WO 2007/0716401PCDEP2006/069666 TREATMENT OF
DRUG-RESISTANT TUMORS FIELD OF THE INVENTION The
present invention relates to the use of a subclass of camptothecin
d%rp)/%;)\,/uegs&%r the preparation of a medicfament for the treatment of
drug-reiARt stumors and/or for the administration to patierts WHESAGHS
polymorphisms in the gene coding for DNA topoisomerase |I.

BACKGROUND ION cin derivatives are
DNA-topoisorne%&ﬁ%éﬁkﬁ%ﬁg%%g‘&ﬂ@yﬁgﬁinent class
of ghtiseei @gRNISNTRYGther with the taxanes, in the topoisomerase i

iNhIDITOrS areé presumably the most important new class of anticancer

drugs Thogkeed:intoHiricaldasics, Re-clinienl studiegdempnsiratesinecin
significant in vitro and in vivo activity of topoisomerase | inhibitors, such as
caenpaitreciorahd prepartiativés; oredidioad: iangesdfdamens. dtheugsutistant
from clinical trials were promising, as shown by the registration of two
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20

tOPBIRGTEIHSE Rihibr Gt brsieantamfiicnisedm sasw Relywarasisms in the
CPT-llg iIn many European countries and in the USA, for treatment of

pETBRECURA AN BRYBISTESR cancer, respectively. Other derivatives
a@\%g%ﬁbdgﬁeﬁgé gﬁﬁ% &Iinical development.  In patent
application - wvied. Chem. 2001, 44, 3264-3274,
camptefhasintresivalivasaiedeseribagavhichsbearaR alkWMEmSs that have
0-substituted at position 7 and which are endowed with antitumor activity
highergérhrdhe momipeundiaiyefereniceriogoieeats. NMogeavsar iiestie taxanes,
camptothecin derivatives bearing an imino group on position 7, also show
affripRsiReMprargpeitiibiterexaranmopRy thells Swmposntsron@sf tee class of
preferred molecules was shown to be 7-t-

2

BBl EBRG AR MR SHHPRUTRPIBIREEH R PRYSE; BrsrlipisalsgisTdamensirated
otk ). 2007/0716032PCT/EP2006/069666  The main
o R e RO b BAES. sueh s
toReiIRASRREEREahPHE RRYRARMYS SiMilasibathe SompoRdS SRl WIde VDo
terms of antitumor activity, pharmacology and metabolism. Despite the
goliddalleralslie@noeffisagy of camptotyetinsdgianitioal oladelsofaRibiesase
therapeutic index still remains a major drawback for their clinical use,
tdpeipitrsvitarplesavaribilinpistane (aler knmractio AR the) temargnsompieean
(drug- enzyme-DNA) and the instability of the lactone ring, which preclude

tHEAPRHRS AN Adaifét S50y YrSRHE imet LA SRH, WhRoerrRaRtaNhsalaectal
S t thecins anti- ractivity Is, str dependent ypon.
e R e R Sl e
seledidenedpdministration at low doses, or frequent intermittent dosing
schedules. Although new cancer drugs have been developed and
consedjueatynseppicatrigARNCIED ATeanow Quiable . rEsistancest® 4-3274,
chemotherapies, including camptothecin derivatives, is a major limitation
teeiepigipdaicdedvalinesain deswipedantichdssnse stilinimerGisybrstitaigd at
and recurrent, refractory cases. DNA topoisomerase | has recently been
irkRtigated BdetRisthamertianss inFa Brasquadly ssidiglitce ipn the
ngotecandoEfCP -11 anc}.lse eral mﬁgtions ﬂ;t t impact on resistance to

SISENGs (PRAT5a8n 1RITHER i1 St RigIBrE br HRltRies

mpoLmna .
camp?ot'ﬁecm defivatives have been

topoisAsrAReldB B Rlsftord 9935 EA0G8E Br? 484 %h@%%@ﬁndex

20 al. J Biol.Chem.2003:0ct31:278(44):43268-75; Chrencik ef a
JMBGH3OtHEES- ¢8dhboundsUBREINARE HHetaHensiBItRDRISAAErasswn to be 7-t-
occurred after chemotherapy with CPT-11 in NSCLC patients suggested
tHatttheidéveiopmeatoftedsistaice tol Bih alecanansem8Tpiatidnts giragtecan).
involve topoisomerase | mutation (Tsurutani et al. 252002 Lung cancer 35.
299-304).



