CANCER STEM CELL- TARGETED AND DRUG RESI STANT CANCER THERAPY Cr oss- Ref erence
to Rel ated Applications [ 0001] This application clainms the benefit of
U S. Prowveizonaizighppl i cati on No. 61/241, 180, filed Sept ecars2did 043099,
which is incorporated herewith in its entirety. Field of the Invention

[ 0002] The present invention provides nethods and pharnmaceuti cal
conpositions for preventing, treating, reducing, or elimnating cancer
cells; nore particularly the present invention provides a prophylactically
and/ or therapeutically effective anount or regi nen of sodiumneta arsenite
for reducing or elimnating cancer stemcells and drug resistant cancer
cells. Background of the Inventlon 0003] Hunman tel oneres are

non- codi ng DNA- sequefdSYCER STEM 6] AR ¢Jtu--ju.'4w-'h are conposed of
(TTAGEG) n hexanucl eot i de Al S Al : Q di vision, teloneric DNA
(30-100bp) is lost because of the end repllcatlon problen1(BIackburn D H,
Nat ure, 408:53-56, 2000 & Phatak, P. et al., Br. J. Pharmacol ., 152:
1003-11, 2007). Tel oneres mai ntai n chr onosonal integrity and prevent
replication of defective genes. Since chronpbsonmes begin life with alimted
amount _of telonerlc DNA a cell, can undergo only a finite nunber of

di vi si & i itp RelatedrApplicatipns j ca | ength of tel onmeres. When nor nal
cells reach the crltlcal telonere | ength they exit the cell cycle and

under go r eplQ094l This apmisatiem claimprihe drenefit oftUS Propsiongl ApplieationoNo; 152:

1003- 1 e 4-1741,

1996) . &gﬁ’%? %lgﬁa$%pr§er§%§rlo ﬁ?@h&%%é%ﬁ@#@%ﬁﬁﬁg& r% ft entljrgt gnant ceI | s,

tel oneres erode, but are then namintained at a short but stable length, in

the -2 great mpjority of cases, through the reactivation of the enzyne

t el oneFiz&bofitBe Ivlebtiom D. H., Nature, 408:53-56, 2000; Phatak, P. et al., Br.

J. Pharmacol ., 152: 1003-11, 2007 & Holt, S.E. et al., Nature Biotechnol.,

14: 1734- 1780021 986 presdietlinvantias erdw;dea méthadsuand ehprodceitical ev@pswtions for

transcrieéﬁ se, .whji.ch agts as t ng@ate for addition of new teloneric
tnaH

r epeat BIEVERHIE fEsating. JegvqiRg.oofh RRNQSR RS Poro Rattisular e%r%résent

t ranscijveh@se %rovf%& QIPRE A RacBBAITY ARYGAMEBpetRhIlY cHctAESINTRE of Reihpndament al
limtations of infinite proliferation and renders theminmmortal”. Thus,

t el onesedem anala exskoifrefos sedvaing wrebingealingscapeassiesi pgllstadghug rdsistand naniceRNC er
t her api SR (Phatak, P. et al., Br. J. Pharmacol., 152: 1003-11, 2007,
Chumsr s, et al., Curr. Opin. Mdl. Ther. 10: 323-333, 2008) [ 0004]
The maj or problemin devel oping effective and ultimtely curative
treatnments for cancer lies in the fact that cancers are heterogeneous and
cont ai BAGKRIQUNS giilke| | as cells that are responsible for

sel f-renewal , termed stemcells. Current cytotoxic anticancer agents are
mainly ai me ﬁgxah'telbﬁ@ﬁstaﬁenm&ﬁrfﬁ BEJ‘A- QﬁUe@% 1d-enfl W cfidthd} x‘é\
eradicate c n StEﬂ]C are , er 0 en relapses an Yunors
t hen cohjhi e cmnmmmecg@tfdﬁ"%@bnemmhctlednideereqieaig Defnhgtaacli ceAndieisionel | s

tner o onserscons oo- ket iscbaositne of gl pad-BRlipionsoh e AHTEAL nhi bi

t el omeRagfe, 0408 $9-9681 208 VLSO Pl 4ufS BY 1elprainals, N8hh 108441 €2008,

stem|ike dancer cells including drug resistant cancer stemcells and
mat ur eTelamerss oahtiam chSommenmyal afitegrity and\peemenbreplication of defective genes. Since

chromosomes begin life with a limited amount of telomeric DNA, a cell can undergo only a

finite number of divisions before it reaches a critical length of telomeres. When normal cells
reach the critical telomere length they exit the cell cycle and undergo replicative senescence
(Phatak, P. et al.,, Br. J. Pharmacol., 152: 1003-11, 2007 & Holt, S.E. et al., Nature
Biotechnol., 14: 1734-1741, 1996). However, during early tumorigenesis from normal to

malignant cells, telomeres erode, but are then maintained at a short but stable length, in the



[ 0005] In one aspect of the invention, there is provided a nethod for
treating a refractive formof cancer in a patient. This is achi eved by
adm ni st ewongiisi1sohe patient a therapeutically effectivecaroseen/oesosodi um
neta arsenite (NaAsO2 or KM.0OO1l) al one_or in conbination with other
anti-cancer agent(s). In certain embodfments, sodium meta arsenite is
admnistered in a unit dose of 0.1 to 20 ng one or nore tinmes per day. In

certain enbodi.nents, the tient is nitored for the presen of stem
col | - pBISt BACH Porisciiig et LEvrsv o B B aH A eSO Ut Db 1 af 1
ot her WakesliJUBIHISSE, PVOPAPhAIK, FTRY aDEBS 0. MhAHERLED15Dr1093pa! ROO7 &f HeR, t O
four years or nore following treatnent with sodiumneta arsenite. In

cert ai -Ferebabi Newwre Bigfechmet.r 4¢t 1734-ElcdP9%)s Peloserase is andwonucleoprgteimncer
I ho r.l - TR 11/ P 0 . 0 In
anor nerevg St seBUEBHsR n D At B o BROP 8RR dPmstic srp ol ng
cancer thgadatayiic sMbanhaIERT(lghen feloaieraveredrss aanstrip@y®| Tefonlekasé peiiag i Si ng

adm ni steri nq to the patient a theraﬁ;ut i cal (Igy ef fective anount of sodi um
met ar SEGFE elisnte avsEcanes thegfundementalylimitptiqns) ofyiafinge profdeistion and rerderowi ng a
final j ni i i Lent - vel
my betoa AR, SENAGbERE o Lionhh itk BRDf S8 ThbBling erkies 0

conpl etntmanaet tisoahiemniPietak, Braah] Be Jt Phatraeolt,.152: 1003-] DEODY, Chuastathet

aspect of the inyention, re.is vided a nethod of enhancing the
ef fi ca@y_%m'g}Pl%x\ﬁ&: é'g?fcé{)zhlz’aéﬁl 12@683 patient suffering froma
drug-resi st @pb4f PhdnRdjoCRBERM i%%?%lbgi'gggfi%&mendrﬁtﬁﬁm%lf Qrithe tRALhERS 2

t herapeutical |y effective amunt o ium nmeta arsenite and an anti-cancer
agent foo camdier hies nethe dactdhatlrascdieane hetwogencoustanddiontpin esitwe aelis as well as [ 0008]

In yet ot her aspect., of .t he .i nvention ere | rovi.ded a net hod of

S t SRR p FERERBR G cEi L Rined REETeR. P She P mem Fhent 10
whi ch {h@tCA8GRAInBEhnfedWRRMArP kENAL WS dhafiRs icsll FObuleBIR buti dAE A AiGHEr | Ng
to the patient a therapeutically effective amount of each of sodium neta

ar seni tancemdtetheelint As camselt, ggrasr oftPRerclapses eathdemoggdien eeiypb® more

adm ni st e 0 adm nj tl i aar.seni r nent
eqn metadaptsPibEa - BRFaT Bt ST RERGHT. PENY RLe OB Sl B or
dur i ngl@dn3rd 33t 2608)0 Thefefdre Sthefelianiied far aenith@apdigiatagents anédr Megimens

[ 0009] In yet another aspect of the invention, there is provided a nethod

of i nhibBl E3mighiit t5iasmere HdareRb el BRUP (@ ARAICH LT EHMERT PohamEuts @ik Sterthe

et hOdliEé)é%Héx.sc%ﬁs ﬁfliﬂd@ﬁa%?&r‘ag !r&gst%rﬁ c%tﬂ:%r Rahl &Nt Fﬁd hagrapaili &akl y effective

amount of “sodi um neta arseRite followng conpletion of a treatment reginen

with one or nore anti-cancer agents. In certain enbodinents, the patient is

noni toEed for {Eegﬁresence of a cancer stemcell population follow ng

treat t VEHI9%t a arsenite. Mnitoring can be carried out

periodically for up to four years or nore. - [0010] W thout being bound

by a parti CEUOQS} theRs Yisfict BB Ghe hweition, N@efee BUBIOVRIBAOf nRithdd Rt ir&itingfa @

cancer stemcell popul ation reduces or elimnates the cancer cell

popul atefianatiyer Gduceldcanger iea pahedr Bhiens adli¢veddpupdmingiteringnte thawpatierduces or

elimngtes the,ar h of a tupnr,. the bulk si f r he formation

of a ¢ sapeurang R et PR e dtule %o ek Vioogt HRpr &t

r educt ¢qinbigsatical with péter @fti@hndeh @ﬁé‘rﬂ?&e[n &drein e@bbdipRatsl sddian meteusBhite t he

formation, reformation or growh of a tunmor and/or netastases by cancer

cel | s.1s alministered gpe1yningdessy af A 120 HBE £t MOFeh Mk \PERdRBN IetdPdE to a

met hod . [ Tl i S Ll [ j .

ther apanpe i 8P RERR0L ORI PRSRALE LY i kO RodlM G Lo Buing |

r educetregtmeht withabdiugr gtar asérstearin @anmesthat @nbakikentp e patidnomayl e snot her

enbodi nent rgl ated to this aspect, the Canfoil{o stem cel | ﬁ{l)t%u' ati on is

resi st BAPEd faicp iPEHQE IO up o falr Yiet Hemore folloddng sEienE Mith LAV Bler st em

S%QM ﬁg}g&ﬂi@ | @ cefainCsthBdAMents Othd AeBEANR! canBid &f plodB& bMdePNuRE dabier,
lymphoma or leukemia.




[0012] Figure 1A shows the detection of the side population (SP) in DUL45wt
and Doc50 resistant cells using Hoechst 33342 dye. Figure 1B shows the cell
surface ewpnresgisosyoof Pgp in wt and resistant clones aspdetuseomnessoby fl ow
cytonetry. Wihite curves = PE (Phycoerythin)- isotype control stained cells
and grey curves = Pgp positive cells.-Figure 1C shows histograns for CD44
staining (grey curves) conpared to isotype controls (white curves) in w
and taxane-resistant DU145 cells. Figure 1D shows, gr,ow h cudrves conpari ng

pacl i t axel ,[00Qddnzpoether aspechel dsvinverions thie i Progied ¢ JrthRd RIJEREREE i n a

MIT as . £l aur. I A : axel
and DORESiPe gt ojos R MAMoRmat (o5 IGRTRPIL PoRBE g BaRlnis B

Fi gur eh patiéawis therupesticily pefectiot amount oDkikiemt metedrsenitst @idnawniipring BEV dye.
Fi gure 2B shows the side, popul ation .of 145wt treated with the .BCRP/ ABC&R
i nhi biseBIM By leyed r?guﬂgfi PPUGQ g#‘ewnac? 88%5[35@“ gﬁ&ﬁﬁ@@#&f%ﬁﬂ&&%d@aﬁng%ff%n of
DU145 S\ RBCRE pbidUiBifyor YE ERRANYE folew#g Figure
3A sh%/esb%ﬁzg\%\qﬂﬁgm H\/D\ne%ﬁ regulpgr1 (@oﬁ’?&fﬂ‘f nedifrg.ar?:?rgrlr}?ree 3B shogvvs
DU145vwomyil¢tionprfeedinmanetd aneditatreasmenti ni ng KM at the 1 C 100 concentration

13 [ f . 0015] .Fi A4A sh T LWferafti
Showt ng. DUSTTIRRES0GeE pepsstal 5 PR PP Rha LhebOhRGRE b ass2
prol i f&faldy T sam- B gbat if@?@@&t tstufaiigd okt A dRNESSlant form of {M0&H6]

Fi gure 5A Shows the side popul ation of DUL45/ Pac200 cells treated with
onl'y DOwmising #nynisteriBB tettbowatians astherappsisallnefissivef appyd of spagphHBetd eat ed

with DCV and Fum trenorgin (B Fi | | ati on of
DU145/ar$a@Eﬁﬂgfi? BREHI ?%enga)ﬁgln tveéraggéé%a?ge%%gﬁﬁgttgge gh%&/ggg e’ side
popul at i on @8e8YInS hewancthe\Esp2otl bif Ofhi SROBETINUSREE 0isOABRBMEd5 a Didéhbd Ffac200

treated with KMLOO1 at the | C100 concentration. Fi ﬂure SE%Shhows the1 si de
popul atengiziag seljactNe frnsgt FUsALA PRI foen Ftisrangergeeht eprhighihe gansen celisci oo

conce ti . E ; t whdhoferRERat at e
cancep&/ %%I rg‘n?ﬁlﬁﬁq\fl%&[ﬁlg%%kﬂgk g%gglgg,ﬁeﬁlggﬁogglteﬁ%g%)g]?ﬁ%gcl_ong(;eni C assay
as avedmeat it obfodiomanttsardenitemdd ithe titecanver eganéd Therantiscakroa@ent r eat ed
cell Iines. .. [0018] Fiq%ur.e. 7 are%fgrovxa.h curves frorp a, standard MIT
with fPge baAfmipstered G0 APERSHEID Yohpat PRgIERBITES TEIMTE "8 Bnd sp+
fracti ct)fngm LR LIhAl SheaPRSETiteCiBdaimbitN8ginfddlANuRAE ZAfhinistration ¢fR019]

Fi gure an éB show hTERT gene expression neasured by quantitative

RT- PCRsodAim Trestaoarsenits drepfRAt tegamecr i pt | evel in the sorted fractions:

UL/ Pac20 S B SR G P B PR o2 O
det er ;N&dving tROARLANE Tof dRéRiih @ paBBsC THethehod totpises mdmiiibtering to

the patient a therapeutically effective amount of sodium meta arsenite following completion

of a treatment regimen with one or more anti-cancer agents. In certain embodiments, the

patient is monitored for the presence of a cancer stem cell population following treatment

with sodium meta arsenite. Monitoring can be carried out periodically for up to four years or

more.

[0010] Without being bound by a particular theory or mechanism, the reduction or
elimination of a cancer stem cell population reduces or eliminates the cancer cell population
produced by the cancer stem cell population, and thus reduces or eliminates the growth of a
tumor, the bulk size of a tumor, the formation of a tumor and/or the formation of metastases.
In other words, the reduction or elimination of the cancer stem cell population prevents the

formation, reformation or growth of a tumor and/or metastases by cancer cells.



