mblietion

between the E)\r/\gatgr{t lajxgp icatlflglmgr% rsbec%écai]hg gnci”l irrllldliwsduglfly indicated to be incorporated by

10 reference.
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WO 2007/ 124489PCT/ US2007/ 067225 the first drug plus 10 units of the
second drug produce a 90% response, then there is a synergistic or
supradditive effect between the two drugs. Paclitaxel at
concentrations in MCF7 cells that IG@wIM® growth inhibitory effect (1
to 50 FIN% gﬁ(guce 50% to 95% 5i nhibition of growth in the
presence Fa%%ﬁ@ £¢ti ons of 13-deoxy anthracyclines of the formula
of the present invention which inhibit growh only by 30% Likew se,
paclitaxal, wh @t@ra?aacﬂig &feaweitnioﬁtﬂ J2iat s%afglata‘ £fitared B3BFeq Bebsra@in
concentrations up wi |l produce 65%to 95% i nhibition of
growt h i Ao whieh Brecqraseis selt:sﬁlve hteRegrtie emabigion Somppsing afistcomegudiapd s
of the fqg g&k@m?&>éﬁﬁmp%ﬁﬁ%ﬂﬁ di scl osure which inhibit growth only by
10% 10Thus, the 13-dedxy ant hracyclines of the present disclosure
act in anhefiraremgoundniser 16@@%@?@@&% adr| phaphadeutisally japegriablet glts or
pr oduce thgl ,ent QQ%R conbi nat i on,

m xture %r preé%?%?ﬁ%ﬁl qgg?ﬁ%%ﬁg%?¥§5 t eﬂgﬁﬁggﬁ of cancer cells.
The foregoing description has been limted to specific enbodi nents of
this disclosure. It will be apparent, however, that variations and
nodi fications may be () thosR2skilled in the art to the

di scl osed enbodi nent s i jure, with the attai nnent of some
or all of its advant ag oxq t he Rgpirit and

scope of the presen ; ancer ous
rat-derived H9c2 ce ; cofcentrations of
paclitaxel (1Cl0) d&g 2 A - pxydoxorubicin from 700
nMto 400 tilvl, decregse thy § 4e0Xy-5- 20i m nodoxor ubi ci n

from 1500nMto 210 utWVi
whi ch remains the sane
of 13-deoxy anthracycl
a variety, of conditions and parameters nornmally encountered in

clini cal ¥I§E¥%py whi ch are obvious to one of ordinary skill in the

art are V&h&thfiRlllkbem& R9REndperldb@lydeetbdfbih&he 2o @ndi@ing@0HREd OH;
descriri

i rates and desctib isclo Additionally,
t he di scl §ﬁ$ C@& ﬁg”iﬁﬂnﬂog@ﬂﬁ5@§’ghbgF@%@' (fé@V%d enmbodi ment s

but, as M deRord frBRANEgrolp conSisting JF© dsa 0l ah@od that it is capable to
use in various other conbinations, nmodifications, and environnents
and is capdn VYIRS or modi fications within the scope of the

i nvent i onhERBGRRbMpAMdIXPlRSRed herein, conmrensurate with the above
30t eachi ngs and/or the skill or knomiedge of the relevant art. The
enbodi nents descri bed herein above are further intended to explain
best nmpdes knawyg gp%aﬁﬁcm b6 BRGefet SRR EoxY¥thracycline is selected from the

2007/124489PCT/U 07/ 067225
group consisting of 13-deoxydoxorubicin, 13-deoxydaunorubicin, 13-deoxycaminomycin,

reduce;, t he 1050 of doxorubicin
hus, t nes increase the potency
Uit abl € modi fications and adapt ati ons of

13-deoxyepirubicin, 13-deoxyidarubicin, 13-deoxyannamycin, 13-deoxyamrubicin and the 5-
imino analogs thereof, and said taxane is selected from the group consisting of paclitaxel and

docetaxel.

3. A pharmaceutical composition comprising the preparation of claim 1, and a

pharmaceutically acceptable carrier or excipient.

4. A pharmaceutical composition comprising the preparation of claim 2, and a

pharmaceutically acceptable carrier or excipient.
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others skilled in the art to utilize the disclosure in such, or

ot her, enbodi nents and with the various nodifications required by the
particul ar applications or uses thereof. Accordingly, the description
i s not i Mt enddde tpeephiatiornt of bleini iy ehértiarsaklougdremdietyns délsaddosad thep@um.
Al so, it(%aﬂﬁgtegged to. ended cl.ai ns bE construed to include
al t er nat iVE &Hb H%ﬁ?gmw Sidd SW“BﬁHWF&éWPﬁﬁ U§Hd pat ent
applications cited in this specification are herein incorporated by
reference, and\ ﬁ@fap@lﬁﬂal@/r@fe&ide ANSROTRSyn@gistid arkid&ier ddgibitied Ye¥paration
publlcatlon Batent anglcatlon wer.e. specifically and individual [y
ndi cat edd tia5hs FROGT" D PESEIe K52 POeE e aRERn e, soMpETOR S5t Cempms