WO 2007/0716033PCT/EP2006/069666  Although the significance of
topoisomerase | mutations to CPT resistance needs to be further

investigated, it is considered of great clinical interest to have a

camptothecin derivative that, besides its typical pharmacological profile,

shaws Amastbgly on mutated topoisomerase |. DESCRIPTION @&rk856/069666
INVENTION Using wild-type and two mutated human topoisomerases

I, that confers resistance to the camptothecin derivatives (i.e.

campIot e daPaiecay SHAMuR AR dicuered BSOSt o

camptothecin derivatives (see the results for STIT968 an

ablgdeiymiitaydd- Y RELEYBRIPAMEEAsRRP ek as AOMMUSIGHLIUMREY in terms of

topoisomerases |.  Therefore the main object of the present invention is
theapiggRlon geviRR Wi fRtorsayladd nRAdhonsereRdpity eiedridb@kolerabiiity and
C1-C4 alkyl, for the preparation of a medicament for the treatment of

drugficegigtait tametstaadies for theiadministeasonteipatentsehmeahrwindex  still
polymorphisms in the gene coding for DNA topoisomerase I. WO

5 2001631 RO TIEPREO8/08I668 clinBathssolywetipdnsvits théhegesigility of the
coding for DNA topoisomerase | can be native or car develop in some
patiéiiisinigraetad phireniteaticaoneendat torenampt®hifthentbthe instability of
treatment with camptothecins. Compounds of Formula (1) also _
cofritciatfoiits, Wie el dsorihels, Sfiteanyasaioatfeimeagrowing tumors.
enantiomers, diastereomers and racemate forms, as well as . o
phaftiate RN SPLRpPABRESARIBIMFR: SfthFRINB BIaEBItn @atidyimor activity is
Preferred pharmaceutically acceptable salts of the Formula (1) are acid | ,
AL BT AR B GO A TP B I redire einer 2
hydr ride robromi fate or bisulfate, phosphate or.hydrogen :

0 o e S A A o R S T 0l Mo cosing

citrgtgcIaJikate, gluconate, methanesulfonate, benzenesulfonate, and
para-toluenesulfonate salts.

Although new cancer drugs have been developed and consequently some
malignancies are now curable, drug resistance to chemotherapies, including
camptothecin derivatives, is a major limitation to therapy in several human

15 tumours and there are.still numerous primary and recurrent, refractory cases. DNA
topoisomerase | has recently been investigated to define the mechanism in naive
or acquired resistance to Topotecan or CPT-11 and several mutations that impact
on resistance to oamptothecin derivatives have been identified in several regions
of human topoisomerase | (Benedetti et al. 1993. Cancer Res 53. 4343; Fiorani et

20 al. J Biol.Chem.2003;0ct31;278(44):43268-75; Chrencik et al. 2004; JMB 339,
773-784).

Furthermore mutations in topoisorﬁerase | occurred after chemotherapy with
CPT-11 in NSCLC patients suggested that the development of resistance to
irnotecan in some patients may involve topoisomerase | mutation (Tsurutani et al.

25 2002 Lung cancer 35. 299-304).



Preferably R is hydrogen or methyl. Preferred compounds of Formula

() are: 7-(2-amino)ethoxyiminomethylcamptothecin, (ST1968, also known

as CPT188) is and 7-(2-dimethylamino)ethoxyiminomethylcamptothecin
(ST1969). The drug-resistant tumor pathology that can be treated

ac®OPdP #3198 present invention is seleéted from the group coMSTEERRY 16069666
sarcoma, ovarian carcinoma, particularly prostate carcinoma, carcinoid

bone tumour, neuroendocrine tumour, lymphoid leukaemia, acute
promyeftdibytitgte tkaetignifizonasy efoidrieisaeanasarionutgtionsuka&ifia, resistance
megakaryoblastic leukaemia and Hodgkin's disease. The compounds

of TRFASIA Y FHEYYdPepiRigdrdhisreansifarral ablerstiraitjoaliraegst to have a
using the following general methods and procedures, It will be appreciated
th&ERE N BRICAP BY Pttt BpERmBRtNPisHBRfeABgcelagisatisrrfile, shows an

25temperatures, time, moles of reagents, solvents, etc.) are given, other

WESWHY PO 1 86 P eRASEI5587569666 experimental conditions can also
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be,usg%ﬂlp) o ogtts_a “‘,’-,l?:e‘gﬁx\?l,;‘?\?m imum reaction conditions may vary
Wit Hi e partictiar reactants orsotvénts used, but such conditions can be

L
determingd by 8 jb!" In th Jroutine optimisation procedures,
Specific'l:U rgelz é?evr&lﬁcee m%ﬂﬁo&ﬁeﬁ@é}%ﬁ e;%g%ﬁbréécf) %{é[?gt]gﬂ sé%splfrt:aﬁ’i% confers