[ 0020] The present invention provides nethods for preventing, treating,
and/ or managi ng cancer in mammuals, particularly humans. The net hod

conpri seswednimizsgoeri ng to a subject in need thereof a Phenspaotussas |y
effective anount of sodiumneta arsenite that reduces or elimnates cancer
stemcel |l popul ations as well as drug4esistant mature cancer cells and

drug resistant cancer stemcells. [0021] This invention i s in part
based on findings t (flt sodi um net arsenj te KI\/LOO%%{, a g hase [/11
orintcal 1 Al Resordie it e Eoror Hledershtiondsiea o achithod b e Fiche

cat al ygohﬁgﬁi‘h?“éﬂrﬁmfﬁer%%L@E%ﬁ@c’[a&n%e?@eﬁﬁ@dil?fsef?&qw RfoRht of REdigmOMER Of

mat ure a em cel | ns of chenb-naYve and chenot her apy-resi st ant
pr ost atrendarsafficiow|tb ledwesor Beminaka dogsresistant cpmzzs}emeuszmula@pm nn t he
term "cancer stemcell (s)" fers to.,a cell that can 0 itor of a
i gt yHG EPOParRs reatdp it Tobesk LR Elre I Poria e D ©o
re-gr %cﬁta&éimlﬁ y@ﬁaﬂﬁﬁ'@? Q@lfafeﬁteﬁfboﬁﬁnérft SthéBhddet YeineellgiopulatioR lisrekiBtant to

i mmuno- conprom Sed mammal such as mce, and typically to formtunors upon
subseqissetaxgderi al transplantation in 6 i nmuno-conpronm sed manmal such as
m ce. Cancer stemcells are also typically slowgrowing relative to the
bul k of a tunor; that is, cancer stemcells are generally quiescent. In

cert ai BrignTheiipeii & thdDavdgs al |, the cancer stemcell may represent

appr oxi mately 0.1 to 20% of a tunor. [0023] As used herein, the term
"anti-cancer agent" refers tqQ any treatnent, for cancer ncl ng dr
i munot her d8912ltEigget Wy shewst Hisydetactippgh dne F‘ﬁ%@&ﬁ&}la“‘&‘h ‘5‘/&"‘5 ud| ng

al kyl gbjng r@ﬁ&gﬁﬁzegspglhgﬁoka%lt h§ 65, ntlﬂ%ﬁ“@ Y@ 363 ’thé)J:e?Murﬁt:g gkbdion

t opoi sonmerase 1 nhi Inase I nhibitors and other anti-tunor agents,
sur gerof Royd it adi amtli resistaheclapgs as determ{ned)zw] flaw stcadetrber‘é’ihm; cutiess te P
"t herapeut i cal1 effective anpu
[ (PEYqoesehink i

f t
ar seni ¢ 8Y¢agayt isQMP§ cqnitel S?H‘eaégléﬁr ?endlegr{% ﬁlgw%ne@;m HV%Fafshely %Ilg\rlrgpgpnent

r ecur r &BGL. hifbg@RRefor EDEAREREInS t(gfé‘yC@dr{f@s Qfonﬁﬁf&aefo ?s'@@p@ NENBoIsTRLId e

synptons thereof, to enhance or inpfove t ﬁi) g(wxl actic effect(s)_ of
anot hequrvdsp imapy and tietenseresisant BNEAD ogllsnBigeter parogdh €BIVes §pREPIHIZat e one

nor e t o158 _.0f .can ve t.he C e
P eor oaueBiigr Whsidie MEHURLTGI R PRIALSAM RhePhel ST BE )
of anotibgre IE‘@E@W rolvﬂh Gafviedicompamad bagitd:el, afocttagel ahdeDUil 8wt ¢dls when
ective ampbunt of SMA is an anmount that is effective to

t her apeuti cal |

achi evteeaéﬁdémthmb(wltlﬁrﬁé\éTgraSWre of the followi ng results once | t | s
adm ni st er 1. dyc t

popul at i on: by BiefeZE s e Ae Pob ARG SUCRRRES THTORE, | o

(3) a FigtciB @mbwmthmmegp@mdmoﬁfofa)wmm tepmted eoith MCRR)AB@Gan]abrtment in
the formation of a nor eradlctlon renpva

ontrol rimary,
r egi onBUMigEOEN &(Fﬁ)at l@rﬁéﬁcébows( § sige P@H‘ﬂl&tt“i’rbﬂf ]Pﬁrl Wt eated Wi ﬂ(‘%
i ncr eaﬁa@/Agdﬁﬁﬁ%ﬁoﬁ/&% arﬁﬁ" apse-free, progression-free, and/or over aI I
surviv uration 5 (8) an increase in the response rate, the
durability [@014}Eigores®A shmwmlnﬁiéﬁmﬁreptadweﬂt sgwho (casiobnuedia. Figure 3B

| nor ocatewsiy0 st S 1o gred e T P B0 PR S I T o

2% (1) 78RohRCrease in the number of patients in rem ssion, (11) an
increase In the length or duration of rem ssion, (12) a decrease in the
recurrence [08l# F)rguma‘h&s@hpvv@ YT gmolifieratiensissaynshomang D 456 Paedlr reaigde of

cancer ik iy O 2EELLCHAHA0s ST RGTHA0BLALST R I 09 ginbld ¥ o

[ 0025] witg graers3nerein, the term"therapeutically effective regl men" refers
to a regimen for doaﬁg timng, frequency, and duration of

adni ni st r at 09h6LFigywsdd Arahaes dhe pidgrrapulatien (o DYAS/t FacgbOrerlls Eﬁﬂ%rw“h
manageq I t he
oo, menR A S8 Hrg SERTBURTE B BipAtion DEDBIIAFRI20 (SRR SAEOLY. T,
el i m naid Bﬁmﬂferﬁdrgmc@n(IéRC)st Biguee5C simpus| thei sids podhm[dl nf DY 14§/ rRasRQﬁ ant
cancer stem cells; a reduyction or_eli iQ n the cancer .cell

popul atfased Wit DEV @Hi)’jc“tefaé’ﬁmﬂln f Fﬁ’é‘r‘EJISR/\IPtPP%Sf af%i 3 ﬁtﬂopBlﬁtl?féélﬁﬁaﬁssrlﬁowf% an
inmpairment in the formation of a tunor; (5) eradication, renoval, or
control of primary, regional and/or met astati ¢ cancer; (6) a reducti on in
nortality; (7) an increase in disease-free, relapse-free, progression-free,
and/ or overall survival, (8) an increase in the response rate, the
durability of response, or nunber of patients who respond or are in

rem ssion; (9) a decrease in hospitalization rate, (10) a decrease in
hospltal i zati on Iengt hs, (11) t he 5| ze of the t unor |s rral nt a| ned and does

S o o " o A NN 7 Y T T o " - 7



[ 0026] As used herein, the terns "subject"” and "patient" are used

i nterchangeably. As used herein, the term"subject"” refers to an ani mal,
pr ef er ablwoaornmose®b such as a non-primate (e.g., cows, PpPCgAIS200/03s38s cat s,
dogs, rats etc.) and a primate (e.g., nonkey and human), and nost
preferably a human. In sone enbodi ment3; the subject is a non-human ani mal
such as a farmanimal (e.g., a horse, pig, or cow and a pet (e.g., a dog

t). | i i iment, t bj ect is an. el derly hupan. |
oot ndPURHafeRB eated il Ay bR pietns MG RhGPnaeiarony idiit ShhoRnbBdidrent
t he Slﬁﬁﬁﬁ&hohs a@sa?ugle%i%g; '13/-1}514'57‘ PELoBNGLREH SOAERRNEIL t he tBebierio is a

human °I nfant. used herein, the term"rem ssion" neans the
st at e whcentstibp.ect' s healt h evi denced by the absence of detectabl e cancer,

ith th ibilit f t f tivity. 02 Ca
st em cor 1 5 DBkE g oA mit SRR B seP b Srer it ekt sl RS 888 o ee
much @U%%}éﬁ?O@ﬁ%ﬁ(&?ﬁE@@ﬁh anlorﬁ)gEhimésiaz;&élhverE@ Rirhbe? of GolbhRs FefRimh ng 90%

or so of t unor .e., the tumor bu are nore tunorigenic, relatively
nmor e sthowntyeated vegsusrKMLOBE tregted celhlinasf t en rel ati vel y nore chenoresi st ant

than the t |k, G t ' ' ' have,
n large paPPisiale oY SaebrGe A aRAs YICF BRI 3k SagumROs naye
t hose tgaunaet c@ﬁi[;jlaﬁng hddorte @ 0Ells, SB- AteSR-ufradtions fik)n the prosedte sineen @l lire, WO

2011/ 031890PCT/ US2010/ 048308 8 which are often sl ow growi ng nay be
rel at iNELY5/Ree280r esi stant than faster growing tumor bulk to conventi onal

t her api es i PRe:I t W es which
make t hem ?@ﬁé?]?l\%gp%%%mr eg}lg%fgﬁtﬁrkg‘?g hé ggagnﬁﬁh%%‘rggrgegr S ugﬁl 12%%2@ and

ant i - aROACR.I 4. Pelbmergs mRN& tahorpirievel iankdsoned [fohctoms tDY 4 #Pa2k@ yPr eason
for the failure of standard oncol og at nent. regi mens 1o ens | ong-term
benef i 3d 3 hpve SB%‘thré‘ﬁP’?SWIf Vﬁlavgngggﬁgteﬁ@sﬁ%Eeg{?]sr,eg’im.“@p,aifhzi g%‘l‘r? ure to
adequaiel ¥rlop] Gk Afla 30 kfdie1RARRIrSHRA KA Rard TIOME. [ nstances,

cancer stemcell%s Is the founder cell of a“tunmor (i.e., it is the
progenitor of the cancer cells that conprise the tunor bul k). [ 0029]

Cancer_st Bel | s .have been i.dentified in a large variety of cancer types.
For i r@ﬁéﬁ&\—ﬁé‘#ﬂ%ﬁ‘—g&h—%’———ﬁg © opfhe JVentigli g f| ow cytonetry were able to isolate the
| eukem a cells bearing the specific phenotype CD34+ CD38-, and subsequently
dermonst r at e[oobef Thd pré&schheSRnE6h | SotidesTpiidtbodsg forl Phevtntinggi twearing eakdoi a) ,

unl i ke the remai ni ng 99+% of the | eukem a bulk, that are able to.

r ecapi mahagieg eanect BURAMINAIS] PatPwAdN himarsa sTheanpthed comarssSPARYRIEFHRY 9 nt o

i mmunodef..cj.ent._ni , . (e b@ads ani zed
B s
Med 3:rdQceddor diikdfatps caiivat stem, cdlhpemlatmns s vedlleas deigl rssivlentembimion daresr <1 i n
10, 000 | eukemi a cells yet this | ow frequency popul ati on was able to
i niti atdlsaRd g espRYt RReH St} cdlShuman | eukem a i nto severe combi ned
| munodef i ¢ O%Q'l:%’i"ﬂ@ NiQRRRM q’%"ﬂ?eédrp tadELRCHRing GRatWsdddurh hhef@ARsenite

typ the orig [O

hi st ol ogi ¢ phen e as In i nal tunor. 030] Cox et al.

i dent i (K0e@.08 hpk ldnsyinfphass /B retinichl thiakseiar teatment gfimubssae sendet dap tareetibet ALL)

Capabl BeSHAG SPOFAGE RS R aRar ant dea el BB ol iRy e,
stem Cf'%y ﬁoguldﬁoﬁ?@f SRdlo-ndie SIAhehofRMpyQEsithe: frbage vascepbablingd using the

ALL bu espite, I n sonme cases, injecting 10-fold nore cells. See Cox et
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AM formation of a tumor; (5) eradication, removal, or control of primary, regional and/or
metastatic cancer; (6) a reduction in mortality; (7) an increase in disease-free, relapse-free,
progression-free, and/or overall survival, duration, or rate; (8) an increase in the response
rate, the durability of response, or number of patients who respond or are in remission; (9)
the size of the tumor is maintained and does not increase or increases by less than 10%, or
less than 5%, or less than 4%, or less than 2%, (10) an increase in the number of patients in
remission, (11) an increase in the length or duration of remission, (12) a decrease in the
recurrence rate of cancer, (13) an increase in the time to recurrence of cancer, (14) an
amelioration of cancer-related symptoms and/or quality of life and (15) a reduction in drug
resistance of the cancer cells.

[0025] As used herein, the term “therapeutically effective regimen” refers to a

regimen for dosing, timing, frequency, and duration of the administration of sodium meta
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arsenite for the treatment and/or management of cancer or a symptom thereof. In a specific
embodiment, the regimen achieves one or more of the following results: (1) a reduction or
elimination of the cancer stem cell population, including drug resistant cancer stem cells; (2)
a reduction or elimination in the cancer cell population; (3) a reduction in the growth of a
tumor or neoplasm; (4) an impairment in the formation of a tumor; (5) eradication, removal,
or control of primary, regional and/or metastatic cancer; (6) a reduction in mortality; (7) an
increase in disease-free, relapse-free, progression-free, and/or overall survival, (8) an
increase in the response rate, the durability of response, or number of patients who respond
or are in remission; (9) a decrease in hospitalization rate, (10) a decrease in hospitalization
lengths, (11) the size of the tumor is maintained and does not increase or increases by less
than 10%, preferably less than 5%, preferably less than 4%, preferably less than 2%, and (12)
a increase in the number of patients in remission, (12) an increase in sensitivity of a cancer
patient’s drug resistant cancer cells, including cancer stem cells, to the drug or drugs for
which the cancer cells are refractive.

[0026] As used herein, the terms “subject” and “patient” are used interchangeably.
As used herein, the term “subject” refers to an animal, preferably a mammal such as a non-
primate (e.g., cows, pigs, horses, cats, dogs, rats etc.) and a primate (e.g., monkey and
human), and most preferably a human. In some embodiments, the subject is a non-human
animal such as a farm animal (e.g., a horse, pig, or cow) and a pet (e.g., a dog or cat). Ina
specific embodiment, the subject is an elderly human. In another embodiment, the subject is
a human adult. In another embodiment, the subject is a human child. In yet another
embodiment, the subject is a human infant.

[0027] As used herein, the term “remission” means the state of a subject’s health
evidenced by the absence of detectable cancer, with the possibility of a return of cancer
activity.

[0028] Cancer stem cells comprise a unique subpopulation (often 0.1-10% or so, but
as much as 0.1 to 20% or more) of a tumor that, relative to the remaining 90% or so of the
tumor (i.e., the tumor bulk), are more tumorigenic, relatively more slow-growing or
quiescent, and often relatively more chemoresistant than the tumor bulk. Given that
conventional therapies and regimens have, in large part, been designed to attack rapidly

proliferating cells (i.e. those cancer cells that comprise the tumor bulk), cancer stem cells
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which are often slow-growing may be relatively more resistant than faster growing tumor
bulk to conventional therapies and regimens. Cancer stem cells can express other features
which make them relatively chemoresistant such as multi-drug resistance and anti-apoptotic
pathways. The aforementioned would constitute a key reason for the failure of standard
oncology treatment regimens to ensure long-term benefit in most patients with advanced
stage cancers, i.e., the failure to adequately target and eradicate cancer stem cells. In some
instances, a cancer stem cell(s) is the founder cell of a tumor (i.e., it is the progenitor of the
cancer cells that comprise the tumor bulk).

