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present invention relates to the field of cancer
treatnment and provides an antitunor therapy
conprising the conbined use of a therapeutically
effective anount of a norpholinyl anthracycline
derivative with radi ati on therapy. Background of the
invention 10 Cancers are a | eading cause of death in
humans and in aninmals; surgery, radiation and
chenot herapy are the useful means to fight cancers. In
particul ar, chenotherapy conbined with radiation
therapy is a known nodality of treatnment of
neopl astrl c diseases. The treatnent of tumours with
ionisingradiation, also referred to as radiation 15
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radiosensitiser, and radiation therapy, with the expectation of getting a supra-
25 additive antitumor effect in comparison to the single cytotoxic alone, is of utmost
importance in cancer therapy.
Among the several compounds endowed with antitumor activity and also known as
possessing radiosensitisation activity see, for instance, cisplatin, gemcitabine,
navelbine, tomudex, nicotinamide, paclitaxel, docetaxel, simvastatin and topotecan.
30 The development of new effective cytoxic agents acting as radiosensitizers intended
for combination with radiation therapy can be considered as an unmet medical need

in the field of anticancer therapy.
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2 The present invention fulfils such a need by

providing an anthracycline derivative, which is a

nor phol i nyl anthracycline derivative for use as

radi osensitizer, administered in conbination with

radi ation therapy, so that a synergistic effect can 5

be reveal ed. Description of the invention It is

therefore a first object of the present invention a

conmbi ned preparation conprising a norpholinyl

ant hracycline derivative having formula (1), formula
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a pharmaceutically acceptable salt or a pharmaceutically active metabolite thereof,

administered in combination with radiation therapy.

15
It is a second object of the present invention a morpholinyl anthracycline derivative
having formula (l), formula (Il), a pharmaceutically acceptable salt or a
pharmaceutically active metabolite thereof as defined above, for use as a
radiosensitizer agent.

20

According to the present invention, a preferred morpholinyl anthracycline derivative
is the morpholinyl anthracycline derivative of formula (1), more particularly in the

form of its hydrochloride salt.



3 As used herein, the term"netabolite" enbraces all
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derivative according to the invention. The chem cal
reacti ons of enzymatic biotransformation are
classified as phase-l or phase-I1 reactions. 5 As
used herein, the term "pharnmaceutically acceptable
salt" refers to those salts, which retains the
bi ol ogi cal effectiveness and properties of the parent
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Compared to doxorubicin (DX), nemorubicin is significantly more potent in vivo than in

vitro. This observation suggested an in vivo metabolism of the drug to potent
metabolite/s. In in vitro ex periments, in the presence of mouse, rat and human liver
microsomal enzymes, nemorubicin is metabolized to potent metabolite/s. Microsomal
3¢ activation appears to occur also in vivo since nemorubicin is highly effective on liver

metastases.



30 activation appears to occur also in vivo since
nenmorubicin is highly effective on liver netastases.
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currently undergoing clinical evaluation; clinica
data obtained so far suggesi an interesting affinity
of nenorubicin for liver |esions, even in tunor types
resistant to conventional chenotherapy. 5 Exanpl es of
identified netabolites of nenorubicin are conpounds of
the below fornmulae (I1l) to (M) HOHH CHOH\ I
OHCH2ZOH 11 OHOw 0O CHO OV 0O OH O (I'V) (111) 0O
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Nemorubicin is currently undergoing clinical evaluation; clinical data obtained so far
suggest an interesting affinity of nemorubicin for liver lesions, e ven in tumor types

resistant to conventional chemotherapy.

5 Examples of identified metabolites of nemorubicin are compounds of the below
formulae (I1) to (V1)

1¢  The metabolites of the above formulae (lil), (IV) and (V) have been described, e.g.,
in Beulz-Riche et al, Fundamental & Clinical Pharmacology 15 (2001), 373-378.
Fraier et al. have developed and validated a selective and sensitive liquid
chromatography-tandem mass spectrometry (LC-MS-MS) method for quantitative
determination of nemorubicin, and its reduced metabolite of the above formula (1V)

15 in human plasma (see Journal of Pharmaceutical and Biomedical Analysis 2002,

30(3), 377-389).
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MX2 is active in vivo after i.p., i.v. and oral administration, with good antileukemic
and antitumor activity on murine and human tumor models. MX2 is highly lipophilic
and less cardiotoxic than DXoxorubicin. The major dose limiting factor of MX2 is
myelosuppression.
25
A preferred combined preparation according to the invention comprises a
morpholinyl anthracycline of formula (I) as defined above, a pharmaceutically
acceptable salt thereof, especially hydrochloride salt, or a pharmaceutically active
metabolite thereof, especially a metabolite selected from compounds of formulae

30 () to (VI) as defined above, administered in combination with radiation therapy.

