WO 2004/ 080458 PCT/ EP2004/ 002610 -1 TREATMENT OF PROLI FERATI VE DI SEASES

W TH EPOTHI LONE DERI VATI VES AND RADI ATION This invention relates to organic
conmpounds, In particular to pharnmaceutical conpositions for wuse in

conbi nat i orwehdoa/osoass zi ng radi ati on for the delay of pr egTEPr2608/002610
treatment of a proliferative disease,.gspecially a solid tunor disease. W
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Accordingly the invention provides a nethod for the delay of progression or
treatnent of a proliferative disease, especially a solid tunor disease in a
subj ect in need of such treatnent which conprises admnistering to the
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optionally at |east one pharmaceutically acceptable carrier; in conbination
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conpound di$escergapbaally avbmiddumorAdiseape;esents 0, R is hydrogen and Z is a bond
is known as epothilone C, a conpound of formula | wherein A represents 0, R
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of formula |

(1)

in which compound A represents O or NRN, wherein RN is hydrogen or lower alkyl, R is
hydrogen or lower alkyl, and Z is O or a bond, which is in free form or in the form of a
pharmaceutically acceptable salt and optionally at least one pharmaceutically acceptable
carrier; in combination with jonizing radiation.

A compound of formula | wherein A represents O, R is hydrogen and Z is O is known as
epothilone A; a compound of formula | wherein A represents O, Rismethyland Zis O is
known as epothilone B; a compound of formula | wherein A represents O, R is hydrogen and
Z is a bond is known as epothilone C; a compound of formula | wherein A represents O, R is
methyl and Z is a bond is known as epothilone D.



conbination wth ionizing radiation in the treatnent of a proliferative

di sease. In a further aspect the invention provides use of an epothilone
derivative of formula I (or pharmaceutically acceptable salt or prodrug

est er ther aobdpoounsoasarbi nation with ionizing radiation fran/EPh@4ewax nent of
a proliferative disease, especially a sbtid tunor. In yet further aspect the
I nvention provides an epothilone derivative of formula | (or
pharmaceutical |y acceptable salt or prodrug ester thereof) as active
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progressi on nistrati
patients Smdadhgnqrn an early phase of the proliferative disease to be treated.
The term "solid tunor disease” as used herein conprises, but is not
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thyr0| d cancer. The present

conmbi nation inhibits the rovvt h of solid WO 2004/ 080458 PCT/ EP2004/ 002610
-3 Above and elsewhere in fhe present description the following terms have the meanings given

below:

The term “lower” referred to above and hereinafter in connection with organic radicals or
compounds respectively defines a compound or radical which may be branched or
unbranched with up to and including 7, preferably up io and including 4 carbon atoms.

A lower alkyl group is branched or unbranched and contains 1 to 7 carbon atoms, preferably
1-4 carbon atoms. lLower alkyl represents, for example, methyi, ethyl, propyl, butyl, isopropyl
or isobutyl.

The term “delay of progression” as used herein means administration of the combination to
patients being in an early phase of the proliferative disease to be treated.

The term “solid tumor disease” as used herein comprises, but is not restricted to glioma,
thyroid cancer, breast cancer, ovarian cancer, cancer of the colon and generally the Gl tract,
cervix cancer, lung cancer, in particular smali-cell lung cancer, and non-small-cell lung
cancer, head and neck cancer, bladder cancer, cancer of the prostate or Kaposi's sarcoma.
In one preferred embodiment of the invention, the tumor disease fo be freated is glioma,
cancer of the prostate or thyroid cancer. The present combination inhibits the growth of solid



tunors, but also liquid tunors. Furthernore, depending on the tunor type and
the particular conbination used, a decrease of the tunor volune can be

obt ai ned. The conbi nati ons disclosed herein are also suited to prevent the
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subsequent administration of ionizing radiation. Wherein administration can be continuous,
sequential or sporadic;

b) There is administration of ionizing radiation without the prior, simultaneous or subsequent
administration of an epothilone detivative of formula |. Where in administration can be
confinuous, sequential or sporadic.