[0029] Cancer stem cells have been identified in a large variety of cancer types. For
instance, Bonnet et al., using flow cytometry were able to isolate the leukemia cells bearing
the specific phenotype CD34+ CD38-, and subsequently demonstrate that it is these cells
(comprising <1% of a given leukemia), unlike the remaining 99+% of the leukemia bulk, that
are able to recapitulate the leukemia from when it was derived when transferred into
immunodeficient mice. See, e.g., “Human acute myeloid leukemia is organized as a
hierarchy that originates from a primitive hematopoietic cell,” Nat Med 3:730-737 (1997).
That is, these cancer stem cells were found as <1 in 10,000 leukemia cells yet this low
frequency population was able to initiate and serially transfer a human leukemia into severe
combined immunodeficiency/non-obese diabetic (NOD/SCID) mice with the same histologic
phenotype as in the original tumor.

[0030] Cox et al. identified small subfractions of human acute lymphoblastic
leukemia (ALL) cells which had the phenotypes CD34+/CD10— and CD34+/CD19-, and
were capable of engrafting ALL tumors in immunocompromised mice—i.e. the cancer stem
cells. In contrast, no engraftment of the mice was observed using the ALL bulk, despite, in
some cases, injecting 10-fold more cells. See Cox et al., “Characterization of acute
lymphoblastic leukemia progenitor cells,” Blood 104(19): 2919-2925 (2004).

[0031] Multiple myeloma was found to contain small subpopulations of cells that
were CD138— and, relative to the large bulk population of CD138+ myeloma cells, had
greater clonogenic and tumorigenic potential. See Matsui et al., “Characterization of
clonogenic multiple myeloma cells,” Blood 103(6): 2332. The authors concluded that the

CD138-subpopulation of multiple myeloma was the cancer stem cell population.
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2011/ (BSQ9HHWIUM@MSBD&1B study, Kondo et al. determined that cancer cell lines
contain a population of cancer stem cells that confer the ability of the line to engraft
immunodeficient mice.

[0033] Breast cancers were shown to contain a small population of cells with stem
cell characteristics (bearing surface markers CD44+CD24low). See Al-Hajj et al.,
“Prospective identification of tumorigenic breast cancer cells,” Proc. Natl. Acad. Sci. USA
100:3983-3988 (2003). As few as 200 of these cells, corresponding to 1-10% of the total
tumor cell population, are able to form tumors in NOD/SCID mice. In contrast, implantation
of 20,000 cells that lacked this phenotype (i.e. the tumor bulk) was unable to re-grow the
tumor.

[0034] A subpopulation of cells derived from human prostate tumors was found to
self-renew and to recapitulate the phenotype of the prostate tumor from which they were
derived thereby constituting the prostate cancer stem cell population. See Collins et al.,
“Prospective Identification of Tumorigenic Prostate Cancer Stem Cells,” Cancer Res 65(23):
10946-10951 (2005).

[0035] Fang et al. isolated a subpopulation of cells from melanoma with cancer stem
cell properties. In particular, this subpopulation of cells could differentiate and self-renew. In
culture, the subpopulation formed spheres whereas the more differentiated cell fraction from
the lesions were more adherent. Moreover, the subpopulation containing sphere-like cells
were more tumorigenic than the adherent cells when grafted into mice. See Fang et al., “A
Tumorigenic Subpopulation with Stem Cell Properties in Melanomas,” Cancer Res 65(20):
9328-9337 (2005).

[0036] Singh et al. identified brain tumor stem cells. When isolated and transplanted
into nude mice, the CD133+ cancer stem cells, unlike the CD133— tumor bulk cells, form
tumors that can then be serially transplanted. See Singh et al., “Identification of human brain

tumor initiating cells,” Nature 432:396-401 (2004); Singh et al., “Cancer stem cells in



i nproved | ong-term outconmes for cancer patients. Accordingly, new
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i ncl udi res tGancer, stem cells, and the bulk tunor size. For
exanpl gﬁ%f gg ﬂ@%@ reg%%ehe regi men resul ts in an approxi mately
2% 98% a S5p60d9P8odium hiktdt Q¥eenhe 1000 bo dfipistereiOtd ClthQ%leIa r0-a69%orm,

10% 40% a 20 to 99% a 20% 80% a 20% 60% . a 2ﬁ%40‘y a %Q?W 50% 80%
or a 60%ugNs pasenierllpksuch a rcréracyawlry)sm&rﬁwéwea Bl Oé?ll%n ¢ ARDULASAEE dr ug
resi stant cancer stemcells, and the bulk tunor size. In other specific
enbodi ments, the regi nen results in at least a 1 .1 -, 1.2-1,5-, 2-, 2.5-,
3-, 4-, 5-, 10-, 20-, 25-, 50-, 75-, 100-, 200-, or 1000-fold reduction in
t he cancer stemcell population, including drug resistant cancer stem
cells, and the bulk tunor size. In sone enbodi nents, the reductions in the
cancer stemcell popul ation” including drug resistant cancer stemcells,
and the bul k tunor size result after two weeks, a nonth, two nonths, three
rmnt hs, four rmnt hs, SIX nont hs n| ne rmnt hs 1 year, 2 years, 3 years, 4

o o o o o A~ o Y -, Y T e ~NN AT A



[ 0052] The invention provides a nethod of preventing recurrence of cancer
in a subject in remssion, the nethod conprising admnistering to the
subj ect awoheriapessvi cal ly or prophylactically effectivepramusedioousnegi men
of sodium neta arsenite. The method conprises adm nistering sodi um neta
arsenite to the subject at doses equall2to or |ess than t he maxi num

tol erated dose (MTD) or equal to or less than the 'no observed adverse

ef f ect . The MIDs of sodium.,neta arsenite s t |caII based
on thecapie ctnagater 4 onf opgRaEe dORagERHBEON! Hleadadt A SOt Fie nts,

the pattéa?rﬁént'ré%ﬁ{eﬁpmtaff SRR é’&rﬁlﬁlsﬁaﬁd}ﬁ&a@@éﬂ}l Ghbd tRThe ok in¥ie AERY QﬁchOf a
second anti - cer agent, such as the anti-cancef agent used in the first
| i ne dfs for es wwetan comsectlrte/erxhws enany numberi siaphin tRitwegeesnandaan daysamedr agent

can be adm ni rrultaneous after or prio 0 adm ni stration of
o LSO et eiree or (RO g ses e RoARlerir e s At TReteR i i

st udi gacluli® aattltrﬁﬂteﬁ@eabstagés shebermm RicRGarkdifte %} fRéMBouReUTERERY deyaféd Ng
dose for human clinical trials. The NOAELs can be extrapol ated to determ ne

hunan @qmphamwwe%@a@wn(hﬂmg)nonwps@atlwfasbla@he 8x ereryoitheri dgyor &Ve% -
bet we |es [ (o) 0

body gtﬁjf e emarrdél ?Or e%ar% f 0/er (r%ﬂ?&%‘stgve ‘p%f% }rgﬁle% Y ceigrhteﬂrltlt%é da rf(;%&&éeo ar e
det er ngonestutive Sdt}tshﬁ‘rnorttesaﬁneﬂtaé’@t €tirse dﬁ}&teﬁld répating she gitlerreer Mbdidying abi t s,
dogs, primates, primates ys, nosets, .squirrel npnkeys, baboons),
m cr opiaf§rhAY nﬁf%ﬁwgsThwkﬂladowrg@us%%ﬁmbﬁe%% determype Nesamnast £HEcH ¥eei r
extra f
nduet s 4 s S U e B B o i R e B B R Bt

Tri al sfof tre phtietamehé basis d>frpaﬁe|m1| Healtle alge, h;yzeydxﬂugrtolemmse, abd $he l1Depar t msnt of

Heal t h and Servi.ces  FqQod and Adm ni stration nter_ for
Eval uati on @ﬁ%ﬁ&é‘ (‘@B%Qen t5oHfhe r?&%%’%é‘& TE8I R0 & B‘Bymetf‘uf"ﬂ?e‘ﬂ?oS

Accor digisyin at rtaaedrm' ThogMRei JRAL R, 14184, 095, 188, CRTRIS0SE D09 B5 %, 98%S i ng a
therapy at a dose |ess than the HED. 'For 'instance, the invention provides a

met hodoro99°/brredu§>nt>n ny the canceestem el p@mxi%rom mcaldsmﬁ)fiwt resmtané pansst ofam t he

mf;lsm adm ni sterjn at subject in needft %

prophy“regéti L FFBE W@Wp@ﬁ?@%&ﬂ?ﬁ he PROPRT Y IERERY %0 % ISP di um
et a alesdiiihet 1daftean @ phGmaRRPs%9IME 2505809 tL5 k1 90%08 109 tmg% aar anw te to
the subject at dose equal to or |ess than t he HED L

accor dBeea WA, Wel(?%\ﬂ@ﬁ(t,laow t<a9%ﬁopt%9f’/a§9%ealaoﬁ> -840 % @rzot/ﬁrét)épétﬁq(y@al ly
ef fectiq 5 regl

ubj octSovi P o & s B0 g B BB A GR Ubh SobBoBdPuNBE S D
pr edi sryagsuam@hcératenac@mtl cul ar type of cancer, subjects that have been
exposed to a carcinogen, subjects with newy d| agmﬁsled cancer,. subj ects

that have f@PF8ldntqtheremhodimes, dbBBPUN O BFERER O IHR et AR ESEfHm
cancery Qie r%el?hqctlsztﬂsatza@eéﬂ N1 g 551 80, F750M08-, PAbL bE WAL fok@RGEdon | N @
speci fic enbodi ment’, tthe sdubject’is’in’refission’or is cancer-free as
rreasurmdthlaycanuerr stanl yelh@emlatnmh nincjudingi drag udsistgpt barcen stend icelis dd some

hysi cal xanm nat i on ost ate am nation, . breast exan nati on
P oos SRbmaR bahe Sl ih PRSP s el AP O Bish i Aluecissoianh g
pal pat été}ﬁ)oell¥ | RMals 4TRL NRESwédksJa mdRh, ORRSEBRs, MEQNHBRHSOfNir m@t&sgﬁpy)

PAP snmear anal yses (cervical cancer), stool guaiac anal yses, bl ood tests
(e. 9., monthp| Bhe nuindod | geamn 2 3(6@86)3 Yeatst or ﬁr}@etsaafeadgpe@tratum elfrthe JegimEPSA)

LFELa T e o 0 g T

Mar r owiAGaH YFe8e Cfhclr steincelld @S decrib&TRifRl. b eshallncxréaéel @n@ﬂeér&ﬁém dilstwl ogy,
cyt ol ngﬁ, a sputum anal ysis and inmagi ng nethods (e. ut ed tom)lgraphy

(CT), fheringethe rapritoringensring. (hvmajient mey ke digaied %ﬂr ayonB%@gH@en 0

manmbg o%ﬂﬂn 'n%gla&gmtéa Ei( %&%@%B dﬁf?é?%&”ﬁ’&h'tﬂ? ?%tﬁ’regﬁ%‘ﬁ %ﬁ%?bthe?“alﬁﬂ"

subj ect’s nmay oOr may n have "been previ ous f/’ treate cancer. -
[OOSS]QhBQQ@emgﬂbodinent, a therapeutlcally ef fective anmount or reglnen of
sodiumneta arsenite is admnistered to a subject that is undergoing or has
undergone surgery to renove a tunor, cancer cells or neoplasm In a

speci fic enbodi nent, a therapeutically effective anount or reginen of
sodiumneta arsenite is admnistered to a subject concurrently or foll ow ng
surgery to renove a tunor, cancer cells or neoplasm |n another enbodinent,
a therapeutically effective anmount or reginmen of sodiumneta arsenite is
adm ni stered to a subject before surgery to renove a tunor or neoplasm and,
in sone enbodi nents, during and/or after surgery. [0056] In a

speci fic enbodi ment, a therapeutically effective amount or regimen of

SOdI um rreta arsenlte |s adm n| stered to subj ects that wll, are or have

o o o - o M 2 1.




[ 0060] Any type of cancer can be prevented, treated and/or nmanaged in
accordance with the invention. Non-limting exanples of cancers that can be
pr event edyotzoaaisesdoand/ or WO 2011/ 031890PCT/ US2010/ 048 308/us2d18/048308naged
in accordance with the invention include: |eukem as, such as but not
limted to, acute | eukem a, acute |ynmpBacytic | eukem a, acute nyel ocytic

| eukem as, such as, nyel oblastic, pronyelocytic, nyelononocytic, nonocytic,
and erythrol eukem a | eukenmi as and nyel odyspl asti c syndrone (MDS); chronic

| eukeni as, [9043] IassdmE eftbodinetits, effie t amowiir @niragimyie | cdcyddivm (1me@narsedtet i c)

| eukem a, chronic | ynphocytic | eukem a, hai [% cell | eukem a; PO| %lci%‘gem a
vera; FepHpemsreslis i B raduchion imdhe qanReTLeEYH ROpU A ep vedl &Fitae Saer HER-$8odgki n' s
di seasgs, IRhh iﬁélﬁ?i'ﬁg%%?isﬁﬁf:&nﬁér fith B i bRt diABl end Rt | Pl e
nyel oma; nonsecr et ofy el oma, osteosclerotic myel ona, plasma cell

| eukeninahe samcért @ilypopusioncytthereedactibreint the vadat tell gopilaiomeng theeduction

Wal denstrom s macrogl ohul i nem.a; nonocl gnal, gamppat hy, of undet er m ned
si gni flpcgﬁcé?noﬁérﬁt@% F@ﬁdﬂpBQHPn ggﬁnﬂlﬁﬁﬁwd ﬁ%&%ﬁgﬁﬁai%&af(ﬁ@&e;m b¥fe and
CONNECLyRihéRSHE iSREONBovEeS A ndshQss etentih] ttREng ndYoN@asaivOMcer

ost eosarconm, chondrosarcoma, Ew ng's sarconma, nalignant 3i ant cell tunor,
fi br osiarasubgectyf thb omeshod bempidsing: (ekpdmitigering tr & shiccisipfneed jthereel &g @onms,

angi osar co (hemangi osar coma) .. fi.brosarconmn... Kaposj . r

| ej ony‘Bg@r‘g’g?Fa?fe‘I‘q %@%c Y& (ﬂ%’,unﬁ) OfSORLIT, P RS ?@erﬁér’rinfoer n%ﬁrg%cer stem

r habd Q/EYIOSRuEAIR  andYRE \Caider SRI1 GRFBLatibi @h fhd MIBHE [8i0€ ho,aduringl andbr hited t ed
to, gliona, astrocytoma, brain stemgliom, ependynoma, oligodendrogliomg,
nongl i adminigiraion ef-®gertaie nymbes plofeses é?‘bﬁi%b@a&? RgmépBiration il 4 B edine,
meni ngi QA i i I 118 ,: i i : t
cancor Crandd B R | ROF PR R 1p B GRES, FLEN LT in o

| obul adruf Se@dthntcahtedr stenn eeltgrand thetarmdicélhpompdattinninnthe sobject byarepettiranst
cancer, nuci nous breast cancer, tubul ar breast cancer, papillary breast
cancerstelP@yas necesfidtease, and i nfl ammatory breast cancer; adrenal cancer
such as but [é)@%] Iy E%ﬁa%g ehfboll J}rtﬁm&lﬂfno@%? e BPSEitinC RletL BFsEhiROMA;
thyroi d cancer ‘such as but not Iimted to papillary or follicular thyroid
cancergesutesdulak doayt danhappodxdmeteic &Y, 400k, A5tapleiss Bt MProdoceifoe’0% pdfer eat i ¢

cancer_such_ags t n limted to, insulingma stripoma l.ucagonona,
Vi pona?o(%o?rﬁ?’og?%’[ Prrl-géo cFedpsRg 1ythsrCangsi s ap%ﬁugagioﬁ' ofoﬁ g’faé"gﬂ%’elln?s PUtor ;
Pi t Ui t R SRABHE the SEGMeATeRk ih iaﬁiatp?fi)xﬁrﬁa@ysi%%'%, A5 BLS®B, a 5 to 40%, a