ERLOAAICE 399HR daMBEdtfemugfiingd. (ﬁ%@%ﬁ%%thec@ﬁb%%‘n%@a% SN-38),

treating a mammal suffering from a drug-resistant tumour pathology,

COWPHEIRG ANGYHRBHNS SdtiespREMEcln STERGEVR) Wk@%a(sr?e the results for

compound of Formula (1) as described above represents one of the
aspaaees tirl EEIGBLNUestise iInd heRRrakiacsRElimaeitoeBraseNt as well as
invention, a patient suffering from a tumor pathology, which has proven to
bemesistéantdontirettiresitaeriaseanmmonly prescribed antitumor drugs,
such as, camptothecins (e.g. irinotecan, topotecan, gimatecan), platinum
compleXbsrgtage chebopiatinpjertaidhe plesprpaicakel do tetaxsd) omayompound
be successfully treated with a compound of Formula (1) 15 The term
"tHeFdtidally effective amount” as used herein refers to an amount of a
therapeutic agent needed to treat, ameliorate a targeted disease or

Ldetec ect... For any
stimated initially
cells, or in animal
| model may also be used
-and.route of
etermine useful
precise effective
he 25severity of the
ht, and WO

to determine the appropriz
administration. Such il

disease state, general hi
2007/0716036PCT/EP 2006/

where R is hydrogen or C4-Cy4 alkyl,
for the preparation of a medicament for the treatment of drug-resistant tumors
and/or for the administration to patients who show polymorphisms in the gene

coding for DNA topoisomerase |.



gender of the subject, diet, time and frequency of administration, drug
combination (s), reaction sensitivities, and tolerance/response to therapy.

This amount can be determined by routine experimentation and is within

the judgement of the clinician. Generally, an effective dose will be from
0.0Wwongikent9sdH0 mg/kg, preferably 0.05 p mg/kg to 50 rrig/kg.pcr/Er2006/069666
Compositions may be administered individually to a patient or may be
administered in combination with other agents, drugs or hormones.

The medicamsal MaRISHLANIR 3 BhaRRREYISRIMECRIIBRIG LTS, | can be

for administration of a therapeutic agent. Such Carriers include antibodies
anAAINETPOIMPERENSS pIPNESAthatReENRIARAUHS BESHERSHGHRAS treatment, for
liposomes, ti) provided that the carrier does not itself induce the

prasizetiple aframnditodies hesmiwito dhendivishiad receiving the

composition, and which may be administered without undue toxicity.

Suitable €amgrsunts dfeHarges|dvblsnetabalited tacroars)epedesestichl isomers,

as proteins, polysaccharides, polylactic acids, polyglycolic acids,

5 polyplietityapative ounRigs anandicitier sopielsieracnagrd arattigesrita® forms, as well
particles. A thorough discussion of pharmaceutically acceptable
caffe O HTRPGRHEIE N REORiRbM P sl eombeus i aEESTRIEI IPub.

Co., N. J.1991). Pharmaceutically acceptable carriers in therapeutic
- compositfordarsy AREBAAYIEiRERIRD USRS Walle Sarrala (1) are acid

TR ST Tl AR Rta P B LLRASrEIRe oyt e ke, ipohione.

be present in.such ositjion uch carriers enable the pharmaceutical
corﬁ %é%i’gr@% ’bgérigarrgu?a{teb ' gg%aebléjtg?slﬁsa?%rgée é%ﬁ%@u%&?ﬁﬁ&f‘s, acetate,

10 gelﬁeﬁi’é%’é:" %HE@%‘(@}J %@jgﬁzpﬂégég%”k é%(éngéﬁté?g bYaW%te gluconate,

patient. WC) 007/0716037PC 696t nce formulated,
thencampesilinns-A6 (e iDYRBUORFARLS Ad BURISIEIRh dURIAR Us,

subject. The subjects to be treated can be animals; in particular, human
subjectegi e i satedydrogEicomadiggment of this invention may be:
administered by any number of routes including, but not limited to, oral,
intravereuseintthoonscolaisnif &oarerial) jriremedullary, intrathecal,
intraventricular, trensdermal or transcutaneous applications,
subc(Reampimesgintaypeitonedh ictenmstie einte (&I T IQGi8 alalsubliogvet, as CPT188)
intravaginal, rectal means or locally on the diseased tissue after surgical

1S opéfdion(Deisagis tiemirmathery b angipicd orsaibhei I8 Tor s Multiple
dose 10schedule. The invention will now be illustrated in greater detail
by means' Bf nORGHREIRAEK AR PaiPogUrk Rt DR ORI reatad GFCPHINg to the
FIGURES Figure 1 shows the in vivo effect of some camptothecin ,
deMVEETRSs BYFRHIAANDRR B pbEBnIBR LRI EWSS Binafasgrcoma, ovarian

expressed in the S%:ct]arpmyces erevisiae yeast. Cultures of yeast cells

tranfSromed with Y epGAILh TOPTRA), YEPEAARRp1 €750RChg Pone  tumour,

Yc ve r ially, djluted (10-fold dilution from left to .
SRR e SRR RlREE Kl RIS leukaemia,

20 921RRI0BRANG AR MMEOT FSABIRAECIBuREABL: RELAREBERRER: Fikaemia and

ST1600 and ST1976.
Hodgkin's disease.