What is Qh@bﬂﬁ@qhﬁCo%p&nﬁhﬁﬁﬁgﬁutICa||y effective anount of a
synergistic_anticancer conblned preparation, in which the cancer

sensi ti veg FsLeompAwIdsF & oriminootniseny pehragishis: psphgmasentically ac&eﬁﬁéw&s
and of a o38RaANEs HRABLYAM 5-iMBBI 8L doxy ffhridyESle &aﬂ?%q&n{uﬁ.a

13- deoxyanthracycllne or pharnaceutlcally acceptabl e salts or
prodrugs thereof, said 13-deoxyanthracycline haV|ng t he formul a:
wherei n each of RI RRiand RR is |nBependentIy selected fromthe
group consi sting of Hland OH| R4 is|selected fromthe group

consisting of H OH is selgcted Rrom the
group consisting o 2 and the
second conpound i s} a tax cIa|n11 wherein
sai d 13-deoxyant hrjacycl i p consisting of
13- deoxydoxor ubi ci ) A ¥deoxycam nomnyci n,

13- deoxyepi rubi ci n, deoxyannamnyci n,

13- deoxyanr ubi ci n and the 5-1li ; and sai d taxane

is selected fromthe Rjoup cNmbi Sti Q@ of paglltaxel and docet axel .
3. A pharnmaceutical conposition conprising the preparation of claim
1, and a pharmaceutical ly acceptable carrier or excipient. 4. A
phar maceyfj.cdl conposition conprising the preparation of claim2, and
a pharmaceutically acceptable carrier or excipient.

each R;, Ry and R; is independently selected from the group consisting of H and OH;

R4 s selected from the group consisting of H, OH, alkyl, and O-alkyl,
Rsis a sugar moiety; and

the second compound is a taxane.

7. The preparation of claim 6, wherein said 5-imino-13-deoxy anthracycline is selected
from the gzoup consisting of 5-imino-13-deoxydoxorubicin, 5-imino-13-deoxydaunorubicin,
5-imino-13-deoxycaminomycin, 5-imino-13-deoxyepirubicin, 5-imino-13-deoxyidarubicin,
5-imino-13-deoxyannamycin, and 5-imino-13-deoxyamrubicin, and said taxane is selected

from the group consisting of paclitaxel and docetaxel.

8. A pharmaceutical composition comprising the preparation of claim 6, and a

pharmaceutically acceptable carrier or excipient.

9. A pharmaceutical composition comprising the preparation of claim 7, and a

pharmaceutically acceptable carrier or excipient.
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5. The preparation of claim1l, wherein said sugar noiety is sel ected
fromthe group consisting of daunosam ne, epi daunosam ne, and a
rhammal sugar. 6. A therapeutically effective anount of a

syner gi stlfc afhe peneratior: ohelime pheparsaidi sogar meictyhis sHedtdefroarbegrois
sensi U Vol iy SYRGHALACerfATRIARL Ula o SOIRL] §lj0 @ First compound
and of a secon conmpoun erein: firstoc ound is a

5-1 m no- 13- deoxy anthracycllne, or pharnaceutlcally acceptable salts
or prodr dgs t Abe ewharatsai af clrim it whertid-thkepoeyarativhposseysed arnantinauden grotwhle

formul a: rein nd . 1S | ndependent | ected

the group’co Stlﬁgéttlls ﬁeatwe nR%g n O%Q;mGRﬁlg:h%r tb"& atngcfa?cfeﬁéﬁ f"ﬁbp‘ﬁ?‘}?ﬁﬁ sal
conS|st|mgmnﬁ H, CH al kyl, and 0O-alkyl; R5 is a sugar noiety; and
the second conpound is a taxane 7. The preparation of claims§6,
wherein id i mno-13- xy .ant hracycline is s | ected fromthe

g: oup coﬁgi sti H‘Q PISparaiq g r‘f %31 "frﬂkéeé‘“sl’%%‘i §rsty B‘?‘EI?OHH is present in an amount that
5-i m no- Bbd&&hmmﬁﬁﬁpbbh@ﬂlpcff&ukf%ﬁ@nﬁB - deoxycami nonycin, 5- inno
- 13- deoxyepi rubicin, 5 - imno -13 -deoxyidarubicin,

5-i m no- 13 deoxyannanycin, and 5-im no-13-deoxyanrubicin, and said

t axane i $3sel éfé? BEPFTRiEAM A felaing Oovhsreim prad Sest Pfgnwmbmrw%@ pn agjpunt that
docet axelis JowSr théh &hﬁér?ﬁﬁéﬂl&%ﬁéctﬁ@ﬁ?ﬁ&ﬁh“ on conprising the
preparation of claim a pharmaceutically acceptable carrier or
excipient. 9. A pharnmaceutical conposition conprising the
preparation of claim7, and a pharmaceutically acceptable carrier or
exci pi ent. 10. The preparation of claim®6, wherein said sugar
noiety is selected fromthe group consisting of daunosani ne,

epi daunosam ne, and a rhammal sugar. 11. The preparation of claiml,
wherein the preparati on possesses an anti-cancer growh potency that
is between 20 and 400 times higher than an anti-cancer growth potency
of said taxane. 12. The preparation of claim1l wherein said first
conpound is present in an anount that is lower than its

t herapeutically effective amount. 13. The preparation of claim®6
wherein said first conpound is present in an anount that is | ower
than its therapeutically effective anount.
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