, a

prol acti n-secreting tunor, acrome?a y nd di abet es i nsi&iéus eye cancers
such ab0%uo 9B% al l0rt 18886, taol (weWeas 19H4E0Yem26 b P%sa 2PYes81%8) A0 % Ior oi dal

Cuch okl SFTY P T RO R b st M RE el R ARy A OO S

cancer othChedific aibdaRkntS; @hd regRfidh fROUTR, infelananh ] -, ddbngea-c3ndne-, Hasal

cell carcinoma, sarcoma, and Paget's disease; cervi cal cancers,such as -
19 - bt Adt 754 H0-e300-oor WQOLRisusdecsion ip Hiecianesrestern fetl BARIHYL, H}Cﬁ%ﬂﬂ%&

ot or i raEarShl 46, B Wit o, Mol Kb, P £ Sl aenal

epi t hepépilativoar ebulenafier koo desdksne niammrtwogmonths ethireet tionths, &owd rsentlosysix t unor ;
esophageal cancers such as_but not limted to, squ us ca

cer., .. ..
adenocEerihagiac meatiol gedly SORMScHYEIHomEEar o idh Yehthyiags gg?ﬁlhgﬁﬁt}on
adenos r &4 E}R)"&F‘ &NQMEpopBlaASHBEY § QBB in M@ RS i
carci n%@ﬁﬁgga&%el Ofgﬁgﬁﬁl@ﬁ f%lccar Ci r?(l))?ma; st omach clgngears suchn as but
not | i thietagmbuhnof thelearsencatis mondescifibedgadrang (pol ypoi d), ul cerating,

superfi ci al ding, diffusely. spreading, .nmalignant | homa

| i posar com[om?ﬁf%%"&?ecgﬁ%?‘{@ﬁ@s’ctg? g{“r‘?%ta?l ,encog I%ﬁ%ﬁ%@p LSenjig resglts
cancer g, fiN&lonGANEEh Rk SHaS B8 RubelNfla letidtiondn i BaPaisese eilpsgulapnci noma
and hepat obl astoma; gal | bl adder cancers such as adenocar ci nong,;

chol angichclargdmg mesistani chncgs stom coblst I tertaim gmbedipgpis) thergduction i the, buling

di ff . lur . h - . I |
Car of niRe s 568 Faeer bR oy Nl S IRl R AGhe SRR LBE g

smal | - sehulatl oA theRRINEEdrug k@ Sstint Ghiter Stamasells; o digdredsctiontin tiet bulk rir@dizeo

germ nal” tunor, sem nonmm, anaplastic, classic (typical), spermatocytie,
nonsem nonma, enbryonal carcinoma, teratoma carcinonga, choriocarci noma

(yol k-sac tunor), prostate cancers such as but not |limted to, prostatic

i ntraepithelial neoplasia, adenocarcinoma, |eiomyosarcoma, and

r habdonyosar coma; penal cancers; oral cancers such as but not limted to
squanous cel |l carcinoma; basal cancers; salivary gland cancers such as but
not limted to adenocarci noma, nucoepi dernoi d carci nona, and adenoi dcystic
carci noma; pharynx cancers such as but not |limted to squanous cell cancer,

o o o " L, T T T 1



WO 2011/ 031890PCT/ US2010/ 048308 - 21 - T-cell |eukem a, acute nyel obl astic
| eukem a "AM.", acute pronyelocytic | eukem a "APL", acute nonobl astic

| eukem a,wacuti3esvyt hr ol eukem c | eukem a, acut e negakar yoblmsstioo4dseskem a,
acut e nyel ononocytic | eukem a, acute nonl ynphocyctic | eukem a, acute

undi fferentiated | eukem a, chronic mglsocytic |eukema "CM.", chronic

| ynphocytic | eukem a "CLL", nyel odyspl astic syndronme "MDS', and hairy cel

| eukem a. [ 0064] Non-limting exanples of |ynphomas that can be

pr evengedredtidiRal RO thelBaHRF RN AQR dpdpulARaoLHRRE rabuttiod he thetdass &dll the
invention include Hodgkin's di sease, non-Hodgkin's Lynphoma, Miltiple

ny el oneepulasionesrs t merifasedraeriodicdlbul i Asardinglpe iy pne eambedgnedathe, inygefion

Pol ycyt hemia_ v 6 odi it i ng

or evertaarteg p gy of psyentikuldh ARG TRy o WIS ME e 19,
solid ¢ommrisind-X@rgensifiseiing @b hdubjeoDinscbd dicradonb@r Py doseadchf ahrefaties
and/ or managed i.n accordance wi th the nethods of thﬁ i nvention ing%ﬁge, but

are notMPYIHOL SQAivRy MFtE ABSRILG APEMORorIEhe srReer FiFPESH moBRaLion Avhte S¥Hr cone,
ost eogG ¢ sBRaMHk WP b;&? hﬂ&nﬁf d@gﬂ%,%ﬁ[& Qffer ackRARLAGLA BPALERIR numﬁ)er of

| ynphangl osar conm, 't mphangi 6endot hel i osar coma, synovi oma, nesot hel | onm,
Ewi ng' dostuiamd pribetootiy eslaricistmatjonr dfab ddnsyqeat dosea and (. aletecting @f Jeastod 6Yect al

cancer, Kkigdney cancer, pancreatic cancer,.bope cancer, breast cancer
ovar | aORHER, (e FREEL HEm R GaPUASSR pREHIRE i ESFSAN CBREE RSB S 0y a
cancer ghe RakAmbR5SE in the BiK)8dt by3ESfing SOY AIRY Beblbdry car ci noma, basal cel |
carci nonm, adenocarcinona, sweat gl and carci nona, sebaceous gland
carci noma, [P4p8]) Inacsrtaimrepihodinagnipatbe | dnzoupt ad enegiszanc pheedivin meta arsenite

cystadenqcar ci noma, nedul.l a r ¢hJ)o n ggRl, C r ghno nal cell
i i rand Rebleorin hrvumdlnly ST TR orraearar b bR o g
enbr yoysl, 86, CoNees5% VB8%Esr doBTRIducE@! i ®8lcaf@PeRin cdll populdionadiehiding
testicul ar cancer, small cell Iurbg carci noma, bl adder carcinoma, |ung

cancerdrugpresistant sganesir siemorells, giidortke byl dBmast e nlion iCKYRMS, BsioRcyt onm,

medul | , G AN | ql;(g{] g,Dj!% | nead o 0
henang‘lg)rg%@éqg rgtgrfat,hgég%ﬁl}%g pggdhtgg{rl%glnﬁa’ppg [ g%é ndroogggia)f’gang% %ﬁl %Sitgn%),ﬁ’s% n
cancer 10%®d 99%ya, 10ne 800§ |aalst-6078, a d0%-4086, nDDta9%BE20%-80%, 4 DOBEJ0%, an

enbodi nent , 0the doosa e of . od@)um et a %r sgnti adm nistered to a sueg' ect to
preventV o0t 2 AiaPgre mage e afic 8r P Hh-% paereriion; & s Ak SiER ¢ Ls,
such 1!3%15133? . S l.ess, 1,9 / kg or
| ess, a@ ngllogg{r{o%glﬁgs Eﬁ%glb%%%ﬂ kgmocfl'ég [Sfeafsns !,cé%i ann‘g?%g{élr@tflg%é ,5%7%0 Ir?g%?gig or

| ess, $scifig/ekthodimérgs she G@imey teguloy inl at deast £5. 1agl.Rd, %y 24, @ss, 350-,159/ K, or

| ess, 45 / or_| , / (o) ess,..35.ng/ kg or less, .30 - 22 -

ol kg 7 P E- D DRy 20 R oid ER Gy i Beschndls s oporlatioh. 1o

%; kg fﬂElu'dﬁt%sdrug rré&is’dfrﬂ/c@ﬁce‘r &fctn cdlsD afi®IHebUIK thifSSsize? [DédfSe ShibdbdRSnts]. 5

kg or less, o kg or less of a patient's body weight. For exanple,
sodi untheeeductipseini the camar femadiipapelaéensd inauding drmguetistant caheer stehgecllsf from

b 1 g/ b [k b . / b [k
From ot 1S shBpled buah i o Wi oo laptt, 0o ot BB, % 12

dosagemghth§ Odk WonRY, Rkl B61tht.e1 g6dH Diyehiel 80/ehl, & yeulj &Gkalsorpitey@i of t reat,
and/ or nmanage cancer in a patient is a unit dose of 0.1 ng to 20 ng, 0.1 ny
to 15 @dminpiratipnyofthe 1eBimgn. 0.1 ny to 10 ny, 0.1 ny to 8 ny, 0.1 ny to 7 ny,

0.1 ngtob . . to 12
v, 025 1 oUBEPl g 55 Of Bl s B b E Flhce R phik 2 line e &%,

t o 2. SNegHlinditing é&anflesnpf 3udhy hahdds nplude rimagimgl Znetigndsl (a1g, t condfitedy, 1 ng
to 8 ng, 1 to 7 nmy, 1 ng to 5 ny,, or, 1 to 2.5 ny. [.0068] In
cert ai W“&gﬁg’gb’néQFE, magaclifo STAEIABEC SBHRHG Z&Q?’ar‘gté?ﬁ’%d’aa?ﬁaﬁi SPégE® to a
subj ec nt r gan c I sdafis)@ 1 eRfeticds | k.4 he
range %?&%?O%E&Fg’ l%EE/ %Ps,agﬁtﬂ%{cgﬁfy%%%l ?)s,ﬁ@i Shda?ﬂ’e ?g%dgljemg%ﬂog.s l&g mnR to
7.5 gl cat@nosodpy, theorshbjoepy, endosapyeihybical ¢xanonaiosnfeqli prestate ehmitkivage

adm nistered to subject is in the.ran of 0.5 g/ n2 to [ n2..or 1 g/
10 to Begr arph g o vaip s EXmbgILT alipaie’ el 'l HanTiieR o
embodi pERES palpiBod), BRI 1BGS (£al brostpdsmkifichaiiape S Aptdsy cefciehbynaimount
or regirnmen of 'sodiumneta arsenite is adm nistered in conbination with one
or nore additional therapies. The dosages of the one or nore additional

t herapi es used in the conbination therapy may be | ower than those which
have been or are currently being used to prevent, treat, and/or nanage
cancer in the patient. The recommended dosages of the one or nore
additional therapies currently used for the prevention, treatnment, and/or
managenent of cancer can be obtained fromany reference in the art
including, but not limted to, Hardman et al., eds., Goodman & G| man's The

o o o -~ o~ -~ o~ —yr g m o A M~ 1 A A ~ " 1T T Al




[ 0070] Exanpl es of additional cancer therapies include, but are not limted
to: acivicin; aclarubicin; acodazol e hydrochl ori de; acronine; adozel esi n;
al desl eukwo20al@BIbam ne; anbomyci n; ametantrone acet at @CT/US2010/048308

am nogl ut et hi m de; amnsacrine; anastrozol e; anthracyclin; anthranycin;
aspar agi nase; asperlin; azacitidine (Mslaza); azetepa; azotonycin; WO
2011/ 031890PCT/ US2010/ 048308 - 23 - batimastat; benzodepa; bical utam de;
bi sant rene hydrochl ori de; bisnafide di nesyl ate; bisphosphonates (e.g.,
pam drargee (CRA9drstapancepditiganc(CmEdt 2 adse dBantefopsiteinz@ Rl tinercfumciich
(Zoneta),. al endronate (Fosanmax), etidronate, jbandornate, c¢jnmadronate,

ri sedr@%‘é}’ One A OM ‘%}Hﬁﬁﬁ% %g-s ?no?af%sl matgipgisph Mplignaneies) gx,sto,gp@a ar
sodi UngytBI6eP dnlifoRecytsyy f an; cactinonmycin; cal usterone; caracem de;
carbeti’'mer; ‘carbopl dtin; carnustine; carubicin hydrochloride; carzel esin;
cedef i ngol ; [00A0 pInasdme embodimenisethediudk twnepdize can be inedsiréd by assesingenat ol

nmesyl at e; ,cycl.ophospham de; .cytarabj ne. (Ara-C); dacarbazi ne; dactin cin;
dau%or]ﬂaﬁ%i ﬁ@egrsbzgﬁp rpret 18%8?% gﬂgeﬁg“’%ﬁhﬁ )eH??gl%rfE?tﬁE}‘?sat i ]gnsﬁif ms/;
dexor n@nbaiinents (@2 ABLAHh B afepABMARIING J¥BSMhleCiwith ithe RAYIAS EIgRafiaxe! ;

doxor ubi cin; doxorubicin hydrochl oride; droloxifene; droloxifene citrate;
dr onostaissirdaeSPido pronest REESEY dmjdslines, ovlzich excases; fosh [inrThierdsiqad. et al,

hydr ocd ide; inhibitors: e ' iLn: . eqlopkatin;, en ;
oo RiafBae A 401830 G,y ST bR, BTRF AGR

hydr ocQhmy. ilak; 9BSY,r 2053146 (BH00%S Fod fiktdricB einpkesititaéBbeditientd] lesloasiiglago! e;
et oposi de; etoposi de phosphate; etoprine; fadrozol e hydrochl oride;

f azar apioist thag aresiepreserative of Rk duper: sizg gaselesied sogheshratee; atileaso otk aci | ;

t1 Uor oci S y : ¢ . . ol . e
nydr ochor YR jor@Rd diifhE: oy BREGAS firfbr0 ttidhe AP Reh I3 WituicHELEA LA
i dar ubtechmqueg dre okddofe. gleconvensdrahiCdescan) RBT asam esonk rvedri, MRI o sytaa) end

