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Background of the Invention

Field of the Invention
The present invention describes an antisense molecule that targets the RNA
20 portion of human telomerase (hTR-antisense) and inhibits telomerase activity in
human cancer cells. The invention also describes the use of suramin, pentosan
polysulfate (PPS), or hTR-antisense to inhibit telomerase activity. The invention
further teaches the use of another telomerase inhibitor, 3'-azido-deoxythymidine
(AZT), at nontoxic doses producing plasma concentrations in the nanomolar range,
25 to treat tumors. The present invention further teaches a method of treating a tumor
by using a telomerase inhibitor concurrently with or after other means of surgical or
non-surgical tumor size reduction (cytoreduction). The invention further teaches the
use of a telomerase inhibitor prior to non-surgical tumor size reduction treatments, to
sensitize tumor cells to the effects of such treatments. The invention further teaches



the use of a telonerase inhibitor, e.g., suramn, PPS, or hTR-antisense, to
prevent the devel opnment of cancer. Description of the Prior Art 5 Tel onere
and tel onerase. Telonmeres are the structures capping the ends of
chronosones, and are critical to the maintenance of chronosonmal integrity

and replication potential Due to the iqability to repl] e 3" end of
chr onosones WR2RY% 0| yrer ases, tel oneres are shorteﬁé#ﬁ%élm‘g&g@o 200 bp

per cell division. Loss of telonmeres to below a critical m ninumlength
results in cell death (Lingner, at at, 10 Science, 269:1533-1534, 1995), or

causes cells for HIRH pacity)
(CGol dstein, S@?;ﬁ%\gﬁé tfmga%%g%gg%ggggr Lnﬂ‘sl\/glratglor at ng%&gégb ¥'%Vé}ﬁvest

23: 86-92, 197@?dev?19%m%'ﬁ2§ﬁ?€°%’el oner ase, consisting of RNA and protein
conponents, is capable of restoring telomere length, and is nearly

universally present in tunor pgl_‘l E;gngﬂﬁsi"ﬁ“%i absent in normal somatic
cells (Hyam, at at, J 15 Na 116-122, 1996). Methods to
use t el oneb asEelpmereband tejometasec Telamesds arether strugfurasheappinadhe envszaid t he
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when tel or’n’ér aﬁ“%éﬂ?fn 1 8122 H9Fhbi t ed. Accordi ngl y, t el omerase 30
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IF’)eqUI r erreﬁ? Otfse%h&erapeutlc ant(lacancer agentsa(g umtlameckFJ L., Acta %loc%llmlca

Polonica, 43:531-538, 1996). This proposed use was based on the hypothesis that
active telomerase is needed for initiating and maintaining neoplasia. No evidence of
clinical effectiveness of telomerase inhibition has been reported. In fact, several
important findings have since been described; all of which indicate that telomerase
25 inhibitors are of limited therapeutic value. First, it now is recognized that there are
other telomere lengthening mechanisms that are independent of telomerase (e.g.,
Gan, et al.,, FEBS Lett., 527:10-14, 2002). Second, the pre-existing telomeres in
tumor cells are usually of sufficient length to support multiple rounds of cell
proliferation, even when telomerase is completely inhibited. Accordingly, telomerase
30 inhibitors do not cause cytotoxicity until after a significant lag time. For example,
telomerase inhibitors resulted in cytotoxicity in HeLa cells after 23 to 26 cell
doublings (Feng, et al., Science, 269:1236-1241, 1995). Because uncontrolled



long lag tinme for telonmerase inhibition to cause cell death or senescence
render telonerase inhibitors inpractical and not useful therapeutic
agents. To date, no 5 drugs specifically identified as tel onerase

i nhi bitors have been tested as anticancer agents in hunan patients, even
t hough t he hesi s of using telonerage inhibitors to treat cancer first
appear ed neg"rv{}%oi/g‘,%b@ars ago (U.S. Patent No. 5,489, 506J/US108¢/002687 pat ent
Application No. 10/ 464, 018, Applicants describe the discovery that
treatment of a cancer with paclitaxel causes telonere danage ther eby
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become an effective treatment. Hence, the invention teaches methods to use
telomerase inhibitors to combat cancer, comprising of administering to the cancer
patient a cytoreductive treatment (i.e., treatment that reduces the tumor size, e.g., A
surgery, radiation therapy, chemotherapy, etc.) followed by administering a

25 telomerase inhibitor, wherein the plasma concentrations of the telomerase inhibitor
are maintained at telomerase-inhibitory levels for a long duration, e.g., several weeks
or several months. The telomerase inhibitor also may be given concurrently with the
cytoreductive treatment. This teaching is based on Applicants’ discovery that
maintenance of suramin in plasma at telomerase-inhibitory, but nontoxic,

30 concentrations during and/or after completion of a cytoreduction treatment, e.g.,
chemotherapy, enhanced tumor shrinkage, retarded tumor progression and
extended the survival time in human cancer patients.



of the cytotoxic treatnment. Cytotoxic treatnents, such as chenot herapy,
usual ly cause toxicity in cancer patients and, therefore, cannot be given
indefinitely (L a., as a 5 maintenance treatnent for a naintenance tine
period). This is an inportant problem fromthe clinical standpoint, as
nost cancers_treated by chenotherapy arg advanced angd tvpic cannot be
er adi cat ed. VY—Q)?“%‘BZ%I g, | ess thanp{% of nonsnmal |l cel ?CT’ﬁ%&)“%@ﬁ%

patients achi eve conpl ete response where the tunors are eradicated by
chenot herapy (Schiller, of at, New Eng J Med, 346:92-98, 2002). The

residual 10 LUNDT GohLS kROl AhO . Grerf Mo YBEE B foalLfihafsgesSal | on

of cytotoxic treat oner ase t he
sel ecti ve expinkibitor gfierderminafinghd eviefexic treatrentseg. civp ltasthe slpee-lisefting] toxi@ilyy t o cause

toxicity and,oftth@rcﬂsfame,treaﬁrénbecﬁbme tn‘eé‘tﬂﬁﬁt‘s%dcﬁ'a‘é dhémotﬁé’@by.|tﬁﬁ'é]lype“ od of
time. The abilit elnh itors .to.

proliferati onca(.‘J'FgPﬁ'&'Ud% C?,"@Frl g%ﬁ%%’@eﬁﬁ’& org, FANNPLLS Q'W I"\deflﬁ‘llt%%&ﬁt' 8 Bnor
regrowt h and meianant® treatmentfari avadinterdmeantirsegeeriodjo Thie Xsaamgimeertaat probteron and

effective Cheﬁgﬁf\ B cAndal Ethd%gvlg'apaCftrkgax(Eﬁ}l’éf?d%?lchenlldﬁ% %?&ﬁvamégan

patients is t Ination o carboplatln
( AUC=6) gi vena’lé’\/téﬁ"iﬂ"i-}“\‘n@@l@ erditated e GPIA*3%PIE; IS5 t@ﬁ" 1p/a81 nongmal cefl ing eyl at i ve
and becones dameerl pamanﬁts Q@hlb\&uﬁirﬂp}étéifésﬁdinsé viherebtht t@adrearg Sradiaaee:w tating 20

the term natign er Thet c r e grow h
W thin severa em%re\{ (g%lghlett ’wWE ég\ggaglag%?z\j%@a%toﬁg) %gggcl)ut 8
mont hs ( Sdhi | uepr cels, tlmreforgmz)resumwgtqwth aftepthe icessatiqnraf gy’totam treatmertts. s area, WO

97 38013 A t epClaRast I8oME8sPhiBRIS, 'dd@tJ‘MS|s€lb&nv§%kﬂeé$n'o??éi&ﬁ‘er£‘§é| igcul es to
t el onerase (PNA) Qf—‘ﬂd ant i nlﬁe?}gtl astic ft)gentg\ in conbj natian Fdo descri bed
that the i nhiYmps s Gre et ikelydp sauseitoxs erefore, Pﬂbb%%“é‘émﬁfmeyﬂf y of
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cancer. Hence licants' discovery at” a C toreductive treatnent is
necessary X o th¢ EHB'E?“% of brrapysthe; t‘t‘Wﬁ’MpFF'Urf‘ta&é ofigsiene revthwithin seve@hncer
treatment i s menties, readitingdn aweedge survival time of about 8 months (Schiller, et al., 2002).

With respect to prior art in this area, WO 97 38013 A teaches the use of
peptide nucleic acid antisense molecules to telomerase (PNA) and antineoplastic
agents in combination. Kondo described that the inhibition of telomerase increases

25 the susceptibility of tumors to DNA damaging drugs (Kondo, et al., Oncogene,
16:3323-3330, 1998). Hence, these previous publications teach the generally
accepted concept that a combined treatment of a cancer with two effective modalities
may be more effective than treatment with each of the separate modalities.
However, these publications did not disclose the use of a cytoreductive treatment for

30 the purpose of reducing the tumor size sufficiently to make treatment with a
telomerase inhibitor effective. These publications also do not disclose the use of
telomerase inhibitors after terminating a cytotoxic treatment as a means to combat



use or results have been previously described. Applicants' discovery that
| ow doses of suram n that naintain plasma suram n concentrations
sufficient to inhibit 5 telonmerase, but insufficient to cause antitunor
activity when given together with a cytoreductive treatnent, were

effective a\a&iﬁ&%@ﬁo ncer in human patignts also is %rrﬂfsioﬁl/&%OQS the prior

art shows t | ow doses of suram n have no antitunor activity in
humans (Dreicer, at at, Invest. New Drugs, 17:183-189, 1999; Fal cone, at
at, Tunor 84:666-668, 1998; Fal cone, at at, Cancer, 86:470-476, 1999;

Hussain, to %Enc%ﬁ,HeJan,prff‘iéa'ﬂtscmgda{lery 3 J—gﬂ'gi‘ém,tregMi isMedsbff fo. at at, J
Cancer Res.din.Oncol, E_3;_407-410 1997, Mrza, at at, Acta Oncol ogica,
36: 171- 174, 'angerfeloppiase nhibiipn ag an efiectiye apticancsr tegdirent isnpvel 2§98 St hopor t |, at
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the tumor burden was not life-threatening. This discovery is novel as no such use or
results have been previously described. In fact, this discovery is surprising as the
prior art shows that such low doses of suramin have no antitumor activity before or
after tumor establishment, in nonhuman animals (e.g., Pesenti, et al., Br.J.Cancer,

25 66:367-372, 1992).

Telomerase inhibitors. The current application teaches the use of suramin, PPS,
or hTR-antisense to inhibit telomerase. This is based on Applicants’ discovery that
suramin, PPS, and hTR-antisense are effective telomerase inhibitors and reduce the
30 telomere length in tumors implanted in animals. The prior art teaches several
compounds with telomerase-inhibitory properties (e.g., those described in U.S.
Patents Nos. 5,656,638, 5,760,062, 5,767,278, 5,770,613, and 5,863,936). The prior



anti sense nol ecul es and phosphor ot hi oate ol i gonucl eotides to inhibit

tel omerase 5 activity by targeting the RNA conponent of tel onerase (Norton,
et at, Nat Biotechnol, 14:615-619, 1996). However, none of these reports
teaches the use of suramn, PPS or hTR-antisense as tel onmerase

i nhi bitors. ‘%[(zéog%r € inhibitors as chgnopreventives. Chenoprevention
b8 CHRSH

usi ng tel one i nhi bitors has been proposed. Foff 082600k anm
i ndi cated the possibility of admnistering the telonmerase inhibitors of
the class of thiazolidinone conpounds as a prophylactic (Akama, et at,
U S. Patent No. 6,452,01 2002). However, Akanmp . does not teach using
suramn, PPS,abAlshFeachRs i%@aén‘g%"%%‘& !'I'_‘ﬁw'i?sofepnfeéﬁ’s@nﬁp'gg'@?' eSSl AL t o use
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Carde, Schi Anfieangemolesvigs pad Phespherothipats wiiggnuelpetides tqinhiit telomergse Fa| cone,
(I:)’f al = |3|-9§;\8;actig@!! E)t)JEH?getﬁlb ?E,Rﬂg%%gnp@iégg%f ttelgrﬁgaaé _,(Nlor_ton, et al., Nat 5

roc. Natl . Acagd. Sci . \ ; : ; azioli, et at nt
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Bi ochem , 29:265-273, 1985; Hussain, et at, 2000; Manetti, at at,
Bi oorganic & Med. Chem . 6:947-958, 1998; MIIls, at at, Cancer Res.,
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antitunmor activity is believed to be due to inhibition of DNA 30 pol ynerase
a and reverse transcriptase, inhibition of binding of growh factors (i.e.,
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endot hol | & o Fhartebdloaicel Gbitfiad ifind 2 AR, ek Afigds G DRty HEFG1GM:
PCT/ US2004/ 007858, Bensdrh GagdieoCvithovign Pah Bratidng Bertheawty Ripe Eaesferrin to
t heir respect3cRmb&gePtadt SFourdadi 1901, Mr8icé o193 PYe) IFalcakd, @ ancidogj ty of PKC,

o0 L SRR S, TBAESAT KRR G O e PGS, LU
by suram 2, d&razio; ebratenttr at | brmuncphamrackhol#ib3&hd2, 399 s Hawkingel finding
by the Appli GRQlpharmacol.Chemother., 5:289-322, 1978; Hensey, et al., FASEB, 258:156-158,
1989; Hosang, J.Cell.Biochem., 29:265-273, 1985; Hussain, et al., 2000; Manetti, et
al., Bioorganic & Med.Chem., 6:947-958, 1998; Mills, et al., Cancer Res., 50:3036-
3042, 1990; Myers, et al.,, Proc.Am.Soc.Clin.Oncol., 9:113, 1990; Ono, et al.,
25 Eur.J.Biochem., 172:349-353, 1998; Pollak, et al., Proc.Am.Soc.Clin.Oncol., 9:54,
1990; Pollak, et al., J.Natl.Cancer Inst., 82:1349-1352, 1990; Stein, Cancer Res.,
54:2239-2248, 1993; Takano, et al., Cancer Res., 54:2654-2660, 1994; Wade, et al.,
J.Surg.Res., 53:195-198, 1992; Waltenberger, et al., J.Mol.Cell Cardiol., 28:1523-
1529, 1996). Its antitumor activity is believed to be due to inhibition of DNA
30 polymerase a and reverse transcriptase, inhibition of binding of growth factors (i.e.,
platelet-derived growth factor, fibroblast growth factors or FGF, transforming growth
factor-, epidermal growth factor, vascular endothelial growth factor, and insulin-like



Suram n has shown sone activity in prostate cancer (DeC ercq, Cancer
Letters, 8:9-22, 1979; Eisenberger, et al., Cancer Treat Rev., 20:259-273,
1994; Fotes, at at, BiochimBiophys Acta., 38:262-272, 1973; Huang, at

al ., Oncogene, 9:491-499, 1994) and has been tested in a wide variety of

solid tunors, either as 10 single ageny or in combin t her
chenot her ap\¥9t2?°é’§7°°°1‘he t herapeutic pl Zsma concent raﬁdgﬁgoﬂ@g?ogm nis

bet ween 100 to 200 pM (140-280 pg/m ) (Funayama, at at, Anticancer Res.,
13:1981-1988, 1993), with 70 to 210 (err)M (100- 300 pg/m) Indicated as

widest i m t Sy fsh Qé?:?or-ﬁgn@iarnd#}@ oP 1L592n§§£}1sfe1|%9@melp‘fresb£’&ﬁ§ rec@&@@ent rations,

suramin shows significant toxicitles an nodest acti vit
patients. Mulighibifies ﬁm&&%%@t'%e@w ki §"HW@°?HUWH'VP%F‘9?¥?{'§We agent

t her apy usi ngsurmm arb hhibas Nam-/almasequra&ylrecram factoray areff thpatdomerase MLman
patients and onbi nat I gh_,dose s cyt of oxi c agent
does not pro 'QBeorfuée? %ﬁe ac%"’g%&hsgrari"ﬂ' ﬁlﬂ’%ﬁﬁ”]é’g?tfa&%'%é noqk %Wﬂgg'?‘%d to

si ngl e agedt SIvaSBalsvﬁ_HfMthM@lerApbhqadtsngs t hese sane | nvest igators recommend
agai nst using sur Qﬁ‘PaHun ?‘d o {ownddn g ﬁgsﬁ&faﬂé c%eP(Déd?erE&r@éHE@F' on with

ot her cytotoxic agents (Dreicer, at at, | cone at, 1998;
Fal cone, at dielterso8§-221979x Fisenberges: ot abobancen ’61’4 g% z20: 2a'5l9 2B, 19%997: Mrza,
at at, 1997;Fol3} zesl, Baichint Biops HctdicaspRLeY2, 1873; Muand, ¥ 3/, Okesgume, at at,

1996) . Hence’949"’}9;§8”$99£ SR GRUR SRS il '?dem@alngtg &E&.d‘%%r%” hyention is

based, there TS no V& 1%6n otuse ram n er a sin 'fhg agent or as
conbi nat i th @ing!maggm nr imccmrrgmamsn d@b@tmrtcheraotb%mwgs c Thgdhgrapegtic t o use t he

23{72{ 2)6(‘;[ Loggqﬁat%%@%'ﬁ'ﬁgﬁ ;c(ug gé‘r@%(n)nn &OEEWéénC1GB)&e§OG)ESJMSHQQJEB6' Mnﬁlﬁ a
subt her apeut i E4G¥ e?f" A@?ﬁ?ﬁﬁ%éietshé‘y’\g@eﬂ 133&01199:& WE’? %f%ﬂ‘ﬁ% daI ities.
Thi s use, d| 300 weimiidndigatediosd widesttimits (daths det ot,r UV 6897, asa;leaswl)l Atthetdé S. Pat ent
6, 599, 912, GHéeﬁwﬁét.oBQerﬁm ipSE gbhﬂ&n&)ftoxﬁﬂi’éé‘%ﬁ' o’?‘ui}%h&é&t Qg cYRY ‘ﬁl o duri ng,

and 30 sho tI nt o such
as chenot her ?Pa?e"&f Mq“@!fl aseyps 9f investioatqrs 'F%’ﬁﬁhqw*?\}@ﬁﬂ"@ﬂ aS‘tﬂSﬁ‘GFaLP!é US| t onal

and di f f er entsukipds h§§ nﬁbuﬂﬂiﬂéd”hble ARGuM B BfsetsZ BShdiéh Pekshtd and ltieadca t ot al
treat ment durat 070008 8 PCTI‘{.?JS?OOM 002609

beareoor o icBinbiiRion St o, 0¥ S Bia oty e peiioL Brocle peg
sufficient taessiteinchun@hgatients agjcerapareshio Isinglecageits.p Basddf @ their findings, cause cel |

death. The pPhRSEEimé AYE&HLHAE réc@ﬁﬁm@ﬁéag‘afﬁ?t Jsﬁg Hbﬁéﬁ‘nﬁeafhe ks &9{?&@ HgeRts

inhibition of telomerase. Hence npoun ow elmm nat ion from
the body % &4 goathinatien vy %{h‘?’rFVﬁ?P"FlaBF’gs uRisery A i 1% Ralcongn al,
phar macoki net19gs Falkor@yétal) TO9BNHUBSER,BE al., 2000; Miglietta, et al., 1997; Mirza, et al.,

1997; Motzer, et al, 1993; Rapoport, et al., 1993; Rosen, et al,, 1996). Hence,
absent the discoveries upon which the present invention is based, there is no
motivation to use suramin, either a single agent, or as combination of suramin in any
25 dose with a cytotoxic agent, or to use the combination of subtherapeutic and
nontoxic doses of suramin with a cytotoxic agent. The only exception would be the
use of suramin at subtherapeutic doses, to enhance the action of other treatment
modalities. This use, discovered by Applicants, and described in detail in U.S.
Patent 6,599,912, requires the administration of suramin shortly before, during, and
30 shortly after, treatment of the patient with other modalities, such as chemotherapy or
radiation. The current invention supports additional and different uses of suramin,
and emphasizes the need for long total treatment duration, e.g., weeks, months,



patients is characterized by a triphasic plasm concentration decline, with
hal f-lives of 5.5 hours, 4.1 days, and 78 days. The total body cl earance
is 0.0095 liter/hour/nm2 (Jodrell, et at, J Cin.Oncol, 12:166-175, 1994).
The disposition of suramn in dogs is also slowwth a terninal hal f-1ife
of about 13 e Exanple 8). 10 hods to use PPS. PPS

sem -synt het Q:%ﬁ%%%?&f noi d and has ant :v%:oagul ant eff gg[‘m%%{o?zgpel n, et at,
Breast Cancer Res. Treat., 38:109-119, 1996). At concentrations that had
no anticoagul ati on effect In patient sera and that were 1,000- fold | ower
than its cytotoxic effect t he to their

receptors 15 ARE g 'Q%efpﬁ%f'm '£58 aﬁﬁ%f" 3 ?rngrﬁs%a?cﬂéa Efﬂ%q:éﬂ%?elr%al | ant oi ¢
menbr ane assashort¢rivgrtdihipit cefl peoliferajorNericaus€aeidenth] nst | 85 1068- 1073, 1993;

Vel I'stein, at at, T8 PRksent .mm.&p@séﬂeettﬁmqwen@m ¥ édamuatnhfb%ﬁ%@tratlons
above 1 pg/mtag,Par ker, at at, ﬁ_@n itio PPS

i nhibits the §PBRERE oflei%e2 F%p%‘ﬁ 2"’I'f?/El?'°E"’LI"r‘|'t'5‘|‘"a‘t"?"ff’°“ﬂ abt°H\’aﬁt‘P&F'§edst arted
when the tsinoSuraminrfolfillpaichadebwrement Mhes pharinatakinefidseaft supaysin ris thu@dén

(Ve Loskay. ot e [ RdregRg by )l ol S GYGAO Jiclfe, Wik hoiger 17 m c@

Ant i cancer Re¥5. 5 hoyrs; ?14@52@111878 @9@3The\ﬁﬁﬁ'lb§t’\é¢'¢?fa’\§? isf}: °9§ “Hé('ﬂqur/@ancer
Inst., 83:71 3&%&; ell 89 I xiin. Ohs., ﬂ!‘f%HVHUfQQABClThUH'EbbsmBn H%%rarﬁin Pprdegs i ni cal

Lror TPOEL Bl B b AT A ety 531 3 oot PP

anti-coagud ant effect, but did not show antitunor activity in patients

(Lush, at at, 9‘&&' PPS. [PPSR agé‘}m-s%ﬂr?ﬁ%c h@!@ih d afd nd 2 iLdd¥gubdng New Drugs,

13:55-62, 199 resul t {lﬂ% eval uated as a
potentially 'uKW%leeI"t o oﬁ’feaﬁn@qnﬁWgR%e P%t ai?e 118, §88$)chAbf t he PDQ
Cinical Tri adonéntrations tat HddtnbRntidoWyWIation effedl iR p@fém)sefamndahét wafd 1,000- cancer

oht "ot ot Jof et ARHBIRAeds, A e S o 200, 161 AT L' 00

noti vati ods tandudiso [PPibits @ngipgenesis 4m ther chickar cheorinallantgic mhn@@dassey antitunor
activity eval paicor el Snah Moo/, W5 06510/01 650 Walle@inP 6 i) S206)4/ 002609

per meter squared ui val ent to about and were
given orall n'ﬁ%g@'ﬁ@"d%ﬁ’é!éf%ﬂ?%?ﬁ YRcenfrafiops 3RoxNg 1 (5'9/ "‘I’%’é 'c@ﬁ?)r nuous
dai ly adm niUrdeain oy coreitiohs, IRPS2n0ibdhe rpdwth ob thet meMﬁAn'nyaemﬂbrday of
o ot bt 1508 FNCH o AT IR b0 bt e Ueoti Bl a7 {22,

gastrointestina roctitrs, occur In1to 3
mont . Pr 3ot jesiablishad tmerscrsicoannl mhlh@; traebmetﬁstay-s of MCF7 tumor in mice

(McLeskey, et al., Br.J.Cancer, 73:1053-1062, 1996; Nguyen, ef al., Anticancer Res.,
13:2143-2148, 1993; Wellstein, et al., J.Natl.Cancer Inst., 83:716-720, 1991). The
antitumor activity of PPS in preclinical tumor models has led to its clinical evaluation.
The results show that PPS was well tolerated when the dose was adjusted to avoid
25 its anti-coagulant effect, but did not show antitumor activity in patients (Lush, ef al.,
Ann Oncol., 7:939-944, 1996; Swain, et al,, Invest.New Drugs, 13:55-62, 1995). As
a result, PPS is no longer being evaluated as a potentially useful antitumor or
antiangiogenic agent. A search of the PDQ Clinical Trial Database
(hitp://www.nei.nih.¢ov) for all active cancer clinical trials, as of January 27, 2000,
30 shows 1,790 trials worldwide, but no trials on PPS. Hence, absent the present
discovery, there are no motivations to use PPS to treat cancer.
The doses of PPS used for antitumor activity evaluation were about 400 mg



inthis trial (Marshall et al., Cin. Cancer Res., 3:2347-2354, 1997). The
PPS concentrations required for 50% inhibition of telonerase activity
(0.5-0.6 (err)g/mM, see Exanple 3) were substantially higher than the
concentrations that cause proctitis toxicity. This consideration, together

with the disgcov at local adm nistrgtion of 10 suramin to the targeted
organ resul We%zoﬁ{ﬁ%?oé$omrase-i nhi bitory concentrati onggT[HSZP%Qoz‘S?s'arget ed

tissues (e.g., 5 to 100 pg/g) but very |low concentrations of suramn in the
plasma (e.g., 0.1 pg/m, see Exanple 13), led to the invention of | ocal

adm nistration_ of PP 0 wher r I phi bLLi S
desired. ThisPf v?teﬁssg aé%?ﬁérﬁf"esqgﬁ%%g t%g?@ﬁﬁ‘?g'gmgr”gﬁ?%fmg@ ‘mér%%ﬂi c host
toxicities. 1&alkt hBesmeocenseniiatipns Mptraasedervert timeeekreninuousnraily zed t he

hi fst 0{ ydon_ ?ﬁrﬂﬁié{ﬁti@iﬂﬁea@ing%ogsg_s?@m on %Tﬁftre%gtnse@ %t gﬁétfnﬁﬁg lq&aﬁiaggt s
infected wi n i nmunodefi Ci ency virus. | _

devel oped as %ej?ﬁerﬁﬁ’@fc"%m"?'ﬁe ; \Rerdiarthea; %asﬁglnﬁeat”@gblegﬁpg i%ered a
pot enti al &ant prbeitis) uszeije ntculred withdre1 taf 3 morgh. 2Proctitib avbs theldgsdlingtingdgtiaity oxi city in
ani mal s when A kSt al I Rkl tere. of \ logh\er to have
Vory 1 ow toxi By o Ut (efiflal Be SF, Bl Canleh B, SRk 0351, 1oBn el TIERPS or e
si nce been t eenesntratipnpiieauised fop Ao inhibition qf telemetape aetyity %48 pa/md s8f ngl e agent

or In coglb: nEo]Eaimmé 3yl Wdte thlbli_ﬁntidryUﬁghe_ r than ttl’i&cdg&érﬁaﬁaﬁttg?flgaw&baiﬁﬁt est ilgal
cancers. of. .. t se ealrl |er 1 | es Se ose L . to

o or tay) t a1 GoRfferkfeh Alotft in e Sactfe fhab logél-afmnlaion of ' 9

m cr onol art0 asuramin touthe tasgbtéshergah resultedhin telameraseaibhikitoiaconcentrationg in thews. The

mean st eady- sfRbfd §RELeS N5 b 2bI1QR0Pfig/d)blt dly RAldoREntratidha 8 Guradih & thé he usual
oral dose of 2.5 r@{qu every four hours