The compounds of Formula (I) may be prepared from readily available
starting materials using the following general methods and procedures. It will be
appreciated that where typical or preferred experimental conditions (i.e. reaction

25 temperatures, time, moles of reagents, solvents, etc.) are given, other



EXAMPLES Example 1 In vivo effect of some camptothecin derivatives

on human DNA topoisomerase | wild type or mutant expressed in
Saccharomyces cerevisiae. 25 Methods WO ’
2007/0716038PCT/EP2006/069666  Saccharomyces cerevisiae strain
useddaostoneswild-type human topoisomegase | (h"TOP1) and the dRuipd@fd /069666
topoisomerase | was: EKY2 (MATa, ura3-52, his3A200, leu 2A1,

trp1Aa63, topl..TPR1) as described by Bjomsti et al 1989 (Cancer Res.

49 )-cBRgiRbASTIAR usied 19draRsiormveas GREMRGNG M optimum
type full-length human Toporsomerase | (YCpGAL1hTOP1) was described

by Biasnsti e6edite89 (KzancerResh 4063388323 anddhe BHtadREnts used, but
Topoisomerase | YCpGAL1htoplK720E was generated by
oliganbaletidisictiseciadbonutagenasis bgiogeashibsdad deserted oy frierapimisation
et al.1998 (J,Biolthem. 14, 8425-8433): In both plasmids Topoisomerase
expressitureverépeuir treferontm| iofadalactdbe-intkibiide pleswitesdfin patent
the yeast GALI.  Before to transform the yeast cells with DNA (lithium

5 acernbcaiin&d) ] §e48T hardgrowrVad solitemediirh. 46was4udaked on
plates of 90 mm containing sterile solid medium (YPDA) (10 g yeast, 20 g
peptone, 20PHOH 5T ER NG ol MmENY §'¢iicttse g agikbreisznt tumour
Colonies were grown after 48 h at 30 C. One day before the

traRefBRRENorC A SIHG Ry SUP KR8t the bREARAY S rarRferfiey @aeunt of a
inoculated in 5 rEI of sterj \Ili\%n YPlﬁA (the medium above mentioned
wit%%’ﬂ‘?gaﬁ%f“r 8"ey d) TSRS BRRKRABR YRR URbEISARRSts of the
at 30 (g‘,.r;lmevg%g %fter, 5 ml of saturated culture was diluted in 100 ml of

YPDA ﬁqu medium and grown at 30 C to reach an optical density of 1.0

t 600 Ny tri - ,
g A A SR SO b o o

CoRtAING =AY THREPHAS BRen b RRTARN 100 FUMMIMD of commonly

acetate. The yeast suspension was centrifuged for 5 min at 4000 x g at
rogretampedaiutruhoe el washessiseangreieHiash sYUiRIBERRYE topotecan,
described (about 500 pl) to obtain 2x109 cells/ml. To have the '
25yansfecanatiqra@0thpaofplikecarsey. wenbopikee \Wih fapgnes (e.g. paclitaxel,
transforming DNA and WO 2007/0716039PCT/EP2006/069666 200 pl
yeasicesiisah, areg hsesidomds Suls dgatelyyith 2 wdobasalutidgromidithim
acetate containing 40% PEG were added and the yeast suspension was
15 kept undethtingie fons@asvtisaly effectivaatashoektivas peddrietsipy refers to an
keeping the yeast suspension at 42 C for 15 min. Subsequently it was
ceﬁﬂm@a&g 3dBUPRSHHTBRTEARRECY Endisnhsraslivipdeipivatpd disease or

buffer and spread up.onto CM (complete minimal) dropout medium on
p|a?8§.géﬂ1%}gst%%&w5®dﬁlt8 g WRFPPRY OF 8 6hout powder

containing. different aminoacids without uracil, 1.7 east njtrogen base .
ot Ao Ot e e ey TR eSRer o, estimated
glucas r iter plates were incubated at 30 C until . .

A L S TR PSSR SRS o e

20 rapgiormanis Wereipedlaied in 5 mi of steril liquid CM medium and

grown overnight under stirring at 30 'C. The day after a dilution of the

yeast colorlgs ¥asanagedeiraash angptisal deaaitkat §AAANKET thd: appropriate
Starting from this first dilution, other serial dilutions (1:10, 1:100, 1:1000)

weppdsepedasmeangeptaigsolRS weldmipiafLreh dliommareBst Wan then be
plates of 90 mm containing solid CM medium. For the control samples,
2%ughtoselaie 2ftngalactoiséosesaad dedidofdhedtampiethecin-darmdatives
treated samples, 2% galactose and the drugs at a concentration 45 pM
were adddteThegieastifottne s werairfonbatiednsd 3G @ fert48H7 2iépand upon the
analyzed macroscopically, 20Results The activity of camptothec n