G eevec, Givec);. interleukin Il (including reconbinant jnterleukin I, or
5 1L2), leflﬂ{l%ﬁhmrsﬁf Eﬁﬁﬁa@@,m it #c&esﬁ d&l&ﬂ%%-aégaseﬁtﬁ? Sk s gty pen
i nt erfﬁ-ﬁ@[\(}@s@&}ﬁﬁ[ﬁé et erferon beta-1 a; interferon gamma-1 b; iproplatin;

irinotecan hydrochlioride; |anreotide acetate; |enalidonide (Revlimd);
| et rozol e; 1086hr vl soive aarahtcaliraents,i ar emaiieatiopd pb dimbging diechrdiguest arek strusodi um

| ine: | h hl ori de; | . ine: .. ..
rechi GPBURLAERENT GPOCT BB Sanes ersaerpgupa FBIG A Non-Uiming
(Medl ngranpldsnet. such BéramahikeRahclBH® bidsaitd SfeciiR. anieR 2R3 34RinodhibEfdnics

i ncorporated herein by reference in its entirety)); megestrol acetate;

mel engiiged (Chébrancss anigoprErad 25 rsdadpbarfetopratein 40Bpuri ne; net hot rexat e;
et hot r exat @30 Him, IRH AP b e B LI AHL B pe Ui Heh oML QEALE s
mtocrom n;"mTogillin; mtomal Cin;, m orry& n, m%osper, m 1 Ot ahie;

m t oxagubjeanih teyndystngt) ki hethod oy pfding admihideing; tonhe outagn lagherapgpicaliy e n;
ormapl atin; oxaliplatin; oxisuran; paclitaxel; pegaspargase; pelionycin;
pent arﬁfgpmﬂ%etwﬁlé:pwé%t% AUNGLE; TeBERT S il BFRoBEeHiEn; Propasiiddan;
PI I OX a0k A€ E&iﬂfn%?é}lrﬁ dofiftrm RlelaGRABARE T t}E'sﬁBf‘gétta‘%Hﬁées. gﬁaﬁ't%f 1398l Te
por firomycin; predni mistine;, procarbazine y’ rochloride; puronycin;

pur onymaxinwyd taetatedr date ;(MTDR4r equay tazoflessi than ithdo bpr obveerved cagivetse rdaffdet;

safingol ;.. i I d | ofide; senusting;.sintrazene;, sparfosate sodium
cpar ooyt FRONHLS gEHe KR i e eRsrits 5 PBIRALY e S AroRP At it
streptpis@ii dyse Thé@RIAZL@ISN; IS i REbodin@intsS WY phébnt i€ GRIALARISRHL WM
tegafur; teloxantrone hydrochloride; tempporfin: teni poside; teroxirone;

t est ol therapeisicallh eHedtiyeianmunt of @ gecani apti-caico aggd, such as daantingantérragealz am ne;
toremfene citrate: trestolone.acetate; trici.ribine phosphate;

i morieaa e 651 fos pEESeg) G BF Sulidin rimitiop o S S TR gnger agent

hy dr ocdahQeiadfiinisterdi similsieadsly, afeeetentr ty aRhRRitiaten o? {Idi@RAidid fsenite.

vinbl astine sulfate; vincristine sulfate; vindesine; vindesine sulfate;
vi nepi di ne 9053lathe NQAR1.yasi deigramingd) in animal\stydies, ineitereused| for determining el bi ne

tart r%gg%&iﬁh&s'eﬁhxﬂﬁxeﬁgﬁ gtéﬁing\r/d;(%é %# flAgn %Hhifcé‘iteﬁ%i(l)s‘é?f‘h%zﬁb%EL g&léiapéeat i

zi nost a zorubrcin ncertarn ments, So m net a
ar seni éxterapolytefiao dseening hoarahidqaivaznt dodapesc(HRIDSI Typitaliyt bech éxedpelaiors of
primary or secondary cancer, such as |ung cancer. [ 0071] Sodium neta

arsenite and the one or nore additional anti-cancer therapies can be

adm ni stered separately, sinultaneously, or sequentially or in any nanner
best suited for tolerance by the patient. The conbination of agents may be
adm ni stered to a subject by the sane or different routes of

adm nistration. In alternative enbodi nments, two or nore prophylactic or

t herapeutic agents are admnistered in a single conposition. [0072]
As part of the prophylactically and/or therapeutically effective anount or

o, o o .



to, western blots, inmmunohistochem stry, radi oi munoassays, ELISA (enzyne
| i nked i rnmunosorbent assay), "sandw ch" i nmunoassays, i nmmunoprecipitation
assays, pwechpiasisyor eacti ons, gel diffusion precipitin PeaaS2@0H48308

I mmunodi f fusi on assays, aggl utination assays, conplenent-fixation assays,

i mrunor adi oetri ¢ assays, fluorescent_jgurunoassays, inmunofl uorescence,
protein A immunoassays, flow cytonetry, and FACS anal ysis. In such

ci rcunst ances, the ampunt of cancer stemcells in a test sanple froma
subj ecbetWByn bgecitstags BoiRGicl boasBaHedbséddat &8 WHokaliRdlth&odiBUiThcefrest €M
cells in a refgrence sanple (e.g., a sanple froma subject who has no

det ect Gist-emeander Y dibe¢ific serphadiaeris.nihee NGt ley arfc deteaniped iy cithert icepat i ent
hi n1 he l ti. [t Q. IO I.n py) .
L0074] Pt sl Rrf S sl i A o0& iRl hrit ey Wroihis ekl

sanpl esquitrelinn@tkef s, babsone g iempigsend minipiggoBorar dikeustion bh sisuek of NQkeEks m ned
by flow cytonetry. This thod exploits the differential, K expression of

cer t ai S efaPETaRRIRER do el Mgl FAERICS (1es 5Fe COBIARHD FHUIMEURY ¢ he
turor . plehalecn N AP SakesAring! U B5 R ERLACHIAS Ko EhriSuiseth € O
react wwth the cells In the sarrpr}e, and the cells are su%seque tly sorted
by FACSdulttHeally Viohurgeens (&8bDedparendrs ofl Healtthiand tHummnoServeks Feod fiad Brgar ker s

are utilized in order to ternm ne the a nt aof r. stemcells ip the
canpl eAdERSERdR Canen P Thug; EYairueRaibdtrraeh CEDERoherErnREba dised t o
as5efsSTB)HQOIQQP,UMlyOQOG@nﬁﬁor&hgm 01_8| bStalih érﬁt%dﬁﬁéﬂi&,ethec%'giﬁén Sé&ﬁ’ﬂrﬁs@i I's for
specific tundor types can be detérm ned by assessing the expression of

mar k er sdrinistanges therappnat aldose lephthee thaHEDe nbordnstennes thet ineentigrmrevides dor
cancer _st.e ells and their associated rkers set.forth in the.list

ol ow Mol ro G ARE ok Mk ee R AR R SR TR TR da AR PR s HhiBod Corhitfitd pes
associ glgiistdring 10akisabject P ased theesdiice prophflabidalllestk eritapeiidlly difeefisd Brain

Leukem a (ALL) Ovarian Miltiple Myeloma Chronic nyel ogenous | euken a
Mel anoBOEHerRdygimea of sodium meta arsenite, the method comprising administering sodium

meta arsenite to the subject at dose equal to or less than the HED.

[0054] In accordance with the invention, a prophylactically and/or therapeutically
effective amount or regimen of sodium meta arsenite is administered to subjects with or
expected to develop cancer (e.g., subjects with a genetic predisposition for a particular type
of cancer, subjects that have been exposed to a carcinogen, subjects with newly diagnosed
cancer, subjects that have failed treatment for cancer, subjects who have relapsed from
cancer, or subjects that are in remission from a particular cancer). In a specific embodiment,
the subject is in remission or is cancer-free as measured by currently used techniques
including, but not limited to, physical examination (e.g., prostate examination, breast
examination, lymph nodes examination, abdominal examination, skin surveillance, general
palpation), visual methods (e.g., colonoscopy, bronchoscopy, endoscopy), PAP smear
analyses (cervical cancer), stool guaiac analyses, blood tests (e.g., complete blood count
(CBC) test, prostate specific antigen (PSA) test, carcinoembryonic antigen (CEA) test, cancer
antigen (CA)-125 test, alpha-fetoprotein (AFP), liver function tests), karyotyping analyses,
bone marrow analyses (e.g., in cases of hematological malignancies), histology, cytology, a
sputum analysis and imaging methods (e.g., computed tomography (CT), magnetic resonance
imaging (MRI), ultrasound, X-ray imaging, mammograph imaging, PET scans, radionuclide

scans, bone scans). Such subjects may or may not have been previously treated for cancer.



Prostate Cancer Stem Cell Phenotype CD34+/ CD38- CD44+/ CD24- CD133+

CD34+/ CD10-/ CD19- CD44+/ CD24- CD138-/ CD34-/ CD19+ CD34+/ CD38- CD20+

CD133+/ RGR6® 2€M8199a213] hi / CD133+ - 26 - see Yilmz et acr/us:@oAhssbam |y
mar kers are conserved anong hematopoietic stemcells fromold and
reconstituted mce and markedly incredase their purity,” Hematopoiesis 107:
924-930 (2006)), such as CD150, CD244, and CD48, and those markers
disclosed in U S. Pat. No. 6,004,528 to Bergstein, in pending U S. patent
appl i cat i on[0866] InNmne @BbethBe@86 thaaptuiically, Gfechue emounmp regimeanoy sPdibin cat i on
Nos. 2006/0083682, 200768%36800{,1 .Zgogl 0.036%01, . 2007/ 0036802, 2007/ 0941984,
2007/ BRI Eria STIHHETILB0n S I AR EROMEE PEOR RIS G REreh by

ref er epgvena Wb cBRder FRIY or REplasng. In dabk@fid entodihént, PaherapiuticBllP04, 528
and Tables 1, 2, and 3 of U.S. patent application Ser. No. 09/468,286 and
U.S. Pefifentive Auppuniapt gagimenl b€ sodawn NBsla 20061008 F8HnisEomly 1008 680FCt
2007/ 0036801.,...2007/00368 7 7 804.
[0076] STRUQEI AT CARBIE REkeS HarmaY R dmof et HAERP 1o Blor IR el
dye preahbedimeian berapeatcdlly effenmive famamocerregingsn oflsbdini nietenarsenitdBiis ef | y,
two Hoechst dyes of different colors (typically red and bl ue) are incubated
with tedBmisieard o aTREDIRed rRedhre SYUBSRIY. P | TS0V, ac BIMRAr PIsBFPPISE 2Bt 10 Soer

cells, erﬁg&{ﬁn@ﬁ@{{gﬁgg%g%g/&:tdﬁg%%#yps on their surface that allow these

cells to punp t ack out the cell. Bulk tunor cells largely have
f ewer of thEYS6PImpspedfid eatbedinieat,ed treeapeeticlyvaffegtipo simbunteorf mgimhére oflye,

whi ch can be detected, by, flow cytonetry. Typically radj ent of .dye

posi ti Py aysende isirminiraed PosPicsisethad WUL A Op Rave ersis et i r e
popul a&fegﬁs ofmﬁ)ﬁ% lifest Sul) P& S hiaoscTRNARN e 3dcBiVed %héxﬁotﬁe&pg,qm'oﬁﬁdhéra%; he
dye- or yg | ow (dyel ow) popul ation. For an exanple of the use of the

Hoec hséenddgrebiphogicat therapy mehding mnnneotherapens awilll asothosg wiodwive usdengbag i on
see oodell et al., "A leukemic stemcell with intrinsic drug efflux punp
capaci t987M- acute nyel oi d | eukenia," Bl ood, 98(4):1166-1173 (2001) and

Kondo et al {0_05‘7]313{ sh&henembedining BkhergRptitalyl offeddive Canat &t eginhdrkef cells
inthe C6 glioma cell line," Proc. Natl. Acad. Sci. USA 101:781-786 f2004).

I n t hi sodigyp méth eysenife dhadmipigerad do subigets dhat gvidke gEupTehevgnicesived By

anmount - - ] '

e S R
enbodi R subjetsSathee (Rathave gectived chanothanprbnd/ossdatieanidrapy & welllasanpl e
or bone marrow sanp] e) obtained fromthe patient is cultured inin vitro
syst enthopeWhQ §ausURASELORS SBEFTYst em cel | popul ation or amount of cancer stem

celI's. For e gfiﬂa cetrtélﬂgrﬁﬂﬁﬂ{mérﬁ% e§ Ei‘l‘ibrl‘i’ﬁf‘eu'ﬁE':.ld%)J EAECRR &Rbdnt a&afe]girﬁéﬂj of he

anount of c stemc S can correlated to the ability of the sanple
t o gensoditre meth anieese &f administeredat a calbjetiewho bamfailpd oo untetictofotonye or
formation i s consj dered . a surrgg%te rreasuri of ste cealply cont&g{atlgargg t hus,

can beMPEeHeraBIEs\ip 06 FILEIPREGAES A 8B OF T80 10 dtpcrapy means

some significant portion of the cancer cells are not killed or their cell division arrested. The
determination of whether the cancer cells are refractory can be made either in vivo or in vitro
by any method known in the art for assaying the effect of a therapy on cancer cells, using the
art-accepted meanings of “refractory” in such a context.

[0059] In a specific embodiment, a therapeutically effective amount or regimen
sodium meta arsenite is administered to patients with increased levels of the cytokine IL-6,
which has been associated with the development of cancer cell resistance to different
therapeutic regimens, such as chemotherapy and hormonal therapy.