Preferred metabolites according to the present invention are metabolites of the



20 cDDP. MX2 is active in vivo after i.p., i.v. and

oral adm nistration, wth good antil eukem c and
W@nioogeFoy activity on nurine and human tunor POOEPB04/050246

MX2 is highly lipophilic and |ess cardiotoxic than

DXoxor ubi cin. The maj or doseglimting factor of MX2 is

nmyel osuppression. 25 A preferred conbi ned preparation

according to the invention conprises a norpholinyl

ant hracycline of formula (1) as defined above, a

pharmaceutically acceptable salt thereof, especially

hydrochl oride salt, or a pharmaceutically active

net abolite thereof, especially a netabolite sel ected

from conpounds of formulae 30 (I1l) to (VI) as defined

above, administered in conbination with radiation

therapy. Preferred netabolites according to the

pr esent "PRRENt PYIRLIE prePEBBl (Pt Bs IgPedt Fpa\pRricularly the

2004/ 085 PYBTPEPZIRY (Y8 82deded ®o¥¢or phol i nyl

ant hracycline of fornmula (1) as defined above,

parti culnardey plekedt dewpp@UNGIBssOfothErekéTdpaied, | Wilh) tHeO tefnVI )

as def i ReksAbRMB abiliyt Mes PHi8RANkhe ARBMEHIEHd QhbabilNbESS

ot her wi &#npam@lgla& Eseéjradlc)é@nts rgert \W% tgeetgrm rad50$ensmser |n its turn itis

"radi osens |sat|onat|V| % e
af or emenPfJogne com ouacbI E%able gf mcreasnTjJ; rgpro Iig tl}mo ceIIs a

r adi osefEI{e8 é‘lfesp‘\ﬁett?}'o'fzﬁ'éra?'%t W"h?”é?ﬂ‘l"l?%sﬁg‘lt‘ix'icg er "in

i ts turns uded hergn, thente@ntddtoa treapy ousn dialled\traditheiasy”, Gsapabl e
of | NCr abieRGt tangeF @A idhgting LBEGN. CdbihdSradidl@Sdebddsl dn@fy thaf
res pons ﬁ,uIerrldQJ%;% Iceﬂgm rtr@d}e%éw@ r}eéMdt(tné)%tgelaqub ;]lcyrdgraa?;ﬁg in

toxi cit ¥|e|r etlg‘?'n%gn{'q %JxJ]lt .nIpJSL% L%l; %sercglgltétz Qnrl]e to_grow.
t her apy d| F]

treat men

radi ati E?ﬁa'rd'?ﬁ‘é%"fai yd éﬂ’i'é'f"g@/"pf'lli’a'?ad”gﬁ R ma% beo‘l‘se"cl 88t tf’&?/’é
cel | & i [eaizgesolig waorh @iches Rcerapidy stin. fpaove fagny Sfeing bregg e )
by danmageingcenixhiesan algretrasdddo trratlakdméd and adpmeg(cdngers of the

i mpossi bibe-tdrmaitig cbllh @esByrpedtid gsténo regretibdyiue t 0 gr ow.

At hougpn a%ea\t F]' %rlgnagmgcga jon" queg tgr%nc%% ntlgngl‘g a%op%g in the

nor |TH| G I ? treat t q d ! tE t

t hensel v%’%pe%x'ﬁfh"df"uﬁ%?ﬁ 8?1“?9#“8% ey ik eﬁ%a‘a%?f &Ry RE" be
used?® eany. ampyragigign gndyasotqn Hea) ia?%'ﬂ‘ EHrPY-dhe E!fo?f‘ts'a"g%slﬁf h
as canc ésoongpnefichigsliatioRs ysed it glimgglpeacticd a5g spppxicial Fdigtomor rdeMesaSt |
or ut erayniemcaprdmately [1¢ tociah KeM: sthologeisdiaiort or dlect@aragnetic

| eukem adi@indoelgerine s sfooamced Sipdioltshd) 8 megavoltage radiation for

energies of more than 400 KV. The proton beam radiation therapy protocols refer to

%h Lg raglatlon damac\;Ms ?qnh cancer cells an%pgrméd cellf the ager Fr:elz' gble to P ng
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As used herein, “anticancer therapy” refers to all types of therapies for treating

cancers or neoplasms or malignant tumors found in mammals comprising humans.

30 The combined preparations according to the present invention would be useful for
the treatment of cancer. Preferably, the subject methods and compositions of the

present invention may be used for the treatment of neoplasia disorders including
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amount can be a therapeutically effective amount.