) or 15 rrq/ k /d%, Is 1.06
(err)g/m (PhRRIMS sl seerBxemple d3). od dxsthe invey '°E>g9f Ig¢h R¢rpinistRA9R nent wi t h
AZT, a m ni nEIPPSAs the@kgads wher Aakanyerase inhibitidn (sldeSiredPatiiendw 4. eliminates, 823) ,

whi ch convert i . kg/ day. Linear extrapol ation of
t he steady-sttg?é&ec@% Tt isg%é”m%?néi'. ‘pg/m for 15 ng/kg/ day yields an

expected pbfasma concentration of 6 plg/m, or 22 NM for a dose_of 85

ng/ kg/ day. Thidethpdgto aise AZdacMelana ghel, Aocenily summgnzed dhg bisloooe A8T ‘
PCT/ US2004/ O0RfR39a, bedionesdseAzNi tdeldab ;trebi patiepCinfattedtwitantfe thimbn pr oduces
50% i nhibitiaon ranged fr '

B muRCEEE Ciandy Wt m@D”P'i%{I 112 Helaid %ﬁla%rar](\gttlrtahlr’a ahy at
Nucl ei ¢ Aci d 'RESTOGIBYY GUE Yoo 9MErY ARP SUTOPeHI2° aVBT BT 28y . |
16: 53- 65, 199%wevamé iprnesienger considaned apoteptiat laptitumheagant be¢aus@wf #9ses of
AZT.  Appl bgantitively HESGRYEXIRHintAftalsdehth Bkt affking Wtp X AT dases of AZT
that delivered ntaanJmI ar - ) . .
later found to have very low toxicity when it was administered as a bolus injection.
AZT has since been tested in Phase | and 1l clinical trials, either as single agent or in
combination with other drugs, in the treatment of gastrointestinal cancers. All of
these earlier studies used doses of AZT (i.e., 7 to 10 g/m*/day) that would produce
25 plasma concentrations in excess of 10 micromolar, as calculated based on the
available data, as follows. The mean steady-state concentration of AZT in patient
plasma after the usual oral dose of 2.5 mg/kg every four hours, or 15 mg/kg/day, is
1.06 pg/ml (Physician's Desk Reference, 2003). For cytotoxic treatment with AZT, a
minimal dose of 3 g/m?/day is used (U.S. Patent No. 5,116,823), which converts to
30 approximately 85 mg/kg/day. Linear extrapolation of the steady-state concentration
from 1.06 pg/ml for 15 mg/kg/day yields an expected plasma concentration of 6

pg/ml, or 22 uM, for a dose of 85 mg/kg/day. The prior art teaches that AZT is a



pl asma concentrations resulted in elimnation of well-established tunors in
animals. Addition of such nontoxic doses of AZT al so enhanced the
antitunmor activity of paclitaxel in animal;;. Al though AZT has been

eval uated as an antitunor agent and a telonerase inhibitor, no prior art
describes the use or the effectivenessqg@f AZT at 10 s%&y‘y q90§es In
fact, Appli &P¥OPBding of the antitunor activity o L ri ng at

| ow doses resulting in nanonolar concentrations is surprising in view of
the prior art showng that antitunor activity of AZT is found at nuch

(Gark, “at - at 0o Bl e b nat BRGGRE e BRBRADEbYE RS ) o

that AZT, at mig r ermitigplae(®trakls of eh Nuclein Agid &es, re f
reonaler tarmitieplaei$trakls 6f 6l Nuclein Aaid &es 226898080, 1894 wireh) &b

chenot her apy g,/sn,@ﬁ@épaﬁjprmg;a,sgmwgep view of the prior art show ng that the

cytotoxic or telogerase-inhib entration are in the

m cronol ar or EFF? RISTSEP 1PYe %" E%f H © usk °alf’w %ﬁ?ﬁ"féﬁ ahPPIcaRs ot - 1996:
(Mel ana, ab adilsqove@éd thaCadrgieistratide of nommﬁﬁﬁf AZIDDE! defiwdrba n@nqmwlaExanp! e 1).
20 Antisense ;BIerrLae oﬂEéﬁﬁEﬁﬁ\@ T d;'u eﬁn’ﬂlﬂﬂloﬁ’fof \tvﬁi L&itpliche t ! dnin anti sense

constructs has en reporte e _possibility o elr application in
the treat rrentAQS’I‘thaPﬁélé‘Fh "M@X‘%é‘?ﬁ?s 9F 680 2lsg epRancea e a'ﬂé‘ﬂ'ﬁ‘éta%cﬂf
2:95-102, 200ggclitasdpinvnifials. tAnﬁodgKRZT hﬁﬁebﬁ&ihﬁﬁteﬂ%ﬁ@hfaﬁtdumra@ed’laﬁd aot been

descrlbed Fur her n -term . treat t el oner,ase.i nhi bition
Chr ough the EBMERSS AR 0 SR el R T oLl Mlduct i ve

t reat nent 99 hsueke lowalosése dn faot, Applicents’ Gndinged thei an&fdmOI&ﬁﬁvit!rOf/Aaf octohemg nventi on
The current appdy Gibks %Uhll?jg Pﬁ%ﬁ&’m&é} coRLRrAond &ls ﬂ%ﬁgn InW&rth@ﬁuoPn

telomerase inhibition and telonere shorteni n% AEP ants
di scovered t halt shewing fhahantimer actiyily of A4T frfpund 3t Muehhigher fose rFE’@F‘i‘"\)'é

t el oner ase | nichimbiar soraetratienihethé prshe(Cakr e dl.eudtancerrRdsiOipIOncolnpl anted i n

ani mal s. The i \Y; t enhances
the activity ﬁ?%gﬂgséj@&’? %gg‘l‘d;?#ﬂ? ’{aﬁgﬂ‘w&ﬁe%ﬁ%%r?%%s"ﬂ%g%M/ 070008
1 1 PCT/ uSQoothse e@zlwmchqnwthmﬂs ﬁwmﬂgnwmvmoéthem@r artshewingithettbeery i s
that tel omer mtdxr&.mrt}ub@é&sewsbho@%oncahmehgﬁofm Ben twmwrtohe

St cancer  acliLayerle GOBCh AL S e B AT Sl

t el omer ase- i nNResh#BE3-G96; V9B Mabient indmamplit)i Nng and after conpletion of a
cytoreductive 5 treatnent pronoted tunor shrinkage, delayed tunor growth
and extended the survival tine in human cancer patients. The fifth

di scovery % s AMigensededplomaraseniindititiop phiglomerase ARtibhbY @tisense SUEthat was t he
i ntended t ar gk bbéH repéreedl BMithe possibility of their application in the treatment of cancer

has been proposed (Kelland, Lancet Oncol, 2:95-102, 2001). However, the hTR_

antisense reported here has not been described. Further, combining long-term

treatment of telomerase inhibition through the use of telomere antisense constructs,

25  with cytoreductive treatments, have not been proposed or described.

Summary of the Invention
The current application is based on several related discoveries on telomerase

inhibition and telomere shortening. First, Applicants discovered that suramin, PPS,
30 and hTR-antisense are effective telomerase inhibitors and reduce the telomere
length in tumors implanted in animals. The second discovery is that pretreatment
with suramin enhances the activity of chemotherapy against well-established tumors



resulted in |local tissue concentrations that were sufficient to inhibit

tel omerase and shorten telonmere in the tissue but at the sane tine
resulted in very |l ow suramin 10 concentrations in the plasma that woul d not
have been sufficient to inhibit telomerase. The sixth discovery was that
adm ni strati on of nontoxic doses of t hat dellver r plasnma
concent r at i $A20FEYMB ed i n elininatiéﬁﬁof vel | - est all] gﬁﬁ@&@B%grspln

ani mal s and enhanced the antitunor activity of paclltaxel in animals. 15
Hence, Applicants present nethods, conpounds, and conpositions, which can

be applied t ¢, {yR8r-dafif smmasofrh@th% qﬁ%o\oa& it té]BmEr‘dg@fnﬁlblto?{‘QUéhoas' nprove the
treat nent out cone CO ar ed to standar treat nents. first aspect t he

present i nverSHiagH RRRenharesd dee articanca antivityof caf‘%ﬁréﬁﬁf‘%gﬁa%&/a@ont acting
t el oner ase orradmiohs Thenfoartmidisgove?y (51thatfaintenbiicesofr suramin in2f)aditidSat or

TR anti Sens‘?el s;%‘%ﬁﬂ?ﬁtogﬂé%ngﬂté{.o%g BBk ﬁ@%ﬂﬁ&tn%%ﬁé’&ﬁg@uc{.@h' bi ti ng

t el oner ase erab ering froma
t el omer asé néfeﬁtmeétlprowF% ‘l”f"@h Sb"lmkégesé’&%ed mmrwthganacnﬁqmﬂgd theti on to the

patient of ashh%ﬁnmut inCﬁurJnyn cahde? Glati¥fts. arrmm.ﬁﬁ)fd@éwam i3, thef lca|ot her
telomerase in

ird as t tea ving t he
treat ment out? '8 Erﬁtfm e sé'éﬁ'i?f%rt 66&5?‘8% at ‘ﬁ?se r"gﬁrr‘%dgarﬁﬁhﬁﬁlt nE"S Aor i gl ng
admi ni strati oesulted i Hm:aba‘smecrtnceﬁtrahonsttlﬂt orersaifficientrthiithibitdelymenasriand of
suramn, or %ﬂ&%eh%loﬁugﬂeQWea&%ué BE&' 'tljieoiame T res@tedRY g@%h QbR | N9

treatnent is given 1n such a way t tunor 1I's exp a tel onerase
i nhi bi t or 1 orcoReeqtiztions dn the Péﬂsnlaeﬁ‘ét weld gpod | haye hegg %’ff'ctﬁ"blt? f"é‘r'%‘t i on and,
more 30 pr ﬁftﬁrﬂ&iééﬁ. Tve s;aasnﬁco%&yWas &%t adthihietFatioh opﬁc]?itdxfoedo@éd 6fMzZTA fourth
aspect teac t S e ng t trea t. of a.cance atient,
preferably a%n%%g;lﬁ'le,%%c%a?r'ﬁp‘f’@{ %P 5%0?106&%““?15”?@ C% Wee" a'tta(il °¥ el oner ase
WO 2004/ 0700@Stamahmummszio@nmmgenhmm Hiet antitymaraetivity gffpasUmMnn, or

anot her tel ogghage i nhibitor, during and after corrpl etion of a
cytoreductive treatnent Such C toreﬁ_l tive tr nt can, be rgical
exci si on Bf tunor2ense /?‘R?Hc%‘ﬁﬁﬁﬂe mera ﬁ%’ﬁ?%‘" °°?‘B‘bq't5’f‘?d’ﬁ‘°t¥'herapy,
chenot her apy caphetpgligd dotle trdatmern\of aGride Metymfeumerb,ommsmpwomttbl tors may
be 5 used t | s. Ina fifth aspect, the

I nvention tegrc Rgrﬁo[}tcaﬁ%&ﬁ{pa qu@gtg@ght{egﬁg&%cer in a patient by first

i dentifying a patindhe féﬁéoi‘:iﬁ’ecttothﬁa?ié?eat inentien teashes methads i inhikitingcer t hat

telomerase by contacting telomerase or cells containing telomerase with suramin,
20 PPS, or hTR-antisense.
A second and related aspect teaches methods of inhibiting telomerase

activity in a patient, preferably a mammal, suffering from a telomerase-mediated
condition or disease, comprising administration to the patient of a therapeutically
effective amount of suramin, or another telomerase inhibitor.

25 A third aspect teaches methods of improving the treatment outcome of a
cancer patient, preferably a mammal, comprising administration to the patient of a
telomerase-inhibitory amount of suramin, or another telomerase inhibitor. The
telomerase-inhibiting treatment is given in such a way that the tumor is exposed to a
telomerase inhibitor for a duration of at least several cycles of proliferation and, more

30 preferably, at least 10 or 20 cycles of proliferation.

A fourth aspeict teaches methods of enhancing the treatment of a cancer
patient, preferably a mammal, comprising administering to the patient a telomerase-



Is too small to be detected, and then adm nistering a telonerase inhibitory
agent to the patient such that treatnent of the cancer, or prevention of
cancer devel opnent, is 10 achieved. Treatnent of such patients with a

tel onerase inhibitory agent would be effective, as the small initial size

of the tunmor would allow many tunor prqbiferation cy re the tunor
bur den woul ¥FAAMLZP®, t he heal th and V\g | being of th‘géﬁ@”&‘%‘ﬁ?‘s In a sixth

aspect, the invention Is a nethod of treating a patient in remssion, 15
after a successful treatnment of his or her cancer, but where the patient

remains at a, @F&Fby aRbL uﬂ'of@u?a'ﬁm?fordﬁ%ﬁm Pwld?r%r%enﬁWbWr E&ﬁ@ra{n‘ﬁnéfte?a”ger

This is especi
patient, as |<i°"tﬂeéi9" @éﬁ qytﬂ’edéﬂ"‘!v&vf&aﬁtﬁﬂé rSuslk cyteredyrdive fieptmest FQﬁ b&urarrin,

PPS, or AZT, su@@n eab.suan oﬁtturﬁthe drOWn%Ui@léBlt fedtneds de. b O radidtioRitheragye! oner ase
activity, are,mn not . t rovide such 20

favorable ri s‘fPeP8th5r§H’éfph?1°?yé‘PW8 tgﬂa%yev '?ﬁ?{ racggi%?m?r%sgc Hgg'%ﬁse?’%
i nhi bi ting5t elsedrtorohtain Hefterttreatmentaesuitng cells with the hTR-ariti sense. In an

ei ghth aspect, the, LRKeOLiRD tﬂeenﬁ@hﬁén feQ&eH%%&ﬂod‘&QFé&ﬁh&a@Qﬁ&? o4 AZT
yi el ding plasma concentrations bel ow the nicronol ar range, , .1 n the

nanonol ar  25P3fieff §e first idendifying gPatieqt abaut to hF‘f? 3CaRPeEL N haLpY d cat" thab| oner ase
I nhi bi t or canis e swehifitobe Heteaal, land theh wdminietering 4 telnwerdse lmﬂbltarqugawm tunor, or

in an organ "Yﬁ ﬁleﬂtﬁﬁchcmgrtggﬁneﬁ{ offt tﬁ%f‘e L o ?I’éwnﬁg}? g?;cte?dev%fﬂprlﬁént

suspect ed. The oca ere ase In rovi de
effectivelel a&h\@v@setreamemqu GHh pasiente with aﬂ¢|maaednhlhlm agest W@Jld)bet i ssue

located in 30eff@6tﬂé'é§thé’sﬁ19ll hitg shAnef Hesthmervidly ambwnanymr p%ﬂmdﬁbﬁtratlon
e.g., injectio r m of d such as a

sl ow rel ease ‘Hg@? E’%f“%‘ééfm aém’g“'reﬁl"éclupda@feéf?“d?e ?Fétgtaé‘ldo"ﬁeé' g e bitor is

to provide tedabentr ase-inhi bitory WO 20041070008 13 PCTt US2004/ 002609
concentrations | n,nt;'gxtﬁ 'a§1?elépﬁwe :k\i%m.o%ﬁ?%ﬁ%{hgﬁ%ﬁne% mgtg'Eat{eF\ﬁﬁtrémggion but does

not need to resu omer ase-1 nh g concent at Ions I n [asma or
ot her or g#hs &ftaa? sugcessfibireatment of his giies caicer; Rt wheetherpafient remaigs diedhar at e,
cross-r ef er enubsantial iRRbf &PBIbPILAE héw of rekurentBahent THPRIdspaialpso fobarSer i al  No.

{1 brobi ast oriSRRe! PRYE S TP eds s e Befirb s foistdes T § BvBpSie 887 ance o
chenot her apy benefit ratiat Simahing PP8rar AZTT, iFiGFalianatdmclow tamounts neededte inkibit | vi ty of
cancer telomerase activity, are minimally or not toxic to the patient, and provide such
20 favorable risk-to-benefit ratio.
A seventh aspect teaches methods of inhibiting telomerase by transfecting
cells with the hTR-antisense.
In an eighth aspect, the invention teaches the use of nontoxic doses of AZT
yielding plasma concentrations below the micromolar range, e.g., in the nanomolar
25 range, to combat carnicer.
In a ninth aspect, the telomerase inhibitor can be administered locally, near
the site of a known tumor, or in an organ where the current or future occurrence of a
tumor is suspected. The locally administered telomerase inhibitor will provide
effective telomerase-inhibitory concentrations to tumor cells or tissue located in
30 proximity to the administration site. Local administration, e.g., injection or
implantation, can be in the form of a depot, such as a slow release device. Local
administration of the telomerase inhibitor is to provide telomerase-inhibitory



chenot herapy and radi ation therapy. Suram n and PPS are FGF inhibitors. The
current invention teaches that the sane conpounds inhibit tel onerase
activity. The 10 concentrations of suram n and PPS that produce FG-

i nhibition also produce telonerase inhibition. Thus, suramin or PPS can be
adm ni stere lent in conbinati with a cytotoxic anti-cancer

t r eat ment tgwégwg/ﬂ@@%be ef fect of the 1(t:)'snyt ot oxi ¢ agentPET/URHP4/W268? t he sane
time inhibiting telonerase to decrease the telonere |Iength and thereby
achi eve additional, beneficial antitunor effect. After 15 conpletion of the
cytotoxic treat rrent regi men, suramn or PPS adm nistration can, be

mRi Nt ai ned t GORREANALIORS 1 the,liRsuesdhahare iarastsiof #ie tsptment, Siedoss BOtNERI i ty. The
use of the seduR irblgRMe(ase-inhbitérpcgrRbntiaB6Ms it plasridbr ot iogjans that aradot

t el omer ase- res et?r&@t@%ﬁﬂeﬂ?&n@n@' sns represents a convenience to the patient
and to the tr ng pnysician and inproves the outcome of the cytotoxic
treatment. 20 As '@)@)F%nafﬁiﬂ gssveferepget natent/eppligation (hRcRatent Apalicationt with a

t el onerases Isahélma @@/mﬁqw)rﬂspnbé}m Bddchitea thé disEdverEhaSaide bad/ bisic over
mul tiple prol nor, cel Such cq

t
"ot bt on 1 SbblEt ruk? RegR, Fami Bhst B RO RETERES R | ong
t erm nal hal fchémdtierapy aridetlhqztanhllmats of fR@F enhanvplthe bdtitgaor activitp oboancereek, so as
Lo cont ] UOUSham ATl Adrd B hirtly. Odurkifth QB ERS%r8 FarYhiditofd ! fhet T eat ment

at 25 infrequent an elimnation half-life in
excess of on&UfRbjavention Fﬁaﬁ'méha(tmsa@mcor@eoums inhigibtglomerasa afyhufien ani mal s

ﬁ see Exanpl e|c8r)c§nn‘raﬂohs |of %uiahilrﬁ _artu)q easi thﬂniﬁ'&?juce-r#tﬂ: afhibtduNdso pfodidee | nvention
ave nmany val uapl e I bl tors el.eteri aeact|V|ty,
cuch aetor WERELRBISE IR, By P SR BT e & BRRIALR Uch b
humans. The pmabln@ttpeumtm:alcymmpcmﬁ{cames tredtmentetoi enhencei bom effeoy obéheenpl oyed in
treatment reg|gRRe dg@nt‘é"hWﬁlhz Etatﬂs%EmeQHeSmﬁBsﬁndﬂélAn?éﬂasel 3 ddcase % can be

used to kill cancer I'l's ex vivo, hi's i nvention provides
t her apeuti c mwﬁlﬁ”@tf‘oﬁﬁéhirﬁbW}%ﬁ%mb?ch‘a'cﬁﬂ%’ﬂl?hﬁge%nd‘ﬁ%'o nposi ti ons
for treatisng comapletion of the dyiowlkib redmént reginieasurangin oaPR S admiaistchtion L be

tel onerase- ”ﬂ%’ir}%r?e% tSQE'rﬂé{? aOBﬁ%%Fm mgﬁﬁﬁgﬁebﬂwﬂﬁgﬁaﬁﬁvﬂ% A&k premaMMEl S

(e.g., dogs erinary interest).
Ot her f eat ur 6amarRgeaiés) aat tepaed beth thecFEhvasistansa and| lelomerspeyasigtaice rom the 5

foll owi ng deh%bﬂ\dﬁiinﬁ&éﬁréé.dhis‘ # Bonvériiéhck tdhe thent bid ¥%the beatAG IpAghidimscri ption
of the Invent |!g roves J‘e o£1come {h%\/clytgt%xgtrgaltn?gili and consi stent under standi ng
of the invenflofP
20 As explained above, effective anti-cancer treatment with a telomerase
inhibitor requires inhibition of telomerase activity over multiple proliferation cycles of
the tumor cells. Such continuous inhibition is most effectively achieved with an agent
that has a long terminai half-life in the patient, for example longer than one week, so
as to continuously maintain inhibition of telomerase activity with treatment at
25 infrequent intervals. Suramin, with an elimination half-life in excess of one week in
humans (Jordell et al., 1994) and nonhuman animals (see Example 8), fulfills this
requirement.
The compounds of the invention have many valuable uses as inhibitors of
deleterious telomerase activity, such as, for example, in the treatment of cancer in
30 mammals, such as humans. The pharmaceutical compositions of the invention may
be employed in treatment regimens in which cancer cells are killed, in vivo, or can be
used to kil cancer cells ex vivo. Thus, this invention provides therapeutic



certain terns enployed in the specification, exanples, and the clains are,
for 10 _ convenience, collected here. Definitions As used herein, the
term'aberrant gromh" refers to a cell phenotype, which differs fromthe
nor mal phenotype of the cell, particularly those associated either 15
directly or indirectly with a disease h as cancer. e rein, the
term"adm ni‘%?@f"f’?"{&oosref ers to the int ?tlgucti on of anpéffg#tsoo"%f’%&a cel |,
e.g., invitro, acell in an animal, i.e., in vivo, or a cell later placed
back in the animal (i.e., ex vivo). As used herein, the terns 'agent',
"drug", "conp e At d " " r At
"ant i neopl ast |8c X ug%sd% aér?ﬁ?’ tg ﬁﬁ%‘rs q%g%tﬁttmg cgr%r'uénggﬂ?%%r@ﬁgé%gﬁnger and refer
to agent/s (uAnésther delemerasermeriatsdeepnditionst ohdiseasendn giuses tapdodthernhi bi ti ng
Olr r_edgci ggdﬁﬁ?lhﬁﬁf@&lg.?@dds, cggsp%wgi hofse§ -and &hﬁr&fﬂﬁﬁrs-ofﬂliﬁinﬁ?ﬁrtﬁ@&t)ﬂg t ter msTﬁre
al so i ntende o i.nc e cy X1 o ci.dal . or. ostatic agents. e
term "agent" incl LéfB%r gé%ﬁiels a"ﬁtﬂ%éﬁﬁgﬁﬁ ﬁﬁdqvg%qne%luﬁésapeggg.f,rorrb tides,
protei ns, &nt fdjoringedetailed desariptibm cyd f2dn the elgiment s) , and nucleic acids (e.qg.,
gene therapy constructs, reconbinant viruses, nucleic acid fragnents
(including, e.g., synthetic nucleic acid fraglrrent_s). As used herein, the
term "apoptosis" refers to il fthe PRequl ated formof cell
dﬁat h, as dgfi ned 1YrdeF itd ﬁTdviﬂe\/beéléarQﬁ& g&{sisﬁélh_edndei’stédWQad’ftthe igﬁerlﬁ&ﬂd herei n,
the terns "benlgn", "pr Lgnapt " I nt, gi ven
their art recgﬁrﬁaﬁnzggn %ﬁﬁ?’ﬁ%@fn 3 stﬁ’géﬁpaﬂoenlr‘%x?ﬁag ea'}dgt?'%ECEa?%%%Eee?g, "t unor
cel I ", "tuWor conveniengk saiiegted hene. " | eukemi ¢ cel | " are used interchangeably
and refer to any neoplasm ("new grow h"), WO 2004/070008 15

PCT/ US2004/ 02&6’?’3 such as a carcinoma (derived fromepithelial cells),
adenocar ci non#® ved from glandular tissue), sarcoma (derived from
connective ti ssue)As Usgdrpbreinathé dexmi “atstraftrgpowth’l refiaysito tai cels panptype, whithcer of t he

bl ood (e.qg.. L thgrnfgﬁﬁkg%@bguko?mea&eu, pafeulafly Hose aSRBGRE ARG "t unor

cell" also are I'ntende _ : Ss cancerous tissue or a %Hturmr mass,
whi ch shal1 bédirestysindiiecy with a diseasp pyches eaRcHt cancer cells or tunor cells.