25 dep@AViby Wadhevaisasse cialse diansiigl digaiisotaits trruigtsimedawitieight, and
human DNA topoisomerase | wild type (YCpGAL1hTOP1) or human DNA
topoisomerase | mutant YCpGAL1htop1K720E in terms of number of
yeast growing colonies in agar. ST1968, 5T1969, ST1481 (gimatecan),
ST1600 (7-[2-(4-morphol nyhethoxyliminomethylcamptothecin) and



WO 2007/07160310PCT/EP2006/069666 ST1976
(7-(4-amino)benzyloxyiminomethylcamptothecin) and the campto hecin
(CPT) showed to inhibit the growth of the yeasts transformed with the
DNA topoisomerase | wild type (Figure 1). Surprisingly, only ST1968 and
SThIDWerEsaple to inhibit the growth of the transformed PCT/EP2006/069666
YCpGAL1htoplK720E mutant (see Figure 1). Cultures of yeast
cellstransformed with YcpGailhTOP1(WT), YcpGallhtoplK720E and

YCpGRId{MPlY Masian) wieremesialy dikted (10 Spichditian figm Aﬁ%}?om bination

right) and spotted onto uracil-minus minimal agar plates containing

galagtesachpd 4onvMigtsampteinaainirblBhsS 1d 9Sapy 1982, dtount can be
ST1600 and ST1976. Example 2 In vivo antitumoral activity on

drug:tasistentdymetixenagraihpattien andSd batinsihevyeskRWide of the clinician.

spectrum of efficacy against different resistant xenograft tumor models.

Usisenargiiy dosifigdoledode reiidstdrbford3ed doagks,d5 60 186&gyaseferably 0.05
compared to irinotecan or other known chemotherapeutic agents against

5 diffeegke heidamalkgoGaoueisiiTab ke ), hachddninj e z8imidRiually to a patient or
multidruoresistant ovarian carcinoma which overexpresses PgP
glyEEyreteasinDip S AP GolEhiAHOR SEta Aty A s Sardingsner Aagmones.
DU145RC1 camptothecin-resistant prostate carcinoma which was .
previously ¥ B HY LENTRY0RIE 59050 dIRR DB eRIERAY sasrapirble carrier,
DU145 to 9-nitro-camptothecin (Urasaki Y et a/., 2001, Cancer Res 61, '
1087 G AR eiRION e IR R UIFIAGS AT SR OFAEIEE MsitifigigRtibodies and

Wh&?g ?hag%%% the arging;]%sf’)64ngo%§petro istidine (R364H) was found. .
Ba b A HAHTEHY EorfsUiSy 8478, g5 liposomes,

The i mu?gti was %cate

10 re%%{/%fe-gqlﬂ_%stﬂg@éﬂ’?‘%rzl \qggiﬂom?sgf? 'ﬂ%ﬁ%@ﬁ{gﬁ?&o&h i'rcl)% ar ié;?ti%gies harmful

residues 361-364 critica r camptothecin resistance. Moreov

MuEAtanisHRiBLEIasR 4R e RRaMHBo MR, and which may be administered without
2007/07160311PCTIEP20061069666 tyrosine. The resistance of the

Topaisamexass .| /R364H is probably attributable to the loss of a critical
H-bond between R364 and camptothecin E-ring lactone moiety. Methods

Exponentiallts grovingeisnarcod Sanpresiirtlietcdb et udgcadiytie6ules such as
mice. The number of tumor cells was previously chosen by a growth

curvetditise payedrolseiddnsigelviagts afciakiddyplBSRex &Sds. 1 Bapmieric amino
with stainless steel cover-feed and sterilized and dust-free bedding cobs.
15 Anfifisls welehaciseehbalereasight dakliveck Urgeigie®mperature and
humidity constant. Parameters of the
A thorough discussion of pharmaceutically acceptable carriers is available
in Remington's Pharmaceutical Sciences (Mack Pub. Co., N. J.1991).
Pharmaceutically acceptable carriers in therapeutic compositions may
additionally contain liquids such as water, saline, glycerol and ethanol.
20 Additionally, auxiliary substances, such as wetting or emulsifying agents, pH
buffering substances, and the like, may be present in such compositions. Such
carriers enable the pharmaceutical compositions to be formulated as tablets, pills,

dragees, capsules, liquids, gels, syrups, slurries, suspensions, and the like, for

ingestion by the patient.