The term “jonising radiation” referred to above and hereinafter means ionising radiation that
occurs as either electromagnetic rays (such as X-rays and gamma rays) or particles (such
as alpha and beta particles). lonising radiation is provided in, but not limited to, radiation
therapy and is known in the art (Hellman, Principles of Radiation Therapy, Cancer, in
Principles and Practice of Oncology, 248-275 (Devita et al., ed,, 4™ Ed,, V1, 1993).

Epothilone derivatives of formula | wherein A represents O or NRN, wherein RN is hydrogen
or lower alkyl, R is hydrogen or lower alkyl and Z is O or a bond, and methods for the
preparation of such epothilone derivatives are in particular generically and specifically
disclosed in the patents and patent applications WO 83/10121, US 6,194,181, WO



di sclosed in the patents and patent applications WO 93110121, US 6, 194, 181,
WO WO 2004/ 080458 PCT/ EP2004/ 002610 -4 98/25929, WD 98/ 08849, WD 99/ 43653,
WO 98/ 22461 and WD 00/ 31247 in each case in particular in the conpound
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Is multifactorial. Under certain circunstances, drugs with different
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acceptable salt and opfionally at least one pharmaceutically acceptable carrier and (b}
ionizing radiation, will be referred to hereinafter as a COMBINATION OF THE INVENTION.

The nature of proliferative diseases like solid tumor diseases is multifactorial. Under certain
circumstan’ces, drugs with different mechanisms of action may be combined. However, just
considering any combination of drugs having diiferent mode of action does not necessarily
lead to combinations with advantageaus effects.

In the combination of the invention, Epothilone derivatives of formula | and pharmaceutically
acceptable salts and prodrug derivatives are preferably used in the form of pharmaceutical
preparations that contain the relevant tﬁerapeutically effective amount of active ingredient
optionally together with or in admixture with inorganic or organic, solid or liquid,
pharmaceutically acceptable carriers wﬁlich are suiiable for administration.

In a preferred embodiment, each patient receives doses of lonizing radiation, whereas the
epothilone derivative of formula | is administered once weekly Lv. for three weeks, followed by
one week off. Each four week interval V\}ill be considered one cycle. Day 1 of each cycle Is



pharmaceutically acceptable carriers which are suitable for adm nistration.
In a preferred enbodi nent, each patient receives doses of ionizing
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with one or nore pharmaceutjcally, acceptable carries, especially suitable
for ent ertggnsgﬁrnlgég@rﬁmg;rapona(ﬁrg passiviedi iontophoretic), or compositions for topical

administration,

Preferably, the Epothilone derivative pharmaceutical compositions are adapted to oral
administration.

The pharmaceutical compositions according to the invention can be prepared in a manner
known per se and are those suitable for enteral, such as oral or rectal, and parenteral
administration to mammals (warm-blooded animals), including man, comprising a thera-
peutically effective amount of at least cne pharmacologically active combination partner
alone or in combination with one or more pharmaceutically acceptable carries, especially
suitable for enteral or parenteral application.

The novel pharmaceutical composition contain, for exampie, from about 10 % to about

100 %, preferably from about 20 % to about 60 %, of the active ingredients. Pharmaceutical
preparations for the combination therapy for enteral or parenteral administration are, for
example, those in unit dosage forms, such as sugar-coated iablets, iablels, capsules or
suppositories, and furthermors ampoules. I not indicated otherwise, these are prepared in a
manner known per se, for example by means of conventional mixing, granulating, sugar-