I'n addition, the tRrBd h&i8iRCRE terd CadminisBring"Gefers to thetntioBlidtiBifléthntagetNCONpPass
cancers or cglls,that. ?’ﬁ be either beni |i gnant .

n, pre i gnant .. .or .
Typically a coRBh e n PRk LB 4 B o £ Myl 38 B Aret BB P e s
such as, e.g. animgaldis.lexviggit or independence, lack of cell/cell contact
growt h i nhi bi tion,asaRdl RerefP R BRs UGEnFOLHRE - “compound”, “anticancer agent”,

» o«

20 “chemotherapeutic”, “antineoplastic”, and “antitumor agent” are used interchangeably
and refer to agent/s (unless further qualified) that have the property of inhibiting or
reducing abenant cell growth, e.g., a cancer. The foregoing terms are also intended
to include cytotoxic, cytocidal, or cytostatic agents. The term “agent’ includes small
molecules, macromolecules (e.g., peptides, proteins, antibodies, or antibody

25 fragments), and nucleic acids (e.g., gene therapy constructs, recombinant viruses,
nucleic acid fragments (including, e.g., synthetic nucleic acid fragments).

As used herein, the term “apoptosis” refers to any non-necrotic, cell-regulated
form of cell death, as defined by criteria well established in the art.
As used herein, the terms “benign”, “premalignant®, and “malignant® are to be

30 given their art recognized meanings.

As used herein, the terms “cancer’, “tumor cell”, "tumor”, “leukemia”, or
“leukemic cell” are used interchangeably and refer to any neoplasm (“new growth”),



10 By contrast, a normal cell typically can only be passaged in culture for
a finite nunber of passages and/or exhibits various art recogni zed

hal | marks attributed to normal cells (e.g., growh factor dependence,
contact inhibition, and/or a normal karyotype). As used herein, the term

cell" incl ukaryotic cell, sugh as somatic 15 or germline
marmal i an cﬁ%o‘ﬁ@?{mgel | lines, e.g., %La cel I s (humBRY/USIQ4R826% ce| | s

(murine), enbryonic stemcells, and cell types such as hematopoietic stem
cells, nyoblasts, hepatocytes, |ynphocytes, and epithelial cells and,

e.g., t he cell Ilnes desc her ei_n herein

"j gent i fyi ngS4ChB8ta ERTENMR, Jﬁ@"eg f°§b6‘1ﬂ’e"ﬁb°qq§ %&je"P‘éaf"é'?%ﬁa é fﬁ'&mpat i ent
havi ng been dizhéularitissee), sarcéree @erived fiom chenestivattisse), iyadphgma (dedleg fbm have, a
cancer using, g@m&a@ 9 Lanb P URILARH (£ AR F AIBLAIRS! e LERI LeS

I ncl udi ng, cantig 1 and/or
BRCA2 genot y5aee” a'@j’erﬁ‘éﬂ?’d’eﬂrﬂfq P"en‘gte"@E’@ efF?RF"’Fé? Rencsroys §§“Prﬂ" énded to

ld ncl ude t;se lfcglﬁoeniéwmmmsm belcofstrugd asy gmyatlmeWaﬁvérwn of fun@r celld Er ognOSI s,
|agn03|s I n pati.ent i r_apout to hav
Cngor S 20 A5 aefth et reabr itk b el 8 PuR¥ BerBimBRR hncb 15V 2
cell" e. g ar cefiathebmaycied ¢ither keinignsprerpaligheat, oF ovaligngnt. iThpieally agancager or
arresting of tdnio? cOf QMthts%ﬁélﬁfart %B@fz%@%ﬁﬁnarﬁé%cﬂ% et %m3a&&t

necessarily re quire, %5‘5 m nation of the errant growth of
the cel|. Théderandence, '%‘f CF'M‘ie@ﬁﬂ'gﬁFtSGWQHE'B?Msgnq/WﬁbB?’P‘?H@WGWPe 30 reducing
cel | growoh Byaomtelst, draial 6@p@ﬂbﬂl§lc§h oflly Heewiseaged .in Aaltuts &st hfitei n, t he

Lermo 100l b9 pod eI ol ot et Bl SR ELP RN gl of €1 (0

the adm nistra r-bearlngV\D
2004/ 070008 mmt:wﬂﬂsgommlmm depgngence, mntaiCh'na'bglenearwvortmmﬁﬂnalf ield or
area suspect Qglydtppepe seeded with nmetastases, or premal I gnant | esions, e.g.
an organ speci |c for uch, as grosta e prost;te cancer.

R
Ao used heroin, - theeetferein; Bade gl BRuds 0 et Syen g i he
art, 5 ref epsgdm Imé\mapmatuaractellaror cell limks, reggs sHela cellsnthuman)s NIHSTd kellsunor

tissues in 2\t BlnonyBHE st BB, 31o°6 el SAch 48 MudB ot Rfitefls o 111 cal

means, usual 'y consi sting ation, ., X-ray,
CAT scan, PEMyaiasts, hGP%t?“étgeéuWﬂ‘PBQPM@@vr%ﬂﬁ‘)ep'tﬁ?ﬂ'é' c ﬂﬁﬁﬁ’ @y therpe Eﬂ?sbe
esti mat ed f r geBcibegammi i on of the tunmor sizes. The tunmor burden is an art

recogni zed i ndi Ca}i[ Oursec? Lergnnethg le'rrﬂ II entlfy|n8 lérpgt?enP Inav'fng%r f)ou?{El Sha\/e re er[se a
20 to a patient having been determined to have, or to be statistically likely to have, a
cancer using various art recognized diagnostic or prognostic techniques including,
e.g., the prostate specific antigen (PSA) test, BRCA1 and/or BRCA2 genotyping,
genetic profiling, etc. The term is also intended to include the mere knowing or
receipt of any information (e.g., a prognosis, diagnosis) indicating that the patient is
25 having or about to have a cancer.

As used herein, the term “inhibiting or reducing the growth of a cell’ e.g., a
cancer cell, refers to the slowing, interrupting, or arresting of its growth and/or
metastasis, and can, but does not necessarily require, e.g., a total elimination of the
aberrant growth of the cell. The term is also intended to encompass inhibiting or

30 reducing cell growth via cell death (apoptosis) or necrosis.

As used herein, the terms "locally” and "regionally” are used interchangeably,

and refer to the administration of a therapy into a tumor mass, into a tumor-bearing



10 large tunor burden indicates a bad prognosis, while a small tunor burden
Is a positive prognostic sign. Tunor burden is often regarded in
relationship to the lethality of the tunor for the patient. Wile human
patients can often tolerate a tunmor burden of about 1 kg, this cannot be
taken as a general rule, as the |ocati of the tuno damage t hat
can be caus¥@PYOIN® t unor are |nporta2? detern1nant§&¥§%%g”@ﬂ§9lethgl|ty
associated with the tunor mass. For exanple, a netastatic tunor growing in
the brain can be lethal at a size of a few centineters, while nuch | arger

tumors in the, anvsrr.n%rgexé,aﬁ%ar fremrl%?eatéakﬁercéwbe E@ae@w.t@m'eg&e t unor

burden for a at rent netastatic brain can e much
smal | er than %{Pfeélaﬂ%ﬂamtlm eﬁtﬂ"dﬁ??"f%’?"'@ foraA ?“é’ﬁf tym» BYch A8 Peastate 9t ast ases.
20 As used hegréstdte cdnbe. t erm."systemi cally" refers to the adm nistration of

2 Sher apy i {1 € RS WLl S, Wl e S5l RSl BT o

t hr oughout subj ect; ral "htT ave strati on.
Simlarly,5" gplersdpithe Padbheféﬁfﬁlrfaﬁsowmer@fséﬂ of t'slm@bmé‘?ﬁt in#tAatied. The oughout

t he body, SUth&SSlzfe%JMerhfheﬂ by Stahddrd ElﬂlcQﬂ rAsERE. - usrﬁaﬁly USRtiNEsPalpatidnne term
"phar maceutlcall acc F%%l% arr C§1|:|_ i 25 recogni ze rngnﬁi | ncl udes a
phar maceut i cal'l % &% ivaY , Se r?% SFA glaggund sjpeR Biitable for
adm ni steri ngumonmmdﬁnd:an b estireated &ere rat summationt ofdhe tumonsizesl The tamoused
nerein. tne Ut Qs»asmsweea,&d.&mpwcrngaa odule! o RS HaER Bfrdfel £

sui table for m ni stration manmal s . umans e conpounds of
the presdht 'ar@edwpordnrdendndientesns SpePeagnasis, wiie ﬁa-“d"lﬁlttP@a'l E‘"ﬁ’?j’ el s,

e.g., hunans,posiivd b@ynd‘sﬁ? sia. mum&ntlnp@dnois?ﬂeﬁ r@g‘ard;(;ﬁh&élﬁﬁ&ﬁhibltsahebl 05
COITpOSItIOI’l t.al nq, Qr ex to 0 raply, to
90% of acti Jahsi g°:}5e'1§iq‘é’ﬂ?’q‘('é'.‘eg”%g§' \9/\‘6"%"(‘}6'2?)‘6’7 gg FE‘J’S%@B‘&/ 002609
t her apeut i caltuydeafof atriut ¢ &g,cthie gartnpt bentakemdsi mganerahruh e$ the lpdatiomefdlerut i cal |y

accept abl e  G@hér &g the“éaﬂa%%(ihé?%&?be{‘caumeoyttﬁé ﬂ}noﬁé’rbllrﬁ'ﬁbtrtant'o%%e\'rﬁhﬁﬁéjed to
i ncl ude human _and non- hunan ani nal F’lé'f@%?s mce, rats, bits, cats,
e

dogs, |i vt & ghe 'SWG"%P?W?‘@Q)W”“ the FHSKiPPled palestalicimdte a human
pati ent haV| ryovaingdin Kiae lstein cam Bé fetiabatl 7 sizk oftayfe\abeﬁtmmrs,milé mgéolakgr €. 9., a

cancer. Slﬁrﬂor@‘ﬁ”ﬁé fver o 9|s%]e¢{ Q&nf be® o%g?{de Herngé %rlgth%l%rrng'retiu‘?& f%f

eukaryotlc requen In a cancer
cel | . As usechafiet witha tumps metastetic péh@h‘émgre e mughesmallerthera leghal fupieer enzyne

or 10 enzynmurfeh foy b bitiet WiGb&GchirRetisiReddUc] eot i de pol yneri zation or
mai nt enang ¢ of As used herein, the term “systemically” refers to the administration of a
therapy with the intent that the agent will be widely disseminated throughout subject,
such as by oral or intravenous administration. Similarly, "systemic" concentrations
refer to concentrations throughout the body, such as found in circulating plasma.
As used herein, the term “pharmaceutically acceptable carrier’ is art
25 recognized and includes a pharmaceutically acceptable material, composition or
vehicle, suitable for eadministering compounds of the present invention to mammals.
As used herein, the term “pharmaceutical composition” includes preparations
suitable for administration to mammals, e.g., humans. When the compounds of the
present invention are administered as pharmaceuticals to mammals, e.g., humans,
30 they can be given per se or as a pharmaceutical composition containing, for

example, 0.1 to 99.5% (more preferably, 0.5 to 90%) of active ingredient (e.g., a



chronosone ends known as teloneres. As used herein, the terns "tel onerase
inhibitory agent” and "telonerase inhibitor" refer to an agent that
inhibits (conpletely or partially) the activity of the enzyne telonerase.
15 As used herein, the term"inhibition of telonerase" refers to a directly
measur abl e | of the tel oneraseqenzyne, for exa as
denonstr at ed‘ggzg’ Moﬁoﬁg t he nodi fi ed TRAEfassay descri B’é’an}%’éipo‘@%ﬂ’&t at, (Gan
at at, Pherm Res 18: 488-493, 2001), or based on the reduction of the
average tel onere Iength inall of the cells as dermnstrat ed by using the
TALA assay described by Can at at, (Gan at 20 at, Pharm

18: 1655- 1659, th ?WE?CB&W@B‘@% asppupy in ?Pmblﬂaﬁﬂi‘d’f"tht%l’m?‘@gt"?w ?cﬁﬁﬁ’t?ﬂ'?jual cells
usi ng the Fl $aressay described by Can at at, (Gan at at, Pharm Res.
18:1655-1659, 2001) usé?hé#?ﬁdmﬁ‘?{r%' “Qub éc?e §n‘?énrd’bd o HERRERR d;fn 51%{ on! &f ers to
an agent that increaSeées nﬁ a secon e.g., an
anti cancer cHwmananingedeids nmigesmeats, fal’bltsl'mtst apgA. "“EMS@'I’%PE“FQ@Q)I on" refers
to an Incr@aa&efbﬁe@mméntmﬁalaﬁw&wé 5 YuRbn patieAMading @NoRIch e dizes agent by
a chenosensi t,i zg r] “{Eared to the antitunor activity of the cancer
cherot her ape i@ ergggq?gg RIWPCHBE: the chenpsensitizer. As used herein,
the term "chenopr Aveased dweleir, dhe tesmt telorseray reders dgdind ehad of @ar eu)erybtict he

devel opment qf,q %OEWWhlcﬁISQ%élfeﬁpyab;q%aﬁf%}c[& eCdWr‘?QQéHcEr efitive refers to 30

an agent that prevents nor, a cancer. As used
herei n, the term A8 nEpdpawein dhg teym ’feﬁ@?ﬁ’?s@efﬁiﬁﬁdﬂﬂhe gellular SBRRR PR

i nhi bi t or yo agRRmeRGIY EfReERtBaRaRRYkbRe FiRHGizhRr be miaiteHahcedbf such an
agent WO 2004/ 070008 1 CT1 US 04/ 002609 which, alone or in conbination,

i s effective,"EFBFTS §{gF Kiowy,as "? % e-dose administration to the subject,
e.g., a human pat Asnsed hereinnthiektetmisnteloradraseeinbibidonnegént and “t¢léroerase t el oner ase

I nhibitory agsHMihe réfer & arl SgthPinkd MELRY Sc&rﬁﬁl&@&'w paigly) el ackifily! of PP W h,

e.g., a cancer (faor a chenotherapeutic used herein, the term
"pent osan pol¥Poinertelpmerass. "pps ' refers to a sem- synt hetic sul fated
pol yani on1onposeAs aised @b ein-they tedipyirhiditide df aslomlaase Wefdis tpmodirety es sim | ar

o hepari n, ol b Rh ol ledlbnd 80085 9D dBH0 00Rmo e GPOUNT, |

for exanpl e, SCri I'n rtion ,  Merck
& Co, Inc, 1988g thetmedifiediRAP asseydeseribed oi Ganet ah|(§ar¢eh¢{oﬁ’h@rmaRes. inter

afia, 10 xylignassysh, 00@HY, o BhdedloR therédidion? tHESNEbEE RiomeR I8fLin alfbPr ase;
Henocl ar . the cells as demonstrated by using the TALA assay described by Gan ef al,, (Gan et
20 al, Pharm. Res., 18:1655-1659, 2001) or erosion of individual telomeres in individual
cells using the FISH assay described by Gan et al., (Gan et al., Pharm. Res.,
18:1655-1659, 2001).
As used herzin, the term "chemosensitizer” refers to an agent that increases
the antitumor effect of a second agent, e.g., an anticancer chemotherapeutic agent.
25 The term "chemosensitization” refers to an increase in antitumor activity of a cancer
chemotherapeutic agent by a chemosensitizer when compared to the antitumor
activity of the cancer chemotherapeutic agent given without the chemosensitizer.
As used herein, the term “"chemoprevention” refers to using an agent to
prevent the development of a tumor, a cancer. The term “chemopreventive” refers to
30 an agent that prevents the development of a tumor, a cancer.
As used herein, the term “therapeutically-effective amount” of a telomerase
inhibitory agent and/or chemotherapeutic refers to the amount of such an agent



As used herein, the term"biomarkers" is intended as art recogni zed and
refers to nol ecul es or conpounds, e.g., protein or gene, whose presence or

| evel s indicates the presence of a disease or the heightened |ikelihood of
devel oping a disease, e.g., cancer. For exanple, patients that have

el evated levels of prostate 15 specificygntigen are likely to have or to
devel op proéY%fog‘”??&(ﬁ%er. Patients that Lave a nutati BﬁTIP%w‘Eﬂeiﬂ” or BRCA2
genes are likely to have or to devel op breast and ovarian cancers, As used
herein, the term"ex vivo" refers to tests perforned using living cells in
tissue culturg,. 20 a Lnhibitors As n . v
immortalizati @P}'C%f a%@% I%EBI éf ognb'qartll\é'gl @e%f,?ecﬁ\fsﬁ e”%ggtjsl"g},?eqt ﬁ;a mmg'@l[efdvog?i on of

t el omer ase. Maministratien foi thesubject.tekg, aumapiatient ab énhibitios telemasaneragtiity activity

and the abili it DfloRRRYe ikBREry @8ért), bi M Ghibiting O FdUOSy Stdrmant R QRGA, | Ve
ti ssue, 25 adi pose, breast, | ﬁn?a@eli%ormch, pancreas, ovary, cervix, uterus,

ki dney, bl add®&#8-  c0Gdier a g entral nervous system retina and bl ood
tunor cell 511 nes, Asaseeiverein, thertenor pamtosan polyadiatet entRPst reféredo bysemial ysi s of

tel omerase ac .k ' . 4 C| - 2011 - 4), 0 THi' S

i nformation, %”G‘S"ﬁf%ﬁéﬁtgﬁ%ﬁﬁ'ﬂ% (j'é_lrﬁlﬁ%sredaor?t ﬁeﬁ%@i Igg ?r?\agsgt %S@Qﬁgmghorteni ng
of tel onere | MABRMIESCHAIIEH te herpsing With mplgguiar weight epagst b 4500550080 Thepl i cat i ve
senescence (\nh3dwfis, /) exdnipid, Gaéchbed ifae MEBK déx, A0thdditloR p2gBTE28; activity
for a suffi C|@nyt¥dﬁog] ﬁ;ge &%n be an tffect. V{E. ant i -cancer. thfrapy. WO
20041070008 18BEH COBG1FRE 0 SRGE es Ve ta eRorbe TisESMPIHIREre: 1% hvent i on i s
a met hod f10r xylnihpdrogengulfete xelln pdlysyifatef CR 80! Fibrase; plembdldrer at e cr replicate.

In this method, ong Qby Wefeh, SRTAHPESMARSS ik hiRthdell as!dreRbdimRRtan NVeNt i on
and that are capable of inhibiting telonmerase enzyne activity are

provi ded dur i §ET8IMOIeUISE 0F SAMRANNISAE- Te RIFHEN PlIPNS¥APES PIESERSHEF @é’elﬁl ay a
critical 5 roihdicdtes thelpoadence bihe dieedde @f tHehiteightenea ikelindsangfsdaneldpind\d\ t 0 be

replicated co € L f r.od nal 5 -end of
each strand. r%%gé’t é_?l" %éﬁcrgﬁbhﬁkﬁéépﬁafeygﬁp%ﬁa egg‘{a.‘%g'%% ?ftsp r%%aget el oner ase
to add tel'dnesreefiqtigencare diely todavectrtodryslioprariostatetancer. Matignts thetrhavg at el onrer ase

will result igutfid iRTBHOA1SSIHRAEND GeRbs SrenRE! t@ﬁé@%r&b'd@vél% Frdskt lapy oner es and
they wll eventuallﬁ stop dividing. As WI|Y be evident 10 to those of

ordi nary skil P840 @AE™art, this nethod for inhibiting the ability of a cell
to proliferate i éswsafhdrsif,dhe teime "dxrvivat refand todéstsoperfomatidiusing lieisgaetis at ed wit h

an increased ih #{<Be cutture.

20

Telomerase Inhibitors
As noted above, the immortalization of cells often involves, inter alia, the

activation of telomarase. More specifically, the connection between telomerase
activity and the ability of many tumor cell lines, including skin, connective tissue,

25 adipose, breast, lung, stomach, pancreas, ovary, cervix, uterus, kidney, bladder,
colon, prostate, central nervous system, retina and blood tumor cell lines, to remain
immortal has been demonstrated by analysis of telomerase activity (Kim et al., 1994,
Science, 266:2011-2014). This information, supplemented by the prior art indicating
that the shortening of telomere length can provide the signal for apoptosis, or

30 replicative senescence (WO 93/23572), indicates that inhibition of telomerase activity
for a sufficiently long time can be an effective anti-cancer therapy.



of proliferation of a cell, such as in cancer (telonmerase-activity in

mal i gnant cells), and hematopoiesis (telonerase activity in henmatopoietic
stemcells), for exanple. Thus, in one aspect, the present invention
teaches using suramn, PPS, and 15 hTR-antisense to inhibit tel onerase,
and thereby preventing or treating manygtypes of malignancies. 1n
particul ar, “&1’\9 dMounds of the prese%? I nvention ca??gwséwla‘@“a hi ghl y
gener al met hod of treating malignanci es, as denonstrated by the high
percentage of hunman tunor cell lines and tunmors that express tel onerase.
More inportantly ;m& ton can be
effective in 20 pénoél %té%ﬂ ld i ql%ﬁweﬁt%%éP‘eﬁgP&{/oanﬁﬁ)ﬁ% the%\SﬁQ 0# gnant
cells, thus aweslde prghf?fawr EﬁP"QaF% In tés reatad; eng<er §1°ffec°§1pf3@1§’§§e§9§'aﬁél"! y

associ ated w pfé!!ér@frﬂéﬁtﬁn @\h@ﬂ‘ﬁi Ql@ ci?lﬂdf%h@ﬂiﬁ@léoméré’b’étenﬁrhé adliviy, di ng cel|'s

I ndi scri m nat el ¥> ‘fd I.II ? q vent i on % ﬁ anab ues of
suramin and PSPV ‘éﬂ"g 0100 i "?fé’ 75 PANHRLPREA WEBLct, the
present | n&enbledmalpwmmthbssncmmpmnnedlsthonmsanm|beaépllcataq)mwetdws and

et hods, 1l 8t LSRG BUA S 1T LS beoPIBRT RitAP B dndcCEP! 201 ©

salts, for |n|b|t|n€fa el onerase enzyne, sing _contacting the
tel onerase enZPiAY RPtfarating soio wse, te'@?‘eraﬁ% t%t?éFn‘&!?@iﬁ”Fc%W‘yrep%?éfcé‘bt abl e
sal t, where tdnoneomslends mhBitisn bPlomete WitTesulith the paolwrafngrcélednoenbodl ment ,

h I d h
e o Orer 2 b s B IR Bt SR B e, 2 D
Tel omer asdo | nthithise of erdinayeskiirinl theratt, thid methet far jphibiting thet dhilitypefasesiitto i nvent i on

is the di SCOV&JSI?!er&tQ%tuseﬁHB% BreathBR of arean'aﬁ.aﬁ BR6cidtd FittSaPih&edsell Pat@mount s
that are effectivy i bition t el orrerase actlwt%mgI n shorten

i nh
the tel onere ‘ffé’Fdeéf?"P% °faa Fﬁ'hﬁl“’h alsn'ﬂ§a"‘ieh(t§°'a%'ﬁ%eci Wtygh maigna
I nventi on t eaand@emateddiesidgteldmetrand adtivitylimigeniatdpoiatizr stetiecelis) fox/examplen a pat I ent,

preferably a ma don or

di sease, conpr [Tgﬁtllﬁus i ng%é{wéﬁégﬁge&olkﬁ'ﬁméﬁ Pﬁﬁ aﬁﬁﬂﬂer apeut ically
effective 1%nﬂﬂﬁta"6$ens%tPr'aW'hte'Omefaéﬁo%“HéhebeélP(EﬁYE'FtEJSé’f tragtingimagy typehe
conpounds desdt kialif@endids. M pariéuRs a4 conpsrdk oPthe pt&bérmrhemieh @é}ﬂﬁraﬁdéd ncell 10

compounds of L iRk Ee BR ebfeaiPd aeRHaens: capertaer PR ALt hods
descri bed herperoentaganef maanddmosesll lines ardictninors that epresmtgbomefasehdorervent i on
that inhibit importantly, the compounds described in the present invention can be effective in

20 providing treatments that selectively target malignant cells, thus avoiding many of the
deleterious side-effects usually associated with cytotoxic chemotherapeutic agents
that kill dividing cells indiscriminately.

The compounds of the invention extend to analogues of suramin and PPS
that also inhibit felomerase.

25 In another aspect, the present invention provides compounds,
pharmaceutical compositions and methods relating to these compounds, or their
pharmaceutically acceptable salts, for inhibiting a telomerase enzyme, comprising
contacting the telomerase enzyme with a compound, or its pharmaceutically
acceptable salt, where the compounds are suramin or PPS.