io animal rooms were assessed as follows: 222 C temperature, 5510%

relative humidity, about 15-20 filtered air changes/hour and 12 hour

circadian cycle of artificial light (7 a.m., 7 p.m.). At request, the

environmental conditions were monitored and the data are retained in
Anipatddoesisng Archives. Drinking water was supplied ad libitupcf@eivos/o69666
mouse was offered daily a complete pellet diet (GLP is 4RF21, Mucedola)
throughout the study. The analytical certificates of animal food and water

are retainsetat BigiEay Preiseso Sl indRIswers weigheshheferexdministered
starting the experiment and were subdivided into the different dosage
graimpstlizachicagehias idertiedjbyta paper tagivdicatings cagmampeparticular,
group, date of tumor injection, starting date of treatment, name of the test
itemindas e @necto wenab0adtmaihistration, date of sacrifice.  Tumor

growth was followed by biweekly measurements of tumor diameters with a
Vernier chiipencrigaoionslaBicTioventita) may sl cedimédsierdtehytaimmimber of
x width (mm)2]/2, where the width and the length are the shortest and the

S lodgeaiRFIEtnG Subdeh timier tespedtlaravaneys, intramuscular, intre- arterial,
2007/07160312PCTIEP2006/069666  The efficacy of the drug
tre RGN s s dULRINERE ) TUFRYPVSIEHRS: |an5??§§?‘?(‘?‘\?#/0)°& tiEzfiegutaneous

versu ntrol mi alculated as: 1005}%1 ean tumor volume of treated
o i B dpﬁsnﬁfa RIS b LI i SgRicEb pubingual,
k'"ﬂwﬁ%l\(/:é#ﬁ%gp Pe}’at!ﬂe fggrq (ﬁ)?or rTn%l’?’ Zeasp -Ic-i thQS e fe{r %Jrglca?operanon

he mearrtimés (days reqwre ated (1) and contror
respectivgly, 194each 100 mays.;nd, O TA@&“%&O{@B}%HW& O Hhtiple dose
tumors; CR méaning no evidence of tumorlasting for at least 10 days.
10 Thectadeity of the drug treatments was determined as: body weight loss
percent (% BWL max) = 100- (mean SW day imean SW day | X 100),
where BNthis Heimean BW aldhaudmaeiimaxtiraddoss diaiingyihifeans of non-
treatment and BWi is the mean SW on the 1 st day of treatment. Results
ThinefiicpEyoh8¢4 268 Figerats of tumor volume inhibition (TVP/0) or log
cell kill (LCK) or complete response (CR) against three different resistant
\dgh gl vegdshBstantially improved compared with
irinotecan or topotecan or chemotherapeutlc agents such as paclitaxel
anHiggBdptanveste Taplonfasirirtemarcamoeseshodesivativghen human DNA
antitumor effect in terms of number of complete responses at least 10

15 JafRPRItamRERRRs (A YERL OVIBIEGTE LEATES68 S didhR S ackiffomYyces cerevisiae

persistence o{ action on tumor gr va\rqh after the end of the 20treatment,

sm %aEbK%/ﬁe%?gQ‘nerofhan‘?ﬂattfo @Wlfﬁ%‘ﬁfﬁ% drjfh  YepGalThTOP1(WT),
f |
SRS L ER Sl s Foereseas BAbt dbeg (1o-od

Yottt il
activifyAfind 2958 9B HyRARIE SIS WarRBrYal reedes TWh%ess sT1969,

20 ST1600 and ST1976.

EXAMPLES

Example 1

In vivo effect of some camptothecin derivatives on human DNA topoisomerase |

wild type or mutant expressed in Saccharomyces cerevisias.

25 Methods



Line Compound Dose rn /k Method of administ. Results ~ TVI% LCK CR
Ovarian ca. A2780/ADR ST1968 30 4dx4 100

WO 2007/071603 8 PCT/EP2006/069666

Saccharomyces cerevisiae strain used to clone wild-type human
topoisomerase | (hTOP1) and the mutated topoisomerase | was: EKY2 (MATq,
ura3-52, his3A200, leu 2A1, trp1Aa63, top1:TPR1) as described by Bjornsti et al

1989 (Cancer Res. 49, 6318-6323). The plasmids used to transform yeast carrying

10

15

20

25

the wild type fuli-length human Topoisomerase | (YCpGALThTOP1) was described
by Bjornsti et al 1989 (Cancer Res. 49, 6318-6323) and the mutated
Topoisomerase | YCpGAL1htop1K720E was generated by oligonucletide-directed
mutagenesis using a method described by Fiorani et al.1998 (J.Biol.Chem. 14,
8425-8433): In both plasmids Topoisomerase expression were under the confrol
of a galactose-inducible promoter of the yeast GAL1.