The novel pharmaceutical composition contain, for exanple, fromabout 10 %
to about 100 % preferably fromabout 20 %to about 60 % of the active

i ngredi ents. Pharmaceutical preparations for the conbination therapy for
enteral or Wareaw#al adm nistration are, for exanpl e, PCRGR00HMA02GH t dosage
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and furthernore anpoules. If not indicated otherw se, these are prepared in
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partner and (ii) administration of the second combination partner, wherein administration of a
combination partner may be simu!taneoué or sequential in any order, in jointly therapeutically
effective amounts, preferably in synergistically effective amounts, e.g. in daily or weekly
dosages corresponding to the amounts described herein. The individual combination
partners of the COMBINATION OF THE INVENTION can be administered separately at
different times during the course of therapy 6r concurrently. Furthermore, the term
administering also encompasses the use bf a pro-drug of an epothilone derivative of formula |
that converts in vivo to the combination partner as such. The instant invention is therefore fo
be understood as embracing all such regirnes of simultaneous or alternating treatment and
the term "administering” is to be interpreted accordingly.

The dosage of lonizing radiation and an e'pothilone derivative of formula | in relation to each
other is preferably in a ratio that is synergistic.

if the warm-blooded animal is a human, the dosage of a compound of formula | is preferably
in the range of about 0.25 to 75, preferably 0.5 o 50, e.g. 2.5, mg/m® once weekly for two to
four, e.g. three, weeks, followed by 6 to 8 days off in the case of an adult patient. [n one
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addi t i onproperties. Compounds having at least ohe basic group or at least one basic radical, for
example a free amino group, a pyrazinyl radical or a pyridyl radical, may form acid addition
salts, for example with inorganic acids, such as hydrochloric acid, sulfuric acid or a
phosphoric acid, or with suitable organic carboxylic or sulfonic acids, for example aliphatic
mono- or di-carboxylic acids, such as trifluoroacetic acid, acelic acid, propionic acid, giycolic
acld, succinic acid, maleic acid, fumatric acid, hydroxymaleic acid, malic acid, fartaric acid,
citric acid or oxalic acid, or amino acids such as arginine or lysine, aromatic carboxylic acids,
such as benzoic acid, 2-phenoxy-benzoic acid, 2-acetoxy-benzoic acid, salicylic acid, 4-
aminosalicylic acid, aromatic-aliphatic carboxylic acids, such as mandelic acid or cinnamic
acid, heteroaromatic carboxylic acids, such as nicotinic acid or isahicotinic acid, aliphatic
sulfonic acids, such as methane-, ethane- or 2-hydroxyethane-sulfonic acid, or aromatic
sulfonic acids, for example benzene-, p-toluens- or naphthalene-2-suifonic acid. When
several basic groups are presant mono- or poly-acid addition salts may be formed.

For the purposes of isolation or purification, as well as in the case of compounds that are
used further as intermediaies, it is also possible to use pharmaceutically unacceptable salts.
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In one embodiment of the invention, an antidiarrheal agent is administered together with the
COMBINATION OF THE INVENTION in order to prevent, control or eliminate diarrhoea that
is sometimes associated with the administration of epothilones, especially epothilone B.
Thus, the present invention also relates to a method of preventing or controlling diarrhoea
associated with administering an epothilone derivative of formula 1, which comprises
administering an effective amount of an antidiarrhea agent to the patient receiving freatment
with the COMBINATION OF THE INVENTION. Antidiarrheal agents and protocols for their
administration are known fo those skilled in the art. Antidiarrheal agents suitable for use in
the inventive methods and compositions include, but are not limited to, natural opiods, such
as tincture of opium, paregoric, and codeine, synthetic opioids, such as diphenoxylate,
difenoxin and loperamide, bismuth subsalicyfate, octreotide (e.g. available as SANDO-
STATINTM), motilin antagonists and traditional antidiarrheal remedies, such as kaolin,
pectin, berberine and muscarinic agents.

The following example is intended fo illustrate the invention and are not to be construed as
being limitations thereon.