[0060] Any type of cancer can be prevented, treated and/or managed in accordance

with the invention. Non-limiting examples of cancers that can be prevented, treated and/or



guantitate the anobunt of cancer stemcells. For instance, with

hemat ol ogi cal cancers, col ony-form ng assays include colony formng cell
(CFC) asswppiliomyot erm culture initiating cell (LTC | Cpcagasays/o4ssngl
suspension culture initiating cell (SC1C) assays. In this way, the
colony-formng or a rel ated assay, sudB-as long termterm

per petuation/ passage of a cell line, could be used to neasure cancer stem
cell amount pre- and post-therapy to assess the change in cancer stem cell
anmountmanaged my ateopdanae gvitke thet ingentjop includesglenkamias, such af bov 8pt limitgd dpeci fi ¢

enbodi nent, the.amunt of cancer .stem.cells is detected.in.vivg in

subj ed'c éﬂ'ﬁ‘&% ?ﬂﬂ?i ﬁ'\g'tprc?%ytbco A% aflﬁg QYEIEY s ﬁelﬂl%e)mlgsd mgl}ﬁlhs tag?ri ng to
the subiQeblagift %Fcfrﬁféléé&fﬁc,amﬁﬂindhbcﬁid, aRsoeti& aaﬁaeér¥ﬁﬁ@em1&ﬁiib GOk lRds

bi ndi ng” agent fhat specifl callgbbl nds to a cell surface marker found on the

cancerandtmeyaledsisplesticasyardiom)e P8 chingia leukqmips saeh axgarnot hmitadtos ghgoaict

followng a.ti i nt er.y. ffichent t t e .
concerttydedts: (Erb RSP bl it Bhoqlle JSRenfechaly BMbuldiy

mar kerpdlgcydheptie $6@¢ lynphoas suctaact Wot Himitad so Hobgldh selidease; hen-thdgkin’sst em
cell surface marker-binding agent is adm ni stered ﬁ[10, t he ?uglj'éect accordi ng
to anydisa@pe;amuBiphe AN ShL 45 (but gt lanHedte smpldetinge PRIRIC (RYRlAMAS
intrav ' aperd Y cc Ceapii t his. egbadiyent
the. of RASRRy, Byl “RRKCLABRRL oyt ool Bk, e et on
of t heplagenrtytdnia tdhd subpeedullafini plasnanytimayi Waldensgrosts omdémglobulinenaa;
particul ar subject, the | abel used, and_the detection t hod enpl oyed. For
_exanpl‘é?n‘?ctloqaé gﬁﬁ’&é??é{f‘do‘ﬂfa}lﬁ!ef?{g“%dt Slgwgfaqcﬁe%?i"%‘é IBCPHQ[CTF? agg?}fl@@?a d t he
| Magi NG5y haM HsEsk; Woht aH&tBhMchfe tilieaRibias Ghch absletoannéd ressiad to
detect the agent in a subject using an inaging neans. In the case of a

r adi ol sbminey @stpesdrcéa, ehdndnasarcsnts) doving ishearenmen malignank igéané el geirtor,
admnistered is asured i.n terns of radioactiVi.t for anpl. about
5o AP o f diorgy capsgtimt i ik SRR st by B ARG ot on
of 1 hE(th'eﬁalaﬁé@@hr@&ﬁé)E nbicRhrchas UKApdai’ e Narkoma) | letiniyvearcaie) eliba@eninal 0
concentrate at siteés in the subject where the cancer stemcell surface

mar ker lyimphengiossseoah, wichtilopamemalerhebdnmypsaisoniay syravial s8roma; ryp BeR| e,
the type,of l.abel .used, .the o] ] ni st i e t he
subj ec{{‘clé‘ B%Ji}llgt Rt lflgtefingogegl? &ﬁaﬁ fﬁ“%’gﬁl cul %@Me%‘g%%ia@%rﬁ%] %I%ga%?lrgr%la’

i nt er v@ligddBdrogSorgalf f ifinghdl i Stufhok,0 4ftobgler S, ndirinoma4 hoanephayngiome, 12
hours. In another enbodi nent the tine interval is 5.to 2 day]fgg)ﬁ1 5 to 10
days. mheuljpblastomie BENNEOM2TUNASY (O8iTe PNERDEANURY | PSRBT CE Ha? RENOBndi ng
agent AN NEAPSRGIGH: bk A0t B Cucti? CAlinof A LG IREAS ARt frhdlp ATt
I n generaﬁ, the |mag|%g neans enpl oye epend upon the type of | abel used.
Ski | | egklBrdarcndtaa, wintrhduntal adak@ndroa, datdullirn drdake cappr, apréintus breast scafiest,

detecting a _particul ar | apel. Mthods ag)d ;c?nég - device thaﬁ? m%% be used
i ncl udeibulghtbrease cARAer PRRINEY Prgast Rt S48T ’ﬁ?%?ﬁhﬁné SRAST e %adg scan
such ag,REs dqrail \%ﬁhc%ﬁls%h QR RR N1 phERARGhSS 1R SPAaEEEndcOR BNy

ic

(MRI), an 1 nager can detect and |ocalize fluorescent |abel and
sonogr egbigomanthyraip eender sudrbo Hitmeettlimit¢retoc papiliary or dpilicular thyieitgeacer,

mar ker - bi. ndi ng_ agent is | apel ed w th a radioi . a i.S t in the
pat i en{r’egl'ré]l?%%&yrggld?@f?roﬂ’ %rga}ggaﬁé\% It/lgrrgﬁgrcdipggr %lgé]cggaﬁlﬁ rr‘%%f ér( fSragtco glﬁ%gt al .,
U S. Paitedb, iRyufifldm@oktrinbhad fREARhoSEDAPHME YomatdieatiiaReRting temors ehd
surface nmarker-binding agent IS |abeled with a flugrescent conpound and is
det ect eatcingid; pre isheitdelintumes; pijuitary |caBeess Sedhcas bek fanvie Geshig hgisease
instrunent.. I n another e i t er stem.cell

mar ker PERRIPREC B0 Sh e PRRHIeBEs:, ppd G oERR ifpab B irke SRS buy not

det ect pahited té BeulpAeBRbmMdSSubly apdds nctioma) stsreidalt melagomphand ¢idiayebodnot her
enbodi nment, the cancer stemcell surface marker-binding agept is.|abeled
with amstanamagriadi setingblastomy VagipRlt 631GEE SHC "E?atsﬂgﬁflgllfs ?“ﬁg fAghatee
resona ' ' . ' ' bR iNOnY:0 nfeBahoriaV 0)
nssaye s BALiE, bfdinoms juldbiafier A% 4e3aHrhR SRl chftiddinkprichihokiol 2}
cancer addnemrciebing, baal dedl dasodbrba saombendPegetds distasen ceplicad cancersy el as o

eval uate the prophylactic and/or therapeutic utility of sodium neta
arsenite. The results of these assays then may be used to possibly maintain
or alter the cancer therapy or reginen. [ 0080] Al publications,
patents and patent applications nmentioned in this specification are herein
i ncorporated by reference into the specification to the sane extent as if
each individual publication, patent or patent application was specifically
and individually indicated to be incorporated herein by reference. Ctation
or discussion of a reference herein shall not be construed as an adm ssion

1 . o, b oy . \/7AR AN I~ —— r 1



20C. GRN163L was obtained from Geron Corp. (Menlo Park, CA). A 10nmM wor ki ng
drug stock was prepared in PBS. [0083] MIT Proliferation Assay:
Exponent iDI2911g3880 ng cel | s were harvested and pl at ed i RCIASAE0/04§30%t es
(1,500/ well for DUl45wt, and 2, 000-3, 000/wel| for DU145/ Pac200 and DU145/
Doc50). Drugs being tested were added gf. concentrations ranging from
0.011AMto 1001.IMto asses their growh inhibitory potential. After 5 days
of continuous exposure to drug, the vital dye

3- (4, Sbati metlhyitddioa z@handoug Iet Zabeigbirpd) eyl | ddehdscazandmrhemfedeancd Buctwas added
to the, plat The conver sion of MIT to purple forrnazan by viable cells
was neagw%gl%qdnf@ endapsisial garcmomacandatigiane sRrCEBY MRHARY CAR Wish @Rt

G owt h ory
concent o Ha%! YELEREENTBLER (B R GIR wirth SR RISLAY ol ofe

Pr et r ekmenesaphageal lcaderse suchDidldBwiot dimolitddUb4 5quapamBO@nce] bddrion@sinegrag gr own
i n nmedi reated with KM or 163L at. their, 1C50 and 1 C.100 values (in
[ enals oD, mHSoURH T KT N BB SHIBPEL! 5 Oas  de
popul afieRRoRE Siismacytoma, vERO&RE calcHBnEO MY &ticem (Sﬁ%ﬁpdéﬂg SMLinbRA! bihgAtn Vi abl e
cells were count ed 8’106/’tube necessary5 and treated wth either H33343 or
Dye Cyednsenyi sicht ag bay)not bomhied ytes admOcarcmohfae rfengdtiage(Hodtpesdn wdeeatingel | s

(Slde Pa at.i on) .and re cells to oI a describ b GoodeII et

et PR R RR o TRl) Spfian: mifiEndl TS g |
Thr ee Mraaow&n@rb@ldtz@@ca@cfectan Qencefd meﬁcmmls«a@h AB®uyast imaad %1 with
DCV only, another was treated with DCV and 50 1AM Ver apam | (PgP

i nhi bi henajoceliylar eaeinpme tandispatpblastemaigalibladder eangersouelvaFadenoearivegian C

FTC, f
Eyt omeb e Skl AE pEHR iR bR A M HIRE R B | D
f1 ow cychnad aon-shall OceliMurigotaiced, agaimexs icéle tatdigorhXCVesld@nid i fiimgna)ar yl ng

wavel engt hs based on cel| differentiatjon. Detectors at 450/50 (blue) and
680/ 3oa<?qne%ercmﬂ%* lBegsresll qorcinint epe gmakvell dung: FRnGSF 19SHLB PoBATICRTS SHeh 8° on t he
scatte t

(Pgp) @;t%d%éu?%%ﬁ&?k%ﬁ?le%ﬁt ?éggﬂﬁgg’ é{r? lah gﬁlé{g?%o{?ﬁ)zéﬁzo ?H;?sa’?ol | ow ng
rout i neonsemU®IW esmbxypndpmampmmaabelrdtmga EafAM@hE Ichokideartinbimaaiyak-sad t he

Ca St Cel | Ca th t udy,
e e BT BErrE PR ety bl Y Juniie kb Rrastalie, PEIPORIAPPlERE  ha

ATP Bi nibnBehrGasHe! leRnlydBtorhk, m%aﬁ&mﬂ%&:&mgﬁﬁp cafCerdedi8l tAgALishaed i n
the follow ng prostate cancer cell |ines (parental ), DUL45/ Pac200
( pacl i #sabusinot Bmited 40 squammig cElUtarsinomes b@at chycens asedivaryegpnd eancyrs such as

[ 0088] X d_prastate.cancer cell 0200
binas, Bocsh BRURE! o PO GeRiiRNS ameERenssrhbRE soat e on HBOATR

was f ottéeinbial pHadikdéanbas 20¢h anishie ot lidded Roshntak sl bawer, amu%bfu&@fsge SI de
popul ation (Figures 1, 5) of about 40 to 60% of their whole cell population
consi stkéhcangerssughas rbybe@mu@d thdesalcaly cprsiionida sguasqus sel garcarameatd om

TS aEARRRE et S ALY, ol By o i o

melanoma, acral lentiginous melanoma; kidney cancers such as but not limited to renal cell

carcinoma, adenocarcinoma, hypermnephroma, fibrosarcoma, transitional cell cancer (renal
pelvis and/or uterer); Wilms’ tumor; bladder cancers such as but not limited to transitional
cell carcinoma, squamous cell cancer, adenocarcinoma, carcinosarcoma. In addition, cancers
include myxosarcoma, osteogenic sarcoma, endotheliosarcoma,
lymphangioendotheliosarcoma, mesothelioma, synovioma, hemangioblastoma, epithelial
carcinoma, cystadenocarcinoma, bronchogenic carcinoma, sweat gland carcinoma, sebaceous

gland carcinoma, papillary carcinoma and papillary adenocarcinomas.



[ 0089] Taxane resistant cell |ines DU145/Pac200 (highly pacitaxel

resi stant) and DU145/ Doc50 (highly docetaxel resistant) together with the
par ent al wel2b1ld3m®oDUL45 as wel | as the androgen resi st aotr/usanosus3oe! |

| i nes (LNCaP/ C81 and LAPC-4/CSS100) and their correspondi ng hornone

responsi ve parental cell lines (LNCaR@nd LAPC-4) were tested for their
response to sodiumneta arsenite. G owth curves fromstandard MIT assays
showed that those cell lines respond with simlar sensitivity to sodium

met a ar seni 0061 el grophglacticallleind/wdr thegrapasicalipréfect{veainhelnt. or regimen 6090]
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thyroid follicular cancer and teratocarcinoma. In some embodiments, cancers associated with
aberrations in apoptosis are prevented, treated and/or managed in accordance with the
methods of the invention. Such cancers may include, but not be limited to, follicular
lymphomas, carcinomas with p53 mutations, hormone dependent tumors of the breast,
prostate and ovary, and precancerous lesions such as familial adenomatous polyposis, and
myelodysplastic syndromes. In specific embodiments, malignancy or dysproliferative
changes (such as metaplasias and dysplasias), or hyperproliferative disorders of the skin,
lung, liver, bone, brain, stomach, colon, breast, prostate, bladder, kidney, pancreas, ovary,
and/or uterus are prevented, treated and/or managed in accordance with the methods of the
invention. In other specific embodiments, a sarcoma or melanoma is prevented, treated
and/or managed in accordance with the methods of the invention.

[0062] In certain embodiments, the cancer being prevented, treated, and/or managed
in accordance with the invention is leukemia, lymphoma or myeloma (e.g., multiple
myeloma).

[0063] Non-limiting examples of leukemias and other blood-borne cancers that can
be prevented, treated, and/or managed with the methods of the invention include acute

lymphoblastic leukemia “ALL”, acute lymphoblastic B-cell leukemia, acute lymphoblastic
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T-cell leukemia, acute myeloblastic leukemia “AML”, acute promyelocytic leukemia “APL”,
acute monoblastic leukemia, acute erythroleukemic leukemia, acute megakaryoblastic
leukemia, acute myelomonocytic leukemia, acute nonlymphocyctic leukemia, acute
undifferentiated leukemia, chronic myelocytic leukemia “CML”, chronic lymphocytic
leukemia “CLL”, myelodysplastic syndrome “MDS?”, and hairy cell leukemia.

[0064] Non-limiting examples of lymphomas that can be prevented, treated, and/or
managed in accordance with the methods of the invention include Hodgkin’s disease, non-
Hodgkin’s Lymphoma, Multiple myeloma, Waldenstrom’s macroglobulinemia, Heavy chain
disease, and Polycythemia vera.

[0065] In another embodiment, the cancer being prevented, treated, and/or managed
in accordance with the invention is a solid tumor. Examples of solid tumors that can be
prevented, treated, and/or managed in accordance with the methods of the invention include,
but are not limited to fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma, angiosarcoma, endotheliosarcoma, lymphangiosarcoma,
lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing’s tumor, leiomyosarcoma,
rhabdomyosarcoma, colon cancer, colorectal cancer, kidney cancer, pancreatic cancer, bone
cancer, breast cancer, ovarian cancer, prostate cancer, esophageal cancer, stomach cancer,
oral cancer, nasal cancer, throat cancer, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,
seminoma, embryonal carcinoma, Wilms’ tumor, cervical cancer, uterine cancer, testicular
cancer, small cell lung carcinoma, bladder carcinoma, lung cancer, epithelial carcinoma,
glioma, glioblastoma multiforme, astrocytoma, medulloblastoma, craniopharyngioma,
ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma,
meningioma, skin cancer, melanoma, neuroblastoma, and retinoblastoma.

[0066] In an embodiment, the dosage of sodium meta arsentie administered to a
subject to prevent, treat, and/or manage cancer in a patient is 500 mg/kg or less, such as 250
mg/kg or less, 100 mg/kg or less, 95 mg/kg or less, 90 mg/kg or less, 85 mg/kg or less, 80
mg/kg or less, 75 mg/kg or less, 70 mg/kg or less, 65 mg/kg or less, 60 mg/kg or less, 55
mg/kg or less, 50 mg/kg or less, 45 mg/kg or less, 40 mg/kg or less, 35 mg/kg or less, 30
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mg/kg or less, 25 mg/kg or less, 20 mg/kg or less, 15 mg/kg or less, 10 mg/kg or less, 5
mg/kg or less, 2.5 mg/kg or less, 2 mg/kg or less, 1.5 mg/kg or less, or 1 mg/kg or less of a
patient’s body weight. For example, sodium meta arsenite can be administered in an amount
in the range of from about 0.1 mg/kg to about 10 mg/kg, or about 0.25 mg/kg to about 5
mg/kg from one to five times per day.