30
The term "therapeutically effective amount” is intended to qualify the amount of each

agent for use in the combination therapy, which will achieve the goal of
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eachio agent for use in the conbination therapy, which
W 1 acli adgy tde cdmda prbarMibs 200@hOB8 & Tntion may be used in

PCT/ EP2QQ4(.05 %%@ IBa Ipmrr&vgfm@mena RonthinSe frSRrabBY OF It Y

gggn: hg m]:/ern og n?a¥ %¥ usegxl or peagngn h% rloc\ér%erart fo{)ﬁxanage ‘a\\/;areézegéer

si de ef f”é’c‘f“f"& 57 &alp yvef SE8 A% % 8Y "RPPH"EI FETRAT 1°0 8
t her &pi ¥angpcaTFiam™3 grith"eeF258Si on of the constituents of
t he conbi ned preparations of the present invention
can be med®rBdlingidnthaneine sdriya,tives gpa r:catb?eéd;preoa‘rations according to
sequent irdlidvahtionl chn beSadinARic@l @I Lpatidd0h RGY acRBhChanadr tahie
present oMK HdeRbbiclikRaisd d3H), HAEHRRMS or Wi Redrlofal Pérapeutic
Seq u?@t I [?plroacl:tllgs su91f astJ'ge. |r9pq)aqﬁl (ﬂ‘g qdn%‘lsﬁggr( ﬂéleana%mn lgtertng' %e

I nventi %grphopnyl ant%racya' ine (?erlvagves of E-E}P¥ombme preparation in a suitable oral

form such as, e.g., tablets, capsules, lozenges, suspensions, solutions, emulsions,

powders, syrups and the like. Parenteral administration includes administering the

morpholinyl anthracycline derivatives of the combined preparation by subcutaneous,
25 intravenous or intramuscular injections. Implants include intra arterial implants, for

example an intrahepatic artery implant.

Injections and implants are preferred administration routes because they permit

precise control of the timing and dosage levels used for administration.

For example, for treating a patient suffering from a liver cancer as defined above,
30 intrahepatic administration of the morpholinyl anthracycline derivatives of the

combined preparation may be performed via the hepatic artery. More precisely, the

morpholinyl anthracycline derivatives of the combined preparation may be



As al ready sai d, conbined preparations according to
the invention nmay be used in anticancer therapy. In a

w@eeiesrsed enbodi ment, conbi ned preparati ons oPCT/RB2004/050246

i nvention may be useful for treating a |liver cancer,
for exanple a liver cancer primarily confined to the
liver such as, e.g. an hepatocellular carcinoma or a
15 chol angi ocarci noma, or |iver netastases. The

nmor phol i nyl ant hracycline derivatives of the conbined
preparations according to the invention can be
admnistered to a patient in any acceptabl e manner
that is nmedically acceptable including orally,
parenterally, or with | ocoregional therapeutic 20
approaches such as, e.g., inplants. O al

adm ni stration includes adm nistering the norpholinyl
ant hr ac §ETTSITE? (e PUPA B8 G eRetFd S A ICHED prEFEr ety on
in a subtraddermandier cFnens Yathhneadic arerygirectvtiniihedatasal entry
capsul esf an|i.pZienigreted iuspBNG PIEN frahsmratiuolacatisor vie mshtedtaons,
powder s jnsedtydinigse tepdlc 4dag. | | ke. Par ent er al

adm nd sin AbARNarl SMbbdiRSor AT LS tiREnkidhD ndnRRbiciAIIg @ bk Ny |
ant hr ac Y& lifishfea ARr Y RbdaMEeRf ast HERGFDIND eagpraﬁuﬁp %Es@t dron
by Su b.C Lr%maépug(f Wy I§(‘fl re$era|b|? ::%rre?l‘é{:gng ss§lve9 |n salnn'{-a Quqys %gy be mlxed

i njections I npl ant s,
for exgﬁlpa] Séntaglﬁ am?wnr fglrheéMe ae ara?uFt r? |ngi1 m arﬁlt o 100 'ml of an

I nj ect i 8¥8" ‘ah‘a‘a‘]‘ﬁ‘ﬁp'?d&ﬁ? gl (HF"QD%‘rméf Wy é‘?ﬂ‘aﬁﬁfﬁ'eﬁl@t PEton
rout &s beeafies és indstop thpughiietherafinagery.se control of the
timng amdadelseegerel enebds ants eder fob radraitiition St tr@t maolinfror
exanpl e antdréyciiter @avktvergor @he Rarhbindd bregasidnedt ithd Ghvédtid@nma vhry ver
cancer @&orgﬁ‘gftb r}\eedaﬁabl‘;évpﬁrtlculaspgnaﬂmg&ﬁt@ %Pl@tahog of the morpholinyl
adm ni Sgr(tmcbcq?r{l dQ Tvatat/sg%s JEPJeE’QLQ bg)(gl utlﬂa)t Jﬂé S"ag&%r l:aqger being