30 In a preferred embodiment, the telomerase to be inhibited is a mammalian
telomerase, such as a human telomerase.



tel onerase activity involves placing cells, tissues, or preferably a
cellular extract or other preparation containing tel onmerase, in contact
wi th several known 15 concentrations of a test conpound in a buffer
conpatible with tel omerase activity. The |level of telonerase activity for
each concen test conpound is asured and the 1C50 (the
concentratlﬁgaofogé]’ﬂ@gtest corrpm;und thatzvg)roduced 50% Pﬁﬁpﬁ"?“r’“&?(f%f t he
enzyme activity relative to its original or control value) or 1C(err) for
the conpound is determ ned usi ng standard techni ques. O her nethods for
determ ning the inhibito 20 concentration of a conmpound of the invention

agai nst tel orf’éﬂﬁ'é’é’%éﬁ"“ﬁ&"°5Wﬁl7'6ﬂ9€lf’“8£""69’4°f5 be apparent to those of skill
in the art based Amredone addl satdted asprcthafties presdit inlerttine isathe \discovegcthated

met hods, @v@é@L“@ﬁeJ r9£mt§M£@i?§‘ d's ]régt F Eﬁol‘tﬁﬁ{ @at a‘i’f&ﬁ‘é B@e“iﬁgaeaiﬂﬁim{l&?m“”d to be

bel ow 10 NM respect to the 't ant di seases using the
conpounds ngﬁbg@fa%éﬁ”%%'l shorterthp nlamese 'G@Ei'&l“lad‘é@m' nrhupdhip pagpeetn

i nventi on sar ef fhé?ﬁéﬁérﬁ?ﬁhvérﬁon te@d’léﬁ%eﬂfoﬂs Siighibiting tefintide aswitg pretent cel |
i nes. Treat rre f teI o uman pharynx

FaDu cel | s, e as” ?r"lgﬁjfédp ﬂ%‘ﬂﬂ?’?s&r{"ﬁdéat%qe%d(?d@%’g809'8??5?o i nduce a
reducti on of comprmmr@mtmstgatnbn tan thehmatient e tacttierapaltically edfectRergmuauntef descri bed

in the preseggrah,mvgr%bt%}t@gﬁé;aégr"ﬁ"b%rpect ed to induce telonere reduction
during cell division In human tunor cell |ines, such as FaDu and human

prostate PO3. | npBetcamPpynds deseebed in theprasspivayentiomiahibit ilqmergse dnicells a WO
2004/ 0700428 %ﬂr%&&dﬁ%@@élws&a&matammsolme attivities of thel camidoufdsadf tel br obl ast

Origin, the SRREYER 4 TShh gLl LELUE, Sneds SHA e Ryfixpect e To be o

dlfferent fromce evelcle e.g.,
physi ol ogi cal sal @ methodpergddte idestty |cgrep|ounds tohdhe frwentigrothabinébitar e

expect ed totmtécﬁ\ﬁ .rn,envéd SiBdig GeRdtisus, Cbtrwé;awseamr ofrdogrel cel| s
at the tel OI’T'E[ ase cggcent ratj ons of \{%Fngose use. In

addition, th& "Ebe‘H??ﬁ’E‘i'%ry °8'Ftat“ ?I’B?Iﬁﬁ?js'"dég'&tﬁ?tbé’é}hl e F1o%%ent
I nvent i omsf ononcelhtmtrmsa:ﬁa ‘estrcobpoutelt ie rarbufierccolnpatibienwittr telvetdseiactivitg.t | vi ty

(1C50) on h@fg@él gloﬁ?rats@%i}lloltyaf?rtéa}fﬁ&% aﬁbtnrb?felsg&ﬁ%ﬂﬁrls EQZS)(IFE%S ar e, as

art recognl e ecu acilit e abio cg eact 1 on.
exanpl es, en2)die 1Gs fhe eanceniration; of thedesh eprapoynd At RicdYE @AY inpibitien %fct ivity
simlar to tee@nBynASRLViIt raldtivé & itstribibal Or EINRol vEIG) W .QBEthe cortfsduad IBNA

Dot T e . et AR B ARG o FoN3 B B
20 concentratlon of a compound of the invention against telomerase can be employed
as will be apparent to those of skill in the art based on the disclosure herein.
With the above-described methods, ICs values for suramin and PPS were
determined and found to be below 10 uM.
With respect to the treatment of malignant diseases using the compounds
25 described herein, compounds described in the present invention are expected to
induce cri'sis in telomerase-dependent cell lines. Treatment of telomerase-
dependent cell lines, e.g., human pharynx FaDu cells, with a compound of the
invention is also expected to induce a reduction of telomere length in the treated
cells.
30 Compounds described in the present invention also are expected to induce
telomere reduction during cell division in human tumor cell lines, such as FaDu and
human prostate PC3. Importantly, however, in normal human cells used as a



Singl e-Stranded DNA Binding Protein (SSB). O her enzymes not within this
group also are included, Conpounds having | ower | C50 values for tel onerase
as conpared 15 to the 1C50 values toward the other enzymes being screened
are said to possess specificity for telonerase. Alternatively, conpounds
havi ng | ower ues for telonerasgeas conpared to the 1000 val ues
toward the owéug&%%"%@%/nes bei ng screene%‘ are said to PR ficity
for telonerase. In vivo testing also can be perforned using a nouse
xenograft nodel, e.g. 20 FaDu tumor cells transplanted into nude mice, in
whi ch nice treated 0 und of the invention are expected to have
tunor masses FOR%ER!, s a&v%#%?&égp?'?fﬁyaﬁ@é'ﬂ'éa@é obpIYRg WIVHERIhiFANerSr even

i ncrease for Ia_\gﬂa_slembcfedltd be\hdjfférere friomi celiscthat aekoteaateg, onlywtithwthé vehigler i nk i n
mass with Colnég“*Hy&glogEaef%%E”bomh&[nGQEésrcﬁ’b%hun ﬁ\g%ﬁﬂ|on%ﬁ'o @e&&?at ed with

physi ol ogi ca re ex ontinue to 25
i ncrease. Fr quemensrt@teegq)|=Ia@fl<taﬁb§\é°t§>ﬂ¢ effects inrf"°['ﬁ%! G&F‘-’( awhplte'amgnae%l ate that

the presens ihimigHicoRRniptiSss @[r@ybaggseaegehods for seI ecting treatnent
regi mens involvin t he. i nventi o For such

i ni,stration o
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(TRF) anal ysiisventionor tﬂlpnﬁawsefcaometdahnmmad) bg ebinparing theiahgtivid(I@y) eh gesti on
W th TESUT T ClbBReRBE TS SRRRY oot lens FAHCRASFERAE as 4 Moiifeat ol omer i o

(T2AG3) n sequence An exa nE[ such analysis |s describ previ ous
pat ent appl i dBI¢ylgs that Beilitster 3 biplogigah reagtion; %e@g\pkgenmneslw@gnw{ﬁg) WO
20041070068 2Z:2idPhifdihipH0 (dddirping Gdtivity Odimitan tb Geldimgse i /o mitaf intlude DN gel

el ect r ophor es¢o§yde§a#e,r fR[) m/\ pgﬁfﬁgrggea I F; Hﬁ;}\ ﬁ&‘éﬁg&,& L\; h@%}g&

according to size nucl ei ¢
acid probes slanscriptase JrOPP'éq’"O?fEﬁ & E@Q@emerese tlo TGE!'@'E?'rﬂ' rﬁesfern%,e PRehgt hs of

the term nal difghasPindsd emtmrsdwgrmokmssel cmiﬁér%n%sqfot Wien @fd gréyd N the
sanple. By 5 nmeasusin ne can estlJrate how

o o o omdiog age il B S Fovi yter B Yaies o fSlorealiis AReR R ot et
met hods ofi5 t He treepiCsd \elwps towasd thgeather epkyerestheing spreesatddre rsaidadipassess1) shoul d

al so be enpl ﬁ(gﬁmty For AclGnbra Q. Alte?h’{ubﬂg Joﬁm‘ﬁ?dn'&’?'ﬂhvmg‘/’l%%e%ﬁo béigds E! 1 s to

det erm ne whe a decrease in progressive cell
di vi si ons i s '®)e®eiere #§ wsPaedoiaste dfe ‘tafuéatt%léﬁﬁ’ tae othen@Pzymes HeiMbner ase

I nhi bition PrseﬁeémtafaeﬁﬁdtBﬁéssé@sﬁb@mefeﬁélanayraéb third aspect of the present
Invention is the ﬂ7| \/SI\(/:oOt\égtl;r lis,rt])ac;[an re%% orme& using Q mouse xenograft model, e.g.
20 FaDu tumor cells transplanted into nude mice, in which mice treated with a
compound of the invention are expected to have tumor masses that, on average,
may decrease, remain unchanged, or even increase for a period following the initial
dosing, but will shrink in mass with continuing treatment. In contrast, control animals
treated with physiological saline are expected to have tumor masses that continue to
25 increase. '

From the foregoing those skilled in the art will appreciate that the present
invention also provides methods for selecting treatment regimens involving
administration of a compound of the invention. For such purposes, it may be helpful
to perform a terminal restriction fragment (TRF) analysis in which DNA from tumor

30 cells is analyzed by digestion with. restriction enzymes specific for sequences other
than the telomeric (T.AG3), sequence. An example of such analysis is described in a
previous patent application (U.S. Patent Application Serial No. 10/464,018).



suramn prior to the initiation of cancer chenotherapy, in the presence of
m nimal residual disease and where the suramin is adm nistered in anounts
that are effective 15 to inhibit telonerase activity, enhances the efficacy
of the cancer chenotherapy. Thus, this aspect of the present invention
teaches nmethods of inproving the treatgent outcone of atient,
preferably &V%qu?sngorrpri gi ng adni nlbst ration to th%c@gsfz{’f‘ogﬁ?zagf a

t el onerase-inhi bitory anmount of suramn, or another telonerase inhibitor
Preferably, the telonerase-inhibiting treatnent is gi ven in such 20 a way

that the tunog s eXRASE elnhlbl 0 tion of at
| east severa'f "8‘9/"8? dsg%&foq rfgtlwl ra?%qg[? r?frqgeﬁ% B %d; E"i’bﬁe Slraf‘ t}'%ast 10 to
20 cycl es of reptmﬂonffr@glagmt@gccomlrprtgfsgpré,rue serarated ﬁraments themarpipsabedit i on of

the tel omer asgg rﬂ:@ﬂeﬁiakﬁ C?robgggﬁércﬁc Hi‘?elm Qéq%&ﬁc@& t0dbtphing tfié\ﬂér%ﬁf@@f c reginmen.
An alternativ re erre mni stration | omer ase

i nhi bitor bef8p mingl TAIMeRy ?W@"'a%meﬁ?'gm?faﬂ%“é?e oalls In tg??ﬂ?@% Yregi men.
I'n a pref esr edeasoirqrihedetigth dfitelomericoDitd,asme camlestimate how fong ur talomerase wher e t he

suramn its a.ﬁﬁfbniyrss%&tuﬁ%b ?drﬁiﬁ'ist@ o enmrier'ﬁhe?d'ﬁé?tﬁ;&&svcﬁ tbé}ng ea%”h' bition

of telonerase act nsu ce ant tivity.
Conti nued Tel mé‘éemﬁﬁﬁlﬁpl @M{OWEFOWBQ}HQ&GGthP\%“PlWéﬁ apy additin. f ourt h

aspect of thedtﬁh@&@étﬁ'lehtn%’é‘&érﬂésﬂ ééllé fbedeftﬂdrﬁrﬁewméuﬁeitsla&craﬁenﬁ g Of
suramnlnp r;ﬁatt

t t d aft
ompl et on of BBILYELPERENE A SRR RAT PRSI (AR T o) Pitese, el ayed
tunor WO 2004/ 070008 23 PCT/ US2004/ 002609 growt h, and extended the

survi val tlneré,‘g"g}ygga,nﬁ,gg etg e%?kéfor%ﬁmﬂ}em aspect of the present

i nventi on provi ancing the trea nt of a cancer patient,
preferably a mamméithirtBeAsFs %ﬁ“ﬂﬁgp"ﬁﬁﬁﬁ Kivetian isnife digcavee thatt tresfpeng with
t her apeut i cal duyantih pesrttb ie: iRBKELALof @ancBtiCtRfotherapy, iR frégente bOmMAMeES €

BT tor.  YLLAR edind ol i GO TR Rl I HRAHHSH ¥R gl ont . Such

cytoreductlve rea excl
non- sur gi d&l terirkititntelemerase agtivity, rfmbm@s &he effieacy pf the ceh@myhmtbgsgpy

phot odynam ¢ fﬁﬁgrfﬁﬁ\’asﬁfzﬁﬁﬁﬂﬂbﬁrﬁseﬂ hﬂeﬁtf‘b’nqegdh@§%étmbbdftlhwﬁﬂ)vmb rgat ment is
gi ven in such a"P%fi{ ?}Hat the tunor is expos 0 a telonerase .inhibitor at

a pl asma concEit CAPat° |% CR?R?\erPaPS"thP %f@ IVt &1 "B3RPEs SOMRARAI ti on i n
tunmor 10 cel | aimidistration td thegdatien of Mtelomemsepbiblicry ambunt of sataniire asanctever al

cycles of pr abi,fenal iAlor APhied Y FeAbShGEA Ny deahe AQnbRAdaFyel es of
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i nhi bi t or 2}urd wey Hatdthe tuney is exposadip ﬁ|t§'9m%{?$eb'ﬁhlhlf°fé“ ac‘i}ﬁi'?@ﬁ?fét leashi men,

where the cytdeieXi §clee s Frdliferbtioh, meR preRrablyn®I1easdad tb 2ot dyeles of
proliferation. A preferred method is the administration of the telomerase inhibitor
before the administration of a cytotoxic regimen. An alternative preferred method is
the administration of the telomerase inhibitor before and during the administration of
25 a cytotoxic regimen. In a preferred embodiment, the telomerase inhibitor is suramin,
where the suramin is administered in an amount that is effective in the inhibition of
telomerase activity but insufficient to produce antitumor activity.

Continued Telomerase Inhibition After Cytoreductive Therapy

30 A fourth aspact of the present invention is the discovery that maintenance of
suramin in plasma at telomerase-inhibitory concentrations during and after
completion of a cytoreductive treatment promoted tumor shrinkage, delayed tumor



patient and thereby provide sufficient lead time for telonmerase inhibitors
to result in 15 shortening of telornere to below the critical length to
i nduce cell death and senescence. |In another enbodi ment, reduction of the
tunor size is acconplished by surgical neans. In another enbodinent, a

t el omerase | nhi bi i s administered afjqger a cytotoxic re IS
t er ni nat ed, Wé).za(.)"mt’???f’e to dose-limtingtoxicity in the %%ﬁ%@’é’fm“%at ient, as

a means to conbat cancer. Preferably, a telonmerase inhibitor is 20
adm ni stered after a cytotoxic regimen is termnated., and the

adm ni stration ase i nhi bjtor is cont or at st several
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Identification of patients that are have a cancer or _ "harboring
an undet ect atsH@iclARaEs Kapnokes gmippdiment, 2 f?ﬂ? infkifes 1§ 2PMpistsred Atk er s or
genetic def e &ytotdxin regi@Al$ Germinatedt ¢.@NHuedydosetiaiting tixiaityin the @dnced t he

prostate  spegidhCad it hasn ol Ml o RGNSy { HSRCIRL ot £ @ "9/

but may not unor exam or Vi %ible by
ul t rasoungl i redginitpredrafter &y @m;@)@;dreglmen is termmated and the administration of a

telomerase inhibitor is continued for at least several weeks, months, years, or more
preferably, indefinite period. '
Applicants discovered that suramin and PPS sensitize tumor cells to cytotoxic
treatments, such as cancer chemotherapy and radiation (U.S. Patent Application
25 Serial No. 09/587,559; Example 10). Hence, either of these compounds, or the
combination of these two compounds, can be used to sensitize the tumor cell to a
cytotoxic anti-cancer treatment, while at the same time providing the additional
benefit of inhibiting the telomerase activity, and hence promoting the shortening of
the telomeres. After completion of the cytotoxic cancer treatment regimen, treatment
30 with suramin, and PPS, or another inhibitor of telomerase activity, is continued. This
double treatment benefit of suramin and PPS represents an unexpected advantage
of a treatment using these compounds,



15 PSA | evel would indicate a high |ikelihood of the formation or the
presence of a cancer of the prostate, while the absence of physi cal
detection indicates that the tunor is extrenely small, or in a precursor
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ovarian cancer. O her art recogni zed nethods for assessing the |ikelihood
of tunor occurrence and the tunor burden are al so included. Treatnent of
such patients with a telonerase inhibitory agent would be effective, as
the small initial size of the tunor would allow many tunor proliferation
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the use of n O%Pkgﬁ% gar@s ggov\gqg ﬁﬁong predlspo%an for cﬁavélopment of a breast or

20 ovarian cancer. Other art recognized methods for assessing the likelihood of tumor
occurrence and the tumor burden are also included. Treatment of such patients with
a telomerase inhibitory agent would be effective, as the small initial size of the tumor
would allow many tumor proliferation cycles before the tumor burden would threaten
the health and well being of the patient.

25 In a sixth aspect, the invention is a method of treating a patient in remission,
after a successful treatment of his or her cancer, but where the patient remains at a
substantial risk of cleveloping a new or recurrent cancer. For example, a patient
treated for disseminated diffuse large B-cell lymphoma with a regimen of intravenous
cyclophosphamide, 750 mg/m?, doxorubicin, 50 mg/m?, vincristine, 1.4 mg/m?, and

30 oral prednisone, 100 mg/m? and found to respond slowly to this treatment,
eventually achieving remission, would have a statistically high chance of contracting
a recurrence of the cancer (Armitage, et al,, J Clin.Oncol., 4:160-164, 1986). This



yi el di ng pl asma concentrations below the mcronolar range, e.g., in the
nanonol ar range, to conbat cancer. In one enbodinent, AZT is given to a
cancer patient, wthout other acconpanying treatnent. |n another

enbodi ment, AZT is given to a 20 cancer patient after a surgical
cytoreductiy nt. In another e iment, AZT 1is given prior to,
concurrently‘gﬂ}({oﬁ&%@? after a nonsurgirﬁtcz)g?j cyt or educt i WET F%—?%‘Wgﬁﬂ’l. Local
adm nistration of telonmerase Inhibitors to a target site or organ In a
ninth aspect, the telonmerase inhibitor can be admnistered locally or 25
regionally, near the site of a known tunor, or In an organ where the
current or fRatiert woglddgnefisfem adfeatment with a teloragqiassdphikifgr. %PﬁatePB’@EP?y
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30 I npl antat i QRqdP iksiielomeiss dEitg 3re MIRCRFYF Rot tSGPRNHE BatieAD ahlie site of
the treatnent. For exanple, a patient successfully treated for a
superfici al b?’%‘ﬂﬂ?e“!""hfé‘é"ﬁngbéer"%‘l‘°' ng# rfeade woul d have no known renai ni ng
tunmor, but would be at an WD 2004/ 070008 26 PCT/ US2004/ 002609 el evated
statistical rigk,9h etiHﬁF'Bftioﬁ%HM'ﬁQgﬁ enkd) SuUch a patient, a device that
slowmy releases a el onerase i nni bi or over a period of weeks or nonths or
years coul d be pASseerntiyaspeetiof {heipmsgntinyention iskasgd en tigdwplicaptstinding ur et hr al
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recurring tunawiousisora Erdrinde 4. Xbuspthe prasentdnvpation derchasi méthadseof inhibiling pr ost at e

speci i ¢ ant | GeRekiiar@0aRILISHIPRS ARthBERES Suspected prostate  cancer,
a slo

| ocal adm nistration or Inplantation o W-r el ease preparation in or
near the prostate to deliver one or nore telonerase inhibitors can be used
t o reduce1s heLowdfoselmarce of the devel opnent of synptomatic tunors. Local

adm ni stration of ,the .tel onerase.inhi bi.tor i 0 Qravi el se-
i nhibitory concen{nr%lrlt?' 1 sa?pr?dt s '?Jl%q'soﬂetésac{’??atﬁe Eésreeoqtngkr{tagggas()e %frlgle treat ment,
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aspect of the &)‘resent invention i s based o v_er%er'gga;t | ocal

adni ni strat i dthgt °§'l?fé?ﬁ°ﬁ‘Pf"&’"l9Héea{f%"§el"eﬁﬂ'°nFée§mg g‘%eg‘lf's A
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100 g/g) but i %@J )brllqu\.’ cgﬂﬂﬁgﬂ&/mﬁ,io?%r QLorEHrrgﬂgithmiegthipéatr&rﬁe%qa (e.g., 0.1
(err)g/m or i ssn).
Local administration of telomerase inhibitors to a target site or organ
In a ninth aspect, the telomerase inhibitor can be administered locally or
25 regionally, near the site of a known tumor, or in an organ where the current or future
occurrence of a tumor is suspected. The locally administered telomerase inhibitor
will provide effective inhibitory concentrations to tumor cells or tissues located in
proximity to the administration site. Local administration, e.g., injection or
implantation, can be in the form of a depot, such as a slow release device.
30 Implantation may require a surgical procedure, depending on the site of the
treatment. For example, a patient successfully treated for a superficial bladder
cancer of high grade would have no known remaining tumor, but would be at an



Local adm nistration of the tel omerase inhibitor has certain advantages
over system c routes of adm nistration. One advantage is that it avoids
the need of 20 frequent drug admi nistrations, while assuring that

tel onerase inhibition is continuous and uninterrupted. Anot her advantage is
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out on a huma antar € enhance herapeutlc
effecti vees §rqu.fent qifgg administraiionsy while assuring that telomerase inhibition is continuous

and uninterrupted. Another advantage is that the local administration diminishes the
possibility of toxicity of a telomerase inhibitor to other tissues that are not the
intended targets of the treatment. Even though no toxicities were apparent after the
systemic administration the low doses of a telomerase inhibitor, e.g. suramin, that
25 are needed to provide telomerase-inhibitory concentrations in human cancer patients
(e.g., see Example 7), a reduction of exposure of non-tumor-bearing organs will
further reduce the chance that a hypersensitivity reaction, or other rare event,
occurs. Considering the application of other telomerase inhibitors, which may exhibit
toxicities after systemic administration, this advantage would be of even greater

30 significance.
In another embodiment utilizing PPS (or suramin), the invention can be used
to treat bladder interstitial cystitis by use of bladder local administration, e.g.,



t herapy of the present invention represents a promsing alternative to
conventional 20 highly toxic reginens of anticancer agents. Wile the

tel onerase inhibitory agent can be utilized alone, the agent is preferably
conbined with a cytotoxic agent for a therapeutic effect that is greater

t han expect for each of the agents algpe. Even further, these agents may
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therapy ' of the present invention represents a promising alternative to conventional
20  highly toxic regimens of anticancer agents.
While the telomerase inhibitory agent can be utilized alone, the agent is
preferably combined with a cytotoxic agent for a therapeutic effect that is greater
than expected for each of the agents alone. Even further, these agents may be
further combined with other anticancer agents, e.g., antimicrotubule agents,
25 topoisomerase | inhibitors, topoisomerase Il inhibitors, antimetabolites, mitotic
inhibitors, alkylating agents, intercalating agents, agents capable of interfering with a
signal transduction pathway (e.g., a protein kinase C inhibitors, e.g., an antihormone,
e.g., an antibody against growth factor receptors), agents that promote apoptosis
and/or necrosis, biological response modifiers (e.g. interferons, e.g. interleukins, e.g.
30 fumor necrosis factors), surgery, or radiation.
Using the above strategy, the enhanced, and preferably synergistic, action of

the cytotoxic agent when used in combination with a telomerase inhibitory agent
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carcinoma, rectal cancer, pancreatic cancer, breast cancer, ovarian cancer, prostate
cancer, uterine cancer, cancer of the head and neck, skin cancer, brain cancer,
squamous cell carcinoma, sebaceous gland carcinoma, papillary carcinoma,
25 papillary adenocarcinoma, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,
seminoma, embryonal carcinoma, Wilm's tumor, cervical cancer, testicular cancer,
lung carcinoma, small cell lung carcinoma, non-small cell lung carcinoma, bladder
carcinoma, epithelial carcinoma, glioma, astrocytoma, medulloblastoma,
30 craniopharyngioma, ependymoma, pinealoma, hemangioblastoma, acoustic
neuroma, oligodendroglioma, meningioma, melanoma, neuroblastoma,

retinoblastoma, leukemia, lymphoma, or Kaposi's sarcoma.



20 types, such as certain enbryonic carcinomas or teratomas. For exanpl e,
the subject can be a patient with non-small cell lung cancer, and is
treated with a conbination of paclitaxel, carboplatin, and |ong-term
suramn, where the suramn treatnent is continued well after the

pacl i taxel [ car bopl atin conbination needed to be discontinued for reasons

of drug-rel 0%ty or 25 because%tghe patient ceBSEERYPRELoNnd.
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origin, e.g., which are not easily categorized and may, e.g., exhibit multiple cell
20 types, such as certain embryonic carcinomas or teratomas.

For example, the subject can be a patient with non-small cell lung cancer,
and is treated with a combination of paclitaxel, carboplatin, and long-term suramin,
where the suramin treatment is continued well after the paclitaxel/carboplatin
combination needed to be discontinued for reasons of drug-related toxicity -or

25 Dbecause the patient ceased to respond. Alternatively, a patient with non-small cell
lung cancer can be treated with a combination of gemcitabine, cisplatin, and long-
term suramin,

In another example, the subject can be a patient with hormone refractory
prostate cancer, who is treated with a combination of estramustine phosphate,

30 taxotere, and long-term suramin, or with a combination of doxorubicin, ketoconazole,
and long-term suramin.



topically. In another enbodi nent, the method further includes repeated
dosages of the sanme, or a different agent, and such particulars are
further discussed bel ow 25 Dosage Regi nens A physician or veterinarian
having ordinary skill in the art can readily determ ne and prescribe the
effective a he agent or agentsgge.g., in the form of a

phar maceut i crw+j%§g%%)él tion) required. For exanple, th&CHHFEME0H or 30
veterinarian typically may start doses of the agents of the invention at

| evel s lower than that required in order to comrence the desired
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is present iy n&-te%@ﬁrgm ration that is sufficient to inhibit tel onmerase
activity, but”is not dufficient to produce one or nore of: (i) significant
inhibition of cell proliferation; (ii) significant cell death in human
and/ or ani naIMeméwgemg,;,}ng,t,am,,ii) a 15 neasurable antitunor effect in a

subj ect, e.g., The
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plasma is In another embodiment, the telomerase inhibitory agent is administered
20 locally or regionally. For example, the selected agent can be administered
intravesically (i.e., into the urinary bladder), intraprostatically, intratumorally, or
topically.
In another embodiment, the method further includes repeated dosages of the
same, or a different agent, and such particulars are further discussed below.
25
Dosage Regimens
A physician or veterinarian having ordinary skill in the art can readily
determine and prescribe the effective amount of the agent or agents (e.g., in the form
of a pharmaceutical composition) required. For example, the physician or
30 veterinarian typically may start doses of the agents of the invention at levels lower
than that required in order to commence the desired therapeutic effect and gradually
increase the dosage until the desired effect is achieved.



of a level that, if the sanme concentration of suramn is provided in
cultured cells, at |east 50% nore preferably at |east 80% and nost
preferably at |east 99% of the treated cultured cells continue to be
involved in one or nore of: cycling cells 25 continue to progress through

the cell cycle, cells remain viable, ogqcells remain
prol i ferat|W3200r'/870PQ§w ng treatnent with suramn. Pr efPé’ﬁglg?Dmlﬁéﬁg) amin is

adm nistered in an anmount that results in a plasma concentration rangi ng
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of a level that, if the same concentration of suramin is provided in cultured cells, at
least 50%, more preferably at least 80%, and most preferably at least 99% of the
treated cultured cells continue to be involved in one or more of: cycling cells

25 continue to progress through the cell cycle, cells remain viable, or cells remain
capable of proliferating, following treatment with suramin.