[0067] In another embodiment, the dosage of sodium meta arsenite administered to a
subject to prevent, treat, and/or manage cancer in a patient is a unit dose of 0.1 mg to 20 mg,
0.1 mg to 15 mg, 0.1 mg to 12 mg, 0.1 mg to 10 mg, 0.1 mg to 8§ mg, 0.1 mg to 7 mg, 0.1 mg
to 5 mg, 0.1 to 2.5 mg, 0.25 mg to 20 mg, 0.25 to 15 mg, 0.25 to 12 mg, 0.25 to 10 mg, 0.25
to 8 mg, 0.25 mg to 7 mg, 0.25 mg to 5 mg, 0.5 mg to 2.5 mg, 1 mg to 20 mg, 1 mg to 15 mg,
1 mg to 12 mg, 1 mg to 10 mg, 1 mg to 8 mg, 1 mg to 7 mg, 1 mg to 5 mg, or 1 mg to 2.5
mg.

[0068] In certain embodiments, the dosage of sodium meta arsentie administered to a
subject to prevent, treat, and/or manage cancer in a patient is in the range of 0.01 to 10 g/m?,
and more typically, in the range of 0.1 g/m m*to 7.5 g/ m?, of the subject’s body weight. In
one embodiment, the dosage administered to a subject is in the range of 0.5 g/ m®to 5 g/ m?,
orlg/m’to5g/ m? of the subject’s body’s surface area.

[0069] In some embodiments, the prophylactically and/or therapeutically effective
amount or regimen of sodium meta arsenite is administered in combination with one or more
additional therapies. The dosages of the one or more additional therapies used in the
combination therapy may be lower than those which have been or are currently being used to
prevent, treat, and/or manage cancer in the patient. The recommended dosages of the one or
more additional therapies currently used for the prevention, treatment, and/or management of
cancer can be obtained from any reference in the art including, but not limited to, Hardman et
al., eds., Goodman & Gilman’s The Pharmacological Basis Of Basis Of Therapeutics, 10th
ed, Mc-Graw-Hill, New York, 2001; Physician’s Desk Reference (60.sup.th ed., 2006),
which are incorporated herein by reference in their entirety.

[0070] Examples of additional cancer therapies include, but are not limited to:
acivicin; aclarubicin; acodazole hydrochloride; acronine; adozelesin; aldesleukin;
altretamine; ambomycin; ametantrone acetate; aminoglutethimide; amsacrine; anastrozole;

anthracyclin; anthramycin; asparaginase; asperlin; azacitidine (Vidaza); azetepa; azotomycin;
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batimastat; benzodepa; bicalutamide; bisantrené hydrochloride; bisnafide dimesylate;
bisphosphonates (e.g., pamidronate (Aredria), sodium clondronate (Bonefos), zoledronic acid
(Zometa), alendronate (Fosamax), etidronate, ibandornate, cimadronate, risedromate, and
tiludromate); bizelesin; bleomycin sulfate; brequinar sodium; bropirimine; busulfan;
cactinomycin; calusterone; caracemide; carbetimer; carboplatin; carmustine; carubicin
hydrochloride; carzelesin; cedefingol; chlorambucil; cirolemycin; cisplatin; cladribine;
crisnatol mesylate; cyclophosphamide; cytarabine (Ara-C); dacarbazine; dactinomycin;
daunorubicin hydrochloride; decitabine (Dacogen); demethylation agents; dexormaplatin;
dezaguanine; dezaguanine mesylate; diaziquone; docetaxel; doxorubicin; doxorubicin
hydrochloride; droloxifene; droloxifene citrate; dromostanolone propionate; duazomycin;
edatrexate; eflornithine hydrochloride; EphA2 inhibitors; elsamitrucin; enloplatin;
enpromate; epipropidine; epirubicin hydrochloride; erbulozole; esorubicin hydrochloride;
estramustine; estramustine phosphate sodium; etanidazole; etoposide; etoposide phosphate;
etoprine; fadrozole hydrochloride; fazarabine; fenretinide; floxuridine; fludarabine
phosphate; fluorouracil; fluorocitabine; fosquidone; fostriecin sodium; gemcitabine;
gemcitabine hydrochloride; histone deacetylase inhibitors (HDAC-Is); hydroxyurea;
idarubicin hydrochloride; ifosfamide; ilmofosine; imatinib mesylate  (Gleevec, Glivec);
interleukin II (including recombinant interleukin II, or rIL.2), interferon alpha-2a; interferon
alpha-2b; interferon alpha-ni; interferon alpha-n3; interferon beta-I a; interferon gamma-I b;
iproplatin; irinotecan hydrochloride; lanreotide acetate; lenalidomide (Revlimid); letrozole;
leuprolide acetate; liarozole hydrochloride; lometrexol sodium; lomustine; losoxantrone
hydrochloride; masoprocol; maytansine; mechlorethamine hydrochloride; anti-CD2
antibodies (e.g., siplizumab (MedImmune Inc.; International Publication No. WO 02/098370,
which is incorporated herein by reference in its entirety)); megestrol acetate; melengestrol
acetate; melphalan; menogaril; mercaptopurine; methotrexate; methotrexate sodium;
metoprine; meturedepa; mitindomide; mitocarcin; mitocromin; mitogillin; mitomalcin;
mitomycin; mitosper; mitotane; mitoxantrone hydrochloride; mycophenolic acid;
nocodazole; nogalamycin; ormaplatin; oxaliplatin, oxisuran; paclitaxel; pegaspargase;
peliomycin; pentamustine; peplomycin sulfate; perfosfamide; pipobroman; piposulfan;
piroxantrone hydrochloride; plicamycin; plomestane; porfimer sodium; porfiromycin;

prednimustine; procarbazine hydrochloride; puromycin; puromycin hydrochloride;
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pyrazofurin; riboprine; rogletimide; safingol; safingol hydrochloride; semustine; simtrazene;
sparfosate sodium; sparsomycin; spirogermanium hydrochloride; spiromustine; spiroplatin;
streptonigrin; streptozocin; sulofenur; talisomycin; tecogalan sodium; tegafur; teloxantrone
hydrochloride; temoporfin; teniposide; teroxirone; testolactone; thiamiprine; thioguanine;
thiotepa; tiazofurin; tirapazamine; toremifene citrate; trestolone acetate; triciribine phosphate;
trimetrexate; trimetrexate glucuronate; triptorelin; tubulozole hydrochloride; uracil mustard;
uredepa; vapreotide; verteporfin; vinblastine sulfate; vincristine sulfate; vindesine; vindesine
sulfate; vinepidine sulfate; vinglycinate sulfate; vinleurosine sulfate; vinorelbine tartrate;
vinrosidine sulfate; vinzolidine sulfate; vorozole; zeniplatin, zinostatin, zorubicin
hydrochloride. In certain embodiments, sodium meta arsenite may be used in combination
with cisplatin in the treatement of primary or secondary cancer, such as lung cancer.

[0071] Sodium meta arsenite and the one or more additional anti-cancer therapies can
be administered separately, simultaneously, or sequentially or in any manner best suited for
tolerance by the patient. The combination of agents may be administered to a subject by the
same or different routes of administration. In alternative embodiments, two or more
prophylactic or therapeutic agents are administered in a single composition.

[0072] As part of the prophylactically and/or therapeutically effective amount or
regimen of sodium meta arsenite, the cancer stem cell population can be monitored to assess
the efficacy of the therapy or regimen, to use as a basis to maintain or alter therapy, as well
as to determine prognosis of a subject with cancer. In one embodiment, the subject
undergoing the regimen is monitored to assess whether the regimen has resulted in a
reduction in the cancer stem cell population, including drug resistant cancer stem cells in the
subject.

[0073] The amount of cancer stem cells can be monitored/assessed using standard
techniques known to one of skill in the art. Cancer stem cells can be monitored by, e.g.,
obtaining a sample, such as a tissue/tumor sample, blood sample or a bone marrow sample,
from a subject and detecting cancer stem cells in the sample. The amount of cancer stem
cells in a sample (which may be expressed as percentages of, e.g., overall cells or overall
cancer cells) can be assessed by detecting the expression of antigens on cancer stem cells.
Techniques known to those skilled in the art can be used for measuring these activities.

Antigen expression can be assayed, for example, by immunoassays including, but not limited
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to, western blots, immunohistochemistry, radioimmunoassays, ELISA (enzyme linked
immunosorbent assay), “sandwich” immunoassays, immunoprecipitation assays, precipitin
reactions, gel diffusion precipitin reactions, immunodiffusion assays, agglutination assays,
complement-fixation assays, immunoradiometric assays, fluorescent immunoassays,
immunofluorescence, protein A immunoassays, flow cytometry, and FACS analysis. In such
circumstances, the amount of cancer stem cells in a test sample from a subject may be
determined by comparing the results to the amount of stem cells in a reference sample (e.g., a
sample from a subject who has no detectable cancer) or to a predetermined reference range,
or to the patient him/herself at an earlier time point (e.g. prior to, or during therapy).

[0074] In a specific embodiment, the cancer stem cell population in a sample
obtained from a patient (e.g., blood or tumor tissue) is determined by flow cytometry. This
method exploits the differential expression of certain surface markers on cancer stem cells
relative to the bulk of the tumor. Labeled antibodies (e.g., fluorescent antibodies) can be
used to react with the cells in the sample, and the cells are subsequently sorted by FACS
methods. In some embodiments a combination of cell surface markers are utilized in order to
determine the amount of cancer stem cells in the sample. For example, both positive and
negative cell sorting may be used to assess the amount of cancer stem cells in the sample.
Cancer stem cells for specific tumor types can be determined by assessing the expression of
markers on cancer stem cells. In certain embodiments, the tumors harbor cancer stem cells
and their associated markers as set forth in the list below, which provides a non-limiting list

of cancer stem cell phenotypes associated with various types of cancer.

Tumor Cancer Stem Cell Phenotype
Leukemia (AML) CD34+/CD38~

Breast CD44+/CD24—

Brain CD133+

Leukemia (ALL) CD34+/CD10~-/CD19—-
Ovarian CD44+/CD24~

Multiple Myeloma CD138-/CD34—-/CD1%+
Chronic myelogenous leukemia CD34+/CD38~
Melanoma CD20+

Ependymoma CD133+/RC2+

Prostate CD44+/a2B1hi/CD133+

[0075] Additional cancer stem cell markers include, but are not limited to, CD123,

CLL-1, combinations of SLAMs (signaling lymphocyte activation molecule family receptors;
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see Yilmaz et al., “SLAM family markers are conserved among hematopoietic stem cells
from old and reconstituted mice and markedly increase their purity,” Hematopoiesis 107:
924-930 (2006)), such as CD150, CD244, and CDA48, and those markers disclosed in U.S.
Pat. No. 6,004,528 to Bergstein, in pending U.S. patent application Ser. No. 09/468,286, and
in U.S. Patent Application Publication Nos. 2006/0083682, 2007/0036800, 2007/0036801,
2007/0036802, 2007/0041984, 2007/0036803, and 2007/0036804, each of which are
incorporated herein by reference in their entirety. See, e.g., Table 1, of U.S. Pat. No.
6,004,528 and Tables 1, 2, and 3 of U.S. patent application Ser. No. 09/468,286 and U.S.
Patent Application Publication Nos. 2006/0083682, 2007/0036800, 2007/0036801,
2007/0036802, 2007/0041984, 2007/0036803, and 2007/0036804.

[0076] In certain embodiments using flow cytometry of a sample, the Hoechst dye
protocol can be used to identify cancer stem cells in tumors. Briefly, two Hoechst dyes of
different colors (typically red and blue) are incubated with tumor cells. The cancer stem
cells, in comparison with bulk cancer cells, over-express dye efflux pumps on their surface
that allow these cells to pump the dye back out of the cell. Bulk tumor cells largely have
fewer of these pumps, and are therefore relatively positive for the dye, which can be detected
by flow cytometry. Typically a gradient of dye positive (“dye+”) vs. dye negative (“dye—"")
cells emerges when the entire population of cells is observed. Cancer stem cells are contained
in the dye— or dye low (dyelow) population. For an example of the use of the Hoechst dye
protocol to characterize a stem cell or stem cell population see Goodell et al., “A leukemic
stem cell with intrinsic drug efflux pump capacity in acute myeloid leukemia,” Blood,
98(4):1166-1173 (2001) and Kondo et al., “Persistence of a small population of cancer stem-
like cells in the C6 glioma cell line,” Proc. Natl. Acad. Sci. USA 101:781-786 (2004). In this
way, flow cytometry could be used to measure cancer stem cell amount pre- and post-therapy
to assess the change in cancer stem cell amount arising from a given therapy or regimen.

[0077] In other embodiments, a sample (e.g., a tumor or normal tissue sample, blood
sample or bone marrow sample) obtained from the patient is cultured in in vitro systems to
assess the cancer stem cell population or amount of cancer stem cells. For example, tumor
samples can be cultured on soft agar, and the amount of cancer stem cells can be correlated to
the ability of the sample to generate colonies of cells that can be visually counted. Colony

formation is considered a surrogate measure of stem cell content, and thus, can be used to
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quantitate the amount of cancer stem cells. For instance, with hematological cancers, colony-
forming assays include colony forming cell (CFC) assays, long-term culture initiating cell
(LTC-IC) assays, and suspension culture initiating cell (SC-IC) assays. In this way, the
colony-forming or a related assay, such as long term-term perpetuation/passage of a cell line,
could be used to measure cancer stem cell amount pre- and post-therapy to assess the change
in cancer stem cell amount arising from a given therapy or regimen.

[0078] In a specific embodiment, the amount of cancer stem cells is detected in vivo
in a subject according to a method comprising the steps of: (a) administering to the subject an
effective amount of a labeled cancer stem cell marker binding agent that specifically binds to
a cell surface marker found on the cancer stem cells, and (b) detecting the labeled agent in
the subject following a time interval sufficient to allow the labeled agent to concentrate at
sites in the subject where the cancer stem cell surface marker is expressed. In accordance
with this embodiment, the cancer stem cell surface marker-binding agent is administered to
the subject according to any suitable method in the art, for example, parenterally (such as
intravenously), or intraperitoneally. In accordance with this embodiment, the effective
amount of the agent is the amount which permits the detection of the agent in the subject.
This amount will vary according to the particular subject, the label used, and the detection
method employed. For example, it is understood in the art that the size of the subject and the
imaging system used will determine the amount of labeled agent needed to detect the agent in
a subject using an imaging means. In the case of a radiolabeled agent for a human subject,
the amount of labeled agent administered is measured in terms of radioactivity, for example
from about 5 to 20 millicuries of 99Tc. The time interval following the administration of the
labeled agent which is sufficient to allow the labeled agent to concentrate at sites in the
subject where the cancer stem cell surface marker is expressed will vary depending on
several factors, for example, the type of label used, the mode of administration, and the part
of the subject’s body that is imaged. In a particular embodiment, the time interval that is
sufficient is 6 to 48 hours, 6 to 24 hours, or 6 to 12 hours. In another embodiment the time
interval is 5 to 20 days or 5 to 10 days. The presence of the labeled cancer stem cell surface
marker-binding agent can be detected in the subject using imaging means known in the art. In
general, the imaging means employed depend upon the type of label used. Skilled artisans

will be able to determine the appropriate means for detecting a particular label. Methods and
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devices that may be used include, but are not limited to, computed tomography (CT), whole
body scan such as position emission tomography (PET), magnetic resonance imaging (MRI),
an imager which can detect and localize fluorescent label and sonography. In a specific
embodiment, the cancer stem cell surface marker-binding agent is labeled with a radioisotope
and is detected in the patient using a radiation responsive surgical instrument (Thurston et al.,
U.S. Pat. No. 5,441,050). In another embodiment, the cancer stem cell surface marker-
binding agent is labeled with a fluorescent compound and is detected in the patient using a
fluorescence responsive scanning instrument. In another embodiment, the cancer stem cell
surface marker-binding agent is labeled with a positron emitting metal and is detected in the
patient using positron emission-tomography. In yet another embodiment, the cancer stem cell
surface marker-binding agent is labeled with a paramagnetic label and is detected in a patient
using magnetic resonance imaging (MRI).