Before to transform the yeast cells with DNA (lithium acetate method), yeast
was grown on solid medium. It was streaked on piates of 90 mm containing sterile
solid medium (YPDA) (10 g yeast, 20 g peptone, 20 g dextrose, 0.7 g adenine, 20
g glucose, 20 g agar for liter). Colonies were grown after 48 h at 30 °C. One day
before the transformation, a single yeast colony of the s.train to be transformed
was inoculated in 5 ml of steril liquid YPDA (the medium above mentioned without
agar). The colony was grown to saturation overnight under stirring at 30 °C. The
day after, 5 ml of saturated culture was diluted in 100 mi of YPDA liquid medium
and grown at 30 °C to reach an optical density of 1.0 at 600 nm. Cells were
centrifuged for 5 min at 4000 x g at room temperature and the peliet was
resuspended in 25 ml of a solution (T/E) containing 10 mM Tris-EDTA pH7.5, 1
mM EDTA and 100 rﬁM litium acetate. The yeast suspension was centrifuged for 5
min at 4000 x g at room temperature. The pellet we’}s‘resuspended in a fresh
solution above described (about 500 ul) to obtain 2x10° cells/ml. To have the

transformation, 200 ug of DNA carrier were mixed with 1 pg transforming DNA and
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200 pl yeast cells in an eppendorf. Subsequently, 1.2 ml of a solution TE/lithium
acetate containing 40% PEG were added and the yeast suspension was kept
under stirring for 30 min at 30 °C. A heat shock was performed by keeping the

yeast suspension at 42 °C for 15 min. Subsequently it was centrifuged 5 sec at

h
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room temperature. Yeast was resuspended in TE buffer and spread up onto CM
(complete minimal) dropout medium on piates. CM was previously prepared with
1.3 g of dropout powder containing different aminoacids without uracil, 1.7 g yeast
nitrogen base without aminoacids and ammonium sulfate, 5 g ammonium sulfate,
20 g glucose and 20 of agar for liter). The plates were incubated at 30 °C until
transformants appear.

To perform the in vivo spot test, the transformants were inoculated in 5 mi of
steril liquid CM medium and grown overnight under stirring at 30 °C. The day after
a dilution of the yeast colonies was made to reach an optical density at 600 nm of
0.3. Starting from this first dilution, other serial dilutions (1:10, 1:100, 1:1000) were
performed in plates of 96 well. 5 ul of each dilution were put on plates of 90 mm
containing solid CM medium. For the control samples, 2% glucose or 2%
galactose were added; for the camptothecin-derivatives treated samples, 2%
galactose and the drugs at a concentration 45 uM were added. The yeast colonies
were incubated at 30 °C for 48-72 h and analyzed macroscopically.

Results

The activity of camptothecin derivatives was evaluated on the viability of
yeast cells transformed with human DNA topoisomerase | wild type
(YCpGAL1hTOP1) or human DNA topoisomerase | mutant YCpGAL1htop1K720E
in terms of number of yeast growing colonies in agar. ST1968, ST1969, ST1481

(gimatecan), ST1600 (7-[2-(4-morpholinyl)ethoxy]iminomethylcamptothecin) and
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ST1976 (7-(4-amino)benzyloxyiminomethylcamptothecin) and the camptothecin
(CPT) showed to inhibit the growth of the yeasts transformed with the DNA
topoisomerase | wild type (Figure 1). Surprisingly, only ST1968 and ST1969 were

able to inhibit the growth of the transformed YCpGAL1htop1K720E mutant (see
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Figure 1).

Cultures of yeast cells transformed with YcpGalthTOP1(WT),
YcpGallhtop1K720E and chGaI‘l(empty vector) were serially diluted (10-fold
dilution from left to right) and spotted onto uracil-minus minimal agar plates
containing 2% galactose and 45 uM of camptothecin, ST1481, ST1968, ST1969,

ST1600 and ST1976.

Example 2

in vivo antitumoral activity on drug-resistant tumor xenograft models

ST1968 showed a wide spectrum of efficacy against different resistant
xenograft tumor models. Using a q4d dosing schedule repeated for 3-5 doses,
ST1968 was compared to irinotecan or other known chemotherapeutic agents
against different human tumor models (Table 2), including A2780/ADR multidrug-
resistant ovarian carcinoma which overexpresses PgP glycoprotein, A2780/DDP
platinum-resistant ovarian carcinoma and DU145RC1 camptothecin-resistant
prostate carcinoma which was previously selected by continuous exposure of the
parental sensitive DU145 to 9-nitro-camptothecin (Urasaki Y et al., 2001, Cancer
Res 61, 1964-9). On this selected tumor cell line, a Topoisomerase | mutation
which changes the arginine 364 codon to histidine (R364H) was found. The 364H
point mutation was located in the highly conserved core, a region of
Topoisomerase | within the Topoisomerase | amino acid residues 361-364 critical

for camptothecin resistance. Moreover, this mutation site is close to the catalytic
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tyrosine. The resistance of the Topoisomerase | /R364H is probably attributable to
the loss of a critical H-bond between R364 and camptothecin E-ring lactone
moiety.