Preferably, suramin is administered in an amount that results in a plasma
concentration ranging from about 0.001 to 100 ug/mi, preferably about 0.1 to 70
ug/ml, even more preferably, about 0.5 to 30 uyg/ml. The pharmacokinetics of

30 suramin is characterized by a triphasic concentration decline, with half-lives of 5.5
hours, 4.1 days and 78 days. The total body clearance is 0.0095 liter/hour/m? (Jodrell
et al., J Clin Onco/ 12:166-175, 1994). Based on pharmacokinetic principles, a



exposure of 52 pMday over 96 hours. Preferably, suramn is admnistered in
an anount that results in a plasma concentration of |ess than 100 pg/m,
preferably | ess than 90 pg/m, preferably less 25 than 80 pg/n,
preferably | ess than 60 (err)g/m, preferably I ess than 40 (err)g/m, nore
preferably | ess than 15 pg/ml, and nostzpreferably less than 10 pg/m In a
preferred eMOPEHMPEN the tel onerase inhibitor is sur®MP2HH8%Re tine
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uM-day, is a product of the drug plasma concentration in uM-day (e.g., the average

20 micromolarity over 24 hours) and the treatment duration in days. For example,
treatment of a subject with 13 pM of suramin for four days would result in a total drug
exposure of 52 uM-day over 96 hours.

Preferably, suramin is administered in an amount that results in a plasma
concentration of less than 100 pg/ml, preferably less than 90 ug/ml, preferably less

25 than 80 pg/ml, preferably less than 60 pg/mi, preferably less than 40 pug/ml, more
preferably less than 15 pg/ml, and most preferably less than 10 ug/mi.

In a preferred embodiment, the telomerase inhibitor is suramin and the time
period over which the suramin is administered or over which the suramin is
maintained at the plasma concentration sufficient to inhibit telomerase activity is

30 more than one month, or preferably more then one year, or even more preferably
indefinitely.



period over which the suramn is adm nistered or over which the suramn Is
mai ntai ned at the plasm concentration sufficient to inhibit the tel onerase
activity or 25 to enhance the efficacy of the cytoreductive treatnent
begins nore than 30 days, preferably nore than 60 days, preferably nore
than 100 da ably nore than days, prefer nore than one
year, and rm}&z)t %{Oe(;og’{ ably nore than twcé)gyears bef or Iél(?'i‘u'isz‘f"l“’P‘EfOS’day on

whi ch the cytoreductive treatnment is adm ni stered. Methods described herein
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treatnment, where the suram ose, i s sel ected del i ver | asma
concentration of 'B&RSHP" %Oe'ﬁﬁ’gme"t Wé?'@?‘%’ﬁ?"}/'"ﬂé%{)\ﬁ W"ﬂi@lﬁ?ﬁ ?’eg'f"(?f erably
bel ow 60 pghetiad ower evhinshether suipdnyin bie |admindlered) brroyerawbicnbist spmmireisabl y bel ow

15 pg/m in g0 r?eQQa‘%/tPJ E’:Qﬁﬁ %oncé’ﬁﬂub{%&l%énﬁ’?@@%.t t&&mke B R gd wWth a

cytoreductive treat
si mul t aneous I3pgeG than SQ)FaY&f preferablyelongenihan 09 éﬂsoﬁreﬁa%}t '°F9?J§'i!a"0m9 ant i cancer

aﬁent or ot heéyspyrfbfa.-f@qusrtcpevezahroaatye@nhore/bmfémdly tohgéﬂtﬁbanmwe%ﬁl’é%dhe& ein sh](c)w
1t hat treat nent, o m tra ram.n 0oses 0
10 mg/ kg T or TReSPieel bbbt B it BRiBRY BRY e MretBn el e quent 1y
adni ni st er ed cderedustivedreatmentisigppligd. g. , paclitaxel), but does not result in

addi tional body vvﬁb%mfedee%ﬁrbomeﬁ ﬂ@ﬁefomeraae frRbdt isPdupdhih Bnd Kidiid isi N @ pl asma
suram n concentration of 72 hours after (Jose

adni ni strat i AMinifeed ieelyd agheotprg@h%rg%n, %“%@%?’%F Qﬁ)%c?g’tﬁr whigh thes4ramig; ¢ her al one

or i n conoi nadricemtratior m the tigéuet Gnteraded darnduramih @esimentris aufficiantrto Irhibdtubj ect |

i nt enance ool 88 o ByIATLA GANSRINEA! £ BhiloP HoERth 1504 00 Py m

i s needed to produ asura ant | t Uno Isen ger et at.
(1995) J d i moreoneefprably:iniefinite 1 f®r expwpis, WhﬁfSUSIPat%'fﬁm'NLﬁﬁbér@"@fw? 830 and

5,767, 110). &evéﬂd%l/&%at&@ﬁt&%yﬂe@]nr@?éé?ﬁoﬁ@@@tﬁ%hﬁﬁg% {E@%s@lbf th@pdlibdtisni Ng
suram n pl asﬁtﬁ concentrations between 150 and 300 pg/ consi sts of an
Pst

initial adm ration of 15 2100 ny/n2 over the first vveek with the
subsequemnts doses In e pedared eabedime? 3heltelomeraseinhibitamissuresnimand syragen is t he

subsequent  dasfifs@id iidhy5'RElatisl Agart i R YRE bafba RLANTBORL bitshinC et hod

(Dawson et a ncer | cone et at, Cancer
86: 470- 476, E‘!}‘Qgﬁtfat'm in; the digsugs dnsendsd dor sremin Eealt?"é'&t'ﬁéhff'@e"té%mmt causes
the fol | ow ngldnetasei adtiviynisalohgerathap B0 s, : praﬁfawalongensuuﬁiﬁ 1100 &4agy/,

Ce e Y e AL e S A B0 o G Bos (>
i nci dence&Yaningasihan itwayyeafs, anroryest ptéf?xﬂbbﬁfoﬁ lwﬁmﬂeémpmsmd. beyopd theltimeed t o
curmul at ed dog@atiRWhéred cfiorebiktivefedtrhent 3@ppied.Nods
In a preferred embodiment, the telomerase inhibitor is suramin and the time
period over which the suramin is administered or over which the suramin is
maintained at the plasma concentration sufficient to inhibit the telomerase activity or
25 to enhance the efficacy of the cytoreductive treatment begins more than 30 days,
preferably more than 60 days, preferably more than 100 days, preferably more than
150 days, preferably more than one year, and most preferably more than two years
before the first day on which the cytoreductive treatment is administered.
Methods described herein use suramin to enhance the antitumor effect of a
30 cytoreductive treatmant, where the suramin dose is selected to deliver a plasma
concentration of below 100 pg/mi, preferably below 80 ug/ml, preferably below 60
Hg/ml, more preferably below 40 pg/ml, and most preferably below 15 pg/ml in a



described herein. In a preferred enbodinent, the telomerase inhibitor is
PPS. Preferably, the 25 PPS is present in a concentration. that is
sufficient to inhibit telonmerase activity and induce shortening of
teloneres in tunor cells, but is not sufficient to produce one or nore of:

(1) significant antl-coagul ation activigyy; (ii) signi #@‘ﬁ“ death in
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human and/ WO 28M4{07898 t unor cells, (iii) a measurable fect in a
subject, e.g., a human subject, and/or (iv) cell cycle arrest. 30 Wile it
I s possible for an agent of the present invention to be adm nistered alone
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al., Cancer 86:470-476, 1999). At these doses and chronic treatments, suramin

causes the following toxicity in a human patient: adrenal insufficiency, coagulopathy,
20 peripheral neuropathy, and proximal muscle weakness (Dorr and Von Hoff, Cancer
Chemotherapy Handbook, 1994, pp 859-866). The incidence and severity of these
toxicities are positively related to cumulated dose and are minimized in the methods
described herein.
In a preferred embodiment, the telomerase inhibitor is PPS. Preferably, the
25 PPS is present in a concentration that is sufficient to inhibit telomerase activity and
induce shortening of telomeres in tumor celis, but is not sufficient to produce one or
more of: (i) significant anti-coagulation activity; (ii) significant cell death in human
and/or animal tumor cells, (iii) a measurable antitumor effect in a subject, e.g., a
human subject, and/or (iv) cell cycle arrest.
30 While it is pcssible for an agent of the present invention to be administered
alone or in combination with another agent, it is preferable to administer the agent(s)

as a pharmaceutical composition.
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20 therapeutlc agent, e.g., a telomerase inhibitory agent, such as, for example, suramin

or PPS. In a further embodiment, the invention pertains to compositions containing
the nanoparticles and a pharmaceutically acceptable carrier. The carrier, for
example, can be suitable for systemic, regional, or local administration. In one
embodiment, the nanoparticles are about 500 to about 1 um, or about 600 nm to

25 about 800 nm in diameter.
The invention also pertains to microparticles comprising a therapeutic agent,
e.g. a telomerase inhibitory agent, such as suramin or PPS. In one embodiment, the
microparticle is about 500 nm to about 100 um, about 500 nm to about 50 um, about
500 nm to about 25 um, about 500 nm to about 20 um, about 500 nm to about 15
30 um, about 500 nm to about 10 um, about 750 nm to about 10 um, about 1 um to
about 10 um, about 750 nm to about 7.5 um, about 1 um to about 7.5 um, about 2

um to about 7.5 pm, 3 pm to about 7 um, or about 5 um in diameter. In another
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administration. Still further, the kit may also provide for the prognosing, diagnosing,
and/or staging of a cancer for, e.g., determining the susceptibility or resistance of the
cancer.
Pharmaceutical compositions comprising compounds of the invention may
25 contain wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents,
sweetening, flavoring, and perfuming agents, and preservatives.
Formulations of the present invention include those suitable for oral, nasal,
topical, inhalation, transdermal, buccal, sublingual, rectal, vaginal, and/or parenteral
30 administration. They are given by forms suitable for each administration route. For
example, they are administered in tablets or capsule form, by injection, inhalation,
eye lotion, ointment, suppository, efc. administration by injection, infusion or
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20 membrane or dlspersmg the active compound in a polymer matrix or gel.
Ophthalmic formulations, eye ointments, powders, solutions and the like, are
also contemplated as being within the scope of this invention.
Pharmaceutical compositions of this invention suitable for parenteral
administration comprise one or more compounds of the invention in combination with
25 one or more pharmaceutically acceptable sterile isotonic aqueous or non-aqueous
solutions, dispersions, suspensions, or emulsions, or sterile powders which may be
reconstituted into sterile injectable solutions or dispersions just prior to use, which
may contain buffers, bacteriostats, solutes which render the formulation isotonic with
the blood of the interided recipient or suspending or thickening agents.
30 In some cases, in order to prolong the effect of a drug, it is desirable to slow
the absorption of the drug from subcutaneous or intramuscular injection. This may
be accomplished by the use of a liquid suspension of crystalline or amorphous



or the ester, salt or amde thereof, the route of admnistration, the tine
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Phar m Res. ingredient, which is effective to achieve the desired therapeutic response for a
20 particular patient, composition, and mode of administration, without being toxic to the
patient.

The selected dosage level will depend upon a variety of factors including,
inter alia, the activity of the particular compound of the present invention employed,
or the ester, salt or amide thereof, the route of administration, the time of

25 administration, the rate of excretion of the particular compound being employed, the
duration of the treatment, other drugs, compounds and/or materials used in
combination with the particular compound employed, the age, sex, weight, condition,
general health and prior medical history of the patient being treated, and like factors
well known in the medical arts.



18:488-493, 2001) was used to detect telomerase activity in cell lysate.
The telonerase activity in intact cells was neasured using intracellular
TRAP, as follows. 30 Cells (1 x 105) were washed twi ce with PBS and
centrifuged. The cell pellet was resuspended in 100 (err)l of serumfree
RPM 1640 cont ai ni @]?l Su/m of Streptolygin 0, 2 pMof TS ‘E)I’I ner, and 50
pM of dNTP, WOHMHMUat ed at room tenperature for 5 WEHEHAN®WH0s 40

PCT/ US2004/ 002609 min. The enzyme streptolysin O was used to increase the

cell menbrane perneability to the TS primer. Upon entering a cell, the TS
priner was elongated by the intracellular telomerase in situ. The
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mul tiple hunmeg, | _wdy F'IQMP x FaDu, human
prostate PC3, atrcl)%;; ﬁ%&%@ﬂl reasq’vI %\Msu P&agc{ol Vi !';j was gﬁx)nred wi th that

of AZT. Treatnment Protocol. Treatnent with suramn or AZT was initiated
after cells meegaiabhdMedol® attach to the growmh surface in culture
fl asks.

On the da%eneral methodologies. The required materials (e.g., drugs, chemicals and
20 reagents, human breast MCF7 cells, pharynx FaDu cells, prostate PC3 cells), the
FaDu tumor xenograft in immunodeficient mice, and 3-dimensional tumor
histocultures were abtained, prepared and used described in U.S. Patent Application
Serial No. 09/587,662, and Gan et al., FEBS Letters, 527:10-14, 2002. Measurement
of drug effect in culiured cells was as described in U.S. Patent Application Serial No.

25 09/5687,662.
Inhibition of telomerase activity in cell lysates and intact cells. The modified
Telomeric Repeat Amplification Protocol (TRAP) assay (Gan, et al., Pharm.Res.,
18:488-493, 2001) was used to detect telomerase activity in cell lysate. The
telomerase activity in intact cells was measured using intracellular TRAP, as follows.
30 Cells (1 x 10°) were washed twice with PBS and centrifuged. The cell pellet was
resuspended in 100 pl of serum-free RPMI 1640 containing 5 u/ml of Streptolysin O,
2 uM of TS primer, and 50 yM of dNTP, and incubated at room temperature for 5



experinments, the culture nediumwas renoved and replaced with

I nhi bitor-containing 30 nedium Drug concentrations of 0, 0.1, 1, 5, 10, 50
pM suramin, or O, 0.1, 1, 10, 100 pM AZT were enpl oyed. Tel onerase
activity in cell lysates and intact cells, and the telonere length, after
7-15 weeks ofocfgrg)wth in nmedium containigyg suramn or AZT _concentrations
rangi ng froMPH'8® pM were neasured.” WD 2004/ 070005 A4S209¢4926%82004/ 002609
Ef fect of suramin and AZT on tel onerase activity. Tel omerase activity was

i nhi bited by suramn and AZT in a concentration-dependent manner in human

cancer cells. Concentrations resulting in 50% inhibition are shown in
Tabl e 1. The MBoribenem2yieosteertlysin Celas ysed do,inGieass; theofelWBPBDIB. s t han 50

i cronol ar.  erm&dbiityQd HROE grindrCUHAACARRAAG 800D TSVprikder Bad bioriaied bg) LL r N
ECN Ny A ._oCNq(‘B%Hgﬁ_"@a%e'?mﬁ’%g E %g*ﬁq_%?ng%eﬁ é p%m%r ﬁas('{henaisolact}e‘)d brom ° Q Oy
the cells and used as the template for PCR amplification. Then 200 pl of RPMI 1640
5 medium containing 10% FBS was added to the cells to stop the permeating process.
The mixture was incubated at 30° C for 30 min to allow the extension of intracellular
TS primer by telomerase. The cells were then lyzed and the cell lysates, which
contained the already extended TS primer, was directly analyzed by TRAP.
Measurement of telomere length in cultured cells. Two methods were used
10  to measure telomere length. The first method was a solution hybridization based
telomere amount and length assay (TALA) (Gan, et al., Pharm.Res., 18:1655-1659,
2001) that measures the mean length of the terminal restriction fragments (TRF).
The second method was fluorescence in situ hybridization (FISH) to detect telomere
signal and to estimate the approximate length of individual telomere structures at the
15 end of chromosomes. The FISH method is as described in U.S. Patent Application
Serial No. 09/587,662 and Gan, et al., 2001.
Detection of senescent cells. Senescent cells were identified by 4-

galactosidase staining as described (Dimri, et al., 1995).

20 EXAMPLE 1
SURAMIN AND AZT ARE EFFECTIVE TELOMERASE INHIBITORS - IN CELL
EXTRACTS AND CULTURED CELLS

Inhibition of telomerase. Suramin, an agent with mild reverse transcriptase

inhibitory activity but not known to inhibit telomerase, was studied in multiple human

25 cancer cell lines, including human pharynx FaDu, human prostate PC3, and human
breast MCF7. lts activity was compared with that of AZT,

Treatment Protocol. Treatment with suramin or AZT was initiated after cells

were allowed to attach to the growth surface in culture flasks. On the day of
experiments, the culture medium was removed and replaced with inhibitor-containing

30 medium. Drug concentrations of 0, 0.1, 1, 5, 10, 50 yM suramin, or 0, 0.1, 1, 10, 100
pM AZT were employed. Telomerase activity in cell lysates and intact cells, and the
telomere length, after 7-15 weeks of growth in medium containing suramin or AZT
concentrations ranging from 0 to 50 yM, were measured.
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Ef fect of suramin and AZT on telonere | ength. Prolonged treatnment (7-15
weeks) Wit Rygsooasiodes Of AZT resul ted i 4134-55% t el onepersbaid@aong i n Fabu
cells,

Effect of suramin and AZT on telomerase activity. Telomerase activity was

inhibited by suramin and AZT in a concentration-dependent manner in human cancer
cells. Concentrations resulting in 50% inhibition are shown in Table 1. The
concentrations required for 90% inhibition were less than 50 micromolar.



and about 30% shortening In PC3 cells. 5 Conclusion. Suramn effectively
inhibits tel omerase at | ow mcronolar concentrations, and behaves
simlarly to the known tel onerase inhibitor AZT. EXAMPLE 2 SURAM N | S AN
EFFECTI VE TELOVERASE | NHI BI TOR 10 I N TUMOR- BEARI NG ANI MALS Surami n
inhibits tel onerase and shortens telo es in vivo.

ef fecti vene¥9 B0%B53ni n as an i nhi bi [%% of tel oner as]é Télég?o(‘/oqz& was

eval uated by neasuring the telonere length in tunor cells inplanted in

i mmunosuppressed mce. Treatnment protocol. FabDu cells (0.5 -1 x 106 cells
in a volunme of 100 (err)l) 15 were inplanted subcutaneously in nmale BALB/c
nu/nu mce. These mce received, by intravenous injection into the tail
vein, repeated doses of 10 ng/ kg suramn. The first dose was adm nistered
i mredi ately after tunor inplantation, with repeat doses given twi ce a week
t hereafter. TunofFs—were—eatteeteq _after 2 to 6 weeks of suramn treatnent.
Frozen tissue sefti ons |werle a1al32ed for telonere length in individual 20
cells using fl uof es¢ent 8n Si fy,bri di zation. About 10 m croscope fields
at 400-fold maghifi (@tign fer & 1&ndonl y chosen for each section, and the
per cent age of tupor |Es| Wi { N g€t enuated or lost telonere signals were
counted. The resplt$ wgre | coppar@d with control animals receiving

physi ol ogi c salihe iinjdctijons|ingf,ead of suramn. 25 Effect of suramin on
telomere length |n yivqd._Mce|tZdated with suramin or physiologic saline
showed an equal [umpr gs8abfi siEggt rate of 100% and undistingui shable
rates of bodywei pht |i ng reasss g’fé FI SH result showed a gradual shortening
of the tel omeres|of |turoE |cel [ SSqger tinme. In suranin-treated animals, the
fraction of cellpwith|a riedu¢edi{gr elimnated tel onere signal remained at
the control 30 | kel ff appro imzﬂely 10% for the first two weeks of

treat nent, incg@eag(ng tlo ppH oxijgagely 40% of cells at week 3, 75% at week

4, over 80% at 20 5 4nfl PRY% at *\/\gek 6. No change was observed in the
tunor cells of &hix e-trg gd|{cofEr®l animals. WD 2004/ 070008 44

PCT/ US2004/ 002@0P 3 Condl s &n| Su fPagin effectively reduces telonere |ength
in tumors gr i | 1§ vi oS [EXAVPLAS3
G
E
3
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PPS | S AN EFFECTI VE TELOVERASE | NHI BITOR 5 PPS inhibits teionerase. The
inhibition of telonerase activity in FaDu cells after exposure to PPS was
studied. Treatment Protocol. Treatnent with PPS was initiated after cells
were allowed to attach to the gromh surface In culture flasks. On the day
of experinments, the culture medium removed and i th

i nhi bi t or - CHAYHPHY nedi um 10 Engm?%%centrations kﬁﬂggﬁgﬂﬂﬁﬁﬁ, 10, 100,
1000 pg/ M of PPS were enployed. Telonerase activity was neasured by the
nodi fied quantitati ve TRAP assay. Effect on telonerase activity. Tel onerase
activity was inhibited by PPS in a concentration-dependent manner in FaDu
and SKOV-3 cells. The concentrations resulting in 50%inhibition were 0.56
and 0.60 pg/m , rEfe Lippli sreclengtht Praienged yeatmert711A 80%

i nhi bi tion Wgt&s] G@srdlAR ol Az P esitedi954-85% ReiGifidrd ShortbhiRg itediedelid, at i ons
resulting in 90% i nhi s than 100 pg/m for both cells.

bition were | es
Concl usi on. Bisgbpd3 %sb?'?e@lf'ﬁfr\}:&%%ﬁﬁ'bi tor of teionerase activity in cells.
The concent rat i orGonatusitvi cBuBiin effeativetye mhibidd/ddlorineriset atoloworhictoadotemer ase

activity are : ng LAt ' ton-anti coagul ati on
(above 1 pg/ ?ﬁ"%&“%@"&%ﬁﬁ/&%gi&%%%Wéﬁ?@ekﬁﬁ% @%"'ﬁ?&%ﬁ TELOMERASE hTR
antisense inhibits telonerase. The anti sense study consisted of the

foll owi ng steps: (a) construction gkampeepse and anti sense to the RNA

portion of the 25 hguranielsareEREECTIVETBLOMEBRASENRRIBETAR ansfection of cells
with the1TR anti sense (or hINRTUMORBEARING ANIMALSNd (c) determ nation of the

abi ity of the NKR-A0LISHAS Sbork Bl dnondiR! OBRLAS G G641 Yhe Yo oG | nduce

tel onmere shortenimg: : 0gr >0 the art, for

exanpl e, by ffectienggs of GFaIein aRag. inRipitgg of iRjemesasn Astivily ascayaated Mt r uct s. The

tselnse and angkastfiytfe lékbgfe%_ill_ﬁrigﬂnré tuﬁ%ré&ll@iﬁ{ﬁiaﬂédfnqﬁmmhmgﬁbr%él_éﬁ fRé.t i on of

el onerase were prepared. S ir gnse .an nt.i e: sequences

are given bel ow, Mn%a&bcg‘@?@gﬂ\ﬂt@ Peﬁlé n ée"ﬁ@gﬁk"?g@élﬁ'gnce

(accessi db Naeere iiRplagdb8byutaridoaseinpnale BALB/e su/ne sidet dilesenmie receiverks t hat

cont ai ned thg, ; I4Seds 6l cl one WO
%F}%%%%%%Z !'&Eo l%g?@@é’gﬁﬁ‘@éﬁ%’aﬁéﬁ Ssds 3 16 RbRY strdfn. GRE

2004/ 070008 )4, ) was sense, whereas the other 4 clones
wer e ant i senfyg doge wag agministered Jmmeigteln fiter typgrirariariationWitha8Reab AOSSF as i ds wer e
t hen transf egitendwicaaaveak tereapdramymsrs m@kcollected after 2 to 6 weeks of suramin

treatment. Frozen tissue sections were analyzed for telomere length in individual

20  cells using fluorescent in situ hybridization. About 10 microscope fields at 400-fold
magnification were randomly chosen for each section, and the percentage of tumor
cells with attenuated or lost telomere signals were counted. The results were
compared with control animals receiving physiologic saline injections instead of
suramin.

25 Effect of suramin_on telomere length in vivo. Mice treated with suramin or
physiologic saline showed an equal tumor establishment rate of 100%, and
undistinguishable rates of bodyweight increases. The FISH result showed a gradual
shortening of the telomeres of tumor cells over time. In suramin-treated animals, the
fraction of cells with a reduced or eliminated telomere signal remained at the control

30 level of approximately 10% for the first two weeks of treatment, increasing to
approximately 40% of cells at week 3, 75% at week 4, over 80% at week 5 and 95%
at week 6. No change was observed in the tumor cells of saline-treated control

animals.




cancer cells. Transfection procedures. Transfection of the antisense
construct used an 5 | PTG inducible mammal i an expression system The
resulting clones were used for experinents. Effect of hTR anti sense on
cell gro wth. Table 2 summarizes the results which show a sl ower growth
rate for the antisense + IPTG cells (ig4g., cells that were transfected by
hTR anti sen¥@284Q"Bcated with | PTG to i nduce the expfE8FPUHBE10 hTR)
conpared to cells that had either not been transfected with the antisense,
not transfected but treated with IPTG transfected with the sense and
treated with IPTG_ or transfected with the antisense but wi thout the | PTG
i nduction (Le., c&gaglysion urppaip(gffectmelg@ﬁg@s#elpwalergﬂunémqrggr,?glg)ln Ef f ect of
hTR anti sensaiwn the cvtotoxic effect of pacl itaxel. Two clones of 15
cells that were stably transfected M Lb hTR anti sense were studi ed. The
E

cytotoxic effect of paﬁfWﬁFPﬁﬁl W,gg- e SRB net hod, which
nmeasures the total cell proteins. he ce s transfected with hTR

antisense %ere trB8Euikiisdelomessss. Fherinhibition of teipmergserastivly in Talyels:2) days,
and then w t haftgedxpésurte PPEas Stadiepur s. The results, sunmarized in Table 2,

show that the hTR.antisense, inhibits tel se _20.actiyit and enhances
t he paclitaxel c&#&%—@%’hb BAmE @gﬁﬁg “éaﬁoﬁlflgﬁé Fﬁ?r é/é"?i%"erl ndi cat ed
by t he reducetiowed30 attdchpa theigramtiesuriace in lsaturanfiaskse rfidrethe dan effexperiswntsel | s

conpar ed }\| 0 ttﬁ%i@yb%?&erﬂtvvéglégﬁns&ddsand\%lz&g%tﬂ7999&-6&1@%4\'%&9936 002302 Km
tCI( CCCC)O_ 0l0  Drug concentrations of 0, 0.1, 1, 10, 100, 1000 pg/ml of PPS were employed. )

Telomerase activity was measured by the modified quantitative TRAP assay.

Effect on telomerase activity. Telomerase activity was inhibited by PPS in a
concentration-dependent manner in FaDu and SKOV-3 cells. The concentrations
resulting in 50% Inhibition were 0.56 and 0.60 pg/ml, respectively. The

15  concentrations resulting in 80% inhibition were less than 10 pg/ml for both cells. The
concentrations resulting in 90% inhibition were less than 100 pg/ml for both cells.