Example 1



In one enbodi nent of the invention, an antidi arrheal agent is adm nistered
together with the COVBINATION OF THE INVENTION in order to prevent, control
or elimnate diarrhoea that is sonetinmes associated with the adm nistration
of epot hi | soemps/ee4s8ci al |y epothilone B. Thus, the preBEHEPIM/RA¢PoNn al so
relates to a nethod of preventing or cdhtrolling diarrhoea associated with
adm ni stering an epothilone derivative of fornmula |, which conprises

adm nistering an effective amount of an antidiarrhea agent to the patient
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at 0.7 nanomolar range of epothilone B. The hurka‘n SW480 cells showed enhanced sensitivity to

|
epothilone B than the genetically deﬂfned oncogene—transformed MEFs (Appendix epothilone

B~1). Combined treatment with epoth1lone B and ionizing radiation (5Gy) revealed an at least
additive antiproliferative effect agalnst these two cell lines (Appendix epothilone B-2, shown

with a representative concentration of epothllone B). For this combined treatment modality

cells were pretreated for 24h with eppthllo ne B prior to irradtation.

Based on these results, clonogenid; sywival assays were performed with epothilone B in
combination with ionizing radiatﬁi:on.x 'ﬁhe clonogenic assay is based on the outgrowth of

compact clones from singuiar dé!ls wth%at are seeded at low density in a petri dish. Clonal

outgrowth under the different tréatrj:f'\éntfcondiﬁons can be quantified and compared.

Appendix epothilone B-3 summarizée} clonogenic survival performed with SW480 and
E1A/ras-trasnsormed MEFs upon treiatment with ionizing radiation and epothilone B alone
and in combination. Similar to the prohferatlon assay SW480 cells were more sensitive 1o
epothilone B than the MEFs and comb:ned freatment showed again an at ieast additive
effect in both cell fines (dose range for epoth;lone B are different for SW480 and MEFs as



Gy/mn. Dosinetry was controlled with a Vigilant-dosineter. Initial
proliferation assays were perfornmed to determ ne the dose range of
epothilone B to be applied for conbined treatnment with ionizing radiation.
A cl ear antwprouios@ssati ve dose response over 72 hours ®RGIATEP40bps10t wo cel |
lines (EIA/ras transformed p53-/- MEF;-Wuman col on adenocarci noma cell |ine
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I oni zi ng radi ati on against these two cell |ines. The human SW80 col on
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activity ahlbm@labadthe MDR-oeder sahagant verapamil. herefong prodigration @ﬁparmnermewamr i ne
fi brosar coimnGed lith tHSifdted tROIRET: HdbSities in SW480 cells pretreated with verapamil.
Low doses of verapamil (5LLg/ml, added 30 min prior to Paclitaxel-treatment) resensitized
SW480 cells to low doses of Paclitaxel alone and to a combined treatment modality with
jonizing radiation indicating that MDR-P-glycoprotein-overexpression is responsible for the
Paclitaxel-refractory effect in this cell line (Appendix epothilone B-6). Verapamil did not have
an antiproliferative effect by itself at this concentration and only slightly affected the
response to epathilone B {not shown); We are currently probing the level of MDR-P-
glycoprotein in a direct way in SW480 cells by immunoblotting.

Overall these results show that both epothilone B and paclitaxe! have an at least additive
antiproliferative and clonogenic cell killing effect in combination with ionizing radiation,
epothiione B retains full activity alone and in combination with {onizing radiation in the
Paclitaxel-resistant hiuman colon adenocarcinoma cell line SW480. Thus Epothilone might
be a promising alfernative in paclitaxel resistant tumors (e.g. colorectal {umors) for a
combined treatment regimen using IR and microtubule inhibitors. Experimentally the next
steps will involve in vivo testing of spothilone B/IR with allograft/xenograft mouse tumor
models.



extent (in a |ow nanonol ar range, Appendi x 4b). W conpared the effect of
conbined treatnent with Epothilone B/IR1and PaclitaxeVIR also in the

cl onogeni c cell survival assay. Both cell lines showed an at |east additive
effect to conbined treatnent with epothilone B/IR and Paclitaxel /IR
respectively, but only at very high concentrations of Paclitaxel in the
Pacl i t ax&laimesi stant cell |ine SW80 (Appendi x epothilone B-5).
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-11- Cainms 1. A use of (a) an epothilone derivative of formula |l R 2: HO
nsra

for the preparation of 2 medicament for the treatment of a proliferative disease.
2. A use according to claim 1 which comprises administering

(a) a compound of formula | wherein A represents O. R is lower alkyl, Z is O, in combination
with

(b) ionizing radiation.