Methods
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Exponentially growing tumor cells were injected s.c. into nude athymic mice.
The number of tumor cells was previously chosen by a growth curve. Mice were
housed inside cages of makrolon (33.2 x 15 x 13 cm) with stainless steel cover-
feed and sterilized and dust-free bedding cobs. Animals were housed under a
light-dark cycle, keeping temperature and humidity constant. Parameters of the
animal rooms were assessed as follows: 22+2 °C temperature, 55+10% relative
humidity, about 15-20 filtered air changes/hour and 12 hour circadian cycle of
artificial light (7 a.m., 7 p.m.). At request, _the environmental conditions were
monitored and the data are retained in Animal Housing Archives. Drinking water
was supplied ad libitum. Each mouse was offered daily a complete pellet diet (GLP
4RF21, Mucedola) throughout the‘study. The analytical certificates of animal food
and water are retained at Sigma-Tau premises. All animals were weighed before
starting the experiment and were subdivided into the different dosage groups.
Each cage was identified by a paper tag indicating: cage number, group, date of
tumor injection, starting date of treatment, name of the test item, dose and route of
administration, date of sacrifice.

Tumor growth was followed by biweekly measurements of tumor diameters
with a Vernier caliper. Tumor volume (TV, mm®) was calculated as: [length (mm) x
width (mm)®}/2, where the width and the length are the shortest and the longest

diameters of each tumor, respectively.
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The efficacy of the drug treatment was assessed as: a) Tumor volume
inhibition (TVI%) in treated versus control mice, calculated as: 100- [(mean tumor
volume of treated animals/mean tumor volume of control animals)x100]; b) LCK

(logio cell kill) calculated by the formula LCK= (T-C)/3.32 x DT, where T and C are

15

the mean times (days) required for treated (T) and control (C) tumor, respectively,
to reach 1000 mm®, and DT is the doubling time of control tumors; CR meaning no
evidence of tumor lasting for at least 10 days.

The toxicity of the drug treatments was determined as: body weight loss
percent (% BWL max) = 100- (mean BW gay /mean BW g4ay 1 X 100), where BWj is
the mean BW at the day of maximal loss during the treatment and BW; is the
mean BW on the 1% day of treatment.

Results

The efficacy of ST1968 in terms of tumor volume inhibition (TVI%) or log
cell kill (LCK) or complete response (CR) against three different resistant tumor
xenograft models was substantially improved compared with irinotecan or
topotecan or chemotherapeutic agents such as paclitaxel and carboplatin (see
Table 2). In particular, ST1968 showed a higher antitumor effect in terms of
number of complete responses at least 10 days after the last treatment. Moreover
ST1968 revealed a high persistence of action on tumor growth after the end of the
treatment, since LCK was higher than that found with the other drugs.

Surprisingly, the efficacy of ST1968 in terms of tumor volume inhibition
(TVI%) or log cell kill (LCK) against mutated Topisomerase | DU145RC.1 was

increased respect to that observed against DU145 sensitive prostate carcinoma.
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Table 2. Antitumor activity of ST1968 on human resistant tumor xenograft models

Tumor Line Compound | Dose Method of administ. | Results
(mgkg)
: TVI% | LCK | CR
Ovarian ca. | A2780/ADR | ST1968 30 q4dx4 100 1.9 8/8
ST1968 15 g4dx4 99 2.2 6/8
topotecan 10 addx4 85 1.1 1/6
paclitaxel 16 g4dx4 16 0.1 0/8
carbopiatin_| 33.3 q4dx4 62 0.6 077
A2780/DDP | 871968 30 q4dx3 100 >>8.3 | 717
ST1968 15 q4dx3 100 6.3 8/8
topotecan 10 q4dx3 93 1.2 1/8
paclitaxel 15 g4dx3 94 1.4 6/6
carbopiatin_ | 25 g4dx3 26 0.5 0/8
Prostate ca. | DU145 RC1 | ST1968 30 q4dx5 65 1.3 0/8
irinotecan 60 q4dx5 45 0.8 0/8
DU145 ST1968 35 v a4dx4 66 0.65




66 0.65 MCSLLP 14 CLAIMS 1) Use of a therapeutically effective
amount of a compound of Formula I, (I) where (R)2 is hydrogen or 01-04
alkyl, for the preparation of a medicament for the treatment a
drug-resistant prostate carcinoma in a mammal, wherein said mammal
shows polymorphism in the gene coding fér DNA topoisomerase I. 2) The

use according to claim 1, wherein (R)2 is hydrogen or methyl.
CLAIMS

MCSLLP

1) Use of a therapeutically effective amount of a compound of Formula |,

U

()

where (R). is hydrogen or C4-Cy alkyl, for the preparation of a medicament for
the treatment a drug-resistant prostate carcinoma in a mammal, wherein said
mammal shows polymorphism in the gene coding for DNA topoisomerase |.

2) The use according to claim 1, wherein (R). is hydrogen or methyl.