‘Conclusion. PPS is an effective inhibitor of telomerase activity in cells. The
concentrations at which PPS produces 50% inhibition of telomerase activity are
lower than the concentrations required for anticoagulation (above 1 pg/ml).

20

EXAMPLE 4
hTR ANTISENSE INHIBITS HUMAN TELOMERASE

hTR antisense inhibits telomerase. The antisense study consisted of the
following steps: (a) construction of a sense and antisense to the RNA portion of the
25 human telomerase (hTR), (b) stable transfection of cells with the hTR antisense (or
hTR sense control), and (c) determination of the ability of the hTR antisense to inhibit
telomerase activity and induce telomere shortening. The methodologies are detailed

in the art, for example, by Mo et al., Cancer Res. 2003.
Antisense and_sense consfructs. The sense and anti-sense expression
30 plasmids for human RNA portion of telomerase were prepared. The 185 basepair
sense and antisense sequences are given below, and were found to agree with the
GenBank sequence (accession No. NR_001566). These procedures resulted in 5
clones that contained the hTR fragment. Sequence analysis indicated that one clone
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5 : 1 cagct
ccgcccgct ga

10

15

20

§agaaaaacagcgcgcggggagcaaaagcacgg

was sense, whereas the other 4 clones were antisense. These hTR sense and hTR
antisense expression plasmids were then transfected into human pharynx FaDu

cancer cells.
Transfection procedures. Transfection of the antisense construct used an

IPTG-inducible mammalian expression system. The resulting clones were used for
experiments.

Effect of hTR antisense on cell growth. Table 2 summarizes the results
which show a slower growth rate for the antisense + IPTG cells (i.e., cells that were
transfected by hTR antisense and treated with IPTG to induce the expression of
hTR) compared to cells that had either not been transfected with the antisense, not
transfected but treated with IPTG, transfected with the sense and treated with IPTG,
or transfected with the antisense but without the IPTG induction (i.e., control, + IPTG,
+ sense + |IPTG, and antisense).

Effect of hTR_antisense on the cytotoxic effect of paclitaxel. Two clones of
cells that were stably transfected with the hTR antisense were studied. The cytotoxic
effect of paclitaxel was quantified using the SRB method, which measures the total
cellular proteins. The cells transfected with hTR antisense were treated with IPTG
for 44 (clone#1) to 57 (clone #2) days, and then with paclitaxel for 98 hours. The
results, summarized in Table 2, show that the hTR antisense inhibits telomerase
activity, and enhances the paclitaxel cytotoxicity in both clones by about 2-fold, as
indicated by the reduced ICs of paclitaxel in the antisense-transfected cells

compared to the other control cells.

‘gacattttttgtttgctctagaatgaq&ggtggaaggcggciggﬁﬁgﬁgﬁgﬁ;tt 61



5 121 cccttctcagttagggttagacaaaaaat ggccaccacccct cccaggcccaccctccge 181
aaccc 3' 185 bp sense hTR sequence: 5': 10 1 gggttgcgga gggt gggcct
gggaggggt g gtggccattt tttgtctaac cctaactgag 61 aagggcgtag gcgccgtget
tttgctcccc gecgecgtgtt tttctcgetg actttcagecg 121 ggcggaaaag cctcggectg
ccgecttceca cegttcattc tagagcaaac aaaaagggtc 181 agetg 3' 15 Effect of

hT R anti seH9&'Y"P% omere | ength and tel omerase actiRGHY 20448 %Bnere | engt h
(referred to as termnal restriction fragnment) was neasured using the TALA
met hod. Tel onerase activity was nmeasured using the inproved TRAP nethod.
The results, sunmarized in Table 2, show that the hTR anti sense reduced 20
the telonere length and tel onerase activity. Conclusion. Taken together,
these results indicate that the treatnment of a human cancer cell with a
hTR anti sense results in an inhibition of telonerase activity, a |oss of

tel omeres, inhibiti, QQ_L_?rn\th, enhancenment of paclitaxe
cytotoxicity. 25 EX 6 ADM| NI $TRA OF TELOVERASE- | NHI Bl TI NG AMOUNTS
OF SURAM N CAUSES SI Vi, REDUCTTON | N ANI MALS Tunor si ze reduction
after | ow dose sur ajm Rspife | 4hi|nBl (s [The effect of 30 | ow dose suramin
adm nistration on t ize wgs detgrmined in imunosuppressed mce
i nplanted with FaDu s. | Tr ¢at rent| Prjot ocol | mmunosuppressed m ce were
i nj ected subcut aneo infthe thigh arfa with 5x105 FaDu cells. Suramn
(10 ng/ kg) was ghlmi ed| by |[WD {2004/ ;70008 48 PCTI US2004/ 002609
i ntraperitoneal 8 nj @ | & qesveBKI § For 6 weeks. Suramin adninistration
was initiated dht ol ¥ yrdr| ¥gl P § nocul ation. The control aninals
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saline solution. Tunor sizes were observed tw ce-weekly. 5 Effect of

| ow- dose suramn treatnment of tunmor growth. Six aninmals received suramn.
In five animals, tunor size increased with tine. The tumor in one of the
remaining animals initially grew, reaching a size of about 4 mm after 2
weeks, but lined, and conpletgjy di sappeared by 6 weeks.

Concl usi on.wbgﬁogl-ofbgér%m treatment wth sﬁir’ anin, a tel onpé:rlé@é““i‘/?mf“ﬁi ting
agent, 10 can cause conpl ete di sappearance of the tunmor in sonme hosts.
EXAMPLE 6 PRETREATMENT W TH LOW DOSE SURAM N ENHANCES THE ANTI TUMOR
ACTIVITY OF CHENDT_HERAPg | N TUMOR- BEARI NG ANl MALS 15 Thi s exanpl e descri bes
t he enhancen@nbP Brtisensg LR SPAUERRST effect of a chenot herapy agent after

prol onged pre-treatment with a tel onerase inhibitor. Telonerase inhibition

treatment was,injjli 'uié#t@ i and not yet pal pable,
conpar abl e t01gﬁc{?gﬁﬁ% : %F%%#&gqﬁgﬁ%?%gfﬁ?ﬁumr s. Treat nent

prot ocol . FefhFegcesgpigiragicrasargandaasagsgcieaooagsadagogregcostasd 20 i nj ect ed
subcut anepusiby céclctédyRadgbitdyacabfmtgitdabesectiofaydcodtcectdcgdu cel | s. Suramin (10
ng/ kg) was ! m ni stered by intraperitoneal injection, tw ce-weekly for 6
weeks. Suratti A*%8mi ni strati on was started on the day of tumor cell

i nocul ation,3when the tunor was of a very small size, representing m ninal
di sease. Conigk gl saBd FFR seqliilcs: treated identically, except the suramn
solution for_injection was replaced by a 25 physiol ogi c saline solution.
After the 6 3ieek pre-treatnent period, suramn treatnment was discontinued,

and al | _ani mad gogt§eRh Yeslodaoe bideaushy otddlcatbititctaad cblaacigy week, for three

weeks. Tunor .sizes re obseryved tw ce- kl apd_recorded during the
Uhree weeks §1 HRariE srarbeRaitelierndebarpERre #fdEce suram n

pr et r eat ment121 ggcggddeamcdtagoiigricgccBccacegitcatisitagag@aagdasadalgtc whi ch recei ved 6
weeks of sal1bp§%&yetreat ment, showed an increased tunor size after 3
weeks, whereas the animals receiving suram n pretreatnment showed a decline

in tumor siZe. WD 2004/070008 49 PCT/ 1JS2004/ 002609 3 ry ++1li m~l m d Co
Y~? 15

Effect of hTR antisense on telomere length and telomerase activity.

Telomere length (referred to as terminal restriction fragment) was measured using
the TALA method. Telomerase activity was measured using the improved TRAP
method. The results, summarized in Table 2, show that the hTR antisense reduced
20 the telomere length and telomerase activity.
Conclusion. Taken together, these results indicate that the treatment of a
- human cancer cell with a hTR antisense results in an inhibition of telomerase activity,
a loss of telomeres, inhibition of cell growth, and enhancement of paclitaxel
cytotoxicity.
25

EXAMPLE §
ADMINISTRATICON OF TELOMERASE-INHIBITING AMOUNTS OF SURAMIN
CAUSES TUMOR SIZE REDUCTION IN ANIMALS

Tumor size reduction afier low-dose_suramin in some animals. The effect of

30 low-dose suramin administration on tumor size was determined in
immunosuppressed mice implanted with FaDu tumors.

Treatment Protocol. Immunosuppressed mice were injected subcutaneously

in the thigh area with 5x10° FaDu cells. Suramin (10 mg/kg) was administered by
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intraperitoneal injection, twice-weekly for 6 weeks. Suramin administration was
initiated on the day of tumor cell inoculation. The control animals were treated
identically, except the suramin solution for injection was replaced by a physiologic
saline solution. Tumer sizes were observed twice-weekly.

5 Effect of low-dose suramin treatment of tumor growth. Six animals received
suramin. In five animals, tumor size increased with time. The tumor in one of the
remaining animals initially grew, reaching a size of about 4 mm after 2 weeks, but
then declined, and coempletely disappeared by 6 weeks.

Conclusion. Long-term treatment with suramin, a telomerase inhibiting agent,

10  can cause complete disappearance of the tumor in some hosts.

EXAMPLE 6
PRETREATMENT WITH LOW-DOSE SURAMIN ENHANCES THE ANTITUMOR
ACTIVITY OF CHEMOTHERAPY IN TUMOR-BEARING ANIMALS

15 This example describes the enhancement of the antitumor effect of a
chemotherapy agent after prolonged pre-treatment with a telomerase inhibitor.
Telomerase inhibitior treatment was initiated when the tumor burden is low and not
yet palpable, comparable to situation of minimal or undetectable tumors.

Treatment piotocol. Female athymic nude mice of 6-8 weeks old were

20 injected subcutaneously in the thigh area with 5x10° viable FaDu cells. Suramin (10
mg/kg) was administered by intraperitoneal injection, twice-weekly for 6 weeks.
Suramin administration was started on the day of tumor cell inoculation, when the
tumor was of a very small size, representing minimal disease. Control animals were
treated identically, except the suramin solution for injection was replaced by a

25 physiologic saline solution. After the 6 week pre-treatment period, suramin treatment
was discontinued, and all animals received paclitaxel, 10 mg/kg, twice a week, for
three weeks. Tumor sizes were observed twice-weekly, and recorded during the
three weeks of paclitaxel treatment.

Effect of Jow-dose suramin pretreatment. As shown in Table 3, control

30 animals, which received 6 weeks of saline pretreatment, showed an increased tumor
size after 3 weeks, whereas the animals receiving suramin pretreatment showed a

decline in tumor size.
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2004/ 070008 50 PCT/ 1JS2004/ 002609 EXAMPLE 7 MAI NTENANCE OF LOW
TELOVERASE- | NHI Bl TORY CONCENTRATI ONS OF SURAM N PROMOTES TUMOR SHRI NKAGE
DELAYS TUMOR GROMH AND PROLONGS SURVI VAL OF HUVAN CANCER PATI ENTS 5 Human
patients with pathol ogically confirmedggadvanced, net i age
111B/ IV non?ﬁ&ﬁvm@gpl | ung cancer were Treated w th 6@%%3@3§@F§§
carboplatin, and suram n. Treatnent was adm ni stered about every 3 weeks.
The | oadi ng dose of suramn was approxi mately 240 ng/ n2 and t he subsequent
doses were cal cul ated based on a mathematical equation Applicants have
devel oped (PCT Application No. 10 PCT/US02/30210). These suram n doses
resulted in plasma concentrati on between about 2 to about 90 m cronol ar
over at |east 21 _days. in Exanple 1, these concentrations are
se. Atotal of 54 patients were treated. The
mn as a single dose, and the renaining
two split doses given 24 hours apart. No
18 luse of suramin was observed. Forty-nine

g gverall response rate was 40.8% (consi sting
nge| whilch corresponds to no neasurabl e di sease and
34.8% partial £rjegpo h clorresponds to at |east 50% tunor shrinkage),
the tine to dfgsle®se DEOQGBEQB n (TTP) was |longer than 6 nonths, and the
medi an surviygl 'NS@Q Wgs | onger than 12 nonths (Vill al ona

first 6 patient
patients recei uBafrin | i
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20 Calero, at al., din. Cancer Res., 9:3303-3311, 2003; Villal ona-Cal ero,

et al., IASLC Meeting, Vancouver, August, 2003). A conparison of these
clinical results to previous clinical trials for paclitaxel/carboplatin in
simlar patients with advanced, netastatic stage I11B/ IV 25 nonsnall cell

| ung cancer 2 afes that the additigyp of suramn 5| nlflcantly enhanced
the anti tun%’f”@’ va Bty of paclitaxel/carboplatin. ForP@LEMFW03" acent |y
conpleted trial in 290 patients indicates an overall response rate of about
17% (with only <1% patients achievi ng conpl ete response), TTP of 3.1

nont hs, and MST of 8.1 rmnt hs (S at., New Eng J Med, 346:92-98,
2002). 30 Con ] sﬂ&! bitory

pl asma conceggﬁf A C Eé“T 'EE’ Hoﬁé N s, enhances
the antitunor ~activp dL N I%@@Ip TIENTS |rrproves t he
response rate, del ays tunDr re55|on and prolongs survival of human

cancer pafients. W’ZB@@P@M@B@“ cgicakycouiinped advosesioetagtalisnatag® 8 SURAM N HAS
AI LONG PhASm/IHAbrErrlak hE&udud‘g daﬁxasswau&@éﬁdmmma&lmpkarmtams:nd n dolgs OIThe

pl asma phar macoki sur ami gl e dogs.

Treat ment protocol ’ea{‘-’bem»w% A rUSteRS dg%bm\%?%%l ﬁ%‘sl?h%{a?é"@ cﬁ)s?( wer e used.
The ani mal s swemin waaapproxinately 240 mge” grsitheasubsequeit desesfretscaloulstednt | egs.

Suram n (6. lésed%HéMhewaﬁcan st{ugﬁo%%pr&ﬁt@mee%lo%se@w ApRlicHdANGES | nto one

vein, while alned fromthe other vein. Suram n was
admi ni st dPed CQQJSQ?PQL?GHEJ hess iramin drspomsiiied @ BIRSTIRFUIGPTREON PeesBd sanpl es
wer e taken aboub? toHboutign uiicrémoldr,overat ledst 26day8., Adshowrh Exéingle 1/tBedeour s, and on
day 7, 14, . plac ' I epared by
contr i fugat I%@%en?téflong afs seu‘?rcleﬂt tP%R?ﬁ{eB}n%Eg A%&B?c?f 54%9&1{% m%?{??er % ned using

hi gh perf or Taa@et§ namtﬂeeewed [FHamfrag gisingle dssepa@\ﬁhe)r@mlagmng gatisptsi bed (Kassack,

at at, tJ CPrr&El ﬁéhd%ﬂl‘an% iE't\%'ﬁ:mt t 8 gftvenﬁﬁﬁo@s?a'i)aﬁ%toﬂn&@@hnbu[@?@otgé g

conpart ment a ar nacoki pet i a st andard neans
Cabal B P SRS o R S pas FeR RS TR e ear ar i s
sl OV\A_ y eli rrresa@rsdrate/wasmoaﬁ% (sbwasiisting of &%anmpletefresporisetwhich c@respdnds fokg, and a
term nal half rr%éécu?ab%fdls%g’seoand?u %%qﬂ?ﬁal rgagﬁsle"dmcﬂ@?rre%wr@morbtl %stSI oWy

elimnated in dogs with an unusual nat | on aIf-Ilfe of 13
days. 50% tumor shrinkage), the time to dlsease progressmn (TTP) was longer than 6

months, and the median survival time (MST) was longer than 12 months (Villalona-
20 Calero, et al., Clin. Cancer Res., 9:3303-3311, 2003; Villalona-Calero, et al., JASLC
Meeting, Vancouver, August, 2003).

A comparison of these clinical results to previous clinical trials for
paclitaxel/carboplatin in similar patients with advanced, metastatic stage IlIB/IV

25 nonsmall cell lung cancer, indicates that the addition of suramin significantly
enhanced the antitumor activity of paclitaxel/carboplatin. For example, a recently
completed trial in 290 patients indicates an overall response rate of about 17% (with
only <1% patients achieving complete response), TTP of 3.1 months, and MST of
8.1 months (Schiller ef al., New Eng J Med, 346:92-98, 2002).

30 Conclusion. Maintenance of suramin at telomerase-inhibitory plasma
concentrations for a long duration, e.g., 12 to 30 weeks, enhances the antitumor
activity of paclitaxel and carboplatin and improves the response rate, delays tumor
progression and prolongs survival of human cancer patients.




EXAMPLE 9 PPS ENHANCES ANTI TUMOR ACTI VI TY OF CHEMOTHERAPY Thi s Exanpl e
teaches that a second telonerase inhibitor, pentosan 25 polysulfate (PPS),
enhances the antitunor activity of a cytotoxic agent in cultured tunor
cells and primary cultures of patient tunors. The chenosensitization effect
of PPS 000%82&5/0}0@8 t el oner ase-i nhi bigpry concentrations of 10 and 100
pg/ m, which “are >10-fold and % 100-fold | ower than tPG&USIMEent rati ons
that produce antitunor activity (Welistein, et at, J. Nat!. Cancer Inst.,
83:716-720, 1991; 30 Zugnaler, et at, Ann. NYAcad. Sciences, 886:243-248,
1999). A study was perfornmed using two renal cell carcinoma cells (RCC45
and RCC54). 5-Fluorouracil was used as the chenot herapeutic agent. Cells
were treated with 5-fluorouracil fexaMPEElBOUrs, with and w thout PPS. The
drug effect was WO 2094RANINSS A2ORCHLASMAMNEGANER DOGSBsur ed as i nhibition
of the incorporat%&_@@@%@m r el rdu) using
ELI SA. The resul té ¥ 9},'529%1-@&;@%{% |gwa§6'g'§gtl§%°f§% 00 pg/m;

the 1 C50 & MRSstudied in foyr braole dagent, was - 1,400 jig/m . Table 4 shows that
the | C50 val ues frbathent SHHié8o/C FaGEsEhEI@ bR HeibRRg I 1.89 0. kd) wWarkEsRd.50%

i nhi bi tion) fﬂ’ 5. | uoroureitglcla_ \(%as re?luced éé %Re alddl Hgon .OIGfPS. Results
in Table 4 fJPfAUPaIE ¥5(% @RAatedigdhe Gepbalipyeing of Betd frantlags, Ruramin 6,73 bi ¢ or
suram n at a nigéigp s dsfesadninirbvenonsly oesrrifeminutesiiote gnieevein, A¢hiliNlqodf ur t her

reduced the LoRReOlef SUMIALOHEATHL otnehOhif alduRit NS odhieRgTBSANSI L zati on

effect of telonerase inhibitors are additive. )
PCTI US200%/ 0@9¢s99s sqlytipyy ofsogium) suramin. -Bleodigagipigy weretakemat s B0migutes; 1, ;m 2 0 O
2,4,6,9, 12, 24, 48, 72 hours, and on day 7, 14, and 21, placed in heparinized

tubes, and plasma prepared by centrifugation. Plasma concentrations of suramin

were determined using high performande liquid chromatography, as previously
described (Kassack, et al., J Chromatogr.B Biomed.Appl., 686:275-284, 1996). Non-
15 compartmental pharmacokinetic analysis was performed by standard means
(Gibaldi, et al., Pharmacokinetics., 1982).
Results. In dogs, suramin is slowly eliminated, with a total clearance of 2.1
0.2 ml/hr/kg, and a terminal half-life of 13.0 £ 3.8 day.
Conclusion. Suramin is slowly eliminated in dogs with an unusually long
20  elimination half-life of 13 days.

EXAMPLE 9
PPS ENHANCES ANTITUMOR ACTIVITY OF CHEMOTHERAPY

This Example teaches that a second telomerase inhibitor, pentosan
25 polysulfate (PPS), enhances the antitumor activity of a cytotoxic agent in cultured
tumor cells and primary cultures of patient tumors. The chemosensitization effect of
PPS occurs at the telomerase-inhibitory concentrations of 10 and 100 pg/ml, which
are >10-fold and >100-fold lower than the PPS concentrations that produce
antitumor activity (Wellstein, et al, J. Natl. Cancer Inst., 83:716-720, 1991;

30 Zugmaier, et al., Ann. NY Acad. Sciences, 886:243-248, 1999).
A study was performed using two renal cell carcinoma cells (RCC45 and
RCC54). 5-Fluorouracil was used as the chemotherapeutic agent. Cells were
treated with 5-fluorouracil for 96 hours, with and without PPS. The drug effect was
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measured as inhibition of the incorporation of a DNA precursor (bromodeoxyuridine
or BrdU) using ELISA. The results show that PPS had no cytotoxicity at 10 and 100
Hg/ml; the IC,, of PPS, as a single agent, was ~1,400 pug/ml. Table 4 shows that the
IC;, values (i.e., drug concentrations required to produce 50% inhibition) of 5-

5 fluorouracil was reduced by the addition of PPS. Results in Table 4 further show that
addition of a second telomerase inhibitor, suramin at a telomerase-inhibitory
concentration (i.e., 30 pM), further reduced the IC, of 5-fluorouracil, indicating that
the chemosensitization effect of telomerase inhibitors are additive.



WO 2004/ 070008 54 PCTI US20041002609 EXAMPLE 10 THE TELOVERASE | NHI BI TOR
AZT ENHANCES THE I N VI VO ANTI TUMOR EFFECT OF CHEMOTHERAPY AGENTS AT A
SURPRI SI NGLY LOW CONCENTRATI ON 5 Thi s exanpl e descri bes the enhancenent of
the antitunor effect of a chenotherapeutic (i.e., paclitaxel), by the
tel omerase jnhibitor AZT, in imunodeggcient mce bearing human head and
neck cancer VR3O W& ografts. The activity of paclit axXETVUSHMM2E? wi t hout
AZT, was evaluated in immunodeficient mce (nmale Balb/c nu/nu nmce, 6-8
weeks ol d) bearing the human 10 pharynx FaDu xenografs. Xenografts were
formed by subcutaneous injection of 10 viable tunor cells in 0.1 m
physiologic saline in the right and left flank areas, and were allowed to
grow for about 14 days to reach a size of >15 mMB before drug treatnent
was started. The four treatnent groups were: saline control, AZT,
paclitaxel, paclitaxel + AZT. The saline control group received injections
of 200 15 (err)l/day of physiological saline for five consecutive days. The
paclitaxel group[Tgrervgd ThJekrtions of 10 ng/ kg/ day paclitaxel dissolved
i n Crenophor and |ethafol | (i{e.| Taxol) in a volune of 200 | for five
consecuti ve days. ThegAz rpup|received a seven-day infusion of AZT at a
rate of 200 ng/hqur b 8 Sgbcutineously i npl anted Al zet ninipunp. The
paclitaxel + Aﬁ% grou gﬁagivgp t he conbi ned treatnent of the 20 paclitaxe
group and the T griogps ergi {he AZT infusion was started one day prior
to the start ofgthe packilt gxpl {njections. Aninal weights and tunor sizes
were measured @r day &, 5 |6,|8, and 10 after initiation of the
paclitaxel treasrent| SThel anfitynor effect of the drug treatnents was
measured in thr'eéd ways. |[The|fifst was the reduction in tunor size. Tunor
Sizes were deteiriégd frrpt |25 preparing a nold of the extruding tunor
using Jeltrate, 24 b @ettifpg nmolding material, and then preparing and
wei ghi ng t he co%rtﬁ?nﬁﬁ ‘ﬁkcgpi, the apoptotic effect was neasured. The
ani mal s were eugkagi on g a%;LO, and the tunors were harvested and fi xed
S n

Z
in formalin. Hgtlo oggﬁl @t $ of 5-mcron thickness were prepared and
stained with begﬂtéxyg n jaad| eo$i n. The tunor sections were 30 eval uated
nor phol ogi cal Wysflow tUnor| ce|ll dlensity, and density of apoptotic cells.
Because apopt @t £c e L d sappeqr over tine, the density of non-apoptotic
cellsis a s udéﬁygjnd cator jof apoptosis. Cell densities were
determi ned by @ynTipg th
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nunber of cells in four randomy selected mcroscopic fields at 400 x

magni fi cation, WO 2004/ 070008 55 PCTI US2004/ 002609 wusi ng i mage anal ysi s
procedures (Song, of at., Proc.Natl.Acad. Sci.USA, 97:8658- 8663, 2000).
Third, the ability of drug treatnent to prolong the survival tine was
rreasured FRb 50? ot udy, the animals gygere nonitored for 100 days, or until
mori bundity, d |ne by a tunpr |ength exceeding 1.0 RGHUSHR€002@% ched. The 5
concentration of AZT in plasma was determned in a parallel experinent,
using. three mce, subcutaneously irrpl anted with an Al zet 1002 osnotic

m ni punp. Drug inf u5| on was al | o ake place for four days before the
bl ood of the fusi on

guar ant eed thj?'lE %gqgﬁl n H ?Rhad been

achi eved. AZT concent ratl ons [ n et erm ne using a
commercially avail abl e ELI SA assa o en LeX| ngt on, The results,
summari zéd in TaBlie e?'“@ﬁ(ﬂﬁé%l""?ﬁé%/ A@P"é@fﬁﬂ\ﬁ@édhﬁ ﬁét'tP‘ﬁm'vP 5t ohid i t unor

ef fect of p%ﬁémcitﬁé?ﬁbeutfl(fiét,, phdsnwenerﬂy e helbhera@;enmhmw xef inpacl i t axel
and AZT resulte se in tunor day foll ow up

e o e Tl SdefcBninieS R et il hoatiana poes Sance i efoattts 02 ' LW WD

group showed an The tctivityf ol dadiaxehcwittase withoutinAAT, swase evalveteduimor si ze of
the animal s waGRbudRG fRE (RaRTHaBR b ke epaaﬁéékws?lbemg iy 10 days was

significantl er t ot her se r oups NVA Wi t h
r epeat ed%ned W@sﬁaDUSE'&S’Fﬂi‘S é@%ﬂgtﬁgﬂ”S’r‘?fﬁffT‘e Hlés‘ftlﬁH'ﬁ?e°”ﬁB‘ieﬁ¥‘Rﬁ'l%69/ showed t hat
the tunors ofablaminlcalls B@ei Wi ﬂ@sbh@c@ﬂmbllmmblr@mafdlefpﬂd‘dklaimeéndand AZT had

a 2- 1o 4-f We% %HOQQ&\ to gr%\tvsflglI Xbog 1? ﬁ %ttﬁli'éa%h %leéiée >qg§nr%° géfcﬁ’e d“ 20 .4_ fold

| ower density of non-a ose groups. Third,
survival atraatyentswag started. KaBieaﬂQUfl\/E?aéme'nra{lessi \39fesh@imed=°ﬁmu AZRe medi an

ti get L 0 L;fli_ﬁjébhtaﬂar béumduw/w_ﬁc ﬁﬁ@%@uﬂ]efcbﬁtmu %fouﬁ@ec%béa .fﬁ]@ammﬁrgmgnt r 0} gr ?Ep
an e rou acl it axel ou ays for e
conbi nat 1%on “8 ‘8 ph’!‘ﬁ'8%8'étgl #g&gq ft"@rCB CHivE JryE- %\Ai?atcﬁlﬁﬁer' HMPe survivors
wher eas t herezeindd injtiiods of 10 uy/kgliaywpatlitdxe? distaivaarin COresophor and\etifasol( 2 of 12,

R S Y, TS LB TS AR RAGOTS 3 A5 gl Bl il o0,

test). Tr eaawevetnslaywrtfwosuomgz‘é afaagetetqf 20@®ng/Moyr bupaatllhcutamuslv)immw)d pr oduced
m ni mal  t OAef ik u:‘ﬁb t h»en;sacm% £ Wb¥ lof %&%a@lﬁ@&&nma tr@btmemsdf tgody wei ght

| oss conpared to retreatrrent wei ght_ (< /2 dition of AZT to
pacl i t axel Bf‘i!itaﬁﬂtg"éﬁlﬁ‘ﬁé {RE IrRYByWhEES @ﬁtAﬁngfgswl (sid E‘éft?%gnec‘i’?dt AZT did

not enhanceptidiao theStart efthe padjitard! injectidrist avnérhal weights and tumor sizes were
measured on days 1, 3, 6, 8, and 10 after initiation of the paclitaxel treatment.