S:{ If \é?t Itrc\a/ %ﬁ tl('l)e ?eherlty of tﬁe ?lsease sg{el%el ycP tre, Jf eanagFee%aXlgupa]r patner{t

nor phol i ?ﬁ'i?I"eaéei’?t hr acycl i ne derivatives of the conbi ned
pr epar afffeofcspagyaeaes \RD WD EHTTEZST 9" PETPER0047" 5026 9
adm ni sderatigks esordinglattiiedryentign My very wittethe agehepditon. gex and

net ast akit@t & AOdREse inGife patieit AndEarebeidaerdingd by bietol skitih @l art.

Pri mag Yy thd db66dge Cifmer NQIMMerettie Be talled @ Pabirteuids df @k Yatient's
directl ¥onhlm}19 sz;Q)ﬁse aﬁg ££o@|gte @&trr(eyts |nO§( mé?lmar whith is lcdn%tlonal

i nsert e%r %{thgraﬁﬂgd Q%qged beaalajuétg(}t r{ é{;}gQQFO cl@an&gk%gr%ﬁ Q‘ns or

via a cat epatlc artery In
a parti 8"d(°”" “gétr%%r&f%ﬁiw%’f""”tshe pr esent invention,
nenor ubi cin. HCI may be adm nistered via the hepati c
art ePy Adurthan ajeert of $e oasenttifyentiepgple opYideatmethefderdhedrpatment of
a mammal including a human, suffering from a cancer comprising administering to
said mammal a morpholinyl anthracycline of formula (l), formula (i), a
pharmaceutically acceptable salt or a pharmaceutically active metabolite thereof as
defined above and radiation therapy in amounts effective to produce a synergistic

30 anticancer effect.



nenor ubi cin. HCl, preferably previously dissolved in
saline solution, nmay be mxed wth a suitable anount,
wo o004883mpl e an anmount ranging from1 m to 108CTEPDN4/050246
an agent, for exanple iodized oil (LIPIODOLTM),
whi ch remains selectively imea |iver 10 tunor after
its injection through the hepatic artery. The actua
preferred method and order of adm nistration of the
nmor phol i nyl anthracycline derivatives of the conbi ned
preparation of the invention nmay vary according to,
inter alia, the particular pharmaceutical fornulation
of the norpholinyl anthracycline derivatives as
defi ned above being utilized, the particular cancer
being 15 treated, the severity of the disease state
being treated, and the particul ar yatient bei ng
t r eat ed" STHEEBERY L PEHY N TH tehe AL WP 4Pt T Yhiechf
t he nor Pharadnyeredint RPRAETC | Sefrentiale rerAstely €5 HebBrinhg
to the pdminestetison nmay vary with the age, condition, sex
and extagnat m@fholihaletihise @t ®miua Hhempat | @nk mnrdaeaiaipe
det erym nRehtabY saNBEa Mhmdéiitkdily dctivetrld@bofkE therect? B dbfiHBd shoBag e
regi mengushectperefore be tailored to the particul ar

of the R rEJn;%Qntt;\e%py:SQa'ﬂﬂ&nﬁoirOns’ response and associ ate
treatnents ' [ onventional _for

'S, 1In manner ich is con (
any t heFaé?p";‘}"F’é‘\?H'El’?‘}?ﬁv;?f'vﬁ &&d a%"'%eéed AP SPEA PR TRYFERY. to
changesiPHeEBhdL 818 "eaMd/ or in |ight of other
clinical conditions. 25 A further aggect of the
pr esent A KEFERER 8/ 9IS P PPo Ve " ItEF A “F8ioatarey o
t r eat nefficagfol g AdAtPaNe I A UAIPhYM'A A, SR8ET &M iy
from a tdpioetherey apnei tey maephelichAniagytlies derigtive @lonesma fhelsumeaimal
a nor phok iaaiyily obitnd tatiaioy Déram evhef adinoistered @oné lard, thef oarwiling
(11) 15 aantphpidRarastd whal oyinaesemhabl e salt or a
pharmaceutically active netabolite thereof as defined