[0079] Any in vitro or in vivo (ex vivo) assays known to those skilled in the art that
can detect and/or quantify cancer stem cells can be used to monitor cancer stem cells in order
to evaluate the prophylactic and/or therapeutic utility of sodium meta arsenite. The results of
these assays then may be used to possibly maintain or alter the cancer therapy or regimen.

[0080] All publications, patents and patent applications mentioned in this
specification are herein incorporated by reference into the specification to the same extent as
if each individual publication, patent or patent application was specifically and individually
indicated to be incorporated herein by reference. Citation or discussion of a reference herein

shall not be construed as an admission that such is prior art to the present invention.

EXAMPLES
The following materials and methods were used in the examples described herein.

[0081] Cell Lines: DUI145wt, DU145/ Pac200 and DU145/ Doc50 cells were
provided by Dr. Hussain, UMGCC, University of Maryland. The cell lines were cultured as
recommended; in 1:1 DMEM/ F12 media (Invitrogen) supplemented with 5% FBS, 1%
antibiotics and grown under standard conditions at 37°C and 5% CO2. Paclitaxel and
docetaxel resistant clones were kept under selection pressure of the drugs.

[0082] Drugs: KMLO01 (Sodium meta arsenite) was obtained from Sigma-Aldrich
Co. (CAS # 7784-46-5); 50mM drug stocks were prepared in PBS and aliquots stored at -
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20C. GRN163L was obtained from Geron Corp. (Menlo Park, CA). A 10mM working drug
stock was prepared in PBS.

[0083] MTT Proliferation Assay: Exponentially growing cells were harvested and
plated in 96-well plates (1,500/well for DU145wt, and 2,000-3,000/well for DU145/ Pac200
and DU145/ Doc50). Drugs being tested were added at concentrations ranging from 0.01pM
to 100uM to asses their growth inhibitory potential. After 5 days of continuous exposure to
drug, the vital dye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT) was
added to the plates. The conversion of MTT to purple formazan by viable cells was measured
using a Synergy? plate reader at 550nm and Gen5 software. Growth curves were generated
using Microsoft Excel and growth inhibitory concentration 50 (IC50) and 100 % were
determined.

[0084] Pretreatment of Cell Lines: DU145wt and DU145/ Pac200 cell lines were
grown in media treated with KML or GRN163L at their IC50 and IC100 values (in pM) for
48 (PAC 200) or 72 hours (DU145wt) prior to undergoing a side population assay.

[0085] Side Population Assay: Sub-confluent viable cells were counted (106/tube
necessary) and treated with either H33343 or Dye Cycle Violet (DCV); both dyes which
differentiate between stem cells (Side Population) and mature cells. The protocol as
described by Goodell et al. was used (Goodell, M.A. et al.,, J. Exp. Med., 183:1797-806,
19966). Three samples were analyzed each time. Of the samples one was treated with DCV
only, another was treated with DCV and 50 pM Verapamil (PgP inhibitor), and the last was
treated with DCV and 10 pM Fumitremorgin C (FTC, BCRP inhibitor). The samples were
then read and analyzed using flow cytometry. |

[0086] Flow Cytometry: Samples were read on a BDLSR II flow cytometer. A
405nM violet laser excited the DCV dye producing varying wavelengths based on cell
differentiation. Detectors at 450/50 (blue) and 680/30 (red) intercepted the emitted
wavelength and plotted the data on the scatter plot accordingly. CD44 and Pgp staining was
performed using PE (Pgp) or APC (CD44) labeled antibodies and their isotype controls

following routine procedures for epitope labeling.

EXAMPLE 1

Identification of the Cancer Stem Cells in Cancer Cell Lines
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[0087] In this study, cancer stem cells (also referred to as the side population (SP))
and the ATP Binding Cassette (ABC) transporter defining the SP were identified in the
following prostate cancer cell lines: DUl45wt (parental), DU145/ Pac200 (paclitaxel
resistant), and DU145/ Doc50 (docetaxel resistant).

[0088] All examined prostate cancer cell lines: DU145wt, DU145/ Pac200, DU145/
Doc50 exhibit a side population (Figures 1, 3, 5). Importantly, it was found that DU145/
Pac200 and DU145/ Doc50 cells have a very large side population (Figures 1, 5) of about 40
to 60% of their whole cell population consistent with our hypothesis that drug resistant cells

can arise from cancer stem cells.

EXAMPLE 2
Sensitivity of Drug Resistant Cancer Stem Cells and Mature Cancer Cells to Sodium Meta

Arsenite

[0089] Taxane resistant cell lines DU145/Pac200 (highly pacitaxel resistant) and
DU145/Doc50 (highly docetaxel resistant) together with the parental cell line DU145 as well
as the androgen resistant cancer cell lines (LNCaP/C81 and LAPC-4/CSS100) and their
corresponding hormone responsive parental cell lines (LNCaP and LAPC-4) were tested for
their response to sodium meta arsenite. Growth curves from standard MTT assays showed
that those cell lines respond with similar sensitivity to sodium meta arsenite regardless of
their drug resistance (Tablel).

[0090] Each of the prostate cell lines was analyzed for the existence of a cancer stem-
like cell fraction using DCV side population analysis. Side populations (SP) based on Dye
Cycle Violet (DCV) dye efflux were identified in the drug resistant cell lines, confirming
previous results using Hoechst 33342 dye for DU145/Doc50 (not shown). The occurrence of
a SP is based on the expression of drug efflux pumps such as P-glycoprotein or BCRP, which
are responsible for preventing standard cytotoxic therapy from working. The DU145 prostate
cancer cell lines resistant against the standard chemotherapeutic agents paclitaxel and
docetaxel had the highest SPs (Table 1). While the hormone resistant cell line LnCaP/C81
and its parental line also showed a clear side population that was suppressible with the drug

efflux pump inhibitors verapamil (P-gP inhibitor) or fumitremorgin C (FTC, BCRP
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[ 0094] MIT assays of DUl145wt, DU145/ Doc50 and DU145/ Pac200 treated with
KMLOO1 or GRN163L reveal ed marked inhibition of growth (Tab. 1, Fig. 1, 4).
KMLOO1 was equal ly effective in drug-resistant and parental DUl45 cells
(Tab. 1, Fig. 1D). EXAMPLE 6 The Effects O Sodi um Meta Arsenite And
GRN163L On Cancer Stem Cel |'s [0095] In this study, the ability of
sodium nmeta arsenite and GRN163L to eradicate the side popul ati on of
DU145wt and DU145/ Pac200 when pre-treated at their 1C 100 for 48- 72 hours
wer e investi gated. [ 0096] This study denobnstrated that DU145 and
DU145/ Pac200 cell pretreated with KM.001 at a drug concentration that
inhibits the growh of these cells to 100% were capable of drastically
reducing the SP (Fig. 3B, 5D). However, the mature cells (non-SP) were al so
eradi cated. The specific (telonerase only) inhibitor GRN163L was used to
val idate effects of sodiumneta arsenite on the SP. GRN163L al so markedly
reduced the SP, but was not able to kill non-SP cells to the sane extent as
KMLOO1 (Fig. 5). [0097] Overall, the data denonstrate that sodi um
neta arsenite is effective in eradicating both mature drug-resistant cancer
cells and drug-resistant cancer stemcells.
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2011/ 03189(0P&1]|Ub2MiDsRAB3A8was determined that the highly paclitaxel and docetaxel
resistant DU145/ Pac200 and DU145/ Doc50 lines have similar telomerase activity and

telomere length compared to their parental, drug sensitive DU145 cells (Tab. 1).

Table

1.

IC50 Values for Taxanes and Telomere Length in Human Prostate Cancer Cell Lines

Paclitaxel Docetaxel TA Mean TRF
No Cell Lines IC, (1V) Resistance (fold) IC; (M) Resistance (fold) Ratio (kb)
1 DU145 wt 0.0025 1 0.0005 1 1 25
2 DU145/Pac” NiA NiA N/A N/A 0.79 3.0
3 DU145/Pac™ 0.35 140 0.2 400 0.96 2.8
4 Du145 Doc”’ N/A NiA NA NiA 1.1 2.2
5 Du145 Doc™ 1 400 1 2000 0.73 2.8

TA = Telomerase activity

TRF = Telomere Restriction Fragment
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hemangi oCcyt@0®4] MTT assays of DU145wt, DU145/Doc50 and DU145/ Pac200 treated with
KMLO001 or GRN163L revealed marked inhibition of growth (Tab. 1, Fig. 1, 4). KMLO001
was equally effective in drug-resistant and parental DU145 cells (Tab. 1, Fig. 1D).

EXAMPLE 6
The Effects Of Sodium Meta Arsenite And GRN163L On Cancer Stem Cells

[0095] In this study, the ability of sodium meta arsenite and GRN163L to eradicate
the side population of DU145wt and DU145/ Pac200 when pre-treated at their IC100 for 48-
72 hours were investigated.

[0096] This study demonstrated that DU145 and DU145/Pac200 cell pretreated with
KMLOOI at a drug concentration that inhibits the growth of these cells to 100%, were
capable of drastically reducing the SP (Fig. 3B, 5D). However, the mature cells (non-SP)
were also eradicated. The specific (telomerase only) inhibitor GRN163L was used to
validate effects of sodium meta arsenite on the SP. GRN163L also markedly reduced the SP,
but was not able to kill non-SP cells to the same extent as KML0O01 (Fig. 5).

[0097] Overall, the data demonstrate that sodium meta arsenite is effective in

eradicating both mature drug-resistant cancer cells and drug-resistant cancer stem cells.



7. Use according to claim1 wherein the pharmaceutical conposition is
formul ated for intravenous delivery. 8. Use according to claim1l
wher ei n twe 2briizmounor has been renoved i n whol e or i npparus2dxy/osssngery.

9. A kit conprising one or nore dosage units of sodiumneta arsenite

formul ated for oral or intravenous dePfvery and one or nore dosage units of
an anti-brain tunor chenot herapeutic agent different from sodi um neta
arsenite and formulated for oral or intravenous adm nistration. 10.
The ki%¥XOMEEYm 9 wherein the anti-brain tunor chenot her apeuti c agent is
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All prostate cancer cell lines, taxane-resistant and androgen resistant cancer cell lines
and hormone responsive parental cells respond with similar sensitivity to KML001 (IC50’s
of 1-6 uM). The cancer cell lines that were resistant to paclixel and docetaxel were tested
using a well-established tumor clonigenic stem cell assay for their response to KMLOO1.
(Figure 6) The assay allows only the cancer stem cell population to grow in a soft agar
matrix owing to their self-renewal capability. Thus, this assay specifically tests the
sensitivity of the stem cell population to an anti-cancer agent.

The plating efficiency of the cells (2% for DU145 and DU145/Pac200) was similar to
the previously reported stem cell population determined in the side population assay (1% for
DU145 and 50% for DU145/Pac200). Similar sensitivity to KML0O01 for the parental as well
as paclitaxel-resistant cell line was observed, as shown in a reduction of colony forming
capability in the presence of KMLO001. A similar IC50 (6 pM) for the cell lines in this assay
was derived as for a standard MTT assay previously conducted (4uM for DU145 and 6uM
for DU145/Pac200).

Taxane resistant cell lines had the highest SPs, while the hormone responsive cell ine
LAPC-4 and its hormone resistant derivative showed a less definitive SP that was
suppressible with the drug efflux inhibitors, verapamil (Pgp inhibitor) and fumitremorgin ¢
(FTC, BCRP inhibitor). The SP positive cell lin, DU145, was tested for the presence of
CD44 and CD133 and the results showed 0.46% had both markers (data not shown).

The SP was separated from the bulk tumor mass and growth curves from a standard
MTT assay showed that both fractions, the cancer stem cell-like SP positive (SP+) and
negative (SP-) fraction, respond with similar sensitivity to KML0O1. (Figure 7)

EXAMPLE 8

Determination of telomere length, telomerase activity and hTERT activity

As shown above (Example 3), the cancer stem cell-like fraction identified with the SP
assay exhibited higher telomerase activity than the bulk cell fraction. Preliminary studies
indicate that the mRNA transcript level of the catalytic subunit of the human telomerase

(hTERT) is similar for both populations. (Figure 8A), which may indicate that the higher
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telomerase activity of the cancer stem cell-like population may be a result of stimulating
signaling pathways by telomerase-associated proteins. Preliminary results in the unsorted
DU145/Pac200 cell ine indicate that KML001 treatment significantly decreases hTERT
transcript level at the IC50 and IC100 after 72 hours. (Figure 8B)

The drug efflux pump (Pgp) is functionally expressed (at the membrane) in the
majority of cells in the taxane-resistant prostate cancer cell lines, which is expected since the
SP of those cell lines was suppressible with the drug efflux pump inhibitor verapamil.
Treatment with KMLO001 at IC50 for 72 hours reduced the Pgp positive cell population,

which corroborates the results of the clonogenic and SP assay.
EXAMPLE 9

The effect of cisplatin in the paclitaxel resistant prostate cancer cell line
DU145/Pac200 as well as the parental cell line DU145 was examined in a standard MTT.
The results show that both cell lines respond with similar sensitivity (IC50 of 3 and 4 uM,
respectively). Preliminary results indicate a synergistic effect between cisplatin and KML001

in the parental as well as paclitaxel resistant cell lines (results not shown).
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What is claimed is;

1. Use of sodium meta arsenite for the manufacture of a pharmaceutical composition
for the treatment of a brain tumor in a human patient, wherein said sodium meta arsenite

traverses the human blood brain barrier.

2. Use according to claim 1 wherein the pharmaceutical composition is formulated

for oral administration.

3. Use according to claim 1 wherein the pharmaceutical composition is formulated to

deliver an amount of sodium meta arsenite from 2.5 mg to 20 mg.

4. Use according to claim 1 wherein the brain tumor is refractive to treatment with at

least one chemotherapeutic agent.

5. Use according to claim 1 wherein the brain tumor is an oligodendroglioma,
oligoastrocytoma, astrocytoma, medullablastoma, meningioma, Schwannoma,

hemangioblastoma or hemangiocytoma.

7. Use according to claim 1 wherein the pharmaceutical composition is formulated

for intravenous delivery.

8. Use according to claim 1 wherein the brain tumor has been removed in whole or in

part by surgery.

9. A kit comprising one or more dosage units of sodium meta arsenite formulated for
oral or intravenous delivery and one or more dosage units of an anti-brain tumor
chemotherapeutic agent different from sodium meta arsenite and formulated for oral or

intravenous administration.

10. The kit of claim 9 wherein the anti-brain tumor chemotherapeutic agent is

selected from alkylating agents, antifolates and topoisomerases.