The antitumor effect of the drug treatments was measured in three ways.

The first was the reduction in tumor size. Tumor sizes were determined by first

25 preparing a mold of the extruding tumor using Jeltrate, a rapidly setting molding

material, and then preparing and weighing the countermold. Second, the apoptotic

effect was measured. The animals were euthanized on day 10, and the tumors were

harvested and fixed in formalin. - Histologic sections of 5-micron thickness were

prepared and stained with hematoxylin and eosin. The tumor sections were

30 evaluated morphologically for tumor cell density, and density of apoptotic cells.

Because apoptotic cells disappear over time, the density of non-apoptotic cells is a

secondary indicator of apoptosis. Cell densities were determined by counting the

number of cells in four randomly selected microscopic fields at 400 x magnification,



The concentration of AZT in plasma, determ ned by an ELI SA assay, was 9.6
nM WO 20041070008 56 PCT/ 11S20041002609 This concentration is well bel ow
the concentration required for inhibition of telonerase (2 pMin FaDu
cells, see Table 1), or induction of cytotoxicity (20 pMin FaDu cells; M

at aL, Canc : 579-585, 2003). Iggnce the result of this study is
surprising. W@é‘?%moos 57 PCT/ 1352004/ 002609 o EPCT/US2004002609N £ +1 - H X

rnd-H+1 as O0lIn IVI. 0) Om 0 0 a "ommW90 d N2 Dca ~ N
E ANCUO maDm OaoaoN 5Nce)r NVOa) zyaN+l +I Nr O

+1 +1 n N N m NV K
D Cus%g icr)nage 0anaEIysis.C procedurg (Song, et al., Proc.Natl.Acad.Sci.USA, 97:8658-

8663, 2000). Third, the ability of drug treatment to prolong the survival time was
measured. For this study, the animals were monitored for 100 days, or until
moribundity, defined by a tumor length exceeding 1.0 cm, was reached. The
5 concentration of AZT in plasma was determined in a parallel experiment, using three
mice, subcutaneously implanted with an Alzet 1002 osmotic minipump. Drug
infusion was allowed to take place for four days before the blood of the animals was
harvested. This long duration of infusion guaranteed that constant steady-state
plasma concentrations had been achieved. AZT concentrations in plasma were

10  determined using a commercially available ELISA assay (Neogen, Lexington, KY).
The results, summarized in Table 5, showed that AZT enhanced the in vivo
antitumor effect of paclitaxel. First, freatment with the combination of paclitaxel and
AZT resulted in a decrease in tumor size during a 10-day follow-up period, whereas
animals in the control group, paclitaxel group, and AZT group showed an up to 4-fold
15  increase in tumor size. The tumor size of the animals receiving the combination of
paclitaxel and AZT at 10 days was significantly smaller than all other dose groups
(p<0.001, ANOVA with repeated measures). Second, evaluation of the tumor
morphology showed that the tumors of animals receiving the combination of
paclitaxel and AZT had a 2- to 4-fold higher density of apoptotic cells, and a 2.6~ to
20 4-fold lower density of non-apoptotic cells than all other dose groups. Third, survival
analysis (i.e., Kaplan Meijer analysis) showed that the median time to reach
moribundity increased from 21-26 days for the control group and the AZT group to 42
days for the paclitaxel group and 49 days for the combination group. The paclitaxel
group did not show tumor-free survivors whereas the combination group showed 2
25 tumor-free survivors (2 of 12, 16%). Survival of the group receiving the combination
of paclitaxel and AZT was statistically longer than all other groups (p < 0.01 by log

rank test).

Treatments with single agents (either paclitaxel or AZT) produced minimal
toxicity, with no toxicity-related death and minimal body weight loss compared to the
30 pretreatment weight (<3%). The addition of AZT to paclitaxel did not enhance the
body weight loss, indicating that AZT did not enhance the host toxicity of paclitaxel.
The concentration of AZT in plasma, determined by an ELISA assay, was 9.6 nM.
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58 PCTI US20047002 Concl usi on The results i ndi cat AHFR004002899 nent wi t h
very | ow AZT doses, Yyielding nanonolar AZT concentrations in the plasna
enhances the antitunor activity of chenotherapy.

This concentration is well below the concentration required for inhibition of

telomerase (2 uM in FaDu celis, see Table 1), or induction of cytotoxicity (20 uM in

FaDu cells; Mo et al., Cancer Res. 63:579-585, 2003). Hence the result of this study

is surprising.



5 EXAMPLE 11 ADM NI STRATI ON OF TELOMERASE- | NHI Bl TI NG AMOUNTS OF AZT CAUSES
TUMOR S| ZE REDUCTI ON I N ANI MALS Tunor size reduction after AZT in ani mals.
The effect of repeated 10 administration of single agent AZT on tunor size
was determ ned in i mmunosuppressed mce inplanted with FaDu tunors.
Treatment Protocol . |nmunosuppressed ngg£e were injecte neously in
bot h f1 anksWQNHOWYE FaDu cel Is per fr%f]k. AZT was ff&(‘ﬁ?@?@?@g by
conti nuous subcut aneous i nfusion using an Al zet(r) osnotic 15 mnipunp at a
rate of 5 pg/ nouse/day, This AZT dose resulted in steady state plasm
concentrations of about 10 ng/m . AZT adm nistration was started 14 days
after inoculation, and | asted 14 days. The control animals were treated
identically, except the AZT solution for injection was replaced by a
physi ol ogic saline solution. Tunor sizes were observed tw ce-weekly. 20
Effect of AZT treatnent aof tumprgrowth. Al 16 animals inplanted with
tunor cells showbdégre@su ablle tlunofs prior to AZT treatnment. In two
animals, the tur[gggto ped grlowi hg ppon AZT admi nistration, and

B

subsequent |y declithed® ifh si|lzg.| 4h ol inor-§ Aver e not pal pabl e on day 38, and
conpl etely di sappeaied o gcg_}; 5%, | ds congig med by necropsy exami nati on.
For these two an rf;hlgs% thee 2352avgrpgel i ni g_ic‘gil tunor size was 35 mm (range,
18-80 mm ), which Qw@sSsipildr tlo pheltunfresizes in the remainder of the
ani mal s. Concl us cagg Eong-tgrmitrept mpnt gid h | ow dose of si ngl e agent AZT,
a telonerase in*i itor, lyidldilng hanpnol 2r® concentrations in the plasma,
can cause co te.d sappedrance pf {he Bhor. 30 EXAMPLE 12 TELOVERASE
| NHI BI TI ON EDEW TH TUNOR [Ste E%R’EDUO@I% THERAPY | S EXPECTED TO
| MPROVE TREAT 5 JHi & ekalmd ¢ degct i bes the expected enhancenent
of the anti tung e f@ect 3;5 off m+cytofeductd ve treat nent when the
cytoreductive t8 a‘\ﬁ@nt ifs‘-conb Ref th €f®ng-termtreatnent with a
tel onerase inhidilt’od Thq trleatprenf with EI‘% WO 2004/ 070008 59
PCT/ US2004/ 0026 I3
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tel onerase inhibitor can start prior to, concurrently with, or after
conpletion of the <cytoreductive treatnent. Effect of |ong-termtreatnent
with a telonerase inhibitor in conbination wth a cytoreductive treatnent.
In order for telonerase inhibitors to be effective 5 to inhibit cell
proliferati i nduce apoptosis and |1 senescence, the tunor burden in
t he host wg{b@g‘wﬂ?ﬁql so that the turmarseburden does REVUSB4ERPhe | et hal

| evel before the telonerase inhibitor can erode the telonmere length to
below the critical level for inhibiting proli ferati on and for inducing
apoptosis and cell senescence. This can be acco |shed usi ng
cytoreductive treafaggision. e rpsyisindicate Batitrpatmegt wi W&est reat ment is
used in conbi nﬁél&n@ndﬁiomalal (Aug-do@cremratloﬁblnbzh& Ipaem@fenhaicemrreaaﬂtuaﬁh vity, the
expect ati on |sc£|h%%féhh grer e | engths in the tunor cells will decrease
over tine, and® M aﬁ |y, apoptosis or cell senescence wll be

i nduced. Treatnent prot ocol Patients, presenting with a cancer for which
the best 15 treatnent option is agmmgﬁ-,cytoreducti ve therapy, would be
treated with the ADMNSTRATON OETELCMERASEINABIMNG AMOUNTISOEXEPT educt i ve
treatnment selected for an individuataysgs ent woul d depend on the patient's
cancer, health status, ageIUMpReSfZE)RBDUGMﬂEMINWLstory and other factors
usual l y consi dered, oFQS SEhEhd br A B Aol ”E‘rﬂé @Cr%‘be t?L]éD

conpl etion of the Tfe patient:

i s not cond? degdsinigiration, ofopinglec agené i on tumer oﬁ'zﬁeeﬁ@é ﬂ%iemwﬁﬁﬂsﬂrder ed

likely, the pahhﬁﬁusuwégsgh MRE PhplMtca With FABU theorsr €eat ment with a tel omerase
inhibitor, at a dose ev?l that, i s fufflm ent tg i nduce i nhi. b|t on of

tel onerase. The dui@éﬁ%‘#—e@—&ﬁ@ contTAUNOSEPRPEEE nNEe WERIPd MBS ot r act ed,

| asting at | esbtutansoushedk dothbidnkpvdthetadbfabul oeligepert fienk. t WZTnwag hs, or nore
preferably 25 Admurmﬁe ére& ﬁgrl oﬁhﬁﬁoﬂ?@L%tan%us%gorp'hgh§raﬂbAIXet@'Uslnl)ﬂé he patient

| s consi dered ternative treatnent ocol , where
t el oner ase 1§ nHPBPYBR ak 3 B4R Achre/mause(day.¢ This AGT B?ﬁedPs‘{"‘Gd inosteady state r ent ly with

t he cyt or eductplasmat doRéentraiitns oaadolmotngmuleekzmﬁwst@mmwé stafedof4 t he
cytoreductive c{a seg'{t nment laF i men ?gvanr\ar(ggeous as, the, tunor woul d
Bf

be exposed to 2t 6l o1 and fi° t| n Y i argmfls f§er treaé?j:i period of

ti me. Concl usismtlcaﬂheexeemm&ﬂ miutuos fqrhraectle@wbs repraged &y embvsm@lq nhi bi ting

treatment wt rgag,grgg@mnl qg@{,rs@ég%,%%gg,\;eug",wernt approaches woul d enabl e

the tel onerase i nhi |t|ng treatnent to become effective, and woul d sol ve
t he 20 Effect of AZT treatment of tumor growth. All 16 animals implanted with

tumor cells showed measurable tumors prior to AZT treatment. In two animals,
the tumors stopped growing upon AZT administration, and subsequently declined
in size. The tumors were not palpable on day 38, and completely disappeared on
day 59, as confirmed by necropsy examination. For these two animals, the

25 average Initial tumor size was 35 mm® (range, 18-80 mm®), which was similar to
the tumor sizes in the remainder of the animals.

Conclusion. Long-term treatment with low dose of single agent AZT, a
telomerase inhibitor, yielding nanomolar concentrations in the plasma, can cause
complete disappearance of the tumor.

30

EXAMPLE 12
TELOMERASE INHIBITION COMBINED WITH TUMOR SIZE-REDUCING
THERAPY IS EXPECTED TO IMPROVE TREATMENT OUTCOME

This example describes the expected enhancement of the antitumor effect
35 of a cytoreductive treatment when the cytoreductive treatment is combined with
long-term treatment with a telomerase inhibitor. The treatment with the



| ong- st andi ng probl em of defining a nmethod of advantageously using
telomerase 35 inhibition to treat patients afflicted with a cancer. WO
2004/ 070008 60 PCT/ US2004/ 002609 EXAWMPLE 13 LOCAL ADM NI STRATI ON OF

SURAM N RESULTED | N TELOVERASE- | NHI Bl TORY CONCENTRATI ONS | N THE | NTENDED
TARGET (RGAW NOT I N THE PLASMA ghi s exanpl e descri bes regi onal

adm ni strati 8?}'{65 70§08t el oner ase i nhi bi t%-? to achi eve TTEISENEIZLE | nhi bi tory
concentrations in the targeted tissue or organ, while presenting |ow and
not effective telonerase inhibitory concentrations in the 10 plasna.
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bl adder wal | cytonedustivertegiatment as a functi on di stance fromthe bl adder
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anest heti cs, tamndibit elbprpliferatian; ov mducef apbptbiivant esingehesegnceAthertarhidrr al cat het er

vwas inserted fge, %ﬁg hb& $st Lé%h@ﬂsoaﬂﬂﬁ tﬁé‘{ﬂmol' BQrerE %J%ﬁqo'{’l-e%@ﬁﬁ{ contents.

Ani mal s were g ven ntravesi cal doses of sura ontaining 6 ng/m

suramn) in hay leved heforgibatelomatase imbibitr carrrrods theitelamerargihtodelaWd system c
pl asma were sagdriacal dvel fof aﬂmm rdnteeertmlaﬁd fdPﬁndLlang rﬁb&i&@ésanoa&ellml ch time

t he bl adder tissue was arve ﬂ gfhyan L mal ag {:% 'It' ssue
sections of aSPrE%Eat IV Ea"b fc"é’mp elbidd: ol %Ylmé L\ﬁh‘fe AT ¥ om t he

bl adder waidl , Hanek, if aforol of ctrredentiveoineatment stusedsin gpmbieation siite gdngfierat e cool ed on
dry ice. The %Fbﬁi% GPIQISI% £e LGty h8 1h ﬂﬁctgﬁdgﬁ,lf ﬁét e telileRe bhdifeTRthet © avoid

contamination W th [nstillat;on , frozen tissues cut into 40
pm sections pdaaricells wil f’??ée%FcﬂVH(eF'm&I ang thpty @uentaglly o ARaptasisneeffllr ati ons i n
the tissue | agerlescengd it bRindudd bl adder contents were determ ned by HPLC
anal ysis. Results.

30 concentrations L’Eﬁr?ﬁel-éz%&d ,£a<§ ﬁe%?qsﬁing ﬁx% %f%?rof)%H'gﬁme/bﬁgt a? gg/ "

m nut es t o153. Geatmgntrdptien lalaztbrnhqfimte@ducmgmmpnm&wer ueat@mlth/\léwe | ess than
0.1 pg/nm at @threductive treatment of choice. The cytoreductive treatment selected for an

individual patient would depend on the patient's cancer, health status, age,
previous treatment history, and other factors usually considered in the selection
of a treatment protocol. Upon completion of the cytoreductive treatment regimen,
20 and if the patient is not considered cured, or recurrence of the disease is
considered likely, the patient would receive continuing treatment with a
telomerase inhibitor, at a dose level that is sufficient to induce inhibition of
telomerase. The cluration of the continuing treatment would be protracted, lasting
at least two weeks, but preferably longer than two months, or more preferably
25 longer than six months, or more preferably until the patient is considered cured.
An alternative treatment protocol, where the telomerase inhibitor treatment is
initiated prior to, cr concurrently with the cytoreductive treatment, and continued
after completion of the cytoreductive treatment regimen, would be advantageous,
as the tumor would be exposed to the telomerase inhibiting effect for a longer
30 period of time.

Conclusion. The expectation is that combining telomerase-inhibiting
treatment with conventional cytoreductive treatment approaches would enable
the telomerase inhibiting treatment to become effective, and would solve the
long-standing problem of defining a method of advantageously using telomerase

35 inhibition to treat patients afflicted with a cancer.



times. The concentrations In the bladder wall tissue declined fromthe
urethral surface (0 mm) to the serosal surface (4-5 mm). The tissue
concentration at 0 mmwas approxi mately 80 pg/g, and showed a | og-Ii near
decline until 35 approximately 2 mm where a concentration of approxi mately
3 pg/g was _reached. The concentrati onghyn the remai nder of the bl adder wall
showed I it tVQ2AH'P884/ 070008 61 PCT/ US 3804/ 002609 vAGTHPBHOGEPh dept h,
and was approximately 3 pg/g. Conclusion. These results show that regional
drug adm nistration in an organ can provide tel omerase-inhibitory
concentrations In the intended organ or tissue, while system c plasma
concentrations are many-fold | ower and not 5 necessarily tel onerase

i nhibitory. EXAVPLE 14 CELL CULTUREXBWEBLEMB Cel | culture assay experinents
can be perfor medLOGAL ABMINISERATION OF RURAMIN RESUL TRIWIN TELOMERASEhe hunman
breast MOF7 _cel INSIBIEORY GONGENIRAHRNS W XHEINFENDER TARGETORGAN BUR i r enent s of
the inventi®n are net in any of the t M¥e cell cells, the choice and the
dosage of the tel onerase I nhibi t orNTHEELABMA ¢ for use In the invention.
Preferably the PC3Thielexample descsiles. redibrabadngnistetion of S ERnteraseiinhibitdd, s, br east
MCF7 cel | s, I e merican
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appr oxi mat el y whilemesgentinglqw @'H‘r@éeff%t'we tqalpm@resegnlmmoa/ geacengrationg indbe as

nonol ayers ¢ n @aﬁﬂﬂldlfled envi ronment containing 5% CQ2 and 95% air, at
37 C. PC2; cells s ould n a%ped in RPM 640fpediu' VCE7 cells in
either RPM 1640 o4 tofe & o %1s in 20
MEM Al |l cul t%eolumalcasw‘amn \dast)lestﬂieq)ptoeihehlaé@rmwth 09%9$eamd bladdet i vat ed
fetal bovine G47Mtentrafits!as Q*uﬁ&tﬁmdﬁk?ancgfﬂn@tﬂ@bIQMé?QQV|§S§§WEII g amno
acids, 90 pg/m. gentamcin, % cef ot axi me sodi um |s are

har vest ed frorﬁysgﬂﬁel?ﬁﬂ"?ﬁ‘é???m@ﬂ?’isu‘f’%gsH@?dng trypsin and resuspended in
fresh n’gfll usn be}‘ Or Grealhent ptbco/CefFivesbeagle Hogs, WéEGhing gadmtlomtkg, wérs usket er mi ned by
trypan ue e ' i 0 of a

tel onerase i n%itétﬂc'ﬁr)a?}" vé&%s?r%gﬁ@ﬁﬁg?\fcgp&g"cﬁé“q%%g% ?Str% il Otf%%j&‘ éé

m crotiter plaanddn atjugilad aisi for/bleedcsampling: &@rﬁhreieqaﬁ@te\nmsmsmd f°be achi eved

at the end of dJge mif.moﬁ {ﬁats'gﬁmﬂﬁn p&ﬁh@@}ad@?'doﬁteﬁt%e m.rhawtré ivaf tach to

the plate surface h g% i n g nmedi um for 20 to 24 hr.
Afterwar d, intravesical doses o suramin (2 ml contalnlng 6 mg/ml suramm) in water.

20 Concentrations of the bladder contents and systemic plasma were sampled at
frequent intervals for 120 minutes, at which time the bladder tissue was
harvested and the animal sacrificed. Tissue sections of approximately 2 cm x 2
cm surface area were cut from the bladder wall, and rapidly frozen on a flat
stainless steel plate cooled on dry ice. The outer edges of the tissue samples

25 were trimmed to avoid contamination with instillation fluid, and the frozen tissues
cut into 40 um sections parallel to the urothelial surface. Suramin concentrations
in the tissue layers, plasma and bladder contents were determined by HPLC
analysis.

Results. For animals receiving intravesical suramin at 6 mg/ml,

30 concentrations in the bladder contents declined from 6 mg/mi at 0 minutes to 3.6
mg/ml at 120 minutes. Plasma concentrations were less than 0.1 pg/ml at all
times. The concentrations in the bladder wall tissue declined from the urethral
surface (0 mm) to the serosal surface (4-5 mm). The tissue concentration at O
mm was approximately 80 pg/g, and showed a log-linear decline until

35 approximately 2 mm, where a concentration of approximately 3 pg/g was
reached. The concentration in the remainder of the bladder wall showed little




cells are incubated with the FGF antagoni st (one exanple used 0.2 m of 30
suram n)-containing culture nmedium at concentrations spanning at |east 4
|l og scales. The drug effect should be nmeasured as inhibition of BrdU

i ncorporation, e.g. , according to the Cell Proliferation ELISA Brdu
(Boehri nger g%ﬁ § 0 WD 2004/ 070008 g¢ PCT/ US2004/ 002609 Concl usi on

Wi le the i %’has been described with referencETE YW ust r at ed
by a variety of enbodi nents, those skilled in the art will understand that
various changes may be made and equival ents may be substituted for

el ement s thereof S5 w.t houyt d art ing fro e scope of the invention. In
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speci fical |y hetsbaily tSombrasgimhibithent s are enconpassed in the scope of the
following clains. Therefore, it is intended that the invention not be
limted to the particul ar enbodi nent di scl osed as the best nbde

contenpl ated for carrying out thi EXAMPLRE4on, but that the invention wll
i nclude all enbodinents fail |ﬁ§-'-v6WlIfTUﬁEt3’(§T§U§pe of the appended cl ai ns.
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an ercent a unl ess res cate SO,
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Human prostate PC3 tumor cells, breast MCF7 cells, or pharynx FaDu
15  cells can be obtained from the American Type Culture Collection. The doubling
time of all three cell lines is approximately 24-hour. Alf three cell lines should be
cultured as monolayers in a humidified environment containing 5% CO, and 95%
air, at 37° C. PC?3 cells should be maintained in RPMI 1640 medium, MCF7 cells
in either RPMI 1640 or Minimal Essential Medium (MEM), and FaDu celis in
20 MEM. All culture media should be supplemented with 9% heat-inactivated fetal
bovine serum, 2 mM |- glutamine, 0.1% 10 mM non-essential amino acids, 90
pg/ml gentamicin, and 90 pg/ml cefotaxime sodium. Cells are harvested from
subconfluent cultures using trypsin and resuspended in fresh medium before
plating. Cells with > 90% viability, as determined by trypan blue exclusion, are
25 used to evaluate the cytotoxicity of a telomerase inhibitor, e.g., suramin. Cells
are plated in 96 well microtiter plates at a density such that confluence would not
be achieved at the end of the drug treatment period. Cells are allowed to attach
to the plate surface by growing in drug-free medium for 20 to 24 hr. Afterward,
cells are incubated with the FGF antagonist (one example used 0.2 ml of
30 suramin)-containing culture medium, at concentrations spanning at least 4 log
scales. The drug effect should be measured as inhibition of BrdU incorporation,

e.g., according to the Cell Proliferation ELISA BrdU (Boehringer Mannheim).
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3. The method of claim 1, wherein said cancer patient is a mammal,
20
4. The method of claim 1, wherein said telomerase-inhibiting amount ranges
from between about 0.0001 to about 100 mg per kilogram of weight of
said cancer patient.

25 5. The method of claim 4, wherein said telomerase-inhibiting amount ranges
from between about 0.01 to about 10 mg per kilogram of weight of said

cancer patient.

6. The method of claim 5, wherein said telomerase-inhibiting amount ranges
30 from between about 0.1 to about 4 mg per kilogram of weight of said
cancer patient.

7. The method of claim 1, wherein said duration of time ranges from about

one day to about 365 days.
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é, wherein sajfd duhatrh&Rodbs LbifE3 ANBES shiiaBloABRYE inHKiRr déhiprises about 365
ays. suramin and said mammal is exposed to less than about 7,840 uM-day of

15 suramin in plasma over 112 days.

12.  The method of claim 3, wherein said telomerase inhibitor comprises
suramin and said mammal is exposed to no more than about 800 pM of
suramin over 96 hours.

20

13. The methodl of claim 3, wherein said telomerase inhibitor comprises PPS
administered in an amount that results in a plasma concentration in said
mammal of between about 0.001 and 1 pg/ml.

25 14, The method of claim 1, wherein cytoreductive treatment is one or more of
surgical excision of tumor, radiation therapy, chemotherapy, or
photodynamiic therapy.