above aﬂg ugegdiie@tni %Q,&lnlﬁrre@pa\gmikigra@oqoynat ﬁ\ r?lfofin CJn!h%%clInQ
pr oduce e i %‘gﬂ Xi 29, antl %"J‘t”tﬁego%fe S hster Hlosel
2004/ 0858 A" PET/EPLDIET BB0DHE° "10" t°i°E BROTHET “BB] ect
of the BPUDAHI™e AVSREPSR AoBlder “oPo'tet ars ohly® et dhvor
in azs Ubf @bets thej sppeﬁ,@én@atp%'\s é@f-:e’rneé,(fmgfqr%tp ﬁu@iation therapy may
sequent eitabr| opcur sieplareadsie [wpilshadminisiguria ttizeneiggteyt comprising the
adm ni Sephog aftBricydineBodvpRedr] angrhativdg rsequédtiaiy ie argloraéror nmul a
(1), fosmlaReols ddhinistrtidd el BRELAE oGl layministering the morpholiny
anthracycline derivative and radiation treatment at the same point in time but at
25 different anatomic sites or using different routes of administration. Sequential
administration may be carried out by administering the morpholiny anthracycline
derivative and radiation treatment at a different point in time, for example, the active
compounds described herein may be administered orally, parenterally or via
intrahepatic administration to a patient prior to receiving radiation therapy.
30 Preferably, the schedule treatment first comprises administering the morpholiny
anthracycline derivative to the patient, which only subsequently is subjected to

radiation therapy exposure.



5 acceptable salt or a pharnmaceutically active

net abolite thereof as defined above to said subject
w@na4/0k0s579 adi ati on therapy to said tunor, sai dPCT/EP2004/050246

nor phol i nyl derivative being adm nistered to said

subject in an anmount effectiyje to potentiate said

radi ati on therapy. 10 As used herein the term

"potentiating” means an increase in the benefici al

activity or efficacy of the radiation therapy over

that which woul d be expected fromthe radiation

t herapy al one, the norpholiny anthracycline derivative

al one, or the sumof the activity of the radiation

t herapy when admi ni stered al one and the norpholiny 15

anthracycline derivative when adm ni stered alone. As

used herein, the conbined adm nistration of a

mor phol ["rdy VA ATPERty/Eq PrRENt iRyentien, telales, & iR s A i BIRNEAY

t r eat neAtharEEnsdetviiag oftidvaula oforgria (B drrhfiinacedipatidacedrigie| v

enough Baft dr janeharnh@bticdih ectigr @eteniie thokof G alembd aoe:, tinhige

bi ol ogi padaratdnfoesirGiicarhient il &ss@takde fwith rAGaticdQhepy badmumedudie

schedyl e stquad DRM: ik SeatOiicRESd, €exposure to radiation
therapy may either occur si nul t aneously whil st

adm ni Sg\gt{lllfquert het me resent in entlon |s rovmle a%et%onOr lowering the
nmor phol 1N racycline deriv Pve

al t er naf' i’ev"éff*‘i‘f ‘*’%Sé?q EP’eﬁ’fif‘T“%fF’l teraPy, W'éi‘rﬁ? aBtl’%l‘é?' agent in mammals,

Si mul t affesire Myers i eet ﬁf’?%ﬁ“enwh%ém&%ﬁ"ﬁla%"'%fg Bypaid
admi B smehahg cqritieedrpepgstion fonyrisinga mbreirtny'@pthanesind ef fprodie | ve
and r adiatornam (i) e atamadutialy doteptal8as @ o pitmakatichliy raetiviout
at 25 dimbhRiiteRdrectdiatiadt a6ovs hrld @Qia@h thetsdyng di f f er ent
routes onfpaaém} B §Je£eﬁtt.av9non pRREMUENH B4 for AELIALR b gafehiON
may be Q&Fr,r,,l% om a y&\ar{/amgtgsrgtlﬁlv%tcaencérng the mor ph0| I ny

ant hracyc tive and radiation treatnent at a
di f f &F ent point in tine, for exanple, the active
conmpounsihrgiedcs Bt a feanery °fiRgly aSCIRERD [§metEPeenblp | Y,
par ent etha|timpr gewityj pspferabi tteptompieit iregregsigniohins tymat viert e a
pat i ent inpeds@in txrity, @drenisarimgant effelitiget anmant toh éhe &pybinal® of a

Pr ef er abbpholidyhathselaedut emtulagatonemnts béirat abG@e Mpd raBigtdn

admi b Sth@r’éﬂ)yn‘gantomw% AIRUVE R JalRY a sy ABEIGUE BBYRde! 6t d@aiMad, | Ve
to the paldn§Rimanathi ch only subsequently is subjected
to radiation therapy exposure. WD 2004/ 082579