3. A use according to_claim 1 or 2 which comprises administering
(a) epothilone B, in combination with

(b) ionizing radiation.

4. A use according to claims 1,2 or 3 wherein subject is a warm-blooded animal having a
proliferative disease comprising administering to the animal a combination according to any of
claims 1, 2 or 3 in a way that is jointly therapeutical effective against a proliferative disease.

5. A use according to any of claims 1 to 4 which comprises administering a quantity which is
jointly therapeutical effective against a proliferative disease of a compound of formula 1 and at
least one pharmaceutically accepiable carrier for use in combination with ionizing radiation.



0 OHOft? in which conpound A represents 0 or NRN, wherein RN is hydrogen
or lower alkyl, Ris hydrogen or lower-glkyl, and Zis 0 or a bond, which
isin free formor in the formof a pharmaceutically acceptable salt, in
conbination with (b) ionizing radiation, for the preparation of a nedi canent
for the treatment of a proliferative disease. 2. A use according to claim1l
whi ch corfpri isesacacmiing te telirhrig 2( 3% ca 5darthe daldy of plograssioa dof awhdfeativedisease
represents QO R i.s | | kyl is O in conmbination wth (b) ionizing
radi ati orﬁa?.UbjiCtdﬁgegﬁé{?l&hﬁéeamégl aim1l or 2 which conprises adm nistering
(a) epothilone B, in conbination with (b) ionizing radiation. 4. A use

accor di ng. Aaisel somling, t8 cim 3, Bitea@r B feithg Gehtmient af svprofifdpdtivedisbagal mal havi ng
a proliferative disease conprising admnistering to the aninmal a

conbi nati on accor di ng t@? fan?/ of clainms 1, 2 or 3ipn a wa'y that is jointly

t her apeutd- &8P %bPrEmPPYR alfaimye | acording taslaim e ¢ Sfoatne preparalionef aiccor di ng
to any ofmé&digdnint forluBedn YEBIRatH Wt RARINGHEHIBNGH BF tHetetaydbfPibdrbysigbeh is
jointly therapeutical effective against a proliferative disease of a
conmpound t@atm%?trﬂﬁF‘é""?“f%fﬁtil"ea‘ﬂ'seqséast one pharnmaceutically acceptable carrier
for use in conbination with ionizing radiation. -12- 6. A use according to

claiml, gp %e“ac%rd%gft]@rcléirﬁgB@eér%/wﬁ’érewtﬁgb%ﬁ%r&l@e%se%s;@ﬁs% SdiRl iy e di sease

in a subject in need of such treatnment. 7. A use according to claim1, 2,3,
4 or 5 for the treatnent of a proliferative disease. 8. Use of a conpound
of formul'@. A packagediamprisingsd edmpandf farmlafidn whiel Aoreppeseats @ ror BIRNa wherein
nmedi cane i ﬁ&{p%j j 1 P ZI r adi at.d f del ay of
progressir%l\rllfsgiyd%gadt?rlmn (')M? %?\gﬁopglpgf ?’\\;‘é+ aﬁgléggde.gt‘%?%,&ausoenggg%ordi ng to
cl ai ms 6,phagnag:ulibally sicaeptalle sat bi prodeudi asterdihereel dogether with ingtraalinos for il A
package q%%%' | ! ; lrd i FERE 0 or NRN,
wher ei n i E&h%?@ogng\ﬁ'ﬂg@HPg]\?g%d%%w?ﬂ-\stlr Saﬂn%‘@rogg n Io‘rgrlap\gé\/\grgéaekyl , and Z
is 0 or a bond (or pharmaceutically acceptable salt or prodrug ester
thereof), together with instructions for the wuse in conbination with
ionizing radiation for the treatnent of a proliferative disease.