185. The method of claim 1, wherein said cancer patient is afflicted with one or

30 more of fibrosarcoma, myosarcoma, liposarcoma, chondrosarcoma,
osteogenic sarcoma, chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma,
mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma,

gastric cancer, esophageal cancer, colon carcinoma, rectal cancer,

35 pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, uterine



WD 2004/ 070008 69 PCTI US2004/ 002609 8. The net hods of claim 7, wherein
said duration of time is for a nmaintenance period of tine. 5 9. The nethod
of claim3, wherein said telonerase inhibitor conprises suramn

adm nistered in an amount that results in a plasma concentration in said
mammal of b‘g{#\@s a out 0.001 and 100 pg/ni. 10. The nethod of claim 9,
wher ei n sur Q0% dmi ni stered I'n an amount that 18CTUS4%Q20%, 3 pl asma
concentration in said mammal of between about 10 and 70 pg/m. 11. The

met hod of claim 3, wherein sai d teI oner ase i nhi bitor corrpri ses suramn and
said mammal is exposed to Ies n about 840 PM day o 15 suramn in

pl asma over 112 dS3¥en aéancqrhg g #hd BF% K18, C3ReT éﬁrﬂ”scéinﬁertel oner ase
i nhibitor conpri seq;uanmmsamllncamtdoma,l debmgevmsl giasd ecqpeisaah, t papillaryror e t han

about 800 pMof = SLEAGHD ‘ﬁl%ry%deh@&é?c?non%o )J%dg;m% 20 theli 5?;} aim 3,

wherein said tel onerase inhibi'tor caonp n| Stere n an amount
that results in a‘HFAYRR bEFRRASRRIE aqr?'@ﬂmq. F?“§'éie@j°arﬁﬁ‘?f’f‘ﬂalhe'€ﬂ‘°“ﬂfep\ﬁeen about

0.001 and & pg/ M dudtScatdnontd)echomdchthomib, eérainod,, emmdsnul Rakiomaeduct i ve
treatment 1s one R{Sl I‘ eorof:ewléa%%ceratestlcu %rgc%h%[{ ||? ﬁ Srn%lﬂ cgl I on t her apy’

chenot her apy, or ham C era arm1l1, wherein
sai d cancer pati ehmngarariq‘mla doagmall tchll dung earcin@aa, mj@@eofcarfclnlgmesar conm,

nyosarcome, | i posapiula %QMn%argﬁF@Hﬁ a%é&@&ﬁ&” CmédalidbRmaC hor dona,
angi osar coma, endot hel i osar coma,

angi osar conm
| ymphangi oendot heF"aB?QF‘Eréfﬁﬂpméyr?B@'i‘%’%ma nRIREAGRA. | EmangieRlafigma. ¢ unor |
| ei omyosancona, rheddtayasabmaeligodetirdgliomaans&tingi@aaphegmamacancer, col on

e v o pERREBRo T RIALFAL iyl BB e 0121
cancer, cancer of agutepleaueloid frtkeraia KAPMI aruteamyelogenays ieulerna (ML), squanous
cell Carci noma, S&h@ﬁ@%ﬁl@bﬁdb@ Ié%fr‘ni'ﬁm) RéLRe |Iylm'bh8blas(ﬁ6'iéhké}ﬁigﬁ papillary
adenocar ci noma, Cthonldﬁ(rqgﬁ&:glt(l:c Ig&emi’a (8&‘? prolym%ocyhc leukemia (PLL), hairy
15 cell leukemia (HLL), Waldenstrom’s macroglobulinemia (WM), non-
Hodgkin's lymphoma, peripheral T-cell lymphomas, adult T-cell
leukemia/lymphoma (ATL), cutaneous T-cell lymphoma (CTCL), large
granular lymphocytic leukemia (LGF), erythroleukemias, lymphomas,
Hodgkin's disease, embryonic carcinomas, or embryonic teratomas.
20
16. The method of claim 1, wherein said several cycles of tumor cell
proliferation ranges from about 3 to 26 cell doublings of cells of said

tumor.

25 17.  The method of claim 1, wherein said administering in step (¢) commences
one or more: of: prior to any cytoreduction in step (b), concurrent with any
cytoreduction in step (b), or after any cytoreduction in step (b).

18. The method of of claim 1, wherein the administration of the telomerase
30 inhibitory agent is regionally and wherein tissue concentrations of the
inhibitory agent are sufficient to inhibit telomerase activity in tumor cells.

19. The methcd of claim 18, where the treatment does not result in
telomerase-inhibitory concentrations in one or more of plasma or other
35 organs that are not the targets of the treatment.



carci noma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile 5
duct carci noma, choriocarcinom, sem noma, enbryonal carcinoma, WIlms

tunmor, cervical cancer, testicular cancer, lung carcinoma, small cell [|ung
carci noma, non-small cell lung carcinoma, bladder carcinoma, epithelial
carcinoma, glioma astrocytoma, medulleplastoma, craniophar |ona
ependynons, %Fﬂﬂ%?@ﬁa hemangi obl ast oma, 10 acoustic HQHE L

ol i godendr ogl i oma, neni ngi ona, mnel anoma, neurobl ast orna, retlnoblastona,

| eukem a, |ynphoma, Kaposi's sarcoma, acute pronyeloid | eukem a (APM),
acut e nyel ogenous | eukem a (AM.), chronic nyel ogenous | eukema (CW),
acute | ynphoblastic | eukem a, chronic |ynphocytic |eukema (CLL),

pr ol ynphocyti 20.| eihe methgdPbl glaimhsi wherdid saiétl timbrecdogpnises é Hiblorheradddl denstroni s

macr ogl obul i nem a - Hodgki n's | ynphoma, peripheral T-cel
| ynphomas, adult f£¥&$Fmgﬁ&ﬁkenia/Iynphona (ATL), cutaneous T-cell |ynphoma

(CTCL), large granular |ynphocytic |eukema (LGF), erythrol eukem as,

| ynphonas, s Fbﬂgklmesne«thoaewalelm erméﬁéwuaia tslamsﬂagwmsntorqsra@{mgty@ml c
teratomas. 20 16. ,The. net sever al chles of

tumor cell prolifi&r&d 8?'|’°F Hatéeé'?fblyo?ﬂeaﬁr U‘t°r63°t ghezg’"%'f'? "qYEB 19 ngs of cells
of said tunor. 2@:dimistTaimnresubodtapéouslyai intrayenduslyei intrgmiusicwalivi ni stering in

step (c) Commncesntraeé}ﬁorﬂ»sumrsde%au |Ht‘iév@£|catll? |ﬁ%e9é1&06r§l@uﬁ5§aw' in step
(b), concurrent mnt ag%w cytoreduction in ter any

or
cyt oreduction in dftegul aryll!?l inhglatiope faqtsty. de‘B?"VcP&?'% 169%\% &n the

adm ni strapi on of thahsletnedlipner ase 30 inhibitory agent is regionally and
wherein tissue concentrations of the inhibitory agent are sufficient to
inhibit telomerase activity in tunor cells. 19. The nethod of claim 18,
wher e t he tr e merfhe deathodraficlaing 4.uivhereim said ¢glemasasesihibitenisoin tagtinged-
concentrations in  g8Re®rmiBtdd. of plasma or other 35 organs that are not
the targets of the treatnment. WD 2004/ 070008 71 PCTI US2004/ 002609 20. The
met hod of claim11, wherein said tunor conprises a tel onerase- dependent
tunor. 5 24. Zhe The Inethodbf danait nwhkreindai telomerase idhibitdr Grfermatediimiéli bi tor s

admi ni stered one or more of a solid or liquid for administration.

24, The method of claim 1, wherein said telomerase inhibitor is added to an
adjuvant.
20
25. The method of claim 24, wherein said adjuvant is one or more of a
preservative, a wetting agent, an emulsifying agent, or a dispersing agent.
26.  The method of claim 1, wherein said telomerase inhibitor is in the form of
a microparticle having an average particle size of between about 500 nm
25 and 100 gm.

27. The method of claim 26, wherein said microparticle has an average

particle size of between about 1 um and 10 pm.

30 28. A method of enhancing the therapeutic outcome of treating a cancer
patient having a tumor, where the treatment comprises:
administering to the cancer patient a telomerase-inhibiting amount of a
telomerase inhibitor being one or more of suramin, pentosan polysulfate
(PPS), or hTR-antisense.




to said cancer patient by one or nore of the follow ng routes of

adm ni stration: subcutaneously, intravenously, intramuscularly,
intraperitoneally, intradermally, intravesically, intrathecally, orally,
nasal ly, intrapulnmonary by inhalation, rectally, topically, locally,

regi onal |y, ransder mal | 22 e nethod of claim1, wherein said
te?onerasg‘WB%Pgﬁg%% isin a tl%Ed reﬁgase f or mul at iPSHUSYRI92609 The et hod
of clam 1, wherein said telonerase inhibitor is fornmulated into one or
nore of a solid or liquid for adninistration 24. The nmethod of claim1,

wherein said 2r as d to. a uv 20 25. The
mothod of ¢ P e ARGRLSh Bl AP ifarBaEs Aemibrind o Bhgerze
preservative, a vmmlmtong cagducted lrasuohrmhmnélylhatghag!em s exposad & thper si ng agent .

26. The net hod Oftelﬁt.@#agé hhib$¢8r & duratigh B ét‘?éﬁg{f?eﬁlé’éﬁcyb@?bp&nﬁwgrr cdiS 1N the form

of a mcroparticle having an average particle size of between about 500 nm
25 and 100 pm 27P’°"ﬁ'i%,1'°ﬂ’et hod of claim 26, wherein said mcroparticle has
an average particle size of between about 1 (err)mand 10 pm 30 28. A

rechod of enganci g G AERBDR B NBnghed FBIF Bk B f2ngET | Pt Tent

having a tu mnisterin o the cancer
patient a tel orrerle@éhanrﬂbbtbl‘l@NMg anount of a telonmerase inhibitor being one
or nore of suram' n, pentosan polysulfate (PPS), or hTR-antisense. 35 WO
2004/ 070008 ? 4U82004/002609 29. The method of claim 28, wherein the
adninisteriné of At EMBAEM%se inhibitor is conducted in such a manner that
the tunorioi s expdsed tdeltinerasé @lhibitery egentiinlai phatroacebiimallyp acheptableon of at

| east several cycles qf, rid-umor cell proliferation. 5 30 The nethod of claim

28, wherein said telonmerase inhibitor has an 1060 of |ess than about 10
NM {(b) a container; and

(c) directions for using said telomerase inhibitory agent for one or
more of inhibiting or reducing aberrant growth associated with a
15 tumor.

32.  The kit of claim 31, wherein said telomerase inhibitor is one or more of
suramin, a pharmaceutically acceptable salt of suramin, pentosan
polysulfate (PPS), a pharmaceutically acceptable salt of PPS, or hTR-

20 antisense.

33. A method of treating a patient with minimal neoplastic disease not
requiring cytoreduction, which compnises the steps of;

(a) first administering to the patient a telomerase inhibitor in a amount

25 that is effective to inhibit telomerase activity, and
(b) second, at the time that recurrence of the tumor is recognized,
administering to the patient a cytotoxic chemotherapy regimen that
includes a telomerase inhibitor, where the addition of the
telomerase inhibitor to the chemotherapy regimen enhances the

30 efficacy of the cytotoxic chemotherapy regimen.

34.  The method of claim 33, wherein said telomerase inhibitor is one or more
of suramin, a pharmaceutically acceptable salt of suramin, pentosan
polysulfate (PPS), a pharmaceutically acceptable salt of PPS, or hTR-

35 antiserise.



31. AKkit conprising: 10 (a) a telcnerase inhibitory agent in a

phar maceutically acceptable carne-, (b) a container; and (c) directions
for using said telonerase inhibitory agent for one or nore of inhibiting
or reducing aberrant growmh associated with a 15 tunor. 32. The kit of
claim 31, wherein said telonerase inhikgtor is one or mpre of suramn, a
phar maceut i WQPIYOMPB et abl e salt of suranin, pentosafCUESINI$%ce (PPS), a
pharmaceutically acceptable salt of PPS, or hTR- 20 anti sense. 33. A nethod
of treating a patient with m ninmal neoplastic disease not requiring
cytoreduction, which conprises the steps of. (a) first admnistering to the
patient a telonerase inhibitor in a anount 25 that is effective to inhibit
tel omerase ac8$.vi tTe reatopd( of) clajmcinherein salvetetomease firtibitoe susuramice of t he

tumor is recogni zedministiéd Qﬂ & bi&¥el 1I0@1 vRerb RE-amRAtihiGEls tBlofm¥iasd Qetiviey, Chenot her apy
regi men that includes el omerase .inhibitor, where the addition of the

t el omerase i nhi bi tbﬂf‘?‘{eﬁn?iﬁé”%ﬁém%?léﬁwwéﬁﬁe flen enhances the 30 efficacy
of the cytetoxic chenotherapy regi nen. 34. The nethod of claim 33, wherein
said tel onera a phar maceutically
accept abl e sa?%e omédmeé‘?ha ﬁfé?a"ggtgc‘)@%rr?mpolp?ﬁsé&f ?g@mﬂ%bs a pharmaceutically
acceptable salt of PPS, or hTR- 35 antisense. WO 2004/ 070008 73

PCT/ 52004/ 002609 ThametHd¥EofBRliM A3, @hertih ahérhmmsfmeﬁ ®F theSiliofhefab ONMET ase
inhibitor is suram ura@zn inhibits

tel omerase acti vi tY" 't°'PfLﬁ9‘e'36%‘§g'ﬁB?"y55%@’89’3" gﬁﬁ?flﬁnﬂ“éﬁ"gﬁww Pc effect. 5
36. The ngbhod of indikitonnagsht anetseffident tosatitit tederberasetaciivity a tursoncells. 37. The

met hod of claim 33, wherein the admi nistration of the tel onerase

inhibitory agent i.s regionally and wherein the tissue concentrations of the
10 i nhi bitory3 f?alger:l'th’aa’i“@“‘g‘ihf°lf|°X‘i"én:i7 ther thes treatmenb Aeesaset sspftyPty in t unor

cells. telomerase-inhibitory concentrations in plasma or other organs that are

not the targets of the treatment.
15
39. A method of treating a patient, which comprises the steps of:
(a) identifying a patient, which is one or more of;
(1) about to have a cancer, or
2) harboring a cancer that is too small to be detected by
20 conventional means comprising one or more of palpation,
detection of blood in urine, detection of blood in a stool, or
the use of imaging modalities comprising one or more of X-
ray, CAT scan, PET scan, or ultrasound imaging; and
(b) administering a telomerase inhibitory agent to the patient, such
25 that one or more of treatment of the cancer or prevention of cancer
development is achieved.

40. The method of claim 39, wherein said telomerase inhibitor is one or more

of suramin, a pharmaceutically acceptable salt of suramin, pentosan

30 polysulfate (PPS), a pharmaceutically acceptable salt of PPS, or hTR-
antisense.

41,  The method of claim 40, wherein said telomerase inhibitor is suramin
administered at a dose level where suramin inhibits telomerase activity,
35 but does not cause substantial cytotoxic effects.



38. The nethod of claim 37, where the treatnent does not result in

tel omerase-inhibitory concentrations in plasnma or other organs that are
not the targets of the treatnment. 15 39. A nmethod of treating a patient,
whi ch conprises the steps of: (a) identifying a patient, which is one or
nore of: (1) about to have a cancer, 2) harbori that is too
small to gW%GQFQE?@d by 20 conventioggl(néans conppggﬂﬁgﬁgﬁg&%r nmore of
pal pati on, detection of blood in urine, detection of blood in a stool, or
the use of imaging nodalities conprising one or nore of X- ray, CAT scan,
PET scan, or ultrasound imaging; and (b) adm nistering a tel omerase
inhibitory agent to the patient, such 25 that one or nore of treatnent of

the cancer of2pr eliefpsthnd dhflaimagcwhereinsaidnagipntisfminamalchi eved. 40. The net hod
of claim39, wherein said telomerase inhibitor is one or nore of suram n,

2 phar maceut g2l |y, AGGRRY BPLEPAY \lorop WhsulFN AR et you Tt e

(PPS), a pharnaceutlca accep € sa anti1sense. 41.
The met hod of cl ainhibitpny, agentis eegipngllyi andwiersinethextissué aericentragiensi of theur ani n

admi ni stered at anfleRey dgBMere AR tS InhiBitleBmeRbd &iiliy it @herEIase activity,
35 but does not cause substantial cytotoxic effects. WO 2004/ 070008 74

PCT/ US2004/ 002609 42. The nethod of claim 39, wherein said patient is a
manmal . 43. BAe nEichoctofl of deim 39, whérerthe rreatmerd divieni st rragultoim of t he

tel onerase 5 i ”hielt%h%%rsil(-nrﬁ?)gﬁ gi?ﬁcekf?ﬁfo%‘ﬁ' pidsnRY oS ToRlas ttt{%ﬁﬁ&i ssue

concentrations of n agent are sufficient  to I bit

tel omer as® acti vi @qrtherﬁarsejwrth%t@a{%en-44. The method of claim 43, where the
treatment does not result in telonerase-inhibitory concentrations in

pl asma or otq at.are 10 targets of the treatnent. 45. A

B 1 o FRRa bR cenchy vl W BRRIRECS am ni ster
met hod of treatin '}9 , i BWBT°8es: adninistering to the
cancer patient a adslinisteingde therdandsr patiept axtetommetaseinhibitery ampuntof eneof sur ani n,
pent osan pol ysul f gtforé BFspkarlh, JonBsa oty SARRPPEriHR anitsense, during
15 and after completion of a cytoreductive treatment, where the addition the
telomerase inhibitor to the cytoreductive treatment improves the treatment

outcome of the patient.

46. A method of treating a cancer patient, which comprises:
20 administering to said patient 3'-azido-deoxythymidine (AZT), such that
treatment of the cancer is achieved, wherein plasma concentrations of
AZT in the patient are below the concentrations used for the treatment of
HIV infection.

25 47. The method of claim 46, wherein the patient has a tumor and the AZT is
administered to the patient one or more of: concurrent with or after a
surgical cytoreductive treatment of the tumor has been performed on the
patient.

30 48. The method of claim 46, wherein the patient has a tumor and the AZT is
administered to the patient one or more of: prior to, concurrent with, or
after the patient is subjected to a nonsurgical cytoreductive treatment of
the tumor.




15 and after conpletion of a cytoreductive treatnent, where the addition
the telonerase inhibitor to the cytoreductive treatnent inproves the
treatment outconme of the patient. 46. A nethod of treating a cancer
patient, which corrpri ses: 20 adm nistering to said patient

3' - azi do deoxyt hym di ne (AZT), such t t reat ment o IS

achi eved, W92 ¥Q§f0ﬁ’° M asma concentrati o@ of AZT in tﬁc&/'i)sg@fug(ﬁ& are bel ow
t he concentrations used for the treatment of HV infection. 25 47. The
met hod of claim46, wherein the patient has a tunor and the AZT is
adm ni stered o t e nor e of n t [ after a
surgical cyt o%eduﬁ%@' %cr?gg 99‘ 460 “fhe{ef?ep?sma gon &Wag)%gnc’fwezﬁp%&ned on the
patient. 30 48. Tﬂesmﬁeqfﬂtscpa@ﬁntenemtmw,omwhrermen the patient has a tunor and
the AZT is adm' nistered to the patient one or nore of: prior to,

concurrent w af t i ent subj e ur i cal

cyt or educt i vet regt Cgfe“L Hgﬁb?fﬂ?e”t'wt%ﬁélf’éﬁﬁ% p?'?" /"1982004/ 002609
49. The n&t hod of tetohmrase-#ﬁdlammseasa. \Apicasomprsesrtbesfepsadh ons of AZT in the

pl asma of the pat étﬁmhltsér'iﬁ% B hBe eﬂi@ﬁtogoie eré”s'&gﬁubuﬁﬁ’ #oliRt 4P of enhancing

t herapeutic outcone o at mg at1ent having t el oner ase- nedi at ed
di sease, whi ch col?f9resass intikitog peing; onss or merg pf ﬁP@t“@r |ad§j‘aﬂﬂﬁ°€¥f@a'!¥at| ent a

tfel oner ase- i nhi EI &éd&gta@lﬂ)bﬁ%ﬂt @f aurain@l, OPBHt3SSh lMd@mfbw (PeBNg aONe or nore
Oor suramn, a phar naceut.l c Sura pent osan
pol ysul fate (PPS); P haémacﬁﬂt%??'ﬁ‘agéeﬁ 3%% IPW%%C%E‘? aﬁptgeg%ﬁ%fanf??&%s, or

hTR-anti sthse transfection. 10 51. The nethod of claimb50, wherein said
patient is agiBNMle metfod oot S80FNdraN s WMAGHE isimdiphiapeut i ¢ out come of
treating a cancer patient having a tunor with a tel onmerase-inhibiting
anount of a telonmerase 15 inhibitor, which conprises the steps of. (a)
obt ai ni ng a $2anpl & mathod drdenhaneing thdrip)eutﬁ:lﬂmloemteioﬂgeaslagd chhoep pateatnpl € to
L oAl restrl St ol 4 A Wit & WibherlihBhiRy SRoHR! &' 41tdisnddid | enoths of

the term nal fragnen
15 lnhlbltor which comprises the steps of;

(@ obtaining a sample of said tumor;
(o)) subjecting said tumor sample to terminal restriction fragment
(TRF) analysis to determine the lengths of the terminal fragments
containing the telomere DNA of the cells in the sample; and
20 (© correlating the length of the telomere DNA with the length of time
required to treat the cancer patient with a telomerase-inhibiting
amount of a telomerase inhibitor being one or more of suramin, a
pharmaceutically acceptable salt of suramin, pentosan polysulfate
(PPS), a pharmaceutically acceptable salt of PPS, or hTR-
25 antisense transfection.

53.  The method of claim 52, wherein said patient is a mammal.

54. A method for determining the therapeutic efficacy of treating a cancer
30 patient having a tumor with a telomerase-inhibiting amount of a
telomerase inhibitor, which comprises the steps of:
(@) obtaining a sample of said tumor;
(b) subjecting said tumor sample to terminal restriction fragment
(TRF) analysis to determine the lengths of the terminal fragments

35 containing the telomere DNA of the cells in the sample; and



containing the telonere DNA of the cells in the sanple; and 20 (c)
correlating the length of the telonere DNA with the | ength of tine

required to treat the cancer patient with a telonmerase-inhibiting anount
of a tel onerase inhibitor being one or nore of suramn, a pharmaceutically
acceptable salt of suramn, pentosan pegysulfate (PP ceutically
accept abl e ¥204810Bps  or hTR- 25 anti sense transfeégﬁgﬁgmgga&gﬁe net hod
of claimb52, wherein said patient is a mammal. 54. A nethod for determ ning
the therapeutic efficacy of treating a cancer 30 patient having a tunor
with a tel onerase-jnhibjti f Lnhi b whi ch
conprises the st epgpof 2”’?‘&%83’@?’%%@ ﬂz‘aeatselé’lr‘r‘g*eceﬁwé @fﬁ“&rl? %%éf?gakjb)

subj ecting said tunor &8@ipbe to termi nal restriction fragnent (TRF)
analysis to determne the lengths of the term nal fragnents 35 containing
the telonere of the cells in the sanple; and WO 2004/070008 76

PCTI US2004/ 002809 ‘t'ted‘)'e%'&"ﬁﬁf e “ef?i’ésﬁ%?’}%'s@fm"l%at el omere DNA with the
course of $aid treating. 55. The nethod of claim54, wherein said patient

s a mammal . g5 56, RISl BN oli B By DRPREIR! LT eal i ng

patient having bla ~interstitial cysti , nprises the steps
of : locally admi ni&fddeyipigrstita! evstitispuisheamprisas e £l #fve anbunt of one or nore
of suram n, a phaeeagadhinisrlihy/toahe pRiestlzhefeqivé amburk of 61 ot mopeot osan 10

pol ysul fate (PPS), har, icall bl I f PPS.__WO
2004/ 070008 77 Pﬁ%ﬁoirﬁﬁéﬁ%ﬁgﬁ&%@%?ﬁﬁ@ 'Z‘i’i@&"* A?S,§°3aé‘ssi e L.-S.
Wentjes, Quillianmlysaiat=(PRET BOBSMADiGIVRaBIableGRIBORES. US| NG SURAM N,

PENTOSAN POLYSULFATE, TELOVERASE ANTI SENSE, AND TELOVERASE | NH BOTORS
<130> 60/ 44,061, filed January 31, 2003



<150> US 60/ 444,061 <151> 2003-01-31 <160> 2 <170> Patentln. version 3.1
<210> 1 <211> 185 <212> DNA <213> Honp sapiens <400> 1 cagctgacat
ttttitgtttg ctctagaatg aacggtggaa ggcggcaggc cgaggctttt 60 ccgcccgcetg
aaagt cagcg agaaaaacag cgcgcgggga gcaaaagcac ggcgcctacg 120 cccttctcag

ttagggttag g gccaccaccc ctcccagggcc caccctceccge 180 aaccc 185 WO
2004/ 070008‘%3‘%@@%52004/ 002609 <210> 2 <2.11> 185 &Eﬂﬁ R <213> Hono

sapi ens <400> 2 gggttgcgga gggi : gggcct gggaggggtg gtggccattt tttgtctaac
cctaactgag 60 aagggcgtag gcgc:cgtgct tttgctcccc gecgegetgtt tttctcgetg

actttcagcg 3.20 ggcggaaaag cctc!ggcctg ccgecttcca ccgttcattc tagagcaaac
aaaaaatgtc 3.80 agctg 185 SEQUENCE LISTING
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<150> US 60/444,061
<151> 2003-01-31

<160> 2
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<210> 1
<211> 185
<212> DNA

<213> Homo sapiens

<400> 1
cagctgacat tttttgtttg ctctagaatg aacggtggaa ggcggcaggc
cgaggctttt 60

ccgccecgctg aaagtcagcg agaaaaacag cgcgcgggga gcaaaagdgcac
ggcgcctacyg 120

cccttetcag ttagggttag acaaaaaatg gccaccacce ctecccaggece
cacccteege 180

aaccc
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<210> 2

<211> 185

<212> DNA

<213> Homo sapiens

<400> 2

gggttgcgga gggtgggcet gggaggggtg gtggecattt tttgtctaac
cctaactgag 60

aagggcgtag gcgcacgtget tttgctccecc gecgegetgtt tttctegetg
actttcagcg 120

ggcggaaaag cctaggectg cegectteca ccgttecatte tagagcaaac
aaaaaatgtc 180

agctg
185