PCT/ EP2004/ 050246

According to the present invention, the morpholinyl anthracycline derivative may be
also administered with additional antitumor agents such as, for instance,
25  topoisomerase | or |l inhibitors, e.g. CPT-11, topotecan, 9-amino-camptothecin, 9-
nitro-camptothecin, 10,11-methylenedioxy-camptothecin, doxorubicin, daunorubicin,
epirubicin, nemorubicin, idarubicin, etoposide, teniposide, mitoxanthrone,
losoxantrone, amsacrine, actinomycin D; alkylating agents, e.g. melphalan,
chlorambucil, mechlorethamine, cyclophosphamide, ifosfamide, busulfan,
30 carmustine, lormustine, semustine, fotemustine, decarbazine, temozolide, thitepa,
mitomycin  C, cisplatin, carboplatin, oxaliplatin, nedaplatin, lobaplatin;

antimicrotubule agents, e.g. paclitaxel, docetaxel, vincristine, vinblastine, vindesine,



In a further aspect, the present invention relates to

the use of a norpholiny anthracycline derivative of
wo o074 1), formula (I11), a pharmaceuti cal | yPCT/EP2004/050246

acceptable salt or a pharmaceutically active

met abolite thereof as definet above, in the

preparation of a nedicanent in association with

radi ati on therapy for sinultaneous 5 or sequentia

use for the treatnment of cancer. A still further

aspect of the present invention is to provide a nethod

for lowering the side effects caused by anticancer

therapy with an anticancer agent in mamal s,

i ncl udi ng humans, in need thereof, the nethod

conpri si ng adninistering to said 1C mammal a conbined

ngﬁﬁ{ Zslrlwell ing, er{gmus?rrengm u'mt {eQ o meté(rexa?eﬂ%u!w]eatrc)?g}e tomudex
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a nethodhickokib (H11), Heraatumerd), ofecgiais-an tedricositl iMikasss; mgof r om
a pri mare-sof saBietator€ | i ver cancer. 15 By the term
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anoutft BPPEREEARTHRUCEI of a  nor phol i nyl

ant hr acl élaisefughfr afpest pfitie areert jovegyon b pdmpined greghefop padrisabov e
and r adin@ghblion andBcytiedcapiye hafingdstBuan b, Sonedfif (BCA pher@ade@ically
pro duc eadBepSyiE 84itdr St gh&maBititaha steR! mc@bdiRCtherdod alifREERAISA

i ncl udi Ewab.haMSFBQﬁw ra@?gtgp rt!ds'r Jth thntﬁer p&%&@&t admnl\ég%l Qn
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adm ni stere tional antitunor uch as,
for instance, 25 to oi sonerase | or |1 |nh|b|tors
e.g. CPF- “fl"‘e”i"ﬂwﬁotf“’e%‘él‘ﬁd inentioh iFYghec 2RISERIPIeRt e, mogpholinyi

ni t r o- cAMFCERERTvatve ap@rding torfieti W“@h@@l%%yoféf&r@m asrdvici n,
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| osoxanhg @ ecdpdiBRESkdNe, actinonycin D; al kyl ating
agents, e.g. nel phal an, chl oranbuci I

nmechl orlgs hani ne
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As stated above, the effect of the combined administration of a morpholinyl
anthracycline derivative of formula (), formula (Il), a pharmaceutically acceptable
30 salt or a pharmaceutically active metabolite thereof as defined above and radiation
therapy is significantly increased (more than additive/synergic effect) in

experimental tumor models.



antim crotubul e agents, e.g. paclitaxel, docetaxel,
vincristine, vinblastine, vindesine, W 2004/ 082579
wEROhsaSRM4/ 050246 12 vi norel bi ne, estranust i PET/EP2004/050246
anti metabolites, e.g. netotrexate, trinetrexate,
tonmudex, 5-FU, floxuridine,iFtorafur, capecitabine,
cytarabi ne, azacitidine, gentitabine; protein Kkinase
inhibitors, e.g. STI571 (d eevec), ZD 1839 (lressa),
0S| -774 (Tarceva), SU 5416 (Semaxanib), PNU 11248;
ci cl ooxygenase-2 inhibitors, e.g. celecoxib (B-18), 5
val decoxi b (B-19), deracoxib (B-20), rofecoxib (B-21),
etoricoxib (MK-663; B-22), JTE-522 (B-23),
BMS- 347070. According to a preferred enbodi nent of the
i nvention, the use of a norpholinyl anthracycline
derivative with radi ation thera al so conprises the
adni ni st 4t G’H’dsof'hea°°m'i5’fegt"?ef?ﬂ¥n°fa't%ﬁrleﬁf’ti 'Wg"“gg EHE"eL™Y.
ci spl at PHeaneear dfe &f ithe epearmp| athraycinp edla g atE nllbra 10
| obapl apharmaceyielly agerteble salsr § preimgpduticlly activel rpetabgiteghewgpiiof |
furt her (pspetitd gdovet dne opbdBigtherapp WiNtbus Glaldathe apdd effeatde
prepag atbkntGRBRELsSI Ng a nor phol i nyl anthracyclinc

deri vat ere%u&%ydltiOQacrloqg mlllL; @onﬁ)aad’ prefpggtméloﬁhe(plrelsént imRntion are
phar macgyt |

owrl,(\:oar‘linI tche,%C %%9&1&91' el §/{a l tgsts(,)\rﬂ ic% are iljustrative, but not
phar maceut i'cal fé/ acfll ve mstga'borol te t'ﬁer eo#, ,

adm ni st&18 8 PeromRBHABPRES At RS LT HEr I ioer Ay
whi ch f Se¥fePoYEBIpT PYeaPREnTt Al SYPETY p{gorgitors and parameters

t her dpentrindgpricguniatd B8 cinicy dheraprp i asf obgoup lodhosnikifgd in the

al kyl at emgre agpenntie scopsgi@sinadnliop. ci splatin. I n the nmethod
of the subject invention, for the adm nistration of

t he nmor pholinyl anthracycline derivative according to
the invepidwiRoiddie course of therapy generally

o5 0ye8 ol IR O TUTE AR 0 U
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sui t abl e t Pg)ve,

r treating a Liver cancer. stated a
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From the above, if both radiation and drug exerted their cytotoxic effect

independently from each other, SR values would be close to 1 whereas, on the

contrary, a radiosensitisation effect indicating a synergism between ionizing
30 radiation and drug is characterized by SR values lower than 1 (SR < 1).

Analysis of the obtained results in any of the experiments being carried clearly

indicate that nemorubicin exerts a statistically significant radiosensitising effect.



30 salt or a pharmaceutically active netabolite
t hereof as defined above and radiation therapy is
we@angiscant |y i ncreased (nore than additi ve/ SRCIEEB1004/050246
effect) in experinental tunor nodels. WD 2004/ 082579
PCT/ EP2004/ 050246 13 In othes words, the conbi ned
therapy of the present invention enhances the
anti cancer effects of the norpholinyl anthracycline
(1), formula (11), a pharmaceutically acceptable salt
or a pharmaceutically active netabolite thereof or
(I') as defined above and of radiation therapy and thus
yields the nost effective 5 treatnment for cancers.
The superadditive actions of the conbined preparations
of the present invention are shown, for instance, by
t he fO||OMA in vitro tests, which are illustrative,
but not U39 ﬁ‘hgifv‘r"ﬂ e st BBntsrhalreytde PPt ofl Seane
met hods SFenthig P‘b‘f"é‘%’ eRtstaRPd IPISTFomRaaRe o thakq¢igpialy| hence
nodi f i cafifaingse rmeribleandieptranpd of mgrliepfiong foy pamiombigin ig fcombination
condi t i emsadeng teapyanet ers 10 normal |y encountered in
clinical therapy, which are obvious to those skilled
inthe art, are within the scope of this invention.
PHARMACOLOGY 15 The radi osensitisation effect exerted
by a representative conpound of the norpholinyl
ant hracycline derivatives according to the invention,
in particular nenorubicin, is shown according to in
vitro cytotoxicity assays on tunor cell lines. In
this respect, two different schedule treatnents were
eval uated either conprising sinultaneous exposure to
nenor ubi cin and to radiation, or sequential exposure
to 20 both these therapies in any order, that is
drug/radi ation or radiation/drug. As control, the
effect of cisplatin in conbination wth radi otherapy
has been tested in the sane experinental condition.
To define a Sensitization Ratio (SR), the survival of
tunor cells being treated with a conbination of
irradi ati on and drug exposure (Sx.0) was conpared with
t he product 25 of survival for drug alone (Sp) and
irradiation alone (Sx), as follows: SR = Sx+D /SD Sx.



From t he above, if both radiation and drug exerted

their cytotoxic effect independently from each other,
wekovasases woul d be close to 1 whereas, on thePCT/EP2004/050246

contrary, a radiosensitisation effect indicating a

synergi sm between ionizing 80 radiation and drug is

characterized by SR values lower than 1 (SR < 1).

Anal ysis of the obtained results in any of the

experiments being carried clearly indicate that

nenorubicin exerts a statistically significant

radi osensitising effect. WO 2004/ 082579

PCT/ EP2004/ 050246 14 Supra-additive/synergistic

ef fect has been observed irrespective of treatnent

sequence. I n particular, sensitization is at |east

conpar a to that of cisplatin hence indicating a

possi bl dest range of applications for nenorubicin

in conbination wth radiation therapy. 5 WO

2004/ 0823'omireT prEtRR00 49808 4 BrorpicBny! a0hg¢yprge derivatixe having

conbi ne@rpragp &rmatai N conpri sing a nor phol i nyl

ant hracycline derivative having formula (1), formula

(1) 50HOO<§R§R\0I I~

pharmaceutical I'l dctive net abolTi

admi ni st er ed °f*n° corli):r;atl onmwi tA Paao E%fn t herrapy.
o]
o ey, OMe HBC o : O

a pharmaceutically acceptable salt or a pharmaceutically active metabolite thereof,
administered in combination with radiation therapy.

10
2. A combined preparation according to claim 1, wherein the morpholinyl
anthracycline is of formula (1).

3. A combined preparation according to claim 2, wherein the salt is the

15  hydrochloride salt.

4. A combined preparation according to claim 1, wherein the metabolite is a
metabolite of the morpholinyl anthracycline derivative of formula (1) selected from
the compounds of formulae (Ill) to (V1)



10 2. A conbined preparation according to claim 1,
wherein the norpholinyl anthracycline is of fornula

W@ 2go4/0&57A conbi ned preparation accordi ng to cP@I/RPRN4/050246
wherein the salt is the 15 hydrochloride salt. 4. A
conbi ned preparation accordipg to claim1, wherein the
netabolite is a netabolite of the norpholinyl
ant hracycline derivative of formula (1) selected from
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5. A combined preparation comprising a compound of formula (lIt), (IV), (V) or (VI)

5 as defined in claim 4, administered in combination with radiation therapy.
6. A combined preparation according to claim 1, for use in the treatment of cancer.

7. A combined preparation according to claim 5, for use in the treatment of cancer.
10

8. Use of a morpholinyl anthracycline derivative having formula (1), formula (Il), a

pharmaceutically acceptable salt or a pharmaceutically active metabolite thereof as

defined in claim 1, as radiosensitizer.

15 9. Use according to claim 8, wherein the morpholinyl anthracycline derivative is of
formuia (1).
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adm ni stered in conbination with radi ation therapy. 6.
A conbi ned preparation accorgding to claim1, for use
in the treatnent of cancer. 7. A conbined preparation
according to claim5, for use in the treatnent of
cancer. 10 8. Use of a norpholinyl anthracycline
derivative having formula (1), formula (I1), a
phar maceutically acceptable salt or a pharnmaceutically
active nmetabolite thereof as defined in claiml, as
radi osensitizer. 15 9. Use according to claim8,
wherei n the norpholinyl anthracycline derivative is of
formula (1). WO 2004/ 082579 PCT/ EP2004/ 050246 17 10.
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t he medi canent conprising the
14. A method of treating a tumor in a subject in need thereof, comprising

sequentially, separately or simultaneously administering
20
(a) a morpholinyl derivative of formula (1), formula (If) or a pharmaceutically

acceptable salt or metabolite thereof as defined in claim 1 to said subject and

{b) radiation therapy to said tumor,
25  said morpholinyl derivative being administered to said subject in an amount effective

to potentiate said radiation therapy.

15. A method according to claim 12, wherein the cancer is a primary or metastatic
liver cancer.

30
16. A combined preparation as claimed in claim 1, which further comprises

administering a therapeutically effective amount of a platinum alkylating agent.



nor phol i nyl anthracycline derivative or,
alternatively, sequentially in any order. 14. A nethod
wWo@bRoongmre Ng a tunor in a subject in need thereof/EP2004/050246
conprising sequentially, separately or sinultaneously
adm nistering 20 (a) a norph@linyl derivative of
formula (I), forrmula (11) or a pharnmaceutically
acceptable salt or netabolite thereof as defined in
claim1l to said subject and (b) radiation therapy to
said tunor, 25 said norpholinyl derivative being
adm nistered to said subject in an anmnount effective
to potentiate said radiation therapy. 15. A nethod
according to claim 12, wherein the cancer is a primary
or netastatic |liver cancer. 30 16. A conbi ned
preparation as clained in claim1, which further
conprises admnistering a therapeutically effective
anmount &F Agombingd drevamton ieyPieg tp nigmdfetierein WOPIZDOR AGRDS 79
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according to claim 16, wherein the platinumalylating
agents i g ﬁ%n%ﬁgﬁgepgrﬁtgma&i)rgiﬁa BLkiR, 17, GAREEO B Bibtinin alylating
oxal i pl giRaspgdapl atin and | obaplatin. 5 18. A
conbi ned preparation according to claim17, wherein
the platinumalylating agent is cisplatin.



